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PREFACE 

seventeenth II this annual publication serie?. I t  contains repons on activities and project  re'iults in a y e  - in 
The I Y 9 1  edition oiG~olo,q;c~ul Fi(4dM.oIX: A S ~ t m n x ~ q  ~$FirldAr.ti,~iric,s ond Cwwn; R P . s ~ Y I I . ( ~ / ~  i s  the 

which the Geological Surve) Branch  underwent a substantial reorganization in order to better  :,erve the 
needs o f  an increasingly hroad-bused client group. The base budget o f  the Branch  for the 19'91192 fiscal ear 
was $1.45 nlillion, a modest increase over the previws year. An additional $SO5 000 was allo:ated for 
economic development pro,jects as B.C.'s ,hare of an anticipated  renewed Canada-British  Colun bia 
Partnership 4greement on  hlineral Development (MDA-2). 

The diversity ofthe Branch's  current  programs i s  reflected in the highlights d t h i s  year's volutne WI ich 
include: 

a Kepurrs on four 1:SO 000-scale geological mapping programs, two in the Slikine  distric o f  
n'orthwestem British Columbia and two in the northern Quesnel trough. both areas of st1 mg 
exploration  activity h r  alkalic  porphyry copper-gold deposits. 

0 Rcpurts on mineral potential studies of candidate  perks in the Babine  Mountains. Cascade and 
K.akwa recreation areas carried out at thc request ofthe Ministry of Environment. ILands and Pi  rks, 
in dccordance with the requiremcnts of Section 19 o f  the Minerul fi,nrrrc, Act. 

a R.eports cwering  work  in the  wjind-up year of studies of the metallogenesis of  the Rosslard m i  ling 
camp and o f  skarn deposits throughwt the province. and  the initiation of a  ne^. project to s udy 
depc\its  transitional  hetween the porphyry and epithermal  environments. 

a The expanding role of the Branch'\  Environmental Gedogy Section i s  reflected ill papers COW -ing 
such diversc topics its: tlw on-ping Hcgional  Geochemical  Survey  program:  geol~Jgical tiazan s in 
the I'eacc Rivcr  district: the xtudy of neotcctonics on Vancouver Island. with parti:ular  reierenc e tn 
thc <:valuation of potential seismic risks: geochemical prospecting techniques ,qplicablc to i reas 
thicl.ly tnarttlcd by Quaternary  deposits with complex  stratigraphy: the Quaternar:, geolog,y of :old 
plac,trs in the Atlin district: and construction aggregate  resources in the Sooke  area ot saut !ern 
Vancouver Island. 
Progress  reports ongoing studies of the quality of British  Columbia coals and potential coal )ed- 

0 A report on the  magnesite  re\ources of  southeastern British  Columbia. 
a A plogress  report on the application of digital geographical information systems ((;IS) to assess lent 

o f  mineral resource  pott:ntial and land-use planning. 
a A IXX section  that include nine papers reporting on the results of research by tht: Mineral De josit 

R e b ~ r c h  Unit (MDRU) at The University of British  Columbia on the metallogenesis rd the 4x11 
River area and related topics. 

The cwtinued succes  of rllr Brit i ih Columhia Geoscience  Research Grant Progr;nrl and w r ~ p e r  Itive 
projects u i th  the Geological Survey of Canada is  evidenced by the inclusion of sixteen papers by ext mal 

going research on the merallogenesis ofthc Silver Queen vein deposits at Owen Lake: pa  mmapretisn and 
authors. in .lddition t o  the nine papers suhmitted by the MDRU. Topics covered  includ,?: the reiults 0 ' o n -  

zone bcneath the Sullivan  cmhr~dy: and other  petrographic.  rninemlogical geocherr~ir:al and struc t u r d  
its irnplicatlnns in unrn\,elling the tectonic history ofthe Cordiller;,: the mineralogy of the nntwall altcr ,tion 

geology stLdies at a  number 01 locations  throughout the province. 

fifteen short o f  the record established hy the IYXY edition. As always, meeting the .lanuary public  Ition 
Thrb volume of Firddwork cnntainh SX papcrs, an increase of mnre than 27 per ccnl over 1 x ; t  ye; - but 

deadline delnnnds a concerted :and unstinting  effort  from  our editorial and publications siaff. We ackr awl- 
edge the ef'orls of Doreen Fehr, Janet Holland and Shannon  Ferguson for formatting and page layout. John 
Newcll ior  timely editing, and Brian Grant for managing the entire process  and plugglng any hole: that 
appeared. This is the tenth edition that Doreen Fehr has worked t m  and she has carried 2 pat i icu l~r ly  t zavy 
load thi,i year as her colleague. Janet Holland. was hospitalized  quite  early in the  proces,. We a l w  thar < the 
staff of the Queen's Printel-  for  their  cheerful cooperation and enthusiasm. without  wttich  eveqone , Ise's 
efforts w x l d  be largely in vain. 

M!R. Sm?tl, 
Chief Gen/r~:qisr 
Gdo,y':[ 'u/ S w w y  R w w h  
Mino-r~,' Kc\M~-L.L,s Division 

rnetllane  resources. 
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PETROLOGY OF PRE  TO  SYNTECTONIC EARLY AND MIDDLE JUItASSIC: 
INTRUSIOlNS IN  THE  ROSSLAND GROUP, SOUTHEASTICIZN  HRI?'ISH[ 

COLUMBIA (82F/S W) 
By Kathryn P.E. Dunne (nee  Andrew) and Trygve Hoy 

KEYWORDS; Regiorlal  geology.  Rossland  Group. Jurassic 
plutons, Eagle Cr,rek  Plutonic  Complex,  Rossland 
monzonite,  Rosslarid s i l l .  monzognhhro,  Silver  King 
intrusions. 

INTRODUCTION 
Early and Middle Jurassic plutons are recognized 

Columbia.  They are important in understanding the tec- 
throughout  the Flosdand Group  in southeastern British 

tonics and metalk~geny  of the group.  They host a variety of 
mineral deposits.  in1:luding the mesothermal veins of the 
Rossland gold-copptr camp and vein and alkali  potphyry 
deposits south and "est of Nelson. 

intrusive suites im the  Trail map area and to relate these 
The  purpose otthis paper is  to present data on fbur main 

suites to  the Rossland  Group  or to the early  deformational 
history of the 3re.a. The paper reviews field data,  present5 
new petrographic an,! geochronologicsl (lata. and discusses 
mineralizing events. 

REGIONAL  SETTING 

the Trail map area. Ix~unded to the east. north and west by 
The Rossland Group is  exposed in a broad arcuate belt in 

granitic  rocks of the Late Jurassic Nelson batholith and in 
fluit contact with  lower Paleozoic rocks of the Kootenay 

eastern bnundary n f  Quesnellia and i s  similar in composi- 
Arc on the sou1.h (Figure I - 1 - 1 ) .  The group  forms the 

tion tu rocks of the Nicola and Takla  groups. 

Little. 1962; Frehold and Tipper, 1970: Tipper, 1984). I t  
The Rossland Group i s  Early Jurassic in age (Frehold and 

conrprires a basal !,ucccssion of  dominantly  fine-grained 
cla\tic rocks ofrhr ,\rchibald  Formiltion.  volcanic  rocks OS 
the Elise  Formation and overlying clastic  rocks of the Hall 

in the Nelson area: i t s  upper part i s  correlative with the 
Fomation. The 'Ymir  Group  underlies the Elise  Formation 

Archibald Fonn;ttion. 

of difterent  plutons  including a suite of synvolcanic intru- 
The  Rossland and Ymir groups are inrruded by a number 

\ions,  syncollision;~l  early-Middle Jurassic plutons, the 
Middle to  Late Jurassic Nelson  intrusions. the Middle 
Eocene Coryell intrusions and numerous felsic and mafic 
Tertiary  dikes. 

EAGLE  CREEK  PLUTONIC  COMPLEX 
The Eagle Creek  Plutonic  Complex.  referred to as 

'pseudodionte'  (Mldligan. 1952), straddles rhe Kootenay 

to coarse-grained m.lfic intrusion,  in part gneissic: however, 
River 3 kilometres west of Nelson, It is  generally a medium 

i t  grades into  leucoiratic hornblende  syenite (Mulligan, 
IYSI  1 and locally irlcorporates coarse ultramafic phases 

Cc'ol~~gir~ul F iddwod  1991, P o p r  /YY:?Ll  

(Mulligan, 1951. 1952; Little, 19X;>d. b; Lindsa:, 1991). It Is 
described as metadiorite by Lin,:l:.ay on t le b d  :is of exl:e'r- 

occurrence. I t  is  suggested that Iht: term 1:agIe Creek, or 1:- 
sive  petrugraphy and rock  geochemistl-). at t le M ( ~ o c h e  

inally proposed by Mulligan ( 1 0 5  I), be  retains  d. 
Conlacts of the Eagle Creek I' utonic IZoml lex w th the 

Rossland  Group  rocks are genenlly sharp, lo( ally marked 
by coarse-grained clinopyroxenitfis. The: soutt west part (of 
the complex is  cut by the Mol.,nt Vertle fa lit, a sto:p, 
westerly-dipping,  listric  normal f;rult that recc rds a penod 
of extension just prior to intrusicn of the, Ne1 on batholith 
(Figure 1-1-1;  Hay and Andrew, 1989a. b). 

known. I t  is cut by the Nelson  grmodioritt: (('0. 16s Ma) a d  
The age of the Eagle Creek. 'Plutonic COI iplex is  l l S  

by the Sliver King shear zone. a wide:  zone o f  stear ng 

Creek  syncline.  This  sllearing ; i d  defornatir 1 i s  ditec at 
along the margins and extending into th: cor '   o f   t te  t:;111 

about 180 Ma, the age of synteclmic  intrlsion (see :iectlnn 
on Silver King intrusions). I ts rcl.rtionship to he surrowd- 
ing Rossland  Group  rocks (cu. 100-200 Ma) is  les!; c h r .  
However, based o n  similarity u i t l l  the k x s l a l  d molrzorbite 

he cogenetic with Rossland Group  volcanism 
and its pretectonic age. i t  is  possible that the I omplc:x n 1 . q  

PE.I.ROGHAPHY 
The Eagle Creek  Plutonic  Complex i s  a cot Ipositc: inlru- 

sion with phases varying  from emquigranular I J porphyitic 
and mafic to ultramafic. The rn.afic  phases , ontairl 1 0  to 
30 per cent plagioclase a an,^,,) and lninoi (I t o  I f ; ' % )  
microclir~e(Plate  I-I-I,Tahle 1.- - l ) .Pr inary 4uartrrang.es 
up  to 5 per  cent. Most  mafic  mincrals ate vari; bly alien:.i to 
chlorite and carhonate: unaltered mafic min .rals i r e  'arc 
and include euhedrdl augite (5-~1.5%), hcmhlc ]de (3%:1 and 
green biotite (10-301c). Apatite! occurs fie( uentl) as an 
accessory mineral in the mafic phases. The uI ,ramaf Le ion-  
tains at least 25 per cent augite. 10 per cent a nphibole. and 
abundant alteration of remaining  mafic  miner; Is to chlo.ite. 

The  complex is  variably  altewd and sheare I clos~: 10 the 
Silver  King shear zone (Figure -1-1 1. t'lagic :lase s corn- 

chlorite.  Muscovite,  chlorite allc; calcite over xint and sur- 
monly s;~ussuritized,  sericitired ;and/or  replac :d in pa:n by 

round plagioclase and microcliw (Linckay, 1 )Y1) and :,c:g~ 
regated albite and epidote show fine-gain .d cafacJa!ti(. 
textures. 

plagioclase  diagram  (Figure 1-1-2) phases of the Ea,$Ie 
On Streckeisen's  (19731  quartz-alki Ii fe d s , p ~ r -  

Creek  PIutonic  Complex fall  wiihin the moll 5onite. quart;: 

gabbro fields. Diorite  or  gathro are the r lost conunou 
monzonite,  quartz  monzodiorite. quart;: gabb o and dior.te/ 

phases in the field and because : ~ f  regional n etamcrphr;m, 
may be referred  to as metadiori:e/gahhro. 

$1 
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Plate 1-1-1. Microcline crystal, 635 microns, in gabbro 
phase of the pseudodiorite  (field of view = 1.48 mm). 

coarse-grained  clinopyroxenite. They  have similar  mineral 
Ultramafic phases  along the margins of the: complex an: 

assemblages  to the  metadiorite/gabbro  (Mu..ligan, 195’l), 
comprising  dominantly  augite with lesser green  amphiholc 
rimming and  replacing the augite,  and  secondary chlcritc: 
(Plate 1-1-2). Symplectite  texture,  comprising iron ore, 
probably  ilmenite,  intimately  intergrown wiln clinopyrnx- 
ene in a  vermicular  fashion, is seen  in the  ultrunafic phase:; 
(Plate 1-1-3). Minor saussuritized  plagioclase is noted in  
some localities (Mulligan, 1951). 

such as the  monzonitic to syenitic  rocks an,j clinopymx- 
Certain  phases of the Eagle Creek Plutonic  Complex, 

enites, suggest  affinities to Alaskan-type mafic-ultramafic 
complexes  (Nixon, 1990). However, silica-oversatur;ltetl 
rocks  such as the quartz  monzonites, diorites, and gabbro:; 
are  more akin to calcalkaline plutonic  suites. 

MINERAL PROSPECTS 
Several  mineral deposits  and  showings  occur within or 

adjacent to the  Eagle  Creek  Plutonic  Complex. T h x  
include porphyry  copper-gold showings such as the Tou::h. 
nut and Moochie  occurrences and  copper-gold-lead  veins. 

plex  includes  disseminated chalcopyrite, tetrahedrite and 
Mineralization at  the Toughnut zone adjacent to  the  cam.. 

pyrite in potassic-altered, carbonate  and sericite-rich lower 
Elise Formation  volcanic  rocks . 

The  Moochie  occurrence, within  the complex, is charac.. 
terized by disseminated chalcopyrite,  magnelite and pylite: 

monly  encloses  irregular  lenses of ilmenite and cataclastk: 
within  locally  potassic-altered  metadiorite.  M3gnetite corn.. 

aggregates of chalcopyrite and magnetite  are also noted 
(Lindsay, 1991). The   occu~~ence  is locally  overprinted by 
the  Silver King shear zone. 

deposits within the  complex.  Quartz veins at  the  Star 
The  Star  and  Granite  Poorman  occurrences  are  wirl 

deposit carry  patches of chalcopyrite, pyrite,  malachite r.ncl 

PETROGRAPHIC COMPARISON OF TYPICAL LOWER 1’0 MIDDLE JURASSIC INTRUSIONS IN THE 
TABLE 1-1-1 

ROSSLAND GROUP, TRAIL MAP AREA, SOUTHEASTERN  BRITISH  COLUMBIA 

Pseudodiorite 
(rnetadioritel Silver King Rossland Rossland ‘Gabbro’ ‘Gabbro’ ‘Gabbro’ 

gabbro) Intrusions Monzonite Sill Nelson Area Fruitvale Area Rossland Area 

Plagioclase .................................................. 

Orthoclase 
(An content) 

Microcline . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Quanz ........................................................... 
Augite ....................................................... 
Hornblende . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Biotite ......................................................... 
Chlorite ...................................................... 
Epidote ......................................................... 
Serme 
Carbonate ................................................... 
Apatite .......................................................... 
Sphene ........................................................... 

Matrix ........................................................... 

............................................. 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. .  .......................................................... 

Opaques ..................................................... 

5-15 
3 

0 
0-3 

10-30 
2-35 

0 

2-20 
10-15 

1-5 
10-20 
7-25 

5-60 

0- I 
5-30 
0-1 

0 
0-10 0-3 

0 

0 0-60 

40-60 
38-48 
20-25 

0 

3-15 
1-2 

0-30 
5-15 
5-25 

0 
0 
0 

0-1 
I 

1-5 
0 

30-40 
48-54 

25 
0 

I O  
0 

10 
I O  

0 
I 

0 
0 

0 
I 

0 
I 

50-67 
15-45 

5-25 
0 

2-5 

0-7 
0 

1-25 
5-20 
0-15 
0-35 
0-10 
0- I 

0 

0-25 
0-3 

54-69 
30-45  20-55 

55 
0-25 0 

0 0 
0 0 

10-20  7-25 
0 

0- I 
0-5 

0 
0-20 10-40 
0-15 0-10 
0-35 

0 
0-1  0-1 

.~ 

0 
0 

0-20 10-40 
0-15 0-10 
0-35 0 

.~ 

0-5 
0 

0-7 
0 

0-35 0 

Analyses incorporate, in pan, work by Bcddoe-Stephens  and Lambcn (1981). Fyler (19x4). Lindsay (1991) and Muiligan (1951). 
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Figure 1-1-2. Quartz-alkali  feldspar-plagioclase  diagram of Early and Middle Jurassic intrusion.; in the  Trail map area. 

galena.  The  Granite  Poorman  mine  (Dawson, 1889) is 
characterized by veins of quartz  carrying pyrite, galena, 
chalcopyrite,  sphalerite,  minor  scheelite and free  gold. 

ROSSLAND  MONZONITE 

land and extends north to  Monte  Cristo  and  Columbia- 
The Rossland  monzonite is centred on the  town of Ross- 

Kootenay mountains and east to the  vicinity of Lookout 

exposed  on the northwest  slopes of Red  Mountain. Contact 
Mountain. A  small fault slice of Rossland monzonite is 

relationships with the  Rossland Group vary from sharp to 
locally  gradational  over  several  hundreds of metres, 
obscured by a wide thermal  aureole (Fyles, 1984). The 
Rossland monzonite and  Rossland mining  camp  have been 
studied  by  many  previous  workers  including  Drysdale 
(1915), Bruce  (1917).  Gilbert (1948). Little (1960, 1963, 
1982b1, Fyles (1984) and Hoy  and Andrew (1991a.b). Veins 
in the gold  camp  and their  relationship to the monzonite  and 

molybdenum-sksm  deposits on Red  Mountain are reviewed 
structures  are  discussed  by Hoy et a/. (1992, this volume), 

by Webster et a:. (1992, this volume) and  studies of ultra- 
mafic bodies in fault  slices  just  west of Rossland  are out- 
lined by Ash and  MacDonald  (1992, this volume). 

Jurassic (ca. 190 Ma; J.  Gabites, personal communication, 
The  age of the Rossland monzonite is interpreted as Early 

1991) suggesting that it is cogenetic with the  Rossland 
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Group (HOy t'f a/., 1992). It is cut on its west  side by the 
Rossland  fault. an east-directed thrust,  and by the  steeply 
dipping, north-trending Jumbo  fault  (Fyles, 19x4; Hoy and 

Jurassic plutonic  suite. obscures the  Rossland monzonite 
Andrew,  1991a,b).  The  Trail  pluton.  part of the  Late 

contact to the  north (Figure 1-1-1). 

deposits, including  the famous Le Roi,  Centre  Star and 
The Rossland  monzonite  hosts a number of different vein 

Evening Star  mines.  Gold-copper-lead-zinc veins  hosted by 

deposits  occur  mainly south of Rossland.  Bonanza gold 
the  Elise  Formation  such as the  Bluebird  and Mayflower 

veins, including  the  Midnight deposit,  occur adjacent to 
ultramafic  bodies  southwest  of  Rossland.  Gold-copper 

adjacent to some of the main and  north belt veins (Hiiy 
skam mineralization occurs within  the  Rossland nlonzonite 

et al . ,  1992). 

PETROGRAPHY 
The Roasland  monzonite is an inequigranular  intrusion. It 

comprises 40 to 60 per  cent euhedrdl to subhedral andesine 
(An38~48i, with rare  labradorite (An6*.& in the  Crown  Point 
area,  and 10 tn 25 per  cent  orthoclase. Primary mafic min- 
erals  are  only partially preserved, typically as ragged grains. 
Augite is replaced by hornblende in some  areas hut, more 
commonly, biotite replaces both hornblende  and augite. 
Remnant  augite  comprises 3 to 15 per  cent  anhedral,  often 

Bri/ish c:olrrmhia Gro/o,qir~ul Su,-res B r u x h  



Platc 1-1-2. ,'SynlpIectite  texture: han i t e  or  magnetite 
and clinopyroxtne intimately  intergrown in a vermicular 
fashion in a  coarwgrained clinopyroxenite phase  of the 
pseudodiorite  (field  nCview = 1.4X n u n .  

poikilitic crystals  mantled by biotite and chlorite.  Magnetite 

rare.  Quartz. if presmt, ranges  from I 10 2 per cent as late, 
and  apatite are ubiquitous  accessory minerals; sphene is 

resorbed crystals which may indicate  a subvolcanic origin 
for the  intrusion (Tihle 1-1-1). This mineralogy  indicates 
that the Rossland monzonite is dominantly a rnonzodiorite 
(Figure 1-1-2). Clther phases include monzonite, and a large 
biotite  clinopyroxerlitc  xenolith is exposed at the Centre 
Star  deposit. 

Studies of metamorphism by Fyles (1984) define a wide 
thermal aureole around the  intrusion. The northern  margin, 
near Columbia-Kootcnay  Mountain. and the southern mar- 
gin,  south of Ror.sland. have a zone nf well-indurated  biotite 
hornfels, 300 IO 500 metres wide. that is locally bleached, 
silicified  and conta.ns pyroxene  and  garnet (Fyles, 1984). 

hornblende, biol:ite and  chlorite  may he due to superim- 
Alteration of mafic minerals in the  monzonite to ragged 

posed  regional metxnorphism. 

ROSSLAND  SILL 

Mountain near F.ossland. I t  has a similar  mineral 
The Rossland si11 is  exposed on the eastern slope of Red 

Genlf~,yical Fie ldwvk 1991, Paper 1952-I 

vasively  rimmed  and  replaced hy chlorite in co;  rse-grsinc(l 
Plate 1-1-3. Coarse-grained augite (rysta s are per 

clinopyroxenite  phase of  the pseudodiorit,:  (fie1 I of view =: 
1.4X mm). 

assemblage to the  Rossland  motwonite. The si 1 is fr.igmen- 

composition as the matrix (F>lcs, 1984). Te(turally, i t  is 
tal in part, with blocks up to a [metre M ide \ .ith the seme 

inequigranular  to  porphyritic wi th  :lO to 40 pcr writ 
euhedral. sausseritized.  oscillatory zonec calc c andt:sim': tc, 
sodic  labradorite (An.,8.54) and 25 per cel  t orttocl,%e, 
Mafic  minerals (30%) compriw: .!early equal ) mroporionr of 
augite,  a  blue-green  amphibole  and  biotite. 'I le blue-gmen 
amphibole is probably secondiu y horntdendl and ma,!' k 
described as uralite. The  augits is oscillatory zoned anc. is 
often rimmed with hornblende (Plate: 1 - I - . . ) .  Acce:t:;or)r 
apatite in the sill has  distinct nrineral (:ores (Plate 1-1-5). 

clinopyroxene  are  common In the Rxsla id si1 (Flat(: 
Symplectite  textures of m.:tgnetite or  lmenite a n d  

plectite  textures  and is mantle'd by biotite. 
1-1-6). O n  Monte  Cristo  Mountain, o p q u e  c cide has  sym- 

EARLY JURASSIC  MO"rlZOGABflR0 
UNIT 

occur  throughout  the exposures of the  Iilise 'ormation ,md 
A number of monrogabbroipabbro sills E" small stNxks 

are  interpreted to he high-Ievd syn-Rosslan, . Group i n t r w  
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Plate  1-1-4.  Augite rimmed by hornblende in the 
Rossland sill (field of  view = 1.48 mm). 

sions. Previously  referred  to  as  ‘diorite  (Jdi)’  (Andrew 
et a / . ,  1991), the sills are  renamed on the basis of detailed 
petrography. They are  typically  tabular,  lensoid or sill-like, 
several  tens of metres  thick  and can often be traced for 
several kilometres.  Others are subrounded,  discordant plu- 
tons. They are fine to medium  grained and  often  porphyritic 
with 30 to 30 per cent plagioclase phenocrysts in a dark 
green-grey matrix. They are  petrographically distinct  from 
the  Eagle  Creek Plutonic  Complex,  Rossland  tnonzonite 
and  Silver  King intrusions. Monwgabbro  stocks  can  occur 
anywhere within  the  Elise  Formation but tend to be mainly 

report  are plotted on Figure 1-1-1. 
in the  upper  part. Locations of monrogabbros studied in this 

The  best-documented  example of an Early  Jurassic 
monzogabbro is the Shaft  intrusion. a tabular,  locally  brec- 
ciated complex up to 50 metres in width  and 5 kilometres in 
strike length. It has pervasive  propylitic alteration that hosts 
disseminated  chalcopyrite,  pyrite and magnetite  (Andrew 
and HOy, 1989). 

PETROGRAPHY 

sity of mineral  assemblages.  Most  are  found  intruding both 
Monzogabhros in the  Nelson area  have  the widest  diver- 

14 

distinct mlncrd core in biotite from the  Rossland sill (field 
Plate 1-1-5. Accessory apatite q s t a l ,  30 microns. with 

of view = 1x5 microns). 

upper  and lower Elise  Formation  rocks  up to 5 kilometres 
south  and  west of Nelson, in the  plateau  areas  east of Toad 
Mountain  and in the vicinity of Morning  Mountain.  They 
are characterized by 15 to 45 per  cent labradorite (Anso~6,), 
rarely  saussuritized, a significant  orthoclase  component 

minerals are rarely seen (Plate 1.1-7) as they are  commonly 
(5 to 25%1, and  minor quartz (2  Lo 10%). Primary  mafic 

altered to hornblende, biotite,  chlorite  and epidote.  Often, 
the uni t  has a he-grained matrix of feldspar and  chlorite 
with up to 1 per cent apatite and I per cent  magnetite  and 
pyrite. The Nelson area  intrusions fall  within  the monzonite, 
(quartz)  mon7ogabbro  and  quartz  gabbro  fields on 
Streckeisen’s (1973) quartz-alkali  feldspar-plagioclase dia- 
gram  (Figure 1-1-2). 

The  Shaft intrusion exposed 3 kilometres south of Nelson 

gabbro. I t  is brecciated  and  locally  sheared. It contains 30 t n  
is a fine  to  medium-grained. locally  porphyritic monzo- 

45 per cent  labradorite  (Ansg,~wj. 5 to 10 per  cent  orthoclase 
and 2 to 3 per  cent  quartz. I t  ranges in composition from 
quartz  gabbro to quartz  monzogabbro  and  monzogabbro. 
The  feldspars  are  variably  saussuritized and sericitized 

replaced any augite  or  hornblende phenocrysts.  Apatite  and 
(10 t n  25%). Biotite,  chlorite  and  epidote  have totally 

LIrilish Colunrhiu Groiogicul S u n e y  BI-urrdl 



ClinoDvrnxene rndnllcd by biotite in the Rnssland sill (field 
Plate 1-1-6. Symplectite texturr of magnetite ( ? )  ~ 

Plate 1-1-7. Hornblende.  chloriw  and  ecidote n '&hm ., - 
of view = 370 microns). from the  Nelson  area (field  of  view = 1.4 ~ mm). 

sphene are preselnt as accessory  minerals. Opaques include 
chalcopyrite, pyrite snd magnetite.  Hematite and  malachite 
are  cnmmon  oxide minerals. 

A number of nnonzogabhros in the  Elise  Formation north 
and east of Fruittalc  are  quartz-poor but have diverse  feld- 

cent labradorite ( A I I ~ ~ ~ , ~ ) ,  rarely  concentrically zoned  or 
spar compositions.  They  are characterized by 30 to 45 per 

quartz is generally ahsent.  Augite is usually preserved but 
saussuritired, and  varying orthoclase content (0 to 35%); 

variably  altered  to  hornblende  and  chlorite.  These 
monzogabhros may have a fine-grained  matrix of feldspar, 
biotite  and chlorite. Accessory apatite is rarely  seen  and 2 to 
5 per  cent  opaque  minerals, mainly  pyrite, are present. The 

monzogahbro and gabbro  fields (Streckeisen, 1973: Figure 
Fruitvale area  monzogabbros plot within the monzonite, 

alkali-feldspar poor  Most are  found in the  Elise  Formation 
Monrogahbros in the Rossland  area are  quartz-poor and 

south of  Ross1an.d on Tamarac  Mountain or  Deer Park  Hill. 
They  are  characterized by S O  to 55 per  cent  euhedral 

minor  orthoclase and no quartz. Augite is still preserved but 
labradorite and bytc,wnite (Ansx.88), typically saussuritized, 

variably  altered I ~ O  biotite  and chlorite. Apatite is rare  and  up 

1-1-2). 

to 7 per cent  opaque  minerals, mainly  pyrite occur in the 
matrix. These  monzogabbros art mainly with n the gahbrc 
field on Figure 1-1-2. 

SILVER KING INTRUSJ'ONS 

feldspar porphyries in the Nel;sm area. The nain bod:+ is 
The  Silver  King intrusions x e  a siite c ' doainmtly 

traced  southeast from Giveout Creek, 1 to S kilometres 
south of Nelson (Figure 1-1-1). Several  lense! of thc Silver 
King  porphyry outcrop on the west slopes 01 Mount 'Elise 
and border the main  Silver Kine intrusion. 

coloured and form resistant r idgts Contacts . i i t h  Ros!iland 
Outcrops of the Silver King Inl.rusion, Ire  t) 3ically crtxm, 

Group  rocks  are either sharp a.ld discordan or irten;(:ly 
sheared. 

Commonly, smaller lenses are strongly folia1 :d or  shrwed 
The  Silver King intrusion i:; !sheared alon : its margins. 

sericite  phyllites that superficia'ly  resemble  hliated  fclsic 
volcanic  rocks. These  contact relationships a! d  the foli,ated 
to massive  nature suggest that th:: Silver King intrusion!. arc 
a  pre to  syntectonic suite. 



nocrysts wlth inner zones replaced by clusters of  Sericile 
needles in 3 fine-grained matrix of feldspar and secondary 
quartz, Silver King  intrusion  (field of view = 1.48 mm). 

Plate I-1-8.  Intensely saussuritized plagioclase phe- Plate 1-1-9. Cataclastic fabric in the Silver King  
intrusion: platey minerals rotated into parallelism and 
rounded  feldspar houdins in  a protornylonite (field of 
view = 1.4X nun). 

breccia  (Mulligan, 1951. page I17), charactenzed by clasts 
A stratabound  conglomerate-breccia unit,  the Silver King 

of feldspar  porphyry,  outcrops in Gold  Creek  and the drain- 

epiclastic  unit of the  Elise  Formation by Hoy and  Andrew 
age  basin  south of Cottonwood Lake. It is described as an 

(1988). and is characterized by abundant to ubiquitous I O  to 

phyry clasts were weathered  from a  high-level subvolcanic 
15-centimetre clasts of plagioclase  porphyry. These  por- 

intrusion  within  the Elise  Formation. Farther south, only  the 
distal  portions of the  apron is exposed.  The clasts are not. as 
previously  described  (Hoy  and  Andrew, 19881, derived 
from weathering of Silver King  intrusions:  the  intrusions are 
now known  to be much  younger than  the  Elise Formation. 

PETROGRAPHY 
Silver King rocks  are  porphyritic,  characterized by I O  to 

phenocrysts, 5 to 10 millimetres in size (Table 1-1-1) in a 
30 per cent euhedral to subhedral  plagioclase (An28-60) 

fine-grained  greenish  grey  groundmass.  Quartz  content 
ranges from I to 2 per  cent;  grains  are  commonly resorbed 
which  may  indicate  a  high-level of intrusion. Generally, 

primary  mafic minerals  are not preserved  although acicular 
secondary  hornblende  needles  are  locally  observed. 
Accessory  sphene  and  ilmenile are common  (Mulligan, 
1951): apatite is rare. 

sheared. Plagioclase twinning is commonly  obscured by 
The  Silver King intrusion  has been strongly  altered  and 

intense saussuntiration and  the inner zones of the  pheno- 
crysts  are replaced by clusters of sericite  needles (Plate 

rite  and calcite.  The  groundmass  comprises  abundant  sec- 
1-I-X). Mafic  minerals are almost  totally  replaced by chlo- 

ondary albite 1 3 ,  epidote,  carbonate and  often 10 to 5 0  per 
cent interlocking aggregates of quartz  grains and  sericite 
'mats'. A cataclastic fabric is typically  seen in thin section. 
This varies  from shearing and  parallelism of platy minerals 
to  rotation  of  feldspar  boudins in a protomylonite 
(Plate 1-1-9). 

properly, initially assumed  to  be  pan of the Elise Formation 
A quartz-sericite-carbonate schist on the  Great Western 

(H6y  and Andrew. 1989c), is interpreted to he a small, 
strongly sheared Silver King intrusion. This  occurrence is 
unusual as i t  contains 2 to 3 per  cent scattered tourmaline 



crystals. The interpreration that this lens is part of the Silver 

means that the  Elise  Formation is strictly  intermediate to 
King plutonic  suite 'ias important  implications  because it 

mafic in composition with no recognized  felsic members. 

lield  on  Streckeisrn's (1973) quartr-alkali  feldspar- 
The  Silver King  intrusions fall within the dioriteigabbro 

plagioclase diagram  (Figure 1-1-2). As the  porphyry has 

An,,,,,. i t  is classifie3 as a leucodiorite  porphyry. 
virtually no mafic  rn~nerals and  plagioclase is generally 

GEOCHRONOI.OGY 
Preliminary U-Pb  analyses of zircons from Silver King 

intrusions give  date, that range  between 178 to 182 Ma 
( J .  Gabites.  personal communication, 1YY I ) .  The intrusions 
are  interpreted to habe been emplaced contemporanous with 
the early  phase o f  deformation in Rossland Group rocks 
(HOy et  a/., 19S12). Other  synorogenic intrusions in the 

Cooper Creek  stock (< 'a .  180 Ma;  Klepacki, 19x5). a small 
Kootenay  Arc o f  southern  British Columbia include  the 

discordant  pluton nothwest of Kaslo, anlJ the Aylwin Creek 
stock south of Xlvelton.  The Aylwin Creek  stock. in Ross- 
land Group volca.nic rocks in a roof pendant o f  the  Nelson 
batholith, hosts copper-gold-silver mineralization on the 
Willa property.  Preliminary  U-Ph  data  indicate an intrusive 
age of approximatdy 1x4 Ma (W.J.  McMillan,  personal 
communication, 1991 1. 

MINERALIZAWON 

phases of the Silver  Sing intrusions and  certain ore deposits 
A genetic connection between some of the satellite 

has been suggesled by Drysdale (191.5, page 32). Deposit 
types associated with the Silver King  intrusions  include 
shear-related copper-gold  and copper-zinc-silver,  and vein 
lead-zinc-silver-golc. 

King  intrusion  near  its  northern contact with the  Elise  For- 
The  California prospect is a vein deposit in the Silver 

mation  and  Nelson  batholith. Quartz veins contain  pyrite, 
galena, sphalerite and free  gold.  The Great Western occur- 
rence (HOy and Anclrew, 19x9~). Kena  occurrence and Sil- 
ver King mine  are  examples  of shear-related  deposits. 

the Silver  King  mine,  after  which the intrusions were 
The largest producer hosted by Silver King intrusions is 

named. I1 hegarl pvoduction in 1896 and attracted wide 

believed to have hezn a  shear-related  silver-lead-zinc-gold 
attention to the Nelson  area. The Silver  King orebody is 

deposit  although it; origins  are still debated more than 

main shear-controlled  veins, is characterized by galena. 
100 years after its 'discovery. Mineralization, within three 

chalcopyrite.  pyrite  and  tetrahedrite wilh minor  sphalerite, 
bornite  and strornalerite (a gold-copper sulphide) near  the 
east  contact of thf: Silver  King  mtrusions with  highly 
sheared Elise Fom;~tion mafic  volcanic llows.  The  gangue 
i \  quartz,  carbonate and siderite in sericite schist, a  strongly 
sericitized  and s,hes.red Silver  King  intrusion. Shearing is 
right lateral as indicated by C-S fabric  kinematic  indicators. 

SUMMARY  AND  DISCUSSION 

field  relations. des-iotive  oetrolow and oreliminarv  U-Pb 
This paper prese'its preliminary data, based largely on 

land Group.  More  definitive  statments, partict larly reg;mi- 
ing  the relationship of magmati:nl to tect(misn, must await 
analysis of chemical  data and a:hiitional,  U-P't dating. 

At least four  suites of Early tu P.liddle Jurass c intrusions, 
associated with or within  the Roseland Group.  are expo!,ed 
in the Trail map area. The Ewly Jurassic Zagle Crwk 
Plutonic Complex west of Nelsorl, the R.osslar morzorlite 
and  small monzogahhros throughout  thc Eli! 2 Fonnat'on 
are  interpreted to be coeval .with the Ross and  Grolp, 
whereas the  early  Middle  Jurasslc  Silver  King i itrusions,  ,ire 
interpreted to be synorogenic.  rilated 1 8 )  col ision of ':he 
eastern  margin of Quesnellia with North Amei  ica (we IHOy 
c/ a / . ,  1992). 

The Rossland  monzonite is dc-bminantly a nonzodiwite 
with at least one large xenolith of biotite clir opyroxenlte. 
Preliminary U-Pb analysis of zircons  sugge: ts a &at<: of 

overprinted  by  regional   rn: : tamorphic   a l teral ion 
approximately 190 Ma (HOy era ! . ,  19921. I t  i pretectorkic, 

assemblages  and skarn a l te ra t i~)~~ assomated with  Ibli'ddle 
Jurassic  plutons. 

The Eagle Creek Plutonic Colr plex may be ;imila-  to h e  
Rossland  rnonzodiorite. I t  is w,ociated witl clincpyr~lx- 
enite phases as well as hornblende syenite, IT mzonite ; u d  
gabbro. It is pretectonic, with local development of ;I pene- 
trative  fabric due  to  shearing in t'le Silver Kin ; shear zwe .  

arc volcanics  of the Rossland  Group. The! wer: Ibxh 
It is suggested that these intr.l!,ions  arc' con Igmatic with 

emplaced  along  major structur:!,, and  are bc h associat'zd 
with mineralization - gold-coprler  veins in he  R~)ssl;aid 
area and  dominantly  alkali  porphyry gold-cop Jer prospc:m 
in the Eagle Creek Plutonic Cwnplex. The  ub quitoas p 1 . w  

ence of both apatite  and  magnetite in :hese intrusion:. is 
common in Upper  Triassic - Early Jur;r:,sic a 'c complexes 
elsewhere in Quesnellia  and S t~k~n ia .  These ii trusive c:o~n- 
plexes  have phases that  are  typic.dly  caicalkal ne as well as 
phases  that  resemble  feldspar-lx  aring  rocks ound as:m:i- 
ated with Alaskan-type complews in the Cor, illera ( N k o n  
pr a/., 1989; Nixon. 1990). 

high-level synvolcanic intrusions They ire re tricted t o  the 
Small widely  scattered monmgabbros  are nferrei IC, be 

Elise  Formation,  have  diffuse, mmrnonly hr cciated  nur- 
gins,  and  may  be  associated \with minor  :opper-gold- 
magnetite  mineralization. 

The  Silver King  intrusions cnccur 'south If Nelsor irt 
strongly  deformed  eastern  exposures of he Rosslancl 
Group.  They  are interpreted to Ix syncrogel ic, reiattxl tcl 
convergence of Quesnellia u 4  h Nort? Ar (erica. S,Inall 
intrusions and margins of largr ~ntrusiclrls are penetratively 
fo l i a t ed   o r   i n t ense ly   shea red .   O the r   i n t r t   s i c i t s ,  
petrologlcally similar to the  Silver K ng i ltrusims and 
assumed to be comagmatic,  arf discordant,  m wive  or  only 

ca. 178-~182 Ma - coupled wilt a 180 Wa d Lte on a pcmst-. 
locally foliated. The  preliminap age o f  thes : intrusioln -- 

tectonic  intrusion,  the Cooper Creek  scrck f r  rther Iloltl1 in 
the Kootenay  Arc (Klepacki, l!)ES), date; this :arly collisio. 
nal event. 
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STRATIGRAPHIC DATING OF FAULT SYSTEMS OF THE CENTRAL, 
HUGHES  RANGE,  SOUTHEAST  BRITISH COLUMBIA. (82GAl') 

By Alastair 1. Welbon and  Raymond A. Price 
Queen's University- 

(Contribution No. 5, Sullivan-Aldridge  project) 

KEYWORDS: Regimal  geology,  stratigraphic  variation, 

reactivation. 
structural  control, I'urcell Supergroup. Lower  Paleozoic, 

INTRODUCTION 

Purcell  anticlinorium is segmented by  several  major 
In southeastern  British Columbia the northward-plunging 

northeast-trending  'mnsverse  faults  (Rice,  1937;  Leech, 
1962; HOy, 1982).  These faults  have  various  senses of offset 
and show  evidewe nf reactivation. They  have been active at 
various  times  including  the Middle Proterozoic (Hay, 1982; 
McMechan and Price, 1982). Late Proterozoic (Lis  and 
Price,  1976).  Early  Paleozoic and Early Cretaceous  (Leech, 

anticlinorium  there ,are several  significant  mineral deposits, 
1958,  1962; Benvenuto and  Price,  1979).  Within  the Purcell 

some of which are cut by these  transverse structures.  The 
largest of these,  the  Sullivan lead-zinc "sedex" deposit, is 
cut by an extensional structure, the  Kinlberley fault, which 
has heen linked to Ihe Lewis Creek  fault across the  Rocky 
Mountain Trench and into  the Hughes  Range. 

Bull River (49"30':! (Figures  1-2-1  and 2)  forms the east 
wall of the Rocky  Mountain Trench.  It is the uplifted foot- 
wall block of the Rncky Mountain  Trench normal fault, and 

anticlinorium,  the main part of which  lies  west of the  trench 
is the  offset countupart of the  east flank of the  Purcell 

in the hangingwall of the normal  fault. In the  Hughes 
Range,  the Middle Proterozoic Purcell Supergroup  rocks, 

trench, are  overlair  unconformably by a Lower  Paleozoic 
which host the Su,livan  deposit on the  west side  of the 

carbonate platform succession. The Stratigraphic sequence 
comprising the Huzhes  Range has  been overthrust,  along 
the Lussier  Creek fault, onto the thick Lower  Paleozoic 
shale-carbonate  facies that is characteristic of the western 

Rockies (Leech. 1958). 
Main Ranges  and Western Ranges of the southem Canadian 

Several  northeast-trending transverse faults  cut  the Pur- 
cell succession  and  parts of the Lower  Paleozoic succession 
in the Hughes  Range.  Relationships  along  unconfonnities 
within and at the  base of the Lower  Paleozoic  strata  provide 
evidence of the natilre and  timing of displacement on these 
faults. Field mapping of the faults and unconformities 
hounding three Lower Paleozoic  formntions have been  the 
main focus of tliis study. 

The  Lussier  Creek fault trends north for most of its 
length, but at the !south end of the Hughes Range  swings 
northeast,  parallel to  the transverse faults in the  Purcell 
anticlinorium. Tow'ards the  Rocky  Mountain Trench, the 
fault  merges wirh an old transverse fault, the  Boulder  Creek 
fault (Figure  1-2-1 ). 

Geological Fieldwork 1991, Paper lY92-I 

The  Hughes R.ange between Sknokunlchuck (49O.55') and 5"'N 

fieldwork on this  project which H. as carricd nu in June, l r ~ l y  
The preliminary  results  presented here are t le produc': of 

and  August, 1991. In addition I O  field map1 ing  and (lata 
collection,  samples have been cc'llected h r  gf ochro1olq:ic 
(K-Ar) studies to constrain ages tnf volcimic s !quences md 
postorogenic  granites.  A new fxd i ty  at Queel 's Unlversity 
is being used to produce computer-generat, d gedo,gical 
maps of the  area. Geographic information s /stem:; (CJS) 
technology is being used to  store mulliple  lata s:ts and 
analyse  fault  configurations arid paleogeof raphy i n  !he 
region. 

I I l i  h, 

Figure  1-2-1.  Location map of the stud? area  The  figurje 
also shows major faults in thte regic I. 

2 1  
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Figure 1-2-2. Geological  map of the study  area. The data are from 1991 field work,  plus Hoy 
(1979, 1988, and  personal  communication)  and Leech (1958. 1960). 
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REGIONAL  GEOLOGY 
The Hughes  Ran$;e  lies in the western part of the Cor- 

dilleran  fold and thrust belt (Figure  1-2-1). I t  is underlain by 
the Lussier Creek f i u l t ,  a major eastward-verging  thrust. 
The  fault is part of the  regional  thrust-fault  system  that 
separates  east-verging  structures of the  Purcell anti- 
clinorium to the west. from the west-verging  structures of 
the  Porcupine  Creek fan  structure  to the east (Price, 1981, 
1986). 

Transverse, northeast-trending  fault structures  are charac- 
teristic of this  part of the  Cordillera (Hoy, 1982). They 
segment  the Pur8:ell anticlinorium  and  extend across the 

main transverse  ,structures,  the  St. Mary - Boulder Creek 
Rocky Mountain  Trench into the western Rockies.  The  two 

fault to the north, an(J  the Moyie - Dlbble Creek fault to the 

Profound variations in stratigraphic  relationships  beneath 
south, are both northwest-dipping, right-hand  reverse faults. 

fault  fnllows the :locus of a  Late Proteroroic structure along 
the sub-Cambrian  unconformity  indicate that the St. Mary 

which the  northwest  side  was downdropped  (Lis and  Price, 
1976).  Similar  ,variations in  stratigraphic  relationships 

the Moyie  and D'ibblc Creek fiults fullow the locuh of an 
heneath the Upper Devonian Fairholme  Group indicate that 

Early Paleozoic  structure that was downdropped t n  the 
northwest  (Leech.  1958;  Benvenuto  and  Price.  1979; 
McMechan and Prlc:. lYX2). 

PREVIOUS  WORK 
interest in the geology of the Hughes Range (Figures 

by the  discovery of placer  gold deposits of the Wild Horse 
1-2-1 and  2) and  the surrounding  areas was initially driven 

Creek  during the IXO(ls. Exploration  interest has continued 
ever since. 

River region (Rice,  1937).  The  whole of the  Hughes Range 
The first detaikd work in the range was in the Wild Horse 

was mapped at a scale of 1 inch to 2 miles  and  was 
published by the Geological Survey of Canada in 1958 
(Leech,  1958).  The f rst detailed mapping was by HOy, who 
demonstrated the  influence of faulting on the  deposition of 
the  Purcell Supergroup  (Hoy,  1982, 1985: Carter  and  Hoy, 
1987). 

STRATIGRAPHY OF THE HIJGHES 
RANGE 
THE  PURCELL SUPERGROUP 

The Purcell sequence in the  Hughes  Range.  where com- 
plete, consists of ten formations and  reaches a thickness of 

The  lowermost seven formations are exposed in the  central 
approximately I kilometres (Hoy, 1985, in preparation). 

of this  succession WIS studied during this project. 
Hughes  Range, northeast of Fort Steele. Only  the  upper part 

Steele Formation, a sequence of quartzites, argillites and 
The lowest part of the  succession comprises the Fort 

conglomerates which are only found east of the  Rocky 
Mountain  Trench. I t  is overlain by the  Aldridge  Formation 
which is a thick (up to 6 km)  sequence of fine-grained 
turbidites  that con!;ist of  quartzite,  quartz  wacke  and 
argillite. 

Geolofiical Fieldwork 1991. Paper I Y Y Z - /  

mation, is the  stratigraphically  lowest formatir n expxed  in 
The Creston Formation, which overlie:;  the \Idrid::e €'or- 

the  study area. It consists of grew, thickl], bedl ed  qu;irt.utes 
and argillites and is approxim:iti:ly 2 I( lome res ttick A 
thick  carbonate  sequence, tht: mainl:y bufi -weatliering, 
thickly  bedded  Kitchener Fornmion, o'berlie: the Cresttm 
Formation  and is a  distinctive mwker unit. 

The upper part of the Purce I Supelgroulm consists of 
dominantly  shallow-water argikceous clastic and (arlmn- 
ate rocks, with a distinctive volcmic  srquenc ! in the  mid- 
dle. The Van Creek Formatiorl ~McMwhan ?I al.. IOBO) 
which is up to 850 metres  thick,  c:)nsists of gre 'n and puirple 
siltites and argillites which becorne tuff,a,:eour at the top I t  
is overlain by the  Nicol  Creek Fomation (Mc! lechan et a/., 

l a v a  and tuffs, commonly in sssocialim w th ar];illi~:c:s, 
1980) which  contains  dark grecn, baszltic ~ nd ardesikic 

siltites  and sandstones. The lava. are general1 8 amy:da!oi- 
dal, which helps to distinguish t h m  frorn thicl sills that cut 
the  Creston  and  Kitchener fomtalions. 

The Sheppard  Formation lie:; with s l u r p  c Intact on t.ie 
Nicol  Creek  Formation,  and is  he uppmno! t part of ile 
Purcell  Supergroup  exposed irt the r:tudy Lrea ( F i g ~ r e  

dolomitic sandstones, with a dis1:inctive stror Iatolitic c ; o -  
1-2-2). It is a series of red and grem dolomitic iltstorles ;md 

omite near the  top.  Clast-supp<m:ed  breccias x c u r  within 
the formation  near  faults, and may indi(:ate ~ ,heppxd-:p:e 
syntectonic  sedimentation. 

At the  northem end of the  Hughes Rmge, north ot tlle 
study area,  younger parts of thc:  !:'urcell  :Supel ;roup (GzNte- 

Windermere  Supergroup  are  preserved unl er th.: !wb- 
way,  Phillips  and  Roosville formations) an< pan of the 

Cambrian  unconformity. 

LOWER  PALEOZOIC  ROCH.S 
Contrasting  Lower Paleozoic sequences x c u r  in the 

hangingwall and footwall of the Lussie- Cre :k fault. The 
hangingwall sequence is a relali~~ely  thw (ca. 2.5 km) car- 
bonate  platform sequence; wherein  the fcsotwa I sequent,: is 
a thick ( [ a .  6 km) shale-carbonatl: sequerce. B Ith the hang- 

Cambrian siliciclastic  formation:s, hut .hese are  I;rterily 
ingwall  and  footwall  succe:;slons begin with Lower 

variable. 

hangingwall of the Lussier Cree,<. fault. They range in ,age 
Four  unconformity-bounded  formatiorls are founc i n  the 

from  Cambrian to Ordovician and the:y vary in thxkness 

formations,  are offset by transverse nonheast striking syn- 
along  strike. The  two  oldest, the Cranxook and Iuhlee 

tions. The distribution of the Crmbrook Forn  ation is con- 
sedimentary faults, which do not offset t i e  y(: Anger fonna- 

trolled by the  sense of displacelnmt on tiese  auks, ansd Iby 
erosion  prior to deposition of tht:  Jubiler.  Fon lation. 

The  Lower Cambrian  Cranbrook  Formation  which foms 
the base of the  Lower Paleozoic  !,equence, is , omin;ite'd Iby 

wacke and conglomeratic  sandstone  (as IT lch as 15'0% 
white  quartzite and includes major  colrpone 11s of q w t z  

locally). The  Cranbrook  Formalion, althoug 1 widespr8:ad 
elsewhere north of the Moyie -:Dibble Creek f .ult. is atwnt 
beneath  the Jubilee Formation  :hroughout mo ,t of the n a p  
area. It is preserved  locally beneith the !;ub-J bilee  uncon- 

.?3 



formity  adjacent  to  the  transverse  faults in the  central 
Hughes  Range.  The  shale-dominated  Eager  Formation, 
which is also widespread  regionally in the hangingwall of 
the  Moyie - Dibble  Creek Fault, is absent  from the  study 
area. 

The base of the carbonate  sequence is marked by the 
Middle to Upper  Cambrian  Jubilee  Formation  (Leech, 

dolomite in its lower part. but more  massive in its upper 
1958). which is characteristically a well-bedded  limestone/ 

part. In the  northern pan of the  study area, there is a rusty 
weathering dolomitic unit in the middle  part of the Jubilee 
Formation  that is a good  marker horizon. Evidence of syn- 

formalion in the form  ofextensional  stmctures within  layers 
sedimentary tectonism was found  towards the base of the 

of sediment, and  sediment dikes  along  fault traces. 
The  McKay  Group  (Leech,  1958) is a shaley  limestone  at 

its base, but becomes progressively more characteristic of 

tional conglomerates, peloidal wackestones, nodular lime- 
carbonate  platform  facies toward  the top, with inuaforma- 

area, the Middle  Ordovician  Mount Wilson quartzite uncon- 
stones and  bioclastic grainstones. To the  north of the field 

formahly  overlies  the  McKay  Group  (Leech, 1954:  Norford, 

make up the top of the group. 
1969).  Elsewhere this quartzite is absent and carbonates 

Lower  Silurian  carbonate  platform  deposit  (Norford,  1969). 
The  Beaverfoot Formation, an Upper  Ordovician  and 

rests  unconformahly  on the McKay  Group  except where  the 

bedded  dolomitic  limestones and  dolomite and is charac- 
Mount  Wilson quartzite is present.  It consists of thick- 

terized by chert  nodules  and  a  mottled  texture. The  top of 
the formation is truncated by the Lussier  Creek  fault;  but 
north of the  study area i t  is overlain by Middle Devonian 
gypsum, shale  and carbonate rocks (Leech, 1958). 

The  Paleozoic rocks in the footwall to the Lussier Creek 
fault  differ significantly from those in the hangingwall.  The 

Cranbrook Formation  which grade  upwards  into the shale of 
Purcell  sequence is overlain by the  quartzites of the 

the  Eager Formation (Leech, 1958). The overlying succes- 
sion comprises the shales of the  Tanglefoot unit (Thompson, 
1962).  the McKay  Group,  Beaverfoot  Formation  and a 
“Silurian-Devonian  unit”  (Leech, 1960). 

The  Tanglefoot  unit  has a thick,  laminated,  basinal 
carbonate-rich shale at its base  and  consists of sandstones 

appears  to be a deep-water  equivalent  of the Jubilee lime- 
and  possible  storm-influenced  limestones  at  the top.  It 

stones and dolomites.  The  top of the McKay  Group is 
similar  to that in the hangingwall of the Lussier  Creek  fault 
and  contains  nodular limestones. The  lower  pan  is a shaley 
limestone  and is very thick  (greater  than 1 km). The Beaver- 
foot Formation is of  similar thickness and  appearance  to the 
hangingwall Beaverfoot. 

The  Silurian-Devonian unit  has  been described in detail 
by Leech, (1958).  Examination in  the field  shows it to be 

tinuous volcaniclastic rocks, basaltic lavas and tuffs,  above 
series of shaley  limestones overlain by laterally discon- 

which  are  more  shaley  limestones  and  to the south, bioclas- 
tic  limestones. The  sedimentary  sequence is characterized 

dolomitic  and volcanic clasts  and  small-scale  synsedimen- 
by  slump  structures  (up  to I m),  breccias containing  many 

tary faults. In addition to a major  north-trending  syncline 
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containing this  unit (Leech, 1958). this  unit  has  been found 

extreme south of the map  area. In the  north of the  study area 
in the  immediate  footwall of the Lussier Creek fault in the 

i t  overlies the Beaverioot Formation,  while in the south it 
overlies the McKay Group. 

STRUCTURE 

northeast-trending  transverse faults which  generally  only 
Three main sets of faults occur in the  study area;  older 

cut the  Purcell and  lower part of the Lower Paleozoic 

normal  faults that are associated with the Rocky Mountain 
sequences;  north-trending thrust  faults;  and north-trending 

Trench  nomial fault. 

TRANSVERSE  STRUCTURES 
Five  transverse  faults cross the  central Hughes  Range. 

Thebe are from  north to south; the  Mount Stephens, Nicol 
Creek, Lewis Creek, and two unnamed faults.  The three 
named  faults  merge  southwestward  towards the Rocky 

with the Kimherley  fault, which cuts the  Sullivan  ore 
Mountain Trench,  and  can be correlated across the  trench 

deposit.  Stratigraphic  relationships  at  the  sub-Jubilee 
unconformity show that these faults were  active prior  to 
deposition of the Jubilee Formation. They were tilted or 
overturned  during the development of the Purcell mt i -  
clinorium.  the east  flank of which is the hangingwall of the 
Lussier Creek fault. They  cut  bedding at high angles,  and 
therefore  must  have  been  steeply  dipping  when  they 
formed. 

The sense of  stratigraphic separation changes  from  one 
fault to another and  in  the case of some  faults,  along  their 

reverse  separations: separation on the Lewis  Creek  fault is 
length. The  Mount  Stephens  and Nicol  Creek faults  have 

normal. The  two unnamed faults  have complex relation- 

but has  a  normal offset  farther  down its length.  The  other 
ships.  The northernmost  has  a reverse-sense offset at its  tip, 

abuts  the first and appears to be overlapped by the  sub- 

uncertain. 
Cambrian  unconformity.  The  sense of displacement is 

A late,  low-angle, west-side-down normal fault  connects 
the  Nicol Creek and Mount  Stephens  faults (Hoy, 1979). As 

block to this normal fault,  they must  incorporate a compo- 
these faults  are lateral structures bounding  the hangingwall 

Thus  some of the  apparent  offsets observed  along  faults  are 
nent of offset related to  displacement on the  normal fault. 

the  result of only partial  reactivation of old  faults by new 
Structures. 

AGE OF FAULTING 

various regional  unconformities, the relative  timing of some 
By comparing  fault  offsets of bedding above and  below 

of the  offset  history can  be  established. At the east  end of 
the  Mount  Stephens  fault, near where it dies  out in the 
Jubilee Formation,  both  upper  Purcell  rocks and the Jubilee 

horizontal datum provided by the bedding. The  fault  does 
Formation show a  reverse sense of offset  relative to the 

not  offset the upper pan of the  Jubilee  Formation,  but local 
thinning of  the  overlying  McKay Formation above  the  fault 

British Colrrmbia Geological  Suwev Branch 



(Figure 1-2-2) may be either a compaction  effect,  or the CONCI,USIONS 
result of continued displacement.  This constrains  the last 
age of offset on this rault to the Cambrian. A  greater offset 
a t  the level of the Purcell Supergroup  compared to the offset 
of the  Jubilee  Forma:ion  indicates that there was additional 
reverse offset prior tc, deposition of the  Jubilee. This may be 

pard Formation, a s  evidenced by changes of thickness  and 
related to tectonic  activity during deposition of the Shep- 

facies (see Stratil!raphy section). 

relative to the  horizontal  datum  provided by the  bedding, i t  
The Nicol Creek  fault also has  a  reverse  offset,  and 

appears to die out upward into the Jubilee Formation. The 
Lewis Creek fault IS marked by normal offset of the upper 
part of the Purcell Supergroup and the base of the  Jubilee 
Formation,  and also  dies out within the Jubilee  Formation. 
Cranbrook  strata are preserved  heneath the Jubilee Forma- 
tion in the hangingw:ill; hut the Jubilee Formation is uncon- 
formable on the Shtppard in the  footwall (Figure 1-2-2). 
This  shows that the fault was active during the  interval 
between  the  depos.tion of the  Cranbrook  and  Jubilee 
Formations. 

Cranbrook  successiol in the hangingwall, including a facies 
The  northern  unlamed  transverse  fault  has a thick 

containing a cong  omeratic  wacke,  suggesting  Early 
Cambrian extension.  The southern  fault is truncated by the 

Northeast-trending transverse ! tructures in he ha1girt):- 
wall of the Lussier Creek fault were active dur ng AIjridge 
time and  subsequently during dep.,sition of the Nicol Creek 
(Hoy, 1982) and  Sheppard formatmns. R':~ctiv; tion O F  thvse 
stmctures took place during the Cambrian, pri )r to depcsi- 

deposition of the lower part of It,? Jubike Fo  matio?.  l'he 
tion of the Jubilee Formation an.1, at least lo .ally. iul-irlg 

tectonic  setting  during late Purcell and  Cambri; n time is lwt 
clear. Both reverse and normal :)ffsets ;along steep  fat~lts 
during  the  Cambrian  point  to  strike-slip r lotion,  wi:h 
localized  transpression and tranxmsion. A sir lilar tectwic 
regime  may  have  operated duri-kg late Purc II  t ine,  I1ut 
because of the  large  time int8:tval between the bli&jle 
Proterozoic and the Cambrian il must hwie be 'n a sqarate 
tectonic event. 

Similar pre-Devonian structure!; with a nortl east  orierta- 
tion, which occur in the Bull River area,  define a step or1 the 
northwest  flank of "Montania", which was I continental 
platform during Early Paleozoic t me (B<:lvenl to anc Price, 
1979). The  Moyie - Dibble  Creek fault system 'ollowed this 
older structure. The positioning, of  the  Lussie  Creek l i ~u l t  
and its deflection to a northeast trmd ma)' he il dicative d a  
similar  structural  inheritance. 

sub-Cambrian un<:onformity and overlain by the Cranbrook 
Formation, indica.tin); faulting took place  prior to Cambrian 
sedimentation. ACKNOWLEDGMENTS 

graphic  levels in lthe Hughes Range. Hoy (1982, in prepara- 
Synsedimentary faulting is recorded at  several  strati- 

tion)  reported block faulting  during  deposition of the 
Aldridge Formation.  Thickness and facies-change patterns 
are indicative of faulting during deposition of the Sheppard 
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Formation. Both rev8:rse and normal offset occurred during 

tion of the Silurian-Devonian unit.  Reeionallv.  the overlao 
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stratigraphic sequences indicates  significant Middle to Late 
Devonian tectomc x t i v i t y  (Benvenuto and Price, 1979). 

NORTH-STRIKING  MAJOR THRCSTS 
The second important  set of faults in the region are north- 

trending  thrusts i n  both the  hangingwall  and  footwall of the 
Lussier Creek f,ault. Those in the hangingwall are east 
verging, but those  ir the footwall are part of the west flank 

and verge to the !west (Price, 1986). The  Lussier Creek fault 
of the  structural fan of the Porcupine Creek anticlinorium 

itself has a  northerly  trend along most of its  length, but 
swings into a northeast  orientation at the south of the map 
area  where it con!'erges with the Boulder  Creek  fault 
(Leech, 1958). a  rzsctivated older transverse  structure. 

The timing of displacement of the north-trending faults is 
constrained by the f i c t  that they cut rocks as young as 
Devonian (Leech, 19%). but are pinned by monzonitic to 
granodioritic int:rusions of mid-Cretaceous age (Hoy and 
van der Hayden. 1088). A few additional  small  intrusive 
bodies were  discovered in the  study ared during 1991 (Fig- 
ure 1-2-2). 

G ~ o l o , ~ i ~ u l  Fi(~1dn~11.k IYYI, P u p r  /YY:?-/ 
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TECTONIC  SIGNIFICANCE  OF  STRATIGRAPHIC  AND S'ITRUCTI RA:L 
CONTRASTS  BETWEEN THE PURCELL  ANTICLINORILM A:VD THE 

KOOT'EIVAY ARC,  EA4ST OF DUNCAN  LAKE (82K): PRE:LIMINP  RY 
RESULTS 

By Marian J. Warren and Raymond  A.  Price 
Queen's University 

- *"."," 
KEYWOKUS: Regimal  geology,  Purcell  anticlinurium, 
Kootenay  Arc,  strati,;raphy. deformatim, Horsethief Creek 

tion, intrusions. 
Group, Hamill  Goup.  Mohican  Formation, B;dshot  form;^. 

1NTRODUCTIC)N 
The nuin goal o f fh i \  study is to elucidate  the  nature  and 

tectonic Fignificance of the profound  stratigraphic and htruc- 
tural changes tha.t occur between  the  crest of the  Purcell 
anticlinorium and th': Kootenay Arc. 

Rrconnaissancz ( ' :>SO O O O J  mapping by Reesor ( 1973) 
outlined  conspicuous  contrasts  between the thick basal 

Windermere Supcrgroup in this  area ;and the thin,  condensed 
Pilleoroic (Hamill-Eladshot)  succession that overlies the 

nian  strata that occurs immediately to thr east in  the  Purcell 
early Paleoroic  succcssion with overlapping  Upper Devo- 

Mountains.  Reesor also described the abrupt  contrast 
between the tight upight fold structures in this  area  and  the 
refolded,  west-verging,  recumbent  isoclinal folds that occur 
immediately t o  rhe west in the  Kootenay Arc. He also 
showed that several small granitic  plutons in the area were 
prohably emplaced while  folding was still underway. 

The rucks expc~sed i n  this area  (Figure 1-3- I J record both 
the Late Proteromic to early  Paleozoic birth and develop- 
ment of  the  Cordilleran  miogeoclinal passive margin of 
North America #:Bond and Kominl, 1YX4; Bond r f  al., 
1985). and  the L,xte Mesozoic to Early Cenozoic  deforma- 
tion,  regional metarorpbism and  granitic  plutonism  result- 
ing from collisio~~s hetween Norrh America  and a series of  
allochthonouc terTiinl:s that have been accretcd to it (Monger 
t'f ul.,  IYX2). 

greater) was bcgun during July  and August of 1991 within 
Systematic dec.ailc:d geological  mapping ( I  :SO 000 and 

an area of about Y O 0  square kilometres in the western 
Purcell Mountains,  between  Duncan Lake and  the head- 
waters of Toby and Jumbo creeks  (Figure 1-3-2). This will 

(19641 t u  the detaild mapping by Root (1987) and Pope 
l ink the detailed  mapping along the  Kootenay Arc by Fyles 

(1990) in the cmtra and  castern  Purcell  Mountains. 
The main  objectibes of this study are: 
0 To  establish the nature  and tectonic  significance of the 

of Windetmrre.  tiamill and  Badshot strata in the  study 
stratigraphic  relationships  between  the  thick sequence 

cession that ocI:urs on "the  Windermere  high" in the 
area and the  condensed onlapping early  Paleozoic suc- 

adjacent  area. t d u w  the  Mount Forrter thrust fault, in 
the  central  and  eastern  Purcell  Mountains  (Root. 
19x5); 

Genlo~+a/ Firla'wo.*k 1991, P q x r  1992-1 

0 To  establish  the nature, evo ldon  an J reg mal tcctonic 

the study arm and  the adjxcnl  areis in ?e Kontcn;ly 
significance of the change i o  structlral ! yle bl:twc:l:n 

Arc and the  central Purcell IMountains; 
0 To establish the relative t i n x  relatio~~ship between t'le 

metamorphism; 
intrusion of  granitic pluton! and th': def Irmatim ;\lid 

0 To determine the pressure  and temperatu -e conditi m s  
under which the  plutons  wcre  emplaced  and t.le !LIT- 
rounding  rocks were dc fo~n led  

0 To  date  the  plutons,  the  metarnorph  sm  and the 
deformation. 

STRATIGRAPHY 

HORSETHIEF CREEK GROIJP 

primarily in the upper part of the Horsethief ' :reek Grcup; 
Mapping during the 1991 field seasor, was  concentrated 

mapping will be extended east ~ u f  the  Purcell c (vide in I 'N2 

Toby Formation, which unconf~:~~~mably overli :s the Pur8:ell 
to includr Ihe base of the Horx  hief Cr8:ek I roup :md the 

Supergroup.  Five mappable units were  icentif ed within the 
middle 10 upper  part of the Horwthief Cl,eek iroup :Figure 
1-3-3). In  ascending order, this,? unit;  are: [Htl) a (!ark 
limestone  and calcareous argillit:; (Ht2j a l ip  i t  grecn-grey 
argillite  and  muscovite-quarlz  schist: (Ht  i j  a g:o:?-ser 
grained, dark grey-green,  micaceirus  qumtzite md quartzose 
schist,  capped by (Ht4j a  sequenc'e of intf:rbed led lipht grey 
or white  grits,  quartzites  and thln carbon;~tes tt the emt. and 
by (HIS) interbedded  grits  and tlolostonr:-clasl :onglcmer;lte 
to the west. The  lower units  are I .Iterally :onti IUOUS, but !he 

estimated  at 2.0 to 2.5 kilometrt F. 
upper units are not. The total thicknesi of hese ,Init; i >  

Htl:  DARK  LIMESTONE AND ,IRGII.I~ITE 

Creek and in Tea Creek. It consists of dark rey. thinl,y tcl 
This uni t  is well exposed in fle western p, n of "iowrer 

thickly hedded limestone or m;irble, kmlly argillacr.ms, 
and commonly pyritiferous. Thc carbonate i ; intelbedclecl 
with dark  argillite. The base o l  the unit was l o t  o t ~ s e r x d .  
The upper contact with overly nl: argillite w: s not jirectly 
observed, but appears to be abrupt.  Mirimur 1 thickness 01' 

this unit is estimated  at 200 to 1i00 met-es. 

HI2  LIGHT  GREY-GREEN ARI XLLIT:S 

This unit  is a  largely homogeneous sequenc :of light  Iyey 

dark  limestone  and  marble (Hti).  Whz-e no too !,everel!/ 
or grey-green  argillite.  It lies :;tratigraphica ly abJvc the 

deformed, bedding is visible a:, subtle light :r  and darrer 

2 7 
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- Thrust  faults 

a Accreted  al!ochthonous  and  suspect ... terranes 

Platform  cover  and  miogeocline 

a , I ,  Precambrian  basement 

Other  faults 

- - - - - - - - Eastern limit 01 folding and  thrusting 

Figure 1-3-1. Tectonic  map of the  Canadian  Cordillera showing location of the study  area. 
Modified  after  Douglas (1968) and Price (1986). 



grey bands. 1 to 1 0  #:entimetres thick. No changes in grain 
size or  composition  between beds are discernible in hand 
specimens.  Pyrite. is  abundant  and rusty orange weathering 
is  characteristic. Twr';~rd the  west, or  locally  within  high- 
\train zones, this unit i s  a silvery  quartz-muscovite schist, 
locally  containing  biotite porphyrnblasts.  The argillite i s  
recessive  and forms  valleys. such as those cut  by the north 

poorly exposed. I t  is more  strongly  deformed than the over- 
and south forks of Glacier  Creek. This unit i s  generally 

about IO(X) metres may he in error due to significant tec- 
lying grits and qux'zites, and an estimated  thickness of 

tonic  thickening o r  tiinning, as strain is concentrated in the 
less competent argillites  relative  to the grits  and overlying 
quart~ites. 

Ht3: DARK  GRE,EN-GREY  QUARTZITE AND 
QUAR.IZ0SE  SCHl' iT 

grained dark  schist or  quaruite. Colour and texture are 
The  grey-green agillite grades upward  into a coarser 

variable from a grey, competent muscowte-rich quartzite, to 
a dark  green.  quart^ muscovite-(chlorite) schist or  quartzite 
i n  which tectonic  fabrics are well expressed. Laterally  dis- 
continuous  grit  horizons, several centimetres to several 
metres thick,  contain hhite and blue  quartz pebbles up t o  
4 millimetres i n  di;meter. Feldspar  clasts  are very  rarely 
ohserved with the naked eye. Other primary sedimentary 

Jumbo Pass. on the cast side of the Purcell  divide. Estimated 
muctures were n o t  ohserved. This unit is  absent north of 

thickness  ranges franl 0 to S O 0  metres. 

Ht4: INTERBEDDED  WHITL  GRITS AND QUARTZITES 

Toward the top 01 Unit  Ht3. dark  quartzites are interhed- 
ded with incre;tsin:;lg  abundant light-coloured quartzox 
grits.  The  transition t u  a sequence dominated by interhedded 
grits and quartlite.. occurs over an interval as thick as 
IO0 metres.  Contacts between light and dark horizons are 
sharp.  Where Unit fit3 i s  absent,  the contact between the 
grits and  the underlying  Ht2  argillite i s  extremely sharp. 
The grits are  composed dominantly of pebbles of white 

distinctivr rcd quart?. Feldyxar i s  rare. but locally comprises 
quartz, with les' abundant pebbles of hlue, grey, and rare. 

2 to 3 per cent o f  Ihe clasts. loward the  contact with the 
overlying  Hamill 53roup. beds o f  coarse-grained  white 
quartzite arc increasingly  abundant. In general. this 
sequence  becomes finer grained and more  mature upward 

and include abundarrt trough  crossbds. planar-tabular 
Sedimentary strilcturzs arc more  commor toward the top. 

crossbeds, pebbly Ichanncls up to I metre  across, pebbly 
graded  beds,  and pc\sible  hunmocky  ctoss-stratification. A 
distinguishing 1t:ature of this sequence i s  the (~ccurrence of 
two to  three. metre-thick, tan  and  orange  dolostone  beds, 
about 1 0 0  metres helow the  hase o f  the Hamill Group. 
Individual beds are laterally  continuous  over at least a few 
hundred metre\. 

Ht5: INTERHEDDEU  I)OLOSTONE-CI.AST 
CONGI,OMERP;I'I;..  ARGILLITE AND GRIT 

This unit i s  w~41 cxposed west of Macbeth  Icefield, where 

tureless beds, up to I O  metres thick and laterally  continuous 
i t  overlies Unit IHt3. ;and underlies rhe Hamill Group.  Struc- 

only over tens o f  metres. contain uhundant  orange-tan- 

Geo/ogiCo/ Fic,/dn'ori, / Y Y / .  Pope1 1992-i 

weathering dolostone  cobbles a n d  bould'm, i , a "nlatrlx" 
of white,  blue and grey  quartz ptibbles, rarer eldspar !p:b- 
hies, muscovite and  carbonate. Locally, thin onglomela.te 

are poorly sorted. The conglomerates an: inte .bedded with 
beds  are rich in pelitic clasts. M'ilhin  individu; I beds, cli~!its 

quartzost: grits and minor grr:) argilli.es. ( iradec lxds, 

Trough crossbeds  are  observed more  rarely. ' tes t  of Mac- 
I O  centimetres to I metre  thick, are cotnmor in th.: grits. 

beth Icefield, Unit HI5 is approrimately 200 netre!. thck, 

effects of tight  folds.  Elsewtwe, the unit i s  le's t'lan 
hut the  true  thickness i s  difficl It to  e:rtimal : due to the 

SO metres thick,  although i t  has not been  trace I alon;; stlike 
to  the north of the icefield.  IJ-lit Htti may he a Iatual 
equivalent of Unit Ht4. 

C O N T A C T  BETWEEN HORSETHI~,F C.IEEK AND 
HAMILL GROUPS 

groups varies significantly in the  study area. I was rtuclied 
The contact between the H(or'iethief Creel and Halr i l l  

at severd  localitie$,  primarily  within :he ( lacier Cr:ek 
drainage. The Hamill  Group quartzite W ~ I S  ob! :rved in c c w  
tact with three Horsethief Creel: :;roup map u )its, HtS. 'tk4 
and Ht3. I n  al l  of these localitier  'he  cont,ict i s  nterplste(l as 
sedimentary, hut i t  may he tect'mic i n  the ower p a r  of 

o f  Macbeth Icefield. where  therc is  shearing  carallel to the 
Howser  Creek, where i t  i s  not w:ll expsed, md a h  vil:sI 

contact. 

quartrites of Unit Ht4, the contat:t is  gradatic  nal  and w m  
Where  the Hamill  Group  cvxlies the wI  ite  grits and 

monly  difficult  to map. The  trancition  hctwer 1 the ;;ril: and 
massive orthoquartrite typicall:,.  occurs over 5 :vera1  tens oi  
metres, and quartzose grit or  quartLxobh1 ! bed!. o ( w r  
within the lower several  tens o f  metres of It 2 bast of the 
Hamill Croup. 

Where  the Hamill  Group o\is:rlies IJnit 1113. the  dark 
quartzite and  schist, the contact i;. more i brup , marked Ihy a 
1 to  IO-metre  transition to a light  g'ey c -thoquart::lte. 
Crossbeds  and grit horizons appear to be less 1 ommcn ir the 
quartzite than  when it  overlies Horsethi:f Cr .ek grits. 

conglomerate and grit of Unit t l r 5  west c f  Ma .beth lcef cld, 
The conracr i s  mosr  ahrupt  above  .he  d,lostone--i.last 

where  beds at the hase of  the Hamil Grtup appear to  

overlying  Hamill contains grit units, is we I as latelr.ll!i 
truncate bedding in the conglor.lerate at a Ii w angle. l'ht: 

continuous dark grey vitreou,  quartzices. s :vera1 mttre:; 
thick. 

HAMII.L CROW 
Stratigraphic  subdivision oi  ,he Hanlill  Croup s made 

difficult by lateral variations, I u l t i n g  and lac c o f   c m p l e t ~  

distinct  map  units are recogrlited w i t l in  t le grcup,  hut 
traversable  sections in very rugged topogr Iphy. Scleral 

correlation of units  between  different ar':as i s  tenuous (Fig- 
ure 1-3-3). The sequence  di:s::ribed i n  th s stucly  area, 

differences, to those  described by HGy ,1971 I to the x ~ u t t ~ ,  
however,  bears some marked  sirnilaritizi, as yell a: sewral 

in the Kootenay  Arc, and by I k v l i n  (1989) I the nortl, i l  
the Dogtooth Range. 
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Figure 1-32,  Geological  map of the study area  and adjacent  segment of lhe  Kootenay  Arc. 
Modified after Reesor (1973). See facing page for legend. 
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EXPLANATION 

MAP UNITS 

0 LAFIOE,W GROUP (undifferentiated) - MOHIC.4N AND BAOSHOT FORMATIONS 

0 HAIdILL GROUP (undillerentlaled) 

WINDEMERE  SUPERGROUP a HORSETHIEF CREEK GROUP (undilferentlaled) 

@ TOBY  FORMATION 

PURCELL  SUI'ER'SROUP a undiffei?r.liated 
IGNEOUS ROCKS 

(3 JURASjlC (7) PLUTONS (Reesor, 1973) 

a CRETASEOUS PLUTON (Archlllald ei al., 1984) 

SYMBOLS 

,5:,, geological CO'ltlCtS g1ai:ieis 

w a n g l e  10rmijl fault i( /* anm'ne. vncllne , / IhrUsttauIt Overiurned anf~lorm - --- slei!p lilults jmol80n Sense unde'ermlned) 

stratigraphically above the Horsethief  Creek Group, and 
The Hamill G r w p  (Walker and Bancroft, 1929) lies 

below the Badshol I;urmation. I t  is chat-acterized by thick. 
mature quamite.. in the Glacier Creek drainage, hut a sec- 
tion t o  the north and west near Howser  Creek  contains more 
variable  and generdy  less mature rock types, and locally 
abundant mafic melavolcanic rocks.  Rcconnaissance sug- 

changc to the  south into Hamill Crcel;. These variations 
pests that there may be a similar,  although less marked. 

may reflect  abrupt changes across faults,  rather than laternl 
gradations. 

I n  the upper pat< o f  Glacier  Creek. the total thickness of 
the  Hamill Group is estimated to be from  900 to  IS00 
metres, including the Mohican Formation. The estimated 
thickness 01 I S O 0  mclres  may he due to stratigraphic  repeli- 
tion by thrust faults. 

Hml:   LIGHT GKHY CROSSBEDDED 
ORTHOQUARTZIII.: 

sequence of lig'ht grey, clean quartzite, characterized by 
The base of the Hamill Group is characterized by a thick 

large trough  crosst,eds.  Truncation  surfaces are 5 to SO 
centimetres  apart, and planar. Flow directions  are  difficult 
or  impossible t o  measure  because  three-dimensional 
exposures  are rare, but crossbeds indicate a variety of flow 
directions. Estimatd thickness of this unit is 300 to 500 
metres. 

Hm2:  PELlTlC  SCHIST, SEMIIWLITE AND 
METAVOLCANICS 

bedded quartzite of Unit Hml. I t  consi:ts of intertsedclrd 
A less mature sequence, Unit Hm2, cverlit s the c r o w  

quartz-muscovite-biotite-(chlorik-(garnet) ;chist. lo:;il 
biotite-chlorite-(plagioclasei-(hornblendi)-(garn~::! 
(calcite)  tnafic schist in layers I to I0  metre! thick. some 
impure qirartzite and carbonate, and mincr peh )le or cobble 
conglomerate.  Contact relation5,hips suggest t tat the mi~fic 
rocks were emplaced as both dike,; and f l ~ ~ w s . .  'hin h<~rizons 
of quartz~muscovite-hornblende-garnet <(:hist nay rt:fle<.l a 
volcanic source, and rare mafic clasts ]re f, mund i n  ( : ' x -  

glomerate  lenses  associated ,vi th  the m. fic  s:hi:,ls. 
Quartzite  and pelite are interbed,.led on I sca : of 5 cmti- 
metres to 5 merres. Total th icknw is vel)' Ioos :ly estimat,:d 
at 0 t o  250 metres. The lower  coiitact apl,ears tu be ,ibrt,pt: 
the upper  contact is gradational 

Hm3: MASSIVE WHITE  ORTHCIQUAK::ZIT1~ 

medium-grained orthoquartzite o.:curs in a fe\ ' localitit::. in 
A distinctive,  brilliant  whil,?,  structure ers, I'ine to 

sharp  contact  above the amphibolite IJ' bio ite schizt of 
Hm2. Parting  surfaces thinly cca ed with  fine^ ;rained mils- 
covite are I O  centimetres to I metre ap;lrt. E 1st of M,ount 
Lavina. on the ridge  between the Glaciet. and Hamill cr,::k 
drainages, this unit overlies Unit Hm2. I n  othel localities its 
stratigraphic position is not yet ::lear. Its ma imum thick- 
ness is approximately 200 metre.. . 

Hm4:  INTERBEDDED  DARK A h D  LIGHT Q J A H T Z I T F .  
A N D  SEMIPE1,ITE 

grey  quartzite,  black quart7.ost: Inuscovite-(t otitej scttist, 
Unit Hm4  consists of a h e t e ~ ~ e n e o u ! ,  seql ence ,of dark 

and less common white quarllrlte beds. Be, ~ thicl:ne:!,es 
range  from a few centimetres to ten nxtres. Sedimentary 
structure:$ are rare, hut  subtle gri ded bedding occur!; in the 
quartzose schist,  and crossbed. i n  the li::ht q iartzitt:. 'Both 
upper and lower  contacts are Igradaticmal, although  the 
lower  contact with Uni t  Hm3 i!; mor? abru lt. Es'inwted 
maximum thickness is 1000 m<:t.es n e w  Bloc <head Mcun- 
tain. A minimum thickness of about 100 me res, s.>uth of' 
Mount Simpson, retlects significant tzxonil  atteruat~on. 
probably  along an isoclinal fol:l limb. 

MOHICAN FORMATION 
The Mohican Formation (1:)les and Eas wood l'lti21 

Hamill Gmup and carbonate-rich rocks of the Badsltot '?or.. 
represents  a  transition  between quartz-ril:h se, iments cli :he 

mation. Much of the  Mohican  Folmation is ch tracterizell by 
light to medium  grey,  brown-watherin: qw mz-muscc~\itr: 
schist and interhedded thin tiar metaljiltstor es. The I I , ~ !  
contains quartzite beds which clecrease in a undance a d  
thickness  upwards.  Metre-thi-l: do1o:ilone )eds I I ~ C O I ~ B  
more  abundant toward  the top .md the ::chist I ecomcs more: 
calcareous upwards. 

occurrence of three  closely spaced orthoquarti ite beds abut 
The most striking  feature of  th:: Mohican FI rmation I!, tht: 

S O  to 100 metres  below the  Bad;hot Formatic n. in fhe ( o m !  

of the Blockhead  Mountain syrcline. E:ach If the beclr is 

3 I 



East of Mi. Levina 

NE-trending  bend 
in Duncan  Lake 

I I 

1W 

0 

......... 

Taut? 

Macbeth lcefield 
Mi. Simpson - 

."". 

. . . . . . .  . . . . . . .  . . . . . . .  . . . . . . .  . . . . . . .  

. . . . . . .  . . . . . . .  . . . . . . .  . . . . . . .  . . . . . . .  . . . . . . .  . . . . . . .  

. . . . . . .  . . . . . . .  . . . . . . .  . . . . . . .  . . . . . .  . . . . . . .  . . . . . .  . . . . . . .  

Jumbo Pass 

. . . . . . .  . . . . . . .  . . . . . .  . . . . . . .  
. . . . . . .  . . . . . . .  . . . . . . .  . . . . . . .  . . . . . . .  . . . . . . .  . . . . . .  
. . . . . .  . . . . . .  . . . . . .  . . . . . .  . . . . . .  . . . . . .  . . . . . .  
. . . . . . .  . . . . . . .  . . . . . . .  . . . . . . .  . . . . . . .  . . . . . . .  . . . . . . .  . . . . . . .  . . . . . . .  . . . . . . .  . . . . . . .  . . . . . . .  . . . . . . .  . . . . . . .  . . . . . . .  . . . . . . .  . . . . . . .  . . . . . . .  . . . . . . .  . . . . . . .  . . . . . .  

a 
- 
0 
E 

0 

3 
4 

Blockhead Y 

Mountain 0 

- . . . . . . .  . . . . . . .  . . . . . .  . . . . . . . .  . . . . . . .  

Monica  Meadows 

. . . . . . . .  . . . . . . .  . . . . . . . .  . . . . . . .  . . . . . . . .  . . . . . . .  . . . . . . . .  . . . . . . .  . . . . . . . .  . . . . . . .  
. . . . . . .  . . . . . . . .  . . . . . . .  . . . . . . . .  . . . . . . .  . . . . . . . .  . . . . . . .  . . . . . . . .  . . . . . . .  

H I 2  

- 
Figure 1-3-3. Stratigraphic  columns  from the  study  area  shou,ing  approximate  thicknesses of map  units.  Upper and lower limits 

of columns  represent  limit of exposure or  truncation  along a fault. Column lxations are  identified in Figure 1-3-2. 

about 5 metres  thick,  and  contains  abundant  trough 
crossbeds, very similar  to those observed  at the base of the 
Hamill Group.  The three  beds are a very prominent  marker 
horizon in cliff faces, and can be traced along the entire 
exposure of Mohican  Formation in the Blockhead Mountain 

5 metres  thick,  was also  mapped in Mohican schist beneath 
syncline, a distance of 20 kilometres.  A  white quartzite, 

the  Badshot  Formation  near  Mount  Simpson,  and may 
represent a tectonically  thinned equivalent to the  west. 

The thickness of the Mohican Formation is difficult to 
estimate  because of tectonic  thickening  and  thinning. 
Within  the  highly  strained  rocks of the Kootenay Arc, Unit 

32 

Hm4 and the   Mohican   Fo rma t ion   a r e   commonly  
indistinguishable. 

BADSHOT FORMATION 
The Badshot  Formation  (Walker  and  Bancroft, 1929) 

stratigraphically overlies the  Mohican  Formation of the 
Hamill Group. I t  is characterized by two rock types in the 
study area, which are not separated  into mappable  units. 
Most  abundant, and  most characteristic, is a cliff-forming, 
white to medium  grey.  commonly laminated marble  or 
dolomitic marble. At the eastern edge of the  area  mapped by 
Fyles ( I  964).  marble horizons tens of metres  thick  may be 
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separated by grey, .ocally calcareous schist. The schist 
varies in thickness f r m  several  metres to 100 metres. It  is 
possible, however, that a single carbonate  horizon  has been 
duplicated by faultin:: or  folding, and the  schist  belongs to 
either the underlying  Mohican  Formation  or  overlying 
Index Formation. 

P H Y L L I T E   I N  T H E  C O R E  OF T H E   B L O C K H E A D  
MOUNTAIN SYNCLINE 

A homogeneous, dvery  grey  phyllite overlies the dol- 
omitic marble of the  Badshot  Formation in the core of the 
Blockhead  Mountain  syncline. Root ( 19x7)  tentatively 
mapped this unit a:; the  lower Index Formation of the 

appearance from the lower Index Formation  exposed to the 
Lardeau  Group. The  grey  phyllite,  however,  differs in 

west along Duncan  Lake. The  lower Index phyllite or schist 
is characteristically  black, commonly graphitic,  and con- 
tains abundant hbck or graphitic  marbles above the contact 
with the Badshot Formation. 

LARDEAU GROUP 

exposed in tight ma7-scale folds within the  Kootenay Arc 
The  Index Fcsrm,rtion of the Lardeau Group is well 

on the east side of Duncan  and  Kootenay  lakes (Fyles, 
1964). The  formation as mapped by Fyles  includes:  black. 
commonly graphitic.  phyllite or schist of the lower Index 
Formation, with intcrhedded black marble at the  hase;  and 
green  phyllite  or c!uartr-muscovitr-chlorite schist, with 
quartzose  laminations, of the  upper Index Formation. I t  is 
not a goal of this stl.dy to remap the  Lardeau Group in this 
area, hut two  observations which differ  from those of Fyles 
are worth noting. 

Southeast of Mr,unt  Lavina,  plagioclase~actinolite  or 
horliblende-bioti1.e-chlorite-(epidote) greenstone, 20 to 30 
metres  thick, is interxlated with green  and  beige,  laminated 
muscovite-chlorite-llua~~ schist. This  sequence is exposed 

overlie  the uppei- Index Formation. 
in the core of a syicline and appears  to stratigraphically 

Glacier and Houser creeks.  contains at lcasf one thin ultra- 
The  lower Index Formation,  between the mouths  of 

mafic to niafic unit, which varies in composition  and  texture 
from a green tal~:-clllorite-(antigorite)-(magnesite)-(calcite) 
schist  to an equigranular to well-foliated  plagioclase- 
hornblende-biotite-(chlorite) gneiss or schist with strongly 
sheared  chloritic  schistose  margins. 'The unit is up t o  
30 metres  thick. arid has been traced  south for  approx- 

(E. Lawrence, per!.onal communication), parallel to the 
imately 3 kilornetres  from  the hend in  Duncan  Lake 

dominant schistosity.  Repetitions of this unit may he the 
result of isoclinal fctlding which also deforms the dominant 
schistosity. 

STRUCTURE 
The overall  map pattern outlined by Fyles (1064) and 

Reesor ( 1973) has not been changed  significantly as a result 
of this  study.  However,  several  important new observations 
contrihute to the urderstanding of the kinematics of defor- 
mation in this pa.rt cf the Kontenay  Arc and adjacent Purcell 
anticlinorium. 

S E Q U E N C E   O F   D E F O K M A T I l : > N  

study  area: (1) early large-scale  west-vergin; recumbmt 
Three main  phases of deformal.on  are recognized in the 

folds (Fyles. 1964); ( 2 )  a dominant. phase If  up ight or east- 
verging folds, associated with s t l ~  p ductile she u zon5:s and 
a pervasive  subhorizontal north-south srretchi Ig Iincat:1011; 
and (3) a late crenulation or spaced cleava:e which is 
probably not correlative  across the entire  area 

Prograde  metamorphism  up to li.arnet g-ade i ccompanied 

graded garnet polphyroblasts  show that th: gan et iso;:racl is 
Phase I or the early part of Pha:,e II deform tion. Retl-(1- 

considerably farther east than  s'lown by Re :sor (1973). 
WidespreJd retrograde metamqlhisrn  yoba' 'ly occunr.d 
late in Phase 11 deformation. 

confined to the Kootenay Arc  (Reesor, 1973). i re presencd 
Minor folds related to Phase 1. previomly t rough. to be 

in competent rocks as far east ;IS Jumbo Pass These fi3ltis 
form Type 3 interference patterns with you: ger, upri1;ht 
Phase 11 folds, but do not affect the map patte n as t;iey do 
in the Duncan Lake region. 

tal lineation.  It is expressed in ~quartrosl: rock its mullions 
Phase I I  fold axes  are parallel to a distinctivt subhor im-  

or quartz rods at a wide range ,oi' scales, as a! inter:;ect~on 

rocks, as  boudinage in rocks of ,variabk  rhe( logy, and as 
lineation or mica and quartz mineral lincatior in sc?ist<xe 

strongly  stretched clasts in grits 2nd congJome -ates. Aspect 
ratios of stretched clasts  are as hlgh as 50:l. "he plilngt: is 
most commonly shallow to 330" to 340". althc ugh domains 
of southeasterly plunge  are not u~~commc~n. Tl e line;~tion is 
pervasive  within  the strongl:) deformed. overturm:d 
sequence of Hamill Group, Badstlot Formatior  and La rk ru  
Group to the west, but is very well developed n high-strain 
Loner as far east as the  Purcell civide. 

The Phase 11 schistosity or cleavage also decre.ise: in 
intensity  from west to east, hut is locally stron :er in ductde 
shear zones, parallel to the  ax.al  surf;ses I f  map-s(de 
structures.  A  variety of complex lolds and fau ts are c l f w l y  
outlined in the Blockhead Mourttain syncline by the tttree 
marker heds within  the Mohica.1 Fom1:ltion. and  indicate 
that the syncline is internally complex. T h t  se  structwes 
include  megascopic  boudinlj!e,  duplexe  and 1arg.e- 
amplitude, repeated  isoclinal fulds. Ttle Pt ase I1 f;d?ric 
varies in orientation from  east-dipping I O  we it-dipping. A 

not been recognized  yet. Thc variation m; y be duc tc 
pattern to  variations in orientatio-l of Phase 11 itructllre;s has 

fanning of Phase I1 structures,  changes in or  mtation with 
structural  level, or disturbance by Phase 111 s ructures 

The  Phase Ill deformation is coaxial with I hase I1  iln the 
western part of the area  (Fyler, 1964), but ( uts otllicpf:l) 
across  earlier structures in the  e:~.stern pirt of the a ~ e a .  

TRANSITION FROM P U R C X L L  ANTIC LINORllllM 
TO KOOTENAY ARC 

of the  complex fold style in t te  vicin ty 01 Dun(.an m l  
Fyles' (1964) mapping providl:d thorough c xumcntation 

northern  Kootenay  lakes.  A layely inverted sf quenc? rs?pre-- 
sents the lower,  overturned  limb of :I larfe  southnest-  
verging  recumbent fold, which c oses  uest of Iuncan Ihke. 
This  structure is isoclinally  refolded by y lunge", )tight, 



upright folds  (Fyles, 1964). Reesor  (1973)  reponed a  "sud- 
den  change of folding  intensity" several kilometres  east of 
Duncan Lake, within the westemmost  exposed Horsethief 
Creek Group.  This  change separates  rocks of the western 
Purcell  anticlinorium from the more  complexly  deformed 
rocks of the  Kootenay  Arc to the west. To  the east,  Reesor 
(1973)  documented an upright stratigraphic  succession, 
deformed nnly by less  tight,  upright or  steeply  east-verging 
fnlds. It is important to note that the  geometric relationships 

for the upright limb of the  west-verging recumbent  structure 
shown on Reesor's  (1973)  compilation  map  allow n o  place 

mapped by  f:yles to "root" to the east. 

from the  "est flank of Mount Simpson, north of Glacier 
A  well-developed  ribbon mylonite zone  has heen traced 

Creek, to south of Hamill Creek. To the north.  the stratigra- 
phy is disrupted at the  edge of Duncan Lake,  suggesting that 
the  fault  continues.  The  fault  lies  primarily within the 
Hamill  stratigraphy, but juxtaposes different parts of the 
Hamill Group.  The regional  subhorizontal  lineation.  includ- 
ing  stretched  pebbles. is particularly well developed  in  this 
zone. Shear-sense indicators observed in outcrops within 
the fault 7one include C-S  fahrics  and strongly asymmetric 
minor folds.  Thc  dominant  shear  sense is dextral,  although 
in many places  indicators are  ambiguous or lacking.  The 
amount of fault displacement  cannot be estimated. 

Along strike to the south, a similar  change in fold style is 
also marked by a fault zone.  the West Bernard  fault of Hoy 
(1977:  or the Secman  Creek  tiult of Leclair (1'2x8). East- 
verging  reverse  motion was inferred in the  Riondel area, but 
conclusive  evidence was lacking (Hoy, 1974). 

REL~TIONSHIPS BETWEEN INTRUSIVE ROCKS 
AND DEFORhlATION 

small,  elongate  and locally deformed hornblende biotite 
Three  types of intrusive  rocks are  found in  the  study area: 

granodiorite plutons (Jurassic?; Reesor, 1971). fbliated fel- 

area, and larger two-mica  quartz monzonite  plutons (Cre- 
site dikes which are common in the  western  part of the  study 

taceous Fry Creek  batholith:  Reesor, 1973; Archibald et ai., 

and  thc  felsite dikes were  intruded during the latter part of 
1984). Field  relationships  indicate that the elongate plutons 

Phase II deformation.  The dike  margins.  foliation and  elon- 
gate  xenoliths  are  parallel to the  Phase 11 schistosity and 
axial surfaces.  The  dikes,  however.  are not themselves 
folded, and  the dike foliation is not as strong as that within 
competent  country  rocks.  The  dikes  are  commonly 

horizontal  lineation. Veins associated with the elongate  plu- 
boudimged, with stretching  subparallel to the  regional sub- 

tons  are  folded by the Phase I1 deformation,  but  not nearly 
as tightly as  are the host sediments.  Some veins completely 
cut the Phase 11 fabric at low angles.  The westem  margin of 
the Glacier Creek  stock is very weakly foliated  compared  to 
the  country  rock,  although the adjacent  Hamill quartzite 
shows  evidence of intense  ductile  deformation  during 
Phase I1 deformation. 

Minor  folds in the country rock are  parallel 111 the contact 
with the Fry Creek batholith within O S  metre of the contact, 
but the batholith  completely crosscuts the map-scale  struc- 
tures.  The  north-south subhorizontal mineral  lineation is 
evident in the country rock, but nowhere in the  pluton. The 
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westem  pan of the  pluton. however, near the mouth of Fry 
Creek  canyon,  displays a moderately  southeast-dipping 
quartz-muscovite  schistosity, and  a  west-dipping quartz lin- 

pluton  suggest that it has been affected by Eocene  extension 
eation. Eocene Ar-Ar  dates  from the  western  part of the 

(Archibald c f  a/. .  19x4). 

tail 11f the Toby stock from the  upper  part of the  Horsethief 
A  spectacular ductile  fault zone  separates  the southern 

Creek  Group  to the east of the  stock. A strong  west- 

developed on a west-dipping  rnylonitic  fabric  and  shear- 
plunging  mineral  lineation,  including  hornblende,  is 

matic on a  variety of scales.  This  fault is also suspected to 
sense  indicators  imply  west-side down.  Boudinage is dra- 

be Eocene, and it is hoped that Ar-Ar dating of oriented 
hornblende.; will help  to constrain  the  age of deformation. 

SUMMARY  AND  PRELIMINARY 
CONCLUSIONS 

0 The middle to upper pan of the  Horsethief  Creek 
Group is characterized by a sequence of five mappilhle 
units. which may  represent  a  transition  from deep to 
shallow water. The  base of the Hamill Group  appears 
to be gradational at  some localities, but not at others; 
and t o  overlap the top three units of the  Horsethief 
Creek Group. 

0 The internal  stratigraphy of the  Hamill Group  can be 
correlated quite  closely with that described by Hljy 
(1974) in the Riondel area to the  south,  and less  closely 
with that descrihed by Devlin (1989) in the  Dogtooth 
Range to the nonh; however,  in  the Glacier Creek area, 
immature  clastic sediments and  volcanic rocks  are 
much less significant in the  middle of the  Hamill 
Group than in the regions to the nonh and south. 

0 A  prominent  subhorizontal  stretching  lineation associ- 
ated with the development of Phase 2 structures is 
pervasive within the Kootenay  Arc,  and  widespread at 
least as  far  east as the Purcell divide. 

0 A well-dcveloped,  sleep  ductile  mylonite Lone sepa- 
rates  rocks of the  Kootenay  Arc from upright  rocks of 
the  Purcell  anticlinorium.  Evidence  suggests  that 
morion was dominantly strike-slip,  although an earlier 
history  may be masked. 

0 Low-angle ductile normal faulting has  affected the 
southeastern pan of the area and  may be associated 
with regional  Eocene extension. 
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PETROLOGY OF THE  GOLDEN CLUSTER LAMPRO1':IIYRIES iN 
SOUTHEASTERN  BRITISH  COLUMBIA 

W N )  
By O.J. Ijewliw 

Queen's University 

KEYWORUS: Pe~.rol',gy, lamprophyre,  diatreme,  dike, pipe, 
Golden. kitnberlite. 

INTRODUCTION 
Lamprophyre  diatremes and dikes of prohable Paleozoic 

age occur in threc areas of eastem British  Columbia. These 
are:  the Ospika Riter diatrcme in the north (Pell,  1986, 

(Ijewliw, 19x6, 19x7;  Pell, 19x6, 198~~a. b fjewliw and 
19X7a. b), a cluster of  diatremes and  dikes near Golden 

Schulre, 1988)  and mother  cluster in the Cranhrook - Bull 

Grieve, 1981. 1982; fjewliw. 1986, 1987;  Pell, 1986,  1987a. 
River area in the south  (Leech, 1958, 1964. 1965,  1979; 

b; Hall rf ol., 1089. Hall 1991: Helmstaedt er ol.. 1988). 
These three groups of diatremes are aligned in a north- 

within the W e s t u n  and Main ranges o f  the Rocky  Mountain 
northwest  belt n,ort'ieast o i  the Rocky  Mountain Trench 

fold and  thrust hclt They vary,  however, with respect to  

their rock types, stratigraphic  position, tinle of emplacement 
and structural settins. 

are lamprophyres I I ~  the ultramafic, calcalkaline or alkaline 
The  nothern  Ospika  pipe and  the central Golden  cluster 

hranches,  wheretls the diatrzmes of the  southern Cranhrook 
- Bull River clu:;ter. with the exception of  the Cross kim- 
berlite, are more  dift'icult to classify due t o  severe alteration. 

(Grieve, 1081; Ijswliw. 1986,  19x7; Pell. 19x6. 19X7b; Hall, 
Some of  them resemble limburgites  or divine  melilitites 

19901. 

Columhia have gen,:rated some exploration interest due to 
Since  the  197l)s,  diatreme  facies rocks i n  eastern British 

their presumed simi arity In kimhrrl~tes. possible carriers of 
diamonds  (Pell. I9M). In this note  rhc chemical  composi- 
tion o f  clinopyrmcnzs and .spinels in two o f  the Golden 
cluster  lamprophyres. HP and Mons Creek  pipes are exam- 
ined in order to better  understand  the  igneous  processeh. 

GEOLOGICAL SETTING 

linear disrance 1rf ahout 55 kilometres along a southeasterly 
The Golden duster lamprophyres extend over a curvi- 

trend. They o c c ~ ~ r  at  distances ranging  from 40 lo 90 kilo- 
metres north o f  the town of Golden,  British  Columbia 
(Tahlc 1-4-11 and are located  on NTS map X2N. The 
lalnprophyrcs lie w thin a single  structural  unit i n  Cambro- 
Ordovician carbcsnale  strata,  west of the west-dipping  Mons 
Creek fault. It\ con:inuity is  unbroken by any major faults. 
Each location comprises a diatreme  or  breccia phase(s) with 
associated or Crosscutting dikes.  The degree of preservation 
varies from the relatively  well preserved HP pipe and  the 
relatively fresh Mcns Creek float samples; to thc moder- 
ately  preserved 13ush River site. which retains both  primary 

G e o / l ~ , y i d  Firldwtr-k 1991, t 'upl~ 1992.1 

minerals and clearly  discernible pseudonorp IS of .dtc:red 
minerals; to the  severely altered  rocks at \'alen< ienne!. Ri ' izr 
and  the tuffisitic  rocks on Lens klountdin in u i ich  primtry 
textures  and mineralogy are no longer  discerr ble. 

Classification of the Golden  cluster diatt m e s  (Table 

(1977, 1984,  1986, 1987, 19X5')  and Ihe I JGS recc'rn- 
1-4-2) is hased primarily on the cxtens ve \I ark 01' R:or:k 

mendations  (Streckeisen, 19791 regarding  amproph  jre 
nomenclature. Based on a survey of the I tmprs Nphyre litera- 
ture, Rock  (1987) prepared a sclwme for lamp .ophyte d c f -  
nition,  distinction and nomenclalure.  The def nition statt:d 
that  essential mineral phases !,hould in':lude amphibolc:~, 
hiotites.  phlogopites and other  vo  atile-rich mil erals :;uctl as 
halides, carbonates,  sulphates ,old zeoli:es. i I addition  to 
feldspars  and  quartz with  coexirting maenesik n-rich mti'ic 
minerals, olivine and  clinopyrc.y:!ne. Nelther eeldsp,irs nor 
quartz occur as phenocrysts and olivine does not o,:cuI' in 
the  groundmass (Rock, 1977, 1'384, lY;<7) .  

MINERAL  CHEMISTRk' 

occurring in the Golden cIus1t:r lamprophyn s was dster- 
The  chemical  composition n i  fresh,  cogt  ate ninwtls 

mined  in order to assist in lampr,:rphyre  classi icatio1 as, to 
a limited extent, a given  rock type  contains m nerals w i l hn  

compositions  may  elucidate the  igneous  proce! qes oczuning 
a limited  compositional rang,:. Addition2  Ily.  clincral 

during the evolution of a given  ruck. M l rwa l  hemi<.al tiitta 
from the HP and Mons Creek pipe #: inop 'roxenes Ind 
spinels  are characteristic for e a u  pipe. 

ARL SEMQ microprobe at Quem's  Univers ~ y .  Struct Ira1 
Miner;ll chemical  composition., were detem  ined  using an 

formulae f r~ r  clinopyroxenes uere calculated based oti !six 

TABLE I 4-1 
LOCATIONS OF 'THE COLUEN C'LUSTEH LAN PROPIWRES 

~~ 

Pipe Latilude and Inngitude F levstim 
Bush River 
Lens Mountain 

52V5'00'N & I i T23'00''Y 2 95 m 172fHI f t )  
51"54'15"N & 117"07'30'W $194 m 192(Yl ft)  

Mons Crrck 
Vdencicnrtei River SI"47'00"N & I CSR'30'W 2 i Y 1  m ~851111 ft)  

51'49'30"N & 1'7°00'30"W : !25 m 1731WI f r )  

HI' Pipe Sl"41'30"N & I h"57'1YN ; 195 m 1721XI ft)  

~~ 

GOLDEN CLUSTER LAMPROI'HYRE ('LAS> IFICA~'IOIII 
TABLE 1.4-2 

Lwation Name Branch 

Bush Rivrr 
Mons Creek 

olivine  I.er,antile Calcall.alin,: 

Valmciennrr River 
biotite cmptonite Alkaliw 
camplonio: 

HP Pipe aillikile 
Alkaline 
Ullrarrafi<: 
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oxygens,  assuming a (W),.,(X,Y),+,Z,O, stoichiometry. 
where: W = Ca,Na,K; X = Mg,Fe2+,Mn: Y = Fe'+, Al- 
VI, Ti, Cr; Z =: Si, AI-IV (Deer r /  a / . .  197X). Using  the 
methods of Deer rf a/. (1966), cations were  normalized to 
four  and, using either  oxygen deficiency or  charge balance 
considerations, the  Fe3+  cation component was calculated. 
Structural formulae  for  spinels were  calculated based on 
four  oxygens,  assuming an XY,O, stoichiometry, where: 
X=Mg,Fe2',Mn;  Y=Cr,AI,Fel+,Ti  (Deer et a/ . .  1962). 

ponent was calculated as for the clinopyroxenes. 
Cations were normalized to three and the Fe3+  cation com- 

HP  PIPE  HOMOGENEOUS  CLINOPYROXENES 
Contrary to expectations,  the  HP  pipe  clinopyroxene 

chemical  compositions  are independent of whether  they are 
from the  breccia or  dike  phases  and  are  also independent of 
size,  that  is, megacryst,  macroctyst  or phenocryst sizes. 
Consequently, all of the chemical  data  are  grouped together. 
Seventy-five  clinopyroxene  grains were analysed. A  major- 
ity, 87 per  cent  (65 out of 75 grains) of the HP  pipe 
clinopyroxes  are not zoned. Microprobe testing  confirmed 
that the  grains  are  homogeneous  where  optical  zoning is not 
seen. 

divided,  on the basis of colour,  into  the  bright green  diop- 
In hand sample, the HP pipe clinopyroxenes  can  be easily 

sides  and the black diopsides and  salites. This distinction is 
reflected in the chemical  analyses; the green  clinopyroxenes 
are  chrome  diopsides with an average of I .0 weight per  cent 

devoid of chromium. 
Cr,O, and  the black diopsides  and salites are virtually 

Thin-section  colour is also  correlated with chemical  com- 
position. Pyroxenes with green pleochroism  have  the high- 
est  amounts of FeO (11.3-15.7 wt.%), those with pink 
pleochroism  have  the  highest TiO, contents (1.9-2.8 wt.%) 
and  those with pink and  green pleochroism are high in both 
iron and titanium. Nonpleochroic,  clear  or white grains  are 
highest in MgO  (12.3 -17.0 wt.%). The highest aluminum 
values are in the 13.11 to 14.52 weight per  cent AI,O, range 
and the  highest  sodium  values range  from 2.02 to 2.33 
weight  per  cent Na20. 

The  HP pipe  has  three groups of clinopyroxenes.  They 
are  distinct  with  respect  to  Mg,  Fe,  Mg#  [Mg# = 
Mg/(Mg+Fe(total)+Mn)] and chrome  contents,  but there is 
overlap in the other  major  elements.  The high-Mg# diopside 
group IMg# > 0.901 is chrome rich, green in hand sample 
and  white in thin section. The intermediate-Mg# diopside 
group, [Mg# = 0.78 - 0.881 is chrome poor,  black-brown in  
hand sample and  pale tan or  green  pleochroic in thin- 

groups have a negative  correlation  between Mg# and Ti 
section. Both the high and intermediate-Mg#  clinopyroxene 

cations  (Figure 1-4-1). The low-Mg#  salite group, [Mg# = 
0.45-0.681 is also chrome poor,  black-brown in hand  sam- 
ple  and green in thin-section. This group's  values  have too 
much scatter to unequivocally  establish  a  trend (Figure 
1-4-1). 

Lamprophyre  clinopyroxenes  (excluding  those  of 
kimberlites) tend to be in  the diopside, salite or  augite  fields 

positions with those of different  lamprophyre  branches as 
(Rock, 1987). Comparing the HP  pipe  clinopyroxene  com- 

well as  anhydrous, ultramafic  rocks  given by Rock (1987) 
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and  Bergman (1987) reveals that the chrome  diopsides of 

alpine-type peridotites  and are intermediate in composition 
the high-Mg#  group  correspond  closely  to  those  from 

between  lamproite and kimberlite clinopyroxenes  (Berg- 
man. 1987; Rock. 1987). They  also  correspond to the  ultra- 
mafic  lamprophyre clinopyroxenes of Rock (1987) within 
one  or  sometimes  two  standard  deviations.  The  inter- 
mediate-Mg#  group. the chrome-poor  diopsides,  corres- 
ponds  to  the  ultramafic  lamprophyre  clinopyroxenes of 
Rock (1987). The  low--Mg# group, the salites, corresponds 
to the alkaline and  the  ultramafic  lamprophyre clinopyrox- 
enes within one  or  two standard deviations  (Rock, 1987). as 
well as to clinopyroxenes from  alkaline  olivine  basalts and 
alkaline intrusives (Bergman, 1887). 

clinopyroxenes of the HP pipe  support the designation of 
Thus, i t  appears  that at  least  the intermediate-Mg# 

this rock within the  ultramafic lamprophyre branch and that 
the  other  clinopyroxene groups have  elemcntal  values in 
common with other  undersaturated  alkaline  rocks  and 

distinct  trends make it unlikely that the three clinopyroxene 
lamprophyre branches. The  chemical discontinuities  and 

groups  are part of one  system.  The  origins of the  three 
groups and  their  relationship to each  other  are discussed in 
the following section. 

originated  from  disaggregated  peridotites  (Brooks  and 
Chrome  diopsides  are  commonly  considered to have 

Printzlau, 1978; W a s ,  1979). However,  the  HP  pipe  high- 

clinopyroxene xenoliths  and xenocrysts  occurring in lamp- 
Mg#  chrome  diopsides  are  chemically  distinct  from 

roites,  kimberlites,  alkali olivine basalts  and lamprophyres 
in the amounts of silica. aluminum, iron  and calcium  (Berg- 
man, 1987). The  HP high-Mg# chrome  diopsides  range in 
size up to 2 to 3 centimetres in diameter and are  signifi- 
cantly larger than average lherzolite clinopyroxenes which 
are less than 30 millimetres in diameter  (Eggler ef ul., 
1979). The  HP  pipe  chrome  diopsides  are unlikely to  have 
derived  from  disaggregated  peridotites as they  differ in 
chemical composition and  are  much  coarser grained. They 
are  also  thought to be cognate to the  HP  pipe  system(s) 
because  the rims of the zoned grains  are of a similar  com- 
position. The  small variations in Mg# and the  other  major 
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Figure 1-4-1. HP pipe  homogeneous clinopyroxenes. 
Me# versus Ti cations. The high  and  intermediate Mg# 
groups  have  negative  correlations with titanium  contents. 
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elements  measured. and the clear correlatlons, suggest that a 
small degree of fiactionation  occurred i n  this group. 

sponds in composition to those  from  ultramafic  lampro- 
The  intermediate-Mg#  chrome-free  diopside  group  corre- 

phyres (Rock, 19:37) and is considered to he cognate to the 

correlations hetheer Mg# and Ti cations (Figure  1-4-1) 
HP pipe  systcm. Thc wide variation and distinct negative 

indicate that this  clin'.>pyroxene group may have crystallized 

enriched in iron, aluninum and  titanium.  A himilar pattern 
in a fractionating liquid which was becoming  progressively 

exists  among  chrome-poor  megacrysts in the Colorado- 

tion (Eggler P I  o l . .  107Y). Gurney ef o l .  (1979) similarly 
Wyoming kimberlites  and was a150 attributed to fractiona- 

noted a linear  trend of increasing Ti02 with increasing FeO 
from the Monastery  kimberlite pipe in South  Africa.  Mal- 

diopsides and augitt:s with fractionation trends similar to 
aita  alnoite  (ultramdfic  lamprophyre)  contains  suhcalcic 

this  intermediate-lMg# H P  group  and  these  cognate 
clinopyroxenes  are  chemically  distinct  from  xenolithic 
Ihermlite  clinopyro:wnes found in the same pipe (Nixon 
and Boyd, 1979). Txrefore, i t  is suggested that fractional 
crystallization is the dominant  process  controlling  the  trends 
in the intermediate-lMg# clinopyroxcne group. 

The low"&# : d . e  group has  the most variability in both 
Mg# and component  elements and n o  clear negative  correla- 
tion  with Ti cations  (Figure 1-4-1). Salites or  green 
clinopyroxenes of slightly  varying  chemical compositions 
are found in a variery of alkaline  hydrous  and  nonhydrous 
rocks.  Explanations for their  occurrence include that they 
may he xenocrysts from other  magma  systems  (Pe-Piper. 

xenocrysts from  diraggregated xenoliths  (Barton  and van 
1984; O'Brien cr oi.. 1988; Pe-Piper and Jansa, 1988), or 

Bergen, 198 I ). 
When zoned, the HP salites  have  irregular,  rounded  and 

lohatc  green  cores with narrow, subhedral,  white  over- 
growths and  correspondingly sharp  con~positional  changes 
from a high-iron co.e to a low-iron rim.  There is a distinct 

mediate  and low-Mg# (gap is Mg# 0.68-0.710 clino- 
gap in the iron and magnesium contents between  the inter- 

pyroxene group:;. frverage  weight per  cents of the other 
major  elcmenfs ore clistinct beyond one standard  deviation. 
Reverse zoning and compositional gaps suggest that the 
green  salites art: most likely accidental  inclusions  from 
another  system  encutmered en mute by the HP intrusion. 

In summary, the  three  distinct  clinopyroxene  populations 
in the HP pipe comprise: the  high-Mg#. cognate  chrome 
diopsides fractionating from a new primitive  melt;  inter- 
mediate-Mg#,  chrome-free  diopsides in a fractionating sys- 
tem;  and, low-Me#. xenocrystic  salites. 

HP  PIPE  Zo~ueu  CLINOPYROXLNES 

to the low and intemediate-Mg# unzoned clinopyroxenes, 
The  cores  of the mned  grains correspond in composition 

whereas the rims correspond to  the intermediate  and high- 
Mg#  unzoned  gralns  (compare Figure  1-4-2 to Figure 
1-4-11. The gap in ;Mg# between  the low and  intermediate- 
Mg# zoned cores is similar to the gap in the unLoned grains. 
The gap between  the  high and intermediate-Mg# groups is 

thus a particular sul~set of the  three  groups of  homogeneous 
not as evident in the rims. The zoned clinopyroxenes  are 

Geological Fiel,dnork 1991, Puper 1992-1 

clinopyroxenes and can be asc:i':~ed to the si me lampw 
phyre branches as the corresponding Mgt  ind :ates. Thcre 
is a preponderance of c1inop:iroxene .!one! with n tt,e 

tion of the  HP pipe within the ultramafic  amprophyre 
intermediate-Mg# group which also supports he  desig~~ii- 

branch. 
The zoned grains  do not differ ti:.xturall:i  fron the h.mo];- 

eneous  clmopyroxenes.  They var!' in siz': and I ,ccur both In 
the breccia and  dike  phases but are slightly m, 're prrva1,:it 

pipe clinopyroxenes examined show optical i nd ch:mi,:al 
in the dikes. Only I3 per  cent (IC out of the 5 j) of the 'lip 

zoning. These grains  have  green or pinl: corm s and whte  
rims. Only two zones, core and ri'n, are appart It excepl for 
a single  grain where four zones are noteai. 

cores  and very narrow  magnesiuln-rich rims. Figure L.1-2 
The zoned clinopyroxenes  ar- ch;uactf:rizec by iron-rich 

shows tha t  the cores which are p;irticularly ric 1 in t i a n i ~ ~ m  
also have  rims which are relatlvf:ly enriched in these cle- 
ments. Similarly, the cores which  are relati sely Four in 
magnesium also have relatively r-lagnesinm-pl or rims. ?''he 
most magnesium-rich and titaniu-n-poor rims r e  siniila. to 

fore, it is postulated that a new rn:lgma hatch, i I equilibrium 
the high"&# chrome  diopside group (Fijlure 1-4-2). There- 

tem, reacted with the previously  forrred d opsid-s :tnd 
with the high-Mg#  clinopyroxwe  grou.p  ent :red the z ) s -  

position. I t  is suggested that the n,::w magma pi Ise may h l v e  
xenocrystic  salites  and  formed r;ms of inten lediatt: c o n -  

triggered  the  eruption of the H P  system. 

has appreciable  chrome. The cores of the zor :d grain!; i.re 
Only  the high-Mg#,  homogrneous clinopy oxene grtlup 

all chrome  free,  whereas some c8f the  rilns a1 : enrichexl in 
chrome. This corroborates  the i : h  of an influ . of primilive 
magma hecause chrome  cannot r:main n:sidu, I in a sys:em 
during  fractional  crystallizatiorl. 

MONS  CREEK CLINOPYA.OXENI;.S 
Thirteen clinopyroxenes wfn: analysed c 1 the mi(:!n 

probe: nine complexly zoned phmocryrl and iimpl!i zoned 
groundmass  grains  and  four t ornogeneout. grou?dmt;isc, 
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Figure 1-42,  HP pipe  zone,! :linopynmne: , Mg# iers8x 
Ti cations. The rims are nlagnesiun a Id titmium 
enriched. 
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grains. Zoning traverses were  made at 30 to  100-micron 

grain,  depending on the complexity of the optical zoning. 
intervals  and resulted in 2 to 22 spots being analysed  per 

Despite  such  detailed  examination,  chemical  distinctions 
are  only noted on the  scale of core,  mantle  and rim  varia- 
tions. The  composition of the groundmass  grains  spans the 
range of compositions of the  individual zones  of the zoned 
clinopyroxenes. 

plexly zoned than those from the HP pipe, there are  some 
Whereas  the  Mons Creek clinopyroxenes are  more  com- 

similarities. If chrome is present in the Mons  Creek  clino- 
pyroxenes, i t  commonly  occurs in the  rims or mantles 
(0.83--1.20 wt.% Cr20,j.  This is similar  to the HP pipe 
chrome  diopsides.  The  cores of the  larger  zoned  grains and 
the unzoned  groundmass  grains  are relatively chrome poor 

free. Colour in  thin section is related to  chemical compo- 
(<0.40 wt.% Cr,O,) and some  grains are  entirely chrome 

sition in that the green portions are particularly iron rich 
(8.23-12.19 wt.% FeO) but less so than  the  iron-rich grains 
from the HP pipe. The brown portions  are particularly 
titanium  rich (1.93-2.77 wt.% TiO,), similar to HP pipe 
values,  and the  highest  values occur in the mantles and  rims. 
The highest  magnesium  values  are in the 15.13 to 16.58 

occur in  the grain  mantles  and cores. The  highest  aluminum 
weight per  cent MgO range,  similar  to  HP pipe  values,  and 

which is lower than in the HP pipe,  and  the  highest  sodium 
values range  from 9.30 to 10.43 weight per  cent AI,O, 

contents  are 0.91 to I ,  I O  weight per  cent Na,O which is also 
lower than for  the HP pipe. There  are  oscillations in all 
elements. 

The  Mons Creek clinopyroxenes have  a complexity of 
zoning variations. At least six patterns can be discerned and 
two of these, Patterns 3 and 5 will be  examined in this paper. 
Pattern 3 is a combination of simple  reverse zoning, that is, 
increasing magnesium  and  chrome  from  core to mantle, 
followed by simple normal  zoning.  increasing iron, alumi- 
num and  titanium from  mantle to rim (Figure  1-1-3).  Simple 
reverse  zoning is attributed to the entrainment of xenocrysts 
or previously  crystallized grains in a more  primitive melt, 

of fractionation. This pattern of zoning  directions could 
whereas, simple normal zoning is considered to be the result 

occur in a grain entrained in a more primitive melt with 
subsequent overgrowths of more  fractionated material. Pat- 
tern 5 i5 a combination  of  simple  normal  zoning,  from  core 
to mantle, followed by anomalous normal zoning,  increas- 
ing iron but decreasing  aluminum and  titanium from  mantle 
to rim (Figure 1-1-4). Anomalous  normal  zoning occurs  as 

The  source of this  outer material  may be the melting of iron- 
the last stages in grains  exhibiting  complex  zoning patterns. 

material  possibly as a  result of a cognate  grain with frac- 
rich,  titanium, aluminum-poor  xenocrysts  or their entraining 

tionated  overgrowths  coming  into  contact with a xenocrys- 
tic melt. 

In summary, these  variations in the zoning  directions  and 
patterns  indicate  a  relatively  prolonged  period of crystal 

melts. It is postulated thdt there were at least  two  pulses of 
interaction with fractionated,  primitive and xenocrystic 

melting. Following  the  first  melting episode, crystallization 
of clinopyroxenes  occurred with  later overgrowths of frac- 
tionated  material  (normal zoning). A second  melting  epi- 
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sode  is  inferred  from  the  primitive  overgrowths on pre- 
viously crystallized grains  (reverse  zoning). Fractionation 
of the second melt also  occurred as evidenced by the  nor- 

clinopyroxenes of similar composition and  similar  frac- 
mally  zoned  groundmass  grains.  Both  melts  produced 

tionation  patterns,  Xenocrysts.  distinct in chemical  com- 
position  (Fe-rich. AI and Ti-poor) from the cognate  grains, 

or primitive melt. The  xenocrysts  or their enclosing  melt 
were entrained and subsequently rimmed with fractionated 

also interacted with the cognate  grains, rimming them in  
turn (anomalous zoning). Such complex  interactions among 
melt episodes and  xenocrystic  material  suggest  a prolonged 
time  period for all  the events to have  transpired  and  suffi- 
cient turbulence or  convection  to  have allowed  the mixing. 

range  from the HP intermediate-Mg# group  to  midway 
The  compositions of the Mons Creek clinopyroxenes 

towards the  low-Mg# group. The outstanding, difference 

Mgi  = Mg/(Mg + Fe(Io1al) + Mn) 

o A I ~ I V  Callons Ti Cations 

Figure 1-4-3. Mons Creek complexly zoned clino- 
pyroxenes.  Pattern 3, simple  reverse  zoning (with Mg# up, 
AI-IV, Ti down) followed by simple normal zoning (with 
Mg# down, AI-IV. Ti up) from core through mantle to rim. 

0 
0 74 0 .78   0 .82  0.86 

Mg# = Mgi(Mg + Fe(tolal) + Mn) 
0 Al~lV Cattons . TI Cattons 

Figure 1-4-4. Mons Creek complexly zoned clino- 
pyroxenes, Pattern 5 ,  simple  normal  zoning (with Mg# 
down, AI-IV, Ti up) followed by anomalous  normal  zoning 
(with Mg# down, AI-IV, Ti down) from  core through  mantle 
to rim. 
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between  the HP and Mons Creek pipes is the degree of 
zoning. At the H.P pipe, the zoning is simple with very 
natmw rims upon rounded and resorbed cores.  These  rims 
are the  reaction  product of the  xenocrystic or fractionated 
cores and primiti,ee rimming material. At Mons  Creek, on 

oscillatory. I t  is the p d u c t  of repetitive  interaction among 
the other hand, the zoning is multiple, and sometimes 

that the HP pipe was emplaced very shortly  after the  primi- 
xenocrystic, fractllonxted and primitive  melts. This suggests 

tive magma pulse, whereas  the Mons Creek diatreme had a 
comparatively  much  longer  residence  time  prior to ascent to 
the surface. 

In both the Mons  Creek and the HP  pipes, the lowest Mg# 
green clinopyroxenr  groups are  considered to  be xeno- 
crysts.  They have b'sen rimmed by the cognate  melt, but 
only at Mons Creek  has a melt  similar in composition to the 
xenocrysrs also rrmmcd the cognate grains. 

GOLDEN CLUSTI3H SPINELS 

groundmass  spinels ~'rom the HP pipe were analysed. Eight 
Twenty-seven  gr,rins, nine  phenocrysts and eighteen 

phenocryst spinels were checked  for zonrng and  found to be 
homogeneous  except  for  one grain with a magnesium-rich 
core and iron-rich rim. Breccia  and  dike-phase spinels  are 
neither  optically no1 chemically distinct from each other. 

The  HP spinel:; pl '3 within  the magnesiochromite quarter 
at the base of the  spinel prism.  They show  some  variation in 
chrome and alumin1,m and very little variation in iron and 
magnesium (Fig,ure I-4-S). Chrome  contents range from 
44.20 to S0.60 weight per  cent Cr,O, and titanium  ranges 
from  0.57  to 1 . H  weight per cent TO,. 

0.80 

- ' 0.60 
L 
+ 
0 
6 
. 

0.4( 
20 

Fe'(Fe + Mg) 
I 

LEGEND 
HP Pipe 

Mons Creek 

i0 

Figure 1-4-5 Comparison of HP and Mons Creek  spinel 
compositional  trends to the interpretations of Dick  and 
Bullen (1984) for  anhydrous  mafic  rocks. 
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from Mons Creek were analysecl ;and examine 1 for ?:orling 
Ten spinels, six phenocryst and four grounr mass grilrrts 

from  core  to rim. There  are no c':lnsistent zon ng pattenr, 
although one grain  has a high-ch~'ame, low-al1 minurn core 
and another has a high-magnesium, low- ron 1 ore. 

Mons Creek spinels fall predo-ninantl:) wit) in the mq;- 

homogent:ous, except  for  two values,  and shf w a rnod8:st 
nesiochromite quarter at the base: of the  spin, 1 prisn, :Ire 

variation in chrome and aluminum  ;md n the  iron/ 
magnesium  component  (Figure 1 -4.5). A bim( dal diwillu- 
tion of Cr# is seen: a high-Cr#  g'cup (X1.54) h IS a nrgatlve 
correlation with Fez + #, and a 10% -Cr# g n u p  ( Z0.52) has a 
positive  correlation  with Fez+#.  Chrome range ; from 36 52 

at 53.24 weight per  cent Cr,O,. Titaniun doc ; not G:xcwd 
to 45.12 weight per  cent Cr,O, u ith one samF e ma.surlrig 

0.91 weight per  cent TiO,. 

similar  but  have distinct chem  cel trends chi-acteristic of 
In the I-IP and Mons Creek pipcs, the  spinels are o ~ ~ t i c d y  

each pipe. They  are disseminated throq:houl the  grolmd- 
mass and are not intergrown  wi:h., or included withir, c,ther 
minerals. 

The Golden  cluster  magnesiochromites diff :r from t)pi- 
cal, ultramafic  lamprophyre tit;momagnetites Rock. 1'386: 
Bergman.  1987). However, they are closer in c~ ,mposltioll to 
the subset of ceylonites,  chroniles  or rnagnt siochlomltes 
from  specific, ultramafic lamprnphyres, e'spec dly  aillik,tes 
(Mitchell, 1983; Rock, 198f8) The magn xiochronllte 

berlites and lamproites, also haw some simi arities tct the 
spinels from lamprophyres of ertreme :omF xitiorl, Ihn- 

tionally,  the Golden  magnesiochromite valu~ s and trends 
Golden cluster  magnesiochromiti:s (Mitchell, 198s) Add-  

resemble  those  from  the nonhy<irous, rltrar lafic, alpir~e- 
type peridotites (Irvine, 1967: 13crgman, 1987 I. Either they 
crystallized from a hydrated, peridotitic. mant e mel.: or are 
merely  xenocryts from disaggr8q;ated peridot;  es. 

For  most  spinels, there is a small lncre; se in FI:!+# 
accompanied by a larger  increasf: in Crit, A CI 'mbin:ltion of 

Jackson (1969). using  the  has? of the ql)inel prism. s11t)wr 
Imine's (1965) thermodynamic  treatment a! d data horn 

Spinel  chemical  compositions ir, equililxiun with oli.,,ine 
some possible  interpretations oi I hese trends ( 'igure 1-4-5). 

forsterite content isopleths arm: shown. Pro1 osed media-. 
nisms are partial mantle melting charact:nzel by a sige:fi- 
cant variation in Cr# and very little variati In in F+#. 
(very  steep slope), plagioclase ~ 1 . 1 s  olivlrle an( fractionatiorl 

slope and an inverse  relationship  between Crt and Fez 41). 
(shallower slope), or olivine I'r;xtionat on a one (:;hahw 

High-chromium  spinels  are lot usually foL id  wirh 1hlgh~- 
iron,  high-aluminum  silicare:;  but  lathe  with kf :h . -  
magnesium  silicates such as olivine :Dick and Bullen, 

decrease of magnesium and chrome in I te  me t and  'iquldu:; 
1984). When  olivine and spinel  frac.iona 5 ,  there I!; a 

phases,  resulting in a decreasc in Mgit (incr :ase in F I G !  + ) 

aluminum  decreases in the melt and  Cr# of tt : spin:ls : p e r  
and  Cr# of the  spinels. When plagiocl;a!:e ais I fractionn~.es, 

up (Dick and Bullen, 1984). Allan er c l .  ( I '  88) also ,:x- 
cluded that coprecipitation of c h i n e  and plag toclass: causes 
the magma to increase in Fe*+  and decrcase i I alun-inwn in 
mid-ocean ridge basalts of the  Liimont seamc .mt chain, ;and 
thus  the  coprecipitating  spinels will tend Iowa .ds hig:her 1 3 - Y  
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and Fez*#.  Haggerty (1979). on the other  hand,  concluded 
that higher  pressure  spinels in spinel  lherzolites are  more 
aluminous because chrome is preferentially  incorporated 

more  chromiferous because aluminum is incorporated  into 
into clinopyroxene and at lower pressure the spinels  are 

plagioclase.  This  implies  some coprecipitation of spinels 
and  clinopyroxenes. 

coprecipitation of spinels  and  clinopyroxenes,  the  iron 
If hydrous rocks, such as lamprophyres, allowed  the 

enrichment  and  chrome depletion  would be similar to the 
olivine  fractionation  pattern as the magnesium-iron parti- 
tioning is similar in both olivines  and  clinopyroxenes. 
Chrome in  the melt would also  be  sharply  depleted  by  being 
incorporated  into both the  clinopyroxenes  and  spinels. 
Therefore an olivine-plus-spinel fractionating pattern  might 
be indlstinguishable from a clinopyroxene-plus-spinel frac- 
tionating  pattern in a hydrous  melt. 

The  compositional  ranges of the  Golden  magnesio- 
chromites  are not extensive.  Nevertheless, the chemical 
trends exhibited by each pipe are characteristic  and  indica- 
tive of various igneous processes. The  slopes and directions 
of C d  versus  Fez+#  plots  among the magnesiochromites 
imply a number of different  processes. The  HP magnesio- 
chromite trend is ambiguous.  The  steep  slope.  moderate 
variation in Cr# and increasing forsterite content of equi- 
lihrium olivines  lies  between  the  slope indicating increased 
partial  melting of the  mantle  and  the slope indicating  frac- 
tionation  (Figure 1-4-5). The variation in HP  clinopyroxene 
chemistry  suggests that a  differentiating magma was  incor- 
porated  into a more  primitive  hatch,  perhaps  generated  by 

Thus,  the  increase  in  the Cr# of the HP magnesiochromites 
an increase in  mantle partial melting,  just  prior to ascent. 

might  simply  reilect an increase in partial  melting of the 
mantle. 

The  HP  clinopyroxene trends also suggest fractionation, 
but this is not  clearly  evident  for the  spinel trend, as shown 
in Figure 1-4-5. To test for  evidence of fractionation  among 
the  HP  spinels, it is necessary to look at  other  chemical 
parameters. If increasing Cr# is due  to increased  partial 
melting,  then  there should be no correlation with Ti# [(Ti/ 
T i fCr - tAI ) ]  or Fe'+# [Fe3+/(Fe3++Cr+AI)].  Titanium 
contents  might  even be expected  to  decrease with increased 
mantle partial melting. Additionally, as increasing Fe3+# 
implies  increased oxygen fugacity  and/or lower  confining 
pressures,  increased  partial melting should  yield  uniform 
Fe3+#. But. Figures 1-4-6 and 1-4-7 and Table 1-4-3 show 
a clear  positive  correlation  between Cr#  and Ti# and a 
modest  positive  correlation  between  Cr#  and  Fe3+#. 
Increasing both Ti#  and  Fe3+#  is  consistent with fractiona- 
tion. Titanium is an incompatible  element and is incorpor- 
ated  into  minerals  during  the latter stages of crystallization. 
The  amount of Fe3+ also increases as crystallization pro- 
ceeds.  Therefore,  the  increases in Ti# and Fel+ support  the 
fractionation  hypothesis among  the  HP  magnesiochromites. 

The Mons Creek  magnesiochromite  trend i s  bimodal 
(Figure 1-4-51, The  lower Cr# lobe has both increasing 
Fe2+# and Cr# which is consistent with an interpretation of 
an olivine-plus-plagioclase fractionation. The higher  Cr# 

with  olivine  fractionation.  Plagioclase is found in the 
lobe  shows  decreasing Cr# with increasing Fez'# consistent 
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correlation  for HP  spinels and a negative  correlation for 
Figure 1-4-6. Plot of Cr# verus  Ti#  indicating a positive 

Mons Creck high-Crl:  spinels. 
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live  correlation for the HP and  Mons  Creek low-Cr# spinels 
Figure 1-4-7. Plot of Cr# versus Fei+# indicating a posi- 

and a negative correlation for the high-Cr# spinels. 

groundmass, and only rarely are  olivines  or  olivine  pseudo- 
morphs  found  among  the phenocryst  phases at Mons Creek. 
The  clinopyroxenes also show a bimodal chemical pattern, 
with either  increasing  or  decreasing  aluminum  and tit'anium 
relative to Mg#, and  zoning  is  either  "normal"  or 
"reverse". Thus both  the magnesiochromites  and  clino- 
pyroxenes suggest either  two different processes  or they are 
the  result of two  provenances with mixing of two initially 
separate  magmas. 

magnesiochromites. In the  Cr#  versus Fe3+# graph. a posi- 
Other bimodal patterns  exist  among  the Mons Creek 

tive correlation is  found  at  lower C# values and a negative 

The  positive correlation segments at lower Cr# suggest 
correlation at higher Cr# values (Figure 1-4-7; Table 1-4-31, 

plagioclase-plus-olivine  fractionation similar to the  inter- 
pretation in Figure 1-4-5. The negative  correlation segments 
at higher  Cr#  may retlect the olivine fractionation process 
similar to the  interpretation in Figure 1-4-5. The  higher  Cr# 
magnesiochromites  are in equilibrium with olivine of higher 
forsterite content. Possibly  this group of magnesiochromites 
is the  result of increased  mantle  melting followed by olivine 
fractionation.  This  lends  support  to  the  hypothesis  of 
increased partial melting with increasing Cr#. Mixing of 
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TABLE 1-4-3 
SPINEL CORRELATIONS 

Fe' ' #  vs Cr# vs Cr# VI Fe"# vs 
4 'r# Ti# F-3 '# Ti# 

-_ 

HP Pqx  ' 1 . m  0.69 0.42 0.24 

Mons Creek hyh Cr - 1 . I I  -0.56 41.53 0.47 
IDW Cr .J.SY 0.2 I 0.37 0.39 - 

fractionated  materid with more  primitive  chrome  and 
magnesium-rich Inaterial is consistent with the clinopyrox- 
ene trend  for  the Mons Creek  pipe. 

The  Mons  Creek  high-Cr#  spinels exhibit a  negative 
correlation  between Cr# and Ti#, also consistent with an 

lobe has a very low .-orrelation with Ti#. Tdking both lobes 
increased mantle melting  interpretation.  while  the low-Cr# 

together  indicates an overall  negative  correlation  between 
Cr# and both Ti-!#  wid  Fe' * #. These trends are consistent 
with an increased  mantle  melting  interpretation. 

magnesiochromiles 1:xhibit both fractionation  and  increased 
In summary, the chemical trends of the  Mons  Creek 

mantle  melting proct:hses similar to the  conclusions  reached 
from the clinopyroxene  chemical trends. 

lamprophyre  magnmiochromites  are  similar to those in  
The  chemical  composition  and  trends of the Golden 

ultramafic lampropt.yres, lamproiteh and peridotites.  Spinel 

origins,  as there is much variation within each rock type. 
compositions and trmds  do not unequivocally  indicate  their 

The  magnesiochrotnites may he  merely  disaggregations 
from a solid peridotitic rock or they may he crystallization 
products from a hydrated (metasomatired) peridotitic  melt 
which formed th,? lamprophyre. In either case  their chemical 
composition  would be similar. Clear evidence of  entrained 
xenoliths was not :seen in thin section. The grains  occur 
singly  or rarely as inclusions in olivine  pseudomorphs, are 
subhedral to rounded.  and range from  phenocryst to  micro- 
phenocryst in size, dl of which may he evidence ot crystal- 
lization  from a melt. Although compatible with a xenocrys- 

trends are consistent with inferences  drawn from cognate 
tic interpretation, thz inferences drawn from spinel chemical 

clinopyroxene tren81s:  fractionation  and  increased  mantle 
partial melting at the HP and Mons Creek pipes. 

SUMMARY OF IGNEOUS  PROCESSES 

pyroxenes and  spiltels corroborate the idea that two pro- 
In the HP pipe,  the combined chemical trends of the 

cesses  are involved  Fractionation is clearly  indicated by the 
inverse relation:;hip of Mg# versus Ti cations in  high and 
intermediate-Mg# c linopyroxene  trends  and is supported by 
the  spinel chemllcal trends of increasing Ti# and Fez+#.  The 
subsequent influx of  primitive  magma.  as a result o f  
increased  partial mantle melting  prior to emplacement, is 
indicated by the reversely  zoned clinopyroxenes and by the 
increased chrome  contents of the spinels. 

somewhat more complex. The Mons Creek clinopyroxenes 
Mineral chernicd  data from the Mons Creek pipe are 

have oscillatory  zoning  indicative of at least two  magma 
pulses,  fractionation  and mixing involving both cognate and 
xenocrystic  material. The spinel data  also indicate  a  bi- 

GeoloRical Fieldwork 1991,  Paper 1992-1 

modal  origin  and two distinct Sractionation p  tterns. E k h  
the HP and  the Mons Creek  pipes inrorpor; te  high-ircm 
clinopyroxene  xenocrysts. 
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CASCADE RECREATION  AREA, 
PRELIMINARY  GEOLOGY  AND  MINERAL  POTE'NTIA L 

(928/2, 3, 6, 7) 
By H.R. Schmitt and V.M. Koyanagi - "","" 

KEYWORDS: Regional geology,  Cascade Recreation Area, 
mineral  potential, blethow  basin, stratigraphy,  intrusions, 
economic  geology, I'unchbowl Lake,  Granite-Scheelite. 

INTRODUCTION 

LOCATION AND ACCESS 
The  Cascade Recreation  Area is located 30 kilometres 

Cascade Mountains. 'The 167 square kilometre recreation 
southeast of Hop?, i n  the  Hozameen Ranges of the northem 

area  encompasses  the  headwaters of the Tulameen  and 
Skaist rivers,  and Cnass Creek adjacent to the  northwest 
boundary of E.C. Nanning Provincial Park and  the  Skagit 
Valley Recreation Area (Figure 1-5-1). 

along Highway 3. I O  the north  boundary  via the  Podunk 
Vehicle access t o  the southwest  boundary is possible 

Creek  logging  road into Whitecloud  Creek  and  the upper 
Tulameen  River, ancj along the east boundary via  Whipsaw 
Creek  and a seasonal  four-wheel-drive road to  Granite 
Mountain. In the re'xeation  area a  network of rehabilitated 
historic  trails  (Whatcorn, Dewdney, Hope Pass)  and  former 
grazing trails  provide excellent  foot  or horseback access 
along  major valley bottoms. Valley Helicopters  Ltd. in Hope 
provide  the  closest  helicopter charter service. 

PROJECT TERMS OF REI'F:RENCX 
The field  component of a lwo-year minf ral poten'rial 

study of the  Cascade  Recreatix  Area was omplcted in 
1991. The study is required  undel Sectior 19 c ' the Mineral 
Tenure Act to  provide  government  and il dustr:! 'vith 
detailed  mineral  potential infomation,  md t 1 initiate the 
time-limited exploration period plior  to C'abim t deckion on 
proceeding to park status. 

The objectives of fieldwork  ir 1991 were: 
To complete  geological ma:iping 0' the :ntire recwa- 

0 To examine,  map and samplt: all known r lineral ocu1r- 

0 To augment the 1990 stre,rm-sediment  survey with 

0 To establish  lithologic, :stratigraphic t xi stluctjlral 

This initial  report on 1991 fic:ldwork i d u d  :s a  prelimin- 
ary geological map, generalized wck  desxipti )ns a n i  inilia: 

reported by Schmitt and Stewart I1990). Full [ escriptions 01' 
lithogeochemical analyses.  Rewlts of 1990 f i  :Idwo-k viwe 

geochemistry will be presented In the  final rl port which i!; 
mineral occurrences and inteq1r::tation 'of st1  :am-scdinls:nt 

scheduled for  publication in sprlng, 19S2. 

tion area at a scale of 1:213 1 3 0 0 .  

rences,  and prospect for  ne,v occu.rrence ;. 

additional samples from msamplei, drdi )ages. 

controls  on mineralizatiorl. 
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Geological Firldwcrk 1991, Paper 1992.1 

protect and manage heritage, wi dlife and recre ition values. 
The Cascade Recreation Area v a s  designate 3. in 1387 I:O 

A  no-staking  mineral reserve wa:; placed ove ' the area In 
1987 as an interim  measure until Cabinet pro ided 1urth:r 
direction on mineral  potential  asst:ssment and I ark d e s i g w  

was removed, and  the area  became  open to I-post claim 
tion. On September  3,  I991 the  ro-stakrrlg mi leral reserve 

remain over parts of the Dewdn1:y and 'What, om h,:rit;y:e 
staking by application.  Specific  nf:)-stakinS mir xa l  rese:r,/l:s 

trails and Punchhowl Lake  basin 

REGIONAL GEOLOGIIC SETTIN(; 
The project area is located ill [he northern  2ascade tNdt 

between the Coast  Plutonic  Ccnlplex to the vest and the 

Methow  basin  containing  Jurasii,:. to La.1,: Cre aceous s e d -  
Intermontane  Belt to the  east. It s underlain I iostly by tlle 

mentary  and  volcanic  rocks of the Lahe r ,  Jackass ;uld 
Pasayten groups deposited in a t,sck-arc  to n1 nmarine !,et- 
ting (Davis et a/., 1978: Anderson, 1976: Ra! , 1990). The 
internal structure of the basin ir dominaed jy nolthtmt- 
directed  thrusting of the Ladner Group cnto 4 Iunger ra:ks 
along the Chuwanten fault. Tht IMethou basi 1 is bounl1N:d 
on the  west by the Hozameerl fault wlich ieparates the 
basin from the Permian to Jurasr,ic Hozaneer  Comder  of 

fault which separates the basin from the Cret Lceou!, Eagle 
the  Bridge River  Terrane, and 211 the east by the Pieaytm 

Plutonic  Complex of Quesnell a  (Morlger ' r  a/. .  1,982: 
Monger, 1989; Greig, 1988: hlcGroder  and vliller 1 9 F , 9  
Whitney  and McGroder, 1989). Eocene clastic rocks (Gmg, 
1988) and Oligocene to Miocene  Coquihalla \. olcani: rocks 
(Berman  and Armstrong, 19801 .mconformah y overlie  the 

area. 
Methow  basin, hut are  minor  components < F the  prqicct 

Three periods of regional plu~onism  are te itativfly  mc- 

late  Early Cretaceous  formatior, of the Ekgle F lutoni,: Chn- 
ognized in the Cascade  Recreat on Are% La e  Jurassic to 

plex  (Greig,  1988);  Late  Jurassic(?)  to E irly l 'ert iuy 
emplacement of numerous mafi': to fel:;ic di ces, sills and 
stocks  during crustal  shortening. uplift, thrus  faulting and 
folding;  and Early Miocene  intruiion of the di, mritic Sun~;~l lc 
stock in1.o the Hozameen fault (Armstlong 'f al., 10'<7), 
Many of the  dikes,  sills  and m i n x  intrwions n the La.clner 
Group  are of uncertain age, I h t  proh~bly I ost-Toarci:m 

GEOLOGY OF THE RECREATICIIN ARE,A 
A preliminary  geological mal:) of the r e a  :ation area is 

shown in Figure  1-5-2.  Seven  lithostratigralbic  units are 
recognized,  including two previrsusly un-ecopized; a s ; u d  
stone of' presumed  Eocene a@: (Greig, 1'.88: E4on~;er, 
1989), and a volcanic-epiclaxtic  secuenc : tenlatiw:l!i 
assigned to  the  Cretaceous  Sprrlces  Bridge ;roup. Tllast: 
two sequences  occur  along the  west margin of ths: I%gle 
Plutonic Complex. In addition, a 20 squ.ire ki ometle irltru- 
sion, named the Skaist  River stock,  was del neated im the 
east-cenrral Dart of the  recreation  area. lsotor ic datine 'of E I  - 
hornblende separate is presently in progress. Ietailcd nup- 
ping has  determined that  both the Chuwanter  and  Pasa'jtell 
faults  are structurally  complex with importar t implica1tion:r 
for localizing  intrusive  activity and miueral )otential.  The 
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following  descriptions  will be augmented by chemical. 
petrographic  and  paleontological  analysis  for  the  final  min- 
eral  potential  report. 

STRATIFIED ROCKS 

They  generally  strike  northwest  with  moderate  to  steep 
Stratified  rocks  range  in  age  from  Permian to Miocene. 

southwest  dips  and,  east of the Hozameen  fault,  record 
progressive  infill  and  subsequent  deformation of the 
Methow  trough. 

HOZAMEEN  COMPLEX - UNIT  PJH 

deformed  oceanic assemblage,  which  together  with  its 
The  Permian  to Jurassic  Hozameen  Complex  is  a 

northern  faulted  extension,  the  Bridge  River  Complex,  com- 
prise  the  Bridge  River  Terrane  (Monger,  1970;  Haugerud, 
1985;  Potter,  1986;  Schiarizza et 01.. 1989). 

The  Hozameen  Complex  underlies  less than 100  hectares 
of the  southwest  comer of the  recreation  area,  north of 

buff  to  pinkish,  black-streaked  recrystallized  chert,  massive 
Highway 3. It  consists of interlayered,  massive  light  grey- 

dark  green  hornblende-phyric  greenstone  and  minor  meta- 
sediments.  Adjacent  to  the  Hozameen  fault  these  rocks  are 

nent  planar  fabric  oriented  160/75"  west  which  parallels  the 
strongly  deformed,  commonly  brecciated  and  have  a  promi- 

strike of the  fault.  Pyrite is ubiquitous  as  narrow  discon- 
tinuous  stringers  and  disseminations  in  abundant  fractures 
and  small  felsic  segregations  or  dikes  along  the  fault  trace. 
Hozameen  Complex  rocks  and  the  fault were  intruded by 

overprinting is evident. 
the  Early  Miocene  Sumallo  stock but no  obvious  thermal 

LADNER  GROUP - UNITS  JL,  JD 

Creek  basin  between the Hozameen  and Chuwanten faults. 
Jurassic  Ladner  Group strata  underlie most of the Snass 

They  are  the  oldest  sediments in  the Methow  basin  (Ray, 
1990)  and are divisible in the  recreation  area  into an Early 
Jurassic  (Pliensbachian  and  Toarcian),  marine  clastic 
sequence  (Unit  JL),  and  an  overlying  Middle  to  Late 
Jurassic  volcanic-rich  sequence of the  Dewdney  Creek  For- 
mation  (Unit  ID).  The  contact  between  the  two  sequences is 
best  exposed  north of Mount  Ford  where it is  represented  by 
a  gradual  facies  change  from  predominantly  fine-grained 
turbiditic  siltstones  to  tuffaceous  sandstones  and  lapilli  tuff 
interbedded  with  siltstones.  This  facies  change  marks  the 
onset of Dewdney  Creek  Formation  volcanic  activity. 

The  Ladner  Group  distribution is currently  shown  on 
regional  maps  as  two  parallel,  northwest-striking  belts  sepa- 
rated  by  a  belt of Jackass  Mountain  Group  sediments 
(Monger,  1989). New mapping  information  shows  an unin- 
terrupted  stratigraphic  interval of Ladner  Group  rocks, with 
the  Jackass  Mountain  sediments  in  the  northwest  extension 

completely  eroded  in its  central  part  by  Snass  Creek,  expos- 
of the  south-plunging Gibson  Pass  syncline.  The  syncline is 

ing  the  underlying  Ladner  Group.  Further  revisions  to  the 
distribution  of  Ladner  Group  rocks,  and  definitive  recogni- 
tion of the  late  Oxfordian  to  late  Tithonian  Thunder  Lake 
sequence  (Coates, 1974; O'Brien,  1986)  may be possible 
with  final  age  determinations of macrofossils  collected  from 
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various  localities.  Ladner  Group  strata  are  thrust  northeast 
onto  both  Jackass  and  Pasayten Group  coarse  to  fine  clastics 
along  the  Chuwanten  fault. 

Unit JL:  Early  Jurassic  Ladner  Group  sediments  crop  out 
south of Mount Dewdney  and west of Snass  Creek  where 
they  comprise a section  possibly  1500  metres  thick  that 
strikes  north-northwest  and  dips 40" to 80" northeast.  The 
easterly  derived  marine  sediments  were  deposited  as  a  west- 
facing  prism of turbidites,  submarine  fan  and  related  chan- 

medium-bedded,  siliceous  siltstones,  slates,  silty  argillites, 
ne1 deposits  (Ray, 1990). They  consist of thinly  laminated  to 

ble  conglomerates.  Siliciclastic  rocks  fracture  conchoidally 
wackes  and  minor  sandstones and  chert-hearing  grit  to  peb- 

and  display  slaty,  bedding-parallel  cleavage,  or  less  com- 
monly,  well-developed  pencil  cleavage.  The  sediments 
range  in  colour  from  pale  cream-buff  to  dark  grey-brown 
with  characteristic  pale  brown  to  gossanous  weathering 
derived  from  ubiquitous  oxidized,  finely  disseminated 
pyrite.  Greenish  and  green-brown  units  with  cherty  and 
plagioclase-hornblende-phyric clasts  predominate  near  the 
top of the  sequence,  marking  progressive  influx of Dewd- 
ney  Creek  Formation  tuffaceous  material. 

ripple  marks,  small-scale  crossbedding  and  ball,  pillow  and 
Sedimentary  structures  include  soft-sediment  slumping, 

flame  features in thinly  laminated  silty  units. 
Regional  deformation is manifest  as  well-developed  foli- 

ation  subparallel  to  bedding  planes,  and  the  presence of 

folds.  Ladner  sediments  adjacent  to  the  Hozameen  fault  and 
upright,  tight  to  isoclinal  folds,  and  local  east-verging  kink 

mal metamorphism  to  quartz-biotite  hornfels  interbedded 
Sumallo stock  exhibit  intense  small-scale  folding  and  ther- 

with  a  saccharoidal  (re-crystallized?)  cherty  siltstone. 

uncertain  owing  to  few  distinct  marker  units and  the pos- 
The  presumed  thickness  of  the  Early  Jurassic  sequence is 

sibility  of  fold  repetition. In the  Coquihalla  region  Ray 
(1990)  estimated  the  thickness of the  Ladner  Group  to be 
2000  metres,  which  is  consistent  with  our  observations  in 
the  recreation  area. 

A sequence of fine-grained  clastic  rocks  with  many 

exposed  in a narrow  belt in the  hangingwall  of  the 
lithological  similarities to the  Ladner  Group  Unit  JL  is 

Chuwanten  fault  but  is  tentatively  assigned  to the Dewdney 
Creek  Formation  (Unit IDS below). 

JDt, JDv 
DEWDNEY CREEK FORMATION - UNITS JD, JDs ,  

The  upper part of the  Ladner  Group  is  represented by  the 
Toarcian  to  Bajocian Dewdney  Creek  Formation  (O'Brien. 
1986;  Coates,  1974;  Cairnes,  1924).  The  formation is 
characterized  by  epiclastic  volcanic  and  volcanic-derived 
marine  sediments,  tuffs  and  breccia  developed  during  tec- 
tonic  uplift of the  immature  Methow  basin  (O'Brien,  1986). 

Dewdney  strata  underlie  the  central  Snass  Creek  and  east 
Snass  Creek  basins,  southwest of the Chuwanten  fault,  and 

even  accounting  for  fold  repetition. A small  duplex  thrust 
have  a  possible  accumulated  thickness of over 2000 metres, 

slice of Dewdney  rocks  also  underlies  an  area  northwest of 
lower  Punchbowl  Creek. 

In  the  recreation  area,  the  Dewdney  Creek  Formation is 
divisible  into  at  least  four  members:  a  lower  fossiliferous. 
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locally  pyritic  clastic sequence  (Unit  IDS); a  distinctive 
volcanic-rich unit (Unit  JDv); a massive  crystal, lithic  and 
lapilli tuff (Unit  JDt);  and an upper  sequence of turbiditic 
and tuffaceous  clastics, tuffs,  and rare  carbonate  (Unit JD). 
The division  between  Units JDt  and JD is poorly  defined 

certain lithologic units. Units JDt and JD  are intruded by 
and is distinguished largely by the  relative frequency of 

basic to felsic sills and  dikes.  Caimes  (1924) originally 
recognized  three  distinct  crystal-lithic tuff divisions in the 
Dewdney  Creek type section in Dewdney  Creek, which  was 
revised by O'Brien  (1986) to include tuffaceous strata in the 
Manning  Park a!-ea. The  Cascade Recreation Area may 
contain  the most complete  section of  Dewdney  Creek For- 
mation yet recog,nized, with extensive representatives of 
both  sections  described  earlier by Caimes and O'Brien. On 
Figure 1-5-2  contacts between  Units ID, JDs and JDt  are 
omitted for clarit:y. 

Unit JDs: An intrnsely folded sequence of fossiliferous 
argillites, tuffaceous siltstones  and  wackes is  exposed in a 
north-tapering belt irnrnediately above the Chuwanten  fault 
from  Punchbowl b a i n  southeast.  These rocks  are  locally 

many lithological anti structural similarities with the Ladner 
pyritic, pale  brown-buff to dark grey  argillites. The unit has 

Group Unit JL but its stratigraphic  position is uncertain 
pending further clating  of the ammonite  and bivalve fauna. 
Its stratigraphic corltact with the overlying Unit JDv is 
mostly conformable but locally is unconformable,  or  faulted 
(Plate 1-5-1). 

and southeast of Snass Mountain, and as minor belts north 
Unit JDv: Unit  JDv crops out immediately north,  east 

of Punchbowl  Creek and west of Tumbull  Lake.  The unit is 
characterized by m:issive-weathering, medium  to  coarse- 
textured  andesitlc  hydroclastic  breccia,  epiclastic flows, 
agglomerate, pla::ioc:lase-hornblende-phyric flows and sub- 
volcanic  intrusions( !), crystal-lithic  tuff,  minor tuffaceous 

an andesitic  hydroclastic breccia  unit lrom Mount What- 
wacke  and  rare  limestone. Plate 1-5-2 shows an  example  of 

com.  These rocks sl~ow in situ fragmentation textures con- 
sidered to he diagnostic  of  non-explosive injection  into  wet 
sediments (Hanson, 1991). The textural and contact rela- 
tionships of the vitrious lithologies  indicate a complex 
marine depositional  environment  close to one  or  more voi- 
canic vents. The  contact relationship with underlying  strata 

possible disconformity.  It is apparent  that Unit JDv behaved 
is variable  and is locally an unconformity, a  fault or a 

in a structurally competent  manner  during thrusting along 
the Chuwanten fault,  relative to underlying  fine-grained 
sediments of Unit : Ds. The deformation  contrast  between 
these  two units ma)  have been instrumental in the  location 
and  propagation of ,.he Chuwanten  fault in Ladner stratigrd- 
phy. Similar lithologic  and  field  relationships exist  for the 

ning Park (Coat'es, 1974; O'Brien, 1986). 
volcanic  breccia  unit described  on Blackwall  Peak in Man- 

Unit JDt: Ms:dilm? to thick-bedded  crystal-lithic  lapilli 
and  crystal  tuff. minor  volcanic-pebble  conglomerate  and 
tuffaceous  wacke (crop out  as prominent  cliffs in a belt 
extending 5 kilome'.res from  the  headwaters of Snass  Creek 
to the  ridges w e s  and south of Turnbull  Lake. The rocks are 
predominantly medium  green and light  grey-green  with 
subordinate brown  colours,  and are characterized by small 

GeoloRical Fieldwor-k 1991, Paprr- 1992-1 

(mm to I cm)  ovoid to subangllar  cherty a Id fe l i sp : -  
porphyritic  lapilli and fine-grdire':l  lithic clast!  of volcanic 
and argillaceous material set  in  a cherty tu Tacec us matri:r of 
quartz,  feldspar  and  chlorite.  Conglonleratl  and  grirly 
tuffaceous wacke  interbeds may represert p e r  ods O F  P:I:I- 
tive  volcanic quiescence when w,vorking of I; pilli-healring 
units occurred. 

Dewdney Creek series of Caimf:s (1924), and he  Dewclrlc:y 
The  member is similar  to thc lower and  intermediate 

Creek  Formation  rocks described by Ray ( 990) in the 
central  Sowaqua  Creek drdinag,:. If these unit are  conrla- 
tive, then collectively  they would indicale wil espread b o -  

canic  activity in the Middle to Is te Jurassic h, ethow ba:;in. 

Unit JD: Undivided Dewdne:y [Creek Forma ion, Unit .I:D, 
contains a diverse  assemblage clf sparsely  foss  liferolls, I ~ B -  
biditic,  thinly  laminated to  medim-bedced tL Ffaceous $ill- 
stone, argillite  and wacke interbedded with I oarser l ap i l l i  
and lithic tuffaceous  sediment$,,  and  most of thc  units 
described in Unit JDt.  Most  ro'5.s  exhibit bec ding-parallel 
cleavage  and a  penetrative  foliation striking i60". P, r;mge 
of colours  are present, from light green-E,rey t. 1 buff, brclwn 
and black. The beds exhibit a  wide amay 01 sedimentary 
structures,  mostly  indicating  slratigraphic tops are  up. 
Deformation is manifest  as  gentle wrp in j  and broad. 

folds, loc:al shearing  and  block faulting. Fold ,xes t)pic;dly 
upright open  folds, to tight isod nal and disn pted chevron 

plunge  southeast  and are generally difficth to' race for more 
than 2 kilometres  along  strike. 'The un t is ntruded b) a 
variety of aplite, diorite  and  gat~bl-o dikes and ills, typi'xlly 
less than 5  metres thick and  rardy  exposed or more than 
20 metres along  strike. 

JACKASS MOUNTAIN GROUP .- UNIT KJ 

ments  were  mapped in three  belts: from  Mo  nt Dew111r:y. 
Early Cretaceous  Jackass Mountain GIOUF marine sssdi.. 

southeast  to  Skagit Bluffs  along Highway '; and ae 1.he: 

cline (proposed name - Tumbull Creek ryncl ne)  inclu<linf: 
southwest  and northeast limbs o.: a southeast- )lunging !ym 

a belt 50  to 500  metres wide, with 1 str ke lengtt~ o f  
7 kilometres in the footwall 01 the Chwmntf n fault, ami 21 

from  Paradise  Meadows to Ilpper Skaist Liver (Fi1;m 
belt 100 to 500 metres wide (:>.tending ovel 8 kil,xnrtre!i 

1-5-2). In the  recreation area the group is div rible into  two 
memberr: a sequence of thin ID medium-b:dded fin).- to 
medium-grained  wackes, sandstone,  arkose ar d argi1lact:ou.i 
clastics, with minor  conglomerale  (Unit X of 'Ioates, 1974). 
and  a massive polymictic cobl)l':: conglomer; te wit? rninor 
intercalated sandstone and  siltstone bed!; (Un t 9 of Co:u.es, 
1974). 

prise a southeast-plunging sy~~c l ine  (possi ,le ncsthwest 
The western exposures of Jz.ckass Mcantai 1 Group c c m  

extension of Gibson Pass syncllne of Coates 1974) which 
has  been  completely eroded in  its centlal p d  t by the k e p  
valley of Snass  Creek.  The  'iequence  includes  wacka, 
arkose,  siltstone,  argillite  and  masswe, f i le  to cowse- 
grained  conglomerate  contairting sI1')rour ded to well- 
rounded granitic,  gneissic,  volcnnic, chxt  ar d argillac'Eous 
clasts.  The stratigraphically I'nwest plat of his scquc'nce, 
exposed on the  north slopes of Mount Dew( ney a11d rlorth 
of Skagit Bluffs,  contains fos.;iliferoLs arl  ose, :,iltsrone, 
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Plate 1-51, Photomosaic  looking  southv 

the  Dewdney  Creek  Formation of Coates  (1974,  Unit 3) and 
argillite  and  rare  limestone  pods, and  may be equivalent  to 

Thunder  Lake  sequence of O’Brien (1986) and  Monger 
(1989).  Age  determinations of a  sparse  faunal  collection 
from  these  rocks  will  hopefully  help in stratigraphic 
interpretation. 

Massive,  granite-cobble  conglomerate  beds up to 

arkose  and  siltstone  in  the  footwall of the  Chuwanten  fault. 
100  metres  thick  are  interbedded  with  minor  sandstone, 

Plate 1-5-3 is an example of imbricate  polymictic  con- 
glomerate  from  north of Snass  Mountain.  Similar  con- 
glomerates 1.7 kilometres  to  the  southeast,  contain  locally 
abundant  limestone  clasts up to 30 centimetres  across. A 
strongly  sheared  carbonate  bed, 2 metres  thick, is exposed 
in  sheared  polymictic  conglomerate  at  possibly  the  same 
stratigraphic  level, 1.5 kilometres  northeast  of  Snass 
Mountain. 

the  Turnbull  Creek syncline  consist of polymictic  con- 
Jackass  Mountain Group  strata in  the northeast  limb of 

glomerate  as  above,  but  with  volumetrically  greater propor- 
tions  of  interbedded  light  green-brown  sandstone,  arkose 
and  siltstone.  The  coarser  strata  exhibit  abrupt  facies 

exposed  intermittently  for  over 8 kilometres  from  Paradise 
changes  indicative of channelized  deposits.  The  beds  are 

Meadows  to  Skaist River.  Their  textural  and  lithological 

$est at the Chuwanten fault: lower Dewdney Creek Fonation Unit JDs and 

PASAYTEN GROUP - UNIT KP 

The term  Pasayten  Group  (Rice,  1947;  Coates,  1974)  has 
been  used  to  describe  predominantly  nonmarine  sandstones 

time-stratigraphic  equivalents of the  upper  Jackass  Moun- 
and  siltstones of Albian  age  which  overlie,  and  are  partly 

belt  striking  northwest  and  generally  dipping  moderately 
tain  Group. We recognize  Pssayten  Group  rocks as a  broad 

southwest,  underlying  the  central  and  east-central parts of 
the  recreation  area. 

Two  broad  divisions  of  the  Pasayten  Group  are  dis- 
tinguishable.  The  lower  sequence  consists of predominantly 

arkose,  siltstone  and  argillite,  with  minor  wacke  and 
thin  to  thick-bedded  quartz-muscovite-biotite  sandstone, 

entirely  of  massive,  light  grey-buff,  well-indurated  quartz- 
tuffaceous  beds.  The  upper  sequence  consists  almost 

muscovite-biotite  sandstone  with  minor  arkose,  siltstone, 
and  minor  argillite  and  polymictic  conglomerate.  The 

Coates’  uppermost  Jackass  Mountain  Group.  Unit 10, 
lowermost,  predominantly  eastern  member  is  equivalent  to 

entire  Pasayten Group. Our definition  parallels  more  recent 
whereas our uppermost  member  is  correlative  with  Coates’ 

usage  (Monger,  1989)  which  restricts  the  Pasayten  Group to 
areas  east of the  Chuwanten  fault, and  the  Jackass Mountain 
Group  to  areas west of the  fault. 

similarity.  and  stratigraphic  position,  may  indicate  time- 
stratimauhic  eauivalence  with  the  adiacent  nonmarine  Pas- SPENCES  BRIDGE GROUP - UNIT KSB - .  
ayten Group sandstone  and arkose (Coates, 1974).  Unfor- A northwest-trending  belt of previously  unmapped  vol- 
tunately,  most of the  Jackass  and  Pasayten  strata  are  charac- canic  and  related  epiclastic  and  sedimentary  rocks, up to 
teristically  unfossiliferous. 1  kilometre  wide, is exposed  almost  continuously  over  a 
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volcanic Unit  JDv are thrust Iuwards the viewer over Jackass Mountain Group massive cnbhle conglomerate, Unit KJc. 

strike length of I I 1;ilometres along the  west  margin o f  the 
Eagle Plutonic Contplex.  The belt consists  of green-brown 
and purple  amygdaloidal  basaltic(?)  and  dark  green, 
crowded p1agioclas:-phyric flows, varicoloured  green and 
maroon epiclastir units with angular  to suhrounded clasts up 
to 30 centimetres  across,  tuffaceous wacke,  cherty  tuff, 
argillite and minor basic intrusions. The volcanic flows 
exposed at the Manning Park boundary are weakly magnetic 
and  contain numer~us  microfractures and shears with pro- 
pylitic,  quartz-chlorite-epidote  alteration and minor vein- 
lets. These rocks strike mostly  northwest  and have  steep 
southwest  dips,  whereas north of the  Skaist  River  north- 
south oriented heds dip steeply east, and north of Hubbard 

he locally overturned as evidence for  stratigraphic  tops is 
Creek,  northwes-slriking beds are near vertical. Beds may 

not equivocal. 

against the Eagle :?Iutonic Complex; evidence of intense 
The Pasayten f;rult marks  the  belt's  eastern contact 

shearing and quartxericite alteration along this  contact is 
exposed 1.5 kilclmetres north of the  Skaist River. The belt is 
apparently  terminated by a northeast-trending Tertiary(?) 
fault south of E%uclanan Creek.  The  contact between this 
unit and  the Albian:?)  sediments to the west is partly faulted 
in  the south, but appears to he unconformable elsewhere. 
Exposures of wacke  and  volcanic sandstone along the  west 
margin in the  southern segment of the  belt locally contain 
muscovite  and  bioite,  whereas ad,jacent Albian(?) arkosic 
strata  locally  conlain  rare  purple  lithic  fragments.  The 
lithologic evidence  implies at least  some  synchronous  depo- 
sition of the two units. 

Geo/o,qical Fieldwork 1991, Puprr 1992-I 

parisons  suggest a pre-Santonix,  post-Jlrass : age. in me^ 
The foregoing contact relatronships  md I :giond com- 

diately  north of the  Skaist  River  the  volcanic u lit  is iltruded 
by the  early  Late Cretaceous  [Santon an?) Skais:  €bier 
stock (Unit Kd, described  below).  B) con parism with 
recent  studies of Thorkelsnn and Rouse (198Q), ancl 
McGroder (1989). we conclude that tht: unil most cloit:l) 
resembles  the Pimainus Formation of the A bian !ipera:e!; 
Bridge Group. 

In the Cascade Recreation i k a ,  Spences 3ridgc G ~ c u p  
rocks were  apparently deposited in a narrow. korth-taperlnp 
StruCtUrdl depression  marginal tat the Ehgle I lutonic Ccm- 
plex,  possibly  extending disccmntinuously ! mheas t  i l t o  
Washington State (Monger, 198';); McGroder 1989,''. Ill'ese 
rocks  provide  intriguing new I:\ idence For rr nd-Cretacwu:r 
volcanic  activity  west of the Momt  Lytt'ln - iagle I ' lut8mic 
Complex, possibly related to  down-dropping dong :he Pas- 
ayten  fault (Monger, 1989, mz,rp,inal n'otes). 

PR1NCE:TON GROUP - UNITS Es; EP\ 

Limited  exposures  of  Eocene  Princeton  Group  occur 

Kettle Mountain. 
immedi;rtely west of the Tularreim R i v q  and on the peak of 

The  northem  exposure (Unit Es) consists of reldlr,h  to 
maroon,  quartzose lithic sdnd!.tl:'ne about 101 ' metrt:s thick, 

rocks have been  described any1 palynologi :ally (dated. 2,s 
in fault  contact with the  Eagle Plutoni-  Conplex. Snmilar 

Eocene at Vuich Creek, 15 kilometl-es to the nxthwe:it 
(Greig, 1988) and 60 kilometrm to the rorth n the Fig, L,ake 
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clastic  breccia (Unit JDv) located  above  the  Chuwanten 
Plate 1-5-2. Dewdney  Creek  Formation  andesitic  hydro- 

fault 1.5 kilometres  northeast of Snass  Mountain.  Fragmen- 

explosive  intrusion into marine  sediments. 
tatinn and resorption textures developed during non- 

graben  along  the  Coldwater  fault  system  (Thorkelson, 
1988). 

body of dark  greenish black  hornblende augite(?) basalt 
Kettle  Mountain is underlain by a  prominent subcircular 

porphyry  (Unit  EPv).  Columnar  fracture  patterns  suggest 
that  the rock was  intruded into the surrounding Eagle  plu- 
tonic rocks although a talus  apron  conceals  the  contact area. 
Intrusives of similar  age were mapped by F’reto (1972) in 
the  Copper  Mountain  area,  and  small  dikes of similar 
appearance  occur in the headwaters of Buchanan  Creek. 
The intrusive is an interesting physiographic feature,  com- 
prising a roche  moutonnie  covered by scattered  glacial 
erratics of the Eagle  Plutonic  Complex. 

COQUIHALLA  VOLCANICS - UNIT  OMCv 

conglomerate (Unit Wcj from 1 kilometre  north of Snass 
Plate 1-5-3. Jackass  Mountain  Group  polymictic  cobble 

Mountain,  adjacent to dextral  fault  offsetting  Chuwanten 
thrust fault (see Figure 1-5-21, 

investigated in detail by Berman  and  Armstrong (1980) who 
concluded  that they are pan of the  Pemberton  volcanic  belt 
formed in response to  subduction of the Juan  de  Fuca plate. 

QUATERNARY  DEPOSITS - UNIT  QAL 

Hubbard creeks  are infilled  with  unconsolidated  glacial 
Paradise Valley and the  lower  reaches of Holding and 

deposits of clay to cobble-sized  material, and mantled by 
organic deposits.  Partly  stratified drumlinoid ice-contact 
deposits  are  found  along  the  margins of these  areas. 
Although not indicated on the  geology map, the  bottoms of 
other narrow valleys, such as  the  Skaist  River  and  Snass 

material, locally mantled by distal parts of postglacial col- 
Creek,  are  also filled with discontinuous  deposits of similar 

luvium  and talus  aprons. 
A thin veneer of locallv derived glacial till. colluvium 

The north-central  boundary of the recreation area, in the and  immature  soils  covers  most  slopes  and  rounded ridge 
vicinity of Mount Warburton, is underlain by Oligocene to crests.  Glacial  erratics  are widely deposited  on all exposed 
Miocene volcanics of the  Coquihalla Volcanic Complex. ridges. The  source of ultramafic erratics near Snass  Moun- 
The  dominant rock type is a fresh,  pale green-grey trachytic tain is thought to be the  Tulameen  Ultramafic  Complex, 
hornblende  andesite that forms  prominent, unstable cliffs indicating that a minimum 22 kilometres of southwest- 
and a large talus  apron.  The  Coquihalla volcanics  were directed  ice  transport  has occurred. 

- 
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INTRUSIVE R o c m  and less commonly in the  low-&vation 8:xpos ures west of ~~ ~ ~~ 

and  several dikes of uncertain age were indicated on pub- 
Prior to this mapping project only  two intrusive  bodies 

lished  regional map:; of the  recreation area: the  Miocene 

the  Lightning  Creek  intrusions (Cairnes, 1920, 1944; Rice, 
Sumallo  stock, the Cretaceous  Eagle Plutonic Complex, and 

1947: Monger, 1989). Exploration work in the  Punchbowl 
Lake area had  delineated small  diorite  bodies, and  Monger 

dikes northeast of Snass Mountain  for  which he had deter- 
(19x9;  personal  communication, 1990) reported  diorite 

mined an early Late Cretaceous date. This project  has delin- 
eated: a large ( 2 0  square  kilometres)  diorite  stock that 
intrudes  the Pasa:yterl Group  sediments and is referred to as 
the Skaist  River  stock:  several 50 to 100-hectare  diorite 

and  felsic dikes  and sills. 
plugs,  and numerou!; gabbro, diorite  and  minor  ultramafic 

EAGLE  PLUTONIC COMPLEX - UNIT  JKgd 

plex  underlies  the eajlern  part of the  recreation area in a be l t  
The late Juras;sic(?) to  Cretaceous Eagle  Plutonic Com- 

ranging from I t o  3 kilometres  wide, and  forms the core of 

boundary is in fault contact with Pasayten, Spences Bridge 
the Skaist, Kettle  and Granite Mountain  uplands. Its western 

Tertiary faults. 
and  Princeton grou?s along  the  Pasayten fault and  later 

Greig  (1988) recognized  three major units in the com- 
plex;  muscovite granite, gneissic  granodiorite  and  hetero- 
geneous  gneiss. In the  recreation area,  foliated hornblende 
biotite granodiorite and heterogeneous amphibolitic to gra- 
nitic gneiss  are t'he dominant units,  however,  in  the Granite 
Mountain area, the  proportions of pegmatite and muscovite 
granite increase. Fo'iations  and  planar  fabrics strike  mostly 
northwest with steep to moderate southwest  dips, although 

manifest as tight isoclinal and ptygniatir  folding, boudinag- 
in some  sections dip reversals are  numerous.  Deformation is 

ing of quartz veins  and  pegmatites,  and  possibly mylonitiza- 
tion. In the  Pasayten fault and  related cross-faults, the plu- 
tonic  rocks are present as well-developed quartz sericite 
schists. North of the  recreation area and  immediately  south 
of Cunningham Crcek, alongside the  Podunk  Creek  road, 
Eagle  plutonic  rocks  were  forcefully  intruded by the 
Coquihalla  Volcanic  Complex to form a breccia  zone 
500 metres  wide. Angular  fragments of Eagle complex up to 
0.5 metre across, and smaller  fragments of Cretaceous  sedi- 
ments, are  preselved in a  pinkish  brown  vitrophyric  ash-rich 
matrix displaying famme textures. 

SKAIST RIVER STOCK - UNIT Kd 

A plagioclase-hornblende-biotite-porphyritic  diorite 

bend of the  Skaist  River  and  the  ridge east  of Paradise 
stock  (Plate  1-5-4'1  has  been  delineated  between  the  northern 

Valley (Figure 1-5-:1). The body is elliptical in outline, with 
a northwest  elongation,  and has  a maximum width of 
3.8 k i lomet res  m d  maximum  exposed  length  of  
7 kilometres.  Wherz the contact with enveloping  sediments 
i s  observed it  i s  grnerally  sharp and steeply  dipping with 
only  minor  hornfelsing  or  shearing  apparent.  Thin  to 
medium-bedded CI.etaceous sediments, up to 200 metres 
thick  and traceable along  strike for up to 2 kilometres, are 
preserved at high elevations in the centsal parts of the stock, 

the Skaist River. 

structure, texture  and  composition. It is general  y  light grey 
The stock exhibits  considerikle uniformit: in intenal 

buff to light  green-buff  and contains  equmt to stubby lath- 
shaped  plagioclase  and  fresh to weakly  chlor.itizi:d 
hornblende phenocrysts  averagiug 3 to 5 IT hllimelrej in 
length,  and  subhedral to euhedral 'I to 4-IT illim itre  bioti1.e  in 

mon  texture is a weakly trachytiz: crowded pc rphyry, with 
a fine-grained light olive-buff groundmass. TI 2 most cc'sn- 

local gradations  to  less crowded  and less trach .tic var ie tm 
Along  its  eastern  margins,  a pxsible weak zonation is 
discernible,  with  biotite  pherwcrysts  incre s i n g  at the 
expense of hornblende. 

The stock  was sampled for is.olopic dating I f horrblmde 
and  a separate has k e n  prepared and subn itted to The 
University of British Columbia. :Monger (19F 9) reponed a 
Santonian age (85.7 Ma: K-AI) for  hombl :nde From a 

the south-central  margin of thr stock,  close to where >we 
diorite "dike"  which  appears t:) have k e n  c( Ilected ahng 

collected our sample. Thus, intrusion  may t ave  or:culred 
shortly  after  final  deposition of the Albim Pa ;ayten Grllup 
sediments during  a  period of cxstal  thickel ing  rmulrinp 
from  northeast-directed  thrusting i:McG oder, 19Z;9; 
Haugerud et al., 1991). I t  is ,nteresl.ing t( note that a 
lithologically similar  dike dated ;i.t 84.8 Ma (h longel, 15'89) 
is exposed in a  roadcut 16 kilo~n,::tres  to the nl +rthwest, mar  
Vuich Creek, suggesting  that early Late  Creta( eous magma- 

than  previously  recognized.  Petr:llogical  and . h e m i d  ;ma- 
tism in the  nortbern  Methow bash  may te mo  e  wid,:sp~rad: 

lyses  are in progress on these rc',L'ks. 

intrude  Jurassic  and  Early  Cret:rc8sous strata p imarily in  '.he 
Unit IKu: Diorite, gahbro and ultramafic ikes and 'i.lls; 

western half of the  study  area. 'These are gene ally Icss Ihan 

notable exceptions are  described 
5 metres wide but may extend fo' many  tens o .metres. Four 

Adjacent to the Hozameen fault a  locally ;erpentinixd, 
medium to coarse pyroxenitic gabbro with , imenr,ionj O F  
300 by 500 metres, is exposed 2,s a  fault-bou ided(:')  !;live,. 

Ladner Group sediments. The 1o::k is d u k  grt zn-brown and 
which was tectonically empla::ed, or  intrlded  into the 

contains  clusters of radiating clinopyrclxene and  rporadic 
concentrations of pyrite and  pynhotite. Its ms gins  are mr- 
ably  sheared,  serpentinized :irld silicified,  however the 
actual contact with the Ladntx  Group was lot observed. 

hornblende gabbro sill, up  to :?0 met'es tl ick and ',wer 
Northwest of Punchbowl  Creek ii me  lium-grained 

tuffaceous sediments in the han::ingwall o f t  le Chuwanten 
I kilomatre in length, intruder; [Dewdney Cn ek  Formition 

fault.  The  eastem end of the sill strikes into t le Pu rzhhwl  
Creek  fault zone, whereas  the  northwest  end crossm iupper 

crops  out 500 metres northw1:st of the rf creati,m area 
Snass  Creek and  may be related to a sirnil: r bod!  which 

boundary. Intrusion of the sill was accompa lied b,y sts,c:ar- 

traces of chalcopyrite  were ncwd. 
ing,  silicification  and pyritizatiol-1 of surround  ng sedimmts; 

A hornblende  gabbro dik.e 5 metres  .iide  by 'over 
50 metres  long  intrudes Jackass Iblountain si1 stone, agillite 
and sandstone 3 kilometres e a t  of Skagit BII ffs. Tile ws l -  
em contact of the  dike is weakly  serpen:inize 1 adjacen! ':o a 

Geological Fieldwork IYYI, Paper- 1992.1 5.i 



biotite diorite illustrating typical crowded porphyritic 
Plate 1-5-4. Skaist River stock plagioclase-homblende- 

texture. 

0.2 to 0.5 metre wide. Adjacent sediments  are pyritic. The 
listwanitic  zone of quartz-carbonate  veining and  brecciation 

dike apparently intruded a minor  fault  zone  which  was 
active  subsequent to intrusion and veining. 

broic to ultramafic sills have  intruded Jackass  Mountain 
On the  northeast slopes of Mount  Dewdney several gab- 

Group  sediments,  causing  sporadic pyritization. The largest 
sill is up to 50 metres thick  and appears  to  extend  for  over 
1 kilometre  along  strike, into  the upper  Sowaqua  Creek 

coarse grained, suggesting  cumulate textures. 
drainage. It is dark greenish black  and vanes  from  fine  to 

SUMALL0  STOCK - UNIT  Mgd 

over an area of 1 0 0  hectares,  intrudes  the Hozameen  fault, 
A massive hornblende  biotite granodiorite  stock,  exposed 

Hozameen  complex,  Ladner  Group  and  the ultramafic unit 
1 kilometre north of the confluence  of the Sumallo and 
Skagit rivers. The  contact of the  stock with most of these 
rocks is concealed  although there is some  evidence  for  sharp 
and  irregular  contacts with some  diking and quartz veining. 
The  stock was first  dated  by  Coates (in  Wanless ef al., 1967) 
who  determined a 84 Ma  age, but was  recently  redetermined 

by Armstrong et al. (1987)  to be 19.9 to 22 Ma (Early 

the Sumallo stock. 
Miocene).  Several mineral Occurrences are associated with 

OTHER  INTERMEDIATE TO FELSIC  INTRUSIONS - 
UNIT  Td 

Several  small  intrusive bodies of dioritic  to granitic com- 
position  were  mapped in the recreation  area. These include: 
two hornblende  diorite  bodies  adjacent to Punchbowl  Lake; 
an  equigranular  hornblende  granodiorite of unknown 
dimensions  (possibly several  hundred  metres across) under- 
lying  the headwaters of east Snass Creek,  and a  smaller, hut 
similar body on the ridge between lower  Whatcom and 
Dewdney  trails;  and  several  prominent granodiorite  to  aplite 
dikes west of Snass Mountain  and east of Mount  Dewdney. 

STRUCTURE 
The  dominant structural  fabrics and  elements  of the  recre- 

ation area trend  northwest and reflect late Mesozoic, north- 
east tectonic convergence  and  crustal  shortening. All strat- 
ified  rocks, except  for Unit OMCv, and  most  intrusive 
rocks,  have  northwest-trending  planar  foliations  and 
lineations. 

Folding is best developed in rocks west of the Chuwanten 
fault and typically occurs  as northeast-verging  upright to 
inclined  isoclinal and chevron  folds.  Folding  intensity 
increases  adjacent 10 the fault.  Two  broad,  shallow 
southeast-plunging  synforms  are  developed in Cretaceous 
strata:  the  northwest  extension of the Gibson  Pass syncline 
(Coates,  1974) which underlies  Mount Dewdney  and the 
slopes northeast of Skagit BlutTs: and a similar feature. 
referred to as the Tumbull Creek  syncline,  that occurs north- 
east and parallel to the Chuwanten fault.  Strongly deformed, 
gently  south-dipping  strata, including  thin,  boudined lime- 
stone  beds in the  nose of this syncline,  were  mapped 
1.75  kilometres  northeast of Snass Mountain. 

the  northwest-trending  Hozameen,  Chuwanten  and  Pas- 
The principal  faults in the Cascade Recreation Area  are 

ayten  faults.  East to northeast-striking  Tertiary  normal faults 
are  found in many  areas  and may  control the  physiographic 
depressions  drained  by  the  Skaist  and  upper  Tulameen 
rivers, and Snass  Creek. 

the recreation area  where it separates  Hozameen  complex 
The Hozameen  fault  trends across the southwest  comer of 

from  Ladner Group sediments  and is intruded  by  the 

characterized by a zone of high strain and brecciation. and 
Miocene  Sumallo  stock.  The  steep west-dipping  fault is 

emplacement of the adjacent  ultramafic  body, analogous  to 
its development may have been accompanied by tectonic 

the Coquihalla  River  area  (Ray, 1990). Precise timing of the 
fault  movement is uncertain,  however,  Ray concluded that 

to a  long  period of recurrent movement,  mainly  during the 
its  regional importance ;as a gold  exploration target is related 

Cretaceous. 

central part of the  recreation area. Along its length  the 
The  Chuwanten thrust fault strikes northwest through  the 

Ladner  Group is thrust  northeast over Early Cretaceous 
Jackass Mountain and Pasayten Group sediments.  Field 
evidence  suggests that  the fault propagated along a detach- 
ment  zone  defined by the  brittle-ductile contrasts between 
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thin-bedded  argillaceous  and massive volcanic  units in the 
Ladner  Group. 

changes  from a :simple, steep  southwest-dipping  planar 
The thrust zone is Icomplex as  shown on Figure 1-5-2. It 

geometry in  the  southeast, to a segment of steep  and north- 
east  dips  east of ,Snass Mountain,  complicated by dextral 
shear  along  east-trending wrench faults. It eventually splays 

dise Valley. Deformation in the lower hangingwall of the 
into  a  system of imbricate  thrust  sheets  northwest of Para- 

thrust is manifest as tight  east-verging to upright and partly 
overturned isoclinal drag  folds, shearing.  locally intense 

coplanar  quartz ami carbonate  veins.  The  thrust  has 
stretching  and  pencil  lineations,  and  development  of 

dikes and  sills and the Punchbowl  Lake  area diorite.  Pro- 
localized  a number 01 intrusions  including gabbro to diorite 

nounced quartz-pyrit~: alteration is present in sediments and 
intrusions  adjacent tJ the thrust in the Punchhowl  Creek 
area. 

east into washing tor^ State where it becomes the Canyon 
The fault is tral:eal,le for more than 80 kilometres south- 

Creek  thrust fault and  terminates in the Canyon Creek  tear 
fault  (McCroder, 1989). It is also  traceable  for  over 
75  kilometres northvlest to Boston Bar,  where it terminates 
in  the  Fraser fault  s)'stem.  The regionally significant Tred- 
sure Mountain  lead-silver-zinc-copper-gold deposit  occurs 
in a  splay of the fault  (Meyers and  Hubner, 1989). 

fault which places the Cretaceous Eagle Plutonic Complex 
The third major  fault in the  recreation area is the Pasayten 

against  the  Methow  basin  stratigraphy. 'The fault trace  lies 

position  on  regional  maps  (Monger, 1989). It is best 
up to 1.5 kilometres northeast of its previously  indicated 

exposed  southeast o f  Hubbard  Creek  where  pale buff to 
grey-green  quartz !.ericite schists  and  stongly  fractured, 
quartz-sericite-pyrite-carbonate-altered sediments  charac- 
terize  the  fault  zone The Pasayten fault has been disrupted 
by east to northeast.trending Tertiary(?)  faults. 

GEOCHEMISI'KY 

rock and surfici.al materials is an integral  component in 
Information on ttte distribution of trace elements in  bed- 

determining  prospective metallogenic environments.  The 
geochemical sarnpling component of this  mineral  potential 
study  included  the  following: 

Detailed d~rainage-sediment  (moss mat  and silt)  and 
water geochemistry, with an average density of one 

Lithogeochenlical  sampling of known  and  newly 
sample  per 1.3 square kilometres. 

located  mineral  occurrences.  alteration and shear 
zones. 
Collection of representative rock types for  major  and 
trace element  determinations. 

contract in 1990 resulted in collection of samples  from  74 
The  initial drain.lge-sediment  sampling  conducted under 

sites. Chemical  analyses for the standard  Regional Geo- 
chemical  Survey (RGS) suite of trace elements were  visu- 
ally interpreted an'l assisted in guiding mapping and  pro- 

in the  collectiorl of an additional 72  samples. Representative 
specting  in 1991. In-fill  sampling  during mapping  resulted 

samples of mineralized  and  altered zones, and common 

Geological Fieidwrk 1991, Paper- 1992-1 

lithologies,  were  collected durinjl mapping, 1 )r ch1:mcid 
analysis  and to assist with intwpretation of .he silt ,and 
moss-mat geochemical  data.  The final projec repon  uill 
include sample location maps,  nulti-element plots  high- 
lighting anomalous  drainages and data interprc tation 

ECONOMIC GEOLOGY 

tion Area contains  metallogenic  environmen s typicall of 
The tectonostratigraphic settinti. of the Cas1 ade Rec,rm- 

deformed,  convergent  terrane margins;. Mir :ral depcNsit 
types recognized  include: 

Base  and precious  metal veins associated vith regimal 
and  local faults. 
Gold-bearing  base  metal  veins,  dissem  nations m d  
listwanite(?)  associated uith ultramafic  and ::ahl,ro 
intrusions. 
Precious  andfor base  metal ,veins, dissen inations and 
skarns associated  with mdfi:. to feisic in1 usions. 
Polymetallic quartz  veins il l  lnetamorpho! sd granitcsids 
and supracrustals. 
Base metal  sulphides  in p:,'r:ltic sedlmenl ;. 

Table 1 - 5 1  summarizes the  mineral *occur 'ences in the 
recreation area,  and is based on fii:ld exaninati ,n and litwa- 

quartz-carbonate  alteration, shearing  and pyrit zatior wtlich 
ture review. A number of minor  occurrences and zone!, of 

are  not  documented in the table u ill he dcscrih :d in the flrlal 
report. Tbree  key  areas of mineralizaiion  re  desclibed 
below. 

PUNCHBOWL LAKE  ARE.\  (MINI'ILE 
92HSW151, AND UNDOCUMENTED) 

covered by R. Rabbit1 in 1984 and prelimina y exploratiorl 
Mineralization in the Punchr)owl Like i rea u a s  Lis.. 

was canied  out until 1987  w'nm the rzcrea ion  area via:; 
designated  and no further  explxation pr:rmitt  :d. Two ars:ai 
of mineraliration  reported by Cardinal ( 1  8 6 a ,  b) and 
Kallock (1987) were  geologically mapped i nd re!;am?led 
(Figure 1-5-3). To date  neithel of  thesa pros] ects has 1n:en 
geophysically  surveyed or  drille8i. 

located ;approximately 1 kilometre north of PI xhbowl I.&a 
The Punchbowl  Creek 0ccum:nce (M1 - F gure 1-52) is  

and 500 metres  south of Paradise Meadows u here the co.-ek 
has  deeply  incised  the lower vzdky. The  area s undcrlair, by 
thin to medium-bedded Pasayren Group silt: ones, ar:<illite 
and  arkose  intruded by altered hornble Ide c lorite dikt:!; or 
plugs. There  are  few  exposurfs of thz intfusive(sj  away 

dominated by a  zone of high strain parallel o the c r e k  It 
from the creek so dimensions  are uncertain. SINC~UI,?~ are 

Chuwanten  fault trace,  and m , q  be the  term nus fc'r 51 zon,e 
appears  to  have  caused  dea.tral oFfset of t t e   ma in  

of imbricate  thrust faulting to the nurthwc it (se,? I'1j:ure 

vertical dips, compared to northwest strike: and mo,derai:e 
1-5-2). Sediments  along  the crei:k strike nort I with st4:I:p lo 

southwest  dips  away  from the  creek. Sedime Its are  sheared, 

for  over 200 metres  along the ::reek.  Adjacc nt to the rnain 
intensely fractured and  pervasively si1 cifie, . and  pyritizsd 

intrusive  body, bedding-pariillel and  cros:  cutting sllears 
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contain narrow, discontinuous  quartz  veins with variable 
amounts of pyrite and  arsenopyrite,  and trace amounts of 
chalcopyrite. sphalerite and galena. Trace element  analyses 
of the samples plotted in Figure 1 - 5 3  indicate anomalous 
concentrations of gold, zinc, lead,  copper,  arsenic and tung- 

contain  up to 267 pph  gold, 0. I per  cent zinc,  and 5200 ppm 
sten  (Table 1-5-2). Pyrite veinlets in silicified  Unit KP 

lead. 
The  Punchhowl Fault occurrence (M2 - Figure 1-52)  is 

crest at the  head of a prominent gully. The gully follows an 
located SO0 metres  west of Punchhowl  Lake on the ridge 

east-trending  fault which splays  into several minor  faults  on 

hornblende diorite plugs. The hostrocks are thin-bedded 
the ridge,  where it is intruded by  two small, irregular  shaped 

Dewdney Creek  tuffaceous  argillite, sandstone  and lapilli 
tuff, which have  been moderately hornfelsed and  weakly 
pyritired up to several  metres  away from the diorite contact. 
A prominent  northwest fault  splay has  localized a quartz- 
ankerite vein 30 centimetres wide which can be traced for 
200 metres along strike.  Trenching on the vein  has exposed 
irregular  hlehs. streaks and disseminations of pyrite, chal- 
copyrite. galena,  sphalerite and arsenopyrite.  Samples plot- 

SUMMARY OF MINERAL  OCCURRENCES  IN THE CASCADE  RECREATION  AREA 
TABLE 1-5-1 

NO. NAME 
MAP MINFILE 

COMMODITIES  REFERENCE EAST NORTH DESCRIPTION 
UTM Zn 10 

MI 

M? 

M? 

M 4  

M5 

M6 

M7 

M8 

M9 

Punch Bowl 

Punch Bowl Fault 
K.C.M. 

Granite  Scheelite 

Skaist River 

Ford 

Forks 

Dingo 

Silver Queen 

Mammoth 

Zn,Ag,Au.Ph.Cu 

Au,Ag,Cu.Ph.Zn 

Au,Ag,Cu.Zn,Pb 

CU 

Au,Ag 

Ni 

Ag,Cu.Au,Mo 

Ag.Pb,Zn.Au.Cu 

Schmitt and 
Stewart. 1991 

Schmitt  and Stewart. 
1991:  Cardinal,  1985 

this report, 
Brown. 19x0 

this report 

Barde, 1984 

M.M.  ANN RPT 1938 

M.M. ANN RPT 1927 

M.M. ANN RF‘T 1915 

Ni,Ag,Au.Cu,W,Mo EMPR Propeny Files 

646432 

645s50 

654966 

654469 

639295 

639585 

640446 

640559 

639266 

5461x59 

54h05m 

546740X 

5461147 

5459572 

54545 12 

5454101 

5453641 

5453546 

hornblende diorite incrudes Pasaytrn Group sedi- 

disseminations in q l ~  veins,  shears  and fractures. 
mmts: py, C Q ~ ,  gn and SQ uccur as blebs and 

q17 veins are developed along [he faulted contact 
berween several diorite  dikes  and  Dewdney 
Creek Fomat~on fine-grained volcanichstics. py. 
gn. C Q ~  and SQ occur in qtr veins  and  harnfelsed 
Dewdney  Creek  rocks. 

mineralized q r ~  occurs along the contact of qtl- 

biotite  amphibolite in the Eagle Plutonic Com- 
albite~muscovite pegmatite  and  hornblende- 

pkx:  mineraliration COnSiStS of disseminated py. 
en. sp and C Q ~ :  assays returned  elevated Au, Ag, 
Cu. Pb and Zn YPIUCS. 

semimasrive and disseminated py and cpy occur 

volcaniclastics near the contact with  the  Skaist 
in sheared  and  altered Spences Bndge Group 

River  diorite stack. 

qtr veins up tu 15 cm in  width cut Hazameen 
Group sediments  and return trace Ag. Au. Cu. Pb 
and  Zn  values. 

a serpentinired  ultramafic  body  intrudes Hora- 
mern Group mcks east of the Hazameen fault; pa 
is  disseminated  throughout, significant Ni values 
are reported. 

a Miocene granodiorite  stock intrudes Ladner 
Group sediments east of the Hozameen fault: 

mo and cpy mineralization: assays returned sig- 
small sheared zones within the intrusion  contain 

nificant Ag and Cu values and trace Au. 

Ladner  sediments  east of the Hozameen fault are 

d e s  and narrow stringers of gn. cpy, py and  po in 
intruded  by a Miocene  granodiorite stock nod- 

qtr are hosted by  the  intrusive; assays returned 
Au, Ag, Cu, Pb and Zn values. 

a IS-metre-wide  one of altered limestone of the 
Hozamern Group near the Hozameen fault hosts 
disseminated PO. py. aspy  and CQY mineralization: 
a 0.9~metre calcsilicate vein  hosts scheelite and 

and mo. 
PO mineralization  wilh minor amounts of sp. pyr 
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ted on Figure 1-5-3 are  anomalous in base  and  precious SKA~ST RIVER 
metals (Table 1-5-.2). l h e  highest  concentrations of metals 
occur in quartz vein!; in the fault splay. Homfelsed sedi- 
ments contain anomalous tungsten  and  slight enrichments in 
zinc.  A  recent  assessment  report documents a broad zone of 
anomalous zinc  and  arsenic in soils, suggesting  the  possible 
prebence of additional  mineralized  structures  (Kallock, 
19x7). 

A previously  undocumented  mineral occ lrrence was 
found  during mapping in 1991 along the sout least contact 
of the  Skaist  River  stock, 500 metres north )f the %;list 
River (Figure 1-5-2, M4). The main stock and ~ atellit: dilies 
of hornblende biotite diorite intl-ude thin '0 me Jium-lxddod 
tuffs and  tuffaceous  siltstone,  wacke  and ar :illite of the 

of a sheared  quartz vein 15 ':o 30 centime res wide 3y 
Cretaceous  Spences  Bridge GroLp. Mirlr,raliz. tion consi!its 

GRANITE SCHEELITE 
1.5 metres  long  with massive  to handed p y ~  Ite an'd trace 
chalcopyrite. The  exposure is on :* steep, outc and t;l: LIS- 

(MINFILE 92HSE.101 - M3 FIGURE 1-5-2) covered slope. Down  slope, alonl! strike, the v >Icanit:lastics 

Creek. In 1969 Silver Tip Explorations Ltd:advanced an 
adit SO metres alortg the vein system and conducted a 
milling test of 132 tonnes of ore, the  results of which are 

Columbia 1969, p. 282).  Detailed  surface  sampling of 
unknown (Geology. Exploration  and Mining in British 

trenches  and  a five-hole  drilling program were carried out 
by Long Lac M i n e d  Exploration  Ltd. in 1980 to test the 
gold and  silver  potential of the  vein  sqstem under option 
from  Northern Lllghls Resources Ltd. (Brown,  1980). Long 

limited economic potential.  Apart from limited  interest in 
Lac relinquished the option after  concluding that there  was 

metal  geochemi,cal  analyses  from this property  despite 
tungsten  during  the \var years  there is no record of base 

recognition  of  ctalcopyrite,   galena  and  sphalerite 
mineralization. 

The prospect is underlain by chloritized hornblende,  bio- 
tite and garnet-bearing amphibolites of the Eagle  Plutonic 
Complex which have  been  intruded by one  or  more  quartz- 
albite-muscovite pegmatite  dikes, and  later diabase  dikes of 
possible  Princeton Group affinity  (Figure  1-5-4).  A series of 
parallel and  bifurcsting mineralized quartz veins  up to I 

and  amphibolite ard locally offset by minor faults. The 
metre wide are parallel IO the contact zone of the pegmatite 

main vein systelm strikes 150" and dips steeply  northeast. 
All rocks  have umdergone high  strain, with development of 
schistose  and fine-&rained  recrystallized  equivalents. 

Mineralization o x u r s  as  hlehs, small  lenses  and dis- 

principally in the quartz  veins hut also disseminated in 
seminations of pyrite, galena,  sphalerite and chalcopyrite, 

concentrations  are erratic along the strike length of the  main 
adjacent amphibolites and quartz-sericite  schists.  Sulphide 

vein system. Table 1-5-3 lists our preliminary analyses of 
selected vein samples.  High gold  values of 60 grams  per 
tonne and silver  vllues of nearly Z o o 0  grams per  tonne 
occur in  narrcmw quartz  veins  carrying  chalcopyrite. 
sphalerite  and galena. Mineralization has an interesting 
polymetallic signature, including anomalous  antimony,  cad- 
mium  and  bismuth. which  may  reflect  a  volcanic origin of 
the amphibolitic unit  (Nelson in Brown, 1980) and  offer 
new possibilities for regional  exploration in similar  amphi- 
bolitic  units  in  the Eagle Plutonic Complex. 

SUMMARY 

Recreation  Area was completed i n  1991. The 16 780 h e x  
A two-year mineral-potential field sl.t.dy o the  Cascade 

recreation area was mapped al :I scale of I :  !O 000, pros-  
, . ire 

pected and  geochemically sanq,led in ,order to proviclc: a 
comprehensive mineral  potential  database  for orivatr! inhs- 
try and government decision  makers. Publi :ation of Ihe 

early  1992, will initiate  a further  minimum I O  year expllxa-. 
final report  and  interpretation of this  study, icheduled for 

period will be  jointly  administered hy the Ministrie:. of 
tion period in the  recreation a r m  Exploratil n dur ne, this; 

Energy,  Mines and  Petroleum 1I.esourm:s an I of Envilron-. 
ment, Lands and Parks. 

succession of Mesozoic marine and nomnarin ! sediment;%ry 
The  Cascade  Recreation Are,a is underla n by a t l ~ k  

and  volcaniclastic  rocks of the :Methow basi between the 
Hozameen Complex (Bridge Ri\ er Tenine) t+ the  west and 

and  associated  plutonism  during the Late  Jurassic and 
Eagle  Plutonic Complex to the t:ast. Acmetic iary 1ect'onic:i 

throughout the Cretaceous r e sukd  in the de\ :lopment c4 21 
number of intrusion  and structure-asso~:iate~ metallogenic 
environments.  The  area's mineral  potential [as been ,sub- 
stantially  upgraded  through: del neation of th ; Skaist IRiver 

Bridge Group volcanics  and derived chstics defirition of 
stock;  recognition of abelt of prc:viously unm. pped .Spences 

the structural complexity and intrusive acti  .ity along ths 
Chuwanten fault, mapping of mafic a n j  ultl maf ic  bodies 
along  the  Hozameen  and  Chuwanten  faul s and wthin 

database. 
Ladner Group  sediments; and an improve1 geochemical 

ognized:  quartz-carbonate veirts cont,3inin;,  gold,  silver, 
Potential for  the  following mineral depos t types is rec- 

copper, lead and  zinc, associale,:l with r:gion 11 (Hozanleen, 

alization  hosted by various r ' xk  types; qu; rtz veins., di:;. 
Chuwanten,  Pasayten) and r e lmd  minor faul s, with rniner- 

seminations, and skams cont3ining  a miel y of base and 
precious  metals  associated wi'rh intrusive rocks ranging 
from diorite to pegmatite;  and !veins artd di: ;emin:itims of  
nickel  and gold-bearing  sulphides  asswiatr 1 wit11 giltlbro 
and  ultramafic  rocks. 
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Figure 1-5-3. Geology, location and lithogeochemical  sample  sites  at  Punchhowl  Creek and Punchhowl  Fault  occurrences 
( M I  and M2, Figure 1-52) ,  Sample  analyses  and  descriptions in Table 1-52,  
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TABLE 1-5-2 
SELECTED  TRACE ELEMENT  ANALYSES OF PUNCHBOWL FAULT 

.AND PUNCHBOWL  CREEK  MINERALIZATION 
- 

Sample 
Number ( w b )  

PUNCHBOWL  FAIJIT OCCURRENCE 

__ "" 
All Ap C" Pb Zn AS Sb Y Ni 

- 

16279-1 
16279-2 
16279.3 
16279.4 

<5 
<5 <0 6 

<Oh 
<5 
624 

<0 6 

<5 <O.6 
4rth 

5 <n 6 

21s 
5 1.2 

140 
10 

> Im 
0.2 

> Irm 

PIINCHBOWL CREE6 OCCURRENCE: 
GS%1-3 
GSY0~4 

<5 
<5 

<0.6 

CSYO-5 
<O.6 

267 
RSYUC~20 

4 
19 2 

RS90C-50N 13 I 
RS9OC-50NA 
RSYOC-50NB 

R 

RSYW-hON 5 0.6 
2 

I26 
14 

44 
59 

440 
31 

34 
7h 

310 
54 

I18 
35 

31 
99 
6O 
94 
59 
36 
28 

2 

<3 
3 
h 

<3 
6 

7200 
73 

1700 
9 

970 

<3 
5 

43 
35 
II 
12 

<3 
II 

51 
I 22 
116 

65 I .o 
X 2.2  

54 2.0 
(I.:l6% 130 I (In 

71 
14 0.h 

2. I 2D7 
88 

770 
600 

I 1 0 0  

206 
5700 

73 

58 
58 

I36 

9 
4 

0.6 I2 
>4 

14 I .3  I10 
42 

310 
I 69 

4.5 
45 

19 
I .4 

290 14 (1.7 
16 

I X) 

0.4 
420 I6W, 0.9 10 

I 30 
0 . m  

0.8 I )n 

16279-5 - 8S 13 253 520(1 >IO,oOu I60 

All v n l ~ r s  in ppw unless otherwise  indicated 
A". As. Ni. Sh and W determined by instrumental neutron activation analyses (INAAI 
Ag, Cu. Ph and 2:" determined by at on^!^ ahsorptmn spectrometry (AAS) 

Sumplr drscr-iprinnr 
RSYK-IOB: Sheared Jnit JDt a1 diorite contact RSYOC-SflNA, pyrite vein in silicified silt'tclle Unit E P 
RSYOC-IOC. sheared .Init JDt with disseminated pyrile 
RSYOC-IOD hornfelacd tuffaceous siltstone Unit JD 
RSYOC-IOE sulphide kar ing qumr vein in f w l t  mne 
RSYOC-IOF IO~metre chip sample pyritic  humfclsed Unil JDt 
RSYK-IOG: pyri8:ic humhlende  diorite  Unit Td Sumplrs reponed in Kollorl (1987): 
GS90-3: pyrttic  s>liuifled SIIIS~UIICI. Unit KP 16279~1: lapilli  tuff Unil JDt 
GS9D-4: pyritic  silicified siltstones Unit KP 16279-2; quartz-galena naat near fault 
GSYO-5; pyrite veinle'r in silicified siltstones Unit KP 16279-3: mine:alixd quanr vein in fault .!one 
RS9OC-20 pyritic, prlpylitic altered diorite Unit Td 16279-4 qumz-limonite veinlets in  Unil :Dl, averagi of 4 
RS9K-50N; pyritic siltstones Unit KP B c r o I ~  I n  metreb 

RSYOC-SONE: pyrite w i n s  in silicified Uni t  KP 
KSW-60N;  pyrite veins in silicified Unit It.P 

16279-5; pyrite veinlets in silicified  Unit ]<I' sediments 

2 ,0 
.8 

1 0  
I '0 

'6 
18 
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GRANITE - SCHEELITE 
OCCURRENCE 

MI 92HiSE 101 

EOCENE 
PRINCETON GROUP 

BASALT.  DIABASE 

CRETACEOUS 
EAGLE PLUTONIC COMPLEX 

ORTHOGNEISS 
::Kg:: QUARTZ-ALBITE~MUSCOVITE PEGMATITE, 

DIORITE  GNEISS 
Km HORNBLENDE-BIOTITE  AMPHIBOLITE, 

Geological contact. . . . . . . . . . . . . . . . . . . . . . . .  / 
Fault or shear  zone. . . . . . . . . . . . . . . . . . . .  // 
Mineralized  quartz  vein. . . . . . . . . . . . . . . . . . . .  \ 
Foliation.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 5 0  

Prominent joint pattern. . . . . . . . . . . . . . . . . . . .  

Strike  and  dip of ve in , .  . . . . . . . . . . . . . . . . . . . .  ks0 
Lithogeochemical  sample; this study. . . . . . . . .  ~ ~ 9 1 - 2 1 - 1 1  

Brown(1980) 
Lithogeochernical  sample,  position  approx. . .  B 

20 METRES 

Figure 1-5-1. Geology and lithogeochemical sample sites at the Granite-Scheelite warrence  (MINFILE 92HSE101 and M3, 
Figure 1-5-2). Sample  analyses and  descriptions in Table 1-53, 
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KAKWA RECREATION  AREA:  NORTHEASTERN  BRITISH  COLUMBIA 
GEOLOGY  AND  RESOURCE  POTENTIAL 

(93H/15, 16, 931/1, 2) 
By J. Pell, .J.L. Hammack, B. Fletcher and W.D. Harris 

Geological Consultants 

KEYWORDS: Regional geology, Kakwa Recreation  Area, 

phosphate,  lead-zinc barite, mineral potmtial. 
resource assessment. stratigraphy. coal, dimension stone, 

INTRODUCIION 
The Kakwa  Recre.rtion Area  encompasses approximately 

128 000 hectare's ( 2x0 km') of wildernesh land imme- 
diately  west of the Alberta  border and approximately 
70 kilometres north of the town of McBride, British Colum- 
bia. at latitude S4"OI)' north,  longitude 120"20' wcst (Fig- 
ure 1-6-1). I t  is thc  northernmost parr of  a  contiguous, 
northwest-trendirlg belt of  parks and wilderness  areas that 
includes Yoho N;ltion;rl Park and Mount Robson Provincial 
Park in British Colwnbia. and Banff and Jasper National 

Parks  and Willmore  Wilderness .Area in Albert;,  The  .ire# IS 

quite  remote  and access is generally on lhmeb  sk ,  011 b a t ,  
or by helicopter or float plane. .!,I old lorging road, a h g  

ern edge of the  recreation area ;lrd an extensi, n leads l,rllo 
the McGregor River  valley,  leads to the s ~ t h e  n and west- 

the  area:  however, wash-outs along this road I ave mad? i t  
impassable to vehicles.  Trails suit~rble  for dirt t ikes a ld  2111- 
terrain  vehicles lead into  the nurtheaster~ par of the mea 
from Shelman Meadows, in  Alberta. 

Relief in Kakwa is considerab~.:. with clevat ons rmgir,g 
from less  than 915 metres (3000 feet) ir the larvis Creek 
valley, along  the  western eclp,: of the ar :a, tc c','t:r 
3050 metres (IO 000 feet) at Mourlt Ida ( 3  190 n )and W O I I I I ~  
Sir Alexander (3275 m). Much of the terrain s ver)  sleep 
and cliffs are common. There arc: .arge  icefield near Wollrt 
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Ida. Mount  Sir .4lexander and Mount Dimsdale  and  along 
the  northwestern  boundary of the  recreation  area. 

part due to its  remoteness. There  are  coal leases in the 
There has  been very little exploration work in Kakwa, in 

northeastern  part of the  region  and some oil  and gas permits 

centre of the region,  has  been examined  for its potential as a 
were also held  there in the early 1980s. Quartzite,  near the 

kilometres north of the  recreation area and  a gypsum pros- 
building  stone.  A lead-zinc-barite  showing is located  a few 

pect a short  distance  to the  southeast.  Although  there has 
been  limited  activity,  the geology  indicates that a number of 
potentially economic  commodities  could exist  within  the 
boundaries of the  recreation area, including coal, phosphate, 
gypsum,  lead, zinc,  barite  and dimension stone. Kakwa 
Recreation  Area is currently  under  consideration  for 

reclassification.  the  mineral  potential of the area  must  be 
upgrade to Class "A" park  status  and,  prior to its 

evaluated, which is the focus of this  project. 

GEOLOGICAL  SETTING 
Kakwa lies within the  Foreland  tectonostratigraphic divi- 

sion of the Canadian  Cordillera  and is underlain  by a 
sequence of carbonate and  clastic sedimentary rocks rang- 
ing  from  Late Precambrian to Early Cretaceous in age. 

faults  are the dominant  structures in the region.  Major  thrust 
Folds and  southwest-dipping, northeasterly  directed  thrust 

sheets contain strata which  generally young to the northeast. 
Previous work in the area includes  regional mapping by 
Campbell,  Mountjoy and Young (1973), McMechan  (1986). 
McMechan  and  Thompson (1985) and  Taylor and  Stott 
(1979). 

STRATIGRAPHY 
UPPER PROTEROZOIC  (HADRYNIAN) 

hangingwall of the Mount St. George fault in the Moonias 
Rocks of the  Hadrynian Miette Group  are exposed in the 

Mountain area; the Snake Indian and  Wishaw  faults near 
Intersection Mountain; and  the  Mount Sir  Alexander and 
Wishaw faults  south of Wishaw  Mountain (Figure  1-6-2). 
Only the  upper  parts of this  unit are  exposed within  the 
study area  and  detailed  observations were possible only in 
the Moonias Mountain  and  Intersection  Mountain areas. 

observed.  The lowest  comprises a relatively  resistant, 
At  Moonias Mountain  two lithologic  units  were 

thickly  bedded,  medium  brown  weathering  quartzite- 
granule  to  pebble  conglomerate,  quartz  wacke and medium 
grey  quartz  arenite,  interbedded with brown  and  grey- 
weathering argillite and  minor  light grey quartz  arenite. 
Minimum  thickness  for this unit is  300 metres. The  con- 
glomerate is composed of well-rounded quartzite pebbles 
supponed by a  matrix of medium-grained, poorly  sorted 
quartz wacke. This  lower unit is overlain by in excess of 
200 metres of thinly bedded,  dark brown-grey  argillite with 
thin  silty interbeds. Silty  beds are locally crosslaminated 
and show  graded  bedding.  One thick unit within  the  argillite 
has  abundant  tat-weathering  dolostone  breccia blocks of 
probable  olistostromal  origin.  These  blocks  are  up  to  6 
metres in diameter  and stand out in relief against the more 
recessive  argillite. 

68 

Group include  a well-bedded, cliff-forming unit consisting 
In the  Intersection  Mountain area, rocks of the Miette 

of medium  orange-brown-weathering,  dark  grey,  calcareous 
quartzite-granule  conglomerate  and  quartz  wacke  with 
interbedded medium to dark grey phyllite. This unit is 
underlain by a thick, poorly exposed,  dark  grey phyllite. 

LOWER PALEOZOIC 
Lower  Paleozoic  strata underlie a significant  proportion 

of Kakwa Recreation  Area (Figure 1-6-2)  and comprise a 
conformable  sequence that  disconformably overlies Pro- 
terozoic  rocks. The  Lower  Cambrian  Cog  Group, which 
forms  the  base  of  this  succession,  consists  of  the 
McNaughton. Mural and Mahto  formations (Table 1-6-1). 
The  McNaughton  Fonnation is a resistant,  rusty to  dark- 
weathering  unit that forms a thick and fairly monotonous 

quartzites.  These quartzites are  often  laminated  or 
sequence  dominated by medium to thick-bedded light grey 

crosslaminated: thin  black shale  layers  and  granule to 
pebble-conglomerate beds are present locally. In some  areas 
crosslaminations  are stained  pinkish,  giving  the rock an 
attractive  banded  appearance. In the  area  south  and west of 
Wishaw  Mountain, black siltstones and argillites are inter- 
bedded with the quartzites  and  locally form units tens of 
metres thick that  contain thin quartzite  interbeds.  The 
McNaughton  Formation is largely  devoid of fossils: 

meandering patterns on  bedding planes, suggestive of worm 
however,  trace  fossils  such as  worm  tubes (Scolithus) and 

trails, occur in the  upper  parts of the  unit. In the Kakwa 
area, the McNaughton Formation is estimated to be approx- 
imately 1500 metres thick (McMechan, 1990 Slind and 
Perkins,  1966). 

The Mural Formation is a  reddish  brown. recessive unit 
predominantly  consisting of silty and  sandy  dolostones, 
dolomitic  quartzites,  shales and minor  limestone. Its contact 
with  the  underlying McNaughton Formation is gradational 

dolomitic  quartzites and dolostones.  The Mural  Formation 
and consists of a zone of interbedded  light grey  quartzites, 

Orange to tan  dolostones,  dolomitic  quartzites  and grey 
begins where  dolomitic  rocks  dominate  over  quartzites. 

quartzites  characterize the lower part of  the  formation, 
while grey and greenish grey  shales, grey  crystalline  lime- 

common in the  upper  part. Dolomitic  quartzite  beds often 
stones. dolostones  and lesser amounts of quartzite  are  more 

grade up-section into  sandy dolostones. Scolirhus worm 
tubes  are  common in the  sandy  layers (Plate 1-6-1). This 
formation is 225 to 300 metres thick in the  Kakwa region. 

overlying  the  recessive Mural Formation. In the  Kakwa  area 
The  Mahto Formation is a  grey to maroon,  resistant  unit, 

it is approximately 300 to 350 metres  thick.  It consists of 

thick-bedded quartzites with minor  amounts of interbedded 
light  grey to creamy beige,  pink  and  maroon, medium to 

brown and dark grey sandy  shales, dolomitic  quartzites  and 
siltstones. As with the other units of the Gog  Group, fossils 

ally  fine to coarse  grained  and,  locally,  granule- 
are restricted to Soolithrrs worm  tubes. Quartzites  are  gener- 

conglomerate layers are present. Colours of the quanzites 
vary from  solid  greys,  pinks  and  maroons to very attractive, 

pink and  creamy white (Plate 1-6-2). 
intricately  swirled  and  banded  patterns in shades of maroon, 
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TABLE OF FORMATIONS 
TABLE 1-6-1 

LOWER  CRETACEOUS 
Gates Fm: 12-1 10 m) sandstone. carbonaceous shale, coal 

Moosebar hn: ( 5 5 0  mi shale, minor sandstone 

Gething Fm: (25-UO m! sandstone. sillstone. coal 
Cadomin F m  ( t 2 5  m) conglomerate 

unconhrntity __ 

(Middle and Torrens River members, in descending order) 

BULLHEAD  GROUP 

~- 
MlNNES  GROUP 

Gorman Creek Fm: 1650-1000 m! sandstone. siltstone. minor cwal 

1200-400 m) sandstone, dtslone. shale 
UI'PER JURASSIC  AND  LOWER  CRETACEOUS 

Monteith F m  
JL RASSIC 

-_ unconfonnity __ 
Fernie Fm: (250~900 m) shale. silly sandstone, siltstone 

TIIIASSIC 
- .~ 

SPRAY  RIVER  GROUP 
Whitehorse Fm: l130~400 m) dolustone. limestone, evaporites 

(Winnifred. Brewster and Starlight  evaporite members. in descending order) 
Sulphur Mountain Fm: (405~475 mi dtstone, silty limeslone 

(Llama. Whlstler and Vega-Phrusu memhen. in descending order) 

PERMIAN 
Mowich Fm: It IO m) sandstone, conglomerate at base 
Belcoun Fm: ( > I O  m) limestone, conglomerate at base 

UPI'ER CARBONIFFROUS 
Haninglnn l'm: (0-5 m) limestone wibasal pebble conglomerate 

- unconfonnity ~ -.__. 

L'IWER  CARBONIFEROUS 
RUNDLE GROUP 

(Mt. Head. Turner Valley. Shunda & Prkisko formations. in descending order) 
12400 m )  limestone, dlrloslone 

UPPER  DEVONIAN  AND  LOWER  CARBONIFEROUS 
Exrhaw & Ran11 fmr: IIHOL2M) m) rhale, minor limestone 

~~ ""c""f0rmity 

UPPER  DEVONIAN 
Palliser Fm: I1530 m) limestone Ifossil-poor1 

Flume Fm: 
. 
175-145 m) limestone, slromalopomid biostrome 

- unconfmniry __ 
MIDDLE  DEVONIAN 

Dunedin Pm*: 
" 

(160 m) limcstonc, svltwme. conglomerate 
unconf<,mity __ 

MIDDLE  ORDOVICIAN 
Unnamed unit': 
Skoki Fm: II I0-3XC m) dolostone. minor limestone 

Monkman  quartzite: 
Survey Peak Frr: l45llb600 mi silty dolostunc. limestone, shale 

(30-75 m l  quanrite, dolomitic quartzite 

l>75 mi dolostone. quamite and limestone 

LOWER  ORDOVICIAN 

LPPER CAMBRIAti 

MIDDLE  CAMBRIAN 
Lynx  Fm: 

Arctumvs Fm: 
Pika i;: 
Eldon Fm: 
Snake Indian Fm: 

LOWER  CAMBRIAN 
COG GROUP 

Mahto Fm: 1300-350 m) maroon. pink. grey quartzite, dolastone 

McNaughton Fm: 
Mural Fm: 1225-300 m) duloslone. quartrile. limeslone, shale 

I? IS00 ml quartzite, granule conglomerate 
" unconformity ~ 

llPPER PROTEROZOIC 



P!ate 1-6-1. Subvertical Scolirhru worm tubes in Lower Plate 1 - 6 2 ,  Intricately swirled  colaur-handing patterns 
Cambrian  quartzites *ithin the Mural Fornmation.  Section in Lower  Cambrian  Mahto  Formation  quartzites. Banding 
vicwed is perpendicular to bedding. parallels solution fronty. Symhol indicate? bedding 

orientation. 

The  Middle Cambrian Snake Indian  Formation is a  reces- 100 metres of ribbed-weathering strata of the Pika Forma- 
sive to ribbed-weathering unit with colourful banding in tion. 
shades of tan, red, green and grey, and overlies the Mahto 
Formation quartzites  (Plate 1-6-3). The  lower part of the 
formation is more recessive and tan weathering; it consists 
of thin-bedded re,d, green  and  grey shales, with tan-coloured 
dolostone, silty limestone layers and  minor  sandstone inter- 
beds. l h e  upper part of the formation is ribbed weathering, 
with thick  resistant grey limestone  units  separated by reces- 

ded  dolostones.  The  limestones  are variably thin to thick 
sive bands of brightly coloured  shales  and thinly  interbed- 

dence of bioturbation, with dolomitiLed burrows.  The  top of 
bedded,  wavy  bedded to nodular  and commonly  show  evi- 

coloured shale  and dolostone  (Mountjoy  and Aitken. 1978). 
the fonnation is marked by the last thick, recessive,  brightly 

Ann metrec thirb 
In  the  Kakwa  area,  this  formation is approximately 

placed  at the  base of a yellow-orange  dolostone  unit 
In much of the  area. the base of the Pika Formation is 

between  the massive  Eldon  limestones  and the overlying, 
wavy, thin to  medium-bedded lime mudstones.  These lime- 
stones  are  commonly  bioturbated,  locally  contain  dol- 
omitized  worm  burrows and are  sometimes interbedded 
with thin grey shales. In  the Mount  Sir  Alexander  area, the 
Pika  Formation consists of two  distinctive units. The  lower 
unit comprises  an  orange to buff-weathering.  recessive 

contains dolomitized laminae  and worm  burrows. The top 
sequence of medium grey  lime mudstone, that commonly 

of the lower  sequence is marked by approximately 5 metres 
of interhedded grey-brown  to  orange-brown argillite and 
grades into an upper, massive,  more resistant  unit compris- _"" ,..._.. -.. .1..-l.. 

ing medium to light grey, laminated lime mudstones that are 
Massive,  cliff-forming,  dark  grey limestones of the  Eldon locally oolitic and display lode graded beds and 

Formation overlie the Snake Indian  shales  and carbonates crosslaminations. 
(Plate 1-6-3). These limestones varv from thin bedded  and 
nodular to thick bedded  and often  are  bioturhated, with 
dolomitized worm  burrows and beds a common  feature  the  Arctomys  Formation, a distinctive,  red-weathering 

The  top of the  Middle Cambrian  sequence is marked by 

(Plate 1-6-4). The  dominant lithology is lime mudstone, recessive unit. SO 10 100 metres  thick. It comprises blood- 
however, oolitic grainstones  also  occur locally. The Eldon red and minor amounts of dark green  dolomitic shale and 
Formation is approximately 350 to 375 metres  thick in the silty shale and  thin bedded, tan-weathering dolostone. Mud 
Kakwa  area  and is overlain  by  approximately 80 to cracks.  salt  crystal casts  and ripple  marks are  common. 
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exposed is the  masxive,  cliff-forming  Lower  Cambrian Mahto  Formalion (cMh) which is overlain by thf: n:cessivt  Midd e Cambriall 
Plate 1-6-3. The  exposed  Cambrian  section on the CdSl flank o f  Mount St. Patrick, as viewed from t h t  southeait. Th lowest u n ' t  

lower  Snake Tndiar Formation (cSII). The  colour-handed  and slightly rihbed-weathering  upper  Snake Iridian iormttion :Slu) fbnns 
the  next  cliff  slep . ~ n d  is overlain by a cliff-forming ledge of Ihe  Middle  Cambrian  Eldon  Formation :cE). Recessive .trata (sf th: 
Middle  Cambrian  Pika  and  Arclomys fo~mations (cPA) form the next step  and  the  uppermosl  ledge, seen only lr the t tr u p p u  I,:li 
corner  of  the photograph, is cliff-forming Upper  Cambrian Lynx Formalion (r:Lx). 

The Upper Cambrian Lynx Formation is a  resistant,  cliff- 
forming unit that crops out at the  peaks of  most of the 
highest mountair~s i n  the area and is characterized by well- 
defined huff and  grey  colour-handing and bedding (Plate 

tomys Formation ard is estimated to be 600 to 800 metres 
1-6-5). It confonnatdy overlies recessive shales of the Arc- 

thick  (McMechan, ! 986). The  lower  part of this formation 
consists of medium-bedded, buff,  grey  and  locally orange- 
weathering,  very line  grained  dolostones with interbeds of 
fine  to coarse-grainc:d quartz arenites  and  sandy  dolostones, 
light  grey  siltstooes  and  minor, medium-bedded, grey  lime- 

tain  dolostone  chi JS (Plate 1-6-6). The  dolostones  are 
stones.  The  sandstones are  often crossbedded  and may con- 

locally  stromatolitic  and  characterized by sedimentary 
structures such I S  layers of flat-pcbble  conglomerate, bur- 
rows,  lode  casts,  slilmp folds  and  disrupted  bedding. Beds 
containing  nodules of white  chert are also present locally. 
The upper  part of the Lynx Formation is dominated by 
limestone. Its  base is marked by 5 0  to 100 metres of rela- 
tively  recessive,  greenish  grey  to  grey-weathering  cal- 
careous argillite  with limestone  nodules.  This is overlain by 
tan to grey-wealhering.  wavy  bedded  to  nodular,  
argillaceous or silt!! limestones with thin to thick beds of 
more resistant  grey  limestone. 

Geological  Fieldwork 1991, Paper 1992-1 

The  Lower  Ordovician  Survey  Peak Formal on is :I rfxist- 
ant unit that conformably overhe!; Upper Cam rian stra.t,a. 11: 
is 450 to 600 metres  thick anc has aIlprox mately 30 tn 
70 metres of recessive,  light  greenish g r  y to sil\t:ry 
weathering,  strongly cleaved,  c;~lcareous sha e and sluley 
limestone with interbeds of limey flat-Ixbble  conglomerate 
at its base.  Burrows  and feedin)!. traces on b :dding plane!; 
are locally  very common.  The remainder of he unit : 
prises  resistant, buff to orange-\r,eathen.rig. si1 y dolostames, 

, Nom.. 

dolomitic  siltstones and blue-grey-wearherir g limmt'ones. 
Grey  argillite  partings  are c~xnmon i n  thi i part of the 
sequence and flat-pebble  conglomerates  are F .esent loc;ally. 
The siltstones  and  dolostones ;arc wavy bedd :d and h w e  a 
very rough  weathered  surface,  with more res stant, whi!;p!r 

massive limestones that are ge?t:rally nr~dula~ to wavy Ixd- 
laminae. They are interbeddesi with silty, t ]in-betid~zi to  

ded and can  be partially dolo~n~tized. Eioth I l e  dolost~me:j 
and limestones locally show  evidence (o f  biot lrbation, ~ ; ~ x -  

taining  burrows  and feeding t r d s  that  are :   me times ril- 
icified. Some  layers  are rich in fossil detmris; b .achiopo'd :mi 
trilobite fragments  are  commnn 

Ordovician Monkman  Quartzite  Formalion. ' 'be Monkman 
The Survey  Peak Formation is ovel.lain ,y  the Lrwer 

is a resistant,  light grey weathering marker mit that wer- 
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ages between 30 and 100 metres thick and  comprises  fine to 
medium-grained,  thin-bedded  to massive,  light grey to buff- 
weathering  quartzites  and  dolomitic  quartzites. Crosshed- 
ding,  ripple  crosslaminations  and  burrows  are  common 
features. 

Middle  Ordovician  strata, assigned to the Skoki  Forma- 
tion, overlie the  Monkman  quartzites.  The  Skoki is a resist- 
ant, tan-weathering  formation  characterized by monoto- 
nous ,  medium  to  thick-bedded,  f inely  crystall ine 
dolostones.  For the most  part, the dolostones  are rather 
featureless, however,  locally they can contain oncolites, 

Minor  amounts  of wavy bedded to nodular limestone are 
stromatolites, intraclasts, mud  cracks and  rare chert  nodules. 

present in this formation and  gastropods  are  found  locally. 
Thick-bedded,  crosslaminated,  sandy dolomite  horizons can 
also occur. 

Kakwa area  are an  unnamed  unit composed of medium- 
The youngest Lower  Paleozoic rocks observed in the 

bedded to massive  dolomitic quartz arenite and dolostone. 
This unit  was mapped in the Mount  Buchanan  area where it 
conformably  overlies the Skoki Formation (Figure 1-6-2). 
Medium-bedded  to  massive,  medium  to light grey,  fine- 
grained dolomitic  quartz  arenite  predominates and has a 
distinctive  medium yellow-tan to  buff-orange  weathered 
surface.  This  sandstone is locally  interbedded with medium- 
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bedded,  medium t o  light  &rey and orange-weathering, fineiy 
crystalline dolostone.  True thickness could not be deter- 
mined but is not less than 75 metres. 

MIDDLE PALEOZOIC 

dominated by carbonate rocks exposed in a  thrust sheet 
The middle Paleozoic sequence in the Kakwa area is 

which is bounded on the east by the  Broadview fault and on 
the  west by the  Mount St.  George and  Wishaw faults  (Fig- 
ure 1-6-2). 

The lowest unit in the  middle Paleozoic package is the  the 
Middle  Devonian  Dunedin  Formation which disconforma- 
bly overlies  Ordovician strata. It  is exposed  at only one 
location within the  study  area. approximately 3 kilometres 
south of Mount  Buchanan  (Figure 1-6-2) where i t  is esti- 

Thompson, 1985). It is Characterized by  two  distinct 
mated to be approximately 60 metres thick (McMechan and 

lithologies, an upper,  resistant  limestone-dominated pack- 
age  and a  lower. less resistant sequence dominated by clas- 
tic rocks.  The  upper  package  consists of thick-bedded, 
medium  grey and yellow-buff-weathering,  medium grey 
lime  mudstones and wackestones with minor interbeds of 
medium orange-brown  weathering,  light grey,  fine-grained 
quartz  arenite and  siltstone. The lower  clastic sequence 
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Plate I-6-:i. Thc  Cambrian and Ordovician  section  exposed at Mount  Ida. as viewed  from  Jarvis L&es. The  main , liff-formine 
unit, that comprise!.  the bulk of the mountain, is the Upper Cambrian  Lynx  Fonndtion (cLx); it is overlain '5y more  rcces  ive  str.tta (ti 
the  Ordovician Survey Peak Formation (oSP). which cap the mountain.  Recessive strata of the  Middle  Cambrian Arcton ys and Pika 

Cambrian Eldon Formation (cE) fonns the lowest cliffs, immediately  above  the  scree  slope. 
formations (cP/\) that underlie Lynx stratd, arc  poorly exposed,  outcropping on the  small  spur  between t h ~  two icefields The Mliddlc 

consists of medium  orange-brown  weathering,  fine to 
coarse-grained,  light  grey  quartz  arenite  and  siltstone. 
Elsewhere, the Dunedin  Formation  includes a basal quartz- 
pebble conglomerate  (McMechan and Thompson; 1985). 
however,  this  was rot  observed in the  study  area. 

Upper Devonlan Fairholme  Group strata unconformahly 
overlie the Dunedin  Formation. The  Fairholme  Group com- 
prises  the  Flume,  Perdrix,  Mount Hawk and Simla  forma- 
tions of Frasnian ag: (Table 1-6-1). The  Flume Formation is 
generally 75 to X5 metres  thick, however, in the  Mount 
Buchanan  area i t  i!; in excess of 145 metres  (Geldsetzer, 
19x2). Where the whole sequence i s  exl'osed, as in the  area 
east of Mount Buchanan, the  Flume  Formation consists of a 
thin quartzose sand$tone unit overlain by a thin unit of red 
and green calcareomr shales  followed by a  stromatoporoid 
hiostrome which is sharply  overlain by shaley limestones. 
The  hiostrome, ,which can he in excess of 100 metres thick. 
generally  consists of medium to thick-bedded,  grey to buff 
to  chocolate-brown  weathering  limestones and patchily 
i n t e r s p e r s e d   d o l o s t o n e s .   L a r g e ,   m o u n d - s h a p e d  
stromatoporoids in apparent life position: smaller,  detached 
specimens; fenestr;tl stromatoporoids and corals were all 
noted (Plate 1-6-7). Fossils are locally sllicified. The  overly- 

GeoloRical Firldwork 1991, Papw 1992-1 

ing  shaley  limestones generallyy Form a  dark :rey wea.ther.- 
ing,  relatively  recessive,  thin-bedded t o  noc  ular unit that 
becomes  increasingly shaley Ir['-sectiort. Th :y cornmoldy 
contain abundant corals and crii-toids and ex remely al,on.- 
dant  brachiopods:  locally, they weather to fol n hrachic~pod 
gravels. 

The Perdrix  Formation has a gradational cc ntact .Mitt, the 
underlying Flume Formation. I t  IS characteri; Ed by gr,?yisll 
green  to hlack shales with thin, c ;~ lcareo~~s  in16 rbeds  tha art: 
recessive  and  generally very po,:'rIy exposed ThicE.ne?s of 
the Perdrix  Formation is estimated at hen een 185 and 
470 metres (Geldsetzer, 1982). ack of ::ood :xposure, ;md 
faulting, make  true thickness tstimatiors  dif icult. 

The Mount  Hawk Formatior confcmmahl r ovetlies t h t  
Perdrix shales and consists of clirf-fom~ing gr :y limsstctrter, 
often with a  ribbed  weathering  pattern. 11 the <akw;l  an:;^, i t  
is characterized by thick ledges of masiive I mestcne with 

shaley limestone. This  formation is invari; bly vcxy ios- 
intervening zones of thin-bedded to nwiular limestone :and 

siliferous:  however,  weathered :surface:, are  ~ocall!~ cclrlte83 
with a crust of light  grey lime, which obsc Ires their Ibs- 
siliferous  nature. Gastropods, rugosdn and I olonial (:orals 
are  the dominant macrofossils: brachiopods \ ere  also  coted 
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Plate I-6-h. Lime  mudstone  chips i n  n crossbcdded  dolomitic  sandstone bed  from  the  lower pan of  the Lynx Formaticm 

locally. The nodular limestone units  predominantly consist 
of skeletal mudstones  and wackestones;  skeletal wacke- 
stones  and  grainstones  comprise the more massive beds. In 
the Kakwa  area, the Mount  Hawk  Formation is 90 to 
140 metres thick (Geldsetzer. 1982). 

The  Simla Formation conformably  overlies the  Mount 
Hawk  and averages 60  to 70 metres in thickness. I t  com- 
prises  a sequence of massive, thick-bedded, resistant,  light 
grey  limestones, interbedded with lesser, thin-bedded lime- 
stones.  Grainstones  are the dominant lithology (Geldsetzer, 

are  very  fossiliferous. with colonial corals, bryozoans  and 
1982). Like the Mount Hawk  Formation,  Simla  limestones 

crinoids the dominant organisms. Brachiopods  occur locally 
and  gastropods were  noted in a few places. In some  loca- 
tions, lisht grey, limy encrustations  obscure the fossiliferous 

the  fossils. Thin  bands and  nodules of black chert  occur in 
nature of these  rocks; in other  areas, silicification enhances 

some  sectims.  In the Kakwa  area, lithological similarities 

recognition of the contact  difficult and i t  is often easier  to 
between the Siml3 and  Mount  Hawk formations often make 

distinguish the  units from a distance  due  to  the lighter 
weathering colour of the Simla  limestones. 

thick  succession of monotonous limestones which discon- 
The Palliser Formation, of Famennian age,  consists of a 

formably overlie  the Simla  Formation. In the  Kakwa area, 
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this formation is approximately  S30 metres  thick. Its base is 

containing  whole and fragmented  gastropods,  brachiopods 
marked by a  thin, brown-weathering fossil “hash” layer 

and crinoids. The lower part of the formation  consists of 
recessive to ribbed-weathering, thin,  wavy  bedded to  nodu- 
lar  lime  mudstones. with some  medium-bedded limestone 
ledges  which grade  upwards  from  grainstones to mudstones 

dark grey and huff weathering. Rare  oolitic beds (oolitic 
(Geldsetzer, 1982). These  strata  are  often mottled  light  grey. 

shoals)  containing lime-mud  intraclasts are present locally. 
Fossils  are  uncommon, with only rare  brachiopods and 
scleractinian  corals  being  noted near the base of the forma- 
tion.  Locally,  Hat-pebble conglomerate  beds, with a  reddish, 
iron oxide  coating,  are also present. 

The upper part of the  Palliser  Formation consists of more 

tled limestones.  Its  base is defined  by  approximately 
resistant, thin t u  medium-bedded, grey to  grey-brown  mot- 

10 metres of black and grey, rhythmically laminated lime 
mudstones, which are in sharp  contact with underlying 

thin-bedded lime mudstones and  shaley limestones that give 
lower  Palliser lithologies. This marker unit  is overlain by 

mudstones and  pelletal grainstones. Macrofossils  are  rare in 
way,  up-rection,  to  monotonous.  medium-bedded  lime 

this part of the  section. with brachiopods  and crinoid osci- 
cles occasionally  present:  trace  fossil  markings are  common 
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Plate 1-6-7. Dr:tached and fragmentcd slromatoporoids in 
the Upper Dwunian (Frasnian) Flunle  Formation. 

on bedding planes i n  the  lower part of this  section.  Nodules 
of black chen also occur locally. 

UPPER PAI,EOZOIC 
The Upper Pdleomic  sequence  comprises a basal clastic, 

shale-dominated pat:kage, overlain by a thick sequence of 
carbonate  rocks,  capped by thin sandstones and chert- 
pebble  conglomerates.  Terrigenous  clastic  rocks of the 
Banff and Exshaw tormations, which are  predominantly 
Lower  Carboniferous in age, form  the base of this sequence 

units,  which  cannot be subdivided in the  Kakwa area, are 
and unconformably nverlie the Palliser Formation,  These 

recessive and poor1 y exposed.  They consist  predominantly 
of black shales with thin interbeds of lime  wackestone  and 
grainstone and minor  sandstone;  carbonate  content of this 
unit increases  up-section until carbonate rocks dominate and 
the strata  are  asigned  to the Rundle  Group. A thickness of 

Banff and  Exshew  formations (McMechan, 1986). 
180 to 260 metres  has been estimated for  the combined 

Geological Fie1,dwork 1991, Puper 1992-1 

Two  carbonate units of Carbmiferou:; age are Fre:il:nt 
within the study area; the  widespread Lower C trboniferws 
Rundle  Group,  and the thin,  ~-liscontinuous. Uppe- ( J w  
boniferous Hanington Formatior.  The alter is tyyicall y 
absent due either to nondepositirmn or erosion as pa,-t 0- a 

occurrence of the  Hanington  Formation with n the study 
widespread sub-Permian  disconformity, The Jnly 1mou.n 

area is at the type section,  appr0,imately 3 ki 3metre:s east 
of Moonias  Mountain (Bamber and Macquee~ , 197'1; Fi:;- 
ure I-6-2i. Rundle  Group rocks crop nut i n  the southt:ast<:-n 
and  north-central  parts of the rxreation  lrea  ,the Inters#-c- 
tion Mountain  area  and  northea..t of Mooni; s Moonlitin; 
Figure 1-6-2) and reach a thickness 'IF approxilnat',:ly 
400 metres. 

The  Rundle  Group is subdivid-d into lour 'ormatlon!, in 

Shunda, 'Turner Valley and Mount Head for nations. l'he 
this area. From oldest to young?st, the!, are the Pekisko, 

Pekisko,  Shunda and Turner 'bhlley fomati  Ins arc 'x ry  
similar in character. All are vari.Ibly t h i 1  to 1 lick 'cedded, 
light t o  medium grey weathering and consih of nteclium 
grey  skeletal grainstones,  wackwones atld pat kstones v i t h  
minor lime  mudstone.  Crinoidal clebris i s  then ost abundant 
skeletal  constituent.  Chert  no:hles  are typi :ally ab!;f!llt, 
however,  they  are locally abundmt.  Thf: ove lying  Mount 
Head  Formation is predominarltly composed n l  1ig:lt grey 

is locally  petroliferous. Chert nodules and c tert hcdr. are 
weathering,  light to dark grey, fine-grairwd do x t o n f  whch 

very common. Macrofossils  are  c:)mmon in all of the fomrta- 
tions of the Rundle  Group.  The most comnon ;ypes ,ncl,Jde 
rugosan, scleractinian and  litho\trotion  cxals:  brdchiopo~ls. 
gastropods  and echinoderms  are also prr!sent. 

lie those of the Rundle Group.  AI^ the type re( tion, tiis Nunil 
Rocks of the Hanington  Forrrution d~:conf~ rmably w:r- 

consists of medium  to thick-b<:clded, partiall dolomiti2,ed 
skeletal  wackestone. packstonc ;and lime mu Istone. ( le r l .  
nodules and layers are locally  common  and 3 thin bed 01' 
chert-granule to pebble conglcmnlerate 'IS four d at i.s 'base 
The unit is S metres thick, and i5 litho1oj:icall very similar 
to the  overlying  Belcourt Fornmion of' Perm an age. 1Divi~ 
sion has been made primarily ( I n  the  basis , Nf microlimil 
interpretation  which  has  e!:t.l~blishe~i  an  Upper ( ' w  
honiferous  age for  this formation (Banixr  a. d M a x p t s n ,  
1979). 

Permian  strata disconformabl) overlie rock of the: Lc'wer 
Carboniternus  Rundle  Group and the IJ >per  kbouifrxlu!; 
Hanington  Formation.  Two  lithologi(.ally  unique unit:; 
characterize  the  Permian of  tbe area, the L ,per I'erc~ian 
Mowich  Formation  sandstones and !tie LC wer I'ern~iao 
Belcourt  Formation  gritty  lirne.,tones  and  c lnglornel.ates. 
The  Belcoun Formation appears to be a x e n t  over much of 
the  study area, but where  exposed it is sepal rted f k n  the 
overlying  Mowich  Formation by a m d-Pe mian discon- 
formity (Bamber and Macqueen.  1979). 

Belcourt  Formation  rocks we'e observed i : one ocality, 
approximately 3 kilometres ea!,t (of Moonias P lountiin  (Fig- 

chen-pebble  conglomerate with a carbonate I iatrix is hter- 
ure 1-6-2). Here,  thick-bedded mediun  gr y we,rtherin:: 

bedded  with, and grades into, Ihick-bemided, medilm grey 
weathering gritty lime  mudstme,  clean l i  ne mud!;tcae, 
skeletal  packstone  and wackemne. Fmely ( rystalline dol- 
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ostone  predominates  toward the top of the  unit. Chert peh- 
bles  are dark to light  grey in colour and are well rounded. 
Gastropods and  brachiopods are locally abundant.  The true 
thickness of this  unit could not be established. hut is not less 
than IO metres. 

The Mowich  Formation is  by far the more  extensive of 
the two units within the  study  area. It is a light  brown-buff 

quartz arenite. Outcrops  are  commonly lichen covered,  giv- 
weathering, light to  medium  grey,  medium to tine-grained 

typically less than 10 metres thick, and is most  easily 
ing  the  rocks a dark grey to black appearance.  The unit is 

distinguished by its  dark colour and its unmistakable  strat- 
igraphic position  between  the  thick succession of massive 
grey  carbonates of the Rundle  Group  and the thick orange  to 
brown-weathering  siltstone  sequence of the  Triassic  Sul- 
phur Mountain Formation. 

M~sozorc: 
Triassic  Spray River  Group  strata  (Sulphur Mountain  and 

eastern regions  of  Kakwa  Recreation Area (Figure 1-6-2). 
Whitehorse  fomlations), which crop out in the northern  and 

unconformably overlie  Permian  rocks.  The older Sulphur 
Mountain  Formation is a moderately  resistant  unit that 
weathers a characteristic  dark  reddish  brown to brownish 
orange  colour. I1 has been subdivided into the  Vega-Phroso, 
Whistler  and  Llama  members, in ascending order. In the 

imately  245 to 270  metres thick and  comprises a shaley to 
Kakwa  area, the  Vega-Phroso siltstone  member is approx- 

flaggy weathering sequence  of dolomitic  and calcareous 

. 

siltstone.  fine-grained sandstone, silty limestone  and  shale 
(Gibson,  1975). I t  is quite platey  near  the base and becomes 

common; pelecypods were also noted in some  sections  and, 
increasingly  flaggy  up-section. Ammonites  are relatively 

found (Pel1 and Hammack, 19Y2. this volume).  The  Whis- 
in one location,  moderately well preserved  fish fossils were 

tler Member, where  present, is generally 10 to  20 metres 
thick and  consists of dark grey to black-weathering  silt- 

and  phosphatic  pehhle  conglomerate  (Gibson,  1975). 
stone, silty  limestone.  silty  shale. dolostone,  phosphorite 

Ammonites, pelecypods.  and  locally  brachiopods. occur in 
this  member and are  commonly  phosphatic.  The Llama 

brown-weathering, thin to  thick-bedded  dolomitic  quartz 
Member is characterized by relatively  resistant, orange- 

siltstones, silty limestones  and  dolostones that contain 
pelecypods and  rare  ammonite  fossils, and  locally,  reptile 
hones.  Where i t  occurs, i t  is  approximately  150  to 
185 metres  thick. 

phur  Mountain  Formation  and is a variable sequence of 
The  Whitehorse Formation conformably  overlies  the  Sul- 

recessive to moderately  resistant, buff to light  grey to yel- 
lowish  grey weathering  dolostones, limestones  and sand- 
stones, with  minor aniounts of siltstone, intrafnrmational 
conglomerate and evaporite.  Regionally, it can be divided 

member and the Winnifred Member with cumulative thick- 
into  the  Starlight evaporite member,  [he Brewstrr limestone 

nesses of between 130 and 400 metres (Gibson, 1972, 

sion of the Whitehorse Formation  difficult. The  most  com- 
1975). Limited exposure in the Kakwa  area  makes  subdivi- 

mon  lithologies encountered were very porous,  sugary, buff 

Plate 1-6-8. Disharmonic  chevron folds in Lower  Cretaceous  Minnes Fonnatian strata. north of Mount Minnes. 
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grainstones, huff and grey fossilifen~us grainstones. mas- 
sive, light  grey weathering  quartz wacke and  medium- 
crystalline  dolostones  that  often  had a very  strongly 
petroliferous  odor  whsn broken.  Chert  layers  and  lenses  and 
intraformational hrect:ia horizons were also observed. 

The  Jurassic  Fernie  Formation is a recessive,  poorly 
exposed u n i t  with an esrimated  thickness of 250 t o  
900 metres  that, 011 a -egional scale, unconformahly  overlies 
carhonate  rocks  of  the  Triassic  Whitehorse  Formation 

the  Broadview fault (Figure 1-6-2) and is always in fault 
(McMechan, 19Xfi). In the Kakwa  area, i t  crops out east of 

contact with older !strata. The lowcr part of the  Fernie 
Formation consists  o‘dark grey and black shale with minor 
sandstone: very thin to thin-bedded, greyish  brown  weather- 
ing  siltstone,  silty  sandstone  and  shale with local, more 
resistant  silty  sandstone units in the upper part of the 
formation. 

The Upper Jums ic  to Lower  Cretaceous Monteith For- 

resistant, lighr grcyi.11 brown to yellowish brown weather- 
mation confmnahly overlies  Fernie  Formation  strata. I t  is a 

ing marker unit, approximately 200 t o  400 metres  thick, that 
predominantly cunsi!.ts of very fine  grained  laminated sand- 
stones. Wood fragments  and crinoids with star-shaped stems 
i P e n t ~ ~ ~ ~ r i ~ l i r r s P )  are locally  present i n  these sandstones. 

Minnes  Group (also referred to as the  Nikanassin  Forma- 
The Gornum  Creek  Formation of the Lower Cretaceous 

tion) conformably werlies Monteith Folmation sandstones 

thick, orange-hrown. ribbed-weathering  succession of inter- 
in the  northeastern  part of the Kakwa  area. I t  comprises a 

layered sandstone, !siltstone, mudstone and carbonaceous 
shale.  Thin coal beds, averaging 30 to 50 centimetres in 
thickness, are  common in the upper part of this formation. 
Sandstones  are gen<:vally huff weathering, fine  to coarse 
grained, carbonaceolls  and  often  display  ripple crosslamina- 
tions or  crosshedding. Dark chert grains  are  common  con- 
stituents of thc s,lnd?tones. The  thickness of this  formation 
is estimated at 650 o 1000 metres (McMechan, 1986). 

Bullhead Group  (Cadomin and  Gething formations) uncon- 
Corlglomeratei and sandstones of the Lower  Cretaceous 

formably overlie  Minnes Group strata ea.st of Mount Minnes 
(Figure 1-6-11. The  Cadomin Formation is a cliSl~-forrning 
unit,  approximately 25 metres thick, that comprises cl;ist- 
supported, multilith c conglomerates with pebble to  cohhle- 

conlormably  ovcrlics the Cadomin conglomerates and con- 
sired  clasts in I I  sandy matrix.  The  Cething Formation 

crosslaminated sandstones,  carbonaceous hiltstones and car- 
sists of a rihhed-weathering  sequence o f  orange-hrown 

honaceous  shale\. I n  the Kakwa area i t  is 45 t u  50 metres 
thick and its top is marked by a fairly thick (2.5 to 3 m) coal 
seam (Prihyl. 1979‘ 

stratt. I t  is a recwiive unit, 35 to 55 metres  thick, that is 
The  Moosebar  Fmnation conformahly ovrrlies  Cething 

comprised of grey I O  ran-weathering  shales with thin, rusty 

conformahly  overlain by approximalely 110 metres of 
weathering sil tmne interhedh. I n  the  Kakwa area, it is 

the  youngest sediments in the region. The Torrens  River 
Lower  Cretaceous Gates Formation htrata, which comprise 

Member of the Gates Formation comprises  approximately 

stones and is overlain hy a rihhed-weathering  succession of 
12 metres of  t’hin to  thick-bedded, crosslaminated sand- 
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fine  to coarse-grained carbonaceous sancstont i, siltitones 

moderately  thick  coal seams  (nmging frmn 2 to 6 r1) Elre 
and  shales  assigned to the “Middle”  Gates Me nher. Th,ree 

present within this unit  (Prihyl. l’?79). 

STRUCTURE 
The Kakwa area can he hroadl:; divided intc three stnu- 

domain  includes  the  area  underlain by furas ic and Cn:- 
tural domains with differing  structural s.yles.  The e,astr!ln 

taceous  strata, east of the Broa:hiew fa ld t  (F gure 1-662). 
The rocks in this region are rela1:vely incomr sent; shales 
and thin-bedded sandstones  arc ).he dominan lithologies. 
Folds are  predominantly chevro.1 style with short wiw:. 
lengths, small amplitudes and hi:;:hly vaiable axial pl;ur:s 

the folds trend  southeasterly ,md are !;ubpe-allel to llie 
(Plate 1-&X). They tend to  he di!harmonic. A .ial t rxes  ‘of 

hounding faults. 

the east  and, to the west, by the Ulishaw fault i I the bicirlity 
The central  domain is bounded by the 13roac view laul, to 

uf, and south of Mount Buchtnxn and by tt e M o m  !it. 
George  fault to the north of !,lount I3uch: nan (F igxe  

sheet; in most  cases they are not. more th; n 10 <ilomt:trf:!; in 
1-6-2). Numerous minor thrusts  occur withi 1 this m;ljor 

strike length and are either spl:1!,s off t1.e ma or hounsding 

ferred into folds. In the southel-n part of the i rea, s w ~ t ~  of 
faults  or terminate along strike with I d  splac m e n t   t r z s -  

west  strikes cross the  main  structural  gra n. T\ o nonhwxt- 
Wallbridge Mountain, northerl!! directed  thru ts with <:,lst- 

trending,  west-ride-down normal faults, with ;trike len{,ths 
in excess of 5 kilometres, are also present wit1 in the central 
domain. Uormal faults  post-date !he  thrum an I man:/ of the 
thrusts  are  either offset  or trun,:: ted by I hem. 

The central block is predommntly uuderl; In by Middle 
and  Upper Paleozoic strata: r.olne Orc,ovici m rocks are 
present near the centre of the belt and  Triassic Inits crop out 
in the north and south.  The unit.. carried wit1 in thi.; t h s t  
sheet are dominated by carhmlates ard mcsst  arc: f a i r l y  
competent;  however,  intervwling,  thick  Inconlpe!t!n, 
(shaley) units also occur withir the seguenl e. Msp-,it:,rle 
folds, with northwest-trending axial traces are  prtxnr 

They  are generally  quite tight ,and vary In uri :ntation fl-onl 
within t h i s  domain and are fairly continuou: along s t r ive  

cross-section (Plate 1-6-9). S w ~ e  smaller SI ale  fc~ld’i ,m: 
upright to overturned, both almg their axia trace and i n  

also present. They  are not continuous  along  .trike and ; x ?  

clearly  conical in nature. With iblds oi’  all ! cales. dishar- 
mony o(;curs between competent and incon3etent umts. 

vicinity of, and  south of Muurrt Buchanan ar d west o f  the 
The western domain  lies we!;t of Th’isha! fauh i n  the 

Mount St. George  fault, north of Mounl: Buch man. .\ :.trAc- 

folds  occupies  the  region  north of Mou It Buchman, 
turally complex  zone of small It rust slwers il Id ovcrtulrled 

clearly  the  eastern  bounding  structures of this  packase (Fig- 
between where the  Mount St.  George anti Wi. law f d t !  arc 

domain is defined by the Snake  lndian - Ba( k Range I;tult 
ure M . 2 ) .  The southern and westerr hou ldary of thij 

system  (McMechan, 19x61, w:lich lies nu Fide the  area 
mapped. 

This domain is underlain h:, Camhrian luanz tes . m d  
carbonate rocks that are predominantly meiium ro thick 
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Plate 1-6-1). Upright to overturned folds in Upper Devonian  strata, northeast of Kakwa  Lake.  The  recessive  Perdrix  Formation 
(dPx) is exposed at the base of  the cliffs and is overlain by the cliff-forming Mount Hawk and Simla  formations (dSMh) that  cannot  he 
easily diflerentmcd in this section.  The  Palliser  Formation (dP) is exposed  at  the  top of the ridge; a slightly more  recessive unit  at the 
base of the Palliszr forms a slight  step ahove  the Simla and Mount Hawk strata. 

hedded  and  quite  competent.  Proterozoic  Miette  Group 
strata  are  exposed, in 3 number of locations, in the  immedi- 
ate  hangingwall of the east-hounding  faults.  The  dominant 
structures in this part of the area  are  open folds  and broad 
warps with east  or  southeast-trending axial traces and north- 
erly directed  thrusts with east  to  east-southeast traces.  Nor- 
mal faults are  also prominent within this block, particularly 
in the southwestern  area, near  Mount Sir Alexander. Most 
strike  westerly  and  southwesterly. Small  drag  folds  are often 
associated with the normal faults. The  east-west structural 
trends within this  domain  are  anomalous on a regional scale. 

ECONOMIC GEOLOGY 

COAL 
Coal  licenses  are held  in the  northeastern  corner of 

Gorman.  This  area i s  underlain by a shallow,  south-dipping 
Kakwa  Recreation Area, covering the  ridge  south of Mount 

sequence of Lower  Cretaceous strata  that contains  four 
significant coal  seams.  The lowest seam is reportedly 2.4 to 

78 

3 metres thick and  occurs  at the top of the Gething Forma- 
tion.  The  overlying  Gates  Formation,  the  top of which has 
been eroded, hosts  three seams that  were  trenched in the  late 
1970s and are  reponed to be I . X  to 2.7, 3.6 to 6, and 5.5 to 
6 metres thick, respectively (Prihyl, 1979). The  coal-bearing 

mated 4 to 4.5 million  tonnes of  coal,  could be exploited  at 
strata cap the  ridge  and  the  seams. which contain an esti- 

stripping ratios of between 1:l and 15:l (Prihyl, 1979). 

Minnes  Fonnation in the Mount Minnes and  Mount  Gorman 
Coal seams also occur within the  Lower  Cretaceous 

areas, in the  northeastern  part of the  Kakwa area. Several 

formation; however, they are  generally less than I metre 
seams  are present,  particularly in the upper part of this 

conditions. 
thick  and not of serious economic interest  under current 

DIMENSION STONE 

crop  out in the centre of Kakwa  Recreation Area  near 
Quartzites of the Lower  Cambrian  Mahto Formation, that 

Babette and Wishaw  lakes, were examined in the late 1970s 
and  early 1980s for their  potential use as dimension  stone. 

British Columbia  Geological  Suwey Branch 



At that  time, roads  were  extended  to  the  prospects from 
exihting  logging lroads in the McCregor  River valley. At 
Babette Lake the :mala were drilled,  while at Wishaw Lake 
an attempt was made lo quarry test blocks.  The  only  mineral 
claims  currently  held  within the recreation area cover these 
Stone prospects. 

The Mahto  Fonnxion, at the  Babette Lake prospect, 
consists of fine to medium-grained. locally crossbedded 
quartzites that vary l'rom  creamy  white 10 dark maroon in 

quite attractive  colour  handing. Some o f  the colour  handing 
colour; some  beds  are uniform  in colour. while others  have 

may  reflect  a  depositional feature, however, much of the 
i s  parallel to  sedimertxy laminations anif crosslaminae  and 

handing appears to be unrelated to original sedimentary 
features  and forms iltricately  swirled patterns  that may he 

than a metre thick are common.  Large blocks, i n  the 1 to 
related to solution  fionts (Plate 1-6-2). Beds slightly  more 

2 cubic  metre siLe  range.  are found  in talus  beneath cl i f f  
outcrops. A t  Wishau Lake, the Mahlo  quartrites are creamy 
white  or  beige to light  pink in colour: most of the colour 
banding at this location i s  parallel  to  laminations and 
crosslaminations,  Bedding thicknesses  range from SO centi- 
metres to  just  over a metre: beds up to 2 metres thick 

cubic metres in s i x .  are present on site,  however,  there 
are reported  (Hori., 1984). Quarried  blocks, 2 t o  2.5 

are no  blocks in {he size range preferred  by  industry 
( 1 . 4 ~ 1 . 6 ~ 3  m) on :,ite at this time. 

When  cut into slabs and polished,  the quartzite  from these 
prospects has a coluur and textural  qualities comparable to 
high-quality. cornm:rci;llly exploited  marble and  strength 
cornparable to  hiph-,.pality  granite (How, 1984). Due to  the 
extreme hardness of  this material,  however. i t  i s  more  diffi- 
cult and  hence,  mort:  expensive  to finish than  either  marble 
or granite. Also o f  cilncern, is  the variahle  porosity o f  these 
quartzites. In some places,  the rock i s  well cemented  and 

easily and would 11clt produce an acceptable product unless 
has low  porosity, while in others i t  i s  quite porous, stains 

treated with some  type of sealant coatinp  to reduce staining. 
The distribution o f  porous, and therehre, less desirable 
material  within the,e prospects has not been documented 
(Z.D. Hora. permn:,l communication, 1991 ). 

PHOSPHATE 

of tht. Triassic Sulphur Mountain  Formation at three loca- 
Phosphorite beds are found  within the Whistler  Membcr 

lions  around K.akwa. I n  the northern  part of the  area 
mapped,  near the boundary of the recreation area, phospha- 
tic  rocks  occur near  the core o f  a syncline in the Sulphur 
Mountain  Formation  (Figure 1-6-2). At this  location, the 
phosphatic  hori7.m is 1 0  to 15 centimetres thick and i s  
exposed in a rubtmly outcrop associaled with calcareous 

or  bluish to  white weathering. with n dark brown  to  black 
siltstones and silty imestones. The pho3phorite i s  dark  grey 

fresh  surface. It has a gritty texture, a  petroliferous  odor and 
contains abundant ammonite  and  pelecypod fossils. Purple 
fluorite is  presetnt as veinlet infillings and fracture coatings. 
Grab vamples of these phosphorites  contained 21 to 23 per 
cent P,O, (Samples 1097A and B, Table 1-6-2). 

To the  east o f  this occurrence, on the  east l imb of the 
adjacent anticline,  phosphatic  rocks again outcrop. At this 

Geo/oc~icu/ Fieidn:,wk IYYI, Paper IYY2- I  

Lwatim 

;ai;lly,rd hy gv~b#~ l"cwr  m . t )  n ~ c l h d  

locality,  approximately 12 centirnetres I I ~  ph lsphate rw:k 
overlies thin to  medium-beddt:d. grey argil1 Iceous lime- 

black to dark brown in  colour,   as a  nodula  texture ;md 
stone  and  calcareous  siltstone.  'The phuzphor :e horizorl i s  

YO centimetres of grey, silty  limestone, whic 1 is, in l;urn, 
contains  abundant ammonite  fossils. I t  is  overlrirl by 

overlain by I 8  centimetres of p h p h a t i r  ,hale  and s i  tstwe. 
Sixteen centimetres of very fis,ile black shal, s ove-lie:  the 
phosphatic shale and  the  sequence is capped ~y  more  grey 
limestones. The  lower nodular and fo:,sil-ri  :h phospllate 
horizon i s  moderately high gracle, contailling i pprox m;alf:ly 
22 per  cent P,O,, while the  Lpper hor zon ~f phcsphatic 
shales  and  siltstones  contains  biztween X an< 1 I per m n !  
P,O, (Samples 1091 and 1094, Table 1-6.: ). Tht: erltirt 
phosphalic  interval i s  only 1.2 lrstres t l x k  ir this area  and 
limestones comprise  a greater p jpon ion   o f  it :han do p h s .  
phorites and phosphatic shales. 

eastern corner of Kakwa Recrealion Area. ne. r Inte..sect or1 
A thisd  phosphate  occurrence was fixmd  in the south.. 

Mountain. I t  outcrops on a cl i f f  .ace and i s  e timatcd  to be 
no more than a metre i n  thicknrs,. Nodu'aran I fossilifcrou:; 
phosphorites with fluorite-coated  frac.ure  urfaces wen: 

area contain  between I 8  and 21) per crnt F :Os (!;arnple,i 
found in talus  beneath  the  outcrops. Crd? sax ples from this 

1251A and B, Table 1-6-2). 

CARBONATE-HOSTED Vt:rru AND 

REPLACEMENT SHOWIN~;S 

although not  common in the Kakwa arm. w :re di>covere,d 
Vein and replacement  showings in car ionate rcckr,, 

i n  six  locations. Southeast o f  M o u l t   I d  , an  orange- 

grey limestones near the top O F  I he Mid i le  C lmbrien :Snake 
weathering,  irregular dolomitized zone i s  e, posed in   Igh t  

and  solution-collapse  breccia infill ings w thin the: (dol- 
Indian Formation. Coarse-graini:d dolomite ( ,ccurs in veins 

omitized rocks.  Small shear zc9nt:s. dominant y con:isti,lg of 
fine-grained  calcite, are also pesent in this a1 :a. To the west 
o f  Mount Ida, an irregular zone #of altercd an, recrystallized 
dolomite,  cut by coarse-gra  ned dolcsmite veins,  occurs 

tion. No evidence o f  potentsally economic commodities, 
within limestones o f  the Middle  Canyxian  Eldon  Fcrm;I- 

(Table 1-6-3). although  corrttl;ltive strata i 1 soulheastern 
such as lead,  zinc or magnesile was iound in either  ,m:a 

British  Columbia are known ~ I I  host ezonoi  1ic  deposils In 
similar  environments  (Grieve a,nd Hoy.  198 : Simandl and 
Hancock, 1991). 

7 Y  



~ 

In the  southern part of the area, southeast of Mount 

open-spnce fillings in a  brecciated  zone within Ordovician 
Buchanan,  coarse-grained  dolomite  occurs i n  veins  and 

cosrse-grained  calcite  veins containing minor  amounts of 
Skoki  dolostones.  East-northeast  of  Mount  Buchanan 

barite cut irregularly  dolomitized zones in Upper  Devonian 

appear to be barren; they are not particularly  widespread 
Mount Hawk limestones.  These  veins  are narrow and 

(Table 1-6-3). 

were found in Rundle  Group  carbonate rocks at  two loca- 
Barite  veins and replacement zones,  over a  metre  wide, 

tions, near the  upper pan of the  unit. One site is in the 
northernmost  part of the  area  mapped,  approximately 

other is near Moonias  Mountain, north of Jarvis Lakes. In 
2 kilometres north of the  recreation area boundary  and  the 

both localities, the veins consist predominantly of coarse- 
grained  white barite, at the northern  location carbonate 

Samples collected from these veins  did not contain appre- 
inclusions  and  rusty vugs  are  common within the  vein. 

ciahle  amounts of base metals  (Table 1-6-3); however, the 

quately  sampled and in both cases the material analyzed was 
rusty  material from the  northern  locality could not be ade- 

predominantly  pure  barite.  The  Belcourt Linc prospect, 
located approximately 6 kilometres north of the  recreation 
area,  occurs in  the same stratigraphic  position and also 
consists of barite  veins with patchily  distributed  zinc  miner- 
alization.  This  showing is reported to contain  up lo 2 per 
cent  zinc  (Lenten, 1980); grab  samples of gossanous  mate- 
rial and altered dolomitic  wallrock, collected during a brief 
visit to the showing, contain 0.35 and  0.65 per cent zinc, 
respectively, while  baritic vein material does not contain 
appreciable zinc  values (Table 1-6-3). 

QUAR.I.ZITE:-HOSTED VEIN SHOWINGS 
Q u a m  veins  containing  pyrite or associated with pyritic 

alteralion  halos  were found in Lower  Cambrian quartzites at 

quartz  veins associated with ruhty. pyritic  alteration  halos 
two  locations. A few kilometres  south of Mount Ida. pyritic 

cut  McNaughton  Formation  strata. North of Kitchi Moun- 
tain,  irregular quartz-pyritc veins, with alteration  halos that 
locally  contain S O  to 70 per cent  pyrite occur within the 
Mahto  Formation. No gold  or base metals were noted in the 
limited samples collected  from these veins  (Table 1-6-3) 
even  though  veins in similar rocks.  south of Jasper,  are 
known to carry  gold (Shaw and Morton, 1990). 

STRATIFORM S U L P H I D E S  

Apparently  stratiform  massive sulphide mineralization 
was  found in fine-grained  sandstones of the  Permian 

vain, approximately 3.5 kilometres north of Jarvis Lakes. 
Mowich  Formation at two locations.  Near Moonias  Moun- 

beds of pyrite I to 3 centimetres thick were discovered. In 
the  southern part of the area, near  Intersection  Mountain,  a 
gossanous  zone,  approximately 6 metres  thick  and 
20 metres in strike length,  occurs in what  should  be Mowich 
strata. In the same area. pieces of dark, bituminous sand- 
stone containing up t u  40 per cent pyrite were found in iloat 
beneath Mowich  outcrops.  Samples of pyrite-rich ?and- 
stones contain anomalous  concentrations of zinc, up to 
0.7  per  cent (Table I-6.3). Zinc mineralization in Permian 
sandstones  has  also been  reported from the Belcourt  show- 
ing,  a few kilometres north of Kakwa  (Lenten, 19x0). 

CHEMICAL ANALYSES OF VEIN, REPLACEMENT AND STRATIFORM OCCURRENCES 
TABLE 1 - 6 4  

- 

Carbtmate-hosted vein-replacement showings in Rundle Group strata 

2028 
I071 na Cn.2 2 <2 13 0.04 barite Norih Ridge 

BEL1 
CO.? <I <2 
4.2 30 

12 0.04 barite 2.5 k N of Jamis Laker 

BEL2 
64hZ 1.24 dolomite 6 k N of Kakwa Rec. Area 

BEL3 nil 
a . 2  C l  
0.2 2 

33 
c 2  

354') 
43 0.32 barite 

6 k N of Kakwa KCC. Area 
6 k N of Kakwa Rrc. Area 

na 
na 
"8  

40 
> I0 .w  got.oethttc 

4 k SE of Mt. Ida 
4 k SF. nf Mt I d n  

6 k W of MI. Ida 
3 k ENE of MI. Ruchanan 
3 k ENE of  Mr. Buchanan 

~~ " ~~ ~ ~ . .  ." 

3 k SE of MI. Buchanan 

Quanrite-hosted vein-replacement showing 

2078 
I100 6 <0.2 4 7 

6 a 2  5 12 5 
21 3.71 q d p y  

> 10.00 pyrm 
3 k S of Mt. Ida 
2 k N of Kitchi Mi  



DISCUSSION AVD CONCLUSIONS 
The  Kakwa  Recreation Area is underlain by straea which 

range in age fron~ L.ue Precambrian to Early Cretaceous. 
The urea can be divded  into three domains with distinct 
stratigraphy  and  structural  styles,  hounded by major thrust 

predominantly s l~a l r s  and  thin-bedded  sandstones.  and 
faults.  The eastern dcmain is underlain by Mesozoic rucks, 

central domain pl:eduminantly contains  middle  and upper 
characterized by small, disharmonic  chevron folds.  The 

Paleozoic  carbonate rocks with thick  intervening  shale 
units. Map-scale folcs, which are  common in this domain, 
are  generally  tight,  upright to overturned  structures that 
display some  degree of disharmony between  carbonate  and 
shale-dominated >,equences. Minor  thrusts and normal faults 
are also present in this domain.  The western domain con- 
tains  thick-bedded lower Paleozoic  quartzites and carbonate 
rucks  and is characwizcd by broad open folds.  small  thrusts 
and abundant noln181 Ihults. Easterly  structural  trends  are 
common in this donuin,  whereas the other  two domains  are 
dominated by northuesterly trends, more typical o f  the 
regional  structui-es. 'The difference in  structural  styles 
between the three domains is largely controlled by the 
differences in competency and competency contrasts of the 

domain represent a  ,-egional  anomaly that may, in pan, he 
rock units. The 1:ast-west structural  trends in the western 

an anomalously thicl; section of Cambrian  rocks  was depos- 
related to the  original shape of the  sedimentary  basin.  where 

ited on the south flarlk of the  Peace  River  arch (McMechan. 
IY90). 

A  numher of commodities of potential economic interest 
occur within KaLwa Recreation  Area,  including coal, phos- 
phate,  dimension stone, harite  and z.inc. Four  thick  coal 
seams occur in an erosional  remnant o f  Lower  Cretaceous 
strata that caps a small ridge in the  northeastern corner of 
the area. The  seams  are up to 6 metres thick; however,  they 
are of limited ext.ent and  constitute  a fairly small  tonnage of 
recoverable rescrvvs. The  phosphorite  occurrences that 
were found within (lie recreation area, although worthy of 
note, are far to(2 thin to  be of economic interest at the 
present time. Arrprcximately SO kilometres to the north, in 
the  Wapiti Lakc  area.  phosphatic strdta in  the Sulphur 

(Butrenchuk, in  preparation: Legun and  Elkins, 1986), 
Mountain Formatio? are  reportedly  up to  1.2 metres thick 

which suggests that this  interval does have  potential  and 
should not he overlooked. 

Quartzite strata nzar the centre of the recreatiun area  have 
been examined (Or their potential use i n  the  building stone 

maroon. pink and cieam banding  and  laminations; when cut 
industry. They  are very attractive  rocks with colourful 

and  polished the!, produce a product  comparable in  
appearance to cornmercially  exploited rn;!rbles and in  
strength,  to  good quality  granite. 'There are  a number o f  
problems with this \tone. in  some  areas the rock is very 
porous and easily trkes a permanent  stain. If  the showings 
were to he quanied. the porosity  distribution would have to 
be mapped out and .inly the well-cemented  material  used, or 
the porous  material coated with a  sealant to reduce  potential 
staining  problems, which would increase costs. I t  is also 
doubtful  whether large blocks of the si7.e preferred by indus- 
try can be product:d from  the  prospective  sites. In some 

Geological Fieldurrk 1991, Paper- 19!22-1 

cases, smaller  blocks  might he iutilized hut again, ttNis 

ricating  plants is another  concern:  truckirg  co ts fro:n 111~: 
would  result in increased  costs.  Distance to e <istin&:  f,ab- 

Kakwa area  would he extremel) high ;md i significant 
amount of road improvement wmld he neces! lry prior t'3 
shipping a n y  material. 

the  Carboniferous Rundle  Group :md in t i e  ob :rlyin:: F ' w  
Zinc and  barite showings occ1.r near the uppc r contact: cf 

mian Mowich  Formation in a  number o f  Inca ions within 
and  immediately north of Kakwa. ~rhe barite oc urs in veins 
and  replacement  zones approxinu tely 1 netre wide wittiin 
Rundle  Group  carbonate  rocks, 11 is coarse :rained and 
white in colour. In some  areas,  pirticularly  to the n m h  of  
the area, the barite veins  cut extrwlely alwred h )strocks and 
contain rusty vugs or gossanous (..ulphici-rich ') inclJsiclrls 
with anomalous zinc  contents. Apparently st atiforin $111- 

phide mineralization occurs lo(:ally in  tlie PC rmian sa.n<l- 
stones that overlie  the  Rundle CNruup. Th:se st .atiforn S I J -  

phides  carry  some zinc and ma:; he rt:lated to the same 
system that produced  the  barite wins.  The roc ;s stradd1ir.g 
the Carboniferous-Permian boul1~:lary h:r.,e s o  ne paterllial 
and  should he prospected in mort detail. 
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TRIASSIC  FOSSIL FISH FROM  THE SULPHIJR MOUNTAIN  FORMpirION, 

(931/1) 
By J. Pel1 and J.L. Hammack 
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KAKWA RECREATION  AREA,  NORTHEASTERN BRITKHI  COLUTdBIA 

- ,"."" 

KEYWORDS: Ver~ebrate paleontology,  Triassic  fossil  fish, 

fish, holosteans, coelacanths. 
Kakwa Recreation  A-ea, Wapiti Lake,  Osteichthyes, ganoid 

INTRODUCTION 
Fossil fish have been known from the Triassic Sulphur 

Mountain  Formation i n  western Canada  since the beginning 

near Banff, Alberta (Lambe, 1914, 1916). In 1947,  fish 
of this century, with the first  specimens  found  at a  locality 

fossils were discovered near Wapiti Lake, in northeastern 
British Columbia  (Figure 1-7-1). by a group of researchers 
from  the  University of Wisconsin (Laudon et a/. ,  1949). 
Since that time, a nilmber of  expeditions  have visited the 
Wapiti Lake area., which has  proved to be a prolific collect- 
ing  locality. More than one thousand specimens, many of 

recovered  and  three  distinct faunas recognized. Commercial 
which are articulated,  representing 16 genera have been 

collecting occurred in the area in the  past;  however, it is 
now considered a, Prwincial Heritage Site and is protected. 
Six sites from which fossiliferous  material  was  collected in  
situ have been identlfied within a belt 2.5 kilometres  long, 

produced most of the specimens (Brinkman and Neuman, 
south of Wapiti Lake:; however, a single site io this  area  has 

1987; Neuman, io press; Schaeffer  and  Mangus,  1976). 
Ichthyosaur reptiles  were also found at  four  of the six sites 
(Callaway  and Brinkman, 1989). 

located  approximately 50 kilometres south-southeast of 
A second Triassic  fossil  fish  locality in British Columbia, 

Wapiti Lake, was encountered in Kakwa Recreation Area 
during the course o f  a mineral  potential  study,  conducted in 
the summer of 1'991 (Pel1 et ai., 1992, this volume).  It  was 
originally  found by  Dr. Barry Richards of the  Geological 
Survey  of  Canada in the early 1980s (A. Neuman  and 
B.  Richards, persor.al communication, 1991). but has not 
previously  been  reported on.  The  area is remote  and access 
is most easily attainml by helicopter.  Because of its  location 
within a  Provincial  Recreation Area,  the  site is protected 

British  Columbia Ministry of Environment,  Lands  and 
and open  only  to scientific  study by application to the 

Parks. 

fragments were #collected during brief visits to the  site. All 
A number of articulated specimens and  numerous  fossil 

samples were found  on a scree  slope beneath outcrops of the 
Sulphur Mountain Formation or in loose  blocks  scattered 
amongst  the  outcrop. In this  vicinity,  the Sulphur Mountain 
Formation is exposed in steep to cliffy outcrops that are 
flaggy weatherintg and unstable.  Little time was spent  on the 
outcrops themselve!;. due to their  hazardous nature and, as a 
result, no fossils wcre found in situ. 

Geological Fielrln'lwk 1991. Paper 1992-1 

GEOLOGICAL  SETTING 

northwesl-trending  belt (Figurr 1-7-11 [hat f ntend; from 
The  Sulphur  Mountain  Formation  is  e:  posed irl a 

north of Wapiti Lake, through Kakwa Recreat~m Area into 
Alberta,  to the southeast of Kakwa (h4cMf chan, l5)?46; 

is a moderately  resistant,  characteristically lark reddi:ih 
McMechan and Thompson, 1985; Taylor  .md S ott, 1979;'. I t  

brown to brownish  orange  weathering unit that mconforna- 
bly overlies black, lichen-covewd  sand:;tone of t t e  Frr- 
mian Mowich  Formation  and is confonnabl) overlain by 
buff and grey carbonate  rocks of the  Late Tr assic Whte- 
horse  Formation. The  Sulphur Mountain F, rmation has 
been subdivided  into  the Vega-Pllroso, Whist1 :r and Llana 
members, in ascending order (Table 1 - 7  1). 

245 to 270 metres  thick and  coroprises a sha ey to flal::$y 
In the Kakwa  area, the Vega.Fhroso slltstot e member is 

weathering sequence of dolomiti;: and cillcare IUS siltstclrle. 
fine-grained sandstone, silty 1irnei:tone and sha e that ranges 
in age  from Early Triassic  Griesbachian IO S tathian (Ciib- 
son.  1975). It is platey  near  the  base a i d  becomes 
increasingly flaggy up-section.  Ammonitzs are locally c o n -  

poorly  preserved,  occurring as, hint  ilrprint  on ledcling 
mon within this  member. Hwever ,   t l ey   i re  gener;tlly 

planes.  Well-preserved a m m o r k s  wen: rare finds  (Plate 

common in some  strata (Plate 1-7-2) a ld  ar : be l i txd  to 
1-7-1).  Chondrichthyian spines lcf. Li:;rraca, thus !.p.~ are 

represent some  part of the skin  of anciea s h  rks (.A. h r u -  

PERMIAN AND TRIAS!W STRAI'IGRP  PHY 
TARLE 1.7-1 
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Figure 1-7-1. Distribution of Triassic  Sulphur  Mountain  Formation  strata in northeastern  British  Columbia 
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mation in Kakwa. Such  well-preserved  specimens  are a 
Plate 1-7-1. Ammonite,  from  the Sulphur Mountain  For- 

rarity in  this a n x  

man, personal comn~unication, 199 1 I .  Pelecypods  were also 
noted in some :sections. Moderately well preserved  fish 
fossils were found at one locality  and fragmented fish  were 
found in two  other ueas  (Figure 1-7-1 I .  Fish-hearing  strata 
are estimated to he approximately 30 to SO metres above  the 
base of the section  and  probably correlate with similar mala  
in the  Wapiti  Lake  area,  which  are  Smithian in age 
(Schaeffer and h4angus, 1976;  Tozer, 1967). 

The  Whistler Member, of Middle  Triassic Anisian age, 

sists of dark  grey t o  black-weathering siltstone,  silty  lime- 
where  present, i!< generally IO to 20 m m e s  thick and con- 

stone, silty  shale, L " n e ,  phosphorite and phosphatic 
pebble conglomerale  (Gibson, 1975). Ammonites,  pelecy- 
pods  and, locally,  brachiopods occur in I his member  and  are 
commonly  phospha:ic.  The  Llama  Member is characterized 

thick-bedded dolonlitic quartz siltstones.  silty  limestones 
by relatively resistant. orange-brown-weathering, thin to 

and dolostones that contain pelecypods, rare ammonite fos- 
sils and, locally, reptile  bones. It ranges from Middle  Tri- 
assic late Anisian to late Ladinian in age. Where it occurs, it 
is approximately I f ; O  to 185 metres  thick. 

At the best fossil fish  site, only  the Vega-Phroso  siltstone 
member is exposed It overlies light  grey quartz arenites of 
the Mowich FormaLion that locally fonn small cliffs  at the 
base of the outcrop,  above a talus slope.  The upper  members 

Geolofiical Fieldwork 1991. Puper I Y ! J Z - l  

such  spines  are  believed  to  represent ?ome ,an 01' thc 
Plate 1-7-2. Chondrichthian  'rplne (cf. L,i.srrm rnthus sp ); 

"skin" (shagreen i s  the correc~ term) of  an, lent stlarlu; 
(paper clip scale is 3 centimetrs~. 

are  eroded  away  or truncated by a northeas erly  c.irwted 
thNst  fault that is located wext of the main outcrop area 
(Pel1 et a / . ,  1992, this volume).  The h;.se 01 the expcmsed 
section i q  dark brown to grey-b:own-wl:athe  ing  and \cry 
fissile  to platey; flaggy, huff I O  orange-wc athering 1:al- 

the  base  of the  section. The ridge is steep and ~n ly  the biial 
careow  siltstone  layers  crop out few tens of metre:; above 

beds were examined closely. 

weathering slabs of calcareous siltstone that w i e d   f r m  :! 
Fish Snssils were  generally iound cn bu f to mn;:e-~ 

to 30 centimetres in thickness,  ,;c,lttered in the talus >ens,:.lth 
the outcrop. Fossils  were also .Found on re xtively fr8:sh. 
chocolate to dark grey-brown !;il.tstone slabs. '40 fo:;si!l fish 

that  they are derived  from  thc Ihicker, flag! y weath<:N:ing 
were observed in the  basal, fissib: shaley beds it is proh131c 

beds higher in the  section. 

THE FOSSIL FISH 
Seven  genera of fish,  belongin,g to the Clas: 0steichtl1:yej 

(bony fish)  have been  identifiec to  date,  fro] 1 the Sull'l>ur 
Mountain  Formation  in Kakwa Recrealion 1 .rea (A. Neu- 
man,  personal  communication. 1991 :. Sir ce thcir f m t  
appearance in Early Devonian freshwater I eposits, there 
have been two  major  groups of bony  fish the :;utdass 
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Plate 1 - 7 3 ,  Bohosnrruniu runadensis: complete  specimen  with  distinct  venebral  column. 
Specimen is 17 centimetres  long  (paper clip scale is 3 centimetres). 

Plate 1-7-4. Boreosnrnus sp.: near-complete  specimen; fins. other  than  caudal  (tail)  are  missing. 
Specimen is approximately 25 centimetres long. 
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Actinopterygii, o r  ray-finned,  and the subclass  Sarcop- 
terygii,  or fleshy finned (Table 1-7-2). The fin structure is 
fundamentally diffenmt in these  two subclasses,  as implied 
by their  names.  Ray-finned  fish have  famlike  fins with thin, 
bony rods  for  support,  like most of  the modem fish with 

have  stout  fins with a strong internal skeleton and  muscles 
which we  are familiar,  while the fleshy or lobe-finned fishes 

(Dodson  and Damdsca, 1976).  Both subclasses  are  repre- 
sented in the Triassis  deposits  from  Kakwa. 

Ray-finned fish can be further  subdivided  into infra- 
classes  Chondrostci  and  Neopterygii  (Table  1-7-2). 
Chondrosteans, or ganoid fish, generally  have  cartilaginous 
skeletons, a vertebrcd column that is upturned at the pos- 
terior end  and a tail with a heterocercal structure (Le. asym- 
metrical with a  largcr upper lobe). They  are characterized 
by the  possession of heavy, rhombic, enamel-coated ganoid 
scales that f i t  togethw  edge to edge, with very  little overlap, 
and form a  heavy, stiff armour. Lungs were  present to 
supplement the  gills  and jaw  muscles were generally small 
and weak.  Many of the more  primitive  members,  such  as the 
Palaeonisciformes,  also had well-ossified  (bony)  skulls. 

only a few specialized members of this  group, such as the 
Chondrosteans were common until the end of the  Triassic; 

sturgeon (Aripenser, and Scaphirhynchus) and spoonbills 
(Polyodon), have: survived  to the presenl (Dodson  and Dod- 
son, 1976). 

tified from  the  Kakwa area, Lk,basatrania, 3oreo:onws, 
Four  genera  of ganoid fish (Table 1-7..::) ha\ 3 beer) i d u -  

Australosomus and Suurichtlrys. 'The firit twt I genera .%-e 
typical or "primitive" chondrost(::ans, while t le latt,:r t'xo 
are more  advanced and sometime!; referrej  to a i  "subhol',ls- 

of  the more  common  genera  found  at Cakwi v i m  
teans" (A. Neuman, personal  cornmunimtiona I991 j. {Cbe 

Bobasatrania; some of the most dist.ncti\e and b'tat- 
preserved  specimens  are  examples of his g:emJs. 
Bobasatrania has a distinctive  "diamond'  shape  and 
exhibits  many of the  typical  chondrostean fea ures  $uch as 

asymmetrical tail (Plate 1-7-3). Most g o d  spec imenz are 15 
the curved vertebral column with an uptumec end and. t'le 

that  may  belong to  this  genus,  measuring  up o a m1eIn: in 
to 20 centimetres in length; ho.wver, picces c f indi.iid.u;~ls 

size, were found.  Members of the other I,, 
mon; only one specimen of Bor#?osomur (Pla e 1-7-.4) ;and 

n'nera were tmcon- 

rare examples of the other taxa. were found. 
Members of infraclass Neopttrygii  first aF Jearec. in !he 

Permian. One  line,  the holostean:;, became  dc  ninant in the 
Triassic, hut by the Cretaceouz., had passed  t leir peak and 
were on the decline  toward their :)resent ow n lmbers 0tla:re 
are  only  two  surviving membt:r!; of thi;;  gro tp, Amia, rhe 
bowfin  and Lepisosreus. the  garpike). Ihe h )loste;ms l-lac1 
more efficient jaw  leverage than chondrost :ans and hac1 
swim-bladders  rather  than lung:;. Their vent bra1 cohnnn!; 

I:I.ASSIFICATION O F  FISHES, INCLUDING  TAXA FOUND IN KAKWA RECREATIOY  AREA 
TABLE 1-7-2 



Plate 1-7-5. Alherfoniu cupidinio; near-complete fish with  well-developed  pectoral  fin  and  poorly  preserved skull. Note 
distinctive.  well-preserved  ganoid  scales.  Specimen is 33 centimetres long (paper  clip  scale is 3 centimetres). 

Plate 1-7-6. Alherronia sp.; complete fish. Pectoral fin is not  as well preserved  as in previous  specimen. 
“Loony” fnr scale is 2.5 centimetres in diameter. 
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Plate 1-7-7. C'odacanthidac W'hirriu sp.: nrarcurnplete fish, pan of caudal (tail) fin missing. Note ddicate 'wale p [tern and 
small ,  llcshy lobe at bare of  pelvic fin. Specimen is 35 centimetrcs long (paper clip scale is 1 centinlctres . 

Plate I-7-X. Coelacanthidae Whirvia sp.; skull (paper clip  scale i s  3 centime1re:s). 
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were  ossified and, although  still  slightly  upturned at the 
posterior  end,  terminated in a more symmetrical  tail.  Primi- 
tive  holosteans still  retained the  ganoid  scales, while the 
more  advanced  members lost their ganoine  covering  (Dod- 
son  and  Dodson, 1976). The  other  main  line,  the  teleosts, 
first  appeared in the Jurassic,  were dominant in the  Cre- 
taceous  and  today comprise  more than 95  per  cent of the 
fishes of the  world. They  are  characterized by an entirely 
bony skeleton,  thin,  flexible  scales that are  chips of hone, a 

conducive  to  fast  swimming. 
versatile jaw  mechanism  and a symmetrical tail that is 

Two genera of holostean fish, Albertonia and Watsonulus 
have k e n  identified from  samples collected in the Kakwa 
area (A. Neuman,  personal  communication, 1991). Speci- 
mens of Albertonia are  quite abundant; a number of well- 
preserved individuals were collected.  Only  one poorly pre- 
served specimen  of Watsonulus was found. Alherronia is 
one of the  largest  fish commonly  found in the area,  individ- 
uals measuring 30 to 35 centimetres in length  are  not 
uncommon. It has a distinctive  form, with a deep body, 
well-developed  ganoid scales, a slightly  upturned  vertebral 
column, a  large  tail and,  commonly,  elongated pectoral fins 
(Plates  1-7-5 and  6). It is a unique fish  that is fairly  easily 

fins  are well preserved. 
recognized by the  layperson,  particularly  when  the  pectoral 

Lobe-finned  fish of subclass  Sarcopterygii originated  in 
fresh  water in  Early  Devonian times  and  from the very 

and  the  Crossopterygii  (Table  1-7-2).  Two  orders  of 
beginning  comprised  two  groups, the Dipnoi,  or lungfish 

Crossopterygii  exist, the  rhipidistians, from which amphih- 
ians  are  believed to have  evolved  and the coelacanths. From 
the  Devonian to the  Permian,  coelacanths  existed  in  fresh 
water; in the  Triassic they spread  into shallow seas  where 
they  persisted  until the Cretaceous. They were  believed to 
have  been  extinct  for  75  million  years until 1939, when a 
living coelacanth was caught  by a fisherman off the  coast of 
Madagascar. Coelacanths, like other  sarcopterygeans,  have 

fishes and have  cosmoid  scales, with a dentine-like  inner 
skull patterns that are  completely different  from ray-finned 

layer  rather than  the  superficial enamel  layer  present in 
ganoid scales. Coelacanths generally do not have  ossified 
vertebrae  (Dodson and Dodson, 1976). 

One  genus of coelacanth, Whiteia, has been identified 
from the  Triassic deposits in  the Kakwa  area  (A.  Neuman, 
personal  communication, 1991 j. Articulated specimens  are 
between 35 and  75  centimetres long: numerous  fragments of 
coelacanth  fossils were also found. Whiteia is unique in  that 
the scales, when  preserved, are  more  delicate and  less dis- 
tinct,  and  tassel-like adornments  are  common  around  the 
tail.  The  skull  structure is different  from  the  actinop- 
terygeans,  with  the eye socket  set farther  back.  The fleshy 
nature of the fins  can  also he discerned in some  specimens 
(Plates  1-7-7  and X). 

CONCLUSIONS 

Triassic deposits in Kakwa  Recreation  Area may he signifi- 
The  discovery of well-preserved fish fossils within  the 

cant as there are  fewer than 20 areas  throughout  the world in 
which similar  fossils  have been found  and  only six  localities 
which  have  yielded more than five  genera  (Neuman, in 
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press: Schaeffer  and  Mangus, 1976).  Already seven  genera 
from the Class  Osteichthyes and one  from  Chondrichthyes 
have been  identified from  Kakwa;  more  specimens  are 
currently being studied and it is possible that additional taxa 
will he recognized. It also must he reiterated  that  specimens 
were all obtained from a scree  slope and  that no  extensive, 
systematic sampling effort has yet been made at this site. 

rately  identify all taxa  present and to locate the stratigraphic 
More work is needed at the Kakwa fossil  locality, to accu- 

position of the fossiliferous horizons; a museum  collecting 
expedition  appears to he warranted. 
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MINERAL  POTENTIAL  INVESTIGATIONS IN THE BABINIi: MOWN FAINS 
RECREATION  AREA  (PARTS OF 93L/14E, 15W AND '!)3M,I:ZW' 

By R.G. Gaba, P.J. Desjardins and D.G. MacIntyre - ""."" 
KEYWORDS: Regional geology, mineral  potential,  Bahine 
Mountains Recreaticn Area. polphyry,  veins, silver, gold, 
copper, molyhdenurr!. 

INTRODUCTION 

approximately 3% 400 hectares of alpine  and subalpine 
The  Bahine  Mountains  Recreation  Area  encompasses 

terrain within the central  Bahine  Range  east of Smithers, in 

try of Environment, Lands and Parks, I mineral  potential 
west-central  British  'Columbia. At the  request of the Minis- 

study of the  region was conducted in accordance with Sec- 
tion 19 of the MLvvrd Tvnurr Art during  late July and early 
August, 1991. The  geoscience information  collected will he 
used to  guide  government  land-use decisions  regarding con- 

final  results of the !.tudy will he released as a  Ministry of 
version of the recreation area to Class "A" park status. The 

vey Branch  report  early in 1992. 
Energy, Mines and  Petroleum Resources, Geological Sur- 

The program 'was designed to  augment geological  map- 
ping  and metalbgenic  studies in the wea, conducted by 
Maclntyre et a / .  (1987)  and  Maclntyre and Desjardins 
(I9XXa. h, unpublisted  data).  Their  database and  geological 
map were  the  starting  points for the project.  Geological 
mapping of the ncrthern part of the  Babine  Mountains 
Recreation Area, which was not included in the previous 
investigation, was also completed, including a small region 
northwest of Harold  Price Creek. Regionally extensive belts 
of pyritic  and  limonite-stained  altered  rocks were examined 
and sampled.  Rocks with anomalous precious  metal con- 
centrations, identifi8:d by previous  studies (Maclntyre and 

studies also includei  examination of selected  metallic min- 
Desjardins. 1988th). were re-examined and  sampled.  Field 

of favourable geolo,;y. During the program  three  previously 
era1 prospects  and deposits and  general  prospecting in areas 

undocumented  pol~metallic vein occurrences were found: 
these  are  informall)  referred to  as the  "Silver  King  Lake", 

new showings were mapped  in  detail  and sampled. 
"Rhyolite"  and "Little  Joe Lake  South"  showings.  These 

Consulting  geochemist  John  Gravel  collected  stream- 
sediment  and water samples  from 39 sites to supplement the 
existing Regional Geochemical  Survey  (RGS)  database for 
the  area. The  methods used to collect  and analyze the 

program.  The rt:sults of this  survey will he included in the 
samples were in ac4:ordance with standards  set by the RGS 

final  report. 

GEOLOGY 0 1 '  THE  BABINE  MOUNTAINS 
RECREATION  AREA 

tral part of the Ehhme  Range within  the Skeena Mountains. 
The  Bahine Mountains Recreation  Area  covers the cen- 

This  region i i  p m  of the  Stikine  Terrane;  exposed 

Geological Fieldwwk 1991, Papel- 19Y2-1 

lithologies  include:  subaerial to submarin: Cali alkaline vcml- 
canic, volcaniclastic and sedimentary r o c s  of .he Lcwe~  to 
Middle Jurassic Hazelton Grou?; sedimentary  rocks of the 
Middle  to Upper  Jurassic B0w:ie.r Lake Grou I and Lower 
Cretaceous  Skeena  Group; a rd  calcalkalinc cont ner:,tal 
volcanic-arc  rocks of the  Upper  Cretaceods K; salka '3mup. 
Upper Cretaceous  to  Lower Tel-tiary wlcan! :lastic  ro,,: ks 
occur sporadically throughout tlf: area. I ~ t e r n  ediate to .re- 
sic dikes and stocks  are Late Cr,:taceous I O  Ea1 ly Teniar!, in 
age  (Figure I-X-1). More  detdikd suhdiv sion! and desc-ip- 
lions of rock  units are oulined by Maclntyre ar d Desjardins 
(1988a). 

that of the hasin-and-range phyziographic pr' #wince oi- the 
The structural  setting of the E:ahine F.ange is sinlil;n. to 

southwest United  States:  the rang:e is dorninat,  d by a st:l-ies 

Group  and  Kasalka  Group rock!: are p ~ e s e r ~  :d in  gral3en 
of northwest-trending  tilted  horsts anc gral 'ens. :Skl:l:na 

structures  that  are  underlain by thick  su  :cessions of 
Hazelton Group and Bowser h k e  Gr#lup(T, strata. The 

moderately to the  southeast (Maclntyre ~ f a l . ,  1987).  Folds 
rocks are generally folded fold axes. trenc and plunge 

are less common in the northem ;]art of tne r a r  ge  wtem the 
structural  style is dominated by southwest. iipping f,ault 
blocks. 

the  Late Cretaceous, with  associated  e>.tensi /e volcani:im 
Regional extension is thought to have dev, loped  during 

and stratovolcano developmen!.  Compression durin: Twli- 
ary time  caused reverse m o v e ~ n m  along olc :I high-angle 
normal faults and  resulted  in  upward thvstin ; and fo!lding; 
of subsided fault  blocks. Major  east to norti east-trending, 
faults, also probably of Tertiap ,:ge, truncate ind offset  he 
dominant northwest-trending str.1ctural i'ahric  of  thc:  r;in!e 

GEOLOGICAL MAPPILVG OF' T t ' E  
NORTHERN PART OF THE 
RECREATION AREA 

Geological mapping of the  northern p u t  of the ref:reation 
area, (part of NTS  93M/2W) no: previo JSIY I lapped b,) the 
British Columbia  Geological  Survey Branch 1 (as colnplrted 
(Figure 1-8-1). Rocks in this mea are porph iritic and,,:jite 

tary rocks of the  Upper Cretaceous  Kaialka ZrouF. Minor 
flows with interhedded epicla;itlc  and tuffac ous  sedimen- 

pyritic  and  limonite-stained al.tered rocks :ontain small 
quartz-ankerite  veins, hut no other metallic I linerals. 

In addition, a small region  northwest of Harold ]':.ice 
Creek  (part of NTS 93M/3E) and outsid: the  ecreation zuea 
was examined and  mapped. Thiir area i:; und :rlain by Inas- 
sive  augite-porphyritic  basalt iluws that are I orrelatecl with 
the Lower  Cretaceous  Rocky  Ridge  fcrmat 3n. The  rccks 
show no indications of alteraticln and no qui rtz v e m  'were 
seen; the  region is therefore consid,:red :o he O F  IO'N 
mineral-resource potential. 

43 

ldegroot
1991



* YINFILE OCCURRENCE / 

/ 
0 5 

km 

Figure I - X - I .  Simplified geology of the Babine  Mountains  Recreation Area (pans of 93L/14E,ISW and 93ML2.W) 
and  the  distribution of mineral  occurrences  (MINFILE  numbers are preceeded by 093L-1. 
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KNOWN  MINERAL RESOURCES 

MINERAL DEPOSIT TYPES 
Mineral deposits and prospects within and adjacent to thc 

are  divided  into  thrcc  distinct  groups (Table 1.8-1): silvcr- 
Babine  Mountains  Recreation  Area (Figures 1-8-1 and 2)  

rich polymetallic  veins,  basalt-hosted  copper-silver  veins 
and  porphyry copp~:r~molybdenun~  (+gnid) deposits associ- 
ated with quartl  diorite and quartz  feldpsar  porphyry 
intrusions. 

Historically the area is known a b  >I silver camp, with 
lesser lead, zinc  and copper production:  ancillary gold and 
cadmium were also recovered as byproducts (Table I-X-?). 
hlost of the metals have  come  from  high-grade  pdymetaliic 
veins at the Cronin nlinc, mainly during the period IY51 t11 

1974. Potentiallv ecnnomic  ore reserves that remain at the 

Cronin mine were recently  wtlined by : outhern IIiold 
Resources  Limited  (Table I - > -  I :  Quin .  198' ). Less extert- 
sive polymetallic deposits  and basalt-ltostec copper-5ilvt:r 
veins  supported  small-scale  mining  opera  ions beiween 

now used as mountain bike ancl hiking trail! 
I917 and 1940: access trails t o  many of'thes,  prospect;  are 

THE BIc; ONION PROSPE,::T 

The Big Onion  prospect. a lo+-grade largc -tonnage <.,IIC- 
alkaline  porphyry  copper-nlol!it,jenum jepo! it on the r x t h  

property  presently being exp1~1ri.d within the hounds I) ' the 
side of Asllais  Mountain, is the most pror lising miii<:ral 

recreation  area. The  area was i n  tially staked 1s the Ci;n  Ihria 
group i n  1918 and has  subsequelltly  received attention llorn 

dian Superior Exploration Lirnit::d during the middls l5;:'0!,, 
many  individuals and exploralion groups. Ef brts by (Lana- 

TARLE 1-8-1 
KNOWh MKIALLIC MINERAL. OCCIIKRENCES  WITHIN THE BABINE MOUNTAINS KL:CIREATION  AR :A 

M1NFII.E No. Prcpertl Deposit Propert:. 
( I I Y ~ L I  Name Type Commodities 

- ~ "" ~ 

status 

Cu.hlo.iAul 
Ag.lAul.Cu.Zn:Ph 
Cu.Mo.iAgl 
Ag,lAul.Ph.Zn:Cd.Cu 
Ag.[Aul.Pb:ZN 
Ag.Ph:%n.Cu 
Cu.Ag 

Cu.Ag:Ph 

Ap./Aul,Cu.Ph.Zn 

C".PhZ" 
Ag,PhZn 

Ag.Pb.Zn 
Ag.Cu 

Ag.Au.PhCu 
Ap.iAul.Ph:Zn,Cu 
Ag,Pb.Zn 
C" 
Ag;Cu.Ph.Zn 

HISTORICAI.  METAL PRODIJ~"Il1)N WITHIN 'THE BABINE MOLlNlAINS RECREArI1)N AREA 
'IAH1.E 1-8-2 

" 

x4 xxo 3 29h 
1'1 44x 

132 77') 

1Y7 
3 17s 

4 711 

95 



Figure I-X-2. Distribution of lithogeochemical  sample  stations  (represented by dots)  and  location of mineral  occurrences:  shaded 
areas represent  pyritic  and  limonite-stained  rocks.  Insets  are  geological  sketch  maps of the  "Rhyolite"  and  "Little J o e  Lake  South" 
showings  with  locations of sample  stations:  assays of samples  collected  at Ihe  show,ings are  presented on Tahles I-X-3 and 4. The 
"Silver  King  Lake"  showing  is at the  centre of the  map  area. 
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LEGEND 

SEDlMEiNTARVAND  VOLCANIC  ROCKS 

UPPER CRETACEOUS AND LONER TERTIARY 

"ig ii,ffaceour ra-'dslooe 
. ~~ 

UPPERCRETXEOUS 

WSALKAGROUP 

I INTRUSIVE  ROCKS 

LATE  CRETACEOUS TO EARLY 1 ERTIARY 

and most recently by Varitech Resources Limited, !nave 
quantified  reserves of copper and molyb lenum (Iahle 
1-8-1). Early in 1991 Varitech fiigned an  opllon agreement 

spending $4 million on explor,j.tion ober a l-year  pe~.iod. 
whereby i t  can earn a 1 0 0  per te.11 interest in I ?e propen) by 

Planned  exploration  during the First 2 :/ears will incluje a 
diamond-drilling program desi!:ned  to  recc nfirm gmde!;. 
previously  outlined by the  Cxnadian  Superi  )r perm.,. 
drilling program, and  expand 'eserves. Var tech plans t,> 

-Ion- 

"twin"  previous  percussion-holes  by drl Iling par.lllel 
diamond-drill holes with a lar,p,r  diameter a1 d to a gnater 
depth than before. I t  has been :u!:gested that t le perwasion- 
drilling  program  yielded lowzr~~than-actual mdes  du: t o  
poor  recovery  from the fractule,.l  and  altered  hostrocks ;and 
an apparent  concentration of me t a l k  minera s. specifi<.all:q 
bornite, at the hottom of the  prcussion-dril hole?, du: to 

(I. Baker. personal communic;ltlon, 195 I ) .  
inadequate  flushing  after  drilling each sa nple  interval 

POTENTIAL FOR UNIDIISCO'VEA ED 
RESOURCES 

The field-based component of this stJdy  lthered  infor- 
mation t o  help assess the potenti.d  for urtdiscc vered minc:ral 
resources  within the recreation  area. Althou ;h the re;;ion 
has been extensively  prospectel and explor :d during the 
past 90 years,  there is still the ?ossibilit!! that some mir.rral 
wealth has gone undetected during that lime. The goal ! i x t !  

is tv  identify areas with sigrlii'icant rninera potentia tv 
ensure that the region is thclroughly testec before 1 1  is 
conhidered for  reclassification a! park land w th no m i n d  
exploration  allowed. 

lithogeochemical  sampling of idleration zone!, and deli118:a.. 
The methods used to identify areas of  int' rest inclurled 

tion  and  prospecting of regions c temed (avou .able for  nlin 
era1 depohits. Analysis of stream sediments is also a p a t  01' 
this  evaluation,  the  results of which will for n pan of  Ih? 
final  report. 

A total of 244 rock samples vias collected From the .#res, 
during previous (Maclntyrr m t l  Iksjmdins I9RXa.b) inc. 
present studies. Of these, 113 vsere takzn frirm regionjll) 
extensive  pyritic  and limonitl:-,.tained alter,  d  rocks 11a1 
form spectacular  red-brown gos!,ans across tt 2 central pan 
of the area  (Figure 1-8-2). These z m e s  a e essi:nti,iIly 
bleached  sericitic schists and  pliyllites deri\:d from ,,01- 
canic and sedimentary  rocks snf the Uppe' Cretace:sus 

pyrite, some of which has altered to limnnite. ~ 'he rocks ; I  sc 
Kasalka Group.  The rocks  covt;iin abundant dissernin; led 

exhibit breccia  textures and are Icxally veinel by quart.: 01 

quartz and epidote. The alteration zone!;.  wh ch art: a kw 
hundred  metres  wide,  are semic~mtinuous for severrl kilo- 
metres along a west-nonhwest  mike.  They  ire cninciet:nt 
with shear  zones of probable pm :-Late Creta< :ous a.ge ~llat 
are  truncated by northeast-trendlng Tertiary auks #:Figure 
I-x-2). 

only  background levels of prec 011s and  base I letals: thi; is 
With few  exceptions, sample:; t.aken frvm OL [crop contain 

in agreement with the experiena: of lacol prc  <pectors ( loe 
L'Orsa,  personal  communicalion, 1991). I- owevx,  the 



altered  rocks  have not been tested at  depth by diamond 
drilling and might  contain metals beneath  the  leached  rocks 
exposed at surface. 

PREVIOUSLY U N D O C U M E N T E D  MINERAL 
OCCURRENCES 

Three  previously  undocumented mineral occurrences 

lithogeochemical sampling. All are within 1 or 2 kilometres 
were found during the course of prospecting  and  regional 

of known prospects or mines  and are  on  ground held in good 
standing by Vancouver-based companies. However.  there 
are no indications of surface work at any of these showings 

exploration potential. 
and they may represent new occurrences with  interesting 

SILVEK  KING  LAKE  SHOWING 

The  “Silver King Lake”  showing is at the  head of Silver 

imately 2 kilometres  northwest of the Silver King mine 
King  Lake  basin at an elevation  of  1965  metres.  approx- 

of a quartz vein 3 centimetres  wide, exposed for 2 metres 
(MINFILE  093L 201; Figure  1-8-2).  The  showing  consists 

along  strike within feldspar-porphyritic  andesite of the 
Upper Cretaceous  Kasalka  Group. Hostrocks are mylonitic 

massive volcanic  rocks. The foliated rocks  have an easterly 
to schistose  and form lenticular zones within otherwise 

extensive pyritic  and  limonite-stained  rocks. 
strike  and a south dip, generally  parallel to the regionally 

The vein consists  of  vuggy, crystalline quartz  and  con- 
tains  irregular blebs of galena,  chalcopyrite and  pyrite, 
1 millimetre to several centimetres in size. A sample of the 
vein submitted  for assay  returned 1 I ppb  gold, 16 grams  per 
tonne silver, 564 ppm copper, 1.59 per  cent  lead, 370 ppm 
zinc and 13 ppm  cadmium.  This vein is typical of the 
polymetallic  veins of the  region. 

(sample BG.491-I 1 1 )  front the “Rhyolite” shnu,ins. 
Plate I - X - I .  Polished slab of massive sulphide vein 

Chalcopyrite,  arsenopyrite and microscopic  native gold are 
associated with quartz  veinlets (dark grey) within massive  to 
banded  intergrowths of pyrrhotite,  pyrite  and  arsenopyrite. 

RHYOLITE  SHOWING 

Cronin Creek, approximately 2 kilometres  south of the 
The  “Rhyolite”  showing is near  the  headwaters of 

Cronin  mine  (MINFILE  093L  127)  and 1.5 kilometres 
northwest of the  Lorraine prospect  (MINFILE 0931. 129; 

course of regional  geological mapping by Maclntyre  and 
Figure 1-8-2). This site. initially sampled in 1987 in the 

gold in rhyolite  veined by quartz.  pyrite  and  arsenopyrite 
Desjardins (1988h). contains up to 4.32 grams  per  tonne 

The  area was  briefly  re-examined during the  present  study 
(sample PDE87-53Y in Figure I-X-2 inset and Table 1-8-3). 

to document the  nature  and  distribution of the mineraliza- 
tion. 

The showing  consists of sulphide veins and stockworks 
within and  adjacent to rhyolite dikes that cut black argillite 
of the  Middle to  Upper Jurassic  Ashman  Formation (Figure 
1-8-2 inset).  The  sulphide  concentrations are  predominantly 
pyrrhotite  and  pyrite. with lesser arsenopyrite,  chalcopyrite 
and  specularite.  minor  sphalerite  and  microscopic  native 
gold (Plate 1-8-1). The assemblage forms  massive  handed 
veins up to 15 centimetres wide that are spatially  associated 

phides within  rhyolite. These  are exposed over an area of 
with rhyolite  and disseminations and stockworks  of SUI- 

and Ftockworks submitted for assay returned up to 13.2 
approximately 2.5 square metres.  Samples of sulphide veins 

grams per  tonne  gold and 86 grams per tonne  silver, and 
appreciable  copper  and zinc concentrations (Table I-X-3). 

Argentiferous  polymetallic  mineralization (quartz  veins 
with coarsely intergrown pyrite,  sphalerite,  galena,  chalco- 

mine  and  the Lorraine prospect  (north  and  south of the 
pyrite,  boulangerite  and  tetrahedrite) at both the Cronin 

Rhyolite showing) is closely associated with rhyolite  intru- 
sions. The area  between  these two  past-producers is riddled 

place  to  expect  similar  mineralization.  Veins  at  the 
with dikes and  irregular bodies of rhyolite - an obvious 

rhyolite,  but  are mineralogically and texturally distinct  from 
“Rhyolite”  showing also have a spatial  association with 

assemblages  at the  Cronin and Lorraine: “Rhyolite” veins 
contain abundant pyrrhotite and  arsenopyrite with signifi- 

occur as pod-like veins of almost  massive  sulphide, possibly 
cant  associated gold (a higher temperature  assemblage).  and 

manto-style veins?. 

LITTLE JOE LAKE  SOUTH  SHOWING 

The  “Little Joe  Lake South”  showing is exposed in the 
prominent north-facing cliff of the  ridge  south o f  the east- 
ernmost lake at the headwaters of Little  Joe Creek.  This  area 
is approximately 1.2 kilometres south of the Silver Pick 
prospect (MINFILE  093L 125; Figure 1-8-2:1. Sulphide- 
bearing quartz-ankerite veins are exposed along the ridge 
escarpment for  more than 250 metres within massive to 
foliated porphyritic andesite and tuff of the  Upper Cre- 

and  dip steeply to moderately  southwest  or northeast. 
taceous Kasalka Group.  The  foliated rocks  strike northwest 

Within  the area of extensive  quartz veining,  the hostrocks 
are schists  and  phyllites speckled with fine-grained  ankerite 
(or  limonite  after  ankerite). In contrast  to  similar  vein 

evidence. 
deposits  nearby, rhyolite  and other intrusions are not in 

98 



The  quartz  veins are generally 2 t o  10 centimetres  wide 
and are exposed along strike for an average of 3 to 5 metres 
along the  face o f  the  escarpment. The  thickest and most 

intermittently for 20 metres  (stations BGA91-76. 90. X4 in 
sulphide-rich vein i s  25 centimetres wide and is  exposed 

Figure 1-8-2 inset). Vein quartz is massive and milky white 
to  slightly banded 01- blotchy  with respect to the distribution 
of. sulphides and ankerite (or pockets of  limonite after 
ankerite). Cockscomb quartz and vuggy  textures are present 
hut  not  common.  Ankerite (and limonite) veinlets and slices 
ol'ankeritized  wallrock  subpardliel  to the vein  walls  give an 
impression of poorl,y  developed ribbon texture. 

Metallic  minerals  within the  veins include: galena, 
sphalerite,  tetrahedrite,  boulangerite,  chalcopyrite, spec- 
ularite and pyrite. and occur as irregular  concentrations 
several millimetrcs 10 2 centimetres in size. The vein 
assemblages  are similar  to those at the Cronin mine, hut the 
abundance o f  metallic  minerals  within the  veins i s  much 
less than at Cronin. 

the host phyllite.  alteration adjacent to the veins is negli- 
Aside from a generally  pervasive  ankeritic  component to 

gible; small amounts o f  chlorite  (tsericite) are present 
along  or  close  to the vein  margins,  but seem to be part o f  the 
vein  rather  than  a  product of wallrock  alteration. 

relationships with the host phyllites indicate that there are 
The  quartz veins  have variable  morphology, and their 

several  generations of veins,  each related  to  intervals of 
progressive structural deformation. Veins  that comprise the 

concordant with host phyllite and are variably  deformed. 
west part o f  the Little J o e  Lake South  showing are almost all 

The  thickest and most  sulphide-rich  vein is  also  approx- 
imately concordant within the phyllite,  hut is  internally  drag 
folded and probably  thickened. Fold structures within the 
vein,  defined  by the alignment o f  acicular  boulangerite, 

Geological Fieldwork 1991. Pap"- 1992-1 

probahly  formed  during she r i n g  and  d lation aion;; 
foliation. 

Other  veins  that  closely follow the foliatil n of the t o s t -  

clots of sphalerite and  galena, i nd ha\,? irre; ,ular mar$ ins, 
rocks are planar  to slightly waq'ed.  They co ltain  irregular 

probdblp  emplaced during the latest stages o shearing and 
but are generally  not  internally c eformed.  Tht se veins \/en: 

dilation  along the foliation. 

largely  discordant to foliation. I h n y  are flat t( gently  north^ 
Veins that  comprise the eBs part o f  the prospect art: 

dipping and occur in regularly spaced vein s :ts within thi: 

have  sharp  contacts, occupy  planar  dila:ions  >erpendic ]lair 
phyllites. The veins, which ar: generally  un  lefornlecl and 

to the foliation of the hostrovks. Bkbs o '  galena m c l  
sphalerite, 1 to 2 centimetreh In diameter, are c(xnr?orl 

wide. Veins in similar structural  settings are SI ghtly w a q d  
within veins, many of which are less than i centimetres 

or folded and  the  host phyllites  Ileformcd. D ag-foldin:: ir 
the phyllites suggests down-dip, :x normal mc vement al,mp 
fractures  (now  occupied  by  quartz  veins): m 3vemr:nt ' a w  
probably  synchronous with vein emplacmen . 

Quartz  veins also occupy cre!;c~:nt-shaped fr lctures wI8i:re 
slip along  foliation has induced shear foldin;  and accc~n- 
panying  dilation perpendicular 1 0  the 'oliat an dil-ectinn. 

and  continuity, hut are commonl!~ wides: in tl e  fold creits. 
Veins that  occupy these dilatanl  mnes arc irre; ular i n  width 

Quart7. concentrations of this type. which react widths o l  up 
to 50 centimetres, are riddled x i th  irregular bl :bs and VI in- 
lets of sphalerite, galena and c h ~  Icopyrite. 

Veins were sampled  wherever it was  safe I J do so. "'he 
largest vein  (stations BGA91-71:i 90, 84 in Figure 1-%2 

cent lead,  whereas other  veins cmtain up to !6 grams per 
inset)  contains up to 104 grams pcr tonne silve  and 8.25 per 

tonne silver  (Table I-X-4). 
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CONCLUDING  REMARKS 
Preliminary results of this study are as follows: 
0 The northern  part of the  recreation area, including  the 

region  to the northwest  of  Harold Price Creek, is 
underlain by rocks that are not likely hosts of metallic 

alteration  and  lack of mineral showings in the area. 
mineral  deposits. This is exemplified by the  lack of 

This  area is considered to have low mineral-resource 
potential. 

0 The  central part of the recreation area  contains most of 
the known mineral occurrences,  some of which have 
yielded economically  extractable  quantities of metals. 

concentrated in the  east-central region. roughly coinci- 
Most of the  important past-producers  and prospects are 

detection of two previously  undocumented  mineral 
dent with the  distribution of rhyolite in the area. The 

showings within  the area  during this  study  indicates 
that  the  region still has  high  mineral  resource  potential. 
The  most important new occurrence is the  Rhyolite 
showing because of its significant gold  content. 

0 Surface  samples collected from regionally extensive 
belts of pyritic  and  limonite-stained  rocks  that  traverse 
the central  pan of the  recreation area  do not contain 
significant  concentrations of economic  metals,  but 
have  minor  associated  polymetallic  mineralization 

( q . ,  the  Silver  King  Lake showing).  Proper  evalua- 
tion without  diamond drilling is difficult  because of the 
immense  size of the  region  occupied by the  altered 

beneath  the  leached capping of iron-rich  altered rocks. 
rocks.  Undetected  metal  deposits may he  present 

For this  reason  the area is considered  to  have an 
intermediate rank of resource  potential. 

0 The  southernmost part of the  recreation  area covers a 
known  resource of copper with molybdenum and gold 
at the Big Onion  deposit.  This  area has very high 
mineral  resource  potential. 
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REGIONAL  GEOLOGICAL  MAPPING IN THE NATION LAKES .iREA. 
(93N/2E, 7E) 

By JoAnne Nelson, Kim Bellefontaine, Chris Rees  and  Mary FllacLean 

KEYWORDS: Regit:uial geology, porphyry Cu-Au, alkaline INTRODUCTION 
intrusions. Takla Group, lnrana Lake  formation, Witch 
Lake formalion.  Chuchi  Lake formation, Hogem intrusive  located  approximately 75 kilorn,:tres north of Fort St. J;unes 

The Nation Lakes  area of central h'itisl  Columhla is 

complex, Takla intrusions.  alteration  halos. and is accessed by well-maintained lo&ping rf fads fronl Folt 

Figure 1-9-1. Location  map,  Nation  Lakes  project area 

Geological Fie1duwr.k 1991, Paper 1992.1 i0.r 

ldegroot
1991



Kilometrcs 

Figure 1-9-2. Tectonic setting of the Nation Lakes ilreil 



St. James and  Mach.enrie (Figure 1-9-1). The Nation  Lakes 
regional  mapping  project was started in 1990 t o  provide 
1:50 000-scale geological maps to aid  mineral  exploration 

deposits  similar to Mount  Milligan. At time of writing 
in the area, principally for  alkaline porphyry  copper-gold 

(November, 1991) fxsihility  studies for Mount  Milligan are 
still in progress, with results  anticipated in early lYY2. 

Results of 1990 fieldwork on mapsheets 93N/I and 
93K116 (Nelson et ..I/., 1991a, b) included: 

0 The  establishment of a fourfold  stratigraphic sub- 

0 The identification of numerous  Takla intruhions and 
division of the Takla Group. 

associated  alteration  halos  and  mineralization. 
0 The delineation of a series of fault  strands related t o  

the  Manson-MacLeod  Lake  transcurrent fault  system, 
that divide the area near  the  Mount  Milligan deposit 
into  sets of horsts and grabens. 

During 199 I, this  work  was  continued as mapping  was 
extended to the wesi and  north onto map  sheets 93N/2E  and 
93N/7E (Figure l - % l ) .  The resulting 150 OOO maps  are 
available as  Open  file 1992-4 (Nelson P /  ol., lYY2). 

REGIONAL  SLTTING 

and is underlain by Triassic-Jurassic island-arc  rocks of the 
The Nation  Lakes map area is pan of the  Quesnel  Terrane 

Takla Group  (Monger e/ ul., 1990).  The region is bordered 
by two  major  transform  fault  systems:  the  Manson- 
MacLeod Lake fault.  which separates the Mesozoic  vol- 
canics  from Paleozoic  and younger strata to the east, and the 
Pinchi fault, which reparates them from the oceanic  Cache 
Creek  Group  to the  west (Figure 1-9-2). Parts of two 
regional-scale  batholiths  are  exposed in the map area. The 

batholith intrudes the alkalic Takla volcanics on the shores 
southern end of thlt Early Jurassic  and younger Hogem 

of Chuchi Lake, and the  southwestern margin of the Cre- 
taceous Germansen hatholith  outcrops  sparsely in the  low- 
lands of the northea!;tem comer of 93Nl7.  The Takla Group 
volcanics are  also intruded by roughly coeval,  high-level, 
alkaline plutons which are responsible for the  development 
of porphyry system!; rich in copper and gold. For a more 
detailed discussion o f  the alkaline porphyry Cu-Au associa- 
tion and regional  geological  correlations refer  to Nelson et 
a / .  (1991a). 

GLACIAL  GEOLOGY 
The geomorpholc'gy of the Nation Lakes area bears  a 

strong  glacial imprint. particularly  from  the  Fraser glacia- 
tion,  the most  recent  ice  advance.  Glacial  straie  trend east  to 
northeasterly, and large-scale  glacial grooves  are aligned at 
about 060". Northea:iterly  regional ice-flow from  the Coast 
Mountains  was deflrcted by smaller ice masses  originating 
in the Skeena Mountains to the north and the Carihoo 

varied  through  time (Plouffe, 1991). Till and  fluvioglacial 
Mountains to the south,  resulting in flow directions that 

deposits  are thickest in the lowlands south and southwest  of 

emerge  from blanket to veneer till and outwash. Perched 
Witch Lake. Elsewhere, in most  areas, scattered outcrops 

glacial channels  occur on hillsides and are incised into  the 
highest  plateaus. 

G r o l o g i d  Fieldwork 1991, Pupm 1992.1 

STRATIGRAPHY 

TAKLA GROUP 
Regional  mapping of 93K:lli and 03N/l  during l ! W )  

resulted in the  subdivision 01- the Tdkla G13up into lour 
informal formations. From base to top these are the Rain- 
bow Creek,  lnzana  Lake, Witch Lake and Chuchi I&? 
formations.  The basal  Rainbow Creek fom Ition  is com- 
prised of dark grey and black basinal shales  and  siltstones 
correlative  with  the  Triassic  black  phylhte  unit m a r  
Quesnel. The Inzana  Lake fommion  consists )f interhec dell 
distal  and  proximal  pyroclastic violcanics an1 basinal s d -  
rnents. I t  is overlain by, and irrterfingws w th, the b i t ch  
Lake formation, which is doml-rated hy aug te-porphy ritic 
volcanics and  agglomerates. 'Ih,:se rocks pa:; upward into 

of the Chuchi  Lake formation, 
plagioclase  and  augite-bearing i'ragmental ro :ks and fl:sws 

Work done during  the summer of 1991 shl ws an ov,:rall 
continuity of this  stratigraphy wi1.h the  additio 1 of important 

eastern half of the  Chuchi Lakr rnap area (931 '/2E), epiclas- 
facies  transitions  between  and M ithin th,: fon  ration!;. In the 

tic sediments of the lnzana Lake format on i n  .erfing,er t a t -  
wards with augite  porphyry  aggl :merates of 11 le Witch I ,;ikl: 
formation from its base to near il s assumed to ), The Chalchi 
Lake  formation  has  a  much  grealer  lithologic md petroli)gic 
diversity than previously though , including a\  gite  and even 
olivine-phyric  basalt flows and augite-plag  oclasr-phlric 
agglomerates as well as plagio,:l;rse and plagi xlase-aukite- 
phyric  latites.  Continuity within the  Chuchi  L k e  forma:lorl 

as  Late Triassic in age [uTrCL(c 1; Nelson et E / . ,  199b  b], 
is maintained by a  sedimentary  marker,  errone ~us ly  dent,ted 

which extends westward  for I f ;  Sdometles in  93N17. Tl~ref: 
Early Jurassic ammonite collect Ions were m rde from thi!; 
unit. 

WITCH LAKE-INZANA LAKE .BELATIONS1IIPS 

The  lnzana  Lake  formation  represents a subm, 
environment on the fringes of a dominantly  ugite-phyric. 

'I. m e  

explosive basalt centre, such as is represznted by the W lch 
Lake formation. Witch Lake ag;:lomerztes c verlie Inz,lna 
Lake sediments in the nose 01 I he regi,mal  aticline I e a ~  

this contact  extends westward into Y3W2 (Figure 1 4 . 3 ) .  
Mudzenchoot  Lake in 93Nl1 (IWson ef al., I ?91a,  b). ,Ind 

Witch  Lake  augite  porphyry agf,lomerirtes gi 'e way w s t -  
However,  south of Chuchi  Lakz In 93Ni2, the monoton~:us 

ward along  strike to epiclastic scdimenti (du! t tuffs, sard- 
stones and siltstones) identical to the lnzina L; ke formaim 
(Figure 1-9-3). This  contact is in:erpreted to b: the wes1:m 
edge of a major basaltic edificz.  The  edifice :xtends (exst- 

Cretaceous to Early Tertiary Great Eastem fau t, and sot.th- 
wards to Mount  Milligan. where it is trun :ated by the 

wards to near Cripple  Lake, w . w e  it  may int :finger u ith 
k a n a  Lake  sediments under thick till (N :Ison et ,d., 
1991a. b). 

agglomerates interfinger with finer grained el iclastic srdi- 
East of Klawli Lake (93N/7), Witch  Lake la rilli tuffs m d  

ments  and appear below the :;outh-dipping :huchi L;rke 
formation  (Figure 1-9-4). Tlwir  inferred  :hickrless is 
between 500  and 1300 metres. comparcd wi h more than 
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F,gurc 1-Y-4. Geologic cross-section o f  Y3Nl2 East Half and 91Nl7 East  Half.  The In.ation of 
section A - A - A " - A " '  is on Figure 1-9-3. 

of the  Witch  Lake  lormation form coalescing  piles along the  arc axis. The  dominantly  epiclastic  Inzana La1.e fomsliun ur derlies thl:. L: 
Figure I-Y-5. Sketch  showing  generalized Takla Group  facies  relationships  along and across  the  arc axis. Atgite-r lyric hasa !; 

plles, interfingers Nith them. and also dominales  the  fore arc and hack arc. The hnsinal Rainbow Creel: tbnnalmn hf comes m w c  
prominent  further mto the back-arc  region. 

S kilometres of Witch Lake stratigraphy  south of Chuchi 
Lake. This  area may lie near  the  northern extent of the 
volcanic  pile. Overall, the volcanic edifice  extends  over 
1000 square kilometres in this  region  and  probably  formed 
by coalescing fissure  eruptions. 

These  facies relationships demonstrate that the Witch 
Lake  and  lnzana I.ake formations  are  lithostratigraphic 

columns generally :lepict the  centres of basaltic  edifices, 
rather than time-stratigraphic units. Simple  stratigraphic 

such as the  Mount  Milligan area (Nelson era / . ,  IYYIaj  and 
near Quesnel (Bailey, 19x9). Figure 1-9-5 provides  a more 
general view of the ttarly Takla arc, in which  discrete  hasal- 
tic centres  are surrounded by blankets of epiclastic  products 
in the fore-arc and  back-arc areas as well as longitudinally 
between centres. 

Geo/oRica/ Fie/dn,at-k 1991, Paper 1992.1 

AGE O F  THE INZANA  AND IIII.INBOVV CR :EK 
FORMATIONS 

map area (Y3K/36) help t u  co,~tstrain :he 01set  of 'Fxkla 
Two preliminary conodont agm from the T zzeron Clt:el: 

volcanism.  One. from the pre-wlcanic  Ilainb IW Cr(:ek for- 
mation near Dem Lake is late C'arnian; the o her, frorn the 
Inzana Lake formation, is Nol-im (M.J. Orcl  lard, perwnal 
communication. I991 j. 

THE CHUCHI LAKE FORMATION 

The Chuchi  Lake  formation  nortt of Ihuchi Laki: 
(93N/l) consists of heterolithic plagioclase! augite-phyrb: 
lahars  and  lesser maroon pla:;:ioclast-phy .ic Mite and 
trachyte flows, with a single  west-no~thwe terly striking 
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sandstone-siltstone unit near the northern  border of the map 

moderately south  and extends  northwestwards under cover 
area  (Nelson ~f a/., 1991a. b). This marker  horizon dips 

towards the BP-Chuchi and  Rio-Klaw  properties, where 
sediments  outcrop minimally but  are intersected in many 
drill holes. North of Klawdetelle Creek, the sediment hori- 
zon is exposed in the cirques of 'Adade Yus Mountain 
(Figure 1-9-3). where i t  dips gently  south and  strikes nearly 

pinches  out into volcanic flows  toward the  west. The  sedi- 
east-west, with an  estimated  thickness of 250 metres. I t  

ments include brown-weathering  sandstone,  siltstone,  dark 
grey  shale  and variable amounts of cherty, pale green  dust- 
tuff. 

illustrate  the  petrologic and lithologic  variability of the 
The external  relationships of the sedimentary  marker 

Chuchi Lake formation  (Figure 1-9-6). On 'Adade Yus 
Mountain (Figure I-9-6A), a lower  sedimentary interval 
10 metres  thick is interbedded  with green  and maroon 
amygdaloidal clinopyroxene?plagioclase-phyric and 
aphanitic basalt flows 150 metres  below  the main sedirnen- 
tary unit. The  major  interval  of  sediments is overlain 
by  heterolithic  agglomerates  with  plagioclase?augite, 
augite2plagioclase.  plagioclase+acicular hornblende  por- 
phyry clasts and  locally  altered  and  pyritized  monzonite 
fragments. Thi5 unit is indistinguishable from the  hetero- 
lithic agglomerate that lies  below  the  sediments. 

East of 'Adade Yus Mountain (Figure 1-9-68). the sedi- 
ments  contain abundant  fine-grained tuff and  overlie  a  green 
porphyritic agglomeratic  flow unit with plagioclase  laths up 
to I centimetre in size and  lesser augite.  The  sediments 
coarsen upwards into thick sandstone beds with abundant 

conglomerate with clasts of pink  glassy  flow-banded 
rip-up clasts of shale. These are overlain by pebbly  grit  and 

trachyte, welded  trachytic tuff, quartz-jasper veins,  sub- 
volcanic  intrusions and strongly  epidotized  volcanic  rocks 
which represent both local and exotic  source  rocks.  These 
conglomerates  are overlain by heterolithic  agglomerate. 

In Y3Nil (Figure  1-9-6D), the sediments lie between 
identical  heterolithic  lahars.  This  package  overlies  an 
augite(-olivine)-phyric basalt flow  (or  flows?) that underlies 
much of the prominent  ridge  along the southern  border of 
93Ni8. I t  may correlate with the flows below the sediments 
on 'Adade Yus Mountain. On the  BP-Chuchi  property (Fig- 
ure 1-9-6C), the sediment package overlies and also inter- 
fingers with heterolithic agglomerates and  lapilli tuffs that 
contain abundant  crowded porphyry  intrusive  clasts. They 
are discussed further in the  property description.  The  sedi- 

augite-phyric intermediate flows with large phenocrysts. 
ments  are  capped by a distinctive suite of plagioclase and 

The  flow unit continues  south, interrupted by an apophysis 
of the  Hogem  batholith.  to  the  Skook  claims  (Figure 
I-9-6E).  There volcanic flows  overlie  sandstones, siltstones 

G R  claims 
D. 

S b o k  
E 

J 

Figure 1-9-6. Selected  stratigraphic  columns  through the  Chuchi  Lake  formation. 
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and white-weathering cherty  tuffs with limy nodules. In the 
cross-section  (Figure 1-9-4) the Skook sediments are inter- 
preted  as an inlier of the main sedimentary  marker. 

In contrast to the underlying Witch Lake formation, the 
Chuchi Lake formation is characterized by extreme vari- 
ahility in rock composition  and  texture. The I650 metres of 
Chuchi Lake stratigraphy are composed  predominantly of 
heterolithic  volcilnic  agglomerates,  plagioclase  and 
plagioc1aseiaugit~:~phyric latites  and  andesites,  lesser 
augite (and  even olivine)-phyric basalts  and  trachytes. Inter- 
nal facies variation:; within the flows  are also pronounced. 
Local flow packages show consistency in textures  and  even 

heterolithic  agglomcrares  and  lahars which represent  much 
in the shapes of phenocrysts. They grade laterally into 

broader  textural and compositional parentage.  Flows  are 
especially prominerlt from the north shore of  Chuchi  Lake 
to Klawdatelle Creek and northwestwards  towards  'Adade 
Yus Mountain.  A major volcanic centre may he masked by 
the intmsive rocks ,:1f the Hogem  batholith. 

exposed on one  ridge in east-central  93Nl7.  Augite- 
The basal contact of the  Chuchi Lake formation is 

porphyry  lapilli  tuffs pass transitionally  upwards  into 
slightly  maroon,  heterolithic  plagiocla~eiaugite-phyric 
agglomerates. At tnis  locality  there is no suggestion of 
unconformable relationships  between  the two  formations. 
However, at one locality  between  Chuchi  and Witch lakes, a 
few outcrops of maroon  plagioclase-porphyritic  flows and 
fragmentals  occur within an area otherwise underlain by 
dark  green augite-porphyritic agglomerates  and  volcanic 
sediments of  the Wltch Lake  formation. The maroon  rocks 
are  archetypical of the Chuchi Lake formation  and may 
represent  its  base. If this  interpretation is correct, then the 
hase of the Chuchi :Lake formation  here is morphologically 
irregular  and IitholcNgically abrupt and  thus may be a local 

of a Witch Lake centre. deposited in conditions  more typical 
unconfwmity. Alterrlatively, these rocks may represent part 

of the  Chuchi Lake forniation  (i.e., above wave hase)  or 
could  helong to the  Chuchi  Lake  formation  proper and he a 
fault-bounded \live:-, although  there is no supporting evi- 
dence for the latter. 

A G E  01.' THE  CHUIIHI LAKE FORMATION 

brachiopods were made from the sedimentary marker in the 
Three collections o f  ammonites and  two collections of 

Chuchi  Lake  formation.  Collection 91-1 i ' i  from  the 
IO-metre interval hAow the main marker on 'Adade Yus 
Mountain (Figures 1-9-3. I-9-6A, Plate 1-9-1). Collection 
91-2 is from map ihect 93Nl8, 200 metres north of the 
western  extent of the  sedimentary unit  as shown in Figure 
I-10-4a of Nelson ef ul. (1991a). Collection 91-3 is from a 
stream gully 2 kilometres  from  the  eastern border of 93N/2 
and 500 metres north o f  the Germansen-lndata road (Figure 

the Geological  Survey o f  Canada. Collections 91-1 and 91-2 
1-9-31, The  ammonites were identified by Howard Tipper of 

are  probably of early  Pliensbachian age, and  Collection 
91-3 is of late Plienshachian  age  (H.W.  Tipper,  personal 
communication, 1991; Table 1-9-1). These fossil collections 
demonstrate that Cmchi Lake formation  volcanism con- 
tinued at least as liite as Pliensbachian  time. This is the 
youngest documented age of volcanism i n  Quesnellia.  The 

Geolo,qical F'ic~ldnw-k 1991. Puprr lY92-1 

uppermost  volcanic units near ()uesnel, and he augite po,.. 
phyries of the  Elise  Formation  near Rcsskdn 1, are overlain 
by sediments of Pliensbachiarl ,~.ge  (Balley, 989: Hoy and 
Andrew, 1989: Tipper, 1984). 

indicates that the Tdkla Group in the  Nation Lakes area 
This Early Jurassic  age for I he Chuchi  Lake  fc~ml; lion 

spans the  Triassic-Jurassic  boundary. The In :ana Lake For- 
mation is. at least in pan, of Norian age. TI e Slate  Creek 
formation  near  Manson  Creek  (Ferri and Me1 iille, i n  pr:pa- 
ration)  and the basal Takh s ~ i m e n t s  betwt en the Pirlchi 
fault and  the  Hogem  batholith  IArmstrnng, 949) are ills3 
Late Triassic. At this point. ncm regional unco lformities  hat 
might cmespond to the  Tris,s~;ic-Jura!;sic t oundary have 
been recognized in the Takla Ck 'up in this art a. The coiltac t 
between the InLana Lake a n j  Witch  Lake forniaticn li is 
transitional, as is the  basal ccmtact of the  Chuchi )Lake 
formation with the one excepti )n noted aboie.  The u:per 
and  lower  contacts of the  sedimentarb mar cer u n i t  :t,ow 
interhedding of sediments, tlous and  fragmfntal rock.. A t  
the easternmost  exposure of the sediment; ry marker i ?  
93N/l, 10 metres of brown :a-Idstone:; and siltstones ar? 

the sandstones and  the lahars, ;and two brat hiopo'is *,kerz 
interbedded with lahars. Wood fragmen:s occ J r  within 'lot? 

discovered in the  matrix of the  underlying  ahar. In sum- 
mary, field evidence in the Nation  Lakes  a ea  suggerts ,i 
continuous  Triassic-Jurassic vol;:mic bequen' e, with a w- 
canic lull during Pliensbachian  lime. 

STRUCTURE 
The structural fabric of the ' 5 '31 map  area s simple,  uith 

few faults  and  only one regional fold. The lac .of faults i s  in 

ected by strands of the  Manson-MacLeod I ake  fault bys- 
strong  contrast to the  Mount killigan  area,  >ihich is trans- 

tem.  The present map area, in 'central Ques iellia, is w l a -  
lively unaffected by the Mar~sr~n-MacLeot Lake or th'? 
Pinchi transcutrent  faults. 

western pan of 93K/16 and 93NI'I (Nelson et d., 1991a, b). 
A northwesterly  trending regional  arriclinl underlier thm? 

Its hinge  zone and part of the western limb :ontintle!; into 
93Nl2. Interfingcring Witch La1i.e and Inzan. Lake fcnma- 
tions  strike  northeasterly and dip  gently 1 3  moder;itel:j 

present north of Chuchi Lake; instead, an ~pproxim;~tel:i 
northwest  (Figure 1-9-3). Th s regionid-sca e fold is not 

homoclinal panel of Chuchi Lahe forniation iips gently to 
the south. A fault is therefore  inferred  under  Chuchi L ~ k e ,  
based on these differences ir mitigVdpby md structural 
trends. The preferred interprektion  for the dir lppearanc z of 
the  anticline north of Chuchi Labe, is that he fault irla!, 
have  formed at a point of structural vieakn:ss along the 

fold, and  the gentle dips  of bedd ng on both si ies of Chichi 
plunge drpression of the an t iche .  The open nature a'f  the 

Lake, support  the  idea that the fold opens 'urther to tht: 
north and loses its identity. Mownent  on the Chuchi 1 akc 
fault  probably  predated emplaxment o' the Hogern intru- 
sive complex, since i t  does ncst affset tlie st1 m g  magrtctic 
anomaly  associated with the m'wzonite. Also.  the  fault rrtay 
have  acted as a guide for the sal.ellite body of oarse-grmrled 

east end of the map area. 
monzonite  exposed on the  south  side of Chuc l i  Lake a t  tht: 
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northeasterly  trending fault along  Klawdetelle Creek and a 
Other  significant  faults in the  area  include an east- 

northerly  striking fault on the  BP-Chuchi  property that 
terminates  against the Klawdetelle  fault.  Both of these 
structures  offset  the sedimentary  marker unit in the Chuchi 

exerted  control over the  northwestern  margin of the Chuchi 
Lake formation.  The Klawdetelle  fault also seems to have 

syenite, a late  phase of the  Hogem  intrusive  complex. 
Therefore this fault, like  the  Chuchi  Lake fault, was proba- 
bly active  between Takla Group deposition  and  intrusion of 
the Hogem batholith. 

The  excellent  exposures on, and east  of. 'Adade Yus 

bedding  and  the  often  strongly discordant  orientations  of 
Mountain  provide good  control  on the attitudes of regional 

individual  beds  within them.  The  Chuchi Lake formation as 
a  whole is only gently warped in these exposures, in spite of 
the tight folds  observed in thin-bedded sediments. In a more 

from the lnrana  Lake  formation in 93K/16 (Nelson Pf 01.. 
general sense, the complicated structural  history  unravelled 

volcanic  units:  the Takla Group is disharmonically folded. 
1991a. h) is not shared by the  Witch Lake and Chuchi Lake 

Regional-scale  structures  are broad  and open while incom- 
petent layers such as the lnzana  Lake  formation are  inten- 
sely  deformed.  Because of the conflicts between  local  and 
regional  bedding  attitudes,  major  contacts  were  used 
exclusively in construction of the  cross-section of the pro- 
ject  area  (Figure 1-9-4). 

separated by areas with weaker fabrics,  occur in the Inrana 
Sporadic  zones of strong northwesterly  trending foliation, 

Lake formation around  Tsaydaychi  Lake and between  the 

the  foliation consists of strongly  oriented actinolite  needles 
Klawli River and  the Germansen batholith. In thin section, 

and. less commonly. biotite trains that wrap around  relict 

batholith,  inside  its  thermal  aureole.  the  foliation is over- 
augite  phenocrysts.  Within a kilometre of the  Germansen 

printed by randomly oriented actinolite and hiotite,  and the 
matrix  has a finely  granular  texture. The sporadic develop- 
ment of foliation  resembles  the  structural  style  seen  near 
fault strands in the  Mount  Milligan area  (Nelson e! a/. ,  

system, may  have  controlled the southwestern margin of the 
1991a). Such a fault. perhaps part  of the Manson Creek 

Germansen batholith. In addition.  parts of the  batholith 
margin,  for example north of Moosmoos  Creek.  show post- 
solidus  deformation  and foliation. Microscopically  the foli- 

grained trains,  accompanied by subgrain formation in feld- 
ation is due to recrystallization of igneous biotite to finer 

Thus, strain in this area both  preceded  and postdated intru- 
spars  and neohlast  recrystallization along grain boundaries. 

sion of the Cretaceous  Germansen batholith. 

INTRUSIONS 
TAKLA INTRUSIONS 

intruqions occur tn several areas within the Tdkla Ciroup. 
Relatively fine-grained mafic to intermediate  hypabyssal 

" 

Plate 1-9-1. Lower  sedimentary  bed  on 'Adade Yus Mountain, at  the  early  Pliensbachian  ammonite  locality. 
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Their  textures  and  alkalic  character link them  to the Takla mafite)  comprised  entirely  of  altered n afic  mincrals. 
Group;  moreover hypabyssal clasts  of these  intrusions are  Fragments  of the equigratu  lar  diorite oc ;ur in the sur- 
abundant in parts O S  the Chuchi  Lake  formation.  The  intru-  rounding volcanic  agglomc  rates,  indica] ing that  intrti- 
sions  are  classified  using  the  scheme  developed by Nelson 
er a/ .  (1991a); that is on the basis of their  textures  and 

sion  was  contemporaneau.. with vnlca lism.  Contact 

compositions. Somz intrusions are  described in more  detail 
metamorphism  has convewd pyroxenes  to amphittolc:s 
and  hornfelsed the volcam;  country rc:ks. The  later 

in  connection with their  associated  alteration  halos. The potassium feldspar  megacrytic  granite  ~ntrusive  phase 
intrusions are  grouped  from north to south  and include  the  has  generated a contact  aureole  bott in th : intrusior and 
following: in the volcanic rocks  arour d it.  This bo 1y is proklbly 
( I )  The  older  phase  of  the intrusion  around  Klawli  Lake.  related to the Germansen  batholith an I is disctmed 

This  syn-Takla  hypabyssal complex is made up of a below. 
variety of textural and  compositional variants  including 
equigranular  diorite with 0 to 5 per cent quartz (4A), a ( 2 )  A small ,  pink,  crowded  plag,ioclLseiacicular 

banded on a ccntimetre  scale with a more leucocratic 
border  phase 01' microdiorite  which is sometimes inter- hornblende  monzonite  poq'hyry (3B) tl at occturs In a 

igneous  phase  giving  the  rock a fallacious gneissic 
glacial  gully 4 kilometres  north 0.. Kla vdetelle 1,;ke. 

appearance (4A). and  rare  biotite  lamprophyre (6A: 
Its margins  are  composed of intrusive  breccias  with 
clasts of monzonite ancl svolcanil: lith dogies  (Hale 

new  classification,  coarse-grained,  equigranular  ultra- 1-9-21. 

FOSSIL IDENTIFICATIONS 
TABLE 1-9-1 

REPORT J7-1991-HWT 
Report  on  three  collections of Jurassic  Sossils.  collected in 199 I ,  from  the  Manson  Creek map area (93N). 13ritish  Columl  ia,  submill :d 
by Joanne  Nelson.  BCMEMPR. 
Field  No.:  91JN-19-4 
Locality: 

Identificalionr: 

G!K Loc. N J :  C-l 89721 
North of Chuchi  Lake,  Skook  claims. In an  east-west  gully 0 3  km north of main  Icgping rmd. L1 TM 4032IN 
61 1700N:  93Ni2. 

l .~~pldewcerm aff. uwurulam (Fucini) 
Lep1oleoc'W.s sp. 
Fucitticrru.~.7 cp. 
Arieri('eror cf. a1,yowunurn (Oppel) 

S t .  James  area.  Important new  information for Quesnellia  Terrane. 
Age  and  cornmenis: Late PlienThachian.  Lower  part ofthe Kunac  zone.  This  is a first  occurrence ofthe I i.te Plien:;bachi m in  the 

Field No.: 
Locality: 

91JN-93NXW GSC LOC. Kc'.: C-l3Y719 

Identifications: 
Clrarcut north  of  Chuchi  Lake.  GR  claim  grnup.  UTM 410550E h12327SN:  Y3'WW. 

Arnulrheus sp. 
Fanninocrrus? sp. 

Aricri<,u,-ns:' sp. 
Lepptdeoceras aff. n c c u m u m  (Fucini) 

Age and commcmr: Late Pliensbachian.  Lower pan of the Kunae  zone.  Almwt  cenainly  equivalent to collectim C- X9721 

Field  No.:  YICRE-7-3 GSC LOC. NO.: c - I  ~ 7 2 0  

Identifications: 
'Adade Yus Maunlain  north of Chuchi  Lake.  UTM 392875E, 612X050N: 93NflE, 

Tropidocerus sp. 
A ~ . u , , r h r , ~ l p u r o ~ ~ r a r i  sp. 
Meludmro~~erus ewlrdrrrm IFucini) 

Phricodocerar.T/ sp. 
bivalves 

in  age and almost  cenainly  Whitcavesi  zone;  i.e.,  mid-early  Pleinsbachian. 

Lacality: 

Gummrlloro~r,-a.r':' sp. 

Age  and  comments:  Early  Pliensbachian.  Whiteavesi  zone.  Material is compressed  hut  the  assemblage is clearly varly t liensbachi: 11 
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(3) A  very small plug or  dike of equigranular, medium- 
grained. grey-green  hornblende monzonite (3A)  located 
3.5 kilometres  southeast of 'Adade Yus Mountain. 

(4) The intrusive  complex  south of Klawdetelle  Lake on the 
BP-Chuchi and  Rio-Klaw properties (MINFILE  093N 
159). Numerous small plutons  and  sills of crowded 
plagioclase-porphyritic monzonite (3B) and crowded 
plagioclasetacicular  hornblende  monzonite  (3B) 
intrude  the sedimentary unit in the Chuchi  Lake  forma- 
tion. In terms of textures  and compositions,  these intru- 
sions very closely  match the suite at the  Mount  Milligan 

crowded-porphyry monzonite clasts, as well as altered 
deposit.  Fragmental  rocks  that  contain  abundant 

clasts,  are associated with these  plutons. 
The  crowded plagioclase-porphyritic monzonites (38)  
on the  Rio-Witch  property  (MINFILE  093N  164) 
between Chuchi and  Witch  Lakes. They  are associated 
with finely  milled  intrusive  breccias. 
A swarm  of large hornblende-porphyritic  dikes  (4CJ on 
the Camp property (MINFILE 093N 081 J south of 
Witch  Lake. The large  blocky  hornblende crystals in 

Tas property  (MINFILE  093K 080; Nelson et ul.,  
these dikes link them texturally with the dikes on the 

1991%  b).  Similar  dikes, and also crowded plagioclase 
porphyries (1B) and one intrusive  breccia occur  as  far 
as 5 kilometres southeast of the  main Camp  showing. 

includes  syenite  and quartz  syenite, with quartz ranging up 

texture of the  Chuchi  syenite is medium grained. equigranu- 
10 7 per  cent.  True  granite is very  rare. The  predominant 

lar to aplitic. with hornblende andlor biotite  ranging from 
2 to 10 per cent.  Medium to  coarse-grained phases with 
megacrystic  orthoclase are also present. They  show that 
orthoclase  was (In the liquidus  when  the  syenite  was form- 

phase where  potassium  feldspar does not form  phenocrystic 
ing. This is in  direct contrast  to the less-evolved  monzonite 

phases.  Dikes of syenite  cut  the  coarse-grained  monzonite 
on the flanks of Lhde  Tse Mountain and on the Col prop- 

the  Chuchi  syenite is the latest phase of the Hogem intmsive 
erty  and  xenoliths of  monzonite  occur in syenite: therefore 

complex in the  area. 

the Hogem  intrusive complex ranging from 206 to 178 Ma 
Garnett (19%) reported K-Ar  ages  for the older  parts  of 

(converted to new decay  constants).  corresponding to Sine- 

coeval with early Chuchi  Lake  volcanism, while  the  youn- 
murian to Bajocian  faunal  zones. The  older  age is perhaps 

ger  age postdates  the  collision of Quesnellia with the margin 
of ancestral North American. 

T H E  HOCEM INTRUSIVE COMPLEX 
The  southeastern  end of the Hogem batholith outcrops on 

the north and  south shores of Chuchi  Lake. It comprises at 

textural  and  compositional  variants.  This  intrinsic  vari- 
least  three  main  phases. each phase consisting of many 

ability suggests that the Hogem batholith is better described 
as an intrusive complex.  The earliest  and most  mafic  phase 
forms a  few outcrops  at the  northern  margin of the  complex 

of layered gabbro and  pyroxenite. cut by hornblende-plagio- 
1.5 kilometres from the  eastern  border of 93Nl2. It consists 

clase-epidote-magnetite pegmatite  stringers  and pods.  Dikes 
of coarse  pegmatitic monzonite  and  syenite establish this 
mafic  marginal phase  as  older than the  remainder of the 
complex. 

nates  the second Hogem phase.  it  outcrops on the shores of 
Medium to coarse-grained equigranular  monzonite  domi- 

Chuchi Lake and on the Col property (MINFILE  093N 
101 J. I n  some  areas the  pluton  appears uniform,  but overall 
this phase is highly  variable  and  includes  textures  ranging 

and compositions spanning  gabbro,  monzogabhro,  monzo- 
from  fine grained to pegmatitic,  equigranular  to porphyritic 

diorite,  diorite  (?quartz)  and  syenite.  These  lithologies 
appear to grade into each other, although in some  areas the 
more mafic  lithologies are  cut by felsic dikes. Porphyritic 
monzonite contains phenocrysts of plagioclase,  hornblende 
and augite. Biotite can  occur  either as regular  plates or as 
large oikocrysts  and  magnetite  contents  range up to 7 per 
cent. 

lies Lhole  Tse  Mountain (also called  Chuchi Mountain)  and 
The latest phase of the  Hogem  intrusive complex under- Plate 1-9-2. Mixed monzonite-v~I~ani~ breccia  along  the 

is referred to as the  Chuchi  syenite  (Garnett.  1978). It 
steep margin, of a small in t ru ion  4 km north of Klau,derelle 
Lake. 

112 British Columhiu Gwlogicul Sujne? Branch 



GERMANSEN BATHOLITH ANI) KLAWLI STOCK 
The northeastern  comer of 93N/7 i s  an area of  very sparse 

outcrop  underlain b i  Cretaceous granite of the Germansen 
batholith (10624 Nla, K-Ar  biotite: Ferri and Melville,  in 
preparation). Unlike the Hogem  intrusive  complex, the Ger- 
mansen batholith displays a monotonous uniformity  of com- 
position and texture It i s  coarse grained, with 25 to 35 per 
cent  plagioclase. 25 to 40 per cent  orthoclase, 20 to 30 per 
cent  quartz and 7 to IS per cent biotite and hornblende. 
Orthoclase  forms mt:gacrysts in  about half  of the outcrops 
visited.  Magmatic  crystal-alignment  fabrics are not present. 
In a  few areas  near its southern  margin, a subsolidus folia- 
tion characterized by wispy  quartz  stringers i s  evident. 
Unlike the Hogem  monzonite, the  Germansen batholith is  
only  weakly magnetic. 

The Klawli  stock ' s  texturally and compositionally  identi- 
cal to the  Germansen batholith. I t  intrudes the core of the 
early dioritic Takla  intrusion near Klawli  Lake and mimics 
i ts  shape. The Klawl i  stock is  composed o f  unvarying 
coarse-grained  granite with 20 per cent pink orthoclase 
megacrysts 1.5 to 2 centimetres in  length and 5 to 10 per 
cent mafics  (hornblende+hiotite). We concur with  Arm- 
strong  (1949) that t11e Germansen batholith and the Klawli  

both Cretaceous in age. 
stock belong to the same intrusive suite  and are probably 

METAMORPHKM 

prehnite-pumpellyitt grade in the Chuchi Lake  formation 
Regional metambwphism in the  area increases from 

near Klawdetelle Creek  to lower greenschist  grade in  the 
lnrana  Lake  formatiiln  north o f  the Klawli  River. The tran- 
sition may he partly a function o f  stratigraphic  depth; also, 
metamorphic grade  increases in a northeasterly  direction 
towards the Mansoll-MacLeod  Lake fault Lone in the 
Mount  Milligan area (Nelson et ul., 1991a) and may show a 
similar  pattern here. 

Contact  metamorphic  textures are of  two types.  Very fine 
grained, flinty homlelses with lavender shades  are  due to 

aureoles 01 thr syn-Takla intrusions. Near the Gemmansen 
submacroscopic biotite  concentrations and occur in the 

batholith and Klawli  intrusion, and in places near  the 
Hogem  intrusive  ccmplex,  coarse-grained  hornfelses are 
developed with macroscopic  actinolite and biotite, and 
patches,  segregation!  and vesicle fillings of epidote, in some 
areas with garnet. 'The garnet  probably  formed at the 
expense o f  epidote :is a result of the reaction:  epidote + 
quartz = grossular-andradite + anorthite + magnetite + 
water.  Planar  fabrics ;are associated with the thermal peak in 

from crystallographic  alignment of hiotite: the overall tex- 
the inner  contact aurmle of the Klawli  intrusion.  They  result 

lure i s  granoblastic. These fabrics  contrast  strongly with the 
pre-intrusive  deformation  noted  north  of the Klawli  River. 
They are consisten- with  forceful emplacement of the 
Klawli  intrusion. 

ALTERATION .4ND MINERALIZATION 

syn-Takla  intrusions In the map area. They range from  well- 
Four  halos of  pewasive  alteration are associated with 

defined  to somewhat speculative  porphyry  co  ,per-gold iys- 
terns. The  most  prominent i s  the BP-Chuchim io-Klaw halo, 
with  roughly 30 mill ion tonne:, ( r f  geolocical .eserves. :kc- 
ond most important i s  the \V tch  halo, CL rrently ht, ng 
explored by  Rio  Algom  Exploration Inc. Thi large h a l r ~  is 
partly on 93N/I (Nelson el 01.. 1991a. b) md partly or1 
93N/2, where  the Moss  showing i s  locat8:d. T !e Skook 11310 
lies  north o f  Chuchi  Lake. In i t ,  a zone O F  pota <sic altera ion 
is associated with a  swarm of  crowded monx  nite porpt :try 
dikes. It was drilled  by  BP Re,.ources Cmada  Ltd. in  l Wl 
In the Camp  halo south o f  Witc  h  Lake, m i o  lr amcjunt; 0:' 
chalcopyrite and malachite  occu~' in a hornfe sed zone'. 

batholith: the western half of the Chuchi  lalo n0n.t 0' 
Two alteration  halos are developed withi I the H O J ; ~ ~  

Chuchi Lake, and  the Col halo west o f  Chuchl Mountair,  Irl 

occur with magnetite and copper  sulphides in veins and 
these, coarse-grained. pink secondary potas iurn fel&par 

pegmatites  along  discrete fractul.es. 

are highlighted. The Gertie and Hannah sho  vings  are 1101 

In addition  to  alteration  halo;. ~:wo new min :ral showng!, 

associated with large  alteration s:,stems tlut an indicativt: 01 
porphyry and  perhaps porphyrprelated mine] dization. 

BP-CHUCH~RIO-KLAW 1H.mo 
(MINFILE 093N 159, CH1UI:HI LAKE) 

This extensive  intrusive  complex and  alter: tion  halo lles 
i n  the southeastern comer of 931Vi7, swth  o ' Klawdetelle 
Creek.  The  centre of the system i c ;  on the Phil I laims, w k r e  
BP Resources  Canada Ltd. has been crillin : sine 1 '69  
(Wong,  lY90).  The  northem ertcnsion on the Klaw  clams 
was drilled  by  Rio  Algom Er.ploration Inc. in I990 .md 

hounded to the east by a north- trendin]: fau t, and to the 
1991 (Campbell, 1990a, 1991). The  alterati In sy!;ten is  

north  hy the fault in Klawdetelle Creek. Withi I it, crowlied 
plagioclase-porphyritic monzoni e stock5 intr ]de the ! w d -  
mentary  horizon in the Chuchl ILake formati )n [IJCL( I)] 
and blossom  out into sill swarnts (Wong et r l . ,  1991). I n  
many inmnces in drill core, hornfelsed sedir lentary r'o:ks 
show soft-sediment  deformation and  ars inti  nately ilmer- 
calated with monzonite: this as!,ociatiort i s  c ~nsidered 3y 
some BP geologists to indicate illtrusion  of th : monzon tes 
while the sediments  were still  unlithified ( R w r  Woog, p:r- 
sonal communication, 1990), z.lthougt furl ler study i s  
necessary to document this. The fine-gmined. well-hedclmzd 
sandstones, siltstones and tuffs  g-ade  downwa .ds into mas- 
sive come  lapi l l i  tuffs and  aggl'omeratcs. In many ca?t:s, 
intrusive clasts form a  large pt:r.:entage of tt z fragmel tal 
material.  Crowded  plagioclase  porphyry clas 3 with, sn ;a11 
blocky plagioclase  crystals le% than 2 millir letres  acrins 
are common, and identical  to the later pophyries  t'lat 
intrude the  sediments. Clasts wi:h  pink se,:ond; ry pot,as:.i ~m 
feldspar, magnetite  and  epidote i- re also prese 11. 

mentary rocks and fragmental Inaterial betlleen ~:los:ly 
Abrupt changes occur in the rdative percer rage o f   s d -  

spaced drill holes  (Bernie  Augsttn, per,;onal  communi.:a- 
tion, 1991). Possible  interpretations of this  include railid 
facies  changes or  local  faulting. 111 the valley o Klawdeti  lie 
Creek, drill intersections of nmmtonous bl, .ck argillites 
contain virtually no coarse components (Cam Jbell, 195 .). 



The  strong  difference  between  these  sections  and  the 

may  constitute evidence for facies  changes  over less  than 
fragmental-rich  sedimentary sections  farther south and west 

2 kilometres. 

area,  the  sedimentary  section is overlain by a suite of 
On  the ridge 1 kilometre  south of the main mineralized 

plagioclase-augite  and augite-plagioclase-phyric flows and 

flows  contain  plagioclase  laths  0.6 to I centimetre long. 
minor, thin crystal tuffs of identical composition.  These 

commonly  synneused  to  give a  ragged appearance to their 
terminations: and blocky augite  crystals up to 0.8 centimetre 

dike  with  this  distinct  appearance  cuts  the  crowded- 
in diameter.  A  partly  brecciated  plagioclase-augite porphyry 

porphyry monzonite in BP  diamond-drill hole 1991-53. 

intimate relationship between the hypabyssal  intrusions  and 
The geological  relationships described here  point to an 

sedimentation  (Figure 1-9-7). Some intrusions  predate  the 
sedimentary unit, as  clasts of them occur in and are  also 
interbedded with the  underlying fragmental units. Other 
intrusions cut  the  sediments but not the overlying  flow\. A 
possible feeder  dike  to the flows  cuts  one of the monzonites. 
The  predominance of sills over  dikes  suggests that they 
were  intruded  before  lithification  was  complete,  as is 
observed  with  synsedimentary  igneous  activity in. for 
instance,  the Guaymas Basin. It is also possible. albeit not 
proven,  that the sills plastically deformed the sediments 
around them.  The  abundance of intrusive material in the 
surface  fragmentals probably resulted from  surface venting 
of intrusive breccias into the Sedimentary basin. 

In light of the  geological evidence that sedimentation, 
intrusion and porphyry-style  copper-gold  mineralization 
were  roughly coeval, the  Early Jurassic, Plienshachian  fossil 

ages  of the  sedimentary  horizon  would also  date the BP- 
Chuchi  porphyry  system.  As  at  Mount  Milligan  (Dale 
Sketchley, personal communication, lY91). the presence of 
sediments in this system may  have  helped to  enhance the 
size  and  intensity o f  the  altered area, by providing  a  perme- 

hydrothermal cells. Bailey (198X) cites  alteration  of 
able Lone filr lateral expansion  of the intrusions  and  the 

Pliemhachian  sediments by the  Bullion Pit stock near the 
Quesnel  River, dated as 193 Ma by K-Ar on hiotite.  This 
porphyry  system may have  been  approximately  coeval with 
the BP-Chuchi system. 

Both the  monzonite  and  the sediments at BP-Cyhuchi are 
extensively altered. Secondary potassium feldspar  occurs in 
pink veinlets in the  monzonite with magnetite,  pyrite and 
chalcopyrite.  The sedimentary  rocks show a  strong  hiotite 
hornfels  overprint. with subsequent  mottling by potassic 
and  propylitic  alteration.  Hairline  veinlets with bleached 
selvages and magnetite veinlets  and disseminations  are  also 
characteristic of  alteration.  Rough geological  reserves  for 
this system are about SO million  tonnes with grades between 
0.21 and 0.40 per cent  copper  and  0.21 and  0.44  gram per 
tonne  gold (Digger  Resources  lnc.,  news release, October 
17, lY9l). 

CHUCHI-WITCH HALO (MINFILE 093N 084 
Moss; MINFILE 093 164, WITCH) 

This broad alteration halo  spans the border of 93Ni2 and 

of 3 by 5 kilometres (Nelson et a / . ,  IY91a, b). Most of it lies 
93N/l between  Chuchi  and  Witch lakes and covers  an  area 

on the Chuchi  claims of Rio Algom  Exploration  Inc. 
(Campbell.  1990b: Campbell and Donaldson, 1991). Vol- 

sediments near  the  deposit is explained by half-graben  development, with movement  occurring on the north-trending  fault  located 
Figure 1-9-7. Cartoon of unit relationships  around  the  BP-Chuchi  deposit in Pliensbachian  time.  The  anomalous  thicknesb  of 

along the  creek  between  the  deposit  and  the  "multi-element  zone" to the east. To  the  west.  the  sediment5  pinch out against an edifice 
built of fragmental deposits, including  intrusive  debris.  from a centre that predates  the main intrusion. 



canic rocks of the Witch Lake formation, including augite- 
porphyritic  flows arld fragmentals, aphanitic  volcanics  and 
minor  tuffs, host th.5 alteration system. In it. biotite hom- 
felsing is widespread. I t  is overprinted by patchy  potassic 
and  propylitic  alteration.  Pyrrhotite,  pyrite  and  minor 
chalcopyrite occur throughoul the halo.  Secondary magne- 
tite is locally abundant.  Skam  occurs in several areas at the 
expense of limy  tuffaceous  sediments.  Skarn  minerals 
include epidote, garnet  and diopside. In one thin section 
from  93Nil  diopside skarn is overprinted by secondary 
potassium  feldspar. 

In comparison to the BP-ChuchiRio-Klaw  halo, the vol- 
ume  of exposed  hypabyssal  intrusive rock is very small. 
Crowded  plagioclase-porphyritic  monzonite  forms  tiny 
scattered stocks and  dikes with associated  intrusive  brec- 
cias.  The breccias ar: easily  confused with surface fragmen- 
tals, except that they are more  disorderly  and  the clasts are 
entirely intmsive.  This region is also intruded by several 
phases of the Hogev intrusive  complex  including coarse- 
grained  equigranulal-  monzonite.  sericite-bearing  potassium 
feldspar pegmatite a.nd coarse-grained  syenite. 

Moss showing. It cmsists of minor fracture coatings  and 
The best surface !mineralization on the  property is at the 

blebs of chalcopyrite  associated with abundant pyrite  and 
pyrrhotite in a gossanous host (Campbell  and  Dnnaldson, 
1991). Propylitic, p.ltassic and carbonate alteration  are so 
intense that original  lithologies are not  distinguishable. 

CAMP  HALO (MIINFILE 093N 081, CAMP) 

and  siltstones of the InLana Lake formation  where it inter- 
The  Camp halo is developed in fine-grained dust-tuffs 

fingers with augite porphyry agglomerates of the Witch 

dikes  cuts the sedimmts. Pyrrhotite  and  pyrite  are abundant 
Lake  formation. A swarm of coarse  hornblende-phyric 

chite  occur  as  disseminations and along fracture  surfaces. 
in altered  biotite  hornfels  and  minor  chalcopyrite  and mala- 

The main altered  outcrops that constitute  the Camp  showing 
were trenched  and (drilled  in the  winter of 1990-1991 by 

them is covered by extensive Quaternary alluvium. An RGS 
Noranda Exploratiorl Company, Limited. The area  south of 

stream-sediment sample from a  glacial gully 2 kilometres 
south of the showing returned 309 ppm copper. I100 ppb 
mercury  and 1.5 pptn  silver. The  sample location is in an 
obscure  drainage plhgged by numerous  heaver dams.  The 
only surficial  materials are  organic muck  and  glaciotluvial 
gravels  exposed in !,Iream banks. Thus the significance of 
this sample is in doubt. Five  kilometres farther southeast, 
large  hornblende-ph:,ric dikes identical to those at the show- 
ing are  accompanied by crowded plagioclase-porphyritic 
monzonite stocks and one body of intrusive  breccia. I t  is 
possible that  the Camp showing is part of a much mnre 
extensive halo that lies under  thick  Quaternary  cover. 

SKOOK HALO  (MINFILE  093 140, SKOOK; 
MINFILE 093N ;!OS, RIG BRECCIA;  MINFIIX 
093N 209, CC) 

The  Skook alteration  system contains several  small show- 
ings and occurs primarily within the  sedimentary unit of the 
Chuchi Lake  formation near  its contact with the  Hogem 

intrusive complex.  The  CLI 1 Lone is the area of 17ost 

porphyry  intrusions. I t  is expost:d in an east- rending gull:i 
intense  alteration  and  highest del-lsity of XOWI ed nlon2.1  nit,: 

in a logging  cut.  The  sedinents ;are t leached a n d  
hnrnfelsed:  alteration mineral: include potas .ium feld>pal, 
chlorite, pyrite, sericite,  epidote. biotite, calcite and rninor 
tourmaline (Camphell, 198X). 'TI-lese rocks co itain d issm~i-  
nated pyrite,  pyrrhotite  and  minor  chalc<)pyri e and borllite. 
White-weathering  siliceous tui'fs with lim] nodule., an: 
baked and  have  developed weak skarn  alter. tion minr,ral:s 
such as garnet and chlorite. P .  polymetalli: quam 'vein 
contains sphalerite, galena and  chalcopyrite. "he best d'i,ja:i 
results on grab  samples  from this localit)  are 13.4 ppm gold, 

South  zone  lies 250 metres south of this vein i nd  consisi!: of 
16.6 ppm silver and 2.3 per cerlt :zinc (Campbc 11. l9XX). The 

a  silicified zone in volcanics ti- at contains c uam,  calN:ite, 
pyrite  and chalcopyrite.  The C G  polymetalli, vein and thc 
Rig  Breccia  zone are also hostcd within the o erlying tl :w:j 
and are probably part of an epitt  xmal vein s: stem nea~ thr: 
Takla-Hogem contact. 

COI. HALO (MINFIIX 093:V 101, COL) 

Gold  Corporation is located 5 k  lometres nor h of the west 
The Col property (Col and K.ael c la im)  I f Kookah,Jrr;l 

end of Chuchi Lake, straddling he boundary  between map 
sheets 93Nl2 and 93Nn. The main copper-5 old shoviltlg!; 
are situated near the southern e,d of the Ho :em intrt~ iivt: 
complex.  They  are hosted by dlcaline iltrusi  $e rocks mal- 
the contact with volcanic tlowj ;of the  Chuch  Lake forna-  
tion. Medium to coarse-grained I.,ornblertde m mzonite. h :  
to medium-grained pink syenite,  aplite and  Iegmatitz art; 
the main intrusive  phases. Copp:r mineraliza ion inclu1.1ng 
chalcopyrite, bornite and malxchite is 2onct ntrated al:sng 
steep,  I40"-trending  parallel  fractures, e Iveloped by 
salmon-pink  potassium feldspar rich alteratic n I to 4 L (en.. 
timtres  thick. These  zones may also contain partz,  mnor 

chlorite. Some  outcrops are so heavily stripe j with alt[:ra- 
magnetite and hairline seams ':)f tremolite/,  ctinolite a.nd 

the zones appear to be late m q m a t i c  syeniti: dikes, n13s:: 
tion that they take on a gneissic ,:qpearance. \ ihile s,oml: 01' 

appear  to he the  result of mzt;isomati': altt ration o i  I he 
monzonite. A later crosscutting  sct of steep fr. cturer strike!; 
050", but contains only  minor nlineralilation A trmch  or, 
the Cnl showings averaged 2.2 rmpm gold and 3.16 per u:nl 
copper  over a 4-metre interval [Nebocrt an I Rotherham, 
1988). 

CHUCHI  HALO  (MINFILF: 1093N 104, SRM) 

contains sparse, fracture-controlled chalcopy ite with link 
The eastern tail of the Hogem ntrusivt: corn  ,lex in 93 V I 2  

orthoclase,  epidote  and ma@,ni:tite. Scatte.ed bleb! of 
chalcopyrite are  also present i n  flows of the Chuchi Lake 
formation near the  margin of the intrusivt: con plex. Cha (:e- 
donic quartz breccia  veins and small swar ns of qum2 
veinlets  contain  minor  pyrite. 11-1 93Ni1 ban :n orthoclase 
veins  and  areas of abundant pyrrhotite in SL It-and.-pe~per 
monzodiorite  characterize  the e.stem  edge I f  the C h h  
halo (Nelson et a/., 1991a).  This  system  reembles (wher 
disseminated  and  vein-hosted n~ineralization [such as I:he 
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Col and  Skook halos)  near the  contact between  the Hogem 
intrusive complex and  the Takla Group volcanics. 

THE GERTIE  SHOWING  (MINFILE 093N 210) 
The Gertie copper  showing was found on July 3,  199 I, 

during this  regional mapping  program. It lies on the Jan 5 
and 6 claims  approximately 5 kilometres  south of Klawli 
Lake and is hosted by volcanic flows of the Early Jurassic 
Chuchi  Lake  formation.  The  showing  consists of two large 
outcrops  spaced roughly 1 kilometre  apart.  The  westem- 
most  outcrop is exposed  along a glacial gully. An amyg- 
daloidal,  maroon  and grey,  plagioclase-phyric  flow  hosts 
disseminated and  fracture-controlled  malachite and  minor 
azurite. Pink calcite  (rhodochrosite?)  and  jasperoid  quartz 
occur  as vesicle  infillings. An assay on a single  grab  sample 
from this locality returned 0.2 per cent copper.  A brecciated 
zone in a more greenish and  aphanitic  area  of the outcrop 
contains  minor  chalcopyrite and has  areas of bleaching and 
hairline fractures with chlorite envelopes.  Multidirectional 
vuggy  quartz veinlets are  also present and  some  contain 
malachite. An altered  and  bleached  intrusive body outcrops 

that  grades  into  a  matrix-supported  breccia with milled 
150 metres  south of the  gully. It contains a crackle breccia 

fragments of intrusive floating in a  hematite-rich  matrix: no 
sulphides were visible at this locality. 

ated with carbonate and jasper in open-space  fillings and 
Native  copper hlehs I by 2 centimetres in size  are a s sx i -  

occur within  a  highly amygdaloidal part of the  same  flow 
package 75 metres  north of the gully. Two,  zones of strong 
propylitic  alteration (epidote, chlorite), I-metre wide. cut 
the outcrop and contain disseminated  malachite. 

native copper  showing. Brecciated  green, grey  and maroon 
The eastem  outcrop is 1.2 kilometres northeast of the 

crystal-lapilli tuff contains  disseminated  malachite,  chalco- 
cite  and possibly  tetrahedrite.  A grab  sample  from this 
outcrop  assayed 1.08 per  cent  copper and 17.5 grams  per 
tonne silver. 

top of a maroon  flow  package that is overlain  by massive 
Stratigraphically, the  Gertie showing  is located near the 

and  monotonous green-grey  heterolithic agglomerates.  The 
stratigraphy  strikes 070" and  dips  gently to the south.  The 
regional  attitude of bedding suggests  that  the easternmost 

showing.  The open-space nature  of the  mineralization 
outcrop  could be a strike extension of the main Gertie 

points to a flow-top hosted copper  occurrence.  This  show- 
ing resembles several other native copper  occurrences in the 
Takla Group including some in the Hydraulic  map  area near 
Quesnel  and  the Sustut  Copper  deposit in north-central 
British Columbia. Native copper is hosted  in  Norian  maroon 
augite-phyric alkali  basalts west of Morehead  Lake  (Bailey. 
1987). The Sustut Copper  deposit is hosted by the Triassic 

seminations  and  veinlets of chalcocite,  bornite,  chalco- 
Moosevale  formation, the upper part of Takla Group.  Dis- 

pyrite,  pyrite and native copper  occur in green and maroon 
volcaniclastics,  volcanic breccia,  and  conglomerates  at the 
transition  between  marine  basaltic  volcanism  and non- 
marine  intermediate  volcanism  (Church, 1975: Monger, 

Group.  Small  discontinuous  pods of high-grade  copper  and 
1977). Similar Occurrences are  also present in the  Hazelton 
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silver are hosted by amygdaloidal and  brecciated flow tops 
of subaerial basalts in the Early Jurassic Telkwa  Formation 
(Maclntyre and Desjardins, 198X: D. Maclntyre.  personal 
communication, 1991). All of these Occurrences are in sub- 
aerial  volcanic flows.  Their mineralogy  and open-space 
character suggest that they are products of late-phase  hydro- 
thermal  fluids  related to volcanic  activity (Church, 1974). 

indicative of a  porphyry system, this Occurrence may  attest 
Although, in itself,  the Gertie  showing is not directly 

to a favourable  environment  for mineral deposits.  The over- 
lying  heterolithic agglomerate package  hosts  altered and 
mineralized  porphyritic  monzonite clasts  (Hannah,  MIN- 
FILE  093N 21 I I and cobbles of epithermal  quartz.  The 
volcanic flows that host  the Gertie  are  also  on strike with the 
Klawli  showing  (MINFILE 093N 032).  Although  this 
showing was not visited  during  the course of 199 1 mapping, 
its  potential significance warrants  a  short description. I t  is 
described as a system  of mineralized  calcite-quartz veins in 
a brecciated  shear  zone  cutting  altered  porphyritic  and 
amygdaloidal  andesites  (Shaede, 1987). Significant min- 
erals include chalcopyrite, malachite.  sphalerite, galena and 

cent  copper,  1200  grams  per  tonne  silver and 14 grams  per 
pyrite. The best grab-sample  assays reported include  6.7  per 

tonne gold  (Shaede, 1987). 

THE  HANNAH  SHOWING  (MINFILE 093N 211) 
The Hannah  showing occurs approximately 3.25 kilo- 

metres  southeast of 'Adade Yus Mountain. It is an area of 
abundant  altered  and  mineralized  monzonite  fragments 
within green,  heterolithic  volcanic  agglomerates of the 
Early  Jurassic  Chuchi  Lake formation. Up to 2 per  cent  of 
the fragments  are  fine  grained  and rusty weathering  and 
contain disseminated pyrite and pyrrhotite (Plate 1-9-3). 

lithic  agglomerate, 2.5 km northwest of the Hannah shou- 
Plate 1-9-3. Rusty, pyritic monzonite fragment In hetero- 

ing. Fragment is 4 cm in diameter 



Many of the clast:$, including some crowded  monzonite 

grab  samples  from an area rich in rusty fragments yielded 
porphyry,  are bleached  and  potassically'?  altered.  Assays on 

Cook,  personal  communication, 1991). The  heterolithic 
results  up to 840 ppb  gold  and 224 ppm copper  (David 

agglomerates  associated with  the Hannah  showing appear to 
have  tapped a mineralized  porphyry  system. 

DISCUSSION  AND CONCLUSIONS 
The  Pliensbachisa  fossil  ages (Table 1-9-1) for the  sedi- 

mentary unit in the Chuchi Lake formation roughly  date the 
middle of the later, more evolved part of the Takla Group; 
they may also date  the crowded monzonite  porphyries that 
are  key  to  the  alkalic  porphyry  copper-gold  deposits, 
although U-Pb  zircm  ages are  needed to establish  this. 

The Takla Group between Fort St.  James and Germansen 
Landing  represents  the most protracted  volcanic  interval so 
far  documented  in  Quesnellia, from Carnian  to  late 
Pliensbachian. Mixed latite-basalt-trachyte  volcanism of the 
Chuchi Lake  formation postdates the Rossland  volcanics 
and the  youngest preserved volcanic unit  near  Quesnel. It is 
coeval with and  even  younger  than  some  parts of the 
Hazelton Group.  Thus volcanism was "alive  and well" in 
Quesnellia  during  Hazelton  time.  The  major  difference 
between  the  Jurassic  volcanic  history of Quesnellia  and 
Stikinia is less one of timing  than of style:  while the chemis- 
try of the Hazelton Group is dominantly  calcalkalic,  the 
later part of the Takla Group is mildly alkalic, with strong 
evolutionary ties to the  earlier  augite porphyries. 
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PALEOMAGNETISM OF THE  MIDDLE  CRETACEOUS  GERMA  WEN 
BATHOLITH,  BRITISH COLUMBIA  (93N/9, 1.0) 

By P.J. Wynne, E. Irving, Pacific Geoscience  Centre,  Geological  Survey of Ca lada 
and E Ferri, B.C. Geological  Survey  Branch 

(GSC Contribution No. 37391) 
-." _." 

KEYWORDS:  Pa;eomagnetism.  Germansen  batholith, 
paleomagnetic aberrancy. tilt, translation. 

INTRODUCTION 
Paleomagnetic drta frnm  intrusive  rocks of  the  Coast Belt 

are  aberrant (Symo,l\. 1977; Monger and Irving, 1980: Beck 
e r  a / . .  1981a. b: Irving r r  0 1 . .  19x5). The aberrancies can be 
interpreted as tilting, 30" to the  southwest  (Symonh. 1Y77: 
Beck and Noson. 1972; Irving ('1 (11.. 19x5; Butler t'l a / . .  
19XY); as northwartd displacement of  ahout 2000 kilometres 

and Noson. 1972; Irving, ~f ul.. IWS: Umhoefer. 1987; 
and clockwise  rotation  of 60" ahnut a vertical  axis  (Beck 

processes (Irving and Wynne, I990 Irving and Th~~rkelson. 
llmhoefer PI ul.. 19x9) or as a combin;ltion of these two 

1990 Umhoefer and Magloughlin. lYY(l). One result from 
the Axelgold  intrusion  (Monger and Irving. IYXO: Arm- 
strong ('1 a/.. 1985) also shows a similar aberrancy. indical- 
ing that this phenomenon extends ewtward  into the Inter- 
montane Belt. Tht purpose of this  paper is tu describe 
results nhtained frnm a study of the  Gennansen batholith 
(Figure 1-10-1) .  al:m in the Intermontane Belt. which was 
undertaken to  further investigate  this aherrancy. 

The  rocks of  the  Germansen batholith are generally, but 
not  everywhere. too felsic to serve as good recorders of the 
palenfield. Also, a!, this work shows. many outcrops  have 
been  struck by  lightning  which has affected their magnelizii- 
tion.  The results  presented  here.  therefore.  are not definitive, 
but provide  infonnatinn pertinent to the "tilt versus  transla- 
tion" debate regarding the origin of aberrant  paleomagnetic 
results from mid-Cretaceous  plutons in the Cordillera. 

GEOLOGY AND SAMPLINC; 
The Germansen hatholith  intrudes  Upper Triassic to 

Lower Jurassic sedimentary and volcimic  rocks o f  the Takla 
Group  (Figure I-10-2). It i s  a large body (600 km') com- 

commonly contains large (3 cm) potassium feldspar pheno- 
posed mainly of fo iated hornblende hiotite granodiorite. I t  

crysts  aligned pard e l  to foliation. Ferri and Melville (19x9) 
suggest  that, becawe the foliation parallels the intrusive 
contact and i s  also associated with a steep mineral  lineation, 
i t  may he related to the emplacement of  the batholith. Hence 
the  fabric i s  probably a "hot" phenomenon, predating the 
acquisition of magnetiration. 

Granodiorite near Mount Germansen (the locality  here 

at 10623 Ma and <hi3 Ma  (K-Ar ages from hornblende 
informally referred to as Radiometric  Ridge) has been dated 

and biotite respectively; Meade, lY7S).  The younger age 
may reflect  partial  resetting by Tertiary  intrusions nearby. 
Biotite  from a two-mica granite from near Mount Gillis 
yielded a K-Ar  ape of   10754 Ma (Ferri and Melville, 
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Cretaceous in age. 
19x9). llence the batholith s considere I to h e  mic- 

hand samples from the  apophy!,is on the sol theast  ma.;;irl, 
We sampled  the batholith in  twee  Iocllil ie:, collectin!. 18 

23 drill cores on Radiometric Ridge, and I 2  hand san p i e s  
from an isolated knoll west of lvlount Gillis (I 'igure I - 10-21. 
Samples from the  apophysis am fine lo mi dium grmrhed, 

diorite. The  foliated  hornhler~d;: biotitc gra ~odior~tc  lrorn 
weakly foliated,  equigranular  hornbltnde )iutite gr Inc" 

Radiometric  Ridge and the k l ~ l o l l  west of Mount C l l i s  
contains  large potassium feld>,p;lr phenocrys s (2 by :i m )  
and is more  leucocratic than  the apopysis granodiorite. 

METHOD 
In the laboratory,  up to three  cores  were ti ken frorri :ach 

hand  sample and two specimw s were  cut fi .)m each .'ore; 
about I(KI cores or 180 spe,:imens altugetler.  Aftel the 
natural remanent magnetirati,.)rl (NRM) of he specltlens 

hand samples was chosen for  d,itailed  >tepw se dernagletl- 
was measured, a pair  of specir lens frcm or e out o f  :three 

zation. One specimen was thcrmally dem lgneti.ced.  the 
other was demagnetiled  using  altcrnatin:  fields.  The 

detennine the  treatment for thl:  remainder:  namely,  three 
response o f  these  specimens t~ c emagnrtizati )n was u!wd t n  

gram (LINEFIT) was used to calculate  th directim cf 
levels  between 20 and I00 milliteslas. A li le fitt:ng. prc- 

magnetization  removed  over thl: treatment SI :ps. 

PALEOMAGNETIC OBISERV4TIf)NS 

WEI,I.-GROUPED MAGNK.I'IZA1.1~:lN 

collection (100 specimens). T k  ma,jol-ity r ? these spcci- 
Interpretable data were obtaiued from 5 5  I Ner cent 0 1 '  th: 

mens are from the apophysis .x d all tw: nor nally mapnet- 
ized. Alter the removal  of a snlall, lo& coer:ivity  compo- 
nent,  the directions become ~ ' 3 1 1  grouped. de 'ining an , a d -  
point, and the magnetization del:ays along a traight lil't: t t ~  
the origin (Figure 1-10-3). Thz (direction o f  I l e  magne I Z B -  

tion  removed along the straif,ht-line scgmel t, from I :I ti3 

calculated  using LINEFIT. 
100 milliteslas, i s  labelled R'i  in  Fig1 re I- l(1-3 a n d  was 

and  are interpreted to he the prrduct  of  light] ing. The! ar,? 
Low  coercivity components a-e comnlon ir the collection 

best removed  using  alternating  field demag ietizaiion To 
illustrate this the demagnetizatinn of  two SF ximens 1 ronl 
the same core i s  shown in  Fgures I-IO-' and 1-1[1-5. 
During thermal  demagnetizatim the direction of the B silec- 
imen starts to migrate  towards t k  northcast q ladrant but no 
end point is  achieved  (Figure I - 0-4). During A F  demagne- 
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Figure 1-10-1. Location of the Gemansen batholith.  morphogeological  bclts and previous  paleomagnetic  studies 
in  the Intermontane and Omenica  belts. 
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INTERMONTANE  BELT +\* OMINECA BELT 

I " " " " " " " " " " "  

Q x x X HOGEM  BATHOLITH 
Figure 1-10-2, 1,ocal geology  map 2nd wnpl ing  localities as follows: ( I )  apophysis, (2) Kadiomctri,: Ilidgr, (:I) knc I west of 

Mount Gillis. Geology  modified Srom Armhvong, 194% Ferri and Melville, 1YX8, 9x9. 

tization. by 30 milliteslas, the intensity of the A specimen 
dropped  to 10 per  cent of the N K M  intensity  as  the 
lightning-induced component was removed  (Figure I - I O - S ) .  
The orthogonal p h t  shows a sharp  change in direction 
between 10 and 20 milliteslas.  Between 30 and 90 milli- 
teslas  a rough end-p:,int is attained  and a linear decay to the 
origin of the  orthogonal plot is defined.  Apparently.  light- 
ning  has  superposec a magnetiration hut has not destroyed 
the  underlying  stable magnetiration. 

removing the lightning cornpol-lent. D sparr te cluster:, of 
Figure 1-10-6 illustrates n~ol-e generally the effec: of 

NRM directions, correspondink tn specime IS from tlirel: 
hand samples,  are shown. Thew move  into ~ well-defined 
group  after  alternating  field  dernagnetir. tion (Flpirc: 
1-10-6). Each point in the c l ~ j t e r  of cleated direct mi 

men in the range I O  to 100 mil iteslas. as ca culated u;in): 
represents the magnetization  r'smoved from i single spf:ci- 

LINEFIT. 
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SI'MMARY OF MEAN  IIIRECTIONS 
TARLE 1-10-1 

/ 
/' 

V .  

T -0.2 

20 40 60 80  ' roam1 
I ,  

specimen from the apophysis. Changes in dircction (top), 
Figure 1-10-3. Alternating field  dcmagnetimtion of a 

orthogonal  plot (centre). changes in intensity (bottom) are 
shown. RV is Ihe  magnetization remwed along  the waight- 
line segment  going to the  origin of the orthogonal  plot. 

tion, organized by localities,  are  summarized in Table 
The results  for specimens with interpretable  magnetiza- 

mean  direction of specimen pairs  from each  core. 
1-10-1. Averages were calculated  giving unit weight to the 

RANDOM  MAGNETIZATION 
Twenty-four  per  cent of the  collection (44 specimens) 

few  percent  afterdemagnetization in alternating fields of 10 
have very strong NRM intensities (3.39 Aim) that fall to a 

to 20 tnilliteslas. While  some  specimens show end-points, 
the directions are  inconsistent within a  single hand sample. 
For  this  reason  they were not included in the analysis. 
Lightning  has  apparently  completely  overprinted  the mag- 
netization  and no underlying  stable  magnetization  could be 
retrieved. 

II,I.-DEFINEI)  MACNKTIZATION 
The  remainder of the specimens in the collection (22%. 

38 specimens) have  a non-linear decay. The strong NRM 

at 10 milliteslas  and  remains little changed for  the rest of the 
intensity (1.5X 10 I Aim)  decreases sharply to 10 per  cent 

treatment  interval.  For  a  given  specimen  the directions at 

a loose cluster. The  specimens  appear to have  a  small  stable 
subsequent  treatment steps remain in one  quadrant.  forming 
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magnetization. but i t  is not well defined  and consequently 
they were not included in the analysis.  The majority of these 
specimens  are from the two  more felsic  localities, Radio- 
metric  Ridge  and  the knoll west of Mount G i l k  

RESULTS - 'TILT OR  TRANSLATION? 
The mean directions of  the  three  localities  have normal 

polarity. Their standard error  circles  overlap so the direc- 
tions are not significantly  different  from one  another  (Figure 

Cretaceous direction  (Table  1-10-1). Thib difference can be 
1-10-7) but are  significantly different  from  the expected 

accounted  for either by post-emplacement t i l t ,  by northward 

combination of these two. No mapping  has been done of 
displacement and  rotation  about  a vertical axis, or some 

bathozonal mineral assemblages in  the contact  aureole of 
the Germansen batholith so no estimate of pdleohorirontal 
is available. 

and  apparent displacements  andlor rotations.  the  paleomag- 
Table 1-10-2 summarizes, in terms of  both apparent tilts 

netic  results  obtained from  Cretaceous rocks in the Omineca 
and  Intermontane  belts.  Ninety-five  per  cent  errors  are 
quoted.  The  two  entries  for the  Axelgold  intrusion  have 
been calculated  first with respect  to  present  horizontal 
(AXI) and then (AX21 after correction for t i l t  using  crystal 
layering as an estimate of paleohorizontal (Monger and 
Irvinz. 1980: Armstrong ef a / . ,  1985). The latter  yields  the 
more  modest  aherrancy  and is used in  the  following 
discussion. 

Results from two studies in the Omineca Belt indicate 
that no tilting had occurred (SC, SY).  The aherrancy in 
paleomagnetic  directions of the Summit stock (SS) I S  that 
expected  from the tilt of bathorones mapped in the meta- 

considered  to he a  product of Eocene  extension (Irving and 
morphic aureole around  the hatholith. The t i l t  has heen 

Archibald. 19Y01. Jn the Intermontane Belt the dips o f  the 
two bedded sequences (CK, SB) are  variahle.  When  these 
are corrected to paleohorizontal, the paleomagnetic direc- 
tions remain aberrant.  The Axelgold (AX2) and Germansen 
(GS)  aberrancies  can  be  expressed  as the product of IX to 
20" tilts  down to the west-southwest.  The apparent  tilts are 
smaller hut are in the same direction as those  required to 
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produce  the observed magnetization  directions in plutons of 
the  Coast  Plutonic Complex and the North Cascades  Range 

~f N I . .  1985;  Butler rf ol.. 1989: Irving and Wynne. 1990). 
(30" to the west-southwest) (Beck and Noson. 1972; Irving 

displacement then i n  the southern Omincca Belt the Skelly 
If the  results  are  cast a s  the product of rotation and 

Creek  hatholith suggests a clockwise rotation: Summit stock 
(after t i l t  correction  indicated hy balhw(~nes)  shows a small 
counter-clockwise  rotation;  neither  show any significant 
displacement. In rhr: north the  Sylvester  allocthon hhows 
displacement hut n c ~  significant  rotation. Within crrors,  the 

dextral offset along the  Tintina  and  Northern  Rocky Moun- 
SY result is consistmt with an estimate of 900 kilometres 

tain Trench fault which is situated .just to the east of the 
Sylvestor allocthon (Figure I-10.1). 

In  the Intermontane Belt results from the Late Cretaceous 
Carmacks  Group  shnw n o  rotations. The rotations  observed 

wise, between SRoalld 7S", with the Germansen  showing  the 
i n  the mid-Cretaceous studies  are  remarkahly similar;  clock- 

greatest  rotation. An apparent ~ ~ o n h w a r d  di: placemen' 0. 
the Gemansen batholith is indicated. hut  it i! of borderlint: 
significance at P = 0.05.  Th? 'est (AX2, CK. SB) s t m v  
northward displacements which .Lre again ver similar. f:ig- 
ure 1-10-8 shows the  aberranc ES citlwlatei a s  d18spl;ce 
ments. The  error  arrows of th,: ligure give t le probability 
distribution. The probability is highest at the nean ((centrer 
and decreases away from 11. I t  i., intere!,ting o nott: thxt i.' 
the compositional layering i:; a reasmabh estimate o' 
paleohorirontal, then the ahena-cy of the A .elgold d i - s x  
tion is the product of both t i l t  a11c northward tr inslation i r i t t l  
rotation. The directions  obtained  from hr:dded rocks SB m l  
CK are best explained as the  product of transl, tion u/ith a d  
without rotatim respectively ( I r h g  and Tho kelson, 1 9 0 ;  
Marquis and Globerman, IOXX). 

These new data indicate timt a second ,luton i n  tht: 
Intermontane Belt is aberrant ;ard confilms 11 ,at paleonl.ag~ 

Intemiontane and the Coast hdis. Although ?tach resw.1 i:; 
netic aberrancies are a feature of intrJsion, in both thc: 

0.5- 
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200 400 600 7CbOo[2 
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I I I I 
200 400 600 7CbOo[2 

Figure 1-10-4. Specimen 37B. from  the  apophysis:  thermal  demagnetization with changes in Sdirectior  ahob ;, 
changes in inlenrity below. An end-point is not achieved. 
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Figure 1-10-5. Specimen 37A. from the apophysis  alter- 
nating field demagnetization  with  changes  in  dlrection 
above, orthogonal  plot bclow. A n  end-point is  achicvcd. 

SUMMARY OF PALEOMAGNETIC  WORK  ON 
IABLE 1-10-2 

INTERMONTANE AND OMENICA  BELTS 
CRETACEOUS  ROCKS  DONE IN THE 

Rock  Unit  Belt  Apparent tilt Apparent displacement 
Dip',DDA"  RR" R P D  

SC Skelly Creek OM 
SS Summit Stock OM 24.west 

<5.- -17Z17 -0IZOX 

SY  Sylvcster Allwthon OM f lat  lymg 
1 4 r  I I - 0 1  Zllh 
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AX1 Andgold I 
AX2 Axelgold 2 
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froni  three  hand  samples. NRM directions  (crosses)  arc 
F i p r e  I-10-6. Directions of magnetization in spcolrnens 

widely  scaltered. the "cleaned" directions  (solid dots) are 

hemi5phere. 
wcll grouped. All are down dtrcclmrh, plotted on  the I o ~ e r  

N 

KNOLL-' I 

S 

@"en unit %eight. All lhree  are  significantly  dzfferent 
Figure 1-10-7. Locality  mean  directions.  Specimen  pair 

( P = . O S )  from K,,,. the expected  mid-Cretaceous  direction 
(Globerman and  Irving, 19x8). Standard  error ( h i 1  ellipses 
are shown. 
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subject to considerable  error. the apparent displacements 
within the Intermonlane Belt are all from the south  and of 
similar  magnitude 1:'1000 km). The apparent  displace- 
ments are comparable  to those observed in bedded Cre- 
tacous rocks. An allemative  explanation (which does not 
agree with data from beddcd rocks) i s  that tilts 20" t o  the 
west-southwest have  taken place. This is about IO" less than 
the  apparent t i l t s  for Coast Belt plutons. Finally the Ger- 
mansen data could tbs the product of both t i l t  and rotation/ 
displ;~ement  like itl; neighhour (AX2). 100 kilometres to 
the northwest. 

deqIlNTERMONTANEl  OMINECA I km 
~ 

301 
1 WEST 

I 
I \  
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- 2 0 0 0  
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Figure I - 1 0 - X .  Uisplaccmcnt  diagram showing palca- 
magnetic  studies  from the Intermontane and Omenica belts. 
Labelling is the sxne a s  in Figure 1 - 1 0 - 1 .  GS calculated 
using the comhinei   tord i t ics  avcregc. tins 5 .  Tahlc 1 - 1 0 - 1  
P=O.OS error ariowc arc shown a s  calculated using 
Demerest's llYX3) method. 
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GEOLOGY OF THE USLIKA  LAKE  AREA,  NORTHERN QUESNEL 
TROUGH, B.C. (94C/3, 4, 6)" 
By E Ferri, S. Dudka  and  C.  Rees 

"" ." 
KEYWORDS: Regional geology, Quesnel trough.  Cassiar 
Terrane, Harper Ranch  Terrane. Slide Mountain  Terrane, 
Quesnel  Terrane,  Hogem  batholith,  Uslika  Formation, Sus- 
tut Group, strike-slip faults,  metamorphic rocks,  porphyry 
copper-gold, carbonate-hosted lead-zinc. 

INTRODUCTION 

program  under  the Canada - British  Columbia Partnership 
The Aiken Lakt:  project is a l:50 000-scale  mapping 

Agreement on Mineral Development  (1991-1995) and is 

three  years of field mapping,  covering an area centred on 
located in the nortikern Quesnel trough.  It will consist of 

Aiken  Lake  and eatending southward to Uslika  Lake  and 
northward 10 lohanron Lake (Figure 1 - 1  1-1) .  The mapping 
will focus on the northernmost limit of Mesozoic  volcanics 
within the  Quesnel  trough,  Upper Paleozoic oceanic vol- 
canics and sediments, and  Lower  Paleozoic carbonates.  The 
area  has  known  porphyry  copper-gold  occurrences, 
carbonate-hosted lead-zinc mineralization  and  the  potential 
for  economic  mineral  concentrations.  The  project will 
provide  geological base maps that will detail  the  geology 
and  facilitate  the se.rrch for new mineral  occurrences. Other 

goals  are to update  the  mineral  ihventory  data ,ase and  rlace 
known mineral occurrences w1tllin a geologic a1 frareuork.. 
To assist in achieving these  cIbjectiws, st  em-seditrterlt 

analysed according  to Regional 8:;eochemical Survey ( R G S )  
samples were collected from  creeks ir  the nap  area .mi 

procedures.  Lithogeochemical  samples 0' prospective 
lithologies  were also  collected 

During  the  1991  field season, mappirlg wa; concentrate4i 
near Uslika Lake and  included n~os t  of map SI eet  94C/3 ,mi 

area is located  approximately 2':)O kilonetre: north of Fott 
parts of map sheets 94C/4 and 9,:IC/6. The cer  Ire of the :la2 

St. James  (Figure 1-1  1-1). Road access s by he gra.vel. all- 
season Omineca  mining  access  mad  from FOI t St. Jamej,  or 
a similar  forestry  access road which orij:inate j at the south- 
em  end of Williston Lake. These roads follo v the Osd ~nka 
and  Tenakihi drainages  and  connect to numet IUS secondar:f 
logging  roads in the area. Ap~~roximalely .'3 per  cent  or 
more of the area will be acces,ii:)le by Ioggin : roads h! th,: 
end of 1991. 

The  map area is contiguous with tllat 0' the Mmion 
Creek mapping project (Fem rand Melville  1988, 1'289, 
1990a  and  b, in preparation; Fe:.ri et a/. ,  198 i, 1989). This 

\ 
\ 
\ 

'1 

Figure 1 - 1  1-1.  Location of the map area 
~ 

* Canada - British ['olumhia Pannershlp Agreement on Mineral Development. 
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work  represents  the most recent geological material pub- 
lished for  the area. Initial mapping of the Aiken Lake  region 
was canied  out by Roots  (1954) at 4-mile scale. The east 
half of the Mesilinka sheet  was  mapped by Gabrielse  (1975) 
and mapping  to the  south  was  published at  6-mile scale by 
Armstrong (1949). Detailed  geological studies of Paleozoic 
rocks within the map  area were completed by Monger 

marized,  in part, by Monger  (1977). Garnett  (1978)  carried 
(1973)  and Monger and  Paterson (1974) and  were sum- 

out an in-depth  study of the  southern Hogem intrusive 
complex and Meade  (1975) mapped  Takla Group rocks in 
the Germansen Lake area. 

REGIONAL GEOLOGY 

Intermontane and Omineca tectonostratigrdphic  belts of the 
The  project  area straddles  the  boundary  between the 

Canadian  Cordillera. It  is underlain by accreted  volcanic 
rocks of the  Intermontane  Superterrane and  displaced  rocks 

of North  American  affinity (Wheeler and McFeely, 1987. 
Figure 1 -I 1-2). 

The  easternmost are  displaced  continental  rocks of the Cas- 
Parts of at least four terranes are present in the map area. 

siar Terrane. To the extreme west  lies  the  Mesozoic  island- 
arc terrane of Quesnellia.  These  are separated by two Upper 
Paleozoic terranes: the volcanic(arc?)-sedimentary Harper 
Ranch  Terrane  and  the oceanic Slide  Mountain  Terrane. 

teroroic   Ingenika  Group  through  to   the  Devono-  
Strata of the Cassiar Terrane include the Upper Pro- 

Mississippian Big Creek Group.  The rocks are  predomi- 

stratigraphy. The structurally  and  stratigraphically lower 
nantly clastic uith  carbonates  more  abundant higher in the 

parts of this  sequence  are  polydeformed  and  meta- 
morphosed to sillimanite grade and outcrop  as  core  com- 
plexes  (Wolverine, Butler). 

above the Cassiar Terrane. It is represented by the  Pennsyl- 
The Slide Mountain  Terrane to the west lies  structurally 

Figure 1 - 1  1-2. Regional  geological settinp of the Uslika Lake  map area. 



vanian to Permian Nina  Creek  Group (Ferri  and  Melville, in 
preparation). This package is composed of oceanic volcanic 
and  sedimentary  rocks  (pillow  basalts  and  cherty srdiments) 
which have k e n  thrust onto North American  rocks. 

to Lower Jurassic 'Takla Group  (Roots, 19.54). This is a 
The Quesnel Temne is represented by the Upper  Triassic 

volcanic  and  sedimentary arc  sequence which is intruded 
along its western lnurgin by the Triassic to Cretaceous 
Hogem  intrusive complex (Garnett, lY7X) and related intru- 
sions. The  eastem part of Quesnellia is further subdivided, 
in this area, into the Harper  Ranch  Terrane (Wheeler and 

tic Upper Paleozoic Lay Range assemhlage, a package of 
McFeely, 1987). This terrane is represented by the enigma- 

volcanic  and  sedimentary  rocks with predominantly arc 
affinities.  Traditionally it  has been included  with  the 
Quesnel  Terrane bui. in the study  area i t  displays links with 
the Nina Creek Group and  contains  sedimentary  rocks of 
continental  origin. 

STRATIGRAPIHY 
Descriptions of layered  rocks  are  organized by terrane. 

beginning with r0ck.s of North American  affinity. and end- 
ing with the overla[, assemblages that postdate  accretion of 
the Intermontane SLlperterrane to the  craton (Figure 1-1 1-3; 
Table 1 - 1  1 - 1 ) .  

NORTH AMERICAN  CASSIAR  TERRANE 
INGENIKA GROUI' (LATE PROTEROZOIC) 

Proterozoic rock!, in the map area were originally sub- 
divided  intn two units by Roots (1954): the lower  Tenakihi 
Group and  the succeeding  lngenika  Group.  Subsequent 
workers in the area  found the differences  between the twn 

Tenakihi Group be dropped and that all Proteroz~~ic rocks in 
units too ambiguous and proposed that use of  the term 

the area be includt:d in the lngenika  Group  (Mansy and 
Gabrielse, 1978). Furthermore, Mansy and  Gahrielse pro- 
posed a  four-fold  subdivision for the  Ingenika Group which 
is, in ascending  order, the Swannell. Tsaydiz,  Espee  and 

the  study area. Rocks originally termed the  Tcnakihi Group 
Stelkuz formations. All four formations  are  recognized in 

by Roots  are equivillent to the upper part oS the  Swannell 
Formation  whereas  Roots'  succeeding  lngenika Group 
equates to the Tsaydiz, Espee  and Stelkur  formations. 

Cassiar Terrane  expused in the Uslika  Lake area. I t  occupies 
The  lngenika  Group is areally the dominant unit of the 

the north and northmstern parts of the map. Its thickness is 

but i t  is estimated to he at least several kilometres thick if  
unknown, due tn p:xx structural and stratigraphic  control. 

the ridge o n  Beveley  Mountain  represents a continuous 
sequence of lower  Swannell  clastics. It is composed of 
quartz and  feldspathic wackes, impure  quartzite.  sandstone, 
siltstone,  slate,  limestone  and their metamorphosed equiv- 
alents.  The Ingenika Group was examined in a  cursory 
manner in the cnurse of this study, and  the following obser- 
vations were made. 

SWANNISIL F O R M A . r l O N  

The Swannell  Formation  was examined along the ridges 
east and  west of Beveley  Mountain. These rocks  form  the 

G ~ ~ ~ I o g i r ~ u l  F i ( 4 O n ~ d  1991, P o p w  I Y Y Z - l  

southwest  flank of a broad F, anticline. TI ey appeai. to 
comprise an uninterrupted south,vest-dipping panel with an 
estimated thickness of 1.5 kilornetres mor m < m .  They m! 

faulted  against the upper part o f  the Inpenika Group to thf: 
southwest. The Swannell  Forntation in this a1 :a corisist; 0' 
grey to tan, thin to thickly bedded impur~  quartriti irl 
sequences several metres  thick,  i-tterlayered w th lesser, llin 
to moderately bedded garnet-bearing bioti e-muacorite- 
feldspar-quartz  schists.  The impl.lre quartzite .ontains u: to 
20 per cent  feldspar  and  mica. 'The sctists  ire cornnrmly 
chloritized  and  contain  a weak to moderat : crenulalm. 

This unit is very similar to the upper rNan o: the Swannell 
Formation  described farther sol.tth  in t l x  N ne Lake area 
(Feni and Melville, 1990; in pre:paration). TI the snuth the 
upper  Swannell is estimated to be onl:i 3Ci metres tllicl: 

This suggests tectonic thickening: (which is en irely po!'siblc: 
whereas i t  is some IS00 metre; thick at Beve ey Mounmin. 

considering the monotonous nature of the I tholopies and 
the  polyphase  deformation which has ai'fecte I thest: nxks )  
or stratigraphic  thickening to th': northwest. 

TSAYDIZ F O R M A T I O N  

The  Tsaydiz  Formation W,IS obser\ed il only a few 
localities;  along the north side of the Osi inka <iver :;out t of 
Beveley  Mountain  and northvest of Jin M. y Creek 11 a 
possible  southwesterly overturnl:d panel of r( Nck. 

I t  consists of greenish  grey tc dark grey SI ltes  arid p'yl- 
lites,  interlayered  with  thinly  bedded, buCf to b r t , i m  

sandstones and  siltstones, blte-quartr-)earil g feldspthic 
weathering  limestone to calcal,sous pllyllit( . Grezn.-:::e!i 

wackes and buff-brown-weathcr  ng, bluf:-gre! impure li m -  
nated limestone are of lesser importancs:. 

only in scattered  outcrops below timhwline and its basal 
The thickness of the unit is not known as i was m a ~ p e d  

contact is not ohsenred.  Structural  sections i 1 the Bevde!i 
Mountain area suggest  a minim1 m thickness If 200 mz'res. 

Esrm FORMATION 

plunging fold pair along a ridge immediate11 southwc.1 01 
The Espee Formation is well expos-d in a no1ihue:st- 

Beveley  Mountain.  A  thick,  northeast-dipp ng carbolate 
unit northwest of Jim May Cn:e k has a so bt en tentali.iely 
assigned to the Espee Fonnarim.  The  fornation is c:sm- 
posed of thin to moderately be'ided, tan to bu 7-weatheling, 
dark grey to white or rnottletl limestone , .nd do lo mi ti^: 
limestone which in some localititts is cnarsely  recrystall .aed 
to a while marble. Very thin phyllite lamil ae (less ;ha11 
2 mm) sometimes  separate th- limestone in o layers. I h e  
Espee  Formation is at least 400 rnetres thick n the 1Bev:le:i 
Mountain  area. 

S T E L K U Z   F O R M A T I O N  

west tlank of Beveley Mountairl, on the: doh 1-thrown side 
The Stelkuz  Formation is po,~rly exposed on the socth- 

of the Camp  fault. It is compo:ied of green-gr :y,  cre:nul ~ t e d  
phyllite to quartzitic  phyllite or schis , sor retimes inter- 
layered with impure quartzitc beds UF to : O  centinwtres 
thick.  White to bluish grey, deal-I limest'me u ith micacoms 
partings is also  found in this aren and  can be :everal nwtrei: 
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Figure 1 - 1  1-3. Geology of the map area inchdins location of mineral occurrences. 

thick.  Dark  blue-grey to black  graphitic  phyllite,  slate  and 
fine siltstone, approximately 100 metres thick, are exposed 
west of Beveley  Mountain in the  hangingwall of the Camp 

or  other  formations in the  Ingenika Group but has been 
fault.  This lithology is not typical of the Stelkuz Formation 

placed  within the  Stelkuz Formation due to its position on 
the northeast  side of southwest-side-down  normal  fault 
along the lower  pans of the  Tenakihi Creek valley. This 
fault  separates  rocks of the Cassiar and Harper  Ranch 
terranes. 

PALEOZOIC  SUCCESSION 

upwards of 2 kilometres  thick, is exposed in the  north- 
A  succession of Paleozoic  carbonate and clastic rocks, 

eastern pan of the map  area, and spans the Early Cambrian 
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to Early Mississippian time periods.  Areally  these  rocks are 
of minor impoflance in the map  area, hut locally  and  region- 
ally,  they  contain  significant  lead-zinc-silver  deposits 

this succession were originally  equated with the Cache 
within several of the carbonate horizons. Carbonate rocks of 

Creek  Group by Roots  (1954) and Armstrong  (1949). 
Monger  (1973). Monger  and  Paterson (1974) and Gabrielse 
(1975) realized  the distinct nature of these  rocks and noted 
their  similarities to units  exposed in the Cassiar Mountains. 

this  and  led them to equate  many of these  units with similar 
Mapping by Fem and Melville (1990) further corroborated 

lithologies in the Cassiar Mountains. It is now  proposed  that 
local  names be applied to these  units. due  to their  localized 
extent  and  differences with lithologies of similar  age 
elsewhere in the Cassiar Terrane (Fem and  Melville,  in 
preparation). 

Brirish Columhiu GrolrJgirul Sun.ey BI-unrh 



LAYERED ROCKS 
Quaternary 1 7 1  a~uvium. sands, gavels 

Upper  Cret.aceous to Tertiary 
Sustut Gp F l  sandstone,  congiomerate. siltstone. coal 

l IT Cretaceous 
conglonrerate,  sandstone, sinstone. argillite, 
minor  coal 

Lower  Jurassic to Lower Tertiary 
USLIKA  FM:heterdilhic boulder conglomerate, 
lesser  sandstone 

Lower Jurassic 
Takla Gp 

plagio-lirse  andaugite  phyric 
marwn to grey  basalis,  agglomerates. iufls. 

PLUGHATMOUNTAIN FM:  aug'te  phyric 

PLUGHATMOUNTAINFM: lufls. hn7aceous. 
sill-stone. argillite,  a@omerate  minor  limestone 

Pennsylvanian to Permian 
Nina Creek  Gp 

PILLOVV RlffiE FM:  massive to pillowed 
basalt, 1,ssser chert,  argillite,  gabbro 

minor  basah,  wacke,  felsic tuff 
MOUNT  HOWELL  FM: arg'llite. chert,  gabbro. 

Mississippian to Permian 
Lay  Range  Assemblage 

gem, m m n  luffs to sinstones.  agglomerate, 
basae  ar@llite, gabbro, minor limestone 

basan,  grsbbro.  serpentine.  minor  amphibolite. 
chefl,  chlorite,  schist 

black  ar,gllite,  shale.  phyllite, limestone, 
arg7lacoous  limestone, sandstone, quamite 

gay, quam-feldspar  (dacite) WUS minw  ar@ite, 
sandstale 

Upper Devonian to Lower  Mississippian 
Big Creek Gp 

sinstones, siliite 
dark gey to blue gey shales. ergiliies, minor 

Lower Cambrian to Middle Devor ian 
Atan Gp, Raalrback Gp, 
Echo Lake Girl,  Otter Lak.,s  Gp 

LEI argillaceous  limestone 
limestone,  dolomite, Ier,ser shalt,,  qua! lite 

Upper Proterozoic 
lngenika Gp 

Undlvlded: impure qut~rhite. schist, p yllite. 
limesione.fek?spathic  n:acke,arkosic s. vldstone 

SlELKUZFM:phyllile, slate, s€mdsto le, 
sinstone. gap" SILII~' 

El 
pq 
pq 

ESPEE  FM:  limestone. dolomite. dolor  ,/tic 
limestone. marble 

TSllYDlZFM:geen-~'eyslate~. phyl  tes. 
limestone.  marble,  ar.$tlaceous  limest1  ne 

SWANNELL  FM:impwt?  quartzi'e,  sar *tone, 
schist,  garnet-mica sohtst, 

INTRUSIVE ROCKS 
Late Triassic to Cret;weous 

F l  moruonlte, quam mcnronite,  syenite. 7uam 
Hogem Intrusive Compls K 

syenite 

Late Triassic to Early I;Iurassic 

1- monzodorite, diorite orgabbro 
Tenakihi 1ntru:sive BaDdy 

Middle  Triassic to Lo'wrer  Jur,assic (?) 
Wasi  Lake Ultramafic Bo 1y F I  serpentine,  gabbro, mir~wlishv&fe, 4 4ite 

Geolcgc cOntact (de f id ,  assumed:' ..................... ~ - c --- 
Fault . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  - - - .-, 
Normd Fault(defn&. assumed) ........................... , L - A .. J. 
Thrust Fault(defined. assumed) ........................... .& - A. - 
Strike and  dip  direction of W i n g  ....................... 

Strike  and  dip  direction of W i n g ,  OverhlrM OJ..... 

Skike and d p  of foliahn ...................................... 

Limit of quaternary wver ............................................. 

Limit of mapping ................................................... B .. (, 
Mineral  Occurrence .................................................... 23 

.. . 

\ 
? 



MINERAL OCCURRENCES IN THE llSLlKA M A P  AREA 
TABLE 1-11-1 

Map Style of 
Number Mineralization  Number  Name  Commodities Geological Description 

MlNFlLE Occurrence 

Porphyry Cu 094c 097 REM Cu. Ph. Ag 1 

2 

3 

4 

5 

6 
7 
8 

9 

10 

I 1  

I 2  

13 

14 

15 

16 

17 

18 

20 
19 

21 

22 

23 

Vein and shear 

Porphyry CwAu and 
vein 

Porphyry Cu 

Stratabound 
carbonate-hasted base 
metals 

carbonate-hosted bas? 
Stratahound 

and precious metals 
Fracture controlled 
veins 

Vein/ replacement'? 

Carbonate-hosted 
base and precious 
metals and fracture 
controlled vein/ 
replacement 

Shear-controlled 
quartz "el" 
Vein breccia 

Shear-controlled vein 
breccia 

Placer 

Shear-controlled vein 

Shear-vein 

Shear controlled 
Placer 

Shear-vein 

Cu-Au vein 

Shear 

094C 058 HaHa Creek 

OY4C 069 CAT 

094C 1 0 0  K iwi  

094C 061 Uslika coal 

094c 101 ~ n e r g y  
094C 102 Fuel 
094C 103 Critter 

094C 104 Quam 

094C 038 Regent 

O Y ~ C  023 B W ~ I ~ )  

094C 022 Ruby 

094c 026 Jim M ~ Y  
Creek 

094C 106  Range 

094C 107 Surprise 

094C 028 Vega creek 
W4C 044 Thane creek 

G94c  020 Thane 

G94C 076 Dave 

094C 043  Beg 

Au. Cu 

Cu, Au. Fe. 
Ag 

C" 

CO*l 

COB1 

CD*l 

Zn. Ba? 

Pb. Zn. Ag. 
Bll 

Pb. Zn. Cu. 
Au. Sb 

Pb. Ag 

Pb, 2% Ag. 
Ba 

Ag. Au, Cu 

Ag, Au. Pb. 
Z" 

Au, Ag, Pb, 
Zn, Mo 

AU 

A". Cu 

C" 

AU 

Hg 

Cu, Fe, Au 

Cu, Au 

Hg, Cu 

Sulphide mineralizatmn includes  disseminated chalcopyrite.  pyrite. and 
rare hurnlte and galena hosted in the Duckling Creek  syenite complex 
withm the Late Jurasrlc to Early Cretaceous Hogem intrusive complex. 
Small quam veins in sheared quam diorite cmying a small amount of 
free gold and chalcopyrite,  malachite and pyrite arc hosted in a benical 
,hear parallel to HaHa Creek within the Hogem intrusive complex. 
The ortginal showings on the ridge top consist of magnetite and pyrite m 
bonwork q u a m  w i n s  uhich are host to native copper, native gold, 
cup rw  chalcopyrite. tetrahedrite  and bornite mineraliration. Recent 
work has cuncentraled on the alkalic porphyry Cu-Au putenrial of 
propylltic and putashcaltered volcanict o f  the Takls Gp.. located east of 
the original showing% 
Malachite  staining on fracture surfaces of fragmental  augite-feldspar 
porphyry uf  the Tdkla Gp. 
Thin  lenses (<1-15 cm) of impure siltylsandy  lignite to suh~hltuminous 
coal hosted in sandstones  and conglomerates of the Sustut Gp. 
Same as d5 
Same as dS 
Disseminated \phalerire  wtth possible barite  found m recrystallized and 
hrecclated sections of  light 10 dark  grey dolomite  of the Otrer Lakes Fm. 

DolrunitiLed carbonate breccia. possibly of the Esper Fm.. hosts 
disseminated  and massive galena, disaeminated  sphalerite. hydrorincite 
and mmthsonite with pyrite and  barite. 
Recrystallired and dolomitized limestones of the Espee Fm. host quartz 
vein mineralimtmn. Minerals  identified in hand samples include 
sphalerite, galena. ccm~si le .  chalcopyrite,  boulangerite.  malachite. 
ilmrlfe and possibly slihnite. Fire assays on two grab ?ample? from this 

An irregular pod-shaped vein ai massive crystalline galena is  hosted in 
location returned V ~ I U C E  of X90 ppb and  385 ppb Au. 

Espee Fm. dolomite and limestone (assay: 1575 s/t Ag. 83.53% Pb). 
Disseminated to  massive galena. sphalerite, barite and  argentiferous 
galena occur in veins and veinlets in fractures and shears within the Mt. 
Kison Fm. of the Atan Gp., the Echo  Lake Fm. and possibly the Otter 
Lakes Fm. in several zones on the Beveley  prospect. Mineralization 
appears to be localized in minor folds, flexures and warps an larger scale 
folds. 
Disseminated  fine-grained argentite and arsenopyrite are hasted by a 
shear-controlled quartz vein within the Swannell Fm. of the lnginika Gp. 
A quam breccia vein within sheared quartzite.  phyllite.  argillite and 
siliceous sericite schist o f  the Inginika Gp.  hosts  disseminated 
argentiferous galena and pyrite  with minor sphalerite and gold. 
A stockwork of small quanz veins in a multiply brecciated shear cutting 
the Swannel Fm. hosts  disseminated to massive pyrite.  molybdenite, 
sphalerite. chalcopynte. galena. tetrahedrite. arsenopyrite, pyrargyrite. 
polybasite. native silver and minor gold. 
Placer gold occurs in reworked glacial deposits  1.5-3.65 m above 
bedrock  and from a buried  preglacial channel. 
Massive basalt of the Lay Range assemblage is  sheared. locally altered 
tu epidote and riliclfied. Malachite  staining, about 1% pyrite and 
I3M1 ppb Au arc  present. 

Lay Range assemblage arc strongly brecciated and  cut by a quartz- 
Volcanic sediments,  sandstones. siltstones  and cheny argillites of the 

ankerite vein 10-15 cm thick  which is \rained with  malachite. 
Small placer workings near  the mouth  of Vega creek. 
Mafic volcanics of the Takla Gp. are cut by a carbonatized fault zone 
which contains minor cinnabar. 
Silicified fault, fracture  and shear zones up to 1.2 m wide in the T&Ia 
Gp. near the  contact with the Hagem intrusive complex are mineralized 
with  dissemtnatrd and  massive  pads of chalcopynte, pyrite, magnetite, 
specularite and a little gold. 
Propylitically altered  andesitic flows of the Takla Gp. are cut by a 
silicified fracture zone I m wide  carrying  chalcopyrite.  magnetite, 
specularite and minor gold. 
A atrongly fractured, silicified and  carbonatized shear zone carries 
cinnahar, pyrite and minor chalcopyrite as disseminations and fracture 
fillings. The  hostrocks are flows, breccias and tuffs of the  Takla Go. 

132 British  Columbia Geoloxical Surw)] Branch 



MINERAL  OCCURRENCES  IN  THE USLIKA  MAP  AREA -Continued 
TABLE 1-11-1 

-.__-__ 

Number Mineralirati,m Number  Name Commodities Geological Description 
M a p  Style of 1Mlhlll.f Occurrence 

24 

25 

26 

21 

28 

29 

30 

31 

32 

33 

34 

35 
3h 

37 

38 

3Y 

40 

41 

42 
43 

14 

- 

Porphyry Cu 

Vein 

Porphyry Cu/win 

Vein/ diswminatzd 

VeW porphyry 

unknown 

Vein 

Vein 

Vein 

Vein 

Vein/ disemirlatrd 

Veinl dissemmared 

Disseminated 
Vein/ disseminated 

Uiswninated 

094C O I Y  PlUt" 

iW4C 108 MJW 

OY4C 072 t i ad  

094C 044 Copper 5 

OY4C WX Tenakihi 
Crcek 

OY4C I I I %"\x 

094C I I ?  DM 

0Y4C I I 3  Yak 

094C I IS Intrepid 

094C I Ih Bill 

094c 117 Yeti 

(B4C I I X Dragon 

OY4C 094 Mat I 

OY4C I IY Tough 
O Y ~ C  071 oy 

W4C 120 CR 

Cu. Au. He 

Cu. Au 

CU 

C" 

C" 

Cu. Mo 

CU 

C" 

C" 

CU 

CU 

C" 
Cu, Au 

C" 

CU 

C" 

C" 

Au. Cu 

C" 
C" 

C" 



MINERAL OCCURRENCES IN THE USLlKA MAP AREA -Continued 
TABLE 1-11-1 

Map Style of \ I IHIII .C  meurrenre 
Number Mineralization Number Name Commodities Geological Description 

~~ ~~~ ~ 

4s VemiDisierninated 094C 121 Nuthatch  C" 

46 Vein? 094C 015 Stranger A" 

41 unknown 094C MI Mercury I Hg 

48 unknown 094 042 Mercury 2 Hg 

ATAN GROUP (EARLY CAMBRIAN) 

Rocks  of Early  Cambrian age were  originally  placed 
within the  lngenika  Group by Roots (1954). Gabrielse 

partially  separated these rocks from the  Proterozoic succes- 
(1975). working in the east half of the  Mesilinka map  area, 

sion.  based on their age  and similarities to Early Cambrian 
rocks elsewhere in the Cordillera.  More  detailed  mapping 
by  Ferri  and  Melville (1990) distinguished  the  Lower 
Cambrian succession  from the Proterozoic sequence. Simi- 
lar  rocks were mapped in the present study  area. 

project area; the lower Mount Brown Formation and the 
The Atan Group is subdivided into two  formations in the 

the authors but archaeocyathids  of possible Early  Cambrian 
upper Mount Kison Formation. Nu fossils were found by 

age  were  collected  south of Beveley  Mountain by D.  Craig 
(personal communication, 1991). 

extreme eastern  part of the map  area, south of Beveley 
Mount  Brown  Formation is poorly  exposed in  the 

Mountain  and  north of the  Osilinka  River.  The  best 
exposures  are  along the main logging  road  and  old access 
roads leading to  the  abandoned  camp on the Beveley show- 

and only the  upper few hundred metres  are  exposed.  The 
ings. The  base of the  unit is not seen  within the  map  area 

unit consists of moderately to thickly  bedded, grey-brown 
and maroon impure  quartzite  and  sandstone, interlayered 

and  siltstone.  Limestone  nodules up to 40 centimetres long 
with thin to thickly  bedded dark  grey to grey-green  phyllite 

the  thinner  sandstone  layers  contain  horizontal  worm 
were seen  within  the  phyllite-siltstone sequences.  Some of 

burrows. 

area. It crops out on the north side of the Osilinka River, just 
Mount Kison Formation is poorly  exposed in the map 

south of Beveley Mountain.  Grey, recrystallized limestone 
east and west of the mouth of Wasi Creek  may also  belong 
to this  unit. The  formation  consists of grey to white mottled 
limestone with thin,  wavy to indistinct bedding. In some 
localities  the  unit consists of finely  crystalline grey lime- 
stone layers, 3 to 5 centimetres  thick, interlayered with 
coarser, darker  grey,  discontinuous  limestone and slightly 
argillaceous  limestone  beds 0.5 to 2 centimetres thick. 
South of Beveley Mountain,  this carbonate is commonly 
coarsely recrystallized  and sometimes dolomitized. 

RAZORBACK  GROUP (CAMBRIAN TO ORDOVICIAN) 

The  Razorback  Group is a name now applied to rocks 
previously called  the  Kechika and  Road River  groups in  the 
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Nina Creek  area by Ferri and  Melville (1990a. b).  I t  is 
approximately 75 metres  thick  and  comprises  shale, 
argillaceous  dolomite  and  dolomite. It is recessive  and 

or in trenches in the Beveley Mountain area and on the east 
poorly exposed. Exposures  were  found only  along road cuts 

position above  Lower  Cambrian  carbonates of the Atan 
side of Wasi Creek.  The  age of the unit is based on its 

Group and  below Lower Silurian carbonates and  shales of 
the Echo  Lake  Group (Ferri and Melville. in preparation). 

In the  Beveley  Mountain area, rocks  assigned to the 
Razorback  Group  outcrop  along the  road  leading to the 
mineral  showings. They  are dark  grey and  grey, thinly 
layered shales which grade upwards into thin and  thickly 

recrystallized dolomite  and  limestone  can also be seen along 
bedded argillaceous limestone.  Strongly brecciated and 

the  road. 

to the Razorback Group were exposed in trenches  on the 
On the east side of Wasi Creek,  rocks tentatively assigned 

PAR mineral claims.  The  exposed  sequence is upwards of 
75 metres thick. Dark grey to silvery  argillite  and  shale, 
with sections  of white  and  greenish  white  sericitic phyllite 

grey, thinly  bedded calcareous argillites which in turn grade 
and  schist  up to several metres thick, pass  upward into  dark 

upward  into dark grey,  thinly  layered  argillaceous to dol- 
omitic limestone. This  section is similar to sections of the 
Razorback Group seen  in  the Nina  Creek  area (Ferri and 
Melville, 1990), the only  difference is the  presence of serici- 
tic phyllite in the Wasi Creek  area. 

ECHO LAKE (;ROUP 
(MIDDLE ORDOVICIAN TO EARLY DEVONIAN) 

Osilinka  River in the eastem part of the map area. Near 
The  Echo Lake Group  crops out north and south of the 

Wasi Creek it  is continuous with Lower  Silurian  to  Lower 
Devonian carbonates mapped by Ferri and Melville (1990, 
in preparation)  and  was  originally equated with the Sandpile 
Group.  Similar  carbonates with corals of possible Siluro- 
Devonian age  (Roots, 1954) are exposed  immediately  south 
of Beveley  Mountain. 

Beveley  Mountain and northwest of Wasi Creek, and 
The  Echo  Lake Group is some 700 metres  thick near 

upwards of 500 metres  thick south of Wasi Creek.  These 
estimates  are based on structural cross-sections  and may he 
affected by structural  thickening. I t  consists of huff- 

bedded,  medium-grained  sugary  dolomite  and limestone. 
weathering, pale  grey to medium  grey, thin to massively 

There is sporadic  quartz replacement of layers  up to several 

51-itish Cohrmhia Geo/o,qical Survey Branch 



centimetres thick.  Bioclastic  limestone, oolite and carbonate 
breccia  horizons are  also present within the sequence. West 
of Wasi Creek, the ticho Lake Group is characterized by dis- 
continuous  or thinl:, interlayered, light and dark  grey  mot- 
tled dolomite. Dark grey  and grey graptolitic  argillite up to 
70 metres thick is exposed at the  base ofthe sequence and is 
associated with planar-bedded  limestone  and  argillaceous 
limestone. 

characterize i t  i n  thf! Nina  Lake  and Trail Creek areas (Ferri 
This unit lacks  t:ie sandy  dolomite and quartlite which 

and Melville. 1990: in preparation). This suggests  a facies 
transition to the nmthwest, perhaps  reflecting  deposition in 
deeper water. 

Early Silurian t o  Ea:.ly Devonian  (Ferri  and  Melville,  1990a, 
This unit was previously  believed to range in age  from 

b in preparation), but Middle  Ordovician graptolites were 
recovered from the basal argillites  southeast of  Wasi Creek 

age span for the Echo Lake Group is comparable  to the 
(B.S. Norford, penonal  communication, 1991). This new 

tains  (Gabrielse, 1963). 
lithologically similx Sandpile Group in the Cassiar Moun- 

O T T E R  LAKES GR'f) l IP  (MIDD1.E  DEVONIAN) 

McDame  Group b f  Ferri and  Melville (1990a.  b). It is 
The  Otter Lakes Group was originally  mapped as the 

important locally as it carries significant amounts of dis- 

the Wasi Creek area,  where it is from 200 to 300 metres 
seminated galena and  sphalerite. I t  has  been  recognized in 

thick,  and can be Faced southeastward  into the End Lake 
map area. The Otter Lakes  Group alsn outcrops on the north 
side of Wasi Creek along the down-thrown  side of a 
northwest-trending normal fault.  The twin-holed columna1 
osicles within this unit make it no younger than Middle 
Devonian  and conodont  fossils collected in the End Lake 
map  area restrict i t  to the Middle Devonian  (Ferri  and 
Melville, in preparation). I t  is characterized by thin to 
medium-bedded, grey to dark grey, fetid. fine to medium- 
grained  crystalline  dolomite  and  limestone  with  fos- 
siliferous  horizons. I t  is also typified by vugs  filled with 
pyrobitumen,  graphite  or  calcite.  The unit is sometimes 
coarsely  recrystallized  and  appears  quite massive. Fos- 
siliferous  sections  contain  crinoid  fragments,  rugosan 
corals,  bryozoa and amphipora. 

B I G  CREEK <;ROU!P 

(LATE DEVONIAN TO EARLY MISSISSIPPIAN) 

area  are assigned to the  Big Creek Group. These were 
Shales. argillites and  minor siltstone in the Wasi Creek 

originally  included in the Cache Creek Group by Roots 
(1954). Similar rocks in the Nina  Lake area were termed  the 
Earn  Group by Ferri  and Melville (1990) due to their 
remarkable  similarities with lithologies in the Cassiar 
Mountains.  In  the  Nina  Creek  area,  these  rocks  are 

they overlie the  Middle  Devonian Otter Lakes Group and 
bracketed as Uppel- Devonian to Lower Mississippian as 

contain  Lower Mississippian conodonts in the  upper  parts of 
the section  (Ferri  and Melville, in preparation). 

The Big Creek  Group is upwards of 500  metres  thick  and 
is characterized by dark  grey, blue-grey  and  black, thin tc 
very thinly  bedded, platy to wavy shales, argillites  and 
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siltstones. Slates and  argillites predominate  east of \\'mi 
Creek  whereas  siltstones  and  siltites  are mo e c o l ~ ~ m o r  to 
the  west. 

SLIDE MOUNTAIN TERR4YE 

NINA CREEK GROUP 
(PENNSYLVANIAN TO PERMIAN) 

Rocks of the  Nina  Creek G ~ o u p  in the n ap  area \#ex 
placed with the Cache Creek C h u p  by Ibots  (1954) due tn 
their similar  age and lithologie.,.  Monger ( I  273) Monger 
and  Paterson (1974)  and Gabrit:lse (19'7s) n ~ ted  their dis- 
tinctive  characteristics  and sepxated the varic us 1itholoi:les. 
Detailed  mapping  by  Ferri  and  Mel.iille (1988, '1'189, 
1990a) in the  Manson  Creek and Germansen Landing areas 
led them to assign these  rocks t(l the Sli,je M' runtain Chnup 
because of similarities to  rocks of cnmpa~ able age and 
lithology in southern  British Columbia. It 1 as now h:en 

assemblage be termed the N,n;l  Creek Grc JP due tc it,; 
suggested  (Ferri  and  Melville in  preparat on) that thi, 

restricted  extent  and  slight  differences with ~ther rocks of 
the Slide Mountain  Terrane. 

The  Nina Creek Group outcrc ps in th: moa ntainous  .>rea 
east of the Wasi Lake - Wasi Crr ek valley. It 1 an he divldetl 

Howell  Formation  and  the succeading P llow Ridge Forrna- 
into two formations within the  study  area;  th<  lower Mr~unt 

tion. The Mount  Howell FOIN ation i!, equ valent to the 
Middle  Division (PPsmm) of Ih'i: Slide Mour lain Grou ;~  a;; 
defined by Fem and Melvillf: 11990a.  b) a  ~d  the  Pillow 
Peaks  Formation  equates  with  their U p ~ e r  Divi,ion 

to  Permian interval  (Ferri  and  Melvil e, in prepararim), 
(PPsmu). Each of these formatlons span:; the I'ennsylvai~ian 

indicating that they are in  structL  ral contact w th each nrher. 
The combined  thickness of the two Lnits s difficul: to 
determine due to faulting and folding, but i minitnun! of 
some 3 kilometres is estimatell. 

P I L L O W  R1Dc;h: F O R M A T I O N  
(PENNSYLVANIAN  TO  PERMIAN) 

The Pillow Ridge  Formation is exposed in thin fault 
slices within broad folds  along tt e southeaster I boundary oi  
the map area. I t  is approximatcl~' 500 trt 1001 I metres tl~icl; 
and is characterized by grey-green and geen massive and 
pillowed  basalt. The basalt is m::crocry:tallin : and it  8:m.- 
monly  contains  narrow  veins o f  chlorite  and epidote. Sili.. 
ceow sediments, intruded by si1 -like bctdies ~f  gabhrn, ,ire 
locally  associated with these basdts.  The sedit lent6 are (hrk  
grey to black, thin to moder.att:ly bedded, Navy bar~cletl 
argillite and  siliceous argillite, ir terbedded wi h moderatm:Iy 
to thickly  bedded, varicolourei chert  (green. grey, c r e m l  
and  ribbon  chert. Gabbro forms  slll-like I~odie up to sev :ral 
metres  thick  and contains equal moun t s  of fil e to medillm.. 
grained  plagioclase  and  pyroxene  phenocry ;ts, the litte~r 
sometimes with glomeroporphy~ itic textures. 

MOUNT HOWELL F O R M A T I O N  

The  Mount Howell Formaticn is at least 2 kilometre!; 
thick and is composed predominantly of sediments with 
lesser  volcanic and  igneous rock!;.  It crops nu east  of  was^ 
Lake  and good  exposures  are selm in thl:  Cree k valley!; :?ti: 
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drain  into Wasi Lake  and Wasi Creek  and along the high 
ridges to the southeast. 

grey to black, thin to moderately bedded. wavy  banded 
The structurally lower part of the  unit is typified by dark 

argillite  with  lesser  cherty  argillite,  quartz  wacke  and 
quartz-(feldspar)-bearing tuff. The  quartz wacke occurs  as 
grey to  grey-brown  lenses  and beds with up to 80 per cent 

quartz-feldspar tuff crops out in several localities and may 
fine  to  medium quartz  grains in a silty to muddy matrix. The 

be several hundred metres  thick. It is found  as  subcrop 
along the  west-facing slopes south of Wasi Lake and in 
sections I O  metres thick along the canyon in the lower part 
of the creek that flows  into the  northeast  side of Wasi Creek 
as it exits Wasi Lake.  This tuff is light  grey to grey,  sericitic, 
and  contains up to 80 per  cent  quartz  and  feldspar  grains 
with lesser muscovite  and argillite rip-up  clasts.  Quartz 

cent  of the  unit. These mcks may  have continental  affinities. 
wackes  and  tuffaceous  sequences  make up less than I O  per 

significantly  more  siliceous  sediments  which  are  inter- 
The upper  part of the Mount Howell  Formation contains 

layered with thin basaltic flows  and intruded by gabbro.  The 

wavy  banded  argillites and  siliceous argillites which are 
sediments  are  grey  to dark grey, thin to moderately  bedded, 

coloured, thin to thickly  bedded cherts and  ribbon cherts. 
interlayered  with  grey  siltstones  and  grey  to  cream- 

Fine  to  medium-grained  gabbro sills, up to several hundred 

to pillowed,  green to grey-green,  amygdaloidal  (chlorite, 
metres in thick, intrude the sediments.  Basalts are  massive 

quartz) and  are possibly up to tens of metres thick. Sections 
of green  mafic ash-tuff are  associated with the  basalts. 

HARPER  RANCH TERRANE (LAY RANGE 
TERRANE?) 

LAY  RANGE  ASSEMBLAGE 

The Lay Range  assemblage includes Upper  Paleozoic 
tuffs,  argillites, mafic to ultramafic igneous  rocks,  grits, 
limestone and  chert (Roots,  1954).  These  rocks  derive  their 
name  from  their  excellent  exposure in the Lay Range 
(between Lay Creek and  the Swannell River; Roots, 1954). 

tuffs and agglomerates are very similar  to  lithologies in  the 
This is an enigmatic sequence within the  map  area.  The 

Plughat  Formation of the Takla Group, yet an older  age 
precludes  any  direct  relationship.  The  Lay  Range 
assemblage has some affinities  with  the time-equivalent 
Nina Creek Group.  Massive to pillowed  basalts and related 
cherty  sediments  are  similar  to lithologies in the  Mount 
Howell  Formation, but no  intertingering of the two  pack- 
ages is seen,  suggesting a fault  contact between them. 

The  lower  parts of the tuffaceous  sequence  contain 
quartz-rich detritus and its lower  contact  appears  conform- 

part of the  Cassiar  stratigraphy.  Furthermore,  argillites, 
able with the upper  part of a  dacitic tuff unit,  which  may be 

grits,  quartzites  and  limestones in the  structurally lower 
parts of the Lay Range  assemblage  have  more similarities to 
North  American  rocks  than  with  any other  package within 
the map sheet. 

No  definitive  fossils  were  found in the  Lay  Range 
assemblage  during  the  1991  field  season.  Bryozoa, 
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brachiopod  and  crinoid ossicle  fragments were recovered 
from  tuffaceous beds. Roots  (1954)  describes fossils from 
this  package which indicate  a  Mississippian to Permian age. 

beds  within the tuffs on the  north  side of Vega Creek (M.J. 
Permian conodonts  have been  recovered  from calcareous 

Orchard, personal communication. 1991). Ross and  Monger 
(1978). working in the Lay Range, recovered middle  Penn- 

the  assemblage.  The  dacitic  tuff u n i t  bears a strong 
sylvanian  fusulinids from  limestones in the lower parts of 

resemblance to  lower Mississippian tuffs in the Germansen 
Landing area  (Fem and Melville, in preparation) suggesting 
a possible  Mississippian lower  age limit. 

lithologic divisions; the  structurally  lowest is the  dacitic tuff 
The Lay Range  assemblage  is  subdivided  into  four 

unit followed by the  argillite-grit-limestone unit which is 

contains a  faulted sequence of basalts, gabbro and serpen- 
succeeded by the mafic tuff unit which in its upper part 

tinite which makes up the mafic-ultramafic subdivision. 

DACIIIC TUFF UNIT 
Grey  to  dark  grey,  massive  quanzofeldspathic tuff out- 

crops  over a  large area west of the Wasi Creek - Wasi Lake 
valley. This unit commonly  contains a weak to strong  pen- 
etrative cleavage. Fine to  coarse-grained  quartz,  feldspar 
and  rare mica  clasts  constitute up to 30 per  cent of the rock 

to dark  grey  phyllite are  associated with the tuffs. Quartz 
with quartz  being  dominant. Very minor occurrences of grey 

feldspar  wackes and arkosic  sandstones occur along  strike 

These clastic  rocks are  also  characterized by a strong pen- 
with the tuffs northwest of the mouth of Tenakihi  Creek. 

etrative  fabric. 

felsic tuff in the  Germansen  Landing  area  (Ferri  and 
The dacitic  tuff  unit is very similar in appearance  to a 

Melville, 1989; Fem er al, 1989). now  termed the Gilliland 
tuff and dated  as  Lower Mississippian (U-Pb; Ferri  and 
Melville, in preparation). In the  south  these  rocks have been 
grouped with argillites of the  Mississippian to Permian 
Cooper  Ridge  Group, which is pan of the Cassiar stratigra- 
phy (Fem and Melville, in preparation). In the present  map 
area, the dacitic tuff unit appears to sit structurally above 
argillites  assigned to the  Big Creek  Group.  The argillites 
may be in pan  equivalent  to the Cooper  Ridge  Group. 
Furthermore,  arkosic  sandstone beds  within the dacitic tuff 

case, tuffaceous argillites  southeast of the Wasi Creek valley 
unit also  suggest a  North  American affinity. If this is the 

may also  be part of the  Cooper Ridge Group,  suggesting 
that North American  stratigraphy lies below  the Nina  Creek 
Group  southeast of  Wasi Lake. 

South  of the  mouth of Tenakihi Creek the upper  contact 
of this package appears to pass into lithologies of the  mafic 
tuff  unit which, together with the  preceeding argument, 
suggests a link between North American  stratigraphy  and 
that of the  Lay Range  assemblage. 

ARC~ILLl~E-~RlT-I . lMESTONE UNIT 

Black argillite,  shale,  phyllite, dark grey to black lime- 

along the  Tutizika  River,  and along road cuts  to the  north 
stone,  quartzite  and  quanz  feldspar wackes are exposed 

and  south. These rocks are unlike  any other lithologic  pdck- 
age in the area. They  have been grouped with the  Lay Range 
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descriptions by Roots, it is probably  a younger  conglomer- 

Sustut  Group and  has  been  preserved in one of the many 
ate sequence belonging to  either the  Uslika  Formation or the 

grabens in the area. 

phyric  volcanics  and  tuffaceous sediments of the  Plughat 
Two units are  recognized within  the Takla Group;  augite- 

Mountain  Formation and maroon to green-grey  basalts and 
related  volcaniclastic  rocks of an unnamed unit which  may 
be equivalent to the Early  Jurassic  Chuchi Lake  Formation 
of Nelson er a / .  (1992, this volume).  The  Plughat Mountain 
Formation  (Ferri and  Melville, in preparation) is the name 

below  Plughat Mountain, east of Manson Creek.  These 
applied to the  thick  pile of Takla Group basalts exposed 

rocks lie above Middle to Upper  Triassic  slates and argillites 
of the Slate Creek  Formation  (Ferri  and Melville, ihid.). 

those described by Nelson et a / .  (1991, 1992. this  volume) 
Units recognized within  the Takla Group  are very similar  to 

who  have  carried out detailed  mapping  immediately  to the 
south  in  the Chuchi  Lake area. 

PLUCHAT MOUYTAIN FORMATION 
[LATE  TRIASSIC,  NORIAN(?)]  

The Plughat  Mountain  Formation forms the  western two- 
thirds of the Takla Group  exposure. It occupies a south to 
southwest-dipping  panel of rocks  which is in fault  contact 
with the Early  Jurassic maroon volcanics to the east. Two 
subdivisions of the  formation  can be made; an easterly,  and 
in pan,  lower  sequence of predominantly tuffs,  tuffaceous 

carbonate (Unit I )  and a western,  and in part,  upper 
sediments with lesser agglomerate, argillite, siltstone  and 

sequence  of  augite  and  plagioclase-phyric  massive  to 
agglomeratic* basalts (Unit 2). Unit I is equivalent to Unit 
2 of Ferri  and  Melville (1989) and  the Inzana  Lake  Forma- 
tion of Nelson et ai. (1991, 1992, this volume). Unit 2 is 

the Witch Lake Formation of Nelson ef a/ .  (1991, 1992, this 
equivalent  to Units 3 and 4 of Ferri and Melville (1988) and 

volume). 

equivalent; Unit 1 represents  a distal, volcaniclastic and 
We believe  that  Units 1 and 2 of the  Takla Group  are  time 

epiclastic  facies  derived  from a  volcanic centre to the west 
which is represented by Unit 2. In such  a setting,  facies 
changes can he  abrupt  and, in some places, one  facies may 

of the map  area, coarse volcaniclastic rocks  of Unit 2 
lie stratigraphically over the  other. In the northwestern pan 

overlie tuffs of Unit 1, whereas in the  south  these two units 
interfinger in a manner  similar  to that  seen in the  Ger- 
mansen Landing  area by Feni and  Melville (19x9). The 
epiclastic sequence of Unit I is locally  interrupted by small 
intrusive bodies and  related  volcanics as seen  south of 
Tenakihi  Creek. 

Diagnostic  fossils  have  not been collected  from  the 
Plughat Mountain  Formation in the map  area.  Rocks of 
similar lithology have been dated  to  the  southwest  and  are 
Late  Triassic (middle Norian; K. Bellefontaine, personal 
communication, 1991). 

and augite-plagioclase-phyric agglomerates  and  coarse 
Unit 2 is characterized by grey to greenish  grey augite 

lapilli tuffs with  lesser massive  flows, tuffs and tuffaceous 

sediments. It  is well developed in the  northern pan of the 

are  found near  the contact of the Hogem intrusive complex. 
map  area  whereas in the  southeast  only thin remnants of it 

Agglomerates and ilows  are  massive on outcrop scale and 
bedding  or flow  tops are seen  only rarely. Clasts in  the 
agglomerates  are  mostly  porphyritic  basalt  with  rare 
monzonite.  Occasionally basalt clasts  show a  wide  variation 
in the  percentage  and size  of  phenocrysts, indicating  that 

deposition. Augite  phenocrysts, up to 1 centimetre in diame- 
numerous  volcanic horizons were sampled prior to their 

ter, constitute from 10 to  40  per  cent of the rock.  Plagioclase 
phenocrysts up to 0.5  centimetre in length  are subordinate to 
augite  and range  from to 5 to  20  per  cent. Both large clasts 
and flows may he amygdaloidal with infills of chlorite, 
calcite  and prehnite(?).  Grey-green,  massive to poorly bed- 
ded crystal tuffs are  subordinate to the agglomerates.  Grey 
to  greenish, moderately to thickly  bedded  tuffaceous silt- 

ent of this  facies. 
stones and  grey and  dark grey  argillites are a minor  constitu- 

Unit 1 consists of grey to greenish  tuffs,  tuffaceous  silt- 
stones  and argillites, lesser lapilli tuffs and agglomerates, 

appear reworked. The tuffs are moderately to massively 
argillite  and  argillaceous limestone.  The  finer  clastic units 

bedded,  fine  to  coarse  grained and composed  of crystal 
(augite and plagioclase) and  lithic fragments.  They  com- 
monly contain lapilli fragments of predominantly augite- 
plagioclase-phyric  basalts with lesser argillite, limestone 
and tuff. These tuffs are interlayered with grey to dark grey, 
thinly to thickly  bedded  tuffaceous siltstones which contain 
sections of dark grey  argillite. Occasional beds of dark grey 
argillaceous limestone,  10 to 50  centimetres  thick,  occur 

i 
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gmhen systems. ( a )  Plan view showing  how motion is trans- 
Figure 1 - 1  I-?. Diagramatic representation of strikc~4ip 

ferred between  en  echelon strike-slip faults along it grahen 
system (negative nowcr structure). Movement on the 
hounding hlock.; of the main fault lone. in cor>,junulion with 
the  bend in the fault system.  causes  the hlocks l u  drop 

on the f i~ults.  thr gmhens would he horsts (positive Ilower 
within the tnmsfer zone. Note that if  motim werr rrversed 

mucture). (h)  Cro\s-sectional view showing  how  the fault\ 
merge at depth. 



within the more argillaceous sequences.  Coarse lapilli tuffs 
and agglomerates of Unit 2, tens of metres thick.  are inter- 
fingered with the h e r  grained  clastics. 

A small monzonite body  and related subvolcanic rocks 
are  found within lhis facies south of the big bend in 
Tenakihi Creek. An intrusive  breccia is associated with this 
body and the  coarst: lapilli tuffs and  agglomerates  contain 
abundant intrusive s:.lasts very similar in  appearance to the 
intrusion. This mon:mnite may be related to a small volcanic 
centre within Uni t  I .  

MAROON VOLCANICS (I.OWER JURASSIC) 

A series of maroon t u  dark grey volcanic\ outcrops in the 
eastern part of the Takla Group and  appears to lie strat- 
igraphically  below tuffs of the Plughat  Mountain  Forma- 
tion. These are qui te  distinct from lithologies of the Plughat 

Jurassic ammonite:,. making them younger. This  implies 
Mountain Formation and  Roots (1954) recovered Early 

that these  volcanics have been structurally emplaced.  They 
are bounded on both sides, and are cut by, a series of steep, 
northwest-trending faults with possible strike-slip  motion. 
These faults are as:.ociated with negative tlower structures 

and  Fischer, 1986). I t  is believed that these  younger vol- 
(nr  grabens, s 1 ' ~  Structure  section, Figure 1-1  1-4; Woodcock 

canics have been preserved within one of these structures. 

t o  rocks of the Early Jurassic  Chuchi  Lake  Formation which 
The  age  and composition of the  volcanics is very similar 

lies above rocks of  .he Witch  Lake I:omation in the Chuchi 
Lake area  (Nelson 01.. 1992, this volume). 

the Tutizika  River  and  continue  southwards to Tenakihi 
Grey-brown and maroon  magnetic  hasalts outcrvp along 

Creek and southeastwards  to  Thane  Creek.  These hasalts  are 

commonly massive. amygdaloidal (with infills of calcite 
aphanitic or plagioclase and pyroxene  phyric. They  are 

and chlorite) and may contain flow-top breccia. Typically 
plagioclase is the dominant phenocryst and constitutes up to 
20 per  cent of the rock. 

polymictic agglomerates and  tuffs which are  exposed  along 
The basalt5 are associated with dark grey to greenish 

a ridge south of thc hig bend in Ver t  Creek and continue 

composed o t  augit,:~plagioclase-phyric, plagioclase-phyric 
south of Thane Creek. In the Vega Creek area the clasts are 

and augite-phyric h ; d t s .  and  syenite and monzonite which 
appear very similar IO Hogem intrusive  complex  lithologies. 
The  clasts arc svmewhat rounded  and  reworked.  Roots 
(1954) described  large  feldspar  porphyry  clasts up to 
60 cenlimetres in diameter in the  vicinity of the Vega 
showing. Augite-plilgioclase-olivine('!) and/or  hornblende- 

Thane  Creek. 
phyric  basalt  flows ,md agglomerates  are common south o f  

YOUNGER ROCKS (OVE:RLAP ASSF,MHI.A(:KS?) 

USIJKA FORMAlION  (EARLY JURASSIC? TO EARLY 
TERTIARY) 

to boulder conglomerate and  minor sandstone  crop vut 
Massive to thickly  bedded,  well-indurated,  coarse  pebble 

along  the  ridges of Conglomerate Mountain. I t  is green to 
grey-green with rounded to well-rounded  clasts up to 
40 centimetres in  diameter.  Clasts  are  composed of granitic 

material (primarily  monzonite, s:yenite(:) anc gabbro) Lrith 
white tu grey quartzite,  grey tu :)lack cttert, ! olcanic m t e -  
rial (green,  aphanitic basalt, au:!ite-plngioclzje porphyrie:; 
and tuff) and  lesser  argillite  anti r;xe schi5tose .ock. Mas iivf: 
sandstone  layers  range in thicknlsss f ron  10 'entimetres to  
over 2 metres.  Rare  cross-beddir  g  indicates a northcvesl  :rly 
tlow. The northern  and southzrlt margins o1 this tunit  art: 
sheared, suggesting that it ma:/ be a falit sli. er. 

macroscopic  fossils  have beer, found. Roots (1954) c u r e -  
The  age of the conglomerate is difficult t o  deduce no 

lated chert-pebble  conglomerat;:, sand!;tone. argillite and 
coal in the Vega Creek valley with the Usli :a  Formatinn. 
Fossils in the valley indicate an Early (:retac?ous (Aptian) 
age (Roots, ihid.). Sediments DII the narthwr st side o f  the 
Osilinka River  do not resemble rocks the I lslika Forrna- 
tion and  may not he correlatablm:. Eisbxher (1974) c i ~ r e -  
lated Late Cretaceous to Early Xertiary rock! of tht:  Su!itut 
Group within the map area  (:icuth of 'Than, Creek) with 
rocks of the Uslika  Formation, b.lt we see littl  ! resernbl; I ~ C I !  

and  feel  this  correlation is invalid. 

study o f  the clast composition. A l l  clasts are 11 cally  deri,ied, 
The age of the Uslika Forma~ion can be il ferred  from ;I 

with quanzite  from the Atan Group,  cierl  1-om the Plina 
Creek Group, syenite  and mon.wnite cla:its frt m the Hoi!enl 
intrusive  complex  and  volcanic clasts frcm thf Takla Group. 
The youngest  rocks in this suitf,  are the grar itics i m r n  the 
Hogem intrusive  complex  and [he Takla volcz lies. Thu!. the 
conglomerate can be no older :h;m Early Jura s i c ,  baseil on 
the  youngest ages of the Takla Group and I L-Ar ages  for 
monzonite  and  granodiorite remrted by G n e t t  (IYiX). 
Younger granitic  phases (Late C'retaceous) a]: not pre!.i:nt. 
Uplift  and  erosion of the Atan quartzile to he west ma!/ 
have  occurred as early as la'e Early luras: ic (Ferri and 
Melville, in preparation). 

and  gneissic clasts. Locally, rrlelamorphic co ,line age:, an: 
Roots (1954) describes mirlcr occurrence ~ of schi5:me 

Cretaceous to Early Tertiary agi:s within the metarnor11hic 
as nld as Middle Jurassic wtll a predomir ance of  Lati: 

complexes (Ferri and Melville, i n  preparatior 1. All that  an 
be confidently stated  about the age of this mit i:; t h i t  it  
ranges from Early Jurassic to  E.dy Terliary. 

SC'STU?' GROUP 
( L A l E  CRETACEOCIS 'IO EARLY 'IER'IIAK Y )  

Sandstune. conglomrrate m ( I  hiltstone a< signed to t h e  
Sustut Group outcrop within tault-bounded i rcas on t:>ther 
side of the  Osilinka River valllsy. weit of :onghmvrate 

or red-brown. thin to thickly bedded and ver! friable. l 'hey 
Mountain. The finer grained rocks  are grey-@ %en t u  br(1wn 

commonly conlain  abundant co:dy l ens s  an I plant fb;jilr 
datcd as Late Cretaceous and E;irly Terliary Roots, IC':84). 
Pebble  conglomerate  layers I tm 2 metre5 11 ick and c;,m- 
posed of chert, quartzite, greq  :Ind nuronn : rgillite~ g . 3 ~ -  
green basalt and tuf f ,  vein q L a r t L  and sct ist  last, art: 
associated with these lithologic! 

northwest-trending strike-slip f a ~ ~ l t s  and it is .ugge,ted that 
Thc two  bodies of Sustut ( h u p  rocks ar : bounder b:/ 

these rocks  are  preserved within a negative tl w e r  structun: 

River are  strongly  fractured a1 lheir contact with intcn$el:t 
(see Structurr  section). Sustut .ricks west o the Os i l  nk;l 
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fractured rocks of the Lay Range  assemblage.  They  are  also 
in  contact with fractured  rocks of the Uslika  Formation 
south of Conglomerate Mountain. The northern contact of 
the  body  south of Thane Creek  may  rest  unconformably o n  
the  Early  Jurassic  volcanics but such  a contact was not 
observed. 

CONGLOMERATE  AND  SANDSTONE  ALOM;  VEGA 
CREEK  (EARLY  CRETACEOUS) 

Grey-hrown and  maroon  pebbly conglomerate,  sandstone 

body at its contluence with the Osilinka River. The  con- 
and  argillite are  exposed  along Vega Creek and as a large 

glomerate is composed of granite, basalt, tuff, quartzite, 
chert  and argillite clasts. Fine to coarse-grained sandstone 
and  siltstone  layers up to I metre thick are  found within the 
conglomerate and  contain  plant remains and very thin lenses 
of black coal. 

outcrop  at several  localities  along the lower  rraches of Vega 
Strongly sheared, black to  dark grey argillite  and siltstone 

Creek.  These argillites  contain  lenses of coal up to several 
centimetres thick and nodules of sandstone with abundant 
plant  fossils.  Roots (1954) collected Lower  Cretaceous  fos- 

this study are inconclusive  and suggest an age from Late 
sils from  one such locality. Fossil collections made during 

Jurassic to Late Cretaceous (E. Mclver, personal communi- 
cation, 1991). 

These  sediments do not resemble rocks of the  Uslika 
Formation  and  though they look  similar to those of the 

equates the conglomerate along Vega Creek with that of the 
Sustut  Group, their older age precludes this. Roots (19.54) 

Uslika  Formation. If this  correlation is correct these con- 
glomerates and sandstones  must represent  a different  facies 
of the  Uslika  Formation. 

INTRUSIVE ROCKS 
Intrusive  rocks in the map  area  are subdivided  into four 

groups: the Hogem intrusive complex; the  Tenakihi  body; 
monzonite to syenite  porphyry  stocks,  dikes and sills within 
the  Takla Group;  and  subvolcanic  quartz  andlor  feldspar 
porphyry  to  felsite  dikes  and  sills. All are part of the 
Omineca intrusive  suite as defined by Roots (19S4). Many 
of the intrusions  mapped by Roots (ihid.) within  the  Lay 
Range assemblage  are actually gabbroic  bodies of probable 
upper mantle  derivation ( i .c~.  ophiolite). 

HOGEM INTRUSIVE COMPLEX 
(LATE TRIASSIC TO CRETACEOUS) 

bodies of distinct  ages  (Garnett, 1978). I t  has been sug- 
The  Hogem  igneous suite consists of numerous  intrusive 

gested that the  name  Hogem  batholith be replaced by the 
term Hogem intrusive  complex (Nelson ef ul.. 1992, this 
volume). Several rock types  outcrop at the edge of the 
complex.  Field  observations  indicate a predominantly 
quartz-poor,  alkali-rich  suite. Rocks vary in composition 
between  gabbro,  diorite,  monzonite,  syenite  and  alkali- 
feldspar syenite. Gabbro  and  monzonite  appear  to be the 
oldest  intrusive  phases  and are cut by stocks and dikes of 
syenite or  alkali-feldspar syenite.  Typically, an intrusive 
breccia is present at the contact with the Takla Group. 
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Strong hornfelsing  and  granitization of the Takla Group 
extends several  hundred  metres to  over a  kilometre  away 
from the contact with the  intrusive  rocks. The hornfelsing is 
accompanied by moderate tu intense  flattening or mylonitiz- 
ation of the Takla rocks  indicating that ductile flow was 
occurring at the contact in response to  emplacement  of the 
batholith. The  homfelsing is also important economically in 
that i t  is almost always associated with copper-gold  miner- 
aliration  (see section on Mineralization). Both the  nion7oni- 
tic and  syenitic  phascs of the  Hogem intrusix complex 
carry copper mineralization.  although i t  is more prevalent in 
the  syenite  end members. 

map  area. I t  is post-Late Triassic based c m  its crosscutting 
The age of the Hogem rocks is not precisely known in the 

relationhhips with the Takla Group. Potassium-argon dating 
by Garnett (1978) south of the Omineca River suggests 
an Early to Middle  Jurassic age for the  syenitic  phases. 
Monzonite is related to  early mafic  phases of the complex 
and  has been dated Late Triassic to Early Jurassic (Garnett, 
ihid.). Younger granitic  phases are Early Cretaceous  (Gar- 
nett, ihid).  

MONZONITE 

monzonite  and q u a m  monzonite is the most abundant phase 
Tan.  brown and pinkish  megacrystic monzodiorite, 

in the Hogem  intrusive complex. Pinkish feldspar  mega- 
crysts up to 2 centimetres long constitute up to 30 per cent 
of the rock.  Accessory minerals  are  hornblende, biotite and 
magnetite. 

s Y E r m E  

Pink to tan, very fine to coarse-grained syenite  and quartz 
syenite  form dikes  and  small stocks in the monzonite  and 
the Takla volcanics. They  are usually magnetic  and  contain 
hornblende as an accessory  mineral. Syenite  grades into  the 
alkali-feldspar syenite  described  below. Pegmatitic phases 
of this  lithology were observed at the contact with the 7akla 
volcanics. 

ALKALI-FELDSPAR  SYENITE 

Pink,  fine to medium-grained  alkali-feldspar syenite  and 
alkali-feldspar quartz  syenite  also intrude  the  monzonite 
suite  described above.  These rocks  contain  magnetite and 
hornblende as accessory  minerals. 

MONZONITE AND SYENITE I N  THE TAKLA 
GROW ( 1 . A . w  TRIASSIC TO MIDDLE J U R A S S I C )  

Small  stocks  and  dikes of porphyritic  monrodiorite, 
monzonite  and  syenite  intrude the tuffs  and agglomerates of 

These bodies are barely  discernable at a x a l e  of 1:SO 0 0 0 ,  

the Takla Group  close  to the  Hogem  intrusive complex. 

but their  association with copper-gold  mineralization uar- 
rants their  mention. 

Porphyritic t u  crowded porphyritic  syenite to monzonite 
outcrop at the top  of  Cat Mountain. These intrusions  are tan 
to beige, with phenocrysts of plagioclase  set in a very fine 
grained  matrix of potassic  feldspar and hornblende. The 
phenocrysts may  constitute over 30 per cent of the  rock. 
These bodies are  sometimes strongly  altered to  chlorite, 

Brirish Columhiu Ceoiogicul Surory Brunch 



epidote  and potassim  feldspar in association with copper 
and gold mineralizaiion.  Another  lenticular hody of similar 
rocks (although lacking  the alteration), up to I kilometre i n  
length. was mapped  southeast of Matetlo Creek. I t  has 
homfelsed the Takla Group  agglomerates around i t .  

Numerous  dike.  and  small  stocks of  megncrystic 
monzonite or syenit?  intrude the Takla rocks through~~ut the 
area.  They are  grey 10 greenish in colnur with 5 to 20 per 
cent  plagioclase  phenocrysts set i n  a finely  cryst;dline 
groundmass of p~~tassium('!) feldspar  and  hornblende. These 
bodies may also extlihit a crowded porphyry texture. 

These rocks  are :r\sumed to he Late  Triassic to Early 
Jurassic in age as they appear 10 be conccntrt~tcd ncar the 

composition to H o g m  phases ol  this age. 
margin of the  Hogem  intrusive  conlplex and are  similar in 

TENAKIHI INTRLSIVE COMPLEX 
(LATE  TRIASSIC r 0  E A R L Y   J b R A S S I C )  

A  sill-like hody u p  t o  I kilmnetrc in thickness and trace- 

Tenakihi Creek. It may continue to the northwest  beyond 
able for nver I O  kilometres is exposed at the headwaters of 

coarse-grained  diorite and mon7.odiorite. commonly with 
the present limit of mapping. I t  is composed of fine to 

layered,  cumulate textures.  Layering is roughly parallel to 
bedding in the  surrounding  tuffs. The rocks  arc  typically 
massive, and predominantly  coarse  grained with 30 to 
7 0  per cent pyroxcnc and hornblende.  Cumulatc layers can 
he as thin as 1 0  centimetres  or up to several  metres  thick. 
These  cumulate textures were seen spor;~dically  along the 
length of the hody. 

plex and may he Early Jurassic in age.  Another possibility is 
This body may hi: related to the Hogem  intrusive com- 

that the  Tenakihi Intrusive complex is related  to  the 
Alaskan-type ultrarafic intrusions in the area, the most 
prominent of  whici- is the Polaris Complex in the Lay 
Range.  Recent  geochronometry  on  thesc  Alaskan-typc 
intrusion.; has yieldetl Middle Triassic to Early Jurassic ages 
(G.T.  Nixon.  personal communication, 1991). 

W A S 1  UI.TRAMAI.IC:  COMP1.F.X 
( E A R L Y   J U R A S S I I :   O R   O L D E R )  

1 kilometre wide at its centre. is exposed within Nina  Creek 
A lenticular  ultranlalic hody some 4 kilometrcs long and 

Group rocks  along ;I ridgc south of Wasi Lake. I t  is com- 
posed  predominantly of dark green  serpentinite  and  medium 
to coarse-grained g,~hhro.  Thc serpentinite is commonly 
quite massive  and  may  contain large crystals of pyroxene. 
The  gahhro  contain, between 30 and 50 per cent  green 
pyroxene. I t  is conmionly  massive  and may exhibit  a wcak 
foliation and listwuiite d t e ra t i~n .  A small tan-coloured 
aplite  dike cuts this body along the ridge crest. 

indicates that i t  is inirusive.  Ultramafic  and gahhroic  hodies 
Examination of the northeast  contact of the ultramafite 

of Alaskan  affinities  intrude  the  time-equivalent Lay Range 
assemblage north of the map  area and recent geochronome- 
try suggests  a  Middle  Triassic t o  Early  Jurassic  age (G.T. 
Nixon,  personal conmunication. 1991). 
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TERTIARY(?) INTRUSION!$ 

Tan, beige, pink or white hfpahyssrl qu ~ r t z  fddssar 
porphyry (dacite) sills  intrude !,chists of the C wannell For- 
mation  near  Beveley  Mountain and rarely rock i of the Takla 
Group. Numerous  bodies in the  Beveley Moun ain area v a r y  
from a few  centimetres to over 1 0 0  m:tres in thickncis. 
Quartz  and feldspar phenocrysts (constitute up to S per c :nt 
of the rock.  Biotite or hornblende  are  accessor minerals. A 
single  occurrence of these  felsit?! was secn wi hin the Takla 
Group in the  northwest come1 of the n a p  s rea. A. sn 1;iIl 
dacitic  stock is described by Ror ts (1954) wit iin Sviarll1t:Il 
schists southwest of Beveley Mountain. 

younger than other lithologies i l ~ l  the  area. 'I ley are v :ry 
These rocks appear quite frzrh and are  a!wmed  to be 

similar to hypabyssal  intrusion!;  described 'ty Ferri ;md 

dated as Early Tertiary (Ferri ant1 Melville, in preparatic 11). 

Melville (1988) in the  Manson Creek area whi :h have b m n  

STRUCTURE 

diverse and attests to the dispa:-ale tectonic hi ;tories of the 
The  character of deformation  v,ithin  the mal area is q ~ . t e  

different  terranes.  Deformation i!, strongest, at d m a s  c(  In- 
plex, within the Cassiar Terrm::  and  least leveloped in 
rocks of the  Quesnel  Terrane. Some  elemmts I f folding :Ind 
faulting  are  common to more than one terri ne and must 
reflect deformation  during  and  aker accretion 

The most  prominent  structural features at z northwcit- 
trending faults.  They  are well developed in  ar d  around the 

Group and Lay Range assemhls se.  Larse  ar !as of briitly 
Vega Creek valley and  separate or  cut rocks of the Tak.la 

deformed  and  altered  rock  are al! o seen ;[long Thane Cn:sk 
and  the  gorge at the  big bend i n  'Tenakit.i Cre :k. Eividwce 
from  several  localities  indicates  strike-slip  and  dip-slip 
movement. Furthermore,  rocks between the fi ult zones u e  
younger than  the surrounding rocks,  su,$gest ng preseria- 
tion within graben-like  structures.  These fault! are  belie.ed 
to be part of a negative flower structure and pn  duced by [?e 
northward  translation on the M:tmon fau't zon : (Woodcock 

concurrent splaying in the f a d  zone a l low;  thr hlocks 
and  Fischer, 1986: Figure 1-1  1-41. This northv ard shift ;nd  

within the  splayed zone to drop a! the strata on sither sidt of 
the main fault move past each  other. This  mect xnism recon- 
ciles  strike-slip and dip-slip motton  within a single str'1c- 
tural system. The southern e x t m  of the,ie fa1 Its colmitles 

fault zone  and  related faults 111,:mg the Discovery Cr,:sk 
with the  extrapolated  northwestzrn exten!.ion o  the hlan!;on 

valley. The  number and  spacing of the 'aults decrease$  to 
the  northwest,  reflecting  their no re  northwc stward trmd 
and loss of the  dip-slip  component. 

and  the  position of these younger rocks again: t older rocks 
The Uslika  Formation is boun:led by I wo c r these faults 

of the  Lay  Range  suggests dip-slip movemeit. They  jip 
steeply  towards each  other apd contain hot I brittle tnd  
ductile  deformational features. T!le nortt boul [ding f a d  is 
well exposed  and is expressed by I zone c8f def' lrmed U s h a  
and Lay Range lithologies  several  metres th ck. Slick:n- 
sides  on this  fault  zone show both subhorlzont; I and modt:r- 
ately  south to southwest-plunging  orients  lions wh 4:h 
together  indicate  left-lateral motim  for the  str  ke-slip c t m -  
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ponent. This is in complete discord with strike-slip motion 
on the  Manson fault  zone,  and  other  major  fault  zones in the 
region. which is right-lateral  (Ferri and  Melville, in prepara- 
tion;  Gabrielse, 1985). Alternatively, if strike-slip  motion is 
right-lateral along this  fault zone, the southwest-plunging 
slickensides  suggest up-dip movement. Most of the  motion 
on the  hounding faults of the  Uslika  Formation must he 
down-dip  as they  place younger against older  rocks. Any 
up-dip motion may be quite late and minor in magnitude. 

The  age of these structures is difficult to  deduce.  Rocks 
of the  Uslika  Formation, Sustut  Group  and  conglomerates 
along Vega Creek  are  found within some of the graben 
structures.  There is no evidence  for  syntectonic deposition 
of any of these  clastic sequences. If there  was syntectonic 
deposition, then fault movement has occurred from  Early 
Jurassic to Early  Tertiary time. Alternatively, if the  clastic 

tures,  then movement is only as old as the  youngest clastic 
sequences are  only preserved within younger  graben struc- 

package, which in this case would be  Early Tertiary (Sustut 
Group).  Evidence  elsewhere in the northern Canadian Cor- 
dillera  suggests regional strike-slip motion  in Cretaceous 
and Early Tertiary  time (Gabnelse, 1985). 

major northwest-trending southwest-side-down normal fault 
Several other prominent faults transect  the map area.  A 

(Camp  fault)  drops Early Paleozoic  carbonate stratigraphy 
against higher  grade  metamorphic rocks of the  Swannell 

down the  Tenakihi  Creek  valley, separating Lay Range  from 
Formation in the  Beveley  Mountain  area. It may continue 

Swannell rocks.  Several  other parallel structures  cut  Nina 
Creek and  Lower  Paleozoic stratigraphy in the Wasi Creek 
area. 

lineaments and suggest the presence  of  northeast-trending 
The Uslika Lake and Wasi Lake  valleys form prominent 

normal(?)  faults with only minor  displacement.  These  faults 
die out  away from the strike-slip fault Structures, suggesting 
a  genetic  link. 

Creek  Group. Northeast-verging thrust  faults are  seen 
Cryptic and visible  thrust faults cut rocks of the Nina 

southeast of Wasi Lake where  sediments of the  Mount 
Howell  Formation are placed on top of volcanics of the 
Pillow  Ridge  Formation. The Nina  Creek Group sits struc- 
turally above  rocks of the Cassiar Terrane, carried on a 
cryptic, northeast-verging,  layer-parallel  thrust fault (Ferri 
and Melville. in preparation).  This thrust separates rocks of 
the  Slide  Mountain  Terrane from those of the Cassiar Ter- 
rane in  the map area.  A similar thrust separates the two 
formations of the Nina  Creek  Group (Ferri and  Melville, 
ibid.). 

Cassiar Ternlne are  polydeformed and affected by a pro- 
The structurally  and  stratigraphically lower parts of the 

grade  metamorphic  event which reaches  upper  greenschist 
grade in the map area. At  least three phases of deformation 
affect  the metamorphosed  rocks. An early  synmetamorphic 

transposed parallel to foliation.  A second period of folding 
foldins  event (Dl)  produced  isoclinal folds with bedding 

(D,) also produced  isoclinal  folds  with  crenulated S I  
schistosity in their  hinges. This  folding was  rarely  seen  and 
may in fact  be related to Dl deformation  and produced by 
local  instabilities in the  flow regime during D, deformation, 
leading to the  refolding of S I  schistosity. An upright series 
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of open folds and  associated  short-wavelength crenulations 

These may be related to the  large  northwest-trending  anti- 
is locally produced by the third phase of deformation (D3). 

form in the  Swannell  Formation  north of Beveley  Mountain. 
The vergence of these  structures is not known. Bedding and 

side of the Tutizika River and north of Jim May Creek, 
S I  schistosity  are overturned to the southwest on the north 

suggesting  southwest-verging D l  or D, structures.  This is 
only seen locally and  typically  structures  verge to the north- 
east  as seen in the Germansen  Landing  and Manson Creek 
area5 (Ferri  and  Melville,  1988,  1989,  1990a).  South- 

oriented  structures mapped by Bellefontaine (1990) in the 
westerly  directed  structures are  consistent with similarly 

lngenika  Range north of the study area. 

wilhin the  Cassiar  and other terranes is not known. Large- 
The relationship of these  structures to higher  structures 

scale  northeast-verging  thrust  faults in the  Nina  Creek 
Group  and  other  packages may be related to Dl and D, 
deformation as suggested  by  Ferri  and  Melville  (in 
preparation). 

kilometre-scale open  folds that affect the  entire  package. 
The  Slide Mountain Terrane  is characterized  by 

Macroscopic,  open  to tight chevron  folds can he seen within 
the lower  argillites of this package and are associated with 
an axial planar. penetrative cleavage. 

and, basrd on top reversals,  tightly folded and  generally 
Rocks of the Lay Range  assemblage  are steeply dipping 

overturned to the southwest.  The  monotonous  nature of this 
sequence  does not allow  the  delineation of any  large-scale 
structures and  only rarely were  outcrop-size folds  observed. 
A  penetrative cleavage is present in the more argillaceous 
members  but  only rarely  developed in the tuffs. Commonly, 
large clasts within the tuffs are  flattened parallel to the 
steeply dipping  bedding,  suggesting tight to isoclinal fold- 
ing.  Faults of unknown  origin  appear to separate the  various 
main lithologies of the  Lay Range.  Those that separate the 
mafic and ultramafic rocks  north of  Vega Creek may he part 
of the strike-slip  fault  system, although  this is not certain on 
the  basis of currently  available  data. 

Rocks of the  Quesnel  Terrane  (Takla Group)  west of the 
graben  structure,  form a moderately  southwest-dipping 
homoclinal  succession  interrupted by local upright folds. 

METAMORPHISM 
Metamorphism is most intense in Cassiar rocks where 

garnet-grade assemblages  are  found within the  Swannell 
Formation. The grade drops off to  lower greenschist within 
younger stratigraphy  where  biotite  and  chlorite  isograds can 

porphyroblasts  and  the other fabric elements indicate  that 
be discerned locally. Textural relationships between large 

their formation  coincided roughly with Dl deformation. 
These relationships are  similar to those described by Ferri 
and  Melville ( 1990a) and by Parrish (1976) and Bellefon- 
taine (1990)  to the  north. Garnets and  biotite porphyroblasts 
are retrogressed to  chlorite, muscovite  and quartz in various 
localities, suggesting a  late  retrogression event of uneven 
distribution. 

dle Jurassic by Ferri and  Melville (in preparation) with the 
This prograde metamorphic  event has been dated as Mid- 

later retrogression  possibly  related to Tertiary uplift, as 
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suggested by the prevalence of Early Tertiary ages in these 
rocks to the south (Gabrielse, 1975: Ferri and  Melville, 
ihid.). 

Metamorphic  grade of rocks of the Slide  Mountain  and 
Lay Range terranes is lower to subgreenschist  and  the Takla 
Group has been nletamorphosed to prehnite-pumpellyite 
grade. 

ECONOMIC GEOLOGY 

within the map area.  including  porphyry  copper-gold  and 
Mineral  prospects are numerous and of various types 

carbonate-hosted lead-zinc showings, shear-controlled  vein- 
ing. placer deposit5 and  minor coal occurrences.  The  fol- 

of occurrence. For a brief description of individual  pros- 
lowing  discussion  describes  the  characteristics of each  type 

pects  refer to Table I - I 1 -I ; the  locations of the showings  are 
plotted on Figure I -I 1-3. 

The Takla Group hosts the ma,jority of the known  mineral 
occurrences:  abundmt small copper  showings are  found 
along the length 01 the Hogeni-Takla cnntilct. Mineraliza- 

intrusions, prnhahl!i related to  the Hogem intrusive com- 
lion in the Takla G ~ o u p  is related to syenite and monzonite 

plex, and shear zont:s, possibly  related lo the Manson fault 
zone mapped south of this area  (Ferri and Melville, 19x9). 

The Upper Proterwoic and Lower to Middle Paleozoic 
carbonates in the northwest part of the map  area also host 
numerous  base and precious metal prospects. 

covered shear-relatA  copper-gold  showings and  nlarnnn 
Lay Range vdcmics and sediments host twn newly dis- 

basalt tlows of the 'Takla Group  (Chuchi Lake Formation?) 
host copper minerallzalion in the northwest part of the map 
area. 

Thin cwal seams are  present i n  the  Upper Cretaceous 
Sustut Group. Placcr gold is known o n  Jim May and Vega 
Creeks (Roots. 1954). 

PORPHYRY COF'PEK-GOLD PROSPECTS 
Porphyry copper~gold prospects  arc  exemplified by the 

Cat Mnuntain nntl Vega showings. Disseminated and 

azurite and chalcoclte  occur within the intrusive  rocks  and 
Sraclure-Silling chalcopyrite with secondary  malachite. 

the  coarse-fragmental  basaltic  augite  porphyry tlows,  finer 
pyroclastics  and vctlcanic sediments nf the Takln Group. 
Propylitic and pota,sic  alteration  characterize  mineralized 
zones. 

Syenomonronite porphyry and hornblende  diorite  bodies 
011 thc Cat property are  believrd to he satellites o f  the 

numcrous faults. Some of these faults  appear t o  pnstdate 
Hogem  intrusive complex. The  porphyries  are cut by 

are  mineralized. ThIs suggests a complex  structural  history 
alteration and mineraliretion  (Anomaly  fault) while others 

which may involve  reactivation (if early,  and  possibly, syn- 
intrusive  structures. 

Massive, gossanous magnetite-quartz  veins and boxwork 
host copper and coarse visible  gold  mineralization at the 
summit of Cat  Mnuntain  (BET  claims).  Magnetite-rich 
zones. like the MBX: zone at Mount  Milligan.  often occur in 
alkaline  porphyry  svstems. Similar magnetite-quartz  veins 
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were found in other locations dose tu the Takla-Hol,en 
contact north of Cat Mountair,. 

MINERAI.IZATION Rrsr~A.ri-sD T O   T H E  HOc;Ebl 

CONTACT 

bornite, chalcocite) occurs alonj! the Hogcni- Takla c o n x l .  
Copper mineralization  (chalcopyrite. mal; chile, amrite, 

Copper is associated with anker te veining. a dissemingtetl 
hlehs of chalcopyrite along f rmure  surfaces  disseminrte(J 
throughout  the host and in m;lgnetile~spc:ularile \:ins 
containing  massive t o  dissemin,:Itcd chalcop/ritetbor'iite. 
Mineralization occurs in znnes from ;I few  :cntimctrc to  
several  metres wide cutting  augite porphyry I_ ows and tllff>, 
the Hogem monzonites and wher peripheral  phases n t  ths: 
intrusive  complex.  Prospects Iround the iringes of ths: 
Hogem  intrusive  complex art .Issociat:d w th swarms of 
syenitic  dikes,  potassium feldspar alteration a ~d metasorna- 
tiration of  the Takla Group and the intrusive comprex ;ug- 
gesting the roots of a pnrphyry :cystem (Can  ett, 10781. 

C A R B O N A T E - H O S T E D  MIIFIERAL.IZAT O N  

Two types of carbonate-hmt.:d  minrraliz.: tion ncctfr i n  
the map  area; disseminated  and  replacement ead-rinc irlin- 
eruliration of possible  Mississip;~li VdIe!/ typc and lead~cinl: 
veins. 

Mineralization i n  the Otter ~.akes limestmine occur; ac 
replacement of dolomite  or as q ~ e n - s p x e  fill  ngs. EAim.ral- 

The mincralogy consists of fine~grained galel a (which III~!! 

ization appears  stratabound ard is found in  ids or hl:bs. 

be argentiferous), sphalerite  (yf.llow-hrown o red-brown) 
and pyrite. Similar mineralizalion is found a ong this l:ori- 
zon southeast of the map area  (Ferri  and Me ville, 1990a). 

The Beveley  prospect, nn  the soutt s l o ~  e of 13ev:ley 
Mountain, is a series of occurrt:nces o f  dis: eminated ;mi 
massive galena, sphalerite, acan'hite, tetrahec +e and h;hritc 
which appear to have been emilaced in vei IS  cutting the 
carbonates of the  Middle  Ordovician to E; rly D<evonian 
Echo Lake Group. Mineral invmtory cilcul; tions indi':atl: 
approximately 100 000 tonnu grading 36. I3 gram:< per 
tonne silver, 1.42 pcr cent I m i  and 1.24 Ier cent :in<: 
(Covency. 1981). 

Southeast of the  Beveley  prospect, x ros :  the Osi l~ t~ka  
River,  lead-zinc-silver-barite veins carhonatr rock:; at the 
Carie  showing.  This occurrcncc was not , isited, h l  I i t  
appears  similar to the Beveley (Fahmi, 197') . 

Sound in a limestone  quarry al the base of B :veley MI Nun- 
The Quarry showing (No.lO1, a new mil era1 prospect 

rain, con.sists of several minerdized qu:irtz \:ins cuttilt:: ;I 
dolomitized  section of the  Espee Formition.  Quarlr v : in ;  
up to 20 centimelres wide aplx3.r to occur i 1 a conju;:atc: 
system with mineralization prestnt throughou  the  veins :>ut 
strongest at vein intersections. C.1arsely  ,cryst: lline mineral:; 
include  galena,  sphalerite,  cerussite,  chalcopyrite, 
boulangerite,  stibnite and tetrahedrite. Two grab sann ]le!; 
returned  analyses nf X90 ppb ; m d  385 ppb g, Id. 

S H E A R - C O N T R O L L E D  Vk,IYING 

schists of the  lngenika Group .it  the top of B :veley MI ,un 
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Grits,  impure  quartzites  .md  quartz-fe  dspar-gamet 



Vain hoit the  Gael  showing.  a  shear-controlled gold-silver- 

the  yellow scorodite  staining  on the rocks. The hostrocks 
copper vein. The minerali7ed  zone is clearly  visible due to 

are strongly  brecciated  and  silicified within the mineralired 
zone. 

The Mississippian to Permian Lay Range  assemblage is 
host to two  copper-gold occurrences. Malachite staining on 
fracture  surfaces was found in  sheared,  epid<~te-altered 
bahalt tlows  on :I ridge-tup west of the mouth of Tenakihi 
Creeh. A gold analysis of 1300 pph was obtained from a 
grab  sample.  Fine-grained  sediments  northeast of Vega 
Creek are cut by quartz-ankerite veins carrying malachite. 

locations within the Takla Group  (Runts, 1954). always in 
Mercury  mineralization (cinnabar) is reported at several 

sheared  zones associated with ankerite  veining  and  altera- 
tion. These strike-slip shear  zones are most likely a northern 
extension of the Manson fault zone mapped to the southeast 
(Ferri  and  Melville, 1989). 

quartz veins and copper mineralization in shears within the 
The  HaHa Creek showing  consists of free gold in small 

Hogem  intrusives  (Roots. 1954). 
The Pluto showing  consists of massive  arsenopyrite and 

pyrite  within  strongly sheared Takla Group rocks along a 
tributary of Thane  Creek.  This occurrence  has been known 
since the 1940s  (Roots,  1954) and contains  significant 
amounts of gold. 

MINOR  COAL  OCCURRENCES 
Late Cretaceous Sustut Group  sandstones and conglome- 

rates  host  discontinuous,  low-grade  coal  seams up to 
45  centimetres thick (Roots,  1954). Early Cretaceous  sand- 
stones, siltstone5  and  argillites  exposed along Vega Creek 
contain  coaly  lenses S to 10 centimetres thick. 

CONCLUSIONS 
0 The  map  area  covers parts of the Cassiar, Slide Moun- 

rain, Harper Ranch  and Quesnel terranes. 
0 The Lay Range  assemblage has  characteristics which 

are consistent with an arc or  back-arc setting  and  has 
similarities with the  Nina  Creek Group. 

0 The Takla Group  comprises both  Upper  Triassic  and 
Lower Jurassic units which are equivalent to recog- 
nized units farther  south. 

0 The area is transected by a  major  northwest-trending 
system of strike-slip faults and  associated  graben 

0 Mineral occurrences  are  diverse and abundant within 
structures. 

the map area. Most are porphyry  copper-gold  pros- 
pects within the  Takla Group and at the  Hogem-Tdkla 
contact.  Significant  carbonate-hosted  lead-zinc  miner- 
alization is found in Paleozoic rocks. 
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STRUCTURES  ALONG  FINLAY-INGENIKA FAlJLT, 
McCONNELL  CREEK  AREA,  NORTH-CENTRAL  BRITISH  COLUMBIA 

(94C/5;  94D/8, 9) 
By G.  Zhang  and  A.  Hynes 

McGill University 

"" -.-, 
KEYWORDS: Regional geology, Takla Group, Johanson 
Lake. stratigraphy, Goldway  Peak,  Osilinka Ranges, Kliyul 
Creek, Dortatelle Creek, Wrede  Range, Aiken Lake, Sustut 
Lake,  Hogem  Ranges,  transcurrent  faulting,  stretching 
lineation. 

INTRODUCTION 
The study area is located in the vicinity of Johanson 

Lake,  some 350 kilometres  north-northwest of Prince 
George, bounded t1! the  northeast by the north-northwest- 
trending Lay fault i lnd to the  southwest by Willow Creek. 
The north-northwes1:-trending Finlay-lngenika  fault,  one of 
the very prominent clextral strike-slip fault systems  ofnorth- 
central British Columbia (Gabrielse, IYXS), passes through 
the western half of the study  area. 

on both sides of the Finlay-Ingenika fault, to provide 
The main aims  of the project are to  examine the structures 

geological  evidence for the  dextral  transcurrent displace- 
ment  and to study local deformation associated with it. 
Geological mappin! in parts of map  sheets  04Ct5 and 
94Di8, 9 at a  scale of  1:SOOO. was conducted in 1990 and 

reported last year (%hang and Hynes, 1991). This report 
1991. Preliminary results from the  fieldwork of 1990 were 

provides  considerably more data on the  nature of the  defor- 
mation, and extend. the  mapped region southeast towards 
Aiken Lake  and to I he Hogem  Ranges west of the  Finlay- 
lngenika  fault. 

Throughout the rcgion. exposure on prominent  ridges is 

gravel road from elther  Mnckenzie or Fort St.  James to 
excellent.  Although  primary  access is possible via the 

Johanson Lake  and the Cheni mine, the nature of the terrain 
necessitates use of 2. helicopter for camp moves. 

REGIONAL GEOLOGY 
The  map area lie:< within the  Intermontane Belt. one of 

the five morphogeological  belts of the Canadian  Cordillera 
(Wheeler  and  McFeely, 1987), and  straddles  the  Quesnellia 
and Stikinia tectoncmstratigraphic terranes (Monger, 19x4). 
North and  south of ,:he study area, Stikinia  rocks  are sepa- 
rated from those of Quesnellia to the east by the Cache 
Creek  Terrane, a rubduction-related  assemblage,  and 
bounded to the east by the  Slide  Mountain  Terrane,  a deep- 

mated by latest Tria:,sic to earliest Jurassic  time, forming a 
water oceanic assemblage.  These terranes were amalga- 

composite  terrane, "Terrane I", which accreted  to the 
ancient  margin of North America in Jurassic  time (Monger, 
1984). Dextral strike-slip  faulting took place extensively 
along  the  eastern  margin of Terrane I ,  and  possibly  part of 
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the Omineca  metamorphic belt, luring the la 2 Cretaceous 
(Gabrielse, 1985). The  Finlay-lngenika faul , which 'ies 
between the Quesnellia  and S t i h i a  terranes in the stllmiy 
area, is one of the  dextral  strik<:-slip  faults I 8n which the 
transcurrent  motion occurred. 

Quesnellia and Stikinia  terranes in the stidy area x e  
characterized by volcanic, volca niclastic and sedinlenl ary 
rocks of the  Upper  Triassic Takla IGroup.  West  If the Fin1 ay- 
Ingenika  fault  the Takla Group was suttdivid :d into three 
formations  during 1:250 000 Imxpping  of th ! McConr~~:ll 
Creek map  area  (Lord, 1948; Church, 1974, 19 75; Rich~nds, 
1976a, b; Monger, 1977; M0nge.r and  Churcl , 1977). 'rhe 
lower Dewar  Formation is doninated by v~'lcanic  sand- 
stone.  siltstone  and  argillite, an<! is overlain by a midrlle 
Savage Mountain  Formation  ccn..isting of sut  narine, mas- 
sive  volcanic  breccia  and  pillow lava wlth m  nor volcarlic 
siltstone at the top. The upper hloose Valley for ma tic^^ is 
predominantly  reddish  marine an<:l nonmarine ' olcanicln..l:ic 
rocks (Monger, 1977; Monger amd Church, 1 )77). East of 
the  Finlay-lngenika  fault t h e ,  Takla  Grcup  remalns 
undivided (Monger, 1977). It t:msists rlainl: of greenish 
grey,  dark and  pale  grey volcanir,  volcanicla tic and s e d -  
mentary  rocks. No conclusive stratigr.rphic correlations 
have been made  between  the Tada  GroJp  ro:ks on eitller 
side of the fault  (Minehan. IY89a, b).  The Elkla G r m p  
rocks  east of the fault  are exterlsively intrua :d by multi- 
phase, early Jurassic to Cretacews dioritic r( cks (\Vools- 
worth, 1976). 

STRATIGRAPHY OF THE TAKLi. GROlJP 
EAST OF FINLAY-INGI1I:NIKA FAULT 

predominantly volcaniclastic. 7hS:y include s o  ne porph),.i- 
Takla Group rocks east of the Finlay-Ingel ika fault Ire 

tic  rocks that are possibly volcmic flows and feeders, i nd 
minor  sedimentary  rocks.  Stratigraphic suca essions a d  
rock assemblages vary greatly  from one locali y to anotl:f:r. 
The  stratigraphy  and petro1o;i.y have  the.efore hcen 
described  separately for three dif~erent region! of the srudy 
area: the northwest (the Wrede Range),  south> lest (west 3f 
the Donatelle  fault) and  southea:it  (between 1 le Dortaxclle 
fault  and  Kliyul Creek) (Zhani:  and Hynes, 991, Figure 

In the southeastern  region, s stratigraphi:  success ton 
about 1500 metres thick along thl: east-tr,:ndin; ridges 'he:st 
of Aiken  Lake  (Figure 1-12-1) ,s litholopicall! very simllar 
to that observed on the ridges Ix tween the Dm lrtatelle f t 'u l t  
(Monger, 1977) and  Kliyul Creek (Zhang and {ynes, 19'31; 
Figure 1-12-1). A lowest Unlt I is domintted by ,gzy 
volcanic sandstone.  Most of this )unit is rover1 d by vegcla- 
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Beddlng, uprlghf \ Unit boundary s. Fault. known and 
appro",male 

Intrusive boundary Lake 

Figure 1-12-1. Generalized geology of the Johanson Lake area. 

tion but a minimum  thickness of 400 metres can be esti- 
mated  west of Kliyul  Creek. The  top of this  unit displays 
abundant recessive  patches of carbonate. Unit 2 is up to 170 
metres thick west of Kliyul Creek  and attains  a  thickness of 
about 430 metres west of Aiken Lake. It consists of reddish 
weathering,  black  argillite with siltstone laminae and 2 to 
10-centimetre layers or lenses of dark grey  or black lime- 
stone. This unit also  contains  minor  interbedded,  grey  vol- 
canic  sandstone and  siltstone,  ranging in thickness  from 30 
centimetres  to several  metres.  Unit 3 is well exposed  on the 
ridges  west of both Kliyul Creek  and  Aiken Lake. The 
lower part is dominated by greenish grey volcanic  siltstone 
which contains  abundant  fragments of dark grey  or  purplish, 
well-bedded  limestone,  ranging from several centimetres  to 
several  metres in diameter. Small-scale,  slumping  folds, 

common in the fragments of the  well-bedded limestone west 
generally  several  tens of centimetres in wavelength,  are 

of the Kliyul Creek,  but not observed in  those  west of Aiken 
Lake.  Fossils of brachiopods,  bivalves and possibly some 
ammonites were found in  the carbonate  clasts west of Aiken 
Lake. The upper  part is greenish  grey  or pale grey,  medium- 

dark  grey  or black,  thin-layered limestone  or black, dark 
layered (10 to 20 cm) volcanic sandstone  interbedded with 

grey  to  grey argillite (west of Aiken Lake).  The  thickness of 
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this unit is up to 440 metres  west of Kliyul Creek  and 400 
metres  west of Aiken  Lake. These limestone-rich  beds are 
very widespread  and  useful marker horizons in the  region. 

breccia  and  sandstone  with  minor  clinopyroxene  and 
Unit 4 consists  mainly of greenish grey,  massive volcanic 

clinopyroxene-plagioclase porphyries and is well exposed 
on the  ridges east of the Dortatelle  fault  and  northeast of 
Croydon  Creek.  The greenish grey breccias are  composi- 
tionally  heterogeneous  and  dominated  by  fragments  of 
clinopyroxene  and clinopyroxene-plagioclase porphyries. 
The  fragments  are  angular  to  subrounded,  commonly sitting 

fragments,  and  average less  than 20 centimetres in diameter. 
in a  porphyritic  matrix with the same  composition  as the 

The breccias  are usually poorly  bedded  and  poorly  sorted. 
The porphyritic  rocks  contain phenocrysts of either  euhedral 
clinopyroxene or both euhedral  clinopyroxene and  anhedral 
plagioclase, commonly less  than 5 millimetres in diameter 
but locally as much as 1 centimetre. The porphyritic  rocks 
are generally  several  tens of centimetres to several  metres 
thick and interbedded with the volcanic breccias. but some- 
times occur  as  feeders  where they  cut  the laminations of the 
volcaniclastic  rocks. for  example, on the  ridges  west of 
Aiken  Lake. Rocks  of this unit are very resistant  and com- 
monly  cliff forming. 

Bririslr Columbia Geological Survey Branch 
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N=222 
Figure 1-12-2. Sexonet plot of bedding  planes from the 

Hogem Ranges.  Solid circles: poles to bedding plancs; open 
triangle: minimum tcipenvector:  great circle: plane  normal  to 
the eigenvector; N: number of mearurementa.  Eigenvectors 
calculated  using  mcthods of Mardia (1972). 

TAKLA GROUP  WEST  OF FINLAY- 
INGENIKA FAULT 

fault are exposed in the Hogem Ranges (Figure 1-12. I )  and 
Rocks of the Tal.la Group west of the Finlay-lngenika 

are  divided  into two  formations in the study  area:  Dewar 
and Savage Mountain (Richards, 1976a;  Monger, 1977; 
Monger  and Churct,  1977). 

slopes of the Hogem Ranges.  The  lower part of the forma- 
The Dewar Form:hon is well exposed along the northern 

tion is dominated by reddish  weathering,  dark  grey to black, 
locally  graphitic  and  pyritic  argillite with lenses of dark 
grey  marly  limestone.  The  upper part is mainly black 
argillite  interbedded with pale  grey  volcanic sandstone and 

argillite  and  volcanic  sandstone.  Beds  ranging in thickness 
siltstone, with minor  breccia  containing  fragments of 

this  formation is not exposed but a minimum  thickness of 
from laminae to 70  centimetres  are  common.  The  base  of 

500 metres can be estimated. 

sive,  dark grey  volcanic  breccia with minor  volcanic sand- 
The  Savage Mountain  Formation is characterized by mas- 

stone and siltstone. 'The fragments in the breccias  are angu- 
lar to subrounded and range in  diameter  from  several 
centimetres  to 40 centimetres.  They  consist of dark grey, 
reddish  grey  and  dark  purple  clinopyroxene  and 
clinopyroxene-plagioclase porphyries. The matrix of the 
breccias is predominantly clinopyroxene  or  clinopyroxene- 
plagioclase  porphyritic. This unit contains locally conspic- 
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uous, coarse-grained,  "bladed" feldspar por 'hyry. At (he 
base of the  formation one horizorl contains cla, IS of purp sh 
grey  limestone  and  argillite will? brachiopoc and  bivilve 
fossils.  Rocks of this  formation ;ire, very resis ant  and form 
high peaks in the  area. 

INTRUSIVE  ROCKS 
The Takla Group rocks  east of the Finlay-1 ngenika filult 

contain abundant intrusions awxiated with the Alashim- 
type  Johanson  Lake  mafic-ultramafic ccmmple < (Nixon .Ind 
Hammack, 1990), and  many :dioritic to r ~onrodiorilic 
bodies occur north and  south of Johanson Lak' ' and rlortll of 
Kliyul Creek. There  are also mmy  intmne< iate to telsic 
dikes and  sills,  typically  less  than 3 metres  thick. T h w  
intermediate to felsic  rocks :mi' probably r :lated IO the 
Hogem  batholith  and early Jur;.ssic to Creti  ceous in age 
(Lord, 1948; Richards,  1976a; V/oodsworth, 976). 

DEFORMATION 
Rocks in the  study area  expmenced  defon lation associ- 

ated predominantly with dextral, transpressive displacen I:ni 
along the Finlay-Ingenika fault. !Steeply dippi I& or vem:al 
strike-slip faults (Figure 1-12-1) ;:ut the  rocks nto a nutnbel' 
of fault-bounded, weakly deformed  blocks, in which clcav- 
ages and small-scale  shear zone!, are the only  visible stiuc- 

deformation associated with lauii,e-scale tram current fault. 
tures. These characteristics are t).pical of cont nental crustal 

ing ( P . X . ,  Nelson and Jones, 19116; Geismar ef a/ . ,  1!'89, 
Ron e r  a / . ,  1986. 1990). In addifion,  thcre a r ;  some  laige- 
scale,  open to medium  folds with axes  trendin,, northwerl tcl 

north-northwest  (Figure 1-12-1) 

FOLDS 
Four  large-scale folds  have been recosnize 1. The W I  :de 

Range  anticline and Goldway F'eak syncline occur in Ihe 
Wrede Range  and Goldway Peak regions, resp xtively ((Fig- 
ure 1-12-1) and  have  been described previous y (Zhang and 

exposed in the  Hogem  Ranges area,  immedi; tely souttt oi 
Hynes, lY9l). The Sustut Lake anticline an< syncline ;are 

Sustut Lake (Figure 1-12-1). 

the  anticline,  involved  only thi: black argil ite and grey 
The Sustut Lake  syncline, which lies to t b  northeas. o i  

volcanic sandstone and siltstone of the  Dew Ir Formation, 
Its northeastern limb is truncal,?d by 3 no1 th-northw.:st- 
trending,  dextral  strike-slip  fault The  Sistut I .ake anthine 

siltstone of the Dewar Formatiol-l in its ,:ore ~ nd dark grey 
has  the black argillite  and gr-e? volcanic smdstone md 

volcanic  breccia of the Savage M'ountain Forn ation on  toth 
limbs.  The southwestern limb d i l x  steeply sol thwest an! is, 

ondary, outcrop-scale  folds are also develor id.  They ;ire 
locally vertical, or even overtutned  (Figure 1-12-1). See- 

either  symmetrical or asymmetrical in crosi-section  mc 
very common in the well-kdde<:l  sedim'mtar:  rocks of the 
Dewar  Formation (Plate l-l2-lcl). Poler to b :dding pkme!. 
in the region fall on a  great circle (Figure 1-12--2) ancl 
delineate a cylindrical  fold  axi.:  trending at 122" with a 
plunge of41".  The age of formntion of  th: folc 3 is unknown. 
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They were  truncated by the faults  and may  therefore have 
developed  during the early stages of the  dextral  transpres- 
sion (cf Wilcox era/ . .  1973; Sylvester, 1988). 

FAULTS 

widespread  structural features in the study area. They  are 
Subvertical  or  vertical  strike-slip faults are the most 

abundant  along  and near  the Finlay-lngenika fault, and 
become  fewer and shorter  away  from it. On the ridges 
immediately  west of Aiken  Lake,  for  example  (Figure 
1-12-1 I, they  are rarely seen.  This spatial relationship of the 
strike-slip faults  to the Finlay-Ingenika  fault  suggests that 
deformation in the  study area was associated closely with 
the  transcurrent  motion on the  Finlay-Ingenika fault and 
was  largely  restricted to a  narrow  belt,  about 30 kilometres 
wide. adjacent  to  the  major fault (Figure 1-12-1). 

divided into four  groups: dextral  strike-slip faults trending 
Based on the  attitudes  and slip  senses, the faults were 

northwest, north-northwest  and north-northeast,  and  sin- 
istral strike-slip faults trending east-northeast. All the faults 

can be readily  interpreted as a  resulting  from  dextral  motion 
o n  the Finlay-lngenika fault (Zhang and Hynes, 1991 1. The 
attitudes  and slip senses of north-northeast  and  east- 
northeast-trending fault sets are  consistent with their forma- 
tion as Riedel ( R )  and  conjugate Riedel (R')  shears, respec- 
tively, related to the main motion on the Finlay-lngenika 
fault (cf Tchalenko,  1970;  Keller et ul.. 1982; Sylvester, 
19881.  The northwest-trending faults  generally  display  two 
stages of displacement.  The earlier is dip-slip with a thrust 
sense, and the later is horizontal,  dextral. The thrusts  are 
thought to have  developed in association with the  initiation 
of dextral  displacement on the Finlay-lngenika fault (CJ 
Sylvester, 1988). with the dextral, strike-slip  motion super- 

north-northwest-trending  group  are parallel to, and have the 
imposed once the fault  was  fully estahlished. Faults in the 

same  slip senses as, the  Finlay-Ingenika  fault. They  are 
inferred to have formed  as  secondary  shears of the  Finlay- 
Ingenika  fault. At several  localities. for  example south of 
Darb Lake  and north of Dortatelle Creek, dioritic dikes  are 
incorporated in mylonitic zones  associated with the faults, 
indicating that fault motions  occurred  after  emplacement of 
the extensive  dioritic plutons in the  study  area. 

Plate I-lZ-Ila). Primary  mineral  lineation in clinopyroxene  porphyry: (b) Mineral stretching  lineation in the north-northwest- 
trending  faults  east of Donatelle  Creek,  looking  northeast  down. IC)  Nonh-nonhwest-trending  fault west of Aiken  Lake,  pencil 
parallel  to  the  extensional  fissure  filled with calcite fibres, book  parallel  to  the fault plane,  looking  southwest  down: (d) Outcrop-scale 
folds in well-bedded sedimentary rocks  of  the  Dewar  Formation in the  Hogem Ranges,  looking  north. 
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weakly deformed hlocks,  ranging in  size  from  several 
The faults cut the  Takla  Group into  fault-bounded, 

square  kilomctres lo tens of square  kilometres  (Figure 
1-12-1). With progressive  displacement on the Finlay- 
lngenika  fault, defol-mation was apparently  concentrated in 
the previously formed fault zones, while the  fault-hounded 
blocks  remained only very weakly deformed.  Cleavage is 
the only visible deformation outside  the  fault mnes but 
within the fault  zones rocks are strongly  deformed  and 
sheared  into  protoniylonite to mylonite with a  variety of 
kinematic  indicators and fahrics. by which slip senses on the 
faults were determined. 

KINEMATIC INDICATORS A N D  FABRICS 
S-C mylonites  (Berth6 ef ol., 1979;  Lister  and Snoke, 

1984; Shimamoto, 1089) are  present in most of the faults, 
especially as they  pass  through  the  greenish  grey 
clinopyroxene  or c.inopyroxene-plagioclase porphyries or 

kinematic indicators in the  study area. The C surfaces  are 
volcanic  breccias. 'They provide one of the most useful 

predominantly  closely spaced,  displacement discontinuities 
or  zones of relatively high shear  strain, while the S surfaces 
are Characterized by alignment of phyllosilicate  minerals 
such as chlorite (Zhang and Hynes, 1991, Plate I-12-IC). 
Angles  between the C and S surfaces vary from 4O"? (in 
slightly  deformed domains)  to O"? (in strongly deformed 
domains). Hundred. of the  C  and S surfaces were measured 
along  the  Dortatelle fault and  the  fault  east of Goldway 
Peak, and intersections of them are  always suhvertical or 
vertical, suggesting that horizontal  displacement was pre- 
dominant in the stuiy area. 

Drag folds, developed in mylonitic foliation,  are  common 
features in the  strike-slip  fault zones, and also provide 
kinematic indicators.  Such  folds in the  Dortatelle fault zone, 
for example,  are tight  and asymmetrical, ranging in wave- 
length from less than 1 centimetre to several tens of cen- 
timetres.  Axial  planes of the folds are subvertical.  striking 
northwest, with fold axes trending  northwest  and  plunging 

This geometry is consistent with that of the S-C iahrics and 
70" to go", and have an angle of 35'? to the  fault plane. 

indicative of dextral strike-slip. 

mon  along  the  stri'sc-slip faults and  even between some 
Extensional fissures (Ramsay  and  Huher, 1983) are com- 

cleavage  planes.  They are commonly filled with fibrous 
tremolite or  calcite that grew either  perpendicular or subper- 
pendicular t o  the w ~ l l s ,  especially  where they cut volcanic 
breccias or porphyries. Typical relationships  are  exhibited 
in the north-northwest-trending fault on the ridge  west of 
Aiken  Lake (Plate  I-12.1~). Here,  slickenlines  marked by 
fibrous  crystals of calcite  on the fault plane  display  a  dextral 

calcite fibres  were  measured along the fault. Figure 1-12-3 
strike-slip  sense. and six extensional  fissures  filled with 

plots  the  structural data and  local,  tectonic  principal  strains 
(e l ,  e,, and e,) which  were determined based o n  the 

obvious  from the  plot that the  principal strain e?. which is 
assumption that the  motion on the fault is simple shear. It is 

determined by the  intersection of the fault plane  and  mean 
extensional  fissure  plane  (Fisher, 19.53). is approximately 
perpendicular to the  slickenline (the angle between them on 
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the fault  plane is 88"). The  dickenlincs an I extensimal 
fissures are  therefore in excellent  agreanent with dextral 
strike-slip on the fault.  Funhe-more, :he Fisher'!; m:an 
(Fisher, 19.53) of poles to the fiislures mcved t way from the 
maximum  principal  strain e ,  (Fi!;ure l- '2-3).  indicatiw of 
clockwise rotation of the fissure;; as a result c f prop,re!s>ive 
incremental  straining after their lormation. 

In addition to the above prin8;ipal  kii1ema ic indicators. 
other fabrics  such as stretching I neations  and  foliations  are 
well developed in the fault zonts. Thert  are  two type., of 
mineral lineation in the  study zwa: primary a ~d secsmd.iry. 
The  primary  mineral lineations occur m l y  in the 
clinopyroxene  or clinopyroxenr:-l:,lagiocl ase p' 'rphyries, rnd 
were observed at two 1ocalitie:i , . m  the ridge jetween h r -  
tatelle  and  Kliyul creeks. They zre due lo the alignmen: of' 
prismatic  crystals of clinopytmxene  and t wnblr:ndc:,:?) 
(Plate 1-12-Ia). No evidence of cm:formation h IS been found 
although  some  mineral  grains  are partiall ' or r m t i l d y  
replaced by chlorite or epidote, .which may t ave ohscmed 
such evidence. In its absence, the.:e lineations i re tentati\~:ly 
attributed to primary  processes. The second .ry lineati:m 

nantly chlorite  (Plate lbI2-lh) ,and are con ined to f . u l l  
are  characterized by stretched  nlineral gr.ins, low predorni- 

zones. especially in the  north-northwest-trem  ing faults on 
the ridge  between  the Donatelle and Kllyul creeks (Figure 
1-12-1). The  minerals  are  commonly strm:tche,I suhhorilrln- 
tally into ribbons up to  severa  centimelres 11 'ng, while on 
the  vertical section they  have subrounded  shapes. The 
stretching  lineations  (Plate 1 -12-lb)  cut the con tx t r  

N 

nonh-nonhwest~trcnding fault on the  ridge wt st of /Like;) 
Figure 1-12-3. Stereonet  plnt o f  structural d Ita from th,: 

Lake.  Solid circles: poles to the  ,:xtcnsioml f i r  a re  plant:!.; 
solid  square:  principal  strains ( e , ,  e2 and e,); ,pen circle: 
Fisher's mean  of  poles  to  the f:x;ensional Sissu e planes; I : 

mediate principal strain (e2). 
the fault plane: P: the  principal  plane normal o the inter- 
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between clinopyroxene-plagioclase porphyry and  volcanic 

aligned in the same  direction,  indicative  of their deforma- 
breccia, and  minerals in different  clasts of the  breccia are 

tional  origin. 

faults,  and are  characterized by parallel alignment of either 
Foliations are  the most common  fabrics in or  along the 

phyllosilicate minerals or flattened fragments of volcanic 
breccia. Progressive development of cleavage  due to flatten- 
ing of volcanic breccia  fragments is well developed in an 
area of about one  square  kilometre, bounded to the  west by 
a  north-northwest-trending,  dextral  strike-slip fault  imme- 
diately  north of the Goldway  Peak. In the  eastern part of this 
area  fragments of clinopyroxene  and  clinopyroxene- 

clinopyroxene  and wispy plagioclase are relatively fresh, 
plagioclase  porphyries. in which phenocrysts of euhedral 

undeformed  and  randomly distributed,  are  only slightly  flat- 
tened and may indeed have  experienced  deformation only 
during  pyroclastic  flow  (Plate 1-12-2a).  Passing westwards, 
a demonstrably tectonic flattening is superimposed,  giving 
rise  to a marked  increase in the elongation  ratio of frag- 
ments  (Plate  1-12-2b). the  local development of foliation, 
and deformation of a mafic  dike  (Plate 1-12-2d). which 
locally truncates the primary  fabrics. In the  western  part of 
the  area  fragments  are very  strongly deformed, and  folia- 
tions are  extensive  and penetrative in the  breccia  where  the 

phenocrysts  ofeuhedral  clinopyroxene were no longer  pres- 
ent  (Plate  I-12-2c).  The mean flattening plane  strikes 335" 
and dips 73" northeast  and makes an angle of IO" with the 

of 35" occurred. which is in good agreement with the esti- 
fault plane to the  west,  indicating that a clockwise rotation 

mate of rotation of cleavage  (see below). 

developed spaced (typically at intervals of 2 to I O  cm) 
Outside the fault zones, rocks  exhibit only a weakly 

cleavage.  The  cleavage is steeply dipping and  generally 
occurs in conjugate  sets. It is interpreted to have formed  at 
an early (pre-faulting) stage of the deformation, and  its 
attitudes are used to constrain  motions in the area since 
formation of the  faults. 

STATISTICS OF CLEAVAGE 
Statistics of regionally  distributed cleavage have been 

cleavages measured from the  block  northeast of Croydon 
made  at 24 sites  within  the fault-bounded blocks. Conjugate 

and Hynes, 1991) show orientations consistent with those to 
Creek (Zhang and  Hynes,  1991;  Figure I-12-3a in Zhang 

be expected in a stress  field  due to the  initiation of dextral 
transcurrent  motion on the  Finlay-lngenika  fault ($ 
Tchalenko, 1970; Keller e ta / . ,  1982;  Sylvester, 1988). If the 
regional  cleavage was uniformly  distributed  before  the 

looking  northeast,  north-northwest and northeast  down,  respectively: (d) Deformed mafic dike in the  same  region as (h),  pencil 
Plate 1-12-2 (a, h and c). Flattened  fragments of volcanic  breccia  moving  progressively  westwards  towards a dextral fault, 

parallel to  the shear  planes with thrust slip sense, looking  north-northwest. 
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distance away from the Finlay-Ingenika h u l l .  The error ham 
Figure 1-12-4, Variation o f  block  rotational angle with 

represent  the 95 per ccnt conlidence  circles  for the  rotational 
angles. 

widespread strike-slip faulting in the  study area, the  varia- 
tion of orientations of the cleavage can he used to indicate 
the  block  rotation.  Based on this assumption. the rotational 
axes and angles for six sites were determined by comparing 
the  mean  attitudes for the regional  cleavages with those 
from the block northeast of Croydon  Creek.  The mean 
rotational  axis is sunvertical,  and  the amount of block rota- 
tion varies  over  the study area.  reaching its maximum 

mum  (0.0iY.O"j akbout 20 kilometres  away  from the fault 
(51.6214.9") close 10 the Finlay-lngenika fault  and mini- 

(Figure 1-12-4). 

CONCLUSIOAS 

are dominated by s,.lbvertical to vertical.  dextral  strike-slip 
The structures otlserved along the  Finlay-lngenika  fault 

faults  trending  northwest,  north-northwest  and  north- 
northeast,  and sinistral strike-slip  faults  trending  east- 
northeast. The  faults  are distributed in a narrow  belt,  about 
30 kilometres  wide.  adjacent to the  Finlay-lngenika fault. 
This distribution, together with the  attitudes  and slip senses 
of the strike-slip faults,  strongly suggests that the deforma- 
tion developed i n  association with dextral,  transcurrent 

the Finlay-lngenika fault  progressed. the defclrrnation was 
motions on the Finlay-lngenika  fault. As displacement on 

apparently  concentrated in the  previously  formed  fault 
zones.  while the fiult-bounded, weakly deformed  blocks 
were rotated clockuise about  subvertical axes in response to 
the transcurrent motions.  Statistics of regional cleavage 
indicate that the  amount of block rotation  varies over the 
study area, decrea!;ing away from the major fault.  This 
variable  rotation of blocks is similar to that described by 

contrast to the  uniform rotation  described and  modelled 
Nelson and  Jones ' n  the Las Vegas Range (1986) and i n  

elsewhere (e.,?.. Ron  r t  ul.,  1986 Hudson  and Geissman, 
1987; Geissman er ol.. 1989; Ron ef ul.,  1990). Such rota- 
tions  may characterize many parts of the Intermontane Belt 
and  could in part explain  the  apparent disparities between 
the paleomagnetic ,declinations observed from the western 
allochthonous terranes  and  North  America (Monger and 

Geological Fieldwork 1991. Puper 1992.1 

Irving, 19x0; Irving et a/ . ,  1985: Rees ,?I 01. 19x5, Ining; 
and  Wynne,  1990). We are currently corlducti 16 paleon '18.. 
netic  studies to test this assertio.1. 
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INTRODUCTION  AND  OBJECTIVES 
The Toodoggone  Formation is a  succession of subaerially 

erupted  ash  tlows. lava flows  and  associated  pyroclastic 
rocks in north-centr;ll British Columhia that was constructed 
along  the  eastern  margin of the  Stikine  Terrane in Early to 
Middle  Jurassic tim: (Diakow, 1990 Diakow P I  ol. ,  1991). 
A  field sampling program  was  conducted in  late July  and 
early  August of IL19I with the  objective of  deciphering 
important  geologic /processes from the patterns of magnetic 
characteristics  recorded in these strata (Figure 1-13-1). The 
specific magnetic  characteristics are the natural remanent 
magnetization (NRhf )  and  the  anisotropy of magnetic \us- 
ceptibility (AMS). 

Paleomagnetic directions provide two pieces of  regional 
tectonic  informatioll.  Primary  paleomagnetic  inclinations, 
when compared to  reference inclinations  estimated  from 
time-equivalent  rocks of the  North  American  craton, 
provide evidence fur or against latitudinal displacement. 
Paleomagnetic  results from Hazelton Group rocks  exposed 

northward displacement (Irving and  Wynne, 1990; Vandall 
farther south in the Intermontane Belt suggest no detectable 

and Palmer, 1990). Data from the Toodoggone  Formation 
would serve  to  substantiate the  results of previous  workers 

Terrane.  Dcpartures Iron1 the expected palevdeclination, 
and extend  the conclusion to a larger part of the Stikine 

also  estimated  from time-equivalent  rocks of the craton, 
provide evidence  for block rotation which may accompany 
fault displacement.  Rotations  about vertical axcs,  man- 
ifested by declination anomalies,  appear to characterize 
Hazelton  rocks at thc  latitude of 55"N near  the  eastern  and 
western  margins of  (he  Stikine Terrane (Monger and  Irving, 
1980 Vandall and  Palmer, 1990). Paleomagnetic  results 
from  the  Toodoggo~~e River arca would  test  whether this 
mode of deformation also characterizes  the  Stikine  Terrane 
at higher  latitudes. 

magnetic  properties of rocks.  A second  magnetic property. 
The paleomagnel:ic method depends on the remanent 

magnetic susceptihillty  and its anisotropy, is proving useful 
in determining the  fabric c ~ f  rocks. With respect to ash-flow 
tuffs, the minimum  wsceptibility axis commonly  coincides 
with the pole to foliation  and the maximum  susceptibility 
axis is aligned along the  direction of flow (Ellwood, 1982; 
Knight er a / . ,  1986: MacDonald  and  Palmer, 1990 Palmer 
e t a / . ,  1991; Hillhouxe and Wells, 1991). The presumption is 

Geological Fiddu'wk 1991. Paper 1992-1 

that nonspherical magnetite parl.icles a:hiev ! a  prefelred 
dimensional alignment in the ho-izontal  flow  Jhase of ;?!;h- 
flow  emplacement.  This  dirnensional  zlignment is 
expressed by the anisotropy of Inzgnetic iusce  ~tihilty  ani is 
measured in the Same samples L sed for the u1eomagnc:tic 
work. The  AMS method offers the potential o inferring the 
locations of source vents of ash tlows when allowanci: is 

data. 
made  for  possible  rotations infened from [he F uleomagn,:tic 

FIELDWORK 

tained by Cheni Gold Mines In(.. and Intern; tional Sh.rita 
Outcrops along  and  near the F rivate mad n :tworh m , l  n- 

Resources Inc. were examined with the cbject o f  (1)  ex.un- 

the Toodoggone  Formation. (2 )  selecting O U I  :rops free of 
ining  stratigraphic  variations in the lnagnetic laramc:ter', of 

visible  hydrothermal  alteration, and (3) loci~ ing outcr.:ps 
where tlow-compaction  foliation;,  or flow con acts couk be 
observed.  The latter data are nceded to  prwide a pal:o- 
horizontal  reference for the  axial  and  vector n agnettc (dm.  
Criteria (2) and (3) were met ;it eight  outc 'ops. .At I W O  

outcrops in Metsantan lava flows attitudes :odd not be 

collected  for  polarity informatih~ At each of these ten 
determined with certainty but s;mples were neverthelcss 

outcrops,  five  to eight  independently  oricnted core saml~les 
were obtained  using  sun and  magnetic  cornlasses and  a 
clinometer.  Four outcrops are  c F the Metsar tan meml,,:r, 
two of the Attycelley member ;tnd  four of he Snunm:rs 
member,  the  stratigraphically  highest  menber  of the 
Toodoggone  Formation.  Ash-flow tuffs fror I the loac:st 
member  of the formation wen:  not examine I because of 
inaccessibility. 

LABORATORY  METHODS 

prepared from  each of the 63 oriented co:es. P II cores w r e  
One  or  more standard paleornagnetit: spe h e n ?  wcre 

cut into specimens with height 10 diameter  r, .tios of 0 1 5 .  

to calculate dry-weight  densiti~ s, the mtcrc bp means of 
Measured  volumes  and masses o f  all spt:cimr 1s were u ied 

men1 of initial  natural remaneni Inagneti:?atior, but prio to 
which are recorded in Table 1 - 1  3~ 1. Subsl:quer t to  measure- 

demagnetization experiments, the anisotropy of m;tgnb:.:ic 
susceptibility  was  measured in the  specimens  employin! a 
Sapphire Instruments SI-2 low-?il:ld instrunen . Four  repeat 
measurements of each of six ori,?ntationi war made. A l e r  
the  susceptibility measurement!. were  complet :d. the spc 1:i- 
mens were stored  inverted in the earth's field to providc  a 
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Figure 1-13-1. Geological map  of the Toodoggone  mining  district  simplified from Map 1 of  Diakow (1990) 
Numbers  identify  the  locations of  sample sites. 

storage test of remanence stability. Demagnetization  experi- 
ments  testing the stability of the  natural  remanent  mag- 
netism have yet to be carried out. The results that we present 
here  are those of the AMS  measurements  and the  field- 
measured structural elements. 

RESULTS AND  CONCLUSIONS 
Foliation is very  weakly developed in these rocks; at 

many localities  none is visible in outcrop. In many  ash-flow 
tuffs, collapsed  pumice  fragments  form a eutaxitic  structure 
and thus  define a flow-compaction  foliation.  Although the 
Toodoggone tuffs are well compacted (see densities in Table 
1-13-l), most are pumice-poor,  crystal-rich  tuffs. 

The  AMS axial  ratios  (Table 1-13-1) emphasize  two 
points:  the magnetic  anisotropy is weak and  the fabrics  are 

I56 

oblate.  These results are  not unexpected  given  the  weakly 
developed  foliations noted above and the  general  absence of 
observed  lineations in these  rocks. 

The bulk susceptibilities  (Table 1-13-1) have a broad 
range of values. In magnetite-bearing rocks we find that the 
anisotropy of magnetic susceptibility cannot  he measured 
with accuracy when  the hulk susceptibility is less  than 
O S X I O - 3  SI units. However the outcrops in the  Toodog- 
gone Formation with values of hulk  susceptibility  below 
this value  have  reddened feldspars  or were characterized by 
a  pink  drilling  return  water, suggesting that hematite i s  the 
magnetic  phase in these rocks of low susceptibility. 

the AMS  patterns  (Figure 1-13-2) are  meaningful.  Outcrops 
Additional experiments will be carried out to test  whether 

S and I O  are  lava  flows  for which AMS  axes  are not likely 
to be well grouped; indeed  they are not (Figure 1-13-2). 
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ANISOTROPY OF MAGNETIC  SUSCEPTIHILITY  DATA, TOODOGGONE FORMAIMON 
TABLE 1-13-1 

Unit 

Saundrrs 
Saunders 
Attycelley 
Melsantan 
Melaanm 
Saunders 
Meeanran 
Attycelley 
Saunders 
Melsantan 

Site P K KJK, KJK.7 K ,  K, K3 
(10 3) D r Ls r D r 

I 2.63 43.4 1.014 1.044 
2 2.71 

2x I 07 I 90 
1.024 

(13 09 I x 1  
250 21 

3 
354 

2.65 
35 

,366 1.016 l.015 346 
135 53 

4 
24 

2.50 
069 

.x13 1.(11? 
12 141 48 

5 2.5h 
14 

.ZXX 1.013 
212 

I .02 I 
84 

357 
h 

(X! 0x4 21 25( 68 
1.023 

7 
25 I 

2.5 I 
41 342 04 on1 

I .!NIX 
51 

1.01x 279 
X 2.hh 35.7 

22 I nn os 074 65 
I .oox 

9 
I .SIS(l 325 50 096 204 21 30 

I.009 l.!l13 
I (I 2.55 .I90 I.(IIY 323 05 1.017 

24 
045 35 224 62 

37.0 1.011 

1.018 062 03 343 

2 . ~ 0  1 I . X  I .!XI7 
x.42 

2.70  7.00 nsh 320 13 204 I 0  

Notes: 
p is the average density of the samples at  the  site in gkm'. 
K is the  site-mean YOIUII~C susceptlbility  in SI unilr X IO ': k = ( K , + K , + K , )  
K , .  K2. K ,  are axes if maximum. intermediate. minimum  wrceptihility, respectively. 
D ,  In are declinatmn ;md inclination in degrees. respcul~vely, of the axial means which ace computed hy the mcthcsd af Schedeggrr 19651 
K,K, and KJU,  are rarios of susceptlbllities along the axch indicated. 

Outcrop 3, which also has weak hulk susceptibility,  has 
dispersed AMS  axes  (Figure 1-13-2) hut the mean of the 
minimum  axes (K3, Table 1-13-1) agrees  quite well with the 
pole to foliation at )his site (Figure 1-13-2). This suggests 
that a signal is recoG,ered although it may he contaminated 
by random  noise. 

tems are generally more  coherent (Figure 1-13-2). At out- 
Where the hulk susceptibilities are  high, the AMS pat- 

crops I ,  4 and 6 there is good agreement hetween K, axes 
and field-measured foliation F. Outcrops 2 and 7 show  small 
angular  offsets  between K, axes and foliation  (Figure 
1-13.2): this  may  rellect a particle  imbrication. Outcrops 8 
and 9 have  well-defined magnetic  fabrics hut the  visible 
fabrics  are  complex. At outcrop X, a  secondary shear fabric 
may dominate the  primary  fabric; at outcrop 9, two  folia- 

clasts. Here there 1s no correspondence between field- 
tions were measured,  one of which  penetrated  volcanic 

measured  fabric and the AMS  axes  (Figure 1-13-2). 
The best groupinps of the  maximum  susceptibility axes 

( K , )  are  at outcrops I .  2, 8 and 10. At outcrops 6. 7 and 9 
the  maximum  and  intermediate axes form  girdle  distribu- 

magnitude differences  between K, and Kz axes; that is 
tions. These latter pmerns are comnon in rocks with small 

oblate fabrics.  Such  data are best represented by tensor 
averaging  methods I Emsr and  Pearce, 1989): those  results 
will be published at a future  date. In a preliminary  analysis 
we have  taken  the )preliminary axial averages of K ,  axes 
(Table 1-13-1) and  rotated  these by the the value of dip 
about  the  line of strlkc of the field-measured foliations. 

Assuming  no initial dip is present. this procedure  restores 
the K,  axes to the  paleohorizontal. The  azimuths of the K ,  
axes may then he used to infer  paleoflow  and  the data 
presented in the form o f a  rose diagram  (Figure 1-13-3). The 
dominant  'flow'  modes have an east-west trend  suggesting  a 
north-south array of source  vents. Diakow (1990. page 114) 

regional fracture sysl.em thought to coincide  closely with the 
inferred that the Saunders  member was erupted from a 

Saunders-Wrich fault which trends 330". Thus  our results 
are in general agreement with his inference. 

Our future  work v,ill include measurements of the  paleo- 
magnetism to evaluate  the  possibility of regional  and local 

Geological Fieldwork lY91, Paper 1992-1 

rotations  and  latitudinal  displacwnents. Work on the A \AS 
and its significance  to  source arf:as and :o str lctural mwe-  
ments will also he continued. These results will be com- 
pared with the paleomagnetic  ~;esults for a better under- 
standing of the volcanic  and strut tural process 's which ha.ve 
affected  this region of the Stikir'? Terrane. 
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sectors refer to outcrops.  The  radius of e.rch se :tor is pro 
portional to  the  number of ohsmation!,. Six of the t u  
outcrops  are  consistent with east  .west  flow axe i. 
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of the  ten  sampled  ouvrops.  F  and L are  field-measured  foliation  and  lineation  respectively.  F2 is foliation  interpreted to 
Figure 1-13-2. Equal-area  stereograms  showing K ,  axes  (squares), K, axes (triangles)  and K, axes  (circles)  at each 

be secondary. At outcrop 9, L, is  the  lineation  defined by the intersection of F and F,. At  outcrop I O  only  a  slabhy 
jointing is present  and  its pole is indicated hy J .  
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GEOLOGY OF THE  MORE  CREEK  AREA, NORTHWESTIERN BRITISH 
COLUMBIA (104G/2) 

By J.M. Logan,  J.R.  Drobe  and D.C. Elsby 

KEYWORDS: Regional  geology,  More  Creek,  Stikine 
assemblage, Stuhini Group, Mount  Dilworth  equivalent  fel- 
site, porphyry copper-gold, massive  sulphides. 

INTRODUCTION 
This paper summarizes 1:50 OW-scale mapping of the 

geology and minera'i occurrences of the More Creek (NTS 
104G/2) map sheet in northwest  British Columbia (Figure 

Kerr (1048/15) map sheet (Logan er a/. .  1990a. h), 19XX 
1-14-1).  This work adjoins 19x9 mapping of the Forrest 

mapping of Sphaler Creek (104G/3) map sheet (Logan and 

by Souther  (1972) and  Brown  and Gunning (1989a. b: 
Koyanagi, 19x9: Logan rtol, 1989). and  mapping  published 

Figure 1-14-1 ), The  geology was mapped at a scale of 

Open  File 1992-5 (Logan et ai., 1992).  Samples were col- 
1:25 000, compiled at 150 000, and will be released as 

lected for  geochemical analysis (base and  precious  metals, 

conodont identification.  Results will be released at a later 
major  and  trace elements), isotopic dating, macrofossil and 

date 

r 

PREVIOUS  REGIONAL  MAPPING 

Figure 1-14-1. l..ocation map showing previous and  cur- 
rent  field areas for lskut North (Logan er d . )  and Stikine 
(Brown ef a/ . )  projects. 

Geological Fieldwork 1991, Puper- 1992-1 

The  More Creek map area lies wholly with n the Bound- 
ary Ranges of the  Coast Molrrltains. The a'ea is moun- 
tainous except  for the  high plate,nu around an, I to the south 
of Arctic Lake. West of Mess Creek, there is a signifit;ml 
increase in relief and the mount:lins are morc rugged.  The 
contrast in topography across Ivlt:ss Creek de :rease:; to Ihe 
south  and ends near  its  headwaters.  More  Cre#  k is the m;ain 
drainage in the  area.  It flows  to he SOUIT alol g the For?:st 
Kerr  fault linear,  and  then east ;after joining with a m;L,jor 
northeast-flowing  tributary,  the  ,iouth  fork of More  Crtek. 
More Creek drains into  the Iskd River cNff thc eastern  e jge 
of the map area.  Hankin  Peak i:: the highmt po  nt in  the ; rea 
with an elevation of over 256C1 metres. 

Access to the area is by helicopter from Bo I Quinn L3ke 
airstrip, located 400 kilometres  north of Smit hers on Eltgh- 
way 37. 

REGIONAL GEOLOGY AND PRI:VIOUS8 
WORK 

and Coast  belts and is underla] n by rucks 4 #f the Stii.mc: 
The study area lies  along the: margin of the Internlon1imf: 

Terrane.  At  this  latitude,  Stiki~lia is (compised of lour 
unconformity-bounded,  tectol-~ostratigrap lic package!; 
(Anderson,  1989):  Paleozoic volcanic and sedimewary 
rocks of the  Stikine assembla!:e (Monger, 1970, l'"77; 
Brown e l  a/.,1991);  Mesozoic  volcanic-plutonic ;arc: 
assemblages,  represented in :he Triasic b , the  Stuhini 
Group and in the  Jurassic by thc Hazelom GI >up (Alld -1ck 
and  Britton, 1988; Anderson anti Thork<:lson 1990: Logar1 
and  Koyanagi,  1989b): a Middle ;and Upper Ju -assic ove -lap 

the  Mesozoic to Cenozoic Coast  Plutonic COI @ex (Mbod 
assemblage, the Bowser  Lake  Group  (Evanch :k, 1991) a t 1  

Cretaceous  to  Tertiary  transtension;il  co  ltinental. ;arc 
sworth r f  a!., 1989: Anderson ,and Bevier, 1990). Uilser 

assemblages of the Sloko Grcmup, and I\Jeog( ne to R e e n t  
postorogenic  bimodal  plateau f l o w  of the Ed; iza and S ~ E C  
trum ranges (Souther. 1971: :Souther and S 'mons. I''74) 
overlie these earlier  island-arc  assemblages. 

The  most  economically  impomnt  explorat on targels arc: 
porphyry copper-gold  deposits, Feripher;al me! othennal jpre- 
cious metal  veins,  and  gold-er.riched  polyme  allic massive: 
sulphide  deposits. 

Earliest  geological  mapping in the area was Zarried out by 
EA. Kerr  along  the Stikine and lskut  livers (KelT, 19.18). 
Additional work by the Geohgical !Survey of Canada 
includes:  mapping on the Telegr.lph shect as I ,art of Psoject 
Stikine  (1957), studies of thc: 'Tulsequah SI eet (Souther, 

canic  complex  (Souther, 1970. 1988; Southel and Syms:ns, 
1971),  Telegraph  sheet  (Souther 1972) ,md tl e Edrira m -  

B.C. Hydro and Power Authorily  between 1'880 and 1083. 
1974).  Read ef a/. (1989)  conducted fe,rsibil ty studies for 
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STRATIGRAPHY 

STIKINE ASSEMBLAGE 
The  Stikine  assemblage  forms the basement  to  Stikinia 

and  includes all Late Paleozoic  rocks peripheral to the 
Bowser Basin (Monger, 1977). These rocks  underlie  the 
western  third of the map  area  and  range in age from  pre- 
Early  Devonian to Early Permian. In the More  Creek  area, 
the Stikine  assemblage  can be further  divided into five main 
packages.  From  the oldest  up, they are: an Early  Devonian 
and older, penetratively deformed, intermediate to mafic 
metavolcanic tuff,  recrystallized limestone,  graphitic  schist 
and quartz sericite schist package; a variably  and  overall 

carbonate  package;  latest  Early  Carboniferous to earliest 
lesser deformed  Carboniferous  and  older mafic  volcanic and 

Late  Carboniferous crinoidal limestones, which overlie the 
volcanic flows  and  clastic rocks about 5 kilometres  to the 
south, on the Forrest  Kerr  map  sheet; pre-Early Permian, 
thick-bedded,  granite-bearing volcanic conglomerate,  grad- 
ing  into lapilli tuff near the upper contact;  and Early Per- 
mian packstone. 

DEVONIAN  AND  OLDER 

West and south of the headwaters of Mess Creek is an 

volcanic and metasedimentary rocks 3 to 5 kilometres wide. 
arcuate belt of penetratively foliated,  polydeformed  meta- 

These  rocks  comprise a structurally complex  succession of 
schistose  to  foliated felsic and  mafic volcaniclastics with 
interbedded  sericite and  chlorite schist,  graphitic  and sil- 
iceous  phyllite  and  limestones (Holbek,  1988; Bames,  1989; 
Logan  and  Koyanagi, 1989  Logan et a / . .  1990a).  Struc- 
turally.  and  presumably  stratigraphically  lowest, is a meta- 
sedimentary  package of intermixed  chloritic,  graphitic  and 
maroon  phyllite with interbedded  quartz  sericite  schist 

tuffs and  flows (DSst) overly the metasediments. Contacts 
(DSgs and DSqs). Intermediate to mafic,  purple and green 

are  gradational.  Massive  to variably schistose  sills of meta- 
diorite  and  chlorite  schist  are intercalated  with purple  and 
green  chloritic tuff and sericite schist. 

canics  and numerous limestone members of variable  thick- 
A  thick section of variably deformed intermediate  vol- 

ness (DSfv and DSlm) overlies  the  metasedimentary rocks 
in  angular  discordance  (Barnes,  1990).  Interbedded 
recrystallized limestones contain Fuvosites sp. at  least as 
old as late Early  Devonian (A. Pedder,  personal communi- 
cation, 1991). The  volcanic rocks are  predominantly  green, 
plagioclase-phyric  tuffs,  amygdaloidal  flows  and  vol- 
caniclastic rocks, with subordinate purple  and  maroon  tuff, 
black siltstone and felsic  tuff.  Relatively  thin  beds and 
lenses of carbonate  are intercalated  with the volcanics. The 
limestones  are white to  light  grey, thinly foliated, locally 
variegated  and  recrystallized.  Interbeds of black to  dark 

common.  lntraformational  limestone  conglomerates  and 
grey  micrite  and  green  calcareous  tuffaceous  siltstone  are 

breccias, buff and  orange dolomite. and  cherty siltstone 
horizons also occur. Thicker units of limestone which are, in 
part, structurally thickened,  are  medium bedded, light grey 
and recrystallized (DSlm). Thin interbedded siliceous  layers 
weather  positive  and  outline  folds in otherwise  massive, 

amorphous hone-white  marble. Limestone  units clearly dis- 
play  the polyphase nature of deformation  affecting these 
rocks, particularly in Unit DSfv, where competency  contrast 
between  volcanic  and carbonate rock is high. 

CARBONIFEROUS  OR  OLDER 

Above the  Devonian  and older unit is a more  mafic 
sequence of variably foliated  andesitic  to basaltic  volcanic 

east of the headwaters of Mess  Creek and are  correlated 
rocks (CSv). These rocks occupy the higher peaks south and 

with rocks which underly  Mississippian  limestone in the 
Forrest Kerr  map  area.  The  lower  contact with Devonian 
and  older volcanics (DSfv) was not  defined.  Carboniferous 
and  older volcanic  rocks are thought to be comprised  of an 
upper basaltic  pillow and breccia-flow  unit,  and  a lower 
intermediate to  felsic plagioclase-phyric  succession of vol- 
caniclastic rocks; the lower unit  may in fact  be the  inter- 
mediate to  felsic volcanics of the  Devonian  package (DSfv). 

l-l4-2), a section of weakly to unfoliated, well-stratified 
In the southwestern  corner of the  map area  (Figure 

and graded volcaniclastics more than 400 metres thick is 
exposed on the  flank of a  nunatak. The  section  includes 
maroon, hematitic  and  manganiferous lapilli and crystal 
tuffs,  maroon  pillow-basalt flows and  breccias, and felsic 
dacitic  to  rhyolitic  lapilli  tuffs.  Thin-bedded  ash-tuff, 
tuffaceous  sandstone  and  conglomerate  are  interspersed 
with the pillowed and breccia flows; sedimentary structures 
indicate tops  are up. Mafic  volcanics and patchy limestone 
lenses overlie these volcaniclastics. 

green, massive  pile of mafic pillowed flows,  flow breccia 
The upper  volcanic package is characteristically a dark 

and hyaloclastite. Flows  are  aphyric  or weakly  porphyritic 
and  commonly  amygdaloidal.  Scoriaceous  pillows  and 
bombs(?)  occur within  thick  interbedded finely  vesicular 
basalt  lapilli tuff and hyaloclastite debris flows. The latter 
are  characterized by pale  green  angular to globular-shaped 
fragments with narrow quench-alteration  rims in  a limy, 
green-grey  matrix. 

UPPER  CARBONIFEROUS 

conformably  overlies  hyaloclastite in the northwest  comer 
Early Upper  Carboniferous  (Bashkirian) reefal limestone 

of the Forrest  Kerr  map  area  (Logan et a!. 1990h).  At  Round 
Lake. 8 kilometres west of Mess  Creek, these same lime- 
stones  are penetratively deformed and  structurally  thickened 
to  more than 500 metres. Similar  discontinuous  limestone 
mounds (CSlm) are interbedded with hyaloclastites,  epi- 
clastics and flows on both sides of South  More  Creek.  These 
are neither thin bedded  nor as continuous as the Devonian 
limestones (DSlm). They  have been sampled  for  conodonts 
and  are tentatively  included with the Upper  Carboniferous 
package. 

PERMIAN 

West and south of Arctic Lake is a fault-complicated 
succession of sedimentary  rocks greater  than 400 metres 
thick. It comprises,  from oldest to youngest, conglomerate, 
limestone,  siltstone, sandstone  and tuffaceous conglomerate 
(Plate 1-14-1). Preliminary macrofossil  identifications from 
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the limestone  give  Early  Permian  ages (E.W. Bamber, per- 

conglomerates from this  area in his Unit 13. a Lower 
sonal communication, 1991). Souther (1972) included  the 

Jurassic  succession of polymictic conglomerate,  granite- 
boulder conglomerate and sandstone. Stratigraphic  relation- 

limestone and may &correlate with Upper Carboniferous to 
ships  indicate that these conglomerates  are  older than  the 

Lower Permian conglomerates  (Logan and  Koyanagi, 1989) 
recognized  south of Ilound Lake and northwest of Newmont 
Lake (Logan ef ul.,  1990b). 

boulder to cobble conglomerate which is conspicuous west 
The lowermost unit is a  maroon  and grey, polymictic 

of Arctic  Lake. Volcanic clasts  predominate but quartz 
grains  and  granitic  clasts  are  diagnostic  components. 
Rounded to subangular clasts include,  in order of ahun- 
dance; intermediate to mafic  plagioclase-porphyritic  and 
plagioclase-homhler,de  porphyritic-andesite, lapilli-crystal 
tuff.  coarse-grained  granite,  quartz  feldspar  porphyry, 
diorite  and  minor  basalt. The uppermost  sections of this 
conglomerate are finer grained.  maroon.  quartz-rich tuff and 
tuffaceous  siltstone.  Well-bedded  limestone overlies this 

stone forms prominent  limonite and hematite-stained bluffs, 
unit; the contact is st:dimentary and conformable.  The lime- 

which trend north along the e a t  side of lless Creek. H i $  
angle normal faults have offset .md tilted the stratigraphy. 
Areas of significant alteratiorr are coilxide 11 with f;lJlt 
structures and  dikes.  The lime!:tone compri :es less than 
200 metres of massive and n,e:lium to thin bedded grey 

contact with either maroon tuffs and sedimel Its or  qua-tz- 
packstone  and  light brown dolomite. It lies i t  depositi('tlal 

rich Mississippian  granite. It xmtains  ,m at undant E3;lrly 
Permian fauna of rugose  and  tabulate  corals pelecypods. 
productoid  and  rhynchonellid brxhiopods am fusu1inac:an 
foraminifers. In places corals are preserved in growth posi- 
tions indicating a reefal  (reef mound?) m v i n  nment. 

MIDDLE TRIASSIC 

rocks overlies the Paleozoic Stikine assembl; ge and sepa- 
An unnamed package of PA ddle Triassi, fine clastic 

rates i t  from the Upper Triassic 5:tuhini Group A sectiwr 01' 
limy sediments 175 metres thick. paraconforn .ably overlie$. 
Lower  Permian  limestone WISI of Arctic  >ake  (Figure 

sists primarily of black, medium-beddec,  pla~ ar-lanlinat,ed. 
1-14-2 and  Plate 1-14-1). The Ihwermost 101 metres con.. 

fetid, limy siltstone  and fine !;andstone. Elli >tical con;:re.. 

down  Mess  creek)^ Sediments  are  kinked  and  gently  warped  about a northeast-trending  axis. Normal fau  ling  has  down  dropped a d  
Plate 1-14-1. Well-bedded  pre-Permian to Upper Triassic  section expvsed 4 kilometres southwest o.Arctic Lake ( kwed n o r , I ~  

preserved  Middle  'Triassic  sediments (rnTs) in graben stmctures within Permian  maroon  quartz-rich  grallite  conglomer ~ te  (PScg:l I) 
the  north.  PSlrn=f':,ssiliferous  Permian  limestone;  mTs=Middle  Triassic  sediments, A=quaRose sandstorm:, B=limy, fel d sandstan:. 
siltstone. C=intert,edded sandstone  and siltstone: uTSs=Upper Triassic  Stuhini  Group  conglomerate w ttl potassium fel lspar cryst; I -  
tuff  horizons. 
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tions of coarsely  crqstalline siderite  are  common. Based on 
lithology,  these sedments  are correlated with Middle  Tri- 
assic  sediments exposed east of Galore  Creek (Souther, 
1972; Logan and  Koyanagi. 1989). A discontinuous thin- 
bedded.  quartz-bearing  tuffaceous  sandstone/greywacke 
occupies the  base of the section. It overlies  Lower Permian 
limestone and is intt:rbedded with fetid black limestone at 

and proportion up section: micrite and limy siltstone  grade 
its upper contact. The clastic  component  increases in size 

into  thinly  interbedded  siltstone  and sandstone.  The  sand- 
stone package is 75 metres  thick,  and consists of medium- 
bedded buffto  orange  sandstone with thin interbeds of black 
and  grey  siltstone. The  sandstone weathers  concentrically 
and  contains  carbonized wood fragments.  Rare  bivalves 
from siltstones in this  package  have heen submitted  for 
identification. 

0.5 per cent finely  disseminated :)yrite, stockv orks of !& bite: 
Black, carbonaceous siltstone containing ; pproximat'zly 

calcite veinlets,  and  numerous f:lliptical cor :retiow, slut- 
crops in the  eastern edge of the n a p  area in st ucturally l b u  
positions. The incompetent  nature of these r, cks  accoilnt!; 
for their  characteristically tigbt disharmonic  parallel fold.. 
in&. On the  basis of lithology,  they are corre  ated with ).he 
calcareous siltstones  west of A.rt:tic Lake. 

UPPER  TRIASSIC STUHIN GROLP 
Upper  Triassic  Stuhini GIOUF rocks In the More C:r:ek 

area  comprise a thick package #. I f  predominz ntly volcmic 
arc derived  sediments, limestorles and inter :alated int'zr- 
mediate to mafic  volcanic rock:;.  .These rocks 1 orrespond, in  
part,  to  the  eastern  facies of Anderson (1989). Rock!; of the 

Figure 1-14-2. Simplified  geology 01 the  More  Creek area (104Gi2). SPP lacing page for  legend. 



Stuhini Group  crop  out  east of the Forrest  Kerr fault  north of 

of the map  area  (Figure 1-14-2). The best-exposed strat- 
More Creek  and west of Mess Creek in the northwest  comer 

of Hankin  Peak, and  approximately I O  kilometres  south of 
igraphic sections  are on the  northeast  and southwest  flanks 

divided  into five  mappable units. From oldest to youngest, 
Hankin  Peak on the Lucifer  claims.  These rocks have been 

they  are: massive,  thin-laminated, black  and  brown  siltstone 
(uTSsl): khaki  feldspathic  sandstone  and  greywacke 
(uTSsn); grey  recrystallized limestone and cherty  siltstone 
(uTSlrn); thick-bedded  augite-hearing  greywacke  and 
sharpstone  conglomerate (uTSs); and  augite-phyric  and 
aphyric  flows, related  tuffs and  epiclastics (uTSvj. 

Wesl of Arctic  Lake, in gradational contact with  the 
Middle Triassic siltstone-sandstone  package, is a discon- 
tinuous  unit of finely laminated,  pale  green  cherty siltstone 

polymictic  pebble to cobble  conglomerate (uTSs). The  con- 
1 to 2 metres thick. Overlying the siltstone is a  dark green 

tact is sharp, parallels bedding  and  appears  to  he  deposi- 
tional. Clasts  are well rounded  to  angular and  include lime- 
stone,  marble,  augite  and  hornblende-phyric  volcanics, 

erates that  contain granite  and free  quartz, this conglomerate 
basalts and  chert. In contrast to  the pre-Permian conglom- 

contains  augite grains.  Tuffaceous sections within the  con- 
glomerate  contain  coarse (0.5-2 cm)  white  and  pink 
potassium feldspar laths,  which comprise about 5 per cent 
of the rock. This tuffaceous conglomeratic unit crops  out 

6 kilometres north of the confluence of More and  South 
west and  north of Arctic Lake,  in an isolated occurrence 

Lucifer property.  north of More  Creek. 
More  creeks, on the west side of More  Creek,  and on the 

East of Forrest Kerr  fault, the  lowermost unit (uTSslj is a 
planar-laminated  siltstone  interbedded  with  undulose to 
wavy cross-stratified  sandstone.  The  unit  crops  out  as  dark 
grey to black,  massive  or thickly bedded,  calcareous silt- 
stone with light brown,  orange-weathering  sandstone inter- 
beds. Common  sedimentary  structures  include  load and 

crossbeds; graded bedding is less common. This unit is 
flame  structures, soft-sediment slumping and trough 

overlain by a  well-bedded sequence of khaki feldspathic 
sandstone, thin  interbedded dark  grey  siltstone  to  fine  sand- 
stone,  poorly  sorted  dark  grey  arkosic  greywacke  and 
limestone-hearing  conglomerate (uTSsn). Sandstone  com- 

clasts. Interbedded with these rocks are  planar-laminated, 
monly contains lithic clasts  and  laminated  siltstone  rip-up 

olive-grey,  dark  green  and black,  thin-bedded siliceous silt- 
stones  and  fine  sandstones.  Limestone  conglomerate and 
polymictic limestone-hearing  conglomerate  are distinctive 
green, yellow or maroon-weathering  coarse  clastic units. 

matrix of coarse, tuffaceous and limy  sand comprise up to 
Angular  to  rounded light  grey limestone clasts in a huff 

X5 per cent of some  outcrops.  Subordinate volcanic sand- 
stone and siltstone  make  up the  remainder.  Polymictic con- 
glomeratic layers of variable thickness  contain mixed angu- 
lar and  rounded  fragments up to 20 centimetres (average 
5 cm) in diameter. Clasts  include maroon  and  grey pyroxene 
and  plagioclase-phyric  andesite, black siltstone and  lime- 
stone. Star-shaped (isocrinus?)  crinoids, of Triassic  or  youn- 
ger age, occur within limestone clasts. White-weathering, 
grey,  recrystallized, massive to medium-bedded limestone 
(uTSlrn) crops out as  discontinuous units, less than 50 
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metres  thick,  throughout  the  stratigraphy. The  limestone is 
bioclastic,  containing sparse crinoids  and  various  pelecypod 
and  brachiopod  fossil fragments. A  package of siltstone and 
ribbon  chert ( t o  50 m thick)  overlies the limestone and in 
places is interbedded with it. The siltstone  and  chert are 
variegated;  black, green, yellow  and  grey. Recessive  dark 
grey  and black silty  limestone  may  represent  hasinward 
facies  equivalents of the  bioclastic limestone.  Thick-bedded 
tuffaceous  sandstones, sharpstone  conglomerates and thin- 
bedded black limestones (uTSs) comprise a succession 300 
metres  thick east of Hankin  Peak.  The  sandstones are  light 
green,  augite-bearing.  medium-grained,  well-sorted 
arkoses; in places,  they  texturally resemble  pyroxene  diorite 
intrusive  bodies.  These  massive  green  tuffaceous  sand- 
stones  are typically chaotic  slump or debris-flow  deposits of 
poorly  sorted greywacke  or sharpstone conglomerate.  Thick 
and numerous  sharpstone  conglomerate  horizons  occur 
within this unit. The matrix of the sharpstone  conglomerate 
is most  commonly arkosic; clasts include  laminated sil- 
tstone,  bedded sandstone,  chert, limestone  and rare  aphyric 
volcanics. The  clasts  are  angular  to subangular. average 

Bivalves,  possibly  Late Triassic  Monotis or Middle Triassic 
2 centimetres, and are  as large as 10 centimetres in diameter. 

Daonella,  are present in thin siltstones  and in clasts  from 
interbedded sharpstones north of the  Lucifer claims.  Sharp- 

east of Hankin  Peak.  Thin-bedded black to dark  grey 
stone  conglomerate with an argillaceous  matrix is exposed 

stones north of Twin glaciers.  The  limestone  contains 
argillaceous limestone is interbedded with tuffaceous  sand- 

belemnites and  ammonites:  the  siltstone and  sandstone  con- 
tain  bivalves. 

subordinate to the previously  described sedimentary  rocks. 
Upper  Triassic  volcanic rocks (uTSv) are volumetrically 

Intermediate volcaniclastics and  epiclastics  predominate, 
intermediate  and  mafic  flows  are  subordinate.  North of 
More  Creek,  maroon  and  dark  green  plagioclase-phyric 
lapilli tuff is interbedded with  white to  brown-weathering, 

lar lapilli and  reworked, well-rounded I to 2-centimetre 
medium-grained feldspathic volcanic  sandstone. Subangu- 

fragments  are  plagioclase  and hornblende phyric in a pyrox- 
ene crystal rich matrix.  The tuffs and  epiclastics  are strat- 

from  one another. Coarse polylithic  block-tuffs containing 
ified hut thick bedded, and generally difficult to  distinguish 

plagioclase  andesite  are distinctive  within  the  thick section 
plagioclase-phyric andesite, dacite and  maroon hornblende 

of interbedded ash and  lapilli tuff and  reworked epiclastic 
rocks.  Northwest and northeast of Hankin Peak, maroon 
augite-phyric and plagioclase-hornblende-phyric flows and 
flow breccias are interlayered with pyroxene-rich crystal 
and lapilli  tuffs. The  flows  contain  augite  phenocrysts to 

3 millimetres in size in a purple  and  green  mottled 
I O  millimetres in size and  stubby  plagioclase phenocrysts  to 

groundmass. West of Mess creek is a pile of maroon amyg- 

cias  and tuffs,  and dun-weathering, olivine-rich  basaltic 
daloidal  plagioclase  and pyroxene-phync basalt flows,  brec- 

tuffs 800 metres  thick. These  are intruded by trachytic  sills 
of coarse-bladed  plagioclase  and  pyroxene  porphyries, 
probable feeders  to overlying  volcanics.  East of Hankin 
Peak, interlayered  maroon and  green ash and lapilli tuff, 

breccias  overlie thin bedded, pyritic  siltstone and  sandstone. 
massive  plagioclase-phyric  andesite, and scoriaceous  flow 
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tuffaceous and  epiclastic rocks crop out in creek  valleys. 
North of Hankin F'eak, weak to variably foliated  volcanic, 

Lithologically  this  package is identical to rocks of the  Upper 
Triassic Stuhini Group.  Chlorite phyllites  and  schists  are 
locally developed, and  generally occur structurally below 

may  contain  pre-Triassic rocks, but insufficient  work has 
less-deformed pale green.  fine-grained  distal  tuffs. This  area 

been completed  to tle certain. 

LOWER 1'0 MIDDLE JURASSIC 

Lower and  Middle  Jurassic  sedimentary  and  volcanic 
rocks (Souther, 1972: Read o f  ul.. IYXY)  crop out mainly 
south of More Creek  and east of Forrest  Kerr  fault (Figure 

phy comprises a lower succession of dominantly  siltstone 
1-14-2). In general. Ihe Lower to Middle  Jurassic  stratigra- 

and sandstone, a middle  succession of massive  rhyolitic  and 

tstone.  tuff  and basalt breccias and  flows.  The area  south of 
intermediate  volcanic  rocks  and an upper sequence of sil- 

More Creek is bisected by a  southerly tlowing tributary of 
Downpour  Creek. Read ef ul. (1989) report  Early  Jurassic 
(late Toarcian)  fossils from the ridge west of this  tributary. 
Fossils  collected from the same general  location (this study) 
have been interpreted as Middle Jurassic (Bathonian; Poul- 

ton, 1991). East of the tributayy, Soulher  (1972)  report,$ 
fossils with Middle  Jurassic (middle Bajoci; n) ages f -om 
three  localities  along  the lower :slopes of  the ridge. A t  the 
east end of the ridge  a  fault-hollnd  package I ontairls €arly 
Jurassic (Sinemurian) fossils.  Lithology and 1 m i l  dislr lbu-  
tion indicate a general  synclinal form for the lurasslc strata 
south of More Creek. 

The  stratigraphically  lowest.  but  structl rally hig'lest 
Lower Jurassic  rocks occur nllrlheast of DO inpour crtek. 
At this  location at least 200 metres of mas ive and I l in -  
bedded black siltstone and trillor standston: (1JHsl) an: 
conformably  overlain by at le;isl S O  metres 1 f tan to  rilst!! 
weathering  sandstone  and  minor  pehble :onglomeratl: 

resistant volcanic  succession of rhyolite (IJH .) and ancksi- 
(1JHsn). These  sediments  are conformably Iverlain I,:! ;I 

tic flows and tuffs (IJHv; Plate: 1-14-2). The I hyolitic rw:k:i 
are about  120  metres thick arld consist of a basal welded 
ash-flow tuff and an upper  flow-i.ayered. aph) ric, whit,: m l  
rusty weathering  rhyolite flom. 'The asbfloa tuff cont,in:i 
pale  green aphanitic and finely flow-layered  lapilli, wllich 
average 3 to 6 millimetres in size, in a whit.. to pale i::ey 
siliceous matrix. The exact relilt onship of tht ash-flow tufF 
to the overlying flow-layered rt yolite i;s not known, h u t  i t  
appears to he conformable. Pehble conglomer tte adjact:tlt to  

Plate I - 14-2. Lower  Jurassic stratigraphic  section X kilometres  southeast of contluence of South Mnrst and Mcmre Cn eks, v1ewe.i 
northeastward.  Thiwbedded black siltstone and sandstone (IJHsl) are  conformably  overlain by  tan sandstones and  mino, conglnmel- 
ales (IIHsn). Conformably  overlying  these  sediments is a white  and  rusty weathering,  silicified rhyolltf, flow and tufl unit (IJHr 8 .  

Maroon plagioclasp-phyric  andesite tlow.  breccia  and tuff (IJHv) form the top of the section.  Separating U:-tit IJHr  from L nit llHv is 3 

sandstone  and conglomerate unit, I O  to 20 metres  thick  which  contains  Sinemurian  fossils. 
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the rhyolite and  up to 5 metres above is intensely  silicified 
and has  a  characteristic pale bluish green hue. The  con- 
glomerate is unaltered where it is in apparent  fault-contact 
with  the rhyolitic  rocks.  Souther (1972) mapped  these 
rhyolitic  rocks  as  Late  Cretaceous to Tertiary  dikes. 

are now interpreted as a Jurassic  extrusive unit. Silicifica- 
However,  because  they are  pyroclastic, at least in part,  they 

tion of adjacent  sedimentary  rocks  may he due  either  to 
primary synvolcanic  or secondary  hydrothermal  fluid  cir- 
culation,  or  both. 

glomerate,  and a  variety of green,  thin-bedded tuffs and 
About 10 to 20 metres of fossiliferous sandstone. con- 

tuffaceous  sediments  (included with IJHsn)  overlie the 
rhyolitic  rocks. The  sediments  and tuffs have rapidly chang- 
ing  inclinations, apparently  due  to  faulting and folding. A 

emurian) age (Poulton, 1991). 
fossil  from  this horizon returned  a  mid-Early  Jurassic (Sin- 

The rhyolite unit and  adjacent sediments  are overlain by 
maroon  plagioclase-phyric  andesitic  flows,  breccias  and 
tuffs (IJHv).  These volcanic rocks were originally  mapped 
by  Souther (1972) as Triassic in age.  However,  their  strat- 

contact  relationships with the  underlying  sediments  are 
igraphic position  indicates  they are Early  Jurassic,  unless 

rocks  weather maroon-grey and contain  about 30 per  cent 
structural. Poorly formed pillows  occur in  the andesite.  The 

euhedral,  felty  plagioclase  phenocrysts.  Debris-flow 
deposits  mvre than 30 metres  thick  and containing  suh- 
rounded  clasts  of green-grey aphyric to plagioclase-phyric 
andesite in a maroon  matrix  overlie  the  pillowed  and frag- 
mental  rocks. These  grade upward into a  thick sequence of 
massive  to poorly  bedded dark  green-grey and  reddish grey 
andesitic  tuffs.  Most  fragments  have  narrow  rims that 
weather a  lighter shade of grey. The green-grey  tuffs contain 
about 30 to 40 per  cent  euhedral,  equant  plagioclase  crystals 
and  lapilli-sized  fragments  containing  chloritized  augite 
phenocrysts.  Similar tuffs  and augite-phyric  flows  crop  out 
on  the ridge between Carcass and Downpour  creeks, in the 
vicinity of the Early Jurassic  fossil  locality of Read el ai. 
(1989). 

Several isolated outcrops  of thin-bedded  siltstone and 
sandstone,  conglomerate,  felsic  tuff,  and  flow-layered 
rhyolite occur on both  the east and west  sides of More 
Creek, a few  kilometres north of the  confluence with the 
south fork. Lithology suggests that  these  rocks correlate 
with Units IJHsn and WHr. On the west side, moderately 
west-dipping,  white-weathering,  resistant  rhyolite  breccias 
and tuffs overlie thin-bedded deformed  sediments.  The  fel- 
sic  rocks are well stratified  and graded; tuffs contain pink, 
flow-layered angular  fragments  of rhyolite  and aphanitic 
grey, white and  blue-green  fragments.  On the east side of 
More  Creek,  about 30 metres of felsic,  orange-weathering 
lapillis  crystal tuff crops out and  appears to be, at least 
structurally, overlain by thinly interbedded  carbonaceous 
siltstone and  sandstone. The tuff contains  about 1 per  cent 
quartz  grains and  grey  andesitic  lapilli to 3 centimetres in 

flows, 5 to 7 metres  thick,  occur within the tuffs. The 
size. Two aphyric, sparsely amygdaloidal rhyolite or  dacite 

carbonaceous  black  siltstone  and  tan,  well-sorted,  feld- 
spathic  sandstone which overlie the tuffs are poorly indu- 
rated and  deeply weathered. Carbonaceous plant stems  and 
leaves  are ubiquitous. 

form isolated outliers within Triassic  rocks on ridges  a  few 
Sedimentary rocks of possible Early Jurassic  age also 

kilometres  southeast and  northeast of Hankin Peak. 
East of the  Forrest  Kerr fault, near Carcass  Creek, is a 

thick  succession  of  massive  and  thin-bedded  siltstone 
(mJHsl).  Numerous lenses of crystal tuff  and lapilli tuff, 
from about S to 30 metres thick,  are interbedded with these 
siltstones. The lapilli tuffs contain mainly pale  grey rhyoli- 
tic fragments that average 1 centinletre in diameter. The 
crystal tuffs are  typically  maroon  weathering  and  contain up 
to 30 per cent plagioclase  crystal fragments  averaging 2 to 
4 millimetres in size: finely  vesicular  basaltic  lapilli to 
7 millimetres in size are common.  These intermediate vol- 
caniclastic  rocks  are similar  to Unit IJHv  and may represent 
the gradational change  from a dominantly volcanic facies to 
a sedimentary  one. Rare sandy  limestones are interbedded 
with the tuff and siltstone. A  fossil assemblage  from  one 
locality  high on the ridge, returned  a Middle Jurassic (prob- 
able  Uathonian) age (Poulton, 1991). The volcanic compo- 
nent of these Uowser Lake Group  age-equivalent rocks is 
problematic. 

South of More Creek,  about 200 metres of dark grey, 
fine-grained,  aphyric basaltic  rocks (mJHb) are interbedded 

rocks structurally  underlie folded siltstone. but may  overlie 
with graphitic  and pyritic  siltstones. These basaltic  volcanic 

them  stratigraphically. An ammonite was collected from 
interbedded tuffaceous  sandstone near the topl?) of the 
volcanic sequence and  yielded an  early  Middle Jurassic 
(Aalenian) age (Poulton, 1991). Flows  are  most  abundant, 
hut coarse  fragmental rocks, similar  to basaltic  hyaloclastite 

scoriaceous lapilli and block-size clasts.  The volcanic rocks 
in pillowed successions,  also occur. Fragments  are mainly 

are  generally  dark  grey but are  bleached  light grey where 
pyritized.  A sequence of thin, alternating black  siltstone  and 
white  tuff, IO metres  thick, is interbedded with massive to 
thick-bedded basaltic fragmentals.  These  rocks resemble  the 
‘pajama bed’  rocks of the Troy Ridge  facies of the  Salmon 
River Formation (Anderson  and  Thorkelson, 1990). 

TERTIARY AND YOUNGER 
Flat-lying,  columnar-jointed basaltic flows  (Tb)  underlie 

the plateau north and  south of Arctic Lake and at the north 
end of More  Creek.  The  flows  occupy north-trending  val- 
leys in the area  extending  for  about I O  kilometres south of 
Arctic  Lake. The distribution of the flows  indicates that  the 
paleosurface  was  similar  to  present  topography.  They 
unconformably  overlie diorite of probable  Mississippian 
age,  Paleozoic  schists  and poorly consolidated  sediments  of 
unknown age.  Souther (1972) assigned  a  Late  Tertiary to 
Pleistocene  age to these  rocks  based on correlations with 

currently  being  analyzed  by  the  K-Ar  isotopic  dating 
similar rocks to the north, near  Mount Edziza. A sample is 

method. 

plagioclase. 1 per  cent clinopyroxene.  less  than 1 per  cent 
Dark grey  basalt  with  a maximum  of 2 to 3 per cent 

magnetite  and rare olivine  phenocrysts is the most  common 

examined. Phenocrysts are vitreous  and  unaltered.  Frag- 
rock  type. The mineralogy varies little in all the exposures 

mental aphyric rocks  only occur in one  outcrop  at the  south 
edge of Arctic  Lake. Flows  are  vesicular near  their  tops and 
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bases,  and individua.1 lava flows  are identifiable  where the 
flows  are dissected by More  Creek. 

QUATERNARY 
South of Arctic Lake, basaltic  scoria, angular  debris and 

lava flows  (Qnb) fcNrm a small knob built on Mississipian 
granitic  rocks (Figure 1-14-2). The basalt contains an aver- 
age of 5 per  cent vitreous olivine and less than 1 per cent 
each of clinopyroxene  and  plagioclase;  the  phenocrysts 
range up to 5 millimetres in size.  Several small dikes, all 

flanks of the knob,  [he scoria  are  cemented,  forming beds 
less  than a metre wlde, cut the scoria deposits.  Along  the 

about  30  centimetres thick. The north side  of the knob 
comprises mainly thin lava flows, underlain by weakly 
indurated,  till-like sediments  (diamictite) with rounded coh- 
bles of granite  and  diorite to  IO centimetres in diameter. 
Minor  stratified tuff is also present. 

and  basalt flows wil h olivine  basalt  and  related  pyroclastic 
Souther  (1972) correlated  these  olivine-hearing  scoria 

rocks of Pleistocene  age  (radio-carhon  dated at 1340  years 

plagioclase  phenocrysts  than the  Tel-tiary basalt  tlows 
B.P.; Souther, 1970)'.  They contain more olivine  and fewer 

around  Arctic  Lake  and in More Creek. 

INTRUSIVE RlOCKS 
Intrusive  rocks  have  been  subdivided  into six age  groups 

on the  basis of intrusive  relationships. The present designa- 
tion favours a maximum age  of intrusion. Thus,  for  exam- 
ple, the  potassium  leldspar  megacrystic  syenite  intrusives 

Late  Triassic  and  yuunger age.  These  ages will he refined 
that cut Late  Triasslc  Stuhini Group rocks are assigned a 

niques now in progress. 
with K-Ar, Ar-Ar  step-wise  heating, and  U-Ph  dating  tech- 

DEVONIAN (?) 

intrude  Devonian schistose rocks  west of and at the head- 
Weakly foliated t8.1 schistose diorite sills and stocks (IDd) 

waters of Mess Creck  (Figure  1-14-2).  These are  interpreted 
to be the oldest  intrusions in  the More Creek map area. 
Equigranular, medium-grained textures are preserved  where 
the intrusions are not deformed. Undeformed  chlorite  meta- 
diorite  grades  into  strongly  deformed  chlorite  schist in 
which  intrusive  textures  have k e n  destroyed. The massive, 
textureless  nature of these  schists  helps  distinguish  them 
from  similar chloril:ic, schistose  mafic tuffs and flows, in 
which some primary  textures  are  generally  preserved. 

MISSISSIPPIAN AND YOUNGER 

to granitic  composition occupies the  central third of the 
An elongate,  nor:h-trending  composite pluton of dioritic 

More Creek map area. I t  is  hounded on the east by the 

and intrudes mid-Paleozoic rocks to the  west. It does not 
Forrest  Kerr  fault zone, is overlain by Late Paleozoic  rocks 

seem  to  crop out west of Mess Creek.  The pluton extends 
3 kilometres  to  the north of the map area  where it is covered 

map sheet (Figure 1-14-2). The Forrest  Kerr  pluton is min- 
by Tertiary  basalts,  and to the  south onto the  Forrest Kerr 

eralogically  similar,  consisting of a more  mafic  diorite 

phase  at its  northern e n d  it is i~l!io roughly tht same sin: a!; 
the More Creek  pluton.  Biotite from a  graniti : phase i n  .?he 
Forrest Kerr  map area gave a k:-Ar isotcpic a :e of 246:: l(1 
Ma. Step-heating 4"Ar/19Ar anzlyses o l  hor lhlende !;( ]pa.- 
rates  from  the  mafic  phase  indicate etcess argon an:l 21 

minimum  apparent cooling age of Early Pern ian. Nowh<:rc: 
in either map  area was this inmsion  sem to intrude  ricks; 
younger than  Permian; southweiit of Arctic I ake, Pernllarl 
limestone  and  marble appear 1'3 unconformat ly overlie !he 
pluton. The  contact may also he structunl in p in. Weak1 p to  
moderately  foliated  outliers  and possihlt: dikf s with miser.. 
alogy and  textures similar  to Ihr: main pluto I (where : I  is; 

east of Mess Creek.  The plutorl :has  beer1 sam ]led for CI-Ptl 
undeformed)  intrude  deformed h'lississippian ~r older r< ck!; 

dating of zircons. 
The  earliest  phase of the pluton is an equigran~~lal- 

medium-grained  hornblende  diorite (Md). HI 'rnblende m c l  
plagioclase are the dominant ccmtituent:;, tho1 gh, in pla:es, 

outcrops, quartz is present to 5 per cent  or less; it forms 
1 to 2 per cent biotite coexists w th the hornhl mde. In !;~~lne: 

"eyes"  averaging 4 millimetres in size, whicl often haw a 
distinct blue colour. In other  outcrops, hon blendt: forms; 
pegmatitic clusters and rows o f  elongate crystals; UI to 

pods with diffuse  margins which grade into more typizal 
20 centimetres long.  Amphibolitc forms lrregl lar  lenses m d  

hornblende  diorite.  Parts of the intrusion Ire cornpsi..  
tionally  layered, with variation:; in hornbler de to pla,;io.- 
clase ratios,  phenocryst size, anti  alternating lomogermu!; 
diorite and  intrusive  breccia zones tens of metre:; thizk. 
Deformed zones within  the hod:; are gneissic 

hro  grades into hornblendill:  with l i ~ m h l  :nde (:rystal,j 
At one locality, massive  coar;e-grain?d hc nhlende >:ah- 

aligned  perpendicular to compo"itional layer ng, and equi- 
granular clinopyroxene hornhlendite, c h o p  iroxenite and 
biotite  hornhlendite. This pod o'  ultramafic  r )ck (Illun~) i r  
about 200 metres square in area and is int:uded by, and 
apparently  suspended  within, :* later grmitic phase. Layer- 
ing within  the hornblende ea -~bro  is defii ed by m 1 e j  
slightly more rich in plagioclas::, averaging 10 to 50 cen- 

boundaries are  usually diffuse with hornblend 3 cryslals x o -  
timetres in width,  and typically .># to 5 metres In length. 1711: 

truding  into the plagioclase  matrix from he  er~cl~; in; :  
hornhlendite.  Hornblende is mainly fresh and unaltered, hut 
epidote veins are  common and &seminated  "pidote oc,:urs 
in places.  Poikilitic hornhlencle encloscs clil opyroxen: in 
the clinopyroxene hornblendill: md magnetit, in the biotio: 
hornhlendite.  Biotite  books in the  latt, r are u.1' to 
2 centimetres in size  and  green In colour, hu are not ct~lo- 
ritired.  The textures  and  mineralogy  ,Ire  c ~nsistent Aiitll 
Alaskan-type  ultramafic bodies :G.T. Nlxon, lersonal  crm- 
munication, 1991). 

Granodiorite,  tonalite  and gra-lite (MI:) cor lprise  the [:'a- 
nitic  phase of the  pluton. Textt,res  are usua ly meditwr to 
coarse grained  and equigranu1a.r. Quartz is us1 ally the c( ,ius- 
est  mineral, and  typically forms "eyes"  maki ~g up hetvl.eel1 
10 and 30 per  cent of the  rock. Fotassiurn felc spar OCCIII'!; as 
anhedral, slightly finer grains  between plagic clase crystal:;. 

to 10 per cent;  hornblende is c,nr:ommon. Co Itacts wit11 the 
Chloritized  and rare pristine  bicrite is presen  from a k u t  2 

diorite  are  commonly  irregular ;md curviplal ar, with <om- 
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plex interfingering.  Intrusive breccia textures of angular 
blocks of amphibolite suspended  in diorite  and  diorite sus- 
pended in  granite can  be  followed  into  areas where  the 
granite clearly crosscuts the diorite.  The  contact between 
granitic rocks and diorite has  been drawn as close  to such a 
transition zone  as  possible.  Where  the  diorite  appears to be 
suspended  as  blocks within the  granitic  phase (;.e. an intru- 
sive breccia),  the outcrop was mapped as granite. 

Near the south edge of the map  area, a  large complex of 

pian  volcanic  rocks and Mississippian granite.  Plagioclase 
mainly  plagioclase-phyric andesite  dikes intrudes Mississip- 

occurs  as  phenocrysts  from 2 to 5 millimetres in size.  Some 
dikes  have  senate and equigranular textures. Pyroxene is the 
only  mafic  phase and is usually  interstitial to plagioclase  or 
forms  finer,  less  abundant phenocrysts; augite porphyry is 
uncommon.  Most  dikes  are weakly  propylitized. 

variety of plagioclase  porphyry diorite  dikes  cut the  main 
Numerous  fine-grained  aphyric  and  aphanitic  dikes and a 

Mississippian diorite-granite pluton.  Most of them are less 
than 3 metres wide,  but a few larger dikes  are  exposed 
above  the south fork of More  Creek  and  east of Arctic Lake. 

PERMIAN OR YOUNGER 

several  isolated outcrops northwest of Arctic Lake  and  in 
A small porphyritic monzonite stock (Pmz) is exposed in 

the lower reaches of a small  creek draining west into  Mess 
Creek.  Sharp  intrusive  contacts with Permian  limestone  are 
exposed  west of Arctic  Lake. The  stock  appears  to  intrude 
granite of Mississippian  age,  but  no  clear  contact  was 
observed. The pluton is post-Permian, based on intrusive 
relationships, and  correlated on its  textural and  composi- 
tional similarity with  porphyritic monzonite near Newmont 
Lake i n  the  Forrest  Kerr  map  area.  In  outcrop,  the 
monzonite  weathers light  pink  and is brown or  greenish 
purple  on  fresh surfaces.  It is characterized  by about 10 per 
cent  plagioclase and 15 to 20 per  cent oxidized hornblende 
phenocrysts in an aphanitic, hematized matrix. 

LATE TRIASSIC AND YOUNGER 
Stocks, sills and  dikes  of intermediate to  felsic  composi- 

tion intrude Late  Triassic rocks  east of Forrest  Kerr  fault 
and Early  Jurassic  rocks south of More  Creek. 

crop out southwest  and west of Arctic Lake. The intrusions 
Serpentinized peridotite  plugs (ITum) and  fault  slices 

are  medium  grained,  equigranular  and  olive-green on fresh 
surfaces. They  weather  dun  to  dark  green  and  commonly 
have  zones of pervasive, rusty  weathering carbonate veins. 
Where  exposed,  contacts with adjacent Permian  limestone 
and  Triassic sedimentary rocks  are  faults. 

Dikes of coarsely porphyritic syenite (ITS) are very com- 
mon  cutting Late Triassic  rocks between Hankin Peak  and 
More Creek. They  range  from a metre to over 20 metres in 
width. Tabular  phenocrysts of potassium feldspar in  the 
syenite  range in size  from 2 to over 30 millimetres and 
average 20 per  cent of the  rock. They  are  grey, pink  or, 

tic  texture to the  rock.  The  groundmass of these  dikes is 
where chloritized.  green. The  crystals  often  impart a trachy- 

either grey or  pink,  and  equigranular  or aphanitic. Sedimen- 
tary rocks  are often  hydrothermally  altered adjacent  to the 
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syenites  and  copper mineralization commonly  occurs within 
and adjacent to the dikes. 

EARLY JURASSIC AND YOUNGER 
About 6 kilometres south of Hankin Peak, a series of 

diorite  sills (eJd) up to 100  metres  wide intrudes Late 
Triassic siltstones  and sandstones.  They  are  fine  to  medium 
grained  and  equigranular with subequal amounts of pla- 
gioclase and pyroxene.  Contacts with the enclosing sedi- 
mentary rocks are  often well exposed and knife  sharp.  The 
only  contact effect is an increase in the induration of  the 
sediments and minor addition of epidote  and chlorite. Some 
of the sills have  poorly developed  columnar  joints. A simi- 
lar  diorite sill intrudes  both siltstone and green  andesitic 
tuffs 2 kilometres  east of Hankin Peak. It has a distinct felty 
texture  imparted by 40 to 50 per cent  plagioclase laths  to 
4 millimetres in length; equigranular textures are  also  com- 
mon.  North of Hankin  Peak,  propylitized.  equigranular 
diorite  appears  to intrude  Late  Triassic  volcanic rocks. Rela- 
tionships with the volcanic  rocks are  confusing because 
intrusive  textures  repeatedly grade in and  out of pyroclastic 
textures. 

A  stock of monzonite to  syenite (eJmz) intrudes  silt- 
stones and  volcanic  rocks in the same  area as the diorite sill 

mainly light grey to pink-weathering, equigranular, 
swarm, 6 kilometres  south of Hankin Peak.  The intrusion is 

medium-grained  monzonite,  but  grades  into  medium-grey 
weathering, senate-textured  syenite  near its base.  Pheno- 
crysts of potassium feldspar range up to l centimetre in size. 
Fine, chloritized biotite occurs  to  about 2 per  cent. A similar 

the GOZRDN property. 
stock intrudes  Early Jurassic rocks  south of More  Creek on 

South of More  Creek,  numerous  dikes and  sills of dark 
green-grey,  fine to coarse-grained  gabbro  (Read ef al., 
1989) intrude Early and Middle  Jurassic siltstone  and sand- 
stone. Textures vary with the size of the intrusions.  Smaller 
dikes  (less than about 2 metres  in width)  are  fine  grained 
and  equigranular. Larger  dikes and stocks, though mainly 
equigranular,  are  commonly  felty textured with slender laths 
of plagioclase  to 4 millimetres in length. Anhedral pyroxene 
is interstitial to  the plagioclase  laths. Some  stocks  are  coarse 
grained  and  weather light grey with 10 to 20 per  cent  dark 
green  chloritic  clinopyroxene  to 5 millimetres in size.  These 
intrusions  are thought to be  feeders  to the  basaltic  pillow 
lavas  and ilow  breccias  of Unit mJHb. 

Lamprophyre  dikes  intrude Late  Triassic rocks east of 

assic (?) rocks  southwest  of  Arctic  Lake,  and  another 
Forrest Kerr  fault. A  2-metre dike  also intrudes Late Tri- 

I-metre  dike intrudes an andesitic  dike complex of probable 
Mississippian age  or  younger near  the  south edge of the map 
area.  The  dikes are up to I O  metres  wide and have  conspic- 
uous biotite phenocrysts up to 2 centimetres in size.  The 
matrix  grain size  averages 2 to 4 millimetres. 

vitreous  plagioclase  and a pristine  grey  groundmass, 
A  basaltic dike 1.5 metres wide, with 2 to 5 per  cent 

intrudes  schists along  the  east  side of the headwaters of 

ogy identical to the  Tertiary or  younger basalt flows,  and is 
Mess Creek.  This is the  only dike noted which has  a lithol- 

probably a feeder  to them. 
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STRUCTURE 
The structural gr.3in of the map  area is controlled by 

north-trending fault!;. Polyphase deformation has  affected 
all  rocks;  those  west of the  Forrest Kerr fault  are  affected by 
an earlier  phase not present in younger rocks east  of the 
fault. In general,  Paleozoic  rocks  are  penetratively 
deformed,  metamoqlhosed and  affected by four phases of 

rocks  has  interleaved  panels of largely undeformed  rocks 
folding.  Early,  low-angle  ductile  shearing in  Paleozoic 

with more  deformed rocks of similiar age.  Movement  along 
these shear  zones is east-directed and  associated with early 

unknown. The anisotropic  deformation of Mesozoic  rocks 
isoclinal folding.  The age  and  relationships of thrusting are 

reflects  the competency  contrasts between  volcanic  and 

of More Creek, rocks as young as Early  and Middle Jurassic 
sedimentary units and Paleozoic  metamorphic rocks. South 

are  affected by two  macroscopic, nearly  orthogonal  fold 
events. 

FOLDS 
Read et a/. (IYX91 describe  three phases of folding  in  the 

Iskut  River  and Mol-e Creek areas:  a  post-Early  Permian to 
pre-Middle  Triassic  phase (Dl), a post-Middle  to  Late 
Jurassic  phase (D2), and  similarly  aged phase (D& which is 
orthogonal to D,. Holbek (1988) and  Elsby (1992, this 
volume) recognizecl an additional  phase of folding (D4) 
within Paleozoic rcscks west of Mess Creek  and west of 
Forrest Kerr Creek,  respectively. 

The  earliest  deformation  (D,) is characterized by a prom- 
inent,  northeast-striking,  moderately  northwest-dipping 
penetrative  foliation.  This  foliation is axial  planar to 
northwest-trending, rnesoscopic, recumbent isoclinal folds, 
which have an over.41 east vergence.  Development of axial 
planar  foliation ( S I )  is prominent in schists  west of Mess 
Creek  and coincidecl with lower  greenschist  grade metamor- 
phism.  Triassic and younger rocks lack these first-phase 

Crete west-dipping  layer-parallel  ductile shear  zones which 
folds  and foliations. Associated with Dl are numerous dis- 

separate  packages  of  deformed and largely  undeformed 
rocks. Shearing  along these zones is east directed. 

The  second phase (Dz) deforms and transposes S I  in 
Paleozoic rocks and (?) deforms  bedding (So) in Mesozoic 
rocks. It is accomp.mied by lower greenschist grade meta- 
morphism and characterized by northwest-trending recum- 
bent to moderately  upright,  southeast-plunging  isoclinal to 
open  folds in Paleozoic  rocks  and  upright  northwest- 
trending open  folds in Mesozoic  rocks. Second phase cleav- 

developed axial  planar  cleavage. In the  Mesozoic rocks, S 2  
age (S,) in Paleozoic  rocks is a southwest-dipping, locally 

is characterized by fracture and  crenulation cleavage. 
The third  phase (D,) is characterized by mesoscopic, 

disharmonic upright, open  to tight crenulation folds and 
kink bands which ,deform all earlier  structures. Fold axes 

upright, east and  northeast-trerlding folds. Th : third deh r -  
mation  accompanied north-south comprmsior . 

trending  upright mesoscopic  to nlacroscopic s ructures with 
The fourth  phase  (D4) folds  are moderate t ) open non:h- 

fold  wavelengths up to several ki'lometren. Fol is are mainly 
north or south  plunging, che\ron  or  open  lox-folds ,ind 
minor kink bands. Folds are similar in Paleozc ic and Meso- 
zoic rocks.  Folding close to the Forrest Kerr fault is tight. 
disharmonic and asymmetric and beccmes progresslrely 
more open eastward,  away  from the faull. Eve .ywhere S ,  is 
developed as spaced crenulation and  fracture cleavage:. 

FAULTS 

control the  distribution of tectfmostratigrap tic packages 
Regional-scale faults strike  north (South1 r, 1972) ancl 

Other fault  trends  are  mainly  nnrtheasterly to I torthwesterly 
East  and  northeasterly  trending  structures r e  irnpor;ml: 
controls  for Mesozoic minerali;!a!:ion. The For 'est Kcrr faull: 
trends  northerly  and separates N esozoic volc lnic and scdi-. 
mentary  rocks on the east from I'aleozoi" met rvolcanic ant1 
metasedimentary  rocks  and coe;al granitic lutons on .:he! 
west (Figure 1-14-2). The  fautt is general  y vertical t o  
steeply east dipping. Slickensicles measured on the Saul: 
plane  plunge 24" at I R I "  and  indicate  a  left-las ral strike-slip 
component of movement. Reali et ul. (1919) sugge:l. a 
minimum of 2 kilometres of cas-side-down  and 2.5 kilo.. 
metres of left-lateral oblique-slip motion on I ?e  fault nimh 
of the lskut River. The deep-rooted  neture ,f this north.. 
trending structure is evidenced tsy the  pt:ralk line charaxel. 
of  the  Mount  Edzira  volcanic  complex  Souther and 
Symons, 1974), which is typical of melts  produced by 
crustal  rifting. Normal faultini: has displa:ed flow. a!; 
young as 20 000 years but movement occurre 1 beiore 12840 
years B.P. (Souther. 1970). 

The  abrupt  topographic  contrast a8:ross Mess  Creel: 
marks a north-trending  fault :!.one wlich separates tht: 

from Paleozoic  rocks of the Arctic Lake  p  ateau eas: OF 
rugged high peaks of Late Trianic  volcanic; on the \#est 

block faults  are related to the r?gional trend These iitultl; 
Mess  Creek. North-northeasr-:rending spl; y faults s m l  

have  produced an abrupt esc;rrpment on thq east side: of 
Mess  Creek  and  control alterat~on and copper gold mint Tal- 
ization on the Barn 8 and Barn 0 clairs. Th: Mess Cx:el: 
fault was active from Early Jurar,iic to Recent  time (Souther 
and Symons, 1974). 

are exposed west of Mess C w k   ( H o l x k ,  988 and  thi;; 
Northerly trending, gently-dipping ductile thrust fault; 

study).  These  zones  occur wi:hin sericite  and  chlorite- 
sericite  schists and  are related 1.0 east-directed ductile  shear- 
ing  active during Dl deformatitm  and proba d y  contnnued 
into D,. On the BJ  property  the  compet :ncy contrast 
between  quartz-sericite schist ICISqs) and me  adiorite  (IDd) 
has  localized  easterly  directed t-trusting alon : this  comact. 

plunge gently westward, axial  planes dip steeply  south. 
Third  phase cleavage (S,) is defined by a strong crenulation EXPLORATION  ACTIVITY 
cleavage in Paleomic  rocks and  a fracture  cleavage in The  major  exploration activtt:, in 1991 wa! focused  vest 
Mesozoic  rocks. Ncm significant  fold development associated of the map  area  at the Galcw Creek alka ine  porphyrf 
with (D,) is recognized in the  Paleozoic rocks.  East of copper-gold  deposit. Kennco  Explorations ( h a d a )  1,im- 
Forrest  Kerr fault, D,3 is characterized by typically open, ited began  reassessing  the geology and nine1 11 potenti;ll of 
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MINERAL  OCCURRENCES IN THE MORE  CREEK  MAP AREA 104Gi2 
TABLE 1-14-1 

Type MINFILE Name Host Commodity Descriplion 
hob.  Age 104G 
STRATABOUND VEINS 

Reference 

Early Jurassic GOZRDN IJHr, elmz Au, Ag.  Zn,  Cu, 
Ph 

STRATIFORM MASSIVE SULPHIDE 
Devonian~ FOREMORE DSst, DSfv  Zn.  Pb,  Cu, Ag 

Mississippian DSlm 

GOLDCOPPER PORPHYRY 
Lale Tnarsic - 79 LITTLE LES. UT%.  ITS Cu. A". Ag 

Early  Jurassic  TWO  MORE 

Late Triavsic-  LUCIFER uTSv, ITS Cu, Au 
Early Jurassic 

Late Triassic-  BIS  uTSsn.  ITS Au, Au, Cu, Ph. 
Early  Jurassic  BISKUT 2" 

MESOTHERMAL GOLD-SILVER.QUARTZ VEINS 
Early  Jurassic  27  BAM 8, 

ARCTIC 
PScg. PSlm Cu. Ag. Zn 

Early  Jurassic I10 BAM 10 Mg, Md Au, Ag. Bi. Sh 

Early  Jurassic 70 BJ DSqs, IDd  Au.  Cu.  Pb, Zn, 
Ag 

IRON-COPPER-COLD SKARNS 
DUNDEE, 

GLA 
DSsl. Mg. PP Fe, Cu, Zn, Au 

Gold-enriched  chalcopyrite.  sphalerite, galena, pyrite and 
arsenopyrite-bearing van\ hosted in ailicified  and  pyritired 
Mount Dilworth equivalent. Mineralization and alteration 
related to coeval subvolcanic  feldspar  porphyritic  monzonite 
inuusivea. 
WEDGE ZONE I I .6 gjt Au over 4.4 m 
SOUTH BOUNDARY  ZONE  23.9 git Au ovcr 11.6 m 
MAIN GOSSAN ZONE IX.6 git Au over 0.4 m 

Laminated  sphalerite  and galena occurs in felsic  volcanic  hori- 
zons within  foliated  package of grphitic  schists,  argillites  and 
intermediate 10 mafic wlcanics of Devonian~Miasissipplan age. 

rite-rich varieties. 
Mineralized  boulder5  include  pyrite,  sphalerite  and  chalcopy- 

Tu% PbB Zn'i, Agglt  Augit  Fe% 
chalcopynte-nch(n=IZi 2.3 0.5 6.2 186 1.5 16 
sphale"te~nch(n=?91 0.22 3.5 10.2 96 I 16 
pyrite-"ch ("=I 12) trace I 6.2 7R nil 23 

Disseminated  and veinlet chalcopyrite mineraliratiun in a 
prapylitic~pyritr alteration mnc associated  with potassium feld- 
spar  porphyry  syenite  dikes grab sample.  5.9% Cu and 13.1 gjt 
AU. 
Structurally  controlled  propylitic  alteration zone ( I  x 2 km) 
coincident wnh pofrssmum feldspar porphyry syenite dike 
swarm. Minerallration  includes  chalcopyrite, galena and  gold in 
quartz-carbonate  pyrite  veins. 
Quart-sericite-pyrite-clay alteration zone (300 m x 50~100 m 
wide). All  origmal textures obliterated by supergene  leaching. 
Contains  up IO 5% pyrite, minor p l e n a  and  arsenopyrite. 

Disseminated  hlehs  and  veinlets of tetrahedrite,  minor ChslL 
copyrite.  pyrite,  sphalerite  and galena occupy  fractures  and 
breccia zones in limestone. sandstone and conglomerate.  Miner- 
alization  and carbonate alteration follow  northeasterly  trending 
StNClWeS.  

INVENTORY Tannes Cu% Ag pit 
Southwest Zone 299 400 0.76 N.A. 
East Zone 4 540 2.45 17.83 
Gold  and  fine-grained  pyrite occur in quartz and carbonate 
veinlets in fractured granite. Discontinuous mineralization 
occupies silicified  and  sencirized  fault  and shear zones in the 
granite. Gold values range  from  8.57 git over 18.9 m in trench 
86-1 to 1.72 git over 2.43 m in DDH 87-1. dilled to test the 
ground  beneath  Trench 8 6 ~ 1 .  
Mineralization  includes mcsathrmal quartz veins and an iron 
carbonate  breccia zone. Veins  contain  pyrite,  tetrahedrite.  chai- 
copyrite,  sphalerite,  trace  arsenopyrite. galena, gold  and  promi- 
nent iron-carhonate alteration envelope. Northeast-trending 
quam veins crosscut strala. iron  carbonate  breccia is strataform. 
Free gold uccurs in creeks below the showing. 

Iron-copper skarns develop  where  feldspar-porphyritic  andesite 
dikes  intrude  granite  and carbonate pendant rocks. Mineralin- 
lion comprises  magnetite  and  lesser  pyrite,  pyrrhotite. chalL 
copyrite,  sphalerite  and  gold. 

Savelle (1990) 

Barnes (1989). 
Mau,er (1988) 

Bobyn 11990). 
Folk (IYXI) 

Brown (1990) 

Deann (1983). 
Gillen er 01. 

(1984). 
Rayner (19651, 
Souther (1972) 

Diner ( I  987). 
Hewgill  and 
Walton ( I  986), 
Walton (1986) 

Folk (1986). 

Holbek (1988) 
Holhek  (19821, 
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the Central  zone ( I25 million tonnes, 1.06% copper,  0.40 glt 
gold and 1.1 glt silver). Several  properties in the More 
Creek map area were actively  explored  this year. Noranda 
Exploration Company Limited  and joint venture  partner 
High Frontier  Resources Ltd.  carried  out mapping, prospec- 
ting, soil sampling,  ground  magnetic and  electromagnetic 
surveys  and drilled ten holes on the GOZ/RDN property. 
Drilling  resumed  in September with a total of 2000 metres 
projected for the entire 1991 program.  Noranda also con- 
ducted  mapping and sampling followed by magnetic  and 

on the  Lucifer prop::rty. Cominco Ltd. continued detailed 
induced  polarization surveys and two diamond-drill holes 

more prospect, 15 kilometres  up-ice from the  1990  drilling. 
lithostratigraphic and biostratigraphic  mapping on the  Fore- 

Arctic claims which cover the Little Les mineral  occur- 
Keewatin Engineering Ltd. carried out  exploration on the 

rence. 

MINERAL  PROSPECTS 
Mineral showing!; and  prospects  are  concentrated  south 

of Hankin Peak, sc,uthwest of Arctic  Lake,  south of the 
headwaters of Mess Creek and adjacent to the Forrest Kerr 
fault.  They can he grouped into the following  categories: 
stratabound  polymelallic massive sulphide; stratiform  mas- 
sive  sulphide;  porphyry  copper-gold:  gold-silver-quartz 
vein  and  replacement deposits; and  iron-copper-gold skam. 
Data on individual occurrences are summarized in Table 
1-14-1; locations an: shown on Figures  1-14-3  and  1-14-4. 

for  deposits within the map area.  Devonian limestone and 
At least two separate mineralizing events are  postulated 

volcanic  rocks  host  conformable, massive polymetallic  sul- 
phide occurrences. Preliminary lead isotope data on boul- 
ders  from the Foremore property  define two clusters. On the 
Wrangellia growth ,cuTye these clusters correspond with a 
Devonian  and  possibly  Mississippian  model  ages. These 
data points  cluster with data  from the  Tulsequah  Chief  and 
Myra Falls deposits (M. Westcott,  personal communication, 
1991). 

Alkalic  porphyry  copper-gold  mineralization  south of 

volcanic  intrusives. In the  region  this  type of mineralization 
Hankin Peak is hosi.ed by Late Triassic volcmics and sub- 

is generally latest Triassic to Early  Jurassic in age. Lead 
isotope  studies of ga.lena samples  from the GOZ/RDN prop- 
erty and a gold-bcaring vein on the  Foremore  properties 
both plot in the Jur,lssic  cluster  (Godwin ef a / . ,  1991). An 
Early Jurassic (194'!6 Ma;  Holbek,  1988) age for mineral- 
ization is inferred from K-Ar dating of  chrome-bearing 
muscovite  from a carbonate-sulphide  vein on the BJ 
property. 

Silver-rich  base  lnetal  mineralization of Tertiary age is 
widespread to the east and elsewhere in northwestern Brit- 

Creek  map  area. 
ish Columbia, hut none has been recognized in the More 

STRATABOUND-WIN DEPOSITS 
The  GOZ/RDN property is located west of the  Forrest 

Kerr fault, 5 kilom::tres south of the confluence of South 
More and More  creeks, within an Early to Middle  Jurassic 

package of volcanic and  fine cla:itic rocrs (F gure 1-14-3) 
In 1990,  1545.5  metres of diamond  drilling u as compklec 
in 15 holes. The best results in::luded '7.8 n etres gracing. 
7.88 grams per tonne gold and cl.4 metres 01 11.65 g r u m  
per tonne  gold. 

The  claims  are underlain by maroort inte  mediate vol- 
canic rocks comprising felsic tuf-s and  rhyolit :flows u h c h  
are overlain or interlayered wirh a sand!.tone- siltstone w i t  
basalt flows and  tuffs. The  hostrwks are  age , ,quivalerlt i of 
the  Mount  Dilworth  Formation ;and Eskay  C eek facie!; of 
the Salmon  River  Formation.  'rlineral1zatio1 con!;ist> 01' 
gold-enriched polymetallic qua'tz veins in silicified a.ncl 
pyritired rhyolite  and  felsic tuffs and sul~volc. nic porphyri-. 

cious metal  enriched  polymetallic  massive su phide depnsi; 
tic monzonite  intrusions. The  exploration  taget is a Ire.. 

similiar to Eskay Creek. 

of mineralization  have  received  the  rlost rttention: rhr: 
In 1991 exploration on the clalms  continue I. Three area!; 

Wedge zone, the  Main Gossan :mne and  the Sc uth Bounhr),  
zone. The  most recent  resulis  released in the hort1a:rn 
Miner (September 16, 1991) report an 11.6-n letre  inter:;':c.- 

tonne gold with minor  base IT etals. This c rill hole vra!; 
tion in the South Boundary z w e  grading 2:  .9 gram$ ] x  

collared in plagioclase-porphyri ic andelitic I Dcks intruded 
by porphyritic-syenite dikes. Th,: details of tt is miner 'I I '  Iza- 
tion are not known, however, the :  spatial and f enetic asssci- 
ation of gold  and  copper mineralizatic-o wi h  porphy -itic 
syenite dikes is a regional  phenomena asoc i ;  ted with I-atr: 
Triassic to Early Jurassic porphyl-y depo:;its. 7 he Main (.;os- 
san zone is a large,  spectacular f?mcrele goss In and a r g i k  
alteration  zone  associated wirh a subvolcar ic monzonitl: 
intrusion. The  gossan zone  contains dlssem nated copper 
and gold.  This style of mine~;iIization ma 8 better tit ;I 

porphyry  classification. 
Stratabound mineralization ccmsists O F  mas ;ive to b r e w -  

ated  quartz veins  and stringer zol.les (We8ige 2 me) hosied i n  
silicified felsic volcanics of the: h4ount Wlwo  th  Formation. 
The  gold-enriched  quartz veirls strike north and genelally 
dip  easterly, parallel to the str.3tigraphy. The veins arc!  rtar- 
row (about 1 metre) and corttzlin from 5 tlI IO per :en1 
sulphides of copper,  zinc, leaC and  arseni ' in a quart:? 
gangue. Drilling  indicates  the Feelsic sucl:essi( n is undcllain 
by maroon, feldspar-porphyritic volcan,clast 3s. equiv;lent 
to the Betty Creek Formation,  and blacc silt! tones. Allera- 
tion and  mineralization  are re1at::d to coeval( ') subvolcmis: 
porphyritic  monzonite intrusion. .. 

STRATIFORM MASSIVE  SI~ILPHIIIE 

of the  south tributary of More: #::reek, about 10 kilonw:res 
Cominco's Foremore claims are located at I he headwxers 

north of Forrest  Kerr  airstrip (Figure 1-14-3) The  cxplora- 
tion target is the  source of maisive  sphaler te and pyrite- 
bearing  boulders.  Electromag,netic  condu :tors loc.itetl 
below 120 metres of glacier ict! were drill  t :sted in I'J9Cl. 
Four  holes were collared, three reached bec rock. Drillin,: 
intersected  graphitic shear zone;. The  proper y is underlain 
by Stikine  assemblage rocks: foliated basal ic flows, vol- 
caniclastics, sediments and limeiitones a;; old ,s Early I1:vc~- 
nian. Foremore float resembles  Kuroko  volc mogenic mas- 
sive  sulphide  ore  and simi1ia.r Devonian-  Uississippian 
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Stikine  assemblage  rocks  are potential exploration targets 
for  deposits of the Kuroko type. 

on the  Foremore  claims in outwash plains at the eastern and 
Several thousand  mineralized  boulders have been found 

northern lobes of the More Glacier. The distribution of 
polymetallic  massive  sulphide  float  suggests the source is 
beneath  the  main icesheet of the  glacier. Boulders vary 
mineralogically,  including  pyrite-rich,  zinc-rich,  and 
copper-rich (Table 1-14-1) and  texturally from  massive to 

either a single zoned sulphide body or possibly  several 
laminated.  This mineral  and  textural variation  suggests 

distinct bodies. Limestone boulders  host massive  sulphide 
replacements. One  such boulder contains stromdtoporoid 
Favositm sp. of Late Ordivician to Middle Devonian  age 
(Logan  et a/., 1990a). 

laminated and disseminated galena, sphalerite and pyrite 
In the North zone, felsic volcanic horizons host finely 

mineralization. These felsic (quartz-eye) volcanics occur 
within a  penetratively  foliated sequence of graphitic  schists, 
argillites and intermediate to mafic  volcanics.  Assay  results 
from  outcrop sampling average 87 ppb  gold, 8 grams  per 
tonne silver, 0.1 per cent  copper, 0.3 per cent lead  and 
2.1 per cent zinc over an average  sample width of 0.4 metre 
(Barnes,  1989) 

PORPHYKY COPPER-GOLD DEPOSITS 

targets ( e . & . ,  Galore  Creek and Schaft  Creek).  Schaft  Creek 
Porphyry deposits  are regionally  important exploration 

is a calcalkaline  copper-molybdenum  deposit of I billion 

Figure 1-14-3. Mineral  Occurrence  map  showing locations of occurrences  discussed in the  text. 
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tonnes, which contains  0.12  gram per tonne gold. Galore 
Creek is an alkaline copper  deposit of 125 million  tonnes 
with a  gold grade of 0.4 gram per tonne. The  alkaline 
deposits  are generally  enriched in copper and  gold and 
associated with high--level  intrusions of potassium  feldspar 
megacrystic syenite. 

More Creek (Figure 1-14-3). Tuffaceous  sediments, 
The Lucifer property is located 2 kilometres  north of 

reworked tuffs and minor limestones of the  Upper  Triassic 
Stuhini Group underlie  the claims. Maroon ash-tuffs and 
tuffaceous conglomerates containing c o m e  potassium feld- 
spar  crystals  crop OUI:  high on the ridge west of the  alteration 
zone. These lithologies are intruded by northerly  trending 
megacrystic  potassitlm feldspar porphyry dikes. 

upper  reaches of a south-draining tributary of More Creek. 
The  area of interest occupies the  headwall  and steep 

It consists of a large I I x 2 km) northerly  trending  limonite- 
carbonate-pyrite alteration  zone. Weak silicification in the 
form of narrow  stringer zones  and veinlets crosscuts this 
chiefly  propyllitic  alteration  zone. The alteration  zone  lies 
west of a  northeasl-trending fault and coincides with a 
northeast-striking  swarm of megacrystic  potassium feldspar 
porphyry  dikes.  Pyritic  and  propylitically  altered  and 

episodic intrusive  and  mineralizing  events.  Mineralization 
unaltered dikes  crosscut the zone and  indicate complex and 

consists of quartz-c,irbonate-pyrite veins containing  chal- 
copyrite and  galena. Results  from the two 1991 diamond- 
drill holes do not explain  the anomalous gold  soil geo- 
chemistry of the altlrration zone (R. Baerg,  personal com- 
munication, 1991). 

crops out 9 kilometrc:s north of the confluence of More and 
The Little Les  (MINFILE 104G 079) limonitic  gossan 

w 
Mess Creek Arclic Lake 

pssg I I I 

South  More creeks  on the  Arctic  claims 1:Figu e 1-14-3) It 

flanks  a 200 by 50 metre core zot~e of propylit  cally altelt:d 
is derived  from  a  pyrite-rich  alteratior  env:lope which 

andesite flows and tuffs. Alteratim and mine] alization .ire 
related to intrusion by syenite pc.rphyry dikes Mineralixa- 
tion consists of 2 to 5 per  cent  cisseminated md fractu.,?. 
filling chalcopyrite  and traces o f  galena and  nolyhdenite. 

Midway  between  the Lucifer and  Little Ler showings is 
the Bis occurrence  (Figure lLI43). a  substan ial lirnollitic 

gossan, 3OU metres long by 50 to 100 metres w de, is hosted 
gossan  easily  visible  from  the air. This north :ast-trendirtg 

in volcanics,  tuffaceous sediment!; and litnestc le.  The gos- 
san consists predominantly of limonite, clay, s ricite, py i te  

contains  up to 5 per cent disserninated p:frite md traces (of 
and  quartz. All original  textures ai-e ohlitc:ratec The  gossan 

gossan  returned  16.1 grams per t:mne  gold ( B ~ b y n ,  199:l). 
arsenopyrite  and  galena.  A single  grab  sample  from h e  

The gossan was mapped by Soother (lY'2) a! a Late (I.,?. 
taceous to Tertiary felsite dike. I3obyn <.199Cl interpreted 
the  felsite as an Early  Jurassic,  Mount Ihlwor h equival<:nt 
(after Read ef al., 1989). 

VEIN DEPOSITS 

The Bam  8  prospect (MINFILE IO413 02 ') is locatcd 
4 kilometres southwest of Arctic ILake on top c f  the t:astcm 
escarpment of Mess  Creek valley (Figure 1-14 -3). In l9li7, 
diamond  drilling defined the :Southwes: zon! conlainirlg 
299 400 tonnes grading 0.76 p:r cent  copper 2nd the East 
zone  containing 4540 tonnes gra(:ling 2.45 p e t  cent copim 
and 17.83  grams  per tonne silver, 

Mare Creek _,"_ 

More  Creek  map area. Mineral  occurrences  are  shown in their  respective  stratigraphic  positions.  See  text  .ard  Figure 1-14. ! legend for  
Figure 1-14-4. Schematic  representation  showing  stratigraphic  relationships of the  various units across the  nvrthen  part of thi: 

description of units.  Numbers  correspond to mineral  occurrences: I =Foremore, 2=B1, 3=Dundee, 4=E:a-n IO,  5=.Bam 3,6=G02,1 
RDN, 7=Lucifer, L.ittle  Les  and  Bis. FKF=Forrest Kerr fault. 
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ple schistose  tuffs and flows and  thin  limestone (DSst) 
This property is underlain by green chlorite  schists,  pur- 

which are  overlain by maroon  polymictic  granite-bearing 
cobble  conglomerate (PScg). Thick-bedded Permian lime- 
stone (PSlm) and limonitic brecciated dolomitic limestone 
conformably overly  the conglomerate  and host  most of the 
copper  and  silver mineralization. Overlying the carbonates 
are variably altered  and  mineralized,  thin-bedded limy fetid 
sandstone and  siltstone (mTs) and  conglomerate  (uTSs). 
Granite  and  diorite  underlie  much of the Arctic  Lake 
plateau,  east  of the  prospect. They  do not intrude Permian or 
younger rocks and  have been  tentatively dated  (K-Ar) as 
Early  Mississippian.  Fine-grained  and  porphyritic  pla- 
gioclase  hornblende monzonite dikes (Pmz) cut the  granite 
and limestone. Serpentinired peridotite bodies  are intruded 
along  northeast-trending  fault  zones (ITum). 

east-northeast-trending veinlets of tetrahedrite, with minor 
Mineralization consists of disseminations,  stringers and 

chalcopyrite, pyrite, sphalerite and galena. Secondary min- 
erals include  azurite  and  malachite.  Alteration  includes dol- 
omitization  of  limestone, carbonitization of volcanic  rocks, 
dolomite,  sandstone and conglomerate, and  hydrothermal 
alteration and  associated  quanz veining in the  granitic  rocks 

mineralization  are  spatially  related to north-trending 
(Gillan Pf a/ . ,  1984). Alteration (limonitic  orange  cliffs)  and 

regional faults  and northeast-trending  splays off them. 
The  Bam 10 showing  (MINFILE 104G 1 10) is located 

1 kilometre  southwest of Barn X and is lower in the same 
stratigraphy.  Strongly schistose  flows, tuff and subordinate 
limestone (DSsl) underlie  the claims. Quartz-rich  granite 
and  diorite  intrude these  metavolcanics. The  contact, which 

drilling  in 1987  totalled 837 metres in nine  holes.  From 
is in part structural, dips moderately westward.  Diamond 

drilling data, Diner (1987)  recognized predictable  and map- 
pable alteration  halos peripheral  to  mineralization, and  that 
most  mineralization  occurs within 50 metres of the  granite 
contact. Mineralized zones  are poddy  and associated with 
carbonate, chlorite and sericite  alteration and silicification 
developed  along north  and  northeast-trending faults in the 
granite. Mineralization consists  of  gold and fine-grained 
hlebs of pyrite, chalcopyrite,  galena  and  rare  molybdenite in 
quartz  and  carbonate  veinlets  hosted  within  fractured, 
sericitized and silicifed  granite. 

Mess Creek  (Figure 1-14-3). This  occurrence is hosted by 
The BJ showing  (MINFILE 104G 070) is located west of 

quartz-sericite  schists (DSqs), part of a polydeformed and 
metamorphosed volcanic  and  sedimentary succession of 
Devonian  to Mississippian age unconformably  overlain by 
Upper Triassic  volcanic and  sedimentary rocks to the  west. 

Mineralization includes precious  metal  bearing mesother- 
mal quartz veins and an iron-carbonate breccia  zone. In 

greenschist  metamorphism  are  common.  These  meta- 
addition, bull quartz veins  parallel to foliation  and  related to 

morphogenic  veins contain minor pyrite hut no precious 
metals.  They  are  deformed,  often  recumbently  folded 
and  predate or are  synchronous with early  deformation. 
Younger, Early Jurassic  (Holbek,  1988)  quartz  and  carbon- 
ate veins trend east to northeast across an earlier  foliation. 
Brown,  limonitic-weathering  carbonate  alteration is com- 
monly  associated with faults,  breccia  zones  and  quartz  vein- 
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ing. The  veins contain  pyrite,  tetrahedrite, chalcopyrite, 
sphalerite  and traces of arsenopyrite,  galena,  hematite and 
gold. 

contact  between  metadiorite (IDd) and  chlorlte-sericite 
A zone of quartz veins is localized along the  faulted 

0.34  gram  per  tonne  with a single  sample  assaying 
schists (DSqs) on the Windy claim. Gold  values average 

bonate  breccia 7one crops out on the  Bee  Jay  claims, 
1.36 grams  per  tonne  (Folk, 1986). An extensive iron car- 

5 kilometres to the south. Gold values  range from  0.34  to 
1.71 grams  per  tonne  (Folk, 19x6). 

SKARN 
The Dundee showing  straddles the south  fork of  More 

Creek 13 kilometres southwest of its confluence ~ i t h  More 

hornfelsed and  silicified Paleozoic rocks  intruded by a Mis- 
Creek  (Figure  1-14-3).  The  property is underlain by 

sissippian or  younger monzonite to biotite granite  pluton. 
Mineralized  skarns are  developed where younger  feldspar- 
porphyritic andesite dikes crosscut limestone bodies and the 
main intrusive hody. There appear to be at least two stages 
of  skaming;  one is related to the main intrusion  which 
surrounds the  pendant  rocks,  the  second to later  dikes. 

diorite  dikes.  Coarse-grained  diopside envelopes  formed 
Magnetite  sulphide  endoskarns  occur in the pegmatitic 

adjacent to the dikes. Pyrite  and  pyrrhotite  mineralization is 
best developed in noncalcareous  pendant  rocks;  garnet, 
diopside,  epidote,  magnetite and chalcopyrite  skarns  occur 
in limestone bodies. Webster and Ray (199 I) provide a de- 
tailed  description of the geology and skam mineralization. 

SUMMARY 
The More  Creek area is underlain by three fault-bounded 

stratigraphic  packages which, from west to  east,  consist of 
the  middle to  late  Paleozoic  Stikine  assemblage, an Early 
Carboniferous  or  younger granitic pluton and, separated by 
the Forrest  Kerr fault zone, a  Mesozoic volcanic-plutonic 
assemblage of Stuhini and  Hazelton Group rocks (Figures 

rocks  are a thick package of Early  Devonian to Early Car- 
1-14-2 and  1-14-4). West of the  Forrest Kerr  fault the  oldest 

boniierous  metasedimentary  and  bimodal  metavolcanic 
rocks intruded in part by early  Mississippian (3405 12 Ma, 
K/Ar)  quartz  monzonite to quartz  diorite plutons (Mg and 
Md). A  pre-Permian quartz-grain,  granite-clast  conglomer- 
ate (PScg) with tuff interlayers marks a profound post- 
Carboniferous unconformity.  Clasts  resemble  the quanz- 
rich granite of the early Mississippian More  Creek  pluton. 
Early Permian limestones,  the  regional  hallmark of the 
Stikine assemblage. are here no thicker than 200 metres. 
The  limestone is overlain  paraconformably by Middle Tri- 
assic sedimentary  rocks. Rocks of the Late Triassic  Stuhini 
Group  conformably overly  the Middle Triassic rocks. 

East of the Forrest Kerr fault  are  Middle(?) Triassic  rocks 
and  possibly  unrecognized Paleozoic  rocks. North of More 
Creek, the  Stuhini Group is a succession of chiefly volcanic 
arc  derived  sediments, reworked tuffs and  subordinate flows 
more than 2000  metres thick. South of More Creek is an 
Early to Middle Jurassic succession of at least IS00 metres 
of thin-bedded sediments, tuffs,  rhyolite  and  basalt. 
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The  distribution of mineral  occurrences,  their  strat- 
igraphic positions  and  relationships to structure  and  intru- 
sions  are  shown in Figure 1-14-4. Stratahound  polymetallic 
sulphide mineralization is hosted by mid-Paleozoic rocks of 
the  Stikine  assemblage. Early Jurassic  mineralization is 
manifest as:  stratabound gold-enriched  polymetallic mas- 
sive sulphides in rccks correlated with the Eskay  Creek 
facies of the Salmort River Formation;  alkalic  copper-gold 
porphyries in Upper Triassic  Stuhini Group strata  and feld- 

copper veins cuttiny  Paleozoic  meravolcanic  and  plutonic 
spar porphyry dikes; mesothermal  gold-quartz  and  silver- 

rocks. Pre-Mississippian(?) rocks host skam mineralization, 
age constraints are rlot known. 
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GEOLOGY OF THE  CHUTINE  RIVER - TAHLTAN LAKE  ARIlA, 
NOFLTHWESTERN BRITISH  COLUMBIA (104G/12W AND 13) 

By  D.A. Brown, F.E.L. Harvey-Kelly, I. Neil1 and J. Timmerman 

KEYWORDS: Regional  geology,  Stikine  River,  Chutinc 
River,  Tahltan Lake. Stuhini  Group,  Stikine assemblage. 
Limpokc  pluton. Rtlgged Mountain  pluton. 

INTRODUCTIION 

was conducted in the Chutine  River  (104GiI2W) and 
The third summer of 1:SO 000-scale geological  mapping 

Tahltan Lake (104G113) map areas. This  work adjoins and 
locally updates mapping  in the Yehiniko  Lake and  Scud 
River areas (Brown and Gunning, IY8Y)a. b: Brown and 
Greig; IYYO. Browl: c t r r l . ,  1990). The  project  objectives are 
to  provide new 1:SO OOO-scale geologic maps accompanied 
by up-to-date  geochemical and mineral occurrence data. and 
an assessment of thc mineral  potential  of the  area. Geologi- 
cal highlights (if the I Y Y  I lield beayon include the discnvery 
of previously unrecogni7.ed phyllitic  Stikine assemblage 
rocks north of the Rarrington  River;  subdivision of  the 
Stuhini  Group; and identification of two s~na l l ,  previously 
unmapped Alaskan-type  ultramafic bodies. Included here i s  
a summary o f  preliminary  observations and  ideas,  and ;I 

simplified  vrrbion n f  the I:% 000-scale geology map to be 
released as Open File 1992-2. 

The study  area w..w  accessed by helicopter and float plane 
from Telegraph  Creek, approximately 30 kilometres to the 
east (Figure I-IS-I). Previous  geologic  mapping was con- 
ducted by  Kerr (194X) in the Stikine and Chutine  river areas 

Telegraph  Creek (1lMG) 1:250 000-scale map area. Recent 
and by Souther (1:)S9, 1972). who completed the entire 

nearby mapping at 1:SO 000-scale includes that by L o p  
and Koyanngi ( I Y X ' h ,  b). Logan ~f ol. (1990a. h 1992a, b; 
Figure 1 - 1 . 5 - 1 ) .  

Figure 1-15-1. Localion map lor Stikine  project  with 
areas oS previous  work  indicated. 

between the dissected Tahltan Lake plateau c n the ea$,[ ;mi 
The map area straddles  thr: physiogray lic boun,lar:q 

the  rugged, alpine-glaciated C'o;lst Mountair, on the  'vest 
(Ryder.  1984). The plateau roll. gently betv een 1:iOO ;anti 
2000 metres elevation and is p r t  of a large , late Tertiar:q 
erosinnal surface  (Souther, l 9 ? l )  covered by  rlpine  vqt:ta- 
tion and felsenmeer. 

GENERAL GEOLOGIC SETTIN(; 

map area. They comprise the  Paleozoic Stikir e assemblage, 
Strata o f  sedimentary  and wlcanic  origin dominate ths: 

eugeoclinal  Late  Triassic  Sluhini  Group  md  unndmed 

the 1989 field area (Figure I- S-I) to the  ;outheas! a l s o  
Miocene to  Recent (?) rocks. In contrast, s t n  tified roc:h:; in 

marine  clastic  rocks o f  the Late Cretacsous o Teniar) (?) 
include  Early Jurassic Hazelton I h u p  deal ic rocks, Iion- 

Sloko  Group.  Cutting these strat fied  rocks is  I diverse >tiit<: 

Sustut Group and continental  volcanic  rocks of the Eoi:'m? 

of  intrusive  rocks  ranging  in ig!e from Tria! sic to Eo, ,:ne 
and in composition  from  gr;uitr to Alask u-type u Ira- 
mafite. For a more  regional pxspective of the  geolsigic 
setting see Souther (1972) and Brown and GUI lning ( IYNa). 

STRATIGRAPHY 

PALEOZOIC STIKINE ASRI::MHI.AGF. 
(UNITS pPS, PS) 

Four  west-broadening Struc~~ul'al culniinati ~ n s  nf Stikin,: 
assemblage rocks  within the map area include thost: at  
Missusjay Creek, Chutine  Ri\er,  Barringt,m  River t m d  

northwest of Little Tahltan  Lake  (Figure 1-15 -2 ,  3). Tw:, of 
those. Missusjay Creek  and O u t i n e  River are conspic- 
uously  outlined  by  thick, dckrmed Permi: n  limzstalles. 

correlation is less certain and  based prinaril  on style ;and 
However, where  these distinct ve limcston( s are ab><:nt, 

fabrics and chevron folds in t ' w  sedimentar)  and volc mi,: 
intensity of deformation  which normall!/ pro( uces phylliti,: 

rocks. Lithological and structur.d elemcnts L nique to ,..1cI1 
of these culminations are described  below. 

MISSUSJAY CULMINATION 

verging  syncline of Permian limestone undclain  by p ~ y l -  
The  Missusjay culmination comprise!; a ti) ht,  southcttst- 

litic argillite,  siltstone and  silicI:ous siltston! (Unit pI'Ss; 
Brown et ut., 1990). The po!.illon of :he c jntact an(! it; 
relationship  with Triassic  rock:; to the nonlwest renlain 
uncertain. 

CHUTINE ANTICLINE 

The  Chutine  anticline was rralned by Kerr (1948) and i n  
well exposed  where  dissected b!' the  Chutinc  and Barring- 
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map  see  Open  File  1992-2. Geology shown beyond  limits  of  mapping is from  Souther  (1972). Bolder contacts 
Figure 1-15-2.  Simplified  geology of the  Chutine  River-Tahltan  Lake area (104G/12W and 13) for detailed 

outline  the  Stikine  assemblage. 
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QUATERNARY 
STRATIFIED ROCKS 

PERMIAN OR OLDER 

ri Undifferenlialei! sedimentary and v o l c a n i ~  rocks 
1 pps--l Sedirnenlory 1c:ies (pPSs) I 
LPs- Grey caicarenitc. minor 0rgillile. l i l l5tane 

Rscryrtollired IKrmesIons (pPSL: age unknown) 
Volcanic fac ies  (pPSu): o = r n o ~ s i ~ e  andesite ,  p=p#l low basalt 

- ~_____ ~~~~~~ ~~~~ 

ton  rivers.  Chutine  River exposures include northeast to 

phyllitic volcanic and sedimentary  rocks  that form the core 
east-trending  Permian  limestone  structur;illy  underlain by 

o f  the Chutine  anticline.  Complexly folded.  well-bedded  to 
massive, light and (lark  grey.  recrystallized  Permian  lime- 

Chutine  River. The simplified map  pattern  (Figures I-IS-2 
stone (Unit PS) forms  conspicuous  white cl i f fs north  of the 

and 3) resembles a11 east-striking  anticline  with an attenu- 
ated closure that  exi.ends  east  across the map area. In fact, 

vary  along  strike. a s  does  the thickness of the limestone 
lithologic units  structurally above and below the limestone 

are not addressed hxe. South of the Chutine  River, green 
itself, indicating struvlural andlor facies complications that 

and maroon phyllitic  plagioclase-rich andesitic lapilli tuff, a 
granitoid-bearing  volcanic  conglomerate (Unit pPSv), and 
argillite  with siliceous  siltstone  layers (Unit pPSs) core the 
fold.  Fabric  intensiiy varies from schistose tu unfoliated. 
The contact with Upper Triassic  volcanic  rocks  along the 
southem limb i s  intcrprctcd as a  thrust  fault (Brown er ol., 

which i s  increased tly folding and faulting,  varies  from less 
1990). The  total  structural  thickness of Permian  limestone, 

than 200 metres ne8.r Wimpson  Creek  to  over 2800 metres 
east o f  Tuffa  Lake.  Locally the limestone  contains rugose 

donts, identified  by M.J. Orchard (GSC, BCGS Report 
corals,  brachiopods,  bryozoans and crinoid stems. Cono- 

November, 1990). hndicate  an Early  Permian (Artinskian - 
Sakmarian) age for the limestone. 

A smaller structu~al  culmination on the  northwest l imb  of  
the Chutine  anticline i s  here called the Ugly Creek anticline 
(Figure I-IS-3). I t  iv outlined by Permian  limestone which 
wraps around  a  core of rusty  weathering, phyllitic siltstone, 

GeoloRical Fieldwork 1991, Paper 1992-1 

Tahlean  Lake area (104Gl12W m:I 13), for detai ed map six 
Figure 1-15-3. Structural  clcrnrmts ofthe Chu  ine River- 

Open File 1Y92-2. 

shale  and minor,  discontinuou?,  recrystallizec  limestoor: I i 

is  an open  fold,  inclined to the rorth, w th an amplitude 01 
more than IS0 metres (Plate L I S - I ) .  

One kilometre farther southe,icst, brown-w :atherin@, pil-. 
low basalt,  less  than SO metres thick, i s  intt  rcalated \ i i th 
phyllitic sedimentary  rocks and tuff (p in Figure 1-15-2) 
Individual  pilluws are up to 2 metres  long, wi h amygdaloi. 
dal cores. well-preserved chil'e:l margins at d  intraprl ow 
micrite. These  subaqueous flows may  correlat : with a m t c t  
thicker  accumulation of pillow basalt expNosed 15 kilometre!: 
to the  southwest, between Tricnlph  Crmk an 1 the Chu.:nt. 
River (104F/9: cf' Westcott,  I%%). 

BARRINGTON  RIVER  ANI) hORrHWI5ST (IF LIlTLl< 
TAHLTAN  LAKE 

the Barrington  River  valley and northwtst of  Little Tahkarl 
Phyllitic  tuff, siltstone, ande!,ile and limestc l e  exposes3 irl 

Lake are correlated with the Stik ne  assemblag e on the bask 
of their  fabric and fold geometry (Unil pPS I. Altemal.inf: 
centimetre  to  millimetre-scale  lilyers 01' green, dark grzy, 
white and maroon  rocks grade i'rm chlorite s( hist to uillOli- 
ated  ash, lapilli tuff and siltstoni:  and argillit :. Concordant 



weathering.  phyllitic  siltstone (pPS). Triassic  chert (Tc) at the top right of the photograph,  lies in steep  fault  contact to the north 
Plate I-IS-1. View to west of Ugly anticline. An open fold  of  well-bedded  Permian limestone (PS) with a core of rusty 

(dashed line). 

and discordant, white quartz  veins  and  sigmoidal  quartz 

other  map units. They  are presumably  products of pre to 
veins or  pods  are  unique  to these areas  and  are not present  in 

syndeformational metamorphism.  Locally, chlorite phyllite 
is intercalated and infolded with grey recrystallized  lime- 
stone  and limy tuff less  than 75 metres thick. This  pPS unit 
tends to  form  homogeneous,  massive rounded outcrops, in 
contrast  to the more  irregular Stuhini Group  exposures. 

culminations have  similar lithologies,  their fold  style  and 
Although Barrington  River  and  Little Tahltan  Lake 

orientation differ significantly.  Barrington River  exposures 
display a uniform,  south to southeast-dipping  phyllitic fab- 
ric,  fold closures  are rare  and cleavage  commonly parallels 
bedding.  Locally  bedding-cleavage  intersections  suggest 
there is a major  antiform  somewhere  along the  valley, with 

west of Little  Tahltan Lake, phyllitic  rocks are pervasively 
secondary closures on the  northern  limb. In contrast, north- 

folded  into  moderately to steeply  northwest-inclined folds 
with subhorizontal fold axes (Plate 1-15-2a. h).  The  cen- 
timetre to metre-scale, open to tight folds  are north verging. 

consists of a fault that places  greenschist-grade,  poly- 
The eastern contact  at  the Little Tahltan culmination 

deformed  phyllite  against  lower  grade,  steeply  dipping 
Stuhini Group siltstone  and  volcanic  rocks. Further inves- 
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tigation is required to  determine whether  the  unmapped 
northern contact is an unconformity or a fault. 

PERMO-TRIASSIC  CONTACT  RELATIONSHIPS 

The  Permo-Triassic  contact is well exposed  immediately 
north of the Ugly anticline,  where i t  is sharp  and believed to 
be a fault. At this  location  steeply  north-dipping Permian 
limestone  beds are overlain by concordant  buff-weathering 
chert  beds of Unit Tc (Plate 1-15-1). Fanher  east, near Tuffa 
Lake, the  chert unit is absent and  Stuhini  Group tuffaceous 
wacke lies  structurally on  Stikine  limestone. According to 
Kerr (1948) the limestone-chert contact may be unconform- 
able where crossed by the Barrington River. However, at 
this locality, the competent  chert is folded  into chevrons, 
directly above the limestone. 

TRIASSIC CHERT AND RELATED VOLCANO- 
SEDIMENTARY ROCKS (UNIT Tc) 

ing chert but also includes siliceous siltstone and green and 
Unit Tc is dominated by buff, light to  dark grey weather- 

maroon  ash tuff.  These rocks crop out in four areas: near 
Wimpson  Creek,  east of Barrington  River,  along  the 
Barrington  road,  and  possibly on the southem  limb oi the 

British  Columbia  Geological  Survey Branch 



Plate I -  15-2. Characteristic  deformation  within  Stikine  assemblage  phyllitic  tuff  in  the  Little  Tahlta!? ..&e structural culminatio~: 
(a)  northwest-veqing.  tight,  angular  folds  of  green  and  grey  phyllite,  with  axial  planar  cleavagr:  and  trmspo:  ed beddin:; 
(b)  centimetre-scale,  north-verging,  rounded to chevron-style  folds.  The  chlorite-sericite  foliation (S , )  i!: coplanar .o bed  ling (So) sai 
both  are  folded,  therefore, at least two phases  of  deformation are evident.  Pre-deformation  quartz vein Illat is  parallel o bedding  is 
shown in top left 1 . 9  the  photograph (x). 
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Barrington  River culmination. A  maximum  structural  thick- 
ness of approximately  750  metres is exposed  east of 
Wimpson Creek.  Here the section is very well bedded, with 
parallel, centimetre-scale beds of chert  separated by thin 
layers  of  chlorite  and  sericite  phyllite.  Barrington road 
exposures  comprise bright green and  red,  laminated to bed- 
ded  siliceous ash-tuff in thrust contact with overlying white 

Triassic radiolaria in the chert (early Ladinian-late Carnian: 
Permian  limestone.  Prior to identification of Middle to Late 

GSC LOC. No, C-167938; E Cordey, personal communica- 
tion, 1991), it was assumed to he Permian  age  because of 

Permian limestone. 
the degree of deformation and  the  spatial  association with 

Contacts with the Stuhini  Group  appear  to he gradational. 
The  chert uni t  becomes  interbedded with progressively 
more tuffaceous  wacke across the  Kitchener fault zone 
(Figure 1-15.3). In the fault  zone, the chert is charac- 
teristically deformed  into chevron folds with up to  15-metre 
amplitudes.  Where  closures  are not exposed, small  bedding- 
cleavage intersection angles  (<20°)  also indicate  tight fold- 
ing. In contrast,  folds  are not evident in the monotonous 

other  mechanism. 
tuffaceous  wackes  and  they  must  have deformed by some 

AGE OF DEFORMATION 

Deformational  events  are  currently being  studied  and 
interpreted. Preliminary  observations  suggest that although 
Stuhini  strata  dip  more  steeply than average near Stikine 

lures  are in fact post-Late  Triassic.  Chevron folded Unit Tc 
assemblage  culminations, it is not certain that these  struc- 

mation.  However, the difference in metamorphic  grade, 
clearly  indicates  significant post-Ladinian-Camian  defor- 

fabrics  argues  for a  pre-Stuhini  deformation. The  minimum 
intensity of deformation and  apparent  truncation of phyllitic 

pluton  that  cuts  all  lithologies  and  structures  (Figure 
age of deformation is constrained by the  Tertiary Sawback 

l-l5-3), and possibly  the  unfoliated Pogue  pluton,  tenta- 
tively  assigned  a  Late  Triassic to  Jurassic  age,  provides an 
older  minimum age of deformation. 

UPPER TRIASSIC STUHINI GROUP (UNIT uTS) 
Eighty per cent  of the map  area north of the  Kitchener 

fault  zone is underlain by the Stuhini  Group,  divided here 
into  sedimentary and volcanic  facies. The total thickness is 
at least 2500 metres.  Sedimentary rocks include  tuffaceous 
greywacke, siltstone, discontinuous  limestone  and minor 
shale. Volcanic-dominated facies  are  subdivided into mafic 
and intermediate flows  and tuffs,  tuffaceous wacke  and 
bladed plagioclase porphyry. Contacts between  units are 
gradational.  Most, if not all,  of the  units are believed to  he 
submarine, based on the  presence of chert  and limestone 
interbeds, and rare  marine  bivalves. No younger strata other 
than Miocene  basalt tlows  (Unit  Mb) overlie  the Stuhini 
Group. 

collected  Late Triassic bivalves, Daonella or Halobia (Fig- 
Fossil age control in the map  area is meagre: Kerr (1948) 

east, yielded  late  Carnian to early Norian and late  Norian 
ure 1-15-2) and  1989  collections  from the immediate  south- 

conodonts (M.J. Orchard, written communication,  BCGS 
Report. November,  1990: cf Brown et a/., 1990). However, 
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53 new samples were collected  for  microfossil  extraction 
and six new macrofossil  localities  should  constrain  the  age. 
Preliminary  identification of a late Norian Monotis supports 
a Late  Triassic  age for this  package (T. Poulton,  personal 
communication. 1991). 

SEDIMENTARY  ROCKS  (UNIT  uTSs) 

which has a maximum thickness of 15M metres,  extends 
An east-trending belt of well-bedded sedimentary rocks, 

from  Mount  Kitchener to Rugged  Mountain.  Other 

Tahltan Lake, north of Little Tahltan Lake and north of 
sediment-dominated areas  shown in Figure 1-15-2 include 

weathering and are  composed  of thick to thin,  parallel- 
Tahltan  River.  Sedimentary  rocks  are  mainly  brown 

bedded to  laminated, tuffaceous siltstone.  wacke and minor 
argillite and  shale. Thinly  interlayered  tuffaceous wacke- 
siltstone  and mudstone rhythmites.  probably deposited  as 
distal  turbidites.  are common. Trough crossbedding, normal 
grading and fining-upward volcaniclastic sequences  occur 
throughout,  Scour-and-fill  structures,  syndepositional 
growth  faults, and angular argillite  rip-up clasts point to an 
irregular paleodepositional surface.  Several  horizons of pale 
grey  weathering,  thick-bedded to massive,  micritic  lime- 
stone  (up to 20 m thick)  occur within the  unit.  between 

ene  crystal-lithic lapilli  tuff, green ash-tuff  and  cherty  tuff 
Mount  Barrington  and  Isolation Mountain. Massive  pyrox- 

and  crystal-lithic  lapilli tuff form massive,  unhedded sec- 
arc  subordinate to the sedimentary strata. Tuffaceous wacke 

tions of the  unit  and increase in abundance  to the  east. 
Coarse, heterolithic pebble  conglomerate  contains siltstone, 
wacke,  chert and  limestone clasts.  The  limestone  clasts  are 
intraformational  and not derived from the underlying Per- 
mian unit; successful  extraction of conodonts  from collected 
samples will help  to verify  this. 

Stuhini  Group rocks  lack  the  penetrative fabrics  that^ 
characterize  the  Paleozic  units.  Structural  deformation 
within Unit uTSs. in a gross  sense,  appears simple.  For 
example, a  monoclinal section is displayed between tlat- 
lying strata  at  Mount Kitchener and vertical strata within the 
Kitchener fault zone. Locally,  however, the unit is com- 
plexly deformed,  such as south of the  Damnation  pluton 
where  the  strata are recumbently folded.  Elsewhere  bedding 
attitudes vary from gently to steeply dipping. Volcanic- 
dominated  sections  are  generally  massive  and  rarely 
foliated. 

VOLCANIC  ROCKS 

Volcanic map units were differentiated on the  basis of 
dominant lithology. Ubiquitous gradations between units 
require  the subjective  placement of many  contacts. In gen- 
eral, Unit uTSs is overlain by intermediate volcanic  rocks 
that grade upward  and to the  northeast into basaltic tlows, 
breccia  and tuff. Bladed  plagioclase  porphyry  lies even 
farther to the north and northwest. AI1 volcanic  rocks are 
intermediate to  mafic,  no felsic units are  apparent. 

MAFIC VOLCANIC ROCKS (UNIT uTSvl) 

mafic  volcanic  rocks,  including clinopyroxene  homblende- 
The most distinctive  Stuhini  Gmup lithology comprises 

phyric  basaltic  andesite  flows  and  crystal-lithic lapilli tuff. 
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They  are typically  dark  green,  massive and contain distinc- 
tive,  blocky clinopyroxene phenocrysts.  Composition of the 
tuffs is similar to :he flows. Lapilli to block size  (2 t o  
75 cm)  fragments :are supported in a crystal-rich  matrix. 
Monolithic amygdi~l~~idal-basalt breccia.  presumed to be 
autobrecciated  ilow. occurs locally. A  pyroxenite clast in  a 
lapilli tuff southwest of Shakes Lake suggests that the  Lati- 
mer Lake ultramafic body, or a similar  body.  was  unroofed 
and  eroded  during  the  deposition of this  unit.  Minor 
epidote-carbonate vl-inlets arc common in the basalt. 

of Unit uTSv I lack orthopyroxene, but they are clinopyrox- 
Unlike typical orctgenic andesites. basaltic flows and tuffs 

ene  rich, which sugg;ests a petrochemical tie to the Alaskan- 
type ultramafic bodies that are discussed later. Whole-rock 
major oxide data for  rocks  from  the 1989 field area show 
that the clinopyroxenite~bearing  flows are  basalts with cal- 
calkaline  trends. that plot in the  alkaline and subalkaline 
fields of lrvine and Bnragar (IYlI).  

I ~ T ~ ~ R M E L I I A T K  VOII.(:ANIC ROCKS ( U N I T  uTSv2) 
Massive, plagioclasc-rich,  andesitic  block-tuff, tuff and 

flows  dolninate  the  section in the  east-central part of the 
map  area.  Green  md  maroon,  plagioclase-porphyritic 
andesite fragments are  characteristic components. Andesitic 
compositions for the flows  are  inferred  from  the  coexistence 
of  plagioclase ant1 hornblende.  Crystal  fragments  of 
unstrained and embayed vnlcanic quartr found within an 
andesitic  lapilli tuff :we probably  derived  from  dacitic  rocks 
occurring somewhere in  the sequence.  This uni t  is similar to 
part of the Early Jurassic Unuk River  Formation of the 

nostic  pyroxene-rich flows  ofthe Stuhini Group overlie  this 
Harelton  Group. soi.lth of the Iskut River. However. diag- 

unit, s o  i t  is thought to be Late  Triassic in age. 

marker uni t  (m).  Subunit uTSv2m has a lower  division of 
Subunits include o1ar1111n volcanic  rocks (uTSv2m) and a 

brick-red,  poorly  sorted,  heterolithic  volcanic conglomerate 

measuring up to I O  metres in diameter  (Plate 1-15-3). These 
(c) containing abundant limestone clasts and boulders,  some 

are interpreted to be debris  flows (lahars) that incorporated 
reefoidal  limestone ;IS i t  flowed down  the  flank of a  Triassic 
ItratOYOICallo. 

grey,  well-bedded, hornblende-rich  epiclastic beds exposed 
A  distinctive marker unit (m)  comprises white t o  light 

on a ridge northweut of the  Brewery  pluton.  Although the 
relatively flat-lying marker unit was not traced  beyond  this 
unnamed  ridge, i t  prnvides  distribution and attitude  infor- 
mation  about the otlierwise  niassive  strata in this area. 

T l 1 F F A c : E o l l s   W A C I C E   ( U N I T   U T S V J )  

Olive-green mediom-grained  plagioclase-rich tufFdceous 

the north edge of the map area. Like Unit uTSv2, i t  is 
wacke forms massive  outcrops from  Shakes Lake to beyond 

massive and rarely bedded, but it lacks  the lapilli and block 

map area  and  form  isolated  exposures nx th  ~f the 'Tahltan 
River. A bladed  porphyry layer, interpreted t 1 be a sill, is 
exposed on the cliff face I kilom::tre soulh of rahltan L.;.l;e. 

discussed by Monger (1977). 
A similar unit within the Takl L Group of )uesnelli;. is 

IN'I.ISHCAI.ATED MAFIC v0l.C: \1111(: A N U  Still .MENI'AHV 

ROCKS (UNIT uTSvm) 
This unit consists of interfirsering sedin entary ro:ks 

(uTSs) and a  mafic tuff (uTSv I ) ,  as exposed a ong the riLJge 
north of Limpoke Creek. Hen:  <cliff faces a! 2 marked by 
prominent brown-weathering bi:ds of iedin  entary ro:ks 
which are intercalated with darke r grey volcar c  strata. 7'11is 
unit represents a south-to-nortt  facies tran:ition frc'r.1 a 
sediment to volcanic-dominated regime. 

LIMESTONE HORIZONS (UNI7' L) 

Discontinuous  fine-graincd to aphanitic lil lestone u l i t s  
occur within both sedimentary ;and volcanic facies,. Tley 
form prominent  light  grey  ourcrops in four areas: Mmnl 
Barrington - Isolation  Mountain  west of Tah tan Lakc, ).he: 
Castor pluton area and north or' ihe Tahltan R ver. Contxtr, 
are rarely exposed  but  they al:bpear 10 be :onfolma,:le 

carbonate  horizons  are  generall), less  than 3( metres tlhck 
Unlike  the  Permian and  older limestcnes, Late Triassic 

and not recrystallized or foliated West and so Ith  of Tah 1.x. 
Lake  the  unit is uncharacteristic;illy more  thin 100 metres, 
thick, and here the  limestone dips gently wh :reas In nmsI: 
other  areas beds are steeply dipping.  The limestone 25 

pluton is well bedded  and porcellaneou!;. 
metres  thick that parallels the southern contac of the Caitor 

size  fragments.  Contacts  are gradational with intermediate 
vnlcanic  rocks of Unit  uTSv2. 

Plate 1-15-3. Huge  angular lhrsslone bouldel, 3.5 metre; 
in diameter. hosted in maroon \o  zanic conglon :rate  south 
west of Brewery pluton.  This  bolllder. tor large  to  he trans- 

BLADED P L A G I O C I . 4 S E  PORPHYRY ( U N I T  u T S V ~ )  ported by fluvial  processes, r1u.t have lken  carried by .I 
Brown-weathering bladed plagioclase-phyric basalt or 

debris tlow that incorporate3 reefoid lime!tone. Such 
deDosits  indicate a hieh-enerev, unstable and I annibalisiit: 

basaltic andesite florvs dominate the  north% corner of the setting.  possibly on the  flank c4 B stratovolcan' I. 
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DEPOSITIONAL  HISTORY OF UNIT  Tc 
AND  STUHINI  GROUP 

presented  below; however, it may change upon receipt of 
A preliminaty synopsis of Stuhini Group  evolution is 

results from fossil  and geochemical analyses. The  first rec- 
ord of Triassic strata is the  accumulation of chert (Unit  Tc) 
deposited unconformahly on Early Permian  limestone and 
older  strata (Figure 1-15-4). These siliceous oozes  probably 
accumulated in a low-energy,  pelagic  environment, below 
the carbonate  compensation  depth. In modem  oceans this is 
about 4 kilometres below sea level  (Berger, 1974), however, 
other  factors including high plankton  productivity are know 
to  produce shallower  water chert  accumulations (F. Cordey, 

east  change  from chert to maroon ash-tuff may signify 
personal communication, 1991). The gradational west-to- 

eastward  shallowing of a  Triassic sea.  The chert sequence 
was  gradually overwhelmed by an influx of fine tuffaceous 
material from a distal arc. Thick tuffaceous sediments  con- 
tinued to accumulate in  the  west, whereas in the  east, 

tant component. Fringing carbonate reefs formed where 
interfingering  basaltic and andesitic  flows were an impor- 

volcanic  edifices rose to within the photic zone, presumably 
during periods of volcanic quiescence.  Limestone  deposi- 
tion as  found north of the Tahltan River  occurred at a 
transition from volcanic to sediment-dominated  settings. 
Eventually the coarser,  eastern  proximal  facies of flows, 
volcanic  breccia  and tuff prograded  over the  distal facies. 
The western  migration of volcanism may have produced 
emergent volcanic  islands. 

MIOCENE (?) OR RECENT (?) FLOWS 
(UNIT Mb) 

potassic andesite  flows  form isolated, cliff-face  exposures 
Previously  unmapped,  flat-lying columnar-jointed 

(Plate 1-15-4) and  benches in a densely  forested  area 
1.6  kilometres  south  of  Latimer  Lake.  The  brown- 
weathering, amygdaloidal  flows contain  unaltered  biotite 
and clinopyroxene  phenocrysts set  in a green-brown  plag- 
ioclase microlite groundmass. Amphibole  and  clinopyrox- 
ene  also  occur as xenocrysts. Amygdules of intergrown 
quartz  and  calcite  comprise 10 per  cent of the rock. The 

exposed  from  670  to  loo0 metres  elevation. Individual 
series of flows,  over 340 metres thick,  is intermittently 

flows  are 4 to 6 metres  thick.  Local  red-brown  interflow 

Figure I-IS-4. Schematic facies relationships of Stuhini 
Group Strata in the  map area. Map code  descriptions  are 
listed in the  legend  of  Figure 1-15-2. 
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conglomerate suggests  fluvial  reworking of some  lava  flows 
during lulls in volcanic  activity. 

The closest correlative flows maybe the  Recent Stikine 

east.  or the Level  Mountain  flows  (Gabrielw, 1977) 
River valley basalts (Souther,  1972). 20 kilometres to the 

33 kilometres to the north-northwest.  The  source of the 
Latimer  Lake  flows is unknown. 

QUATERNAHY GEOLOGY 

Cursory observations of glacial striations suggeht at least 
three episodes of ice transport.  A north-northuest  or  south- 
southeast ice movement above 1300 metres  elevation con- 
trasts with a north-northeast  direction  evident  nver the 

granite erratics. probably derived  from the  Sawback pluton 
lower, rolling hllls west of Shakes Lake. Large biotite 

to the south, lie on a plateau at  1700 metres  elevation and 
are probably  the  product of this  northeasterly  directed ice 
movement. Angular erratics of distinct tuff occur south of 
Tahltan Lake at I(X10 metres  elevation:  they  have been 
transported  tens of metres from their source  outcrop  across a 
deep gully. This points to an additional  period of southward- 
directed ice movement. 

misfit drainages such as  along the  upper  Tahltan River and 
Broad,  glaciated  U-shaped valleys  commonly  display 

demonstrate how  Pleistocene  glaciation  has  partially con- 
trolled  the  present drainage  system.  Clearly,  more work is 
required to resolve  the  timing and limits of each ice advance 
and  their Quaternary  deposits. A study of the  Quaternary 
geology is currently underway in the  Telegraph Creek  and 

thesis at the  University of Calgary. 
Mount Edziza  area by Ian Spooner, as part of a  doctoral 

INTRUSIVE ROCKS 
Intrusive  rocks  underlie  only 15 per  cent of the  project 

area.  This is in marked contrast  to the Scud  River  map  area 

the  area.  Furthermore,  plutons in the  Chutine  River - 
(104G/5, 6) ,  where  intrusions  underlie about 75  per  cent of 

Tahltan Lake area  are  quartz  poor relative to  those of Scud 
River. A maximum  age  limit  for  the  plutonic  rocks  is 
provided by intrusive  relationships  with  the  Late  Triassic 
Stuhini  Group. It is difiicult  to  determine  minimum age 
constraints  for the  intrusions due  to a  lack of preserved 
younger strata.  Uranium-lead  and  potassium-argon dating 
of the Limpoke pluton is in progress  (Figure 1-15-2). Com- 
positions of intrusive  rocks  were  determined  from cut, and 
potassium feldspar stained hand  specimens and thin stct' 
following the  classification scheme of Streckeisen (1976). 

Ions 

Plutons  have been  tentatively grouped into  Late 'Triassic to 
Jurassic, Early  Jurassic and  Eocene  episodes. 

to  Jurassic  calcalkaline  plutonic  suites  and  one  Early 
I-type  plutonism  (Pitcher, 1982) produced  three  Triassic 

Jurassic  alkalic  plutonic  suite in the Chutine  River - Tahltan 
Lake  area  (Figure 1-15-5). The  two  end-members probably 
represent separate, unrelated episodes, rather  than  a con- 

plutons  may be intrusive centres  associated with island-arc 
tinuum or steadily evolving  magma  source.  The  calcalkaline 

ferentiated at relatively low crustal  levels,  and may be a 
volcanism. The  more  potassic, alkalic magma prnbably dif- 
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Plate I-IS-4. Flol-lying, columnar-jointed hasalt flow.  about h metres thick. 1.6 kilometres south of L dmer Lake. . entatively 
correlated with  the Level Mountain flood basalts. 

product of crustal  extension. In addition, in the  central part 
of the map  area, A!,askan-type  ultramafic  plutons  are spa- 
tially associated with the alkaline  suite. 

Limpoke and Half Moon plutons (Suite A) are two-phase 
intrusions with hiotite  hornblende  rnonrodiorite to hiotite- 

quartz  diorite to diorite  border  phases.  The  smaller, 
hornblende quartz rnonzonite cores and hornblende-biotite 

this  suite. 
undifferentiated Pop,ue and  Brewery  plutons are included in 

The Tahltan Lake: and Castor plutons (Suite B) are also 
two-phase intrusions. They  have a  border phase of quartz 
diorite which grade:; into central  cores of quartz  monzonite 
(Tahltan Lake) to ~,ranodiorite-tonalite  (Castor).  They  are 
quartz rich and  potassic  feldspar  poor  relative to Suite A. 
Hornblende  is  the only mafic  mineral  and is charac- 
teristically  poikilitic. Skarns  develop where  these  plutons 
intrude  Stuhini limrstone. 

The  Little  Tahltan  Lake and Tahltan  River plutc~ns 
(Suite  C) have  the  broadest  spectrum of compositions rang- 
ing  from  hornblende  granodiorite  to  diorite.  Biotite is 
locally  present.  Characteristically, carbonate and sericite 
replace feldspars and  titanite (sphene) is abundant (1-270). 
Small  xenoliths of country rock are  present. 

Geological F i d d w ~ r k  1991, Paper. /9Y2-I 

LATE TRIASSIC (?) - JURASSIC I:?) 

LIMPOKE PLUTON 

The  Limpoke  pluton, an ol.date hudy zpproximatel:i 

diately south of Limpoke  Crcek. Armnd the soutllern 
8 kilometres Inng, underlies 1:' squal-c kilonrtres iairne- 

border,  including  the peak of hl.ount Barrinl ton, a pmni-  
nent, rusty weathering  pyritic  halo hxs at racted rwent 
exploration  interest.  This  two--phase, text1 rally  het:ro- 
geneous pluton is dominated hi :I border phas! of pale  gley, 
medium to fine-grained, equigl-anular bioti e-hombllnd~: 
quartz  monzonite. The  centre of the intrus an is charac- 

megacrystic, biotite hornblenae monzodiorits' with plap,io- 
terized  by a coarse to medium-grained plagiochse- 

clase phenocrysts, I to 2 centirnctres in lengtt , set in a line- 
grained groundmass of potassic  leldspar. The percentagt: of 
mafic  minerals  increases tow;m:l the outer r largins 01 th,: 
pluton, with the colour index (!M ') ranging frc m about I f !  to 
40. Hornblende is the dominant mafic min xal, hut dark 
brown biotite and  dark green hmxnblende cc exist at smm: 

tite in one outcrop of monzodlolite. Tb: intr Ision cont~.ins 
localities. Clinopyroxene 0ccc.r:; with hombl :nde and bio- 

up to 2 per  cent  magnetite as Fihe-grained or aque granules 
which  are  spatially  associateti with cryst 11s o f  birltib: 

I87 



Q EARLY JURASSIC (?) PLUTONS Q 
D Rugged Mtn. pluton and 

associated dike srarrns A 
TRIASSIC-JURASSIC PLUTONS / \  

P=plagioclase. 4=granndiorite, S=tonalite, 6=alkali-feldspar syenite, h*=quanr alkali-feldspar  syenite, 7=ryenite, 7*=quaflz 
Figure 1-15-5. Comparison of compositions of plutons,  plotted on Streckeisen (1976) diagram. Q=quanr, A=alkali-feldspar, 

syenite,  X=monzonite, 8*=quanz monzonite, 9=monrodiorite, 9*=quartr monzodiorite. IO=diorite, IO*=quanz diorite. 

and  hornblende.  Apatite is a common accessory  mineral (up 

Dikes of varying  composition CUI the margins of  the 

tic to coarse-grained  pyroxene-biotite-hornblende  grano- 
Limpoke pluton. Along the western contact, a set of aphani- 

diorite  dikes have  widths of up to 20 metres.  The percentage 
of ferromagnesian  minerals  present increases with grain 

clase is extensively altered to sericite and  carbonate.  These 
sire; M’ is about SO for  the coarser grained dikes. Plagio- 

felsic dikes may  represent  a more hydrous  phase of the 
Limpoke  magma and  they  are  probably similar in age to the 
pluton. 

dikes intrude  both  the eastem and  western  borders of the 
Leucocratic,  potassium  feldspar  megacrystic  syenite 

Limpoke pluton and surrounding intercalated  Late  Triassic 
sedimentary  and  volcanic  rocks. These  dikes  are  analogous, 
both  texturally  and  chemically, to syenite  and  alkali- 
feldspar syenite dikes that occur northwest of the Rugged 
Mountain  syenite. The  dikes  are characterized by euhedral, 
tabular.  potassium  feldspar phenocrysts 1 to 2 centimetres 
long and smaller plagioclase laths, set in a groundmass of 
very fine grained  interstitial  potassium-feldspar. The pheno- 
crysts  are f l o ~ ’  aligned, producing  a  subtrachytic texture. 
Hornblende  andlor  pyroxene (2 to 10%) occur  as subhedral 
to euhedral prismatic  grains. 

HALF  MOON  PLUTON 

to 1%). 

cropping north of the Tahltan River. The  centre of the  pluton 
The Half Moon pluton is a crescent-shaped body out- 

consists  of  equigranular  medium  to  coarse-grained 
hornblende  quartz  monzodiorite.  The  quartz-poor  and 
plagioclase-enriched border  phase is composed of fine  to 
medium-grained hornblende to hornblende-biotite quartz 
diorite.  Mafic  mineral contents  range  from 15 to 25 per cent. 
Plagioclase is saussuritized  and  chlorite  alteration is perva- 
sive though minor. 
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ence of biotite with hornblende,  and the  range in composi- 
The waxy grey  appearance of the plagioclase. the  pres- 

tion from quartz monrodiorite to quartz diorite  are  also 
characteristic  features of the Limpoke pluton. These  sim- 
ilarities suggest that the  intrusions are related or  share a 
common  origin. 

BREWERY PLUTON 

The eastern edge of the map  area is underlain by an 
isolated  ridge of hornblende quartz monzodiorite which has 
been named  the  Brewery pluton. Further  mapping is 
required to delineate its eastern  boundary. The  fresh surface 
has a colour index of 2.5 and an overall  pinkish  tone. 

the Limpoke pluton. 
Preliminary  mapping suggests compositional affinities to 

POGUE PLUTON 

The  Pogue pluton is a small.  poorly  exposed body south- 
west of the Limpoke pluton. It is composed of fine-grained, 
equigranular hornblende to biotite hornblende monrodiorite 
(M’=20). A subtrachytic  texture defined by flow-aligned 
plagioclase is developed at the  eastern contact. As with the 
Brewery  pluton,  compositional  similarities  suggest an 
affinity to the  Limpoke  pluton. 

TAHLTAN LAKE PLUTON 

The Tahltan Lake pluton  underlies 3.5 square kilometres 

monzodiorite dominates the nonhem and western portions 
immediately  west  of Tahltan  Lake. Hornblende  quartz 

of the intrusion, while the eastern half is characterized by 
hornblende quartz  diorite.  Though  compositionally varied, 
the fine to medium-grained,  equigranular rocks are tex- 
turally homogenous. 

prismatic  grains which enclose  numerous,  smaller equanc 
Poikilitic  hornblende is relatively  unaltered  and occurs  as 
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plagioclase  crystals. Colour index values  range from 1 X in 
the quartz  monzodimite t o  30 in the quartz diorite. Oscilla- 
tory zoned plagioclabe crystals  are invariably saussuritized, 
giving  a grey to greenish cast to the rocks.  Acccssory 
minerals include  magnetite.  apatite ;tnd zircon. 

Hornblende  granodiorite  and  diorite  dikes  cut sedimen- 
tary rocks  adjacent lo the  southwestern edge  of the coeval 
Tahltan Lake  pluton. Distal dikes of crowded  plagioclase- 
porphyritic  biotitc-hornblende  quart/  monzonite  are 
exposed to the north and  south of the  pluton. White-rimmed, 
euhedral, equant ancl randomly  oriented  plagioclase  crystals 
are set in an aphanitic groundmass.  The textures  are similar 
to those found in the Sluhini bladed plagioclase flows, 
possibly  indicating t l m  they are feeders to these flows.  The 
third type of dikes ;adjacent to the pluton are composed of 
medium-grained.  equigranular hornblende  syenite. These 
outcrop to the soul.h and  southeast, and rescmble  those 
dong the  northern idges of the Castor and  Rugged Moun- 
tain plutons. 

CASTOR  PLUTON 

exposed north of t'ne Barrington  River and southeast of 
The  Castor pluton is an eye-shaped. himodal intrusion 

Little Tahltan Lake. It is dominated by a fine  to  medium- 
grained  equigranular  hornblende  to  biotite  hornblende 
granodiorite. Along the eastern margin, the horder phase is 
characterized by fin,:: to medium-grained hornblende quartz 
diorite, to the west it is represented hy fine-grained equi- 
granular tonalite. The  colour index ranges  from 10 to 30 and 
plagioclase is weakly t o  moderately saussuritired. As in the 
Tahltan Lake pluton,  hornblende  poikilitically  encloses 
smaller  equant  plagioclase  crystals. 

Several  discrete, liarrow mylonitic  zones that consist  of 
alternating  foliated  quartz diorite and  chlorite  schist  occur 
along the southem margin of the Castor pluton.  Adjacent 
Stuhini  limestone  and  andesitic  volcanics are  also foliated. 
This local fabric  may be a product of a larger east-trending 
fault system. 

LITTLE  TAHLTAN LAKE PLUTONS 

The  Little  Tahltan  Lake  plutons  are  predominantly 
medium-grained, inequigranular  hornblende  granodiorite; 
most  have  medium to fine-grained  quartz monzodiorite to 
hornblende diorite border phases. The  colour index of the 

ranges from 10 to 30. Hornblende is the dominant mafic 
intrusive  rocks  directly  northwest of Little Tahltan Lake 

mineral, accessory  minerals  include  magnetite  and  titanite. 
Hornblende is altered to chlorite  and epidote turbid,  inter- 

completely  replaced by carbonate and  sericite. Overall, the 
locking  plagioclase  laths  and  potassic  feldspar  crystals are 

foliation  within  the  intrusion along its western  margin; due 
intrusion is moderalely to intensely  altered. There is a faint 

west is a  massive magnetite skarn which cuts adjacent 
Stuhini  limestone  and  volcanic  rocks. 

TAHLTAN RIVER IPLUTON 

outcrops  along the  hanks of the Tahltan River,  northwest of 
The Tahltan River pluton is an elliptical body that only 

Tahltan Lake. It is a  predominantly  leucocratic, medium- 

Gr,olngiral Fieldwork 1991, Paper IYY2-l 

grained  equigranular  hornbkrlde  to biotil :-hornblendl: 
quartz  monzodiorite (M'= 10). C!uartz and po assic feldspar 
are interstital.  Alteration is mcderate; homlmlende is :ear- 
tially altered to  chlorite, zeoli t~:~ are IpreselIt along j:tint 
surfaces  and  quartz-epidote  veiulets  crifiscro: s part:; of the 
outcrop. 

honey-coloured  titanite  and m,ag:netite, ~n COI junction  vith 
The presence of small  diorltic  xenoliths, Ind acces!wr]i 

the pluton's  composition  and #degree of alter Ition,  indi:atf: 
affinities with the  Little Tahltan Lake intrusic ns to the ~ 1 s t .  

ALASKAN-TYPE ULTRAMIAFIC  P:LUTl INS 

Three  small,  Alaskan-type Iultramaiic p1 ltons intrude 
Stuhini Group  tuffaceous siltstol-le; two of thf se bodies had 
not been previously mapped.  1'hey  form an east-trending 
group, 4 kilometres nonh and feast  of Latin er  Lake, that 
parallels  the  Early  Jurassic (?) R.~gged Mount tin pluton and 
related dike swarms. Their chamcteristics  a  e well re:re- 
sented by the  Latimer  Lake p.iton  (Shakes iron deposit) 
which underlies a poorly exposed, forested ired. Partially 
caved bulldozer trenches, from il.on explxatic n in  the 15 '60s 
(Mclntyre. 1966), provide  the .3111y expcsures of the  pluton. 
The 150 000-scale aeromagnekc  map of th ; area  clearly 
outlines the  pluton; it is the mo,t anomalous feature in the 
map area (Map 92506). The body consists of black, su):ar:/ 
textured,  medium to f ine-qained  biot i  e magnetite 
clinopyroxenite. Cumulate clinopyroxenite a i d  biotite an: 
fresh and  display faint  millimelr~:-scale cumul ite layering: ill 
thin section.  Biotite also  forms L n intercumul t e  phase with 
magnetite.  The clinopyroxenite is loc;dly t recciated and 
infilled by potassium  feldspar ;ar d coarse biot te.  Part o i  the 
western flank of the Latimer  Lake pluton  includes  intrusive 
breccia, consisting of pyroxerlite fraglrents n  hornblende 
diorite. Porphyritic  syenite >lrOurid the pwiphe ry of thr body 
was  noted by Souther (1972). (\ much  smaler,  unnamed 

satellitic  ultramafic  body,  oltcrops '2 kilo1 letres  farther 
west. The third body, the  Damnalion  pluton is 10 kilomllres 
to the east. 

The intrusive  relationships lo the  country I ocks, ab;t.ncl: 
of orthopyroxene and Fenetic ;association wit I syenite i d -  
cate that these bodies  are  Alaskan-type ultra nafic plutsn:. 

EARLY JURASSIC (?) 

RUGGED MOUNTAIN  PLUTON 

The  aptly  named  Rugged lklountain plrton,  locitell 

square kilometres. I t  is a composite, pink to light prey. 
immediately  south of Rugged  'dountain, cu iers  abou: 1 4  

potassic body which intrudes  Stuhini ,volca liclasthc rocks 
(Plate  I-IS-Sa). I t  is charactellzed by late phase, l,%Ico- 
cratic,  potassium feldspar  megcrystic  dike  ;warms  (I'at: 

mass"  and  described it in detai . Mapp ng a1 d  field o~! ;e r -  
I-IS-Sh). Kerr (1948) referred to it as the Shakes (:-?el< 

vations  during  the 1991 field season will prcvide the h s i s  
for  a B.Sc. thesis  currently k i n p  undertiken ly Ian N d l  cf 
The University of British Columbia. 

The  dominant phase consists :)fa bio ite p: rnxene a l i d -  
feldspar syenite. Potassium feld!;par phenocr) sts range  lrorn 

1x9 
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panially  preserved  along the northern  contact of the pluton,  which intrudes Stuhini  Group  sedimentary  rocks (x): (b) late- 
Plate 1-15-5. (a) View to northeast of Rugged Mountain syenite  complex (z), dark mafic border  phase (y) is 

phase  potassium  feldspar  megacrystic  dike. 
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medium grained an(.l equigranular to megacrystic.  Mafic 
mineral contents  ranse frnm I O  t o  30 per cent i n  the central 
and eastern areas n f  the pluton. and increase  from SO t o  X 0  
per cent toward the border and wcstcrn edge. Tabular and 
lath-shaped  orthocla3e  phenocrysts range up to 7 centi- 
metres i n  length.  Fcrromagnesian and accessory  minerals, 
identified by Kerr. irlclude hiotite,  aegirine-augite.  bronzite. 
brown garnet  and traces of magnetite.  apatite and titanite. 
Pyroxenes  are  relatively  fresh  feldspars  exhibit  some 
sericite and chlorite  alteration. 

tially preserved  biotitc-clinopyroxenite  border  phase IO to 
The Rugged  Mountain alkali-feldspar syenite has a par- 

the  intrusion. Similar material, with higher  magnetite and 
IS metres wide, which outcrops along the northern edge of  

hiotite contents, occI.Irs as a large,  discrete body t o  the e a s t  
(Plate I-IS-Sa). Smaller pyroxenite  bodies have also been 
mapped along the  pluton's  northeast and southeast borders. 
The contact  between  the  pyroxenite  and  syenite is sharp and 
shows  no cvidence nf faulting. 

Forty kilometres tc.1 the  northeast. the analogous Ten Mile 
Creek  intrusion  displays a better  preserved  clinopyroxenite 
border phase around a syenite core (Morgan,  1976). Pegma- 
titic syenite that cuts pyroxenite in this  complex yields Early 
Jurassic K-Ar dates  (Morgan,  1976). the Rugged  Mountain 
pluton is thought t o  be coeval. 

EOCICNE 

SAWBACK PI.UIOFb 

The Sawback pluton, exposed in the southwestern corner 
of the map  area, is 'chnracterized by unaltered.  medium In 

joints. A Middle Eo':ene K-Ar date (48.0-+ 1.7 Ma: bintite) 
coarse-grained, nlas!,ive biotite granite with well-developed 

was obtained for the pluton  approximately IS kilometres 
south of  the p rc sc~~ t  study  area  (Brown and Gunning. 
1989b). 

METAMORPHISM 

the Srikine assemblage and. to a lesser  extent. parts of the 
Greenschist facie:, metamorphism has affected  parts of 

Stuhini Group. Mosi of the  Stuhini (irnup rocks are 7eolite 
facies or unmctamcrphosed.  Nrar thc Damnation pluton. 
Stuhini  basalts are ~netamorphosed t o  laumontite-prehnite 
grade:  laumontite occurs in amygdules and in veinlets. I t s  
stability  limits the dr:pth of burial f o r  the Stuhini Group to 

metamorphism may be Middle to Late Jurassic.  hased on 
less  than I I or 12 k.ilometres (Lion. 1971). The timing of 

whole-rock K-Ar cooling ages. 

STREAM-SEDIMENT GEOCHEMISTRY 

for the  Telegraph (104G) map sheet in July I Y X X  (RGS 
Regional Geochemistry  Survey  (RGS) data were released 

collected from withill the study area  (Figure 1-1.5-6: Brown 
104G) and  include analyses of 141 silt and water samples 

et ol., 1092). Numcrous sample  sites yielded anomalous 
geochemical results (Le.  exceeding the  95th  percentile) that 
spurred a  staking rush following the release. Subsequent 
follow-up exploratirsn has located several  and varied min- 
eral occurrences, m;my peripheral t~ the Limpoke  pluton. 

Geological Fieldw'ork 1991. Puper- IYY2-I 

MINERAL  OCCURRENCES 
There are  eight mineral occurrences recol ded i n  MIN- 

FILE for the Tahltan River map i red (IO4Gil2 ): they C I I I  bt. 
divided into six broad types: an ;actively  mint d placer & o I c l  
deposit, porphyry copper  showin;+ quartz-ca  bonate veins, 
gold-hearing  massive  sulphide zones. sk;lrns a ~d a cumulate 
magnetite  deposit (Figure 1-1  5-15). Tab e I -  5-1 sum mar^ 

izes their geologic  settings arld lists k<:y re erences. I'hi 
occurrences that continue to be a tractive rxpll dation tarwtl, 
include; Barrington  placer.  GoatrTuff,  Poker md showrlg!. 
around  the  Limpoke  pluton. 

BARRINGTON  RIVER  PLACER  OPER, .TION 
(MINFILE 104G 008) 

Placer gold accumulations  inmediately sou h of the Barr- 
ington River canyon  have beer  vorked nterr littently :jirlct. 
the  late  1920s.  Reported goLI recobcry  n 1933 Ala!, 
3.1 kilograms  and 6.8 kilogrms in 1935 B.C. Arlrl'Ja, 
Reports 1933, 1935). More  recently, B;rring on Gold l.td, 
purchased the placer claims frrmnl Integrated F esources ILtd. 
and now operates the deposit Ion a serason ,I hasls. 'res1 
mining in 1990  produced 12.4 kilograms of g< Id from ~ I I W I  
36 000 cubic mctres of gravel (Integrated R, sources 1 Id.. 
News  Release, October 21. 1991) . The g ~ d d  occur! a!; 
flakes  less than 5 millimetres ir  diameter. E :ploration h r  

ngton River or  Limpoke Creel; drainxges md protl;jl)ly 
the lode source of the gold, thnu eht to I e wit t i n  the El; ]Ti-. 

associated with marginal phases of the Limp ,ke plutot,, i! 
cnntinuing. 

G O A ~ T U F F  (MINFIIX 104G 121~) 
The Goat claims (formerly Turf property) a e located dut: 

north of Tuffti Lake. near the he;ldwater; of C ave Creel. Irl 
1980, Du Pont of Canada  Esploratiorl Lin ited detected 
strongly anomalous gold in 21 heavy-miner; I concrntratt: 
taken in the  course of a regional stream-sedir lent srtmp lng: 
program in the region. A small  niassive :.ulph de pod (I- ~ t l e  
Cave Creek showing) was sulxquentl) four d and car.ietl 
over 40 grams  per  tonne gold (Strain, l[Xl: K.oreric. 
19R2a); numerous other pods h. lw sincc been liscovrrt:~ 1 1 1  

Goat claim group and has sincl: N:.onduct(:d str :am-se:dinmt 
IYXh, Integrated Resources Ltd restakrd th:  area a,$ thf: 

and soil sampling.  geophysical  suneys.  prospect 11g. 
geologic  mapping  and some dri ling (Van Ar geren, I ' W I ) .  
Styles of mineralization incl  Jde massive  Jlphide pod!; 
dominated by pyrrhotite with minor cl-talcof yrite; qu.iartz.. 
carbonate veins with pyrite and subordinate arser4op)ritc: 

minor chalcopyrite  veins (Lehtlnen, I'W; ban Ange::n. 
and chalcopyrite: pluton-hostecl mass ive  m lgnetite uith 

1991). 

POKER 
A quartz-sulphide  boulder train was tra .ed from I.hc 

Limpoke Creek valley to the SOL them edge o the Limpuke 
Glacier by Cominco Ltd. in  19:18. Three  ty)es of miier-  
alized boulders were identified .- quart;:-sulp Tide. mas iivf: 
pyrrhotite-pyrite-chalcopyrite-s-lhaleritt:-gal< na, and ZIIC- 

bearing  quartz-carbonate (Westmtt, 1989b). n 1990, k:ee- 
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in the  MINFILE database, approximate  claim boundaries 
Figure 1-15-6. Mineral occurrence localities as recorded 

(October, 19911, RGS  sample  locations  and  British  Colum- 
bia assessment repon numbers in the Chutine River and 
Tahltan  Lake  map  area.  Solid  squares  denote  RGS silt 
sample  locations,  encircled  squares  indicate  gold  anomaly 
sites  (95th  percentile).  Mineral  occurrences  are  grouped 
according to  Table I-IS-I. 

watin Engineering Inc. explored the  south side of Limpoke 
Glacier and completed  geochemical  and  geophysical  sur- 
veys. geological mapping programs  and  four diamond-drill 
holes  (Aspinall et ul., 1990). 

SHOWINGS  PERIPHERAL TO LIMPOKE  PLUTON 
The  Gordon  showing  (MINFILE 104G 002). located at 

the Limpoke Creek - Barrington River  confluence, was 
examined by Kennco  Explorations  (Western) Ltd. (Hallof, 

Development  Company. Kennco conducted  an induced 
1966) and more recently (1990) by Homestake Mineral 

polarization survey and  prospected  the  area. The  base metal 
mineralization is reponed  to  consist of disseminated  pyrite 
with minor  chalcopyrite,  bornite  and  malachite.  Home- 

geochemically low values (Marud,  1990~).  The Poke show- 
stake’s search  for  precious metal  mineralization  yielded 

ing was  explored  earlier by Kennco  (Hallof,  1963). 
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OTHER SHOWINGS 
The Tahltan Lake copper  skams  (MINFILE 104G 081, 

082) comprise a large alteration system  400 metres wide by 
800 metres long (Marud, 1990a).  Exoskarns and endoskams 
consist of garnet,  epidote,  actinolite  and  diopside with 

magnetite and specular hematite. The northem  portion of 
smaller, rusty weathering patches of chalcopyrite, pyrite, 

the skam  contains  specular hematite while the  southern part 
is principally magnetite with minor  pyrite (Marud. personal 
communication. 1991). This gradation from reduced condi- 
tions close  to the  intrusive contact. to an oxidired regime 
distal to the  intrusion is analogous  to the Craigmont  copper 
deposit (Rennie. 1962). At Craigmont  some of the best 
copper grades  occurred  where both magnetite  and hematite 
coexist in equal amounts  (Rennie, ihid). Sulphide-bearing 
zones are I to 2 metres wide and  up to S metres long 
(Marud,  1990a).  The property was first  staked  and explored 
in 1973 hy AMAX Exploration  Inc. (Hodgson and LeBel, 
1974)  and is now owned by Homestake (Southam,  1991). A 
smaller skam  occurrence, VB 12 (MINFILE 104G 083). 
occurs near the lake shore. 

Fifteen  kilometres to the south,  at Rugged  Mountain, 
anomalous but relatively low copper and  gold  values are 
reported  from the discontinuous  clinopyroxenite  border 
phase of the  intrusion  and  isolated rusty weathering pyrite- 
malachite alteratlor, zones (up to  2.32%  Cu and 1.51 pi t  Au: 
Marud, 1990b). Similarities to the setting of the Galore 
Creek  alkaline  porphyry  copper-gold  deposit  prompted 
exploration of this body. However, the low  geochemical 
values. combined with the lack of significant alteration 
Lones at  Rugged Mountain as  compared  to the Galore Creek 
deposit, suggest that the  body  has low mineral  potential. 

was  located in the  northwest corner of the map  area, where 
A new magnetite iron skam  (“MAG”,  Figure  I-IS-6) 

an altered granodiorite pluton  intrudes Stuhini  limestone 
and  volcanic  rocks. The  massive  magnetite pod is over 
6 metres wide and 30 metres long. 

MINERAL  POTENTIAL  AND 
EXPLORATION  ACTIVITY 

Mineral  potential in the  study area is varied  and has been 

deposits and  their  peripheral vein systems has  attracted 
incompletely  evaluated.  Renewed  interest in  porphyry 

mineral exploration  companies to the region.  Targets  like 
the Galore Creek complex. the  Wolverine showing on the 
edge of the Golden Bear road,  and  the  Kaketsa  Mountain 
porphyry system, suggest  there is potential for copper-gold 
mineralization in the  area. The  contact  zones around  the 
Limpoke pluton remain  prime  exploration  targets with sili- 
cified and  pyritized  float  and  placer  gold  reported in the 
area.  Several RGS  stream-sediment  anomalies and  small 
showings warrant further  exploration. 

Tahltan and  Shakes  lakes  appear attractive,  however, sam- 
Prominent  iron-carbonate  alteration  zones  between 

pling by industry  has  yielded  poor  results (Kasper, 1990). 

on the  northeast tlank of Isolation  Mountain has returned 
Similarly, a  prominent rusty weathering  syenite dike swarm 

discouraging results (Dunn,  1990). 

British Columbia  Geological Survey Brunch 
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STRUCTURE,  DUCTILE  THRUSTING AND MINERALIZNION W [THIN 
THE PALEOZOIC  STIKINE  ASSEMBLAGE,  SOUTH  FORREST KER ,X ARE.4,, 

NORTHWESTERN  BRITISH  COLUMBIA  (104B/10, 1511 
Ry D.C. Elsby, Consulting  Geologist 

-." .-. 
KEYWORDS: Structural geology, Stikine assemhlage, West 
Lake  thrust, deformation, brittle faults, ductile  shear,  veins 

INTRODUCTION 
This  repon  summarizes results of detailed  structural map- 

ping completed  during the 1991 field  season in the north 
lskut  River region. 1-he study area is located near the bound- 
ary between the Irmrmontane and Coast tectonic  belts. 

mid-Paleozoic islanr:l-arc successions which are  overlain by 
Rocks of the  Stikine  Terrane  underlie the area and  comprise 

sediments and volcmics 11f the Late Triahsic Stuhini Group 
(Kerr, 1948; Souther, 1972; Read t'f a/ . ,  19x0: Logan and 

to Middle Jurassic tvolcanics and sediments overlie Stuhini 
Koyanagi, IYXY:  Logan P /  a/ . ,  1990, 1992). Unnamed Early 

rocks. The island-arc successions  are host to significant 

River  region. These  successions  are overlain to the  east by 
precious  and  base metal mineralization  throughout the lskut 

Middle to Late  Jurassic sediments of the  Bowser  Basin 
(Wheeler et a/ . ,  1988). 

varying types which include:  gold-hearing  veins (Snip and 
Exploration has outlined a number of mineral deposits  of 

Johnny  Mountain), Iporphyry copper  deposits (Schaft  Creek 
and Galore Creek), volcanogenic  massive  sulphide (Eskay 
Creek) and skam mlneralization (McLymont). 

This paper fi~cuscs o n  the nature and timing of superim- 
posed ductile and brittle  shearing within  the Paleozoic 

o l  regional  shear :!ones and minerali7.ation i n  the  area 
Stikine  assemblage .md its relationships to the development 

between map sheet!; 104B110 and B11.5 (Figure I-16-1). 
located on lower  Forrest  Kerr  Creek  straddling the boundary 

Figure 1-16-1. Location map of the  north lskut region 
showing  position of study area. 

Geolofiical Fieldwork 1991. Paper 1992.1 

REGIONAL  GEOLOGY 
Souther (1972), Read r l  u / .  (1989) and  Logan ('f a / .  

(1990) described  rocks in the  Forrest Kerr rl gion its c,:m- 
prising three principal  layered stratigraphic assembl;i:e;; 
which are  intruded by severai i!enerations c f dioritic a n d  
granitoid  igneous rock (Figure -16-1). 

deformed and metamorphosed volcanics, v dcaniclas 'cs, 
The oldest layered rocks  witt in the  study trea are p:mly- 

and sediments of the  Stikine  ;m..emblafe.  M c r o f o d  ,lata 
provide  age  limits which range i'rom thc Earl t Devonian t o  
the Late Permian.  Recent datin,;: of ehtensiv ! granitic 21nd 

radiometric dates as old as Mississippian (J.hl. Logan,  rer- 
dioritic plutons within the Forrt.st Kerr  area have retutned 

sonal c~~mmunication. 1991). 'These intrus  ons had :re- 
viously been mapped as Jurassic i n  age (5outhet. 1'172; 
Logan ~f ai.. 1990). Their exac't age rmmirs speculalive. 

overlain by deformed volcanic!., volcalliclas ics and stdi- 
Rocks ofthe  Stikine assembla!;e are often L 1confom:tbl:i 

ments of the  Upper  Triassic S uhini Group (Read ef d ,  

19x9; Logan ef ul.. 1990, IY5'2). Where erposed, t l w :  
rocks are variably deformed,  complexly  fallted anlJ an: 
nearly always in sharp f au l t4  contact wi h underl:'inj: 
Paleozoic  basement. Recent h~r~rctural  mdie; in the Mort: 
Creek  area (104G12) to the north indicate thal Stuhini ru(:ki 
are generally  unaffected by .*I least one  elrly  phaa: of 
folding  only  seen in Paleo7oic .tratil (Holbe ., 1988: Ri!ad 
ef a/. .  IYXY;  Logan r f  ai., lYS12). Most of t h :  deformation 
recorded in Stuhini  rocks is cf a brittlc natl re uith ~ : c a -  
sional scattered  discrete high-:;tl.ain zones of ductile-b~ ittll: 

porphyries  and  quartz monzollil~:s of v.iriou: ages. Q u m c  
shearing.  Stuhini rocks arc inll-uded hy di, ,rites, syni te  

occur  adjacent to these intrusior~ in structura ly  fawur,rbll: 
veinh containing  sulphides and Issocialed PI ecious nt~:lal.; 

zone\. 

Upper  Jurassic  Bowser  Lake Group rocks co  nprising d -  
Unnamed Lower and Middk Juriissic a ~ d  Middlt! 10 

ments,  volcanics  and  volcanic1a;tics  unconfo mabl) overliz 
the  Stuhini Group. These litho opieh are br ttly defornecl 
and faulted and are  intruded h) minor dixitic sills and clikes 
with scattered  syenite  porphyry  dikes  injectf  d along high- 
angle fault Lones. 

The abovr stratigraphy is cut hy several  ;eneratianr ut. 
north-northeast-trending  ductile ;and brittle fa1 It zones. Four 
ma,jor fault or shear 7.ones have Ibeen nwpped in the Fo-'-est 
Kerr  area and have  formed at di.rferent limes in respothe t,3 

differing  regional  stress  regirnes. One of t t  ese, the Wer:t 
Lake  thrust, an early ductile  slwar zone, tren I s  throupl the 
study  area and is the  main focu:; of thi:; rep( rt. 
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Figure 1-16-2. Geology map of the West  Lake area.  See Pacing page for legend. 

LITHOLOGY 
All layered  rocks in the  study area included in the Paleo- 

zoic  Stikine  assemblage  are  deformed by at least four 
phases of folding. Two principal  lithologic  packages have 
been  defined within the area and are separated by the 
moderately to gently  west-dipping West Lake  thrust  zone. 
Hangingwall  rocks comprise a  strongly deformed  and  meta- 
morphosed Early  Devonian  and younger(?) package of vol- 
canics, volcaniclastics  and sediments  containing distinctive 
carbonates.  These  deformed  carbonates have  been struc- 
turally emplaced  over a footwall  assemblage of Permian and 

19R 

older  metavolcanics,  metavolcaniclastics  and  meta- 

of probable  Paleozoic age (Read er a/.. 1989; Logan ef ul.. 
sediments. Both successions are  intruded by quartz  diorite 

1990). In some  areas, this  intrusion is disturbed by the 
thrusting. 

HANGINGWALL ASSEMBLAGE 

LOWER  DEVONIAN  CARBONATES - L l k  

Light  grey to black, thin-bedded, strongly  foliated  mar- 
ble,  limestone  and calcareous argillite  and phyllik define 

flr-itistz Colrrmhia Gco/n,qica/ S u r i q  Brunch 
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the  oldest  and  structurally  lowest units within the study area 
(Figure 1-16-2). The  carbonates range to in excess of 200 
metres thick,  are  cc,mmonly fossiliferous  and  have been 
dated  Early  Devonian  (Read e/  a/.. 19x9). This unit outcrops 
as a narrow,  discontinuous  north-trending,  northwest- 
dipping band except in the  north where large-scale  synfor- 
mal folding has changed this orientation to  northeast (Figure 
1-16-2). It structurally overlies and is separated  from  Per- 
mian and  older  metavolcanics and metasediments by narrow 
zones of ductile  shearing and  thrusting. 

west. Compositional layering within the  carbonates is gen- 
Thrust  contacts  dip moderately to gently west to north- 

erally strongly  folded  and  transposed parallel to early  folia- 
tions related to  thrusting.  lntrafolial  isoclinal  folds  are 
common and original stratigraphic directions  are indetermi- 
nate due  to the high degree of transposition  and  recrystalli- 
zation. Minor quart7  veining is prominent  adjacent to the 

of hydraulic fracturi~~g and  fluid  mobilization. 
lower thrust contacts and  represents at least two  generations 

PALEOZOIC  METAIiOLCANICS (Pmvh) 

is a package of up 10 500 metres of strongly  flattened  and 
Conformably overlying the Lower Devonian carbonates 

sheared  metavolcanics, metavolcaniclastics  and  metasedi- 
ments of Early  Permian to Early  Devonian  and older(?) age 
(Read ef a/.. 1989). The  exact  age and  relationship of these 

Geologicul Fir/du,ork IYYI, Paper IYYZ-I 

strata to footwall  Unit  Pp of Read P /  # a / .  ( I  989) and its 
equivalent, Uni t  Pmv of Logan !'/ ul. (1990) is unc:ert;iin. 
There is a  possibility that Uniti; Pmvh  and Pmv  are of 
different ages and they are there fore deicribe d separatdy. 
Strata generally dip  to the southwest, vary fro n dark g r tm 
to tan and grey-brown, and cornprise  phylliti( to  schistose 
lapilli and block-tuffs,  volcanic debris-llows phyllitic to 

minor argillite and quartz-sericit,? schist!;. La: ering within 
schistose ash-tuff  units,  pyroxarle-phyriz  an<  esitic f l o ~ s ,  

these units has been complexly folded  and oftt n transpov:d 
parallel to early  foliations. Tb:x rocks are ntruded and 

hornblende quartz  diorite  (Read !'f ul. ,  1989 >ogan et ,11., 
locally  hornfelsed by a I a r y  body  of  I'aleozoic:?) 

1990). High-strain  states during (1eforma:ion a Id metam:or- 
phism  have  produced local mylor ite zones re12  red to thmr;t- 
ing in quartz-sericite  schists. 

FOLIATED  FELDSPAR  PORPHI'RY - IPp 

Foliated  grey-green  plagiocl Lse porphyr:  contairling 
minor black inclusions of phyllit:: occur:: as a thin dis~:on- 
tinuous unit separating Paleozois: metavolcar ICS from 'he 
large hornblende quartz diorite mtrusion (Fi] ure I -ItI-;!) .  
This unit  ranges to 20 metres i n  thickness an'l is typically 
strongly sheared and  silicified dong its trace Both upper 
and lower contacts  are often  obscured by e. tensive k o n  
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carbonate alteration zones and  are  frequently  intertoliated 
with Lower  Devonian  carbonates and Paleoroic  meta- 
volcaniclastics.  The  porphyry may represent  a  sheared, 

though its genesis  remains uncertain. 
altered and recrystallized chilled  margin of the  diorite, 

HORhRLENDE  QUARTZ DIORITE - Qd 

hornblende q u a m  diorite intrudes all hangingwall units 
A large body  of   medium-gra ined   equigranular  

(Figure  1-16-2).  Smaller  quartz diorite bodies intrude foot- 
wall rocks  and are classified as peripheral  intrusions related 
to the  main quartz  diorite  (Read pr a / . ,  19x9; Logan e /  a/ .  
1990). In general. the quartz diorite comprises  a hetero- 

diorite  as the dominant phase. Dark green  diabase  dikes of 
geneous mix of granitic and dioritic phases with quartz 

random  orientation are scattered  throughout the intrusion. 
Its eastern  margin is in sharp  contact with hangingwall units 
Pp,  Pmvh and LDc.  Here, the  intrusion is cut by narrow 
discontinuous  northeast-trending foliate zones related to 
ductile  shearing.  Locally, the  intrusion is characterized by a 
braided,  almost  brecciated  texture  defined by angular 
amphibolite  xenoliths  within a sheared.  more  granitic 
matrix.  The western  margin of the quartz  diorite is in thrust 
contact with an extensive granitic pluton of possible Mis- 

communication, 1991; Figures 1-16-2 and 3). 
sissippian  age (Logan er a / . ,  1990; J.M. Logan, personal 

PALEOZOIC FOOTWALL ASSEMBLAGE 

PERMIAN  AND  OLDER  MAFIC  METAVOLCANICS - 
Pmv 

Mafic  metavolcanics,  primarily of pyroxene-phyric 
andesite  tlows and schistose lapilli tuffs ranging to in excess 

mapped within the study area. Andesitic flou’s are  generally 
of 1500 metres thick, comprise the  structurally  lowest  unit 

dark  green to purple,  moderately to weakly foliated  and 
often  massive. Lapilli  tuffs  are  typically  mottled  green and 
purple and  contain zones  of high strain where lapilli are 
strongly  attenuated  within an early  foliation  plane (Logan 
et ul.. 1990). Units within  this package may be repeated by 
minor  low-angle thrusting  and include chlorite-sericite sch- 
ists,  grey  phyllite,  and minor recrystallized limestones. 

PERMIAN  AND  OLDER .MkXASEDIMESTS - Pms 

Structurally and stratigraphically  overlying  the  meta- 
wlcmics  is a pirckage of mixed metasedinientxy and meta- 
volcaniclastic  rocks  up to 700 mctrcs  thick.  Strata within 
this unit  are  variable  and discontinuous and comprise  mod- 
erately  west-dipping black graphitic and  sericitic  phyllites 
(Pmsp).  green ribbon  cherts.  grey  and  purple  phyllile  and 
schists,  grey to tan thin-bedded silthtone and sandstone, 

ple  schistose lapilli tuff and  phyllitic to schistoce  volcanic 
sericitc-quartL  phyllites  and schists, siliceous  ash-tuffs.  pur- 

hreccia  and debris  flows. Original  layering within most 

early  foliation  planes,  although  hedding is preserved in  
lithologies  has been sheared  and  often  transposed  along 

scattered  localities.  Facing directions indicate  these  rocks 
are  right way up. 

SYENITE  PORPHYRY  DIKES - eJg (?! 

megacrystic potassium feldspar  outcrop  randomly 
Late-stage coarse  felsic dikes containing porphyritic to 

throughout the  area. The  age  of these  rocks is uncertain, but 
they  may be rclated to Unit eJg of Logan cr ul. (IYYO), a 
potassium  feldspar  megacrystic  granite which outcrops 
immediately south of the  study  area. 

STRUCTURE 
All layered  rocks  within  the  study  area  have  been 

deformed and metamorphosed  to  lower  to  subgreenschist 
facies  (Read er a/., 1989; Logan et a/.. 1990). Four  region- 
ally significant  phases of folding and shearing can be dis- 
cerned locally. It is the  superposition o f  these  phases within 
areas of varied  lithology  which  has  produced  the  transposi- 
tion of compositional  layering and significant  tectonic 
shortening  observed throughout  the  area.  Figures 1-16-2 
and 3 illustrate  map  and  cross-section  geometry;  Table 

tion event. 
I -  16- I outlines the  primary characteristics of each  deforma- 

FOLDING 
D,  DEFORMATION 

northeast-trending  penetrative  transposed  foliation. S I ,  
The  geometry of the  D,  deformation is characterized by a 

A’ 

SCHEMATIC  CROSS-SECTIOV, WEST LAKE THRUST ZONE 

Figure 1-16-3. Cross-section, partly  schematic,  through  the West Lake area. 
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which is axial  planar lo intrafnlial isoclines  and larger meso- 

Table 1.16-I). This early  deformation is associated with 
scopic tight to isoclinal  folds  outlined by S,, (Plate 1-16-1; 

r e g i o n a l   m e t a m o r p h i s m   w h i c h   h a s   p r o d u c e d  a 
recrystallized-mica  fabric parallel to S I .  Axial planes  gener- 

moderately southwest-plunging fold axes.  Phase-one tninor 
ally dip moderately to gently  northwest with shallow to 

folds  are often  asymmetrical from which a general  southeast 
sense of vergence i!i deduced.  Some minor folds  display 
opposing senses ofrcmtation which may indicatc  the  presence 
of large-scale structures. 

Approaching  the West Lake  thrust, F ,  folds  and associ- 
ated S t  foliation are gradually rotated ihrough nearly 30" 

deformation (Figure 1-16-2). 
into parallelism with the  thrust zone, as a result of D, 

D, DEFORMATION 

are developed  along ;I northeast trend and deform all earlier 
The  second phase of folding  and its related foliation, S,, 

structures (Plate I-16-2; Table 1-16-1). Axes of minor F, 
folds plunge  gently LO the southeast within moderately t o  
gently  northwest-dipping  axial  planes.  Discrete zones of 
high ductile strain, in which F ,  and F, folds become pro- 
gressively appressed. strongly  attenuated  and often trans- 
posed within Sz. are kxssociated with the lolding. Away from 
these zones, F,  fold:, become more  open and often display 
an asymmetry related to a southeast-directed sense of 
vergence 

northwest-dipping West Lake thrust (Figllres I 16-2 and 3). 
Several  major D, ductile litrain  z.ones define  llie 

The thrust zone comprises  disclste  she,ir zoles, 20 ( a x -  

footwall units are  completely tran'sposed ,md h tve mylortite 
timetres to 1 metre wide, in wh'ch  bott  han, :ingw;tll and 

fabrics (Plate 1-16.3). The main Lone and spla) s are flanked 
by subparallel  bands of sericite-qttartz  schist, 3 to IO mt:lzs 
thick, which contain  isoclinal F:! folds. East-vr gent folhttg 
becomes  progressively more orten away  from  these ban:s. 
Other less sericitic shear zones ~:ccur througt out footilall 
rocks, but are not well developztl in the hang ngwall strat- 

folds  indicate that the Dz shear direction tends to \he 
igraphy. Studies of deformed L ,  linear Slructu es within IF2 

southeast at a high angle  to F, h nge-lint:s. B; sed on thcse 
observations and  previous work [of Read ef a , .  ( I  989) and 
Logan ef a/.  (1990) the West Lake thrust is i 1terpn:ted as 
having  its latest movement directed to the  sou  heast during 
late D, deformation. 

D, DEFORMATION 

Phase-three folding  deforms the  Wesr Lake thrust with a 
trend  almost  orthogonal to F .  :md F, strut tures (Table 
1-16-1). Phase-three  folds  and  lheir related :leavage .Ire 
developed  along an east  to southeast trend with !;teeply 
south-dipping  axial  planes  altl gentl:! eas  and  welt- 
plunging  fold axes. A non-penetr.ttive sp;iced, leavage t y -  
ifies the S ,  fabric.  Strong  shealing aloig S, in the m a  

DIEFORMATION CHARACTERISTICS AND NOMENC1.ATURE FOR THE WEST LA161.: AREA 
'TAHLE 1-16-1 

- 
Orientation Klriginal) 

variahle. UE minding. gmeral l  W dipping 

NE trendmg. h'W dipping. vari lblr 

SW plunging. :!5/220 
020-060130 NV;. variable 

~~~~ ~" " 

NE trending, h'W dipping 
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Plate 1-16-1. F, minor Solds in sericile-graphite  schist  (footwall):  looking  northeast. 
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Plate 1-16-2. F, minor folds in thin-bedded  metacherts  and  siltstones  (footwall):  \,iew  down-plunge.  looking  south. 
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surrounding West Lake has  deformed  the West Lake thrust 
and  associated splays into  upright, rnoderately open meso- 
scopic  folds (Figure I-16.2). In more competent lithologies, 
D, deformation is rtpesented by kink handing and spaced 
fracture  cleavages which provide  structural  control  for 

This  deformation r'r:presents a ductile-brittle  transitional 
localized iron carbollate  alteration  and  vein  mineralization. 

phase  associated wi,:h north-south compression. 

D, DEFORMAI'ION 

Phase-four  folds have an open, upright style  and  steeply 
dipping axial surfacus which trend  almost  orthogonal to F, 
structures  (Figure 1-16-2; Table 1-16-1). All rock types  and 
the West Lake thrusl. are involved in the  northeast-trending. 
gently southwest-plunging North Ridge  synform  (Figure 

petent  rocks and chevron folds in  finer  grained  lithologies. 
1-16-3). Minor fold:, produce  open  huckling in more  com- 

S, is developed as a steep variably  east to west-dipping 
fracture cleavage and as steep,  minor  hrittle faults that 
locally  provide  structural  control for polymetallic and pre- 
cious mctal bearing  quartz  veins  and  iron  carbonate 
alteration. 

FAULTING 

zone, little  significant faulting was  recognized within the 
With  the  exception of thrust  faulting  along  the West Lake 

map  area.  Several  northwest-trending  faults near Radio 

Creek  have  displaced  quartz dior~te  contacts a Id are site:; of 
scattered  quartz  and  minor  sulphide  veilling  (Figure 
1-16-2). 

METAMORPHISM AND M I C R O F A ~ R N  s 

regional  metamorphism to the lower ;green ;chist facl8:s. 
All rock units within the are.3 lhave undergc ne low-grade 

Muscovite  and sericite laths an: preferentially  develooed 
along SI and S, surfaces with ol -11~ occasions1 weak alxgn- 
ment along S,. Metamorphism  initiated tlurini D l  deforlna- 
tion reached its peak late in t ~ e  D, defonlation. 12ine- 
grained  sericite  schists  contaln the asremh  age  sericite- 
muscovite-chlorite-calcite-epidm:. Early qua tz vein!,  ;are 
strongly  deformed and  recrystall.zed. 

Microfahrics within thrust  /ones record  a history 01 

strong ductile  shearing, myloni.:e developmen1 and  dynamic 

contain  prominent  C  fabrics dei'ined by seril ite and n 11s. 
recrystallization.  Schists adjacerlt to thr We! t Lake thN-'Isl 

covite.  Angular relationships  hctween C a1 d S, fah:ic$ 
within these rocks vary betweer 5" and IO" with S I  olien 
completely  transposed paralll:l to S2. Pol! gonized  mc 
extremely  attenuated  quartz porphyroclasts outlined by 
sericite,  define anastomosing  elliptical  shape- fabrics which 
define  the S, foliation. 

fractures and shows pronounced slip along i l  cipient  kink- 
Deformed quartz  occurs  prirnxily within e .rly hydralilit 

hand  boundaries  and  the  beginning:; of ribbon-grain 

Plate 1-16-3. Wec.1 Lake thrust zonc; gently  west-dipping  hangingwall  Lower Devonian carbonales  !;twcturally over le footwall 
Permian and older sericite whim: looking west. 
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development.  Strong  recrystallization  and  recovery  pro- 
cesses  (diffusion-climb)  have also polygonized quartz into 
subgrains  outlined by sutured boundaries with individual 
subgrains  having  undulose  extinction  and  mismatched 
birefringence. 

Calcite within  the main thrust zones  and hangingwall 
carbonates is typically  twinned and kinked with slip  occur- 
ring  along twin boundaries.  The  development of closely 
spaced  twinning and incipient  buckling of the  twins is 
indicative of high  stress. Minor  zones of polygonization  and 
subgrain development within  larger calcite  grains  are also 
present. 

ECONOMIC  GEOLOGY 
Mineral  prospects  and  alteration  zones  are  scattered 

throughout the  study area,  hut  are most concentrated in 
footwall  metavolcanics.  Quartz-vein  stockworks  and indi- 
vidual quartz  veins with associated precious  metal  bearing 
sulphides  occur in several localities  and are the  main explor- 
ation  targets  within  the area  (Figure 1-16-2). Iron carbonate 
alteration is widespread  and occurs most  prominently  within 
D, and D, brittle fractures,  along  thrust-zone boundaries 
and in association with sulphide-bearing  quartz vein sys- 
tems.  Numerous  sigmoidal tension gashes  filled with calcite 
and occasional quartz  occur in all rock  types  and are indica- 
tive of progressive and complex deformation history. 

VEINS 
Strong  fracturing  and  brittle  shearing  within  meta- 

volcanics  provide  structural  control  for iron carbonate 
alteration  and  quartz stockwork  veining,  the  North  Ridge 
stockwork zone, in the  region  north of Radio  Creek  (Figure 
1-16-2).  Many of the  veins contain  minor malachite. chal- 
copyrite,  arsenopyrite,  pyrite,  azurite,  galena,  bornite, 
sphalerite  and hematite. 

deformed barren phase,  and a later post-folding  phase  asso- 
Two generations of quartz veining  are  present: an early, 

ciated with  iron carbonate alteration and  sulphide  precious 
metal  mineralization.  Early quartz vein systems, which are 
observed  throughout the field  area, crosscut bedding and  are 
deformed by all four  phases of folding. Microfabrics  indi- 
cate significant  pre to syn-F,-F, hydraulic fracturing and 
incipient  quartz  veining.  Quartz  veins  are  strongly 
recrystallized and often  transposed  within S ,  and S, fabrics. 

Paleozoic intrusions  and early  dewatering and metamor- 
Silica-rich  fluid migration probably resulted from nearby 

phism of Paleozoic rocks. 

trolled by orthogonal joints and brittle shears associated 
Later quartz,  sulphide and iron carbonate  veining is con- 

with F, and FA folding. S, fractures are pervasive in this 
area  due to its  position  near  the  hinge  zone of the North 
Ridge  synform.  Veins  trend  northeast,  are  typically 

convection  from nearby  intrusions. Similar quartz-sulphide 
undeformed and probably  resulted from hydrothermal fluid 

veins  and  associated iron carbonate alteration occur in  iso- 
lated  late  brittle joints and fault zones. 
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CONCLUSIONS 
Paleozoic  island-arc rocks in the  south  Forrest Ken area 

are affected by an early phase of folding which is not seen in  
neighbouring  Upper  Triassic  and Jurassic  island-arc  cover 
rocks. Phase-one fnlds are characterized by a transposed 
foliation  and widespread  east-vergent  recumbent structures 
probably related l o  regional east-west  compression  during 
the  Late Paleo~oic to  pre-Late Triahsic. During this event 
metamorphism was initiated  and as deformation progressed, 

brittle  fault  zones which accommodated localized  strain in 
was  accompanied by the  formation of low-angle ductile- 

fault-hounded panels which remained  relatively  unstrained 
areas of varied  lithology. This resulted in the  formation of 

observed  throughout the  Forrest Kerr, More  Creek and Mess 
in  comparison to more  deformed rocks. This is a feature 

Creek areas  (Holbek, 1988: Read r /  a/.. 1989;  Logan el a/.. 
1990, 1992). 

As deformation  progressed  into  the  Late  Triassic and 
Jurassic,  east-vergent  F2  folds  were  accompanied  by 
increasing metamorphism and ductile  shearing  along  estab- 
lished D , ,  low-angle  fault  zones and F? axial plane surfaces. 

high angle to FL fold axes. Ductile  fault zones such as the 
Shear  directions during  D2 deformation trend southeast at a 

West Lake fault and  numerous other thrusts  developed sub- 
parallel to Dl  geometry and mylonite  formed  along their 
traces. The West Lake and West Slope tau116 place older 
Paleozoic stratigraphy over  younger  Paleozoic  rocks.  and 
Paleozoic rocks over Upper Triassic lithologies,  respec- 
tively.  Read P /  a/ .  (1989)  suggest an Early Cretaceous  age 
for  these,  faults.  Estimates of movement  along these struc- 
tures  remain ambiguous  due to the lack of marker horizons. 

Subsequent  deformation  records  moderate  to  strong 
north-south compression that superimposed upright F,, fold- 
ing and fracturing  on all rock types. This  deformation  repre- 
sents a  ductile-brittle  transition during the  last stages of 
waning  metamorphism. Fourth-phase folding and faulting 
records a stress  reorientation back to a dominantly  east-west 
compression  regime.  This  deformation  produced  wide- 
spread,  inhomogeneous mesoscopic  and macroscopic  folds 
in cover rocks  and more  homogeneous  folds in the  Paleo- 
zoic  stratigraphy.  Deformation  and  recovery during this 
time  may be associated in part with movement  along large- 
scale regional faults such as the  Forrest Kerr  fault zone to 
the east of the study  area. 

region  and in scattered  locations within the  field  area. 
Mineral  prospects  occur  throughout the Iskut-Stikine 

Quartz veins and qtockworks  derived  from  Jurassic  and 
possibly older intrusives are controlled by  F, and F,-related 
joints and  fractures. Sulphides and associated  economic 
gold  mineralization  often accompany the quartz veining. 
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INTRODUCTI'ON 
Paleozoic  rocks  included in the  Stikine  assemblage 

(Monger, 1977) an: well exposed  east of the  Coast  Belt 
between  the Taku and Iskut rivers (Figure 1-17-1).  Recent 
studies  have  provided  insight into the age  and  stratigraphy 
of these Lower to Middle Devonian, Carboniferous and 
Permian strata in the  Forrest Kerr - Newmont  Lake  and 
Scud  River regions; (e.g., Anderson, 1989;  Brown ef a/ . ,  

and  correlation of poorly known,  Permian and older rocks 
1991). These studies  provide a framework for  interpretation 

described by Kerr (1948).  Geological  Survey of Canada 

and  south of the Iskut River  (Figure 1-17-1). 
(1957) and Souther  (1959,  1972) in the  Chutine River  area 

The nature of the contact between  Paleozoic  rocks of the 
Stikine  assemblage  and  metamorphic rocks in the Coast 
Belt to the  west is uncertain. Recent studies in southeastern 

Figure 1-17-1. Simplified  tectonstratigraphic map show- 
ing the  location <:f the  study  area  and  distribution of the 
Paleozoic  Stikine  assemblage  (modified  after  Wheeler  and 
McFeely, 1987 and  Brown el al., 1991). 

Grulo,yira/  Fieldnvrk 1991, Paper 1YY2-I 

Alaska  suggest  that  metamorph c rocks  west of and  within 
the  Coast Belt are  correlative with the Yukc n-Tanana 
Nisling  terranes (e.g., Gehrels er a/ . ,  1950, in xess;  Garzau, 
1991; Rubin and  Saleehy,  1991;  Samson el a / . .  l')91; 
McClelland er al., in press; Fitlure 1-17-1). Although ths: 
juvenile  Sm-Nd isotopic signatt re  of the  Stil ine Terrars: is 
distinguished from the evolved signature c t  aracteristi': of 
the Yukon-Tanana Terrane (San~,son er a/., I )91), 1Md:lel- 
land  and  Mattinson  (1991) s.1ggested thkt  the  Stikin,z 
assemblage  may be partly corrdative with nid-Pileozoi: 
rocks in the  Yukon-Tanana Tenme. 

Fieldwork  during 1991 foctis8i:d on pre-Pel mian rock:; of 
the  Stikine  Terrane  to estaidi:;h and  cornlare the  age, 
character  and  geologic relation5,hips of the : tikinian base- 
ment with the Yukon-Tanana Terrane in southeastem 
Alaska. Permian  and  older rock!. of the  Stiki le assembhg: 
were examined in  the Chutin:: River  and Forrest Kerr 
regions  and  south of the lskul River to p ~ w i d e  a strat- 
igraphic and structural  framework for ;geoct ronologic ;Inti 

observations  from these  areas.  Results of cor  adont, marro- 
isotopic studies. The  following aniclc: sun marires i'iel<l 

fossil,  geochronologic  and  isotapic  studies ir progress will 
he  reponed  elsewhere.  The preliminary descr ptions follow- 
ing summarize the  lithologic ;ections  observed ;at tbes: 
localities hut will be revised : IS  the result: of struciural 
analysis  and  fossil and  geochlonologic resul s demand 

ISKUT  RIVER - CRAIG RIVER .XEGIOI+l 
(104B/ll,  12) 

outlined  the  regional  distribution of metarnor lhic rocks  that 
Kerr  (1948)  and  the  Geological  Survey  of 1 :anada (1057) 

underlie limestone of known or suspected F mnian age: i n  
the Stikine and  Iskut  region. Schistose to gn  ,issic :qi'Iitc!, 
metavolcanic  rocks, quartzite a1-1d limestone were reprlte,j 
and examined in this  study  south of the : ~ k u t  Rivcr a.t 
localities shown on Figure I - !  7 -2. 

BRUNT  CREEK 

section of clinopyroxene-p(,rphyritir t u f l ,  flows, 1.01- 
Brunt Mountain  (Figure 1-1'7-:2) is underlai I by a massiv: 

caniclastic  rocks and argillite #of  probable La e  Triassic ag: 
(Kerr,  1948; Geological Surve:, of Canada, 1957). 'r'lese 
volcanic  rocks  overlie a section of inter  ayered b1,Ic.r 
argillite, siliceous tuff, fine-grained  volcanicl;  stic  rocks ; m j  

discontinuous layers of light  grey weath(:ring. white m a 4 k  
The marble  layers  may  either bt: Permian in age, based on 
along-strike  projection of limestone 0' pro )able  Penrlian 
age  exposed  at the mouth of lilrunt Creek  ind along the 
Craig  River; or Triassic,  bawd on comp Irison of this 
sequence with similar rocks in the Telegra )h Creek. area 
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Figure  1-17-2.  Location  map of Iskut-Craig  rivers  study  area showing the distribution of the Stikine  assemblage  (modified  after 
Kerr.  1948  and  Wheeler  and McFeely, 1987) and general location of sections  examined  during this project. 

(Souther, 1972; D.A. Brown,  personal  communication, 
1991). In Brunt Creek, the  marble-bearing  section is under- 
lain by phyllitic  argillite  and fiqe-grained  volcaniclastic 
rocks with subordinate  brown-weathering marble and  mafic 
pillowed  flows,  fragmental  rocks and tuff of uncertain but 
possible  Carboniferous  age. In Brunt Creek and  north of 

diorite that are inferred to be Late  Triassic in age  (Alldrick 
Brunt  Mountain,  hornblende  clinopyroxene gabbro  and 

ef a!., 1990)  and  appear  compositionally  similar  to the 
uppermost volcanic  sequence of probable  Late Triassic age, 
intrude all of the  above units. 

CRAIG  RIVER - SIMMA CREEK 
The  ridge  between the Craig  River  and  Simma  Creek 

(Figure  1-17-2) is underlain by a  thick sequence of gamet- 
biotite-white  mica-feldspar-quartz schist  derived  from fine- 
grained  quartzose,  turbiditic strata  and  quartzite.  Eastern 
exposures of the clastic sequence  are intruded by foliated 
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hornblende-biotite quartz  diorite of unknown  age. To the 
west, the quartzose  turbidites  grade  upwards into  a  thick 
sequence of light  green  tuffaceous clastic rocks  dominated 
by  centimetre-scale  beds of fine-grained  sandstone,  siltstone 
and  mudstone.  These rocks are in turn overlain  by black 
argillite interlayered with dark  brown  marble  and biotite- 
amphibole  schist  derived  from  mafic tuffs and flows. The 

weathering, white marble that is apparently  laterally contin- 
argillite  and  volcanic  section is capped  by  light  grey 

the Inhini River (Figure 1-17-2). 
uous with limestone of probable  Permian  age  exposed  along 

Quartz-rich  clastic rocks  at the base of this section  are 

Terrane in southeastern  Alaska (e.#., Gehrels et u/ . ,  1990). 
similar  to  continent-derived  sediments of the Yukon-Tanana 

This correlation and the apparent  depositional  relationship 
between the quartzose  clastic  rocks  and  Permian rocks of 
the  Stikine  Terrane  suggest  that  the  Paleozoic  Stikine 
assemblage  either  depositionally  overlies  or laterally grades 
into  the Yukon-Tanana Terrane. 

British  Columbia Geological Survey Brunch 



DICK  CREEK - INHINI RIVER 
East of the Inhini River, limestone of probable  Permian 

age is faulted against a thick sequence of pyroxene  crystal- 
lithic tuff and  volcanlclastic  rocks  probably correlative with 
the  Upper  Triassic  Stuhini Group (Figure 1-17-2). Never- 
theless,  the contact is probably  a  faulted  depositional con- 
tact. Rocks  conformably underlying the limestone in the 

siltstone and  sandstone.  siliceous siltstone, mafic tuff and 
unnamed  creek  south of Fizzle  Mountain  include tuffaceous 

minor brown-weathel,ing limestone.  North-dipping, massive 
Permian limestone along the  north  side of Dick  Creek is 

brown  tuffaceous  siltstone,  mafic flows, lapilli tuff and 
underlain by probable  Carboniferous  interlayered  green to 

breccia.  Thin limestone  lenses within the  volcanic  section 
contain  abundant  crinoid fragments and  rugose corals. Vol- 
caniclastic  rocks at the base of the unit grade  downwards 
into  light  grey siliceous argillite. The upper part of the 
argillite contains a re'latively thin ( I O  m) coarsely  crystalline 
white  marble.  Exposures  south of Dick Creek are dominated 
by a  thick section of light green, tuffaceous to quartzose 
turbiditic  rocks that are  similar to the  clastic  rocks overlying 
the sequence of quartzose turbidites  and quartzite south of 
Simma  Creek.  Centimetre-scale beds of fine-grained sand- 
stone, siltstone  and mudstone that make up the  section may 
be Carboniferous  or  older  as they appear  to underlie the 
volcanic  section  exposed  north of Dick Creek. 

MOUNT  GEOFFRION - Mouwr FAWCETT 
Mount  Geoffrion  and  Mount Whipple  (Figure  1-17-2)  are 

underlain by a thick iequence of probable Triassic  mafic to 

tuff,  debris  flows, ,volcaniclastic rocks  and  subordinate 
intermediate,  pyroxene, amphibole and  plagioclase-bearing 

argillite that depositlonally overlies  massive light grey  to 
white  limestone of' known  Permian  age  (D.A.  Brew, 
unpublished data). West of Mount  Geoffrion, the  limestone 
overlies centimetre-sm-ale beds of fine-grained  volcaniclastic 
rocks, tuff and  argillite. The  lower  sequence contains at 
least two undated,  massive  limestone  layers 5 to 20 metres 
thick. Probable Permian limestone along the ridge north of 
Mount  Fawcett is underlain  by  mafic  volcanic  rocks, 

tion is similar to that below  limestone of probable  Permian 
argillite  and fine-gralned tuffaceous  clastic  rocks. This sec- 

age  south of Simma  Creek. 

CHUTINE RIVIER REGION (104F/9, 16) 
Souther  (1959) assigned  rocks east of the Coast Belt in 

the Chutine  River region to a metamorphic  sequence that 

quartzose clastic  rocks, mafic volcanic  rocks  and  limestone. 
includes marble, quartzite and orthogneiss,  a sequence  of 

These rocks were examined  at  Chutine Lake and west of 
Triumph  Creek, respectively  (Figure 1-17-3). Penetratively 
deformed metamorp'hic  rocks at Chutine Lake are  derived 
from  fine-grained  turbiditic  clastic  strata  and  siliceous 
argillite  intruded by granodioritic  dikes. The  ages of the 
metaclastic  rocks and the  granodiorite are unknown. These 
rocks are intruded by and locally faulted against  plutonic 
rocks of probable Eocene age. 

PEIWIAN LIMES rONE 

VOI..CANIC: RO( :KS 

PALEOZOI ; CLAS 

River  area  (modified  from Southe-, 1959) !:howil g distribu- 
Figure 1-17-3. Generalized gedogic map of I le  Chutine 

tion  of  units  discussed in text. C'L Chutine Lake  Paleo.coic 
Stikine  assemblage  (modified aftcr Wheeler  an,  McFeely, 
1987 and Brown et a/.,  1991). 

lain by a thick section of tuffaceous argillit :, felsic tuff, 
West of Triumph Creek, the n1etaclaslic se'tion is o\cr- 

limestone and  mafic to intem1e:iiate flows, uff and \[)I- 
caniclastic  rocks. Souther  (1959) inferred  a TI  assic age lor 
the volcanic portion of the sectian. A  Permiar or older  age 
is more likely as these  rocks are  overlair, by I ermian  lime- 
stone to the southeast  (D.A. Brc  wn, personal communica- 
tion,  1991). 

FORREST KERR REG~ION (I04B/ LO, 15) 
The  Stikine  assemblage expo:ied we:it of Forrest K c r r  

Creek  (Figure  1-17-1)  includes complex8:ly d#  formed  fire- 
grained clastic strata, siliceous ilrgillite. lim, stone, mid'ic 
and  felsic tuff, and  mafic  volcanic  rocks  (An( .erson. 19?9; 
Read et a/. ,  1989; Logan et c/,, 1990a, b Ilrown et 5'/., 

Devonian  fossils (Anderson, l!W; Read er a! , 1989). I t  is 
1991).  Massive  limestone in the :section has yi  :Ided Middle 

interlayered with argillite,  fine-grained tuffa :eous cla:;tic 
rocks, mafic volcanic  rocks, intelmediats: frai mental ro:ks 
and  intermediate to felsic tuff.  his west-dillping sectim 
grades  structurally down  (to the east) into t linly  bedded 
siliceous argillite and  fine-grained clasti,: roc1 s, tu f1ace .1~~ 
greywacke.  maroon debris flows intemxdiatf to felsic luff 
and fine-grained tuffaceous cl;stic  rocks. Th : age of [his 
lower clastic sequence is uncertaln, howEver, :he section is 
similar to Permian or older clar;tic rocks th; t are <deposi- 
tionally  overlain by Lower  Permian lim,:ston ; in the  Scud 
River region (Brown  and  Gunn: ng, 1969). R ocks of hoth 



sections  are intruded by a dioritic to granitic  complex  that is 
interpreted as the  marginal phase of large  plutons to the 
west. These plutons  may be Mississippian in age (J.M. 
Logan, personal communication,  1991) suggesting  that  the 
clastic  section  is Mississippian or older, 

Read et al. (1989) and Logan el al. (1990b) suggested 
that  the upper  limestone-volcanic  section structurally over- 
lies the lower  siliceous clastic  section along a  west-dipping 
thrust  fault.  Based  on  the  apparent  gradational  contact 
between  these two units, this  fault probably does not have 
significant  offset  and  the  Forrest Kerr section  may be alter- 
natively  interpreted as an overturned  Middle Devonian to 
Permian sequence. 

SUMMARY 
The  Paleozoic  Stikine  assemblage in the  Iskut River - 

Craig  River region of the  Iskut River  map  area  consists of 

clastic  rocks of uncertain age,  (3)  mafic volcanic rocks  and 
(1) quartzose turbiditic strata,  (2) fine-grained  tuffaceous 

mian limestone  and  mafic  and  subordinate  felsic volcanic 
argillite of probable  Carboniferous  age, and (4)  Lower Per- 

and volcaniclastic rocks.  The structurally and  inferred strat- 
igraphically  lowest unit of quartzose  clastic rocks is similar 
and probably equivalent  to continent-derived clastic  strata 
of the Yukon-Tanana Terrane in southeastern Alaska, sug- 

be  correlative with Paleozoic  rocks of this terrane. Clastic 
gesting  that  parts of the Paleozoic  Stikine  assemblage may 

relative with the  Devonian to  Permian  rocks in the Forrest 
and volcanic rocks in the  Chutine  River  are probably cor- 

Craig  Rivers  region. 
Kerr region  and  Units 2 and 3 listed above  for the lskut - 
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PALEOMAGNETISM OF TOARCIAN  HAZELTON GROUP 
VOLCANIC  ROCKS IN THE YEHINIKO  LAKE  AREA (104G/:11, t2): 

A PRELIMINARY  REPORT 
By  T.A. Vandall, Pacific Geoscience Centre, G.S.C., 

D.A. Brown, B.C. Geological Survey  Branch 
and P.M. Wheadon,  Consulting Geologist, Fulford Harbour, B.C. 

(CSC Contribution No. 3191) 

KEYWORDS: Palecmmagnetism, block rotations,  Hazelton 
Group, Toarcian volcanics, Yehiniko Lake, Chutine River. 

INTRODUCTION 
The first pa1eom;ignetic study of Hazelton Group vol- 

canic rocks included three  localities in north-central British 
Columbia, near the <:ahtern margin of the  Intermontane Belt 

included two localities near the western margin of the Inter- 
(Monger and Irving. 1980). A second, more recent study 

montane Belt and a third near the village of  Telkwa (Vandall 
and  Palmer, 1990: Figure 1-18-1). Both studies documented 
stable  normal  and  reversed  polarity magnetirations inter- 

magnetization  at  each  of the six loc;ilitie.s is different. 
preted to be primary  and Early Jurassic. The direction of 

However, within localities  the data  exhibit internally con- 
sistent  directions of magnetization and. although  declina- 
tions vary between  each locality from 227" to  3 S Y ,  inclina- 
tions are well gr0up.d ahout an average of 53" (Vandall and 
Palmer,  1990). B!) comparing  these  results  with  the 
expected  Early  Jurassic  direction  for  North  America, 

that rocks of the Early  Jurassic  Hazelton Group were at 
inclinations were shown  to  be  concordant.  This indicates 

craton as they are now (Vandall and Palmer, 1990). In 
much  the same latitude  relative t o  the North American 

distinctly discordant, suggesting that large-scale block rota- 
contrast,  declinatiotis  for  the Hazelton Group rocks are 

and  relative to  North America (Figure 1-1  8-1 ). One explan- 
tions ahout vertical axes  have occurred  hetween  localities 

ation for these block rotations is that they were generated by 
the  process of accretionary  tectonics which assembled for- 
mer,  discrete Jurasbic island arcs  along the ancient North 
American  margin b!! at least Middle  Jurassic  time. The size 
and  houndary relatimships of these blocks is not yet known, 
and  this  information is critical to the assessment of possible 
rotation mechanism,,. 

graphic  cwerage of paleomagnetic data  to  assess the 
The  purpose of this investigation is to extend the geo- 

implications of the:.e apparent  large-scale hlock rotations 
and  the  apparent lack of latitudinal displacement  relativc to 
North America.  Recent  geochronomelry  and  detailed map- 
ping carried out a r ~ ~ u n d  the Bowser Basin have  advanczd 
the concept that the Hazelton Group represents  several 
volcanic episodes, perhaps related to discrete island arcs 
(e.,?.. Anderson ancl Thorkelson, 1990: Brown and Greig, 
IYYO; Diakow, 19YI); Maclntyre i'/ d.. 10x9). As a conse- 
quence, paleomagnetism is ideally suited I O  providc a quan- 
titative test of paleogeographic  reconstructions  and of tec- 

Geolo,qica/ Fieldwork 1991. Puper- 1992-1 

tonic  settings of the  Hazelton G r w p  islard arc ,. In addition, 

reversed  polarity which may he chronologic; Ily and st -at- 
Hazelton Group  rocks studied I D  date exhit it pernods of 

poor  record of Early  Jurassic tnagnetic po arity chr(,ns. 
igraphically  constrained in o r k r  to inlprov ; the cunmt 

Establishing polarity zones wou d  provide  a ~owerful tool 
for  stratigraphic  correlation in tt e  Hazelton C roup. 

In this  report we outline  the  initial fieldwo  k, laboratrny 
procedures in progress. preliml-lary re5ults .nd proposed 
follow-up investigations for 199L 

GEOLOGY  AND SAMPILING 
The study  area  lies within n w  hwesteln Stil . i n k ,  apprux- 

imately20kilometreseastofthel7oast13elt(Fgure 1-18~1) .  
Regionally,  the  stratigraphic suc::ession inch  les Paleomic 
limestones  and  island-arc volcii.nic rocks o '  the Stihine 
assemblage, Late  Triassic  and Eirly Jurassic i .land-arc 1,31- 

canic and volcanogenic  rocks 01' the Stuhini  md  Harelton 
groups, and Late Cretaceous to 'Tertiary mol; sse sedin'c:n- 
vary rocks of the  Sustut Group. 7'he Mid<ile to Late Jura;ric 

deposition or to erosion. Late Tr assic, Early , urascic, fvlid- 
Bowser Lake Group is notably ;absent, due t ither to non- 

dle Jurassic  and  Eocene  plutons  intrude all o der units. 

Anderson  and  Thorkelson (19)O) divided the Haze:forl 
In the lskut  River area, 1 0 0  kilometrcs to he southt,ast. 

Group  into  four  formation:;.  The  lower  three - thc: 
volcanogcnic~dominated CJnuk River, Bet1 y Creek 3ntl 
Mount Dilworth formations - arc: overlain by  he upperntost 

well-cxposed  gently  dipping  7:larcian  volc, nic rock:> 01' 
Salmon River  Formation. In !hi: Yehiniko I ake  area, .:he 

Salmon  River  Formation.  Thelr  late Zarly Jurassic : k g :  

intereht in this study  are beliw.:d to be equ valent 11) the 

(Toarcian; Harland e/ ai., 1989) i : j  well constr. ined by L ~ P ~ I  
and  K-Ar geochronometry, ard by mxrofo: sils. f\ lower 
age constraint is provided by an  andesite t1o.Y-breccia ;oI- 
lected at locality IV shown in 1"igure 1 - 1  8-2, which yielded 

communication, 199 I ). An upper age  constra nt is prov ded 
a zircon U-Pb  age of IXSt : !  Ma (M.L.  Esvier, written 

by the "Saffron  pluton" (forme4y Yehiniko Iluton) wllich 

hornblende  and  bioti te  K.Ar  dates of 162:!7 : M I  
intrudes  the  volcanic  rocks  and  yield!  concor(  ,rnt 

(J. Harakal,  written communication, lYY0; L salities I i m d  

contain  Toarcian  ammonite  fragments.  belemnltes, 
11, Figure 1-18-2). Further,  intravolcanic sedi nentary  rock,; 

brachiopods  and  scarce  bivalves  (Localit i 111, Fi::urt: 
1-18-2; H.W. Tipper,  Report J$.X9-HWT, 1919). 

;?I.$ 

ldegroot
1991



dipping volcanic rocks, that form a  section over 350 metres 
In August, IYY I ,  part of an  exposure of gently northeast- 

thick, was sampled in a  prominent cirque  at the headwaters 
of Kirk Creek (Figure 1-18-2). Access to the  Kirk Creek 
area was by helicopter from Telegraph Creek, 40 kilometres 
to the  north.  Seven  sites  were sampled in the uppermost 

(Plate 1-18-1; Table 1-18-1: Figure 1-18-3). Drilling  was 
80 metres of the section  along the north face of the cirque 

confined  to the more  massive flow units;  site  lithologies  and 

Table 1-18-1. 
stratigraphic positions are  summarized in Figure 1-1 8-3 and 

The  section  comprises  four  divisions: ( I )  unstudied, 
lowennost  flows  and tuffs, (2) aphyric,  amygdaloidal basalt 

flohs overlain by mauve volcaniclastic  beds, (3) rhyolite, 
and (4) porphyritic  basaltic andesite  flows. Division 2 com- 
prises  a northeastward-thickening wedge of basalt flows 

flows, up to 5 metres thick, are dark brown to faintly 
overlain by an equal thickness of epiclastic tuff beds. The 

maroon with characteristic abundant and large amygdules. 
Maroon flow-top breccia  and  chilled flow-contacts  are  com- 
mon.  The  top half of this division is made up of lhin to 
thick-bedded, poorly sorted  and  friable lithic-lapilli  tuffs, 
that were not suitable  for  drilling.  Lying on these  epiclastic 
rocks is Division 3.  consisting of conspicuous pink to buff- 

tic  rhyolite (Figure 1-18-3: Plates I-18-1 and lbl8-2J.  This 
weathering, hematitic tlow-banded and  flow-folded aphani- 

I St ik in i a  

Figure 1-18-1. Regional  distribution of Harelton  Group  rocks within Stikinia with localities of previous paleomagnetic  studies. 
Localities HIV. H2V. and H3V  are  from  Monger and Irving (1980) and  H4V. HSV. and HhV from  Vandall  and  Palmer (lYY0). Bold 
lines  and  corresponding numbers outline the rotation  relative to the craton.  magnitude in degrees and  sense of block  rotation  since 
original  rock  formation (0 or Nonh is the concordant Early Jurassic datum of no rclative  rotation).  Positive (negative) values  are 
counterclockwise (clockwise). Rotation  is  assumed to he in the  smallest  angle  sense. Block~rotation angles were determined  from  the 
observed  locality  declinations  relative  to  the  expected North American  reference  declination  (Vandall. 1990). Geology  simplified  from 
Wheeler and McFeely (1987). 
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~ \ 1 
350000 E 360000 E 

-k 1991 Paleomagnet ic   sample  loca l i ty  
0 1992 IProposed  sample  local i ty 0 U-Pb, K - A r   o r   l o s s i l   a g ?   c o n t - o l  

H9V which arc tar,qeted for sarnpline i n  the I992 field reason. See text for discussion of age control for siles.  Geology n odified  Sro,II 
Figure I-IX-2 Simplified  geologic  setting of thc study area with sample  locality H l V  from this :.tltdy, and locati ~ n s  HXV a, ~1 

Brown el ol. (1991)). 

LOCATION ANI) I.ITHOI.OGIC DATA FROM THE 
S W E N  SAMPLING SITES 

TABLE 1-18.1 

UTM Zunr 09. NADli3. 

Ahhrrviations: Plilg. =~ plagiuclase: pur. = pruphyritic: px. = pyroxene. 
** Siles arc h l e d  in :;riatigraphic scqucncr frmn top t o  hottom. 

unit can be traced  for over 2 k.ilometre: alon ; strike i ~ r  (1 is 
an important local marker: samples f ron  the flow an: CUI- 
rently being  processed fur zirwn U-Pb datir 5. Di\ision 4.. 
dark  grey  plagioclase  and  coarse  pyroxel  e-porphyriti: 
flows with fractures subparallr:l ';o beddlng, f 1 r m  the  resist- 
ant ridge at the top of the sec:ion (Plat,: 1-1 :  ,-3). 

Petrographic  and x-ray diffrxiion dala su,:gest that th: 
Metamorphic grade in  the Kirk Creek area is ow. 

volcanic  rocks have undergone m l y  zeolite f- - '  .les metamor- 
phism (Brown  and Greig, 1990). In a(lditic1, the s a ~ ? p l e  
area is distant  from  the  thermal ':ontact ,mreo  es of younger 
intrusive  bodies which could potentially rest t the primar:f 
magnetization. 

grade and relatively  undefomte:l  character, 1 lese Toar.:ian 
Given  their  well-constrained age. low  metamorphi,: 

volcanic  rocks  are  ideal  ta-gets  for  p;  leomagn:tit: 
investigation. 

METHODS 
At each of the  seven sites, sebszn to ten con s were drilled 

to a depth of about 10 centimetr~i:s, of these, c nly five tcs six 

21 5 Geological Fieldwc'rk 1991,  Paper 1992-1 



i 
Plate 1-18-1. View  to northeast of  the  Kirk  Creek  area  where  the  paleomagnetic sites were sampled. The  Eently 

northeast-dipping Tvdrcian flows sampled are the uppermost 80 metres of the section. 

Toarcian volcanic  racks in the Kirk  Creek  cirque,  illustrat- 
Figure 1-18-3. Schematic  stratigraphic  column for the 

ing  sample  sites. 

2 16 

were recoverable  due  to  the  fractured and sometimes  friable 
outcrop.  Recoverable  cores were  oriented in situ using both 
sun  and magnetic  compasses in order to detect  any  possible 
local  magnetic distortions;  declinations agreed  within  a  few 
degrees.  Basal  flow-contact  and  bedding  attitudes were 
measured at  each site. These  measurements varied some- 
what  due  to  the  irregular  nature of the  flow  bottoms, 
however,  the sequence  as a whole  strikes 300" and dips 20" 
northeast  (Plates 1-18-2 and 1-18-3). 

In the laboratory most  cores were  sliced  into two  speci- 
mens, however,  a  few  provided  only  a single  specimen  due 
to rock fractures. Each specimen's remanent  magnetization 
was analyzed using automated  Schonstedt  SSM  spinner 
magnetometers.  a TSD-I thermal demagnetizer and an SI-4 
static  alternating  field demagnetizer. In addition,  each  speci- 
men's  anisotropy of magnetic susceptibility (AMs) was 
measured using an SI-2  magnetic susceptibility instrument. 
These  measurements  permit the study of possible flow- 
induced  anisotropies of the magnetic  fabric, which may then 
be related to  the measured in  situ flow attitudes. After initial 
measurement of the  natural  remanent  magnetization  and 
AMs,  each specimen  was  subjected to alternating  field and/ 
or  thermal  step  demagnetization  techniques.  Specimens 
were demagnetized at progressively  higher  discrete  alternat- 
ing magnetic  fields and/or  temperatures  between which 
their  remanent  magnetization  was  remeasured.  These 
experiments  isolate  discrete  components of the natural 
remanent  magnetization in order to permit  identification of 
characteristic  stable  remanence  directions of geologic 
significance. 

British Columbia Geological Survey  Branch 



Plate 1-11,-?. Vicw t o  northwest of the  gently northeast-dipping  epiclastic beds of Division ?,, that are ,direct1 
o\,erlilin by the massive-weathering rhyalitr flow (Division 3) that was  sampled  here for 11-Ph dating. 

DISCUSSION 

Plate 1-18-3. Vicw tu southeast of the  top of the  section 
(drill site 3 ,  basalt flows  are 3 IO 5 metres  thick with faint 
and irregular colur~nar jointing. Ero4onaI surFdce  repre- 
yents the dip slope. 

Grolo,qicul Fieldnwk 199J. Pupw 1992-1 

exhibit a  small  magnetic anirotrcpy  avenging about 1 . 3  per 
Magnetic  susceptibility dat.3 indicatt: tha these  rork: 

cent. The dominant  anistropy .of magnetic susceptibrlity 
ellipsoid is prolate shaped witk, the axis of m, ximutn n.;tg- 
netic susceptibility  oriented near vertical. It i! unlikl:ly ~lial 
this is a tlow-induced orientation. More likely t i s  related tc 
vertical columnar joint like patterns which re lect  a h i : ? t c q  
of contraction  cooling  and a slrcss regime th it could h;ve 
imparted  the weak vertical linea.ion.  Overall, anisotropy i:, 
weak and  magnetic susceptibilities an: larl e, averaging. 

paleomagnetic  study. 
17X10-~' SI, indicating  the siuilability of th:se rocks for 

tion analysis on 67 per cent of thti collection. I .nalysis 01 al: 
The  following discussion is based on step iemagnet :La- 

specimens subjected to dema;:rletization tec iniques illdi- 
cates that samples  from these T:Ydrcian volc; nic rock,? iirf 
stable  recorders of the  earth's miignetic field, Both  norma' 

predominates.  During  progrewve step der lagnetiratior, 
and  reverse  polarity  magnetizations are prt sent:  revcrsc 

many  specimens  have a norr-lal ma,:neti, comportm 
removed to reveal a higher coercivity and un llocking tcm- 
perature  reversed  direction (Fif;ure I-IX-4). Ir paleomapne- 
tic studies:  coercivity is a  measure of  hJw st .ongly heid 5. 

magnetization is within a  rock at Ihe magnetic lomain legel 
(un)blocking  temperatures are ; I  measure o: the ;unbis:nt 
temperature at which  a  magnetization  ir  a ro .k is acqul;.etl 
(removed). In all specimens  wi'~h mixed-polar !y magnetica. 
tions,  the normal component exhibits  lower cc ercivitie:r  and 

?I7 



unblocking  temperatures,  and is removed  during  step 
demagnetization, yielding  a  reversed end-point  direction. 
Reversed  specimens subjected to thermal step  demagnetiza- 
tions are very stable,  exhibiting  high,  discrete unblocking 
temperatures in the 550" to 65OOC range, indicative of a 
probable primary  magnetization  which  was  acquired during 
cooling of the lava  flows  (Figure 1-18-5). In contrast, nor- 
mal  and mixed-polarity specimens subjected to thermal step 
demagnetization  exhibit  distributed  unblocking  tempera- 
tures  over the  entire 200" to 600°C range  (Figure 1-18-6). 
Commonly,  the  normal  component  is  substantially 
removed,  to yield  a hybrid,  shallow-dipping, reversed direc- 
tion (P.,?. ,  Figure 1-18-6 demagnetization  steps 500" to 
550°C). However, in some  specimens the normal  compo- 
nent is completely  removed, isolating  the  moderately dip- 
ping  reversed  direction (Figure 1-18-4; demagnetization 
steps 10 to 30 mT ). This  demonstrates the lower  stability 
magnetic  character of the  normal  polarity  magnetization  and 
suggests it is a  secondary magnetic overprint. As the  natural 
remanent  direction of the  normal component in many  speci- 

N 

W '  I I I I ' E  

- 
30 

ALTERNATING 
FIELD ( m T )  

tion of a mixed-polarity  specimen  (Site #2) exhibiting the 
Figure 1-18-4. Example of alternating field  demagnetiza- 

complete  removal of a lower  coercivity normal magnetira- 
tion revealing a stable  reversed  direction.  Direction  changes 
above,  intensity  changes  below.  Closed (open) circles  repre- 
sent directions  plotted in the  lower (upper) hemishere of the 
equal-area stereonet. N represents the  natural  remanent 
magnetization  direction (see text). (mT = milliteslas) 

218 

N 

W -E 

i 
I 

i-. 

200 460 600.C 

high unblocking temperature reverse-polarity specimen 
Figure 1-18-5. Example of thermal demagnetization of a 

(Site #5) .  Plotting conventions as in Figure 1-184.  

/?<+ 
ZOVC 

/ 6 0 V C  
:+ 
bN 

mixed-polarity specimen (Site #3) exhibiting distributed 
Figure 1-18-6. Example of thermal  demagnetization of a 

unblocking  temperatures.  Directional  changes  reflect the 
removal of the  normal  magnetization.  Natural  remanent 
magnetization  direction  removed  is  close to the  present 
earth's magnetic  field  direction.  Plotting  conventions as in  
Figure 1-18-4. 
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mens i s  quite steep.  close to the present  earth's magnetic 

component is  a recent Brunhes  overprint.  This  interpretation 
field  direction at this locality, i t  i s  probahle that the normal 

magnetic characters of the normal and reverse magnetim 
wi l l  he  tested by  future experiments.  The uniqucly  different 

tions are equally well  defined by alternating field step 
demagnetization.  Reverse-polarity specimens  are very st21- 
ble, with characterlstically high  coercivities in excess of  

mixed-polarity specimens characteristically  exhihit large 
1 0 0  milliteslas  (Figure 1-18-7). In contrast, normal  or 

directional changes  and lower  distributed  coercivities  (Fig- 
ure 1-18-8). 

magnetization is  well grouped and directed  north-northwest 
Relative  to present horizontal, the  characteristic  reversed 

with an intermedim  inclination. Tilt correction  for the 
northeast-dipping  ;ittitude of the lava f.lows moves the 
north-northwcst  direction  slightly steeper,  and to the north- 
west. By rotating t'le reversed direction  into i ts  antipodal 
normal  polarity posltion, a direct  comparison can  he  made 
*ith the  expected Early Jurassic direction  [declination 341", 

the cratonic reference pole of Vandall and Palmer ( IYYO)] .  
inclination 53" downwards (Figure 1-18-7) calculated  using 

The  inference i s  that  these rocks have  undergone a  very 
large  rotation,  possibly  approaching 180" i n  post-Early 
Jurassic time. This observation i s  cmsistent  with the large 
block rotations  previously  recognized  by  Monger and Irving 
(1980) and  Vandall  and Palmer (1990). However, these 
rocks appear to have  undergone  the  largest documented 
Ha7.elton Group  blnck  rotation. 

As the laboratory  experiments and final analyses  are not 

of the  results,  and tlleir  implications, wi l l  be published at a 
yet  complete, a  morc  detailed discussion  and documentation 

later date. 
As i t  has been  demonstrated  that  these Toarcian  volcanic 

rocks are very  good  magnetic recorders, additional sam- 
pling should he  tnozt fruitful. Plans for the 1992 field season 
include  additional  s.rmpling in the lower  part of the volcanic 
section in the Kirk Creek area, Crocus Mountain  (H8V) and 
Strata  Creek ridge (H9V; Figure I-IR-2). Suitable data from 
each of  these  sections would  provide  important  field tests 
required to asscss scvcral outstanding  questions. I s  the 
reversed direction pre or post-tilting'! I s  this reversed polar- 
i ty  chroc  recognized in each section and  can i t  he accurately 
dated? What i s  the (consistency of these  observations within 
the Yehiniko  Lake urea? Can constraints he placed  on the 

rotated  blocks he recognized  paleomagnetically  and 
size of  individually ~rntated blocks?  Can boundaries between 

geologically?  The answers to these  questions are critical to 
our understanding: of the  accretionary  history o f  the 
Harelton  Group ismland arcs  and  the Intermontane  Belt 
overall. 
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teslas) demagnetizttion of a hi,$ -coercivity re\ me-prdariiy 
Figure 1-18-7. Example 0 f . d  emating field mT = millh 
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HIGHLIGHTS OF 1991  MAPPING  IN THE ATLIN-WEST  MAP AREA 
(104N/12) 

By M.G. Mihalynuk and M.T. Smith 

KEYWORDS: Regional geology, Peninsula  Mountain suite, 
Table Mountain complex, Fnurth of July  batholith, Atlin 
Mountain  pluton. P.tlin Mountain fault,  Cache Creek Com- 
plex,  Laberge Group.  Sloko  Group, Late Cretaceous, Car- 
macks Group, Nahlin  fault. 

INTRODUCTION 

program in the Atlin area (104N/12W) was  conducted over 
A geological mapping and  economic-oriented  sampling 

a  2.5-week  period in 1991 to compliment a  program of 
similar duration in 1990 (Figure 1-19-1; Mihalynuk e/ ul.. 
1991). Primary objectives were: to  address problems with 

ent during follow-up laboratory  analyses; to complete  map 
interpretation of 1990 field observations that became  appar- 

coverage  at 1:50 N O  scale of map sheet 104N/12W and to 
investigate  critical contact relationships that hear on the 
tectometallogenic  history of the  area. 

e/ a/.. in preparation)  and earlier  field observations  are 
Inconsistencies between new isotopic data (Mihalynuk 

addressed here. Newly  defined  lithologic  and  structural ele- 
ments are  described and  structures related to the emplace- 
ment of  the  Cache Creek Complex, and high-angle  brittle 
faults affecting younger rocks,  are placed within a  regional 
tectonic framework. Base and precious  metal  analyses were 
incomplete  as of this  writing but are  touched on briefly. 

PREVIOUS  WORK 
Previous  geologlcal  mapping in the area  dates back to 

Caimes (1913), with the  first  systematic coverage by Aitken 

cant parts of the  southern  and western areas.  Recently, 
(1959) at 1:250 OOO scale.  Bultman (1979) mapped  signifi- 

at 150 OOO scale (Bloodgood e ta / . ,  19x9; Mihalynuk eta/., 
mapping IO the  immediate east and  west  has been conducted 

1990). The  focus of this report is on new  data from the 199 1 
field season;  for more  complete descriptions of geologic 
units in the Atlin :area the reader is referred to the above 
mentioned reports. 

GENERAL  GEOLOGY 

eastern  and western structural  domains which are  jux- 
Rocks within NTS map  area 104N/12W are  divisible into 

taposed  along the north-trending, high-angle  Nahlin fault; 
all three  tectonic elements  are intruded by the  Late  Cre- 
taceous Atlin Mountain  pluton  (Figure 1-19-2). 

The oldest  rocks in the  eastern  domain are Mississippian 
to Triassic oceanic; crustal  and  sedimentary  rocks of the 
Cache Creek Complex.  These include  ultramafite,  basalt, 
limestone,  chert,  argillite  and  wacke,  and  probably  a  mixed 
ultramafic. gabbro and pillow basalt unit designated  the 
Graham Creek igneous suite (Mihalynuk and Mountjoy, 

Geolofiical Fielduoi-k 1991. Puper 1992-1 

a/., 1991) synkinematic  to postkinematic, p Ayphase, pri- 
1990). They  are intruded by I ' l l  Ma Mihalynuk: et 

marily  granitic  rocks of the  Fourth of July batholith , m ( j  
related dike swarms. Unconfomably  overliing hoth are 
basal  conglomerates of the Cn:t.iseous Table Mountain vol- 
canic  complex,  formerly includ.i:d with the c der Peninsula 
Mountain  volcanic  suite of possible Middle tm I Late Trixssic 
age. In some localities  the T;!ble Mountan complex is 
underlain by Peninsula Mountain  volcanic IO :ks, whicli are 
now  thought to have a much more restrict,  d distrihllion 
than  indicated by Mihalynuk el a/ . ,  (1991). 

Basinal  wacke  and shale of I he Lower Ju assic Labmge 
Group  dominate the  western  stluctural dom tin.  Paleot:ene 
felsic to intermediate volcani,: and epiclasti : rocks oi the 
Sloko  Group sit with angular ur,conformity c 2 the IAt:rgr!. 
Regionally, these  rocks form 5 n  overlap  seluenct: or: the 
Cache Creek  and Stikine  tenal~es (Wheeler et ul., l!8r%8~. 

NEW  STRUCTURAL  ,4ND 
STRATIGRAPHIC DAT.4 FROM rHE 
EASTERN  STRUCTURkL DOMr ,IN 

CACHE CREEK COMPLEX 

in 1991, resulting in the  assignment of two i dditional 1unii:s 
The  Cache Creek Complex vias mapped i l ,  greater  detail 

and  greater confusion  reganli~ig the jtruct Ira1 sryk  and 
distribution of lithotypes. 

and  inland of Torres Channel (Figure 1-19.3), is chilrac 
A newly defined unit,  mapped  along  the  western shore 

terized largely by its chaotic internal fabr c and is, here 
referred to as  the Nahlin struc1u:al unit. It COI sists primarily 
of strongly sheared,  fine to medium-grained olcanic wa.cke 

basalt,  localized zones of black cataclastic r )ck and Itnst:s 
and mudstone with an undete~mined amol nt of sh1;ired 

of dioritic to ultramafic rock. h e  unit  proba 'ly first  older- 
went  soft-sediment deformation, producing  jmall, roatle!;s 
folds and dismembered compositional  layers on a nilli- 
metre to  centimetre scale. i i r ~  outcrcmp to regional-,;cale 
penetrative  shear  fabric was Ithen superin ,posed. Ana!;. 
tomosing shears  isolate anguldr to ellipsoida domains  gem 
erally  less  than 2 centimetres Icng. Shear suI faces are do- 
ritized  or  calcified  and  contain  randonly  orierlted 
slickensides. Shears are randcmly  oriented, llthough an 
outcrop  and larger  scale  a va:;:ue, high-ani le,  north\rest- 
striking trend is evident.  This unit  may refle :t the  presence 
of a shear zone that crosses Torces Channel. 1 strand of the 
Nahlin  fault is projected by Mih,alynuk ,?tu/. 1991) thrtJug,h 
this same locality. 

Another  important component of the Cacl e Creek (:om- 
plex is wacke with conglomerate l e x e s  xhich  co!itatn 
chert,  quartz,  limestone,  grw  [toid and ra 'e serpenlinite 

2.?1 
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Late Cretaceous  to Eocene 
hiruslve roch 

Table  Mountaln  and Penhsula 
Mountah  volcanlc suites 

Jurcrsrlc htruSlve r o c k s  
lnldln overlap assemblage 

(Laberge Group) 
Stlklne Terrane 
Cache Creek Terrane 

Nlsllng Terrane 

sheet  shown in relation to major tectonic features in north- 
Figure 1-19-1. Location of the Atlin  104N/12W  map 

westem  British  Columbia.  Adapted  from  Wheeler et al . ,  
1988. 
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clasts.  This unit is exposed at two localities  south of Atlin 
River on the  west shore of Atlin  Lake (Figure 1-19-3). 
where it is intercalated  with chert  and argillite.  A similar 
unit crops  out  along the  northern shore of Graham Inlet 
(extreme  westem part of the  map  area) in  association with 
pillow  basalt. This unit in part reflects a continental sedi- 
ment source  and probably  records  interaction  between  the 
Cache  Creek Terrane and ancestral  North America. 

outline  structures in  the Cache  Creek  Complex.  Carbonate 
Carbonate  units  provide  one of the  few  markers  that 

bodies  commonly  form  pods  and lenses elongate in  a  north- 
northwest trend. On the  northeast  side of Teresa  Island and 
nearby  small  islands  (Figure  1-19-3).  carbonate  forms 
nearly flat-lying,  massive  sheets,  folded  about northwest- 
trending axes  and  cut by numerous  moderate  to  high-angle 
faults. A  different  structural  style characterizes  the south 
side of the  Atlin  Mountain  massif, where a kilometre-long, 

crops out in a cliff face. 
subhorizontal,  east-trending,  apparently  cylindrical  lens 

The  distribution of ultramafic  rocks  was  mapped in 
greater detail as they  are  an important  host to lode gold 
showings in  the  Atlin  area. Those which do  not  appear  on 
any  previously  published geological  maps include a north- 
trending zone  oflistwanitized ultramafite at the north end of 
Torres Channel  and a belt of tectonized  harzburgite and 
serpentinite on the east flank of Atlin Mountain.  Surface 
workings in the creek valley nonh of Torres Channel  appar- 
ently  followed a north-trending,  opaline and coarsely  crys- 
talline quartz vein network in  which individual veins are 

flank of Atlin  Mountain shows no sign of previous work- 
less  than IO centimetres thick.  Ultramafite along the east 

ings. 

FOURTH OF JULY  BATHOLITH 
The  Fourth of July  batholith is  described fully by Aitken 

(1959)  and  features  particular  to  the  Atlin  map  area 
(104N/12W)  are  discussed  by Mihalynuk et al. (1991). 
Mapping  along its westem margin in 1991 defined a north- 
northwest-trending, kilometre-wide belt of potassium  feld- 
spar  megacrystic  granite that extends  from the  north side of 
Deep Bay to the east side of Atlin Lake  opposite  Eight  Mile 
Bay,  and  perhaps as far south as Como  Lake in  104N/12E.  It 
is bounded to the east by equigranular biotite hornblende 
granite and  to the  west by a mafic  border  phase. A  later, 

border  phase south of Deep Bay,  and dikes of the  same 
alkali feldspar  granite to alaskite  “cupola” intrudes the 

composition  intrude  the  potassium  feldspar  megacrystic 
granite, the dioritic  border  phase  and  lamprophyre  dikes. 

PENINSULA  MOUNTAIN VOLCANIC SUITE AND 
TABLE MOUNTAIN  VOLCANIC  COMPLEX 

New  isotopic  and  field  data  point  to a much  more 
restricted  distribution of the  Middle  to  Late Triassic(?)  Pen- 
insula Mountain volcanic suite  than indicated by the  pre- 
liminary mapping of Mihalynuk et al. (1991). We now 
assign a Late  Cretaceous (-74 Ma)  age  to much of the 
section, based on new field data and  Rb-Sr  and U-Pb  dates 

rocks are present in the  Whitehorse  area to the north (vari- 
(Mihalynuk er al., in preparation).  Late Cretaceous volcanic 

British  Columbia GeoloRicol Survey  Branch 
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(1979). Monger (1975), Mihalynuk et a/ .  (1991; in press) and  Cordey el al. (1991). Time scale i s  that of IHarland et 01. 1990). T h  
Figure 1-19-2. Box diagram  illustrating  age and geologic  relationships in the map area. Age cnn..traints ire frc m Bultmm 

width of the line  representing  the Nahlin fault is roughly  proporlional  to  the  cumulative amount of offsc:t experimced 3y adjacen 
units 

ously  referred to as the Camacks Group, Hutshi,  and  Mount 
Nansen  volcanics; c.K.. Bultman.  1979;  Whccler  and 
McFeely, 1987; H a t  and  Radloff, 1990). and  the  volcanic 

with them ( q . ,  Grond et a l . ,  19x4; Bultman, 1979); this 
rocks on Table Moilntain have been previously correlated 

interpretation thus appears to be correct  for at least part of 
the section.  The  name "Table Mountain  volcanic complex" 
reflects  the  distribution of these Late  Cretaceous volcanic 
rocks and coeval  intrusions in the Atlin map area. 

PENINSULA  MOUNTAIN  VOIXANIC  SUITE 

the  Fable  Mountain  volcanic  complex in the  field  by: a high 
The  older Peninsula  Mountain  suite is distinguished from 

degree of induration; the generally  green colour  of rocks; 
and epidote-chloritt:-silica alteration.  Distribution of the 
revised  Peninsula  Mountain  volcanic  suite  corresponds 

of the suite as  originally  mapped by Mihalynuk el a / .  
mainly to the lowesl. unit and overlying  indurated sediments 

(1991). It includes: massive  to sparsely  pyroxene-phyric, 
dark  green  flow(?)  rocks,  some with altered, partially 
digested, cobble-sizt:d clasts; strongly pyritic rhyolite  flows 
and  domes(?); and an epiclastic unit not described by 
Mihalynuk ef ul. (1!)91). 

strongly  indurated, light weathering, chlorite-epidote-silica 
Rocks of the Peninsula  Mountain  epiclastic uni t  are 

altered,  and locally  contain  up to I per  cent pyrite as 
irregular  blebs. In places they are probably  tuffites, with 
coarse ash layers and blocks of acicular  hornblende  plagio- 

Geological  Fieldwork 1991, Paper 1992-1 

clase porphyry  and rarely clasts of pyroxene porphyry and 
flow-banded  rhyolite. Elsewhtw the unit di plays gra:lecl 
bedding in silt to gravel derived from feldsp, thic volc;mic 
porphyry.  Most clasts  are  subaugular  to sub .ounded. 'The; 
unit is also characterized by th,: presence o interbedckd, 
pyroxene-phyric amygdaloidal t.asalt  flows. 

TABLE MOUNTAIN  VOLCANIC COMPLEX 
Rocks of the Table Mountair volcanic coml ,lex c o m p w  

the upper  rhyolite, intermediate lapilli tuff and  quartz- 
phyric  ash-flow  units of the Fcrmer  Pt:nins Ida Mountain 
volcanic  suite of Mihalynuk ef a / .  (19511). a i d  a suite of 
felsic to intermediate  intrusive  rocks, prwiou: ly unrnap,led 
or assigned to  the Fourth of July  intrusive su te. 

As contrasted with the Penir rula M'Junta  n suile, wl- 
canic rocks of the Table Mounttiin Complex  are typic;illy 

have not undergone  extensive ,::hlorite-epidc te  alteratmn. 
less well indurated, orange, maroon or grey wt athering, .md 

Coarse,  plagioclase-phyric  wlcaniclastic  rocks  (tuff. 
agglomerate and  breccia) are  wlumetrically he most slg- 
nificant rock type. 

buff-weathering,  feldspar-rich porphyry, e: posed  along 
The intrusive  suite  includes E .  small stock of orange: tc, 

approximately 2 kilometres of sttoreline on th ; west sidc 01: 
Graham Inlet (Figure 1-19-3) and adjacent i lands. Rock:: 
similar in appearance  crop  out cNn the east si, le of ( 3 r a ~ ; m  
inlet and  may  be part of the  same  stock. I'henc crysts con:,isl. 

;?2.j 
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Figure 1-19-3.  Generalized geologic map of the Atlin west map area,  after  Mihalynuk era / .  (1991;  1992). 
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diorite of the Founh of July batholith  border  phase (white, 
Plate 1-19-1. A $,ample of the  contact  between  oxidized 

mulFJg) and  basal volcanicIa~tic strata of the  Table  Moun- 
tain  volcanic  complex (IKTv). Clasts within the basal unit 
include chen (C?) 01 the Cache  Creek Complex,  porphyritic 
volcanic fragments  probably  derived  from  the  Peninsula 
Mountain suite ( V I  and diorite derived from muJFJg. 

carbonate from the Cache  Creek Complex. 
Elsewhere the unit idso includes clasts of serpentinite and 

of potassium  feldspar (25-5096). plagioclase (50-60%, 
albite t o  oligoclase:  glomeroporphyritic with potassium 
feldspar) and quartz (5-25%>). Accessory minerals include 
biotite in altered  booklets,  hornblende,  apatite and zircon. 
Quartr is clear and embayed, while all other  components  are 
partly  altered to fine-grained chlorite,  clay,  opaque minerals 
and calcite. The  fine-grained  groundmass is holocrystalline 
and consists of potassium feldspar,  oligoclase and  quartz. 
Textural characteristics  indicate that this stock is a  relatively 
high-level  intrusion.  Exposures on islands  and  the  adjacent 
shoreline  are  coarse,  equigranular,  and  appear to represent 
more interior regivn:; of the  stock. 

Dikes of the intrusiw suite are typically orange  or  green- 
ish weathering with lnedium to coarse, zoned (white, grey 
and pink) glomeroporphyritic  feldspar  comprising about 
25% of the  rock.  Bimite  booklets (5%')  are  medium  grained, 
xenomorphic to idlomorphic  and  may be chloritired. 

rock. Dikes  have irrelrular margins and variable  trends with 
Medium-grained quartz  eyes  comprise 2 to .5 per  cent of the 

east-west and  northwest  orientations  most  prominent. One 
dike. 9 t o  25 metres thick. appears to have  a  northwest  strike 
length of over 5 kil':)metres. Similar dikes cut the Cache 
Creek  Complex on hoth the west  and  east sides of Atlin 
Lake. 

feldspar-phyric ash flows in the upper  Table  Mountain 
The intrusive suite is coeval with the  upper quanr-hiotite- 

extrusive volcanic  section.  A  hypabyssal to extrusive  transi- 
tion is well displayed  about 3.5 kilometres  north-northwest 
o f  Table Mountain. 

CONTACT  RELATIONSHIPS 

between  the basal Td.ble Mountain units and the  Fourth of 
Excellent unconformable  relationships are  observed 

Geological Fil,/dwor!i 1991, Paper 1992.1 

July  batholith.  Altered  pebbles o I granolliorit ~ mixed n ith 
porphyritic  volcanic clasts ove:r!ie a  red, ox dized p a l m  
regolith (Plate 1-19-1) on the \Lest side of ( rahanl Inl8:t. 
West of Safety Cove, rhyolitic  t.tffs and flou s overlie: the 
Fourth of July batholith, with a basal granule, onglomels.te 
noted in several  locations. These, relationship i support the 
post-Middle  Jurassic  (Late Cret.a::eous. Grand ef a / .  1934; 

volcanic complex. They  also  confirm the pre ience of two 
Mihalynuk et a/ . .  in preparation)  age for the Ta  ,le Mount lin 

volcanic  packages:  the Table Mountain pacl age  and the 
older Peninsula  Mountain  suite which is intru led and tht:r- 
mally  metamorphosed by the F<:lurth of J u l l  batholith at 
Telegraph  Bay (Mihalynuk PI d ,  199 I )  an I perhaps at 
Safety Cove. 

suite  and the Cache Creek  Cor-lplex remain obscure (as 
Contact relationships  betweer  the Pminst la Mountain 

discussed by Mihalynuk et  < I / ,  199 I I, as  all  contacts 
observed  to  date are  covered or   hwe been disrt pted hy liter 
faulting. 

NEW  STRATIGRAPHIC  AND 
STRUCTURAL DATA FROM THE 
WESTERN  DOMAIN 

STRUCTURES IN THE LAB;E,R(:E GROI IP 

part of the map area. Southeast mol the ma3 are: the Labl-ige 
Laberge Group rocks  underlia lnuch o ~ .  the ,outhwesa:rn 

Group is upright  and  gently tc ~~noderately d pping  about 
relatively open  folds. In contr.asI, rocks in t le map .m:a 
often assume a  steep, northwe:;t..striking. upr ght to ov :r- 

to vertical axial  planes.  Fold axes trend southea ;t with a low 
turned orientation. Folds are tight lo isoclinal al d  have strep 

to moderate  plunge.  Numerous  joint  sets a id  beddiqz- 
parallel shears  further  deform the Laberf,e roc (s. 

(1991) south of Graham inlet, along the westen margin <of 
A north-trending  fault mapp::d by Viha ynuk et < ' I .  

the map  area,  can be extended swth  to thm: sou  hem edge (of 
the map area.  Slickenside striae: n anastomos ng shaars in 
this fault  zone  indicate that latr.st movemen was dol7i- 
nantly  dextral  strike-slip.  Northwt.st-striking be 3ding pla18:s 

slickenside  striae with sinestral stlear seme, CP xistern with 
within  the fault  zone  contain  tnoderatdy e 1st-plunglng 

Overall dextral  movement on this  fault  zone. 

SLOKO GROUP 
The  Sloko  Group  consists  prirnxily  ofrhyoli  ic to a.nderi- 

tic flows, breccia, tuff and ignirnl-rite, an3 epi,  lastic rocLs. 

paleosurface over deformed Lab(:rge  Group s rata. .4 u r i t  
I t  is essentially  flat lying, and vzsts on a de-ply  inciwd 

and is in pan tectonically  interleaved with the L,ibelf:e 
interpreted as a basal conglomeva e  uncor;form hbly over1 1:s 

Group on the summit of a k w h  3 kilomet es south ,of 
Graham Inlet (2 kilometres eas:  of the mal border:) It 
consists of very well rounded  pebbles, cohbles md bouldws 
of wacke. chert, argillite,  greenstone.  felsic p utonic ro(Ics 
and feldspar-quartz-phyric volcattic rocks in , medium to 
coarse sand  matrix. The range <of lithologic I). 3es suggests 
derivation from the Laberge, Table Momtail  and  Carhe 

2:!5 



Creek units, as well as  some of the units  that intrude  them. 
The  conglomerate  grades up-section  into angular pebble 
conglomerate and  breccia derived  from  felsic  to intermedi- 

Group. 
ate volcanic rocks which are  more typical of the Sloko 

RELATIONSHIPS  BETWEEN 
STRUCTURAL  DOMAINS 

ATLIN MOUNTAIN PLUTON 
The Atlin  Mountain  pluton intrudes  the  contact between 

the two structural domains. It is composed of homogeneous 
medium-crystalline, locally  potassium feldspar porphyritic 
quartz  monzonite,  consisting of IO to  25  per  cent horn- 
blende, biotite and  magnetite, I O  to 15 per  cent  quartz,  and 
60 to 70  per  cent feldspar.  A  finely  crystalline phase is 

and sills adjacent to it. Intrusive relationships with the 
exposed along the eastern margin of the  pluton  and as  dikes 

Cache Creek Complex  and  Peninsula Mountain suite  are 
well documented; an intrusive relationship with the  Laberge 
Group is also mapped  west of the  Atlin  Mountain fault.  The 
Atlin .Mountain intrusion  was  assigned an early Tertiary age 
by previous  workers (e.8.. Aitken, 1959; Bultman,  1979), 
but a  preliminary two-point  Rb-Sr isochron suggests a Late 
Cretaceous  age  (Mihalynuk et a / . ,  in  press). 

ATLIN MOUNTAIN FAULT 

approximately  follows the western  margin of the Atlin 
The  high-angle,  east-dipping  Atlin  Mountain  fault 

Mountain  pluton  (Bloodgood  and  Bellefontaine,  1990). 
Regional  relationships indicate that it is a strand of the 
Nahlin  fault, a deep-seated,  terrane-bounding  structure 
thought  to  separate the Cache  Creek  from  the  Stikine 
Terrane. 

juxtaposes the  Laberge Group  and  Cache  Creek  Complex. 
North  and south of the Atlin  Mountain pluton, the fault 

South of the  pluton,  this fault is marked  by a  zone of 

dextral  motion.  There is extensive  brecciation  of  the 
mylonitized harzburgite with a shear  fabric  suggestive of 

Laberge  Group  and a dense pattern of anastomozing  shears 
in the  Cache  Creek  Complex within 20  to 30 metres of the 
fault.  The fault follows the contact between  the Laberge 
Group and  Atlin  Mountain  pluton northward, then cuts the 
Atlin  Mountain  pluton  for  approximately I kilometre, 
where it is a narrow,  altered  breccia zone  generally  only a 
few metres  wide. Continuing  northward, the fault  once 
again  follows the  margin of the pluton. North of the pluton, 

deformation, locally over I 0 0  metres wide, with limited 
it is manifest  as  an  impressive  zone  of brittle and  ductile 

evidence  for dextral  offset. 
Latest  movement,  as  evidenced  by  structures  where the 

fault  cuts the pluton, is brittle,  and is restricted to less  than a 
few  kilometres laterally and vertically, as the  pluton on 
either  side of the  fault is apparently  not offset  greatly. The 
present distribution of the  Atlin  Mountain  pluton suggests 

north  and  south  suggest  substantially  more  offset  and 
that  latest movement was east  side  down.  Structures  to  the 

mainly  ductile  deformation.  The  simplest  explanation  for 
the observed  features is that most  movement on the fault 
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zone  predated  the Atlin Mountain pluton and that latest 
movement  post-dated it. Rhyolite dikes, believed to  be 
feeders to overlying  Sloko  Group volcanic  rocks, cut the 

pre-56 Ma. 
fault and  thus limit the  youngest  motion along the  strand to 

ECONOMIC GEOLOGY 

this time  incomplete, but one assay result is notably anoma- 
Analyses of rock samples collected during  I991  are  at 

lous in gold (250  ppb  Au).  The  sample was  collected from a 
quart.? vein, 10 centimetres  wide, associated with a  set of 
altered, northeast-striking, quartz  feldspar porphyry dikes 
that intrude the Cache  Creek  Complex south of Safety Cove 
(Figure 1-19-3). A  suite of samples collected to assess the 
paleoplacer  potential of the  basal  Table  Mountain  con- 
glomerate yielded no anomalous results. Complete  analyti- 
cal results are included in Mihalynuk et d .  (1992). 

CONCLUSIONS 
Mapping in 1991, in conjunction with better  age con- 

straints (Mihalynuk ~t a/.. in preparation) supports  several 
imponant revisions and interpretations in the Atlin map 
area.  including: 
0 The  Peninsula Mountain  volcanic  suite vf Mihalynuk et 

u/. ( I  991) can br divided into two distinct suites: a lower, 
epidote-chlorite-altered  suite, which predates the Fourth 
of July batholith and retains  the name  Peninsula Moun- 
tain  suite;  and an upper unit, the  Table  Mountain  volcanic 
complex, which unconformably  overlies the  Fourth of 
July  batholith  and is dated as Late Cretaceous by U-Pb 
and Rb-Sr techniques. 

0 The Atlin  Mountain  pluton, which is apparently Late 
Cretaceous in age, intrudes  the Cache  Creek  Complex, 
Peninsula Mountain  suite  and  Laberge Group. It both 
cuts and is cut by the  Atlin  Mountain fault, a  strand of the 
terrane-bounding Nahlin fault.  This  evidence  suggests a 
long history of movement  along the  Nahlin fault, which 
was  active from  prior to Early  Jurassic (Laberge  overlap) 
to  post-Cretaceous  time. 

0 The  Cache  Creek  Complex  contains: a structural  unit 
with steep  shear fabrics that may be related to the Nahlin 
fault;  sandstone  and  conglomerate  derived in part from a 
granitic and/or continental terrain;  and extensive units 
that are, on the whole,  relatively  flat-lying, as  evidenced 
by the  distribution of limestone  bodies. 
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COPPER-GOLD-SILVER  DEPOSITS  TRANSITIONAL IBETWEICN 
SUBVOLCANIC  PORPHYRY  AND  EPITHERMAL ENVIIRONMENTS 

By Andre Panteleyev 
”“ .” 

KEYW0KLI.Y: Economic  geology,  purphyry copper, epither- 
mal, copper, gold.  silver,  magmatic.  hydrothermal.  acid- 
sulphate, high sulphidation, advanced argillic, cteam heated, 
alunite,  kaolinite.  pyrophyllite. enargite. 

INTRODUCTION 

deposits in circum-Pacific  volcanic arcs, including  gold-rich 
The  many and varied types o f  intrusion-related  mineral 

porphyry and related  epithermal types,  have  been  discussed 
byBerger;mdHenlsy(19X9),Sillitoe(1989.1990. 1991a.b 
and in press),  Heclenquist P r  N / .  (1990) and Sillitoe and 
Camus (1991).  The similarity in geological  environments of 
the many described porphyry copper. cnpper-gdd, copper- 
niolybdenum and epithermal  precious  metal deposits with 
those i n  the Canadiw Cordillera i s  evident,  but the scarcity 
o f  dncumented  acid-sulphate high-sulphidatinn. advanced 
argillic-type  epithermal deposits  and mineralization in Brit- 

only apparent  and !lot a geologic reality. I t  appears to  he 
ish Columbia is  surprising.  This  lack of  deposits is probably 

largely due to a I.ick of  recognition and  study of  acid- 
sulphate-type dcpoiits and their  environments except for 
rare cases, lor ex;~n~ple, Clapp (1915). Bradford (19x5) and 
Diakow er a/. (1991 i. 

A new  project lias been initiated to study the inter- 
relationships o f  suhvolcanic  porphyry copper  deposits  and 
genetically  related  cpithermal  mineralization in British 
Columhia. O f  particular interest are deposits with  hydro- 
thermal  alteration  of the kaolinite-alunite-quartz-pyrite- 
bearing acid-sulphate type (Hayba c r  a / .  19x5, Heald c r  a / .  

1987). also known a s  high sulphidation (Hedenquist, 1987) 
or a special case of advanced argillic (Meyer and Hemley, 
1967). Similar  mineralization and alteration suites have 
h e m  described as: alunitc-kaolinite  (pyrophyllite), enargite- 

epithermal  quartz-alunite.  alunitic  quartzite  (Russian  termi- 
gold, enargite  massive  sulphide. high sulphur,  Nansalu-type, 

nology). volcanic-hosted  copper-arsenic-antimony. Koscki 
clay  or  acidic zonc (Japancse tenninology) and hotspring 
gold-silver. 

BACKGROUND 

some epithermal nlineralimtion has been postulated in a 
The spatial  pro7,imity of magmatic  hydnithermal and 

number o f  geologic  modcls (Sillitoe, 1983, 19x8, 1989, 
1991a; Mutschler Fr u / . .  19x5: Bonham. 1986. I Y X X :  Pan- 
teleyev,  1986). This re-emphasizes Lindgren’s cnncepts of a 
continuum in  ore-iorming  hydrothermal environments in 
volcanic settings, from hydrothermal systems dominated by 
magmatic  fluids at depth, to largely geothermal meteoric- 
groundwater systems  near  the  surface. As stated by Henley 
(1991): 

Gealo~ira l  Fieldw,or.k /99/, Paper 1992-1 

8 “magmatic  vapour from  crystallizing p l ~  tons i:s critical 
to lmineralization i n ]  thi: epithc:rmal environl1erlt 
much as described for pol.phyry coppe -molybderurn 
deposits.” 

8 “in volcanic terranes the distin<:tion of eplthe.nid 
from  porphyry-type  en\imnment> o f  miner;di;?x:ion 
becomes largely one of  convenience t ir explor;uion 
than one ofreality.” and “. , , apractical underztanding 

evolution is critical to the future o [epitherna ] 
of the relationship betweel-, magmatism and struc:ml 

exploration . . .”. 
Some epithermal deposits x :  positioned  ibove  or  nar- 

ginal to subvolcanic intrusion-r4ated p’xphy y t y p e  m new 
alization. Although the re1ation:;hip  betNeen porphyry zorl- 
per  deposits  and adularia-serici te-type epith :rml depxits 

lion  with acid-sulphate-type deposits i s  w :I1 established 
is considered by some to be speculative. the  :netic comer- 

(Henley and Ellis, 1983; Hen.ey. 1991 Silli oe, 199l?, b). 
According  to  Sillitoe (1989,  1991a).  the l i t t e r   t yp id l y  
occur above porphyry copper :nineraliz;ltion,  albeit the:, are 
laterally  offset in some districts  by  stl.uctuI4  channeling. 

Acid-sulphate  alteration wi  h associatec copper-pnlcl- 
silver  mineralization is characterized by roned hqclrc,. 

quartz.  chalcedony and opaline  silica (cristl balite’l, k;u,lin 
thermal  mineral assemblages cmtainili,: abu ldant silica a s  

(including  kaolinite,  dickite ; x  d  halloysite)  pyrophy llitt:, 
and alunite/natroalunite. Locall),, white  mica  sericiielll Itel, 
mixed-layer clays, andalusite. md rarcly di Ispore, c (  rurt- 
dum and dumortierite are present, comm lnly in mnid 
arrangement. In some  deposits  late-stage b trite. gyp:;unl, 
anhydrite.  jarosite and native SUI phur  arc cum non as will as 
minor boehmite,  phillipsite.  tourmaline ; nd accessory 
topaz, rutile and runyite. The principal  or! mineral,;, in 

trum,  chalcopyrite.  copper  sulphclsalt!  (enargiii: ~ 

addition to abundant pyrite and’or hemttite, x e  gold, (:kc- 

cite and covellite.  Elevated values of  qdd, silver, arcmic 
famatiniteiluronite), tetrahedritc/tennantite, t xnite.  ch;hx- 

and antimony are common in copper ores. 

aluminous mineral assemblage.,, commonly with the ;SUI- 
The advanced argillic  altextion  wilh  its  siliceou$ and 

phate minerals  alunite, gypculn and jaros te and ri rely 
native sulphur, is a product a f  strongly oxil ized, sulrhur- 
rich,  acidic  hydrothermal  fluids I t  gen<:rally  occurs ill late 

activity.  The acid-sulphate,  advanced ar):illic llteration orip; 
stages o f  mineralization  dulirlg declining hydrothz.:nal 

inates in three ways (Hayha 6’r a / . ,  19t;S; R e et ol. lX39, 
Sillitoe, in press): from  magnatic-hycrothe m a l  fluic!; in 

talliring magma and interact with  surrolndin; groundwat?r 
which  magmatic  volatiles are e.volved at de Ith from ~ r y $ , -  

as described by Henley and Mc’qabb  (1978) ~ the porplyry 
environment; near  surface wh,:re steam-heat1 d fluids occur 
above the water  table  due to (apour iepar Ition (bding,) 
caused by depressurization o f  a rcending hyc rothermal flu- 

.?3 I 
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ids - the epithermal  environment: and by oxidation of 
sulphides in the supergene environment. 

INTRUSION-RELATED  EPITHERMAL 
PRECIOUS METAL DEPOSITS IN 
BRITISH  COLUMBIA 

This new project  proposes to examine,  describe and  study 
prospective  environments  for  these  deposits in  British 
Columbia.  MINFILE has five listings for  enargite-bearing 
deposits; three of these in the Taku-Sutlahine  River  area are 
related Lones within a  large  hydrothermal  alteration system 

BRITISH COLUMBIA DEPOSITS WITH ACID-SULPHATE, 
TABLE 2-1-1 

ADVANCED ARGILLIC ALTERATION  CONTAINING 
KAOLINITE?PYROPHYLLITEtALUNITE 

AND/OR  ENARGITE' 

LoeationiPmoertv  Name MINFILE  Published  References 

Sutlahine  River area 

INK,  Camp  Creek 
I. *THORN.  DAISY, 104K 031. I16 

2.  *KAY.  LIN.  LIN 1-8 104K 030 

lskut River  Area 
3. *Johnny Momaid 1048 107 

4. Treaty  Glacier 1048 078 
REG 

Twdoggone River area 
5 .  AL, Alkns Hump. 94E 078,  79. 

6 .  Brenda (Jan alunite) 94E 107 
7. SHAS (Shasta) 94E 050 
8. Silver Pond 94E 069 

B0"a"Za 85. 91, 99 

Central  B.C. 
9. Equity  Silver  mine  93L 0 0 1  

Taseko RiveriMt. McClure area 
IO. Empress 920  033 

I I .  *Taylor-Windfall 920  028 
Vancouver  Island 
12. Exp ,  (Hushmu. MI. 92L 185, 240. 

Macintosh. HEP. Pem- 78, 308 
knon Hills) 

13. Red Dog 92L 200 

14. Wanokana 92L 272 

15. Island  Copper  mine 92L 138, 158, 

16. Kyuquot  Sound  (Easy  92L 072, 117 
Inlet) 

Southern B.C. 
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Alldeck and  Britlun, 1991: 
J.F.H.  Thompson, personal 
communication, 1991 
Diakuw 51 a/.. 1991 

Cyr et 01.. 1984 Wojdak  and 
Sinclair. 1984; 'deep acid- 
sulphate' - Sillitoe, 1991a 

Company  reports,  Westpine 
Bradford. 1985 

Metals  Ltd. 

Company reports. Moraga 
Resources Ltd.,  BHP-Ulah 
Mines  Ltd.;  P.G. Dasler.  per^ 

Company reports, M O ~ A ~ A  
sand communication, 1991 

Resources  Ltd.. Crew Natu- 
ral Resources Ltd. 

Resources  Ltd..  P.G. Dasler. 
Company repons, Acheron 

personal communication. 

Cargill et a/., 1976 Perello, 
1991 

Clapp. 1915; MacLean.  1988 
1987;  Company reports 

17. Riverside  92INW087  MacLean. 1988 
18. Pym  92HSE131 MacLean. 1988 

ben are summanzed in MlNFlLE from vmious published  and  unpublished SOY~CCS - 
Note: * denotes murrences conrainmg enargile. Deposits with MlNFlLE num- 

mainly company repons and assessment reports filed with rhe Ministry 

232 

at the Thorn and adjoining properties. Pyrophyllite has  been 
documented at f o u r  locations (MacLean,  1988).  These  and 
other  deposits mentioned in various  reports, mainly com- 
pany  reports. are listed in Table 2-1-1. 

number  of northern Vancouver Island occurrences  consid- 
During  the summer of 1991. the Thorn property  and a 

ered to  be the highest  priorities were briefly examined.  The 
presence of widespread  enargite in  quartz  veins is con- 
finned  at the Thom property within a large area of pyritic, 

On northern  Vancouver  Island  silica-clay  'caps'  and 
intensely  leached,  limonitic (iarositic), sericite  alteration. 

pyrophyllite-bearing  breccias  form  extensive  alteration 
zones in Bonanza  Group volcanic  rocks.  More  detailed 
work in  these  and other  areas is planned for 1992. 

SUMMARY 
Zones o f  acid-sulphate  high-sulphidation,  advanced 

argillic  alteration can host or  overlie  major precious  metal 
and copper deposits. The discovery of even one major 
deposit in  this  environment  can  be a major  economic 

ognized economic potential of veins and  breccias led to the 
bonanza. For  example, at El Indio, Chile in 1975,  the  rec- 

discovery of ore  reserves  containing  140  tonnes of gold, 
771 tonnes of silver and 0.4 million tonnes of copper in a 
IS0 by SOO-metrr area (lannas el a/.. 1990). In addition, 
acid-sulphate advanced  argillic alteration zones  are  near- 
surface features that can mark  buried bulk-mineable porph- 
yty  copper-gold  deposits such as the Island Copper  orebody 

gold-silver  deposits such as the Lepanto  deposit in the 
(Cargill er ul.. 1976; Perello. 1987) or  enargite-type copper- 

Philippines and the related, newly discovered,  Lepanto Far 
Southeast  deposit  with  combined  metal  content of 
526 tonnes  gold  and 3.45 million tonnes  copper (Sillitoe, 
1991a). 

The target areas  for this  study are both areas of past 
exploration  or newly discovered  areas of interest in which 
hydrothermal clay-silica  zones of acid-sulphate  advanced 
argillic alteration have not been  recognized or  evaluated. 
The relationships of intrusive  rocks,  hydrothermally  altered 
zones.  structural controls  for  ore and  mineralization might 
best be studied at a  regional or district  scale. As stated by 
Sillitoe 1991, page 202, in a summary of intrusion-related 
gold  deposits: "An appreciation of the  variety of gold 
deposit types in intrusion-centered systems, the  geological 
parameters  that controlled  them, their  mutual  interrelation- 
ships  and  the  resultant  metal  zoning  patterns  provide  a 
cogent  framework  for  gold exploration in volcano-plutonic 
arcs." With  regard to recent discoveries in long-active min- 

newly  discovered [post-l979] deposits..  .are located in old 
ing  districts, he further  states: " No less than 25 of the 33 

mining districts.  Furthermore,  given that districts  possess 
radii as  great  as 8 km. individual  exploration  targets can  be 
large." 

edge of acid-sulphate,  high-sulphidation,  advanced argillic 
An invitation is extended to readers with personal knowl- 

deposits in British Columbia to share information with the 
writer in order  to  inventory the deposits and  identify  the 
favourable geological environments. 

British Columbia Geoloxical Survq  Brunch 



ACKNOWLEDGMENTS 
Keith  Mounjoy  provided affable,  competent assistance in 

organizing this project and during the  course of  fieldwork. 
Gerald  Carlsnn and J.R. Woodcock,  consulting  geologists, 
Vancouver, provided the writer  with numernuh  reports and 
shared  personal ob::ervations about the Thorn  property. 
lnSormi!tion  about  various  northern  Vancouver  Island  prop- 
erties and advice about site v is i ts were  offered  by Peter G. 
Dasler and David  Pawliuk of Daiwan Engineering Limited 
on behalf of Moraga Resources Limited and Arne 0. Birke- 
land  on  behalf  of  Keewatin  Engineering  Incorporated. 
Access to  EXPO property diamond-drill core and  generous 
discussions at the mine-site  were  offered by John Fleming, 
Island Copper mine. Constructive  comments about the con- 
tent and style o f  this  report  were  received from Dave 
Lefebure and  John Newell. 

SELECTED  BIBLIOGRAPHY 
Alldrick, D.J.  and Britton, J.M. (IOY I): Sulphurets  Area 

Geology (Parts (.1f 104A/5W,  12W; 104B/XE, YE); B.C. 
Ministry nf Encr.,qy. Minps und P m d e r m l  RtwJurws, 
Open File 1991-21. 

Berger,  B.R. and Hsnley,  R.W. (1989): Advances in the 
Understanding of Epithermal  Gold-Silver Deposits, 

The Geology of  Gold Deposits, the Perspective in  
with Special Reterence to the  Western United Spates; in 

1988, E[.ononric. Gt,olng,v. Monograph 6, pages 
405-423. 

Bunham, H.F.. Jr. (19x6): Models  for  Volcanic-hosted Epi- 
thermal  Precious Metal Deposits; A Review; in Pro- 
ceedings Symposium 5 :  Volcanism,  Hydrothermal Sys- 
terns and  Related  Mineralization, Intcrr1utiorral 
Ci~lcannlogicul Congrms, Auckland, pages 13-17. 

Bonham, H.F.. Jr. (19x8):  Models  for  Volcanic-hosted  Pre- 
cious Metal Deposits: A Review: in Bulk  Mineable 
Precious Metal Deposits of the  Western United States, 

Geologiatl So( jet? of N < ~ & I .  Reno, pages 259-271 
Schafer.  R.W.. Cooper, J.J. and Vikre P.G., Editors, 

Bradford, J.A. ( IY85):  Geology and Alteration in the Taseko 
R i v e r  Area,  S o u r h w e s t c r n  B r i t i s h  Columhia:  
unpublished B.Sc. thesis, The Cirri\~ersity of British 
Columhiu. 122 pages. 

Cargill, D.G.,  Lamb. J . .  Young, M.J. and Rugg, E.S. (1976): 
Island Copper; in Porphyry  Deposits of the Canadian 
Cordillera,  Sutherland  Brown,  A,,  Editor, Cunudian 
lnstitrrte of Mirrirrg und Mctullurg?. Special Volume 15, 
pages 206-2 I X. 

Clapp,  C.H. (1915): Alunite and Pyrophyllite  in Triassic and 
Jurassic Volcarlics at Kyuquot Sound, British  Colum- 
bia; Eumomi<.  Geology, Volume 10, Number I, pages 
70.88. 

Cyr, J.B.,  Pease. R.B. and  Schroeter,  T.G. (19x4):  Geology 

Geolqyy, Volun~e 79, pages 947-96X. 
and Mineraliration at Equity  Silver Mine: Economic 

Diakow, L.J., Panteleyev, A. and  Schroeter,  T.G. (1991): 
Jurassic Epithermal  Deposits in the Toodoggone River 
Area, Northern  British  Columbia  -Examples of Well- 
preserved  Volc.mic-hosted,  Precious Metal  Mineraliza- 
tion; Economic. GpnIoRy, Volume X6, pages 529-554. 

Genlogiml  Fieldnork 1991, Puper 1992-1 

Hayba.  D.O.,  Bethke, P.M., Hf!ald, P. and  Foley, N K. 
(1985): Geologic,  Mineralogic, and (;eochemi:al 
Characteristics of Volcanic-hosted  Epithermal 
Precious-metal  Deposits; in Cieology  and (ieochemistry 
of Epithermal Systems,  Berger.  B.R.  and lethke, F'.'+f., 
Editors, Rerienjs  in  Ecorwmic Grolo,?!, Volume 2, 
pages 129- 167. 

Heald. P., Foley, N.K. and Hayta, D.O. (198 '): Compra- 
t ive Anatomy of Volcanic-'wsted EFithen ~ a l  Deposits: 
Acid Sulfate and Adulari:r-ljericite Typf s; Economic 
Geolqtv. Volume 82, pages 1-26. 

Hedenquist, 1. W. (19x7):  Minel.alization As: ociated  M'lth 
Volcanic-related Hydrothetnial  Syskms il the C!irc:un- 
p a u h c  .' '' Basin; in Transactic ns of the Fc lr th C:irc:un- 

Pacific  Energy and Mineral Resources Confermce, 

P c m h u n  Geologists, pager, 513-5;.4. 
Singapore, Horn, M.K., Edi.ror, Amer-icu I Assot.ia~ion 

Hedenquist, J.W., White,  N.C. ;and Siddele). G.. Editors 
(1990): Epithemal  Gold I\/lilreralizalion 0 'the  Circun- 
Pacific;  Geology,  Geochetnistry, Origin and Explwa- 

ariofr. Volume 35, 446 pqes  and Val  [me 36, -174 
tion, Volumes I and 11; Joub-r a1 ofGcochc, nical E.~p,or. 

pages. 

Henley,  R.W. (1991): Epithermal  Gold C'eposi :s in Volc;nic 
Terranes: in Gold  Metalloge,ly and tlxplo .ation, Fmfer, 
R.P., Editor, Bluckie und .':om. pages 13. -164 .  

Henley,  R.W. and Ellis, A.J. (I :9X3): Geothe mal Syztm!; 
Ancient and Modern:  A l;~i.ocheniical F eview; 151rth 
Science  Rcricws. Volume 1'9, pages 1-SC 

Henley, R.W.  and McNabb, A (1978;:  Ma:matic  V:~])or 
Plumes and Ground Water Interactir'n in I orphyry ('op- 
per Emplacement; Econorvii.  Geology Volume 13, 
PdgeS 1-20. 

Jannas, R.R., Beane,  R.E., Ahkt. B.A. and BI xnahim, I1.R. 

Deposit,  Chile; in Epithelmal  Gold Mil eralizatioi~ of 
(1990): Gold and Copper Mineralization It the 131 h 3 i n  

the Circum-Pacific: Geo1o::y. Geocher tislry,  Origin 
and Exploration, 11, Hedencuist, J.W., W l i te, N.C. ;and 
Siddeley, G., Editors, .lmwn~zl ( ~ G c o c h m  rical € k p l , ~ r a -  
tion. Volume 36, pages 233 -267. 

Meyer, C. and Hemley, J.J. (196T): Wall Rock Alteration; in 
Geochemistry of  Hydrothmnal On: Del osits,  Barr,es, 
H.L.. Editor, Nnlf, Rinehcrr: and Winstc?, lnc., p;l,:e$ 

166-235. 

MacLean, M. (1988): Talc .md Pyrophyll te in  Brit ish 

Pefrvleum Rrvnurces, Open File 1988-1 9, 108 pager. 
Columbia; B.C .  Minisfr-:; nf Energ)  Mines and 

Mutschler, F.E., Griffen, M.E., tkott  Stsvenl D. and S'lan- 
non. S.S. Jr. (1985): Preciou:r Metal Depc sits Related 182 
Alkaline Rocks in the Noltl l  Ameri,:an C srdillera - A i  
Interpretive  Review; Geolo:~icul  Societj S o u f h  Afi.,'cc. 
Transactions,  Volume 88, pages 366-37:. 

Panteleyev, A. (1986): A Cana5:lian Cordille 'an Model f c r  
Epithermal  Gold-Silver Dme:wsits, ( h s c  ence Can:dcl, 
Volume 13, pages 101-1 I . . ;  m d  inore D:posit Model!;, 
Roberts, R.G. and  Sheahar , P.A., Edito s, Ceoscl m e  
Cunada. Reprint Series 3, [pages 31-44. 

233 



Perello,  J.A.  (1987):  The  Occurrence of Gold at Island 
Copper  Mine, Vancouver Island, British  Columbia: 
unpublished  M.Sc.  thesis, Qoeen'.s Univwsify, King- 
ston, 85 pages. 

Rye,  R.O..  Bethke. P.M. and  Wdsserman,  M.D. (1989): 
Diverse  Origins of Alunite  and  Acid-Sulfate  Alteration: 
Stable  Isotope  Systematics: United Srures Geological 
Sur-ivy, Open-File  Report 89-5, 33 pages. 

Sillitoe,  R.H. (1983): Enargite-hearing  Massive  Sulfide 

G ~ ~ h g y .  Volume  78,  pages 348-352. 
Deposits  High in Porphyry  Copper  Systems: Economic 

Sillitoe,  R.H. (1988): Gold  and  Silver  Deposits in Porphyry 
Systems; in Bulk  Mineahle  Precious  Metal  Deposits of 
the  Westem  United  States,  Schafer,  R.W.,  Cooper,  J.J. 
and  Vikre, P. G., Editors, Geologicul  Society o f N e w d u ,  
Reno,  pages  233-257. 

Sillitoe, R.H. (1989): Gold  Deposits in Westem  Pacific 

ogy of  Gold  Deposits:  The  Perspective in 1988.  Keays, 
Island  Arcs:  The  Magmatic  Connection: in The  Geol- 

R.R..  Ramsav.  W.R.H.  and  Groves. D.I.. Editors. E m -  

1990,  Proceedings. Volume 2. Australian lrlstirute of 
Mining ond Metal/rir:$y, pages I 19- 126. 

Sillitoe. R.H. (1991a): Intrusion-related  Gold  Deposits; in 
Gold  Metallogeny  and  Exploration,  Foster, R.P, Editor, 
Bluckie mzd Sons, pages 165209. 

Sillitoe,  R.H. (1991b): Gold  Metallogeny in Chile: ECCJ- 
nomic  Grolo,yy, Volume 86, pages  1187-1205. 

Sillitoe,  R.H.  (in  press):  Gold-rich  Porphyry  Copper 
Deposits:  Occurrence Model  and  Exploration  Implica- 

IAGOD Drpoir   Model ing   Pmgram Confewnre, 
lions: in Proceedings  8th  IAGOD  Symposium, IL'GSI 

Ottawa. 1990. 
Sillitoe,  R.H. (in press):  Epithermal  Models,  Geometric 

Controls and Shallow  Features; in Proceedings  8th 

Program  Confit-ence, Ottawa, 1990. 
IAGOD  Symposium, IUGSIUAGOD DcJposir Modeling 

Sillitoe.  R.H. and Camus, F., Editors (1991): Gold  Deposits 
of the  Chilean  Andes; Ewwunric  Geolo,qy, Volume 86. 
pages  1153-1345. 

nomic Gmlogy. Monograph 6, pages  274-29 I .  
Sillitoe,  R.H. (1990):  Gold-rich  Porphyry  Copper  Deposits 

Wojdak, P.J. and  Sinclair,  A.J. (1984): Equity  Silver- 

of  the  Circum-Pacific  Region - An  Updated  Overview; 
Copper-Gold  Deposit:  Alteration  and  Fluid  Inclusion 

in Pacific  Rim  Congress 90, Gold  Coast,  Qoeensland, 
Studies: Ec.onomic Geology. Volume  79,  pages 
969-990. 

I .  

234 British  Columbia  Geological Surwy Branch 



AN INVESTIGATION OF SELECTED  MINERALIZED SKARhS 
IN BRITISH  COLUMBIA 

By I.C.L. Webster, G.E. Ray and A.R. Pettipas 

KEYWORDS: Econlmic  geology, skarn. metallogeny,  geo- presented in Tables 2-2-la and  h.  Whole-ra:k and acid- 
chemistry, mineralogy,  wrigglite.  tional  trace  element  analytical reults, togethe: with data on 

INTRODUCTION 
A number of skarn deposits and occurrences  throughout gold  and iron skams, such as t h x e  in t l e  Hc dley, Tex rda 

Earlier work in this  program .focused on t le provinr:e's 

the  province were examined and  sampled during the 1991 Island and Merry Widow camp:,, ;and in the Isk It River ;ama; 
field season  (Figure 2-2-1). The season represented  the final publications  include  those  h) IRay et a/ .  ( 1988, I 9 Q l ) .  
part of a 4-year field program to map, study  and compile Ettlinger  and Ray (1989). Ray a n d  Webster (I'191), Web;ter 
data on some of the 700 or  more  mineralized skarns and Ray (1991), and  Ray and [lawson (in prel aration). 'The 

between these skarns and their  metal content,  geochemistry, copper, zinc-lead, tungsten, nlclybdetwm at d tin s h m s  
recorded in  M1NFIL.E. I t  is hoped to determine relationships 1991 research  concentrated on some of Britis I Columhl.3's 

mineralogy, age, associated  intrusions  and  lithostructural (Figure 2-2-1). The final result:: of the  study u ill eventu;llly 
setting. Preliminary  geochemical  results and descriptions of he  published in bulletin fo,-n-l (Ray  and  Webster. in 
the  mineralized  skarn samples collected  this  season are preparation). 

microprohe analyses, will be pul:dished ;at a I ;  ter date. 

~ ~ ~ ~ ~ p - ~ ~ " -  
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'1 LOCATICIFI OF S K A i N S  I 
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Figure 2-2-1. Location of mineralized skams examined during the 1991 field season. showing 
their  relationship to the  tectonic  belts. 

Geological Fieldn'ork 1991, Paper 1992-1 23.5 
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PRELlMlNARY  GEOCHEMlCAL RESULTS OF MlNERALlZED SKARN GRAB SAMPLES. ALL UNlTS ARE  IN  PPM  EXCEPT 
TABLE 2-2-la 

WHERE  STATED  AS  PPB  OR  PER  CENT.  VALUES PENDING FOR  BLANK SPACES 
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TAR1.E 2-2-lb 

Geological Fieldwork 1991, Paper 1992-1 

INSULAR BELT 
A  number of skarns, including the  Maid of +in and Stah: 

of Montana  deposits,  are located in the  Rain: ' Hollow .1re;1 
in the  northwest  corner of the province ( :igure 2- ! - I )  
approximately 70 kilometres  nolthwest of H lines, Alaska. 
They occur within  the  Alexander  Terrane and are hoste(l by 
Upper Paleozoic  sediments that are  intruded o I the west m i  
east by Oligocene rocks of the Tkope Ri 'er intrus Ions 
(Campbell, 1983). A  suite of Sql.law-Dallaska gabbroic j i l l i  
and  dikes also  occurs in the urea (F iy re  2-2-2). Skam 
alteration  and  silicification, with zones #of mz ssive ;and dis- 

tent underground mining took  place,  mostly .t the Mai of 
seminated sulphides, are  exposed over a wide irea. Intemit- 

copper, 1.5 tonnes of silver  and  minor gold ! !ere  prod1t:ed 
Erin  between 1907 and 1956; approximately 244 tonnes, of 

(Table 2-2-2). Minor  productio~~ is also repr rted from th,: 
State  of Montana  claim. In addil ion to these I NO produu:rr, 

and  exploratory  adits i n  t l x  area;  they  include ths: 
several  small  skarn  occurrence 3 are exposf d in old ],its 

Lawrence,  Adams,  Victoria. IHibernia, M onderful ;mi 
Majestic skams (McConnell, 1913; Huclson, 1927: Watson, 
1948). 

MAID OF ERIN (MINFII.IE 114P 007) 
The Maid of Erin skam lies ..e.,s than :!OO n etres from the 

northeast  margin of a homblendebiotite  quar z diorite hod:/ 
belonging to the Tkope  River intrusions. This large massive 
stock, which  underlies the  skarn,  is cut by nun erous narl'nn, 
white quartz veins. The skarn i s  hosted by i n altered ;mri 
silicified  package of tuff,  argillite and  ma  ble that ,dips 
moderately  northeastwards; theiie  rock: are ocally cu: bi  
narrow, endoskarn-altered  sills imd dikes thz t are believed 
to originate from  the nearby diorite. 

comprise banded, massive  and crystalline  gar let wilh l.er.ser 
The  endoskarn intrusions :ntd exoskarn enses l a q e l i  

pyroxene:  banding in the exoskarn probably r !presents lem- 
nant bedding. The garnet  includes palt: bro vn, red, lime- 
green  and  yellow  varieties, so-ne  of  whict  are 0ptii;dl:y 

early, brown  garnet is overgrown, in tun), b y ,  lark green , m i  
zoned. Several  phases are rect-lgnized in tl e  marble an 

yellow  crystals.  Also  present a~',: coars,:, rad lating cry itals 
of vesuvianite and wollastonite as well as esser epidXf:, 
sericite and biotite. The  fine-grined biotite nainly ocrurs 
in remnant  patches of dark, silicsi:ous, hornfel! -like rock I hr.t 
is cut by veinlets of pyroxenf'  and later e m e t .  Watson 
(1948)  reports  the  presence O F  ;:oisite, clino :oisite,  monti- 
cellite, anorthite and  blue gahni,re spinel in t le skam. 

skarn. It consists of veins and blebs of nainly borritf:, 
Mineralization is found both in the (cxosk m and endc- 

chalcocite and lesser  chalcopyrite with spon  iic  and  mincr 
azurite, black sphalerite,  mol!/t,denite and n agnetite. \Vi!- 
tichenite (Cu,BiS,) has also been identified n some OR: as 
well as trace  covellite  and  nalive  silver (\ ratson, l!.481. 
Mineralized samples of sulphi:ie-rich skan  contain  ligh 
values of copper,  silver an,J. bismuth wi  h some !old 
(Ettlinger  and Ray, 1989; Table :2-2-la), Exte lsive silicified 
and  albitized  zones  containing  dissemina  ed  pyrrb:'tite 
occur adjacent to the  Maid of Erin skarn  a Id on Mineral 
Mountain (Figure  2-2-2). howe.,er, samples I 'f this matE:ri;d 
contained no gold  (Table 2-2- 1 :i). 
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Figure 2-2-2. Geology and location of skams in  the  Rainy Hollow area, northwest B.C. (geology  after  Campbe11,1983) 

SKARNS  VlSlTED DURING THE 1991  FlELD SEASON GlVlNG  TECTONlC BELT, LlTHOTECTONlC  TERRANE  AND 
TABLE 2-2-2 

PRODUCTlON 

0.8 
141 hu - 

1 749 

1 0.1 
1.16 

24 71 

1 s  
2 

238 British Columbia Geological Survey  Branch 



S T A T E   O F   M O N T A N A  (MISFILE 114P 008) 
The alteration arld mineralization at this  property are 

similar to that at the Maid of Erin skam. approximately 
I kilometre to the east  (Figure 2-2-21, The skarn consists 
mainly of green and brown garnet with minor amounts  of 
coarse, radiating  actinolite  crystals. I t  is hosted by layered, 
steeply dipping  marbles and  siliceous  and  alhitized meta- 
sediments  close to small  bodies of mafic diorite. 

skarn. It consists of veins and  layers of massive  bornite  and 
Mineraliation appears t o  be confined to the green garnet 

chalcocite up to 10 centimetres  thick; Watson (1948)  notes 
that wittichenite occurs in bornite as microscopic  grains. 
Like  the Maid of Erin skarn, some of the  silicified  and 
albitized metasediments contain fine disseminated pyrrho- 
tite. 

O T H E R  S K A R N  '[kCURRICNCES IN T H E  RAINY 
HOLLOW AREA 

The Victoria, Atlams and Lawrence (MINFILE  114P 
009,010 and 01 1)  olxurrences  are characterized by variable 

wollastonite.  Mineralization is dominated  by  black 
amounts  of  brown  and  green  garnet with some  minor 

sphalerite with lesser galena  (Hudson, 1927; Watson. 1948); 
some pods of massive  pyrrhotite were also  documented at 
the A d a m  where the skam  follows a  marble-argillite con- 
tact, close  to thin diorite sills. The Victoria skam was not 
visited during this  season  because its location is uncertain. 

ure 2-2-2) where it is hosted by grey  marbles. At least two 
The Majestic lie!, on the east side of Copper Butte (Fig- 

adits were driven 011 an east-trending zone of massive pyr- 
rhotite.  A  narrow  lens of crystalline  hrown and green  garnet 
skam is developed on the north side of the zone, between i t  
and the  marble. 

lets of quartz and  chalcopyrite.  A  pyrrhotite-rich sample 
The pyrrhotite  zone  contains  garnet as well as rare  vein- 

from the  Majestic IS weakly anomalous in bismuth and 
cobalt but contains  no  gold (Table 2-2-la). 

To summarize,  our examination of the Rainy Hollow  area 
suggests that the  numerous  mineralized  skarn deposits  and 
occurrences  are pan ol a major  skam  system.  This system. 

alteration  envelope that exceeds 1 square kilometre in out- 
which probably  resulted in a discontinuous but extensive 

crop  area,  covers  pans of the  Mineral  Mountain  and Copper 
Butte areas. I t  is uncertain  whether i t  is related to the large 
Oligocene  Tkope R~ver  intrusions or  to a gabbroic till suite 
forming part of the Squaw-Datlaska  Ranges complex (Fig- 

skam  close to the Tkope  River intrusion at the Maid of Erin 
ure 2-2-2). The  envelope  contains  copper and  silver-rich 

deposit. Farther from the  intrusion it contains  some zinc- 
lead skarns as well as extensive alteration zones that are 
silicified  and  albilized with massive  and  disseminated 
pyrrhotite. 

Past mining and exploration drilling at Rainy  Hollow 
were concentrated  on the  proximal  copper-rich skam, while 
the possible  existence of distal  gold-rich  and copper-poor 
skarn mineralization,  similar  to that at the  Fortitude deposit 
in Nevada  (Wotruba ef a/., 1988; Myers, 1990).  has largely 
been  ignored.  Although  our  samples of this  pyrrhotite 
alteration were barren of gold (Table 2-2-la), other  features 

Geological Firldwm~il 1991, Paper- I Y92-I 

suggest that gold  skarn  minera1i:fation could,  xist at Rainy 

gold, cobalt and bismuth in the hidrothermal I ystem as \dell 
Hollow. These features  include  the  localized I nrichmen: O S  

as the low CuiAg  ratio (250) of the Maid of EI in ore; su(h a 
low ratio is atypical of most copper and iron I karns but i s  a 
characteristic of many gold-skam  systfms  (Ettlinger rnd 
Ray, 1989). 

COAST BELT 

CHALCO (MISFILE 9251\€:043) 
The  Chalco S skam is located I 1  kilometre; southeast ol' 

Bralorne in the  Bridge River Tel~ane of soutl western I ~ C, 
(Figure 2-2-1). The  area is urlderlain by I iotite s d  ist 
banded  amphibolite  and  marble rof the E,ridge River G r w p  
and  the  skarn is hosted by a xxthwest-tre lding pod of 
coarsely  crystalline  marble and schist 200 me res in lenigh, 

a skam zone up to 3 metres wide.  The homl llende diorite 
An adit and open  cut  expose a sf ction OS marl 'le contairing, 

probably  responsible for the skarn; i t  ha:; yiel, led a Tertiary 
Bendor  batholith  outcrops 10(1 'netres lo the north and ir, 

age of 64 Ma  (Church  and  Peltipas, 19119). Small dike'; ol' 
altered  hornblende diorite  crosx.lt the schist i ijacent to !he 
skarn. 

garnet with lesser  pyroxene, act nolite and e[ idote. Game! 
Skarn  minerals  include  coilr,,e  brownish red to black 

generally forms an interlockin;: ]mass of subt :dral crystal: 

growth  zoning;  minor sericite i.. interslitid o the ganet,  
up to 3 centimetres in diameter and  often sho U S  noticetI)le 

pyroxene  and  actinolite. Some crosscutting v .ins of qu r r t 2  

Locally  the  garnet skam is banded  with, nr cor tains <:lot$ o f ,  

and  carbonate  contain  euhedral  crystds o '  garnet md 
pyroxene. 

The disseminated  metallic  mineralization is sparse; il 

rare molybdenite.  Geochemical .dnalyses ind  :ate spondit 
includes pyrrhotite,  chalcopyrite  and some n agnetjte  witt 

minor enrichment in gold, bismuth arld tullgsten (Thle 
2-2-la). 

INTERMONTANE BELX' 

CRAICMONT MINE (MINFILE 92ISEO35) 
The  Craigmont  copper  skam I S  situated  ir the Quesnel 

Terrane o f  southern  British  C'olumbia  (F~gure 2 - 2  I ) ,  
approximately 13 kilometres nnrrhwest of Mf rritt. It i:; the 
largest copper  skam  deposit i n  the province having [ro- 
duced over  400 000 tonnes of copper and 140 100 tonnl::i of 
magnetite iron ore (Table 2-2 -2 )  from  open-r it and  ur~ler- 
ground workings.  Mining  took  place  1xtwe:n  1961 .md 

tailings  for  use by the coal indu:;try. 
1982;  since 1983 magnetite  hss been rxovfred from the 

was  hosted  mainly by volcanic?, bedded tu fs and lime- 
The  Craigmont orebody  was  located on a m  ljor fadl :md 

stones of the Late Triassic  Nicc:h Group a( jacent tn the 
southern  margin of the Guichm  Creck b; tholith. ? 'his 
batholith, which represents a. high-level i~ trusion, '&'as 
coeval with the  Nicola Group vt:llcanisnr and is associtled 
with porphyry copper minera1ii:ation in t i e  Hi ;bland Va,ley 
(McMillan,  1976.  1978).  Quartz  dio-itic  xxks of Ihe 
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batholith are  exposed  on the  north wall of the  open pit. They 
comprise  dark, coarse-grained, epidote-altered  rocks that 
contain up to 20  per  cent hornblende. 

The skarn silicate  assemblage  includes  abundant  chlorite, 
actinolite,  epidote,  calcite  and  quartz with minor red gamet 
and pink orthoclase.  Sulphides  occur mostly in the chlorite- 
actinolite  exoskam and  the ore  zones were generally  con- 
cordant with the batholith  margin  and bedding in  the  Nicola 
Group.  Exoskarn  mineralization  comprises  masses  and 

together with magnetite  and  coarse  specular hematite;  pyrite 
irregular  veins of chalcopyrite up to 3 centimetres wide, 

deposit was dominated by magnetite  at its eastem  end and 
is rare.  Rennie  (1962)  notes that mineralization in the 

by hematite  farther west. The best copper  grades  occurred 
where there  were equal  amounts of magnetite and  hematite. 
The mineral assemblages indicate that overall, the deposit 
formed in oxidized  conditions  although the magnetite  to 

end of the deposit were more reduced.  Production data 
hematite zoning  suggests that conditions  towards the eastem 

cate that  this copper  skam has a very low gold  content. 
(Table  2-2-2)  and geochemical  analyses (Table 2-2-la)  indi- 

Minor  amounts  of  endoskarn  mineralization  are 
ohserved; the altered diorite  contains  subcircular  masses of 
chalcopyrite, up to 30 centimetres  across, with patches of 
coarse, pink calcite  and  orthoclase, small euhedral  quartz 
crystals  and  green  epidote.  This  endoskam  includes thin 
magnetite layers that trend  subparallel to the margins of the 
diorite,  as well as rare, irregular veinlets of dark red gamet. 

Two periods of mineralization are recognized (Johnson, 

to  the  main  skam-forming  event,  and  later  hematite- 
1973); an early  magnetite-chalcopyrite  assemblage, related 

chalcopyrite mineralization that occurs mostly in chloritic 
shears.  Some of the chalcopyrite  veins  are intergrown with 
pink  orthoclase. 

from the Nicola  Group and not from the Guichon  Creek 
Morrison (1980)  concluded that the metals were derived 

batholith. However, the  genetic relationship between  the 
batholith and porphyry copper  mineralization,  and  the  spa- 
tial  association of the skam with  the  batholith  margin sug- 
gests that the  Craigmont  deposit  and  the  batholith  are 
related.  Moreover, approximately 2.5 kilometres east of the 
deposit,  at  the Eric occurrence  (MINFILE  92ISE036), 
minor  copper-magnetite mineralization is also  developed 
along the  batholith  margin. This mineralization is associated 
with abundant orthoclase and  lesser clinopyroxene. epidote, 
sphene  and honey-coloured,  optically  isotropic garnet. 

LUCKY  MIKE DEPOSIT (MINFILE 92ISE027) 
The Lucky Mike  skam is located  approximately 20 kilo- 

metres north of Merritt  within  the Quesnel Terrane of south- 
em British Columbia  (Figure 2-2-1). Between  1917  and 

gold (Table  2-2-2). The area is underlain by Late Triassic 
1924 it produced minor amounts of silver, copper, lead and 

Nicola Group volcanics, tuff and  minor  limestone  (Moore 
and  Pettipas, 1990). These  contain a concordant, northerly 
striking  zone of mineralized gametite skarn that probably 
replaced a lens of clastic limestone. Both the footwall  and 
hangingwall  rocks  comprise  relatively  fresh,  massive 
andesitic crystal and lapilli  tuffs with some  agglomeratic 
layers.  Locally,  the  hangingwall is occupied  by a small body 

of hornblende-porphyritic mafic diorite; this  intrusion is 
probably related to the skam mineralization. 

The  gametite  zone  is  up to 3 metres  wide and 30 metres 

brownish red garnet.  Irregular blebs of chalcopyrite, 2 to 
long. It consists  largely of medium-grained  crystals of 

associated with patches of coarse  calcite and quartz.  Crys- 
3 centimetres  long,  are present in the  gametite; they are 

pyrite, pyrrhotite,  sphalerite and magnetite are  also present. 
tals of scheelite up to 0.5 centimetre  across, as well as 

Trace  geochemical  analyses  of a  mineralized grab  sample 
are presented in Table 2-2-la. 

MOLLY B AND ORAL  M  (MINFILE 103P 085) 
The Molly  B  and Oral M deposits lie within  the Stikine 

Terrane of northwestern British Columbia,  close to the east- 
em margin of the Intermontane Belt  (Figure 2-2-11, They 
are situated on the east side of the Bear River, opposite the 
town of Stewart.  The Molly  B  adit  was driven  immediately 
above the  river  hank and the Oral M  adit  lies approximately 

of the  area  are  described by Grove  (1971,  1986)  and 
200 metres farther upslope. The geology and mineralization 

Alldrick (in preparation). 

M is an auriferous, sulphide-rich quartz vein that cuts barren 
The Molly  B deposit  is a copper  skam whereas  the Oral 

skam and  hornfels;  both have had minor production of 
copper, gold  and  silver (Table 2-2-2). They  are hosted by 
Early  Jurassic Hazelton  Group tuffs,  argillites and  minor 
limestones close to the  intrusive contact of the  Eocene 
granodioritic Hyder batholith. Extensive and irregular  zones 
of biotite hornfels  containing  minor  disseminated  pyrrhotite 
occur in the  vicinity of the two prospects. Homfelsed tuffs 
are  cut  by  veins of quartz  and  epidote,  the  cores of which 
locally contain pale brown garnet. 

The Oral  M  prospect is a shear-hosted  quartz  vein that 
carries  disseminated  chalcopyrite, pyrite and gold; geo- 
chemical  analyses on two vein samples  are presented  in 
Table 2-2-la.  The wallrock includes both  hornfels  and a 
garnet-dominant  skam with lesser  pyroxene,  actinolite  and 
biotite.  It is uncertain  whether  the  mineralized quartz vein 
was genetically related to the formation of the  wallrock 
skam. 

Close  to  the Molly  B adit,  massive  to layered gamet- 
dominant  skarn is associated  with  remnant,  purplish 
coloured biotite  hornfels  that is cut by thin  irregular  pyrox- 
ene veinlets. An intense tectonic cleavage is developed 
locally;  this is generally  orientated subparallel to layering in 
the skam which is believed to represent remnant  bedding. 
Garnet  forms  veins,  layers  and  pods up to I O  centimetres 
across. It occurs  as  euhedral  light red, dark  brown,  amber 

epidote, actinolite. quartz  and  coarse  carbonate are also 
and  black crystals up to 1 centimetre in size. Pyroxene, 

present. 

pyrrhotite with lesser chalcopyrite, pyrite and  molybdenite. 
The  skam  contains  disseminations  and  irregular veins of 

Garnets in  the  sulphide-rich skam  are  darker than  those  in 
the  unmineralized skam.  Geochemical  analyses of miner- 
alized samples  from  the adit dump  are  anomalous in  tung- 
sten but, unlike  the Oral  M, they  contain no  gold (Table 
2-2-la). 
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Two dikes of unaltered leucocratic biotite  granodiorite, 
up to 2 metres thick, are  exposed in the Molly B  adit. They 
are enveloped by banded garnet-pyroxene skarn, but it is 
uncertain  whether the dikes  are  related  to  the  skarn. 
However,  float of endoskarn-altered  intrusive was seen 
around  the adit entl-ance. I t  consists of a coarse leuco- 
granodiorite  containing clots of red garnet and green epi- 

grown  pits  expose  coarse  garnet-pyroxene  skarn  with 
dote. Approximately 15 metres above the  adit,  several  over- 

pyrrhotite,  chalcopyrite  and black sphalerite. 

distinct from  one  another in their  morphology,  mineraliza- 
To summarize, the  Oral  M  and  Molly B deposits are 

tion and  metal content. I t  is not known if they were coeval 
and related to the  nearby  Eocene Hyder pluton or whether 
they  represent  older  Jurassic  deposits  as  discussed by 

quartz vein, but it i:, uncertain  whether it and the barren 
Alldrick (in preparation). The Oral  M is a gold-hearing 

The Molly E ,  by contrast, is a  gold-poor copper  skam that 
skarn-altered  wallrock were formed during  the same  event. 

carries  some  local  zinc,  molybdenum  and  tungsten 
enrichment. 

ATLIN CAMP 

069 and 126) and the  newly discovered Daybreak skarn 
The Silver Diamond, Atlin Magnetite (MINFILE 104N 

occurrences  are hosted by rocks of the Cache Creek Ter- 
rane, approximately 20 kilometres east-northeast of Atlin in 
northern  British Columbia (Figure 2-2-1). They  are spatially 
associated with the  western  margin of the  Late Cretaceous 
Surprise Lake  batholith  where it intrudes calcareous rocks 
of the Cache Creek Group  (Figure  2-2-3).  The batholith 
consists  largely of a  leucocratic quartz  monzonite. 

The  Silver Diamond  skarn  lies close  to the southwest 
margin of a  satellite  stock of the  Surprise Lake  batholith 
(Figure 2-2-3) about 4.5 kilometres  southwest of Ruby 
Mountain  and  west of  Boulder  Creek. I t  occurs mainly 
along  the contact between  a  white,  crystalline  marble  and 
altered greenstone and  ultramafic  rocks. Garnet is relatively 
uncommon and  forrns  thin  layers  and  veinlets of red and 
brown  crystals. Variable amounts of pyroxene,  fluorite, 
amphibole,  biotite  and  sericite are  also present. The  green- 
stones adjacent to !he skam are bleached  and silicified, 

patches  of a dark biotite  hornfels.  Transition from marble to 
whereas those  adjacent to marble locally contain  remnant 

hornfels is often  marked by the following mineral  zoning: 
marble, garnet skarn, pyroxene  skarn  and hornfels. 

The  occurrence is characterized by pods,  veins  and  irreg- 
ular  lenses of mas',ive  to  disseminated  sulphide, up to 
1 metre wide, that are generally concordant with the  marble 
contact.  Locally, the greenstones  are brecciated and  cut by 
sulphide veinlets.  Mineralization consists largely of pyr- 
rhotite and sphaleri1.e with minor chalcopyrite,  pyrite and 
scheelite: some  quartz-vein float with sphalerite and  galena 
was noted at the occurrence. Locally,  the  colourless  and 
purple  fluorite is abundant.  It occurs either as large crys- 
talline masses that a:re stained with black manganese  oxides 
and  intergrown  with sericite,  or  as isolated crystals  growing 
within the  massive  sulphides.  Analyses of mineralized 
samples (Table 2-2.-la) indicate that the Silver Diamond 
skarn is geochemic.dly  anomalous in silver,  bismuth  and 
tungsten. 

cassiterite, molybdenite and tetrrthedrite min :ralization a 
There  are reports in  MINF1L.E  of sporacic scheelite, 

short  distance northeast of the oci:urrencI:. 
The Atlin Magnetite skarn i 3 situated a] ,proximately 

8 kilometres  northeast of the Silvcr  Diammd p 'ospect (F !;$- 
ure 2-2-3) between  Ruby  and Cracker  creeks a : about 1800 
metres elevation. It is hosted b!' a deformec package {of 
marble,  sheared  greenstone anti  talcose ultra nafic  roc(s, 
approximately 200 metres  south of their  con  act with ]lie 
Surprise  Lake batholith. In this area, the  marg  nal phase 3f 
the  batholith is a  rusty-weathering quartz p xphyry that 
hosts  the  Purple Rose uranium oc;:urrencc: (MI (FILE: 104N 
005); it  lies  approximately 250 rwtres north-no theasi  oFlhe 
Atlin  Magnetite skarn. 

occurrence  are concentrated in n,arble layers :lose to Iheir 
Skam alteration  and minerali;:alion at the At in Magnetite 

contact with sheared ultramafic rocks.  Layers masses a ~ d  
veins of garnet are present with le:;ser am'xmts of pyroxele, 
actinolite  and coarse green  epidote: mnor  ate vein,$ of 
rhodonite,  and float containing (coarse  ,white wollastor ite 
crystals, up to 2.5 centimetres h g ,  were also een. Garnc:ts 

green, brown. amber  and black. S m e  of the su :ary textu .cd 
vary in colour  from red, orange and yellow-1 reen to (dirk 

marbles contain  euhedral crystais of black :arnet up to 
1 centimetre across. 

Mineralization is dominated by layers ar i masses of 
magnetite, up to 0.5 metre thick, I hat are gener dly  concord- 
ant with the foliated marbles.  Magnetite is oftt n intergrown 
withgarnet although  locally i t  i s  #:'ut by garnet veins. Lesser 
amounts of chalcopyrite,  pyrrhotite  and  splradic  pyr~te 
occur with some  azurite and abl.lndant malac lite staining. 
Geochemical analyses of mineralized sample: indicate the 
skarn is weakly  anomalous ir silver  and  gold  (Tatde 
2-2-la). 

Atlin prospector, Mr. W. Wallis, and is o S  inter :st becaus: i t  
The Daybreak occurrence was, recently disc overed by  an 

includes some  ribbon-banded wrigglite !.karn. It is situated 
at an elevation of 1550 to  1600  metres,  rast o ' Ruby  Creek 
and 1 kilometre  south of the Atlin  Magnetite ;kam  ((Figure 
2-2-3)  at UTM 595000E 66202:iON. The  are 1 is underlain 
by altered greenstone, schistose, homfelsic  'netasedimmt 
and minor  mafic tuff and  marble. These  an intruded by 
several  large,  irregular  sills and ,:likes of leucs cratic  qo;~rtz 
monzonite that are  cut by n a m w   q u a m  vc ins, some of 
which carry  minor  fluorite. The rills  and dike5 are probably 
related to the  nearby Surprise  Lake batholith. 

of garnet-pyroxene-biotite exosk~rn, with less, :r amount,; of 
West and southwest of the occurrence  there s a large area 

unaltered  intrusive. This skarn contains  layers and irreglliar 
veins of  orange-red garnet  and ::reen pyroxe le, up to 11.3 
metre  thick, that cut  a schistose biotite hcsrnfel .The  eastcm 
end of the  skarn is covered by a scree t hat coniains 
numerous large boulders of la,yc,red wrigglitc skam (I' ate 

float represents  frost-heaved hclulders. sugg :sting that ii 
2-2-1). Wrigglite was not seen in outcrop bu some of the 

subcrops in the immediate vicin ty. 

mineral  layering; each layer is 1:i:her green, br )wn or blick 
The wrigglite  skarn is charx terized by tt in, rhythmic. 

depending upon the  quantity of tlluorite, vesul ianite, gamel: 
or  magnetite  present.  The la:ters, which  are  betwzer, 
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0.5 millimetre and I O  centimetres  thick,  are locally folded 

garnet.  Rare vuggy cavities up to I O  centimetres in diameter 
and sheared (Plate 2-2-1). and some  are  crosscut by veins of 

are present; these  are lined with elongate  crystals  of green 
clinozoisite. Microprobe and  x-ray diffraction  studies by the 
Geological  Survey of Canada (S.B.  Ballantyne, personal 
communication,  1991)  indicate  the  wrigglite  contains 

No beryl  has  yet been identified, and it is likely  that  much of 
gahnite and trace  cassiterite,  and is enriched in beryllium. 

the  beryllium is contained  as a  non-essentail element within 
the  vesuvianite and garnet. 

The term  "wrigglite" to describe  rhythmically  layered 
skam was  first used by Askins (1976) and  later by Kwak 
and  Askins  (1981) although  the  texture  has  been recognized 
since the early  part of this  century. Kwak (1987)  discusses 

of iron and  fluorine-rich tin skarns,  most of which  contain 
the origin of wrigglite  texture  and notes it is a characteristic 

are  commonly associated with fault  structures;  unlike most 
fluorine in excess of 9 per cent by volume.  Wrigglite skarns 

tin skarns which generally  form at deep levels,  they are 
believed to  develop under  relatively  near-surface conditions 
such as above the cupolas of high-level granites.  Thus, its 
presence in  the Daybeak skarn suggests the Surprise Lake 

batholith is a  relatively  high-level  and  structurally control- 
led  intrusion.  Moreover.  the  presence of the  fluorine- 
beryllium-tin  skarn assemblages at both  the  Daybreak  and 

evolved granitic melts  derived  from continental crust.  This 
Silver Diamond occurrences are  characteristic of highly 

indicates the oceanic  Cache Creek  Terrane  may be underlain 
by continental basement in the  Atlin  area. 

OMINECA BELT 

The Coxey, Novelty and Giant skarns are hosted by 
rocks of the Slide Mountain  Terrane, and lie within the 
Rossland mining  camp in southeastern  British Columbia 
(Figure 2-2-1). The  camp has  a long mining  history  and 
many of its important  deposits  are on Red  Mountain,  west 
of Rossland  township  (Figure 2-2-4). Immediately east of 

Jurassic Rossland  Group supracrustal  rocks  and  several 
Red  Mountain,  the  geology  is  Characterized  by  Early 

suites of Jurassic intrusions. On Red Mountain, these  rocks 
are  structurally  overlain by a thrust  sheet comprising  Penn- 
sylvanian to Permian metasediments of the Mount Roberts 
Formation (HOy and  Andrew,  1991a  and b). 
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Figure 2-2-3. Geology  and  location of skarn  occurrences  associated with the Surprise Lake batholilh, 
Atlin camp (geology after Aitken, 1960). 
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Plate 2-2-1. "Vr'rigglite" skarn with alternating  layers 
rich in fluorite,  magnetite,  vesuvianite and grossular  garnet. 
This  skarn contains  minor  cassiterite and gahnite and is 
geochemically anrmalous in beryllium (S.B. Ballantyne, 
personal communiration, 1991). Daybreak tin skarn occur- 
rence, Atlin camp, B.C. 

each in different hwtrock  packages, with contrasting miner- 
Two types of mineralization are  recognized in the camp; 

alogies. and  are belleved IO he of different ages  (Dunne and 
Hay, 1992,  this vohlme; Hay et ul. ,  1992,  this  volume).  The 
oldest  and  most economically important deposits are  in 
extensive, steeply dipping pyrrhotite-rich veins that  contain 
gold, silver, arsenic and  copper. The  veins  cut the Rossland 
Group  sediments, volcanics  and coeval plutonic  rocks that 
underlie  the lower eastern slope of Red  Mountain. They 
were  worked  in  numerous  underground  mines.  mainly 
between 1890 and 1930. and include  the  Le Roi. I.X.L., 

these  vein  deposits are  associated with weak skarn  alteration 
Evening  Star  and  Gertrude veins (Figure  2-2-4).  Some of 

(Wilson er ai.; 1991). Hay et a / . ,  1992,  this  volume). 
The  other  major  deposit type is younger than the veins 

by  open pit,  mainly  between 1966 and 1972; they  include 
and  is  represented by molybdenum  skarns that were mined 

the Coxey, Novelt:q and  the  Giant  orehodies. These  are 
hosted by the thrust package of siltstones and tuffs belong- 
ing to the Mount Roberts  Formation  and in younger dioritic 
intrusions (Hoy  and Andrew,  1991a  and b). There  are, 

Geological  Fieldwrk  1991,  Paper  1992-1 

however,  important geochemical differcnces  between  lhes,e 
molybdenum  skams;  The Cox:.y orebodies  are  barren of 
gold  while the Novelty  and Giant depofiits C I  sntain elm ;Ited 
values of gold,  cobalt,  hismutt, arsenic an< nickel (l'hble 
2-?--la). It is not known if this variation reiresents a geo- 
chemical zoning in the rnolybdmum  skarns, )r whether  the 
fluids responsible for the Novehy  and  Giant minera1iz;Ition 
scavenged gold, arsenic and (:ohah fl-om he older vein 
mineralization in the  underlyin;?.  thrust  plate 

The Mount  Roberts Formatim in the Ros land area ;also 
contains  rare  galena-sphalerite b8eins of unkt own  age.  One 

cropping north of Coxey  (Figu.e 2-2-4) ass; yed 16 gmms 
narrow quarr' vein with pyrite  galena  and phalerite IOU:. 

per  tonne gold  (Table 2-2-la). 

GEOLOGY OF THE RED h 1 O U N T A I N  AREA 
Early geological  work i n  the Rossland are I includes that 

by Drysdale (1915), Stevenson (1935).  Wh te (1949) and 
Little  (1963). More recent pul:'lications include thosi: by 
Little (19821, Fyles  (1984). Hii) and Ardrew (1991a a111 ts) 
and Hoy et a/ . ,  (1992, this V O I L  me). 

directed Rossland thrust  fault (Figure 2-2-4), Ire recognized 
Two structural packages,  separated b) the  easrerly 

on the  mountain (Hay  and .4-1drew,  1991;  and b). The 
oldest of these is the Permo-Carbonife1ous I l oun t   Ro l~~r t s  
Formation that comprises  thin-bedded silts .ones,  bedded 
tuffs, minor volcanics  and ver) rare, thin ci rbonate units;. 
They  form a subhorizontal tc gently dip[ ing seqoi!ncz 
exposed on the upper part of Red  Mountai I. Structul.;ally 
underlying  these rocks  are alkal ic tuffs, volc mics and sub- 
volcanic intrusions of the Eiu.l!i Jurassic Rc rsland G r q .  

Mountain  area. The oldest is the  Rossland nonzonite,  an 
A variety of intrusive  rocks are  rec<>gniz :d in  the I M  

Early Jnrilssic pluton  that is  ktrusive into md  cogentti,: 
with the Rossland Group (Dunr~e  and Hoy. 992, this vel- 
ume). I t  is probably  genetically  related to th" gold--bearinz 
sulphide  veins  and associated  gold-skarn en' elopes on th,? 
mountain, but it has not been mapped in the  overliin:: 

tact  between  Mount  Roberts  Formalion , nd  Rossiand 
Mount Roberts  Formation. This  and an infer  ed thrusf. con- 

the  Rossland  monzonite. 
monzonite  south of Rossland, SL ggest a pre-f tulting a@ for 

A subsequent major plutonic *vent ( a .  16 i Ma) resulted 
in the emplacement of the  diorit  c to monzon tic Rainy [)ai 

and  Trail  plutons. This  event repwlted  in the :xtensive rili- 
cification,  skaming and  development of htrmfels  in thl: 
Mount Roberts  Formation on k d  Mountain  'Fyles, 191:4). 
A  variety of equigranular  to porphyritic  qual :z diorite: r i l h  
and dikes, that cut both  the  Mount Rob"rts a Id underlying 
Rossland  rocks, are believed tcl be related to t tis plutonls;m. 
They  produced  only  localized  barren  gar]  et-pyroxt  ne- 
epidote  skam in the  lower  struct\rral  paccage )ut resullecl in 
the development of the molybdenum skim or :bodies in thc 
Mount  Roberts Formation. 

COXEY MINE  (MINFILE I1;2FSW110 1 

extend  from the lower western  :;lopes almost to the  surnmit 
The  Coxey  mine was workcd  from  six ,pen pits that 

of Red  Mountain (Figure 2-:1-4), Skam  allxation 01 the 

.?4.3 



Mount  Roberts Formation  increases towards the  upper  pits 
(E and F  pits) as  does the amount of sulphide mineraliza- 
tion.  Here the  skarn assemblage  comprises veinlets of red- 
dish brown garnet  and  green  pyroxene.  At a lower  elevation, 
in pits D and B, garnet is rare hut pyroxene and  lesser  biotite 
hornfels  are  abundant. Radiating crystals of actinolite  are 
also locally  present. 

Mineralization consists primarily of molybdenite with 
minor  scheelite; pyrite, pyrrhotite  and  chalcopyrite  are  gen- 
erally  uncommon.  Analyses of five mineralized samples 
indicate enrichment in molybdenum, tungsten  and copper, 
but  no  anomalous  gold (Table 2-2-la).  Molybdenite  gener- 
ally occurs as thin smears, irregular patches  and veinlets. In 
pits A and E, molybdenite is widely  distributed in the 
exoskam but at a slightly  lower  elevation, in pits  A  and  uA, 

rhotite occurs  along the  margins of,  and within. a brecciated 
some mineralized endoskam is seen. Molybdenite with pyr- 

dioritic hody. particularly  in  the  breccia matrix.  The  breccia 
mostly contains rounded to  angular  clasts of diorite up to 
0 3  metre in diameter,  many of which have bleached reac- 
tion  rims.  Adjacent to  the  country rocks  however, it contains 

Molybdenite is more  abundant in the sedimentary breccia 
angular  fragments of hornfelsed  Mount  Roberts  Formation. 

while  pyrrhotite dominates in the dioritic  breccia. 

with  pyrrhotite  and  pyrite,  and  the  genetic  relationship 
Molybdenite-rich mineralization is not  always  associated 

between  the molybenite  and the other sulphides is uncertain. 

cut and overgrown by veins of molybdenite.  However, a 
Some pyrrhotite  and  pyrite are relatively  early as they are 

later  generation of coarse pyrite  veining along late  faults 
postdates  the  molybdenite. 

NOVELTY (MINFILE 82FSW107) 
The Novelty open pit is at an elevation of 1370 metres on 

the  south  side of Red  Mountain  and  south of the  Coxey 

bedded  and  east-dipping  metasediments of the  Mount 
orebodies  (Figure 2-2-41, Mineralization is hosted hy thin- 

Roberts  Formation.  These  are  extensively  silicified  and 
homfelsed with lesser amounts of epidote-pyroxene  altera- 

body of bleached,  endoskam-altered  diorite  cuts and  brecci- 
tion and  rare  masses of brown, crystalline garnet. A small 

ales the homfelsed  metasediments  and the clasts of country 
rock have marked reaction rims. 

Mineralization comprises irregular masses of anhedral 
arsenopyrite  intergrown  with  minor  pyrrhotite,  molyb- 

marked by minor chalcopyrite  and  erythrite staining;  Fyles 
denite,  cobaltite and  pyrite. Some mineralized  boulders are 

(1984) reports  the  presence of bismuthinite  and  uraninite. 
As well as  gold,  arsenic,  cobalt,  molybdenum and  bismuth 
enrichment in the mineralization,  geochemical  analyses 
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Figure 2-2-4. Geology  and  location of skarn and vein deposits in the  Rossland  Camp  (geology  after Hey and  Andrew, 1991b). 
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indicate anomalous nickel  (Table 2-2-la). suggesting  the 
presence of nickel  arsenide  minerals. 

GIANT  MINE (M:INFILE 82FSW109) 
The  Giant  mine,  situated  southwest of the  Novelty 

deposit, produced copper, silver  and  gold (Table 2-2-2)  from 
two adits  between the years 1898 and 1903. The area is 
underlain by subhorizontal, thinly  bedded, homfelsed silt- 
stone of the  Mount  Roberts  Formation. No mineralization 
was seen in outcrop but rocks on the dump at the blocked 
entrance  to the  upper adit contain  massive  arsenopyrite 
intergrown with coarse  molybdenite  flakes,  minor pyr- 
rhotite  and  chalcopyrite. Minor garnet  and  some calcite 
veining  occurs with the sulphides. Pyrrhotite-bearing  rocks 
in the  waste dump outside  the lower  adit contain epidote, 
lesser  pyroxene, Tar: layers of brown garnet and narrow 
veins of quartz. 

outside  the  upper  adit is similar to that of the Novelty 
The geochemistry of an arsenopyrite-rich sample  from 

mineralization; i t  contains anomalous  gold, bismuth, cobalt 
and nickel (Table 2-?-la). 

SECOND R~:I , Iw  MINE  (MINFILE 82FSW187) 
The Second  Relief  mine is located 42 kilometres  south of 

Nelson in southeastern  British Columbia  (Figure 2-2-1). 

their contact with Jurassic  Nelson  granodiorite (HOy and 
Hostrocks are Early Jurassic Rossland Group rocks close  to 

gold  and  copper with minor lead, zinc and  silver (Table 
Andrew, 1989). Betv#een 1900 and 1059 the  mine  produced 

northeast-striking.  steeply dipping  quartz veins that reach 
2-2-2). Mineralization is contained within several  parallel 

pyrite, pyrrhotite, clxrlcopyrite and  magnetite with trace, 
up to 4 metres in width. The  veins alsn contain  arsenopyrite. 

epidote is also present. 
sphalerite,  molybdenum and native  gold:  minor  garnet  and 

The veins are surrounded by an extensive  envelope of 
pervasive  and silice:ous garnet-pyroxene  skam alteration 
that overprints both Ihe Rossland Group and the porphyritic 
diorite.  The  exoskarn  also  contains  pyrrhotite,  epidote, 
amphibole, clinopyrrlxene,  carbonate, biotite and trace tour- 
maline: microprobe  analyses indicate the garnets arc iron 
rich and low in manganese (Ettlinger and Ray, 19x9). 

at the Second Reliel. mine was coeval and related to the 
I t  is uncertain  wherhcr  formation ofthe mineralized veins 

skarn-altered  wallnrck.  Some  samples of sulphide-rich 
quartz vein contains anomalous gold, arsenic, copper and 
zinc, but the skam-altered wallrock has no gold  enrichment 
(Table 2-2- I a). 

EMERALD  TUN~~STEN  CAMP 
The Emerald  Tungsten camp, located 22 kilometres  south 

of  Salmo in southeastem British  Columbia (Figure 2-2-1) is 
hosted by rocks of ancestral  North  America. I t  includes two 
Paleozoic, stratabound  lead-zinc deposits worked at the 
Jersey and Emerald Lead-Zinc mines,  as well as several 
Cretaceous tungsten skam  deposits that were worked from 
the Emerald  Tungsten (MINFILE XZFSWOIO). Feeney 
(MINFILE  82FSW247), Invincible (MINFILE  82FSW218) 

and Dodger (MINFILE 82FSWI:Il I )  mines ( 1  :igure 2-2-5), 
Between 1906 and 1972,  7.6 million tmmnes of ore \sm 
mined from this camp (Table 2-2.-2). Producti( Nn records :'or 
the  entire camp were grouped itnd reported as  coming Ftom 
the  stratabound  Jersey deposit; thlls the c,xnpa .alive amc.unl 
of metals  obtained  from  the younger skarns an i older strata- 
bound deposits is uncertain. Il~:~wever, it is a reasonible 
assumption that no tungsten wits derived from the Jerse!, 01' 
Emerald  Lead-Zinc  mines  and none of the tu lgsten skanr 
produced  any  lead,  zinc,  silver (lr cadmlum. 

has been described by Hedley , 1943), Ball ' I  a/. (IY53). 
The geology of the camp is $hewn ill Fig, Ire 2-2-5 m d  

Rennie  and  Smith (1957) and  Fyles  and Hc wlett (lY:i9) 
Skam is developed  along the rnargins of tt e Cretaceous 
Emerald  and Dodger  stocks u h r x  they intn (de the Ear ly  
Cambrian  Laib Formation,  particularly along he  contact of 
the Reeves  limestone and  the Ernerald argillile. The stoc:ks, 
comprise a  leucocratic, quartz..m:h granite CI ntaining bio- 
tite and lesser  muscovite.  Close 1':) the skims t ley  arc: C U I  by 
parallel  sets of milky quartz veln!; up to Si cenl [metres \v .de, 
as well as by veins of coarse pyrite  and extens ve patche; of' 
quartr-muscovite greisen. 

developed in the  sedimentary rocks. The s :am inclucler 
Most of the skam, which is dominated ,y garnst, is 

both massive and banded varieties; the later  repre'a'ntr 
remnant  bedding consisting of akemating lay, rs rich i n  red 
and brown garnet, green pyroxme, q u m z  a Id carbonite, 
Locally, i t  contains layers of coarse woll Istonite. '[he 
exoskam is commonly  cut by \ einlets of ar Iphibole, and 
includes  minor  amounts of epithte,  orthxlas, , seririte. md 
biotite. Some remnant areas of [lark,  biotite- .ich horn1 :Is- 
like  alteration  are cut by pyroxene  veinlets. 

stocks are identified:  quartz vl:i.ts. sulphide- ich pods m c  
Three  styles of minera1ira:il.m related tc the grmitic 

skams.  Some  quartz veins cut1 ing the stoc c are loc 1114 
enveloped by thin,  dark  halos of :tltered leldsp  lr  and thl<.l;er 
patches of muscovite-rich greism. Botb the leins  and (he 
wallrock alteration  contain cmtrie molybdeni  e  and  pyrite 
Some  quartz veins also contain elongate, da,k tourma inc 
crystals. 

nated sulphide are locally develoted wictlin thc granite ~closc. 
Pods, lenses and irregular v e  ns of nlassi\ E IO dissrmi- 

to  its  contact  with  either  m;trhle  cr  ex)skarn. O n e  
pyrrhotite-rich  grab  sample  from a  massiv : pod 81: the 
Dodger mine portal assayed anwnalous golc, arsenic m d  
tungsten  (Table 2-2-la). 

nated to irregular masses of scht~elite that occ ~r either  Jiitt 
Economic  skarn mineralizatio-I is dominate J by disserni- 

disseminated  pyrrhotite or in sdphide-lean Sarnet s k . m  
Minor  amounts of molybdenite were no.ed a! well ;is rarer 
wolframite  and  powellite. LocaUy, the ntineri lized skarl i! 
cut by late  veinlets of pyrite.  Geochemical  inalyses of 2. 

scheelite-bearing  skam  sample fi.om Em'srald rungsterl adi? 
are  presented in  Table 2-2-la. 

The  Queen Victoria copper  skam  depo it is loc;lted 
approximately 12 kilometres we!it of Nelson v ithin r o c k  of 
the  Quesnel  Terrane, (Figure 2-2-1). lrterm ttent ope l~p i t  
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Figure 2-2-5. Geology of the Emerald Tungsten camp showing  locations of the skam deposits 
(geology after Fyles and Hewlett, 1959). 
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mining between 1907 and 1956 resulted in the  production of 
copper with minor amounts of silver and  gold  (Table 2-2-2). 
The  skam is hosted hy Early Jurassic  sedimentary  rocks of 
the Ymir Group  close to its contact with a  quartz  diorite to 
granodiorite intrusion that is probably part of the Jurassic 

prises  a  hornblende (25.35%) quartz  diorite that is moder- 
Nelson  plutonic  suite. Near the mine, this intrusion com- 

ately  bleached  and  veined with epidote; this body is cut by 
narrow, altered  diorlte dikes. 

The  deposit is hosted by limestone  and  impure calcareous 
sedimentary  rocks  that  are  interlayered with schistose 
quartzite  and  argillite.  Most of the alteration  appears to 
represent  exoskarn  although  minor  remnants of strongly 
altered  porphyritic endoskarn  are present. 

The gamet-domi.nant  exoskarn  reaches 150 metres in 

brown  and red garnetite  although  towards  the  footwall. 
length and 30 metre:, in width. It consists mainly of massive 

there is some subhorizontally  layered,  siliceous exoskam, 
with remnant  bedding. The garnetite is cut by several  gener- 
ations of veining.  These include early  bands and  veins of 
green  pyroxene and amphibole up to IO centimetres wide. 
Some of these have dark centres  containing  pyroxene and 
amphihole and outer, light  green  margins that x-ray diffrac- 
tion  indicates con!.ain actinolite.  albite  and  microcline 
(M.Chowdry,  personal  communication, 1991). The  gar- 
netite is also  cut b,y younger  veins rich in either  yellow- 
green,  crystalline epidote  or white quartz.  The  quartz  veins, 

carbonate, crystallirle  epidote, black amphibole, pyrite  and 
which reach 10 centimetres in thickness,  contain  lesser 

minor  chalcopyrile.  Locally  they  are  enveloped  by 
magnetite-rich zones that separate  the vein from the gar- 
netite  host. 

veins of cha1copyril.e and  pyrite, up to 40 centimetres  thick, 
Mineraliration  consists of disseminations,  masses  and 

with minor  bornite,  magnetite  and rare pyrrhotite. The high 
pyrite:pyrrhotite ratio of the ore  suggests the  Queen  Victoria 
copper skarn formc:d  in a  relatively  oxidized environment. 
Geochemical analyses of mineralized grab  samples (Table 
2-2-la) indicate high copper values with a  moderate  silver 
but low gold content. 

PIEDMONT M I ~ E  (MINFILE 82FNW129) 
The  Piedmont l e d z i n c  skam deposit is located 6 kilo- 

metres southeast of Slocan in rocks of the  Quesnel  Terrane, 
(Figure  2-2-1). Intermittent  operations  between 1928 and 

silver  (Table  2-2-?).  The  Piedmont  was  the  province's 
1959 resulted in the  production of minor  zinc,  lead  and 

largest zinc-lead  skam  producer and  production  was from 
underground  and  open-pit operations. 

the  Middle to Late Jurassic  Nelson  plutonic  suite. It com- 
The  mine  area is largely underlain by an intrusive  body of 

prises  multiple phases that include older mafic diorites 

crystic, biotite  hornblende granodiorite and quartz  diorite; 
intruded by both equigranular and  potassium feldspar  mega- 

these form larger  bodies  as well as sills  and  dikes that vary 
from  massive  to weakly gneissic. Layers, disseminations 
and lenticular mass,es of mineralized exoskam occur close 
to the  contact between  the  batholith  and  several  pendants of 
Late  Triassic Sloc:an Group  rocks;  the  latter  comprise 

Geological Fieldn'ork 1991, Paper. 1992-1 

schistose quartzite, meta-argillit:: and minor brown marl,le. 
The largest mineralized pod,  close to the old glory hol:, is 
approximately 20 metres Ions and  up to C metres  tliclc 
(Allen, 1984). I t  lies  adjacent to altered grar odiorite dikes 
that are probably related to the nearby bathc ith. 

black sphalerite  and lesser galem in a niatrix of red,  ys;low 
The exoskarn is dominated by fin? to "oarse--gra 11etj 

and  green garnet, with quartz ,md patches of :oarse cal:ite. 
Pyrrhotite  generally forms  cr{mcutting vein lets, howwer, 
in one adit i t  occurs intergrown with nlinor ;phalerite in a 

dates the  sphalerite  and galena 5 lthough one I lost-pyrrhltit: 
narrow, massive sulphide  zone. IMost of the F yrrhotite post- 

euhedral  crystals of sphalerite aud galena  fon I inclusio~ls i n  
veinlet of coarse sphalerite WIS obselved.  Some cmmc:, 

the large calcite  blebs. Houerer,  locally, the calciie is 
rimmed and  separated  from  adjacent pyrrhoti e by a n;rmow 
layer of sphalerite. Geochemi,:z.l  analy!.es or sulphiderich 
grab  samples (Table 2-2-la) indicate high ~ a l u e s  of i n c ,  

mony and copper suggests tetrrhedrite may bl present i l l  the 
lead, cadmium  and silver. Ttle minor  enric lment in .inti- 

ore. 

STEEP  OCCURRENCE 
The  Steep skarn occurrence is located i I southear,lern 

British Columbia  (Figure 2-2-1: on the  west tide of Acams 
Lake  approximately 55 kilome! res northeast of Kamk op!;. 
It is hosted by Paleozoic  Sican ous Formati(  n argillac.:ous 

Terrane  (Schiarizza  and Preto, 1984,  1987).  A concorrlar~t 
limestones and black calcareclu!; phyl lks  of the Kootmay 

zone of skam alteration,  that rf:a::hes seberal t undred mk:tres 
in width, is traceable for  at leas! 10 kilometr :s along s ~ i k e  
(Ettlinger  and Ray, 1989). It is structu-ally  mderlain by a 
strongly  foliated unit that contains qua~ tz  ph :nocryst:;, .Fine 
muscovite and  quartz veinlels This unit i I at least 500 
metres thick and may  represent ;I Devonian o thogneiss that  
generated  the skam.  The  orthogneiss  contain, lenses ot l e s  
deformed  granite. 

The skarn assemblage inclL,des gamet, :Iinopyrox:n<:, 
epidote  and  amphibole with les!;er biotite, sc hene, ch l t~~i te ,  
and  apatite.  Mineralization tends  to he clo! e to the odtc:r 
margins of the  skarn  zone. It includes pyrrha tite and 1t::jst:r 
chalcopyrite with magnetite, sphalerit,:, ga ena and  trace 
gold (Miller et a / . ,  1988). The line gold is 5 ssociatetl with 
minute  grains of native bismuth and bismutl telluridmz:;, 

DIMAC  (SILENCE  LAKE  MINE; 
MINFILE 82M 123) 

37 kilometres  northeast of Clez.rwater n  rocks of tho Bar- 
The  Dimac tungsten skam is located ( 'igure Z-;!-l), 

kerville  Terrane. Minor tungster  production \. as recordd in 
1982  (Table 2-2-2)  from a sr,all open-pit m ne. 

dipping  metasedimentary gnelsies and  schis s of the Shu!;. 
The  area is underlain by e.m-northeast-st  iking., steeply 

wap  Metamorphic  Compler.  These  amp  libolite-fxies 
rocks, which are strongly dehrmed  an'i is01 linally fidded, 
include some  calcsilicate gnei:;ses and thir  marbles.  The 
metasediments  are  cut by a postmetamorp lic, Paleocerle 
stock  and some  sills that vary in compo5ition 'rom grawle 1.0 

quartz monzonite to alaskite.  The inlrusiols compri!;e a 
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coarse to medium-grained, leucocratic two-mica  granite that 
are  generally  massive  although  some  sills are  weakly foli- 
ated. The  alaskitic  rocks contain irregular  segregations of 
coarse  quartz,  plagioclase, muscovite and  rare  biotite, the 
latter  up to 1.5 centimetres in diameter, as well as small 
patches of greisen. This alteration is  associated with quartz- 
sericite  veins,  up to 2 centimetres  wide, that are  bordered by 
narrow  bleached halos. 

the  latter  representing  the replacement of remnant gneissic 
Texturally,  the exoskarn varies from massive to layered, 

layering. At least three types of skarn are  developed in 
calcsilicates  adjacent  to the  intrusions:  wollastonite-garnet- 
carbonate  skarn,  pyroxene-carbonate-quartz  skarn  and 
garnet-idocrase-quartz  skam.  Scheelite is generally absent 
in the wollastonite skam  (White,  1989).  Some of the garnet- 
idocrase skarn is extremely  coarse  grained  and pegmatitic. 
It is dominated by large euhedral  crystals of gamet, up to 
7 centimetres  across,  and brownish green  to  amber vesu- 
vianite  that reaches 15 centimetres in length; these are often 
set in a matrix of white quartz  (Plate 2-2-2). This skarn 
contains anhedral to subhedral  scheelite,  up  to 1.5 centi- 
metres across, that occurs  either as clusters or scattered 
individual white  crystals. Scheelite is also seen as small 
inclusions in both gamet and  vesuvianite. 

brown cores,  containing  small  inclusions of quartz,  scheelite 
In outcrop,  some of the  large garnets  are  zoned  from 

and  rare  pyrrhotite, out to red rims that are inclusion free. 

green to amher varieties were observed.  They  seldom form 
Garnets are mostly red and brown hut some  dark  brownish 

parallel to  the  remnant  gneissic foliation.  Vesuvianite forms 
veins  hut mostly occur as isolated crystals,  masses or layers, 

massive  hands  and  pods up to 5 centimetres  thick, as well as 
isolated  crystals. 

The pyroxene-rich  skarn varies  from  handed  to massive: 
it contains small. euhedral hedenbergite crystals,  generally 
in a carbonate  matrix,  together with variable amounts of 
scheelite,  but  garnet  and wollastonite are  uncommon.  The 
wollastonite-rich  skarn is commonly handed, consisting of 
alternating layers rich in garnet,  pyroxene,  amphibole  and 

commonly  surrounds  crystals of pink to red gamet,  separat- 
wollastonite. Coarse wollastonite,  up to 5 centimetres  long, 

ing the garnet from  carbonate. 

followed by vesuvianite and wollastonite. However,  some 
Crystal  relationships suggest that  garnet formed  early, 

scheelite  either predates, or was coeval with garnet as it 
occurs as inclusions  in  these crystals. Virtually no  suphides 
were  seen  in  the Dimac  deposit  apart  from pyrrhotite that 
occurs  either  as  minute, rare  inclusions  in  garnet or as 
disseminations  and veinlets  in  the quartz-garnet-vesuvianite 
skarn. A small  coating  of  erythrite was noted  on  one  outcrop 
and  locally  the  skarn is cut by late veins of quartz and 
gypsum. 

hearing skarn are presented in Table 2-2-la. In addition, 
Geochemical analytical  results on  samples of scheelite- 

very large  gamet  and vesuvianite crystals were  hand  picked 
from the skarn  for trace element analyses.  X-ray  diffraction 
analysis (with a detection  limit of 15 ppm  Sn)  indicates that 
the  vesuvianite  and gamet contain  up to 2106 and  317  ppm 
tin  respectively.  However, no  anomalous tin  values are 
recorded in the  samples of scheelite-hearing  skam. 
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with a two-mica  granite, is characterized by scheelite hut 
To summarize,  the  Dimac tungsten  skarn is associated 

carries virtually no  sulphides  except  rare pyrrhotite. This 

extremely  coarse  grained  garnet, vesuvianite  and scheelite 
suggests it developed in a reduced, low-sulphur system.  The 

crystals indicate  that  the skarn  formed at a deep level and 
crystallized over a considerable  length of time. 

CASSIAR CAMP 

township in northem British Columbia  (Figure 2-2-1) where 
Several  skams  occur in the Cassiar  area, north of Cassiar 

they are hosted by rocks of the Cassiar Terrane;  the  geology 
of the area has k e n  described by Panteleyev (1979,  1980) 
and  Nelson  and Bradford  (1989).  They include  the Contact, 
Dead Goat, Lamb Mountain and Kuhn skams as well as 
several  unnamed  mineralized  skam  occurrences  (Figure 
2-2-6). The  Contact  and Dead Goat  skams  are hosted by the 
Hadrynian  Stelkuz  Formation,  comprising  phyllites, 
quartzites  and limestones, close  to its contact with the east- 
ern margin of the  Late Cretaceous  Cassiar stock. The  stock 

monzonite that contains  potassium  feldspar megacrysts. The 
is a coarse-grained, biotite-hornblende  granite  and quartz 

Plate 2-2-2. Coarse,  euhedral  gamet  crystals in a quartz 
matrix, Dimac (Silence  Lake)  tungsten  mine,  Clearwater 
district, B.C. 

British Columbia Geological  Survey Branch 



Figure 2-2-6. Geology and  location of skarn occurrences in the Cassiar camp 
(geology after  Nelson and  Bradford, 19x9). 

Geological  Fieldwork 1991, Paper IYY2-I 24'9 



Lamb Mountain and Kuhn  skarns also lie close  to the 

calcareous shale of the Lower Cambrian Rosella Formation 
Cassiar  stock and are hosted by  limestone,  dolostone and 

(Nelson  and  Bradford, 1989). 

CONTACT  MINE  (TELEMARK; 
MINFILE  104P  004) 

Cassiar asbestos mine (Figure 2-2-6). In 1956 it  produced 
The  Contact  skam  deposit is located 2 kilometres  east of 

minor  amounts of silver,  lead  and copper (Table 2-2-2). The 
main ore  zone is a  steeply dipping  massive  magnetite body 
that reaches 2 metres in thickness.  This  horizon, which is 
hosted by and concordant  to layered  marbles,  lies approx- 
imately 200 metres east-southeast of the contact with the 

the  magnetite layer is a  zone of layered garnet-pyroxene- 
feldspar megacrystic Cassiar stock.  Between  the  stock and 

biotite exoskarn 150 to 200 metres  wide that represents 
altered, thinly  bedded  siltstones. This banded skam  contains 
remnant patches of biotite  hornfels cut by veinlets of garnet 
and  pyroxene;  it is generally  unmineralized  except  for 
minor  disseminated pyrrhotite  and late veins of pyrite. 

gins of the skam, probably along the contact between  the 
The  magnetite zone apparently formed at the outer mar- 

skarn-altered  siltstone unit  and  a limestone. It  includes some 
patches of biotite  hornfels and  rare,  coarse  euhedral  crystals 
of dark brown to black garnet.  The western, footwall  contact 
is concordant to the  banded skarn, but its  eastern hanging- 
wall contact is irregular and  locally  crosscutting;  veinlets of 
magnetite  have been  injected into  the adjacent  marble. The 
massive  magnetite is cut by blebs and veinlets of pyrrhotite, 
sphalerite,  chalcopyrite  and  galena;  galena  tends to separate 
sphalerite  from pyrrhotite. There  are  reports in MINFILE of 
t race   molybdeni te ,   a rsenopyr i te ,   t e t rahedr i te   and  
bismuthinite (McDougall, 1954). Some of the marbles  close 
to the skarn  contain veins of rhodonite. 

KUHN  (MINFILE  104P  071) 
The  geology and  mineral assemblages of the Kuhn skarn 

has been described by Cooke and Godwin  (1984).  The skarn 

and argillites with minor  coarse white marble; the  biotite 
is hosted by a package of hornfelsed  and silicified siltstones 

hornfels is cut  by  veinlets of pyroxene.  The  exoskam 
assemblage  comprises  coarse  actinolite,  garnet  and 
clinopyroxene.  The  garnets, which  include pale or reddish 
brown.  amber and black varieties, are  commonly intergrown 

endoskarn was identified. 
with  actinolite and  coarse,  euhedral  crystals of quartz. No 

The actinolite-rich  skarn contains  abundant  disseminated 
pyrrhotite with minor  pyrite,  chalcopyrite  and  veins of 
coarse molybdenite. Cooke and Godwin  (1984) report  the 
presence of scheelite, powellite and fluorite. 

DEAD GOAT (MINFILE  104P 079) 
The  area is underlain by hornfelsed  argillite and  some 

units of grey to white marble.  The  latter vary from  massive 
and  granular to layered  and  strongly deformed.  The marble 
is  associated with large masses of banded gamet-epidote- 
actinolite-pyroxene skarn  up to 1 metre in thickness, that 
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contain small,  remnant patches of biotite  hornfels. Some 
garnet crystals  are  coarse and euhedral and  reach 1 centi- 
metre in  diameter:  they vary in colour  from pale  brown to 
amber. 

by  veins of pyrite. Also present  are  masses of black 
Mineralization  includes patches of massive pyrrhotite cut 

sphalerite with minor disseminated scheelite  and magnetite. 
Marble  adjacent to the  skarn is cut by veinlets of rhodonite. 

LAMB  MOUNTAIN  (WINDY; 
MINFILE  104P 003) 

close  to  the western  margin of a small body of feldspar 
This skarn is hosted by  marbles and  hornfelsed argillites 

megacrystic  quartz  monzonite that represents  a  satellite 
intrusion of the Cassiar  stock  (Figure  2-2-6). Adjacent to the 
intrusion,  the hornfels  contains  cordierite and is cut by 
irregular veinlets of pyroxene. 

very coarse  actinolite that forms  crystals up to 3 centimetres 
Two types of exoskarn  are  seen.  One is dominated by 

long. This  actinolite skarn,  which is developed immediately 

coarse  calcite.  The  other type is a  generally thin-banded 
adjacent to the intrusion,  contains  minorepidote and  clots of 

massive garnet bands exceed 1 metre in thickness. Garnet 
garnet-pyroxene-epidote-quartz skarn, although  some of the 

forms euhedral  pale  red,  dark  brown  and amber-coloured 
crystals up to I centimetre in diameter. This skam also 
contains  some white elongate  crystals, up to  2.5  centi- 
metres, that  x-ray studies indicate to be the scapolite min- 
eral  meionite ( M .  Chowdry,  personal  communication, 
1992). 

Mineralization in the  exoskam  includes  disseminated 
pyrrhotite,  molybdenite,  scheelite  and  rare  chalcopyrite. 
The  quartz  monzonite  immediately adjacent to the  skarn is 
silicified  and  contain  minor  amounts  of  disseminated 
pyrrhotite. 

UNNAMED  SKARNS  (Nos. 5 AND 6, 
FIGURE  2-2-6) 

crops,  are  exposed north of Cassiar  township  (Figure  2-2-6) 
Two  unnamed  skarns,  marked by rusty weathering  out- 

at  elevations of 1740  and  1430  metres. I t  is  uncertain 

the Cassiar  stock  or  an altered  metasedimentary screen 
whether the most northerly of the  two  skarns is hosted by 

within the  intrusion. I t  contains  actinolite  and  clinopyroxene 
with pyrrhotite and traces of fine molybdenite. 

The  other skarn farther south is hosted in calcareous 
metasediments  close to the  stock. It contains  coarse  sub- 
hedral  reddish  brown garnet, pyroxene, quartz and carbon- 
ate,  with  minor  disseminated  pyrrhotite.  Geochemical 
analyses of samples  from these two skarn show no evidence 
of gold,  copper  or tungsten  mineralization  (Table 2-2-la). 
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TOWARDS A  DEPOSIT  MODEL FOR OPHIOLITE RIELATEC 
MESOTHERMAL  GOLD IN BRITISH COLUMJ3IA 

By C.H. Ash, R.W.J. Macdonald and R.L.  Arksey 
““-.-I 

KEYWORDS: Economic  geology,  lode  gold,  listwanite, 
mesothermal veins, ophiolite,  obduction, felsic magmatism. 

INTRODUCTION 
The  Listwanite Prqject  was  initiated in 1989 to develop a 

regional  metallogenic deposit model  for  mesothermal  gold 
veins associated wit11 ophiolitic  ultramafic  rocks in oceanic 
terranes  throughout  British Columbia. To date, investiga- 
tions have been conducted in six  lode-gold or related placer 
camps  throughout the province.  These include  the:  Atlin, 

land and  Greenwood areas (Figure 2-51), Most of the 
Stuart-Pinchi Lakes, Bralorne, Cassiar  (Erickson), Ross- 

fieldwork  has  focused on the geology  and  potential source 
of gold  placers in the Atlin camp (Ash  and Arksey, 1990a. 
c). Results of this work,  describing the  origin and tectonic 
setting of the ophiolitic  rocks and related  gold mineraliza- 
tion will appear separately (Ash, in preparation). 

ophiolite-lode-gold  association in British Columbia. It 
This  repon  summarizes the present  understanding of the 

reviews the resoun’e potential of this  deposit  type,  the 

ment of the evolving deposit  model.  Detailed  results will 
scientific approach taken and  the current stage of  develop- 

appear in an upcoming  publication (Ash r f  ai., in prepara- 
tion). An introduction to the  listwanite-lode-gold associa- 
tion and  a descriptiam of the deposit type have  been  given 
previously (Ash and Arksey,  1990b). 

LISTWANITE - LODE  GOLD RELATED 
DEPOSITS 

Listwanite is a  term  applied to an alteration  assemblage 
generated by carbon, dioxide metasomatism of serpentinired 
ultramafic  rocks. This alteration type is not only  associated 
with most of the major mesothermal  vein deposits in British 
Columbia  (Figures 2-3-2 and 3).  but also with many major 
mesothermal vein deposits in Phanerozoic and  Archean 
gold camps worldwide. This  relationship appears to be due 
primarily to similarities in tectonic  history  and  involves 
using  ultramafic  and  related  plutonic  rocks to delineate 
major structural breaks which act as a “first order control” 
for the development of mesothermal  gold deposits  (Groves, 
1990). 

The ferm listwanite  has not been formally  defined. It is 
loosely  characterized as “a carbonatized  ultramafic rock” 
(Buisson  and Leblanc, 1986). The process of listwanitira- 
tion produces a  varying sequence of alteration  products 
caused by differences in the  intensity of alteration.  A list- 
wanite, therefore,  consists of an alteration  suite with the 
individual  units of $.he suite best described in terms of their 
mineralogy.  This !suite commonly  includes, in order  of 
increasing  intensity of alteration:  talc-altered  serpentinite; 
talc-carbonate;  quartz-talc-carbonate;  quartz-carbonate- 
mariposite  and qtlartz-carbonate-mariposite-sulphides~ 
gold. 

Geological  Fieldncrk 1991, Paper lYY2-1 

ECONOMIC  SIGNIFICANCE 
The  economic  significance of (his  deposit t ~ p e  in Bzirish 

Columbia is demonstrated bi  historic  gal I production 
(Schroeter Pf a/ . ,  1989).  Of  the !six gold  camps producing 
more than I million ounces of llold (Fizure 1-3-2) wlsich 

produced in the province, three a1.e mesothem 11 vein ciu ips 
together  account for approximately 80 per ce It of the p l d  

with a clear ophiolitic  association. Five of t le ten lart:esl 
mesothermal  vein deposits  (Figure 2-3-3) ha, e  a currl:ntlq 

cance for this deposit type lies in rhe fact that t le majorit:/ of 
defined  ophiolitic  association. Added econ m i c  sigr ifi- 

placer  gold camps in British ( :c  lumbia are c osely associ. 
ated with accreted oceanic terranes (Hodgson P I  ai., 1‘282) 

APPROACH 

avenues of investigation: 
Development of a deposit  madel  has  follo eed two n ~ a i r l  

(I) The lithotectonic  setting of I~:~de-gold  dep,  #sits and asso. 

(2) The timing of lode-gold  deposition relat ve to the tec- 

These topics  are addressed by combiring r .gional rec:on- 

properties, core  logging  and  Irmch mappint  was used to 
naissance  and  detailed geologic,id mapping  a Id, at spe:~fic 

compliment surface data. 

est is being supplemented by .xiditional radil #metric  dating 
The existing geochronologic:al database in xeas of  ilil.er- 

in order  to define  the  timing of plutonism a] d mineralira- 
tion.  Combined K-Ar  and U-F’b isotopi: datl ng techniques 
are  being used to constrain t h c  age o? plu~  mic  episo’jes 

mineralization. Where availabl::, marjpositt (fuchsile), B 

thought to be associated with lislwanitic  alter Ition and ;;old 

green  chrome-bearing  musco\.ite (phengit :) cornmrmt:y 
associated with carbonatized ultlxnafic rock, is being d3ted 
by Ar-Ar or K-Ar methods  tc obtain  appare i t  mineraliza- 
tion ages. 

ciated  ophiolitic rocks; and, 

tonic  and plutonic history of  the host ter ‘ane. 

In listwanites,  the existence  0i.a variely of I reen mincralr 
other than. or in addition to  mariposite, rleces! itates  det8iled 
mineralogical  studies.  Hand-picked  concentr ites are bt:in;; 

era1 identification  and by inducfwely couple, plasma t.:ch- 
studied optically  and  analyzed by  x-ray diffri :tion  l‘or rnin- 

niques for  major  and  minor element  content 
The potential  for  platinum g r w p  element ( ’GE) mincral- 

ization within this  style of deposit is also 3eing cruiely 

various camps studied have,  or are being anal: zed to tes:  for 
assessed. A number of sulphide-rich  samldes  from th,: 

anomalous PGE concentrations. 

REGIONAL GEOLOGIICAL !iETirING 
All six  areas  investigated  (Figure 2-7- 1 .) a1 5 either w lhin 

accreted  oceanic  terranes  or, a!; in the cast of Rosslimd, 
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Figure 2-3-1. Study areas of the Listwanite Project in British Columbia. 
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Figure 2-3-2. Top six gold-producing  mines in British 
Columbia (data from Schroeter et ai.. 1989). 

0 1 2 3 4  
Mllllon oz. 

Figure 2-3-3. Top ten past-producing mesothermal gold 
vein deposits in BI-itish  Columbia (data from Schroeter et 
a/., 1989). 

overlie  ophiolitic  tectonic  slivers  along an accretionary 

are underlain by the Cache  Creek Terrane  and  three by the 
structure (Rossland break; Fyles, 1984). Three of the camps 

composite oceanic  terrane which includes two distinctive 
Slide Mountain  Terrane. The  Cache  Creek Terrane is a 

developed  during the  destruction of late Paleozoic to early 
elements;  subduction-related  accretionary  complexes 

Mesozoic  oceanic  crust  (Monger et a / . .  1982; Monger, 

membered ophiolitic  complexes emplaced by obduction of 
1984; Coney, 19x9: Gabrielse and Yorath. 1989). and dis- 

oceanic basin during  collision. 
oceanic  crust and  upper mantle  during final  closure of the 

(Raymond, 1984) are a third  important  element of the Cache 
Lithologically chaotic and  tectonically  mixed melanges 

Creek  Terrane  and  are  imbricated with elements of both the 
accretionary and ophiolitic  complexes. Melanges are map- 
pable on outcrop to regional scales throughout  the  terrane, 
and  are  interpreted as lithotectonic units intrinsic to both 

Gealagical Firlduork IYYI, Paper 1992-l 

subduction  and  accretionary prcwsses. Irt this .egard, r e l w  
ences  to the Cache Creek as "il Tethydn-bear ng mklan le- 
like  terrane" (Coney, 19x91, or an ''oflhioli ic mtlangf:" 

lithological  and  structural  comolcxities of the terrane as a 
(Oldow e r a / . ,  1989) truly reflecl the lar;:e an I small-sc:ale 

whole. 
The  Slide Mountain  Terrane is lnade  up of a lochthonous, 

dismembered,  commonly imbricated,  Devonis n to Permian 
ophiolitic slices  transported a m s s  a forme' continertml 
margin during early  Mesozoic :ilne. Lithotect mic relali,~n- 
ships common throughout  the ten'ane (Nelson i nd Bradti 'rd, 
1989: Klepacki  and  Wheeler. lSIS5) indic3te cI  lssic inverted 
ophiolite  stratigraphies  (Gealey. 1980) result ng from the 

bered oceanic  crust and  upper mantle during Ibduction In 
structural  stacking of fault-boNmded section! of dismcn- 

comparison to the Cache  Creek Tt:rrar!e, )he SI de Mounlain 
Terrane  has a conspicuous lack 01'subduction- .elated act re- 
tionary complexes. 

DEPOSIT SETTING 

structures within or marginal to  ophiolitic c rustal arii.;or 
Gold  deposits investigated In each  area  a.e hosted by 

mantle lithologies.  Having fomled  at  oceanic, rustal delths 
of 6 to 12 kilometres, the presellt tectoric  se ting of these 

crustal  structures along which relzerse moveml nt must h w e  
lithologies  suggests  the  presence of deep, t irough-going 

occurred.  These structures,  most likely active during cdli-  
sion and ophiolite  obduction, itre necesmy t I account 1.01 
such  significant vertical displacements. 

mantle  metamorphic harzburgire or crus:al pl (tonic dunitic 
All listwanite  protoliths  investigated are op"liolitic, uppel 

to wehrlitic  ultramafic cumula.tc,s. These ultl amafic rorkr 
are  commonly  found in fault cmlact with n afic plun nic 
and  volcanic members of a cla:isic, disrnembe ,ed ophiolitic 
suite (Anonymous, 1972; Coleman, 1977). rhese crustal 
rocks appear to he significant. :IS they provi le compe'f:nc 
lithologies  suitable for the  debelopment of d  lational fmc- 
tures  during the  ore deposition  process. 

In most of the camps studi::d  then: is I spatial and 
apparent temporal  association  between mine  aliration and 
syn- to primarily post-accretion;ry felsic ma :matism. 'I'ht: 
Erickson camp near Cassiar mirq be an excep  ion,  aithoigt, 
a thermal metamorphic  halo of appropriate agc suggest!; 'hal: 
such an intrusion  may he preszrlt at depth (P elson, 1'3'40). 
Felsic  intrusive  rocks  are  pre,dominantly  granodiolite; 
however,  some  compositional  variability s evidenl a:; 
diorite and monzodiorite are als,:~ identilied. ntrusion!; and 
magma injection are structurally  controlled, a feature wllich 
is, in general, most evident  at the deposit scak. Most appear 
to immediately  postdate  the main phase 0: accretioll,ar!i 
deformation and intrude all ocealGc lithologie: , However, in 
the  Rossland area the intrusiorl associated wi h mineraliza- 

tonism (HOy ('1 a/.. 1992. this volume). 
tion,  the  Rossland monzonite, may predate  c ,Ilisionall k c -  

In terms of tectonic  setting and history, ti le most m o m . .  

prehensive  picture to date  has bcen devc:lopel for the A t l i n  
area  (Figure 2-3-4). Lode-gold mineralizatic 'n throughut 
the camp is hosted by structures zither within )r margin:[l to 
a relatively  flat-lying,  disrn~:.mbere~l an I imhricxtted 
ophiolite  complex.  This  complex  overlies with malked 
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MINERALIZATION PLUTONISM 
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FJB - Fourth of July  batholith BB - Bowser  Basin mp - maripositelfuchsite mu - muscovite 
NCC - Northern Cache Creek ST - Stikinia zr - zircon bi - biotite 
SLB - Surprise  Lake batholith QN - Quesnellia 

Figure 2-3-4. Geological  history of the Atlin  area. 

References: 1 - Dawson (1988) 
2 - Mihalynuk er a/ .  (in preparation) 
3 - Christopher  and Pinsent (1979) 
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structural discordance, a lithologically variable, imbricated 

rocks,  interpreted to represent a remnant  subduction accre- 
package of oceanic  metasedimentary and metavolcanic 

tionary  complex (Ash, in preparation). 

inferred from  mariposite radiometric ages  (Figure 2-3-4). 
In Atlin,  the  timing of lode-gold  mineralization, as 

clearly  retlects  both the timing of oceanic  closure  and 
ophiolitic obduction as evidenced by:  the ending  of both 
oceanic crustal fom~ation (Monger, 1984: Cordey, 1990) 
and  arc  volcanism  (Tipper, 19x4): and  the  shedding of 
oceanic  material  into  the Bowser Basin (Monger, 1984). 
Felsic  magmatism is spatially  and  temporally  related to 
mineralization  and  tectonism.  Throughout  the camp  most 
areas of listwanitic xlteration with anomalous gold  values 
are in close proximity or immediately  adjacent to a felsic 
dike  or stock. 

Fourth of July bathcslith  is consistent with intrusions  found 
Limited  trace  and  rare-earth element chemistry from the 

in a syn-collisional tectonic environment.  Rubidium- 
strontium  isotopic data for  this  suspected  syn-collisional 
pluton (Mihalynuk e /  ul., in preparation.)  indicates a primi- 
tive  origin  and  supports partial melting of a stacked  and 
hydrated  oceanic  crustal  package as a possible source. 

In both the Bralorne ( h i t c h ,  1990) and  Rossland camps 
(Hay et a/ . .  1992, this  volume) gold  deposits  are spatially 
related to structurally  controlled  felsic  intrusions  which are 
contemporaneous with mineralization. 

PRELIMINARY  DEPOSIT  MODEL 
Lode-gold  deposits within or marginal to ophiolitic ter- 

ranes in British Columbia  appear to he generated  during  and 

They  are hosted by occretionary structures  and  are  spatially 
immediately  following  the period of oceanic  accretion. 

Hostrocks  are cut b!i syn-collisional  felsic  intrusions  gener- 
associated with both oceanic  crust and mantle lithologies. 

ated during the  accretionary episodes.  This model invokes 
leaching of gold from a tectonically  thickened  package of 

deeper  levels, proclucing the  contemporaneous  intrusion 
oceanic  crustal rocks which is undergoing partial melting at 

(Figure 2 - 3 5 ) ,  

trols  the geometry (of the felsic  intrusive  rocks.  Fluids are 
The structural configuration  of the  accreted  package con- 

thermally  driven by the heat of intrusion and are possibly 
supplemented by \,olatiles  released  from the intrusions. 
These fluids leach metals from the  thickened  oceanic  pack- 
age.  Metals are then  precipitated as the  fluids move away 
from the magmatic  heat source along  pre-existing  structures 
hounding and within the accreted ophiolite package. 

EXPLORATION  GUIDELINES 

tectonic  setting  and  the spatial  distribution of the  listwanitic 
Systematic surface mapping that focuses on both  the 

alteration  suite is extremely useful. The distinctive  list- 
wanite  alteration assemblage  occurs in linear  arrays reflect- 
ing  the  structural  control on the  mineralizing  system.  Both 
alteration  mineralogy  and  intensity vary systematically 
away  from the controlling structure. The locus of significant 
mineralization is typically  associated with silicified zones 

Geological Fieldwclrk 1991, Poprr 1992-1 

(veins  or  stockworks)  at the cor(:  :If the  structu a1 zone 0 1  in 
its related splays. 

it is critical to distinguish  pre-m:retionary, a lochthonous, 
When evaluating the tectonic !,etting of the ieposit tyFle, 

ophiolitic  mantle and  metamorphlc  or crustal F lutonic rocks 
from those  plutonic  rocks which are syn to pc st-collisioral 
and  intrude the  accreted oceanic  package, Many  reports 2nd 
maps  continue  to interpret  ophiolitic  pluton  c  and mrla- 
morphic rocks throughout British Columbia 1s intrusions 
rather  than  fault-bounded  tecton  c  slivers of lceanic crust 
and  mantle.  The  most signific:i.nt temporal  relations  lip 

tectonic emplacement of ophiolilNos by obduct on gened ly  
between the ophiolitic rocks and mineralirati, m is that the 

occurs  just prior to the mineraliz~ng  event. A  :lassic ex;In- 
ple is the “Bralome  diorite”  or “‘Bralom: intr Ision” which 
hosted the largest  lode-gold deposit in :he C madian Cor- 
dillera.  This  unit is the mafic, plutonic p ~ r t i o n  of an 
obducted,  dismembered  ophiolitic assernblag 5 ,  fonned  as 
part of the ocean  crust  and  subsquently tectc ?icaJly trans- 
ported to its present  position. It was not intl uded into  its 
present  position as its name irnplies. 

DISCUSSION 

models for the development of ~ n ~ x ~ t h e r n a l  vc in deposit i in 
These  preliminary  results itri: consi:xent with cumnt  

Archean greenstone belts  (Barley et G I . ,  l”89: Kerr’ch, 

development in association witl-1 periods of defonnation. 
1989: Kerrich  and  Wyman, 1990) which 1 romole w i n  

metamorphism and plutonism (luring terrane :ollision. 

invoke a prograde arc-trench N ode1 (tloffm In, 1990). in 
Current  interpretations  for  the  origin (of grf enstone b:lts 

which: 

accretionary  complexes, the volcaniclsubvl  Icanic rocks 
“greenstone belts are view’stl a s  rernnanf; of foretlrc 

being allochthonous  island arc:, seamounts microconti- 
nents, efc.. and  the overlying  wdiment:; heir g indigenaus 
trench  turbidites  and  allochthonous  pelagic ant 1 deep sea ian 
deposits.” 

The Paleozoic  Cordilleran n d e l  prerentec  here ma! he 

tectonic  history and mesothemla I vein devek pment. 
viewed as a well-defined Archcan analogut in term: 01’ 

CONCLUSION 

accreted  oceanic  terranes  are: 
Mesothermal  vein  deposits  within and adjacent  to 

Typically hosted  within acclel ionary or rel: ted structilre; 

plutonic or  metamorphic  l~thologies whi :h  cornmonly 
that are consistently defined hy allochthor >us ophiolitic 

host or  are immediately assoc lated w th th, vein systrm. 

Spatially  and  temporally assa<:iated  wnh st1 Jcturally m n -  
trolled  felsic  intrusive rock:< !which are pr ~babl) g e ~ e r .  
ated by crustal  melting  durir.g an accr<:tion;  ry or  collisio- 
nal episode. 

where  intruded by structurally  controlled ! yn-~ol l i s i~~nal  
Accreted ophiolitic crustal 0’ upper man1 le lithologtes, 

felsic magmas,  offer regional-!wle  targets fo mesothennal 
lode-gold  exploration. 
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A. Development of oceanic C N S ~  and  depleted  mantle  (Alpine-type  ultramafics). 
Figure 2-3-5. Schematic  model for the  development of ophiolite-related  mesothermal  vein  deposits. 

B. Decoupling of oceanic  lithosphere  and  initiation of obduction  with  development of flysch  sediments. 
C. Crustal  thickening  causes  partial  melting  and  metamorphic  dehydration of oceanic  lithosphere to produce  mineralizing  fluids. 
D. Fluids  are  thermally  driven  along  pre-existing  structures  and  deposit  metals. 
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TECTONIC  AND  STRATIGRAPHIC  CONTROLS OF GC)LD-COPI'ER 
MINERALIZATION IN THE  ROSSLAND CAMP, SOUTHEASTEltN 

BRITISH  COLUMBIA (82F/4) 
By T. HOy, B.C. Geological Survey  Branch 

K.P.E. Dunne (nee Andrew),  Mineral Deposit Research Unit:, '1J.B.C. 
and D. Wehrle, Vangold Resources, Inc. 

KEYWORDS: Economic  geology, Rossland,  gold-copper, 
mesothermal veins, Elise  Formation,  Rossland monzonite, 
growth fault$,  tectonics, Evening Star, Gertrude. Iron Colt, 
fluid inclusions. 

INTRODUCTION 
Historically,  the  Rossland camp (Figure 2-4-1) is the 

Columbia, with recovery of more than X4 000 kilograms of 
second  largest  lode  gold  producing  district in  British 

gold, 107 000 kilograms of silver and 54 295 tonnes of 

the  western  and  southern slopes of Red Mountain, also 
copper between 1894 and 1957.  Molybdenum deposits on 

regarded as being within the  Rossland camp, produced 1.75 
tonnes  of  molybdenlm between 1966 and 1972. 

The geology of the Rossland camp  (Figure 2-4-2) has 
been the focus of a number of studies.  Drysdale (1915) 
presented  the  first comprehensive description of many of 
the  mines; Thorpe  (1967), in an unpublished  Ph.D.  thesis, 
described vein and skam mineralogy in detail  and  proposed 
a camp  zonation.  The regional  geology of the  Rossland- 
Trail area has been  described by Little (19x2) and Hoy and 
Andrew (1991a). and in  the  vicinity of the camp  itself, by 
Fyles (1984). Recenl: work by staffof the Geological Survey 
Branch  has  focused on Early  and  Middle  Jurassic  plutons 
(Dunne and HOy, 1992, this volume), ultramafic  rocks  south 
and  west of Rossland (Ash  and MacDonald. 1992, this 

Figure 2-4-1. Location  of  the  Rossland gold camp in 
southeastern  British  Columbia. 

Geological Fieldwork 1991, Paper 1992.1 

volume),  and  molybdenum cleposits on R'.d  Mountain 
(Webster pr al.. 1992, this volume). 

to 1990, concentrated on regional, mapping of the Rosslmd 
The field component of the Rmsland proje '1, from 1087 

Group from  Nelson  south to Saln-lo, and +vest I J the town of 

J. Einersen  (personal communical.ion, 1930) h .s been inwr- 
Rossland. This  mapping, with ad,:litions from I, Simony .Ind 

porated  into a 1:IOO 000 compiLation map (i ndrew et d . l  

1991). The main purpose of the project is to better umkr- 

mineral deposits that occur in  the Rosshnd C roup,  includ- 
stand  the  regional  controls and timing of t le variety OS 

ing shear-related gold  deposits southwe:;t of Jelson, alkali 
porphyry  copper-gold deposits such as the  K  [tie,  Moochie 
and Shaft, the numerous  lead-s Iver-zinc an1 gold-colper 
veins, both copper and  gold 5k:lrn depzits,  and  the \eir, 

includes some detailed deposit descriptions, f uid inclu?ior 
system of the  Rossland  camp  itself. Con inuin): work 

studies, geochemical analyses alld stable isot jpe  work.. 

geology of the  Rossland camp.  cxpanding on the  prelimin-. 
This paper is intended to  serve  as an  o v , ~ v i e w  of ):he: 

ary  report released in Fieldwork. 1990 (HOy and Andxw, 
1991a), to attempt  to place conltraints on thc controls ant1 
timing of the deposit  types that occur i n  the camp, and to 
present data on veins that are n'3w being act& ly  exploruj -- 
the Evening Star, Iron Colt and 'Gertrude. 

REGIONAL GEOLOG'Y 
The stratigraphic  succession in the  Rosslan I area is illus- 

trated in Figure 2-4-3. The Mount  Roberts Fc rmation c a n .  
prises a succession of domirlantly fine-gra ned silictou:; 
rocks,  argillite, carbonate  and m nor gremstol le of Pennsyl- 
vanian  and  possibly  Permian age (Littk, 19 12). Although 
the Mount Roberts  Formation  has been as;igned  to thc 
Harper Ranch Subterrane of the Quesnel Terrane (Mol~ger 
and Berg, 19841, it may conelate with the westemmost 
assemblages of the  Milford Group, which a  e  assigned to 
the  lower  part of the  Slide h h n t a i n  Terra l e  (Klepachi, 
1985). The Mount  Roberts Fom-lation i!; expl #sed at. Pall.er- 

just west of the Rossland gdd-copper calip (Hay  and 
son near  the United States bolder  and in tw( thrust sheet,$ 

Andrew, 1991a). It  hosts the molybdenum  skam.bre:ci;i 
deposits on the  western  and  southern s l ~ p e s  of ;Led 
Mountain. 

The Rossland Group unconFc.rmably over1 es the M ~ ~ u n t  
Roberts  Formation. It comprises coarse to fin 5 clastic  ro-ks 
of the  Archibald  Formation,  volcanic  rock: of the Ellis'? 
Formation  and  generally fine  ~:I:~stic rocks 01 the overliin,z 
Hall Formation  (Figure 2-4-3). The  Rosdand ;roup is E.:uly 
Jurassic in age, bracketed b,y Sinemurian fossils in the 
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Figure 2-4-3. Summary  diagram  showing stratigraphy, intrusive events, tectonics ,md 
metallugeny  of  the Rossland Group. 

Archibald (Frehold and Tipper, 1970 Tipper, 19x4) and 

bold and Little, 1902). 
Plienshachian  and  Toarcian  macrofossils in the Hall (Fre- 

The Archibald Fonat ion  is characterized by pronounced 
facies and  thickness, changes  (Andrew et n l . ,  1990). I t  com- 
prises  coarse  alluvial fan conglomerates near Fruitvale, 
proximal  turbidites farther  east in Archibald Creek and 
more distal  turbidites and argillites farther north. In the 
Rossland area, the Archibald  Formation is either  missing or 
comprises a thin veneer of coarse conglomerates  (Hiiy  and 
Andrew, 1991a). These  facies  changes indicate that the 
Archibald  Formation  records  deposition on a tectonic  high 
in the  Rossland-Trail area and in a fault-bounded  structural 
basin  located to the east.  The  faulted eastern  boundary of 
the  tectonic  high  has been the locus of later movements  and 

intrusive activity, including  Eocene nolmal 'aulting alon]: 
the Champion Lake fault  and 21 !:warm of Eoc :ne  dikeis that 
trend north from Waneta near the  westem  banks of the 
Columbia River. 

In the Nelson area, it is divisibl:: into a lowe unit of n :afic 
The Elise  Formation is dom1n;mtly a voIca1 ic succe:i: iorl. 

augite-phyric flows overlain by ;an upper unif of py~acl.rstic 
rocks (HOy and  Andrew, 19891. IElsewhcre, II afic flows a n i  
tuffs occur throughout  the  succession. I n  the  lossland  ;,rea, 
i t  comprises dominantly tuffaceous collglon erates, \v.lter- 
lain crystal  and  lapilli  tuffs, and some interl; yered arg'llite 
and  siltstone.  Basal  Elise roc:ks, exposed jus1 west cd 
Waneta. thin and pinch out to the wer.1 aloig the emtern 
margin of the Rossland paleohi!:h. 
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The Hall Formation, the  youngest  formation in the  Ross- 
land Group, is exposed in the Nelson-Salmo area. Facies 
changes indicate that it was deposited in a shallow-marine, 
fault-bounded basin at the end of the explosive Elise  volca- 
nism  (Andrew  and HOy, 1991).  It is absent  in  the Rossland 
area  where Elise rocks  are unconformably  overlain by late 
Cretaceous  conglomerates of the Sophie  Mountain  Forma- 
tion or Eocene  volcanic  rocks of the  Marron  Formation, 
suggesting  renewed up-lift of the  paleohigh in late or post- 
Rossland  time. 

monzonite, Rossland sill and a number of small  gabbro 
Intrusive rocks  in  the Rossland area include the  Rossland 

stocks and sills that are compositionally  similar to  Elise 
volcanic  rocks and  are  assumed to be synvolcanic  (Dunne 
and HOy, 1992, this volume).  The Rossland sill (Fyles, 
1984), an intrusive diorite that underlies  the eastem  slopes 
of Red  Mountain,  has similar mineralogy to the Rossland 
monzonite and  hosts  a number of the Rossland  veins. The 
Rossland  monzonite  intrudes  the  Rossland  sill, but is  cut by 
the Late Jurassic Trail pluton. 

(I. Gabites,  personal  communication,  1991)  suggest a 
Preliminary  U-Pb  data on the  Rossland  monzonite 

Rossland  Group. A small ultramafic  body  within  the Ross- 
190 M i l  age, indicating it may be  comagmatic with the 

land monzonite, a  coarse-grained  biotite clinopyroxenite  at 
the  Centre  Star  vein,  suggests that the  Rossland monzonite 
may be a more evolved phase of an Alaskan-type mafic- 

and  cogenetic with their hostrocks  (Nixon, 1990). The Eagle 
ultramafic complex.  These  complexes  are typically coeval 

Creek Plutonic Complex  west of Nelson,  an  early, pre- 
tectonic  intrusion that may be coeval with the  Rossland 
monzonite,  also  contains phases  that resemble  rocks  associ- 
ated with Alaskan-type  complexes  (Dunne  and HOy, 1992). 

ROSSLAND  CAMP  STRUCTURE  AND 
TECTONICS 

Fyles (1984).  Little (1982)  and HOy and Andrew  (1991a). 
The structure of the  Rossland area has been described  by 

Three  phases of deformation  are recognized.  Extensional 
tectonics in the  Early Jurassic produced  a  block-faulted 
terrain, with a  tectonic high in the Rossland  area  and a 

gins  of  the tectonic  high  probably  controlled the location 
structural  basin to the  east. The western and northern  mar- 

and orientation of later  thrusts and  normal  faults, as well as 
the northeast-trending  Rossland  break, a zone of structural 
weakness that is aligned with ultramafic  bodies,  the  Ross- 
land monzonite,  the Rossland  gold-copper veins  and  the 
southwestern  extension of the  thrust  faults. 

that  carried  Mount  Roberts  Formation,  unconformably 
Compressional tectonics  produced east-directed  thrusts 

overlying  Rossland Group and  ultramafic  bodies,  over 
Rossland  Group  rocks that  were deposited  on  the Rossland 
paleohigh. This  phase of deformation probably correlates 

eastern  exposures of the  Rossland Group (HOy and Andrew, 
with  the early  compressive  deformation  recognized in more 

Quesnellia with cratonic North America.  The  age of this 
1990)  and  records  collision of the  eastern  edge  of 

compressive  deformation is early  Middle  Jurassic,  defined 
by the syntectonic  Silver King  intrusive  suite (ca 182-178 

Ma: Dunne and HSy, 1992,  this volume)  and a  post-tectonic 

Kootenay Lake, called  the Cooper  Creek stock (Klepacki, 
intrusion (ca 180 Ma) in  the Goat  River  area northwest of 

1985). 

extensional  event in southern  British  Columbia in the 
North-trending normal  faults  are related to a  regional 

Eocene (Parrish t’f a/ . .  1988: Corbett and Simony, 1984). 

ROSSLAND  CAMP 

distinct deposit  types:  molybdenite  deposits  occur in brecci- 
The Rossland  mining camp  includes  two  separate and 

ated and skarned  Mount Roberts Formation sedimentary 
rocks on Red Mountain and  gold-copper  veins in struc- 
turally  underlying Rossland  Group rocks and  the Rossland 
monzonite. 

origin of Rossland gold-copper  veins and  their relationship 
Considerable  controversy  exists regarding  the  timing and 

with the molybdenite  skam  deposits. Early  workers (Dry- 
sdale, 1915: Gilbert, 1948) contended that sulphide mineral- 
ization  postdated lamprophyre  dikes,  hence implying  a Ter- 
tiary  age.  Little  (1963)  generally  concurred  with  that 
conclusion,  citing  evidence of sulphide stringers cutting 
lamprophyre  dikes. 

copper-gold zone that was centred  on the main producing 
Thorpe  (1967) noted  a camp  zonation, with a  central 

mines, an intermediate  zone that contains deposits with a 
variety of sulphide mineralogies,  including molybdenite, 
cobaltite  and  bismuthinite, and an outer zone defined by the 
presence of galena  and tetrahedrite.  Implicit in Thorpe’s 
model is a  genetic link between  molybdenite  deposits,  gold- 
copper  veins  and  the  Rossland  monzonite.  Thorpe (or, cit.) 
attributes  heating and fluid  generation  to  the underlying 
Trail  pluton as well as the  Rossland monzonite:  however, 
preliminary  U-Pb  dating of the  monzonite  indicates a 190 
Ma  age, an intrusive  event  25 million years  earlier than the 
age of the  Trail  pluton. 

Fyles  (1984) first established  that the  Rossland  mon- 

concluded that  the molybdenum mineralization is associated 
zonite is older than  the  Trail  and Rainy Day plutons. He 

with these  younger plutons, but that the gold-copper veins 
have a more  complex  history,  with  mobilization  and 
redeposition of Early Jurassic mineralization in the Middle 
Jurassic  and Tertiary. 

gold-copper  vein mineralization  and  later molybdenum 
We propose a model that  differentiates between early 

skam mineralization. We concur with the conclusion that 
molybdenite  deposits  are spatially  and genetically  associ- 
ated with the  late Middle Jurassic  Rainy  Day  and  Trail 
plutons  hut  believe that the  copper-gold veins  are related to 
the Early Jurassic  Rossland  monzonite. We argue that a 
compressional tectonic event separates these  two  mineraliz- 
ing  events: gold-copper  veins  formed  prior to the thrust 
faulting, whereas molybdenite mineralization formed pri- 
marily in an upper  thrust  plate,  after its emplacement on the 
Rossland sill, Rossland monzonite and  Elise  volcanic rocks. 

GOLD-COPPER  VEINS 
The  Rossland veins are  dominantly pyrrhotite with chal- 

copyrite in a gangue of altered rock with minor  lenses of 
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quartz and calcite.  Pyrite and  arsenopyrite  are common 
accessory  sulphides. The veins are in three main groups 
referred to as the  north  belt,  the main veins  and  the  south 
belt.  The north belt and main  veins are shown on Figure 
2-4-2;  the  south belt veins are within  the  Rossland Group 
several  hundred metr'::s to a  kilometre  south of the  Rossland 
monzonite. 

eastward from the northern ridge of Red Mountain to  Monte 
In the north belt, ;I zone of discontinuous veins extends 

Cristo Mountain.  The veins trend east and dip north at 60" to 
70". The largest, on the  Cliff and Consolidated St. Elmo 
claims, is hosted by the  Rossland sill. The Evening Star vein 
(Figure 2-4-2) is within Elise  volcanic  rocks  near  the  eastern 
limit of the  north  belt. 

dipping fracture system that trends  070" from the southern 
The main  veins form a  continuous  well-defined,  steeply 

slopes of Red  Mountain  northeastward to the  eastern slopes 
of Columbia-Kootenay Mountain.  More  than 98  per  cent of 
the ore  shipped from the  Rossland camp was produced from 
deposits in a  central core zone  between  the large north- 
trending  Josie  and  Centre  Star  dikes.  These  deposits 

War Eagle orebodies. The Gertrude is on a north-northwest- 
included  the Le Roi, Centre  Star, Nickel Plate, Josie  and 

trending segment of the  main vein system, straddling  the 
Rossland  thrust fault.  The Iron Colt is within Rossland 
monzonite on an eastern extension of the main vein system. 

bird and Mayflower, trend I 10" and dip steeply  north or 
The principal veins in the  south belt. including  the  Blue- 

south (Fyles, 1984). 

EVENING STAR (82FSW102) 

kilograms of Silver and 1276 kilograms ofcopper from  2859 
The Evening Star produced 56.7 kilograms of gold, 2 I .5 

tonnes of ore  during  the  periods  from  1896-1908 and 
1932-1939  (Fyles, 1984). This production  was mainly from 
a wide and irregular northeast-trending vein of  arsenopyrite, 
pyrrhotite,  pyrite and chalcopyrite (Drysdale, 1915). The 
veins  have a high  cobalt  content  with  danaite, a 
cobaltiferous  arsenopyrite, identified  and  samples of the 
pyrrhotite  containing, 1 .58 per cent cobalt  and 0.67  per  cent 
nickel oxide (Drysdale. o p  (.it.). Sulphides are also dissemi- 
nated in silicified, :skarned country rock ~ siltstone  and 
augite porphyry of title Elise Formation. 

both  thin,  irregular veins and zones of mineralized  and 
Recent drilling  beneath  the  mined veins has  intersected 

altered  country rock!; (Figure 2-4-4).  These  zones are at the 

selvages between  tongues of monzonite. The best intersec- 
immediate contact with the Rossland monzonite or in thin 

of the section in Fi,gure  2-4-4)  contained  35.7 grams per 
tion, in diamond-drill hole 88-37, (not  shown on the  plane 

tonne gold over  4.4 metres. 

nantly diopside skarn with variable amounts of garnet  and 
The zone  intersected in drill  hole 89-92  comprised  domi- 

hornblende  or actin,olite. Petrographic  analyses of three 
samples  indicate  that  diopside is commonly  partially 
replaced by epidote  or actinolite;  hornblende commonly has 
minor chlorite-epidote alteration. Calcite is interstitial  and 
thin quartz-calcite  veins with sulphides  cut the skarn.  Pyr- 
rhotite is the dominalnt sulphide, occurring in massive, irreg- 
ular veins, thin discontinuous veinlets  and as disseminated 

grains in  skarn. Chalcopyrite is intimate y int  :rgrown uith 
pyrrhotite or  occurs  as finely  dispersed  grains  Only mi'lor 
sphalerite  was recognized, enclosed with n p y ~  rhotitt. Sun-  
ple 92-392 contained  isolated gvains of arse~  opyrite, also 
enclosed in pyrrhotite. 

Chemical analyses of three  sl;arn sanples are given in 
Table 2-4-1.  Gold content in !kmple 92.385 is 1.9 p81n; 
high cobalt and  arsenic  values in this sam3le probably 
reflect  the presence of cobalt-rich arseropyrl te. Lead m d  
zinc  values are  low in all three E amples. 

FLUID INCIAJSIONS 
Fluid inclusions in quartz frcam the  Even:ng Star w i n  

for this deposit as well as o the~s  in the F.ossls id  Group ( in  
were studied to better define the [environment 2f depositI'm 

progress).  Quartz is an ideal mineral for s udy  of fluid 
inclusions  because it has  high te-sile  str'mgth and is stable 
under most  metamorphic  condtions in Ihe CT 1st. I t  is iilso 

pods. 
readily mobiliLed by fluids  and reprecipitated in vans  and 

tures (millions of healed microfracture!.) ch; racter~stic of 
Samples from  the  Evening ! j t x  vein show 'wispy' t:x- 

veins  generated  at  depths of greater :han $ kilomeires 
(J.  Reynolds,  personal  comm!mication,  199 I ) .  A l thoqh 
most fluid inclusions are less  than 1 micron some  range 
from 6 to  12 microns in maximum dimmsior . They oc:ur 
along  healed  fracture  planes or as  irrel  ular,  thr:e- 
dimensional clusters and are  seccndary irl orig n.  Second2.q 

fractures in minerals (Shelton an':l Orvilk, 191 0 Smith :md 
inclusions,  formed by sealing z.nd healing 1 f  fluid-filled 

environments in which grains  ;ire subject t I tectonic or 
Evans,  1984), are  common in rocks with low lorosity o -  in 

thermal stresses  during  or  after el-owth (I2raw ord  and f IO- 

lister, 1986). 
Measurements were made on microfracturs 's defined by 

secondary  inclusions with uniform liquid to ' apour rat 10s. 
These occur  near or within quan z emba ,pen  s in sulphide 
grains  (Plate  2-4-1), or on similar  micrcfractl res with c.111- 
phides occuring  along the  plane uf the fracture. Because the 
fluid  inclusions in the ore  minerals  cannot bt studied, line 
cannot state with confidence that !.he inclusion in the qo;~rtr 
embayments  contain  samples nf the ,ore-fi rming: fluid. 

grains suggests at least  a close tmnporal relat  onship to {he 
However,  the  proximity of these inclusion! to sulptide 

ore fluid. 

identified in quartz through obsewation of phz ies present at 
Three compositional  types of fluid inclusic ns have b:en 

room temperature (21°C)  and  freezing (to -130°C) .and 

of low salinity;  a  fluid of low 5 alinity ,coma ning  varying 
heating (to 30°C) experiments.Ttlese are: an queous fluid 

proportions of water  and carbcln dioxide; anc a  nor[-saline 
carbon  dioxide rich fluid containing varyin1 amounts of 
methane and  nitrogen (Table 2..4-2).The COI Ipositions of 
fluid  inclusions in Rossland Ciroup veins (H :O, CO, and 
CH, + N,, in that order of abundance)  are si nilar to those 
found in deep  environments  typ.cal of mesot lermal  veins 

The wispy  textures  in quartz  veins at the  Evening !;tar 
deposit  and  abundant carbon dioxide and mett m e  phases  ir 
fluid  inclusions are typical of wins genepatel at depth; 01' 
greater  than  4  kilometres.  Homol!enizatinn ter peratures for 

Grolo,yir.ul Fieldwork 1991, Paper. 1992-1 Zj5 
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Figure 2-4-4. Vertical section  through the Evening Star deposit,  viewed  to the northeast (see Figure 2-4-2 for location); 
section and data from D. Wehrle.  Vangold  Resources,  Inc. 
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ANALYSES OF SELECTED SAMPLES OF DRILL CORE FROM THE EVENING  STAR AND GERTRUDE DEPOSITS 
TABLE 2-4-1 

~~ 

Sample Au Ag Cu Pb Zn As Ba Co Cr Mo Ni Bi Fe Mn Cd Li 
." 

NO. (ppb) [ P w )  (ppm) (ppm) bpm)  (ppm) (PPm) (ppm) (ppm) (ppm) [ppm) (ppm) ( 7 6 )  (ppm) [ppm) (porn) 

92-379  313  0.75  0.20%  5  114 9 -  x7 13 <5 8 8 26.4  0.40%  0.3 16 
92-385 1920 <.OS 19 11  62 14 - 
92-392  1210 2.5  0.19% 50  80 4500  220  438 62 <5 74 40 14 957 0.4 29 
91-16-531 
91-16-546  26100 3.0  0.12% 12 108 32 350 53 130  25  122  104 10.1 996 

474  0.5  231  23 45 16 3300 45 120 <5 109 5 6.06 705 <0.3 20 
1 26 

Samplcr 92-379. 385,  392 from Evening Star; rarnplcr 91-16-546. 531 from Gertrude. Sample locations are shown on Figurer 2~4.4 and 2-4-5. 

25 -- <5 2  24  10.5  0.44% 0.4 10 

~~ 

Plate 2-4-la. Microfractures in quartz (white) defined by 
secondary  fluid inclusions, Evening Star vein  (field of 
view = 93 microns). 

aqueous fluid  inclusions range  from  307  to 313°C; three- 
phase  carbon  dioxide  and  water inclusions homogenize at 
350°C. These high temperatures are reasonable for  meso- 
thermal  veins generated by either regional greenschist  meta- 
morphism  or possibly contact  metamorphism. 

GERTRUDE (82FSW108) 

Development of the  Gertrude  claim  near  the turn of the 
century consisted of a tunnel and prospect  shaft  (Drysdale, 
1915). At that  time,  material on the dumps  comprised pyr- 

Geological  Fieldwork  1991,  Paper  1992-1 

Plate 2-4-lb. Detail of microfractures, note  uniform 
liquid  to  vapour  ratios  [field of view = 93  microns). 

rhotite, chalcopyrite, pyrite,  arsenopyrite and minor molyb- 
denite. Recent drilling by Vangold Resources,  Inc.  has inter- 
sected a number of mineralized  intervals, dominantly in 
augite monzonite of the Rossland sill at the  contact of, or 
structurally  beneath  the overlying  Mount Roberts  Formatioil 
(Figure 2-4-5). The best  intersection  was 4.5 metres  con- 
taining 14 grams  per  tonne  gold. 

The  section through  the Gertrude vein sysl:em in Figun: 
2-4-5 shows that  the contact of the Mount Roberts Forma- 
tion and Rossland sill is  cut by lamprophyre and feldlipar 
porphyry dikes of probable Tertiary age. 
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TEMPERATURE (“C) AND COMPOSITION DATA FOR FLUID INCLUSIONS AT THE EVENING STAR PROPERTY, ROSSLAND AREA 
TABLE 2-4-2 

Sample co, 
Number Melting 

Initial 
Melting 

Final 
Melting 

Clathrate co, HA’ 
Melting Homogeniralion Homogenization Decrepitation eq.wt. W 

H2O Hz0 Salinity 
NaCl 

Type I: low-salinity aqueous inclusions 
I 
2 
3 

- -24.3 -3.0 
-25 -3.4 - 

- 

Q p e  11: CO,-H,O inclusions 

- - 

4 -57.4 
5 
6 
7 
8 
9 

- 
- 

-1.1 
-26 -2.4 

-57.4 4 . 9  
-58.5 - -2.8 
-57.3 
-58.5 

- 

- - 
- - 

Type 111: C0,-CH, inclusions 
10 
11 

-58.7 - 
-59.2 - 

12  -57.1 - 

- 

- 
- 

- 313.1 
- 307.8 
- 312.8 

24.2 
21.6 

10.8 - 
23.9 

35 I .5 
- 

- 

8.5 
13 

7.1 

- 
- 
- 

Mineralization is in steep  north-dipping  veins  and vein- 
lets  that carry  pyrrhotite  and  minor  chalcopyrite.  Skam 
alteration up to several  metres  thick is associated with the 

garnet, epidote, amphibole (hornblende),  chlorite  and 
veins. The skam comprises mainly diopside with minor 

garnet. Petrographic  examination  indicates that the  diopside 
is early. commonly replaced by  epidote  and  amphibole, and 
calcite is interstitial. The  dominant  sulphide is pyrrhotite, 
occurring in large irregular  grains,  disseminated, or in feath- 
ery veinlets. Chalcopyrite is intergrown  with  pyrrhotite but 
also  occurs  as  small isolated grains in silicates. 

Chemical  analyses of two  skam  samples  from  diamond- 
drill hole 91-16  are given in Table  2-4-1. Gold  content in 
Sample  91-16-546 is 26 ppm and copper,  0.12  per  cent. 

IRON COLT (SZFSW100) 

The Iron Colt (Figure 2 -43)  is part of the eastem  exten- 
sion of the  main  vein system.  This  system  continues  east- 

Colt  has  had  considerable  underground  development,  it  has 
ward to the Columbia-Kootenay vein. Although  the Iron 

grams  of  silver recovered from  20  tonnes of ore  (Fyles, 
had minimal production, with 186  grams of gold and 466 

1984). The vein  strikes  north-northeast and  dips  steeply 
north (Drysdale, 1915).  It comprises  massive pyrrhotite 
with some  chalcopyrite in altered  Rossland monzonite. 

Recent work on the Iron Colt includes  diamond  drilling in 
a joint venture by Antelope  Resources, Ltd  and Bryndon 
Ventures,  Inc. Current  work  by Vangold Resources, Inc. 
includes  continued drilling and rehabilitation of old  under- 
ground workings. 

A  vertical section through  the Iron  Colt is illustrated in 
Figure  2-4-6.  Steep  north-dipping  veins  and  associated 
alteration  occur  at  the  contacts of phases of the Rossland 
monzonite or in  thin selvages of the  Elise Formation  within 

lamprophyre  and  feldspar porphyry dikes.  The best assay, in 
the  monzonite.   Mineralization is cut  by  Tertiary 

diamond-drill  hole 89-87, returned 243  grams  per  tonne 
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gold  over a 2.5 metre  interval. Up-dip, in drill hole 90-1, a 
1.8-metre  interval  assayed 8.2  grams  per  tonne gold.  A 
second  vein, approximately 20 metres to the south,  assayed 

grams  per  tonne  over  6.7 metres in drill holes  89-87 and 
3.77 grams per  tonne gold in a 1.3 metre  interval and 0.48 

90-1, respectively (Figure 2-4-6). Other mineralized  inter- 
sections included 14  grams  per  tonne  gold  over  4.6 metres 

zones a few metres  wide that contain only  minor  dissemi- 
in hole 91-16.  These  veins  are  surrounded by alteration 

nated  sulphides. 

SUMMARY  AND  DISCUSSION 
The Rossland camp has many similarities  with  Archean 

mesothermal  gold  deposits or “greenstone  gold  deposits” 

volcanic  pile  spatially  associated  with  an  oceanic 
(Hodgson et a/., 1982). It occurs in a dominantly mafic 

felsic intrusive  rocks and ultramafic bodies,  and  occurs 
assemblage  (Mt.  Roberts  Formation), is associated with 

along a major  structural  break. 
The  origin of these  mesothermal  gold  deposits is debata- 

ble (Kemch. 1991; Pantaleyev,  1992). with most  models 
relating  mineralization to spatially  associated  intrusions 

morphic fluids (Kemch,  1989), or possibly deep circulation 
(see. for example.  Burrows et a / . ,  1986), discharge of meta- 

of meteoric  water (Nesbitt  and Muehlenbachs,  1989). Most 
commonly,  gold  mineralization is interpreted to have 
formed in an accretionary  tectonic  setting, considerably 
later than  the  host  volcanic  rocks, with fluid  flow focused 
by crustal faults  (Kemch  and Wyman,  1990). Despite the 
apparent  similar tectonic  setting  for Rossland Group rocks, 

chronological and  isotopic data  are necessary to conclude 
on the eastem margin of an accreting plate,  additional  geo- 

process. 
that Rossland  mineralization is related to this  accretionary 

The  Rossland  gold-copper  camp  is within  and along  the 
margins of the  Rossland monzonite.  This has  led  recent 

Briri.rh Columbia  Geological  Surwy  Branch 



- 1350 

- 1300 

- 1250 

- 1200 

- 1150 

O metres 50 , 
Figure 2-4-5. Vertical  section  through  the Genrude deposit,  viewed tn the  northeast (.Tee 

Figure 2-4-2 for  location);  section  and  data  from D. Wehrle,  Vangold Resources,  Inc. 

workers  (Fyles, 1984; Thorpe, 1967) to relate  the vein 

of mineralization ~ 1 1 t h  thin selvages of Elise  volcanic  rocks 
system  to the  intrusion. As  well, the close spatial  association 

in  the  Rossland monzonite (see Figures 2-4-4 and 6) and  the 
association of veins with gold-copper skarn  mineralization 
suggests a relationship with the  intrusion. These  features,  as 
well as  the massive.  high  sulphide  content of the  ore  and 

more "typical"  gre'enstone  gold  deposits. 
relatively  minor  c,xrhonate-quartz  gangue  contrast with 

Rare gold-copper veins that crosscut Tertiary dikes have 
been used as  evidence for a Tertiary age of mineralization; 
however,  these  can  he  explained by remobilization  and 
redeposition of sulphides during a  widespread  Tertiary  ther- 
mal  and tectonic  event. 

NGEND 

Eocene 

Iamproph,/rs d ke 

a ~\ .feldspar sorpkfry dike 

Juras!,ic (?) 

/OD( Rorslond sill 

Permion 

I MI. Robells F< rmation 

Mineralized or !a 

Hinemlizod id srsection; 
h'ghllghted - >3.4 g,/t Au 

Jurassic  extensional tectonisln  that prod Iced a fault- 
The tectonic  history of the Rxsland area ncludes Es.rly 

hounded  tectonic high in the R.o!;sland area. ~ 'his paleohigh 
modified  and  locally  controlled the distribul .on, thickness 
and facies of Rossland Group rc,,:ks. Fu~therr bore, the earl! 
growth faults  may  have controlkd the  distrit ution of earl:/ 
comagmatic  plutons,  includinf:  the  Rossla Id monz,cnitm: 
(ca 190 Ma),  and the distritulion of the ::ossland iein 
system. 

After  intrusion of the Rosslmd  monzoni e (see F i ; : u ~  
2-4-3), thrust faults  carried Mount Roberts F( rmation rocks 

the  Rossland  paleohigh. As w'?ll, dunitic to iehrlitic ultra- 
eastward  over Rossland Group  rocks that wer : depositel o2 

mafic cumulates of probable oceanic ar'finit! , perhaps  part 

2C89 Geological  Fieldwork 1991. Paper 1992-1 
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Figure 2-4-6. Vertical section through the Iron Colt  deposit,  viewed to the east (see Figure 2-4-2 for  location); 
section and  data  from D. Wehrle,  Vangold Resources. Inc. 
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of the Slide Mountain  Terrane  (C. Ash. personal communi- 
cation, 1991; Ash and  Macdonald, 1992). were thrust onto 
the high.  These  faults  are probably  related to widespread 
compressional tectonics as the  eastern edge of Quesnellia 
impinged on cratonic North America (cu 182-1713 Ma). 
They are parallel to and  aligned with the  northeast  trend of 
the  Rossland  break,  the  Rossland  monzonite  and the Ross- 

crustal structures on tectonism  and  mineralization. 
land veins, indicati~~g the  continued  influence of deep 

Early to Middle  Jurassic  post-tectonic  intrusions (ca 165 
Ma), including  the 'Treil and  Rainy  Day  plutons, cut the 
thrust faults. Molybdenite  skarn and breccia  mineralization 

ern slopes of Red hlountain  (Fyles, 1984; Wehster et ai . .  
is associated with thrse intrusions on the western and south- 

skarn  alteration  and  molybdenite  mineralization  have 
1992, this volume). 'To the east, thermal metamorphism, 

locally overprinted  Rossland gold-copper  mineralization; 

deposited in rare, thin. late veins that cut the  Mount  Roberts 
elsewhere, gold and copper have been remobilized  and 

Formation  and  molybdenite  mineralization. 
Extensional  tectonics during the  Eocene  produced  north- 

The  dike swarm west of Waneta closely follows the inferred 
trending  normal faults and  a  swarm of north-trending dikes. 

eastern faulted margin of the Rossland  paleohigh; in the 
Rossland area, Tertiary faults  follow  the loci of earlier  thrust 
faults  and may he associated with extrusion of Marron 
Formation  volcanic  rocks (Figure 2-4-3). 

In summary, Rosxland gold-copper mineralization  has  a 
complex history. However, the  fundamental  control on min- 
eralization appears to be deep crustal  structures that were 
reactivated  through  time,  controlling the distribution of 
Early Jurassic Rosslmd  Group  rocks,  comagmatic (?)  intru- 
sions,  gold-copper  mineraliration, Early to Middle Jurassic 
thrust faults,  Middle Jurassic molybdenite mineralization, 
and Tertiary structures  and associated igneous activity. 
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RARE-EARTH  ELEMENT  GEOCHEMISTRY OF  SELECTED  S.4MPLES 
FROM  THE SULLIVAN  Pb-Zn  SEDEX DEPOSIT  THE ROLE: OF AL1,ANITIE 

FOOTWALL (82Gh2) 
By Eva S. Schandl,  University of Toronto 

and  Michael, P. Gorton, Royal Ontario  Museum 

IN  MOBILIZING  RARE-EARTH  ELEMENTS  IN  THE  CHLORITE-RICH 

(Contribution No. 4, SulIivan-Aldfidge project) 
-I" -.-, 

KEYWORDS: Economic   geology,   Sul l ivan   mine ,  
lithogeochemistry,  rare-earth elements. 

INTRODUCTION 
This is a prelimintary reconnaissance  survey of rdre-earth 

element  (REE)  geochemistry (supported by major and  trace 
element geochemistry) of selected rock samples represent- 
ing  various alteraticmn types at the sediment-hosted  Sullivan 
lead-zinc  sedex deposit, British  Columbia. 

allanite (REE-rich ,epidote group  mineral) in the  chlorite- 
We report  the ocl:urrence of very fine grained (<30pm) 

altered  mineralized  footwall,  and in the albite-chlorite 

allanite  (Plate 2-5-1) identified in the  mineralized, chlorite- 
alteration  zone at the  Sullivan  mine.  The  presence of 

of the deposit is accompanied by an apparent  increase in 
altered  footwall  and  the  albite-chlorite  altered  hangingwall 

rare-earth element concentration in the footwall.  The  close 
textural relationship between  chlorite,  allanite,  titanite,  pyr- 

tion of this  assemblage was more  or  less  contemporaneous. 
rhotite, sphalerite and galena suggests that the  crystalliza- 

Thus, allanite formation was either  contemporaneous with 
mineralization, or with post-ore  alteration that was  associ- 
ated with some rernobilization of the ore.  The selective 
crystallization of the REE-rich  epidote in the  mineralized 
chlorite  (ibiotite)  alteration  zones  implies  one  of  two 
things:  a  rare-earth element gradient  was  superimposed on 
the  rocks  during alteration  and  mineralization, or less likely, 
the present rare-earth element concentration predated min- 
eralization, and  allanite  may  have  formed after the  light 
REE-rich  phosphate, "metamorphic  monazite", that report- 
edly occurs in the carbonaceous  sediments of the Lower 
Aldridge  Formation. In either  case,  as the abundance of 
allanite is accompanied  by  elevated  rare-earth  element 
values or significant  rare-earth element  fluctuation,  combin- 
ing  detailed  petrography  with  rare-earth  element  geo- 
chemistry  could se:rve as a  potential tool for identifying 
target areas that ho,,t mineralization.  Allanite  has been pre- 
viously  identified in the  tourmalinitized footwall of the 
western part of the  Sullivan ore zone by Campbell and 
Ethier (1984). in a biotite and  garnet alteration  zone  within 
quartzite  at North Star Hill by Delaney (1975).  and in the 
granophyric part csf the  Purcell (Moyie) sills by Bishop 

their wide pleochroic halo which is the  result of radiation 
(1974). Allanite grains in this  study can  be identified by 

damage  to the host mineral by the  decay of uranium (Plate 
2-51), Because of the  pleochroic halo  around  the  grains, 
they  may be mistaken  for  zircon. 

Geological  Fieldwork  1991,  Paper  1992-1 

carbonaceous  bands of siltite in the Aldridge Formation b) 
Metamorphic  monazite has bem reported in the dark grey 

Huebschman  (1973).  Fine-graincd monazite ' gas descri tjec. 

allanite in the  chloritized  and  mineralized  fc xwall in thi!; 
as aggregates within the  bands.  The mode of lccurrencc 01 

study is significantly  different : n  the cilorit zed footu ;ill, 
allanite  overgrows or is intin1al:ely intergro vn with pyr.. 
rhotite and  galena, and the wide IJleochr83ic  h; lo around ).he 
grains  suggests  a  high  uranium content in the  nineral (Plate: 
2-5-1). 

ANALYTICAL  TECHRIQUES 
Rare-earth element geochemistry of select ed rocks ${a:; 

the  SLOWPOKE reactor at the  University of'  bronto.  Sam 
determined by instrumental n1:1 tron acivatil sn analysi j at 

ple  preparation  and  analytical  procedures  followed the: 
guidelines set  out by Bames m d  Gorton ( 1984). h4 3jor 

Plate 2-5-1. Allanite with plerlchroic halo, i 1 chlorite 
Field 2.3 mm. Plane  polarized ligh . 
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TABLE 2-5-1 
PETROGRAPHIC  SUMMARY OF ANALYSED  SAMPLES FROM AND  AROUND THE SULLIVAN DEPOSIT 

# and L w .  Rock Type Mineral Assemblage Description 

G~ 13-30 
s-I Pebble congl. 

(argillite) 
S ~ 2  Moyir sill 
G~13-30 
s-3 

gabbro 

G-13-30 
tourn. breccia 

s-4 
P- 10-4 

chlorite rack 

S-5 
CTOSSCUtS ore 

K-I0-3(1 
chlorite  rock^ 
footwall 

S-6 chlorite  rock^ 
footwall 

qtr-carb-bio-ep-murc- 
gnt-po-sph-cp 
amph-plag-m-mag-ilm- 
rp-qtz-carh-p-cp 
qtl-toum-musc-biu-ru- 
mag-po 

Garnrtixd, fine-gr.  siltstone 

gahhro 
Epidutewmph. altered. cuarre gr. 

Fine-gr. siltstme repl. by 
toumalinc 
Chlorilized,  carhonati,ed sdtrtmc' 

Med.-gr. chlorltixd, loliatcd 
utanite-rich  siltstonelwacke 
Med.-gr., foliated chloritixd 
titanite-rich siltstonriwacke 

TABLE 2-5-2 
MAJOR, TRACE AND  REE  GEOCHEMISTRY OF SELECTED ROCKS FROM  THE SULLIVAN MINE AND ITS AREA 

# SI sz s3 s4 S6 S8 SI0 SI1 S14e SI40 

sio; 
TiO, 

61.7 51.4  66. I 
0.55 0.20  1.15 

5.22 
3.68 
1.00 
1.63 

0.06 
13.4 

1.3Y 

9.5J 

98.0 

0.09 

6 
19 

3 
174 
0.50 
I .8 
72 
100 
4.40 
1.10 

23.00 
5 1 .KO 
20.90 
5.15 
0.82 

3.00 
0.94 

13.0 
13.4 
0.32 
6.01 
8.52 
I .34 
0.49 
0.1 I 
2.31 

98.1 

37 
106 

44 
91 
0 
0.8 

44 
14 

0.33 

8.10 
20.60 
9.40 
3.22 

0.83 
I .08 

I ,912 

2.30 

11.3 
12.7 
0.02 
1.76 

0.08 
0.72 

0.1 I 
2.93 

96.6 

0.21 

41 
21 
8 
328 

2.2 
I .40 

I 
10 

2.90 
10.90 

22.40 
50.40 
20.80 
5.00 

0.83 
1.12 

3.50 

311.5 

20.4 
15.0 

I .ox 
17.4 
2.45 
0.02 

0 .  I I 
I .49 

8.23 

97.4 

0.63 

50 
2 

343 
10 

1.10 
1.1 
90 
60 

3.20 
11.40 

21.90 
10.20 

10.00 
2.80 
0.99 
0.48 
2.50 
11 44 

26.2 
0.80 
17.8 
20.2 
0.72 
18.4 

0.03 

0.08 
10.05 

95.4 

0.60 

0.02 

78 
0 

362 
16 

I .40 
I .7 
3 
0 

4.50 
17.70 

67.70 
147.10 
57.70 
12.80 
3.85 
1.68 

59.8 
0.72 

4.67 
17.8 

0.68 
2.68 

9.24 
0.10 

2.70 

98.7 

0.07 

0.09 

62 
3 

338 
16 

I .so 
I .5 
7 
35 

4.10 
15.40 

45.30 
17.90 

24.10 
9.00 

1.30 
I .3n 

68. I 
0.65 
16.5 

0.04 
3.25 

I .20 

1.01 
4.88 
0.13 
2.62 

98.8 

0.19 

47 
7 
13 

0.30 
266 

I .7 

820 
I 70 

3.60 
13.00 

36.20 
76.40 
27.M 

11.84 
6.30 

0.87 

65.9 
0.58 
13.0 

0.16 
I .34 
0.06 

7.30 

0.07 
4.51 
0.08 
6.23 

99.4 

42 
13 

350 
10 

2.7 
1.80 

600 
155 

3.00 
1 1 . 0 0  

62.40 
143.60 
53.WJ 
11.90 
2.48 
1.10 

~~ ~ ~~ 4.65  3.94 
L" 0.44 0.39  0.54 .. . . 1.00 0.74  0.60  0.62 

4.10 

-Total re expressed a Fe,O,. g=gabbro, p=scdimcnl c/o1 in gabbro 

50.5 
0.72 
14.6 
10.3 
0.15 
8.36 
10.0 
1.59 
0.45 
0.07 
2.70 

99.5 

276 
37 
38 
50 

I .3 
18 
I MI 
I .50 

0.20 

0.10 

5.60 
1 1 . 0 0  
5.40 
1.84 
0.55 
0.36 

0.24 
1.55 

- 

62.0 
0.44 
13.8 
5.75 

3.99 

3.09 

0.M 
1.77 

99.5 

0.09 

7.88 

0.52 

72 
22 
20 
243 

2.7 
I2 

7.30 
I 15 

1.30 

?6.10 
19.70 

5.47 
I9  70 

0.99 
I .MI 
1.45 
0.58 

0.20 
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element  analysis  was  obtained on fused disks by x-ray 
fluorescence  (X-Ray Assay Laboratory, Toronto). The rocks 
analyzed were collected during a  visit to the mine in the fall 
of IYYO. Samples were  selected  from  alteration  types that 
would most likely contain  dateable hydrothermal  accessory 
minerals such  as rutile  and  titanite  (Hamilton et a/., 1982; 
Leitch, 1991). Detailed  petrographic  study  preceded  anal- 
ysis in order  to  determine the mineralogy  and  the  textural 
relationships between  alteration  assemblages.  Allanite  was 
identified by electron microprobe. A  summary of mineral- 
ogy, texture  and  the sample locations is given in Table 

probe analysis of selected  allanite grains in Table 2-5-3. 
2-5- I ,  whole-rock g~x~chemistry in Table 2-5-2 and micro- 

REE  GEOCHEMISTRY OF ALTERED 
ROCKS 

identify  alteration  type(s)  associated with REE mobility  and 
Various rock types were  selected for analysis in order to 

subsequently with the abundance of allanite. The  samples 

conglomerate in thc footwall of the  laminated ore, tour- 
included gabbro  from the  Moyie sills in the mine, pebble 

malinized  breccia,  albitized  sediment  and  chloritized  sedi- 
ment from the  footv?all. In addition. gabbro with a 'grano- 
phyric' inclusion  was  collected from the Lumberton sill at 
Moyie  Lake, south rlf Cranbrook  as well as  Lower Aldridge 
siltstone from North Star Hill immediately  south of the 
deposit,  and  siltstone  from the lower  Middle  Aldridge 

composition of the ;analyzed rocks is discussed below. 
marker  unit  (Hiawtha  marker).  The  rare-earth  element 

earth  element  pattern typical of rocks of tholeiitic  basalt 
The  two  samples of Moyie sill gabbro have  a flat rare- 

composition and it is in agreement with the  tholeiitic  basalt 
composition  determined by trace  and major  element  chem- 
istry for  must Moyie  sills in southem British Columbia 
(Hoy, 1989; Figurc. 2-51). However, there is a distinct 
chemical  difference between  the gabbro  from the mine (S-2) 
and  the gabbro  from the Moyie Lake area (S-I4g, Table 
2-5-2); the former has  higher  rare-earth element  concentra- 
tion, i t  is higher in scandium and lnwer in chromium, 

fractionated  equivalent of the gabbro from  Moyie Lake,  or 
rubidium and barium, which  indicates that i t  i s  either a more 

that the  two  are unrc:lated. The  comparable 1anthanum:ytter- 

MICROPROBE AVALYSES* OP MINERALS FROM THE 
TABLE 2-5-3 

SULLIVAN MINEt 

ALLANITE APATITE 

SO, . . . . . . . . . . . . . . . . .  ......... 32.16 31.19 0.0 
. . . . . . . . . . . . . . . . . . . .  

CaO 
AI,O, 17.53  17.92 

10.80 
FeO 

9.61 54.61 
. . . . . . . . . . . . .   . . . . . . . .  13.94  14.72 
. . . . . . . . . . .  ...... [I.O (1.n 42.41 

0.0 

P,O, 
0.46 

La,O, . . . . . . . . . . . . . . .  ... s.09 4.58 0.0 
0.0 
0.0 

. . . . . . . . . . . . . . . . . . . . . . . .  

Ce,O, . . . . . . . . . . . . . . . . . . . . . . . .  12.35 11.36 
Nd,O , 3.54 
SO, .................................... 0.56 0.0 

4.32 

TOTAL ............................. 95.97  94.72 97.55 

. . . . . . . . . . . . . . . . . . . . . . . . . . . .  
0.0 

l a  Ce S" E"-.-i_- it) "- I b  L" 

Figure 2-5-1. Rare-earth elemtmt  pattern of ga  jbros from 
the  Moyit: !:ills. 
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Figure 2-5-2. Rare-eanh element  pattern of  Iebble con 

rock in a fault (S4). 
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Plate 2-5-2a. Sediment  inclusion  ( 'granophyre') i n  
the Lumberton  sill  gabbro.  Both  fields 5.8 mm.  Crossed 
polars. 

Plate 2-5-3. Alldnite grains in  chlorite-rich  albitite, 
Field: 0.8 mm. Plane  polarized  light. 

Plate 2-5-2b. Gabbro from the Lumbertun  sill, 
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Plate 2 - 5 4 ,  Allanite  and  pyrrhotite in chlofite. 
Field: 0.8 mm. Plane  polarized  light. 
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bium ratios suggest that the  rare-earth element  abundances 
have not been  disturbed in these  rocks during extensive 
epidotization,  and that the difference in their  concentration 
is a  primary  feature. The  'granophyre' pod or inclusion 
( S - 1 4 ~ )  0.5 by 0.5 metre in size, in the  Lumberton sill 

2-5-2a).  Textural  evidence and rare-earth  element  con- 
represents a fragment of fine-grained  sediment  (Plate 

centrations (Table 2-i-2) suggest a sedimentary  precursor to 
this  inclusion in the gabbro  (Plate  2-5-2b).  The low REE 
concentration in the gabbros, coupled with the  absence of 
allanite,  suggest that rare-earth  mobility was insignificant 
within the gabbros  during their emplacement and during 
subsequent hydrothmnal alteration. 

The  sediments i n  the mine have been overprinted by 
various types of akration, including  tourmaline, chlorite, 

Turner, 1991; Leitch t'f ul., 1991). Although the mineralogy 
albite, garnet and  pyrite (Hamilton et a / . ,  1982: Leitch  and 

of  some  sediments may be distinctly  different,  the  similarity 
in REE  concentrations  implies that the REE were 'fixed' in 
the  rocks  prior to alteration and were not disturbed subse- 
quently.  For  exampl?, S - l  (pebble  conglomerate), S-3 (tour- 
malinized  breccia), S-8 (albitized  sediment with only minor 
chlorite) and S-14p (sediment fragment in gabbro) all dis- 
play  comparable  .rawearth  element  trends  (negative 
europium anomaly) and concentrations  (Figures  2-5-2 and 
3). hut their mineralogy is significantly  different  (Table 
2-5-1). This sugge:,ts that  tourmalinitization, albitization, 
garnetization  and  epidotjration of the rocks  were  not 
accompanied by sig:niticant mobilization of rare  earths. It 

concentrations are not particularly  high,  and  allanite grains 
should be noted here that in the  albitized sample, S-8, REE 

panied by extensive  chlorite  alteration,  the  number of 
are sparse,  whereas in samples in which albite is accom- 

allanite  grains  increases five  to tenfold (Plate 2-53) ,  

reflects the extensive chlorite  alteration  observed in the 
The  major  element  concentration in S4 and S6 basically 

rocks,  thus  the  original  nature of the rock is difficult to infer 

heen disturbed by rhloritization (Zr, Th), S4 and S6 are 
(Table 2-5-1).  Looking  at  the  elements least likely to have 

distinct in having  unusually  high  zirconium  and  thorium 
concentrations. Furthermore,  the  zirconium  and  thorium 
concentrations in these samples  cover the  range of similarly 
high  concentrationlr in the  Aldridge  sediments  (Table 
2-5-1). Thus we infer  that S4 and S6 are chloritized sedi- 
ments. S4 and S6 have significantly  different  rare-earth 
concentrations. However, as there is evidence for  significant 
rare-earth  mobility in the  chlorite  alteration zones, localized 
concentration and  depletion  associated with the chlorite 
alteration is expected. 

The chlorite-rich sample (S-6) which was collected  from 
the mineralized  footwall of the orebody is distinguished by 
its  elevated  rare-earth  concentration  (Figure 2-5-2) and its 
lack of a negative  europium  anomaly. The high REE values 
are accompanied by the  presence of allanite  in  the  chlorite 
(Plates 2-5-4 and 5 ) .  The  close textural  association of chlo- 
rite,  allanite, titanit<: and  pyrrhotite (Plates 2-56, 7 and 8) 
and  galena  (Plate 2-59) in the  mineralized  rock suggests 
that the  crystallization of these phases was more or less 
contemporaneous. Although it  should he noted that while 
pyrrhotite is often  overgrown by allanite,  galena is often 
intergrown with the! allanite  grains. 

reported some correlation in cc ncentral ions of indivlcual 
Based on relative REE concentrations, Ril hards (1989: 

stratigraphic  horizons in the Pritchard  Formati )n (USA) md 
those in the Aldridge Formation, suggesting that the :;ul- 
livan  horizon is also recogniza':~le in t1e B, It Basin. ! le  
concluded  that  the  similarily  between  Pitchard : m d  
Aldridge  tourrnalinite rare-eanh concentratic 1 indicalerl a 
similar origin  and that rare-earth I:lemen!s cou d he used for 
stratigraphic  correlation.  Our  work  indicat, s signifi1;m 
rare-earth variation between tourmalinized 2nd chlorite- 
altered  rocks  and hence we maintain that alte ration typ: i:, 

Sullivan mine rocks. 
the main variable that influencer,  rare-earth II obilizatinrl ir 

A  siltstone with comparably high rare-earth :oncentralior 
(S-l 1, Figure 2-5-3) was collecl ed from the lpper  par of 
altered Lower Aldridge Forma1:ion on North : tar Hill. 7"1is, 
fine-grained rock is characteri2,et:l by a  high p irrhotite con. 

either in the  biotite, or  are intagrown with p irrhotite. 
tent and biotite  alteration. Allarlite grains generally 111i:ur 

DISCUSSION AND C o m m I o r  IS 

geochemical  investigation of R E  E conccntrat on and mobi.. 
This preliminary study is a p:cursor 10 a c mprehenwve 

lity  associated with alteration  and  mineralizat on in various 
rock types at the  Sullivan deposil: and th: sun  mnding  area, 
and an investigation concerning the role of tl e Moyie :;ill:; 
in mineralization (Hamilton et & / . ,  1982; Ho: , 1989). 

chlorite-altered  mineralized foxwall, and n  the alt i te-  
The  significance of the F'resence of allanite i n  l.he 

chlorite  alteration  zone at the mine is twofold by recogciz- 
ing a high REE gradient (accilmpanied by allanite <'on. 
centration) or significant REE fluctuation, we may  define a 
possible zone of mineralization.  distinguishil  g it  from thr: 
'barren' alteration  zones;  and pclssible dating of allmitt:  by 
U-Pb geochronology may definc  the age of r lineralization. 
The reported occurrence of allanlte in the gran lphyric  mne!; 

as rare earths are  common corsituents (ofter as mnna,:tte) 
of the  Purcell (Moyie) sills (Bishop, 1974) is lot surpnsing, 

of some  carbonaceous  sediment:.  Therefore, he meltin? or 
partial  melting of included sediments in the  g Ibbro, and the 
contemporaneous ('?) crystalliz.3tion of alk nile with th,: 
emplacement and  subsequent deuteric a terati In  (epidotiza- 

earths from  remelted sedimm ts. The cry! tallizatiol of 
tion of feldspars) of the sills sug,;:ests the: scav mging of rare 

allanite  under such  specific  conditions (does tot negate  the 
importance of its  association \with ni.neral zatiort. hlor,: 
significant is the  allanite  vein  reported by 3arnpbell ;mi 
Either (1984). who recogni;!ed large (301 mpm) allanit,: 
grains  crosscutting tourmalini;!ed Aldridge SI  diments. 'This 
is in agreement with our  observations with respect t o  th: 
hydrothermal  origin of the minerals around th ! ore. Bec.lus: 
REE  tend  to  favor precipitation  under .educ ng  conditions 

dient  (enrichment  and/or  fluctuation) arc und sulplide 
(Schandl  and Gorton, 1991), IN,: would  expi:t  a RET: gra- 

orehodies.  Rare-earth element (enrichment i round sew:rzd 
Archean massive  sulphide  depjsits has  been reported by 
Campbell et al. (1984) and Schr.ndl and Gort  )n (1991) and 
a current study funded by thc Ontario  Geo ogical Survey 
Research Grant  Program is under way to  ~nvestigate the 
impact  of  this  rare-earth  element  halo 0 1  exploration 
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Plate 2-5-5. Allanite  and  pyrrhotite in chlorite. 
Field  0.8 mm. Plane  polarized  light. 

allanite grains  (with  pleochroic  halos) in  chlorite.  Field: 
Plate 2-5-6.  Titanite  (large  centre  grain)  and  small 

0.8  mm. Plane  polarized  light. 

2 78 

e % 

Plate 2-5-1. Allanite  rims  pyrrhotite. Field  0.8  mm. 
Plane  polarized  light. 

Plate 2-5-X. Allanite  intergrown  with  pyrrhotite in  
chlorite.  Field:  0.8  mm.  Plane  polarized  light. 

British Columbia Gro/o,qicu/ Survey Brunch 



I -  
Plate 2-5-9. Allanltc intergrown with galena, in chlorite. 

Field: 0.3 mm. Plane  polarized light. 

(Schandl et a/..  1991 ). In this  preliminary  study,  the  textural 
relationship between allanite,  sphalerite, galena and  chlorite 
suggests that mineralization was contemporaneous with the 
mobilization of rare-earth elements and with the crystalliza- 
tion of allanite in thc2 localities studied.  The  source  of rdre- 
earth  elements may have been  the "metamorphic  monazite" 
(Heubschman, 1973) or  other rare-earth element-rich  min- 
erals in the carhon-rich  horizons of the Lower and Middle 
Aldridge. Work is in progress for detailed  rare-earth element 
studies of the  Moyie  sills  and  the  altered zones in the Lower 
and  Middle  Aldridge sediments, and  the U-Pb  geochronol- 
ogy of hydrothermal  alteration  around  the  Sullivan  orebody. 
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SILVER-BEARING  MINERALS OF THE SILVER QUEEN (WADINA) MINE., 
OWEN  LAKE,  WEST-CENTRAL  BRITISH COLUMELIA (93L) 

By  Christopher T. Hood and  Alastair J. Sinclair 
The  University of British  Columbia 

Craig H.B. Leitch 
The  Geological  Survey of Canada 
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INTRODUCTION 
The  Silver Queen (Nadina,  Bradina) deposit of New 

Nadina Explorations Ltd. is located  near  Houston, 100 kilo- 
metres southeast of Smithers in the  Bulkley Valley region of 
central  British Columbia.  The mine, which produced 98.28 
kilograms of gold, 5,225 kilograms of silver, 405 000 kilo- 
grams of copper,  703 000 kilograms of lead, 5 million 
kilograms of zinc and 15 000 kilograms of cadmium  from 
I90 700 tonnes of ore over a brief period from 1972 to 
1973, has current  reserves of approximately 500 000 tonnes 
grading 3 grams per- tonne gold  and 200 grams per- tonne 

cent zinc (Nowak,  1991). Metallurgical  problems  arising 
silver, 0.23  per  cent copper, 0.92  per  cent lead and 6.20 per 

mine.  The  purpose csf this study is to define  the nature of the 
from a  complex  mineralogy  contributed to closure of the 

consider how the deposition of these minerals is related to 
precious  metal  mineralization at Silver  Queen  mine  and 

the formation of the deposit. 

GEOLOGY OF THE SILVER QUEEN 
DEPOSIT 

Queen  mine has been presented by Leitch er ul. (1990) and 
Detailed geology of the area surrounding the Silver 

is summarized here  only briefly. Rocks hosting  the deposit 
are subdivided into five  major units plus three  types of dike 
with units  numbered  sequentially from oldest to youngesr. 
A basal  reddish  purple  polymictic conglomerate  (Unit I) is 
overlain hy fragmental rocks ranging  from thick crystal tuff 
(Unit 2) to coarse Ixpilli tuff and  breccia or lahar (Unit 3); 
this is succeeded  upwards by a thick feldspar-porphyritic 
andesite  flow unit (Unit 4). intruded by microdiorite sills 
(Unit 5) and other  feldspar porphyry  (Unit 5a) and quartz 
porphyry  (Unit  5h) dikes  and  stocks. 

cession, with the  oldest  rocks  exposed  near  Riddeck  Creek 
The stratified rocks form a gently northwest-dipping suc- 

to  the south  and  the  youngest in Emil Creek  to the  north. All 

groups:  amygdaloidal  dikes  (Unit 6). bladed feldspar por- 
the units are  cut by dikes that can be divided into three 

cession is unconfonnably overlain by basaltic to possibly 
phyry dikes  (Unit 7 ) .  and  diabase  dikes  (Unit X). The suc- 

trachyandesitic volcanics  that crop out in Riddeck  Creek 
and farther  south.  These volcanics may he  correlative with 
the Goosly  Lake Fbrmation (Church and Barakso,  1990). 

Mineralized  veins  cut  the  amygdaloidal,  fine-grained 
plagioclase-rich dikes  (Unit  6),  and  are  cut by the series of 

Geological Fieldwork 1991, Paper 1992-1 

dikes with bladed  plagioclase cry:stals (Unit 7:.  The  former 
are generally  strongly  altered close to the veins whereas h e  
latter are unaltered  and  are pos;.ihly ccnelalive with h e  
Ootsa Lake Group  Goosly Lake volcanlcs 01 Eocene :lze 
( S O  Ma). The unaltered, feldspr  porptyry I ikes cut tne 
amygdaloidal dikes, and both are  ut by the slij htly youn zer 
diabase  dikes  (Unit  8). 

ANALYTICAL PROCEIDURE 

the veins and altered  wallrock of the S iher  QI een proprrty 
This work is part of an exhaustive mineral0 :id stud> of 

based on extensive use of x-ny  diffraction, a  scanning 
electron  microscope - energy  dispersive  slstem ( S E W  
EDS). and  quantitative  analyszr with the C meca SX-50  

ditions for  the SEM-EDS studies  were: polish :d specirnms 
wavelength  dispersive  electron nlicroprok. 0 Ierating c : s t -  

the  tungsten  filament  was used with 30-kllovo t accelerating 
were run with no tilt  on the eneqy  dispersive ! pectrum. .cnd 

0.5 nanoamperes, giving a 0.5-mcron ( 5 0 0  an :mom) bcam 
voltage  and 2.7-amp filament current.  Thz  hea n current tl’as 

width or resolution for  hacksciltl’xed  ekctror 5. 

tions  were:  20-kilovolt  accelerating  ,iolta;  ,e, I O  nano- 
For the electron microprobe !analyses, opt rating co113i- 

amperes  beam  current  and I.O-micrc,n b e m  dianxter 

the  polished surface).  Counting  limes were 3 1 seconds for 
(approximately 5 micron diamewr of spot-size resolutiol or. 

peaks  and 15 seconds  for back;:round. Standa.ds usad were: 
pure metals  (Ag,  Bi, Mn, Cd, G c ,  In) or comg Dunds (tl$!Te, 
GaAs), natural  pyrrhotite, galena. sphalerites I for Zn, S ,  Feel 
and synthetic  tetrahedrites (for C U ,  S .  Sb, AI and 2:”). 

All data were reduced usin;: ,I PAP  #:orre< tion prog:anl 
that corrected for atomic numb,::r, ahsorptior and  fluores. 
cence, supplied by the  probe r-ranufac’:urer. Routine ;ma- 
lyses of standards  were  within I: 5 per  cent 0. the  accepted 
values. The precision of  micrcprobe an;llysis is diflicu 1 to 
estimate,  as there is no possihil~ty  of r<:-ana yzing exac:tl!i 
the same point  (significant “bums”  occur in ! ome mincr-alii 

~ especially sulphosalts,  micas ;and carbonal s). However, 
repeated analyses of the  same grain i n  seb :ral locat o n 3  
showed that fluctuations  were u!iually k s s  t h i n  5 per  cent. 

VEIN DEPOSITS 

known in four main areas O F  Ithe Silver  Qleen p r o p t y  
More than 20 separate epithelmal,  polyme allic vein:, are 

(Leitch el al., 1990): Camp-I’crtal vein  are I, main No. 3 

veins  are  found in  the Chisholm  and tail in,:^ Pond a:m:a:i. 
vein area, George  Lake vein and Cok   La le  area; Imsm 

The No. 5 and Switchback vl:ins are  incl lded with the 
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Portal vein system to the  west of the No. 3 vein. The No. 3 

known and most easily accessible  because of extensive 
vein system is apparently the largest and is by far the best 

underground development.  More detailed  descriptions of 
individual  veins are provided by Leitch et ul. (1990) and 

eralogical “gold  mine” with a  variety of unusual minerals 
Hood (1991). The various veins have  been  a  veritable  min- 

Owens, 1973). 
having  been  reported (e.&, Bemstein, 1987; Harris  and 

MINERAL SPECIES IDENTIFIED AT SILVER  QUEEN MINE 
TABLE 2-6-1 

(this  study) 

PHASE COMPOSITION 
QUALITATIVE 
ABUNDANCE’ 

Ore Minerals 

Marcasite 
Pyrite 

Pyrrhotite 
Arsenopyrite 

Sphalerite 
Galena 
Tetrahedrite 
Tennantite 
Freibergnte 
Bismulhxnire 
Cuprobismutire 
Proustite 

Covellite 
Pyrargynte 

Chalcocite 
Chalcopyrite 
Bornite 
Aikinite 
Matildite 
Berryite 
Pearceite 
Polybasite 

Seligmannite 
Arsenpolybasite 

Gustavitc 
Bournonite 

Geocronite 
Acanthite 
Electrum 
Oxides 
Hematite 
Magnetite 
RutileiAnatase 
Gangue Minerals 

Hinsdalitc 
Barite 

Quartz 
Svanbergite 

Calcite 
Mn-siderite 
Rhodochrosite 
Dolomite 
Bitumen 

- 

C 
R 
R 
T 
C 
C 

C 
C 

R 
T 
T 
7 
R 
T 

C 
T 

R 
T 

R 
R 
R 
T 
T 
R 
R 
T 
T 
T 
R 

C 
T 
T 

C 
R 
R 
C 

C 
C 

C 
R 
R 

“C” represents minerals occurring in several or all locales in amounts 

R” represents minerals occurring in a few locales, in some cares greater 

’ “T” represents minerals occuning in only a few locales, generally in 

. ., greater than 2 volume  percent. 

than 2 volume percent. 

trace quantities. 
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ORE MINERALOGY 
An outline of the  mineralogy of the  veins  has  been 

presented by Hood et ul. (1991) who  recognize  a complex 
paragenesis with several  stages of mineralization.  The 
observed  minerals are  summarized in Table 2-6-1, with a 
general indication of relative abundances.  Other minerals 
reported at Silver Queen  include  boulangerite (Marsden, 

(Bemstein, 1987). Hood (1991) has defined  four  well 
1985). guettardite meneghinite (Weir, 1973) and  wurtzite 

developed paragenetic stages in the No. 3 vein: 
1. early  quartz-pyrite 2 barite 
2. layered sphalerite-carbonate 2 galena 
3. galena-sulphosalt-chalcopyrite 
4. late  quartz-calcite 
The principal sulphides  are pyrite, galena  and sphalerite 

tennantite scattered throughout.  In  addition, there  are  a 
with lesser  amounts of chalcopyrite  and  tetrahedrite- 

dant locally, many of which are silver-bearing, and  are the 
variety of rare minerals,  some of which are relatively abun- 

principal focus of this  report. 

SILVER MINERALS 
TETRAHEDRITE-TENNANTITE 

are by far the most  important  silver-bearing  phase at the 
Minerals of the tetrahedrite-tennantite (“fahlore”) series 

Silver  Queen deposit.  Tetrahedrites (and  other  sulphosalt 
minerals) occupy  a single  paragenetic interval in the  “Stage 
111” assemblage  (Hood, 1991) and are  commonly inter- 
grown with galena,  chalcopyrite and other sulphosalt  min- 
erals.  Fracture  infillings of fahlores  are  widespread in chal- 
copyrite and sphalerite,  and the series  commonly  occurs  as a 
matrix for pyrite and  sphalerite vein  breccias. 

Tetrahedrite is also present as irregular masses  up to 
several millimetres  across in veins with elevated  silver 
contents (e.R.. Camp veins). 

broad range at the Silver Queen mine (Table 2-6-2). Silver- 
Compositionally,  tetrahedrite-series  minerals  show a 

TABLE 2-6-2 
TETRAHEDRITE COMPOSITIONS’ 

Element 1 2 3 4 5 6 

C” ... 
S . . .  27.56 27.82  28.26  24.96  24.65  23.33 

42.21 43.27 42.78 36.26  33.13  24.37 

Zn ... X.(W 8.q7  6.35  7.74 5.66 4.31 
... 

Fe ..... 0.55 0.60 1.9s 0.20 1.91 2.26 
Sh . . . . . . . .  0.40 0.27 0.75 22.59 25.02 25.66 
As ......... 18.14 18.98 19.06 3.98 2.16 1.44 
Pb . . . . .  n.nn 0.00 0.56 0.00 0.00 0.00 
Ae . . . . . . .  0.40 0.30 0.10 3.72 6.52 18.61 
Bi ......... 
Hg 2 o.00 0.05 0.w p.w JMJ 

3.00 u.62 0.05 0.68  0.27 0.00 

Total ....... 100.26 99.93 99.91 100.13 99.32 99.98 
. . . .  
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rich compositions ar,:: found in the  north, deep in the south- 
ern parts of the No.  3 system, and in smaller  veins  most 
distant from the No. 3 vein. Silver  cuntents of  up to I X per 
cent  have been determined for tetrahedrites  from the Cole 
and  Owl  veins. Variations in bismuth,  antimony and zinc 
contents were also  noted in Silver  Queen  tetrahedrites 

crystals were nbserbed (Plate 2-6-11. 
(Hood. 199 I) and i n  a number o f  cases  remarkably  zoned 

MATILDITE 

Matildite is uncomnon in the No. 3 system, but is the 
most  important  sulphosalt  mineral in the Portal vein system. 

forms masses up to 3 millimetres  across (Plate 2-6-21. 
I t  is present as  symplectic intergrowths with galena and 

Matildite alsn occurI with aikinite, electrum  and  berryite in 
the  chalcopyrite-rich Portal vcins. 

PEARCEITE-I'OLYIIiASITE 

rare at the Silver Queen deposit, but there is a wide degree 
Minerals of the  pearceite-polybasite  series are relatively 

of  compositional  variation among those that are (Table 

No. 3 vein as small (less than SO micrnns) irregular grains 
2-6-3). Polybasite  c'ccurs deep in the southern  part of the 

intergrown with tetrahedrite  and  proustite-pyrargyrite.  More 
arsenic-rich  compositions  are  present in the Portal  and 
Camp veins,  where  the minerals occur as anhedral to suh- 
hedral grains up to I millimetre in diameter. An unusual 
bismuthian  pearceite is also present, occurring  as small 
veinlets  cutting chalcopyrite and other sulphosalts. In the 
Camp veins,  pearceite is commonly symplectically  inter- 
grown with pyrargyrite, galena  and argentian  tetrahedrite 
and may form up to S O  per  cent of the silver-bearing 
assemhlage. it has also been noted in the northernmost parts 
of the Cole and No 3 systems, and in the Chisholm veins. 

PROCSTITE-PYHAR(;YKITE 

The proustite-pyrargyrite  (ruby silver)  series is limited in  
distribution  at  the  Silver  Queen  deposit,  attaining peak 
abundance in the  northern  part of the Camp vein system. In 

PEARCEIIE..POLYRASITE ANI) RUBY SILVER 
TARLE 2-6-3 

COMPOSITIONS* 

Element 1 2 3 4 

cu . . . . . .  I I .:w X.% 0. I 2  11.13 
s ........ I h.!i I 16.54 17.61 
2" 

11.51 

Fe 
0.00 0.00 ....... 
0.44 

n.m IJ.IXi 
.......... o.nn n.[m 0 .00  

Sb . . . . . . . .  0..14 O.65 2 1 . U  1961 
A s  . . . . . .  6.57 5.48 
Pb ..... n.Ix1 

O.hl I .X2 
n.oo 0 . 0 0  

Ag ....... 64.40 65.86 
Bi 

s9.77 
. . . . .  11,:xl 3.21 

54.76 

H g .  . . . .  W S  0.00 O.MI 
0.13 

o.u(I 
n.w 

"- ~ - 

the Camp veins, end-member pyrargyrite (set Table 2- .6-3)  
occurs  as symplectic intergrowtl-s with galen;, tetrahedrite 
and pearceite, with individual masses up to 1 millimetres 
across identified in polished  section.  Pyrargyri  e also occurs 
as  much finer  grained  material In the nor:h pal: of the P ~ I .  3 
system, Owl vein and Cole Lakc! veins. As VI ith the Camp 
veins,  pyrargyrite grains  are  ,x~mmonly int, rgrown with 
galena, argentian  tetrahedrite  an<:(  pearceite. 

More  arsenic-rich compositions have been bund onl:i at 

as small (less than IO0 microns) ::xsolved grai 1s in rnas!ive 
the  southern end of the No. 3 system, where pr lustite ocxurs 

galena.  Geocronite  and  an ;IS yet oniden ified s i l x r -  
antimony-lead sulphosalt  are also presenl. with the  prouslite 

oscillatory zoned tetrahedrite Srt~m the northen No. 3 veitl. 
Plare 2-h-I. Backscattered elxlron pllotom crograph (4 '  

Zonation is controlled by variation betneen a Itimony-rich 
(light) and arsenic-rich (dark1 ,.ompositions. Scale  bar ill 
lower left i s  20 microns. 

matildite  from  chalcopyrite-rci-1 Portal vein r laterial.  Ntsle 
Plate 2-6-2. Symplectic inl.ergrowlhs 01 galena and 

large,  light-coloured  electrun1 [grain in upper  right c:om?r. 
Scale bar  at  lower  right is I O  rnicrons. 

:?8.3 



BERRYITE tetrahedrite-tennantite, matildite,  berryite,  pearceite- 

Berryite (Table 2-6-4) was  first  identified at the Silver 
Queen  mine by Harris and  Owens (1973) and  locally forms 
an important constituent of the  sulphosalt assemblage in 
chalcopyrite-rich  veins. Deep in the  northern  part of the 
No. 3 vein, berryite occurs  as laths up to 0.3 millimetre  long 
in a chalcopyrite  matrix. Bismuthian  tennantite  and galena 
commonly replace  the  laths along  cleavage and grain mar- 
gins, although symplectic intergrowths with these minerals 
have  also been noted (Plate  2-6-3). Berryite is also present 
in the Portal vein system,  where i t  occurs with galena, 
matildite and gustavite. 

polybasite, gustavite and  proustite-pyrargyrite. Silver was 
also detected in trace amounts in galena and aikinile.  The 
fahlores (tetrahedrite-tennantite series  minerals)  are  the 
most  important  silver minerals,  containing up to 18 weight 
per  cent silver  and  locally forming up to 10 to 15 per cent by 
volume of the  vein. Silver  contents  are highest in the  north- 
em part of the No. 3 vein and in veins farthest from the 
central No. 3 and George Lake  slructures. The  other silver 
sulphosalts  are less abundant, with berryite,  matildite  and 
gustavite  confined  to veins  where chalcopyrite is a major 
part of  the vein assemblage (e .g . .  No. 5, deep in north No. 3 
and in the  Portal veins). Pearceite-polybasite  and  proustite- 

GUSTAVITE pyrargyrite are most abundant in silver-rich veins  along the 

Silver  Queen,  restricted to the chalcopyrite-rich  Portal 
Gustavite (Table 2-6-4) is a relatively  rare  mineral at 

veins. 'The mineral occurs  as  masses (in chalcopyrite) up to 
0.5 millimetre across and is associated with berryite and 
galena.  locally forming up to 50  per  cent of the  sulphosalt 
assemblage. 

ELECTRUM 

Electrum occurs  throughout the No. 3 and  associated 
veins and appears  to he the only  gold-bearing phase at 

small  (less than 50 microns) rounded  inclusions in galena  or 
Silver  Queen  mine. In general the  mineral is present as 

galena-sulphosalt intergrowths  and is commonly associated 
with fine-grained  pyrite. Locally,  individual grains  are up to 
160 microns across and occur in embayments in larger 
pyrite  grains associated with the  host galena  (Plate 2-6-41, 
Electrum grains  are less commonly hosted by chalcopyrite, 
tetrahedrite, pyrite  or sphalerite. 

Compositionally, electrum  from Silver Queen is quite 

range of 600  to  720 fine.  Electrum from the Copper vein is 
silver  rich, with grains  from the No. 3 and  Portal veins in the 

even  more  silver rich, containing  gold with a fineness of 
approximately  500. 

DISCUSSION 
Precious metal  values in the  Silver  Queen  deposit result 

from the occurrence of electrum  and the  sulphosalt minerals 

BERRYITE AND  GUSTAVITE COMPOSITIONS' 
TABLE 2-6-4 

cu . . . . . . . .  6.37  6.43  6.30  0.19 
s .............. 17.52 
Zll .......... 0.00 

17.69 
I .23 

17.44 
0.00 

16.95 
0.00 

Fe ........... 0.04 0.24 0.00 0.00 
Sb .......... 0.00 0.00 0.00 
As 

0.00 
. . . . . . . . .  0.00 0.00 0.00 

Pb ............. 20. I3 
0.00 

23.67 
Ag ........ 
Bi 

7.29 
48.75 ........... 46.01  47.60 

7.62  8.60 
49.91 

Hg ............ 
Total 

x.20 

o.00 
100.34 99.93 99.72 99.32 

0.00 0.00 OM) 

herryite  grain  (medium  gray)  undergoing  replacement by 
Plate 2-6-3. Backscattered  electron  photomicrograph of 

galena  (pale  coloured). From the deep  north No. 3 vein. 
Scale bar at  lower right is 4 microns. 

ments  along the  margin of large  euhedral  pyrite grain. 
Plate 2-64, Electrum  grains (white) occurring in embay- 

Medium  gray  matrix is intergrown  galena-matildile.  From 
chalcopyrite-rich Portal  vein material.  Scale bar on lower 
right  is 20 microns. 
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margins of the deposit.  Symplectic intergrowths with galena 
are  common for all silver  sulphosalt species. 

Queen deposit,  where it occurs  as rare, but widely dispersed 
Electrum is the only gold  mineral  identified in the  Silver 

inclusions in galena or, less commonly, in sulphosalt  min- 
erals  or pyrite. Elecl:rum grains range in siLe from  less than 
5 microns to over 1 0 0  microns in diameter. 

Sulphosalt  miner.rls at the Silver Queen  mine  are  inter- 
preted to have been emplaced during the waning  stages of a 
hydrothermal cycle under temperatures and pressures of less 
than  250°C.  and SO 000 kilopascals (500 bars)  (Hood, 
1991). Sulphide anl:l sulphosalt  deposition  was  apparently 
controlled by mixing of hot, acidic  waters with a cooler, 
more  dilute  metecxic  fluid, with mineralogic  zonation 
related to the  stability of the  metal-transporting  species as 
the  metal-charged  fluids were carried  away  from the fluid 
source. Sulphosalt  concentrations in the No. 3 and  smaller 
veins thus represent sites o f  preferred  deposition by copper, 
lead, bismuth and silver. To a  lesser extent, the  nature of the 
wallrock also appears to  have influenced  the  deposition of 
sulphosalts in the No. 3 vein. 

Silver sulphosalt!; tend to be concentrated along the outer 
margins of the  deposit,  corresponding to high  silver- 
contents in tetrahedrite and the  presence of abundant barite. 
As a result, the "peripheral" veins are interpreted to repre- 
sent  sites  most distmt from  the fluid source ( q . ,  Wu and 
Petersen, 1977) and  where  the influence of the  cooler, more 
oxidized  waters was most extreme  (Hayba P I  a/. ,  1985). 
This particular occurrence is of importance when consider- 
ing  future  exploration for  silver and gold-rich  parts of the 
vein system. 
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FLUID  INCLUSION  STUDY OF VEIN  MINERALS  FROM  THE SI1,VER 
QUEEN  MINE,  CENTRAL  BRITISH  COLUMBIA (!93L/2!) 

Margaret  L.  Thomson and Alastair J.  Sinclair 
The University of British  Columbia 

_," -.-. 
KEYWORDS: Economic  geology, fluid  inclusions, Silver 
Queen  mine, epithel-mal deposit, Eocene  mineralization 

INTRODUCTION 
Silver Queen mint in central British Columbia, is located 

approximately 35 kilometres  south of Houston  and 3 kilo- 
metres east of 0wt.n Lake (Figure  2-7-1). Although  cur- 
rently inactive, it was  worked  briefly in the early  1970s for 
gold. silver,  copper, zinc, lead and cadmium.  The deposit is 
hosted by Cretaceous rocks of the  informal  Tip Top Hill 
group  (78.322.67 Ma, K-Ar  whole rock), with the age of 
mineralization  bracketed by pre and post-mineralization 

Leitch e f  a / . ,  1990). Detailed  descriptions of the regional 
dikesatS111?l.8bfaand51.921.8Ma(K-Arwholerock, 

and deposit geology are  found in Lang (1929). Church 
(1970), Church and I3arakso (1990) and  Leitch CI ul. (1990). 

The deposit is a complex  epithermal vein system with ore 
generally  restricted to delicately banded quartz-carbonate- 

Figure 2-7-1. Location  and  simplified  geologic map of 
the Silver  Queen  mine  area. 

Geological  Fieldwork 1991, Paper 1992.1 

sulphide-bearing veins  (Plate 2-:'-l). Hoad ef 11. (1991) unci 

represent early  to late  stages a d  mineral dep xition within 
Hood (1991) define four char;m;eristic assen blages wllich 

the  veins. Stage I is characterized by the  asser lblage qo;Itz- 
pyrite-hematite-barite, Stage I 1  b y  the asiemb age sphah-itf: 
and manganese-iron-rich cart8onate, Stage ' I I  by qtt2rtz- 
chalcopyrite-tetrahedrite-galena  and Stag: IV by the 
assemblage quartz-barite-pyritl:-::alcite. ,Stage i i and I\' d l s o  
contain  bitumen as a coexisting mineral with barite. Rarely 

tive  stages are most common. 
is a single vein comprised  of dl four stages:  two consmu- 

The composition and temperai;ure of !.he fl ;id at [he lim,: 
of mineral deposition are  estmated  for the  various  para- 
genetic stages by measuring thl? homogenir; tion tempt.rd- 
tures of liquid and vapour pha!.e:. and freezinl point delres- 

the last melt for the common nlirierals. These  neasurernents 
sion temperatures or temperatures of the dis ippearanc: of 

provide  important  constraints f:x the interp etation o t  th': 
geochemical and thermal  evolution o f  the hydrothemal 
system that formed  the Silver clueen dt:posit 

FLUID  INCLUSIONS 
Fluid inclusions within mincrals rcpresel t fluid  wricx 

has been trapped  either by irrt:f:ularitie!; duri lg the g r w t ' l  
of the host crystal, that is  p t h a r y  inclusic ns, or by the 
healing of later  fractures to form se<:ond;ry inc:lusion!;. 
Fracturing may also occur durin:;: crystal grov th and he; ling 
of these  fractures can produce pmseuodstcond Lry incluzion:;. 

ondary  inclusions is not always straightforw; rd. Generdly, 
In practise, distinguishing prinlary, pseudosec ondary or !iec- 

primary  inclusions are founcl ;along well-d :fined gn~wth  
zones, secondary  inclusions occur as distin, t trails which 

- - 
, , ,  ., , 

Plate 2 - 7 1 ,  Photograph of 1:ypiCdl o;e vei 1 within tl I :  
Silver Queen mine.  The left sld,? of the ixampl, (light gre!r) 
represents  Stage I pyrite-quanz assembhge. 7 le sample i,j 

dominated by Stage 11 sphaleritf, and carbonat,, with minor 
Stage 111 carbonate  to  the rigt(t. 
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micrograph slighrly our offocus); (b)  Stage I barite  with  included  bitumen; (c)  colourless, 
Plate 2-7-2. (a) Stage I barite  blades  oriented  perpendicular to the  vein wall. (Phoro- 

aqueous,  primary  or  pseuosecondary  fluid  inclusion  within  Stage I barite (arrow points  to 
fluid  inclusion  with  clear  liquid  and  vapour  phase);  (d)  amber-coloured,  hydrocarbon-filled 
fluid  inclusions  within  Stage I barite (arrow points  to  fluid  inclusion  with  liquid  and  vapour 
phase);  (e)  Stage I ,  subhedral quartz crystals  cut by trails of secondary  aqueous  fluid 
inclusions,  dark  inclusions  are  hematite; (0 Stage II yphalerite  intergrown  with  euhedral 
quartz  crystals; (g) primdry  or  pseudoseconddry  fluid  inclusions  within  Stage II sphalerite, 
fine inclusions of chalcopyrite  (arrow)  occur  within  sphalerite; (h )  Stage Ill carbonate 
illustrating  chevron-shape of handing  and  nature of primary  fluid  inclusions  (arrow);  (i)  core 
sample of Stage IV barite  with  bitumen; (i) Stage IV barite,  note  blocky  shape  compared to 
needle  shape of Stage I barite. 

British  Columbia  Geological  Survey Branch 



cross  grain  boundaries  and  pseudosecondary  inclusions 

cross grain  boundaries (cf Roedder, 19x4). 
form  as trails which are  restricted to  single  grains and do not 

The trapped  fluid is commonly  aqueous; however, in this 
study  hydrocarbon-rich tluids  are  also prcsent. Vapour and 
solid phases may also he present. The vapour  may  contain  a 
mixture of water. carbon dioxide and  methane or  other 
gases, although watw is usually the dominant phase. In most 
cases, the  solid incltrsion phases are alkali salts precipitated 
from the liquid (Ro,xlder, 1984). 

Homogenization temperatures (T,,) and  melting trmpera- 
tures (T,,,) are the two data sets which were determined 
from  the  samples  studied.  Homogenization  temperature 
represents  the temperature  at which the isovolumc line 

trapped in inclusiorls at pressures and  temperatures above 
intersects the liquid-vapour  line. As most fluid has been 

the liquid-vapour curve, a correction  for  pressure is applied 
to TI, to determine  the  trapping  temperature  (T,)  as 
described by Potter (1977). 

the  composition of tile tluid. The freezing temperature of an 
The melting  temperature (T,,,) provides an indication of 

aqueous  solution containing dissolved  salts is depressed 
relative to the freering  temperature of pure water. This 
temperature can he Interpreted in terms of the percentage of 

depression temperature identical to the  experimental value. 
NaCl dissolved in the solution that gives a  freezing point 

The values presentec:l are calculated after  Roedder (1984). In 
every  case, an atternpt was made to make two  determina- 
tions for  every  fluid Inclusion, hut this was not always 
possible. In some  cases  melting  temperatures were not 
determined  because of inability to clearly see a change in 
the  inclusion  during the heating of a  super-cooled  inclusion. 

METHODOLOGY 

on standard  size  thin-section glass. Fluid inclusions in 
For this  study  doubly  polished rock plates were prepared 

quartz, barite, carbonate  and  sphalerite were examined. A 
Fluid  Inc. adapted United States  Geological  Survey gas- 
flow  heating  and  freezing  stage  system  located  at  the 
Geological Survey of Canada (Vancouver)  was  used.  Tem- 
perature  calibration using SYN-FLINCW as described by 

of 0.4"C from 56.6 lo 660°C and a precision of i- 1 per  cent 
Reynolds (1988; unpublished manual) results in an accuracy 

up to 200°C and i-2 per cent above 200°C. 

within  barite to stretching when overheated past the  homog- 
The problem of the susceptihility of aqueous  inclusions 

enization  temperature  (Ulrich  and  Bodnar, 1988). and when 
frozen (Keenan e f  (21.. 1978) was taken into consideration. 
Individual  barite  blades  aucraged 5 to I O  millimetres in 
length, allowing severul chips to he taken  from  a single 
blade. The  samples were frozen first and heated a  maximum 
of three  times.  After  heating, the ratio of volume of vapour 
to volume of liquid was observed to  determine if stretching 
had occurred. If the inclusion had stretched,  the vapour: 

change was  noted in any of the samples. 
liquid volume  ratio would have decreased. N o  significant 

carbon inclusions. Cooling  to  -90°C produced no visible 
No melting  temperatures  were  obtained  for  the  hydro- 

freezing  behavior within the liquid and  subsequent  warming 
produced no changes either. 

Geological Fielduwk 1991. Paper IYYZ-I 

SAMPLES 
Fluid inclusions from six samples represer ting tlle f::ur 

paragenetic  stages  were  measured as  follr~ws:  :,&age I ,  h 3 . k  
and  quartz; Stage I I ,  sphalerite  and  carbona e: Stage 111, 
sphalerite  and carbonate; Stage IV, barite. F11 id i n c h  wins 

measured.  A summary of the  inclusion tlescri )lions can be 
in quartz  from the wallrock of a Stage I vt in were illso 

found in Figure 2 -72 ,  

STAGE I INCLUSIONS 

long, rooted in and  oriented peqlendicular to the vein vial1 
Stage I barite occurs  as tapered blades, 1 to 8 milllme!res 

carbon  inclusions occur within single blades Plate 2-'7-:!c. 
(Plate 2-7-2a. b). Clear  aqueous  and  amber-co  oured h y  ro- 

d).  The blades  are clouded by r:wtIy dktribu ed,  rectangu- 
lar aqueous inclusions, 3 to IS microns wice (averag: 5 
pm), interpreted to  be either  primary or  pset dosecond rry. 
Primary or pseudosecondary hidrocart~on i lclusion~, ;Ire 
less common, larger  than  the :rciueous i n c h  ons (avrr3ge 
I S  pm) and tend to occur in pitches. Trails of secondary 
aqueous and  hydrocarbon  inclusions  clearly c rosscut gl.;dn 

than the primary inclusions (3bl0 pm wide). 
boundaries. They are rounded 1:) oblong, an 1 are  smaller 

Stage I quartz  occurs  as  euhedral  crystals, I to 3 rntili. 
metres  wide,  infilling  hematite Illades. l'rima'y inclusions, 
3 to 7  microns  wide, occur with e rowth zmes I 1.5 mil1imt:tre 
wide, parallel to the hexagorlal crystallogr;  phic out1 ne 
Secondary inclusions  form  distinct trails  w lich crow:u!. 
boundaries of quartz grains  and are parallel to vein w a l l s  

4 microns to 8 microns,  and ave~age abc'ut 5 I nicrons w [de 
(Plate 2-7-2e). The inclusions range in midth ' rom less tbar 

BARITE 

+ 
I 

for fluid inclusions in rniner;I!, from  tlle fol r pdragerll c: 
Figure 2-7-2. Summary of descriptive dat; determined 

stages in the Silver Queen veirls. Bracket8:d  Val les represe:lt 
mean  value.  AQ,  aqueous; P, pimary; PS. pseu, losecondar-i; 
HC, hydrocarbon; L V ,  liquid  vapour  ratio. 

. M Y  



STAGE I1 INCLUSIONS 
Stage II sphalerite occurs  as  bands 1 to 3 millimetres 

wide  that  parallel the  vein  wall. An intergrowth with 
euhedral quartz gives  the sphalerite  hands a wormlike out- 
line  (Plate  2-7-39.  The  sphalerite is translusccnt, zoned 

bands of densely packed, large chalcopyrite hlehs I micron 
from colourless to  honey  coloured. with 0.S-millimetre 

wide (Plate  2-7-2g). Inclusions which occur  singly with 
irregular distribution are interpreted as primary  and  those 
which occur in trails  are  pseudosecondary. The  primary 
inclusions  are irregular in shape, generally elongate  (Plate 
2-7-2g) and range in size  from 3 to  20 microns  long (averag- 
ing IO pm). Pseudosecondary inclusions are rounded  and 
range i n  size from I to I O  microns. 

Carbonate  occurs  dominantly as patches of chevron- 

fluid  inclusions in  carbonate  are  difficult  to  measure 
shaped  bands 1 to 5 millimetres wide (Plate 2-7-211). Most 

because of high internal  reflections and small  size ( < I  &mi. 
Primary fluid inclusions, I t o  IO microns wide. are best 
developed  and  measurable  along the  growth zones of the 
hands. 

STAGE 111 INCI~USIONS 

grains 1 to I O  millimetres wide,  mostly isolated i n  carbonate 
Stage Ill sphalerite is massive,  occuring as subhedral 

matrix.  Stage 111 sphalerite is brecciated, with grains  clcarly 
broken and rotated in a  carbonate-quartz  matrix.  The inclu- 
sion style is the same  as that for the Stage II sphalerite. 

Stage 111 carbonate is massive, with no  clear handing 
developed. Fluid inclusions occur evenly distributed, and 
range in size form 1 to 5 microns wide. 

STAGE IV INCLUSIONS 
Stage IV barite occurs as large (5-15 mm  long)  blades 

randomly oriented within the veins,  with bitumen generally 
forming the  matrix (Plate  2-7-2jj. Fluid inclusions form in 
zones, generally within the core of a blade. Both aqueous 
and amber-coloured hydrocarbon  inclusions are present. 
The  aqueous  inclusions are  primary or pseudosecondary, 
with a  rectangular to angular  shape,  and  range  from 3 to 10 
microns  long.  The  hydrocarbon inclusions  are also primary 
or  pseudosecondary, rounded to  irregular in shape, and 
range  from 6 to  20 microns  long. 

RESULTS 

pleted, with the  results summarized in Figures 2-7-3 and 4. 
A total of 186  temperature measurements were com- 

late the load pressure during deposition of the  minerals 
There is no independant geobarometer available to  calcu- 

studied.  Quartz textures,  although in n o  way a rigourous 
geobarometer. can he used to suggest the relative depth of 
deposition.  Chalcedony may form  a sinter in the surface  or 
near-surface environment  (Bodnar  et a/., 19x5) and as no 
sinter i h  found at the Silver  Queen  mine it is assumed that 

the upper 1.5 kilometres of the crust,  therefore we can 
the vein formed  at  depth. Epithermal deposits  occur within 

assume that the  load  pressure  probably did not exceed 
50000 kilopascals  and  was  probably somewhat  less. Given 
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this  maximum  pressure,  the temperature correction for the 
pressure differentlal  (after Potter, 1977) of those  inclusions 
with a TI, of approximately 220°C and salinity of  6.5 per 
cent NaCl equivalent is a maximum of 40°C. and  for those 
inclusions with a 'T,, of 100°C and  salinity of 2 per cent 

temperatures represent  the minimum trapping temperature 
NaCl cquivalent,  a  maximum of 50°C. Homogenimion 

and the true trapping temperature is from zero to 50°C 
higher.  Because of this  uncertainty,  reference will be made 
to  the  homogenimtion  temperature in  the  following 
discuscion. 

Stage I fluid is relatively  saline with a mode o f  6.4 per 
cent NaCl equivalent and  hot. with two populations of T, at 
260°C and 210°C. The primary  inclusions in vein q u a m  and 
wallrock  alteration quartz  are  more saline  and  hotter  than 
the  secondary  inclusions in the quartz. 

temperatures and salinity  as  Stage 1. The peak T,> are 
Stage II fluid shows a similar  range of homogenization 

slightly cooler, with modes at 230°C and 180°C and salinity 

equivalent. 
is slightly  elevated with a mode of 7.5 per cent NaCl 

Stage Ill homogeniration temperatures  are  equivalent to 
the secondary  inclusions in the vein q u a m  of Stage I, 

equivalent  to that of Stage I1 fluids at 7.5 per  cent NaCl 
however, the  salinity shows a complete range with the mode 

equivalent. The limited  sampling of tluid inclusions within 
brecciated  sphalerite  shows  no  bignificant  difference 
between it and the in situ  sphalerite. 

stages. although a broad compositional  range is indicated. 
Stage IV tluids  are less saline and cooler than  the other 

The homogenization temperature of hydrocarbon  fluid is 
less  than that of the aqueous fluid  inclusions. 

DISCUSSION 

within  and  between each mineral stage  suggests the  pres- 
The variation in salinity of the aqueous fluid  inclusions 

ence of two  distinct  aqueous fluids within the system.  The 
early  stage  tluid is relatively more  saline than  the later tluid. 

alentj  are  generally  associated with a heat  source,  com- 
In hydrothermal  systems  saline fluids (> 25% NaCl equiv- 

monly an intrusive  body (Henly, 1985). Such  tluids  are 
more saline  than  the strongest brines encountered in the 
Silver  Queen  samples. Weakly (< 1.7% NaCl equivalent) to 
nonsaline inclusions are generally  associated with meteoric 
fluids  (Henly, 19x5). It is suggested that mixing of these 
two  tluids could  result in salinity  values  noted in this  study. 

saline  fluid comes  from the  hydrocarbon  inclusions and 
lndependant  evidence of a meteoric source  for the  weakly 

associated  bitumen.  Carbon isotope  values  from  bitumen of 
6°C =-27 per mil from Stages I and IV indicate  the 

restrial plant  material (Thomson  et al., in press).  The  dif- 
source of the hydrocarbon to be the same and to be ter- 

ference in salinity  between the two periods of hydrocarbon 
trapping  and  deposition  represents a process of differential 
mixing with the more saline fluid. 

III (Hood  et a/ . ,  199 I) appears to he related to  more saline 
Mineral  deposition in the sulphide-bearing  Stages II and 

fluids.  This is consistent with the model of chloride as a 
complexing  agent, transporting  metals to the  site of deposi- 
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tion  (Barnes. 197'0). Interestingly, the deposition o f  
sphalerite  appears to  he insensitive to temperature.  forming 
in a range  from 255'C in Stage II to X5"C i n  Stage 111. 
Corroborating the lower  temperature of ore deposition in 
Stage 111 is the occurrence of  the galena-matilditc  pair 
which is limited to a low-temperature  stahility  range (Hood. 
I99 I 1. 

Boiling,  or mixirlg of  two  fluids  are  the  two common 
mechanisms invoke11 for the deposition o f  n1etaIs in epither- 
mal deposits  (Bodner C /  ul.. 1985). When boiling occurs  the 
steam  phase  and liq'.lid phase are trapped in separate  inclu- 
sions.  producing a spatially related population  liquid-rich 
and vapour-rich  inclusions  (Roedder. 1984). Complicating 
this interpretation,  however, is the pissibility that the same 
texture was  producrd  through  secondary  necking of a pri- 

mary  inclusion is  rtot equally distributed into the newly 
mary inclusion.  During nrcking thc  vapour f r ~ n  the pri- 

taken  when  interpreting the textures. In this study. there  is 
formed  pseudosecondary  inclusion.  Clearly  care  must he 

nu significant  varialion in the liquid:vapour  ratio within a 
single  population of tluid  inclusions.  suggesting that boiling 
probably did  not ctccur within the  system.  This  further 
supports a model o f  mixing of the two  fluids. 

i STAGE n=22 I" 

The overall  homogenizaliorl  temperature, and ther-' 
the trapping temperature, s h m  a geni:ral cecrea5,e f .mr l  

orc: 

tures  and Salinities (if Stagc 111 Ind  the Stag! I secor11,;lr). 
Stage I to  Stage IV. The sirnilat. homogeniz tion temp:ra- 

fluid  inclusions  suggest  that  the  early s age  mitwral 
assemblages were accessible to later stage tll ids. prob;d>ly 
through  intermittent  brecciation and veining. 

manganese-iron  carbonates. h ~ v ~ e v e r ,  there i , no evichcf: 
Stage I1 is characterized hy the presence of abumlmt 

of the presence of measurabh: (carbon dioxi le within thf: 
attendant fluid.  This  absence 31' visible carh on dicxidk in 
inclusions  indicates  its  low  pa!ti;il  pressure i r  the ore t luid 
(Fournier, 1985). 

INTERPRETATION 
The  fluid inclusion  data sumtnari7.ed here indicate : w o  

prnhahle sources of fluid.  One which  was re18 ivcly hot and  

The hot, saline  fluid  is m o s t  likely  relrted :I magmatic 
saline  and one which  was cooler  and weakly to  nonszhne 

hody  interpreted to he at depth, a,; evidenced t y the intintit< 
association of dikes with the  cri' veins iThor Ison and !;in.. 
clair, 1991 1. The  cooler  tluid is robdhly mete x i c  in ori ?in, 

I m 

STAGE I I  
n=16 n b  1% . . . . .  . .  . .  ................... . .  . . . . . .  ~ , ,  .... 

. .  . .  . i  . .  ::.::: 

Figure 2-7-3. Histogram of homogenization  temperatures.  Patterns  denote  minerals studiei. P, prinaty; 
S, secondary;  and x, breccia. 
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heated by the  magmatic body. Initial mixing of these two 
tluids resulted in the  deposition of metals within the  veins. 
With time, the mixed tluid  became  dominated by cooler, 

saline h i d  or the  sealing of the  transport path. 
weakly  saline  fluid,  indicating either the exhaustion of hot 

Thomson and Sinclair (1991) have shown physical evi- 
dence  of  continuous fracturing  and  brecciation within the 
Silver Queen veins. The present  study corroborates  this by 
showing that a single crystal can contain  several types, and 
therefore several generations  of  fluid inclusions. This will 
have  significant  impact on the choice of mineral grains  for 
future  stable  isotope studies.  Randomly  choosing any  grain 
may result in  stable  isotope data which represent  a mixture, 
not end-member representatives of the  fluid sources. 

the  northeast of Silver  Queen, is of  comparable age  and 
The Equity Silver mine,  approximately 20  kilometres  to 

geology (Church and Barakso,  1990). Wojdak and Sinclair 
(1984)  describe results of a  fluid  inclusion  study of the 
Equity Silver  ores and  a comparison with Silver  Queen  data 

arsenopyrite-sphaleritechalcopyrite  and  chalcopyrite- 
is interesting.  The  Equity  Silver  ore  assemblages  of 

tetrahedrite are broadly comparable to the Stage I l l  and 
Stage I1 assemblages  respectively  at the Silver  Queen 
deposit  (Hood er a/.. 199 I ) .  The homogenization tempera- 
tures of the  Equity Silver  mine  assemblages  are  approx- 

4 1 STAGE IV 

imately 320  to 400°C  and 260 to 310°C. a full 100°C hotter 
than those of the comparable  Silver Queen assemblages. 
The melting temperatures  or per cent NaCl equivalents of 
the  Equity Silver inclusions are. however,  remarkably simi- 
lar to  the  comparable  assemblage in  the Silver  Queen 
deposit, ranging  from 3 to I O  per cent and 3 to 8 per cent  for 
the two assemblages. I t  appears that  the Equity  Silver 
orebody may  represent  a deeper depositional environment, 
and in particular may have formed  closer to the heat source 
than Silver Queen  orebody. 

CONCLUSIONS 
Two fluids are involved in ore deposition at the Silver 
Queen  mine.  One is saline and  relatively hot and  the 
other is weakly  saline  and  relatively cool. 
The weakly  saline  fluid is probably  meteoric in origin. 

hydrocarbons  derived  from terrestrial  plants. 
Evidence  comes  from  the  presence of associated 

The  source of the hotter, more the  saline  fluid is proba- 
bly related to a magmatic body at depth. 
Fluid ingress  and  veining occurred repeatedly.  over- 
printing  earlier  vein assemblages.  This has  implica- 
tions  for  stable  isotope  analysis of vein  minerals. 
Detailed  examination of the samples is important to 

BARITE 1/1 aqueous 
H hvdrocarbon 

n J j -  

4 -  

t 
0 2  z 
W 

STAGE 111 
n=14 n 

8 .  

100 120' 140 1 60 180 200 220 240 260 280 

T h  ( O C )  

292 

Figure 2-7-4. Histogram of melting  temperatures with per cent NaCl equivalent  as  determined by 
equations  given by Roeddcr (1984). 
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confirm i f  more than one episode of mineral  deposition 
has affected the sample,  allowing  for  pos\ible  rc- 
equilibration. 
The temperatun: of ore deposition (=25O"C) at the 
Silver Queen Inine is about I O O T  cooler tlian for 
comparahle stapes of  mineralilatinn a t  the Equity Sil- 
ver  mine, although  the  salinities of the fluids are sin+ 

Equity  Silver  orehody formed at a greater depth, cloher 
lar (3-10% NaCI equivalent).  This sugge\ts that the 

to the magmatic heat source. 
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THE LEXINGTON  PORPHYRY, GREENWOOD  MINING CAMP, fi01.THER.N 
BRITISH COLUMBIA: GEOCHRONOLOGY 

(82E/2E) 
By R.N. Church 

KEYWORDS: Geochronology, Lexington.  copper-gold  por- 
phyry, Precambrian  basement. zircon dating. 

INTRODUCTION 

analyses of zircon  from the Lexington  porphyry at the  City 
This report provides  the  results  and  interpretation of U-Ph 

of Paris  mine in the Greenwood  mining camp. The  Green- 
wood camp is in Quesnel  Terrane in the  eastern part of the 
Intermontane  Belt of southern British Columhia  (Figure 
2-8-1). 

The  geology and history of the Greenwood mining camp 
has  been  reviewed hy Little (1983). Church (lYX6) and 

and  associated vein?, have been the target of exploration  and 
Fyles (1990). The L.exington copper-gold porphyry  deposit 

development since I X90 on both sides of the International 
Boundary (Figure 2--8-2). In 1900 development at the City 

yielded 1900 tonne; of ore grading 13.7 grams per tonne 
of Paris  mine, IO kilometres  southeast of Greenwood, 

gold, 7 I grams per tonne silver and 3.12 per  cent copper. In  
a similar geological setting, the Lone  Star mine in Wash- 

yielded I . I  grams  per tonne gold, 6.5 grams  per tonne  silver 
ington State  produc'd 5900 tonnes of ore (1890-1920) that 

and 2.6 per  cent copper: an additional 360 000 tonnes was 
mined from the s m e  area in an open-pit  operation in  
1977-78. 

Figure 2-X-I. Major tectnnic belts  and  terranes in the 
Canadian  Cordillera. Key to abbreviations CC = Cache 
Creek  Terrane, SM = Slide Mountain  Terrane, WR = 
Wrangellia,  ST = Stikinia, Q N  = Quesnellia  (Price el a / . .  
1985). 

Geological F i e l l ~ l , o r k  1991, Paper 1992.1 

GEOLOGICAL  SETTIN I; 
The Lexington  intrusion is a n  elongate qu inz pnrphyry 

emplaced in a shear that extends 3 kilomet res southt:,Ist 
from the  headwaters of  Goosmus  Creek, throu !h the Cit!' of 
Paris mine,  across the  Internatic nal Boundar: to the L,me 
Star  mine in Washington. Thc lnrrusion fol DWS a m;!jor 
zone of serpentinite  and appear;. to he relatt d to a latger 
quartz feldspar  porphyry on the !idme break, e rposed to the 
west on Gidon  Creek  and  Hippollte Creec  Tb se bodies (:ut 

and greenstone  of the Knob Hill and M o m  At wood grot,p: 
Paleozoic  units  including chert, schist, argil1 te, linlest:ne 

(Figure 2-X-2). 
The  age of the  Lexington -1orphyry wi s previot !;I) 

thought to be Cretaceous  or  i,arliest Terti .ry by  I.itt1e 
(19831, however, analyses  of  diamontl-drill :ore sample: 
submitted hy the author to P. van (der Heyden c FThe Uni,ter- 

Cambrian age (Table 2-8-1 and Figure 2-8-1). The b ~ / e r  
sity of British Columbia  give ,311 Early . h a s !  ic and a I ' re~ 

concordia intercept (200 Ma) intlicates the ag: of irmurior 
of the porphyry; the upper concol-dia intt:rcept (2445 M; ;' i: 
believed to he the result of a relict zircm  fr; ction  assirni- 
lated from (early Proterozoic)  baement rock ,. 

DISCUSSION 
The Intermontane  tectonic bf:lt is urtderla n by at 1:ast 

four allochthonous oceanic and nff-short: islar d-arc  terrime; 
that cvolved  separately in miidle and late 'aleozoic and 
early Mesnroic time and  were srhsequently i ccreted to the 
North American  craton. Know edge 01'  the temporal, i m d  

spacial  conditions of accretion i: ;  incomlJlete, however, i t  i s  
known that the  eastern  terranes  onlap t te cor tinentdl rrl&; 
and that this onlapping or docki-~g was lnostl J achievc~l b:, 
middle  Mesozoic (Price el a/.. 1985). 

zoic) and Brooklyn (Triassic) groups com lrise  mulliplc: 
In the Greenwood area the Knob Hi 1, At wood (Palzo- 

slabs n f  oceanic and transitionill crust pan1 ' delamimted 
from their mantle  and lithosphzr .c base and c ierthrust  ontu 
the margin of the Precambriall cratur. On the basi., of 
strontium  isotope studies  (Armstrong a/ .  lY9l), ei.rI:i 

Grand  Forks area and to the eiist, and as f; r  west as tht: 
Protcroroic rocks are believed IC outcroll and abcrop 1 1  the 

Okanagan valley. 
The Lexington  porphyry is I:\ idently conta ninated b) or 

rooted in the Precambrian  basement  rochs. Th s is suggested 
hy an inherited zircon fractiol~  dated 244: Ma  in  &:ore 
samples. Intrusion of the  porphyry into the tt rusted terxn,: 

of the terrane at this date and sugges'.s ths: accretimar:? 
in the early  Jurassic, at 200 Ma, appear!; top  n the position 

docking of oceanic  rocks on the conlinen111 craton was 
completed hy this  time. This i:; n close agref ment wid thz 
interpretations of Monger (19:W). 
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Figure 2-8-2. Geology of the southeast pan of the Greenwood mining camp. 

TABLE 2-8-1 

e 
TRiASSlC 

- r g ]  EHOLT VOLCS. 

2LT LrnsI..ArgiI .  

z- 

;E73 Shpst. .Cg.+Shl.  
m 
PERMO-CARE. 

&m Gnst. 

215/4 Shl. .Grywk./Lrnrt .  
I 5 Shpst. .Cg.+S.S. 

m BASEMENT  COMPLEX 
0 2  z:' I Iz/i g;!d];~hgleSchi*l. 

IGNEOUS INTRUSIONS 
TERTIARY 

H CORYELL  PLUTONIC8 
D i o r i t e  + Pul.Diker 

CRETACEOUS 
G r a n o d i o r i t e  

JURASSIC 

TRIASSIC 

0 t z . F e l d s p .   P o r p h .  

M i c r o d i o r i t e  

a Baric + U l l ~ o -  

. ~ ~ ~ -  OUTCROP  BOUNDARY 
baric l n t r u s l o n s  

GEOLOGICAL  CONTACT 

~ FAULT - THRUST 

URANIUM-LEAD ZIRCON DATA FOR LEXINGTON QUARTZ PORPHYRY 

Concentration Observed 
Sample 

Atomic 
Sample Weight (ppm) 3 "U7Pb lo7Pb zmPb *orPb 2orPb lntereepts 

Model Ages (MaP Concordaria 

No. Location Properties (mg) U Pb m p b  m u  235" Z W h  Z W J  2 T J  "Pb low high 
- 

FLY 8b1 4910.5' 11876,5' nm.<i03rm 0.8 iM.6 4.0 1438 0.U3141?0.cW23 0.2111?0.W28 0,05027?0.0350 IW.421 4 ZW.Or21 ?07.5?21 I ?CQ 2445 
m. I C O Z W ~ ~  4.6  166.7 5.4 155s o.n~z19~0.woz4 o . z m i o ~ 3 3  O U S I U ~ ~ M I  zw.3~15 z I u 4 z z l z 7 ~ . 6 z z 6 5  

rn.>ZWkm 2.4 197.5  6.3 28l8 0.0317S?0.~23 0.2286?0.W20 0,11522320.03?4 ZflI.S?l 4 2 0 9  I f 1  6 295.5?102 

Note: Sample submitted by B.N.  Church. analysis periomed by P. Van der Hcyden. 

sions in  the Nelson area, that may  be related to the Lex- 
A cluster of other Early or Middle Jurassic felsic intru- 

ington porphyry,  has been  noted by Dunne  and  Hoy (1992, 
this volume).  These include the  Rossland  monzonite and  the 
smaller Aylwin and  Lectus  bodies.  Although  these  are 

mineralized  and show  early  Proterozoic zircon  inheritance. 
slightly younger than the  Lexington body, they are similarly 

region of the Quesnel Terrane are  favoured for  porphyry- 
It  may be that  felsic  intrusions of this  character in this 

conclusive. 
gold  mineralization, however, data  are insufficient to be 
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porphyry.  Lower  intercept  at 200 Ma  is  interpreted  to be 
Figure 2-8-3. U-Pb concordia  diagram  for  the  Lexington 

crystallization  age of intrusion; the  upper  intercept  at 2445 
Ma is inherited  from  basement  rocks. 
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STREAM-SEDIMENT  PETROGRAPHY USING THE COARSE: FRhCl ION OF 
STREAM  SEDIMENTS 

By Jay W. Page 
Westex Exploration Ltd. 

-8” -.- 
KEYWORDS: Economic  geology,  petrography,  stream- 
sediments, alteration. 

INTRODUCTION 

sediment geochemiritry as a primary exploration  technique. 
The  mining industry  has  traditionally relied upon stream- 

Its value in this  regard is largely  unquestioned  and it is an 
important part of any regional  program.  However,  there are 

British Columbia  Coast  Range. 
limitations on its use in some  environments, notably  the 

streams, particularly  the first and second-order  streams, 
In the Coast  Range, many of the  high-energy  mountain 

have little, if any,  fine  silt in their stream beds. This is a 
problem  for  conventional  geochemistry  because  normally 
only  the tines (-80-mesh fraction) are  analyzed. The tech- 
nique of sampling moss mats  (Matysek and  Day, 1988) has 
partly addressed this  problem by increasing  the range of 
materials  that can bc sampled.  A second problem also  exists 

tities of silt that can dilute most  geochemical signatures 
in the Coast  Range: active  glaciation  generates  large quan- 

below detection. Both of these  factors  create  significant 
sampling  problems. 

Interpretation of  stream-sediment  geochemistry in the 
Coast  Range is difficult. Although i t  is largely  underlain by 
plutonic  rocks,  there are  many roof pendants which are the 
focus of most  exploration activity. Contact metamorphic 
effects along  the  margins of these  pendants  has created 
numerous small  skams  and  quartz veins,  many of which 
contain  minor amounts of base  metals. This mineralization 
generates  numerous  base  metal  anomalies, which  may 
obscure  more  subtle geochemical  signatures of economic 
mineralization. Compounding  this problem is the fact that 

volcanogenic  massive  sulphide  deposits - a deposit type for 
the primary  exploration targets  in  the Coast  Range  are  the 

which strem-sediment geochemistry is poorly  suited  unless 
mineralization is exposed on the  surface. 

Additional  factrm in the  Coast  Range  include  the 
extremely  rugged I:errain, the high rainfall and the dense 
coastal  forest.  Exploration is difficult  and  expensive. 
Stream-sediment  geochemistry is routinely  carried  out, 
despite its  widely .recognized limitations,  because  there is 
moderately  good access to streams  for boat and  helicopter- 

provided by helicopters  and  the  advances in stream- 
supported program!;. However, in spite of the ease of access 

have been few new discoveries. Most known  occurrences 
sediment geochemistry over the past several decades, there 

mines  and  the k t k r  known properties are in the accessible 
were found by prospectors  years ago, and most of the  old 

or near  access  routm through the mountains (e.R., Britannia 
areas of the  islands (e .g . ,  Little Billie mine, Surf Inlet mine), 

mine). 

Geological Fieldwork 1991, Paper- 1992-1 

Clearly  there is a  need for a regional tect nique whlch, 
like  stream-sediment geochemistry, can detel t mineral1;:a- 
tion from a distance, and can evaluate large areas with a 

fashion. The technique  should b:: able  to  pro ride infonrla- 
limited number of samples in an economical and effic m f  

tion to aid  the  interpretation of stream-s,:dimc  nt geocherni- 
cal anomalies  and  be  capable of evaluating areas w t m  
sampling  problems exist. 

A  technique with the p0tenti:j.l to salisfy  hese  require- 

the  identification  and  interpretat on of drainal e-basin gcol-. 
ments is “stream-sediment  petr:~graphy”, he  re define( a!; 

ogy based on the  microscopic er.amination o ’ stream  scdi- 
ments. For the  explorationist, t h  s is a technic ue which [:art 
identify rock and mineral fra:grnents ir. stre 1m sedimr:nt!; 
which are normally  associatec. ,vith ore: dep  Isits, and (:an 
provide  information  about miner;~logical anon talies, suc!l a!; 
alteration zones, which  may be tmportant to he interpr:ta- 
tion of geochemical  anomalies. 

mal processes  and are associated with many ore deposits. 
Alteration zones are commor ly the result of hydrotiler- 

Generalizations  about hydrothennal processe! and wallrocl; 
alteration are not warranted in the  context ,f this paper, 
other than to note that the alte~:ation rniner.1 asrembagc! 
often  reflects  additions or losse:; of the rock -formmg de. 
ments, such  as potassium, sodium, silica, m lgnesium ;md 
iron. These subtle changes in composition ci n be detected 
by soil  geochemistry.  However, ;I stream  sedi  nent is ewen- 
tially a sample of a  large area, a.ld as  th’xe m ~y actuall:/  be 
very  little  variation in the  bulk ::hemist-y of m area, time 
changes in the rock-forming elernents ar,: not Isually idmti- 
tied by stream-sediment geoc:hf:mistry. Hov ever, stream 

changes in mineral composition. 
sediment  petrography does have the potential o detect thee: 

This paper  describes  the re:iults of a stud! to develop .I 

method of stream-sediment sample preparatil In suitablt for 
binocular  microscope  examiuation  ;md I xhnique:; t o  
enhance the detection of aheration  miner 11s in sIr:am 
sediments. 

COARSE  FRACTION WUDY 
The  coarse fraction as define8:I for this stul y is the i ~ 8 0 -  

mesh  fraction;  that  is, material that doe!; not Bass throu3h B 
screen  which  has  a  nominal opening of IRO nicrons. !:IJch 
material is present in virtually all stream-sedi nent sampler:, 
but because it is coarser than the materi,%I use .I for anal:tsi>., 
it is usually discarded. 

There  are a  number of rea!;cos for  choos ng  the corn: 
fraction,  among them being  the  need to  base  nterpretalions 
on mineral associations, so the xesenct: of rt c k  fragment!;, 
as opposed to monomineralic grains, is essential.  Also, the 
identification of alteration often  depends  up0 I being  able  to 
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see grain  boundaries. Another consideration is that many 

These particles must  he large enough so that fresh rock is 
sediment particles are  coated with a rind of hydroxides. 

exposed in the centre when  they are  cut.  There are also 
practical considerations, including  the  relative  difficulty of 
examining small grains under  a microscope, and  the abun- 
dance of coarse material in the  high-energy Coast  Range 
streams. 

step process, consisting of sample collection,  sample prepa- 
Conventional  stream-sediment geochemistry is a four- 

ration.  analysis  and  interpretation.  Stream-sediment 
petrography follows a similar  process, albeit with a different 
type of preparation, and  analysis is by microscope.  The 
presenl  study  has focused primarily on the sample  prepara- 
tion  and microscope examination steps. 

Sample collection  has not heen addressed in  the coarse 
fraction study.  Field studies  are needed to  determine the 
characteristics and hehaviour of alteration minerals in the 
fluvial  environment  before a specific type of sample site can 
he  recommended. For  the  time  being, it is assumed that 
samples  for  stream-sediment petrography will he collected 
from the active channel in the same  manner as samples  for 
geochemical analysis. The possibility  that moss-mat  sam- 
ples  contain a bias toward  heavy minerals at the expense of 
lighter alteration minerals likewise  has not been  investi- 
gated. 

ples  were created  from  crushed and sieved altered rock, and 
The study  utilized samples  from two  sources. Test sam- 

stream sediments were obtained  from the Geological  Survey 
Branch. The test samples were made up from material  such 
as: silicious  pyritic  ore from the  Britannia mine and from 

around well-known  deposits. This information can only he 
determined  from  detailed field studies. 

SAMPLE  PREPARATION 
A variety of preparation techniques was  investigated at 

various  stages of the study. There were two objectives: to 
determine the best possible  technique i n  terms of accuracy 
and  repeatability, and  to  develop a technique which could 
he  carried out in  any medium-sized  exploration  camp, 
which at the same time did not significantly compromise the 
quality of information.  Both objectives were achieved and 
are  described below. It  is worth  noting that the  technology 
for producing  polished sections for  the  study of ore minerals 
is well developed and could  produce  excellent  samples for 
stream-sediment petrography.  However, in general, polished 
Sections are  too  small  to  contain a representative-sized 
stream-sediment  sample, and  the equipment needed 10 pre- 
pare them  would never he considered suitable  for  use in a 
field camp. 

SIEVING 

Choosing an appropriate  sieve  size is of considerable 
importance,  and as noted above,  the  greater  amount of 

more representative  nature of samples of finer  fractions. In 
information in rock fragments must he balanced against the 

the coarse  fraction  study, three sieve sizes were examined 

mesh (U.S. standard sieve sizes). In the following  discus- 
-5  to +ZO-mesh, -10 to +35-mesh,  and -20 to +40- 

sion. reference to “fine  material” is to sediment  smaller 
than 1 millimetre in size,  such as the -20 to  +40-mesh 
fraction. 

min’s Price and  H-W orebodies; a high-potassium rhyolite lightly ’blowing Over a shallow pan dry 

granite.  This material  was mixed in  various concentrations sediment particles a good bond with the casting 
Harrison Formation;  and  orthoclase  from the Beaverdell may be the solution, It is important to have clean 

chlorite  schist  from the Gambier  Group. 
with a quartz-plagioclase  sand  from  Scuzzy  Creek  and with resin, 

-. - 
from the Gambier Group; pyrite in quartz from the However, if fine  organics  are a problem, then wet sieving 

The test samples were augmented by stream  sediments RESIN CASTING 
from the Geological  Survey  Branch  sample library. These 
samples  consisted of the -18  and  +80-mesh  fraction left Early  tests with loose sediment  demonstrated that i t  was 

from recent Regional Geochemical Surveys in south. not suitable for staining, and identification of minerals pres- 
weStenl ~ r i ~ i ~ h  ,-olumbia, samples were selected from a ent in low concentrations was difficult. Casting the sample 
variety of deposit types,  and included: the  Britannia mine and working with a Polished proved to he far v e -  
(vo~canogenic massive sulphide), the OK porphyry nor in terms of the ease  and  accuracy of the  microscopic 
ohvrv c o m a ) .  the  Merrv Widow (skarn). Mount  Wash- identification. . ,~ .. , 

ington Copper  (porphyry  copper), and  Lara (volcanogenic 
massive sulphide). The lack of coarse material  in  the sam- 
ples and limited sample density in the deposit  areas pre- 
cluded  detailed  studies of each  area.  The  samples  did, 
however,  provide an opportunity to test  the preparation 
techniques  on  stream  sediments  collected  around  ore 
deposits. 

The  coarse  fraction study  did not directly address the 
fourth step in  the evaluation  process - interpretation. The 

be base,d upon comparisons with stream  sediments collected 
significance of alteration minerals in stream  sediments  must 

,. 

media.  including  polyester resin,  epoxy  resin, plaster of 
Tests  were  carried out  on a variety of potential casting 

paris and several  cements. The  following  criteria were used 
to  evaluate  each  medium: 

It must  he inexpensive, easy to prepare  and set quickly. 
It must he relatively  inert and not react  with  the sam- 
ple, the mould,  or with any of the chemicals used in 
staining. 
It must  be  strong  enough to hold  the sediment  frag- 
ments  firmly  during the cutting  and  polishing 
operation. 

302 British Columbia GeoloRical Sunvy Branch 



It must not smear over the fragment  faces  during 

etched and stained. 
cutting  and polishing, preventing them from being 

It must polish well and  provide good  contrast with the 
sediment  fragments. 

Both  the  polyester  resin  and  the epoxy resin  produced 
acceptable results. The polyester resin was  chosen over the 

work with. This r e m  is a  clear,  waxable  polyester  resin of 
epoxy because it is less expensive and easier  to mix  and 

the type used by the fibreglass industry. 

most suitable  was fcmnd to  be the  petri  dish. These inexpen- 
A  variety of casting  moulds were  experimented  with. The 

sive  plastic dishes, which are normally used for  growing 
biological cultures,  are ideal  for casting samples. They  are 
about 9 centimetres in  diameter, 1 centimetre  deep  and have 
a flat bottom. With a surface  area  of about 58 square 
centimetres on the  prepared sample, a large number of 

mesh  sieve  interval) are  exposed.  The prepared  sample disk 
sediment  particles  (approximately 20 OOO in the -20  +40- 

is about 8.5 centimetres in diameter and  this is approx- 

on a microscope stage. 
imately  the maximum size that can easily be accommodated 

although,  an accep!.able sample can be prepared from  as 
The petri dish has a  capacity of 62  cubic  centimetres, 

little as I O  cubic  centimetres  (about 2.5 grams) of sediment. 
The  sample is mixed with resin in a  disposable cup, and 
poured  into  a dish in sufficient  quantity to cover the bottom. 
The dish is then  topped up with resin.  A  sample-disk  thick- 
ness of 1 centimetre is necessary for strength  and ease of 

removed - a  proces,, which is made much easier by waxing 
handling.  After  the  resin  has set, the petri dish must be 

the  dish with a ntm-silicone-based paste wax prior  to 
casting. 

POLISHING 

tested,  with  mixed results. The type of  finish has  a  large 
Several  techniques of preparing  the sample surface were 

effect on the quality of information  obtained  and it is the 
critical  step  in  the sample preparation  process. The best 
results were produced by a commercial  vibrating lap and 
this was  apparent au an  early  stage in the  testing.  However, 
much of the  testing  was  directed at  developing a  technique 
suitable  for  use in B field  camp. 

carbide  abrasive and  tin oxide  polishing compound. A 
The vibrating lap was used with 220 and 600-grit  silicon 

1 kilogram  weight  was placed on each  sample  during  grind- 
ing  and  polishing to  speed-up the  process. The  lap yielded 
the best overall  results in terms of the accuracy and ease  of 
identification of all of the  minerals  studied.  The only disad- 
vantage of this technique is that it is very slow. A 15-inch 
lap can only  produce about 8 samples per 24-hour period. 

suitable  for  field us'c were  investigated. They included saw- 
Alternative  techniques, with a  higher  production rate and 

ing  samples into slabs with a rock saw, and  preparing  the 

media. 
sample  surface with  a variety of sanding  and  grinding 

Rock saws  can  produce  samples which are  quite adequate 
for identifying g rox  lithological features, such as  common 

rock  types,  and for identifying  distinctive mir erals such as 
epidote  and pyrite if they compri:ie at least se ,era1 per cent 
of the sample.  The surface can be etched a ld  stained to 

tifying the actual  mineral  may he difficult. 1 arger  sample 
identify the presence of potassium mine~als, a though iclen- 

sizes are  needed for  sawing, typically ab0 It  200 c:l!bic 
centimetres,  and  the best resu!t!, are obtainel with c o i m  
fragments  (larger  than  several  millimctres n diamatsr). 
Material  smaller  than I millimet-e prodLced { oor result; in  
the  study due  to the  particles  being  plucked 01 t of the  resin. 

although  there is no advantage gained by hlving cut !he 
The sawn samples can be polished with a  tibrating ;ip, 

samples.  Sawing produces neilh::r a flat nor 1 smooth :sur. 
face. Additionally,  the forceful cutting actim of a :;,N 
shatters brittle  minerals  such a s  quartz an1 pyrite. 'Iht: 
mineral  identification technique!; use the resi I surface :ts a 
reference, based on the assumption that  the  r :sin and nlin-. 
era1 surfaces were  smooth  and  contiguous pr x to etch lng, 
The shattering caused by sawing  creates n:gative rrlief 
which  must  removed  before it can be pilished. This; 
increases  the  time  needed for the 220-grit grir ding, Ixc;:us~: 
an entire layer of mineral gralns mu'it be removed. 1r1 
addition, pieces of the shattere'zl minerals b.eak free z.nd 
contaminate  the  grinding  med a  with over ize mate:...al, 
resulting in the need to replace the grit frequ :ntly. 

A more useful polishing  tech.lique u!;es a  ;anding hr:ad. 
This is a flat  disk,  covered wi1.h sandpaper a] td fixed tcl  arl 
electric motor.  Tests  were carried  out with a 15-centirnstrc: 
diameter  sanding head  attached LO a 0.25 hor iepower ekc -  
tric motor which rotated at 172: Ipm. The sa nples. ca:t in 
petri dishes, were sanded with silicon cxbidt sandpaper  in 
the sequence: 80, 120,240.32CI. !io0 and 600.  rhe  first three 
in  the sequence were sanded i1.y. the remail lder wet. The 
paper was backed with a neoprene pad .i mil imetres thick. 

method.  and  they  were compara:)le to the  pol shed  sami~le:; 
Moderately  good results  were obtainel  using this 

produced by the  vibrating lap n term: of r lineral idrnti- 
fication and staining, sanding  p,oduced surf; ces that were 
adequate  for  the -20 to +40-r1esh fraction  marginal  for 
the -10 to +35-mesh  fraction  a?d poor  for  tt e - 5  to t :lo- 
mesh fraction. The coarser s h e ,  are  more d fficult to :re- 

the relatively  soft  resin betweer the grains I s won1 away, 
pare  because  the large grains  are  resistart to a  jrasion,  while 

leaving  pits. The  sanding technlque  proved ' o  be poor for 
preparing samples containing  r'lore thm  se.eral  per ,cent 

vibrating lap were excellent in all thr:e si: es, and were 
sulphides. In contrast, the polish,:d samples PI Jduced h) the 

much better for sulphide-rich vmples. 

polished  using  the 80, 120 :md 2411-gri1 dry-sa~~l in : :  
The  fine  size material ( < I  r m  in diameter I can be n~ogli  

sequence  and this is adequate lor identifying nost mineral:,. 
This technique could be useful in a  field camp seltin,: 
because  a sample  can  be prepmd in about ? minutes. Th,: 
higher  quality  600-grit  polish :elquires much nore  time ,mi 
effort  and does not produce  significantly mo'e useful :am- 
ples.  If  the fine grain  sizes are of interest (;uch as in the 
detection  level  studies described later) and  ime is a ':on- 

nique to identify  the  interesting  sample:; whi :h can  then  be 
straint,  then the best  approach 'IS to use  the sanding  tect- 

polished  using  the  vibrating I;i&'. 
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ETCHING  AND  STAINING 

with  hydrofluoric  acid and  stained  with sodium 
After the sample surface has been polished, it is etched 

cobaltinitrite. The  purpose of the  etching is twofold: it 
prepares a  fresh  surface on potassium minerals so they can 
react with the sodium cobaltinitrite,  and it variably etches 
the rock and mineral fragments  allowing  quartz to stand out 
in positive relief from the  rest of the fragment.  This is the 
primary  method  used to identify  silicification,  quartz- 
sericite schist, rhyolite  and  potassic alteration. 

features is the  length of time  the sample is etched with 
An important factor controlling  the identification of these 

hydrofluoric acid.  Etching tests carried out on standard 

cent  hydrofluoric  acid produced  the best results on polished 
samples indicated  that  a  20-second etch  time with 48 per 

concentrated solution of sodium  cobaltinitrite for 60 sec- 
samples. All samples were stained by  dipping them in a 

onds. Shorter etching  times reduced  the contrast between 
quartz  and  most  other  minerals, although a 5-second  etch 

minerals,  allowing them to be readily  identified with a hand 
time  was able to remove  the  polish from most non-quartz 

lens. Etching  in excess of 30 seconds bleached most  min- 
erals beyond  recognition  and  reduced  the effectiveness of 
the staining. 

SAMPLE  EXAMINATION 
Samples were  systematically examined under  a binocular 

microscope using  reflected  light. It was found that IO-power 

minerals,  and  30-power was  useful for  examining  most 
was  best for  estimating  percentages of easily  identified 

detailed  examination of individual fragments  smaller  than 
fragments. A 45-power  lens is useful for the  occasional 

approximately 20-mesh (850 microns).  The value of the 
binocular  microscope  over  the  monocular  microscope 
becomes readily  apparent when examining the relief created 
by the  acid etching, or when viewing  fractures,  cleavages 
and  crystal shapes  visible in the clear resin  below  the 
sample  surface. 

Many of the  mineral  properties  used to identify hand 
specimens  are  also useful for  identifying stream-sediment 
fragments.  The binocular examination is augmented by the 
use of hydrochloric  acid (for identifying  carbonates), a 
magnet,  and a  needle (for testing  hardness). I t  is difficult to 
identify  metallic minerals with any confidence.  Exhaustive 
test prncedures  ior the  metallic minerals  are  described by 
Short (1940). Samples prepared using a vibrating lap  are 
polished  to  approximately the same standard as  conven- 
tional  polished  sections,  and  detailed  examinations  of 
metallic  minerals  could  be  carried  out with a  reflecting light 
microscope.  Similarly, thin sections  can  be  cut  from the 
sample  disks for detailed petrographic  work. 

MINERAL  IDENTIFICATION 

The  following list of minerals were chosen  for study 
because they are  commonly associated  with  alteration zones 
and  ore  deposits.  The list is not exhaustive;  further work  in 
stream-sediment petrography will no doubt broaden  the 

identification.  The  features listed are those  characteristics 
scope  to include other  minerals  and  refine the techniques  of 

that were observed in the study  and are based on a limited 
number of samples.  All of the samples were etched and 
stained as described  above. 

PYRITE 
0 Brass-yellow colour, metallic lustre when polished, 

fine pebbled  finish  when  viewed  under  30-power. 
Chipped  edges and conchoidal fractures common on 
edges of fragments. 

0 Cubic crystal form  and striated  crystal faces may be 
seen in resin  below  the surface. 

0 Hard,  cannot be scratched by a needle. 
0 Rarely  contained in rock  fragments  smaller  than 

Surfaces may appear black (due  to pyrite powder) if 
1 millimetre. 

prepared using the sanding technique. 

CHALCOPYRITE 
0 Distinctive  greenish  yellow  colour. 

Polishes poorly, with broken edges, and has an irregu- 
lar felted appearance on surfaces. 

0 Soft, can be easily  scratched by a needle. 

M A G N E T I T E  

Polishes to a silvery-grey colour with a metallic lustre. 
turns to a dark  grey  colour with a dull lustre after 
hydrofluoric acid  etching. 

0 Magnetic. 
0 Hard,  cannot be scratched by a  needle. 

C A L C I T E  

Effervescence  when exposed  to hydrochloric acid. 
0 Rhombohedral  cleavage may be visible  below  the sur- 

0 Soft, easily scratched. 
face in resin. 

EPIDOTE 
0 Distinctive green colour. 
0 Little effect from hydrofluoric acid  etching. 
0 Hard,  cannot be scratched by a  needle. 

C H L O R I T E  

Medium to dark  green colour. 
0 Soft,  but if  associated with quartz  or  epidote, i t  may 

0 High  relief when etched, but this  may not be apparent 
appear  to  be hard. 

if associated  with quartz or epidote. 

QUARTZ 
0 Stands out in positive relief from the  rest of the  rock 

0 Commonly has a glassy  appearance. 
0 Polishes to a high lustre,  polish turns to a slightly 

0 Hard,  cannot be scratched by a  needle. 
0 Conchoidal fracture commonly visible in resin  below 

fragment  after  etching. 

pebbled surface when etched  for 20 seconds. 

the sample  surface. 
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POTASSIUM-RICH  h11NERAI.S   AND ROCKS 
These  minerals and  rocks are identified as a group by the 

yellow  potassium  cohaltinitrite  stain. All stained  surfaces 
have been etched leaving  negative  relief. 

ORTHOCLASE: Identified by rich yellow stain which 
often has a framhroidal habit. The stain commonly 

glassy  background.  The  prominent  c-axis  cleavage 
leaves an irregular,  linear  pattern of yellow  lines on a 

may he visible  below  the  surface of the  resin. 
SERICITE: Identified in schistose  fragments by tiny, 
pale yellow, wispy streaks which may  form  most ofthe 
fragment. A pronounced foliation is common, even in 
tiny  fragment:;. Often  associated with fine-grained 
quartz which stands out in positive  relief. 
RHYOLITE: Included under potassic  rocks  because i t  
is primarily  identified  by its potassium  stain. A 
rhyolite in this context is defined  as a fine-grained rock 
composed of potassium  feldspar,  quartz  and  pla- 
gioclase. The stain is subtle, being pale  yellow  and 
very wispy in appearance. Glassy quartz,  either  as 
small crystals or tiny threads, stands out in positive 
relief.  Plagioclase is chalky  white. The  fragment may 
have a  directed  fabric  defined by glassy shards, or it 
may have a  spherulitic  texture. 

ALTERATION 

evidence to support a change in the mineral assemblage of a 
The interpretation of alteration requires  mineralogical 

rock. In stream-sediment petrography  this  information can 
only be obtained from rock fragments. Most of the  minerals 
discussed above can be identified as alteration  minerals 
based on a binocular  microscope  examination. However,  the 
evidence of alteration is often subtle  and it may be difficult 
to interpret with confidence.  Evidence to suppon alteration 
includes: 

A mineral,  commonly  found in alteration  zones, 
appears to crosscut other mineral grain boundaries or 
foliations. Thi', may include tiny veinlets of quartz,  or 
small  indistinct crystals of orthoclase which may give 
a mottled appearance. 

a Variations in the mineral assemblage which suggest 
selective replacement of a mineral in some fragments. 

It is difficult to distinguish  regional metamorphic  effects 
from  local  effects  and  accurate  interpretation  requires 
knowledge of the  I,xal geology. 

SIEVE  SIZE ANI) DETECTION  LEVELS 
The sieve  intervals  chosen in the  study contained a wide 

range of sizes  and  this is evident in the number of particles 
exposed on the  prepared surface of the sample  disks.  The 

centimetre  or approximately 3400  per  disk, the -10 to 
-5 to  +20-mesh  sample averaged 60 fragments  per  square 

+35-mesh  fraction  averaged 1 I O  and 6200 fragments,  and 
the -20 to +40-ntesh fraction  averaged 350 and 20 OOO 

era1 grains), the detection levels, and  the dif 'iculty of the 

depend upon the  individual circumstances of e 3ch field area 
examination.  Clearly, how  these iactors  are rat onaliz.ed will 

and exploration program. The !average grail,  size of the 
rocks of interest in the drainagl: .:rea  has  a  lar :e bearing on 
what is the best sieve  interval f o ~ .  interprt:tativ : study. Fine- 
grained sedimentary or volcanic  rocks crn  he :asily stucied 
from  fragments averaging I millimetre i n  dial ieter, coame- 
grained granites cannot. 

For  the explorationist, detectic:n of a  given i ldicator nlin- 
era1 will, at least  initially, be a higher priori .y than  inter- 
pretation. The  chance of identifying  a mlneral present cnl) 
in trace amounts, is obviously  much Ihetter in a sanple 
where  there is a  large number (of particles. The polisled 
surface of the sample disk is essentially  a !ample of the 
stream sediment sample,  and by !;electin2 a fil  le sieve inter- 
val, we can introduce  a  bias that is favourabll to detect on 
Detection  level examinations car be easily car ied  out wine, 
the -18 to  +35-mesh  size ( 1  ~ n m  to 500 Lm). I f  rtme 
fragments are too small to pro!.ide informal on nece:ir;q 
for interpretation, coarser materi:d, which is n ore appropri-. 

examined later. 
ate to the grain size of the rock,< n the drainag 5 area. car1 be 

In the  study, test samples wfm: made up u! ing measwed 
amounts of pyrite  and epidotc: tnixed with ;curzy  Creel. 

concentrations  as low as 1 part Fer 1000 in hc  th the - 111 to 
sand.  Both  the  pyrite and  epidote were easi y  detected al. 

+35 and -20 to  +40-mesh  fri~ctions. Psolishi  Ig the sanlplt: 
surface improved  the ease of detection  ~:onsj~lerahly. 

DEPOSIT  STUDIES 

deposits in southwestern Britinh Columbia u ere exanilned 
Stream-sediment  samples fror.1 the  vicinity of several s o n :  

after  completing the  study of t w  samplc:s. 01 ly  the - 1 E, to 
+40-mesh fraction (1 mm to 4115 pm)  was :xamined A!; 
mentioned  earlier  the low sample  density, the lack of infor- 
mation  about  background  conditions,  and the limited ratlgl: 
of sediment sizes  precludes iir y firm conc usions. Ir,c.er- 
pretation of stream-sediment  petrographic  dentificat on,$ 
must  be based on comparison!; with studi :s of stream- 

era1 observations  can be made that support thf uset'uInt:s of 
sediments in areas of known nli~teraliza,:ion. Jowcver. iev- 

the  technique and offer encouragement  for f lrther studes; 
these are: 

a Some of the  creeks  draini.Ig  the lvloun Washington, 
Britannia  and Merry Widow areas contai 1 small grain,$ 
of pyrite  and  chalcopyritc in concen1,ations which 
range  from 1:1000 to 1: lO O(M. 
The Merry  Widow skam is easily  distin; ,uished by  thl: 
large amount of magnetiti: in the  sed  ments, 111) to 
approximately 5 per cent. 

a There appears to be an increase in I otassium-rich 
minerals in the  vicinity of .the Britannia mine, 
There  appears to be an increase in epid lte and quartz 
in  the  vicinity of mineralization ir mos of the areas. 

fragments. 
There is an important  trade-off  between  the  size of mate- 

rial being examined  (sieve interval),  the amount of informa- 
tion contained in the  average-sized fragment (rock or min- to exploration in the  British Columbia Coasl Range, a7ld  it 

Stream-sediment petrography  may be of si pificant  \;due 
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may have widespread  application  in other  environments. It 
can  evaluate  areas  where  sampling  problems limit  the use of 
geochemistry,  and it can  compliment the  use of stream- 
sediment  geochemistry by providing  information about the 
presence of mineralogical  anomalies,  such  as  alteration 

exploration, it may he able to predict  the  type of mineraliza- 
zones.  When integrated with geochemistry in regional 

tion  generating geochemical  anomalies and it can provide  a 
second-level  screen to help establish priorities for  follow-up 
field programs. 

phy, is already  contained in most  stream-sediment  samples 
The  coarse  fraction, utilized  in stream-sediment petrogra- 

collected by industry. hut it is usually  thrown  away. This 
material  contains  valuable  information  which  can  he 
obtained for little  additional cost,  especially when compared 
to the  cost  of  additional  fieldwork.  Stream-sediment 
petrography is a cost-effective method of enhancing the 
usefulness of stream-sediment  samples in regional explora- 
tion programs. 

DISCUSSION 
Stream-sediment  petrography  has  the potential to detect 

have been encouraging. However, the  significance  of the 
alteration minerals in stream  sediments, and  initial studies 

results is still  speculative.  Detailed  studies of sediments 
from  streams  around  ore  deposits  are needed to provide 

out in isolation from research on the weathering of altered 
standards  for  comparison.  This work  should not be  carried 

rocks  and  their transport  characteristics. 

round and  they are potentially a much larger  target to 
Alteration zones  are larger  than the  orebodies  they sur- 

explore for. This  is  an  important consideration  now  that 
most  exploration targets are  blind orebodies.  Altered rocks 
may  weather  more  quickly  than  fresh rocks  and as a conse- 
quence.  sediments may be biased toward the altered  areas, 
to  the  benefit of the  explorationist. Another  consideration is 
that  altered  rocks may  weather into  small pahcles in situ, or 
may disintegrate a short  distance  after  entering the stream 
environment. As a  result, stream-boulder  prospecting may 
he ineffective for  locating  some  types of alteration  unless 
the prospector is close  to the source.  Detecting  alteration 
zones by a microscopic  examination of stream  sediments 
may he  the  only way to identify  the  alteration from a 
distance.  However, some  types of alteration,  such  as  clay 

alteration, may erode only into very fine particles  which 
may not he detected  in  the coarse fraction. The range of 
alteration minerals  to which this technique can  he  applied 
has not yet  been  fully  defined. 

identifying  alteration minerals,  although it has  been demon- 
The stream petrographic  techniques are best suited for 

strated that economic  minerals,  such  as  chalcopyrite,  can be 
identified. In exploration,  common  sense  dictates that the 
economic  minerals  themselves  are often  the best indicator 
minerals. Stream-sediment petrography  relies on the skill of 
the  person examining  the  sample,  and the  results are  at best 
semiquantitative.  The  economic minerals are probably best 
identified by geochemistry,  especially if detection can  he 
enhanced by techniques  such  as  heavy-liquid  separation. In 
situations  where  samples  from high-energy streams  have no 
fines,  the  coarse fraction can he crushed and analyzed, and 
the geochemical results will probably  be  comparable to the 
petrographic  work. 

commonly  associated with alteration,  however the linkage 
Stream-sediment petrography is able  to identify minerals 

with alteration zones is not easily  established. The  tech- 

The identification of alteration  zones through  the  use of 
niques identified  in  this  study  require further  refinement. 

stream-sediments may  then he of significant value in mining 
exploration. 

ACKNOWLEDGMENTS 

this  study is gratefully acknowledged.  Credit for the original 
The  assistance of Paul  Matysek in securing  funding  for 

suggestion of staining  stream  sediments to determine  altera- 
tion is given to R.R. (Dick)  Culbert.  Funding for this study 
was provided by the  British Columbia  Geoscience  Research 
Grant Program,  grant  number  RG91-28. 

REFERENCES 
Matysek, P.F. and  Day, S.J. (1988):  Geochemical  Orienta- 

tion Surveys: Northern  Vancouver Island, Fieldwork 
and  Preliminary  Results, in Geological  Fieldwork 
1987, B.C. Minisrry of Energy,  Mines and  Petroleum 
Resources, Paper 1988-1, pages  493-502. 

Short, M.N. (1940):  Microscopic  Determination of the  Ore 
Minerals, United  States  Department of the  Interior, 
Geological  Survey Bulletin 914,  Second  Edition,  314 
pages. 

306 British  Columbia  Geological Survey  Branch 



THE REGIIONAL GEOCHEMICAL  SURVEY  PROGRAM: SUMMAIIY OF 
ACTIVITIES 

By W. Jackaman, P.F. Matysek and S.J. Cook 

KEYWORDS: Regional  Geochemical  Survey,  reconnais- 

alies,  claim status, Mount Waddington,  Hope, Ashcroft, 
sance,  multi-element, stream  sediment. stream water, anom- 

Pemberton,  Taseko Lakes,  Bonaparte Lake. 

INTRODUCTION 
The  British  Collmbia  Regional  Geochemical  Survey 

(RGS) program marked the completion of its fifteenth year 

packages  on  June 21, 1991. Unprecedented in size, this 
with the  successful release of seven RGS  Open File data 

release  included  results from  two 1990 surveys conducted  in 
NTS map sheets Femie (82G) and KdnanaSkiS Lakes (82J) 

~~ 

and,  as part of the RGS Archiv.:: Program, n :w analyt  cal 
data  from  five previously  released joint fede .d-provincid 
surveys  from  map sheets  Penticton @?E), 1 lelson (H::.F). 
Lardeau (82K), Vernon (82L) an,:l Seymour A m (82M). To 
date,  over 250 map  and digital data packag :s have b:en 
purchased by mineral  exploratio,-lists  and  otht r earth scit:n- 
tists. These  packages present multi-elerrtent d :terminaticmr 
for stream sediments and  waters. field  ol~serv; tions, san~.ple 

data analyses for 843 I sample sites coveling I x) 000 sql.iuc 
location  information,  bedrock  ;!ssociations,  statistics 3nc. 

companies involved in the relea!;e has d8:term ned that I I ' : ~  
kilometres  in  southeastern Bricisih Columbia.  Contact with 

mineralized showings have  already been disc overed in Itbe: 

Figure 3-2-1. Current  status of RGS program 
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Coyote  Creek watershed  (825/3)  near lnvermere  and  Howell 
Creek  (82G/2)  in  the  Flathead  district.  The  Mineral  Titles 
Branch has noted that claim  staking  throughout the survey 

recorded immediately  after  the release. 
area  increased  with  over 1000 new  claim  units  being 

During the past five  years, the RGS program  has  signifi- 
cantly  increased the rate at which survey results  have been 

expanded to its  present size of over 1.4 million analytical 
disseminated.  Consequently, the RGS  database has quickly 

determinations  for 38 OOO sample sites (Figure 3-2-1, Table 
3-2-1). Due  to  the  amount of data  contained within  this 
extensive  data set, explorationists  are  faced with the formid- 

able  challenge of screening the data  for sites  that  reflect 
mineralization. To assist in the assessment of the data,  and 
to  ensure that bonafide anomalies  are not being overlooked 
or forgotten,  this  report will re-evaluate precious  and  base 
metal  results from the 1991 release,  and provide  survey 
information  and  preliminary data evaluation  for  the forth- 
coming 1992  release.  Specifically  this  paper  will: 

e Identify and  determine the claim  status of precious- 
metal (Au-Ag-As-Sb),  base-metal  (Cu-Pb,  Zn-Ag), 
single-element gold  and single-element  zinc anomalies 
from the 1991 RGS  release. 

SUMMARY OF RGS DATABASE 
TABLE 3-2-1 

9ZK 

91N 
920 

RGS 34 

93L 
93M 

1989 
1988 
1989 

1981 
1989 

1981 
1981 
1988 
1988 

1591 

1979 
1979 
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0 Detail  the  fort'hcoming 1992 RGS release,  including 
the  1991  reconnaissance stream-sediment  and water 
survey of NTS map sheet  Mount  Waddington  (92N). 
and  new analylical data  from  five previously  released 
joint federal-provincial surveys of NTS map  sheets 
Hope  (92H), A.shcroft (921), Pemberton (920, TdSekO 
Lakes  (920) and Bonaparte  Lake (92P). A summary of 
survey  parameters (sample collection,  preparation  and 
analytical  procedures), physiography,  geology,  min- 
eral potential  and exploration targets in the survey 
areas will be presented. 
Statistically evaluate  gold, copper,  lead  and  zinc data 
from the surveys  conducted in map sheets  92H. I, J,  0 
and P, and bre.lkdown  the  number of anomalous sites 
found within key lithological  units. 

1991  RGS  REL,EASE 

IDENTIFICATION AND CLAIM STATUS OF RGS 
ANOMALIES 

METHODOLOGY 

The  seven  1:250 INM-scale regional  geochemical surveys 
(NTS 82/E, F, G, J', K, L  and  M) in southeastern  British 
Columbia released  in 1991 cover  8060 stream-sediment 
sites with over 300 '[)GO analytical determinations.  Systema- 
tic evaluation  of wch large  multi-element  geochemical 
databases  presents a. challenge to explorationists in identify- 

erable variation  in background metal concentrations may 
ing samples related to  economic mineralization, as  consid- 

exist between  geological  units. This study develops a meth- 
odology  to distinguish  sites  reflecting  potential economic 
mineralization in thte combined survey areas (RGS 21, 28, 
29,30,3 I, 32 and 331, and  identifies those  sites on which no 
mineral claims  hase been staked, in order to guide and 

Figure 3-2-2. Flow chan for  anomaly  identification 
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stimulate exploration activity i n  ,the region. P n interpre:ivc: 

g: Figure 3-2-2) rates individl al samples , .nd identifier; 
technique developed by Matys'tl.  et al. (1991 I, b, c, d. I:, f ,  

those  sites  characterized by  multi-element sigr atures asswi.. 
ated with particular  mineral deposit types.  Str :am-sf!dina?nr 
geochemistry  typically reflect:; the underlyir g geology O F  
the watershed, and natural  background me .al variation!; 
must  be taken  into account to distinguilih an malous   snm 
ples. Briefly,  the method c o n s m  of calculat  ng 90th, 05th 
and 98th percentile threshhold!; for e,%ch  rletal In each 
geological  unit containing ten c r more samp  e  sites i n  thc 
adjoining  survey areas;  and they1 assigning  r letal anonlaly 
ratings to individual samples  exceeding the ;e threshrlds. 
Those  samples  exceeding the O&th percmtile  for any given 
geological unit are assigned ar! .momaly ratir g of 3. T ~ x I ~  
samples having concentration!; xtween the 15th and W h  
percentiles for a  geological unil are  assigne 1 an anonlal!; 
rating of 2, while  those hetweert the 901h  an1 95th  percen- 
tiles are assigned a rating of I .  Element ra ings for Im: 
metal (Cu-Pb-Zn-Ag) and  precious  metal (. ru-Sb- As-Ag) 
associations are  summed for each  site, and ar  malous s m -  

a possible 12 in  either  associalion. Thresh( Id tables and 
ples are deemed to  be those with a top rating  c Fat least I O  of 

evaluation  charts for anomaloun samples  ar: provided i n  
data booklets for individual RG S releases ( h  latysek t'f a/ . ,  
1991a.  b, c,  d,  e,  f, 8). 

RESULTS 

Eighteen  hase  metal  and  twenty  prec:ous I letal top-rated 
anomalies were  identified in the  comhinec survey areas 
(Table 3-2-2; Figure  3-2-3). In addit on. : inc and ? O M  
concentrations in sediments W'EII: ranked  and the highe.1 2'3 
sites of each (Table 3-2-3) arbitrarily identii .ed as anuna- 
lous. Upon  elimination of coincident anom dies, 5 I rites 
were identified as  anomalous. (If  these, one  ,ite lies \v lhin 
the Purcell  Wilderness  Conserv:incy  and will not be  fullber 
considered. A breakdown of :he remainin: 50 site!, by 
anomaly  type (base metals,  precious  mctals, cinc and gold) 
and  mineral claim status (Table 3-2-4) :;how! that only I : W ~  

of the  sites are  anomalous in all jour categoric s, and onl!! six 
sites for three categories. Fifteen of the eight :en base m z t d  
anomalies  are coincident with precious me :a1 anom'l' d le!;, 

either of these  associations; 18 o f  the 20 high :st gold vzlues 
However,  the  majority of gold anomalies a z unrelated to 

are  anomalous  for gold alone. Similarly, ha1  of the to: 2D 
zinc  values are  anomalous  for ;:inc on1.y. 

Highest  gold  values in stream sediments ar : concentrated 

em NTS 82E and F, particularly Paleozoic-h  esozoic nlet2.- 
in Intermontane  Belt  and  Kootenay  Arc litho1 ~g ie s  in scuth- 

sedimentary and metavolcanil: rocks ir, the  iicinity 01' the 
Rossland and  Greenwood goM (camps. Coml ined base and 
precious  metal anomalies  are :m;ociatecl  with both 'Maisic:. 
Jurassic  and Lower Paleozoic Kootena!; Arc metasedirnerl- 
tary rocks. The greatest concentrations of cor lbined armna- 
lies and  zinc anomalies is in the New Den 'er  area. Mo:;t 
precious  metal anomalies, however, occur n Proterczoic 
metasedimentary rocks of the Purcell  anti, linorium, and 
associated  felsic  intrusions. Two high zinc values an: the 
only anomalies associated witkt sedimentar rocks of  the 
Foreland  Belt. 
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TOP-LEVEL BASE AND PRECIOUS METAL  ANOMALY  LISTINGS: NTS 82E. F, <;, J, K. L AND M (N~=8060 SITES) 
TABLE 3-2-2 

Figure 3-2-3. Legend of geological units 

A large  proportion of RGS  anomalies  remain  open for 
staking.  Stream  watersheds of nine of the fifty-one  anoma- 
lous sites were  unstaked as of mid-October, 1991, with an 
additional  eight  only partially  staked (Table 3-2-4). A sum- 
mary  listing of unstaked or partially  staked anomalous sites, 

mineral  occurrences,  site  contamination  status,  mineral 
including location,  lithology,  presence  or  absence of similar 

claim  status  and selected element  concentrations  is  shown in 
Table 3-2-5. Single-element  gold  anomalies  comprise the 
majority (6 of 9) of the  unstaked  sites;  nearly all base  metal, 
zinc and  coincident  base and precious metal anomalies 
occur on ground already staked. In two instances, top 10 
anomalies of gold  and  zinc  were  staked  following  the 
Regional  Geochemical  Survey  releases in June,  1991. 
However,  stream  sediments with somewhat  lower gold con- 
centrations  appear to have been overlooked. Watersheds of 
all  but  one  of  the  ten  highest  gold  concentrations 
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(470-3530 ppb) have been staked, but 70 per  cent of those  in 
the  range  335-446  ppb  are  either  unstaked or partially 
staked. The  greatest  concentration and  variety of unstaked 
anomalies (5  out of 12) occur in NTS 82K. Four of these 
(one  combined baselprecious metals,  two  precious metal, 
and one  gold  anomaly)  occur in Purcell  Group  rocks with 
associated felsic  intrusions. 

The  use of percentile  thresholds  based on geological 
groupings, and of a multi-element association  rating system, 

cious metal stream-sediment  anomalies in the 8060-site 
facilitates  the  recognition of multi-element  base and  pre- 

adjoining  RGS survey areas of southeastern British Colum- 
bia. Of the 5 I anomalous sites defined by this method and 
by the top 20 ranked gold  and zinc concentrations,  stream 
watersheds of nine sites  were  available for  staking  as of 
October,  1991. Watersheds of an additional eight  anomalous 
sites  were only partially staked. 

Brirish Columbia GeoloRical Survey Branch 



TOP 20-RANKED ZN AND AU CONCENTRATIONS: NTS  82E, F, G, J, K, L AND M lN=.i;Mfl SITES) 
TABLE 3-2.3 

f 

ANOMALOUS SITES ACCORDING  TO  ANOMALY TYPE AND  MINERAL CLAW STATUS 
TABLE 3-2-4 

(AS OF MID-OCTOBER. 1991). 
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UNSTAKED  AND  PARTIALLY  STAKED  STREAM SEDIMENT ANOMALIES 
TABLE 3-2-5 

GOLD  in  Sediments   (INAA)  COPPER  in  Sediments   (AAS) 

m (44) TU. (M) 
981h Rrscnulc (56 LO 932 ppb) 

BSLT (42) BSLT (42) 

DClT(42) DClT(42) 

ANDS(36) 
k k 

ANDs (32) ANDs (32) 
T 
y GRNS(32) 

T 
y GRNS(32) : SLSN(30) SLSN (30) 

.98lh RIscnulI(110 IQ 1IM p p )  

Q95th ~ c r n n t ~ ~ r  (77 ID 109 p p )  

E! 9hh PaECnlPC (56 LO 74 pp") 

95th Psrscnulr (21 to 55 ppb) 

E! 9 m  Paant l ie  (11 1O 20 ppb) e (36) 

ORNS(I1) GRNS (11) 

GRNT(4l) GRNT(41) 

0 20 do M 80 100 I 2 0  I40 0 20 40 M 80 100 1 2 0  140 

Number of Sites Number of Sites 

LEAD  in  Sediments  (AAS)  ZINC  in  Sediments  (AAS) 

TUL(44) Tal. (44) 

BSLT (42) BS1.T (42) 

DclT(42) DClT(42) 

ANDS(36) 
k 

ANDS(36) 

ANDs (32) 
T 

ANDS(32) 

y GRNS(32) GRNS(32) : SLSN(30) S U N  (30) 

GRW (11) GRNS(11) 

GRhT(4I)  GRNT(4l) 

98b P a r m u .  (20 to 540 pp") 981h Rrsmti1e (188 ID iM0 ppn) 

95th Rnmtilc (12 10 19 ppm) 9Slh Pucmblr (125 to 187 pp") 

%h Parmule (96 LO 124 pppm) 

k 

T 

0 20 40 60  80 1W I20 140 

Number of Sites 
0 20 do w 80 100 120 140 

Number of Sites 

Figure 3-2-4a. Proportion of gold and base metal  sample sites  within key geological  units 
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1992 RGS  RELEASE 

REGIONAL SUMMARY 

PHYSIOGRAPHY  AND  GEOLOGY 

The six map  areas included in the  1992  RGS  release 
cover a  region of over YO 000 square kilometres in south- 
central  British  Columbia.  The  survey  areas  are  located 
within the the Coaat Mountain and  Interior Plateau phys- 
iographic  regions (Holland, 1976). and the diversc geologi- 
cal environments associated with the Coast  and  Intermon- 
tane  tectonic  belts. 

ily glaciated mountain  range. Summit elevations commonly 
The  Coast Mouniains  are an extremely  rugged and  heav- 

<;EOLOGY  LEGEND 1 
SEDlMENllARY  AND  VOLCANIC ROCKS I 

2UATERNARY 
Pleistocene  to  klecent 

TILL(44) Till. gravel. silt, d a y .  

I'ERTIARY 
Miocene a n d l o r  Pliocene 

RSLT(42) Varlcnlourcd v e s i c ~ l a r  ~ a l l c y  basalt. brown amygdaloidal 
p1as:au hmall 

Eocene tO Ol igocene  

DcII(42) S h s w  Gmup.  Kamloopr Group. Skull MI". Formation; 
dacilc. oachytc. basalt. mderilc. rhyolite und related 
hrc<,:mi. 

MESOZOIC 
Cretaceous  

ANUS (36) Kin;lrvdo Group. Spences Rridgc Group,  Gambier  Group, Fire 
Lakr Omup: varicnlourcd andesitic. hasdm and acidic 
pyr<,c~artic and now rockr. 

lriassic to Creracwus 

SLSN(30I Tyaughcon Group. Relay Mm. Group. Jackass Mtn. Group, 
Taylor Crcck Oruup and Kingrrals Group: siltstone, 
grc)wacke. conglomerate and shale. 

Triassic 

PALEOZOIC 
W i n d o r m e r r  t o  I'crmian 

GRNS(1I)  Carib" Group, Slide Mm. Group (Feme11 Formation. Engle 
Rn) Aasemblage); grccnrianc. andesitic and harallis now 
roclis and tufi. schist. shsn. argilhte. shalc. I im~sLon~.  

PLUTONIC ROCKS 

MESOZOIC ASU  YOUIiGER 

Figure 3-2-4b. Legend 
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exceed 2500 metres  and  extend ;above deeply cut  U-shaped 
valley  floors  that  average 1:!00 metres n eleva.t.mm. 
Numerous  alpine glaciers and extensive ice ields cov*:r :I 
large proportion of the survey ;.rea. Th? slo] es tend t o  be 
steep and are typically  exposed bedrock. or a thin cover of 
till,  colluvium and  talus. This).  deposits of glacialfltwial 
material are  found at the lower  elevations.  Str'  'ams at higher 
elevations tend to form a tn:l ised drainag : pattern ;md 

braided streams  commonly  ccwpy in the valley fllors. 

grained  material.  The  sediment  associa  ed  with thl: 
Stream  sediment is primzrily  composed of I ne to ccmurse- 

numerous  glacier-fed streams  also  comains I high &cia1 
tlour  component. 

A narrow  transitional  zone sqlarates  t?e Cc  1st Mountains 
from the  semi-arid  and  subdued  terrain of t ?e Fretser ;and 
Thompson plateaus. These pl;u,i:au areas C O I  sist of f l i l  to 
gently rolling hills  ranging beween 1200 an I 1500 mt'ires 
in  elevation  and  are  covered by ;I thick hyer ( f glacial I l i f i .  
In the southem  Thompson  Platmu, resistant ledrock o x -  
sionally  rises above 1800 metre.. in elevatior  Low-energ), 
glacially deranged  stream channels terd to produce xd i -  
ment  material  having a moderae  to high or ;anic coin mi. 

granites and granodiorites, dominates thc wes ern half  (o'thz 
The  Coast Plutonic Conipl.:,., compxed ~f Cretacmus 

survey  area.  Within  the Coas.  :lompler, roc f pendanlr of 
gniess.  amphibolite,  metasetjiments  ,md I 1etavolcar1ics 
represent  metamorphosed  renlr ants of volc mic-arc rocks 
(Roddick  and  Tipper, 1985). 

tonic  belts  includes successions ,af Uppu  Jur Issic t o  1.1 Nwer 
The boundary  between  the Cmxast and lntt  rmontane iec- 

Cretaceous  volcanic  and  :sedimentary  .ocks of the 
Tyaughton-Methow trough,  and  Permian to h Iiddle Jurxisic 
chert, argillite,  basalt and alpine. type ultrama ic  roclcs  so'the 
Bridge River and Hozameen ten anes (M'heelt r CI d, I5.118 I. 

Stikine Terrane  which is compri.;ed of Devon an to Penrian 
The Intermontane Belt to ttie east is oc :upied by the 

arc  volcanics and platform cart',onates (over]; in by Tri:l:isic 
and Lower Jurassic arc  voIcani~:s, volc;lniclu itic,  chert and 
arc-derived  clastic  rocks which :ire intruded t y comagnlatic 
plutonic  rocks. The  Cache (:leek TelTane comprised c'f 
Mississippian to Upper  Triassic oceanic volc, .nics  and ,,<:d,- 
ments  borders the Stikine  Ten:me to the s ~uth-east. 'The 
southeast corner of the survey  area is withi1 the Q u t m d  
Terrane which contains Upper  Triassic to Lov er  Jurassic arc 
volcanics.  volcaniclastic  and comagn1,ltic i ltrusive r~lcks 
overlain by Jurassic arc-der.vc:d clastic r( cks ( W ' h d e r  
et a[. ,  19x8). 

MINERAL  POTENTIAL  AVD  I:XPLORATI( IN TARCXTS: 

throughout  the  survey area, combinell will a lonl: and 
The  number of favourable g~nlogical  envir  ~nments found 

successful  history of mineral t,xploration, t as establi shed 
this region as having an excellent potential 1 or a v;iriei!i nf 
mineral deposits containing hillh-gradc: bas1 and  precious 
metal  mineralization. 

and a review of exploration  activity from assc wnent re110n.s 
Based on the  status of mineral  occurrence (Table :<.XI) 

filed over the last five  years (Table 3-2-7), m 1st explor;~tion 
activity  has been focused on ruinera1 depo, its locate,i on 
map sheets 92H and 921 and tn a lesser cxteni 925. Although 
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MINERAL  OCCURRENCE  STATUS 
TABLE 3-2-6 

I Map Showing Prospect Dev. Prospect Producer Past Producer Total 
464 I 61 I 21 I 7 I 41 I 594 
4 M  26 I6  8 45  559 

921 136 

117 
170 5 0 6 5 154 

8 0 6 16  87 
92P 

47 0 0 
920 

0 
224  22 1 17 

3 44 92N 
48 

. " .. . " .. .- "_ 
- 

SUMMARY OF EXPLORATION ACTIVITY FROM FILED ASSESSMENT  REPORTS 
TABLE 3-2-7 

921 
26 

92N 
44 

4 1 4 1  

map  sheets 9 2 0  and  92P have not received  the same level of 
attention there  has  been  a  slight increase in activity during 
recent  years. Map  sheet  92N  remains relatively unexplored 

assessment reports. 
with only 47 known  mineral  occurrences  and 20 filed 

Within the  Intermontane Belt, porphyry  copper  deposits 
containing  precious metal values  are  currently  the primary 

exploration  projects  located within the  survey  area were on 
exploration  target.  During  1990  the  majority  of  active 

porphyry  copper-gold targets. Gold-bearing  skam  mineral- 
ization found in the Hedley  area,  volcanogenic  massive 

precious metal epithermal  deposits such as the Elk property 
sulphide  deposits  similar  to  the  Chu  Chua property and 

the  eastem half of the survey area. 
have all been identified as  important  exploration targets in 

The  Coast Belt  portion of the  survey  area  has received  a 
relatively low level of exploration  attention. Activity  has 
been concentrated in areas south of Taseko Lake  and  to the 
north of Whitesail Lake  and  only a small  number of active 
exploration  properties  are  located in the  survey  area 
between these  two  districts.  Mesothemal  and  epithermal 
precious  metal vein  mineralization  has been  identified as the 
most  common type of deposit  found in  the area  (McLaren, 
1990).  Examples of this style of mineralization include 
properties  located in the Bralome  and  Gold  Bridge  areas. 
Other  primary  exploration targets include  porphyry  copper- 
molybdenum-gold  deposits  such  as the  Fish Lake and  Poi- 
son  Mountain properties, and volcanogenic  massive sul- 
phide mineralization  similar  to the Britannia deposit. 
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RGS PROGRAM - MOUNT  WADDINGTON 
(92N) 

STREAM-SEDIMENT AND STREAM-WATER SURVEY 

The Mount  Waddington map  sheet  covers  one of a few 
remaining  areas in British Columbia which continues to be 
relatively  unexplored.  A reconnaissance  stream-sediment 
and water  survey was conducted  during the 1991  field 

mineral potential of this frontier region and  to provide 
season in order  to  develop a greater  understanding of the 

geoscientific information to  aid in the resolution of the 
numerous  land-use  discussions  currently in progress. 

McElhanney  Engineering  Services  Limited was selected 
by competitive bid to carry out the sample collection com- 
ponent of the  1991 RGS  program in  the Mount Waddington 
map area. The  base  camp  and dry  facility  were  established 
at  White  Saddle Air Services' facility on Bluff Lake and  a 
field camp was located  at the  head of Bute Inlet on Scar 
Creek.  The vast majority of samples were collected by two 
teams consisting of a helicopter pilot, one  crew  chief  and 
one sampler.  Both White  Saddle  Air  Services and  Vancou- 
ver Island  Helicopters  provided air  support  for the program. 

throughout the fast-paced  18-day  program  to  ensure all 
Ministry representation by the  senior author was maintained 

aspects of the sample  collection,  data recording, sample 
drying, packing  and shipping  were in accordance with stan- 

Program. 
dards  set  by  the  National  Geochemical  Reconnaissance 
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were collected. Th': survey  covered an area of approx- 
A total of 874 stream-sediment and stream-water samples 

imately 15 000 squ,are  kilometres at an average density of 
one  sample  site  every 17.6 square kilometres. The majority 
of the samples were collected from sites  located within the 
Coast Mountains; less than 100 sites were in the  plateau 
region.  Discounting  areas such as the large ice  fields and  the 
sparsely sampled  plateau, the area covered by the survey is 
actually closer  to I:! 000 square  kilometres and the density 

cent of the  sites were accessed by helicopter. seven  per  cent 
was one site  every 14 square kilometres.  Eighty-seven per 

by truck and six per  cent by boat.  The  program  also 
included  the  collection of nine  sediment and water samples 
in the  southern tip of Tweedsmuir  Provincial  Park, 

secondary drainage  basins having catchment areas of less 
In general, sample sites were restricted to primary  and 

than I O  square kilometres. Contaminated or poor-quality 

or by sampling a mlnimum of 60 metres upstream from the 
sample sites  were  avoided by choosing an alternative  stream 

identified  problem. At each  sample site  fine-grained  stream 
sediment  weighing I to 2 kilograms was collected  within 
the active  (subject t o  flooding) stream  channel  and  placed in 
kraft-paper bags. In an attempt  to minimi7,e the  glacial flour 
component of samples collected from glacial streams, the 
coarser  grained  material  below the surface  layer  was 

rials were collected in 250-millilitre  bottles.  Field ohserva- 
sampled. Unfiltered water  samples  free of suspended mate- 

tions  regarding sample  media,  sample site  and local terrain 
were recorded  and, to assist  follow-up,  aluminum tags 

were fixed to permanent  objects,  when available, at each 
inscribed with a  unique RGS  sample identification number 

representative to monitor,  control  and  assess  sample- 
site.  Field-site  checks  were  conducted by the  Ministry 

collection procedur8::s. 

FIELD  SAMPLE  PREPARATION 

Samples were field processed at the  Bluff  Lake base 
camp. Sediment sa~nples were dried at a temperature less 
than 50°C and all sediment  material finer than 1 millimetre 
was recovered by seiving each  sample through  a - 18-mesh 
ASTM screen. Samples were assessed for quality and con- 
tent of fine-grained  sediment  and those which appeared 
deficient in fine-grained  material were routinely  sieved 
through  a -80-mes.h screen (less than 177 microns).  Sites 

than 40 grams of -80-mesh  stream-sediment material  were 
yielding  organic-ric h samples and samples containing  less 

resampled. 

LABORATORY  SAMPLE  PREPARATION 

In order  to  cornplete  sample  preparation,  the  field- 
processed  sediment samples were shipped to Rossbacher 

the  Ministry laboratory in Victoria. Sediment samples  were 
Analytical  Laboratory in Burnaby  and  the  water samples to 

cate  samples  and  control reference  materials were inserted 
sieved to -SO-mer:h ASTM fraction  and  analytical  dupli- 

into  each analytical  block of 20 sediment  samples. At this 
stage,  a  quantity of -XO-mesh sediment  and  a  representa- 
tive  sample of the -+X0 to ~ 18-mesh fraction  was  archived 
for  future studies.  Control  reference  water standards were 
inserted into  each analytical  block of 20 water samples. 

ANALYTICAL PROCEDURES 
The standard methods  and  rpxifications f )r  analysi:; of 

RGS stream sediments  and wai.els are sL.mma.ized in T:hk 
3-2-8. Barringer  Laboratories  (Calgary, Albc Pa) has  beer, 
contracted to provide  this  analytical  work. In : ddition to :he 

also include  the  analysis of sulphates in strei  m waterlj. 
routine  analytical  suite of elements, the 1991 program uill 

The determination of  elemtnls (Table 3-2 .9) by instru- 
mental neutron  activation anal) $is will he carried out by 

technique  involves  irradiating the sediment simples, which 
Activation Laboratories  (Anca:;tq Ontario). .his analyiical 

on  average weigh 10 grams, for :!O minutes in 3 neutron 'lux 
of 101 I neutrons per  square  cmlimetre per SI cond. Aft:r a 
decay period of approximately  one wee!.., gan ma-ray  emis- 
sions for  the elements are  measured tlsing a ganlma-ra!! 
spectrometer with a  high reso ution, codxi. I germanium 
detector. The counting time is ' 5 minutes p, r sample end 

concentrations. 
the  results are accumulated on a computer  an' I converte:l to 

Field site  duplicates, blind an,dytical  iuplb  ates and cwn- 
trol reference  materials are used in each anal: tical bloc( of 

Geochemical  Reconnaissance  Program ql ality  control 
20 samples to ensure that anal:(tical data sa isfy  National 

guidelines. 

RGS ARCHIVE PROGRAM  (92H, I, i ,  0, P) 
The RGS Archive  Program involvt:s th I analysLs by 

instrumental  neutron activatiorl of strean-sed ment samplles 
collected during past joint feder;ll-provillcial Cegional (;eo- 
chemical  Surveys,  for gold ant1 other  xevil usly undc:er- 
mined elements of interest. L x  year's RGS release repre- 

generated by this  program. In a c,Dntinuing eff )rt to dis:wni- 
sented  the  initial  delivery o f  new  anal  ,tical  results 

nate new analytical  results fo1 the over 2~ 000 strcam- 
sediment samples retrieved fror-l the Geolog cal Survey of 

Archive Program  includes  the :aoductiol of F GS Open F i k  
Canada  storage  facilities in  I:)ttawa, the  current KG!; 

reports for  surveys which wen: originally con iucted in nap 
sheets 92H, I, I. 0 and  P during 1979 and I C  RI. Becqw:rel 
Laboratories  (Toronto, Ontanol, has provid :d the I h . 4 1 ~  
data for map  sheets 92H, I, 0 and P, and undc r the  direction 
of the  Geological Survey of Canada, the INA, L data for nap 
sheet 92J samples were provide,l by Bondar l e g g  Lahora- 
tories (Ottawa, Ontario). 

ples were collected in  south-central  British Cc lumbia during 
A total of 4301 stream-sediment and strei m-water >am- 

the  1979  and 1981 surveys. ' h i :  sampks were taken at a1 
average  density  of  one  sample ::very 1:3 squ Ire kilomctres 
and covered an area in excess of 78 OOO squ; re kilometre!;. 
The field and analytical data  from the: oripnal  proglams 
were co-published by the Brit  ish Columbi I Ministr:! c8f 
Energy, Mines  and Petroleum Resources; and he Geolo>:ics[l 
Survey of Canada in  the early : 980s.  These data pack Iges 
consisted of a data hooklet  listing  raw data  and  sumllary 
statistics, plus a single  sample-1,xation  map. 

The RGS Open Files due  for release : n  191 2 will include 
the new analytical data  as  detmnined by I qAA, and the 
original  sample site informatio'~  and analytl :al result!, fca 
Zn, Cu, Pb. Ni, Co, Ag, Mn, A $ : ,  Mo, LI, W, 3g,  As an'! Sb 
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ANALYTICAL METHODS AND SPECIFICATIONS  FOR  ROUTINE  RCS  SUITE OF ELEMENTS 
TABLE 3-2-8 

Element 
CadmiUm 

Limits  WeiKht  Dlgestlon  Technlque 
Detect lon  Sample 

I I 

Silver 0.2 ppm 
Zinc 
Molybdenum 

2ppm 
lppm 

Barium 
0.5 g AI added to above solution 

VSladiUm 5 ppm 1 g dryness. hat HCI added to leact 

.. 

10 ppm HNCq - HCl - HF laken to 

Chromium I 
Bismuth I 0.2 ppm I 2 g I HCI . K C l q  digestion. KI 

5 ~ 1  I residue 

Antimony 

Tin 

added to reduce Fe, MIBK  and 0.2 Ppm 

sintered w i t h w ,  HCland 1 g 1 ppm 
TOP0 for extraction 

ascorbic acid leach 

0.8M HNOj * 0.2M HCI 

Mercury 10 ppb 

K2SO4 fusion. HCI leach 0.5 g 1 ppm Tungsten 

20mLHN@-ImLHCI 0.5 g 

Fluorine 40 ppm 0.25 g NaCm -KN@ fusioq Hz0  

Arsenic add2mLKImddiluteHCIm 0.5 g 1 ppm 

u-water I 0.05 ppb I 5 mL I add 0.5 mL fluran solution 
F -water I 20 ppb I 25 mL I nil 

4DDITIONAL  ELEMENTS ANALYZED BY  INNA 
TABLE 3-2-9 

D e t e c t i o n  
E l e m e n t  

Antimonv 
Arsenic 
Barium 
Bromine 
Cerium 
Cesium 
Chromium 
Cobalt 

Rubidium 
Samarium 
Scandium 

Tantalum 
Sodium 

Terbium 
Thorium M D e t e c t i o n  

L i m i t  

0.5 ppm 
0.5 ppm 
0.1 % 
0.5 ppm 
0.5 ppm 
0.5 mrn .. 

H&um 1 ppm Tungsten 2ppm 
Iron 
Lanthanum 

0.2 % Uranium 

Lutetium 

0.2 ppm 

0.2 ppm 200 ppm Zirconium 
2 ppm 5 ppm Ytterbium 

in stream  sediments and U, F and pH in  waters. Data 
packages will be  comprised of a data booklet  and  a second 
booklet containing a  variety of 1500 000-scale  maps.  Data 
booklets will present survey details,  raw data listings, sum- 
mary  slatistics  and data interpretations. Map booklets will 
contain sample location maps, bedrock geology and surfi- 
cia1 geology maps, symbol  and value  maps for  each  element 
and  multi-element  anomaly maps. The raw data will also  be 
available  as ASCII tiles  on  5.25-inch high-density diskettes. 
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=Fl Determinatlon Method 

A A S  I 
atomic  absorption  spectrophotometry using air- 
acetylene burner and standard  solutions far calibration. 
background corrections made for Pb. Ni. Co.  Ag. Cd 

A  A S - H organic layer analyzed by atomic  absorption 
spectrophotometry  with  background  correction 

A A S  atomic Bbsorption spectrophotomelry 

A  A S - H 2 mL borohydride solution added to produce AsH3 gas 
which  is passed through  heated  quartz tube in the light 
path of atomic  absorption  spectrophotometer 

vapuur. determined by atomic  absorption  spectrometry 
A  A S - F 

colorimetric: reduced hmzsten wmolened with C 0 L 0 R 

10% stannous sulphate added to evolve mercury 

I toluene 3. 4 dithiol 
1 

I O N  I citric acid added and diluted wirh wmer. fluorine 

N A D  N  C I neutron activation with  delayed  neutron  counting 

I O N  
L I  F I place in Scintrex EA-3 

I fluonne ion specific  electrode 

PRELIMINARY DATA EVALUATION 

New analytical data  for  gold in sediments together with 
the  original  analytical  results for copper, lead  and zinc  in 
sediments  have been evaluated in order to: 

Illustrate  a  method v i  data evaluation  incorporated in 
recent RGS publications. 
Demonstrate  data  confidence by showing that gold  and 
base metal anomalies  are  associated with regions of 
known mineral  potential. 
Provide  explorationists with some  background infor- 
mation to assist in their  follow-up of the  1992  release 
of  archive  data. 
Further  promote  the upcoming  release of previously 

elements of interest. 
unavailable  analytical data  for  gold  as well as  other 

This  data  reduction  technique  involves a statistical 
assessment of gold  and base metal stream-sediment  data 
which have  been  sorted on the  basis of underlying geology 
(Table 3-2-10),  Only those geological units  having greater 
than 100 sample sites  have  been considered.  The  geological 
units  utilized are the four-letter  mnemonic  names indicating 
rock type and a  two-digit number refering to age that are 
listed  in  the  original Open File publications. In contrast, the 
forthcoming 1992  release will use  the  geological formations 
associated with the 1:l OOO OOO Geological  Atlas Series 

British  Columbia Geolo,qical Survey  Branrh 



compiled by Roddick et al. in 1979. Figure 3-2-5  further 
defines  the  data set by illustrating  the  proportion of anoma- 
lous (greater  than  the 90th percentile)  gold  and base metal 

summary of this stat.istical breakdown can he  made  for the 
samples located within each  geological unit. The  following 

gold  and  base metal concentrations. 

GOLD (NEW DATA) 
Stream-sediment !samples from 3767 sites  provided  suffi- 

cient  material to he  analyzed by instrumental  neutron 
activation for gold alid 25  other  elements. A total of 1285 of 
these  sites (34%) reported  gold  concentrations  greater than 
the 2 pph  detection  limit. The mean gold value is 8 pph,  and 
the 90th.  95th and 98th percentile concentrations  are I I, 21 
and 56 ppb.  respectively. The maximum  gold  determination 
reported  was 932 pph. 

With reference to Table 3-2-10 and Figure  3-2-4,  anoma- 
lous gold values  tend to he particularly  associated with the 
Triassic Cadwallader  (Bralorne properties), Bridge  River 
(Bridge River  gold camp) and  Nicola  (Highland Valley 

mining  camp) groups. The P.d::ozoic  Fennt II Formation 
(Chu  Chua   proper ty)   and  !i:agle Bay assembl ;~ge  
(Samatosum  mine)  are  also  ch~~r;~cterized by i high p ropr -  
tion of anomalous sites.  Although  the Nlesoz, Iic and yolm. 
ger  plutonic  rocks  contain 80 !,ites with an,malous  con- 
centration of gold, the  actual nul-nher of anon  alous  sites is 
less  than 7 per cent of the total n~lrnher or site: found wirhir 
this extensive geological  unit (I ,= 12141. Bet:er  resolulior 
of lithologies comprising this unil: would  assis in the  identi- 
fication of the  mineralized host at these  an(  malous :sites 

BASE METALS (1979 A N D  19111 DATA) 
Original copper, lead and zinc analyses by i tomic a h s q -  

tion consisted of a total data set (of 4010 saml 'le sites. (lve: 
99  per  cent of these  sites  reported copper c oncentrati(~ni 
greater  than  the 2 ppm detection  limit. The mean copper 
value is 33 ppm, and  the 90lh, 95th 2nd 9 ith percarh;ib: 
concentrations are 56, 17 and I I O  p p w  res1 lectivcly. The 
maximum copper  determination reported was I100 p p n ~ .  A 
total of  2458  sample sites (61%) reported le ad concet Ira- 

SUMMARY  STATISTICS 
TABLE 3-2-10 
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tions greater  than  the 2 ppm  detection limit. The  mean  lead  Matysek, P.F., Jackaman, W., Gravel, J.L.. Sihhick, S.J. and 
value is 5 ppm,  and the 90th.  95th and 98th  percentile 
concentrations  are 8, 12 and 20  ppm, respectively. The 

Feulgen, S. (1991~): British Columbia Regional Geo- 

maximum  lead determination  reported  was 540 ppm. All of 
chemical  Survey - Penticton (NTS 82E): B.C. Ministry 
of Energy.  Mines and Petroleum Resources, RGS 29. 

the sample sites reported  zinc  concentrations  greater than 
the  2 ppm  detection  limit.  The mean  zinc  value for the total 
data set is 62  ppm, and  the 90th.  95th and 98th percentile 

maximum  zinc value reponed was IO00 ppm. 
concentrations are  96,  125  and 188 ppm respectively. The 

Evaluation of the copper and  zinc anomalies produced 
similar  rock-type associations  that  were identified with the 
gold  data.  Although  lead also has a similar association,  lead 
anomalies  are  much  more  common in the Paleozoic Fennel1 
Formation,  Eagle Bay assemblage and  plutonic rocks. 
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DISTRIBUTION  AND  MORPHOLOGICAL  CHARACTERIS'I'I'CS OF 7'ISIBLIE 
GOLD IN HARRIS  CREEK  (82L/2) 

By Zhihui Hou and W. K. Fletcher 
The  University of British  Columbia 

KEYWORDS: Apphed  geochemistry,  stream  sediments, 
gold panicles,  Corer  Shape Factor. 

INTRODUCTION 
The distribution  and  morphology of gold panicles  from 

stream  sediments, glacial  tills and soils have been used to 
assess their distance  from  source  (Antweiler and Campbell, 
1977; Averill, 1988; Petts e/ ul.. 1991; Nikkarinen, 1991; 
Averill and Huneault,  1991; Grant  et ul.. 1991). Here we 
present  preliminary clata on the distribution  and morphology 
of gold in Harris  Crcek.  southern British Columbia. 

LOCATION AND GEOLOGY 
Harris Creek is a gravel-bed river 25 kilometres east of 

catchment  basin has an area of 225 square kilometres, of 
Vernon in southem British Columbia  (Figure 3-3-1). The 

which  about 60 per cent is between 1300 and 2000 metres 
above  sea level on 1.he dissected  plateau of the Okanagan 
Highland.  A simplifi.ed geological  map, after Jones  (1959). 
is shown in Figure 33-2. The  area had a complex history 

during the Frdser glaciation wtlen an ice she, :t advancing 
from  the north first  impounded a lake in  the {arris Creek 
catchment basin and  then over-rode the gla :iolacustrine 
sediments deposited in the lake {Ryder, 1991; Ryder and 
Fletcher,  1991). The lake was wbsequently r :-estahlid!t:d 
as the ice sheet  melted  and  retreated. 

that:  preferential  accumulation 01' gold irl bar- lead cobhla- 
Our previous  studies of gold In Harris (Creek have  sho,rm 

gravels  counteracts the effect< of downstre Lm anomaly 
decay  (Day  and  Fletcher, 1989, 1991; Fletche; 1990). and 
transport of particulate  gold  only occurs  durir g late spring 

disrupt the cobble  framework ;Ind rekase  rapped g"ld 
when brief periods of high  discharge caured h! nival flowls 

(Fletcher and  Wolcott, 1991). 

STUDY  METHODS 
After removal of boulders  a prr:liminary fie1 I concentrate 

was prepared by panning 40 1.ilograms of SI diment, col- 
lected  from  bar-head  sites (Figu18s 3-3-2) to c btdin a near- 
black magnetite-rich sand.  The  held concent!  Ite  was th:n 
further upgraded in the laboratmy with a g ~ l d  pan. l'he 
magnetic fraction,  which  maker,  up about 90 p :r cenf. of the 

U 
20 km 1 
JJ TUDY ARB 

Figure 233.1. Location of study area. 
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Figure 3-3-2. Catchment hasin geology and s unpling sitrs 
lgeology simplified aiter lone< (195 >)I .  
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Plate 3-3-1. SEM photographs of (a) blocky shapes in 
HZ-35 with CSF 0.6 and 0.7, and  roundness  0.3  and 0.6; 

0.4;  and (c) spherical  shape in HZ-50 with CSF 0.8, and 
(b) rud-like  shape in HZ-46 with CSF 0.6, and  roundness 

roundness 0.6. 
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concentrate, was  removed  with a hand magnet.  Gold parti- 
cles were  picked out of the nonmagnetic  fraction  under a 
binocular  microscope. 

The  form and  the  size of the gold  grains was  investigated 
using  the microscope and  a Nanolab-7  scanning electron 
microscope. Grain  size (d) was estimated as the geometric 
mean of the diameters of the intermediate and  long axes 

intermediate  and long axes, respectively.  Particle shape is 
[d=(Di*D,)"-',  where D, and D, are the diameters of the 

described  using  the  Corey  Shape  Factor  (CSI;=D,/ 

the  Corey  Shape Factor of flakes is from 0.1 to 0.3; the 
(Dj*D,)"-5 where D, is the  smallest  diameter].  The value of 

value of blocky grains  from 0 .5  to  0.7;  and the  value of 
near-spherical grains is 0.8 or larger. Grain  roundness is a 

as a ratio  to the average  curvature of the  particle as a whole. 
measure of the curvature of the comers  and  edges  expressed 

It was estimated  using Wadell's (1932) chart which has 
twelve  sets of standard images with roundness  values from 
0.13 to 0.66: the  roundness values of angular  silhouettes 
varies from 0.13 to 0.35:  suhrounded ones  from 0.35 to 
0 .60  and rounded ones  from  0.60  to  0.66. 

RESULTS AND  DISCUSSION 
Gold was found in Mosquito  Creek  (HZ-3  I) and at all but 

three  sites on Harris Creek  downstream  from its confluence 
with Mosquito  Creek (Table 3-3-1, Figure 3-3-2). Gold 
grains  were also found  in  Vidler  Creek  (HZ-28)  and 

headwaters of Hams Creek. There seems  to  be a slight 
McAuley  Creek (HZ-43), but not in Beetle  Creek or  the 

increase in the abundance of gold  grains  downstream with 
the  greatest number (3) at  sites  HZ-33  and HZ-35 on the 
main trunk. 

SUMMARY OF DESCRIPTIVE CHARACTERISTICS OF VISIBLE 
TABLE 3-3-1 

GOLD FROM HARRIS CREEK 

Sample Distance 
number downstream grains (Wm) "Id Size CSF Roundness 

lkm) ~."" 

Gold  particles In the tributaries 

Hz-31 Mosquito Creek 2 348 0.3  0.2 
44 I 0.3 0.2 

Hz-43 McAuley Creek 2 5 0 0  0.1 0.2 
292 0.5 

HZ-28 Vidler Creek 
0.5 

1 291 0.3 0.5 

Gold  particles  in the trunk  stream 

HZ-50 1.0 km 1 353 0.8 0.6 
Hz-46 2.4 2 430 0.6 0.4 

446 0.5 
HZ-39  3.1 1 320 0.5 0.4 

0.4 

HZ-33 6.9 

HZ-35 8.1 

3 330 0.2 0.2 
393 0.7 0.3 
411 

3 
0.5 

790 0.7 
0.3 

669 0.6 0.3 
0.h 

2% 0.5 0.5 

Note: Size=(D,*D,)"'. CSF=DJ(D,*D,P5 where D., D, and D, an the diame- 
t e r ~  of the shan, ~ntermcdiale and long axe$, rcspcctively. 
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grain  in Hz-31 with angular  edges,  smooth  surface  and  flake  shape,  CSF 0.3, and  roundness 0.2; (c)  gold i n  HZ-33 with c  rrled  edges. 
Plate 3-3-2. SEM photographs of (a) gold  in HZ-43 with  angular  edges  and  blade  shape, CSF 0.1, and  roundness 1.2; (b) gok. 

CSF 0.5, and roundness 0.3; (d)  gold in HZ39 with striated  surface, CSF 0.5, and  roundness 0.4; (e) gJ1d in HZ-46 wi h  crumpled 
edges  and  porous  surface,  CSF 0.5, and  roundness 0.4; and (0 gold  in "33 with  scaly  and  porous r.u.face, CSf 0.7. and  round- 
ness 0.3. 
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metres with both the maximum and minimum hizes being 
Sire  of the gold particles varies from 290 to 790 milli- 

found in the downstream  sample HZ-3.5. Based on their 
Corey  Shape  Factor, gold  grains below  the  confluence with 
Mosquito Creek  are  blocky  (Plate 3-3-la) and  rod-like (CSF 
0.5 to 0.7;  Plate 3-3-Ib)  or near-spherical (CSF 0 . X ;  Plate 
3-3-lc:1. Blades (Plate  3-3-2a) and flakes  (Plate  3-3-2b)  of 
gold (CSF 0.1 -0.3) are  more typical of the tributary streams. 
Roundness of the gold  grains varies  erratically. but those in 

less rounded than those from the  trunk stream. 
Mosquito  Creek (and  perhaps McAuley Creek)  appear to be 

Dilabio (1990) proposed  a  nongenetic, descriptive  classi- 
fication of the shapes  and  surface  textures of gold (Table 

particles in McAuley  Creek and  Mosquito  Creek  have  blade 
3-3-2). No pristine gold  grains were found. However,  gold 

approach pristine. Gold particles in the trunk stream having 
and flake shapes with angular  edges (Plate 3-3-2a. b) that 

curled edges  (Plate  3-3-2c) and  moderately  striated  surfaces 
(Plate  3-3-2d)  are classified as  “modified”;  and  others 
having crumpled  edges and porous  surfaces  (Plate 3-3-2e). 
and  scaly, felty and  porous surfaces (Plate 3-3-20 are  classi- 
fied  as  “reshaped”. 

catchment  basin,  too few gold  grains were found  to  make 
Although  gold is widely distributed in the Harris Creek 

definitive  statements  about trends  in their  abundance  and 
morphology.  Nevertheless, it appears that abundance,  size, 

reshaping may increase  downstream. In contrast,  grains in 
sphericity,  roundness,  and  degree  of  modification  and 

McAuley  Creek and Mosquito  Creek are more  flake-like 
and pristine  with lower  roundness and CSF values. 

creeks  suggests that there  may be several distinct bedrock 
The presence of gold in McAuley,  Mosquito  and Vidler 

ferous  channel-gravels below Miocene plateau  basalts in the 
sources of gold. Possibilities  include: placer  gold in urani- 

Vidler Creek  and  Mosquito  Creek  catchment  basins  (Day, 
1987);  and a source in granodiorite  and gneiss for the 

CLASSIFICATION OF SHAPES AND SURFACE TEXTURES  OF 
TABLE 3-3-2 

GoLn GRAINS (AFTER nmnro (1990) 

Class  Shape  Surface texture 

Pristine “block 
-rod 
-wire 
-leaf 
<rysta1 
“Star  
-globule 

Modified “a l l  shapes 
damaged 

Reshaped  -folded  rod 

-rounded block 
wire. flake 

-typical discoid 

-nugget 
placer flake 

”smooth surface 
--angular edges 
-grain moulds clearly visible 
“ th in  edges not curled 
“Some striae 

“pristine shapes visible 
-leaf edges and wires bent 
”blunted and thickened  edges 
-grain moulds preserved  where 

-moderately striated 
-felly texture where damaged 

-pristine shapes destroyed 
-wellLrounded  grain  outline 
“maderatcly striatzd 

protected. 

“porous. scaly, felty or spmgy 
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delicate  gold  grains  found in McAuley  Creek.  The near- 
pristine character of these grains suggests  proximity to their 
source. However. because of the complex glacial  history of 
the  Harris  Creek catchment basin, it is also  possible that the 
widespread  distribution of gold results partly from its dis- 

and glaciolacustrine  processes. 
persion throughout the catchment basin as a result of glacial 

The  (slight) increase in abundance  and  size of gold  grains 
downstream is consistent with the observation of Day  and 
Fletcher (1989) that trapping of gold by bar-head cobble- 
gravels  counteracts  downstream  anomaly dilution in Harris 
Creek. Field evidence and bedload transport  theory both 
indicate that this process is most  effective for  coarse  gold 
(Day and Fletcher. 1991). 

CONCLUSIONS 

gold in the  Harris Creek catchment basin suggest that there 
Preliminary  studies of the  distribution and  morphology of 

may be several  bedrock sources of gold.  Alternatively, gold 
may have  been  widely dispersed by glacial  processes. The 
downstream increase in abundance of coarse  gold is con- 
sistent with earlier field  observations  and bedload  transport 
theory. 
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NEOTECTONIC  INVESTIGATIONS ON VANCOUVER ISLAND (9:!B, F) 
By  P.T. Bobrowsky, B.C.  Geological  Survey  Branch 

and J.J. Clague,  Geological  Survey of Canada 

KEYWORDS: Geological  hazards,  neotectonics.  Quater- 
nary,  Shoemaker  B;ly,  tsunami,  CI4, Port  Alberni.  Tofino, 
Island View Beach,  Gyro  Park,  earthquakes, sedimentology. 

INTRODUCTION 

the  British  Columbia Geological Survey  Branch  and 
Quaternary geologic studies were undertaken by staff of 

Geological  Survey of  Canada at several  locations during 
1991.  These studies are part of a  multi-year  program  aimed 
at assessing the Holocene  seismicity, neotectonism  and sed 

level  history of Vancouver Island  and  adjacent  mainland 
British  Columbia ICIague  and Bobrowsky,  1990).  This 
research will provi(.le information on the  probability and 
likely impacts of catastrophic  natural events such as  earth- 

provincial-federal  research  effort  consisted of three  parts:  a 
quakes and  tsunamis. The 1991 field  activities of this joint 

near Port Alberni in June; and sonic drilling  and excavation 
scientific cruise in Saanich  Inlet in February;  excavations 

near Victoria  and  Port Albemi in  September  (Figure 3-4-1). 
A second  cruise in Saanich  Inlet to obtain  air-gun  seismic 

objective of the Saanich  lnlet cruise was to recover  sedi- 
reflection data is tentatively  planned for late 1991. The 

ment cores which might provide a  record of late Holocene 
earthquakes. Cores up to 1 I metres in length,  spanning 
approximately  the last 2000 years,  were  retrieved at five 
locations. These cores supplement three others collected 
and  described  prevlously (Bobrowsky and Clague,  1990). 
Detailed  micropale,.,ntological.  sedimentological  and geo- 
chronological analyses  are currently in progress (Blake, 
1992). 

Shovel  excavations were made in undisturbed marsh sed- 
iments  near  Port  Alberni to  document historic  and  pre- 

nlicropaleontologiciil  analysis were collected  and are now 
historic  tsunamis. Samples for Cs"7 and Cl4 dating  and 

publication. The Port  Alberni  work  developed from the 
being  processed;  the  results will be presented in a  future 

authors' discovery (of possible  tsunami  deposits near Tofino 
in 1990  (Bobrowsky and Clague,  l99lb). At the  time of 
publication of the 'Tofino results, an absence of  C'4  dates 
precluded an adeqrlate synthesis of some  of the  data. Two 
new dates  of 7 0 7 0 i  120 years B.P. (AECV-120SC) and 
79001100  years B.P. (GSC-5106)  obtained  from  tree 

permit an expanded  interpretation of Holocene sea level 
stumps rooted in marine muds below mean sed level now 

fluctuations in this area  (Bobrowsky and Clague,  1991a). 
Briefly, these new dates, coupled with evidence for late 
Holocene raised shorelines (Friele, 1991)  indicate  a  middle 
Holocene transgression  followed by regression  during  the 
late Holocene (Figure 3-4-2). 

nent of our 1991 .fieldwork  (sonic  drilling) are presented 
Observations and  preliminary  results of the third compo- 

below. 

Geological Fieldwrk 1991, Paper 1992-1 

DRILL  SITES 
Sonic drilling was done  at three  sites: Idan, I View Beack, 

(48"3S'N. 12372'W) on the east side of Saan ch Penins~la 
Gyro Park (4X028'N, 123"IX'W at Cadboro Bay,  rlortll 01: 

Victoria;  and Shoemaker Bay (,1!1"1S'N, 124"5D'W) dire:tly 
west of Port Alberni (Figure 3-4..l). One hole was drille: a': 
Island View Beach north of the  park  access  ro, d o n  the wes: 
side  of a Holocene spit  complzx (ClA-1)l-171). Some 500 
metres  of  wetland  separates t'le drill  site  from ero:lecl 
Pleistocene  bluffs to the  west. .Two holes uere drilled at 
Gyro  Park,  one  at the  southern edge of the pat < at the  upper 
limit of the beach (CIA-91-17:2) and  the other ;approx.- 
imately I O  metres  northeast of the parking lot Ind 20 metre!; 
northwest of the park washroom!; (CIA-01-17 3). Two hole!; 

ing  into the marsh area some 100 metres south of the: 
were also drilled at Shoemakel- lilay, 0111: on i road extend.. 

Alberni pulpmill  water  pipeline  (C14A91- 174) ;md :he: 
other approximately 500 metrcs to the 'west ~f the firs.  at 
the edge of the marsh (CIA-91-175)  (Plate 3 4-1). 

METHODS 
Drilling  was done with a trui:k-mou,?ted otosonic ,drill 

operated by Sonic Drilling l&i. of Surre), B.C. (Plat15 
3-4-2). This  machine  uses  hi€  h-frequency  vibration:;  to 
retrieve intact sediment cores u p  to 6 metres in length itnd 
10 centimetres in diameter.  Rapid  penetratic 1 of the s d -  
ment is achieved by the  vibratory  action of the drill pipe 
which causes soil particles to Iluidize at tht drill bit ;in11 
along the pipe edge. Intact  sediment slicles in o the pipe!, a i  
drilling  progresses.  Individua' ::ore section5 are  extnded 
into  plastic  sleeves for storage,  transport or on -site  examina- 
tion (Plate  3-4-3). 

Extruded cores were split in the field an<  describei in 
detail. Description  includes  ob!;ervations on the type ;mi 
texture of the sediment, prima?; and srcond ~ r y  structures, 
the  thickness of lenses, laminae  and  beds, thl nature oi '  th,: 
bounding contacts,  and the  tyye  and distribut on of oremi,: 
material.  Photographs  were take;] of all cores. Samples \vers: 
collected for  C'4  dating, geochemistr) and micropalcon- 
tological  analysis. 

RESULTS 

was recovered to a  depth of 14 metres (7igur' 3-4-3).  hlost 
At Island View Beach  (CIA-91-171), c~ l t inuous  (:ore 

of the  sediment consists of clem, medium t I coarse !and 
with scattered  small  rounded  pebbles. Lense! and layrxr, of 

bed 1 metre  thick occurs  at 9 to 10 rnetre! depth. Bua l  
sandy gravel  are  present th roughi t  the sequt nce,  and i- silt 

contacts of muddy and grave1l.y interbeds are genel.;lll:y 
sharp.  Three  samples,  comprising wwd  a rd  shell, \bere 
recovered from the silt bed for IC14 dat ng. 
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Figure 3-4-1. Location  map of 1991 drilling  sites. 

1 
8 10 12 I 4  

IIID-B(xIpoE,*aBP, 

pretation based on radiocarbon dates by the authors and 
Figure 3-4-2. Sea-level curve for the Tofino  area.  Inter- 

raised  shoreline data by Friele (1991). 

beach  site  (CIA-91-172).  The  sequence,  from  top  to  bottom, 
Cores were collected  to  7.9 metres  depth at  the  Gyro Park 

is: approximately 3 metres of well sorted coarse  sand and 
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gravel (modem beach  facies), 3 metres of Holocene  peat, 

gravel.  The  basal  contacts  of the  units are  gradational. Eight 
and  approximately 2 metres of pebbly  sand and sandy 

for C'4 dating were collected  from  the  lower part of the  peat 
samples  for  foraminiferal  analysis  and  two wood samples 

unit  and from a  thin muddy zone just below  the  peat. The 
second  set of cores  at  Gyro  Park  (CIA-91-173) totalled 12.5 
metres in length  (Figure 3-4-4).  Five major units are  recog- 
nized; from  top  to  bottom, these  are: approximately 0.5 
metre of fill, 2.5 metres of compacted peat, 6.5 metres of 
sand and gravel, 3 metres of silty clay and sandy  silt,  and 
shelly pebbly sand. All contacts,  except that between  the fill 
and  peat, are gradational. 

About  27  metres of sediment were  cored at the first 
Shoemaker Bay  drill  site  (CIA-91-174). Approximately 3 
metres of road fill abruptly overlies 2 metres of silty mud 
with sandy  interbeds,  which in turn sharply  overlies 22 
metres of alternating  lenses  and  beds of sandy gravel and 
pebbly sand. Six wood samples were  collected at  depths of 
4.5 to 6 metres  for C'4 dating.  The  second  Shoemaker Bay 
drill hole cored 11.5 metres  (CIA-91-175;  Figure 3-4-5). 
The  upper 3.7 metres is road fill.  This  sharply  overlies about 
0.5 metre of muddy peat and organic  mud  containing  sandy 

British  Columbia  Geological  Survey  Branch 



Plate 3-4-1. General view o f  drilled marsh  sediments a1 Shoemaker Bay area Port P Ibemi. 

interbeds. This unit grades downwards  over a  short distance 
into 0.8 metre of ?edgy sand with scattered  stones. The 
remaining 6.5 metres of the sequence  consists of massive 
fossiliferous  muddy  silt  intercalated with thin beds of clean 
sand. One thick (cu. 60 cm) pebbly  sand bed occurs at a 
depth of 8 to 9  metres. Eight C'4 samples were recovered 
from  the  sediments at depths ranging  from 5 to 11.5 metres. 

DISCUSSION 
The stratigraphy at Island View Beach supports  the ear- 

dominantly  coarse  sediments record a lengthy  period of 
lier  sea-level  interpretations of  Clague  (1989).  The pre- 

intertidal and  perhaps shallow  subtidal  sedimentation at a 
time when sea levt:l was lower than at present. The sedi- 
ments  are part of a complex spit that was deposited by 
waves  and  longshore currents.  The  source of the sediments 
is Pleistocene bluffs at  Cowichan Head to the  south. Inter- 
beds of  fine sediment  (silt  and clay) indicate  periods of 
quiescence,  whereas  coarser gravel  beds  record  episodic 
storms. 

At Gyro  Park, the  lowest  cored sediments contain  a 
marine  shelly fauna and thus record  a  marine  depositional 
environment (proba.bly shallow  subtidal or intertidal). Over- 

Geologicul  Fieldwork 1991, Puper 1992-1 

lying  interbeds of sand and  gavel wtxe d, posited i l l  an 

the  site is indicated by the accunulation of pc at.  The uppel- 
inshore or foreshore environmer t. Subscquen  emergenu: cf 

most unit of sand and  gravel a: site  CIA-91 -172  indi<;ites 
that a  transgression  has occumd in th,? last few  thowand 
years. 

CIA-91-174 at Shoemaker Bay  is prohably f uviodelta I: i n  
The  thick  sand  and  grav?l  sequence  at  drill  ;site 

origin  and  may  have been depnsited, in )part, 1 uring a p c  riod 

however,  are the  sharply bomded layers c f  sand in the 
when sea  level was lower thin today. Of g'eater interest, 

overlying mud unit. These may l h e  tsunami ds posits and are 
the focus of our  ongoing wort In this  area. 
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graphy at Island View  Beach g r a p h y   a t   G y r o   P a r k  
(CIA-91-171). (CIA-91-173). 
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g r a p h y   a t   S h o e m a k e r   B a y  
(CIA-91-175). 
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AN EVALUATION OF THE POTENTIAL  AGGREGATE RE:SOURCES FOR 
SOOKE  LAND DISTRICT, B.C. (92B/5) 

By J.R. Gaff and  S.R. Hicock 
The  University of Western  Ontario 

KEYWORDS: Surficial geology, aggregate, Sooke. sedi- 
mentation model. 

INTRODUCTION 
This study  detail.  potential  aggregate  resources within 

the Sooke Land  District  (Figure 3-51),  A model which 
charts the  interactions  between  Middle  and Late Pleistocene 
ice-sheets  and  ice-marginal  sedimentation  was  developed to 
assist in the  process of identifying  potential  aggregate 

cia1 geology  has heen derived  from  published  sources 
sources. Informatior1 concerning general  bedrock  and sur f -  

(Muller, 1980; Senyk, 1972). More detailed dataon surficial 

geology  have  been  obtained from airphoto i Iterpretari:n, 
ground survey, lahoratory analyis and furtt er puhlisll~:d 
and unpublished sources. 

of Victoria and have considerahhi  potential fo ' future crln- 
Urban areas in the study  area :.re within ont hour's drive 

mercial and residential  development.  Ongo ng improve- 
ments to Highway 14 are  indicative of the ne',d for furller 
aggregate resources, a demand which will not lecline i n  the 
foreseeable  future. The urban areas of Spoke, vlilnes L a d  
ing  and Saseenos,  have limitec  extrac:ion 'lotential, but 
aggregate resources located in thr:se areas. are 2 (so discussed 
on the  premise that economic priorities sften change. 

Figure 3-5-1. Sooke Land  District ~ physiographic  map  (contours in metres;  bar,rd on 
Energy.  Mines and Resources.  Canada, IYXI). 
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TERTIARY 
Mime".? 

Figure 3-52,  Sooke Land District ~ geology map 
(hesed on  Muller, 1984). 

BEDROCK  GEOLOGY - GENERAL 
The geology  of.Sooke Land District is dominated by two 

rock  types: Sooke  gabbro  and  Metchosin volcanics (Figure 
3-5-21. Sooke  gabbro  constitutes the  bedrock in the Broom 
Hill - East Sooke Regional  Park  area.  while to the  northeast, 
the remainder of the Sooke Land  District is underlain by 
Metchosin volcanic\. 

SURFICIAI, GEOLOGY AND GENERAL 
PHYSIOGRAPHY 

Sooke Land District is centred on Sooke Inlet. This  phys- 
Located in the southwest  corner of Vancouver Island,  the 

iographic  relarionship i s  reflected by a  radial drainage  pat- 
tern in tn  Sooke Basin (Figure 3-5-1). The  geology  map 
(Figure 3-5-2) identifies  some  Quaternary  deposits, namely: 
Capilano  sediments  (sand,  gravel, silt and clay)  and Vashon 
drift (gravel, sand  and t i l l )  to the  north  and  south of Sooke. 

but results of ground  surveys carried out during this  study 
Senyk's (1972) general  terrain map provides further  data. 
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suggest  that  some  refinement is needed  and i t  is not 
reproduced. Sediment provenance  and  physiographic  obser- 
vations are combinec:l to identify  potential aggregate sources 
both in and  around the Sooke Land  District  area. 

Pleistocene  or Recent age.  Sedimentation by Pleistocene  ice 
Unconsolidated  surficial  materials  are  largely  of 

masses, meltwater and more recent  subaerial  processes has 

been only  partially  interpreted (Clapp, 1912; Bretz, 1920; 
resulted in complex  depositional sequences which have 

Mayers and Bennett, 1973; Alley,  1979; Alley and Chatwin, 

Hicock and Armstrong, 1983; Hicock et ul., 1983; Hicock 
1979; Hicock, 19x0, 1990; Thorson, 1980: Clague, 1981; 

and  Dreimanis, 1985; Alley and Hicock, 19x6). 
The  following subsections  detail  the main physiographic 

features of relevance to potential  aggregate sources.  Site- 

Aggregate Resource Development. Finally,  this  information 
specific data  are discussed in more detail in the  section titled 

of Middle  and Late Pleistocene ice-sheet  and  ice-marginal 
is collated under Sedimentation Model to produce  a  model 

deposits. 
sedimentation  and .the subsequent  evolution of Holocene 

GLACIAL LANDFORMS AND DEPOSITS 

tional  landforms,  although  till  and  diamicton  were 
Ground  and  airphoto  surveys reveal no obvious  deposi- 

recovered from sevt:ral sites. In general, glacial sediments 
have  either  been covered by even  younger  deposits  or  have 
been substantially eroded  leaving isolated "till" islands. 

Wisconsinan glaciations  are  exposed in coastal  bluffs at 
Deposits  related to pre-Sangamonian  (Illinoian ?) and Late 

Muir  Point (Clague, 1981; Hicock and Armstrong, 1983). 
However, at Parson!; Spit the  lower, pre-Sangamonian till is 
no longer  exposed  above the  beach.  Moreover,  the  Late 
Wisconsinan till is (discontinuous  and is not found beyond 

glacial  deposition is apparent on both hanks of Ayum Creek, 
the  southwestern  margin of  Muir Point. Further  evidence of 

heavily  incised and reworked by fluvial  processes,  this 
inland from  the  delta for  about  2  kilometres.  Although 

deposit generally  retains  its  integrity as a till island  sur- 
rounded by colluvially covered bedrock  and  recent fluvial 
sediments. 

rest upon lacustrine sediments. This is indicative of glacial 
On the west side of Sooke River, ice-marginal deposits 

activity in the  valley,  although  supplementary  evidence 
appears  to  have been  effectively removed by paraglacial 
processes  during ice retreat. These  deposits  (and the  under- 
lying  lacustrine sediments) have been sharply  truncated at 
their  southern  end. 

Evidence for  erosional  activity by glacier ice can he 
found in the  widened  valleys of Sooke River, Ayum and 
Veitch creeks. Of particular  interest  are two subglacial chan- 
nels  situated in the southeast of the Sooke Land District 
(Murder Bay to Anderson Cove, and  Rocky Point to Roche 
Cove). Both are oriented  northwest along fault  lines;  the 

and Matheson Lake (Provincial Park) is longer  and  wider 
more easterly valley incorporating the railway-line footpath 

than the other. 

glacial  erosion in this  area. Their  probable genesis was 
Sooke  Basin,  Harbour  and Inlet  are  the best indicators of 

glacial scour by the combined i8:e flows of rlley glaci'zr!: 
(Sooke River, Ayum and Veitcll creek>) an(  the  Juan de 

tion (from the two  channels t,:r the s w h e i s t  of Soclke: 
Fuca lobe. Ice streaming, associaled with subg acial luhrl(:a.. 

hasin  than  along the strait. IGmfinement I y the va  le). 
Basin), would  have  produced faster flowing ice  into lhe: 

glaciers of Ayum and Veitch m e k s  would h we  prodtcecl 
local ice build-up,  rising comprc,ssive i13w a] d subseqtl(:n: 
scour. Sooke Inlet and Harbobr, were probat ly created by 
ice flows redirected by the Sooke  Rive]- glac !er, followng: 
slowdown of the  ice  mass in 'hoke  Baiin. 'I his  is coniid-. 
ered to have  occurred  early in thc glacial histc -y of the area, 
perhaps  pre-Sangamonian (I1 inoian '?), I ecause  hter 
deposits suggest  a more passive Iglacial (:nvir( nmenl, closei- 
to the  limits of ice advance. 

S T R E A M  DEPOSITS R E L A I E D  TO GI 4CIATIOIV 

The  complex glacial  history c'f this  area pr lduced  corre- 
spondingly complicated postglacial  meltwat' :r and fluvial 
sequences.  Landforms  are gen,i:rally poorly defined, but 
deposits  are  extensive.  Sand and gravel (lepos ts of the hlui- 
Point  Formation  are  characterized by ma! sive beddinf: 
structures as well as  other  paleomrrent indic; tors (imhrica- 

These  deposits are  exposed in the coa,ital t luffs hetut:en 
tion structures, stoss-lee  featurcs and stonf orientatix). 

Parsons  Point  and  Muir Point.  The formation  separates :.re- 
Sangamonian  and Late Wiscorsinan tlls. I pinches 'aut 
before  reaching  the  northern  end of the bluffs. Here the 1.att: 
Wisconsinan  till   unconfornlably  over1  es  the  pre- 
Sangamonian till. Furthermore. the sand and ravel beds an: 
not found to the  southeast of Sooke Inlet. 1:esults  of the 
ground survey  and model dr.vr:lopment s b , w  that t h x  
deposits  are  derived  from  severa source:;. The lower section 
preserves  evidence of derivation From the east northeast:  the 
upper  section from the south-routheast. 

later  period of ice-marginal c,mditions.  The  ,e  are loc.lted 
Muir Point also  has meltwater deposits  ass lciated with ;I 

between  Muir  Point  and  the fla.lks of Ihoon Hill, but an: 
thickest across the  coastal f r o n q e  of Scoke I ldian  Res~:rvf: 

contemporaneous meltwater  terraces on the east flanl; of 
2 (1R 2). Model development ansisted in the id  mtificatiort of 

Broom Hill which can he seer! on aerial pho ographs (z.g., 
much of the Sooke golf  course ;and residenti ~1 areas to the 
north of Sooke  are built on thesi: terract:~). T le  sharp  tvw- 
cation of the Sooke  River  icwnarginal dep )sits suggt:stj 
that  the  contemporaneous  sediments of , iooke  Indian 
Reserve 2 and  the  golf tours,: terraces are :vidence (of il 
meltwater outburst, either alon:; the edge c f  a retreating 
glacier, or by the  breaching of stagnant  ice. D :Itaic depmit; 
to the north of Milnes Landirlg indicate tha Sooke  River 
meltwater flowed into  a small.  tmiporay lak z at about the 

delta  confirms an outburst  origln for the :iedin ents on SI 'ok(5 
same time. The  sharp truncatic n of ths: we! t side of this 

because  the  southern boundary [ I f  this delta h .s been buried 
Indian  Reserve 2. Additional evidence is difi cult to  assess 

by subsequent  fluvial deposition  in Sooke  Ba .in. In spilt: of 
this,  aerial  photographs show ,a markzd b~ zak of SI :pe ,  
which  would he a probable result of lake  d ainage  to th,z 
west. 
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Point  and  Sooke  lndian Reserve 2) contain paleocurrent 
Two predominant meltwater  deposits  (lower section  Muir 

could be the result of catastrophic  outburst  events produced 
indicators showing that deposition was from the east.  These 

by the draining of ice-dammed lakes.  Russel (If d .  (1990) 
point  out that these events involve rapid moraine erosion 

tills,  Muir  Point ?) and that lake sediments  are heavily 
( i . r , ,  erosion of pre-Sangamonian  and Late Wisconsinan 

incised (e .g . ,  Sooke  River).  Researchers  agree that ice- 
dammed  lakes were formed in side  valleys  adjacent to the 
Juan  de  Fuca  lobe  (Alley  and  Chatwin, 1Y79; Clague. 
1981). Submerged “moraine”  deposits i n  Juan  de Fuca 
Strait  may he evidence of this  ice-marginal  activity (e.,?., 

This  may  explain the multi-genetic  origin of the  intertill 
Mayers  and Bennett, 1973: Solheim  and Pfirman,  1985). 

representing a lag deposit (from  lake outburst?),  followed 
sand  and gravel deposit  at Muir Point, the  lowest unit  

outwash  associated with the Vashon ice advance. 
by backwater  sedimentation  and,  finally,  meltwater and 

RECENT  FI,UVIAI, SEDIMENTATION 

tluvial  sedimentation is minor.  Relatively  small deposits are 
Compared with the zones of meltwater  deposition, recent 

found in conjunction with contemporary fluvial  sources. 
These  are listed in Table 3-5-1. 

Recent  Sooke River deposits  are  found mainly  in a delta 
extending south,  beyond  the earlier  meltwater  sediments. 
However, most of this site is covered by residential and 
industrial development. In-channel  and  riparian deposits  are 
found up-river, but all easily  accessible sources associated 
with the Sooke  River have  been  utilized. On the other  hand, 
De Mamiel  Creek  valley  has not been exploited.  The  creek 
flows  into  Sooke  River  from the  west,  cutting  through  the 
meltwater  terraces discussed above.  The valley is notewor- 
thy, not only  as a potential aggregate  source within  the 
Sooke Land District, hut also  as a possible  source  imme- 
diately to the north in the Otter  Land  District, in the  vicinity 
of Young Lake. This site  was not visited during the ground 
survey,  but subsequent airphoto  analysis and map inter- 

buried by ice-marginal and lacustrine sediments in the  De 
pretation indicates that sand and  gravel deposits  (which  are 

Mamiel  Creek and Sooke  River  area) may well be exposed 
in the Otter Land  District. 

TABLE 3-5-1 
RECENT FLUVIAL DEPOSITS 

Grid 
Site Reference Deposit Loeation 

Anderson Cove 512 565 Intennittent channel deltas 

Ayum Creek 513 59X In-channel, riparian, deltaic 
Doen Creek 530 567 Deltaic,  riparian (colluvially covered 

Kemp  Stream 332 576 In-channel, riparian 
Veicch Creek 533 597 In-channel, riparm (colluviaily covered 

517 564 

upstream) 

upstream) 

334 

COI.I.UVIAI. DEPOSITS 
A considerable  area of the Sooke Land  District is covered 

by a  colluvial  veneer of varied  thickness. Senyk (1972) 

areas.  Our  ground survey suggests that these tluvial deposits 
indicates that this is underlain by tluvial gravels in several 

tluvial sedimentation is considered  to he more  significant 
are  discontinuous and occur  only as a thin layer. Kecent 

than  this patchy, thin lag deposit o f  ice-retreat origin. 

AGGREGATE  RESOURCE 
DEVELOPMENT 

POTENTIAL AGGREGATE RESOURCES 
The  first priority of this  study  was to ascertain  potential 

aggregate resources for the Sooke Land District. In order to 
provide  the  most useful information, a potential aggregate 
inventory, based upon sites analysed  during the ground 
survey. is detailed below. Figure 3-5-1 indicates  the  loca- 
tions of  Sites A lo J .  and a summary is given in Table 3-S-2. 

samples taken from potential aggregate  sources. 
Figure 3-5-3 graphically displays  panicle-size  analyses of 

SITE A 

stable.  well-drained,  reasonably compact, deltaic deposits. 
Sediments at the  mouth of Sooke River are  comprised  of 

The site is less than 0.5  kilometre  from  Highway 14, but is 
in an area of residential development  near  Sooke Indian 
Reserve I (IR I) .  Old  gravel pits within this area  are  almost 
exhausted, and  the area of potential aggregate resource is 
correspondingly small. This site  does not appear  to  he 
economically viable. 

SITE n 
Situated  at  Parsons Point, this site consists of a  coastal 

sands and gravels.  The upper 3 metres is predominantly 
bluff exposure of approximately 5 metres of interbedded 

sand  and is compact,  stable and  relatively impermeable. 
Underneath  are uncemented  gravels, less compact, but sta- 
ble.  Beneath  this, a cemented,  poor-quality  gravel is 
exposed as a raised beach -this is discussed in more detail 
under  Site  C. Paleocurrent  indicators and  bedding  structures 
demonstrate that the  upper sands and gravels were deposited 
by flows  from the southwest and the east. This  exposure of 
aggregate  represents a thin strip of accessible  material 
which  extends  northwest  into  Sites C and Di for  approx- 

probably lies  beneath most of this  peninsula,  residential 
imately 2 kilometres. However, while its inland  projection 

development  precludes  access. At least  three  subdivision 
roads extend  almost  as  far  as the  coastal  bluffs  along  this 

ship. Coastal erosion is evident as far as Muir Poinr, and 
strip, hut coastal frontage is under  private  residential owner- 

while  the  deposits  are  inherently  stable,  these is some 
undercutting.  Extraction is not recommended  here, 

SITE C 

C and  only a  technical  description of the quality of aggre- 
Comments regarding Site B are equally applicable  to  Site 

gate  deposits will be provided. Twelve metres of  sands  and 
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gravels  are underlain by a  pre-Sangamonian t i l l  sequence. 
The upper section, ;again predominantly sand, is compact 
and  clean.  Paleocurrent  indicators  show that  they  were 
deposited by flows -irom the south-southeast  and east, sug- 
gesting a  similar origin  to those at Site B. A  review of the 
particle  size informntion (Figure  3-5-31)  confirms this. 

deposits which comprise the raised beach at Site B. Fabric 
Underlying gravels are the samc cemented, poor-quality 

analysis  and  palencurrent  indicators  demonstrate an easterly 
origin and  clast  provenance (sub-rounded Leech River  For- 
mation, Metchosin  voIcanics and Karlnutsen Formation) 
shows that some pcbbles  have been transported from the 
Shawnigan Lake region. In the  sedimentation model dis- 
cussed below these gravels  are  considered  to he an outburst 
lag deposit from a  glacially dammed lake,  probably laid 
down at the  beginning of the Sangamonian.  This  explana- 
tion provides an anjwer  to the  depositional  history of the 
overlying  multisourced  sediments. The lower  section. com- 
posed  predominantly of organic-rich  silt  and sand with 

outburst  backwater swamp  deposit.  The upper section,  a 
some  peat (Alley and Hicock, 19Xh) represents  a  post- 

mixture of organic-rich silt, sand  and  gravel is indicative of 

local reworking of the underl:ying sediment by meltwJter 
flows  from the  southeast. 

exacerbated by the  increasing h!:ight of the I m s t a l  blti'fs. 
Access  problems are similar 11) Site E: alth ugh  they Ire 

This is partly a function of ir creasing sta~l ' i l ity brot 1ghl. 
about by the emergcnce of a rzistant till lay :r at the I8;tse 
of the bluffs. but also the  complete  exposurf of the mer-  

recommended. 
lying  cemented  gravels.  Once  again,  extr tction i?, t t u ~  

SITE Di 

This is part nf a continuing s.squence t ~ a t  hf comes gr2llu.. 
ally more complex from  Site B t.1 Site D. At I luir Point l.hc: 
sands and  gravels are sandwichr d betwren U I  derlying pre. 
Sangamonian  and  overlying  Late  Wiscrnsinan t i l ls. 
However,  these  sand  and  gravcl  deposit:$ pin1 h out and , x t '  

n o  longer  visible at the northuestern t:nd o '  the sect Inn, 

pre-Sangamonian til l  (some 200 metres farthe. up  the coasl. 
where the Late  Wisconsinan t i l l  .ests  unconfo mably on ..h? 

the bluffs  rapidly  decrease in  he ght and are r :placed h! art 
outwash plain, Site Dii). Sand-.illed tension fracture., ,Ire: 

TABLE 3-5-2 
SUMMARY OF STUDY SITES 

Site Localion Physical Features  Access 

A 4x7 SXX New delta: surface rlrposil Gwd: Highway 14 
H 460 558 Coasral hluff: surface depmit Moderate: residential area 

c 453 551 Coastal hluff surface deposit Moderate: residential area 

Di 443 5h3 Coastal hluff: cxpored hurled depoiit 
Dii 443 565 Outwarh iurface: surfme depoqit 

Poor: high hluffh. residential 
Moderate: Saake IK 2 road 

Good: hard-suhce road 
Geed: hard-surface mad 
Moderate: YIB railway footpath 

Good: new mad in suhdivirion 
Good: hard-surface road 

E 473 h06 Fluvid  tmikce: rnpurcd hurled deposit tiaad: luosr-urface mad 
F 488 601 old delra: surface deposit 

H 540 573 Valley floor: surface depoiit 
G 462 591 Fluvial tenaces: surface deposit 

I 
J 

(20 h04 "Till" island: surface deposit 
487 603 Old delta: surface deposlt 

Suilahility 

Figure 3-5-3. Particle-sire distribution (sarnplc sizes in cxccss of 20 kg in accordar :e with 
sugges~ed criteria; Church era / . ,  1987). 
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and was examined t o  assess the  extent of the  deposit.  Parti- 
cle  size and aggregate  qualities  are similar to the other 
location,  although  there is no evidence of past extraction. 
Pebble  provenance from both  sites  shows  a  similar  origin to 
those at Sites  C  and D, with suhrounded  clasts of Leech 
River Formation antl Metchosin  volcanic  lithologies. There 
has, as yet, been less  urban  development in the  vicinity, 
although  access is  Ithrough a  residential  area.  Residential 
development is more concentrated to the north,  along  Sooke 
River valley,  and a< such, the site has limited extraction 
potential. In  view o f  the constricted  area  available for 
extraction, no action is recommended. 

SEDIMENTATION MODEL 

the Sooke District it was necessary to  compile a sedimen- 
In order to thoroughly analyse the aggregate  deposits in 

tary history of the area.  Previous  researchers have identified 
a  pre-Sangamonian t i l l  (Illinoian '?) at Muir Point (Hicock, 

consider both ice-sheet and ice-marginal  sedimentation  pro- 
198O; Hicock  and Armstrong, 1983). making it necessary to 

cesses. An essential  part of this  operation  required the 
development of a model  which  showed  the  interactions of 
these  processes. This model was  instrumental in predicting 
the location of  Site:. E, F and H. 

DIscussroN 
A  pre-Sangamonian till at Muir Point  (probably  lllinoian 

- Westlynn glaciation,  although it  may be older; Hicock, 
1980) represents  thc  chronological  starting point for this 
model. The till was deposited by an ice  sheet which moved 
west-northwest along the  Juan de Fuca  Strait.  Although 
little is known  about earlier Pleistocene  time, as the Juan de 
Fuca lobe moved  mrthwest it would  have risen out of the 
physiographic  trough to the  south  and east of Vancouver 
Island,  while undegoing  compressive flow  (Hicock ef a / . ,  

occurred as the  ice  over-rode the area  to the southeast of 
1983). A similar  process, on a  smaller scale, must  have 

Sooke Basin (East  Sooke Regional  Park ~ Matheson  Lake 
Provincial Park). This  scoured the  land surface  (which 
remains largely colluvially-covered  bedrock today)  accen- 
tuating  weaknesses within the  bedrock. This is particularly 
evident in the two :;ubglacial channels carved along recog- 
nized  fault  lines.  Occupation of these troughs by subglacial 
meltwater  created  lubrication for a faster moving  ice  stream 
into  the Sooke Basin area. 

However,  glaciers flowing southwest  along Ayum and 
Veitch Creek  vallegs; (Alley and Chatwin,  1979) blocked 

pressive flow and dissipating its energy by scouring out the 
the  northwesterly  progress of this ice stream, inducing com- 

Sooke Basin  (effectively  creating  a low-lying  cirque).  Gen- 
eral  ice flow o u t  of Sooke Basin was  diverted southwest by 
a strong  Sooke River  valley  glacier,  thereby  scouring out 

debris  joined the northwest-moving Juan de Fuca  lobe (Fig- 
Sooke  Harbour and  Inlet.  Here, ice tlow  and  entrained rock 

ure 3-5-4d). Tension fractures,  shear planes and t i l l  wedges 
in deposits along th" eastern  coast of Juan de Fuca  Strait (at 

phases of ice-sheet ,\dvance  to the  northwest (Hicock, 1980; 
Muir  Point) indicate that the till was deformed by two 

Hicock and Dreimalnis, 1985). 

GeOkIRiCQl Fieldwork 1991, Paper 1992-1 

rapidly  than the Juan de Fuca lolre, forming ai 1 ice-damrnecl 
During  deglaciation, v a k y  glaciers re reated  mor? 

lake in Sooke Basin.  Evidence for a  catastrop tic outbur;; i!; 

appear  to represent  a  lag deposit, with paleoc men1 indica.. 
found in the lower cemented grilvels at Muil Point, wllich 

tors  showing a westerly flow dimtion. It sec ns likely that 
valley deglaciation,  and associnti:d para&5a activrty. dial; 
waning by the  time  this occured because nc related n ~ e l t -  
water  deposits of any  significance overli,: thes:  gravels. It i!; 
possible that Sooke Inlet  was 'Mocked b y  sta :pant ice, antl 
that the sedimentary evidence ' W A S  removed I: f the outhurst 
(Russel et ul.,  1990; Figure 3-5.4b). 

by a quiescent period during v;hich crrgani( -rich silt mil 

Overlying  sediments show ':hat this went was followed 

sand were deposited (Alley and. I-licock, 1986: Radiocarbon 
dates indicate that a backwater-wamp enviru lment exi ;led 
for tens of thousand  years. A mixture of sand,  gravel, 
diamicton  and  organic-rich silt overlies t lese d e p  !;it; 
(Alley and  Hicock, 1986).  The heterogenous I ature of tlmt: 
sediments points to fluvial reworking c'f disl 31 nonorganic 
deposits  (diamicton  and gravt!l) followed by proximal 
activity  (organic-rich sand ancl ;i.ravel), possi )ly associ ited 

southeast along Juan de Fuca  Strait.  A more I assive regiml: 
with the late Wisconsinan advence (Vahon till) frorn the 

and  gravel sequence at Muir  Point,  although I i s  disappfarq 
is proposed for this advance because of the 1 reserved wnd 

if one assumes that overlying \'a..hon till was nainly f o m e ~ j  
at the  northwestern  margin of thc site. This ca I he expla  ned 

by stagnant  ice  meltout. Previcu.. sand  a1d  gr; vel sedirnrntq 
occupying  this  site were gradually wastied 01 t (prior I C  tb: 
area being ice-covered) by  we:,tc:rly flowing n leltwater from 
the valley glaciers to the  norrheast.  A th n sand 1:ayer 
between  the  pre-Sangamoniarl ;md Late Wi consinan lills 
may indicate  such an event. Thi! fits with the :xplanatiorl of 
the  subsequent outwash plain b n d  imrnedia .ely north'rre:t 
of Muir  Point. 

Several  surficial  deposits uere laid d o \ v  during  the 
deglaciation of the late Wiscon!:inan ic1: mas ;. A corntina- 
tion of subglacial  low-pressure ;:ones c;lused by the de:ay- 
ing ice front ( q . ,  Hooke ef ut., 19901, an1 a  simple  lag 
deposit, produced a sedimentary  veneer on the Matheson 
Lake - Roche  Cove valley floo-. More signil icanr, frolr, an 
aggregate point of view, is the t:xtensive So, Ike River OUI-  
burst. Valley glacier retreat was :;low, with A1 um Creek and 

their  lower  reaches, close  to  another ice-da nmed lahc! i n  
Sooke River  showing evidence of ice-margi la1 depo!;i:;s i n  

place in the Sooke  River  valky  to  create a f airly extc:r!;ive 
Sooke Basin. However, sufficimt deglaciat on had t:aken 

delta  into the lake.  Either icc!-margin col  apse  or (',1t2.- 

strophic breaching of a stagnar t ice blxkaf e caused  teth 
lake drainage and  temporary  redirection o S0ok.e R vc:r 
flows to the west. As suggesle,:l above, the! I events (or!- 
monly  lead to the rapid erosion #.I f  morainal  d :posits and  the 
deep incision of lacustrine sr:dlments (e.!., Russel C I  a)., 
1990 FitLsimons, 1990). Evidence  for the eosional 11i11:ure 
of this  event is found in the tu-aces to the P m h  of Sroke, 
the  southern and  eastem truncation of d'sposi s at Site E: and 
the  southerly  truncation of the old Sooki:  Rivl r delta (Figure 
3-5-412). Headward  erosion by De  Mamiel  Creek LC tbe 
northwest  from  Sooke  River  breachrd th, terraces  and 
undoubtedly  caused  sediment  redistributil n, redirecting 

33 7 





Geological  Fieldwork 1991. Paper 1992-1 339 



Sooke River tlows to the  south  into the drowned cirque of 
Sooke Basin. Subsequent drainage of Sooke  Basin, by dom- 
inant Sooke  River tlows to the south, has  reopened Sookc 
Harbour and  Inlet (Figure 3-5-4d). 

CONCLUSIONS 

Sooke Land District area  are poor  and  difficult to  extract. 
With few exceptions, potential aggregate resources in the 

The  Sooke  Riber outwash deposit is a significant  potential 
resource with several  potential  extraction sites. Possible 
extraction  sites  include: 

0 Site Dii - Sooke Indian  Reserve  2 (good). 
0 Site E - De Mamiel Creek - Sooke  River interfluve 

(good). 
0 Site H - Matheson  Lake - Roche Cove (limited by 

0 Site I ~ New Ayum Creek sub-concession  (fine sand 

0 Site J ~ North Milnes Landing (limited hy adjacent 

The findings of this study show that the  importance of 
developing a sedimentation  model  cannot  be  over- 
emphasized.  The model helped  identify  possible aggregate 
sites and, hecause airphoto  analysis was inconclusive, thcse 
locations were later confirmed by ground  survey. 

site-specific problems). 

only ~ moderate). 

buildings - good). 
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PRELIMINARY RESULTS OF DRIFT  EXPLORATION  STUDIES IP'  THE: 
QUATSINO (92L/12) AND THE  MOUNT  MILLIGAN 

(93N/lE,  930/4W) AREAS 
By Dan E. Kerr and Steve J .  Sibbick 

"" .-. 
KEYWORDS: Applied geochemistry, drift exploration,  sur- The  Quatsirio  project is an w;iluatioo  of tI e use of <ll-ifi 
ficial  geology,  Island  Copper,  Mount  Milligan, t i l l .  sampling as a regional mineral exploration t c i  The Q l a t ~  
glaciofluvial outwash, soil geochemistry, dispersal  trains, sino  map sheet,  centred over tht: North lslan'l copper h: I t ,  
porphyry copper-gold. was chosen due to the high m i n e d  potential o 'this area. Ihe 

mesence of known mineral  delmsits  suilable 'or drift 'P.~JS.. 

INTRODUCTION pecting case  studies, the  vari,ltlle drill thicl ness ; m d  ':he 
poor understanding of the  rsl!ional  Quate-nary gla:ial 

The  drift sampling  program ill the Mount  Milligan xrea 
will document regional pattern!, of gecchen ical dispersal 
trains in an area of high minwal  potertial 2 nd aid in  thc 

This report  descrihes  the  preliminary  results of the Quat-  history, 

ation  study of the Island Copper mine area  and  the Quatsino 
sin0 project (1991 field season) which entails a drift explor- 

map sheet (Y2L/l2), and an investigation of regional  glacial 
dispersal in the  Mount  Milligan area (Figure 3-6-1). Both of regional sarlllling j, This m,,r,c 
projects are part ofthe British Columbia Geological Survey complements the detailed gtolog 2al and ~ ~ , ~ o .  

the utility of a combmed surficial  geology-exploration geo- 
Branch's drift prospecting  program  designed to demonstrate 

chemistry program In the  search for drift-covered  mineral 
deposits in areas of glaciated terrain.  The proEram's main 

chemical dispersion studies  carned out ,It the Mount Milli- 
gan deposit  during the  1990 f ie ld  season (Ke T, l!Kll; Kerr 
and Bobrowsky,  1991;  Gravel and Sibbick,  991). 

goals are: 
. .  

To define regional Quaternary stratigraphy  and  glacial 
history. 

0 To document glacial  dispersal  patterns from known 
mineral occurrences. 

0 To produce 1:XI  000-scale surficial geology and RGS- 
style  interpretive  maps for use in mineral  exploration. 

0 To develop interpretive  drift-exploration  models. 

Figure 3-6-1. Laxtion of the Island Copper and Mount 
Milligan deposits. 

METHODS 
QUATSINO PROJECT 

ogy of the Quatsino  map sheet ,at a scale of 150 000 !vas 
Preliminary airphoto interpre:ation o f  the iurficial pt.01- 

undertaken  prior to fieldwork, Access was r tainly by log- 
ging road, and by traverses a n  foot  along ! trearns \v lich 
provided  opportunities for stratigraphic  studi :s. A helicop- 
ter was used to gain access t o  Isolated local ons. Su11 (cia1 
sediment  types were initially plotted on 1:15 00Cl :anti 
l:20 000-scale  maps supplied tly Western F Irest Products 
Limited  and  the  British Colunltmia Ministry c f Forests. lce- 
flow  directions were  obtained from till fabr cs  at 13 iites 
across the map  area;  other  ice-flow  indkator: (striae, fl tte8i 
bedrock,  drumlins) were mean red at nume:ous location!;. 
Approximately 28 detailed stral igraphic site: were invssti- 
gated, including 2 glaciomarin'? imd marine dl Itas. A nwine  
shell sample was collected, f ( x  radiocarbon analy,ris, a t  6 

Copper  mine. 
metres  below sea level  froni Ihe pit wall of the  Island 

Sampling  for the Quatsino project consist8 d of 194 drift 
samples collected across the ma:) area  from r( ad cuts,  hmd- 
dug pits and stream  banks, at an  approximate density o f  one 
sample  per 5 square kilometrs: (Figure 3-6 2).  The u 10~: 

idized C-horizon,  commonly I to 2 mt:tres )elow  the :sur- 
face, was sampled  whenever  pcssible. Of th, 194 sam )le!;, 

glaciofluvial sediment and 1 o f  glaciomarir ? materia'. At 
134  samples consisted of till.  48 of coll Ivium, I I cNf 

three-quarters of the sites, 25 .pebbles wen collecte<l for 
lithological analyses  and provetlance sludies , Each s;alrlple 
will be analysed by instrumen:al neutroll acti mion ana1ys.s 
(INAA) and inductively coupled plasma an2 lysis (ICP) for 
40 elements. 

Copper copper-gold-molybdel~l~m mine, for I distance 'af 6 
An orientation survey was  conducted aromd the [!land 
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128"OO - 
km 5 

127"30' 

Sample  location 
1 Red Dog deposit  Location of Figure 3 
2 Hushamu  deposit 
3 Wann  property 
4 Island Copper deposit 

Figure 3-6-2. Geochemical  sample  locations  and  mineralized  areas  under  investigation in the Quatsino map area (92Li12) 

kilometres  down-ice of the deposit (Figure 3-6-3).  Near  the 
deposit, surficial sediment  cover is up to I5 metres thick, 
obscuring  much of the bedrock near the  orebody. Approx- 

density of one  sample  per  square  kilometre. Additional 
imately 37 till samples were collected, providing a sampling 

Dog  and  Hushamu  deposits  for  comparative  geochemical 
samples were  collected from surficial sediments  at the Red 

studies. 

MOUNT  MILLICAN 

down-ice  from the Mount Milligan  porphyry copper-gold 
In 1991, regional-scale sampling of till was carried  out 

deposit for  a distance of 20 kilometres to the east-northeast 

(Figure 3-6-4).  About 125 till samples were collected from 
112 hand-dug pits  within  a 150 square  kilometre area. The 
unoxidized C-horizon was  preferentially  sampled at depths 

distinct areas where till is the predominant surficial  sedi- 
of 0.5 to 1.5 metres.  Sampling was concentrated in two 

ment: in the  vicinity of the deposit and in the region to the 
east of Rainbow  Creek. The  intervening  area,  consisting of 
glaciofluvial outwash, was not sampled  due  to its  different 
generic  characteristics in comparison with till. Soil samples 

each  site in order  to  contrast any  differences  resulting from 
of the oxidized B-horizon developed in till were acquired at 

also collected from  each  site  for provenance studies.  Three 
the  underlying  unoxidized  C-horizon. Pebble  samples were 

size  fractions ( -250+125,  -125f62 .5   and   "62 .5  
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A Anthropogenic  material 
Cv,  Cb 

0 
Colluvium veneer, blanket 

Organics 

F Fluvial sed iments  R Bedrock 
Glaciofluvial  outwash 

G Glaciomal'ille  sedimen :S 

FG 
hb Morainal (till) blanket 

a 
t 

Sample  location 
Striae 

Figure 3-6-3. Detailed  surficial  geology and gewhemical sample  location map of  the  IslanC Copper area. 

microns)  of  each  sample will be analysed by instrumental 
neutron  activation analysis (INAA) and  inductively  coupled 
plasma analysis (ICP)  for 40 elements. 

RESULTS 
QUATSINO PROJECT 

The  Quatsino m;kp area  (Plate 3-6-11 was last glaciated 
during the  Late  Wisconsinan (Fraser  glaciation) about 20 
000 to 10 000 years ago.  Howes  (1983) has reported evi- 
dence for two glaciations based on the  presence of two 
distinct  tills in the  north-central  regions  of Vancouver 

for  only  one glaciation within the  study  area.  Regional ice- 
Island.  However,  the  present authors have  found evidence 

flow  direction  during the  last glaciation was generally 
toward the  northwest.  originating from the  Coast  Mountains 
and  crossing  Queen  Charlotte  Strait.  There is,  however, 
considerable variation in glacier  flow direction on a local 
scale; during the initial stages of the glacial advance, indi- 

vidual tongues of ice followed  ?re-existing  ,alleys, !;<lint. 
ice lobes  flowing to the  west, southwest a id  sooth. Aa 
opposed to the  Nimpkish Valll:) to the soutt where wlall 
alpine glaciers developed,  thert i!; no evidencc for any I o m l  
ice sources in the  Qudtsino arm 

Field  mapping shows that su.ficial nlateri 11s consis, o i  
minor  glaciomarine and  marine sediments llong coa3tal 

deposits of till (Plate 3-6-2)  attaining tens of metre! ir 
lowlands below 25 to 30 m w e r  ele\ation  Widespcaa 

thickness in valleys, are  common in both t ighlands  mc. 
lowlands. Glaciofluvial outwa.sh, consisting o f  sand ant1 
gravel I to 15 metres  thick, is gmerally restri xed  to va ey 
bottoms.  Isolated  pockets of silt)  clay gl,xiol; custrine sedi- 
ments occur in valleys where glacial  meltwat :rs were once: 
ponded by stagnant  lobes of ice. Colluvi1.m de .ived from til: 
and  weathered  bedrock is found not onl!~ on s :eeper s l o ~ e s ,  
but as a ubiquitous  veneer ( < l  nl) or blanket >I m) uill~ch 
covers most other types of surficial  sedimer : types (Platf: 
3-6-3). 
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* Mount  Milligan  deposit Colluvium  veneer  over  bedrock 

Glaciofluvial  outwash 
0 Sample  location 

- Drumlin 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
, , , , , , , . , . . . . . . . . . . . . . . . . . . . . . . . .  . 

Morainal (till) blanket . , . . .  . . . . . . . . . . . .  . . . . . . . . . . . .  . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 
, . . . , . , . . . . . . . . . . . + Striae 

Figure 3-6-4. Generalized  surficial geology and  geochemical  sample  location  map of the  Mount  Milligan  deposit  area 

344 British  Columhio  Geological  Surwy  Branch 



landforms developcd i n  till .  trending northwest in the foreground, Pemherton  Hills in h:tckground. 
P l m  3 ~ 6 - I .  Aerial vicw o f  Quatsino area relief nonh of I-lolhcrg Inlel, looking nonh ~ K I Y  fluted 

Plate 3-6-2. Striated  bedrock (309) overlain by massive till: trowel  for  scale 
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Plate 3-6-3. Massive till (T) sharply  overlain by colluvium blanket (C): shovel for scale 

346 

Plate 3-6-4. Aerial  view of the subdued relief east of the Mount Mllhgan property,  looking 
north.  Glaciofluvial  veneer  over t i l l  in extensively  drilled  mineralized  areas in foreground  and till in  
centrehackground.  Note  northeast-trending  drumlin in centre  and Mount Milligan in distance. 
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MOUNT  MILLIGAN 

occurred 20 OOO to 10 000 years ago during the Late 
The  last glacial episode in the  Mount Milligdn region 

Wisconsinan. Regional ice  movement  during  this event was 
primarily  to  the  northeast,  as  interpreted  from  ice-flow 

rock and drumlinoid  features developed in and on uncon- 
indicators  such as well-developed  striae  scoured  into  bed- 

solidated  sediments. 
The  sample  area  (Figure 3-6-4; Plate 3-6-4) can  be 

nantly  morainal (till) blanket which is dissected by a  central 
divided into two  general surficial units: a  broad, predomi- 

corridor of glaciofluvial outwash.  The till was  deposited 
during the last ice advance and is commonly  hummocky and 

forms in the southern and western map areas  indicate  that, 
drumlinized. Glacial  striae. drumlins and other fluted  land- 

on a local scale, io:! was  initially  funnelled  through  the 
narrow  east-west-oriented  valleys  between  the  highlands 
north and  south of rhe Mount Milligan deposit, and then 
flowed  toward the  northeast  during  full  glacial conditions. 
South of the  Nation River, ice  flow wds reoriented towards 
the east,  as suggested by the  drumlinized  features which 
reflect a gradual change in flow  direction. In general,  the till 
consists of a dense diamicton composed of very poorly 
sorted angular to well-rounded  pebbles to  cobbles in a sand- 
silt-clay  matrix. 

A large concentration of glaciofluvial  sand and  gravel 
dominates the centra.1 part of the map  area along  Rainbow 

esker ridges  up to IO kilometres long, kame  deposits  and a 
Creek.  This  outwash-.sediment  complex  consists of sinuous 

series of broad ovelrlapping outwash  fans. Together  with 
outwash sediments  along the  Nation River and  smaller east- 
west  glaciofluvial  corridors in the western map  area, this 
complex  forms part of a  larger  regional  glaciofluvial sys- 
tem.  The stratified sands and gravels in the  Rainbow Creek 
area  and elsewhere were deposited by glacial  meltwaters 
during phases of ice retreat. These  sediments represent  the 
end product of a  long  period of glacial  and  fluvial  erosion, 
transportation  and  reworking of many  types of surficial 

sediments  from an area hundred!, of sqtiare 5ilometres in 
size. 

Drift  thickness is highly variable. ranging f r m  less lhan 
I metre on rocky highlands, to ,wer 80 metres in the Ra 11- 
bow Creek area.  Detailed drilling, around the Aount Mi li- 
gan deposit has  helped to define topographic I edrock lovis 
toward the northeast.  Further d.rilling, howev :r, would Ix 
required to determine the  extent ,md trend of these  buried 
valleys. 
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SOIL GEOCHEMISTRY OF THE  KEMESS  SOUTH PO'RPHYRY 
GOLD-COPPER  DEPOSIT  (94E/2E) 

By S.,J. Sibbick, Geological Survey  Branch,  C.M. Rebagliati, D.J. Copeland, 
El Condor  Resources Limited, and R.E. Lett, Geological Survey  Branch 

KEYWORDS: Applied  geochemistry,  Kemess,  porphyry 
gold-copper,  supergene  enrichment, soil profiles,  element 
distribution,  geochemical  dispersion. 

INTRODUCTION 

prospecting  program, a geochemical  orientation  survey  was 
As part of the  British  Columbia  Geological  Survey  drift 

conducted  at  the  Kemess  South  porphyry  copper-gold 
deposit.  The  goal of the  drift  prospecting  program is to 
establish  drift  exploration  methodologies  appropriate  for  the 
province  through  the  examination of glacial  and  postglacial 
processes  which  influence  geochemical  dispersion. 

The  Kemess Sou1.h deposit  was  chosen  for  a  study of the 

transported  surficial  deposits. Soil geochemical  response  to 
interaction  between an oxidizing  orebody  and  the  overlying 

the  deposit  is  strong;  concentrations  greater  than 5 0 0  ppm 
copper and 150 pph  gold  directly  overlie  the  deposit in an 
area  measuring 8M) by 3 0 0  metres  (Coffin  and  Mertens, 
1988).  During  the  1991  field  season,  the  relationship 
between  the  Kemess  South  deposit  and  the  overlying  soils 

overlying it are  a re:iult of physical or hydromorphic  (chem- 
was  studied  to  det.ennine if the  geochemical  anomalies 

ical)  transport. 

overlain  in  places by a  copper-depleted  oxidized  cap, is 
A  blanket of enriched  (supergene)  copper  mineralization, 

developed  within  the  Kemess  South  deposit. Ney et al. 
(1976)  provide  a  dctailed  review of !he process  and  occur- 

'? British 

.. 
~~~ ~~~~~ ~~~ ~~ 

Figure 3-7-1. L.ocation of  the Kemess South  deposit. 
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rence of supergene  porphyry  copper  mineral  zation in  the 
Canadian  Cordillera.  Within  a  porphyry coppf r deposit, the 
process of supergene  enrichment .results in a di $tinct  vert .tal 

nonexistent or consist of copper  oxides and I ative  copiler. 
zonation. In the  oxidized zone ,::opper Ininel 11s are  either 

Iron  oxide  minerals  are  common  and  incl  [de  limonite,, 
hematite,  jarosite,  goethite  and a variety of ar lorphous ilon 
oxides  (Anderson,  1982). Unddying ]:he o ridized zone. 
supergene  copper  minerals  consist  mainly of ( halcocite  mc. 
covellite.  Pyrite  and  chalcopyr.te  are the r lost comrlorl 
primary sulphides  in  the  hypogene  zone. 

PROPERTY  OVERVIEW 

LOCATION AND ACCESS 
The  Kemess  South  deposit i:s .ocated :it lati  ude 57'(KI'N, 

Thutade  Lake  and 550 kilometres  northw :st of Princc 
longitude 126'45'W (NTS 941:/02W), i kilo  netres  east O F  

George  (Figure 3-7-1) .  Access to the: pro  Ierty,  by thf: 
Omineca  Mining  Road, is possible  from  eitt :I Mackenzir: 
or Fort St. James.  The  property  'nay  also be eached  h) ai:: 
via  the  Sturdee  airstrip,  approximately X kil' metres to  thc 
northwest. 

LOCAL GEOLOGY AND M INERALIZP TION 

The  Kemess  South  property i:, underlain  m unly by mnfi~: 
volcanic  rocks of the  Uppel  rriassic Tak a Group and 
poorly  exposed  sedimentary  ttrata of the  P*:rmian  Asitki 
Group  (Figure 3-7-2). Stocks,  dikes  and  a si I-like body of 
porphyritic quartz monzodiorite  and  tonalite  intrude  these 
rocks.  Cann  and  Godwin (1581)) have  assii,ned  a  Lcrrer 
Jurassic  age to similar  intru:;ims  on the 1:emess North 
property 5 kilometres  to  the ncr:h. Gold-cop1  er minemiza- 
tion  at Kemess  South is hosted I:)y a  sill..like ' lody of quartz 
monzodiorite  porphyry, up to  245  metres tbi  :k, and scme- 
times  extends  a  short  distance  into  the un( erlying ' l a k l l  
volcanics.  Drilling  has  continncd  the  deposi  extends cover 
an area  exceeding  1100 by 600 :netres.  'The r lain hypogm: 
sulphide  minerals,  in  order of ablmdancf!, are  lyrite,  chalco- 
pyrite.  bornite  and  a  trace of molybdenite. ' !hey OICC:UI' as 
disseminated  grains  and  fracturt:  fillings and within c p r t z  
stockwork  veins. 

thick. is preserved in the  southwestern p"t of the  deposit. it 
A zone of supergene  enrich~n,::nt, ran$ng I p to  66 mctres 

is partly  covered by a thin  layer .:)f sedimental y and  volcanic 

Group, possibly the basal member  of the Ec cene  Brothers 
rocks  which  resemble  the  Cretaceous-TI  rtiary S u t u t  

Peak  Formation.  Within  the  supergene  zo Le, the quartz 
monzodiorite is weathered  to a brick-red c( lour, imparted 
by a  ubiquitous  mixture of hen:latite, limoni  e  and indrtc- 
minate  iron  oxide  and  clay  miowals.  Where I le leachect cap 
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Figure 3-7-2. Geology of the Kemess South area 
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of the  supergene zone has been  preserved, all original  tex- 

remains readily disc:emible. Drilling  below the leached cap 
tures have  been destroyed.  However,  the quartz stockwork 

reveals native  copper and chalcocite  to  be the major  super- 
gene  copper minerals. Copper  oxide,  carbonate and  silicate 
minerals  are  minor  constituents. Significant concentrations 
of chalcocite  occur in  a narrow  zone  at  the  transition 
between  supergene  and hypogene ore. Locally  significant 
quantities of copper  are  found within  secondary iron min- 
erals.  The  downward limit of secondary  iron minerals  marks 
the  abrupt  appeararce of hypogene sulphides. There is no 
noticeable change in the  concentration of gold in the super- 
gene  zone relative lo the  protore. 

hostrock is replaced by a secondary  mineral assemblage of 
Within the  mineralized  zone  the  quartz monzodiorite 

potassium  feldspar and  intense sericite-chlorite  alteration. 
Most primary  mafic silicate  minerals have  been  replaced by 
biotite  and  chlorite.  Takla  volcanic rocks in the footwall  are 
characterized  by a propylitic  alteration assemblage  compris- 
ing chlorite,  calcite  and pyrite.  Laterally outwards  from the 
intrusion,  propylitic  alteration in the Takla volcanics is 
comprised of epidote and  pyrite. 

SURFICIAL GEOLOGY 
Surficial  deposits, overlying the Kemess  South deposit are 

of a variable  nature and thickness.  A veneer of colluvium 
and till interspersed with pockets of hard-packed till filling 
lows in the bedrock  topography covers the northem, up- 

veneer of colluviurn and till grades into  a thick blanket of 
slope  area of the  deposit. Towards  Attichikd Creek  the 

till and  glaciofluvial  sediment  which masks the  bedrock 
topography. The Attichika Creek valley is blanketed  with 
extensive  deposits of till and  glaciofluvial outwash, together 
with several stagnant ice features. Talus,  felsenmeer  and 
bedrock predominate  at  higher  elevations near  the  deposit. 
Glacial  striae to the  south  indicate that the  direction of 
regional  ice  movement during  the last  (Fraser)  glaciation 
was towards the e a t  and southeast  (Lord, 1948). However, 
glacial features in  the  vicinity of the property  suggest ice 
flowed in a southerly direction, a result of control by local 
topography. 

PHYSIOGRAPHY AND CLIMATE 
The property lies, in  the Swannell Ranges of the Omineca 

Mountains.  Local relief ranges  from  1200 to 1900 metres 

slopes and  flat  valley  bottoms.  Located at an elevation of 
and is represented by a mixture of steep to precipitous 

I300  metres, the deposit  subcrops near the  base of a moder- 
ate  to  steeply  sloping northwest-trending ridge which rises 
approximately  300  metres  above  the  adjoining Attichika 
Creek valley.  Gla.ciation has  rounded  peaks  less  than 
1800 metres in  he~lght  while  bedrock above this  height is 
still comparatively rugged.  Humo-ferric  podzols are the 

the vicinity. Remnants of late Teritary erosion surfaces were 
most  prevalent soil type developed above the deposit and in 

noted  by Holland (1976) in  the  McConnell and Wrede 
Ranges  to  the  southeast.  Treeline  is  at  approximately 
1500 metres. 
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METHODS 

SAMPLE COLLECTION 

rock were collected from five  profiles rangi lg  from t o  
Twenty-eight  1-kilogram  samples of soil  saprolite or 

3  metres in depth along an eat-west  :ravelje  across ):he: 
deposit  (Figure 3-7-3). Four of the  profiles  w :re developed 
on mineralized  bedrock  and one profile sampl :d a thick. Anit 
of till. At each location,  B-hon con, til , sap nlite  or rock. 
were  sampled at regular  interval,;  down profil >, or  on ei her 

duplicates were taken. 
side of significant  physical chanp,es in the pro  ile. Two fi8:ltl 

SAMPLE PREPARATION 

lytical Sciences Laboratory in \ lctoria lor sa nple  prep 3rd.. 

Samples were sent to the Geological Surve: Branch h a . .  

tion. All samples were dried a! S O T .  Soil and  sapnl'8itc 
samples were dry  sieved to -110+23(1 me!h (-177F63 
pm) and -230-mesh  (-63 prn.1 fractions. T i e  -80+::10. 
mesh  fraction  was wet sieved Io remove  any ldhering f'ne:; 
and  then dried at 50°C. Bedrock sample!; wen cleaned \kith 
compressed  air,  crushed  and  pulverized tc -100 n s s h  
(-150 pm). Representative spl ts of esch  szmple frac:~or~ 

GXR2 and GXR4 were inserted into each sa nple batc.1 to 
were prepared  for  analysis.  Control  refere Ice standxrd:; 

allow  monitoring of quality conlrol. 

SAMPLE ANALYSIS 
COPPER, MOLYBDENUM, GOLD, IRON ArlD 
ALUMINUM 

were  submitted to Chemex Lab:$, Ltd. in No t h  Vancouver 
Subsamples of the -80+2,3(1 and  "230-1 lesh  fracti'ms 

and subjected to a total dissoluti,:m using, a ho , concentra.te,j 
perchloric-nitric-hydrofluoric  acid  (HCK ',-HNO,,-HF) 
digestion.  Analyses  were carried out  fc'r copper hy atcani: 
absorption  spectroscopy (AAS) ;and for  alum  num, iron mi 
molybdenum by inductively coupled  plasma. - atomic e nis- 

ducted on  five  grams of each ~-80+230 ar  d -23O-mesh 
sion  spectroscopy (ICP-AES).  Gold ;maly!es were ,:on- 

sample by instrumental neutrm activation ar alysis (IN k A )  
at Activation  Laboratories  in Ancaster, Onta .io. 

SEQUENTIAL PARTIAL EXTRACTIOVS FI )R COPPICR 

at the  Analytical Sciences L.a:mratoq on ).5-gram s u b  
Sequential  partial extractions for copper H ere  performed 

samples of the  -230-mesh  frw:ion in !:he fc llowing order 
( I )  1 M ammonium acetale (CH,C'DON at pH 7.2 
( 2 )  0.1 M hydrochloric acid  (HCI) 
(3)  Aqua regia  (3HCI:IHNClJ 

for  copper by atomic absorplion  spectroscc ~ y .  Sequential 
Solutions  derived  from these: extractions were analksed 

partial extractions provide  a method  for  ilentifying  the 
residence  sites of metals within  samples. E Ich exua(::ion 
technique  liberates  metals from particul;%r mil erals eitla:r by 
dissolution of the mineral or 11) the exchang : of that metd 
with another  cation. Neutral (pH 7.2) amn onium ac:taI.e 
acts to remove  weakly  bonded metals iri excl- ange  sites.  For 
example,  copper  cations  (Cu +:!) weakly he1 j to a minerrd 
will be  displaced by free  NH.li2 cations  in he ammollium 
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Figure 3-7-3. Geology of the Kemess South deposit 

acetate  solution.  Dilute hydrochloric  acid (0.1 M HCI) will 
release  exchangeable  metals  and  metals  associated with 
clays,  manganese  oxides  and  organic matter,  and will also 
partly  decompose  sulphides  and  carbonates  (Fletcher, 

oxides while leaving silicates  relatively  uneffected. Results 
1981).  Aqua  regia  readily  dissolves  sulphides  and  iron 

of these extractions were compared with the  copper  results 
for  the total acid digestion discussed  above. 

RESULTS 

PROFILE  DESCRIPTIONS 

ure 3-7-4. Profile S2 is a 3.5-metre section  topped by a 
Diagrams of the five  sampled profiles are  shown in Fig- 

gleyed organic-rich  A-horizon 25  centimetres thick. The 
B-horizon soil is developed within a layer of colluvium 
containing  angular  clasts which extends to a depth of 
75 centimetres. Within the B-horizon, a reddish  Bf-horizon 
grades into an underlying dark brown  BC-horizon at a depth 
of 60 centimetres. Underlying the colluvium is a compact, 
brick-red  hematitic  saprolite unit containing  abundant  clay 

malachite-bearing clasts  are visible  within this unit  which 
between  strongly weathered rock clasts.  Minor amounts of 

grades  into the lower unit at a depth of 180  centimetres. 
This lowermost  saprolite is buff coloured and consists of 
rotted  bedrock  with clays filling the interstices  between  rock 
fragments.  It is more  compact  than  the  overlying saprolite 

clasts. Locally  high concentrations of hematite and  jarosite 
and  contains a higher  proportion  of  malachite-bearing 

endow a brick-red or pale  yellow colour  to the  unit. Miner- 
alized quartz  monzodiorite  and a volcaniclastic  unit, tenta- 
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tively  indentified as belonging  to the Toodoggone  Group 
(L.J. Diakow, personal  communication, 1991).  underlies  the 
saprolite. Both rock types contain  native copper,  chalcocite 
and malachite. 

A-horizon is underlain by a 40-centimetre B-horizon.  The 
Profile PI is a 250-centimetre section. A thin (5-10 cm) 

B-horizon  grades  downwards  into a unit of oxidized, tan- 
coloured till which extends  to the  bottom of the profile. 
Clasts within the till consist primarily of subrounded  frag- 
ments of dark grey chert;  approximately I O  per  cent of the 
clasts  are iron stained. 

The  1-metre  section of Profile  P2 is composed of 
40 centimetres of saprolitic  quartz  monzodiorite overlain by 
a 60-centimetre  B-horizon and a thin (<5 cm)  A-horizon. 
The  contact between  the saprolite and  B-horizon is grada- 
tional  over  approximately IO centimetres.  Within  the 
B-horizon, a reddish Bf-horizon  grades into an underlying, 
dark brown  BC-horizon  at a depth of 35 centimetres. 

zon is underlain by a SO-centimetre B-horizon. The B-hori- 
Profile P3 is a 2.5-metre section. A thin (<5 cm) A-hori- 

zon is subdivided into an upper Bf and a lower BC-horizon 
by a gradational contact  at  approximately 30 centimetres. 
Below the B-horizon is a transitional  unit 60 centimetres 
thick consisting of a dark brown,  clay-rich  sandy material. 
Both the  upper  and lower  contacts of this unit are  grada- 
tional over  20-centimetre intervals.  Underlying  this  transi- 
tional unit is 70 centimetres of brick-red,  clay-rich hematitic 

centimetres, the hematitic  saprolite  changes abruptly to a 
saprolite  composed of rotted quartz monzodiorite. At 180 

relatively  pristine  quartz  monzodiorite  containing  pyrite 
(3%) and chalcopyrite ( 1 % ) .  
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zon is underlain by 21 B-horizon 40-centimetres thick which 
Profile P4 is a 2.5-metre  section.  A thin ( 1 5  cm)  A-hori- 

grades into an 80-centimetre unit of till (C horizon). The till 
is dark grey  and contains  suhangular  to suhrounded clasts  of 
which approximately 10 per cent are iron stained.  Underly- 

titic  saprolite, similar to that found in Profile P3. At a depth 
ing  the till is 1 I O  centimetres of brick-red  clay-rich hema- 

of 230 centimetres.  the  saprolite  abruptly changes  to a 
relatively  pristine quartz monzodiorite  containing  visible 
pyrite (3%) and  chalcopyrite (1%). similar to that in Pro- 
file  P3. 

E I X M I S N T   D I S T F I I H U I I O N S   W I T H I N   P R O F I I . E S  

COPPER 

Copper  concentrations  for both size  fractions  are highest 
within the saprolite  mnples from  Profile S2, ranging  from 
IO 700  to  36 X00 'ppm (1.07 to 3.68%; Table 3-7-1 and 
Figure 3-7-Sa).  The lowest copper values  are found i n  the 
t i l l  profile PI ,  with concentrations  varying  from 53 to 
1099 ppm.  Profiles 1'2, P3 and  P4, each  containing saproli- 
tic or pristine quart;: monzodiorite.  have copper  concentra- 
tions  ranging fron-1 39X to 35x2 ppm with the quartz 
monzodiorite  samples  (P3-180,  P4-240)  reporting the 
lowest  values (572 :and 398 ppni, respectively). Systematic 
variation in copper content with depth is not  prevalent:  only 
Profiles S2 and P2 show an increase with depth  whereas 
Profiles PI, P3 and  P4 show little wri. .I t '  Ion. 

GOLD 

fraction of Profile P2.  ranging  from  1x20 to  2880 pph 
The highest gold values are  found within the -230-mesh 

(Table  3-7-1  and  Figure  3-7-Sh). Gold contents  from both 
size  fractions of the t i l l  profile PI are  consistently the 
lowest.  varying  from I pph to 930 pph. Concentrations are 
uniformly  higher within the -230-mesh fractions of Pro- 
files P2,  P3 and P4. and  generally  higher within the -230- 
mesh  fractions of IF'rofile PI than in their corresponding 
- R0+230-mesh frdctions. Except for the B-horizon sample, 
gold  contents are  highest within the -80+230-mesh  frac- 
tion of Profile S 2 .  hp l i ca l e  pairs for s;mple P4-30 show  a 
small degree of v~riation;  9.6  per cent for gold in the 
-80+230-mesh fraction  and 5.4  per cent  for  gold in the 
-230-mesh  fraction. No consistent  variation with depth 
was  observed for g<.)ld within the profiles. 

MOLYBDENUM 

fraction of Profile PD and peak (449 ppm) within  the coarse- 
Molybdenum values are highest within the -230-mesh 

grained,  sandy  transitional  unit  between  the  overlying 
B-horizon  soi ls   and  underlying  saprol i t ic   quartz  
monzodiorite (Table: 3-7-1  and  Figure 3-7.5~).  As with gold, 
molybdenum  values  are  consistently  higher within  the 
-230-mesh fraction of Profiles  P2,  P3 and  P4 than in their 

molybdenum  behave  sympathetically, a feature especially 
corresponding  -80+230-mesh  fractions.  Copper  and 

prevalent in Profiles  P2, P3 and  P4. 

IRON 

-230-mesh  fraction  of Profile P3; sample  P3-150 contains 
Maximum  iron  concentrations are  found  within  the 

Geological  Fieldwork 1991, Paper- 1992-1 

values of 12.15 and 13.03 per cmt  iron for s imples  P?..70 
14.23 per cent iron,  whereas the transition21 unit report:; 

and P3-100, respectively  (Table 3-7-1 a d  Fgure  :\-7-jd), 

plays the least variation  betwcen samples. Iron content 
Profile PI contains  the  lowest iron value (2.:  7%) and dis. 

for both size fractions of Profile:; P2, P:l and  P4. 4 siln ila:. 
corresponds  to gross variation!: in copper and molyhdtmml 

correlation is not observed in Profiles S2  an(  PI. 

ALUMINUM 

Aluminum values are greatert within !he -230-mesh Srac- 
tions of the three  lowermost sap.olite  sample! of Profilt. S:! 
(up to  12.45%) and  the saprolite, samplcs of 'rofile P.3 I : U ~  

to IO.X6%; Table 3-7-1 and IFigure 3-7-Se)  Unlike i y m ,  
variations in aluminum do  no. appeal- to .orrespond to 
variations in copper and  molybdenum for P  ofiles  P2. P:i 
and P4.  However,  variations in t:le aluminum Content 01 the 
-230-me~h fraction do  correspmd  to  \ariatims in colrper 
and  molyhdenum  for  the saplolitt: samples If Profile S2. 

P A R T I A L  EXTRACTIONS FOR COPPER 

Results of partial extraction!, for copper are show11 in 
Table 3-7-2. Figure 3-7-6 prexents the perce ltages of par- 

content  for  each profile. Maxinum amclunts )f ammonium 
tially extractable copper  as a fi.lnction of th ; total copper 

acetate extractable  copper  are h n d  in s;lmplt s from ProFill: 
S2 whereas  Profile PI  generd y conlains tlte lowest ;mi 
most uniform  levels of exchangeable copp x .  I~x.cluding 
bedrock samples  P3-180 and 1'4-240, the proportion of 
exchangeable  copper increases with dep:h in I 'rofiles P?, P:l 
and  P4. Copper  extractable usinj: 0.1 M hydrc chloric is 
also highest in Profile S2: up to li1.75 pfr cen of the copper 
present in sample  S2-200 is extl.3ctable. Sam )les from b o -  
file PI contain  nearly  uniform l i ~ e l s  of extrz :table carpel; 
whereas  Profiles P2,  P3 and  P'1 (contain incre lsing amotnts 
of extractable  copper with der th. AqLa reg ia extractabk 
copper  accounts  for  over 80 1x1. cent cmf the copper in ths: 
samples, with the  exception of ;.ample PI-3( and, notLbIy, 
all Profile S2 samples and the mprolite  sam Ides from Pro- 
files P3 and P4. 

DISCUSSION 
Concentrations of copper, 1nr)lyhdenum. ~ ;old, iron 

aluminum  are higher in the --:l:30-merh fra:tion than th- 
-80+230-mesh  fraction, reflecting the orig nal  grain  sizz 
of sulphides in the deposit, the  greater atbunda ice of second- 
ary  clays and oxide minerals in the fraction , .nd the hydrc" 
morphic  redistribution of met.als to these SI condary Inin- 
erals. The sympathetic  variation of copper, molybdemml, 
iron  and aluminum within the p:.ofiles n:flect ; the incorpor- 
ation of these elements in secsmdary mine) als developed 
during weathering. Copper and Inolyhdenum  :oncentrations 
in the -230-mesh  fraction of Profile S2, de,  eloped w lhin 
the  supergene zone, appear to correlate morc strongly wi th  
aluminum than with iron. In ccmlrast, the cop] 'er and mt~lyts- 
denum contents of Profiles P?, P3 and P4, I .eveloped IOU:. 
side of the  zone  of  supergene  enrichme 11 hut w thin 
oxidized bedrock. correlate w i n  variations i I iron. 
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A horizon 

P2 

P1 

and P2 (b) (Facing  page)  Schematic  diagram of Profiles P1 
Figure 3-7-4. (a)  Schematic  diagram of Profiles S2, PI 

and P4. 
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ferences between  the supergene  profile S2. the  saprolite 
Partial extraction results  indicate  mineralogical  dif- 

profiles P2,  P3 ao.1 P4  and the till profile PI.  Further, 
variation in the  percentage of partially  extractable copper 
with depth reveals changes in the  mineralogy of the  profile. 
With  the  exception t o f  the supergene  profile  samples S2-IS0 
and S2-200,  aqua regia extracts  most of the  contained cop- 
per. Coupled with the  lack of sulphides in the  profiles 
(excluding  bedrock  samples P3-I80 and  P4-240).  this 

iron oxides. Profile PI contains similar proportions of 
implies that the prir~cipal residence site  for copper i s  within 

exchangeable copptrr (ammonium acetate extractable)  and 
weak hydrochloric  acid extractable  copper at all depths, 
reflecting  the uniform nature of the ti l l .  The  consistent 
increase in exchangeable  copper and weak hydrochloric 
acid  extractable  copper with depth in Profiles P2. P3 and P4 
indicates that the  proportion of secondary copper-bearing 
minerals  increases  down profile and drops off sharply once 
competent bedrock IS  reached. Profile S2 contains  the high- 
est levels of exchangeable  copper and weak hydrochloric 
acid  extractable  copper; the  presence of abundant clays, iron 
oxides,  jarosite and  malachite  suggests that these  secondary 
minerals  are  also residence  sites of copper. 

Significant levely of exchangeable  copper (334%) and 
weak  hydrochloric ;acid extractable  copper  (21.67%) in the 
B-horizon of Profile S2 indicate the presence of  copper 
either  within or  adsorbed  onto secondary  minerals,  implying 
that hydromorphic transport of copper has occurred  or is 
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ongoing.  Profiles PI, P2,  P3  and 1'4. with B- norizons con-  
taining  less  than I per cent exchangeat)le cc pper and l e x  
than I O  per cent  copper extrat:tnble  by weal  hydrochl;ri~: 
acid,  appear  to  have a lesser  com?one 11 of hydro- 
morphically  transported  copper. Howev'x, t h ' ~  similarit # of 
copper contents of the B and (:-horizon:; in F ofile P4 with 
the  underlying  saprolite  suggests  that some  de :ree ofh:yslro- 
morphic  transport  has occurred. 

Unlike copper, gold  values do not appear to have bee11 

enrichment zone.  Molybdenum  contents apl ear to mimic 
effected by weathering  and the cleveloprnent 4 sf a supelrime 

iron  values for Profiles P2, P.3 and P4, slggestinl:  the 
presence of ferrimolybdite (14,(Mo0.J3~8k ,O) whicl i s  
insoluable in oxidizing,  acidic  solutions (An, lerson, 191;2). 
The stronger  association of molybdenum an I copper  vith 

that these elements may he asro:;iated more \ ,ith secondar:? 
aluminum in the -230-mesh fia';tion of Profi e S2 indicates 

clays than iron oxides. 

CONCLUSIONS 
The principal  residence  sites  for copper w thin soils ;anti 

the  saprolitic  hypogene bedrock. of Profiles '2. P3 and P.3 
are  secondary iron oxide minerals. Withn the  upper le;ii:hed 
cap of the supergene zone (Profile X!), w lich has I)-,en 
exposed to  Holocene (postgla(:i;ll)  weatherin, :, oxidation c'f 
sulphides  has  resulted in th? (development of seconjary 
minerals which retain upward!. I I ~  70  per cent of the coppe:, 
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CONCENTRATIONS OF GOLD, COPPER, MOLYBDENUM. IRON AND ALUMINUM  FOR THE 4 0 + 2 3 0  AND  -230-MESH FRACTIONS 
TABLE 3-7-1 

S2- 150  150 sap. 2670 lo900 19  3.76  7.  19  4.46  11.06 
S2-200 200 sap. 29 4.32  6.8  35  2.68  12.45 

1  2.87 6.02 1  3.95 7.50 
<1  2.85 6.22 3  4.33 7.70 
72  6.43 6.75 43 5.57 8.82 
3  3.06  6.32 

P1 - 180  180 till 1  2.95  6.22 

P2 -20 20 Bf 1820  1077  40  5.61 8.90 575  747  34  6.12  7.26 
E? -40 40 BC 

1850  3774  386  10.60  8.71  783  2818  259  7.59  7.10 F2-90 90 sap. 
2880  1448  128  6.90  9.53  1060  1137  98  5.61  8.33 F2-60 60 sap. 
2000  1141  76  5.70  9.25 1090  376  3  4.20  6.19 F2-50 50  BC 
1820 1348 93 6.48 8.85  32 901 72  6.37 6.80 

P3 -20 20  Bf  457  962  138  6.82  7.71 972  1669  139  6.98  9.25 
P3 -40 40  BC 510  1919  276  7.50  7.97 1070  2749  312  9.40  9.02 
P3-70 70 trans. 

650  572 58 3.87  8.80  650  572 58 3.87 8.80 P3- 180  180 rock 
762  2746  395  14.23  10.48  324  913  98  4.75 8.82 P3 - 150  150 sap. 
769  2100  133  6.97  10.86 437  1003  76  3.70  8.37  P3 - 120  120 sap. 

1070  3582  449  13.03  8.89 375  1878  244  6.81  8.69 P3-100 100 trans. 

1340  3354  419  12.15  8.79 426  1819  242  6.26  8.45 

P4-30 30 Bf 411  837  32  4.60  6.W11 551  1286  40  4.71  7.76 
P4 - 30D  30  Bf 

896  2513  271  10.66 8.58 460  1404  149  6.06  7.95 P4 -200 200 sap. 
527  1346 44 5.10  7.70 315  797  24  4.48  6.95 P4- 150  150 sap. 
976  1406  30  4.73 7.53 451  832  20  4.26  6.75 P4- 100  100  till 
596  1338  23  4.37  7.55 483  738  16  4.48  6.47 P4-60 60 till 
521  1350  43 5.08 7.64 455  790  25  4.41  6.80 

LP4-240 240 rock 1 1  438  398  77  3.38  8.7911  438  398  77  3.38  8.79 
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TAH1.F 3-73 
SEQUENTIAL PARTIAL  EXTRACTION DATA  FOR COPPER 

IN THE -230-MESH FRACTION OF EACH SAMPLE 

. . 

EXTRACTION @pm $6 EXTIIACTED 

(cm)  Acetate HCI  Regia digestion  Acetate NH4 I YiTGI HC1 Regit 

NH4 1 0.lMl Aqua1 ) Total 

t LEGEND 
Elf - so i l  BC - transitional B-C horizon  soil sap. - saprolite. 
El - bedrock trans. - transitional  (soil to saprolite) ""I 
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(b) Plots of Au, Mo, Cu, Fe and AI concentrations with depth  for  Profiles  P2  and P3 (c) Plots of Au, Mo, 
Figure 3-1-5. (a)  Plots of Au, Mo, Cu, Fe and AI concentrations  with  depth for Profiles S 2  and  PI 

Cu, Fe and AI concentrations with  depth for Profile P4. 
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Concentration (pprn) 
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probably  present as native  copper,  chalcocite,  malachite or 

port  has  increased  the  copper  content of soils  over  miner- 
adsorbed  onto  clays  and  iron  oxides.  Hydromorphic  trans- 

alized  bedrock at the  Kemess  South  deposit.  The  degree of 
hydromorphic  transport is significantly  greater  over  the 
supergene  enriched  zone of the deposit  than  over  the 
weathered  hypogene  bedrock. 
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QUATE:RNARY STUDIES IN THE PEACE  RIVER DISTIRICT, 1990: 
STRATIGRAPHY,  MASS  MOVEMENTS  AND  GLACIATION  LIMITS 

(94P) 
By P.T. Bobrowsky and C.P. Smith 

"" -.-. 
KEYWORDS: Surficial geology, Quaternary,  Pleistocene, 
Peace River, sedimentology,  stratigraphy, C14, mass  move-  Peace  River  District  has h f e n  rev iewei   e l sewhm:  

Previous geologic work and wrficial rnap c werage in :he 

ments, landslide  darn, debris flows. Halfway River slide,  (Bobrowsky ef ai.. 1991 and referen'xs t ~erein).  \')it11 
Laurentide  erratics.  surficial maps. respect to the  objectives of the: pesent study Catto ( I C Q I ,  

1992) provides  recent  surficial coverage of ei! ht map sh,:et!; 
in the  area. The distribution and characteristi :s of wrfirial 

Assess the Quaternary economic potential of the area, 
including aggregate and peat resources,  through  the 
production of detailed  surficial  geological  maps 
(1:SO (IO() scale) suitable for industry use. 
Provide a prdclical database (surficial maps) of use to 
municipal,  regional and provincial  governments, 
which will he llelpful in future  land-use  planning. 
Examine the rlature of mass movements common to 
the  area, which negatively  effect  the economic  and 
social well being of the  region. 
Contribute to ihe provincial  Quaternary database by 
detailing  the s1:ratigraphic and  sedimentologic  history 
of the region. 

L__ . >  

Figure 3-8-1. Su,rficial geology  program. Peace River 
prqject study area. 

Geological Fieldwurk 1991, Paper 1992-1 

. .  . .  
preliminary  results  addressing the latter two Iroject ohjec- 
tives. To meet this goal, brief Iccmment  is prc vided re,gtrd- 
ing three items: 

Subsurface mapping  (stralipraphy  and se fimentololy). 
The areal  distribution of Cmadian Shie d eratics. 
The morphologic charac1:eristics c4 tw l ,  recent nlas'r 
movements. 

STUDY  AREA 
The general  study area encornpasses a br lad r e g i o ~ ~  o? 

northeastern  British  Columbia which exte Ids from tht: 
Rocky  Mountain  Foothills, at .i.hout Iongitr de l2Z0I:i'M' 
eastward to the  provincial borde:r with irlberl i at longiludt: 
120"W, and funher delimited to the 1101th at latitude 5i"El 
and the south at latitude 55"N. Specif  cally stratigrq)hic 

along the Peace River and its adjoining tribut; ries inclu(ling 
studies were restricted to subsurface expos1 res occur-lng 

erratic  distribution  included su-surface occl lrrences f - ,on~ 
the Bedttnn, Halfway and Kiskxtinaw river:  Mappin:: oF 

stratigraphic  studies, but also irlvolved map1 ing of oc:ur- 
rences on the  present land surfxi: easily acces ;ed by roaj  or 
on foot. Mass movement  resmrch wa:; a l x  restrxtetl 111 

river  and creek localities. The hedrock geoh gy and p l~ys-  
iography  of the area  has  Iwen  reviewel  previously 
(Bobrowsky et a/ . ,  1991). 

METHODOLOGY 

work during 1991 resulted i r  the itlentif cation n i  7'1 
Reconnaissance  fieldwork  during 1990 .nd extenrive 

localities  suitable  for  detailed !,tudy. Fie dwo~ < during 199 I 
consisted of three parts: 

Detailed  examination of the, stratig~aphk and  sedinlen- 
tologic  characteristics of it bsurfac,? exp w r e s  bortler- 
ing the Peace River and it:; tributaries. 
Regional  mapping docunit nting the SUI Ficial loc;~tion 
of Canadian Shield erratic!; in the distri :t. 
Cursory  study of recent  and  prehistoric m a s ;  

Subsurface  studies involved  examination o 'exposed sed- 
iments  including  the  documents tion of depo: it CharactMis- 

36.3 

movements. 

ldegroot
1991



tics such as  elevation,  thickness, nature of contacts, vertical 

pebble  fabrics.  Sampling consisted of  collecting bulk sedi- 
and lateral extent, structures,  texture, sorting, lithology  and 

ment samples (>4 kg)  for textural  and geochemical  analysis 
and  pebble samples  for provenance studies,  each  sample 
consisting of IOU clasts. Radiocarbon samples ranged from 

material  available. Both wood  and bone were collected. 
1.8 to 177 grams, limited in size only by the amount  of 

Several mnples are still being  processed  hut a number of 
dates  are available (Table 3-X-2). Pebble-fabric  measure- 
ments (consisted of trend  and plunge  measurements  along 
the a-axis of clasts with a:h:c dimensions  approaching 

ranged from 25 to 50 per sample. 
1.5: I :  1. The  number of clasts measured  for fabric study 

presence of distinct  pink  granite and  granitic gneiss  stones 
Mapping of erratic  distribution involved documenting the 

which originated on the Canadian  Shield.  Presence  or 
absence of the diagnostic lithologies in the  pebhle counts of 
subsurface  studies assisted in this mapping,  but the  bulk of 

along roads. Given [he large area o f  examination, this  type 
information was obtained  through  systematic  coverage 

of survey  proved most cost  effective. 

ing  the  timing of the failure  event(si.  Organic materials 
Mass movement  studies were concerned with establish- 

were collected  for CIJ dating at exposed  failure  planes or 
shear  zones  for  several  slides  along the river  valleys. 
Detailed measurements  for two recent mass-movement 
deposits were also established. 

121' 

Figure 3-8-2. Location  map  of 1991 Quaternary  localities in the  Peace  River  study  area.  Coordinates  for  the sites given  in  Table 3-X-I, 
Closed  star  indicates  location  of  Halfway  River  slide (F'TB90-43) and open star  indicates  location of mud flow (PTBW-09). 

/ 2 1 .  

364 British Columhiu Geological Survey Brunch 



'TARLE 3-8-1 
LOCATION OF 1991 STUDY SITES IN PEACE RIVER AREA 

Locality LatiIude Longitude UTM  Elevation NTS Ne. 

61-115 

SS"1I.X' 
55"125' 
55"12X' 
5Y12.3' 
55-12.x' 
5fP30.4' 

I 20" I .5' 

I ?0°1X.7' 
120"s I, I ' 

I ?0"47.7' 
I ?0"2X.2' 
I ?L"03.?' 

FT 3?WJX 
Fl 33331 I 
FT 357 117 
FT 16XIllU 
El 9493117 
ET 594621 

4x7 
h2S 
625 
625 
4x7 
655 

44 AI2 
44 Ai? 
'J1 Ai2 
Y4 Ai2 
Y4 Ai3 
44 RIY 

~, ~ 

91-1 I6  56"07.7' 120"35.2' FT 511?22'J 401 Y4 Ai2 
Y K  17 5fPi17.2' I?O"?X.7' FT 567221 
9 1 L 1 1 X  56"1?.7' I?ll'16.X' F-I477176 426 '14 AI7 

533 44 A l l  

YIL124 56"07.6' 121loI14.X' FI'X1421X 54X 94  A/I 
91-125 Sh"i7.0' 120'75.5' FT J7Xh'JX 6'13 U4 A i l 0  
91.126 55"42.6' 121'22.n' bS 02574') 722 '14 PI1 I 

TAR1.E 3-8-2 
S.G.U. RADIOCARBON DATES IN PEACE RIVER AREA 

- 
Locality Age Lab. Ne. ('emments 

SUMMARY STATISTICS FOR 'I'HREE-DIMENSIONAI. 
'TAR1.E 3-8-3 

PEKRLE-FAHKIC ANALYSIS 

Fabric 'Trend Plunge S1 s2 Si N 

FTBY0~2XB 027.X' 04,ff O.6SX7 0.27llY i1.0704 5 0  

PTB90-37B 222.5" OX.4' 08845 (InX7h n11?7Y 7 0  
PTB90-37A OX2.7' l11.4° 0.8907 0,0696 0.0397 S O  

STRATIGRAPHIC STIJDIES 
Twenty-one new Iwxl i t ics  were examined in  additior~ 183 

the 56 hites noted last year: ~ i t h  site elev Itions ran!ins 
from 403 to 738 metres abmz mear sea level (Fi.:ur: 
3-8-2). Table 3-X-1 lists the co:~rdinaies an< elevation? of 
the new sites. A total of 26 diamcton an'J sanl 1 hulk samples 
obrained  from 14 sections are currently being  processed fcr 
textural characteristics. Additionally, 21 p bhle zamples 
(100 clasts  each) collected  from 16 sections ; re also under- 
going  lithologic  identification ,\ total of 14 pebble fillrics 
were detcrmined on  diamictons  from IO s xtions (Is.ble 
3-8-3). Descriptive  observatior o f  the vari IUS sedimmts 
supports  the interpretations offeltd previousl:  regxdin:: thz 

deposits (Bohrowsky t'f ul., 1':IYl). Sweril exanlplet cf  
nature of diamicton, gravel. ! . a ~ ~ d  and fine ' s i l t  and nlud) 

structureless, stratified and mwi ive  dizmictl ns with  inter- 
beds  werc  observed this year. (~ienesiy is  in1  :rpreted tcl h? 
variahlc and case specific rang-lg  from basa t i l l  tcl d'd)ri$- 
flow  accumulations. Similar  vxriability i s  c vident fm the 
sand and gravel deposits. with dlverse e ' w n p  es ot'mas:,ivr, 
stratified,  normal and revt:rwgraded  a:cunlulat sons 
recorded during I Y Y  I. A detaile<l discussion ( f the Qu;wrn- 
ary stratigraphy and sedimentihgy  of t11e Pe Ice Kivei- [X>- 
trict  will appear in a separate puhlicalion, u hen analyiiczl 
results from CI4, grain size  and l i t h ' h g i ,  samples are 
availahlc.  Nonetheless, based on  existing data, i t  r ow  
appears  that for the Quatcrnar).  history of I l e  region. the 

to he the case than Model 1 (! .e . ,  Mathews 1978, I5301. 
Model I1 scenario of Bobrowsk), erul. ( I Y Y I ;  i s  more l ike ly  

ERRATIC  DISTRIBUTION 
Part of the regional  mapping ohjectivt:s  inc uded <ob:w-va- 

tions on the areal distribution .ddiagnoitic L rurentide , e r n -  
tics.  Mathews (1980) interpretcd the distrib  ition of Canzh- 
dian  Shield granites in terms of :he maximun extent o f  Late 
Wisconsinan  Laurentide ice atlvmce. Within u r  study ,ire& 
Mathews' estimated westerr, : imit  p,mlle s the Alaska 

Fort St. John in the central  repion and trends iouth ? o m  30 
Highway in the north, extend!, ;]bout I:' kilonetres west o f  

kilometres west of Dawson Crclik ( F i p r c  3-1 -1). Sincr thls 
early  work, access to remote m:as has impr med, sllo,ving 
better  coverage for  distrihutirml studies of erratics. ,t.s a 
result of this  improved access, the western lin i t  of Chadian 
Shield granites  and  gneisses now o c c m  a 56"30'N and 

southern  parts o f  the study area. The interpol lted maxilrlurn 
122"14'W in the north and SY42'N and 121"12'W ir the 

l imit therefore  extends from tht. Wagncr Ratch at the :arm 
fluence o f  the Halfway and Glal-lam  rivcrs, CI ntinues >;I Iuttt- 
ward to Hudson  Hope and then  bend! slig  Itly southt:asl.- 
ward to  approximately 30 kilometres ea:;t of 1 :hetwynd. 'The 
newly proposed limit extends ihe previous estimate wes;. 
ward by about 60 kilometres. 

MASS MOVEMENTS 

to mass movement phenome1.m Since 1s 56, procv;se:s 
Quaternary  sediments in British Columbia are very p o r e  

including debris torrents, naturil (lamming fi om landslides, 
piping-related subsidence, so 1 creep, :;luml ing and r~lany 

3t'5 Geological Fieldwork 1991, Paper 1992-1 



others  are  considered  to  have been  directly  and  indirectly 

$500 mlllion in Canada  alone  (Evans,  1989).  One of the 
responsible  for  about  365  deaths  and  costs  exceeding 

most  historically  active  mass  movement areah in  this 
province, which is dominated by Quaternary  sediments, is 
the Peace  River District. Indeed,  one study documented 212 
sizable prehistoric slides  occurring within unconsolidated 
sediments of the Peace River  valley  between  Hudson Hope 

The  two end-members of the mass  movement  continuum 
and the Alberta border (Thurber  Consultants Ltd., 1976). 

are discussed in this  paper in relation to the  Peace  River; 
namely, a large but rare  landslide damming  event and  a 
small  mud  flow  event. 

Landslides which  result in temporary or permanent dam- 
ming of rivers  have  been documented in several areas in 

recorded, occurred on  October 14, 1880 at  about 2100 
British Columbia. The earliest  Canadian  Cordillera  event 

hours, when  a  landslide (volume = I S  X 106 ml) south of 

Ashcrofr blocked  the Thompson River  for  about 44 hours 
(Evans,  19x4).  The  cause of the slide appears  to have  been 
irrigation  practices. On May 26,  1973, a  landslide occurred 
on the south  bank of the Peace  River,  directly  west of the 
village of Attachie, some 60 kilometres west of Fort St. 
John. Between I I and 17 million cubic metres o f  material 
failed  along a 7.50-metre length of slope and  temporarily 

Thurber Consulrants Ltd., 1981). This rapid debris flow, 
dammed the Peace River for about 12 hours  (Coulter, 1973; 

which lasted about 1 0  minutes, generated  a  water  wave 
which  ran up  the  opposite bank approximately I S  metres 
above river  level (Coulter, 1973). 

have  occurred in northeastern  British Columbia in the  last 
Several failures  which have temporarily dammed rivers 

few  years. On May 5 ,  1990. at approximately 2300 hours, a 
failure  occurred  at  Quintette  coal  mine (S4"SY'N; 

hours. Waste rock. till and glaciolacustrine silts  totalling 
121"03.S'W) and dammed the  Murray River for  about 12 

Figure 3-8-3. Map  of  Laurentide erratic  distribution in northeastern  British  Columbia  documented in this study.  Note position of 
previous  Laurentide  boundary on the  east  side of the figure, relative  to  the  new  position  to  the  west. 
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2.53 million cubic  metres inexplicably  failed at the mine 
dump. About 15 kilometres  south of Fort Nelson (58"26'W, 

unknown  volume of Pleistocene  sediments ( t i l l  and 
122"52'N), o n  November 19, IVY0 at 0230 hours, an 

glaciolacustrine silt) failed  and  dammed the  Prophet  River 
for  44.5 hours: apparently as a result of heavy rain. Finally. 
on August 20, 19t8Y, at about 1500 hours, a landslide 
occurred  on the  Halfway  River (56"13.4'N; 12Io3h.l'W) 
approximately 9.5 kilometres  northeast of the Attachie 

material  temporarily dammed the river for 6 hours  (Platc 
slide.  About 1.88 million cubic metres of unconsolidated 

3-X-I). Details of this  latter event are  described below. 

runoff events often generate localized  mass movements in 
Heavy rainstorms,  intense cloudbursts and concomitant 

steep and  channelized  terrain. The most  significant type of 
movement  consists of water-charged  slurries of debris 
called debris torrents  (-debris flows, mud llows,  debris 
avalanches),  hut  less  significant  variations  including 
sediment-laden  water lloods and slumps can also  occur. In 
North America, the average number of deaths  due  to mass 
movements is about 1.5 per year (Skermer, 19x4). In western 

varies from negligible t o  devastating. For example, in Brit- 
Canada, the impact of these common. small-scale events 

debris torrents  between Hope and  Chilliwack that severed 
ish Columbia, rainstorms in early  July, 1983, triggered 14 

transportation for 3 days  (Evans and  Lister, lYX4). One 
estimate of debris toment damage f i x  western Canada places 
the death toll at 1'7 and  the damage costs in excess of 
$100 million  for the period 1962 to 1984 (VanDine, 19x5). 

HALFWAY RIVER SLIDE 
At approximately 1500 houri, on August 21 I, 1980, sune 

5.5 kilometres north of Highw.1.y 29, "leist lcene  tenitce 
sediments on the  south  side to t  the H;tlfwa River c . m  
strophically  failed  (Figure 3-X-2, Plate 3.8-1). The resul ;in 

debris  flow  of about 1 .X8 million  cubic metre 3 temporarilq 
dammed the river for up to 6 hot rs. at which 1 oint  ovenop- 
ping of the dam was followed b y  breaching. 'I le area of  the 

440 metres.  During the period o f  dammirg, thc course cd 1 hc 
river dammed by sediment  measures approxir lately IO( bq 

Halfway  was  diverted northw;Ird across t i e  veget;rtec 
floodplain and point bar on the opposite sid, of the  river 
The event can be considered a Type I Ian( slide dalr 01 
Costa and Schuster (1988). The ilffected area Jf the flo\r i:, 
described in relation t o  three zon1:s: an upper I ailure zonz; a 
middle  transitional lone: and a  lower accur lulation mne 
(Figure 3-8-41, 

The  slide  motion  originated on the firs  and se8xnc  
Pleistoccne  terrace  surfaces sone  275 rnetre: south of the 
former shoreline. The back scalp of the upper ailure zone i$, 
330 metres  from  the lower terrace edge (lini A of Figure 
3-8-S), 690 metres from the presmt river shore line and a:  ar 
elevation of 65 metres above ri! er level (Pla~ 5 3-8 -2 ) .  'Ihe: 
depth of the upper displaced mass aberagcs 12 metres, 
whereas  the  width is about :X0 metres (liie  B, F I ~ I ~  
3-8-5). The basal shear zone o f  the displacen em coinl:ide!. 
with Wisconsinan  glacial  dialnicton which werlies (:re. 
taceous  silty  shales of the S h a h b u r y  and/or Gates  forna-. 

Plate 3-8-1. Aerial  view to south of Halfway  River  landslide.  Photograph  taken August :!I, 1989 one d iy 
after the  Failure.  Note  the  volume  and  lateral extent of debris still blocking  normal  river  flow.  (Photo  courtesy of 
D. Lister. MOTH). 
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tions. A considerable portion of the remobilized  sediment 

to 6 metres in height.  A second  debris  mass originated at the 
remains in the  upper  failure zone, providing local relief up 

south  end of the transitional  zone (275 metres from the 
water; Plate 3-8-3). The back scarp of the second failure 
(transitional zone)  follows the edge of the lower  Pleistocene 
terrace  along a surface  which is 320  metres long and 
20 metres high (Figure 3-8-5). Sediment in the  transitional 
zone consists of glaciolacustrine  silt  and clay and  silt-rich 
diamicton  derived  from the  upper  terraces.  A series of deep 
gullies  and  secondary  failure  scarps  characterize  the 
topographic  surface in this zone.  Relief reaches 8 metres 
over  the  disturbed  topography.  Several  trees  survived 
destruction  during  the  sediment  gravity-flow  process, 
resulting in a  vegetated medial ridge running parallel to the 
flow  axis  (Plate 3-8-3). The broad fan-shaped  accumulation 
zone  originally  covered an area  measuring 190 by 

0 100 a0 3M 1w 100 600 700  800 

"'*,res 

Figure 3-8-4. Longitudinal cross-section of locality 
PTB90-43 (Halfway  River slide); failure  occurred  at 1500 
hours on August 20, 1989. Mass  movement is schematically 
divided  into  three  parts:  upper failure zone, transitional zone 
and  lower  accumulation  zone. 

r 

385 metres  before  fluvial  erosion  reclaimed much of the 
river's original  course (lines E and F. Figure 3-8-5). The toe 
of the debris  flow now forms a steep and  actively calving 
front  some 7 melres above the  water  sulface  (Plate 3-8-4). A 
series of  overlapping debris-flow  noses along the  margin of 
the  accumulation mne provide  a  stacked  terrace-like mor- 
phology to the  failure. 

We are unable to  confirm the history of events preceding 
the  failure, but the  long-term  triggering  mechanism for 
slope  failure proposed  for  the  Attachie  slide (cf. Thurher 
Consultants Ltd., 1981) warrants attention as a likely ana- 
logue  to  the Halfway  River  slide. A long  history of jointing 
and cracking in the  unconsolidated sediments on the  upper 
terrace  preceded  the failure. Large and partially  vegetated 
tensional cracks paralleling  the  terrace edge  are  evident  east 
of the  upper failure zone (Plate  3-8-2). Both  attributes  (size 
and  vegetation) of the cracks suggest a prolonged  period of 
distress, as well as active accommodation of the sediment  to 
tensile  stress.  Several  syndepositional cracks  are  further 
evident within the  central basin of the upper failure zone. 
Prolonged  ponding in the  pre-failure cracks,  water infiltra- 

covering the  bedrock apparently reached  a  critical  threshold 
tion and  eventual  saturation of the  unconsolidated sediment 

The precipitation  records for the area do not support a rain- 
suitable  for  the rapid motion to take  place on August 20. 

induced  triggering  mechanism as a spontaneous  event, 
however,  the long-term increasing pore-water pressure in 
the area  may  have reduced  the effective internal shear  resis- 
tance  enough  to  trigger the failure  (Figure 3-8-6). At the 
point of initial movement, the  distressed sediments most 
likely  underwent  quick disintegration and  began to  flow in a 
fluid-like manner. Although there  was no precipitation on 
the  day of the event  (Figure 3-8-6). the  amount of water 
draining  from  the  upper  terraces  (evident in Plate 3-8-1), as 
well as eyewitness  accounts of the event,  support the con- 
tention that a considerable  amount of internal pore  water 
was released from the Quaternary  sediments. 

Upper failure zone 

1 Middle transitional zone 

0 Lower accumulation zone 

_ ~ " "  Drainage 

Terraceedge - scarps 
+ + + + + + Tensional cracks 

Transect lines 
Debris noses 

Figure 3-8-5. Plan  view figure of Halfway  River slide. Compare to series of photostereograms  provided. 
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Plate 3-:1-2. Photostereogram o f  the Halfway Rivcr  slide,  northeastern  British Columbia. Lp~jer failure Lon !, 

See Figure 3-8-5 for scale and  dctails. 

Plate 3-8-3. Photastereograrn of the Halfway  River Flidc, northeastcm  British  Colurnhia.  T~msition:d ron . 
Scc Figurc 3-8-5 for scale  and  dctails. 
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Plate 3-8-4. Photostereogram o f  the  Halfway River slide,  northeastern  British  Columbia.  Lower  accumulation zone 
See Figure 3-8-5 for scale  and  details. 

3 70 

Plate 3-X-5. View down slope  from  end of elevated  conduit gully toward  nick  point  and  amphitheatre  feature. 
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!&!, !// 35 Days 20 I 21 I 30 I 

preceding thc Halfway  River  slide in northeastem B.C 
Figure 3-X-6. Precipitation  rccord lor the period 

- f l  

Figure 3-8-7. Conceptua l  plan v i c w  of l vca l i t y  
PTBYO-09 descrikd in detail by Bohrowsky Cf ni. iIYY I I. 
Note location of ( a )  clrvated conduit gully. ib) amphitheatrc 
and ic) main  trihLItary. 

Geolofiical Fieldnvr-k 1991, Paper 1992-1 

MUD FLOW 
On the evening of July 4, 15191. during a 11 cal  rainstom1 

depositing 3.8 millimetres of rlrecipitation, a small r u d  
tlow was  deposited in a gully 01 a tributary v illey cont.rin-. 
ing a well-exposed stratigraphi:  !section :Sect an PTBX -051 
described in Bobrowsky e/  ai., 1991; Figur: 3-X-7). Ihe: 
precipitation  record  for the ar,x indicales  th 11 rainfall for 
that day, as well a s  fbr the prece&ng weeks, v as essentillly 
average for the time of  year. Weteor~~logical  condit~on:; 
often cited as generating debriz flows :an t z discounkd: 
instead,  sediment  disturbance b:y us during mapping I:; 

more  likely antecedent  cause 01 this evert  whi :h was finally 
triggered by the local  rainstorm 

The  geomorphology of the site  consisls of a grl ly  
3 metres  deep (A) which  borden an open fie1 i on an u(~I>e- 
terrace  adjacent to a main  tributary valle:! (C) Figure 3-  1-7; 
Plate 3-8-5). The elevated gully  (A) serves as a w t e r  
conduit to a small amphitheatre-like erosion11  feature 1.B) 
which "represents  the adjustmzrlt nf the land! :ape to re:ur- 
rent  intervals of erosion by  runling water and ;lope fai l l  re" 
(Eisbacher and Clague, 1984:15:1. The elevao d gully  il ler- 
sects the amphitheatre at a nick point 2 me1 res above the 
highest point  of the sloped :;Lrface (Figur,  3-X-8). Thc 
amphitheatre has a horizontal  langth cf 55 metres 21111 it 

height o f  21.2 metres in relation I:o the nlain 11 ibutary balle!l 
(Figure 3-X-X). 

theatre feature.  The plug-nose, nf thc del: x i 1  i s  1111 to  
A mud-flow scar and depcsit  occur with n the arnr'hi- 

outer edge of  the plug is  not well deflned IS the deps i t  
1.5 metres thick and 4.5 melre:s wide (Plat 5 3-X-6). 132 

actually continues down-slope 111 a lower sedi nent dump of 
lighter and finer grained m a t e d ,  but 311 app .oximate l imit 
i s  55 metres from the edge o f  the nick mint, Debris  in the 
plug consists o f  small to medium-size(l ang llar  blocks  of 
hardened mud, a few  fragment:; of  whictl are ( vcr 1 metl'f: i n  
maximum dimension. These bhcks represer t sheared ;and 
fragmented  pieces of the ad-oining chute-( hannel ~ 3 1 1 s .  
Their emergence at the surface of the flow is prohably 

fragments  and forward push cNf debris fro  n  behind ((7: 
result of intergranular dispersive,  fbrces, buo) ancy ni larger 

Eisbacher  and  Clague, 1984). T-le up-slope e 1tl of the IIIU,: 
gradually grades into a tail featul-e which exte  nds ;tlmo?t UII 

IO the  amphitheatre  edge at  the t m e  of Ihe ni, k point O'lat,: 
3-8-7).  This  proximal sedimr  nt acctlmuli  tion con.ists 
mainly  of large pebble to cohb e-sired clast . Most oi th,: 
clasts  are  remnants of the flow  which hgged behind a! thz 
channel-flow forces diminished.  Additicnal \I ashing b y  lai, l 
further  winnowed the fine  sediments fron  this pehhle- 
cobble lag. Lateral  margins of  ).he chute are defined Iby a 
levee, which represents  the zan,:: of laminar low and !t:di- 
ment  spill-over (Plate 3-8-8). The  debris levees rang? i n  
thickness from less than 5 cenlimetres to 7 I cenlimetre!;. 
From crest to crest,  the  chute:  \width averag:~ 3.1 metre:;, 
whereas the depth  ranges from 0.30 to 1.60 r letres, a w n -  
ing about 1.2 metres. 

Much of the original sedime~,,t i s  derived i-om  the Imk 
walls o f  the conduit  gully  dir,xIly akove he nick INoirlt 
(Plate 3-8-5). During the courx of our  wo  k in the .days 
preceding the mud  flow even!, our  mapping of the se!(lion 
had severely lessened the sedimmt strength i nd  integl-i.:! of  

371 



Plate 3-8-6. View up slope of mud-flow nose. Pick for scale  is 65 centimetres  long.  Note  angular  nature  and 
sire of debris blocks. Note  also  marginal  undercutting of slope  on  right  side of photo  (arrow). 
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Plate 3-8-7. View up slope of mud-flow  channel  scar.  Arrow  points  to  horizontal  scale  which  is 3.1 metres in 
length.  Note  relation of marginal  levee,  slickensided  surface  and  central  washed-pebble lag deposit. 
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the  gully  walls. The precipitation on July 4 was  sufficient to 
trigger sediment avalanching of the  walls  into  the  gully. The 
debris  must have  then  cascaded over the nick point  and  was 
rafted  down-slope  for an additional 55 metres. 

IMPLICATIONS 

support the Model (1 scenario of Bobrowsky er a/.  (1991) 
Stratigraphic and sedimentologic  results  which tend to 

can be briefly  viewed in  relation to the extended erratic 
distribution  data. The earliest glacial deposits in the region 
are clearly of Montane or Cordilleran origin, whereas  the 
second glacial  event has often  been  considered to be of both 
western  and  eastern ice provenance.  However, the westward 

extension of the  Laurentide ice -naximum to :he margill 0:' 
the foothills  discounts the  possibdity of  i8:e  coi lescence mal' 
Fort St.  John. 

Throughout  the  Holocene, i~~cludinp, tod; y. the P t m :  
River District has proven to tle the centre 0. a  variety of 
mass movement phenomena. Many of thesf events  verf: 
and  continue to be either threabening cr cos 1y. The hrgf: 
mass movement on the Halfuay  River whic 1 temporarily 
dammed the flow of water  could have been di astrous m i e -  
different circumstances. Rainfall historically roves to be a 
prime  impetus for triggering siope failures ( L  7 Church and 
Miles, 19x7; Evans  and Claguc, 1989:. Lo] g-tern1 wale. 
accumulation  appears to be x good explar ation for the: 
Halfway  River slide. Precipitati(:ln for  Augus , 1989 (Clidf- 
way River slide) was 64.9  milli-netres which is over ruiicf: 
the 22.9 millimetre total for  May, 1973 (A tachie slide). 
Neither  month-end precipitatiorl total reflec s heavy  rain. 

Intensified  study of the unst:rtde slopes, fai ed  slopes a n d  

example, the slope movement .adjacent to the Attachie slide 
slide deposits should be undenaLen in the Pea :e region. 1'0. 

currently  ranges from 2X to X 2  millimetres 1 er year I(I).R. 
Lister,  personal  communication,  1987). ,~ l though  ]not 
exceptional (Big Slide  near QLemel has mov, 'ment rates a:; 
high as 21 I millimetres per ysal-), this 'mgoi 1g movenlent 
illustrates  the continued threat >.hat is posed b) the inimaturr: 

measures can be adopted to x jess and res 1ond to nlas; 
landscape that typifies  the Pexe  District. \ numbel. o f  

only a  few of these  measures iir:: being activa ly pursuej in 
movement  threats ((:/: Hungr el 01.. 19R7). 1 Jnfortunatcly, 

the  region. Continued geologic research is w  irranted. 

Plate 3-X-8, View  down slope of mud-flow  scar and deposit  at  locality kTB90-09. 
Note  slickensided  channel  wall  and  prominent  levee. 

Geologirul Fieldwork 1991, Paper 1992.1 
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QUATERNARY  GEOLOGY OF THE ATLIN AREA (1041V/llW, 12E) 
By V. M. Levson 

KEYWORDS: Ecorlomic geology, surticial geology. Atlin, 
placer gold,  stratigmphy, auriferous gravels,  exploration. 

INTRODUCTION 
This paper repom  on the  preliminary  results of an inves- 

tigation of the Quaternary  and placer geology of the  Atlin 
mining district in northwest  British Columbia.  The area was 
selected  for study  because it supports  the second largest 
placer  mining industry in the province  and  has  a  long 
history of placer gold production. In addition,  dwindling 
reserves  in  recent :years have resulted in the shutdown of 
major  mining  operations  such as the Queenstake mines on 
Spruce  and Pine creeks.  The Atlin area also offers good 
exposure of Pleistocene gold-hearing strata as well as dating 
control  provided by interhedded  basalts. Gold production 
from the district, recorded for the SO year  period after 
discovery in 1897,  was  approximately 20 000 kilograms 
(Holland,1950).  The locations of active  mechanized mining 
and  exploration projects are  shown in  Figure 3-9-1. 

PREVIOUS WORK 
Early  reports on the  geology of the  Atlin area were 

provided by Gwillim (1901, 1902). The placer  geology of 

and Proudlock (1976). Dehicki (1984) provided an over- 
the  region  was  investigated by Black (1953)  and  Proudlock 

view of the  placer  mining  industry in the  region. The 
Quaternary history of the  Fourth of July Creek valley just 
north of the map  area was investigated by Tallman  (1975). 
Anderson (1970) constructed a geobotanical  chronology of 
the  Atlin area  covering the  last 11 000 years.  Lacelle (1985) 
investigated  the  surficial  geology of the shoreline region of 
Atlin Lake in  the  vicinity of Atlin  townsite  and  produced a 
terrain  materials map of the  Atlin 1:250 OOO NTS mapsheet 
(Lacelle,  1989).  The bedrock  geology  was  initially  mapped 
by Aitken (1959) and Monger (1975). Regional  bedrock 
maps were compiled by Lefebure  and  Gunning  (1989). 
Bloodgood et al. (1989a and  1990)  and Ash  and Arksey 
(1990a)  and discu:ssed by Ash and  Arksey (1990 b, c), 
Bloodgwd  and Bellefontaine (1990) and Bloodgood et a/. 
(198Yb). MacKinnon  (1986)  completed a mineralogical 
study of placer concentrates  from  four mines in the  area. 

METHODS 
Preliminary  airphoto interpretation of the  surficial geol- 

ogy of NTS  mapsheets  104N/I IW and 104N/12E was con- 
ducted and  field checked  at  180 sites in conjunction with 
stratigraphic  and !;edimentologic studies of gold-hearing 
Cenozoic  deposits in the  region.  Property  visits  and 
geologic  descriptions of 16 active  and  recently  active mines 
offering  good section exposure were completed.  Sections in 
the active  mines were  mapped and lithologic.  pebble-fabric 
and  sedimentological  studies were conducted.  Samples 
were  collected  for  textural,  mineralogical and  geochemical 

GPo/ogicu/ Fieldwork 1991, Puper 1992-1 

analysis. Pollen, basalt  and wcNod samples vere also I:O: 

lected at several  sites for stratigr.rphic  control Gold pro:.uc- 
tion in each stratigraphic  unit  as determine I, where r o w  
ible,  by  discussions  with  miners.  Heavy  mincrs,l 
concentrates were collected  from  gold-bear  ng lithofxies 
within a number of stratigraphi:: units In the Spruce  Creek 
area, using  a  small test sluice,  a~nd  front  com nercial O[NXEL- 

tions at several other sites. 

SURFICIAL  GE0LOG;Y' 

BEDROCK AND COLLUVIAL  DEPOSI rs 

in Figure  3-9-1,  Mountain  areas, typi( ally but  not 
A  generalized  surficial  geology map of th : area is given 

exclusively above 1500 metres  ,elevaticn, art charactelired 
by a thin colluvial  veneer wil:h about 30 pe ' cent bedrock 
exposure, mainly on  steep SIOF,ZS, Bedrock  Iutcrops C ' O ~ I -  
prise up to 70  per  cent of the rnwntainous ar :as on the (cast 
shore of Atlin Lake  and the  northeast sho'e of Surprise 
Lake, and up to SO per  cent of the upland j immedi:itely 
north of Atlin townsite. More: ;gentle slopes  at high elwa- 
tions  may have a thin blankel of glacially  d :rived diarnicz- 
ton,  resedimented by slope prc8cmi:sses after ini ial deposition. 

Many  high-elevation areas in  the rc:gion are subject to 
rapid mass movements (rock falls and deh i s  flows) and 
snow avalanches.  Noteworthy is a 1arl:e  lar dslide  deposit 
that extends  from the east side  c f Ruby Mour tain  acros ; the 
Ruby  Creek  valley  (Plate % % I ) .  F;liled  materials  are 
mainly  Pleistocene  vesicular basalts and scr ria. Landslide 
debris  typically consists of arlgular bedrock  material rang:- 
ing in size  from  sand to lalgt: boulders. Aome surlicid 
sediments are also incorporatec  in  the slide jebris. 

stripes  (Plate 3-9-2), nivation hollows  an( cryoturbated 
Periglacial features such a:; solifluctior lobes,  stone 

soils are common, especially i.1 the northw :st part o i  the 
map  area and to a  lesser  extent along the hig I mountains  in 
the  south.  Talus deposits  are  ~:ommon belo\\  most  bedrock 
cliffs  and  rock  glaciers o c c u ~  i n  some high cirques (l'lale 
3-9-3). 

GLACIAL  DEPOSITS 

blanketed by morainal deposits [consisting of Jnsorted, na!i- 
Lower slopes and valley h t t : ~ m s  through( ut the are.1 are 

sive  diamicton.  These  glacial  diamiztons  are  typically 
matrix  supported with clasts  occurring in a n  ixture of !;md, 
silt  and  clay. Clasts up to large tloulders  occu hut the redd 
clast  size is in the  small to largc pebble rang :. Clasts  are of 
widely  varied  lithologies  and rcommonly a e  striated and 
occasionally faceted.  The presence of these  glacial abri !;ion 
features  and erratic  lithologies  indicates gl. .cia1 transport. 
The diamictons are inferred to be tills depos ted at the ha%e 
of over-riding  glaciers. They typically have F .anar eros:on;ll 
lower  contacts  (Plate  3-9-4)  and  are very dense. h h e r e  
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LEGEND 

SURFlClAL MATERIALS: TEXTURE' 

IM( DEPOSITS 
MORAINAL (GLACIAL) 

gravel; minor  exposed  bedrock 
mainly diamicton; some  sand  and 

GLACIOLACUSTRINE silt and  clay;  overlying  diamicton  and 
SEDIMENTS bedrock 

GLACIOFLUVIAL AND gravel and sand;  minor  fines;  some 0 FLUVIAL DEPOSITS diamicton in alluvial  fans 

BEDROCK 
COLLUVIUM AND  diamicton  and  rubble;  bedrock 

LANDSLIDE 

exposed mainly  on  upper  slopes 

rubble and blocks  (angular a DEPOSITS fragments); minor  diamicton 

\ REGIONAL ICE  FLOW DIRECTION ; APPROXIMATE  UPPER 

ACTIVE PLACER MINE " 

- 2  
' LIMIT OF GLACIAL LAKE 

Figure 3-9-1. Generalized surficial geology of the Atlin area (modified from Lacelle, 19x9). 
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other landforms in the Ruby Creek valley.  Note the area of intense mining  activity 
Plate 3-9-1. Airphnto of landslide  deposits (L). moraines  (dashed  lines) amJ 

(MI between thc landslide and the alluvial fan (F) huilt into Surprise Lake at the 
mouth of Ruby  Creek(Bri1ish  Columbia airphoto BC 5686 No. 86).  

Geological Fieldwork 1991, Paper 1992-1 ,177 



Plate 3-9-2. Cobble to  boulder  stone  stripes (S) separated by finer grained c ~ ~ l l u v i u m  (F) (with vegetation cover). 
Stone stripes and other periglacial features are cvmrnon in high rnounlain arcas throughout the region. 

studied,  these tills have a well-developed  pebble fabric 
indicated by a strong preferred  orientation of elongated 
clasts. Subglacial tills are typically compact,  impermeable 
and  poorly drained. 

dated, sandy diamictons.  These  deposits  occur mainly on 
Tills  are often overlain by 1 or 2 metres of poorly consoli- 

tills. They are comprised of glacially  transported debris 
slopes and  probably are produced by colluviation of primary 

mixed with angular local  materials and  are  commonly inter- 
bedded with thin lenses of sorted  gravel,  sand and  silt. 
Debris-flow diamictons,  comprised of similar materials  and 
occurring  on  slopes  from  the  surface  to a depth of a few to 
several metres,  were  probably  deposited in paraglacial 
environments shortly after  deglaciation. 

GLACIOFLUVIAL  DEPOSITS 
Morainal deposits are  locally  incised by meltwater  chan- 

nels and  commonly  overlain  by  one  to a few metres of 
glaciofluvial gravels  and  sands particularly in the  Fourth of 
July Creek valley, along the southwest  end of Surprise  Lake 
and in the Boulder  Creek, upper Spruce  Creek and  Feather 
Creek  drainages. 

Glaciofluvial  deposits  are  most concentrated along  the 
valley bottoms of Spruce, Pine, Otter and  Fourth of July 
creeks.  Well-developed glaciofluvial terraces occur in the 
lower  Spruce  Creek and Pine  Creek valleys and merge  with 
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raised  glaciofluvial delta  complexes  east and  northeast of 
Atlin townsite. A large kettled delta  complex  also  occurs in 
the Fourth of July  Creek  valley at the  northern edge of the 
map area. An ice-contact  kame  complex  occurs at the  mouth 
of Otter Creek (Plate 3-9-5) and there are  esker  complexes 
in the  lower  and  uppermost  reaches of Spruce  Creek. 
Glaciofluvial  deposits  consist  mainly of moderately to well- 
sorted,  well-stratified,  non-cohesive  gravels  and  sands. 
They typically  have  a  high  porosity  and  permeability and 
are well  drained. Clasts  are well  rounded  and generally in 
the pebble  to  cobble  size range. 

GLACIOLACUSTRINE  DEPOSITS 

deposits in the map area  but  occur  along the shore of Atlin 
Glaciolacustrine sediments  are  uncommon surficial 

Lake. The thickest sequence is at the  mouth of Fourth of 
July Creek  (Figure 3-9-1). Elsewhere  they form a thin 
discontinuous veneer over morainal  materials and  bedrock. 
They  are typically comprised of cohesive,  impermeable silts 
and clays that are horizontally laminated  to  massive. 

FLUVIAL AND OTHER  DEPOSITS 
Fluvial deposits  are  confined mainly to alluvial fans  at the 

Creek fan-delta  at Atlin Lake and  narrow floodplains of 
mouths of creeks entering the  Surprise  Lake valley,  the Pine 

streams  throughout  the  area  (Figure 3-9-1). They  are  similar 

British  Columbia GeoloRicul Survq  Branch 



tu glaciufluvial deposits hut tend to he finer  grained  and 
often are water  saturated. 

Atlin  townsite area. Ephemeral  salt-marsh deposits around 
Bog and  marsh deposits  occur locally,  particularly in the 

the townsite contain as  much  as  41  per  cent  magnesium 
oxide  (MgO)  probably in  the form of hydromagnesite 
(Young, 1915; Curnmings, 1940). It  is presumed that the 
hydromagnesite  deposits formed as evaporite  precipitates 
from  saline pond  waters fed by groundwaters rich in magne- 
sium and other d i s d v e d  salts. Hydromagnesite with iron 
oxide  cement and ~nterbedded  calcareous tufa occurs at a 
small  spring o n  the north side of Atlin,  near  the  lakeshore. 

QUATERNARY AND  ECONOMIC 
GEOLOGY 01' PRODUCING  PLACER 
DEPOSITS 

BIRCH  CREEK 

rently exploiting  gravels in the upper  part of the  creek where 
The Nonh Rim Kesources mine  on Birch Creek is cur- 

the flow  changes from  southwesterly to southerly  (Figure 
3-9-1). The auriferous gravels overlie waterwom bedrock 
and consist of clast-supported.  pebble to cobble gravels. 

Plate 3-9-3. Rock glacier in a high cirque un the north 
:,?de of Ruby Mountain. 

Geological Fieldw~r-k 1991, Paper 1992-1 

They  are  crudely imbricated, ir1d:lcating ;I pale ,flow towsrds 
210'. Crude subhorizontal strxti.fication is in licated by th': 
presence of small to medium pe bhle lerses c ,mmonly f i  to 
I O  centimetres  thick  and app:.oximately 25 centimtl.res 
wide. Up to 50  percent of the I ~ d s  have iron, bxide staining, 
particularly small pebble  len.:es and opei-work b:ds. 
Approximately 75 per cent of t'le clast:; are  ubroundecl to 
rounded, with the remainder  colsisting of an Zular  rock!:  of 

exposed at the mine  and consir,t rof poorly son :d, massij~: t o  
local  derivation.  Four to five metres of oierbllrden ar? 

crudely  stratified, sandy, cobbl:: gravels int trbedded ?/it,? 
matrix-supported  diamicton  and  lenses [If hor  zontally h r n -  
nated sand. Glacially  abraded cI,rsts are ,:omn on, espec :~ll,y 
in diamicton  beds. 

poration of local bedrock in the pay grave s all  indirat: 
Stratification,  imbrication, 1:11st rounding md the inror- 

fluvial  transport  and depositim in a high-fnergy  eroriv? 
system. Gold nuggets vary from rouncled tc angular, idso 
suggesting  both  local  derivation and  fluvial t ansport. Plug- 
gets  up to 155 grams  (about 5 ounces:, OCCI r hut approx- 
imately  60 tu 70 per  cent 11f the  gold is finer ilia11 
1 millimetre in diameter. Irregtlarities in tht bedrock !;UT- 
face, defined by near-vertical joints, a.:t as natural rirfles 
and are particularly rich in gold. Overburden  sediment: ar: 
interpreted as glacigenic debris  flows and pro Lima1 ourwas? 
deposits. 

hydraulically in the  past with :,ome underg ound mlirinp,. 
The  main paleochannel of Birch  Cree:  was m ne,l 

For example, pay gravels undel. one extremt ly large houl- 
der, excavated by recent mining, had be<:n en irely remwecl 
by underground  workings  and  the  boulder  was left sup- 
ported only by timbers. Currmly, the  lowe ' metre 01 the 
gravels and  upper  metre of thc  bedrock arc being rnr?emj 

metre.  Particularly large machinery  and  a ! pecially engi- 
with a  production  cut-off of approximatdy 1 ;.ram  per c ~ b i :  

process the gravels  due  to the hi::h silt and  cl ~y content an i  
neered  processing  plant are  cJrrently utilize1 to mine m J  

consolidation of the uverburdt:n. A pos:;ible luried charlnd 
on the east side of the  creek '#:IS being, invc jtigated a? the 
time of the property visit. 'The east  side of the crc:ek., 
throughout  most of its length, hzls produced I lure gold than 
the  west  side (Gerry  Schmidt, personal  c',mmunica..ork, 

current  operation is planned. 
1991). Mining of unexploited gavels  downs ream  i'ronl the 

BOULDER CREEK 
Two  small-scale operations are currently 2:tive on  Eoul- 

der  Creek.  One is working ;tlJuvial-fc.n ser.iments a t  the 
downstream  end of the creek. Eq~osure; in tc i t  pits ind (:ate 
that the fan sediments increast: i n  thickness fi om 1.5 rnctres 
near  the valley side to more ttlan 8 metres nearer tbt fan 
centre. They  consist of interttedded pebbl:, cobble  and 
boulder gravels with crude horiz.ontal bedling and \veak 
imbrication. The  gravels  are  clast supported md are locally 
open-work.  They are characlevized by nun,erous  trot,gh- 
shaped cobble and  boulder concentrations a  few to swer;rl 
metres  wide. Clasts with eviderce of glacial  Ibrasion cwur  
mainly in the lower 5 metres. The upper  few  metres exhibit 
trough-crossbedding  with bi:ds general y more  than 
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Plate 3-9-4. Till  (TI  overlying  glaciolacustrine (L) sediments on lower  Otter  Creek 

3RU 

Plate 3-Y-5. Exposure in pan of a large ioc-contat kame  complex at the  southwest end of Surpriw Lake. 
Debris-tlow deposits (D) unconfomahly overlic a  faulted  sand  hequence ( S ) .  
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5 metres wide  and  less  than 0.5 metre  thick.  Exposed 
bedrock consists of oxidized  basalt with numerous  joints 
and  small faults. 

The bulk of sediments in the fan was probably  deposited 
under paraglacial  conditions  and  derived dominantly from 
glacial debris.  The presence of crude  imbrication, open- 
work  beds, clast-supported strata  and  crossbedding suggests 
deposition by relatively fluid flows.  Numerous  trough- 
shaped, coarse-clast concentrations, interpreted as channel 

braided channels.  Gold distribution is probably  strongly 
lags,  and scour-and-fill structures  indicate  deposition in 

facies-controlled wlth coarse  gold concentrated  along chan- 
nel lags  and finer  gold  more  evenly distributed  throughout 

evidence of more  fluvial  reworking and probably  have 
the fan sequence.  The  gravels in the  upper  few  metres show 

higher  gold conterlts than the  underlying  deposits.  Gold 
concentrations  are  expected to be highest i n  channels  cut 

associated with  preglacial or interglacial stream  courses of 
into  bedrock  near  the fan  apex. Buried  fan-head channels 

Boulder Creek are the best targets. 

mining mainly old lailings in the  channel  bottom. Outcrops 
A second small operation on upper Boulder  Creek is 

of original gravels  are rare, with most  remaining  auriferous 

colluvium  along the valley sides. At one  outcrop, however, 
sediments being  buried by thick  glacial  overburden  and 

2 metres of original pay gravels are exposed.  They  are 
heavily oxidized, niassive to crudely  stratified, cobble to 
boulder gravels interpreted as fluvial  channel-fill  gravels. 
They  are  overlain hy 4 metres of bouldery,  massive,  matrix- 
supported diamictori of presumed  glacial  origin. 

FEATHER CREEK 
The lowest  exposed  sediment  observed at the Feather 

Creek  mine is a matrix-supported,  compact,  oxidized, 
sandy-silt diamicton up to 8 metres  thick, with interbedded 
lenses of well-sorte~:l pale  yellow (unoxidized) silts.  Clasts 
are mostly  angular, local rocks  and some  are striated. The 
diamicton is unconformably  overlain by gold-hearing, 
unoxidized, clast-supported.  cobble  to boulder gravels  grad- 

the gravels has crude horizontal bedding,  manganese and 
ing locally into sandy gravelly diamicton.  The upper pan of 

iron-stained open-work beds,  small  lenses of pebble  gravel 
and more rounded I O  well-rounded clasts. Bedrock in the 
area is a  pyritic  hasalt with silica  and iron oxide  filling  vugs. 

mining area  and is cexposed along  the valley sides.  Down- 
It rises to within 3 metres of the  surface  upstream from the 

stream  from the mlnesite  bedrock  drops off as much as 
20 metres,  indicatinp  the  possible  presence of a deep  paleo- 
channel. Buried  paleochannel  placers in the area have been 
mined  underground in the  past. 

Holocene stream  deposits. Most of the recovered  gold is 
The  gold-bearing unoxidized gravels are interpreted as 

flattened  and  rounded  and  predictably comes  from the basal 
portion of these gravels  where it has been reconcentrated 
from  the underlying sediments.  Glaciers  overriding  the  area 
probably eroded  and incorporated gold  from the  bedrock 
and  possibly also  from pre-existing  fluvial  placer deposits in 
the area.  During  deglaciation, resedimentation of glacial 
debris occurred to form  debris-flow diamicton  deposits, 

GeoloRical Fieldwork 1991, Paper 1992-1 

poorly  sorted  fluvial gravels  and local waerlain silt:,. A 
dominantly local derivation 10.- the setlime1 ts is indicated 
by the large proportion of angular  clasts and I my the presmw 

grained diamicton  and  silty se(:liments is pr ~bably a vdkt  
of some  fragile  gold forms (Plale 3-9-6). Ox dation of fin[:- 

feature resulting from  the incorporation of ox .dized  bedlock 
as the sediments  have a low psrmeability a id  are now in 

recently  recovered  nugget we.,ghs approxim; tely 2X grmm 
reducing  conditions  below Ihi! water tab1 :. The l,xq;est 

MCKEE CREEK 

McKee Creek  placers,  mainly from tluried palzochanne:l 
Exceptionally  coarse  gold  has  bee1  reclvered in the 

deposits  (Plate 3-9-7). Gold-t%rring strata i 1 the area are  
overlain by a well-exposed  Qualernary  sequence consirline 

diamicton. Exposures at the up? tream end of the mine ?.rea 
of over 30 metres of non-aurihous  gravel,  sand, silt m i  

reveal adiamicton complex overlying horizol tally stratliied 
gravels and sands. Exposures farther downst1 :am also have 
thick,  horizontally  laminated :si t and clay u hits that g-ads 
vertically  and  laterally (to the southuest) nto sand ;anti 
gravel  beds that dip  consistent y up valley ( to  the north,:rst) 
as much as 15" (Plate 3-9-8). Thi!y are e.osio! ally  truncated 

Plate 3-0-6. Locally dcrivcd s d d  nuggcls frc n Feather 
Creek. (Small nuggst is 1 cnl  long) 



at the sharp base  of a  massive, compact  diamicton with an 
exceptionally strong  preferred fabric. 

led in fluvial channel gravels in preglacial or interglacial 
Study of these exposures indicates that gold  was deposi- 

times.  Some  of the lower  gravels  containing large  boulders 
up to 2 metres in diameter  have sedimentary characteristics 
indicative of high-energy  hyperconcentrated flows  (Plate 

clays indicates that drainage in the McKee Creek  valley was 
3-9-8). The presence of overlying glaciolacustrine silts and 

dammed,  presumably by the advancing Atlin  Lake  valley 
glacier. Horizontally  laminated fines, interpreted as  bottom- 
set  beds, grade into dipping  sand  and gravel  strata  inferred 
to be foreset beds  in a prograding glaciofluvial delta  (Plate 
3-9-8). The  massive  diamicton  erosionally  overlying  the 
delta  sequence is interpreted to be a till deposited at the base 
of the  Atlin  valley glacier  as it expanded  up the McKee 
Creek valley. Debris-flow and proximal outwash  deposits 
shed off this  glacier  created the complex  sequence of 
deposits  exposed in higher  parts of the valley. The upper- 
most part of the  diamicton sequence represents till deposited 
during full  glacial  times  and resedimented  glacigenic  debris 
deposited  during  and  after  deglaciation. 

open-pit  mining and  some underground activity. The  most 
Mining in  the area has  included early hydraulic mining, 

recent large  operation  exploited a  buried channel  remnant 
on the northwest side of the  valley. There is potential for 
other  channel  remnants in  the area  as  the bedrock rim has 
not yet been exposed  along  many  pans of the  valley  side. A 
dry,  boulder-gravel  stream bed at the upper  end of the  mine 

area,  on the southeast side of the  valley, is the focus of 
current interest  and  has  good  potential  for  a  shallow minmg 
operation. 

OTTER CREEK 

several large pieces of heavy mining  equipment  operating 
The upper Otter Creek  mine is the  area’s  largest, with 

continuously. The  open pit is nearly 2 kilometres in total 
length  and  provides excellent  exposure of the Quaternary 
succession.  The active highwall  at the  south end of the mine 
(Plate 3-9-9) reveals  about 6 metres of gold-bearing  sedi- 
ments  consisting of angular pebble to  cobble gravel  inter- 
bedded  with poorly sorted,  normally graded  cobble to peb- 
ble  gravel  and diamicton.  The upper  part of the pay gravels 

ders up to a few metres in diameter  are  concentrated.  The 
has  relatively  high  gold contents  where large rounded  boul- 

bedrock  surface under  these  bouldery gravels is well  water- 

north  and east.  Overburden  consists  of 7 metres of  crudely 
worn,  undulatory and  generally  dips steeply towards  the 

stratified  large-pebble  gravel, 10 metres of compact. mas- 

of very crudely stratified diamicton,  capped by 4 metres of 
sive,  matrix-supported  diamicton,  grading up into 7 metres 

horiz,ontally and  trough  cross-stratified gravels and  sands. 

deposits on the  west side of the Otter  Creek  paleochannel. 
The  current  mine is apparently  working  channel-margin 

Poor  sorting,  numerous  angular  clasts  and normal graded 
bedding in gravel and diamicton  beds  indicate  a debris 
origin.  The  debris  flows were  locally derived and  incorpor- 

3x2 

Plate 3-9-7. Coarse  gold  nuggets  from McKee Creek  paleochannel  placers. 
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unconformably overlying delta  foreset and bottomset  beds 
Plate 3-9-X. Gkcigenic debris-flow and ti l l  deposits (T) 

(D) and tluvial  channel  deposits (F) along lower McKee 
Creek. Exposure is; 32 metres high. Large houlder at lower 
left i s  2 metres in diameter. 

ated gold from pre-existing  auriferous  colluvial and alluvial 

channel deposits but their uccurrence  relatively high on a 
sediments.  Boulder-gravel  beds  represent  more  typical 

centre)  as well as the  north (downstream) indicates  that 
bedrock  rim that dips steeply towards the east (paleochannel 

deposition  occurred along  the channel margin and not in the 
thalweg  (deepest part of the channel).  The  steep undulatory 
geometry of the  bedrock is suggestive of a  paleowaterfall 
and  plunge pool. 

Overburden deposits are interpreted as proglacial out- 
wash stream  gravels  succeeded by till, postglacial debris- 
flow  deposits, and finally Holocene fluvial  channel  gravels. 
Down valley,  the complexity of the overburden succession 
increases with the  addition of a deltaic  gravel sequence 
(Plate 3-9-10), laminated  glaciolacustrine  silts  and sands 
(Plate 3-9-4) and  up to three auriferous  gravel units  inter- 
bedded with till deposits. 

PINE CREEK 

in British  Columbia  and  formerly  supported a large mining 
Pine  Creek  is the second largest  placer-producing stream 

GeoloRical Fieldwork IY91, Paper 1992.1 

auriferous  gravels (G) and till t'r) in the: low, r half of th: 
Plate 3-9-9. Gold-bearing gavels (A) OW lain by n o ) ~ ~  

active  highwall  at  the  Otter  Creek  mine 

community  at  Discovery, app~:o.ximatel,y I O  I .ilometres 8:a:;t 
of Atlin. Gold-bearing gravels ivl the  area con  sist of ma!.!;ive 
to crude horizontally  stratified  boulder  gra  iels. The) are 
poorly  sorted  and  mainly clast supported a1 d contain di!;. 
continuous,  poorly  defined  .nlerbeds  of d amicton with 
abundant  silty-clay  matrix.  Disc,ontinuous si1 y clay,  grmu- 
l a r  gravel  and  pebbly sand  str:m also o,:cur.  The auriferous 

metres  thick. The diamicton is Ixally  crudel,' stratified  and 
strata are overlain by a diamicton complex a few to sevxal 

contains  interbeds of sand ancl !!ravel. IIlsew ]ere i t  is c o m -  
pact,  massive,  matrix supportt:d and conti ins numerous 
striated clasts, sheared sand lenses  and slic kensided s u b  
horizontal  partings. Up to 5 nieltres  of  .well-! tratified smds 
and gravels,  commonly with convolut:d bc dding. loally 
overlie  the  diamicton  sequence. 

The gold-bearing gravels  are interpmted a ;  fluvial ch.ar- 
ne1 and debris-flow deposits, possibly derive i in part iiorn 
the  valley  side. The overlying ciiamicton com' )lex is infclred 
to be till and glacially derivecl debris.flow  deposits. 'The 

contact  and  proximal  outwash  depo,iits. 4 large  mine 
uppermost sand and  gravel sc:qoence is inte  preted  as i c e  

recently  operated  by  Queenstake  FksoLrces  Limited 

36'3 



Plate 3-9-10, Delta  foreset  gravels (G) overlain by till  and dehris-flow  deposits  (D) on Otter  Creek. 
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Plate 3-9-1 1. Excavating  placer  gravels (G) under  Pleistocene  hasalts (B) on Ruby Creek. 
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exploited the lower gravel sequence in an area upstream 
from historical mining.  There may be potential  for  further 
expansion of mining upstream,  downstream  and  possibly 
also  closer to the .valley sides, hut the  thick  glacial  and 
glaciofluvial  overburden  inhibits  exploration.  Given the 
productivity  of  tl-ibutary  creeks  upstream  from  the 
Queenstake minesit':, it seems probable that paleochannels 
of Pine Creek in that area would  also be highly auriferous. 
However, depth of ice  erosion  and consequent preservation 
potential  has not been documented. 

RUBY CREEK 
The Ruby Creek placer deposits  have a  unique  geologic 

setting as they are overlain by Pleistocene  basalts  and rock 
avalanche  deposits that originated in the  Ruby  Mountain 
area  (Figure 3-9-1). The gold-bearing gravels  are  clast sup- 
ported, mainly  matrix  filled  and  poorly to well sorted. They 
consist mainly of cobble  and boulder gravels with some 
pebble beds  and  they  exhibit  horizontal  stratification,  clast 
clusters  and  crude  imbrication.  Clasts  are  mainly sub- 

rounded clasts of local granitic bedrock. The contact with 
rounded to well rounded and there are numerous well- 

the overlying basalts is locally  marked by beds of stratified 
sand  and  fine gravel composed almost  entirely of scoria. 
Large  basalt 'clasts'  also  occur within  the upper pan of the 

The auriferous gravels  are interpreted as high-energy 
fluvial  channel gravels  and hyperconcentrated  flood-flow 
deposits.  Scoria-rich sand and  gravel beds  are interpreted as 
subaqueous volcaniclastic deposits formed during the  initial 
phases of volcanic  activity. The large basalt 'clasts' may 
also have formed subaqueously as  lava pillows.  Most of the 
basalt sequence, however, is  columnar  jointed and cooled 
relatively slowly. Glacial deposits locally  overlie  the  colum- 
nar hasalts as  do postglacial  landslide deposits. The  latter 
are  composed mainly of angular scoria and vesicular  basalt 
rubble  but  locally  contain  large  intraclasts  of  glacial 
diamicton. 

Two  mining  operations  are  currently  active at the lower 
end of Ruby Creek, both working gravels underlying basalts 
on the  valley  sides. The richest gravels  are typically  helow 
the  water  table  and  undercutting  the  columnar  basalts 
creates  an additional mining  challenge.  The Bonnell opera- 
tion is mainly  utilizing  natural slope and  weathering  pro- 
cesses  active during  the  winter to  remove the potentially 
hazardous  overhanging  basalts.  The  Russo  operation is 
mechanically undel-cutting the gravels  (Plate 3-9-1 I )  and 
has done  some underground mining, with plans  for further 
underground developments. 

ter  and subrounded  to  angular. The  largest recently 
Gold nuggets are typically  about 2 millimetres in diame- 

recovered  nugget  was 180 grams  (5.75  ounces) but nuggets 
up to 1.37 kilograms  (44 ounces)  have been reported. Gold 
grades in  the lower metre of the pay gravels vary from 30 to 
150 grams (3 to 5 ounces)  per  cubic metre  and are up to 
15 grams  per  cubic  metre in the overlying 3 to 4  metres 

rises  sharply on the valley walls  and follows  low-gradient 
(Mike  Bonnell,  personal  communication, 1991).  Bedrock 

benches  along the valley-bottom  margins  which slope 

Geological Fieldwork 1991, Paper  1992-1 

gravels. 

approximately 2" to 3" down  \alley.  Gold cor tents are high 
where  the  bedrock is altered to a red graular  sand or eve:n a 
light-coloured silt. Ridges and  knobs of una tered bed.oci 
are  common. 

SNAKE  CREEK 

draining from a low  pass on the east side of Spruce k111un- 
Holocene fluvial gravels  ale mined on th s small c r ee :~  

tain. The  gold is relatively coa1:se with nugp:ts comm,~nly 
2 to 3 grams in weight,  the larpet recently rec overed nu!,get 

graphitic  argillite with dissemir ated pyrite. L strong folia- 
weighed  approximately 30 gram!;. Local  bedr Kk consists cf 

overlain by 4.5 metres of poorly  sorted, :arge- :obble gravels 
tion strikes at 180" and dips 411" to the  west. "he bedrock is 

interbedded  with  pebble  gravels and  hoizonl  dly  laminate3 
sands.  The  gravels  are clast  supported,  matt x filled, 11'3ri- 

zontally  bedded and  crudely im bricatetl. Tht y are ove:.lain 
by a  massive,  matrix-supported  sandy ;silt  di unicton. Goli 
has  been  recovered  mainly f ron  the Holocen : Snake Creek 
channel but the  possibility 01' ;I deeper bur ed channc:l is 

excavation  revealed  a sharp drop in the b e ,  lrock of no re  
indicated at  one  site along the present  cr :ek when: an 

than  several  metres. The  bedmck depressi m  apparcntly 
crosses the creek obliquely anc. is buried b) an additional 

east. 
several  metres of glacial  and  glaciofluvial 1 eposits IC the 

SPRUCE  CREEK 

other  creek in British Columhi:~,,  as well as the  provirmce's 
Spruce  Creek has  produced Inore placer :old than any 

largest nugget  weighing 2. 6 kilogram!; (85 xnces). !/lost 
mining activity is currently cou:entrated  at  tt 2 lower e rd  cd 
the creek  (Figure 3-9-1). Some open-pit mine F higher U F I  on 

activity was seen other than hand operaticns. The main 
the  creek have heavy  equipment on site h b  t little cunerlt 

placer  operation in the vall'zy in rec:ent :'ears was the 
Queenstake  mine on lower  Smuce  Creek. Szveral  distinct 
stratigraphic  units occur in the area, inch ding pos:;ible 
preglacial,  interglacial  and postglacial de  losits (F '1 ., e ure 
3-9-2). Up to 4 metres of the Irwermo:.t aur ferous gr;vels 
overlying  bedrock  have beer, mined. They  are gene:ally 
poorly  sorted with a  silty sand matrix,  clast  supported  and 
crudely  stratified. Gold  also oc~:urs in cobb e  and boui:de:r 
beds in gravels that erosionally overlie  the m; in, basal folcl- 
hearing  sequence,  hut i n  lower  concentr  itions. T lese 
gravels  are exposed just  above ,water level a! the north ue!it 
(downstream) end of the minesite  (Figure 3-9-2). Stral- 

diamicton and well-sorted  sand heds and tt zy are  largely 
igraphically  higher  gravel units >Ire locally  in  erbedded with 

barren. The  entire sequence is capped by mas Give dianlirton 
beds and  sands and  gravels. 

fluvial  channel  deposits. The paleoch.mnel orientaticn is 
The gold-hearing gravels are interpreted , s high-energy 

oblique  to  the trend of the modem va  ley a 5 indicate,j by 
paleocurrent  measurements  (Figure 3-'2-2). Drilling south 
and  west of the  property  has  hcen conducted i 1 an atternpt to 
delineate  the  buried  channel geometry and e, tensive mdei- 
ground workings have k e n  developed  in  the past to  exploit 
the  gravels. Gold  occurs in lower  ccncenlrations ar113 is 
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units,  presumably  because it was eroded from the older 
confined mainly tcs coarse gravel facies in younger gravel 

gravels and  redeposited too quickly to allow significant 
reconcentration.  Overlying  gravels  are  believed to be 
glaciofluvial in origin and the uppermost diamictons  are 

The  uppermost  sands  and  gravels  comprise  part of a 
interpreted as till and  ice-proximal debris-flow deposits. 

postglacial,  glaciofluvial esker  and kame complex. 

area mined by owenstake, has exploited mainly channel- 
The Arnold  Ellis  mine,  located just downstream  from the 

bottom sediments missed by earlier  operations  and is cur- 
rently mining basal cobble-gravels  and  the  upper few metres 
of altered basaltic bedrock  along  the valley side.  The 
gravels  are heavily oxidized,  clast supported and are poorly 
sorted with a high percentage of medium to coarse  sand 
matrix. They locally grade into diamicton  or very poorly 
sorted  pebble  gravel with a  silty  matrix. The underlying 
bedrock forms a  bench that is defined by a ramp rising at a 
slope of about 15" from stream level onto a surface that dips 
gently  (about 5") toward the  valley centre.  The bedrock is 
locally  strongly  altered to red-coloured sand and  silt-sized 
material that contains  little  placer  gold. The  gold-bearing 
gravels  are overlain by about 5 metres of crudely  imbri- 
cated,  pebble to cohble  gravels with crude  horizontal strat- 
ification  marked by coarse  clast  concentrations.  These 

diamicton  grading 1 . 1 ~  into crudely stratified  diamicton with 
gravels  are in turn  overlain by I O  to 12 metres of massive 

sandy  interbeds. 

sediment-rich  flood  flows  with  the  basal  gold-bearing 
The lower  gravel sequence was  probably deposited by 

gravels  deposited  during the  final  phases of channel degra- 
dation. The overlying barren gravels were  probably deposi- 
ted during valley aggradation, possibly  induced by changes 
in base level and sediment input  associated with the  onset of 
glaciation.  The  capping  diamictons  are inferred to be till and 
other  glacigenic  sediments deposited during  and  imme- 
diately after glaciation. 

Although  the  bulk of unmined  placers in the Spruce 
Creek  area  are  buried  under  thick  overburden,  some 
paleoplacers  still  remain in the valley bottom in areas where 
water problems have prevented  mining. At the Springer 
Kyle property at the lower  end of Spruce Creek  (Figure 
3-9-I), a  channel 7 to I O  metres deep and  approximately 20 
metres wide  has been mined  in  recent  years  and  preliminary 
drilling results  indicate  the  presence of another possible 
channel. An artesian  aquifer, encountered in one hole at a 
depth of 8 metres, was  still flowing  at a  rate of a  several 
litres  per minute  a  few  weeks after drilling  and  indicates  the 
probable  presence of a  highly  porous  gravel bed. 

is ubiquitous. It is often  most intense in permeable strata but 
Oxidation of older  gravel units in the Spruce Creek  area 

locally cross-cuts  facies boundaries.  It  may reflect an early 
period of subaerial  weathering,  preferential  incorporation 
and weathering of iron oxide rich bedrock, oxide  precipita- 
tion from  groundwater  moving through  permeable  strata or 
hydrothermal alteration. Evidence  for the  latter is provided 
by zoned  quartz  veins in strongly  altered  bedrock and the 
presence of strongiy  altered clasts in  the lower part of the 
gravels. Only the  lowermost 0.5 to 4 metres of the oxidized 
gravels  are highly auriferous, locally containing up to about 
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25 grams of gold per  cubic mme.  Thn gra  ,els  have been 
extensively mined undergrounc: and ol<j wo1 kings are cow 
tinuously  encountered in m c ' d m  open-pit  mines (F1gu1-e 
3-9-2). 

WRIGHT  CREEK 
The only  current  operation on Wright  Creek is ir l  the 

upper part of the  valley  where  a small min' ' run by Andy 
Didac is exploiting remnant  channel gravel: and  Holacerle 
alluvial fan  sediments issuin:: from Eagle :reek, a >mall 
west-flowing  tributary of  Wrig.ht Creek (PIue ?-9-l:'1. 4 
maximum of about 4 metres c'f fan scdime Its are rn netl. 

cobble to boulder  gravels with some Iliami :ton interheds. 
Sandy, clast-supported,  large-pebble grwels ire 0verla.n  t'y 

The  lower few  metres of the grinels contain approxirnitely 
0.5  gram of gold  per  tonne. Elellrock a: the m e  of th: fan 
consists of argillite with chert interbeds. Son e gold-bearing 
gravels occurring on low bedrock  terraces along Wright 
Creek  are  strongly  cemented with iron a i d  mang,arler,e 
oxides. Their hardness is comparable 1 0  thc local  bedrock 
and they may  have been sufficlently  rmista It  to  have sur- 
vived  glaciation. 

Lower Wright Creek was  the  site of a I undergmund 
operation that temporarily  exploited  a ric I go ld -kx i rg  
gravel at approximately 30 metres  depth but otherwise wi~s 
unsuccessful due to water  prc,blems  (Andy I lidac, penon.11 
communication, 1991). The a:-e;l has  generat :d some rt!t:ent 
interest as indicated by eviderlc:: of sev'xal d :ep drill  holes. 

channel  between Wright and lower  Otter  c.eeks south of 
In addition, geophysical exploiation for  a I 'ossible bllricd 

Surprise Lake is ongoing. 

CONCLUSIONS 

QUATERNARY HISTORY AND CHRO VOLOGY 

period of fluvial valley  incision during whil h many of the 
Glaciation of the  Atlin area  was preceded ' ~y an extensive 

placer  deposits  in  the area accumulated. Son e of the pl,m:r 
deposits may be interglacial in age but mo: t are prot,;ab.y 
preglacial. All are overlain by till deposits of the last g1aci:i- 
tion.  Infinite  radiocarbon dat,x reported by Reeburgh arld 
Springer-Young (1976) indic;tc that the gra  iels minmaliy 
predate  the  late Wisconsinan i:laciatim. H m d  fragments 
from the  bedrock-till  interface i:l a undergroi nd placer nine 
on  McKee Creek  were  dated at  ]nore than 36 000 years B.P. 
(AU-I 14) and peat at the base  ol'compacted 1 II at  the IT 10u.h 
of Boulder Creek yielded a rxliocarbon dat ; of more I:h;in 
31 OOO years B.P. (AU-59). 

In the  Ruby  Creek area, a period of Plei! tocene voli:an- 
ism occurred  after depositim of the mai I gold-bexirlg 
gravel  sequence.  The  lava, iitially  flow ng into Itutly 
Creek, was deposited suhaquf:ously, when as subsequent 
flows cooled more slowly to  form 2, thicc  sequencc (of 
columnar hasalts. 

The last  glaciation  largely totrscured  any e iidence oi'ear- 
lier  events,  with  the  possible  exception of some  old 
glacigenic deposits  at the lowf:r end of Ott :r and BoJldzr 
creeks.  Ice in  the  last  glaciation  initially rioved in to  the 
Atlin  region down  major valley;, from accum dation arc ;as in 
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Plate 3-9-12, Small  mine  exploiting  Holocene  alluvial  fan  sediments  at  the  mouth  of  Eagle  Creek  valley  (background). 
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Plate 3-9-13, Glaciofluvial  delta  complex on lower Boulder  Creek. 
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the Coast  Range.  Ice apparently occupied the Atlin Lake 
valley before smaller  tributary  valleys,  resulting in  dam- 
ming of creeks such as  McKee and Spruce. Ice damming in 

caused by a glacier  flowing up  the  Pine  Creek valley. 
the Boulder and Otter Creek  valleys may also have been 

Prograding  glaciofluvial  delta  complexes  (Plate 3-9-13) 
formed in all these ice-dammed lakes.  During ful l  glacial 

northeasterly tlowing regional ice sheet  resulting in a  ubiq- 
times  the  region was almost entirely ice covered by a 

developed  moraines  are  rare, but recessional  moraines  occur 
uitous  surficial  cover of glacigenic  sediments.  Well- 

locally,  as in the  upper Ruby Creek valley (Plate  3-9-1). 

plexes  formed in a Inumber of areas  and a large  glacial lake 
During deglaciation  ice-contact  kame  and esker  com- 

developed in the  Atlin  Lake valley. Outwash  from Pine  and 

east of Atlin. As the lake level dropped, deltas  and correla- 
Spruce  creeks  deposited glaciofluvial  deltas  northeast  and 

tive  outwash  terraces were constructed at successively 
lower levels. The highest  lake level in the area, determined 
by the  distribution of glaciolacustrine sediments and by 
maximum delta ele,mions, was at about 780 metres above 
sea level.  A  glacial  lake also  formed in the McDonald  Lakes 
area  (Figure  3-9-1)  as a  result of damming by Atlin valley 

man,  1975). The  elevation of large pitted deltas along 
ice  retreating down the Fourth of Ju ly  Creek valley (Tall- 

Fourth of July Creek northeast of McDonald  Lakes  indi- 
cates a maximum  glacial  lake  level  higher than IO(W) metres 
above  sea level. 

glacigenic sediments were extensively reworked by col- 
During and following  deglaciation, previously deposited 

luvial processes under  paraglacial conditions. Resedimented 
glacigenic deposits ,are common at the base of  steep  slopes. 
Similarly, paraglaci;rl alluvial-fan  sedimentation  was proba- 
bly very active during deglaciation  and  has  continued to the 
present. Holocene glacial activity was restricted to high 
cirques in the northeast part of the  map  area. At high 
elevations, periglacial  processes have played  a  large  role in 

the  Holocene (Tallrnan, 1975). Rock glaciers,  solifluction 
the evolution of ge<:)morphic features  throughout  much of 

At least one  major postglacial  landslide has occurred in the 
lobes and stone stripes are  common high-elevation  features. 

have also formed along valley bottoms  during  the Holocene. 
area.  Fluvial terrace, floodplain  and  active  channel deposits 

Postglacial sediments  currently supporting  placer  mines are 
uncommon but locally  include  Holocene  alluvial  fan  and 
fluvial deposits. 

FUTURE  PLACER PROSPECTS 
In identifying  potentially  productive  placer settings from 

geomorphic and  stratigraphic  points of view, i t  is necessary 
to  first  consider the potential  for  bedrock in the area  to yield 
gold to the  placer  environment. For  example, a  probable 
connection between altered  ultramafic  rocks  (listwanites) 
and  lode  and placer gold production in the  Atlin area has 
recently been  suggested  (Ash and Arksey,  1990  h,  c).  These 
studies  suggest that areas with placer potential  may occur 
downstream  from  known ultramafic outcrops or in areas 
where it can be  determined by geological  inference that 
ultramafic rocks previously occurred  and  have since been 

Geolo~icul Fieldnwrk 1991. Paper 1992-1 

eroded. Such inferences  can b e  made, for  e :ample, 1111 the 
basis of structural cross-sectinnis or simply t y the  presence 
of altered  ultramafic clasts  or d a t e d  rniner 11 suites ill the 
placer deposits under  investig,a:ion. 

above for each of the main placcr mining are. s, a numb:r of 
In addition to  specific potential developn ents discl:;sed 

other general areas with placer potenti;rl car be  suggested. 
Although  the  Pine Creek valley lhas been extt  Isively m hell, 
it is wide  and  there is good potenti;d fol undiscmered 
buried channels, particularly tc, the north a1 d easl of p r e  
viously  mined areas. On the north side of  the valley, b1oad. 
linear  topographic lows  are  r~ecogniratle on airphotos  and 
may represent surface expressions of ibrme r gold-be;u-ing 
paleochannels.  Similarly,  the  ,rrea  between 11 e Birch 'Creek 
confluence and Surprise Lak.e has ncNt been mined imd, 

given  the  historical  productivity of upstream I ributaries such 
as Otter,  Boulder  and  Ruby cweks. it :seem: probable that 
paleochannels in that area wou d also he go d hearin,! 

Good potential  for rich bur  ed-charnel 1 lacer depxils 
also exists in the Spruce Creek \alley. Irl addi ion I O  the area 
downstream and  west of the ()L,eenstake pro ~erty, much cd 
the valley upstream of the  IlkIan unclergrc und mine has 
good  potential.  Depth of ice (erosion and thi:k glacial and 
glaciofluvial  overburden are l.he main  facto s lirnitinp the 
location  and  exploitation of theve deposits. 

Confined  channel gravels be ow Ple~stoce he basalts and 
rock avalanche  deposits in the  Ruby Moun ain area  have 
good  potential.  Undiscovered  pdeocharlnel d :posits on this 
creek  and on others  such  as  Boulder and Bir h creeks, will 
mostly he small  channel remrlants on the va ley sides, but 
there is local potential for mose extensive de bosits in areas 
where these  valleys  widen. Similarly, the bro Id alluvi;rl f l 2 . t  

on Wright Creek, downstream from the point where it bmds 

deeply  buried fluvial channel  deposits. The v; lley is niurow 
from a  northwest to a northerly {rend, has goc 3 potential  for 

and oriented obliquely to the  regional icc:-flov direction ;mi 
therefore  may  have escaped  deep glacial ero ;ion. 

Although  postglacial placer! are  less pr~ductive :ha11 
buried  channel deposits and haw: not becn he; vily explcitelJ 
to  date, they may have potential for efficient nining  opera- 
tions with improved  recovery $)'stems. Large .volume, 1t:la- 
lively  low-grade  surface plat:.ers include  alluvial fan 
deposits at the  mouths of Boulder,  Ruby an( Birch crmks 
and tu a  lesser  extent fans or,  lower Otte , Wright ;md 
McKee  creeks. In addition,  flwial terrace de~osi ts   suc? as 

Creek area  just south of the stut:ly area have potential. 
are  recognized on upper Sprucl: Creek and n the WI !;on 

Other regions  with  placer pc tential, not i Ivestigat4 in  
this study, include Davenport,  Lincoln, Cc nolation and 

northeast  and  Burdette, O'Donnel and Bull creeks t~ the 
Volcanic creeks north of the map  area, Crackc r Creek to the 

south. Productive  placers  have also been re :orded in the 
Graham Creek area west of the: !:tudy a r m  FL rther stud f of  
these placer deposits is needed to identlfy th  :ir extent and 
potential. 
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AN EQUATION  FOR  ESTIMATION OF MAXIMUM  COALIIED-ME rHANE 
RESOURCE  POTENTIAL 

By Barry D. Ryan 
-I“ P.” 

KEYWORDS: Coalbed  methane,  resource estimation,  equa- 
tions. computer c;~lculations. rel;~tionships.  coalification 
g r  ‘1 d’ Icnt. 

INTRODUCTION 
This is a technical note on coalbed  methane  resource 

estimation. There is extensive  literature on the sub,ject of 
coalbed metliane i l l  coal. Many u5efuI relercnccs can be 
found in the special  publication by the American Associa- 
tion o f  Petroleum  Geologists (I9X9). 

ane gas content of deeply buried coal. In swnc coi1l h . ’  

There has been considerable interest in estimating  merh- 

the recovery of  coalbed methane trom well5 penetrating 
dslns 

coal seams is a reality and is economic.  The potential 
maximum  coalbed methane resource of many  uther coal 
basins is being calr:olated using  available seam thickness, 
rank and depth dat..,. 

resource per tonne of i~r siru coal relies on the empi XZI 
Often the method used to es’irnate the max mum metitan: 

curves introduced by Eddy ul. ( IW2:  :igure 4- -1:s. 
These  curves provide estimates .jf the lcst an, desorbed  gas 
from coals of  different ranks al,.d at difercr t dcpths. m:t 
and  desorbed  methane is an appmnimation of the rnaxir:Iunl 
methane  resource. The lost and desorbed gas :ontent ca- b- 

the sample. The process is corlvmient f ’ x  a f :w detenr!ina- 
read from the appropriate rank. curve based c 1 the depth of 

tions hut becomes  increasinzly  awkward Nhen ran< is 
defined by a wide range of nlean m;lxilnLm  re:flect;lnc,: 

number of depths. 
(R,,,8,x) measurements and data are require j for a lxg: 

DISCUSSION 

- 

~ 

A single  equation that relate:; R,,,, and I lepth io nlax- 
imum recoverable methane w ~ ~ l d  mak’r the ~)rocess n lucll 
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EQUATIONS  FOR  RELATING COALBED  METHANE 
TO DEPTH AND MEAN  MAXIMUM REFLECTANCE 

OF VITRINITE 

~ 

R,,,$,x% = Mean  maximum reflectance of vitrinite in oil. 
K = (1.98 for mid~rank, 0.89 for lowcr limit and 1.25 for upper limit. 
Ln = natural logarnhrn 
Depth in metres 
GAS in cubic ccntimetres per gram 

EQUATIONS FOR THE  FIVE RANK CURVES IN FIGURE 1 

I/ HVB-c GAS = (104.~5 = 0.0514 x D ~ 770.4 ~)/32.037 
21 HVB-B GAS = (122.74 = 0.155 X D - 1203.6 / DK32.037 

4/ MVH G 4 S  = (466.57 + 0.09974 X D - 25923.2 / DV32.037 
3/  HVB-A GAS = (267.62 + 0.09613 X D - 11499.3 / DV32.037 

51 ANTH G 4 S  = (786.2 + 0.089 X D - 40290.1 / DV32.037 

KARWEIL CUMULATIVE GAS EQUATION 
C G S  = - 325.6 LNVM / 37.8) 

CGAS = Cumulativr gas in cubic ce~timztrcs per gram 
VM = Voialile matter; dry ash-frce basis 

VALUES OF LOST PLUS DESORBED GAS VERSUS DEPTH 
TABLE 4-1-2 

FROM THE RANK CURVES IN FIGURE I 

 em^^ R,,, o . m  0 . m  0,825 1.30% 1 . m  3.50% 

3.47 4.37  7.09 I 1.02 14.08 18.73 

RAN! HVBC HVR R HVBA MVB  LVB  AXTH 

Depth (Metres) g/rc &r e/ce g/cc dm g k c  

?M1 
3 0 0  
4oil 

3.68 4.78 8.18 1?.89 16.03 21.29 

5011 
3.87 5.lX 8.68 14.U2 17.14 22.60 
4.03 5.59 9.11 14.64 17.19 23.50 

600 4.18 5.93 9.61 14.98 18.39 24.07 
700 

4.53 6.68  10.27  15.45  19.13 25.13 
4.37 6.24 9.93 15.45 18.73 24.41 

1 0 0 0  
Y O 0  4.68 6.Y9  10.61 16.39 19.51 25.66 

3.84 7.43 11.02 16.73  19.82 26.22 

no0 

1 1 0 0  5.03 7.77 11.27 17.26 20.26 
I ?MI 5.18 8.12 11.58 17.70 20.54 
I3MJ 5.34 8.62 11.92 18.04 21.01 

I 500  
I400 5.49 8.87 12.33 18.39  21.32 

5.68 9.11 12.74  18.73  21.63 

Abbr~uiauonr 
Rmaa Mcan maximum reflectance uf virrincle m oil 
HVB High~volrf~le hitummoui. 
MVB Medwm-volriile hicuminour. 

AUTH Anthracite. 

TABLE 4-1-3 
RAKGES OF Rmax FOR DIFFERENT RANKS  (FROM WARD, 

1984) AND DIVERGENCE OF EQUATION A FROM  RANK 
CURVES IN TABLE 4-1-1 

~ ~~ - 
Rmsx Equation A Errors 

Rank  Low  Mid High Absolule Normative 

HVB-C 0.47 0.52 0.57 
HVB-B 0.57 0.64 0.71 

ND 
-4 

NU 

HVB-A 
i~ 6 

0.71 0.90 1.10 
MBV 1.10 1.30 1.50 

+ I 3  
-0.2 

i~ 13 

LVB 1.5 1.8 2.05 
i 1.0 

-0.5 
SEMI-A 2.05 2.5 3.0 

+O.6 

ANTH 
ND 

3.0 3.5 ND 
ND 

tn.04 +1.5 

less  tedious and  amenable to computerization.  Such an 
equation is introduced here (Equation  A, Table 4-1-1). It 
reproduces the  original five rank curves in Figure 4-1-1 
quite  well, except for R,,,, values of less than 0.6 per cent. 

in grams  per  cubic  centimetre  can he read from  the five rank 
Approximate  readings of depth in metres and  gas  content 

curves in Figure  4-1-1 (Table 4-1-21, Data were  input  into  a 
curve-fitting  computer program  and for  each rank the  best- 
fit curve with the  resultant constants defined (Table 4-1-1, 
Equations 1 to 5 ) .  In all cases an equation of the type Y = 
(A + B) X (X + C) / X fitted  the data very well. In  fact the 
R22  correlation factors for the five  curve fits varied from 
0.996  to 1.0.  These  five  equations  therefore provide an 

4-1-1.  These  equations can be used to model  the gas  content 
accurate way of representing  the five rank curves in Figure 

one of the five  curves. Unfortunately it  is difficult to relate 
versus depth  relationship for  coal with a rank represented by 

the  constants in each  equation to changes  of R,,,,, from 
curve to  curve so that the  equations  are not useful when coal 
rank is not represented by one of the five  curves. 

capable of predicting  the gas content for coal from any 
Equation A was developed to provide  a single equation 

depth  and of any rank. In fact the equation works quite well 
for  retlectances greater than 0.6  per  cent and depths greater 
than 100 metres. I t  was first used in resource calculations 
for the Tuya  River coal basin (Ryan, 1990). Obviously if 

curves in Figure 4- 1-1. The range  and average (Rmdx) values 
Equation A is valid, then it should reproduce $e five rank 

that define  each lank  of coal  (Ward, 1984) are in Table 
4-1-3.  The  mid- (Rmax) values were entered in  Equation  A. 
With  the  help of a computer  program. predictions of  gas 
content versus  depth derived  from  Equation A were checked 
against those provided by the appropriate rank equation 
(Equations 1 to 5.  Table 4-1-1). 

5.  It calculates the average  divergence of Equation A from 
The program  incorporates  Equation  A  and Equations I to 

tke  appropriate rank equation when the  correct  mid-range 

divergence is calculated as an average, taking  into account 
(RmaxI value  (Table 4-1-3) is entered in Equation  A. The 

sign (absolute  divergence), in which case random fluctua- 
tions  about  the  rank curve will result in a zero  divergence. 
The normative average  divergence is also  calculated. In this 
case fluctuations  about  the  rank curve  are  summed  and 
averaged  irrespective of sign.  The  absolute  average diver- 
gences range from -4.0 to + 13.0 per  cent and  the norma- 
tive average  divergences  from 0.6 to 13.0 per  cent. 

the five rank curves in Figure 4-1-1 are reproduced fairly 
If the mid-point E,,, values are used in Equation  A  then 

curve.  The  mid-point R,;,, value  for  high-volatile A 
accurately except for  the_high-volatile  A bituminous rank 

bituminous  coal is 0.90  per cent;  Equation  A  produces  a 
good fit to the curve if a  value of 0 3 2  per  cent is used. 
Because Equation  A fits the five rank curves  quite well it 
reasonable to suppose that it can  also model the depth 
versus gas  content  relationship  for all intervening  ranks of 
coal. 

equation to model  the five rank curves assuming  that  they 
It is easy to adjust constant K in Equation  A to  enable the 

represent  the minimum R,,, values for that rank,  for exam- 
ple to model  the lower limit of each rank, K = 0.89,  or to 
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model  the  upper  limit of each  rank,  K = 1.25. It  is  also 
possible to add  a  constant to Equation  A  that  takes  account 
of  the  effect of ash  and  moisture;  the  simplest  assumption  is 
that  the  five  curves  are  at  the  same  ash  basis  as  the  samples 
being  modelled. If the  five  curves are for  ash-free  coal, then 
an  adjustment  of  (100-M-A)/100  must be made  where  A = 
ash  per  cent  and  M = moisture per cent of the  coal  being 
modelled. 

explicit  in the  five  rank curves.  These curves  are  only 
Equation A makes  it easier to use the  relationships 

approximations  of  actual  coalbed  methane  resource  poten- 
tial. Using  Equation  A  does not  make  the  resource  evalua- 
tion more  accurate. It simply  makes  the  process of initial 
order-of-magnitude  resource  calculations  easier to perform 
when  a lot of coal  rank,  depth and seam  thickness  data are 
available. 

unrealistic to model  a constant rank  coal  from 0 to 1500 
Generally  coal  rank increases with  depth; it is  therefore 

metres. In fact  the  rank  should  increase with  depth.  Equa- 
tion A  can be modified with a term that  allows  for  the 
consideration  of  a  coalification  gradieg.  Coalification  gra- 
dients are expressed  as  the  change in R,,, per  100  metres. 
If  a  start-depth,  mean  maximum  reflectance  value  and 
coalification  gradient  are  specified,  then  a  gas  content 
versus  depth  profile  can be calculated  that  cuts  across  the 
equi-rank  curves. 

methane  was  introduced by Kim  (1977). This  method  uses 
Another way of estimating in situ lost and  adsorbed 

proximate  coal-quality  data  and  information  about  the  level 
of  saturation of the  coal.  It  is  possible to computerize  the 
Kim equations  and  compare  results with  those  obtained 
from  Equation  A  and  the  five rank equations.  Generally 
results  compare  quite well. Exact  comparisons  between  the 
Kim equations  and  Equation  A are difficult  because of the 

"degree  of  saturation"  constant  required by the  Kim equa- 
tion  but not present in equation A. Karweil  (1969) intro- 
duced  an  equation  (reproduced  in  Meissner,  1984)  for  esti- 
mating  cumulative  methane  generation for coals  with 
volatile  contents  less  than 37.8 per cent.  Meissner  (1984) 
also  developed  a  series  of  equations  that  describe the  rela- 
tionship  between  volatile  matter  and  mean  maximum  reflec- 
tance. It is  possible to predict the cumulative  methane  gen- 
erated  by  a  coal  for  which  the lost and  adsorbed  gas  content 
is  also  calculated by using  the  equations  of  Karweil  and 
Meissner.  Obviously  the  difference  between  cumulative 
methane  generated  and  methane  retained  is  the  gas avail.able 
to charge  adjacent  reservoirs. 

the  equations  in Table 4-1-1 and  is  available  on  requesi. An 
A  computer  program  has been written  that  incorporates 

example of the  output  is  included  as  Figure  4-1-2. It permits 
simple  modelling  of  maximum  potential  methane  resource 
under  different  conditions of depth, rank, ash content, 1110is- 
ture  content  and  coalification  gradient. 

CONCLUSIONS 

estimation  of  maximum potential  methane  resource  for  coal 
A  simple  equation  is introduced  that  facilitates  the  initial 

from  a  wide range  of depths  and  for  a  wide range  of  ranks. 
Recoverable  reserves  are  often  50 to IO per  cent  of  initial 
resource  estimates. In many  cases  a  useful  estimate of 
recoverable  coalbed  methane  requires  drilling  and  desorp- 
tion  tests. 
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RELATIONSHIPS  BETWEEN  COAL  QUALITY  PARAMETERS 
IN BRITISH COLUMBIA  COALS 

By D.A. Grieve 
-I ." 

KEYWORDS: Coal quality,  British  Columbia,  vitrinite 
reflectance,  volatile  matter,  hydrogenlcarbon  ratio.  rheol- 
ogy,  calorific  value, ash content. 

INTRODUCTION 

the  British Columbia Geological Survey Branch is to  dem- 
One of the  main  objectives of the Coal Quality Project in 

onstrate how British Columbia  coals fit into  accepted coal 
classification systems, and to derive  the  implied  technical 
utilization  potential of our coals.  The quality of a  given coal 
can,  for  many  purposes,  be  considered to be  made up of 
three components, its grade, rank and type (Snyman, 1989), 

components.  One proposed system, the so-called  "Alpem" 
and most classifica!.ion systems utilize one or more of these 

classification (Alpem et a/. ,  1989). uses indicators of all 
three components. 

b 
@ 

1 

era1 matter in coal. Ash content :md washabil ty charawrir- 
Grade refers to the amount, tr'pe and assoc iation of min- 

tics are  two  familiar  coal  properties which are larF,ely 
dependent on grade.  Washabilitf of British Columbia  coals 
is discussed by Holusrko (I9!G, this volumf ). Rank rcfers 
to the  position of a  given coal within the metamorphic 
gradation from peat to metd-anthracite. Man 9 coal  prcper- 
ties vary with rank (vitrinite ri:flectan:e. u timate ca'3on 
and  volatile  matter are three exmples). but 1 itrinite  re .,et- 
tance is considered to be useable over a  wider  range of r.mks 
than any of the  others (Bustin e' al . .  1935). itrinite re'iec- 
tance  increases with increasin;;: rank. Type refers  to the 
organic  constituent make-up c,f a  coal. and a maceral i nal- 
ysis is the best  and  most d i m  t way o f  de  xmining r:oid 
type. 

As a  preliminary step in this endeavour, , series o f  x-y 
graphs  (scatterplots)  demonstrzting  correla ions between 
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GROUNDHOG 

PEACE RIVER 

COALFIELDS 
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." 

Figure 4-2-1. Locations of British  Columbia  coal  deposits 
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coal  quality  parameters  has been generated, together with 

The  emphasis is on vitrinite  reflectance.  Establishment of 
corresponding regression  lines and correlation coefficients. 

these  relationships will ultimately  lead to identification of 
the  coal  quality parameters and  classification systems which 
are  most appropriate to our coals. 

ation assessment reports, the  British Columbia Coal Quality 
There  are three sources of the data presented here: explor- 

Catalog (2nd edition; Grieve, in press) and analyses of raw 
run-of-mine coal samples collected at all operating coal 
mines i n  the  province in 1990. The  sources of individual 
data  points  are not identified. ensuring confidentiality. 

GEOLOGICAL  SETTING 

to Tertiary in age, and occur in three of the six major 
British Columbia coal deposits range from Late  Jurassic 

tectonic belts. Coalfields and deposits  considered in this 
article include the Peace  River  or northeast coalfield, the 
East  Kootenay or  southeast  coalfields,  the Telkwa deposit, 

Comox coalfield  (Figure 4-2-1).  They represent the whole 
the  Klappan  coalfield, the  Hat  Creek coalfield  and  the 

range of ages  and tectonic  settings of British Columbia 
coals. 

Mountain Formation of the Jurassic-Cretaceous Kootenay 
Coal in the  East  Kootenay coalfields belongs to the Mist 

Group, and occurs in the  Front Ranges of the  Rocky Moun- 
tains. Gates and Gething Formation coals from the Peace 
River coalfield are Early Cretaceous in age, and occur in the 
Foothills of the  Rocky Mountains.  The  Intermontane tec- 
tonic  belt contains the  Klappan  coalfield  and  Telkwa deposit 
of northwestern  British  Columbia,  and  the  Hat  Creek 
coalfield of south-central  British Columbia.  The Klappan 
coalfield is hosted by the Jurassic-Cretaceous  Bowser  Lake 
Group,  and the Telkwa deposit by the Early  Cretaceous 
Skeena  Group.  Hat Creek  coal is Eocene in age,  and  con- 
tained i n  the  Kamloops Group.  Lastly, the  Insular  tectonic 
belt contains the Quinsam  mine in the Comox coalfield, 
where coals  are Late Cretaceous in age  and  belong to the 
Nanaimo  Group. 

SAMPLING  AND  ANALYSIS 
A total of 36 raw  run-of-mine  coal samples was collected 

at all eight of the  province's coal mines in the summer of 
1990 (see Table  4-2-1 for a list of samples, and  Figure  4-2-1 
for  mine  locations).  The  samples,  which were approx- 

excavated coal in the pits, and each sample represents one 
imately 30 kilogrms in weight, were collected from piles of 

seam. In the case of the  underground coal sample  from 
Quinsatn mine, the  pile of coal on the surface at the end of 
the conveyor was sampled. 

rheological properties according to ASTM standard condi- 
Samples were  processed  and analyzed  for  chemical and 

tions and  procedures.  Representative  splits of -20-mesh 
coal were supplied to the author for  petrographic  analysis, 
using  vitrinite  reflectance techniques  developed by Kilby 
(19x8). 

?98 

LIST OF  R9W RUN-OF-MINE COAL  SAMPLES 
TABLE 4-2-1 

COLLECTED AT ACTIVE MINES IN 1 9 9 0  

Property  Pit Seam 

Camp X Ext. 
A 
Baldy XUA 

Adit 29E 
Adit 29E 

Main 
Main 
Main 
Nunh Line 
North Line 
CDugar 2 
cuugar 2 
cougar 2 
cougar 3 
Bighorn 
FdlCO" 
14 
12 

Taylor 
14 

Taylor 
?*),lCX 
Eagle 

Eagle South 
Eagle South 

Brownie 

Deputy 
Mesa 
Wolverine 
Underground 

I (Mammoth) 
I (Mammoth) 
I (Mammoth) 
4 
5 
I I upper 
15 
14-2 
13 
9 
A I  
R 
C 
D 

J 
E 

E 
F 
I 

MAXIMUM  VERSUS  RANDOM 
REFLECTANCE 

petrographic rank (vitrinite reflectanLee). As both mean 
The set of 36  samples was subjected to determination of 

maximum (Rmi,x) and mean random (R,) reflectance are 
routinely  determined in our  lab, i t  is possible to  compare 
these  parameters over the  range of ranks of productive  coal 
seams in the  province. Figure  4-2-2  shows their  relation- 
ship, and  indicates that there is almost perfect  correlation 
between them (r=0.997).  The regression equation is: 

- 
R,,,, = -0.0632 + 1.107 E,,,. 

line is diminishing  at the high rank end. 
There is some suggestion that the slope of the  regression 

reliable conversion  formula for  British  Columbia  high- 
Given the high coefficient, this equation  can  serve as a 

volatile A and  medium-volatile  bituminous  coals.  Its 
application to petrographic rank boundaries is provided 
under  "Discussion  and  Summary." 
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- 
Rrn (%) 

- - 
Figure 4-2-2. :R,, versus R, for raw  run-of-mine sam- 

ples collected ai  active coal mines  in 1990. The  regression 
equation and correlation  coefficient  are  given in the  text. 

- 
Rmax (%) 

Gething  Formation coals in the  Peace  River coalfield. All 
Figure 4-2-3. versus  volatile  matter (daf) for  clean 

data  are  from  assessment  reports. See Table 4-2-2 for cor- 
relation  coefficient. 

30 
Volatile Matter (dal)  

Gates  Formation coals in  the  Peace  River  coalfield.  All  data 
Figure 4-2-4. k,,, versus  volatile  matter (daf) for  clean 

are from  assessment  reports. See Table 4-2-2 for  correlation 
coefficient. 

301:___- 

Volatile Matter (dal )  ( % I  

25 
. 1 .  

. :  -.  .. 
20 

. a  . .  . .  * 

1.0 1.1 1.2 1.3 1.4 1.5 - 
Rmax (%I 

Figure 4-2-5. R,, versus  volatile  matter  for  clean  Mist 
Mountain  Formation coals in the East Kootenay  coalfields. 
All  data are from  assessment  reports. See Table 4-2-2 for  
correlation  coefficient. 

- 

30 - 

25 - 

20 - 

Figure 4-2-6. Combination  of all data in Figures 4-2-3 IO 
5 ,  representing  clean  coal in  the Peace Riv.:r  and  East 
Kootenay coalfields. See Table 4-2-2  for  correlation 
coefficient. 

- 
coals  from  the  Peace River,  East  Kootenay  and  Klappan 

Figure 4-2-7. R,, versus  volatile  matter (daf) for raw 

coalfields.  All data are from  assessment report!;. 
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VITRINITE REFLECTANCE VERSUS 
VOLATILE MATTER 

Volatile matter  on  a  dry,  mineral  matter  free  (dmmf)  basis 

rank  for  coals of high-volatile  A  bituminous  rank  and  higher 
is  the  parameter  used in the  ASTM classification of coal by 

(ASTM D388:1984). During  coalification,  as  rank 
increases,  volatile  matter  decreases,  and  thus  there  is  an 
inverse  relationship  between  vitrinite  reflectance  and  vol- 
atile matter. A  series  of  five  graphs  has been generated  to 
explore  this  relationship  in  British  Columbia  coals  (Figures 
4-2-3 to 7). Correlation  results  for  the  Gething,  Gates  and 
Mist  Mountain  formations,  assuming  the  relationships  are 
linear  over  the  observed  rank  range,  are  summarized in 
Table 4-2-2. Volatile matter  has  been  converted  to  a  dry, 
ash-free  (daf) basis rather  than  the  dmmf  basis  specified by 
the  ASTM  rank  classification.  This  is  because  reliable  for- 
mulae  for  converting  ash  to  mineral  matter  contents  have 
not  been  developed  for  British  Columbia  coals.  All  the  data 
in  Figures 4-2-3 to 7 have  been taken from  assessment 
reports.  Most  represent  analyses of drill-core samples: no 
rotary-drill  samples are included.  With  very few exceptions 
the  drill-core  recovery for all  samples  included  is  greater 
than 65 per  cent.  Both  raw  and  clean  coal  data  were  col- 
lected,  but  as  much  as  possible,  clean  coal  data  are  pre- 

higher  in  clean  coal. 
sented  here, as  the  correlation  coefficients  are  consistently 

Figure 4-2-3 shows  the E,, versus  volatile  matter  (daf) 

coalfield).  The  correlation  coefficient (I) is -0.89, and  the 
relationship  for  clean  Gething  Formation  coals  (Peace  River 

degree  of  scatter is attributable  to  a  number of factors. To 
begin  with,  volatile  matter  is  controlled  not  only by rank, 
but  also by type  of  coal.  That is, at  a  given  rank  level,  two 
coals of differing  maceral  compositions  will  have  different 
volatile  contents, with  the more  reactive-rich  coal  having 

and  nature of mineral  matter,  as  a portion of the volatile 
the  higher volatiles.  Another  factor is  the  varying amount 

matter  in  any  coal  is  derived  from  the  inorganic  fraction. 
Thirdly,  these  reflectance  readings  were  generated by three 
or more  different  labs,  which  introduces  potential  systema- 

et al . ,  1985). 
tic analytical  errors  of  up to k0.1 per, cent E,,, (Bustin 

Figure 4-2-4 shows  the R,,, versus  volatile  matter  (daf) 
relationship  for  clean  Gates  Formation  coals  (Peace  River). 
The  correlation  coefficient  is -0.85 and  the  comments 
concerning the origin  of  data scatter noted for  Figure 4-2-3 
apply  here also. 

TABLE 4-2-2 

VlTRlNITE REFLECTANCE  VS.  VOLATILE  MATTER  (DAF) 
CORRELATION COEFFICIENTS (r) 

IN CLEAN COALS  OF  THE  PEACE RIVER AND 
EAST KOOTENAY  COALFIELDS* 

Coalfield r Critical r 
(99%) 

Peace River (Gething) 
Peace River (Gates) 

-0.89 0.41 

East Kootenay 
-0.85 
-0.93 

0.19 

Combined data -0.84 
0.36 
0.16 

relationship  for clean East  Kootenay coals. The  correlation 
Figure 4-2-5 shows the R,,, versus  volatile  matter  (daf) 

coefficient  is -0.93 ahd  the  origins of scatter  are  also  the 
same  as  for  the  data  in  Figure 4-2-3. If the  clean  coal  data 
from  the  Peace  River and East  Kootenay  coalfields itre 
combined  (Figure 4-2-6). the  correlation  coefficient  is 
-0.84. 

Figure 4-2-7 shows  the E,,, versus  volatile  matter  (daf) 
relationship  for  raw  coals  from  the  Klappan  coalfield, 
together  with  raw  coals  from  the  Peace  River  and  East 
Kootenay  coalfields  for  comparison.  The  Klappan  coals  are 
characterized by reflectance  values  above 3.0 per cent  and 
volatile  matter  contents  under 14 per  cent. At this  high  rank 
level  (anthracitic)  reflectance  is  clearly  not  a  good  predictor 
of volatile  matter. 

VITRINITE  REFLECTANCE  VERSUS 
CARBONANDHYDROGEN 

Correlations  between E,,, and  chemical  analytical 

in  Table 4-2-3. Carbon  and  hydrogen content:$ in coal are 
results  obtained  on  the 36 samples (Table 4-24) are  shown 

determined,  together with oxygen,  nitrogen  and  sulphur, 
during  an  ultimate  analysis.  Carbon  content,  when 
expressed  on  a daf or dmmf  basis,  increase:$  with  rank, 
while hydrogen  content  decreases.  Both  can be used  as  rank 
indicators,  and  they are the  two  basic  components  of  the 
well-known  Seyler  coal  classification system.  (Carpenter, 

CORRELATION COEFFICIENTS (r)$; 
TABLE 4-2-3 

VITRINITE  REFLECTANCE  VS. CHEMICAL PARAMETERS 'IN 
RAW RUN-OF.MINE  SAMPLES COLLECTED FROM 

ACTIVE COAL MINES  IN 1990 
I 

Volatile Matter (da0 
C (d@ 

-0.84 
0.59 

H ( d q  -0.68 
WC -0.75 
0 (da9 
o/c 

-0.56 
-0.56 

* Critical value of r is 0.41 at the 99 per ccnf con6dence level. 
" 

0.95 

~:~~~ 

H K  atomic r a t io  
" 

0.80 

0.75 

0.70 

0.65 

0.60 

. .  . .. . 
1. 

'~ 

0.8 0.9 1.0 1.1 1.2 1.3 T"z I- 
- 

- Rmax (2)  

Figure 4-2-8. R,, versus  the ratio W C  for raw run-of- 
mine  samples  collected at active  coal mines in 1990. See 
Table 4-2-3 for correlation coeffkient. 
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1988).  Table  4-2-3  shows 2 significant  positive  correlation 
between  carbon  (daf) and R,, (r=0.59),  and  a  significant 
negative  correlation  between  hydrogen  (daf)  and R,, 
(I= -0.68).  When  expressed  as the ratio  hydrogenkarbon 
the  negative  correlation  with R,,, becomes  stronger 
(r=  -0.75).  This  relationship  is  shown in Figure  4-2-8.  This 
suggests  that  the  hydrogen/carbon  ratio  is  probably  a  better 
rank  indicator  than  either  element by itself  for  .coals 
currently  being  produced in British  Columbia,  although it 
is  still  not  as  good  an  indicator  as  volatile  matter 
(daf; r=-0.84 in Table 4-2-31, The  last  relationship  was 
considered in some  depth in the previous  section,  based  on 
larger  data  populations. 

VITRINITE  REFLECTANCE  VERSUS 
RHEOLOGICAL  PROPERTIES 

The  set  of  36  samples was  tested  for  fluidity  agd  dilata- 
tion  properties.  Correlation  coefficients  between R,,, and 
Geiseler _fluidity parameters  are  shown  in  Table  4-2-4  and 
between R,,, and  dilatation  parameters are shown in Table 
4-2-5.  In  the  former  case  one  sample  did not  soften,  and so 
the  matrix is based  on  35  samples.  In  the  latter  case,  all  36 

Therefore,  the  correlations  involving  maximum  dilatation 
samples  contracted,  but  only  12  had  a  positive  net  dilatation. 

and  temperature of maximum  dilatation  are  based  on  only 
12 sets of results. 

The  temperatures  recorded  during  the  fluidity  test, 
namely  the  temperatures of initial  softening,  maximum  flu- 
idity  and  resolidification,  are  positively  correlated to a  sig- 
nificant  degree  with R,, (Table 4-2-4). Figures  4-2-9  and 
4-2-10  show  the  relationship  between E,,, and  tempera- 
tures  of  initial  softening  (r=o.64)  and  maximum  fluidity 
(r=0.77),  respectively. In other words, critical  temperatures 

CORRELATION  COEF'FICIENTS (r)* 
TABLE 4-2.4 

VITRINITE  REFLECTANCE  VS.  GEISELER  FLUIDITY IN 
RAW RUN-OF-MINE  SAMPLES COLLECTED FROM 

ACTIVE COAL MINES IN 1990 

Temp. of maximum fluidity 
Initial softening temp. 0.64 

0.77 
Temp. of resolidification 
Fluid range 

0.58 
-0.35 

Maximum fluidity -0.46 

Critical value of I is 0.42 at the 99 per Cent confidence level. 

TABLE 4-2-5 

VITRINITE REFLECTANCE  VS.  DILATATION  IN 
CORRELATION COEFFICIENTS (r)* 

RAW  RUN-OF-MINE SAMPLES COLLECTED FROM 
ACTIVE COAL MINES IN 1990 

Softening temp. 
Maximum ConVaction 

0.31 

Temp. of maximum dilatation -0.02 
0.06 

Maximum dilatation 0.15 

and maximum conmcfion: 0.41; maximum dilatation and temperature of maximum 
* Critical values of r at the 99 per eenf contideme level - softening lempature 

dilatation: 0.661. 

of fluidity  increase with rank of coal,  through  the rank  range 
represented.  The  fluid  temperature  range of these  samples is 
not  correlated  to R,,,, and  the  actual  value  of  the  fluidity, 
in dial  divisions  per  minute,  is  only  marginally  correlated, in 
a  negative  manner,  with R,,,. 

None of the  parameters  derived  fromihe  dilatation  analy- 
sis  show  significant  correlation with R,,, (Table  4-2-5). 

CALORIFIC VALUE VERSUS ASH 
CONTENT 

basis  is  the  rank  parameter  used  in  the ASTM classification 
Calorific  value  on  a  moist,  mineral  matter  free  (mmmO 

for  low-rank  coals  (up to high-volatile A bituminous). It 

When  not  expressed on an  ash-free  or  mineral  matter free 
increases  with  increasing  rank  over  the  low-rank  range. 

basis,  however,  calorific  value  can  be  a very good  indicator 
of  the  grade of a  coal  deposit  (Cameron,  1989). A!; the 
amount  of  inorganic  material,  expressed as :ash or  mineral 
matter,  increases,  the  calorific  value of a  coal  decreases. A 

1 . . .  

400 

- 
Rma* 

Figure  4-2-9. ka, versus  initial  softening  temperature 
for raw run-of-mine  samples  collected at active coal mines 
in 1990. See Table 4-2-4 for correlation coeffi':ient. 

- 
RlilaX 

fluidity  for raw run-of-mine  samples  collected at active  coal 
Figure 4-2-10. kax versus  temperature of maximum 

mines in 1990. See Table 4-2-4  for  correlation  coefficient. 
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series of six  graphs  showing  the  relationship  between  cal- 
orific  value  and ash content  has  been  generated  for  raw 
coals in five  British  Columbia  coalfields  (Figures 4-2-1 1 to 
16). Results  are  summarized in Table 4-2-6. All  the data  are 
originally  from  assessment  reports, but are not intended  to 
be a  comprehensive  collection of the  data  available  for  each 
deposit.  They  mainly  represent  drill-core  samples,  with  the 
exception  of  the  East  Kootenay  data  (Figure 4-2-13), which 
represent  bulk  and  channel  samples.  The  East  Kootenay  and 
Hat  Creek  data  (Figure 4-2-14) are  expressed on a  dry  basis, 
while  the data  for  the  other  coalfields  are  expressed  on  an 
air-dried  (ad)  basis. 

between  ash  content  and  calorific  value  for raw coals  from 
The  results  show  very  strong  inverse  relationships 

all coalfields.  Correlation  coefficents  are  all  between -0.9 
and -1.0, with some  being  extremely  close  to  the  latter 
value (Table 4-2-6). The  poorest  correlation,  which  is  for 
data  from  the  Telkwa  deposit  (Figure 4-2-15), represents  the 
smallest  range in ash  values.  It  is a safe  and  obvious 

calorific  value  of  raw coals in  British  Columbia. 
assumption  that  coal grade is a  major  factor  influencing 

In  order  to  compare  the  various  coalfields,  calorific 
values  at  an  arbitrary 15 per  cent  raw-ash  content  have been 
predicted,  based  on  the  calorific  value  versus ash relation- 
ships  shown in Figures 4-2-11 to 16. The  predictions  are 
presented  for  discussion  purposes  only  and  are not intended 
to  be  rigorous or realistic,  because  they  do  not  include  the 

uct  coals are  obviously much  higher in moisture than  air- 
statistical uncertainty of the  predictions, and  because  prod- 

dried or dry  coals. In the case of Hat Creek,  moreover,  the 
15 per  cent  ash  level  is  lower  than  in  any  potential 
nnbeneficiated  product. 

Peace River, 29.01 megajoules per kilogram (ad);  Gates 
The  predicted  values  are  as  follows:  Gething Formation, 

Formation,  Peace River, 30.09 (ad);  East  Kootenay, 29.23 
(dry);  Hat  Creek, 25.33 (dry); Telkwa, 28.59 (ad);  Klappan, 
29.09 (ad).  Note  that  the  East  Kootenay  value  would be 
reduced by only 1 to 2 per  cent if recalculated  on  an  air- 
dried  basis. These  results  indicate  that  the  predicted  cal- 

TABLE 4-2-6 

Coalfield Critical I 
(99%) 

Slope 

Peace River -0.94  0.42  34.41 -0.36 

Peace River 
(Gething) od  basis 

(Gates) ad  basis 
-0.99  0.83 35.80 -0.38 

East Kootenay 
dry  basis 

-0.99  0.68 34.58 -0.36 

Hat Creek - 0.999  0.80 30.97 -0.38 
dry  basis 

Telkwa -0.92  0.71 34.18 -0.37 
od basis 

Klappan ,-0.99  0.42 34.95 -0.39 
ad basis 

Rsh content (%I 

tent for raw coals from the  Gething  Formation  in  the  Peace 
Figure 4-2-1 1. Calorific  value  (air-dried) versu; ash  con- 

River  coalfield.  Data are  taken from Grieve (in press). See 
Table 4-2-6 for results of linear  regression  analysis. 

Rsh content ( 2 )  

Figure 4-2-12. Calorific  value  (air-dried) ve rw ash con- 
tent  for  raw  coals from the  Gates  Formation in the Peace 

Table 4-2-6 for results of linear  regression  analyr,is. 
River  coalfield. Data are  taken  from  Grieve  (in  press). See 

Rsh content ( % I  

Figure 4-2-13. Calorific  value (dry) versus  ash  content 
for  raw coals from the Mist  Mountain  Formation in the  East 

See Table 4-2-6 for results of linear  regression  analysis. 
Kootenay  coalfields.  Data are taken from Grieve (in press). 
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Rsh content (%) 

for raw coals  from  the Hat Creek  coalfield. Data are  taken 
Figure  4-2-14. Calorific value (dry) versus  ash  content 

from Grieve (in press). See Table 4-2-6 for results of linear 
regression  analysis. 

29Calontlc value [MJtkg) 

Rsh content (2) 

Figure  4-2-15.  Calorific  value  (air-dried)  versus  ash  con- 
tent for raw  coals from  the  Telkwa  deposit.  Data  are  taken 

regression  analysis. 
from  Grieve (in press). See Table 4-2-6 for results of linear 

Rsh tmlenl (%I 

tent  for  raw  coals from the  Klappan  coalfield.  Data  are  taken 
Figure  4-2-16.  Calorific  value  (air-dried)  versus ash con- 

from  Grieve (in press). See Table 4-2-6 for results of linear 
regression  analysis. 
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orific  values of raw, air-dried  coals  from  the  Peace  River, 

ash  level of 15  per  cent, are  all  on  the  order  of  29 to 30 
East  Kootenay,  Telkwa  and  Klappan  coalfields,  at  the  given 

megajoules per kilogram.  The  deposit with the lowest  aver- 

calorific  value,  while  the  Gates  Formation  has  the  highest. 
age  rank  of  this  group,  Telkwa,  has  the  lowest  predicted 

This  general  similarity  in  predicted  values  does not imply 

actual usage. There are significant  differences between 
that  coals  from  these  four  regions  will  behave  similarly in 

them in volatile  matter,  mineral  matter  compor;ition  and  coal 
type;  all  these factors  have  a  potentially largt: influence  on 
coal  behaviour  during  combustion. 

DISCUSSION  AND  SUMMARY 
Given  that  vitrinite  reflectance  is  a  widely  used  and 

applicable  coal  rank  parameter,  correlation  results  obtained 
in  this study (Table  4-2-3) suggest  that  volatile  matter  con- 
tent  (daf),  the  hydrogenkarbon  ratio,  hydrogen  content  (daf) 
and  carbon  content (daf), in order  of  decreasing effecfive- 
ness,  are to some  extent  also  rank  indicator3  in  the  high- 
volatile  A  through  medium-volatile  bituminous range ia 
British  Columbia  coals. 

The  correlations  between Emax and  volatile  matter con- 
tent  (daf)  in  the  Rocky  Mountain coalfield:; are strongly 

these  high  correlations  the  reflectance  versus .volatile matter 
negative  (-0.84 to -0.93;  Tables 4-2-2  and 3). Despite 

(daf)  relationships  illustrated by Figures  4-2-3 to 5 display  a 

predict  the  volatile  matter  content  of  specilic  reflectance 
considerable  amount of scatter  and  can not  be used to 

levels,  except in a  very  approximate way. The source!; of 
these  uncertainties  were  summarized  earlier. As an  example 
of their  influence,  based  on  inspection of the  actual  data 
points  shown  in  Figure  4-2-4, a clean  Gates  €ormation coaJ 
with a  reflectance of 1.3 per  cent  might  have  between  22 
and 27 per cent  volatile  matter  content  (daf). 

to 6 to determine  reflectance  values  corresponding to rank 
It is  also  inappropriate  to use  the graphs in Figures 4..,2-3 

category  boundaries.  These  should  only be (determined on 

contents.  A  good  evaluation of variations  in  fixed  carbon 
vitrinite  concentrates or  coals with  uniformly  high  vitrinite 

(dmmf) with reflectance in Western Canadian coals was 
published  recently b l  Cameron (1989). He: recommends 
using 0.95 per cent R,,, as  the  boundary  bt:tween  ASTM 
high-volatile  A  and  medium-volatile  bituminous  coals,  and 
1.45 per cent  for  the  ASTM medium-volatile/low-vo!~~tile 
bituminous boundary. Using  the  relationship  between Rmilx 

and R, established  earlier in this  pacer,  these  values  can be 
converted to 0.99 and 1.54 per  cent &,,. TI.iis is  a  slightly 

previously (1.1 to  1.5 per  cent),  but I consider  Cameron's 
wider  range  for  medium-volatile  coals  than I have used 

new boundaries  to be valid and applicable. 

propriate  measures  of  the  coking  potential of  Western C:;ma- 
Fluidity  and  dilatation tests  have been shown to be i n a p  

dian  coals  (Price  and  Gransden,  1987).  Nevertheless,  the 

are very  important  parameters  in  coke produdon from  coal 
actual  temperatures of fluid  behaviour  of  an  individual ,coal 

blends. This  is  because  there  must be overlap  between  the 
fluid  temperature  ranges  among  the  various  coals  in  the 

temperatures  are  partly  dependent  on  rank of coal. 
blend. These  preliminary  results  show  that  critical  fluidity 
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ranging  from "0.92 to -0.999, between  ash  content  and 
Strong inverse  relationships, with correlation coefficients 

calorific value  for  raw  British Columbia  coals (Table 4-2-6) 

orific  value.  Crude predictions based on these relationships 
substantiate the  well-known dilutant effect of ash on cal- 

bituminous  through  anthracitic rank have  calorific values 
suggest that at 15 per  cent  ash, raw coals of high-volatile  A 

(ad  basis) that are on the order of 29 to 30 megajoules per 
kilogram. 
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WASHABILITY OF PEACE RIVER AND  EAST KOOTlE NAY CC ALS 
By M.E. Holuszko 

-I P." 

KEYWORDS: Coal geology,  coal  quality,  washability, 
degree of washing.  washability number, liberation charac- 
teristics, coal petrography,  mineral  matter,  lithotypes. 

INTRODUCTION 

tics of British  Columbia  coals  from  different  seams, 
This study is concerned with the  washability characteris- 

geological  formations.  coalfields  and  regions. In the  initial 

over the  province was completed. Analysis of the data and 
stage of the project,  compilation of washability data from all 

characteristics  became  the  major task of the project. Classi- 
relating it to known  geological  conditions as well as seam 

cal washability  parameters were used together with the 
washability  number  and degree-of-washing parameters. A 
cornparison of coal washability  from  different  regions was 
also a  part of the. washability  analysis  process. Special 
emphasis was put  on  comparing the  washability numbers 
between coal seam:,, as this  parameter appears  to he a better 
indicator of ease of washing of a  coal seam. I t  defines the 
boundary  between  free mineral matter  and mineral matter 

associated with cleaning, to a specific clean-coal  product. 
intergrown with coal. It also gives a scale of difficulties 

Coals discussed in this paper  are from  two major  British 
Columbia  coalfields: the northeast or Peace River  area and 
the  southeast or East  Kootenay  area (Figures 4-3-1 and 2). 
Due to complex  genlogical conditions in both regions, local 
changes in cod  quality are  quite  common. Variations are not 
only within the formations, but also among the  individual 
seams.  Therefore,  using  washability  numbers  for  com- 
parison is even mlxe desirable. as they provide  a  single 
numeric measure of the variation. 

BACKGROUND 
The washability of any  particular  coal  seam is directly 

related to the  amount and type of mineral  matter  associated 
with the coal  matter (macerals).  The mode of association is 
a result of the  sedimentation  conditions that prevailed dur- 
ing formation of the coal seam. 

marshes. These  swamps and marshes  are formed  from dif- 
Coal seams have their origin in peat-forming  swamps and 

ferent  plant  communities. each having its own set of biolog- 
ical and  geochemical  conditions. Mixtures of macerals  and 
minerals  are formed in these environmentally distinct  areas. 
The individual ecosystems  control the  formation  and com- 
position of differen):  layers within the coal seam, referred to 
as lithotypes. 

The compositional  characteristics of lithotypes control 

and mechanical  properties of coal are governed by the 
the coal  quality within the seams. Many physical,  chemical 

lithotype  composition  (Jeremic, 19x0: Falcon  and  Falcon. 

berry, 1988). Stratigraphically,  each seam represents a sepa- 
1987; Hower et ul . ,  19x7; Hower, 1988: Hower  and  Line- 

rate sequence of lilhotypes, with specific  coal  quality in 
terms of type  and @,rade. 
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of coal quality are the  amounl  and type of mineral  matter 
From the  washability point of view, the  in portant aspects 

found within the  coal seam.  The variation in  mineral  matter 
content is not only due to the .iissociat.on o macerals with 
minerals  (lithotypes),  but a h )  due I O  m ning metilocs, 

however, is retlected in a lower yield of clei n product from 
which may  result in out-ol'-:;eam dilutio  I.  This eFFect, 

a  given seam. 

and  faulting of seams, resultin;!; in shewing of coal. Shear- 
An important factor in coal (quality variahility is fokling 

ing  leads to increased  friabilily of cc'als a d  results in a 
disproportionate  amount of ilnes  and p o x  washability 
characteristics (Bustin, 1982), ;as is the case in many (81' the 
coal-bearing formations in wesl,ern Canada. ' h e  poor vias?- 
ability of sheared coals is especially evident vhen the stear- 

dissemination of comminuted  floor  or roof rt ck  through  the 
ing plane is close to the confal:t of a >earn.  This resu Is  in 

coal,  as pointed  out by Bustin. and  diffi :ulty ariscs in 
distinguishing  and  separating qheared rock from the coal 
seam. 

of clean coal, amount of nealygavity matvrial and 'oth4:r 
The  ease of washing, as tr.vlitionall:j me; sured by kield 

washability  parameters, is nc't ,always the t: :st measure (of 
the  intrinsic character of a  particular cual se. .m (Sarka. arld 
Das, IY74; Sarkar et a/., 1977; Sanders and Brooks, IY86; 
Holuszko  and Grieve, 1990). F:x  example, clean  coal yie d 
is strongly  influenced by the amount *of ou -of-seam dilu- 
tion.  Furthermore,  yield-ash an:l density-yie d relation,;hips 
are coal dependent, and cannnt be reliably u ed to conlpl'e 

of different origin. 
washability of various coal se;ms. espe8:ially if the coal!,  al-e 

The introduction of washab'lity number by Sarkar  and 
Das (1974) made it possible t(l classify anc correlate < m 1 1  

teristics. The washability number  appears o be the only 
seams in accordance with their inherent was1 ability ch.lra1:- 

parameter not affected  appreciably by m y  l i  rge increase in 
extraneous mineral matter in t'le raw coal.  When u s 4  in 
conjunction with other washahility parmete  s it becomes a 
very useful tool to assess the ease of washi1 g of coal. 

OBJECTIVES 
The  aims of the project are threefold: 
0 To compile available  wa:;habilit) ddt; and creile a 

computer database  file f w  future use. 
0 To  analyze the data in order to look fc r relationrhi~ls 

between  the  washability  characterist  cs  and  olher 
inherent  properties of coal, such its its m k  and Iy:. 

0 To accommodate  washa:dity  paramxers SUI:~I a s  
washability number and degree of waihing inlc the 
new classification  systero (Alpern et a ., 1989) a?, an 
alternative to the  yield of dean   cod  at I Sreselectec, ash 
levels. Yield of clean coal is a  purely technical tmn  
used to describe the  final I:lroduct and c oes not reflect 
the natural characteristic5 of coal. 
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PEACE  RIVER  COALFIELD 
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Figure 4-3-1 
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Coal deposits and location of mines in the  study area; Peace River  coalfield of northeast  British Columhia. 
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EAST  KOOTENAY  COALFIELDS 

LEGEND - Railways. 
e Communities 
W Mines 
A Coal  O'eposits 
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Figure 4-3-2. Coal  deposits and locations of mines in the study area: East Kaotenay coalfield of southeast British :olumbia. 
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After compiling washability data  from various  British 
Columbia coalfields it  became possible to compare wash- 
ability characteristics of coal seams  from different  regions. 
The  comparison of the two  major  coal-producing coalfields. 
Peace  River and  East  Kootenay, is the subject of this paper. 

GEOLOGICAL  SETTINGS 

regions produce all of the metallurgical coal in the province. 
Coal deposits in the Peace River and East Kootenay 

The  coal measures lie within  the Rocky Mountain  Front 
Ranges  and Foothills of British Columbia.  The northeast 
British Columbia  (Peace  River) coalfield contains  coals of 
Early  and  Late Cretaceous  age,  whereas the coal deposits in 
the southeast  (East  Kootenay)  are of Jurassic-Cretaceous 

ted in deltaic  and alluvial  plain environments. Tectonism 
age.  Coa-bearing strata throughout the  region were deposi- 

associated with mountain  building has resulted in strongly 
faulted and folded coal measures.  The  coals  are mainly 
medium  to low-volatile bituminous in rank,  and are gener- 
ally very suitable for good quality  coke  (Smith, 19x9). 

PEACE; RIVER COALFIELD 

within the northern  inner  Foothills  belt, which extends 
Coal deposits of the Peace  River coalfield  are found 

northwestwards  for  more than 300 kilometres  from  the 
Alberta ~ British Columbia  border  east of Prince George 

geological formations, but the major coal  measures of the 
(Figure 4-3-1). The coal deposits  occur in four different 

region are in  the  Early Cretaceous  Gething Formation of the 
Bullhead Group and  Early Cretaceous  Gates Formation of 
the  Fort St.  John  Group.  The  Gates Formation contains 
70  per  cent of commercially  attractive  coal  measures 
(Smith, 1989). Coals of the Jurassic-Cretaceous  Minnes 
Group and  the  Late Cretaceous Wapiti Formation are  gener- 
ally considered to be  economically unattractive. 

Structurally, the area is characterized by folding and 
thrust faulting, resulting in thickening of some of. the  coal 

coal seam in the  Wapiti  Formation. In terms of coal quality, 
seams.  The  least structural deformation is observed in the 

most of the seams in  the  region are classified as medium 
volatile with excellent  coking  characteristics  and low S U I -  
phur, usually less than 1 per  cent.  The rank of coals in the 
Gates and Gething  formations is in the range  from  high- 

coal is of much  lower  rank, high-volatile C. 
volatile A to low-volatile, whereas the Wapiti Formation 

Early Cretaceous  Gates Formation seams  are  charac- 
terized by relatively low vitrinite  and  high  inertinite con- 
tents with negligible  liptinite  (Lamberson et ul., 1991; 
Marchioni  and Kalkreuth, 1991). The  lithotype  composition 
of coal  siams is highly variable, reflecting  various deposi- 
tional conditions  during peat formation. In some  seams 
banded  lithotypes  are  predominant, in others  brighter 
lithotypes are the most abundant,  but generally  banded 

appearance of some lithotypes is due either to the presence 
lithotypes are characteristic of the  Gates  coals.  The dull 

of mineral  matter, or an abundance of inertodetrinite and 
mineral  matter.  particularly  quartz  (Marchioni  and 

According to Lamberson et  ul. (1991) differences in 
Kalkreuth,  1991)  or  close proximity to clastic  partings. 
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1ithot)pe  stratigraphy are  due to variations in ground-water 
level as well as differences  between  wetland  types. These 

environment  from forest swamps (dry and wet) to dry  herb- 
lithotypes  represent  a continuous  change in depositional 

aceous  or shrubby  marshes. 
Coal seams from  the  upper  part of Gething Formation are 

in general  composed predominantly of bright  lithotypes. 
The reported  maceral analysis for  these seams has shown 
that they are rather low (66%) in vitrinite  content  and high 
in inertinite macerals,  mainly semifusinite  and  micrinite. 
The mineral  matter  content is exceptionally low. The  car- 
bonate minerals  (mostly  calcite)  occur in cleats  and fill 
cavities in semifusinite and  fusinite: clays  occur  more rarely 
and  are  associated with massive vitrinite (Cook,  1972). 

mation is the only seam in this formation with possible 
The coal at the  base of the  Late Cretaceous Wapiti For- 

economic potential. It contains a  great  deal of mineral 
matter both from the  dirt bands  (partings) and  inherent in 
the coal. 

EAST KOOTNECY COALFIELD 

confined  to the Mist Mountain  Formation of the Jurassic- 
The  coal-bearing  strata in southeast British Columbia  are 

Cretaceous  Kootenay  Group. Mist Mountain  coals  are 
between high and  low-volatile  bituminous rank (Smith, 

graphic  thickness of the formation  (Grieve, 1985). Coal 
1989). Coal beds comprise 8 to 12 per cent of the strati- 

seams in the lower part of the formation tend to be thicker 
and  more  continuous,  and in some  instances  structural 
deformation has  resulted in substantial  thickening of seams 
(Grieve, 1985: Smith, 1989). 

Formation has  tremendous  impact not only  on the mining 
Structural deformation of coals in the Mist Mountain 

methods used but also on the coal quality.  Faulting  and 

of the seams, and in many cases discontinuity of the seams 
folding  have  created  many problems in terms of correlation 

has  complicated  mine  planning  and  development.  The 
quality of coal has been deteriorated as a result of shearing 
(Bustin,  1982). 

varies  from inertinite-rich to vitrinite-rich, from the base to 
Petrographic  composition of the  Mist Mountain coals 

the top of the formation  (Cameron, 1912; Grieve, 1985). 
This reflects a systematic variation in depositional  environ- 
ments,  changing  from an upper  to a lower  delta plain (Cam- 
eron, 1972). In terms of lithotype  composition  this is 
reflected by a brightening-upward  (increasing in bright 
lithotypes) tendency in these  coals. 

SAMPLE  SELECTION FOR 
WASHABILITY  STUDY 

province were compiled from the Ministry's  collection of 
Washability  data  for  bulk  samples  from  across  the 

coal exploration  assessment reports.  Data  from  the south- 

here, as the  majority of commercially producing seams  are 
east and  northeast  coalfields  were  chosen  for  comparison 

found in these  two coalfields.  Economically, the  most sig- 
nificant  coal seams  are in the Gates and Mist Mountain 
formations, therefore,  the  study  was  limited to  seams in 
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these  formations.  For a list of samples  see  Table 4-3-1. The 
following  criteria for sample  selection were applied: 

Only hulk samples representing run-of-mine coal were 
used. 
A limit was  imposed on ash  content of raw coal to 
avoid biases  caused  by out-of-seam  dilution;  only sam- 

considered. 
ples with ash  content of less than 35 per cent were 

The washability data of attritted samples were  pre- 
ferred to the data  on  crushed  samples  (the non-attritted 
sample  data were used when in accordance with the 
particular  coal  preparation  plant  practice). 
Samples  do  not  necessarily  represent  the  whole 
coalfield;  they are rather  considered to be representa- 
tive of the seams which are  contributing to coal  pro- 
duction within the  studied  regions. 
A restriction was also imposed on the top-size of the 
samples;  the (upper limit of the tsp-sire was  restricted 
to  maxima of 150 and 50 millimetres; a lower  size 
limit o f  0.50 millimetre was uniform  for all the 
samples. 
Crushed  samples were used for the liberation  studies; 
in these  tests  the  washability of the coal at a  larger top- 

significantly  lower  sizes. 
size was compared with the same coal crushed to 

METHODS 
To compare washability  characteristics of different  coal 

seams, the following washability  parameters were used: 
yield of clean coal curve,  corresponding yield of rejects,  and 
the  near-gravity  material-distribution curve. For conven- 

assigned to categories according to the yield of their clean 
ience of comparison seams  from both coalfields were 

coal  product at 10 per cent ash. These categories  were as 
follows: yield of clean coal in the  range of 90 to 100 per 
cent; 70 to 90 per cent; and less  than 70 per cent. 

of  seams  from each of the coalfields  falling into  the dif- 
A statistical approach was used to  determine the number 

ferent  categories. 
The degree of washing (N) and washability number  (Wn) 

were also used to further examine the  inherent  washability 
characteristics of  clxal seams.  The  degree  of washing at any 
specific gravity  cui-point is expressed as follows: 

N=T w(a-b) 

where: 
a=the ash  content of the raw coal (feed) 
b=the ash content of the  clean  coal at a  given density of 

w=the yield of clean  coal at a  given  density of separation 

matter  associated with it, there will always be a density of 
For a given coal,  depending  on the  rank,  type  and  mineral 

separation which will maximize  the yield of the cleanest 
product  possible. The  optimum  degree  of washing (N,,p,) is 
then obtained by plotting degree-of-washing values (N) 

value. Degree-of-washing plots were constructed for three 
versus  the density of separation,  and  finding  the  maximum 

yield-of-clean-coal  ranges. 
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separation 

of washing  has specific signi1i:cnnce In ch; racterizin!  the 
The  ash  cnntent of the  clean coal  at  the c ptimum d1:gr:e 

coal. Therefore, i t  is advisable to  express he washa5ility 

coal ash at the optimum level  (Sarkar  and Di s, 1974;  Saskar 
number as the  ratio of the dr:gree of washil g to the clean- 

et a l . .  1977; Sanders and Blo,:)ks, 1986). 1 he washability 
number can be expressed as fdlows: 

where: 
b,,,=ash content at Nopt. 

The  degree of washing  and  washability nt mber take in1.o 
account not only the ash cortmt of the ra\ ' coal hut al!:o 
yield and ash of  clean  coal  The  washzbility numb(:r 
describes the  inherent washability  character  stics o f  a cod 
far better than any of the cla:isical war.habil ty paramcers. 
The washability  index was first introduced by Sarkal  and 
Das  (1974) to outline patterns, of deposition; I condition of 
Indian coal seams. In other !;tudies, wing I he washa1)ilil.y 
number as the  comparative  rleasure  was  recommeldtd 
(Sarkar et ul.,  1977; Sanders arld Brooks, 1,186). 

calculated for  the arbitraril) devised  yieh -of-clean (:o,~l 
For  the present study, th'? washability numbers \ve!'e 

categories.  This allowed  comparison of the  coal seams Fall- 
ing into the  same  range in term!;  of yielti of c ean coal 21 the 
selected  ash  level (10% ash) from  different :egions. 

RESULTS 
The washability  results di:icussed i n  this paper arc: not 

considered to represent  the find coal produ,'t quality From 

comparisons between  various c:ml seams  an( find a way nf 
the  studied  areas. They are arl :ittempt to mike  meanirl~ful 

tion to various  geological  conditions. 
predicting  the changes in Washability characf xistics in rek- 

Y I E L D  OF C L E A N   C O A L .  84ND Q U A L I T Y  O F  
REJECTS 

The clean-coal curve plotted a s  cumulative ash  content :it 
any  given  density of separaton, versus CUI lulative  yield, 
predicts  the  theoretical yield 01 clean  coal It a given ash 
level. This is a strictly techni::al paramete ' which has a 
major  influence  on the ecolwmics of the  mined s(:an~. 
However, comparable yields 801' clean coal a a preseltcted 
ash  level  may be obtained with varying dcErees of diffi- 

LIST  OF  PROPERTIES IIIl:PRESICNTII iC I'EACIZ 
TABLli 4-3-1 

RIVER  AND  EAST KOOYTENAY COAl  .FIELDS 

Quintens 
Beicoun 

Mourn Spieker 
Sukunka 
wapiti 

." 
ELST KC OTENAY 

Bal ner 
Elk I iver 

Ewin PSPP 
Ewin :reek 

For ling 
Grea hills 

tiorrho 3 Ridpe 
Line :reek 
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culty,  due to different inherent coal characteristics. Clean- 
coal curves were plotted  for  a number of seams from the 
two coalfields. The Peace River  coalfield was  represented 
by 24 seams  from three  geological formations.  The majority 
of seams,  however.  are  from the Gates Formation. The East 
Kontenay  coalfield was represented hy 35 seams.  These 
seams were assigned to different categories according to 
their  yield of coal  product at 10 per cent ash.  and  clean-coal 
curves were  plotted in the corresponding ranges  for seams 
from hoth  coalfields  (Figure 4-3-3). 

of twenty-four were in the range of 100 to 90 per cent yield 
For coals  from the Peace  River coalfield, eight seams out 

at 10 per  cent  ash, nine seams were in the  second  highest 
range, 90 to 7 0  per cent yield at I O  per cent  ash, and the 
remaining were assigned to the  lowest  range. The raw  ash as 

reported in Table 443-2. 
well as the top-size of the samples  from hoth coalfields is 

For the seams representing East Kootenay  coalfield only 

gory, eighteen wen: i n  the  middle  range,  and  eleven were in 
six out of thirty-five examined  fell  into  the  high-yield cate- 

the  lowest  yield  range. The  ranges of ash content  and  top- 
sire of the raw coal  samples  from both coalfields  are  also 
given in Table 4-3.-2. 

The clean-coal curves within three  ranges of yields for 
hoth regions,  show quite  a  wide range of coal characteris- 
tics. This is particularly  noticeable for the high-yield range 
for both formations.  Similarly, the  quality of rejects  varies 

cumulative-reject curves  for different  categories of clean- 
significantly  for seams in the same yield category. The 

coal yield for  seams  from the two coalfields  are shown in 
Figure 4-3-4. 

of the seams studied  and  their  stratigraphic  position in the 
There is no consistent trend  between the yield categories 

Gates Formation sequence.  For the  Mist  Mountain  Forma- 
tion, seams  from  the upper part of the formation appear to 
have somewhat higher  yields of clean  coal at I0 per  cent ash 
as  compared  to those in the  middle  and  lower  part of the 
formation. 

clean-coal curve is quite diffic:ult, as the yiel J-ash relalior- 
A comparison of the  washability  character stics usins: the 

ship is very much coal dependtimt, and sufft rs from many 
drawbacks. Above all. it is not a quantitive neasure. 

NEAR-GRAVITY M A T E R I A L   A S  A M 3ASURE: OF 
“EASE OF WASHING” 

separation is considered to be A inore quantiti !e measur:  for 
The amount of material in the  range 20.  of  densil!! of 

comparing the “ease  of  washins”. Difficult es of washing 
are categorized on the basis of the  amount I Nf near-grxuity 
material at the  density of separation for the  desired clcarl- 
coal product (Leonard, 19791. The 2.3.1 s becific gravity 
range  approach assumes that ail mater al ly  ng within this 
range  contributes to difficulties in washing.  However, this 
assumption may not he accurate  for w;lshin;. in mort: cffl- 
cient  separators,  operating mithin much nzrrower ralges 
( e + . ,  20.05 s.g.). Figure 4-3-5 (depicts the  a nount of mar- 
gravity material (k0.I s.g.) Fcr seam: fror I both studied 
coalfields. 

The amount of near-gravity material close to the  density 
of separation rates coal seams  trom P e x e  R ver as muiei.. 
ately difficult to very difficult to wa!.h. T le designxion 
“moderately  difficult” was .migned to th :  two  highest 
clean-coal ranges  and “very dil’ficult’’ to tht lowest rang<:. 
The coal seams  from East Kootmay  co.ilfiell,  are classtfied 
as  “simple” for  the  highest  yield range (3gure 4-.1-5), 
moderately  difficult  for the second  highest r.  lnge and cliff - 
cult  for the coal seams in the  lowest yield c Itegory. 

DEGREE OF W A S H I N G  AI\D W A S H A 1   I L l T Y  
NUMBER 

ranges of yield of clean coal for :seams from t le Peace h v w  
Degree-of-washing plots wt:r:: derived  for the designated 

and East Kootenay coalfields  (Figure 4-3-6 . Very sinikrr 
ranges of optimum  degree of washing were found fol. the 
same yields of clean  coal from both co;ilfielI s. Table 4-3-3 
lists optimum  degree-of-wash.-lg valuzs, a] d washat’ility 

DISTRIBUTIOK  OF  COAL  SEAMS  FROM  PEACE  RIVER  AND  EAST  KOOTENAY  ACCORIIING  TO  THEIR  YIELI) 
TABLE 4-34 

OF CLEAN-COAL  PRODUCT AT 10 PER CENT ASH REPORTED WITH RAW ASH ANI11 TOP-SIZE  )LANCES 

PEACE  RIVER  COALFIELD EAST K O ~ ~ E N A Y  COP LFIELD 
.“ 

RANGE of NUMBER of RAW COAL  TOP 
SAMPLES ASH RANf;E %!E YIELD at SAMPLES ASH RANGE  SIZE 

NUMBER of RAW COIL  TClP 
.” 

100 - 90 
lOO(41 

81241 11.82-14.85 75(31 
50(1 I 

150(41 
90-70 9(241 15.42-28.41 100141 

6(351 8.37-1  3.z 2 1 OC,i:6) 

181351 16.2’1-28.15 lOC(81 
50( 101 

< 70 7C41 21.11-35.00 lOO(61 1 1  (351 23.57-35. IO 1OCl1:61 
75(1 I 50,’!i) -. .” 
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numbers with the corresponding ash of clean coal and 
rejects, and  the  density at the optimum  cut points. 

highest yield of clean coal appears to  be at a  slightly  higher 
The  optimum  cut point for the  Peace River  seams with 

density than for East  Kootenay coal seams.  The washability 
numbers associated with the various  clean-coal yield ranges 
imply  that  Peace  River coals  are  much  more difficult to 
wash to the same clean-coal  product levels than the  East 
Kootenay coals.  The  average washability numher  for  Peace 
River  coals is 88 compared to 136  for  East  Kootenay  coals. 
For the second range 64  compares with 71. For the third 
range  the  washability  numbers  are  not  significantly 
different. 

The important c~~nclusion to be drawn  from  the  data in 
Table 4-3-3 is that even when the clean coal  products at 

the  washability  characteristics vary greatly. In other words, 
narrow yield ranger; are compared within the same coalfield, 

tremendously  between  different seams.  This is evident from 
the difficulties in achieving the same coal  product vary 

yield ranges of clean  coal. 
the wide range of washability  numbers within designated 

The variation in washability  numbers  within  the same 
geological  formatior) varies from 39 to 185. with no consist- 
ency or relation tn stratigraphic position.  The washability 
number of two  adjacent seams  can be ,just as variable (72 to 
142). 

LIBERATION P K I ‘ l E R N S  

The washability of any  coal  seam is very much dependent 
on the top-sire of its representative  sample.  Liberation of 
coal from mineral  matter is usually achieved by reducing 
the  sire of coal by breaking or crushing.  During  breakage 
coal  particles  separate  from  inclusive  minerals. usually 
along the bedding planes. The way in which coal  separates 
from  ash-forming impurities depends on the type and  mode 
of occurrence of minerals as well as the type of coal.  The 
easiest to separate  are  the  epigenetic minerals, whereas 
epiclastic  and  syngenetic minerals are  more  difficult to 

con, 1983: Holuszko  and  Grieve, 1990). 
remove by physical methods (Cook, 1981; Falcon  and Fal- 

cleats, reducing  the  size will l ead  to an easy hysical separa- 
For coals with epigenetic nlinerals concen rated along the 

tion of liberated  minerals,  and  result in an increase i l  the 
yield of clean  coal. For miner:rl!, of epiclastit  origin (c.t iefly 
clays  and  quartz) liberation-separation may be difficult, ;IS 

coarse crushing will not liberate the coal f om  associakd 
minerals. 

Figure 4-3-7 illustrates libel.ation p.%ttem;  for  four  dif- 
ferent coal seams  from the Pm:e River  coa field. All Fonr 
coals are  from  the Gates  Fomtalion. A .educ ion in the t o p  
sire of the run-of-mine  sample resultsd in a subsmtial 
increase in the yield of clean ma1 (a); ncrease i n  the 
yield of clean coal  (b);  almost n o  increase n the yield of 
clean  coal (c): and  no increase i-I the yidd of clean cod1 (dl. 
This is reflected in the  increase of the wash: bility number, 
for  coals  a, b,  and c, and  a  sllght  decrease i l  value  for  the 
fourth  coal. 

The liberation  characteristics of the Four I oak are 1 \lite 
different, indicating wide variations  in the n ode of occur- 
rence of mineral  matter in these !seams. From he analys :; of 
washability  numbers, i t  is seer1 that caly i l  the cas: of 
seams  (a) and (b) can the ea% of washing a! d recover) of 
clean  coal be improved by sizd reducticn. Fc. seam (cl th,: 
reduction in size has  almost no positive  effec on the w ~ s h -  
ability  number. An interesting I.rcnd is observc d in seam Id), 
where  crushing  to a  smaller sire  leads  to a de x a s e  in C I S B  
of washing.  However,  there is IX indication o a decrease: in 
the yield of clean  coal. This  inplies that tk z washab lit), 
number detects  changes in ease of washing  tetter than the 
clean-cod curve does. 

various levels of crushing will a:d in assessin : the mode 01‘ 
Systematic  computation of  washability  number: a :  

association of mineral  matter with coal, and the exten 01’ 

liberation of mineral  matter from coal. 

SUMMARY AND CONICILUSIONS 
This  comparative study of washability of :oal samrles 

from two  major  British Columl)i.:l coalfidds r. :suited in  the 
following  conclusions: 

TABLE 4-3-3 
CHARACTERISTICS AT OPTIMUM  “DEGREE OF WASHING”  FOR  SEAMS  FROM  THE PE:A.CE RII.  ER  AND  EAST 

KOOTENAY  COALFIELDS 

RANGE of DEGREE of WASHING ASH in CLEAN ASH in REJECTS  DENSITX of WASHABILITY 

10%ASH MIN-MAX AVG MIN-MAX AVG MIN-MAX AVG 
YIELD at COAL at  Nopt SEPARATICIN  NI  IMSER 

_.” .- 

MIN-M 4X A llG 
”” ” 

PEACE  RIVER  COALFIELO 

100-50 40.4-56.7 47.3 3.5.6.2 5 16.5-46.7 321 1.42 
90-70 40.8-51.9 45.8 5.7-8.5 7.3 25.6-73.91 57.3 54-9( &I 

68-16 3 813 

< 70 
1.48 

30.3-47.5 37.5 9.3-14.5 11.5 45.01-75.9 56.8 1.57  21-51 33 -.____ ”” 

EAST  KOOTENAY  COALFIELD 

100-90 
90-70 

41.3-55.0 49.9 
39.6-54.2 

2.9-5.4 4 20.9-34.4 24.7 1.36 76-1 8 i 
48 5.4-9.4 7.7 

73fi 

< 70 29.6-44.3 39.3 
27.5-76.8 52.6 1.49 

8.6-13.8 
45-10 

70.4 38.8-68.1 56.9 
7:’  

1.55 _, 22-51 39- 
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0 Washability  characteristics of seams  from both  the 

to the same  extent.  Seventeen out of twenty-four  sam- 
Peace River and East Kootenay  coalfields  are  variable 

ples from the Peace  River  coalfield yielded more than 

compared to twenty-four  out of thirty-five from  East 
70 per  cent of clean-coal product at I O  per  cent ash, as 

Kootenay. 
0 The  quality of rejects is highly  variable  for samples 

falling into  the  three  different ranges of clean-coal 
yield at I O  per cent  ash, in both coalfields. 

0 From the amount of near-gravity material (i 10 s.g.) at 

clean  coal, the East Kootenay seams  yielding the most 
the density of separation  required for good quality 

clean-coal  product were classified as simple to  wash, 
whereas the seams  from  Peace  River  falling into  the 
Same category  were found  to be moderately  difficult to 

0 The  "optimum  degree of washing" and the ash content 
wash. 

of clean cnal were found  to be very similar  for  seams 
from both coalfields,  however, washability numbers 
obtained  for  different  ranges of yield of  clean coal 

A 

coalfield  than for Peace River. This was especially true 
were found  to he much greater for the East  Kootenay 

for the seams yielding  the most  clean coal I100-Y0% 
yield range), which were from the upper half o f  the 

numbers  for  the  East  Kootenay seams implies that 
Mist  Mountain Formation.  The  higher  uashability 

these seams can he washed much  more easily lo the 
same clean  coal  product  than  their counterparts  from 
Peace River. 

0 There is no significant trend or correlation  between  the 
washability number and  stratigraphic  position in the 
Gates Formation coals. 

0 The great  variation in washability numbers within both 
coalfields indicates  diversity  in ease of washing among 

0 Examples of different liberation  patterns of coal  during 
these seams. 

size reduction confirms significant  variation in wash- 
ing characteristics:  the  washability number is a better 
indicator of the  liberation  characteristics of cwal than 
the clean-coal  curve  derived  from classical  washability 
parameters. 

B 
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Figure 4-3-7. Liberation  patterns for four cnals from  the Peace River  coalfield. 
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FUTURE PLANS 

lithotype  composition. Lithotypes  are useful indicators not 
The  quality of any seam is very closely related to its 

only of the  original environment of coal formation, but also 
of the  physical  and  mechanical  properties of coal. I t  is 

indicative  of the washability  characteristics of a given  coal 
imponant  to  examine the  extent to which lithotypes  can  be 

Seam. 

In  the future this study will focus on lithotype  and 
petrographic  analyses of various  coal seams in order to 
elucidate their  influence on washability  characteristics.  To 
this end, a  number of lithotype  samples were collected from 
the  East  Kootenay  coalfield during 1991. The sampling 
program was arranged in cooperation with Dr. Alex Cam- 
eron of the Institute of Sedimentary  Petroleum  and Geology 
in Calgary.  Lithotype sampling of Peace River  coal seams is 
planned  for next year. The  emphasis will be on finding  a 
way of predicting the ease of washing  from  lithotype com- 
position.  A  further ;rim of this  project is to investigate  the 
viability of adopting the  washability  number  for use in the 
new International Coal Classification System  (Alpem et 01.. 
1989). 

Systematic analysis of the  possible  applications of the 

ment of various  technical  procedures (e.g.  sampling, blend- 
degree of washing  and  washability number to the improve- 

ing)  and  coal  preparation  technologies will also be a part of 
this  project. 
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GEOLOGY AND  ENERGY  RESOURCE  POTENTIAL OF' 'THE TS IBLE 
RIVER  AND  DENMAN  ISLAND (92F/10, 11) 
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INTRODUCTION 

ated  natural gas  occurrences of eastern Vancouver Island 
Continued strong  interest  in the  coal deposits and associ- 

and the  northern  Gulf  Islands  has  stimulated the reexamina- 
tion of critical  geological  relationships. The aim of this 
study is to provide  accurate geological  data to assist govem- 
men1 and  industry in assessing  the  remaining  resource 
potential of the Vancouver Island coalfields,  as well as 
identifying  potential for new discoveries of natural gas 
associated  with  the coal measures. 

This report  presents  preliminary  results of one  month's 
detailed  geological  mapping  near  Tsable River  and on Den- 
man  Island. 

LOCATION AND ACCESS 
The study area includes Denman Island and part of the 

eastem coastal  lowland of Vancouver Island, between Rose- 
wall Creek in the  south  and  Union Bay in the north (Figure 

Cornox sub-basin of the Late  Cretaceous Georgia  Basin. 
4-4-1). This  area lies near  the geographic  centre of the 

and  side roads, as well as a dense network of unpaved 
Access  to the area is provided by a  few paved highways 

logging  roads. Many of the  bridges and  culverts  on  the 
logging roads were  washed  out during torrential  rains in the 
autumn of 1990, preventing vehicular access to large parts 
of the  area. 

while  land-use on Denman  Island is divided between tree 
Forestry is presently  the  only land-use near  Tsable  River, 

farms, dairy farms and rural residential  subdivisions. 

PREVIOUS WORK 

was by 1. Richardson (1873) of the  Geological Survey of 
The first  recorded  geological mapping in the study area 

Canada.  Coal deposits near  Tsable River (Williams, 1924) 
were studied in delail by McKende ( I  922) and Buckham 
(1957).  Denman  Island was mapped by Usher  (1952), 
Allmaras (1978) arid Bell (1960). Remapping  of the  study 
area by the British Columbia Geological Survey began in 
1987, and has continued through the autumn of 1991. (Bick- 
ford  and  Kenyon, 1988;  Bickford er a / . .  1990; Kenyon  and 
Bickford, 1989). 

STRATIGRAPHY 

Gulf  islands  are  part of the Nanaimo  Group of Turonian to 
The  coal  measures of eastern  Vancouver  Island and the 

Maastrichtian  age (England,  1990;  Haggart, 1991). The 
rocks  occupy  the  western erosional margin of the  Late 

GeoloRiral Fieldwork 1991, Paper 1992-1 

Cretaceous  Comox sub-basin of Georgia Bas] n. The Conox 
sub-basin  contains the Tsdble River, Cumber1 md, Cam[~lxll 
River  and Quinsam  coalfield$, )together wilt several c'ther 
minor  coal showings (Bickford and Kenyon, 988:  Bickford 
e/  a/.. 1990 Saunders ef a / . ,  1574; Table 4.. -I). 

TABLE 4-4-1 
LITHOSTRATIGRAPHY OF LATE  CRET. KEOUS 

ROCKS  WITHIN THIE STUDY  ARI A 

Formation: Map Member: De! cription: 
1l"it: ll"itl 

LSIllberl 15 - 

Denma" 14 Norman Pu nl 

13 Graham 

12 Madigan 

Trent River I I Willow  Paint 

10 Baynes Sound 

9 Royston 

X Tsable 

5 Cowie 

4 Cougilrsmitn 

2 Cumberland 

I Benso" 

419 

ldegroot
1991
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Figure 4-4-1. Geological  map of the Tsable  River and Denman Island study  area 
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SUBDIVISION OF THE TRENT  RIVER 
FORMATION 

bers  within  the  study  area. In order  from base to top of the 
The  Trent River Formation is divided into seven mem- 

formation, they are  the  Cougarsmith,  Cowie,  Puntledge, 
Browns, Tsable, Royrton, Baynes  Sound  and  Willow  Point 
members. 

The Cougarsmith  member  (Unit 4) is a new unit, com- 
prising  the  basal mudstones  and siltstones of the  Trent  River 
Formation, in  those  areas  where  the  overlying Cowie  sand- 
stones  are present. The  name Cougarsmith is derived from 
Cougarsmith  Creek, where  a  nearly complete section of the 
member is exposed. The Cougarsmith member is 18 to 22 
metres thick in the area between  Tsable  River  and Cou- 
garsmith Creek.  The Cougarsmith  mudstones  and  siltstones 

ward side of barrier  islands or offshore  bars. 
were probably deposited in sheltered lagoons  on the  land- 

The  Cowie  member  (Unit 5) is also a new unit, compris- 
ing thick-bedded to massive sandstones which  overlie  the 
Cougarsmith  member. These sandstones  were  first  recog- 
nized as  an informal.  unnamed unit by McKenzie (1922). 
The  name  Cowie is derived  from  Cowie  Creek, near the 
centre of the  presently  mapped  extent of the member. The 
member is 12 to IS metres thick in the area between  Tsable 
River and  Cougarsmith Creek.  The  Cowie  sandstones were 
probably  deposited as a  complex of harrier islands or off- 
shore bars. 

The  Baynes  Sound  member  (Unit 10) was first proposed 
by England (1989)  for  sandstones  and  conglomerates  on the 
western  shore of Denman  Island  southeast of Denman 
Point. Sandstones  and  conglomerates, probably  correlative 
with the  Baynes  Sound member, are  also exposed on hills to 
the east  and west of Langley Lake on Vancouver Island, 
where  they  were  previously  mapped  by  Bickford  and 
Kenyon (1988) as  the Protection Formation.  The  name 

between  Vancouver  and  Denman  Islands.  The  Baynes 
Baynes Sound is derived  from the  body of water which  lies 

Sound  member is 15 to  60 metres  thick  near  Langley Lake, 
and I O  to 25 metres  thick on  Denman Island. It was  proba- 
hly deposited in a submarine  fan, with the conglomerates 
possibly representing submarine channel  fills. 

The Willow  Point member  (Unit I I )  is a new unit, com- 
prising  sedimentary  rocks  previously  mapped as the Cedar 
District  Formation in the Comox  sub-basin  (Bickford, eral. ,  

occasional  thin, graded  beds of sandstone.  The  name 
1990).  It consists of dark grey mudstone  and siltstone with 

Willow Point is derived  from Willow Point  on the east coast 
of Vancouver  Island,  southeast of the town of Campbell 
River. The  member is 120  to  150 metres  thick on the 
western  side of Denman Island  (Davidson ef a/ . .  1965; 
Mahannah, 1964), where it is well exposed in wave-cut 
benches and sea  cliffs. It  was  probably deposited in  a  distal 
submarine  fan  environment. 

SUBDIVISION OF THE DENMAN  FORMATION 

bers,  following  suggestions  made  by  Bell  (1960)  and 
The  Denman Formation  has been divided  into three mem- 

Allmaras (1978).  From  bottom up, the three members  are 
named  Madigan,  Graham and  Norman. 

Geological  Fieldwork 1991, Puprr 1992.1 

thick-bedded to massive,  med um to (:oars( -grained,  light 
The Madigan member (Unit 12) is a ]new u i t ,  comprisir~g 

grey to greenish  grey sandstone!; with oxasic mnal thick ~nter- 
beds of siltstone  and  minor  pebble  conglomerate.  The 
Madigan sandstones  are gene!-ally poorly sor ed, and  locally 
contain very coarse  disseminatcd grain:; of q l a m  sand  The 
name Madigan is derived frorn Ihe historic h. adigan fann in 
the  central valley of Denman  I,rland. The II ember is . jS to 
75 metres  thick on the westem side of 1 enman  Island, 

probably  deposited below wavl: base, in a c, lntinental :,helf 
where i t  forms a  prominent east -dipping cue! la ridge. I w;is 

environment. 
The  Graham  member (Unit 13) is a new u i t ,  comprising 

thick-bedded to massive, loca:ly trough.cn ssbedded #:on- 
glomerates, with occasional thin to medium enticular  nter- 

derived from  Graham Lake  or! Denman Is1 md, wher: the 
beds of sandstone  and silt::tme. The naine  Graharn is 

conglomerates  are  well  exposed.  Clast  mrting ir the 
Graham  conglomerates  is  fair to g c o d  I lasts  are w d l  
rounded  and consist of large pebbles to co  lbles of  t8;Isalt 
with minor  granodiorite, sand:Stone, shale and red (:bet. 
Framework a-b imbrication i:; I(xally well d :veloped. Inci- 
cated  paleocurrent directions range from 02.1 ' to 200". aver- 
aging 114". The basal  contact of the Grah Im memter is 
generally erosional, while its top contact is gradational hy 

The  member  is  65  to 80 metre:; thick c o  De lman [sland.  It 
intertonguing with the overlyin;: Norman  PC  int sandst,:nes. 

within older continental-shell' deposits 
was probably  deposited in submarine c h  nnels, in,:iscd 

The Norman  Point member ':Unit 14.) is a Is0 a new IunLt, 
comprising  medium to thick.-bedded, med um to co~csc- 
grained, light grey  sandstone with oc<:asior al interhe<h {of 
dark  grey  siltstone. The  name Norman  Point s derived  from 
the point of land  south of Ford  COVI: on lornby Island, 
where  the sandstones  are well Iexposen. The top  contact (of 
the Norman  Point with the  overlying  Lambe I Formation is 
abrupt. The Norman Point mt:ntber is 25 to ;5 metres thick 
on eastern  Denman  Island, and at  least  40  netres thi':k  at 
Norman  Point. It was  probably  deposited be ow wave base, 
in a  continental-shelf environment. 

STRUCTURAL GEOL,<:GY 
The  dominant structural  fearure of the S I  Jdy area !i an 

east-dipping  homocline  within the sediment; ry rocks cl'the 
Nanaimo  Group.  The regional dip of the sed mentary  rocks 
is 10" to I 5' northeast. The hor-locline is dis  upted by .hrf!e 
sets of faults  as well as local fdds .  

which have various combinations of extensic nal and dr:dral 
Set I consists of subparailc:l, nonhwest. striking f;mlts, 

strike-slip  displacement.  Near  Tsable  River, most of the 
northwest-striking faults  dip sleeply to the lortheas!, .with 
the exception of several fault:, on  thc nor  h  bank of the 
Tsable  River,  southwest of Langley Lake, which dip t:, the 
southwest. On Denman Island. .the northwes  -striking  limlts 
dip steeply to the southwest. and have ex! msional offset 
down to the  southwest. Take:n as a whole,  the  northrier,t- 
striking  faults may he the surface  manifestat on of a 'flower 
structure', underlain at  depth :)y a major s rike-slip shear 
zone. 
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the  northeast  and east,  and  appear  to  be  younger than the 
Set 2 consists of near-vertical  cross-faults which strike to 

northwest-striking faults.  The  cross-faults have apparent 
sinistral strike-slip  displacements ranging from  less than 
100 to perhaps 1000 metres. 

Set 3 consists of bedding-plane  shear  zones, which are of 
indeterminate  age  relative  to the other  two  fault  sets. 
Bedding-plane  shears  are well exposed in shales and  coal 
beds  in  the canyons of Tsable River and Cowie  Creek and 
were  also  encountered in the  underground  workings of 
Tsable River colliery. 

Sedimentary  rocks of the Nanaimo  Group are sheared, 

ticularly adjacent  to the northwest-striking faults. 
cleaved and  strongly jointed adjacent to the faults, par- 

COAL  RESOURCE  POTENTIAL 
The  Comox No. 2 and No. 3 coal  beds  are of mineable 

thickness in the  Tsable River area. The  cover  over these two 
coal  beds increases rapidly to the  east and  northeast of their 
outcrops,  and is approximately 550 metres  thick along the 

on Denman Island. Previous  coal  mining  operations on 
western shore of Baynes  Sound,  and  675  to  950 metres thick 

Vancouver  Island  have  worked  at  depths as great  as 
540  metres,  although  at these depths the miners  encountered 

spontaneous  outbursts of gas  and  coal. It is unlikely  that 
severe  strata control problems such as floor  heave  and 

coal will be mined  beneath Baynes  Sound  or  Denman  Island 
within the foreseeable  future. 

Considerable  exploratory  drilling has  been done  along  the 
outcrop of the Comox  coal  beds between  Tsable River and 
Cougarsmith  Creek. Most boreholes  have been shallower 
than 300 metres,  and current  industrial  interest in the  area 
appears  to be concentrated on the  open-pit  mining potential 
of the  Comox coals. 

The  Comox No. 2 coal bed lies near the  top of the 
Cumberland  member of the  Comox  Formation.  It  was 
extensively worked  in the Tsable River  colliery, which  was 
abandoned in 1966  due to exhaustion of accessible  reserves. 
The  Comox No. 2 coal  bed is a composite of up to five 
individual  coal plies,  separated by thin partings of grey  silty 
mudstone  and  black  carbonaceous to coaly mudstone. Some 
of the coaly  mudstone  partings  are  sheared  and  soft,  and 
they  locally grade into  low-density canneloid  mudstone 
stony coal. 

The  coal of the No. 2 bed is bright to bright banded,  and 
is generally blocky  and hard.  Some plies of platy or  lami- 

platy  coal  makes a noticeable  conhibution to the waste 
nated coal  are  occasionally  present within  the  coal  bed: such 

dump  at Tsable River  colliery,  where it was  rejected as 
being  unmarketable  due  to its “shaly”  appearance.  The 
No. 2 coal  bed ranges in thickness  from 1.2 to 4.2 metres 
within the mined area,  and  boreholes indicate similar thick- 
nesses  elsewhere in  the  study  area. The  lower part of the  bed 
often  consists of inferior,  dirty or  “bony”  coal, with ash 
contents greater than 25 per  cent. 

Cumberland member. The rock parting between  the No. 2 
The  Comox No. 3 coal  bed lies near the  middle of the 

and No. 3 coal  beds is IO to 20 metres  thick,  and  consists of 
a coarsening-upward unit of mudstone,  sandy siltstone and 
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sandstone. The coal  bed is a composite of at least  three 

carbonaceous and  coaly mudstone.  The partings are  gener- 
individual  coal  plies,  separated by thin partings of black 

and  locally sheared and platy. 
ally sheared  and flaky, while  the  coal itself is bright banded, 

Boreholes indicate that the No. 3 coal bed is 1.0 to 
4.1 metres thick within  the  study area  (Saunders et a / . ,  
1974). The upper  and lower  contacts of the  coal  bed are 
often gradational, marked by thin interbeds of coal and 
mudstone. 

bituminous rank. Significant  down-dip  increase in coal  rank 
The  Comox  coals at Tsable River are of high-volatile  A 

at Tsable River is unlikely, given the  predeformational tim- 
ing of coalification in the  area  (Kenyon  and  Bickford, 

Most of the drilling  within  the  Tsable River  coalfield has 
been  confined to the  vicinity of  the  outcrops of the  Comox 
coal beds. Very little drilling  has  been done to establish the 
down-dip continuity of the coals  at  depths greater  than 
approximately 300 metres. The  few  deep boreholes suggest 
that  the Comox  coals  may  become dirtier to the east  (Buck- 
ham,  1957) and  the aggregate  thickness of coal may be 
somewhat  less than that near  the  outcrops. 

Buckham  (1957)  reported  an  unclassified  reserve of 
6.2 million tonnes  for coal in place along  the  outcrop belt 
between  Tsable River and  Cougarsmith Creek. 

1989). 

GAS  RESOURCE  POTENTIAL 
Gas has  been reported  from a few  deep coal exploration 

boreholes in the  Tsable River area. The best show was  in  the 
Alvensleben  Tsable  River  ATR-I  borehole  (Cathyl- 
Bickford, 1991). which encountered gassy coal  at a depth of 
approximately  550  metres.  Drilling of ATR-1 was sus- 
pended in 1914  due  to  excessive  gas  pressure in the  hole. 
The  borehole was subsequently  put  into  service  as an 
unlicensed gas well,  serving a forestry  camp,  and  continued 
to produce  gas until  its casing was sheared off by a landslide 
in 1984. 

Given  sufficient maturation, an organic-rich source  rock 
will generate  hydrocarbons  which will migrate  to  fill all 
accessible  pore spaces. In order to form a  significant gas 
accumulation, the source rock must be in communication 

the Tsable River  gas is probably  the  coal beds of the Comox 
with a  reservoir  rock  within an effective  trap.  The  source  of 

bituminous rank, are sufficiently mature  to  have  generated 
Formation.  The  coals, having attained a high-volatile A 

gressive devolatilization of the  coal  during burial and heat- 
significant  quantities of thermogenic  methane  due  to  pro- 

ing with  the  subsiding Georgia  Basin. 

associated with the coals,  the overall thickness  and  organic 
Although  black, carbonaceous  to  coaly  mudstones  are 

matter  content of the mudstones  are  much  less than  those of 
the  coals.  Mudstones  are therefore not  expected  to  have 
been significant sources of gas within the study  area. 

Gas which has been  generated by a maturing  coal bed is 
partially adsorbed by the coal, while  a  portion of the gas is 
released by the coal  and exists in the free state within 
micropores and  fractures in the  coal bed (Das et ol.. 1991). 
The  fate of the free  gas  depends upon the  nature of the roof 
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and floor of the  coal bed from which it was generated. If the 
coal is bounded by permeable rocks  such as conglomerate 
or  sandstone, the free gas will migrate from the  coal  bed  and 
either  accumulate in  a structural  or  stratigraphic  trap 
elsewhere in the  basin,  or be lost by escape to the 
atmosphere. 

include  the sandstones of the  Dunsmuir  and Cowie  mem- 
Possible carrier beds and  reservoirs for coal-sourced gas 

bers. The  Cowie  member is of particular  interest as it 
displays  good  to  exellent  framework sorting, and has fair 
to good  intergranular porosity. The Dunsmuir  sandstones 
are  interbedded with coals and carbonaceous mudstones, 
and are therefore i n  effective  communication with sources 
of gas.  The  Cowie  iandstones  are stratigraphically  isolated. 
and it is more difficult to envisage an effective  migration 
pathway from the Cnmox Cwdk into the Cowie  sandstones 
without  involving venical migration of gas  along faults. The 
sandstones and  conglomerates of the Benson and Cumber- 
land members  are either too  discontinuous  or  too poorly 
sorted to constitute effective reservoirs for  gas. 

are provided by the mudstones and siltstones of the  Trent 
Adequate seals over the Dunsmuir and Cowie sandstones 

River Formation. Significant structural  traps are probably 
present on the upthrown sides of the major northwest- 
trending faults on Denman Island. 

under Denman Island will be approximately 500 to 800 
Drilling depths to the top of the  Dunsmuir sandstone 

metres.  Although  these  are  shallow depths compared with 
most  gas  fields, they are typical of the depth range of most 
coalbed  gas prospects. 

ble wherever the  coal is at depths greater  than 200 metres, 
Production of coalbed  gas by desorbtion  may be practica- 

regardless of the  presence or absence of a  structural or 

however, enhance the  development  potential of coalbed gas 
stratigraphic  trap  (Das et a! . .  1991). Such  traps  may, 

beds. Close associa.tion of clastic  reservoir  rocks  and  coal 
wherever porous reservoir  rocks are in contact with coal 

beds affords improved economics for  coalbed gas produc- 
tion (Wyman, 19841, as gas may  diffuse into adjacent reser- 

production, thus  increasing the effective  drainage area of 
voir rocks i f  a pressure differential is established  during 

each  coalbed gas well. 
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SUBSURFACE  THERMAL  COAL  SAMPLING SURVEY, MERRIT'I COA.1.. 
DEPOSITS,  SOUTH-CENTRAL BRITISH COLUMBIIA (9W2 1 

By A. Matheson 
-." ." 

KEYWORDS: Coal geology, Merritt. diamond drilling, core 
sampling, coal quality.  coalhed  methane. 

INTRODUCTION 
The province-nide  suhsurface  coal-sampling  survey 

started in 19x8 i n  the Comox coalfield. In 1989 the program 
was cosponsored hy the  Institute of Sedimentary  and 
Petroleum  Geology and focused 011 the Telkwa  coalfield. 
This was fhllowecl by drilling in the Bowron  River coal 
deposit in 1990. l h e  focus of the 1991 drilling was the 

was drilled, with LI core diameter of  3.5 centimetres. Two 
Merritt coal deposit (Figure 4-5- I ) .  A total of 354 metres 

holes were spudded in the Coal Gully arca,  one on Cold- 
water Hill. one  at Diamond Vale and  another at Norman- 
dale.  for a total of five diamond-drill holes (Figure 4-5-21, 
The drilling program was conducted. as in previous yews, 

manufactured by Hydrocore Drill Ltd. 
by Neills  Mining Company using :I Prospector 8Y drill 

19x7. under the direction of Dr. Fari Goddarzi of the 
Several coal exposures had been hampled and  analyzed i n  

Institute of Sedimrntxy and  Petroleum  Geology. The coal 
seams and hands recovered  from  the  drill  cores are being 
prepared  for analy:,is. 

LOCATION OF THE  STUDY AREA 
The Merritt coal deposits  are  located YO kilvmetres  south 

of Kamloops on the Coquihalla Highway. Situated in the 

4-5- I ) ,  the occurre~~ces surround  the town of Merritt stretch- 
Nicola  Valley,  south-central  British  Columbia  (Figure 

The locations of the  mined  areas  are  indicated on Figure 
ing X kilometres a r t -wes t  and 5 kilometrcs  north-south. 

4-5-2. The Quilchena  deposit was not sampled in this  study 
due tv financial constraints. 

EXPLORATION  AND  PRODUCTION 
HISTORY 

near the present town of Merritt,  appeared in the "British 
The earliest  reference to coal in the Nicola Valley area, 

Colonist", Victoria. British Columhia, on August 20, 1x96. 
reporting on its use Cor a  forge  in  Victoria. The coal wah 
generally mined by the local inhabitants Cor domcstic pur- 
poses. Regular pro:luction from the Middlesborc Collieries 
on Coal Gully Hill began in 1906. A total of 2.93 million 

deposits unt i l  minirig ceased in 1963. Middleshoro  Collier- 
tonnes was produced  underground  from the Merritt coal 

and a large area of C'oldwater Hill. Other colleries mined the 
ies mined 92 per cent of the total, from the Coal Gully area 

resulted in the deaths of seven men), Normandale and Sun- 
Diamond Vale (mining ceased in 1912. after an explosion 

chena by a local ra.ncher for  domestic purposes. 
shine  areas. A very small amount was taken  out of Quil- 
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hold coil1 rights to the Coal Gully Hill iind C, lldwater area<. 
At  present  Imperial Metal!, :;orporation lolds [he f r e e  

Renewed  interest in coal in 9x0 and I 9  : I  result4 in 
Crows Nest Resources  Ltd. taking u p  cod licences  and 
options on freehold  lands in t,ie area. Mappi lg was ca-ried 
out from the Coal Gully Hill deposit to  Quik hena, 27 t t o k s  
wrre drilled  and  a  trench  excavated ;it Qui :hem DII :  to 
rapid weathering  and  the  character of the rocks in the .xe;i, 
nearly all the adits  have  caved  and  trenches t w e  filled with 
rubble. No further  exploration has betm ca ried out since 
that time. 

GEOLOGICAL  SETTlh'G 

Formation overlie  and are hountled by \olcar ic rocks of the 
The Tertiary (Eocene) coal  measures of he Coldwater 

Upper  Triassic  Nicola Group. A tongue of yo mger Plio:ene 
valley basalt outcrops in the northeast comf r of the study 
area,  covering the  Nicola volcitnics, and ra ns southvles- 
wards, covering  a  portion of the Coldwa er Formation. 
Pleistocene  and  Recent uncon:;c lidated jedin ents. both ,;k- 

cia1 and tluvial,  cover much of the \alley  tloor  (White, 
1946). 

The  Coldwater Formation i! a seqalence of nonm' .' 
conglomerate,  sandstone,  shale ;and coal. I t  o:cupies 0111: rlf 

' I  me 

several early Tertiary basins in Cord llera~ lntennontane 
Belt. The lake in which deposition occurred was part of a 

ent  topography.  The coal fomte:l in  the early stages of lake 
drowned valley system.  probahly  confoiming with the [!re!- 

development. 
The conglomerate.  grit anti :.andstone art largely C O T -  

granitic  sources. The shales  are 1:hinly beddel and are ;I:;SC- 
posed of quartz  and feldspar, (derived mail ly from Ioc~d 

ciated with the coal horizons of  the sequel ce.  The t~;tsal 
conglomerate is composed rlainly of N i u  la rock  Irap- 
ments.  Calcareous  horizons  occur  throaghou the sedmen- 
tary sequence. 

structural pattern ofthe under  ying  sediment is unclear. In 
Due to the thick Pleistocrn;: cover in t ae valley. the 

the west,  where the geology is better knowr as a r e d :   c f  
the mining  and  exploration  actlvity.  there ;re  moder;~~ely 
tight northwest-trending fold!;, offset Ihy nl merous  slrike 
faults. Tu the east,  the  dips hecome, mort: gent e  and  the rod 
deeper. In the  centre of the bar  in the !edim :nts appex  t,3 
have been less disturbed by tt:ctonic activity In the  stluth- 
east  sector, near the eastern  boundary, the be( s strike raw-th- 
east  and the folds  are more  open. The caster I boundary of 
the Coldwater  sediments is a f a u l t  contact uith the Nizola 
volcanics.  (Read. 1988: Figur': !I-5-21 

COAL  MEASURES 
The  thickness of the cc'al measures  varies 1111 to 

300 metres at the western rim , ~f the basin ' $here the coal 
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Figure 4-51 ,  Location map showing  the  Merritt  and  Similkameen  coalfields  and the Tularneen and  Princeton  hasins 
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Figure 4-5-2. Detailed  geology of the  Merritt  area  showing  drill-hole  location!;. 

zones tend to he thicker and more  numerous than in the 
eastern  part of the basin. In the Coal  Gully area, where  the 
strata are  quite steeply folded, seven coal zones  have been 

thicknesses of the 7:ones are as follows: No. I is  7.9 metres, 
reported.  Starting Srom the lowest in the succession,  the 

No. 5 is 1.5 metres, No. 4 is 7.6 metres. No. 8 is 
2.44  metres, No. 6 is 1.8 metres, No. 3 is 0.76 metre  and 
No. 2 is 1.8 metre!; (Swaren,  1977). 

ish in thickness, however, No. 5 zone increases to 3 metres 
To the east and the south,  the coal zones generally dimin- 

and  2.2  metres  respectively and the No.  3 zone  increases to 
1.3 metres. The zones  pinch  and swell, and the  intervals 
between them may vary up to 30 metres. 

Drilling in the Coldwater Hill area in 1991 confirmed that 
No. 6 zone, previously reported absent in this area, does 
occur, hut thins to about 1.1 metres. The beds form the 
southwest  limb of a broad symmetrical  syncline,  striking 
northwestwards an(:l dipping  to the  northeast at an average 
of 35" at  outcrop. 

The lower zones, 8, 4, 5 and 1 were not ex Iloited dui: 1,) 
In the  Diamond Vale mine, zones 2 ,  I, and 5 were mirecl. 

depth.  The  mine is on the  northeast limb of th :  syncline ;anti 
coal seams  dip to the  southwest at an avelage of 4(," a t  
outcrop. East of the Diamond Vale mine, I wo strike .:dil) 
faults have been identified by drilling (Figure i 4-5-3 and 4:'. 
hut little more is known  about )his areit. 

arenite, in parts calcareous, with coalspar and hori.!ons 
The coal is interbedded w i t h  shale and rooted qt i u t z  

exhibiting  burrowing  and  bioturhation. The I ypical d e p s i -  
tional environment ranged from  back-harri :r lagoons 113 

mixed sand and mud flats, corresponding to 2 reas of Iw to 
moderate energy, and  subject :o variahl.: cun ent velocitie:. 

COAL  QUALITY 

bituminous in rank. A typical proximate: anal Isis, on a11 ar- 
The coal is reported to vary form high-v datile C 1 0  A 

received  basis, is: moisture, 5 per  cent;  as I ,  9 per en:; 
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SCHEMATIC CROSS-SECTION 

COLDWATER HILL - DIAMOND VALE 

no Vettical exaggeration 

Figure 4-5-4 Schematic  crocs-section of ;I portion  of  thc Mcrritt m a l  ha\ in  i n  thc vicinity (11 Coldwater  River. 
Location o f  drill-holes GSRYI-3 and 5 indicated. S c c  Figurn 1-5-3 for  complete sectim. 

volatile  matter. 34 per  cent;.fixed  carbon 52 per  cent; (R.C. 
Ministrv of Enrr.,!p, Mines and Perr-dr,um Rcsouri.e.s, Infor- 
mation Circular IY90-5). 

Sulphur at 0.6 per cent is low. The heating  value is about 
30 000 kilojoules per  kilogram.  The Hardgrove  grindability 
index is about 51. Amber is often  present but is n o t  
abundant. 

index  and  rank,  probably due  to the effects of tectonism. 
Friability may be higher  than  suggested by the  Hardgrove 
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DRILLING AND SAMPLING 

sites. Water was not readily available  and in several cases 
There were  several major constraints in selecting  drilling 

had to be pumped  from a source  over 800 metres  away. The 
water  required lor  drilling at Normandale had to be brought 
in by truck from Yicola Lake 6 kilometres away. There  are 
no accurate  mine plans available, and as a  result drill sites 
had to he carefully  selected to avoid  any break through into 

Brirish Columbia Ceo10,qical Surrey Branch 



old  workings.  Finally,  burning coal of unknown  extent at 
Coldwater Hill had to he avoided. 

as a result o f  dissolution (Plate 4-5-1). Consequently  there 
The  sandstone ill poorly  consolidated and cavities  occur 

was frequent  caving and loss of water  circulation while 
drilling.  Hole GSB-91-4 at Normandale had to he aban- 
doned at 60 mctrcs  due to constant caving  jamming the drill 
rods. 

Two holes were collared on Coal Gully Hill.  A vertical 

4 zone (Plate 4-5-21, Due to the very broken character of the 
hole (GSB-91- I ;  toral depth 83.2 metres)  intersected  the  No. 

coal in the core, only 4.25 metres  (true  thickness) of core 
was recovered  from  the  zone  measuring 8 metres  (true 
thickness)  at outcrop. Hole GSB-91-2, was angled at 60" 
from  the horiLontal at an azimuth of 220.  Number 2, 3 and 6 

60.2 metres. A vertical hole on Coldwater Hill. GSB-9 1-3 
zones were intersected  before the  hole  was stopped  at 

The final hole, GSB-91-5, drilled at Diamond Vale (depth 
(depth 45 metres), intersectcd the No. 3 and No. 6 zones. 

91.3 m), intersected  coal zones Nos. 2,  3 and 6. Most 
previous  reports on this area  indicate  the  existence of only 

three holes and  though it may not he continuous, it does 
six coal  zones.  however, No. 6 Lone has been intersected in 

hring  the total to seven  zones. 

SAMPLE ANALYSIS 
All coal samples will he crushed to -2(  mesh. Pt!trc'- 

graphic rank determinations h i l l  he carried o 11 in-hous: by 
the  vitrinite  reflectance  mtthod.  Minera  ogy of low-  
temperature  ash  samples wil be deteminej using x-ray 
defraction. The  following analy!;es will he ci rried O U I  :'y a 
private  laboratory  under  the join): auspiczs of  he  Geolo!!icd 
Survey  Branch  and  the In!,titure of Sed  mentary  ;ani 
Petroleum Geology: proximate: ultin1:lte: I Jlphur fom!;: 
calorific value: ash  analysis;  chlorine,  tluorir : and mer:ury 
contents: and ash fusion. 

Dr. Fari Goodarzi samplecl  the remainde- of the mre, 
after  the c ~ a l  had been remowd, and these samples were 
sent to the  Institute of Sediment:iry and Petn leum Geol':)gy 

Platc 4-51 ,  Poorly consolidated  sandstone with cavities 
duc  to dissolution. 

Geologiral Fieldwork 1991, Paper 1992-1 

Plate 4-52, No. 4 zone at Gully Hill inter :ccted by 
drill hole G S B ~ 9 l - I .  
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in Calgary, primarily for petrographic examination of the 
carbonaceous material in the  siltstones and  shales, and for 
trace element  (letemination, which will be done on the coal, 
using  primarily  neutron  activitation. 

METHANE  POTENTIAL 
Methane is inherent in all coals and is desorbed when  the 

gas pressure exceeds that of the  hydrostatic head. Blocky 
coals. which desorb 60 per cent of their total gas,  have less 
than 57  per  cent  fixed carbon  and  have an average Hard- 
grove index of less  than 70. Friable coals, which desorb 
94 per cent of their total gas, have greater than 57  per  cent 
fixed  carbon  and  have an average Hardgrove index greater 
than 70 (McCullough et a/. ,  1980).  Further  analysis is 
necessary to resolve  the nature  of the Merritt coals. 

increases with the rank and depth of the coal  (Ryan, 1991 j 
As a  general  rule,  retention of methane in coal seams 

The Merritt basin, underlain by coal measures,  covers an 
area of about 40  square kilometres. An area of 15 square 
kilometres was  selected for the  examination of coalbed 
methane  potential,  from  Coldwater Hill to Diamond Vale. 
The  coal  measures  form a symmetrical  open  syncline, 

5 kilometres. All seven seams are present. The average 
3 kilometres wide, which plunges to the  northwest for about 

thicknesses of the coal L ~ C S  recorded from drill logs are  as 
follows: No. I is 2.5  metres, No.  5 is 2.8 metres. No. 4 is 
2.4 metres, No. 8 is 0.6 metre, No. 6 is 0.7 metre, No. 3 is 
1.3 metres  and  No. 2 is 1 . 1  metres. 

Calculations  are based on the mean  cross-section AI-BI 

rank and  depth (Eddy et a/. ,  in Ryan, 1991). The total 
(Figure  4-5-3) and  the  graph showing  methane retention by 

potential volume of this  particular area  amounts  to  about 31 
billion cubic feet of gas (Table 4-5-1). It is not possible to 
calculate the gas potential of the remaining 60 per  cent of 
the field  due  to lack of geological data. 

CONCLUSION 
Badly  broken core,  abundant  slickensiding  and  cavities in 

the  sandstone  created by solution, resulted in an overall core 
loss of 12  per  cent, considerably  greater  than that of pre- 
vious  years. The  core loss was  highest i n  the  coal zones, 
where it  averaged 18 per cent. Methane desorption  tests 
were not possible due  to  the broken nature of the core. 
Further  drilling, north,  northeast  and east of the Diamond 

MERRITT  COAL DEPOSITS COLDWATER  HILL - DIAMOND 
TABLE 4-5-1 

VALE COAL RESOURCES AND POTENTIAL COALRED 
METHANE  RESOURCES 

DEWH IN METRES TOTALS 

FROM 
TO 

TOTAL  COAL 

0 
2on 400 

200 4m n 
son so0 
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Vale mine, would  resolve  the  structure.  identify  the coal 
measures  and delineate the resources. 

capable of supporting a viable mining operation i n  the 
It is improbable that the  Merritt  coal depnsits would be 

future,  but an interesting  alternative energy resource may be 
the  extraction of methane  from the  coal measures, providing 
a valuable source ot fuel for the inhabitants  of Merritt  and 
the surrounding  countryside. 
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PINE VALLEY MAPPING  AND  COMPILATION P'ROJECT 
(930/9, 10; 93P/12) 

By P.C. Jahans 
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KEYWORDS: Co;ll geology,  Pine Valley, Peace  River Several in-house  software  modules were de. eloped arrl, In 
coalfield, stratigraphy, Structural geology. coal occurrences. conjunction  with commercial packag:s, M 111 be u!;td :o 

produce these maps. 

INTRODUCTION 
This project is ;I continuation of the British Columbia LOCATION 

Geological Survey Branch's 1:SO 000-scale mapping  pro- The map area is located in northeastt:rn British Colunbia 
gram in the Peace  River coalfield.  The study area is adjacent immediately of the tOWl, I,f Chetwynd : ~ i ~ , , ~ ~  4-f,.1). 
to the Burnt River and Carbon Creek map-areas  (Hunter and It l i e s  between  latitudes 55031)' and 55'45' is bonlerc:d 
Cunningham, 1991: Cunningham and Sprecher, 1992, this on the west by the  Front ~ a ~ g : : ~  of th.2 RO( ky Mounlains. 
volume). The  objective is to produce Open File maps for The area is generally  covered thick vegett tion exct:~~~:  for 
NTS map sheet 93I:)/Y, the northeast hali of Y3O/lO and the the ridges in the west, and i!; :livided by t t  e east.floJiirg 
southwest half of !UP/12. Pine River. Access to most of the  area  consis s of a network 

dling,  compilation and map drafting. The geological maps transmission-line  roads.  Elevation ranges fro n about 6110 IO 

Computer  methods were used extensively in data han- of logging  and  drilling  roads, {cut-lines, sei ,mic lines and 

will be in digital format for reproduction  and  distribution. over 1900 metres. 

1 MPPING OOF I 
PREVlOllS YE (RS . . .  

CUNNINCH4M m d  

. ... 

I. ' /I991 
JAMNS and 'AKIWCHUK 

. I J  

Figure 4-6-1. Location  map  showing  the  project  areas of thc 1991 field  season and of pl8:vious years. 
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Figure 4-6-2. Outcrop  distribution in the map  sheets (a) 93019 and (b) 93P/l?. Outcrops  represented  here  are 
a compilation from previous  work and the 1991 field season. 
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PREVIOUS WORK 

several coal and petroleum exploration companies as well as 
Parts of the map area have been studied in detail by 

by researchers  from the provincial  (McKechnie, 1955; 
Hughes, 1964, 19W) and  federal  governments (Stott, 1967. 
1968, 1973, 1982). This project is a compilation of the past 

company geologisty. 
summer's fieldwork  and recent detailed  mapping by coal 

1991 FIELD  ACTIVITIES 
Mapping  during the 1991 field  season  focused on areas 

with little or no coverage  on existing  maps.  Coverage is 
generally  good  near the Pine River  and in most of the 

port was by four-wheel-drive vehicle, mountain  bicycle, 
western parts of the 93P/12 and 930/9 map sheets.  Trans- 

helicopter and hiking on foot (Figure 4-6-2). Aerial photo- 
graphs were used f , . r  navigation and in geological  interpre- 
tation. 

DATA 
The integration c~f outcrop data  collected  during  this  field 

season  with the Icxtensive information  obtained  from 
provincial  government coal and  petroleum  files  and from 
various  industry sources was accomplished using computer 

cultural infhnnation were obtained as digital TRIM  files. 
techniques. Base maps with contour,  cadastral, drainage and 

traditional way and then  entered i n t o  computer  files at the 
During  the  field season,  outcrop  data were recorded in the 

field  office in Chetwynd. Maps  showing  topographic con- 
tours,  roads. cut-lines and  drainage were plotted at various 
scales for use in thc field in conjunction with aerial photo- 
graphs. If time pemlitted, preliminary  geological  interpreta- 
tions of each  day's fieldwork were added  to  the  datebase. 
Extensive use of CAD-based  graphical  mapping software 
facilitated the efficient  presentation of data and drawing of 
geological maps. 

STRATIGRAPHY 
The  map  area is underlain by rocks  ranging in age from 

Triassic and  Jurassic in the  southwest to Cretaceous in the 
northeast.  Marine  clastic  rocks make up the  Jurassic Femie 
Formation  and Lovver Cretaceous  Minnes Group. Alternat- 
ing  marine to nonrnarine clastics and  marine  shales domi- 
nate  the rest of the Cretaceous. Formation names and  gen- 
eral  thicknesses with brief  lithological descriptions  are 
given in Table 4-6- 1. 

MINNES GROUP 
The Minnes Group,  divisible into  the Monteith, Beattie 

Peaks, Monach and Bickford formations,  consists mainly of 

Peaks and the Bickford are the more argillaceous of these 
interbedded  sandstones,  siltstones  and  shales. The Beattie 

Towards  the west, the  sand  content of the  Beattie  Peaks 
formations with minor coal seams present in the Bickford. 

Formation  increases to the  point  where i t  becomes 

increasingly  difficult to distiuguish betwf:n i t  and the 
underlying  Monteith and obe.lying Monas h formilt1,ms. 

dominated by arenaceous str:itil. Very light grey to vihile 
The ridge-forming  Monteith and Monach formation;  are 

quartzitic  sandstones occur i n  both units. 'I NO such h'sdi, 
usually 2 to 6 metres  thick,  provide useful n arker  horilorls 
near the top of the  Monach Fo-mation. 

The Bickford Formation  consists cf int, rbedded F i n e  
grained  sandstones,  siltstone:;,  dark  grey I ntdstones  and 
silty shales.  Thin coal seams. ,:enerally les: than I metre 
thick, are present in this unit. 

BULLHEAD G R O U P  

formations.  The ridge-forming,  Cadomill For1 lation con!.isIs 
The Bullhead Group inclucle.. the Cadomi 7 and Gething 

of well-rounded, poorly  sorted  chert peb  des and rery 
cwarse grained  sandstones  and p rits. Its thick] less  varit:? and 
the proportion of conglomeratt: tends to d:crease I C  the 
northwest. 

exposures  are  rare.  Similar in composition t ) the Birki'ord 
The Gething  Formation is ge.nerally a recl ssive unit and 

Formation, it consists  of inte$wdded  sandstc ies,  siltstone<, 
mudstones  and  silty shale!,. The  Gethirg  Formalion, 
however, contains more  shale  and thick c( al  seam!;. h x  
better  developed cyclothems, ;and  is finer  grained. '::oal 
seams are  generally from I IC, :I metre? thicl hut are 111 to 
4 metres thick in places.  Abundant pli nt in prints ant the 
occasional  fossilized tree stump  are observ :d in out(rol1. 

F O R T  ST. J O H N   G R O U P  

Gates, Hulcross,  Boulder Crt,ek,  Hasler, Goodrich  and 
The Fort St. John Group is #divided into the Moos':bar, 

Cruiser  formations. At two Icmc:tions i n  the h s s i e r  ( reek 
area, a bed of conglomerate and sand!;tone, 2 to 4 rn:trcs 
thick,  separates the Moosebar from the C ething a1 11 IS 

believed to represent, or be str..tigraphicallq equivalero: to, 
the Bluesky Formation. The iW1osebar Fom ation is :I very 
recessive  and  poorly  exposed unit. It is distil guished t!) i!s 
dark grey to black shale conrent and interh :dded sidcrit,c 
siltstones  and  concretions. 

the field. Prominent  ridges forn ed by Gates, Boulder Creek 
The remaining formations  are easilj disl inguishab e in 

and Goodrich sandstones  and c'.)nglomt:rates together with 
the  topographic  lows  formed t 'y  the recessive  marine s t d e s  
of the Hulcross  and  Hasler fhnstions.  com  line to fa.n a 
distinctive profile easily  recognized in the e: st-central ~ J O I - -  

tion of map sheet 930/9. 

Unlike the area to the  south, the Gaks  Fo mation is thin 
and  lacks  significant coal seam:;. There is an abrupt  chmge 
from the sandy sediments of t k  Gates to tt e  dark  mxrine 
shales of the  Hulcross  Formation.  The Hulcn ss is similar  to 
the  Moosebar  Formation  and  its contact  'iith the II~SII 
sandstones of the  Boulder Cr,:ek Formation is gradational. 
The Boulder  Creek sandstones ;and conglom :vates sepxate 
the  Hulcross from the  Hasler, another dar : grey  nwrine 
shale which is often  difficult t.2 distinguish ft xn  other !,hale 
units. 
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TABLE OF FORMATIONS  FOR  THE  PINE  RIVER  VALLEY  AREA.  AIIAPTED  FROM  STOTT (1982) 
TABLE 4-6-1 

Series 

Cretaceous 
Upper 

Cretaceous 
Lower 

Jurassic 

Group 

Smoky 

St. John 
Fort 

Bullhead 

Minnes 

Formation/Thickness 

Dunvegan 
107-300 m 

Cruiser 
107-244 m 

Goodrich 
15-411 m 

152-459 m 
Hasler 

Boulder  Creek 
73-171 m 

Hulcross 
0-131 m 

67-274 m 
Gates 

Moosebar 
30-304 m 

Gething 
22-549 m 

Cadomin 
14-213 m 

Bickford 
0-4271 m 

Monach 
0-304 m 

Beattie  Peaks 
0-396 m 

Monteith 
0-610 m 

Fernie 
0-579 m 

Description 

Fine- to coarse-grained 
carbonaceous  sandstone and 
shale;  minor coal. 

with  sideritic  concretions 
Dark  grey  marine  shale 

and  interbedded  siltstones 
and  sandstones. 

Fine- to medium  grained 
crossbedded  sandstone; 
interbedded shale, mudst. 

Dark grey  marine  shale 
with  sideritic  concretions; 
siltier  in  lower  half. 

Fine-grained,  well  sorted 

glomerate;  non-marine 
sandstone;  massive  con- 

sandstone  and  mudstone. 

Dark  grey  marine  shale 
with  sideritic  concretions 
and  interbedded  siltstones. 

Fine-grained,  marine  and 
non-marine  sandstones; 
Conglomerate,  sh. & mudst. 

with  sideritic  concretions; 
Dark  grey  marine  shale 

sandst.  and  congl.  at  base. 

Fine  grained,  carbonaceous 
sandst.; coal, carbonaceous 
shale;  some conglomerate. 

pebble conglomerate,  and 
Massive chert & quartzite 

med. to coarse gr.  sandst. 

sandst.; silty sh.;  coal. 
Interbedded  fine-grained 

Fine- to coarse  grained, 
arqill. to q'tzose  sandst. 

Interbedded  silty  shales 
and  fine-grained  sandst. 

Fine- to coarse  grained, 
quartzose  sandstone. 

Calcareous  and  phosphatic 
shales;  thinly interbedded 
sandst,  siltst, & shale. 
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grey shales, which has been called the Walton Member of 
A  persistent argilkdceous sandstone with  interbedded dark 

the  Boulder Creek Fknat ion ,  separates the Boulder  Creek 
from the  Hasler. The Walton Member is distinguished by the 
presence of abundant  rootlets and other plant remains. 
Although it is known to contain coal (Hughes. 1967; Stott, 
19x2). no coal seams were found during this field  season. 

the  Hasler Formation. The lower  half of this unit has a 
Next in succession  are the recessive dark grey  shales of 

distinctly  siltier  composition and is more  resistant. Grada- 
tionally  overlying the Hasler  are the fine-grained.  well- 
sorted sandstones n f  the Goodrich  Formation.  Reddish 
brown weathering, and abundant large-scale  crossbedding 
are its characteristic features. Fossiliferous  marker  horizons 
are  present. 

The  dark grey  shales  and  interbedded silt~tones of the 
Cruiser  Formation  overly the  Goodrich gradationally. This 
unit  is very similar to the  Hasler  Formation. To the east, 
where the Goodrich  pinches  out in the subsurface. the 
Hasler  and Cruiser itre together  assigned to the  Shaftesbury 
Formation. In the  eastern half of the map area, the Cruiser 
Formation  underlie>, mast of the upper  slopes. 

SMOKY  GROUP 
The Dunvegan  Fnrmation is the  youngest  mapped forma- 

tion,  conformably  overlying the Cruiser  Formation and 
forming many of tht: easternmost cliffs in the map area. I t  is 
made up of interbedried carbonaceous sandstones, siltstones 
and shales.  The sandstones are often micaceous and plant 
debris is abundant.  Minor coal measures, generally less than 
I metre  thick,  are  found in some  locations. Unio and 
Inowr-urnus are  conlmon and  distinguishing  fossils. 

STRUCTURE 

region is characterized, as is most of the Rocky  Mountain 
The  map  area lies in the Rocky Mountain  Foothills. This 

fold  and thrust belt. by northwesterly  trending  folds  and 
southwest-dipping  thrust  faults  (McMechan. 198.5; 

divided into inner  and outer belts. The  outer Foothills are 
McMechan and Thompson, 1989). The Foothills are  sub- 

characterized by low amplitude,  long-wavelcngth.  easily 
mapped  folds involving Fort St. John  and  Dunvegan  strata 
(Figure 4-6-3). 

Deformation in the inner  Foothills is characteriled by 
tighter,  higher amplitude folds  involving Gething and older 
strata. The boundary between the outer and inner Foothills 
in the map  area runs through  Crassier Creek. Folds in the 
Gething Formation care difficult to analyze  hecause of their 
complexity  and  small  scale,  and  because of the  poor 
exposure.  The  altern~tion of resistant and recessive units of 
the Minnes Group and the  prominence of the  Cadomin 

parts of the  inner  Foothills  belt. 
Formation  provide  good  structural  markers in the western 

Although  numerous small faults  are visible in outcrop in 
the  outer Foothills,  there is little evidence for large  thrust 

and large-scale fault!;. The linearity of their surface traces in 
faults. The  inner Foothills, in contrast, contain  many small- 

areas with consider,rble topographic relief indicates  rela- 
tively steep  dips.  There is some  evidence  for  minor  east- 

dipping thrust faults in  the map area. espec \ally the oukr  

east-dipping contact between the Mooiebar and the C h t e s  
Foothills, though no major ia..dt tracrs  we-e found. 'The 

on Dokie  Ridge  appears  disconibrmabl~: tow Irds the nnrth- 
west,  and  nearly  pinches out ihe Gates  Fo-mation (Plate 
4-6- I). Exposures are very poo: and  access i i limited, so it 
is unconfirmed  whether this fe,ature represe its local .hirl- 
ning of the Gates  or the presrnce of ar  east  dipping t11ru:;t 
fault. 

Drilling  has  indicated the pesence  oi'blin, I thrusts it1 the 
region. and  regional  structural  sections  hade  shown  the 

Lower  Cretaceous strata as well as at the L. lse  of  Middle 
likelihood of  major detachmelt  zones in  Up Jer Jurass I: to 

appears to he present. 
Devonian  shales (McMech2.n. 19851. A :riangle  ;:(me 

COAL  OCCURRENCES  AND ECONOMIC 
GEOLOGY 

Coal seams up to 3 metres  th.ck  are  found in the Gething 

Bickford  Formation.  Minor coa!  nccunence!  are visible as 
Formation and others up to 1 metre thick are present ill the 

thin seams less than a metre th.:k, in the Du Ivegan, Gm- 
rich and Cadomin formations. No signilicant  coal wall seen 
in the Gates Formation in the map  area, alth )ugh then  are 
economic deposits in the Gat,:. to the south at Bullm~lose 
and  Quintette  mines. 

study  area. Previous  explo~-alion  w.ls c~rriecl  out by 
There i s  no exploration  for coal currer,tly UI derway in  thf: 

numerous  coal  and  petroleum 8:ompanies whi :h mainly tar- 
geted the Gething Formation,  although som ' interest w a s  
taken in the thinner  seams o the Bickfod Formation 
(referred to  as the  Brenot Formition by Hug les. 1964  and 
1967,  and  many coal companies),  and in the reported  coal 
measures  of the Walton Me~n:~er  (Hbghes  1967; S ott, 
19x2). Vitrinite reflectances frnrn coal sampll s suggest thi!; 
area would be of potential int.i:rest for coa bed me l tm:  
exploration (Hunter  and Cunnirlgham, 1991: Cunninj:llanl 
and  Sprecher, 1992, this volunc.). 

in  contrast to  coal, exp1orati;)n for tnaturtl gas is \cry 
active. This  season, several ne" well:; wet:  drilled  and 

were  the deep Triassic  carborazes, which ct ~p out i n  .:ht. 
seismic lines cut in and around  the  study area Main tar::et:; 

west  and form part of the  Front Ranges. 

SUMMARY 
The importance of the Gate: 1:blmation as I coal-bea-inj: 

unit is diminished in this map ,ma compared to soutllsnl 

the  Bickford  Formation  and Walton h4emt:r  have tcett 
regions,  while  the Gething Fotnlation, and to lesser exlmt, 

coalbed methane,  current  exploration  activiti :s are  limited 
rargets for  coal  exploration.  Although  there i potential fo. 

to conventional gas plays.  Known c o d  del  sosits are not 
economic at this time. 

Evidence for blind thrusts :arid east-(lippir g faults i ldi- 
cates  the  possible existence nf a  trian,$le z.me. Reginndl 

rate,  balanced  cross-sections fbr resourcc exp oration in the 
geological  mapping is essential n the constrL::tion of  accu- 

Rocky Mountain  Foothills. 
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Figure 4-6-3. Drillhole  locations in maps sheds (a) 93019 and (b) 93PI12. 
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Digital Mapping Project. Computer  methods  have  enabled 
This project is a  continuation of the Peace  River Coalfield 

efficient data  compilation and  interpretation, in both  the 
office  and the  field.  Geological maps  at a 150 000 scale 
will be  available as Open Files in early 1992. 
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PEACE RIVER COALFIELD  DIGITAL  MAPPING  PROGRAM (930/8, 15) 
By .J.M. Cunningham and B. Sprecher 

KEYWORDS:  Coal geology,  Peace  River  coalfield, Le 

tural  geology. CIS. computer-aided  mapping.  coalhed 
Moray Creek, Carhnn Creek, stratigraphy,  coal  rank, struc- 

methane. 

INTRODUCTION 
This prqiect  contlnued  the 1:50000-scale digital  mapping 

and ~(~mpilation  prr~grsm in  the Peace River coallicld uf 
northeactem British Columhia.The area mapped in this on- 
going  study  retlects :I continuing interest in the cwa1-hc;lring 
strata  and  structural  relationships  found i n  the Rocky Moun- 
tain Fo~~thills.  The regional northwest  structural  trends have 
necessitated the inclusion of half-map  sheets  for complete- 
ness. The  areas mapped  this year are located t o  the west and 

4-7-11, Two crew.;. each  consisting of it geologist and an 
north of the map sh4:ets completed in previous  years (Figure 

assistant.  completed the mapping. Peter Jahans and Kevin 
Yakiwchuk mapped sheets Y3P112 and Y30iY (Jahans, lYY2. 

this volume).  This  anicle will deal witt the vork dont by 
the  authors on the Le Moray Crc,-k (93018) a Id the Carttori 
Creek map sheets (Y1011.5). 

The  goal of the  digital  mapping and (:amp lation  project 
is to produce  geology maps an'l datahases in , ligital fonrrat. 
This will allow distribution  of:hr: computer f i  es coritaill ng! 
maps with the edited  and refiwd data. as v ell a s  a11 :ht: 
original raw data used in drawin:;: the rn: ps. 1. iers will b w t !  
the  option of examining and  manipulating th . data. 

An important  aim of this year':< study was t I integrale tht: 
use of geographic  information  :,ystems (CIS , in this c',ist: 

QUIKMapB, into the field mapping progr ,m.  The data 
gathered in the field were combined  wit1 infc rmation 'corn.  

piled from  previous Open File iJuhlications, c1 al asst:ssn!:nt 
reports  and  petroleum  borehole  data. intc a compIte- 
database. This database will be  used i 1  cor junction \ k i t h  
QUlKMap software  and TRIMCI base-nlap d; ta to genrratt: 
cnmputer-drafted  geology maps. The maps w II he relei !,ed 

" 

MAPF'ING [ ONE 
PRELIOUS  YEARS 

CUNbIINGHf  M and 
SPRECHER 1991 

Figure 4-7-1. Laoation map showing the area5 mapped a.; part of this year's st>Idy. 
Areas mapped in the previous years are also indicated. 
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SERIES FORMATION LITHOLOGY 
(MI  

CRETACEOUS 
UPPER 

LOWER 

CRETACEOUS 

J l lRASSIC 

TRIASSIC 

FORT 
S T ,  

JOHN 

WLLHEAD 

MINNES 

UKCR 1 CRUISER 1 150 I Dark g r e y   m a r i n e  shale w i t h   s i d e r i t i c  
conc re t ions ,  some s a n d s t o n e ,  I 

" 

Fine-gralned, crossbedded sands tone ;  shale 
a n d   m u d s t o n e .  "I 
S i l t y  dark  g r e y   m a r i n e  shale w i t h  s i d e r , t i c  
concret ,ans;  siltstone i n  lower p a r t ,  "1 

" 

F i n e - g r a i n e d ,   w e l l - s o r t e d   s a n d s t o n e ;  
mass ive   cong lomera te ;   nonmar ine  s a n d s t o n e  
and m i l d s t o n e  and c o a l .  ""1 

I 

K H  

.. 

HULCROSS 100 c o n c r e t , o n s ,  
Dark g r e y   m a r i n e  shale w i t h   s i d e r l t l c  -1 
Fine-grained, marine and n o n m a r i n e  

GATES 1 130 1 sands tones ;  conglomerate;  coal; shale a n d  
K G  i , sandstone,  i 

- 
D a r k  g r e y   m a r i n e   s h a l e   w i t h  sideritic 
c o n c r e t i o n s ;   g l a u c o n i t i c   s a n d s t o n e  and 
p e b b l e s   a t  base ,  "I 
F i n e   t o   c o a r s e - g r a i n e d ,  b r o w n ,  calcareous 

sha le ,  a n d  c o n g l o m e r a t e  

M a s s ~ v e  c o n g l o m e r a t e   c o n t a i m n g   c h e r t  and 

1000 ca rbonaceous  sands tone ;  coal; carbonaceous _____c_+ 
~ CADOMIN ' 2oo quartzite pebbles and s a n d s t o n e ,  

K BI ~ o o  S a n d s t o n e ;  f i n e - g r a i n e d  and s i l t y  shale,  
BICKFORD carbonaceous i n   p a r t ;  coa l ,  

K MC MONACH 
F ~ n e  g r a l n e d  arg i l laceous  sands tones ;  massive 

120 f i n e  io c o a r s e - g r a i n e d   q u a r t z o s e  
s a n d s t o n e s  a n d  q u a r t r l t e s ,  

I 
I n t e r b e d d e d   f l n e - g r a l n e d   s a n d s t o n e  a n d  

KBP BEATTIE  PEAKS 290 s i l t y   S h a l e s ,  

I I 
C a l c a r e o u s  and phosphatic shales;  r u s t y  
weathering shales; glauconitic siltstone; JF  

1 FERNIE 
2oo s ~ d e r ~ t ~ c  shales: and ~n u ~ ~ e r  D a r t  thinlv 

I siltstone. I 
~, , 

m t e r b e d d e d   s a n d s t o n e ,  shale,  and 

1 lRRS 1 (UNDIVIDED) 1 6oo and   sands tones ;  some  a n h y d r i t e .  
Limestone; dolomite; ca lca reous  siltstone 

Table 4-7-1. Stratigraphic  Table.  Formation  thicknesses  given  are  average 

in 1992 as  Open File map  sheets 930115, 93019  and  half- 
map sheets 930/8, 93P/12 and  930/10. 

LOCATION AND  ACCESS 

sheets  covered  approximately 1300 square  kilometres in  the 
The  areas mapped on the Carbon Creek  and  the  Le  Moray 

Rocky Mountain  Foothills of northeastern  British Colum- 
bia.  Elevations in the  region  range from 700 to 2000 metres, 
with treeline at 1500 to 1600 metres. Vegetation varies from 
mature stands of pine and  spruce to alpine tundra at the 
higher  elevations. 

The town of Chetwynd provided  a convenient base for 
the study. The Le  Moray  Creek map  area to the  west of 
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Chetwynd  was reached by the John Hart Highway (No. 97), 
and  the Carbon  Creek  map  area  to the north by Highway 29. 
In both areas a network of gravel roads,  logging  roads and 
old  well-roads  provides  local access using  a  four-wheel- 
drive truck.  Mountain  bikes  were used where  roads were 
impassable by truck. Most of the cut lines, seismic lines, 
creeks  and  streams  could  be traversed  only on foot. 

This was  the  first  year  that  mountain  bikes  were used on 
this  project. They proved durable  enough  to handle  the 

easier than  with motorized bikes.  Mountain  bikes appear  to 
rough  terrain and  negotiating washouts  and  deadfalls  was 

be a viable  alternative  to the  use of small  four-wheel-drive 
all-terrain vehicles and  motorcycles  and they  require  mini- 
mum  maintenance, no fuel  and have a low  impact on the 
environment. 
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Cadomin  generally  consists of thick-bedded,  medium  to 
coarse-grained resistant sandstones and  gritty to pebbly 
sandstones,  carbonaceous  shales,  dark grey shales,  some 
grits  and  minor coal. This unit is similar  to the  description 
of the  Dresser  Formation defined by Hughes (1964). The 
criteria used to define  the  Dresser  Formation may be more 
suitable for mapping  the unit in this  area. 

GETHING  FORMATION 

The  Early  Cretaceous  Gething  Formation  comprises 

grey  shales. mudstones and siltstones, with carbonaceous 
interbedded fine to medium-grained brown sandstones,  dark 

shales and  coal. It also contains conglomerates and grits. 
Carbonilceous  material,  woody fossils and  imprints,  and leaf 
fossils  and imprints,  are locally abundant and are  generally 
found in argillaceous sandstones  and sandy  siltstones. Coal 

t n  3 metres  thick. 
seams  are generally  about I to 1.5 metres  thick, but reach up 

STRATIGRAPHIC  VARIATIONS IN THE  BICKFORD 
FORMATION  AND  BULLHEAD  GROUP 

Hughes (1967) suggests that in the western foothills, 
especially  west of Mount  Bickford in the  Pine Valley, it 
becomes difficult  and  impractical to divide the Gething, 
Cadomin and  Bickford formations. Although  the  lithologi- 
cal criteria that define  the formations in the  Le  Moray  Creek 
area  do not always suffice in the  Carbon  Creek arm, it is 
possible to separate these units into mappable  formations by 
recognizing the  variations in lithology that are present. 

The  presence of grits  and conglomerates in the Gething, 
together with a decrease in distinct  coarse-grained units in 
the Cadomin, can make it difficult to distinguish  between 
these  two  units in the  Carbon  Creek  area.  Here,  the 
Cadomin can k very similar in appearance  to the lower part 
of the Gething.  The  contact is marked by some thick, 
coarse-grained sandstone and pebbly  sandstone units  near 
the top of the Cadomin.  Conglomerate is found in the  upper 
Gething (Gibson. 1985). 

than to the  south in the  Le  Moray  Creek  area. There is a 
The Bickford  Formation is more  recessive with less  coal 

greater proportion of thick sandstones in the  Cadomin and it 
is still more prominent  than  the  Bickford in this area. 

FORT ST. JOHN GROUP 
Strata of the  Fort  St.  John Group  are  exposed  only in  the 

northeast comer of the  Carbon  Creek map area. The  Moose- 
bar and Gates  formations  form most of the outcrops  exposed 
along roadcuts  and creeks. No coal or  carbonaceous  sedi- 
ments were found in the Gates.  The  Boulder Creek  Forma- 
tion lacks  the  massive  conglomeratic units seen in the prom- 
inent  ridges to the  south in previous years'  mapping. Near 
the  Peace River it  consists mostly of sandstone and  shale 
(Stott, 1982). 

STRUCTURE 

Mountain  thrust  and  fold belt is reflected in the  study  area. 
The northwesterly  structural  trend found in the  Rocky 

Traces of fold axes and faults on the map  follow this 
regional trend. 
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inner  foothills. and the style of structural  deformation 
Most of the areas mapped  this summer  are within the 

retlects  this. The broad. gentle  folds and box folds  observed 
in previous years to be fairly  typical of the outer foothills 
deformational  style are not common here. The  folding is 
tighter, with more steeply dipping limbs; it is often associ- 
ated with the  thrust faulting that can be traced at surface. 
Fold axes trends are very shallow.  Eigen  vector  analysis of 
all the  outcrop  orientations was completed using TRI- 
POD@, an interactive  structural  analysis  package for use on 
microcomputers, indicating  a  regional  fold  axis with a  trend 

4-7-2). Fold axes may  undulate in gentle waves with wave- 
of 1%" and a very gentle  plunge of only  about I "  Figure 

lengths of several  kilometres as plunges change from south- 
west to northeast  and  back again, along an axial trace. Initial 
analysis suggests that the folding is cylindrical in domains 
limited in scale to several square  kilometres. 

The Carbon  Creek area is dominated by two  major  syn- 
clines that can be traced over  much of the map area. The 
Carbon Creek syncline in the east and the West Carbon 
Creek syncline in the west,  expose significant  coal seams in 

EQUAL AREA S C A T T E R  PL.01 
PI DIAGRAM 

NUMBER OF OUTCROPS = 3 0 2 7  

TREND  PLUNGE  E lGENVALUE/3027 

45,4  42,O  0 .5773 
2 2 7 , O  48 .0  
136,  I 

0 . 3 7 6 5  
0 . 8  0.0462 

all outcrops in the Carbon Creek - Le Moray Creek 
Figure 4-7-2. Pi diagram  showing  poles  to  bedding  for 

database.  Distribution of poles  and eipen-vector  analysis 
indicate a regional  fold axis with trend 136" and Io plunge. 
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the Gething Formation. In the Le Moray Creek map area  the 
Goodrich synclinorium exposes  coal-hearing Gething in the 
north-central  part of  the area and  Brenot on the southeast. 

Linear fault traces that crosscut  topographical  contours 
indicate  most fault<  are steeply dipping. Most of these faults 
are west-dipping  thrusts. The Pardonet fault, along the west- 
ern edge of the Carbon Creek area, is a the major thrust fault 

tain Foothills to the east  and  the Rocky Mountain Main 
in the  region and marks the boundary of the Rocky Moun- 

Ranges to the west. Triassic  carbonates  have been uplifted 
and  exposed i n  thc  hangingwall to overlie Lower Cre- 
taceous and Jurassic  rocks. The Carbon  thrust,  east of Car- 
bon Creek, bring:, Minnes Group and  Fernie  Formation 
strata into contact with rocks of the Fort St.  John  Group, 
East-dipping thrust faults have been mapped in the north- 
central  Carbon  creek area by Legun (1987. 19XX). The only 
major normal fault is the Burnt normal fault in the Le Moray 
Creek  map area. 

DATA COMPILATION AND  COMPUTER- 
AIDED  GEOLOGIC  MAPPING 

tion  maps,  coal  boreholes, exploration  reports) i n  
The  data compiled from coal assessment  reports  (explora- 

COALFILEO.  as well as oil and  gas  drill-hole  data 
obtained  through the Petroleum Branch, were entered  into  a 
computer  database. Formation  boundaries  and  structural 
traces were also digitized from several c o d  assessment 
report maps using QUIKMap so that geological  traces could 

provided  a convenicnt  means to  combine,  organire, edit  and 
be displayed in conjunction with outcrop data. QUIKMap 

display large quantities of data.  The  database  compiled for 
the Carbon Creek ,.md Le Moray map  areas currently con- 
tains over  3700 outcrops  and 369 drill holes,  including  the 
outcrop  data gathered  from  traverses during this summer's 
field  season (Figures  4-7-3 and 4). TRIM data  (produced by 
the  Ministry of Environment, Lands  and Parks) provide  a 
digital base-map, including  contour, cadastral,  drainage  and 
cultural  informatioil. 

A computer brought  into  the  field was used to combine 
the compiled  data and  the TRIM topographic data  to plot 
base-maps used wiih 1:ZO OW-scale airphotos  for mapping. 
Outcrop  data collected in the  field was periodically  added to 
the  outcrop  databax. Using the compiled  data and the field 
data in conjunction with QUlKMap  made the  microcompu- 
ter an on-site, interactive tool integrated into the field  map- 
ping  process, as  opposed  to merely an electronic file cabinet 
for geological data. 

File maps  are produced.  Eventually  the data files  and the 
The database will continue to he updated until the  Open 

geology map  QUIKMap  files produced for the  study area 

raw, unedited  data that cannot he displayed on the final 
will also be made available for distribution. Much of the 

printed map will also he made available. With the outcrop 
data. borehole picks,  and  formation  and  structural  traces 

he  carried out using computers. 
stored  in  digital f o m ,  more detailed  structural  analysis can 

Geographic information systems software like QUlKMap 
will make i t  possible to produce a complete  geological 
compilation  map b:y combining and  assessing all the infor- 
mation in the datahase prior to the  field season. Such  a 

Grolo~icul Firldnwk 1991, Paper IY92-I 

compilation  map would provi,At! a geological base  map that 

This would  maximize  the use O F  the titme av; ilable dur~ng a 
would  highlight  those areas nemzding fJrthe1  investigation. 

short  field season, leading t , ~  increaszd pr~ductivity  By 
incorporating  the new informallon  gathered  each  day with 

first-draft  geology map  on the  cornputer W I  ile still i r l  t t e  
the compilation  base map, it is now possibl : to prodice a 

field (Figure  4-7-5). 

ECONOMIC  GEOLOGY 

coalfield are at Bullmoose ani1 Quintette, to t le  south of the 
The  only producing  coal mines i n  th( Peace H l v u  

areas mapped  this summer. Tht: two operatic Nns are mining 
the c o d  measures of the Gatt:s Formation althoug,h the 
Gething  Formation  has also awacted  eqplor .tion attention. 

PREVIOUS  EXPLORATION 
C A R B O N C R W K A R E A  

that have been explored for th2ircoal potenti 11. Utah Mines 
The region mapped  this yezr includes sev :ral properties 

Ltd.  acquiried the Carbon Creel; property in 1971, ancl the 
West Carbon Creek property i r  1Y7X. The  wo properties 
covered the West Carbon Creek ;md Carbon C reek sync ines 
in the north half of the  Carbon Creek map she et  betwel:u the 
Pardonet fault in the west anc. Ihe Carbon fa rlt i n  the :as[. 
Exploration  continued until 1982 and inch ded mappq:,  
trenching and drilling progrmls. In 19x0, Gulf  Calada 
Resources  Ltd.  acquired thr: Whiterabbit  block, jxhich 

extending across  Carbon Creek ( iu l f  rurren iered the coal 
included the south end of the West Carbon (:reel; syncline 

leases  for the Whiterabbit block in 1982. 

found i n  the  Gething Formatior that is expo  ed in the Lore 
The primary  exploration  targets  were ti e coal !;t;uns 

of both Carbon  Creek syncline!;. 

LE  MORAY  CREEK  AREA 

Gulf  Canada Resources acqvired the Goc  irich prop:rty 
in  1979. I t  covered most of the LC Moray CI 2ek ,nap s l w t  
east of the Le Moray  Creek v;lllcy and wa the targu c f  
extensive  mapping, trenchin:;  and drilling  program?. In 

Lossan mine area, north of Brz ion  Creek. 7oal sean~!; i 1  
19x2. a test adit was driven into a Gething c( al seam i~ the 

the  Bickford Fonnation  (the  uppennort for nation ot the 
Minnes has heen mapped as tlle Brenot b) Gulf  C.mida 
Resources) were the  primary target in the sc Jtheast carner 
of the Le Moray  Creek  area. 1i:xploration c ,ntinued lint I 
I 984. 

COAL OCCURRENCKS 

hing  Formation.  Coal seams at,: also preset t in the uppe:r 
Significant coal seams in t h e  area are f o L d  in the (;e:- 

Minnes  (Bickford), although tht:se tend to he thinner a r , d  of 

tinuous seams of the  Cadomin  have yet to )rove to t t :  of 
less  importance than Gething ~:oaIs. The th n  and  discor,. 

economic interest.  Although emnomic coal ss 'ams  are found 
in the Gates Formation to the so.~th, no coal \I as noted in the 
Gates Formation  exposed in the  northeast comer 01' tbe 
Carbon Creek map area. 
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1 OUTCROP ~ WKH ORIENTATION 
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b. PETROLEUM  BOREHOLE 
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Figure 4-7-3. Distribution of (a) outcrop  and  (b)  coal  and  petroleum  borehole  data 
for [he Le Moray Creek  map  area. 
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Figure 4-74,  Distribution o f  (a) outcrop and (h)  coal and  petroleum borehol: 
dam fur  the  Carhun  Creek map area. 
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Gething and  Bickford formations.  Samples were  prepared 
Coal samples were taken from  seams in outcrops of the 

and analyzed using  the methods  outlined by Kilby (19x6, 
1989). Mean  random  vitrinite  reflectance  values (R,,,) have 
been  measured on some of the samples  and range frnm 0.09 
to 1.65. These  samples fall in the  high to low-volatile 
bituminous  rank,  using the American  Standard Testing 
Materials  classification (Stach, 1982). 

the Le Moray Creek and Carbon Creek  areas.  The  seams 
Coal samples were taken from the Gething Formation in  

that were  sampled  were  between 0.2 and I metre thick. Coal 
seams in the Gething Formation in the Carbon Creek  area 
are  known to vary from a few  centimetres to over 4 metres 
thick,  and  show  marked lateral variations in thickness  (Gib- 
son, 19x5). In the  Le  Moray  Creek area,  Gething coal seams 
may be up to 5.5 metres thick, however,  the average thick- 
ness  ranges from 0.5 to 1 metre thick over the whole  area. 

The  coal samples  from the  Gething  Formation  that  have 

samples which showed  the  least amount  of weathering in 
been analyzed have R, values from 0.X3 to 1.57. The 

outcrop had  reflectance  values of 1.35 to 1.57 (medium- 
volatile bituminous  to low-volatile  bituminous rank). 

the  Le  Moray  Creek map area. north of Brazion Creek.  The 
The  coals sampled  in  the Bickford Formation are  from 

seams that were sampled  are 0.2 to 1 metre  thick. Seams  as 
thick as 3 metres can be found here. No significanr seams 
were noted in the  Bickford  Formation in the Carbon Creek 
area. 

ples  range  from I .  I7 to 1.65. The  single sample with retlec- 
Mean  random reflectance values for Bickford coal sam- 

tance of 1.17 appeared  weathered in  outcrop.  The  other 
samples varied from 1.46 to 1.65, placing them a1 the low- 
volatile  bituminous  rank,  or  near the boundary of the 
medium  and  low-volatile bituminous  rank. 

CURRENT EXPLORATION ACTIVITY 
There is no current exploration for coal in the  area. 

Vitrinite  reflectance  values in  the bituminous  range, and  the 

be of potential  interest  for developing  coalbed  methane 
number of  coal-bearing  formations,  suggest this area would 

production.  The thicker seams of the Gething Formation  are 
one possible  target.  although  the  thin but numerous seams 
of the  Bickford may also be of interest. 

activity in the region this  summer.  Several  wells are  already 
There was a great deal of conventional gas exploration 

in prnduction, with several more  nearing  production. New 
wells  are  currently being drilled and more are  proposed in 
both  the  Le  Moray  Creek and Carbon Creek  map  areas. 

Figure 4-7-5. First  draft of geologic  map  for  the  Carhon  Creek  area,  combining  compiled  data  and  maps with the  data  collected 
in the field.  Software  such  as QUlKMap will allow  rhe tint-draft maps lo be completed on the  computer while still in the field. 
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Targets  are  generally  the deeper Triassic  limestones which 
only  outcrop in  the  Rocky  Mountain  Main  Ranges. 
Regional  mapping can indicate  structural  trends which may 
be expressed at deeper levels as structural  traps and so be an 
important  consideration i n  selecting  targets  for  gas 
exploration. 
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COAL RANK VARIATIONS IN THE TELKWA COAILFIELD, 
CENTRAL  BRITISH  COLUMBIA (93L/11) 

By Barry D. Ryan 

KEYWORDS: Coal rank,  coal quality, Telkwa coalfield. 

thrusts. 
medium  volatile.  bituminous,  coking  coal.  anthracite, 

INTRODUCTION 

central British Colombia, extends for  about SO kilometres 
The Telkwa coalfield, which is centred on Smithers in 

along the Bulkley  River from north of Smithers  to south o f  
Telkwa (Figure 4-X- I ). This paper  presents 2x6 mean max- 
imum  reflectance  measurements of vitrinite  from  coal 

data  are analy7,ed and thc significance of variations in coal 
samples from  outcrop and drill holes i n  the coalfield. The 

rank vertically  through  the  stratigraphy  and laterally within 
single  seams is discussed. &nlysis of mean maxinium 
reflectance of vitrinite data (R,,,,,) provides some insights 
into the depositional  and  post-depositional history of the 
Telkwa  coalfield. I t  also  indicates  that  there may be 
resources of metallur~ical coal and anthracite in the  field. 

Figure 4-8-1. Rcgianal geulusiual ,nap 
c l f  thc Tclkwa uoallirld. 

Geolo~ical  Fieldwork 1991, Paper IYYZ-I 

Telkwa coalfield  geology is cliscussed in  ! everal p;aper!, 
(Koo, 19x3; Palsgrove and B u t  n, 1989) and is coverec. by 
regional  geology  maps of Maclrltyre ~f ul .  ( I  289) and Tip- 
per (1976). Coal-bearing rocks i n  the coalfielc helong to Iht: 
Skeena Group  of Lower Cretacexh age  and 3 .e assigne j to 
the Red Rose Formation of Al'3i;m age  and p' Nssibly ais:, t o  
the older Kitsun Creek Fornmicn of tlwteri lian age. 

Much of the basin is covered by alluvium. ?oal outclop:; 
northwest of Smithers, houth of Smithers il the Bulldey 

west of Goathorn  Creek  and at the headwater: of Tenas ilntl 
River. north of the  Telkwa  River feast  of Pine C reek,  east and 

Cabinet creeks  (Figure 4-X- I ) .  The knok'n coi I outcrops art: 
widely  separated  and restricted I O  the welt side of lhc 
Bulkley River. leaving room for :Idditional ex] loration. Cre- 
taceous  rocks east of the Bulkle:, River ,ire  c( amer grained, 

Skeena Group  or that there i!, I facies char ?e from m n -  
indicating that they are either. :r differfxt u lit within thc 

marine in the west t o  shallow-nlarine i l l  the :ast. 

RECENT  EXPLORATION HISTORY 
The Telkwa coal exploration  property, \\I iich  occupies 

less than IO per cent of the whole field, is IS kilomttres 

Telkwa River and Goathorn Crec:k. Mosi expl  )ration to :at(: 
south of Smithers and is cent.ed on the con luence 01 th,: 

Creek area and east of Pine Crzf k. Meawred :oal resources 
has heen on the Telkwa  coal  property both ir  the Goatllom 

for these two areas, and prob.:tble c m l  re!:~urcer in the 
Cabinet Creek area, have been e:;timated at 3C million tone!. 
The Telkwa  coal property wa'; inten';ivel) explorec b:y 
Crowsnest  Resources  Limited  during the per od from I W 3  
to 1990 when over  350  explor;mon holes wer : drilled a l d  2 

large test-pit excavated.  The  eqloration activ ty is recwleti 
in a  numher of geological  assessment report I covering th': 
years 1978 to 1989 and in Prcspectus,  Stage I and Sta.;e 11 
submissions tu the B.C. Minktry of Energy. Mine; I n 3  
Petroleum  Resources. 

The  Cretaceous stratigraphy ;it the Telkwa coal p rqwty  
was divided  into four units by P.dsgrove and 3ustin (l9X9:~. 
The lowest  unit, which is 20 to 100 metr :s thick, w s t s  
unconformahly on Lower Ju-a!.sic volcanic rocks of the 
Telkwa Formation, Hazelton Group. I t  is a  nonmal'ln?, 
coarse  clastic uni t  which contains a single c )id zone  com- 
posed of  up to six coal bands topether rrferre I to a s  S e ;  In I 
or Coal Zone I .  Often. one . r f  thes? ban Is contaills a 
radioactive  marker  apparent on 83uwnhde  ge )physical logs 
and probahly  represents a 'a!/er of volcinic  ash.  The 
cumulative coal thickness vane. up to '7 met'es i n  the ?.rea 
considerrd for  development (Fi!;ure 4->;-2). 

Unit 2 is composed of 6C' 10 170 metres of shal IOM- 

marine  mudstones  and  siltstone:;. It is litholo :ically m( 1101- 

onous and contains no coal. 

stones and  averages 90 metre:; in thickless. It contain:; the 
Unit 3 consists of mudstone:;,  siltstones, 1 oal and sancl- 
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Figure 4-X-2. Cumulative  coal  thickness for the  upper 
seams ( 2  tn IO) and  Seam I :  Gnathnm  Creek area. 

4.52 

major  coal-bcaring Lone comprising  Seams 2 to IO. The 

area considered  for development  (Figure 4-8-21, Uni t  3 is 
cumulative coal thickness  ranges from 6 to 14 metres in the 

overlain by the sandstone-rich Unit 4 of unknown  thickness. 

coal properly is based largely on  infortnation from drilling 
An understanding of the structural  geology of the  Telkwa 

and  geophysical  surveys. Bedding generally dips gently 
southcast or  east and is disrupted by at least two  generations 
of faulting. Early  faults are  east-dipping thrusts: late steep- 
dipping  faults trend  northwest o r  northeast. 

DATA SOURCES  AND ANALYTICAL 
TECHNIQUES 

Samples used in this  study are  from: 
Coal outcrop  samples collected by the author  during 
the summers of 1990 and 199 I (Table 4-8- I ) .  
Drill-core samples in the Geological  Survey Branch 

J. Koo  (Table 4-8-2). 
(GSB) rock-.;ample collection  originally  collected by 

Drill-core  samples  from  holes  drilled, logged  and 
sampled by Matheson  and Van Den  Bussche (1990) as 
parl of the GSB subsurface coal-sampling program 
(Table 4-8-2). 

tance hy loAnne Schwemler. Polished  pellets of 20-mesh 
All samples were analyzed  for mean  maximum reflec- 

sized  coal grains were  prepared and the  reflectance in  nil of 
at least 50 grains was measured  from  each pellet. 

It is imponant  to understand  the component  errors in the 

error of the optical  procedure is usually considered to be 
total reproducibility error  for a single  sample  analysis.  The 

The  same paper  lists a set of duplicate  analyses  made by 
about 0.01 per  cent at one standard deviation (Bustin, 1983). 

different  laboratories, the one  standard  deviation of these 
inter-laboratory analyses is 0.06 per  cent; reproducibility 
within  a single laboratory  should he considerably better. 

influence  the scatter of values  obtained from a suite of 
Sampling bias and  natural  variations  within  the  seam also 

related samples. Matheson  and Van Den Bussche (1990) 

TELKWA COALFIELD 
TABLE 4-X-1 

OUTCROP COAL SAMPLES 

British  Columbia  Geolqqical Survey Brawh  



sampled and analyzed the 1989 drill core  on 20-centimetre 
increments. This suite of analyses is presented in Table 
4-8-4. Up  to 29 samples  from a single seam were analyzed 
providing  a good ehtimate of the  reproducibility of a  single 
sample value. The  average standard  deviation of a single 
value from a seam is 0.043 per cent.  Consequently  in-seam 
variation and sampling bias must account  for something less 
than 0.043 minus the error in the  optical  measurement 
(0.01 per cent). 

The  analysis  tichnique of the GSB (Kilhy, 1988) 
provides  a value of the  mean  maxinlum  retlectance of 
vitrinite in  oil, classifies the shape of the retlectance- 
indicating surtice IRIS) and  quantifies its degree of eccen- 
tricity. 

4. Figure 4-8-3 illustrates the  shape and type of RIS by 
The reflectance (lata are presented in Tables 4-8- I ,  3 and 

seam.  The pie diagram is the top triangular  segment of a 
parent triangle diagram in which each  corner represents one 
of the axes of the RIS.  Increasing  hireflectance is repre- 
sented by increases in RAM  and changes in eccentricity by 
RST; a negative RST value of 30 indicates  a uniaxial nega- 
tive RIS and  positive  value of 30 indicates a uniaxial posi- 
tive RIS,  The terms RST and RAM are defined as follows: 

TELKWA COALFIELD 
TAHLE 4-X-2 

LOCATION OF DRILL HOLES PROVIUING SAMPLES USED 
FOR MEAN  MAXIMUM REFI.ECTAN(X MEASUREMENT 

HOLE  EASTING  NORTHING  ELEVATION  DEPTH 

216  618656  6059476 
lmetrel 

786 
ImElrCi 

138 
218 
224 
231 
232 
236 
237 
239 
243 
246 
247 
248 
250 
251 
252 
255 
256 
259 
260 
267 
268 
272 
316 
318 
326 
327 
337 
343 
344 

347 
345 

GSB-89.1 
GSB-89-2 
GSB~89-3 

GSB-89-5 
GSB-89-4 

GSB-89-7 

~~~ .. 

GSB-89-8 

618791 
620653 
619511 
621777 
619821 
619986 
620020 
621396 
621653 
621870 
621  840 
622070 
621583 
622346 
621656 
622016 
621075 
621019 

621643 
619565 

621633 
621067 
621012 
621077 
621074 
621527 
621363 

61 $ 6 , ~  
62167.6 

61 96,19 
620305 
620260 
6204 10 
620420 
620455 
6205:10 

6059835 
6054054 
605431 2 
6053797 
6054776 

6055035 
6054858 

6053108 
6052344 
60531 10 
6052041 
6052083 
6052867 
6052072 
6053469 
6052584 
6054410 
6055019 
6054091 
6054395 
6055142 
6054904 
6055277 
6053440 
6053287 
6054500 
6055300 
6055420 
6053981 
6054196 
6054860 
6054970 
6055285 

618015  6057665 

780 
773 
762 
779 
733 
730 
726 
829 
840 
860 
852 
869 
87  2 
887 
802 
690 
747 
696 
762 
745 
708 

715 
713 

793 
794 
733 
699 
694 
764 
760 
660 
655 
645 
645 
645 

103 
249 
330 
98 

178 
151 
159 

164 
148 

256 
283 

354 
173 

374 
200 
292 
87 

250 
155 

301 
121 
88 
118 
84 

124 
101 

173 
149 
136 
136 
28.5 
25.0 
52.0 
25.0 
45.6 
10.3 6055720 635 

575 
GSB-89-9 

33.4 
618000  6057700  580  43.3 

RST = 30 - arctan(X/Y) 
RAM = (X"2 + Y"2)"li;: 
R = R,,,,, + R,,,, + R,,,!, 
x = (i-~/cos(30)-ytan(3(1)) 
Y = R,,,,,/R"/* 
Much of the  scatter of individual  maxim im reflectr.nce 

measurements seen in (Figure '1-8-4) is reli ted to the red  
spread of individual  maximum  reflectance vs lues within t t e  
sample. In fact, in a uniaxial !XIS the dlsper! Ion of indLvi(l- 
ual maximum  reflectance  measurementc is a Jirect me: !sure 
of this spread in the coal and could  probaldy be u!xd to 
make  inferences  about coking. potentia. 

generally  have low biretlectance  (RAM) and modl!raIe 
At Telkwa, lower rank coal samples from :earns IO ;Ind 6 

biaxial  eccentricity (RST);  hig-ler rank  coal ; have gr4:atf:r 
bireflectance  and  more  extl-erne  eccen  ricity. often 
approaching uniaxial negatiw  RIS patter IS. Increa!:ing 
bireflectance with rank has been described i I the literature 
by a number of authors (e.,?., VcCartney  an(  Ergun, 1'11571. 
Trends in eccentricity with ran.; are nrNt  we1 1 develop4 at 
Telkwa although some  of the hili,h.-rank Cabil et Creek coals 
have uniaxial negative RIS. 

Coalspar  collected from  outcrop  samples usu dly  has a :;':a) - 
Some coal samples  do not de'ine a cohere I t  RIS patrMrl. 

tered pattern (Figure 4-8-41, These samples  represent cod 
fragments  incorporated in sirldstones of Jnit I (Table 

TAHLIC ,I-8-3 
TF,LKWA COc\I.FIEI.I) 

CROWSNEST RESOURI'ES DRILL HI ILES, 
MKAN MAXIMUM RE1:LECTAWCE I ATA 

HOLE SEAM 1 sE&M 2. SEAM 6 SfAM 10 
." 

__ 
216 
218 
224 
224 
231 
232 
236 
237 
237 
239 
243 
244 
246 
241 
248 
250 
251 
252 
255 
258 
259 
260 
261 
268 
217 
316 
318 
326 
327 
337 
343 
344 
345 

0.90 212.20 
0.96 248.30 
0.30 308.38 

0.92 153.23 
0.69 128.80 
1.03 139.36 
0.89 40 76 

099 267.30 

1.24 352.70 

0.87 117.02 

0.88 91.85 

__-.. 
0.94 48.8C 

1mstr.I 

0.35 75.0C 

0.98 180.011 
0.93 79.88 

0.30 67.70 

0.32 204 711 
0.89 94 61 

0.69 131 011 
1.W 166 611 
0.99 119 8:I 
0.30 257  71. 

1 0 2  156 51. 
0.64 22.55 

0.93 68.18 

0.92 47.32 
0.87 16.10 

155 139 5!. 
0,90 9 W 3  

0.86 123 5:! 
1.51 102 211 

0.84 76.60 

0 84 154.01 

0.84  74.43 
0.94  107.81 

0.36 202.51 
0.88 18.67 

0.98 130.81 

0.85 53.35 
0.62 71.65 

0.84 104.11 

0.64 'lCE.60 

0.60 6'..96 

0.95 102.95 
0.87 B . 4 6  

347 1.03 40.32 0.89 25.30 - 

Geologicul  Fieldwork 1991, Paper 1992-1 ,153 



6.55 
13.34 
20.12 
20.73 

29.26 
6.88 

30.34 
40.77 

12.34 
6.43 

15.3 
19.6 

5.50 
3.7 

8.30 
14.8 
18.78 
28.82 

13.81 
29.8 

18.6 

23.35 
20 85 

6.25 
8.08 
1 1  2 8  
17.83 
15.83 
3.51 
5.71 
1.92 

13.66 
20.52 
21.79 
5.18 

29.72 
30.48 

0.15 
0.46 

0.92 
1.60 

1.37 

0.83 
1.38 

0.32 
1.37 

0.W 
1 0 8  
0.30 
0 46 
0.14 

0.983 
0.906 
0.332 

0,922 
0.912 

0.846 
0.902 

0.926 
0 955 

0.933 
0.966 

0.968 
0 875 

0 90" 

18.12 4.31 
19.72 
21.75 

1.31 
0.90 

23.47 0.12 
11.22 
33.55 0.99 

2 92 

35.5 1.10 
37.1 
62.97 

0 20 
0.57 

0 847 
0.865 
0.956 
0.967 
1.005 
0 988 
1.004 

2 
29 
4 
1 1  
4 
5 

REFLECTING  INDICATING  SURFACE  PLOT 

+ 
0 :  
- 

Seam10 - Seam6 . Seam2 
Seam1 

+ Cabinet Creek 

Figure 4-X-3. Plot of the  relalive  shape of the  reflectance 
indicatmg  surfacc (RIS) for Trlkwa coals. 
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Outcrop . ,  

.? 

1.5 2.5 
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Seam 2 Hole 252 
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BIAXIAL 

Seam 2 Hole 326 

REFLECTANCE 

Figure 4-8-4. Examples  of refleclancz  measurement 
population.;  for  samples,  illustrating  different RIS. 

4-8-1). Based nn the angular  shape of the  fragments.  they 
appear to have been included in the  sediment as coal  and not 
pieces of vegetation later compressed  and coalified in place. 
This raises  the  possibility that coal seams  older than Seam I 
were  being eroded  during deposition of Uni t  I .  The R,,,,, 
values  for  the coalspar  samples  are  similar  to  Seam I values 
indicating that the coalspar  must he either from Seam 1 or 
from older coal that was of lower rank than Seam I when 
eroded  and  deposited in Unit 1. The scatter on the RIS plot 
probably  results from  mixing  grains of slightly different 
rank and also_the effects of weathering which generally  tend 
to  decrease R,,,,,, values (Bustin, 1982). 

In four out of six cases the E,,,,, values are  hieher than 
A few  drill-core  samples  also have  scattered RIS patterns. 

would he predicted hy the accompanying volatile  matter 

British  Columbia  Geological  Surwy Brunch 



analysis  for the seam.  One possible  explanation  for this is 
that the  spot sample used for  reilectance  measurement was 
taken from  close to an in-seam fault whereas the sample 

sample. The high K,,,,, values may be caused hy heating 
used for  quality qa lys i s  was a whole-seam composite 

associated with the faulting: an effect which is usually local 
in extent  (Bustin, 1983). Oxidntion and lowering of retlec- 
tance v d u c s  is more likely and  this  prohably  explains the 
low values for the  (Ither  two sample\. 

The reflectance data were analyredwith the help of a 
number of computer programs.  Files of R,,,, coal-seam data 
with UTM locations were entered into GEOEASB, a  vario- 
gram,  kriging  and contouring  computer program  distributed 

Protection  Agency (1988). This software was used to grid 
in the  public  domain by the  United States Environmental 

the data.  Programs generated  in-house were then used to 
calculate  area-weighted averages for  the data, construct 
AutoCADB  DXF files and  generate contour  files  compat- 
ible with QUIKMa.pB; a geographical  information  system 

grams  allows for  geostatistical  analysis  resource  evaluation 
(Environmental  Sciences  Limited, 1990). The series of pro- 

and  display of results. 

made nf a datahast: o f  Telkwa coal quality. The database 
To round off discussion of the  retlectance data, use was 

consists of over  3000 lines, each line  representing  a set of 
analyses of a single  sample. Data  are  derived  from all ten 
seams sampled from  over 350 holes,  many of which were 
cored. They  are analyzed with the hclp of a  number of in- 
house  programs tailnred t o  the  manipulation of coal-quality 
data. 

VERTICAL  COALIFICATION 
GRADIENTS 

information on uncmformities  or faults in the coalfield.  The 
Change of E,,,,:, with stratigraphic  depth can provide 

timing of coalification with respect to folding  and  faulting 
can be analyied using isorank surfaces. 

- 

coalfield. Spot analyses rstahlished that the coal is high- 
Prior to this study few R,,,;,, data existed  fbr the Telkwa 

volatile  A  bituminous in rank hut there were insufficient 
data to extend  the  discussion.  Additional  data  required  core 
samples of coal st:ams. Unfortunately most  core samples 
obtained  during the 197X to 1989 exploration n o  longer 
exist so use was made of samples i n  the CSB collection and 
samples obtained hy GSB drilling. These  samples provide 
reasonable  representation of Units I and 3 hut poor  repre- 
sentation of Unit 2. The  coalification  gradient thrnugh 
Unit 2 can only he estimated  from  holes that intersect 
Seam 2, Uni t  2 arld Seam I .  With the exceptinn nf some 

gram. most were targeted t n  core either U n i t  I or Unit 3 hut 
holes  drilled in thc. early part uf the 19x2 exploration  pro- 

not the interveninp, marine Unit  2. 

drill hole were selected to provide K,,,,,, depth  pairs. Most of  
In general, two !.amples from  different s e a m  in the same 

depth pairs are for llnit 3 or Unit I and there is only nnr pair 
from  Hole 231 (Tahle 4-X-2) Khich drills through Unit 2 and 
includes Seams 2 and I .  The R,,,;,, and depth paired data  fnr 
the drill holes are in Tables 4-X-? and 4. 

Geoloxicul Fieldwork 1991, Puper- 1992-1 

Seams IO, 6 and 2. Most reprev n t  depth difft  rence!; of les'; 
Unit 3 is represented by a numbel- of d< pth pairs for 

than 50 metres  and changes of R , , , , ,  of 1t:ss th in 0. IO ('Cahlt: 

The reprnducihility of a single neasureanent s ahout 0.(14:1 
4-8-3). The  average gradienl is 0. IS per cent p :r 100 mewes. 

as discussed  earlier (Table 4-8-4 I. There is so1 le  uncertainty 
in the exact depths recorded for some of the drill-i:'srt: 
samples, consequently a 2.Q-n:tre enor i \  assumed  for 
sample depths. The errors i n  R ,,,,~ and  dcpth I aake i t  impos~ 
sible t u  calculate  meaningful gradit:nts for dat I pairs ustldl!/ 
representing changes in R,,,2,, nf less than 0 . 1  md change: i n  
depth of less than 60 metres. Thuefore rlo c o ~  menis ca 1 be 
made about Incal gradients at e ;~ch  holc. 

I t  is possible t u  estimate he reglonal  coalifica.~on 
gradient nf Unit  3 by stacking the individual depth pail!: i n  

Table 4-X-S lists the changes in R,,,,, m d  de ,th for all th,: 
such a way as to allow a cml:;$eratim of sample ei1-111. 

data pairs. Each  pair can he re1Jresented as a wo data-print 
line. one point is the origin ant-l the second p i n t  is X =: 

ten overlapping  points at the <#rigin and tel other  pcinti 
R,,,t,y). When ten pairs are nverl,!.in on the plc t there will h,: 

0.043 for R,,,,, and 2.0 metres f,rr depth are i ssigned IC ths: 
scattered  through  the  plot. Ont: :;tandard devi  tio on error!, 11f 

data  points. A best-fit  least-squares line is f i t t  :d t h p g l -  ths: 
data using the method of York t 1969). Error; in R,,,,L, ;tnd 
depth  are  considered to he unco:related. The wultant t't:st- 
f i t  line is a good estimate ,>i the a\eragf coalification 
gradient  and the process  provide:< an est'mate of the error ill 
the slope (coalification  gradle-at)  and i n k 1  :ept (approx- 
imately 0.0). 

Data from Unit 3  are  plotted i n  Figurc 4-X- 5. The ht:>t-fit 

and an intercept of 0.007. Thf: 'ine intersect! the one 'tan- 
line has a  gradient of 0.1 14?(1.02X per :en( [ er 100 nac.l.res 

- (lower  depth-upper  depth)  an<. Y = (lowe R,,,,,,-upper 
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PLOT OF COALIFICATION  GRADIENTS 
N UNIT 3 

Figure 4-X-5. Stackcd coalification gradients for U n i t  2. 

dard deviation error  fields of more than two-thirds of the 
data. The  data scatter can therefore he explained by statisti- 
cal scatter  about the line and  any  variations in coalification 
gradient from hole to hole that might  exist are  masked. 

is simil'tr to  gradients  calculated for the Lower Cretaceous 
A codification  gradient of 0.1 14 per cent per 100 metres 

Mist Mountain  Formation in  southeast  British Columbia 
(Hacquehard  and Cameron. 19x9); data in Table 3 in their 
paper  provide an average  gradient of 0. I14 per  cent  per 100 
metres (or sections in the Elk Valley area. The  gradient in 
Unit 3 a t  Telkwa is somewhat  greater than the coalification 
gradient of 0.06  per  cent  per 100 metres in the Seaton coal 
basin  north of Smithers (Ryan. 1991). 

Most of the  short holes  appear  to penetrate Unit I .  The 
average coalification  gradient  for  the  short  holes in Uni t  I is 
0.3 per  cent per I00 metres (Table 4-X-5). The depth  incre- 
ments used to  calculate this  gradient are small b u t  the 
estimate is still reliable  because of the large number of R,,,,, 
measurements averaged to provide  final data points  (Table 
4-8-4). As for data from Unit 3, data pairs from U n i t  1 can 
he stacked  and  a  best-fit  least-squared line fitted  through the 
data. A gradient of 0 .27 i0 .  I1 per  cent  per 100 metres and 
an intercept of 0.002 are calculated.  This gradient is signifi- 
cantly higher than that for Unit 3. 

ESTIMATE OF  THE COALIFICATION 
GRADIENT FOR  UNIT 2 

There  are  no useful R,,,, data available to calculate a 
gradient for Unit 2. I t  is possible to estimate R,,,, values 
from  measurements of volatile  matter. If this is done then 
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volatile  matter analyses of coal  samples from the early 1982 
holes which penetrate  the total thickness of Unit 2 can he 
used to estimate Unit 7  coalification  gradient. A number of 
papers  discuss the relationship  between  volatile  matter 
(VM) on a  dry ash-f'ee basis (daf)  or dry  mineral  niatter tree 
basis (dmmf) and R,,,,, (Bustin et u l . ,  1983: Meissener, 

also  analyzed for  reflectance  and it  is possible to generate 
1984). In the  Telkwa  area  VM analyses exist for the seams 

correlation plots. 
Volatile matter data can be corrected to an ash or mineral 

matter  free  basis in a number of ways. One empirical way is 
to: 

I .  Regress all VM data against  ash data on a seam-by- 
seam basis to derive  the  best-fit  linear  relationships. 

2. Use the slope of the lines to correct indi\,idual  VM 
measurements to an equivalent  individual VM ash- 
free value. 

The  slope of the  line will equal the Y intercept (VM ash 
free) if the  ash  acts  only as a  dilutant. If the minerdl matter 
and ;tny sulphides add  inorganic  volatile  matter to the VM 
analysis then the slope will he decreased by a component 
equal to the  gassiness of the mineral matter. 

Seam 2 are 29.3 per cent (or 0.293) and 0.16X. The fact that 
The VM intercept and slope derived  from  167 analyses of 

the slope is much less than  the  intercept  indicates that the 
mineral  matter is gassy. Eighty-four sarnplcs of  Seam 1 data 
provide an intercept  value of 30.9 per cent and slope value 
of 0.30, indicating  a  non-gassy  mineral  matter.  Non-gassy 
mineral matter is often  associated with a  reactive-rich coal 
(Slaghuis cf a/., 1990). 

is possible to investigate  their relationship to R,,,, on a 
Once a  method is developed to provide VM(af) values it 

TABLE 4-x-6 

CORRELATION RETWEEN MEAN .MAXIMUM REFLECTANCE 
TELKWA COALFIELD 

AkD VOLATILE  MKI'TER 
(ASH FREE  BASIS) 
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- 
seam-hy-scam  basis usins the existing R,,,,, measurements. 
There are eight  VMlat]. R,,,;,, pairs for Seam I. sixteen pairs 
for Seam 2 and thirteen  pairs for Seam 6 (Table 4-8-6). 
Lines were fitted through each  data  suite (Figure 4-8-61. 

It i s  now possihle, using the V M  versus  ash relationships 
and  the VM(afj  versus R,,,,, relationships  for each seam, to 
convert any Seam 1 or I V M  measurement to an estimate of 

and I and the coalification gradients  arc calculated  (Table 
R,,,i,,. This i s  done for all thc  holes  that interhect Seams 2 

4-8.7). An average  gradient o f  0.04 per  cent  per 100 metres i s  
determined  which i s  significantly  lower than that for cithcr 
Unit I or  Unit 3. 

Unit 2 i s  fraught with assumptions  and errors. in fact a 
The method o f  deriving the coalification gradient for 

number of other approaches  were  attempted; all predicted  a 
low to very low chdification gradient Illrough  Unit 2. One 
method of  correcting VM to  VM(dmmf) uses the Parr 
Equation  (mincral lnatter = 1.08 X ash % + 0.55 X sulphur 
'X; Ward. lYX4). This equation assumes that all minerd 

differences in sulphur dioxidc  derived  from pyritic sulphur. 
mattcr i s  equally gassy. although  variations are allowed  for 

This i s  not the case  at Telkwa  for Seams 6, 2 and I, as 
indicated hy the different  ratios o f  slopes of lines for the 
V M  versus ash plots divided by the intercept value o f  the 
line (Table 4-8-6). 

Coalification  grdients increase exponentially  with depth. 
England and Busm (1986) indicate that itti cquatim of the 
type D = A X krg((0.938 X R,,,;,, +0.001 j X lOOj)-B 
describes coalification  grudicnt\  in deep oil  wells in 

~ 

PLOT OF VOLATILE  MATTER (ash free)  versus 
Ln 
N MEAN MAXIMUM REFLECTANCE 

culaled volatile mager on an ash~free has is .  Seams 6, 2 
Figure 4-8-6. Mean maximunl reflectance VCISUS c a -  

and 1. Conlours 0 1  R,,,,,,%. calculated from V M  dala. 

Alherkl. If the gradient at Tt:llG.ua increase exponen:ially 

greater  than  the Unit 3 gradlent of 0.1 I' per  cen p:r 
with depth  then  the true gradient  through U l i t  2 shoul'd he 

100 metres. This  could  he achieved by r laintainin!! the 
difference in R,;,, values hetween Seam: 2 and I hut 
dividing by a depth increment o f  60 me res  inste;d 'of 
130 metres (the average presert separation G 'f Scams :! and 

explain the coalification gradient implies th; t the Ih icheis  
I). A decrease in thickness o f  Unit 2 h) two-thirds to 

of  Unit 2 has  heen  increased b:! post-coalifi~  atioli thru5ting 
from approximately 60 metres to 130 metre ;. 

hut no thrusts of sufficient  magnitude have t :en mapped. If 
Thrust faulting does occur ill Unit 3 in t le area drilled, 

Unit 2 i s  thickened by thrust;  there should le areas where 
the original thickness of  about metr8:s is  I 'reserved: !such 
areas could have  increased exldoratimi  pot<  ntial. Thc low 
gradient through Unit 2 may  iudicate a hip 1 thermal 1~011- 

ductivity  for the unit  hut this i., unlikely. 

- 

LATERAL VARIATIOlPiS IN THI: 
COALIFICATION GR:A.DIENTS 

coalfield are from the Goath.xn Creek area with a limited 
Most o f  the R,,,, values availal~le f(Ir the Telkvia 

amount o f  data for the  rest 01' the field. The rank of C O I I  in 
the Lake  Kathlyn prospect WE: t of Smitherr (Figure 4-8-1 j 
has hecn  increased IO met;i-artllracite by adj, cent in t ru i iox 
(Dowling, 1915).  South o f  Smthers. alorg the Bulkley 
River.  two R,,,;,, measuremen s (T!ble '1-X-I: indicate t~ rank 
o f  medium-volatile  bituminous (R,,,,, great :r than I .'2 per 
cent).  The rank of  coal in  Unlt 3 nortk o f  thl Telkwa  Kiver. 

ages high-volatile A bituminous (R,,,,,,, = C 95, averale of 
in the area drilled by   Crowsmt  Resources Limited, m t r -  

four analyses.  Table 4-8- I). Lo(:ally the rank is  increasexi hy 
a Tertiary  intrusion  outcroppink, t o  the  north,  but  the av<:ra;:e 
rank is  not_much  higher than !.he rank at ( roathorn  Creek 
where  the R,,,;,, data rangc f r o n  0.8 to 1 . 0  1er cent. 



1 MEASURED DATA 

Seam 2 

2 DATA CALCULATED  USING  VM ANALYSE! 

Seam  2 

IOOO. 2ooo. 3ooo. I)(rr 

METRES 

Figure 4-8-7. Variograrns for  lnean maximum rcflcctancc 
data and calculated mcan m a x i m u m  refleclnncc data: 
Seem 2. 

- 

northeast of the Goathom  Creek  area is 1.32 per cent, 
A single R,,,;,, measurement on float collected from 

indicating the possible  presence of coal of medium-volatile 
rank  south of the  Telkwa  River  and northe@ of the present 
Goathorn  Creek exploration  area. The R,,,,, value o f  a 
sample from  a subcrop of coal bloom exposed by logging 
activity  southeast of the headwaters of Tenas Creek is 1.10 
per  cent,  indicating  the  presence of medium-volatile 
bituminous coal. 

An outlier of the  Telkwa coalfield  outcrops at Cabinet 
Creek. A number of seams  are  exposed in the  creek  and 
three  drill holes in the area intersect  coal  assigned to Unit I 
Mean maximum  reflectance measurements of outcrop  sam- 
ples  indicate a rank of semi-anthracite (Table 4-X-I); in fact 
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Figure 4-8-8. Contours of calculated mean milximum 
rcllcctance data f o r  Seams 2 and I 

Dowling (1915) describes an adit probably  located  near 
Cabinet Creek that intersected anthracite.  The quality  avail- 
able  from the  three  rotary-drill hole5 indicates  a rank of at 
least low-volatile  bituminous based on ash and VM analyses 
of chip  samples. Two of these holes  intersected 6 and I I 
metres of fine-grained igneous rock in the sedimentary 
section. No intrusive  rocks were seen in outcrop nor are any 
Tertiary pluton5 mapped in the  area. The high rank at 
Cabinet Creek  could be caused by: post-Cretaceous heat 
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sources. a deeper watigraphic section than the Goathorn 
Creek area, or a hisher heat-tlux from the  pre-Cretaceous 
hasenlent. The preference of  the author is  for the third 
possibility. 

obviously  more  variahle  than  previously  thought.  The 
The  rank o f  c m l  through the Telkwa  coalfield i s  

coalfield has the potential t o  be a source of  mediun1-volatile 
metallurgical coal as well as an anthracite  thermal  product. 

Creek  area  were investigated  using the GEOEAS software. 
In-seam lateral variations of coal rank in thc Goathorn 

Variogram  diagranls were  constructed for Seams IO, 6, 2 
and I. In all cases no variogram models could be fitted 
through the data and no regional trends contoured.  Despite 
~ this. the  data  were ?ridded to ohtain  nrei~-weighted average 

0.91 per cent were  obtained for Seams IO. 6, 2 and I. The 
R,,,;,, value\ for each seam. Values of  0.83. 0.88, 0.91 and 

similarity of  average values for Seams 2 and I supports the 
previous suggestion of  a low  coalification gradient  through 
Unit 2. It should b e  noted that in averaging Seam I data 
where  there is  more than one R,,,,,, value in a hole, the 
minimum depth value was used. 

and it i s  important t o  see if present  depth has  any intluence 
The beds in the  Cioathorn Creek  area dip  gently to  the east 

on the coalification gradient. A plot of all Seam 2 retlec- 
tance data versus  present  depth reveelcd no positive  correla- 
tion: a line through seventeen pohts has a slope of 0 . O I  per 
cent  per I 0 0  metres, an intercept R,,,;,, value of0.91 per  cent 
and  a correlation  coefficient o f  0 .15 .  I t  appears that 
coalification predates folding,  thrusting and tilting. 

area; if thr methocl o f  converting V M  measurements into 
The  retlectance data for Seams 2 and I cover a limited 

estimated R,,,,,, vall~es is  used,  then a much larger datnbase 
covering a larger area i s  available. Variograms for calcu- 
lated values of  Seams 2 and I indicate some regiolsl trends. 
Figure 4-8-7 illsstrates variogram  plots measured R,,,;,, data 
and calculated R,,,;,, data for Seam 2. N o  vwiogram  model 
can he fitted  to the measured  data hut a spherical  variogram 
model fit\ t o  the larger database o i  calculated values. The 
calculated database:. for Seams 2 and I were kriged.  gridded 
and contoured (Figwe 4-8-8). 

Figures 4-X-2 and X are redrafted printer-output with 
some dihlorlion  in tllc Y axis.  There ih  considcr;lhlr  random 

4-X-X)  show some similarities.  Coal rank  rcnds 10 he high in 
scatter in the data but the two contour  diagram\  (Figure 

the  southeast  and  snuthwest but low i n  the centre ofthe map 
(east of  Goathom Creek  and north  of the area  proposed for 
development). 

basin,  away from the fault-bounded margins, might experi- 
Sediment5 in a :,mall graben in the central part of the 

ence less ~a lurat ion.  The  area-weighted average h r  the 
calculated R,,,;,, values for Seams 2 and I are 0 . 0 1  per cent 
and 0.9Y per cent which,  for an average  separation ot. 
130 metres  indicates a gradient of 0.06 per cent  per 

coalification gradient for l in i t  2. 
100 metres which i s  similar to the previously estimated 

ECONOMIC IMPLICATIONS 
The Telkwa  property has been  considered for develop- 

ment as a thermal c o d  mine  for a  number of  years. Cer- 

tainly most of  the area intensively explcmred i '  high-vol;lilt: 
A bituminous in rank. New d:lta indicate hat nledirm- 
volatile  bituminous coal may sul:'crop ncar Te las Creek  and 

coal  which i s  a more  valuable  product.  The s, mi-anthrac:itt: 
in other areas. This leads to the possibility  of i metallurgical 

in the Cabinet Creek  area could be devzlope 1 as a smoke- 

national markets. Many houses in the area )urn  wood i n  
less high-calorie  thermal  prodlrct  for local as well ' ,IS ' ' l l~ ler-  

environmentally acceptilblc rep.lcelnent as IC ng as the SUI- 
stoves for heat:  anthracite, a srnokeles:; fuel could t n  an 

phur content is  moderate. 

suh.iect o f  another  study. Gas content increi ies  with hiink 
The coalbed-methane p o t e r ~ t i ~ l  for Telkua  wil l be the 

and  the medium-volatile rank ixt Tenas Cnzk and s ~ ~ n i -  
anthracite  rank at Cabinet Cred. should incrt ase the ~ n ~ t h -  
ane resource  estimate for the iir:!a. 

The use of  volatile matter to ::stimatr R,,,;, has an irver- 
esting  spin-off.  Comparison '31' the VV(aS versus F.,,,, 

lines  for the different seams ptoiides incorm: lion  ahol~l thl: 
relative  reactivity o f  the  seam; and the re ltive  vitrinite 
contents. Seam I has a higher volatile matte' content lhan 
Seams 6 and 2, at the same l a r k  indkating that It is  the 
most reactive c o d  and. at a rank approacl ing medium- 
volatile bituminous.  may be sultxble for ,;akin :. Stauss ( 1  a ! .  
(1976) graph  the relationship h;:tween R,,,,, vitrinite Auq 
liptinite content  and V M  (daf). 1.Jsing the avc rage VM rsh- 
free  values derived fix Seam-:! :29.3 pcr cen ) and  Seam I 
(30.9 per  cent) and  average R,,,:,, value; for ieam 2 (0.91) 
and Seam I (0.99) the diagram  predicts vitl mite  plus ip- 
tinite contents o f  30 per  cent for Seam 2 and I 10 per cen for 

the V M  ash-free  values in th is  siudy hake to I e correcled to 
Seam I. These predictions i r e  a;)proxi~r,ate, i 1 pan be(:.lusm: 

a dry hasis before  using the  grdph. 

Seam I predicts a free swelling:  index (FSI) v: lue o f 4  urin;; 
An R,,,,, value o f  0.99 avd 60 per cent  reactives for 

the petrographic  composition \ersus R,,,, ,  c iagraln il lro- 
duced by Pearson (1980). The T.:lkwa coal-ql  ality datal)as~: 
contains some FSI data. Weig'1tr:d  averages < f ash  and .:SI 
for each  seam are as follows: 

- 

Seam 6: 10 per cent ash. FSI =I 2. c ~ ~ u n t  84 holes; 
Scam 7 :  13 per cent ash. FSl =I 1.5. coun 65 holes. 
Seam I: IS per  cent  ash. FSI =I 3.8. coun 36 hulrs. 

the  actual  average  value o i  3.8. Based on th !se infer'xcer 
The  predicted FSI of  4 is  i n  reasonable a :reemen1 .with 

Seam 1 classifies a s  a  G4-type  cnking coal (F :arson, 1980:. 
Seam 1 generally has the  Io\vf:st sulphur co >tent of iil thm: 

seams but maybe difficult t o  wash. I3ftell  vitrinitf:-ricIi 

also have higher ash and are dil'ficult ( ( 8  was I. I t  qhoul i be 
seams with good metallurgical propertics su :h a h  fluidit), 

emphasi7.ed that Seam I, which does n o t  fee  ure in pl-c!;ertt 
surface-mining proposals, has potentia as i nietallur!:ical 
coal. The  next stage of  this study wi l l   ~ncIu(e petrogr;~l,hy 
to  check  and extend the above  :malysis. 

CONCLUSIONS 

bituminous to semi-anthracite. The arm ml 'st intensirely 
Coal  in the Telkwa  coalfielll ,varies f-om t igh-volatil,: A 

explored i s  underlain  mainly by high-vulatile A bitumillous 
coal. Medium-volatile  bitumirlolrs coal and : :mi-anthrxite 
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are  also  present  and  may  eventually  be  developed  as 

cent per 1 0 0  metres for Unit 3 to 0.27 per cent per l o 0  metres 
reserves. The coalification gradients range from 0 . 1  14 per 

for Unit 1. The gradient in the intervening Unit 2 appears to 
be low, a possible explanation is the presence of as yet 
unrecognized  thrusts within the  unit. Major lateral varia- 
tions nf in-seam rank are not present in the Goathorn area. 
Apparent  minor  variations  may  retlect  the local basin struc- 
ture with highcr rank near  the  margins  and  lower rank in the 
centre. 

indicate that the lowest  scam in the  sectinn is the most 
Volatile matter  (ash free basis)  versus E,,,,, relationships 

reactive  and corroborate the correlation  between  gassiness 
of mineral  matter and reactive  content in the coal. 

from coal older than Seam 1 but of equal or lower  rank. 
Coalspar material  collected from Unit 1 may be derived 
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GEOLOGY OF DOLOMITE-HOSTED  MAGNESITE  DEPOSITS 0 : T  THE 
BRISCO  AND  DRIFTWOOD  CREEK  AREAS,  BRITISH  COLUMBIA 

By George J. Simandl  and  Kirk D. Hancock 

KEYWORDS: Economic geology, industrial  minerals, mag- 
nesite,  Mount  Nelson  Formation,  Evaporites,  Precambrian. 

LOCATION A.ND  HISTORY 

Creek  areas  are located  approximately 30 and SO kilo- 
The magnesite deposits of the Brisco and  Driftwood 

metres,  respectively,  northwest of Radium Hot Springs 

estry  roads. The first magnesite discovery in the area  dates 
(Figure 4-9-1). Most of the deposits  are accessible by for- 

back to the early Sixties. Some of the deposits have been 
investigated by drilling, trenching  and bulk sampling. Up to 
the present,  no  commercial production  has  resulted from 
these  activities. 

19’ 
Kilometres 

500 19’ 

Figure 4-9-1. Location of the Rrisco and Driftwood 
Creek magnesite  deposits.  I-Driftwood  Creek, 2-Red 
Mountain, 3-Topaz Lake,  4-Cleldnd  Lake,  5-Dunbar, 6-lab. 
7-Rotts  Lake,  8-deposits described by Pope (1990). 

Geo/o&u/ Fieldwork 1991, Puper- 1992-1 

REGIONAL GEOLOGK SETTIFIG 

west of the Rocky Mountain Trench fault Figure 4-51-2). 
The  Brisco and Driftwoocl Creek deposi :s are si tuted 

They  are hosted by dolomites o~’ the Helikian Mount N d s m  
Formation of the  Purcell Supergroup  witt in the Purcell 
anticlinorium.  Stratigraphic s a  tions applica ,le to the ;m:a 
of the magnesite  deposits ‘wre  esta.blish :d by Wdkm 
(1926),  Reesor  (1973) and Bmnett (1985). “he geology of 
the Toby and  Horsethief  Creek :ireas has been descrikd tsy 
Pope (1989, 1990). Only the Mount  Ne,son i nd Toby (‘reek 
formations will be described b’i:low. The up Ier part of the 
Mount  Nelson  Formation  hosts  the  magnesi  e deposit!.. 

lying Toby Formation of the Windwnere  Supergroup 
The Mount  Nelson Formatior, is separated from the over- 

(Hadrinian) by an unconformlty (Reesrmr  197 3, Pope 1‘389). 
This unconformity  records the East Koot :nay o r o g m c  
event which consisted of regional  uplilt and thermal nletia- 
morphism  dated at 750-850 Ma and subn arine v o h n ~ c  
activity  within  the  Purcell anl:iclinoriurn (PC  >e,  1989). 

The  magnesite  deposits  are  located u ithin an i m a  
affected by low-grade  regimid  metamoT hism (Rezsor, 
1973; Bennett,  1985). All known  magnesite I ccurrences are 
located  outside  the contact  metamorphic aur :ole of h4 IJdle 
Cretaceous intrusions (Figure 449-2). 

STRATIGRAPHY OF ‘I’HE MOU’VT 
NELSON  AND TOBY F’ORMATItlNS 

MOUNT NELSON  FORMKITON 
In the Toby - Horsethief  (‘reek map ar:a. the Mount 

Nelson  Formation  (Figure 4-9-3) is at lea: t 1320 rn:trc:s 
thick and is the  uppermost unil of the  Purc :II Supergroup 
(Pope, 1990).  It is divided intc seven rnfmbel s, The  dcsrrip- 

marized from Pope (1990). 
tions  below, in order from boldest to your gest are :sum- 

The  “lower  quartzite” is 50 to 150 metre s thick, ,whitl:, 
well-sorted,  thin-bedded (<20 cm), ripple-l minated, fine 
to medium-grained quartz  aren.te. 

grey  colour  and a light grey  weathered SUII ice, lamlr ;ated 
The  “lower  dolomite sequmce” is chara :terized b) i1.s 

beds 20  to SO centimetres  thick, sofl sedinent  featlres, 
cryptalgal  laminations and lnterally linked hemispheric;al 
stromatolites. This dolomite also contains black argillile 

of the sequence is the  crem-coloured.  cherty “clt:am 
layers 1 to 2  centimetres thick.  ;Ind oolitic la~ninae. Thc top 

marker dolomite”,  20 metres  thick. 

quartzite”,  “orange  dolomite” and “white  narkers”.  The 
The  “middle  dolomite  sequence” colnpris :s the “mldd:e 

“middle  quartzite” has a charar:taristic appl. :-green colour. 
It consists of graded, crossbedded  and mz ssive arerlites, 
siltstones  and  argillites.  Beds a r e  10 to 50 ce itimetres  hick 
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Figure 4-9-2. Regional  geology and geological  setting of  the magnesite  deposits  hosted by 
Mount  Nelson  Formation.  Simplified from Reesor (1973). 
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with  undulate  bases  and  truncated  tops.  The  orange 
dolomite  consists of well-bedded  silty or light beige to dark 
grey dolomites weathering orange-brown or orange-buff. 

calations,  halite  casts.  solution-collapse  breccias  and 
Stromatolitic textures.  cryptalgal  laminations,  chert  inter- 

dewatering  feature? have been described in this  unit. 
The  “white  markers”  sequence is less  than 70 metres 

thick and comfonnably overlies the orange dolomite. It 
consists of cream to medium grey dolomites and  locally 
contains white  magnesite beds up to 1 metre  thick as well as 
purple, green and huff dolomitic mudstones and beds with 
dolomite-replaced halite  crystals. 

The  “purple  sequence” cornformably overlies the  white 
markers. It consists of dolomites  as well as  dolomitic 

Geological Fieldwrk 1991, Puper 1992-1 

siltstones  and sandstones  coniiiting of 20 p !r cent qua.rt;!, 
70  per  cent  dolomicrite  and 11.) per cmt  ht matite. ‘These 
rocks  contain  halite casts and grade  upwad into p ~ ~ p l e  

and  monomictic conglomerates occur within this sequenct:. 
shales with green  reduction sp~t!;. Several mi dchip breu:ias 

The upper  part of the purpb: sequence is referred 13 a.s 
“purple shale unit”. I t  conskt of purple arj illites with (81 

without  green  reduction  spots and lamina:.  The p ~ l p l e  
sequence is separated  from  the  overlying  upper nlitldle 
dolomite by a conglomerate  consisting ~f angular  to 
rounded dolomite and  quartzit,?  clasts of v lriable dirnerw 
sions, cemented by purple sand:y argillite. 

similar to the lower main dolmite,  howe\:r, it cona i rs  
The  “upper middle dolomitr:” is 80 me res thick and 

abundant  allochems (oncolit:: and  oolitic  peloidal and 
pisolitic  laminations)  replaced I:,y chert. 

cliff-forming, well-sorted,  quartz-cemented i nd mediun  to 
The  “upper  quartzite” is c8vf:r 260 metre i thick. I t  is a 

coarse-grained arenite, charactci!rized tly m; ssive bedcling 
and  poorly  preserved sedimerltary features. 

contact with the  upper quartr:itl:. Pale beige to dark  grey, 
The  “upper  dolomite” has  a conf~~rmat le gradational 

dolomite  beds, 10 to 50 centimlztres thick. a.e interbedded 
with quartz  and  dolomite-pebble cong:lome ‘ates and ~lol- 
omitic  sandstones. The unit IS characterize, l by abundant 
chert layers, cryptalgal  structures  replaced ~y black (:le? 
and by a distinctive, laminated, strongly  :ontoned  and 
locally  brecciated  blue-grey dolomite. The contact with 
underlying  quartzite is transitional  and Iconsi! ts  of inte:rr’ecs 
of purple  argillite, quartzite and dolomite. 

TOBY FORMATION 

Supergroup. I t  consists of five major lithoi acies: bouldc:r 
The Toby Formation forms the base of t t  e Windemere 

breccia,  diamictite,  sparse-cla:it  diamlctite  siltstone  and 
argillite,  and submarine basic .volcanics whic I are  desctibed 
by Reesor  (1973)  and  Pope (198’9). These l i t h  >facies  exbibit 
rapid facies  changes. 

The boulder  breccia  facies fctnns lenticulsr  bodies at the 
base of the Toby Formation. Cl:~sts arc of lo< al  proven3nce 
and  consist of underlying litho,ogies of the Mount Nelson 
Formation (Pope, 1989). 

The diamictite facies conslsls of roundec quartzite and 
subangular  dolomite  clasts supported ‘,y a sandy argillite 

poorly  sorted  argillites thal: (contain isol Ited, rounded 
matrix. The  sparse  clast di;tr-lic:tite Iconsi ts of graded, 

quartzite  clasts. 

“conglomerate” containing I:l.:sts of the !ame  range of  
The volcanic  component <of the Toby Formatior1 .s a 

composition  and  size as  previlusly  dwcrit :d lithofaciei, 
but the  matrix is vesicular  andesite  flow I Reesor, 1973; 
Bennett. 1985). The Toby Formation is conmonly  iiter- 
preted as a “syn-rift” deposit (Pope,  1989). 

GEOLOGY OF THE M4GNE:SI’I E 
DEPOSITS 

site deposits presented below al,: based mair, ly on the 1991 
The descriptions of the  Driftv,ood Creek - Brisco magnc:. 
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Figure 4-9-3. Stratigraphy ofthe Mount "lulsrm 
Formation.  (Pope. I9WJ 

field  investigations.  however,  where  required.  deposit 
descriptions are  supplemented by  published  information  by 
McCammon (1964) and Grant (1987). Mineralogical 
descriptions are  based on field observations. The deposits 
were extensively sampled in 1991. Chemical analyses of 

quoted analyses  are from Grant (1087). 
these  samples are not available at  the time  of  writing and all 

All deposits  are hosted by  dolomites o f  the Mount  Nelson 
Formation. The mineralization consists o f  sparry or coarse- 
grained magnesite. With the exception of the Red Mountain 
deposit. detailed  stratigraphy in the proximity of  magnesite 
deposits i s  impossible to establish due to the poor exposure. 
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DRIFTWOOD CREEK 
Thc  Driftwood Creek  deposit i s  exposed on ridges, on the 

east side of  Driftwood Creek  (Figure 49.2). The  northern 
part of the deposit was drilled and  test pitted  by  Kaiser 
Resources Ltd.  in lY78 (Morris, 1978) and mapped by  Hora 
(1983). Present work documents a  string  of stratabound 
magnesite  lenses over a distance of  4 kilometres  (Figure 
4-9-41. The  magnesite-hosting hori7.011 continues  farther 
south  and is covered by overburden to the north.  The sparry 
carbonate with least silica  impurities l ies south o f  the  area 
inveytigated hy  Kaiser Resources. The  geology ofthe Drift- 
wood Creek  deposit is illustrated  by  Figure 4-9-4 and 
lithologies are described  below: 

Phyllite and quartzite (Unit Dl, Figure 4-9-4) nutcrop in 
the  southeastern part o f  the map area. This  unit consists 
mainly  of  dark  grey  argil l i te  with  moderately  well 
developed  planar cleavage  and phyllitic sheen. Grain size is 

white  mica specks up to 0.5 millimetre appear on some 
usually  smaller  than  0.062  millimetre, however.  locally 

cleavage faces. Interbeds o f  soft,  probably  feldspathic, 
greenish  sandstone  (0.062-0.125 mm), less than 5 0  cen- 
tinictres thick, are common. 

locally greenish. I t  consists mainly of rounded. silica- 
Massive  orthoquartzite (Unit  D2) i s  typically  white  but 

cemented  grains  measuring 0.125 t o  0.5 mill imetre  in 
diameter. I 1  i s  crosscut by numerous,  white quam veins. up 
to scveral  centimetres  wide.  and by  narrow  irun  oxide 
stained  fractures less than 0.5 millimetre  wide. 

Green  or huff-weathering  dolomitic  argillites and silt- 

vidual beds  are usually 10 to 25 centimetres thick.  Both the 
stones (Unit D i )  overlie the massive  orthoquartzite. Indi- 

green  and buff-weathering  rocks  contain  dolomite. 

Black  dolomite  (Unit D4) is generally  massive and 
aphanitic and  weathers buff. However. some of  the  beds, 
10 centimetres tu 2 metres thick,  may weather pale  grey or 
greyish  white. This  rock  may  contain  cryptalgal  laminations 
or  isolated  stromatolites up to 20 centimetres in diameter 
(Plate 4-9-1). The dolomite reacts moderately with hydro- 
chloric  acid when powdered and i s  crosscut by abundant 
quart7, veinlets a few  tnillimetres  to several centimetres 
wide. 

Greenish  grey and locally  purplish  orthoquartrite  (Unit 
D.5) weathers grey. greenish or beige. Massive beds  are up 
to SO centimetres  thick and laminated beds  are up to 
3 0  centimetres thick. Quartz grains are moderately well 
sorted. rounded, less than  0.25 millimetre  in diameter and 
silica cemented.  Loadcast  textures indicate the sequence i s  
upright. 

Dark  grey dolnmite  (Unit  D6j is similar to unit  D4. It 
weathers beige or  light grey. 

Fine-grained.  dolomitic  siltstone and silty  dolomites 
(Unit D 7 j  are characterized by  diffuse centimetre-scale, 

colour transitions. Broken  rock has sharp edges  and nearly 
greenish to  purplish  or almost  salmon-pink  rainbow-like 

conchoidal fractures. The  rock is hard and in most cases can 
not be scratched by a hammer. I t  reacts strongly with  hydro- 
chloric  acid if crushed  and  consists mainly o f  quartz and 
dolomite.  Softer.  more weathered. purplish beds  also con- 

Bl.ifish Cn/llnrhio Gwlogiul  .Swr~(zy Rw,r( .h  



Plate 4-9-1. Stromatolite in the  dolomite  which hosts and 
Plate 4-92, Dolomile  breccia;  pale  grey d )lomite fra?- 

ments  cemented by spany dolomite.  Sulphide  :rains  appear 
underlies  magnesite;  Driftwood  Creek  deposit.  black;  Driftwood  Creek  depo:iil. 

tain chlorite.  Proportions of rock-forming  minerals  are 
highly  variable from bed to bed. 

dark  grey and weathers  buff. It is commonly massive and 
Laminated dark grey dolomite  (Unit D8) is medium to 

aphanitic  to  fine  grained,  however,  where  locally 
recrystalized i t  is c o m e r  (0.25-0.5 mm). When crushed, i t  
reacts  with  hydrochloric  acid.  Differential  weathering 
emphasizes fine.  sub-millimetre  laminations. 

Stromatolitic dolomite (Unit D9) most  commonly  forms 

colour and weathers  orange-brown  or red-brown. A feature 
the footwall of the  magnesite  deposit. It is pale  grey in 

characteristic of this unit is an abundance  of hemispherical 
stromatolites  measuring 10 to 40 centimetres  across,  com- 

crushed, the rock  reacts  strongly with hydrochloric  acid. It 
monly discernible only on the weathered surface. When 

consists of dolomite (<0.125 mm, >90 '46) and  calcite 
(<0.125 mm, 0-591.). Commonly it is cut by silica  veinlets 

the  rock. Sparry  calcite veins up to 10 centimetres wide 
up to 3 millimetres wide which form  less than 10 per  cent of 

were observed in one  outcrop only. This rock is locally 
brecciated  where it outcrops  adjacent  to  or  below  the 
magnesite lenses. The  angular breccia clasts may be elon- 
gate or equidimensional  and vary in size  from a few  milli- 
metres to 20 centimetres across. These  are interpreted as 

dissolution and  collapse  breccias. C lam an cemente3 by 
light  grey or white, sparry d'domite (Plai: 4-9-2). Tke 
sparry cement commonly  contains 1 to 3 ler cent pyrile 
crystals up to 4 millimetres  across. The  dolo nile fragnssn:s 
also contain  fine-grained, dis!;eminated sulp hides. 

Magnesite  and  sparry carbonate  (Unit Dl  1) form !strat;t- 
bound lenses and  pockets. The!' are either M hite, pala [:rey 
or beige  and  weather  buff. 'The unit is chxacterized by 
coarse to sparry crystals  (Plate 4-9-3) :and 11 cally con.;drls 
light green interbeds less than 1 Icentimetre  in thickness. 'The 
interbeds are either  regular or disrupted by g~  Jwth of !sprry 
magnesite crystals within  the comest  rragne ite-rich m x s .  
Vestiges of hemispherical stromatolites  are 01 (served locally 

veinlets and  dolomite are the  most comm In impur  tie:$. 
in finer grained  magnesite-t)e;lring rocks. Chert,  quanz 

Calcite,  pyrite,  and  talc (?) mi: t.ypically p esent in Irace 
amounts.  The  abundance  anc  proportion of  impurities 
change irregularly both along strike a.nd a'ross  bedding. 

the magnesite deposits and loc;~lly f o n s  pats of the .?Jot- 
Cherty dolomite (Unit Dl  1 I occupies. the I langingwall of 

wall. The  chert is generally dark: grey tcm blac : and  wealhers 
either grey  or beige.  It forms r:i! her lenses (P ate 4-9-4: and 
layers 0.5 to 20 centimetres 1:hick or angul;  r clasts 0 :j Io 
2 centimetres across. Where nterbedded ' vith dolomit,:, 

Geolofiical Fieldwork 1991. Paper 1992-1 465 



Figure 4-9-4. Geology of the Driftwood Creek  deposit. 
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chert  has distinctive positive relief on weathered surfaces. 
Dolomite  is  pale to medium grey and  weathers beige,  light 
grey  or buff. It reacts  strongly with hydrochloric  acid if 
crushed. 

cherty dolomite.  The fine-grained red to purple  dolomites, 
Red to green  dolomites  and siltstones (Unit D12) overlie 

minor limestones.  silty dolomites,  and  dolomitic  siltstones 
and shales  are  characterized by brown to red and pitted 
weathered  surfaces  (Plate 4-9-5). These  rocks may be inter- 
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Plate 4-9-3. Spany magnesite,  granola-like  texture; 
Driftwood  Creek  deposit. 

bedded on centimetre  to  decimetre  scale.  Dolomite 
pseudomorphs  after halite  are  the  most  distinctive  features. 
Shales  and siltstones, and  to  some extent dolomites,  change 
colour  along  strike from  red-purple in the  south to green in 
the  north. 

The  heterogeneous  dolomite-siltstone assemblage  (Unit 
D13)  consists  of a wide variety of lithologies  such as cherty 
dolomites, red to purple dolomites,  dark grey massive dolo- 
mites and a variety of dolomitic  siltstones either purple, 
brown or green in colour. Due to poor exposure, the correla- 
tion  between these units on the map scale is impossible. 

Dolomite breccia (Unit  D14)  consists of dolomitic  chert 
and quartz  arenite fragments in a matrix dark  grey, fine- 
grained  dolomite weathering  grey.  When  powdered it reacts 
strongly with hydrochloric  acid. In general  the  breccia is 
clast supported  and  polymictic, with fragments  consisting of 
laminated o r  massive  dark grey dolomite. Dark grey  chert 

centimetre in diameter. Over I5 per cent of dolomite  frag- 
and white arenite  fragments are  angular and less than one 

ments  are also  angular, hut some of the  clasts  larger  than 3 
centimetres are suhrounded. Both matrix and fragments  are 
locally crosscut by fibrous  quartz veinlets. Where the  brec- 
cia is monomictic, the fragments  consist  exclusively of 
dolomite. This breccia is at least 25 metres thick. 

Grolo,qicol Fieldwork 1991, Paper 1992-1 

immediately  overlying magne:iile: D r i f t a d  C reek depos I .  
Plate 4-9-4. Chert lenses  interhedded with lolomiles 

Massive,  white,  grey  or bc::ige sandstole  (Unit Dl.5) 
weathers  light shades of red-brown. Locally ~t contains  silty, 
olive-coloured  layers with well-developed,  planar,  paper- 

dolomitic unit this rock corlssts of well-iounded quartz 
thin,  spaced  cleavage.  Near the contact with the under,:yirlg 

grains 0.25 to 0.5 millimetre i n  di;meter. Ou crops  higher in 
the sequence  contain  well-rounded  quart;  grains L 1) to 
6 millimetres in diameter and  lithic clast! up to :1 x ? -  
timetres  across. In some outcrops quartz gr: ins are  at least 
partially  recrystallized ant1 Ithe rock c o d d   h e  c111c:d 
quartzite.  Regardless of size,  the grain!; are, i t  least in ]pait, 
cemented or stained by iron o.t.ides and/or  :oated by day. 
Quartz constitutes over 85 per ,cent of the rl 'ck. lithic fra,:. 
ments  from 0 to 14 per  cent, clays arld irc 1 oxides 1 p:r 
cent. 

Based on the above infortnation,  the ma gnesite-hearing 
horizon (Unit  D10) in the Driftwood Creek area prol,ahly 
corresponds to the  white markel-s unit  mderl ying the  ptirple 
sequence of the  Mount  Nelson  Formation  :Figure 4!2-:;). 

RED MOUNTAIN DEPOSIT 

and 2. The  coarse to spany rtlagnesiie-bei ring zone out- 
The Red  Mountain deposit I.S locatzd or Figures 4-9-1 
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crops  near the top of Red Mountain. It  was  traced over 400 
metres  along  strike  and  has  an orientation of approximately 
075' with a dip of 45' south.  Thickness of the zone is 
variable and locally exceeds  20 metres. 

to the strike near the easternmost limit of the  deposit. 
Two stratigraphic sections were  measured  perpendicular 

Section A is correlated with section B along the  twin con- 
glomerate  marker  (Figure  4-9-5).  Section B, which is not 
mineralized, is longer  and will be described first.  It includes 
the  top of the  Mount Nelson  Formation  and  the  base of the 
Toby Formation. 

The  base of the  section  consists of pale  grey  or beige 
quartzite which weathers beige,  grey or white (Unit  I). It is 
exposed  for  51 metres. The  coarser  grained portion of this 
unit, 37 metres thick,  appears  at  least partly  recrystallized 
and is  characterized by a  blocky appearance.  The  longest 

fracture  faces  are  perpendicular  to  the  bedding.  The 
quartzite  consists of well-sorted,  well-rounded quartz  grains 
from  0.125 to 0.5 millimetre in diameter  depending  on 
individual  beds.  Other  minerals  observed in trace quantities 
are  disseminated  pyrite ( I  mm,  <OS%), iron oxide  stains 
and  clays  coating  or  cementing  quartz  grains (<0.5'%). 

0.5 metre  thick, containing quartz grains varying from 0.125 
The upper  part of this unit consists mainly of beds, 

to  0.75 millimetre in diameter. These beds are interbedded 
with fine-grained  sandstone and  siltstone  beds from 2 to 
20 centimetres thick  with  grain  sizes of less than 0.125 
millimetre. Other  characteristics  are  similar  to the basal 
portion of the unit. 

11), identified on Figure 4-9-5b  as red beds,  overlies the 
A red to  purple  sequence of shales  and  siltstones  (Unit 

quartzite.  The  grain  size is typically less than 0.065 milli- 
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Figure 4-9-5. Stratigraphic setting of the Red Mountain deposit. Section A is magnesite-bearing equivalent of Section B 
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metre.  However,  locally,  rounded  quartz  grains up to 
0.75 millimetre in diameter form layers  less than 1 cen- 
timetre thick within  the  siltstones. The rock does not react 
with  hydrochloric  acid even if crushed.  A  few  thicker  and 
isolated quartzite beds  are present within this unit. The  first 

ment appears at 87.5 metres above the  base of the section, in 
sign of a change from an oxidizing  to a  reducing environ- 

the form of irregular green patches  and  lenses within the 
red-purple shales. 

Unit 111 extends l'rom 100.2 metres to 118.8  metres above 
the base of the  section. It consists  of a variety of sandstones, 
siltstones. conglomerates and  minor  argillite  interbedded 
with dolomite. 

Sandstone  dominates  the  stratigraphic  interval  from 

shale  appears  at 102.1  metres. This bed contains  four  dolo- 
100.2 to 104.0 metres. The  first  continuous bed of green 

mitic  layers I centimetre thick marking the  first appearance 
of dolomite in the section.  Isolated angular  clasts of white 
quartzite, measuring  approximately 3 centimetres  across, 
are observed  within  the dolomite at 1 0 4  metres. These 
clasts consist of arenite  (99%  quartz) with grain  size of 
0.125 millimetres. 

11 1.7 metres. It weathers  light green. The grain size  does 
Fine-grained green siltstone is exposed from 109.9 to 

Plate 4-9-5. Weathered-out  dolomite cast after halite; 
Driitwmd Creek deposit. 

Geological  Fieldwork 1991, Paper 1992.1 

not exceed 0.062 millimetre except  for  scatte  ed feldspa1:hic 
and  lithic  grains of up to 0.125 millimt:tre il diameter 

by dolomite  overlies the fine-gl:ained green siltstone. The 
A  sequence of conglomerate and  siltstone beds enchse i  

conglomerates are matrix  supported with a lgular to sutm- 
rounded clasts ranging from Il.!i to  20 centi netres acms:;. 
The clasts are  quartz  arenite with grain si:es of 0.2" to 
0.5 millimetre. The matrix is ;I coarse,  0.2 i to  l.O-n~illi- 
metre quartz  sand. Iron oxides and  calcite s ain or cernertt 
the  matrix.  A twin quartz-conglomerate marl er, 1.1 nv:tres 
thick, consists of two  conglomerate bed!; seps rated by a  lhin 

The  top of the twin cong1omera:e marker wa: used to rdate 
green  siltstone layer approximately IO cen imetres thick:. 

sections A and B (Figure  4-9-5 I. Three othel conglomcrate 
beds,  each  about I O  centimetrss thick,  we pr  :sen1 at I ' 3.:'. 
114.8 and 115.9 metres. 

minor,  thin, green  siltstone an,i  sandstone la! ers.  The c o l w  
Dolomite is present throughout this unil and  conlains 

mite is medium  grey  and weaihers  beige a '  pale grey. It 
reacts  strongly with hydrochloric acid if  crus1  led. Grain :size 
varies from aphanitic to 0.062 rnillimetcr. Tk 5 first  isolated 
lens of chert,  less  than 3 centimetres thil k,  appeals  at 
107.6 metres. 

The thick succession of cherty  dolomite ( Jnit IV) s a n s  
at 118.8 metres and  extends lo 150 mmes  vith one rrtore 
metre  exposed at 151.8 metre;. The dolomitt is mediun  to 
dark  grey,  tine grained to aphanitic  and thil kly  bedded to 

the dolomite  beds. Black chsrl: forms intelbeds and disi- 
laminated.  Parallel ripple mark:$ are preserv :d in somf: of 

continuous, lobate  lenses  within  the dolornit<.  Thickne,;s of 
chert  beds  and  lenses is f r , m  a few mi limetres to a 
maximum of 20  centimetres. 

Distinctive  pseudofenestral dclomite  (Lnit VI extends i'rorn 
Overburden covers the intwial 152.8 to 154.0  metre:$. 

face  and weathers  white to light grey. I t  is fi le grained and 
154.0 to 181.0 metres. This dolomite is gre:' on fresh sur- 

generally  massive. The pseudo.fenestral texiure is seen z s  
very irregular, complexly  shapcd features c ,mmonly out- 
lined by a  thin,  black or dark :grey harder vith a cor(: of 
white or medium  grey dolomite or rarely calc te. Conceltric 
layers of dolomite, in shader: :If grey. are ,resent within 

have  polygonal  outlines and  are intqre1:d  as  fillin@ 
some of these  pseudofenestrae. ILocally the p ;eudofene  itrae 

within a  dissolution  breccia. 

208  metres.  The  lower 5.3 metres c:onsi ,Is of browrw 
The Toby Formation is exposed from 94 metres. to 

weathering.  well-cleaved shale. On f r a h  su: faces  the rock 

millimetre.  Calcite forms a thin #coating on th : planar ~ : l c a ~ -  
is dark to medium  grey with grain size Itss than  0.062 

age.  Scattered,  discontinuous  layers of dolo nile,  less  than 
2 centimetres thick, are present in the  shale. rhey  are  grey, 
weather light buff and have a :;li,ght positive I :lief  abovc: the 
surrounding shale. 

Above  the  brown  shale to the top of the exposure is a 
polymictic conglomerate, typical of the Tc  3y Formation. 
The  conglomerate is matrix supported. TI e clasts .%nn 
40  per  cent of the  rock, range from 1 to 20 centimelr8:s  in 
diameter and are  subangular  to rounded. CIMs consist o f  
fragments of rocks from the unclerlying Moc nt  Nelson IFor- 
mation. They  consist of black  chert, pseud ,fenestral ,301- 
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omite and grey  dolomite together with green, grey and 

observed.  The matrix is the same as the  underlying shale. 
white  quartz  arenite.  Magnesite  clasts  were  were  not 

Cleavage is developed exclusively in the  matrix. 

that  cherty dolomite and  pseudofenestral dolomite  are  host- 
Comparison between Sections A and B clearly  indicates 

rocks and stratigraphic equivalents of the magnesite.  This 
relationship is further  suppotted by the  preservation of the 
cherty  layers  and  lenses  within  the  sparry magnesite-bearing 
rock.  The footwall contact between  sparry magnesite and 
cherty dolomite is irregular. Carbonate  pseudomomorphs 
after lenticular gypsum  crystals  are present  within the  dolo- 
mite  near  this  contact.  The lateral lithological  change 
between  sparry magnesite  and  cherty and  pseudofenestral 
dolomite is not exposed. 

Magnesite-bearing rock is sparry  and  light grey  on fresh 
surface. I t  is characterized by a knobby,  rough,  huff- 
coloured weathered  surface. When crushed, the  rock  reacts 
moderately with hydrochloric  acid. Grain  size varies from 
0.1 millimetre to 2 centimetres. The rock consists mainly of 
magnesite. Typical  impurities are  dolomite (1-25%), calcite, 
rusty  stains along fractures and occasional  shaly  layers. 
Near contacts with dolomite,  magnesite-bearing rock con- 
tains layers of black chert I to 15 centimetres thick which 
form up to 30 per cent of the rock.  The  chemical  composi- 
tion of the rock is given in Table 4-9-1. 

shales of the  Mount  Nelson  Formation  (Figure 4-9-5), 
The Red Mountain deposit  overlies the  purple  and  green 

indicating  that i t  is located higher  in  the  stratigraphy  than 
the Driftwood  Creek  deposit. 

TOPAZ  LAKE DEPOSIT Plate 4-9-6. Pseudofenestral  features.  Open  spaces  filled 
This magnesite deposit, located  south of Topaz Lake, was be white  dolomite  separated from the host  dolomite by dark 

staked in 1960 and 61 and consists of several showings gray  rims. Topaz Lake deposit. 

CHEMICAL  COMPOSITION OF  THE MAGNESITE-BEARING ROCKS  OF THE  BRlSCO AND  DRIFTWOOD CREEK  AREAS 
TABLE 4-9-1 

DEPOSIT MgO CaO Si02 F e z 0 3  Fe (Total) A I 2 0 3  CO2 

Red  Mountain 39.50  0.76  14.72  0.88  43.40 

Topaz  Lake 42.79 1.04 6.48  0.87  46.72 
43.34  0.51  5.54  1.02  47.60 
44.85  0.73  3.47  0.95  49.20 

Cleland  Lake 38.20  7.89 4.51 1 .oo 47.74 

Jab 44.02  0.47  8.99  0.99  43.82 

Botts Lake 35.97  8.57  8.69  0.12  46.02 

Dunbar  Creek 41.41  2.84  3.97  2.07  47.48 
42.28  2.67  3.22  1.03  48.28 

Driftwood  Creek 42.50  4.20  2.50  0.77  0.06 
40.00  6.00  4.60  0.82  0.13 
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(McCammon, 196'1: Grant  1987).  The largest is exposed 
over an area  of  38 X00 square metres (Figure  4-9-6).  The 
contact between  magnesite-bearing  rock and the  footwall is 
irregular  and subhorizontal.  Drilling  indicates  a  thickness of 
magnesite of up to 30 metres (Grant,  1987).  The footwall of 
the  deposit, where exposed,  consists of dark grey to black, 
fine-grained  dolomite. When powdered, this dolomite effer- 
vesces  strongly on contact with hydrochloric  acid. It com- 
monly displays spectacular  pseudofenestral  textures (Plate 
4-9-6). However,  drilling  indicated that outcropping  magne- 
site is underlain by cherty dolomite  (Grant,  1987),  suggest- 
ing  that  the  footwall contact is discordant. 

weathers beige.  Crystal size varies from I to 20 millimetres. 
Sparry magnesite-bearing rock is white to light  grey  and 

Observed  impuritits are dolomite (0.20%). calcite  veinlets 
and  fracture fillings (<5%), disseminated  pyrite (<0.5 mm, 
trace) and quartz grain  aggregates (1-2 cm, <I%). It reacts 
weakly or  not at all with hydrochloric  acid  even if crushed. 
However,  near  the  contact with fine-grained  dolomite, 
powdered  sparry  carbonate  reacts  moderately with acid 
when crushed, indicating  a  substantial  dolomite  component. 
These sparry  zones with lower magnesite  content are identi- 
fied  on  Figure  4-9-6  as a distinct unit. The  chemical 
composition of the magnesite-bearing rock from the main 
showing is given in Table 4-9-1. Smaller magnesite  occur- 
rences  nearby  are  described by Grant  (1987). 

the Cleland Lake  and  Red  Mountain deposits are  tentatively 
Based  solely on textural and  lithologic  similarities, both 

interpreted as part of the same magnesite  horizon. 

CLELAND LAKE  DEPOSIT 
This magnesite  deposit is exposed along a low ridge at 

the south  end of Cleland Lake (Figure 4-9-7).  The  minimum 
thickness of the magnesite zone is 20 metres  (Figure  4-9-8). 
Most of the  sparry  magnesite rock is coarse grained and, 
when crushed, reacts  moderately with hydrochloric  acid. It 
is beige to  pale grey and weathers buff. It consists of 
magnesite (1-5 mm. 60-95%), sparry dolomite (1-10 mm, 
3.40%). local silica  concentrations in the form of veinlets 
and sandy layers ( ~ : 5 % )  and disseminated pyrite ( 1 2  mm, 
< O S % ) .  Composition of the magnesite-bearing rock is 
given in Table 4-9- I .  Some sparry carbonate  zones have  a 
high dolomitic  component and are referred to as sparry 
carbonate (Figure  4-9-7).  Near  the contact of magnesite 
with  overlying  red  or  grey  fine-grained  dolomite,  the 
magnesite zone is fine grained and layered. 

alent of the  sparry magnesite in the  southern part of the 
Fine-grained, pale  grey  dolomite is a  stratigraphic equiv- 

study area. 
The  hangingwall  consists of a thin layer of pale to dark 

grey, fine-grained  carbonate, which is in turn overlain by a 
thick sequence of red to purple dolomites and  dolomitic 
siltstones (Figure  49.8).  These purple  rocks  contain abun- 
dant  dolomite cast!; after halite  and  dolomite-replaced  halite 
hopper crystals. They are  reduced in the northwestern  part 
of the map  area, where  their colour  changes to green  and 
they  contain  pyrite crystals up to 1 centimetre in size. 

Disseminated  fine-grained  sphalerite,  bornite  and  an 
unidentified opaque mineral were observed approximately 

Geological Fielduwr-k 1991, Pup' 1992-1 
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Figure 4-9-X, Cleland Lake deposit;  vertical 1 ross-sectio:? 
for  location  and  legend  see  Figure 4- 2-7. 

620 metres  southeast of the magnesite  showi tg. This metal- 
liferous  mineralization is host;:d by d i c i f  ed, lighc grey 
dolomite which is believed to bft the stratigra! Ihic equiv,ilent 
of the  magnesite  horizon. 

silty  dolomite containing halite 'hopper cryst; Is, the Ckland 
Based on the  lithologic suc::ession: maglesite an< red 

Lake deposit is probably hosted by the  strat  graphic txpiw 
alent of the  white  markers unil described b f  Pope (1989) 
which underlies  the  purple seql-tence (Figurt 4-9-31, 

JAR DEPOSIT 

magnesite  showing in the Br ixo  area. Ma;.nesite-bearing 
Staked in 1961,  the Jab dcposit i!; the  oldest k roun  

rocks form a knoll about 130 metres Img, L ?  to 55 m:trt:s 
wide  and  up to 20 metres higl  ((Figures  4-9- 9 and IO). The 
magnesite-bearing rock is white on frest  surfaces  and 
weathers  beige. It is spany, however,  the si2 2 of magnt:si:e 
crystals diminishes progressive'ly from seve -al centirnetrrx 
in the north to finer  and sugar!! I 1-3 mm) in ti  le south p;rt  nf 
the knob.  Most of the  primary  sedimentary Features of the 
protolith were destroyed  during recryrtaliz Ltion, houever 
relicts of hemispherical, lateral.ly linked s t  omatolite:; are 
preserved in two  fine-grained outcrops. In th : southern pan 
of the  knoll, magnesite layer:; ;! to 5 centin etres thick are 

partially transformed to talc or serpentine. 
separated by vestiges of thin (.<5 nlm) :~ l ty  beds lnow 

Visual examination  indicaks that magnesi e-bearing rock 
consists mainly of magnesite (::pS5%). Impu ities  are dolo- 

the  talc or selpentinized greerl silt layers (0.5%). Silica 
mite (<IO%),  disseminated 11) rite (trice) a Id  vestigcj o f  

other  deposits of the  Brisco arm. 
veinlets and  quartz  crystals  (0-3'%)  are less al ,undant th,in in 

The magnesite-bearing knoll (Figure 4-5 -9) is iso.;lted 
and none of the  nearby  trenchtz  reached bedl ock.  The  knoll 
was bulk sampled  and  drilled. .4 drill hole I lver 80 rn:trc:s 
deep terminated in magneske  (McCammo1, 1962).  The 
orientation of the  borehole is not known. Althougb the 
overburden in the area appears to be thic this de:.osit 
warrants  further  exploration m i  testing. Th, interpret.iticmn 
of structural  measurements taken on the vest ges of bccdir.g 
planes  suggests that the magnesite  knoll is   an of a l,irg(:r 
fold  structure  plunging 16' tcu  ards 324". 

The lack of outcrops in the irnmediate are.. of the deposit 
precludes  stratigraphic  correlalion, hrlwevc r stromat(llitic 
textures  and green  centimetrw;cale layers  ~f sedimenta~y 
origin were also observed in m;tgnesite.-beari 1g rocks c f  the 
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Figure 4-9-6. Geology of the Topaz Lake deposit 

British Columbia Geolo,qical Surrey Branch 



LEGEND 
Sparry magnesite Cliff I steep slope mrm 
Sparry carbonate  Test pit U 
Fine-grained dolomite  Section location 4- 
Red beds Claim  post [3 
Outcrop :_. .: x 
Contact  (defined, appx.) / /' Road 

I"i 

_... . 
Bedding 30// 

-. - 
" 
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Driftwood  Creek  deposit. These similarities suggest that the 
Jab  and Driftwood Creek  deposits may be part of the same 
stratigraphic horizon. 

DUNRAR CHHEK DEPOSIT 

stromatolitic  and cheny  dolomites. Most of the showings 
The  Dunbar Creek showings  are hosted by a sequence of 

have irregular shape and  variable grade.  They  are  described 
by McCammon (lY64). When  crushed,  the  magnesite- 
bearing rock reacts  moderately to poorly with hydrochloric 
acid. Magnesite content varies  from 50 to 90 per cent. 
Impurities are  dolomite (5-30%), calcite veinlets  and frac- 
ture  fillings (U-S’Z)), disseminated  pyrite  (trace),  cherty 
layers over 1 centimetre thick (0.15%) and disturbed  vein- 
lets of quartz less than 5 centimetres wide (0.1%). A thick 
stromatolitic  sequence  underlies  the  deposit  and  cherty 
layers are  abundant in adjacent dolomite. It is possible  that 
the Dunbar  deposit lies on the  same  stratigraphic horizon as 
the  Driftwood Creek  deposit, which is tentatively  inter- 
preted as the equivalent of the white  markers unit (Figure 
4-9-3). 

BOTTS LAKE DEPOSIT 
The Botts  Lake deposit is located on Figures 4-9-1 and 2. 

Magnesite  outcrops were  traced over a distance of I18 
metres  along  strike. A magnesite-bearing unit is at least 

east.  The footwall  consists of hard, aphanitic to  fine- 
I O  metres thick (Figure 4-9-11), strikes 130” and dips 47” 

grained,  dark  grey  to black dolomite which weathers  pale 
grey. When  crushed, this dolomite  reacts moderately to 
strongly  with hydrochloric acid. It appears  massive on fresh 
surfaces,  however,  careful examination of the weathered 
surface reveals submillimetre-scale  laminations. It is  cut by 
pale  grey  dolomite  and milky  white quartz veinlets (<5 mm 
thick). 

Light  to  medium grey dolomite which weathers  pale  fawn 
in colour  overlies  the dark  dolomite. It fractures  along 
irregular,  lumpy  surfaces.  It does not react with hydro- 
chloric  acid  unless  crushed  and is cut by hairline fractures 
containing clay  and/or calcite. 

amounts of magnesite,  may represent the transition  between 
Pale  grey  dolomite,  which  possibly  contains  minor 

dolomite  and the magnesite-bearing horizon. If crushed it 
reacts  moderately with acid. The rock appears  massive on 
the  fresh  surface,  however, suggestions of diffuse 3 to 
5-millimetre layers are seen on the  weathered surfaces. 
Grain  size  does not exceed 0.5 millimetre. 

The  magnesite-bearing  rock  is snow white and  weathers 
white or  light grey. Crushed rock will effervesce moderately 
to poorly when in contact with hydrochloric acid.  The rock 
appears  textureless  on  fresh  surfaces. Laboratory  work is 
required to identify the origin of local, irregular, “sponge- 
like” shapes  revealed by differential  weathering.  Field  esti- 
mates indicate that the  rock consists  of a  mixture of dolo- 
mite (40 to 70%) and  magnesite (30 to 60%) and is expected 
to  have a lower  magnesia  content than other  magnesite 
deposits of the  Brisco  area. Traces of enargite (Cu,AsS,) 
were found in hairline fractures  within  this  horizon. 
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Fizure 4-9-10, Vertical sections  across the  Jab deposit; see Figure 4-9-9 for location 2 n d  legend 

sw 
16- 

v) 

E -  
E -  
+ -  
Q) 

0- 

Red to purple 
sequence 

LEGEND 
1-1 Light  to  medium 
"" 
"" grey  dolomite Ea 

Cherty  magnesite I] Dark  rey  to  black 

Magnesite 1-J 
Pale  grey  dolomite ::::::::::. 

do ? omite Ea 
Overburden r-7 . .  

H 
,. . 

........... 
Figure 4-9-1 1. Geology of the Botts Lake deposit. 
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bearing  unit (Figure 4-9-1 I). The thickness of this  horizon 
Chert is exposed in the  hangingwall of the magnesite- 

appears to increase  along strike to the south. 
Red to purple  silty dolomite and dolomitic argillite overly 

the chert-bearing horizon. These  rocks  are  characterized by 
a red to rusty brown, locally pitted, weathered surface, 
halite  casts and intraformational  breccias.  Locally,  red 
argillite contains ellipsoid-shaped  reduction features usually 
less than 5 centimetres  along the longest  axis. Based on the 
relative  position of the  lithologic  units, magnesite and red- 
purple dolomite  containing halite pseudomorphs, it is sug- 
gested that the  Botts  Lake  showing  corresponds  strati- 
graphicaly to the  white markers unit (Figure  4-9-3). 

OTHER  MAGNESITE DEPOSITS 

(Pope, 1989, 1990),  are located on Figure 4-9-2. They 
Two magnesite showings reported in the Invermere  area 

consist of impure  magnesite and are less  than I metre  thick. 
They  are hosted by the white markers unit (Figure  4-9-3) in 
the  upper pan of the  Mount  Nelson  Formation (Pope, 1990). 

SUMMARY  AND  DISCUSSION 

Creek areas  are  dolomite  hosted and  stratabound.  They  are 
All the  magnesite  deposits in the Brisco  and  Driftwood 

located within the upper half of the Mount Nelson Forma- 
tion.  Most  are lenticular and seem to  form  chains  as  illus- 
trated by the Driftwood  Creek  example  (Figure  4-9-4). 

All deposits  are stratigraphically associated with red to 
purple dolomites, cherty dolomites  (Plate 4-9-4). stromato- 
litic  dolomites  (Plate  4-9-1).  dissolution  breccias  (Plate 
4-9-2)  and  other  rocks  containing  dolomite  pseudomorphs 
after halite (Plate  4-9-5) and  lenticular gypsum  crystals. 
Locally,  stromatolitic textures are preserved, even within 
magnesite-bearing rocks.  Most of the above  features  are 
indicative of the evaporitic  depositional  environment. 

ORIGIN 

magnesite  deposits in  the Brisco  and Driftwood  Creek  areas 
The  current working hypothesis for  the origin of the 

is based  mainly on the  field  evidence indicating an  evapori- 
tic  depositional  environment  and  published  information 
concerning  magnesite  genesis.  The link between  the evap- 
oritic  environment and magnesite in the  Brisco  area was 
first  suggested by Bennett (1985). 

Although  magnesite  can  not precipitate directly  from 
aqueous  solutions  under  normal  near-surface  conditions 

commonly  form in evaporitic  environments  (Morse  and 
(Lippman, 1973). magnesium  hydrates  or  hydroxyhydrates 

Mackenzie,  1990).  The  Brisco  and  Driftwood  Creek 
deposits  may  have  formed by recrystallization of such mag- 
nesite  precursors, or by  cyanobacterial  magnesite precipita- 
tion in evaporitic  basins or lakes having  high Ph (8.5-10). 
The biomineralization of magnesite  by  cyanobacteria was 
documented on the  laboratory  scale  by  Thompson  and 
Fenis  (1990).  The  presence of magnesite is well docu- 
mented in modem  marine  environments  for  example in 
Coorong Lakes, South Australia  (Warren, 1990)  and  Sebkha 
El Melah,  Tunisia  (Perthuisot, 1980). The  evaporitic  model 
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was proposed on many  occasions in the past to explain  the 
origin of ancient  sediment-hosted  magnesite  deposits. 
Unfortunately in most cases the analogy was not convinc- 
ingly documented or the concept was misused. In this  case 
metalliferous minerals would  represent an overprint. 

Two alternative  hypotheses for the formation of the mag- 
nesite deposits in the Brisco  and Driftwood Creek  area 
should not  be discounted  before completion of ongoing 
laboratory studies.  They are: (a) formation of magnesite by 
replacement of dolomite,  as  proposed  for  the  Mount 
Brussilof magnesite  deposit  (Simandl and Hancock, 1991). 
and  (b)  formation of magnesite by the inflow of hydro- 
thermal  fluids into  closed  basins  as previously proposed  for 
some Yugoslavian deposits (Fallick ef a/. ,  1991). 

maturely ruled out in the study area.  Evaporitic  rocks are 
Replacement of dolomite by magnesite  can  not be pre- 

easier to dissolve than  carbonates.  Preferential  dissolution 
of evaporitic rock may result  in  the development of karst 
features  and  extensive  zones of dissolution  breccia along 
evaporitic horizons.  Late diagenetic or hydrothermal iluids 
similar  to those forming Mississippi Valley-type base metal 

permeable  zones, replacing fine-grained dolomite  and evap- 
deposits could  move  preferentially  through  these  highly 

printing  primary evaporitic textures. 
oritic  minerals by sparry magnesite  and  dolomite, over- 

Magnesite  deposits of hydrothermal  exhalative  origin  are 
described in Yugoslavia. These  deposits  are  fine-grained 
magnesite-dolomite beds  and lenses hosted by Miocene 
lacustrine sediments related to silicic volcanism (Fallick 
et a / . ,  1991). The  hydrothermal  model is a  viable  hypothesis 
for  magnesite  deposition in the Brisco  area  because syn-rift 
vesicular  andesites  containing  clasts  from the  Mount  Nelson 
Formation  documented  along  the  unconformity  separating 
the Mount Nelson and Toby formations (Reesor,  1973; 
Bennett, 1985; Pope, 1989). Furthermore the origin of the 
chert  associated with the magnesite  deposits  is not yet 
established.  Chert may be evaporitic with or without  a 
hydrothermal  component. 

EXPLORATION  IMPLICATIONS 

site genesis  (evaporitic,  diagenetic  or hydrothermal),  the 
Regardless of the origin of the  fluids involved in magne- 

carbonates of the  Mount  Nelson  Formation  represent a 
favourable  exploration  environment  for  Brisco-type 
deposits,  particularly  stratigraphic  equivalents  of  chert- 
bearing  rocks adjacent  to red or purple-colored dolomites 
and  dolomitic  siltstones with dolomite  pseudomorphs  after 
halite. 

The Toby conglomerate  is a well-documented marker  that 
can be used by prospectors  to delimit  the  Mount  Nelson 
Formation which hosts  all known  magnesite  occurrences in 
the area  (Figure  4-9-2). 

Two  magnesite  showings reported  in  the Invermere  area 
are  also hosted by the  white  markers sequence of the  upper 
Mount Nelson  Formation (Pope, 1990). indicating that the 
formation is prospective for magnesite  at  least  from  lnver- 
mere to Driftwood  Creek. 

described hypothesis concerning the origin of magnesite 
Laboratory  studies are in progress  to test  the  previously 
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deposits in the  Brisco and  Driftwood  Creek  areas.  A  deposit 
model is required  to  identify  the  areas  with  highest  explora- 
tion  potential. 

The  occurrence  of  enargite  within  magnesite-bearing 
rock at Botts  Lake  showing,  and  of  sphalerite  and  bornite 
near  the  Cleland  Lake  magnesite  showing  may  represent  a 
post-magnesite  hydrothermal  overprint.  However,  a  pos- 

be discounted.  Enargite,  sphalerite  and  bornite  are  reported 
sible  genetic link with magnesite  mineralization  should  not 

ments  including  exhalative  hydrothermal  deposits  (Guilbert 
in association  with  a  wide  variety  of  geological  environ- 

and  Park,  1985) and  Mississippi  Valley-type  base  metal 
deposits  (Hagni,  1976; Vos et al., 1989).  The  possible  met- 
allogenic  significance  of  these  new  base  metal  showings 
should  not  be  overlooked. 

ECONOMIC POTENTIAL 

deposits in the  Brisco  and  Driftwood  Creek  areas  have 
Field  investigations  indicate that several  of  the  magnesite 

grades  similar  to  deposits  currently  mined in Europe, 
however,  their  silica  content is higher  than that of the 
famous  Mount Brussilof  deposit. 

Magnesite-bearing  rocks in the  Brisco ~ Driftwood  Creek 
area  have  simple  mineralogy  and  coarse  textures, suggest- 
ing  that they  may  be either  upgraded by traditional  con- 
centrating  methods or used as  source  material  for  products 
not  requiring  high-purity  feed. 

ample,  concentration  of  impurities  such  as  quartz  and  chert 
Furthermore,  as  illustrated by the  Driftwood  Creek  ex- 

varies  substantially  along  strike,  indicating  that  extensions 

cropping  portions.  Most  of  the  deposits  are  open  either 
of other  known  deposits  may  have  higher  grades  than  out- 

along  strike  or to depth. 

ing  the  possible  applications for  magnesite  from  these 
Laboratory tests will  contribute  significantly to determin- 

deposits. 
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DETECTION  AND  MAPPING OF REGIONAL-SCALE  LINE.!IMENT!; USIRlG 
NOAA AVHRR SATELLITE  IMAGERY 

By Karl Kliparchuk and Peter von Gaza 
Advanced  Satellite  Productions, Inc. 

KEYWORDS:  Regional  geology,  satell i te  imagery. 
regional-scale lineaments,  remote  sensing. 

INTRODUCTION 
Satellite  remott:  sensing  technology has played an 

increasingly large role  in  thr search for mineral resources 
over the  past two decades (e.,?., G o e t ~  ?tu/., 19x3). This has 
been primarily  thrwgh the use of Landsat Multispectral 
Scanner ( M S S )  imagery and, more  recently.  Landsat 
Thematic  Mapper (1") imagery. The MSS scans in four 
spectral regions with a ground  resolution o f  X 0  metres, 
whereas the TM s(:ans in seven  spectral regions and has 
30-metre  ground  rcsolution. These two types of imagery 
have provided geologists with it valuable tool f6r investigat- 
ing surface materids and  lineaments. Many studies  have 
shown that though  satellite data is generally not successful 
at locating  specific targets fix mineral  exploration, i t  i s  a 
valuable reconnaissance tool and in many cases i s  an invalu- 
able aid in more  detailed  investigations. 

Most of the  inve!.tigations of satellite  imagery for  mineral 
exploration  to date, especially in areas covered by dense 
vegetation,  have  focused on techniques for  identifying 
lineaments. Geologiyts have realized  for some time that 
many mining districts and individual ore  deposits occur 
along or near linear trends.  These faults and  fractures may 

migrated, and therrfore  control the spatial distribution  of 
represent conduits  through  which hydrothermal  fluids 

potential ore  depoxits. Contemporary  mineral  exploration 
geologists spend a considerable  amount o f  time and  funds 
seeking  and developing techniques for  identifying  linea- 
ments. The ability to view extensive  areas using Landsat 

mapping potential  lrncture and lault patterns, especially in 
imagery has providcd geologists with a useful technique for 

areas where  very little is  known about the geological 
environment. 

Current trends in  mineral  exploration in  British Colum- 
bia, especially in rzconnaissmce studies, indicate  thal the 
recognition of  structural 7ones is. in many cases, a prime 
objective. This is due in part to the f ic t  that  the province i s  
heavily vegetated  and  the clearly  visible  alteration patterns 
associated with deposits in more  arid regions are not easily 
recognized. 

for mineral exploration i s  well documented, although exam- 
The use o f  lineament mapping  from the  Landsat imagery 

ples from  British  Cnlumbia were not located. A recent  study 
by Mortensen and yon  Gara  (in press) which used T M  
thermal-band data lor regional analysis of lineaments in the 

previously unrecognized  structural patterns could be identi- 
Klondike  district, Yukon,  demonstrated  that significant,  but 

fied and  should  influence  exploration  models in the region. 
Another paper by von Gaza (1988b) demonstrated the value 
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o f  TM data  for mapping  linean~ents in the IJheaton  River 
district,  Yukon. 

erally centre on areas  less  than 1'00 by I :)O ki xnetrcs. Eilo!.t 
Standard investigations invnhing Landsat  imagery  Zer- 

recent  studics  have  focused on u,;ing TM data  at  scales I 17 1.1 
1:SO 000. The use of  Landsat  Themati: M a ~ p e r  or M t ~ l t l -  
spectral  Scanner  data would be <:umher;ome  and  entrf:rriely 
expensive if ;tpplied to a provinve  wide stud) I t  would take 
approximately SO to 60 Landsat :scenes to con  pose >I mu;aic 
o f  the province. Alternatively, satellite I ala  frorn the 
National  Oceanic  and  Atnloipheric  Ad! linistra1i:Sn's 
Advanced Very High Resolutinn  Radiomete- (AVHRX) i s  
relatively  inexpensive and a !,illgle scene cciers an e > ~ e r -  

for this study). To  date, no cloi:ument;htion ,f altemp :; to 
sive  area (p.g., total  imagery ,cost  was rpprc  rimately !1350 

map  regional lineaments with .AVHRF: im8 :ery  has 'Ieen 
located. 

OBJECTIVES 

use of AVHRR data as a r o d  for mapping regional-'.cale 
The purpose of  this study is to investigal: the po1erhti;tl 

lineaments in British Columbiz.. The genera objectivt::; o f  
this research are to determine: 

e I f  remotely sensed satellite imagery wit1  cvarse s p h l  
resolution ( r . , y . .  I kilometr:: by 1 kllome :re) is  vall.:rb'e 
in mapping  regional-scale  lineammts. 

e The extent o f  correspondence hctwee I the detwted 

Columbia. 
lineaments and the major tectonic feat Ires i n  Ehitirh 

e If previously unmapped major  lineamer ts can be idell- 
tified and whether  these lineaments pol m i a l l y  adi lo 
the structural  knowledge of British C o  umbia. 

STUDY AREA 

province of British  Columb a. The Canad  an Cordillela 
The study  area for this re>e.i,rch  consiste I of the erltire 

within  British  Columbia  comp~~scs  five tect Instratigraphic 

Omineca  Belt and Foreland Bel  )that broad11 correspond to 
regions  (Insular  Belt, Coa!;t Belt,  lnterrlontane I jel t ,  

the physiographic  subdivisions (Western S) item, Caxace 
Mountains, Interior System and Eastem Sys em). 

The Foreland and Omineca belts are se mated b) t te  
Rocky  Mountain Trench. This is one of the  three trenches 
occurring in the  Canadian Cordillera, with  tl e others tc ing 
the Tintina and  Shakwak  trenches in the  Yuk In. The R:cky 

kilometres south of the Interna.ional  Bound, ry, norttniest- 
Mountain Trench extends frwr Flathead L; ke nearly 2C0 

wards for 1600 kilometres. u n t ~ l  i t  dis.lppea-s in the Liard 
Plain.  The  Tintina Trench begjns 300 k.ilom,:tres  northwest 
of the Liard  River and  extend. for 725 kil metres bc:fo:-e 
entering Alaska. Strong  structural control i ,  suggested by 
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in their  alignment. Some researchers have theorized that the 
the  linearity of the features  and the occasional displacement 

Rocky Mountain  Trench  began as a series of Tertiary faults 
that developed into graben.  The  graben were expanded  and 
preserved as a continuous valley by stream erosion (Bird, 
1980). 

DATA 

meteorological satellites employ sensors which have a very 
Designed to assist in weather prediction  and monitoring, 

coarse spatial  resolution compared to land-oriented satel- 
lites. The trade-off of  coarse spatial  resolution is highly 
repetitive coverage.  The passive sensors aboard  the satel- 
lites  collect reflected  and  emitted  electromagnetic  energy 
from the  earth’s surface and atmosphere. 

(NOAA) series of meteorological  satellite data was used in 
The National Oceanic  and  Atmospheric Administration 

this  study.  Several generations of NOAA satellites have 
been  launched.  The  NOAA-6 through NOAA-I2  missions 
contain  the  Advanced Very High  Resolution Radiometer 

2400 hilometres with a ground resolution of 1 .1  hilometres 
(AVHRR).  The swath width of the AVHRR instrument is 

at nadir. To provide  the global  coverage, the Satellite orbits 
the earth at an altitude of X33 kilometres. The  system daily 
provides one image in the  visible  portion of the spectrum 
and twu images in the infrared  portions of the spectrum. 

the  visihle light image. 
One of the  infrared images is generated at the same time as 

The AVHRR scans  four portions of the spectrum: 
I. 0.58 - 0.68 nm Green to red light, 
2.  0.72 - 1.10 nm Photographic near-infrared  light. 

4. 10.5 ~ 11.5 nm Far-thermal  infrared light. 
3.  3.55 ~ 3.93  nm Near-thermal  infrared  light, 

spectrum  together with the  ranges of the sensors on the 
Figure 5-1-1 shows the divisions of the electromagnetic 

AVHRR.  For more information on AVHRR data  the reader 
is referred to Lillesand  and Kiefer  (1987). 

This satellite crosses the equator,  moving  southward,  at 2:30 
Data from the NOAA-9 mission were used in this study. 

p.m.  daily and provides  repeat coverage  every 12 hours. It 
passes  over  Canada  at  approximately l:00 p.m.  Summer 
imagery was  chosen  for  this  research  because the sun i s  at 
the highest point above the horizon, which minimizes  shad- 
owing. Although shadowing helps to detect  topographically 

expressed  lineaments in remotely sensed imagery, an exces- 
sive amount may  result in misinterpretation. 

mosaic of images  from July I I  to July 31, 1988.  Multiple 
The  image of British  Columbia was created  from a 

images were  required to  create the final  composite  image 

The mosaic was rectified to the  Lambert  conformal map 
due  to the presence of cloud cover in parts of the  province. 

projection  and resampled to a pixel (a picture element)  size 
of 1.0 kilometre. Due to time and financial constraints, the 
researchers only acquired datasets  for  Channels I ,  2 and 3 
from the NOAA-9 AVHRR. 

METHODOLOGY 

SIMPLE  IMAGE  ENHANCEMENT 
The initial  interpretation of lineaments consisted of a 

visual  inspection of the  image bands which had been lin- 
early contrast  stretched  and edge  enhanced.  High-pass  fil- 
tering (i .c. ,  edge  enhancement) is a technique  that applies a 
local  operation to a pixel and its neighbours.  The result of 
the  local  operation is then placed in the  central pixel’s 
location. For this study a three by three  kernel *as created 
with weights of I .XX at the centre and -0.11 at the  edges. 
This kernel is moved throughout  the  original  image  bands, 
row by row, and the  central  value in the output  image is 

corresponding brightness  value in the  original image, then 
created by multiplying each coefficient in the  kernel by the 

adding together all the resulting  products. 

on the computer screen were recorded.  Figure 5-1-2  shows a 
Only those  linear features which were clearly discernible 

down-sampled view of the  three AVHRR bands  after  con- 
trast  stretching  and  edge  enhancement. 

NON-TOPOGRAPHIC  HILL  SHADING 
An alternate  approach to enhancing  lineaments is the 

non-topographic  hill-shading  technique  (van Gam, 1988a). 
In digital images the tonal differences used in visually 
identifying lineaments, as expressed by topography and 
spectral  differences  between  surface  materials.  are  not 
always  easily  detected. Tonal differences however are man- 
ifest in the digital image topology as  breaks in slope and can 
be enhanced for visual identification by illumination  from  a 
single  synthetic light source.  This is done by treating  the 
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AVHRR El 
Figure 5-1-1. The divisions of the electromagnetic  spectrum  and  sensing  ranges of the  sensors for the AVHRR. 
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t igurc  5-1-2. A dnwn-sampled view 01 the three AVHRR bands after 
contrast  stretching and edge enhenccmcnt. 
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digital  image data  as a digital  elevation model (DEM) and 

of the dataset is calculated  using  a  Lambertian  reflectance 
illuminating  the dataset with a  hypothetical  "sun". Shading 

and  solar elevation which provides best definition of the 
model.  The user  interactively specifies the solar  azimuth 

dard  dlrectional  filtering  techniques  used i n  image 
lineaments. This technique is basically  a  refinement of stan- 

processing. 
In an effort to enhance the visual expression of inherent 

hill-shading  technique.  Two  hill-shaded  images  were 
lineaments in the data,  two  images were produced  using  the 

created for each band, with the  first  image  having  a pseudo 

of 75'. Two  images were created with different  solar 
solar azimuth of 0" and  the second a pseudo-solar azimuth 

azimuths in order  to avoid  directional  biases. The  authors' 
experience suggests that more than two viewing angles are 
not necessary as  long as the directions  are carefully chosen. 

Near  orthogonal azimuths were selected in  order tu maxi- 
mize the amount  of  different  information presented in the 
datasets. At the  sun  azimuth of O", patterns which trend in an 
east-to-west  direction  are  emphasized,  while at a sun 

sized.  The sun azimuth of 75" was  chosen to emphasize the 
azimuth of 75", patterns  trending north t11 south are  empha- 

Figure 5-1-3. A pan of the hill-shaded  image  from Band 3 
(sun azimuth = 75" and solar  inclination = 30") 
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known major  lineament patterns in British Columbia.  The 

This value was  selected  through trial and  error. F i y r e  5-1-3 
solar  inclination (angle  above the horiron) was set t o  30". 

sun arimuth  at 75" and the solar inclination  set to 30'. 
shows a part of the hill-shaded  image from Band 3. with the 

The lineaments derived  from visual interpretation of the 
contrast-stretched and edge-enhanced  hands were stored 

image bands as  rastrrized  maps. 
together with the lineaments extracted from the hill-shaded 

DIGITIZATION OF KNOWN MAJOR 
LINEAMKNTS 

The Tectonic rLsemhlage Map of the Canadian  Cor- 
dillera  (Tipper ef d .  IYXI) published by the  Geological 

The scale of this map is 1.2 000 000 and i t  is in the  Lambert 
Survey of Canada was digitized for its curvilinear  ieatures. 

the  three AVHRR bands were plotted on a raster  output 
conformal  map projection. The interpreted lineaments from 

device together with the  lineaments  digitized  from the tec- 
tonic  assemblage  map.  The plots of the  interpreted l i lw-  
ments were overlain on the tectonic assemblage  plot,  one at 
a time.  and the areas of coincidence and clivergcnce were 
located. 

PLOTS OF KNOWN  MINING SITES 
Some  known  mining sites were plotted on the  tectonic 

assemblage  map in order to compare their  location to the 

compared  to the location of the lineaments derived from the 
location of the known  major lineaments. This plot  was then 

interpreted AVHRR imagery. 

ANALYSIS OF RESULTS 

are presented in Figure 5-1-4. The  major lineaments from 
The interpreted  lineaments for  the  three AVHRR hands 

the  tectonic assemblage  map were more readily  identified 
from the contrast-stretched imagery  while  the more  subtle 
linear  patterns  were more easily  recognized on the  hill- 
shaded imagery. Due to the coarse resolution  and  the need 
for  ancillary datasets (e.g. ,  aeromagnetic  data), we did not 
attempt  to rank  the interpreted  lineaments  or  describe 
whether they were surficial or  deep. 

DESCKIY.I.ION 01; BAND 1 

information. Major  topographic features are not easily seen, 
The Band 1 image has very little tonal or topographic 

with the  exception of the  Rocky  Mountain  Trench. The 
image, with the  exception of snow, i h  very dark and shows 
little or no contrast  between ground-cover types. It was very 
difficult to detect  any  linear patterns in the  northwest corner 
of the  image  because of snow  cover in that geographic area. 

Lineaments detected in this band were primarily  from the 
contrast-stretched raw image.  Inspection of hill-shaded 
images  from Band I did not add  significantly to the number 

also probably  contributed t o  detection of fewer lineaments 
of  lineaments  mapped.  The  effects of atmospheric scattering 

in the Band I image. Solar radiation in the  visible portion of 
the electromagnetic spectrum is more strongly  scattered  and 

British Columbia G~o/o,qiral Suryy  Branch 



can result in hazy images with a  muddy  appearance. Most of 
the  lineaments  plottcd  from Band I are  long and the linea- 
ment pattern is evenly  distributed across the  province.  Over- 
all, this hand is not good for  detecting  topographically 
expressed lineaments. 

DESCRIPTION 01; BAND 2 

than Band I hut a l s o  has a significant  amount of high- 
The raw image from Band 2 shows  more scene contrast 

frequency  noise. Most of the noise  appears a? very bright 
pixels which reprcsent  snow.  The  expression of major 
topographic  features is apparent  and there is a  better dif- 
ferentiation betweet! ground-cover type?.  The Band 2 image 

the  near-infrared  portion of the spectrum, which is less 
is generally  sharper than Band 1 because i t  was recorded in 

affected by atmosplieric  scattering. The greater tonal range 
of the image is prirnarily due 10 the fact that near-infrared 
light is reflected more  strongly by vegetation than visible 
light. 

in the Band I imagt:. In contrast to Band I, i t  was found that 
More  lineaments  were  detected in the Band 2 image than 

the  hill-shaded  image was more useful for detecting the 
possible  presence of lineaments. Most of the linear features 
in Band 2 are locaced  in the  southern half of the AVHRR 
image. The presence of snow i n  the northwest, as in Band I ,  
masks the expression of potential  lineaments. 

DESCRIPTION OF RANI)  3 

interpret.  Major  prnvince-wide topographic features  are 
The Band 3 image is the  most useful and the easiest to  

easily  identified and differences in surfice materials that are 
hardly visible in B:md I and 2 are very evident in Band 3. 
Areas of  snow and  water  are black and  thus  the visual 
annoyance  of bright pixels is avoided.  The hill-shaded Band 
3 image  proved to he the hest for  detecting  and  mapping 
lineaments. Most of the lineaments in Band 3 are located in 
the  northem half the AVHRR image  and  along the Rocky 
Mountains. 

The primary  reason that Band 3 is most  useful is that 
emitted  thermal  radiation  is  the  least  affected  by 
atmospheric scattering.  resulting in a  sharper  image. Both 
Bands I and 2 depend on the  amount of reilected  radiation 
from  ground  cover.  whereas Band 3 response is governed by 
the  thermal emittance from  the  ground cover. In  the Band 3 
image of Figure 5 -  1-2, snow  and  water are black (coldest), 
sparsely  vegetated.  dry areas are  white (warmest) and more 
vegetated areas art: grey (warm). 

earth's surface. As most of the ground  cover in British, 
Band 3 depicts the amount of heat re-radiated from the 

Columbia is vegetation, the amount of  solar absorption can 
he taken as a constant.  The amount of heat from the surface 
also  depends  on the direction of the surface in relation to the 
position of the sun. North-facing  slopes  receive  less  direct 
solar radiation  than south-facing  slopes and  therefore appear 
darker  (colder).  This  dependence of thermal emission on 
terrain suggests that Band 3 can be effectively used to map 
changes in slope magnitude and direction. 
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CONCORI)ANCE 01; INTF:RPRETIID L INEAME \ITS 

WITH KNOWN M A J O R   LINEAMENT, i 

dence between the Tectonic Aw:mblagc Mal and the il~ter- 
We have  determined that there  are wme a .cas of  co lici - 

preted lineaments  from the AVkRR imagery  Figure 5- 1-41, 
The areas of coincidence occLr mainly alcig the R ~ k y  
Mountain  Trench  and  the Fra!;er fault. IMost ,f these l i r e -  
ments were derived from visbai inspec:ion ( f the  contrasi- 
stretched  image  bands. 

Few lineaments  from Band I matched the Tectrmic 
Assemblage Map. A pan of  tht: northern  Rccky Mounrain 
Trench near Williston Lake, the southern par of  the Rocky 
Mountain  Trench  and  a  segment of the Fre ier lault  '\'ere 
detected on the Band I imager!,. Some unni med fault? on 
Vancouver Island and south ol~' Princt:  Rul ert were idso 
matched. 

The northern part of the R o c k y  Momtail Trench r~ear 
There were more matches 01 lineanlents from Band :!. 

Williston Lake, the  southern pwt of the Rc cky Mou~~tain 
Trench and the Fraser fault were suc,:essfi Ily identified. 
There was coincidence along: Ihe Ydlakom fault and the 
lineament also showed an east-.,outhed!;t exti nsion into the 

other unnamed faults  south of the Rocky MI untain Trmch 
interior of British Columbia. 1'hr:re ware a iu match< I; to 

and on Vancouver Island. 
The lineaments  derived from Band 3 had I le most  agree- 

ment with the Tectonic  Assemblage  Map.  A  ignificant part 
of the  Northern Rocky Mouniain Trench, ths northern 3a.t 
of the Pinchi fault and most of the Fraser faul wese mapped 
from  the Band 3 image. Therf are a h  mitches to ol.her 
unnamed lineaments  east of t h e  Northern Rc cky  Mountain 
Trench, on Vancouver Island anJ suuth of  th : southern pan 
of the Rocky Mountain  Trench 

AREAS 01; C O N T R A S T   V V l T H  'THE K VOWN 
M A J O R  LINEAMENTS 

Linci~ments which were not dctccted by thl Band I imal:- 
ery include  the Yalakom fauli, ):he Pinchi fa 111, the centrid 

Trench. Among the Band 2 line~nients, there was no n ;Itch 
and most of the  northern part of the Ro:ky Mnuntein 

along  the  Pinchi fault. The  soJthern part o f t  le Pinchi feult 
and  the  entire Yalakom faul: 'was no1 detc sed   f ro~n the 
Band 3 imagery. Nonetheless, i the  intwprel itions from all 
three AVHRR bands are  comhined into a sir &le  map, 111o;t 

the major lineaments can he !,uccessfully mi pped. 

on the Tectonic Assemblage lvl;~p. It is signi Ficant thal th's 
Many lineaments in all three bands #cross. cut the h e a r s  

cross-cutting pattern is comm~m to all thr :e bands. Tbe 
possible  reasons  for  this cnnirmt merits fur .her investigii- 
tinn. 

AGRWMENT W I T H  KNOWN M l N l N ' ;   S I T E S  

many of the mines are not located on  or along regional-,;;a.e 
A plot of known mining  sites, Figure 5 - I - S ,  shows th.lt 

lineaments, as marked by the 'Tectoni,: Ass emblage ! \ k .  
These Same mining  sites also do not ,coinc de with I ne;r- 
ments  mapped  from  the AVtIRR data Son e mining !sites 
which are located  near  the  lineaments dcrivel from AV  -1RR 
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BAND 2 

Figure 5-1-4. The  interpreted  lineaments for the  three  AVHRR  bands  and the lineaments 
from  the  Tectonic  Assemblage  Map. 
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imagery are Myra Falls  (Westnlin Resources  Ltd.). Johnny 

(Noranda  Inc.), Beaverdell (Teck Corporation), Princeton 
Mountain mine (Skyline Explorations Ltd.), Babine Lake 

(Similco  Mines  Ltd.) and Hedley  (International  Corona 
Corporation).  The Myra Fal ls  mine is located close  to linea- 
ments  detected in all three AVHRR bands. 

CONCLUSIONS 
The interpretation of the contrast-stretched and edge- 

enhanced imagery and the  hill-shaded  imagery  provided 
useful, complementary  information. Known major linear 
features were easil? detected and mapped using contrast- 
stretched  imagery,  while  hill-shaded  imagery allowed 
detection of more  subtle  linear  features.  Users of NOAA 
AVHRR imagery should use both methods f o r  detecting 
line;ments. 

i 
on the  Tectonic  Aqsemhlage  Map. ( I .  Myra Falls, 2. Prince- 

Figure 5-1-5. 4 plot of known mining  sites  overlain 

ton, 3. Hedley, 4 Beaverdell  and 5 .  Bahine Lake). 

Band 3 image. This image had t l x  most readi y identifiad? 
The most detailed  information was deri ,ed from the: 

details of the three  hands. It also appears that the ahilit:! t o  
differentiate gross  ground-cover types is be ter using the 
thermal band than  either  the reflected visibl: or  retllxted 
infrared hands. If other users irltcnd to Imp l i l  eaments with 
AVHRR imagery, i t  is suggested that the Bal d 3 inlag<: bc 
used in preference to the other iwo  hands. 

Map  are  more readily identified from th? con  rast-stretched 
The  major lineaments shown on the Tcctoni: Assembl;lge 

imagery  while  the more sublk linear  pattcrns  are mxt! 
easily  derived  from the hill-shaded  imagery. The  area; of 
coincidence  between  the  interpreted linean ents and thi: 
lineaments from the Tectonic .!\ssemb age nap occurred 
mainly along the Rocky  Mounlain  Trench 2nd the Frlser 

from the Tectonic Asscmblag? Vap. 
fault. Many linears in all thrcc bands cross-, u t  the lirlrari 
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RESOURCE  ASSESSMENT  USING A GEOGRAPHICAL I[IVFOHM,  LTION 
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INTRODUCTION 

include, hut are nnt limited to, geological maps. satellite 
Data that can he used for mineral resource ashessment 

imagery, regional geochemical data, mineral occurrence 
data, geophysical data, mineral titles data, digital elevation- 
contour  data, planimetry  and  structural  information, all of 

data using portable computers in base camps and in the  field 
which can be  digifized.  Geologists now routinely acquire 

and this has been a  common  practice within the British 
Columbia Geological Survey Branch for a number of years 
(MacIntyre, 1991). Geological data are commonly stored in 
CAD-based  files that record  points. lines and  polygons that 
describe geological  features.  Additional  infolmation that 
includes  structural  measurements  and other descriptive  fea- 
tures of field  data  are commonly stored in database man- 
agement  systems that have  assnciated  geographical coordi- 
nates. An integrated  mapping  program that has tied both the 
geological  vector-.based  data  with  the  attributes  that 
describe  the features at specific  geographic locations  has 
been  implemented by the  Ontario  Geological  Survey 
(Brodaric and Fyon, 19x9). Such  systems are  a  step  towards 
an integrated approach  to  data  capture and  management in 
ways that were not previously  possible. 

associated in a  database management system is the founda- 
The integration of spatially  based data with attributes 

tion of a Geographical  Information  System (GIS). The 
development of GIS technology  and  software is a  step 
toward an integrated  system of data collection,  management 
and,  most importantly,  analysis. Thc analytical tools that are 
being developed fnr  spatial data are  the  most  important 
features of CIS packages. 

geoscience.  The  proliferation of spatially  based  data 
The use of spatially  based  digital data is  not unique to 

prompted  the  British Columbia  government  to implement 
the Corporate Land Information  Strategic Plan in order to 
provide a framework through which geographically based 
data could he stored,  managed  and  disseminated within the 
land information  infrastructure (DMR  Group, 1989). The 
Geological  Survey  Branch will he participating in the 
implementation of the land information  infrastructure  and 

geoscience informalion  gathered or created by the  Branch in  
must  he  able to store, manage, model and disseminate 

digital form. 

* Canada - British Columbia Pannership Agreement on Mmeral Development 

Geolofiical Fieldwork 1991, Paper 1992-1 

project,  funded by the Canad;~ . British Columhia "arr- 
The Geological  Survey Brmch has t:mbal  ked on a :ilut 

nership  Agreement on Mineral Development to implr:trberlt 

capture and integrate the wealth #of digital infc rmation aiai - 
and  assess the usefulness o f  a GIS. ?he main goal !i to 

able for a mineral resource asser srnent study n the Smiihets 
area. The implementation of a C.IS will dso t e used tc' Inet:t 
the  requirements and assist in the inlplemfntation 01 the 
land information strategic pla?. As geologic 11 data are, for 
the  most  part,  geographicall) -rased, the us? of a GI!; I S  

particularly well suited to geological applic Itions A Iprr- 
vious  study by Bartier  and Kell8i.r (199(') i n k  gated  strt::lrl- 
sediment  geochemistry with hedrnck geolop y using B IGIS 
and was shown  to he a  superihr mears of :xaminirlh the 
data. 

The assessment of spatiall:! based data u ing auton~atic 
methods is not new. Previously. studiel of swatially r(elated 
geological  phenomena were ;applied to part cular dat:lreis 
that were  assembled for speril'ic applicatic ns ( q . .  E:ew 
chemical  datasets). Assessmms of gAd c:posits in the 
Abitibi belt of Ontario were ~:al+ied oLlt by 4gterherg and 

deposit occurring within a giver area, b.rsed I n  the dist~.ibtt- 
Kelly (1971). They modelled the prnbabi ity of a [:old 

tion of gold deposits  over the 'entire area. Aore recertly, 
studies of data integration ancl ;lssesstnent u ;ing GIS lave 
heen carried out in other provinces  and cou itries (Gerwge 
and  Bonham-Carter, 1989; Ik~nham-Carte~ e f  ul., 1 Mi; 
Rock ef a/ . .  1990). The main pl~rpose c'f dal, integration i s  
to co-register spatially  based il-~fnrmat~on 51 that the data 
can he interrogated using auto~n:~tic  or nlanua techniques clf 
analysis. 

Resource assessment of sps.ti;llly based &ti :a requir,?:;  the 
integration  of  informatiotl onto 2 .  co11mon set  ( s f  

evaluate the data by choosirg  one or mor: "layers ' rmf 
georeferenced coordinates and the ability t~ examine and 

rate coding of the data. Mo!;t maps m d  d gital &ala are 
information. One of the most ch,allengirtg prc blems is arch: 

coded with the  Universal  TrarlsMercatc,r pro ection (1J I " )  
coordinates which, in North America, ate has :d on !.he 327 
North American  Datum (NP.1127). This d. tum is d:tet- 
mined from parameters which dci.fine flattenir g of the g:t>id. 
Adoption of the 1983 North Amsrican  1)atun (NAD8.3 has 
resulted in a new set of parameters for geoco ling. Corder.. 
ing  between  the two standards is not a diffi :ult proce:lure 
(B.C. Ministry of Lands  and  Parks, 195l), hm Bwever,  kr1<3w- 

coding will cause errors in d x d  modding and analysi:;, 
ing which datum was used is important. Error ; introdul:oi in 

particularly  with  raster-based  images wh :re the offset 
between two layers can result in shifts of ieveral pixeli. 
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SELECTION OF THE  GEOGRAPHICAL 
INFORMATION SYSTEM 

Aronoff (1989) presents  a  general overview of geograph- 

cepts,  features and  capabilities. Van Driel and Davis  (1989) 
ical information systems.  The review describes their con- 

and  Agterberg  and Bonham-Carter  (1989) contain papers 
that describe methods of data integration  and  the  application 
of  GIS  to  specific geological  problems.  Bartier (1991) has 
reviewed  the requirements and features for a successful GIS 

British Columbia.  The choice of the right GIS is complex. 
implementation for use in mineral resource  evaluation in 

Bruce  and  Davidson (1991) outlinc  a  systematic  process for 
selecting  a  system based on user requirement\.  Image  anal- 
ysis systems which are raster-based can  complement  vector 
and  raster-based GIs packages  (Bonham-Carter,  1989) par- 
ticularly when satellite  imagery is used. 

microcomputer-based GIS package, TERRASOFT@  as the 
The  Geological  Survey Branch selected  a commercial 

initial GlS package  for  resource  assessment  (Note: Ihe 
Branc.h r l o m  n o r  cndorsr fhe IISL' of any parficfdlar commer- 
cial Gt'ogruphiml Inflr-nlution Sysrem). The selection of  the 
TERRASOFT  system was based on the  comparison of four 
GIS  packages in which the cost,  ease  of  implementation, 
ease of training  and  compatibility with the land information 
infrastructure strategy of the  British Columbia  government 
wcre  the main considerations.  The  package i s  heing evalu- 
ated  through the Mineral Resource  Assessment  Study  and 
may no1 be the only  GIS package that will be used. 

GEOGRAPHICAL  INFORMATION 
MANAGEMENT, DATA INTEGRATION 
AND  RESOURCE  ASSESSMENT  OF  THE 
SMITHERS  (93L) AREA 

of  guidelines  for a  manual  mineral  potential assessment that 
Richards (in preparation) has developed a systematic  set 

are based on a  study of the Smithers  area  map sheet (93L) 
(Tipper and  Richards,  1976; Richards and  Tipper, in prt'pa- 
r-ation). The  guidelines were derived  from a  mineral  poten- 
tial evaluation scheme  devised by McLaren  (1990)  and 
based on the presence of anomalous regional geochemistry, 
the  presence of mineralization  and conditions of favourable 
geology. Richards'  scheme  departs  from McLaren's in that 

presence  or  absence  of  known  mineral  occurrences  or 
the assessment of mineral  potential is not based on the 

regional geochemical  data. I t  is instead, primarily  based 
upon the fundamental  premises of the geological  controls  on 

era1 deposit models. The  presence of mineral deposits and 
the formation of hydrothermal  mineral deposits, and  min- 

regional geochemistry are  secondary  factors. The quality of 
the map created by this  scheme is dependent upon the 
quality of the geological  map used to derive  the  mineral 
potential map. 

The  assessment  process  follows three  stages: 

(I) Creation of a  base map using the  fundamental  charac- 

mineral deposits.  The basic premises that control  the 
teristics  required for the formation  of  hydrothermal 

deposition of a hydrothermal mineral deposit are: (a) all 
hydrothern1al mineral deposits require  a conduit  for the 

flow of hydrothermal solutions,  (b) they all require  a 
porous  medium fbr mineral  deposition and (c), they  all 
require  a  heat source.  The base map is created by 
outlining  features that may  represent conduits,  deposi- 
tional sites,  sources of heat,  and  includes faults, hea r s ,  
and  their  intersections  and  their  proximity to intrusive 
bodies. 

(2) Creation of one map, derived from a  set of mineral 
potential  maps  based  upon  the  geologic  controls 
implied by the  various  mineral  deposit  models. 
Included in the Smithers study were the models that 

canogenic  massive sulphide  and  shale-hosted  mineral 
define  epithermal,  mesothermal,  prophyry,  vol- 

chemistry may  modify this  map. 
deposits. Known mineral deposits and  regional geo- 

(3) Creation of a  final  mineral  potential map by combining 
the two base  maps.  Known  mineral deposits modify  the 
final map. 

The final map  combines all the stratigraphic,  structural, 
intrusive  and metamorphic  elements that control hydrother- 
mal  mineralization.  as  well  as  known  mineralization 
(Richards and Desjardins, in preparufion), all plotted on a 
single plane ~ the  mineral  potential  map. These  systematic 
rules  define  the  foundation  for a knowledge-based  or 
expen-system  approach using  a GIS. 

presence of a  mineral deposit, the Smithers  area is a  logical 
Considering the  attributes  required to define the  potential 

choice  for a GIS-based  assessment of the  mineral  resource 
potential. The  area is well mapped by the  Geological Survey 
Branch  and  the Geological  Survey of Canada, and  has  been 

exploration  geologists.  The  area  also  includes a  wide  variety 
the  subject of various studies  carried out by universities  and 

events  (at  least  three:  Jurassic,  Late  Cretaceous  and 
of mineral deposits related to a number of metallogenic 

Eocene). In addition,  regional  geochemical  survey  and 
MINFILEB  data  are  available  for the  area. Terrain resource 

Parks  are available in digital form.  Numerous  land-use 
information data  (TRIM)  from the  Ministry of Lands  and 

issues are being considered in the area. 

KNOWLEDGE-BASED  SYSTEMS  AND 
RESOURCE  ASSESSMENT 

tematic approach based on a  structured analysis  of the 
Resource  assessment of multiple datasets  requires a sys- 

information.  The  analysis  procedure requires  integration of 
both qualitative ( t ' . ~ . ,  rock texture)  and  quantitative  data 
(geochemical  analysis).  Most  systems  have the ability to 

complexity.  Historically,  the most  common applications of 
manage three-dimensional data with varying degrees of 

three-dimensional data  are in ore  deposit modelling.  More 
recently,  digital  elevation models  (DEM)  have been  incor- 

pan of this study,  our investigations will he restricted to the 
porated into a  few  limited geological  studies. For  the  initial 

two-dimensional map  plane. 

polygons. Points  usually  define  locations where  specific 
Geological  data  can  be  composed  of points,  lines  and 

attributes are recorded. as in a geochemical analysis  repre- 

ment such as a strike  and  dip.  Qualitative attributes  may 
senting several elements,  or it may he a  structural measure- 

4 ?O British Columbia Geolofiical Survey Branch 





Bonham-Carter,  G.F.  (1989):  Comparison of Image  Anal- 
ysis  and  Geographic  lnformation  Systems  for  Integrat- 
ing  Geoscientific  Maps, in Statistical  Applications in 
the  Earth  Sciences,  Agterberg, F.P. and  BOnhdm-Carter, 
G.F.,  Editors. Geological Survey ff Canada, Paper 
89-9,  pages  141-155. 

Bonham-Carter, G.F. and  Agterberg, F.P. ( I  990):  Applica- 
tion  of  Microcomputer-based  Geographical Infoma- 
tion  System  to  Mineral-potential  Mapping; in Micro- 
computer  Applications in Geology  2,  Hanley, J.T. and 

6, pages  49-74. 
Merriam,  D.F.,  Editors, Computer-s & Geology. Volume 

Bonham-Carter,  G.F.,  Agterberg, F.P. and  Wright, D.F. 
(1988):  Integration  of  Geological  Datasets for Gold 
Exploration in Nova  Scotia: Phorogrammrwy and 
Remote Sensing, Volume 54,  No. I I, pages  1585-1592. 

Brodaric,  B.  and  Fyon,  J.A.  (1989):  OGS  FIELDLOG:  A 
Microcomputer-based  Methodology to Store  Process 
and  Display  Map-related  Data; Ontario  Geological 
Suri,ey, Open  File  Report 5709,  73  pages, 1 magnetic 
diskette. 

Brower, J.C. and  Merriam, D.F. (1989):  Geological  Map 
Analysis  and  Comparison  by  Several  Multivariate 
Algorithms: in  Statistical  Applications in  the Earth  Sci- 
enccs,  Agterherg, F.P. and  Bonham-Carter, G.F.. Edi- 
tors, Gwlogic~al SNrVey of Canada, Paper  89-9,  pages 
123- 134. 

Bruce, B. and Davidson, D. (1991):  CIS  for  Decision 

Pmwedings of the Eighrh Thematic Confer-eni,e on 
Makers:  An  Exercise in  Operational  Risk  Management; 

Geological  Remote  Spnsing, Denver,  Colorado, April 
29 - May 2, 1991. 

Currie, .4. and Ady, B. (1989a):  GEOSIS  Project:  Knowl- 
edge  Representation  and  Data  Structures for Geo- 
science  Data: in Statistical  Applications in the  Earth 
Sciences.  Agterberg, F.P. and  Bonham-Carter,  G.F., 

pages 1 1 1 - 1  16. 
Editors, Genlogicul  Survey of Canada. Paper  89-9. 

Currie, A.  and Ady, B. (1989b):  Extended  GIS - An 

Data; Proceedings of the CIS National Conference, 
Enriched  Model  Used  to  Represent  Geoscience  Spatial 

Ottawa,  1989. 

DMR Group  (1989):  A  Corporate  Land  Information  Strate- 
gic Plan for the Government of  British  Columbia:  Land 
lnformation  Infrastructure. 

George,  H.  and  Bonham-Carter, G.F. (1989): An Example 
of Spatial  Modelling of Geological  Data  for  Gold 

cal  Applications in the  Earth  Sciences,  Agterberg, F.P. 
Exploration,  Star  Lake  Area,  Saskatchewan; in Statisti- 

of’Canada. Paper  89-9,  pages  157-169. 
and  Bonham-Carter,  G.F.,  Editors; Geologiul Survey 

Grunsky.  E.C.  and  Agterberg, F.P. (1988):  Spatial  and 
Multivariate  Analysis  of  Geochemical  Data  from  Meta- 
volcanic Rocks in the  Ben  Nevis  Area,  Ontarin; Murhe- 
muticul  Geology, Volume. 20. No. 7, pages 825-861. 

McLaren,  G.P.  (1990):  A  Mineral  Resource  Assessment  of 
the  Chilko  Lake  Planning  Area; B.C. Minisrry of 
Etrergy, Mirvs and Perroleum  Resour-res. Bulletin 81. 

Maclntyre, D.G. (1991 1: Computer  Assisted  Mapping in the 
British Columbia  Geological  Survey - Progress  to  Date 
and  Predictions  for  the  Future;  Proceedings of the Sec- 
ond  Canadian  Conference on Computer  Applications in  
the  Mineral  Industry,  Vancouver,  Canada. September 

Mular,  A.L.,  Editors: Thr Univer-.sir! of British Colunl- 
15-18. IYYl,VolumeII, Poulin,R.,Pakalnis.R.C.Tand 

hiu and  the Canadian Imrirute of’ Minin,?. Mefal1ur:yy 
and Petroleum. pages 61-68. 

Matysek, P.F. ( I  988):  Regional  Sediment  and  Water Geo- 
chemical  Reconnaissance  Data,  British  Columbia,  NTS 
93L: R.C. Minisfrlv of Enerzv,  Mines and Perroleum 
Rcsourws, Regional  Geochemical  Survey  RGS-17, 
Geolo,yical Surl,ey of Canada. Open File 1361. 

Richards,  T.A. (in  preparation): An Outline of Guide  Lines 
for the Construction of Regional  Mineral  Potential 

Rrmmrces. 
Maps; B.C. Ministr;y of Ener,qg, Mines and Petmleum 

Richards,  T.A.  and  Tipper, H.W. (in prrpararion): Smithcrs 
Map-sheet  (93L): Geological Su,-rey of Canada. Open 
File  Series, 1:250 000. 

Richards,  T.A.  and  Desjardins, P.J. (in preparation): Min- 
eral Inventory,  Smithers  Map-area (93L), 1991; B.C. 

Rock,  N.M.S.,  Shellabear,  J.N.,  Wheatley,  M.R.,  Poulinet, 
Minisrr.; of Energy  Mines and Petroleum  Resources. 

R. and Groves, D.I. (1990):  Microcomputers in Mineral 
Exploration:  A  Database  For  Modeling  Gold  Deposits 

computer  Applications in Geology 2. Hanley J.T., Mer- 
in the  Yilgarn  Block of Western  Australia; in  Micro- 

riam, D.F., Editors, Compurers & Geology. Volume 6, 
pages.  199-222. 

Royer, J.J. (198X):  Geochemical  Data  Analysis; in Statisti- 
cal Treatments  for  Estimation  of  Mineral  and  Energy 
Resources,  Fabbri,  A.G.,  Chung,  C.F.  and  Sinding- 
Larsen R., Proceedings NATO Conference, II Ciocco, 
Italy, July  1986, Reidel. Dordrecht,  pages  89-1 12. 

Tipper.  H.W.  and  Richards, T.A. (1976): Smithers  Map- 
sheet  (93L): Geological SLmzey of Canuda, Open File 
35 I ,  I :250,(K)O. 

Van Driel,  J.N.  and  Davis, J.C.. Editors (19x9): Digital 
Geologic  and  Geographic  Information  Systems; in 

Geophysical  Union, 62 pages. 
Short  Course in Geology:  Volume  10, American 

Wackernagel, H. (1988):  Geostatistical  Techniques  for 
Interpreting  Multivariate  Spatial  Information; in Statis- 
tical Treatments  for  Estimation  of  Mineral  and  Energy 
Resources;  Fabbri,  A.G.,  Chung. C.F. and  Sinding- 
Larsen  R.,  Proceedings NATO Conference, II Ciocco, 
Italy,  July  1986, Reidel, Dordrecht.  pages  393-409. 

492 Brirish Columbia  Geological Sur-ory Brunch 



Mineral Deposit Research ‘Unit 
The University of British Columbia 

The Mineral Deposit Research Unit (MDRU) is a  Univcrslt8- 
Industry-Government  collaborative research unit within the Departmel-It 
of Geological Sciences,  The University of  British Columbia. 

Research  described in the following  papers is funded hy the 
MDRU lskut  project “Metallogensis of the lskut River area, nostll- 

and  Engineering  Council  and the following companies: BP Resources 
western British Columbia” which is supported hy the Natural Scienct:s 

Canada Ltd., Cominco Ltd.,  International Corona  Corporation, EcstaII 
Mining Corporation,  Granges Inc.,  Homestake  Mineral  Development 
Company, Kennecott  Canada  Inc..  Lac  Minerals  Ltd.,  Newhawk Go1,d 
Mines  Ltd.,  Noranda  Exploration Co. Ltd.,  Placer Dome Inc., Prinle 
Equities  Inc.  and Teck Corporation. 

ldegroot
1991
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INTRODUCTION 
The Mineral Depnsit Research Unit's (MDRU) project 

"Metallogeny of thc lskut River Arcd. Northwestern British 
Columbia"  (Macdonald e r  a/. ,  1991) is employing high- 
precision, U-Ph  7ircon geochronometry t u  augment  the 

sive  and extrusive events associated  spatially with base  and 
understanding of the  relative  and  absolute  timing of intru- 

precious metal mincralization.  Researchers  are  working 
together with geologists  from the federal  and  provincial 
Geological Surveys, and with mining and  exploration com- 
pany geologists  active in the area. Data gathered during this 
study will he integrated with paleontological  studies i n  
progress (e. ,?. ,  Naderaju and Smith. 19Y2) to furthrr reline 
our understanding of  stratigraphic  relationships  and timing. 
In this contribution. we report four new U-Ph  results  for 

the  lower lskut River  district, in the vicinity of the Snip 
zircons from plutons in the lskut River area: three  are from 

mine and Johnny  Mnuntain  and lnel properties: one is from 
the  Eskay  Creek  area. 

EXISTING DATABASE 

and  Bevier ( I  990). Anderson E /  a/ .  ( I  99 I ) .  Anderson  and 
Alldrick c ru l .  (lYX6. 1987). Anderson ( IYXY) ,  Anderson 

summarized the K-.Ar and  U-Ph  isotopic data available  for 
Thr,rkelson (19YO) and Bevier and  Anderson ( 1 9 9 1 )  have 

the  lskut  Rivcr and  adjacent areas (v.,q.. Stewart) compriying 
northwest  Stikinia (Wheeler and McFeely, 1987). In brief, 
these data indicate four  principal plutonic events (Tahle 
6-1-1); Anderson  and  Bevier (IYYO) suggest that at least the 
first  three of  thew have  associated  extrusivc equivalents. 

PLUTONIC  EVENTS. SUITES A N D  
'1AKI.E 6-1-1 

KEI.ATBD EX'IKI.'SIVE EQUIVAI.ENTS 
( A N m t s o N  AND BEVIEK.  two)  

Plutonic Event Plutmir Suite F:xtrusi,e 
Equivalent 

2 3 I ) ~ Z X  Ma I L m  T r i a ~ \ q  
21 ILIX7 M;i (I.ate Tria..c to  h r l y  .I'exai Crwk tl;velton (;mu[, 

St i k inc   S tah in l  Group 

179~172 Ma (Middlc .IUV,WICI Three S i w r ,  Salmon Rivcr 

55-51 Ma ( T r n i i a y )  coa\t PlUlUiilC 
C<X"pl?* 

lurarsic) 

F<,lm;lti<l" 

Geological F i e l d w w k  1991, Paper 1992-1 

son (1991) propose a widespread unconfonity in r11,lth- 
Anderson and Thorkelson (I 990) and Bev zr and Ander- 

western Stikinia  separating Toarcian (Harlan I e'/ ~o., 1'189) 
and younger  (Middle  Jurassic) rocks from un Ierlying Ear1.y 
Jurassic  strata,  attributed to late IEarly J I  rdssil cnntracri :nal 
deformation. 

SAMPLE DESCRIPTIOIVS - PET ROLO(:Y 
AND  GEOCHEMISTRY 

program from the lskut  area wtxe anal:!zed n 1991: 
Four  samples  collected  during the MDFU 1990 ' , e l i  

( I )  lskut River (Bronson)  stock, on the lsku Joint VkI lure 

(2) Red Bluff povhyry, collected iron1 the Snip prop:rt:i. 
(3) lnel stock, on the lnel property. 
(4) Eskay porphyry, on the Eskay CreeklF 4C  propc:ltie!;. 

property. 

Refer to Figure 6-1-1 for prctperty Iwatio  IS. 

ISKUT RIVER (BRONSON) STOCK 

Britton e /  ol. (IYYOh) describe  the lskut  <iver stock, E S  

include . . , the lskut  River stock. . , . A com non featu '8: of 
"Phaneritic  intrusions of prohahle earl: Jurassic age 

these intruhions is the  presence of coarse (up tn t i  XI) 

potassium  feldspar  phenocrysts." 
The  sample of the Iskut Rivcl- stock ~:nlIec led i n  1990 by 

property (Prime  Resources  Group  Inc.,  Arne-ican Ore Ltd., 
A.J.M.  (AJM-ISKX-333)  from the .skut Joint Vetlture 

Golden Band Resources Inc.; Fizure 6- 1 - 1 )  i: a plagiocl%sl:- 
phyric, locally alkali feldspar phyric, 'nonz )diorite, tasfd 

porassiuln feldspar 25%'. qualt;' 10% and bi )lite 5%>) .  The 
upon thin section  estimates (:llegioclase f O % ,  poikilit c 

chemical  composition of the: )rock given i l  Tahle f j .1~2 
yielded a low An:[An+Orl ratio ( < I O )  and i quartr - :Ikali 
feldspar  syenite  classification  ~,Streck(:isen and LeMiitr:, 

and rims ni less altered felds?;lr, and ;re lo, ally conti, nrd 
1979). Plagioclase euhedra an: mned, with s :ricitired ('mms 

within poikilitic  potassium felc spar. 

follows: 

REI)  BLUFF PORPHYRY 

(which  outcrops  on  both  Corninco  Lt L.  and  Prime 
Britton cI  u l .  (199Oh) described the Red 31ufl' po11hy1-y 

Resources Group Inc.'s Snip property and Skyline Gold 
Corporation's Johnny  Mountain  holdings. Fi :ure 6-1-1 a: a 
potassium  feldpdr  phyric,  Early  Jur,rssic  intrusion (,we 

4!)5 



description of Iskut River stock). The  sample collected by 
A.J.M. (AIM-ISK91-041 j from the 130-metre haulageway 
in the Snip  mine i s  an altered,  sheared,  feldspar-megacrystic 

LITHOGEOCHEMICAL DATA [WI. %I 
TABLE 6-1-2 

AJM- AJM- AJM- 

lskul River lnel Stock Eskay 
ISKYO-333  ISKYO-162 ISK9O-lll 

Stock Purphyry 

SO, 62.7 69.8 
TIO, 0.42 0.29 0.48 

67.8 

A W ,  11.4 16.5 
Fz,O, 4.09 2.62 

14.7 

MgO 1.39 0.69 
3.53 

MnO o.ns 
0.26 

CaO 
(1.09 

4.45 
Na,O 

(1.19 0.12 
1.97 

K,O 
2.96 1.82 

P?O, 
1.86 
(I. I 7  

5.48 
0.08 

8.8 

HzO 
0. IS 

0.8 
CO, 

I .X 1.6 
idi] ~ 0.04 [dll 

0.05 

TOTAL. YY.3 IOO.54 99.3 1 

DJA-90-PZI 
Eskay 

Purphyry 

64.1 
0.58 

16.4 
3.69 

0.07 
0.25 

0.14 

9.86 

I . /  

2.40 

0.17 

Idl] 
98.76 

Nor?: 1 .  [dl] = hrluw derecrion litnil 
2. Tolal iron as Fe,O, 
3. Analyscs by X-Ray Assay Lahoratories. Don Milk Ontario 

intrusive rock that is not an ideal candidate  for IJ-Ph geo- 
chronometry  due  to  abundant ( I  to 5 % )  pyrite as an altera- 
tion product. The Red Bluff porphyry and  spatially associ- 
ated  mineralization is the  subject of a companion study 
being  conducted by Ettlinger (in preparation).  In  addition, 
Rhys and Godwin  (1992, this volume)  are investigating  the 
structural geology of the Snip mine,  including  the Red Bluff 
porphyry,  as part of an M.Sc.  thesis by Rhys in progress at 
The University of British Columbia. 

INEL STOCK 
Britton et d 11990b) describe the lnel felsite stock  (prop- 

erty  location,  Figure 6-1-1) as  follows: 
"Synvolcanic intrusions are  thought to be  comagmatic 

and  coeval with extrusive rocks. Examples  include  felsite 

holofelsic, cream to tan, porphyritc  rocks with fine feldspar 
stocks on the . . . Inel  property. These  are leucocratic to 

and  quartz phenocrysts set in an aphanitic  groundmass. 
Contacts  are altered and sheared, but the  stocks appear  to 
form sill-like  bodies that are  crudely  conformable with 
enclosing strata. On the inel property  the  felsite stock is 
associated with a  small felsite  dike  swarm." 

13100. 

MDRU Iskut Precious Metals Project 
I3030 

\ 

'\ I ' I  b /J 

/ 
,ESKAY CREEK I SKAY CREEK 

S b l O .  

I 
/ \ 

\ 

5630 

Sb20. 

Figure &- I .  Location  map of the lskut River  Project  area,  showing  properties  from  which  samples  described in this report 
were collected. 
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like,  igneofragmental  breccia dikes that cut  overlying  strata. 
The  lnel stock is a l s o  spatially  associated with diatreme- 

indicative of vigorous  devolatilization o f  a magma  body, 
which may have  consolidated to form the lnel stock,  or a 
related, blind intru\ion. 

Sample  AJM-ISK90-I62 was collected  from the Gulf 
International  Minerals  Ltd.  exploration  campsite (lYY0) on 

quartz ( 5 % )  phenocrysts in a  fine-grained  quartL-feldspar 
the  lnel  property  and contains altercd  feldspar (15%) and 

groundmass. A quartz mon7,odioritc composition is indi- 
cated  (Streckeisen  and LeMaitre, 1979) from the chemical 
composition (Table 6- 1.2). 

ESKAY PORPHYKY 
A  sill-like body IC.  Edmunds,  International Corona  Cor- 

poration, personal communication, 199 I )  of feldspar  por- 
phyry crops o u t  approximately 1 kilometre  east of the 22 
z,one at Eskay Creek, and  straddles the claim  boundary 
between the Eskay Creek  and GNC properties (both proper- 
ties operated by International Corona Corporation:  Figure 

(1976) described the  body thus: 
6-1-1). Britton el ul. (1990a). relying also on Donnelly 

". . . granodioritc  porphyry . . . [with]  subhedral  phe- 
nocrysts of oligoclase, up to I millimetre  long, (X%), 
anhedral quartz, 0.3 millimetre  diameter. (I  I%) and I milli- 
metre,  subhedral grains of orthoclase (X%), . , . are set in a 
fine-grained  quart>:-feldspar  matrix.  Plagioclase is exten- 
sively  replaced with chlorite and sericite. Its bulk composi- 
tion is similar to dacitic  pyroclastics seen higher in the 
section. I t  may represent a synvolcanic plug or a thick 
dacitic  flow." 

Resources  Group Inc. demonstrated the local presence of 
Exploration  diamond drilling  conducted in 1YY0 by Prime 

potassium feldspar  megacrysts, up to 2 centimetres in long 
dimension (V.P. Van Damme. Project  Geologist.  personal 
communication, IYYO).  Along  the  northern and western 
margins  inclusions.  rafts  and  complex  interfingering of por- 
phyry and hornfelsed  argillite  country rock occurs within 
the  "Porphyry  zone". 

Two samples  from the  Eskay  porphyry were selected  for 

outcrop by A.J.M. and DJA-90-PZ1, collected from talus 
lithogeochemical analysis:  AJM-ISK90-I I I .  collected from 

blocks  at the base of a cliff by D.J.A. The latter sample was 
also selected for U P b  geochronometry (see  below).  Sample 
AIM-ISKYO-I 1 1  is an amphibole (5%)  plagioclase (20%) 
potassium feldspar (20%) porphyry.  Phenocrysts up to 3.2 
millimetres  occur in an altered groundmass (<0.1 mm) of 
(?) quartz  and  feldspar;  amphibole is also  completely 
altered. Sample  DJA-90-PZI is similar, with coarser grain 
size (phenocrysts to 1 cm) and  more abundant plagioclase 
(approximately 311%) compared to potassium  feldspar 
(10%). and with accessory biotite  and  pyrite (1.2%). 

are classified as alkali-feldspar granites  (Streckeisen  and 
Both rocks  are  compositionally s imi l ;~  (Table 6-1-2) and 

LeMaitre, 1979). 

(e.g.. phases of the  Iskut  River, Red Bluff and Eskay bodies) 
Early  Jurassic potassium feldspar  megacrystic  plutons 

are texturally  similar to rocks  described in the  Stewart area 
("Premier  porphyries",  a component of the Texas Creek 

Geological Fieldu'vrk 1991, Puper 1992.1 

plutonic suite, Table 6-1-1: (P.,:.. Alldrick, 1987; Brr~wr~, 
1987), that show a  spatial  and le-nporal relatic nship witll the 
Silhak  Premier gold, Silver alld base lmetal , leposit. Grove 
(IY71) and, more recently.  An(Jcrson (lY8Y) i nd Britten and 
Alldrick (1990) suggested tha.  !:?ere m;ly be 1 genetic -<:I?- 
tionship between the Premier-like igne,Jus bldies and  pre- 
cious metal mineralization (w 111 or without I ase metal;) i n  
both the Stewart  and lskut are 1s. This hypl thesis will he 
tested  further as part of MDRL's Iskut projl ct. 

U-Pb  GEOCHR0NOME:TRY ANt~LYIICAL 
PROCEDURES 

All work was carried out i n  the gem:hmn metry Iatbor;~. 
tory at the  Department of Geolc'sical Science 3, The Unlve:. 

trates were recovered using standard crushing, grindin,! wet 
sity of British Columbia.  Zirccmrich hexvy n  ineml concerl- 

shaking  (Wilfley table) and h e m y  liquid SI paration  tech- 
niques.  Abundant  pyrite in thi: Wilfley co~centrate  om 
sample  AJM-ISK9I-41  (Red B uff porphyry was renwved 
from  heavy  silicates by flotation using wa m 7N HK03. 
Pure zircon populations  from  nonmagnetic  size frauiorls 
were handpicked in ethanol. i!i.cons from si mplr! DJ&9(1- 
PZ-I  (Eskay  porphyry) were !separated by h; nd from a t u -  
dant  pyrite i n  the heavy fracl Ion anc wer : treated with 

zircon  fractions was done u:;ing the procea lure of Krogh 
HNO, only  during final 7irco1r washing. i brasion o f  all 

mixture.  Zircon  dissolution  war  done in rnicrocap.lJlc:s 
(1982). and 7.ircons were hitnilpicked fro11 the abrxion 

chemistry  procedures were modified  from  the tech1  iqLe 
using the  technique of Parrish (19x7). a id  ur. nium and lead 

developed by Krogh (1973). 

a 2'lsPb-233U-2~15U mixed \pike (I'arrirh and Krosh, 1087). 
Uranium and lead concentratlons were dc ermined using 

Uranium and lead  were  loaded  together on ingle rhe~~ium 
filaments using H,PO, and silica gel m d  an; lyzed in i V G  
Isomass  54R solid-source mass spectrcsmete in single COIL 
lector  mode  (Daly photomultipller). Anal) : i d  preci:sic,n 
was  better  than 0 . 1  per  cdnt fo. 21)7'b:206Pb and 
2"8Pb:?""Pb, and  better than 0 3 per cent fi r 20sPb:2"7P~. 
Precisions Sor "MPh:2'l'Pb were as much as I per cent d Je  t o  
small "I4Pb ion beam current!, (In the 13-16 4 range),  'lot4 
procedural blanks were apprmimately 40 I icograms lezd 
and 30 picograms  uranium, tma.ed on repeal :d analyscs  of 
blanks during  the  period our analyses Nere :arried out.  

Lead:uranium and 1ead:leamJ #errors for in, lividual .Lirccn 
fractions were obtained by indidually prop ]gating all cal- 
ibration  and  analytical uncenainties t h u g  I the date cal- 
culation  and summing the  individual contril utions t u  lot31 
variance.  Errors on individual WPb  dates ar 5 quoted :it the 
2 sigma level (95%1 confidence interval). Thm U-Pb  an;~lyti- 
cal data  are given in Table 6~ 1 ~ 3 .  

DISCUSSION OF RES:lJL.TS 
The lskut River (Bronson) stock is <either Early Juri.ssic 

or Late  Triassic in age. This uncertainty s due  to 11011- 
colinearity of the error  ellipse  f:x the t 149- nicron fraztion 
relative to the  ellipsoids  for t w  other three  ractions, :dl of 
which clearly  show  the effects (of lead loss (Zigure 6-.1-2c). 
A  best-fit chord through  the  three  colineal  points ha; an 
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upper intercept of 225+"10/~,i1 Ma; the lower intercept is 
142 Ma., but no  significance is attached to this date. A best- 
fit chord through all four points and 0 Ma  intersects concor- 
dia at 20324 Ma.  The youngest  and  oldest 2"7PbP""Pb 
dates  for the four fractions are 19728 Ma and 20822  Ma, 
respectively. We interpret  the  age of the lskut River (Bron- 
son) stock to lie between 197 and  225  Ma, based on the 
youngest "'7PbP""Pb date and  the  upper  intercept for the 
three colinear points. 

Zircons  from the  Red Bluff porphyry  have a minimum 
age of 19521 Ma, but are not likely to be much older. The 
effect of lead loss is evident from dispersion of three error 
ellipsoids along concordia  (Figure  6-1-2b).  This dispersion 
may be due  to lead loss during a hydrothermal mineralizing 

event  shortly after  emplacement  and crystallization of the 

This interpretation is speculative and  the  problem of timing 
intrusion (note that the sample contained  significant pyrite). 

of lead loss from Red  Bluff  zircons will require further 
investigation. The  error  ellipse  for the coarse, + 149-micron 
fraction  plots  below concordia, and its errors are  relatively 
large due  to low-intensity ion beams (a result of sample loss 
during  column  chemistry), but its *"t'Pb"*U date is within 
error of the  oldest concordant fraction. The  anomalously 
high Pb:Pb date for this  fraction  may  reflect minor inheri- 
tance (11 older radiogenic  lead. 

The  lnel stock is 1 Y O f 3  Ma old, based on the upper 

points,  forced  through 0 Ma  (Figure  6-1-2d). Forcing  the 
intercept with concordia of a best-fit  chord through all four 

LLPb ANALYTICAL  DATA' 
TABLE 6-1-3 

Sample Wt Pb' Isotopic abundance' 
Fvaclioni 

U 
(me1 (ppml 206Pb=100 

208 207 204 

A.IM-ISK90-333 lskul River 1Bronson Stock)' 
-74 0.8 580 16.8 

-134+74 
NM2/2  ABR 

NM2/2  ABR 
I .9 470  13.9 

-149+131 1.5 428 12.6 
NM212  ABR 
i. I49 3.8 380 10.9 
NMZiZ  ABR 

-74 
AJM-ISK91-04I Red Bluff porphyry' 

NM2/2  ABK 
I .2 437 13.2 

-149+134 I .4 34 I 10.3 
NM212  ABK 
+ 149 
NM212  ABR 

0.9 317 10.0 

NM2/2  ABK 
-134+74 3. I 376 11.4 

AJM-ISB90-162 lnel storklo 
-74 5.3 590 18.4 
NM212  ABK 
-134+74  2.2 521 17.1 
NM2D ABR 
-149f134 0.8 487 15.2 
NMZR  ABR 
+ I49 0.3 484 18.7 
NMZi2  ABR 
DJA-90-PZ-I Eskay porphyry" 
-74 
NM212 lightly abraded 

0.5 489 

-134+74 1.5 
NM212  ABR 

328 

-149+13,1 2.2 279 

15.3 

10.1 

8.6 
NMZR  ABR 
+ I49 5.5 220 6.7 
NM212 ARR 

9.18 

8.59 

7.71 

7.IX 

l0.hfl 

7.98 

10.27 

9.94 

21.29 

22.52 

17.92 

28.75 

21.63 

18.18 

16.66 

15.03 

5.1 I 

5.25 

5.01 

5.14 

5.42 

5.21 

6.37 

5.57 

5.34 

6.31 

5.51 

10.98 

5.21 

5.07 

5.13 

5.18 

n.0074 

n.nl6l 

0.00 I 7 

11.007S 

0.029~ 

0.0142 

0.088h 

0.03nx 

0.0241 

0.0~96 

0.0357 

0.4077 

0.0143 

0.0059 

0.0102 

o.nl31 

~ 

6/45 

X 199 

5119 

31665 

11031 

3W I 

5341 

1037 

2443 

4002 

1084 

2400 

236 

4213 

9475 

7214 

6648 

o.n2976*20  o .z0632*142 o . 0 ~ 0 2 9 ~ 4  
192.920.8 193.6z0.8 201.7:!2.8 

189.021.2 190.5t1.2 208.422.0 

0.03018~16 0 .20788~120  0.049~szln 

0.03077t16 0.212081120 0.04999214 
191.721.0 191.8t1.0 192.924.3 

0.03099t30 0.216441268 0.05066138 
195.410.6 195.3Z1.0 194.426.4 

196.7t2.0 198.912.2 225.2217.4 

193.0zl.t 193.3t1.2 196.628.0 
o.o3woz 18 n . z n ~ 7 2 t  140 0.05003t1x 

0.02843t18 

0.02910214 
180.7t1.2 

0.029272 14 
184.920.8 

0.02956t24 
186.021.0 

187.8Zl.4 

0.02856214 
181.520.8 
0.029092 14 
184.8Z0.8 

185.5t1.0 
0.02920+ 16 

0.19536t132 0.04983t6 
181.2t1.2 187.323.2 
0.20054t112 0.04999t14 
185.6t1.0 194.4t6.4 
0.20135i116 0.04989f;lR 
186.3tl.0 189.738.2 
0.20326t308 0.04987262 
187.952.6 189.1t28.8 

0.19670294 0.04997i;X 

0.1999Ot98 0.04984t8 
182.31-0.8 193.022.0 

185.0t0.8 187.6z4.0 

185.411.0 184.1?4.4 
0.20035t I 14  0.049771 IO 

colle&d by AIM. Latitud; : 56 'W 32" N, Longitude : 131' 06' 3 0  W UTM zone 370800 E. 6283270N 
collected by AIM, Latitude : 56'40' 0" N. Longitude : 131°117' 37' W. UTM zone 3713Ml E. 6282340 N. 

lo collected by AIM. Latitude : 56' 37' 45' N.  Longitude : 130'S7' Is" W; UTM zone 379800 E. 6275700 N .  
I '  collected by OIA. Lamude : 56' 38' 23" N. Longitude : 130O 26'  40" w: UTM cone 41 lbS0 E, 6277350 N 
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chord through 0 Ma is reasonable  given the roughly similar 
PbPb dates of all four  fractions, which have  clearly suf- 
fered some lead Io:.s. The analytical errors for the coarse, 

intensity ion beams (small sample load, alw rellected in low 
t~149-micron fraction  are somewhat large,  due to  low- 

pretation  for  this smple .  
"'hPb:"'"Pb ratio), but this docs not affect the age  inter- 

age of 1x622 Ma based on mutual overlap of  three error 
Sample  DJA-00-PZ-I of the Eskay  porphyry  yields an 

ellipsoids with contmrdia (Figure 6-I-2a). A  fourth, lightly 
abraded, very fine grained  fraction plots below concordia, 
prohahly due to minor lead loss. The good  analytical  quality 
of  the data  suggests that the  age of the  Eskay  porphyry is 
early  Toarcian. 

SUMMARY 
Interpreted ages for  the  lnel stock and Red Bluff por- 

phyry (190?3 and 1955iMa, respectively) fall well within 
the range of Early Jurassic plutmism coeval with Harleton 
arc volcanic  rocks (205.187 Ma, Table 6-1.1). The inter- 
preted  age  for the Eskay porphyry (IX0?2 Ma) is slightly 

youngrr than the age  range of the E.irly . urassic cwznt, 

the Eskay porphyry to be a rwmher o f  the Early Jurasic 
although  the  difference is minimal; at this tirr z ,  we inte-m:t 

Texas Creek  suite.  thus ex tend-~g  the knowr time sp;m fm 
this plutonic  event in the Isk1,t River area. 

The age of the lskut  River (lilronson) stock is tmct:Itain, 
due to the highly discordant anti bariable nat Ire of the data 
set; it is likely that the  stock h;ls an age h e  ween 225 and 

work  will  he required to improve this ,:slim .te. 
197 Ma (Late Triassic t o  Heltmgian/Sinem Irian). Fu-:her 
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SILVER-GOLD  VEIN  MINERALIZATION,  WEST  ZONE.,  :BRUCEJ'ACK 
LAKE,  NORTHWESTERN  BRITISH  COLUMBIA (1104B/1(E) 

By Stephen  Roach,  Newhawk  Gold  Mines  Ltd.  and 
A. James  Macdonald,  Mineral  Deposit  Research  Unit, 

The  University of British  Columbia 
(MDRU Contribution 003) 

-. P." 

KEYWORDS: Economic  geology, Hazelton Group,  Stikine 
assemblage,  Sulphurets,  metallogeny, structure, gold, silver, 
Brucejack Lake, vein. 

INTRODUCTION 
The West zone  is  one of over 20 mineralized zones and 

Mines  Limited, 60%; Granduc  Mines  Limited, 40%), 
showings  on  the  Sulphurets  property  (Newhawk  Gold 

located 65 kilometres  north of Stewart, British Columbia 
(Figures 6-2-1). Intial fieldwork was completed by the sen- 

of lithologies and alteration assemblages in the West Zone 
ior  author in 1989  (Roach, 1990), comprising  grid  mapping 

and the recording of structural data (attitudes of veins  and 
principal fabrics).  In 1991,  the  co-author extended mapping 
to include  traverses in the  Brucejack  Lake area in a  2-kilo- 
metre  radius  around  the  West  zone.  In  addition, 14 
diamond-drill hole!; on a section through  the centre of the 

This report  discusses  the geology and  structure  observed at 
West zone were  studied and  sampled  extensively in 1991. 

surface in  the West zone. Further  objectives of the  study are 
to  define: 

Figure 6-2-1. Locafion  map, Stewan-Iskut River district, 
northwestern  British  Columbia, 

Lithostratigraphic relationc.hips betwee I hostrock I; to 

0 Alteration  mineralogy and chemistry uound mner- 

Hypogene  mineralogy .>I' the  vein s ,stems in the 

0 An examination of vein mtlterial tcm asse s applicahlity 

precious  metal  vein min~:ralizatior~. 

alized  zones. 

Brucejack Lake area. 

for fluid  inclusion  studies. 

HISTORY OF THE  SIJLPHUREI S 
PROPERTY 

kimometres (Figure 6-2-2). A srnall fractiona claim ( X 0  by 
The  Sulphurets property c o v m  approxim; tely 85 scuare 

20 m), located 5 kilometres  north of  the West zon:, is 
owned by a third patty. Explolation  for pla' 'er gold in ttte 
Unuk River valley and subsidiary v;dleys such as th.it 
occupied by Sulphurets Crecrk. was  first  r,:corded ir. ttje 

prospectors  located copper mineralization ir the area 110u 
188Os, although  there are no production lata. In l!)3:5, 

referred to  as  the Main Copper  zone (Figur : 6-2-2). I h j -  
pecting  in  the  Brucejack Lake $rea continuel 1 intermimnt:.y 
until  1959,  when  gold and siher mineraliz Ition was first 
reported. In 1960, Granduc Mines Ltd. st& :d most of the 
area  comprising the current property  and bel an  an  explom 
tion program for porphyry copper mineralii ation, emplo:i- 
ing airborne and  ground  geophysics in add  Ition to 1eco11- 

discovered  on  the ridge be twen the Mit:hell and Sul- 
naissance  geology: as a result copper mine ralization WHS 

phurets glaciers and gold and  silver  miner.  lization at  the 
base of the  Iron  Cap  area (Bridge el a / ,  198 I). Exploration 
continued sporadically on the I'roperty from 1961 to 1971, 
with the  focus  on  diamond dri.lirig of anom dies iden'.ifif:d 
by geophysical  and  geochernical pro:ipecti 1g techni(pes. 
During  the period  1961-1963 'R.V. Kirkhan comp1ett.d t u 1  

M.Sc. thesis  comprising geolqical mappinl of the  hulk 'Jf 
the  property (Kirkham, 1963) ?:he Bmcejacl  Lake  area was 

occurred at Sulphurets until 1930, when Ess I Mineral! Ltd. 
prospected in 1975. Relatively  little expll ,ration acwity 

optioned the  properly from Ciranduc, con, lucted del;tib:d 
and  reconnaissance  geological  mapping ar d geochemical 
sampling throughout  the  property,  and ditmond  drilling, 
which  focused  principally on the Wcst a r j  Shore  ;:mzs 
(Figure 6-2-2). In  1985,  Neuhawk  Gold I lines Ltd mld 
Lacana  Mining  Corporation optioned the  property from 
Granduc  and  continued with intensive  exp  oration 01 the 
West zone, driving  an exploration decline  to the 1150-melre 
level,  approximately 250 rletres  below  slrface  (R,ach, 

drilling and  reserve  delineatial. 
1990) providing  access  for e,.tmsive under$ round di,anlond 
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of in situ ore  resenes by Watts, Griffis and McOuat,  Con- tological  studies in the area. II is anticipated  that a more 
In 1989, Newhawk commissioned an independent  report The University of British  Colurnbia  are conc ucting pakorw 

sulting Geologists and Engineers of Toronto. Using a cut-off tightly  constrained  framework 1 ; x  the r'zlativ 3 and absolute 
grade of 0.2 ounces  per ton (approximately 6.9 g/t Au) and a ages  of rocks  in the Sulphurets .area  wi .I be orthcomirt;: in 
minimum  true width of 5 feet (approximately 1 .5 metres), the  near future. . 
proven and probable  reserves were announced (Newhawk 
Gold  Mines,  Press  Release, February 6. 1990)  as  715 400 

0.431 ounces Der ton (24.8 dt) and  a silver  made of 19.7 F T ~ I I P T I I ~ ~ ;  
tons  (approximately 650000 tonnes) at a gold grade of 

ounces  per ton-(675 gjt). Based upon the ore reserve,  Inter- 
national Corona Corporation, which holds a 42 per  cent 
interest in Newhawk.  conducted a feasibility  study  for  the 
West zone,  concluding that the  project was uneconomic 
under  existing  conditions  (Newhawk  Gold Mines,  Press 
Release,  October 25, 1990).  The decline  was  allowed to 
flnrvl in 1wn ... .,," 

REGIONAL GEOLOGY 

LITHOSTRATIGHAPHY 

the  Stikine Terrane (Wheeler and McFeely, 1987) and is 
The  Sulphurets property and surrounding area is within 

underlain by Upper  Triassic and  Lower  to  Middle  Jurassic 
Hazleton Group volcanic,  volcaniclastic  and  sedimentary 
rocks (Grove, 1986). The lithostratigraphic  assemblage  in 
the Sulphurets area has  been  described by Kirkham  (1963), 
Britton  and  Alldrick (1988), Alldrick  and  Britton  (1991) 
and  Kirkham el a/ .  (in  preparation), and  comprises a pack- 
age,  from oldest to youngest, of alternating  siltstones  and 
conglomerates  (lower Unuk River Formation,  Norian to 
Hettangian);  alternating  intermediate  volcanic rocks and 

Pliensbachian); alternating  conglomerates,  sandstones, 
siltstones  (upper Unuk  River  Formation,  Hettangian  to 

intermediate and  mafic volcanic rocks (Betty  Creek  Forma- 
tion,  Pliensbachian to Toarcian);  felsic  pyroclastic  rocks  and 
flows, including tuffaceous rocks  ranging from  dust tuff to 
tuff  breccias  and localized  welded  ash  tuffs (Mount  Dil- 
worth  Formation,  Toarcian); and, finally,  alternating  silt- 
stones and sandstones  (Salmon  River and Bowser  forma- 
tions,  Toarcian to Bajocian).  Britton  and  Alldrick (1988) 
also describe at least  three  intrusive episodes in  the  area: 
intermediate  to felsic plutons that are probably coeval with 
volcanic  and  volcaniclastic  supracrustal  rocks; small  stocks 
related to  the  Crelaceous  Coast Plutonic  Complex; minor 
Tertiary  dikes  and sills. Regional  geological  mapping (e.8.  
Britton  and  Alldrick, 1988; Anderson, 1989) has  demon- 
strated the  continuity of lithologies  and formations  from 

the south (e.8. Alldrick et a/.. 1987) to the Sulphurets area. 
well-constrained  areas,  such as the Stewart  mining  camp to 

In the immediate Sulphurets  area, however,  age constraints 
are  poor at present,  although considerable  work in progress 

precision U-Pb and  K-AI  geochronometry. 
is addressing this problem,  for example, by using high- 

Researchers  include  Anderson,  Kirkham  and  Bevier 

workers  (British  Columbia  Geological  Survey),  Bridge 
(Geological  Survey of Canada),  Alldrick,  Britton and  co- 

(M.A.Sc. candidate,  The University of British Columbia), 
Margolis (Ph.D. candidate, University of Oregon), and  the 
authors of this study. In addition,  Smith  and Nadaraju of 

ration)  have  described the regimmal structur 11 geoloj:!': in  
Britton and Alldrick (1988) and Kirkham c f ul. (in prt'p"- 

brief,  the  Hazleton Group lithologies displ l y  fold s :4es 
ranging  from  gently  warped (I,,;:., a ma;>ped ;ynform t o  the 
south  and east of Brucejack Lake, Alldric . and  Britton, 
1988) to tight disharmonic  fcltls in thr. Salr ion Rive:r and 
Bowrer formations. Synvolcanic,  synsrdimr itary  and !,yrl- 
intrusive  faults are suspected but are yt:t to I e documented 
fully (Kirkham et a / . ,  in prep;lr;Ltion); l3ritto I and Alldrick 
(198X), however,  describe a syndepo!,ition: I fault to the 
northeast of the Sulphurets pvoperty.  Nort ierly striLinj;, 

Alldrick, 1988). although certiirl prominent rtortherly s t r ib  
steep normal faults  are  recognised ( e . g  Britton and 

ing lineaments,  such as the Bruxjack linean  ent IKirtl~am, 

evidence  for  little, if any, mori(1n. at lelst in the  Brucrjack 
1963, 1991). immediately west of the West zone,  display 

Lake  area.  Kirkham et ul.  in preparati I n )  notc I:h;lt 
elsewhere  along this  linear,  hyrlrothennal a teration L ; ~ S  

are truncated. Minor thrust faults, dipping  westerly. ale 
common in the  region  and are ilnportant in t t  ? northern and 
western parts of the Sulphurets property in I :gard to i iter- 
pretation of mineralized zonI:s. Ongoing rt search hq the 
Geological  Survey of Canada  and by Pete! Lewis 01' the 

Columbia will add  significanlly to the  near-  erm struc:mll 
Mineral  Deposit  Research Unlt ;at The lJnive.sity of Ehitish 

understanding of the  area. 

flow-dome complex has been aefined  at the southeast <:o.- 
During the  1991 field sear,on, an interml diate to klsic 

ner of Brucejack  Lake, firsit identifled,  apparently,  by 
G. Albino  and J. Margolis (Int;:rnational C( rona C O ~ I ~ X ~ I -  
tion;  personal communication. 1990). The rock is flow 

bedded to  massive pyroclastic rocks, locally .ed, maroon or 
banded, locally flow folded and intn~des leterogent'our, 

green  coloured,  and  locally  potassium  feldspar  and 
plagioclase-hornblende-porphyryitic flows, i scribed to tt.e 
upper  Unuk River and Betty (Creek formatic 7s by Alldrick 
and Britton (1988). The flow-l,anded . m i t  I as gradational 
contacts with a voluminous bremxia unlt. colnprising class 
of identical  composition to thc ~ntrusivf: pha! e, in a hamati- 
tic, muddy and locally finely Imiinated ma rix.  The 1101- 

phology  and geometry of the  breccias sugge its conformity 
with enclosing  flow rocks,  including pcassiu n feldspm  and 
plagioclase-hornblende-phyric: ilows; ttte hre xias  are inter- 
preted as volcanic  ejecta, cetn,::nted b f  sub iqueous, TOTI- 

rich pelitic  material. Higher in the  section I 3 the souh  o f  
Brucejack Lake, the flow-bande:d intemledia e to felsic unit 
rests  in  apparent  stratigraphic  contict u Ion marooon, 
blocky tuff. These field  relation:jhips  indicat,  that the f l o w  
banded  unit passes up-section from irltrusi, e at  deptl, I O  
complex interdigitations with related ejecta It interme3ia:e 
levels, to  extrusive at the  higlwst observed I :vel. 
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Figure 6-2-3. Map of the West zone  (modified from Roach, 1990). showing  distribution of mineralized 
and  hydrothermally altered zones. 
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GEOLOGY OF THE  WEST ZONE 
Rocks underlying  the West zone  are  considered by Brit- 

ton  and  Alldrick (1!>88), and  Alldrick and Britton (1988) to 
be  confined  to  the Unuk River Formation  and consist  of a 
hand of generally northwesterly-trending  volcanic  and  sedi- 
mentary rocks 400 to 500 metres wide, sandwiched  between 
two  plagioclase  and  hornblende-phyric  intrusive  bodies 

ate  volcanic  (pyroclastic)  rocks to the  northeast of the  zone, 
(Kirkham, 1991). The hostrocks are dominantly  intermedi- 

and  intermediate  volcaniclastic  rocks  and  minor 
argillaceous rocks lo the southwest  (Roach, 1990; Figure 
6-2-3).  Geological relationships and original  characteristics 
of the  host  lithologies  are  obscured in the  vicinity of the 
mineralized  rocks,  as a result of intense  hydrothermal 
alteration  and  the development of penetrative  fabric(s). 

In the  immediate  vicinity of the West zone, intermediate 
tuffs and tuff breccias  have  been  strongly  silicified  and 
(?) potassium  feldspar altered,  brecciated and fractured, 
with subsequent silica influx into  the zones  of brecciation 
and  fracturing.  resulting in vein and stockwork zones  con- 
taining  up to 20 per  cent  quartz,  over widths to 35 metres on 

developed zonation of hypogene alteration  about  the  miner- 
surface  (Figure 6-2-3). Roach (1990) has  identified  a  well- 

alized zone, up to 100 metres wide at surface. From the core 
of the West zone to its mappable  outer margins,  the  altera- 
tion assemblages, with the first mineral  listed being domi- 
nant, are: 

1. Quartztsericite-tcarbonate 
2. Sericitet-quartzfcarbonate 
3. Chlorite-tsericitefcarhonate 
4. Clay 
In addition,  diamond-drill  core reveals  the  presence of 

considerable potassium feldspar and at least two  carbonate 

alteration  mineralogy are currently available, and are a 
species.  Few  petrographic  and  mineralogic  data on the 

focus of on-going work. 

W E S T   Z O N E   M I N E R A L I Z A T I O N  
The West zone  comprises  at least ten quartz vcin and 

veinlet  shoots (Figures 6-2-3 and 4). named R I ,  R2, R4, R5, 
Rh, RI,  RX, UTC, Bielecki  and Eraser: the nearby Old 
Yeller znnc is approximately I 50  metres  to  the  south- 
southeast.  Some  shoots  do not outcrop and are known only 
from  underground  development  and  exploration  (Figure 
6-2-4). Description in this  paper is restricted to geological 
relationships exposed on surface and in diamond-drill  core. 
The R h  shoot is the  most extensive within the West zone, 
exposed along a strike length of 250 metres, and ranges in 
thickness  from 0.3 to  6 metres.  Ore shoots tend to have 
greater down-plunge extent (to the northeast) than in the 

tural geology of various elements of the West zone is 
strike dimension  (Kirkham r f  a/., io preparation): the struc- 

described in the next section.  With the exception of RI ,  the 
other  shoots with prefix R are structures that splay off R6; 
these  relationships are amplified  later in this paper. 

with accessory  potassium feldspar, albite  and sericite, and 
Gangue mineralogy in the veins is dominated by quartz, 
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minor carbonate (at least two valrieties rtoted n core: whit<: 
calcite and an  orange,  calciummagnesium ca bonate,  p'ob- 
ably  kutnohorite; R.H. Sillitoe personal cc mmunication, 
1991), barite,  apatite  and rutile (Harris, 1989:. Sulphide!; in 
the  veins  include, in decreasind  order of  abut dance, pyrite, 

tetrahedrite,  pyrargyrite, polyh;i.site, electru n and nativl: 
sphalerite,  chalcopyrite and galena: silver is presen:  a,$ 

silver, with rare  stephanite  and  acanthite; n; tive gold has 
been  described,  although  :kctrum is I he princ :?a1 
auriferous  phase  (Harris, 1989; Kirkham et L I . ,  in prepzra- 
tion). At least six vein and veirdet assembla,:es have tceu 
documented  macroscopically i l l  this study based upon 
crosscutting  relationships ohsmved in .diam< ,nd-drill core; 
from earliest to latest,  they an:: 

1, Potassium  feldspar  and qu;l.rtz microvei' llets ( I  nun in 

2. Quartz-carbonate veins ;an8d veinlets - generatiou (i) 
3.  Pyrite-sphalerite-galena ' ( e  inlets 
4. Quartz-carbonate veins  and veinkts - :eneration (ii) 
5. Quartz  (alone)  veins and veinlets - ger eration (i: 
6.  Quartz  (alone)  veins and veinlets - ger eration (ii) 
This  preliminary paragenesm is to he :onfinned bi 

petrography and will form the basis  for  a  study of th,: 
applicability of the West zone  material for microthermo- 
metric  analysis of fluid inclusions. Petrogra 'hy and  litho- 
geochemistry  will also  be used to characterizc the hypo&:#m: 
alteration  related to West zone .nineralizatio I. 

width) 

STRUCTURE OF WES'lr ZONE P.REA 
The West zone  has  an  overall  snuthe  lsterly s,t.ikc, 

approximately 140", although  internal struc tural elenams 
such  as  veins, veinlet  array,;  and as:;ociat:d pene1r;itive 
fabric(s)  are  complex and  variable  (Figures  6-2-3  and 4). 
Most of the structural data ]presented in tlis  paper  uele 
collected  predominantly by the senior autho' in 1989, (dur- 

Gold Mines (Roach, 1990); aclditional data, c dlected b.i ttle 
ing  a  surface  mapping  program  conducted by N e a h w k  

co-author in 1991,  are  also included. The  dor kinant f ab~ ic  in 
the  rocks at  some  distance (1CO m) from the Nest zone (dips 
steeply and strikes to the  south-southeast  (160"; 1'il:ure 
6-2-5). Approaching  the Wesl ;:one, the fabl IC i s  rotatcd 1 0  
between 110" and 130", throughout  a  zone  approxirn3tely 

altered  and highly strained  hostrocks. The  sense of rot;itic'n 
130 metres  wide, that corre1a:es spatially with the most 

suggests  sinistral shear in the 'Ui:st zon?, has( d  upon t y  : . i d  

Tchalenko, 1970). These  relatimships are, Iowever, I:onl- 
geometries of structural elernmts in a shl ar  zone ~(?.g . ,  

plicated by development of a northeaster1 (30" to '70') 
fabric  over a  zone 40 metres  wide to the n )rtbe.ast of the 
high-strain  rocks  (Figure 6-2.5;'. 

the  northeast  and  strike approximately para1 el to the werld 
The majority of veins obsen8sd on surfaa dip  steeply I:O 

of the zone ( i . r . ,  140"), although locall:/ exh biting sygrnoi- 
dal terminations  (Figures 6-2-4  .md 5 ) .  Veins of this geoma- 
try are "central shear veins" ilnd "obliquc shear  veins", 
using  the  terminology of Hodgson  (1989a. b). Subsidary, 
second-order veins  branch off t t e  principal \:ins, and !,Irike 
between 100" and 130'; again, this vein  geon etry supports a 
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Figure 6-2-4. Cross-section 51+00 S, West  zone 
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Figure 6-:!-5. Lower  hemisphere  projections of poles  to structural elements  within and adjacx t to the West , one. 
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sense of sinistral  shear. In addition,  a  few  veins  follow 
northeast  structures,  oblique  to  the  general  trend,  and  dip 
steeply  to  the  southeast  and  northwest  (note  that  attitudes  at 
depth  differ  from  those  at  surface - the  vein  system  tends  to 
steepen  and  dip  to the  southwest; B. Way, Newhawk  Gold 
Mines  Ltd.,  personal  communication,  1991).  Individual 
veins  and  composite  vein  sets  exposed on surface in the 
West zone  exhibit  evidence of crack-seal  fill  with  slivers of 
altered  wallrock  included  within  veins;  and  also  vein  fill  in 

folding  and  localized  brecciation  during  crystallization of 
an extensional  environment,  subjected  to  contemporaneous 

gangue  minerals,  for  example  quartz  and  carbonate  (Roach, 

observed  features  at  surface  include  (from  apparently  least 
1990;  Kirkham et a / . ,  in  preparation;  and  this  study); 

strained  to  most  strained):  vug  fills of quartz  with  unbroken 
crystal  terminations;  vug  fills in small-scale (5-10 cm 
wavelength)  folds;  extension  gash  veins;  second-order  cen- 
tral or oblique  veins;  sigmoidal  central or oblique  veins, 
locally  conjugate  arrays of sigmoidal  veins  and  veinlets. 
These  geometric  relationships  between  veins  are  observed 
on several  scales - from  hand-specimen  to  map  scale  (note, 
for  example,  the  sigmoidal,  enechelon  and  branching  vein 
geometries  in  Figures  6-2-3,6-2-4), and  are  consistent  with 
fluid  influx  (and  hydrothermal  alteration)  during  predomi- 
nantly  ductile  deformation,  interrupted  periodically by brit- 
tle  failure in response  to  a  fluctuating  fluid  pressure (e.g. ,  
Sibson PI  ul., 1975). 

SUMMARY 

at  Brucejack  Lake, is contained  within  a zone of intensely 
Vein-hosted.  gold-silver  mineralization in  the West zone 

altered  and  strained  volcanic  and  volcaniclastic  rocks. 
Alteration is zoned  about  the  mineralized  veins  and  veinlet 
arrays,  from  a  central  silicified  zone,  passing  outwards  to 

carbonate are  found  throughout each alteration facies. The 
sericite,  to chlorite  and  finally  to clay: accessory sericite and 

geometry of structural  elements  observed on surface  in  the 
West zone  described  here  is  compatible  with  high  strain 
zones,  as  synthesized  by,  for  example,  Hodgson  (1989b). 
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PRELIMINARY  GEOLOGY OF THE KERR COPPER-(GOILD) DEPOSIT, 
NORTHWESTERN  BRITISH  COLUMBIA (104W8) 
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Formation. 

INTRODUCTION 

Placer Dome Inc., is in the Sulphurets gold camp  60  kilo- 
The Kerr porphyry copper-(gold) deposit,  owned by 

metres  north of Stewart, British Columbia.  Reserves  calcu- 
lated in 1989 by the  previous  owner, Western Canadian 
Mining  Corporation. are  66 million  tonnes  averaging 0.8 per 
cent  copper and 0.33 gram  per  tonne  gold using a 0.5 per 
cent  copper  cut  off, Access to  the  deposit is by helicopter 
from  Tide Lake  airstrip 50 kilometres north of Stewart.  The 
deposit was diamond  drilled extensively by Western Cana- 
dian Mining Corporation from 1987 to 1989  and by Placer 
Dome Inc. in 1990. 

REGIONAL  GEOLOGY 

Jurassic  island-arc  rocks of Stikinia (Alldrick, 1989). The 
The  Kerr  deposit is hosted by Late  Triassic to Early 

stratigraphic  units are characterized by rapid facies  changes 
typical of submarine  island  arcs.  Regional deformation dur- 
ing the Cretaceous (Evenchick. 1991) deformed  the  vol- 
canic  and sedimentary units into  westerly dipping thrust 
slices. These slices are stacked onto  each other, exposing 
the  oldest  units  in  thrust wedges and  tightly  folded  anti- 
clines. The lowermost unit exposed in the area is the  eastern 
facies of the Late  Triassic  Stuhini Group  (Anderson  and 
Thorkelson,  1990).  The  eastern  facies  consists o f  

canic  conglomerates, and orange and  black-weathering lam- 
hornblende or pyroxene-phyric andesitic  and  basaltic vol- 

inated  siltstone  and  greywacke.  Boulder to cobble  con- 
glomerates  with  shale  and  siltstone  layers  form a 
transitional unit between  the  underlying  Stuhini Group and 
the overlying Early  Jurassic  Unuk River Formation (Ander- 

the  Sulphurets  gold camp  consists of pyroclastic  rocks of 
son and Thorkelson, 1990).  The Unuk River Formation in 

andesitic composition, possibly  derived  from diorite sub- 
volcanic  intrusions that are spatially related to porphyry 
copper  deposits (Britton  and Alldrick. 1988). 

DEPOSIT  GEOLOGY 
The  geology of the Kerr  deposit is obscured by intense 

alteration and deformation.  The ‘deformed zone’  outlined 
on Figure  6-3-1 is an area of foliated, sericite-altered  vol- 
canic  and intrusive rock. A band of intense  alteration and 
mineralization  outcrops  parallel to the  edges  of  the 
deformed  zone. Correlation of rock  units  between  drill holes 
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and on surface is hampered by complex str lctures in the: 
deformed zone  and  poor outcrop!; on the easte m edge (I! the 
deposit.  Lithologies  exposed along the eastern margin o f  the 

absolute ages of the  various uniis are  not we I constrailled, 
deposit are regionally  upright v,ith loc;~l OVI rturning.  rht: 

but relative ages  have been detwmined  from  surface nl;ap- 
ping,  crosscutting relationship!; .md diff,:renc :s in inten!,it!i 
of deformation and  alteration. 

S E D I M E N T A R Y   A N D   V O L C A N I C  U N I l  S 

Bedded  ash-tuff forms the  lowermost co itinuous ~.oclc 
unit  exposed in the deposit  :arm It crops )ut alon,g tb: 
eastern edge of the deformed zone  and  ar  a sn all unit bclow 
Kerr Peak (Figure 6-3-1). The unit crsnsist:  of  very fin,: 
grained  siliceous  layers  intfxbedded with crosshedded 
coarser layers. 

Volcanic conglomerate wiih chert  clasts conform.abl:f 
overlies the  bedded  ash-tuff along the eastel n edge o! thm: 
deformed zone  (Figure 6-3-2). tleterolithic  clasts, I ~ I  to 
7 centimetres in  diameter,  charg:: i n  cormposit on from  dom- 
inantly  ash-tuff fragments  at I he bottom 1 f the unit to 
porphyritic  intermediate  volcanic  rocks and E rey chen  :leb- 
hles at the  top. 

the  volcanic conglomerate aloni: the eastem margin o f  th: 
Conglomerate and minor san:lstone and si tstone ovc:rliz 

deposit. The  conglomerate is distinguished from the: \ w -  

canic  conglomerate by its bla::k calc;ireou I matrix atit11 
euhedral to subhedral feldspa  crystals and I ue cobbler; of 
dull grey, fossiliferous limestonc:. The relativt abundance of 
feldspar crystals increases up sc:ction until tt : unit appc:ars 
to be a  crystal tuff with a black calcareoui  matrix. ’ h e  
conglomerate unit fines  upward Into inttxbed, led grey smd- 
stone and  siltstone  that is exposed b e l w  Ke T Peak  and as 
subcrops I 0 0  metres  south of the  old camp. 

Laminated  argillite  and rur,t!, weathering  siltstone ,:on- 
formably  overlie  the  interbedded  grey !.andstone. This  un:t 

Kerr  Peak.  Contorted  bedding.  possibly  due  to :of!- 
crops out  around the old camp and as a ,;liver of rock 1x:low 

dant load casts and graded  bedding define  a steep  easerly 
sediment  deformation. is characteristic of  th s unit. A h n -  

dip  on section 106NN (Figun: 0.3-2). I3eddi 1g in  the !,(:dl- 
ment is parallel to the  bedding in the ash t u  f. 

Epiclastic conglomerate  unce4ies K ~ I T  Pea c southwest c d  

black  argillite. Clasts in this ,:onglomeratf are 1 t o  30 
the deposit.  This unit is in fault  confiict w th underlying 

centimetres in diameter, and  are  elongate par; llel to an (:as:- 

clasts  are matrix  supported and comprise: p agioclase por- 
striking,  steep westerly dipping  penetrati\ e fabric. ‘The 
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units cvolcanic  rocks,  pre  and  syn-mineral dikes) in the  variably  altered,  deformed  and  mineralized  zone  have  been  omitted  in  places 
Figure 6-3-1. Simplified  surface  geology from this  study of the  Kerr  deposit.  Small  dikes  have been omitted for clarity. Rock 

because of intense  deformation,  alteration and  weathering  that  has  obscured  the relationships  between  individual  units. 

phyry (30% of the  unit),  hornblende  porphyry (IO%),  

The matrix (4.5%) consists of plagioclase  fragments (20%) 
aphanitic felsic  volcanic rock (10%). and  epidotite (5%).  

and altered  ash. The  rock is weakly propylitized,  possibly  as 
a  result of lower  greenschist  metamorphism (Britton and 
Alldrick, 1988). Age and stratigraphic position  relative to 
units described  above is uncertain.  Anderson  and Thor- 
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kelson (1990) mapped  this unit as  part of the  Late  Triassic 
Stuhini  Group. 

exposed  surrounding the  bedded tuff below Kerr Peak.  It 
A pale brown weathering  tuffaceous  andesitic unit, is 

consists  of bedded  feldspar-phyric  crystal tuff and a mono- 
lithic fragmental rock consisting of clasts of aphanitic tuff in 
a fine-grained feldspar-rich  matrix. 

British Colunlhia Geolofiicul Survey  Branch 



INTRUSIVE UNITS 
Several  distinctive  pre to post-mineral  dikes  and stocks 

comprise 70 per  cent by volume of rock in the deposit 
(Figure 6-3-21, Their relative  age  was  determined  from 
crosscutting  relationships,  distribution of sulphides  and 
veins,  and extent of deformation  and  alteration. 

PRE-MINERAL  DIKE? 

A tine-grained plagioclase  and  hornblende-phyric unit is 

mineralization in thc  Kerr  deposit.  Extensive  alteration  and 
shown  only on Figure 6-3-2.  It hosts  most of the copper 

deformation have obscured its  original identity. One by two 
millimetre  euhedral laths of plagioclase,  hornblende and 
minor pyroxene  comprise 30 to 70 per cent of the rock.  The 
unit may be a  premineral  intrusive rock. 

SYN-MINERAL  DIKES 

Plagioclase  hornblende  diorite occurs  as a dike that is up 
to 100 metres  wide (Figure 6-3-2). It strikes  north  and dips 
west, parallel to the  trend of the copper mineralization. This 
unit consists of 2 by 4 millimetre  phenocrysts of plagioclase 
(30%) and  hornblende (10%) in a fine-grained  matrix.  The 

plagioclase  hornblende diorite i!i interpreted to  be a zyn-. 
mineral dike because it cuts and host: pyri.e and nlinor 
chalcopyrite-bearing banded (Iuartz veins. I nmineralii:ed 
magmatic  breccias  locally fonn margins to his intrus on. 
Small dikes of plagioclase hornl:dende dioritt cut silici 'let1 
unmineralized  heterolithic  hydrothermal bre :cia near the: 
surface at the western comer [If secticsn 10 i00N (Figure: 
6-3-2). 

forms a  westerly  trending dike 1 I:O 5 mares It ick, but is 110t 
Feldspar-megacrystic plagim lase hornble lde poTlh:<ry 

visible at  map scale.  It cuts bedded tuff below Kerr Peal.. 
and is in chill contact with plap loclase homl  lende dio.lte. 
The unit is interpreted to be a late syn-minera dike becmst: 

plagioclase  hornblende diorite, 
i t  hosts  polymetallic quartz: veins  and I ostdater; .:hc 

POST-MINERAL  DIKES 

metres east of Kerr  Peak as z. 10 by 50 me re lozenp:  in 
Augite-hornblende-plagioclils'i: porphyry I rops out 500 

strongly  altered  and deformed 1;uffacecNus r( cks. It is too 
small to show  on the  figures. A I  teration cons  sts of epidote 
replacement of fine  plagioclase laths a rd  epi h t e  veinr. 

* + .  

~ LEGEND ~~ 

FINE-GRAINED PLAGIOCLASE 
HORNBLENDE F'HYRIC UNIT 
LAMINATED ARI;ILLITE AND 

 SILTSTONE -"t!tres 

=,CONGLOMERATE 

TJ 0 c VOLCANIC  CONGLOMERATE SIMPLIFIE:D GEOI.OGY 
m B I D D E 0  ASH 1UFF CROSS S1I::TION 1C600N 

=WITH INTENSE ALTERATION 

WITH CHERT  CLASTS 

COPPER-GOLD MINERALIZATION - DEFINCO FAUL' 
.-C.I.INFERREO FAULT ." 

Figure 6 - 3 2 ,  Simplified  cross-section  from this study  showing  distribution of altered  lithologle;  and  areas of ntense 
mineralization. 
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porphyry  strikes north and dips  to the west (Figures 6-3-1 
Potassium  feldspar megacrystic  plagioclase  hornblende 

and 2). The potash  feldspar megacrysts  are  euhedral. up to 

minor hornblende. The  dike is boudinaged  and wrrounded 
20 millimetres in length in a matrix of plagioclase laths and 

by strongly  altered  tuffaceous  and  intrusive  rocks. 
Green,  aphanitic  andesite  dikes  strike  east and dip steeply 

south but they are  volumetrically  insignificant. These  dikes 
are concentrated in the deformed  zone  where they are  inten- 
sely folded with their fold axes parallel to the  north-trending 
fabric. 

Biotite andesite  dikes are up to 2 metres wide and follow 
major late faults which parallel  the  trend of the mineraliza- 
tion and earlier  intrusions  (Figure 6 - 3 2 ) ,  This uni t  is 
charactsrized by minor biotite hooks in  a magnetic, dark 
reddish  brown  aphanitic matrix. Quartz  and pink potassium 
feldspar crystals with corroded edges are  concentrated i n  the 
centre o f  these dikes. 

MINEKALIZATION AND ALTERATION 

is concentrated  above the fault hosting the biotite andesite 
Copper and gold mineralization on cross-section  10600N 

dike (Figure 6 -32) ,  Minor mineraliration is present below 
the  fault. 

Five distinct vein types  have been identified,  from oldest 

banded, grey to milky white quartz  veins with minor 

e magnetite  and  specular  hematite  with  minor  dis- 

e pyrite  and  minor  chalcopyrite with minor  quartz 

anhydrite,  quartz and calcite with pyrite. chalcopyrite 

0 pink gypsum  veinlets with selvages of chalcopyrite 

These  veins  form  stockworks in  the plagioclase  and 

diorite  dike. Akration of the host unit  varies repeatedly 
hornblende-phync unit above the plagioclase hornblende 

over 10 metre  intervals.  Each  alteration  interval has a  tex- 
turally (destructive chlorite and magnetite  or pyrite ‘core’ 
assemblage,  flanked  successively by green  sericite  and 
pyrite.  and  white  and  yellow  sericite with quartz and pyrite. 
This small-scale  zonation retlects the  overall  alteration pat- 

on  Figure 6-3-1 represents an  area of chlorite  and green 
tern across the deformed  zone.  The stippled  region  marked 

These may have  formed  during  deformation, by remobliza- 
sericite  alteration. It is crosscut by white gypsum veinlets. 

tion  from  earlier anhydrite and  pink gypsum veins.  Minerdl- 

(Figure 6-3-2) in the plagioclase hornblende diorite  dike 
ization  intersected by drill hole KS-120 below KS-I04 

consists of banded quartz veins cut by pyrite  and chal- 
copyrite veinlets. 

the  plagioclase  hornblende diorite locally  cutting feldspar- 
Minor  polymetallic veins occur  around the  periphery of 

megacrystic plagioclase hornblende  porphyry. They  consist 
of milky  white quartz  and  carbonate with pyrite, chal- 
copyrite, tetrahedrite, sphalerite  and galena. 

to youngest: 

pyrite  and chalcopyrite, 

seminated  chalcopyrite and pyrite, 

gangue, 

and  tetrahedrite, and 

and minor  molybdenite. 

DWORMATION 

the area of intense alteration and minerali7:ation (Figure 
A strong northerly trending foliation follows the trace of 

6-3-1 I. I t  dips  to the west, parallel t o  the dip of the pla- 
gioclase  hornblende  diorite  dike  and  rnegacrystic 
plagioclase  hornblende  porphyry  dike. All post-mineral 
dikes are strongly  deformed except for  the biotite andesite 
dikes. They  intruded along relatively late major  faults that 
were subsequently  reactivated. 

DISCUSSION  .4ND CONCLUSIONS 

copper-(gold) porphyry system that was deformed  during 
The Kerr deposit is interpreted to be an Early Jurassic 

the Cretaceous  (Evenchick, 1991). This interpretation is 
supported by the observation that post-mineral  dikes are 
extensively  folded  and  boudinaged parallel to a strong 
northerly  trending foliation. Regional  mapping by Britton 
and  Alldrick (1988). Alldrick (1989) and  Anderson  and 
Thorkelson (1990) suggests that the deposit is hosted by the 
Late  Triassic  Stuhini Group. However.  the  footwall  cannot 
he directly correlated with published stratigraphy of the 
Stuhini Croup  or 0 1  the Early Jurassic Unuk River  Forma- 
tion. Further geological  mapping in the vicinity of the  Kerr 
deposit is required. 

Intense copper mineralization on cross-section 10600N 
occurs  as  quartz,  magnetite and  sulphide stockworks in 
lenses within the  plagioclase hornblende  diorite  dike and in 
its hangingwall.  Anhydrite and gypsum veins are  concen- 
trated in the  strongly  altered  plagioclase  and  hornblende- 
phyric unit. The  relationship between these stockworks and 
the  sqn-mineral  plagioclase  hornblende diorite  dike will be 
investigated by a detailed petrographic study. 
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ESKAY CREEK  AREA,  STRATIGRAPHY UP1),4TE 
(104B/9, 10) 

By  R.D. Bartsch 
Mineral Deposit Research  Unit 

The University of British Columbia 
(MDRU Contribution 006) 

KEYWORDS: Economic  geology,  stratigraphy.  Eskay The study area is centred wi1:hin the nortt :m half of t t e  
Creek,  alteration,  structure, Mount Dilworth  Formation, Unuk map  area (Alldrick et al., 1989)  and ex1 :nds soutt and 
Betty  Creek  Formation. southwest of the  Eskay Creak deposit  (Fi:;ure 6-4--1:1. It 

includes  properties  held by Intmlational C( rona CO~I<JI;L- 
INTRODUCTION tion, Granges Inc., American Film Corporati. InISilver IIutle 

Resources  Ltd.  (formerly Cor1s:)lidated Silvl r Butte Wi:~nc:s 
Mapping at 1:5000-scale of an area near  the  Eskay  Creek Ltd,)  and prime ~ ~ ~ i ~ i ~ ~  

precious  and base  metal deposits initiated in 1991 empha- 
sizes documentation of facies variations within the Lower to 
Middle  Jurassic  rocks of the  Hazelton Group.  This work is Sulphurets  map  areas was comi led  by Britt In (1990) ,#to 

Previous work in the  Unuk and adjacent Snippake~  ard 

an integral  part of the  Mineral  Deposit  Research Unit’s Iskut describes  the  stratigraphic nomtmclature for :his part of the 
River Metallogeny  project and is the  basis of M.Sc. thesis Intermontane  Belt. Current 4otlservations fiom geolo1:ists 
research  by  the  author  at  The  University  of  British with Granges Inc. and Amemcan Fibre Cxporatior  are 
Columbia. incorporated in this  update. 

Figure 6-4-1. Iskut-Sulphurets  gold  camps:  study aea.  (Modified  from  Alldrick e: d ,  1989 ) 
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Figure 6-4-2. Simplified  geological  map of the Eskay Creek area. Structural detail  within the northern 
Bowser  Lake  Group  sediments  from  Lewis (1992, this volume). 
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STRATIGRAPHY  UPDATE 
Six  regionally mappable units are defined by Britton 

et ul. (1989) in the study area  and  are tentatively correlated 
with the Unuk River,  Betty Creek,  Mount Dilworth. Salmon 
River and  Ashman formations. Significant variations are 
observed in the distribution of the  units  defined on the 
regional 1:50  000-scale mapping  (Alldrick et ul., 1989)  and 
problems in definition of stratigraphic  intervals  have  arisen. 

nature of the volcanic rock component. Similar epiclastic 
Stratigraphic  intervals  are  best  characterized  by  the 

rocks  occur  at different  stratigraphic  intervals.  Regionally 
extensive fault and stratigraphically  controlled  alteration 
dominated by silica  replacement often  obscures the  strat- 
igraphy. Disconformable relationships  between formations 
are  common. Individual  units  display  considerable facies 
variations  and contact relationships  (depositional  and  struc- 
tural) are complex. Experience  gained  during the 1991 field 
season  suggests that  the  Hazelton Group rocks can best be 
mapped  in  terms of facies. 

Within the study area the  Unuk River and Betty Creek 
formations  are  not  easily  distinguished.  The  definitive 
maroon coloration of the  Betty Creek Formation  seen in the 
Stewart  area  are  absent. Both formations  comprise  green 
chloritic  volcaniclastic  rocks,  andesitic  tuffs, flows  and  flow 
breccias  and  minor  shales,  sandstones  and  carbonates. 
Andesite  flows  within  the  Unuk  River  Formation  are 
characterized by feldspar  and/or  pyroxene  phenocrysts, 
however  this  feature is not ubiquitous and the  boundary 
between the  formations is indistinct. 

The Mount  Dilworth  Formation  disconformably overlies 
the Unuk River and  Betty Creek  formations and comprises 
dacitic to rhyolitic  rocks  which vary systematically from  an 
imaginary curvilinear baseline  extending  from Eskay Creek 
to Alice Lake (E-A: Figure  6-4-2). Close to the baseline the 
interval is distinguished by flow breccias: clasts within the 
breccias  are  flow  banded.  Farther  northwest the strat- 
igraphic  interval is marked by discontinuous layers of lapilli 
breccia  (subaerial) and  subsequently by heterolithic  debris- 
flow breccias. 

Thickness is greatest and continuity is best close to the 
baseline,  maximunl  thickness is estimated at 25 metres; to 
the northwest the  interval is 1 to 5 metres.  Trends compar- 
able  to  those in  the Mount  Dilworth Formation are  evident 
in  the underlying  stratigraphy in the dominance of massive 
andesite  flows near  the  baseline  varying to volcaniclastic, 
epiclastic and argillite  lithologies to the  northwest. 

tions) is blurred by alteration  and relies on identification of 
Field recognition of the  felsic rocks (and lateral varia- 

poorly  preserved  primary  textures. The imaginary  baseline 
defines the most  intense alteration  which is characterized by 
quartz and/or  potassium  feldspar,  sericite  and  pyrite,  impart- 
ing  a  grey-green cherty  appearance to the  rocks. Within the 
stratigraphy  between SIB and  Eskay Creek  camps  (Figure 
6-4-2)  the silica  alteration zone attains  a  true  thickness of 
125  metres  and  extends  between  both  camps.  Textures 
within the lower I 0 0  metres of the  alteration zone  are 
indicative of intermediate and  mafic  volcanic  rocks,  includ- 
ing pillow and  pahoehoe textures.  Unaltered  intermediate 
flows immediately  underlie felsic volcanic  rocks to the 
south.  Indisputablc  silicified  pahoehoe-textured  volcanics 

Geological Fieldwork 1991, Puper 1992-1 

are laminated  (flow banded).  Fl(~,w  banding  h. .s been U S I : , ~  to 
distinguish  altered  rhyolites throughout the rea  and t igh- 
lights the problems  associated with recognii  ing protolith:;. 

The  SIB-Eskay  alteration :!,one is  capled by a )thin 
( < I 0  m  thick)  black-matrix  breccia ronco dant with the 
alteration  zone  and  overlying ;Irgillite conti ct and di!;co:- 
dant  to  the  stratigraphic Icrmtacts. Disa rete,  nalrow 
(<30 cm) black-matrix breccia!; and  black jeinlets  cut  the 
underlying  silicified  volcanic  rocks. The bre :cias coml~rire 
cherty,  pale grey-green angulw fractured  cl tsts; clast!; are 
matrix  supported and matrix m d  fracture nfill is gladi~- 
tional from black cherty  carknaceous silt  ,tone to tmlack 
(carbonaceous?) quartz. Withirt the siratig: aphic intt!rval 
between  the SIB  and  Eskay  camps (l'igurt 6-4-2), mini- 
mally  altered,  well-bedded Feldspathic sal dstones, rorl- 
glomerates, fossiliferous siltt;tones  and mil tor carbol~atc:~ 
mark  the transition from  green chloritic vol  :anic and .voI- 
caniclastic  rocks of the  Betty  Creek  Formal on to the mst 
and  the  silica  alteration  zone to the west. T ~ I  sediments ax 
dominated by argillites to the north and pi Ich out tcl tbe 
south.  To  the  west, similar epic lastic rocks i re interbe'jded 
with and overlie  the Mount Tlil worth Forma tion. 

and tuffs and  volcaniclastic, epl clastic ;md n inor  carbmale 
The  Salmon  River Formatlon comprises andesite flmws 

rocks and argillite. The  northwsterly variat ons within t t e  
felsic  rocks are mimicked by a transition wit1 in the youngf:r 

jointed and  brecciated, to  pillowed flows; an, I from a d:m- 
rocks from  andesite  flows which are mas  ive, column;u 

nance of volcaniclastic to epiclastic  rocks a id  argillit:. In 
the absence of the felsic  marke- it is difticul  to  distin:uirh 
the  upper  and lower intermediale and mafic volcanic ~ n i t s .  

Eskay Creek  crop out in the northeast and :omprise thin. 
Lateral equivalents of the minxalized, con act  argillite ;at 

finely  laminated  cherty siltstontx intercalate( with pillwwed 
andesites. Massive  argillites  in  the centre o ' the map ;area 
may  include  distal  equivalenls of the  Be ty Creek  and 
Salmon  River  formations  and, in the absen :e of vohn : . c  
rocks  and  paleontological  control,  are in1 istinguist  be 
from  overlying  Bowser  Lake  Group arg;illite: . Qualitat  vely 
the argillites  in the  lower part of the sequ mce are more 
carbonaceous and  pyritic than argillites in th 5 upper pwt of 
the  sequence  and contain  minor carbonate i n  erbeds. Qllan:z 
sandstones, grits  and conglomesates consistir g of whitc, ard 
black  cherty clasts  are interbedded with thc Bowser :.Ate 
Group argillites  and are  good local nlarkels.  These iedi- 
ments  onlap the Salmon River and Mount D llwortb forma- 
tion  volcanic rocks  to the non:hwest and n mheast where 
they  contain  minor  feldspathtc  horizons.  Britton e t  01. 

(1989)  correlate  this  unit wi:h the  Ashmar Formaticn of 
Tipper  and  Richards (1976).  define it as the base of the 
Bowser  Lake Group.  The break between the distal fac:i':s of 

problem to be resolved. 
the Salmon  River and Bowser Lake frmrmatl Jns is a major 

STRUCTURE  AND MI[NERALIZ. LTION 

triplet of regional  folds with fold axes rotate I northeaskrly 
The distribution of the  units is interpreted to represent a 

to northerly  progressively to ..he south.  Agillites, sand- 
stones and conglomerates of the  Salmon  River  Fomxltian 
and  Bowser Lake Group occupy  a cenlral SI nform. IL:fo-- 
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mation increases to the  south in parallel with the  gradual 
rotation of fold  axes  (Lewis,  1992, this volume). Within  the 
zone of mflection  the eastern  limb of the synform is trun- 

ramping of the volcanic rocks over argillites. 
cated by high and low-angle faults with some associated 

Two periods of faulting  are distinguishable.  Early faults 
are  associated with varying  alteration and mineralization. 

River  and  Mount Dilworth formations  occur on these  faults, 
Small  displacements of the contact between  the Salmon 

however. no significant  alteration or  epigenetic  mineraliza- 
tion is visible in outcrops of the younger rocks,  indicating 

stratigraphy these early structures are prominent as  minor 
some reactivation of the  structures.  Within  the SIB-Eskay 

faults  crosscutting  and subparallel to bedding and  a major 
fault  zone  (Tony’s  fault  named  informally  after Tom 
MacKay’s horse) also subparallel  to stratigraphy. 

between a linear, subvertical, intense alteration  zone  and 
Recognition  of Tony’s fault is based on discordance 

bedding in adjacent  epiclastic rocks which varies in orienta- 
tion, with dips  dominantly 45” to 70” northwest. Tony’s fault 
is spatially  related to the prominent silica  alteration  zone 
and  to  the imaginary baseline  describing variations  within 
the stratigraphy. The  core of this fault  zone  comprises  mas- 
sive  lenses of microcrystalline quartz  measuring up to 500 

The  lenses  step left-laterally to the north,  converging with 
by 25 metres  which have both diffuse and sharp contacts. 

the silica  alteration zone at the Eskay Creek  camp, and are 
enveloped by a continuously mineralized  and  strongly foli- 
ated  alteration halo. The strong  foliation  within the  altera- 

zones  and is not visible  in  intensely  silicified  lenses. The 
tion envelope  is restricted to sericitic  and  chloritic alteration 

dominant  foliation is parallel to axial surfaces of regional 
folds  (post  Bowser  Lake  Group;  Lewis, 1992, this  volume) 

reflect  strain  partitioning into the  ‘slippery’  phyllosilicate 
and its pronounced  development in this zone  may simply 

alteration assemblage.  The  fault  crops  out as a  line of 
discontinuous  gossanous bluffs from Eskay to SIB camps. 

mineralized faults which coincidentally  control  the  outcrop 
Steps within the  fault  are  associated with minor  crosscutting 

distribution of pillowed  andesites  and  cherty  siltstones of 
the  Salmon  River Formation  (contact zone). Mineralization 

galena,  chalcopyrite and  sphalerite. 
within the  faults is dominated by pyrite with or without 

Late unmineralized faults  are related to  folding  and  are 
best expressed by the truncation of the eastem  limb of the 

major  gossanous  fault zone extending  from SIB to Eskay 
regional synform  at  SIB  camp;  the stratigraphy and  the 

camps  are CUI off. 

FUTURE WORK 
There is an intimate  relationship  between  faulting, 

regionally extensive, stratigraphically  controlled  alteration 

phy.  Highlighted  lithologicdl  variations  indicate  a  northerly 
and  variations  within  the  upper  Hazelton Group stratigra- 

and  northwesterly  transition from  proximal to distal  and 
subaerial to marine  volcanic facies. A focus of future work 

mination of protoliths obscured by intense alteration.  Fur- 
will be to assimilate field  data in terms of facies  and deter- 

ther mapping is required to the north and nonhwest  to 
correlate stratigraphy in the vicinity of the Eskay deposit 
with regional  stratigraphy. 
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INTRODUCTION 
The Iskut River  map  area contains  several  important 

mineral deposits  and has  been  the focus of numerous  recent 
geological  studies,  including  government  sponsored 
regional surveys (Alldrick and Britton, 1988: Britton  and 
Alldrick,  1988; Anderson, 1989: Alldrick etol., 1989, 1990; 
Britton et al. .  1989b. 1990 Anderson  and  Thorkelson, 
1990) and extensive property-scale mapping conducted by 
mining  companies.  Despite the  large amount  of  exploration 
work within  the area, its structural  history is poorly  under- 
stood and even the stratigraphic framework is only estab- 
lished at a  basic  level.  A  regional-scale  structural  and  strat- 
igraphic  framework is essential to further  evaluate the 

metallogeny of the  area, and will be usefu for  designing 
strategies for future  exploration  programs. 

River  area is one  important ar;pect of the mu tifaceted I h t  
A  regional  study of the strurtural evoluti )n of the IskJt 

River metallogeny  project  currently  being cc nducted by the 
Mineral  Deposit  Research Urlil at the IJnive rsity of h t k h  
Columbia.  This study  began with geologic I napping in the 
Unuk River  map  area during  the 1991 field season. Long- 
term objectives  are  to provid.:: a  regional  structural a rd  
stratigraphic framework for the area, whic I will therl be 
integrated  with  property-scale:  studies  focusi 1g on relation- 
ships between  mineralization asld deformatit n. These ):oak 
will be achieved through 120 0l:)O-scale  geolr  bgical may,pirlg 
of key areas which feature  ueil-exposed ro :ks and poten- 
tially significant  structural ana stratigraphil  relationships. 
Deposit-scale  mapping by  oi:h::r MDRU re searchers, ard 
property maps provided by h1I:IRU industr) members will 

lskut River 
r ., 

8 SNlP ' ESKAY  CREE I 

' '\ 
JOHNNY  MOUNTAiN 

-1- 

l s k u t  R i v e r  
Project Area  

SULPHUC?IITS 

1991 f i e l d  s tud ie s  
0 10 k m  
_c_ 

Figure 6-51,  Location of the lskut River map area within the  five  tectonic  belts of the Canadiar  Cordiller;i, and locations 
of areas  examined  during  the 1991 field season. 
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most  up-to-date  geologic  compilation of the Iskut  River 
be combined with the new regional  mapping  to  provide the 

area. 
Mapping  during the  1991 field  season  concentrated on 

the John  Peaks  and Prout  Plateau areas and exposures of the 
South  Unuk  River  fault  (Figure  6-5-1).  Preliminary results 
from the Prout Plateau area are discussed in this paper; other 
work will be presented in future reports. 

GENERALGEOLOGY 
The  Prout Plateau is underlain by rocks  of  two  major 

stratigraphic  divisions.  Rocks of the lower division  belong 
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to a  regionally extensive  sequence of Lower  Jurassic  vol- 
canic and  epiclastic  rocks of the  Hazelton Group  more than 
2 kilometres thick. Harelton Group rocks  are  conformably 

Middle  and Upper  Jurassic  Bowser Lake  Group. Intrusive 
overlain by argillites, sandstones and conglomerates of the 

rocks  are  volumetrically  minor,  and  include  potassium 
feldspar-plagioclase-hornblende  porphyritic  dikes  and 

varied composition.  The stratigraphy  and  alteration  history 
stocks  (Premier porphyry) and scattered aphyric dikes of 

of Hazelton  and Bowser  Lake rocks in the  Prout  Plateau 
area is the subject of R. Bartsch’s  M.Sc.  thesis at The 
University of British  Columbia, and  preliminary  results 
from his study appear  elsewhere in this volume  (Bansch, 
1992). 
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assemblage within the Bowser  Basin, which occupies  much 
Rocks of the Bowser Lake  Group  form  the lowest overlap 

of the  northern Intermontane Belt. The Prout  Plateau  area 

tant  rock package, and geological  relationships with older 
contains some of the most  westerly exposures of this impor- 

rocks  there will probably be critical to unravelling  the 
tectonic  history of the  Bowser  Basin. The plateau also lies 
near the boundary  between  the Skeena fold belt to the east 
(Evenchick, 1991)  and  the Coast Plutonic Complex to the 
west,  and  mapping  here will contribute to understanding of 
the  transition  between  these  major  tectonic  features. 

1989) show the  structural  geology of the plateau area  as 
Existing geological maps  (Grove, 1986; Alldrick et al., 

dominated by a major north to northeast-trending  syncline- 
anticline-syncline fold sequence. Faults  mapped or inferred 
in the area, although  continuous for several  kilometres, do 
not offset  stratigraphic contacts appreciably. One notable 
exception is the I.Jnuk-Harrymel fault,  which  skirts the 
western edge of thr Unuk River  map  area and has inferred 
east-side-down displacement (Britlon et al.. 19XYb). The 
l+azelton Group - Bowser  Lake Group  contact is exposed 
for several  tens of kilometres  along the limbs of the  fold 
triplet sequence, making  the area ideal for examining transi- 
tions in structural  style  between  the two units. The Early to 
Middle Jurassic  age range  of the units also provides  the 
opportunity  to  evaluate the  regional  affects of a  proposed 
Early Jurassic defhrmation  event in the Iskut River area 
(Bevier and Anderson,  1991). 

RESULTS OF THE 1991 FIELDWORK 

STRATIGRAPHY 
An analysis of Hazelton Group stratigraphy in the  Prout 

Plateau area is praently being  conducted by R. Bartsch 

The  Lower to Middle  Jurassic  Hazelton Group in the  Iskut 
(Bartsch,  1992)  and  only a brief summary is presented here. 

River  area is conventionally divided, in ascending order, 
into  the Unuk  River,  Betty Creek, Mount  Dilworth  and 
Salmon River formations  (Anderson, 1989). Existing maps 
show that the upper  three of these units are exposed in the 
Prout  Plateau  area.  However,  lithofacies within these forma- 
tions are very variable  and  laterally discontinuous, leading 
to  correlation  difficulties. In general, the lowest rocks 
exposed  consist of epiclastic and volcanic  strata which have 
historically been correlated with the Betty Creek  Formation. 
In the  Eskay  Creek area  (Figure  6-5-2),  four units are 

claqic unit of intemlediate composition, an overlying pack- 
mappable within this  sequence: a lower  volcanic  and epi- 

age of epiclastic sandstone, siltstone, conglomerate and 

volcanic unit ("footwall dacite" at Eskay Creek, Britton et 
local  fossiliferous carbonate, an upper  intermediate to felsic 

al., 1989a), and  a  thin, laterally discontinuous mudstone- 
siltstone package.  These  four  map units can be traced  the 
length of the  Eskay Creek and SIB properties with only 
minor  fault offsets (Figure  6-5-2) but are not individually 
mappable in the Mount  Shirley area to the west.  Felsic 
fragmental  and  massive  volcanic  tlows and pyroclastic 
rocks,  presently  con-elated with the  Mount  Dilworth  Forma- 
tion,  overlie  the  epiclastic  and  volcanic  succession in most. 
but not all locations. Uppermost Hazelton Group rocks 
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consist of basaltic  to andesitic flows of the Salmon Il.iver 

breccias  and  massive flows, and contain va:iable amounts 
Formation. These rocks  include  pillowed !lows, vol<:anic 

of interbedded mudstone. On the north s ope of 1V:ount 
Shirley,  extensive  areas of pillowed floq i s .  tel1ta.t .iely 
assigned to the Salmon Rives Forma.tion, contain tiinly 
bedded  felsic  tuffaceous intr:rvals. Lithl  logies 01' the 
Salmon River  Formation  grade in a north to iouth dire:tim 
from pillowed flows,  to broken Ipillow  tmrecci IS and volcmic 
breccias, to massive flows. 

of the highest  occurrence c f  volcanlc rocks  withir the 
The base of the Bowser Lake Group is ma >ped at th': top 

Salmon River  Formation.  Although  this b o r  ndary is ei.si  y 
mapped on the Prout  Plateau, i l l  surrounding regions uhere 
the Salmon  River  Formation  consisis  en  irely of Fine:. 

make,  and  some workers adv:)cate placin5 the Hau:ltc,n 
grained  sedimentary  rocks, i t  can be a difficu t distinctim  to 

Group - Bowser Lake Group t1oundar:i b e l l  w  the S;dmcn 
River Formation  (Kirkham el ol . ,  in prepara ion). At I'rout 
Plateau,  the Bowser Lake Group is di!;tingLished by thick 
sequences of rhythmically  bedded mudstonf and siltstom:, 
which enclose  laterally discont nuous sandst me and clert- 
pebble  conglomerate layers. Thickest  acc  lmulationr  of 
coarse clastic  rocks occur adji.o::nt to the Esk  xy Creek ;xreil. 
Although  these units are several hundrcd mi [res thick near 
Eskay  Creek,  they  pinch out ct~~npletely a fe\ ' kilometr,:s to 
the  west. 

STRUCTURAL  GEOLOGY 

BOWSER  LAKE GROUP 

reflects  folding and faulting  zssociated w th signifi:ant 
The present  structural geometry of the  Pro, It Plateau  are3 

amounts of east-west  shortenlng in both Bowser I,&? 
Group and  Hazelton Group slrata. Bowsel Lake G I O U ~  

rocks are best exposed in a major nortll-plul ging synclint: 
which encloses the Tom Mackay  Lake bred (Figure 6.-!'..2). 
Lithologies  here are dominated I?y thick sequl nces of thinly 

and  sandstone layers. 
bedded  siltstone and  mudstone. with lesser  conglomerat,: 

In general,  intensity of defamation and am ounts of s l~on-  
ening increase southward t o w - d  the  pinch- )ut of B o w e r  
Lake  strata in the hinge of the  syncline. At Tom Mackay 
Lake  and  northwards,  second  order folcls  wi hin the 1r;ljcr 

metres,  and have rounded to subangular hin: .es with inter- 
syncline are  symmetric,  have wavelengths .>f 400  to 110'3 

limb  angles of about 90". Faults in this  area h; ve only  minor 
offset, but some unrecognized  layer-parallel slip is Iikly. 

geometry, indicate  a  minimum O F  appro,,imatN ,ly  40 pe:r  :en1 
Simple  estimates of the amourlt of shorteninp  based on fold 

east-west  shortening; total shortening will ~ Is0 include i 
component of penetrative strain leading to cl :avage folma- 
tion, and this  estimate  therefore  represent I a minimum 
value. 

Lake Group near Tom Mack,l) Lake is eit ler faulted or 
The  contact between the Hazelton G r w p  a ~d  the Bo\rser 

conformable,  depending on the locality. Btdding  trulca- 
tions,  missing  stratigraphy and loca,ized  tectonim i i l  
Bowser Lake Group rocks alorlg the (cast :ide of Mount 
Shirley  indicate that the  west  sida of the sync ine is C U T  :y , I  

s 23  
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joins,  or is cut  by, the Hanymel  fault, and the two rock 
steeply west-dipping fault in that area. Southward, this fault 

packages  are  conformable. On the eastern limb of the west- 
ern  syncline, the contact between the Bowser Lake  and 
Hazelton  groups is the  Argillite  Creek  fault. Both  the 
faulted  contact  and  stratification within these  units  dip 
steeply to the northwest. Speculation  that  the contact is an 
unconformity is not supported, given  the  lack of a basal 
shallow-water  deposit in the younger  sequence, the  apparent 
truncation  and  tectonism in overlying units and the  rapid 
thickenin& of the  rhythmically  bedded  siltstone-mudstone 
package southward  (Figure  6-5-2). 

South of Tom Mackay Lake, toward  the  syncline closure, 
Bowser Lake Group strata are  more strongly deformed, but 
the poorer  exposure at lower  elevations makes mapping of 
continuous structures  difficult. At the  south  end of the  lake, 
fold  axial  surfaces  are more closely  spaced  than farther 
north,  and fold  limbs are locally overturned. In this Same 
area,  folds with a  strong  westerly asymmetry are  cut by 
westerly  directed  thrust  faults.  and axial surfaces  swing to a 
more  northerly  orientation. Shortening  amounts  are difficult 
to estimate  due to uncertainty in determining  fault cut-off 
locations,  but  fold geometry  alone  requires in excess of 
SO per cent  east-west  shortening.  Contacts with Hazelton 
Group rocks are different from those found farther north as 
well: on the west syncline limb. steeply dipping  faults 

juxtapose the sedimentary strata against lower parts of the 
striking 150" truncate  folds in the Bowser Lake Group and 

Hazelton Group to the  west. These faults  are not usually 
exposed in outcrop. but are easily  recognized by structural 
or stratigraphic  truncation and topographic expression.  The 

dreds of metres of east-side-down displacement.  On the 
simplest interpretation of movement history  involves hun- 

eastern  limb,  the contact is faulted  along Coulter Creek 
where  the  contact  between  the two units dips gently to 
moderately eastwad.  The geometry  here is consistent with 
a  west-vergent thrust fault contact placing  Hazelton Group 
rocks over  Bowser Lake Group strata. 

southward  through  the syncline  closure,  but projection of 
The  Bowser  Lakc  Group has not been mapped in detail 

structural  styles south down  Coulter  Creek  suggests a 

within  the  fold  core. an inference  corroborated by recon- 
strongly  tectonized,  fault-bounded  package of sediments 

naissance examinatrons (R. Bartsch,  personal communica- 
tion, 199 I). The faulted  fold-closure  probably  lies near the 
confluence of Coulter Creek  and  the Unuk River,  where  the 
bounding faults merge. 

HAZELTON GROUP 

core  east of Tom Mackay Lake  and on the western edge of 
Hazelton Group rocks are best  exposed in the  anticline 

the  Prout  Plateau,  south of Mount Shirley. In general,  they 
are  more massive and stratigraphic  markers are less contin- 
uous than in the  overlying Bowser Lake Group;  conse- 
quently  mappable  structures  are  more  difficult to define. 
Hazelton Group units are broadly folded and are  cut by 

Mount  Shirley,  two  sets of faults  are  common:  earlier  faults 
several  generations of steeply  dipping  faults.  South of 

are  subvertical, strike 030" to 050". and expose  older strata 
on  their  northwest  sides.  More  regionally  continuous, 
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steeply dipping  faults striking 145" IC' 155' truncate th,: 
older  faults, and generally  expose ol.der s rata o n  their 
southwest  sides. In places these younge:  faul s separale  the 
Bowser  Lake  Group  from the Hazelton  Group.  Slip- 
direction  indicators  are  lack ng for  both ! ets of faults. 
Broad, north to northwest-trending  folds in the Ha7elton 
Group are  cut  and  offset by Ih;: northwest-! triking fajllts, 
resulting in locally  complex  contact  distrib  ltion pait':rni 
along the ridge south of Mount !Shirley. Map ling along  the 
flanks of this  ridge in the  Harrymel and c:oulter ( h e k  
valleys by R. Bartsch  (personal ,.:ommunicati< Nn, 1991) !;dg- 
gests that the  ridge forms the cor:: of a regiona antiform and 
that Hazelton strata  form  dip !,lopes along th:  flanks. 

East of  the Tom Mackay syndine, a monl clinal  section 
of northwest-dipping Hazelton Group slrata I xtends ac -wi  

can be traced continuously across both clain  groups, with 
the  Eskay Creek and SIB properties.  Stratigr Iphic  maricer:; 

only minor  apparent  left-lateral ctfsets  along r Drtherly strik- 
ing  faults. There is probably scmnle faulting pa ,allel to stl.iiti 
graphic layering, hut it is not nlappable at 1 20 000 !;tale, 
Regional maps  show this  northwest-dipping  >anel  fornun[: 
the west limb of a major northw.est-tren,jing , nticline. .-hi:; 
interpretation is supported by ttNe occurrence of southeast- 
facing  Bowser  Lake Group ar::illites and mu istones alnn[: 
the lower reaches of Eskay Cre':k and in th : Unuk I h e -  
valley. The transition  from west-facing 'yo ea! t-facing b':ds, 
however,  occurs within  a structurally con Iplex, poorly 
exposed  area  and  coincides witt a major nor heast-stril:ng: 
fault. This fault obscures the  fold  hinge anc has unclcter.. 
mined  offset. The apparent lack of continuit 3 of Haze!rorl 
Group felsic  volcanic  rocks acrciss the  hinge  Figure 6 - 5 2 .  
Alldrick et a / . ,  1989) is probibly relat,zd to this faultr1g. 

MESOSCOPIC  STRUCTURAL,  F'EATUKES 

The  most prominent mesosc~~pic structur 11 featur,?!; in 
Bowser Lake Group and  Hazelton Group  st'ata  are ~ I A -  

cleavage fabrics. These cleavag8i:s are paralle to axial sur- 
developed,  steeply  dipping,  north  to  nort leasr-str:lkin[: 

faces of macroscopic  folds  and  the few me!  Dscopic fold:; 
scdttered  through the  area. The h r m  and visud appearancr: 
of cleavage correlates  strongly u i th  host litho ogy. A strrlng 
slaty  cleavage is present at hghest structl ral level! irk 
bedded mudstone  and siltstonc: of the Bowse' Lake Gr;Nup 
(Plate  6-.-la). Coarse sandstc'n:: and c.mglc  nerate la;rer!; 
within  this  unit  contain  weakl) to moilerall ly  developed 
spaced cleavage, best developed in fold hinge i. Dissolu. or1 

exposures and is indicative of a pressure so ution me:!ia- 
of clasts  along  cleavage  surfaces is appa  ent in !some 

nism of cleavage formation in these  areas. 
Lithologically  variable Haz1:l:on Group rc :ks conta II a 

wide variety of structural fabrics,  At highest IC vels, volemic 
breccias  and  pillowed  flows of ttle Salmon Ri 'er  Forma lor1 
contain no visible  penetrative  fabrics,  and : lillow shape!. 
appear unstrained.  However,  iuterlayered n udstone!;  ;arc: 
disharmonically  folded and lorally are strong .y tectonixd 
Lower in the section, felsic  volcanic flous con ain a weac tc, 
moderate  anastomosing foliation at Eskay Crc ek. Epicl.ar,tic: 
Sedimentary rocks  contain weak to stron]: pens ,trative c l t ; ~  
age which refracts  sharply  across  lithologic in erfaces (Plate 
6-5-lb).  Coarse volcanic con,:lomerates COI tain  stror ;gly 
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oblate  clasts, with shortest  dimensions  perpendicular  to 
cleavage  planes (Plate 6-5-IC). Axial  ratios in these clasts 
range up to 3:3:1. Clast elongation is rare and, where it 
occurs, is in a down-dip  orientation. 

the  Prout Plateau  area, and are usually  north to northeast- 
Mesoscopic  folds  occur in scattered  locations  throughout 

plunging structures coaxial  to  the macroscopic  folds. Minor 
fold asymmetry is variable and  consistent with that expected 
for folds  which  are  second order to  the  major  structures. 
Fault drag  folds  are  common  along  some  of the major  faults 
(e.g., Argillite Creek  fault,  Mount  Shirley  fault)  where  their 
geometry is probably  controlled  by  movement on adjacent 
structures. 

DISCUSSION 

period of east-west  contraction, during  which approx- 
Structures in the  Prout  Plateau area developed during a 

imately SO per  cent  shortening was accommodated by rocks 
of the  Hazelton and  Bowser Lake groups.  The  cuspate 
syncline and  lobate anticline structural form of the Bowser 
Lake  Group - Hazelton Group  contact i s  typical of folded 
multilayers  with high  competence contrasts. An arcuate 
swing in structural  trend from northeasterly  (north of Tom 
Mackay Lake) to northerly (south of Tom Mackay Lake) 
reflects either a reorientation of originally  rectilinear fea- 
tures. or a variation in fold orientation during initial defor- 
mation. The latter  interpretation is favoured because of the 
lack of  overprinting mesoscopic features in outcrop;  origi- 
nal  arcuate  trends  may  have  been  caused  locally  by 
emplacement of the  structurally competent block  formed by 
Mount Shirley against  the  northern  part of the  Prout  Plateau 
syncline.  North of Mount  Shirley,  where  the Mount Shirley 
fault loses definition, structural  trends are again more  north- 
erly (Read el a/. ,  1989).  supporting this interpretation. 
However, maps of areas to the east  suggest this swing to 
northeasterly  structural  trends  may  he  part of a more 
regional  northeast-trending  fold  set along the  western edge 
of  the  Skeena  fold belt. 

by the initial mapping.  Major  folds in the Prout Plateau area 
Timing of deformation is only  approximately constrained 

occur in rocks of both  the  Hazelton and  the  Bowser  Lake 
groups. The wide age  range of these packages,  from Early to 
Late  Jurassic. suggests that major Early to Middle  Jurassic 
deformation  documented  elsewhere in the Cordillera did not 
have a strong  impact  on structural development of the Iskut 
River  area.  Evidence for Middle Jurassic deformation is 

John  Peaks (unpublished mapping, this  study:  Henderson et 
limited to an intra-Hazelton Group  unconformity  around 

a f . ,  1992) and a Toarcian  unconformity, to the  north,  on 
Troy  Ridge  (R.G.  Anderson,  personal  communication, 
1991).  Most  regional  folding  apparently  followed  deposi- 
tion of the Bowser  Lake  Group sedimentary  sequence. in 

Cretaceous  to Early Tertiary shortening to the east within 
latest Jurassic time or later. This timing is consistent with 

the Skeena fold b e l t  (Evenchick,  1991)  and  the folds in the 
Prout  Plateau area  can reasonably he considered  to he the 
westemmost manifestation of this  fold belt. 

Initial mapping in the area  surrounding  John Peaks  has 
revealed  structural styles  consistent with those described  for 
the  Prout  Plateau  area. This  area is dominated hy a major 
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places an overturned  folded sequence of Mount  Dilworth 
west-vergent thrust fault within  the  Hazelton Group, which 

Formation  and older  rocks  onto an upright sequence of 
Salmon  River Formation  argillites  and  pillowed flows. Sub- 
sequent  work will involve  tracing  regional  structures 
between  the two  areas,  and  extending  mapping  to the  south 
and  east into  the Sulphurets area. 
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PRELIMINARY  GEOLOGY OF THE 21A ZONE, ESKM CREE,K, 
BRITISH  COLUMBIA (104B/9W) 

By T. Roth  and C.I. Godwin 
Mineral Deposit Research Unit 

The University of British Columbia 
(MDRU Contribution 007) 
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sulphides,  Stikinia, Hazelton Group,  gold, silver, 21A znne. 

INTRODUCTION 
The Eskay  Creek  deposit (56”38’N; 130”27’W), in north- 

westem British Columbia, is approximately 80 kilometres 

hosted in bimodal  volcanics of the  Lower  Jurassic  Hazelton 
north of Stewart.  The  deposit, known as the 21 zone. is 

Group, within the  Stikine Terrane, near the  western  margin 
of the Intermontane Belt. The 21 zone has been subdivided 
into the 21A and 218 zones on the  basis of differing ore 
mineralogies and gold  grades. Both zones are hosted by 
similar  lithologies. 

Published  reserves  for  the  21  zone  are 3.95 million  tonnes 
(4.36 million tons) grading 26.4 grams  per  tonne (0.77 ozl 
ton)  gold and 998 , p u n s  per tonne (29.12 ozlton) silver 

reserves are in the ? I B  zone. As this  paper goes to press, 
(The Northern Miner,  January 2X, 1991). The bulk of these 

reserves  have been revised downwards  (Globe and Mail, 
December 17, 1991). New tonnage and grade  estimates  are 
not available. but projected gold recovery is now approx- 
imately 62 000 kilograms (2 million OL.), a reduction of 
one-third  from  earlier  estimates, largely as a  result of using 
a  cut-off grade of 13.7 grams per tonne gold. The 21A zone 
is estimated to contain approximately  1.41  million tonnes 
(1.56 million tons) of probable  and  possible  reserves grad- 
ing 7.2 grams per tonne (0.21 ozlton)  gold and  116.6 grams 
per tonne (3.4 ozlton) silver at a cut-off grade of 1.4 grams 
per tonne (0.04  ozlton)  (Roscoe Postle  Associates Incorpor- 
ated quoted in Britton ef a/ . .  1990). 

This report  presents  preliminary observations of the 21A 
Zone.  Data were collected during the summer of 1991 as 
part of an M.Sc. study by Roth. Drill core  from three 
sections through  the zone, spaced at 1 0 0  metre  intervals, 

for  the deposit (Figure 6-6-1). Several  mineralized intervals 
was re-logged to develop a  detailed  geological framework 

along strike. Samples were  collected for petrographic  and 
between  these sections were re-logged to evaluate changes 

geochemical  analysis. 

REGIONAL  GEOLOGY 
Four  tectonostratigraphic assemblages have been defined 

in the area of the deposit  (Anderson, 1989): the  Paleozoic 
Stikine  assemblage,  the  Triassic to Jurassic  volcanic- 
plutonic complexes, the Middle  and Upper  Jurassic  Bowser 
overlap  assemblage, and the Tertiary Coast  Plutonic  Com- 
plex. The Triassic to Jurassic  strata  include  the  Upper  Tri- 
assic Stuhini Group and  the Lower Jurassic  Hazelton Group 
(Anderson, 1989; Anderson  and  Thorkelson, 1990). 

Geological  Fieldwork  1991, Paper 1992-1 

Regional  geology is also summarized by Britton c I  ai. 
( 1990). 

GEOLOGY OF THE 2LA ZONE 
The Eskay Creek property is underlain by Lowe. t o  

Middle  Jurassic  Hazelton Group volcanics an1 sediments. f i  

summary of the  properly geolcmgy is provid:d by Blritton 
el a/. ( 1990). The general  geological  fearures )f the 2 I 7ont: 
deposit have been described by 13lackwell ( I ’  190). Feature:; 
of the 21A zone are detailed helow. 

Stratigraphy observed in drill core trom he 21A zonc 
drill core is illustrated in Figu:-e 6-6-2. Thl strata r:t.Ikc: 
northeast  and dip moderately nwthwest.  The 5 :quence f h x r  
footwall dacitic  volcanics,  upwards to  filsic iolcimics a n d  

the zone. The  major volcanic lurkits are  gener dly separzuecl 
into hangingwall  basaltic volcanics, is consistt nt througtou. 

hy argillite,  which occurs at the top of Imth I ?e dacite. m c  
the  rhyolite units. The  contact trelween the foc twall rhyclite 
and the hangingwall  basaltic vokanics has hl en called the 
contact unit (Blackwell, 1990; Bltton rt.31.. l”90). Argillite 

argillite”. 
within  the  cnntact unit is refrxred t o  as he “conli~cl 

This stratigraphic sequence may represent wo cycle! of’ 
volcanism. The  lower  dacites and rhyolites w( uld represmt 
the  progressively  increasing  felsic top  of a V I  >lcanic cycle. 
The  contact argillite  reflects  a  hiatus between :ycles, and is 
followed by basaltic  volcanics that  represe It the nwfic 
beginning of the next cycle. 

Footwall daeite, the lowennw unit in tl e 21.4 zoie 
(Figure 6-6-2). is a sequence c,f medium tt dark grt:en 
volcaniclastics, lapilli and  ast luffs. It has a minimum 
thickness of 60 metres. The volcaniclastics a ~ t a i r ~  frag- 
ments of mixed  provenance and  a-e interbeddel with shales, 
siltstones and coarser clastics. Volcanic TextuI :s and g r d  
ing are locally  preserved.  A  plnkish beige cornmo~~ly  
amygdaloidal  dacitic flow or  brmcia  occurs lo( ally near lhe 
top of the sequence.  The dacitic stquence is ge lerally se lw  
rated from the rhyolitic  package by a thin, black shale (0 to 
10 m  thick). 

Footwall rhyolite overlies thl: dacitic uni. and rartges 

consists dominantly of grey moctled, altered ar d devitrificd 
from 70 to 210 metres in thickne2,r (Figure 6-6.2). The u l i t  

material. Though many of the  textures  have loen  oblitw 
ated,  well-preserved flow baniling.  brecci IS and vol- 
caniclastics  are  present.  Mas!;i;e,  siliceous  light gr:y 
aphanitic rhyolite also occurs, mo:it commonly in the lower 

consist of fragmental  material. C16.$ts may be w :I1 preserved 
portion of the sequence. Most of  the rhyolitt’  appears 1.0 

i n  a mottled  and  indistinguishable  grey m: trix  that is 

5 ;19 
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Figure 6-6-1. Schematic  diagram of thc distribution ofgold mineralization in the Eskay  Creek ZIA  zone, with locations of  re^ 

logged drillholes.  Squares  and  dots  mark  intersections with the cOnVdCt argillile. Dots = holes on detailed  sections: Open squares = 
rnineraliLed imersections logged off-section). 
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devitrified and altered. Excellent  breccia  textures,  often 
with rotated flow-banded  clasts,  are predominantly mono- 
lithic; but variably  altered clasts, and mixed  massive sil- 
iceous  and flow-handed  clasts  occur locally. 

commonly near  the lop of the rhyolitic  sequence, but also in 
Fine-grained,  possibly  tuffaceous  intervals occur  most 

the  middle to lower part.  Strong to intense  sericitic altera- 

are  commonly obsel-ved. Textures in the Eskay Creek foot- 
tion has  obliterated  many  primary  textures, hut relict clasts 

wall are  discussed further by Ettlinger (1992. this volume). 

partly due  to  sericitic  alteration.  The  sequence locally 
The upper contact of the  rhyolite is difficult to  define, 

grades upwards into the overlying argillite. In several  drill 
holes, thin beds of siliceous black  argillite  are  interbedded 
with intervals of grey to very dark  grey, sericitic  material. 
Clasts of argillite are locally included in a very soft,  fine- 
grained,  greenish  matrix or in a black carbonaceous matrix. 
Elsewhere, variably  altered  rhyolite clasts  occur in a black 
argillaceous  matrix. This  change from  dominantly  rhyolitic 
material to dominantly black  argillaceous  material  was for- 
merly termed the "transition  zone" (Blackwell, 1990) and 
was  considered to he part of the lower part of the contact 
unit. In this  study, p,rey to dark grey sericitic  intervals  have 
been  included as a subunit of the  rhyolite sequence.  The 
clastic  material  was  logged as separate subunits of the 
rhyolite or argillite, based on dominant lithology. 

between  the  rhyolite package and the overlying basaltic 
Contact argillite, from 0 to I S  metres thick, occurs 

volcanics (Figure 6-62),  The upper  contact is sharp. The 
argillite is black and mostly thinly bedded to laminated with 
silty or tuffaceous  pyritic  layers. I t  is variably calcareous, 
hard and cherty,  or soft  and  graphitic  (possibly  bituminous). 
Beds of black limestone and fossil  belemnites occur locally, 
hut not necessarily  together. 

21A zone stratigraphy  (Figure 6-64). In drill core, the 
Basaltic volcanics form the uppermost sequence of the 

volcanics  range from dark green to tan;  their minimum 
thickness is 125 metres. Flows and some sills are  interca- 
lated with laminated to thin-bedded  argillites with silty or 
tuffaceous layers and black chert;  some of these units may 
represent  distal  turhidites. The silty to tuffaceous  layers 

observed include pillowed flows  and pillow breccias, mas- 
usually contain pyrite  or pyrrhotite. Volcanic textures 

sive, crystalline to porphyritic tlows, amygdaloidal flows, 
hyaloclastites and  debris flows.  Brecciated  intervals  have  a 
tine-grained  calcareous and  siliceous  matrix. 

ALTERATION 
Alteration is prevalent in the  footwall  rhyolite. The rocks 

are altered  extensively to quartz, sericite  and  pyrite, as well 
as chlorite  and clay. Moderate  to intense,  pervasive  sericitic 
and chloritic alteration are significant  and abundant.  The 
altered  material is very soft, medium to dark  grey or  green, 
and  contains  ubiquitous very fine  grained, disseminated 
pyrite. In some places,  this  alteration is also accompanied 
by secondary clay alteration - especially in zones of faulting 
or shearing. Silicification in the  footwall  rhyolite is perva- 
sive  to patchy.  Narrow quartz veins with white,  siliceous 
envelopes  locally  replace  and  obliterate  flow-handed 
textures. 
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alteration. Barren calcite veins ilre common I iroughout the 
The  hangingwall  basaltic volcanics  exhi bit propylitic 

hangingwall sequence.  This  aheration may  reflect either 
regional  lower  greenschist f a c i s  metalnorpl  ism or w a k ,  
late hydrothermal effects  from the mirerali: ing event for 
the 2 I A  zone. 

MINERALIZATION 

lower part of the  contact  argillite and the  up Ier portioll of 
The bulk of gold  mineralizalim in the 21A zone is in the 

the  footwall  rhyolite  (Figure 6..6-2). Gold 2nd silver-rich 
mineralization also  occurs loc;dly in  veins  and  veirletl; 
throughout  the  footwall rhyolitt:. Sporadic F recious metal 
values  are  present at the top o f  the  unde lying  dia:tic 
sequence. 

The most  striking mineraliz;it,on and  highest gold vallle;i 

massive to  semimassive stibnite.  arsenopyrite  realgar, clpi- 
within the 21A zone are found in a stratal ound len:; OF 

men1 and cinnabar  at the base of the contact at gillite (Fij:urt: 
6-6-2). This lens  represents  a vdumetrically small portion 

6-6-1). Veins containing  realgar  and 8:inna ~ a r ,  generall:i 
of gold-bearing  mineralization in the 21A zone (Fil:urc: 

with calcite andlor  quartz selv:ges, CUT the lower contact 
argillite or the  upper  part of the F:~otwall rhyol te close I C  the 
high-grade  lens. 

zone is associated with stronp,ly to intensely altered, tine- 
Much of the gold and silver mineraiizatil n in the : I l i r  

grained, sericitized  material in the upper part ~f the  rhyolitc 
(Figure 6-6-1). Sulphides in this zone  are USI ally very fine 
grained  and  include pyrits:, sphalerite,  galena imd 

tetrahedrite.  This  type  of  mineralization s also  found 
locally in the  middle  portion of the  footwall  rhyolite. 

veinlets of sphalerite, galena, lel:rahedrile, py .ite and minor 
The footwall  rhyolite also hosts stockwork veins ;~nd  

chalcopyrite. For the most part, these s u l ~ ~ i d e s  an: not 
usually associated with significant  preciou  metal a';sa:i 
values. 

dacitic sequence.  The dacitic t h w  units loc dly host .iein 
Minor  gold mineralization occurs loc;~lly a' the top 01'  tb: 

pyrite and semimassive pyrite, !loth asmciat :d with minor 
amounts of sphalerite  and galenil. (Figure 6-6. I ) .  The  o~igin 
of the semimassive pyrite is nol. clear. 

SUMMARY 

felsic cycle of volcanism. The !gold a n i  sil\ :r minera Iza- 
The 21A zone at Eskay Creek  occurs ne;r the top of a 

tion is dominantly within both t:le top of the elsic  rhyditic 
package  and  the base of the  overlyinp argi lite. It occurs 
locally lower in the  rhyolite sequence. Miner Ilization a~.sc- 
ciated with massive lenses of arsenic, antin ony  and mer- 
cury  minerals  appears to be redricted to a iolumetri(;dly 
small  part of the  zone. 

tion of, and relationships amon!;, mineraliza ion, altenl.ion 
Data collected  this summer will better defil e  the distlibu- 

and lithology. A  petrographic  study will identify  the " ~ n f -  
grained host minerals  and  sulphides  and !stablish :her 
relationships. This work will h e  enhanced b] x-ray dif'l-ac- 
tion, microprobe and geochen1i::al studies. 

3-3 I 
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HANGING  WALL 
BASALTIC  VOLCANICS 
- 125 mminimum thickness 
- flows: massive  and 

- sills 
amygdular 

- pllow breccia 
- hyalodastites 
-debris flows 
. interbedded  argillite 

. vdcaniclastics 

. breccia 

.flow-banding 

. tuff and  lapilli tuff 

. massive  siliceous 

Mineralization 

/ sulphides  including:  stibnite, 
Lens  of  massive to semi-massive 

arsenopyriie,  realgar,  orpiment, 
and  cinnabar 

Very  fine  grained  disseminated  anc 
veined sulphdes. May  include: 
pyrite,  sphblerite,  tetrahedrite,  and 
galena. 

Veins  and  veinlets  of  sphalerite, 
tetrahedrite,  galena,  pyrite,  and 
minor  rhalcopyrite. 

Locally  distributed  massive  or 
veined  pyrite  occasionally  with 
minor  sphalerite  and  galena. 

Figure 6-6-2. Schematic  stratigraphic  section of the  Eskay  Creek 2IA zone showing  general  lithology, 
textures and mineralization. 
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HYDROTHERMAL ALTERATION AND  BRECCIATION UNII)ERI,YIh’G TH[E 
ESKAY  CREEK  POLYMETALLIC MASSIVE  SULPHIDE DEPOSIT ( I  04B/9W:1 

By Art D. Ettlinger 
Mineral  Deposit  Research Unit, The University of British Collumbia 

(MDRU Contribution 008) 

KEYWORDS: Economic  geology, Eskay Creek, hydrother- 
mal alteration, brecciation, devitrification,  hydrofracturing, 
pseudobreccia. 

INTRODUCTION 

(Figure 6-7-1)  has been a centre of extensive  mineral 
The Iskut  River area of northwestern  British Columbia 

exploration  activity since the  discovery of the  Eskay Creek 
polymetallic  massive  sulphide-gold  deposit  during  late 
1988. Since that  time, over 650 diamond-drill  holes in the 

geologic  reserve in excess of 3 million ounces of gold  and 
21A  and  21B  ore  zones  at Eskay Creek, have  identified  a 

1991). This  makes Eskay  Creek one of the most significant 
125 million ounces of silver (Northern  Miner,  Jan.  28, 

exploration  discoveries in western Canada in the  past ten 
years. 

Most of the exploration activity,  including surface  and 
underground diamond drilling  and bulk sampling for metal- 
lurgical studies, has focused  on the  21B  zone  which  con- 
tains the bulk of quoted geologic  reserves. The  21A  zone 
(see Roth and  Godwin 1992: this  volume),  which  lies 
approximately 0.5 kilometre along  strike to the southwest of 
the 21B  zone  (Figure 6-7-1). displays  similar  hydrothermal 
alteration and brecciation, but contains a  trace element  asso- 

not commonly  observed in the 218  zone. Both zones are 
ciation  enriched in mercury, antimony and arsenic  that is 

hosted by a similar lithologic sequence and occur  at the 
same stratigraphic  level.  A distinct style of brecciation and 
hydrothermal alteration appears  to be associated with spec- 
tacular gold  assays  on  core from several  mineralized  inter- 

poration,  News  Release #44, 21 Sept.  19x9).  Hole 
cepts in diamond-drill hole CA89-109  (Prime Capital Cor- 

CA89-I09  is located  within  the 218  zone,  near  the centre of 
the  deposit (Figure  6-7-1). 

The  observations presented in this paper  are the  result of 
logging approximately 3800 metres of diamond-drill core 
from the 21A and 21B zones, and  surface  sampling fol- 

an  ongoing study of Iskut River metallogenesis by the 
lowed by limited  petrographic  analysis. This work is part of 

Mineral  Deposit  Research Unit,  The University of British 
Columbia. Further research at Eskay  Creek will more  com- 
pletely address  questions relating to the  distribution and 
significance of the  different  alteration  patterns  and  their 
relationship  to  gold-sulphide mineralization. 

ESKAY CREEK  GEOLOGY 

Terrane on the  eastern  margin of the Coast Plutonic Com- 
The Eskay Creek  deposit is situated within the Stikine 

plex.  A framework  for  the  geology of the Iskut River  district 

Geological Fieldwork 1991, Paper- 1992-1 

has been  established by researchers of the G :ologicai SUI- 
vey of Canada (Anderson, 19119; Anderso I and  Be  tier, 

Columbia  Geological  Survey I3ranch (Alldri(  k and Brilcort, 
1990 Anderson  and Thorkels,an,  1990)  and  the British 

hostrocks of the deposit within the Lower Jur Issic Hazelton 
1988;  Alldrick el al., 1989, 1998:)). These  wo  kers place the 

Group, a  heterogeneous,  bedded sequence of xedominsntly 
marine sedimentary  and  volcanlclastic  rocks 

geology are given by ldziszel; et al. (19CO). Blackrve:l 
Early  descriptions of the 1011: deposit a n i  surrounjing 

(1990), and Britton el ol. (199()). The bulk of base nt’etal 

zone  deposits  is hosted by laminated, carbon; ceous arg  llite 
sulphide and precious metal  mineralization I xming th: 21 

and underlying  rhyolite breccia (Britton et a .  1990). Stral- 
iform  sulphides  in the “conta(:t unit” (Bla,kwell, 151901, 
occur  at  the  base of a  flow-sill ,;:omplex, inf( rmally  known 
as the  hangingwall  andesite unit. The hangin! wall sequcmce 
largely consists  of fine-grained,  medium-g reen pillowed 
flows,  flow breccia and hyaloclastite. Sill!, with chilled 
aphanitic  contacts, are  massive and cornmonly porphy.~ti(:. 
These  submarine volcanic  rocks  contain  nun erous, dis:ort- 
tinuous lenses of fossiliferous, laminated 1 )lack a r g i l h .  
Volcanic flow structures and  mud infrlling in underlying 
flow-top  breccias indicate  the  sequence yo lngs upwwd!;. 

An unbedded,  intensely a l t m d  accumulat on of rhydite 
and  rhyolite  breccia  underlies ‘:he stratiform s rlphides and is 
the host to stockwork  and  disseminated  base netal sulphide 
and  gold-silver  mineralization  (Blackwel , 1990). ‘The 
rhyolite  varies in thickness frorn 30 to 1 I O  I letres, aecrag;- 

primary volcanic  textures are  rare. This 1:lsic vokanic 
ing 80 metres (Britton et a! . ,  1990). Due to alteration, 

sequence,  informally known  a,$ I~he footwall r lyolite (Ulacl:. 
well, 19901, is underlain by  dacitic ash  a Id lapillr luff, 
volcanic  agglomerate  and  e?idastic rocks in  excess. of 

dacite  unit, is widely  pyritic  and  locally conti ins base metd 
100 metres  thick. This sequence,  referrcd to LS the fcawall  

massive sulphides, hut is not currently  knov  n to  host  ~:co- 
nomic  gold-silver  mineralization. 

PRIMARY  DEPOSITIONAL  TEXTURE;; 
Hydrothermal  alteration ani1 related  bn  cciation ? a l e  

destroyed much of the  original rock fabric and  volc,an:c 
minerals  within the footwall rhyolite.  A iolumetrically 
small amount of rock, displa)iug primary f l ,  IW, pym:ls.stlc 

rhyolite,  autoclastic flow-brexia and  helxolithic tuff- 
or epiclastic  textures, is prerierved. Massiv ; flow-balded 

breccia are the most  common volcanic fea ures obselved 
(Plate 6-7-la, b, c). Most of the fomwall  consists of a 
mottled light  grey,  massive f,:s.tureless rock which is  vely 
hard  and  intensely  silicified  [(Flate 6-7-Id). It is unceltan 
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Figure 6-7-1. Location  map and general  geology of the Eskay  Creek deposit. 
Geology  adapted  from  Rebagliati and  Haslinger, 1991. 
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whether  this  facies represents  original,  massive  silicic  lava 
or  some  other intensely  altered  protolith. 

FOOTWALL ALTERATION 
Several  styles of hydrothermal  alteration and brecciation 

are present in the footwall beneath the Eskay  Creek deposit. 
Silicification of the footwall  rhyolite is intense  and wide- 
spread, both  immediately  below,  and extending away from 
the ore zones.  Phyllosilicate  alteration is in part related to 
silicification, with a second style  limited to the  area of 
massive  sulphide mineralization.  Fine-grained  pyrite occurs 
with the  silicification  and  phyllosilicate  alteration. Solid 
hydrocarbons.  scattered throughout all  lithologies  hosting 
21-zone mineralization, appear most  abundantly in the foot- 
wall rhyolite  underlying  the 21B zone. 

Brecciated rocks are  present  throughout  the sequence, but 
Breccia textures are  common in the  footwall  rhyolite. 

they appear  to  be most abundant in  the  upper half of the 
rhyolite, underlying the  contact argillite. 

SILICIFICATION AND PHYLLOSILICATE 
ALTERATION 

Quartz is by far the most  abundant alteration  mineral 

rhyolite  underlying  the 21 zone,  as  exposed in drill core and 
underlying  the  Eskay Creek deposit. Virtually all of the 

on the surface, is intensely  silicified. In rare cases, an 
intense stockwork of  millimetre-wide  quartz  veinlets is 
developed (Plate  6-7-2). In most of the footwall, however, 
quartz  flooding results  in  a very hard,  mottled  grey  rock, 
with little  recognizable  texture or fabric  preserved (Plate 
6-7-Id).  The timing of silicification is uncertain;  earliest 

below) and persist!; temporally  through  deposition of at  least 
silicification appears to be associated with brecciation (see 

some of the sulphides. 

Petrographic analysis indicates  sericite is a  persistent com- 
At least two  styles of phyllosilicate  alteration are present. 

ponent in silicified zones throughout  the footwall. It com- 
monly occurs with pyrite, forming a widespread quartz- 
sericite-pyrite  alteration  blanket  underlying  the  21  zone. 
Preliminary x-ray diffraction analysis  indicates muscovite 
and illite are  the  major sericite components.  Small  amounts 
of phlogopite  and clinochlore  are  also present. 

ing in a soft, highly  incompetent  rock,  appears to  be spa- 
A more intense phase of phyllosilicate  alteration,  result- 

tially related to semimassive and  massive  sulphide  mineral- 
ization.  Zones of intense,  sheared  sericite  and  dark green  to 
black  clinochlore  (Blackwell. 1990) alteration  are  most 
abundant within the  upper half of the  footwall  rhyolite, 
directly beneath  the 21A and  21B zones. Scattered,  dissemi- 
nated  sphalerite is generally  associated with the clinochlore 
alteration. 

ALTERATION BRECCIAS 

rhyolite. Other than the volcaniclastic tuff breccias  noted 
Breccia textures are a common  feature of the footwall 

above,  brecciation  may also result  from  hydrothermal 
alteration of the  rhyolite. The distribution  and  intensity of 
these  "alteration  breccias" are highly  variable. These tex- 

Geologicul Fie1dn;nrk 1991, Paper 1992.1 

tures can be identified  and dis1:irlguished fron true  pyro:lai- 
tic rocks, by the  following criteria: 

0 Fragments are monolithic with indivil ual fragnwm 
appearing to be in-place. This  resu.ts in I mosaic f:lbric 
to the  rock. 

0 Fragments  have highly  irregular or  filely  scallqxd 
margins,  resorption texttlra  or gradatic 1al boundaries 
with the breccia matrix. 

0 Fragments  and unbrecciatd hostruck, a e cut by slock- 
work veinlets of similar composition tl the  enclo;sing 
matrix. 

0 Breccia  distribution is highly in-egul;  r  and d i x o ~ l -  
tinuous. making  correl;itlon  between  adjacent <drill 
holes difficult or impossitde. 

hydrothermal  breccias form. .A:, a  precursor to actual Ihret:. 
Plate  6-7-3a and  b illustrate the  process by which the 

cia  formation, massive, silicifiie,d rhyollte is :ut by a s~ock- 
work of black, very hard veinlelts which con ist dominmt!y 
of black  silica (Plate  6-7-3a). In some case ;, migratilrn of 
veinlet  material  into  the  wallrock along  rlbparallel off- 
shoots is observed. In areas of increased  stoc ;work vei.lin,$, 
discrete  rhyolite fragments an: Ibrmed, born led on all iidm 
by veinlet  material (Plate 6-7.-3h). AI this early stag;#: of 
breccia formation, individual  fragments  are commonl:! c ~ t  
by veinlets of similar colour, hardnes:i and texture a i  the 
matrix (Plate  6-7-3b). 

brecciation  process (Plate 6-.7-.4a, b). Plat, 6-7-4a is. m 
Matrix-supported breccias rt:presenl con pletion (of the 

example of the mosaic  fabric  lbrmed by c' usters of Frag- 
ments  displaying  jigsaw-like  boundaries,  Plate  6-7-4b 
shows the  highly  irregular, fi 'r:ly  scabped nature of fraj;. 

by the  faint outlines of smaller rlhyolitic fragr lents, resultirg 
ment  margins. Some of the  larger  fragments Ire surrourdt:d 

in the  appearance of a somewhat gradalional  boundary wil:h 
the  matrix. In each of these (cases, the brec :ias are mono- 
lithic  and  adjacent fragments :share similar ct aracteristirs of 
colour,  hardness,  texture  and alkration. They appear contin- 
uous on a megascopic  scale. 

tion is observed in core  from  diamond-drill t d e  CAS')- 103,  
A distinct  style of brecciation  and subsec uent silicilic;~- 

and surrounding drill  holes. EBolh footwall a! td hanginf:wnll 
rocks are  fragmented, with individual fragl nents shooiirlg 
displacement or rotation.  Witnin the footwal I, rhyoliti(. arld 
sulphide  fragments are  coat,xl with white sparry mq~artz 
(Plate 6-7-5) which can be observed  growing  into open w ( : s  
now filled  with black silica. This open-spac ; filled te <tu::e 
appears to be unique  to this p a n  of the 21 i one. 

PYROBITUMEN 
Solid,  relatively  hard  hydrocarbons,  assumed t:. be 

pyrobitumen,  occur  throughout  the  Eskay C1 eek deposit. In 

both  hangingwall  and  footwall units. I t  al, o occurs ,wi:h 
most  cases, the pyrobitumen is filling late f 'actures uithm 

quartz  or  carbonate and has :% black,  resino IS lustre, ':om- 
monly with a conchoidal fracture. Fractu'es filled with 
pyrobitumen  are most commor, in silicified rhyolite ulder- 
lying  mineralization in the area of drill-tole CAW109 
(Plate 6-7-6). 
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rhyolite, 21B zone (CA90-490-205.7). B. Autoclastic flow-breccia,  note  discordance in  flow  banding 
Plate  6-7-1.  Primary  depositional  features  observed in  the  footwall  rhyolite. A. Massive  flow-banded 

between  individual  fragments, 21B zone  (CA90-273-156.6). C.  Heterolithic  tuff-breccia  containing  varia- 
bly  altered  rhyolitic  and  exotic  lithic  fragments, 21B zone  (CA90-345-184.2). D. Typical  massive, 
featureless  silicified  rhyolite, 21B zone (CA90-271-140.6).  NQ-size  drill  core in each  photograph. 
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uitous,  finely disseminated  phase in the  hangingwall. In the 
Petrographic  analysis indicates  pyrobitumen is a  ubiq- 

footwall, it appears to coat sericite  folia within the quartz- 

habits  include  fine stringers  associated with intensely  silic- 
sericite-pyrite alteration  zone  beneath  the  deposit. Other 

ified rhyolite,  and  coarse, broken  clots in quartz-sulphide 
veins  cutting  footwall rhyolite.  A  wide  range of reflectance 

maturity  levels  (Ettlinger  and Roth, IYYI). 
values (R,,=0.81-13.98) indicates  a variety of hydrocarbon 

DISCUSSION 
The identification of primary  volcanic  textures in the 

footwall to sulphide-gold  mineralization at Eskay Creek is 
complicated by intense  hydrothermal  alteration  and related 
hrecciation overprinting these  rocks.  Devitrification of fel- 
sic  volcanic  rocks can  also result in the formation of breccia 

homogenous lavas. Allen (1988) describes several  false 
textures in rocks that were originally massive.  relatively 

pyroclastic  textures  found in silicic  lavas  hosting  zinc- 
copper-lead  massive  sulphide deposits in the  Benambra area 
of southeastern  Australia.  Pseudopyroclastic  breccias con- 

ing and hrecciation, 2IB ;:one. A. Mass ve, sil- 
Plate 6-7-3. Early stag% ot hydn8them 4 v a n -  

icified  rhyolite is cut by mckwork vei )lets of 
black silica. Top  core  pie( e also illustra  es  sub- 
parallel offshoots of  veinLct  material m grating 

stackwork  veinlet  density xsults in form Ition of 
into  host  rhyolite (CA90-216-121.7:. B. 11 creased 

Plate 6-7-2. Closely  spaced  stockwork quartz veinlets in individual  fragments,  many containing ve nlets of 
footwall  rhyolite, 21A zone (CA90-273-152.6). NQ-size material  similar in textun:  ;md compositi( n to the 
drill core. matrix (CA90-421-95.6). NQ-size  core. 
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(CA90-421-114.0).  Both  exampies  contain  frag- 
ments  cut  by  veinlets of matrix material.  NQ-sire 
drill core. 

footwall  rhyolite.  Diamond-drill  hole CA90-627, 
Plate  6-7-6.  Pyrobitumen-filled  fractures  in 

1 4 4  metres.  NQ-size drill core. 



taining  apparent  lithic or  pumice  fragments, and thinly bed- 

the process of devitrification and  progressive hydrothermal 
ded  and  lapilli tuffs  are all shown to have formed  through 

alteration of mostly massive rhyolitic flows.  The formation 
of these textures can result in misidentification of volcanic 
facies.  Consequently. Allen suggests that the  overall  signifi- 
cance of explosive silicic  volcanism in areas of volcanic- 
hosted  massive  sulphide  deposits may have been over 
estimated. 

The role  devitrification  processes have played in forma- 
tion of the  breccia  textures  observed at Eskay  Creek is not 
yet known.  The large amount of altered  rhyolitic  rock,  and 
sporadic  presence  of  perlitic  cracks  and  spherulites 
observed in the footwall rhyolite,  suggests that devitrifica- 
tion processes wer? in operation.  There is, however, clear 
evidence that some  of these breccias have formed through 
the  process of replacement  veining,  where fragmental tex- 
tures result from progressive  replacement of the rock fabric 
along  fractures. Unreplaced rock forms in situ remnant 
islands that resemble fragments.  This is in contrast to the 
well known  process of chemical  brecciation  (Sawkins, 
1969) which results in hydrofracturing  and  generally out- 
ward movement OS the fragments. Textures resulting from 
replacement  veining are also described in skarn deposits 
(Ray et ai., 1988). 

Recognition of the  processes forming the footwall brec- 
cias at Eskay  Creek is critical  for  the  construction of a 
genetic  model for rhis deposit.  Recent  descriptions of the 
21B zone are characteristic of a  volcanogenic  massive sul- 

ciation  found in the  vicinity of drill-hole  CA89-109, 
phide model.  The epithermal-style silicification  and  brec- 

however,  suggests the  classic  volcanogenic  model must be 
modified. 

ACKNOWLEDGMENTS 

Group, Inc. and  International Corona Corporation are  grate- 
Financial  and  logistical  support  by Prime Resources 

fully acknowledged. Many  interesting geologic discussions 
with  Gerry  McArthur,  Jerry  Blackwell  and  the  Prime 
Exploration  crew  were  helpful in many  ways.  Also 
acknowledged are stimulating discussions with James  Stew- 

Thanks go to Tina Roth (MDRU) for sharing many interest- 
art  and Alex Kusic of International Corona  Corporation. 

ing ideas  concerning the 21A zone.  Peter Lewis'  (MDRU) 
help with AutoCad is appreciated.  This study forms part of 
the  Mineral  Deposit  Research Unit project "Metallogenesis 
of the lskut  River  area, northwestern  British Columbia". 

REFERENCES 
Alldrick, D.J. and  Britton, J.M. (1988): Geology  and Min- 

eral  Deposits of the  Sulphurets  Area (104A/S, 12; 

Petroleum Resources, Open File  1988-4. 
104B/X, 9); B.C. Ministry of Energy, Mines and 

Alldrick, D.J., Britton, J.M., Webster, I.C.L. and Russell, 
C.W.P. (1989): Geology  and  Mineral Deposits of the 
Unuk Area (ItMBflE, 8W, 9W, IOE); B.C. Ministry of 
Energy, Mines and Petroleum Resources, Open File 
1989-IO. 

Alldrick, D.J., Britton,  J.M.,  Iblaclean, M E., Hancxk,  
K.D., Fletcher,  B.A.  and tlbi:bert, S.N. ( I  390): Geo og,y 
and  Mineral  Deposits of  the Snippaker A rea (104W16E,, 
7W, low, 1 IE); B.C. Min.'rtry of Enel: ' y ,  Mines un,d 
Petroleum Resources, Oparl F'ile 1'390-1 i. 

Allen, R.L. (1988): False Pylaclastic 'rextu 'es in Alt,:re(l 
Silicic  Lavas, with Implic:itlons for VOICE nic-associate,j 
Mineralization; Economic GeologJ, Vol~ .me 83, 'p,lges 
1424-1446. 

Anderson,  R.G. (1989): A Stratiyaphic. Plutr nic  and Struc- 
tural Framework for the Islwt River  M ip Area (IrlTS 

Research.  Part E, Geolog,'c.:r/ Surrcy of I :anada. Paper 
10481,  Northwestern  British  Columbi 1; in Culrert 

89-IE. pages 145-154. 
Anderson R.G. and  Bevier,  M.I.. (1990): A llote on Mt:sc,- 

zoic and  Tertiary K-AI  (3i:ochronomet y of Plutsnic 
Suites,  lskut River Map Area, Northvestern E:ritish 
Columbia; in Current  Research. Part Z, GeoLj>~kwl 
Survey of Canudu. Paper 9l)-IE, pages  41-147. 

Anderson, R.G. and Thorkeison. D.J. (19"O): Mesozoic 
Stratigraphy  and  Setting l o r  mme Mine al Deposits in  

Columbia; in Current  Research, Part 3, Ceolo~riccrl 
the  lskut  River  Map Area ,  Northwl  stern  Br !ish 

Survey of Canudu, Paper 90-IE. pages 31-139. 
Blackwell, 1. (1990): Geolog) of the Esk ly Creek #21 

Deposits: Mineral Deposits  Division, Gr dogical A:;sc,- 
&tion of Canada, The  Gangue. Num x r  . 3 1 ,  April, 
pages 1-4. 

Britton,  J.M.,  Blackwell,  J.D.  and Schroete', T.G. ( I V J O I :  
#21 Zone  Deposits, Eskay !::reek, North, iestern Elritish 
Columbia; in Exploration in British C llumbia 15185t 
B.C. Ministry of E n e r g v ,  Mines a ,  d Petrolt.urn 
Resources, pages 197-22:3. 

Ettlinger, A.D. and Roth, T. (19131): Host Ro, k Geocherni!;. 
try and Alteration in the Es1;ay Creck 21, L Zone, W ~ t l l -  
western British  Columbia. Canada; in ibstracts with 
Programs, Geological Sr'ciefy of An erica Annual 
Meeting, San Diego,  0ctDI:er 1991, pa$: 413. 

Idziszek, C., Blackwell, .I.. Ferdon, R., Mc irthur, Ci. and 
Mallo, D. (1990): The Eskay  Creek  Discovery; hlrrliny 
M q a z i n e .  March 1990, pa::es 172.173. 

Ray, G.E.,  Dawson,  G.L. and  Si~mpson, R. (1 j88): Geology, 
Geochemistry  and Metallo!:enic Zoning in the  Hedley 
Gold-skarn  Camp (92H!0:3; 82EiOS); in Geolo;:ic;il 

Petroleum Resources, P a p  1988-1, pa :es 59-80. 
Fieldwork 1987, B.C. Minktry of E n e ~  ~ y ,  Mines and 

Rebagliati,  C.M.  and  Haslinger, R. (1901): S B  Property; in 
1991 "Snapshot"  Review, Brifish Colunbia & Ydkon 
Chamber of Mines. Cordi1l':ran Rrnndu J .  

Roth, T. and Godwin,  C.I. ( I ' E Z ) :  Prelimin;  ry Geolog::y of 
the  21A  Zone,  Eskay  (Creek,  B.C.  (104B/9W1; in 
Geological  Fieldwork 19'21, Grant, B and  Neriell, 
J.M., Editors, B.C. Mifiisfry of Enerty, Mines acd 
Petroleum Resources, P a p a  1992-1, thi ; volume. 

Sawkins, F.J. (1969): Chemizd Brecciatior , an Unreco1:- 
nired Mechanism  for Bre::cia Formatit In?; Econclmic 
Geology, Volume 6 4 ,  page!; 613-617. 

Geological  Fieldn~ork 1991, Paper 1992-1 541 



NOTES 



ADVANCED  ARGILLIC  ALTERATION AT TREATY  GLACIER, 
NORTHWESTERN  BRITISH  COLUMBIA (1041:1/9) 

By John F.H. Thompson  and  Peter D. Lewis 
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INTRODUCTION 
Treaty Glacier is located in northwestern  British Colum- 

bia  within the  Suphurets  map area  (Alldrick  and  Britton, 
1988), approximately 75 kilometres north of Stewart. The 
Sulphurets  map  covers the eastem part of the area being 
studied by the  Mineral  Deposit  Research Unit of the  Univer- 

of the Iskut  River  Region, Northwestern British Columbia”. 
sity of British Columbia  under the project: “Metallogenesis 

Access is by helicopter from  Stewart, Tide Lake airstrip. 
Bob  Quinn Lake or exploration camps in the  Eskay  Creek - 
Sulphurets region. 

The Treaty Glacier and  the  South Treaty Glacier  surround 
a  large  nunatak. A prominent  red-brown-weathering  gossan 

44, Alldrick  and  Britton, 1988). This gossan (the “main 
occurs on the west side of the nunatak (mineral  occurrence 

gossan’’ in this  paper) has been of interest to mining  com- 
panies for a  number of years and currently  lies at the centre 
of the  Treaty  Creek  property of Tantalus  Resources  Ltd.  and 
Teuton Resources  Corporation. Alldrick  and Britton (1988) 
reported  the  presence of  alunite and  native sulphur within 
the  gossan. A  second area of grey  and  locally  limonite- 
stained  bluffs occurs on the north side of the  Treaty  Glacier, 
and is referred to here as the “north  gossan”. Natroalunite 
and  sartorite  [PbAs>(Sb)S,]  have  been  reported from the 
north  gossan  (Kirkham et a/ . ,  in preparation). 

Alunite  and  natroalunite  form over a  considerable tem- 
perature  range  during  low-pH  alteration in oxidizing, 
sulphur-rich  environments. Together with pyrite and  native 
sulphur,  they comprise an assemblage that is characteristic 
of acid-sulphate advanced  argillic  alteration  associated with 
two distinct  settings: 

0 Acid-leach  zones developed as blankets in the near 

during boiling in geothermal  systems. 
surface  from the  condensation of volatiles  released 

0 Vertically extensive alteration zones developed in and 
above  magmatic-hydrothermal  systems  due  to the 
release,  disproportionation  and  condensation of mag- 
matic gases. 

gold mineralization is only  associated with the  latter (White 
Both environments may be related to mineralization, but 

and Hedenquist. IY90). The origin  and  timing of alteration 

of the  region (Macdonald ef ul., 1991 ). 
is,  therefore,  important  for  understanding  the  metallogenesis 

Fieldwork in 1991 focused  on establishing  the  general 
geological setting,  the morphology  and structural  style of 

Geolqical Fieldwork 1991. Paper 1992-1 

both the main and north gossan:$. The  prelin inary minrral- 
ogy, based on limited  petrological and  x-’ay diffraction 
analyses, and scanning electron microscope  and microprote 

are planned.  Fieldwork in 1992 will atterrpt  to  resohe 
analyses  are  also reported. Follow-up geoct emical sttdic:s 

questions of timing and structural  relationsh ps highlighted 
by the initial  work. 

GEOLOGICAL SETTXPK; 

rocks of the  Bowser Lake  Group and volcanb and  epiclzatlc 
The  Treaty  Glacier  area I S  underlain b i  sedimentary 

rocks of the  Hazelton Group (Alldrick and 3ritton, I‘p88). 
These rocks are  complexly Iblded and fau ted, and their 
structural  history is the  topic of ongoing studies a1 tt.e 
Mineral  Deposit  Research Unit and  Geological Survey of 
Canada. Most of the Treaty nunatak, and bot I the mair and 
north gossans. lie on the upper F’late of a regic nal,  southeast- 
directed  thrust fault which placcs Hazelton ( ;roup  strala cn 
top of rocks of the Bowser Lake Group (Fig1 re 6-8-1)s. This 
thrust fault is  exposed discon:tinuously ah ng the ,soutll- 
eastern  edge of the  nunatak, where fault du )lex geometr:f, 
minor  drag  folds  and slickensides  are a l l  I onsistent wi1.h 
southeastward movement.  Upper plate rocks consist o f  vol- 
canic  and  sedimentary rocks o f  the Salmor  River Formii- 
tion, felsic volcanic rocks of the  Mount  Dilw )rth Fom.iticsn 
and epiclastic  rocks of the  Berty  Creek FOI mation.  Broad 
northwest-trending  folds and !several sets o f !  teeply-drF’pirlg 
faults  deform these  units. Conmcts of the n ain gossan ctlt 
across lithologic boundaries, suggesting  tha  all  three map 
units are affected by alteration.  Hotvever,  the extensive 

ping of geologic contacts between units din !cult. 
alteration  within the  gossan makes identific. ltion and ma]o- 

the main gossan and is  sep;irated  from it by the ‘Taa’:y 
The north gossan is approximately 2 kilo! netres north (of 

Glacier  and a section of unaltered  rocks at ti  le north (end  ,of 
the  nunatak. The  northem  contact of the I orth gowin is 
obscured by a gully which separates it fro! n an unaltkffd 
and  unfoliated feldspar porphyry. A prom nent sericr of 
east-trending  outcrops  higher on the  sout ?-facing  slope 
exposes pyritic but texturally  well-preservec  volcanic fra::- 
mental rocks of probable fehic  composit on. Thesr: are 
overlain to the north by minor grits and shz les, suggesting 
that the  two units  represent th,: Mount Dilwo t h  and Salmon 
River  formations, respectively, as mapped t y  Alldricl; and 
Britton (1988). The  east  end of the  gossan is faulted against 
unaltered  and  unfoliated  cl.s!tic  rocks,  p’obably 0; the 
Bowser Lake Group. 
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THE ALTERATION SYSTEM 

MAIN  GOSSAN 
The  main  gossan  covers  an  area  of  approximately 

which occupies the  central  part of the  nunatak (Figure 
1 square kilometre on west-facing slopes below an icefield 

6-8- I ). Exposure is good in the  upper  part of the gossan and 
poor on the lower  slopes. 

The  hostrocks  are predominantly  epiclastic with exten- 

rocks are locally  cut by quartz-sericite-pyrite veins and 
sive weak to moderate propylitic alteration.  The  epiclastic 

pyrite alteration. The central part of the  main gossan is 
individual  beds  are  selectively  replaced by similar  sericite- 

dominated by outcrops of quartz-sericite schist with vari- 
ahle  amounts of pyrite and no obvious  primary  texture.  The 

to 1 IO". The dikes are subparallel to foliation. moderately 
rock is cut by steeply dipping mafic  dikes which strike 80" 

houdinaged  and  propylitically altered. To the north of the 
central  icefield.  there  are  prominent outcrops of quartz- 
sericite-pyrite  schist with irregular pods of silica and  brecci- 
ated quartz.  Rare  outcrops  show textures  suggesting  por- 
phyritic  and fragmental protoliths. This part of the main 
gossan is covered by abundant  float of strongly  laminated 
and crenulated  quartz-tpyrite-tnative  sulphur rock,  includ- 

central Ice field.  This distinctive  lithology has only  been 
ing a massive  pile of disaggregated material at the  toe of the 

found in one  small, isolated outcrop in the  southern pan of 

the gossan. Ad,jacent outcrops, 5 to 10 metres away,  are 
quartz-sericite  schists.  Both  the  laminated  quartz  and 
quartz-sericite schist  contain  a  strong  foliation and  second- 
ary crenulation.  Contacts of the  gossan  are  gradational from 
sericitic  to  propylitic  alteration with a corresponding 
increase in textural preservation. 

NoRrH GOSSAN 
The north gossan  forms  major  grey to brown-weathering 

bluffs  adjacent to the  north  side of the  glacier. The bluffs 
consist of laminated quartz-pyrite with individual siliceous 
laminae  ranging  from 1 to 50 millimetres in thickness. 
Pyrite is disseminated  throughout the  rock and locally 
occurs  as individual  bands of fine pyrite  up to 30 milli- 
metres across.  The laminated quartz is folded into  spectacu- 
lar chevron  crenulations  (Plate 6-X-I). The proportion of 
siliceous material  increases upwards in the gossan, and is 
accompanied by a textural  transition from tine  laminations, 

crystalline  silica at the  highest  levels. There is no evidence 
to thicker pods and  hands, to massive grey to white micro- 

rocks. 
for  primary texture in the  laminated or  massive  siliceous 

ALTERATION MINERALOGY 
Preliminary  petrography of outcrop and float  samples 

from the main gossan,  supported by limited  x-ray  diffrac- 

Figure 6-8-1. Generalized  geology of the  Treaty  Glacier  area  based on this study, Alldrick  and  Britton (1988). Kirkham  (personal 
communication), and  mapping  by  'Tantalus  Resources Ltd. and  Teuton  Resources Corporation. 
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tion, scanning  electron  microscope and microprobe  ana- 

quartz+alunite interbanded with pyrite+sericite.  One sam- 
lyses,  indicates  that  the  laminated  quartz rock consists of 

ple of float also contains  pyrophyllite with laths of diaspore. 
The alunite  consistently  produces  natroalunite x-ray diffrac- 
tion peaks  although  initial  microprobe  analyses  have 
returned a considerable  range of X,, (mole  ratio  Nal 
Na+K), 0.38 to 0.74. The  sericite is illite  or  hydro- 

rock as  discontinuous  veins which cut  the  laminae.  Kirkham 
muscovite.  Native sulphur  occurs locally in the  laminated 

et ul. (in  preparatinn) also report  natroalunite  and  sartorite 
from  the north gossan. 

Primary  textures are visible in some  samples and  include 
individual quartz  grains  or phenocrysts,  quartz-rich clasts 
and  rhombohedral  ghosts of possible  pseudomorphs of 
amphibole. Preliminary  petrography supports field evidence 
for multiple  protoliths. 

STRUCTURAL  FABRICS 
The sericitic  foliation  and  the  quartz-pyrite both present 

structural  fabrics  imprinted on altered  rocks of the Treaty 
gossan.  Sericitic foliation is almost  ubiquitous in the main 
gossan hut absent from the north gossan. This subvertical 
foliation is broadly  folded and has  variable  strikes from 

045" to 135'. The quartz-plirite-alunite laiering i s  Ne11 

outcrop and patches of floal 'on the main gossan. 11  a l l  
developed in the north gossan but is limitei to one :mall 

locations  the  laminated  layerinp is refolded "y crenulations 
(Plate 6-8-2).  In the main gormn outcrop, I minations  a]-e 
parallel to sericitic  foliation In the adjacent rocks  and  the 
overprinting  crenulations  are  parallel to ax a1 surfaccs of 
mesoscopic  folds in the  sericitic  rocks. In tt 3 north g 8 : ; s m  

deform  a  subvertical  primary 'amination whi .h stlike:,  1lor.h 
area, subvertical  crenulation fabrics strike southea!;t ar,d 

to northeast. 
Microscopic fabrics within the tquartz-alun te-pyrite l u n i -  

nated  lithology  suggest  the  primary f a b i c  is a post- 

gossan show a  strong grain-elongation  falric  parallrl !o 
alteration  feature. Samples frtm float hould !rs in the - w n  

compositional  layering within the quartz-rict hands. .A ;pe:t 
ratios of quartz-ribbon grains  approach 10: (Plate f ) - t ; - Z ) .  

tently  inclined at IO" to 20" t 3  .thss primary  layering. Flirite 
In some  samples, less elongale q u a m  gra ns are cortsis- 

grains  commonly have symmelric quartz prt ssure shadovis 
which show elongation parall:!l to the prinary layering. 
Alunite  shows no evidence 0 .  intracrystal ine strain, but 
grains in alunite-rich  layers cften have weal preferrccl oli- 
entations, with longest dimensions inclined It small at1gb:s 
to the  external compositional lilyering. 

Plate 6-8-1. Outcrop of laminaled quartz-alunite-pyrite rock on the  north  gosyan,  showing slrrag cn:nulat m. 
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alunite-pyrite rock showing  elongated  ribbon quartz and 
Plate 6-X-2. Photomicrograph of laminated quartz- 

parallel alunite laths of tectonic origin.  The field of view is 
2.5 millimetres  across. 

DISCUSSION 

nated by  quartz-sencite-pyrite  alteration with minor  zones 
The main gossan  on the  Treaty Glacier nunatuk is domi- 

of quartz-alunite/natroalunite-pyrite-tsulphur~pyrophyllite 

of hostrocks with selective alteration of fragmental units on 
?diaspore.  The  alteration  system is developed in a variety 

the  periphery of the  system. The quartz-sericite alteration 
passes  outwards  into  propylitic  alteration,  also  developed in 
a  variety of hostrocks.  Preliminary  stratigraphic  interpreta- 

or equivalent  intermediate  fragmental rocks, Mount Dil- 
tion indicates  that  the system  affects Betty Creek  Formation 

worth Formation  felsic fragmental rocks, which may  be 
quartz  phyric in this area,  and pillowed  basalts and  andesites 
possible  belonging  to the Salmon  River  Formation. If  the 
latter interpretation is correct, it suggests that the alteration 

Mafic  dikes  cut sericitic alteration  but  are partially altered, 
system  formed  or was active until  late  in  the  Early Jurassic, 

The  dikes are deformed  and there is no  evidence,  to  date, for 
post-deformation  alteration. 
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natroalunite-pyrite  and zones of massive silicification. Con- 
The  north  gossan contains laminated  quartz-alunite/ 

tacts  between the north gossan and surrounding unaltered 
rocks  are  faulted  or  obscured. Lack of foliation or  crenula- 
tion in these surrounding units either  reflects this  structural 
juxtaposition,  or the  relatively  incompetent  nature of the 
quartz-alunite  rock. Future fieldwork will attempt to resolve 

tain. The possibility  that  the  lamination reflects a primary 
these questions.  The protolith  for  the north gossan is uncer- 

banding in a tuffaceous or flow-banded rhyolite  protolith 
cannot be ruled out at this  time. 

Mesoscopic and microscopic structural  characteristics of 
the  laminated quartz-alunite lithology  strongly  suggest  that 
the laminations represent  a  tectonic fabric, imposed after 
alteration  and overprinted by a younger crenulation  fabric. 
Concentration of strain  along  discrete quartz-rich layers, 
and  asymmetric  grain-elongation  fabrics  indicate that  a 
moderate to large component of noncoaxial strain contrib- 
uted to  fabric  development. 

Fieldwork  and initial follow-up  has established  the fol- 
lowing  constraints  for  the formation of the  Treaty Glacier 
alteration system: 

0 The alteration is dominantly sericitic or  phyllic with 
local zones of acid-sulphate  advanced argillic altera- 
tion  and  peripheral propylitic alteration. 
The  presence of pyrophyllite-diaspore  implies  tem- 
peratures in excess of 280°C at the  time of formation  or 
during post-alteration metamorphism  (Hemley rr a/. ,  
1980).  There  is  no  evidence  for  the latter. 
The system  was deformed post-alteration. 

0 The alteration effects a  variety of rock types  and there 
is no  evidence  for any paleosurface features. 

upper part of a magmatic-hydrothermal  system which  was 
Preliminary conclusions  are that alteration  relates to the 

subsequently  deformed.  The  predominance of natroalunite, 
and  its  range of X,, based  on initial  work, are  also  consis- 
tent with magmatic-hydrothermal  environments (Stoffregen 
and  Cygan, 1990; Thompson  and  Peterson, 1991). These 
types of systems  occur  elsewhere in the Sulphurets region 
and typically show  similar timing relationships  (Kirkham et 
a/ . .  in  preparation; J. Margolis,  personal  communication, 
1991). To date,  exploration  on  the  gossan has not been 

covered  numerous  precious and  base metal  rich  veins 
successful  but  the  owners of the Treaty property have  dis- 

throughout their  property. At this stage,  no  conclusions  can 
be  drawn  on the relationship of these veins to the Treaty 
Glacier alteration system  or  on  the potential for mineraliza- 
tion  within or below the alteration. 
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PRELIMINARY  STRUCTURAL  INTERPRETATION OF 'IrlllE SNIP MINE: 
(104B/11) 
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INTRODUCTION 
The  Snip  mine, on the  south  side of the lskut River, is 70 

kilometres east of Wrangell. Alaska, and 1 I O  kilometres 
northwest of Stewart, British Columbia.  The mine is jointly 
owned by Cominco Ltd. (60%) and Prime Resources  Group 
Inc. (40%). Production  began in January, 1991, at a  rate of 
360 tonnes per day. 

Gold-bearing  quartz  veins  were  first  discovered by 
Cominco  prospectors. Limited  trenching on the showings in 
1966 yielded mixed  results and the claims were allowed to 
lapse. Cominco restaked the area in 1980 as the Snip  claim 
group.  Delaware  Resources  Corporation,  now  Prime 
Resources  Group  Inc.,  funded an intensive exploration  pro- 
gram on the  property  between 1986 and 1990 as part of a 
joint venture agreement with Cominco  (Nichols, 1989). The 
exploration  program delineated a  reserve of 960  000 tonnes 
at a  grade of 28.5 grams per tonne  gold (A. Samis.  personal 
communication, 1991). 

margin of the Coast  Plutonic  Complex.  The regional geol- 
The  deposit is within  the Stikine Terrane at the  eastern 

ogy is outlined in Britton et a / .  (1990). 
During 1991, Rhys  spent 98 days  at  Snip doing 1:SOO- 

scale  structural mapping in the  accessible  mine  workings 
and on surface. In addition. over 500  drill  intersections of 
the Snip  orebody were  re-logged  for  mineral  zoning  and 
ore-type  distribution  studies.  Extensive  sampling was done 
for  detailed  petrography, structural  analysis,  fluid  inclusion 
microthermometry,  alteration, stable  isotope  analysis  and 
geochronology. 

LOCAL  GEOLOGY 
Two  major lithologic units are exposed in the  area of the 

of  tuffaceous  biotitic  feldspathic  greywacke.  This  is 
Snip  mine  (Figure 6-9-1). The host  unit is a thick sequence 

intruded by an  elongate  orthoclase-porphyritic  quartz 
monzonite  stock. 

The  greywackes contain  rare  interbeds of graded siltstone 
and matrix-supported  pebble conglomerate, which suggest  a 
turbiditic  origin for portions of the sequence.  Bedding is 
upright and  dips moderately to steeply  northwesterly. 

The quartz monzonite  stock, known as the Red Bluff 
porphyry,  forms a  prominent cliff along the  west  side of 
Bronson  Creek  (Figure 6.9-1). A  large alteration  zone 
flanks this  intrusion to the southwest (Kerr, 1948). The 
intrusion comprises lenses of orthoclase  porphyry in a rock 

Ceolofiical Firlr lxwk 1991, Papn-  1992-1 

composed of sheeted quartz velnlets with nagnetite k m l s  

minimum age of 195% 1 Ma w a . s  obtained frg  Im a sample of 
in a magnetic,  siliceous dark grey  matrix. 4 U-.Pb z:rcca 

orthoclase  porphyry  collected from the 130 t aulage lewl of 
the Snip workings (Macdonald ef a / . .  1992) 

CHARACTER OF THE  SNIP OR EBODY 

system  termed  the Twin zone :P;ichols, 1987 which wikes 
Ore at the Snip  mine is contained withi I a shea:r-vein 

been traced by drilling for 500  metres, both h, lrizontally and 
120" and dips 30" to 60" southwest  (Figure 6-92.). It has 

vertically. Thickness varies to a  maximum of 13 metres.  and 
averages  approximately 2.5 metres. In th :  eastern and 
lowest  parts of the  mine,  the Twin zone dies  out in a series 
of discontinuous quartz-carbcnilte-sulphide itringen. E ? # -  
sion has  removed the westenlmost  and  upp :r parts 01 the 
orebody. 

spotted unit (BSU of Nichols, 1089; a150 sep Figure 64-2). 
An unmineralized basic  biotitic dike, t e r  led the bi xite 

intrudes the Twin zone  above  the 280 level $Figure 6-0.21, 
and commonly obliquely cuts fabrics  and vt ins developed 
in the zone.  Below this level, the dike  dibxges inla the 

green  felted biotite  spots, 0.:' IO 4 millime res long, in  a 
hangingwall. It typically contains 15 per  cen black to jark 

fine-grained  biotitic matrix. It has a perv lsive phy :itic 
foliation that parallels  its marg:ns. Common elongation cC 
the  biotite spots  defines a  lineation on the foliation .:hat 
plunges 35" southwest. The phyllitic foliation locally gr2des 

difficult to distinguish  foliated aike  from bioi itic Twin :!one 
into a schistosity on the dike ma.gins. In such  cases it c:an be 

mineralization. 

different  ore types, all of whict, carry gold: 
The Twin zone  has a pronoLnced internal t anding of S o ~ r  

eties of biotite: black (Mg, W )  biotite, and he green, ..Ton 
Biotite mineralization consiists dominant y of two  rari- 

end-member of the  biotite  group, ;innitf (McLeo:. In 
Nichols, 1989). Alternating laminae of scl istose  biotite/ 
annite  and calcite, 1 to 15 millimetres thick are  conmoll, 
but some drill holes  intersect int::rvals of a h  #st pnre annitl:. 
Quartz is locally abundant a s  augen or fo  iation-ptrrallt:l 
veinlets (Figure 6-9-3A and 6-9.3C). Total su phide content, 
mainly pyrite  and minor pyrrhntite,  seldom exceeds L. per 
cent.  Streaks of pink  calcite  ar.d  potassium fe  dspar  occ  tlr in 
some annite-rich  areas. These  areas  are  also i ssociated with 

than 120 g/t) content.  The strsakr,  may reprt sent slive-s of 
high molybdenite  (up to 2%:1 ,:md gold (ge lerally gr(:atf:r 

potassically  altered  wallrock. 
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A  gradual transition, 3 to 25 centimetres  wide,  from 
weakly  foliated  biotitic greywacke to schistose biotite ore 
occurs in some  drillholes.  Remnant  carbonatelpotassium 
feldspar altered  wacke grains  are  often present  in  annite-rich 
sections of this ore type. These  observations  suggest that the 
biotite  ore  may  have  formed by progressive  wallrock 
alteration. 

Carbonate mineralization occurs as bands of granular 
calcite  and lesser  iron carbonate, often with patches of 
potassically  altered  wallrock.  Bands  and  stringers of 
sphalerite  are  common,  but  seldom  exceed I per  cent of the 
volume of the carbonate  ore.  Disseminated  pyrite  occurs in 
most drill  intersections. Streaks of black biotite and annite 
commonly  comprise 5 to 25 per  cent of the carbonate  ore 
and  there is a complete  compositional gradation from the 
carbonate  ore  to the  biotite ore,  indicating they are closely 
related  genetically. 

sity of sulphide  minerals.  Massive  sulphides  occur in 
Massive sulphide mineralization contains a high diver- 

foliation-parallel  veins of predominantly  massive  pyrite 
5 centimetres to more than 1 metre  thick.  Massive  pyrrhotite 
is present  locally. Other significant sulphides include. in  
decreasing  order of abundance,  arsenopyrite,  sphalerite, 
chalcopyrite and  galena. Streaks of magnetite  occur in some 
pyrite  veins with 1 to 5 per  cent  disseminated pyrrhotite. 
Both  black  biotite  and annite  streaks  are  associated with the 
sulphides,  but  seldom  exceed  more than I O  per cent of the 
vein  volume. Calcite is interstitial to  sulphide  grains in most 
veins  and  quartz  eyes  are  common in pyrrhotite-rich ore. 
Both chalcopyrite and fine  (<mm) visible gold  are  com- 
monly spatially associated with the quartz. 

quartz veins containing the same  sulphide  species as the 
Quartz  mineralization consists of foliation-parallel 

massive  sulphide  veins,  but  sulphide  content  seldom 

0 500 - metres 
1000 

Figure 6-9-1. Local geology of Snip mine area, British  Columbia.  Base map after Nichols (1989) and geology 
modified  after  Alldrick PI a/. (1990). 

550 BI-itish Columbia  Geological Survey Brunch 



2 20 

4512.5 east, Snip mine  grid,  showing  the relationship of the 
Figure 6-9-2. Cross-section  through the  Twin zone at 

biotite spotted unit (BSU). The BSU is shown in black  and 
the  Twin  zone is hatched.  Section is parallel t o  the 030" 
azimuth.  Underground-drill  intersections and workings are 
shown. Modified from a section  drawn hy A. Samis (Corn- 
inco Ltd.). 

exceeds 2 per  cent.  The relative abundance of pyrite is 
generally  less  than that in massive sulphide  mineralization; 
other  sulphides, notably  pyrrhotite  and chalcopyrite,  are 
proportionally more abundant.  Annite.  and  less abundantly, 
black biotite, commonly  comprises S per  cent of the quartz 

quartz-annite intergrowth is common in veins with abundant 
veins, but locally forms up to 50 per  cent of the vein. Bladed 

annite  (Figure 6-9-.3Bj. Blades are  generally perpendicular 
to the vein walls. 

Quartz  veins  are invariably  strongly  fractured  and  have 
been  previously described  as "crackle quartz"  (Nichols, 
1989). Fractures are usually filled with calcite and/or iron 
carbonate, giving the quartz veins a carbonate content of 
1 to 4 per  cent. Annite  and  sulphides  may  also occur  as 
fracture  fill.  Visible  gold is usually  associated with or 
enclosed in  sulphides and  annite as fine,  free  gold, but may 
also  occur as disseminations in unfractured quartz. 

Progressive increase in sulphide content  over  distances of 

sulphide vein mineralization,  implying  a  genetic  relation- 
I to 2 metres commonly produces a gradation from  quartz tn 

ship between  these two  ore types. 
Individual  drill  intersections of the Twin zone consist of 

one  or  more of the four  ore  types,  often layered  in an 
apparent stratigraphy. All ore types occur  throughout the 
Twin zone, but sulphide  veins are  more  abundant in the 

greywacke  are  also common within the Twin zone. 
eastern part of the orebody (Nichols, 1989). Slivers  of 

ALTERATION 
The Twin zone  rarely exhibits a  well-developed  alteration 

halo. In many  instances,  especially in sections of carbonate 

Geological Fieldnork 1991, Paper IYYZ-I  

or  quartz  ore, no alteration envelope is app; rent. Sulphide 
mineralization,  however,  cor?tnonly  has a I envelop: of 
felted black biotite with dissmtinated  pyrit,'  or pyrrhotite 
1 to 50 centimetres wide. In $ # m e  locatior s, this biotitic 
envelope  forms an inner  halo within an m e r  zon: of 
potassically  altered  wacke. 

black biotite  alteration. The  tiotite is predo ninantly fract- 
The  greywackes  throughout the mine 1 ave  abundant 

ure controlled  and, less  commonly, pervasivl . Biotite-filled 
fractures  commonly contairl pyrite  and I ave blea(:hed 
potassium  feldspar envelope!,, mimicking  t le progr(::;,,ibe 
alteration envelopes that surround some sulp hide minerali;:. 
ation  in  the  Twin  zone.  ,Siltstone  inttrheds i n  the 
greywackes appear most strong1 y altered:  sol  le  graded beds 
have a matrix  composed entirti:ly of pale r i n k  potas,;iutn 
feldspar.  Patches of potassium  leldspat floo, led greywxke 
with up to 60 per  cent potassium  feldspar  are often  found in 
drill core  (Nichols, 1988). 

sulphide-filled shear  zones or variable thicl ness ( 2  c x  Io 
Southwest-dipping laminates3 biotite-cat ,onate-qui.rt:r- 

1.2 m j  occur  throughout the Imine workings up to the cotl- 

metres  apart  and  have the same internal  stru :ture and :stmi- 
tact with the  Red Bluff porphyIy. They are  ;paced 7 l o  I S  

lar mineralogy to the Twin zone. The ahun lance of  Ihe!,e 
shear  zones  suggests a  large hydrotherm: I system wits 
active in the area at the  time of the formati. In of the Twin 
zone. Their spacing  may he su tk ien t  to exr lain the  )JCN:I- 
sive biotite and  potassium fe lcspr  alteration n areas distant 
from the Twin zone. 

INTERNAL STRUCTlJlllE OF T€IE  TWIN 
ZONE 

Structures internal to the Twirl  z,one sugge: t i t  forme<: as a 

movement. 
dilatent shear zone with a predominantly n Irma1  sen:;': o f  

Drag folds  commonly  occur in all Twin 21 ne minel:-l' ' tz;1- 
tion types (Figures  6-9-3A.  6-9-3C). Fold ar Iplitudes range 
from 2 centimetres in biotite  and carbonate mineraliz3ticm 
to 20 to 70 centimetres in thc more  compet :nt quartz 'ye n 
mineralization.  Fold axes  are contained  w thin the ' l i v m  

zone  boundary plane orientatlon. Most fold xxes are  either 
subhorizontal  or  southwesterly  plunging, Jut there is a 
range of intermediate plunge directions. F )Ids with :SUI>- 
horizontal axes verge down-.dip and are < omnion i 1 all 
mineralization types. Folds \\i Ith sourhwe! terly plurgirtg 
axes verge  both east and wes.t, and are c Immon i l l  the 
biotite  and carbonate  ore  tym:~.  The dual  west and east 
vergence of folds developed irl the  relative y incomp-teat 
carbonate and  biotite ores suggests  the prer:nce of ,sheath 
folds (Cobbold and Quinquis, 1980) formed by progressive 
deformation of initially  rectilinear  fold axe . Figure  ti-9-3 
illustrates  both down-dip verging  (Figure 6.9 -3A) and )vest- 
verging  (Figure  6-9-38)  folded  quartz  wins in  biotite 
mineralization. 

Sulphide  veins  commonly  have undulos ! margins,  bJt 
rarely exhibit  clear  folds. In some  stopes, thc se undulations 
form  apophyses that project LIP to 1.5 metre , into  the uall- 
rock and terminate at a  point (Figure 6-9-1). Cleava;:e In 
adjacent  biotite or carbonate 01-e commonly  curves arsurtd 
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these structures, itself defining folds.  Well-rounded pyrite 
grains  are  common  and  suggest intergranular  flow. 

C-S fabrics are locally developed in the  biotite  and carbo- 

have shallow to  subhorizontal  dips,  whereas the shear ( C )  
nate  mineralization. In these  locations, flattening (S )  fabrics 

fabrics parallel the  margins of the  shear  zone,  consistent 
with a  normal shear  sense.  Asymmetric  quartz  augen  indi- 
cate a compatible  shear  sense.  Synthetic  Riedel  shears, 
although  not  common,  occur in  the Twin zone  (Figure 
6-9-31)), These  have a 60" to 75" southwest  dip  and record  a 
normal sense of motion. 

A  striation  lineation with an oblique southwesterly down- 
dip  plunge is defined by biotite throughout the Twin zone. 
Pyrite is commonly  streaked  along the  lineation. The  south- 
westerly plunging  drag-fold  axes  and the elongate biotite 
spots in the biotite spotted unit  parallel this lineation. 

STRUCTURAL FEATURES  OUTSIDE THE 
TWIN  ZONE 

occur in the southwest-dipping laminated shear zones that 
The internal  structural features of the Twin zone also 

are present  throughout  the mine. A subhorizontal  cleavage 
is locally developed  for up to  several metres into the  hang- 
ingwall and footwall of the larger shear zones. This  cleav- 
age  also  occurs locally in the  footwall of the Twin zone.  The 
hangingwall,  however, is not exposed.  The  cleavage  com- 

consistent with drag folding  due to normal motion on these 
monly curves to steeper  dips adjacent to the shear  veins, 

zones. 

east  and  southeast-dipping  orientations  occur  abundantly 
Two  orientations of extension veins with moderate north- 

through  the  greywacke  sequence.  They  cut  fabrics 
developed in  the Twin zone and laminated  shear  zones,  and 
the  biotite spotted  dike. Both vein sets  consist of blocky to 

20 centimetres  long: (A) 420-level  undercut, footwall  vein,  looking  southeast.  Folded  quartz vein in a matrix  of  laminated calcite and 
Figure 6-9-3. Internal  structure of  the Twin zone,  drawn  from  photographs.  Massive sulphides  are  stippled.  The  scale  bar is 

black biotiteiannite; (B) 420-level  undercut, west pillar,  footwall  vein,  looking  north.  Alternating  quartz and  massive  pyrite  veins.  The 
quartz  veins  exhibit a coarse bladed  intergrowth  of  annite  and quartz; ( C )  340-level  undercut  access,  east  wall.  footwall  vein,  looking 
north.  West-verging  folded  quartz  veinlet in a band  of  black  biotite ore.  Massive  pyile veins and  footwall greywacke  appear in the 
upper  and  lower  portions of the picture,  respectively; (D) 340-level  undercut  access,  west  wall,  footwall  vein, looking northwest. A 
synthetic  Riedel  shear  normally  offsets a large  quartz  augen in a matrix  of  black  biotite ore. Below  are  footwall greywackes. 
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- 
southeast. Two massive  pyrite-pyrrhotite veins are  separated 

Figure 6-9-4. IS0 vein,  400-level west access,  looking 

by strongly  biotite-altered  greywacke.  Note  the  undulose 
margin of the sulphide vein on the  left  side of the picture, 
and the  tongue o f  sulphide that joins the two veins. Drawn 
from photographs. The scale bar  is I metre long. 

fibrous  quartz, calcite,  green  mica  (probably annite), iron 
carbonate  and pyrite, with rarer epidote,  pyrrhotite,  chal- 
copyrite and galena. Typical  veins  are 30 centimetres to 1 
metre long and I 10 4 centimetres wide,  and  occur at a 
spacing of 0.5 to 1.0 metre. Where  observed, fibres are 
generally  perpendicular to the  vein  walls. The  southeast- 
dipping vein set  frequently forms  conjugate  en  echelon 
arrays with varying degrees of sigmoidal  folding  indicative 
of a  reverse  sense of shear.  Crosscutting  relationships  indi- 

abundant, is younger than  the northeast-dipping set. The 
cate that the southeast-dipping set, which is also the most 

extension veins are often houdinaged, with subhorizontal, 
linear boudin axes striking  south-southeast. Where they cut 
laminated shear veins  and Twin zone fabrics, the extension 
veins  often show  minur normal offset. 

The Red Blufl  porphyry is intersxted  for I20 metres by 
the mine haulage  level, and has a strong southwest-dipping 
foliation throughout. Orthoclase  phenocrysts are augenized 
and flattened parellel to a  phyllitic fabric. Locally, elon- 
gated  phenocrysts are  sigmoidally folded.  The asymmetry 
of these folded  phenocrysts  and  occasional  drag  folding of 
quartz-magnetite sheeted  veinlets  suggest  a  normal  sense of 
movement. A  strialinn  lineation  developed by micas on the 
foliation  plunges westerly. Southeast-dipping  extension 
veins  cut these fahrics. 

Brittle  fault  sets  cut all other structural features in the 
mine. Displacement  appears  variable, but m e  northeast- 

metres of oblique-reverse displacement, based on ofKset, 
striking  set  offsets  the Twin zone by approximately 80 

side orientation.  These  faults  are filled with gouge  which 
thickened  portions of the orebody and a consistent slicken- 

sometimes  contains  vuggy  quartz-calcite-ankerite-pyrite 
veins. They  comnlonly have  hleached envelopes I to 2 
metres  wide. 

Grolo,qirol Fieldnor-k 1991, Puper- 1992-1 

DISCUSSION AND c c w c L u s I o  ris 

structures,  synthetic  Riedel shears, asyrnmett ic augen,  sutb 
Down-dip  verging  folds,  probably  she2.h folds., ICS 

horizontal cleavage,  and a  striation  lineation, Ire common  to 
both the Twin zone  and laminatad shear zon,:s; all indicate 
an oblique normal sense of mltion.  Defon lation is XI:.- 
tively localized  and brittle-dlctile, and is c  mfined IC the 
southwest-dipping  phyllitic ,and schistose  foliation ( S I )  
within the laminated shear xnd  Twin Lon, . In confrast, 
widespread  fabric  development within the F ed Blufr‘ poI- 
phyry indicates more distribuleil deformatio~ . 

The relative abundance of :;heath folds In biotite and 
carbonate mineralization  types is prohably related to the 
competency of these rock type!.. l’referentiai fold devcloy 
men1 in biotite and carbonate mineralization  :ypes suj,~, 
they were less competent during defcrrmat on than <whf:r 
mineralization  types  such as thci quartz vein . 

J ‘2SIS 

veins  (Figure 6-9-3A and 6.-9--38) suggesrr  that stwzr;tl 
The presence of both defoln~ed and  undf formed q ~ ~ a r t z  

generations of syntectonic q u m z  veining ormed &ring 

hydrostatic  pressure during  d-fixmation ma! have c a ~ s e d  
Twin zone  formation. Periodi: lntervalq  of I xtremely high 

dilatency along the cleavage o f  the zone, all ,wing the for- 
mation of veins parallel to the pre-existing  h:  stile  cIea\age. 

been suggested  for  the formation uf crack-sei 1 type  veins in  
A  similar  mechanism of hydrostatic pressu’e cycling has 

comparable deposits.  such as Bralome (Leitvh, 1990:1. 

deformation than the event which fonned I he Twin ;:#me. 
The  two extension vein :iels record a ater  phars of 

Their moderate to gentle easterly dips, si:.moidal arrays 
with reverse shear sense, and cio!;scutt;ng re .ations u i  11 S I  

fabrics  indicate  they  formed In a  different s r e s  field .:ban 
the Twin zone and laminated shear zones. I .imited nclmal 
movement  along Twin zone  and  laminated SI ear  zones itftm-r 
the  formation of the extension veins 1s ind cated by their 
slight  displacement. This  phaie of moven ent may have 
caused the houdinage of the :ash veins. 

during the first phase of movmmlent on the 1 win zonf:, I S  i t  
Intrusion of the  biotite spotle8:l m i t  probah y occurn:tl late 

has developed  penetrative  fabrics  similar 1 1  those i l l  the 
zone.  Extension  veins which cltt this rlike i ~dicate il: rnust 
have been in place  before the N idesprad ex ension ve nirlg 
event. 

ACKNOWLEDGMEN’T!S 
The work and ideas presented  benefite(  greatly From 

discussions with Cominco geologists AI Sa nis. Earl ‘\la;- 

Sames Macdonald  and  John Thrmpson at Th ! University of 
arsky and Ian Paterson,  and M:h Petet Lew IS, AI Sin,:lair, 

Memifield of Cominco Ltd.  for I heir ho!,pitali .y. and pennis- 
British  Columbia. We thank  Merlyn Rc yea  and R a y  

Dale Craig of Cominco are also thankzd fo their suFport. 
sion to work and stay at the Bronson camp. K en Donne - arid 

Cominco generously provided tisod and accc mmodation for 
Rhys between June  and September.  Funding or  this  study is 
provided  under  the  Mineral Ikposit Resear’  h  Unit  project 
“Metallogenesis of the lskut R ivzr Area”. 

5.53 



REFERENCES 
Alldrick, D.J., Britton,  J.M.,  MacLean,  M.E.,  Hancock, 

and  Mineral  Deposits of the  Snippaker  Map  Area 
K.D., Fletcher, B.A. and  Hiebert, S.N. (1990): Geology 

Mines  and  Petroleum  Resources, Open File  1990-16. 
(104B/6E, 7W, low,  I IE); B.C.  Ministry of Energy, 

Britton, J.M., Fletcher, B.A.  and Alldrick, D.J. (IY90): Snip- 
paker Map  Area  (104B/6E, 7W, low,  1 IE): in Geologi- 
cal Fieldwork  1989, B.C.  Ministry of Energy, Mines 
and  Petroleum  Resources. Paper 1990-1, pages 
115-125. 

Cobbold, P.R. and  Quinquis,  H.  (1980):  Development of 
Sheath Folds in Shear  Regimes; Structural Geology, 
Volume 2, pages 1 19- 126. 

Kerr, EA. (194X): Lower  Stikine  and Western Iskut River 

Canada. Memoir  246,  94 pages. 
Map  Areas, British Columbia; Geolo,?ica/ Surwy of 

554 

Leitch,  C.H.B. (1990): Bralorne: A Mesothermal,  Shield- 
type Vein Gold Deposit of Cretaceous Age in South- 
western  British Columbia; Canadian Institute (fl Min- 
ing  and  Metallurgy. Bulletin, Volume 83, Number  941, 
pages 53-80, 

Macdonald,  J., van der  Heyden, P., Alldrick, D.J., Anderson, 
R.G.  and  Lefebure, D. (1992):  Geochronometry of the 
Iskut River Area - An Update; in Geological Fieldwork 

tr-y of Enerxy. Mines  and  Petroleum  Resourcr.r, Paper 
1991, Grant, B. and  Newell,  J.M., Editors, B.C.  Minis- 

1992.1,  this volume. 

Nichols, R.F. (1987):  Snip  Property,  1986 Year-end Report: 
unpublished company report, Cominco Ltd. 

Nichols, R.F. (1989): Snip  Property, Final Project Report; 
unpublished company report, Cominco  Ltd. 

BI-itish Columbia  Geological Survey Branch 



SELECTED  RECENT  EXTERNAL  PUBLICATIONS 
BY  B.C.  GEOLOGICAL  SURVEY  BRANCH STAFF 

NOIP:  The jiil1nn.iri.y Imhli(.oriom urc l>y British  Collmrhio 
Grolo,yi(~ul Srlr\,ey Bruncll s r u l f .  or h? s tu f f '  in ( ' 0 -  

uperorion n,itlz mhpr irrdlrsrry. gowr.nmcnt or  tiniwr.yi/y 
re.stw(.hers. 

Andrew,  K.P.E.  and Hiiy, T. ( I Y Y O j :  Structural  Models  for 
Precious  Metal  Deposits in Jurassic  Arc  Volc;~nic 
Rocks o f  the  Rossland  Group,  Southeastern  B.C.; 
Gc010,qi~~ul  As.rociurion q' Currurlu. Cordilleran  Sec- 
tion. Program with Abstracts,  Vancouver,  B.C. 

Bobrowsky, P.T. (IYYI): Quaternary Gedogy o f  the North- 
ern  Rocky  Mountains  and  Foothills nf Westcrn  Canada: 
Xlllth I N Q U A  Cnngri,s.\. Program  with  Abstracts, 
pagc 29. 

Bohrowsky. P.T. and  Clague,  J.J. (IYYO): Holocene  Sedi- 
ments  from  Saanich Inlrt, British  Columbia,  and their 
Neotectonic  Implications; in Current Research,  Part E, 
G ~ w l o g i ~ ~ u l  .Surl.ey uf Corradu, Paper 90-1 E,  pages 
25 1-256. 

Bobrowsky. P.T. and  Clague.  J.J. (1990): Possihle  Evidence 
for Holocene Earthquakes in Saanich Inlet; Crmudinn 
Qrrurernm:v As.swiurion ~ Amtvkulr Quutcrnury Asso- 
ciatio!l, Joint  Meeting 1990, Program  and  Abstracts, 
page 14. 

Bobrowsky, P.T. and  Clague.  J.J. (1991 j: Late  Glacial  and 

bia; Cutladim Quutmwr? Assor.iiIrior1. Biennial  Meet- 
Post-glacial  History of the  Tofino  Area,  British Colum- 

ing 1991. Program  and  Ahstracts, page 1 6 .  

Bobrowsky, P.T. and  Rutter, N.W. (1900): Geologic  Evi- 
dence  for an Ice-tree  Corridor in  Northeastern  Brirish 
Columhia,  Canada; in Current  Research in  the 
Pleistocene, l ~ r ~ i ~ ~ ~ ~ r s i t ?  of Muine Volume 7, pages 
133-135. 

Bobrowsky, P.T. and  Rutter, N.W. ( IYYOj :  The  Cordilleran 

otiwr of Canudu ~ Minr~rulqqicul A,s.so(,io/in,r of Cut?. 
Ice Sheet: Rocky Mountain  Sector: Geologiu~l A.ssoc.i- 

adu. Program with Abstracts, A12, 15 pages. 
Bobrowsky. P.T. and Rulter, N.W. (1992): Quaternary  Geol- 

ogy of the  Canadian Rocky Mountains; it: Geographie 
Physique et Quatemaire, LCJS Prcssrs dl] I'Unir,cr-sitc de 
Montwal. Volume 46( I j, in prrss. 

Bobrowsky, P.T., Catto.  N.R.,  Brink,  J.,  Spurling.  B.E., 
Gibson, T.H.  and  Rutter. N.W. (1990): Archaeological 
Geology of Western  and Northwestern  Canada: irr 
Archaeological  Geology  of  North  America,  Decade of 
North  American  Geology,  Lnsca, N.P. and  Donahue. 
J.E.,  Editors, Grnlogiml  Sociefy  o/Amt~rir.n. Centen- 
nial Special Vnlume 4, Boulder, Cdorado. 

Bobrowsky,  RT.,  Gravel, .I., Matysek, I?. Ken: D. and Sib- 
hick, S. (1941): Exploring  for  Cu-Au  Porphyry 
Deposits in the Quesnel Trough:  Unravelling  the 
Quaternary  Blanket; Canadiarr in.sli/u/e of Mitring Bul- 
letin, Volume 84(X47),  page 88.  

Ceolo,qical Fieldw~nrk 1991, Puper 1992.1 

Brown,  D.A..  Logan. J.M., Ciunning, M.H.. Orchard, 1M.J. 
and  Ramber,  W.E. (1991 j ;  Stratieraphi ' Evolutll II of 
the Paleozioc  Stikine  A!,stmhlagr. in t le Stikine a rd  

Cunudion .lournu1 of,fEur!h Scirrzr.~~s, Vo ume 2X. rages 
lskut  Rivers  Area,  Nor'hwestern  Brit  sh Columbii; 

958-912. 
Church,  R.N.  and  Jessop,  A.M. I 1991): Geot,~ermal Drillirlg 

in the  Summerland  Basin, British Colu,nhia: Geoln,qi- 
M I  S ~ r r w y  of Cunadu. Opcn File 2348, 14 pages. 

Clague,  J.J.  and  Bobrowskq 1 P . T .  (IOY(1k Holocene Sca 
Level Changc  and  Crustal Def(1nriation Southwestem 
British  Columbia; irr Clurrent Reselrch.  Pall E, 
Geologiwl SurI.t? of Ca.wdu. Paper 90-IE, ragt:s 
245250. 

Diakow, L.J., Panteleyev,  A and Scllroete- T.G. (1'291): 
Jurassic  Epithermal  Deposits in  the Tocioggone  Rivw 

Preserved  Volcanic-hosted.  Precious Me  tal Miner;liz,l- 
Area,  Northern  British IXumhia: Exa nples of 'Ne11 

tion; Economic Geo/o,qy. Vdume X6, N lmber  3, pigm 
s29-554. 

Ettlinger, A.D., Ray,  G.E. artd Meinert, L.11. (19x9): 're" 
tonic  Controls on Precious  Metal Ikricl ed  Skarn M i l -  

the Pacific  Ocean  and It: Continental Surroundings: 
eralization in British  Columbia; in  De, p Slructure ,of 

Symposium  Pro(.erding.s. Blagoveshc  ~ensk, R I !;sia, 
August 18-24 1988. 

Grieve, D.A. (199 1 j: Biaxial Vitrinite Kefle, tance in Coals 
of the Elk  Valley Coalfield,  Southeastern  E%~ti:;h 
Columbia,  Canada. i n / e r ~ ~ u i i ~ , r ~ a l , l ; ) ~ ~ r n ~  I ofSoul ( ;e<, / -  
oxv. Volume 19. 

Hall,  R.L.,  Poulton, T.P. and Diakow, L. (1991): Lower 
Bajocian  (Middle  Jurassic j Ammonite  and  Bivzlvzs 
from  the  Whitesail Lake Area,  West-  3entral 13riti,jh 
Columbia:  Contributions  to  Canadian  Paleontol,agy, 
Gmlngical Sur-vry of Conudu, Bulk in 412, 11,1g2s 
133-167. 

Hamilton, W.N. and  Hora, Z. D (1987): Opp xtunities Ex st 
for  Industrial  Mineral  D(:\elopment in  British Cdurn- 
hia  and Alberta; Minir'g Engin,?erin;, Volumt: 39, 
Number 12, pages 1061-1~:167. 

HOy,  T. (19x4) The Purcell  !(hpergroup  r :ar the  Rocky 

Montana Bureou of Mines and G d o g  ), Special Pub- 
Mountain  Trench,  Southaastern  Brit sh Colurrhia; 

lication 90, pages  36-38  (extended ahsf -act). 
HOy, T. (1988): Early  Tectonic  and Mlgmal .c Evoluri,:n of 

the Middle  Proterozoic  I'urcell Basir , Southe.az.tern 

udu, Pacific Section, Program  and  Abs  racts, page: 16. 
Canadian  Cordillera; Gcolo(:ical Assol iation of Can- 

HOy,  T. (1989): The Purcell  S.upergroup at d  the Sol1iv.m 

bia; in Geological  Guidehook  for  Washington and 
Massive  Sulfide  Deposit,  'Southeastem British Coiurn- 

Adjacent  Areas,  Joseph, N. and Reei, K., Editors, 
Wushington Division of G d o g y  und E, rrrh Reso'.?.t~s, 
Information  Circular 86, pages 56-62, I 19-72. 

5.57 



HOy, T. and  Andrew,  K.  (1988):  Geology,  Geochemistry 
and  Mineral  Deposits of the Lower  Jurassic  Rossland 

Institute of Mining  and  Metallurgy, Twelfth  District 6 
Group,  Southeastern  British  Columbia; Canadian 

Meeting,  Program and  Abstracts,  page 1 I. 
HOy.  T. and  Andrew,  K.  (1989):  Structure,  Stratigraphy  and 

Mineral  Deposits of the  Rossland  Group,  Nelson  Area, 
Southeastern  Brit ish  Columbia; in Geological  
Guidebook  for  Washington  and  Adjacent  Areas, 
Joseph, N. and  Reed, K., Editors, Washington  Division 
of Geology  and  Earth  Resources. Information  Circular 
86, pages  63-67,  79-80. 

HOy,  T. and Godwin,  C.I.  (1988):  Significance of a  Galena 
Lead  Isotope  Cambrian  Date for the  Stratiform  Cotton- 
belt Deposit in the  Monashee  Complex,  Southeastern 
British Columbia; Canadian  Journal  of  Earth  Science, 
Volume 25,  Number 9, pages  1534.1541. 

HOy, T. and Kwong, Y.T.J. (1986):  The  Mount  Grace  Car- 
bonatite - an Nb  and  Light  Rare Earth  Element  En- 
riched  Marble of Probable  Pyroclastic  Origin in the 

ogy, Volume 81,  pages  1374-1386. 
Shuswap  Complex,  Southeastern B.C.; Economic Geol- 

Hay, T. and Van der  Heyden, P. (1988):  Geochemistry, 
Geochronology,  and  Tectonic  Implications of Two 
Quartz  Monzonite  Intrusions,  Purcell  Mountains, 
Southeastern  British  Columbia; Canadian  Journal of 
Earth  Sciences, Volume 25,  pages 106-115. 

HOy,  T., Berg, N.. Fyles, J.T., Delaney, G.D.. McMurdo, D. 
and Ransom, P.W. (1985):  Stratabound  Base  Metal 

Guides to Geology  and  Mineral  Deposits in the South- 
Deposits in Southeastern  British  Columbia; in Field 

ern  Canadian  Cordillera,  Templeman-Kluit,  D.,  Editor, 
Geological  Society of America, Cordilleran  Section 
Fieldtrip 13, 32 pages. 

HOy, T.. Gibson,  G.  and  Berg, N.W. (1984):  Copper-zinc 
Deposits  Associated  with  Basic  Volcanism,  Goldstream 
Area,  Southeastem  British  Columbia; Economic  Geol- 
ogy. Volume  79, Number 5 ,  pages 789.814. 

Hora, Z.D.  (1990):  Industrial  Minerals in British  Columbia- 
New  Developments,  New  Discoveries  and  New  Oppor- 
tunites; Canadian  Institute of Mining  and  Metallurgy, 
Bulletin,  Volume 83, Number  933,  pages  74-78. 

Hora, Z.D. (1990):  Industrial  Minerals in British  Columbia: 
Present  Producers  and  Further  Development  Oppor- 
tunities; in Industrial  Rocks  and  Minerals  of  the  Pacific 
Northwest,  Geitgey, R.P. and Vogt,  B.F., Editors,  Pro- 
ceedings of the  25th  Forum  on  the  Geology of Indus- 
trial Minerals, State of Oregon,  Department of Geology 

Jones, L.D.,  McArthur  J.G.  and  McPeek,  C.B.  (1991):  MIN- 
and Mineral  Industries, Special  Paper  23,  pages 45-50. 

FILE - A  Mineral  Deposit  Information  System; in 
Proceedings  of  the Second  Canadian  Conference on 
Computer  Applications  in  the  Mineral  Industry 
(CAMI),  Poulin,  R.,  Pakalnis, R.C.T. and  Mular,  A.L., 

pages  85-96. 
Editors,  September 15-18, 1991, Vancouver, Canada, 

Kenyon, C. (1991):  Coalhed  Methane  Potential of Vancou- 
ver  Island,  British  Columbia; in Washington Geology, 
Washington  Department of Natural  Resources, Volume 
19, No. 4, pages  19-20, 

558 

Kerr, D.E. (1991):  Drift  Exploration in Areas  with  Thick 

INQUA  Congress. Program  with  Abstracts,  page 162. 
Quaternary  Cover in British  Columbia,  Canada; XI// 

Kilby, W.E. (1991): Vitrinite Reflectance  Measurement ~ 

lnrernational  Journal qf Coal  Geology, Volume 19. 
Some  Technique  Enhancements  and  Relationships; 

Leitch,  C.H.B..  Turner,  R.J.W. and HOy.  T. (1991):  The 
District-scale  Sullivan  Mine  Area,  British  Columbia; in 

ada, Paper  91-1E,  pages  45-57. 
Current  Research,  Part  E, Geological  Survey (,f Can- 

Levson, V.M. (1990):  Geologic  Settings of Buried  Placer 
Gold  Deposits in Glaciated  Regions of the  Canadian 

Mineralogical  Association of Canada, Joint  Annual 
Cordillera; Geological  Association of Canada - 

Meeting,  May  16-18.  1990,  Vancouver,  B.C.,  program 
with  Abstracts, Volume 15,  page A76. 

Levson, V.M. (1990):  Late  Glacial  Paleoenvironments in 
the  Rocky  Mountains,  Jasper,  Canada;  Implications for 
Human  Habitation; in Current  Research i n  the 
Pleistocene, University of Maine, Volume 7,  pages 
138-140. 

Levson, V.M. (1990):  Late  Glacial  Paleoenvironments in 
the  Rocky  Mountains,  Jasper,  Canada;  Implications  for 
Human  Habitation; in Current  Research  in  the 
Pleistocene, Uniwrsity  of  Maine, Volume 7,  pages 
138-140. 

Levson, V.M. (1990):  Transition from Non-glacial  to  Gla- 
cial Conditions in the  Canadian  Cordillera:  The  Sedi- 
mentary  Record;  First  Joint  Meeting of the Canadian 

Association. Waterloo, June  4-6, 1990.  Program  and 
Quaternary  Association  and  the  American  Quaternary 

Abstracts,  page  23. 
Levson, V.M. (1991):  The  Bullion  Mine;  A  Large  Buried- 

valley  Gold  Placer; The  Carihoo  Miner, Volume 2, 
pages  8-9. 

Levson, V. and  Kerr, D.E. (1991):  Quaternary  Studies  and 
Gold  Exploration in the  British  Columbia  Intermontane 
Belt; CANQUA  1991, Program  with  Abstracts,  page 25. 

Levson, V.M. and  Kerr, D.E. (1991):  Quaternary  Studies 
and  Gold  Exploration in the  British  Columbia  Inter- 
montane  Belt; in Late  Glacial  and  Post-glacial  Events 

Association, Program  and  Abstacts,  page  25. 
in Coastal  and  Adjacent  Areas, Canadian  Quaternary 

Levson, V.M. and Morison, S .  (1991):  Quaternary  Gold 

f o r  Quaternary  Research, XI11 International  Congress, 
Placers in the  Canadian  Cordillera; International Union 

Abstracts,  page  191. 
McMillan,  W.J.,  Pantaleyev, A. and HOy,  T. (1986):  Mineral 

Deposits in British  Columbia:  a  Review of their  Tec- 
tonic  Settings; in GeoexpoI86  Exploration in the  North 
American  Cordillera,  Elliott, I.L. and Smee, B.W.. Edi- 
tors, Association  of  Exploration  Geochemists and Cor- 
dilleran  Section.  Geological  Association of Canada, 
pages 1-18. 

Nixon,  G.T.,  Cabri,  L.J.  and  Laflamme,  J.H.G.  (1989): 
Provenance of Platinum  Nuggets in Tulameen  Placer 
Deposits; Geological  Society of Finland, Bulletin 
61(1),  page  45. 

Brirish  Columbia  Geological  Survey  Branch 



Nixon,  G.T.,  Cahri. L.J. and  Laflamme.  J.H.G.  (1990): 
Platinum-Group-Element  Mineralization in Lode  and 
Placer  Deposits  Associated  with  the  Tulameen 

Mineralogisf. pages 503-53.5. 
Alaskan-Type Complex,  British  Columbia: Canadian 

Pell,  J.  and  Hora, Z.D. (1990): Rifting,  Alkaline  Rocks  and 
Related  Magmatic  Deposits in the  Southern  Canadian 
Cordillera: in Program  with  Abstracts,  8th  IAGOD 
Symposium, lrlternationul Asso<.iution of the Genesis 
of Ore Deposirs. August 12-18, Ottawa. 

Pell, J. and HOy, T. (1989):  Cdrhonatites in the  Canadian 
Cordillera: in Carhonatites,  Genesis  and  Evolution, 

200-220. 
Bell, K . .  Editor, Linuyn bfymurr, London,  pages 

Ray,  G.E.,  Coomhcs, S., MacQuarrie,  D.R., Nick, R.J.E., 
Shearer, J.T. and Cardinal,  D.G. ( IYXS) :  Precious  Metal 
Mineralization in  Southwestern  British  Columbia: 
G t ~ o l o , q i ~ ~ u l   S o r . i f t y  of Anrr r . i ru ,  Field  Trip Y, 
Guidebook,  pages 9 - 1  to 9-31. 

Ray,  G.E. (1986): The  Hozdmeen  Fault  System  and  Related 
Coquihalla  Serpentine  Belt of Southwestern  British 
Columhia: Cunudinn Jormnl ofEur t /~  S[,IPnws, Volume 
23, pages 1022-1041. 

Ray. G.E.  (1986): Harrison  Lake Gold; The  Northern Miner 
M q u z i n f ,  March  1986,  pages 17-19. 

Ray,  G.E.,  Shearer. J.T. and  Niels,  R.J.E. (198.33: Carolin 
Gold  Mine; in Some  Gold  Deposits in  the  Western 
Canadian  Cordillera. Gcolqgicul Associafion of Cun- 
ada. MACKGU, May 1983, Field  Trip  Guidebook No. 
4, pages  40-64. 

Ray,  G.E.,  Shearer, J.T. and  Niels,  R.J.E. (1986): The  Geol- 
ogy  and  Geochemistry  of  the  Carolin  Gold  Deposit, 
Southwestern  British  Columbia,  Canada: Proceedings 
of the "Gold 86" Infer-national Svrnpmium on fhe 
Geology of Gold Deposits. Toronto.  pages 470-487. 

Ray. G.E.  (1990):  Precious Metal  Enriched : karns of Ijrit- 
ish Columbia; The G a n p ? ,  No. 30, , anuary I J9(l, 
pages  2-4. 

Ray,  G.E.  (1991): Vein Gold  Mineralization F elated to lrlic 
Tertiary  Plutonism,  Harrison  Lake, Bril sh Colunlbix; 
Economic Geology, Volume 86, pages X (3-891. 

Sibhick,  S.J.  and  Fletcher, WIK. (1991): ,.pplication  cf 
Cydnidation  to  Gold  Explol-ation in Gla  iated  Tenirl, 

try 1990 - Proceedings ol' Third  Intelnational .oirt 
British Columbia,  Canada: in Exploratic n Goechenis- 

Symposium,  Mma, F.  Editcsr, Inter-rratior 01 Associr,'ion 

As.so&tion of E.rplorution Geoch6,mists (AEG), pages 
I I /  Grorhrmistrv and Co.rmocht~misfr! (IAGCI ,rind 

350-357. 
Sibhick.  S.J.  and  Fletcher, M'.K. (1991): D strihution  and 

Behavior of Gold in Soils and Till!; at tl e Nickel Plate 
Mine,  Southern  British C*~lumhia: in ihstracts with 
Programs, 15th 1nternation:d Geochemi(a1 Explorxtion 
Symposium,  Reno, Nevackd. 7he A~sorio'ion ofE.vplo,-- 
ation Gmchernists, page 4,'i. 

Smyth. R.W. (1990):  British Co1umhi;l's A lpronch t u  tbe 
Challenges of Exploration  and  Mining n an Env ror1- 
mentally  Conscious Prov1n;:e:  in Pacific  Rim Conl:re!;s 
90, Gold  Coast,  Queenslmd,  Australia, The Au~-t~;.rlrr- 
siun lnsrirutf ( I /  Mining ,md  Metallurg: , Pmceed.ngs, 
Volume Ill,  page  411. 

Turner,R.J.W.,Leitch,C.H.B, Ames. I).E.,lIOy,T., Flanl:- 
lin,  J.M.  and  Goodfellow, W.D. (1991 : Charactcr of 
Hydrothermal  Mounds  and  Adjacent  Altered !;edi- 
ments,  Active Hydrothennal ,Areas, Mid Ile  Valley !$e& 
imented  Rift,  Northern Juan de Fuca Ridge, 1'J:uiIi- 
eastern  Pacific:  Evidence  from  ALVIII  Push  Cores; 
Geological S u r y  of Canada, Current  Research. Pan 
E. Paper 91-IE. pages 99-'1OR. 

Geological Fielduork 1991. Paper- 1992-1 559 



NOTES 



UNIVERSITY  RESEARCH  IN  BRITISH  COLUMBIA 

THE  UNIVERSITY OF BRITISH 
COLUMBIA 

Alldrick, D. (1991 I: Geology and Ore  Deposits of the Stew- 
art Mining Camp, British  Columhia: Ph.D. (1030, P) 

Cook, S.J. (1991): The Distribution and Behaviour of Plati- 
num in Soils of the Tulameen Ultramafic Complex, 
Southern Britihh Columbia:  Applications  to  Geochemi- 
cal  Exploration  for  Chromitite Associated Platinum 
Deposits; M.Sc. (92H) 

Heah, T.S.T. (1991 I: Latest Cretaceous to Eocene Extension 
along the Eastern Margin  of the Central  Gneiss  Com- 
plex, Coast Belt, Shames River Area. near  Terrace, 
British Columbia; M.Sc. (1031) 

Hesthammer, J. (I99 I ) :  Stratigraphy and Structural  Styles 
in Central  Graham  Island, Queen Charlotte  Islands. 
British Columbia;  M.Sc.  (103F) 

Hood, C.T. (1991): Mineralogy, Paragenesis,  and Miner- 
alogic  Zonation o f  the Silver Queen  Vein  System, 
Owen Lake,  Central British  Columbia: M.Sc. (93M. L )  

Indrelid, J. (1991 I :  Stratigraphy,  Structural  Geology  and 

Rocks in the Central  Graham  Island, Queen Charlotte 
Petroleum  Potential o f  the Cretaceous  and Tertiary 

Islands, British  Columbia; M.Sc. (103F) 
Lewis, P.D. (I991 ): Structural  Geology and  Processes o f  

of the Queen Charlotte  Islands;  Ph.D. (103F. G, C) 
Deformation  in the Meso7,oic  and Cenozoic Evolution 

Palty, J. (1991):  Uppermost  Hettangian  to  Lowermost 
Plienshachian  (Lower Jurassic Biostratigraphy and 

ish Columbia; M.Sc. (103F, G,  C) 
Ammonoid Fauna of the Queen Charlotte  Islands, Brit- 

Palsgrove,  R.J. (lY9l): Stratigraphy,  Sedimentology  and 
Coal  Quality o f  the Lower Skeena Group.  Telkwa 
Coalfield,  Central British Columbia; M.Sc. 

Sperling, A. (1991):  A  Risk-Cost-Benefit  Framework  for 

Ph.D. 
the Design of  Dewatcring Systems in Open Pit Mines: 

Taite, S.P. (1991):  The  Geology of the Central  Moresby 
Island Region, Queen Charlotte  Islands,  (Haida Gwaii) 
British  Columbia; M.Sc.  (103C) 

Von Sacken, R. (1991): New  Data and Re-evaluation of the 
1965 Hope  Slide; M.Sc. (9IH)  

UNIVERSITY OF ALBERTA 
Shaw,  R.P. (1990): The Geology and Geochemistry of  Gold 

Mineralization at  Athahasca Pass, Central  Rocky 
Mountains, British  Columbia, Canada; M.Sc. 

THE  UNIVERSITY OF WESTERN 
ONTARIO 

MacLean, P.J. (1991): Characteriration of Pyrite  from  Gold 
Deposits, Axial Seamount;  Ph.D. 

Geological Fieldw'ork 1991, Paper 1992-1 

UNIVERSITY OF CAILGARI' 
MacLeod, S.E. (1991 1: Sedinlentology and I 'aleontolo?y sf 

an Upper  Jurassic-Lower 1::n:taceous S :  [el f  to Alluvial 
Plain  Coal-bearing Sequence. Nor t lwest   E l~ i t ish 
Columbia, Canada;  Ph.D. 

Spiteri,  R.R. (1991): Modellirlg the Defo  mation D T  the 
Alberta  Foreland  Basin  using Finite  E ements; M S c .  

WESTERN WASH1NG;lK)N IJNI\'ERSITIr 
Buddington,  A.M. (1990): Thc Similhamecn  Batholi.? ,of 

Columbia:  The  Petrotectonic  Signi 'icance OS an 
North-Central  Washington and South- Ientral I3.itish 

AlkalineiCalc-Alkaline  hhgma; M.Sc. 

UNIVERSITY OF TORONTO 
Peter, J.M. (1991): Comparativt: Geochemic; I Studies w'the 

Upper  Triassic Windy Craggy an3 M c  Jem Gu,a:/m;ls 
Basin  deposits:  A Contritution to this U lderstancli 1g (of 
Massive  Sulphide Form:~t~on  in 'Jolca lo-sedime1try 
Environments; Ph.D. 

UNIVERSITY OF WAS,HINGTOlJ 
Tyson. T.M. (1991): Structtlrt:, Plutonism and Metanor- 

phism of the Cairn Needle Area, Southe n Coast Moun- 
tains,  Brit ish  Columtli,~I:  lmplicatisns  for Mid-  
Cretaceous Orogenesis; M.Sc. (92H. 9: G) 

UNIVERSITY OF OTT.4WA 
Beaudoin, G. (1991): Ag-PbZ,n-Au Veil s of Kokanee 

Range, British Columbia: Pt1.D. 
Stewart, D. (1991):  Stratigraphy and Scdirn:ntology o f  the 

Chancellor Succession (hlliddle  to Up Ier Camhrian), 
Southeastern Canadian Rc8ck.y Mountai IS; Ph.D, 

CARLETON  UNIVERSITY 
Bender, L.K. (1990): Aluminl-mu; Schists c f  the  Shu:w.rp 

Metamorphic  Complex, !:,outhern Bri ish Columbia; 
BSc. 

Cam. S.D. (1991);  Late  Cretacer~us-early Tec onic  Evolution 
of the Southem  Omineca ELelt, (:ana( ian  Cordillera; 
Ph.D. 

Coleman, M.E. (1991): Eoceme Dextral  ::trike-S11[, and 
Extensional  Faulting in the Bridge  tiver  Terrare, 
Southwest British Columk'ia. M.Sc. 

Coleman, V.J. (1991)  The  Monashee  Decol ement  at Cari- 
boo Alp and Regional Kinematic Indicators, Ssuth- 
eastern British  Columbia;  WSc. 

,761 



Gareau, S. (1991): Geology of the  Scotia-Quaal  Meta- 
morphic Belt,  Coast  Plutonic Complex, British Colum- 
bia;  Ph.D. 

Harrap, R.M. (1991): Stratigraphy and  Structure of the 
Monashee Terrane in the  Mount English Area, West of 
Revelstoke,  B.C.; M.Sc. 

Kaip, A. (1991): Synsedimentary Deformation  and Deposi- 
tional Environmemt of the Prodeita-slope  Assemblage, 
Ashman  Fo~mation,  Bowser Lake Group, North Cen- 
tral British Columbia; B.Sc. 

562 

Lindsay. D. (1991): Geology,  Geochemistry and Petrogra- 
phy of the  Moochie Cu-Au  Occurrence Nelson, British 
Columbia:  B.Sc. 

Marsden, H.W. (1991): Stratigraphic.  Structural  and Tec- 
tonic  Setting of the  Shasta  Au-Ag  Deposit,  North- 
Central British Columbia; M.Sc. 

Waque. P. (1991): Mineral Assemblages, Textural Relation- 
ships of Sulphide-sulphate  Hydrothermal  Chimney 

B.Sc. 
1924-6 Form  Axial Seamount, Juan de  Fuca  ridge; 

British Columhiu Geological Sur-vry Branch 





1. John  Cunningham 
2. Laura  deGroot 

4. Janet l'renamen 
3. Julie Flutchins 

5.  Claudia Logan 
6. Ron Smyth 
7 .  Sheila  Arnett 
8. Shirley  Marshall 
9. Shielagh  Banfield 

10. Moira Smith 
I I, Anna l'eakman 
12. Bill McMillan 
13. Cindy McPeek 
14. Pauline Loos 
15. Candace Kenyon 
16. Linda  Jensen 
17. Mary-Lou  Malott 
18. Victor Koydnagi 
19. Bev Brown 
20. Donna  Blackwell 
21. Shannon  Ferguron 
22. Tom Schroeter 
23. Brian  Grant 
24. Dani  Alldrick 
25. Joanne  Schwemler 
26. Maria Holuszko 

Geolqqical Fieldwork 1991.  Paper 1YY2-l 

"" 

GEOLOGICAL SURVEY BRANCH PERSONNEL 

2X. Mitch Mihalynuk 
27. Andre  Panteleyev 

29. Bob Lane 54. Elarry Ryan 
30. George Simandl 55.  Alex Mathesol 
31. Jim Logan 56. I:lave Grieve 
32.  Joni  Borges 57. Andre  Legun 
33. Jan Hammack 58. r : m n y  thra 

35. Ian Wehster 
34. Don Maclntyre 

60. Gerry Ray 
59. Peter  Bobrow  .ky 

36. Ray Lert 61. Irygve Hoy 
37. Mike  Fournier 62. Eloh Gaha 
38. Nick Massey 
39. Dorthe Jakohsen 

63. €'ad Wilton 

40. Larry Jones 
64. Rick Meyers 
65. /!.Ian Wilcox 

41. Kathy Colhourne 
42. Vic Levson 

66. I lhce  Madu 

43. Wayne Jackaman 
67. Steve Cook 
68. Rob MacDon Id 

44. Derek Brown 69. J.,m  Britton 
45. Tdlis Kalnins 70. Tiiic Preto 
46. David  Ballantyne 71. Steve Siohick 
47. Gary  Payie 
48. Chris Ash 

72. l~arry Diakow 

49. Eric Grunsky 
73. J.mes I'ardy 

50. Gib McArthur 
74. Kirk Hdncock 
75. Iton Arksey 

5 I. Bish Bhagwmani 76. J'oanne Nelso I 

53. [:lave Lefebur 
52. George  Owsii :ki 

5 5.5 



NOTES 



NOTES 




	BCGS_P1992-01_001-006-foreword
	BCGS_P1992-01_009-020-dunne
	BCGS_P1992-01_021-026-welbon
	BCGS_P1992-01_027-036-warren
	BCGS_P1992-01_037-046-ijewliw
	BCGS_P1992-01_047-064-schmitt
	BCGS_P1992-01_065-082-pell
	BCGS_P1992-01_083-092-pell
	BCGS_P1992-01_093-102-gaba
	BCGS_P1992-01_103-118-nelson
	BCGS_P1992-01_119-126-wynne
	BCGS_P1992-01_127-146-ferri
	BCGS_P1992-01_147-154-zang
	BCGS_P1992-01_155-160-palmer
	BCGS_P1992-01_161-178-logan
	BCGS_P1992-01_179-196-brown
	BCGS_P1992-01_197-206-elsby
	BCGS_P1992-01_207-212-mcclelland
	BCGS_P1992-01_213-220-vandall
	BCGS_P1992-01_221-228-mihalynuk
	BCGS_P1992-01_231-234-panteleyev
	BCGS_P1992-01_235-252-webster
	BCGS_P1992-01_253-260-ash
	BCGS_P1992-01_261-272-hoy
	BCGS_P1992-01_273-280-schandl
	BCGS_P1992-01_281-286-hood
	BCGS_P1992-01_287-294-thomson
	BCGS_P1992-01_295-298-church
	BCGS_P1992-01_301-306-page
	BCGS_P1992-01_307-318-jackaman
	BCGS_P1992-01_319-324-hou
	BCGS_P1992-01_325-330-bobrowsky
	BCGS_P1992-01_331-320-goff
	BCGS_P1992-01_341-348-kerr
	BCGS_P1992-01_349-362-sibbick
	BCGS_P1992-01_363-374-bobrowsky
	BCGS_P1992-01_375-390-levson
	BCGS_P1992-01_393-396-ryan
	BCGS_P1992-01_397-404-grieve
	BCGS_P1992-01_405-418-holuszko
	BCGS_P1992-01_419-426-bickford
	BCGS_P1992-01_427-432-matheson
	BCGS_P1992-01_433-440-jahans
	BCGS_P1992-01_441-450-cunningham
	BCGS_P1992-01_451-460-ryan
	BCGS_P1992-01_461-478-simandl
	BCGS_P1992-01_481-488-kliparchuk
	BCGS_P1992-01_489-492-grunsky
	BCGS_P1992-01_493-502-macdonald
	BCGS_P1992-01_503-512-roach
	BCGS_P1992-01_513-516-bridge
	BCGS_P1992-01_517-520-bartsch
	BCGS_P1992-01_521-528-lewis
	BCGS_P1992-01_529-534-roth
	BCGS_P1992-01_535-542-ettlinger
	BCGS_P1992-01_543-548-thompson
	BCGS_P1992-01_549-554-rhys
	BCGS_P1992-01_557-560-extPub
	BCGS_P1992-01_561-567-univResearch

