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FOREWORD 

The 1994 edition of  Geological Fieldwork A  Summary  of  Field Activities and  Current  Research  is  the  twen .ieth  in this 
annual  publication series. It contains  reports  on  Geological  Survey  Branch activities and  projects  during  the pa! t year. Th: 
base  budget  of the Branch  for  the 1994/95 fiscal year  was $5.54 million. This  budget  was  supplemented by  ar additional 

Resource  Inventory Initiative and $60 000 from  the  Resource  Inventory  Commission. 
$1.4 million, made up of $1 million  from  the  Mineral  Development  Agreement, $337 GiM from  the inter-Ministr], Corporat: 

The contents of this year's  volume reflect the emphasis  of  Branch  programs  in 1994. Reports on two majo integratetj 
studies, the northern  Vancouver  Island  and Interior Plateau projects are  grouped together. Each  section  includss  separat: 
reports  on  bedrock  mapping, sutiicial geology,  applied  geochemistry, drift exploration studies and  aspects of  meti  Ilogenesi! 
Both  these  projects  focus  on  regions  where  major  mines  have  either  closed  recently  (Equity  Silver),  or will close in the  near 
future (Island Copper), as a result of depletion of reserves. Asimilar,  though slightly less ambitious  approach  has  been take 1 

with  respect to regional  mapping  programs in the  Gataga  and  Kcatenay districts. In addition to reports on the  wogress c f  
mapping, articles on  aspects of applied  geochemistry  and  mineral  deposit studies are  also  presented. Of  partic1 lar intercsl 
is  a brief description cd the  Iron  Range  iron  oxide  breccia  deposits in the Yahk area of the Kootenays,  currently b e i l  lg  exploremj 
as a  possible  analog of the  Olympic  Dam  copper-uranium-gold  deposits at Roxby  Downs in South Australia. The Driftpil: 
lead-zinc-barite deposits in the  Gataga district, and  three  other  deposits in the  Kootenays,  are  covered by separate descriptiv: 
papers  and  advances in the  understanding of the  geology of the  Goldstream  orebody  are  outlined in a  report )n regions1 
mapping in the  northern  Selkirk  Mountains. 

Other  major  conrributions  include 150  GiM mapping projects in the  Tulsequah  area of northwestern British Columbi;,. 
where  on-going  exploration  on  the old Tulsequah  Chief  property  continues to generate  encouraging results, and in th: 
Tatlayoko  Lake area. A new metallogenic  study  has been initiated in the  Tatogga  Lake area, in the headwaters )f the Iskt I. 
River,  where the Red-Chris  porphyry  copper-gold  deposit  is  being  re-explored. 

On  other  fronts,  eight  papers  focus on the results and  methodology of the  province-wide  mineral potential assessmerl 
project  and  the  development  of  mineral  deposit  models specifically applicable in British Columbia.  The Mir,istry's pa!l. 
efforts to promote  development of the  province's industrial minerals potential are reflected in Increased  private secI.cr 
investment in this area; five  papers  focus  on andalusite, sand  and gravel, diatomite, perlite and  dimension stone. 

This  volume  also  includes  four  papers  from  the  Mineral  Deposit  Research  Unit at The University of British Columbia 
summarizing  work  completed in the  Seneca,  Tulsequah  and  Anyox  volcanogenic  massive  sulphide  camps. 

For  a  second year, production of Geological  Fieldwork to the  camera-ready  stage  has  been entirely by the authors. Under 
the  general  direction of the editors, authors  have  been  responsible  for  the input, formatting  and lay-.out of their c wn  paper!: 
Although  challenging  and  sometimes frustrating to the authors, in-house  publication  achieves substantial C ( S ~  saving!; 
Thanks  to  John  Newell  for  thorough  and  timely  edits  and  to  Brian  Grant  for  guiding the whole  process to compl :tion under 
tight deadlines. 

WR. Smyth 
Chief  Geologist 
Geological  Survey  Branch 
Mineral  Resources  Division 

Geological Fieldwork 1994, Paper 1YY5-1 
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QUATSINO - SAN JOSEF MAP AREA, NORTHERN VANCOIJVER ISLAND: 
GEOLOGICAL OVERVIEW (92L/12W, 1021/8,9) 

By G. T. Nixon, J. L. Hammack, G. J. Payie, L. D. Snyder, Geological Survey Branch 

D. A. Archibald, Queens University 

and 

D. J. Barron, Geological Survey Branch 
"" 

Keywords: Vancouver  Island,  Quatsino,  San Josef, Cape 
Parkins,  Winter  Harbour,  Bonanza Group, stratigraphy, 
Triassic,  Jurassic.  Cretaceous,  structure,  mineral 
potential 

INTRODUCTION 

Regional martping (1:SOOOO) this past summer  on 
northern  Vanconvtr  Island covered the  ground north of 
Quatsino  Sound  and west of Holberg  Inlet.  The  map  area 
extends  through  the  western  half of the  Quatsino sheet 

Quatsino Sound,  north to San Josef Bay (102V9) at the 
(92L/12) to Cape  Parkins (1021/8) at the  entrance of 

southern bounder of Cape Scott Provincial  Park,  and 
east to  adjoin  mapping  done north of Holberg in  the 1993 
field  season. In all,  some  750  square  kilometres of hilly 
terrain  were  traversed  along a system of largely well 
maintained  logging roads, and over 200  kilometres of 
coastline  was  exanlined by boat. 

Previous work. in  the  map  area  includes  studies of the 
surficial geology and till geochemistry (Kerr,  1992;  Kerr 
and Sibbick, 1992:  Kerr et al., 1992), and  regional 
geochemistry  (Sibbick  and  Laurus, 1995, this  volume). In 
addition,  recent  results of isotopic dating  using  the 

A#'Ar technique on igneous  and hydrothermal 
minerals  (Archibald  and  Nixon, 1995, this volume; 
Panteleyev et al., 1995, this volume), in  conjunction with 
new paleontological  control  (Haggart  and  Tipper, 1994), 
provide  fresh  insights  into  the  most probable 
relationships  behveen  Jurassic  volcanism  and  plutonism 

report, we presert  the most notable results of the 1994 
on northern  Vancouver  Island. In this brief interim 

field  season. 

40 

GENERAL GEOLOGY 

Generalized  aspects of the geology  of northern 
Vancouver Island are  shown  in  Figure 1. The  region 
forms  part of the  Wrangellia  tectonostratigraphic  terrane 
of the  Insular Belt. The oldest  rocks  encountered in thc 
Quatsino  Sound  area  belong  to  the Upper Triassic 

(Karmutsen Formation) at the  base  overlain by th.rly 
Vancouver Group  and comprise  tholeiitic food basa.rs 

bedded  to massive limestone  (Quatsino  For'nation)  and 
intercalated  marine  shale,  slltstone  and impu'e limestoche 
(Parson Bay Formation).  The  Lower  to  Micdle  Juras!:~.~ 

volume)  is  composed of mafk  to  felsic v~lcanic a.?d 
Bonanza  Group  (Archibald  and  Nixon,  1995, this 

submarine  and  subaerial  environments.  T le Bonani:a 
lesser intercalated sedimentay rocks laid  down  in  hcth 

group  is  unconformably  overlain by marne to n,on- 
marine  Upper  Jurassic(?) to Cretaceous clast  c sequences 
and localized Tertiary  volcanic  rocks. Tke Mesozuic 
strata  are  intruded by Lower to Midc le Jurassic 
granitoids of the  Island  Plutonic  Suite,  and mlfic to fel:;ic 
dikes  and  sills of Karmntsen,  Bonanza  and "ertiary ; q ; &  
Further  descriptions of the geology  of tlte Quat!;ino 
Sound region may be found  in Jeletsky (1971 .), Muller ,st 
al. (1974)  and  Nixon et al. (199:la, 1994). 

NEW STRATIGRAPHIC INSIGH'I'S 

UPPER  TRIASSIC  PARSON BAY FOh'MATI0.V 

Sedimentary rocks of the  Parson Bay Ft lrmation are 

Holberg Inlet.  They are  predominantly  cams osed of well 
restricted to the eastern  margin of the map ; rea south of 

bedded, argillaceous  lime  mudstone and  cilcareoui to 
noncalcareous  siltstone  and  minor  sandstcne,  and, .AS 

the  Parson Bay Formation  (Nixon et al.. 199 I; Hamnack 
such, resemble the typically calcareous  'west, :rn facie!;' of 

et al., 1994) 

UPPER  TRIASSIC  SUTTON  LIMESTIINE 
EQUIVALENT 

fairly pure limestone, believed to be equir.alent  to the 
A pale grey weathering, thin to mec ium-bedd:d, 

Sultan  Formation (uppermosi Triassic), for~ns the tip of 
the  southeastern  peninsula of Drake Islanc.  (Figure 2 ) .  
The base of this  limestone  unit, exposed o I the e a s t m  
side of the  peninsula,  rcsts  conformably t n  dark grey 

Geological Fieldwcrk 1994, Paper 1995-1 9 
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Figure 1. Regional geology of northern  Vancouver  Island  (modified  after  Roddick  and  Muller, 1983). Shaded  inset shows I( cation of 
project  area. 
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argillaceous  limestone and  limestone breccia which  in 
turn passes  down  into  laminated  to  thinly bedded, weakly 
calcareous  shale,  mudstone  and  interbedded  impure 

bivalves  (Halohia?)  were recovered from the  shales. This 
limestone of the  Parson Bay Formation. At one locality, 

limestone  was  formerly  included  in  the  Quatsino 
Formation by Jeletzky  (1976), but he also recognized 
Sutton  limestone  equivalents  (up to about 80 m thick) on 
the  south  shore of Quatsino  Sound opposite Drake Island 
(not  shown in  Figure 2). 

LOWER  JURASSIC  SEDIMENTARY  STRA TA 
OF THE  BONANZA GROUP 

Lower  Jurassic are also exposed south of Holberg Inlet 
Sedimentary  strata provisionally assigned  to  the 

and on Drake  Island  where they form westerly dipping, 
westerly facing  sequences locally disrupted by faulting 
and folding. 

Island  is separated from  a sequence of dark grey, thinly 
The top of the Sutton limestone equivalent on Drake 

bedded  argillaceous  limestones,  calcareous  siltstones  and 
mafic  to  intermediate  lithic tuffs and  lavaso) by a 
feldspar  porphyry  dike and  a  bedding-plane-parallel 
fault,  displacement  across  which may not be significant. 
The  overlying  strata  comprise  fine-grained  clastics  and 
impure  to  fairly  pure  limestones  and  limestone breccias 
(debris  flows)  interbedded  with intermehate to mafic, 
waterlain  crystal  and  lithic tuffs. All of these  lithologies 
were  placed  in  the  Parson Bay Formation by Roddick  and 
Muller  (1983).  This  decision may well have  been 

of what he considered to be Sutton limestone equivalent 
influenced by Jeletzky (1976),  who noted an occurrence 

on the  southwestern  shore of Drake  Island (i.e. at  the  top 
of the  succession  and  underlying  a  felsic  flow-dome 
complex  described  below).  Although  fossil  control  is 
currently  lacking  in  these  sedimentary  strata, we have 
tentatively  placed  them in  the lowermost  part of the 
Bonanza  Group, based on lithological  considerations  and 
the  occurrence of Sutton  limestone  at  the base of the 
succession. 

A fossiliferous  package of sedimentary rocks is 
found  at  the  base of the  Bonanza  Group  south  and west of 
Holberg  Inlet  (unit J B ~ ,  Figure 2). These  rocks  contain 
abundant  marine  fauna  including  ammonites, bivalves, 
corals,  belemnites  and  gastropods. Fossil age 
determinations  are  pending.  However,  Haggart  and 

Pliensbachan  age to  these  strata, based on fossils 
Tipper  (1994) have tentatively  assigned  a  late 

collected  approximately 20 kilometres  southeast of the 
community of Holberg  (Figure 2). 

Lithologies  include  sandstone,  limestone  and  debris- 
flow (laharic?)  breccias  with  minor tuffs. The  dominant 
rock type is  a  well  bedded  to massive, calcareous  and 
noncalcareous  arkosic  to  lithic  wacke  which  is typically 
tuffaceous (Photo 1). The clastic  rocks are locally 
interbedded  with  pure  and  impure  lime  mudstones  which 
reach  thicknesses  greater  than 6 metres. In structurally 
complex  areas (e.g 4 km due  south of Holberg and 5 km 
due west of Haggart  and  Tipper’s  (1994) fossil locality; 

Figure 2), fossil control  is  needed  to confidently 
determine  their  stratigraphic  identity, 

Debris-flow  breccias  containing  abundant  clasts of 

particularly  near  the  base of the  Lower  Jurassic 
impure  and  pure  limestone  are  common locally, 

deposited in  a  marine  basin  and  commonly  display  an 
succession (Photo 2). These  breccias  were  largely 

erosive base with soft-sediment load structures. Typically 
these  deposits  are very poorly sorted  with  fragments 
ranging  from pebble to cobble size  supported  in  a  mud 
matnx.  The coarse material fines upward  into 
fossiliferous  sandstones.  In  areas of more  abundant 
outcrop,  multiple  debris-flow  breccia - sandstone cycles 

both volcanic  and  sedimentary rocks including 
can be seen.  Clasts  within  the  breccia are  composed of 

may have been derived  from  underlying  Upper  Triassic 
sandstone,  siltstone  and  limestone.  The  limestone  clasts 

consolidated  Jurassic  limestones observed to be 
limestone  (Quatsino or Suttou  Formation) or 

intercalated with the  breccias. 

typically faulted.  However,  sandstone of probable  Early 
The basal contact of this  sedimentary  succession  is 

Jurassic  age  appears  to conformably overlie  calcareous 
and  noncalcareous  siltstone of the  Parson Bay Formation 
along  the  southern  shore of Holberg  Inlet,  approximately 

this  package is well exposed near Haggart  and  Tipper’s 
3 kilometres southeast of Holberg. The  upper  contact of 

(1994) fossil locality  (Figure 2) where  tuffaceous 
sandstones  grade  upward  into  reworked  waterlain  tuffs 
(Photo  3)  and  minor  plagioclase-phyric  pillow  lavas. 

LOWER  TO  MIDDLE  JURASSIC  BONANZA 
GROUP VOLCANIC  ROCKS 

Volcanic  rocks of the  Bonanza  Group  in  the 

bimodal  rhyolite-basalt  association  similar to that 
Quatsino - San Josef area  appear to form  a  largely 

documented previously south of Quatsino  Sound  in  the 
Mahatta  Creek  map  area  (92W5;  Nixon et ai., 1993a,  b). 
As with previous  map  areas, wc have  been  able  to 
subdivide the  Bonanza  Group  into  felsic  and mafic  to 

nonmarine sedimentary  strata.  Both submarine  and 
intermediate lithostratigraphic  units, and marine  and  rare 

subaerial  volcanic  environments  are  represented.  The 
tectonic complexity of the  map  area  and  rapidly  changing 
nature of volcanic  facies  prevent  firm  stratigraphic 
correlations at this  time;  age  assignments  await fossil 

However,  from  ongoing  work in  the  Quatsino - Port 
identification  and  ongoing  U-Pb zircon  geochronometry. 

McNeill  map  area to the east, it is  apparent  that  subaerial 
volcanism  in  the  Bonanza  Group  extended  into  the 
Middle  Jurassic  (Archibald and  Nixon,  1995,  this 
volume). 

PYROCLASTIC SURGE DEPOSITS 

all of matic composition,  are  preserved  in  coastal 
Previously unrecognized  pyroclastic  surge  deposits, 

exposures on the  south  shore of Raft Cove near  the 
mouth of the Mackjack  River, on the  north  shore of 
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I'hnto 1. Well bedded Lower  Jurassic sandstone and siltstone near fossil locality F in Figure 2.  

Photo 2. Debris-flow (laharic?) brcccia  (containing  volcanic 
and  sedimentary  clasts  including  angular  limestone  fragments 
(pale grey). Basal Jurassic strata involved in complex folding 
and  thrusting  approxlmately 13 kilometres southeast of 
IIolberg. 

Quatsino  Sound  due  east of Nose Peak, ar,d south cf  

extensive  exposures are  at the  latter  two  loca,ities. 
Winter  Harbour in Foreward  Inlet  (Figure 2: The mo!l 

Excellently preserved  seq,uences of pyroclasti: 
surge  deposits  are exposed at  shoreline on t b :  east coast 
of Forward Met .  These depos1.ts were  formal y include1 
in  the Waterlain  Tuff  Member  of the Math :ws 1sla1'ld 
Formation  (about 250 to 400 m thick) t y  Jeletzki 
(1976). The strata  strike nearly east-west, dip 
moderately (30 to 60") to the  north and a e  cut i j . i  
northerly trending high-anglo laults and nmherly 11) 

coarsening-upward stratigraphic sequel ces an: 
northeasterly  striking mafic aphanitic  dikes. Several 

exposed. The base of the lowest sequence  is marked by 
laminated to thinly bedded, dark to medium  grey, 
argillaceous  micritic  limestone intercal ited, and 
eventually passing  into,  grey-green, very thC.11~ beddttl 
to thinly  laminated,  noncalcareous to :alcareow 
tdaceous siltstone and  fine mafic t&, mos. of which 
appears to be airfall  in  origin.  Load :nd flamc: 
structures  and  convolute soft-sediment folds 3re locall), 
prolific at  this horizon.  These finegained I xyers  pas!: 
gradationally  upward  into well to modera1:ly SOIWC! 
fine  lithic tuffs and lapilli tuffs with angllar clast!: 
generally less than a centimetre  across.  Althougl 
contacts between layers are usually planar, low-angle 
cross-stratification  is not uncommon  (Photo t). Lapill 
tuffs higher  in  the  sequence  are thin to thickty bedde'd 
more poorly sorted,  and  have a coarser  ave 'age grarr 
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Figure 2. 

East shore of Fbreward h&t. 
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size  (Photo 5). The thicker  units may represent  high- 
energy,  high particle concentration, pyroclastic flow 
deposits, rather  than low particle concentration, 
pyroclastic  surge  phenomena.  AnDllar  lapilli  and  blocks 
of mafic  lava in lhese  more  thickly  bedded layers reach 

vesiculated cores. They  represent  volcanic  bombs  either 
20 centimetres  in  diameter,  and  some have weakly 

ballistically emplaced  (Photo 6) .  or picked  up  and laid 
down (by saltation)  in  ground  surge deposits. The 
pyroclastic  sequence is capped by a mafic  amygdaloidal 
aphanitic  flow  with  a locally well developed  basal 
breccia. Although  there  are structural complications, two 
more  such  cycles  appear to stratigraphically overlie the 
lowest  sequence. 

Pyroclastic  surge  deposits east of Nose Peak  do not 

they too form pall of a  shallowing-upward  sequence as 
appear to exhibit  this  coarsening-upward cycle. However, 

they overlie a relatively thick  succession of variably 
palagonitized  pillow lavas, pillow  breccias  and  bedded 

over  a  kilometre east to Nordstrom Cove (Photo 7). 
hyaloclastite deposits  that stretches from  this locality 

Inland,  these  deposits  appear to intelfinger  with,  and 
become  replaced by, more  massive lavas. The surge 

bedded,  coarse  lithic tuffs and lapilli tuffs containing 
deposits  are  variably  oxidized,  medium to very thinly 

dense to amygdaloidal,  angular to subaogular basaltic 
clasts  up  to 30 centimetres across. Contacts between 
surge layers are mostly planar.  To  the west, these 
deposits  are  overlain by a  thin  succession of massive to 
partly pillowed,  strongly  amygdaloidal basalt flows. 

pyroclastic  surge  deposits  in the  Bonanza  Group 
The recognition of volcanic sequences  containing 

improves  our  understanding of the  environment of 
explosive  phreatomagmatic activity. The earliest strata  in 
the  sequence  were clearly laid down in  very  shallow seas. 

tnff rings), eventually  breached sea level as recorded by 
Small  volcanic edificies, probably of  low relief (maars, 

the  pyroclastic  surge deposits. Some of these  deposits 
were wet  (base surge)  whereas  others may have been 

be represented  in  part by thin pyroclastic flow layers. 
essentially free of seawater  (hot  and dry); the  latter may 

plugged  the  vent. The  dormant  centre@) was eventually 
E:xplosive activity culminated  when subaerial lavas 

volcanic activity resumed to generate  the  next 
eroded, or  snbsidtd beneath sea level. Some  time later, 

pyroclastic-effusive cycle. 

RHYOLITES 

Bonanza Group are shown io Figure 2. By far  the largest 
New felsic (dacite-rhyolite) map units in  the 

concentration of  rhyolitic lavas  is  in  the  area of  Nose 
Peak,  overlooking  the  entrance to Quatsino  Sound.  The 
Nose Peak rhyolite is well  exposed  in  steep sea cliffs  at 
thc  entrance to Foreward Inlet, and it  may extend  farther 
south  beneath  the  waters of Quatsino  Sound to the 
Gillam Islands, which  are almost entirely composed  of 

flows and pyroclastic  surge  deposits to the east (described 
rhyolite. The rhyolite unit overlies amygdaloidal basalt 

above), and  is intercalated with  mafic to intermediate 

lavas  and tuffs along  strike to the northeast. 4 youngc~.~:?) 

Lake,  extends  northwards  towards  the  Cretaceous 
rhyolitic unit to the oorthwesl., ton the  other side of Rotel 

uoconformity  (Figure 2). 

Bonanza rhyolites. It constitutes a  viscou;  flow-dorne 
The Nose Peak rhyolite is fairly typcal of o t m  

complex  in  which  the  amount of felsil pyroc1a:ltic 
material  is relatively minor.  This  unit appe-' crs to reacl a 

outcrops  south of  Nose Peak.  Judgiol.  from the 
maximum  thickness of about Z !  kilometres  in  shoreline 

predominance of flow  material  and  lack t f  pillows  or 
hyaloclastite debris, the  complex is believed to have bmn 
cxtrnded subaerially. The lavas weather shldes of grcy, 
cream  and  pink  and are strongly  hematitic ill places. The 

percent euhedral  feldspar phenocrysts (<Z n m ) .  
rock is generally  aphanitic  but may contain ~p to several 

Millimetre-scale  viscous flow laminations  are usu~lly 
strongly  developed  and intra-fow pumiceou! layers ULF to 
1 metre  thick may also be preserved. R r e  mafk to 
intermediate  dikes are observed  in coastal ex )osures. 

Rhyolites  north of Bote1 Lake  appear to con!xt 
almost entirely of subaerial  flows  that are  va8iably a1te:cd 
(discussed later). Minor  flow  breccias  are test  obsened 
on weathered surfaces. The  fresher  rocks  are g z y  
aphanitic rhyolite or  rhyodacite  with  dist  nctive pllty 
jointing parallel to flow  laminations;  the  atter lwally 

plagioclase  phenocrysts (up to 1 cm  long by 2 mm Mide) 
delineate  mesoscopic  viscous  flow folds. Rar :ly, euhedlal 

with hiatal textures form  up to about 5 %of 1 he rock. 
A distinctive dacitic to rhyolitic flow-dc me  comp BX 

is  well  exposed on the  northern and w e s t m  parts of 
Drake  Island  where it is  cut by a high-allgle easterly 
trending fault (Figure 2). The complex overlies a 
westerly dipping  succession of basall?) Jurassic 
sedimentary  and  volcanic  strata  (described previously). 
Thinly bedded to massive  waterlain(?) tuffs i t the  base of 
the  complex  appear to rest conformably on impure 
limestones and fine-grained  maIine clastics. rhe t u f i s .  ;ire 
overlain by felsic flows  and flow breccias, wl ich form ihe 
main  mass of the  complex,  and lesser volumes of 
volcanic  breccias  composed of accumulations of 
moderately sorted, lapilli to block-size  an p l a r  c1;a.C.s. 
The latter dcposits  appear to  have irregular  depositional 
contacts and may represent talus aprons of hyaloclastite 
debris  formed  during  extrusion of felsic flows  into 
shallow  seawater; no plllow were  obierved. The 
uppermost  parts of the  complex  exposed on the westun 
shores of Drake  Island  contain  laharic bnccias and a 
densely welded ash-flow tuff  that  was  deposilcd 
subaerially. Thc Drake  Island  flow-don e compb:x, 
therefore, appears to be an  example of the I mplacemmt 
of silicic laws and pyroclastic deposits esse! ltially at !;ea 
level in  Early Jurassic time. 

CRETACEOUS STRATA 

LONGARM FORMATION EQUNALEhTS 

Sandstones of the  Longarm  Formation a8.e exposed at 
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Photo 5 .  Thinly  bedded  surge  deposits  overlain by high-energy,  diffusely  bedded,  coarse  pyroclastic  flow  deposits  containing angular 
basaltic  lapilli  and bomb fragments. East shore of Foreward  Inlet. 

Photo 6. Bomb  sag  in  basaltic  pyoclastic  (base) surge  deposits  exposed on the south shore of RaA Cove.  Pencil  magnet  shows  bomb 
trajectory. 
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Photo 7. Basaltic  pillow breccia with palagonitized  pillow  rims and hyalocldstite matrix, north shore of Quatsino  Sound 
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five  localities  within  the map area: north  and  east of ISLAND PLUTONIC SUITE: MOUNT 
Winter  Harbour;  northwest  of  Koprino  Harbour;  north  of 
Holberg; and  at  Grant Bay and RafI Cove. At all of these BRANDES PORPHYRY 
localities,  the  rocks are.arkosic  to lithic  wackes  and 

this  unit  commonly  include  the  Early  Cretaceous  (late 
arenites,  and  are typically  fossiliferous.  Coquinas  within 

Valanginian)  bivalve Buchiu crussicollis (Jeletzky, 1976; 
Muller ef al., 1974; Haggart and Tipper, 1994). The 

fault  blocks, and deposition may have been partly 
distribution of this  unit is largely  confined  to  individual 

controlled by grabens.  East  of  Winter  Harbour,  this 

Group  volcanic rocks (Haggan and  Tipper, 1994). 
sandstone  lies  with  angular  unconformity on Bonanza 

Elsewhere,  however,  contacts between these  lithologies 
are  defined by high-angle  faults,  many of which were 
active  after  deposition of the  youngest  Cretaceous  strata. 

BLUMBERG FORMATION 

Extensive  outcrops of conglomerate and lesser 
sandstone and  shale of the  Blumberg  Formation 
(leletzky, 1976) are found  north and west of Quatsino, 
and  north of Winter  Harbour  (Figure 2). The 
conglomerates  contain  abundant well rounded  clasts of 
plutonic  rocks  believed  to  represent  Coast  Mountain 
intrusions  (Jeletzky, ibid.; Photo 8). 

Blumberg  Formation  has an estimated thickness of the 
Between Quatsino and Koprino Harbour,  the 

order  of 600 metres  (Haggart and Tipper, 1994). Haggart 
and Tipper  interpret  these rocks as a prograding 
submarine  fan-delta  complex of post-Cenomanian age, 

these  strata  with  the  Honna  Formation of the  Queen 
rather  than  Albian as inferred by Jeletzky,  and  correlate 

Charlotte  Group. 

also occur  in a fault-bounded block north of Winter 
Blumberg  Formation  conglomerates and sandstones 

Harbour  (Figure 2). Previous work by  Jeletz!q (1976) 
placed  Cretaceous  sandstones  exposed at shoreline and in 
creek  beds  in a ‘coarse  arenite  unit’  which he considered 
to be Aptian in age, and so underlie  the  Blumberg 
Formation. This package is dominated by northeasterly 

conglomerate. In the  vicinity  of Moore  Lake, however, 
dipping  arkosic  to  lithic  wackes with  minor  tongues of 

these  sandstones  are observed to  gradationally  overlie a 
thick  succession  of  Blumherg  Formation  conglomerates. 
This upward  fining  sequence is consistent  with  that 
described  for  the Honna Formation in  the Queen 

primarily massive at  its basal contact with the 
Charlotte (Haggart. 1986). The sandstone unit is 

conglomerates,  and  medium  to  thinly bedded in its upper 
part. The top of the  sandstone  unit  was not observed, nor 
was the  base  of  the  conglomerate.  These  sandstones may 

conglomerates  of the  thick  fan-delta  complex west of 
in part  represent a finer  grained,  distal  equivalent  to  the 

Quatsino (Haggart and Tipper, 1994). 

Plutonic  Suite,  here  named  the  Mount  Brandes  porphyly, 
A  previously  unmapped  member  of the Island 

forms some of the  highest and most rugged  terrain  in  the 

Brandes  and  extends  northwesterly  beyond the  radar 
map  area.  The body underlies the area  south of Mount 

facility  (Radome),  a  distance of at least 6 kilometres 

kilometres,  and  it  is  flanked hy mafc to  intermediate 
(Figure 2). The maximum  width of the body is about 1.5 

flows  and  tuffaceous rocks of  the  Bonanza  Group.  Soils 
overlying  this  intrusion  are a distinctive  orange-brown. 

phenocrysts of pinkish  feldspar  (plagioclase?) and lesser 
The Mount  Brandes  porphyry  contains  euhedral 

hornblende set in a greyish  brown  fine-grained 
groundmass. The bulk  composition is probably 
monzonitic. The buff to  orange-brown  weathering  rock is 
part~ally  to extensively  altered to clay  minerals  and 
locally  propylitized.  Feldspars are altered  pink  to  pale 
green and amphibole  is  extensively  chloritized.  Trace 
amounts of pyrite are found  locally. 

TERTIARY LAVAS AND DIKES 

approximately 5 kilometres  north of  Koprino  Harbour 
Outcrops of  Tertiary  rhyolitic l a v a  were  discovered 

(Figure 2). The h a s  form pale  grey  to  cream-weathering 
crags just south of the  headwaters of the  Koprino  River. 
Although  eroded by glaciers,  the  remnants  of  two  small 
viscous flow lobes with  steep  lateral  levees may be 
identified. The flows  travelled  south a maximum  distance 
of about 1.3 kilometres  from  concealed  vents at their 
nonhern margin.  Outcrops  of  lateral flow levees  locally 

devitrified obsidian and bnff rhyolite that  dip inward 
reveal metre-scale interlayering of black, dense 

away from  the  margin. The obsidian  presewes flow 
laminations  and  small-scale flow folds;  flow  laminations 
in  the  rhyolite are generally  inconspicuous.  Some  rhyolite 
joint  surfaces  exhibit well developed  striae  caused by 
differential  movement  of  adjacent joint blocks during 
emplacement  (Photo 9). The rhyolite  contains  several 
percent  euhedral  feldspar  phenocrysts (<5 mm)  and trace 

by limonite, clay and chlorite-filled vesicles. The 
hornblende(?). A weak flow foliation is  enhanced locally 

presence of obsidian,  albeit devitrified, distinguishes 
these  Tertialy  rhyolites  from  their  Jurassic  counterparts, 
which typically exhibit  a  strong  flow  lamination. 

Tertiary  dikes  occur  throughout  the map  area.  They 
are observed to cut  Triassic,  Jurassic and Cretaceous 
lithologies.  Practically all of these  dikes are felsic, in 
sharp  contrast  to  the  Mahatta  Creek  map  sheet  further 
south  where  the majority of the  dikes are mafc (Nixon et 
al., 1993a). Locally, the  dikes  take  advantage of pre- 
existing  major  fault  zones.  For  example, a large 
anastomizing  rhyolitic  dike or dike  swarm  follows  the 

the  submerged  trace of the  San-Josef - Browning  fault 
shore of Browning  Inlet for  some 5 kilometres  parallel  to 
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Photo 9. Joint  Surface  in 'Tertiary rhyolite flow showing well developed strlae generated hy diflcrential movement of lava blocks 
during  flowage. 

Photo I O .  Mcsoscopic  isoclinal  folds  in  Intra-Bonanza  calcareous  shale  approximately 3 kilometres west ~[Fhpr ino  [jarhour 

Geological  Fieldwork 191J4, Paper 1995-1 19 



(Figure 2). Jeletsky (1976)  previously  included  this  dike 
with  the  Island  Plutonic  Suite  (formerly  “Coast 
Intrusions”).  Farther  north,  another  Tertiary felsic dike 
cxposed  in  roadcuts  over a distance of some 3 kilometres 
trends  due  south away from  the  same fault zone.  Like  the 
lavas  described  above, felsic dikes are t).pically aphanitic 
to weakly  porphyritic  with  euhedral  plagioclase 
phenocrysts  (<6  mm) set in a finely crystalline, variably 
clay-altered groundmass.  Angular to subrounded 

concentrated  in  the  southernmost  outcrops of the 
xenoliths of devitrified black  obsidian are locally 

Browning Inlet dike  on  the  shoreline  southwest of 
Mathews  Island. 

STRUCTURE 

Three phases of deformation  have  been identified in 
the  rocks  of  the  Quatsino  Sound area: a pre-Cretaceous 
deformation,  supported by the  presence of an  angular 
unconformity below the  base of the  Cretaceous clastic 
succession;  Late  Cretaceous to Tertiary  transpression; 
and  Tertiary  extension.  Faulting  appears to have been an 
important  strain-release  mechanism  throughout all of 
these  deformational  episodes. A more  detailed  discussion 
of the  structural history may  be found  in  Nixon ef al. 
(1993a). 

PRE-CRETACEOUS  UNCONFORMITY 

relations between the  Triassic-Jurassic  (Bonanza  Group 
An angular unconformity  is  apparent  from  map 

and  older)  and  Cretaceous  strata  (Longarm  Formation 
equivalents  and  younger).  This  unconformity  is  exposed 
in Michelson  Creek  approximately 3 kilometres 
northwest of Mount  Byng.  Here,  gently  dipping 
Blumberg  conglomerates rest with  marked  angular 
discordance on moderately  dipping thinly bedded 
sediments  of  the  Parson  Bay  Formation. At present, it  is 
not clear whether  this  deformation  was  the result of 
rotation of  strata  during  block-faulting  or a 
compressional event. 

IATE CRETACEOUS  TO  EARLY  TERTIARY 
TRANSPRESSION 

Pre-Cretaceous  deformation  was followed  by 

postdates  deposition  of  the  Late  Cretaceous  Blumberg 
northerly to northeasterly  directed  transpression  which 

Formation,  but  certainly  predates  Tertiary intrusive and 
extrusive activity. During  this  deformational  episode, 
strain  was largely accommodated  along  prominent 
northwesterly  trending faults, at least some of which  have 
oblique right-lateral motion  (Nixon ef a/. ,  1993a). A 
significant amount of movement may have  occurred on 
the  Holberg  fault during  this phase of deformation 
(Nixon et al., 1994).  Northeasterly  trending  antithetic 
faults  are also common  and  tend to exhibit a left-lateral, 

northwest-up sense of displacement.  Minor  northwesterly 
trending thrust faults with  a  south-up  sense of morion 
have been recognized locally (due  west of fossil localitv F 
in  Figure 2). Substantial  strain has been  accommodated 
by flexural  slip  folding  and  bedding parallel shear of well 
bedded  sedimentary  strata of the  Parson Bay Formanon 
and Bonanza  Group, resulting in local tectonic 

particularly evident  near  the  major faults. 
thickening of these  units  (Photo IO). Folding  is 

TERTIARY  EXTENSION 

Many northeasterly to east-northeasterly  trending 
normal faults in the  area were  formed  in  the  Tertiary 
during  extension of the  Queen  Charlotte  Basin 
(hddihough and  Hyndman,  1991). The  southern  limit of 
this  extensional  province  appears to be marked by the 
northeasterly  trending  Brooks  Peninsula fault zone 

Tertiary  dike  swarms  (Nixon ef a/.,  1993a). Tertiary 
(Figure 1) which  is  coincident  with felsic to mafic 

extension  is less obvious  in  the  Quatsino - San Josef map 
area  than further south.  Tertiary  dikes  that  intrude  fault 

were  emplaced  along  northerly  or  northwesterly  striking 
zones are mainly felsic, and some of the  longest  dikes 

faults. 

MINERAL POTENTIAL 

of Vancouver  Island  rated the  Quatsino - San Josef area 
The recently released mineral potential assessment 

highly  in  terms of its  peceived potential for  undiscovered 
mineral  deposits  (Massey,  1995, this  volume).  However, 
the  extent  of  alteration  and  mineralization  found  in 
outcrop  renders  the  map area less appealing  than  ground 
east of Holberg Inlet. The  apparent  paucity of intrusions 
of the  Island  Plutonic  Suite may  be a key factor. 

rhyolitic and basaltic lavas and  dikes exposed on ridges 
The most widespread alteration is associated  with 

north of  Bote1 Lake. The  alteration  appears to be centred 
on a north-northeasterly  striking rhyolitic flow unit.  The 
rocks are pastel shades of red, yellow and  green  and  have 
a weakly  developed  clay and  iron  oxide  dominated 
alteration  assemblage  containing  minor pyrite, hematite, 
epidote, quartz,  pale  blue-green  ?celadonite,  and  rare 
native  sulphur.  Irregular  vuggy  quartz-rich  zones  and 
stringers, textures suggestive  of  acid  leaching, are found 
locally. However,  neither  the  mineral  assemblage  nor  the 
textures are as diagnostic of acid  sulphate  alteration as 
those  associated  with  rhyolitic  stratigraphy  north of 
Holberg Inlet at Mount  McIntosh  and in the  Pemberton 
Hills (Panteleyev and Koyanagi, 1994; Nixon ef al., 
1994). Instead, this  weak argillic-oxide overprint may 
reflect low-temperature solfataric activity Whatever  its 
origin, it does  appear to be spatially related to its 
rhyolitic host. 

The west coast of Vancouver  Island  north of the 
Brooks  Peninsula  contains  some of the  most  pronounced 
mercury  anomalies  in  the  province. The highest  reported 
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mercury  concentrations  occur in stream  sediments, 

that  come  from  tributaries of the Macjack  River  which 
sampled as part of the Regional Geochemical Suwey, 

flows into Rafl Cove (Figure 2). Sibbick and Laurus 
(1995) conducted  further  sampling and were able  to 
reproduce  these  anomalies.  Although  there  appears  to  be 
an overall  relationship between the  trend of the  general 
belt of mercury  anomalies and major northwesterly 
striking  faults,  the  source  of  the mercury at  the Macjack 
occurrences  remains  to  be satisfactorily explained. 
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INTEGRATED DRIFT EXPLORATION STUDIES ON N0RTHE:RN 
VANCOUVER ISLAND (92L) 

By P.T. Bobrowsky',  M.  Best', C.E. Dunn', D.H. Huntley', 

C. Lowe', M.C. Roberts3, D.A.  Seemann' and S.J. Sibbick' 

B.C. Geological Survey Branch, *Geological  Survey of Canada, 

3 Simon Fraser  University 

KEYWORDS: Biogeochemistry,  borehole  logging, 
density,  drift  exploration,  electromagnetics,  gravity, 
magnetics, till geochemistry,  Quaternary,  surficial 
geology 

INTRODUCTION 

Columbia  Geolo4ical Survey Branch (BCGS) on 
Recent  geoscience  research by the British 

northern  Vancouver  Island  has  examined  parts  or  all of 
map  sheets  92L/5,  6(W), 11(W), 12  and 1021/9 (Figure 
1). The ohiectives  and  results of these  integrated have 
been well  summarized  (Panteleyev el al., 1994)  and 
detailed  in  a  series of discipline spec:ific publications (e.g. 
Nixon et nl., 1994;  Sibbick  and  Laurus,  1995,  this 
volume).  With  rerpect to the drift exploration  program, 
studies to date  have  concentrated on the  collection of till 

maps at a scale of 1 5 0  000 (Huntley and Bobrowsky, 
geochemistry  data and generation of newsnrficial geology 

1995,  this  volume). In addition,  cooperative  drift 

and  university  scientists.  This  paper  provides an outline 
exploration  studies  were begun in 1994,  involving  federal 

of the  activities  and  preliminxy  results  of the 
geophysical  and  drilling  surveys  completed  this year  at 
several  locations in the  larger  study  area  (Figure 2). 

The broader  intent of the  cooperative  research 
centres on developing  and  testing  techniques which will 
assist  mineral  explorationists in dealing with a complex 
overburden  cover. A number of widely  used methods 
were  focused on three  target  areas to address  the 
following  objectives: . Develop,  contrast  and  evaluate  techniques  for . Establish and refine  methodologies  for 

determining  overburden  thickness. 

interpreting  the  stratigraphy  and  sedimentology 
of buried  unconsolidated  sediments. 

. Explore and assess  the  potential or 
utilizing  geophysical  and  geoche nical 
techniques in the  recognition an1  identifimztticn 
of buried bedrock. 
The  methods of subsurface  evaluation us8:d for 

this  cooperative  study  include  mud rotar: drilling,, fli,:ht 
auger  drilling,  gravity  surveying,  magnelcmeter 
surveying,  electromagnetic  (EM) sun eying, scisnic 
profiling, till geochemistry and biogeocbe nistry. 

study sites chosen.  Site I (Rupert  Main) i: an area known 
Several  criteria  support  the  selec .ion  of  the th :ee 

to he covered by a  thick  blanket of unconsolida.ed 

best to establish  methods  for  evaluating dr i f t  thic'tness. 
sediment  (Figures 2 and 3). This  site was viewed 3s he  

The subdued,  low-relief topography and recently 1,gg:ed 
surface  were  important  factors  in  the  applicatim of 
geophysical  techniques such as EM.  Ex  sting di;unond- 
drillhole data ensured  selection of a thick section fix our 
drilling.  The  potential for encounterin;  excepli,mally 
thick  overburden  (215 III; Bobrowsky and Mt:l:lrum, 

ever recovered in the region.  The area is of polential 
1994) would result in the longest strat.graphic  ~,ecord 

economic interest, although  little  is  know I of the hedrtck 
geology because of the thick and  extmsive su:ficial 
cover.  Finally, the eastwml extension 3f the Holhwg 
fault runs through  this m a .  Given tie above, four 
transect  legs were laid  out in site  1 (Figure 3). Site 2 
(View Point  road)  is  a well mapped  regicn  (1:2400-sc,lle 
bedrock data), where diamond  drilling  data  are  exu:ns:ve 
and  overburden  is  relatively thin and of coistmt 

purpose of developing  interpretive methods for 
thickness  (Figures 4 and 5). The  site wa: chosen f x  !he 

recognizing  changes in bedrock.  Orientation of hcdrwk 
units oblique to paleo-iceflow  is  importan in our study of 

paralleling  paleo-iceflow was surveyed. Site 3 (Red Dog) 
glacial  dispersion  models. A single  long 1r:ms:ct 

Little  is known of the  unconsolidatec cover cr Ihe 
is an area of high  mineral  exploration  int'xest  (Figire 6). 

case for the techniques  refined at the othe' two sites A 
underlying bedrock geology.  This  area provides 1 t:st 
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Figure 1,  Integrated base metal  exploration  study area on northern Vancouver Island. 

Figure 2 Cooperative  BCGS-GSC  drift  exploration  program  study  sites on northern Vancouver  Island. 
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limited  access.  This  example  potentially  allows us to 
single  transect aas established in the  area because of 

evaluate  methods of determiuing  sediment  thickness, 
composition  and  hedrock  lithology. 

SUBSURFACE PROGRAM 

DRILLING RESEARCH 
Drilling waq carried ont using a Mobile B-53 

drill rig mounted on an International  truck, owned and 
operated by Simon  Fraser University (Photo 1). Mud 
rotary  drilling wa.; used to establish  depth to bedrock and 
subsurface  stratigraphy  at  Rupert Main (site 1, leg 1), 

View Point  road  (site 2) to obtain  subsurface till samples 
whereas  hollow-stem  flight  augering was used along 

for  geochemical  analysis  (Table 1). 
Mud rotary  drilling was completed at a  single 

location (NVI94-DH01) at  site 1,  leg 1 (Figure 3). The 
rig was positioned  on  a foresay spur  road  abutting a 
small  lake to ensure  a  continuous water supply. A 
commercially  avadable  bentonite mud (Quick Gelw) in 

was used as  the  drilling  mud  after  propellor  mixing to 
the ratio of about 10 kilograms per 400 litres of water 

obtain  the  appropriate  mud-water  emulsion The drill hole 

Figure 3. Detail of site t (Rupert Main) s udy area. Fmr 

numbered  squares (e.g. 5 ) ;  BHP  diamond-c  rill hole l,x:&ms 
tmnsect.7  numbered  as  legs 1 to 4; EM 10, ations shcwn as 

shown as numbered  circles (e.8. R-19); rota? and fligh auger 
boreholes  shown  as  numbered  c;ircles (rg. )H-01; 4); s m t  
elevations  given  as  small  dots (e.g. 560 m). This key is 
consistent for figures 4.5 and 6: 

Figux. 4. Location map of‘ site 2 study area (View Point road). See Figure 2 for location. S a ;  Figure 3 for cgend 

Figure 5.  Detail of Fite 2 (Vicw  Point  road). See Figure 4 for location. See Figure3 for legend. 
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Figure 6.  Detail of site 3 (Red Dog). See Figure 2 for  location. 
See Figure 3 for legend. 

was cased  for  3  metres  through  the  constructed  road bed 
and  partly  into till after which a 10 centimetre  tricone bit 
was advanced  on a BW drill  string.  Core  cuttings were 

occasionally  obtained using a 70 kilogram drill  mounted 
constantly  monitored and Shelby  tube samples were 

hammer.  The  drilling  rate was routinely  documented 
every 1.5 metres to provide  indirect  information on the 
various  subsurface  deposits. 

An Acker  19-centimetre  hollow-stem  flight 

evaluation of the  Quaternary  surfcial deposits  and 
auger was used for drilling  where  rapid  stratigraphic 

flight  auger  apparatus  proved  ideal  for  quick  geochemical 
subsurface  till  geochemistry  samples  were  needed.  The 

sampling  because  the  sediment  attached to the  auger 

Contamination of the  samples is minimized  using  this 
corresponds to its  original  subsurface  position. 

technique by removing the outer  sediment  surface when 

drilling  mud  needed  in  conventional  rotary  drilling. 
the auger  is  pulled.  This  method  also avoids  the use of 

fragments in  the  upper  road-fill which slowed  initial 
Operational  problems  with  the  auger  included  large  rock 

drilling  rates. 

BOREHOLE LOGGING 

accomplished  using a portable  Mount  Sopris  1000-C  300 
Subsurface geophysical  logging  of  boreholes was 

logger (Photo 1). The 1000-C logger is  equipped with 
metres of 2.5  millimetre  steel-armoured  cable with a 
tensile  strength of 1000 pound (4.45 kilonewtons);  such 
a  strength  is  critical when a logging  tool is  trapped by 

lateral  sediment  squeezing  which  is common in 
Quaternary  deposits The  logging tool used  for  this  project 
was a 41 millimetre  (outer  diameter)  combination  probe 

properties:  natural gamma  radiation,  spontaneous 
(HLP-2375/S)  capable of recording  the  following 

potential (SP) and  resistance (R). All three  characteristics 
were  measured in uncased  holes,  whereas  only  natural 

or plastic). 
gamma data were acquired  for  cased  holes  (whether steel 

Borehole  geophysical  logging was run  in  flight 
auger  holes  drilled at  site 2 (Figure 41, and  in the 
existing  holes  drilled by BHP  Minerals  Canada  Limited 

Lagging was extended  into bedrock at BHP hole E-172 
as  part of its  exploration program at  sites 1 and  2. 

(Figure 5 )  to provide  a  background  signature of the 
gamma  signal in Bonanza  volcanics which will  provide  a 
baseline for the  interpretation  of  the  Quaternary  sediment 
signatures (cf: Asquith,  1982;  Dewan,  1983;  Serra, 
1985). 

SUBSURFACE RESULTS 

Mud rotary hole  NVI94-DH01 at  site 1 (Figure 
3)  was drilled to a depth of 72 metres.  Drilling 
terminated  at  this depth when the  drill  bit  sheared from 
the  rod as it penetrated  compact  sediments.  Nonetheless, 
a variety  of glacial  sediments  were  described  and 
sampled to this depth. A total of five  auger  holes were 
drilled  along  an  east-west  transect at site 2 (Figure 5 ) .  
Average  depth of drilling for the  five  holes was 3.7 
metres  and  thirteen  till  samples  were  retrieved. 
Augerjng was restricted to locations with basal till to 
further  the  local till geochemistry  survey  (see  below). 

borehole  geophysical  logging.  Figure 7 shows  the  gamma 
Exceptional  results  were  obtained  from  the 

log for BHP hole R-19. This  figure  shows a stable 

compact,  massive  matrix-supported  diamicton  (lodgment 
signature  for  the  lowermost  5  metres which represents 

till) overlying  bedrock at  7.5  metres.  At  approximately 
2.5  metres below ground  surface  the  gamma  signal 
weakens  as it  passes  through  loose,  matrix-supported 
diamicton  (ablation till) and  weakens  further  from 1.5 to 

strong signal for the topmost  metre represents the 
1 metre when the upper soil  horizon  is measured. The 

artifical  road  fill  consisting of crushed  volcanic  rock. 
This  interpretation  is verified from nearby surface 
exposures. BHP hole  E-172  (corresponding to gravity 
station  323)  displays  a  comparable  record.  From 14 to 6 
metres below surface,  the  deposit  most  likely  consists of 
stratified  interbeds of sand  and  gravel  (advance  outwash). 

lodgment till, ablation till and bedrock  (Flgure 8). The 
The  upper 6 metres  consists of upper  soil  horizons, 

differences in road-fill at the  two  localities. 
weaker road-bed  signature  at  the  top  of  the log reflects 

GRAVITY SURVEY 

intervals of 10 to 100 metres, were  acquired at the three 
A  total of 323  gravity measurements, at  station 

sites (Figure 2; Table 2).  All stations  were flagged to 
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Photo I .  View of Mobile  B-53  drill  rig  at site NVI94-DH01. h o w  A points  to  portable  Mount Sopris 1000-C borehole 1c gger. hm B 

stem flight auger sectms.  
points to 41-millimetle (outer diameter)  combination  probe  at top of steel casing. Arrow C points to collection of 19-centi netre hol..cw- 

TABLE 1: DRILLING SUMMARY FOR NORTHERN VANCOUVER ISLAND 

Drill Northing Easting Depth  Casing Gamma SP Resistivity 
hole logged 
number ( 4  

NVI94-FA01 
NV194-FA02 
NVI94-FA03 
NVI94-FA04 
NV194-FA05 
NVI94-DH0lD 
R-1 XC 
R-19 
R-20 
E-17ld 
E-172 
E-175 
E-176 
E-178 

5607450 
5607728 
5607852 

5607743 
5607761 

5603791 
5604240 

5603550 
5605290 

5607939 
5607689 
5607875 
5607763 
5607674 

603159 
604753 
605813 
605426 
605564 
617409 
616690 
617850 
616500 
605705 
605955 
605521 
607095 
606944 

4.0 

4.2 
2.7 

2.7 
5.0 

21.0 
92.4 

7.5 
38.8 

1.3 
60.0 
4.4 

20.0 
2.5 

OPEN 
OPEN 
OPEN 
OPEN 
OPEN 

TOP 3 m 
PVC 

OPEN 
OPEN 
OPEN 
STEEL 
OPEN 
STEEL 
OPEN 

X 
X 

X 
X 

X 
X 
X 
X 
X 

X X 

X X 
X X 

n -flight auger holes by SFU 
b -mud rotary drill  holt. by SFU 
c - BHP  diamond-drill hole 
d - BHP  diamond-drill  hole 
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TABLE 2: GRAVITY AND MAGNETIC  MEASUREMENTS  FOR  NORTHERN  VANCOUVER  ISLAND* 

Site Leg Number of Number of Station Profile 
number number gravity magnetic interval length 

stations  stations (m) (km) 

One 1 105  105 40  4.160 
2 31 100  3.000 
3 48 50  4.700 
4 15 15 50  0.700 

Two 1  69 69 10-30 1.505 

Three 1 55 40 2.160 

new gravity and magnetic  measurementF for 1994, see text for explanation. 

using a LaCoste  and  Romber  (model G) gravimeter. 
Daily surveying  started  and  ended  at  a  national gravity 
control  station  located  in  Port Hardy airport  (station 
number  9275-67)  near  the  study area. The  maximum 
gravity  closure  error  during  the  survey  period was 0.074 
milligal.  Accuracy  checks  were  performed by repeating 
gravity  measurements  at  three  stations.  The  mean gravity 
difference  for  repeat  measurements was 0.15 milligal. 

COORDINATE  DATA 
Two  portable  Trimble  Pathfinder CA code 

global  positioning data logging  systems  (GPS)  were used 
to establish  the  latitude  and  longitude  for  195 of the  323 
gravity  stations.  Although  this  system  is  capable of 
providing  station  elevations, it is  not sufficiently accnrate 
for high-resolution  gravity  surveying.  Station  elevations 
were  consequently  determined  using  a Model D GDD 
electrouic  chain  and  level  and  altimetry.  The  coordinates 
of the  remaining  stations were determined by 
interpolation.  To  obtain  the  highest  possible  coordinate 
accuracy,  the  GPS  receivers  were  operated in differential 
mode,  that  is,  data  were  recorded  simultaneously at the 
gravity  station  and  at  a  temporary  base  station  deployed 
in the  area.  All GPS data were  then  processed  using  the 
Pathfinder  software  package  (P-Finder)  supplied with the 
GPS system.  Station  latitudes  and  longitudes were 
typically  located to within 5 metres. 

Paroscientific digital  altimeter  were used to provide 
Both electronic  chain  and  level and a 

greater  control  on  station  elevations.  The  chain  and  level 
apparatus  provided very accurate  relative  height 
differences between stations  along  all  traverses  (vertical 
variation was typically  less  than a few centimetres). 

running ties between the start of each  traverse  and  the 
Absolute  heights  were  subsequently  calculated by 

nearest  geodetic  bench  mark. 

GRAVITYRESULTS 

Processing of the  gravity data is in progress. 
Most of the  measurements  have been reduced to  the 
International Gravity Standardization  Net  1971  (Morelli, 

Geodetic Reference System  1967  gravity formula. 
1974)  and theoretical gravity  values  calculated using  the 

Simple Bouguer anomalies  have been calculated  using 
standard  density of 2670  kilograms p e r  cubic  metre, but 
terrain  corrections  have yet to be applied. Because the 
stndy  sites  are in low-relief  terrain, it is  anticipated  that 
corrections  will  not be significant. Density 
determinations on both  bedrock  and drift samples  will be 
undertaken in the  near  future  and  used to constrain 
quantitative  gravity  models. 

along  one  traverse  (leg 1) of the  Rupert  Main  area (site 
Figure 9 shows  the  simple  Bouguer  anomaly 

1).  The  anomaly  reflects  lateral  density  variations  at  all 
depths  beneath  the  traverse  including  those  related to 
topography  on  the bedrock surface. However, by ignoring 
the  contribution of deep  lateral  density  variations  and 
assuming  uniform  composition of the  unconsolidated 
sediments,  this  anomaly  can be interpreted  in  terms of 
variations in overburden  thickness.  Briefly,  for a north- 

increases  uniformly at distances between  0 and 1.8 
south transect,  the data  suggest that  drift thickness 

kilometres,  thins  slightly  over  the  distance 1.8 and  3.1 
kilometres  and then thickens  significantly between 3.1 
and  3.5  kilometres to the  south.  From  this  point  onward, 
the  overburden  appears to  thin appreciably. 

MAGNETIC SURVEY 
Total  intensity  field  measurements were 

obtained  at  189  stations  along two traverses  (legs  1  and 
4) at Rupert  Main  (site 1) and  the View Point  road (site 
2) using  a  portable  Scintrex  (model MF'2) proton 
precession  magnetometer  (Table 2). The measurements 
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Figure 7. Gamma log through 7.5 metre BHP diamond-drill 
hole R-19 at site 1 Sec Figure 3 Tor location. See text for 
explanation 

mm of hde 7.5m 

were made in the  early  fall  during a period when 
predicted  geomagnetic  activity was very quiet  (Figure 
10). During  magnetic  storms,  the  magnetic  field may 
vary hy hundreds $of nanoteslas  over  short  time  periods, 
thereby  impeding  magnetic  surveying. 

Representltive  samples of the  bedrock  and 

Samples  will he analyzed to determine  their  magnetic 
unconsolidated  sediment were collected in the study sites. 

susceptibility  and  the  results  will he used to constrain 
quantitative model:; of depth to basement. 

MAGNETIC RE,SULTS 
The  raw  data  for leg 1 at  site 1 (Rupert  Main) 

show variations of several  hundred  nanoteslas  (Figure 9). 

cover  overlying  magnetic  basement,  the  data can be 
Assuming a simple  two-layer model of non magnetic 

intepreted  as  suggesting: uniform drift  thickness over 
the  distance 0 to 1.7 kilometres,  followed hy an ahmpt 
but  short  distance of sediment  thinning  (marked hy 
gradients of more than 6 nanoteslas  per  metre),  and  a 
progressive  thickening to the south with the exception of 
a 0.5 kilometre  zone (2.8 to 3.3 kilometres) where 
overburden  gradually  thins.  Magnetic  measurements 
adjacent to the  1.7-kilometre  magnetic  anomaly  spike, 
hut off the  traverse  line  suggest  that the high values may 
be caused hy a sollth-southeast-plunging body (fault  or 
dike?)  striking at iuouud 340O. If this interpretation is 
correct  and  the  sh.illowing of bedrock is in error,  the 
interpretive models developed to determine  overburden 
thickness  are too simplistic in their  starting  assumptions 
and will  he reevaluated. 

ELECTROMAGNETIC SURVEY 

Geonics EM-47  (Protem)  time-domain EM system in a 
The  electromagnetic (EM) survey used a 

central  sounding  mode;  using a receiver at  the  centre of a 
square  transmitter  loop.  The Uansrnitter consisted of a 
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Figure 8. Gamma log showing upper 18 netres a': BHP 
diamond-drill hole E-172 (gravily station 323 at site L!. S:e 
Figun 5 for location. See t a t  for explanation. 

measuring 40  or 80 metres.  The receiva coil ais a 
arranged in the  shape of B square lo )p with ridm 

multi-turn  coil with a diameter of approxllnately 1 ne0.e 

metres). A reference  cahle was connectei be twax  the 
(coil  area  times  the  numher of turns  equal to 31.4 !;cowe 

transmitter  and  receiver to control tile timint: of 
waveform  transmission and v c b g e  receipt 

wave  with a  sine-wave  rise  time  and  a  lint ar ramp at *.e 
The  transmitter current is .an h o s t  r;curu'e 

end of the  square wave  to turn off  the current. Tk.e 
frequency of the  square wave is defined a! 1/T, where T 
is the  period. The  period  consists of a fositive  !:qme 

T14. These xe then reversed to give a total period of 1'. 
wave of duration T/4, followed by an off  .time  durxticn 
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Figure 9. Rupert Main (site 1) leg 1 gravity and magnetic surveys. Upper diagram shows the Bouguer anomoly in milligal (mGal) and the 
lower diagram shows the magnetic anomaly in nanoteslas (nv. See text for details. 
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Figure 10. Predicted mean of geomagnetic activity levels for September 15 to October 11, 1994. As activity was forecast to be less than 
20 nanoteslas (UT) for most of this period, it proved an ideal time for magnetic surveying. 

The  three  frequencies  associated  with the EM-47  system 
are. UH = ultra  high  frequency (285 Hz), VH = very high 
frequency  (75 Hz) and H =high frequency (30 Hz). 

The  voltage measured by the  EM-47  unit  is 
measured in millivolts  but  is  displayed as nanovolts  per 
amp-metre  squared  (dipole  moment) when plotted  as  a 
log-log function of time  using  TEMIXGL  software from 
Interpex  Limited,  Golden,  Colorado.  The  receiver  voltage 
is  measured  in twenty time windows for  each of the  three 
frequencies.  Times  range  from  6  microseconds to 7 
milliseconds,  with UH times  from  6.85  microseconds to 
701  microseconds, VH times  from 48.3 microseconds to 
2.825 milliseconds  and H time from  100  microseconds to 
704  milliseconds.  The  receiver  voltage  is  sampled 
logarithmically  in  time.  Each  measurement  is  averaged 
over  a time window and  the tine at the  centre of the 
averaging window is  defined to be the  time  for  that 
window. The windows increase  at  longer  times because 
the  voltages are usually  smaller. 

resistivity  values  using late-time  normalized voltages 
The voltages are converted to apparent 

(Fitterman and  Stewart,  1986).  The  apparent  resistivity is 
defined to  be the  ratio of the  measured  voltage to the 
voltage  that would be measured  over  a  half-space of 
constant  resistivity.  Once  the  apparent  resistivity versus 
time  curves are computed,  the  data  can be interpreted  in 

terms of multi-layered  earth  models  using  standard 
forward  and  inverse  mathematical  modelling  programs. 
A number of assumptions  are  required to ensure  the data 
can he meaningfully  represented by a  layered  earth 
model. We used the TEMIXGL  software  package for 
modelling  the  data  from  the  study area. 

EMRESULTS 
Edited  log-log  resistivity  plots  for two soundings 

obtained  from site 1 (gravity  stations 90 and  50)  are 

apparent  resistivity  curves  computed  for the layered  earth 
shown in Figures 11 and 12. Solid  lines  reflect  the 

models  shown  in  the  figures. The  squares,  mangles  and 
plus  signs are the  measured  values of apparent resistivity. 
Note  that  sounding  depths  for  overburden vary from 
approximately  23  metres at  station 50 to 226  metres at 
station 90. Both models  were  obtained  using  the 
interactive  graphics  and  inversion modes of the 
TEMIXGL software.  Three  iterations  were  required  for 
the  inversions to provide  fitting  errors of 7.7%  and 
13.4% for soundings 90 and  50,  respectively. 

for station 50 c o n f m s  airphoto  interpretation  and 
The simple  one-layer  overburden  interpretation 

ground  truthing  observation  for  a  shallow  sediment cover 
in this  area.  Overburden  at  this  location,  2  kilometres 
south  along leg 1, consists of stratified  sand,  gravel  and 
ablation  till. In contrast,  the  data  from  station 90 suggest 
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Figure 11. Electromagnetic  survey  at  gravity  station 50 (site 1). 
See Figure 1 for location. Top illustration  shows apparent 
resistivity  results in ohmmetres (ohm-m),  whereas  lower 
illustration  shows  itratigraphic  interpretation. See text for 
dctails. 
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Figum 12. Electromagnetic  survey  at  gravity  rration 90 (::~te 1). 

resistivity  results  in  ohm-metres  (ohm-m)  wherea:;  lower 
See Figure 3 for location. Top illustration  shows  apparent 

illustration  shows  stratigraphic  interpretatic n. See :er.t for 
details. 
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a sediment  cover  consisting of at  least  three  distinct types 
of deposit.  The resistivity of the  upper 75 metres 
compares  favourahly  with  the  sediment  suite  (drift) 
observed  at  station 50 and may also  consist of 
sandgravel  and  ablation till. At  station 90, the resistivity 
interpretation  indicates two other  sediment  complexes 
underlie  the  deglacial  deposits.  Bedrock was w i l y  
recognized by the  EM-47  system  at  this  significant  depth 
(226  metres)  only  because of the  large  conductivity 
contrast of the  conductive  layer 80  metres  thick (17 ohm- 
metre),  directly  overlying  bedrock.  Interpretation of the 
150  metres of unconsolidated  sediment  over bedrock 
requires  additional data analysis,  including  drill-hole 
logs and down-hole  geophysical  logs. 

TILL GEOCHEMISTRY SURVEY 

undertaken at site  2 to complement  the modelling and 
A detailed till geochemistry snrvey was 

technique  development  component of the  drift 
exploration  program  (Photo  2).  The  area was selected on 
the  basis of detailed  1:2400-scale  bedrock geology map 
data  verified by diamond  drilling.  There  is  lithologically 
and  mineralogically  distinct  bedrock  striking  around 

iceflow perpendicular to the  bedrock  strike; good 
180°; documented  local  and  regional  glacial  paleo- 

flight  auger  drilling  stations;  and proximity to a  defmed 
subsurface  exposure of till along new road-cuts  and  at 

mineralized  zone. 

both oxidized  and  unoxidized  basal till were collected 
Bulk sediment  samples (1  to 5 kilograms) of 

along  vertical  profiles  (Photo  2)  and  from  five  flight 
auger  holes  (Figures  4  and  5).  Sample  locations  represent 
a  fan-shaped  transect which parallels  documented  paleo- 

mineralization. This  study  will be used to define glacial 
ice-flow  with sites  up-ice and down-ice from 

dispersal  from  the  mineralized  zone  and  the  subsequent 
effect of soil  formation on the  geochemistry of the 
sediments.  Representative  splits of the  +63-micron 
fraction  samples  will be submitted  for  aqua  regia- 
extraction  and  inductively  coupled  plasma  emission 
spectroscopy  (ICP-ES)  and  instrumental  neutron 
activation  (INA)  analysis. 

BIOGEOCHEMISTRY SURVEY 

effectiveness  of  biogeochemistry as an exploration  tool  in 
Sampling  undertaken will  evaluate  the 

the  northern  Vancouver  Island  region.  Studies  in  other 
regions  have  demonstrated that trees  absorb  and 
accumulate  metals  in  their tissues, and by analyzing 

relative  metal  enrichment  that may assist  in  locating 
appropriate  parts of trees it is possible to define  areas of 

zones  of  concealed  mineralization. 
A  total of 248 samples  were  collected  from  176 

the  north  shore  of  Rupert  Inlet,  extending  from  Red Dog 
sites  within  a  10 by 50 kilometre  east-west  corridor on 

Photo 2. View of till geochetnistq survey station ITB94-105 
near site 2.  Eight till samples were taken down a 3.1 metre 
Wenched face 

(Figures 2  and 61, to east of the  Island  Copper  mine 
(Figure  2).  Derailed  sampling was also  conducted in the 
site  2  and  site 3 areas to complement  other  geoscience 
studies.  Western  hemlock was chosen as the  prime 

the  desired  sample  sites. At each  sample  station, seven 
sample  medium  because  it was present  at  all but a few of 

growth. In reforested  areas,  only 3 to 5  yean of growth 
twigs were  collected,  that  samped  the  last  10  years of 

could be evaluated.  Tests are being  conducted to 
determine if the  composition of the  younger  growth  is 
similar to that  of  the  more common 10-year  old  sample. 
Samples of several  different  plant  species  were  also 
collected to determine  their  relative  sensitivities  to  the 
presence of a wide range of metals  and  pathfinder 

prospecting  will  he  assessed  from  this  information. 
elements.  The  potential  usefulness of each  species  for 

All  samples  were  left to air dry (in  paper  bags) for 
one  month before  the  foliage was separated  from  the 
twigs.  Subsequently, all western  hemlock  twi  samples 
were  reduced  to  ash by ignition  in  a kiln at 470 C. A 0.5- 
gram  portion was submitted  for  multi-element 
instrumental  neutron  activation  analysis,  and  a  0.25- 
gram split was submitted  for  multi-element ICP-ES 
analysis.  Preliminary  results  show a large  area 
surrounding  the  Island  Copper  orebody  that  has 
unusually  high  concentrations  of  several  metals, notably 
we found maxima of 240  pph  Au, 1241 ppm Mo and 
4784 ppm Cu in ash. 

8 
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CONCLUSIONS geophysics, gravity, magnetometer and E M  surveying for 
mapping drift thickness. composition and buried berlrcck. 

The initial  interpretations of the coincident 
drilling, gravity,  magnetic  and EM data are promising. 
although in some cases, inconsistent.  Preliminary ACKNOWLEDGMENTS 
evaluation of the  data  sets  indicates all methods  have a 
high potential for providing useful information. 

Althongtl labour-intensive, we conclude that 
mud  rotary drillirlg can  be successfully used in complex 
surficial  terrains  consisting of dense till, coarse 
glaciofluvial sediment and cohesive  marine deposits. In 
arcas where  borehole  data  are  lacking, the effort 
expended by drillmg is necessary to  provide a means for 
examining  the subsurface using borehole geophysics. 
Similarly,  flight  augering proved to  be a quick and 
invaluable  method  for shallow subsurface testing and 
sampling. 

Once drill  holes  are  available,  exceptional data 
return  are  provided by borehole geophysical methods. 
Although  not discussed at length in this paper,  gamma, 
SP and resistivity measurements all provide  good  detail 
about  the  composition of buried, unconsolidated 
sediments.  Down-hole  logging is quick,  inexpensive and 
reliable and recommended for the evaluation of 
overburden  cover  where  diamond  drilling is undertaken. 

Gravity,  magnetometer and electromagnetic 
surveys all generated useful data. Both gravity and 
magnetometer  measurements were  easy to collect along 
the  linear  uansects,  whereas  the  EM surveying proved 
somewhat  slower in the  rough  terrain. Results evaluated 
thus fa r  are infolmative,  although  minor discrepancies 

ability to establish  overburden  thickness. All three 
exist. To date, our effort  has  primarily focused on the 

cover in excess of 200 meues  in thickness. For example, 
techniques were successful in dealing with sediment 

rough  agreement.  indicating a general  thickening of 
for leg 1 at  site 1,  results for the  three techniques are in 

sediment  from  north to south. However, the 
magnetometer survey recognized a prominent anomaly 
mid-way along  the  section,  not recognized by the gravity 
measurements. One noteworthy comparable 
interpretation is the identification of a substantial  change 
in sediment  character  ncar drill hole NV194-DH01.  Both 
gravity and  magnmmeter data  suggest there is a thick 
deposit of  uncon!;olidated sediment in this area,  The 
actual  depth of bedrock wa. estimated to be 226 metres 
from the EM record, which also suggests a stratigraphic 

confirmed by the  mud rotary drilling  at  hole NVI94- 
break at a depth of 7 2  metres. The latter break is 

DHOI. The total depth  to bedrock ((226 m) is consistent 
with diamond  drilling  results within the general  area. 

In cfforts to establish overburden thickness,  the 
composition and  character of the unconsolidated 
sediment  cannot tle overlooked. Similarly, the nature of 
tile underlying bedrock plays an  important  r6le in the 
character of the  data.  Preliminary results indicate that the 
assumptions used thus  far in the evaluation of our  data 
are  too  simple.  These  data sets offer an opportunity to 

and  algorithms.  Further interpretation of the  data  from 
integrate  melhods  and  improve tht interpretive models 

these sites will  provide a better understanding of the 
limitations and capabilities  of  drilling, borehole 

The authors  appreciate  the  important assistanct: of H. 
Ainsbury, A. Best, D. Brayr.haw, K. Lat,rus, E. Roberts, 
B. Roberts, and R. Ross in the  field. I. Reming crrfered 
exceptional  support  through kind  and  quick provirior of 
BHP data,  maps, property access and logistical favours. 
We are also grateful to School  District  No. 11.5 for 
permission  to  rent  school  space  for our base camp. D. 
Blackwell and  B. Brown administer:d the project 
through the year. B.  McMillan steered the progrm to 
success. Editing and  critical  reviews  wer 5 provided hy B. 
McMillan,  B.  Grant and I. Newell. 
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SURFICIAL GEOLOGY AND DRIFT EXPLORATION: 

MAHATTA  CREEK MAP AREA (92L/5) 

By David H. Huntley and Peter T. Bobrowsky 

KEYWORDS: Vancouver Island, surficial geology, drift 
exploration, till geochemistry, paleo-iceflow, Quaternary, 
Holocene. 

INTRODUCTION 
In  1993,  detailed  drill  exploration  and surficial 

mapping was undcrtaken in NTS sheets 92L/6  (Alice 
Lake) and 92L/11 (Port McNeill) as part of an integrated 
resource  assessment  program  dclining the mineral 
potential of northern Vancouver Island (Panteleyev el nl., 

independent study covcring NTS sheet  92L/12 
1994; Bohrowsky and  Meldrum,  1994). A similar, but 

(Quatsino), was completed in 1991  (Kerr  1992;  Kerr  and 

geochemistry  sampling was extended  into NTS 92L/5 
Sibhick,  1992). This year, surficial mapping and till 

(blahatta Creek;  Figure 1);  an  area supporting a number 
of mineral  occurrences  (Figure 2) and recent detailed 
bedrock mapping  information (Niwon et ul., 1993a, 
1993h). 

Surficial geology fieldwork in llle Mahatta 
Creek map :uta reprcscnts  the final stage of a 
drift p rogrm on  the  northern  part of 
Vancouver  Island. The ohjcctives in this area 
are the same as those estahlished in the 

Mapping surficial sediments ;lnd documenting 
surrounding  sheets  and  include: 

Completing a regional  drift-exploration project 
thr Quaternary  geologic  history. 

Developing  interpretive drift explmation 
focused  on till geochemistry. 

models and products. 

procedures used in 92Li5, provides summary statistics 
This paper reviews the mapping and t i l l  sampling 

regarding  the  drift  sampling program and (iffers an 
interpretation of the Quaternary geolngic history of the 

observations.  Results of the till geochemistry sampling 
arr:a bated  on  airphoto  analysis  and  ground  uuthing 

program will appe;u in a publication covcring all four 
map she& examintd  on northern  Vancouver Island. 

PHYSICAL SErTING 
Thc study urea lies on the west  sidc of 

Vancouver  Island :md is surrounded  on three sides hv 

smoothed, .joint and fault-facccted hedrncc hillock?, 
northeast. Coastal lowlands arc d~~minatcd toy glacixl y 

ranging in height  from IO to 100 metres. Illand l m 1 1  
coastal margins, much of  the central and  ?.)utheasttm 
land area is a glaciated montanc  Iandscapc w i t h  high y 

Wolfenden (1273 metres ahow sea level), ies only :i 
variahle relief: the highest peak in the map i rca, Moo~il 

kilometres from the shore n l  Ne]-outtos Inlet (Figure 2). 
Montane  and lowland areas are incised h '  U-shaptd 
valleys that  drain to fiords  such as Quats no Sound, 
Neroutsos, Klaskino and Klaskish inlets.  \'alleys  and 

faults. 
fjords  exploit  regional  northwest and nortllcist-strikin:: 

Subaerial tuffs, hawltic to rhyolitic kavas and 
clastic sediments aud limestone!; of the Lov cr Jurassic 

rocks arc the principal ho:;t for loc 11 copper. 
Bonanza  Group cover much 01 the study aea .  T h w  

molybdenum, lead,  zinc  and  gnld  mineralizal ion (Nixw 
el al., 1993h). Up to three-qulul.ers of the r,Lap area :i 

presently mantled by a Quatctnary  drift )f variahlc 
thickness. 
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METHODS 
Fieldwork was  hased out of a camp established 

at the Mahatta  River log sort, 65  kilometres west of  Port 
Alice on the  south  shore of Quatsino  Sound  (Figure  2). 
Much of the  map  area was  reached hy logging roads 
usin8 a  four  wheel-drive vehicle. Off-road  access wa5 
gained hy mountain bikes or on foot. Natural  and 
culturally derived  exposures  such as road  cuts  provided 
the primary  sampling  source for surface  and  subsurface 

excavations  were  used to create new exposures. 
sediments.  Where  exposure was poor or lacking, shovel 

Preliminary 1 5 0  000-scale surficial geological 
mapping  and  airphoto interpretation of the  landforms 
was completed in the office before  fieldwork  commenced, 
using  photo suites BC7711  and  BC7714.  Terrain units 
were classified as polygons  according to  the type of 
surficial  material  and  surface  expression.  These  criteria 
were  coded  using  mapping  standards detailed in  Howes 
and  Kenk  (1988). 

Verification of airphoto interpretation consisted 
of ground  truthing  ohservations  at  143 field stations 

the  aid a Trimhle  Navigation  global  positioning  system 
(F ip rc  2 ) ,  which were located (UTM coordinates)  with 

determincd  using  a  Thommen  altimeter,  benchmarked to 
(accuracy 21s good as i 3 0  metres).  Elevations were 

daily mean  sea level at hase  camp  (accuracy i5 metres). 

using traditional Quaternary  geology  mapping  techniques 
At each  station,  exposures were logged in detail 

to document  the nature, type and  extent of the 
overhurden  cover  (Figure 3). Observations  included 
general ,:xposure attributes  such  as  depth to bedrock, 
depth of oxidation,  surface  expression,  section height, 
length  and  number  and type of facies. Specific 
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charactenstics of the  various  facies was also recorded  and 
included  information on the  type of basal contact 
texture, percentage of clasts  and  fines,  clast  shape, 
roundness  and  size,  presence of suiae, faceting and 
I'dbric, and  presence of sedimentary and deformationdl 
structures  (Table 1). Paleocurrent  directions  wcre 
determined in waterborne  sediments  from  orientations of 
relict channels,  cross-bedding  and  clast  imbrication. 

samples  (1 to 5 kilograms  per  sample)  were  collected  at 
Undisturbed basal (lodgement)  till  matrix 

86 sites for geochemical  analysis.  Additional  samples of 
ablation till, colluvium  and glaciofluvial sediments  were 
laken  from  34  locations  (Table 2) .  Sampling was 
restricted to the  unweathered  C-horizon  which  ranged 
from 0.5 to 9 metres below surface.  Sediment  samples 
were  stored in heavy-mil plastic hags. In the laboratory, 
sediment  samples  were  air-dried at 25-30°C for a 
minimum of 48 hours, then  crushed  and  sieved to obtain 
a  -230-mesh  fraction.  Seven  duplicate field and ten 
laboratory split samples  were  integrated  into  the  sample 
suite. Representative  splits  have been submitted  for  aqua 
regia  inductively  coupled  plasma  emission  spectroscopy 
(ICP-ES)  and  instrumental  neutron  activation  (INA) 
analysis. 

glaciation were identified from the distribution of 
Former ice-accumulation areas and  limits of 

cirques, glacial troughs  and  landforms  such  as  moraines, 
and glaciotluvial deposits. Regional and  local  paleo- 
iceflow patterns  were  established by plotting the 
distribution of glacial troughs,  roches  moutonkes  and 
striae on the  preliminary 1 5 0  000-scale  surficial geology 

pebble fabrics measured in exposures of lodgement  till. 
map.  Additional  paleo-iceflow  data  were  derived  from 
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At 18 locations, the trend  and  plunge  of 50 prolate 
shaped  clasts  (at least 2 centimeues in length) was 
recorded.  Two  aud  three-dimensional statistics were 
gcncrated  from  die  measurements  using Rosy’” and 
Stereom stereographic  projection  programs.  Glacial 
trm~pon paths wili be further defined by rhe examination 
o f  clast  provenana: for 59 locations. Approximately 100 
clasts were ohtained  from  lodgement till exposures at 
these  locations. Vririations in pchhle lithology frequency 
will then be integrated with facies analyses  and inferred 
ice-flow directions to generatc ice-transport and 
depositional  models. 

LITHOFACIES DESCRIPTIONS 
The Quaternary cover rangrs in thickness from 

less than a metre in upland areas and  montane valleys  to 
greater  than  ten metres in  lowlands  (Figure 3). Within 
this cover,  eight litholacies are distinguished,  including 
four  diamictons,  and  subordinate glaciotluvial, 
glaciolacustrinc, tluvial and  marine facies. Certain 
diamictons  are  primary  indicator facies as they represent 
first derivatives o l  erosion and  deposition (Shilts, 1993). 
1994). As such, they can he confidently used in 
expl~~ration  lor huried  mineral  occurrences (Bobrowsky 
and Meldrum, 1994). Other lithofacies have  undergone 
secondary o r  tertiary rcsedimentation  and are less reliable 

indicators (Shilts, 1993).  Quantitative  data w.:re co1lec:t:d 
mainly for diamicton  and glaciotluvial tic es and are 
summarizcd i n  Tahles 1 and 2. Other  suhonlinate  facim 

observations. 
descriptions arc supplcmt:nled with qualitali re  

FACIES A 
Facies  A  comprises gley to olive-hn wn maskie 

diamictons  veneering or hldnketing  lov.lands ;aid 
montane valley sides between 600 10 XXO n etres atu ie  
sea level. In these ‘areas, facies A usually ove~ lies striatcd 

and 6; Photo I ) .  Observed  thickness for this ftcies rang:s 
or glacially streamlined bedrock (Figure 3, ogs 2, 4 ,  5 

on 86 ohServdtiOnS (Tahle :!j. The lacie!  is malrtx 
from 0.5 to 6.0 metres,  with a mean of 2.4 ntetres hasc:,ll 

supported, composed mainly of homogcneoi~s, compact 
silt and clay (70% bascd on 86 ~ m p l e ~ t ;  beddin.3- 
parallel fissility is found in 3% ol  smples.  C k t  
content varies from 10 10 30%, and :onsists 

rounded  exotic clasts (Table 1 ) ,  Mean clast si: :e general :y 

subrounded, locally derived lithnlogies with occasional 

ranges from 3 to 20 centimetrer,  hut  hould :rs UP to 3 
metres are found. ClasI shapes  range from prolate I) 

equant,  with a mean  shape hcing  hladed (Tahle I). 
Approximately 95%) of facies A (JeposiLs conwin suiattd 

2 . Kloofehlimmis Ck. 6 -Side Bay 

3. Maham CK. 7 - slde Bay 

4 - Colonial Ck. 
0 Scale lOkm 
I - 

Figure ?.Simplified and selccted stratigraphy (section ~ I ~ v i ~ t i ~ n s  in  metres ahove SCLL levclj 
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TABLE 1: DRIFT SEDIMENTOLOGY AND GENETIC INTERPRETATION 

Facies Matrix  Matrix  Clast Clast Clast Clast Genesisg 
Texture"  Structure'  Content' Sized Roundness' Shapef 

FACIES  A Matrix- Massivc 17 3 Subround  Blade  Lodgement  till 
supported 

FACIESB  Matrix-  Stratified 
supported 

= 20 =1 Subround Blade Basal melt-out  till 

FACIES  C  Matrix-  Stratified  38 4 Subangular Oblate  Supraglacial. 01 

supported ablation  till 

FACIES D Clast- Massive 61 3 Subangular  Blade  Colluvium 
supported 

FACIES F. Gravel and Stratified  22 3 Round Oblate  Glaciofluvial 
r e n d  scdiments 

FACIES  F  Silt  and  Laminated < I  <1 
Clay 

Glaciolacustrine 
sediments 

FACIES G Gravcl and Stratified = 30 =3 Round Oblate  Fluvial  sediments 
sand 

FACIES H Matrix- Massive = 40 =3  Subangular Blade Marinr sediments 
supported 

3 

h Mean  ubscrvcd  thrcc-dimensional  arrangement of contacts or internal  discontinuities 
c Mean pcrczntage clast content 
<I Mean clast s i x  in ccntimetres 
c Mean sharpncss or dcgrce o f  rounding of edge o f  clasts 
f 
f 

Mean shape of c l u t s  
lntcrpreted origin o f  facies 

Mean observed  grain  sizcs  and  arrangement of clasts 

TABLE 2: DRIFT SAMPLE MEDIA AND STATISTICS 

Facies Type Bulk Pehhle Drift DepthC Oxidation Sample Depthe 
Sample' Snmplc'l Depthd 

FACIES  A 86 59 2.45 0.80 2.01 

FACIES  C 1 1  10 3.1 1 0.76 2.53 

FACIES D 13 12 2 . 3  0.80 2.11 

FACIES F: 10 0 5.03  1.29  2.30 

Total = 120 Total = R1 Mcan = 3.24  Mean = 0.91 Mean = 2.74 

1 Number of geochemical samples collecled 
h  Numhrr o f  pcbhlc  samples oollcctcd 

'I 
Mcm depth o1s:mplcd drill medium  in mctrrs 
Mcan depth o f  oxidation in metrcs 

c 

c Mean depth utcoilection lor  fwcllcmical rarnplc 
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andor faceted clasts. Prolate  clasts  display  a  moderate to 

flow (see section on paleo-iceflow, below). Baqal contacts 
strong  preferred  fabric in the  direction of local  paleoice- 

are gradational khere they overlie  facies  B,  and  erosional 
and  sharp over all other  deposits.  Facies A deposits  are 
interpreted to represent  lodgement  tills  deposited  at  the 
base of active  glacier  ice (L$ Muller,  1983;  Dreimanis, 
1976;  1988). 

FACIES B 
Facies I3 are grey to olive-brown  diamictons, 

locally preserved as veneers in leeside bedrock cavities 
found  along  montane valleys  hetween 600  and  880 
metres  above sea level  (Figure 3,  log  4).  This  facies is 
found at three sites and  is  consiskntly  overlain  sharply 
by facies A (Photo 1). Observed thickness does not 
exceed  0.5  metre.  Facies B diamictons  are stratified and 
matrix  supported.  Matrices are composed  predominantly 

content  and  shape is lacking,  as this facies was not 
of silt  and  clay  (Table 1). Quantitative  assessment of clast 

included i n  the  geochemical  drift  sampling  program. 

and  shape valuer. similar to those observed in facies A. 
However, general  field  ohservations  suggest  roundness 

and  clast  provenance  appears to be primarily of local 
origin.  Diamictons  comprising facies B are  interprett.d 
to represent  basal  melt-out  tills (cf Shaw. 1985). 
deposited  through  basal  melting of stationary or stagnant 
glacier  ice. 

FACIES C 

ldiamictons, blanketing valley floors  and overlying facies 
Grey to reddish brown, partly weathaed 

A or  bedrock,  characterize  facies C (Figure 3, log 3; 
Photo 2). Basal  contacts  range  from  erosional (11 of 19 
observations) to gradational (43%). Facies  thickness 
averages  3.1  metres  and  ranges  from  0.7 to 10.0  metres. 
Matrices  are  deficient in silt  and  clay,  and display a wide 
1.extural and  structural  range,  including  massive  matrix 
supported (42%) and  stratified  matrix  supported (58%). 
Clast  content  varies  from 35 to 65% and consist5 
predominantly ,of distally derived subangular to 
subrounded  pebbles.  Observed  clasts  range  from  1 to 10 
centimetres,  with an average size of 4 centimewes (based 
on 11  samples;  Table 1 ) .  Approximately 40% of the 
deposits  observed  contain  striated  or  faceted  clasts.  Facies 
C diamictons are interpreted as supraglacial M ablation 
lills (cJ Dreimmis, 1988)  accumulated by surface 
melting of ice irl areas  dominated by downwasting of 
stagnant  ice (cf: E"ou1ton and Eyles,  1979). 

FACIES D 

brown diamictons found along  steep valley margins, 
Facies D  consists of weathered, olive to reddish 

where they form tllanket or fan-shaped  deposits overlying 
bedrock and  other  sediments  (Figure 3, logs 2, 5 and 6; 
Photo 3). B a d  contacts  are  primarily  erosional (8 of 13 

Photo 1. Stratified matrix supporie(i diamictoms t 'pica1 of facie!: 
B (basal melt-out till) overlain by massive m; trix supprtc<l 
diamiclvn  characterizing facies A 

observations),  although  gradational  contacts a r c  

samples,  and  ranges from 2.0 to 3.5 melr:s (Table 2) 
observed.  Deposit  thickness  averages 2.4 I letres  fbr 1: 

Diamicton  matrices  are  deficient in finrs,  and have 
textures  and  structures  ranging  from st-atified clasl 
supported  (14 %) to  massive: clast suppxted  (86%) 
Relict  structures  (fissility.  fahric,  heddingl  are loc.rll) 
preserved.  Clast  contents vary from SO% (swtified clasl 
supported) to 80% (massive  clast  suppo~ted), with e 
mean  content of 61% (Table 1). Mean cla! t size range: 
from 2 to 5 centimetres, with a  maximum 01' XC 

movement  deposits derived fforn mechanica ly weathered 
centimetres.  Facies D  diantictons are interp eted  as tmss 

hedrock, solifluction (cJ Eyles  and  Paul, 1!83), and lills 
that  have  undergone  direct,  gravity-in  luced mass 
movement (cf. Lawson, 1988). 

FACIES  E 
Facies E consists of gently  undula ing blarh:ts 

of yellow to red-stained  sand  and  gravel,  confined to 
anomalous  settings above or  adjacent to ~ o n t e m p o r q  
valley floors  (Photo  4). Depnsit thickness exceed 10 
metres  (Figure 3,  log 3 ) .  This  facies may 01 lap or incise 
diamicton  facies A, C or D (Figure 3,  logs 1, 2 and 3).  

erosional (8 of 10 observations)  and channel zed. Gra\~:ls 
Where evident, basal  contacts are p 'edominar i.ly 

are  polymictic, with rounded  clasts  ranging  from  1 to 6 
centimetres in diameter.  Sands  are well SOT ed and often 
normally  graded.  Foreset,  trough-cross, rirple-drift and 
laminar  bedding  are  prescrved in this  faci-s  and nllen 
indicate  paleoflows  counter I O  the presmt draimge 
direction. Normal faults are common al lug exposed 
flanks of deposits.  Gravel  and  sand  deposit; of facizs E 
are interpreted as ice-proximal  glaciofluvial sediment :cf. 
Miall, 1977; Rust and  Kosler, 1'384). 
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C (ablation till). 
ies Photo 1. Couplcui of stratified and massive diamictons 

characterizing facies D (coliuvium). 

.. . . 

FACIES F 

rhythmically  interbedded  fine sand,  silt and clay with 
Facies F consists of grey to olive-green, 

dispersed  clasts which are occasionally  faceted  and/or 
striated  (Photo 5). Facies F deposit$ are confined to lower 
rcaches  of valleys where they disconformably  overlie 
facies A. Upper contacts may be erosional or gradational, 
whereas lower contacts  are always gradational  At 
Klootchiimmis  Creek  (Figure 3, log Z), facies F is moss- 
cut by normal  faults with displacements  that  rarelyexceed 
10 centimetres.  Fault  planes  are  oriented  parallel to 

F sediments  are  unconformably  overlain by ice-contact 
sediment  gravity-flow  deposits  (facies D, Photo 5). At 
Cleagh  Creek  (Figure 3, log 1)  and  Side Bay (Figure 3, 
log 6) profiles  coarsen  upwards  through  facies E into 
facies F. Maximum  thickness  does  not  exceed 3 metres. 
Dispersed  clasts  with  penetrative  structnres  are 
interpreted to represent  dropstones in an  ice-proximal 
setting  (Brodzikowski  and van Loon, 1991). Rhythmic 
bedding  and  other  characteristics of facies F lend  support 

glaciolacustrine  environment (cJ Shaw, 1975; Catto, 
Lo the interpretation  that it was deposited in a 

19x7) 
valley sides,  and  indicate  extension  into  valleys.  Facies 

.__., 
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FACIES  G 
Facies G comprises  undulating  blanket  deposits of 

yellow-stained  clast  and  matrix-supported  sand  and 
gravel,  confined  primarily to contemporary valley floors 
(Figure 3, log 3,. The  intercalated beds of  sand  and 
gravel  occur  in  channel  features  incised  into  other types 
of deposits  (such as facies  E)  or  bedrock  and  do not 
cxceed 5 metres in thickness.  Interbed  contacts  range 
from  sharp,  erosional to gradational,  whereas  the  basal 
contact of the facies is  erosive.  Clasts  in  the  gravel 
component are  rounded to  well rounded with a  mean 

highly  variable, which indicates  derivation  from  a 
diameter of approximately 3 centimetres;  provenance  is 

number of sources. The gravels are moderately to well 
sorted.  The  sand  component  is  well  sorted  and  normally 

bedding  indicate  flow  direction  similar to the present-day 
graded.  Foreset,  trough-cross,  ripple-drift  and  laminar 

drainage  (contrast with facies E). Facies G is  interpreted 
as  fluvial  sediments  deposited by braided  or 
anastomosing stre.m (cf. Miall, 1977;  Collinson,  1978). 

FACIES H 
Facies H consists of veneers  or  blankets of 

reddish  stained,  poorly  sorted,  matrix  supported  sand  and 
gravel  overlying  bedrock platfomu below 20  metres 
above  sea  level  (Figure 3, log 7). The  sediments  are 
typically massivt:, but  occasionally  display  crude 
coastward-dipping  stratification.  Clast  content  averages 
40% and pebble lithologies are highly  variable  (Table 1). 
Facies H is  interpreted  as  wave-reworked  deposits (cf 
Elliot,  1978). 

GEOMORPHIC DESCRIPTIONS 

LIMITS TO GLACIATION 

above  600 to 880  metres above sea kvel along interfluves 
Evidence of glaciation is  absent  or  not presetved 

in several  parts of the  study area (Figure 4). 
Characteristically,  exposed bedrock appears to have 
undergone  frost  shattering  rather than glacial 
streamlining  or  deposition.  Features  resembling 
gendarmes  and tors are preserved along  some  ridges,  for 
example between Carter  Peak  and  Mount  Wolfenden. On 
gentle  slopes,  bedrock  is  frequently  draped by sediment 
gravity-flow  deposits,  resembling  solifluction  deposits or 
thin soils;  glacial  sediments  are  ahsent. 

elevation for ice  cap  development over the  sNdy  area 
These  observations  suggest a stable  sutface 

prior to deglaciation,  and  a  minimum  limit to glaciation 
(c$ Huntley  and  Broster,  1994).  This  limit probably 
varied  from  about  880  metres above sea  level in the  east 
and southem to 600  metres  elevation  along the western 
seaboard  (Figure 4), resulting in an ice  surface  gradient 
of approximately 2.3" (between Restless  Mountain  and 
Carter  Peak).  Ice  (htcknesses  greater than 900 metres 
were  attained by  m.$jor ice  streams ocxupying Neroutsos 

Inlet  and  Quatsino  Sound.  Elsewhere, Ice thickutss 
Inlet  and  Quatsino  Sound.  Elsewhere, i :e thickness 
averaged in the  order of 670 metres in the eaS:m 
montane valleys  to 520 metres  in western < oastal artas. 
During  full  glacial  times,  approximatel)  22  square 
kilometres (2% of the  map area) may  have l e e n  ice-Free, 
32% of which was the  land  area  surrourding  M'alnt 
Wolfenden. 

GLACIAL  LANDFORMS  AND  PALEO- 
ICEFLOWPATTERNS 

Below 660 to 880 metres  above !,ea level. :dl 

glacial  erosion. Ice accumulation  and erosic u focused in 
drainage basins show significant  derangen  ent throul:h 

the  headwaters of all  major valleys  rest ked  in [he 
fornation of cirques,  horns  and araes. ('irque fl'w1n 
range  from  300  metres above sea  level 0-ar Resrlcss 
Bight to 610  metres above sea  level  in  the SI utheast p u t  
of the map  area.  This  suggests  that  interior  areas were 
primary  ice-accumulation  zones  and c ~ ~ a s t a l   a r m  
functioned  as  low-elevation  tributary  ice so1 rces  at  later 
stages of glaciation.  Most  cirques  are  orier ted north to 

rivers,  cirques face  southwest or northeast  (Egure  4). 
northwest,  although  southeast of Klaskist,  and Tmta 

All major valleys have  a  promineit U-shaped 
morphology,  suggesting they accommodate61 glaciers at 
sometime in their  past.  Although  pre-late  'Nisconsinm 
sediments were not observed, ttie well  deve  oped natiilre 
of the valleys argues for repeated  glacial ero ;ion focnsrd 
along  structural  features such as  faults.  Regional  pako- 
iceflow was directed  along  northwest a n 1 1  northeast- 
oriented  fault-controlled valleys (Figure 41. South of 
latitude SO"21' N, ice generally  flowed  to tl e southwest 
toward Brooks Bay, whereas north of this  latitude,  ice 
flowed into  Quatsino Sound. Roches molttoneb a l d  
striae are ubiquitous  and  consistently  ind  cate doun- 

iceflow  along  Klaskino  Inlet  and  Klaskish Rker  was west 
valley ice flow along montane. reaches  of va leys.  Paleo- 

and  southwest,  respectively. In contrast,  ice f lowd 
northeast  along Teem Cayuse  and Colotlial cTed:,j. 
Northwesterly ice flow was restricted t )  Mahatla, 
Kewquodie and  Klootchlimmis creeks. An ~:xception lo 
this pattern occurs near  Le Mare Lake, ahere palen- 
iceflow was directed  southward  along  Keitl River into 
Side Bay. In summary, directional  landforms  indicate 
that  early ice-flow was controlltd by valley orientation, 
hut as ice  thickened,  glaciers were no  longer confincd 
and spilled  ont  over  coastal  lowlands and valL:y divides 

Clast  fabric  and  striae  orientation data (Table 3 )  
provide other paleo-iceflow infi~nnation. Msan vecms 

predominantly  cluster  in an upice directioi  (Table ::I. 
for  two-dimensional  and  three-dimensional  fahric  data 

This  is  consistent with expected  rabrics in IodEement tills 
as clasts become aligned  parallel to upward-llirected ic:.- 
flow  lines below the  equilibrium  line zlltitude ( I $  
Dowdeswell and  Sharp,  1986).  Exceptions o this  rule 

and  43;  Table 3).  Here, clast  fabrics  cluster  subparallel t o  
occur in tills deposited in cirque  basins (fie1 1 stations '3 
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t+ Roche moutonies 

Inferred  ice-flow  Glacial  trough 

Figure 4. Paleo-iceflow patterns 

the  direction of ice flow and  presumably  reflect  clast 
alignment with respect to downward-directed ice-flow 
lines. In areas of expected  divergent flow (field  stations 
49, 53, 65 and  76;  Table 3), fabrics  tend toward a  girdle 
distribution. 

MORAINES 

deposited  ubiquitously  over  lowland  areas  and valley 
Gently  undulating  ground  moraine was 

sides.  The  morainal  sediments  consist of lodgement 

moderate  relief,  and on steep  slopes,  morainal  blankets 
(facies A) and  melt-out till (facies  B). In areas of high to 

postglacial ms-movement  processes  (facies D). Along 
are rare or extensively  reworked by deglacial  and 

valley floors,  ablation till (facies C )  and  ice-contact 
sediments  (facies E) form  isolated  patches of hummocky 
ground  moraine  and  glaciofluvial  deposits.  These 
landform  assemblages are indicative  of an ice-retreat 
history  characterized by stagnant ice conditions, with 
dead ice confined  to  valley floors (cJ Fulton,  1991). 

Approximately 1 kilometre  upstream  from  the 
mouth of Klootchlimmis  Creek,  a  ridge 30 metres  high 

Quatsino  Sound  and  higher  ground to the  south. 
f o m s  a  barrier  between  the  coastal  lowland  along 

Postglacial  fluvial  incision has revealed  a  complex 

moraine  for  a  glacier  lobe  that  occupied  Klootchlimmis  is 
interior,  composed of lodgement till and  ablation  till  that 

partly  draped  down-valley by colluvium  and  glaciofluvial 
sediments.  Ridge  morphology,  position  and  facies 

42 

association  suggest  that it may represent  a  terminal 

Quatsino  Sound  and  Klootchlimmis  Creek. 
valley, or an interlobate  moraine  formed  between  ice  in 

GLACIOFLUVIAL  AND  GLACIOLACUSTRINE 
LANDFORMS 

Relict  glaciofluvial  landforms  are  graded to 
local  paleo-baselevels  at 210, 152, 90,  60  and 30 metres 
above sea  level. In upland  reaches of valleys,  deglacial 
kame terraces, till and  bedrock-walled  meltwater 
channels  have profiles graded to 210  and  152  metres 
above sea  level  (Figure  5A).  Kames and  channels locally 
form  landform  assemblages  with  eskers  and hummocky 
ground  moraine  and  are  implicitly  deglacial  ice-contact 
forms. The  above  observations  suggest  two  early  stages of 
stable  ice  margins in upland areas during  deglaciation. 

Incised  remnants of broad,  gently  undulating 
plains  form  paired  terraces in lower valley reaches. 
Terraces  have  steep,  long  profiles  ranging  from  0.6" 

interprete.d as portions of a  relict  network of glacial 
(Mahatta  Creek) to 3.2" (Teeta  Creek),  and are 

spillways  graded to a  relative  base  level 90 metres above 

glaciofluvial  sediments  indicate  paleoflows  directed to 
sea  level.  Foresets,  ripples  and clast imbrication  in 

outlets  at  Side Bay, Klaskino  Inlet,  Klootchlimmis  and 
Cleagh  creeks.  Terraces are absent  along  Quatsino  Sound 

facilitated by supraglacial  channels  formed on remnant 
and  Side Bay, suggesting  that  meltwater  drainage was 

glacier lobes in these  areas.  The  90-metre  base  level was 
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TABLE 3: PALEO-ICEFLOW DATA 
- 

Station 
Field Easting Northing Faciesa Data  Mean Eld EZd E3d Infe~red 

Typeb Vectorc Paleoilowe 
- 

2 595400 5585600 A 30 160 I12 0.70 0.22 0.08 mi 
18 

! I  602500  5580250 A 3D 278/01 0.61 0.31  0.08 
593250  5590630 A 3D 161 / 0 4  0.55  0.32  0.12 NNtv 

Nl? 

29 595570  5575730 A 3D 065 /09 0.56 0.30 0.14 
39  586190  5575520 A 

W h W  

43  601370  5579220 A 3D l00/08 0.56 0.34 0.09 
3D 097 108 0.65  0.30  (1.04 W h W  

49 
NI j 

584790  5583560 
53 583670  5588190 

A 3D 0201 12  0.48 0.42 0.10 
A 

SC ' 
3D 030106 0.50  0.41 0.08 W / I I W  

7h 
65 589300  5589090 A 

579930  5583540 
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Type of data collected at site: 3D - equal-area  lower-hemisphere  plot of dip  direction and 
Facies  sampled: A - lodgement till; R - bedrock 

plunge of prolate  clast lung mer (n = 50);  2D - directional  circular-frequency p h t  of prolate  :last 
long axis (n = 50);  Striae - glacially  striated  bedrock surface 

d 
Mean trend and plunge of data set (n = 50) 
Eigenvectors El - E3: El > E2 > E3-  single area of point concentration on the sphere: EI=E2; E3 - 
girdle distnbulion where points lie on a great circlc tracc; El=EZ=E3 - uniform di:itribution. 

e Paleoice-flow dctermined from directional glacial landform (U-shaped trough, roche moutonie) 

c 

possibly controlled by ice confined to  Quatsino Sound 
and  Side Bay, as well as  the  lowest  reaches of Mahatta, 
Koskimo and  Cleegh  creeks,  and  suggests a third  stable 
elevation for the ~ c e  surface  durinp  deglaciation  (Figure 
5B). Below 90 metres  elevation,  glaciofluvial  sediments 
and  colluvium prograde over,  or  truncate locally 
deformed glacioktcustrine  sequences (Photo 5) .  In the 
southeast,  incised  glaciofluvial  and  lake  deposits are 
graded to 60 metres  elevation,  whereas in the  northeast, 
including  Cleagh  and  Klootchlimmis  valleys,  sequences 
are  graded to 30 metres above sea level. Sediments are 
interpreted as being  deposited in lakes dammed by 
remnant  ice  and  morainal  deposits  at valley confluences 

postglacial  incision of deglacial  sediments  and  slumping 
(13gure 5C). Deformation is  implicitly  related to 

into  contemporary valley axes. The 60 and  30-metre base 

levels  represent  two  final  stable  ice-retreat s rrfaces pror 
to full  deglaciation  (Figure  5D). 

POSTGLACIAL LANDFORMS 

At  Restless Bight Side Bay and Qr atsino Inkt, 
distinctive plains are formed  at  about 20 mea :s above :sa 

reworked  and locally display  crude  coast!md-dipping 
level. Here, glacial  sedinlents  have been extenstwly 

platforms  and  indicate a maximum  postglac al incursion 
stratification.  The  plains  are  interpreted is wave-cut 

deposits  have been extensively  remobilized,  and 
to 20 metres  above  sea  level  in  this area. In1 and, glacial. 

postglacial fan aprons and dehris  flows ar: ubiquitcus 
Although some  remobilizatlon  implicitly  occ  lrred  during 
the  paraglacial  stage  ofdeglacialion (cj: Church  and 
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Model of deglaciation for the Mahatta Creek map m a .  

Ryder,  1972),  recent  slides are attributed to local fanning 
practices 

REGIONAL GLACIAL HISTORY 
Howes (1983)  recognized two tills separated by 

glaciomarine  silt,  “C  dated  at 20 600+330 years BP 

indicate two glaciations  probably  correlative to the early 
(GSC-2505)  on  northern  Vancouver  Island. The tills 

Wisconsinan  Muchalat  River  drift (Howes 1981) or 
Dashwood drift (Alley,  1979)  and a later  advance  (Port 
McNeill  till)  correlated with the  Fraser  Glaciation. 
Olympia  nonglacial  interval  sediments are not  found in 
the  area,  suggesting  that  materials were deposited i n  
transient  sedimentary  environments  (Howes,  1983). 

end of the  Olympia  nonglacial  interval, ice accumulated 
With  the  onset of climatic  deterioration  at  the 

Vancouver  Island.  Westward-flowing  glaciers  from  the 
in the  Coast  Mountains  and  montane  areas of northern 

Coast  Mountains  entered the Strait of Georgia  and Queen 
Charlotte Strait, reaching  a  maximum  thickness of about 
2000 metres  (Claguc,  1983).  Over  northern  Vancouver 
Island,  mountain  ice  caps  fed  a  system of glaciers 
confined to major valleys (cf. Davis  and  Matbews,  1944) 
and ice thickness probably did  not  exceed 750 metres 
(Howes, 1983).  Glacier  advance was also  marked by 
glacio-eustatic  lowering of sea  level up to  100  metres 
near  Port Hardy (Clague et al., 1982; Howes, 1983)  and 
glacio-isostatic  depression  of  land  surfaces of up  to 100 
metres  north of Cape  Scott  (Luternauer et al., 1989). By 
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20 600t330 years BP, glaciomarine  silts  were  deposited 
in front of advancing  ice  margins.  These  sediments are 
probably  contemporaneous with the ubiquitous  Qnadra 

At about 15 000 years BP, Vancouver  Island glaciers 
sand  exposed throughout much of the  Strait  of Georgia. 

coalesced with Coast  Mountain  ice; an event  marked by 
the  widespread  lruncation of glacier  advance  sequences 
;md deposition of Port  McNeill till. 

years BP (WAT-721),  and  resulted in ice  stagnation as 
Climate  warming began around 13 63k310  

glaciers were cut (off from  source  areas (cJ Fulton,  1991). 

approximately 7000 years.  Supraglacial  (ablation)  till 
Thus, the Frasx Glaciation  maximum  lasted  for 

retreat. At this  time,  terrestrial  deglacial  sediments were 
and  glaciofluvial  sediments were deposited  during ice 

deposited  as  much  as 95 metres k:low present  sea level 
(Luternauer et al , 1989).  Raised  deltas, beach deposits 
and  strand  lines at  90 and 20 metres above sea level 
suggest  a  marine  transgression  as  part of the  postglacial 
cycle (Howes, 1983). The latter  deposits were eventually 
exposed  through rapid crustal  rebound  during  the early 
Holocene  (Luternauer et al., 1989). 

LOCAL GLACIAL HISTORY 
Geomorphic  and  lithostratigraphic  evidence 

accumulated in this study suggests  that  sediments  and 

the  late  Wisconsinan  Fraser  Glaciation.  This does not 
landforms in the  hlahatta  Creek map area  are  products of 

preclude  the  existence of older  deposits;  rather,  pre- 
Fraser  Glaciation landloms and  sediments  were  probably 
modified o r  eroded  during  the final glaciation. 

marked by ice  accumulation in cirques  and  the  formation 
The  advance  stage of the  Fraser  Glaciation was 

of  isolated  mountain ice caps on major peaks in the  east- 
cmtral  part of the  map area South of latitude 50"21' N, 
glaciers flowed west to southwest,  whereas  north of this 

Figure 5). Exceptions to the regional flow directions 
latitude,  paleo-iceflow was north to northwest  (Figure 4, 

northeast  flow  occurred, and around Le Mare Lake where 
occurred  along  Tecta,  Cayuse  and  Colonial  creeks where 

occurred as montauc vallcy glaciers entercd lowland and 
ice  llow was to tl~e south  (Figure 4). Divergent flow 

coastal  regions. By the  glacial maxunum (circa 15 000 
years BP), valley glaciers  were  confluent with large west- 
flowing  ice  streams  occupying  Quatsino  Sound  and 
Klaskino  Inlet.  These  glaciers probably formed a large 
piedmont  apron a:; they flowed over Brooks Bay (cf. 
Luternauer et al., 1989). At this  time,  a  stable  surface 

above sea  level in thr east to 600 metres above sea level 
elevation for ice cap  dcvelopment varied from 880 metres 

along  the  western  seaboard. Ice thickness  greater than 
900 metres was attilined by major glaciers occupying 
NcrouLws Inlet  and  Quatsino  Sound.  Elsewhere, ice 
thickness  ranged  frllm 670 metres in eastern  montane 
valleys to 520 metres in western co:%stal areas.  During 
lull glacial  conditions,  approximately 2% of  the  map area 
was ice-frce. 

sediments were deposited  along valley floors, Much of 
I n  front of advancing ice margins,  glaciofluvial 

the  evidence  for thcse deposits  has been removed by 

subsequent  glaciation. However, observe1 deposit.  at 

correlative with Port  McNeill  advance  s,:diments ic j  
Cleagh  Creek,  for  example,  are pres,nned to lx! 

bedrock is  directly overl:iin by Fraser Glacialiort 
Howes, 1983). In most a r e : ~ ,  glacially  streamlirletl 

lodgment or basal melt-out  till,  The  tills f l m  exten:;:wr 
ground moraine  cover over much  of t h e  study a c a  
Above the  glacial  limit, bedrock was sdtject to ~IOSI  

shatter,  producing  localized  solifluction  ieposits and 
talus. 

local  equilibrium  line  rose  above  the maximum elevation 
At the start of deglaciation,  the  a,titude of the 

of the area (cJ Fulton,  1991). In coastal artas and lower 

and  downwasted in situ. This  resulted  in  leposition of 
valley reaches,  glaciers were isolated  from  source :cas 

hummocky ground  moraine  comprising  Mation  lill. 
Kames, eskers,  terraced  spillways anc meltwzter 
channels  formed  near to these  moraines ar d indicatc  a 
complex pattern of ice retreat.  Meltwater  dr  tined firs1 to 
outlets  at  Side Bay, Klaskino  Inlet,  Klootc  ilimmis  and 
Cleagh necks,  and then by suplaglacial  chaimels  formed 
on remnant  glacier lobes in Quatsino Sou,ld and S d e  
Bay  to ice-free  areas of the  continmtal sht:lf. 
Glaciofluvial  and  glaciolacustrine  deposits #ere graded 
to local  base  levels at 210, I%!, 90, 60 a n i  30 metws 
elevation. Base levels  relate to five  pmgres!  ively  lower, 
stable  ice-surface  elevations  during  retreat  (Figure 5A- 
D), and not marine  incursion  limits  attrihutvd to glac~o- 
isostatic  depression (cJ Howes, 1983;  Luter  iauer et ~ l . ,  
1989). 

areas  were  inundated to a maximum  depth of 20 metres 
In coastal  regions,  glacio-isostatical  y deprt-ss:d 

above sea level. In these a rea ,  glacial m d  deglacal 
units were locally reworked  and  subsequentl) exposed :y 
rebound  during  the Holmme.  Temesoial gla.zi;ll 

redeposited.  Elsewhere,  glacial  deposits were  modified in 
sediments on slopes were extensively rem(  bilized ;mid 

situ through  pedogenesis.  Where underlying geology is 
dominated by acidic  Bonanza  Group volcan cs, podxls 
with distinctive  aluminum  and  iron-rich  B-horimn 
hardpans  developed (Bobrowsky and  Meldtum, 1994:8. 
Fluvial  deposits of variable  thickness wer; depositvd 
along  most valley floors, and  overlie  most  Ilder  units. 
Organic  deposit$ are  rare ,and restricted  to p o l  srly d r a i o f  d 
depressions  along  valley  floors. 

CONCLUDING REMARKS 

final field component of a  drift Imploration 1 'rogram 011 

Fieldwork  and  findings  in  this  paper present the 

northern  Vancouver  Island.  Although  detailed 

data  interpretation  remains  outstanding. =ombinin!: 
geochemical  and  lithological  sampling was undertakt:~~. 

sediments,  and paleoice-flow patterns  will  provide :, 
information  from  detailed  logging, miipping (1' 

powerful  interpretative  tool for these  data. 

ranked  Quaternary  deposits  described  in his paper 
To  facilitate  future  drift  exploratior, we hav? 

according to their  potential utility for  geoch5;mical an'j 

Proudfoot et al., 1994;  Table 4). Lodgement till (facies 
lithological  sampling (cf; Bobrowsky et XI., 1944; 

A), basal melt-out till (facies 8 )  and  some colh v i m  

Geological  Fieldwork 1994, Paper 1995-1 4:; 



TABLE 4 DRUT SAMPLING MATRIX 

~ ~ 

Drift  Sampling I I1 111 N 
Categarya 

V 

Terrain 
Unitb 

Facies 
Unit 

Drift 
Thickness 

Transport 
Distance 

Derivative Phase 

Genetic 
Interpretation 

Geochemical  and 
Pebble  Sampling 
Interpretation 

Mv 
R 

c v  

B 
A 

D 

< l m  

10s of metres 

1st 

Veq Easy 

V e q  Easy 

Mb 

CvM 
Cb 

A 
B 
D 

> I m  

10s to 100s 
of metres 

1st  

Easy 

Easy 

Mx 

MhlM 
cx 

A 
B 
D 

CIA 

c IOm 

10s to IOOS 
of  metres 

2nd 
1st 

Moderate 

Moderate 

FG 
F 

E 
G 

< 10m 

10s to 1000s 
of  metres 

2nd 
3rd 

Difficult 

Difficult 

ui 
W 

F 
H 

< 10m 

10s to 1000s 
of metres 

3rd 
4th 

V e q  Difiicult 

Very  Difficult 

a Drift  Sampling  Category. I - very  high; 11 - high; ID -moderate; IV - low : V - very  low. 
Categories  refer to their  potential utility, or favourablity  for  drift  sampling  based on: the 
type of  facies and terrain unit drift  thickness  and  proximity  of  units lo parent  material or 
bedrock transport  distance  and  transport  direction;  derivative  phase (cf. Shilts, 1991); and 
ease of  interpretation of data (cf. Bobrowsky er ai.. 1994: Pmudfoot d ai., 1994). 

- glaciolacusbine  sedimenls; F - fluvial  sediment; U' - marine  sedimenl.  v - veneer (< 1 m); b - 
blanket (> 1 m); x - complex or combined  units;  h - hummocky. Mh/M - upper  unit (Mb) 
stratigraphically  overlies  lower  unit  (M) ; CIA - upper facies (C) straligraphically  overlies  lower 

b  Terrain  units  (after  Howes  and  Kenk, 1988). C - colluvium: M - till; FG - glaciofluvial  sediment; LG 

facies (A) 

(facies D) represent first derivative  products of erosion 

histories (cf. Shilts, 1993). Where  these  deposits  fonn 
and  deposition  with  relatively  simple  and  short  transport 

thin  veneers  over  bedrock  (Mv,  Cv), they rank as highly 

4). The second  category of favourable  deposits  (categoty 
favourable  deposits  for  drift  sampling  (category I; Table 

melt-out till (Mb),  colluvium  (Cb),  and  colluvial  veneers 
11; Table 4) includes  blanket  deposits of lodgement  and 

overlying till (CvIM).  Moderately  favourable  deposits  for 
sampling  (category 111) include  complex  sedimentary 
units  (e.g.  Mx,  Cx, "v i ) ,  comprising  basal tills, 
colluvium  and  ablation till (facies C). Less favourable 
deposits  (category IV; Table 4) include  glaciofluvial 

deposits form thick  sedimentary  units (FGb, Fb) with 
(facies E) and  fluvial  sediments  (facies G). These 

transport  distances  ranging  from  tens to thousands of 
metres  (Table 4). Thud and fourth derivative  products 

are  represented by glaciolacustrine  (facies €9 and  marine 
sediments  (facies H). They f o m  simple  sedimentary  units 
(LGb, Wb), but  because of complex  histories  and 
potentially  long  transport  distances, they are the  least 

recommend  that  future  exploration in  the  map  area focus 
favourable  sampling  media  (category V; Table 4). We 

on drift sample  categories I and 11. 
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40Ar/39Ar GEOCHRONOMETRY OF IGNEOUS  ROCKS  IN  THE 
QUATSINO - PORT MCNEILL MAP AREA, NORTHERN VANCOlJVER 

ISLAND (92L/12,11) 

By D.  A. Archibald, Queen's University and G. T. Nixon, Geological Survey Bm nch 

Keywords:  geochronometly, Ari"Ar dating, Island 
Plutonic  Suite,  Vancouver Island, Rupert Stock, Nahwitti 

Group 
Batholith, Glenlio3  Stock, Jurassic magmatism,  Bonanza 
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INTRODUCTION 

igneous  rocks  on  Vancouver Island have primarily used 
Previous  geochronological  studies  of early Mesozoic 

conventional K-Ar dating  techniques to broadly establish 
an Early to Middle Jurassic age for volcanic lithologies of 
the  Bonanza  Group  and  intrusions of the Island Plutonic 

example, some 24 K-Ar age determinations have been 
Suite. In the  Cape Scott (1021) -Alert Bay (92L) area, for 

made  on  mineral separates and whole-rocks (University 
of British Columbia  Geochronological Database) that 
span a range  from 184 Ma to 10s Ma or latest  Early 
Jurassic to latest Early Cretaceous  [according  to  the  time 
scale of Harland et al. (1990) and  using  dates recalculated 
with the new decay  constants recommended  by Steiger 
and Jager (1977)J. Even  though a considerable number of 

spread in  K-Ar  ,dates primarily reflects substantially 
samples  have been dated, it is presently unclear if this 

the  K-Ar  system or slow  cooling  following  emplacement. 
different  ages  of  emplacement, partial thermal resetting of 

Compounding  these uncertainties are systematic 
differences between the materials that were used to date 
the  volcanic  and  plutonic assemblages. All Bonanza age 
determinations  rely  exclusively on poorly characterized 
whole-rock  samples  whereas variably altered hornblende 
and biotite separaies  (commonly with impurities) have 

there is some  overlap of dates between the volcanic (105- 
provided  dates for the Island Plutonic Suite. Although 

163 Ma) and  plutonic (184-148 Ma) rocks, the 
predominantly  younger K-Ar dates obtained from the 

only.  This interpretation is necessary in order to reconcile 
Bonanza  are all considered to be  minimum (cooling) ages 

fossil data  which, in  all but a single  case (discussed later), 
have  established  an  early Sinemurian to late 

Group on Vancouver Island (cf: Muller el al., 1974). The 
Pliensbachian (middle Early Jurassic) age for the Bonanza 

widely  embraced  concept that Jurassic volcanism is 
contemporaneous with plutonism on northern Vancouver 
Island is thus  not  supported  by existing data. 

we  have begun to  apply 40Ar/39Ar geochronometry  to 
In order to hener  resolve  some  of these uncertainties, 

selected rock suites to try to obtain more precise data 
concerning the  age  of pluton emplacement  and  the late 
thermal history of  the region. In this preliminary report, 

Figure 1. Location of Quatsino-Pori McNeill map area. 
____ ~~~~ 

we present "Ar/"Ar age  spectra  for intru! ions of t l e  

area. The  samples were collected as  part  of the regiord 
Island Plutonic Suite in the  Qualsino - Port hlcNeill map 

mapping  component  of  the  Northern Vancc uver Island 

hornblende and biotite-bearing granitoids from  tlle 
integrated project (Nixon et d ,  1994). Th1.y represent 

Nahwitti batholith, and the Glenlion and Rupc rt stocks, a s  
well as a high-level hornblende-phyric  dike i itmding  the 
Bonanza Group. The "Ar/"Ar age  data  rep jrted  below 

recently documented fossil occurrences and other new 
are combined  with existing K-Ar  and  Rb-Sr datc:;, 

sulphate-altered volcanic  rocks of the  Bonlnza G r o ~ ~ p  
Ar/"Ar age  spectra for hydrothermal  minerals in acid 

(Panteleyev et al., this  volume) in order  to re-examine 
temporal relationships between Jurassic plutonism m i  
volcanism in northern Vancouver Island. 

40 

GEOLOGICAL SETTING 

Vancouver  Island  were recently summarized :)y Nixon ~ ' f  
The tectonic  setting and regional geology  of  northem 

al. (1994). Briefly, the oldest stratigraphic  co~nponentr; '11 
the Quatsino - Port  McNeill areal are  the Up )er Triarsi': 

subaerial sequence  of tholeiitic flood basalts :Karmutsc'n 
Vancouver Group, which conssts  of a submarine ':I) 

mudstone  (Quatsino Formation) and overlai,i by thin :i 
Formation) capped by thinly bedded to  missive l i m  

bedded  and intercalated calcareous  to no~calcareo~~s 
siliciclastics and micritic limestone. The Up1)er Triassi,: 

Jurassic sequence  of  submarine to subaerial,  mafic 'I) 

lithologies are  succeeded  upwards  by a tl ick Low8:r 
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felsic arc  volcanic and sedimentary rocks of the Bonanza 
Group.  These  older strara are unconformably overlain by 
an uppermost Jurassic(?) to  Cretaceous marine and 
nonmarine  succession OF fine  to  coarse arc-derived clastic 
rocks. Intrusive rocks  comprise  stocks and batholiths of 
the Island Plutonic  Suite and their associated porphyritic 
phases, and  mafic to felsic dikes and sills of Karmutsen, 
Bonanza and Tertiary age. The geologic  elements  of 
Vancouver Island form  the southern tip ofthe Wrangellia 
tectonostratigraphic  terrane which extends  northwards 
through the Queen  Charlottes into southeastern Alaska. 

SAMPLE  DESCRIPTIONS 

of this dating  study. Descriptions of these intrusions are 
Granitoids  of  the Island Plutonic Suile are the focus 

provided by Carson (1973), Muller el a/. (1974). Cargill 
et a/. (1976), and Nixm et al. (1994). The rocks are 
generally medium-grained, equigranular hornblende- 

monzodiorite and  granodiorite  (nomenclature after Le 
bearing diorite and quartz diorite, monzodiorite to  quartz 

Maitre, 1989). Propylitic and argillic alteration 
assemblages  and skarn mineralization are locally  well 
developed. Importapt porphyry  copper-gold 
mineralization occurs  at  the Island Copper mine  on 

(Figure 2 ) .  
Rupert Inlet and at Red Dog and Hushaniu farther west 

Sample  93GNX25-2  comes from the southern margin 
of the Nahwitti batholith. This body is exposed  north of 
Nahwitti Lake  and extends  to the north coast of the Island 
(Figure 2). It is a coarse  to medium-grained (2-6  mm) 
equigranular  hornblende-biotite  quartz diorite to  quartz 
monzodiorite  containing 5% or  more modal quartz and 
about IO to 20% hornblende. A marginal zone up to a 
kilometre  wide  contains subequal proportions of biotite 
and  hornblende  and  sparse xenoliths of feldspathic 
amphibolite.  The  plagioclase in this sample is moderately 

and free  of  inclusions; and biotite is typically well 
saussuritized; hornblende is weakly chloritized, unzoned 

chloritized with oxides  accompanying chlorite along 
cleavages. 

The Glenlion  stock is exposed in roadcuts along the 
Holberg - Port  Hardy road and in the headwaters  of 
Glenlion Creek. It is a medium to coarse-grained, 
equigranular  to  weakly porphyritic (<7 mm) hornblende 
diorite with intrusion breccias (agmatites) containing 
xenoliths  of variably pyritized and silicified Karmutsen 

of  hornblende  and  feldspar is developed locally  within the 
lavas at its margins. Rare centimetre-scale modal layering 

93GNX7-4 has weakly sericitized feldspars, fresh 
stock in zones up to several metres wide. Sample 

poikilitic hornblende that includes all the other minerals, 
.and somewhat chloritizecl biotite. 

The Rupert stock is a medium to coarse-grained, 
equigranular  to porphyritic granodiorite containing up to 
30% modal quartz, 60% feldspar, about 1 0 %  chloritized 

eastern part  of the intrusion locally exhibit intense argillic 
biotite and trace  amounts of hornblende. Outcrops in the 

alteration. The westnorthwest-trending quartz-feldspar 
porphyry  dike  (100-150 m wide) that hosts  porphyry 

copper-gold mineralization at  Island Copper is con idered 
to be  an offshoot of the Rupert stock. C  Iarsely 
porphyritic dikes  of  quartz (<I .5 c n ~ )  and plagioclkse (il 
cm), rarely accompanied  by hornblende ( ~ 1 . 5  cn ) with 
hiatal to seriate textures are also  found south\'est  of 
Quatse Lake  and  on Rupert Main log:ing road so rtheast 
of Rupert stock. Sample 93GNX9- IO contains SI verely 
altered feldspars, biotite is extensively chloritized (> 50 
vol. %) and minor hornblende is altered to  chlor te  and 
carbonate. 

apophyses of Island Plutonic Suite granitoid;,  are 
Hornblende-bearing porphyritic dikes and sills, 

widespread in the Bonanza Group and  Upper Iriassic 
sedimentary succession.  Sample 93GNX18-6.: was 
collected from a coarsely porphyritic dike-sill ccmplex 
containing large ( 5 2  cm) euhedral hornblende crys als set 
in a fine-grained quartzofeldspathic groundmass.  ,lxcept 
for a weakly chloritized rim, the amphibole  cryst 11s are 
unaltered, and  unzoned  and free of inclusions. Soft- 
sediment deformation structures and, locally, 5 flow 
breccia occur  at  the margin of thls dike-sill colnplex, 
which intrudes thinly bedded  intra-13ananza sedimentary 
rocks. 

40Ar/39Ar ANALYTICAL METHODS 

magnetic separator, heavy organic liquids and, where 
Mineral separates were prepare(l using a 'rantz 

appropriate, hand-picking. Samples an'3 I5 flux m( nitors 
(standards) were irradiated with fast nzutrons in pc sition 
5C of the McMaster nuclear reactor (Hamilton, 01 tario) 

the irradiation container,  and J-values for indi  iidual 
for 29 hours. The  monitors were distributed throt ghoul 

samples were determined by interpolation. 

monitors  were  done in a high-purity 5ilica tube, I eated 
Step-heating experiments and analysis o ' the 

using a Lindberg tube furnace.  The bakeable, ultri -high 

operated on-line  to a substantially mosiified,  A.E.1  MS- 
vacuum, stainless-steel argon extraction syste n is 

mass-spectrometric ratios were extrapolated to zero  time, 
10 mass-spectrometer run in the static mode. Mezsured 

corrected to an  4oAri)6Ar atmos heric ratio of 295.:, and 
corrected for neutron induced A r  lrom potassiun, and 

Ar  and  Ar  from calcium. Dates and  errors were 
calculated using formulae given by  Dalrymple ' I  al. 
(1981), and the decay constants recommended by S eiger 

the procedures of Hall (1981). The  errors given in Ti ble 1 
and Jager  (1977). Inverse isochrons were calculated using 

were  used to plot the  age spectra shown in Figures 3 and 
4. Errors represent analytical precision at the 2 0  lerel  of 
confidence,  assuming  no  error in the J-balue. 

E 
IU 36 

RESULTS 

three hornblendes, three biotites and 3 plagioclas~, are 
Analytical data for seven mineral separates incl lding 

listed in Table I and  shown as  age  spzctra in  FigL,res 3 
and 4. Inverse isochrons for selected  experiments are also 
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Figure 3: ''ArI''Ar results  of  step  heating  experiments for  hornblende.  The  horizontal,  dashed line on the  age  spectra is the  plaffau 
segment  date  (see  Table I )  and  indicates  which  steps  were  included in the  age  calculation.  The  heavy  dashed  line on the  "Ad  Ar 
inverse  isochron  plot  for 93GNX25-2 hornblende  is  the  best-fit  line  through  the  solid  crosses;  the  size of the  crosses  is  an  indication of 
the 20 error  associated with the  ratigs  for  each step.  Crosses with dotted I@ were not included in the  age  calculation.  The  solid  line 
connects  the  best-fit,  inverse  "Arl  Ar  ratio  to  the  inverse  atmospheric  Ar/l6Ar  ratio.  The  near-correspondence of the  two  lines 
indicates  that  this  hornblende  does  not  contain  excess  argon. All quoted  errors  are  at  the 20 level of confidence. 

plotted. All data  are  shown with 20 e y r  bars. Table 1 
also  contains  the ratios used to calculate Ad9Ar  inverse 
isochron (correlation)  ages. 

HORNBLENDE 

The three hornblende  separates yield well defined 
lateaus or plateau  segments  for  more than 70% of  the 

abundances (<0.4% K). 
Ar released, in spite  of  their low estimated potassium 

Hornblende from the  Glenlion  stock  (93GNX7-4) has an 
integrated date  of 170i l  l(20) Ma.  The three largest 

P9 

steps, accounting  for 70% of the 39Ar released, yield a 
plateau date of 176+3(2u)  Ma.  An  inverse isochron for 
this sample  yields an identical date  and  reveals no 
anomalous initial argon. The best estimate of the  cooling 
age for hornblende in this  rock is considered  to  be  the 
plateau date of 176+3(20)  Ma. 

batholith (93GNX25-2)  has an integrated date  of 165+5 
Hornblende  from  the  southern  part  of  the  Nahwitti 

Ma and a well  defined, seven-step plateau for 82% of the 

inverse isochron date (166i8 Ma) agree  and  there is no 
Ar released. The plateau date (166i4 Ma) and  the 

indication of  excess argon despite  the  low  estimated 
potassium content (ca. 0.2% K). The plateau date is 

39 
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Nahwitti Batholith 

Rupert  Stock 
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" 0  Fraction 39Ar 
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io L ' I 
n o  Fraction 39Ar I "  

Figure 4: 'oArl'9Ar  results of step  heating  experiments  for  biotite  and  plagioclase.  The  40Arl'vAr  inverse  isochron  for 93Gb X25-2 

errors  are  at  the 2 0  level of tconfidence. 
biotite  indicates  that this sample  contains  excess  argon with an  initial  'OAr1l6Ar  ratio  much  greater  than  atmospheric  argon. 1 )uoted 
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considered  the  best  estimate  of  the  time of cooling of the 
southern part ofthis batholith. 

(93GNX18-6-3)  intruding  the  Bonanza  Group has  an 
Hornblende  from  a  hornblende-phyric  dike 

integrated  date  of 167+13 Ma . However, the two highest 
temperature steps yield  a  plateau  date  of 177i6 Ma. The 
data  yield an inverse isochron age of 176+6 Ma and 
suggest that this  low-potassium  amphibole  contains initial 
argon  with  a non-amospheric ratio. The  plateau  date  of 
l77 i6  Ma is considered  the  best  estimate of the  age  of 
this  dike. 

BIOTITE 

The three biotite separates  contain  appreciable 
intergrown chlorite which is believed to be responsible 

(<3% K). The  heating  experiments yield distinctively 
for their anomalously low estimated  potassium  contents 

hump-shaped  age spectra. Following  Ruffet et al. (1991), 
only  the  "shoulders"  of  the  hump were used to calculate 
the  plateau  segment  date  which is taken as a  maximum 
estimate  of  the  cooling  age  for biotite in these rocks. 

Biotite from ,the Glenlion  stock  (93GNX7-4)  has an 
integrated  date of' 173+4  Ma.  The  plateau  date and the 

at 174+3 Ma and  17319 Maj,respectively. The 174+3 Ma 
inverse  isochron  date  agree  within analytical uncertainty 

the  best  estimate  of  the  cooling  age for this biotite. 
plateau  date  for  48%  of  the Ar released is believed to be 

Biotite from  the  Rupert  stock  (93GNX9-10) yields an 
integrated  date of 174i2 Ma. This spectrum  bas  the 7:s' 
oronounced huma-sham and  onlv  24%  of  the Ar 

components of initial argon  and yielc s a poorl). 

this sample is regarded as the  plateau  date of 156-tI 1 hla. 
constrained  date  of  141+38  Ma.  The  best  ccoling age FOI. 

SUMMARY OF msucrs AND 
DISCUSSION 

insight into the  thermal history of the regi m and place 
The "Ar/"Ar results presented her,: give  scme 

certain constraints on the  age  of  invusion. The 
hornblende  separates typically yield  the  best  plateau dmes 
whereas  the biotites give  more  complex Irgon-release 
spectra. 

(17453 Ma) in the  Glenlion stock are analytically 
The dates for  hornblende (176*3 Ma I and biotite 

indistinguishable  and  suggest  rapid coo l ig  circa 175 Ma 
from  the closure temperature  of hornblende (ca. 500'C; 
McDougall  and  Harrison, 1988) through  the clcwre 
temperature  of biotite (ea. 3OOOC; Mcllougall md 
Harrison,  1988).  This is consistent wit11 the snlall 
apparent size of this body and the relatively ;hallow level 
of  emplacement. The latter ohsarvations alsc suggest that 

younger  plagioclase  date (156+11 Ma) is lot prestatly 
intrusion occurred circa 176  Ma.  The signif cance 0.F the 

clear. It may indicate an episode  of  Late J~rassic, I c ~ w  
temperature  thermal  overprinting that woulc presuma:,ly 

metamorphism in the area, or  slow coolillg followng 
reflect the zeolite to prehnite-pllmpellyite facies regiorlal 

emplacement  through  the  imputed  closure te nperature of 
plagioclase (ca. 225°C; McDougall  and Ha  Tison, 1938, 
"" ", 

;eleased defines  ;he  sioulders  of ;he hump.  The three The  hornblende  (166+4 Ma) and biotite ~ 165i18 Ma) 
steps involved  define  a  plateau  date  of  17755  Ma.  A  poor dates for the part of' the Nahwiai 

the  plateau  date  which is considered to he  a  maximum orecludes firm conclusions reearding the 
inverse  isochron  date  of  179+27 Ma is in agreement  with concordant, but the imprecision of the biotite dzlte 

pagc L1).  

. ~~. . . .  . 
cooling age tor biotite In this pluton. 

Biotite from  the  southern margin of  the  Nahwitti 
batholith (93GNX25-2) yields an integrated date  of 
176i4 Ma.  This  date is I O  Ma older  than  the  hornblende 
date  for  the s a m c :  rock.  The  spectrum  bas an extreme 
hump-shape  and  only one step defines  a  plateau  segment 
date  of circa 167 Ma.  The fact that biotite and  hornblende 

normally  observed suggests that the biotite contains 
i n  this rock show a reversal of the age  discordance 

excess  argon. An inverse  isochron  (Figure  4)  for the 
biotite supports this conclusion  and  reveals two- 
components  of initial argon. Most of  the steps with dates 
greater  than  the  hornblende  date plot on a line with an 

Ma.  This  date  is analytically indistinguishable  from  the 
initial 4oAr/i6Ar ratio of 1099 and yield a  date  of  165+18 

hornblende  date O F  166*4 Ma and is  the preferred biotite 
cooling  age  for this part of  the batholith. 

L 

emplacement  cooling history of this  part of  he intrusiam. 
The  dates are, however,  consistent  with the fairly rajlid 
cooling  deduced  above  for the Glenlion stocj; and neiti~er 
spectrum  shows  evidence  of later thermal w q r i n r i y q  
Conventional K-Ar dates on homhlende (15*i+8 Ma) 2nd 
biotite (166*6 and 171+6 Ma) were also o'>tained from 
samples collected at the  southern  margin  of the Nahwitti 
batholith (data  summarized by Muller et ai., 1974. T h e  
determinations are comparable to ours. 

The  age  of  the  Rupert  stock is prcblematic. A 
previous K-Ar determination  yielded  an apl arent biotite 
cooling  age of 156+6 Ma, significantly yourger than  our 
date  (Muller et al., 1974). In addition, a Rh-S ' whole-rc  ck 
isochron date  of  180120 Ma (Universit] of  Britkh 
Columbia  Geochronological  Dalabase)  has  h :en obtaired 

mine that amears to be  a lateral offshoot c f  the RUDFT~ 
for  the  quartz  feldspar  porphyly  dike at the I: land Copper 

- 

stock. Althdigh the Rb-Sr  isochron date  would  generally 
be preferred as the  age of emplacement,  tne analytizal 
uncertainty is considerable.  The  maximum atoling age of 
biotite (1741-2 Ma), as estimated  from a 1  extrerndy 

Plagioclase  from  the  Glenlion  stock  (93GNX7-4) has hump-shaped  age  spectrum,  could  conceival tly be of' 'he 
an integrated  date  of 156+10 ip and  a  plateau  date  of order of I O  Ma greater than  the  hornblende  cooling q:e 
lS6+11  Ma  for  73%  of  the Ar released. An inverse for this rock  if the doAr/'9Ar systematics a'e similar to 
isochron  (not  shown) for this experiment  reveals two those  observed  for biotite in the  Nahwitti batlolith. These 

PLAGIOCLASE' 
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considerations  would  loosely  constrain  the  age  of 
intrusion of  the Rupert  stock to be  between about 180 and 
160  Ma. 

The  hornblende  date (177i6 Ma) for the  porphyritic 
dike  supports  the  contention that these  rocks are higher 
level equivalents  of  the  Island  Plutonic Suite. Because  the 
hornblende  porphyry  was  emplaced as a  quickly chilled 

their complete lithification, the hornblende date is 
dike in thinly bedded  intervolcanic sandstones prior to 

regarded as a  good  approximation to the  age  of 
emplacement  which  may  well  have  occurred  while 
younger strata within  the  Bonanza  Group  were still being 
deposited  (discussed  below). 

In summary, in the  Quatsino - Port  McNeill  map 
area, Ad9Ar age  spectra of mineral  separates from 
granitoids  of  the  Island  Plutonic  Suite  provide  evidence 
for two distinct ages of emplacement, circa 176  and  166 
Ma. Biotite and  hornblende  dates are essentially 
concordant  and this is consistent  with  rapid  cooling  over 

There is no  evidence in the  spectra of post-Jurassic 
the approximate  temperature interval 50O0C to 300OC. 

thermal  overprinting  and it appears that chloritization of 
biotite occurred  soon  after  emplacement. In fact, a 
significantly younger  plagioclase  date (ca. 156  Ma) in 

to prehnite-pumpellyite grade  regional metamorphism. 
one of the  older  plutons may  represent  the close  of zeolite 

Although  not  conclusive, it does seem that certain dikes 
intruding the Bonanza  Group are apophyses  of  some of 
the plutons. 

Finally, it is worth  noting that the Ar/”Ar step- 
heating  experiments  demonstrate  the  existance  of  excess 
argon in some  samples,  implying that previous  K-Ar 

K-Ar biotite and  hornblende  dates in the region. Two K- 
dates  must be used  with caution. There are several  other 

Ar determinations  on biotite from  Hepler  Creek  and  the 
northern  margin of the  Wanokana batholith underlying 
the central part  of  the  map  area  between  Holberg Inlet and 
Nahwitti  Lake,  yield  dates of 14815 and 16115 Ma, 
respectively (cf. Muller ef al., 1974). In addition, 
Panteleyev  and  Koyanagi (1994 and this volu$e) e 
reported  a  new  K-Ar  date  of 168*4 Ma  and  a AI/ Ar 
date of circa 173 Ma  for  hornblende $m&he northern 
margin of this batholith, as well as a Ar/ Ar. date  of 
circa 172  Ma  for  hornblende  from  the  Hushamu  area 
Figure  2).  In light of  the  preceding interpretations of  the 

“Ar/”Ar  age spectra, the  hornblende  dates  might be 
expected to yield  the  best  approximation to the actual age 
of intrusion. Thus it would  appear that emplacement of 
the  Wanokana  batholith  occurred  between  the  two  ages  of 
intrusion recognized earlier. 

40 

40 

HOW YOUNG IS BONANZA 
VOLCANISM? 

seem to be younger  than  the  volcanics  based on the 
We  alluded earlier to the fact that Jurassic granitoids 

disparate  ages  provided by isotopic dates  for  the Island 

Cretaceous) on the  one  hand,  and  paleontological  control 
Plutonic  Suite (ca. 184-103  Ma;  Toarcian to mid- 

in sedimentary  rocks of the  Bonanza  Group  (Sinemurian- 

Pliensbachian;  203-187  Ma) on the other. This 
discrepancy  may be more  apparent than real, as discussed 
below. 

Recently,  Haggart  and  Tipper (1994) identified 
marine fossils from  the  Bonanza  Group that were 

Outcrop in this area is scarce, but  regional  mapping 
collected in a  quarry  east  of  Rupert Inlet (Figure  2). 

reported by Nixon et a/. (1994) and  Hammack ef al. 
(1995) places this locality near  the  base of the  Bonanza 
succession  (and  possibly  within it). The  succession totals 
some several tens of metres of noncalcareous siltstone, 
shale  and  mudstone intercalated, in the  lower part of  the 
quarry, with crystal tuffs, and in the  upper part of  the 
quarry,  with lithic and crystal lithic tuffs with lapilli-size 
clasts of  predominantly  mafic to intermediate  volcanic 

the lower part of the  succession  and  include  ammonites 
lithologies. The  fauna  they identified were  collected  from 

and  bivalves that indicate a  middle early Sinemurian  age 
(ca. 200  Ma). 

Within the  basal part of the  Bonanza  sequence 
exposed in the pit of  the  Island  Copper  mine,  marine 

minor  flows(?)  have  yielded trigoniid bivalves of 
sedimentary  rocks intercalated with lithic-rich tuffs and 

These  marine fossil occurrences are the  youngest 
Aalenian  age  (Poulton, 1980; Poulton  and  Tipper, 1991). 

presently  known in the  Bonanza  Group  and clearly 
indicate that the  basal part of the  tuff-sediment  sequence 
extends into the earliest Middle Jurassic. 

suhaqueously  deposited basal  Bonanza tuffs and 
In the vicinity of the Pemberton Hills (Figure Z), the 

sediments  are  overlain by a  thick  succession of mafic to 
felsic subaerial flows  and tuffs with  minor intercalated 
sedimentary strata (Nixon et al., 1994). Although 
stratigraphic continuity  has  been  disrupted by intrusion of 
the  composite  Wanokana batholith, rhyolitic flow-dome 
complexes  and  ash-flow tuffs exposed in the  Pemberton 

Nixon et a/., 1994). This rhyolitic unit can be traced  east 
Hills appear towards  the top of the  succession (Figure 2; 

to the  shores of Holberg Inlet where  a  “Bonanza  andesite” 
collected by K. E. Northcote  yielded  a  whole-rock K-Ar 
date  of 1631-6 Ma (Bathonian).  This  “andesite”  is  a  finely 
crystalline hornblende-bearing  rock  with fairly fresh 
feldspars, and  although  associated with silicic volcanics, 
contact relationships were  not  observed so that it could be 
a  dike  (K. E. Northcote,  personal  communication 1994). 

reset by a later thermal  overprint  (University of British 
This  Middle Jurassic sample  was  considered to have  been 

Columbia  Geochronological  Database).  However, as 
discussed  previously, there is no  evidence  for  such  an 
event in the  doAr/39Ar  age  spectra  studied to date. While 
argon loss remains  a possibility, this  date fits stratigraphic 
assignments  and  may  indeed be valid. If this  rock is in 
fact part of  a dike, it would  place  a  minimum  age limit 
only on this part of  the  Bonanza  Group. 

a  arent youth of the Bonanza  Group in the  form of new 
Panteleyev ef al. (1995) also provide evidence for the 

‘ C d 9 A r  dates  for alunites that formed  during  acid 
sulphate alteration of the  Pemberton Hills rhyolite unit. 
The alunite age  spectra  are  complex.  Two alunites gave 

(latest Bajocian to earliest Callovian), and two gave 
maximum  plateau  ages  ranging  from circa 167 to 160 Ma 

58 British Columbia Geological Survey Branch 



significantly younger maximum ages  of circa 145-150 
Ma (earliest Cretaceous). The oldest dates  are  considered 
to represent  primary  hydrothermal  alunite that formed as 
a replacement of feldspar  phenocrysts and as  euhedral 
crystals in vugs,  whereas  the  younger alunites are all 
interpreted to bt: supergene.  Geological considerations 
suggest  that  the  acid  sulphate alteration occurred 
penecontemporaneously with extrusion of rhyolitic 
hostrocks,  and  may  also be linked to  emplacement  of 
certain members of the Island Plutonic Suite (Panteleyev 
and  Koyanagi, 1'394; Nixon et al., 1994). Although the 

known,  the prilnary alunite maximum plateau date is 
AI/"AI systematics  of  alunite  age  spectra  are not well 

consistent with a Middle Jurassic age  for  the upper part of 
the  Bonanza succ,:ssion. 

younger,  predominantly subaerial part  of  the Bonanza 
From the  preceding discussion, it is evident that the 

Group in the Quamino - Port McNeill area is younger than 

geochronological  data  currently  suggest that Bonanza 
Aalenian. The  available stratigraphic, paleontological and 

volcanism began 'In the  early  Lower Jurassic (Sinemurian- 
Pliensbachian) and  extended well into the Middle Jurassic 

the  Bonanza  Group would be equivalent in age  to  the 
(Bathonian or younger). Accordingly, the  upper part of 

youngest  members of the Island Plutonic Suite in the  area 
(ca. 166 Ma). Samples of rhyolitic lavas and ash-flow 
tuffs in the  Bonanza  Group  are currently being prepared 
for  U-Pb zircon geochronometry in order to further test 
these inferences. 
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40Ar/39Ar ,4GES OF HYDROTHERMAL MINERALS IN  ACID  SULPHATE- 
ALTERED  BONANZA  VOLCANICS, NORTHERN VANCOUVER ISLAND1 

(NTS 92L/12) 

By Andre Panteleyev, Geological Survey Branch 

Peter H. Reynolds, Dalhousie University 

and Victor M. Koyanagi, Geological Survey Branch 

.- 
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hydrothermal alteration, rhyolite, Vancouver Island, 
alunite, acid sulphate, Island Plutonic Suite, 'OAr/19Ar 
dating 

INTRODUCTION 

The occurrence of acid sulphate, advanced argillic 
alteration in extensive  zones within Bonanza volcanic 
rocks in Northern Vancouver  Island has been long known 
(Clapp, 1913, 1915). The alteration zones have been 
examined  at various times for their precious and base 
metal potential as well as for sources  of various industrial 
minerals. The most extensive recent exploration has been 
camied out to  the north of Holberg Inlet and west of 
Island Copper  mine (Figure 1) by  BHP Minerals Limited 
and associated conipanies, and  in the recent past by BHP 
Minerals' corporate predecessors. Ministry work in the 
belt of altered Bonanza rocks has been conducted since 
1991, primarily I:O investigate relationships between 
subvolcanic  intmsrons  and related, high-level advanced 
argillic alteration. This setting is considered to he 
'bansitional'  hetwceo porphyry copper and epithermal 
environments. This work has been discussed by 
Pantcleyev (1992) and Panteleyev and Koyanagi (1993, 
1994). The 40Ar/39Ar data reported here provide ages for 
hydrothermal minerals in altered rocks within the belt of 

west of Island Copoer mine. If the hydrothermal minerals 
Bonanza rocks to the  north of Holberg Inlet  and to  the 

ages should be sinlilar to that of the Bonanza (rhyolite) 
are products of subvolcanic hydrothermal activity, their 

hostrocks and the mpposedly coeval Island intrusions. A 
conventional K-Ar date obtained on hornblende from the 

Plutonic Suite, is 168?4 Ma (Panteleyev and Koyanagi 
Mead Creek stock, a typical  intrusion of the  Island 

Ar method in which samples are irradiated  with  fast 
The40Ar/'9Ar dating technique is a variation of the K- 

neutrons to convert I9K to sqAr.  The argon is extracted by 
incremental step-heating to fusion, and  the resulting gas is 
processed much as in the conventional K-Ar technique. 
Cumulative I9Ar released  and apparent age are presented 
in the form of age spectrum plots (Figure 2). A 'plateau 
age' is defined by cantiguous steps that together comprise 
more than 50% of  the total s'Ar gas released, provided 

( 1  994). 
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that they exhibit no diffeences in apparent ,tge  beyold 
that expected from experimental uncertair ty. Detail:d 
discussions of  the 'OAdS9Ar method, among r81any, are Ihy 
Lanphere et al. (1981), Parrish and Rodcick (1985), 
McDougall and Harrison (1988) m d  Reynold: (1992). 

SAMPLING AND ANALYTICAL 
METHODS 

The sample suite includes two hornblendes, csne from the 
Seven samples were selected for 'OAd9Ar dating. 

copper-mineralimd Hushamu stock (91AP12/19),  and the 
other from the  Mead Creek stock (92AP3/'-7) locatwi 
about 3 kilometres to the northeast; a hydrotl ermal mica 
from the Hushamu stock; and four alunite  <oncentr~.tcs 
from acid-leached rhyolitic Bonanza volcanic rocks  in t l e  

The alunites exhibit differences in their  applmance iud 
Pemberton  Hills and southern Mount McIntos I (Table 1). 

habit. Two of the samples (92AP-EC-150 and  92AP1514- 
73a) contain well crystallized, euhedral ;:rains, OII,: 
formed as  vug fillings, the other as  .rephcement  of 
feldspar phenocrysts. The other 1wo are earthy, compact, 
white to pink in colour  and occur in patches a td irregular 
masses as replacements of  porow bedded roc cs and win 
fillings. The differences in habit of hyFogene and 
supergene alunites have been outlined by Sillitle (1994). 

Clean mineral concentrates were prepared for all 
samples and purity was checked by X-ray alalysis. ,411 
argon isotopic analyses were  made using a VC 3600 ma:;,$ 
spectrometer coupled to an internal tantalun resistance 
furnace of the double-vacuum type.  iornblence 

t .I 

ldegroot
New Stamp



TABLE 1: "Ar/"Ar  SAMPLE DESCRIFTIONS 

sample m z a n e 9  Lacation Mineral 
Number East@ Northing Analyzed 

Description 

91APl2/49 ."" 
91AP-l2/50  581000  5614660  Hushamu  stock  sencite. quam bleached  and  clay-altered  fault zone in pyritic 

92AP-EC-I50 ----- 

."" Hushamu  stock  hornblende  Hushamu  stock,  possibly  dike 

1700  Road 
Sourh McIntosh  alunite,  minor  topaz  DDH  EC-150, South McIntosh  drill care, ."" 

zeolite-rich  diorite,  sencite  mineral  separate 

silica rack with alunite-filled vugs. (collected 
by I. Fleming) 
thin-bedded  Nffs,  pinktan  patches  along  bedding 

hydrothermal  overprint; pink, massive, 
relict  Nffhreccia.  massive  silica 

earthy,  fracture  filling is alunite 
92AP1514-73a  585166  5610046  West  Youghpan  Creek  alunite  clay-altered  basalt.  remnant  feldspars,  breccia  at 

92AP3/1-7  583839  5615892  Mead  Creek  stock  hornblende 
hase of silicified  knob 
hornblende mineral separate  from  fresh  diorite 

*This age correspands lo a 168i4 canvenlional K-AI  dale  (Panleleyev  and  Koyanagi, 1994) 

92AP1511-71B 585999 5609291 YoughpanCreek alunite 
92AP1512-72B 585758 5609490 Youghpan  Creek alunite 

o IO 2n 30 40 so 60 70 80 90 

% "Ar  RELEASED 

o IO zn 30 40 50 60 70 80 90 100 

% 3qAr  RELEASED 

91AP 12/50 SERlClTE 
Hushamu Stork 

EA. = l70f2 Ma 

Inn  
0 10 20 30 40 50 60 70 SO 90 100 

% 39Ar RELEASED 

J 
Figure 2. Age  spectrum  diagrams and 37A1i'~Ar ratio  plots.  Half-heights of open  rectangles  designate  the Iu relative  (between-step) 
uncertainties. Age  spectra  for  the two well-crystallized  alunites are stippled. FA. indicates  'plateau  age'; M.A. is maximum  age of segment. 
All errors are quoted at the 2olevel of confidence. 
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TABLE 2: ANALYTICAL DATA 
T e m p T  mV1'Ar %"Ar AGE (Ma) AGE +I- %ATM "Ad'Ar "ArrOAr "Arf'Ar %nc 

750  ltt.8 8.3 120.8 
900 :i. I 2.0 116.9 

2.1  33.2 1.87 0.001125  0.022353 0.59 
11.3 

950 
56.6 

:,.7 1.8 139.5 
5.70  0.001918 

16.8 58.6 12.53 0.0019X4 
0.015000  1.86 

975 
0.011936 

:..9 1.4  164.8 30.5 48.6 
3.55 

IO00 
10.49 

7.6 3.8 l55.0 
0.001646  0.012453 

6.7 38.1 
2.61 

1025 2Cl.6 10.2  2.1  22.0 
9.16 

167.3 
0.0012!11 0.015992  2.39 

9.62 
I050 2 m  10.0 

0.000747  0.018605 
173.8 1.8  13.6 

2.36 

1075 
9.38 

19.7 9.8 172.4 1.4 9.06 0.000409 0.020341 
0.000463 0.019801 

12.0 
2.24 

1100 54.9  27.3  171.7 
2.17 

1.0 
1125 

7.7 
I C . 1  5.0 

8.86  0.000262 
175.3 3.9 21.6  9.19  0.000732  0.017817 

0.021425 2.13 

1200 16.0 8.0 172.8 2.7 
2.18 

1275  17.2 8.5 177.3 2.7 9.84 0.001057 
24.8 
31.2 

9.54 0.000840  0.017351 2.28 

1350 
0.015446 

6.4 3.2 287.2  13.8  54.7  10.99  0.001853  0.006081 1.83 
2.31 

Smple 91AP12149 Hornblende 
". 

Total Gas Age = 169.5 %In: J = 0.02321 
Sample 91AP12i50 Srrkitc 

~~ " 

550 52.8 2.1 170.9 0.9 
600 

7.8 
76.8  3.0 167.7 0.9 

0.00 0.000266  0.020462 0.00 

660 
5.7 

213.11 
0.00 

8.5 
0.000195 

169.3 
0.021347 0.011 

0.8 1.8 
700  276.8 

0.00 0.000063 
I1.0 171.1  0.8 

0.022002 0.011 
1.8 0.00 

750  474.0 18.9 171.5 
0.000063  0.021771 0.011 

780  362.2  14.5 171.1 0.8 
0.8 1.0 0.00 0.000035  0.021899 0.01) 

1.3 
810 

0.00 
306  3 

0.000047 
12.2 169.4 0.8 

0.021876 0.01) 

850 
1.1 

334  2 13.3 168.2 
0.00 0.000040  0.022150 

0.7 
0.00 

1.7 
890 I83 6 7.3 167.6 0.8 3.1 0.00 

0.00 0.000059 0.022188 0.00 

950 105 8 
0.000l05 0.021971 

4.2 
0.011 

168.8  0.8  4.1 
1025  67  2  2.6  168.9 1.0 8.1 0.00 0.000274 

0.00 0.000139 0.021568 
0.020667 

0.011 

I100 27 9 1.1 161.8 1.6 
O.Ol! 

I200 146  
22.8 

0.5 173.6 
0.00 0.000772  0.018143 

4.6 
O.O(! 

34.7 0.00 0.001174  0.014266 0.00 

"_ 

Totnl Gas Age = 169.8 Mn; J = 0.002208 
Sample 92AP-EC-150 Alunite 

525 29,7 13.3 277.6 
550 47 0 

25.2  85.1 0.07 0.002882  0.001821 
21.1  143.6  1.5 

0.01 

575 
29.0 

92.6 
0.01 

41.6  151.2 
0.000984  0.017486 0.0[1 

0.8 
600 

9.8 
47.2 21.2 161.2 

0.01 
1.1 

0.000331  0.021072 
12.5 0.05 0.000423 

0.01' 

625  3.1 1.3 148.6  14.2  55.8 
0.019116  0.01 

0.70 0.001890 0.0l0502 0.11 ". 0.85 0.003479  0.010665 2.38 

~. ~. 

aoo 2.6 1.1 " 
_.. 

Total Gea Age = 167.3 fits: J = 0.002044 
Samplr92AP1Y1-71B .Alunite 

500 27.4  2.2 30.0 0.12  0.001016  0.023345 107.4 
525 

I .4 
30.9  2.5  120.2 

0.04 

550  181.6 14.8 
0.9 10.6 0.03 0.000360  0.026543 

129.8 0.6 
0.01 

2.7 0.02 
575 

0.000092 
610.9  49.8  145.3  0.6  0.6 

0.026706 0.00 
0.02 

600 
0.000021 

372.3 30.3 153.4 0.7 0.8 0.03 
0.024269 0.00 

0.000027 
625 0.7 0.0 

0.022885 0.00 
65.5  105.0 

700 2.3 
86.2 0.97 0.002919 

0.1 63.8  24.7 0.39 0.002941  0.007427 0.19 
0.007610 

86.9 
0.47 

Told Gas Age = 143.8 Ma; J = 0.002049 
Sample 92AP1512-72B Alunite 

" "~ 

- 

550 70:) 
575 

3.0 131.5 
604:1 25.8 128.5 

0.8 
0.6 

16.4 
2.1 

0.03 0.000557  0.022520 
0.01 

0.00 

600 1646.8 70.3 143.9 0.6 2.0 
0.000072  0.026998 0.00 

625  12.,1 77.3 3.0 
0.02 

0.5 
0,000068 0.024048 0.00 

57.0 
800 

0.46 
5.8  0.2  151.5 

0.001931 
22.4 

0.019970  0.02 
87.4 0.27 0.002959  0.002917  0.06 

~- "" ___ 

Total Gm Age = 139.2 Ma: J = 0.002039 
sample 92AP1514-13A iUvnite 
- .~ 

450 4.:!  0.2 
500 7.1) 0.4 131.0  6. I 52.9 

1.15 0.003546 
0.17 0.001792 

0.009063 1.57 
0.012743 

550 
0.04 

600 
9 6 9  6.5 166.0 1.4 10.0 0.09 

1044. 71.0 166.9 0.7 1.0 0.04 
0.000341  0.019033  0.02 
0.000035 

625 261.: 17.7 160.0 0.7 
0.020819 0.00 

5.3 
700 36.: 2.4 

0.04 0.000181 
139.6  2.5 

0.020819 0.01 
49.3 0.09 

1000 19.'' 1.3 54.2 0.21  0.002688  0.013738  0.12 
0.001670  0.012837 

4. I 
0.02 

19.4 
Total Gea Age = 162.8 Ma: J = 0.002041 
Sample 92AP3il-7 Hornbiende 

" 

." ... -. 

"_ " 

750 
900 

19.c 3.8 150.3 5.6 65.8  L52 
33.1: 6.7 

0.002227 
164.3 

0.008784 
2.6 39.6  1.25 

0.39 

950 11.1 
0.001342  0.014133 

2.2  160.3  4.9 
0.30 

46.1 
1000 13.5 2.7 159.0 

3.37 0.001560  0.012958 0.83 
4.7 48.5 

1025 29.4 5.9 
8.82  0.001642 

170.8  2.4 
0.012476 2.19 

1050 
31.2 

74.1 14.8 
12.24 0.001058  0.015467 2.88 

172.1 1.2 
1075  63.6 

20.0 
12.7 

12.07 0.000677 
168.9 1.2 

0.017851 2.82 

I100 
17.8 11.09  0.000606  0.018693  2.63 

46.8 
I I25 

9.4 176.5 1.2 
27.5 5.5 

11.9 
'173.1 

10.28 0.000405 0.019130  2.36 
1.6  17.2 

1150  21.1  172.5 3.0 
9.76 

4.2 
0.000583  0.018367  2.27 

23.1 
1200 38.6 7.7 

9.68 
1176.9 

0.000784  0.017100 
2.5 

2.26 
35.9 

1250 
10.90 

30.8 6.1 
0.001216 

179.9 
0.013896 2.50 

1325 
2.8 39.2 

50.3 10.0 ! 79.5 
11.60  0.001330 

2.1 
0.012933 

35.0  11.98 
2.62 

1400 
0.001187 

38.0 7.6 194.9 
0.013864  2.71 

7.2  68.7  11.71  0.002328  0.006110  2.49 
Total Gas Age = 173.5 Ma; J = 0.002235 

3'Ar/'9Ar, "AdoAr. and "Ad'Ar ratios are comded for Interfering LIotopeS 
Error estimates at 1 m  level; %IIC = Interfering  Isotopes Correction 

---not determined 
Geological Fieldwork 1994, Paper 1995-1 



" h b - 1 ,  with an assumed  age  of 520f2 Ma (Sampson 
and  Alexander,  1987),  was  the  standard used for all 
analyses.  Other  experimental  procedures  follow  those 
described by  Muecke et a/. (1988). Analytical data  are 
presented in Tables I and 2. 

INTERPRETATION 

hornblendes yielded relatively  young  and  variable 
Roughly the first 10% of gas released from  both 

apparent  ages  and low apparent "ArP9Ar (proportional to 
CaiK)  ratios.  Subsequent  gas defmed an age plateau at 
17322 (20) Ma  for 91AP12149 and a near  plateau  at 
17623 (20) Ma for 92AP311-7,  both characterized by 
relatively  high  and uniform "ArP9Ar ratios, and  hence 
probably  the  best  estimates  of  the  ages of the 
hornblendes. The  age spectrum  obtained for the 
hydrothermal  sericite  sample  91AP12/50 is concordant  at 

of  gas released.  The four  alunites  yielded relatively 
I7022 (20) Ma over all but  the first and last few  per  cent 

discordant  age  spectra.  The  least  discordant  alunite, 
92AP15/4-73A,  one of the  samples that has  well 
crystallized  grains,  has  an  apparent age between 160 and 

alunite spectra  have apparent  age gradients, a  pattern 
167 Ma over 95% of the gas release. The  remaining  three 

generally  attributed to gas loss resulting from one or more 
later thermal  events.  The  maximum  age  attained by 
92AP-EC-150, the  other  well  crystallized sample, is  161 
Ma. Maximum ages attained by the two poorly- 
crystallized  samples  are  lower  at circa 145  to 150 Ma. 

DISCUSSION 

Analytically  distinguishable  differences in apparent 
age  were  detected in this  suite of hornblende,  sericite  and 

Ma from the  amphibole  data to circa 160-165 Ma from 
alunite  samples.  The age range  is  at  least circa 173-176 

alunite  data.  The  younger  160-170 Ma  ages are probable 
lower limits for  the  times  of late-stage hydrothermal 
alteration.  Still  younger  ages from the poorly  crystallized 
alunites  are  consistent with textural  criteria  that 
distinguish a later supergene  origin.  Similar  age  spectra 
are  described by Vasconcelos et al. (1994),  including 

Thermal  events  subsequent  to all of  these  may be 
discussions of supergene  alunite  and  jarosite  specimens. 

reflected in the  early  gas  release from these  two  alunites 
and from one of the hornblendes. 
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INVESTIGATION OF A  NATURAL  ACID  ROCK  DRAINAGE  AND A N 

ISLAND (92L/12,102I/Y) 

By S.J. Sibbick and K.A. Laurus 

ANOMALOUS  MERCURY-BEARING  STREAM,  NORTHERN  VANCOI'VER 

KEYWORDS: exploration  geochemistry,  environmental 
geochemistry,  acid  rock  drainage, pH. sulphate, mercury. 
alpper, northern  Vancouver Island, Hushamu,  Macjack 
River,  Regional Geochemical Survey,  moss  mat,  sueam 
sediment. 

INTRODUCTION 

As part of the: exploration geochemistry component 
of an integrated  northern Vancouver Island projecl 

undertaken in two areas with unusual  geochemical 
(Panteleyev et , a / . ,  1994), derailed studies were 

draining  acid-sulphate  altered rocks which has not been 
features. These included a strongly acidic stream 

dtsturbed by human activity (South McIntosh) and a 
stream  having the highest reported mercury 
concentration in :rueam sediments  from the Regional 
Geochemical  Surccy  (RGS)  database (Maciack River) 

rdationship of these anomalous  concentrations to their 
(Figure 1). The goals of this study arc to determine the 

potentially deleterious  metal  concentrations, and to 
bedrock sources, to document  nalural  occurrences o f  

South 
McIntosh 

arcas. northern Vancouver  Island. 
Figure I. Lxation of South McIntosh and Mac,j;sk study 
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devclop geochemical  models which d :scribe the 
occurrence and behavior of these metals. 

NATURALLY  ACIDIC  STREAM - 'OUTH 
McINTOSH  AREA 

numerous strongly acidic  (pH< 4.0) stream waters tk;lt 
Koyanagi and Panteleyev 11993, 1994 discovc.r:d 

drain  areas of  acid-sulphate  altered hedrock in the I1:d 
Dog - Hushamu - Pemberton Hills XCA. This same iu;a 
also  has potential for  porphyry,  trans tional ;~nd  
epithermal base and preciou:; metal m. neralizalion 
(Panteleyev, 1992: Panteleyev and Koyaagi I9S:i. 
1994).  Regional  Geochemical  Survey data from this u : a  
report some of the lowest pH values measurt d in stream 
waters in the province (Hushamu Crcec pH X% 
Youghpan  Creek pH 4.2). 'To further dr::umcnt L K  
controls on natural  acid  generation  and ts hehavirlr 
within a stream  environment. :I trihumy < I Hushamu 
Creek  draining h e  South McIntosh area was sclectcd lor 
detailed investigation (Figure 1 ) .  Draining the eastern 

a distance of about 1 kilometre, the creel dr;lins :u1 
flank of a ridge  known locally as the South h lclntosh f : a  

unlogged  wdtersllcd m-inlq underlaill l y  pyrittc. 
propylitically altered andesites o f  the Bonani a Group. A 

containing  significant  quantities of sulphide (pyrite ;at111 
zone of advanced argillx acid-sulphate  alteration, 

marcasite), is exposed in the uppcr 200 m :Ues of  the 
watershed. An initial survey of  this streim (sanplz 
EC91AP-19) reported a pH of 1.8 and a sulphak! 
concentration of 39 ppm (Ko:yanagi and Panteleyev, 

produced similar results (Koymagi and hmtclcyc\,. 
1993). Subsequent  resampling of this tream 11.1s 

1994). 

established at intervals  along the streiun am1 above t l12 

In the South McIntosh  study, samplc sites  we^ 

confluence of trihutaries  draining  into it. I iltered i u  (1 

moss-mat,  bank  and hedrock qdmples were :ollected 1t 
unfiltered waters and,  where  available, streal  scdimt:rI, 

cach  site. In-field water measurements were n ade for p H ,  
conductivity and total dissolved solids (TES) usinl! I 
p~~rtable Corning CheckMatt" 00 micropr(,cessor-ha;~~J 
meter. Additional field measurements wen made f i ~ r  
sulphate, free and total acidtty,  carbon di )xi&, total 
hardness and dissolved oxygcn. Acid-w: shed 23) -  
millilitre  plastic bottles werc used to c( Ilect w,it:r 
samples, in triplicate, at each  site. Water sanples we.,: 
refrigerated after  collection.  One of each sm ,le trio W L C  
filtered and  acidilicd with nitric  acid in the lahoratcrr. 
Water samples,  together with  measurcmeNlts  of p H ,  
conductivity and TDS were repeatedly takcn froa .I 

E :7 

ldegroot
New Stamp
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2.5 i  t t t t  t t 
tibutary locations 

Figure 2. Downstream dispersion patterns of selccted 
elemrnls. Trihutarv confluences marked with arrows. 

siugle site  during the month of July, to study  temporal 
variation. 

and dry sieved to -177+62.5  microns  and  -62.5  microns. 
Sediment  samples were dried at room temperature 

Rock samples  were  pulverized  and  ground in a  tungsten 
carbide  ring  mill.  Filtered  and unfiltered water  samples 
were  analyzed for minor  and  major  elements by ICP-MS 
aud  ICP-AES, respectively. Sulphate  analyses were 
performed on unfiltered  water  samples.  Stream  sediment, 

analyzed by INAA and by a  four-acid  digestion  (HNO?, 
moss-mat  sediment,  bank  and  rock  samples were 

HCI, HC104  and HF) plus  ICP-AES analysis. Major 
clement  oxides  were  determined by a  lithium  boride 

;ulalysis. Analytical  duplicates and  standards were 
fusion, nitric  acid  (LiBO-HN03)  digestion  and  ICP-AES 

inserted at the  laboratory  before  analysis. 

dissolved  metal  content  are  strongly related to the style of 
Prcliminary  results  suggest  that  stream acidity and 

bedrock  alteration.  Median pH  of the  stream  and it$ 
tributaries is  3.4.  Rapid  increases in pH and decreaes in 

68 

conductivity, TDS and sulphate were observed in waters 

propylitically altered bedrock  (Figure 2). pH values of 2.7 
flowing  from  advanced  argillic altered bedrock to 

advanced  argillic altered bedrock  rose to a pH of 3.4 
to 2.8 measured in stream  water  flowing  from  and  over 

within  200  metres  downstream  from  the  contact. 

decrease  downstream  from  acid-sulphate  altered  bedrock 
High concentrations of dissolved  copper  and  iron 

(Figure 2). Dilution by tributary streams  and  a  decrease 

account for the observed  changes. Interestingly, 
in the  amount of metal  dissolved  from  bedrock  probably 

concentrations of gallium (Ga),  indium (In) and  thallium 
(TI) were  ohserved to increase by an order of magnitude 
in waters  flowing  from the area of advanced  argillic 
alteration (Figure 2). These  elements  may  serve as 
potential pathfinders for acid  sulphate  alteration  and its 
associated  mineralization.  Comparison of these  data  with 
the paired unfiltered samples  suggests  that  almost all  of 
the metal in these  waters exists in the  dissolved  form as 
cations. 

ANOMALOUS MERCURY 

AREA 
CONCENTRATIONS - MACJACK  RIVER 

A belt of anomalous (>250 pph) mercury 
concentrations, 20 kilometres  wide,  extends  up the west 

region  northwestwards  towards Cape  Scott.  These 
coast of Vancouver  Island  from  the  Brooks  Peninsula 

anomalous  concentrations  appear to he spatially 
associated  with  a series of northwest-trending faults 
interpreted to be Tertiary  age.  Mercury  is  a  known 
pathfinder for epithermal  precious  metal  mineralization 
as well as a common  product  of fault-related venting of 
crustal volatiles. Northwest of Winter Harbour,  RGS  site 

reports the highest  mercury  concentration in the  province 
(883007, NTS 1021/9), a tributary of the  Macjack  River, 

lower western half of the watershed,  no other  human 
(20 000 ppb).  Apart  from  prior  logging activity on  the 

activity was observed.  This  catchment  was  investigated  in 
order to determine  the potential source of the  mercury 
anomaly and to determine if any other  media (soils, 
waters  and  vegetation)  are  similarly  anomalous. 

Moss-mat  samples  were  collected  from RGS site 
883007,  upstream  from  the  site,  and  all  streams in the 
vicinity (Figure 3). Stream  sediment,  moss-mat,  humus 
(decomposed  organic soil material)  and  rock  samples 
were collected at regular  intervals  upstream  from site 
"04. Bank  samples  were also taken  where  available. 
Stream  water  samples and in-field water  measurements 
were taken at the  original RGS site  and  at sites "03 
and "04. Moss-mat  and  water  samples  were  also  taken 
at two  sites  along  the  Macjack  River.  One  soil profile was 
sampled  within the drainage,  near  site "02. 

Geological  Survey  Branch laboratory. Sediment  samples 
Sample  preparation was carried out at the  B.C. 

were air dried  and dry sieved into five size fractions: 
-1000+500,  -500+250,  -250+125,  -125+62.5 and  -62.5 
microns.  Moss-mat  vegetation  remaining  from  the 

British Columbia  Geological  Survey  Branch 



sieving  process was thoroughly washed  to  remove  any 
adhering  mineral  grains. Rock samples were pulverized 
and  ground in a tungsten  carhide  ring mill. Analytical 
duplicates and  standards were  inserted at the ldhoratory 
hefore  analysis.  Filtered and unfiltered  stream waters 

mercury by cold vapour AAS. Unfiltered waters werc also 
were  analyzed for 22 elements by ICP-4ES and for 

analyzed for sulphate.  Stream  sediment,  moss-mat 
sediment,  moss-mat vegetation and rock samples were 
analyzed for 35 elments hy INAA, 32 elements by ICP- 
AES and mercury by  aqua  regia cold vapour AAS. 
Humus  samples w~:re analyzed for  mercury  by aqua  regia 
cold  vapour AAS. 

sample sites, Macjack River area. 
Figurc 3. Location of original KGS samplc sitca and new 

concentrations  are found in mossmat sediments  (Table 
Initial  results indicate that the highest mercury 

1). Resampling of RGS site 883007 (sample "01) 
produced a compaahle but lower mercury concentration 
(16  900 pph).  Higher values were reported  lor samples 
upstream  from this site.  Moss-mat vegetation contains 
significant  but lower mercury vdues (110 to 450 ppb). 
Smith (1986) found  comparable levels of  mercury in 
stream  mosses in Alaska. Based on a poor correlation 
with the percentagl: ofnon organic  material  (ash) within 
the  sample  these levels were attributed to upokc  ol 
mercury by inter- and extra-cellular hiochemical 
reactions. However, the present lack of data on thc a s h  
content of the m o s m  in this study docs not  preclude clle 
presence of fine-grained  mercury-hearing particles 
adhering t o  the vegetation as a possible explanation. 
Stream  waters con%in significaut levels ol  mercury (0.8 
to 1.6  pph).  These values are  near or ahove Llle approved 
level (1 pph) for drinking water (Pommen,  1989). Ofnotc 
is sample RMOI, taken from the  Macjack River, wllicll 
contains  1.6 pph mercury. Analysis 01 wet-sieved size 
fractions  from one moss-mat  sedimenl  samplc ("04) 
shows a distinct  partitioning o l  mercury and suggests tlm 

particulate form ((Figure 4). High concentralions in  
mcrcury within Ihe sediment exists i n  a discrete 

samples "04, MM05 and MMOl which incrcase 
systematically upstream  suggest  that the source 01 the 

mercury lies upstream  from  site "04 (Figure .i). 
Geochemical  analyses of samples  from  this area a-e 
pending. 

TABLE 1 

wmcuw CONCENTRATIONS I N  YARI( IUS 

MEDIAPROMTHEMACJACKRIYERAREA 

Mercury (ppb) 
Sample Moss-mat  Moss-mat W. tter 

Sediment Veaetason iFiltel3dl 

"01 16900  210 1 .o 
"02 7050 110 
"03 1 70 1 50 

"04 34800 
3.8 

450 
" 0 5  

1.2 
25300 1 90 

"06 1100  140 
"07 210  150 
" 0 8  1200  230 
"09 3950 280 

MMlO 3350  190 
RMO1 200 '6 
RGS Data (moss-mat sediment) 
Sample Hg (ppb) Sample Hg (plib) 

883007 20000 883013 ' 10 
883008  2100  883014 90 

883009  3200  883032 
883010 

;00 

700 883033  :00 
883012  120 

- 

- 

-1W0+500 
C 

'E -500t250 
E 
0 
P 

g - 
L L  

-250+125 13 300 
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CONCLUSIONS 

o f  natural waters emanating  from  a natural  acid  rock 
Rapid changes in pH and dissolved metal  concentrations Pummn.  L.W. (1989): Approved and working criteria far water 

cin,,n;,ge SOurce we ;tppparet,tly sUongly conuolle. by fie Smith. S.C. (1986): Base Metals and Mercury in Bryophytes and 

composition of the  underlying hedrock and the  presence of 
diluting  water  from  tributaries.  Anomalous  mercury 
concenuations  at RGS  Site XX3007 in  the Macjack River 
;uea appcar to have a discrete  natural source upstream 
from san~plc site “04. Future  work on hoth sites  will 
Ibcus on  analysing new and  existing  data to develop 
models of mctal  dispersion  for applicalion to mineral 
exploration  and  environmental  assessment. 

Quality; B.C.  Mini.rtry of Environment. Lands and Parks. 

Stream Scdimcnts fram a Geochemical Reconnaissance 
Survey of the Chandalar Quadrangle, Alaska, Journal of 
Geochernicnl Exploralion. Volume 25, pages 345-365. 
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VOLCANISM IN THE MIDDLE ALDRIDGE  FORMATION, PURCELL SUPERGROUP, 
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(Contribution No. 21, SuUivan-ALtidge Pmject) 

KEYWORDS: Purcell  Supergroup,  Aldridge  Formation, 
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INTRODUCTION 
The  Aldridge  Formation  in  southeastern  British  Co- 

lumbia  is  the basal unit of the  Purcell  Supergroup,  a  thick 

Middle  Proterozoic  age.  The  base of the  Pnrcell  Supergroup 
sequence of predominantly  clastic and carbonate  rocks of 

is not exposed  in  Canada: in the  United  States it is  inferred 
to rest  unconformably  on  Archean and Proterozoic  base- 

formably by Upper  Proterozoic  Windermere  Group  or  by 
ment crust  (Winston and Link,  1993). It is  overlain  uncon- 

lower  Paleozoic  clastic  or  carbonate rocks. 

bidite  deposits of the  Aldridge  Formation,  overlain by shal- 
The  Purcell  Supergroup  comprises  dominantly  tur- 

low-water  clastic  rocks of the  Creston  Formation  and 
carbonate  rocks of the  Kitchener  Formation.  Upper  Purcell 
rocks  are  dominated  by  shallow-water to locally  subaerial 
clastic  rocks,  with a prominent  basaltic  unit,  the  Nicol  Creek 
Formation,  exposed in the  eastern  Purcell  Mountains  and 
the  Rocky  Mountains. 

thick and continuous  gabbroic  sills  and  dikes,  referred to as 
The  Aldridge  Formation is intruded by a  number of 

the Moyie sills.  These  were  locally  deposited in wet, uncon- 

during  Aldridge  sedimentation (Hoy. 1989).  However, de- 
solidated  sediments,  and  therefore  record  a  magmatic  event 

amounts of gabbroic  material,  volcanic  equivalents  have 
spite  the  interpreted  high-level  intrusion of voluminous 

not,  until now, been  well  documented or described.  This re- 
port  describes an ex.ample of volcaniclastic  rocks  within  the 
Aldridge Formatiorb and  identifies  several  other  possible  oc- 
currences. 

REGIONAL  GEOLOGY 

Pnrcell  anticliuorium in the  Pnrcell  Mountains,  and  in  the 
The  Purcell  Supergroup  is  exposed  in  the  core of the 

Foreland thrust and  fold  belt  in  the Western Ranges  of  the 
Rocky  Mountains. 

of a  number of prominent,  northeast-trending,  reverse  tear 
The  Aldridge  Formation  is  exposed  in  the  hangingwalls 

faults  in  the  Purcell  Mountains.  The  formation  comprises 

thin-bedded,  rusty  weathering  turbidites  with  thick  sections 
three main divisions:  the  lower  Aldridge  includes  generally 

of massive to laminated  siltstone  and  argillite and a  promi- 

bidites,  referred to as  the  footwall  quartzites;  the  middle 
nent  succession of grey  weathering,  more  proximal  tur- 

Aldridge comprise:; grey  weathering,  thicker  bedded tur- 
bidites  with  commc'n  rusty  weathering,  thinner  bedded  silt- 

Geological  Fieldwork 1994, Paper 1995-1 

stone  successions;  and  the  upper  Aldridge  cc'mprises m a s .  
sive to laminated  argillite  and silty argillite  Evidenct: 01' 
shallow-water  features  within  the  Aldridge is lacking. 'the 
Moyie  sills  occur  at  two  main  stratigrapl  ic  interv:lls: 
throughout  the  lower  Aldridge  and  in  the  middle  part of the 
middle  Aldridge. 

of the  Rocky  Mountain Trench  comprise fluvi: 1, alluvid fan 
Correlative  rocks in  the  Northern  Hugbr.s Range (:,as1 

and  deltaic  deposits of the  Fort  Steele Forma ion, over1;Un 
by  a  heterogeneous, more  carbonate-rich  sumession with 
pronounced  facies  changes  indicative of growth  faulting 

of the  Northern  Hughes Range  and  the  Purc~ 11 Mounk.ins 
(Hoy, 1993).  The  transition  between the con1 rasting  facies 

to  the  west and Southem  Hughes  Range  marl s the  edge of 
the  Pnrcell  basin in early  Pnrcell  time. 

The  Aldridge  Formation  hosts  a number of imporianl 
mineral  deposits. The  Sullivan  mine,  at  the  ransition be- 
tween  the  lower  and  middle  Aldridge, is  a larga,:, stratabound 
lead-zinc-silver  sedex  deposit.  Numerous veil ! deposik;, iin- 
cluding St. Eugene  and  Bull  River,  occur  throughout the 
Aldridge,  and  a  number of stratabound  copper-  cobalt  depos- 
its,includingSheepCreekandtheBlackbirddt:posits,occ:ur 
in correlative  rocks  in  the  United  States. Thr Moyie sills, 

gested to have  a  genetic  link to mineral  deposition (Hanil- 
intruded during  Aldridge  sedimentation, bare been s ~ g -  

ton, 1984; Htiy, 1993). This underscores  the  i  nportancc, of 
recognizing  other  forms of igneous  activity wi bin  Aldridge 
rocks. 

VOLCANICLASTIC  UNITS 
The location of inferred  volcaniclastic IO( ks within the 

Aldridge  Formation  is  shown in Figure 1.  Thc: four wid:ly 

clasts of presumed  volcanic  origin  in  either  a  finer grairad 
separated occurrences all  comprise  clastic uni s, with s n d  

Creek  and Wild Horse  fragmentals are at  appn bximately  the 
tuffaceousorepiclasticmatrix.TheSt.Joetuff andtheMark 

laminated  marker  unit in  the  upper  part o the m i M e  
same  stratigraphic  level,  below  a  prominent f ine-gra id  

Aldridge  (Figure 2). The stratigraphic positicNn of the EJe- 
phant  Creek  fragmental  is  not  as  well definec , but it is  in- 
terpreted to be  approximately 80 metres  lower.  Hence, th :se 
volcaniclastic  units  appear  to  record  at  least two separate 
periods of magmatic  activity  during  Aldridg ; sedimer1.a- 
tion. 

SI: JOE TUFF 
The St. J o e  tuff is  the  thickest  and  best  e).posed of dhe 

dant  zone of fragmentals  that  cuts  across  middle Aldriclge 
volcaniclastic  units in the  Aldridge  Formation. It is  a discor- 

73 

ldegroot
New Stamp



QUATERNARY 0 UNCONSOLIDATED 
MESOZOIC 

CRETACEOUS 0 INTRUSIVE ROCKS 
PALEOZOIC 

DEVONIAN  (AND  YOUNGER) 
SEOIMENTARI  ROCKS 

'3 NlCOL  CREEK-.ROOSVlLLE ! 
  GATEWAY  DUTCH CREEK 

m V A N  CREEK 
" - Yppe' 

KITCHENER 4945 '  - 
CRESTON 

1g ALDRIDGE 

p d  FORT  STEELE 

74 

Figure 1. Geological map of the  Fernie  west-half  map-area,  showing  locations of the known and  inferred  middle  Aldridge 
volcaniclastic units  (base  map  from Hoy. 1993). 
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Figure 2. Schematic sections of the Aldridge  Formation, showing distribution of Moyie sills and stratigraphic  position 01 volcaniclartic 
units. 

turbidites and  is  overlain  conformably by laminated argil- 
laceous siltstone. 

that has  been intermittently explored  since  the  turn of the 
The St. Joe tuff is  cut by a  small lead-zinc-silver vein 

century by underground  work,  trenching  and  diamond drill- 
ing. The most  recent  exploration, by Cominco Ltd. in the 
mid-1980s and by Consolidated  Ramrod  Gold Inc. in 1993 
and 1994, included  detailed  surface  mapping (Pighin, 1982; 
1983) and  diamond  drilling to test for both vein and  possible 
sedex  style  mineralization;  a  second  (sedimentary)  frag- 
mental unit, the  Lower  St. Joe, approximately 100 metres 

malinite  clasts (Pighin, 1983; Turner et al., 1993). The 
stratigrapbically lower, contains  small sulphide  and tour- 

Lower  St. Joe fragmental  is  overlain by a thin, discordant 
sulphide lens and  underlain by patchy  tourmalinized argil- 
lite. It  is  not  described  further  in this report. 

southwest  of  Cranhrook on the heavily  wooded slopes  of  a 
The St. Joe  tuff  is located approximately 8 kilometres 

small  creek that drains  westward  into  Kiakho  Creek.  Access 
is by the four-whee'l-drive  Fassifern  road that exits Highway 
3 south of  Cranbreok. 

REGIONAL GEOLOGY 
The St. Joe tuff is  in  gently  dipping,  thicc-bedded t u r  

bidite layers in the  upper part of the middle, \Idridge. 1'1: i!, 
conformably  overlain by a laminated, silty arcillite rnmkel. 
unit. 

The  fragmental  is less than a kilometre south of {he 
Cranbrook  fault,  an  east-northeast-trending normal fault 
Other  similar  trending faults, including  the S!. Mary, Iloul- 
der  Creek  and  Moyie faults, have documented or infctrec 
Middle  Proterozoic  movements,  and  hence it  i  ;possible 1ha1 
the  Cranbrook  fault  is  also  the  locus of  an  Aldridge-age 
growth fault. The fault  is  cut by an  Early  Cret  tceous qu:1rt2, 
monzonite intrusion, the  Kiakho  stock (HO) and  van del, 
Heyden, 1989). 

DETAILED GEOLOGY 
A  detailed  surface map of the St. Joe tulf is  shown ir 

Figure 3, measured  sections in Figure 4 anc a  schematic 
north-south  section  in  Figure 5 .  The locatior, of  diamond.. 
drill hole 94-6 (ddh 94-6) and  analyzed  san  ples  are a l s c ~  
shown on Figure 3. 

Geological Fieldw,wk 1994, Paper 1995-1 7! 



76 

Figure 3. Geological map of the St. Joe  tuff (modifed from Pighin, 1983) 
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Figure 4. Measured sections through the St. J o e  tuff, sections are located on  Figure 3. 

Figure 5. An  interpretive  north-south  section  through  the St. J o e  tuff. 
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Photo I .  St. Joe tuff, section 4, unit C: well  layered  lapilli tuff and 

nature of unit,  occasional  large  isolated  clasts, and locally low-an- 
laminated  tuffaceous  sandstone(?);  note  general  fining-upward 

ele  crossbeds 

Photo 2. St. Joe tuff, section 4, unit E?; contorted  tuffaceous 
sandstone(?)  layer  near the base of a graded lapilli tuff - tuffaceous 

capped  by  a  finer  grained  laminated or massive  unit. The 
tuff succession  pinches  out to the  south;  its  maximum  thick- 
ness  in  the  northern  part of the  trench and in ddh  94-6  is 
approximately  22  metres. 

graded  nature of individual  units  (Photo 1)  and  truncations 
The  measured  sections  (Figure  4) clearly  show  the 

by successively  younger  units.  The  lowest  unit (A, section 
5a,  Figure 4) is  a  fining-upward  sequence  with  a  sharp  base 
that  scours  underlying,  locally  contorted  massive  turbidites. 
Clast  sizes  decrease  up-section  into a massive  clastic  unit 
that  contains  abundant  aligned,  angular  1  to  2-centimetre, 
pale  green and pale  grey  clasts.  Unit B, exposed  in  section 
4  and  in  the  lower  part of hole  94-6,  is  similar  to  the  top of 
unit A and  hence may be  correlative  as  shown  in  Figure  4. 
It is  overlain  gradationally by unit  C,  a  layered  succession 
of generally  finer  grained  clastics  that  contains  occassional 
large  clasts  and  occassional  coarse  layers  similar  to  those of 
unit B. Occassional  low-angle  crossbeds  indicate  current ac- 
tivity. A similar  exposure  at  the  base of the  most  southern 
section (1) suggests  that  the  original  thickness of unit  C may 
have been at least 8 metres.  Units A to  C  comprise  a  thick 

clastic  succession. 
fining-upward  succession  at  the  base of the  St. J o e  volcani- 

In thin section,  pale  grey  clasts  are  dominated  by ex- 
tremely  fine  crystalline  silicates,  minor  biotite  and  trace  cal- 
cite.  Mineralogy of the  silicates  is  not  known,  but  scanning 
electron  microscope  analyses (F’igbin, 1982)  suggests  that 

green  clasts  are  composed  primarily of chlorite. Clast matrix 
they are  predominantly  plagioclase rather than quartz.  Dark 

includes  abundant  biotite, commonly rimming  clasts,  pla- 
gioclase,  quartz  and  minor  calcite  and  pyrrhotite.  Unit C 
consists  mainly of subangular,  broken  quartz  grains,  plagio- 
clase,  aligned  biotite  and  chlorite,  and  intergranular  calcite. 

Unit D scours  the  underlying  volcaniclastic  units, re- 
moving  a  considerable  portion of unit  C  in  sections 3 and 4, 

Photo 3. St. J o e  tuff,  section 4, unit E large  disrupted  (rotated) persed calcite. 

and disrupted massive  unit  below;  (pencil  scale). 
block  near the base of Unit E; note  normal  layering  above  wedge 

quences,  each  with  a  coarse  volcaniclastic  unit at the  base 
Units E l  and  E2  comprise  two  fining-upward se- 

The map  and  sections  show  that  the  St. Joe tuff corn-  massive  to  vaguely  laminated,  pale  green  tuffaceous  silt- 
(with  clasts  greater than 10  cm  diameter)  and  capped by a 

prises  a  number of fining-upward  cycles,  each  with  a  coarse  stone.  Layering  in  the  base of unit E l  is locally  highly  con- 
base  that  scours  the  underlying  unit,  and  each  generally  torted and disrupted  (Photos 2 and 3). 
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volcaniclastic  succession  (Figure 5). Subrounded  blocks up 
The  coarsest  unit  (unit F) occurs  near  the  top of the 

to 10 centimetres in long  dimension  occur  within  a  finer 

fined  rims,  comprising  dominantly  chlorite  and  minor pla- 
grained,  granular  matrix.  Occassional  clasts  have we1 -de- 

gioclase  (Photo 4). 

none,  however,  are  similar  in  texture to the  coarse  Moyie 
The  clasts  have  variable  compositions and textures; 

sills. Some  clasts  are  dominantly  chlorite  (Photo 5 )  whereas 
others  contain  feldspar  and (?)quartz phenocrysts;  others 
comprise  a  fine  granular  mixture of dominantly  feldspar  and 
chlorite.  The  groundmass  is  primarily  broken  feldspar  and 
quartz crystals  with  abundant  biotite and chlorite. 

GEOCHEMISTRY 
Analyses  of  a  number of band samples  of  the  St. J o e  

ment  alkali-silica  plot of these samples,  and  others  analyzed 
tuff, located  on  Figure 4, are  given in Table  1. A major  ele- 

by Cominco Ltd.  ((Pighin,  1983),  shows  that  the  tuffs  are 
subalkaline,  with  two  populations,  one with less than 60% 

On a  Jensen  cation  plot,  most tuff samples  plot in the  high- 
Si02 and a second  with  greater  than 65% Si02 (Figure 6). 

iron  tholeiite  field  (Figure 7), similar  to most  anylyzed 
Moyie sill samples (Hoy, 1989).  whereas  the  more  siliceous 

tion. 
samples  are calcakaline  basaltic and andesitic in composi- 

Plots of less mobile  trace  and  minor  elements  also  sug- 
gest  two  populations of analyzed  St.  Joe tuff samples. On a 
SiOz-ZrEiOz  diagram,  two  samples  plot  within  the  rbyo- 
dacite-dacite  field :and two  within  the  andesite field (Figure 

the  separation  between  these  compositions  is not as  marked 
8). However,  on  a i!rfliOz versus NhN diagram  (Figure 9). 

boundary.  Therefore,  it  is  possible  tbat  the  higher silica con- 
and  the  more  felsic  units  plot  near  the  andesite-dacite 

tent of a  number of the  St.  Joe  samples  reflects  alteration, 
with  addition of silica.  However,  the  analyses  do  reflect  the 

and the more felsic feldspar-dominat.ed clasts. 
two recognized  clast  populations:  mafic  chlorite-rich  clasts 

For  comparative  purposes, an analyses  of  a  Moyie  sill 
sample  is  plotted  on  some of these  diagrams. More  mafic 

Photo 4. St. Joe luff, section 4, unit F mafic  chlorite-plagioclase- 
rich clasts  with  fine-grained,  laminated  chlorite  rims. 

Photo 5.  St. J o e  tuff, section 2, unit D: monoli  hic  lapilli tuE' 
comprising  angular,  fme-grained,  mafic  chlorite  :lasts  within a 
dominantly  feldspar-chlorite  tuffaceous maaix. 

"I 
8 12 

i;EjDeVolcanlCiastic unit 

5_ - 1 6  I" 0 Moyie sill (Sullivan mine san I ple) 

a "LA A-.. 
I 

35 45 55 65 :'5 
Si02 (wt  %) 

Figure 6. Alkali-silica plot (in  weight  percent)  of samples o f  tht:  

deposit, is also shown (plot after Imine and Barag.:r, 1971). 
St. J o e  tuff; analysis of a Moyie  sill,  the  footwall si1 at the Sullivar. 

tuff members  are  similar in  major  element  chemistry tc' 
Moyie  sills  but  less  mobile  trace  element  cl  emistry indi. 
cates  that  the  tuffs  are  dominantly  andesitic in contrast vriti- 
basaltic Moyie sill compositions (see Hay, 1489). 

Metal  values  are  anomalous  in  the St. JCM tuffs. In par. 
ticular, mafic  tuffs of units E and F contain 01 I average :%[I 

values  for  adjacent  Aldridge  metasediments (43 ppni, 1: 
ppm Cu (5 samples),  considerably  higher than the  avtmgc: 

twenty  analyzed  tuff  samples are 134 ppm CL,, I51 ppm Zr 
samples;  Pighin, 1983). Average  metal  c(  ntents of al: 

and 5 1 ppm Pb. 

SUMMARY AND  DISCUSSION 
The St. Joe occurrence  comprises a number of graflecl 

sequences,  each  with  a  coarse  base  that  sc0u.s and locdl), 
deforms  underlying  units,  overlain  by  a massive to vaby:l). 
bedded  monolithic  fragmental,  and cappc d  by  a finer 

7s' Geological  Fieldwork 1994, Paper 1995-1 



TABLE 1.  ANALYSES OF SAMPLES  FROM THE ST. JOE TUFF 

Number Number % % % % % % %  % % % % 
Lab  Sample  SiOz  Ti02 A1203 Fez03 MnO  MgO  CaO Na20 KzO P205 SUM 

42636 StJoel 54.06 1.37 14.64 14.24 0.12 6.71 0.33 2.76 0.38 0.06 99.12 
42963 %.Joe3 71.45 0.56 12.39 5.73 0.04 2.07 0.81 4.22 0.56 0.56 99.72 
45128 St.loe4D 70.07 0.56 11.84 7.85 0.11 2.82 1.46 2.63 0.69 0.04 99.81 
45129 St.Joe5D 56.35 1.27 14.31 12.87 0.10 5.88 0.57 3.30 0.30 0.25 99.36 

Lab Sample SI Rb zr Y Nb Ta Ce CS La sc  V 
Number Number (pp m) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) 

42636 St.Joel 35 10 216 15 10 15 - 
42963 St. Joe3 176 24 149 32 10 15 37 32 17 32 231 
45128 St.J@D 169 31 164 48 7 15 70 20 13 100 
45129 St.Joe5D 32 105 182 31 11  15 55 28 28 278 

FeO* + Ti02 

A1203 . St. Joe volcaniclastic unit MgO 

0 Moyie sill (Sullivan mine sample) 

Figure 7. lensen  cation  plot of samples of the St. Joe tuff, and a 
sampleofthefootwaUsiUattheSullivandeposit;@lotafterJensen, 
1976). 

grained,  generally  well-bedded unit. Clasts  within  units are 

minoramounts  ofplagioclase. Someclasts,particularlynear 
typically  monolithic,  comprising  pale  green  chlorite  with 

the  base of the succession,  are  pale  grey and dominated  by 
plagioclase  and  biotite  rather  than  chlorite.  Some  volcaui- 
clastic  units  are  finer  grained  but are also  typically  graded. 
They are mineralogically  similar  to  the  groundmass of unit 
F, with  abundant  feldspar  and quartz crystals and numerous 
small  angular,  aligned  pale  green  chlorite-rich  clasts. 

801 , , , " " ' I  ' ' " ' " ' I  ' ' " " " I  ' ' ' " 1  / 
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Figure 8. An Si01 versus ZrtTiOz plot of St. Joe tuff samples 
(plot  after  Winchester and Floyd, 1977). 

The  dominant  monolithic  character of the  clasts,  their 
unusual  mineralogy,  distinct  from  any known  Aldridge me- 
tasediments.  and  their  angularity,  support  interpretation  as 
a  volcanic  unit,  The  abundance of chlorite and the  broken 
feldspar and quartz grains  in  the  groundmass  also  support 
this  interpretation.  Scouring,  rip-up of underlying  units,  and 
minor  crossbedding  indicate  deposition as a  channel  com- 
plex. The  restricted  Occurrence of the  unit,  angularity  of 
clasts,  and  general  lack of contamination by Aldridge me- 
tasediments,  suggests  that  it  may  have  been  deposited  rea- 
sonably  close  to  a  source  area. 

or, possibly,  a hyalwlastite  formed by  quenching.  Distinc- 
The  volcaniclastic may represent a pyroclastic  deposit 

tion  between  these  deposit types is  difficult,  particularly  af- 
ter  reworking  and  regional  greenschist  metamorphism. 
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Figure  9. A Zrni vwsus NbN plot  of St. Joe tuff samples  (plot 
after Winchester and Floyd, 1977). 

Lack of recognized  lava  flows,  granularity of some (?)juve- 
nile fragments, thew abundance  and  possible  armoured tex- 
tures suggest  pyroclastic deposition. Furthermore,  lack or 
absence of vesicules  in  clasts  suggests  phreatomagmatic 
rather than  magmatic  explosions. 

nantly  water-lain lapilli and crystal tuff with  possibly  a tuf- 
Hence,  it  is  concluded that the  deposit  comprises  domi- 

faceousconglomerateand tuffaceoussandstonecomponent. 
Clasts  with  chloritic  rims  may be annoured lapilli with  al- 
teration of glass  to  chlorite  or may reflect alteration enve- 
lopes  around  pyroclasts.  Chloritic  clasts  may  originally 
have  been  mafic g:lass shards  whereas  pale  grey clasts are 
interpreted to be more felsic lapilli. 

The  St.  Joe  volcaniclastic  deposit  is  one of the  few 
known  volcanic  units  within  the  Aldridge  Formation.  How- 

thick  accumulations of possibly  comagmatic  sills,  the 
ever, as  it in the  same stratigraphic succession that hosts  the 

Moyie intrusions, i t  may  record  fragmentation  of  magma 
in,jected to a higher level or possibly  a  shallower  water  en- 
vironment. Although suhaqeous venting of tuffs can  occur 
to water  depths of greater  than Z o o 0  metres, it is  much  more 
likely tooccurat  muchshallowerdepths (<I km; McBimey, 
1963). The presena: of quartz,  possibly  even as phenocrysts, 
and  the  major  and  trace  element  chemistry  suggest  a  more 
fractionated  magma  source  than  the  Moyie sills. 

OTHER  INFERRED VOLCANICLASTIC 
UNITS 

WILD HORSE  RIVER 

Pighin in 1987  during  detailed  mappiug of a  lead-zinc vein, 
The Wild Horse  River  fragmental  was  discovered by D. 

the  Judy-Lu. It  is  located  on  the  west  bank of Wild Horse 
River  on  the  walls of the  trenched vein and  extends  for a few 
metres in natural oulcrops. It comprises  a light brown  weath- 
ering  layer, 10 to 15 centimetres  thick,  within strongly 
cleaved,  dark  grey IO black,  middle  Aldridge argillite. The 
succession  is  overturned,  trending nonh and  dipping  steeply 
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to the  west. Its  exact stratigraphic position  is I ot  known:  but 
extraplation  to the  north  (Hoy, 1993) indicates that it is; near 
the  base of unit A2  of  the  middle  Aldridge,  a  similar swati- 
graphic  position to the  St. Joe tuff (see Figun: 2). 

prises a variety of  small  clasts in a light green  matrix. 111: 
In hand  sample, the  Wild  Horse River  fragmental c3m- 

gular  clasts that are  flattened parallel to folia1  ion (Photo 6) .  
most  abundant  are 1 to 5-millimetre  pale ye1 ow-green a n -  

They  comprise  fine-grained  feklpspar  with 1ninor chlc'titt: 
and  muscovite.  Angular,  brown  shale  clasts  md  quartntir: 
fragments  are rare. The matrix  is  dominantly reldspar, chlo. 
rite, muscovite  and  minor  carbonate  (dolom te?) that 1x0 
duces a  brown  weathering  surface.  Classs  are  matrix 
supported,  comprising  approximately 20% ol the  rock. 

Petrographic  and  scanning  electron  rnicr')scope anrlly. 

suggest  a  volcanic origin: 
sesofoneofthepaleyellow-greenclastsbyMcLeod(19117:, 

"One fragment  has  the  shape  of a tear dro 3 and is atou!. 

crolitic texture  on  its  edges _ _ _  The chilled mrgins con& 
2 cm in diameter.  This  fragment  has  a chilled volcanic-mi- 

of potash feldspar, plagioclase  and  iron oxid',:. The cor: is 
composed  of  plagioclase,  pyrrhotite  and hioti e." 

difficult to interpret the  origin of  the  Wild  Hor  ie River frrag- 
Due to limited  exposure  and  intense defmnation. il is  

mental. It  is  a clastic, layer-parallel unit that is Inlike kncwn 
sedimentary  fragrnentals in the  Aldridge Fc rmation.  The 
clasts are not similar to exposures of Moyie s 11s and th~ :~ :e-  

lapilli tuff, or possibly  an epiclastic deposit fc rmed by 01'0- 
fore it is interpreted to be a  tuffaceous unit. It n lay be a di ;tal 

sion or reworking  of a volcanic  rock. 

MARK  CREEK 

Hagen in 1979  during  regional  mapping and e cploration 'by 
The Mark  Creek  fragmental  was discc vered b y  A. 

Cominco Ltd. for  sedex  mineralization in the, ildridge  For- 
mation. It is  exposed in a  number  of  small  isok  ted  outcrops, 
covering  a  strike  length of a few  hundred II etres, on the 
wooded slopes of Mark  Creek  approximately 3 kilornetres 
northwest of the  Sullivan  deposit  and  2 kiloml:tres non:h  of 
the  Kimberley  fault (Figure, 1). The exposules  are at 'he 

nated siltstone marker unit. 
same stratigraphic level as  the St. J o e  tuff, just I ,elow  a kuru- 

Photo 6.  Hand  sample from the  Wild 1 lorse River 
showing. 
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Neither  layering nor  grading are  apparant. Fragmental  sam- 
Fragmental outcrops  are massive  and rusty weathering. 

ples are  also  massive,  comprising  dark  grey,  fine-grained 
siltstone  containing  isolated,  flattened,  pale grey and, less 
commonly,  dark  grey  siltstone  clasts,  up  to a centimetre  in 
length. 

mosaic of feldspar and quartz,  with  abundant fine  musco- 
In thin section, clasts  are  dominated by a fine-grained 

vite, coarser  biotite  and  variable  amounts of chlorite,  epi- 
dote and opaques.  Occassional  clasts (or clots?)  comprise 
dominantly  chlorite  and  feldspar. The matrix to clasts  is  a 
mixture of feldspar,  quartz,  aligned fine muscovite,  minor 
chlorite,  epidote and pyrrhotite. 

This  fragmental  appears to be dominantly of sedimen- 
tary origin.  However,  the variety of clasts  is not typical of 
most  small  Aldridge  fragmentals,  which  are  dominated  by 
clasts  similar in composition  to  the  matrix. Its similar  stra- 
tigraphic  position  to  the St. Joe tuff and  the  occurrence  of 
chlorite-rich  clasts  suggest  that it may have  a  volcanic  com- 
ponent. 

ELEPHANT CREEK 
The Elephant  Creek  fragmental  comprises  a  small 

trenched  exposure, 10 to  15  metres  across,  just  north of 
Highway  3a  (Figure 1). Based  on  correlation  of  marker  lay- 
ers  within  the  Aldridge  Formation,  it  occurs  approximately 

similar to the Mark  Creek showing,  comprising  small,  an- 
80 metres stratigraphically lower than the  St.  Joe tuff. It is 

gular,  pale  grey  granular  clasts  in  a  feldspathic  matrix.  Rare 
green  clasts,  composed  dominantly of chlorite, may have  a 
volcanic  origin.  However,  the  bulk of both  matrix  and  clasts 
appears to have  a  sedimentary  origin,  and  therefore  it  is  clas- 
sified  as  conglomerate  with a possible  tuffaceous  compo- 
nent. 

SUMMARY AND DISCUSSION 

deposition of the Aldridge Formation  and  development of 
Although magmatism is now well  documented  during 

the  Purcell  Basin,  with  intrusion of the Moyie  sills (Hoy, 
1989,1993),  evidence of extrusive  activity  is  rare.  Nash and 
Hahn (1989)  describe  thin  biotite-rich  layers  within  the Yel- 

Idaho  that are  interpreted to  be  mafic  metavolcanic  rocks. 
lowjacket Formation in the  Blackbird  Mining  District, 

Their  average  composition  (including  analyses  of  related 
mafic  sills)  indicates  that  they  are  considerably  more  alka- 
line than most of the  Moyie  sills and the  St.  Joe  tuff.  How- 
ever, they are  similar  in  composition  to  alkalic  sills in the 
Mount Mahon area  south of Yahk that  are  inferred  to  be  part 
of the Moyie sill  suite  (Hoy,  1989). 

Three of the  four  occurrences  of  inferred  volcaniclastic 
rocks in the  Aldridge  Formation  are  at  or  close to one  stra- 

of  the  middle  Aldridge, and hence  are  interpreted  to  record 
tigraphic  level,  approximately  1450  metres  above  the  base 

a  single  period of volcanism.  This  stratigraphic  level  records 
turbidite  deposition  that  immediately  preceded  a  period  of 
relative  quiescence  and  deposition  of  several  metres  of  dark 
laminated  siltstone. 

smallnnmberofminorvents,thelargestneartheSt.Joetnff, 
The  dismbution of Aldridge  volcaniclastics  reflects  a 

the  thickest and most  proximal  of  the  known  occurrences. 
Failure  to  recognize  them  elsewhere  within  the  Aldridge 
may reflect  the  environment  during  deposition;  associated 

est and coarsest  accumulations. 
rapid  turbidite  deposition may largely  mask  all  but  the  thick- 

The St. Joe  tuffs  record  deposition  as  successive  chan- 
nel  deposits  and  hence  suggest  epiclastic  deposition.  How- 
ever,  clasts  with  fine  mafic  rims  suggestive  of  armoured 
lapilli, and broken  angular  feldspar and quartz  grains,  sng- 
gest  clasts  may be pyroclasts. It is, therefore,  suggested  that 
the St. Joe occurrence  is  a  reworked  volcanic  tuff. As 
subaerial  deposits  are  not  recognized at this  stratigraphic 
level (or at  any  other  within  the  Aldridge  Formation)  the 
deposit  is  interpreted tobe a  subaqueous  pyroclastic  deposit. 

environments, and generally restricted  to depths of a less 
Mafic  pyroclastic  rocks are  common within subaerial 

than a  few  hundred  metres  in  submarine (or subaqueous) 
environments,  suggesting  that  this  stratigraphic  level may 
record  a  widespread  regression  in  middle  Aldridge  time. A 

by Cressman  (1989) in correlative  Prichard  Formation  rocks 
similar  but  stratigraphically  lower  regression  is  described 

in Montana. 

ponent of the St. Joe  tuffs  is  unusual  for  Aldridge  magma- 
The  andesitic  to  possibly  dacitic  composition of a  com- 

tism. Moyie  sills  have  a  mafic  composition,  either  tholeiitic 
or transitional.  However,  it  is  possible  that  granophyre, 
identified  in the  Crossport  C sill in Idaho  (Bishop,  1974) 
may  record  a  more  felsic  differentiate. 

Other  evidence  for  more  felsic  Aldridge  magmatism 
may be recorded  in  a  boulder  conglomerate  in  the  Chipka 
Creek  area  southeast of Cranbrook  (Hay,  1993).  The  con- 
glomerate  records  extensional  tectonics  during  Sheppard 
Formation  deposition  and  contains  clasts of feldspar  por- 
phyry that  contain  zircons  that  have  yielded  a  preliminary 
U-Pb  date  that is  similar to the age of the Moyie  sills (J. 

sible  that  mafic  magmatism,  recorded as Moyie sills,  may 
Gabites,  personal  communication, 1994). Hence,  it is  pos- 

have  a more  felsic  component  that  is  recorded  as  pyroclastic 
volcanism. It is  not  known if these  tuffs are related  tempo- 
rally  to  intrusion of either  the  upper or lower  sill  complex, 
or  record  a  separate  period of Aldridge  magmatism. 

low-grade  hydrothermal  mineralization  in  the  Aldridge  with 
The St.  Joe  horizon  also  records  a period of regional 

elevated  base  metal  abundances,  particularly  copper, which 
are  up  to  four  times  the  background  levels of normal 

ver vein.  As well,  a  small  massive  sulphide  occurrence  and 
Aldridge  sediments,  and a small  crosscutting  lead-zinc-sil- 

unit  approximately 100 metres  below  the  St.  Joe  tuff 
tonrmalinization  occur  within  a  sedimentary  fragmental 

(Pighin,  1983;Turnerefal.. 1993).IntheBlackhirdDistrict, 
Idaho, strataband copper-cobalt  deposits  and  tonrmalini- 
zation  are  closely  associated with mafic sills  and  inferred 
metavolcanic  units. The volcaniclastic  units,  including  the 
St. Joe tuffs, may record  extensional  tectonics  with  devel- 
opment  of  growth  faults  that  acted  as  conduits  for  mineral- 
izing  solutions  localizing  base  and  precious  metal 
occurrences, 
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VINE - A  MIDDLE  PROTEROZOIC  MASSIVE  SULPHIDE  VEIN, 
PURCE,LL  SUPERGROUP,  SOUTHEASTERN  BRITISH  COLUMBIA 

(826/5W) 

By mgve Hoy 
B.C.  Geological  Survey  Branch 

and D.L. Pighin,  Consolidated Ramrod Gold  Corporation 

(Conrriburion No. 20, Sullivan-Aldridge  Pmject) 

-.-. 
KEYWORDS: Economic  geology,  Middle  Proterozoic, 
Purcell  Supergroup.,  Aldridge  Formation,  massive  sulphide 
vein,  lead-zinc-silver. 

INTRODUCTION 

rbotite  base  and  precious  metal vein deposit  that  cuts  across 
The Vine  pros]xct  is  a  steeply  dipping,  massive  pyr- 

gently  dipping  lower  and  middle  Aldridge  siltstones  and 

Columbia. It is  owned 90% by Consolidated  Ramrod  Gold 
wackes  in  the  Purce:ll  anticlinorium in southeastern  British 

Corporation  and I O %  by Cominco Ltd. 

proximately 3 kilometres  north of Moyie  Lake and 11 kilo- 
The  deposit  is  located in the  Peavine  Creek  valley ap- 

metres  south of Cranbrook(Figure 1). It  isreadily  accessible 
via  a  4.5-kilometre  gravel  road,  the  Hidden Valley road,  that 
leaves  Highway 3a just  east of the  Moyie  River  bridge  at  the 
Moyie  Lake  Provincial  Park. The  St.  Eugene  silver vein, 
worked  extensively in the  early 1900s. is  located on the  east 
shore of Moyie  Lake,  approximately 12 kilometres  farther 
south. 

The  initial  discovery of the Vine deposit  in 1976, by D. 
Pighin  while  working  for  Cominco  Ltd.,  consisted of anum- 
ber of massive  sulphide  boulders  scattered  within a thin 
layer of glacial  till.  Subsequent  work by Cominco consisted 

connaissance  VLF-EM  geophysics  to  trace  a  fault  structure 
of trenching, which exposed  the massive sulphide  vein, re- 

that  controlled  the  vein, and four  diamond-drill  holes. 

dated  Ramrod Gold) began an exploration  program on the 
Kokanee  Explorations  Ltd.  (since  acquired by Consoli- 

Vine property in  May, 1989 that  included  geophysical  and 
geochemical  surveys,  geological  mapping,  trenching  and 

posed  the vein for #over 150 metres  along strike, and the 
14 368 metres of diamond  drilling  (Photo 1). Trenching  ex- 

geochemical  and  gsophysical  surveys  indicated  that  the 
Vine structure  continue  for  more than 4 kilometres.  Sub- 
sequent  mapping and drilling  has  more  clearly defined this 

that  closely  follows  the  fault  structure.  The drilling  indicates 
structure  and  recogrtized  the  importance of a gabbro dike 

that  the  vein  is  continuously  mineralized  along  a  strike 
length of at  least  a  kilometre and to  a  depth of 800 metres; 
it  remains  open in both  depth and strike. 

Geological  Fieldwork 1994, Paper 19951 

More  detailed  fill-in  drilling in 1990 gutlined  three 
main zones,  defined  as  thicker and higher  grade  areas wi l iu  
the Vine vein.  These  include  the Upper Trencli  area,  the Val 
zone and the "41" area.  Drill-indicated res rves in U w :  
zones,  released by Kokanee  Exploration in ' 991, are out.. 
lined in Table 1: 

RESERVE  FIGURES,  VINE DEPOSIT( 991)' 
TABLE 1 

Proven 240  5.20 2.24 6 ' 2 3  1.92 
Probable 307 4.22  2.51 3!'.77 1.72 
Possible 820 

Source: (Pighin, 1991) 
*diluted  to  a 2.44-metre minin,q width 

controls of the Vine vein system,  its mineralo,:y and chcm- 
This  paper  describes  the  structural and stratigraphic 

istry, and compares  it  to  other  hydrothermal  systems in the 
Aldridge  Formation.  It  also  describes  briefly  the  stratigra- 
phy of the  Sullivan  horizon  and  immediately  adjacent units, 
thus  allowing  speculation  regarding  regional f icies chan$es 
in this  important  interval. 

REGIONAL  GEOLOGY 

STRATIGRAPHY 
The Vine vein is  within  the  Aldridge  For  nation of the 

comprises in  excess  of 4000 metres of coarse 1 0  fine clar:tic 
Middle  Proterozoic  Purcell  Supergroup.  The  format on 

rocks,  dominantly  turbidites,  deposited in a dt veloping :x- 
tensional  basin in an intracratonic  setting  (Winston et z l . ,  

2). The  lower  Aldridge  consists  mainly of  rust'^ weathering, 
1984). The  formation  is  divided  into  three  divisions  (Figure 

thin-bedded  argillaceous  siltstone  with  occasslonal sect.ions 
of  coarse,  more  massive  turbidite  wackes. It i s  overlain Iby 
the  middle  Aldridge,  comprising  approximatt4y  3000 ne- 
tres of grey-weathering,  thick  to  thin-bedded tt rhidites H ith 
some  intercalated,  well  laminated  siltstone  lnarker units. 
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Photo 1. View of trenching.  Vine  deposit,  in  July, 1994. 

The  upper  Aldridge  comprises 500 metres of massive  to 
faintly  laminated  argillite  and  argillaceous  siltstone. 

A number of thick  gabbro  sills,  the  Moyie  sills,  intrude 
the  upper  part of the  lower  Aldridge  and  the  middle of the 
middle  Aldridge.  Contact  features  indicate  that  some of 
these  sills  were  intruded  into wet, unconsolidated to par- 
tially  consolidated  sediments,  indicating  magmatism  ac- 
companied  extensional  tectonics  during  development of the 
basin (Hoy, 1989, 1993). Uranium-lead  dating of these  sills 
(1445f11  Ma, Ho:y 1989;  1465 Ma. Anderson and Davis, 
in preparation)  therefore  constrain  the  early  age of the Pur- 
cell  basin  and  its wntained  mineral deposits. 

The  Aldridge  Formation  is  overlain by shallow-water 
to  locally  subaerial argillite, siltstone and quartzite of the 
Creston  Formation  (Figure Z), interpreted  to  represent mud- 
flats  and  alluvial  apron  deposits  that  were fed from braided 
streams in the south, southwest  and  northeast  (Winston and 
Link,  1993).  These  latter  deposits  are  recognized in the 
northern  Hughes  Range  and  are  characterized  by  clean 
white,  crossbedded  and  flat-laminated quartz sands.  Over- 
lying  carbonate ro( ks of the  Kitchenm  Formation  are  domi- 
nantly  shallow-water  deposits;  prominent  cyclical 
sedimentation  in  correlative  rocks of the  Helena  Formation 
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in Montana  are  interpreted  to  record  periodic  expansion ard 
shrinkage  of  a  Purcell  (Belt)  lake  (Winston altd Link, 1993). 

and  clastic  rocks,  deposited in a  similar  setling  to  thore o f  
Upper  Purcell rocks include  shallow-\l  ater  carhona:e 

the  Creston  and  Kitchener  formations  and, al lng the  ea stem 
margin of the  Purcell-Belt  basin,  a  sequence of dominmtly 
subaerial basalts of the Nicol  Cleek Formati8 tn (McMezhan 
ef al.. 1980 HOy, 1993).  South of the  Moyi:  fault, Purcell 
Supergroup  rocks are overlain unconformabl y by Devcnian 
carbonates of the  Fairholme  Group;  north oft le  Moyie:  fimlt, 
Lower  Cambrian  shale and quattzite  overlie .he Purcell SII- 
pergroup. 

STRUCTURE 
The Vine deposit  lies  within  the  core of  the Purcell  au- 

ticlinorium, a broad  north-trending  structure  cored by I*:- 
cell  Supergroup  rocks  and  flanked by Lat:  Proteroxoic, 
Early  Cambrian or Devonian  rocks  (Figure ). The  deposit 

Moyie  fault,  a  right-lateral  reverse  fault th;d extends 'eairt 
is  in a  structural  panel  that  is  underlain  to U e south b!t the 

fault, and overlain to the  north by the  St. Mary fault. 
across the  Rocky  Mountain  Trench  as  the  Dibble  'Creek 

These  northeast-trending  faults, and tl eir exten!,i.orls 
east of the  Rocky  Mountain  Trench,  have : complex  and 
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Figure 2. Purcell Supergroup stratigraphic column, showing 
position of Vine deposit and other  important  deposits within 
Purcell Supergroup rocks. 

extended  history of movement  recognized by prominent  fa- 
cies  and  thickness  changes in sedimentary  units  across  them. 
Prominent  facies  changes  within  Aldridge  rocks  near  the 
Boulder  Creek  fault,  the  eastern  extension of the St. Mary 
fault  (Figure I), indicate  that  it  coincides  approximately 
with  the  faulted  eastern  margin of the h rce l l  basin (Hoy, 
1993). The  Moyie  fault  is the  locus of a  faulted  southern 
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margin of the  late  Proterozoic  Windermere  basin  (Lis  and 
Price, 1976) and  marks  the  northern  margin of a  pre-De- 
vonian  tectonic  high  referred to as  Montania (Leech, 1962). 
Evidence  for  a  Middle  Proterozoic  structure  along the ante- 
cedent of the Moyie  fault is less  well  documented.  However, 
anomalous  thicknesses of Middle  Proterozoic  Moyie  sills, 
subtle but  persistent  thickness  changes  within  Aldridge 
rocks,  comparisons  with  the  similarly  oriented St. Mary 
fault,  and  concentrations of mid-Proterozoic  hydrothermal 
mineralization  near  the  fault,  suggest  that  it may also  follow 
the locus of an earlier  Middle  Proterozoic  structure. 

The  Moyie  anticline,  a  doubly  plunging  anticlinal  fold, 
dominates  the  structure of the  Moyie  block  south of the 
Moyie  fault  (Figure 1). Both  the Midway  and St. Eugene 
vein deposits  occur in Aldridge  rocks  in  the  core  of  the M- 

ticline.  The  fault  is  locally  marked  by  a  zone of intense 
shearing, up to several  hundred  metres  wide,  that  dips  north- 
west at 60" to 70" (Figure 3). 

Moyie  fault  are  locally folded  into  a  series of tight and lo- 
Aldridge  rocks  in the  immediate  hangingwall of the 

cally  overturned  folds  with  commonly  well  developed  axial 
planar  cleavage.  These  die out rapidly to the  northwest;  the 
Vine deposit,  located  less  than 2 kilometres  from  the  Moyie 
fault,  is  in  gently  north  dipping  Aldridge  metasediments 
which locally  have  a  weakly  developed  crosscutting  pene- 
trative  cleavage. 

PROPERTY  GEOLOGY 
The  geological  map of the  Vine  deposit  area,  shown in 

Figure 3, shows  the  northwest  trend of the  Vine vein struc- 
ture  within  northeast-trending  lower  and  middle  Aldridge 
metasediments. It is  parallel  to  a  number of northwest  trend- 

fewtenstoafewhundredmetres.AlatefaultwithintheVine 
ing  faults  with  west-side-down  normal  displacements of a 

structure  is  projected  southeastward,  cutting  across  intense 
shearing  and  folding  in  the  hangingwall of the  Moyie  fault. 

A more  detailed  surface plan of the  %ne  occurrence  is 

Figure 4 is developed  mainly  from  trenching and drilling; 
shown in Figure 4 and  cross-sections  in  Figures S and 6. 

natural  outcrops in the  immediate  vicinity of the vein are 
few. 

DETAILED  STRATIGRAPHY 
Stratigraphic  sections of the  wallrocks of the Vine vein 

are  shown  in  the  cross-sections of Figures 5 and 6. The vein 
straddles  the  boundary  between  the  lower  and  middle 
Aldridge,  the  approximate  stratigraphic  position of the Sul- 
livan  sedex  deposit.  These  Aldridge  metasediments  strike 
northeast  and  dip IS" to 20" northwest. 

The  host  succession  comprises  four main units:  a  lower 
quartzite  succession,  a  siltstone  succession,  a  laminated  ar- 
gillite  succession,  and  an  upper  quartzite  succession.  Based 
on detailed  correlation of marker  units  within  the  upper 
quartzite  unit,  the  composite  host  succession  can be corre- 
lated  with  Aldridge  Formation  elsewhere,  including  that  in 
the  vicinity of the  Sullivan  deposit. 

Aldridge  occurs  at  the  top of the  laminated  argillite  unit; 
The  transition  between  the  lower  and  the  middle 
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the  laminated  argillite  unit  correlates  with  the  Sullivan ho- 
rizon,  and  the  lower  quartzite  unit  with  the  footwall  quartz- 
ites of the  Sullivan  mine  area. 

LOWER  QUARTZITE  UNIT  (LOWER  ALDRIDGE) 

metres  of  thick to medium-bedded,  massive to locally 
The  lower  quartzite unit  comprises  approximately  150 

graded  quartz  wacke  and  arenite.  Argillite  partings  between 
beds are uncommon.  Thin-bedded  siltstone  units,  generally 
less than a  metre  thick,  occur  locally. The  top of the  unit  is 
marked by 10 to 1.5 centimems of laminated  grey  siltstone 
with  varying  amounts of disseminated to locally  laminated 
pyrite.  A  similar  unit  occurs  approximately 100 metres be- 
low  the  top  of  the unit. 

SILTSTONE  UNIT  [LOWER  ALDAIDGE) 

metres of thin to medium-bedded  siltstone  and wacke. Indi- 
The  lower  siltstone unit  comprises  approximately 150 

vidual  beds  may be massive,  poorly  graded  or  vaguely  lami- 
nated.  Beds are typically  grey  coloured  although  abundant 
fine-grained  metamorphic  biotite  produces  a  purple  cast. 
The  siltstone  contains  more  pyrrhotite  (3 to 4%) and is  gen- 
erally  finer  grained  and  thinner  bedded than the  underlying 
quartzite  unit  or  the  basal  part of the  middle  Aldridge.  It 
contains  occassional  thin,  laminated  silty  argillite  layers 
and, in the  top 3 to  4  metres,  thin  fine-grained  quartz  arenite 
and wacke  units  similar to those  that  characterize  the  lower 
quartzite  unit. 

ARGILLITE  UNIT  (LOWER  ALDRIDGE) 
The  argillite  unit,  referred to as  the  Sullivan  horizon in 

the  Sullivan  deposit  area  (Hamilton et& 1982) is  a massive 
to  laminated  silty  argillite and siltstone  succession  up  to 20 
metres  thick.  Biotite and pyrrhotite  are  ubiquitous, and par- 
ticularly  abundant in the  more argillaceous  intervals.  They 
commonly  define  the  parallel-laminated  nature  of  the  unit. 

Thin,  massive to graded,  grey  siltstone  layers  occur 
throughout  the  unit.  Minor  crossbedding  occurs in some of 
these  layers.  Conspicuous  dark-light  laminations  are  present 
in some  siltstone  units;  the  bottom 2. metres of the  argillite 
unit in diamond-drill  hole  89-4  (Figure 5 )  is  particularly 
well  laminated, wi1.h up to 50% pyrrhotite in the  darker  lami- 

horizon  on  Concentrator  Hill just east of Kimberley, which 
nae. This  laminated  interval is  similar to the  mineralized 

is  the  distal  expression of the Sullivan  deposit. 

Photo 2. Dispersed  pyrrhotite  forming vague laminations in 
otherwisemassive aqillite, base of argilliteunit  (Sullivan  horizon) 
(ddh 41,561.8 m; sample width - 9 cm). 

Geological Fieldwork 1994, Paper 1995-1 

cur  throughout as  disseminated  grains and occassiona:ly in 
Sulphides, particularly  pyrrhotite and minor pyrite:,. 0:- 

thin  millimetre-thick  laminations.  Rare d i m  minated grains 
of sphalerite  and  galena  are  recognized  in sections wlhe.e 
pyrrhotite  laminations  occur.  Highest  abunc'ances  occur In 
a  2  to 3-metre  section  in  the  lower  third of U e argillite un .t. 
Within this  interval,  zinc  analyses of 2000 tc, 3000 ppm and 
lead  analyses of 500 to IO00 ppm  are  corninon (in 211, c m 
intervals).  A  persistent  section,  up to 10  ce  ~timetres jhic:k 
near  the  bottom of the  argillite  unit,  contains  up  to 2074 sul- 
phides,  dominantly  pyrrhotite  and  trace  sphalerite (Phoo 2). 

The  true  thickness of the  argillite  unit T,.aries from ap- 
proximately 11 metres to just  over 20 metr:s with a h $ : e  
located  along  the Vine structure.  Northeast of Vine, In dh-  
mond-drill  hole  V79-1,  the  unit is 19.4  metres  thick (I) An- 
derson,  personal  communication,  1994); to the west, in Inole 
KN93-56, it is  also  approximately  20 metr,:s thick. Ilovr- 
ever, in drill intersections  in  the  hangingw 111 of the Vine 
structure,  the  argillite  unit  averages between 15 and IC. nu;- 
tres, in contrast to the  more  typical  20 metn:s immedia.te'.y 
to the  east  in  the  footwall. T h i s  suggests  that  the Vine stnu;- 
ture may have had a  seafloor  lopograpbic  expression durirlg 
Sullivan  time,  with  a  high  located immediat4:ly to the:  wer t. 

crudely  layered  conglomeratic  unit  occurs  ,tdjacent to the 
As the Vine fault  is  occupied by a  Moyie  dice  and  a sm: l ,  

interpreted  to be a  minor  north-northwest  bending p w ~ b  
structure  higher in the  Aldridge  (Figure 3). he  struchre is 

fault  during  Aldridge  deposition. 

Vine deposit,  near  Munroe  Lake, numerou:, drill  intersec- 
Approximately 5 kilometres  south-sollthwest of the 

lions  indicate  that  the  Sullivan  horizon  is  marked by up I O  

50 metres of fragmentals  that  define  a  northeast-trendkg 
depression  that  parallels  the  Moyie fault. Th s suggest.: th 3t  

the Moyie  fault  may  also  be  the  approximate  trace of a Mid- 
dle  Proterozoic  fault. 

In summary, both  thickness and litholog IC variations of 
units  deposited at the  lower-middle  Aldridge  transition :;up- 
port  a model for  increasing  structural  subsidence to the west 
during  Sullivan  time,  controlled in part  by ~ U I  antecedent of 
the  Moyie  fault, and intempted by  small nt ,&west-bend- 
ing  growth  faults  such  as  the Vine structure. "he Vine struc- 
ture  was  reactivated  later in middle Aldriolge time, with 
deposition of the  fragmental  unit  along  its nc rthwest e:;tei~- 

Vine massive  sulphide  vein. 
sion;  it  controlled  the  emplacement of a  Mo) ie dike an j. the 

UPPER  QUARTZITE  SUCCESSION  (Mh3DLE 
ALDRIDGE) 

A succession of well  bedded  quartz wa:kes that over- 
lies  the  argillite  unit  is  similar to the  base of the  m.ddle 
Aldridge  elsewhere  in  the F'urcell Supergroup. It compris~:~ 
medium-grained  quartz  arenites,  wackes  and  minor silt- 

cur  within some beds,  and  crossbeds  are  loca Ily recogn I : ~ L  
stones.  Grading is common,  vague  irregular 1 aminations a:- 

R o  laminated  siltstone  intervals  within  th~:  basal  midd:e 
Aldridge  are  conspicuous  marker  units  that  allow  correla- 
tion of drill  intersections.  Minor  sections  w  thin  the  upper 
quartzite  are  similar  to  the  typical  thinner  b:dded siltrl.orle 
unit of the  lower  Aldridge. 

9:! 



STRUCTURE ing an anomalously  thick  mineralized  interval  (DDH 90-41, 

The  dominant  structure  on  the  property  is  the Vine vein 
stucture, now marked  by  a  normal  fault  that  dips 70" to 80" 
west and has  a  dip-slip  displacement of approximately 80 
metres. It contains  the  Vine vein and  a  prominent  gabbro 
dike  that  is  mineralogically  similar  to the Moyie  sills. This 
late  fault,  referred  to  as  the  Vine  fault, is a  splay of the  Hagen 
fault. also  a  west-side  down  normal fault. The  Haeen  fault 

Figure 6). 
The  dominant  sulphides  are  pyrrhotite,  sphalerite,  ga- 

lena.  arsenopyrite  and  pyrite  in  a  quartz-calcite  and  minor 
chlorite  gangue.  Alteration is generally  intense,  though  typi- 
cally  confined  to  a  few  tens of metres  from  the Vine struc- 
ture. The  following  sections  describe  sulphide  mineralogy 
and  alteration  in  detail. 

cuts  at  least 1500 metres of Aldridge stratigraphy-and can 
be  traced  northwest  for  about 6 kilometres  (Figure 3). To the 

cated  by  the  Moyie  fault. 
south,  both  the  Vine  and  the  Hagen  faults  appear to be trun- 

The Vine fault  is  a  complex  zone, 10 to 60 metres  wide, 
with  numerous  zones of brecciation  and  gouge  that  cut  al- 

leave  remnant  elongate  inclusions of altered  Aldridge me- 
tered  gabbro  and  early  sulphide  mineralization, and locally 

tasediments  within  it. It appears  to  record an extended pe- 
riod of movement  beginning  before  the  mineralizing  event 
and  continuing  after it. Locally,  intense  shearing is  cut by 
both  massive  sulphide  veining  and  the  gabbro  dike. As de- 
scribed  below,  the  veining  has  a  complex  history,  with  early 
vein material  brecciated  and  sheared,  then  cut by late sul- 
phide  veining  and finally, barren,  calcite-rich  veins.  Coarse, 
angular,  vuggy  breccia  overprints  the  early Vlne structure, 
recording  a  late,  essentially  parallel  fault  structure  with 
west-side-down  normal  movement. 

The  host  Aldridge  stratigraphy  appears to control,  in 
part, both the  attitude of the Vine structure and the thickness 
of sulphide  veins.  The  structure  is  commonly  refracted  to 
steeper  dips  within  the  more  competent  lower  quartzite  unit, 
where  dips  are  locally  near  vettical.  Massive  sulphide  vein 
mineralization  is  commonly  considerably  thicker  within 
these  more  steeply  dipping  zones. 

MINERALIZATION 

the  Vine property  is  the  Vine  vein.  However,  disseminated 
The dominant  and  most  conspicuous  mineralization  on 

sulphides  and  elevated  base  metal  and  silver  values  in  the 
argillite  unit  at  the  top of the  lower  Aldridge,  the  same stra- 
tigraphic  level  as  the  Sullivan  deposit,  and  recognized 

massive  sulphide deposition.  The  Fors deposit,  located 7 
growth  faulting  in the  area,  suggest  the potential  for  local 

kilometres  southwest of the Vine, is  a  small  high-grade  lead- 
zinc-silver  vein  and  sedex  deposit  in  the  overlying  middle 
Aldridge  Formation  (Britton  and  Pighin, 1995, this  vol- 
ume).  Evidence of mineralization  is  not  apparant  at  this  stra- 
tigraphic  level  in  the  immediate  Vine  area. 

VINE VEIN SYSTEM 

MINERALOGY 

sulphide vein system.  It  occurs  intimately  intergrown  with 
Pyrrhotite  is  the  dominant  sulphide  within  the  massive 

brown  sphalerite  and,  less  commonly,  galena in a  quartzcal- 
cite  gangue  (Photos 3 and 4). The massive  sulphides  range 
from  coarse  grained  to  mylonitized,  with  numerous  floating, 
rounded  to  elongate  quartz  eyes. In thin  section,  massive 
pyrrhotite  typically  contains  many  small  inclusions of 
sphalerite,  galena,  chalcopyrite  and  rarely  pyrite.  Pyrrhotite 
may  also  occur  as  veins,  with  quartz  and  dark  chlorite 
gangue,  that  cut  earlier  massive  sulphides;  thin,  late  pyr- 
rhotite  veinlets  commonly  have  dark  chlorite  envelopes. 

intergrown with  the  massive sulphides. suggesting  early  de- 
Pyrite is  generally  not abundant. Minor  pyrite  occurs 

velopment.  However,  most  pyrite  occurs  as  isolated 
subbedral  grains  within  the  massive  sulphides or in  late 
crosscutting,  thin  to  relatively  massive  veins  a  centimetre 

around rounded quartz inclusions. Pyrrhotite contains minor 

quartz. Lower quartz clasts contains abundant, disseminated 
arsenopyrite  grains and chalcopyrite occurs along  margins of 

suhhedral  arsenopyrite (ddh 36,290.7 m: sample width - 9 cm). 

to  semimassive  sulphide-calcite-quartz  veins within  the 
The Vine vein system  comprises  a  number of massive 

Vine structure.  These  are  largely  concentrated  in  the  hang- 
ingwall  and  footwall,  with  generally  thinner and less  discon- 
tinous  veins  in  gabbro  closer to the  centre of the  structure 

Vine structure bas  repeated  the  mineralized  system,  prcduc- 
(Figures 5 and 6). Locally, it appears  that  faulting  within  the 
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thick, commonly  with calcite and  occassionally  with  chal- 
copyrite. Vein margins  tend to be diffuse with pyrrhotite, 
suggesting  replacement of the  pyrrhotite,  but  sharp  with 
other  sulphides  (Photos 5 and 6). 

phide.  It  occurs a!; small  disseminated  euhedral  grains 
Arsenopyrite is locally a common  and  abundant sul- 

within  quartz  eyes  (Photo 7) and  within  sheared  siliceous 
(quartz) material. It  also  found  occassionaly  as floating iso- 
lated grains  within  massive  pyrrhotite or pyrite; in thin sec- 
tion, arsenopyrite  grains  commonly  have  corroded  margins 

Photo 8. Photomicrograph  (reflected  light) of corroded 
arsenopyrite grain in  massive  pyrrhotite;  note  sut,munded gr2un; 
of quartz (ddh  41,659.3 m;  field of view: 5 mm). 

PhotoS. Latecalcite-pyritei-pyrrhotiteveincuning sericite-altered 

m;  sample width - IO cm). 
metasediment  with  disseminated  and  vein  pyrrhotite  (ddh 41,658 

Photo  6.  Photomicrograph  (reflected  light) of pyrite  vein  cutting 
massive pyrrhotite; note reaction between pyrrhotite and pyTite and 

of view: 5 mm). 
angular  broken  galen.1 within pyrite vein (ddh 41,720.8 m; field 

Photo 7. Photomicrograph  (reflected  light) of subhedral 
arsenopyrite  (light) in quar tq  note later  veining of pyrrhotite  (ddh 
37, 368.8 m;  field of view: 5 mm). 

Geological Fieldwcrk 1994, Paper 1995-1 

suggesting  early  growth  (Photo 8). Arsenopyrite  is :tlsc~ 
noted rarely in  massive,  brecciated veins. T ~ e s e  have :not 
been  observed  cutting  other  massive sulphidt s. These re:la. 

early  formed sulphides. Occurrences in quartz  eyes ma:, bc 
tionships are consistent with  arsenopyrite be ng  one of th~: 

the  remnants of early  quartz-arsenopyrite VI ins that veri: 

subsequently  broken,  sheared  and  incorpolated  into thc 
massive  sulphides  forming  durchbewegung tq:xtures. 

sive  sulphide vein, commonly  closely intergr8,wn with  pyr. 
Chalcopyrite  occurs as a  minor constitue nt in  the mas. 

rhotite and  other  sulphides. It  also occurs irl the  presmn: 

wispy  crosscutting hairline fractures. 
shadows of enclosed silicate fragments  and in many thin, 

ALTERATION 

to the Vine vein  system  include sericite, calcite, chlwite, 
The dominant  alteration  minemls within and adjacent 

quartz  and  minor albite. Biotite  is a regional  metamorphic 
mineral, reflecting regional  greenschist  metan torphism. It i:; 
not  present  in alteration assemblages  within  o.immediat,ely 

bonate  and  silicate alteration are associated aith sulphidt: 
adjacent to the vein. Sericite, with or withour chlorite, ,car.. 

mineralization;  alteration  envelopes arc cut by  Iatc 
calcitefpyrite veins. 

Biotite  is  ubiquitous in all argillaceous r,iltstone mits, 

tent  quartzitic units, giving  a  purple  cast 11, the  rock. 111 
locally forming  a  penetrative  cleavage, or in more cony?. 

metasediments  adjacent to the  Vine vein, hi(  lite  occurs a; 
fine disseminated,  randomly  oriented grains. Closer to th~: 
vein, it  is intergrown  with  and  finally  replaced by s e r i c  le. 

Sericite  occurs  in  a  number of different h tbits. Amnor  
amount  is  present  as  fine-grained  euhedral  grains  with th~: 
regional  metamorphic biotite. This  may  recor 1 regional po. 
tassium alteration, related to the Vine  vein  system, as ha5 
been  documunted  in  the  Sullivan - North :;tar Hill  tuea 
(Leitch efal . ,  1991). Immediately  adjacent to  thevinevein, 
patchy,  white  "bleaching"  of  Aldridge  melasediments  is  duc 
to  intense sericitization. Similar  pale  green to white col(~ra.  
tion  around  microfractures  is  due  to  tine-graillecl 
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Photo 9. Early '"bleached"  sericitefpale green chlorite  envelopes 

(ddh 38,488 m; sample width ~ 9 cm). 
surrounding a network of microfractures  that cut biotite siltstone 

Photo 10. F'yrrhotite-galena-quartz vein  cutting sericite altered 

vein and  early "bleached sericite  fractures  (ddh39, 558.4 m; 
silutone; note dark chlorite alteration envelope around sulphide 

sample  width - 8 cm). 

sericitefpale  chlorite  alteration  (Photo 9). This  sericitef 
chlorite  alteration  is  commonly  cut  by  sulphide  veins. 

Early  chlorite,  associated  with  sericite,  is  a  high-mag- 
nesium variety.  In thin  section,  it  occurs  as  small,  pale  green 
to colourless  anhedral  grains,  interstitial  to  quartz,  with 
moderate  to  high  relief  and  anomalous  blue  birefringence. 
It  commonly  forms  envelopes  around  early  sulphide  veins 
(Photo IO). Minor  dark  green  chlorite  occurs  as  gangue 
within  the  massive  sulphides  and  in  late  chloritefpyrrhotite 
veins  that  cut  other  massive  sulphides. One  sulphidequartz 
vein has a  distinctive  zoned  envelope: it comprises  massive 
sulphide,  quartz and chlorite,  with  a  pale  green  chloritic  en- 
velopesumunded by athick,intensely  sericitizedenvelope. 
These  relationships  suggest  early  magnesium  chlorite- 
sericite  alteration,  followed  by  more  iron-rich  chlorite al- 
teration  associated  with  sulphide  mineralization. 

as  included  quartz  eyes,  and  in  late  veins.  Disseminated 
Quartz  occurs as gangue  within  massive  sulphide  veins, 

arsenopyrite  in  the  quartz  eyes,  the  abraded  nature  of many 

deformation  lamellae of the  quartz  grains,  suggest  that  they 
of these  eyes,  and  common  undulose  extinction and possible 

The  most  abundant  gangue mineral in much of the massive 
are  broken,  rounded  fragments of early vein mineralization. 

sulphide  vein  system is clear  to  white,  coarse-grained 
quartz.  It  is  also  often  sheared  and  recrystallized.  Minor 
quartz  also  occurs  in  small,  late  sulphide-free  veins  that are 
locally  intensely  brecciated. 
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nor  to  locally  dominant  gangue  in  the  massive  sulphide 
Calcite  typically  occurs  intergrown  with  quartz as a mi- 

veins. It also occurs  with  pyrite  in  late  crosscutting  veinlets, 
and  barren,  vuggy  calcite  forms  the  matrix to  late  fault brec- 
cias. 

Albite  occurs as a  white,  fine-grained  granular  altera- 
tion,  recognized  in  both  drill  core  and  on  surface. It is pos- 

Turner  and  Leitch (1992). It is similar  to  albitic  alteration 
sibly  related  to  Moyie  dike  emplacement  as  suggested  by 

recognized  elsewhere  in  Aldridge  rocks,  in  thin  section 
characterized  by  untwinned  crystals (C.H.B. Leitch,  per- 
sonal  communication, 1994). 

SUMMARY 
Mineral  and  alteration  assemblages  indicate  that  the 

Vine vein is  a  complex  system  that is both  spatially  and tem- 
porally  associated  with  movements  on  the  Vine  structure. 
An  early,  premineralization,  growth  fault  that became the 
locus for  gabbro  dike  emplacement,  Vine  mineralization 
and finally, late  normal  faulting,  is  suggested  by  the  occur- 
rence of a  small  bedded  conglomerate  that  lies  on  the  north- 
west  extension of the Vine fault (Figure 3). 

sericitization,  locally  intense  and  pervasive  immediately  ad- 
Early  alteration,  related  to  the  Vine  vein,  included 

jacent  to  the  vein  and  as  thin  bleached  hairline  stringers  far- 
ther  away.  This  appears  to  overprint  biotite  metamorphism. 

gional  metamorphism or  possibly later. However,  Leitch et 
suggesting  that the vein formed  in  the  waning  stages of re- 

al., (1991)  argue  that  the  regional  disappearance of biotite 
in  the  Sullivan  area  reflects  premetamorphic  alteration  pro- 

biotite  growth  during  regional  metamorphism. 
ducing  a  rock  composition  conducive to  sericite  rather  than 

The  earliest  recognized  sulphide  mineralization in- 
cludes  arsenopyrite  with  quartz,  now  preserved  as  remnant 
eyes  within  later  massive  sulphide  mineralization  as  well  as 
in  isolated  veins.  Massive  sulphide  vein  mineralization, 
dominantly  pyrrhotite,  sphalerite  and  galena  with  minor 
chalcopyrite  and  arsenopyrite, in a  quartz-calcite  and  iron 

has a  multistage  development.  Earlier  massive  sulphide 
chlorite  gangue,  and  locally  with  dark  chlorite  envelopes 

mylonitic  fabric  with  durchbewegung  textures,  while others 
veins are commonly  cut by  similar  late  veins.  Many  have  a 

are massive  and  clearly  cut  sheared  hostrocks,  indicating 
late  syntectonic  deposition. 

sive  sulphide  veins.  Associated  faulting  commonly  pro- 
Late  pyrite  veins,  with  calcite  and  quartz,  cut  the mas- 

duces  a vuggy, angular  breccia  suggesting  that  these  veins, 
and  possibly late pyrite  overgrowths,  record  remobilization 
of sulphides  during  late  normal  faulting.  Coarse, spany cal- 
cite  matrix and barren  calcitehluartz  veins are also  associ- 
ated  with this late  faulting. 

DISCUSSION 
The Vine  vein is an  unusual  massive  sulphide  base  and 

precious  metal  vein  system  that  cuts  Middle  Proterozoic  tur- 
bidites and argillites of the  Aldridge  Formation.  It  comprises 
massive  pyrrhotite,  sphalerite  and  galena  with  minor 
arsenopyrite  and  chalcopyrite  in  a quartz-carbonateshlorite 
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gangue. It  appears  to  overprint  regional biotite metamor- 
phism  as  well  as se~icite - magnesium  chlorite alteration and 
early  quartz-arsenopyrite  veining,  and  is  cut by late hreccia- 
tion associated  with pyrite, calcite  and  minor quartz. 

lead  isotope  data from  galena  are  similar to that of other 
The  absolute age of  the  Vine  vein is not  known. Lead- 

Middle  Proterozoic  deposits  (Cominco Ltd., unpublished 
internal report).  However,  the  main  sulphide  mineralization 
appears  to  cut  a  regional  metamorphic  fabric that is related 
to  theca.  1350  Ma  East  Kootenay orogeny  (McMechan  and 
Price, 1982; Hoy, 1993).  Magmatic activity - intrusion of 
the  Hellroaring  Creek  stock  and  other alkaline stocks - and 
folds  with  a  penetrative axial planar  cleavage are associated 
with this event in the  St.  Mary  Lake  area  west  of  Kimberley. 
We suggest, therefore, that the  Vine vein, and  possibly  other 
base  and  precious  metal  veins  such as the  St.  Eugene,  with 
Middle Proterozoic: Ph-Ph isotopic signatures  and  possible 
late  to  post-tectonic  emplacement,  may  record  a  hydrother- 
mal event related to  the  East  Kootenay  orogeny. 

The Vine  vein  system follows a  northwest-trending 
structure that appears  to  have  been  active  since  Aldridge 
time,  forming  the  locus for intrusion of  a  Middle  Proterozoic 
Moyie  dike,  sulphide  mineralization  and  both syn and post- 

trends  northwest, at high  angles to well  documented  north- 
mineralization faulting. This  Middle  Proterozoic  structure 

east-trending  Proterozoic structures, recognized as the  an- 
tecedents of the Moiyie and St. Mary  faults. It parallels other 
mineralized  northwest-trending structures, including  those 
at the  St.  Eugene  and  Midway  deposits,  and  numerous 
northwest-trending faults. Furthermore, this trend parallels 
approximately  both  the  Aldridge  basin  margin  and  basin 
axis (Hoy,  1993) as well as the  axis of Moyie sill intrusions 
(Cressman,  1989). Worth of  the  St.  Mary  fault,  however, re- 
gional  structures  strike  more northerly, as  do most  Middle 
Proterozoic  mineralizing  trends,  including  the  Sullivan - 
North star corridor 1:H6y, 1984;  Turner e: al.. 1993)  and  vein 
deposits  such as Estella. 

In  conclusion, we suggest that some  early  northwest- 
trending  extensional faults, initially developed  during  open- 
ing of the  Purcell  (Belt)  basin,  were  reactivated as late faults 
and  became  the locus for  base  and  precious  metal vein min- 
eralization such as  the Vine deposit. Prominent  northeast- 
trending  structures reflect basement  anisotropy that locally 
and  markedly modnfied distribution o f  Aldridge  sediments 
and, on a  regional  scale,  controlled (distribution of  middle 
Proterozoic  sulphide  deposits  (Hoy,  1982). 

ACKNOWLEDGMENTS 
We wish to thank  Derek  Brown,  Brian  Grant,  Dave Le- 

febure  and  John  Ncwell  for their editorial comments.  Dis- 
cussions  with  Andrew  Legun,  Theresa  Fraser,  Doug 
Anderson of Cominco  Ltd.  and  Craig  Leitch  and  Bob Turner 

Diagrams were drafted by M. Fourniar  (Geological Survey 
of the Geological  Survey  of  Canada are much  appreciated. 

Branch)  and R. Anselmo  (Consolidated  Ramrod  Gold 
Gorp.). Finally, we would  like to thank  Theresa  Fraser  for 
the  petrographic  work and Doreen  Fehr for typesetting  and 
layout. 

Geological  Fieldwork  1994, Paper 1995-1 

REFERENCES 
Anderson,  H.E.  and  D.W.  Davis (in preparation):  U-Pb  Gem:Ihw 

nology  of  the  Moyie Sills, W e l l  Supergroup, Soulhtas- 
ern British Columbia:  Implications l x  the  Middle 
Proterozoic  Geologic  History of the Purc6:l l  (Belt)  Basil,; 
Canadian Journal of Earih Sciences. 

Britton. 1.M. and  Pighin,  D.L.  (1995): Fors - A P oterozoic !id: 

Formation,  Southeastern  British  Columbi 1 (82GI5W':m; i n  
mentaryExhalativeBaseMetalDepositinf4iddleAldidge 

Editors, B.C. Minishy of Energy, Mines and Pe:ro!,?urn 
Geological  Fieldwork  1994,  Grant,  B. an 1 Newell, .I.M., 

Resources, Paper  1995-1,  this  volume. 
Cressman, E.R. (1989):  Reconnaissance  Stratigraphy 01' the 

Prichard  Formation  (Middle  Proterozoic:  and  the liarly 
Development of the  Belt  Basin,  Washin)  ton,  Idaho ani 
Montana; U.S. Geological  Survey, Prolessional Paper 
1490. 

Hamilton,  I.M.,  Bishop,  D.T.. Moms, H.C., Owel~s, O.E. (l%2:1: 
Geology of the  Sullivan  Orebody, Kimbaley,  B.C.. ' C a r -  
ada; in Precambrian  Sulphide  Deposits,  H.S.  Robinson 
Memorial  Volume;  Hutchinson. R.W., Science, C.1). a n i  
Franklin,  J.M..  Editors, GeologicalAssoci~ tion of Cwmdit. 
Special  Paper  25,  pages  5!)7-665. 

H6y. T. (1982):  The  Purcell  Supergroup  in  Soutlleastern  Blitish 
Columbia;  Sedimentation,  Tectonics,  and  Stratiform  Loac- 
Zinc  Deposits; in Precambrian  Sulphide  Deposits. H.5:. 
Robinson  Memorial  Volume;  Hutchinson R.W., S~:IICI:, 
C.D.  andFranklin,  J.M., Editors, Geologict IAssociation6f 
Canada, Special  Paper  25,  pages  127-147. 

HOy,  T. (1984):  Structural  Setting.  Mineral  Deposits, and Asmxi- 

ern  British  Columbia. in Geological  Fieldr  rork  1983; 1I.C'. 
atedAlterationandMagmatism.SullivanCunp,Soutb~:asl- 

Ministry of Energy, Mines andPetmleurn h csources, Prlper 
1984-1,  pages  24-35. 

HOy.  T. (1989):  The  Age,  Chemisfq  and  Tectoni:  Selling oith: 
Middle  Proterozoic  Moyio Sills, PurceII  Supergr:'up, 
SoutheasternBritishColumbia;CaMdian.oumlofEari~l 
Sciences, Volume  29,  pages  :2305-2317. 

Hay,  T. (1993):  Geology of the  Pulcell  Supergro1;p  in  the k 1 N :  

West-half  Map  Area,  Southeastem  British  2olumbia; I L C :  
Minisrry of Energy. Mines and Petmleurn  .,Zesources, flul- 
letin  84,  157  pages. 

Leech, G.B. (1962): Structure of the Bull River \alley n w  Lati- 
tude  49"35'; Journal of the Alberia Socic y of Permlrunl 
Geologisfs, Volume IO, pages  396-407. 

Leitch,  C.H.B.,  Turner, R.1.W and  HBy, T. (1991 ): The  District- 
scale  Sullivan - North Star Alteration  Zone  Sullivan hlin,: 
Area,  B.C.; A Preliminary  Petrographic  St Idy; in Culrent 
Research, Part A, Geological Survey of Canada, Paper 
91-E,  pages  45-57. 

Lis,  M.G. and Price, R.A. (1976).  Large-scale Block Faultinl: 
During  Deposition of the  Windermele  Supergroup 
(Hadrynian)  in  Southeastern  British  Colum i a ;  Geola(~ica1 
Survey of Canada, Paper  19:'6-1A,  pages  135-136. 

McMechan,  M.E.  and  Price,  R.A.  (1982): Supe,imposed  Low- 
grade  Metamorphism in Ihe  Mount  Fisher  !.rea. Southcast- 
ern  British  Columbia - Implications  for the Fast Kootuma:, 
Orogeny; CaMdian Journal of Earih  Scien m ,  Volurnc 19, 
pages 476-489. 

McMechan,  M.E..  HOy,  T.  and Price, R.A. (1980). Van Creek .and 
Nicol  Creek  Formations  (new); A Revisicvn of the Strati- 
graphic  Nomenclature of the  Middle  Prole1  ?zoic Belt-f'ur- 
cell  Supergroup,  Southeastern  British Cohmbia; Bul!hr 

97 



of Canadian Permleum Geology, Volume  28,  pages  542- 
558. 

Pighin,D.L.(1991):RepononVineProperty;unpuhlishedinternal 

Turner,  R.I.W.,  Hoy,  T., bitch, C.H.B,  Anderson.  D  and  Ransom, 
P.W. (1993):  Guide  to  the  Geological  Setting of the  Middle 
Proterozoic  Sullivan  Sediment-hosted  Ph-Zn  Deposit, 
Southeastern  British  Columbia; in Geologic  Guidebook  to 
the Belt-Purcell  Supergroup,  Glacier  National  Park  and 
Vicinity.  Montana  and  Adjacent  Canada;  Link,  P.K., Ediror, 

tana. 
FieldTripGuidebook, Belt Symposium 111, Whitefish,  Mon- 

Turner, R.I.W.  and bitch, C.H.B.  (1992):  Relationship of Albitic 
and  Chloritic  Alteration  to  Gabbro  Dykes  and  Sills  in the 

repolt; Kokanee  Ejrplorarions Lrd, 15  pages. 

Sullivan  Mine  and  Nearby  Area,  Southeastem  British  Co- 

Canada. Paper  92-1E.  pages  95-105. 
lumhia; in Current  Research,  Part E, Geological Survry of 

Winston,  D.  and  P.K.  Link  (1993):  Middle  Proterozoic  Rocks of 

group; in Precambrian:  Conterminous US., Geology of 
Montana,  Idaho  and  Eastern  Washington: The Belt  Super- 

ofAmerica, pages  487-521. 
Nonh  America,  DENAG  Volume  C-2; Geological SocieQ 

Winston.  D.,  Woods,  M.  and  Byer,  G.B.  (1984): The Case for an 
Intracratonic  Belt-Purcell  Basin:  Tectonic,  Stratigraphic 

Sociery. I984 FieldConferPnce, pages 103-118. 
and Stable  Isotope  Considerations; MonraM Geological 

98 Britisb  Columbia  Geological Survey Branch 



FORS - A  PROTEROZOIC  SEDIMENTARY  EXHALATIVE  BASE METAL, 
DEPOSIT,  PURCELL  SUPERGROUP,  SOUTHEASTERN  BRITISH 

COLUMBIA (826/5W) 

By J.M. Britton,  B.C.  Geological Survey Branch,  and 
D.L. Pighin,  Consolidated Ramrod Gold  Corporation 

(Conrriburion No. 31, Sullivan-Aldridge Projecr) 

.- 
KEYWORDS: Mineral  deposits,  sedimentary  exhalative 
(sedex),  base  metal, veins, hydrothermal alteration, Fors, 
Vine,  Sullivan,  Purcell  Supergroup,  .&Idridge  Formation, 
Moyie sills. 

INTRODUCTION 

The  1992  discovery of high-grade  base  and  precious 
metal  mineralization at the  Fors  property  rekindled interest 
in the  Middle  Proterozoic  Aldridge  Formation and provides 
a new exploration target. Argentiferous  lead-zinc  minerali- 
zation  occurs at the  top of a  discordant  zone of pebble  wacke 
or fragmental in middle  Aldridge  sandstone  and  mudstone. 

Sulphide  minaralization  consists  of  pyrrhotite. 

bismuthinite in stratiform, semimassive to massive lenses, 
sphalerite,  galena,  arsenopyrite,  pyrite,  chalcopyrite,  and 

as well as disseminations  and veins. Scheelite  is  a local ac- 
cessory. Gold values, range  up to  0.7  gram  per  tonne;  silver 
to  734  grams per  tonne.  Drill-hole intersections of  up to 25% 
combined  lead  and  zinc  over 1 metre  have  been  reported; 
no  tonnage  estimates  are available. The deposit is unusual 
in having  extensive  and  varied alteration assemblages  domi- 
nated by  plagioclasc:, biotite, tourmaline,  white  mica,  car- 
bonate, tremolite-acrinolite, talc and s~lica. 

hydrothermal activity along a cylindrical conduit,  possibly 
The Fors  deposit  is  thought  to  be  the  product of sporadic 

following  a  growth fault, in  well  bedded  but  weakly  con- 

ported  sediment  upwards to  create  a  "sand  volcano"  with  a 
solidated  sediments.  Fluids  moving  along this conduit trans- 

fragmental  pipe in its  core  and  a structureless sandy  edifice 
on the seafloor. Changes in composition  and  volumes  of hy- 
drothermal fluid, together  with  ingress of sea  water,  account 
for  the  variety of alteration  minerals.  Sulphide  minerals 
were  deposited at twD or three intervals during  the  evolution 
of this pipe. liming of mineralization  and alteration may 

metres  below the deposit. 
coincide  with the  emplacement of a  thick  gabbroic sill 400 

This  description of the  geology,  mineralization  and al- 
teration of the  Fors  discovery  is  based on three weeks' field- 
work in the  summer  of  1994  (JMB) and periodic  surface 
exploration  and drilling since  1966  (DLP). It supplements  a 
brief earlier  description by Hoy ef al. (1993).  Since  the dis- 
covery does not  crop out, this  description  is  based entirely 
on examination  of drill core. 
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LOCATION, ACCESS AND 
EXPLORATION HISTORY 

The  Fors  prospect  (MINFILE 082GSWO: $ 5 )  is locaed 
17  kilometres  southwest  of  Cranbrook,  near the northwn 
end of Moyie  Lake,  at  latitude 49"22'N altd longirlde 
115"53W (Figure I) .  Access  is  by  paved and gravel ro;ds 
from  Highway 3/95. 

zinc  mineralized float on  logging  roads  near Little Lamb 
Early in 1966,  Helg  Fors of Kimberley disc :overed le:& 

Creek.  Subsequent  prospecting by David  Pigh nand Ernest 
Pinchbeck  on  behalf of the  Consolidated Mini! g  and S n d t -  

covered  the  Main  showing,  a 1.2 by  13.7  rletre lens of 
ing  Company of Canada,  Limited  (now Comi~~co  Ltd.) cis- 

bedded  lead-zinc  sulphides (Webber. 1978')).  Comrrco 
staked  the  discovery as the  Helg  and  Helg  No. 1 to  4 groups 
comprising  158  claims (Gifford, 1966). 

1979,  1982  and 1983  included  prospecting,  trmching, sur- 
Follow-up work by Cominco in 1966,  1969.  W17, 

face  geological  mapping,  geophysical  surv :ys (grav~ty, 
magnetic,  electromagnetics  (DIGHEM, UTE M)) and soil 
and  stream  sediment  geochemistry  (Gifford, 966, Cunie, 

Myers,  1983). Anomalies  were testedin  1967and 1978 with 
1969; Fraser, 1977;  Webber,  1977;  Lajoie, 1479; Waskctt- 

at least five shallow and two deeper  diamor  d drill holes 
totaling 944 metres  (Webber,  1978a,b). No  nineralization 
of economic interest was  encountered  and e tentually  :he 
Helg  claims  were  allowed  to lapse. 

L.D.  Morgan  restaked  the  area in 1987 rNnd 1988 2nd 
optioned  the  property  to  Placer  Dome  Inc.  which p r x -  
pected,  mapped  and  sampled  from  May to h l y .  1989 'to 
further work  was  recommended (Maheux. 19'10). 

In autumn  1992,  Chapleau  Resources Limited 2nd 
Barkhor  Resources  Limited  optioned  the prop rty and ccm- 
menced  a  diamond  drilling  program  operated by Kokanee 
Explorations  Limited  (later  Consolidated  Ramrod  Gild 
Corporation).  The first drill  hole  (F92-1)  was c ollared at  the 
Main  showing  and  intersected thin zones of  di! seminated to 
massive  sulphide  mineralization  over  a strati):raphic inter- 
val  of 42 metres  (Klewchuk,  1991).  The highe: t  grade inler- 
cept  was 1 metre of massive  sulphides  wit1  9.35% .;'b, 

December  7,  1992). 
16.4% Zn, 0.09%  Cd and 98 g/t Ag  (The  No them  Mimr, 
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Figure 1. Regional geology and  deposit  location. 
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May  1994.  Concurrent  with  this  drilling,  other  exploration 
Diamond  drilling on the  Fors  property  continued  until 

targets  were  defined by  geophysical  surveys  (PEM and 
magnetometer)  and  geological  modelling.  These  targets in- 
clude  sulphide-enriched  sedimentary  and  concordant  frag- 
mental  rocks  near  the  lower-middle  Aldridge  contact  (at  the 
same  stratigraphic  horizon  as  the  Sullivan  deposit)  and 
quartz-sulphide  veins  similar  to  the Vine vein located 8 kil- 
ometres  to  the  northeast.  (Hoy and Pighin,  1995,  this  vol- 
ume). A  total of l:! 169.7  metres  (in  30  holes)  has been 
drilled  on  the proprty to  date, of which 2440  metres  (12 
holes)  tested  the  extent of the  1992  discovery. 

REGIONAL  SETTING 
The  Moyie  Lake area  is  underlain  mainly by siliciclas- 

tic and lesser  carbonate  sedimentary  rocks  of  the  Middle 
Proterozoic  Purcell  Supergroup (HBy, 1993).  They  are  ex- 
posed  in a broad,  northeasterly  plunging  anticlinorium  that 
has been dissected  by  high-angle  normal and reverse  faults 
(Figure 1). 

Earliest  regional  deformation  occurred in Late  Protero- 
zoic  time.  Compressional  tectonic  activity  during  the  Jura- 
Cretaceous  Laramide  orogeny  that  formed the Rocky 
Mountain  fold  and  thrust belt, transported  Purcell  Super- 
group  strata  as muc:h as  300  kilometres  eastwards  (Price, 

tensional  faulting. 
1981).  Most  recent  tectonic  activity  consisted of Eocene  ex- 

The northeasterly  trending  Moyie  fault  bisects  the  area 

estimated  right-lateral  displacement of 9  to  12  kilometres 
shown in Figure 2. It is a  high-angle  reverse  fault with an 

and  dip  displacement  of 4 to 7 kilometres (Hoy, 1993). It 
brings  older,  Aldridge  Frmation  strata  into  contact with 

ingwall  of this fault. 
younger,  Kitchener strata. The  Fors  deposit  is in the  hang- 

Intrusion of gabbroic  to  dioritic magma nearly contem- 
poraneous  with  sedimentation  has  resulted in the  laterally 
extensive  Moyie  sill:$  that  form  a  significant  part  of  the  lower 
and  middle  Aldridge  sections (Hiiy, 1993). 

GEOLOGY OF THE  FORS-VINE AREA 
The Fors-Vine  area  is  underlain by gently  to  moderately 

divisions of the  Aldridge  Formation  that  have been intruded 
north to northeast-dipping  strata of the  lower and middle 

by mafic Moyie sill:$ (Figure  2).  Three main sills  occur  on 
the  property. 'Avo 01 these, and a  series of distinctive  lami- 
nated  mudstone  marker  beds,  provide  controls  for  strati- 
graphic  correlation. 

Deformation  is  mostly  limited  to  gentle  open  folds. 
Bedding  is  locally  deflected  into  the  plane of crossfaults. 

Moyie  fault  zone (Hiiy and Diakow, 1982). The northeast- 
More  widespread  shearing  and  tight  folding  occur  along the 

striking  Moyie  fault  defines  the  southern  limit of prospec- 
tive  ground.  Minor  northwest  and  west-striking  high-angle 
faults  break  the  stratigraphic sequence into a mosaic of 
structurally  homogeneous  blocks.  Movement  on  these  faults 
is  typically  in  the  order of tens  to  a  few  hundreds  of  metres, 

(Hiiy, 1993).  Temperature and pressure  estimates  for  the 
Metamorphic  grade  is at most upper  greenschist  facies 
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Sullivan  mine  area  are 440i5O"C and 3001t10( I megapas':al!; 
(3fl kilobars),  with  high  carbon  dioxide and ow water flu. 
ids  (De  Paoli  and  Pattison, 1993). and 375OC and 45WIMl 
megapascals (Lydon and Reardon,  1993).  Metamorphism i!: 
attributed  to  burial.  Despite  metamorphic  efiects.  prirrary 
sedimentary  structures  are very well  preservetl. Only where: 
there  has been intense  hydrothermal  alteratio 1 or d e f o r m  
tion are they obliterated. 

STRATIGRAPHY 
The oldest  rocks on the  property  are  silts:ones,  quartz.. 

ites and silty argillites  of  the  lower  Aldridge 1;ormation AI. 
Fors they crop  out in a thin wedge  along the: Moyie f.iull. 
(Figure 2) against  which they have  been  folded. The:y :arc 

coarse  reddish  biotite  porphyroblasts  that  parallel bedding 
distinguished by rusty  weathering,  thin  plana ' bedding 3nc 

the  stratigraphic  equivalent of  the Sullivan hor zon)  is a cnn. 
and grow  at  random  angles  to it. Near  the  top #of this unif  (a! 

cordantlayerofpebble-wackeorfragmentalu~to50me~rer 
thick,  thickening  to  the  northeast  away  fiom  the Fors 
deposit. 

Middle  Aldridge  sedimentary  rocks  consist of h e .  
grained, grey or grey-green  quartzofeldspath I C  sandstones 
(mostly  wackes,  some  arenitesj,  siltstones md  argilllltes 
with variable  amounts of prphyrohlastic  bio,ite and white 
mica (sericite or muscovite),  pyrrhotite and pyrite (hitch 
etal., 1991).  They  were  deposited  as monoton1 'us sequences 
of interbedded  AE  turbidites  that can he broad1 f divided into 
a  series of fining-upwards  cycles  (Hoy,  1993).  Co:eser 
grained  sequences  tend  to be medium bedded I 10 to  30  c 11): 

g o d  bedding,  individual  layers or groups of 'lads lack (lis- 
finer grained  strata  are  thinly to very thinly beulded. Deq)ite 

tinguishing  characteristics so that  correlation  'latween reven 
closely  spaced  drill  holes  is very difficult. 

Primary  sedimentary  structures in the  milldle  Aldridge 
are well preserved  and abundant Bedding, tile most cc,~n- 
mon, is  defined by mineral  trains such as biotile  flakes, p r -  
rhotite  laminae,  monazite,  sphene  and  organic  carhm. 
Fining  upward  sequences, intertadding and xossbedding 
are  common.  Slumps,  ball  and  pillow  structures, load and 

cal of turbidites  also  occur  locally. 
traction  marks,  rip-up  clasts,  tool  marks and so, e marks t:jpi- 

A  pipe-shaped body of coarsely  clastic  material, re- 
ferred  to  here as a  discordant  fragmental, oc,:urs at de:th 
(Figure 3). It  consists of sand to pebble-sized c lasts of sand- 
stone and siltstone in a  silty to sandy  matrix. V OSI c lam are 
subrounded  to  subangular and matrix supprte d. The unit is 
up to 100 metres  in  diameter and 300 metres Iigh. 

A  sequence of nearly  massive fine-grain1 d sediments, 
30 to 60 metres  thick, was recognized by early workers n:ar 
the Main showing. It consists of "intermixed ~~uartzitic  md 
argillaceous  material  with  a  zone of abundant  l)yrrhotite" in 
which  "bedding  is  either  lacking  or obscu;e" (Giflord, 

We interpret  both  the  discordant  fragmental and this 
massive  unit  as  products of dewatering  phenomena  that 
channeled  fluids  upwards in response  to  increasing  hydro- 
static and lithostatic  loads.  Fluid  pathways m y  have bcm 

1 !I1 

1966). 



Figure 2. Geology of the Fors -Vine area, 

localized by growth  faults  which  would  have  provided  the 
initial  permeability. The  clastic or massive  fabrics result 
from  either  hydraulic  milling of poorly  consolidated sedi- 
ments by upwelling fluids, or venting of a slurry of  mud and 
sand  onto  the seafloor, forming  a  volcano-like edifice. 

Several  mafic sills intrude  Aldridge  Formation strata. 
The  deepest  intrudes  near  the  lower-middle  Aldridge  con- 
tact and  is at least 250 metres thick. At its closest it is 350 
metres  below  the top of the  Fors  deposit  (Figure 3). Two 
other sills are stratigraphically above  the  Fors  deposit (Fig- 
ure 2). All the sills  are  are assigned to the Moyie  suite  (Hoy, 
1993) on the  basis of stratigraphic position  and  petrographic 
similarity. They  are  Middle  Proterozoic  and  are  thought  to 
be penecontemporaneous  with  sedimentation (Hoy, 1993). 

Rare  lamprophyre  dikes,  a  few  metres  thick,  have  been 
intersected by drilling.  They  are  dark  grey  with  phenocrysts 
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of coarse-grained  black  biotite.  They  are  probably  Early 
Cretaceous  (Hoy, 1993). 

ALTERATION 

A  remarkable  feature of this  deposit  is  the  extent  and 
intensity of alteration  assemblages,  both  associated  with 
sulphide  mineralization  and  apart  from it. Most  alteration 
effects are attributed to  hydrothermal  fluids  interacting  with 
unconsolidated  sediments, in  the  synsedimentary  to  early 
diagenetic  stages  of  the  evolution  of  these  rocks,  before  final 
lithification. Evidence  forthis  comes  from altered clasts  oc- 
curring in an  unaltered  matrix,  the  strong  influence  of bed- 
ding  and  primary  porosity  on  alteration.  and  ptygmatic 
folding in early-formed  sulphide veins, due  to  compaction. 

Alteration  types  are  described in terms of their  present 
(metamorphic)  mineralogy. The  reader  should  keep  in  mind 
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Figure 3. Fors  deposit:  schematic cross-section. 
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Photo I .  Bedded iron-rich  tourmaline  alteration  in  lower Aldridge 
mudstone  with  pale  manganese-rich  garnet  porphyroblasts (ddh 
F93-3.433.5 m). 

Photo 2. Tourmaline  alteration in discordant  fragmental,  with 
quar tz  veins. Light  coloured  pieces  have  pale  brown, 
magnesium-rich  tourmaline;  centre  piece  isunaltered  (left to right: 
ddh F93-3, 100.2 m, 179.1 m, and 210.1 m). 

likely, actinolite  results  from  the  metamorphism of precur- 
sor minerals,  such  as  sulphates,  carbonates  and  clays,  that 
formed  during  alteration. 

The deposit  is  crudely  mushroom  shaped  (Figure 3). Its 
stem  consists of an alteration  zone  (tourmaline  and  plagio- 
clase)  within and around  the  fragmental  pipe. Its cap lies 
immediately  above  the  pipe  and  comprises  plagioclase-bi- 
otite,  calcsilicate  and  mica  alteration  assemblages  with dis- 
seminated  to  bedded  sulphides.  Both  stem  and  cap are  cut 
by a  thick,  late-stage,  sulphide-rich  vein. 

into  six main associati0ns:tourmaline; plagioclase-biotite- 
Based  on  field  observations,  alteration  can be grouped 

garnet;  biotite;  calcsilicate;  sericite;  and  silica.  Figure 3 il- 
lustrates  their  distribution. 

complete  replacement of original  sedimentary  material by 
Tourmaline alteration  consists of partial  to  almost 

microscopic  grains of tourmaline.  The  resulting rock is  hard 
and  cherty in appearance,  typically  with  a  conchoidal  frac- 
ture  in  the  most  altered rocks. Individual  grains of tourma- 
line  are  seldom  visible  to  the  naked eye: grain  size  rarely 
exceeds  100  microns (h i t ch  e ta l . ,  1991). 

' lbo types of tourmaline  alteration  occur  at  Fors  who- 
tos  1.2).  The  first  and probably  oldest is bedded  black  tour- 
maline  (iron-rich;  schorl)  that  preferentially  affects 
argillaceous  layers.  Bedded  tourmalinization  is  volumetri- 
cally  small. As much  as 30% of a  section may be strongly 
tourmalinized.  More  typically  it  affects  argillite  beds  up to 
5 to 10  centimetres  per  metre  of  section.  Bedded  tour- 
malinite  is  locally  associated  with  small,  white  managnese- 

~~ . ~ ~ ~ ~~~, 
rich  garnets (<0.5 mm). 

the  caveat of Shaw er al. (1993a.  h)  that  this  mineralogy 
probably  differs  from  that  which  developed  during hy-  alteration.  First  it  is  overprinted by most  other types of a b  

' lbo lines of evidence  indicate  this  is an early  stage of 

drothermal activity. "Actinolite-altered''  does not necessar-  teration.  Second, tourmalinizd  argillite  occurs  as  contorted 
ily mean that  hydrothermal  fluids  produced  actinolite.  More  rip-up  clasts in siltstone,  which  suggests  either  extremely 
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Photo 3.  Plagioclase-biotite-garnet  alteration:  pervasive, 
texture-destructive patches and veins (left to right: ddh F92-2, 
175.2 m, 228.0 m, 238.7 m). 

selective  replacement or else  that  clays  were  altered  before 
being  incorporated  in  turbidite  flows. Rare, dark  tourmaline 
clasts  also  occur in the  discordant  fragmental. A model  for 
bedded  tourmaline  alteration  is  that  ascending  boron-rich 
hydrothermal  solutions  pass  through  coarser  sediments  to 
become trapped by less  permeable  clay-rich  strata,  reacting 
with  them  to  form  conformable  sheets of tourmalinite 
(Slack, 1993). 

rich:  dravite). It is  mainly  confined to the  d scordant .5raj:- 
The  second type  is light to dark hrowr, (magnesium- 

mental in which  both  clasts  and  matrix are all  :red (Photo 2). 
Both  types ere locally  associated  with  a 1i:tle  pyrrhotit,:, 
more rarely  with  arsenopyrite,  sphalerite ant I galena. 

Plsgioclsse-biotiteigamet alteration  affects  large 

bedded  sediments  surrounding it. It  appears to be assytne t- 
volumes  of  rock,  including p m  of the  fragn  ental pipe and 

rically  distributed  around  the  pipe,  skewed t t ,  the northmt. 
It is  pervasive  and  texture  destructive. ant1 results is  an  
aphanitic  to  very  finely  granular,  mottled grey, white  and 
pink  rock  (Photo 3). Where  biotite is common  it  can rewm- 
blecoarsegranite(Photo4).ItcH:cursasveins,patches,hai1.- 

to gradational.  Garnets  associated  with this ltyle of a1:ma- 
line  fractures  and  broad  diffuse areas. Its  contacts are stmfp 

tion are pale pink, up  to 2 millimetres  in diar leter, and  nay 
be selectively  replaced  by  calcite or sericite. 

This form of alteration  is  usually refemd to as alhit:- 
zation  as,  regionally.  the  composition of the f~ ldspar is srdic 
plagioclase. However  calcic  plagioclase with anorthite :or!- 
tents  np  to  Ansohave been observed  at  Fors  (‘3.H.B. Leitcll, 
personal  communication, 1994.) and  may t e more wid6.- 
spread. Its weakest  effects  consist of a  bleaching of the prc- 
tolith  and  an  increase in black to dark t rown biotitc:. 
Strongest  alteration is paper-white,  finely g~ anular, ahno!:t 
monomineralic  plagioclase.  Pink to liver-c  ,loured  :zones 
occur as extensive  patches  within the mainly  pale I‘c(:~!L 

These may be areas  enriched  in  potassium I :Idspar o r  mi- 
croscopic  inclusions of metamorphic  biotite. ’ ’he  pink .zones 
are typically  cut  by  pale  hairline  veinlets.  at high a n g h  6) 
relict bedding, of a  later stage mineral,  p0ssil)ly albite. 

Photo 4. Alteration  rnineralogies and textures in the  calcsilicate  alteration  cap (“vent horizon”).  From  left to right ssemblages .a: 
tremolite-talc-dolomire;  massive  tremolite-actinolite;  massive  brown biotite; biotite  replaced by actinolite;  plagioclase.  biotite-(gsnet) 
alteration  cutting  bedded,  albitized sediments; and coarse,  granitic-textured  plagioclase-biotite  alteration (left B right: dl h F93-10, 4,9.:l 
m,54.1m,58.2m,61.0m,68.5m,and71.0m). 
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it preferentially  replaces  biotite.  The  paragenesis of this as- 
Pyrrhotite  is  common  in  plagioclase-altered rocks and 

semblage  is  uncertain. In one  location  pyrrhotite  is  pseudo- 
morphous  after  biotite  porpbyryoblasts  that  grew  at  random 
angles  across  bedding.  This  indicates  late,  perhaps  post- 
metamorphic,  redistribution of phases. 

to  the cap of the deposit,  which  consists of complexly  inter- 
Biotite and calcsilicate alteration are mainly  confined 

layed,  coarse-grained  assemblages of micas  (pale  to  bronzy 
brown  biotite  and  muscovite),  amphiboles  (actinolite and 
tremolite)  and  carbonate  minerals  (calcite  and  dolomite). 
Because  these  minerals  form 100% of the rock it is  thought 
that this zone  may  represent  a  hydrothermal vent area.  The 
cap  or  vent  horizon  is  crudely  stratified  with  a  nearly mas- 
sive  zone of actinolite at its  base,  a  biotite-rich  zone in the 
middle  and  a  thin  magnesium-rich  zone  (talc-tremolite- 
dolomite) at the  top.  The  range of textures  found  is  shown 

Photo 5.  Sericite  alteration in thinly  bedded  middle  Aldridge 
mudstone  showing  both  texture-destructive and layer-parallel 
styles. The small  white  spots are relict  garnets. (ddh F92-2,260.5 
m.). 
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in  Photo 4. The  cap is up to 200 metres  in  diameter and 30 
metres  thick. 

Actinolite  (light  to  medium  green,  fibrous  amphibole) 

bole). It occurs  as  very  coarse  grained  (up  to 2 cm) 
is  more  widespread  than  tremolite  (white,  fibrous  amphi- 

monomineralic  lenses, up to 3 metres  thick,  near  the  base  of 
the  calcsilicate  cap.  It also occurs  away  from  the  calcsilicate 
cap,  where  it  always  appears  pseudomorphous  after  biotite. 

and  the  talc-rich  zone at the  top of the  calcsilicate  alteration 
Tremolite  occurs  mainly  in  association  with  dolomite 

cap. It has  a  similar  coarse-grained  acicular  habit,  and  like 
actinolite,  also  appears  to  be  replacing  biotite. 

masses  up  to 10 centimetres  long,  intergrown  with  tremolite 
Talc occurs  as  dark  green,  irregularly  shaped,  soft waxy 

and dolomite  (Photo 4). It appears  to be confined  to  the up 
per  edge of the  calcsilicate  alteration  cap  and  may be par- 
tially  metamorphosed  to  antigorite. 

Sericite alteration  occurs  as  a  distal  aureole  around  the 
other  alteration  assemblages  at  depth  and  above  the  bedded 
sulphide  zone,  up  to and including  the  Main  showing,  where 
it is  associated  with  silicification.  Locally  it  is  texture  de- 
structive and pervasive  but  more  commonly  it  is confined 
to  bedding  planes in porous,  feldspathic  units  (Photo 5).  It 

pink  garnets  up  to 2 millimetres  in  diameter  also  occur 
isdistinguishedbyitspalegreencolouranditssoftness.Pale 

within  sericitic  alteration  zones,  but  garnets are quite  com- 
monly  replaced by sericite  (note: In this  report  "sericite" is 
used for  aphanitic  white  mica;  "muscovite"  for  grains vis- 
ible  to  the  unaided  eye). 

Silica alteration  occurs  in  two  ways.  First, it forms ir- 
regular  zones  apparently  confined  to  strata  that  overlie  the 
calcsilicate  alteration  cap,  up  to  at  least  the  stratigraphic 
level of the  Main  showing  where it was  identified  by  Ma- 
heux  (1990).  Second,  it  forms  thin  envelopes  around  late- 
stage  quartz  veins. In the  first  case,  silicified  core is 
blue-grey,  bard,  and  has  a  diffusely  granular  appearance. In 
the  second  it  is  milky  white,  finely  granular  to  aphanitic 

elsewhere  in  drill  core  (Klewchuk,  1993)  but  because of its 
(chalcedonic).  Silicification  has  been  tentatively  identified 

to  document  its  occurrence.  It is noteworthy  that  silicifica- 
similarities  to  plagioclase  alteration  more  work  is  required 

tion is rare to unknown  at  the  Sullivan  mine. b i t c h  et  al. 
(1991)  found  no  introduction of quartz  due to alteration. 

SULPHIDE  DEPOSITS 

Zones of almost  massive  sulphides are rare. They  occur 
in two  forms:  stratiform  and  vein.  Drilling  to  date has not 
been  able  to  demonstrate  strong  lateral  continuity  in  either. 
Thickest and highest  grade drill intersections  were  encoun- 
tered  in  bole F92-1. 

Conformable  massive  sulphides  consist  of  fine to 
coarse-grained  pyrrhotite,  sphalerite  and  galena  within  a 
plagioclase-biotite-sericite or actinolite-rich  envelope 
(Photo 6). The  sulphides  locally  contain  coarse  (to 8 mm) 
clasts of transparent  quartz  and  have a cataclastic  fabric. 
Upper and lower  contacts  approximate  bedding in the  en- 
closing  sediments. A maximum  thickness of 2 metres was 
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intersected. The stratiform sulphide  zone  lies  a  few  metres 
above  the  top  of  the  calcsilicate alteration cap (Figure 3). 

with  a  calcite-quartz  gangue,  cuts  an actinolite-rich altera- 
A  semimassive  sulphide  vein  almost 2 metres thick, 

Photo 6. Massive sphalerite. galena and pyrrhotite  with a quartz. 
plagioclase. actinolite and biotite envelope (left to right: ddh 
F92-I, 63.5 m and 7t1.0 m). 

Photo 7. Semimassive  arsenopyrite,  pyrrhotite+scheelite, with a 
calcite, quartz and  acl.inolite  envelope  (ddh F92-1, 101.6 m). 
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tion zone. The vein consists  mainly  of grar ular pyrrhtite 
rimmed  by  arsenopyrite,  with  variable  amoul Its of spha'erite 
and  galena  and  accessory scheelite, chalca?yrite and hir- 
muthinite  (Photo  7).  One  intercept return1:d 734 g/t A!, 
16.7%  Pb,  and 5.40% Zn  over 11.3 metre. 

Low-grade  zones  of  sulphides are, on 1 he other h a n l ,  
quite  widespread.  They  consist of disseminaiions, stringers. 
veins, small  semimassive to  massive  stratifrmn lense!: and 
irregular  patches  of  mainly  pyrrhotite,  wi:h  subordma!e 
amounts  of sphalerite, galena, pyrite, and r a ~  e arsenopyrit:, 
chalcopyrite  and  hismuthinite.  Pyrrhotite al io occur!; 3s 11- 

biquitous hairline laminae that define  beddin 5. Several gew 
erations of  sulphide  mineralization are requ  red to accomd 
for  the variety of habits and  textures  found. 

DEPOSIT  MODEL 
In  order  to  synthesize our field  observations, we :,ffi:r 

the  following  genetic  model for the  Fors de6,osit as a u,orI:- 
ing  hypothesis. 

ganics  and iron in a fault-controlled graben or half @:fahen 
1) Pelagic, turbidite  sedimentation  with  entrained or- 

resultsinathicksequenceofpnorlyconsolid; tedsedirnm3. 
2)  Dewatering  of  the  sedimentary pile in responie I O  

increasing  hydrostatic  and lithostatic loads rc sults in thc: dc- 
velopment of a  fragmental  pipe  which acts ,IS a  long-lived 
conduit  for  the  upward  migration  of fluids. The  pip:  may 
have  formed in the  hangingwall of a  growtI fault. P;ualk:l 
and  conjugate  fractures related to this fault nay have C:OII- 

tributed additional  pathways for fluid migrrltion. The pire 
functioned as a  conduit  at least until the tim: of fornwtian 
of  the  bedded  sulphides  above  the calcsili:ate zone  and 
probably until after  the  formation of the Main' showing, now 
exposed at surface. The upper limit of coar;e fragmentals 
appears to  lie  just below  the calc.silicate cap which  may  rep- 
resent  a  sedimentary-exhalative  vent  deposit Less vigorors 
dewatering  may  have  produced  the massivl unit near the 
Main  showing. 

preferentially travel along  beds  and  up  the  fmgmental pip:. 
3)  Tourmalinizing  fluids  (of  uncertail~  provenancc) 

It appears  they  changed  chemistry  with  time:  most  bedded 
tourmalinites are schorlitic (iron rich); howel er much of the 
pipe is brown to pale  brown, tlravitic (magnt sium rich I. 

4) Albitizingfluids  ascend.'meselocally  overprint I,&- 
ded tourmaline-altered rocks but  mainly  sl'read  latalally 
away  from  the  pipe to the northeast. 

biotite (or  biotite  precursor minerals) in  the n main part  the 
5 )  Potassium,  iron  and  magnesium-rich fluids d e p s :  t 

vent  horizon. 
6)  Latecarbonate-rich fluids flooding alc ngparasiti" cr 

antithetic  structures  overprint biotite (preclwors) to pm- 
duce  actinolite  (precursor)  assemblages  and i eps i t s  o f  :SUI - 
phides. At least two pulses are. required the f ,rst  to pnwluca 
semimassive to massive, locally stratiform le Id-zinc-silvel- 
rich mineralization  with a high  base  metal to iron ratio. Th: 
second  pulse to produce  veins  enriched in arssmic,  tung!;'terl, 
silver and  bismuth, as well as zinc, lead  and ron. 

welling  carbonate-rich  fluids  to  produce ~~agnes iun -en -  
7)  Downward  circulating  seawater  mixes  with UP- 

lo;' 



riched  assemblages  including  talc,  tremolite  and  dolomite 
(precursors)  at  the  top of the  alteration  cap,  and  possibly  the 

fragmental  pipe. 
magnesium-rich  tourmalinites  found  in  the upperpart  of the 

(silica)  alteration  with  minor  sulphides  in  the  sedimentary 
8) A  later  pulse of hydrothermal  fluids  causes  sericite 

package  that  overlies  the  bedded  sulphide  zone  and  forms 
the  Main  showing. 

eralization  may  have been provided  by the inbusion of thick 
9)  Heat  and  fluids  for  hydrothermal  alteration  and  min- 

mafic sills into wet sediments. 
10) Finally,  regional  metamorphism  creates  the  present 

silicate  mineralogy  and  redistributes  some  sulphides. 

CONCLUSION 
The  Fors  prospect  is  a  well  preserved  example of a 

and vein deposit  hosted  by  Middle  Proterozoic  Aldridge 
small,  high-grade  lead-zinc-silver  sedimentary  exhalative 

Formation. It is associated  with  an  unusually  strong  altera- 
tion  assemblage  variously  dominated by plagioclase,  bi- 
o t i t e ,   t o u r m a l i n e ,   w h i t e   m i c a ,   c a r b o n a t e ,  
tremolite-actinolite,  talc  and  silica.  It  is  a  blind  discovery 
that  resulted  from  drill-testing  a  geological  model of low- 
grade  mineralization  found  at  surface. 

It  provides a new  exploration  target  in  the  Sullivan 
camp,  having  some  similarities  to the Sullivan  deposit  and 

ence of such  Sullivan  indicators as bedded  sulphides, h g -  
some  important  differences.  Similarities  include  the  pres- 

mental  units  that  locally  carry  sulphide-bearing  and 
tourmalinized  clasts,  garnet  porphyroblasts,  and  tourmaline 
and  albite  alteration.  Differences are that  it  is  located  outside 
the  Sullivan  comdor,  is  saatigraphically higher,  has  unusual 
alteration  assemblages,  and  has  elevated silver, gold,  tung- 
sten  and  arsenic. 

The  deposit  deserves  further  study  and would  make  an 
excellent  project  for  a  graduate  student  interested  in  water- 
rock  interactions. Very good core. storage,  logging  and  rock 
cutting  facilities  exist  at the field  office of Consolidated 
Ramrod Gold  Corporation  to  support  such  work. 
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GEOLOGICAL MAPPING OF THE YAHK MAP AREA, 
SOUTHEASTERN BRITISH COLUMBIA: AN UPDATE (82Fll) 

By D.A. Brown and P. Stinson 
(Contribution No. 18, Sullivan-Aldridge Project) 

"." 
KEYWORDS: Proterozoic, lower  Purcell Supergroup, 
tourmalinite,  ultrabasic  breccia dikes. 

INTRODUCTION 
This  article  summarizes new findings of the  East 

Kootenay  project after  completion of 2  months of field- 
work in  the Yahk map  area (82F/I) in  1994. The project 
was initiated in 1993 to provide 130 000-scale 
geological maps  with  improved  stratigraphic corre- 
lations, and  to  stimulate base metal exploration  southwest 
of the Sullivan  mine. Work in  1994 focused on fill-in 
traverses and measured  sections to complete  mapping of 
the Yahk  sheet.  and  the  Iron  Range  Mountain study 
(Stinson  and  Brown,  1995,  this  volume). The regional 
geological setting  and 1993 preliminary results were 
summarized by  Brown el a/ .  (1994); two 1:50 000-scale 
maps  are now available  (Brown_  1995a,  b). 

the west into  metamorphosed, polydeformed  Purcell 
Mapping  in  the  1994  field  season  was  extended to 

Supergroup  strata  underlying  the  Creston  map  area 

the two  map  areas provide an excellent  opportunity to 
(82F/2; see Brown el ai., this volume), and collectively, 

study the transil.ion from  hinterland  (parautochthonous 
strata of the Purcell  anticlinorium) to orogen  (deformed 
North  American  miogeocline  strata of the Kootenay  Arc). 
This project contributes to the Sullivan-Aldridge project. 
a multidisciplinary  research  effort  involving the 
Geological  Sulvc:y of Canada, Geological Sulvey  Branch, 
United  States Geological Survey, four universities, 
Cominco  Ltd.  and  Consolidated  Ramrod Gold 
Corporation. 

PREVIOUS WORK 
Geological mapping  in  the Nelson East Half map 

area was completed  in 1938 by the Geological  Survey of 
Canada wee, 1'941). Farther  easl,  the  Fernie West  Half 
map  area  was  initially mapped by Daly (1912a), 

(1960)  completed  a 1:126 720-scale  map (1"=2 mile). 
Schofield (1915)  and Rtce (1937),  and  later, Leech 

Recent  1:250 000 and 1: 100 000-scale mapping  has been 
published to the teast and north by  Hby (1993)  and Reesor 

Harrison el  a/. (1992),  Aadland  and  Bennett  (1979)  and 
(1993). and sonth of the international  boundary by 

coloured  compllation  map of the  entire  British 
Stoffel el a/. (1991;  Figure la). A new 1:250 000-scale 

Columbian  Purccll  anticlinorium  is now available (Hby 
el a/. ,  1995a).  More  detailed  mapping  adjoining the 
Yahk  map  area  includes work  by Burmester (19x5). 
Miller  (1983)  and Reesor (1981; Figure Ib). 

Figure 1. Location of the Y;hk and  Creston m ~p areas ((luk. 
hatched  rectangle)  relative  to areas of previo s l y  publirhec. 
geologic  maps. (a) The 1:250 000, 1 :I26 720 or 1 :IO0 000--sralc: 
map coverage  includes:  Femie  West-half  (82G/ Nest) -- l,c:t:clL 
(1958,1960),HoyandCarter(1988),Hoy(19931;NelsonE~cst.. 

Aadland and Bennett (1979); Kalispell -- Elamison cf a/ 
half  (82Fkast) -- Rice (1941), Keesor  (1993:.  Sandpoint 

(1992).  Spokane -- Griggs  (1973), Stoffel e, a/. (19'9 ) 
Wallace -- Harrison er ai. (1986). (b) The 150 000, 1:4t: C80C 
and I :25  000-scale  maps  in  the  immediate vicin,ty of the Y ~ h k  
and  Creston  map areas include:  Earmester  (19!5),  Hurmerte~ 
and Miller (1983), Cressmm  ar,d  Harrison (1986), Glovel. 
(1978), Hoy and Diakow  (19821,  Miller (1982, 1983), Rexsal. 
(1981, 1983). 
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GEOLOGICAL SETTING 
The Proterozoic  Purcell  Supergroup  (Belt 

carbonate  sediment  sequence  at  least 12 kilometres  thick, 
Supergroup  in  the  United  States),  a  siliciclastic  and 

accumulated  in a pericratonic  basin between about  1500 
and  1350 Ma ago. It is preserved  in  an  area 750 
kilometres  long  and 550 kilometres  wide,  extending  from 
southeastern  British  Columbia  to  eastern  Washington, 
Idaho and  western  Montana. In  British Columbia,  the 

anticlinorium,  a  broad, gently  north-plunging structural 
Purcell  Supergroup is exposed in  the Purcell 

culmination  (Figure 2). The stratigraphic  nomenclature 
for  the  Purcell  Supergroup  varies  across  the  basin;  this 
article  adopts  divisions used in  the  east-half of the  Nelson 
map  area (Reesor, 1983; HOy, 1993). 

Purcell  sedimentation may have ended  with  the  onset 
of the East Kootenay orogeny,  a  metamorphic  and 

and  Price,  1982).  Within  the  basin,  syn-Aldridge 
structural  event  between  1350  and  1300  Ma  (McMechan 

tectonism  is  evidenced hy early  faults  and  emplacement 
of the Moyie intrusions. A Late  Proterozoic  extensional 
event,  the Goat River  orogeny (800-900  Ma),  resulted  in 

Purcell strata,  and initiation of the Cordilleran 
rifting (block faulting), erosion of up to 4 kilometres of 

miogeocline  with  deposition of the  Windermere 
Supergroup (Lis and  Price,  1976;  Price,  1984). By the 
Middle  Jurassic,  collision of allochthonous  terranes  from 
the west (Columbian  orogeny;  Terrane I; Monger et a/., 

produced  deformation,  metamorphism and  plutonism 
1982)  onto  the  western  margin of North  America 

that  affected  the  western  edge of the  Purcell  Supergroup. 
Docking of Terrane I1 to  North  America  resulted  in 
another  compressional  event  in  the  Cretaceous  to  early 
Tertiary (Laramide orogeny, circa 100-70 Ma) that 
produced the  dominant  folds  and thrust faults  in  the  map 
area Strata  were  transported  to  the  east  on  westdipping 
thrust  faults  that  extended  into  the  cratonic  basement 

Purcell  anticlinorium with  Proterozoic  strata  in  its  core. 
(Cook and Van der Velden,  in  press)  producing  the 

Emplacement of several  large,  syntectonic  and  post- 
tectonic  Cretaceous  plutons  accompanied  this  event. 
Some of the  plutons  plugged  folds  and  thrusts;  for 
example, the St. Mary  fault  zone  is  plugged by the  Reade 
Lake  stock  and the Hall Lake fault  is occupied by the 
White Creek batholith (Price, 1981;  Archibald et a)., 
1983; HOy, 1993).  Reactivation of some of the  Cretaceous 
thrust  faults  during  Eocene  extension is locally 
important,  notably west of the Y a m  map  area (see Brown 
et a/., 1995,  this  volume). 
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STRATIGRAPHY 
The Yahk  map  area  is  underlain largely  by the 

Aldridge  Formation, the lowermost division of the 
Purcell  Supergroup (Figure 3).  The Creston  Formation 

the Aldridge Formation. The overlying  Kitchener 
(about 2300 m thick; Reesor, 1983) gradationally  overlies 

Formation  includes  the  lowermost  significant  carbonate 
accumulations  in the F'urcell succession. The Aldridge, 

the  Prichard  and Ravalli  groups,  and  Wallace  and  Helena 
Creston  and  Kitchener  formations  are the equivalents to 

formations  in  the  United  States, respectively. 

LOWER  ALDRIDGE - RAMPARTS FACIES 

occur  in the  map  area, based on stratigraphic  distance 
Strata  equivalent to the lowcr Aldridge  Formation 

below the lowesi: middle  Aldridge  marker  laminite, lack 
of any  markers in over 700 metres of stratigraphy, and 
presence of numerous Moyie sills. However, the outcrops 
are  unlike  the typical rusty weathering,  thin-bedded 

farther  east  in the basin.  They are generally thick-bedded, 
siltstone and argillite of the lower  Aldridge  Formation 

grey-weathering (non-rusty;, quartzitic wackes. and 
called  "Ramparts facies" for  their type locality east of 
Creston,  along the Ramparts below Mount  Thompson (D. 
Anderson,  personal  communication,  1994;  Photo 1). 

light grey to buIT, medium to fine-grained  quartzitic 
The  Ramparts facies  consists  primarily of distinct, 

wackes  with lesser green-grey argillites. The thick to 
medium-bedded  wacke forms  prominent  cliffs or ribs 
along  hillsides. Unlike the tqpe locality, the rocks carry 
no pyrrhotite,  except for the  extreme base of the 
Ramparts  exposure  southeast of Creston. Locally, the 
quartzitic unit:; are crossbedded, graded  and/or 
laminated. Some: beds  are  lenticular  in  outcrop  and show 
cut-and-fill features  suggestive of channel  deposits  and 
shallow  water  deposition.  Beds tend to form 
amalgamated  sels  that  fine  upward. Between the sets are 
sequences of nlore  thinly bedded quartz wjacke and 
argillite.  Bedding  is wavy and  lenticular,  showing 
features of current activity (ripple  crosslamination;  Photo 
2) and  loading (load ripples  and  flames).  This wavy 
bedform indicates  more  current ,activity than  has been 

area to the northeast. Euhedral to subhedral  pits on the 
suggested  for typical lower Aldridge in the Kimberley 

weathered  surfaces of argillite beds contain  remnants of a 
soft white  mineral that may be  pseudomorphs a f k r  

Figure 2 (facing page). Generalized  geological  map of part of 
southern British Columbia,  northern  Washington,  Idaho  and 
Montana,  emphasizing the distnbution of the Purcell 
Supergroup,  lower  Windermere  Supergroup (Toby and  Irene 
formations)  and  lnaior  intrusive  suites.  Simolified  Creston 
Formation' distribu1;on  is illustrated to delineate major 
anticlines.  Rectangle  marks  East Kootenay project area. 
Abbreviations:  GllA = Goat River  anticline, HF = Hope fault, 
HLF = Hall  Lake  fault, JJF = Jumpoff  Joe  fault, MA = Moyie 
anticline, MF = Moyie fault, = Newport fault,  PTF~ = 
Purcell  Trench  fault,  RCF = Redding  Creek fault, RMIT = 
Rocky  Mountain  Trench  fault, SMF = St. Mary fault, SSP = 
Snowshoe fault. Modified  after Hdy ,?r a/., 1995, Millcr  (1982, 
1983;  Stoffel eta:. ,  1991, Harrisonefd., 1992). 

gypsum(?), near  Mount  Thompson.  Tht: presenc: of 
gypsum would signify  saline  conditions, at least I(KEIII:/. 
In the  same  area,  probable  mud-chip  breccia may 

upward into  more quartzofeldspathic and I~:al ly 
indicate desiccation. Quartz  wacke  in erbeds grac.e 

calcareous  beds of the middle  Aldridge Fmnation. Tbe 
transition is subtle  and difficult to  map at : :50 000 s:ah:, 
partly due to the lack of exposure. 

At Creston the  Ramparts  facies  is etimated t:, te 

the core of the Goat River anticline. To  the t:ast, 
700 metres  thick,  exposed as a  flat-lying succession in 

Ramparts  facies  can be recognized at  Ame8ica Creek and 
at Hawkins  Creek,  where  only  about 1:;O metres r u ' e  

exposed at surface  (the  estimated  total th ckness is 400 
metres; D. Anderson,  personal cornmunixtion, 15194). 
The  Ramparts  facies  thickens toward th: U.S. tKa.d(:r 
then  thins  farther to the sou1.h @. Ande'son, p e r s o ~ d  
communication, 1994). It also  thins to the e a s t  and 
northeast. The Ramparts facie!; may be a PI oximal p a l t  of 
a turbidite  fan  that  correlates  in  part uith  the Iowc:r 
Aldridge footwall quartzite exposed in  the Sullivan :Lre:L. 
This  implies  that  the  upper  siltstone (dista turbidites) of 
the Sullivan  area are replaced to the southwesi  by 
proximal to middle  fan  turbidites of the  Ra:,nparts facies. 

Photo 1. View east lo subhonzonhl beds of qua tzitic wa:l:,t  [sf 
the  Ramparts  facies  intruded by scveral  gabbro ;ills exposd in 
cliff faces  along  the  Ramparts,  southeast  of Cre! ton.  This i i  the 

Aldridge Formation in the Sullivan area. 
type  area for the  facies, a proximal equivalelt to  the I,lwf,r 

Photo 2 .  Brown-weathering bed bottom  with a sme t r i c  rpple 
marks,  Ramparts facies about 5 kilometres s ~ t h  of Moult 
Thompson  (5-centimetre  diameter  lens  cap 01 top of bl'xl:; 
PST94-200). 
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MIDDLE ALDRIDGE 

and comprises a thick  sequence of fine  siliciclastic rocks, 
The middle  Aldridge  underlies most of the map area 

dominantly planar-bedded, fine-grained quartzofeld- 

differs  from the overlying Purcell Supergroup  strata in 
spathic  wacke  to  quartz wacke. with lesser argillite. It 

that it was  deposited in deeper  water as turbidites. is 
intruded by numerous  gabbro sills, contains  extensive 
and distinctive  marker  units and  has  disseminated 
pyrrhotite  throughout  (Cressman, 1989: Hoy. 1993). 
Medium-grained  wacke is uncommon, and coarse- 
grained  wacke is rare. Total  thickness is at least 3000 
metres, and may  be as much as 4000 metres, based on 
estimates  from map distribution.  In  contrast,  the  middle 
Aldridge in  the Cranbrook  area is about 2500 metres 
thick and farther  north in the  Sullivan  mine  area, only 
2100 metres  thick (Hay, 1993). 

conglomerates  ("fragmentals") are interpreted by 
Isolated ou~.crops of sedimentary  breccias and 

Cominco  geologists and  others  to  be  derived  from 

consolidated  sediments  into  crosscutting  tabular bodies. 
fluidizing  (dewatering) of consolidated  to  semi- 

sheet-like  mounds and  debris flows (Cominco staf€ 
geologists.: Turner et a/.,  1992: Brown el a/.. 1994:  Hoy. 
1993: Cressman. 1989). A  newly discovcrcd fragmental 
locality, south of Yahk in King Creek. contains  oblong 
wacke clasts up to 9 centimetres  long.  Clasts arc 
concentrated  along two horizons  parallel  to  bedding. 

IRISHMAN CREEK MEASURED  SECTIONS 

Formation were measured along Highway 3 on  either 
Two  sections  through parts of the middle Aldridge 

side of Irishman Creek. in the  northeast  corncr of the 
Yahk  map  area (Figures 3 and 4). Both sections  are 
dominated by turbidites. with  lhin  to  thick  planar, 

turbidity current processes are described by Walker 
massive sand beds (Photo 3). Sedlmcnts associated with 

Formation is givm  in Hoy (1993). 
(1979), and a regional discussion of the middle  Aldridge 

In  the  eastern section (section I ) .  the  bedding  has a 
consistent dip to the west-northwest, and in thc western 
section (section 2) the rocks havo a variable. moderate 
dip to the west; the sections  are  on  either  side of a broad, 
gently  north-plunging  anticline. bisected by Irishman 
Creek  (Figures 3 and 5 ) .  The base of section 2 is 200 to 

Each  section is broken by two to five normal faults: in 
300  metres stratngraphically abow: the top of section 1. 

based on bed-to-bed matches  on either  side of the faults. 
every case offset across  the  faults is less than 2 metres 

The medium to fine-grained  quartz wackc and wacke 
contains IO to 213% fine-graincd biotite. based on  hand 

product of the original clay constituents. Lesser arenite 
specimen  examination. which is the  metamorphic 

and  quartz  arenite  are  iuterbedded with thc wackc. The 
lithological con!;istency. particularly in scction I .  is 
remarkable. 

centimetres  to  over a metre. Intcrnally. most of the beds 
Individual smd beds range in thickncss from several 

are massive  with  faint  parallel  stratification  towards  their 
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tops.  These  beds  rhythmically  alternate wi h sections of 
laminated  siltstone I to 20 centimetre: thick. Thl: 
packages  of  thickest beds, mainly towarc s the  tor' of 
section I,  are usually amalgamated: the  fines of thc 
previous turbidity current are completely rodcd by t b :  
next turbidite. The amalgamaled sand beds are  up Io :! 
metres thick, with internal  contacts  only I aintly visible. 
Thicker  packages of laminated  argillite Ind  siltr.tone, 
deposited during quiescent periods in the basin, wcur 
sporadically. 

current processes were observed: these inchde flute ~ C : I S ~ S ,  
Sedimentary  structures  reflecting he turbidit? 

and less common  groove  casts and bounce marks. Fhm,: 

bedforms, and lithologic  variations  are prc~ented on th,: 
structures are present locally. PaleocurreIt  direc~:i'~ns, 

graphic  sections  (Figure 4). Most of {he measured 
paleocurrent  indicators  trend  northwest, d ' e r  rotatiol  to 
paleohorizontal.  Where  their  asymmet:*y could b: 
determined, they indicated  currents  to the  north 11) 
northwest. 

the base of section 2 exhibits small-scale, v'.ell develctped 
A thick  sequence of siltstone and a q  illite towrd;  

trough  crossbedding and local flascr bedl!ing. Foresets 
are composed  of alternatrng  light brown .ill and black 
argillite. This section is near the  top c,f the m,iNjdl': 
Aldridge and may indicate a regression. iimilar to th': 
shallowing  which resultcd in the transilion  to upper 
Aldridge  argillite.  There are Inore tnrbidi  es abovt: this 
unit. so it  only  represents a temporary  change in 
depositional  environment. 

measured to the base of a sill 30 metrcs th~ck; i t  fo rm . I  
Each section has t ~ o  Moyie sills. E,cction 1 was 

steep clifI which  marks the lend of the  txposure. Th,: 
other,  thinner sills have narrow  chilled nargins. Th,: 
contacts of the  two  sills in scction 2 are well expos,ed, 
and  arc concordant  with  bedding. The contact!; ar: 
slightly sheared, as this part of the seclion is gentli  
warped. The sills  appear to  haw a zone of ltornfels ;tl~sv: 
their  top  contacts. 

Photo 3. Part a i  the west I r i shmn Creek seclion illustritin;: 
planar bcdfonns and typical middle  AldriIge fom~tio~r  
ezposurc Most oithe photo  <:onesponds to unit !R on Figure 4.  
Rear of cattlc tmck Tor scale 
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1 MIDDLE A L D R I D G E ? ~ ~  - 

.............. .............. .............. 
,A :::::::::::::: -Li .............. .............. .............. .............. 

Irar.,.d) 

(C0"."4 

EAST IRISHMAN CREEK 
SECTION PSl94-2 

Figure 4. Measured  sections of the  middle  Aldridgc 1:onnation at Irishman Creek,  llighway 3 .  Locations of sections  are show on 
FiEure 3. Unit numbers correspond  to  detailcd  divisions. 
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SHORTY CREEK AREA -- UNUSUAL FEATURES Aldridge  Formation, possible lelationships of such rwk; 
WITHIN THE ALDRlDGE FORMATION to  mineralization, and the possible assxiation with 

Some  unusual  sedimentary and intrusive  rocks  crop 
out  on a ridge above Shorty Creek. about 7 kilometres 
west of Kingsgate  (Figure 3). The Shorty Creek UPPERALDRIDGE 

tourmalinite  alteration. 

succession consists of medium to  fine-grained wacke, 
siltstone,  minor  argillite,  rare limestone. and small, 
xenolithic,  intermediate  to mafic plugs and dikes.  Beds 
dip gently to  the northeast,  parallel  to  bedding in the 
enclosing  middle  Aldridge  Formation. 

The lowest rocks, which  overlie middle Aldridge 
wacke, are massive, faintly  laminated black siltstone. 
Rarely exposed limestone  occurs  toward  the  top of the 

trains of round, 2 to 5-centimetre clasts of the  same 
siltstone. It is massive, crystalline, but locally contains 

lithology The origin of this limestone unit. its  extent, 
and its  relationship  to the other rocks in this package  are 
unknown. The black  siltstone is overlain by greenish grey 
wacke and siltstone beds. The wacke is Characterized by 
wavy, nonparallel  beds  from 3 to 25  centimetres  thick. 
Internally,  the  beds  are massive, or have a faint parallel 
stratification.  Scours are  common  at the  base  of  the  beds. 

grains  and feldspar,  although  some beds are  quartz rich. 
The  sand  grains  are mainly  angular,  and consist of lithic 

These rocks are  interpreted to  be epiclastic sandstones 
based on their  green colour. crystal content and 

beds of similar ,:omposition strongly resemble trachylic 
composition of lithic  fragments. Rare. thick, massive 

to  andesitic lavxs.  but are more likely well indurated 
volcanic  wacke. 

and laminated  siltstone is locally interbedded  with 
Siltstone is exposed toward  the top  of the succession, 

wacke. The upper  siltstone  consists  of  alternating  dark 
green and red-brown discontinuous beds. Greenish layers 
have up to 15% hornblende porphyroblasts. giving beds a 
spotty appearance. This is  probably a contact 
metamorphic effcct. 

stock of medium-grained diorite. 30  metres widc, cuts  the 
Several intrusions cut the Shorty Crcek facies. A 

uppermost  part of  the section and is exposed in a large 

Boundary. The intrusion  contains  numerous rounded 
clearing which extends  across the International 

inclusions of gabbro  (autoliths?) and subrounded  to 
angular xenoliths of wacke and siltstone. The inclusions 
are 1 to  20  cenlimetres wide. and most  of the  igneous 
ones  have well developed reaction rims  consisting mainly 
of feldspar. Notably, some of the  igneous  inclusions  are 
sulphide and/or magnetite  rich,  forming rusty holes in 
the  weathered  outcrop  surface.  Two  aphanitic. black, 
mafic dikes. 2(1 to 30  centimetres wide.  were noted 
elsewhere in this, package. 

map area. and appears to have a volcanic component. 
The Shorty Creek facies is anomalous for the  Yahk 

Several occurrences of volcanic rocks and associated 
mineralization in the  middle  Aldridge  Formation are 
described by lloy el a/. (1995, this volume). A 
tourmalinite ocxrrence crops out several kilometres 
southwest of thc: exposures describcd above. The Shorty 

anomalous. possibly volcaniclastic  facies of the middle 
Creek area deserves  further study based on the 

of the  Yahk  map  area in three  areas, on [he northwest 
The upper  Aldridge  Formation underlies about ' .O% 

limb of the  Moyie  anticline and  the  east a id west lirnbs 

brown  weathering,  fissile  argillaceous siltst me. It is, .;ref 
of the  Goat  River  anticline  (Figure 3). It is rusty,  darlc 

to  dark grey, thin-bedded to laminate.1, commonly 
containing  distinctive  white  siltstone lan8inae (Remo~,, 
1981). Ripple  marks are rare. Quartzofe1d;pathie w:lck: 
beds are very rare  and thin (<I0 cm). Talu: derived frori 
the fissile upper  Aldridge  forms chip-si:e  fragnic:ntr,. 
Moyie  sills are absent. The upper  Aldridge reflccts 
waning  input of turbidites and  linal pc:lagic 
sedimentation  prior  to  the  shallowing cf the P u d l  
(Belt) Basin, as represented by the  Creston  iormation 

United States  are  informally  called  "lined rock" 
Strata  correlative  with the upper Aliridge i n  the 

(Cressman, 1989). South of the Yahl: map ma. 

equivalent to the  upper  Aldridge,  that i! conformably 
Burmester (1985) identifies a "lined argi  lite" unit,  an 

overlain by a "transition zone" unit,  which  corre ;ates 
with the lower Creston  Formation. 

CRESTON  FORMATION 

Yahk  map  area: on  the  nudhwest  limb of the Moyie 
The Creston Formation  underlies  ab0 11 15% 111' the 

anticline,  along  the  north-trending Kingsg; te graben Ithat 
extends  southward  into Idaho and Monta la (Figure: 2), 
and on the eastern and western limbs of t l e  Goat F.ivc:r 
anticline  (Figure 3). 

The Creston  Formation, is divided  into a Iowc:r 
argillaceous member (-1000  m thick), a middle 
quartzitic member (-1000  m thick) and a 1  upper  siltite 
and argillite (< 300 m thick). They  corrzlate with tke 
Burke. Revett and  St. Regls formations )f the Ravalli 
Group in the United States The  Crestm Fornr . I  t '  Ion 
represents shallow-water, reworked deposils  accumulated 
on  northward  prograding  deltas  or  fans (I kabar, 15'73). 
The Revett Formation  hosts  stratabound copper4vt:r 
deposits  (including  Spar  Lake,  Montanltre and Rock 
Creek) in the western Montana  copper bel (Wells e '  0 1 . .  
1981;  Balla,  1982,  1993) and in the  Sage Creek arm  in 
the Lewis thrust  sheet in southeast  British I :olumbia. 

The lower and middle  Creston  Forma ion  procluce a 
prominent  areomagnetic  signature, most lotably within 
the Moyie  anticline. This is due to fin( dissemitl.atc,d 
magnetite, and quartz-magnetite  veinlets and  strilqers 
throughout. Thin irregular  fractures (< 2 mm wide)  are 
filled with black  magnetite  forming promi~:ent  veinlm n 
pale  green  phyllitic argillitc: in an out8:rop of low8:r 
Creston  along Highway 95, 5.5 kilomt tres  south #of 

crystals is common in the  upper  Burke  Fcrmation in  the 
Curzon. Speckled argillite with small euhtdral magrletite 

Montanore deposit area  (Adkins,  1993). 
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KITCHENER  FORMATION 
The Kitchencr  Formation.  defined by Daly (1905) 

and  Schofield (1915). overlies the  Creston  Formation  and 
comprises  green  dolomitic siltite, argillite  and 
carbonaceous  dolomite  and  limestone. It forms  a 
succession I800  metres  thick  (in  the  Nelson  East Half 
area  where  mapped by Reesor.  1983) of shallow-water 
deposits that correlate with  the  middle  Belt  carbonate,  the 

Formation lo the  southeast.  Molar  tooth  struclures  are 
Wallace  Formation  to  the  south  and  the  Helena 

common and  stromatolites  are locally important 
(Winston,  1986). 

The formation  is  poorly  exposed  and fault bounded 
in the  northeast  corner of the  Yahk map  area, within  the 
Moyie  fault  zone.  Prominent  but thin, brown-weathering 
dolomitic siltstone beds  distinguish  Kitchener  Formation 
from  Creston  Formation herc. Discontinuous  dolomitic 

tan to brown  weathered surfaces. Otherwise,  the wavy 
siltstones layers pitaut and  produce  rough  and  irregular, 

beddcd. pale  green siltstone and  argillaceous siltstone are 
similar to the  Creston  Formation. 

MO YIE  INTRUSIONS 

Moyie intrusions.  dominantly sills and rarely dikes. 
occur  mainly  within  two  stratigraphic intervals; the 

Therefore two main  episodcs  of sill emplaccmenl  are 
lower. and  middlc of the  middlc  Aldridge  formations. 

proposed (Rice. 1941: Leech.  1957). Both sill packages 
occur in the  Yahk  map area, but aside  from  stratigraphic 
position. no distinct  mineralogy or visible features were 
recognized to differentiate them in the  field.  The  sills 
were  discussed by Daly (1905.  1912a). Schofield (1915) 
and Rice (1937, 1941). Geochronometric  and 

preparation)  and E. Anderson  (Geological  Survey of 
geochemical studies are  ongoing by Gorton et nl. (in 

Canada) as part  of  the  Sullivan-Aldridge project. 

composition  from  hornblende(*pyroxene)  gabbro to 
The fine to mcdium-grained sills range in 

hornblende quartz diorite and hornblendite.  and they 
extend laterally over tens of kilomctrcs.  Mafic  phenocryst 
contents  vary up to 70%  Pyroxene is only found rarely as 
relict cores  surrounded by amphibolc.  due to widespread 
deuteric  alteration.  Some of the  thicker  sills  (>20 m) 
contain  irregular  patches of coarse  pegmatitic  hornblende 
and feldspar. Zones of granophyre  are  rare  in  the  Yahk 
map  area. 

LOWER SILL PACKAGE 

The lower sill packagc  underlies  three  areas. 
Ramparts east of Creston. west  of Kingsgate.  and 
Hawkins  Creek  near  Yahk  (Figure 3). The  sills in the 
Ramparts  area  are  exposed  along  the  prominent 
escarpment that rises about 1400 metres  above  the 

here. comprising  a  cumulative  thickness of at least 600 
Creston  valley  (Photo I). There  are  at least four  sills 

mctres  in  a  section  about  1370  metres  thick (13% sills). 
The  thickness  and  number of sills  decreases  southward 
toward  the U.S. border to about 250 metres  (27% as two 
sills: D.  Anderson.  personal  communication. 199.1). 

thickest (albeit not  well  exposed)  adjacent to an inferred 
Moyie sills in  the  Hawkins Creek area  appear to be 

northwest-trending  fault,  and to terminate  abruptly  to  the 
northeast  (Figure 3). The inferred  fault may have  formed 
in  the  Proterozoic  and partially controlled the 
emplacement  and distribution of the  sill  sequence. In  this 
area, albite alteration  with  associated  sedimentary 
fragmental  units  (south of Hawkins  Creek),  and several 
tourmalinite localities, including  Mount  Mahon, 
immediately east of the  map  area,  indicate  hydrothermal 
activity. 

Five  sills  on  Moyie  Mountain  west of Kingsgate 
intrude  Ramparts facies. They  were  mapped  and 

by Daly (1912a,  p.  221-255). The  sills  correlate with  the 
described as the  "Moyie sills", now a widely  used  term, 

Crossport sill sequence  studied by Bishop  (1973). The 
Kingsgate  sills are exposed  along the  International 
Boundary  cut  above  1220  metres  elevation (Figures 13 
and 14 and  Photo 25 of Daly,  1912a).  They  can be traced 
northward  for  about  12  kilometres,  where  they  are 
truncated by the  Carroll  fault  (Figure 3). 

The lower sill package  comprises  thicker  individual 
sills that are less extensive or continuous  compared to the 
uppcr sill package  in  the  Yahk map  area. 

UPPER SILL PACKAGE 

A  conspicuous  section  in  the  middle  of  the  middle 
Aldridge  contains  two to four prominent  sills.  This  upper 

a sequence  of four sills is  repeated by faulting.  They  have 
sill succession is well  exposed  south of Kid Creek,  where 

a  cumulative  thickness  of  about 240 metres  in a section 

sills). To the  west,  on  Mount  Kitchener,  the  same 
1200 metres  thick  (960  m of sedimentary  rocks  and 5% 

stratigraphic  section  contains  two  sills  (Figure 3). 
Most  of the  Moyie  sills  have  no  aeromagnetic 

signature: however,  one sill does  produce  a  strong 
anomaly, most prominent  on  Arrow  Mountain  near 
Creston.  The  anomalous response  can be traced  from 
south of Creston  northward  across  the  entire  map  area. It 
extends  southward  across  the  International  Boundary at 
least 50 kilometres  (D.  Anderson,  personal 
communication, 1994) and it is  clear  that  the  magnetic 
property ofthis sill is useful for regional  correlation. 

SILL EMPLACEMENT EFFECTS 

locally. such as on  the  Goat  River  road  near Highway 93 
Bleached, albitized metasedimentary rocks occur 

(Figure 3: Turner el a/ . ,  1992; Stop I-S), and may be due 
to sill emplacement.  A  granophyre exposure related to 
"Purcell intrusive" was noted by Rice  (1941, p. 26) along 
a  trail  up to Iron  Range  Mountain,  but  was not examined 
during  this study. Another  occurrence of albite alteration 
is  exposed  on a knob  along  the  basal  contact of a lower 
package  Moyie sill, south of Yahk. Here a  fragmental 
horizon  occurs  within  the  albitite  zone  (D.  Anderson, 
personal  communication,  1994). 
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ULTRABASKDIKES 

Several ultrabasic breccia  dikes  crop  out  on  Iron 
Range  Mountain.  One dike, located 6 kilometres 

centimetres  wide,  strikes  north  and  has  sharp,  planar 
northwest of the  town of Kitchener,  is 12 to 15 

contacts. Dikes  farther  north on Iron  Range  Mountain 
have  irregular  outcrop  patterns  and  are 0.3 to 1 metre 
wide.  All  the  dikes  have  abundant,  roundcd  inclusions of 
carbonate, possk.ble ultramafic lithologies, and  xenoliths 
of Aldridge  Formation  (Photo 4). The southernmost  dike 
has 0.5 to 1-celltimetre feldspar  and biotite phenocrysts, 
while  the  other  dikes  have  phlogopite  megacrysts,  some 
up  to 8 centimctres across. Thin sections reveal that  in 
every  sample I:he groundmass  and  all  non-carbonate 
inclusions  are completely altered to fine-grained calcite 
and  chlorite. 

dike may be  a lamprophyre,  based  on  the  phenocryst 
These  rocks are difficult to classify. The southern 

types. The  other dikes have  petrographic similarities to 
diatreme  breccias  in  the  Golden area. which are 
ultramafic  lamprophyre  and alnoite (Pell, 1994. p. 77- 

the root zones  of  eroded diatrema  systems, as  the variety 
89). The dikes  on  Iron Range  Mountain may represent 

and  nature of inclusions  in  them indicate rapid 
emplacement. One of the  dikes on the  northern pan of 
Iron  Range  Mountain  yielded  a L.ate Carboniferous K-AI 
date of 301k10 Ma (D. Anderson.  personal 
communication,  1994).  Diatreme  breccia  and related 
rocks arc known  from several areas  in  the  province (Pell, 
1994). The Iron, Range breccia  dikes and  similar  rocks to 
the  north  in  the  Horsethief  Creek  area  (Pope,  1989, p. 

REGIONAL STRUCTIJRAL SETTING 
The  Yahk  map  area  includes  two  regi,mal  anticiinm, 

the Moyie and  Goat  River  anticlines,  in the westerr  half 
of the  Purcell  anticlinorium.  The  anticlines are seyarat(:d 
by a disrupted  zone  that  is  bounded  on 'he east bk tlle 
Moyie fault, a  regionally  important  tr:nsverse thn.st 
fault. The  fault  trends  obliquely  across t h t :  anticlinwium 
and  records  a  complex history begi ming  in t x  
Proterozoic (Hoy, 1979,  199?.;  McMecha~t, 1979, 198'.). 

weakness  in  the  underlying  continental I asement :Ilollg 
The  structure may reflect the  geometry of a stnJl:tw.al 

which  the  fault  propagated and ramped u )  higher in the 
section. The basement  anisotropy may correspord to 

different ages, in  particular the Rimbey and M~:c!~.cine 
northeast-trending  boundaries of the  cralonic  blocks of 

Hat  domains (cf. Figurc 7 in Ross et ol., 1'192). 

YAHK MAP AREA STRUCTURES 
The Yahk  map  area  has  been  divided i n k  lhree 

structural domains,  separated by hig h-angle faults 
(Brown et o/., 1994). The eastern and w:stern domains 
are  dominated by broad,  north-trending ar d  gently  ruxih- 
plunging folds, the  Moyie  and  the  Goat  River anliclires 
(Figure 5 ) .  Structural style IS characterim, by broad open 
folds and  steep faults. Britlle fractures and weak, sliaced 
cleavage  are  present  throughout  the  nap area, tlut 
penetrative fabrics occur  adjacent to fault:,  especiakv the 
Moyie fault, and west  of the Arrow  fault The  folkwing 

of previous ideas. 
section provides  additional dctail and sor ,~e modific:atim 

occurrences (Pell, 1994). 
198-214) lie farther wesf than  known  diatreme  breccias 

EASTERN  DOMAIN 

northwest  limb  and  core of the Moyie-Sylx'.anite anticline, 
The eastern  domain consists of a  :,egment c ( f  the 

a doubly plunging,  banana-shaped  culmination that 
terminates 30 kilometres to the  northeast (Hoy, 19513) 
and 25 kilometres to  the  southeast (Hamson et al., 19!12; 
Figure 2). The northwest  limb of the fold lies  in Ihe 
footwall of the Moyie fault, the thrust 'hat cani6.s the 

anticline.  The  limb  is  disrupled locally bj north-trending 
next imbricate  sheet to the west including  the Goat liiver 

vertical faults  with  apparent  sinistral offset, and a rlinsr, 
open  north-plunging  fold  near  Irishman (:reek. Th: core 

trending,  down-to-the-northwest  Yahk ' a u k  The  core 
of the Moyie anticline ts exposed east 0 .  the no~t'xast- 

comprises  gently  dipping  strata  with lo:al  open l'ol'js. 
However. strata in the  core  and on the northwest limb 

the  Kingsgate fault, which  bounds Crestc n Forma.ton  in 
steepen abruptly  and  bend Into a  north  trend  approaching 

the  Kingsgate  graben. 

Photo 4. Green-weathering, ultrabasic breccia  dike with 
phlogopite rnegzlclysts and dull b rom weathering, rounded, The  Kingsgate  graben  preserves Cn ston Formation 
recessive  carhorlate  inclusions,  Iron Range Mountain, X-ray in a north-trending belt that  extends  soutjlward alollg ..he 
claim (PST94-1.11.5). western flank of the  Moyie  anticline. It is  bounded ,in [he 

west by the  Moyie  fault;  the  zone  of convl rgence  with the 

KINGSGATE  GRABEN 
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Goat River  anticl ine 

Moyie anticline 

Western  Domain I Central Domain I Eastern  Domain 

Figure 5 .  (a) Structural  features oflhe Yahk  map  area,  and (b) Schematlc  cross-section,  modified from B r o w  etal. (1994) 
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Kingsgate  fault  to  the  north is poorly understood.  A  splay 
of  the  Kingsgate  fault system is exposed  along  the 
Canadian  Pacific  railway  tracks, 1 kilometre  southwest of 
Curzon.  Motion  appears  to be dip-slip  based  on  rare, 
steeply  plunging  mineral-fibre  slickensides.  Bedding- 
cleavage  intersections  across  the  graben  indicate  that 
most of the Cre:ston Formation  within  it  comprises an 
east  limb of a broad,  faulted  syncline, probably a 
truncated  footwall  syncline  to  the Moyie fault. 

TRANSVERSE  CONTRACTIONAL  FAULTS - 
MOYIE  FAULT 

Rocky Mount:dn Trench (Dibble Creek fault) 
The Moyie fault extends from  the east  side of the 

southwestward  through  to  the  Yahk  map  area and into 
northern  Idaho  (Figure 2; Benvenuto  and  Price, 1979; 
Harrison et al., 1992; Hoy, 1993; Hby and Diakow, 1982; 

by the  surface  trend of the  Moyie-Sylvanite  anticline  in 
Leech, 1958; Reesor, 1981). Its arcuate  trace  is  mimicked 

the footwall at about 116' longitude. 
The  trace of the  fault  is defined  by juxtaposition of 

formations,  steepening of bedding  attitudes, local tight 
middle  Aldridge,  Formation  against  Creston or Kitchener 

folding  and  zonm of intense  cleavage. The best evidence 
of the  fault  in  the  Yahk  map  area  comprises  tight, 
upright  moderately  north  plunging  folds in middle 

folded  middle  Creston  Formation, exposed along  a  ridge 
Aldridge  Formation,  and  a Moyie sill  adjacent  to openly 

gullies  is  presumed to represent  eroded  zones of 
IO kilometres  north of Curzon.  Here  a  series of parallel 

cataclasite  and  gouge. The fault.  a  zone of folded and 
faulted  strata, i ~ t  l e a s t  500 metres wide, bends  to  the 
north-northeast at  this  location.  Farther  northeast,  at  the 
headwaters  of  Kid  Creek, lack of exposure  precludes 

to be a  series of fault-bounded  blocks of Kitchener 
accurate  delineation of the  fault zone, but there  appears 

Formation  in the footwall of the  main  fault. 
In the  Yahk map  area,  the  apparent west-side-up 

vertical  throw is on  the  order of 1.0 to 1.5 kilometres. 

the  fault are predictably  variable.  Four  kilometres  of 
Sense and magnitude of displacement  along  the  trace of 

Mountains  (Fillipone  and  Yin. 1994) and about 12 
reverse  dip-slip  motion  was  estimated in the  Cabinet 

kilometres of right-lateral  movement was documented by 
Benvenuto  and  Price (1979) in the  Fernie  area.  Timing of 
fault  motion  remains poorly constrained;  pre-Devonian 
north-side-down and younger  oblique  reverse  movement 
are  suggested fnr the  Dibble Creek fault  (Leech, 1958). 
The latest  movement on the Moyie fault is interpreted  to 
be between 71 and 69 Ma, based  on  the  age of muscovite 
neoblasts  in the mylonitized  western  margin of the Dry 
Creek stock  (Fillipone  and  Yin, 1994). The Moyie fault 
therefore  has a complex  and  episodic history with 
variable  character  along  its  length. 

CENTRAL  DOMAIN 

Carroll  faults, its an internally  faulted  horst-like block, 
The central  domain,  bounded by the Moyie and 

underlain by lower and  middle  Aldridge  Formation. It 

comprises  a  series  of  narrow,  north-trmding  pxnels 
separated by steep  faults,  the most impormt being; & e  
Carroll,  Spider  and  Hydro  faults. The latter two arc: :ast- 
dipping  reverse  faults  which  repeat  a sec uence of !rills 
and marker  laminates.  Dips  within  t le block a 'e  
moderate  to  steep,  except for a flat-lying p;  ne1 east o f  the 
Spider  fault  on  the  north  side  of  Kid  Creec. Minor %Ids 
are absent  and  cleavage  is poorly devf  loped, e>:l:ept 
adjacent to the  bounding  faults  where  tig It and intt:nc:e 

example  adjacent to major  faults  like  the Moyic and 
folding,  with  steeply  plunging  fold  axes, i ; common,  for 

difficult  to  determine  dip  direction;  they i re  either east- 
Carroll.  Most of the  faults  are  steeply  dipping  but 'It is 

dipping  reverse  faults or westdipping normal fault!;. 4 
tentative  interpretation is  that they i re  subsidia~y 
antithetic  reverse  faults  related  to  the Moy:le fault (Figure 
5a). 

An  inferred  fault  in  the Kid Creek villey separates 
the  flat-lying block to the  north  from  moderate-diFpir,g 
strata  in  the central  domain.  Distribution of Moyie  sills 
around an unnamed  mountain and several gently dqpirtg 
bedding  attitudes  characterize  this blocl:. It probably 
represents  the  core  of  a  broad  syncline  that may extend ;o 

Mountain map area (82F18); Reesor, 1981) 
the  north-northeast toward Cooper &e ((3ras;y 

The Carroll  fault  down-drops  lower  ('reston  against 
middle  Aldridge  Formation. It consists ')f a bleachel, 
clay-altered  mylonitic rock that  was  exlosed a c m s  a 
zone 2 metres  wide by road  btlilding on th: Star  proprty 

and  Iron  Range  faults  are  steeply dippi'ig  to vc:r!icsl; 
(P. Ransom,  personal  communication, 199 I ) .  The (:icrrcmll 

Brown et a/. (1994) inferred an east  dip :or the (:icrrc~ll 
fault,  but  recently Conk and Van  der Velden (In 
preparation)  suggest it is a west-dipping normal : h t .  
Although  the  dip  directlon  is  uncertain,  there  is 
agreement  on  the  relative  displacement a c ~  oss the  fimlt, 

WESTERN DOMAIN 

The western  domain  comprises  much  of the Goat 
River  anticline,  plunging  gently  to  the  north, and where 

slightly  asymmetric  with  a  steeper and more foliated, 
its  eastern  limb is truncated by the  Carroll Kid  fault. It is 

west-dipping  limb  cut by the  Okell  fault. !.ike the  hloyie 
anticline, lower Aldridge strala are expos4 in the w e  of 

the  anticline, 3 kilometres  east  of Mcunt Kitchener 
this  fold.  A  contractional  fault  cuts  the fastern limb of 

(Figure 3). Decimetre-scale,  open  to ti):ht, souttt:a!t- 
verging  folds  developed  in ml:dium-bedde,I quartz  v8:%cke 

kilometres  southeast of Mount Thompson.  A  similar :style 
have  moderate  northwest-dipping axia I plane!;, 2.5 

of folding  occurs in  the hangingwall of t l e  Moyie .fault 
along  the  ridge 10.5 kilometres  due  north )f Curzon T le  
core of the  Goat  River  anticline is  cut by tvo main rorth- 
trending  faults,  the  Iron  Range  and An)w faults.  The 
Arrow  fault  is poorly exposed, but separat 2s gently wi t -  
dipping  strata  from  moderate  to  steepl.'  westdipping 
variably  foliated  rocks. It parallels Arrosr Creek  and  is 
exposed near  Creston as a zone of folded  Ilhyllitic wade.  
The  Iron  Range  fault is discussed  in  Stin ;on and Brown 
(1995, this  volume). 
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NORTHWESTDOMAIN- WESTOFARROW 
FAULT 

wacke occurs on  the west limb of the  Goat  River 
An intense  penetrative  cleavage developed in quartz 

anticline.  It is well exposed along  the  Lakeview - Arrow 

foliated and cut by discrete shear  zones  (chlorite  schist) 
Creek road, west of the Arrow  fault.  Gabbro  sills  are 

and  abundant  quartz-carbonate  veins.  The  intense  fabric 
may be related  to  the  Okell  fault, an east-directed 
contractional  fault  that  places middle Aldridge  on 
Creston  and  upper  Aldridge  formations  (Figure  3).  It  is 
not well exposed but  is  marked by zones of tight  folding 
and pervasive cleavage  in  its  hangingwall  in  the  Creston 
map  area  (Brown el  a/., 1995,  this  volume).  The  fault 
extends  northward  into  the  Goat  River valley where it 
may join  with  the  St.  Mary  fault system (Reesor, 1981). 
Southward,  it  disappears  under  the  thick  Quaternaq 
cover in  the  Creston  Valley. 

MINERAL OCCURRENCES AND 
ALTERATION 

exploration  target throughout  the F’urcell Basin.  The 
Sullivan-type sedex  deposits are the  prime 

Sullivan  deposit  has  been  described by Hamilton ef a/. 
(1983), Hoy (1984)  and  others. Recent studies by Leitch 
ef a/. (1991), Turner  and  Leitch (1992) and Leitch and 
Turner  (1992)  have  refined  the  Sullivan  model.  Massive 
sulphide  mineralization,  tourmalinite,  albite  and 
muscovite  alteration,  manganese-rich  garnet, 
sedimentary  fragmental  units  and  syndepositional 
sedimentary  structures  (slumps)  and  faults  are 
characteristic  features.  Co-existing  brown  and black 

from  barren  tourmalinite  showings  (Slack,  1993).  The 
tourmalinite may discriminate  potentially  mineralized 

Moyie  Lake,  are  exploration  targets described elsewhere 
Fors and  Vine  deposits,  south of the  Sullivan  mine,  near 

volume; Hoy and  Pighin,  1995,  this  volume). 
in  this  volume  (Britton and  Pighin,  1994,  1995,  this 

Several new alteration  zones  were discovered during 
the  course of mapping  and may warrant  further 
prospecting. A  knob of  well exposed albite-flooded wacke 
and  sedimentary  fragmental  within  Ramparts  facies  crops 
out  on  the west side of Hawkins  Creek  in  a  logging 
clearing.  Pervasive  biotite  flooding  (with  prominent 
biotite  flakes  weakly  aligned  perpendicular to bedding 
planes) of quartzofeldspathic  wacke  of  the  middle 
Aldridge below a  sill 100 metres  thick,  is exposed along 
a new logging road directly  south of the  Highway  3 and 
95 junction (Cumn). Some  layers are so biotite  rich they 

bedding is still visible. The  zone of biotite  alteration 
resemble a  biotite  lamprophyre  (minette), however, relict 

extends  southwest  at  least  300 metres. In another 
fragmental  locality  in  King  Creek,  south of Yahk,  clasts 
up to 20 centimetres  long  are  supported in a  wacke 
matrix.  Pink  garnet-rich  beds  on  the  south  flank of 
Mount  Mahon may correlate  with  similar beds farther 
south  across  Hawkins  Creek.  This  garnet-rich  horizon 
may  be usehl for  detailed  stratigraphic  correlation  (for 
locations, see Brown,  1995a). 

TOURMALINITES 

Tourmalinite a r r e n c e s  are  important because 
some are  associated  with  lead-zinc  mineralization, 
notably the  Sullivan orebody. There are at least  five 
stratiform or discordant  tourmalinite Occurrences in  the 
Yahk  map  area (Figure 3). The stratiform Occurrences 
are interpreted to have formed  either by early  diagenetic 

exhalative  boron  and  aluminous  sediments  in  a  brine 
sub-seafloor replacement  or by reaction  between 

pool (Slack,  1993).  Occurrences in  the  region  have been 
studied by Ethier  and  Campbell  (1977;  Kingsgate  and 
Mount  Mahon),  and  divided  into  stratiform  and 
discordant types by Slack (1993). 

The Goatfell tourmalinite Occurrence is  the best 
known in  the  map  area because it  forms a pipe-like body 

Highway 3, 6.25 kilometres  northwest of Curzon. 
exposed along  part of a  prominent  knob  visible  from 

within  medium-grained  quartzitic  wacke  are selectively 
Argillite  layers and  rip-up  fragments  (2 to 10 mm long) 

replaced by tourmaline.  The  aphanitic,  hard  black 
tourmalinite  forms  concoidal  fractures  and looks like 
chert. In thin section,  fine olive-brown tourmaline 
crystals are interstitial  to quartz  (Ethier  and  Campbell, 
1977).  Another  tourmaline  occurrence  with  associated 
arsenopyrite,  pyrrhotite,  pyrite and  chalcopyrite  was 
discovered 4 kilometres  northwest of Goatfell in 1989 by 
Chevron  Minerals  Ltd. (Rebic, 1989). 

Tourmaline  fracture  fillings  in  fine-grained 
quartzofeldspathic wacke, and  replacement of mudstone 
layers and  fragments  are well exposed between  Canuck 
and  America  creeks,  southeast of Yahk at Monument 222 
on  the U.S. border  (this  is probably the  Kingsgate  site of 
Ethier  and  Campbell,  1977).  The  irregular  fractures,  up 
to 2 centimetres wide, are  perpendicular  to  bedding.  The 
angular  tourmaline-rich  mudstone  fragments  are 

those  at  Mount  Mahon  immediately  east of the  Yahk  map 
interpreted to be rip-ups of local derivation  and resemble 

Moyie  (gabbro)  sill,  40  metres  thick,  crops out 
area, as discussed by Ethier  and  Campbell (1977). A 

of middle  Aldridge  Formation  at  Monument 222. 
immediately below a  gently  southwest-dipping  succession 

Tourmalinite  float, probably derived  from  Mount 
Mahon,  was  found  southwest of Hawkins  Creek.  It  is 
characterized by  well bedded, aphanitic  black 
tourmalinite  dotted  with  small  (<3  mm)  brown,  euhedral 
garnet  crystals. The  garnet is  assumed to be a 
manganese-rich  variety,  perhaps  formed  in  a  brine pool 
by exhalative  processes  (Slack,  1993). 

EXPLORATION ACTIVITY AND 
POTENTIAL 

Indigo  claims  in  the Yahk  map  area, and  a  third 
Drilling  programs were  completed  on the  Sun  and 

conducted immediately  to  the  east  on  the  Canam 
property. The  Sun  claims,  owned by David  Wiklund of 
Creston  and  optioned  to  Hastings  Management  Ltd., 
cover a lead-zinc soil anomaly  that  was  the  target of a 
300-metre  drill hole. East-striking, steeply south-dipping 
galena-bearing  quartz  veins,  up to 30  centimetres  wide, 
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are hosted by the middle  Aldridge  Formation.  Cominco 
Ltd.  completed soil geochemistry  and an  EM survey  on 
the property in  1984.  Later  trenching exposed the  quartz 
veins.  Black  argillites  with  some  thin  slump  sheets  are 
present. 

The Indigo  claim  group  lies  north of the Moyie fault 
in the headwaters of Kid  Creek. A vertical drill hole, 
started  in 1993 (275 m),  was  extended to a depth of  about 

the middle  Aldridge, was  drilled to the predicted lower- 
1020 metres in 1994. The hole,  collared in  the  middle of 

middle  Aldridge  contact. One narrow  (2 cm), galena- 
bearing  quartz  vein  was  intersected  at 960 metres. 
Bleached  core  with  albite  alteration  occurs  in  numerous 
intercepts. A second drill hole was  collared  at the same 
site  and directed  45" to the west for about 100 metres  but 
encountered no visible mineralization or intense 
alteration. 

The Hawklns  Creek  area  remains  attractive  for 
exploration; the creek  bisects  the  lower-middle  Aldridge 
contact,  there are numerous sills that  change  thickness 
rapidly  across an inferred fault.  and  there are exposures 
of albitite  alteration  and  fragmental rocks. In  addition, 
drilling of coincident geochemical and geophysical 
anomalies  encountered a zone  of gouge, 15 centimetres 
wide,  containing  native  silver  and copper (34 100 g/t Ag 
and 10.3% Cu)  in a  drill hole  on the  ENG property 
(Stephenson, 1990). This  supergene  mineralization may 
be an indicator of a  disseminated  target. The  Canam 
prospect  compruses  weakly disseminated  sphalerite  and 
galena  and (quartz-sulphide veinlets.  Stratabound 
tourmalinites, local pervasive biotite alteration with 
patchy garnets  are  all within the middle  Aldridge 
Formation  (Anderson. 199 1 and  personal 
communication,  1994).  The property  lying immediately 
east  of  the Yahk map  area.  remains  under  exploration. 

CONCLUSIONS 

map  area includes  recognition of atypical lower Aldridge 
A summaq of the results of  fieldwork in the  Yahk 

Formation,  defined as  the  Ramparts facies. Two  Moyie 
sill  packages  are  indistinguishable except for 
stratigraphic  position  in  Ramparts  facies  and in the 
middle of the  Middle  Aldridge.  The  Iron  Range  fault  and 
an inferred  northwest-trending  fault in Hawkins Creek 
may define  conduits for the  emplacement of  Moyie sills 
in  the  Ramparts: and Hawkins  Creek  areas.  Deformation 
and  metamorphism  in  the Y a k  map area  increases 

Early  Carboniferous(?) ultrabasic breccia dikes  occurs 
abruptly west of' Arrow fault. A north-trending  array of 

near the Goat  River  valley. Sullivan-style mineralination 
indicators,  including the lower-middle Aldridge  contact 
(Sullivan  horizon) at depth below much of the  area, 
sulphide  occurrences,  albitite zones. fragmentals, and 
tourmalinites  occur  in  the  map  area. The nearby Fors 
Occurrence suggests  targets in the middle  Aldridge 
Formation also warrant  exploration  attention. 
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IRON RAlVGE DEPOSITS, SOUTHEASTERN BRITISH COLUMBIA (82FI I )  

By P. Stinson and D.A. Brown 

(Confribufion No. 27. Sullivan-Aldndge Project) 

KEYWORDS: Economic geology, Proterozoic,  Iron 
Range,  albite  alteration,  breccias,  hydrothermal  iron 
oxide  deposits. 

INTRODUCTlON 

striking  structure: in  the core of the Goat River anticline, 
The  Iron Range fault is a  steeply  dipping  north- 

east of Creston. It is  characterized by strong  alteration 

concentrations of iron  oxide  mineralization.  Similar 
along  its  entire  length,  and  locally, by high 

alteration  was ohserved along  minor  subsidiary  faults in 
the  northwest  and  northeast  parts of Iron  Range 
Mountain. The main  Iron Range deposit consists  of  the 
segment  of  the  fault  containing  the  richest  iron 
mineralization  and  underlies  the  northern  half of the 
ridge  which  makes  up  Iron  Range  Mountain.  This  area 
extends  northward  onto  the Grassy Mountain  sheet 
(82FB). 

The  area of most substantial  mineralization,  where 
the  fault  zone  runs  along  the  northern  part of the  crest of 
Iron Range Mountain,  was  the fows of a  detailed  study 
involving 1:5000 mapping,  sample  collection, and  thin 

the  Iron  Range 1?ault and  subsidiary  faults with  similar 
section  study  of representative  samples. The remainder of 

alteration  were  examined and sampled  during  the  course 
of regional  mapping in  the Yahk  map  area (Brown and 
Stinson, 1995,  this  volume). 

REGIONAL GEOLOGY 

Iron Range Mountain is underlain by sediments of 
the  middle  Aldrrdge  Formation and several  concordant 
Moyie sills  which  dip  gently  to  the  north  and  northwest 
(Figure 1). These  rocks  comprise  the  core of the Goat 
River anticline,  a  broad, gently north-plunging fold 
which  underlies  the west half of the  Yahk  map  area 
(Brown and Stinson,  1995,  this  volume). The Iron  Range 
fault  is  a  northerly  trending  structure  which  cuts  up- 
section  from  the  International  Boundary,  in lower 
Aldridge  Formation,  to  upper  Aldridge  Formation  just 
north of the  Yahk  map  area;  further north it  is  cut by the 

of a  steeply  dipping  zone of deformation and 
Arrow thrust  system  (Reesor,  1981;  Figure  1).  It  consists 

mineralization  varying in width  from about 10 metres 
near the  49th  Parallel  to about 150 metres on the 
northern  part of Iron  Range  Mountain. Net slip on the 

fault is minor in  the  main deposit  area as :ills are o3et 
very little. 

complex relationships between defol mation and 
However, the amount of deformat on and th: 

mineralization  point to a  protracted,  perhaps  multis:sg: 
history.  There  is  evidence for both us-side-down 
movement and possibly both directions of strike.:;lip 
movement, based on rare  kinematic  indizators in th': 
mineralized  fault,  local drag folding,  a Id offsets  of 
marker  laminites (D. Anderson,  Cominco  Rd.,  personal 
communication,  1994).  Deformation  in th,: surrounding 

beds, and  local metre-scale  folding.  Intersectio~l 
rocks  consists of penetrative  cleavage,  mainly in :;ilty 

lineations and fold axes in  the rocks near  ttle  fault  have ;I 
consistent  moderate  plunge to the north-nc rthwest. Yhi; 
deformation  is  strongest  near  the  fault a n i  is probabl:/ 
related  to  it. 

EXPLORATION HISTORY 

The Iron  Range  prospect  was discover8:d and sraketl 
in  1897.  Over  the  next five years  several shafts, ;adits, 
drill holes, and  trenches were completed (Blakemxe, 
1902;  Langley,  1922;  Young  and Uglow, 1 J26), now O F  
which are preserved.  Shafts  and  drill  holss  attained :I 
maximum  depth of 20 metres below the sn~face. 
Cominco  Ltd.  (then  a  subsiduary of Canadian Paufic 
Railways) acquired  the  main  claim block 01 the nofil:~:n~ 
part of Iron Range Mountain in 1939 and completed 2 1  
major  surface  trenching  program in 1!'57. All the 
exploration  activity up to this point u a s  aimed at 
evaluating  the  iron  resource,  which i i  potentiall!, 
substantial. The  claims  remained CPR ;nd  Conunco 

DiscoveIy Consultants of Vernon who inte~ .d to  evaluatt: 
Crown grants until  1994,  when  they werr acquired by 

the  deposit's  potential as  an Olympic Dam type copper. 
gold-silver  resource. 

lRON MINERALIZATION 

The intensity  and types of miner;  lization a n t 1  
alteration  vary over the  length of the Iron Range Eult. 
Mineralized  zones  can be broadly  suhdiv  ded  into the 
main  deposit  (most of the  delailed  study area), the LA 
Grande  zone  (the  southern  part of the  detail :d study area, 
named after one of the  claims),  the Moult Thompson 
zone  (the  segment of the  fault  zone  expostd  east of thc 
summit of Mount Thompson), and  periphe-a1 zones :the 
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Figure 1. Simplified  geological  map  of  the  main  zone of the  Iron  Range  deposit. Moye sills are indicated by a cross  hatch  pattern. 
The  widening of the  sills  near  the  fault  is mainly a topographic  effect.  The  location of Figure 2 is inhcated by the  labelled box.  The 
contour  interval is 30 metres,  and  the  grid  is  a 1 kilometre UTM grid.  The  inset  map  is  the  west  half of the Yahk map  area 
(simplified  from Brown and  Stinson,  1995)  with  the  location of  the  Iron  Range  map  indicated by the  hatched  area 
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rest of the  Iron  Range  fault  and  suhsiduary faults). The 
main  deposit  produces  a  continuous,  prominent 
aeromagnetic  anomaly  (Geological  Survey of Canada, 
1971). 

MAIN ZONE 

The  main Iron  Range  deposit is contained  within  the 
widest  segment 'of the  fault  zone.  The  deposit  varies  in 
width  from  approximately 60 lo 150  metres  and  is at 
least 3 kilometres long. It mns from  the  Union  Jack 
claim  in  the  north to the  Rhodesia  claim  in  the  south 
(MINFILE  082FSE014-20). This i s  the  area  explored by 
Cominco's  1957  trenching  program.  Bedrock  is  exposed 
in  the  less-determated trenches;  natural  outcrop  is very 

rare.  Deformation fabrics, veining,  and mineral.:mi 
zones are all strongly  aligned  in  the fault zone  and ar,: 
related to movement  across  it. 

Lenses of massive  hematite and magnetite o~:cur 
along  the  length of the  main  zone.  They I luge in  width 
from 0.5  to 3 metres and  pinch  and swel substant~;lll:~ 
over  their  strike  length.  They  are diffrcult to  trace from 
trench to trench.  Where  nearly  continums expow: 
across  the  fault  zone is preserved in trenches on th,: 
Maple Leaf claim,  there are four parallel lenses sp;~ed 
from  5 to 40  metres  apart  (Figure 2). 

Most  of the  massive  lenses  are  surroultded by wider 
zones of hematite breccia~ Less  commonly. rnassivc: troll 
oxide  lenses cut foliated, sericitic sedimel ts or gabbrc 
Breccia consists of fragments of albititc i I a  hematite- 
rich matrix.  Contacts  between  the brec:cia and  th: 

c 

t- 

i 
Figure 2. k!ailcd map ofthe part of the Iron  Range fault and mineralization.  See I'igure 6 for locatior 
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massive  lenses are often gradational as the  abundance of 
clasts  diminishes  into  the  lenses.  Rare,  small,  angular 
fragments of albitite  were observed in some of the  lenses. 
Most of the  massive  lenses  have  envelopes of 
microbreccia 2 to 6 metres  wide  which  have 7040% 

centimetre  across.  Outward  from  the  hematite-rich  zones 
hematite  matrix  surrounding  angular  clasts  less  than 1 

are wider  breccia  zones  with 30 to 50% hematite as 
matrix  and  veins  (Photos 1, 2). These  breccias  have  a 
cataclastic  texture. The original  matrix  is very fine 
grained  fault  gouge  which  is  extensively  replaced by 
hematite and minor  magnetite. The massive  lenses  and 
surrounding  breccias  constitute  the  main  iron  resource of 
the  Iron  Range  deposit. 

The mineralogy of the lenses and breccias  is 

Photo I .  A cataclastic  breccia from the  main Iron Range 
deposit.  The  fracture filling is largely  hematite and the rest I S  
alhitite  (hand  sample  DBR93-220). The large dark spots are 
lichen. Flare  pen for scale. 

dominantly  hematite  with  variable  amounts of magnetite. 
Thin sections show original  magnetite  abundances 
ranging  from 5 to 30%  as  0.5  to 2-millimetre  euhedra. 
They  are  strongly  pseudomorphed by hematite,  with 
cores of magnetite  remaining  (Photo  3). The magnetite 
pseudomorphs  sit  in a matrix  of  fine-grained, often 
radiatmg,  bladed  hematite.  Parts of the  fault zone are 
occupled by unfractnred  albitite  with  disseminated  to 
semimassive  magnetite.  Large  magnetite  euhedra  (1-5 
mm) form local, heavy disseminations,  and  fine-grained 
magnetite  forms  discontinuous  veinlets and pods. 

Sulphide  minerals  are  rare  in  the Iron Range  fault, 
with  the  exception of the  northernmost  trenches. In these 
trenches  there  is up to 3 or 4% pyrite as anhedral  blebs  in 
the  hematite-magnetite  lenses and breccias.  Traces of 
chalcopyrite(?)  were seen in hand  sample  but  were not 
found in thin  sections.  In  the  remainder  of  the Iron 
Range, sulphides were not seen  in  outcrop or hand 
sample but some thin  sections  have  tiny  blebs of pyrite 
( 4 0 0  pm) within  quartz  veins. Some pyritic  quartz  veins 
with  silicic  alteration  halos  occur  near the  Iron Range 
fault;  their  orientations are oblique  to  the  fault. Also, a 
short  distance to the  east of the  fault on the  northern  part 
of Iron  Range  Mountain,  there  is an old pit  with 
sulphide-bearing  (pyrite-chalcopyrite-galena)  quartz  vein 
materlal in its dump (David  Wiklund,  Creston,  personal 
communication,  1994).  These  veins may be related to the 
pyrite  occurrences  within  the  fault. 

zone. Mineralization  within the  gabbro consists of some 
Foliated  gabbro  occupies mncb  the width of the fault 

massive  hematite  lenses,  foliation-parallel  veins and 
zones of disseminated  hematite and magnetite,  rarer 
crosscutting  breccia  veins, and a  background level of 
about 0.5 to 1% disseminated  magnetite. The gabbro - 
iron  oxide  lens  contacts  are Wically covered by 
overburden.  Where  exposed,  there are zones of bleaching 
(albitite?)  up  to 30 centimetres  wide and  quartz veins 
lining  the  contacts.  Crosscutting  breccia  veins  were 
observed along  the  margins of the  fault  zone  where 
strongly  foliated  gabbro  grades  into  unsheared  gabbro of 
the Moyie sills. The veins are very  irregular  and  contain 
angular  fragments of altered  gabbro  in  a  hematitic 
matrix. Some breccia  veins  are  spatially  associated  with 

Disseminated  magnetite is ubiquitous in  the sheared 
irregular  zones of crosscutting  albitic  alteration. 

gabbro,  sufficient  to be easily  detected  with a hand 
magnet. Most of the Moyie sills  in  the  area  do not attract 
a  hand  magnet  and  do not register on the  regional 
aeromagnetic  map. 

m e s .  The veins  are several millimetres to  several 
Late,  white  quartz veins  cut  across  all other rock 

centimetres wide and most are parallel to the  trend of the 
fault  zone.  Quartz  growth is generally  in  the  plane of the 
veins and some  have  several  centimetres of shear 
movement. Some veins  contain  hematite  crystals or 
angular  fragments of massive  hematite,  apparently 
plucked  from  older  veins and lenses.  Magnetite is present 
in some quartz  veins.  These  veins are interpreted as 
having  been  emplaced  late  in  the  deformational  history of 

hydrothermal  system. 
the  fault,  representing  the  last  effects  of  the  Iron  Range 

I30 British  Columbia  Geological Survey Branch 



Photo 2. Hematite.-lilled  breccia veins cnttmg alhltitc. 'lhe veins are parallel to the fault zone. Ilenlatitc fillings and VI ins are 
interpreted to postdate  the initial hrccclation.  (PST94-l.K.23) 

L.4 GRANDE ZONE 

The La Grande  zone  is  the  segment of the  Iron 
Range  fault  in  the  detailed  study  area  south of the  main 
zone  (corresponding to MINFILE  082SE021-028).  There 
the fault zone  runs  about 250 metres east of the  ridge top 
and  is  not  trenched;  it  is only exposed  where it crosses 
side ridges. The fault zone  appears to he 20 to 40 metres 
wide but the full width  is  not  exposed.  The fault in this 
area is a zone of quartz  veining  with  variable  iron  oxide 
content  in a more diffuse zone of grey  quartz-hematite 
alteration.  Iron  content locally reaches  grades 
approaching  that of the  massive lenses in  the  main 
deposit  but over nrmower  widths (.:I m).  This  quartz- 

veins, as in  the  main deposit. In  the La Grande  zone  the 
hematite mineralization  is  crosscut by late white  quartz 

late veins  are  more common  hut are less often 
characterized hy :shear textures. Locally these  veins 
contain  up to 4Yb hematite,  sometimes as 1 to 2- 
mrllimetre,  platy  euhedra. 

MOUNT THOMPSON ZONE 

on a ridge  top  approximately 1.5 kilometres  south- 
South of Highway 3, a magnetite-rich  zone  crops  out 

southeast of Mounf Thompson.  A  zone of albitite.1 to  2 

metres  wide,  with  disseminated to nnimassive 

sediments. A wider  surrounding  zone h i s  irregulx 
magnetite,  cuts  north-south  through near1 flat-lyq: 

hematite-filled fractures. In this  area  the fa 111 chan,q:s 
from a single wide  zone, as on Iron  Range  hIountain. o 
an anastamosing set of faults that are locally intruded t y  
gabbro dikes. The  individual faults are diflicult to tr;a(x 
southward as outcrop  becomes very scarce. 

CRACKERJACK  FAUI.T 

fault; inset map in Figure I )  has a narrow ;one (>5 111 

A fault to the cast of the main zone (1:rackerjaclc 

wide) of hematite-albititc breccia  in on: location, 
immediately to the  north of Crackerjack  C-eek (Dean 
Barron,  personal  communication, 1994). One gr:h 
sample of the richest mineralization  assayed : 4% FezOl. 
The width of this 7.one and  its  extent  along t IC fault a:,: 
unknown  due to poor  exposure. 

ALTERATION 

Several  alteration typs are associated  w th the Iran 
Range deposit. Albite  alteration  is  associatcd  with . I ~ I :  

highest  iron grades. In  the  main deposit, fine-grained, 
sugary albite alteration  extends  over most of I he width or 
the fault zone.  Albite alteration is confined o the fault 
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I’hoto 3 .  I’holomlcrograph showmg cthedral rnagnct~tc grains 

entirely  pseudomorphcd by hematite. Thc slightly  darker  core 
in a matrix of bladed hernatlte. Thc magnetlte grains are almost 

approximatcly 0.75 by 1.25 nun Reflected hght, plane 
of the larger  grain is residual  magnetite.  The  field of  view is 

polarized.  (PSTY4-I.R. I I )  

zone,  except for rare apophyses  which  extend 1 to 2 
metres  into  poorly foliated gabbro at the  eastern  contact 
of the  main deposit. Although  this  alteration  primarily 

well developed  in  gabbro  and,  over  the  length of the 
aflects sedimentary  rocks  in  the fault zone, it is locally 

early alteration  in  the  fault  zone is silicic. 
fault. is  only strongly  developed  near  gabbro.  Elsewhere 

Gabbro  bodies  within  the  fault  zone are strongly 
foliated parallel lo strike  and  are  characterized by very 

shearing.  The  deformation fabric, seen  in  thin section, 
strong  chlorite  alteration  formed  prior  to, or during, 

has  porphyroclasts of plagioclase  wrapped  in fine- 
grained,  commonly foliated chlorite. Weak S-C fabrics 

west-side-down  dip-slip  movement. This  contrasts  with 
(Lister and  Snoke,  1984)  in foliated chlorite  indicate 

be attributable  to  the different competencies  and  response 
the  completely  brittle  deformation of the albitite and may 

the  gabbro is bleachcd  white by albitic  alteration. 
to stress  of  the lithologies during  deformation.  Locally 

Sericitic alteration  extends  outward  from  the fault 
zone for about  500 to 1000 metres. The sericitic overprint 
is  best developed  in silty beds  and  is  associated  with  the 
locally well  developed  cleavage. In addition to sericite, 
irregular  veins  and  knots of quartz, epidote, and chlorite 
were  obsewed in several  outcrops of sandstone 100 
metres to west  of the  trenches  on  the  X-ray  claim. 
Sericitic  alteration  was  noted in only  one locality in  the 

fault zone, at  its  western  edge  on  the  Maple Leaf claim. 
There it is associated  with a very strong, slaty cleavage 
developed parallel to  the  fault.  This  sericitic  slate 

2). 
encloses  the  westernmost  massive  hematite lens (Figure 

Other  alteration  associated  with  the  Iron  Range  fault 
is minor. Weak, rusty surface  stain is present  throughout 
the  area, but this is a  regional  characteristic  of  the  middle 
and  upper  Aldridge rocks, due to ubiquitous  disseminated 
pyrrhotite (Hoy, 1993). Mafic  minerals  within  the  gabbro 
sills near  the fault zone  have  some  chlorite  overprint,  but 
it is  much weaker  than  within  the fault zone. 

Away from  the  parts of the  Iron  Range  fault and 
subsidiary  faults  which  have  significant iron 
mineralization in surface  exposures,  the  faults are 
characterized by a  zone of cataclasis and  silicic  and/or 
albitic alteration 10 to 20  metres  wide.  Chloritic 
alteration  was noted in several locations, all near 
intersections with  Moyie sills. Examples  are near  the 
International  Boundary,  and  on  two  faults on the 
northeast  flank of Iron  Range  Mountain (in  82F/8). 

PARAGENESIS AND  RELATIONSHIP OF 
MINERALIZATION TO DEFORMATION 

The origin of the  Iron  Range  deposits  is  strongly 

Deformation  can be separated  into  three  episodes  which 
linked to deformation in the  Iron  Range  fault  zone. 

may represent  three  stages  of a continuous  deformation. 
These are related to different stages in the  evolution of 
the  iron  oxide  mineralization. This is summarized in a 
paragenetic  diagram  (Figure 3). 

The  timing of the first movements on the Iron Range 
fault i s  difficult to determine. It is  possible  that  it  was 
originally a growth  fault  and sewed as a conduit  for 
feeder  dikes to the  Moyie sills. The  basis  for  this 

part of the  basin (Brown and Stinson,  1995, this volume). 
interpretation is the  thick  accumulation  of  sills  in  this 

Also, much of the  deformed  material in the  fault  zone  is 
gabbro,  forming  long  narrow  bodies.  These  have  been 
interpreted as  dikes  (Blakemore,  1902;  Langley,  1922; 
Young and Uglow,  1926).  Within  the  main deposit, 

have been stretched into the  plane of the fault  zone, 
however, at least some of the  gabbro bodies are  sills  that 

forming  large  drag folds and  possibly  sheath  folds 
(Figure 2). The  apparent  thickening  of  the sills near  the 
fault in  the detail map  area  is  mainly  an effect of 
topography,  but may  be partly due to minor  shearing 
along  the  margins of the  main fault zone. If the  sheared 
gabbros  are  deformed  sills,  then  motion on the  Iron 

burial of the  Aldridge  Formation. Pre-mineralization 
Range fault probably  began  well after the  deposition  and 

movement on the  fault  is  inferred  from  the  initial 
localization of albitite alteration  along a narrow, 
crosscutting  zone  in  the  Aldridge  sediments. 

usually  the result of  hydrothermal  activity related to the 
Albite alteration  in  the  Aldridge Formation is 

intrusion of Mnyie sills into relatively unconsolidated, 
water-saturated  sediments at shallow levels below  the 
sea-floor (Hoy. 1993).  The very strong albite alteration  in 
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Figure 3. Diagram  illustrating  paragenetic sequence for the Iron Kange deposlt. Numbers rekr to detbrmatil nal e p i s ~  11s: 
( I )  Initiation of the lron Range fault and fomat~on of hydrothcmal conduit, (2)  Cataclasls or albititc and shearing of' gal,t,ro; 
(1) Furlher  catacla:;is and shearing of iron  ore. 

the  main  Iron Rangc  deposit  is  confined to the fault zone, 

bodies. Initial  magnetite  mincralization  is interpretcd to 
although it  is  only dcvcloped in  and around gabbro 

this episode. This  mineralization is only well developed 
have occurred with  the  albitic  alteration,  perhaps late in 

where subsequent brecciation is weak and shear fabrics 
are lacking.  Magnetite precipitation continued into  the 

Rangc fault. 
next recognizablc: stagc  in  the evolution of the Iron 

The main deformation episode followcd the  albite 
alteration.  In  the  wide fault zone  this consisted of 

development in gabbro, and local dcvelopment of slaty 
extensive cataclastic brecciation of albitite, foliation 

cleavage in sericitlzcd  sediments.  The albitite 
microbreccias are cataclasitc (>50%, matrix),  the breccias 
are protocataclasite (<SO% matrix'), and gabbro within 

dcfinitions of :Sibson (1977). This variation in 
the  fault zone ir;  locally mylonitic, according to thc 

deformational style between the different lithologies 
indicates  that  this cpisode occurred at several kilomctres 
depth;  cataclastic  deformation  can occur at  depths up to 
about 5 kilometres (Ramsay and Huber, 19x7, p. 584) 

hematite minerali:ration, although thcsc cvents may  have 
This deformation  acted as ground preparation for 

overlapped to some extent. Fine-grained hematite formed 

breccias. This cpisodc began  with magnetite deposition, 
large,  fault-paralld  lenses  and rcplaced fault gouge in  the 

but hematite replaced magnetite and is far more 
abundant. This  change  indicates  that  the  fluids became 
increasingly oxidizing carly in  this main stage of iron 
mineralization. 

Deformation ,continued alter  the  main  mincralizing 
episode, resulting  in  the formation of fractures, shear 
veins,  and local ductile deformation of hematite-rich 
rocks. Quartz-filled  shear veins, with vein-parallcl 

along  the  length of the fault. They crosscut all other 
mineral  growth and offsets across them, are common 

lithologies, including early silicified rocks in  the La 
Grande area. Rara extension  veins  with mineral growih 
pcrpcndicular to thc  vcio walls were also observed. Thcse 
vein  textures n:semble the vein associations in 
mesothermal, shear zone hosted gold dcposits (Roberts, 

iron oxide  content of these  veins  is low. Local, well 
1987). and may have formed in similar conditions. The 

developed S-C fabrics in hematite breccias are associated 
with  shear  veins. Locally, hematitc vcins are brecciated 
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and filled by quart?,. Sulphide-bearing t,uartz  veins, 
although not shear veins, m.2y have bel n cmpl,aced 
during  this  stage in  the dcposit cvolution or they may be 
later and unrelated to the  iron o:uide mineral  zation. 

Range fault and subsidiary faulls is unusual comparrd to 
Thc dcformation style and altcration of the  Inm 

othcr faults in thc  surrounding :xca (Brown and Stinsem. 
1995, this volume). Thcse charactcristi, s, and .he 
possible connection to the Moyic sills, indi :atc that :he 

contemporaneous with carly movements 081 the  Mo)ic 
fault is old, maybe Prolcrozoic, a.td pcrlxlps 

and  St. Mar). faults.  The source of thc  larj ,e volume of 
iron contained in the Iron Range deposit s unknown. 
Potential sources include tho Moyie si Is and 'he 
basement of the Aldridge Formation. 

COMPARISON TO OTHER MIN€:RAL 
DEPOSITS 

Hydrothermal iron deposlts have receiv :d particular 
attention over thc last few years, mainly due o thc results 
of  recent  work on  the Olympic Dam deposit ,n Australia. 
Early studics of the Olympic Dam, bascc; on limiled 

sedimentary breccias with mincrali7ation aisd alteration 
drilling information, interpreted thc dcposit : I S  

largely due to diagcnctic procwics (Roberts md Hud,son, 
1983). Recent studies, based 011 extensivc core logging 
and underground mappmg, have csta,)lishcd  thc 

evidence for ncar-surface 11:qdrothermal brecciation 
hydrothcrmal nature of the breccias and d x r i b c d  thc 

within  the host granitic  batholilh  (Orcskes : nd  Einau:li, 
1990; Rccve et a)., 1990). Copper, gold, sik:r, uranium, 
and  rare  earth  elements were deposited late in Ihe 
evolution of  thc breccias. aficr significant ilon 
metasomatism, and were  enrichcd by  supergc ne proces:;:s 
(Orcskes and Einaudi, 1990). These  studics ~ o t c  that lhe 
core zone of the breccias is broadly assoc atcd with a 
topographic lineamcnt  which may  rcflcct alt underlying 
fault zone. 

deposit has important simil,mtics with c:rtain otlcr 
Recent studics proposc that the Olmpic D:m 

mineral deposits. This has rcsultcd in  the dc finition or a 
class of deposits; Olympic Dam t p c ,  or Pro erozoic iron 
oxide , (Cu-U-Au-REE; H ~ l m a n  el a/. ,  1'1'12; 
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Lefehure,1995, this volume).  Canadian  deposits included 
in  this classification by these  workers  include  the 
Wernecke  breccias in Yukon Territory and deposits of 

Territories. One aspect  of the deposit  class is  the 
the  Great Bear  magmatic zone in the Northwest 

alteration  zoning, a summary of which  is  presented by 
Hitzman el a / .  (1992).  They  propose a typical pattern of 
albite-magnetite-actinolite  grading  upward and outward 
through a potassic  zone to  an outer hematite-sericite 
zone. with an intermediate  zone of albite-sericite- 
magnetite  alteration  in  sediment-hosted deposits. The 
Iron Range  has an inner  core  zone of albite  alteration and 
an outer  envelope of sericite  alteration  corresponding  to 
the  deeper  sodic  alteration  zone of this deposit class. 

class of mineral  deposits and could reasonably be 
The Iron  Range  deposit has  similarities  to this broad 

included in it.  With respect to  the Olympic Dam iron 
breccias, the  main  genetic  diffcrences  appear  to  be  the 
structural style, the  origin of the brecciated hostrocks, 
and  the greater  depth of formation of the Iron  Range 
deposit. However, enrichment in base and precious 
metals at Olympic Dam  do not have a demonstrated 
corollary  at  Iron  Range. It is interesting  to note thc 

and Einaudi, 1990), and to  speculate that if this fault, or 
possible fault control at depth at Olympic Dam (Oreskes 

fault  system,  controlled  the  upward  migration of 
hydrothermal  fluids and metals, it might  resemble  the 
present level of  exposure on  Iron  Range  Mountain. 
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INTRODUCTION 
This articlt: summarizes  preliminary results of the 

East  Kootenay project aRer completion of one month of 
fieldwork in thc: Creston map area (82F12) in 1994. The 
project will provide a new 1:50 000-scalc geologic map 
(Open  File 1.995-15) and improved  stratigraphic 
correlations.  Mapping  concentrated  on  cstending work 
westward from  the Yahk map area (Brown and Stinson. 

the Windermen: Supergroup. The northwest third of the 
1995, this volume), across the Creston valley and up to 

map sheet, underlain by Jurassic and Cretaccous plutons, 
was  not  studied 

PRE UOUS WORK 
The Creston map area  lies  along  the  International 

Boundary, in the  southern pari of the Nelson map area 
(82F).  Initial geological investigations were undertakcn 
by Daly  (1912) as he surveyed the  international  border 
area  in  the early 1900s.  Complete 1:250 000-scale 
coverage of the Nelson East Half map arca was  finished 

the region has bcen published by Reesor  (1993;  Figure 
in 1938 (Rice, 1941). Rccent 1:ll)O 000-scale  mapping of 

1). A new 1 ~ 2 5 0  000-scale coloured compilation map for 
the  entire British  Columbian Purcell anticlinorium is 
now available (H6y et a/ .  , 1995). 

the Creston  niap  area. Most notable is the  detailed 
Several thc:ses have been completed in the vicini5 of 

structural study by Glover (19%). His 1:25 000-scale 
map of the  Sununit Pass  area  overlaps  thc western pan of 
the Creston map. area  and  has been incorporated in this 
study (Figure 1). Stratigraphic divisions adopted by 
Glover (following those of Rice, 1941)  are largely 
maintained  here. A thesis by 13arrett (1982) describes 
structures in the  Bayonne  batholith,  along  the  northern 
edge of the Crcston map area. that may  be related to the 
Purcell Trench fault. Immediately  north of thc Creston 

Kootenay Lake.  Farther  northcast. two theses examine  in 
map area, LeClair  (1982,  1983)  studied  the  area west of 

detail the upper Purccll and \Yindcrmcre stratigraphy 
(Root, 1987: Pape, 1989). Significantly,  thcsc  lwo  works 
have  substanti;dly dinerent intcrprctations of thc upper 

Fieure 1 .  Location of the  Creston  and Yahk mao  areas idirk 
haiched rectangle)  relative to areas of pre\ioudy pubhhed 
geologic maps. (a) The 1:250 000, 1:126 7: 0 or I : l O (  O('0- 
scale map coverage  includes:  Fernie  West-h ilf (82G/w:st) -- 
Leech (1958, 1960), IIoy and Carter (19$8), Hoy (.993); 
Nelson  East-half  (82Fieastl  Rice (19411 Reesor  (1993). 
Sandpoint (82C) Millei (in preparatiat), Aadlanl and 
Bcnnett 11979): Xalisnell 182B) -- Iia-scn ef 01. (1992): ~r ~~~ . 
Spokane,'Gri& (1973): Stolrei e l  a/. (1921);  Wallace -- 
Harrison et a/. (1986). (h) The 150 000, 1 48 000 anti 1 25 
000-scale maps in the  immediate  vicinity 01 the  Crestor,. n,ap 
arca  include:  Bunnester  and  Miller  (1983:.  Glover  (1978), 
Lcclair (1983) and Miller  (198.2,  1983). 

~~~~~~~~ ~~ 
~ ~~ ~ ~ , ,  
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Purcell stratigraphy; Root proposes  that  the  Mount 
Nelson Formation  be  included in the  Windermere  rather 
than  Purcell  Supergroup. A thorough  geochronometric 
study of plutonic and metamorphic rocks in the  Creston 
map  area  was  completed by Archibald et a/. (1983, 
1984),  including  documentation of a Tertiary  thermal 
event west of the  Purcell  Trench  fault. 

Mapping south of the  International  Boundary 
includes 1250 000-scale maps by Aadland and Bennett 
(1979) and Stoffel et a/. (1991;  Figure la).  More detailed 
mapping  adjoining  the  Creston  map  area  includes  Miller 

the west side  of  the  Purcell  Trench west of Bonners  Ferry 
(1982, 1983; Figure  Ib)  and a study of paragneiss  along 

by Nevin (1966). 

GEOLOGICAL SETTING 

metamorphic  transition from the  Purcell  anticlinorium to 
The  map  area straddles a structural and 

the Kootenay Arc  and includes  important  structures  such 
as the southern  extension of the Hall Lake fault and  the 

It provides a unique  opportunity  to map  changes  from 
northern  estension of the  Purcell  Trench  fault (Figure 2). 

low grade,  broadly folded, unfoliated Purcell  Supergroup 
strata of the  anticlinorium  into  equivalent  but  higher 
metamorphic  grade and polydeformed rocks. The Purcell 
Supergroup, a thick  succession of siliciclastic and 
carbonate rocks of Middle  Proterozoic  age, is 
unconformably overlain to  the west by the  Upper 
Proterozoic  Windermere  Supergroup. Small Jurassic 

Figure 2. Generalized geological map ofpan olsouthern British  Columbia, northern Washington,  Idaho  and  Montana,  emphasizing 
the  distribution of the  Purcell  Supergroup, lowr Windemero  Supergroup  (Toby  and  Irene  formations)  and  major  intrusive  suites. 

Abbreviations: GRA = Goat  River anticline, 1 . E  = Hope fault, IIIE = Hall  Lake fault, JJI: = Jumpoff  Joe  fault, MA = Moyie 
Simplified  Creston  Formation  distribution is illustrated to delineate  major  anticlines.  Rectangle  marks  Creston  map  area. 

anticline, MT = Moyie fault, NF = Newpon  lault, P I F  = Purccll  Trencll fault, RCF = Redding  Creek  fault,  RMTF = Rocky 
Mountain  Trench  fault, SMF = St. Mary fault, SSF = Snowshoe fault. Modilicd  alter Hay el a/., 1995, Miller (1982, 1983), Stoffel 
ero/.(1991)andHarrisoneta/. (1992). 
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plutons and extensive  Cretaceous  batholiths  dominate 
regions  north  and south of the Creston map area. These 
plutons  have been mapped by Daly (1912), Rice (19411, 
Reesor (1973, 1983, 1993) and Miller (1982, 1983), and 
studied by Archibald et a/. (1983, 1984). 

Most of the mapping focused on  the Purcell 
Supergroup; with  its  tripartite subdivisions: lower 

Formation), and upper (Dutch Creek and Mount Nelson 
(Aldridge and Creston formations). middle (Kitchener 

formations;  Figure  3).  Stratigraphic  distinctions and 
nomenclature  problems  arise in this part of the western 
Purcell Basin.  For  example,  Kitchener  and Siyeh 
formations are not distinguishable. unlike  farther to the 
east, which led to the use of Kitchener-Siych Formation 
wee, 1941). Io addition.  important regional markers to 
the east (Nicol Creek Formation and  Phillips 
FormationlBonner  Quartzite) are absent or rare. The 
Dutch Creek and Mount Nelson formations were 
originally defined by Walker  (1926) in  the  Windermere 
area and have been extended south to the Creston map 
area.  The  Windermere  Supergroup comprises up to 9 
kilometres of polymictic conglomerate. volcanics, 
carbonate and siliciclastics. The lower units  are generally 

Figure 3. Table of formations for the Purcell Supergroup and 
their correlative units within the Rclt Supergroup of Idaho 
and  Montana. Nelwn East  Half from Rice ( I  94 I j and Reesor 
(1981,1983);FemieWestHalffromI.eecl~(1958);Idahoand 
Montana  from H.inison el a/. (1902) and  Harrison  and 

Formation (Cressnan, 1989) correlates with lower  Creston 
Cressman (1993). 'lhe transiriotrol nrenlher of the  Prichard 

Formation. 
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more  extensive deep-water sediments believed t3 
interpreted to record a rifting event and a t  overlain by 

continues about these reconstructions ( F ~ I S S  et al.,  i n  
represent shelf progradation,  although much debate 

preparation). 

core complex, comprises Precambrian baxment gn:isc:, 
The Priest River Complex, a north-trending Eocene 

metamorphosed Purcell/Rclt strata,  and  ~leformed  :anj 
massive Cretaceous plutons  (Figure 2; Ikhrig et a/ . ,  

(Rhodes and Hyndman, 1!)84; Rhodes, 198t.), and Hauser 
1987). It also includes the  Spokane  Dome  nylonite ;:,>ne 

Lake gneiss. The northern  end of the Priest River 

amphibolite  grade  metamorphic rocks der ved from  the 
Complex comprises Cretaceous graniti : rocks ;mi 

AldridgeRrichard  Formation. These gran  [tic rocks a r e  
the West Creston and Corn Creek gneisas,  and R.yke~t 
pluton @aly, 1912; Miller, 1982; Archiball et al,, 1'283, 
1984; Figure 4). 

STRATIGRAPHY OF THE 
CRESTON MAP AREA 

PURCELL SUPERGROIJI' 

ALURIDGE FORMATION 

The Aldridge Formation nnderlies abc  ut half o f  th: 
Creston map  area  and changes  character be ween disc]-et: 
fault-bounded blocks. East of the Okell falilt (Figurf 4:, 
Aldridge Formation is  unfoliated and low metamoqJhi: 
grade,  similar  to most of the 'Yam map a 'ea. Howew, 
metamorphic  grade and penetrative fabric s increas: to 
the west, hindering subdivision of the f~rmation  and 
locally making  correlations speculative The rust.! 
weathering (disseminated pyrite and pyrrohotite) 
characteristic of the Aldridge formation is a useful 
feature used to distinguish it from  the gr:y-weathering 
metamorphosed Creston Formation. The   no re ph!/llitis: 
and sericitic Aldridge Formation adjacent to  faults  can 
resemble the Creston Formation,  for example 4.6 

detailed mapping is needed to define the relationship,; 
kilometres north of Creston on Highwr8y 3A. Mor,: 

between low and high-grade  areas. M a k r  laminak; 
have been identified in a few 1oc:lities  when: 

personal communication, 1994). Prima3 sedimentart 
metamorphic  grade  is low to moderate ( I .  Ander:ron, 

structures (graded bedding, crossbedding flames and 
scouring) are evident locally io the lower gr kde blocks. 

CRESTON FORMATION 

because of the supcrimposed deformation and 
The Creston Formation is undivided in the map  ilreil 

metamorphism.  Lower  metamorphic  gra ie expsiire,; 
include  wa\y pale green and grey, thin-bedded to 
laminated argillite to siltsfone (couplets, phlllitic siltsfon,: 
and quartz  arenite, as exposed east 01 North !.tar 
Mountain (Figure 4). Local ripplc m.trks indi:ab: 
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Photo 1. Thinly  bedded quanz arenite with coarsely 

Formation. 
crenulated  argillaceous  interbeds,  metamorphosed  Creston 

deposition  withm  fair-weather wavc basc. In this  area  the 
Creston  Formation is overprintcd by post-tectonic biotite 
porphyroblasts. The metamorphosed  Creston  Formation 
consists of non-rusty, light grey weathering, thin-bedded 
to  laminated  n~uscovite schist, biotite-muscovite-quarlz 
schist and meta-arenite.  Outcrops 2 kilometres west of 
the  Summit Creek  bridge  along Highway 3 are typical. 
Bedding and m'ore rarcly crossbcdding may  be preserved, 
even where  medium-grained schist with promincnt 
phyllosilicate crenulation is dcvelopcd (Photo I ) .  

The Creston  Formation  hcrc in the  northwestern  part 
of the Purcell  Basin is generally  finer  grained and 
thinner  than  the succession in the Yahk map area. Thc 
middlc Creston Formation is known  to produce strong 
aeromagnctic  anomalies,  for  esample, in thc Moyie 
anticline (Brown and Stinson, 1995, this volume). A 
1:250 000-scale aeromagnetic  anomaly  south of  Wynndel 
suggests  that the Creston  Formation  extends  to  the 

valley. In the  same  area thcrc is  an  odd pattern with two 
southwest undrr  the Quaternaly cover in thc Kootenay 

broad  anomaly in thc  Maryland Creek area may also be 
anomalies of unknown  origin.  Farther west, a faint and 

correlated with Creston Formation and  perhaps  some 
mafic  sills (discussed later). 

KlTCHENER FORMATION 

unit and  an upper  argillite succession in the North  Star 
Kitchener  Formation  consists of a basal carbonate 

Mountain  area  (Figure 4). The  lower  carhonate  unit 
(Pkl) in the North Star Mountain  arca is a carbonate-rich 
succession about 1000 metres thick. dominated by dark 
brown to tan-weathering  dolomitic phyllite, dolomite. 
dolomitic  siltstone with minor  limestone  (marble). and 

metamorphosed. clayey layers. Pale grcenish grey fissilc 
lesser quartz  arcnite. Fine sericitic-rich layers are 

dolomitic  siltstone  has a pittcd weathered  surface  whcre 

Photo 2. Cone-shaped  stromatolite  from  the K ltchener 
Formation  dolomite 900 metres  east  ofNorth star Mom1laim 
(DBR94-505). 

pyrite cubes (up to 5%) have been di5;olved. '4 pale 
green phyllitic siltstone and  argillite  falies  witbii the 
carbonate  thickens  to the south. The  mfdium to Ihick- 
bedded basal dolomite, east of North :;tar  Mourmn, 
contains  rare  domal and  cone-shapei stromslolite 
mounds (Photo 2), up to 2. metres aaoss, indicating 
shallow-watcr deposition.  These stromatolites are reliable 
indicators of tops and indicate  that the so ltheast-d.ippiog 
section is overturned. Thc dolomite unit; produce  deep 
red-brown soils  that  help  delineate the doNomite horizons 

pinch and swell, and hurnmocky becforms ruggcst 
in areas of poor esposure.  Fining-up\+ 3rd sequr'ncm, 

deposition within  storm  wave  base,  sligh ly deeper than 
the  Creston  Formation. 

A series of discontir~uous carbonate brecc:ia 

Mountain.  Those  near  Wilds Crcek arc  part of a grcup of 
horizons occur in two  areas, Wilds Creek and North Slar 

breccias  that estend northward  along the vestern ec!;:e of 
the Purcell anticlinorium (Brown  and K ewchuk, 19!'S, 
this volume). On North Star Mountain. at leaslr  c.hlee 
irregular and discontinuous  zones of brecc ia are expusc:d, 
however, their  lateral  extent is difficult tc establish. The 
breccias in both localities  have  similar appeawms,  
although, it is unclcar  whether  they oc:npy the same 
stratigraphic  position.  The  Korth  Star M )untain I J I ~ I X I : ~ ~  
comprises  angular  dolomite  fragments up to 25 
centimetres  long  (average 2 to 5 cm), and r m  
subrounded white quartz  and  arenite  fragr,lents s u p p t e d  

clasts occur sporadicall).  Surface esposu 'es are roJ.ghly 
in a light brown to  tan  carbonate matrix Grey argillite 

pitted due to  differential  weathering of  the difi:rc:nt 
carbonate and argillite  fragments.  Th.:  breccia;  are 
interpreted  to  be  karst (solution collapse)  ieatures. 

Abovc the  carbonate  succession  (Pk ) is about 750 
metres of dark grey I)hyllitic argillite (Pk2)  that was not 
studied. 
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DUTCH CREEK FORMATION 

The Dutch  Creek  Formation  consists of a lower 
carbonate (Fdcl), overlain by an argillite succcssion 
(Pdc2) and locally a  laminated  unit  (Plu),  and  capped by 
an upper  carbonate (Fdc3). 

The  lower  carbonate  (Pdcl). dominated by 
dolomite,  extends  from  the  border  northward 9 
kilometres to Maryland  Creek. It consists of thin to 
medium-bedded  dolomite  with  green  phyllitic layers. The 
central  part is mainly massive, crumbly,  grey  argillaceous 
dolomite,  with  interbedded  laminated  dolomite. Locally, 
siliceous  knots are common.  Towards the top, it is  mainly 
laminated  argillaceous  dolomite  with  pyrite 
porphyroblasts. This  grades  upward  into  light green-grey 
dolomitic  argillite and grey to dark  green  argillite of the 
middle  Dutch  Creek  unit (Plu). Near the  top of the unit 
quartzite  beds  are interbedded  with  the  dolomite. 

A distinct  unit,  informally  called  the  "laminated 
unit"  (Flu)  comprises well laminated  siltstone  that  crops 
out in  several  locations. The  alternating  light grey and 
light  green  laminae  give it a  distinctive  appearance. It is 
characterized by its soft, friable  and even-bedded 
bedform. Uncracked,  even  clay to silt couplets arc 
interbedded  with  thicker,  continuous,  flat-laminated 
sandstone  layers.  Siltstone layers are commonly 
attcnuated  and  more  deformed  parts of thc  unit  are 
chlorite-sericite  phyllite.  Planar  crossbedding.  climbing 
ripples  and  oscillation  ripples were  observed in some 
exposures  (Photo  3). The outcrop 6 kilometres west  of 
Blazed  Creek  along Highway 3, is  marked by fine 
disseminated  magnetite  crystals. It appears to have an 
anomalously low metamorphic  grade  and is only locally 
crenulated.  Towards the  southern  end of its interpreted 
extent it is  mainly  thin-bedded  light grey to green 
siltstone,  characterized by tabular bedsets with  angular 
crosslaminations. This sediment type is  not sccn farther 
south,  where the middle  Dutch  Creek  Formation is 
entirely  argillite. 

microlaminated  sericitic  phyllite with minor deeply 
An argillite succession (Fdc2), dominated by 

weathered  dolomitic  beds less than 2 centimetrcs  thick, 
separates  dolomite  horizons. It is a heterogeneous 

succession or black phyllitic  argillite,  pale  green  sericite 
schist  and  quartzitic  schist. A small  building  stone  quarry 
in  quartzitic  scricite  schist  operates  intermittently  north 
ofMaryland Creek. 

(unit  Pdc3)  forms the  uppermost unit of the  Dutch  Creek 
A succession of dolomite, argillite  and  quartzite 

Formation  in the  Maryland  Creek  area.  The  first 
occurrence of a  thick  dolomite  horizon (>lm) is  taken to 
be the basal  contact.  Cream-coloured,  pure,  fissile 
dolomite  and  dolomitic  siltstone are medium to thin 
bedded and  include  interbeds  of  microlaminated  black 
graphitic  argillite,  similar to the underlying  unit.  Rare 
crqptoalgal  laminations may be  stromatolites.  Laminated 
fine-grained  orthoquartzite  beds,  up  to 4 metres  thick, are 
a small  component of the section.  Pure,  light  grey to 
white. fine-grained  dolomite  interbedded  with  thick  (1 to 
2  m) beds  of limestone  (marble)  mark the  top of the 
Dutch  Creek  Formation  in  the  Maryland  Creek  area. 

weathering  crenulated  graphitic  argillite. A massive 
The dolomite is overlain by black to rusty brown 

dolomite bed, 1 to 2 metres  thick,  occurs  within the 

argillite  marks  the  top of the Dutch  Creek  Formation or 
laminated black argillite. It is  unclear  whether  this 

the base of the  Mount  Nelson  argillite  unit. 

MOUNT NELSON FORMATION 

The Mount Nelson Formation  consists mainly of 
dark coloured phyllitic  argillite  with  interbedded 
quartzite  and lcsscr  dolomite, west  of the uppermost 
Dutch  Creek  carbonate  (Figure 4). The rusty brown to 
grey  argillite is phyllitic  and locally crenulated, so 
primary  features  are not preserved.  Strata  are  mainly 
graphitic  (shiny  dark grey to black) or  chloritic  (dark 
green) and locally contain  numerous  quartz  pods  and 
layers. some o f  which may be  flattened  clasts  (Photo 4). 
The  argillite is interbedded  with  several layers of 
medium to coarse-grained  vitreous  quartzite  (quartz 
sandstone)  that  appear to be  continuous  over  several 
kilometres. The medium to thick-bedded quartzite  layers 
are 2 to 50 metres  thick and  are much  more  resistant 
than  the  argillite,  hence they form  prominent  outcrops. 
They wcather  white, grey, brown  and  pink.  and  constitute 
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Photo 3. Planar crossbedding w i t h l o  lhc laminated unit .  
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The laminated  unit resembles thc Van C'~:et,k 
Formation of the  eastern Purccll Supergrlup as delincd 
by McMechan el a/. (1980) but, as n apped in t fe  
Creston  area, it lies higher  in  the regional stratigraph:?, 
above the  Dutch Creek lower mrbonate. 

(Pmn), as mapped by Rice  (1941) and (;lover (1 5'781, 
The Mount Nelson argillite and 4{uanzite ]unit 

i may correlate  with the BIIE:IIO Hump Forrllation, part ( I f  

the  Deer  Trail  Group of nonheastern  Washington. The 
1 correlation is based on the unusually coar:e, quart;<-rich 

sandstone and  stratigraphic  position withilt argillite mi 
above a carbonate  unit.  Immediately sout81 of the '19th 
Parallel, quartz-pebble sandstones  within  argillite west of 
the  Continental  Mountain pluton in  northe n Idaho hav,: 
recently been  included in  the Buffalo HUI ~p Formation 
(F.K. Miller. personal  communication, 1394). Far:.he: 

Photo 4.  Deformed  quartz  fragmcnts (possible clasts?) in south, Buffalo Hump quamite cuts down into tht: 
argillite of the Mount Nelson Formatiall (PST94-296). Stensgar Dolomite, implying an unconfor  nity  betueerl 

fabric consisting of tightly packed. rounded. bluc quartz 
15% of the poorly esposed  section. Rarely. a primary 

granules, is preserved.  These  are bcst prcscrvcd mar  thc 
top of the  Priest  River  canyon. 3 krlometres northwcst of 
Eoundary  Lake. :Less commonly.  ;zones with numerous. 
large  mudchips  which  are highly strained  are prescnt 

just west of thz Priest  River canyon. quartzite is 
within  the quartzitc units. In the  southernmost  esposurcs 

interbedded  with buff dolomite. 
Rare Icnses of laminafcd, brown-wcalhering, silty 

dolomite up to sevcral metrcs thick also occur within  the 
Mount Nelson argillite. Thc continuity ofthe dolomites is 
dificull to determine  compared lo  the quartzites, bccause 
they weather recessively. Several thicker  dolomite  units 
crop out in the southwest corner of thc map arm, 
truncated  to fhc north by the  unconformity at the base of 
the Toby Formation. 

CORRELATION 

Mountain  strongly supports the  corrclation with the Deer 
Stratigraphic analysis complclcd around North Star 

Trail  Group,  which  includes the Magnesitc Bell of 
northeastern  Washington (see Millcr  and Whipplc. 1989) 
as first proposcd by Glover (19%: Figure 5 ) .  Thc 

black and grey; ):lay and silt couplcts of thc  Togo 
correlations would be: Kitchener argillite (Pk2) with thc 

Formation;  thc  lot+er Dulch  Crcck cnrbonale (Pdcl) with 
Edna Dolomites: argillite of Ihe  Dulch  Crcek Formation 
(Pdc2) with McHale  Slalc: Dutch  Creek uppcr  carbonate 

associated  with  the  Stensgar Dolomite. and although  the 
(Pdc3)  with  Stensgar Dolomite. Magncsitc deposits are 

magnesite is rcmotlilizcd, i t  is considcred lo be primaly 
and associated with evaporitic  facics  (F.K.  Miller, 
personal communication. 1991). I n  the  northern  part of 
the Purcell anticlinorium. the Mount Nclson Formation 
hosts the Brisco  magnesite  deposit tMcCarnn1on. 1965; 
Root. 1987). 

the two units,  perhaps  analogous  to  the unconforrlily 
documcntcd by Root (19x7) at the base 1,f the Mcunm 
Nelson. Late Proterozoic detrilal zircon da es (circa 1.1 
Ga) from  the Buffalo Hump  Formation,  southeast 01' 

Colville (Figure 2), support a post-P  lrcell (B::lt) 

quart7.itic part of the Buffalo Hump Formati )n maybe the 
Supergroup  age of deposition (Ross et a/. 1992). ?:he 

distal  equivalcnt of the Phillips  Formation 'D. Winston, 
personal  communication,  1991). 

UPPER  PROTEROZOIC  WNDERME RE 
SUPERGROUP 

PEBBLY ARGILLITE UNIT 

represent a dropstone  unit at lhe  base of the Windermcre 
A pcbbly argillite  unit, mapped this aason, nay 

Supergroup. This pyritic ( I  to 5%), dark rusty brmm 
weathering argillite lies  above a Mo mnt Nelson 
Formation  carbonatc  horizon. The laminatejl  argillite is 
distinguished  from  those in the  Mount Nelso 1 Formatim 
by a marked  increase in sulphide content, les penetrative 
fabric and presence of abundant pebbles. .'he isolat:d 
pebbles are supportcd in a black silty argllite matlix 

Pebblcs o f  quartzite and dolomite  predominat :. Clast si ,e 
(Photo 5 )  and  are  interpreted  to  be ice-rafted  dropstol~c::;. 

and abundance  increase  up-section and the pebbly 
argillite  apparently  grades  mto polymictic c~tnglomelate 
of the Toby Formation. The unit is exposed 1 kilome1r':s 
southwest of the  confluence of Summit an11 M a r y l a r a i  
crceks, in more highly strailled exposures  on Highway 3,  
and  along  Placer  Creek road at about the 1340-me:tn: 

argillitc  unit  warrants  careful study md better 
clevation. The unit  appears to thin to the noitheas. Ttle 

dclincation. 

basal Windcrmerc  Supcrgroup because of t le inferred 
The dropstone  unit is tentatively cornhted with 

glacial environment at  thc  time of depositlm  and it:; 
possible gradational  contact  with  the Toby  For nation. 
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C -  H 
Figure 5 .  Comparison of schematic  stratigraphic  columns  and  potential  correlations  using  the  base of the  Buffalo  Hump  Formation 
and  possible  correlatives  as  the  datum.  Columns A to C are  correlated  with  reasonable  confidence,  however,  comparisons of C to E 
remain  speculative.  Column  references: (A) Miller  and  Whipple (1989), (B) Miller  (1982;  nomenclature  has  been  revised  since 
publication,  therefore, it is not  included  here), (C) Glover (1978) and  this  report, (D) this  report, (E) Reesor (1983). Abbreviations: 
Bh =Buffalo Hump  Formation,  Cr = Creston  Formation,  Dc = Dutch  Creek  Formation,  Mn = Mount  Nelson  Formation,  Ed = Edna 
Dolomite,  Hc = Hucklebeny  conglomerate, Hv = Huckleberry  volcanics,  K = Kitchener  Formation,  Iv = Irene  Formation, Mc = 
McHale  Slate,  Sc = Shedroof  conglomerate.  Sd = Stensgar  Dolomite,  Sc = Shedroof  volcanics, Tb = Toby  Formation, Tg = Togo 
Formation. 

TOBY FORMATION 

The Toby Formation  comprises a syn-rift succession 
(Bennett, 1985) of diverse  lithologies,  including 

volcanic rocks, quartz  sandstone and phyllite. It reaches a 
d iamides ,  polymictic  conglomeratc, pelite, carbonate, 

thickness of about 2050 metres  along  the U.S. border in 
the Creston map  area (Glover. 1978, p. 27), although, it 
could be as much as 4 kilometres  thick  based on its map 
distribution. It thins  rapidly to  the north and south. 

Toby Formation  has been studied in detail  along  the 
length of the  Cordillera by numerous  workers and  was 
briefly e.xamined in this  mapping project. Variably 
strained,  polymictic  conglomerate, pebble greywacke and 
sandstone  dominate well exposed outcrops along 
Highway 3 .  Clasts are predominantly  light  grey lo white 
quartzite and brown-weathering  carbonate  (mainly 
dolomite)  with  subordinate  white  quartz (vein material?) 
and  phyllitic argillite.  White  quartzite  clasts  are up to 
about 1 metre long. but average between 10 and 20 
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Photo 5 .  Quartzite pebble (possible dropstone?) in  black 
argillite  unit,  interpreted to he basal Toby Formation (DBR94- 
236). Glacial striatlans are  evident an the surface. 

centimetres. though most are strongly flattened. Rare, 
large rounded clasts of granite  and  granitic gneiss (up to 

conglomerate, 10 kilometres  south of Highway 3; granitic 
60 by 60 cm) were observed towards the base of the Toby 

River by  Daly (1912). Most of the  formation  is well 
clasts  were also noted  west  of the headwaters of the Priest 

foliated and clasts arc variably flattened (strain analysis 
was completed by  Glover, 1978), but relict bedding is 
still evident from  concentrations of clasts of similar sizes, 
and by colour differences related  to changes in grain size 
of the  matrix. Locally, the conglomerate has been 
reduced to a chlorite-sericite schisl with faint ellipsoidal 
outlines of completely flattened  clasts.  These  bands of 
intense deformation are probably shear zones. 

Correlution 

Daly (1912. p. 142) used the term "Irene 
Conglomerate  Formation",  and later Rice (1941) 
correlated it  with the Toby Formation. To the south, the 
same unit  is  called  the Shedroof conglomerate  where it is 
up to 3250 metres thick in the Continental Mountain 
map area (Miller. 1982, p. 18). A thin sequence of 
Shedroof conglomerate and Leola volcanics also lies 
farther east, in  the footwall of the  northern extension of 
the Jumpoff Joe fault, 15 kilometres east  of Sullivan 
Lake, Washington (Stoffel et a/., 1991). These 
conglomerates also correlate with the Huckleberry 
Formation (conglomerate member) of northeastern 
Washington. 

Puleoenvironmenl 

remains controversial. The glacial marine  origin was 
The depositional setting for  the Toby conglomerate 

proposed by Aalto (1971) and a r~onglacial  origin was 
suggested by Reesor (1973). Striated clasts have  been 
reported between Invermere and Panorama  which would 

metres long  and range in shape  from  circu ar to oblcsng 
Chloritic  fracture  cleavage  and epidote, irNm carbonate, 
albite alteration  patches  are  commonl' develoled 
Subordinate lithic lapilli tlfls with pittt,d weathf.reci 
surfaces, contain mafic fragments up to 21) centimetre!: 
long. Hyloclastite forms a minor complment of the: 
succession. Dolomite and dolomitic siltstc,ne form twcl 
prominent units, each less than 20 rletres  th:ck, 
approximately 900 and 1800 metres above t'le base of the 
succession, immediately wed of Mount Ire1 e (Figure 6 ) ,  
Pale  green tuff beds occur  within the dolomi:es. 

North of Highway 3, the bottom third of the k n e  

breccia. Basaltic pebbles and cobbles are sllpported irr a 
Formation consists of basaltic  fragmental locks, mainlq 

dark matrix with angular lithic fragments. The top two. 
thirds of the section consists mainly of pill IW lava with 
some breccia and minor hyaloclastite. Iieveral thin, 
aphanitic ma ic  sills  and  dikes were observcd throughout 
the section. These are probably synvolcanic. 

Age and Correlation 

The  Irene Formaliou correlates with  the L m l a  
Volcanics south of the border as descrilxd by MI l a  
(1982) and  the Huckleberry Formation (greenstone 
member) in northeast Washington, dakd at absut 
762*44 Ma by the Sm-Nd isochron methcd (Devlin el 
a/., 1989). 

Upper  CongIomerute 

to boulder conglomerate unit, 100 metres 11 ick, expo:ied 
The  top of the  Irene Formation is marke i by a cobble 

3 kilometres west of Mount Ilene (Photo I).  It can be 
traced northward  from the border to Highway 3, when it 
crops  out 28.3 kilometres west of the Sttmmit Crcek 
bridge, underneath the hydro  transmission lines ( M y ,  
1912, p. 114: Glover, 1978). According to Daly (191'2, p. 
147) thc dolomite clasts  are lc~cally oolitic a1 d the largest 
angular clast measures 2.1 rnctres  by 1.2 metres b). 1 
metre. Clasts are dominantly dolomite with lesser 
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Photo 6. Wcll developed,  unstrained  pillow  basalts ofthe Irene  Formation (DBR94-564). 

rounded quartzite  and  rare  brecciated  dolomite, 

volcanic  clasts were  observed. Along  Highway 3, the 
supported  within  a mauve to grey argillaceous  matrix. No 

conglomerate  unit  comprises a 75-melre sequence of 
grecn pebbly  wacke, pure  dolomite,  dolomite 
conglomerate, polymictic conglomerate  cut by post- 
flattening  granitic  dikes,  white  limestone  and  capped 
with  a quartz pebbly conglomerate. The conglomerate  is 
overlain by the Monk  Formation. 

The provenance  of the  clasts  is  assumed  to be 
cannibalistic  erosion of the syn-Irene  dolomite  horizons, 
however, the  apparent lack of any  volcanic  material,  and 
a  source for the  quartzite,  are problematic.  Alternatively, 
the  clasts may  bc derived from uplifted  blocks  of  Mount 
Nelson  and  Dutch  Creek  strata.  Additional study of clast 
compositions  and  size  variations  is  required. 

Figure 6 .  Composite  schematic  stratigraphic column of the 
Toby and  Irene  formations  based on exposures  along  the 
unnamed  ridge  west ofMount Irene  and  uear  Highway 3. 
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Photo 7. Matrix-supporied  dolomite  conglomerate  within  the 
upper  pari of the  Irenc  Formation (DRR94-561). 
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MONK FORMATION 

The Monk  Formation rests conformably on the  Irene 
Formation and was examined briefly between Highway 3 
and  the southrxn contact of the  Mine stock. Here it 
consists of  fi.ne-grained muscovite schist. Coarser 

chloritoid?) porphyroblasts produce a spotted appearance. 
muscovite-biotite schists  with  andalusite (and/or 

Towards the top of the ohsewed section are thin-bedded 
quartz  siltstone  and sandstone couplets with  rare  granule- 

transition  into  the overlying grits of the Three Sisters 
sized quartz  grains.  This may represent a gradual 

Formation. 

INTRUSIVE ROCKS 
Proterozoic  mafic sills  and  dikes  are common in  the 

middle  Aldridge  Formation and  strata of the upper 
Purcell  Supergroup.  Younger  plutonic rocks underlie  the 
northwest hall  and  part of the  southern edge of the 
Creston  map  area. The middle Jurassic and Early 
Cretaceous plutons in the northwest corner were not 

Archibald et ai. (1983, 1984). 
examined during  this project but have  been studied by 

MOYIE  SILI;S - AMPHIBOLITE 

discernible at 150 000 scale wlthin the metamorphosed 
A few of the dark grcen to black amphibolite layers 

middle  Aldridge  Formation are depicted on Figure 4. The 
fine to medium-grained amphibole-rich rocks are 
interpreted to be metamorphosed Moyie sills as suggested 
by Daly (1912) and  others.  The  amphibolites contain the 
mineral  assemblage hornblende. plagioclase. quartz and 

prominent pink garnet porphyroblasts. Due to ductile 
staurolite. Th: amphibolite  is commonly dotted with 

deformation west of the Creston valley, the sills are not 
as extensive or continuous as those to the east. East of the 
valley, thick  sills  near  the town of Creston are  cut by a 
network of quartz  and  quam-carbonate veins that 
parallel  and crosscut the  chloritic foliation. These sills 
are continuous and display less ductile deformation. 

MAFIC  SIL LS AND  DIKES - NORTH STAR 
MOUNTAINAREA 

A series of mafc sills and  dikes  intrude upper 
Purcell Supergroup  strata  (Creston to Mount Nelson 
formations) near North Star Mountain, from the U.S. 
border  northward to Highway 3. The narrow ( I  5 cm to 5 

parallel bedding and  are therefore called sills.  but  locally 
m thick) black to dark green tabular bodies commonly 

they are discordant dikes. Some sills  are magnetite rich 
and presumak'ly produce the broad, moderate 1:250 000- 

comprise less than 5% of the section. Locally  they 
scale  aeromagnetic  anomaly over the  area.  The  sills 

contain  rounded  xenoliths of granitic  gneiss. 

As the mafic sills  and dikes were emplaced irlto 
strata as young as Mount Nelson Formation, they  may 
represent a magmatic event synchronol s with hlot.nt 
Nelson deposition or, more probably, the i are  feed% to 
the volcanic rocks of the  Irene  Formation. 

MIDDLE  JURASSIC - CONTINEN TAL 
MOUNTAIN  PL  UTON 

A biotite tonalite pluton is well eqosed along  the 
International  Boundaly cut southwest of ,3oundar). IAte. 
The massive medium-grained tonalite  for  ns  the nontbcm 
termination of the Continental  Mountain Jluton othfiller 
(1982). The  tonalite contam ubiquitols epidotc and 
trace hornblende ( ibid.) .  Muscovite is eo  nmon  and may 
be a product of regional metamorphism t ~ a t  has aftkcc;ed 
the pluton (F.K. Miller, personal commur ication, l'J94). 

The age of emplacement of the plutc n is  interxeted 
to be at least 168 Ma, based on a ti anite dat: a d  
discordant zircon U-Pb data  (J.L. WGoden, personal 
communication, 1994). The pluton yieldei a bio1ir.e K.Ar 
date of 107 Ma (Miller and  Engels 1975) and a 
trondhjemite phase on thc east side of Continertal 
Mountain produced biotite and muscovil: K-Ar tiales of 

Ar dates  are interpreted to be cooling age;. 
101 and 96 Ma (ihid.). These: Cretaceous .-onvention.al K- 

CRETACEOUS  PLUTONS 

Cretaceous intrusive rocks can be dlvided in[(# large 
plutons (Bayonne batholith)  and  small !, heet-like  bodies 
(Corn Creek and West Creston gnei:.ses). Thcy are 
apparently coeval but contrast  in  mintralogy, twttnic 
fabric and size. The Bayonne batholith  pr,,dices 
conspicuous donut-shaped aeromagn :tic anomalies 
probably due to a mafic border phase. 

BAYONNE BATHOLITH 

The Bayonne batholith comprise!, at least three 
distinct plutons, Mount Skelly, Steeph  Mountan and 
Shaw Creek (Daly, 1912. p. 289-296, f i r  e, 1941; Glover, 
1978; Archibald et a / ,  1983, 1984; Reesor, 1,9>3). A 
two-mica granite called the Kootenay Landing grartitc by 
Barrett (1982) may corrclate with par of the :jta:ple 
Mountain pluton. A small  outlier south of the:  IvIount 
Skelly pluton, here called the Duck L d e  intruslcn, was 

Creek. This stock, 500 metres wide s8nd ISOC, Inetrer 
mapped immediately west of the lower a c h e s  01' Wilds 

long, comprises pale grey to white-weaNhering,  n,as!,ive. 
medium-grained hornblende biotite gr mite. Ac:esjol) 

titanite. Regional aeromagnetic d; ta  shov. thal. 
minerals include trace amounts of honey-iolomcl 

anomalously high values extend soutlward from the 
Bayonne batholith under  the entire  are,,, suggesting the 
Duck Lake  intrusion  is  an offshoot of the Mount Sl:ell!~ 
pluton. 
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biotite granite with potassium feldspar phcnocrysts up to 
The  Shaw Creek pluton is  light  grcy. massivc 

2 centimctres  long. A biotitc-rich (>-to% biotitc) 

and contains biotite-rich granitic  autoliths. 
mclanocratic phase of limited estcnt is locally foliated 

Metasedimentary  xenoliths are  also exposed along Topa7. 
Creek road.  This  phase  is boudinaged then cut  by 
muscovite-biotite-quartz-feldspar pegmatite. 

Highway 3A  near Drywash Creek  whcre fine-grained 
Contacts of the Duck Lake  intrusion  are  esposed  on 

chlorite-biotite hornfels is well developed in rncta-arenitc 

diopside) of the  Mount Nelson Formation. Dikes and  sills 
and calcsilicatc assemblagcs (epidotc-chloritc-trcmolite- 

extend into  the host strata  and  there  is no cvidence of 
deformation along  the  intrusive  contacts.  This  contrasts 
with the  relationship of thc Shaw Crcck pluton to the 
west, across  the Kootenay valley, where  coarse mineral 
growth and  pcnetrative deformation are  evident. 

The eastcrn contact of the  Shaw Crcck phasc 
consists of rusty brown ncathering, coarse-graincd 
biotite-muscovite schist  miscd  with foliated granitc  (lit- 
par-lit gnciss)  along  the  logging road 2.5 kilomctres 
north of the  Summit Creck bridge on Highway 3. Pods 
and lenses of quartz-feldspar-muscovit~biotite are 
interlayered with paragneiss (semipclitc schist). The 
penetrative foliation dips rnodcrately to thc west. parallel 
to the  intrusive contact. However, 200  metres northwest 
of the  contact zone, the  fabric is lost and  the pluton 
comprises massive medium-grained. potassium fcldspar 
megacrystic granite.  The massive granite  has been 
sampled for U-Pb dating and analyscs are  in  progress. 
The southern  contact of the  Shaw Creek pluton is a 
heterogeneous zone of  mixed granite  sills  and 

Topaz Creek  road. In  general,  granitc  contacts parallel 
metasedimentary rocks (biotite schist). exposed along 

the phyllosilicate foliation. 

PRIESTRIER COMPLEX 

The northern  culmination of the Priest River 
Complex is reprcsented by the Rykert batholith and two 

Creston  map  area  (Figures 2 and .t). 
isolated gneissic bodies along  the southern edgc of the 

RYKERT  BATHOLITH 

281-287) and  underlies about 27 square  kilometres inside 
The Rykert batholith  was  namcd by Daly (1912, p. 

Canada,  extending  from  the Crcston vallcy 15 kilomctrcs 
to the west. It has been rcfcrred to as Kaniksu batholith 
by Park and Cannon (1913). but i t  is rccommendcd that 
this  name be droppcd because Kanisku Mountain actually 
lies farther west and is underlain by thc Jurassic 
Continental Mountain pluton. 

granite is medium grained with coarse-grained layers 
The light to dark grcy weathering. biotite-rich 

rich in potassium feldspar mcgacrysts (some up to 7 cm 
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long and wcll zoncd). It is massive to variably foliated, 
commonly with  dark grcy mylonitic layers  or  gneissic 
layering. Thc two-mica granite  is heterogeneous with a 
muscovite to biotite ratio of  about 2:5 south of the border 
(Miller, 1983), although biotite and potassium  feldspar 
contents vary greatly.  Hornblende  diorite  xenoliths are 

muscovite or garnet  intrudes  the two-mica phase of the 
rare. A homogeneous biotite granodiorite  with no 

Rykert batholith,  2.75  kilometres  south of Mount 
Huscroft near Boundary Creek.  The northwest edge of 
the pluton is a thick zone (>IO0 metres) of gneissic 
granite.  The northeastern part of the  batholith produces a 
strong,  rectangular 1:250 000-scale aeromagnetic 
anomaly that  extends to the northwest. 

Age and  Correlation 

Correlative rocks south of the U.S. border  include 
the Rykcrt granite  and Shorty Peak pluton, that  include 

Thc Ncwmau Lake gneiss, biotite potassium feldspar 
porphyroblastic granitic gneiss (unit "gn";  Miller, 1983). 

mcgacrystic orthognciss,  dated  at  about 94 Ma 
(Armstrong el a/., 1987; Bickford el d., 1985) may be 
equivalent to the Rykert batholith. 

CORN CREEK  GNEISS  AND  WEST  CRESTON 
GNEISS 

and West Crcston,  crop out west  of the  Creston valley 
Two isolated granite  gneiss bodies, the  Corn Creek 

and north of the Rykert batholith.  The Corn Creek body 
was first recognized by Rice (1941),  and  later named the 
Corn Creek gneiss by Archibald ef a/. (1983). The West 
Creston gnciss  is  esposcd 6 kilometres to the southwest, 
in thc footwall  of thc Purcell Trench  fault (Figure 4). 
Both gneisscs  are  characterized by consistent gentle, 
north-dipping mylonitic foliations  containing gently 

orthogncisses  comprise a series of sheet-like bodies 
north-plunging  strctching  lineations. The  granite 

(Photo 8) that may be part of a continuous  north-dipping 

Photo 8. Gncissic granitc  charactcristic  of the West  Creston 
gnciss iDRR94-422). Pack  for scale. 
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sheet  extending north from  Mount Rykert; the Corn 
Creek  and West Crcston gncisscs and Rykert batholith 
may be  linked at shallow dcpth below the surface. 

Both  bodies ;arc pale grcy weathering, two-mica 
granites  with  prominent  gneissic  layering.  The 
leucocratic  granite  contains smoky quartz, garnct. 
muscovite and biotite. Narrow, lighter grcy aplite  and 
pegmatite  dikes, layers and pods arc abundant.  cutting 
obliquely across  the  gneissic  foliation. Biotite contcnt of 

gneiss  covers less than 4 squarc kilomctrcs and consists 
gneissic layers rangcs from 0 to 25%. The Corn Creek 

of at least thrcc shcct-likc bodies. exposed along  the 
pipeline  acccss road south of Corn  Creek. Scmi- 
concordant  coarse-grained  pegmatite (garnet, muscovite, 
potassium  feldspar, plagioclase, quartz) layers and pods 
are isoclinally fold:d within the granite. 

than 2 square kilcnnetres along the western edge of the 
The West Crcston gneiss undcrlics an arca of lcss 

Creston valley (Photo 8). Its concordant  contacts with the 
middle  Aldridge  Formation suggcst. like  thc  Corn Creek 
gneiss, is has a sill-like  geometry,  csccpt for a band 300 
metres  wide thaf estcnds southward to the Rykcrt 
batholith. The norlhcaslern  contact zone with Aldridgc 
Formation compri!ies about 15% pcpnatitc  and abundant 
white  quarlz  pods  and layers. These rocks probably 
experienced  partial  mclting. 

Age  und  Correlation 

Zircon and monazite U-Pb datlng is in progrcss on 
samples  from both gncisscs, by Don Davis at thc Royal 
Ontario  Museum. A pluton in the Smith Crcck arca. 
south of Boundary Creek. correlative with part of the 
Corn  Creek gneis:; yicldcd a Cretaceous U-Pb datc (J.L. 
Wooden,  personal  communication. 1994). Farthcr south. 

bctwccn 72 and 92 Ma (Armstrong el nl.. 1987) and 94 
the  Mount Spokane two-mica granitc yielded dates 

to 143 Ma (Bickfcrd ef nl.. 1985) and may also correlate 
with  Corn Crcck gneiss. Convcntional K-AI tcchniques 
yield cooling or uplift dates  ranging  from 46.7 to 49.6 
Ma (Archibald el a / . ,  198J). Similar  concordant 

were obtained by Miller and Eugcls (1975).  Corrclativc 
muscovite and biotitc K-AI dates bctwccn 50 and 55  Ma 

rocks south of the  border arc monzogranitc of the Shorty 
Peak pluton and unit "gn" of Millcr (1983). 

Lit-par-lit  gneiss rrnit 

The border csf thc Wcst Creston gnciss and Corn 
Creek gneiss IS charactcrized by a zonc 01 
metasedimentary rocks (Aldridgc  Formation)  intrudcd by 
a scrics of grauitic sills (Figure 4)  Anlphibolitc sills in 
the polydcformed areas arc mctamotphoscd  cquivalcnts 
of thc gabbro (Moyic) sills. The best csposurcs  undcrlic 
the south-facing slope on thc north side of Corn  Crcck. A 
scries of at least live sills, comprising about 20% of the 
unit, forms promincnt  light grcy wcathcring laycrs within 
the  dark grey mctascdimcntary rocks. Thc two-nrica. 
potassium  feldspar mcgacrystic granite  sills range from 

0.5 to 20 metres thick, but avcrage about 3 metres, elid 
thin  and  thickcn rapidly because they are )oudinagetl. 
The rcmaindcr of thc scction,  mcta-scnipelites, 1,s 

biotite-quartz schist  (paragneiss locally). Th: same uuit 
amphibolitc  gradc and consists of plagioclaa -muscovila- 

was mapped as "mixed rock  to the soutll by Miller 
(1983). This is the border zone of the l'riest k \ e r  

bctwccn batholith and cover rocks in ttlis area, in 
Complex  batholithic  core.  There is no fault a the  contict 

contrast to thc southern Priest River  Compleh 

STRUCTURE 

Creston map area is divided into geographi: arcas that  
The following discussion of structural fc kturcs in the 

grossly correspond to structural  domains. In thc simplcst 
terms there is an incrcasc in metamorphi1 grade  and 
intensity of deformation to the west, howa :I, in dct jil 
things are more complicalcd. Pcnctrati'c phyllilic 
fabrics. local tight  folding  and (overturned fidds contr:ist 
with  thc broad, upright  anticlinoria  like thc Goat Riwr 
anticline  and lack of fabrics in the Yah.1: map ;Ilea 
(Brown and Slinson, 1995. this volume). 

EAST  OFPURCELL  TRENCH  FALX:," 

The southeast corner of the map area is largtly 
covcrcd by Quaternary  dcposits In thc Crcston valley, hut 

Rivcr  anticline and variably foliated middlc ,\Idridge  and 
isolatcd knolls csposc the westcmmost limb of the ( h a t  

Moyic  sills  southeast of the Okell fault (area 1 on Figure 
7). 

OKELL FAULT 

The Okcll fault is interpreted to bc a najor  nor:h- 
northwest-dipping,  cast-dircclcd contractiorlal fault Illat 
placcs  middle  Aldridgc on Crcston and  upi~er Aldric.;:e 
formations in thc Yahk map ;area (ihid.). In addililm, 
tight  upright folds and  pcrvasiw cleavage arc dcvclorcd 
in wackc of thc middle Aldridgc  Formition in 11s 
hangingwall  (Photo 9). Folds with sirlilar nclrlh- 

The Okcll fault marks thc boundary tetwcen I:ss 
northwcst-trcnding axes pcrsist farther to tt e northv+(::d. 

dcformcd. broad folds to thc cast, from ph) llitic to sub- 
phyllitic tightly ioldcd strala. The fault is pr,:sumcd to be 
the southern cstcnsion of the Hall Lake/S!. Mary fault 
systcnl (see Rccsor, 1981). To rhe south it I S  covered by 
thick Quaternary  dcposits in the Crcston vallzy. 

Farthcr  north. a northcast-striking no;mal fault is 

and juxtaposition of middlc  Aldridgc  Formation  against 
rcquircd bccausc of thc truncation of a thicc Moyie r i l l ,  

although. i t  \vas not obsclvcd in outcrop. 'lorthwesl of 
Crcston  Formation. This is namcd  thc W!nndcl fadt, 

thc fault. thc Wilds Crcck arca forms i homoclinal 
succcssion from Crcston Formation to Mount Ncl:;on 
Formation.  Bcdding and pcnctrativc  phyllitic chlcmlc- 
scricitc foliations  strikc  north-northwcst an 1 dip stccply 
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Photo 9.  'light folds \ \ t th  prominent fmcturc clcavsgc, 6 
kilometres north of Crcston along I A c v i c w  road  (rIl3ll04- 
340). Outcrop is about 2 metres widc. 

apparent northwcst facing  dircction  suggcst  thc 
to the east and locally to  thc wcst. Thc southcast  dips and 

stratigraphic  succcssion is ovcrturncd.  Much  of  thc 
structural style is controlled by competency contrasts of 
thc different  lithologies;  tight  chevron  folds are  abundant 
in the  sericitic  phyllite  unit (sec photos in Brown  and 
Klewchuk, 1995, this  volume). Foldcd. whitc bull quartz 
veins and pods arc  abundant in drill core. sonic  form 
ccntimetre-scale  fish-hook  shapes. Thc mineralizcd 
carbonate is phyllitic  but the enclosed carbonate  breccia 
displays no tectonic fabric. pcrhaps  duc to local flow of 
thc carbonate  unit  along its contact  with  other  units. 

PURCELL TRENCH FAULT 

lcnsoidal  blocks of middle Aldridge  Formation, 
A brittle,  high-level  fault zone. consisting of 

surrounded by shearcd,  slickensidcd surfaccs. is  exposed 
1.75 kilometres  south of the  Summit  Crcck  bridge  along 
Highway 3. Outcrops to thc cast arc low-grade nicta- 
wacke with fine  phyllosilicatc  mincrals  dcfining a weak 
foliation. To the west, rocks arc polydcformcd with thc 
assemblage kyanite. sillimanite. staurolitc. muscovitc. 
biotitc. magnesium-rich  chloritc.  which  indicatcs 
metamorphism in bathozonc 4 (Figurc 8: Tahlcs I and 2: 
Photo 10; sample  PST94-6). This is interpreted  to he a 
major fault  zone  that  juxtaposes  high and low-gradc 
Aldridge  Formation  and probably represents a splay of 
the Purcell Trench fault (Figurc 4). 

Photo IO. l'hotomicrograph of the  metamorphic  assemblage 
kyanite (kv), staurolite (st), sillimanite (SI), muscovite  (mu) 

Aldridgc Formation, indicating hathozone 4 (PST94-6). Photo 
and hmtltlt (hi) dcvclopcd m sernipelitic schist of the middle 

is 2.0 lnillimctres widc. 

Minor  northwest-striking,  moderate  northeast- 
dipping  normal  faults cut the  Shaw  Creek  granite  along 

The granite is fractured  across a zone 2 metres  wide and 
the  Topaz  Crcck road at about 1300 metres  elevation. 

may also be part of the Purcell  Trench  system, a major 
is clay altered and  limonilic weathering. These  faults 

geomorphic  feature  that  extends  from  Coeur  dAlene, 
Idaho about 650 kilometres  northward to  the Rocky 
Mountain  Trcnch  (LeClair,  1982).  Much of the 
lincament  corrcsponds to the  trace of a major  fault (Rice, 
1941; Miller. 1982;  LeClair.  1982).  Mylonite  zones and 
brittle  faults in the Steeple  Mountain  pluton  are also 
probably pan of the Purcell  Trench  fault system (Barrett, 
1982). 

WEST  OF PURCEIL  TRENCH  FAULT 

The region west of the Purcell Trench fault is 

block. Summit  Creek,  headwaters of Corn  Creek,  North 
dividcd  into fivc areas:  the  Mount  Rykert  overturned 

Star Mountain. and  northern Priest  River  complex 
(Figurc 7). 

MOUNT RYKERT OVERTURNED BLOCK 

A huge  (kilometre scale), overturned  limb of low 

underlies  Mount Rykcrt west of Creston. This panel is 
mctamorphic  grade  Aldridge and Creston  formations 

traceahlc  to  the Purcell Trcnch  fault  on  the  east  and is 
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bounded by another fault on llic ws t .  The southcrn 
margin is probably a faullcd contact with thc Rykcrt 
pluton. The structnrc is dcfincd by bcdding-clcavagc 

bedding,  and Crcston and upper Aldridgc bclow middle 
rclationships, and invcrtcd stratigraphy bascd on gradcd 

Aldridge  Formation. Additional cvidcncc  comcs  from 
middle  Aldridge Formation markcr  laminatcs that arc in 
reversc order in this block (D. Anderson. pcrsonal 
communication, 1995). Isoclinal folds  and  transposcd 
bedding of argillite in the uppcr Aldridgc  Formation may 
be related to the fold structurc. Thc invcrtcd limb may be 

by Fillipone and  Yin (1994) in the  Cabinet Mountains. 
part of a family ,of west-directed structurcs as discusscd 

bounding  fault to thc west is poorly dcfined  and it is not 
for example  the Snowshoe thrust system. The tracc of thc 

possiblc to say whether  thc  Corn Crcck gnciss plugs the 
rault or  ridcs on i t  (Figure 4). 

SUMMIT CREEK  AREA 

strata  underlie a widc  arca along tlic lowcr rcachcs of 
Polydeformcd. amphibolitc-gradc middlc Aldridgc 

Summit Crcck and ncar  thc conflucncc of Corn  and 
Buckworth  crecks. Hcrc. biotilc-niuscovilc schist 
containing  rare  kyanite  and  staurolitc has abundant 
deformed pegmatite pods and laycrs. and  rarc 
amphibolite  (metamorphosed Moyic sills). Mcsoscopic 

axial  planar (SI) foliation tl1;1t is rcfoldcd by :11 lcasl onc 
isoclinal folds with angular to roundcd closurcs haw 

youngcr  defornution.  suggcsting significanl structural 
thickening in I.hc arca.  The complex folding and 
intcrference  pattcrns rcquirc additional  mapping to 
resolve, and  this would  bc dillicult becausc of  tlic  lack of 

pegmatite  cmplaccmcnt is suggcstcd by difkrcnt 
marker  units  other  than rarc Moyic sills. Multiphasc 

geometries and relationships to hostrocks. Most arc 
concordant to bcdding and foliation. somc arc infoldcd 
and boudinagcd  with the mctasedimcntary rocks. and 
some are massivc. 

The Blazed Crcck Caul1 \vas shown as a slccply 
dipping,  north-striking fault cultlng across thc Summit 
Crcek area  with  Crcston  Formation on the \vcsI and 
Aldridge  Formation on the east by Ricc (1941).  Thc fault 
was interprctcd b y  Glovcr ( I  97X. p. X)  to bc thc probablc 

considered to bc rcgionally slgnlficant. cspccially aflcr 
southcrn estenriion of thc St. Mar?, fault and was 

being  included on thc tcctonic asscnrblagc map of thc 
Cordillera (Wheeler and McFccly. 1991). Howvcr. our 
mapping has found no stnictural  or  stratigraphical 
evidence for the fault.  Strala prcviously considcrcd 
Crcston  Formation (Ricc. 1941) arc now thought lo bc 
metamorphoscd  Aldridgc Formation  This conclusion is 
consistcnt with K-Ar  dating  nliich shows no sharp 
discontinuity iu  cooling  agcs  across lhis arca (c/ 
Archibald el ol., 1984). 

The Buckworth f a d l  is indicalcd by thcjustaposition 
of Creston  Formation  againsl  Aldridgc Formalion north 

Photo 11. Aoudinaged  mctascdimentary  rock I lyers in 1lie.h- 
gradc rocks along the southcrn margin of thl Shaw Cr,:ek 
pluton, 2 kilometrcs south of Mount  Midgclcy  (DAR94-365). 

of Highway 3. as originally mappcd by Ricc (194.1). 
Howcvcr. RICC inlcrprctcd  thc fault to bend to th’: 
southcast at  Crcslon  Mountain. We  bclicvc that it trc:nds 
to the southwcst. bascd on thc  abrupt  tcr  nination i f  1 

regional acromagnclic  anomaly northwcst of Mount 
Rykcrt. 

lntcnsc  ductilc deformation. including  boudinage cf  
mctascdimcntary rocks. is prominent  adlaccnt to  th: 
Shaw Crcck pluton, north of Highway 3 (PI olo 1 I) .  

HEADWATERS OF CORN CREEK 

An infcrrcd north-trending  fault lie: immcdialcly 
wcst  of a scries of parallcl.  north-trending, uprig},! 
antiform-synform  pairs (xbnul 100 m wa\clcngths) l~hat 
arc dcvclopcd in thc  Aldridgc  Formation ai. the 
headwaters of Corn Crcck. I t  thc fault is cast dipping:, 
thcn  thc folds may bc in thc  hangingwall of thc ws” 
dircclcd structurc. Thc f;~ult placcs Aldricge Form t.ion 

Maryland  CrcckiNorth  Star Mountain arca 
on the ovcnurncd  uppcr P~~rccl l  stratigraphy i17 the 

NORTH  STAR  MOUNTAIN  AREA 

homoclinal succcssion of ovcrturncd. steeply :ask 
Thc North  Star Mountain arca compriw a 

dipping. upper Purccll and hindcrmcre reeks. Thc 1 ,J ’ rta 
is charactcrizcd by strongly clcavcd to phgllitic  argilli;e 
unils with flattcncd clasts in  thc Tmy Forrmticn 
conglomcratc (Glovcr. 1‘978). Fold  closu~:s  wcrc r m l y  
obscncd. bul ccntinictrc-scalc isoclincs were noted in 
scricilic phyllilc of thc  Kitchcncr argillitc I nit (Pk2). 

NORTHERN PRIEST I1IVE:R C0MPLI:X 

lincations (L-S tcctonitcs) characterize the nonlwn 
Pronlincnt mylonitic foliations a Id strctcllirlg 
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flanks ofthc Corn Crcck and West Crcston gncisscs. and 
Rykcrt pluton. Thc foliation  plancs  comprise muscovite 
and biotitc with quartz ribbons that dcfinc  consistcnt 

csposcd i n  an oulcrop  along  the  pipclinc  near Corn 
north-plunging  strctching  lincations.  Sheath folds arc 

Creek (Photo 12). Axial plancs  are  parallcl to the 

strctching  lineations. Thc folds occur in a layer  of gneiss 
mylonitic foliation and fold ascs  arc collincar to the 

about 1 mctre  thick with coarse. potassiwn  fcldspar 
megacystic  granite above and  bclow 

metascdimcntary rocks adjacent to thc  Rykcn batholilh. 
Mylonitic  fabrics arc also present in the 

but arc more  difilcult to recognize duc to thcir finer grain 
size and more  homogeneous tcsturc whcn  comparcd to 
granitic  intrusions. This strain is part o f  the  northcrn 

cstensional  complcs that is \vcII dcvcloped IO thc  south. 
termination of thc Pricst Rivcr  Complex. a n  Eoccne 

BRECCIA-MICROBRECCIA ZONES 

A scrics of  at lcast four  oricntcd  and  aligned. isolated 
csposurcs of grccn to bro\\n-\\cathcring brcccialcd 
granite  are  intcrprctcd Io be cataclasilc. Tlrcy trend casl 
and cut the nonllcrn  margin of thc Rykcrt batholith for a 
strikc Icngth ofat lcast 5 kilometrcs  (Figure -1). The \\as! 

clllorilc-scricitc-clay mincrals with ;mastanlosing 
grccn,  altered  granite  consists of fine to aphanilic 

fractures and  as pcrvasivc  rcplaccment of thc host. Thc 
rough-wcathcring  brccciatcd  granitc is fractured but 

fractures  and  limonitic  staining. The cataclasitc is a soft 
remains  coherent. Somc of the zones have brittlc 

and  friable rcccssivc unit only csposcd  along road cuts. 
The widest zone is estimated to bc about 100 metres 
across. 

The chlorite brcccia /ones  are  intcrprclcd Io bc 
down-to-the-north, brilllc fault zones  supcrimposcd 011 

the earlier  ductilc  mylonilic fabrics. Thcsc zona  arc 
similar to chlorite microbrcccia zones  documcntcd by 
Harms  and  Pricc (1992) and Rchrig el o/. (19x7). and 
could bc part of the  same  cstcnsion  episode. 

METAMORPHISM 

metamorphic history are  complex west of  the  Purcell 
The distribution  of  metamorphic rocks and  the 

Trench.  The following  preliminary  observations  are 
offcrcd to stimulate  further  studies in the arm. 

CONTRAST  OFMETAMORPHIC  GRADE 
ACROSS  PURCELL  TRENCH FAULT 

mctamorphic  grade  across thc  Purcell  Trench  fault at 
In general, there is a pronounced  increase in 

several latitudes in the map area. Along the U.S. border, 
phyllitic  metawacke of the  Aldridge  Formation is 
grecnschist  grade at the Rykerts  border  crossing, 
howcvcr, 4.5 kilometres to the west, middle  Aldridge 
Formation is in  the amphibolite  facies  (sillimanite, 
muscovite, biotite) near  Boundary  Creek. Fifteen 
kilometres to the north. the same contrast is noted along 
Highway 3 bctween the roadcut at  Creston and  the first 
oulcrop wcst of the  Creslon  valley. Here, a strand of the 
Purccll Trench faulr justaposcs  sillimanite-kyanite- 
staurolitc-muscovitc-bearing semi-pelitic rocks 
(bathozone -1) against  phyllitic  scmipelitcs to the east. A 
comparison of contact  metamorphic effects across the 
nonhcrn  cdgc of the map area reveals a similar  contrast 
in mctamorphic  gradc. The Skclly pluton and Duck Lake 
intrusion  havc narrov thcrmal  aureoles  with  fine-grained 
biotite hornfcls on the east side of the  Purcell  Trench, 
whcrcas  the Shaw Creek pluton west of the trench  has 
transformed  thc country rock into  coarse-grained biotite 
schist  with lit-par41 injections  extending at least 750 
metres from the  inlrusivc contacts. 

The psammitic  composition of the Aldridge 
Formation rcstricts the  dcvelopment of aluminosilicate 
mincrals lo rclativcly few  localilics. However, a 
prclinlinar) study complcted  during the 199-1 field  season 
has bccn able lo bracket thc  conditions  of  metamorphism 
and to dclincatc several regions of contrasting 
metamorphic  gradc  which  correlate  with  structural 

150 

I’llolo I2 SIlcx111 lbld i n  Con1 Crcck gnciss, view to sou111 (ni31<94-547). 

British  Columbia  Geological Survey Branch 



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

Figure 7. Struct~~ral blocks that comprise  the  Creston  map 
area.  These  are  based on preliminan and broad  trends and by 
no means  should thcy bc considered as a rigorous  slnlctural 
analvsis. I = west limb of the Goat Nivcr anticlinr. 2 = W~lds  
C&k block; 3 = M & t  Kykcrl o\,crrumed block, 4 = Sumnllt 
Creek, 5 = headwaters of Con, Crcsk, 6 = No1711 Star 
Mountain; 7 =northern Priest  River complex. 

"blocks" already discussed (Figure 7).  The area  around 
Mount Rykert and  along  the western sidc of the stud) 
area is charactcxized by fine-graincd phyllites and  schists 
with small  porphyroblasts of musco\~itc-chlorite ('?) and 
biotite. The protoliths for these mctascdirncnts are 

These rocks appear to have been metamorphosed within 
recognizable as the  Aldridgc  and Creston formations. 

the  greenschist facics. Along the northcrn margin of the 
Rykert batholith, a north-dipping  normal fault justaposes 

batholith. 
these low-grade rnctascdimcntal): rocks against thc 

granitic bodies such as the Rykert batholith, Corn Creek 
The highest grade metamorphic ro,,:ks occur near 

gneiss. and Bayonne batholilh  (Figure 4) A high-@de 
metamorphic  domain also ch.tcnds from  the  Corn (:!reek 
gneiss east to the Purcell 'Tlench  where  the high-grade 

the  changes in metamorphic  grade  appcar to correlate 
rocks have been faulted  against low-gra le rocks. 'Thus 

well with the major  compressional and exiensional faults. 
The predominant lithdogy within the hgllly 

(0.25 - 0.75 mm) schists composed of mltscovite, b,otile, 
metamorphosed mctascdinlentary rocks is fine-grained 

quartz, oligoclase with or without  sillima lite and g,arnet. 
Garnet  forms  small ( I  mm) idioblastic porphyrota!lasts. 

with kyanite. Fine-grained  sillimanitc, muscovitc, and 
Staurolite  forms  large poikhblasts which are interg:lrorvn 

biotite define the dominant  foliation  whic 1 wraps a w n d  
the porphyroblasts. I n  places,  arge Icmite 
porphyroblasts, up to several centimcires long, are 
embayed against biotite and  quartz,  but elsewhere, !;mall, 
well formed cystals of kyanite lie with n the  folhtion 
and arc i n  contact wjith sillimanitc. Rosette:!; of 

relationships rcvcal that thl: growth of staurolitc:  was 
magnesium-rich chlorite occur as well. 'I'hcse 

within the stability field of kyanite. The  tertural 
relationships between  kyanitr: and  sillimalite suggerit the 
early growth of kyanite and subsequent growth 01' both 
kyanite and  sillimanitc  during  creation of the prim:lty 
foliation. This mineral ;msemblage is diagnostic of 
bathozone 4 (Cdrmichacl,  1978). 

Somcwhat  higher  grade  metamorphic rocks :ire 
esposcd 2 kilomctrcs  northwest of Hig )way 3 up I he 
Blazed Creek road. near the Mine stock Figure 4). C'ne 
pyritic specimen  contains  coarse-grained sillimanik  and 

titanile and tourmaline  (Table 1; Dj3R94-77). 7'he 
microclinc. muscovite, biotite, plagioclasc (An6,)- qua~tz,  

TABLE 1 
METAMORPHIC MINERAL  ASSEMBLAGES  AND  ESTIMATED BATHOZONE'i 

(AFTER  CARMICHAEL, 1978) 
" 

Map Number Samplc Number Lithology Assemblage Bath )zone 

1 DBR-94- I8 I Schist  mu,  bi, qt, pl .2 
- 

2 DBR-94-83 Schist mu, qt, pl?, rt, tr,  hi >2 

3 PST-94- I1  Schist mu, bi, pl, qt,sl !-5 
4 DBR-94-77-2 Mcta-tourmalinitc si, ti, tr, pl, ks, mu, bl !-5 

5 PST-94-6 Schist bi, mu, ky, SI,  st, qt, rt, il,  ch 4 

7 DBR-94-.169 Amphibolite  bi, hb, pl, qt, gt, ch, ep, il na 
6 PST-94-62A Schist ky, SI,  st, pl, qt, bi, ch, rt, il 4 

" 

Locations of specimens  are s h o w  on Figure 4. Abbreviations. bi = biotite, ch chlorite,  ep = c:pidote, hb = hornbl xde, il = 
ilmenite,  ks = polassium  feldspar,  mu = muscovitc, 11a = not available, pl =plagioclase, qt = quarV, rl = rutile, SI = sillimanl':e, 
st = staurolite, ti = titanitr, tr = toumalinc. 
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enrichment in boron, reflected by the high concentration 
of tourmaline,  suggests  metamorphism of a tourmalinite. 
The apparent coexistence of sillimanite. microcline and 
muscovite suggests  higher  temperatures during 
metamorphism than  during regional metamorphism to 
the  south. Glover (1978) reports relict andalusite with 
kyanite and  sillimanite to the west near the  Mine stock, 

bathozone 3 to 4. 
which is  compatible  with  metamorphism  within 

THERMOBAROMETRY 

metamorphism across  this region, microprobe analyses of 
In order to further constrain  the  conditions of 

co-existing metamorphic  minerals  from  three  specimens 
were completed. All minerals were analyzed with an 
ARL-SEMQ electron microprobe at  Queen’s University. 
using an energy-dispersive spectrometer operating at  an 
accelerating  voltage  of 15 kilovolts. Each mineral was 
analyzed for a count-time of  200 seconds. Structural 
formulae were computed  using APL softwarc devclopcd 
by D.M. Carmichael at Queen’s University. Metamorphic 
temperatures and  pressures  werc calculated using  TWEQ 

Berman (1990, 1988), and  the activity models included 
software (Berman, 1991). the  thermodynamic  database of 

with  the  program. Further  details of thc analytical 
procedure can be obtained from  the  authors upon rcqucst. 

RESULTS 

Selected results of the microprobc analyses are listed 

Huscroft (Figure 4). and co-existing sillimanitc-biotite- 
in Table 2. Two specimens were collected near Mount 

muscovite-garnet-oligoclase in one sample and co- 
existing muscovite-biotitc-oligoclase-garnct in the  other 
were analyzed. Because of the low anorthite content of 
plagioclase, the pressures obtained arc  interpreted as 
maximum  values.  Specimen DBR94-185 yiclds 5-kilobar 
pressure and 575OC utilizing  the composition of garnet 
cores. Garnet  rim compositions yield slightly lower 
estimates  near 3.9 kilobars  and 535’C. Spccinien 
DBR94-183 yields similar pressures and temperatures of 
metamorphism  after  adjustment of the partial pressure of 
water to 0.3. 

a garnet-bearing amphibolite collected 5 kilometres south 
Quantitative microprobe analyses were  attempted on 

of  Highwjay 3 (site M7 on Figure 4). This specimen 
yielded unrealistic pressures of 9 kilobars and 6 kilobars 
utilizing  garnet core and rim compositions, respectively 
(Table 2, DBR94-169). The garnet in  this  specimen 
appears to have developed preferentially along several 
quartz-filled fractures  and may not be  in chemical 
equilibrium with the plagioclase in  the  matrix of the 
amphibolite.  An  attempt to constrain  the  conditions of 
metamorphism  east of the  Purcell  Trench was 
unsuccessful. The two specimens  analysed yielded 
unrealistic  estimates of pressure and temperature. 

DISCUSSION 

The specimens collected for  the microprobe analyses 

temperatures  which are compatible with  estimates  from 
near Mount Huscroft yield metamorphic pressures and 

other  specimens  using the bathozone  scheme;  together 
they suggest metamorphism  within  bathozone 4 (Figure 
8; Carmichael,  1978). Thus both methods  indicate peak 
metamorphism  within  bathozone 4 across  much of the 
region  west of Creston. Archibald ef a/. (1983) reported 
slightly higher  conditions of metamorphism farther to the 
west-northwest in  the  Summit Creek area  and  adjacent  to 
the  Mine stock. However, the metamorphism they 
describe occurred prior to the mid-Cretaceous as reflected 
by K-Ar cooling  dates. The rocks discussed here did not 
pass through the blocking temperature of argon  in mica 
until between 55 and  47  Ma (Archibald et a / . ,  1984).  The 
similarity in metamorphic  grade, however, suggests  that 
metamorphism  across  this  region  occurred at 
approximately the  same time  (mid-Jurassic)  and  the 
difference  in mica cooling  ages reflects differential  uplift 
and cooling. 

LOWGRADEAREA-MOUNTRYKERT 
OVERTURNED  BLOCK 

Some areas west of the  Creston valley were 
metamorphosed at relatively low grades (greenschist). 
For example. black silty mudstone interbedded with 
siltstone and  arenite  display well preserved crossbedding, 

MICROPROBE RESULTS  FROM  SELECTED  SPECIMENS  FROM THE CRESTON MAP AREA 
TABLE 2 

Map Number  Specimen Rock m e  Assemblage Kilobars  Degrees (“C) Comments 

P1 DBR94-183 semi-pelite gt, bi, mu, PI, qt  3.25  525 aH20 = 0.3; 
gt rim 

P2 DBR94-185 semi-pelite 5, SI, bi, mu, pl, qt 5.00 515 5 core 
3.85  535 pt rim 

bi=biotite,  @=garnet,  mu=muscovite, pl= plagioclase,  qt=quartz, sl=sillimamte. 
Specimen locations are s h o w  on Figure 4. Detailed microprobe data  are  available from the authors upon request.  Abbreviations: 
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Figure 8. Pressure-temperature grid dlagram Cor selected parts 
of the Creston map area. 

graded  beds  and wavy bedding  in much  of the Mount 
Rykert area.  The  area is part of an overturned  limb of a 
large,  regional-scale  fold, where penetrative  fabrics  and 
metamorphism  are  minor. 

MINERAL OCCURRENCES AND 
EXPLORATION POTENTIAL 

The Wilds  Creek (Leg) stratabound  zinc-barite 
deposit  is the most important  mineral  occurrence  in  the 
Creston  map  area and  is described by Brown and 
Klewchuk  (1995,  this  volume). The Sullivan TwoDodge 
property,  a  Sullivan-type sedex target west  of Creston, 
covers sporadic and  small  galena-sphalerite-bearing 
quartz  veins,  and  mudstone layers and  mudchip breccia 
locally replaced by black tourmaline.  These  features 
generated  exploration  attention between 1981 and 1992 

program  was  completed in 1990, and  an additional  590 
(Leask, 1992a, b). An  eight-hole  900-metre  drilling 

metres  drilled in 1992  (Eldridge and Leask, 1991;  Leask, 

tourmalinite  occurrence  near Blazed Creek  is  currently 
1992b). Farther  north,  the newly  discovered meta- 

mapped  within the Kitchener  Formation  (site M7: Figure 
4) and probably merits  closer  examination. 

The regional stream  sediment survey  completed in 

underlain by basalt of the  Irene  Formation in the  western 
1977 detected  several multi-element  anomalies in an  area 

part of the  map  area.  An  additional 35 stream  sediment 
samples were  collected during  this  mapping program  and 
the  results will be  included in Open  File 1995-15, Nine 
lithogeochemical  grab  samples of mineralized  and 
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altered  lithologies  have  been  submitted fot. geochelr.i.ca1 
analyses  and the results will be tabulated  in Open Fik 
1995-15. 

CONCLUSIONS 
The  area west  of Creston  is  underlain by middle  and 

upper  Aldridge  Formation and Creston Formatio~~ ill 
domains of contrasting  metamorphic gra61e. The Ike r  
Trail  Group and  the  stratigraphic snccrssion a r c m i  
North  Star  Mountain  are  strongly correlati.',e. The Ih tch  
Creek  dolomite (Pdc3) correlation with the  Stenrgar 
Dolomite  implies  some makmesite ptenti:d in  the n n a ?  
area,  as  the  Stensgar hosts  numerous  magnesite  deposits 

correlations  are  hindered by variable  metamorphism  :an8i 
in  northeastern  Washington.  Elsewhe :e, howtve~., 

deformation. The Wilds  Creek area  remains  pcorly 
correlated  due  largely to lack of exposure.  In rbis 
northeast  corner of the  Creston  map  area, the  stratabaml 
zinc-lead-barite mcurrence  (Wilds Creek o r  Leg  depxic) 
has regional  significance.  Potentially  similar prospxls 
along  the western edge of the I'urcell antic1 norium,  some 
of which are  under active  exploration, i Iclude M81ur1t 
Bohan  (Hall property), LaFrance  Creek (Vlall and  I)ave 
claims)  and past-producer Mineral  King mine. 
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THE  WILDS  CREEK  (LEG) ZINC-LEAD-BARITE DEPOSI'I', 
SOUTHEASTERN BRITISH COLUMBIA: PRELIMINARY IDEAS (82FL!) 

By D. A. Brown, B.C. Geological Survey Branch, and 
P. Klewchuk, Consolidated Ramrod Gold Corporation 

(Contribution No. 23, Sullivan-Aldridge Project) 

." 
KEYWORDS: Proterozoic,  Purcell  Supergroup,  carbonate 
breccia, stratabound zinc. 

INTRODUCTION 
This article summarizes  a  preliminary  study of the 

Wilds  Creek  (Leg or Legion) deposit, undertaken 
concurrently wrth regional  mapping  of  the  surrounding 
Creston map  area as summarized  in  Brown et 01. (1995, 
this  volume). The Wilds  Creek  deposit  is  one of a series 
of stratabound zinc-lead-barite prospects  and  mines  in 

edge of  the Purcell  anticlinorium (Figure 1). These 
upper Purcell Supergroup  stratigraphy  along the western 

deposits are typically hosted in dolomitic  units of the 
Dutch  Creek  Formation  near  the  contact of the  overlying 
Mount  Nelson  Formation,  although  the  stratigraphic 
nomenclature  and  correlation  varies  with different 
workers.  They are intensely foliated and structurally 
complex. The occurrences  all lie in  the  hangingwall 
(west) of the Hal1 Lake  fault. They  have received various 
amounts of exploration  attention  and  there is potential 
for  other deposits, as illustrated by the  Mineral  King 
mine  located attout 100 kilometres  north  of  Wilds  Creek. 
It produced  1.210  million tonnesi  of ore  with an  average 
grade of 4.12%, Zn, 1.76% Pb and 24.8 p/t Ag between 
1956 and 1964 (B.C.  Minister of Mines  Annual  Reports, 

examination on the Wilds Creek  property,  located about 
1956-1964). Seven days of mapping  and  drill core 

12 kilometres  north-northwest of Creston,  suggest 
characteristics that are of  exploration  significance  for this 
part of the Bell Basin. Access to the  property  is by the 
Bathie Road and  a new private  logging road (locked gate) 
that  crosses  a  network  of  older  roads  and  overgrown 
trails. 

REGIONAL. SETTING 

western part of the upper  Purcell Supergroup is hindered 
Stratigraphic nomenclature and  subdivision of the 

by several factors: a  lack of prominent  stratigraphic 
markers, lithologically similar  units  are  repeated  in  the 
succession, and penetrative  fabrics are more  intense  here 
compared to  farther  to  the  east.  Early  mapping by Rice 
(1941) identified Purcell  Supergroup rocks, a  northwest- 
facing  succession of Creston.  Kitchener-Siyeh,  Dutch 

Mesozoic  granite. Our stratigraphic  divisions  are  based 
Creek and Mount  Nelson  formations,  intruded by 

on  the  regional  stratigraphic  succession  farther to the 

east; Reesor's new nomenclature  is  no  adopted h m  
because new names  were  proposed  without exp1;umtion 
(Reesor, 1993). Farther north, in the Tclby Creek arma, 
recent thesis studies by Root (1987) and Pope (198,9) 
suggest that  the  Mount  Nelson I ormation I.es 

Mount  Nelson  Formation  may theltfore Ix: an 
unconformably  on  the  Dutch  Creek  Formation. The 

unconformily-bounded  succession  behve :n the Pu~rcell 
and  Windermere  supergroups. 

PROPERTY WORK HISTORY 
Galena  and  sphalerite  were discovend  in 1922. irl a 

showing  located  on  Wilds  Creek at  abort 1000 n~etl'es 
elevation. The  showing  was drilled by  Nt wmont Mining 
Corporation of Canada  Limited (1954 - six holes), Sheep 
Creek  Mines  Limited (1961 - two holes:, Aspen  Grcve 
Mines  Limited (1964 - five holes), Legion Resource; Ltd. 
(1989 - seven holes), Kokanee ExploraticNns Ltd. (1990 - 
five holes; 1992 - nine holes), and  Ramrod Expla1':3tion 
(1992 - nine holes). These  programs  amounted to a total 
of  over 5000 metres of drilling.  Estirlated res:tv:s, 
generated  from  investigations  prior 1) 1965, w m  

widths of 1 to 6 metres (Aho, 1964). In  addiri,ln to 
reported at about 136 000 tonnes gradin! 6% Zn ~ I < : I O S S  

drilling, several mapping, soil gewhemistyi  and 
geophysical  surveys  (VLF-EM, IP, magn :tic) have  been 
completed. 

STRATIGRAPHY 

exposed units  (Figure 2; Photo 1): (1) SI ricitic ph.rllite; 
The propeny  stratigraphy comprisc,s nine, pmrly 

(2) thin-bedded  black  argillite  and tan  dolcmitic 
siltstone; (3) chlorite-sericite phyllite wit1 prominent  hut 
minor  light grey quartzite beds; (4) argillite  and 
dolomitic siltstone; ( 5 )  mineralized ph:,,Ilitic dolsmite 
and dolomitic siltstone; (6) dark  grey phyllitic ar::illite 
and siltstone; (7) dolomite  and limestome  hostin!: the 
sphalerite-barite mineralization; (8) ' I &IC volcanic 
rocks; and (9) quartzite.  Most  units  ar: phyllitic and 
internally tightly folded, although  unit  contacts ;art: not 
recognizably folded. The gross stratigrapt'ic succession is 
a  steeply  southeast  dipping,  overturned  homoclinc. An 
alternative  interpretation that the  two dol mitic holi.zc~ns 

was  suggested by Aho (1964). Howeier,  with n:w 
(units 2 and 4) are limbs of a tight,  fauit-bounded  fold 

exposures and  additional  drilling  it  is nov  apparent  that 
the  dolomites  are different. Correlation  of  these  units 
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with  the  regional  stratigraphic  column  is  hindered by 
poor exposure, faulting  and  folding; possible 
correspondences  are:  Kitchener  Formation  (units 1 to 2); 
Dutch  Creek  Formation  (units 3 to 7); and  Mount  Nelson 
Formation  (unit 9). Recognition of mafic  rocks  (unit 8) is 

Formation or represent  a  previously  undocumented 
significant as they may correlate with  the  Nicol  Creek 

volcanic  episode.  Summary  descriptions of the  main  units 
bounding  the  ore and  characteristics of the 
mineralization follow. 

quartzitic  dolomite  (units 5 and 7) host  sulphides  and  are 
Two  sequences  of  layered  dolomite and  impure 

of prime  economic  interest. The eastern  dolomite (unit 

poorly  exposed  dolomitic siltstone of  unit 7 (at least 70 m 
5 )  is more  silicic  and  thinner  than  the  recessive  and 

thick). It comprises  thin to very  thinly  layered silty 
dolomite and  argillite.  The western  dolomite unit  is  a 
succession of white to cream-weathering,  mottled  grey to 
pale  green  impure  dolomite,  dolomitic siltstone with 
lesser interlayered  green and  marmn  quartzitic phyllite 
and siltstone. The dolomite  is  commonly  laminated to 
thinly layered, but locally it  is  massive.  Disseminated 
pyrite ( I  to 2%) occurs  throughout  the  unit  with rare, 
narrow pyrite lenses  up to 10 centimetres  thick.  Baritic 
limestone  is  commonly  associated  with  mineralized 
intervals  within  the unit. Tight  to isoclinal minor folds 
are evident  in  drill core. 

Figure 3)  within  the  western  dolomite  horizon  (unit 7) 
Distinctive  carbonate  breccia  horizons  (Photo 2; 

form an important  marker unit. Several  intervals of 

Figure I .  Regional distribution of stratabound  zinc-lead-barite occurrences along  the  westem flank of the Purcell  anticlinorium. 
Rectangle  outlines Yahk and Creston map areas (82F/1  and 2), mapped by East Kootenay project.  HLF = Hall  Lake  fault.  Map 
modifiedfromHbyerol, 1995. 
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Figure 2.  Simplified geology of the Wilds Creek (Leg) property. 
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Photo 1. View to  northeast of the  forested  mountainside  underlain by the poorly exposed  Wilds  Creek  occurrence.  Wilds 
Creek  is  shown by the  white  line  and  the town of Wynndel in  the Duck Creek valley lies on  the  right  side of the  photo. 

breccia  up  to 15 metres  thick  (apparent  thickness), were 
intersected  in  drill  core.  This  heterolithic  breccia 
contains  randomly  oriented  clasts  a few millimetres  to 15 
centimetres  long,  supported  in  a  carbonate  matrix.  The 
clasts form 30 to  70% of the rock and  include  angular 
argillite  fragments,  and  subrounded  quartz,  dolomite  and 

greatly,  however  dolomite and  quartz  dominate.  A 
rare grey quartzite.  Their relative  proportions  vary 

coarsening-upward  (down  the  drill  hole)  accumulation of 
clasts  was  notable  in  one drill hole. The matrix-supported 
laminated  argillite  fragments  weather  out  and  contribute 
to  the  permeable  character of this  unit  that now acts as  an 

white  quartz  veins,  perhaps  derived  from  early  diagenetic 
aquifer. Quartz fragments  appear to be pieces of broken 

veins.  Parts of the  breccia  are  extremely vuggy and  some 
are  lined  with  quartz.  The  grey  to  white  carbonate  matrix 
is  friable  and soft. Locally,  white  quartz  veins  cut  the 
breccia.  Phyllitic  siltstone  layers  occur  within  breccia 
units. At least  three  breccia  horizons  were  intersected by 
drilling in this  unit;  they  vary  in  apparent  thickness  from 
a  few  metres to  37 metres. 

(karst) deposit.  Similar  breccias  occur  at;  the  Mineral 
The  breccia is thought  to be a solution  collapse 

King mine,  described by Pope (1989); Mount Bohan 

D. Wiklund,  personal  communication, 1994). Dolomite 
(Anderson, 1989); and  LaFrance Creek (Slingsby, 1980; 

breccia  is  also exposed  near  North  Star  Mountain  within 
strata  currently  included  in  the  Kitchener  Formation  (see 
Brown ef a/., 1995, this  volume).  Farther  east  in  the 
Purcell (Belt) Basin,  carbonate-rich  sedimentary  breccias 
occur within  the  basal  part of the  middle member of the 
Wallace  Formation  (Harrison et ol., 1986), perhaps they 
have a  similar  origin. If these  breccias  are  karst  deposits, 
they mark  a regionally  significant  regression,  where 
dolomite was subaerially  exposed. 

Photo  2. Dolomite breccia from the Wilds Creek deposit 
(HoleL92-12,231.3 m). 

interbedded  with  grey siltstone  (unit 6) ,  lies between 
Variably  foliated dark grey to silver argillite, 

units 5 and  7.  The  unit  is recessive and poorly exposed. 
Individual  laminae  are  discontinuous  and  irregular, 
probably due  to  tectonic  attenuation.  Minor  interlayers of 
silly limestone  occur  locally.  The  unit  exhibits  small- 
scale  tight  folds  in  drill  core. 

A volcanic  succession  (unit 8) including  probable 
pillow  lavas (Photo 3) and  associated  tuffs is exposed 

dolomite.  The poorly developed  pillows are up to 1 metre 
along  a new logging  road  north of the  mineralized 

long  with  chloritic  selvages,  and  locally  contain 
plagioclase-porphyritic  cores  and  amygdules. The brown- 
weathering,  medium  to  fine-grained  flows  are  dark  green 
on  fresh  surfaces,  and  locally  have  oxidized  flow  tops 
seen  in  drill  core.  Fine  pyrite  euhedra (1 to 2%) are 
disseminated  throughout  the  well  foliated  volcanics  and 

plagioclase  phenocrysts (15%) and  rounded  white 
magnetite  concentrations  occur  locally.  Prominent  white 

amygdules (5%). filled with  zeolites(?), are  evident  in 
drill  core. Tuffs are deeply  weathered,  olive  green  to 
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Photo 3. Possible  pillow  lava exposed on a new  logging  road. 

structural  style  is  controlled by  competen8.y contrasts of 
the different  lithologies; tight chevron folis with E:ntly 
north-plunging fold axes  are  abundant i ?  the  ser 1:itlc 
phyllite  (unit 3; Photo 4) and transpos:d  beddkrg is 
common  in  argillite  units.  Where macros',:opic fold,; a:.e 
not evident, bedding-cleavage  relationship:: indicatt: tight 
folds  within  the  green  phyllite  (unit 3). T:lte mineralized 

breccia has no tectonic  fabric. perhaps  du : to local llow 
carbonate  (unit 7)  is  phyllitic but the  encl'lsed cartx~mna:e 

of the  carbonate  unit  along  its contact;. Abrupt drp 
reversals in  the  quartzite  (unit 9) suggest tight  folding. 
Closures  were not obsewed  in outcNop, although 
millimetre to centimetre-scale  chevron-style  minor i M s  
are evident in drill-core samples  (Photo 5) .  The structucll 
complexity  of the property is  illustrated by the  varia'i.ors 
in  units  and thicknesses. and difficultv in  correlation 

the new logging  road  is d0minate.d by recessive tuff and 
capped by  about. 75 metres of flows.  The  volcanic  unit 
pinches  out  rapidly to the south, into  flows 1 to 20 metres  Polished samples of drill core. Pyrite euhl dra fill k d t l e  

Intense  penetrative  strain  is evideit  in several 

thick  within  dolomitic  and  siliciclastic rocks of unit  7  fractures (Photo 6a) or are  disseminated al,)ng individual 

- 

INTRUSIVE ROCKS 

intrusion, is about 500 metres wide and 1500 metres long 
A granitic  stock,  named  here thc Duck Lake 

and  lies  immediately west  of the lower reaches of  Wilds 
Creek.  The  massive  biotite  granite is related to the 
Cretaceous  Baynnne  batholith  (Shaw Creek stock)  that 
crops out farther. to  the northwest (Brown et a / . ,  1995, 
this volume). Ca,lcsilicate assemblages,  including  coarse 
tremolite  and  biotite  hornfels,  are  prominent in the 
southwestern p a t  of the property.  Regional aeromagnetic 
data  show that anomalously  high  values  extend 
southward from  the Bayonne  batholith  under  much of the 

Photo 5 .  Drill-core  sample  showing  tight chemo folds in 
fine-grained  quartzite ofunlt 9 (Hole L92-6, 1'3 m). 

Property. 

STRUCTURE 
The Wilds  Creek  area  lies on the west limb of thc 

part of a homoclinal succession  from  Creston Formation 
Goat River  anticlinorium (Brown r'f a/., 1994) where it is 

to Mount Nelson Formation, However, at the property i , ~ i  j / i ~ j  . ," . . . . . . . " , 

scale  the  details  are  more  complicated. On the Property, Photo 6. (a) Unmineralized,  brecciated  pale gre :n silicic 
bedding  and  penetrative  phyllitic  chlorite-sericite phyllite with pyrite  introduced into the  brittle fiactures (IIole 
foliations  strike  north-northwest  and  div s tee~lv to the L90-I, 74.5 m). Faint  lamination:; are probably  relict prirn;uy 
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Photo 4. Decimetre-scale  tight  chevron  fold  developed in unit 3 on the  Wilds  Creek  properly  (DBR94-105) 

MINERALIZATION 
The two  separate  carbonate  horizons host different 

styles of mineralization.  The  East zone w’as explored by 
the 1989 drilling  program;  the best intersection  was 
0.78%  Zn across a 75-centimetre  interval  (Giroux, 1990). 

with  abundant  quartz  veinlets  and stockwork hosted 
The zone is more  intensely  silicified  than the  Main  Zone, 

within  the  eastern  dolomitic  horizon  (unit 5 ) .  It 
comprises  pyrite  with  sporadic  tetrahedrite,  galena. 
sphalerite  and chalcopyrite  in  the quartz veinlets and 
stockwork (ibid.). 

The Main  zone is  at least 300 metres long and 2 to 3 
metres  thick as defined hy drilling between about  850 to 
1250  metres  elevation  (Figure 2). It lies within the 
western  dolomitic  horizon  (unit  7)  and  comprises at least 
two  intervals of stratabound  sulphide-rich  material, 30 to 
75% pyrite and  sphalerite.  These  intervals  are  bedding 
parallel,  fine-grained  pale yellow to red-brown sphalerite 
(up to 10% Zn)  and  fine to medium-grained pyrite within 
laminated  baritic  dolomitic  limestone  and  calcareous 
quartzite  and  argillite (Figure 2; Photo  7a).  The 
semimassive and layered sulphides  (sphalerite  and pyrite) 
in  the silicic rock form  narrow  zones  less than 25 
centimetres  thick. The layering,  alternating pyrite and 
sphalerite-rich  layers, may be a primary  structure  with a 
prominent,  superimposed  penetrative  tectonic  foliation. 
Disseminated  pyrite  is  ubiquitous.  Traces of galena 

the zone  is  intensely  oxidized  and poorly  exposed. 
(<I%) occur  sporadically  in  dolomite layers. At surface 

Mineralization  is  banded  in  the  south  and becomes  more 
silicified and massive to  the north  (Giroux, 1990). Baritic 

correlate with 1.3 metres of bedded barite  which is 
dolomite is important in this  horizon  (Figure 3)  and may 

reported  farther  north,  near  LaFrancc Creek (D. 
Wiklund,  personal  communication. 1994). Drilling in 
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Photo 7. (a) Semimassive  disseminated  pyrite  and  sphalerite 
hosted  in  quartzitic  siltstone  (Hole  L90-1,  80.0 m). This  sample 
is from the  Interval of dill core  that  assayed 10.2% Zn  over 2.6 
metres. (b) Semimassive  sulphide,  disseminated  pyTite with 
layered  honeyaoloured  sphalerite (“s” on photo; Hole L92-6, 
90. I m). ’his sample is from a 1.1 -metre  drill-core  interval  that 
assayed 8 34% Zn,  0.74% Ag and 1 06%  Ba. 
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Figure 3 .  Simplified  graphic  drill-logs lor two holes from 
the  Wilds  Creek  (Leg)  deposit,  illustrating  the assoclation 
of barite with zinc rnineralimfion 

J 

Photo 8. Pyrite  hlt:bs rimmed by rnagnetlte within an 
epidote-rich  gangue  (Hole  L90-I, 103 0 m). 

Irregular  patches of pyrite  with  reaction rims of 
magnetite and associated  narrow  intervals of epic ote  and 
diopside  occur locally in dolomitic  sediments  (Pnoto 8). 
These  patches  also  have  associated  tungsten anGI minor 
molybdenum (up to 200 ppm W and 130 ppm M(I). They 

assemblages in the  thermal  aureole of the Du(,:k Lake 
are  interpreted  to be superimposed  calcsilicate iornfels 

intrusion, an offshoot of the  Shaw  Creek stock. 

PRELIMINARY MODEL 
The stratabound  main  zone at Wilds  Creek is 

intensely foliated and probably remobilized. letailed 

the two most  probable  models of ore deposition; iedex or 
mapping and isotopic studies  are  required to dir,tinguish 

replacement  (manto). The stratabound  zinc-le:~d-barite 
mineralization hosted by dolomite  lies  adjacent o malic 
volcanics  that  thicken  rapidly to the  north. T l e  rapid 
change  in  the thickness of the mafic  volcanic rocks is 

developed during rifting. This block faulting nay  have 
speculated to be controlled by synvolcanic groaih faults 

provided conduits for a hydrothermal system a sociated 
with volcanic activity that  produced sedtx style 
mineralization. The e a s t  zone could be a strin@:r feeder 
zone. although it was not examined in  this stud I and its 
relationship  to  the  main  zone  remains  unclear  In this 
model, replacement  and  exhalative mineraliz , 1' Ion are 
predicted, depending  upon  where  the  hydrother~nal fluid 
precipitates the  ore  (Figure 4). 

CGek depisit. The Mineral~King  mine[ h &  as a 
replacement-tvpe  deposit. 

REGIONAL  SIGNIFICANCE 
The Wilds Creek  deposit is one  of sever; I similar 

occurrences  along the western margin of th: Purcell 
anticlinorium, hosted by strata believed to be near the 
Dutch  Creek - Mount  Nelson  formational contad (Figure 
I ) .  The next occurrence  to the north is ne: r Mount 
Bohan (Hall properly),  first  staked  after follow-up of :a 

anomaly in Arrow  Creek. It  was drilled by  Con inco  Ltd. 
zinc-lead Regional Geochemical Survey stream  sediment 

in 1989  (Klein, 1988: Anderson. 1989). Soil gelchemicad 
anomalies, geophysical responses  and  carbona e breccia 
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on  this property are  similar  to the Wilds Creek deposit; 

and Dave  claims,  owned by Eric  and Jack Denny, and 
however, little  mineralization was intersected. The Wall 

David  Wiklund respectively (Callan, 1990), lie between 
LaFrance  and  Lockhart  creeks  and  have been explored 
intermittently  since 1900 (82F/7; Slingsby, 1981). A 
barite unit, over 1 metre  thick, believed to  be bedded, 

been  reported  near  Rose  Pass and in recent prospecting 
occurs on  the Wall claims.  Similar  mineralization  has 

dolomite  on Sawyer and Baker  creeks (H.P. Wilton, 
discoveries  associated  with isoclinally folded silty 

personal  communication, 1994). Ore shoots  at the 
Mineral King deposit were concentrated in fold closures, 
indicating  that  the  ore  has  been remobilized; details of 
the  deposit are provide by Fyles (1960) and Pope (1989). 
They  considered the  ore  to be  replacement or  manto-typz 
Most of these  deposits are structurally and 

careful  geological  evaluation  prior to drilling. 
stratigraphically  complex;  future  exploration will require 

CONCLUSIONS 
Several key points  stem  from  thc  preliminary study 

of the Wilds  Creek  deposit.  Exploration  criteria for the 

top of the  Dutch  Creek  near  the  Mount Nelson contact 
Wilds  Creek  deposit  can be summarized as follows. The 

appears  to  be a critical  stratigraphic  interval.  The local 

dolomite and bedded baritc  that  contain a carbonate 
association of mineralization  with silty dolomite. baritic 

breccia  unit (possible karst) is important. The mafic 
volcanic rocks at Wilds  Creek  thicken  abruptly, possibly 
due to  synvolcanic  faulting.  Stratabound  sphalerite and 
minor galena  are hosted in dolomitic and baritic  gangue. 
These  occurrences  produce  strong lead. zinc  and  barium 
soil anomalies. Locally there is a spatial  association with 
magnetic  mafic  volcanic  rocks (flows and sills). 

In terms  of  regional  stratigraphic  significance. two 
highlights  are:  recognition of mafic  volcanic rocks 
representing  either a western  equivalent of the Nicol 
Creek  Formation or a different. previously unrecognized, 
volcanic episode: and. the  carbonate breccias  (karst 
deposits) may indicate a rcgression. 
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GEOSCIENCE STUDIES IN THE INTERIOR PLATEAU REGION: BRI1'IIS:H 
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geology, surilcial geology,  economic geology, lake 
sediment  geochemistry, till geochemistry. 

INTRODUCTION 

disciplinary geoscience initiative t h a t  is funded  under the 
The Interior Plateau  program is a major  multi- 

guidelines of the  Canada - British Columbia  Mineral 
Development Agreement. Provincial  contributions to the 
program are the responsibility of the Ministry  of  Energy, 
Mines  and  Petroleum  Resources. Tbe activities of the 
British Columbia  Geological Survey Branch in  the 
program are summarized here and details of studies 

the papers that follow. Summmes of  federal activities in 
conducted duling the I994 field season are provided  in 

the program are included  in  overview papers by Diakow 
and  van der Heyden (1993) and Matysek  and van der 
Heyden (1994). 

Provincial activities have  focused mainly  on 

and  lake  sediment geochemical studies. A multi- 
integrated  bedrock  and surticial geology mapping  and till 

disciplinary approach has been  highly  successful  and has 

prospects  including  the  Tommy  and  Malaput CKCUICX~ 
led to the d.iscovely of a number  of new mineral 

(Diakow  and Webster, 1994, Diakow e f  01.. 1994) and 
several coincident till and lake sediment  anomalies  with 
elevated concentrations of  gold. silver, copper,  arseNc, 
antimony, lead andlor  zinc rhal are similar or higher than 
values in the same media at advanced prospects in the 
area (Levson ct ai.. 1994; Cook  and  Jackaman, 1994a, b; 
Cook el a/., in press). 

Most of the provincial studies have  been  conducted 
in the Nechako River  map area (NTS 93F)  for several 
reasons. Outdated 1:250 000 bedrock mapping  in the 

and  suuctural  controls  for mineralization.  and hndered 
region has made it difficult to d1:fine important lithologic 

geological  syntheses  and  metallogenic studies. In 
addition, mon: than half of  the a m  is drift covered and 
few detailed Quaternary geology  studies have been 
conducted. There is also a need to develop and  evaluate 
drifl  exploratlon  models  and  geochemical  esploration 
techniques  applicable to drift-covered  plateau regions. and 
to determine ;geochemical pathlinder  elements  and lheir 
significant thresholds in tills and lake sediments 
representative of mincralimion in the Interior Plateau. 
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following  objectives  were established: 
In order to address some of thes: problens the 

define  time-space  relatiorlshps  of stntigrapbic urits, 
plutonism,  deformation  and mil 1erali7atio 1 by 
completing 1:SO 000 bedrock  geology mapping; 
determine the geologic  framework fol known r n i m r a l  
deposits by identifying  and  evaluating metal1otl:c:i:s and 
conducting detailed mineral  deposit st1 dies; 
dcternine the extent, thickness  and stratignlf1;hy  of 
Quatemq units and collect proveance and @a:ial 
paleoflow data by completing 1::,0 000 sllrikial 
geology mapping; 
delineate buried bedrock units  and locate regions of 
potential mineralization in drifl-coered ateas by 
conducting  regional  lake  sediment and till geochomical 
sun'eys; 

* define  models  of glacial dispersal and  evaluate the 
effects of  sulrticial processes on geothmical 
distribution patterns by condu,cting d e n  led 
geochemical  and surfici:ll geology  stucies arourri a m  
of known  mineralization; 

* evaluate the response  of d ikren t  geocl  emical smpling 
techniques  and  sample media (biogeochemical, lake 
scdiment, soils and drifl) TO known mi,leralizatiotl. 

BEDROCK AND SURFICIAL N'APPING 

have been  conducted  in  the Nechako P.ateau region to 
A number of bedrock  mapping sulveys (Figure I) 

develop a better understanding  of t'ke stratlgla~hy, 
smcture  and geologic  controls  on  mine alization,. Rese 

Lake area (Diakow el a)., 1993; Gretn  and Il.;dww, 
studies have included bedrock mapping  in  the N:I!alicuz 

1993) and bedrock and surfcial geology  mapping in the 
Fawnie  Creek (Diakow and  Webster,  1194;  Diakou el 
a/.. 1994;  Levson and Giles, 1994 , Tsachs Lake 
(Diakow et a/., 1995a, b;  (Xes and  Le'son, 1995) and 
Chedakuz Creek (Diakow e1 a/., 1995a, c; WeW c f  01.. 
1995) map areas (Giles et a/.,l995, this volume). 
Surticial geology mapping  in  the Anahir I Lake n w p  : m a  
(NTS 93C) has also been  completed fior the Chilalko 
Forks  and Che7acut map areas (Giles : nd Ken, 1993; 
Kcrr and Giles. 1993% b)  and the Cluskc River and :-oil 
Mountain  areas  (Proudfoot. 1993: Proudloot  and Alliron, 
1993a. b). 
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LAKE SEDIMENT AND TILL 
GEOCHEMISTRY STUDIES 

been  completed  over  approximately one quarter  of the 
Regional lake sediment  geochemical surveys have 

Nechako  River map area (Figure I) .  The results of these 

Lakes  found to have elevated  concentrations  of  gold and 
surveys  were  provided by Cook  and  Jackaman (l994a, b). 

other  elements  during  the  regional  survey  were  studied in 
more detail by Cook  and  Luscombe (199.5). Detailed 

of areas of known  epithennal  and porphyry style 
geochemical  studies of lake sediments  around  a  number 

mineralization have also been  conducted  (Cook,  1993, 
1995). 

Regional  till  geochemistry  surveys  (Levson et a/ . ,  

Levson,  1994a)  have  been  completed  in t h e  Fawnie  Creek 
1994) and  drift  prospecting potential studies (Giles and 

map area. The results of detailed geochemical dispersal 

Plateau  region were compiled by Levson  and  Giles 
studies amund  known  mineral  prospects in the  Interior 

conducted  in  the  Fawnie  Creek area in  1993  (Giles and 
(1995) and Ken and  Levson (1995). New studies were 

L e v s o ~  1994b)  and this w o k  was  continued in 1994 
(O'Brien e f  a/.. this  volume). 

MINERAL DEPOSIT STUDIES 

Mineral  deposit studies in the Clisbako arca in  1991 
were discussed by Schroeter  and  Lane (1992). More 

recently, several mineral  deposit  studies  were conducted 
in conjunction  with  regional  bedrock  mapping  in the 
Nechako River  area  (Schroeter  and Lane, 1994; Lane and 

prospects with  MINFILE identification numbers in 
Schroeter, 1995). Study areas include the  following 

paraentheses: Wolf (93F 045),  Fawn (Gran; 93F 043), 
Fawn 5 (93F  053).  CHU,  C  (CH;  93F 04), Blackwater- 
Davidson  (PEM;  93F 037), Uduk  Lake  (93F 057), 
Tommy  (Tsacha;  93F 053 ,  Malaput  (93F 056), April 

052). Ned (93F 039),  Yellow  Moose (93F 058), Holy 
(93F 060). Ben (93F  059).  Buck (93F 050), Paw (93F 

Cross (93F 029), Baez  (Oboy;  93C 015) and Trout (93F 
044). 

INTEGRATED GEOLOGICAL STUDIES 

An important  focus  of  the Interior Plateau program 
has been  the  integration of geological studies in  a  number 
of different disciplines. One  of the first products  of these 
multidisciplinary  studies  was the  production  of  a 
combined  bedrock  and surficial geology map  of the 
Fawnie  Creek  map area (Diakow et a/, 1994).  This was 
the first map  of  this  type  produced by the B.C. 
Geological  Survey  Branch in many years  and,  due to a 
positive  reception  given to it  by mineral  exploration 
companies  working  in  the region, two  more  maps of this 
type were  produced for  the  I994  map  areas  (Diakow et ai, 

comparison of  geochemical results from till and lake 
l995b, c). Other integrated studies include a detailed 

sediment surveys conducted  in  the  Fawnie  Creek map 
area (Cook el a/. in press) and  the identification of 
several new exploration targets in  the same area using 
data  from  bedrock geology as well as till  and lake 
sediment  geochemical  studies  (Cook  and  Jackaman, 
1994a, b; Cook et a/., 1994;  Levson el ai.. 1994). 
Further interdisciplinary work is planned for the Interior 
Plateau  program  and may lead to the identification of 
other areas with  high  mineral potential as well as the 
development  of  exploration  techniques specifically suited 
to this part of  British  Columbia. 
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STRATIGRAPHIC  HIGHLIGHTS OF BEDROCK  MAPPING  IN THI: 
SOUTHERN  NECHAKO  PLATEAU,  NORTHERN  INTERIOR  P1,ATEAt 

REGION (NTS 93 F12 AND 7) 

L.J. Diakow, I.C.L. Webster, J.A. Whittles and T.A. Richards 
-." 

KEYWORDS: Interior Plateau, Hazelton Group, 
Ootsa Lake Group, Chilcotin Group. 

INTROIIUCTION 

The Blackwater River is a natural division in the 
central part  of  the British Columbia Interior Plateau 
that separates  the  Nechako Plateau to the north from 
the Fraser Plateau to  the  south. Bedrock  mapping  in 
the  southemmost  part  of the Nechako Plateau  began 
in 1992, and to date an area  of 3500 square 
kilometres, centred on the Fawnie  and Nechako 
ranges, has been mapped at l:50 000 scale (Figure I ) .  
This work provides a geological framework for 

geochemistry  surveys and mineral deposit studies 
surficial  geological mapping,  till  and lake sediment 

undertaken by  the British Columbia Geological 
Survey Branch as part of a joint Federal-Provincial 
Mineral Development Agreement to provide 
geoscience  data and assess mineral potential in the 

these  proe,rams in this underexplored region has 
Interior Plateau region. The integrated approach of 

successfully identified significant areas  of  anomalous 
t i l l  and lake sediment  geochemistry and  new 
mineralized  epithermal  showings.  Since the inception 
of  these studies, numerous  maps  and reports have 
been publ.shed; these are listed  in  Brown et al. 
(1995). Publication of a summary  volume containing 
reports on the various pro,jec.ts  in the Interior Plateau 
region corlducted under the Mineral Development 
Agreement (1991-1995) is planned for early in 1996. 

The purpose of this report is to highlight 

program. The study area is part of a broad, 
stratigraphlc insights gleaned from the mapping 

structurally uplifted zone referred to as the Nechako 
uplift (Diakow  and Webster, 1994). In the  Nechako 
River map  area  (93F) and more specifically, in the 
Fawnie  and Nechako ranges, the uplifted area is 
manifest  as a topographically high-standing Lower 
and Middlc Jurassic sequence, and a single exposure 
of  Upper 'Triassic basement. These  older rocks are 
unconformably overlain by  isolated erosional 
remnants  of  Lower  Cretaceous and Tertiary rocks. 
To the north and south, the uplifted area is flanked by 
an extensive blanket of  mainly Eocene  and younger 
volcanic rocks. 

STRATIGRAPHY 
BASEMENT AND JURASSIC R.3CKS 

Upper Triassic black siltstone, cc ntaining lbsr il 

exposed at a single  loc,dity  along  he Red ..#mi, 
shells tentatively identified as Monoti: or Halot ;a is 

which hooks around the northern end 10f the Necb1d.o 
Range. It is the oldest known rock ur it in the .!lutly 
area,  and a rare glimpse  of presumvd 'basemenl'. 
Jurassic volcanics interlayered wit 1 subordinate 
sediments  comprise  the most widespread map Illlit n 
the Fawnie and  Nechako ranges. This unit, first 
mapped  in the Natalkuz take area (93Fi6) in 1992, 
and designated unit J(v,s) was dt scribed :IS a 
monotonous succession dominated  by nainly b,m;altic 
flows characterized by fresh pyroxet e phenocrysts 

that contained probable Middle J~rassic fmsils 
and sparsely distributed fe:ldspathic mi rine sediments 

(Green and  Diakow, 1993: Diakow el < /., 1993). 

distribution of  these rocks to the couth  inlo the 
The  following year, mapping extendemi the 

Fawnie Creek  area (93Fi3) where, in iddition to  the 
diagnostic lithologies of unit J(v s) an clder, 
conformable volcanic sequence wi,s  recogniae'l. 
These two lithostratigraphic divisions constitutf: the 
informal Naglico  formation  (Diakow and Wctster, 
1994). The lower division consists prvdominately of 
subaerial rhyolitic volcaniclastic roccs and  minor 
flows,  and in places, well layered matoon and  g7ef:n 
lapilli and  finer  tuffs (unit MINI o r  Diakow ar d 
Webster, 1994). In  contriist, the uppe: division is a 
sequence of calcalkaline, augite-pk yric flow.!: of 
mafic  to intermediate composition  and volumet!ri:al.y 
minor, intravolcanic fnssiliferous se  liments  (units 
MJN2  and  MJNs ofI)iakc'w and Webs er, 1994). The 
sediments  are  composed mainly of vc lcanic delrihis 
that includes angular plagioclase and I thic fragments 

siltstone and sharpstone conglom :rate.  I~w3siIs 
in deposits  of feldspathic greywac :e, tuff. 'lCBOIIS 

identified  in these  sediments  by Dr. k.W. Tipp:r of 
the Geological Survey of  Canada,~ I )osely brxckzt 
deposition of the upper division letween :arly 
Bajocian and early Callovian time. ?"hree dates nn 
single  zircons  from rhyolitic rocks in the Isw:r 
division, analyzed by the  Pb-PI, evaporatinn 
technique,  are equivocal as they ranEe  in  age:  from 
Permian to Middle Jurassic. Uranium-lead data nn 
one  sample  suggests  inheritance from :Ider 
assimilated crust. 
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Figure 1. Location of published 1: 50 000-scale bedrock  mapping on the Nechako Plateau. 
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into the  Tsacha  Lake (93FR) and  Chedakuz Creek 
During 1994, mapping was extended eastward 

(93Fi7) areas. This work builds upon the twofold 

established in the adjoining Fawnie Creek map area 
lithostratigraphic division of Jurassic strata 

to  the  west. A major change in depositional 
environment is recognized in rocks of  the lower 
division  exposed in the Fawnie Range and those 
underlying  the  Nechako Range, 20 kilometres to  the 
east.  It is indicated  by the  change from subaerial 
felsic volcanics in the west to coeval intermixed 
felsic volcanic and marine sediments in the east. The 
marine sediments are further subdivided into two 
facies. A near-shore, sandy facies, that is traceable 
along part of the western flank of  the Nechako 
Range, and a more distal, mudstone facies to  the east 
and northeast. Both depositional facies exhibit felsic 
tuff interbeds and abundant lithic fragments thought 
to  be derived  from a nearby volcanic  source. 

Rhyoli1.ic lapilli tuff  and rare laminated flows 
assigned to  the lower division crop out sporadically 

represent the eastward extension of a subaerial 
in  the sonrhern part of  the Fawnie Range. They 

volcanic pile that is widespread in  the Fawnie Creek 
area. Correlative epiclastic rocks to the east are 
exposed in1:ermittently  along, the lower, southwest- 
facing slope: of  the  Nechako Range between Kuyakuz 

shore facies composed primarily of sandstones and 
Lake and Tatelkuz  Mountain. They represent a near- 

siltstones that are rich  in angular feldspar detritus, 
and conglomeratic interbeds with subangular felsic 
lithic fragments. A particularly important outcrop is a 

road. Here reworked waterlain crystal tuff 
roadcut near  the 38-kilometre marker on the Blue 

characterized by abundant  quartz  fragments is 

the  middle to late Toarcian ammonite, Collina. 
directly overlain by feldspathic siltstone containing 

Because felsic volcanism appears to be 
contemporaneous with sedimentation, this fossil 
provides a minimum depositional age for rocks of  the 
lower division. Moreover, in the absence of fossils it 
would be impossible to draw  the direct correlation 
between thme sediments and those representative of 
a deeper marine facies that lie to the north-northeast. 
This facies is also late Toarcian, determined from  the 
small,  but <diagnostic bivalve, Bosifra. The Bosifra 
beds consist of recessive, black limy mudstone that 
commonly contain impure limestone concretions, 

exposed in the low-lying area immediately adjacent 
lenses and discrete, white ash-tuff laminae. They are 

to the northeast-facing slope of the Nechako Range 

Tatelknz Lake in the south. 
between  the  Red  road  in the north and the  latitude of 

The Late Toarcian beds are found locally  in 
close proximity but not in direct contact with 
lithologically similar, but older mudstone and 
siltstone. Several species of ammonites from this 

that a relati\iely quiet marine trough probably existed 
lower succession are early Toarcian, which suggests 

close  to  the  same geographic location through most 
of Toarcian time. Field evidence also suggests that a 

middle to late Toarcian shoreline lay tc the west, and 
beyond a subaerial volcanic field thit periodically 
provided felsic airborne tephra and ;bed 
volcanogenic-epiclaslic debris into the ,asin. 

composed mainly of lapilli tuff, minc,r accretionary 
A distinctive, local stratigra3hic mrk t , r  

lapilli  and reworked waterlain cryst;J-rich nllT is 
exposed along  the  axis  of  the  Ne,:hako Raogt:, 
southwest of Tatelkuz Mountain to the eastern m d  c'f 

are felsic potassium-bearing pyroclasti  and arigulrr 
Knyakuz Lake. Its distinguishing litho1 )gical fealures 

quartz fragments. Although the lower c mtact WB!. nclt 
observed, these deposits bear comlositional and 
lithological resemblance to the under1 iing Tomian 
rocks. Therefore, they are interpreted to reprerient a 
younger section that is stratigraphica: ly contin~~ous 
with the underlying Toarcian section. I .piclastic heds 

marker unit yielded a fossil collect  on  origually 
slightly lower stratigraphically than the  volcmic 

reported to contain the early Bajoci m ammo~itt., 

recently re-examined by Dr. H.W. Tilper and re- 
Witchellia (Tipper, 1963, p. 28). This :ollection was 

assigned an Aalenian age. This new a :e assignnert 
effectively extends the record of coeval fi:lsi: 
volcanism  and marine sedimentation of the I c w r  
division of  the Naglico formation f r o n  at lea!;t  th: 
middle Toarcian into the Aalenian. 

Basaltic and andesitic flows, distiniiuished h)  th: 
common occurrence of vitreous pyrnxn: 
phenocrysts, conformably overlie the Toarciarl to 
Aalenian succession in the  Nechako bnge. l n  th: 
northern part of  the  range these rocks appear to rest 
against a Lower Cretaceous clastic aswnblage. Th': 
nature of  the contact is uncertain; it  m ~y be eilhar ,1 

fault or an  unconformity. Fresh hornllende in thm: 
flows immediately adjacent to  the s:diments was 
sampled for  an  Ar-Ar date that should resolve tha: 
dilemma of possibly two lithologically similar mafi,: 
flow sequences - one Middle Jurassic and the other 
Early or Late Cretaceous. Similar flow :, interlay!red 
with maroon, fine-graincd tuffs co~taining ram 
quartz phenocrysts, are found locally i ' l  the Fmmi,: 
Range on map sheets 93FI2 and 1.  Rased 011 

corresponding lithologic characteristic,  these w:kr 
represent the eastern extension of stra a compri:;inj: 
the upper division of the Naglico fon lation, which 
underlies much  of  the Fawnie Creek (93F/3) and 
Natalkuz Lake (93F/6)  map areas. 

Sedimentary units comprise re atively thin, 
recessive beds that are generally spatiillly  assoc:i.tted 
with, but rarely  in  direct contact with 1, olcanic rwki 
assigned to the upper division. - 1his apparent 
relationship is noted at a number  of locali:ies, 
however, because the sediments are n:cessive, their 
contacts with bounding volcanic roccs are farel:! 
exposed. The sediments are composed of immatun: 
feldspathic greywacke, black feldspatl ic mudstone, 
and scarce accumulations; of grannlc and pehbl<: 
conglomerate. Another unifying feahre is a rich 

but mainly thick-shelled molluscs, iniicative u f  ;I  
assortment of fossils that includes sotne ammonixes, 
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shallow-water  marine  depositional  environment. 
Except  for  several fossil collections from  the  Fawnie 
Creek  area that are questionably early Bajocian,  most 

minor  marine  sedimentary interbeds, the depositional 
are  early  Callovian in age. Despite  comparatively 

subaerial.  Nowhere in this succession  have  pillowed 
environment of the  volcanic pile was  mainly 

hyaloclastite are scantily distributed. It appears  the 
lavas  been  found,  and  deposits interpreted as 

warm,  shallow  marine  water.  The  most significant of 
volcanic pile was, at times, inundated by relatively 

these  transgressive(?)  events in the  study  area 
appears to be marked by widespread early Callovian 
sedimentary rocks. Alternatively, the  volcanic pile 
may  have  been  slowly  subsiding  during quiet stages 
of volcanism,  allowing  marine  conditions to 
encroach. 

POST-JURASSIC ROCKS 

unconformably overlain by Lower Cretaceous 
Jurassic rocks in the  study area are 

sediments,  and  Tertiary  volcanic  sequences  of 
Eocene  and  probable  Miocene ages. The  Cretaceous 
clastic assemblage is exposed  semi-continuously 
along  the axis of  the  Nechako  Range; either it 
occupies a medial belt between  flanking belts of 

described briefly above, is stratigraphically below or 
lithologically similar  pyroxene-bearing  flows or, as 

in fault contact  with  pyroxene-bearing  flows. 
Correlative  strata  were  previously  mapped in the 

where  they  are in fault contact with older Jurassic 
southwest  corner  of  the  Fawnie  Creek  map  area 

rocks (cJ unit MJNs;  Diakow  and  Webster,  1994, p. 
21). The  hallmark of these  rocks is abundant  grey 
chert  and  black  mudstone clasts in well  sorted 
pebble-cobble  conglomerates that are interlayered 
with light grey  sandstone,  and light green  and  black 
siltstone-mudstone  beds.  A rare ammonite  from 
mudstone  discovered  by T. Richards prior to this 
project is tentatively identified as a  Lower  Cretaceous 

being  examined by the  Geological Survey  of  Canada. 
form.  Other collections of shelly fauna are currently 

Eocene  and  younger, subaerial volcanic  rocks 
thin above  the  Nechako uplift; forming outliers that 
rest unconformably on Jurassic rocks. Eocene  rocks 
of  the  Ootsa  Lake  Group  apparently  thicken  north  of 
the  Natalkuz  fault  (Diakow ef al., 1993),  a  major 
northeast-trending structure that roughly  demarcates 
the  southern structural margin of a broad  Tertiary 
volcanic field juxtaposed  against  older  basement  of 
the  Nechako uplift. Eocene  rocks in the  western part 
of  the  study  area  are  associated  with a subvolcanic 
pluton  and  epithermal  precious  metal  mineralization 
at the  Wolf  property.  Based on similar lithologies, 
these  rocks correlate with  volcanic strata of  the  Ootsa 
Lake  Group  described in a  section  along  the  western 
flank  of  the  Fawnie  Range  (Diakow and Webster, 

distribution of this volcanic  succession to the east- 
1994, p. 22). Recent  mapping  has  extended  the 

facing  slope  of the  range,  mainly  between  Top Lake 

and Mount  Davidson. No Eocene  rocks are 
recognized east of the  Fawnie  Range.  Near  Mount 
Davidson,  the  base  of  the  Eocene  section is marked 
by distinctive off-white  and  mauve,  laminated 
rhyolite flows and related flow breccias. Another 
rhyolitic unit at the  top ofthe section forms  a  massive 
sheet-like deposit  capping  Mount  Davidson  and  other 
prominent  knolls in the  immediate area. The 
pyroclastic origin of  these  rocks is readily interpreted 

fragments  (up to 15%) supported by a well  indurated 
from lapilli-size lithic pyroclasts  and  abundant  quartz 

groundmass.  This  pyroclastic  deposit is  both 
compositionally  and texturally homogeneous, 

much as 250  metres thick, and an areal extent  of 
unusual features in light of its dimensions, locally as 

about  20  square  kilometres.  The  most  plausible 
interpretation is that the  deposit  represents a 
uniformly  welded  ash-flow tuff resembling thick 
intra-caldera fill.  The  age  of this unit is also in 
question. it contains  scarce  interbeds of flows, laharic 
breccia and minor  volcanogenic siltstone that 

Naglico  formation.  The unit  has  been sampled  for  a 
resemble lithologies in the  upper  division  of  the 

crystallization. 
U-Pb  dating on zircon to determine  the  timing  of 

Andesitic  flows are exposed  between 
conformably  underlying  and  overlying rhyolitic 

those of the  Naglico  formation  makes  distinguishing 
rocks. The lithologic similarity of these  rocks to 

the  two  successions difficult. By comparison,  Eocene 
andesites in the  area  are relatively unaltered  and 
contain  slender  plagioclase  phenocrysts  up to 5 
millimetres long. Vitreous  pyroxene is rarely 
observed in the  Eocene  rocks  whereas it is often 
present in the  Naglico  formation (cJ unit MJN2; 
Diakow  and Webster,  1994). In general,  these 
andesite  flows are very  easy to confuse  with  older 
andesites  unless  they are very  close to distinctive 
Eocene rhyolitic rocks. 

A  sequence  of  crudely layered, flat-lying flows 
that unconformably overlie Eocene rhyolitic 

assigned to the  Endako  Group  (Diakow et al., 1993). 
volcanics, mainly  north  of  the  Nechako  Reservoir, is 

They  have been mapped intermittently to the 
southern  boundary  of  the  Natalkuz  Lake  area  and, in 
the east, to the  northeastern  corner  of  the  Chedakuz 
Creek  area  where  they overlie Jurassic flows.  Despite 
the appearance of basalt, major  elements  from a 
representative suite of  these  rocks indicate they  are 
andesitic in composition.  They also contain  modal 
clinopyroxene  and  orthopyroxene. 

The  youngest  volcanic  rocks in the  study  area 
are olivine basalt flows  of  the  Chilcotin  Group.  Their 
distribution is most  widespread in the  southern part 
of  the  Fawnie  Creek  (93Fi3)  and  Tsacha Lake 
(93F/2)  areas  where  they  underlie  a relatively flat 
plain  with pronounced  escarpments at the  erosional 
edge.  In  the  study area, along  the  Nechako uplift, 
there appears to be only  minor  overlap of Endako 

uplift may have  acted as a topographic harrier to 
and  Chilcotin lavas. We suspect that the Nechako 
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Chilcotin Iavas encroaching  from  the  south  and  Deposits that comprise  a  range  of  higl-temperatun: 
Endako lav:as from  the north. An overlap  of  these  polymetallic  replacement lenses and dtsseminati~ms, 
successions  may  occur  along  the  southern  boundary  such as Equity Silver, also occur in the region. 
of  the  Natalkuz  Lake  area  where  Endako  flows  are  These  various  mineral deposi: types arc 
exposed  below  topographically  higher  and  more 
northerly  exposures  of  Chilcotin lavas. Field 

repesented on  the Nechako  Plateau by the Vlolf 
(MINFILE  93F  045 ) and the Tomn,y (MINFILEI 

evidence fix a direct contact relationship was 93F 055) epithermal and  Ihe Capoose  “transiti~mal” 
anticipated in the  broad  northwest-trending  valley prospects. The  CH (MNFILE 93F C~01, 004) a m 1  
that lies between  the  Fawnie  and  Nechako  ranges. Ben (see Lane  and  Schroeter,  1995, this voluiiel 
Instead  the  lava  sequences are widespread at the  porphyly  prospects  occur on 93Fi7, in the Nechakrl 
opposite  ends  of  the valley, and Jurassic and  Lower  Range,  and  the PEM (Blackwater-David:;on, 
Cretaceous  rocks  are  exposed in the central area. MINFILE  93F  037),  possibly transitic nal, prospect 
High on the western  flank of the  Nechako  Range, at occurs in the Fawnie Range of ‘)3F/2. ():he: 
nearly 1350 metres elevation, an  unexpected  occurrences  include  prospects on Tsacha  and 
exposure of Chilcotin  lava  caps  a granitic pluton. In Kuyakuz  mountains  and  a  diaton ite showinj: 
this instance  and  another  reported in the Naglico 
Hills (Diakclw and  Webster,  1994, p. 23)  these  young 

(MINFILE  093F 041)  on the  south side of T l i ~ c h i t  

flows (cu. Miocene to Pliocene)  occur  well  above 
Lake. 

There is good potential for a  varitty of  deposit 
exposures i n  valley  bottoms at about 1150 metres 
elevation. This  difference in elevation is believed to 

types, especially intrusion-related oc:urrences, to 

reflect block faulting. the  Fawnie  and  Nechako  ranges. Like sediment 
exist in the Jurassic Naglic:o formation that unddie:; 

MINERAL  POTENTIAL 
geochemical  data (Cook and Jackamin, 1994a b)  

released  areomagnelic  data  (Geopi~ysical I)ata 
indicate numerous  anomalous sites, IIIUS, recerltl:) 

The  Nechako  Plateau is underlain by a Centre,  1994) delineates potential near-surlm: 
prospective  geological  environment  favourable for a intrusions in this area. These new data, including the 
variety of  economic  mineral  deposit types. Porphyry surficial geology  mapping  (Giles  and ,evson, I995 
deposits  such as Endako, Fish Lake and Gibraltar and Weary et ul. 1995)  and bedr1)ck  mappinj: 
occur  peripherally as do  epithermal  precious  metal (Diakow et ul. 1995a,  b) , could be ir strumental ill 
deposits  such as Blackdome  and Silver Queen. new discoveries. 

TABLE 1. ANALYTICAL  DATA FOR ASSAY  SAMPLES  COLLECTED  ON  NTS 93F.Z AND 7. 

Ma Cu Pb Zn Ag Ni Co Mu R As n SI Cd St 
CITY 

“ ”,.” 

F;ddNc,. Ean Nonl, 
IWE 13.2 I97910 1912100 sfnubound  rulphida expsed in a trench 
IWE 11.1 374610 1981450 di9cemnated  andlhrarhosted pyririnvoismic mck 4 89 146 2668 2 9  I 44 ,689 I 1 8  41 I 8 7 2 

I1 1193 81 11112 6 7  1 31 5810 1 7 1 1  19762 i I 3  6812 1 %  

IWE22.O 1WO49 5889061 pyriticphrara in bmalc IO 171 2 534 0 I 17 16 8119 1 3 ,  6 I 44 t 1 2 
IWE 24.3 184800 1 u 2 m o  quam  win^ in rnudrtonu  and s i l ~ t o n ~ s  I 4 2 11 0 I 8 184 ‘26 0.41 5 1 8 C 2 2 
IWE24-5 383071 1921862 ‘ 1 ~ m ~ 1 l n l n ~ ~ ~ d ~ 0 1 ~ 1 1 ~ r l l r r a t l o n  
IWE 24-5 383073 1921862 q~amvr in inpmd gataisdtcration 

4 2 4 17 0 I I 48 2’1 0.27 19, i 1 c 2 1 
6 2 2 26 O S  1 IS , I 4  0 4 2  I18 i 2 c 2  5 

IWE 24.1 181071 5921862 qumvrininp and p0fauicalaration 1 I 2 I5 0 2  2 63 17 0 4  172 5 2 c 2  i 

IWH 7.4 195221 1913916 pyrite and chlorite lbrulng hornfels 
IWE 28-1 194310  1915610 pyritic  laminaledrhyolilr 3 44 6 61 0 I 1 12 491 3.85 9 I 17 I Z > 

2 I 2  2 81 0 I 2 31 198 4.29 1 I 47 C 2 1 

IWH 9.: 168750 5907050 pyrite and ehdcapyritr in pymxme  paphyry 2 616 9 48 0 8  61 21 I31  2.16 2 I 49 C 2 1 

IWH 16~1 1,5120 1985715 ~rv~iurlyail i . ( i .durncvifh-1Xpyrite 
rWH9~1 1fi1100 s900975 di**rminmd~,yn,.inmvoanegr.rn.il~rMrdmlr 1 81  I *  io5 0 2  32 27 465 1 2 8  7 2 9 ,  c 1  1 

IWH17-8 168214 5885863 ~~ugrronrandglrt lvr ininintrvaian 
I 88 6 ,216 0.2 10 sa 152 1 4 4  *,a t 186 s I 1 

IWHZI-I 393010 1902080qulr t lvc inul l fhmnl~~hi t~pynhat .n in~rur iv~mnU1L 7 4611 19 41 18 21 21 I l l  281 1 1 94 ( I  i 
2 I I  2 71 0 1  41 167 1655 10.84 l l  I IO ( 2  1 

IWWH 32-8 373604 1882016 altered mamon flow with q~amveining : 1 I 1  24 0 1  I 21 l i s  1.12 4 i 4 c 2  3 
LDI 18-1 368121 SWilW qusm brccci8 with malarhilc in marmn flow 5 1,611 16 8 5 ,  I 21 ,,E 076 29 1 167 c 2 5 

““it pvm ppm ppm Ppm PPrn Ppm Ppm PPrn % PP” PP I PPrn pcm PP,? 
Rock Dc,snpUon 

IWE 22-9 
IWE 24-1 
,WE 28-5A 
IWE24-SB 

BiYC.PLLC-XB.Ti “_”,.“ 
“ d l  ppm ppm % % ppm  ppm % ppm % ppm 3 % .,i PPI’ 

8 A N. I: At 

2 94 4 2 1  0 127 9 S I  I 9 8  61 0.16 10 3 0 0 7  C . 2  I) 

4 IS 1 3 1  0101 3 12 012 48 Oll 4 l i  I01 0 13 
4 191 261 0131 9 26 1.11 6I   024  I O  I 0 1 8  [-.I i 

1 161 0 1 1   0 1 3 0  2 14 1 1  I2 0 0 3  1 1 1  0 0 1  0.1 1 
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during this bedrock  mapping  project  are listed in 
Analytical results for  grab  samples collected 

bleached,  potassically  altered  and quam veined rock 
Table I .  Samples 94IWE 24-5A2, B and C of strongly 

were  collected  from an approximately 25 by 25 
metre,  flat-lying  outcrop. The three samples contain 
elevated  gold  abundance  and interestingly high 

alteration  zone to extend, probably  at  shallow 
arsenic and manganese.  There is potential for this 

overburden depths, over a much  larger  area than is 
now  exposed.  Visible  copper mineralization occuring 
at  intrusive  contacts was collected at  stations  JWH 

anomalous in copper,  zinc  and  gold,  are listed in 
17-8 and 21-3. Other  samples,  some  of  which  are 

Table 1: brief  rock  descriptions  are included. 
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MINERAL  OCCURRENCE INVESTIGATIONS AND  EXPLORA'rION 

MONITORING IN THE NECHAKO PLATEAU 

(93F/2,3, 7, 10,  11,  12, 14, 15 AND  93C/9  AND 16) 

By R A .  Lane  and T.G. Schroeter 

KEYWORDS: economic geology, Nechako  Plateau, 
epithermal,  veins,  silicification,  structural  control, 
breccia, bulk mineable, low sulphidation,  quartz- 
adularia. 

INTRODUCTION 
This  report  ~ummarizes  preliminary  investigations of 

eleven  different  mineral  occurrences  that  were  visited 

in  the Nechako  River  map area (93F)  and  one  in  the 
during  the 1994 field  season  (Figure 1). Ten  are located 

Anahim Lake map  area (93C). Metallogenic  studies  are 
part o f a  multidisiplinary  project  being  carried out by the 
British  Columbia  Geological Survey Branch  in  the 
Nechako  Plateau  region of  central  British  Columbia.  The 
integrated  project also includes  regional-scale bedrock 
mapping,  lake  sediment  sampling,  surficial  deposits 

project  has  raised the  mining industry's  awareness of the 
mapping  and  till sampling. Since  its  inception, this 

Nechako  Plateau as  an area  that  is  underexplored. The 
potential  of  the region to host  different  styles of mineral 
deposits  derives  from  its  favourable geology, 
characterized by Jurassic  Hazellon  Group,  Cretaceous 
Kasallra Group and  Eocene Ootsa Lake  Group 
stratigraphy,  their  genetically  related  intrusions  and 
locally complex  structural  history However, much of the 
geological  record  lies  hidden  beneath  the low rolling, 

veneer of, locally, deceptively th in ,  glacial  till. 
forested  topography that is typical of the  area,  and  a 

In 1993,  during  the  first full year of the  project, 
many exploration  targets  were  generated.  Presentation of 
data and  ideas  to  industry took place during  the 
Cordilleran  Roundup held in Vancouver in  January, 
1994.  Included were bedrock gold anomalies discovered 
during  the wwse of mapping  the  Fawnie Creek map 
sheet  (93F/03;  1)iakow  and Webster, 1994). The release 
of this information  prompted  an  immediate  response; 

June,  1994, the release ofdata from two regional surveys, 
staking of the  occurrences began the  following day.  In 

lake  sediment  geochemistry (Cook and  Jackaman,  1994) 
and till geochemistry (Levson and  Giles,  1994), 
generated  a wave of staking in the area During  the two 
months that followed  the  geochemistry  releases, 708 
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claim units were  recorded by eleven sepal ate comymif:s 
or  individuals.  Most of the new claims  un,arcd 
geochemical  anomalies  documented  in  the releases. 

These  contributions to !he geoscienc: databast: for 
the  Interior  Plateau are, in  part, responsibl: for the more 
than 1300 claim  units  staked  in NTS 92F  in 1994 (10 

mid-October),  more than ten  times  the 19'13  level, albeit 
a  quiet  year  for  staking in the  area,  and  m  increw: of 

junior companies  and  cighl (or more'?) p 'ospectors and 
35% over 1992 (Figure 2). Eight major clmpanie!;, tu0 

geologists  were  active in the region  during  the 1994 field 
season.  The  number of exploration  proje(ts  in the area 
also  increased, as did  the level of exploration 
expenditures.  Approximately 6500 metre; of diamond 
drilling was completed  during the summe1 , in fifty h~ol~:s 
by four  companies  on  six  properties.  Fall  and/or 1vmtt:r 
drilling  programs  are  planned  for  at lezlst three IIIOK 

properties.  Diamond  drilling was not part of my 
exploration  project in 1993. 

as new information  comes to light  and rc:finement!:  ar'e 
Our understanding of the region  continues to w o k e  

made to existing  databases.  For  example, he age o f  h o  
intrusive  bodies previously mapped as lpper Jur3ss.c 
and/or  Cretaceous, has been reinterpreted ' )n the  basis o f  
new K-Ar data.  One  pluton,  the Capoose batholith, has 
been confirmed as Jura-Cretaceous  and tt e  other,  rtorfh 
of Tatelkuz  Lake,  has been assigned an Eo':ene age (I2. 1. 
Diakow, personal  communication,  1994). Thest: b o  
periods of igneous activie  are in  addition t ) an event t h ~ t  
occurred  during  the  Late  Cret;lceous  (An& :w, 1988)  and 
may be related to alteration  and  minera  ization :ai tke 
Capoose prospect. 

MINERAL OCCURRENCE 
DESCRIPTIONS 

the  authors  in  1992  and 1994 that des;ribed seier:11 
This  year's work builds  on  infonnatio I presented tmy 

different  styles of mineralization  (Schrcxter  and L.:anN:, 

in 1994. A brief  description of each  mineral occw;rr:nc:e 
1992;  1994).  Several of those Occurrences were re-visited 

investigated  during  the  summer  is presensd below ard 
summarized in Table 1. Included  is  a 
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Figure I .  Location of metallic mineral wcmences on the Nechako Plateau  visited in 1992, 1993 and I994 (NTS 93F). 
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TABLE 1. MINERAL  OCCURRENCES  INVESTIGATED IN 1994. 

PrOlXIlV SNle of mineralization Hostrock Am -Group Mm sheet %rat08 

epiihemal precious metal 

precious-base metal 
stratabound(?) or replacement 

epilhemal precious metal 
epilheml precious and bare metal 
epilhcmal precious and bare metal 
smcc-honed precious and base metal 
epilhemal precious metal 
epilhemal precious metal 
epllhemal precious metal 
ep~themal  precious metal 
epithe-1 precious metal 

summary of a two-week, 1:15 000-scale  preliminary 
bedrock mapping  project in  the Holy Cross  Mountain  to 
Bentzi  Lake  area (93F/14 and 15; including  the Holy Cross 
mineral  occurrence). 

703 i 

1991 1992 1993 1994 
Year 

0 Mala Cornpanles 0 Junior Cornpanles lndlvld"& 

Figure 2. fistogam showing the number of  mineral  claims 
staked in the Nechako River map sheet ( N T S  93F), by major 
companies, junior companies and individuals,  from 1991 to 
1994, inclusive. 

Ootsa  Lake  Group acid  volcanic hosted epithermal 
More  emphasis was placed  on examining  Tertiary 

precious  metal  occurrences  in 1994. Of the  eleven 
occurrences  visited,  eight  are  epithermal  in  character  and 
two more are possible  epithermal  settings.  The  remaining 
Occurrence appears  to be stratabound  base  metal  target. 

OOTSA M E  GROUP  EPITHERMAL 
PROSPECTS 

HOLY CROSS (MINFILE: 093F 029) 93F/14E, 15W 

The Holy Cross  epithermal  precious metal prospect 
was investigated as part of a  property-scale ( I :  15 000) 

93Fl02 

93Fl03 
93Fl03 
93F/03 
93F107 
93F107 
93F110 
Y3Fil I 
Y3F112 
Y3FllS 
93Cl16 

T s k  Carporation 

Western Keltic Mines Inc. 
 WEN^ Keltic Mim Inc. 
WeStcrn Keltic Mines Inc. 
Grangcs Inc. 
BHP Minerals Canada Ltd. 
Cog- Resources Inc. 
Cogem Rcsourecs Inc. 
Pioneer Metals Corporation 
Noran& Enploration Company, Limited 
Phelps Dodge Copration of Canada Ltd. 

mapping  project,  undertaken by the  senior  author, 
between Holy Cross  Mountain  and  Bentzi  Lake  (Figure 
3). The project  area is located  approximately 33 
krlometres  south of Fraser  Lake.  The Holy Cross  forest 
service  road,  which  extends  southward  from Highway 16, 

kilometres of the  project  area. Three secondary  logging 
5 kilometres east of Fraser Lake, passes  within 2 

roads  (the Holy Cross  North, 37 and 40 roads)  extend 
westward into  the  area  mapped. A 4-wheel-drive  road 
extends  farther west from the  end of the 37 road to an 
abandoned  exploration camp and  several  trenches. 

The  area of interest  includes a large  part of the now 
lapsed HC claim  group, an area  that was the  focus  for 
exploration by Noranda  Exploration  Company,  Limited 
during 1988 and 1989. The  claims  covered  gold 
anomalies  defined by rock chip  samples  of  silica-flooded 
rhyolite  (Donaldson, 1988). Exploration by Noranda 
included  geochemical  surveys,  magnetometer  and I .P.  
snrveys,  geological  mapping  and  the  excavation of 26 
trenches  (Donaldson, 1988; Barber, 1989). There is no 
record of exploration  prior  to  Noranda's  activity. 

Topography  consists mostly of gentle  rolling  to 
moderately  steep slopes. Elevations  in  the  area  range 
from 850 to 1410 metres.  Outcrop is concentrated mostly 
on  ridge  crests  and  steep  south-facing  slopes  and  covers 5 
to 7% of the  map  area.  Extensive  logging  has made 
outcrops  in  low-lying  areas  more  obvious  and  accessible. 
Road building  has  generated  additional  exposures. 

Jurassic Hazelton  Group  intermediate volcanics.  They 
The oldest  rocks expsed  in the area  are  Middle 

occur  along  the  north-facing slopes and  low-lying  areas 
in  the  northern part of the  map  area.  Lithologies  include 
reworked  andesitic  crystal  tuffs  and  plagioclase-phyric 
flows.  These  rocks have been thermally  metamorphosed 
to  a  fine-grained  mottled  pale  pink  and  green rock with 
relict plagioclase  phenocrysts  where they are  intruded by 
a  biotite quartz monzonite  plug. 
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Photo I .  Brecciated  and  intensely  silicified  rhyolite  with  traces of pyrite  (py)  from  trench I ,  Holy Cross  epithennal  gold-silver 
prospect. 
Photo 2. Banded  hematitic quartz vein cutting  tlow-banded  rhyolite from  trench 17, Holy Cross epithermal  gold-silver  prospect. 
Photo 3 .  Slab of flow-banded  rhyolite  lhat  shows  early  pervasive  hematite  flooding  (dark  grey  areas).  The  formation of pyrite as 
d~sseminated cubic  euhedm is evidence of sulphidization. &nte and fractures are enveloped hy bleached, clayaltered hostrock. 
Photo 4. Shallow  trench  exposing  bleached,  clay  and  silica-altered  rhyolite  at  the Uduk  Lake  epithennal  gold-silver  prospect. 
Photo 5 .  a) Brecciated  rhyolite  cemented hy pydic, chalcedonic  and h y  quartz, and h) pyritic,  dark  grey  chalcedanic quartz 
stockworks  in  brecciated  rhyoite  from  trench 3, Uduk Lake  epithennal  gold-silver  prospect. 
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The  biotite auartz monzonite  intrusion  is  salmon UDUK LAKE (MINFILE: OY3F 057) NTi 93F/12\1' 
coloured,  medium  grained  and  contains  from 3 to 4% 
weakly chloritizcd biotite. It may be correlative  with  the 
Jura-Cretaceous  Francois  Lake  suite of intrusions  that 
crops out predominantly  to  the  nonh of the  map  area. 
Potassium-argon  dating of a  biotite  separate  from  the 
intrusion is in  progress. 

Maroon  to ~ ~ n r p l e  andesitic  volcanic  flows, probably 
part of the Late  Cretaceous  Kasalka  Group, 
unconfonnably ,overly the  Hazelton  Group. They are 
overlain by apparent  Skeena  Group  equivalent  chert- 
pebble  conglomerates. A hornblende  dacite  to  andesite 
flow  overlies  the  conglomerate.  The  hornblende 

K-Ar dating; a sample has been submitted lo the 
phenocrysts are very weakly altered  and  are  suitable for 

University of British  Columbia for th is  purpose. 

rhyolite  breccias of the  Eocene Ootsa Lake  Group  form  a 
Maroon to ,pale-coloured flow-banded rhyolites  and 

ridge  that  trends  northwesterly  across  the  map area 

Endako Group ;and related  diorile to gabbro  plugs  and 
(Figure 3). Andesite to basalt flows of the  Tertiary 

necks  form  resistant  knobs to the  south. 

gold-silver  prospect. The best gold values  on  the properly 
The Holy Cross mineral  occurrence  is  an  epithermal 

were  obtained  from  trench  1  where  an  8.5-metre  section 
of  brecciated arid intensely  silicified  rhyolite  with 1 to 
2% very  fine I:rained, disseminated  pyrite  (Photo 1) 
averaged 0.5 1 B't Au and 4.3 g/t Ag, including  a  2-metre 
interval  that  graded 2.64 dl Au and  9.7 g/t Ag 
(Donaldson, 19:38). Manganese,  limonite  and  hematite 
typically  coat  .fracture  surfaces in  the massive grey 
crystalline  silica.  Other  anomaloc~s  areas  such as trench 
17,  contain  banded  hematitic  quartz  veins  and stockwork 
zones  hosted by flow-banded  rhyolite  (Photo  2).  Barren 
or weakly anomalous  quartz.stockwork  zones are 
commonly  associated with- weakly  to moderately 
argillically  altered wallran, reflecting a less  intense, 
possibly  more  protracted  event.  Sulphide  mineralization 
in  these areas is very weak or absent.  Pervasive  hematitic 
alteration  has  stained  andesites  and  rhyolites  dark 
maroon or purple.  Sulphidization  appears to be a  post- 
hematite  event  and  has  resulted  in  the  development  of up 
to 4% disseminated  cubic p g t e  euhedra  (Photo 3).  Pyrite 
cubes are c o m ~ o n l y  enveloped by bleached  zones  one to 
three  times  the !;ize  nf the p g t e   g a i n .  

The Uduk Lake  epithermal  gold-silver  prosjecr, 
under  exploration by Pioneer  Metals  C)rporation, is 
located approximately  70  kilometres soutl -southwan. cf  
Bums Lake. Access to  the  property is aloilg all-weather 
forestry  roads that lead south from  Bmns L a k c :  :ani 
Fraser  Lake  to Ootsa Lake. A ferry,  run b i  West Fraser 
Sawmills Ltd., crosses  the we:jt end of lnt  la Reach .and 
~ O M K ~ S  with  the Ootsa Main  and new y consuucted 
Ootsa Chief  logging  roads  that  pass withi11 2 kilonnetrcs 
of the  showings. A trail  extends eas ward to the 
occurrence  from  about  the  34.5-kilometrc  point  an  the 
Ootsa  Chief  logging  road  (Flgllre  1). 

The property was originally  slaked  in 981 by .41nax 
Exploration  Ltd.  which  carried out ~econnaissrnte 
mapping  and  sampling  but  allowed  the  claims  to I;~.psl:. 

mid and  late 1980s. Several modest diamond dilling 
Several junior companies  explored  the  gro~lnd dwirr): tke 

in the  range of 0.02 to 1.45 grams  per 101 nc (Allen and 
programs tcsted silica stockwork zones wi h gold wlum 

MacQuarrie,  1985). 

Comox Resources  Ltd.  in 1993 and camrd out soil and 
Pioneer  Metals  optioned  the propee, from I'acifc 

rock geochemical  surveys.  Results outliled six tp l t l -  

of the  six  trenches  sampled  were anomdous in gol(j. 
silver-arsenic  anomalies  {hat were trenchec in 1994. 131.e 

Results  included  a  6-metre %:tion grading 1.4 gram; p:r 
tonne  and an entire  42-metre 1.rench averat  ing 0.41 gran 
per  tonne (D. S. D u n ,  personal  communitation, 1994). 

The  Duk  claims cover a large  (>2  kn  wide) ar':a  'of 
hydrothermally  altered  rhyolitic  to  dacitic 1 lows, tuff!; and 
breccias of the  Eocene  Ootsa  Lake  Group ( D m ,  1')93). 
Outcrop  on  the  property  is  sparse, howel er, bedrwk is 
commonly within 1 or 2 metres of the  surface  (Phofo 4). 
A zone of clay  and  silica-altered  rhyolite i n  angular  lloat 
and outcrop, measuring ;&bout 600 by 200 metres, o1:curs 

trenches expose  moderately to intense y clay-dt'trfd 
in  the southwestern part 01: the propel ty The I994 

(kaolinite?)  rhyolite  flows, tuffs and  lapi li tuffs. We;k 
silicification  is  accompanied by a  quar  z-chalcedrlnyf 
sulphide  stockwork  that  locally  grades  into  a more 
sulphide-rich,  black-matrix  breccia  with  angular  rh!~lite 
clasts that are rimmed with a  thin  layer of chaltadony 
(Photo  5). m t e  is  the  only  sulphide  mineral 0bu:Nrxl 
and occurs mainly in  vein, smckwork a n t  breccia ::'ones 

Sparse copper  mineralization,  consisting of trace  to  and  less commonly as weak disseminat  ons  in  nlterxl 
I%chalcop@te in  quartz-carbnate  veinlels,  in  Hazelton  rhyolite. It is  present  in  trace  amounts r;u,ging up t:t 5% 
Group  volcanic rocks may be genetically  related to the  locally.  Grab  samples  typically  grade over 1 g/t AII and 
biotite quartz monzonite  intrusion. However, chalcopyrite have assayed as high as 5.7 g/t Au (D. S. h n n ,  persoral 
also occurs in quartzcarbonate veins in younger rocks communication, 1994). 
spatially  unrelated to the  quartz  monzonite. 

additional  trenching  and  a Ibllow-up diam md drilling 
Exploration will continue  in 1995 and plans  include 
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program. 

YELLOW MOOSE ("FILE: 093F 058) NTS 
93F/06,11) 

Cogema  Resources  1nc.k  Yellow Moose epithennal 
gold  prospect was briefly investigated.  The  property  is 
located south of Arrow Lake,  about 20 kilometres  west of 
the  junction of the 500 road and Holy Cross road, 
approximately 110 kilometres  southwest of Vanderhoof 
(Figure  1). The  showings are accessible from  the 
Knewstubb  access road. 

minor quartzchalcedony  veining  in  brecciated rhyolite 
The Gus zone  consists of diffuse silicification and 

and  crystal tuff to crystal lapilli tuff Northeast-trending 

stockworks and  breccias cany 1  to 2% fine-grained 
mineralized  zones,  consisting of narrow  veins, 

fractured  rhyolite.  Gold  assays  up  to 0.8 g/t Au have been 
disseminated  arsenopyrite,  stibnite  and  pyrite in intensely 

reported  (Bohme, 1988). Clay alteration of hostrocks is 
pervasive. Fractures are coated  with  iron and manganese 
oxide. 

The Arrow showing  is  on  the  southeast  shore of the 

drusy quartz  veins  and  chalcedonic  quartz flooding in 
lake and was  not  examined.  It  is  reported  to  consist of 

coarse-grained  stibnite,  pyrite,  marcasite and traces of 
siliceous rhyolite  and  arkosic  sandstone that contain 

cinnabar (Bohme, 1988). The  showing  carries  negligible 
gold or silver  values. 

A  third zone, an I.P. anomaly  called the P A  zone, 
and  the Gus showing, were evaluated by a  six-hole, 626- 

outlined  a  northeasterly  trending, weakly mineralized 
metre  diamond  drilling  program  in 1994. Drilling 

personal  communication, 1994). 
zone that  dips moderately to the east (K. Schimann, 

BAEZ (OBOY -"FILE: 093C 015) NTS 93C/9E, 
16E 

is owned by Pbelps Dodge Corporation of Canada Ltd. 
The  Baez  properly  (including  the Oboy occurrence) 

The  claim  group  is  located  125  kilometres west  of 
Quesnel and  covers more than IO 500 hectares  (Figure 

properly  (Schroeter  and Lane, 1992) owned by Eighty- 
I). It adjoins  the western  boundary of the Clisbako 

Eight Resources  Ltd. 

The  Baez  claims  were  staked  in 1992 and 1993 as  a 
result of a  reconnaissance stream sediment  sampling 
program  initiated  in 1992 (Goodall, 1994). In 1993, 
reconnaissance soil sampling on four  grids (A, B, C  and 
D) produced  several  multielement (Ag-As-Sb-Au-Hg) 
anomalies.  In 1994 approximately 50 line-kilometres of 
soil  sampling  and  about 50 line-kilometres of induced 
polarization survey were carried  out on grid D. 
Prospecting, mapping  and diamond drilling followed. 

The  exploration  target  is  a  large,  low-grade,  heap 
leachable, epithennal gold  deposit. 

dacites, andesites and W t s  of the Eocene Ootsa Lake 
The properly is  underlain by a  sequence of rhyolites, 

Group.  Outcrop  on  the  properly is s p a r s e .  Rhyolitic tuffs, 
flows and  breccias that form  the base of the  Eocene 
succession on the  property are  the  main  hostrocks  for 
mineralization (G. N. Goodall, personal  communication, 

element  soil  geochemistry  anomaly 800s metre wide by 
1994). One of the  targets  is  a  north-trending  multi- 

airborne  EM  and resistivity  anomalies and a pronounced 
1800s metre long. This anomaly  is  coincident  with 

magnetic  lineament. 

Mineralized  sections of core  from  the 1994 drilling 
program  consist of bleached and  clay-altered,  fractured 
dacite  to  andesite.  Fractures  are  filled  with  fine-grained 
silica and cored by fine-grained  subhedral pyrite andor 

wallrock as 2-millimetre  and  smaller  euhedral cubes. 
marcasite.  Pynte  also occurs disseminated  throughout  the 

Total pyrite content  is  estimated  at 1 to 2%. Pervasive 
chlorite4cite alteration, typical of the  Baezeko  River 
area, is widespread. 

The Oboy epithermal  gold  prospect  is a b u t  8 

property. Outcrop  is sparse in this area, hut  we examined 
kilometres west of the main target area on the  Baez 

core  stored on the  property  from  a 1987 drilling  program 
by Lornex  Mining  Corporation  Ltd.,  in  joint  venture  with 
Canadian  Nickel Company Ltd., on the  Camp zone 
(Cann, 1987). Hostrock  lithologies  are  pale  green 
(bleached)  flow-banded  andesite and  green  and  purple 
mottled felsic to intermediate  pyroclastic  breccia of the 
Eocene  Ootsa  Lake  Group.  Argillic alteration  is moderate 
to  intense  and  imparts  a  'chalky'  texture to the rocks. 

fine-grained pyrite that occurs in a  gangue of drusy 
Mineralization  consists of 2 to 5% fracture-controlled, 

quartz. calcite  and  chlorite.  Disseminated,  epigenetic 
pyrite cubes  up  to 2 millimetres  across  occur  throughout 
the  length of the holes. Several  core  samples were 
selected to compare  mineralization  and  alteration styles 
with  other  prospects in the Interior  Plateau region. 

hXSALX4 GROUP  EPITHERMAL  PROSPECTS 

TROUT (MINFILE: 093F 044) NTS 93F/10W 

located 90 kilometres  southwest of Vanderhoof, on  the 
The  Trout  epithermal  precious metal  occurrence is 

Cutoff properly,  owned by Cogema  Resources Inc. The 
properly is accessible  from  the  Kenney  Dam road which 
extends to the  southwest  from  Vanderhoof  (Figure 1). 
Approximately 2 kilometres  north of Cutoff Creek, at  the 
River  Ranch, an 8-kilometre, 4-wheeld~ive road l e a d s  
southward to the  camp and main  showing area. 

volcanic  and  sedimentary rocks of the Jurassic  Hazelton 
The properly  is  underlain by felsic to intermediate 
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Group,  Cretaceous Kasalka Group,  Eocene 00- Lake 
Group  and  Tertiary  Endako Group. Two prominent 
lineaments,  a  northeast-trending  structure  and  a 
southeast-trending  feahue,  intersect  in  the Swanson 
Creek valley neat. the main showing  (Potter, 1985). 

Epithermal  quartz-adularia  veins  and  gold-silver 
mineralization  were  discovered  in  1984  during  regional 
exploration  for  precious metals (Potter, 1985). 
Subsequent exploration of the  property  including drilling 
in 1985,  1987 and 1990, targeted  mainly on the 
'discovely' zone, failed  to  trace the mineralization. In 
1992 m e m a  Resources Inc. staked the ground and  a 
multiparameter (VLF-EM, magnetics and resistivity) 
geophysical survey was flown in March, 1993.  Eleven 
diamonddrill holes  totalling 1221 metres were 
completed in 1994 (K. Schimann,  personal 
communicatiou, 1994). 

The 'discovery' or 'main'  zone  crops out southwest of 

valley bottom. The exposure is  a  northeast-trending ridge 
Swanson Creek, and south of tht: camp,  in  a swampy 

of rock, 50 metres  long, 12 metres  across  and about 4 

overlying  polymictic  conglomerate of the Kasalka Group. 
metres  high.  It  consists mainly of pyroclastic  breccia and 

The shallow southwestdipping  contact between the 
breccia and conglomerate  acted as a  conduit  channelling 

flooded with  silica  and  the footwall is pervasively 
mineralizing  hydrothermal fluids,  The hangingwall is 

silicified  for about a  metre below the contad. 

consists  mainly of locally derived Kasalka Group  maroon 
Pyroclastic breccia is mottled & m n  and maroon. and 

volcanic  material.  Clasts  tend  to be subangular,  feldspar 
phyric and range in size  from 3 to 10 centimetres. The 
breccia contains quartz  veins up  to several centimetres 
wide that have an average  orientation of 050/80"SE. 
Veins are  banded  and  consist of several  phases of pale 
brown  to  cream  and  clear  chalcedonic quartz. Many 
veins  also  contain drusy cavities and bladed texlures 
(quartz  after  calcite or possibly barite). Sulphide  minerals 
were not  identified in the  veins, but there is 1  to 2% 
disseminated  pyrite in  the  hostrock. 

breccia  with apparent confornuty. Clasts in  the 
Polymictic cmglomerate overlies the  pyroclastic 

conglomerate a r e  pebble to cobble sized and well 
rounded, possihly milled, and consist of locally derived 
sedimentary,  volcanic and  intrusive  lithologies.  Clasts 
are rimmed and  cemented by banded  chalcedonic  quartz- 
adularia  veins  up  to  8  centimetres wide (Photo 6). 

averaged 19.5  g/t Au (Schmidt,  1987). 
Samples from a. 5-metre  trench  across  the  outcrop 

Visible mineralization  consists  of  traces  of very fine 
grained  pyrite  and  a  tarnished steel-grey mineral 
(possibly argentite) that comprise  dark grey bands 0.5 to 

2 millimetres wide, and rare  disseminated pyrite grains, 
within the  quartz-adularia  veins.  Dark grq features, 0.:; 
millimetres wide by 2 to 3 millimetr:~ long a n 1 1  
comprised of very fine grained pyrite and mssibly other 
metallic  minerals, are oriented  oblique  to  the d a s t  
margin  in  bands of white  translucent fine-g rained qututc 
closest  to  the  clasts.  Micron-size natkre gold a n 1 1  
argentite have been identified in  thin  section potter, 
1985). 

The  textures and style of mineralizatil a are sinudar 
to the  Tertiary Cinola gold deposit, @MU Charlott,: 
Islands that contains a resource of 40.7  rlullion tome; 
grading  1.65  g/t Au (Tolben and ;roc,  193.8). 

HAZELTON GROW EPITHERMAL 
PROSPECTS 

FAWN (MINFlLE: 093F 043:)  NTS 93F/O 1E 

The Fawn property is I m t e d  approrimately 120 
kilometres southwest of Vanderhoof.  It corlsists of seven 

Entiako  Spur of the  Fawnie Range. Th:  claims ,an: 
claims  totaling 140 units  covering  the ead end  of the 

underlain mainly by Lower  to Middle  Jurassic Hazehozl 
Group  felsic  to  andesitic plagioclase-phyric flows,  lapilli 
tu f fs  and  minor  argillaceous  sedimentar:, rocks. 'The 
stratified rocks are weakly to moderately nletasomatized 
and locally  homfelsed. Skam mineral  assemblage:; 
( W s i o n  skam), consisting of garnet, pynsxene, biotite, 
quartz,  epidote and  chlorite,  are locally det eloped in the 
thermal  aureole of the Jura-Cretacec us calx os^: 
batholith.  Hazelton rocks may be a relativldy thin ccrve: 
overlying  these  intrusions that  are exposfd both north 
and  south of Entiako  Spur A granodior Lte to drclitt: 
stock, probably related  to  the  batholith, and  Eocen:(?~ 
felsic  dikes,  locally cut the  slratfied rocks. 

hole, 617-metre drilling  program to test Giver zinc: 
In 1994, Western  Keltic  Mines Inc. COI (ducted a nix.. 

mineralization,  and VLF-EM and  arse,dc-zinc-k;ld., 
silver soil anomalies that were outlined  dtuing: 
exploration  progmms  carried  out  in  1991 md 1993 01' 
particular  interest was the Givcr zone, whe .e sample:; 01' 
clay and sericite-altered  volcanic rocks, c'Lt  by quartz.. 

0.6 g/t Au, 7.1 g/t Ag and 914 ppm As acrtss 8.2 metre!: 
sulphide  breccia  and stockwork zones (Phc,to 7), gra:lec 

(Awmack,  1991). Two holes,'drilled to intersect ~hc: 
Giver  zone  at  depth, cored about 20 metres of pervasird) 
clay and  sericite-altered  andesite.  Significmt width o!' 
siliceous  breccia and stockwork minerallzation ~XX;UI' 

within the  alteration; an 8.1-metre  intercept in one II~DI~: 
assayed 2.02 g/t Au and 25.2 g/t Ag (Baknes ant1 
Awmack, 1994b). A third  drill hole intersected  similar 
alteration  and  mineralization 160 metres lanher to rhc: 
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Photo 6. Two  samples of epithennal-style  mineralization from the 'discovery'  outcrop,  Trout  property: a) Polymictic  conglomerate 

hded quartz-adulaia vein  from  the  contact between polymictic  conglomerate  and  pyroclastic  breccia. 
showing  well rounded pebbles  and  cobbles  cemented by numerous  phases of chalcedonic quartz and  adularia;  b) 8 centimetre  wide 

Photo 7. Cut  and  polished  grab  sample  from  the  Giver  zone  surface  exposure,  Fawn  epithermal  gold-silver  prospect.  Bands of fine- 
grained  sulphide, that rim silicified  andesite  clasts, are composed  pyrite  and  arsenopyrite. 
Photo 8. Diamonddrill core  specimen h m  the  Giver  zone,  Fawn  epithermal  gold-silver  prospect.  Chalcedonic  and  comb quartz, 
barite  blades (ba) cement  intensely  silicified  volcanic  clasts.  Dolomite  rhombs  (do)  locally  line dmsy cavities. 
Photo 9. Exposure of massive,  fractured  vein quartz on the  Tsacha  epithermal  gold-silver  property. 
Photo 10. Rhyolite  breccia  from  the Christmas Cake base metal  silver  showing, Buck property,  Angular  clasts of rhyolite are 
cemented by semimassive  to  massive  sulphide intergrowths consisting of sphalerite,  pynhotite,  pyrite  and  galena. 
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west and helped outline  the  steeply  uorthdipping,  east- The Tommy  Lakes  are;^ is  underlain hy h4ddle 
trending  zone of siliceous  breccia. Jurassic  Hazelton G r o u ~  auartz and ~ e l d s ~ a r - ! ~ l ~ y r ~ c  .. 
brecciated lapilh. tuff. Sulphide  content  is about I%, and 

Breccia  zones  consist of grey, intensely silicified and 

consists mostly very  fine  grained  pyrite  that occurs as 
wispy coatings  on  angular  clasts  and  as  2-millimetre  and 
smaller  irregular  patches  distributed  throughout  matrix 
and  clasts. Traces of fine-grained  acicular  arsenopyrite 
partly  replace  clasts.  Sphalerite  and an unidentified  steel- 
grey mineral w:ur in  trace amounts.  Chalcedonic q m  
is the  dominant  gangue  mineral  and  is  cut hy comb 
quartz and  late  calcite  veinlets.  Quartz-lined drusy 
cavities commonly contain  rhombs of white  dolomite, 
clusters of suhhfdral  to  euhedral  barite  and  rare  grains of 
sphalerite  and  possibly ruby silver (Photo 8). 

MALAPUT (MINFILE  093F 056) NTS 93F/03E 

The  Malapnl  epithermal showing was discovered hy 
a Geological Survey Branch  re@onal  mapping crew in 
1993 (Diakow and  Webster, 1994). Western Keltic  Mines 
Inc. staked the  ground  shortly after information was 
released  at  the 1994 Cordilleran  Roundup.  The new 
claims  adjoin  the  company's Fawn claims  to  the  north 
(Figure 1). 

rhyolitic flows and  minor  ash-flow  tuffs (Diako;~ A d  
Webster, 1994). 

prospecting,  trenching  and rock chip mpling: W:LS 

In 1994 a  program  consisting of soil geocherms~i, 

conducted over the  'discovery'  outcrops. 'The first , ~ f  .It 

out  approximately 600 metres  sonttwest off the 
least two massive  white,  clystalline quan z veins, c:~rops 

easternmost  Tommy  Lake. This vein  is 0."5 metre wid:, 
sub-vertical  and  strikes  approximately 0:,Oo (Photo 9). 
The second  vein,  at  least ti metres acoss  inciudir~g 
stringer  zones,  crops  out  farther  to  the sou hwest and h ~ s  
a  similar  orientation  and  a  minimum  strikl:  length 1)1'7(10 
metres.  Sulphide  content OF the veins is less than 1%. 
Traces of pyrite,  chalcopyrite  and  tetrahec!rite  have  tm:n 
identified.  Vague  hands of earthy hemal te and  spar!^ 

typical  vein  material  ranged  in  grade  fron 2.5 to :I.? @It 
malachite  are  minor  vein  constituents. G: ab s a m p l ~  of 

Au and 1.4 to 41.8 gh Ag (L. J. Diarow, per!r)n,Il 
communication, 1994). 

In general  the  veins  trend  northerly : nd  the  syr,te:n 
appears  to  plunge to the  north.  Evidenc,: for this is a 

cavities,  the  presence of multistage  brecc,ation, an:l zn 
southward  increase  in  brecciation, bandng and dm!y 

trending zone of auartz and  sericite-altered felsic main vein and in  the  intensiw of clav  al  eration in  the 
The occnnence is  a weakly mineralized, east- increase  in the amount of qua& stringers outside: the 

volcanic  rock that crops out along an abandoned  drainage  wallrock. 
channel that dissects  the  property. The rock is  pale 
greenish  white  with  locally well developed,  delicate  silica 
stockwork. Ran: primary  textures  include  lapilli-size 
lithic  fragments, quartz eyes and an eastward-trending 
weakly developed  fabric that may be relict flow  banding. 
Fractures  are  coated  with  earthy  hematite  and/or 
pyrolusite. 

Vein structures  are open along  strik: to the m I h  
and  south.  Similar  veins have been disc wered  or  the 
Cogema Resources' Tam  claims  that  cove]  ground z1or.g 
strike to the  northeast  Teck  plans tc contima:  its 
trenching  program  into  the Fall  of 1994 Potential for 
discovery of additional ve:m is con!idered tcj 1% 
excellent. 

and  base  metals.  Sulphide  mineralization consists of 
The  altered  zone  is weakly anomalous  in gold,  silver 

traces of pyrite,  sphalerite  and  galena  associated with 
crosscutting  calcite  veinlets.  The  zone  has been traced for 
over 300 metre!; along  strike  and a width of 25 to 30 
metres. 

TSACAA (TOMMY - MINFILII:: 093F 055) NTS 
93F/03E 

discovered  several epithermal  quartz  vein and stockwork 
A Geological Survey Branch  regional mapping  party 

zones  in  the  Tommy  Lakes  area in 1993 (Figure 1). The 
veins  crop  out c a  hummocky, moss-covered knobs. The 
Tsacha 16-unit claim block was staked by Teck 
Corporation  inunediately  following  the  release of 
information  at  the 1994 Cordilleran  Roundup.  The 

claims owned by several Merent  companies. 
ground  surrounding  the discovery is now covered hy 

BEN (MINFILE:  093F 059) NTS 93F/07 C 

The Ben precious  metal  occurrence  (Figure 4) is 
located approximately 5 kilometres norti of Tattlkuz 
Mountain  and  is  accessible  from  the  Klusk  wOotsa f :,rest 
service  road  and Yellow secondary logg ng road.  The 
property, owned by 13HP Minerals Yanada Ltd., 
comprises 50 claim  units  that  were  explort  d  during, 195 1 
and 1992. 

Mineralized  outcrops were disco  iered dwing 
reconnaissance  exploratlou for volcano; :enic ma,;si\,e 
sulphide  deposits  in 1991 (Wesa  and St. Pierre, 1!192). 
Exploration focused on  quartz-sulphide :ones thal  a'e 
hosted by intermediate flow!;, related p~roclastics  and 
siltstones of the  Hazelton  Group. Thf se rocks are 
intruded by plutons of at least two ages: an Eocene botile 
hornblende  granodiorite,  and an older (Jur i-Cretawius?) 
monzonite. The  east-trending body  of Eccxne 
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granodiorite  underlies  the  northern half of the  property 
and  truncates  the  older rocks. A northwesterly  trending, 
steeply southwest dipping  foliation cuts the  older rocks. 
Hazelton  Group  rocks are commonly  hornfelsed near 
contacts with  the  intrusions  and  contain  up  to  several 
percent  biotite,  which  gives  the rock a brown to purplish 
cast. 

Precious and base metal mineralization occurs along 
a  north-facing  slope  within  foliated rocks 200  to 300 

Three showings, the Hooter,  Shawn and Creek showings, 
metres  south of the contact with  Eocene  granodiorite. 

crop  out  along  a  trend of approximately 150°, over  a 
strike  length of 80 metres  within  a  zone of quartz-biotite- 
altered  felsic tuff. Mineralization  appears  to  parallel  the 
foliation  at 14Oo-15O0. Disseminated  to  locally 
semimassive  quartz-sulphide  veins  or seams contain 
arsenopyrite,  pyrite and pyrrhotite, and  traces of 
chalcopyrite,  galena and  sphalerite. A 3.0-metre  chip 
sample  across  the Hooter showing assayed  0.7 g/t Au, 95 
g/t Ag and  0.2% P b ;  a loent imet re  arsenopyrite-pyrite- 
quartz vein  in  biotite  monzonite  assayed  3.7  g/t Au and 
5.2 g/t Ag (Wesa and St. Pierre, 1992). These zones are 
also  anomalous  in  arsenic,  zinc,  antimony  and bismuth. 
The  highest gold  value  recorded on the  property was 
from  a  polymetallic  float  boulder  that assayed 12.4 g/t 

anomalous levels of zinc,  antimony  and copper (Wesa 
Au, more than 200  g/t Ag, over 1% arsenic  and  lead,  and 

and  St.  Pierre, 1992). 

Molybdenum occurs in  trace amounts throughout  the 
altered  monzonite, as  disseminations  and  coatings on 
fractures. It is commonly  accompanied by traces of 

potential of the  property has not been explored by the 
pyrite, pyrrhotite  and arsenopyrite. The porphyry 

company,  although  occurrences  several  kilometres  to  the 
north (CH and  Chu)  have  been  investigated  for  porphyry 
molybdenum and copper  deposits  (Figure 4). 

APRIL ("FILE: 093F 060) NTS 93F/07E 

located 101 kilometres  southwest of Vanderhoof. Access 
The April  precious and base meml showing  is 

to the property is by the Kluskus-Ootsa forest  service 
road that passes within  3  kilometres of the  occurrence 

north-northwest  the remaining few kilometres  to  the 
(Figure 1). A  partly  overgrown  exploration road extends 

showing. Outcrop  is sparse due to  extensive  glacial  drift 
and forest  cover. 

The April showing  is hosted by Jurassic  Hazelton 

The  vein  is exposed discontinuously over a  15-metre 
strike  length  and  varies in width up to  a  maximum of 1.8 
metres. It  pinches out abruptly  to  the north and  is covered 
by overburden  to the  south. Subcrop of narrow quartz- 
pyrite-chalcopyrite  veins occurs  along  strike to the  south. 
Sulphide  minerals  present, in order of abundance,  are: 
sphalerite,  pyrrhotite,  pyrite,  galena,  arsenopyrite  and 
chalcopyrite. 

c I 1  
Figure 4. Location ofApril and Ben showings (diamonds) 
relative to an east-trendmg elongate body of Eocene 
grancdiorite  (stippled pattern with approximate  contacts). 
Rocks  to  the north and south of the  intrusion  are  Jurassic 
Hazelton Group intermediate volcanic and tuffaceous 
sedimentary rocks. Location ofthe Chu and CH molybdenum 
and coppper porphyq prospects (circles)  are shown for 
reference. 

The  most  recent work was  a  three-hole,  157-metre 

Exploration  Ltd. in 1984 (Zbitnoff and Williams,  1985). 
diamond  drilling project  conducted by Granges 

The best  assays from  diamond  drilling were 2.95  g/t Au, 
4.0 g/t Ag and  0.77% Zn over  0.57  metre; and 1.4 g/t 
Au, 573.5  g/t Ag, 15.96% Zn and  15.83% Pb over 0.3 
metre. 

Group rocks about 1 kilometre north of an east-trending 
bodv of Eocene rrranodiorite I F i w e  4).  The hostrock is a __ --__-_- HAZELTON  GROUPSTRATABOUND (?) 

@e;-weathering, thinly  bedd&';uffaceous  limestone  that 
strikes 305" and  dips steeply  to the  northeast. BUCK (MINFILE:  093F 050) NTS 93F/03E 

YKUSY%CIJI 

massive  sulphide  that  dips  vertically  and strikes at 320". straddle  Fawnie Creek and  the Kluskus-Ootsa  forest 
The prospect is  a  lens or vein of massive to semi- The Buck  property  comprises  80 claim  units  that 
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service  road  south of the  junction of the Kluskus-Malaput 
and Kluskus-oOtsa forest  service roads about  120 
kilometres  southwest of Vanderhoof  (Figure 1). In early 
1994,  Western  Keltic  Mines Inc. completed  a  program 
that  included  soil  sampling,  mapping,  prospecting,  and 

exploration  in 1992 that resulted in  the discovery of 
magnetic  and VLF sweys. This program  followed 

stratabound pyrrhotite, write  and sphalerite 
mineralization d l e d  the  Run zone  (Caulfield, 1992). 

The Buck claims are underlain by Lower to Middle 
Jurassic  Hazelton  Group  felsic  to  intermediate  flows  and 

fossilliferous  volcaniclastics  (Diakow  and Webster, 
lapilli tuf€s and  fine to coarse-grained, locally 

1994).  Regionally,  these nnits are broadly folded. On the 
property,  bedding typically strikes  north-northeast  and 
dips gently  to the east. Post-Early  Jurassic  intrusions  crop 
out in  the  south  and  northeast parts of the property. 

The  Run zone  (Figure 5 )  crops out discontinuously 
and  is exposed in several hand-excavated  trenches  along 
a  northerly  trend  for  about 450 metres  (Caulfield, 1992). 
The  true  width of the  zone  has not been determined. 
Mineralization w%urs in clay, sericite,  chlorite and silica- 
altered  lapilli tuffs, tuffaceous  siltstones and  argillites 
that  overlie  flow-banded rhyolite. One  trench  exposes 
rusty weathering, weakly mineralized  argillaceous 
siltstones that contain 2% fine-grained  disseminated 
pyrrhotite  and pyrite, and 1% disseminated dark 

of disseminated pyrrhotite and sphalerite, are exposed in 
sphalerite.  Float 'bulders, containing conformable  bands 

a  roadcut  along  the Kluskus-Ootsa forest service road 
(Baknes and Awmack, 1994a). They are presumably 
derived from  the west-facing hill side west  of the Rut1 
showing (West Slope) and  expand the size of the 
exploration target.. 

The  Christmas Cake  showing,  discovered  during  the 
1994 exploration  program, is approximately 300 metres 
southeast of the Kutt zone. It consists of stockwork and 

brecciated  felsic tutfs that are exposed in two shallow 
semimassive to massive sulphide mineralization in 

trenches.  Mineralization consists of intergrowths of 
sphalerite, pyrite, chalcopyrite, pyrrhotite and  galena that 
are  the  matrix for angular  clasts of rhyolite tuff (Photo 

vuggy fine-grained milky white  quartz-flooded  zones. A 
IO). The Same  c;ulphides are disseminated  throughout 

LTab sample  from  one of the  trenches assayed 541 g/l Ag, 
7.38% Zn and 2.:!5% Pb (Baknes and Awmack, 1994a). 
Outcrop  exposure is poor in the area of the  showing and 
the  trend of the: mineralization  is not known. The 

a quartz feldspar porphyry intrusion. Its genetic 
Christmas  Cake  showing  is  less than 100 metres west of 

Unknown. 
relationship  to  the  intrusion  and to the  Run zone is 

Galena  lead  isotope  data from the  Christmas  Cake 
showing  will be compared  with data from  the 
Blackwater-Davidson and Capoose prospats. 
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Western  Keltic  Mines Inc. has recently granted 
Brazos Pacific Corporation an option to ;,cquire a 5,0% 
interest in the Buck property  (UcInnes,  1594). Plam are 
being  finalized  for  a backhoe trenching  pr,)gram, fix the 
fall of 1994 or winter of 1995; that will tes,t the  extent cd 
the  Christmas Cake and Rut1 showings. A three-lholt:, 
550-metre  diamond  drilling  follow-up  pr~)gram is; a lso  
planned 

1 c 

i \ y  
\ a  

Figure 5 .  Location of the Rutt ad Chrishas < &e shouiilgs 

relationship to the quartz porphyy intrusion (s ippled) in 
Buck claim group, map sheet 93FnE. Noe the spaiia: 

northeast comer of the map area (modified a!lr Baknes ~ l n c  
Awmack, 1994a). 

CONCLUSIONS 

Nechako  Plateau  region  occur in three ages of hosUor:k: 
Epithermal  precious  metal occurre1 ces in the 

Eocene Ootsa Lake  Group,  Cretaceous K;,salka Group 

volcanic  and associated  sedimentary rocks h )st numerous 
and  Jurassic  Hazelton  Group. Ootsa Lake Group ac:id 

low-grade  gold-silver  occurrences  and may be the inost 
prospective geology for  heap leacheatle deposits. 
Discovery of bonanza  vein sysrems is also a possibility. 
Cretaceous and  Jurassic  andesitic volcani?: rocks host 
several epithermal  precious metal prospezs  that are 
generally  higher  grade  than  the  Eocene occu Tences. 
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Precious metal bearing quartz-chalcedony(k Baknes, M. E. and A w c k ,  H. J. (1994a): Geological, 
adularia) veins, stockworks and breccia zones are 
typically low-sulphide and display classic  epithermal 

Geochemical  and  Geophysical  Report on the Buck I 4  

textures  such as banding and drusy cavities. Base metal 
Claims;  unpublished  company report, Western Keltic 
A4ines lnc. - 

content is generally low, suggesting that  the systems are Baknes, M, E. and H. J, (1994b): near surface (< 1 km deep). Hostrocks are typically 
intensely fractured and brecciated. Barren or weakly 
anomalous clay and sericite-altered wallrocks surround 

(ieochemical  and  Diamond  Drilling  Report  on  the  Fawn 
1 - 7  Claims;  unpublished  company  report, Western 

mineralized silica-rich and/or silicified zones. 

The Ben and April precious and base metal vein 
prospects are high-sulphide systems and contain 

epithermal systems. 
significant base metals. They may represent deeper level 

Barber. R.  (1989): Geological  and  Geochemical  Report on the 

Petroleum Resources, Assessment  Report  19627. 
Holy Cross  Property; B.C. Minishy  ofEnergv, Mines and 

Bohmc, D. (1988):  Geological,  Geochemical  and  Geophysical 
Report  on the White  Claim  Group; B.C. Ministry of 
E n e w ,  Mines and Petroleum Resources, Assessment 
Report 1x191 

Stratabound base metal and silver mineralization is 
present in the  Jurassic  Hazelton Group interlayered 
sedimentan and volcanic rocks. ~~~ ~ ~~~ 

The porphyry copper and molybdenum  potential of 
Cam, R. M.  (1987):  Oboy  Joint  Venture  Diamond  Drilling 

1987, Nazko, B.C.; B.C. Minishy  ofEnergv. Mines and 

Petroleum Resources, Assessment  Report  16962. the region remains largely  untested. 

and case study  geochemical  surveys and mineral deposit 
studies  continue to spark exploration in the region. As a 
result the Nechako  Plateau area is  being evaluated more 

New information mapping,  Caulfield,  D. A. (1992): Geological  and  Geochemical  Report on 
the Buck 1 - 4  Claims; B.C. Ministry ofEnergv, Mines 
and Petroleum Resources, Assessment  Report  22569. 

fully. Cook, S .  J. and  Jackaman, W. (1994): Regional Lake Sediment 
and Water Geochemistlv of !mi of the Nechako River 
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UPDATE ON 1994 LAKE  SEDIMENT GEOCHEMISTRY STUDIES 'IN THE 
NORTHEKN INTERIOR PLATEAU, CENTRAL BRITISH COLUMBIA (9317) 

By Stephen J.  Cook and Michelle E. Luscombe 

KEYWORDS: Applied gcochemisuy, lake sediments, 
Nechako Plateau. gold, mineral deposib, lilnnology 

INTRODUCTION 

geochemisuy have focused on Shield and Appalachian 
Most Canndian studies of I&c sediment 

environments of eastern aud northern ('anada where 
there are considerable  differences in  climate, 
physiography and surficial geology relative to the 
Cordillera. Here. pmspects such as the Woll (I)awson, 
1988) and Fawn (Hoffinan and Smith, 1982) epilhennal 
precious  metal occurrences in the northern  Interior 

lake sediment surveys, but there have been lcw detailed 
Plateau were di,icovered by mineral industry regional 

orientation  studies and case histories from  which to 
fonnulate  exploration  models for the area. These studies 
are imporcant for successful applicatiou of  lakc sedilncnt 
geochemisuy  surveys at both  regional and property 
scales. 

Interior Plat8:au field studies wcrc  first  conducted i l l  

Development Agreement (MDA). Their pul-psc is t o  
I992 a s  p x t  of  ihe Chada - Brilish ('olulnhi:t Mincr;;ll 

investigate the efrectiveness of lakc sediment 
geochemistry in reflecting the presence of known mincral 
prospects, and to guide the design and ilnplelnenlalion of  
provincial  regional geochelnic;d  surveys (Cook, 1993). 
Results were  applied tn regional I;ke sediment surveys 
conducted the lollowing year, which  indicaled UIC 
locations of most knowu prnspects and delineeled scver;ll 

1- K I  

1994 case study locations 

I Lake3031 
2 Lake3087 

4 Lake 1259 
3 Lake1138 

6 Kuyakuz  Lake 
5 Cow Lake 

7 8 CHI  CH2 & 
0 Ch,,t;l"li I ;I*- 
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they include those lakes with relatively large  watersheds 
receiving water from both surface  influctlts and 
subsurface seepage. The iuflux of suspended particulate 

difference between these and seepage lakes. (;round 
mineral and  organic matter in stream  waters is a major 

waters play a major  role in transporting  metals t o  a l l  lake 
basins  (Hoffman and Fletcher, 1981) and thcrc is a 
certain m o u n t  of overlap  between the two  lake types. For 
example, Boyle (1994) has further suhdivided 1,akes into 
six varieties 011 the hasis of  relative  ground  water  and 
surface  water  input. A useful discussion on variations in 
geochemical  input  to  lake  basins is provided hy Earle 

the geochemical  differences between seepage and 
A series of  case studies were conducted to docutnent 

drainage lakes, and to provide data 011 which to haye 
geochemical  exploration reconmendations for these and 
other  areas in the  northern  Interior  Plateau.  Two maill 
issues were considered: 

The existence of systematic  differences in metal 
distrihution  patterns between drainage l eaks  and 
seepage  lakes. Spatial relationship of these  patterns 
with hasin  morphology, topography and stream 
inflows will influence  geochemical data 
interpretation and subsequent exploratiotl Inctllods. 

The form of  gold transport  into dr:dnage lake 
hasins hy strean waters: in solution. suspension o r  
some  comhination 01- the two. 

(1993). 

SCOPE OF 1994 FIELD STUDIES 

Orictllation  studies of nine lakes were carried out 
during the period late July to late September, 1994 

collected at 266  sites  (Tahlc I). The k k e s  included: 
(Figure I ) .  A total of  362 mliment samples were 

Four small unoaned  seepage I'akes. 
Two large drainage  lakes  (Kuyakuz I A e ;  (low 
I,*e). 
Three kakes sampled to provide data 
co~npletnentary to prior case studies  of lakes 
adjacent to porphyry prospcts (Cook, 1993). and 

(ieological Survey Branch  (Giles ;md Levson, 
to ongoing  glacial  dispersal  studies of the 

1995; Giles P I  d., 1095) and tlle University of  New 
Brunswick (O'Brien e /  u l ,  1995; Weary rf ul., 

Surveys o f  the six seepage and drainage  lakes  are  the 
1995). 

n u i n  f h ~ s  of this paper. These  were  chosen on the basis 
ol appnrent flow type and regional lake sediment 
geochemistry  results (Cook and  Jackanan, 1994a). All 
six contaiu elevated concenuations of gold auld associated 
elements  such as arsenic,  antimony and/or molybdenum 
in centre-lake  or  centre-basin  sediments. The four 
sccpagc I'xkcs spm a range of physiographic 
environments. m t l  include both eullophic m d  
unstratilied  variants. N o  iittelnpt wih Inadr to choose 
lake\ lrwn ;unong lllc limoologicill groupings of 
(;intautas (10x4) or i k l c  (1093).  'l'he third  group of 
lakes arc in Cllc vicinity 01 UK (.I3 porphyry copper- 
lnulybdenuln prospect  (MINFILE 093F 004), where  prior 

TABLE 1. SUMMARY  LISTIN(; OF LAKES SURVEYED: 1994. 

Lake Name NTS Trophic Stabs Lake  Size Maximum Sediment  Sediment  Temperaturs 
(km2)  Sample  Sites  Samples andOxyger 

Depth ( 4  Profiles 

A) 
Drainage  Lakes Kuyakuz Y3F02 Unstratified > 5 16 69 94 3 

COW Y3F03 Unstratified' 1 to 5 15 50 68 

Seepage  Lakes 

Lake  1138  93F03  Unstratified ~ 0 . 2 5  3.5 15 21 1 

Lake  3087  Y3Fll  Eutrophic < 0.25 7.5 24 32 5 

Lake  3031  93F06  Eutrophic < 0.25  5.5 13 17 4 

Lake 1259 Y3F02 Unstratified < 0.25 3 17 23 1 
Subtotal: 188 255 14 

B) 
CH Area 

CH-1 Y3F07 Unstratified < 0.25 6 19 25 4 
Chutanli Y3F08 Unstratified 1 to 5 10 50 70 7 

CH-2 Y3F07 Unstratified < 0.25 4 9 12 2 
Subtotal: 78 107 13 

Total: 266 362 27 

Nurnherul lakes refer 10 regional site Iocatims ofl'ook ; ~ M I  Jackaman (IY)3a). 
*After data ofl'oomhea (1986). 
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lake sedirneut studies have  heell surnnmizcd hy I;uk 
(1993). l'hcse wi l l  he the suhject  of:^ future paper. 

FIELD AND LABORATORY 
METHODO1,OGY 
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SURFICIAL GEOLOGY AND DRIFT EXPLORATION STUDIES I'V THE 
TSACHA LAKE AND CHEDAKUZ CREEK AREAS (93F/2,7), CENTRAL 

BRITISH COLUMBIA 

By T.R. Giles, V.M. Levson and G.F. Weary 

KEYWORDS: Surficial geology, drift prospecting 
potential, till, diamicton, glaciofluvial outwash, 
glaciolacustrine  sediments, applied geochemistry, 
mineral dispersal,  dispersal trains 

INTRODUCTION 

Quaternary geological investigations were 
undertaken in NTS areas 93F/?. (Tsacha  Lake) and 

Plateau, funded in part  by the CanaddBritish Columbia 
93F/7  (Chedakuz  Creek;  Figure 1) in the Interior 

Mineral Development  Agreement  (1991-1995). The 
Interior Plateau prqject has three other components: 
bedrock geology, lake sediment geochemistry and 
mineral deposit studies (see Diakow et al., Cook and 
Luscombe, and Lane and Schroeter, respectively, 1995, 
this volume). Previous surficial peology studies as part 

studies in 93F/3  (Fawnie  Creek) in 1993 (Giles and 
of this  program include mapping  and  till geochemistry 

Levson, 1994aJ1; Levson and Giles, 1994; Levson er al., 

respectively; Giles and Ken, 1993, Kerr and Giles, 
1994), 93Cll :and 8 (Chilanko Forks and Chezacut, 

Mountain, respt:ctively; Proudfoot, 1993, Proudfoot and 
1993a.b) and 93C19 and 16 (Clusko River and Toil 

Allison, 1993aJ)) in 1992. 
A thick mantle of drift and widespread Neogene 

lava flows  has hindered mineral exploration on the 
Interior Plateau. The geological, geochemical and 

1 '\; i' r[ n &I".- ,/ 
U 

Figure I :  Location map of Tsacba Lake (93Fi2) and Chedakuz 
Creek (93F/7) map sheets. The 19!)3 study area. 93Fi3, and 
the 1992 study areas 93Cil. 8.9. 16 are also shown. 

geophysical databases in the region were until recf:ntly 
lacking in detail;  the comhind efforts of .he Geolo!icil 
Survey of Canada  and the British Colum7ia  Geolozicrl 

provided much new information. The 1: ck of nuieral 
Survey Branch, under the auspices of ti e MDA, have 

exploration in this area is a measure of he diffilxltics 
involved and a perception of better char8ces e l s e w k n  
Now, as the inventory of easily ex')lorahle i;mrls 
decreases, new exploration methods are  hang devr:lc~pf:d 
in areas previously avoided. 

93F/2 and 7 in order to understand the glacial histo'y 
Surficial geological mapping  was comp1et':d o n  

case study work  was conducted near 'nown nunefal 
and  aid i n  interpreting till geochemical data. D~:tailr:d 

prospects to help  define models of glaci; I dispersal and 

geochemical distribution pat.terns (O'Bri :n et a l . .  19'15 
evaluate the effects nf surficial processes on 

this volume). 

Compile 130 000 silrflcial geohgy map:; (of 
the Tsacha Lake (931;/2) and Che  lakuz  Creek 

sedimentologic studies of Quaterl ary deposits 
(93F/7) areas, couduct stratigraphic and 

in the area, and define  the glacia history and 

Complete a regional (130  000) ill sampling 
ice-flow patterns. 

series of till geochemistry maps  and repcrts 
program  for 93FD and F/7 ani1 produce a 

Develop and refine  method; of ,J.-ift 
for mineral exploration putposes. 

exploration applicable to the Int,!rior Platmu 
region by conducting detailed Zase studies 
around known  miner,al prospects. 

This years objectives an: to: 

STUDY AREA 

west-central part of the Interior Plateau  (Holland, 1'975). 
The study area lies on the Nechakc Plateau, .n Ihe 

The Fawnie  Range trends south-sol theast I)II  \he 
southwest side  of the area and the IJechako R a g e  
parallels this on the northeast side (3gure i.), The 
highest peaks are Mount  Ilavidson  at an elevation of 
1861 metres (6107 feet)  in the Faunie Rang: ;.nd 
Kuyakuz Mountain at 1781 metres (51;42 feet) i n  the 
Nechako Range. The Fraser Plateau real hes as f u  ncrth 
as the Blackwater River  across the souhern portion of 
the area. The Chedakuz valley extmds through  the 
centre of the  area,  from the Blackwater River nc.rhuest 

by  the  Fawnie and Nechako  ranges. 1:hedakur: I X e k  
to the Nechako Reservoir ind  is  flankti on eithra. side 

flows south from the east side of Kuqakuz Molmt;un, 
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Figure 2: General physiography of the Tsafha Lake-Cbedakuz 
Creek area. Light shading represents  areas  with  elevations 
above 1220 metres (4000 feet) and darker shading areas in 
excess of 1520 metres (5000 feet). Major esker complexes  and 
locations of sections noted in the text  are also shown. 

north  through Kuyakuz Lake to Tatelkuz Lake and  then 
northwest until  it  finally empties into the Nechako 
Reservoir. The Fraser  Plateau  and the southern flanks of 
the Fawnie Range drain into the Blackwater River which 
flows east into the Fraser River. The lowest elevation in 
the area is on the Nechako Reservoir, around 915 metres 
(3000 feet). Valleys in the area are broad with gently 
sloping sides reflecting glacial modification. During 
Late Wisconsinan glaciation, ice moved into the  area 
from the Coast Mountains before flowing  further  north, 
northeast and east onto the  Interim Plateau (Tipper, 
1963,1971). 

The study area is approximately 100 lulometres 
southwest of Vanderhoof and  is accessed by the 

is  good for most of 93F17 but much of  93Fl2  is unlogged 
Kluskus-Ootsa forest service road. Logging road access 

and accessible only on foot. 

METHODS 

preliminary interpretation of air photographs (suites 
Surficial geology mapping was completed by 

BC87050, BC88074  and  BC88075), field checking and 

200 

Figure 3: Location  map of sample  sites in the study area, 

Quaternary exposures in the  study area. Ice-flow history 
stratigraphic and sedimentologic investigations of 

was largely deciphered from the measurement of the 

and striae. 
orientation  of crag-and-tail features, flutings, drumlins 

Basal till samples (each 3-5 kg in weight) were 
collected for geochemical analysis in order to detect 
buried mineralization. Sampling was conducted mainly 

clear-cuts. Trail bikes, boa6 and helicopters were also 
in truck accessible areas near  logging roads and  forest 

used  where feasible. Numerous foot traverses were 
completed in otherwise inaccessible regions. Sample 
locations were selected to obtain complete  coverage of 
the  map area, with the greatest density of samples along 

direction (Figure 3). Where roads parallel the former ice 
transects perpendicular to the established ice-flow 

closely spaced samples would repeatedly represent  the 
flow direction, wide-spaced sampling was  used,  as 

same terrain directly up-ice  and  therefore  duplicate each 
other.  An intermediate sample spacing was used on 
transects oblique to flow. 

horizon, which is comparatively unaffected by the 
Samples were collected from  the C mineral soil 

pedogenic processes operative in the A and B-horizons 
(Agriculture Canada  Expert  Committee on Soil Survey, 

natural and man-made exposures (roadcuts, streamcuts, 
1987; Gleeson et al., 1989).  Sample sites consist of 
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lake shores, borrow pits, soil pits and trenches). Sample 
depths in soil pits vary from 50 to 150 centimetres, 
averaging about 1 metre and are almost always greater 

plotted on a 150 000 topographic base map with  the  aid 
in roadcuts  (up to 8 m). Locations of sample sites  were 

of air photographs. A  total of 1195 till  samples were 
collected in 93Fi2 and 206 in 93F/7, for  a total of 401 
samples through(mt the study area (Figure 3). A density 
of approximately one sample per 5 square kilometres 
was achieved. Higher density sampling was conducted 
in areas of petceived higher  mineral potential and 
around  known  mineral prospects to provide a clearer 
understanding of glacial dispersal processes. At each 
sample site, da1.a collected included descriptions of 
sediment type, primary and secondary strnctures,  matrix 
texture, presence of fissility or jointing, compactness, 
topographic pos.tion,  slope and  :aspect,  and sediment 
genesis and thick.ness. Further information was noted on 
surrounding vegetation, soil horizons, oxidation, 
bedrock striae and bedrock lithology. 

mesh (<62.5 pm), This fraction was analysed by 
Till sampler: were dried, split and  sieved to -230 

instrumental nelltron activation analysis (INA) and 
inductively coupled plasma analysis - atomic  emission 
spectroscopy (ICP-AES) for a total of 47 elements. The 

phyllosilicates which are generally enriched in  metallic 
-230 mesh fraction is frequently dominated by 

elements (Shilts, 1993) and  for  this reason is  the 
preferred fraction to analyse. Half of each sample split 
was reSeNed for grain size or other follow-up analyses. 

conducted at thxe mineral prospects: CH (MINFILE 
Detailed till and soil geochemical sampling was 

93F 04), Uduk Lake  (MWFILE  93F  057) and Pem 

al. 1995, this ,iolune). Follow-up studies based on 
(Blackwater-Dayidson, MINFILE 93F 037,  O'Brien et 

results from  the Fawnie Creek snrvey of  1993 (Levson 
et al. 1994) wete also completed to document mineral 
dispersal proces!;es. These  include surveys on the  Wolf 
(MINFILE 93F 1)45), Malaput (MNFILE  93F 056) and 
Buck (MINFILE: 93F 050) prospects and  the Van Tine 
and Cigar anomalies. Two further  investigations were 
completed north  of the Nechako Reservoir: on the 
Yellow Moose property ("LE 93F 058) and on the 
Stubb property, Eighty-five samples were collected 
along linear or fan-shaped traverses to document glacial 
dispersal and transport distance at these sites. 

SAMPLE  MEDIA 

Sampling was restricted to basal tills  rather  than 
other  types of surficial materials for several reasons 
(Giles and Levson, 1994a): 

Basal tills are deposited directly down-ice 

materials dispersed within these tills can be 
from their source and therefore mineralized 

more readily traced to their origin than  can 
anomalies in  other sediments. Processes of 
dispersal in  ablation  tills, glaciofluvial, and 
glaciolacustrine sediments are more complex 

than  basal tills. 
and  they are typically more distally derived 

Dominance of one regional ice-flo N duectiorl 

resulted in simple linear, down-ice ransport ( f 
throughout much of the last  glacial period ha!: 

material. This makes tracing of basal till 
anomalies  to sonrce relatively eas:' compaterl 
to areas with more complex ice-flow histories. 
Due to the potential for deve1opmL:nt of large 
dispersal trains, mineral anomalil s in basal 
tills  may he readily detected j n  region:tl 
surveys. 

ANALYSIS OF CLASTS IN TILLS 

A  new field procedure introduced this seasor, 
included an evaluation of clats in the  till i t  each sanpl: 

decipher patterns of glacial dispersal, letermine th: 
site. The objectives were to look for mint ralized cl ist! , 

distances of glacial transport and rates of clast ahrasiol 
and rounding, and relate till-clast  lith31ogy to th: 
bedrock lithology to aid in bedrock  napp ping. T h z  
procedure involved field identification of lithol:~g),, 

categories of clasts: 1)  pehhk-sized clasts af local I)r,igin 
angularity  and  abrasion chaacteristics o ' each o f  liv: 

in the basal  tills (e.g. angulaf clasts lackil  g  evidertcf: c f  
glacial transport; 2) cobble to boulder sized surface 

rocks of Coast Mountain origin); 3)  cobt le to boulder- 
erratics  of presumed supraglacial dista. origin :.y. 

sized clasts showing abundant eviden :e of g 1 X M  
abrasion (e& heavily striated and faclted Chilcotin 
hasalts); 4) clasts of  any size or shape shoving evi8J:nce 
of potential mineralization (e& sulphidfs, heavy iron 
oxidation, dNSy quartz); and 5 )  other ,ock type:;. A 
visual survey of a wide :uea around  the sa nple sites 'vas 
conducted to locate rocks of category 4, I he main f:ms 
of the sampling program; these clasts v'ere described 
and collected for assay. These data will be usefu: fta 
tracing mineralized float to its source and  to  help 
determine bedrock lithology where  expo :we is linlited 
due to drift cover. 

SURFICIAL GEOLOGY 

Different types of sluficial sediments lave dislinctly 
different provenances based on their transportation and 
depositional histories. Six genetic categorles of SurfiCi:d 
sediment were defined and mapped in t h :  study region: 
morainal, glaciofluvial, glaciolacusb ine, flu!lial, 
colluvial and organic sediments. Subdi M o n s  within 
these categories were noted and mapped a xordingl).. 

MORAINAL  SEDIMENTS 

morainal sediments are the most widesprt ad Quatl:tnwy 
Surficial geology mapping in  the %ea shows thlt 

deposits. They form a cover of variable U ickness af:ro:;s 
much of  the area and  may  occur as hum locky, kellai, 
fluted or relatively flat topography. In the Chedakm 
valley, till thickness  varies from a few to several m:tr~:s 
in  low-lymg area to less than 2 metres in  upland  rel:iolls 
and  along steep slopes. Morainal ;ediments are 
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commonly overlain by glaciofluvial outwash or a 
glaciolacustrine veneer at lower elevations. 

recognized a compact, fissile, matrix-supported, sandy 
Two distinct facies of morainal sediments are 

silt diamicton and a loose, massive to stratified, sandy 
diamicton. The first is interpreted to be basal lodgement 
and/or melt-out till  and the latter to he glacigenic debris- 
flows and resedimented deposits. Basal tills seldom 
occur at the surface, usually being overlain by glacigenic 
debris-flow  deposits and, on slopes, by resedimented 
diamictous of colluvial origin. 

Basal tills are moderately to well compacted but 
range from weakly consolidated to very compact or 

exists in the majority of samples, although  they are 
overconsolidated. Moderate to strong platy fissility 

occasionally weakly fissile or nonfissile. Weak to  very 
strong oxidation, characterized by red-brown staining, is 

joint planes  and horizontal partings. Subhorizontal 
common and  can occur pervasively or along vertical 

in  clay-rich  till. Clasts in  the basal tills range in size 
slickensided surfaces are sometimes present, especially 

large  pebbles dominating most exposures. As much as 
from small pebbles to large boulders with medium to 

50% of the till may be comprised of clasts, but most 
exposures have between 10 and 30%. Striated, faceted 
and embedded clasts are common and  typically  up to 
about 20% of the clasts are striated. Striated clasts are 
commonly flat lying and bullet shaped, and may be 
aligned parallel to ice-flow,  Crude bedding, locally 

percentages of small pebbles in some beds. Lower 
visible in the diamicton, is indicated by higher 

contacts of basal till units vary from sharp and planar to 
grddational and irregular. Where till overlies competent 
bedrock that  was abraded slowly by sediment-rich basal 
ice,  there  is a clear  and sharp contact. 

Glacigenic debris-flow  deposits are loose to  weakly 
compacted and are either massive or interbedded with 
stratified silt, sand or gravel. Clasts vary in size  from 
small pebbles to large boulders but are usually medium 
to large  pebbles.  These diamictons typically  contain 20 
to 50% clasts although up to 70% are present locally. 

local angular clasts may also occur. Typically up to 10% 
Subangular to subrounded clasts are most common, but 

sand and gravel occur in  many exposures and  may he 
of the c la t s  are striated. Lenses  and beds of sorted silt, 

continuous for up to 5 metres, although  they are must 
frequently 10 to 100 centimetres wide. Debris-flow 
deposits may exhibit weak to very strong, preferential 
oxidation along the  more permeable sand and gravel 
beds. Debris-flow units have gradational to clear lower 
contacts and typically overlie basal till  or  occur  within 
glaciolacustrine or glaciofluvial sequences, such as in 
the Chedakuz valley,  at elevations below 1040 metres 
(3400 feet). At one exposure along Chedakuz  Creek 
(Figure 2, section 94-05) a silty-sand diamicton, 2 to 3 
metres thick, with a broad, trough-shaped, erosive lower 
contact, overlies ripple-bedded, fine sands. Thk 
diamicton is  loosely to moderately consolidated, matrix 
supported and contains up to 40% subangular to 
subrounded clasts. A  thin bed of gravel overlies  the 
diamicton and  fills in  an incised channel, 2 metres deep 

by 5 metres wide. Low consolidation, sandy matrix 
texture, stratigraphic associations and channelized form 
of the cliamicton suggest that it is a glacigenic debris- 
flow deposit. Similarly, on the  east  side of the Chedakuz 
valley  north  of Tatelkuz Lake (Figure 2, section 94-10], 

overlain by a poorly exposed bed of massive, matrix- 
a unit of horizontally bedded sand is erosionally 

supported, sandy diamicton, 0.5 to 1.5 metres thick. 
This diamicton contains up t o  30% subangular to 
suhrounded clasts, is moderately compact  and contains 
lenses of coarse  sand. A second  sand bed, 3 to 5 metres 

by a pebble-cobble gravel. The presence of sand lenses 
thick, overlies the diamicton and the section is capped 

within the diamicton, sand beds above and below  it,  and 
its moderately compact nature suggest a glacigenic 
debris-flow origin. 

GIACIOFLUVIAL SEDIMENTS 

Glaciofluvial sediments are common in valley 
bottoms  and along valley  flanks, occurring as eskers, 
kames, terraces, outwash fans and plains. They consist 
mainly  of poorly to well sorted, stratified, pebble and 
cobble gravel  and sand in deposits  up to 10 metres thick. 
Clasts are  mainly rounded to well rounded and vary in 
size from small pebbles to cobbles with rare boulders. 
Structureless or crudely bedded,  small-pebble to  cobble, 

deposits are interbedded with glacigenic diamictons 
sandy gravel beds are common. Frequently these 

indicating that  tbey are proximal outwash deposits. 
Hummocky topography, consisting of ridges or hills of 
sand and gravel with large intervening depressions 
(kettle holes), is commonly associated with these 
deposits and indicates the presence of ice blocks. 

channels, deeply incised into the morainal blanket, 
On the eastern flank of Mount  Davidson, meltwater 

extend northward into eskers formed under  stagnant  ice 
masses  in the Chedakuz valley (Figure 2). A large esker 
complex also occurs on the western margin of Chedakuz 
valley where Top Lake valley cuts through the Fawnie 
Range. The  eskers fan out into the Chedakuz valley, 
indicating that they were formed subglacially by waters 
flowing out of the  Top  Lake valley. As the glacier 
retreated up  Top  Lake valley, stagnant ice remained in 
the Chedakuz valley and impounded drainage in the Top 
Lake region (Giles and Levson 1994a). 

GOLCIOIACUSTRINE 
SEDIMENTS 

Chedakuz valley up to an elevation of approximately 
Glaciolacustrine sediments are found throughout the 

1070 metres (3500 feet). Glaciolacustrine sediments 
were also found  in the  Top  Lake valley. They  include 

horizontally laminated fine sands, silts  and  clays. 
horizontally to  wavy bedded, fine to coarse  sand and 

beneath a 1 to 3 metre thick diamicton. Up  to 2 metres 
At section 94-05 (Figure 2), 6 metres of sand occurs 

of subhorizontally laminated clayey silt, with numerous 

the diamicton. The basal unit  is interpreted to he 
sand  and pehble lenses as well as  rip-up clasts, overlies 
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deposited as glaciers moved into the valley. The 
advance phase fluvial and proximal lacustrine sand 

diamicton is inferred to he a glacigenic debris-flow 
deposit. The deposits  capping the section are interpreted 
as  glaciolacustrine  sediments deposited jn  quiet water 
with interbedded glaciofluvial deposits. The sequence of 
deposits at this section and others in the region indicates 
ice  damming in Chedahz valley during both advance 
and retreat stages of the last glaciation. 

P0STGLACIA.L  FLUVIAL  AND 
ORGANIC  SEDIMENTS 

Fluvial  sediments occur in  valley bottoms 
throughout the area, especially in the Chedakuz, 
Blackwater and Top Lake valleys. Most modern creeks 
and rivers in the area  are meandering streams with 
gravel channels.  Floodplains are dominated  by fine 
sands, silts  and srganics. In upland areas smdl gravelly 

sediments and locally are incised Into bedrock. The flat, 
creeks  have rewxked glacial, glaciofluvial and  colluvia! 

open terrain of  Chedakuz valley and the  Fraser Plateau 
(Figure 2) is characterized  by marshes and shallow lakes 

consist of  decayed  marsh vegetation with  minor sand, 
filled  with organic sediment. The organic deposits 

silt and clay. Organic  deposits also occur i n  low areas in 
valley bottoms. 

POSTGLACIAL  COLLUVIAL 
SEDIMENTS 

A thin veneer of weathered and broken bedrock 
clasts in a loose  sandy matrix OCCLUS on steep slopes 
throughout the area. These  deposlts  grade downhill into 
a thicker cover I I ~  colluvial diamicton derived from both 
local bedrock and till. Colluvial veneers are commonly 
found over tills  on slopes. Colluvial diamictons are 
differentiated from till by their loose, unconsolidated 
character, dominance of coarse, angular clasts of local 
bedrock, crude stratification and lenses of sorted sand 
and gravel. 

ICE-FLOW HISTORY 

there was one dominant flow direction towards the east- 
Results of  ice-flow studies in the area indicate that 

northeast. Striation measurements from exposed bedrock 
sites typically ~ndicate northeast to east  flow, varying 
from  055" to 080". Topographic control of ice flow 
during early glacial phases is indicated hy valley-parallel 
striae on bedrock surfaces that are buried by thick till 
sequences. A more  complex local ice-flow history is 
indicated by highly variable striae trends at  one  site  east 

maximum, ice ,covered the highest peaks in the region 
of Kuyakuz  Lake.  At the Late Wisconsinan glacial 

and  movement appears to  have been unaffected by 
topography, suggesting the elevation of  the ice surface 
to be in excess  of  1750 metres. This is supported hy 
northwest trending striae and flutings on top  of Tsacha 
Mountain (Figlue 2; elevation 1'734 metres). Crag-and- 

tail features, drumlins and glacial flutin,:s are prweut 
throughout the area and indicate flow to wards thc ,:a81 
and northeast during full glacial time. 

SUMMARY OF GLACIAL 
HISTORY 

glaciation ice advancing liom the ~(nthwest 4iel'e 
The first lobes of Late  Wisco lsinan Pascx 

probably confined to the major valleys c f  the Neciako 

probably led to damming of the Chedaku c drainage a d  
Reservoir and Blackwater River.  Ice n the formcr 

development of a large proglacial lake there. f\l ttle 
margins of the advancing ice, coarse-gra ned prof:la.ciil 
outwash  was deposited 10c:llly  in the \alley  bottoms. 
Massive, matrix-supported, compact 1, ldgement ard 
melt-out tills were subsequently deposited  by  the 
advancing ice. Drumlins, crag-and-tails, flutings ar  d 

enough  to be relatively unaffected by topmlgraphy  ldllrirlg 
striations all indicate that  when the  glac ers were.  :aic:k 

full-glacial times, ice now was east-northeasterly (Ciih:s 
and Levson, 1995: Weary el al., 995). Ihlrirlg 

deposited on top of the tills by debris flov, s. 
deglaciation, loose,  sandy  gravelly dikmictons we'e 

Top  Lake valley was  Ine  main outlet through the 
Fawnie  Range for mellwaters from  ablaing ice to  the 

dammed water  and created a glacial lake in the  Top 
west. Stagnant ice masses in the Ct,edakuz vallcy 

Lake area (Giles and Levsor~, 1994a; Le. son and (iilrs, 

end of Top  Lake valley where  meltwater;  flowed 1ind:r 
1994). A large esker complex is  locatec  at the ea5:te.n 

stagnant ice masses iuto Chedahz valley. Confined 
Subglacial  flow also created  eskers on tt: eastern flank 

Tsacha  Lake. Deeply incised  meltwate' channel:; are 
of Mount Davidson  and  on the nortt west shol(: 3f 

also  common  in Tsacha  Lake and Bkckwater Xiver 

bottoms as  water  and sediment were tcnsported t.w,iy 
areas. Gravelly outwash plains formed  .n  main \;Ilb:y 

from glacial ice. 

the Chedakuz valley. Lake waters deposi ed sedinlf:S as 
During deglaciation a large glacial lake form:d  in 

high  up  as 1070 meues (3500 feet) on t'le valley :;ides, 
approximately 160 metres (500  feet) abs~ve the present 
valley floor. This lake, wa!; probably confined to tle 

Nechako Reservoir val1e.y and  by stzgnant ice a id  
Chedakuz valley by an Ice mass to tt,= north i i  t?e 

higher land to the south in the Ch:dakuz v311f:y. 
Glacigenic debris-flow deposits and ketlled topog2ply 
in the valley  and on the magins indica e that thf lake 

Fraser  Plateau appears to  have had free  drainage 
was  in contact with stagnant ice. Melling ice on the 

eastward along the Blackwater River, xway from the 
study area. 

DRIFT PROSPECTING POTE'VTIAL, 

The  ease with  which a surficial s(:diment  can he 
waced hack to its original bedrock  sourc(  using columon 
methods of sampling  near-surface  sedimf nts is referrel 
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TABLE 1. DRIET  PROSPECTING  POTENTIAL  MATRIX IN THE STUDY  AREA 
~~ 

Map Dominant  surficial  Transport Derivative  Traceability to Dispersal  Applicable  survey 
~~~ 

symbol  materials  distance  phase  bedrock  source  pattern  scale  and  type 

VERY HIGH POTENTIAL 
n 

LOW POTENTIAL 
fluvial and  glaciofluuvial 

gravels and sa&, > 1 m thick 

VERY LOW POTENTIAL 

relative  usefulness of different  surficial  sediments for 
to  as drift  prospecting  'potential'. It refers only to the 

program, particularly  those  conducted at property 
geochemical,  lithological and heavy  mineral  sampling 

scales (-1:5000), and does not apply to other types of 
surveys including  geophysical  surveys,  biogeochemistry, 
lake and stream  sediment  geochemistry' and vapour 
geochemistry which are not strongly  influenced  by the 
nature of the surficial  sediments at the sample  site. 

from  surticial  geology data. Five categories of potential 
Drift  prospecting potential categories are derived 

are  outlined in Table 1, with different  surticial 
sediments  being  ranked  by  genesis,  sediment  thickness, 
transport  distance, number of erosional and depositional 
phases (derivatives) and traceability to bedrock  source. 
The  probable  dispersal  pattern of mineralization and  the 
applicable  type and scale of survey to locate such 
mineralization  are also indicated on Table 1. Transport 
distance is the  expected  distance of sediment travel, 
measured from  the  bedrock  source to the place of 
deposition. One  cycle of erosion,  transport and 
deposition of bedrock  material to form  a  sedimentary 
deposit  is  considered to be one derivative  phase.  If the 
sediment  is then re-eroded,  transported and redeposited 
then the  sediment is a second  derivative.  Basal till, 
formed  of  comminuted  bedrock  material,  transported 
and deposited  directly by ice by lodgement or melt-out 
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narrow, elongated S, C, T, HM 

processes is a first derivative of bedrock.  Glaciofluvial 
sediments,  derived  from till or from  material  within  the 
ice, have  undergone two episodes of transport and are 

glacial  deposits,  consisting of a mix glacigenic  debris- 
viewed as second  derivatives of bedrock.  Resedimented 

flow deposits and minor glaciofluvial  sediments, are for 

Traceability to bedrock  source is a  reflection of the 
this work, considered to be second  derivatives. 

probable  transport  distance,  the number of derivative 
phases, and the size, shape and continuity of the 
dispersal  plumes. 

CONCLUSIONS 

should  be  collected from within the C mineral soil 
To reflect  mechanical  dispersal  processes,  samples 

horizon.  Sedimentologic data should  be  collected at all 

debris-flow, colluvial,  glaciofluvial or glaciolacustrine 
sample sites in order to distinguish till from  glacigenic 

sediments.  These  sediments have different  processes of 

in order to understand associated  mineral  anomaly 
transportation and deposition which must be recognized 

patterns. For example, local variations will be  reflected 
in some sediments  while  regional  trends may he evident 
in others. Analysis of these sediments will  be useful only 
if their  origin  is understood. 
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dispersal  patterns,  and  transportation  distances  is also 
A basic  undmtanding  of  ice-llow  direction,  glacial 

required for  successful  drift  exploration  programs. 

provide the  exphrationist  with new avenues to  explore 
Interpretation of data with respect  to  glaciation  may 

for  bedrock  sources  of  mineralized  float or 
geochemically  anomalous  soil  samples. 

Till  geochemical  sampling  combined  with  surficial 
geohgy mapping  has  proven to h e  a useful  method  for 

Plateau  region.  This  was  demonstrated  by  the  detection 
detecting  mineralization  elsewhere  in  the  Interior 

of  all  documented  mineral occurrences in  the 1993 map 
area (Levson el al., 1994),  including  several  sites not 
identified  in  the  literature  before Ihe sampling  program 
was conducted. In addition,  several new multi-element 
till  geochemical  anomdies,  with  values comparable to 
those  down-ice of  advanced  prospects  in  the area, were 
discovered.  These  data  strongly suggest that 
geochemical  surveys,  using  basal  tills as a sampling 
medium, are an effective  tool  for  regional exploration in 
the  Interior  Plateau  region. 

ACKNOWLEDGMENTS 

The  authors  would  like  to  thank  Erin  O'Brien,  Steve 
Cook,  Michelle  Luscombe, L m y  Diakow, Ian Webster, 
Jack  Whittles, Tom Richards and Bob Lane for their 
cooperation on this  integrated program. Barry and 
Marion  Mills  provided us with our base  camp,  golf 

Meier  of  Northern  Mountain  Helicopters was 
course  and  showers. The safe  and  sleady  flying of Joe 

appreciated. John Newell and Paul Matysek offered 
constructive  remarks  which improved the  manuscript. 

REFERENCES 

Agriculture  Canada  Expert  Committee on Soil Survey  (1987): 
The  Canadian  System of Soil Classification.  Second 
Edition; A;:nculture Canada. Publication  1646, I64 
pages 

Cook, S.J. and Lurcombe.  M.E.  (1995):  Update on 1994  Lake 

Interior Phteau,  Central British  Columbia  (93F); in 
Sediment  Geochemistry  Studies in the  Northern 

J.M.,  Editors, B.C.  Ministry of Energy,  Mines and 
Geological  Fieldwork  1994, G r a n t .  B.  and  Newell, 

Petroleum  .Resources, Paper  1995-1, this volume. 
Diakow, L.J., Webster,  I.C.L..  Whittles, J.A. and Richards, 

T.A.  (1995):  Stratigraphic  Highlight7 of Bedrock 
Mapping  in  the  Southern  Necbako  Plateau.  Northern 
Interior  Plateau  Region; in Geological  Fieldwork  1994, 
Grant, B.  md Newell, J.M., E:ditors, B.C. Ministry of 
Energy.  Mines  and Petroleum Rerources, Paper  1995- 

Giles.  T.R. and Kerr. D.E.  (1993):  Surficial  Geology in the 
1. this volume. 

Chilanko  Forks and Chezacut  Areas (93C/I, X); in 
Geological  Fieldwork  1992.  Grant, B. and Newell. 
J.M., Editors. B.C. Ministry of Energy, Mines  and 
Petroleurn  .Resources. Paper 1993.1, pages 483490. 

Giles,  T.R. and Levson, V.M. (1994a):  Surficial  Geology and 
Drift  Exploration  Studies in the Fawnie  Creek  Area 

Ncwell. J.M., Editors. B.C. Ministry ofi:'nergy, Mine.7 
(93F/3); in Geological  Fieldwork  1994,  Grant,  B.  and 

Giles, T.R. and Levson,  V.M. (1994b): Drift  Prospecting 
and Petrolnim Resources. Paper 1994.1, pager  27-37. 

Potential of the  Fawnie  Creek  Area  (NTS  93F/3);  B.C. 

Ministry of Energy,  Mines  and  Perro1,urn Resouvei', 
Open  File  1994-10 (150 000  map). 

Giles, T.R. and Levson,  V.M. ( 1995):  Surficial Geology an3 
Quaternary  Stratigraphy ctf the  Tsacha I ake Area  (YTS 
93Fn); B.C. Minisf/y  ofEaeqy, MineJ and Perro i?um 
Resources,OpenFile1995-l0(1:5000~lmap). 

Gleeson C.F., Rampton. V.N.,  Thomas,  R.D. and Paradis, $;. 
(1989):  Effective  Mineral  Exploration for Gold t s ing  
Geology,  Quaternary  Geology an 1 Explcriltion 
Geochemistry  in  Areas  of  Shallow Till; in [ h i t  
Prospecting,  DiLahio.  R.N.W. and Coker.  VI.B., 
Editors. Geological Survey of Canad(, Paper :3%2(l, 
pages  71-96. 

Holland, S . S .  (1976):  Lmdlorms of Britisl Columtki. A 
Physiographic  Outline; B.C. Ministry q'Energy, brines 

Kerr,  D.E. and Giles, T.R. (1943a):  Surficial  Geology of  the 
and Petroleum Resources, Bulletin  48. 38 pages. 

Chilanko  Forks  Area (NTS 93C/1); hC. Minitf,:u cf 
Energy,  Mines  and  Perroleum Resouices, Open File 

Kerr. D.E. and Giles. T.R.  (1993b): Surficial Geology of  the 
1993-16 (150 000 map). 

Mines and Perrolerim Resources, Open  File  1991;-17 
Chezacut  Area  (NTS  93C/8); B.C. Ministry ofEn.?rg;,, 

Lane,  R.A. and Schroeter,  T.G. 11995): Miner,1Investieallors 
(150 000 map). 

and Exoloration  Monitarine  in the luechako F1;h:eau ~~ ~~ 

(93F/2,'3, 7, IO. 11. 12, r4~;nd 15 and 93CB and 161; 
in Gwlogical Fieldwork  1994,  Grant, B. and Newell, 
J.M..  Editors,  B.C. Ministry sf Enerpy, Mines  and 

Levson, V.M. and Giles, T.R.  (1994): Surfic,al Geolog) and 
Perroleum Resources, I'aper 1995-1, thls volume. 

Quaternary  Stratigraphy of the F a w ~ i e  Creek rhea 

Petroleum Resources, Open  File 191 4-9 ( 1 5 0  000 
(NTS 93FB); B.C. Ministry of Enelgy, Mines  and 

Levson. V.M.,  Giles,  T.R..  Cook, S.J. and Jackaman, PI. 
(1994):  Till  Geochemistry  of  the  Fawnie  Creek  Area 

Petroleum Resources, Open File  199 1-18, 34 pigs 
(93W03); B.C. Minnlsrry of Energv,  Miner  and 

OBrien, E.K.  Broster,  B.E.  Giles,  T.R. an<# Levson. . v ' . M .  
with  appendices. 

(1995)  Till  Geochemical  Sampling: CH, Blackuate:. 
Davidson, and Uduk  Lake Prolerties,  13.tish 
Columbia:  Report of Activities; in Geo!ogicd 
Fieldwork 1994, Grant, B. and Newel,  J.M.,  Edkors. 
B.C. Ministry of Energy,  Mines  md Petlaleu,n 
Resources. Paver  1995-1  this volume. 

map). 

. ~~ 
, 

Geology .;-the Clusko River (933/9) an?  Toil 
Mountain (93C/l6)  Map  Sheets; in Geologicil 

~~~. 

Fieldwork  1992. ( ;rant, B. and Newel., J.M., Editors, 
B.C. Ministry of Eneryy, Mines m d  Penvleun 

Proudfoot,  D.N. and Allison, R.F.  (1993a): S wficial Ga:r,loiy 
Resources. Paper 1993-1.6ages  491-493. 

of the  Clusko  River  Area  (NTS 93C/91: B.C. MirListtr 

Proudfoot,~D.N.~kd Allison,'R.F.  (1993b):  Slrficial Geolag,y 
of the Toil  Mountain  Area  (NTS  93C/16): 6.C 
Ministry of Energy, Mines and Perro.  eum Resm rrces. 
Open File  1993-19 (150 OOOmap). 

Shilts. W.  (1993): Geolog,ical  Survey of Canada's 
Contributions to Understanding the Compsticn 
Glacial  Sediments; C,znadian Jounal of Zar'h 
Sciences, Volume  30, pages 333-353. 

Tipper. H.W.  (1963): Nechako  River Mlp-area, Briti;:b 
Columbia; Geological Slcrvey of Cana!a, Memoir 324, 

Tipper,  H.W.  (1971): Glacial Geomorpholog) and Pleir.tocene 
59  pages. 

History of Central  British  Columhia; Geofc2:icd 
Survey of Canada, Bullerin  196, 89  pa> es. 

Weary G.F., Giles.  T.R.. Lsvron. V.M. an3 Bmster, R . Z .  
(1995):  Surficial  Geology and Quaterr ary Stratig.:lphy 
of the Chedakuz  Creek  Area (NT;  93Fn); E.':. 
Minisrry of Energ), Mines  and Petro eum Res8Jlrrcfs. 
OpenFile  1995-13 (1:jOOOOmap). 

263 Geological Fieldwork 1994, Paper 199s-1 



NOTES 



TILL  GEOCHEMICAL  SAMPLING:  CH,  BLACKWATER-DAVIDSON,  AND 
UDUK  LAKE  PROPERTIES, BRITISH COLUMBIA:  REPORT 13F 

ACTIVITIES 

By E.K. O'Brien, B.E. Broster, T.R. Giles and V.M. Levson 

KEYWORDS: Geochemistry, dispersal trains, glacial 
geology, mineral..zation, soils, till, Nechako 

INTRODUCTION 

This paper describes a till geochemical sampling 
program conducted in the  1994 field season by the 

Lake  properties  (Figure  1). A detailed sampling program 
authors on the CH, Blackwater-Davidson and  Uduk 

was completed in conjunction with a regional till survey 
(Giles et al., 1995, this volume)  to  better define areas  of 
mineralization and  to study glacial dispersal processes 
on three  propertits.  This  work Sollc~ws on similar studies 
previously completed i n  the region (Giles and Levson, 
1994a,b;  Levson and Giles,  1994;  Levson el al. 1994). 

I F  :5 

h .b",:.,x.>,x.. 

Kliomeher 
53' __ 

Figure I .  Location of areas sampled south and west of 
Vanderhoof; 1 CFI, 2 Blackwafer-Dabidson and 3 Uduk Lake. 

On the properties selected for this study, soil 
samples had hesn previously collected and  these data 

project are to cc~mpare  the geochemistry of till samples 
were available fir examination. The oh,jectives of this 

horizons, and  to examine the effectiveness of till 
with samples previously collected from the A and B soil 

potential in area,$ of thick overburden. 
geochemical studies in locating zones of high mineral 

Vertical prcfile sampling was completed in trenches 
on the Uduk Lake property.  These samples will be used 

horizons  derived  from till. 
to assess geochcmical variability m the A, B and C soil 
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BACKGROUND 

Glaciers moving over nuneralized t edrock (:I& 
bedrock and deposit  the  debris in till as dispersal trains 
(Shilts, 1976;  Coker and DiLabio, 19f 9). Dispirsal 
trains are fan or ribbon-shaped zones If anomalmxu 
mineral  and geochemical concentralions ocated c.cwn- 
ice from mineral occurrenct:s. They ca 1 be USI :~  t11 

understanding of  dynamics of glacier f l o ~ l  (Hornil~too< 
locate new occurrences, and can also coitrihute to a1 

el al., 1993). The size of lhe dispersal trdn within  th: 
till  is  often  many times larger than the 01 hginal ou tcro 1 

dispersal within the glacier. As a resldt, till is a1 
of mineralized bedrock  because of dehr s mixing , a b j  

excellent medium for geochemical explora Lion. 
Tills  are 'first-derivative' products of  becir:lck., 

dispersal trains are relat.ively easy to tral e hack lo thc 
deposited by the linear movement of gl; ciers, a r i  ti I 

point of origin (Shilts, 1993). Higher o r d x  derivati.m, 
such  as glaciofluvial or glachlacustrine SI diments,  have 

episodes of transport; tracing them hack o their s o m e  
a more complicated transp~~rt history, ofti n with SI;I',:UL 

is more  difflcult and  less accurate. 

FIELD METHODS 

Mapping  of the surficial geology at  each propxty 

August, 1994). areas suitable for ge >chemical till 
has now  been completed.  During mayping (J11:le - 

sampling were  identified  and sampled. :,.oca1 ic<:-flow 
directions were interpreted mainly fi om gla2iated 
landforms identified on 1:60 000 aeria  photogzph.i, 
including crag-and-tail features, flutings and drurlin;;. 
These directions were  confirmed on , ite by direct 
measurement of striae and landforms. 

zone on the Blackwater-Davidson [roperty 'iiere 
Sampling traverses d@wn-ice  from tile minera'ized 

oriented perpendicular to local ice-flow direction and 

anomalies detected by previous samplin:: program t y  
form a fan shape. Some sample sites coin:ided wi1.b soil 

the property owners. At all properties  the sarq~lirg 
density was greatest slightly down-ice 2nd around the 

were collected directly  up-ice  from  the latown shcmviinjp 
area of highest mineral potential.  Additio la1 till sanlplcs 

to ensue  that the  source of the dispersal train i!: n x  
further up-ice than inferred by the  propert i owners. 

With the exception of Uduk  Lakc,  where Fight 
trenches were available for !;tudy,  samplc sites typically 
consisted of roadcuts and hand-dus pits rmftcn 
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exceeding 1 metre in depth.  Lodgement till (sensu 
stricto, Dreimanis,  1976) was the preferred  sample 
material. All sample sites were marked with a B.C.G.S. 
regional  geochemistry aluminum tag indicating  the 
sample number and  with orange flagging tape. The 
sample  locations were plotted on topographic maps  with 
the aid of air photographs; where possible,  sample 
locations  were  referenced to the property  grids. 

analyzed using  the  -230 mesh (-62.5km)  fraction. A 
The geochemistry of the till samples will be 

suite of 35  elements will he analyzed by instrumental 
neutron activation  analysis (INAA) and 30 by 
inductively  coupled  plasma - atomic emission 
spectroscopy  (ICP-AES).  Vegetation samples consisted 
of bark from mature,  healthy  lodgepole  pine trees, of 
roughly  equal  diameters.  These samples will he 
analyzed by INAA and ICP-AES. All results will be 
made available in  a 1995 Open File  report. 

REGIONAL BEDROCK GEOLOGY 

The regional  geology of the Nechacko River (93 F) 
map sheet was mapped by Tipper  (1954.  1963) at  1:250 
000 scale. Revised 1 5 0  000 bedrock  geology maps  will 
shortly he released for the Tsacha  Lake  (93F/2) and 
Chedukuz  Creek  (93F/7)  areas (Diakow et ai., 

properties  consists of rhyolitic  volcanics and sediments 
1995a,b,c).  The  basic stratigraphy underlying all three 

rocks are intruded by Cretaceous to Eocene  granitic to 
of the Lower to Middle  Jurassic Hazelton Group.  These 

dioritic  stocks.  Overlying  these units are  Late 
Cretaceous to Eocene  age Ootsa. Lake Group  felsic to 
intermediate  volcanics.  Oligocene to Miocene  andesitic 
to basaltic flows of the  Endako  Group cap the section. 

CH PROPERTY 

DESCRIPTION OF SURVEY AREA 

The  CH property is currently owned by Placer 
Dome Inc.  It is  located  approximately  90  kilometres 
south-southwest of Vanderhoof,  British  Columbia 
(53"21'N,  124"25'W). The claims  straddle the boundary 
between 93F/7 and 93F/8 map sheets  (Figure  2). Access 
to the property is by the Ootsa-Kluskus  forestry  service 
road to near kilometre  100.  Access  roads on the 
property  are Suitable  for four-wheel-drive  vehicles only. 

The CH property lies on the north flank of a  large 
meltwater channel which  cuts through the Nechako 
Range. The  area  is  characterized by a  gently  undulating 

with several swamps and lakes.  Local  elevations are 
topography,  dissected by glacial  meltwater  channels and 

relatively low, ranging between 1100 metres (3600) to 
about 1340 metres (4400). 



ALTERATION  AND  MINERALIZATION 

Mineralization in the  property is related to a 
hydrothermal system active during the emplacement of 
the Jurassic-Cretaceous Chutanli batholith (Warner  and 
Cannon,  1992).  Emplacement of the batholith led  to 
hornfelsing of th: country rocks, most intense in the 
northwest quadrant of the property and  was 

potassic, sericitic and siliceous (EdLviuds and Campbell, 
:accompanied by several types of alteration; propylitic, 

1992). 

veins containing lead, zinc, silver and  gold  in a trench 
Previous exploration programs uncovered sulphide 

located  in the northwest portion of the claims. However, 
the primary  explcration target is a porphyry-style quartz 
stockwork containing copper with minor  gold 
mineralization (EmJwards and Camphell,  1992). 

,SURFlCIAL G.EOLOGY 

The area has been glaciated and covered with thick 
deposits of till  ard meltwater debris. The orientation of 

last major direction of ice flow was northeastward, 
drumlins and flutings on the property indicates that the 

towards 055". 

frontal retreat. Large  areas were inundated with 
Deglaciation involved large-scale stagnation and 

meltwater  and  difisected  by spillway channels. Extensive 
deposits of glaciofluvial sand and gravel occur in and 
adjacent to the spillway channels. A veneer of ablation 
till is common throughout the area. 

WORK  COMPLETED 

Forty-five till samples were  (collected on the CH 
property (Figure Z), as well as ten additional Samples, 

area was chosen for detailed sedimentological profiles 
five collected down-ice and five collected up-ice.  One 

where twenty additional overhurden samples were 
collected. 

BLACKWATER-DAVIDSON PROPERTY 

DESCRIPTIOIV OF SURVEY AREA 

actively explored by Granges Inc., is  centred 
The Blackwater-Davidson property, owned  and 

approximately 150 klometres south-southwest of 
Vanderhoof, Bri:ish  Columbia at 53"l 1' north, 124"48' 
west. Access  to the property is  by the Kluskus-Ootsa 
forest  service rcmad to kilometre 146. An access road 
suitable for four-wheel-drive vehicles, continues 
eastward for approximately 18 kilometres to the 
property main grid. The claims are located on the north 
slope of Mount Ihvidson, i n  the  Fawnie Range of the 
Nechako Plateal (Figure  3). Elevations range from 
about 1565  metrss (4500) to 1x61 metres (6107') at the 
peak. 

Figure 3. Site map for Bldckwaler-Uavidsnn pr rperly (das led 
lines) with sample locations 2nd glacial f l m ,  directloll. 

MINERALIZATION 

Sulphide mineralizatior. on the property i! 
associated with  kaolinite  and silicic alter; tion of Idsic 
and intermediate volcanic rock?. A  zone of gold e.nc 
silver nuneralization has beer defined on t central grid 
A strongly altered kaolinitiz,ecl outcrop, in the south\ies 
area of the claims, also contains sulphide n inerals. 

SURFICIAL GEOLOGI' 

outcrop on the property 111 Ihe  Mount Eavidson area. 
This regivn  has  lleen glaciated, eaving I I.tk 

ice-flow direction was  cletermined  frc m nummon:: 
glacial  flutings oriented at approximately 045" (Ficm 
3). Slight deviations were recorded near the mounlairl 
peak. 
Although the main direction of movement  rem,3inetl 
northeastward, the ice m:w; was  forcetl around the 
mountain, rather than flowinf, directly ove-  it. This I:QC 
of interference with glacier flow often resu ts i n  cor,y>le:: 
dispersal patterns (Hornibrook et nl. ,  1993 I 

WORK  COMPLETED 

Blackwater-Davidson propsrty are shown In Figure: 3. 
The locations for 54 till samples on (11 close to ths: 

measured for evidence of  multiple f l c  w direction:. 
Glacial striae and landlorm? were :xaminecl :mi 

These  data indicate that tht: major flow direction ' N d S  

towards 045". 
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UDUK LAKE SURFICIAL  GEOLOGY 

The  area has been intensely glaciated, with drumlins 
and flutings extensively developed.  Outcrop is rare 
which  has  hampered exploration.  Local ice-flow 
direction towards 050", was interpreted  from aerial 
photographs. The abundance of streamlined landforms 
suggests that the surface till sheet is probably a basal till, 
with  an occasional thin veneer of ablation till  and 
glaciofluvial sediment. Mineralized float has been found 

property. 
in till up to 15 kilometres down-ice  (northeast) of the 

WORK  COMPLETED 

roads which provide access to the  property. Eighteen 
Till samples were collected along the forest service 

samples were  taken several kilometres down-ice  from 
the claims. These samples will help define the dispersal 
train. 

Several areas on the claims were trenched by 

Metals' exploration program.  Areas  designated  for 
backhoe in the  summer of 1994, as part of Pioneer 

trenching had returned anomalous soil  geochemical 
results. The trenches ranged  from  one to several metres 
deep,  depending on the depth  to  bedrock,  and 10 to 150 
metres long. 

the element concentrations of the  different  soil horizons 
The  data from  this study will he used to compare 

with  that of basal till as well  as the homogeneity of the 
till blanket (cf. Broster, 1986). In  addition, the element 
concentrations from various sediment types and their 
relative usefulness for drift  prospecting will also he 
assessed. A  total  of 40 soil and  till samples  were 
collected from the trenches. Ten vegetation samples 
were collected adjacent to the trenches, and twelve more 
southwest of the mineralized zone. 
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NORTHERN SELKIRK PROJECT - 
GEOLOGY OF THE GOLDSTREAM RIVER MAP AREA. 

(82M/9 AND PARTS OF 82M/10) 

by J. M. Logan and M. Colpron 

KEYWORDS: Goldstream River, French Creek, 
Goldstream  mine,  Montgomery, C-I, volcanogenic 
massive  sulphides,  Besshi, Lwdeau Group, Badshot 
Formation, Hamill Group, Horsethief Creek Group. 

INTRODUCTION 

The Goldstream  River  area, in the northern Selkirk 
Mountains,  contains  numerous  volcanogenic massive 

Goldsheam  mine, in addition to vein  and placer gold 
sulphide (VMS) occurrences, including the producing 

deposits. The regional stratigraphic and structural 
settings  of  these mineral occurrences is, however, 
problematic. Previous workers  have variously assigned 
rocks of the Gnldstream area  to the Horsethief Creek, 

Northern  Selkirk  project  are  to establish the 
Hamill, or Lardeau  groups.  The main objectives of the 

deposits in the northern Selkirk Mountains, and to 
stratigraphic  and  stmctural  framework  of known VMS 

assess  the potential for similar deposits in correlative 
successions else:where. 

This report complements  the reconnaissance study 
of Logan  and llrobe (1994). It presents the results of 
regional  mapping  of a 1150 square kilometre area 
completed  during  the  summer  of  1994. A 1 :SO 000- 

2. 
scale  bedrock map will  be published as  Open File 1995- 

REGIONAL GEOLOGY 

between rock  assigned to the North American 
The Goldsiream River area straddles the boundary 

miogeocline  and  the pericratonic Kootenay Terrane 
(Wheeler et a/., 1991; Wheeler and  McFeely, 1991). I t  
lies along the western flank of the Selkirk fan structure 
(Wheeler,  1963; 1966; Brown  and Tippett, 1978; Price 
et a/.,  1979;  Price,  1986; Brown and Lane, 1988), a 
zone  of structural divergence  that  follows  the  Omineca 
Belt, and  the  suture  zone between North America and 
Intermontane  Superterrane,  from northeastern 
Washington to east-central Alaska (Eisbacher el a/., 
1974; Price, 1986). The area is bounded to the west by 
the  Columbia  River fault, a major extensional fault of 
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Figure I :  Location of the Goldstnam River area alortg th: 
western flank of the Selkirk fan  structure, wi hin the Se'kir'c 
allochthon;  modified after I h w n  and Lare (1988). I ~= 
lllecillewaet  slice, G = Goidstrean slice, C = 1 :lachnactdain 1 
slice, CRF = Columbia River fault, DCF = Downie Cree' 

decollement, ERD = Eagle River detachmeni BRB = Battle 
fault, SCF = Standfast Creck fault, MI: = Monarhec 

Range  batholith, AS = Albert stock,  FS = F;ng  stock, I'S = 
Pass Creek  stock, GP = Goldstream pluton, 4P = Adainart 
pluton, GM = Goldstreun mine, TCH = Trans-Calada 
Highway. 

Complex (Figure 1). 
Eocene age along the east flank  of  the Mong.shee 

The northern Selkirk Mountains are under1ai.n b), a 
sequence  of Neoprotero:zoic to lo ver Paleozoic 
metasedimentary and  metabolcanic rock; that f o m   p n t  
of the miogeoclinal wedge that accumL,lated along  the 
western margin of ancestral North An erica. Wheeler 
(1963; 1965) has traced the stratigraplic succz!i:sicns 
defined by  Walker (192611, Walker and  1,ancroft 1(1929), 
and Fyles and  Eastwood  (1962) i n  the Purcell 

the northern Selkirk Mountains. Whee:,er  assignt'd  he 
anticlinorium and  the Kootenay Arc, tc the souit ~ into 

various lithologic units of the  ncrthern Sr:lkirk 
Mountains to  the  Neoproterozoic H,  rsethief [ h e k  
Group  (Windermere  Supergroup), t1.e Eocanibr,an 
Hamill Group,  the Lower Cambrian, Archeoqnthid- 
bearing Badshot Formation, and the 13wer  Palt:ozJic 
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Figure 2: Schematic  stratigraphic  column  for the northern 
Selkirk Mountains;  compiled  from  data of Wheeler (1963). 
Brown el a/. (1978), Devlin (1989). and Colpron  and  Price 
(1993). The  lower pelite and  middle  marble  members of the 
Horsethief Creek Group, and  the  upper  sandstone unit of the 
Hamill Group  are not exposed in the Goldstream  River  area. 

Lardeau Group  (Figure 2). To the  north and east  of 
Revelstoke,  Wheeler  also  delineated an assemblage  of 
higher grade  gneissic and granitic rocks: the 
Clachnacudainn  Complex (Figure I). He suggested  that 
rocks of the  Clachnacudainn  Complex  form a salient of 
the  Shuswap  Metamorphic  Complex into the northern 
Selkirk Mountains. Okulitch et a/. (1975)  and Parrish 
(1992)  have  shown that orthogneisses  of  the 
Clachnacudainn  Complex  are, in part, Devonian in age. 

The northern Selkirk  Mountains  form part of a 
large allochthon that was displaced  eastward  some 200 
to  300  kilometres  along the Monashee  decollement, 
between Late Jurassic  and  Paleocene  time (Price, 1981; 

characterized  by a complex pattern of  superposed 
Brown et a[., 1986). As a result, the  area is 

folding  and  faulting. The regional structural style is 
dominated  by  the  northwest-trending Selkirk fan 
structure. The eastern flank  of  the fan structure is 
characterized by a northeast-verging imbricate thrust 
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system which is part  of the Rocky  Mountain fold and 
thrust belt and is truncated by the Purcell thrust: a major 
northeast-verging out-of-sequence thrust  fault (Simony 
and  Wind, 1970). The  western  flank is dominated by 
southwest-verging  fold-nappes  and  thrust  faults 
(Wheeler, 1963; 1966; Raeside and Simony, 1983). 
Rocks  along the western flank  of  the  fan  structure  are 
generally  metamorphosed to greenschist  facies. 
Amphibolite facies  rocks  and  migmatites  occur  along a 
west-northwest-trending metamorphic  culmination that 
approximately  follows  the  northwest  trend  of  the 
Selkirk fan structure. It extends  some 90 kilometres 
from near Mica dam to Rogers Pass  (Figure I ) .  

The  area  has  also been the  locus  of  intermittent 
plutonism from Middle Jurasslc to  Late  Cretaceous. 
Two main suites of granitic plutons inhxde the western 
flank of the Selkirk fan (Gabrielse  and  Reesor,  1974; 
Armstrong, 1988): a Middle Jurassic (ca. 180-165 Ma) 
suite of  granodiorite  and quam monzonite  that 
generally  cuts  the  regional structures, hut is locally 
deformed  by  them; and a mid-Cretaceous (ca. 110-90 
Ma) suite of quartz  monzonite,  diorite  and  two-mica 
granite that clearly truncates all regional  structures.  In 
addition, a less voluminous  Late  Cretaceous ( c a  70 Ma) 
suite of leucogranites has  recently been recognized 
within the  Clachnacudainn  Complex (Parrish, 1992). 

STRATIGRAPHY OF GOLDSTREAM 
RIVER AREA 

Creek, Hamill and Lardeau groups,  and the  intensity of 
The lithologic similarities between the  Horsethief 

deformation  and  metamorphism in the  Goldstream 
River area, have  complicated  correlations  with  well 
established stratigraphic  sequences to  the south.  In 
particular, the sequence  of  rocks  exposed in the vicinity 
of the Goldstream  mine  have been interchangeably 

groups. Wheeler (1965)  showed  much of the  area  north 
assigned to  the Horsethief  Creek, Hamill and Lardeau 

of Goldstream River to be  underlain  by  strata of the 
Horsethief Creek  Group.  He  correlated  rocks  south of 
the river with the  lower  Paleozoic  Lardeau  Group. 
Brown et a/. (1977),  Lane  (1977)  and  H6y  (1979) 
correlated rocks  of  the  Goldstream  River  area with the 
Horsethief Creek  and  Hamill  groups.  Brown et al. 
(1977;  1978) established a three-fold subdivision  of  the 
Horsethief  Creek stratigraphy in the  Goldstream  area. 

western half of  the  area to be underlain by rocks of the 
More recently, Brown  and  Lane  (1988)  showed  the 

lower Paleozoic Lardeau Group. 

area to be underlain by four fault-bounded slices  which 
The results of our mapping  show  the  Goldstream 

comprise distinct stratigraphic  assemblages  (Figure 3). 
The structurally highest  two  slices  underlie much of the 
map area. They  roughly  correspond with the 
lllecillewaet and  Goldstream  slices  (Figure 1) defined 
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by Brown  and  Lane (1988). In the  Goldstream  River 
area, the  Illecilkwaet slice is exclusively  composed  of 
rocks of the  Horsethief  Creek  and  Hamill  groups. To the 
west,  the  Goldstream slice, which  hosts  the  Goldstream 
orebody, is composed  of strata correlative with  the 
Badshot  Formation  and  the  Lardeau  Group.  The 
structurally lowest  two slices are limited to the 
southwestern comer of  the  map area. They  comprise 
higher  grade  metamorphic  rocks  which  remain  of 
uncertain correlation. 

HORSETHIEF CREEK GROUP 

The  stratigraphy  of  the  Horsethief  Creek  Group in 
the  northern  Selkirk  Mountains  has been subdivided 
into three  members by Brown et ul. (1977,  1978): the 
lower pelitic, mi(idle marble,  and  upper pelitic members 
(Figure 2). Brown et ul. (1978) further subdivided  the 
upper pelitic member into three ;assemblages: a lower 
subdivision  of thickly interbedded  psammites  and 
pelites; a central subdivision  of  coarse feldspathic grits 
with pelitic schist interbeds; and an upper  subdivision of 
rhythmically  laminated pelites (Figure 2). Brown et ul. 
have  suggested that the  uppermost  subdivision  of the 
upper pelitic member  grades  westward into a  sequence 
of  calcareous pelitic schists with intercalations of 
marble,  impure  psammite  and quartzite. 

is predominantly  exposed  along two  northwest-trending 
In the  Goldstream area, the Horsethief  Creek  Group 

belts (Figure 3). The  eastern belt includes exposures in 
the vicinity of Goldstream  Mountain,  between 
Goldstream  River  and  the  Adamant pluton. In this area, 
the  Horsethief  Creek  Group  can be subdivided into 
three  mappable units, which we correlate with  the three 
subdivisions of  .the upper pelitic member  of Brown ef 
ul. (1978). The  lower unit  is composed  of  a  sequence  of 
intercalated fine..grained quartz grits, impure quartzites, 
garnet-biotite schist, and  subordinate  dolomitic  marbles. 
Graded  beds in this sequence are commonly  displayed 
by an  increase in the  abundance and size of 
metamorphic  index  minerals  toward  the  more pelitic 

rich horizons, attesting to the overall calcareous 
layers. The schist layers commonly contain hornblende- 

composition  of this sequence.  The  upper part of  the 
sequence is dominated by a  package  of light grey 
marble,  dark  grey  argillaceous  marble  and  limestone 
conglomerate.  This  marble  sequence has a  maximum 
thickness  of  about 200 metres and is overlain by more 
quartz grits and  gamet-biotite schist. 

The  middle  map unit of  the  Horsethief  Creek 
Group consists of  interbedded  coarse-grained 

range  from 30 ,:entimetres to 5 metres  thick  and are 
feldspathic grits and  laminated phyllites. The grit beds 

generally  poorly sorted. Subangular quartz and feldspar 
clasts are up to 1 centimetre in size. Rip-up clasts are 
locally present  near  the base of grit beds. Phyllite 
interbeds  are  from a few  centimetres to 1 to 2 metres 

thick and  commonly  display  good  graded  beds  of r m e  
silty material. This  sequence  grades  u3ward imo a 
distinct unit of light to medium grey: rhythmi<:ally 
laminated phyllites (upper map unit) Beddinl: is 
defined by graded siltstone and fine-grai led  sandstone 
layers. Crossbeds are locally presen within the 
sandstone layers. 

Coarse-grained  amphibolites are found  within  the 

Goldstream  Mountain  and near Hitchhike' Peak  (Ei?ure 
lower map unit of  the  Horsethief  Creek (roup north cf 

3). These  amphibolites  are  generally co~cordant with 
layering in the grit - pelitic schist assembiage,  althcugh 
they locally exhibit crosscutting relationsllips indicz1:in; 
their intrusive origin. Similar  amphibolites are also 
found  within pelites of  the  upper mall unit of  the 
Horsethief  Creek  Group in upper  Norman  Wood Cn:m:k 

South  of  Goldstream River, phyllite: of  the u:'per 
map unit grade into an  assemblage c,f light green 
phyllites, calcareous  and  micaceous  q lartzites, a n d  
white,  buff  and  grey  limestones.  (!oarse-grained 

transition between the  rhythmically lam nated phyilite 
calcareous grits and  green  calcareous phy  lites mall.. the 

unit  and this calcareous  assemblage.  Ouartzites are 
progressively  more  mature  (compositiona ly) toward  the 
top of the section. 

best  exposed in the  alpine  country betveen Norman 
The  western belt of the  Horsethief C reek Grtnlp I S  

Wood and  French creeks, and betweel  Goldstmm 
River  and  Sorcerer Creek. (Figure :). Here, the 
Horsethief  Creek  Group consists domir,antly of iark 
grey, green  and  tan  calcareous phyllile and  >,chist, 
intercalated with  variable  amounts I If micac,:ous 
quartzite and grit. Light  and  dark  grey  m arble horiwns 
are present throughout  the section, with  the IIIO::~ 
prominent  occurring  near  the  top  of the section. Th:s 
marble  horizon is easily identified by tt  e presence (sf 
three beds  of  more resistant light grey  marble  witkln  a 
more  recessive  micaceous  marble. It hr8s  been trlced 
from  the  headwaters of French  Creek to  ,he  conflumce 
of  Sorcerer and Downie  creeks  (Figure 3) 

Volcanogenic  rocks are found  loca ly within  the 
western belt of  Horsethief  Creek Grolip. The lno!it 
prominent  exposure  of  volcanic  rocks i: along  alpine 
ridges east of  Downie  Peak. Here, the rock  conr:isls 
primarily  of  a  massive, dark. green chlorite schisi: with 
variable amounts  of epidote. Minor  amounts of 
greenstone-clast  conglomerate and light ];reen silic:ous 
phyllite are also associated  with greenstorle outcrop:;. 

Brown et al. (1977) have corr':lated n1arb.e 
exposures  along  the  flanks  of Stitt Creek,  and  those east 
of  French  Creek,  with  the  middle  marble  nember of tk.e 
Horsethief  Creek  Group. Our mapping in  the Stitt Creek 
area  shows that the  marble  sequence i ;  bounded t y  
quartzitic rocks on both sides. This  assoc:ation contrasts 
with  the  dominantly pelitic facies descri 3ed  by 131~11%n 
et ul. (1978) below  the middle  marble  member. U e  
suggest, therefore, that the marble seqlence exposed 
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along Stitt Creek corresponds to  the ca8,bonate  .fzcies 
described by Brown et a!. near the top of the I w e r  
subdivision of  the upper pelite membcr (Figure 211. 
Similarly, marble exposures east of :rench Greet 
occupy a higher stratigraphic level ( n e z  the contac:t 
with the Hamill Group) than  the middle n arble menher 
of the Horsethief Creek Group. The main implicatm1 c f  
these stratigraphic revisions is that onl) rocks 01' the 
upper pelitic member of the Horsethief CI sek  Group are 
exposed in the Goldstream River area. 

HAMILL GROVP 

Devlin (1989) recognizes three stratigra1)h.c 
divisions within  the Hamill Group in  the northern 

greenstone and graded sandstone unit; and an upper 
Selkirk Mountains (Figure 2): a lower sa Idstone wi t ;  a 

mapped in  the Goldstream River area. Rocks 0 1 '  the 
sandstone unit. Only the ',ower two 1 ivisions gte1.e 

Hamill Group are exposed in the :ore of Four 
southwest-verging synclines in the eastc rn half ,or the 
map area (Figure 3). 

The basal  Hamill Croup correspond! to medium '0 
coarse-grained quartzite and  quartz gr t, intercalated 
with minor grey phyllite. Quartz grain: are genrrally 
well rounded and well sorted, and grad':d quartz ;grits 
are commonly present at  the base of qual  tzite beds The 

quartz granules and pebbles (only rare feldspar cla.s:j)  in 
grits are composed almost exclusively of subanylxr 

a matrix of well sorted medium sancstone.  Truugh 
crossbedding (0.3-0.5 m) is common in the basal 
quartzites. 

The remainder of  the lower sandstone: unit 
corresponds to light grey, light green, o r ,  lark grey, :?ne- 
grained micaceous quartzites intercalatzd with ;:reg:n 
andor grey phyllites. Metre-thick, clean quartzite beis 
are locally present within the  micaceous qrartz te 
assemblage. 

volume of volcanic rocks within the  Har till Group, T1e 
The Goldstream River area compr ses the  Ixgf:st 

volcanic sequence is composed, in appnximately q a l  
proportions, of massive and amygdaloic'al greenslonm, 
and volcaniclastic r0ck.s. The ~ e e n s t o r ~  is 
characterized by the presence of chlo~ite (or 1,iotil.e) 
aggregates which are aligned along  the domnmt 
foliation. These chlorite aggregates are probat~ly 
indicative of  the original porphyritic texture of the 
basaltic flows. 

Volcanic conglomerate, chloritic md  feldspathic 
grits, mature quartzite, and lapilli tuif horizon:.  ;Ire 

metres to several decarnetres. The conglomer%te 
intercalated with the greenstone on a scale of ;I  f;:w 

and massive basalt, dolostone, quartzite and felds:at:lic 
comprises clasts of felsic volcanic rock, amygc'aloi(ial 

grit. The clasts are subrounded to rounded (altlmgh 
flattened along the dominant foliatNon), 3 lo 30 
centimetres long,  poorly sorted,  and ;upported b), a 

:?I9 



matrix of fine-grained chlorite schist. The grit horizons 

graded  and  crossbedded.  Tuffaceous  rocks constitute 
are medium to coarse  grained,  and are commonly 

the largest volume  of  material in the volcaniclastic 
sequence.  They  are differentiated from the  greenstone 
by the  widespread  presence of muscovite in the  matrix. 
Volcaniclastic  horizons  are locally well  graded. 

in the  Goldstream  River area. They  occur in layers 2 to 
Felsic volcanic  rocks are present at a few localities 

3 metres  thick  which  are  conformable  with  layering in 
the enclosing  mafic  volcanic  and volcaniclastic rocks. 
At  one locality, south of Goldstream  River,  the felsic 
rocks  are  discordant  with  the  underlying  mafic  volcanic 
rocks.  This felsic dike  may  be a feeder to the  overlying 
concordant felsic volcanics.  The similarity of 

clasts found  within  the  volcanic  conglomerate indicate 
composition of the felsic flows (or sills) and the felsic 

that felsic and basaltic volcanism  coeval. 

CONTACTRELATIONS  BETWEEN 
HORSETHIEF  CREEK  AND  HAMILL 
GROUPS 

The  contact  between  the  Horsethief  Creek  and 
Hamill  Groups is traditionally considered to he  a 
regional  unconformity  (Devlin  and  Bond, 1988; Devlin, 

Creek and Hamill  Groups are conformable with  each 
1989). Other  workers  have suggested that the Horsethief 

other  (Reesor, 1973; Warren  and Price, 1993). In the 
Goldstream  River  area,  (Figure 3) this contact  is 
commonly  sheared,  and different levels of Horsethief 

the  Hamill  Group along  the faulted contacts  (Lane, 
Creek  stratigraphy are  juxtaposed  against quartzites of 

1977; Brown el al., 1978; Devlin, 1989). In other 
places, the  contact  appears  to be gradational. This 
gradation is marked by increasingly  more  mature 
quartzites in the  upper  Horsethief  Creek  and  the 
presence of rhythmically  laminated phyllite in the  basal 
Hamill Group. 

BADSHOT  FORMATION 

Massive  white  and  grey  marble,  and  buff  dolostone 

the  Goldstream  mine, are similiar to and  possibly 
exposed in the  core  of  the  Goldstream anticline, west of 

correlative with  the late Lower  Cambrian, 
Archueocyathid-bearing  Badshot  Formation to  the  south 
(Wheeler, 1963; Read  and  Brown, 1979). The carbonate 
crops out along  Highway 23 from  the  northern  margin 
of the  map,  south to the  Goldstream  River.  White  and 
buff-weathering  dolomite cliffs rise from  the  middle of 
the  Goldstream  valley at its western  end  and  form  a 
topographic  culmination locally known as the  "hump" 

white,  massive  and variably  cut by two conjugate  joint 
(Figure 3). Along the  highway, outcrops are brilliant 

sets. Chemical  analysis  shows  the  carbonate to he  a 
relatively pure  dolomitic  marble  (Hurlburt el al., 1988). 

the area  make distinction between  them  difficult and 
The unfossiliferous nature  of all the  limestones in 

correlations tenuous.  Early  workers  mapped  much  of 
the  carbonate in the  Goldstream  River  and  Downie 
Creek  map  areas as Badshot  Formation,  including  the 
carbonate  forming  Downie Peak (e.g., Wheeler, 1965). 
Stratigraphy  and  facing directions suggest that this 
carbonate is part of the Index  Formation  (Logan  and 
Drobe, 1994). 

LARDEAU  GROUP 

Eastwood (1962) in the Ferguson area, includes six 
The Lardeau Group, as defined by Fyles and 

formations. In ascending stratigraphic order  these are: 
dark  grey  and  green phyllite of  the  Index  Formation; 
black siliceous argillite of the  Triune  Formation;  grey 
quartzite of  the Ajax Formation;  grey siliceous argillite 
of  the  Sharon  Creek  Formation;  volcanic  rocks  of  the 
Jowen  Formation;  and  grey  and  green  quartz-feldspar 
grit and phyllite of the  Broadview  Formation.  Farther 
north, in the Illecillewaet syncliiorium,  the Lardeau 
Group  comprises  a  lower unit of black  graphitic 

marble, and an  upper unit of grit and black phyllite 
phyllite, a  middle unit of green phyllite, quartzite and 

(Figure 2; Colpron  and Price, 1993). Regional 
correlation of these units places  them  beneath  the lowen 
and Broadview  formations  and  therefore  within  the 
Index  Formation  (Read  and  Wheeler, 1976; Sears, 
1979; Colpron and Price, inpress). A similiar three-fold 
subdivision of the  Lardeau  Group  can be applied  in  the 
map  area  (Figure 4; Gibson  and HOy, 1994; Logan  and 
Drobe, 1994). Rocks of the  Index  Formation  are 
exposed  north of  the Goldstream  pluton, in the  footwall 
(lower plate) of  the French  Creek fault. Similiar  rocks 

the  Goldstream  pluton  (Figure 3). 
flank  the  carbonate  on  Downie  Peak at the east end of 

The  area  extending  from  the  mouth of the 
Goldstream  River east to the  Goldstream  mine  has been 
divided into three  mappable units, each  gradational  one 
into the  other  and, therefore, conformable.  The  lower 
unit  is predominantly  a  sequence of dark  rocks  which 
includes  carbonaceous  and  calcareous phyllite and 
schist, dark  grey  carbonate  and  subordinate  micaceous 
quartzite. It is correlated  with  the  lower  Index 

phyllites are  strongly sheared  phyllonites  adjacent to 
Formation  and is host to  the  Goldstream  orebody.  The 

marble  of  the  Badshot  Formation  exposed  along 
Highway 23. Farther east, at the  mine,  these  rocks are 
referred to as the "dark handed phyllite" because  of  the 
pervasive  cleavage  which  gives  them  a  handed 
appearance.  Lenticular  pods of talc-magnesite schist and 
serpentine-antigorite schist occur  near  this  lower  contact 
with the  Badshot  Formation at the "hump". Coarsely 
crystalline fuchsite is associated with the talc-altered 
bodies  which  probably  represent original mafic  dikes 
and sills. 
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Figure 4: Schematic  stratigraphic  section of the  Lardeau 
Group in the Goldstream River area (modified after Logan 
and Drobe, 1994). The  section is a composite of measured 
sections  along the overturned  limb of the  Goldstream 
anticline (see ILogan and Drobe, 1994, for detailed 

stratigraphy  defired by Colpron and Price (1993; see  Figure 
description).  Correlations  with  the  Lardeau  Group 

2) in the Illecillewaet  synclinorium, to the  southeast, is shown 
on the right. 

Green chlorite-actinolite schist, massive 
greenstone,  thinly layered calcareous  green phyllite and 

o f  the Index Formation. This  sequence of volcanic 
minor micaceous  quartzite  make up the middle member 

the thinnest  and least continuous of the three members 
rocks, subvolcmic intmsives  and sedimentary rocks is 

in the  Goldstream River area. The green schists are 

Geological  Fieldwork  1994, Paper 1995-1 

interlayered at various stratigraphic le\els with thc 
upper quartzite unit. Near  the "hump" the  chhrite 
schist is well foliated, contains white carb,)nate part ngj 
and several percent euhedral  magnetit:  and prit,:  
crystals. Massive greenstone  crops out south of th': 
mine. Preliminary trace  element chemistrq indicates that 
the massive greenstone at the  mine an(l the chlorit: 
schist from the "hump" are tholeiitic  b;salts of mid- 
ocean ridge basalt (MORH) affinity, clearly dif'erent 

reported for the  Index  and Jowett fcrmations ;mi 
from the alkaline basalrs of  within-,late afikit t  

possible correlatives within the  Covada  Group to the 
south (Smith and  Gehrels, 1992~ ;  M. T. S nith, perssnd 
communication, 1994). A swarm oi thin nafic 
subvolcanic  sills intrudes dark  phyllites i I the footrva~l 
sequence  at  the  mine. 

of rhythmic beds  of greenish micaceous  quartzite, green 
The upper  member  of the Index Fornlation consisls 

sericite-chlorite phyllite and coarse-grain :d quartz grit. 
Micaceous quartzite predominates  and th : greenish hue 
is characteristic of  this unit. The  grit beds range frorn I O  

commonly graded. Quartz,ites are planar  bedded, 
centimetres to 3 metres  thick,  and  are u ell sorted and 

ungraded and typically less  than 2 metres  thick.  Lsxally 
the grits are  interbedded with green  phyl,ites on 2 '11 ti- 
centimetre scale. 

into the lower dark phyllite and up1,er  mica.ceous 
Strata in the  Groundhog basin havc been dkided 

quartzite and  grit  packages (Figure 31. Calcarwus, 
green chlorite schists of'the middle mem )er are prcsent 
hut do not constitute a mappable unit; th l  y are i n d  J ~ C  d 
in the upper quartzite  package. A fuchsib  :-bearing.,  tal#:- 
ankerite schist, known locally as the "spr tted dog", is a 
characteristic unit of  this  area. It occurs  near  the conta:t 
between the  quartzite  and  phyllite  paccages, usjally 

hydrothermal exhalation sitniliar to thl  sulphicle-rich 
within the latter. This rock  type m a y  repres:ent a 

ferruginous  talc sinters forming in the  (ruaymas  Ilasin 
today (Lonsdale et d ,  1980). Blacc  and b.ou'n 
carbonate units are interlayered with the phyllites; light 
grey carbonates are interlayered with the quattz,itcs. 
Sections of pure, pink, pale  grey  and gremish qun,r::zit:s 
occur within the  predominantly  micaceous quartzite 
package. These are  planar bedded a n i  well  :sorted. 
Graded  bedding is veN subtle  and diffi :nlt to discern. 
Grey-green quartzose phyllite is interlagered wit11 tlle 
quartz grit and  quartzite. 

The Lardeau Group  rocks  at  the sc ntheast ,end  of 
the Goldstream pluton were  mapped at d stratigrgpkic 

the  southwest  flank of Downie  Peak anA east of Lolg 
sections were measured  along  two sep irate  trxvt:rscs; 

Creek  (Logan  and  Drobe, 1994). The sequence w:st  of 
Downie Peak is coarsening upward and  ,ncludes:  tr,otite 

(equivalent to the  lower Index); and schi .t, quartzite  and 
and  muscovite-quartz  schists  interlayer,:d with n1xl)le 

grit of the upper Index. This  sequer  ce is al~tnp:ly 
overlain by  the white marble  forming Downie Peak. 

volcanogenic  massive  sulphide deposit. Sast of Ihwnie 
The  lower  part of the  sequence  hosts tl e Montgmwry 

Peak, between the  Goldstream pluton a1d  Long ::reek 
stock,  are  graphitic  and  sulphidic biotite holnfds, 
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biotite and  muscovite schist, marbleicalcsilicate and 
micaceous quartzite. A siliceous spessartine-bearing 
graphitic phyllite within this sequence is correlated with 
the  "garnet  zone" in the  Goldstream  mine stratigraphy 
(see below).  Mafic  subvolcanic  greenstone  and  green 
chlorite schist are interlayered with micaceous 
quartzites near  the  top of this section. These  rocks are 
equivalent to the  lower  black phyllite and middle 
greenschist  members ofthe Index  Formation. 

CONTACT  RELATIONS  BETWEEN 
BADSHOT  FORMATIONAND  LARDEAU 
GROUP 

Fyles  and  Eastwood (1  962) interpreted the  Lardeau 
Group to overlie limestones  of  the  Badshot  Formation 
conformably,  hut  described  the  contact in the  Ferguson 
area as strongly  sheared  and, therefore, of  uncertain 
stratigraphic significance. Reinterpretation of 
stratigraphic relationships in the  Trout  Lake  area  and 
regional stratigraphic correlations with  the lower 
Paleozoic  rocks of the  Covada  Group, in northwestern 
Washington,  has  led  Smith  and  Gehrels  (1992a, b, c)  to 

sequence that has been tectonically juxtaposed  over  the 
interpret the  Lardeau  Group as an inverted stratigraphic 

Badshot  Formation. Alternatively, work in the 
Illecillewaet synclinorium  (Colpron  and Price, 1992; in 
press) indicates that the  Index  Formation  of  the  Lardeau 
Group  conformably overlies the  Badshot  Formation. 

The  contact  between  the  Badshot  Formation  and 
the  Lardeau  Group is not  exposed in the  Goldstream 
River area. However,  the  stratigraphy intersected in drill 
holes west of the  Goldstream  mine  shows that contacts 
between  units are gradational. Despite  the  presence of 
localized  shearing  along main contacts, the  sequence is 
interpreted to he  conformable. 

PISOLITIC  DOLOSTONE 

A buff-weathering,  fine-grained  and thinly foliated 

north-trending  ridge  which  caps  Long  Creek stock. 
dolostone  crops  out east of  Downie  Peak  along  the 

Here, it  is a pristine pisolitic dolostone  which consists of 
concentric-layered,  brown,  ovoid pisolitbs 5 millimetres 
in diameter,  within  a  white to buff, cryptocrystalline 

pisolitic dolostone is  inhmded along its base by a 
dolomitic matrix (Logan  and Drobe, 1994). The 

metadiorite sill. The  excellent  preservation  of  these 
primary  sedimentary  textures is uncommon  for  rocks  of 
the area. This unit crops  out in an area  complicated by 
layer-parallel faulting and  younger  high-angle  normal 
faults, and is not easily correlated  with  other  marble 
units in the  map area. 

CARIBOU  BASIN 

the  Goldstream  pluton,  were  mapped by  HBy ( 1  979) as 
The  rocks  exposed in the  Caribou basin, south  of 

part of his "quartzite and schist" subdivision,  which  he 
correlated  with  the  Hamill  Group.  Most  of  the  area is 
underlain  by  a  quartz-rich  sequence of interlayered 

micaceous quartzite, pelitic schist and  amphibolite.  The 
micaceous quartzites form  prominent ridges, whereas 
interlayered pelitic schists form  recessive  benchs.  South 
of  Downie  Creek,  Brown  (1991)  correlated similiar 
rocks  with  the  Jowett  and  Broadview  formations  of  the 
Lardeau  Group. 

Massive to thickly  bedded quartzites predominate. 
They contain  clean quartzite horizons  interlayered  with 
typically thinly foliated micaceous quartzite. 
Muscovite-andalusite-quartz schists, biotite-garnet- 
quMz schists, and lesser calcsilicate horizons  are 

amphibolite layers may  represent  primary  igneous 
interlayered with  the micaceous quartzites. Dark  green 

rocks,  but are more likely derived  from  metamorphosed 
calcareous units. Contact  metamorphism  has  produced 
garnet-biotite-actinolite-andalusite assemblages in the 
calcareous pelitic units. Coarse,  2 to 5-centimetre, 

muscovite are interpreted as pseudomorphs of 
elongate aggregates  of  fine-grained  quartz and 

andalusite. These  pseudomorphs are a  major  constituent 
of pelitic schists in the  Caribou basin. Hay  (1979) 
previously interpreted them as retrograded  kyanite 
porphyroblasts. 

GNEISSES  NEAR  DOWNIE  CREEK 

along  Highway  23  south of the  Goldstream  pluton 
Garnet-grade  paragneiss  and  orthogneiss  crop  out 

(Figure 3). Outcrop is sparse  and  the  gneisses are 

and by younger  pegmatites. The gneisses  include 
intruded by leucogranite sills of  the  Downie  Creek suite 

micaceous quartzite, interlayered pelitic horizons, 
coarse  garnet  amphibolite  and foliated diorite. 
Micaceous quartzites and interlayered biotite gneisses 
exposed  along  the  highway  north  of  the  Downie  stock 
contain  synkinematic  garnet  pophyroblasts.  The  garnets 
are commonly  mantled by retrograde chlorite rims. 
These  higher  grade  gneisses  may be correlative with 
Devonian  gneiss of the  Clachnacudainn  Complex to the 
south. 

INTRUSIVE ROCKS 

area. These  are interpreted to represent  three distinct 
Four plutons intrude  strata of  the  Goldstream  River 

episodes  of  plutonism:  Middle Jurassic (Adamant 
pluton), mid-Cretaceous  (Goldstream  pluton,  Long 
Creek  stock)  and  Late  Cretaceous  (Downie  Creek 
stock). All  of  the main igneous  bodies  have  been 
sampled for major  and trace element  geochemistry, 
petrology  and  geochronology.  The details of each suite 
follow. 

ADAMANT  PLUTON 

The  Adamant  pluton is an elliptical, east-trending 
composite  intmsion  comprising  hypersthene-augite 
monzonite  cores  surrounded by hornblende (i biotite) 
granodiorite  (Fox,  1969).  Only  the  western  half of the 

222 British  Columbia  Geological Survey Branch 



pluton is exposed in the Goldstream River area. Our 
mapping was restricted to its margins. 

hypersthene-augite monzonite phase of the  pluton are 
In the Goldstream River area, exposures of  the 

restricted to  the glaciated terrain surrounding Remillard 
Peak, and to  cirques south of Waldorf Towers (Figure 
3). Here, the monzonite  also contains variable amounts 
of  hornblende and biotite (Fox, 1969). The remainder of 
the pluton consists  of a homogeneous medium-grained 
hornblende granodiorite. The granodiorite locally has an 
orbicular texture, A narrow border of foliated biotite (& 
hornblende) granodiorite is present along the 
northeastern margin ofthe pluton. 

Adamant pluton is discordant with the trend of 
regional structures to  the  south; along its northern 
margin, the regional foliation and several bands of 
marble strike parallel to  the pluton contact. Fox (1969) 
and  Shaw (1978) proposed that emplacement of  the 
pluton predates the development of dominant regional 

speculated that it may even be as old as Paleozoic.  Fox 
structures in the area. Okulitch (in Stevens el al., 1982) 

and Shaw related the deflection of structures near the 
pluton to deformation around a rigid inclusion during 
the  Middle Jurassic. Fox also proposed that the outer 
zone  of granodiorite results from  hydration of  the 
original pyroxene monzonite during regional 
metamorphism. Zircon from the outer zone  of the 
pluton yielded a. concordant U-PI) age  of 169i3.4 Ma 
(Shaw, 1980). Because of its occurrence within the 
hydrated outer :!one, Shaw has interpreted this age to 
date the metamorphism of the ploton. We concur with 

alternatively reflect a Middle Jurassic age for the pluton. 
Woodsworth et al. (1991) that this date may 

in the contact aureole  suggests that the thermal anomaly 
The complete overprinting of regional tectonic fabrics 

associated with Nmplacement of  the pluton outlasted (at 
least  in  part) the development of regional structures. 

GOLDSTREAM  PLUTON 

trending intrusive complex. It consists of monzodiorite 
The Goldstream pluton is  an elliptical, east- 

and granite sills  and pendants of layered country rock. 
The western end  of  the body consists of a mixture of 
schists, gneisser: and  more or less conformable sills of 
granitic rock (Wheeler, 1965). The pluton is a 
composite body consisting predominantly of an older 
hornblende biolite monzodiorite phase and a younger, 
more felsic, bicatite quartz monzonite to granite phase. 
Textures in the felsic phase vary  from equigranular to 
sparsely poThyritic, centimetre-scale potassium 
feldspar phenocrysts characterize the latter. The margins 
of  the pluton are defined by east-.trending pendants and 
inclusions of metamorphosed country rock  inter- 
digitated with monzodiorite and granite sills. The 
abundance of inclusions and their stmctural continuity 
at the margins, as well as in the centre of  the pluton, 
indicate passive emplacement and wallrock assimilaton, 
and  suggest  that  the present erosion surface may be 
close  to  the  roof of  the intrusive body. 

monzodioritic sills with pendants of :ountry I,IICI( 
Interdigitations of concordant :ranitic and 

distinguishes the Goldstream pluton from Ither plu.t(mi,: 
bodies  in  the northern Selkirk. Mountains. This  intrusiv': 
style and  the presence of a foliation with n the graniti: 
rock has been interpreted to suggest  that emplacement 
of  the Goldstream pluton predates the  dotnilant 
regional deformation and  could be as oh as D e v o l i z ~  
(Hey, 1979). 

Discordant contact relationships between th: 
intrusive phases and the pendants, ant! the various 
degrees of assimilation of xenoliths  within the 
Goldstream pluton indicate, however, tha1 emplacf:r?.ert 
of  the pluton postdated the developnent of the 
penetrative foliation in the xenoliths (Logm and Drohe, 
1994). The biotite foliation, locally pres':nt  within the 
granitic phase of  the pluton, is interpret :d as  either a 
magmatic foliation, or a ghost foliation nherited ltorn 
assimilated xenoliths. 

Hornblende and biotite mineral sepa-ates frorr  the 
monzodioritic h u e  of the: Goldstrean pluton both 
yielded 40Ar/3 r Ar plateau ages  of 114*4.5 Mi and 
IOOil Ma, respectively (Figure 5 ) .  Metamorphic 
mineral assemblages in the  aureole  of tile  Goldstrciun 
pluton (cf Metamorphism below) indic;te that it  was 
emplaced at high level. The hornblende i ge of I I4 Ma 
is therefore interpreted to be the best e ;timate 01' tt e 
crystallization age. The younger biotite age (100 !%%I) 
suggests slow cooling. Such a slow coc'ling rate :-I4 
"CiMa) is somewhat unexpected in a high-lavm:l 

Goldstream pluton are required in order o elucidal: its 
intrusion. Further geochronological sludies of  tt,e 

emplacement history. 

0 Fraction 3sAr 10c 

Figure 5 :  40Ar139Ar  age  spectra for monzodi xitic phant, 
of Foldstream  pluton. S;impling locality i: shown ir 
Figure 3 .  

LONG  CREEK  STOCK 

centred on Long Creek. It extends from south of 
The Long Creek stock is a 5 by 8- kilometre  body 

Downie Peak across Downie Creek (Fig1 re 3) and south 
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of  the  map  area to the  mouth  of  Standard  Creek  (Brown, 
1991).  A  1370-metre vertical section of the stock, 
capped  by  marbles  and phyllites of  the  Lardeau  Group, 
can  be  viewed to  the  east,  from  the highway at Downie 
Creek.  The  eastern  contact  dips  northeasterly and  is 
suhconcordant to strata. Along its western  margin  the 
stock clearly truncates  regional structures. The  stock 
consists of medium-grained biotite quartz  monzonite 
similar to  the felsic phase  of  the  Goldstream pluton, hut, 
in contrast, is generally  free of inclusions  of  country 
rock. The margin  of  the intrusion is  characterised  by  a 
zone  of  massive  quartz  and  quartz-feldspar 
segregations,  and sericite alteration 50 metres  wide 

hearing  skarns  developed in calcareous  country rocks. 
(Vanderpoll,  1982)  and is  associated  with  tungsten- 

DOWNIE  CREEK  STOCK 

The Downie  Creek  stock  is  a  roughly circular body 
exposed  north of Downie  Creek at its confluence  with 
the  Columbia  River.  Fresh  exposures of the  stock are 
rare, but it forms  a  prominent talus slope  along  the  north 
flank of Downie  Creek.  The  stock is a  medium to tine- 
grained,  equigranular  two-mica  leucogranite,  composed 
of plagioclase, potassium feldspar, quartz, biotite and 
muscovite in the  proportions  of  a  quartz  monzonite to  a 
granite. Fine-grained  garnet  is locally present. Country 
rocks  are  garnet-grade biotite-quartz paragneiss  and 
dioritic orthogneiss of the  lowest structural slice along 

micaceous quartzite in the Caribou  basin to the 
Highway  23,  and  garnet-andalusite schist and 

northeast  (Figure 3). The Downie  Creek  stock is 
interpreted to truncate  the  Caribou  Creek fault (Figure 

breccias  associated  with  the  Columbia  River fault at its 
3). It is crosscut by brittle fault zones  and chloritic 

western  end. 

ARGONAUT  PEGMATITE  COMPLEX 

intrude  the  psammitic schist exposed  east of  Argonaut 
Abundant sills and dikes of pegmatite (1-5 m  wide) 

Pass  and  along  the  flanks of French  Creek  (Figure 3). 
The sills are  concordant  with  the  north-trending, east- 
dipping attitude of  the  dominant foliation in the area. 
Dikes  are  suhvertical  and  trend east-west; they are most 
abundant  along  the  ridgetop east of Argonaut  Pass  and 
along  the  western flank of  French  Creek,  where  they 
comprise  approximately 50% of  the  outcrops.  The 
Argonaut  pegmatites  are  composed  of quartz, 

biotite and  garnet. A peculiarity is the  presence of  pods 
plagioclase  and  muscovite with minor  amounts of 

of sillimanite(?) 30  to 40 centimetres long. 

STRUCTURE 

Mountains is the result of polyphase  folding  and 
The  complex structure in the  northern  Selkirk 

faulting associated  with  the  Mesozoic  accretion of 
allochthonous  terranes at the  western  edge of the North 
American plate (Monger el al., 1982,  1994).  The 

earliest structures were  postulated by Read  and  Wheeler 
(1976)  to  predate  a  middle  to late Paleozoic  erosional 
unconformity,  hut large-scale major folds and  faults are 
generally  accepted to  he related to polyphase 
deformation  during  Mesozoic  orogenesis (e.g., Brown 
el a/., 1986; Price, 1986).  These structures were 
transported  eastward  200 to  300  kilometres  together 
with  the  migrating  deformational front above  a 
diachronous dkollement (Monashee  dkcollement; 
Brown et al., 1986,  1993),  prior to Eocene  extension 
(Brown  and  Journeay,  1987). 

The  Goldstream  area is dominated by southwest- 

the  western  flank of the Selkirk fan structure (Wheeler, 
verging  fold-nappes  and thrust faults characteristic of 

1963,  1966;  Brown  and  Tippet,  1978;  Raeside  and 

the Selkirk  fan  has  been  ascribed to  “the  superposition 
Simony,  1983;  Brown  and  Lane,  1988).  The origin of 

of  two distinct phases of deformation  upon strata 
previously  involved in nappe  formation”  (Brown  and 
Tippett, 1978) or to “one protracted  phase  of 
deformation” (Price ef a/., 1979). Earlier workers  (Lane, 
1977; Brown  and Tippett, 1978; HGy, 1979;  Brown and 
Lane,  1988)  have  suggested that dominant,  southwest- 
verging folds in the  area  deform  a  previously  inverted 
stratigraphic sequence  and that strata of  the  Goldstream 

verging  nappe (Carnes  nappe; Brown ef al., 1983; 
slice occupy  the overturned  limb of an early southwest- 

Brown  and  Lane, 1988). Our stratigraphic revisions, and 
proposed correlations for  rocks  exposed in the  western 
part of  the  Goldstream area, indicate that the 
stratigraphic sequence  was not inverted prior to 
development ofthe regional  southwest-verging folds. 

tectonic fabrics) are recognized throughout  the 
Two generations of structures (and  associated 

Goldstream area. They  correspond to the  second  and 
third phase structures of  Lane  (1977),  Brown  and 
Tippett  (1978),  and  Hoy  (1979).  The earlier generation 
of structures correspond to northwest-trending, 

the  map pattern (Figure 6). These structures locally 
southwest-verging folds and thrust faults which define 

deform  an  older schistosity which is subparallel to 
bedding.  They are also interpreted to deform  a set of 
older  contraction faults between  Goldstream  River  and 
Sorcerer  Creek.  Regional relationships indicate a 
Middle Jurassic age  for  this  generation of structures 
(e.g., Parrish  and  Wheeler,  1983;  Brown ef a/., 1992;). 
The southwest-verging structures are  deformed by 
younger, easterly trending,  gently  plunging folds. These 
structures predate  the  emplacement of  the mid- 
Cretaceous intrusive suite. These  two  generations  of 
structures are readily  recognized  hy  their  overprinting 
relationships with  respect to  one  another  and to regional 
metamorphic events. North-trending fractures, normal 
faults and  gentle  open  warps are the  youngest structures 
and are interpreted to he  associated  with  Eocene crustal 
extension  along  the  Columbia  River fault. 

structural domains  hounded by the  French  Creek  fault 
The  Goldstream  River  area is subdivided into two 

(Figure 6). In the  eastern  domain,  dominant folds are 

western  domain,  the axial trace of dominant  folds  trend 
tight isoclines with north-trending axial traces; in the 
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more northwesterly. Younger, east-trending cross-folds 
are  present in both domains. The eastern and western 
domains  correspond, respectively, to the Illecillewaet 
and  the  Goldstream slices of  Brown  and Lane (1988). 

NORTHWESl-TRENDINGSTRUCTVRES 

The structural style of  the Goldstream River area is 
dominated by north  and northwesterly trending, 
southwest-verging  structures.  Folds  are tight to 
isoclinal, overturned to recumbent,, and characterized by 

or,  where  refolded by later cross-folds, northerly. Fold 
axial plane  schistosity which  dips either east, northeast 

axes  plunge  moderately  to  the northeast. The 
superposition of younger, easterly trending cross-folds 
has  produced  type 3 interference patterns (Ramsay, 
1962). 

In the eastern structural domain, the competent 
quartzites and volcanic  rocks  of  the Hamill Group  are 

between Sorcerer  Creek and the Goldstream River 
deformed into a series  of  four  west-verging synclines 

(Figure 6). These parallel folds are locally truncated by 
thrust  faults  (Photo I ) .  

The French Creek fault is the major north-trending 
thrust  fault that separates the eastern and western 

rocks  of  the  Horsethief  Creek  and Hamill groups,  to the 
structural domains  (FCF;  Figure 6). It places the  older 

east, over rocks 'of the Lardeau Group in the Goldstream 
slice. The French  Creek fault is exposed in marbles 
along  the French Creek road north of the Goldstream 
River.  Shear  sense indicators from a grey, thinly 

consistently  show tops-to-the-west sense of motion. 
foliated marble  mylonite in the footwall of  the fault 

North of this exposure,  the fault contimes into the 

probably  warped  about the east-trencling synclinal 
French Creek valley maintaning its ,:as! dip, bttt 

separates strongly foliated, mylonitic greenstcne:;, 
cross-fold. East of the  Long  Creek  stock,  the k i t  

dolostone and dark phyllite of the  Hojsethief  Creek 
Group from Lardeau Group  phyllite i nd  carbonate 
(Figure 3). The fault is traced to  the :outh into the 
Downie  Creek fault (Brown, 1991), a maior  northvies.- 
trending, southwest-verging  thrust fault. it its southern 
end,  the fault dies out in the  core  of a soul hwest-veqing 
anticline which forms  part  of  the ll1ecillerra~:t 
synclinorium (Colpron and Price, 1993). 

The Goldstream anticline is a west-northweswly 
trending  structure cored by dolostone o f  the  Bacshot 
Formation in the western structural dom:in (Figurt: 6) .  
Its axial trace follows  the Gold:tream F.ivw 

the northern margin of the Goldstream ~luton  (ligule 
southeasterly, where it swings into near p irallelisnl  with 

plunge  to  the east. Parasitic minor f)Ids in green 
6) .  Minor folds associated with the Golds ream anlicline 

micaceous quartzites and  grits of the upper Index 
Formation, north of  the Goldstream liver,  an: 2:- 

open pit, south of  the  Goldsheam  mine, a 'e S-shaped. .4 
shaped; minor  folds in phyllite of  the 1ow:r Index at t te  

north-trending anticline-syncline pair, cot  ed by Bac~hot 
dolostone, occurs to the north, in the vic nity of Ni,:ols 

of the Goldstream anticline. 'The strongly sheared n;lture 
Creek, and  probably reflects the northward contin1J;tticn 

of  the enclosing phyllites has been  interpl eted by 1:wIicr 
workers (e.g., Read  and Brown,  1981; Gixon and. -le!, 
1994) to  be associated with the Go1dstre;m River filult: 
a major northwesterly trending structu'e linking t t e  

Figure 6:  Structural  map of the Goldstream River area showing the location of major folds. hlajor faults: CRF = Columbia 
River fault, CCF = Caribou Creek  fault, FCF = Frcnch Creek fault: GA = Goldstream  anticline. 
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Photo I :  Southwest-verging parallel folds  and  thrust  faults in Hamill Group  quartzites;  view is towards the 
northwest.  Outcrops are located between the headwaters of Sorcerer  Creek  and  Goldstream  River. 
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Photo 2: Early recumbent isoclinal folds (in centre) of micaceous quartzites of the Horsethief  Creek  Group 
refolded about open, upright east-trending cross-folds; view is to the east. 
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Downie  Creek  fault  to  the  Columbia River fault zone. 
However,  the strarigraphic continuity in drill holes both 
north and  south of the Goldstream River does not 
support the existence  of  such a structure. 

structure separate:; rocks  of  the Index Formation on the 
A poorly  understood, northwesterly trending 

southwest  flank  of Downie  Peak  from the quartz-rich 
sequence  of interlayered micaceous quartzite, pelitic 
schist and  amphibolite  of  the Caribou basin. It  is 
conformable  with  the  dominant foliation and truncated 
by the Goldstream pluton at its northern end  and the 

probably  correlative with the southwest-verging 
Long  Creek stock at its southern end.  This structure is 

Standard  thrust  fault to the south (Brown, 1991). 

northwest-trendins  structure that is inferred to separate 
The Caribou Creek fault (CCF; Figure 6) is 

higher  grade  metamorphic  orthogneiss and para- 
gneisses, possiblq correlative with the Clachnacudainn 
gneiss,  from  the  mixed package of  micaceous 
quartzites, pelitic schist and  amphibolites  of the Caribou 
basin. It is truncated by the Downie  Creek stock to the 
south. 

EAST-TRENDTNG  STRUCTURES 

Young,  east-trending, steeply dipping crenulation 
cleavage  and  open folds are superposed on  the 
northwest-trending structures. Deformation of  the 
earlier schistosity produced a pervasive crenulation 

the Index Formation.  These cross; structures  are best 
cleavage in the phyllite and calcareous chlorite schist of 

developed north of  the Goldstream River, in the 
Groundhog  basin, and  north  of the Goldstream pluton. 

chevron and  kink folds. East of French Creek,  rocks  of 
In the  Groundhog basin the folds are upright, open 

the  Horsethief  Creek and  Hamill groups are gently 
folded about an easterly trending synformal axis (Figure 

Formation is folded into an upright antiform about an 
South of i:he Goldstream River, the Index 

east-trending  axis. The strata at the mine dip moderately 
north,  on  the north limb of  this cross-fold; the south 
limb is intruded by  the  Goldstream pluton and offset by 

communication, 1994). 
high-angle reverse  faults  (G.  Gibson, personal 

EARLY  CONTRACTION  FAULTS 

6). 

Goldstream  area are north-trending, east-dipping faults 
The earliest fault  structures recognized in the 

between Sorcerer Creek  and  Goldstream River (Figures 
3 and 6). These ,structures are illustrated in Brown  and 
Tippet (1978,  Figure 3), who described the Hamill 
Group as "preserved in synclinal keels that are generally 
faulted against  sheared limbs of anticlines in the 
Horsethief Creek.  Group".  Fold vergence and bedding 
truncations indicate that these structures  are east- 
verging  imbricate contractional fai~lts which  placed the 
Horsethief Creek Group  onto Hamill Group rocks. 
Continued  deformation  overturned these structures 
which now  appear to have a normal sense of 

displacement. Similar overturned,  east-v(.rging thrust 
faults were recognized by Zwanzig ( I  273) in the 
lllecillewaet synclinorium to the south. 

COLUMBIA  RIVER  FAULT 

hangingwall Selkirk allochtllon from the hotwall ro:ks 
The  Columbia River fmlt zone :.-parates  the 

of the Monashee Complex  (Figure I) .  T l e  Columtlia 
River fault is a normal fault which dips 20' to 30" to the 

juxtapose greenschist facies rocks of thr  Goldstream 
east. Motion is dip  slip and of  sufficient nagnitude to 

slice against upper amphibolite facies ocks in the 
footwall (Read  and Brown, 1981). I'he fault is 
responsible for the  development  of ca aclasite and 
chloritic breccias in the Goldstream plutor, and  Do*nie 
Creek stock. Discreet brittle fault  zones less than a 
metre wide, and characterised by anast ~rnosing :;lip 
planes and angular centimetre-scale brecc,a  fragmeits. 
are visible in weathered exposures  of the Batlshot 
Formation along Highway 23. The  late-stage brittle- 
ductile deformation  of  the  carbonates here overprints 
earlier ductile fabrics. Internal structurcs visible on 
weathered surfaces include anastamosin;  altem,lling 
dark and  light  wispy foliation which \,raps arixlnc 
angular, rotated and stretched carbo late brm:iz 
fragments. 

east-trending, north-side-down normal faL  Its which Eire 
Additional late-stage, brittle deformztion include! 

exposed in the Goldstream River valle:  and in Ihc 
Goldstream mine workings. These  a.e gener.311) 
foliation-parallel shear  zones. 

RELATIONSHIPS  BETWEENPLU1'ON 
EMPLACEMENT  AND  DEFORMA>'ION 

The temporal relations of  Middle Ju~assic  grar,ti(: 
intrusion to regional deformation in the no thern S e l l d .  
Mountains, and particularly the deflectior of domillan: 
structures around these bodies, has been addressed h!, 
various authors.  The  debate has mostly fiscused 01 thc 
relationships around Fang stock, scu th  of thc 
Goldstream River area (ligure I) .  WI eeler (15631 
originally concluded that thc deflection of Structure; 
reflects the forceful emplacement  of th > Fang  sttrcl: 
after development  of  the regional struc:ures.  Rzcso- 
(1963) suggested that the pluton was emplaced ear1.r i f 1  

the tectonic history and  was subsequen ly deformed. 

and  Pass  Creek stocks uere emplac :d after thc 
Recent work by  Brown e f  rrl. (1992) sugg:sts that Fanf: 

development of the regional sout 1west-verl:inI: 
structures and that the deflecrion of struct Ires is rcl  iteil 
to later "rigid-body rotation of the pluttms". Colpro11 
and Price (1993)  argue that emplacement, consolidatio~~ 
and rigid-body behaviour  of Ihe  Fang stock all occurred 
during progressive development  of  the regirmal 
southwest-verging structures. 

A similar deflection of  the  regio tal structcres 
occurs around the Adamant pluton  (Fox 1969; !;haw., 
1978).  Fox  and Shaw conclu,ded that thi! deflectio: cf 
structures resulted from deformatiot arourlc a 
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pretectonic intrusion. However,  relationships  along  the 
southern margin of  the Adamant pluton suggest that the 
pluton was  emplaced late in the  defomation history. 

Hitchhiker Peak, the  metamorphic  assemblages 
In a detailed section across  the  aureole northwest of 

overprint the dominant foliation in the  wallrocks and 
granitic  leucosomes  are common within an 800-metre 

(up to several centimetres) as the pluton is approached. 
radius from  the  pluton.  Porphyroblasts increase in size 

completely  devoid  of  foliation, and dismembered 
Within 500 metres of the  contact,  the country rocks are 

calcsilicate and amphibolite  boudins  are "floating" 
within a quartzite matrix. Deformational features  are 

calcsilicate and amphibolite layers. Because the  style 
limited to  disharmonic,  ptygmatic folds and boudinaged 

and orientation of  folding in the aureole  of  the Adamant 
pluton differ from that  of regional structures in the area, 
we  relate this deformation to the  emplacement of the 
pluton rather than to  regional  deformation.  These 
relationships  imply that intrusion of  the  Middle Jurassic 
Adamant pluton occurred after the  development  of  the 

deflection  of  the  regional  structures  to  the north and east 
dominant  structures in this area. However, large-scale 

of  the pluton suggests that deformation  continued  after 

suggest that perhaps  Adamant pluton had a similar 
its emplacement  (Fox,  1969;  Shaw, 1978). We therefore 

emplacement history to Fang stock. 
A chiefly  retrograded,  contact  metamorphic  aureole 

surrounds  the  Goldstream  pluton. I t  overprints  the 

dominant foliation and the  younger  east-trending cross- 
folds.  This implies that emplacement  of  the  mid- 
Cretaceous Goldstream pluton postdates  the  develop- 
ment of the east-trending cross-folds. Numerous  zones 
of brittle-ductile deformation associated with the 
Columbia River fault crosscut  the pluton at its western 
edge,  along  Highway 23. The eastern  edge  of  the pluton 
truncates the French Creek  fault  (Figure 3). 

METAMORPHISM 

Rocks of the Goldstream River area contain 
mineral assemblages  characteristic of greenschist  to 
amphibolite facies metamorphism.  Figure 7 shows the 
distribution of isograds as defined  by  first  occurrence  of 
index minerals  mapped in the  field.  Assemblages 
characteristic of the  chlorite  zone  are  found  within a 
west-northwest-trending metamorphic  depression  which 
approximately  follows  the  Goldstream  River  (Figure 7). 
Chlorite-kgrade mineral assemblages  define the 
dominant foliation throughout  the  Goldstream  area. 
Synkinematic biotite-grade assemblages  are  present in 
the northern part  of  Groundhog basin. 

The low-grade depression is flanked to the 
northeast and southwest by two metamorphic 
culminations  (Figure 7). The  southwest  culmination 
surrounds the Goldstream,  Downie  and  Long  Creek 
intrusive bodies, and is ascribed, for the most part,  to 

Figure 7 :  Metamorphic  map of the  Goldstream  River  area.  lsograds  are  defined  on  basis of the  first  occurrence  of  index 
minerals  mapped in the  field.  Metamorphic  zones: Chl =chlorite. Bt = biotite, Grt = garnet.  St = staurolite,  Ky-St = kyanite- 
staurolite,  S-St = sillimanite-staurolite,  S-Ms = sillimanite-muscovite,  A-Grt = garnet-andalusite.  (A)  denotes  the  presence of 
retrograded  andalusite  pseudomorphs.  Cross-hatched  pattern  shows  distribution of pegmatites.  See  Figure 3 for other 
abbreviations 
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contact  metamorphism imposed by these plutons. 
Assemblages o f  the biotite and garnet  zones define  this 
metamorphic culmination (Figure 7). Psammitic and 
pelitic rocks in this culmination  commonly contain 
andalusite pseudomorphs up to 5 centimetres long. 
Calcareous rocks  along the northern flank of the 
Goldstream pluton contain tine radiating clusters o f  

to the immediate vicinity of Ihe Downie pluton. 
actinolite. Occurrences of fresh andalusite are restricted 

Coexisting biotite, garnet and andalusite constrain 
emplacement o f  the Downie  pluton to bathozone 2 (or 

o f  less than 350 MPa (3.5 kbar). Similarly, andalusite 
less) o f  Carmichile1 (1978), corresponding to a pressure 

pseudomorphs in the aureole o f  the Goldstream pluton 
constrain  its emplacement to bathozone 3 or less (less 
than 375 MPa (3 75  kbar)). The southwest metamorphic 
culmination is most likely a composite contact aureole 
of Cretaceous age. A notable exception is  the  presence 
o f  synkinematic garnet-grade assemblages in gneissic 
rocks exposed along  Highway 23. We believe that these 
gneisses may preserve a pre-Cretaceous (?) garnet  grade 
regional metamorphism. 

Goldstream area is  a segment of a regional west- 
T h e  culmination in the northeastern part o f  the 

northwest-trending  metamorphic culmination extending 
for  more than 90 kilometres between Mica dam and 
Rogers Pass (Windy Range culmination; Read  and 
Brown, 1981; Greenwood el ai., 1991; Read el ai.. 

(1965) and has subsequently been the subject of studies 
1991). This culmination was first outlined by Wheeler 

by Ghent (1975). Ghent et a!. (1979) and Leatherbarrow 
(1981).  Nathalic: Marchildon (University of British 
Columbia) has recently initiated a detailed study of the 
southwest flank o f  the Windy Range culmination in the 
area northwest of French creek. 

Regionally, the Windy Range culmination grades 
from biotite zone in the southwest, to sillimanite ~ 

potassium feldspar zone in the core of the culmination 
(Leatherbarrow, 1981; Read el ai., 1991). To the 
northeast, metamorphic grade decreases to  kyanite- 
staurolite zone dong the southwest flank of the Rocky 

assemblages Characteristic of the biotite. garnet, 
Mountain Trench. In the Goldstream River area, 

the southwest flank of the culmination. Sillimanite- 
staurolite and kyanite-staurolite zones  are  present along 

staurolite grade assemblages in the contact aureole of 
the Adamant pluton  may (or may not) be part o f  the 
culmination. 

discordant with the more northerly trend of the regional 
The west-northwest trend o f  the isograds is 

structures north of Goldstream River (Figure 7). 
Porphyroblast growth in the Windy Range culmination 
appears to postdate the development o f  the dominant 

communication, 1994) reports synkinematic to post- 
regional fabric. However, N. Marchildon (personal 

kinematic prophyroblasts in the area northwest o f  
French Creek. Locally,  biotite porphyroblasts define a 
weak  alignment which parallels the trend o f  late 
crenulations in  the area. Calcareous psammites 
metamorphosed to garnet grade (and higher) commonly 
contain large aegregates of hornblende arranged in a 

characteristic "bow-tie" texture. Kyanite p rphyrobksts. 

oriented along the surface ,of the domilant regional 
locally as large as 15 centimetres long, Ire rando-il!, 

metamorphism along the Windy Range (ulminatior: i s  
fabric. These relationships indicate th; t high-gr;ldc 

the dominant regional structures in the area (Brown mi 
late to postkinematic with respect to the dcvelopmeri of 

Tippett, 1978; Leatherbarrow, 1981). Mineral 
alignments which parallel the trend of lat : crenulat (ons 
suggest that metamorphism was locall contern :or- 
aneous with the development of late open blds. 

The assemblage biotite-garnet-kyan te  constrz.in3 
metamorphic conditions tc,  at  least bathozom: 5 
(pressures in excess o f  500 MPa (5 kbar ; Carmicllae', 

about 500 MPa ( 5  kbar) and temperatuns up to allout 
1978). Leatherbarrow (1981) reported pressures of 

500°C for the southwest flank o f  the Mindy  Emgz 
culmination. West o f  Argonaut Fass, kyn i t :  
porphyroblasts are partially (to complete1 ,) replac4 hy 
andalusite. Kyanite is  still preserved i t  the con: c f  
larger andalusite porphyrablasts. Thi: relationshi? 
indicates decompression to hathozone 3-4 (ea. :375 
MPa, (3.75 kbar)). 

The contact aureole of the Adamant pluton conlains 
assemblages of the garnet-staurolite sillimanite- 
staurolite, and sillimanite-muscovite zon :s (Figun 7 I. 
Sillimanite occurs in large bladed pseudmorphs .&r 
kyanite; relict  kyanite is still present in  thin section!;. 

Coexisting  sillimanite. st,aurolite, garnet, biwitc, 
muscovite and kyanite constrain empla, ement o f  the 
Adamant pluton  to the transition betweer bathozonss 4 
and 5, corresponding to pressures of abollt 500 M F a  ( 5  
kbar; Carrnichael, 1978). Similaritier  of  millerill 
assemblages and pressures  suggest that contact 
metamorphism in the aureole of the  Aclamant pluton 
may be related to the Windy Range metamo~ph.~ 
culmination. Replacement texture of kyanit. by 
sillimanite may even indicate that ihe  plutoli IS 

somewhat younger than the culmini tion, and IS 

consistent with the indications o f  late lecompre!,:iicn 
observed in the Argonaut F'a!;s area. 

MINERAL  OCCURRENCES 

MASSIVE  SULPHIDE  DEPOSITS 

A number of volcarlogenic ma:sive sulp?ide 
deposits occur within the polydt formed, arld 
metamorphosed terrigenous sediments a,td interls;terwl 
mafic volcanic flows and sil ls of the Lardeau G-oup. 
The Goldstream orebody and  the  Standard, Brem and 
Montgomery copper-zinc prospects have characteristics 
o f  Besshi-type deposits (Hay el ai., 1984). .C:inc- 
leadi-copper deposits ai the Rift and C-l prospects haie 
characteristics o f  both distal volcano:enic rnassiie 
sulphide deposits (Large, 1977)  and  clastic-h:tst,:d 
deposits. Besshi-type deposits occur wit1  in either malic 
volcanic rocks or terriginous clastic rocks interla.ter:d 
with ,mafic flows or sills. Clastic-hosted deposits IICCU~ 
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within well layered successions  of dominantly 
calcareous  schists,  carbonate and quartzite, generally 
free of volcanic  influence. 

include lead-zinc  carbonate  replacements, tungsten- 
Additional mineral deposits in the map area 

copper  skarns,  base  and  precious metal quartz veins and 
placer gold  concentrations. 

GOLDSTREAM MINE 

were spent  studying  the Goldstream deposit.  Surface 
I n  conjunction with the regional mapping, 4 weeks 

and underground  mapping  and  sampling  of 
hangingwall,  massive  sulphide and footwall lithologies 

core from some of the 1991, 1993 and early 1994 
of  the  mine  sequence  were  completed. In addition, drill 

diamond  drilling  programs  was fogged and  sampled. 
Ma.ior and trace  element  analyses will  be  used to 
characterize  the alteration assemblages,  element 

The  data  from  this  alteration study form  one  aspect  of a 
!nobility and possible vectors  towards  the  ore horizon. 

larger regional  lithogeochemical  study. 

of the Goldstream valley, approximately 14 kilometres 
The Goldstream  mine is located on  the south side 

east of  Highway 23 (Figure  3). Copper-zinc 

construction  of  logging roads in 1972.  Noranda  Mines 
mineralization was  discovered  at Goldstream during 

Ltd. acquired the  property in 1975 and completed  8912 

tonnes of ore  grading  4.49% Cu, 3.24% Zn and 20 d t  
metres of diamond  drilling,  outlining  3.175 million 

Ag. A production  decision was  made in 1980 and  the 

mine  to  close less than a year later. Production during 
mine opened in 1983. Depressed metal prices forced the 

this period totalled 1 I 850  tonnes  of  copper  and  505 
tonnes  of  zinc from 428  000  tonnes milled. 

Resources Inc. acquired  the Goldstream property from 
Bethlehem Resources  Corporation and Goldnev 

Noranda in 1989. Production  resumed in May 1991. 
The  mine is currently  producing at a rate  of I 150 tonnes 

totals 5 5  838  tonnes  of  copper  and 39 343  tonnes  of 
per day. Production from May 1991 to Oct I, 1994 

zinc from 1.35 million tonnes milled. 

work at  the  Goldstream  mine was supplemented by 
During the past year,  exploration and development 

provincial funding  provided  under  the Mineral 
Exploration Incentive and Accelerated Mine 
Exploration programs.  Exploration  work targeted the C- 
I zone  and  the  western  strike  extension  of  the  mine 
horizon in the  area between Brewster Creek  and the C-l 
zone  (Figure 3). Development  work tested the  down- 
plunge  extension,  grade  and  thickness  of  the  orebody 
below the  350-metre  elevation. Eleven diamond-drill 
holes drilled from  the north side of the Goldstream 

deepest  exceeded 670 metres (Wild, 1994). Reserves  as 
River have been completed  totalling 5226.5 metres. The 

of October I ,  1994 include: drill indicated to the 150- 
metre level, 455,000  tonnes  at 4.10%  Cu  and  3.24% Zn; 
and  geologically  inferred to the  0-metre level, 300,000 
tonnes  of  4.20% Cu and  3.24% Zn (C. J .  Wild, personal 
communication, 1994). These  are  equivalent  to  two 
years  of  current  production. 

sulphide  deposit  of  early  Paleozoic  age.  The  orebody is 
Goldstream is a Besshi-type volcanogenic  massive 

hosted by a structurally complex, inverted package  of 

and  mafic volcanic rocks  of  the Index Formation, which 
tine-grained calcareous  and  carbonaceous  clastic rocks, 

has been intruded and metamorphosed  by  the mid- 
Cretaceous Goldstream pluton. The mine  sequence is 
best exposed  along  the  east wall of the  open pit (Figure 
8). A detailed description of  this  section is given in 
Logan  and Drobe (1994). In general,  the  mine  sequence 
consists of a lower dark pelite, including  an iron-silica- 
manganese-enriched  unit (garnet zone), a massive 
sulphide layer enveloped by a micaceous and calcareous 
quartzite unit, a carbonate  unit and  an upper mafic 
metavolcanic unit (Figure 8). The mine  sequence is 

elsewhere  by  the  presence of iron-manganese and 
distinguished from  the lower Index Formation 

boron-rich sedimentary  units which are  associated with 
the massive sulphide layer. These  chemically  distinctive 

provide better exploration  targets  than  the  smaller 
units extend laterally beyond  the  sulphide  horizon  and 

alteration envelope  of chlorite-biotite-sericite schist that 
encloses  the massive sulphide  layer  at  the  mine. 

The  garnet  zone at the  mine is a complex unit 
consisting of: graphitic phyllite with or without  garnet; 

garnet-bearing horizons; and  siliceous iron sulphide  and 
very thinly layered chert;  siliceous iron carbonate  and 

garnet-bearing  horizons. It extends laterally 1.5 
kilometres northwest and 3 kilometres  southeast from 

apparently distant from the Goldstream pluton (Figure 
the mine. Drill hole  GR93-5,  northwest of the mine and 

3), intersected 15 metres of  weak  garnet  zone, 
consisting  of  coarse  garnets (1 cm)  mantled by 
retrograde chlorite rims. Correlative  horizons south of 
the  mine  are very siliceous,  grey chert-like layers 
mineralized with several percent pyrrhotite. The garnet 
horizon occupies  the  stratigraphic  footwall  of  the 
deposit (Figure 8 ) .  Typically,  iron-manganese  and 
silica-rich horizons  are  found in the stratigraphic 
hangingwall,  and  as distal facies to Besshi-type 
deposits. The garnet  zone  at  Goldstream  may reflect an 
early low-temperature hydrothermal  exhalation 
unrelated to the  deposit-forming  event.  Alternatively, it 
may have formed  by selective  replacement  of 
permeable  sediments in the upper  part  of  the 
hydrothermal system (Slack et at., 1993)  at the  same 
time  the  sulphide  layer  was  forming. Ore consists  of 
intermixed pyrrhotite, chalcopyrite  and  sphalerite  and 
numerous  rounded  inclusions.  The  inclusions  comprise 
various wallrock lithologies, several  generations  of 
metamorphic  quartz  and  clasts of massive  sulphide, 

(durchbewegung  texture), a texture  common in 
floating in a matrix of  swirled fine-grained sulphides 

metamorphosed  massive  sulphide  deposits.  Sulphides 
within the  ore layer are fine grained,  often  folded, 
recrystallized gneissic bands; commonly,  they  are 
remobilized into discordant  fracture  fillings and 
pressure shadows. Disseminated sulphides  extend into 
the hangingwall and, less often,  the footwall rocks. The 
quartzite adjacent to the  massive  sulphide  layer  contains 
up to several percent disseminated  pyrrhotite, 
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chalcopyrite  and  sphalerite.  The distribution of  the 
sulphides  appears  to be related to replacement of calcite 
matrix cement in the quartzites. 

1994;  this  study) has traced  the  mine stratigraphy 
Surface  mapping  on  recent  logging  roads (Gibson, 

around  an east-Trending cross-fold south of the open pit 
(Figure  9).  Manganese-garnet units occur along  the 

and massive  sulphides (East Creek  showing) occur 
southern limb Df this fold; siliceous/chert(?) horizons 

tested the  extension of the  mine horizon on the south 
structurally below it.  Four drill  holes (GR93-1 to 4) 

the  footwall  marble  and drilled south, ending in 
limb  of  the folci. All holes were collared in rocks below 

hangingwall  rocks (Figure 9). No significant base metal 
mineralization  was intersected. Up to  five chert 
horizons  were 1.ecognized  in drill core; two are located 
below the  footwall limestone and  one  of these, in hole 

and chalcopyrire (G. Gibson, personal communication, 
GR93-3,  contains 1.9 metres of  semimassive pyrrhotite 

1994). This  mineralized horizon is stratigraphically 
equivalent to the East Creek  zone, discovered in 1974. 

pyrrhotite, veined with chalcopyrite. This high-grade 
Mineralization consists of coarsely crystalline, massive 

pod (20 centimetres by 1 metre) of recrystallized 
sulphides lies along the  lower contact o f  the footwall 
marble and is interpreted to be skarn mineralization (G. 
Gibson, pers,onal communication, 1994). The 
stratigraphy c m  be correlated between  GR94-1  and 

Figure X: Measured  stratigraphic  section of the  east wall of 
the Goldstrean mine open pit. Modified after Logan and 
Drobe (1994). 

GR94-3.  However,  in hole GR94-I  the  chert..prret 
zone is barren of  sulphides. Strata at  the I ollar  of ,GR93- 

The three chert-garnet zones intersected n hole GR93-1 
1 dip  steeply south and  are  cut  by a venical fault rorte. 

may reflect fold duplication on tight parlsitic Z-:shap:d 
folds. The Goldstream pluton was int8:rsected i i  the 
bottom of drill hole CiR93-I (Figure IO). The  Flutm 
leaves little  room for continuation of the mine  sequence 
around the south limb of the fold or fc r undiscovered 
orebodies, except possibly in inliers in  :he plutor, and 
current exploration ( I  994) is again focured on thte north 
limb of the fold at its western end. 

mapping and  sampling follow those of earlier vmrkcrs 
Preliminary conclusions from under sund  

(Hiiy et a l ,  1984) that sulphide  textures and 
morphology  of  the  orebody  reflect Pqiddle Jurassic 
deformation and  metamolphism. The orebody is a 
northeast-plunging ruler-shaped body.  The  mir,eal)le 
section of  ore is approximately 300 metr :s long anrl I to 
3 metres thick with a down-plunge extel  tsion exceeding 
2000 metres. The orebody is developtd by sublevels 
spaced at X metre vertical intervals  and  mined b), lcng 
hole stoping. 

The southern boundary  of the ore2ody c r o p  out 
along  the east wall of the  open pit at X45 metres 
elevation. I t  is hosted by  tight, isoclinilly folde:l  2nd 
sheared calcareous and quartzose pel tic rocks. I h e  
northeast plunge of the  orebody  par lllels strech  ng 
lineations and fold axes  of the domir ant, northwW- 
trending structures. Structures  along tt'e length :f h e  
sulphide body vary from  northwest t l '  southe;n,i. End 

competent footwall marbles and lesser )hyllites exh bit 
across it,  from footwall to hangingwal . The ger I:rs Ily 

moderate  to tight northeast-plunging  folds, b u t  the 
micaceous  carbonate  and  schists  of tile hangingwall, 
together with the sulphide body,  are t!ipic:dly 
ptygmatically folded and faulted intc I southwmttrly 
verging structures. The intensity If deformation 
increases northward towards the hangin;:wall. 

The northwestern boundary  of  the Irebody p.linses 
northeasterly (Figure 9). It coincides with struchlral 
disruption along high-angle faults ar d tight ~p r igh t  
folds. Low-angle, east-trending fault; occur 11 the 
boundary. They  generally follow the I angingwall, but 
locally cross to the footwall, faultit g-out  compiete 
sections  of the sulphide layer. Rocks  at  he  northuescem 
end of the orebody  are generally less :ompeten:, with 
relatively more biotite, sericite, chlori e and tik, md 
less silica alteration (C. J. Wild, pe! sonal corr~mun- 
ication, 1994). As the  sulphide layer is traced I:O the 
east, the  orebody  tapers in thickness a id copp~:r grade 
drops off. Thick, white qnartz sweats md larg: quartz 
augen are present in the  massive ore ak ng  both foomall 

orebody. A steep, northeast-trending, east-side.down, 
and hangingwall sectlons ;at the  southe stern end of the 

normal  fault offsets the ore horizon altlng the ea:$ .#all 
of the open pit; displacement is on the ordrr of I C  
metres. 
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incompetent layers in the  footwall and  hangingwall 
Foliation-parallel brittle fault zones  follow 

rocks. The  footwall  shear is a  west-trending  reverse 
fault, dipping 30" north. It follows  the  footwall of a 
narrow  section  of  sulphidic phyllite and  mafic sills 
within  the  footwall  marble,  approximately 60 metres 
below  the  orehody.  The  hangingwall  shear is an 
anastamosing  stmcture that in general  follows the garnet 
zone. It comprises  a  number  of foliation-parallel shears, 
dipping 30" or less to the north, resulting from  the 
competency  contrast between siliceous and  carbon- 
aceous units of  the  garnet  zone.  The  hangingwall  shear 
has  a  top-to-the-southwest  sense o f  shear, similiar to the 
regional  sense  of'motion. 

where isoclinal folding  and shearrng have  stacked  fold 
The orehocty varies in thickness along its length, 

hinges  along  low-angle faults. Locally, it consists of 
northeast-plunging rootless-fold hinges  of  massive 
sulphide f disseminated layers. These flat fault 
structures are  folded  about  younger  east-trending folds. 
This  configuration is overprinted by contact  meta- 
morphism  of  the  mid-Cretaceous  Goldstream pluton. 
The  youngest  deformation  event has produced  north- 
trending  broad  open folds and  minor strike and dip 
deviations in the  massive  sulphide layer. 

South  of  the  mine,  the  lower  greenschist facies 
rocks are overprinted by  the contact  aureole  of the 
Goldstream  pluton.  Metamorphic  assemblages  include 
biotite, muscovite, garnet, andalusite, actinolite and 

have been metamorphosed to a calcsilicate sequence. 
cordierite(?). For the  most part, the  calcareous strata 

These  minerals  have been retrograded by late-stage 
fluids and in most  cases  only relict porphyroblasts  of 

chlorite or sericite remain.  Greenish-brown tounna.int, 
probably  magnesium-rich dravite or  schxl-dravitt:. is  
present in concentrations up to IO mot al  percent i1 
quartzmuscovite schists and  impure carbmates of th3 
footwall section. In  the  carbonates, coase tourmrlin: 
crystals up to 3 centimetres  long  are  intergrown .wit1 

mineral lineation parallel to the elon1;ation of the 
actinolite on foliation planes. Both minxals defiuie a 

orebody. 
Wallrocks  adjacent to the massive iulphide laytr 

include a pale silver weathering, thin11 interlaymd 
calcareous  muscovite schist and  quartz te. Ver). :fine 
grained  secondary biotite, and  more raely, actincdile 

been suggested that this envelope to the m;%s:;ive 
occur in the  hangingwall and immediate j~otwall. I! hss 

sulphide layer is in part an  exhalative uni: (Hby, 15'91 ), 
The  rhythmic  layering  of quartzosf units with 
calcareous  and  micaceous  partings  sugg:sts to us that 
most  of this unit  is clastic in origin. 

Black to dark  green, lustrous chloite zones ai'e 
locally present, but rare. Most  often  they  are  assoc ated 
with either disseminated  chalcopyri e zones or 
inclusions in massive  sulphide rocks. Chl xite alteraticn 

crosscutting fractures and fault zones Pale yellox 
appears to be late stage and to be a .sociated with 

quartz-muscovite-chlorite-andalusite-cor~'ierite(?)-t,)ur- 
maline schists are interlayered wit1 ca1csilica:e 
assemblages  and  black phyllite sonth  of  the  mina. The 
rocks  outcrop  close to the northern  edge of the 

quartz, chlorite and muscovite. Ihese coarse, 
Goldstream  pluton  and, as a result, are retrogradd ':o 

porphyroblastic schists may  be equivalen:  to  the s p m d  
cordierite-anthophyllite rocks  (dalmat ianite) which 
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Figure IO: Cross-section of the  Goldstream  mine  area.  See Figure 9 for location of the line of seclion and for the  IG.gend. 
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surround  Archean  copper-zinc  deposits in the  Rouyn- 
Noranda district. At this stage, it  is difficult to 
determine  whether  these  assemblages are related to 

regional  metamorphism or later contact  metamorphism 
syndepositional alteration related to ore  formation,  the 

(prograde  followed by retrograde  metamorphism), or 
the  combined affects of all these  processes. 

c- 1 

drilling coincident  geochemical  and  geophysical 
The C-l zone  was  discovered in 1991 by diamond 

anomalies on the  south-facing  slope  of  the  ‘hump’, 

mine  (Figure 3). The  zone is comprised of  one or more 
approximately  9  kilometres  west  of  the  Goldstream 

semimassive  pyrrhotite  and sphalerite, with trace 
layers of disseminated  and  banded to locally 

amounts  of  chalocopyrite  and  galena  (McArthur et al., 
1991).  Ten drill holes  tested  the  zone  over  a strike 

(McArthur et al., 1991).  The  best intersection returned 
length of400 metres  and  down  dip  for  up to 75 metres 

3.94 % Zn,  1.54 % Pb,  0.04 % Cu and 31.19 g/t Ag  over 
2  metres.  The  sulphides  are  hosted by strongly  fractured 
and faulted dark  chlorite phyllite, carbonate  and  black 
graphitic phyllite, and  minor  quartz  stockwork  zones 
within  these units. The thinly foliated calcareous  green 

to the  middle  Index Formation, or the  uppermost  lower 
chlorite schists and carbonates are probably  equivalent 

Index  Formation,  and  are  correlated  with  footwall  rocks 
at the  Goldstream  mine.  Talc-altered  ultramafic  rocks 
and  dark  graphitic phyllite crop  out in a  soapstone 
quarry  2  kilometres  east of the C-l zone. Drill hole 
stratigraphy  (McArthur et al., 1991)  eastward  towards 
the  mine,  shows  an  interlayered  sequence  of graphitic 
phyllites, chloritic phyllites, talc-altered ultramafic 
rocks  and lesser carbonate as  far east as the tailings 
pond  (approximately  4 km east  of  the C-1 zone). 
Northwest  of  the C-l showing,  asbestos-bearing 
serpentinite occurs in graphitic schists of the  lower 
Index  Formation at the  Monarch  showing  (Wheeler, 
1965),  now  submerged  by  the  Columbia  River.  Thinly 
foliated talc-altered greenschists  and ankeritic talc schist 
may  represent  zones of hydrothermal  exhalation  (Fox, 
1984) rather than altered ultramafic rock. 

showing are similiar to the stratiform Rift lead-zinc 
The mineralogy and host stratigraphy of  the C-l 

deposit  located  approximately 22 kilometres north. The 
Rift consists of  a number  of layers of  massive 
sphalerite, pyrite, pyrrhotite  and  galena,  up to  2 metres 
thick. Sulphides are hosted  by  a  predominantly 
schistose  package of staurolite-grade quartz-garnet 
pelitic schist and  layered calcsilicate with lesser 
psammite  and  marble  (Gibson  and Htiy, 1985). A 

thick, intrudes  the  metasediments  above  the  massive 
sheared  and  metamorphosed ultramafic body, 15 metres 

and  magnetite.  Similiar ultramafic rocks  occur in the 
sulphide layer. It consists of magnesite, antigorite, talc 

Keystone  area  and are intimately  associated with 
massive  sulphides at the  Standard  deposit farther south. 

MONTGOMERY 

The  Montgomery  showings are located 
approximately  12  kilometres  southeast of the 
Goldstream  mine,  below  Downie  Peak.  They  comprise  a 
series of  massive  and  disseminated  sulphide  lenses in 
micaceous  quartzose schist, marble  and  carbonaceous 
sericite-chlorite phyllite. The  hostrocks  are similiar to 
those at the  Goldstream  mine,  although  metamorphosed 
to higher  grade,  and  include siliceous garnetiferous 
hornfels, biotite and  muscovite schist (-t andalusite), and 
impure  marble  containing tremolite. 

Sulphides  have  been  traced intermittently by 
trenching for 770 metres  along  the  Downie  Creek  slope 

divide  between  Long  Creek  and  Boulder  Creek at an 
(Schindler, 1982).  This  horizon  extends  across  the 

elevation  of  ahout  1825  metres  and  then  north  along  the 
Boulder  Creek  slope  where it  has been tested by open 

has been tested by a short adit. The  trace  of  the  sulphide 
cuts  and  trenching  for  250  metres. At its eastern  end it 

horizon  corresponds  with  three  zones  of  moderate to 
high  airborne  electromagnetic  conductors  (Bottomer 

topography  for 3.6 kilometres  from  the  western  contact 
and Dvorak,  1990)  which  trend  westward,  following 

of  the Long Creek stock. The  extent of  this horizon is 
apparent in the field and  can be traced as discontinuous 
rusty zones  exposed  along cliff faces. Disseminated 
pyrrhotite is ubiquitous,  but  massive  sulphides  occur as 
discontinuous  lenses  along  the  horizon  and  base  metal 
content,  copper in particular, is low  and erratic 
(Schindler, 1982).  The  width  of  the  massive  sulphide 

reports a  second  zone of  stratabound  mineralization  215 
layers varies from 1 to 3.5 metres.  Gunning  (3929) 

metres vertically above  and  north  of  the adit. He 
describes  disseminated  pyrrhotite  mineralization  with 
low copper values, in a silicifed calcareous  sediment. 
This  zone  was  not visited during  the  1994 field season, 
but it appears to have  a similiar geophysical  signature to 
that of the main horizon (see Bottomer and Dvorak, 
1990),  and  a strike length of 500 metres. 

Towards  the  eastern  end of the  sulphide  zone, at the 
adit, hangingwall  rocks  are  quartz-rich graphitic and 
rusty weathering biotite-sericite schists that contain 
chalcopyrite, pyrrhotite and traces of sphalerite. The 

minor  chalcopyrite  and clear, rounded  fragments of 
sulphide  zone  contains  mainly massive pyrrhotite with 

quartz, and  dark  green chlorite inclusions identical to 
the Goldstream ore. The  footwall to the  sulphides is 
mafic chlorite-biotite-quartz schist and calcsilicate. 
Felsite apophyses from the  Long  Creek  stock  crosscut 
the succession and skarns are developed in calcareous 
units. The  sulphide layers have been folded  ahout east- 
trending cross-folds and, at the portal, the  sulphide layer 
dips  south  out  of  the hill. Limited  sampling  of  the 

range of values between 0.3%  to  0.7% Cu, and  grades 
sulphide layer at the adit by Schindler  (1982)  showed  a 

of 1% to 2% Cu where  chalcopyrite is concentrated 
along  the  margins  of  the  sulphide  bed.  Zinc  averages 
approximately 0.5%. Analysis  of  a single grab  sample 
from the adit returned  values  greater  than 1 % Cu, 3 120 
ppm  Zn, 116 ppm Pb, 37 pph Au and  11.6 g/t Ag. 
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Two diamond-drill  holes were completed in 
October  of  1990  to  test  the  down-dip extension of the 
massive  sulphides  exposed  at  the adit (Campbell  and 
Lewis,  1991). The holes  were collared approximately 

communication, 1994). Multiple, narrow massive 
85  metres  northeast  of the adit (B. Meyer, personal 

sulphide  horizons  were intersected over  12 metres in 
thinly intercalated biotite schist and calcsilicate rocks 
structurally  above the projected sulphide layer. The 
massive sulphid,: body  that  crops out at  the  adit was  not 
intersected. 

Along strke to the northwest, several sloughed 
trenchs  expose  deeply  weathered iron oxide  coated fine- 
grained  massive pyrrhotite and silicified, sulphidized 
biotite-sericite r:chists. Two  hundred  metres northwest 
of  the adit, su'lphides are exposed  in a vertical cut. 
Massive pyrrhotite, chalcopyrite and minor  sphalerite 
occur in two layers, 0.3 and 3 metres  thick, separated by 
1 metre of sulphidic  sericite schist. The  thicker  and 
lower  layer has a hangingwall  quartz zone containing 
coarse  chalcopyrite  and  pyrrhotite filling crosscutting 
fractures in the  quartz. A 3-metre chip  sample  across the 
massive sulphitles returned in excess  of 1% Cu, 3540 

massive  ore has the  same mineralogy, gangue inclusions 
ppm Zn, 500 ppm Ph, 29 pph Au  and 12.6 s/t Ag.  The 

and  texture  as  ore  at  Goldstream. 

zone  can  he traced as a rusty stratabound horizon for at 
Falther west, in the Boulder Creek watershed, the 

least 250 metres across  cliff  faces. Host stratigraphy is 
pale  orange  weathering, black phyllite and mica schist 
of  the lower Index Formation. Structurally above  the 

crystalline, calcareous and dolomitic impure marble. 
schist is a thick  package of buff, grey  and white, 

The massive  sulphide layer and  schistose country rocks 
are tightly folded about northeast-plunging east-verging 
structures. 

metres in length or 2 metres in thickness, and 
The sulphide  bodies are lensoidal, not exceeding I O  

discontinuous .%long strike. Pyrrhotite is the  dominant 
sulphide.  Chalcopyrite is concentrated along siliceous 
margins  of  the lenses and occurs as disseminated blebs 
and  streaks within the pyrrhotite groundmass,  or  as 
pressure  shadows to clear, rounded  quartz inclusions. 
Alteration of the  enclosing  metasediments is most 
obvious in the  footwall  rocks.  They  consist of thinly 

rocks  which pass downward into a chloritic, actinolite 
foliated, silicified and sericitized pink mafic volcanic 

greenschist  (mafic  metavolcanic  rock)  and thinly 
foliated, rusty  weathering biotite-chlorite-quartz schists. 
Hangingwall  rocks  are thin-layered, dark grey quartzose 
biotite schists with variable disseminated pyrrhotite. 
The sulphide  zone  and  host stratigraphy were  sampled 
as  part  of  the  regional alteration study. 

UPPER MONTGOMERY 

high above  Montgomery Lake on the east-trending 
A disseminated  sulphide  bearing horizon crops out 

divide  between  Goldstream  River  and  Downie  Creek 
(Figure 3). The sulphide horizon is hosted by rusty 
weathering,  thinly foliated actinolite schist and siliceous 

schistimetachert which  form  the  hangingwall  of a 

traced for approximately 500 metres in a sequeuc~:  of 
metadiorite sill 1 to 3 metres  thick. The 'lorizon can t 'e 

quartzite which is coarsening  upward.  The  sequen(:e 
interlayered graphitic pelitc, marble a Id micaceous 

above  the  sulphide horizon consists  of (lean quslrzit:, 
mica schist and marble. The latter host the  lead.zir& 
mineralization of  the KJ showing. 

prominent electromagnetlc  signature (Bottomer and 
The Upper Montgomery  sulphide norizon bas a 

Dvorak, 1990). it was sampled  near i s  eastern and 
western ends and  analyses  returned ow base  and 
precious metal values,  hut elevated mang mese. 

Diamond drilling in 1994 tested the eastern '2nd Jf 
this zone (Meyer, 1994). I M l  hole  94-2 ntersectd tvio 
semimassive pyrrhotite zona separated I y 26 metres of 
interlayered greenstone, dark  graphitic  pelite and 

(3.2 metres) zones returned trace to insignificant #copper 
carbonate units. The upper (3.8 metres)  and  the lower 

values. Drill hole 94-3, collared 100 metres rorth- 
northwest of  94-2, intersec1.ed only  the upper su.ll~hiie 
zone. Analysed samples returned trace amoun:,s  of 
copper. 

ICE 

regional exploration  program  conductet by Bethlehm 
The Ice  showing  was discovered in 1989 dining, a 

Numerous,  suhangular  massive  pyrrhot te boulders up 
Resources Corporation and  Goldnev Resources IIIC. 

to 0.5 metre square  are  dispersed  along t,le north na11 of 
a cirque at 2500  metres elevation (I'igure 3). The 
southern margin of  the Goldstream  plut m crops out in 
the cliffs immediately to the: north. A sinzle  grab smple  
consisting of chips  from  five of these bwlders  returred 
6.23 g/t Au,  3.23 gR Ag, 540 ppm Cu i nd 96  p'pn  Zn. 
These values compare well with tho;e reportd by 
Gibson  (1989). 

Vancouver  Petrographics Ltd., descrit e the su phide 
Polished thin section studies b] J. P a p e  of 

sample  as a fine-grained skam dominat':d by pynho.ite 
with interstial grains  of  diopside  and le: ser  plagioclase. 
Chalcopyrite, minor bismuth minerals  and tr:u(:es of 
arsenopyrite and electrum occur mainl) in patclws and 
fractures in diopside (Gibson, 1989). 

Massive pyrrhotite, with similiar  gold gr,des to 
those reported here, has heen discoveret in  place: ,Juring 
the  summer of 1994, in the cliffs abbwe the  hsulder 
train.  The  massive  pyrrhotite layer is I io  2 metre;  thick 
and  exposed  along  strike  for  over 5 m  :tres in ;a noth- 
northeasterly direction. Analysed samldes  retunled up 
to 7.5 g/t Au  and elevated coppe',  hismut? and 
tungsten. The layer is hosted by a p:litic caicareous 
pendant in the Goldstream pluton (Mey :r, 1994). 

metal values,  but  their  source is an intelesting  tarf;et due 
Boulders from  the Ice showing  have lo\$ base 

to the elevated gold values which  are  unknown in the 
other  copper-zinc  volcanogenic missive :sulphide 
deposits of the area, except  perhaps a'  the J & L  about 
25 kilometres to the  south. 
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BREW 

discovered in 1989. It is  located at the head of Granite 
The Brew  massive  sulphide showing  was 

Creek,  approximately 6 kilometres  northwest of, and on 
strike with  the  Montgomery  showings.  The  showing is 
at the  southern  margin of  the Goldstream  pluton  which 
is characterized by east-trending  pendants  and sill-like 
bodies. 

massive  pyrrhotite lenses, each up to 0.7 metre thick, 
Mineralization consists of at least two stratabound 

(Gibson, 1989) hosted by a  pendant  within  the 
Goldstream  pluton.  Pendants in the vicinity of  the 
showing  are  predominantly  marble,  micaceous quartzite 
and  biotite-quartz-amphibolite gneiss. Foliation-parallel 
zones of coarse  garnet-diopside-calcite  skam, 0.5 metre 
thick, are present in the  marbles.  Dikes  of biotite- 
hornblende diorite cut  the  pendants,  and locally envelop 
and  digest  the  smaller  country  rock inclusions. 
Lithologies  hosting  the  sulphides  include rusty 
weathering  micaceous calcsilicates and  micaceous 
quartzite. These lithologies are similiar to the  hostrocks 
at the  Montgomery,  which  are  correlated  with  the  lower 
index Formation  and are equivalent to  the  Goldstream 
mine  sequence. 

Hornblende-biotite diorite of the  Goldstream  pluton 
is exposed  where  creeks  have  incised  these  pendants, 
suggesting that the  main intrusive contact  follows  the 

margins  and  main foliation of the  pendants.  Sketch 
steep  south-facing slope  and not  the  east-trending 

maps by Gibson (1989) show  hostrocks  and  massive 
sulphides at the  Brew  showing  are  folded into a  south- 
closing anticline with a north-dipping axial plane. He 
projects the  sulphide  beds  and  strata  downdip  to  the 
north. The apparent  south-facing,  dip-slope intrusive 
contact, may  truncate  the  pendant relatively close to the 
present surface, limiting the potential for any  down-dip 
continuity to the  mineralization. 

inaccessible cliffs that have inhibited assessment and 
The  sulphide zones are exposed  along  steep 

sampling.  The  sulphide  zone  contains  minor  amounts of 
streaky  disseminated chalcopyrite. Samples from the 
1989 field  program  returned  copper  grades below 0.1 % 
(Gibson, 1989). Preliminary results from seven  samples 

than 650 ppm  Cu  (Brian  Meyer,  personal  commun- 
collected  during  the 1994 sampling  were  not  higher 

sulphide  horizons,  the  small  area of the  pendant  and its 
ication, 1994). The low  copper  content  of  the  massive 

host  economic  copper  mineralization. 
probable  truncation  by  the  pluton, limit its potential to 

CARBONATE  REPLACEMENT 

sulphide occurrence.  Small pods  of  coarse  cubic  galena 
The KJ prospect  is  a carbonate  hosted  lead-zinc 

with traces of sphalerite and pyrrhotite are localized in 
silicified breccia  zones  and  quartz  veins in grey,  fine- 
grained  dolomitic  marble. The prospect  has been 
described  by Hay (1979) as stratabound  within  a  pure to 
siliceous marble-calcsilicate  gneiss layer several tens of 
metres thick. 

Drilling on the  carbonate unit (Ramani, 1975), 
shows  the  mineralized interval to he  approximately 35 
metres thick, with  a  down-dip  continuity  greater  than 
200 metres  (Hoy, 1979). Drilling in the fall of 1994 
intersected approximately 47 metres  of  quartz  flooding 
and veining. This  includes  a central 8-metre intercept of 
quartz  stockwork  with  sporadic  galena.  Sulphide 
mineralization is weak,  with 1 to 5 % pyrrhotite, traces 
of galena  and very low precious  metal  values  (Meyer, 
1994:). 

GOLD-QUARTZ  VEINS 

The  occurrence  of  gold-bearing  quartz  veins in the 

discovery  of  placer  gold in adjacent  creeks in 1865. The 
Groundhog  basin was first reported  shortly  after  the 

best  known  claims, Ole Bull and  Orphan  Boy,  were 
explored in 1896 (Gunning, 1929; Wheeler, 1965). The 
Grounhog  basin has been intermittently explored  since 
1900 (summarized in Schindler, 1984). 

subvertical, cutting the gentle easterly dip of the 
The  mineralized veins trend north-northeast and are 

dominant foliation at a  high angle. At least two other 
sets of barren  veins  are identified in  the  Groundhog 
basin area  (Schindler, 1984): veins that are concordant 

metres  wide that trend east-southeast, parallel to the 
with the  dominant foliation; and  discordant  veins 1 to 2 

attitude of late crenulation  cleavage in the area. 

wide  (with a maximum  width  of  about 4 metres)  and  are 
The  mineralized  veins  average 25 to 30 centimetres 

composed of milky  quartz  and pyrite, with  trace 
amounts of pyrrhotite, scheelite, galena  and  free  gold 
(Schindler, 1984). Pyrite cubes, 2 to 3 centimetres 
across, are locally observed in the veins. Ankeritic 
alteration is commonly  developed in the  wallrocks. 
Disseminated pyrite is also present in country  rock 
adjacent to the veins. The  veins locally have  a  limonitic 
alteration. Fuchsite is a  common  mineral in calcareous 
schist throughout  the  Groundhog basin. It shows no 
particular spatial or genetic relationship to the  gold- 
quartz veins. 

Schindler (1984) and  Home (1985) report that the 
best  gold  values  are  found in veins  developed  within 
graphitic schist of the  Index  Formation  (Lardeau 
Group).  However, Home also mentions that the  quartz 
veins  are  discontinuous  and that the  gold distribution is 
erratic. 

PLACER  GOLD 

Graham, and  Old Camp  creeks,  and  lower  Goldstream 
Placer  gold  deposits in French,  McCulloch, 

River  were  discovered in 1865 (Gunning, 1929), and 
have been exploited intermittently since then. 

that the largest reported  production  originated  from 
Production figures compiled by Holland (1980) show 

French  Creek.  Today,  only  a  few  small-scale  operations 
on McCulloch  Creek  and  Old  Camp  Creek  are active. 
Thousand Hills Mining, has acquired  a large block  of 
ground and spent  considerable  time  and  money on 
exploration  and  production testing on its French  Creek 
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property. The gold  occurs  as coarse, angular nuggets 
close to bedrock, and  as  fine  colours in gravels, and is 
commonly assoc!,ated with galena (Gunning, 1929). The 
Groundhog basin area is the most likely source of placer 
gold. 

EXPLORATION PARAMETERS 

Teriods of intermittent extensional tectonism are 
interpreted to have  occurred  along  the western margin 
of North America throughout Late Proterozoic to early 
Paleozoic time (Gordey et al., 1987, Turner el al., 1989, 
Root, 1987). In  the Selkirk Mountains, rocks of  the 

record Neoproterozoic  and latest Proterozoic - Early 
Horsethief Creek  and Hamill groups are interpreted to 

Cambrian extensional tectonism (Bond et al., 1985; 
Devlin, 1989; Ross, 1991), and the  lower Paleozoic 
stratigraphy of  the Lardeau Group  may be explained in 

press). Volcanogenic massive sulphide deposits of the 
terms of extensinnal deformation (:Colpron  and  Price, in 

Besshi-type forrn  in various extensional environments 
(Slack, in pres,s). The critical factors defining this 
deposit type include a spreading ridge to provide heat 

clastic detritus. Interpretations of the geology of  the 
and basalt, and proximity to a land mass to provide 

northern Selkirk Mountains indicate that a rifted 
continental margin environment characterized the 
region at  least three times during latest Proterozoic to 
Paleozoic. 

All volcanogenic massive sulphide deposits in the 
region are hosted by the lower Lardeau Group. In the 
Goldstream Riber  area, the Horsethief Creek Group 
contains only limited amounts of mafic volcanic rocks 
and,  therefore,  has limited potential to host Besshi-type 
deposits. The mafic volcanic rocks of  the Hamill Group 
are chiefly barTen and unaltered. Locally, strongly 
foliated Hamill greenstones have abundant malachite 
stain but no visible sulphides., 

Formation in the Goldstream area consist of black 
The lower and  middle members of the Index 

carbonaceous phyllite and green c:alcareous phyllite that 
contain talc schist lenses and mafic to ultramafic 
volcanic rocks. This  sequence  of fine-grained euxinic 
clastic rocks, talc schist and mafic volcanic rocks may 
represent a sediment-sill complex similar to those 

centres (Einsek et al., 1980;  Morton and Fox,  1993). 
forming  at modern sediment-covered ocean spreading 

Sulphide accumulation at these spreading centres 
(Escanaba Trough,  Middle Valley  and  the Guaymas 

to Besshi-type volcanogenic massive sulphide deposits 
Basin)  is similiar in its form, mineralogy and chemistry 

(Zierenberg et , a / . ,  1993). The Index Formation, in the 
northern Selkirk Mountains, hosts numerous copper- 
zinc deposits tnat have characteristics similiar to the 
Besshi deposits in Japan (Hay et al.,  1984). The 
Guaymas Basin, an ocean spreading centre at a rifted 
continental margin, is a possible modern analog of  the 

the Lardeau Group. Trace element chemistry of the  sill 
tectonic environment that prevailed during deposition of 

compatible  with  this environment. Thus, the lower  and 
and  dike  complex in the Goldstream River area is 

middle members of the Index Formition are a1 

mountains. 
important regional metallotect in the no them  Selkiri 

The Goldstream ore horizon, with ~r without iis 
garnet zone, has been traced by drilling fcr 
approximately 3 kilometres uotthwest an81 3 kilonwtres 
southeasterly, around the cross-fold sout 1 of the open 
pit and into the Goldstream pluton. Str?,tabound xnc- 
lead-silver mineralization occurs at tt e C-1  zont:, 
approximately 8 kilometres farther wes' along s ~ i k e  
and probably occupies a higher stratigriphic pastion 
(;.e,,  lower in the hangingwall). A  sim liar sulp~idt:- 
hearing horizon can be traced for over 3.5 kilometic:; on 
the south side of the Goldstream pluton from the 
Montgomery adit to possibly as  far  as  the Ilrew 
showing. This horizon outcrops  at  high el:vations along 
steep cliff faces, in dark pllyllite correlitive with the 

bounded occurrence of  the garnet zone \,as discobered 
lower Index Formation. In ziddition, an solated, fa.ult- 

It is  unlikely that these horizons occur dong a s!ng e 
in 1993 east of Downie Peak. (Logan and Drobe, 'I!!94). 

hydrothermal venting at various times d u  ing depositicn 
stratigraphic level.  The,y probably zflect a:ti\.e 

and intrusion ofthe sedimenl-sill comple, . 

containing substantial massive sulphide ir ventories U V I : ~  

All of these horizons are extensive ;md  capabk of 

restricted distances. The sulphide ayer at the 

and I to 3 metres in thickness. The  ore hc rizon has hem 
Goldstream mine averages 300 metres i I strike 1fng.h 

drill  tested for  more than 6 kilometres v ithout at~th8:r 
substantial massive sulphide deposit ~eing  Iocatei  

therefore, all prospective horizons r,:quire c:arefd 
Besshi-type deposits occur as clusters of orebodies ,ani, 

testing in order to evaluate their mineral I otential. 

undiscovered volcanogenic massive sulpl ide deposits in 
There are several areas with high pltential  to host 

the Goldstream River map area. The ar:a west of  the 
Goldstream mine is currently under c:xploratiotl 11y 
Bethlehem Resources Corporation. lJorth  of  the 
Goldstream River, between French (reek and tlle 
Columbia River, a large area underlain Ily rocks c P  the 
lower, middle and upper Index Form ltion probably 
contains rocks equivalent to the stratigr.lphy thal: ho!,ts 
the Goldstream deposit. Rock types include dark 
graphitic and calcareous phyllite; cl loritic schi:,ts 
(greenstones), phyllite and carbonates; m d  quart;:  and 
feldspathic grits and micaceous quartzite :. This area has 
been prospected for gold-quartz veins ' k ~ t  never Fully 
assessed for its massive sulphide potent al. Serpentine- 
talc bodies and abundant fuchsite are ;mociatemi  with 
mineral occurrences at  the  Riti  showing, , d  the 
Goldstream mine and,  to the south, .a: the Statldard 
showing, and are ubiquitous in the  roc :s north c8:F the 
Goldstream River, particularly in the Gr xmdhog has n. 
This belt of rocks is under explored and  wa-rants 
thorough assessment. 
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CALCITE IN COAL  FROM  THE QUINSAM MINE, BRITI!iH 
COLUMBIA, CANADA; ITS ORIGIN, DISTRIBUTION AND EFFECTS 

ON COAL UTILIZATION (92F/13,14) 

Barry D. Ryan 

KEYWORDS: Quinsam mine, cleats, calcium  oxide, 
calcite, calcite liberation, coal combustion,  slagging, 
fouling,  electrostatic precipitator, c:oal blending. 

BACKGROUND 

excellent thermal coal  with good heat value and a low 
The Quinsam mine  on Vancouver Island expolis an 

ash concentration. However, the ash carries  with it a 
higher than normal  concentration of calcium  oxide 
(CaO).  This project investigates  the  origin and 
distribution of ttle CaO  in  the coal and looks at some of 
the ways it can effect the  behaviour of the  ash  when  the 
coal is burnt  in a boiler. 

samples  indicated that much of the CaO is in the coal as 
A preliminary look at existing data  and  at somc coal 

calcite and possibly other  carbonates which coat  the 
surfaces of cleats. If the  calcite is not  removed by 
washing  then it adds  CaO lo that  already in the ash. If 
the  ash concentration is low then  this  addition of CaO 
can  cause the concentration in  the  ash to  rise markedly. 
The mineralogy of the  ash  ensures  that i t  also contains 
some  CaO. The concentration of this component of the 
CaO probably lemains fairly  constant  from  sample  to 
sample  and will  not vary as  thc  ash content  changes. It 
therefore  cannot be reduced by washing. The component 
of CaO  originating  from  calcite  can  be removed from  the 
coal if the calcite is liberated during  washing. If  it  is  not 
removed, the CaO concentration of the  ash of thc  washed 
coal may be high  and variable. 

cause a number of changes in  bchaviour of the  ash in 
High  concentrations of CaO in thermal coals  can 

coal boilers, such as lowering  the  melting  temperature of 
the  ash, increasing the  ash adhesion  to boiler walls and 
increasing  the resistivity of fly ash. These  changes  are 

provides a way of ameliorating  thc  extremes in the ash 
not necessarily bad  but should be documented.  Blending 

chemistry. 

from the basal No. I seam,  either  from  the 2-N 
At present most  of the coal at  Quinsam is mined 

underground  mine or a number of surface pits.  Knowing 
the  distribution of calcite in No. I scam, both 
geographically and  within the  seam  from  hangingwall  to 
footwall, may provide options for mn-of-minc  blending 
to reduce the  CaO content of the raw coal. 

QUINSAM COAL MINE 

The  Quinsam coal mine is located !0 kilornctres 
west of the town  of Campbell River on Valcouver Isiand 
(Figure I). The  mine has been in operatic n since 1 S'S:', 
initially as a small surface rnioe and now IS a combined 

coal mcduction is about 650 000 tonnes. 
surface and underground  operation. Presel t annual m -  

Figure I .  Location  map ollhe Quinsam cc il lnlne on 
Vancouver  Island. 

Formation of the Uppcr Cretaceous N maimo Ciroup 
The coal seams at Quinsam arc i n  the Cornox 

(Kenyon el a/., 1991). The Comox Form;,tion is di.!idt:d 

overlain by the  Cumberland  and  Dunsliuir membel.s. 
into the basal conglomeratic  Benson Mmber, which is 

Two  seams  outcrop in the Cumberland Mmber  and two 
seams in the  Dunsmuir  Member. Most of he resew<::; are 

This seam  averages 2.3 metres in thickness  and is 
in  thc lowermost No. I scam 1n the Cumbr rland Me111b:r. 

sometimes  overlain by a ridel  which aver; ges 0.40 llelre 
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thick. I t  is  mined  underground  and in surface pits. The 
overlying  No. 2 seam  averages 0.30 to 0.55 metre in 
thickness  and  is  mined at surface, in some pits. The No. 3 
seam  in  the  Dunsmuir  Member  averages 2.4 to 3.4 
metres  thick and  is mined  in  surface pits. No. 4 seam  is 
thin  and  is  not  mined.  The  stratigraphic  separation  from 
seam I to seam 3 is 30 to 60 metres. 

CALCIUM OXIDE IN COAL 

Calcium  concentration  is  variously  expressed as 
CaO%  in the  ash,  CaO%  in  the total sample or as Ca in 
the total sample. If the  calcium  is  mainly in mineral 

independent of variations  in the ash concentration. If it  is 
matter,  its concentration on an ash basis will be 

mainly  dispersed  in  the  coal  then  its  apparent 
concentration  in  the ash will increase as the  amount of 
ash decreases. 

actually be present in  minerals that make  up the  mineral 
Calcium  oxide reported as a  component of ash may 

matter, as noncrystalline  material  associated  with  the 
coal or as  minerals  dispersed in the coal. Minerals  found 
in the  coal  include  carbonates  such as calcitc, dolomite, 
ankerite  or  siderite,  minerals  that  make  up  the  mineral 
matter  include  clays and  feldspars.  Minerals that may  be 
associated  with  either  mineral  matter or coal  include 
sulphates  such  as  gypsum  and  phosphates  such  as  apatite 
or gorceixite. 

early coalification process, or later along  cleats. Some 
Calcium  is  introduced into  the coal as part of  the 

calcium  is initially extracted  from  sea  water or ground 
water by the  carboxylic  acid  groups  (humic  acid 
molecules).  These  molecules are destroyed by the 
coalification process  and, at  the  same  time.  much  of  the 
interstitial  water  is  expelled.  Consequently as rank 

with  some  of  the  interstitial  water.  During  the  early 
increases, CaO  is released  and  moves  through  the  coal 

anaerobic. This may  be accompanied by dolomite if 
stages  of coalification, siderite may form if conditions  are 

magnesium  (indicating  a  marine  influence)  is present. 
Early  forming  carbonates may impregnate  fusinite  and 
semifusinite  macerals  because  they  have  a  structure and 
porosity  which  might  not be present  in  vitrinite,  which 
often  does  not  have  voids  in  its cell structure.  During  the 
second  stage of coalification, calcite and  ankerite 
crystallize, often  on  cleats  (Stach et a/., 1975, p. 126). 
The  CaO required to form  these  minerals  comes in part 
from  the  coal  but  can be introduced  from  the  surrounding 
rocks  and  penetrate  the  coal  via  the cleat system. 
Generally  the  reason for high  concentrations  of  CaO in 
bituminous  coals is the  presence of calcite on cleats. 

In  general,  the  amount  of  CaO in coal  decreases as 
the  rank  increases.  Lindahl  and  Finkelman (1986) 

bituminous coals, 0.46% for  bituminous  coals  and 0. I% 
provide  averages  of 1.7% for lignites, I .  I% for  sub- 

CaO  in total coal  sample  for  anthracite. b a s k  (1985, p. 
265) gives  some  data  for  low  rank U.S. coals  which  show 
the  same  trend.  Trends  in  British  Columbia  are  similar. 
The Coal  River  lignite  deposit  has an average  CaO 
content of 3.1%; the  Hat  Creek  suh-hituminous  deposit 

averages 0.29%; the  Tuya  River  high-volatile  B 
bituminous  deposit  averages 1.0 to 1.5%; the  Telkwa 
high -volatile A bituminous  deposit  averages 1.0 to 1.5%; 
Kootenay  medium-volatile  deposits  average 0.1 to 0.4% 
(with  the  exception of Byron  Creek at 1.0%) and the 
Peace  River  medium-volatile  deposits  (Gates  Formation) 
average 0.5 to 1.2% (Van der Flier-Keller  and  Goodarzi, 
1992). 

deposit  which  averages  about 1% CaO,  noticably  higher 
The exceplion to this  trend  is the  Klappan  anthracite 

than  the 0.1% average  for  anthracites. A plot of CaO in 
the total sample  versus  ash  for  Klappan  data  has  a weak 
positive correlation, indicating  that  the  CaO may, in  part, 
be associated  with  fractures in the  rock  bands in the  coal 
rather  than  with cleats. There  is no correlation of CaO  in 
the  ash to  ash content. 

volatile bituminous  coals  on  Vancouver  Island  average 
Whole-sample  data  for  the  Upper  Cretaceous  high- 

1.65% CaO  for 22 samples  from  the  Comox  Basin  and 

south  (Van der  Flier-Keller  and  Dumais, 1988). The  CaO 
1.73% for 10 samples  from  the  Nanaimo  Basin  to the 

content of the Wolf Mountain  property (Perry, 1984) in 
the  Nanaimo  Basin  is  similar to the  average  for  the basin. 
The  average  for  the  Chute  Creek  properly  in  the  Comox 
Basin is lower than  the  average  for  the Comox  Basin. 

The  CaO content of 14 raw samples of  No. I seam 
from  the  Quinsam  mine  averages 2.8% in  the total 

average  for  the  Comox  Basin.  The  averages  for  the No. 1 
sample  (Matheson  et a/.. 1994) which  is  higher  than  the 

rider and overlying No. 2 seam are lower. The  CaO 
contents  in  the  ash  do not correlate with  the ash content 
or the  amount of P2O5 in  the  ash  (Table I) .  In fact the 
CaO content  does  not  have  a positive correlation  with 
any  other  oxide.  Most of the  CaO  is  therefore  associated 
with  a  nonsilicate  mineral,  probably calcite, which is 

volatile bituminous coal  seams in  the  lower  part of the 
dispersed  through the coal. In contrast,  the medium- 

Mist  Mountain  Formation  in  southeast  British  Columbia 
generally  have  low  concentrations  of  CaO,  averaging 
0.2% in  the  whole  sample.  Based on the  correlations  in 
Table 2, the  CaO  appears  not  to be associated  with  the 
ash  and present  in calcite, dolomite,  siderite or 
phosphorus-bearing  minerals that are dispersed 
thoughout  the coal. 

Vancouver Island  have  higher  CaO  contents than  coals 
Whole samples of Upper  Cretaceous coals  on 

from  southeast  and  northeast  British  Columbia, The 
higher  concentrations  are,  in  part,  probably  caused by 
calcite dispersed in the  coal  on cleats. The  higher 
concentrations  occur in both  the  Comox  Formation  in  the 
Comox  Basin and  in  the Extension and Protection 
formations in  the  Nanaimo  Basin.  In both  basins  it  is  the 
lowest seam  which  appears to have  the  highest  CaO 
content (No. 1 seam in the  Comox  Basin and the 

from  these seams that  might be causing the  high CaO% 
Wellington seam in the  Nanaimo  Basin)  and it is  data 

averages. In the  Nanaimo  Basin,  data  from  seams  other 
than  the  Wellington  seam  average 1% which is similar  to 
the  CaO  concentration  at  Telkwa.  The  higher  CaO  in  the 

because  the  seams have better cleat development. 
lower seams  may result from availability of CaO or 
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QUINSAM ASH OXWE ANALYSES CORREUTION DIAGRAM 
TABLE 1 

SOUTHEAST UC ASHOXIDE ANALYSESCORREUITION 
DIAGRAM 

TABLE 1 

REGIONAL GEOLOGY, JOINTS AND 
ORIGIN OF CLEATS 

Sediments often contain  joints  formed  in  response to 
regional  tensional  or  compressive stress fields. Coal is 
also  jointed but, because of its different  rheology  and 

origin  and  are  called cleats. Cleats  usually  form as 
maturation history, the  joints generally  have  a different 

are oAen parallel to, and  sometimes  connect  with, 
orthogonal sets and  are perpendicular to bedding.  They 

cleats are more  closely  spaced and generally do not 
regional  joint sets in  the  surrounding  sediments.  The 

probably  form c!arly  in the  maturation  process. after the 
exhibit  the  surface  characteristics of shear  joints. They 

coal  has  become  a fairly uniform,  brittle solid ( above a 
rank  of  sub-bituminous C) and  while  there  is still a lot of 
compaction and water-loss  induced  shrinkage still to take 
place.  Coal loses about 20% water by weight  when  the 
rank  increases  from  sub-bituminous  C to high-volatile B 
bituminous.  This  is  equivalent to a 20% decrease  in 
volume  which is probably  accompanied by additional 
compaction  of  the solid. Cleats  form  in  the  bright  coal 
bands  during coalification because  bands  which are  ash 
poor  and  vitrinite rich are more brittle than  the dull coal 
bands  which are  ash  and  inertinite rich (Gamson  and 
Beamish,  1991). 

which is expenencing regional stresses. These  regional 
The shrinkage  often  takes  place  in  a subsiding  basin 

stresses, combined  with  shrinkage  within  the  coal  seam. 
produce  two  sets of tension cleats, one  perpendicular to 
the  basin axis  and  the  other perpendicular to bedding  and 

and  are the  through-going set are generally  oriented at 
parallel the bas,in axis.  The face cleats, which  form  first 

Geological Fieldwork 1994, Paper 1995-1 

right angles to the  basin axis, for example,  the  San Jaun 
Basin  (Close  and  Mavor,  1991).  the Mis!,issippian and 
Pennsylvanian  anthracite  fields  (Levine  and  Edmun,ds, 
1993)  and  the  Greater  Green  River  Basin (I aubach et  a/., 

cleats, are therefore  generally  oriented par dlel the basill 
1993).  Butt cleats, which  terminate  against  the fac: 

axis  and  often intersect bedding  formilig  a linr: cf 
intersection parallel the  strike. 

As the cleats are  forming, water  is teing  expdlei 

within  the  seams.  Different lrthotypes are more or less 
from  the  coal  and  is  channe.led  along  the  face cleats 

susceptible to  shrinkage  and  water loss. At a ranc (If 
high-volatile  bituminous,  vitrinite  can  hol'l  two to three 
times as much water as fusinite and  therefore  shrinks 

bands in the  coal will tend to be trapped in the  bands  and 
more during coalification. Water escapin:: from  villain 

basin marrins. 
move along  face cleats, up  the dip of the c( al  seam to the 

Steriogrnphic  projection of poles to cleats 

N 

I 

I 

I WLFF PI OJBTION 

Figure 2.  Sterionet plot of poles to cleats mc:asured in this 
" ~ 

study. 
Cleat  orientations  in No. 1 seam  in  the Qui11si.m 

persistence  noted.  Generally  the cleats are spaced 
mine  were  measured  and  the cleat coatirg, spacing  and 

between 0.5 to I O  centinletres apan and a-e persistent lor 
up  to 1 metre  through  the  coal  seams.  Cleats are ':lo:;er 
spaced  and better developed in vitrain-ric h coal. At m,,st 

with, calcite coating  oftcn restricted to  a :.ingle set. lEl,:at 
locations, two orthogonal sct of cleats "vere rnea;ur(:d, 

coated  cleats  tend to strike cast to so~~theast a.ntl $:ut 
data  are plotted as poles to surfaces  (Figure 2). Calcite- 

across  the  trend of the  bedding  and bitsin  axis.. They 
appear lo be the  face  cleats and  are mort dispersctl tk,an 
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the  sccond set of cleats  that  trend  southeast and  are 
parallel  the  basin  axis. 

Kenyon et a/. (1991) and  Gardner  and Lehtinen  (1992). 
The  structure  in  the  area has been  discussed by 

Both papers  describe  early  tensional  faults  trending 
easterly, which  sometimes  have  calcite  veins  associated 
them.  These  faults  are responsible for graben  structures 
i n  the 2-N area  and  at surface are identified by low 
swampy ground.  They  also  appear  to  act  as  channels  for 
water  into the underground  mine. The calcite-coated 
cleat set is either  related to these  faults  or to early  stresses 
that formed the north  to  northwest-trending  basin. 

of pull-apart faulting  that  is largely restricted to the  No. I 
Gardner and  Lehtinen (1992) identify a later period 

seam  zone.  These  faults  parallel the strike of the beds and 
are down-dropped by a few metres on  the down-dip  side 
with respect to  the  regional  bed-dip. The faults are gently 
dipping  and  consequently  produce a barren  zone  up  to 20 
metres  wide  where they cut the coal seam.  They probably 

to buckling and down-warping of the  sedimentary 
represent ductile  response of the incompetent No. I seam 

succession. A later period of northeast to southwest 
compression is described by Kenyon el a/ .  (1991): it  
produced  some folds and southwest-verging  thrusts.  They 
also  identified a period of tear  faulting  that is probably 

are  assumed to be  unrelated  to  any joints. 
post Late  Eocene.  These  faults  trend  northeast to east  and 

It is proposed that both sets of cleats  formed  early in 
the  tectonic history, after thc coal had reached a rank of 

cleats  formed  first  and  remained open. but later east-west 
more  than  sub-bituminous C. The east-trending  face 

compression  tended to close  the  southeast-  trending butt 
cleats.  Calcite  could  therefore  have  been  introduced  into 
face  cleats  at  any time.  Early  calcite could originate  from 
dewatering of the coal seam and late  calcite from present 
day ground  water  movement. 

CALCITE IN QUINSAM COALS 

When visually estimating  the  amount of calcite in 
the coal it  should be remembered that. because of the 
density  difference between coal and calcite,  the  volumc 
percent of calcite in  the coal w i l l  be 53% less than  the 
weight  percent. The presence of calcite in Quinsam No. I 
seam was  confirmed using  simple field tests. The  coating 
eKervesccs in cold  dilute  hydrochloric  acid and is 
therefore probably mostly calcite and unlikely to  contain 
much  dolomite,  siderite or  ankerite. Analyses  of  sulphur 

little  sulphate  and therefore very little  calcium  sulphate 
in samples of fresh No. 1 seam  indicate  that  there is very 

alizarin red S solution  after  etching  with 10% 
(gypsum) in  the seam.  Calcite  was  also  stained  using 

hydrochloric  acid. The stain  confirmed  the  white  joint- 
filling material  was  calcite.  Calcite also fluoresces under 

fluoresced a dull  white  when well esposed.  This test was 
short  wave  ultraviolet light. It was  found  that  the  calcite 

open pit at night, unfortunately it could not  be tested 
useful on individual  samples and may be applicable in  an 

underground  because of safety requirements  and 
limestone  dusting in  the  underground mine. 

the  surfaces of cleats  which  are  perpendicular  to  bedding 
The calcite  occurs in three  general  forms.  Most is on 

(Photo I):  some  occurs  in  desiccation  fractures  restricted 
to  vitrain-rich  bands1  to 5 centimetres  thick  (Photo 2). 

Photo 1.  Calcite on cleats in a sample of Quinsam  coal 

Photo 2. Calcite-filled crackle zone in a sample of Quin- 
coal. 

with  minor dilation  (Photo 3).  Calcite-coated  cleats were 
Calcite also  occurs on crosscutting shear fractures 

obselved in the coal  underground in the 2-N area  and  at 
surface in the 4-S area  (Figure 3).  Calcite  occurs  on 
cleats as thin  grey or white  smears; it is discontinuous 
and does not form  thicker  veinlets. The cleats are 
perpendicular to bedding, 0.5 to 10 centimetres apart  and 
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usually  terminate  against  high-ash  or  ineninite-rich 
bands. If the cleat traverses  the  ash  band  then that pan of 
the  surface  tends not to be calcite coated. The calcite 

under  the microscope appears  lo be fractured into 1 
smearing  is less than I millimetre thick, not striated,  and 

millimere or smaller  rectangular  fragments.  Because  the 
calcite seems to  be pervasive on at least one set of cleats, 
and  the  cleats  generally  do not connect  with joints  in the 
interburden,  it  appears that the calcite has moved parallel 
to bedding  through  the  seam, at least in pan.  The calcite 
that fills discontinuous  microfratures  within  thin  vilrain 
bands may have been deposited  earlier  than  the cleat 
calcite, and  the calcite on crosscutting fractures was 
probably deposxted last. 

9 , .  

.- 

Photo 3. Calc~te-filled fracture in a sample ofQuinsam coal. 

MEASUREMENT  AND  IDENTIFICATION 
TECHNIQUES FOR CaO AND  CALCITE 

component of the  ash  which  is left after the  coal  is  burnt 
The  CaO content of a  sample  is  measured  as  a 

off in the analysis process. The  ashing  process will  not 
volatilize calcium  in  any  form so that it remains in the 
ash residue. The calcium in the  ash  is  usually  measured 
by atomic  adsorption  spectroscopy  and  the results 
reponed  as CaO% 

For  coals in which most of the CaO is from calcite, 
there  might tle a test that requires  simpler  equipment. 
The  approach, used in this study, involves  dissolving  and 
removing  the calcite from  the  sample  with  hydrochloric 
acid  and  then  weighing  either  the  leached  sample  or  the 
precipitate retrieved after drying  the  acid leachate. A coal 
sample with I,% calcite  contains 0.56% CaO  and 0.44% 
C02. Forty  grams of this  sample  contains 0.004 moles of 
CaO. This requires at least 0.008 moles of HCI or 8 
millilitres of 1 molar HCI to conven the calcite to CO2 
and CaC12. Sufficient 1  molar RCI was  added to samples 
to dissolve  the calcite and  the  acid  was  then  filtered off 
the  coal  sample and the  sample  dried. The sample  weight 
after  drying  should  indicate  the  amount of calcite 

removed.  Unfortunately  the  drying p r o w s  also n:rno\'es 
water  from  the  coal so that  the  leached  :,ample ha5 h:ss 
water  than  the  sample prior to leaching  This efkct is 
particularly apparent  for low rank clbals  thal: have 
variable and high  as-received  water contents. Tht: HCI 
extracted  from  the  leached  sample wa! evaporated to 
dryness  and  the  residue  weighed. If  thl leaching only 

then  it  is  possible to calculatt: the calcitc voncentrati,on in 
removes calcite and  the precipitate is  c,llcium  chlorde 

the  sample.  Some  uncertainty  is introduai by tht: fact 
that the  acid may dissolve  some of the pyrite and  other 

be precipitated. 
carbonates  and  iron  and  magnesium  chl )rides may also 

c 

t 
Figure 3. Mine geology and infrastIucture ;hawing 1O:ation C,f 

pits and underground mi! e. 

SAMPLING AND ANALYTICfiL 
RESULTS 

Thirteen locations were  sampled in the unde~.;:round 

two  drill  holes  from  the 1992 explorati4)n progran ID111 
mine, two locations  in  the No. 2 Soutll surfact: pit and 

and  D13). In addition  some  drill-hole d.lta from  the 1992 
Quinsam  mine  assessment report were '14. All the  data 
are  in  Table 3; sample  sites  with  the :xception  of D21 
and D25 are located  on  Figure 4 and  coordinate; a x  in 
Table 4. These two drill  holes are coll;;red to t h e  east c8f 
the  area  covered by Figure 4. A total 01 30 samplcs were 
analyzed  in  the study. 
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Figure 4. Location of  underground  samples in 2N underground 
mine. 

The  underground  room-and-pillar  mine  extracts  the 

the  overlying  mudstone  split and rider seam. The 
top two thirds  of  the No. I seam and sometimes part of 

remaining  footwall  coal  is  sometimes  recovered  when  the 
pillars  are removed  before  sections of the  mine are 
allowed to cave.  Sampling is complicated by the fact that 

dusted  with  limestone to reduce fire hazards. Generally 
the  coal is  hard  and not well cleated, and coal faces are 

about 1 metre  of  hangingwall  coal  was  taken as the  first 
sample, and  as  much of  the  remaining  seam  as  was 
exposed as  an additional  sample. A vertical strip  down 
the  coal face, about 10 to 20 centimetres  wide was 
cleaned off and  samples  collected  as  large  fragments 
across  the face. From 1 to 5 kilograms of coal  was  taken 
for  each  sample.  Samples  were  washed  at  surface to 
remove  any  trace  of  the  limestone dust. 

Samples  were  crushed  and  split  and  some  chemistry 
performed  in  the  mine  laboratory facility by the  author, 
with  the  cooperation of Quinsam  personnel. One of  the 
splits  was  leached  with  hydrochloric acid. Splits  of  the 
raw sample,  leached  sample  and  dried precipitate from 
the  leached  sample  were  sent to a  commercial  laboratory 
for analysis. Raw and leached  samples  were  analyzed  for 
CaO%  in  the ash and total sulphur.  Some  samples  of  the 
calcium  chloride  precipitate  were  analyzed for CaO, 
Fez03 and MgO, and  some of the  coal  samples  were  also 

Table 3 .  
analyzed  for  sulphur  forms. The  data  are  presented in 

ash is calculated by subtracting  the  leached  ash  CaO% 
The  amount of CaO  originating  from calcite in  the 

concentration  from  the  initial ash  CaO% concentration. 
Based  on  the  amount of ash,  this  concentration  can be 
expressed in terms of the  whole  sample or as a 
concentration  in  the  coal-only part of  the  sample.  The 
CaO% from calcite in  the  whole  samples  ranges  from 
1.6% to 4.22%. This  is  equivalent  to a range  of 2.3% to 
7.2% mass of calcite or 1.2% to 4.1% volume  of calcite 
in  the  whole  sample. 

ranges  from 1.17% to 16.44%. Two of  the  samples  have 
The  CaO content in the  ash  of the  leached  samples 

distinctly higher  concentrations of CaO  than  the rest 
(U1-l and D13-1, Table 3). Either  these  samples  contain 
a  carbonate that  is not  leached by cold  hydrochloric  acid 
or some of the calcite was  not  removed.  X-ray diffraction 
analyses of the  sink  ash  from  splits of these  two  samples 
indicated that the  ash is composed of over 90% calcite 
with  minor kaolinite and  quartz.  This  indicates  that  some 
of the calcite was not leached. To  check  this, a plot of 
CaO  in  the  ash before  leaching versus CaO  in  the  ash 

a positive correlation factor and a best-fit line  through 
after leaching  (Figure 5) was  constructed. The  data have 

values  are  the  same at 0.4%. The unleached  CaO  value 
the  data  indicates  that  the  leached  and  unleached  CaO 

cannot be lower  than  the  leached  value, so 0.4% is 
probably  the  best  estimate  of  the  average CaO  in  the ash, 
not attributable to calcite. The  increment of CaO  in 
leached  samples above 0.4% is probably calcite that was 
not dissolved by the acid. 

~ Averaee CaO in ash after leaching 5.03% , 

10 20 30 40 50 
cao in ash before leachino 

Figure 5 .  Effects of leaching CaO from ash. 

It is also  possible that the  acid  leach  dissolved  other 
carbonates.  To  check this, two precipitate samples  with 
CaO  contents  of 29.5% and 38.9% were  analyzed  for 
MgO and  Fe203.  There was less than 0.3% Fe203 or 
MgO  in  the precipitates, indicating  very little solution  of 
dolomite,  siderite or ankerite. 

The possible  solution of pyrite by the hydrochloric 
acid was checked by analyzing  the total sulphur in the 
fresh and leached  samples  (Figure 6). The  data plot close 
to a  line  with  a slope of 1, indicating  no loss of  sulphur 
in  the  leached  samples. A slope of less than 1 would 
indicate  acid  leaching  of pyrite as pyritic sulphur  makes 
up a  component of the total sulphur. A plot  of total 
sulphur versus pyritic sulphur  (Figure 7) indicates  that, 
for the  underground  data  from  this study, the  amount of 
pyrite in a  sample  can be estimated  using  the  linear 
relationship: 

The  remaining  sulphur is mostly organic.  However 
pyritic sulphur = 0.253 x total S% - 0.0465 

surface  data  from  Matheson el a/. (1994), also  in  Figure 
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7, indicate  that a larger  proportion of the total sulphur  is 
in pyrite. A plot of CaO from calcite in total sample 
versus pyritic sulphur  (Figure 8) indicates a weak 
tendency for  high pyritic samples to also  have low calcite 
contents,  but  there  is no clear relationship. 

I 

0 1 2 3 4 

Sulphur% in leached  samples 

Figure 6. Total sulphur in fresh and leached  samples. 

I 
Surface  and  underground  data 

3 c, 4 -  

0 5 underground 

total  sulphur YO 
~~ ~ 

Figure 7. Reliltionship of total sulphur  to pyritic sulphur 

I 1 
1 1  I i 0.8 i rn 

L-"x CaO% fmm calcite in total sample 

Figure 8. M t i c  sulphur versus CaO%  from  calcite in the  total 
sample. 

the  coal  sample  through  a filter and dried. The weight of 
In most cases the  acid-leach  solution was  rinsed off 

precipitate  divided by the  sample  weight  should  correlate 
with  the  amount of CaO derived  from calcite in  the total 
sample.  In fact, if the precipitate is  CaCl2  then  it  is 
equivalent to 50.53% CaO. It should be possible to use 
the  weight of precipitate to calculate  the  amount of 
calcite in  the  sample  and, if there  is  a  constant  non- 
calcitederived  CaO  concentration in the ash of 0.4%, i t  
should  also be possible to estimate  CaO  content of the 

total sample. A plot  of weight of precipitale expressed :IS 
CaO  in  the total sample(X) versus CaO  in  the lotal 
sample  minus 0.4o/dy) produces  a line: 

Y = 0.869 + 0.585 
The  line  should have a slope of I and a ziro intercept. It 

Rz = 0 89 (Figu1.c '9) 

does not because  not  all  the calcite was d~ssolved  and : i o  
the precipitate weights are low  by an  ammnt dependent 
on the  amount  of calcite in the  original sarliple. 

The  line  in  Figure 5 can be used to correc: tlle 
precipitate weight and if this is done  then the line: 

Y=1.17X-O.273 R2 =0.91 
is  generated  (Figure 10). 

The data indicate  that  it  might be possible to nu: tlle 
precipitate weight to  estimate  the tota CaO ir  the 
sample.  Based  on  the  data  in  Figure 5 th,: averagl: error 
in predicting total CaO  using  the  core6  ted precipitate 

deviation, errors ranging  form 2% to 16% can 3e 
weight  is 10% of the  value  and, at a one standard 

expected.  If  the  chemical  procedure  is in proved s c ~  that 
all  the calcite is dissolved, then better prec.ictability :ould 
be achieved. 

unique  in that it appears to have a  very low contcnt of 
The mineral matter in No. 1 Sean1 is somewtat 

free  quartz.  Because of the  high carbaate content of 
some  of  the ash (up to 50% calcite), the  mineral niatler 
may lose up to 40% of its  weight  on ashi 1g. This means 
that a  sample  with 16% mmeral  mattei,  contain ng a 
high calcite content, will report as about 1 )%ash a r d  the 
coal wi l l  appear  to  have  an  unusually ow  heal value 
based  on  the 10% ash content. 

REGIONAL DISTRIBUTION 01' CALC'IT'E 
WITHIN ONE SEAM 

The  data  were  analyzed to see if caL:ite diStritutiOn 
is systematic. Generally,  more  than olle samplc atas 
collected from  each sife. The variation in CaCP4, :!or 
samples  from  a  single  site  is  almost a ~ s  large a!; the 
variation  between  sample sites. A set ~ t f  five chamlel 
samples,  spaced 5 metres  apart  in  the  underground mine, 
also showed  a  wide  variation  of CaO contc,:nt (S. Gadner, 
Quinsam  mine,  personel  communication 1994). There 
does  not  seem to  be a  correlation of C a O h  with  pmition 
in the  seam.  Hangingwall  samples  do lot consistently 
have  higher CaO concentrations  than  mi(  -seam  samples. 
All the  samples at a single site  were  avelaged to p ~ w  de 
the  best  estimate of the  CaO content  for  tl  e full se;irn. 

indicates poor if any  significant  spatial tri nds in thi: &.ta. 
A variogram  for total CaO% lersus dli:;tance 

Despite this, simple  contour  maps  were p~oduced lor tcstal 

from calcite expressed as percent of the  coal-only 
CaO% in the total sample (Figure 11) a,ld CaO d:rived 

component of the total sample  (Figure 12). Because the 
calcite is mostly  on  cleats  that  are restrict,:d to the coal, it 
was felt that  a  contour map of CaO  in the  coal only mi,:ht 
reveal regional  trends. The  CaO  in  the a!h was  corrected 
to CaO  in coal-only  using: 
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TABLE 3. ANALYTICAL DATA FOR UNDERGROUND  SURFACE  AND DRILLHOLE SAMPLES 

m p l e  thickness wf mple  H10 Ash% 04% CaO,% total S% py lc  S% SO4% wfppl 
U1-l HWd.OM 1.53 6.81 40.45 16.44  0.52 

(UZ-l HW-.7OM 39.466 1.45 9.09  34.28 5.9 0.57 2.0161 
U2-2  .70-1.9M  40.006  1.35 
U3-l HW-I.OM  38.841 1.37 

9.6 
9.98 

31.77 5.65  0.29 
29.79  4.94 0.53 

1.725 
2.046 

IU3-2  1.0-1.9M  40.181 1.27 11.16 20.01 3.78 0.27 1.4381 
U4-I HW-.%OM 42.405  1.4 
U4-2  .80-1.50M 47.553 

9.81 
1.52 

25.5 
7.86 

5.54  1.09 
23.5 4.84 

0.3 
0.26 

0.13 2.009 
1.562 

IW-l HW-.80M 43.705 1.41 9.75 22.8 4.56  0.36 1.5131 
U6-1 HW-.40M 43.141 
U7-1  1.5M-FW 

1.35 
37.292 

9.97 
1.16 

29.74 
19 

5.65 
9.63 

0.57 
1.17 

1.456 
0.19  1.258 

IUS-I HW-I.55M  38.561 0.89 7.89 28.56 5.1 0.33 1.6121 
U9-1  HW-.40M 40.677  0.91  13.06 
UIO-1 RDR.45M 

19.68 
41.265 1.42 

2.48 0.43 
14.82 13.77 2.46  1.88 0.38  0.21  1.419 

2.333 
~ ~~ ~~~~~~ 

UIO-2  HW-.40M 
UIO-3  .40-1.20M 

43.783 1.43 9.14 
38.821 

30.87 
1.42 9.93 

6.01  0.52 
48.45 5.9 0.46 

0.09 
0.03 

0.03 2.461 
0.01 

U I I - I  HW-.60M 
3.851 

42.965 
UIZ-l HW-.50M 

1.52 
42.121 

12.06 15.61  3.54 3.71 
1.42 

0.9 
10.08  30.76 

0.25 1.026 

U12-2  .50-1.4M 47.872 
4.9 0.57 0.1 0.02 

1.43 7.12  30.67 
2.511 

Ul3-I HW-.60M 43.516  1.4 l l .05 
6.86 0.25 

42.75 
0.02 a 0 1  2.093 

U13-2  .60-1.20M  49.195  1.37 
5.59  0.65 

7.92 
3.847 

Ul3-3 RDR  .Z-FW 41.285 
35.92  6.38 

0.92 31 12.7 1.21 
0.28 
2.17 

1.918 

DIO-1  67.8-69.2M 
2.652 

D10-2  69.2-70.1M 
41.502 
46.275 

0.96 11.4 5.05 0.25 
0.92 

29.5 
10.6  18.82 

2.301 
2.73 

D13-I 96.7-97.3M 
0.22 

41.056 1.02 
1.496 

D13-2  97.3-98.6M  43.194 1.03 
5.06  38.86 13.88 1.219 
9.28 

D13-3 98.6-100.5M 
32.2 

41.377 1.01 9.42 
4.9 0.29 2.299 

31.81  5.33  0.27 1.975 
SI-1 HW-I.2M 39.656 1.19 
SI-2 1.20-I.5M  42.086 1.11 

8.08 
30.38 

26.93 3.45  0.68 
5.65  0.58 0.65 

1.44 
1.061 

ISI-3 1.55-2.55M 41.829 1.16 13.42  20.37  2.39  0.57 2.0031 
SZ-l  HW-2.2M  40.704  1.28 9.84 26.85  3.65 0.98 
CaO,=total CaO in ash CaO.=CaO in ash aRer leaching 

1.886 

S?+ pyritic sulphur in total sample wf ppl= weight ofprecipitate from m p l e  acid  leach solution 1 

matter) 
CaO  in coal = CaO  in ash  x ash /(IOO-mineral 

x1.08 
mineral  matter  =(ash x (1-(Ca0-0.4)  in asM100) 

matter,  not  a  combination  of  mineral  matter  plus CaO 
An  attempt  is  made  to  calculate  the  actual  mineral 

reporting  to  the  mineral  matter.  For  this  reason,  the 
amount  of  CaO  (minus 0.4%) is  subtracted  from  the 
amount  of  ash  and then  the  amount  of ash multiplied by a 
constant  to  account  for  the loss of weight  experienced 
when  mineral  matter  composed of quartz  and kaolinite is 
ashed. 

The  CaO  content in coal  varies  from 2.4 to 4.4%. 
When  the  data are averaged  on 100 by 100-metre blocks, 
and  contoured,  there  is  a  tendency  for CaO to increase to 
the  northeast and  southeast  of  the  area  covered by Figure 
12. 

Data  were  also  provided by Quinsam staff for  areas 
adjacent to  the  2N  underground  mine  and  the  same 
pattern of variability was observed. In the S5 area, 500 
metres  south of the  2N  underground  mine, two holes 200 

the  coal.  The 3N area, 1 kilometre  north of the  2N 
metres apart have CaO  contents of 6.15% and 1.87% in 

underground  mine, can be divided into a  higher  CaO 
area  lo  the  northeast  and a  lower  CaO  area to the 
southwest,  based  on five samples. 

using drill-core data  and  containing  seam  thickness, 
A  preliminary  correlation  matrix  was  constructed 

separation  from rider seam,  thickness  of  in-seam split 

weak  correlation  of  CaO  to  in-seam  split thickness. It 
and  CaO content of coal. It was  found  that  there  is  a 

would be interesting  lo  continue  this  analysis  with  more 
data  and  more  variables  in  the  matrix.  In  a  broad  sense 

from faults, although  on  a local scale, it  may be. If  CaO 
the  CaO  content  does  not  seem to be related to  distance 

content  is  controlled by cleat development,  then calcite 
content may be related to variable  compaction effects 
caused by changes  in  the  amount  of  sand  in  the 
lithological section  above or below the  coal  seam. 

SEPARATION OF CALCITE 

A  detailed  study  was  undertaken by CANMET 

characteristics of Quinsam coal, with  particular  reference 
(Mikhail et ol, 1993) to investigate  the  washing 

lo the CaO content of various fractions. Some  of  the  data 
were  made  available to be used in  the  present study. 

Before  the  content of calcite in  the  coal  can be 
calculated, the  amount of CaO  originating  from  the  ash 
must  be known and subtracted  from  the total CaO 
content. If the CaO  content  is  assumed  to be constant  for 
the  ash in different sized  fragments  and  in different 
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TABLE  4.  SAMPLE  LOCATIONS  AND  AVERAGE  CnO% DATA 

E 8 1 6  103191 
sample eastin); northing CaO-cl% CaO-tot% 

uz 
u 3  
u 4  
us 
U6 
u 7  
ut? 
u 9  
UIO 
UI 1 
u12 
U13 
U14 
D92-10 
D92-13 
D92-1 
D92-2 
D92-3 
D924 
D92-5 
D92-6 
D92-7 
1x2-14 
D92-20 
D92-21 
D92-24 
D92-18 
D92-25 
SI 
s2 

9!>859 103186 
99916 103180 
9'2868 102872 
9'2806 102881 
9'3840 102866 
93954 102775 
93954 102760 
99992 102754 
99938 102581 
99522 102518 
99950 102718 
99942 102655 
99937 102640 
99954 103067 

100238 103296 
99883 103524 
99763 103396 

100062 103440 
100012 103344 
S9940 103266 

ICOI15 103215 
99868 102999 

IC'0306 103336 
11'0216 102600 
IC10502 103032 
1W356 102970 
l(10031 102738 
l(10507 103473 
517900 101650 
517700 101150 

3.3 

2.87 

2.38 

2.42 

3.21 

2.25 

2 4  

2.9 

4.4 

z.i2 

2.68 

4.04 

ND 
2.7 

2.32 
4.21 
3.27 
2.95 
3.17 
3.77 
3.34 
3.46 
3.17 
4.08 
3.08 
3.40 
4.12 
3.20 
2.65 
2.86 

3.07 
2.62 
2.2 

2.22 
2.97 
1.83 
2.25 
2.57 
3.95 
1.88 
2.51 
3.78 
ND 
2.83 
2.84 
3.78 
2.96 
2.48 
2.65 
3.15 
2.79 
2.91 
2.65 

3.4 
2.53 
2.86 
3.09 
2.65 
2.34 

specific gravity splits,  then  the  calcite  content of the total 
sample  can  be Icalculated. 

If  the calcite  is  associated with  coal and, when 

of the 2.17 S.C. sinks  for  the  coarse  fragments will be 
liberated,  forms  small fragment!;, then  the  CaO  contents 

mainly rock-split fragments with  very little  calcite. The 
CaO content of the 100-25, 25-10 and  10-0.5-millimetre- 
sized  sinks (S.13. >2.17) are 0.81%. 0.51% and 1.36%. It 
is  therefore  safe to assume  that  the  CaO  content  of  the 
ash  avcrages less than 1% and any CaO  in  excess of this 
amount i s  probably present as calcite. An  ash-based CaO 
content  of  less than 1% for  the  single  washability  sample 
agrees  with the 0.4%  value  determined  from  the  30  acid- 
leached  samples. 

The amount of calcite  in  the coal is  calculated by 

assigning  the  excess to calcite in the  coal.  The  amount of 
subtracting 1% from the total CaO  ash content  and 

calcite  in the original  sample  can  be  determined by 

2 J' ""1 

4 

~ i g w e  IO. CaO% from calcite in total sample versus CaO% in 
precipitate,  corrected for partial solution of calcite 

L 

calculating the calcite in  each  size incremeni.  2nd 
weighting  them  together. This provides an av:r;lge 
concentration of  3.6%, which  is  less than  the i:,al(:ite 
concentration in the  100-25-millimetre  size  fragments 
(4.57%).  It is unlikely that  these  particles experienced 
any liberation of calcite  and  the calcite content If the 
other  size  fractions must average less than  3.6 % to 
ensure  the overall average of 3.6%. A SUI unary of I:alc:ite 
distribution by size  and specific graiity, calculated 
assuming  a  constant I %  CaCl from  non-cllcite soitrc:es, is 
presented in Table 5 .  The  same  information  is displa:red 
diagramatically in Figure 13 

The  amount of calcite  liberated by cashing Ih: law 
coal can be estimated by sublracting the c  ilcite conim in 
the  sizes 25-10 and  IO-0.5millimetres frmm an estimated 
average  starting  calcite  content. T l i s  provides a 

the 0.5-0.15 and  0.15-0-millimetre sizes is increahd by 
minimum  liberation of about 20%. The c k i t e   c o a m  of 

the addition of liberated  and  broken  c;,Icite  fragments 
derived  from  the  coarser  sizes. The l ib  rated  calcite in 
the  finer  sizes may be all of  the calcite  in th,: size 
fractions or just that  component  above the average If all 
the  calcite  in the  0.15-0-millimetre  size  r  inge  is  liberated 
together  with  half  in the  0.5-.15-millin8etre rang#: then 
this  provides an  estimate of about 20% liberated :alcite 
which  agrees  with the Ltmotint released lrom the coal'ser 
size  fractions. It appears  that  the  crushing  process has 
liberated about  20% of the  calcite  in the "aw sampls. The 
100-25-millimetres  size  fraction  contains about 3[1% of 
the total calcite in the  sample. The  c~~ncentrali~ms of 
calcite  in the size  ranges 25-10 and  IC4.5-milli.neires 
are about  two thirds  the  average  indicating aboul. 3 30% 
liberation of calcite in these ,size fraction!.  Based on these 
numbers,  crushing  the whole sample to a 25-millim1:tre 
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Figure 11. Map of 2N underground mine showing  contours of 
total CaO% in total sample. 

top  size  would  probably  increase  the calcite liberation 
from 20%  to 30%. 

distribution achieved by crushing  the  whole  sample  to  a 
It  is  possible to estimate  the  new particle-size 

top size of 25 millimetres by plotting  the  existing  size 
distribution  on  Rosin  Rammler  paper  add  then  moving 
the  line to the left to predict  the new top  size of 25- 

amount of minus 0.15-millimetre  material will increase 
millimetres. This type of  analysis  indicates that the 

by at least 10%. An alternative  approach  in  the plant, 
which  would  produce less -0. 15-millimetre  material, 
would be to screen  and  recrush  only  the  100-25- 
millimetre  fraction.  This  should  produce  the  same 

the  amount of fines. 
increase  in  calcite liberation without  a  large  increase  in 

Based  on  the  above  data,  there  is  little if any 
liberated calcite in the 100-25. 25-10  and 1 0 4 -  

remove  calcite  as calcite-plus-coal particles, but will also 
millimetre  size  fractions.  Washing  of  these  fractions will 

the  remaining  ash.  The calculated calcite content of the 
reduce  the ash  and  concentrate  the  remaining calcite in 

>2.17 S.G. sinks  in  these  sizes  is  low.  This  also  indicates 
that  there  is  very  little liberated calcite. Most of the 
calcite is  in  the 1.5 to 1.7 S.G. splits  and  based on the 
amount of calcite  and  the specific gravity of the 
separating liquid, the specific gravity of the  coal 
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~igure  12. Map of 2N underground mine showing contours of 
calcite  in  coal-only pari of sample. 

and 25-IO-millimetre  size  fractions and 1.6 in  the 10-0.5- 
associated  with  the calcite has to be 1.35 in the 100-25 

millimetre  size  fraction.  Obviously  the calcite is 
associated  with  low ash coal  in  these size fractions. Most 
of  the calcite liberated and  fragmented  from  the  coarse 
size  fractions  reports  to  the  finest  fraction  where  the 
>2.17 S.G. sinks  contain  21% calcite. 

but  when it is, it breaks  into  particles less than 0.5 
The calcite is not easily liberated from  coal  particles 

millimetres  in  size.  Calcite  can be removed as coal-plus- 
calcite particles  from  the  size  fractions  greater  than 0.5 
millimetre by washing  at specific gravity's  ranging from 
1.5 to 1.7. Calcite  on  cleats  in  hand  samples  appears to 
break off easily and  it  is  surprising  that  it  does not 
completely  separate  more easily from  the coal. It is 
possible  that  it is not restricted to the  cleats  and  some  is 
dispersed  through  the coal. 

ASH CHEMISTRY, CALCIUM OXIDE 
CONTENT AND  THERMAL  COAL 
UTILIZATION 

in a  power  plant. In fact, with  normal  coal  cleaning, 
Ideally an operator  would like to  bum ash-free  coal 

about 5 to 15 % o f  the  material  introduced into the boiler 
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I 
TABLE 5. CALCITE DISTRIBUTION BY  SIZE AND SPECIFIC GRAVITY 

Calcite calculated assuming 1% CaO not from calcite 
RAW DATA 

fraction  ash% CaO%ash wtcalcite volume calcite 
23.49  32.75  8.82 4.57 2.41 1 7 

25-10  24.25  32.63  4.87  2.25 1.17 
I 10-0.5 5.88  2.72 

0.5-0.15 
40.21 
4.51 

31.28 
21.37 I5 5.36  2.84 I I 

I 0.15-0 7.54 42.29 12.6  8.79 4.74 I j 
Average  calcite in sample  =3.62%  based on I% CaO  in  ash  minerals 

WASH  DATA 
100-25 I 25-10 I 10-0.5 I 0.54 .I5 

ash% wt calcitel  ash% wtcalcitel ash% wt calcite1 ash% 
6.04  0.91  3.98  0.951  4.78  13.81  4.22  0.49 

1.3-1.35 
10.52  6.5  1.35-1.4 

6.15 5.45 13 5.72 2 6.39 2.63 

19.43 2.1 23.6 
1.4 

23.43 
15.12  22.6 

24.16  13.9 
18.4 

16.3 
10 

21.8 
18.73  12.7 

1.5-1.6 
17.66 

1 .o: 
1.45-1.5 

10.36  18 
7.74 0.81 

14.32 
15.9 

15.03 6.4 
9.92 9.87 5.6 

14.43  9.7  1.4-1.45 

0.60. 

i j 
># 

30.75 
3 

1.6-1.7 
1.7-1.8 

9.7 33.7 10.5 30.72 
44.44  9.9  45.25 5.8 38.91 

28.15 
36.79 

3.13 

1.8-2.0  51.18 
5.42 

2.0-2.17 
3.3 

65.85 0.5 
53.85 1 51.83  47.89 
66.84 2.7 

8.12 
61.46 

80.46 
58.93 

0 80.94 -0.5 81.42 79.3 21.3 
11.9 

~- 

is  ash. It must be collected  either as small particles (fly 
ash), as dry-bottom  deposits or  as liquid slag,  and 
removed.  Many  modern boilers use  pulverized  coal  and 
are designed to handle  ash  as dry deposits most  of which 
(80%) is  collected as fly ash in electrostatic precipitators. 
The rest is removed as dry-bottom  deposits  via  hoppers at 
the  base  of  the  combustion  chamber. The operator  is 
looking  for an  ash  that will: 

* Not  produce  a  slag  (melt at operating 
conditions;  slagging  problems). 

that may k difficult to dislodge  and collect in  the 
- Not  produce dry, sticky deposits in the boiler 

- Not  produce  deposits on the  water  tubes  that 
corrode tho  metal (corrosion  problems). - Not  contain refractory mineral  fragments that 
will abrade: metal  surfaces  (erosion  problems). 

Be easy to collect as a fly ash in the electrostatic 

In part, these  properties  are related to the size, 
precipitators (favourable  ash electrical resistivity) 

segregation  and  form of the  mineral  fragments that enter 
the boiler with  the coal. They c:an also be predicted, to 
some extent, using  average  ash  chemistry. 

The  oxide  chemistry of the  inherent  mineral  matter 
in a particular seam is typically fairly constant. 

associated  with  the coal, for example calcite, other 
Variations  are caused by variable  additions of minerals 

carbonates,  phosphates  and pyrite. The  amount of 
sulphur  in  the #:lean coal  is closely monitored so that  the 
main  variations  in  clean-coal  ash  chemistry will  be 
related to variations  in  CaO, Fa20j  and MgO content. 
The main  variant  in  the  ash  chemistry of Quinsam  coal is 
CaO derived  from calcite. 

bottom  hoppers  (adhesion  problems). 

content of these oxides  changes the important i sh  
It is important to understand how ’,ariatlon in ).he 

properties of slagging,  adhesion, corrosicsn, abrasiorl and 
ash resistivity, and  effects  the  operaticn of the mDst 
commonly used pulverized-coal dry-bot  :om boilers. A 

ash properties. The most often  used are b; se to acid ralio, 
number of characterization  constants  are  used  to predict 

these  constants are usually very sensitiv : to  changes  in 
silica ratio  and  dolomite  ratio  (Table 6). 3quations lusing 

the  amount of alkalis  in  the  ash. 

type and  in  some  cases  higher  than  nonnal CaO In .:he 
Not all boilers are  the pulverized+,:oal dry..bott(~m 

ash is an advantage. A high  CaO  concmtration In :he 
ash causes  a lot of  the  sulphur  to be trappsd  in the:  :Ish as 
Cas04  which  reduces  the  amount of SO2 enteriqg :he 
scmbbers. A high CaO  ash may be a i  advanltage in 
“integrated  coal gasification combined cycle” plants 

facility in Japan uses a  pressure of 2735 kilopasc;lls. In 
(ICGCC) where coal is  burned under  p essure. A pilot 

this situation ash must be collected  antl removw a!; a 
fluid and  a  fluxing  ash  chemistry  is required. 1C:m:nt 
plants are not concerned  about ash chemistry to the  Same 
extent as  large power plants. and an ash  higher i n  CaO 

coal  over  a bed  of granular limestone The COZI and 
may actually be an  advantage.  Fluidized+ed boiler:; burn 

limestone particles are  fluidized by pasing  air upw;ird 
through  the  bed. The coal  burns  in asso,:iation with the 

gypsum.  In  this  type of boiler any  acditional calcite 
limestone  and  most of the SO2 released  is  converted to 

introduced  with  the  coal is of no  consequence. T ~ I :  hlgh 
CaO content may be an  advantage for PC1 use. The 

bottom of the blast furnace may  be preferred. 
injection of  a  fluxing  rather  than  a refrac ory ash irrto  the 

Geological Fieldltvork  1994, Paper  1995-1 253 



100-25 25-10 10-0.5 0.5.0.15  0.15-0 
312. m z e "  in nun 

1 i . .  

1-1.3 13-1.35 1.35-1.4 1.4-1.45 1.45-1.5 1.5-1.6  1.6-1.7 1.7-1.8 1.8.2.0 2.0-2.17  2.17-2.5 

Figure 13. Calcite  distributions in single bulk washability data 

Generally  CaO, MgO and  Fez03  act as mild  fluxing 
agents  in  the  ash, especially  in  the  presence of excess 

agenis.  High  and  variable  CaO  in  the  ash  effects  a 
Si02 whereas NaO  and  FeO  act as strong fluxing 

number of slagging  and  fouling  parameters of the  ash. 

slag  and  it  is  important to be able to predict  operating 
Dry-bottom boilers are not  designed to handle  much 

conditions  that will not  produce  slag. Historically ash- 
fusion  temperatures  have  been  used  as  an  indication of 
the  slagging potential of the  ash. Generally,  temperatures 

they are lower  than  temperatures  measured  under 
measured  under  reducing  conditions are used  because 

oxidizing  conditions  and  there  are  times  when boilers 
operate at close to reducing  conditions.  Less  emphasis  is 

been  found that they are unreliable and  are not easily 
placed  on  ash-fusion  temperatures today because it has 

correlated  with  other  measures of slagging  propensity. 

Ash that melts  completely  over a small  temperature 
range may coat  the boiler walls  with  slag that is difficult 
to remove.  A  wider  melting  range will cause  the  deposit 
to solidify on  the boiler walls  and  build  up  a  thicker 
deposit that may  be easier to remove  with  soot-blowers. 
The  temperature  difference  between  initial  deformation 
and hemispherical  deformation  is a good measure of the 
melting  range. The temperature  range  is in part related  to 
the total CaO  content. As the  CaO  content  increases  the 
temperature  range  decreases,  and  at  high  concentrations 
of CaO,  the  range  is  reduced,  but  is insensitive to 
additional  increase in CaO  concentration.  The  point  at 
which  the  temperature  range  becomes insensitive to an 
increase in CaO  is about 15%. If the  CaO  is in this  range 
then  increases may  not make  slagging  problems  much 
worse,  but  blending  with  a low CaO coal will produce 
major  improvements  in  slagging properties. 
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Figure 14. Relal.ionsip ofSelle e ta / .  (1975) fOJ ash chemistry 
versus ash  resistivity using data from Tait et a / .  ( 1989). 
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Figure 15. A plot ofelectrostatic precipitator  efticiency as 
predicted by the relationship of Potter (1 988) versus actual  ash 

resistivity data from Tait et a/ .  (1 989). 

important  indication of its  slagging  propensity.  Most 
The  temperature  at  which  the  ash  starts  to  melt is an 

boilers operate at temperatures in the  range  700°C to 

slagging  ash  should melt at temperatures above  1400°C. 
1400°C in the  combustion  area and therefore  a  non- 

There  are number of empirical  equations for predicting 
ash-melting  temperatures  (Table 6). The temperature at 
which slag tends to act  as  a liquid rather  than  a plastic 
solid is  called  the  temperature of critical viscosity (Tcv) 

poise  (liquid  enough  to be removed easily as a  melt)  is 
and  the  temperature  at  which it has  a viscosity  of 250 

referred to a:$ T250"C.  Because  the  equations  are 
empirical,  there  are  often  different  versions  in  different 

units. 
references, with  confusion as to the  correct  constants  and 

The equation used to predict Tcv values (Hoy el a/.. 
1965;  Table 6) is  probably  only good to indicate relative 

absolute valuea. Vorres et o/.  (1986)  studied  the  melting 
trends  and ncst tm much  emphasis  should be  put  on 

characteristics of synthetic  ashes.  Their  data  can be used 
to compare  calculated  Tcv  temperatures  with  actual 
temperature  break  points in viscosity versus  temperature 
plots. The predicted Tcv temperatures  are  generally 
within  100°C  and  higher  than  the  expected value. 
Attempts by Vorres et a/. to use the Watt and Fereday 
(1969) T250Y relationship  (Table 6 )  to duplicate  their 
experimental  results  were  not  successful  and  the  equation 

low. They also plotted the  predicted  temperature versus 
consistently predicted T25O0C temperatures that were  too 

viscosity relatlonship  derived by  Hoy et a/. (1965)  with 
better results. In  this study the Hoy et a/. and  Watt and 
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Fereday  equations  for  predicting TZWC providcd 
similar results and  the  Watt  and  Fereday epation is mscd 
(Table 6). 

The adhesion  force  is  a  measure  of the tendenzy of 
the  dry  or  semimolten ash to stick to t k  boiler wals. 
Idemitsu  Kosan Co  Itd. (1993) ha; pub1ish:d a 
relationship  for  adhesive  force to silica iatio (Tab I: 6). 
Idemitsu  considers  adhesion force to be csne of the  mare 
useful ash  parameters  and  it  points  out  that it  dcor not 
necessarily correlate with  other  factors  such  as ash,.f  usion 
temperature. It suggests  that  a  value ess than K O ,  
preferably  about 10, is  required  for  a  coal  blend  that will 

Raask  (1985, p. 177) uses the  amount 0'' insoluble FcO 
not produce  fouling in the boiler. Worlc descrilx:d by 

in  the  slag  to  estimate  an  adhesion inlex (Table 6 ) .  
When  the FeO in the  ash  exceeds  its solubility limit, the 

walls. 
remainder  is  available to  form  a  strong  bend  to the: 'loi ier 

Some  alkali  oxides  form  oxide  metal :ompound!; and 
effectively remove  metal  from  the boiler walls. Calcium 
is a very effective anticorrosive  agent  when 
concentrations  are  above 8% (Skorupsl.a, 1993). The 
abrasion effect  of the  minerals in fly ash s dependmt on 
the  amount of free  quartz  and pyrite in thc coal. 

require an  ash resistivity in  the  range I( ' to loto ohms 
For efficient operation. electrostat c precipitat~~rs 

per  centimetre (Tait et a/. 1!)89).  If the lesistivity :I ).he 
ash  particles  is too  low,  they  will not ho d  a  charge  and 
will not  be attracted to  the plates in the precipita:or. If 
the resistivity is too  high,  the  particles  end to inaulate 
the  plates  and  build  up  a  back  colona disc'large. 
Generally  the collection efficiency increases uith 
increasing  ash resistivity within  the  abov:  range. Fly-:&h 
resistivity decreases as the  concentration of metal nlkdis 

Fe2O3, K 2 0  and  Na2O  reduces  the ash esistivity; GIO, 
increases in the ash (Bickelhaupt,  1975). The presence  of 

MgO, A1203 and Si02 increase  ash r:sistivity.  Some 
minerals  survive  the boiler temperature!  and  remain  in 
the fly ash. Clays,  if  they retain OH, will have low 
resistivity. The resistivity increases if water  is I m t ,  but 

contain  iron. Quartz, on  the  other haid, has z high 
may remain low  if the  surviving  mi,leral  fragments 

resistivity, in the  order of IOLz ohms  per, :entimetre. 

SLAGGING ADHESION AND 
RESISTIVITY PROPERTIES OF 
QUINSAM ASH 

Slag  temperature.  adhesion forte  and  Byash 
resistivity are some of the  more  important ash 
characterization  parameters  for  thermal coal. The  effect 
of higher  than  normal and variable  amounts of ClaC, on 
these  and  other  parameters  was invest gated  using the 
relationships  in  Table 6. 

Data  from  Matheson et a/ .  (1991) indicalc:  that 
Quinsam coal has a moderate to low sla:ging prolensity 
based on a  relationship  for  the lignite-me ash (Rbk 6): 

initial deformation  temperature ) /( 5 )  
Slagging factor (hem~spherical ter  iperaturc: I -  4 x 
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SLAGGING AND FOULING RELATIONSHIPS 
TABLE 6 

TZSO"C =107x~/~oglO(viscosity)~~)O. '  + 150, 
C=.0415 x Si02 +.0192 x AI 0 + 0276 x Fez03 + ,0016 CaO - 4.92  M=0.00835 x Si02 + 0.00601 x A1203 - 0.109 
Viscosity in poise  (Newtonslseclm -pome x 0.1) 2 3 i - .  Relationship  from Watt and Fereday (1969) 

Log10(vi~cosity)=4.468  (Silica ratid100) + 1.265(lO4/Tk)-8.44 
Viscosity  in  NcwtonslseclmZ Tk Temperature in  "Kelvin.  Relationship from Hoy d aL (1965) 

CRITICAL TEMPERATURE 

A = Si02/A1203 B = Fez03 + CaO + MgO Relationship  from HoyetaL (1965) 
T~~ = 2990 - 1470 x A +360 x A 2- 14.7 X B + a.15 I ~2 

SLAG ADHESION 
Slag  adhesive  force =23.15 - 2 8  x silica ratio Relationship  derived  from Idemitsu (1993) 

Slag adhesion  index Iad=Feos0l- FeO res 
Fe0so~=1.2(Si0~-A1~03)-0.6(CaO+Mg&N~~O+K20+TiO~) Relationship  from Raask (1985) 

ASH  RESISTIVITY 
LoglO(resistivity) = Dl(O.1632 x D - 0.00933) D=(Na2WSO3)/(CaoCMgO) Resistivity  in ohmslmetre 

Relationship derived from data from Selle er d (1972) for sub-bituminous coals in western USA 

if u<82% then am=18.86+0.565a 8 2 % ~ a ~ 9 0 %  then  am=-286.4+4.28u 
where a = Si+Al+Fe relationship from Potter (1988) 

o,=collecting ares in mass units for B precipitator outlet  concentration of  0.1 gm/m 

ash  resistivity  log(ohmslcm) = (CaOc1.19)/.859  relationship  derived from data in  CANMET  publication 89-43 

ash resistivity  log(ohmslcm) = .7296 x A - 7.48  (R2=.77, 
where Az9.474 + .4249 x Si02 + 1.442 x CaO - ,1758 x K20 - ,6026 x SO3 
relationship derived by stepwise  multiple  regression of all oxides  in ash analysis data from  CANMET  publication  89-4 

3 

or  using  the  relationship  for  a  bituminous-type  ash 
Slagging  factor E (base acid  ratio  x  sulphur) 
A  plot of ash-fusion  temperatures  versus  various  oxide 
contents  indicates  a weak positive  correlation of ash- 
fusion  temperatures  with  CaO  content  and  base  acid  ratio 

MgO. The ash-fusion  temperatures  range  from a low of 
and  a weak negative  correlation  with Si02, Fe2O3  and 

temperatures),  yet  over  this  range  there  is no obvious 
1265°C to a  high of 1410°C  (initial  deformation 

of any of the major oxides. A study by Rimmer  and  Davis 
correlation of temperatures  with  variation  in  the  content 

temperatures  with Fez03 and  a  positive  correlation  with 
(1990)  found  a  negative  correlation of ash-fusion 

Si02, Al2O3, Ti02, MgO and  K2O.  Calcium  oxide is not 
mentioned  and  in  fact they state  that  calcite  has  little 
effect  on ash-fusion  temperatures. 

check  the effects of CaO on various  ash  properties.  The 
Four Quinsam coal ash  chemistries  were used to 

first  is an average of 14 analyses by Matheson el  01. 
(1994)  and  the  other  three  represent  modified  ash 
chemistries  based  on  fixing  the  CaO  content of the 

averaged  analysis  at IO%, 15%, 20%  and  25%,  while 
keeping  all  other  oxides  in  their  correct  relative 
proportions  (Table 7). 

The  results  are  presented  in  Table  8.  In a l l  cases  the 
ash  is defined as a  lignite type, based on the  definition  in 
Table  6,  with  a  moderate  base  acid  ratio. The silica  ratios 
are  generally low, which  leads  to  the  prediction of high 
adhesive  forces  for  the  ash. 

and  vary  from 1549°C at  25%  CaO to 1625°C at 10% 
The predicted Tcv temperatures  are  generally  high 

CaO.  The  predicted T250"C temperatures  appear  to be 

on the  predicted T25OoC temperatures,  Quinsam coal has 
more  reasonable  and  vary  from  1135 to 126OOC. Based 

a  medium  slagging  propensity  (temperature  range 1400- 

adhesion  index of the  various  Quinsam  chemistries  are 
1150°C, Tait el a/., 1989). The  adhesion  force  and 

all  high  (Table 8) because of the low silica  index  and 

chemistries  indicate  the  potential  for  fouling in the 
apparently low solubility of FeO in the  ash. All the  ash 

boiler. 
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TABLE 7. AVERAGE QUINSAM ASH CHEMISTRY,  MODIFIED  CHEMISTRIES  AND  SOME  POTENTIAL BLEN 
- 

Sam& SiO: All03 TiO:a FzO, CaO Me0 NazO K10 P@LLSOI S% 

Quinav 27.3 27.8 1.93 8.45 22.2 0.6 0.3 0.03 1.4  9.3 0.6 
25Ca0 26.3 26.8 1.9 8. I 25 0.6 0.3 0.03 1.3 51.0 0.86 
20Ca0 28.1 28.6 2.0 8.7 20 0.6 0.3 0.03 1.4 9.6 0.68 
15CaO 29.8 30.4 2.1 9.2 15 0.7 0.3 0.04 1.5 10.2 0.68 
IOCaO 31.6 32.2 2.2 9.8 IO 0.7 0.4 0.04 1.6  10.8 0.68 

29.3  2  3 
33.5 2.2 2.5 5.7 

1.4 .3 . I  .5 I .2 .4 
1.2 1 .5 1 I 6  

.6 

.5 
FRC 27.6 1.6 4.7 1.8 .6 . I  1.2 1.1 
TELK  56.8;  21.9  1.6 6.14 5.37 1.24 .GI .31 1.25 :1 1 

'I . I .44 

I US 

.- 

.- 

Quin  av = avarage  chemistry  raw  data  from  Matheson et ol. (1994) 
25CaO  to 10CaO average  chemistries  adjusted  for  25  to 10% CaO 

LCR =Average chemistry  Line  Creek  mine 
BCC =Average chemistry Byron Creek  Collieries 
FRC =Average chemistry  of  some  blends  Fording  River  Collieries 
TELK =Average chemistry  upper  seams 

from Price  and Gransden ( I  987) " 

TABLE 8. BLENDS OF QUINSAM COAL. WITH OTHER B.C. COALS: EFFECTS  ON VARIOUS SLAGGING AF D 
FOULING PARAMETERS 

QUINSAM COAL blended with other B.C. coals  in I to I proportions 
"" 

Ash  T  Ash  B/A  ratio Dol ratio Si ratio AD force  T250  TCV 
OAV+O  LIG  12 0.59 74.09  44.86  38215 iil,o 1552 H 

"" 

LIG 12 0.62 75.23 43.83 51046 I OX8 1549 H I 
20%+0  12 0.5 1145  156 7 1.701<--11 

12 
69.52 

0.23 
48.95 

63.84 
12119 

71.95 19 i 370 136% 1.9013--08 
12 0.28 67.85 66.35 
12 

92 
0.26 60.48 70.38 i3:58  134 3 1.5015-08 

13117 
30 

147 3 1.4013-.08 

LIG 
LIG 12 0.31 62.84 66.88 79 

12 0.41 
I330 

62.2 54.48 2570  !%I2 1593 1.7013-06 
127 2 2.9013--09 

Q15%+LCR  LIG  12 0.2 56.97 
QIS%+BCC  LIG  12 

75.02 8 i3'38  139 7 6.2014-06 
0.25 

12 0.22 
62.53 
53.81 

69.46 
73.38 

38 13.34  150 3 4.40E-*05 
13  I386 137 I 4.90E-+05 

Q 1 O%+O 
LIG  12 0.27 57.34 
LIG 

69.1 
12  0.32 

36 
51.1 

I3:56  1293  9.1013-06 
60.65 454 

QIO%+LCR  LIG 
15jo 

12  0.17 
1625  L 

QIO%+BCC  LIG 
47.26 

12  0.21 
78.26  3 

55.28 
1427 

12.74 I S  1.363 1521  L 
1427  L 

"" 

I$IO%+FRC ki 12 
IO%+T 12 

0.19  44.65 
0.24 

76.53 
50.01 

5 
72.67 

1415 
16  1386  1325  L 

1401 L 
- 

QUINSAM COAL AT IS%CaO  blended  with Telkwa coal in varyil~proportions 
12 0.41 54.48 2570 _- 1202 
12 

62.2 
0.38 61.42 

1593 1.70E-06 
57.84  999  12:33 151 7 2.40b06 

LIG  12 0.35 60.55  61.04  408 
LIG 12 0.32 

1264 
59.59 64.07 I 74 

1443  3.30B--06 

12 0.30 66.95 77  1326  1335  6.5OE-tO6 
12'35 

58.53 
138 7 4.70E-rO6 

Ash  T  LIG  or BIT for  lignite  orhituminous 
B/A  base  acid  ratio 
Dol dolomite  ratio 
Si silica  ratio 

"" 

FRC  Fording  River  Coal AD 
T250  temperature at 250 poise 

adhesion  force 

%numbers  indicate %of CaO in Ash Tcv critical  viscosty  temperature 
.7 indicates mixing proportions 
All  samples  assumed  to be 12 ?4 ash 
Equation  used  for  predicting  relative  ash  resistivities 
not applicable  outside  a  range  of IE+5 TO IE+12 

Ash  Res  ash  resistivity in C2 /cm 
H value  above IE+l? L  value below lE--5 

- "" 
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The  high  CaO  content of Quinsam  coal will ensure 
that it will not cause  corrosion. No estimates of erosion 
are made  in  Table  8,  but  because  Quinsam ash  appears to 
be low  in free quartz  and it  is not  expected to  cause 
excessive  ware of the  pulverizers  or  erosion  in  the boiler. 
Pyrite can  also  cause erosion, but  the  raw  samples 
analyzed  in this study  averaged  about 0.68% total 
sulphur  of  which  about 0.13% is  probably pyrite. 
Consequently  there will be very  little pyrite in  the  washed 
coal  available to cause  problems. 

have  a  high ash resistivity. The  relationship  suggested  for 
Based  on its high CaO content,  Quinsam  coal will 

sub-bituminous  coals by Selle el  a/. (1972;  Table 6 )  
indicates that ash resistivity increases  as  the 
concentration  of  CaO increases. This relationship  was 
tested using  data  from  Tait el  a / .  (1989;  Figure 14) and 
does not appear to be useful for  a  broad  range of 
Canadian  coals.  Potter  (1988)  uses  the  sum of Si, AI and 
Fe  to  predict electrostatic precipitator performance  in 

ash.  This  relationship  was  also tested and  a weak inverse 
terms of surface area required to collect a  fixed  amount of 

correlation  of plate area to ash resistivity is  apparent 
(Figure 15). 

A  correlation  analysis o f  all  the  oxides in the ash 
versus ash resistivity, in  Tait el  o/,, indicates that the best 

The  relationship  is  only  approximate  and is only 
correlation  with  a  single  oxide is for  CaO  (Figure 16). 

substantiated  over a range  of  CaO  content  from 4% to 

stepwise  multiple  regression  analysis of the  same  data 
15%. The R-squared  value  for  the best-fit line  is  0.7.  A 

provided  the best fit of  the  actual resistivity data to a 
function of ash chemistry  (Figure 17. R' = 0.77).  The 
analysis  indicates that CaO. Si02 K,O and SO, are  the 

from  Tait el a/ .  (1989)  includes  samples  from  the 
important oxides  inIluencing  ash resistivity. The  data set 

Elkview  and  Greenhills  mines in southeast British 
Columbia.  Measured ash resistivities for samples  from 
these  two  mines  were 7.9 x IO4 and 2.0 x IOs ohms per 
centimetre, respectively, and  these  values  can be 
compared to industrial results on  the  same well known 
coals to indicate  whether  the  predicted resistivities should 
to be adjusted  up or down. The present  multiple 
regression e uation  which predicts resistivities over  a 
range of 10 s to 10l2 ohms per  centimetre  is used to 
predict  the resistivities for  the  Quinsam coals. If the 
predicted resistivity is  outside  these  limits  then it is 
designated  simply as high  or low in Table 8 because it  is 
unlikely that there is a  linear  relationship  outside  the 
range of the  data.  The resistivities of Quinsam  coal  are 
high  when  the CaO content  is  above  20%.  They  are  in 
the  required  range  for CaO  contents  from  20% to 15% 
and  are low  for CaO contents  of less than 10%. 

SLAGGING AND FOULING 
CHARACTERISTICS OF BLENDS OF BC 
THERMAL COALS 

Most power plants  burn  a  blend of pulverized  coals 
so it  is useful to investigate  the effect on slagging  and 
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Figure 16. A plot of CaO% in ash versus ac(ua1 ash resistivity 
data from Taite el al. (1989). 
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Figure 17. Plot of Ihe  results of multiple stepwise  correlation 
analysis ofash oxide data and actual ash resistivity data, from 

Tait el a/. (1989). 

fouling  parameters  of  blends of coals  containing 
Quinsam coal. Because  most  slagging and  fouling 
parameters  have  non-linear  relationships  to  ash 
chemistry, it  is often  not  apparent  what  the 
characteristics  of  a  blend will be until the  calculations are 
made. A computer  program  was  used to calculate  the 
blended ash chemistry  of  any  number of coals, based  on 
blend  proportions  and  the  amount of ash  in each coal. 
The program  then  calculates  the  slagging and fouling 
parameters  defined in Table  6. 

A number  of theoretical blends  of  ash  oxide 
chemistry  were  created  which  mixed  other British 
Columbia  coals  with  varying  proportions of Quinsam 
coal. The resulting ash  chemistries  are listed in  Table  7 

Table 8. All coals  were  assumed to have 12% ash which 
and  the  predicted  slagging  and  fouling  parameters are  in 

is  in  the  mid-range  for acceptable  thermal coals. The 
Quinsam  coal  was  blended  with  average  analyses 

seams in the  Mist  Mountain  Formation at  Line  Creek 
reported in Price  and  Gransden  (1987)  for  the  lower 

mine (LCR), for  upper  Mist  Mountain  Formation  seams 
from  the  Fording  River  Coal  mine  (FRC) and  the  basal 
Mist  Mountain  seam  from  the  Byron  Creek Collieries 
(BCC). An average  analysis  was  also  obtained  for  coal 
from  the  Telkwa  exploration  property  which is a 
potential thermal  coal  mine. All the  blends  have lignite- 
type ash chemistry as defined in Table 6. All  the 
slagging  parameters  based  on T250"C values are 

southeast British Columbia,  except  for  Byron  Creek  coal 
improved  when  Quinsam  coal  is  blended  with  coal  from 

which  also  tends lo have  moderate  amounts  of CaO  in the 
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ash. Most of the blends  have low slagging propensity 
(T250"C > 1275°C) and some  have T250"C values close 
to 1400°C, indicating  no  slagging  propensity. 

The adhesion  force of the  ash is greatly reduced in 
all  cases  and the 15% CaO Quinsam coal blends  achieve 

considered  to be an acceptably low value for minimal 
adhesion forces close  to  the  value of IO, which is 

slagging  problems. 

derived  from the: combustion  data in  Tait et al. (1989). 
Based on  the relationship of CaO% to  ash resistivity 

ash resistivities of blends of Quinsam coal with  other 
British  Columbia  coals  decrease and  are  acceptable for 
most blends. 

CONCLUSIONS 

have  higher  CaO  contents than most high-volatile 
Some Upper  Cretaceous coals  on Vancouver Island 

bituminous coal:;. Preliminary  data  indicatc  that  seams 
higher in the coal-bearing sections may have  more 
normal CaO contents. 

The  Quinsam  mine is presently mining the lowest 
seam in the coal section in  the Comov Formation and 
this seam has higher than normal CaO contents. The 
CaO originates in the coal as calcite  which is on cleat 
surfaces and also may be  dispersed in the coal. Because 
the  calcite is associated  with  the coal and not the rock 
partings,  washing the coal to remove thc  ash may result 
in higher  concentrations of calcite in the  wash  ash.  There 
is less than 1% (:a0 in the  ash  originating  from  minerals 
other  than  carbonates  and  there is from 0.0% to  7.5% 
CaO dispersed as calcite in the co:tl. 

Because most of the  CaO  in the  sample is present as 
calcite, a simple  acid leach and weighing test can provide 
a moderately accurate way  of cstimating  the total CaO in 
the sample. 

The calcite  does not liberate  from  the coal as easily 
as might  be  expected. This may  be because somc is 
dispersed  through  the coal and not coating  the cleat 
surfaces.  Crushing  the coal to less than 100 millimetres 

calcite. Crushing 10 less than 2 5  rnillimctrcs top size 
top  size produces complete liberation of about 20% of the 

would probably increase  thc  calclte  liberation  from 20% 
to 30%. An  alternative  approach i n  the plant. which 
would produce less -0.15-millimetre material would  be to 
screen and recnlsh only the  100-25-millimetre  material. 
This should  produce the  same increase in calcite 
liberation  without a large increase. in the  amount of fines. 

The high  CaO  in  the  ash  has a number of effects on 
its  behaviour in a boiler. The melting  temperature is 

the  ash, measured by adhesion force, increases and  this 
reduced which may increase  slagging. The stickiness of 

can  increase  fouling  propensity. The ash resistivity in the 
electrostatic  precipitators  increases. If the resistivity is 
sufficiently high  then this may reduce the efficiency of 
the precipitator!;. High CaO content may aid in sulphur 

The low content of free  quartz  in  Quinsam coal helps 
removal and  help  to limit metal corrosion in the  boiler. 

reduce  erosion i n  the boiler and  wear  on  the  pulvcrizer. 

lowered at the  expense of introducing m o x  pyrite ;ani 
At Quinsam,  the CaO content of th: ash CAII b- 

sulphur.  In  terms of electrostatic  precipilatar 
performance this may be advantageous;  the addition, cf 
iron and  sulphur will lower ash resistivity and the  extra 
sulphur is unlikely to overload the  scrubbers becau!;c the 
CaO content will remain high and will re nove  much  cd 
the  added  sulphur as Cas04  in  the bottom- ish deposits. 

produce a thermal coal with acceptable ;sh propcllie!;, 
Blending  Quinsam coal with other thvmal coals can 

including  slagging propensity, adhesi )n and ash 
resistivity. 
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INTRODUCTION 

One  of the world's largest concentrations of 
sediment-hosted stratiform zinc-lead-barite deposits is 

(Figure 1). The largest and  most  developed  of  these is 
located in the  Gataga  area of northern British Columbia 

the  CirqueiSouth  Cirque deposit, with estimated 
geological  reserves of 38.5 million tonnes  averaging 
8.0% Zn, 2.2% Pb and  47.2  gitonne Ag  at Cirque and 

gitonne Ag at South Cirque  (Maclntyre, 1992). The 
15.5 million tonnes  of  6.9% zinc, 1.4% lead and  32 

Driftpile deposit, located 80  kilometres north of  Cirque, 

by Archer, Catbro  and Associates and from 1993 to the 
has been explored  and drilled extensively in 1978-1982 

considerable  development, most information about the 
present by  Teck Exploration Ltd.  In spite  of this 

Notable exceptions  are a Ph.D.  thesis by Martin lnsley 
Driftpile deposit resides in private company reports. 

(Insley, 1990) that includes a 1:5000 geologic map and 
cross-sections of the  property  and diamond  drill hole 
logs; and a suite of  conodont identifications based  on 
Insley's collections, which appear in S.E.B. Irwin's 
M.Sc. thesis (Irwin, 1990). 

one-month  study on the detailed stratigraphy and 
This paper summarizes preliminary results of a 

mineralization  of  the Driftpile deposit, conducted in 
August  1994.  Core  from  25  holes drilled in 1993 and 

biostratigraphy and taxonomy by S.E.B Irwin and M.J. 
1994 was logged and sampled for studies of conodont 

Orchard of  the  Geological  Survey of Canada, and  the 
area  around Driftpile Creek  was mapped at 1:2000 

the  B.C.  Geological  Survey Branch  and the Geological 
scale. This depo:rit study is a cooperative  effort between 

Survey of Canada (see companion paper, Paradis et al., 

the  Gataga  area which also includes regi mal mappinl: 
1995). It forms part of a multidisciplinaly program it! 

(Ferri et al., 1995, this volumz) and geoch':mical stu!ie; 
(Lett and Jackaman, 1995, this  volume). 

EXPLORATION HISTORY 

The Driftpile Creek property was llrst stakad i n  

syndicate,  as a result of follow-up of  an0 nalies from 3 
1974 by  Canex Placer Ltd  in joint VI nture with , 3  

stream sediment  geochemical  survey mnducted b i  
Geophoto  Consultants Ltd in 1970. Encoura;;in;: 

discovery ofmassive sulphide float bouldl  rs in Drifipils 
additional results from sampling,,  as well a:; th: 

Creek in 1973 led to staking of 153 two-mst  clair!; i 1 

hand trenching in 1974-75. The Gataga Joint Venture 
1974, and a program of geological mapling, EM ,ani 

was  formed in 1977 by Aquitaine Compaly of Canildil, 
Chevron Canada Ltd., Getty  Mining Paific Ltd. .anJ 
Welcome  North Mines  Ltd. Managed  by ~rrcher, CathrJ 
and Associates, its  aim  was to  investigat':  the poteltid 
of  the Kechika Trough in terms 01 sedimt:rtary 

Gataga Joint Venture optioned the Driftp le propeny i n  
exhalative  deposits like those of the  Selwyn Basin. The 

1978 and  from then until 1982 condt cted a na jw 
exploration program including 7560 metres of dri ling 

geochemistry, EM surveys, backhoe trexhing anc the 
in 54 diamond-drill holes, geological mar ping, grid soil 

construction of an airstrip. This  progra,n outlined an 
extensive series  of northwest strikin: barite  and 
sulphide-carbonate units, outcropping oier an  ar:a 3 
kilometres northwest-southeast by 1 5 kilorn:tn:s 
northeast-southwest (Cam:  and  CaJhro, IW2a). 
Particularly favourable  zones such as thf Main, Clmp, 
East, North  Trench and Canyon zon:s,  show11 cn 
Figure 2, were drill tested. 

Geological Fieldw'ork 1994, Paper 1995-1 ;?6 I 
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Figure I .  Regional  geology  of  the central and southern Kechika Trough.  Geology by Maclntyre (1992) and McClay er a/., (1989) for  the 
area around the Driftpile  deposit. Earn Group  exposures shaded grey. 
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Exploration  purchased  the property in 1992. Teck 
Following a ten-year hiatus in activity, Teck 

drilled 4600 metr*:s  in thirteen holes in 1993, testing the 
Main zone. As a result of  this  work, a geological 
resource in the  lower mineralized unit of the Main zone 
was  estimated to be 2.44 million tonnes  averaging 

(Farmer ef a l ,  1994). The  1994 program included 
11.9% Zn, 3. I% Pb  with a cutoff  grade  of 8% Zn 

drilling of 4400 metres in 26 hole:: on the East, Camp, 
Ridge and  Canyon  zones. 

REGIONAL  GEOLOGY 

the northern Ro':ky Mountains, directly east of the 
The Gataga  area lies within the Muskwa Range of 

Northern Rocky Mountain  Trench - Tintina strike-slip 
fault  system (Gaxielse, 1985). It includes part of the 
Kechika  Trough  or  Kechika Basin, a southern 
continuation of  the Selwyn  Basin in Yukon. This 
feature  has been variously interpreted as a two-sided 
trough (McClay f? al., 1989;  Maclntyre,  1992) or west- 
facing  open  continental  slope (Gabrielse, 1985; personal 
communication,  1994)  during  early  Paleozoic time. 

thin and  of  deep  water facies, in contrast to the 
Upper Cambrian  through Lower Devonian strata are 

carbonate-dominated section exposed to the  east. They 
are included within the Cambro-Ordovician  Kechika 
Group and Ordovician to Lower Devonian  Road River 

thoroughly  described in the  companion paper by Ferri et 
Group  (Figure I ) .  The regional geology is more 

al. (this volume). 

Middle Ordovici;%n and Early Silurian age are present 
Although  shatiform, sediment-hosted deposits of 

within the  Kechika Trough, the major pulse of 
exhalative activity was in the Late Devonian. The Earn 
Group, a basinal siliciclastic package of Middle 

extensive stratifom barite and many stratiform sulphide 
Devonian to early Mississippian age, hosts regionally 

[-barite; -carbonate)  occurrences, including Driftpile 
and the  Cirque  deposit (Figure I ) .  Correlative strata are 
exposed throughout  the  Selwyn Basin, where they host 
significant  sedex  deposits such as Tom and Jason, and 

and  rare.  The Earn Group represents a dramatic change 
on the Cassiar  Terrane,  where similar deposits  are small 

prograding coars: clastic wedges interfinger with  black 
in basin history. In it, easterly to southeasterly 

shales,  siliceous :;hales, cherts and mudstones. The latter 
facies has been informally termed the Gunsteel 

hosts the stratiform barite and sulphide (-barite; - 
formation from its silvery-blue  appearance in outcrop. It 

carbonate), which in the  Kechika Trough are of 
Famennian age  (Irwin, 1990). In  the vicinity of the 
Cirque  deposit, clastic rocks overlie the Gunsteel 
formation and its contained  exhalite unit (Pigage, 1981); 
but  at  the Bear claims, 10 kilometres south of Driftpile, 
coarse clastic rocks  occur at the  base  of the Earn Group 
in a panel  west of the Mount  Waldemar fault (McClay 
el a/., 1989). The relative stratigraphic position of 
exhalites  and siliciclastics is an important issue, because 

it shows temporal relationships behw:en  reglctial 
tectonic activity and exhalative pulses. 

North America continental margin dtforrned the 
Jura-Cretaceous crustal shortening of the ancestral 

Paleozoic to Triassic strata of the Kechika  rrough info a 
complex, mainly northeast-.verging fold at d thrust belt 
McClay el al. (1989)  recognize  five  major thrust panels. 
defined  by rocks  of strongly contrasting stratigrayhit 
levels and, in some cases. conrrasting facie; as  well. The 
thrust faults that  bound the major pal& ma!/  be 
reactivated Paleozoic growth  faults.  Withi1 each muiol 
panel, the strata are folded and stacked in lluplexes. The 

thrust panel. A stack of upper Road Ri.'er  and E m  
Devonian exhalite  occurrences  are  found n the centra; 

Group horses is exposed within this panel bounded  b) 

and within the Earn Group. The Oriftp le  depocji: i: 
decollements at the base of th,: upper Roac River GrwF 

truncated to the west  by  the  major thrist fault 'hai 
bounds this panel, informally termed the Mcllni 
Waldemar fault. Graptolitic black shale of the I.a#el' 
Road River  Group forms the immediate h,rngingwall 01' 
the  fault.  More regionally, the Mount W lldemar flu11 
underlies a duplex  of Road River and Earn Group stra.ta 

footwall. It has been interpreied as a reac ivated baiin. 
including very coarse Ealn clastics no1 seen i n  it!, 

bounding fault; and  its position as  the  southweslen 
boundary of  the Driftpile deposit  suggests hat this e:lrl). 

the exhalative mineralization (McClay et a/., 1980: R 
smcture may have channelled fluids thal gave ri31:  tcl 

Came, personal communication 1994). 

GEOLOGY OF THE DRIFTPIL E 
DEPOSIT 

STRATIGRAPHIC SElTING OF THE 
DRIFTPILE  DEPOSIT 

The Driftpile deposit consists of se..eral separatc 
stratiform sulphide-carbonate: and barite bodies, each 
folded and  bounded by  thrust faults (Figur :s 2, 3). The], 
are hosted by  the lower Earn Group, a sequencf O F  
black to  dark grey shale, mudstone, argi lite, silimou:; 
mudstone  and shale, and lesser che t. Conodont 

mineralization are all of roughly middle F; menniarl .ige; 
collections from in and stratigrapiically near 

most precise dating indicates conodont  fauna of th,: 
lower rhomboidea, lower marginifera  and upper 
marginifera zones (Irwin, 1990). AI  :her,  Ca::nrt) 
geologists recognized three distinct su phide an:ior 
barite units, designated in ascending ordel UH, NH m i  
TH (Came and Cathro, 1982a, b). lnsley (',!QO) 

passes laterally into a barire facies, and  tour overl:/in: 
recognized one sulphide-carbonate unit MI, w'iich 

barite units, M2 through M4.  The mot otony of th: 
hangingwall and footwall rocks, and the i )tense foldin,: 
and faulting, make the distinction, cr rrelation :mi 

Geological  Fieldnork 1994, Paper 1995.1 ;?6.? 



extension of  sulphide  and barite units a matter of 
guesswork. The presently  existing  conodont  data  have 
not resolved the problem. 

Diamond-drill hole 93-55 (Figure 4) provides one 
of the  more  complete  stratigraphic  sections in the Main 
zone  area a few  hundred metres west  of the barite kill 
zone  on  surface  (Figure 4). The lowest unit, from 3 10 
metres  depth to the bottom of the  hole  at 367 metres, is 
a black, sooty, somewhat  siliceous  shale. It contains 
sparse, wispy beds of  quartz siltstone, and a few trains 
of oval pyrite-carbonate nodules. The base of the 
sulphide-carbonate  unit is sharp, but  apparently 
conformable. Its  bottom few  centimetres  are inter- 
bedded with black  siliceous  shale with discontinuous 
radiolarian chert  beds. Radiolarian chert is a 
characteristic  component  of the footwall  of  the 
sulphide-carbonate  unit  throughout  the  deposit,  and is 
commonly  interbedded with its base. 

The sulphide-carbonate unit itself is dominated  by 
laminated pyrite. Individual laminae range from 0.1 
millimetre to nearly a centimetre in thickness, and  may 
coalesce to form  almost  massive  pyrite.  They  wrap 
around  coarse-grained  grey calcite concretions,  which 
constitute up to 30% of the  rock.  Upwards,  the  sulphide 

zone is increasingly diluted with thin beds of mudstone 
and black shale.  This  hangingwall  contact  may  be 
transitional over  tens  of  metres. In the transition zone, 
the thin, black shale  interbeds contain abundant 
sulphide laminae, but are separated by increasingly 
abundant  grey,  graded  mudstone beds. These  mudstones 
are interpreted as distal turbidites.  Higher in the  hole, 
the intervening black shales lose their  pyrite content. In 
terms  of  event stratigraphy, it seems that an initial pulse 
of sulphide-rich exhalite  was first diluted  by  very fme 
grained clastic influx before it began to  wane. 

The  hangingwall  unit is a turbidite  sequence 
composed  of interbedded grey  mudstone  and black 
shale. The average  thickness of individual  mudstone 
beds increases stratigraphically  upwards.  Immediately 

thin,  giving the rock a well-laminated appearance. 
above  the  sulphide-carbonate  unit  they  may  be  very 

Hundreds  of metres above  the  unit  they  range up to 
metres thick. In thin section the  mudstones  are well 
graded and contain silt-sized quartz, chert and a few 
muscovite clasts. 

A number of textural  features  are  characteristic  of 
the hangingwall unit. Coarse  grained  calcite  concretions 

Earn  Group  (Devono-Mississippian) 
Lower-Middle Devonian h thrust fault 

Sulphide-carbonate facies limestone 

Barite-sulphide facies ODRR Upper Road River Group # ,Q syncline: overturned; 

Barite  facies 
overturned anticline 

1 fold  axial  trace 

1 contact defined 
"--- contact approximate 0 shale, mudstone, argillite, chert ."".----. contact inferred 

Figure 2. Detailed geology of the Driftpile  Creek  area.  After Insley (1990), with modifications in the southeast comer  from  drilling 
and  mapping by Teck  Exploration in 1993 and 1994. The  exploration  camp is located at the prominent  U-bend in Driftpile  Creek, just 
north of the  Mt.  Waldemar  fault.  Cross-section A-A' is Figure 3. 
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range in abundance  from 5 to 10% immediately  above 
the  sulphide-carbonate unit, to one  every few metres 
higher in the  hole,  These  concretions are much larger 
that those in the  sulphide unit, from  a  few up to 30 
centimetres across. They are consist of one,  or  of 

of concretions also form  apparently stratiform bodies. 
several  overlapping  spheres.  In  outcrop,  amalgamations 

Strings of pyrite-carbonate  and barite nodules,  each  a 

to higher  concentratations in the  upper parts of  the 
few  millimetres in diameter, parallel bedding.  They  tend 

mudstone  beds,  although  they also occur in the black 

upwards.  Where calcite concretions  occur  with  the 
shale interbeds. They  increase  somewhat in abundance 

barite or pyrite-carbonate  beads,  they  surround  them. 
Wispy beds  of  tan siltstone are rare but persistent. They 
are made  up  of  many fine laminae.  Their  edges are 
irregular, concavo-convex in outline. Interestingly, 

the  graded mudstones that make up most of this unit. 
these  tine, distal clastic units show  no correlation with 

They  occur in  equal abundance in the  other units, such 
as the  footwall  black  shale or even  the  sulphide units 
themselves. 

hangingwall unit However, in hole 93-55, the 
Most  Main  zone drill holes were  collared in the 

uppermost  thick  grey  mudstone  of the hangingwall unit 
is overlain  along .a sharp  depositional  contact by sooty 
black carbonaceclus, siliceous shale  with  abundant 
radiolarian chert interbeds. This unit  bears a  close 
resemblance to the  footwall  of  the  sulphide-carbonate 
unit. It is overlain  conformably by black mudstone, 

finely striped with thin pyrite laminae. Tecc  geologitts 
refer to this textllre as the cryptic pyri7e-laminatcd 
mudstone. It is interpreted as  a distal equ valent csf a 

section  many  metres across. 'This fault is though1 to 
sulphide unit. In  bole 93-55 its upper contac. is a f aukd  

have  reverse  motion;  above the hangingwall unit  of 
interbedded  grey  mudstone and black  shale s repeatec . 

THE SULPHIDE-CAR.BONATEA VD 
BARITE-SULPHIDE lJNITS 

core  allowed  the  construction of an eas-west C:O:IS 
Detailed  mapping  and  logging  of 19b3 and 1994 

section at 13N, about 200 metres  south  of Driftpile 
Creek  (Figure 3). The stratigraphic sequenc: in hole 5,3-  
55  is also intersected in the  lower  part of hole 93-!;8, 
shown on Figure 3. This  sequence  pnlvides c11:ar 
evidence for two  separate pyrite-rich units, the lover 
Main  zone  and  an  upper, much weaker unit that consists 
only  of tine pyrite laminations in mudston :. On Figure 
3, the  Main  zone projects into the  near  sur'ace  betwean 
the barite kill zone  and  Gcophoto  Creek.  where it  is 
intersected by hole 78-06. The  upper unit projects to 

massive to laminated barite is characteristic of the  upper 
surface at the barite kill zone. By this :onstruct:ion, 

unit in addition to laminated pyrite. 

A 

Southwest 

A' 

MAIN ZONE Nor:heasl 
EAST ZONE 

Middle-Late  Devonian 
Lower  Earn  Group 

Figure 3. Detailed  cross-section  of the Main and East zones  along grid 13+00 North, showing 1993 ;md earlier dri 1 holes. 
outcrop data has been projected from the banks of Driftpile Creek ( approximately line 15+00 Nonh ). 
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property,  the lower, sulphide-carbonate unit in the Main 
Of all the economically interesting units on the 

zone is best understood  at present. Drilling by Teck 

strike and 300 metres  down  dip  across  the upright, 
Exploration in 1993 delineated it for  800  metres along 

faulted syncline  shown in Figure 3. This section is near 
the southern limit of  the lower unit. Although it  is 
intersected in hole 93-58, there is no equivalent in either 

trending  growth fault that limits the  sulphide unit to  the 
hole 81-41 or 93-67. Teck  geologists postulate an east- 

south.  This  inferred  fault approximately parallels the 
axes of maximum  thickness  and of grade  for  the unit 
(Farmer et ul., 1994). The estimated true thickness of 
the sulphide-carbonate unit varies from 20 to 70 metres. 
It is variably diluted  by mudstone turbidites and black 
shale. In some areas, massive sulphide with visible 

sphalerite and galena occurs  near its base. Most of this 
unit, however, consists of laminated spheroidal and 
framhoidal pyrite with subordinate  amounts of 
sphalerite and galena. Sphalerite occurs  as intergrowths 
and interstitial grains within the pyrite framboids. 

As shown on Figure 3, the East zone is in a separate 
thrust panel from the Main zone, and therefore their 
relative stratigraphic positions are not known. The East 
zone sulphide-carbonate-barite unit is well exposed on 
the south bank of Driftpile Creek.  It is roughly 50 
metres  thick, with interbedded pyrite-carbonate and 
black siliceous shale with radiolarian chert near its base, 
a central pyrite-harite(-carbonate) section in which 
pyrite and barite occur  as sets of coarse laminations 
with  lesser argillite interbeds, and an upper section in 
which hlebhy, bedded barite becomes more  prominent 

Depth  (Metres) 

hit bedrock 

TEXTURAL FEATURES AND 
GEOLOGIC UNIT DESCRIPTIVE NOTES 

. . . e .  o . . , . .  trains of barite and pyrite-carbonate nodules 
(heads) increase slightly  upwards 

Hangingwall unit: 
mudstone  turbidite  and 
black  shale 

50 
.............................. scattered tan quartz (-chert) siltstone  laminae ..... 0 .  

Cryptic  laminated  pyrite 
(upper unit) 

Footwall unit, black  shale 
with  radiolarian  chert 

Hangingwall unit: 

shale 
mudstone  turbidite  and 

Transitional  unit 
Dense pyrite-laminated 
massive  to  nearly  massive 
sulphide  (lower unit) 
Footwall  unit (black shale) 

" 

- depositional  (transitional)  contact 

Black, very graphitic, siliceous  shale  with 
irregular, discontinuous radiolarian chert 
interbeds 

'sharp depositional  contact 

Barite  and  pyrite-carbonate  nodules  (beads) 
Scattered  quartz  (-chert)  siltstone  laminae 

throughout 

Calcite  concretions  become less abundant  but 
larger  upwards 

transitional  unit.  Very  transitional  contact; 
Individual  pyrite  laminae  persist  above 

pyrite  laminae  in black shale interbeds 
increase  downwards  into  semimassive 
sulphide with calcite concretions. Sulphide 
most  massive  towards  base,  which is a 
depositional  contact  with  footwall  siliceous 
shale; one quartz  siltstone  lamina shown. 

Figure 4. Stratigraphic log of Teck  diamond-drill  hole 93-55, from the Main zone. 
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upwards.  Althouzh in most respects this  unit resembles 

towards its top  suggests a correlation with the barite kill 
the  lower unit of the  Main  zone,  the  abundance of barite 

(upper)  zone. It is hoped that conndont data will settle 
this issue. 

STRUCTURE 

Driftpile deposit is broken into northwest-striking thrust 
The  lower Earn Group in the vicinity of  the 

panels parallel to  the  Mount  Waldemar fault (Figures 2, 

the  panels, strida are  folded into open folds with 
3). The thrust fgwlts dip moderately southwest. Within 

moderately to r,teeply southwest.-dipping axial planes 
and gently  northwest-plunging (10-20') fold axes.  The 
cores of larger folds are  occupied by  broad zones of 
intense, disharmonic  chevron  folding - "M" and  "W" 
folds.  This  feature  renders  vergence  data from the 
sparse  outcrops in the Driftprle  Creek  valley of 

Most of the major folds  are upright, except for the south 
equivocal  value in large-scale structural interpretations. 

zone  near  the Mount Waldemar  fault,  where a tight 
syncline is overturned to the northeast. In the Main 
zone, a southwest-dipping  reverse fault offsets the 
western limb of a syncline  (Figure 3). In core, this fault 
and others with demonstrable offsets are expressed as 
crush zones !several metres wide.  Such  obvious 
correlation between offset  and  mechanical expression 
casts  some  doubt on the existence of cryptic, 
unrecognizable bedding-parallel thrust  faults in core, 
although  they  cannot  be ruled out. 

Although several  cleavages  are observed in outcrop 

northwesterly  and is steeply  dipping to vertical. It is 
and  in core, one is clearly dominant. It strikes 

axial planar to the  major  folds.  Teck geologists, with 
caution, used the  general  consistency  of  this  cleavage  as 
an aid in establishing  core  orientation.  This  technique 

those collared near major  thrust faults. In the argillites, 
proved useful, except in very steeply inclined holes and 

cleavage-bedding  angles  are typically moderate to large, 
in keeping with the open  nature of the folds. As the 
sulphide-carbonate  zones are approached, however, 
bedding is transposed into cleavage and mesoscopic 
folds  are  abundant. It is likely that the  more ductile 
sulphides folded disharmonically and were thickened in 
fold hinges  to a greater extent than their  host argillites. 

DISCUSSION 

an east-west cross-section along Driftpile Creek  have 
Core  logging, detailed mapping and construction of 

established a preliminary stratigraphic and structural 
framework  for understanding the stratiform 
mineralization The stratigraphy of the Earn Group  at 
the Driftpile deposit  shows  at least two cycles of 
exhalative  aclivity. Each is preceded by extremely 
euxinic, starved sedimentation as evidenced by the 
footwall  siliceous  shale  and radiolarian chert. Each is 

succeeded directly by an influx of  distal  mud turbidite!. 
This event stratigraphy may  represent all  interpla:! of 
tectonics and mineralization, in  which disxete episodes 
of faulting triggered, fitst  the  release of metal-bearin: 
brines and  then, shortly afterwards, sedilnent trmspo~t 
down newly steepened slope:$, perhaps ac;ompanieNj by 
convective overturn of Ihr: water co l~mn.  Idea.lly, 
conodont  data may resolve the relative p  issage 01' time 
represented in the footwail, mineraliz:d  units, and 
hangingwall units. 

two pyrite units in the  Main  zone:  but correlatiorl of 
Diamond drilling in 1993 and  1994 I as established 

these  zones with others  such as the Ez t  and Canyon 
zones  depends  on precise h~unal ages. Only  wher, tl-e 
relative stratigraphic position of tt ese is well 
established can property-scale facies vi riation with,n 
zones  be  addressed,  and any r :liable Ims n 
reconstruction be attempted. 
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APPLICATION OF SPRING-WATER CHEMISTRY TO EXPLORAI'ION 'I 'q 
THE  DRIFTPILE  CREEK AREA, NORTHEASTERN B.C. (94W4, ')4L/1) 

By Raymond E. Lett  and Wayne Jackaman 
." 

KEYWORDS: Applied  geochemistry,  Kechika  Trough, 
Driftpile  Creek,  exploration,  sedex  Pb-Zn-Ag deposits, 
groundwater,  spring-water,  iron  oxide precipitates. 

INTRODUCTION 

In  the  Kechika  Trough of northeastern British 
Columbia,  secondary  iron  oxide precipitates and 
ferricrete  deposits  are  commonly  associated  with  springs 
draining  Paleozoic basinal-facies clastic rocks. These 
rocks host the  Stronsay  (Cirque),  Bear  and Driftpile 
Creek lead-zinc-silver-barite sedev  deposits  (Maclntyre, 
1992).  Depending  on  the  pH  and  Eh of the  near-surface 
environment  swondary  goethite  in  gossans can 
accumulate up  to several  thousand  parts  per  million of 
As, Ba, Cu, Pb  and  Zn  (Hassen  and  Bourezg, 1990). 
Came (1983) also found  that  limonite  spring  deposits  in 
an  area immediately  north of the Driftpile Creek  deposit 
tSpically contain  over 1% Zn and up to 463 ppm  Pb, 200 
ppm As and 158 ppm Mo. High (>OS) Co/Ni ratios, 
detected  in  a  number of the  limonite precipitates, were 
explained by a possible  massive  sulphide  source for the 
cobalt, Came observed  that  the  metals  were  most 
concentrated  in  the  spring  deposits  where  the  discharging 
ground  water WBS close to  neutral.  Fletcher  and Doyle 
(1974)  found  high Co, Cu,  Mn, Ni and  Zn levels in  acid 

Pass,  Yukon Territory. The  shales are  similar lo those  in 
stream-waters draining Paleozoic shales  in Macmillan 

the  Kechika  Trcagh.  The absence of appreciable  metal 
enrichment  by  swoudary  iron  oxides  in  stream  sedimenls 
was explained by the  suppressed  absorption of trace 
metals at low pH 

The  enrichment of many  metals hy secondary iron 
oxides  suggests a close  relationship between the  oxide 
mineral  chemistry  and  the  ground  water  chemistry. 
Previous studies have  shown  that  ground  water  chemistry 
alone  can be a valuable  guide to buried  metal  sulphides. 
For  example,  Hoag and  Wehkr. (1976) distinguished 
between  subsurface oxidation,. inorganic  surface 
oxidation  and bacterial oxidation of sulphides as the 

water.  Using  geochemical data for drill  hole and  spring- 
processes  responsible for liberaling SO4 into ground 

water  samples  collected  around  the Eustice, Quebec 
massive  sulphide deposit, Hoag and Webber  determined 
that  sulphate levels below 160 ppm  were  principally  due 
to non-bacteriai  oxidation  whereas  higher sulphate 
reflected extensive bacterial surface  oxidation of 
sulphides. In the Jilin region,  northeast  China, hang et 

Figure 1. Location map of the Galaga I roject 

a/. (1994)  demonstrated a spatial  relatio~lship b e l w e e l  
S04-Mo enriched  spring  waters and  coppe  -molybde.~uro 
skarn  deposits  concealed  under  Cenozoic  plateau basalt!:. 
Sequential  analysis of spring-sediment san rples  from the 
area  revealed  that  molybdenum  is  predominantly prer;er.t 
as sulphides  and residual minerals,  but thzlt over 40'% c'f 

crystalline iron oxides. 
the  lead  and  zinc  is  bound to  non-c~ ystalline :ani 

Orientation  surveys  were  carried  out ill the Dn,f.pile 
Creek  area  (Figure 1) during  the 1994. f eld season t3 

spring-sediment  chemistry. The  survels were ills3 
investigate the relationship between spr~ ng-water ,an3 

designed to study  other  geochemica  explorzlion 
problems. typical of the  Kechika  Trough  such as the 
effect of high  zinc  and silver background;  in soils rani 
stream  sediments.  Preliminary geochemic: 1 data f 0 1  the 
spring-water  samples  are  discussed  in this ]taper. 

DESCRIPTION OF STUDY ARE 4s 

LOCATIONAND  TOPOGRAPHY 

selected for detailed  geochernical  sampling and study 
Six sites neighboring  the Driftpile C ~ s e k  area were 

(Figure 2). The region, situated east ' ) f  the Ilvlcky 
Mountain  Trench in the Muskwa Range c f  the  nolthern 
Rocky Mountains  is  characterized by nortlwest-tren;ling 
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Figure 2. Location map of study areas 

metres in elevation.  Evidence of glacial  erosion and 
mountain  ridges  which  are 1000 metres to over 2000 

alpine  glaciation  can be found  throughout  the  area.  The 
rugged topography  reflects  rapid  physical  erosion of the 
Paleozoic  sedimentary rocks. Streams flow in a 
predominantly  trellised  drainage  pattern.  Steep  sided, 

larger,  subsequent,  east  to  west-trending  valleys.  The  tree 
narrow  northwest-trending  valleys  are  intersected by 

line  reaches  up to 1500  metres with mixed  woodland  and 
grassland in the valley bottoms  and  alpine  fir, black 
spruce  and  alder  extending  up  the valley sides.  Surface 
flora above 1500  metres  consists of scattered  alpine  fir, 
willow and heather.  Irregular  patches  characterized by an 
absence of vegetation  and  surface soil horizons,  plus an 
abundance of ferruginous  material are common 
throughout  the  area.  Many of these  vegetation  ‘kill 
zones’  are  associated with springs  and  seepages;  others 
reflect high levels of elements  such as Pb, Ba, Zn  and Cd 
in  the  near-surface  environment. 

GEOLOGICAL  SETTING 

Driftpile  Creek area  have been previously described by 
Geology, mineralization and structure of the 

Came  (1983), McClay and Insley (1985)  and  MacIntyre, 
(1992)  and  currently,  geological  mapping of the  region  is 
being  conducted by Ferri et al. (1995,  this  volume) as 
well as various  mining  companies.  Principal  geological 
elements of the  Driftpile  Creek area can be summarized 
as follows: 

A  northwest-trending  belt of tightly folded, 
predominately black, fine-grained  siliciclastic 
Paleozoic  rocks typical of euxinic  basinal  sediments 
filling  the  Kechika  Trough. 

A stratigraphic  sequence of Ordovician  carbonaceous 
black  argillites,  cherts and  thin  limestone beds 
succeeded hy orange-weathering  Silurian  dolomitic 

Lower  Devonian recessive silver-grey  weathering 
micaceous siltstone.  The  siltstone is  overlain by 

black argillite,  chert  and,  locally,  crinoidal 

form  the  Road River Group. Above this  group  is a 
limestone.  Ordovician to Lower  Devonian  strata 

conformable sequence of laminated  siltstone 
succeeded by recessive, silver-weathering black 
argillites, cherty argillite,  thin-bedded  chert  and, 
locally, chert-pebble  conglomerate.  These  Middle to 
Upper  Devonian  strata  form  the lower Earn Group, 
locally identified as the  Gunsteel  formation  in  the 
Gataga  district.  The  Gunsteel  formation  is host for 
several stratifom barite-pyrite-galena-sphalerite 

Massive to laminated  barite, laminated  fine-grained 
deposits such as the  Bear  and Driftpile  Creek. 

pyrite with varying  amounts of sphalerite  and  galena 
are  interbedded wzith chert  and  black  cherty argillite. 
Sedimentation  and  sulphide  deposition  demonstrate 
a  rhllhmic pattern  characterized by pyrite-laminated 
siliceous  argillite at  the base of the sequence 
succeeded by laminated  pyrite-sphalerite-galena; 
massive barite and  carbonate  nodules  and blebby 

Geological structure  is  dominated by northwest- 
barite at  the top. 

dipping thrusts. The  Mount Waldemar  thrust  is a 
striking, steeply dipping  chevron  folds  and west- 

major  structure  which  separates  older  strata  in  the 
west from  the lower Earn  Group rocks. 

SURFICIAL  DEPOSITS 

Glaciogenic  landforms typical of the  region  around 

tributaries  and  proglacial  lake  strandlines. A prominent 
Driftpile  Creek  includc  long,  U-shaped valleys, hanging 

terrace at the  1350-metre  elevation  along  both  sides of 
Driftpile  Creck  marks a transition  from  the  steeper valley 
side to the  more  subducd  upland  topography.  The  terrace 
is  marked by sandy  textured  deposits  containing locally 
derived pebbles. Sorted,  gravel-textured  deposits also 
occur  at  the  1600-metre  elevation  on a steep. south- 
facing hill slope  close to the  Bear  occurrence  and  these 
may represent  sand  deposits of a proglacial lake. 

elevation to the  1350-metre  strand  line  along a flat valley 
Immediately south of Driftpile  Creek, at  a similar 

which may represent  ice-stagnation  deposits. Valley floor 
floor, is an  area of irregular  mounds  and  short  ridges 

and lower hill slopes  are  mantled by an unknown 
thickncss of drift  and  colluvium. Above tree  line,  ridge 
crests  and  steeper hill slopes  are  covered  with rock talus 
and  fclsenmeer.  A typical soil caterna  consists of 
regosols, alpine dystric  brunisols above tree  line,  orthic 
dystric  brunisols  on moderate hill slopes, gleysols  and 
organic  soils  along  the  margins of streams. 

SPRING-RELA  TED  DEPOSITS 

A total of 86 samples were collected from  ground 
watcr springs  and  seepages.  Most  of  the  sample  sites  are 
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surrounded by secondary  mineral  deposits  which  have a 
varying  morphology. The most  common  deposits are: 
0 Small  (10-20 cm  high)  mounds  surrounding the 

actual  spring  discharge.  The 'cold-spring' mounds 
consist of laminated  red  to  dark  brown  iron  oxide 
terracettes. 

0 Surface  crusts  of  laminated  iron  oxide  which are 
probably  derived  from  the  physical  erosion of the 
cold spring deposits. The surface crusts also consist 
of variegated, friable ferruginous  sinter  which  can 
form slabs s.cattered over  the  surface of vegetation 
kill zones. In  the Red Gossan  area,  ferruginous  sinter 
is associated  with  kill  zones of 1 square  kilometre  in 
area,  with  no related ground  water  discharge. 

0 Ferricrete d tps i t s  consisting of rounded  Paleozoic 
pebbles  and  cobbles  cemented  with  sandy  textured 
ferruginous material. These  deposits may be several 
metres thick and may extend for several  hundred 
metres along, the side of creeks. No active springs  are 
associated  with  them. 
White,  laminated precipitate coating clastic sediment 
and vegetation  debris  in  stream  channels.  This type 
of precipitate is less common  than  the  ferruginous 
deposits and is most likely to consist of aluminum 
hydroxide. The precipitate is  not  generally  found 
surrounding  springs,  but  is  most  evident in the 
channel  several  metres  downstream  from  the 
discharge. White precipitates occur in streams 
draining the  Bear  occurrence  and  the  streams 
draining into the  north  Bear valley. 

e White,  laminated  travertine  forming  the  bank of a 
small pool surrounding  a  spring  in  the  upper  reaches 
of  Crude  Creek. 

SAMPLING AND FIELD METHODS 

At each of rhe  study  sites  samples  of  the  following 
media  were collectcd: 

Water  samrlles  from  seepages,  spring  and  surface 
streams. At the  sample site, water pH and 
temperature  were  measured  with a Corning 
Checkmate  meter,  dissolved solids (conductivity) 
was  measured  with  a  Hanna  Model  3ATC  meter  and 
dissolved  oxygen  was  measured  with  a  Hanna 8513 
oxymeter. Suflicient water  was collected to  enable 
preparation of a filtered (0.45  pm), acidified 

The  sulphate content  and alkalinity were also 
(ultrapure  nitric  acid  to pH 2 )  sample  in  the field. 

Spring precipitate and ferruginous  sinter  samples. 
measured  in  the  field  with  Hach analytical kits. 

Soil and clril? samples  from  areas  surrounding 
selected  spring deposits. Two soil-drift traverses 
were also :;ampled across  the  strike of the  Bear 
sulphide  horizon at the I600 and  1650-metre 
elevations. 

e Rock and ferricrete samples. 
Stream  sediment  and  moss-mat  samples. 

LABORATORY ANALYSIS 

suite of  66 elements (Li, Be, Na, Mg, AI, :;i, K, Ca, Sc, 
Filtered, acidified water samples  were malysed fix :I 

Ti, V, Cr,  Mn, Fe, Co,  Ni, Cu, Zn, Ga, Gm:, As, S e ,  Br, 
Rb, Sr, Y, Zr, N b ,  Mo,  Ru,  Pd, Ag, Cd,  In,  Sn, Sb, 'T:, I, 
Cs, Ba, La,  Ce, Pt, Nd, Sm, Eu, Gd, Tb, DJ, Er,  Tm, Yb, 

by inductively  coupled  plasma  mass spevtroscopy and 
Lu, Hf, Ta, W, Re, Os, Pt. Au, Hg, TI, Pb, 13i, Th and U) 

Activation  Laboratories Ltd., .4ncaster, Or tario. Rernlti 
inductively  coupled  plasma  emission sp :ctroscop) at 

for several of the  elements  were  excluced  from tht: 
interpretation  because of known  inter-element 

during  the interval between  sampling  and  analysis  (Hg) 
interference (Ti), probable significant 10:s of  element 

and  absence of any  detectable  element cotlcentration ill 
the  samples (Au, Pt). Quality  of  the wate  geochenjcal 
data  and  possible  sample  contamination w:re monitored 
by analysis of filtered, acidified distilled water blanks, 
blind  sample replicates and  standards  prepared by 
spiking bulk-filtered water  from  Crude  and Driflpil: 
Creeks  with Cu,  As,  Co. Ni, Zn  an  Cd. Sulphate mi 

and specific ion  electrode by Chemex  Laboratories, 
fluoride in water  were  measured by ion  chromatogrzphi 

Vancouver. 
Spring deposit, soil and  drift  samples .yere air drietl 

and  sieved to -63-micron size and were analysei by 

Pb,  Zn, Ag, Ni,  Co, Mn, Fe, As, U, Th, Sr, Sd, Sb, l31> \', 
Acme Analflical  (Vancouver)  for  29  elem:nts  (Mo, 'Cx, 

regia digestion and inductively  coupled pl; sma  emrssiol 
Ca, P, La,  Cr,  Mg, Ba, Ti, B, AI, Na, K ar d W)  by i q u 3  

spectroscopy.  Mercury  was  analysed by cold v,q~our 
atomic  absorption  spectrometry.  Thirty-f ve addilim; I 
elements  (Au, Ag,  As, Ba, Br, Ca, Co, Cr, Cs, FI:, H1; 
Hg, Ir, Mo,  Na,  Ni,  Rb, Sb, Sc, Se, Sn, Sr, Ta, Th, IJ, h', 
Zn,  La,  Ce,  Nd,  Sm,  Eu, Tb, Yb a ud Lu) were 
determined by thermal  neutron activation a ualysis. 

Ferricrete samples  were  broken  up z,nd the  wndy 
matrix  sieved to -180  microns. Rock ;amples vere 
crushed  and  ground  in a tungsten  carbide  mill to -75 
microns. The prepared  samples  were  analy :ed for the 2S- 
element suite by hydrofluoric-nit -ic-perchb~ric- 
hydrochloric  acid  digestion  and  induct vely coupled 
plasma  emission  spectroscopy  Mercury w; IS analyse 3. by 
cold  vapour  atomic  absorption  spectrometl y and the 35 - 
element suite by thermal  neutron activation analysis. 

RESULTS AND DISCUSSION 

water  samples  from  the  study areas are sho vn in  Table : . 
Mean  concentrations for selected elem,:nts in sp1in{,- 

A  number of the  elements originally determined  wele 
excluded  because most valnes  were be lob '  instrunumtal 
detection limits. The mean  values reveal differena:;  in 
spring-water  chemistry  between  the  areas.  Saint  and Red 
spring  waters  are  neutral to weakly alkaline  and I w :  
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Figure 3. Comparison of Bear and Saint  spring-water  perceutiles for pH, temperature,  sulphate,  aluminum,  calcium,  iron, 
cadmium,  zinc, barium, thallium,  lead  and  uranium. 
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MEAN CONCENTRATION OF SELECTED  ELEMENTS 
TABLE 1 

IN SPRING WATER 

Unit Bear N.&w DriR Saint Red  Crude 

N :!3 21 I2 I S  9  5 

SO1 ppm :!X 174  74 236 264 321 
F ppb 242  269  250 482 336  316 

pH 5.5 6.4 7.5 7.0  7.5  7.3 

Con US '78 225 286 404 436 498 

Alk ppm 1.40 2.10 4.36 5.50  10.20 7.60 

O* ppm 7.00  5.50  9.40  4.67  4.50  5.04 

Li ppb 5.60 24.00  36.00 5.79 8.60 6.56 
Na ppb 113 982  9320 1540 799 1971 

Mg ppb 21138 11016  6072 15676 15688 21997 
AI ppb 321.0 719.0 159.0 44.0 8.7 18.0 
Si ppb 33'25 3465  4037 :3517 4189 5200 
K ppb 676 487  594 1067 2379 1133 

Mn pph 1.12 848 530 327 174 285 
Ca ppb 149'21 48367 41356 107577 149606 122726 

Co ppb 425  30.00 2.84 13.94 11.98 16.30 

Fe ppb 1631 3578 449 ,3122 2065 6567 

Ni ppb :38 155 48 382 284 225 
Cu ppb 2.1)4 5.50 1.70 1.08 0.80 0.88 
Zn ppb 698 560 3470 2610 2057 1262 
Ga ppb 0.06 0.15 0.23 0.12 0.07 0.11 
Ge ppb 0.04 0.07 0.14 0.09 0.08 0.09 
As ppb 0.13 0.56 0.14 0.99 4.50 1.21 
Rh ppb 1.69 0.87 1.61 1.90 4.70 1.89 
Sr ppb '75 345 270 513 IO52 641 
Y ppb 0.857 4.55 0.45 0.76 0.60 0.93 

Ma pph 0.16 0.29 4.94 1.74 2.84 3.52 

Zr pph 0.'24 1.50 1.41 1.53 1.54 1.55 

Cd ppb 2 2 3  1.57 7.54 10.67 20.09 5.07 
Cs ppb 021  0.12 1.00 0.24 0.62 0.12 
Ba ppb 102 32 141 23 49 22 
TI pph W73 0.06 0.79 0.07 0.38 0.09 
Pb pph 38.52 0.74 0.95 0.12 0.09 0.51 
U ppb 0.06 0.17 1.23 1.71 5.87 0.42 

T "C 5.4 4.4 6.7  2.5  4.9  3.7 

greatest SOs, F, Mg, Ca,  Ni, Sr, Cd,  and U contents. Bear 
and  North  Bear  waters  are  weakly  acid  and have higher 
dissolved  oxygen, AI, Ba and  Pb.  The neutral to w a k l y  
alkaline  Drift  spring  waters  are  enhanced in Mo, Zn  and 
Ba, but  have  lower SO4 than  the  other  areas.  Element 
associations  were identified by correlation coefficients 

combined.  Among  the strongest, sympathetic  associations 
calculated  from  untransformed  data  for all of the areas 

with TI. The  correlations may reflect a common 
(correlation coefficient >+0.9) are Pb  with Zn  and  Cs 

association  of !.he metals  in  more  mineralized w'ater 
samples.  A  strong  negative  correlation between  pH-Pb- 
Mn can be explained by the  greater solubility of Pb  and 
Mn minerals in more  acid  waters. 

Differences  between  the  Bear and  Saint  springwater 

plots for springwater pH, temperature, SO4, AI, Ca, Fe, 
chemistry are  highlighted by a comparison of percentile 

Cd,  Zn, Ba, T1, Pb and U (Figure 3). The  shape of \.hf: 
Ca, Ba and SOs plots for the two areas  suggests  ha. 
values  are  drawn  from one population and I have a similar. 
source. The higher  Ca and SOI means  for  ihe  Saint  area 
may reflect a longer  residence  time for the  ground wate~' 

of  the  more  soluble  elements  from bedrock The Zn., :Pb. 
in geological structures, enabling a greatel contribu.~~or~ 

TI, pH and U distributions  have diffe.ent monent 
statistics and,  in  the  case of Pb and Zn  for  the Eka' 

clearly related to a second  source  for  these  metals  which 
waters,  are  bimodel. The  higher  range of values an: 

is most probably a weathering  sulphide M y .  The FI: 
distribution is  bimodel  and may reflect two  distincl 
sources  for  the  dissolved  iron in both area;. Similar CII 
and  Zn  percentile  plots  can be explainec by con~tnon 
mineral  association of these  metals  such as admiurn-rich 
sphalerite. 

Oxidation of pyrite-bearing shales, :eneratior of 

groundwater is a probable  source  for  the ligher Fe, Cc, 
sulphuric  acid  and release of metals  from the shale into 

Ni, Zn, Cd and U in  Saint  spring wat.:r.  Very acid 
(pHC4)  streams  draining  sulphide-bearing volcanic!, 011 
northern  Vancouver  Island  have  more t l m  200  ppm 
Sod, 23.3  ppm  Ca,  0.55  ppm  Fe  and 15.49 ppm A I  
(Koyanagi  and  Panteleyev,  1992). The  Saint sprin,: 
waters  have  similar  Ca, Fe and SO4 levels, but  have very 
low AI content and  are also neutral to weakly alkalin:. 11 
situ neutralization  of  the  acid  water by ca.bonate reek:,, 
interbedded  with the shale,  may  explain thc neutral p 3  cf 
surface  waters.  Subsurface precipitation I f AI(OH), in 
the pH range 6 to 7 may also be the  reason for the lo\r .A I 
content  of  the  Saint  spring  water. 

spring  waters  have much higher AI, Ba, I'b  and TI. but 
In contrast to the  Saint area. the m m  acid, Hear 

lower Zn, Cd and SO4. The Bear spring-w Iter chemistry 

geological structures and solution  of  Pb-Zl-Fe  sulpkides 
may  reflect shorter  residence  tlme for the gNound watcr in 

f i  . . . . .. ... . 

Figure 4. Generalized  model for 'In, fermginou .zones, t)ps '2V 
and type 'B' springs. 

Geological  Fieldwork 1994, Paper 199s-I 2 73 



Figure 5. Bear  wafer,  soil and stream  sediment  sample  sites. 

and Ba are characteristic of massive  pyritc  oxidation, 
in  contact  with  the  water. The low pH and the  higher AI 

dissolution of baritic  shale.  Galena  and  sphalerite will 
release of sulphuric  acid  into  the  groundwater  and  partial 

also dissolve  in  acid  groundwater  producing  high 
dissolved  Pb and  Zn.  The average Ba content of the  Bear 
spring  waters is close  to the  maximum concentration 
allowed by the  barite  solubility  product,  water 
temperature and SO4 content  (Steele and Wagner, 1983). 
As Ba mobility  is less susceptible  than  Pb and  Zn to pH 
changes,  higher  dissolved Ba levels may persist  in  the 
groundwater  for a greater  distance  from  the  harite- 

been  found in Cu-Pb-Zn  massive  sulphide  ore  and  in 
sulphide  source.  Elevated TI levels  up to 100 ppm have 

Hence,  the  association  of  dissolved TI with  the dissolved 
minerals  from Pb-Zn veins  (Murao  and  Itoh, 1992). 

Pb  can be an especially useful guide  for  galena 
mineralization  because  the  thallium ion is stable over a 
wider pH range than lead  (Fergusson 1990). 

In summary,  there are two distinctive ws of 

weakly  alkaline, low in dissolved 0 2 ,  cool (2-4 "C) and 
spring-water  chemistry.  Type  A  waters  are  neutral to 

have  high SO4, Zn, F, Ca, Mg,  Ni, Co SI_  Cd, and U. 

Copious  secondary  iron  precipitates  surround most 
springs. Type B  waters are acid  to  neutral,  generally  have 
higher  dissolved 02, are warmer (2-8 "C) and commonly 

precipltates  are less abundant. Acid springs may have a 
have  high Ba, AI. Pb, TI. Secondary  iron  oxide 

copious  u.hite  precipitate. 

channel  ground  water and to be responsible  for  the two 
Thc  different  geological  structures  assumed to 

types of spring  water  are  shown  in a conceptual model 
(Figure 4). Also illustrated in Figure 4 is  the spatial 
relationship between dry,  ferruginous  surface kill zones 
and  active type A  springs. This relationship is most 
evident in the Red area  and  can be explained by 
precipitation of secondary  iron  oxides  around  springs, 
later  subsurface  cementation  of  the  ground  water  conduit 
with  calcite  or gqpsnm and subsequent  displacement  of 
the  vertical  ground  water  flow to other  structures, 
producing a second  spring  line. 

The very high  Pb levels and  associated TI, typical of 
acid  spring-waters  discharging  close to mineralization, 
are highlighted by the  results  in  Table 2 and Figure 5 .  
High Pb levels  with  elevated Ag, Co, Ni, Zn and As 
occur i n  the  secondary  iron  oxide  precipitates and moss- 

enrichment  of metals in precipitates  associated with 
mat sediments at Bear sites 1, 6 and 9. The large 

almost  neutral  spring-waters  can be explained by the 
powerful sorption  characteristics  of  iron  oxides  in  the pH 
range 1 to 8. Analysis  is in progress  to  determine if 
metals  bound  to  specific  minerals in  the precipitates  from 

between different  source  rocks. 
the  Bear  and  other  areas  can be used to discriminate 

CONCLUSIONS 

Preliminary  results of spring-water  sample  analysis 

Two  distinct types of spring  water  occur. Type A 
reveal: 

waters, typical of the  Saint and Red areas, are 

Zn, F, Ca,  Mg,  Ca,  Ni, Co SI, Cd, and U. Type  B 
neutral  to weakly alkaline  and have  elevated SO4, 

waters  associated  with  known Pb-Zn-Ag 
mineralization at  the  Bear  deposit  are  more  acid  and 
have  high Ba, AI,  Pb, TI. 

WATER CHEMISTRY OF SELECTED BEAR SPRING-WATER SITES 
TABLE 2. 

site pH SO1 01 Al Ca Fs Co Ni Zn Cd Ba As TI Pb 
(Sample ID) ppm  ppm P P ~   P P ~  ppb P P ~  P P ~  mb P P ~  P P ~  mb P P ~  wb 

Bear I (943002) 7.2 80 1.3 4 38633 2700 15.0 75 1452 1 . 1  25 0.2 0.14 0.8 

Bear6  (943009) 6.1 88 7.4 7 31584 9245 12.7 114 5208 12.5 I5 0.1 1.18 0.1 

Bear7  (943014) 6.9 112 7.0 16 21749 29 0.5 36 994 2.6 91 0.1 1.82 192.3 

BearS(943015) 4.3 114 7.4 97 15119 36 1.9 42 1551 8.5 77 0.1 2.54 392.1 

Bear lO(943017) 4.7 46 7.4 125 11350 58 1.2 23 1028 6.2 93 0.1 1.82 196.1 
Bear9 (943016) 6.8 119 0.7 10 78235 3328 5 .1  40 1509 0.1 14 0.2 2.73 1.4 

Bear I I  (943018) 4.7 36 7.2 126 6664 29 1.0 16 641 3.7 87 0.1 1.02 93.8 
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The differences in water chemistry reflect  the 
residence time for groundwater in bedrock and 
geological structures,  osidation of pyrite. weathering 
of shale, solm.ion of lead-zinc sulphides, and in situ 
neutralization of acid  groundwater. 

FUTURE WORK 

Further  interpretive work involving results from the 
analysis of spring-waters, secondary iron oxides, soils 
and stream  sediments will include : 

Distinguishing between barren, pyritic shale  and 

secondary iron oxide precipitates. 
lead-zinc sulphides as the potential source for the 

Distinguishing between high geochemical 
background in stream  sediments and soils due to the 
influence of metal-rich black shale  and  the 
contribution of anomalous  metal from osidizing base 
metal sulphides. 
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GEOLOGY  AND MINERALIZATION OF THE GATAGA RIVER A.REA, 
NORTHERN ROCKY MOUNTAINS. 

(94L/7,8,9 AND 10) 

Filippo Ferri, JoAnne Nelson and Chris Rees 

". 
(Contriburion to the Cunudo - British Columbia Mineral Dpveloprnent Agreement 1991.1995) 

KEYWORDS: Northern Rocky Mountains,  Gataga River, 

Cambrian,  Kechika  Group, Road River Group, Earn 
Kechika  Trough, Hyland Group, Cog Group, Middle 

Group, sedimentary exhalatives, barite,  lead, zinc. 

INTRODUCTION 

Cambrian to Mississippian rocks, deposited in a 
northwest trending depression called the Kechika Trough 
or  Basin,  are  exposed  along the western margin  of the 
northern Rocky  Mountains.  The basin is host to numerous 
sedimentary  exhalative barite-lead-zinc deposits of 
various ages,  although  the  most numerous  and 
economically important are Late Devonian, such as  the 
Cirque  (Stronsay)  and Driftpile deposits. 

The British Columbia Ministry of Energy, Mines and 
Petroleum Resources began a multi-disciplinary 
examination of this  basin during the summer of 1994. 
This is a cooperative project with the Geological Survey 
of  Canada  and i s  funded, in part, by the second Mineral 
Development  Agreement between the  governments  of 

detailed study of the Driftpile deposits (Nelson ef a/., 
British Columbia and  Canada. This program included a 

1995, this volume; Paradis e f  a/ . ,  in press), a 
characterization  of  the  geochemical signature of  these 
occurrences  (Lett  and  Jackaman, 1995, this volume) and a 
regional mapping  project  along the central part of the 
basin, north of' Gataga River. This paper describes 
preliminary results of  the regional mapping  component. 

The Gataga  mapping project covers part of  the 
western Muskwa Ranges of the northern Rocky 

Gataga  and  Kechika rivers. The  area is remote and 
Mountains, east  and  southeast of the  confluence  of  the 

primary access is by air (Figure 1). The centre  of  the map 
area is approximately 200 kilometres from  both  Dease 
Lake  to  the  west  and Watson Lak.e to the northwest. The 
larger communities  of  Mackenzie and  Fort St. John are 
400 kilometres lo the  southeast.  The map area is bounded 
to the southwest  by  the  Northem Rocky  Mountain 
Trench, to the northeast by the Netson  Creek - Netson 
Lake valley, by Forsberg Ridge to the southeast and by a 
northeast - trending line  apprclximately 6 kilometres 
southwest ofGataga Mountain. 

River and  Forsberg Ridge, is characterized by subdued, 
The southern third of  the map area, between Gataga 
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glaciated terrain and the  amount  of  exposule is less thar 
5%. Exposure increases dramatically nort lwest 0'; .:hc: 
Gataga River with nearly 100% outcrop  along rlcge:; 
underlain  by  Cambrian carbonate rocks. 

Figure I .  Northeastern British Columbia showin:: the localion c,f  
the proiect area  together with main physiograp'lic and w l t u r d  
features. ' 

REGIONAL  SETTING 

The study area lies along  the western margin ,>'the 
Rocky  Mountain subprovince of the Canad'an Cordilleran 

the Northern Rocky  Mountain Trench fai81t zone which  
Foreland Belt. The western boundary of th 9 area fcd OM s 

separates displaced continental rocks of the Omineca Belt 
from ancestral North American strata ' ) f  the I<,lcky 
Mountains (Figure 2). The Omineca Belt is repre:;tnted 
by rocks of the Cassiar Terrane which bea! similarities I O  

correlation is precluded by 431 to 750 kilotletres of right- 
those of  the Northern Rocky  Mountains i lthough cire:t 

Trench (Tempelman-Kluit, 1977; Gabrielsf, 1985). 
lateral displacement along  the Northern R~lcky Mou?.tain 

The Rocky  Mountain subprovince is c8iaracteri;u.d  by 
northeasterly folded and thrusted rocI;s of rna.inly 
Paleozoic and older strata (McMechan  and  Thompson, 
1991). Strata within the map area  range in age from  Late 

depositional settings along the ancestral b, orth  Americim 
Proterozoic to early Mississippian and record several 

margin.  The main depositional  element in Ine map ar:a I S  
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1 ! Shelf and Platform of Ancestral North America 

1 Selwyn and Kechika Basins 
~ 

L l ~ - ,  
Displaced Continental Margin 

, 
I Peri-cratonic and Accreted Terranes 

Cordillera showing the shelf-off-shelf  boundary during 
I:igurc 2. Simplified map of the northern part of the  Canadian 

Ordovician lo Silurian time (modified  from  Cecile and Norford, 
1991 1. N R M T  - Northern Rocky Mountain lrench. 

the northwest-trending,  Paleozoic  Kechika Basin  which 
connects to the  northwest with the Selwyn  Basin in 
Yukon Territory  (Figure 2). These basins are  tilled with 
finer  grained,  deeper  water  equivalents  of  coeval shelf 
and platform strata  to  the  east. The geometry  of the 

deepening basin (H. Gabrielse, personal communication, 
Kechika Basin is interpreted as  either a westward- 

1994) or  as a narrow trough or  embayment  surrounded on 
three sides  by  shallower  water facies (Maclntyre, 1992, 
McClay d 01.. 1988).  Rocks  of  the  Kechika Basin  were 
deposited  on rift-related clastics of Late Proterozoic age 
which record the  establishment  of a passive continental 
margin  by the  end  of  the Precambrian. The basin was best 
developed  during  Ordovician to Devonian time when 
thick carbonate  shelf  sequences shaled out abruptly 
westward  into off-shelf, tine-grained siliciclastic and 
carbonate  rocks of the Road River Group (Cecile and 
Norford,  1979;  Thompson, 1989). A  much broader 
westward carbonate-to-shale transition is also present in 
Cambro-Ordovician  strata of the Kechika  Group  (Cecile 
and  Norford,  1979).  Middle  to  Upper Cambrian 
carbonates  also  show a westward shale-out, although this 
transition is complicated  by linear, north-trending reefal 
buildups in the western part  of  the basin (Fritz, 1979, 
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carbonate buildups are  found  at  the  Middle  Devonian 
1980a, 1991; Gabrielse and Yorath, 1991). Similar 

level  within the centre  of  the basin (Akie  reefs; 
Maclntyre, 1992). 

Upper  Devonian Earn Group,  and its eastern equivalent 
Fine-grained siliciclastics and  minor  limestone  of  the 

the Resa River Formation, represent a fundamental 
change in deposition across  the western miogeocline. 
These  rocks record the  abrupt end of shallow-water 
carbonate deposition within the eastern miogeocline  and 
the subsequent  laying  down of deeper  water, fine-grained 

attributed to rifting along  the  westernmost  part  of  the 
clastics. This widespread marine  transgression  has  been 

miogeocline (Gordey e/ ul, 1987)  or to contractional 
deformation (i e., Antler orogeny; Smith e/ a/., 1993) with 

derived coarse  sediments in western Earn exposures. 
both models being supported by thick  tongues  of westerly 

Sedimentary  exhalative  baritefsulphide  deposits  of 
Middle  Ordovician, Early Silurian and Late Devonian 
ages  are present within the  Kechika  Basin  (Maclntyre, 

are hosted by shales and  siliceous  shales  of  the  lower 
1992). The last are the most  economically  significant and 

Earn Group; the most important deposits  are  the  Cirque 
(Stronsay), Driftpile Creek,  Bear  and  Mount  Alcock 
deposits. All are believed to  have formed within  sub- 
basins developed in response to either a Devono- 
Mississippian rifting  event  (Gordey et a/., 1987) or as a 
result of flexural extension related to westward  foreland 
loading and deformation (Smith e/  ul, 1993). 

PREVIOUS WORK 

part of Kechika  Basin  was first carried  out by Gabrielse 
Reconnaissance - scale mapping  along  the  northern 

( I962a, b. and I98 I ) .  Gabrielse e/ ul, ( 1  977)  and  Taylor 
(1979). Gabrielse  examined  the  Kechika (94L), Rabbit 
River (94M)  and  Ware (94F, west  half)  areas,  while 
Taylor mapped the Ware (94F,  east  half) and the  Trutch 
(94G) map sheets.  The  southern parts of  the basin have 
been  mapped  by Gabrielse  (1975) in the Mesilinka  River 
area (west half) and  by Thompson  (1989) in the  Halfway 
River (948) area.  Taylor and Stott (1973)  describe  the 
shelf  sequence immediately east  of the study  area. 

More detailed regional mapping  was  conducted  by 
Maclntyre (1980a, 1981a, b, l982a) in the Akie  River 
area  and by  McClay and Insley (1986)  and  McClay e/ ul. 
(1987, 1988) between Driftpile Creek  and  Gataga  River. 

Early studies  describing  Ordovician  and  Silurian 
stratigraphy along  the western part  of the Kechika Basin 

Taylor e/ 01. (1979)  elucidated  the  stratigraphy in the 
include Jackson et a/. (1965)  and  Norford e/ ul. (1966). 

details stratigraphic sections and relationships within 
Ware (east halt)  map  area. Fritz (1979,  1980a,  1991) 

Cambrian rocks of the Kechika Basin and  the  adjacent 
shelf sequence.  Cecile and Norford  (1979)  describe  the 
stratigraphic relationships along  the transition between 
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shelf  and off-shelf facies in Ordovician and Silurian 
strata.  Norford (1979) discusses Early Devonian 
graptolites within uppermost  Road River strata between 
the  Kwadacha and  Akie rivers. 

area  began in the  early 1980s after nearly a decade of 
Published accounts of the  economic potential of this 

exploration within the  Selwyn and Kechika basins. Early 
descriptions of the  resource potential and exploration 
models for the Kzchika Basin are provided by Came and 
Cathro  (1982) and Maclntyre  (1982a, 1983). Maclntyre 
(1980b), Jefferson et a/. (1983') and Pigage (1986) 
describe the geologic setting of' the Cirque deposit. 
Maclntyre  and Diakow (1982)  give a brief account of the 

(1989)  refine the timing  of mineralization in the Kechika 
Kwadacha mineral occurrence arrd  Irwin and Orchard 

and  Selwyn basins. 

STRATIGRAPHY 

Rocks in the map  area  are preserved in a series of 
steep, southwe!:t-dipping, northeasterly-verging thrust 
panels. Strata ase represented by the Upper Proterozoic 
Hyland Group, the Lower Cambrian  Gog Group, an 

carbonates and siliciclastics, the Upper Cambrian to 
unnamed Middle to Upper Cambrian sequence  of 

Lower  Ordovician Kechika Group,  the Lower Ordovician 
to Lower  Devonian Road River  Group and the Middle 
Devonian to lower Mississippian Earn Group  (Figures 3 
and 4). 

HYLAND GROUP  (UPPER  PROTEROZOIC) 

part  of  the  Windermere  Supergroup which forms a thick 
Upper  Proterozoic strata exposed in the map area are 

clastic wedge ;along the entire length  of the Canadian 
Cordillera.  These  can be traced into similar Proterozoic 
rocks in the  Nahanni map area which recently have been 
named  the Hyland  Group (Gabrielse and  Campbell,  1991; 
Gordey  and  Anderson, 1993). The Hyland Group is 
subdivided into lower quartz-rich clastics of the Yusezyu 
Formation  and overlying maroon to  grey shales called the 
Narchilla Formation  (Gordey  and Anderson, 1993). 

a handful of  outcrops along  the  southwest  slopes of the 
Rocks of  probable Proterozoic age were observed in 

broad valley containing Netson Lake. These  exposures 
consist  predominantly  of grey to green, greasy phyllite 
with minor  thin-bedded, very fine grained sandstone. 
Lesser interlayered light to dark  grey  and  cream-coloured 
slate, siltstone (calcareous) and very tine  sandstone also 
occur.  The  predominantly phyllitic rocks outcrop 

they  belong 1.0 the Narchilla Formation, whereas  the 
immediately below Gog  Group lithologies, suggesting 

grittier outcrops  are stratigraphically lower than phyllites 
indicating the:y may be  part of the Yusezyu Formation. 
The paucity of data does not allow differentiation 
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between the two formations, all rocks of pos!;ible 

Group. 
Proterozoic affinities are placed within undi.,ided Hylmd 

p, 
Earn Gp. 

Kechika qc-! . . . . . . . . . . . . . . 
Middle -~ ' 

and 
Late 

carbonates 
Cambrian H) 

Figure 3 .  Simplified  stratigraphic column of mils withirl t i e  
prqject area. (a) Generalized cclumn for the entire areti. (b) 
Generalized  column  for the Cog :md younger c astics founj exst 
and north of Split  Top Mountain. See  under < og and Yohnger 
Roch. 

LOWER TO UPPER C A M B R U N S l  RATA 

sections of quartzose sandstone, siltstone, .hale, carton:lte 
Stratigraphically abovc the Hyland (iroup ars: thick 

and conglomerate  of the Lower Cambrian Gog  Group  and 
an  unnamed Middle to IJpper Cambriin sequenr:e of 
carbonate with lesser siliciclastics (Frit?, 1991). ;:ocks 
presently assigned to the Cog Group lvere previously 
called the Atan Group (Gabrielse et a/., 1977; Taylor and 

quartzite-carbonate package and the typ" locality of the 
Stott, 1973) based on  broad  similaritifs  betwee? ihis 

Lower Cambrian  Atan Group in the Ca: siar Mou Ita ns. 
The two-fold subdivision of Lower Car lbrian sIr.ita. as 

not  well developed in rocks of the  Kechika Basil. 'The 
exemplified by the Atan Group in the C; ssiar Terrzmc,  is 

thick, Lower Cambrian carbonate is miss ng  in the c:;alaga 
area. Instead, siliciclastics predominate with onl:! :hin 
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layers and lenses of  archaeocyathid-bearing  limestone. 
This  led Fritz (1980b) to suggest that the term 'Atan 
Group'  not be used east of the  Northern  Rocky  Mountain 

carbonate succesion bas broad similarities with the  Gog 
Trench.  The  Lower  Cambrian siliciclastic and lesser 

Group as defined in the  southern  Canadian Cordillera, 
and that term is used here. 

The  top  of  the  Gog  Group is placed at the base  of a 
thick  carbonate  succession  which locally has  been shown 
to be uppermost Lower Cambrian (Fritz, 1979,  1980a). In 
the  map area, this carbonate  succession, of mainly  Middle 
and  Late  Cambrian age, shows rapid facies variations 
such that in some thrust panels  carbonate is virtually 
absent. It is replaced by siliciclastic lithologies similar to 
the  Gog  Group, and which  occur right up to the 
conformably  overlying  Kechika  Group.  This is 
particularly evident in the thrust panel east of Split Top 
Mountain  where  only  a  few  metres  of  limestone and 
sandy  limestone  sit  below  Kechika  Group rocks. Farther 
northwest, alone; strike, even  these thin carbonates are 
missing. Similarly, in  the far northeastern  comer  of the 

passes  northwestward into siliciclastics. The  gradual 
map area, the Cmbrian carbonate: south  of Netson Lake 

northwestward  disappearance  of  these thick Middle and 
Upper  Cambrian  carbonates is regionally significant. 
Nowhere  north !of Gataga  Mountain do these  carbonates 
reappear  (Gabrielse  1962a, b). 

Similar  regional facies variations in Middle  and 
Upper  Cambrian  successions  have been documented 
elsewhere to the: south  and east I:Gabrielse, 1981; Fritz, 

northwest-trending linear reefs separated by clastic facies. 
1979;  Taylor ef a/. 1979). These  authors describe  north to 

The  rapid  facies variations may reflect significant vertical 
fault motion resulting in the  juxtaposition or interchange 
of  shallow  and  deep-water  environments.  This  theory is 

Cambrian  fanglomerates  within  the project area and to the 
supported by the  presence of thick uplift-related Middle 

east and southeast. These  rocks  grade laterally into typical 
Middle  Cambri:m lithologies (Taylor  and Stott, 1973; 
Taylor et uL, 1979). 

Where  the  Middle and Uppr:r Cambrian  carbonates 
are absent, Kechika  Group rocks appear to rest 
conformably on top of slates and siltstones, which in  turn 

typical of  the Gog Group.  In  the absence  of a  Middle 
lie conformably  above  coarser quartzose lithologies 

Cambrian  carbonate  marker, it  is not  possible to precisely 
locate the  top of the  Lower  Cambrian  Gog  Group  within 
this thick succesion. Assigning all these  rocks to the Gog 
Group  would be erroneous as, in its type locality it  is 
restricted to th.e Lower  Cambrian.  Therefore, in areas 
where  these  dominantly siliciclastic Lower to Upper 
Cambrian  rocks  occur, we have  assigned  them to  a 
composite unit designated G q :  Group and Younger 
Roch. Elsewhere,  Cambrian  rocks can  be divided into 
Gog Group,  the  Middle  Cambrian  conglomerate unit, 
Middle  and  Upper  Cambrian  carbonates,  and their 
siliciclastic equivalents, as follows. 

GOG GROUP  (LOWER  CAMBRIAN) 

As explained  above,  Gog  Group r x k s  can ht: 
differentiated only in thrust panels  cortaining  thick 

Gog siliciclastics and  carbonates are expmed in lhrvst 
Middle Cambrian  carbonates.  Poorly expos:d section: of 

panels below the  Netson  Creek fault. In the far 
southeastern  comer  of  the  map area, thick to mas:.i.iel:i 
bedded,  brown-weathering,  brown to beige quartzite ;anti 
quartz  sandstone are found in sections  up to 15  nwmes 
thick below  the Middle  Cambrian carhorlate sequence. 
These quartzites and  sandstones are sometir~es calcarcous 
and  commonly  show cross-stratification an i bioturhslioi 
(Cruziunu). 

of  Gog quartzites is exposed on the east fa :e of  Brownie 
A well  exposed, but strongly  folded  and fa1 lted seq1n:nce 

bedded  grey and brown  impure quatzite, q ~ a r t z  
Mountain.  Here  the unit comprises  thick to massively 

sandstone and white quartzite with lesser grey sillstone 
and  sandy siltstone. The  exact  thickness of this Gog 
section is difficult to determine as it  is  in he  core of an 
overturned northeast-verging, h l d  which is :ut by a thru:;t 
fault. A rough  estimate is in the  order c'f 100 metre;. 
Sections  of quartzite to impure quartzite trom 10 to 30 
metres  thick are separated by IO to  20-mere  sectiors clf 
thin to thick-bedded  quartz  sandstone  and siltstone. 'The 
massive to thick-bedded quartzite horizons  show m s s -  
stratification and rare bioturbalion in the f o ~  m of bedc.l.ng- 
perpendicular Sko/ithus burrows.  The tl inner  bedded 
sandstone and siltstone sections  comn.only  contain 
current ripples and  bedding-parallel worm burrows. Lew 
common  but  conspicuous  orange-weatllering,  c '>si- 

stratified limestone to sandy  limestone  wbicb  may 
contain thin interbeds of calcareous sandstme, is follnd ~n 
sections up to several metres thick. 

GOG  GROUP  AND  YOUNGER  ROCK!;  (LOWER, 
MIDDLE  AND  UPPER  CAMBRIAN) 

is exposed  along  the eastern side of Ihe map wea, 
The thickest and  most  continuous sect on of this unit 

extending from the  Gataga  River to the northern 'n;~p 
boundary.  Shvctural sections indicate ,hicknesses (of 
approximately 1200 metres in the north ard 1500 mam:s 

rather monotonous  package.  The se,:tion co~~sirts 
in the south, assuming  no  thmst faults hale repeated  this 

beige  fine-grained  quartz  sandstone, silts one  and .!rey- 
predominantly  of  flaggy, thinly interlaycred bronn to 

green to dark  grey slate. Some sections an dominatd by 
slate and siltstone and  others by thin planar-bedded 
sandstone.  Slate  and siltstone sections cor monly hwe a 
grey to dark grey striped or banded pattern and  contain 

basal part of the  sequence contains 1 ) to 30-nlelre 
layer - parallel worm burrows or  other @,Ice f0ssil.s. T ie  

sections of thick-bedded., tan to white  quartz,te 
interlayered with lesser, thin-bedded  grey to brown 
siltstone and  green to grey phyllite. Somt of  the  tkicker 
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sandstone sections  exhibit cross-stratification and wave 
ripples on bedding surfaces. 

clastics, approximately 50 to 150 metres  of striped or 
In the  southern part of this panel of Cambrian 

uniform,  grey, grey-blue to dark grey to black slate and 

below the  Kechika  Group. In the northern part of the 
siltstone is exposed at  the top of  the section, immediately 

panel, thin to moderately bedded, grey to orange- 
weathering grey limestone to sandy limestone, siltstone 
and black chert layers or nodules are present in the upper 
part of this package. 

Although limestones form a minor part of this map 
unit, they are important. The lower half  of  the succession 

grey weathering,  grey fossiliferous limestone, IO 
locally contains  discontinuous layers or lenses of hrown- 

centimetres to over 2 metres thick. These limestone 
horizons contain abundant archaeocyathid remains which, 
together with their lensoidal shape, suggest biohermal 
buildups (Photo 1). As archaeocyathids in North America 

the succession is known to be equivalent to the Gag 
are restricted to the  Lower Cambrian, at least this part of 

Group. In the  upper half of the succession, two types  of 
limestone are seen: a grey-weathering limestone breccia 1 
to 5 metres  thick,  and a grey, huff to brown or tan- 
weathering interlayered limestone, sandy limestone to 

metres thick. No archaeocyathids  were  observed in either 
calcareous sandstone  and quartzite sequence I to 50 

of these higher limestones. 

and  rounded clasts of oolitic and massive limestone, up to 
The limestone breccia is composed of subrounded 

5 centimetres in diameter,  and lesser shale clasts in a 
sandy limestone matrix. Limestone breccia beds grade 
upward into laminar limestone overlain by calcareous 
sandstone and  quartzite which rarely contain flute casts 
and scour marks when  succeeded by another breccia 

these deposits. 
horizon. These  features suggests a debris-flow origin for 

The limestone and  sandy limestone are moderately to 
thickly bedded with the latter exhibiting cross- 
stratification. Pure to sandy limestone (up to 30% quartz 
grains) may contain thin interlayers of  quartz sandstone or 
quartzite, giving the rock a distinctive ribbed appearance. 
Carbonate breccia horizons as well as grey to green slate 
layers are present locally. 

These  carbonate facies are prevalent in the  top part of 
the  map unit, very  near its upper contact, and it  is possible 
that they are distal equivalents  of  the thick Middle and 
Upper  Cambrian  carbonates  found in other thrust panels. 
This is supported by the local presence  of carbonate 

thick carbonate  buildups. The amount of carbonate in the 
debris - flows which may he derived from nearby coeval, 

upper part of  this clastic panel decreases to  the northwest 
which mimics  the northwestward disappearance of the 
Middle to Upper  Cambrian  carbonates in other panels. 

Clastic rocks of Early and probably Middle and  Late 
Cambrian age  are exposed  along  the northeast-facing 
slopes immediately south of Netson Lake. Grey and  rusty 

weathering, greenish grey and silvery, banded micaceous 
slate and siltstone, together with thinly bedded, very  fine 
grained quartz sandstone are found immediately 
northwest of  the Middle to Upper Cambrian  carbonate 
shale-out in the  extreme northeastern part of  the map area. 
This area definitely contains Gog  Group  equivalent  rocks, 
evident from several archaeocyathid-rich limestone lenses 
within the slates and sandstones. 

Photo 1. 10 - metre - long archaeocyathid - bearing  biohenn 
(outlined in  white) within Gog  Group  clastics  located 5 
kilometres  east-northeast of Split Top Mountain. The isolated 

thick sequence of shale,  siltstones  and  fine  sandstones.  Scale  is 
nature of these buildups is clearly  illustrated by the enclosing 

shown by geologist to the right of bioherm. 

CONGLOMERATE  (MIDDLE  CAMBRIAN) 

Up to 250 metres  of distinctive massive, polymict 
granule to boulder conglomerate is exposed  along  the top 
of Brownie Mountain. It  is brown weathering, hrown to 
grey or green  and  occupies a stratigraphic position 
between  the Gog  Group  and  Middle Cambrian 
carbonates. Similar, hut much thinner conglomerate is 
exposed in the hangingwall of the West Brownie 
Mountain thrust. The lower contact  of this unit was not 
observed at Brownie Mountain hut its top appears to 
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Photo 2. General 'view of Middle C!amhrian fanglomerates along the ridge containing Brownie  Mouniain.  Note the PC x l y  develcpetl 
bedding  and the wide range in clas~ size. 

grade  upwards into the  thick section of limestones and 
dolomites. The conglomerate is matrix supported with 30 
to  70%  subangular  to  rounded clasts. Clast types include 
brown to white quartzite (70%), orange, grey or maroon- 
weathering limestone (IO%), dark grey, grey or green 
slate and siltstone (10%) and green basalt(?), diorite or 
gabbro (10%). Grey  to brown slate, siltstone and 
sandstone  horizons up to several metres thick are locally 
present  (Photo 2). 

fanglomerate ir a similar stratigraphic position in the 
This  conglomerate bears remarkable similarities to a 

Tuchodi  Lakes and  Ware map areas (Taylor and Stott, 
1973; Taylor e l  ai., 1979). This is one  of  numerous 
Middle  Cambrian facies and is known as the  'Roosevelt 
facies' due  tc its excellent exposure near  Mount 
Roosevelt in the  Tuchodi Lake  map area (Fritz, 1991). 
This unit is up  to I500 metres thick and  related to growth 
faults which exhumed Proterozoic strata (Taylor and 
Stott,  1973;  Taylor et ai., 1979; Fritz, 1991). Similar 
amounts of uplift are inferred in the map area from the 

which must have  been derived from underlying 
presence  of  green slate, siltstone, basalt and gabbro  clasts 

Proterozoic units. Fritz (1979) collected early  Middle 
Cambrian faunas near the base of  this unit east  of  the map 

Cambrian. 
area  and  has placed  it entirely within the Middle 
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CARBONATE (UPPERMOST LOWER ro UPPER 
CAMBRIAN) 

Most of  the spectacular peaks  in the  Gataga  Rivw 

bedded limestone and dolomite (Photo 3). Exccllent 
area are composed of steeply dipping p ~ n e l s  of thick- 

Gataga River in the extreme  southeast p;rt  of the map 
exposures  are  found along Ihe ridge nc,rtheast 01' the 

where it thins and finally disappears irto shales artd 
sheet. This  carbonate  can be traced to the northwest 

siltstones. Split Top Moun:tain  represr nts  the :ley1 
westerly belt  of this carbonate package. Several ridg:s of 
carbonate that trend northwest  from this area  delineate 
splays  off  the main thrust  at the base  of  Split  Top 

the last carbonate associated with this falilt zone shal:s 
Mountain. These  carbonates also thin nort lwestwad and 

out at the northern edge of the mal'  area.  There 
carbonates  are cut obliquely by  the thrust at the base 3f 
Brownie Mountain. Impressive exposures  of these ',XIS 

are also found on the  ridge  west  of  Browni,:  Mountail 
Thicknesses and lithologic character of these :ocks 

change dramatically across the map sheet.  Approxin.:itcly 
1500 metres of carbonate  are inferred tom strut:tu~.al 
sections through the rugged  ridge  we .t of Brwwrlie 
Mountain, whereas  only 6013 metres of carbonat: z.re 
exposed  on the ridge  along the southeastern  bounckiy  of 
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Photo 3. Looking  southwest  towards  Split  Top Mountain. This mountain is composed of Middle to Upper Cambrian  carbonates 
which make up most of the other rugged  peaks in the area. The Gataga River valley is immediately to the west  and  Forseberg Ridge is 
in the  middle ground. The Northern Rocky Mountain Trench is between Forseberg Ridge and the high peaks in the distance. 

the  map area. The  northward  thinning  and  disappearance 
of  these  carbonates  is illustrated by the  section  along  the 

thins from an initial 700 metres. 
eastern  boundary of the  map  area  which  progressively 

The  dominant  lithology is massive to thickly  bedded, 
grey to tan-weathering,  grey to white micritic to  finely 

more resistant, lighter coloured  dolomite  and  dolomitic 
recrystallized limestone. Thin, discontinuous  horizons  of 

conglomerate are less common  hut  were  mapped  along 
limestone  are locally present. Carbonate  breccia  and 

the  easternmost  limestone  body.  Fenestral  dolomite  was 
also seen  towards  the base of this limestone panel. Large 
sections  of this limestone  sequence  have been variably 
dolomitized,  forming  massive  huff to orange-weathering 

Mountain  and  along  the  ridge  west  of Brownie  Mountain. 
sections in the Split Top  Mountain area, at Brownie 

Limestone  or  dolomite  may  contain  up to 30% well- 
rounded  quartz  grains  and  may be interlayered with thin 
to thick  beds or sections (up to 5 m  thick)  of  white to tan- 
weathering quartzite which  give  the  succession a 
distinctive ribbed  appearance.  Planar to cross-stratified 
quartzite and  quartz  sandstone  become  dominant  toward 
the  base of the  carbonate  panel  northwest of the  mouth  of 
Bluff  Creek.  This  section is characterized by rare, but 
distinct layers of  quartz-pebble  conglomerate 10 to 20 
centimetres thick. Sandy  dolomite stratigraphically near 
the  top  of  these  conglomerate  horizons may contain 
isolated quartzite cobbles up to 5 centimetres in diameter. 

been recovered from  these thick packages of  carbonate 
Late  Early, Middle  and Late Cambrian faunas  have 
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south and east of the  map  area (Fritz, 1979, 1980a). Fritz 

these  carbonates  south of the  Gataga  River. 
collected late Early  Cambrian trilobites from  the  base of 

SILICICLASTICS  (MIDDLE TO UPPER 
CAMBRIAN) 

carbonates form lenticular sequences  between 30 and 350 
Middle to Upper  Cambrian siliciclastics and lesser 

metres thick, within  the main carbonate  succession.  They 
consist of thin to moderately  bedded,  grey  and  brown to 
tan-weathering,  grey siltstone, slate and  quartz  sandstone, 
interlayered with lesser grey to buff-weathering  sandy 
limestone,  sandy  dolomite,  dolomite  and  dark  grey 
argillaceous  limestone.  Sandstone is wavy to planar 
bedded  whereas siltstone and slate sections  have  colour 
handing  or striping and  frequently  worm  burrows  on 
bedding planes. Several of these  horizons  are  found 
within  the  limestone  sequence in the  southeastern part of 
the  map  area and northwest of Split Top  Mountain,  but 
are  traceable for only  a  few  kilometres. 

described  under Cog  Group  and  younger strata. These 
These  rocks are remarkably similar to finer clastics 

tongues  of clastic material  within  the  carbonate units 

within  Middle  and  Upper  Cambrian strata in the  map 
reflect, on a smaller scale, the  rapid facies variation 

area. 
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Photo 4. Basal Kechika Group slates, calcareous slates and  interlayers of grey to orange - weathering linestone. Thest thin limeson<: 
beds are a distincuve  fcature ofthe lower Kechika Group within the map area. 

KECHIKA  GROUP  (UPPER  CAMBRIAN TO 
LOWER  ORDOVICIAN) 

(1963) in the C:assiar Mountains and was later  used to 
The  name Kechika Group was first used by Gabrielse 

describe  Upper  Cambrian to Upper Ordovician strata in 
the  Tmtch  and 'Ware map areas by Jackson et d . ,  (1965) 
and  in the  Tuchodi map area  by  Taylor and Stott (1973). 
The present application of this  name  to argillaceous 
carbonates and shales of Late Cambrian to Early 
Ordovician  age  was first used by Gabrielse el al,, (1977) 
in the  Ware map area. 

The Kechika  Group,  as with  the underlying Middle to 
Upper Cambrian  sediments,  shows considerable thickness 

approximately :SO0 metres thick along the southeastern 
and lithologic variation. Sections, of  Kechika  Group  are 

along  strike  to less than 200 metres. A maximum of only 
margin of the map area, but decrease northwestward 

200 metres of Kechika  rocks is found in the central part 
of the next thrust panel to the  west  where Middle  and 

decreases  to less than 50 metres northwestward along 
Upper  Cambrian carbonates  are  missing.  This thickness 

strike and  the unit appears to be absent to  the  southeast. 
East of  Split T J ~  Mountain, Silurian rocks  of  the Road 

Geologicul Fieldwork 1994, Paper 1995-1 

Cambrian clastics with only black slates  of possible 
River Group  are found less than 50 metres a2,ol.e 

Ordovician Road River affinity between the two This 
suggests either removal of  Kechika  rocks 3y a pre-Rosd 
River unconformity as seen by Gabrielse (1981) irl the 

the Road River Group. Rocks assigned 1 1  the Kwhika 
Ware area or lateral transition into 1itholo:ies simil3r '.o 

Group farther west  occupy  the  coles of tigkt, 
northeasterly overturned !synclines i nd alth'~,ug.h 
thicknesses have been exaggerated  tecton  cally, ol-iginal 
sections must have  approached 500 metres in thickness. 
The predominance of Kechika lithologies i I areas of poor 
exposure between massifs of Middle to U >per Carn':riim 
carbonate south of the Gataga River suggests thickn:sss:s 
of this magnitude or greater. 

the Kecbika Group  comprises  grey  to darl grey,  cltavcd 
In the eastern part of the map area, ttNe basal p;ut 'If  

slate and silty slate, with discontinuous bec s and Ierms ,f 

up to IO centimetres  thick thai constitute U , I  to 30% clFthe 
grey and orange-weathering l~mestone  to I alcareous :slate 

of limestone decreases up-section and  only slate is prssent 
section (Photo 4). Generally, the thickness and  perce1ta::e 

at the upper contact. Locally,  grey  to  oral ge-weathr::ing, 
planar-laminated dolomitic siltstone  and r i l t y  slate J.P to 
10 metres thick are found above Cambian lime!,t:orle. 
Light to medium grey weaihering, dark grey  n~icri:ic 
limestone up to I metre in thickness is locally fourld  in 
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the upper part of  the Kechika Group along the 
northeastern edge of  the project area. Upwards of 20 
metres of orange-weathering, cleaved, bioturbated 
dolomitic slate to silty slate is present in the upper part of 
the Kechika  Group east and northeast of Split Top 

northward in eastern exposures  of  the Kechika Group. 
Mountain. Generally, the  carbonate content decreases 

Green slate up  to 5 metres thick, with distinctive 
crystals  of barite up to 1 centimetre long, is found at  the 
base of  the Kechika  Group,  above  Cambrian siliciclastics 
east of Split Top Mountain. Barite crystals were  also 
observed in basal calcareous horizons of the Kechika 
Group in the  northernmost part of this thrust panel. 

slate, calcareous slate and  silty slate with  lesser thin beds 
Grey, buff and orange-weathering, grey and silvery 

or lenses of  grey limestone characterize most of the 
Kechika Group immediately east and southwest of 
Brownie Mountain,  and south of  the Gataga River. 
Typically'  the carbonate  content decreases up-section. 
Thin interlayers of grey limestone, from 0.5 to 10 
centimetres thick,  are  abundant in the lower 50 metres. 
The Kechika Group is lighter coloured and more 
calcareous south  and  southwest  of the Gataga River. In 
this area Kechika slate has characteristic light and dark 
grey  colour laminations resulting from increased silt 
andlor carbonate  content within lighter coloured horizons. 
This feature is very useful in differentiating these rocks 
from similar dark slates of  the Road River Group, 
however, in some places Kechika slate is also dark in 
colour. This creates  mapping  problems in that the 
boundary between the two units is obscure, and  the  local 
absence  of  Kechika  rocks is easy to  overlook. 

Cambrian carbonates in several localities. In the 
The Kechika Group rests unconformably above 

southeastern part of the  map area, basal Kechika slates 
contain blocks  of  the  underlying Cambrian carbonate. 
Similar relationships are seen  at the eastern base of 
Brownie Mountain where  carbonate clasts are found in 
Kechika slates at their contact with Middle to Upper 
Cambrian carbonates. West of Brownie Mountain various 
lithologies of  the  underlying  Cambrian succession 
(carbonate, siliciclastics) are found below the Kechika 
Group, again suggesting  an unconformable relationship. 

This relationship is equivocal where the thick Middle 
and Upper Cambrian  carbonates are lacking in the panel 
east of Split Top Mountain. The first orange-weathering 
limestone beds of  the Kechika Group  sit  above 

grades  downward into Cambrian siliciclastics east of Split 
approximately 25 metres  of  dark grey to black slate which 

Top  Mountain.  These  dark slates appear similar to those 
interlayered with the overlying  orange  and grey 

unconformity between the similar shales, but it  is 
limestones of the Kechika Group. There  may be  an 

map  area  Middle or Upper Cambrian limestones appear to 
impossible to distinguish. In the northeastern part of  the 

he interlayered with Kechika slates near  where these 

carbonates shale out. Limestone beds up to 1 metre thick 
and of similar appearance to the Cambrian carbonates are 
found at the base of  the Kechika Group  at this locality. 

Graptolite collections from the Kechika Group have 
returned Early Ordovician ages.  These are consistent with 
the highest beds of  the  group being Arenigian (late Early 
Ordovician; B.S. Norford, personal communication, 
1994). 

ROAD  RIVER  GROUP  (LOWER  ORDOVICUN 
TO LOWER  DEVONIAN) 

Northern Rocky Mountains from  its type locality in the 
The name Road River Group  was  extended into the 

Yukon  by Gabrielse et al., (1977). It  is divided into two 

graptolitic slate and chert, and Silurian to Lower 
unnamed formations; an Ordovician sequence of black 

Devonian siltstone, graptolitic slate and minor chert. 

BLACK  SLATEKHERT  (LOWER TO UPPER 
ORDOVICIAN) 

Complete sections of Ordovician Road River strata 
are confined to the eastern part of  the project area. 
Approximately 125 metres of this unit  is exposed along 
the banks of a creek in the southeastern part of the map 
area, below the thrust carrying  the  thick  package of 
Cambrian siliciclastics. Upwards  of 160 metres of 
Ordovician black slates are reasonably well exposed in 
the southern part of  the next major thrust panel to  the 
west. This  sequence thins to 115 metres immediately 
south of Bluff Creek and only 50 metres are well exposed 
on the ridge to the north of  the creek. Poor exposures 
farther north along this thrust panel suggest a thickness of 
only 50 metres. 

Road  River black slates crop out within the core of 
the northeast-verging syncline east  of Brownie Mountain. 
A thick section of these rocks is also  exposed west of 
Brownie Mountain and appears to rest directly on 
Cambrian clastics and carbonates. Assignment  of black 
slates to either the basal Road River Group or Kechika 
Group becomes problematic in the Brownie Mountain 
area and  in other areas to  the east. Differentiating between 
the two units is  virtually impossible in some localities and 
they have been grouped  together.  The difficulty in 
separating the  two units may reflect a facies transition 
whereby Kechika rocks become more shaly and  appear 
similar to  the basal  Road River strata. Furthermore, it is 
sometimes extremely difficult to differentiate hetween 
slates of  the basal Road River Group  and  those  of  the 
Earn Group, especially where intervening, 

exposed. Biserial graptolites, which are restricted to  the 
stratigraphically younger  Road River rocks are poorly 

Road  River slates, are helpful in resolving this problem. 
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Photo 5 .  View  to the northwest  showing  resistive  Road  River  Group  dolomitic  siltstones  showing a thrust fault (arrjw) with snall 
displacement.  Gataga Mountain is  highest snow capped  peak in the  distance  with  Brownie  Mountain  immediat :ly to tha lef. 
Although  these  rocks  are  quite  argillaceous.  they form resistive  ridges  due to their location  between  less  competent li hologies o‘th: 
Kechika  and Earn groups. 

The basal  part  of  the Road River  Group is composed 
of  graptolitic  dark grey, blue-grey and  black graphitic 
slate  and silicf:ous slate. Grey - brown and orange- 
weathering  siltstone, up to 2 metres thick, and  thin, grey, 
tan to orange-weathering, thin planar-laminated limestone 
beds  are less common lithologies within this slate 

graphitic  chert imd siliceous argillite, I to 5 - centimetres 
succession. Resistant layers of dark grey to black 

thick, are  found interlayered with the slaty rocks in the 
upper 5 to IO metres ofthis unit. 

Pale  grey t.3 greenish baritic tuff up to a metre thick 
is traceable  for  over 1.5 kilometres northwest of Brownie 

mapped within basal Road River  rocks  near  Gataga 
Mountain. A thin ‘greenstone’ horizon has also been 

Mountain (B.S. Norford, personal communication, 1994). 
Volcanic  rocks  are  reponed elsewhere near the base of 
the Road  River Group and are referred to  as  the  Ospika 
volcanics (Machtyre, 1992; Gabrielse, 1981). Thick 
volcanics  underlying  Gataga Mountain immediately to  the 
north were  originally believed to be  Devono- 
Mississippian tsut are now thought to be part o f  this suite 
(H. Gabrielse,  personal  communication, 1994). 

Graptolites recovered near the  base of the Road River 

(Caradoc). Elsewhere  the  range of the basal Road River 
Group north .3f Bluff Creek  are Middle Ordovician 

Group  has been shown  to  be E.arly to Late Ordovician 
(Cecile and Norford, 1979). 

SILTSTONEISLATE  (LOWER  SILURIAN TO 
LOWER  DEVONIAN) 

Resistant, buff-orange weathering, grey  to greenish 
grey, bioturbated dolomitic siltstone is the  dominant 
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member of  the upper Road River Group  (Photo 5) .  ‘This 
unit is commonly referred to as  the ‘Sill rian siltstme,’, 
although McClay et al. (1988) recovered I.arly  Dewniim 

bioturbated sections except in thick - be6:ded shalt  and 
conodonts from  it. Bedding is difficult  to discern in 

siltstone intervals. The rocks are thinly lay :red and  planar 
laminated where bioturbation is lackin;: and  have a 
distinctive flaggy parting. Monoserial :raptolitl:: are 
typically preserved within these flaggy, I on-biotu.r:mat’:d 
successions. Slates of the basal Rotd River are 
gradational with overlying Silurian siltttones o w r  in 
interval ranging to tens of metres. The b,sal part rd  the 
Silurian siltstone may contain secti Ins of  gwy, 

thick. Grey slates and siltstones in the ootwall (1’ the 
nondescript slate and silty slate more tkan 100 n ~ e t ~ e s  

Split Top Mountain thrust  fault  have been assigned :o the 
upper Road River  Group  as  they  are on str ke with ppical 
Road River lithologies father to the northwest. l’h n- 
bedded orange-weathering planar-lam nated, flaggy 
limestone to silty limestone is locally deve  oped. 

The upper I O  to 15 metres of the Ro id River Group 
contains a distinctive chert.-limestone succession which is 
locally an  excellent  marker  (Photo 6).  D r k  grey-brown, 
grey and white, thin to ihickly bedced chert with 
interlayers of dark  grey cherty argillite comprisw .:he 
basal 2 to 3 metres of  this  sequence.  Appr, bximately 1 to 2 
metres of thin to  moderately bedded, cre;  m to light  grey 
weathering, grey, silty to ;argillaceous  m critic limmtcae 
interlayered with thin  beds o i  typical Silu~ ian siltstorre u e  
exposed 1 to 2 metres above: the  chert  sequence. S:vrral 
metres o f  orange-weathering, biotur 3ated siltstone 
succeed  this  limestone  sequence and grad: into overlying 
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Photo 6 .  View of the uppermost Road River Group  showing  the  chert-limestone unit. Grey to brown chert can be seen beneath the 
hammer and this is  followed by thinly interlayered  limestone. Earn Group  lithologies begin a few metres to the right of the 
photograph. 

thickness of  50 centimetres. 
lithologies of the Earn Group  across  a stratigraphic 

This  chert-limestone  couplet is recognized  only  along 
the  well  exposed  ridges  east of the Split Top Mountain 
thrust. Poor exposure  may limit its expression  elsewhere 
in the  map area. 

The main belt of upper Road River  rocks is a  thrusted 
and  folded  sequence  east of the Split Top  Mountain thrust 
and  west  of  the  thick  package  of  Cambrian clastics. 
Silurian siltstone is also  recognized in several thrust 
panels in the  northeastern part of the  map  area  and in the 
core of the  northeasterly  overturned  syncline east of 

variable, ranging  from 200 to  300 metres in the  southern 
Brownie Mountain. Structural thicknesses are quite 

part of the  main  outcrop belt to 400  metres in the  centre 
and  approximately  250  metres in the  northern part. 
Thicknesses  ranging  from  550 to 700  metres  were 
deduced  for  the  poorly  exposed section east of Brownie 
Mountain.  Stratigraphic  thicknesses for the Siluro- 
Devonian part of  the  Road  River  immediately  southwest 
of  the  map  area  are in the  order of 75 to 200 metres 
(Gabrielse,  1981;  McClay et uf., 1988)  whereas  250 to 
600 metres of this unit are  reported  near  the  edge  of  the 
Kechika  Basin in the  Ware  and  Trutch  map  areas  (Cecile 
and  Norford,  1979;  Gabrielse,  1981).  These sections 
suggest that the  greater  thicknesses  of  Siluro-Devonian 
Road River  calculated  within  the  present  map area, 
especially in the  poorly  exposed regions, have resulted 
from structural thickening. 

the  upper Road  River  within  the  map area  during  the 
Only one  macrofossil collection was recovered  from 

1994 field season.  Lower Silurian (Wenlock to possibly 
late Llandovery)  monograptids  were  collected  from  the 
lower part of the siltstone section east of Split Top 
Mountain.  These graptolites occur  close to the  Cambrian 

288 

contact with little or no Kechika or basal  Road  River 
below.  Elsewhere,  the  orange-weathering  dolomitic 
siltstone package  has  been  shown to he Silurian (Cecile 
and Norford, 1979;  Gabrielse,  1981).  McClay et al. 
(1988)  recovered  Lower  Devonian  conodonts  from 
limestones  within  the siltstone sequence. The chert- 
limestone  sequence is very  similar to Upper Silurian to 
Lower  Devonian  chert  and  limestone at the  top of the 
Silurian siltstone in the  Akie  River  area  (MacIntyre, 
1992).  Lower  Devonian  basinal lithologies are  up  to 200 
metres  thick in the  Akie  River  area  near  the  edge of the 

within  the  basin  (MacIntyre,  1992;  Norford,  1979; 
paleocontinental shelf, but thin markedly to the  west, 

Gabrielse,  1975). 

EARN GROUP (MIDDLE  DEVONIAN TO 
LOWER  MISSISSIPPIAN) 

Middle  Devonian to early Mississippian age in the  map 
Black slate, siltstone, chert  and  sandstone of late 

area  belong to the Earn Group. The  name E m  Group  was 

by early workers in the  Gataga district who  noted  the 
extended  southward  from its type locality in the  Yukon 

striking similarity between  Devono-Mississippian  strata 
of the  Kechika  and  Selwyn  basins  (Jefferson et uf., 1983; 
Pigage,  1986;  MacIntyre,  1992;  Gordey et ul., 1982). 

The Earn Group has been  subdivided into three 
informal units in the  southern  Kechika  Basin;  blue-grey 
weathering siliceous argillite of  the Middle to Upper 

shale of the  Akie  formation; which grades laterally into 
Devonian  Gunsteel  formation; rusty weathering, soft grey 

chert-quartz siltstone, sandstone  and  conglomerate of the 
Warneford  formation  (Maclntyre,  1992;  Pigage,  1986; 
Jefferson et a/ . ,  1983).  Although  these  three lithological 
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variations of  the Earn  Group  were recognized in the map 
area, it was not  possible to  map  out the individual facies, 
This was due not  only to the poor exposure of this 
succession,  but also to the  apparent  intertingering  of  the 
various  lithologies. 

A structurally  thickened  section of Earn and Road 

east of Split  Top  Mountain,  northweshvard  to the north 
River  rocks  extends  from  the  Gataga River, immediately 

edge  of the map sheet.  The unit is well exposed along 
ridges in the southern part of this belt, whereas  to  the 
north topography  becomes  more  subdued  and  the best 

panel of Earn rocks is an apparently northwestward- 
exposures are  found in creek valleys. Another important 

thickening wedf:e  in the footwall of a thrust carrying 
Middle  Cambrian  carbonates northeast of  Brownie 
Mountain.  Smaller  occurrences  of  the Earn Group  are 
mapped  along  the lower parts of Bluff Creek, on the 
northeast-facing slopes immediately south of Netson  Lake 
and  as isolated occurrences in the low ground  east  of the 
Kechika River. .4 minimum of 600 metres of this unit is 
inferred  along p-3orIy exposed  slopes in the northern part 
of  the map area BS no  upper  contact is present. 

silvery blue-grey weathering, dark grey to black, 
The Earn Group is composed of grey to blue or 

carbonaceous fissile shale, slate  to  siliceous  shale. 
Sequences  of  blocky  grey to dark grey sooty argillite to 
siltstone, siliceous argillite or chert are  found within this 
shaly  succession. Blocky argillaceous to silty sections 
contain 1 to IO-centimetre beds with  thin interlayers of 
shale  and  display light to dark grey  colour  banding  higher 
in the  sequence. Less siliceous shale or slate sections can 

sequence.  Sections  of grey to dark grey to rusty 
be recessive arld appear  to be present throughout the 

weathering  sooty  slate with lustrous cleavage planes crop 
out along  the  middle part of  Bluff Creek. 

One  of the characteristic features of the Earn Group 

limonitic seeps  which locally cement glacial and soil 
in the Gataga  district is the presence of  red to  orange 

material  forming a ferricrete deposit  or  pavement.  These 

high  alpine  country south of  the map area, but are more 
deposits  are  numerous and easily seen from the air in the 

covered  by our mapping. Several are well  exposed  on the 
difficult to locat:e  in the  more  subdued and  wooded terrain 

south side of Bluff Creek  and numerous  other  occurrences 
were  found in  ,creek valleys and slopes underlain by the 
Earn  Group. 

forms  conspicuous  sections  when present. Grey,  fine  to 
Limestone,  although  rare in this fine clastic sequence, 

coarsely recrystallized limestone with local barite 
replacement is found as isolated layers from I O  to 50 
centimetres  thick. A 2 to 3- netr re section of grey- 
weathering,  grey  to  dark  grey, slightly argillaceous 
limestone with 1 to IO-centimetre argillaceous partings is 
exposed  several kilometres north of Bluff Creek. 

pebble - conglomerate  was noted in one locality towards 
Dark grey  to rusty weathering, dark grey,  granule to 

the  top  of  the Earn successiorl south of Bluff Creek. 

Clasts consists predominantly  of  subrou,lded  to .atell 
rounded, light to  dark grey chert a n i  mono-  to 
polycrystalline quartz with lesser sand ;tone, quart5  
wacke, slate, siltstone and feldspar fragmen s. This b e d  i s  

Coarse to  tine clastics of  similar  composi:ion  are cuit: 
1.5 metres thick and approximately I S  metres Imp. 

common in the upper and western parts of  the I:an 
Group. Regionally, these clastics conts,in paleorlo\v 
indicators giving westerly to northerly source  areas 
(Gordey ef d ,  1991). 

siliceous shale and slate whic,h regionally hc sts signitir:ar.t 
The basal part of  the Earn is domin;.ted by  shalc:, 

deposits of  bedded barite:fpyritefsph; lerite*galt:na. 

pyrite were encountered within the  lower p ~ r t  of the Earn 
Several occurrences  of stratiform or  nodular barite and 

Group within the project area. 

STRUCTURE 

northeasterly directed thrust faults. The th ust sheet!; ale 
The structural fabric  of the map area i! controlle:l  by 

internally folded, have modeme  to steep ~ outhwest Idips 
and contain a pervasive, penetrative cl:avage within 
argillaceous lithologies. C:ambrian clastics md carborlates 
form the most competent stratigraphic seqltence and lerd 
to form rigid thrust panels (Photo 7). Kechika ard 
Ordovician Road River shales  compr  se  the most 
important zone of  detachment in the mal, area. Ttis is 
primarily the result of the  low structural :ompetenc,:y of 
these lithologies and  their location between  more  rigld 
siltstones of  the Road River Group  ('hoto 5 )  arld 
carbonates  and quartzitic rocks  of  he Carn~r im 
succession. Earn lithologies are a so relxtively 
incompetent. 

Major thrust faults in the map area car y Cambrim x 
uppermost Proterozoic str,ata  in tht ir imqediate 
hangingwall (Photo 7). Five  Luge thrust steets  haw he(:n 
delineated and the bounding  thrust  faults  are  infonnally 
referred to (from west lo east) as: Nest Brcwnie 
Mountain, Brownie Mountain,, Split Top vlountain, &st 

These subdivisions roughly correspond to the  four thrust 
Split Top Mountain and  Netson  Creek fa llts (Figun: 4). 

packages  mapped  by McClay et a!. 11988) 'tct tne 
southwest. 

larger than  on individual thrust  faults foul d higher JI the 
Displacement on  these  major  thrusts is substarl.ialy 

stratigraphy of  each  thrust sheet. Some o f  Ihe 
displacement  on  the larger faults  must have:  been 
transferred into a series of smaller sade thrust.;  and 
associated folds in their footwalls. This i: well disrlaqed 

thrust faults  where  Earn and Road River strata ire 
below Split Top Mountain and East Split Top Mmntnin 

repeated by small-scale folding and  frulting. 'Tmsts 
within Earn and  Road Rivcr rocks proJably ewnced  
downward into the  Kechika (Group and tf is displac :mn t  
must feed into the larger thrusts carrying Cambrian 

Geological  Fieldwork  1994,  Paper  1995-1 2'89 



Photo 7 .  View to the  southeast  from  Brownie  Mountain. Split Top  Mountain i s  the isolated  peak at the  right of the  skyline.  Several 
thrust slices of Middle  to  Upper  Cambrian  carbonate  can  be  seen in this  photograph  and  have  been  outlined.  These  extend 
northwestward from Split  Top Mountain and  continue  past the northern limit of the  project  area. 

stratigraphy.  McClay et a!. (1988) have demonstrated 
similar features to the  south which are part of  duplex 
structures  between  major  thrust  faults. 

Very large, northeasterly  overturned folds can be 
recognized in the map area. The best example is the large 
syncline  immediately east of Brownie  Mountain. To  the 
west of this is an anticline which has been cut  by  the 
Brownie Mountain fault  (Photo 8). The thick  Middle to 
Upper  Cambrian  carbonate  successions  commonly 
delineate  northeasterly  overturned  anticlines at the 
leading edge  of thrust  panels. Excellent examples  of  this 
are  along  the  southwest  side of Split Top Mountain and 
on  the  carbonate knoll east-northeast of Brownie 
Mountain (Photo 9). Smaller  scale  folds with nearly 
horizontal axial planes  are  exposed  on  the  west  flank  of 

quite early in the deformation history and  were then 
Split Top Mountain . These  folds were probably formed 

rotated into their  present position by movement  on  the 
Split Top Mountain thrust. Apparently  thick  sections  of 
Kechika  and  Ordovician shales in the south and 
southwestern  part  of  the map area  are  probably  the result 
of  tectonic  thickening within the  cores  of  these larger 
scale folds. 

The near linear nature  of  the  lower  Gataga River 
suggests it  is a major  fault. The relationship of this 
apparent  structure to the right-lateral Northern Rocky 
Mountain Trench  fault  further  suggests that it is a splay of 
this large structure with the  same relative motion. 
Mapping of thick  Middle  and  Upper Cambrian carbonate 
units across  the  Gataga River does not indicate any 
substantial fault  displacement  along  the river. Right- 
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lateral displacements  of up to 200 metres  can  be  inferred 
along the lower part of the  Gataga  River  by  the 
extrapolation of carbonate  units  across it. This implied 
displacement is difficult to substantiate  considering  the 
scale of  mapping and lack of outcrop  along  the  south  side 
of the river. 

ECONOMIC GEOLOGY 

The  highest potential for  economic  mineral  deposits 
within the map area  occurs in Devonian  rocks of  the  Earn 
Group.  This unit is known to host  numerous  economically 
significant sedimentary  exhalative barite-sulphide 
deposits elsewhere in the  Kechika  and  Selwyn basins. 
Barite-sulphide mineralization found within the  lower 
part of  the Eam Group  over  the  course  of the 1994 field 
season reflects this high mineral  potential and suggests 
the possibility for  other occurrences. Barite mineralization 
was also  discovered in Ordovician  shales of the  Road 

Although no Silurian mineralization is known in the map 
River Group and basal rocks of the  Kechika Group. 

area, the presence of barite  and  barite-sulphide 
occurrences in Ware  and Trutch map areas  (Cecile  and 
Norford, 1979; Maclntyre, 1992), together with the 
enormous  Early Silurian Howards Pass deposit of the 

should not be  overlooked.  Anomalous nickel-zinc values 
Selwyn Basin, suggests that the potential of Silurian  rocks 

possible presence of stratiform nickel-zinc-platinum 
in some  areas underlain by Earn rocks  suggest the 
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Photo 8. Scene  alc’ng the east face ot Brownie  Mountain  showing  overturned rocks of the Kechika Group and Mi,ldle to l i p ~  
Cambrian  carbonates.  These  are o n  the west limb of a northeasterly  overturned syncline. Thrust above these ar: Cog Gwup 
siliciclastics within the  core ofa northeast - verging anticline, and Middle  Cambrian conglomerate along  the top of the r dge. 

group  element (PCE) deposits similar to those in the 
Selwyn  Basin (Came and Parry 1990; Came 1991). 
Several sulphide-bearing veins were also found in Middle 
Cambrian and Earn rocks.  The following section gives a 
brief  account  of .each occurrence within the map area. A 
detailed descriptlon  of  the  deposit types is beyond the 
scope ofthis paper and the reader is referred to  Maclntyre 
(1992) for a synopsis  of Devonian  and older 
mineralization within the  Gataga district, and to Paradis er 
a/. (in press) and Nelson et a/. (1995, this volume) for a 
detailed account of the Driftpile Creek occurrence. 
Nickel-zinc-PGE mineralization is characterized by 
Hulbert et a/. (1992) in its type locality in the Selwyn 
Basin. 

STRA TIFOR”INERALIZATI0N 

EARN GROUP 

is a northwestward continuation of the structural panel 
The belt of Earn Group exposed  within the map area 

outlined by  McC:lay et a/. (1988) to the southeast which 
contains  the Driftpile Creek, Bear  and Saint  deposits. 
Stratiform barite and barite-sulphide mineralization has 
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been traced intermittently for a strike lengtt of nearl) S(1 
kilometres in this panel. I t  is theorized that he individual 
mineral deposits in this southern belt tzsulted fi.on~ 
ponding of mineralized fluld:i  within locd sub-baiin:; 
located along a larger basin containing  wid, :spread, r cor(: 
diffuse mineralization. Mineralized horizol s within thi:; 
same belt of rocks in the map area  suggest t >at  this la~.::e. 
scale metallotect continues to Ihe north an( thus has thc 
potential to contain more, stronsly mineraliied sub-basin:; 
(Maclntyre, 1992; Came and Cathro,  1982; JcClay et (21. 

1988). 

Baril&+SuIphides 

Three  occurrences of barite-pyrite 1ninerali2atio11 
were  seen  within the lower Earn Group ir the northern 
part of the map area  during the 1994 fiehl season, l h  
most easterly of these is 25 merres stratigral hically atovs: 
the base of the Earn and is hosted by :rey to  rJst:i 
weathering, dark  grey  to black carbonac,:ous shall: to 
siliceous  shale and chert. The baritic horizon is 
approximately 1 metre thick and contain; up to 3036 
slightly ovoid barite nodules from 0.1 to 11.5 centimetre 

nodules. These  are associated with py,itic hori::ons 
long. Slaty cleavage is deflected or refract :d around the 

composed of either coarse  authogenic p)rite or,  more 
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are thrust above Earn Group lithologies. This scene illustrates the common presence of northeast - verging  folds along the leading 
Photo 9. Looking  north at a carbonate knoll approximately 2.5 kilometres  north of Brownie  Mountain.  These  Cambrian  carbonates 

edge o f  thrust panels carrying thick Cambrian  carbonates.  This fold has also been  complicated  by  subsequent faulting. Bedding is 
high lighted with white lines. 

importantly, thin layers of very finely crystalline pyrite. 

this horizon.  This mineralization is similar to ‘blebby’ 
Pyritic. light coloured  cherty lenses are  also found along 

barite and exhalative pyrite horizons seen at the Driftpile 
Creek deposit. 

The  other two occurrences  are within a panel of Earn 
rocks  immediately  east  of  Brownie  Mountain.  The  more 
southerly  showing is poorly  exposed  towards  the  base  of 
the Earn Group  and  consists of IO to 30 centimetres of 

disseminated  pyrite. Lenses of  darker  slate are also found 
light grey,  slightly banded baritic slate with 1 to 3% 

along this horizon.  Surrounding  lithologies  consist of 
rusty and  blue-grey  weathering  dark  grey and black 
carbonaceous  and  blocky  shale  and  siliceous  shale. 

approximately 1 kilometre northwest of this second 
Earn Group rocks  are well exposed along a creek 

occurrence  and  consist of grey and rusty weathering, dark 
grey and black carbonaceous  and  siliceous shale, slate 
and siltstone. Isolated horizons of nodular barite were 
observed  together with thin layers of  finely crystalline 
pyrite. A limonitic  seep is located immediately below this 
outcrop. 

the north of the map area, has been shown  to contain 
This belt of Earn rocks within, and immediately to 

zones of anomalous zinc concentrations (Boyle, 1978a, b; 
Stewart, 1980; MacArthur, 1982; Came  and Parry, 1990; 
Came, 1991). Numerous limonitic seeps, ferricrete and 
calcrete occurrences  are  found within Earn rocks and 

contain anomalous zinc values.  Many  of  these  anomalous 
zones  are situated along  and  to the  south of Bluff Creek. 
Interest in these  deposits waned due  to  the lack of a 
corresponding  lead  anomaly. 

Nickel-Zinc-Platinum Group Elements 

Re-evaluation of Earn lithologies  with  anomalous 
zinc values in the  area  around Bluff Creek resulted in the 
delineation of  corresponding nickel anomalies  which led 
Came and Parry (1990)  and Came (1991) to suggest that 
these reflect stratiform nickel-zinc-PGE mineralization 
similar to  the Nick property in the  Selwyn Basin. The 

(approximately 3 cm) but contains  average nickel and 
mineralized horizon in the  Yukon is very thin 

zinc concentrations  of 5.3% and 0.73%, respectively 
(Hulbert ef ol., 1992). It is located  at  the  base of the  Earn 
Group, near its contact with the  Road  River  Group,  and is 
laterally extensive.  Stratigraphic  sequences  similar to that 
hosting the Nick deposit  (limestone  ball  member and 
succeeding  phosphatic  chert,  see Hulbert et ol., 1992) 
were  not observed in the  map area,  although this  may 
reflect the relative thinness  of  the  sequence and the 
relatively poor exposure  of  this  horizon. 

than  economic.  The very thin  nature of this  deposit in the 
The present interest in this  deposit is more  academic 

Yukon (3 centimetres) would presently not  allow  the 
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economic retrieval of  the nickel, zinc and  corresponding 
I'G elements. 

ROAD  RIVER  GROUP 

Greenish  grey  and  tan  siliceous and baritic tuff  or 
tuffaceous siltstone, approximately I metre thick, are 
interbedded with Ordovician black slates of the Road 
River Group 4 kilometres west of Brownie Mountain. 
Internally this unit contains barite, pyrite and slate-rich 
laminations. It is exposed in three creek  canyons, giving it 
a strike  length  of at least 1.5 kilometres. 

Baritefsulphide mineralization of  Middle  to Late 
Ordovician  age is documented from the southern part of 
the  Kechika Basin (Maclntyre, 1992; Cecile and Norford, 
1979). The  Akie-Sika  occurrence is a barite unit 1 metre 
thick, within Middle  Ordovician shales, which Maclntyre 
(1992)  believes i:; genetically related to coeval volcanism 
in the basin. This  assumption is supported by the 
tuffaceous  character of this horizon in the map area, 
assuming  these  tuffs  are related to the volcanism in the 

baritic horizons in Late  Ordovician shales of the Road 
southern Kechika. Basin. Cecile  and  Norford  (1979) report 

River Group close to the shelf edge. 

KECHIKA  GROUP 

Green, possibly tuffaceous slate, up to 5 metres thick, 

Top Mountain. Similar slate, although calcareous, crops 
is exposed  at the base of  the  Kechika  Group  east  of Split 

out within Kechika rocks in the northeastern part of the 
map area. This unit is also characterized by 1 to 3- 
centimetre  beds  containing  authogenic barite crystals up 
to 1 centimetre in size  and locally comprising up to 30% 
of the layer. These  crystals  must reflect elevated barium 

reported scattered crystalline nodules from the base  of  the 
levels during  deposition.  Cecile  and Norford (1979) have 

Kechika  Group in the Ware  and Trutch map areas.  These 
occurrences suggest that some form of mineralization, 
possibly related to volcanism,  was associated with the 
initiation of Kechika  deposition. 

VEINS 

encountered within the map area. The first, carrying 
Several occurrences of vein mineralization were 

copper,  occurs near the  top  of a steeply southwest-dipping 
Middle to Upper Cambrian limestone, south of Bluff 
Creek.  Anastomosing  quartz veins have a composite 
thickness  of 3 to 4 metres; individual veins are up to 1 
metre thick. The: veins  are approximately concordant with 
bedding. Lenses or sheets of limestone between the  veins 
commonly contain strongly silicified rock  which  may 
have been silicidastic interbeds in the host limestone. 

Chalcopyrile  and  chalcocite  were noted along several 
parts of  the vein system. Weathered fracture surfaces in 

Geological Fieldwork 1994, Paper 1995-1 

the  quartz  veins  are  coated with orange to  rel-brown i m  
oxides, and  locally  with extensive malachite md azuritc. 

consists of thin tetrahedrite and barite-be,tring  qua-tz- 
The second occurrence  of minor vein nlineralizxtion 

calcite veins within the Earn Croup in the northeastern 
part of the map area. These veins are onl:'  centimeres 
thick,  discontinuous  and contair, only traces )f malachite. 

CONCLUSIONS 

Mapping in the project area has delinsated sev:ra 
large thrust panels containing  rocks ,If the Uppel. 
Proterozoic Hyland Group,  Lower C unbrian (Tog, 
Group, Middle to Upper  Cambrian czrbonates z.ncl 
siliciclastics, Upper  Cambrian to Lowvr Ordovician 
Kechika Group, Lower Ordoviciar to Lorve. 
Devonian  Road River Group  and  Middl,:  Devonia?  to 
lower Mississippian Earn Group. 
Middle  and  Upper Cambrian  rocks  exhibit abupt 
facies changes in the map area.  Carbmates, 1111 to 

within a central thrust sheet and are reldaced by fin,: 
1500 metres thick in some thrust pane Is, are abient 

siliciclastics, suggesting a shale-out. 
A  belt of Earn Group  rocks to the south, i n  thm: 
Driftpile Creek  area has.  been shown t I extend intc, 
and  beyond the map area. 
Several new  minor barite-sulphide occlrrences h3v: 
been discovered within the Earn an( Road  River 
groups. 
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GEOLOGY  AND  MINERAL OCCURRENCES OF THE  TATLAYOKO LAKE 
MAP AREA (92N/8,9 and 10) 

By P. Schiarizza, D.M. Melville, J. Riddell, B.K. Jennings, 
B.C. Geological Survey Branch, 

P.J.  Umhoefer  and M.J. Robinson, Northern  Arizona  University 

KEYWORDS: Tatlayoko  Lake,  Methow  Terrane,  Relay 
Mountain  Gronp,  Jackass  Mountain  Group,  Mount 
Skinner  Igneous  Complex,  Yalakom fault, Skinner  gold- 
quartz vein. 

INTRODUCrlON 

Canada - British Columbia  Mineral Development 
The Tatlayoko project, funded by the  1991-1995 

Agreement,  was initiated in 1992  with  geological 
mapping  of  the  Mount  Tatlow  map  area  (Riddell et al., 
1993a,b). No  fiddwork was  done in 1993,  but  the project 
was  continued 'In 1994  with  geological  mapping  of the 
Tatlayoko  Lake  map area, reported on here. The project's 
objectives are to update  the  geological  database  for  the 
eastem  Coast  Belt in portions  of  the  Mount  Waddington 
and  Taseko  Lakes  map areas, and to integrate the 
structural and stratigraphic relationships established 
within this area  with  rapidly  evolving  concepts  regarding 
the  tectonic anti stratigraphic framework  of  the region. 
This will provide an improved  geological  framework  for 
understanding  the settings and controls  of  known  mineral 

Figure 1. Location of the  Tatlayoko project area and index to 
recent  geologic:3l mapping by the GSB and GSC in adjacent 
parts of the southeastern  Coast  Belt. 
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occurrences in the  area (e.g.. Fish  Lake,  Skinner) and for 

project was designed to tie in with earlier  mapping b:i tke 
evaluating  the potential for additional di: coveries. Tle 

Geological  Survey  Branch to the southeast, and with 
concurrent  MDA-funded  mapping directed  by  P. van  dcr 

Canada to the northwest,  thus completing a  continuous 
Heyden  and P. Mustard of the  Geologi :al Survey of 

belt of  recent 150 000-scale  mapping that extenji:; fix 
300  kilometres  along  the  northeast margi,I of  the  Coast 
Belt  (Figure 1). 

kilometres  north-northwest of Vancou:w, and. IfiO 
The  Tatlayoko Lake map area is cenrred about  270 

kilometres  west-southwest  of  Williams  Lake. It COVI:IB the 
transition from the  rugged  Coast Mo~ntains in the 
southwest, to gently rolling topography  of  the Fras:r 
Plateau to the northeast. Tatlayoko  Lake is  accessed b y  ;m 
all-season road that extends  south  from  Iiighway :!O at 

end  of  Chilko  Lake,  and  a  seasonal mid  crosse:; the 
Tatla  Lake.  Another  road  branches  eastward to the north 

Chilko  River to extend  southward to Tsuniah Lakc and 
the  Nemaia  valley  (Figure 2). 

REGIONAL GEOLOGIC SETT LNG 

summarized in Figure 3. It encompasse the bo~mdary 
The geologic setting of the  Tatlayokc project  a'ea is 

between the  Coast  and  Intermontane  nlorphogecloE,ic 
belts. Within the  Tatlayoko  project area this boundary 
corresponds to the Yalakom fault, a  majcr linear Feature 
that extends  for  about  300  kilometres  an^! was the: locus 
of  more  than  100  kilometres of Late  Cretaceous(") to 
early Tertiary dextral displacement (1:iddell e,- d., 
1993a). 

The  eastern  Coast Belt  in the  region c f the Tatkyoko 
project area  can be subdivided into the  south Chilcoth, 

and structural style (Figure 3). The louth Chilcotin 
Methow  and  Niut  domains  of contrastiig stratigraphy 

domain  includes  Mississippian to Jurassi : oceanic Ioc ks 
of  the  Bridge  River  accretion-subdut .tion conlplcx, 
Upper Triassic to Middle Jurassic arcderived (:!,astic 
sedimentary  rocks of Cadwallader  TeTane,  Permian 
ophiolitic rocks  of  the  Shulaps  and Bra11 me - Eas: L t z a  

complexes,  Upper Jurassic to  mid-Critaceous clastic 

Cretaceous  subaerial  volcanrc  rocks  of tt e Powell Creek 
sedimentary  rocks of Tyaughton  Bas n, and ..Jpper 

formation.  These partially coeval lithoiectonic 
assemblages are juxtaposed  across  a corn ?lex  netw :Irk of 
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Figure 2.  Main physiographic  features of the  Tatlayoko  Lake map area.  Locations  of  main  mineral  occurrences are also shown, and 
the  shaded  area  indicates  the  location  of Ts'yl-os Provincial  Park 

Cretaceous  southwest-directed  contractional faults, and 
structures that are  dominated by Middle to Late 

Late  Cretaceous to Early  Tertiary  dextral strike-slip 
faults. 

Methow  domain  occurs to the  north  and  northeast  of 
the  south  Chilcotin  domain,  from  which it  is separated in 
part by the  Yalakom fault, and in part by  an earlier 
structure that is offset by the  Yalakom fault. This earlier 
structure is referred to as the  Camelsfoot fault in the  south 
(Schiarizza ef a/., 1993b)  and  the  Konni  Lake fault in the 
north  (Riddell ef a[., 1993a).  Methow  domain is underlain 
by rocks  assigned to Metbow  Terrane,  which  throughout 
most of the  region  comprises an unamed interval of 
Lower to Middle  Jurassic  sedimentary  and  volcanic  rocks 
together  with  overlying  Lower  Cretaceous clastic 
sedimentary  rocks  of  the  Jackass  Mountain  Group.  These 
strata  are lithologically distinct from  age-equivalent  rocks 
found  within  the  Cadwallader  Terrane  and  the  upper 

298 

Tyaughton Basin of the  south  Chilcotin  domain.  They  are 
also distinguished by a less complex structural style, as 
they are commonly  disposed as broad  homoclines 

western part of  the Tatlayoko  Lake map area, however, 
between  widely  spaced  faults  and  fold  hinges.  Within  the 

Jurassic to Lower  Cretaceous clastic sedimentary  rocks 
Methow  Terrane also includes  a  succession of Upper 

assigned to the  Relay  Mountain  Group.  This blurs the 
stratigraphic distinctiveness of  the Methow  Terrane, as 
the Relay  Mountain  Group also comprises  the  lower 
Tyaughton Basin of  the  south  Chilcotin  domain. 

The  Niut domain is underlain largely by Upper 

Moore  and  Mosley  formations,  associated  Late Triassic 
Triassic volcanic and sedimentary  rocks of the  Mount 

plutons, and  Lower  Cretaceous  volcanic  and  sedimentary 
rocks  assigned to the  Ottarasko and Cloud  Driffer for- 
mations  (Rusmore  and  Woodsworth,  1991a;  Mustard and 
van der  Heyden,  1994). Both the Triassic rocks, which 
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7 1  Neogene-Quaternary volcanics and alluvium LT...:?] il Stikine Terrane 

T I  Paleogene  volcanic rocks 

r T  mainly Cretaceous sedimentary and  volcanic  rocks - Tatla Lake Metamorphic Complex 

EmzIj Bald  Mountain Eelt 
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Figure 3. Geologic sening of the Tatlayoko project area 

have  been correlated with those of the Stikine Terrane, elements of the Niut  domain are deformed by earl) Late 
and the Lower Cretaceous rocks are distinct  from age- Cretaceous faults of the northeast-vergen: Eastern W d -  
equivalent  rocks to the east, but the Niut domain also dington thrustbelt (Rusmore  and Wood ;worth, 1519: h; 
includes Middle  to  Upper Cretaceous rocks that correlate van  der Heyden et al., 1994a).  The northe; st boundary of 
with the upper Tyaughton Bask  and Powell Creek for- the domain is a system of faults that juxtaposes it al.aiist 
mation  ofthe south Chilcotin  domain. The stratigraphic the south Chilcotin  domain in the area east of  (:hilko 
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Caliovian 

Sinemurian 

Figure 4. Main  tectonostratigraphic  assemblages of the  eastern  Coast Belt in the vicinity of the map area 

Lake,  and  against the Methow  domain to the west of the 
lake  (Figure 3). 

topography  and  sparse  bedrock  exposure.  Pre-Neogene 
The  Intermontane  Belt is characterized by subdued 

strata  within  and  north of the  Tatlayoko  Lake  map  area 
comprise  volcanic  and volcaniclastic rocks that have  been 
correlated  with  the  Lower to Middle Jurassic Hazelton 

west  these  rocks are juxtaposed  against  penetratively 
Group  of  the Stikine  Terrane  (Tipper,  1969a,b). To the 

metaplutonic  rocks of the  Tatla  Lake  Metamolphic 
deformed  metasedimentary,  metavolcanic  and 

Complex  across  an  east to northeast-dipping  normal fault. 

This fault formed late in the structural history of the 
complex,  which  was ductilely sheared  and  exhumed  in 
Eocene  time,  possibly in a structural regime  linked to 

Armstrong, 1988). 
dextral movement  along  the  Yalakom fault (Friedman  and 

To  the southeast is a belt of mainly  Cretaceous 

Taseko  River to  the  Fraser  River.  Near  the  Fraser  River 
sedimentary  and  volcanic  rocks that extends  from  the 

this belt comprises  Lower  Cretaceous  volcanic  rocks  of 
the  Spences  Bridge  Group  and an overlying  succession of 
Middle to Upper  Cretaceous  sedimentary  and  volcanic 
rocks  (Green,  1990;  Hickson,  1992). At the  west  end  of 
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the belt, Riddell et al. (1993a) correlated the  sedimentary 
rocks  along  the 'Taseko River with the  Lower  Cretaceous 
Jackass  Mountain  Group,  but  did  not  speculate on  the age 

host  the  Fish  Lake  porphyry  copper-gold deposit. Fossils 
or correlation of associated  volcanic rocks, which in part 

succession,  and ;also from argillite apparently intercalated 
collected by Riddell ef al. from  a part of  the  sedimentary 

with  the  volcanic  rocks  near  the Fish  Lake deposit, have 
subsequently  been  assigned  Hauterivian  ages  (J.W. 
Haggart, writterl communication  1992).  This  does  not 
support correlat:ion of this part of the sedimentary 
succession  with  the  Jackass  Mountain  Group  (mainly 
Aptian-Albian),  but  suggests that the  volcanic- 
sedimentary  succession in the Fish Lake  area  may be an 
offset equivalent  of  the  Ottarasko and  Cloud  Drifter 

Belt. This correlation suggests that a structure 
formations  which  occur in the  Niut domain of  the  Coast 

corresponding tc the  boundary  between  the  Niut and 
Methow  domains  of  the  Coast  Belt  may also be present in 
the  Intermontane Belt, within the area  of  extensive 
Neogene  and  Quaternary  cover east of  the  Taseko River. 
The  implied offset of the two corresponding  boundaries 
would be consistent  with  the  known offset along the 
Yalakom fault. 

LITHOLOGIC UNITS 

INTRODUCTION 

Most  of  the  Tatlayoko  Lake  map  area is underlain by 
a tripart succession of mainly  sedimentary  rocks 
comprising  Lower to Middle Jurassic rocks  of unit  ImJs, 
Upper Jurassic 1.0 Lower  Cretaceous  rocks  of the Relay 
Mountain  Group,  and  Lower  Cretaceous  rocks  of the 
Jackass  Mounta!n  Group.  The  Relay  Mountain  Group is 
not  present in the eastern part of  the area, where it  is 
inferred to have been eroded  beneath  a  major subJackass 
Mountain  Group  unconformity  (Figure 4). This 
succession is assigned to the  Methow  Terrane  based on 
the lithologic anributes  of  the  Middle Jurassic and  upper 
Lower  Cretaceous rocks. Triassic sandstones  and 
calcarenites of unit uTrs  apparently  underlie  the 
succession  along  Tatlayoko  Lake  and are also tentatively 

probable Triassic age (unit uTrc:g) that outcrop in the 
included in Methow  Terrane, as are conglomerates  of 

northwest  corner  of  Methow  domain. 

juxtaposed  against  volcanic,  sedimentary  and  plutonic 
West of 'Tatlayoko Lake,  Methow  Terrane is 

rocks  of  the  Niut  domain (units Nvs and Nqd) by a 

The  volcanic  and  sedimentary  rocks in this area  were 
system  of north to northwest-striking faults (Figure 5 ) .  

assigned to the  Lower  Cretaceous by Tipper  (1969a), but 
none  of  the  rocks are dated  and alternatively may 
correlate with  the Triassic volcanic,  sedimentary  and 
plutonic  rocks  recently  recognized by Mustard  and  van 
der  Heyden  (1994)  a short distance to the  northwest. 

A belt of rocks  assigned to the  Cadwallader  Terrane, 
including  the  Upper Triassic Hurley  Formation  and the 

mapped by  Ridclell ef al. (1993a,b) on the slopes  south  of 
Lower to Middle Jurassic Last Creek  formation, was 

the  Nemaia valloy directly east of the  southern  Tatlayoko 
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Lake map area. Isolated exposures of clast c sedimerutary 
rocks  south  of  Nemaia  Creek  and  along  th:  Chilko Lake 
shoreline  south  of  the  creek's outlet are he re assigned to 
these two formations.  This belt of Cadw,dlader terrane 
rocks is inferred to be separated  from  Methow Terriule to 
the  north by the  pre-Yalakom  Konni  Lake fault (Riddell 
et al., 1993a). 

Upper  Cretaceous clastic sedimenta y rocks  and 
overlying  volcanic  rocks  of the Powell C~eek  fornmtion 
outcrop in the  mountains  south  of  the P emaia valley, 
where  they  form part of  a  Cretaceous belt tl at is sepwated 
from Cadwallader  Terrane to the  north  b I a  prominent 
system  of faults that locally includes  a  wedge  of Ehidge 
River  Complex  (Riddell el (d.,  1993a,b:.  The F'cwell 
Creek  formation  also  oucrops in the  Niut  domain west of 
Tatlayoko Lake, where it  is separated from units Nvs and 
Nqd to the  north by the  Tchaikazan fault. 

Bedrock  exposures  northeast  of  the I'alakom  fault 
are sparse  and consist mainly  of andesitic breccias, tuf's 
and  flows,  together  with  gabbroic to dioritic intnl:ri\e 
rocks. These  rocks are inferred to be J,rassic in  ag,e 
following  Tipper  (1969a),  and are designa:ed as unit J/. 
Flat-lying basalt flows  of  the  Neogene Cldcotin Group 
(unit MPCv)  outcrop locally east  of the Chi cotin River. 

METHOW  TERRANE 

UPPER  TRIASSIC  ROCKS  ALONG  TATLAYOKO 
LAKE  (UNIT  uTrs) 

rocks  occurs on a low knoll  along  the east shorc: of 
An isolated exposure  of  IJpper  Triass  c  sedimcntaly 

Tatlayoko  Lake, 4.5 kilometres  south of the  north e r d  of 
the lake. Small  exposures  of  sandstone o 1 the oppc1si:e 
side of  the lake are also tentatively includ,,:d in this unit. 
The  eastern  exposure is dominated by th n to medium- 
bedded, locally crossbedded calcarenite altd fossil hash, 

grained  green lithic sandstone. Calcarelite unils al'e 
intercalated with  brownish  weathered, fine  to c03rs1:- 

locally pebbly,  with  rounded  intermedlate to lklsic 
volcanic clasts and rare subangular t )  subroulded 
granitoid  pebbles. Thin  beds of grey siltstone are 
intercalated with  the lithic sandstone,  and  n  edium be,h of 
dark grey, light grey  weathering micritic limestonc: a1.e 

metres in the  lower part of  the unit. The bwe of  the unit 
intercalated with  sandstone  and siltstone over sew11 

consists of  about IO metres of light grey, :oarse-grz.ined 
quartzofeldspathic  sandstone  and  granule cong1orn:ra:e 
passing  downwards into pebble  conglomer ite  compriisir g 

interval is underlain by a cp;utz-pyrite-aI ered  granito  d 
angular granitoid clasts in an arkosic  mat .ix. This I m ~ l  

rock that is exposed  along  the slio.eline in the 
southwestern part of  the  outcrop. The contact wias 
observed  over  only  a short interval, where it  appeart:d :o 
be a  nonconformity  across  which  the  sedin  entary  inttrval 
was deposited on top ofthe altered intrusiv,: rock. 

uTrs on the east side of Tatlayoko  Lake 'vere exanlincd 
Tipper  (1969a) reports that fossils coll,:cted frolr w i t  

by E.T. T o m  and assigned  a  Late Triassi, probabl!,  late 
Norian age. We infer that these Triassic rocks o c c ~ r  
stratigraphically beneath  the Jurassic rock; of unit Imls, 
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Photo 1.  Conglomerate of unit uTrcg,  north of Skinner  Creek. 

but as the closest outcrops  of  the  respective units are 
separated  by  more  than  a  kilometre of Quaternary  cover, 
such a relationship is not  proven. 

SKINNER CREEK CONGLOMERATE (UNIT 
uTrcg) 

A distinctive assemblage  of  maroon  conglomerates, 
with lesser amounts of fmer  grained  sedimentary  rocks 

trending belt between  the  Homathko  River  and 
and rare volcanic  rocks,  outcrops in an east to southeast- 

Choelquoit  Lake  (Figure 5) .  The main belt is bounded by 
the  Yalakom fault to the northeast, intrusive rocks  of  the 
Mount  Skinner  Complex to the  south,  and an inferred 
north-striking fault to the  west that separates it  from 
exposures  of  Jackass  Mountain  Group in the  Homathko 
River valley. However  the  conglomerates also occur as  a 
thin sliver west of the  Mount  Skinner  Complex,  near  the 
Skinner  mine;  this sliver is  in stratigraphic or fault contact 
with unit lmJs to the southeast. 

The  dominant rock type  within  unit  uTrcg  is  maroon, 
locally green,  poorly stratified pebble to cobble 
conglomerate  containing  mainly  intermediate  to felsic 
volcanic clasts (Photo I ) .  These  include  common 
porphyritic varieties containing  feldspar or feldspar and 
quartz  phenocrysts.  Fine to medium-grained  granitoid 
clasts are  commonly present, but typically comprise  only 
a  few  percent or less of the clast population.  Clasts of 
fine-grained clastic sedimentary  rock and limestone  occur 

either  supported  by, or gradational into a  sandy to gritty 
locally. Clasts  are typically angular,  poorly  sorted and 
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matrix  containing feldspar, quartz  and lithic grains. The 
conglomerates are generally  coarser in the  northern part 
of  the belt, where clasts locally range  up to 40 centimetres 
across. 

conglomerate  throughout  the belt, but are  most  common 
Sandstone  and siltstone are intercalated with 

in the southeast. Green,  brown or purple  sandstones to 
pebbly  sandstones  occur  mainly as poorly stratified lenses 
or layers that grade into conglomerate,  whereas  grey to 
purple siltststone and argillite commonly  occur as distinct 
thin-bedded intervals, up to several  metres thick, between 
conglomerate units. Locally,  fine-grained  sandstone to 
siltstone occurs as thin graded  beds  with argillite tops. 

rarely as medium to thick  beds intercalated with argillite, 
Dark grey to purplish  brown micritic limestone is seen 

or as lenses to a  few  metres  thick  within  conglomerate. 

but purple tuff, comprising  feldspar crystals and  angular 
Volcanic  rocks are not  common  within unit uTrcg, 

volcanic  fragments in a  fine-grained  matrix,  was  observed 
in one  outcrop at  the  west  end  of  the belt. Purple  welded 
tuff occurring as an  embayment or screen  within  the 
Mount  Skinner  Igneous  Complex 2.8 kilometres  west- 
northwest  of Mount Skinner is also thought to be  part 
ofthe unit. 

to the Triassic following Tipper  (1969a), as it  is 
Unit uTrcg is not dated, but is provisionally assigned 

lithologically more  similar to Upper Triassic rocks of the 
region than to younger rocks. Samples of limestone 
collected from the unit  will  be processed  for  conodonts in 
an attempt to confirm this inferred Triassic age. 

British  Columbia  Geological Survey Branch 



Photo 2. Looking southwest at well  stratified  sandstones  and  shales of unit ImJs, west  of'ivlount  Nemaia. 

LOWER TO MIDDLE JURASSIC  ROCKS  (Unit 
ImJsf 

Lower to Middle Jurassic clastic sedimentary and 

most widely distributed map unit in the Tatlayoko Lake 
local volcanic rocks assigned to unit lmJs comprise the 

area (Figure 5 )  These rocks correspond to unit 8 of 
Tipper (1969a) who reported fossils of Early Jurassic, 
Aalenian, Bajocian and Callovian age. The Lower 
Jurassic to Bajocian part of the assemblage was briefly 
described and designated the Huckleberry formation by 
Umhoefer  and Tipper (1991), who inferred  that it was a 
conformable  sequence  of early Sinemurian to early 
Bajocian age. Overlying Callovian rocks were not 

separated from underlying Bajocian strata by a major 
included in the formation, as they were inferred to be 

disconformity. The Callovian str;ata are presently being 
studied by  B.  Jermings as the  basis for a B.Sc. thesis at the 

on Figure 5 as they are lithologically very similar and 
University of Victoria. They are included within  unit lmJs 

cannot be confidently separated out in areas where fossil 
control is lacking. 

Unit lmJs i:; characteristically a very well stratified 
succession that includes fine-grained clastic rocks 
intercalated with varying proportions of well indurated 
coarse-grained sandstone, gritty to pebbly sandstone, and 
granule to small-pebble conglomerate (Photo 2). Finer 
grained intervals are typically thin-bedded, laminated to 
crosslaminated siltstone and fine-grained sandstone, with 
scattered thin to thick beds of grey shale and fine to 
medium-grained lithic sandstone. Medium beds of 
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laminated to crosslaminated calcareous si1 tstone or ::illy 
limestone occur locally. Coarser grained unib iue 
dominated by well indurated coarse-grainec sands ton:^ to 
gritty sandstones that occur  as medium :o very thick, 
locally graded beds. The coarse sandstones :onsist  nulinly 
of volcanic lithic fragments and feldspar, a.though Iquanz 
is locally  an important component. Gral ule to !small- 
pebble conglomerates occur locally as very thick, ma!;:;i\e 
or weakly graded beds that are most commc nly assoc ated 
with intervals of coarse-grained sandstone, but also  occur 
as isolated layers within siltstone-domkated sect on;. 
Conglomerate beds are rypically dminatecl by 
intermediate to felsic volcaric clasts, a id  commonly 

belemnite fragments are important constit lents of  some 
include abundant shaly rip-up clasts. Limes one clasts and 

conglomerates, and rarely are the  dominant clast type:;. 
Volcanic rocks are not common in  unit I nJs, but '8iele 
observed in several widely scattered localiies. The 1110;t 
extensive exposures are within the isolated  ;et of outcrops 

(Figure 5) .  There, several tens of  metres 01 volcaniclast c 
along the west side  of  the north end of Tsuniah Lake 

massive to thick-bedded sandstones and gr  tty sandstonm 
and volcanic rock occur within an interval dominalecl t y  

typical of  the unit. The base of  the  volcmic section is 
marked by about 10 metres of poorly sotted brecc ;3 or 

to 40 centimetres in size. The  clast;  are almost 
conglomerate containing angular to subrounded c l a s s   rp  

with irregular jagged  shapes  indicatins  very little 
exclusively intermediate to felsic volcani: rocks; :ionle 

transport, and some with  red cores and gr:en rims. This 

3a3 



304 

" 

Mapping . < ,  

Figure 5. Generalized geology of the  Tatlayoko  Lake  map  area. 
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coarse-grained  unit is overlain by a thicker section of 
poorly stratified tuffs consisting  of intermediate, 
commonly  feldspar-phyric  volcanic fragments up to 3 
centimetres  across,  together with feldspar and mafic 
crystals.  Near  the  top  of the tufl unit is a flow or sill 
consisting  of  feldspar and mafic phenocrysts, 1 to 2 
millimetres in size, within a medium green aphanitic 
groundmass. The lower part of  the tuff unit is a distinctive 
muddy  tuff  that  consists  of feldspar crystals with or 
without volcanic rock  fragments  floating in a fine-grained 
matrix.  Similar  ~natrix-supported tuff occurs  as a layer 2 
to 3 metres thick within intercalated sandstone and 
siltstone on the  opposite  side  of the Tsuniah Lake 

within this  same belt, but apparently higher in the  section, 
syncline,  directly south of Mount  Nemaia. Farther east 

Riddell et al. (1993a) report an interval, less than IO 
metres thick, csf blue-green andesitic lapilli tuff and 

mapped  about 1.5 kilometres  east of the north end of 
breccia. An intarval of similar tuffs  and breccias was 

east,  west of Lingfield  Creek.  These  occurrences may be 
Tatlayoko  Lake,  and again 8.5 kilometres farther  to the 

at  about the same stratigraphic level, on  opposite limbs of 
the  Potato Rango syncline. 

A number of fossil collections were made from  unit 
lmJs  during  the 1994 field  season,  but  have not yet been 

occur  only in  th,e northwestem  corner of  the belt, east  of 
identified. Lower Jurassic rocks are presently known to 

were  collected From an interval of siltstones, sandstones 
the Homathko River. There,  early Pliensbachian fossils 

and granule  conglomerates  (Umhoefer and Tipper, 1991). 
The base  of  the unit is not  exposed, hut the occurrence of 
these  oldest-known  rocks in the same area  where known 
and inferred Triassic rocks of units uTrcg and uTrs occur 

beneath the  Jurassic section. Most of the dated rocks 
suggests that the Triassic  rocks may be stratigraphically 

Aalenian fossil collection came  from the vicinity of 
included in unit lmJs are  of  Middle Jurassic age. An 

Hucklebeny Mountain,  and Bajocian fossils are known 
from  several  locations  east of Tatlayoko  Lake and on  the 
south  limb  of  the Tsuniah Lake syncline (Tipper, 1969a; 
Umhoefer  and  Tipper, 1991; Riddell eta/.,  1993a). 

Fossiliferous Callovian rocks were identified on the 
south limb of the Tsuniah Lake syncline by Tipper 

of unit ImJs,  but have not  been dated.  The best exposures 
(1969a);  correlative  rocks may  01:cur elsewhere at the  top 

of  known Callovian strata occur  on the ridge system west 
of Mount  Nemaia. A section measured  by  B. Jennings in 
the western part  of this belt comprises  430 metres of 
strata that disconformably overlie rocks of Bajocian age, 

Jurassic rocks of the Relay Mountain Group. The base of 
and  are in turn disconformably(?) overlain by  Upper 

conglomerate unit containing  subangular to  subrounded 
this section is marked by a prominant pebble 

felsic volcanic clasts. The first 220 metres are mostly 
massive  to  gmded beds of medium to coarse-grained 
volcanic  sandstone with interbeds of laminated mudstone 
and siltstone. The sequence then changes to one of 
dominantly siltstones and very fine grained sandstones 

of the unit includes 70 metres of medium to coarse- 
interbedded on the  scale  of 0.5 to 1 metre,  The upper part 

grained  volcanic  sandstone beds that grade into laminated 
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siltstones and shales, overlain by 25 metres )f fine tc. ' /er/ 
fine grained sandstone and laminated shale at  the to: of  
the section. 

RELAY  MOUNTAIN  GROCP 

nonmarine clastic sedimentary  rocks in he Tatl;t),oks 
Upper Jurassic to  Lower  Cretaceou'  marinr an j  

Lake map area were assigned to the Rclay Mowrain 

core  of a syncline in the Potato Range, hL,t also ont:rop 
Group by Tipper  (1969a).  They  are best cxposed ~n the 

a narrow belt that extends from the wtstern  N,anaia 
along northern Chilko Lake  and Tullin Mwntain, and i s  

(Figure 5 ) .  Upper Jurassic conglomerate  .md  assoc ated 
Range  westward across  Chilko  Lake  to Cheshi Creek 

Lake  were assigned to a separate  unit by T~pper (his.  l1ni.s 
finer grained clastic rocks that outcrop welt of  Tatla:!oko 

11 and 12) hut are here also included in the Relay 
Mountain Group. 

The Relay Mountain Group  ranges in age from  1a.e 
Oxfordian - early Kimmeridgian (Late Jhrassic) to la:e 
Hauterivian - Barremian (Early Cretacews) based cn 

uncommon ammonites. It overlies unit I nJs acrosr, 2.n 
locally abundant Buchia and inoceramid &elecypotls ar d 

inferred disconformity that, where observt d at the !ou-:h 
end of  the Potato Range and on  the  ridge ;ystem w!;t  of 
Mount  Nemaia, is marked  by a thin laye- of belarmite 
coquina. The upper part of the group is nissing in the 
western part of the southem limb of the Tsuniah Lake 
syncline, where Upper Jurassic Relay MOL ntain Group is 
overlain  by the upper Lower Cretab:eous Jackass 
Mountain Group. Farther east, and  on  the north linlb >f 
the syncline, the entire Relay Mountain GI oup is missing 
and the Jackass Mountain Group rests dlrectly on unit 
ImJs.  Presumably the Jackass Mountai~~ Group on:e 
overlay the Lower  Cretaceous Relay Mxmtain Cr!:oup 
farther west, but nowhere  are strata exp18sed  ahov:  tlle 
youngest Relay Mountain Group in the Po t~ to  Range. 

metres thick in the Potato Range. The Upp,er Jurassic part 
The Relay Mountain Group is on the order of  :!400 

of the group  consists of about 900 rnetrt's of brown to 
green lithic sandstone  and brown to black silt st on^: and 
mudstone with  locally common marine txsils. Arcores 
are present in the upper part o f  this seqt ence, w1111:h is 
interpreted to  be  off-shore ~narine and  gererally  becomes 
shallower marine upward. It is gradation; Ily overlain ~y 

sandstones that are unfossiliferous and W I  re deposied in 
150 to 200 metres of interlayered lith c and :ako;ic 

near-shore to marginal marine envil onments. The 
Jurassic-Cretaceous boundaq is confined ' o  this inlerval. 

Group,  about 1300 metres thick, consists  mainly {w'ditrk 
The Lower  Cretaceous  part of the I.elay  Mountain 

green  to black volcanic-lithic Sandstones up to . I  few 
hundred metres thick with  local planar  laminae and Icw- 
angle  cross-laminae.  These  sandstones we intercalated 

thick. The coquinas  are shell supported and cont,~st of 
with sandy B u c k  coquina  sequences u p  to 140 metres 

subequal amounts of fragmented, dis;trticulated. and 
whole articulated Buchia, with local bet s of she1 hish 
and fine-cobble volcanic and plutonic con:lomerale. BXh 
the volcanic-lithic sandstones and coqi.inas haw: rare 
belemnites, ammonites,  and inoceramid fossils ;aid are 
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Photo 3. Crossbedded  Hauterivian  or Banemian lithic arkoses,  upper  Relay  Mountain  Group,  northwest  Potato  Range. 

interpreted to  be shallow  marine.  Another  common 

green  (commonly alternating) arkosic  sandstone,  tens  of 
lithofacies in the  Lower  Cretaceous section is beige to 

metres thick, most  of  which is interpreted to he fluvial 
deposits. The  arkose locally has  moderate to high-angle 
crossbeds  and  trough  crossbeds  (Photo 3), is commonly 
plant rich and  has rare root casts. Arkoses are commonly 

thick, with  plant fossils and  wavy  laminae.  There  are 
interbedded  with fissile black siltstones 1 to 5 metres 

massive  pebble to cobble  conglomerate  with rare plant 
sparse 5 to 20-metre  beds of clast-supported, mostly 

fossils and local imbrication, that are interpreted to be 
fluvial channel deposits. The  lower  half  of  the  Lower 
Cretaceous  Relay  Mountain  Group in the Potato Range 
has been dated  with Buchiu and mixed  inoceramid  and 
ammonite  assemblages to be Berriasian to late 
Hauterivian,  with early to middle  Hauterivian strata 
missing  across  a  disconformity  (Tipper,  1969a).  The 
upper  half  of  the  Lower  Cretaceous consists of 

which are inferred to be mainly  Barremian,  because  they 
unfossiliferous  shallow  marine  and  nonmarine strata, 

section. 
lie conformably  over  the latest Hauterivian  marine 

The  rocks  mapped as Relay  Mountain  Group  west of 

that is in fault contact with volcanic  and  sedimentary 
Tatlayoko  Lake  occur as a  narrow  northwest-trending belt 

rocks  of  Niut  domain to the  southwest,  and with a large 
mass  of  undated  quartz diorite to the northeast. A pendant 
of  hornfelsed siltstone and  sandstone  within  the  quartz 
dorite body is also tentatively assigned to the group.  The 
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main belt of  rocks  includes  conglomerates,  sandstones 
and  shales that are cut by numerous faults and  intruded by 
abundant sills and  plugs of quartz diorite. An intact 
section  along  the  northeast  margin  of  the belt, 3.5 
kilometres  west  of  Tatlayoko  Lake,  includes  about 300 
metres  of  conglomerate  and  arkosic lithic sandstone, 
abruptly  overlain by a  dark  grey  shale unit containing 
lnocerumus and belemnite  fragments.  This  passes  up- 
section into about 100 metres  of thin to medium-bedded, 

siltstone and friable shale. Conglomerate  dominates  about 
locally crossbedded  arkosic  sandstone intercalated with 

100 metres  within the lower unit (Photo 4), and  contains 
rounded  pebbles and cobbles  of felsic to mafic  volcanic 

Buchiu fossils are scattered throughout this lower unit, 
rocks  together with a  smaller  proportion of granitoid  rock. 

and  have  been identified as Upper Jurassic forms  (Tipper, 

lithologically very similar to the  Hauterivian  and(?) 
1969a).  The  upper unit  is not  dated,  but  these  rocks are 

Barremian  portion  of  the  upper  Relay  Mountain  Group in 
the  adjacent  Potato  Range.  In particular, the fossiliferous 
shale at the  base  of  the interval is almost identical to the 
rocks directly above  the  Hauterivian  disconformity in the 
Potato  Range.  The  apparent  absence of Berriasian  and 
Valanginian  rocks in the  Niut  Range belt suggests that 
here  the  disconformity  represents  much  more  missing 

nature of the Jurassic rocks,  suggests that the  Niut  Range 
section. This, in combination with the  coarse-grained 

section originated  near  the  margin of the  Relay  Mountain 
basin, as proposed by Jeletzky  and  Tipper (1968). 
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Photo 4. Upper Jurassic conglomerate, Relay Mountain Group. northeastern Niut K;~nge. 

.JACKASS  MOUNTAIN GROUP 
Clastic  sedimentary  rocks of the Lower Cretaceous 

Jackass Mountain Group  are well exposed  in the core  of 
the  Tsuniah Lake syncline, in the eastern part of the map 
area (Tipper, 1969a; Kleinspehn, 1985). Rocks 
provisionally included in the  group  also  outcrop in the 
northwestern  comer  of the map area, within  and adjacent 
to the  Homathko  River  valley. Stratigraphic relationships 
are well displayed  only in the former area, where the 
group is stratigraphically above unit lmls and, locally, an 
intervening sliver of Relay Mountain Group. 

The Jackass Mountain Group in the Tsuniah Lake 
syncline  (Photo 5 )  comprises a thick succession of 

rocks. The sandstones  are medium green to bluish green 
sandstones, with subordinate  finer and coarser grained 

in colour,  and  typically  weather light brown to brownish 
grey.  They  are  predominantly medium to  coarse  grained, 
rich  in feldspar, and commonly include scattered granules 
and  small  pebbles  of volcanic, sedimentary and  less 
common  granitoid rock fragments. The sandstones form 
massive  intervals many tens of metres thick,  or medium 
to very thick  beds that are in part defined by intercalations 
of thin-bedded  siltstone  or fine-grained sandstone-shale 
couplets. Individual sandstone beds within the well 
bedded intervals are locally graded, with laminated tops 
and thin shaly  caps;  some beds display rip-ups, scours and 

occur  as relatively minor interbeds within coarse 
load casts at their bases. Finer €,rained facies typically 

sandstone,  but intervals of  thin-bedded, planar  to 
crosslaminated :siltstone to fine-grained sandstone are 
locally more  than 100 metres thick. 
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Tsuniah Lake syncline  consists of dark j,rey, grey tcf 
The basal  part  of the Jackass Mountain Group in lchc, 

brownish grey weathered splintery siltston !, which  '?/a!; 
assigned to the Taylor  Creek  Group by TipFer (1969a). I :  

containing thin layers and lenses of  pebl'le to cotlblf! 
is  underlain  by fine  to (coarse-grained  sand!;trlnf: 

conglomerate (Photo 6).  The siltstone unit  i: best expcsetl 
on the south limb of the syncline, where it  is more tharl 
500 metres thick, and has yielded fossils of early m d  
middle Albian age (Jeletzky,. 1968). Thz underl),ini: 
sandstone-conglomerate unit is only a few lens of nxtre:; 

that enclose  two  or  more lenses of  conglJmerate. The 
thick, and comprises massive: to thick-bedd:d sandstme,; 

conglomerate units range up to I metre in  thicknes!;  and 
contain rounded clasts of mainly  intermecliate  voIc:mic 

two-fold division occurs on the north limb o f  th': 
rocks and massive to foliated granitoid roccs.  This s,mv: 

syncline, but there the siltstone unit is ,ess than 200 
metres thick and  may  pinch out to tile east. Th: 
underlying sandstone-conglomerate unit is 
correpondingly much thicker than to the ~011th;  indivihsl 
conglomerate units are rarely more than one metre tt ..ck, 
but they occur through more than 500 met-es  of seclior 
The actual contact with underlying rocks of unit lmJs w a s  
observed at  one place and is tightly constlained  at three 
others  over a 6-kilometre strike length  on 'he north  imo 
of the syncline. Although  mapped as a f; ult by Ti:per 
(1969a), it appears to be a stratigr; phic col1tac.t 
throughout this length. There is no angul; r discor 'hce 
with underlying Jurassic rocks in the western part of thls 
belt,  but  to the east the Jurassic rocks  are locally folded 
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I’hoto 5 .  Looking east at I.ower Crctdceous lackass Mountain Group. south lirnh ofrsuniah Lake  sqnclinc,  east dChilko Lake 

and  very gently  dipping directly beneath the contact, 
whereas  the  overlying  Cretaceous rocks maintain their 
moderate  southward  dips. The basal contact  of  the Jackass 
Mountain Group  was not  observed  on  the south limb of 
the syncline, but  is constrained  to within a few metres on 
the ridge system to  the  north-northwest of Mount  Nemaia. 
Although this  contact  was  mapped as a fault by Tipper 

angular discordance between the Cretaceous rocks and 
( I  969a). we  saw  no evidence for a fault along it, nor any 

underlying  rocks  of unit ImJs. I t  was  also mapped as a 
stratigraphic  contact by Riddell ef af .  (1993a,b)  to the 
east. The  Jackass Mountain Group  apparently rests above 
Upper  Jurassic  rocks of the Relay Mountain Group in the 
western part of  the south limb of the Tsuniah Lake 
syncline,  This contact was  not observed.  but  as the Relay 
Mountain Group rests stratigraphically above the  same 
Lower  to  Middle  Jurassic  basement as does the Jackass 

stratigraphic,  and  to reflect eastward bevelling of the 
Mountain Group  to the east, it is inferred to be 

Relay Mountain Group beneath a sub-Jackass Mountain 
uncokformity. 

basal Dart of  the Jackass Mountain Grouu was assinned to 
The  fossiliferous  shale unit  that we include in the 

the faylor Creek  Group by Tipper  11969a). in part 
because  he  considered the Jackass Mountain Group  to be 
predominantly  nonmarine, and the  Taylor Creek Group  to 
be predominantly marine. Subsequent  work, however, has 
established  that  the Jackass Mountain Group is 
predominantly  marine  (Jeletzky, 1971; Kleinspehn, 
1985) and that the Jackass Mountain Group in the 
Camelsfoot Range includes a lithologically similar unit  

- 
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that is correlated with fossiliferous rocks of the Tsuniah 

Albian Brewericeras  (Leconteites) lecontei fauna  (grey 
Lake syncline  because it contains the  same early  lower 

siltstone - shale division of  Jeletzky, 1971). The Tsuniah 
Lake  and Camelsfoot  sections  are  inferred to have been 
continuous prior to offset along  the Yalakom fault 
(Kleinspehn,  1985; Riddell ef a!., 1993a). A major 

the Jackass  Mountain  Group in the  Camelsfoot  Range  are 
difference,  however, is that the distinctive Albian rocks of 

are  also included in the Jackass  Mountain  Group 
underlain by  an interval of  Barremian-Aptian  rocks that 

(Jeletzky, 1971; Schiar im et al., 1993b),  but  are  not 
apparently represented in the Tsuniah Lake area. 

The rocks  tentatively assigned to the  Jackass 
Mountain Group in the  northwest comer of the map  area 
comprise a poorly stratified  succession of quartz and 
feldspar-rich sandstones,  together  with  granule to cobble 
conglomerates. The conglomerates contain rounded  clasts 
of  intermediate to felsic  volcanic  and  granitoid rocks, 
together with a smaller proportion of  sedimentary and 
metamorphic rocks. This spectrum of clast  types is similar 
to that found in conglomerates and conglomeratic 
sandstones  of  the  Jackass Mountain Group in the Tsuniah 
Lake  syncline. Two collections  of  macrosfossils from the 
northwestern outcrop belt  may either  confirm or refute 
their correlation. 

NIUT DOMAIN 

Volcanic and sedimentary  rocks that are  exposed in 
the eastern part of Niut domain are  assigned to unit Nvs 
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Photo 6. Conglomerate,  basal Jackass Mountain Group, western .. . "~ ~ .velnala nange. 

(Figure 5). This  assemblage is dominated by intermediate 
flows,  tuffs  and breccias with local occurrences of 
agglomerate  and felsic tuff.  Sedimentary rocks include 
conglomerates,  sandstones  and  shales that are at  least in 
part intercalated with the volcanil: rocks. Volcanic and 
sedimentary  rocks  throughout  Niut domain are  commonly 
altered to an asemblage dominated  by quartz and 
epidote, with less common  carbonate, chlorite and pyrite, 

An east to northeast-striking succession of generally 
unknown  dip  and  facing direction that is exposed on the 
ridge  east of lower Jamison Creek provides a partial 
section that  includes many of  the rocks characteristic of 
unit Nvs. The southern part of the ridge, between 1430 
and 1980 metres elevation, comprises massive green, 
greenish  brown to rusty brown weathered andesitic flows 
and flow(?) breccias.  The  andesites  commonly contain 
hornblende and fzldspar phenocrysts, 1 to 2 millimetres in 
size,  and locally are  pyroxene phyric. They pass 
gradationally up-slope into a succession of andesitic 

proportion of massive flows and/or sills. The fragmental 
breccias and tuffs intercalated with a relatively minor 

rocks typically comprise  angular clasts of green to purple 
hornblende-feldspar and pyroxene-feldspar-phyric 
andesite within a matrix of smaller lithic grains and 
feldspar, hombknde and pyroxene  crystals. Volcanic 
rock fragments  are  typically I to 3 centimetres or less in 
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size, but range up to I O  cenlimetres in !ome come-  

bedding is locally defined by thin interbt ds of sil;de, 
grained units. Stratification is generally not Ipparent, tlut 

epiclastic sandstone  or  tine-grained crystal-li hic tuff. 

assemblage of  more h-terolithic sedimenta.ry 
The fragmental volcanic rocks pass up-dope into  an 

conglomerates and breccias that are well exp )sed betwen 
2050  and  2150 metres elevation.  The c)nglomen~es 
contain a wide variety of felsic to mafic ! olcanic rock 

porphyries. They also include recessive we;.thering  fine- 
fragments, including abundant  quartz and qllartz feldspar 

grained granitoid fragments.  The  conglomerates art not 
grained sedimentary(?) clasts and uncomn on mediwn- 

conspicuously stratified and the poorly swted anf:ulat 
clasts, which range up to 12 centimetres i 1 size, p.r3de 

feldspar and volcanic-lithic grains. Light green, firlt tc 
into a gritty sandstone matrix that includes quartz. 

coarse-grained lithic sandstone and grey  shsle form Iw:al 
intercalations within the coarser  grained rock 

The rocks higher up  on the ridge are str mgly  alt'zn:d. 
but  seem to include both clastic sedimmtary roc:k: 
(sandstones and conglomerates)  as well as volcinic 
breccias and andesitic flows.  However, the  stratigrap'hic 

apparently intact section lower down on the ridge, i!, 
relationships of these rock unils to each otller, or t o  rht  

uncertain due to the masking  effects of the i Iteration. mc 
the presence of east-striking faults ' I f  uncerair 
displacement. 

Nvs consist mainly of  andesitic  flows, tuffs and brect:ia!, 
Elsewhere in the Niut domain, rocks as iigned  to mi  

similar to those exposed along the lower pal t of the !ri:lgc, 
east of Jamison Creek. In the northern palt of the h:lt, 
these volcanic rocks enclose an apparently confornublt: 

300 metres thick, that has been traced for about i. 

succession of  conglomerates and volcanic beeccias, 111) t(l 

kilometres in a north-northwest directioi. The con.. 
glomerates are generally purple in colour and conhirl 
poorly sorted, rounded to subrounded cla:ts that rangf! 
from  less than a centimetre 10 more  than 2 3  centimetre:; 

and sedimentary rock types, and  grade into ;, coarse :;:nd. 
across.  The clasts include a variety of volc  mic, plutonic 

stone matrix of  similar  composition.  This conglomerate 

east  of lower Jamison Creek, but the clasts r e  larger and 
interval  may correlate with the conglome  ates expc'!;ed 

more  rounded. 

CADWALLADER  TERRANE 

Rocks provisionally assigned to the Hurle:) 

thin-bedded, light  and dark  grey laminated siltstones and 
Formation (unit uTrCH) in the  Nemaia \alley inciod,: 

shales, together with  thin  to thick, locally graded bed:, of 
fine to coarse-grained sandstone ant1 calcan:ous 
sandstone.  They resemble much of  the Hur  ey Formation 
to the east, but do not include the I mestone ; m j  

limestone-bearing conglomerate lenses t ,at are nost  
diagnostic of the formation. Dark grey argillite 
siltstone with  common calcareous concret ons  make u 3  
the southern pan  of the outcrop belt aloug the Chilk, 
Lake shoreline. These  rocks  are assigneli to the l.a!,t 
Creek ,formation (unit Im.lLC), as the transitior t~ 
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predominantly  argillaceous  rocks with  few coarser 
interbeds is characteristic  of  the Hurley - Last  Creek 
contact  directly to the east (Riddell et al., 1993a,b), and in 
the  correlative  Camelsfoot belt (Schiarizza er al., 1993b). 
Ammonites  collected  from  this unit  may provide 
additional constraints  on its age. 

UPPER CRETACEOUSSEDIMENTARYAND 
VOLCANIC  ROCKS 

UPPER  CRETACEOUS  SEDIMENTARY  ROCKS 
(UNIT  uKs) 

Cretaceous  age  underlie volcanic rocks of  the Powell 
Clastic  sedimentary rocks of  probable  Middle  to Late 

Creek  formation on the south side of the Nemaia valley. 
The sedimentary section is dominated by intercalated 
dark  grey to purple  shale  and brownish weathered,  grey  to 
green lithic sandstone.  The  sandstone is tine  to  coarse 
grained,  and  occurs as thin to very thick beds that are 

common in some  beds. The interval also includes medium 
locally laminated or crosslaminated; woody  debris is 

beds of light grey,  commonly crossbedded arkosic 
sandstone,  and medium to thick  beds  of  chert-rich  pebble 
conglomerate. The abrupt transition to overlying volcanic 
breccias  of the Powell Creek  formation  occurs  over a 30- 

dark  grey silty shale.  Sandstone at the base of this unit is 
metre interval of green  sandstone intercalated with friable 

predominantly  feldspar-lithic  wacke, and encloses an 
interval of  chert pebble conglomerate 2 metres thick. 
Higher in the section,  sandstone  beds  also contain 
conspicuous  hornblende and pyroxene  crystals and are 
intercalated with beds of pebbly sandstone  and pebble 
conglomerate that include  clasts  of  pyroxene-feldspar and 

those found in the  overlying volcanic breccias of  the 
hornblende-feldspar-phyric volcanic rocks typical of 

Powell Creek  formation. 

nonmarine  sedimentary rocks identified by  Maxson 
Unit uKs is probably  equivalent  to an interval of 

(1992; written communication  1994) a short  distance  to 
the  east in the  Mount  Tatlow map area. This interval was 
not mapped  as a separate unit  by  Riddell et a/. (1993a,b) 
who included it in the Taylor  Creek  Group which 
underlies it.  Maxson assigns these rocks to the 
Silverquick  formation,  which, in its type  area 90 
kilometres to  the southeast,  comprises a thick succession 
of chert-rich conglomerates that in its upper part is 
gradational into overlying Powell Creek volcanic rocks 
(Carver, 1989, 1992). Although we follow Maxson’s 
lithologic subdivisions  for  the  area,  we do not  at present 
adopt the term  Silverquick  for  these rocks, as we  suspect 
that the  underlying  Taylor  Creek Group (equivalent  to  the 
Beece Creek  succession  of  Schiarizza et al., 1993c,d) is 
largely a marine  eqivalent  of  the  Silverquick formation in 
its type  area. 

POWELL  CREEK  FORMATION 

1988) is a thick  succession  of  Upper  Cretaceous  andesitic 
The Powell Creek  formation  (informal,  Glover et al., 

volcanic and volcaniclastic rocks. It overlies unit uKs 
across a gradational stratigraphic  contact in the mountains 
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south of  the  Nemaia valley, and also outcrops south of the 
Tchaikazan fault in the  area  west  of  Tatlayoko  Lake.  The 
formation was not  examined in any detail in either of 
these  two  areas,  but  the  exposures east of Chilko  Lake  are 
at  the west end of  an  extensive  outcrop belt that was 
described by Riddell et al. (1993a) in the  Mount  Tatlow 
map area  to the east. Here it comprises two mappable 
divisions.  The  lower part of the  formation  consists  of well 
stratified coarse volcanic breccias and conglomerates in 

thick. that  are in part  separated  by thin interbeds of 
beds ranging from a few metres to many tens  of metres 

tentatively assigned to the  Silverquick formation by 
purplish siltstone or epiclastic sandstone.  This  unit  was 

the Powell Creek formation (Riddell et al., 1993b). 
Riddell et a/. (1993a),  but was subsequently included in 

Overlying rocks, which make  up  most  of  the  formation, 
comprise a heterogeneous succession of  andesitic  flow 
breccias, crystal and ash tuffs,  laharic breccias, flows and 
volcaniclastic sandstones and conglomerates. 

INTRUSIVE  ROCKS 

Large, mappable  plutonic  bodies  are restricted to the 
western part  of  the  Tatlayoko  Lake map  area  (Figure 5). 
They include the  heterogeneous  Mount  Skinner  Igneous 
Complex (unit MSC)  and associated  quartz  diorite (unit 
qd) that occur within the Methow domain  on  either  side 
of the Homathko  River valley, as well as a large  quartz 
diorite  to  diorite pluton (unit Nqd)  exposed within Niut 
domain to the southwest. The only  other  intrusive  bodies 
sufficiently large to be  shown  on  Figure 5 are two small 
stocks  of undated quartz  diorite that intrude unit ImJs, one 
to  the south of Huckleberry Mountain and one  on  the 
ridge directly west of Mount  Nemaia.  Dikes and sills are 
common  throughout  most  of  the  area,  however, and are 
particularly abundant in the vicinity of Huckleberry 
Mountain and to the  southwest of Tullin  Mountain, 
between the  Lingfield  Creek  and  Cheshi  Creek  faults. The 
dikes and sills are  of a variety of  compositions,  the  most 
common being fine-grained diorite,  hornblende feldspar 
porphyry,  and light grey felsite with or without  quartz and 
feldspar phenocrysts. 

The  Mount  Skinner  Igneous  Complex is an 
assemblage of intermediate  plutonic  rocks  and associated 
mafic  to felsic dikes that outcrops in an east-west belt 
centred near  Mount Skinner, east  of  the  Homathko River 
valley. It is dominated  by medium to coarse-grained 
diorites and quartz  diorites  that seem to  comprise at least 
two distinct phases. The apparently  older  component is a 
coarse-grained diorite to quartz  diorite  containing  zero  to 
15% quartz, and characterized  by  strongly  chlorite- 
epidote-altered mafic clots, and epidote-altered feldspars 
which give  the  rock a distinctive motttled  appearance. 
The  younger phase is a medium to coarse-grained 
hornblende  quartz  diorite that contains 20 to 35% quartz 
and is less altered.  Associated with the  diorites  and  quartz 
diorites are  abundant  finer  grained  mafic  rocks that 

basaltic rock, diabase and hornblende&feldspar  porphyry, 
include discrete  dikes  and  dike  swarms  of  aphanitic 

as well as irregular masses, to many tens of  metres  thick, 
of fine-grained dark  greenstone that may be dike 
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complexes  or screens  of  older volcanic or  dike  rock 
within the  plutonic  rock.  These mafic rocks are  most 
common within the  older dioritic rock,  but also occur as 

within the younger  quartz  diorite  phase. Aplite dikes  cut 
relatively rare  planar dikes, I O  to 100 centimetres wide, 

all of the aforcmentioned  rock  types and  seem to  be 
spatially  associated with the  younger  quartz  diorite.  They 

rounded  quartz  phenocrysts in a pinkish white, very fine 
range  from 1 ti> 60 centimetres wide  and contain tiny 

grained  sugary  groundmass.  Quartz feldspar porphyry, 
comprising 1 YO 3-millimetre phenocrysts in a grey 
siliceous  aphanitic matrix, was noted at  one place within 
the  complex,  where it occurs  as a number  of metre-scale 
patches that arc: apparently intrusive into a surrounding 
zone  of  greenstone. 

A preliminary  U-Pb date on  zircons from the  older 
diorite to quartz diorite unit of the Mount Skinner Igneous 
Complex is Late Triassic (R. Friedman, personal 
communication 1994). The other  components  of the 
complex  are undated, but a sample from the younger 
quartz  diorite  phase  has  also been submitted for  U-Pb 

Triassic  phase,  or it might  be  considerably  younger  and 
dating of zircons.  This  might  be a slightly  younger  Late 

documented in the region (van der Heyden ef a/., 1994a). 
related to  Cretaceous and Tertiary plutonism that is 

Along its northern margin,  parts of the  igneous  complex 
are  apparently  intmsive into unit uTrcg, although the 
contact is not well exposed  and  only mafic and aplite 
dikes  were  actually seen to  intrude this unit.  The southern 
margin  of  the complex is in part a northwest-striking 
fault, and in part a body of biotite-hornblende quartz 
diorite to granodiorite that is mapped  as a separate unit, 
although it may  correlate with the younger  quartz  diorite 
phase  of the  ccmplex.  The contacts between this igneous 
body and adjacent map units were  not observed, although 
it is presumed lo intrude  unit lmJs to the  south. 

An  assemblage  of  igneous rocks similar  to those of 
the Mount  Skinner  complex, with  which they are 
tentatively  correlated,  outcrops on the slopes west of the 
north end o f  Tatlayoko  Lake  and  the  adjoining 
Homathko  River valley (Figure 5 ) .  These rocks are in 

to the  east, and are  hounded  hy a more  homogeneous 
apparent  fault  contact with sedimentary rocks of unit uTrs 

to the west. This  quartz  diorite  unit is in contact with 
body of massive, coarse-grained hornblende quartz diorite 

Jura-Cretaceous sedimentary  rocks of the Relay  Mountain 
Group to the southwest, across a contact that,  wherever 
observed, is a fault.  However,  as similar quartz diorite 
occurs  as  small  plugs  and sills intruding sedimentary 
rocks within the adjacent Relay Mountain belt, it is 
suspected that the large quartz diorite pluton is 
Cretaceous  or  younger in age. 

(unit Nqd)  crops out farther to the southwest, within the 
An apparmtly separate  qualtz  diorite to diorite pluton 

fault-bounded  Niut  domain. It is in large part 
compositionally  similar to the large intrusive body to the 
east  and northeast, but locally grades into a quartz-poor 

sedimentary rocks of unit Nvs which, together with the 
hornblende diorite.  This pluton intrudes volcanic and 

pluton,  are  also intruded by a suite of dikes and small 
plugs that includes fine-grained diorite, hornblende 
feldspar  porphyry and pyroxene feldspar porphyry. Dike 

orientations are  variable, but east or northcast strike:; al'e 
most  common.  Small  bodies of mafic-poor  medium- 
grained granitic rock  also  occur locally wit1  in unit Nqd. 

None of the intrusive rocks within N  ut domaiu  are 
presently dated. A sample  of  quartz dilDrite  from the 

dating  of zircons, and a hornblende  felcspar  porphyiy 
eastern part of unit Nqd has been subm tted for IJ-F'b 

hornblende,  These  dates will provide some control 01 the 
plug within unit Nvs  was  sampled  for F -Ar datmg of 

timing of plutonic activity in this area, anc will also help 
constrain the age of the  volcanic and sed  mentary i,oclcs 
within this part of  the  Niut  domain. The Jossibility that 
unit Nqd is, at least in part, Late Triassic in a;:e is 
suggested by a 215 Ma U-.Pb zircon datl from  what is 
apparently the same pluton, just 4 kilometr :s northwest of 
the limit  of our  mapping (Mustard et a/., I! 94). 

LITHOLOGIC  UNITS  NORTHEAS1 OF THii 
YALAKOM FAULT 

JURASSIC  VOLCANIC  ROCKS  AND 
ASSOCIATED  INTRUSIVE  ROCKS 

volcanic and volcaniclastic rocks of pr tbable Jumsic 
Rocks mapped as unit Jv on Figure 4 include 

age, as well as a variety of  mafic to intermediate intrusive 
rocks, some  of  which may he  coeval wit I the volmn  cs 
and some  of which are  younger. The volcanic rocks 
include tuffs, breccias and volcanic congk merates a ;  well 
as andesitic flows. Fragmental volcanic r')cks are [800:ly 
stratified and include angular  green, Izd and [furple 
aphyric and feldpar-phyric volcanic fragr lents, generally 
less  than 5 centimetres  across, in a silty o sandy rnatrix 
that commonly includes feldspar  and  mafic cryst3ls as 
well as volcanic-lithic grains. Less conmon  epidartic 
rocks include compositionally similar volcaiic 
conglomerates that are better stratifiei and irlclude 
rounded clasts, as well a:; thin beds  of  feld.spatlic 

or mottled green  and  purple.  They  are f ne  to very fine 
sandstone. Andesitic flow  rocks  are mediun  to dark ;green 

common mafic phenocrysts, as well a: quartz-epidote 
grained, and locally c,ontain small  feldspar and less 

amygdules. 

occur locally as poorly defined  masses Nithin adesitic 
Medium-grained, equigranular  dior te and g,ab )IO 

volcanics and  may be  of  broadly the same  age.  Nlediun- 
grained hornblende quartz  diorite that outcrops at the 
southeast end  of  the western outcroF belt no-th  of 
Choelquoit Lake is probably younger,  as is a smal st'lck 
of  coarse feldspar porphyry (exposed  in th 2 belt east of the 

feldspar porphyry, hornblende feldspar PI trphyry r r r d  \ ery 
Chilko River. Northeast and northwest-: triking dike: of 

Lake,  where  they cut the volcanic r o c a  as  we I r s  a 
fine  grained  mafic rock are common norh of Cho':Iqloit 

gabbroic intrusion. 

CHILCOTIN  GROUP 
Flat-lying basalt flous of the 1:hilcotin  'Group 

(Tipper, 1978; Bevier. 19x3)  crop ou locally on  the 
slopes east of the  Chilko  Rwer and on ; low  hill east of 
the north end  of Tsuniah Lake. The basalts are  (laic tcm 
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medium  grey,  orange-brown  weathering,  dense to highly 

phenocrysts.  Individual  flows  are typically a few metres 
vesicular, and locally contain olivine and  plagioclase 

thick  and  are  commonly  columnar  jointed. These basalts 
are part of  the  southwestern  margin  of  an  extensive belt of 

covers 25 000 square  kilometres  of  the Interior Plateau of 
Early  Miocene to early  Pleistocene  plateau  lavas that 

south-central British Columbia  (Mathews,  1989). 

STRUCTURE 

THE YALAKOM FAULT 

Leech  (1953) first used the  name  Yalakom fault for  a 
system of steeply  dipping faults bounding  the  northeast 
margin  of  the  Shulaps  Ultramafic  Complex  along the 
Yalakom  River,  more  than 100 kilometres  southeast  of 
the  Tatlayoko  Lake  map area. The fault was  subsequently 
traced  northwestward  through  the  Taseko  Lakes  and 
Mount  Waddington  map  areas  (Tipper,  1969a,  1978), and 
southeastward to the  Fraser  River  (Duffell and 
McTaggart,  1952;  Roddick and Hutchison,  1973;  Monger 
and  McMillan,  1989), for a total strike length of  almost 
300  kilometres.  Within  the  Tatlayoko  Lake  map area, the 
Yalakom fault separates  volcanic  rocks of unit Jv on its 
northeast side from Triassic(?) and Jurassic sedimentarv 

Eocene  movement is also indicated by relationships just 
to the  north  and  northwest  of  the  Tatlayoko  Lake  map 
area, where the Yalakom fault defines  the  southwestern 
boundary  of  the  Tatla  Lake  Metamorphic  Complex 
(Figure 3). Friedman  and  Armstrong  (1988)  document 55 

northwest-trending  mineral lineations within  the  mylonite 
to 47.5 Ma extensional  shear  along subhorizontal  west- 

zone  comprising the upper part of the  complex,  followed 
by folding  and brittle faulting during  the final stages  of 
uplift.  Although  they  implicate  the  Yalakom fault only in 
the post-ductile deformation  phase  of  folding  and brittle 
faulting, the earlier ductile strain is also  kinematically 
compatible  with dextral slip along  the  Yalakom  system. 
The Yalakom  fault  has  not  been  mapped  beyond  the  Tatla 
Lake  Complex hut  we infer that it, or  a kinematically 

northwestward  from there, along  the  Dean  River, to mark 
linked  extensional fault segment,  extends north- 

the western limit of  a belt of  metamorphic tectonites that 
are locally exposed  beneath an extensive  cover  of 
Quaternary  alluvium  and  Late  Tertiary  volcanics  (Figure 
3; Tipper,  1969b). The right-stepping, extensional 
geometry  of  the  system is consistent  with  the  regional 
pattern of Eocene dextral strike-slip and  associated 
extension that has  been  documented  by  numerous 
workers in the  province,  including  Price  (1979),  Ewing 
(1980), Price and  Carmichael  (1986),  Coleman  and 

rocks of units  uTrcs and ImJs;o the  southwest. The  fauk Parrish and Struik 

along the  northern edge of the map area, where it  is 
is not exposed, and  its position is well constrained only 

inferred to separate  outcrops of unit uTrcg from those  of 
unit Jv  north  of  Skinner  Creek.  This constraint, combined 
with the fault’s established location to the southeast 
(Riddell et al., 1993b) and northwest  (Tipper,  1969; 
Friedman  and  Armstrong,  1988), indicates that it 

the area, as indicated on Figure 5 .  
probably  follows  a linear west-northwest trace through 

Tipper  (1969a)  postulated that the Yalakom fault 
system  was  the  locus  of 80 to 190  kilometres  of right- 

volcanic versus sedimentary facies in Middle Jurassic 
lateral displacement,  based  on  the  regional distribution of 

by Kleinspehn  (1985),  who  matched  the  Lower  Cret- 
rocks. A  similar  estimate of 150+25 kilometres was made 

aceous  Jackass  Mountain  Group  exposed  on  the 
southwest  side  of  the fault at Tsuniah  Lake  with 

Camelsfoot  Range  along  Nine  Mile  Ridge.  This  estimate 
exposures on the  northeast side of  the fault in the 

was  revised by Riddell el at. (1993a),  who  postulated 
about I 15 kilometres of dextral displacement  based on the 
offset of  a structural succession  comprising  Bridge  River, 
Cadwallader  and  Methow terranes, the latter including  the 
same belts of Jackass  Mountain  Group on which 
Kleinspehn’s  calculation  was  based. 

The  Yalakom fault displaces  mid-Cretaceous  and 
older  rocks,  and  is  overlapped by Neogene  plateau  lavas 
of  the  Chilcotin  Group  (Schiarizza et a!., 1993b,c,d; 
Riddell et at., 1993b).  Coleman  and Parrish (1991) relate 
dextral shear  within  Bridge  River schists and  associated 
46.5-48.5 Ma intrusions in the  southern  Shulaps  Range to 

at least some of the  displacement was Eocene in age. 
movement on the adjacent  Yalakom fault, suggesting that 

STRUCTURE  SOUTHWEST  OF  THE 
YALAKOM FAUL T 
METHOW  DOMAIN  EAST OF TATLAYOKO 
LAKE 

The  rocks of Methow  Terrane  between  Tatlayoko 

structural blocks by the northeast-striking Lingfield  Creek 
Lake and  the  Nemaia  valley  are  separated into three 

the  Potato  Range  and  adjacent  mountains  between 
and  Cheshi  Creek faults. The western  block  encompasses 

Tatlayoko  Lake  and  Lingfield  Creek.  The structure of this 
area is dominated by  an open  syncline  cored by the  Relay 
Mountain  Group.  The trace of  the fold’s axial surface  is 
broadly  Z-shaped, as it plunges  north-northwest and 
south-southeast at its south and north  ends, respectively, 
but  trends  north-northeasterly in the central part of the 
range.  The fold is truncated by a  prominent  northwest- 
striking fault east of the  north  end of Tatlayoko  Lake. Its 
probable  continuation to the  north is a  tight  syncline 
within unit  ImJs, which  shows  2 to 3  kilometres of dextral 
offset from the  southern fold segment.  The  Potato  Range 
fold deforms  Barremian(?)  and  older  rocks,  and  is  cut by 
a  northwest-trending dextral strike-slip fault that may be 
related to the  Yalakom fault system. It  is suspected that it 
is middle to early Late  Cretaceous in age, as this  was  a 
period of  major  contractional  deformation  within  the 
eastern Coast Belt (McGroder,  1989;  Journeay  and 
Friedman,  1993;  Rusmore and Woodsworth,  1991b).  The 
present  sigmoidal  trace  of  the  fold  may reflect rotation 
during later dextral strike-slip faulting (Urnhoefer  and 
Kleinspehn,  1994). 
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Photo I .  Lookinp. west-southwest at overturned  antiform in units Imls, south  limb  of  Tsuniah Lake syncline,  west of ('hilko Lake 

The structure of  the  Tullin  Mountain area, between 
the  Lingfield  Creek  and  Cheshi  Creek faults, is also 
generally  synclmal in nature, as it includes Relay 

to both the no~theast and  west. A northerly  trending 
Mountain  Group  strata  which  are  underlain by unit lmJs 

of the  Relay  Mountain  Group 1.5 kilometres  southwest of 
syncline that is well defined by the internal stratigraphy 

Tullin  Mountain,  is  apparently  the  dominant structure 
within this domain. A subsidiary anticline-syncline pair 
deforms  the  basal  contact  of  the Relay Mountain  Group 
into a  Z-shape  north of Tullin  Mountain,  and an S-shaped 
fold pair is  outlined by the  same  contact to the  southwest, 
on  the opposite !side ofthe main syncline. Just to the  north 
of the latter area  the  contact is offset several hundred 
metres to a  kilometre  across  a  northwest-trending dextral 
strike-slip fault. If this fault correlates with the dextral 
fault north  of  the  Potato  Range,  then it shows  about 1.5 
kilometres  of  apparent sinistral offset across the Lingfield 
Creek  fault.  Faither  southwest, the Lingfield  Creek fault 

down  normal fault in the  southern Potato Range,  and  the 
apparently traces into a relatively minor northwest-side- 

main displacement transfers to  a south-striking splay that 
extends from the  head of Lingfield  Creek  southward to 
the  Cheshi  Creek valley. This fault separates east-facing 
rocks of unit ImJs within  the  Tullin  Mountain block from 
correlative west-facing strata 011 the east limb  of the 
Potato  Range syncline. 

disposed as  a large, upright, gently  east-plunging,  open to 
The  strata  southeast of the  Chesbi  Creek fault are 

closed  synclinc  (the  Tsuniah  Lake  syncline) that is 
truncated by th.e Yalakom fault to the east. The fold is 
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cored by the  Jackass  Mountain Group, which is  undel.'lain 
by unit lmJs throughout most of  the bloG:k, but 1):' an 
intervening  eastward-tapering sliver of Rt lay  Monrrtain 

Chilko  Lake, unit ImJs on the  southern limll ofthe fold I S  
Group in the  western part of its southern limb. We::t c'f 

associated  northerly  overturned folds (Fhoto 7). 'The 
deformed by a series of  south-dipping t h ~  ust faults and 

Mountain  Group  and so is L.ate Cretaceous or young:r in 
Tsuniah Lake syncline  deforms  the  Albian Jackalis 

age. It is  discordant to the  more  northerly  trending :blcls 
to the  west,  suggesting that it may havc formed. in a 
different structural regime. 'The orientatior of  the fold is 
consistent with  it having fonnsd during  der tral rnove'nent 
on the  adjacent Yalakom fauh (Wilcox ef rl., 1973) this 
was predominantly an Eocene event, ~Ithough told,% 
movement  cannot be  ruled aut.  The thrust faults artd 
overturned folds on  the  south limb of  the s d i n e  muy  be 
older structures, but their age is not  well  co Istrained 

METHOW  DOMAIN  WEST OF TATL. rYOKO 
LAKE 

is represented by narrow belts of units uTrs  and IrJs 
On the  west side of Tatlayoko Lake, Alethow dcmzin 

along  the shoreline, and by a northwest-t :ending  b:lt  of 
Relay  Mountain  Group that extends to tt e  northwtstern 
limit of  our  mapping.  These strata are  wociated  w th 
abundant  plutonic rocks, including a iarge  ma:ss of 
undated  quartz diorite and  a  more  heterog  :neous un 1. that 
is included in the Mount Skinner  Igneous I'ompler:.  'They 
are juxtaposed  against  rocks  of  Niut  iomain tco the 
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southwest,  across  a  system  of  north to northwest-striking 
faults. 

the  north  end of Tatlayoko  Lake are in contact  with 
Sedimentary  rocks  of unit uTrs  near  the  shoreline at 

plutonic  rocks  of units MSC  and qd to the  west. The 

northerly  striking  fault or shear  zone as easternmost 
contact  was  not  observed,  but is suspected to be a 

display  a  steeply  east-dipping  mylonitic foliation and  an 
exposures of the  Mount  Skinner  Complex in this area 

associated stretching lineation that plunges 45O to the 
south-southeast.  This  fault  system is inferred to truncate 
the belt of Relay  Mountain  Group to the  south  and  from 
there  extend into Tatlayoko  Lake  (Figure 5). Its presence 
there is suggested by a  zone  of steeply east dipping brittle 
faults and fractures within unit lmls along  the  lake 
shoreline. 

Mountain  Group  rocks in the  eastern  Niut Range  is a 
The northeastern  contact  of  the belt of  Relay 

fault, or system of faults, placing  the  unmetamorphosed 

pendant  of  hornfelsed  metasedimentary rocks. This fault 
sedimentary  rocks  against  quartz diorite and, locally, a 

contact  was observed locally; it  is vertical to steeply east 
or northeast  dipping,  hut  no  movement  sense  was 
established  along it. The  quartz diorite is not dated, but is 

within  the  Relay  Mountain belt, some of which are clearly 
lithologically identical to several  smaller  igneous  bodies 

intrusive into the  sedimentary  rocks.  Furthermore,  the 
hornfelsed  metasediments  within  quartz diorite northeast 
of the fault are  provisionally  correlated  with  the  Relay 
Mountain Group on the  basis  of their inferred protolith 
lithology. These relationships suggest that the fault may 
have  juxtaposed relatively deep  or internal portions  of  a 
pluton  against  shallower or more distal environs  adjacent 
to the  same  igneous  body. A component  of  northeast- 
side-up  movement is therefore  suspected  along this fault, 
although significant transcument  motion  cannot be  ruled 
out. 

A fault that is thought to have  accomodated 
southwest-directed thrust or  reverse  movement has also 
been traced  for  several  kilometres  within  the  southern part 
of  the  Relay  Mountain Group belt. This fault was 

to the east-northeast. It is generally parallel to bedding in 
observed in several  places  and  dips between 35" and 75" 

the  footwall  rocks,  and  commonly  places  them  against 
small  bodies of  quartz diorite in the  immediate 
hangingwall. In one  place this fault places  quartz diorite 
that intrudes upright, northeast  dipping  Buchia-bearing 
Upper Jurassic conglomerates  and  sandstones  above 
shales, siltstones and  sandstones  that  are  thought to be 
Lower  Cretaceous in age. This  older-over-younger 
relationship suggests  reverse  movement  along  the fault, as 
does  a  tight  syncline  within  the  footwall  rocks directly 
beneath it. 

NlUT DOMAIN 
The northeastern limit of sedimentary,  volcanic  and 

plutonic  rocks  of  the  Niut  domain is a  system  of  north to 
northwest-trending faults that separates  them  from the 
Relay  Mountain  Group to the  north  and  from unit lmJs 
along  Tatlayoko  Lake  to  the  south  (Figure 5). Where 
exposed, the northern  fault  strand  dips steeply east  to 

east-northeast, and is commonly  marked by a  metre-wide 
zone  of brittle faults and fractures; Niut  domain  rocks are 
typically silicified and  quartz veined along  the fault 
whereas  the  adjacent  Relay  Mountain Group is not. The 
fault truncates the northeast-dipping thrust fault within 
the  Relay  Mountain  Group  on its northeast  side, as well as 
east-striking faults within  Niut  domain to the  west. 

slivered into several parallel fault strands, resulting in a 
Locally,  the  rocks on  both sides of  the main fault are 

fault zone  several  hundred  metres  wide. 

Niut domain are separated  from unit lmJs to the east by 
Farther south, volcanic  rocks at the  eastern  edge  of 

an intervening north-striking fault panel  about  a  kilometre 
wide.  Exposure is poor in this area,  but  outcrop 
constraints suggest that this panel  trends  northerly  and is 
truncated by the  more  northwesterly striking boundary 
fault to the  north  and by the  Tchaikazan fault to the  south 
(Figure 5). Easternmost  exposures  within  the panel 
include  hornblende-phyric andesitic volcanic  rocks that 
are  associated  with fine to coarse-grained, locally gritty, 
quartzofeldspathic  sandstone  with  sparse detrital 
muscovite flakes. Farther  west  are  exposures  of 
intercalated brown calcareous  sandstones, calcarenites, 
shales  and  limestone-cobble  conglomerates.  The andesitic 
volcanics  within this panel are similar to those  of  the  Niut 
domain,  but are also similar to rocks  found in the  Powell 
Creek  formation. The associated  sedimentary  rocks  are 

the  western  assemblage is lithologically similar to the 
dissimilar to any  rocks  observed  within  the  Niut  domain; 

Hurley  Formation of the  Cadwallader  Terrane,  while  the 
muscovite-bearing  arkoses  are  most  readily  correlated 
with  Middle to Upper  Cretaceous  rocks  of unit uKs. 
Although  these correlations are  speculative  due to the 
limited amount  of  exposure, this panel is mapped as thin 
fault slices of Hurley  Formation, unit uKs and  Powell 
Creek  formation.  The  presence of  fault slivers derived 

between  Methow  and  Niut  domains is not  unreasonable as 
from the  south  Chilcotin  domain  along  the  boundary 

this same  sequential  arrangement of belts occurs east of 
Chilko  Lake  (Figure 3). 

understood.  Steeply  dipping, east-striking faults are 
The internal shucture  of  the  Niut  domain is not  well 

locally prominent in the  southern part of  the belt, and in 
part mark  the  contacts  between  volcanic  and  sedimentary 
rocks. On the  ridge east of  lower  Jamison  Creek, faults 
within  the  volcanic  succession  apparently  control  several 
narrow  east-trending  zones of intense  quartz-epidote 

western part of  the domain, two northeast-striking faults 
veining containing patchy  sulphide  mineralization. In  the 

are mapped  within  plutonic  rocks  of unit Nqd.  These 
faults are  marked by steeply  dipping  zones  of fracturing 
and brecciation, several  tens  of  metres  wide, that are 
colinear  with  prominent  topographic  lineaments. 

TCHAIKAZAN  FAULT 

the southwest comer  of the  Tatlayoko  Lake  map area, 
The  northwest-striking  Tchaikazan  fault  cuts  across 

where it separates  the  Upper  Cretaceous  Powell  Creek 

fault was  not  observed,  although its location is 
formation from units Nqd,  Nvs  and  lmJs to the north. The 

constrained to within  a  few  tens  of  metres at the  head  of 
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Jamison  Creek.  Tipper  (1969a) interpreted the 
Tchaikazan fault as a right-lateral transcurrent fault based 
on  speculative correlation of  two faults that were offset 
by about 30 kilometres  along it. More  recently  Mustard 
and  van  der  Heyden  (1994)  have  postulated 7 to 8 
kilometres of apparent dextral displacement based  on 
offset of a distinctive fossiliferous limestone unit within 
the  Mount  Moore  formation,  a  short  distance to the 
northwest  of  the  Tatlayoko  Lake  map aerea. 

STRUCTURE  NORTHEAST  OF THE YALAKOM 
FAULT 

Yalakom fault is not well  known due to sparse  exposure. 
The structure of pre-Neogene  rocks northeast of the 

Outcrop-scale brittle faults are common,  and  most  dip at 
moderate to steep  angles to the northeast. Where 
movement-sense  could be determined  these faults 
typically show  components of normal  and dextral 
displacement.  They  may be Eocene in age, and related to 
the east to northeast-dipping fault system that separates 
this same  package  of  rocks  from the Tatla Lake 
Metamorphic  Complex  a short distance to the  northwest. 

MINERAL OCCURRENCES 

SKINNER  (MINFILE  92N  039) 

The  Skinner  gold-quartz vein system  occurs  within 

Complex,  5  kilometres  north  of  the  north  end of 
quartz diorite and diorite of the Mount Skinner  Igneous 

Tatlayoko  Lake.  The  veins  were  discovered in 1990 by 

was  optioned to Northair  Mines Ltd in 1991, which 
Louis  Berniolles  of  Ottarasko  Mines Ltd. The  property 

conducted  a  diamond drilling program  consisting of  six 
holes totalling 250 metres (Visagie, 1992). It  was 
subsequently  turned  back to the  owner,  and from 1992 to 
1993,  Ottarasko  Mines Ltd extracted  a  172-tonne bulk 
sample  from  the  Victoria vein. The  ore was milled at the 
Premier  gold  mine  and  produced  over 1 I 000 grams  of 
gold  (average  grade  65.83 g/t) and 8000  grams  of silver 

Mines Inc. optloned  the property in 1994 and  drove  an 
(Meyers, 1993, 1994: Schroeter, 1994). Cheni Gold 

adit  and vertical raise, but  have  since  terminated the 
option  and  turned  the  property  back to the  owner  (Cheni 
Gold  Mines,  News  Release,  September  30,  1994). 

vein, which strikes between  050"  and 060" and dips 
Work to date  has been concentrated on the  Victoria 

steeply to the  northwest. It, together with veins located 
300  and 600 metres to the east-northeast, comprises part 
of  a system of en  echelon  veins  within a presumably 

(Berniolles, 1991).  The vein walls are defined by 
structurally controlled lineament that trends  070" 

slickensided faults, and  the  veins  themselves are cut by 
parallel faults. In the  Victoria  vein  workings at least some 
of these faults accomodated sinistral movement. 

metres. It pinches and swells, locally attaining a thickness 
The  Victoria vein has  been  traced for more than  130 

of 1.4 metres.  From drilling data, the vein pinches  out to 
the east and is still open to the  west (Visagie, 1992). It 
consists almost entirely of quartz, with minor  amounts of 

pyrite, chalcopyrite, malachite  and  rare visitsle gold. Clay 
gouge  commonly  occurs  along  the  vein wall: , and sericite 
and chlorite occur locally along fault su~Faces. White 
mica locally lines vugs and open fractures within  the w i n  
quartz; some  of this has  been  collected  for I( -Ar  dating in 
an attempt to constrain the age of the reining. Golc 
values are variable, and  concentrations as hlgh as 136 g/. 
gold  across 0.65 metre have  been recorde*l (Berniolles, 

locally concentrated in the  wallrock adjacent to the vein. 
1991).  Copper  shows little relationship to gold, and is 

BIG SLIDE  (MINFILE  92N 061) 
The  Big Slide occurrence is located  on  the nest- 

facing  slope of Mount  Skinner, 1600 metres  northeart of 

hosts  a  number  of subparallel northwest-st  iking she:te'i 
the Victoria vein. There,  the  Mount Skir ner Cornplex 

quartz veins, typically 2 to IS centimetres wide, that di 3 
40" to 45' southwest. The veins cany go  d  and colper 
mineralization  with  grades  up I:O 56 g/t Au  md 0.72% Cu 
(Berniolles, 1991). 

FLY (MINFILE  92N 056) 

Niut  Range,  about 4  kilometres soutteast of Niut 
The Fly porphyry copper  occurrence i: located ill the 

Mountain. It was originally staked in 196>  and  has ::ea 
intermittent exploration  since that time. M  neralizathn is 
strongest in the  Ridge  zone,  which  extends  for  more 1:hs.n 
200  metres within quartz diorite of uni Nqd an,l a 
adjacent body of  hornblende  feldspar  porphyry that 
intrudes along  the  contact  between  the qu; rtz dioritt: and 
altered volcanic and sedimentary  rocks  of mit Nvs t:, the 

with lesser amounts of pyrite and chalcop! rite, that occur 
east. Mineralization consists of  malachite  and az~rile, 

epidote-carbonate  veins  and fracture fillings. A pyrte 
as disseminations  and as a  minor compoNlent  of qli ,xI-r- 

halo is developed  mainly  within altered v( lcanic r o ~ k s  to 
the east of  the intrusions. The intrusive ancl volcanic rocks 
display  a  predominantly  vein-control'ed prop:/lli:ic 
alteration suite of epidote - (chlorite - selicite ? silica f 
carbonate.  The  highest  copper  value repxted is C.6Z% 
from a  grab  sample  containing  chalcopy-ite, pyrrt,: and 
malachite  (Watson,  1988). .4 malachite4 h quartz tiorite 
sample collected  during  the  1994 field SI ason  comained 
0.52% Cu  and 0.03% Zn.  Mlneralized quutz diorit: was 
sampled  for  U-Pb  zircon  dating in order :o consnain ).he 
age of mineralization. 

RUSTY  (MINFILE  92N 044) 
The  Rusty  occurrence was not -visited, hut is 

described as disseminated  chalcopyrite in sedimentary 
rocks  along  Jamison  Creek, 5 kilorlletres vwjt of 
Tatlayoko  Lake.  This  location  sug:ests that the 
occurrence is hosted by rocks of unit Nvr a  short (iktance 
east of their contact  with  quartz diorite of unit Nqd. 

NIUTMOUNTAIN  (MINFILE  92N  020) 

conspicous red gossanous  zone  developed ,wiihin 
The  Niut  Mountain  copper occurrtnce is rvirhin a 
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pyritized  volcanic(?)  rocks of unit Nvs on the  southeast 

chalcopyrite  occur locally in the pyrite-rich rocks, and 
flank of Niut  Mountain.  Small  amounts  of  malachite  and 

they  are  reported to contain  trace  amounts  of  gold 
(Tipper,  1969a).  These  rocks  are  intruded by quartz 

malachite-stained  quartz diorite observed in the glacier 
diorite of unit Nqd to the  north  and  west.  Float of 

bowl just below  the  gossanous  zone  suggests that the 
quartz diorite is also  mineralized. 

OTHER OCCURRENCES 

rocks  of  unit  Nvs  to  the east  of the Fly occurrence carry 
Veins  and silicified zones within altered volcanic 

variable  gold values. A  sample  of  a  strongly silicified and 
pyritized rock  from  approximately 1 kilometre east of the 
occurrence  contained 0.21% Cu  and 1.8 g/t Au, and  a 
grab  sample  from  a vein approximately  500  metres 
northeast  of  the  occurrence  returned  a  gold  value  of  0.75 
g/t (Ashton,  1992).  Higher  values  of  gold (2 to  6 g/t) have 
been  reported  from  veins in the  same  area  (Watson, 
1988). 

the  ridge  northeast of lower  Jamison  Creek are cut by 
The volcanic  and  sedimentary  rocks  of unit Nvs on 

several easterly trending  zones  of pyritization, 
silicification and  quartz-epidote  veining.  One  of these, at 
about  1970  metres elevation, is a  malachite-stained  zone, 
three  metres  wide, of quartz-epidote  veins  and  quartz- 
epidote-altered andesites. A  sample  from this zone 
contained  0.53%  Cu  with  minor  zinc  (345  ppm).  Another 
zone, at 1850  metres elevation, comprises  about  2  metres 

has  patchy  malachite staining and rarely contains visible 
of quartz  veined  and intensely silica flooded  andesite that 

pyrite, chalcopyrite  and sphalerite. A  sample  from this 
zone  contained  0.46%  Cu  with  minor  amounts of silver 
(300  ppm),  zinc  (184  ppm)  and  gold (5 ppb). 

includes a number of conspicuous gossanous  zones. 
Unit Nqd  west and northwest of Niut  Mountain, 

These  include  zones  of  pyritized  quartz diorite, as well as 
pendants  of pyrite-altered volcanic or sedimentary rock. 
Unit  Nqd in this  area  also  hosts several small  bodies of 
granitic rock.  One of these, located  approximately 1.5 
kilometres  west  of  Niut  Mountain,  displays  potassic 
alteration and  malachite  mineralization;  a  grab  sample 
from this mineralized intrusive returned  a  copper  value of 
0.19%. 

near  the  northeast  end of Choelquoit Lake locally control 
North to northwest-striking fault zones  within unit Jv 

nmow gossanous  zones of pyrite-pyrrhotite 
mineralization,  but  samples  from  these  zones  did  not 
contain  anomalous  concentrations of base or precious 
metals.  Outcrops of unit Jv  on  the  east side of the  Chilko 
River, 5.5 kilometres to  the southeast, are  brecciated  and 
veined  with quartz, epidote  and calcite over  a large area. 
A calcite-rich vein  containing  malachite  and amrite, 
collected  from  the  north  end of  this outcrop belt, assayed 
0.08 % c u .  

Clastic sedimentary  rocks that we assign to the  Methow 

characteristics of the  Lower to Middle  Jurassic  rocks  of 
Terrane.  This  assignment is based  on  the lithologic 

unit ImJs, and the  upper  Lower  Cretaceous  Jackass 
Mountain  Group.  Rocks correlative with  these two units 
are characteristic of Methow  Terrane  from  the  present 
study  area  southeastward to the international border.  Over 
this distance the Methow  Terrane is the  easternmost 
terrane within  the  southern  Coast Belt. The belt of 
Methow  Terrane  rocks is offset by the  Yalakom fault, 
which  separates  rocks  within  the  Tatlayoko  Lake  map 
area  from  the correlative succession in the  Camelsfoot 
Range  (Kleinspehn,  1985;  Riddell ef al., 1993a), as well 

Camelsfoot  Range belt from correlative rocks in the  area 
as by  the  Fraser fault system,  which  separates  the 

of  Manning  Park  and  the  contiguous  Pasayten  and 
Methow  drainage  basins  of  Washington  State 

McMillan,  1989;  Mahoney, 1993). 
(Kleinspehn,  1985;  Monger,  1989;  Monger  and 

The distinctive Jackass  Mountain  Group has long 
been recognized  within all three  segments  of  the  Methow 

Tipper,  1968;  Tipper,  1969a;  Coates,  1974;  Kleinspehn, 
Terrane belt (Duffell  and  McTaggart,  1952;  Jeletzky  and 

1985). In the  Manning  Park area, underlying  Lower to 
Middle Jurassic rocks  comprise  the  Ladner  Group,  which 

upper  Toarcian to Bajocian  volcanic  and  sedimentary 
in its upper part includes  a distinctive assemblage  of 

rocks  assigned to the  Dewdney  Creek  Formation 
(O’Brien,  1986,  1987).  The  Dewdney  Creek  Formation 
includes a proximal  eastern facies that includes 
pyroclastic rocks  and  lava  flows  together with clastic 
sedimentary rocks, and a  more distal western facies that 
consists of  volcanic-derived  coarse-grained  sandstones 
and  conglomerates intercalated with  thin-bedded 
sandstone, siltstone and argillite (Mahoney,  1993). 
Monger  and  McMillan  (1989)  recognized that rocks 
correlative with  the  Ladner  Group  are  present in the 

noted that Lower to Middle Jurassic rocks that underlie 
southern  Camelsfoot Range, and  Schiarizza et ul. ( I  990) 

the  Jackass  Mountain  Group in the  northeastern part of 
the  range  are lithologically similar to the  Dewdney  Creek 
Formation.  These correlations were  confirmed by 
Mahoney  (1992),  who specifically correlated  the  Lower 
to Middle Jurassic rocks of the  Camelsfoot  Range  with 
the distal western facies of  the  Dewdney  Creek  Formation 
(Mahoney,  1993). 

Mountain  Group  on the  south  limb of the Tsuniah  Lake 
Middle Jurassic rocks that underlie the  Jackass 

syncline in the  Mount  Tatlow  map  area  were correlated 
with  the Jurassic rocks of the  Camelsfoot  Range by 
Riddell el al. (1993a). This correlation is confirmed by 
our mapping of the  adjacent  Tatlayoko  Lake map area. 
Unit lmJs consists largely of  Aalenian  and  Bajocian strata 
that are lithologically very  similar to age-equivalent  rocks 
of the Camelsfoot  Range,  which  Mahoney  (1993)  assigns 
to the  western distal facies of  the  Dewdney  Creek 
Formation.  These strata are  characterized bv thick  beds  of 

DISCUSSION 
volcanic-derived  sandstone  and  granule  conglomerate, as 
well as local occurrences of andesitic breccias, tuffs and 
flows,  within  a  succession of predominantly siltstones, 

The  Tatlayoko  Lake  map  area is  in large part shales  and  fine-grained  sandstones.  These  Middle Jurassic 
underlain by a  succession  of Jurassic and Cretaceous rocks  are  markedly different from  age-equivalent strata 
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found  within  other  major tectonostratigraphic 
assemblages of  the southeastern Coast Belt:  the Middle 
Jurassic portion clf Cadwallader Terrane is predominantly 

(Umhoefer,  1990; Schiarizza et a[., 1993b), and the 
shale with no coarser clastics and no volcanic rocks 

chert (Cordey  and Schiarizza, 1993). 
Middle Jurassic of the Bridge River Terrane is mainly 

The Jura-Cretaceous Relay Mountain Group  occurs 
within the Methow Terrane succession in the western  part 

east, where it has apparently been eroded  away beneath a 
of the Tatlayoko Lake map area, but is missing to  the 

major sub-Jackass Mountain Group unconformity. 
Correlative rocks are also missing in the Camelsfoot 
Range, but are in part  locally preserved in the Manning 
Park area, where they are represented by Upper Jurassic 
Buchia-bearing sandstones of  the  Thunder  Lake sequence 
(OBrien, 1986, 1987). The type area of the  Relay 
Mountain Group is within  the south Chilcotin domain, 

map area. There the group is in part structurally 
IO0 kilometres to the southeast of the Taylayoko Lake 

interleaved with Lower to Middle Jurassic rocks of  the 
Cadwallader Terrane, but no stratigraphic contact 
between the two successions is actually preserved 

ambiguity, the presence of Relay Mountain Group strata 
(Schiarizza ef ai., 1993a,c,d). Despite this stratigraphic 

within the interior part of  the eastern Coast Belt, a 
considerable dist:ance southwest of  the belt of Methow 
Terrane rocks, suggests either that it overlaps more than 
one terrane in the eastern Coast Belt, or that there was 
structural shuffling of terranes (e.g., Monger et al., 1994), 
prior to middle to early Late Cretaceous contractional 
deformation, at which time the present linear arrangement 
of terranes and associated synorogenic clastic 
sedimentary rocks was largely established (Gamer, 1989, 
1992). 

The Upper 'Triassic rocks of units uTrs  and uTrcg, 
which apparently  underlie  the Jurassic rocks of unit  ImJs, 
are not recogized within Methow Terrane anywhere to the 
southeast. These rocks do resemble, in some respects,  the 
Upper Triassic Tyaughton  Group  of  the Cadwallader 
Terrane, which includes a red  bed sequence  of 
conglomerates and sandstones containing volcanic and 
plutonic clasts, as well as overlying nonmarine to 
shallow-marine clastic rocks that include a similar 
Cassianellu fauna to  the one collected from  unit uTrs on 
the east side  of Tatlayoko L.ake (Tipper, 1969a). 

formation of  the Niut domain,, which includes red 
Unit uTrcg also resembles the Upper Triassic Mosley 

conglomerates and sandstones intercalated with carbonate 
and volcaniclastic rocks (Rusmore and Woodsworth, 

correlation is supported by the association of unit uTrcg 
1991a; Mustarc! and van der Heyden, 1994). This 

with Late Triassic diorite to  quartz diorite of the Mount 
Skinner complex. Late Triassic plutons occur within  Niut 
domain, but hake not  been recognized elsewhere within 
Methow domain, nor within Cadwallader Terrane of the 
south Chilcotin domain. 

the easternmost element of the southeastern Coast Belt. 
As shown in Figure 3, the Methow domain comprises 

Cadwallader Terrane is structurally interleaved  with 
Bridge River Terrane throughout much of  the south 
Chilcotin domain, but from the Bridge River northward 
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comprises the easternmost element of this Aomain, such 
that it occurs between Methow Terrane to the east m 1  
Bridge River Terrane to  the west (Schi,uizza et d ,  
1993a,b; Riddell et al., 1993a,b). In the Manning h r l :  
area, the basement to Methow Terrane is :. sequena: O F  

the Spider Peak Formation (Ray, 1986, 1990). These 
ocean-floor basalts  and associated gabbros referred to a:; 

rocks are not dated, but resemble, both lithologically and 
geochemically, Permian greenstones, gabbn s and di~mte; 

structurally interleaved with Cadwallader  Temm: 
of  the Bralorne - East Liza Complex. which art: 

throughout much of the eastern part of  the SI 111th Chilctlti~~ 
domain (Schiarizza et al., 1!)93a,b). This Essociatian, a j  
well as the similarity between the  Tyaught'm Group an11 
units uTrs and uTrcg, suggests the  possilility  that th': 
Cadwallader and Methow terranes may  repr(:sent  difierent 
parts of  the same arc-basin complex  that vas  floored b i  
oceanic crust to the east of the  Bridge Ri ier accrf.t' 
subduction complex. The similarities betwe(:n Stikine and 

* nn-  

Cadwallader terranes indicated by Rusmon ef al., I 'M,  
Umhoefer, 1990, and  Rusmore  and Woodworth 19Jla, 
suggest that this belt may have Stikine Tenane affinities. 
This is corroborated by the similarity of u lit uTrcg ;inti 
associated Late Triassic plutonic rocks ( , f  the Mount 

Niut domain. 
Skinner complex to Stikine terrane rocks  found vuithh 

A separate belt of Upper Triassic vola nic rocks thzt 
has been assigned to  the Cadwallader Terra le  outcrop i~ 
the Pemberton area to  the west of the Bridge River 
Complex (Journeay, 1993; Riddell, 1992). X?: 
relationship of these rocks to Cadwallader Terrane in  its 
type area to  the east is problematical; ass1,ming that th: 
correlation  is valid, these rocks may ha\? been 82 rfsstt 
from the eastern Cadwallader belt by pre K id-Creta: , I'OUS I 

sinistral displacements (e.g., Monger et a/., 994). 

SUMMARY 

part by Lower Jurassic to Lower Cret;ceous c:l.istic 
The Tatlayoko Lake map area is und,:rlain in large 

sedimentary rocks of Methow Terrane, wl-ich comprises 
the easternmost element OF the Coast 1:elt  from the 
present study area southeastward to the international 
border. Continuity of this belt  is disrupt :d by  de.<trrd 
offsets along  the Yalakom and Fraser faults. Within the 
Tatlayoko Lake  map  area  the Methoxi Terrant: is 
represented mainly by Lower to Middle J~rassic  dlst ic 
sedimentary rocks and local volcanic rock: of unit I n k ,  
together with overlying clastic sedimentar, rocks o i '  the 
Upper Jurassic to Lower Cretaceous Relay Mouutain 
Group  and  the Lower Cretaceous Jackm Momltain 
Group. The Relay Mountain Group is. r,lissing in the 
eastern part of the  map area, and in most 1.f the Methow 
Terrane belt to the southeast. This omissi01 is t houg~ t  to 
reflect erosion beneath a sub-lackass Mmutain  G-oup 
unconformity. Upper Triassic conglcmerates and 
sandstones, locally  associated  with volcalic rocks and 
Late Triassic plutonic rocks, are inferred to underlie unit 
lmJs near the north end  of Tatlayoko La1 .e. Correldi\e 
rocks are not recognized elsewhere in the  Meihon 
Terrane belt, but these Triassic rocks art 1itholog:i:aly 
similar to age-equivalent rock:; found within Cadwal &r 
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Terrane to  the  southeast  and  within Stikine Terrane to the 
west. 

part of  the  Tatlayoko  Lake  map area, is underlain by  an 
The  eastern part of  the  Niut  Range, in the  western 

assemblage  of andesitic volcanic  and volcaniclastic rocks, 
together  with intercalated conglomerates  and  sandstones, 
assigned to unit Nvs.  These  rocks are lithologically 

which they are separated by a system of  north to 
distinct from the adjacent  rocks of Methow Terrane,  from 

northwest-striking faults of uncertain  age or sense  of 
displacement.  They  probably correlate with the Lower 
Cretaceous  Ottarasko  Formation, as indicated by Tipper 
(1969a); alternatively, however,  they  may correlate with 
Triassic volcanic  and  sedimentary  rocks  mapped as 
Mount  Moore  Formation just IO kilometres to the 
northwest.  The latter possibility is suggested by  the 
apparent  continuity  of  an  extensive unit of  quartz diorite 
that intrudes unit Nvs  with  a  Late Triassic pluton that 
intrudes  the  Mount  Moore  Formation. A sample of the 
quartz diorite from  the  present  study  area  has been 
submitted  for  zircon  U-Pb  dating in an effort to resolve 
this question. 

west-northwest-striking  Yalakom fault, which  separates 
The  most  prominent structure in the  map  area is the 

the lithotectonic assemblages  of  the  Coast  Belt  from  a 
poorly  exposed  assemblage  of Jurassic(?) volcanic and 
volcaniclastic rocks  which  underlies  the  Intermontane 
Belt in the  northeastern part of  the  map area. 
Relationships from outsde  the  map  area indicate that the 
Yalakom fault was  the  locus  of  more  than IO0 kilometres 
of mainly  Eocene dextral strike-slip displacement. 

Yalakom system include northwest-striking faults with 
Structures within the  Coast Belt that may be linked to the 

apparent  dextral offsets in the  northwestern part of  the 
belt, and  the  east-plunging  Tsuniah  Lake  syncline to the 
southeast. The volcanic  rocks  northeast of the  Yalakom 
fault are commonly  cut  by  outcrop-scale  northeast- 
dipping  faults  with  components  of  normal  and dextral 
displacement that may  also be linked to the  Yalakom 

the  Methow  Terrane  between  Tatlayoko  and  Chilko  lakes 
system.  Post-Hauterivian  northerly  trending folds within 

may be older structures, related to middle to early Late 
Cretaceous  contractional  deformation that is well 
documented  elsewhere in the  southeastern  Coast  Belt 

Niut  Range, where it consists of  disseminated  copper in 
Most of the  known  mineralization in the  area is in the 

quartz diorite of unit Nqd, as well as copper-gold-bearing 
veins  and fracture fillings in younger  hornblende  feldspar 
porphyry intrusions and  volcanic  and  sedimentary  rocks 
of unit Nvs.  The  only  production,  however,  has  come 
from  the  Skinner  occurrence,  where fault-controlled 
northeast-striking gold-quartz  veins  cut  Late Triassic 
quarz diorite and diorite of  the  Mount  Skinner  Complex, 
a  short  distance  southwest of the  Yalakom fault. Bulk 
samples  totalling  172  tonnes  taken  from  the  Victoria vein 

gold  and 8000 grams  of silver. 
in 1992  and  1993  returned  more  than 1 1  000 grams  of 
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GEOLOGY AND MINERALIZATION OF THE  STUHINI  CREEK AREA 
(104W11) 

By M.G. Mihalynuk, D.  Meldrum, S. Sears and G.  Johannson 

(Contribution to the Canada - British Columbia Mineral Developmenr  Agreement 1994-1995) 

KEYWORDS: Stuhini Creek, Tulsequah, Stikine 
assemblage, Sfuhini  Group, L.abcrge Group, Sloko 
Group, Eocene  deformation, copper, gold. lead, 
provenance, ammonite biostratigraphy 

INTRODUCTION 

Regional geologic mapping in 1994 extended 
previous 150 000-scale mapping of the Tulsequah River 
mapsheet (104W12; Mihalynuk et a/.. 1994a, b) 
eastward into the Stuhini Creek map  area (104Wl1, 
Figure 1). Approximately 20% of the Tulsequah River 
and 45% of the  Stuhini Creek map  sheets  has been 
previously mapped as Upper Triassic  Stuhini  Group 
(Souther, 1971'). More recently,  fossil and isotopic age 
data  indicate  that most "upper Triassic" rocks within the 
Tulsequah Rivrtr map  area  are  in fact Palcozoic (Nelson 
and Payne; 1984; Mihalynuk et 01.. 1994a; Sherlock et 
a/., 1994), including rocks that host  two past-producing 
volcanogenic massive sulphide deposits, the  Big Bull and 
Tulsequah Chief. A primaq objective of fieldwork in 
1994 was to search along  strike in 104W11 for 
correlative Paleozoic strata. in large areas previously 

identification of potential for shallow submarine 
identified as Stuhini  Group. Other objectives included 

hydrothermal  mineralization in  fine  Stuhini Group 
clastics (e.g. Eskay Creek style) and evaluation of 
potential for gold mineralization in  east-west cross faults. 

PREVlOUS WORK 

Mineral  exploration  in  the  area  dates back to  at least 

However, systematic  regional  mapping was not begun 
1923 with discovely of the Tulsequah  Chief deposit. 

until  Kerr's  investigations  in 1930 and 1932 (Kerr, 
1931a, b, 1948). In I958 to 1960 Souther (1971) 
completed 1:250 000-scale mapping of the  Tulsequah 
area. Monger (1980) mapped pans of the northern 
Stuhini Creek area, with a focus on Upper Triassic 

been primarily restricted to company repons with limited 
stratigraphy. Geological mapping since that time  has 

distribution.  Maps produced by Coininco Ltd. (Payne and 
Sisson, 1988) cover a large pan of 104W12. Regional 

et a/., 1981) touched on isolated pans of IO.IK/Il. but 
surveys by Anglo  Canadian Mining Corporation (Payne 

were  published at very small scale in largely schematic 
form (Nelson and Paync, 1984). 

Figure I .  (a) Location of the  Tulsequah  project sloviing 
prominent  geographic and cultural  features. i b) I.oCation of the 
map  area  within the Nntional  Toprgraphic !jyslem. 
'l'ectonoslratigraphic belts art: also outlined. 
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LOCATION, PHYSIOGRAPHY AND 
ACCESS 

kilometres  of  the  Coast  Mountains,  centred  75  kilometres 
Stuhini  Creek  map  area  covers  about 800 square 

northeast  of  Juneau,  Alaska and 100 kilometres  south of 
Atlin, British  Columbia  (Figure 1). Braided  channels  and 
flanking  sloughs  of  the  southwest-flowing  Taku  River 

comer of the  map area.  West-flowing Stuhini  Creek, 
occupy a  swath 2.5 kilometres  wide  in the  northwest 

formerly  known as the  “South  Fork of Taku  River” (c f  
Mandy,  1930), drains about 30% of the  map area. Stuhini 
Creek  and  major parallel drainages  north  and south, the 
Sittikanay  River  and  Zohini  Creek respectively, are 
deeply incised, and meet  the  Taku  River  on  grade.  Other 
streams occupy U-shaped  hanging  valleys and freefall 
into  the  Taku River.  Such  streams are  in  turn, commonly 
fed  from  hanging valleys. Travel  from  one  valley to the 

Mount Lester Jones,  on  the  northern  edge  of  the  map 
next  is often not  possible  without  technical  climbing. 

Mountains  and relatively gentle, dry  Stikine  Plateau 
area, marks  the  division  between  rugged.  glaciated  Coast 

uplands. 

equal  proportions of the  Stuhini  Creek  area,  with  about 
Rock and  temperate rainforest comprise  roughly 

5% outcrop  beneath forest canopies.  Areas  of 100 % 
cover are restricted to glaciers, river bottoms and swamps 
which collectively amount to about 15% of the area. 
Geological  fieldwork is challenged by steep  topography, 
snow and ice cover,  dense  brush  in  major  valley  bottoms 
and  generally  poor  weather,  but  the  summer of  1994 was 
drier  than usual. 

Access to the  region  is  either by  fixed or rotary-wing 
aircrafl  or by shallow-draft  boat or  barge  up  the  Taku 
River. Nearest  centres  for  aircraft  charter are Atlin  and 
Juneau,  although  helicopters  are intermittently based in 
the  Tulsequah valley. Two  gravel  airstrips  are 
serviceable. Northwest of the confluence  of the  Taku  and 
Tulsequah rivers, a  strip  more  than  a  kilometre  long will 
accommodate  a DC-3 or Caribou  aircraft.  but is subject to 
flooding  two  or  more  times  each  summer.  A less flood 
prone,  much  shorter strip at the  Polaris-Taku  minesite 
will accommodate  small  aircraft  or  those  with  short take- 
off capability  There  are  no roads or established  trails 
within  the map  area; travel from  airstrips to other 
localities is  most effectively done by helicopter. 

GENERAL GEOLOGIC AND TECTONIC 
SETTING 

Four  major  building  blocks constitute the  terrane 
superstructure  of  northwestern British Columbia  (Figure 

Proterozoic to middle  Paleozoic  pericontinental  rocks 
2): a western  block of polydeformed,  metamorphosed 

misling assemblage  (of  Yukon Tanana  Terrane  as used 
by Mortensen,  1992));  an  eastem block  of exotic  oceanic 
crustal and low-latitude  marine  strata  (Cache  Creek 
Terrane of Coney et al., 1980); central blocks  including 
Paleozoic  Stikine  assemblage  (Monger,  1977;  Brown et 
al., 1991) and  Triassic  arc-volcanic  and  flanking 
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Eocene  Sloko  Group 
Late  Cretaceous to Eocene 

intrusive  rocks 
jc++i Jurassic  Intrusive  rocks 

Jurass ic  lnkl in  overlap 

Triassic  intrusive  rocks 
assemblage  (Laberge  Group)  

(Stikine  Plutonic  sulte) 
Stikine  Terrane (undivided Mz 

~ a n d  P z \  
Cache  C;eek  Terrane 
Metamorphic  rocks  of  Yukon 

Tanana  Terrane  affinity 
Nisling Assemblage 

Alexander  and  Taku Terranes 

past   producers ,   Tulsequah Ch ie f ,  
XTC, PT, BB Polaris-Taku, Big Bull 

Figure 2. Simplified geologic  map of the Atlin and  Tulsequah 
area  after  Wheeler  and  McFeely (1991), Monger  (1980), 
Mihalyluk and Rouse (1988) and Mihalynuk et ol. (1989, 
1990, 1994b),  showing  major  faults  and  lithotectonic  elements. 
The  Tulsequah map area  straddles  parts of the Jurassic  Inklin 

mixed arc and siliciclastic affinity and uncertain  (possibly 
overlap  assemblage, Stikine Terrane,  and  metamorphic rocks of 

Ytlkon-Tanana) terrane assignment. 
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sedimentary rockr;  of Stikine  Terrane, and overlying Late 
Triassic to Middle Jurassic arc-derived strata of the 
Whitehorse  Trough  (including  the  lnklin  overlap 
assemblage of Wheeler el nl., 1991). Mesozoic rocks of 
Ihe  Stuhini Creek map area are dominated by arc- 
flanking  strata of the Whitehorse Trough: parts of the 
Upper Triassic  Stuhini  Group  and  the Lower to Middle 
Jurassic  Laberge Group. These  are overlain by Tertiary 
continental  arc  volcanic rocks of the Sloko Group which 
are intruded by  partly comagmatic Coast plutons. The 
Stikine assemblage is restricted mainly to the south and 
western  margins  of  the  map  area, but probably extends 
beneath  much of  the Mesozoic and Tertiary cover. On  the 

is influenced by two major crustal structures. Eastern 
northern and southern edges of the  map  area,  the geology 

splays of the  transcurrent Llewellyn fault system 
juxtapose ductilely deformed Paleozoic rocks with 
Mesozoic rocks between Sittakanay k v e r  and  Stuhini 
Creek. To the  north, southwest-verging frontal thrusts of 
the  King Salmon fault system interleave Jurassic and 
Triassic Whitehorse Trough  strata Second order normal. 
or high-angle reverse faults, juxtapose Tertiary volcanics 
with Mesozoic and Paleozoic rocks. Deformation 
generally increases  in intensity with  age. 

everywhere in evidence. Glacially carved U-shaped 
Relicts of a past continental glaciation are 

valleys have been  modified little since retreat of 
expansive ice sheets. Remnants of this ice persist as 
alpine  glaciers  which produce a rich array of 
glaciomorphic  features and glaciolluvial deposits. 

STRATIGRAPHY 

Excellent esposure, lack of widespread ductile 
deformation, and good fossil age control make for 
relatively clear-cut lithological relations in marine 
sedimentary  strata. However, several volcanic lithologies 
belonging to diITerent major rock suites are strikingly 
similar.  Without solid age  data, discrimination between 

is not without ambiguity. For example. similarily of 
such lithologic divisions (even Tertiary versus Paleozoic) 

tuffs has historically caused correlation problems. We 
Paleozoic and  Triassic  augite-phyric breccias, flows  and 

outline lithologic criteria which can be used to help 
distinguish between these look-alikes (Table I ) .  Rare 
earth element  analyses currently in progress will 
hopefully point to a less subjective  method of 

descriminating between the  two. 

increase the available fossil age  data  for  the  area A 
More  than SO new macrofossil colle(1ions gre.%tl) 

further 15 samples  were collected fol microfbssi 
extraction; results are pending. All macrofossil and mas. 
microfossil samples are from Mesozoic strata, placing 
good constraints  on  stratigraphy of th 's  age. Two 
Paleozoic samples were collected in 1993 from just ofl 
thc western edge of the  Stuhini Creek mal) sheet. The!f 
yielded Late Carboniferous (Moscovian) fusulinaccan; 
(Rui, 1994; C-208180) and Late Carboniferous to Ea.rl!' 
Permian  conodonts  (Orchard, 1994; C-2081?9), 
establishing  with certainty that  the  Palexoic Stikin,: 
assemblage extends to south of the  Taku k s e r .  

PALEOZOIC 

Paleozoic Stikine  assemblage  strata c o p  out ,alon,: 
the western margin of the map area on b o 1  h sides ol th: 
Taku River (Figure 3). North  of the  rive' they C:UI b: 
traced from the west side of Mount Metz,:ar (104W12) 
where mapped in 1993. Rocks south of th: Taku kver ,  
on Sittikanay Mountain, can  also b.: confdcntly 
correlated with  the  Stikine assemblage. bstt unlike. we I 
preseNed, correlative strata  lo  the nor  .h,  polyphase 
deformation. indistinct lithologies, an.1 precipllous 
terrain prevent extensive subdivision 01 these ,r(lck:;. 
Mount Erickson lies midway between thes,: two an%!;. It 
is  largely underlain by rocks that are tentatively 
correlated with the  Stlkine assemblagf . A tenaois 
correlation is also made with metamorptosed rock:; in 
the southeast corner of the  map  area, in the Sutkahire 
River valley. 

Rocks at Mount Merzgar can be corre  ated  on a unit  
by unit  basis with well defined  Pennsylvan an to Permian 
Stikine asscmblage rocks of the M o m  Eaton tdlotk 
(Mihalynuk et a/.. 1994a. b). Although dittinctive, rriarly 
units arc too thin to be represented on a 1:50 000-jcale 
map. and  are, of necessity, grouped with the dornina!it 

broad packages recognized south of the  Takw a 
lithology. They are probably  (correlative ~ l t h  one 01' two 

structurally higher. heterolithic, well :ayered  i.pp:r 
packagc that  contains  distinct, mappatk units  and 

with a structurally lower package dominatrd by indixinct 
conspicuous while-weathering carbonate It conlrasts 

malic volcanics and finc-gramed sedimelds with nlin'x 
impure carbonate. Corrclation of the  lo\ier packa3,e is 

TABLE 1. CRITERIA  FOR  DISTINGUISHING STlKlNE ASSEMBLAGE 
AND STUHINI GROUP PYROXENE PORPHYRY UNITS. 

Criteria Stuhini  Grouppyroxene-phyric Sfikine assemblage pyroxene-ph vric 

weathering olive green to orange brown grey green to dark  green 
other  lithologies Imically monomicl. minor carbonate variable: feldspar porphyry, carbonate 

matrix commonly calcarcous 
metamorphism 
fabric 

- " 

clasts. others  rare 

variable, typically  lower greenschist greenschist, hornfelsed to higher grade 
folded. but  not schistose phyllitic zones common. at I,:ast  two 

clasts, rare  dacite 
may be calcareous 

phases of deformation well dispi: lyed 
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r 2  ower  Jurassic  Laberge  Group INTRUSIVES 

1 Quaternary allwium Upper  Triassic  Stuhini  Group 
Eocene  granodiorite 

LAYERED  ROCKS 
Early  Eocene Sloko Group 

volcaniclastic  dominated  Early  Eocene  granite 10 diorite 

clastic  sedimentary  dominated 
Cretaceous  hornblende  tonalile 

upper  mainly  felsic  ash  flows Stikine  Assemblage 

middle  intermediate  pyroclastlcs malnly  volcanics 

basal  conglomerate  and  felsic tuff mainly  clastic  sediments 4 Faults 

A New  Mineral  Occurrences 

carbonate -f Fold  hinge  trace 

d 

~~~ ~~~~~ ~ ~~~ ~~~~ ~~~~ ~~~ ~~~~ 

Okm 5km 

Figure 3. Gellerellrcd geology of !he Stuhlni Creek mapsheet. 
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less certain,  but 11 most closely resembles Mississippian 
to Pennsylvanian  rocks  of the  Mount  Eaton block. 

MOUNT  METZGAR 

A wide  varic:ty of arc lithologies crop out along  the 
eastern  cirque of Mount  Metzgar.  From  north  to  south 
these  include:  maroon and  green,  fine-grained  lapilli  ash 
tuff; well bedded, tan  bioclastic  limeslone; bedded to 
massive chert;  sulphidic.  calcareous, rusty, black. well 
bedded argillite  and siltsone; decinietre-thick interbeds of 
limestone and chert;  bright  green,  chlorite and calcite 
amygdaloidal,  monomict  andeslte tuN. light grey, 

pyroxene-phyric pillow breccia with a calcareous  matrix; 
stretched limestone-cobble debris  flow;  purple  to  green, 

dark  green, flattened. lapilli tuff of probable  basaltic 
andesite  composition; and centimetre to decimetre 
interbeds of argillite  and cherty. tuNaceous siltstone. The 
last few units  apparently  change  along  strike down-slope 

sediments  and  sparse lapilli  tufite. that form locally 
into dark brown and  green,  fme-grained tuffaceous 

developed, albeit inconspicuous,  centimetre  to  decimetrc- 
thick  beds.  More  commonly  these  form  disrupted beds 

compositions are typically siliceous. with  carbonate 
with metre-scale  close  to isoclinal folds. Matrix 

locally predominating.  Hornfelsing is common. possibly 
due  to plutonic  rocks in the near subsurface. 

Structural  disruption is clcarly evident. but  no 
duplication of stratigraphy  was identified. Well 
developed shear  zones undoubtedly result in  justaposition 
of originally  disparate units. but  their involvement in 
drastic down-slope lithologic  change is uncertain. 
Perhaps a severe facies  change is preserved on  these 
lower slopes of Mount  Metzgar.  Similar  esamples  of 
southeastward  fining  are seen downstream  along this side 
of the  Taku h v c r .  

but  none  was observed during our field investigation. 
Rhyolite is reported from this area  (Sorbara. 1983). 

Farther  west  along  the  southern  ridge of Mount Metzgar, 
dark  green  volcanic  breccia and bedded  tuff predominate. 
as indicated by landslide  debris  on the slopes below. 

MOUNT  SITTIKANAY (AND SOUTH) 

while confidence in correlation  decreases both northeast 
In general, ductile deformation  increases in intensity 

and southwest of Mount  Sittikanay.  Northeast of Mount 
Sittikanay, in the  Stuhini  Creek valley. dynamothermally 
metamorphosed  phyllite and schist  are cut by discrete 
shear  bands  within  the  Sittikanay  shear zone (see 

by Coast Bell plutons caused widespread thermal 
'Structure' below). To the southwest. extensive intrusion 

metamorphism.  Primary  sedimentary  component 
decreases to thl: northeast  where a lower succession of 
massive  volcanic  strata is dominant.  Protolith  textures 
are best pIeServed in a belt of distinctive  units that extend 

this belt has focused mainly on  the westernmost map 
south into  the ,Sittikanay River valley. Mapping  within 

conspicuous  white-weathering  cerbonate layers.  two of 
margin, on  Mount Sittikanay. The belt is outlined by 

which yield Late  Carboniferous microfossil ages (scc 

previous section). Some distinctive  individual  units can 
be  correlated  with  those in the  Tulsequal)  River area, 
whcre  unit  designations are those of Mihalynuk t!/ a/. 
(1994b). 

minor bioclastic carbonate unit is probably equi~,alent 
An  interbedded  chert and phyllitic  argillite a m 1  

lo the tuffaceous mudstone  greywacke  unit (MF'Es~). [t  is 
white  weathering  with beds 2 to 30 cent  metres !.tick 
Unlike  unit MF'Est, thin broclastic carbonat,:  units alp nct 
common  throughout, but occur  only at  the structural to) 
of the unit. It may be a deeper  water  equivalent of hgI~czl 
unit "Est. Pyroxene  porphyritic  breccia  and  mar'um 
lapilli tuff  are affected by tight  folding, but otherwise  are 
identical to  units P ~ v t  and MPEva. Massil e white  chelt 
in layers up to several  metres  thick and p y ,  phyllitic 
argillite  and grey-green, fine-grained chel ty basalt. lack 
distinctive  features  which  permit correla!ion. A thick 

to locally medium-grained and holocrystalline, green 
section of intermixed siliceous argillite a n i  fine-grained 

basalt tuff or flow  and sill layers up to 111 metres  thick 
sits structurally below thc carbonate belt .  'These 
intermixed rocks arc suitable  protoliths for rnuscovix and 
actinolite phyllitc and schist  that  occur k w  in b o 1 . E  the 
Sittikanay hver ,  Stuhini Creek and  Taku F.iver valleps. 

MOUNT  ERICKSON 

underlain by dark green to black. finr lo medtum- 
The peak and southern flanks of MOW t Ericksou ale 

grained.  basaltic pyroseneifeldspar  poq~hyry breccia, 
lesser flows and intrusive  equivalents. Epidote-c1llori;e 
alteration of matrix and  along  fractures is pervasibe, bllt 
is less intense in pyroxene  phcnoclysts that compri:x 

intrusions are believed to be comagmatic  with  volmnic 
10% to rarely 50% of the rock. Hypabissal gabllroic 

strata. Both are cut by veins of epidote, t,ornblende arld 
potassium feldspar. 

Sediments and fine-gralned  basalt  dominate  the 

grained, black basalt flows with relict [illow fe;atures. 
northern slopes of Mount Erickson. together with fin:- 

Included in the sedimentarq package are I ornfelsed l iak 
green  and  purplish c h e q  siltstone an(. conspicijous, 
contorted  white and black banded  carb0na.e and rnasiie 
white marble layers. 6 metres or more th~ck. Horrd:lscd 
siltstone is commonly  interbedded with :reen IO Fink, 
laminated carbonate. at one locality containing  ba;altic 
'clasts' up to 40 centimctres in diam&r. Pervaskie 
thermal  alteration of these  rocks >as protluct:d 
widespread silicification, development 1 f fine-gr:tin(:d 
biotite(?). and formation of epidote-act] nolite-chhrite- 
quartz  veins  and  knots.  Grossularite o c c m  in i!;clatm:d 
pockets. These  sediments ,are similar lo those expos:d 
low on  the  eastern slopes of Mount Me@; r (see above). 

SUTLAHINE  RIVER 

dominated by foliated, mafic volcanic r o d s  is migrr;Iti.ic 
Immediately west of thc: Sutlahine Itiver, a s;re:n 

where in contact  with  enclosing grani.e of prcbahle 

indurated  tuffaceous  sediments are preierved in rare 
Eocene age. Relict pillows and well Edded, h g l ~ l y  
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instances. Calcsilicate pods  within foliated metabasalt arc 

pillow basalts are important  because they  host 
interpreted to be interpillow  micrite  remnants.  These 

disseminated  blebs  and  veins of chalcopyrite (see 
“Oksarah below) 

Correlation of these  rocks  is  based  upon: lithologic 

sedimentdominated  unit  at Mount  Erickson, and 
similarity with  Paleozoic rocks. particularly the 

proximity  and  continuity  of  units at this locality with 
another series of Paleozoic  exposures  just east of the 
Sutlahine  River  (Souther,  197 1 ). Furthermore, several 
hundred  square  metres of Laberge  conglomerate 
apparently rests on  the  probable  Paleozoic rocks, but they 
are not ductilely deformed.  thereby  placing  a  minimum 
age limit on  deformation of the  underlying rocks. 

TRIASSIC: THE  PYROXENE  PORPHYRY 
PROBLEM 

Discrimination between Paleozoic  and  Triassic  strata 
remains  problematic,  even two full decades after 

Tulsequah  area,  and  with  considerably  more isotopic and 
publication of Souther’s 1:250 000-scale  map of the 

paleontologic  data at our  disposal.  This  is particularly 
true for crowded  augite-porphyritic  volcanic  rocks  which 
are now known to be relatively widespread in the  upper 
Paleozoic  Stikine  assemblage  (Bradford  and  Brown, 

Logan,  personal communication. 1994). but which arc 
1993:  Gunning, 1993;  Mihalynuk el d.. 1994a. b: J.M. 

generally  considered  a  hallmark of the  Upper  Triassic 
Stuhini  Group.  Similar  ambiguities exist for the feldspar- 
porphyry-dominated lithologics of thc  Eoccne  Sloko 
Group. 

In  the  Tulsequah  River  map  area (104W12). 
crowded  coarse  pyroxene  porphyritic  breccia  (pyroxene 
up to 2 cm),  flow  units  and  pyrosene crystal tuff are well 
dated as middle  Pennsylvanian  and  older on the  basis of 
associated fossiliferous strata.  Pyroxene  porphyr).  blocks 

withln fossiliferous tuffaceous  limestone  containing 
fusulinids provide  a  minimum  Moscovian age  (middle 
Pennsylvanian: Rui. 1994).  Pyroxene  porphyry  flows 

penecontemporaneous dikes. They  underlie a carbonate 
incorporate  sediment  and are backveined by 

debris flow unit that contains  Wolfcampian to Sakmarian 
fusulinids  (late  Pennsylvanian - early Permian;  Rui, 
1994). Slightly higher  in  the section, blocks of pyroxene 
crystal tuff occur  in  a  debris  flow  with a fossiliferous 

to stratigraphically overlie up to 1500 metres of pyroxene 
rudstone  matrix.  All of these  occurrences are interpreted 

Mississippian rhyolite (Sherlock el  a/. ,  1994)  and 
porphyry  dominated breccia, which in turn overlies early 

porphyry  breccias and flows  bear  close  resemblance to 
sediment  (Mihalynuk el  01.. 1994b).  These  pyroxene 

Upper  Triassic  augite  porphyry of the  Stuhini  Group,  and 

visually indistinguishable.  Some  criteria  that may 
in both field and  microscopic  examination, may be 

collectively aid  in  discrimination  between  the  two suites 
are listed in  Table I ,  but  singularly  these  criteria are of 
limited use. 

A thick. intermediate  to rhyolitic succession  was 
mapped by Souther  (1971) as part of the  Stuhini  Group. 
Although not characteristic,  such felsic Stuhini  Group 
units  arc dated in the  lskut  River  area  where  Anderson 

facies. 
(1989)  includes  them  with a distinct, western felsic 

I n  the  Stuhini  Creek  area, we exclude felsic rocks 
from  the  Stuhini  Group  for  several  reasons. 

Just above  the  Sittikanay  Glacier  terminus,  a  well 
exposed,  polymictic  basal  conglomerate rests on an 
incised  paleosudace  above steeply dipping,  crowded 
augite  porphyries  believed to be Stuhini  Group  (Photo 

strata o f  the felsic unit. 
1). This conglomerate  grades  upwards  into  volcanic 

Clastic and felsic volcanic  strata can be traced  from 
Niagara  Mountain,  where they overlie the  Laberge 
Group (a relationship  previously  mapped by Souther, 
1971)  across  Morepat  Creek,  into an  area previously 
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Photo 2. Laberge strata arc drag folded along a high-angle 
normal  fault that juxtaposes them with Sloko Group strata on 
the west face or Mount Jeane. Over 2 kilometres of vertical 
displacement has occurred. About 1.4 kilometres of relief is 
shown in the photo. Low-angle fault cutofis arc seen i n  the cliff 
face (see arrow to lee of shadou). 

Sittakanay 
Mountain 

\ ’ ‘ probable Paleo,zoic 
lault contact w#h 

2OW pillow b a d i  

Some lithologies within the felsic volcanics are 
mapped as Stuhini  Group. 

identical to units clearly within  the Sloko Croup 
outside the map area. 

Drag folds across a major normal  fault : .t Mount :(:am 

with  respect to the  adjacent felsic ‘rolcanic vtrata 
are consistent  with  upward  motion of Laberge !r,rata 

(Photo 2). 
Pyroclastic dikes, believed to be subvoltanic feeticrs to 
volcanic  rocks at Mount  Jeane, cleary cut Ld~erce 
strata. 

Two  major belts of Stuhini  Group  an  present i n  the 

primaly  volcanic  strata and  detritus llerived almost 
map  area  (Figure 4). A southwest belt i? dominated by 

bounded,  except  where  in  contact  with  unconfonnatdy 
exclusively  from this source. It is a1)parentIy faldt 

overlying  Sloko  Group. A northeast belt i s  dominated by 
conglomerate  sheets  within fine-gr;,ined cl;crti,:s; 
volcanic  flows are  uncommon 

SOUTHWEST BELT 

A thick  monomicl  section of crowded pyrsxfne 

belt I to 3 kilometres  wide  and  bro;ldening t :~ Ihe 
porphyry  brcccia and derived  sandstone  crops 0111 ir.  a 

toe of Sittikanay glacier. These  rocks a 8 e  litholopally 
southeast, that  extends from  lower Stuhili Creek t’a 1.he 

where  there  is good fossil age  control (,’.g., Mihrlyr.uk 
identical to Stuhini  Group in the  Tagish 2 rea to the north 

and  Mountjoy, 1990). It is olive brown to olive !.rem, 
with coarse, dark  green,  euhedral pyrorene commonly 
comprising  more  than 25% of the w k .  Fyoxcne 
weathers positively on slightly weathend surfaccs  and 

abnormally high calcite content corn  monly weather 
negatively on deeply weathered snrf;ces. Zones of 

orange, especially where  fractures  are  ablmdant. Blt!cc,ias 
are  massive,  but  line-grained  clastic< may  c.isFlay 
delicate ripple cross-stratilication, gradir g, scourirtg ;md 

Mount Lester 
Jones  wg 

. .  

Flgure 4 Stylized stratigraphy of the Upper Triassic Stuhini Group. 
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load structures. 
Only  two  units  within  the  southwestern belt show 

derivation  from  sources  not  completely  overwhelmed by 
the  pyroxene-porphyry  component.  A  well  bedded 
conglomerate  contains  round  clasts of pyroxene 
porpbyly,  tabular  feldspar  porphyry  and  sparse  carbonate. 
It has  a  calcareous  sandstone  matrix.  Contorted, tan  and 
black, centimetre  to  decimetre-scale  silt-argillite  couplets 
occur at  one  interval.  They  show  evidence of soft- 
sediment  deformation  and are riddled  with  minor  faults 
having  apparent offsets of 10  centimetres  or less. 

Folding  within  this belt of Stuhini  rocks  is intense. It 

be clearly seen  in  the  derived clastics where  open to close 
is difficult to recognize in massive  breccia  units,  but can 

folds are common.  Brittle  faults  follow two dominant 
trends: northwest and west. 

NORTHEAST  BELT 

Two  lithologies  comprise  most of the  northeastern 
belt: conspicuous  lobes and sheets of pyroxene  porphyry 
and  carbonate  cobble  and  boulder  dcbris  flows  (Photo 3), 
and  enveloping  dark  brown to black  calcareous siltstone 
and  argillite.  The  argillite  contains  ammonites,  halobiid 
bivalves  and  belemnites.  Locally  it  contains  massive, 
fine-grained  lenses of pyrite up to several metres  long 
and a few centimetres  thick - probably of  biogenic  origin, 

environment.  Composite  sheets  and  lenses of 
resulting from  deposition  in  a  primarily  euxinic 

breccia, tuff  and tuffite: lithologies that are common  in 
conglomerate are  90% derived  from  pyroxene-porphyry 

the  southwestern belt. Carbonate  boulders  up to 0.5 metre 
in  diameter  comprise  about 10% of the  clasts on average. 
Individual  conglomerate  beds  can be mapped  inter- 
mittently  along  strike  for  distances of more  than 2 
kilometres and some may  be more  than 250 metres thick. 
One distinctive conglomerate  unit also contains  up to 
30% grey ‘chert’ clasts. Some of these  clasts  contain 
sparse  blades of plagioclase. obviously  derived  from  a 
mainly aphanitic  volcanic  unit. 

a monomict,  orange-weathering,  tabular (2-3 mm, 
Structurally below  the  conglomerate-argillitc  unit  is 

subhedral to  euhedral)  feldspar  porphyry  cobble 
conglomerate  (and tuffte?) with  khaki  interbeds  of 
feldspathic  sandstone  and siltstone. It is more  than 300 
metres  thick  and  is  regionally extensive. Overlying it. in 
apparent  stratigraphic  continuity,  is  a  mixed  succession 
of feldspathic  sandstone;  disrupted  carbonate  beds  up to 
10 metres thick, but typically less than  a  metre thick: 
pyroxene crystal tuff and heterolithic debris flows. North 
of the  map  area,  near  Sinwa  Mountain.  this  unit  grades 
into  carbonate  framework reefs 

rocks be unequivocally  shown to rest on Paleozoic 
Nowhere  within  the  map  area  can  Stuhini  Group 

Laberge  Group,  on  the  other  hand,  is  apparently  exposed 
Stikine  assemblage  strata. The upper  contact  with  the 

on  the  southeast  flank of Mount  Lester  Jones  (Photo 4), 

by Monger (1980). At this locality a heterolithic 
and is probably  disconformable as previously  suggested 

conglomerate  containing  a  large  proportion of clasts of 

the calcareous  argillite and interbedded  pyroxene- 
Stuhini  feldspar-porphyry  conglomerate,  cuts  down  into 

porphyry  and  carbonate-cobble  conglomerate. However, 
the intewal  in which  this  contact  occurs i s  poorly dated. 
At most  other localities a structural contact is displayed. 

Photo 3. Coarse Stuhini Group conglomerate is dominated by 
boulders of pyroxene  porphyry and lesser  white-weathering 
carbonate. (b) A boulder of crowded  euhedral-pyroxene 
porphyry. 

appears  that  coarse  conglomerates of the  northern 
Although direct correlations  cannot be made, it 

volcanic belt, consistent  with  the  observations of Monger 
Stuhini belt were  derived  from the southwest (or similar) 

(1980).  Sparse  paleoflow  measurements  from  both  belts 
indicate northerly  paleoflow,  supporting this  contention. 

JURASSIC 

area  is  underlain by a  succession  of  volcanic  and 
A large part of the  northeast  quadrant of the  map 

intrusive clast dominated  conglomerates,  sandstone, feld- 
spathic  wacke, siltstone, minor  metamorphic  clast rich 
and  chert-pebble  conglomerate and  rare tuffite of the 
Laberge  Group.  With  the  exception  of  metamorphic-clast 
rich  conglomerate and chert-pebble  conglomerate, 
constituent lithologies are  quite  similar to those  found in 
the  Atlin Lake area  (Bultman,  1979;  Mihalynuk et ol., 
1989;  Johannson. 1993). 
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Photo 4.  Polpictic volcanic conglamcrate  cuts down into 
Upper  Triassic ;ugillite on the  ea:;t  flank of Mount  Lester 
Jones. 

Fossil ammonites  are  abundant.  Numerous 
collections  from the  area  should  provide good age control 

boreal to boreal paleobiogeography.  Other fossils, notably 
on  the Laberge  strata.  Faunal  constraints  indicate  a sub- 

bivalves, gastropods  and  ichnofossils locally occur in 
profusion. 

metres. Southeast of Lisadele: Lake,  intrusive  and 
Accumulations of Laberge  strata may reach  3000 

volcanic-clast  conglomerate alone, attain  a  thickness in 
excess of 1000 metres. However. structural  complexities 
make  estimates of true  thickness  dilficult, especially in 
the  absence of pending fossil age control.  Laberge  strata 

through basin plain  environments. Much of the 
record depositional  settings  that  span lower shoreface 

succession represents  shallow-marine  deposition  and 
sedimentological  observations  suggest a prograding  fan 
delta  setting  with  distal  equivalents. 

CONGLOMERATE 

Distinctive: clast  populations  permit subdivision  of 
conglomerate into several mappable  units.  There  is  a 

volcanic to ?oarcian  intrusive  clast  dominated con- 
general  up  section  progression  from  Pliensbachian 

clast  rich  intrusive  conglomerate  occurs  in the middle to 
glomerate  (Figure 5 ) .  A distinct  interval of metamorphic 

upper  Toarcian.  Chert-granule to pebble conglomerte 
occurs  near  the  top of the Laberge succession. in the 
Lower Bajocian 

rounded and range from granules to coarse boulders  (up 
Clasts typically have  high sphericity, are well 

to 2 m diameter)  with cobbles  most abundant (except 
chert-clast  granule  conglomerate).  Individual bed 
thickness  ranges  from  around  one  metre to several 
hundreds of metres.  Bed  thicknesses in the I to 10-metre 
range are most common.  Beds commonly have scoured 
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variability of the Lower  Jurassic  Laberge  Gro ~p within tb.e map 
area. 
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bases and normal  grading; however. reverse  grading 
occurs locally. Individual  conglomerate layers can be 
surprisingly  continuous. One conglomerate  sequence is 
mapped intermittently for  over 7 kilometres. 

clast types.  Mixtures of intrusive, volcanic and lesser 
Conglomerates  are  invariably mixtures of different 

sedimentary  intraclasts  comprise  the lower conglomerate 
units. Intrusive clast lithologies include: leucocratic 
quartz monzonite,  monzonite,  granodiorite,  quartz 
monzodiorite, granite  and monzogranite.  A  common 
clast lithology is potassium  feldspar  megacrysts in a 

groundmass.  It  is less commonly foliated, and rarely 
holocrystalline  pink  hornblende-biotite  granodioritic 

bladed  plagioclase  phenocrysts,  and  is  invariably 
displays  a  fine-grained,  dark  grey  groundmass  enclosing 

cut by dense sets of hairline  fractures  with  black coatings. 
epidotized. Unusual  but  conspicuous  alaskitic  clasts  are 

Volcanic  clast  lithologies include:  phyric to  aphanitic 
intermediate  to felsic volcanics,  trachytic fine hornblende 

coarsely  bladed  feldspar  porphyry,  and  lithic crystal ash 
-phyTic green  and marmn andesites, green to brown 

to lapilli tuffs. They are dominated by tan to grey or 
green-weathering  feldspar  porphyries.  Feldspars are 
dominantly  plagioclase  ranging  in  size  from 2 
millimetres  to 2 centimetrcs  and  comprising 5% to 40% 

pyroxene  porphyry  clasts are locally predominant. 
of the clast. Distinctive  dark  green-weathering,  crowded 

Metamorphic clasts  are generally  white-weathering, 
leucocratic, quartz-rich  feldspathic  mica schist and 

clasts  range  from  feldspathic  quartz-mica schist to 
mylonite  (Photo sa). Compostions of quartz-rich schist 

quartzite,  both  non-carbonaceous  and  carbonaceous  and 
strongly foliated to gneissic.  Metamorphic  vein-quartz  is 
also common.  Possible  provenance  affinities  include  the 
Yukon-Tanana  Terrane  and  metamorphosed  Stikine 
assemblage. Chert pebbles  and  granules  are buff, black 
lo white and less commonly  red  in  colour  (Photo Sb); 
some  with visible radiolarians.  Many  chelty  clasts  are 
derived  from rhyolite as indicated by the  presence of 
feldspar  and quartz microlites in thin section. Chert 
conglomerate  beds  display  good  normal  grading,  are 

metres thick.  They are v e y  well sorted, well rounded, 
several decimetres thick or occur in sets up to several 

and  monomict  in  nature,  with  cherty  clasts  comprising at 
least 95% of the rock. Although relatively thin, they are 
very distinctive and  appear  to be continuous  over  large 
distances, and  thus  show  great  promise  as  stratigraphic 
marker  horizons.  They  occur at the  highest  stratigraphic 
levels, and  are believed to be Aalenian to Bajocian  (lower 
Middle Jurassic) in age. 

SANDSTONE, SILTSTONE, MUDSTONE 

Massive,  thick-bedded,  green,  coarse-grained  arkosic 
wacke  is the  dominant lithology  in  the  Atlin  area,  but  is 
subordinate to conglomerate  and  fine-grained clastics in 
the  Stuhini  Creek  area.  Spherical  calcareous  concretions Photo Sa. Laberge Group metamomhic  clast rich conglomerate 
are relatively somewhat  diagnostic or these at the conglomerate-argillite  traniition. (b) Chert gknule to 

sandstones. A very distinctive light-weathering.  porous c--.." ,:,,.-,~~~-~ pebble  conglomerate in the upper shale-dominated  Laberge 

and  permeable  tuffaceous  litharenite  crops o;t in the 
U1""p ,,L,,","g,c>. 

Lisadele Lake area. It is similar to units on Atlin  Lake 
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correlated  with  the circa 185 Ma Nordenskold dacite 
(Johannson, 1993; preliminary GSB age  data). 

bedded  silt-argillite  couplets  and  laminae  and fine sand- 
Siltstone  and  mudstone  generally  occur  as  thin- 

mud  couplets  that  commonly  display  the partial Bouma 
sequences T,, 'Td, and Tbcde. These  rocks are normally 
moderately well indurated,  but  a distinctive, fossiliferous 

indurated that minor  abrasion on a wet surface returns 
mudstone along  King  Salmon Creek is so poorly 

the rock to mud.. Depositional  environments  include both 
shallow-marine  and  deep-marine  fan-fringe to basin 
plain  settings. 

LIMESTONE 

Bioclastic  and  biogenic  limestone  units  include 
rudstones and  patch reefs. Rudstones  appear to be 
laterally  extensive as the  same  lithology  occurs at  similar 
stratigraphic  intervals  where it is  mapped intermittently 
across  the  northern part of the  map  area.  Less useful 
markers  are  the  biohenns which  pinch  out  over  distances 
of tens  to  hundreds of metres.  One  rudstone is a  bivalve 
hash 2 to 3 metres  thick,  blue-grey to black-weathering 
and  comprised of up to 80% fossil fragments,  mostly 
bivalve  material  with  a  minor  gastropod  component. 
Some  bivalve hssils  are preserved in the  growth  position 
(Photo 6). A more extensive. rusty b d f  weathering 
rudstone  horizon, several metres  thick  is  composed 
almost  exclusively of gastropods, 

A biohcm. of probable  Pliensbachian  age  occurs low 
within  the  volcanic clast dominated  succession  near 
Lisadele  Lake. It is  over 8 melres  thick  and light grey 
except  for local maroon  discoloration  associated  with 
minor  faults. 

TERTIARYSLOKO GROUP 

Geological  mapping in 1994 indicates that Sloko 
Group lithologies are much more  extensive  than 
previously  thought.  Most of the  rocks  around Yellow 
Bluff, Kwashona  Creek  and  Stuhini  Creek  are  here 
included  in the Sloko  Group.  Unlike 'typical' Sloko 
volcanics to the  north,  these  slrata  are steeply dipping, 
and locally are, folded. 

by felsic lithologies. They rest uneonformably upon a 
Sloko  Group  volcanics are bimodal.  but  dominated 

high-relief  paleosurface that was  etched into Mesozoic 

the growth position. 

and  Paleozoic  strata.  Voluminous  ail-fall uni'.!; are 

epiclastic units is profoundly affected by ~ leo topgraphy  
regionally  mappable,  but  the  distributi,m of flow  and 

and  synvolcanic  faulting 'These units  occur as more 
isolated and sporadic  units. 

Due to rapid  facies  changes  wi.hin the: SlJko 
volcanics,  not  all  units  comprising  the  Sloko Grt~urs in 
the  Tulsequah  area  (Mihalynuk et a / ,  1994b) occur 
within  the  Stuhini  Creek map area. P-evious .rfgionaI 
mapping  outlined six different mappable  units int;lnd~  ng: 
a  basal  conglomerate;  massive,  well  ndurated,  black 
pyroclastics (Opposer  formation);  massive, !an- 
weathering  breccias (Mount Han :y formati~m); 
interlayered  feldspar-phync  flows anc volcanidartics 
(Nakonake  formation). rhyolite domes and tuffs; and 
trachyte  flow  succession(s)  In  the  Stu  lini Creel: area, 
several additional  units  are  required to d :scribe tht: Sloka 

'TABLE 2. CRITERIA FOR DISTINGUISHING SLOKO GROUP BAS.4L CLASTICS 
FROM LABERGE GROUP STRATA. 

Crirerio SIoko Group  sediments 
- "" 

Loberge  Group 

induration  poor 
matrix (both a,re feldspathic) grey tuffaceous 
fracture fractures around  clasts (variable) commonly  fractures  through chsts 
weathering grey (mainly  non-calcareous)  orange  (carbonate  matrix comr  Ion) 
common  clasts 
Laberge  clasts 

Laberge  clasts most common 
rounded  (except  paleo-colluvium) angular  intraformational  ripup; 

Intrusive. volcanic,  pyroxene-phyric 

moderate to  strong 
green  wacke 
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Group.  Two  of  these  units are sufficiently persistent to the  fragments  arc larger than  those in the  groundmass, 
warrant  informal  formation  designation:  coarse and the  fragments may be 0.5 metre or larger in long 
sandstone and Laberge  Group clast rich conglomeratc  dimension.  Tuffs  within this sequence  contain  variable 
and  siltstone  (Niagara  formation);  and  vitrophyric tuff amounts of fragments  which are almost  exclusively of 
containing  fragments of feldspar crystals, pumice,  coarse  volcanic  origin. 
ash  and  fine  lapilli (Teepee formation).  Other  units 
include:  thick,  bleached  and silicified, indurated, 
feldspar-phyric  flows and lesser interflow  breccia  and 
tuff; green  hornblende and feldspar-phyric breccias; 
chaotic  intermediate to felsic feldspar-phyric lapilli tuff 
to breccia; well  bedded  fine tuff or tuffte;  and  biotite  and 
sanidine-phyric breccias. 

NlAGARA  FORMATION (INFORMAL) 

Well bedded,  black,  white, tan  and rust-weathering 
conglomerate, siltstone, epiclastics, tuff and  tuffite  are 
deposited in grabens  atop  the  Laberge  Group.  Bedding is 
several centimetres  to  tens of metres thick. Thickness 

volcanic material. Black layers are carbon rich. Fossil 
generally increases  with the proportion of primary 

swamp grasses, palm  logs and palm  fronds  are  common 
in siltstone and  conglomerate  (Photo  7a ). Interbedded 
tuff is mainly  pumice  rich,  feldspar*quartz-phyric and 
probably of dacitic  composition. In the  absence of 
associated tuffs, dominantly  sedimentary  Sloko  strata are 
difficult to distinguish  from  Laberge rocks. Some 

Table 2. 
distinguishing  criteria  that may be helpful arc listed in 

TEEPEE  FORMATION (INFORMAL) 

resistant, peak-forming unit. It caps Kwashona  Mountain 
Dark brown to  tan-weathering vitrophyric tuff  is a 

and several  of  the  high,  craggy peaks southwest of 
Morepat  Creek.  Coarse  columnar jointing  is  common. 
Lithic  lapilli  (up to 15%) and  angular feldspar  fragments 

vitric  lapilli  and  ash  (Photo  7b  and 7c). 
(up to 20%) float in  a  densely  welded  black  matrix of 

This  unit  is widespread  within  the map area. and 

example, an identical  unit  caps  ridges  at  Teepee  Peak. 
may be typical of  a series of regional  eruptive units. For 

about 120 kilometres to the  north,  near  the  Yukon 
border. 

FELDSPAR-PHYRIC FLOWS 

Thick,  monotonous  plagioclase-phyric  flows and 
minor  interflow  breccia  and tuff constitute this  unit.  The 
flows are  dark blue-grey to black or green  and  well 
indurated.  They  contain 5 to 30% subhedral  plagioclase 
phenocrysts,  generally less than 0.5 centimetre long, in a 
glassy to very  fine  grained  groundmass.  These  units 
typically weather  a  medium  to  dark  grey  and  are  massive, 
however,  individual  flows may  be visible when viewed 
from  a  distance.  Some  flows  are pyritic, and  weather to 
an orange-brown  gossanous surface. 

same  colour and composition as the flows. They  contain 
Inteflow or interlayered breccias  are generally the 

plagioclase-phyric  fragments in a  finer-grained,  plagio- 
clase-phyric  groundmass. The plagioclase  phenocrysts  in 

Photo l a .  Sloko volcanic sediments with carbonized wood and 
swamp grass debris; a palm frond stock  is  above the hammer. 

up to 40 centimetres in diameter and 1 centimetre  thick. (c) 
(b) Sloko welded  ignimbrite flow with flattened  pumice  blocks 

Sloko volcanic breccia; note partially welded bomb (at 
arrowhead). 
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DEBRIS  FLOWSIBRECCIAITIJFFS 

A thick  fragmental  sequence  is composed  of chaotic 
lapilli tuff to breccia  and/or  debris flows. These  rocks are 
maroon to grey  on fresh  surfaces  and  light to dark grey 
depending on  the overall  felsic or  mafrc component. The 
fragments  range  in  size  from  coarse  ash to lapilli, but 
some  are  up to house size (Photo 8). Fragments  are felsic 
to intermediate  in  composition  and  dominated by 
plagioclase  porphyries. 

Photo X .  Light zoloured rhyolitic blocks conlrasl with darker 
matrix in a rneglhreccia on the easl lace of an unnamed peak 
north of Stuhini Creek. This unit i s  hclieved t o  have [armed 
along a fault  scarp;  perhaps  as an lntracaldera faeles. 

FINE  TUFF/TUFFITE 

Interlayered  ash to fine lapilli tuff. or tufite, 
underlie  the  Niagara  formation  near Niagara Mountain. 

ash tuffs or  very fine  grained  siltstones to grcy-blue, fine- 
These  range from fine-laminared.  slightly pyritic, black 

grained  bleachcd  and silicified ash  (lapilli) tuffs. All tuffs 
contain  abundant  feldspar  fragments  and  minor  fine 
volcanic lapill1 fragments. Thc rocks  weathcr rusty in 
areas where  minor pyrite is present. to light brown-bulT 
where  the more extensive siliceous tuffs outcrop. The 
overlying  Niagara  formation  conglomerate commonly 

possibly oblitelating  them in some areas. 
scours  and  channels  into thesc underlying lithologies, 

RHYOLITIC  AND  DACITIC  VOLCAN ICs 
(FLOWS,  LAHARS,  BRECCIAS,  TUFFS, WELDIEII 
TUFFS) 

Rhyolitic and lesser dacitic  volcanics  constitute the 
basal units of the Sloko Group in some  pz,rts of the :nip 
sheet. The rhyolite  flows vary from grey-whit,:  arid 
massive to pinkish  with  fine  flow bands  and spherulites. 

breccias  containing  felsic  volcanic fragments in a red, 
Intimately  associated  with tho flows are  bJth lahar! and 

muddy  matrix, as well as welded tuffs with flattend 
pumice  fragments. 

PLUTONIC ROCKS 

grouped  into three suites. Their age rang,% can  be only 
Intrusive rocks in  the Stuhini  Creek n tap area  can  'le 

broadly  assigned  based on  stratigraphic reiationship!, dJe 
to lack  of isotopic age determinations. They are 
(?)Triassic to Cretaceous biotite hornbltnde diorite to 
tonalite. Early  Eocene  granite,  monzonite and diorit: a:ld 
Eocene or younger granite  and granodioril e. 

TRIASSIC  TO  CRETACEOUS (?) 

Weakly to moderately foliated horn1 lende  tonaliles 
to hornblende  diorites are interpreted t( be the Ioldmt 
intrusives of the  map  area.  They  outcrop along the 
western map  area  boundaly,  on  the  nor hem flanks of 
Sittakanay  Mountain. The rock is  domlnantly l i c e  to 
medium  grained.  Hornblendo  is  partly al ered to I:pidote 
and  chlorite. 

EARLY  EOCENE 

This suite of plutonic rocks  underlie: a large p:lrt of 
the  southeastern  quadrant of [he map  area It is a %:lies  of 
east-west  elongated, high-level, multiph; se plutons and 
stocks. In outcrop,  these  intrusions  weatller white:, lil:ht 
grey. tan,  pink or orange.  They are  coml~ositionally  and 
texturally  variable,  ranging  from  fine to I 1edium-glair.ed 
quartz-feldspar-porphyritic  monzonite md diorite to 
granite with as much as I S %  biotite, mhgnetite, mdlor 
hornblende.  This  variability probably rest Its in parr frnm 
diffcrcnt  degrees of assimilation of llrge  fourdered 
blocks and  scattercd  screens of volcanic i nd  sedinnmttry 
country rocks. Contacts with solid county rock are ! ; h : h r p  
and  chilled. 

These  plutons  and  stocks are spatially associated 
with. and most  probably comagmatic  with, Sloko :;roup 
volcanics; although they display -:I cann$ali!;tic 

faults  resulting  in brittle  deformation and subsequent 
relationship.  They are crosscut by  northeast-trt:mding 

local alteration,  hydrothermal alteratiol~,  and pr c' 
and base  metal mineralization ( i x ,  auiferous arseno- 
pyrite with  sphalerite and  galena  in clay tlteration zortes, 
and molybdenum along  fractures  in  gossanous zones:). 

E' IOUS 
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QUATERNARY 

Glaciation  in  the  Stuhini  Creek  area  is typical of 
many coastal regions  where  alpine glaciers are resilient 

Quaternary  history of this specific region  is relatively 
remnants  of a once  widespread  continental ice cap. The 

been  conducted.  From  the drainage pattern of the  creeks 
poorly  understood as no  detailed  Quaternary studies have 

P-forms and other  paleoflow indicators found in the  area, 
and rivers, present-day glacier movement, glacial striae. 

it  is  apparent  that ice in  the  region  flowed  through  the 
Sittakanay,  Stuhini  and  Zohini  stream valleys, into the 
Taku River  valley and west  toward  the Pacific Ocean. 
The position of hanging valleys in the  Taku k v e r  valley 
suggests  a  thickness of  ice of approximately 580 metres. 

lateral and medial  moraines,  lodgment  and  melt-out tills, 
Quaternary  deposits  in  the  area  include  terminal, 

glaciofluvial and fluvial accumulations.  and  colluvium. 

by fluvial andlor  mass  movement  processes.  Lacustrine 
Any  of these  deposits may  be, to some  degree,  reworked 

deposits  in  the  region are of limited areal extent. 

Mountains  has resulted in significant isostatic rebound. 
Rapid retreat of thick ice sheets  in  the  Coast 

In response to this  rebound,  many  creeks are deeply 
incised  into  U-shaped  valley  bottoms  (Photo 9). 

STRUCTURE 

Photo 9. Rapid isostatic rebound  in  response to glacial  retreat 
has resulted in streams  deeply  incised into U-shaped valley 
bottoms. 

Partitioning of high-angle  brittle  and ductile fabrics, 
particularly in the  southwestern  part of the  map  area,  can 
in  part be related to proximity of a major crustal 
structure, the  Llewellyn fault zone.  A  second crustal- 
scale structure, the  King  Salmon fault, is associated  with 
a  Jurassic thrust belt that affects the  northeastern 
quadrant of the  map  area.  A series of Tertiary, high- 
angle  normal and oblique  faults is largely responsible  for 
the  juxtaposition  of  Mesozoic  and  Tertiary  strata; 
although  faults  with  the greatest amount of offset do not 
have  the  most  prominent  topographic  expression. 

MESOZOIC  AND  OLDER  FOLDING 

On  Mount Sittikanay, pyroxene-phyric  breccia and 
maroon  lapilli  ash tuff display  two  coaxial  northeast- 
trending,  high-amplitude  chevron  fold sets (Mihalynuk et 
a/., 1994a).  They  are  also  deformed by a  more  open set of 
north-northwest-trending folds. However,  relationships 
that clearly demonstrate  the relative ages of these folds 
are lacking. 

On  Mount  Jeane,  tight  east-west  minor  folds  crop  out 
in  the  core of a late (Eocene),  open,  northwest-trending 
antifom. Elsewhere  within  Mesozoic  strata of the 
northern  map area. northwest-trending  folds are open 
with  wavelengths  of 1 to 3 kilometres. These folds affect 

334 British Columbia Geological Survey Branch 



TERTIARY  FAULTING  ANI)  FOLDING 

were the most widespread  structural  modifiers of Eocene 
High-angle  normal.  reversc  and oblique-slip faults 

and post-Eocene geology. Two major episodes of high- 
angle  faulting (:an be resolved. A dominantly easterly 
oriented set has individual  vertical offsets that may 
exceed 2 kilomctres, and  are in part  synchronous with 
deposition of Eocene  Sloko  Group  rocks.  These  faults are 

younger(?) faults with dip-slip on'sets generally less than 
cut by a  later  northeast-oriented set of Eocene  and 

topographic  expression than earlier  faults  that  have 
500 metres.  Late  faults typically have a greater 

greater offset. 
Folding of Tertiary  strata  is  induced by drag  along 

major  block faults; by draping of volcanic  strata over 
preexisting  topographic  irregularities,  and  apparently, by 
compressional  deformation  acting locally over areas of 
less than  a  few  hundred  square  kilometres. 

Drag folds af€ect both  Tertiary  and Mesozoic  rocks 
along  faults  that  juxtapose  the  two. One of the best 

Mount  Jeane. Here Laberge rocks have been down- 
examples  is well displayed on the  southwest face of 

warped  adjacent to down-dropped Sloko Group  volcanics 
photo 2). Wa~ping of some  Tertialy  strata may  have 
been  synchronous  with  their  deposition. An example of 
this is seen on the ridge between Zohini  and Red Cap 
creeks. Here, Eocene  strata  steepen  and  thin  northward 
toward a high-standing  Laberge  Group  fault  block.  These 

clasts, probably derived  from the Laberge block as i t  was 
rocks contain a significant  proportion  of  Laberge  Group 

uplifted to form a fault-basin  for Sloko Group  deposition. 

deformational tevents, making it dificult to resolve the 
Paleozoic  rocks  were subjectcd to older  regional 

bring  Paleozoic  rocks to the surface. On thc  northeast 
affects of late block faulting. Block faults do  however, 

juxtaposed  across  a  high-angle  revcrsc  fault (Photo IO). 
face of Mount  Erickson,  Paleozoic  and  Tertiary  strata  arc 

If our  interprelation of Sloko Group offsets arc correct, 

displacement ofabout 2 kilometres. 
the  Mount  Erickson  fault  has a minimum vertical 

LLEWELLYlV FAULTZONE 

fault from  Atlin Lake, south through  the  Tulsequah  River 
Mihalynuk: el al. (1994~1, b) traced the Llewellyn 

area,  but lost il in  the broad  Taku River valley. No single 

the  Taku.  Field  observations reported  here confrm an 
dominant tract: of the  fault could be  identified south of 

apparent  fanning of the Llewcllyn fault  with  distribution 
of ductile  and  later  brittle faults over  several  widely 

Paleozoic  strata  underlying  Mount  Sittikauay. 
spaced  traces. 'Two of  these  traces  are  interpreted to affect 

Deformation along the  fault  splays is dominated by 
ductile  fabrics at  this structural level. As mapped, the 
fault  strands  juxtaposc locally foliated  Paleozoic 
volcanics  with  Triassic volcanic!;  in  which intense  ductile 
fabrics are less commonly devcloped. 
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KING  SALMON  THRUSTBELT 

Souther (1971) mapped the  King Salnion  thrust as a 
structural  discontinuity  that  is  focused ; t  the bast:  of 
Upper  Triassic  Sinwa  carbonate. €owever,  this 
overthrust  event probably afl'ected a belt of  rocks thst 
extends west to Red  Cap  Creek wherc a complexly 
deformed,  west-verging  imbricate  stack t f  Jurassic and 
perhaps  Triassic  strata  is  exposed.  It may  %en extend to 
west of Mount  Jeane,  where low-angle fi8ult cutoff; are 
well  exposed in  cliff  faces (Photo 2). Uniortunatrl:i  the 

by later block faulting,  and in the western  part of the  mip 
nature of this compressional  deformation e vent is m;l:;kt:d 

area, by thermal  overprinting by the  Coast  intrusions. 

near Cry Lake, to be Toarcian to m ddle Bajt,ci:m 
Age of thrusting is constrained  outsid,:  the map area, 

(Thorstad and Gabrielse, 1986). More r:cent widen% 
from  farther south, suggests  that  initiatior, of thrum lice 
the King  Salmon, responsible  for  emplacing  occar.ic 

Toarcian to Aalenian  strata of the basa Bowser Lake 
Cache  Creek  Terrane  above  Stikinia,  is  re :orded in lattst 

Grow (Ricketts  and  Evenchick. 1991). J~trassic La:Neree 

Photo IO. A well exposed high-angle revelre fault dong the 
base of Mount  Erickson (at Bruce's  feel1  that  juxtaposes 
defomcd basalt of probble Paleozoic  ag: (to righ:) with 
quartz-phync  breccia (len of fault) here assif ned to thz  Eocene 
Sloko Group 
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Group  strata of the Stuhini  Creek  area  also  record  this 
event  with  deepening  of  the  basin in late  Toarcian  time, 
and  introduction  of  chert-granule  conglomcrate,  pre- 
sumably  derived  form  uplifted  Cache  Creek  Terrane,  in 
the  early  Bajocian.  A  corollary  of  Bajocian  Laberge 

overthrusting of the  Sinwa  Formation by the  King 
Group  deposition  in  the  Stuhini  Creek  area is that 

map  area before Bajocian  time. 
Salmon  fault  could not have  extended as  far west as  the 

MINERAL PROSPECTS 

A  wide  variety of mineral  occurrences are found  in 
the  Stuhini  Creek map  area.  Paleozoic  strata  contain 
volcanogenic  massive  sulphide  accumulations,  Tertiary 

potential, and Tertiary  volcanics  host  base  metal  sulphide 
intrusions at  the Red Cap have  reported  porphyry  copper 

veins  with  sporadic,  elevated  gold  and  silver  values. Four 
occurrences are well explored  prospects, and have  been 
drilled:  base  metal  sulphide  lenses at the  Erickson- 

Zohini;  antimonial  veins  at Red Cap  and  auriferous 
Ashby; auriferous  antimonial  shear-hosted  veins  at  the 

arsenical  porphyry-hosted  veins  at  the Go. 
Field  mapping  in  1994  provided new data on known 

occurrences,  helped to further  outline  volcanogenic 
massive  sulphide  potential  in  Paleozoic  rocks  and 
resulted in  the discovery of three  significant  metal 

tetrahedrite-chalcopyrite-sphalerite veins at  the  Lisadele; 
sulphide  vein  occurrences.  These new occurrences  are 

galena-chalcopyrite-sphalerite veins at  the Blackfly, and 
chalcopyrite-magnetite  veins at  the  Oksarah. A number 

and  are reported  on below. 
of smaller  showings  or  indicators were also  discovered 

ERICKSON-ASHB Y 

prospect which  was  discovered in  1929 by two 
The Erickson-Ashby  property is  an advanced 

prospectors  (Erickson and Ashby). Since  1929 most 
assessment work was  performed to maintain  the  claims 
in good standing, however, the  property  has  heen 
subjected  to  geological  mapping,  geochemical  sampling, 
trenching  and  diamond  drilling. An adit  was  driven 
adjacent to one of the mineralized  zones in 1964. 

volcanic and associated  sedimentary  lithologies  cut by 
The property  is  underlain by probable  late  Paleozoic 

Tertiary  granitic  dikes.  They  consist of massive to locally 
brecciated and epidotized  basalts  and  andesites 
interlayered  with lesser purplish  siltstones,  cherty 

with mafic volcanic  clasts.  Payne  (1979)  reports  that 
siltstones,  cherty  argillaceous  carbonate, and carbonate 

rhyolite and rhyolitic  tuffs are present  within  the 
sedimentary  intervals, however, these rock types were not 
encountered during our  limited  examination. All 
lithologies are hornfelsed;  basalts  and  andesites to a 

Mineralization  is  restricted to cherty  and  carbonate 
lesser  degree  than the more  porous  sedimentary  rocks. 

volcanic (VMS) in origin  (Payne.  1979)  and  epigenetic 
intervals, and  has been  described as being  syngenetic 

skarn mineralization  (Bernius, 1963: Bojczyszyn, 1988). 

dextral fault (Bracken  fault) with  a  maximum offset of up 
Lithologies are  cut by a  north-northeast-trending 

to 200  metres.  Southeast of the  fault are interlayered 
basalts  and  andesites and sedimentary  exhalatives, 
whereas to the  northwest are mostly siltstones and 

both  sides of the fault  but  is  more  extensive and  higher 
interlayered  exhalatives.  Mineralization  is  present  on 

grade to the  southeast (Payne, 1979). 

different  zones,  each of which  contains  one  or  more 
Mineralization  occurs  within  at  least  thirteen 

discontinuous  lens-shaped  bodies  of  disseminated  to 
massive  sulphide  (Payne,  1979). The sulphides  are 
almost  exclusively  a  mixture of pyrrhotite,  sphalerite, 
pyrite, and galena.  Assemblages  range  from  massive 
pyrrhotite or pyrite  with  up to 25% sphalerite and galena, 

proportions. Malachite  staining is visible  on  weathered 
to massive sphalerite  or  sphalerite and galena  in equal 

surfaces,  but no other  copper  minerals  were  seen. 
Analysis of a  sample  collected during our examination 
returned  1.57% Pb, greater than 10% Zn, 258 g/t Ag and 
negligible  copper (see sample  SSE94-42.100,  Table 3). 
Mineralization  cuts  across  the  sedimentary  layering but 
the  bounding  mafic flows are not mineralized. 

Base metal assemblages,  associated  hostrocks  and 

accumulation  was  syngenetic  with  the  enclosing 
the  location of the  mineralized  pods  suggest  that  sulphide 

volcanism. The present skarn mineralogy  (actinolite- 
sediments, probably during a hiatus  in  basaltic/andesitic 

rhodonite-diopside-tremolite-magnetite)  represents  a 
later  contact  metamorphic effect due  to  intrusion of 
nearby monzonitic  sills. An increased  thermal  gradient 
seems to have  succecded  only  in  recrystallizing  the 
sulphides  with  little  sulphide  remobilization. 

eo-1 

Tertiary quartz monmnite stock  east of Mount  Lester 
The Go-l claims  covers  mineralized portions of a 

Jones.  Mineralized  sections  consist of gold*silver-bear- 
ing arsenopyrite  within  planar,  light-coloured  alteration 
zones  that  strike 110' and  dip 75' south.  Within  these 
zones, feldspar  and  hornblende are replaced by phyllo- 
silicates.  Carbonate  alteration  (siderite)  is  pervasive, but 
epidote  and  chlorite  alteration  is  conspicuously  absent. 
Arsenopyrite and pyrite are  the  dominant  sulphides  with 

sphalerite, and stibnite  (Lintott, 1981).  Nine  holes  were 
locally abundant  pyrrhotite, chalcopyrite,  galena, 

drilled  in  1981  with  the best assays  returning  7.1 g/t Au 
and 514 g i t  Ag over 13 centimetres  (Lintott,  1981). No 
base metal assays  have  been  reported. 

vealed that  there are at least  eleven  separate  drill  collars 
A  brief  examination during regional  mapping re- 

and three  small  blast  pits.  Analysis  of  a  grab  sample  of 

these  pits  yielded  values of 0.26%  Cu,  0.44% Pb,  190  g/t 
intergrown  green  quartz and arsenopyrite  from  one of 

Ag and 8 g i t  Au (see  Table 3, number  MMI94-45,070). 

GOAT CIAIMS 

Metzgar west of the Taku  River. Minor disseminated 
The Goat Claims blanket  the south  flank  of  Mount 
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pyrite, sphalerite  and  chalcopyrite  are locally present  in 

volcanic  sandstones, and  the  variably  graphitic argillites. 
the  underlying  lelsic  and  intermediate tuffs. andesite, 

Reported  assays are very low with  the  best  sample 
returning  0.19%  Zn  from  a rhyolitic tuff (Photo 5 in 

anomalies  are generally  associated  with  graphitic 
Sorbara,  1983). Weak horizontal-loop EM and  magnetic 

portions of the  argillites. 
In  the course of regional  mapping, traverses were 

at  the Goat  claims.  While  no good rhyolite units were 
made both north and  south of the  main  exploration focus 

observed,  indications of mineralization  were 
encountered.  Massive  sulphide  boulders  were  discovered 
in moraine to the  north (see Other New Occurrences)  and 
minor  lead-zinc  mineralization  occurs in hornfelsed 
sediment to the  south (0.4% Pb  and 0.3% Zn;  Table 3, 
number MMI9442.020). 

ZOHINI 

and  antimonial  base  metal  sulphide  vein  with good 
The Zohini Occurrence is  a shear-related  auriferous 

continuity, hosted by Sloko Group  volcanic  strata. 
Mineralization  within  the  shear  zone  averages  about  2 
metres  in  width,  but  ranges  up to nearly 8 metres.  In 
1994,  a series of ten  short  diamond-drill  holes tested the 
northern  and  down-dip  extensions of the vein. Results of 
the  drill  program  are  pending. 

RED CAP 

An impressive  gossanous alteration zone  is 
developed  within volcaniclastics and  a  polyphase 
porphyry  intrusion  at  the  Red  Cap property. Anomalous 
copper,  molybdenum  and silver in soil samples  across  the 
alteration  zone  were  thought to indicate porphyry 
potential. However,  a series of six short  drill  holes  (up to 
7.2 metres)  showed  lower bedrock grades  than  indicated 
by the  soils  (Archer,  1972).  Subsequent  deeper  drilling 
and  geochemical sulveys also failed to locate porphyly- 

veins  with  elevated  gold  and  polymetallic  sulphide  veins 
style mineralization  although  stockworks of thin  quartz 

were  discovered (Rye, 1991, and  references  therein). 

propelty  in  1994. A propylitic alteration zone  extends 
Three field traverses were  made  over  the Red Cap 

well  into  clastic  country rocks. This  is overprinted by 
biotite and l o c a l  strong bleaching  and  argillic alteration 
within  the gossanous cap. A  sample  from  this  alteration 
zone  returned 0.1% Cu  (Table 3. number "194-9.060). 
A nearby quam-flooded zone a few square  metres in 
extent, returned  2.7 g/t Au (Table 3. number "194- 
9.080). Boundilng  Red Cap to the east is an  extensively 
quartz veined  fault  zone; quartz veins  and  chalcedonic 
breccias  are 10 to 20  metres  wide.  One sample collected 
from this zone ("194-11.070) showed no elevated 
metal values. 

Although  low-grade  mineralization at the Red Cap 
lacks continuity, widespread alteration and  extensive  vein 
sets indicate  a substantial hydrothermal  system. 

NEW  SHO  WINGS 

Three new showings  were  discovered ilt the  course of 
our  regional  mapping.  These are persiste It base m t a l  
veins  (Oksarah,  Lisadele)  and  vein netwo:ks  (Blacl:fly) 
with  contained  gold  values of less than 2 grams  per 
tonne.  Several less slgnificant iniications cf  
mineralization  were also encountered  an(, are repcrted 
below. 

OKSARAH 

A set of subparallel  veins  are foliatxl  to varying 
degrees  within  greenstone  that displa!~  rare Iclict 
pillows. Most  continuous of these  is  a chalcopyrite x i n ,  
15 lo 70  centimetres  wide,  lhat  can be  tract d  for  about 7 5  
metres  (Photo 11). A set of magnetite-cha  copyrite v:irls 
up to 20 centimetres  wide  is  oriented rougdy  orthogond 
to the  main  chalcopyrite  vein set. Assays f om the widest 
veins of these two sets are, respectively: 6.4% and 0.6% 
Cu, 279 g/t and IO g/t Ag  (see Table 3, numbers MM194- 
23.021  and  022). Vuggy, quartz-flooded  breccia m x s  
up to 10 metres  wide and several  hundrt  d  metres 11or1g 
are spatially associated  with  the  copper- ;ilver mireral- 
ization, but  do not have  elevated  metal  c )ntents. Wide- 

Photo I I .  A chalcopyrite  vein  at  the  Oksar Ih showin[: (tark 
and hackly)  extends  from  the  foreground.  where , i t  is 70 
centimetres  wide, to beyond the lreed honzor, where 11. lhins to 

form a set oriented  roughly perpendicular tot le main vem. 
15 centimetres.  Magnetite veins up to 20 centnnetlej duck 
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spread  deformation and metamorphism  have obscured 
primary  textures.  thus  the source of minerali7ation is 
uncertain. A hydrothermal  origin is possible. but quartz. 
carbonate or other  gangue  minerals  are  scarce. A 
volcanogenic  origin is supported by the submarine  setting 
of the hostrocks  (as  indicated by relict pillows).  but 
sulphides  occur as veins  both  within  and  cutting  fabrics 
that  are interpreted to be much younger  than  the 
hostrocks. 

BLACKFLY 

. .  ., ,, 
,e 

within  the basal Sloko Group, just above its contact with 
Mineralization  at the Blackfly showing is focused 

Laberge  Group  strata  on  the west ridge of Niagara 
Mountain  (Photo 12). Acicular  hornblende porphyry 
hosts an irregularly  spaced (5 to 10 m) network  of veins 
and  linear breccia  zones up lo 50 centimetres wide (more 
commonly 5 to 10 em). A probable hypabyssal origin  for 
the  porphyry  hostrocks is indicated by a lack of volcanic 
textures and  large, quartz-lined,  miarolitic  cavities. 
Galena,  sphalerite.  quartz.  epidote and chalcopyrite 
dominate  the  vein  assemblagc~ In one case. a lens of 
nearly pure  galena  occupies a vein segment 2 metres hy 
30 centimetres in cross-section. Analysis or grab  and  chip 
samples  returned  values up to 1.9% Cu, 1.7% Pb. 2.7% 
Zn and 209 g/l Ag (see Table 3. numbers MMI9.1-22.050 

Because  units  hosting  the Black  Fly are ridge- 
cappers, they have been largely removed by erosion. We 
were  unable to trace  the relatively flat-lying mineralized 
zone  around  either  side of the  ridge  during  our 
preliminary  investigations. I t  may be  limited to an area of 

to 072). 

Photo 13 A v ~ e w  northwest along strike  of  the l.~$ad:le 
occurrence at the  contact  between resistant : h k o  Group 2nd 
underlying,  rclatively  recessive  Laberge Gro1,p strata.  Pwallel 
tetrahedrite-chalcopyite-sphalerite veins 1 '0 5 cenl~i~netres 
wide,  can  be  traced  along strike for at  least 125 metres. \ b m t  
Lester  Jones is on the  far lell horizon.  Flat+  ing  Sloko Grwp 
rocks  cap folded Laberge Group strata in the n :ar  right hwimn 

roughly 50 by 125 metres. Hovzver,  siinillr 
mineralization is  reported on  the adjac:nt Niagara 8 
claim block (Aspinall, 1991) centred aboul 1 kilome.:re to 
the east. well within  the Label-ge group rocks. 

LISADELE 

The Lisadele occurrence is at the c,)ntact betwe(:n 
Sloko and Laberge  Group  strata (Phot(# 13). Parallel 
tetrahedrite (* very fine  grained ?stibnit: and galena)- 
chalcopyrite-sphalerite  veins I lo 5 celltimetres Ihizk 
(rarely to 40 cm),  extend for at least 12 i metres 3lolg 

widely spaced over a width of about 40 metres 
strike and  are focused in a zone 5 metres ,vide, but [Iccur 

perpendicular to strike  (Photo 13). The best anal)tical 
results are 2.2% Cu, 1.8% Pb. 0.8% Zn . ~ n d  161 g/t Ag Photo 12. Galena-chalcopyrite  mineralif.ation at the  l3lack l:ly 

showing  occurs as an irregularly  spaced (5-10 metres)  network (see Table 3. numbers 19.03 1 and 032). 
of veins and linr:ar breccve mnes up to 50 centimetrcs wide on 
the  west  ridge of Niagara  Mountain This mineralizat~on IS best OTHER NEW OCC,/RRENCE~~ 
developed  where  Sloko G r o ~ ~ p  homhlendc porphy~y (resistant, 
dark-weathering)  crops  out  above Lahcrgc Group argillite 
(more  lightly  coloured  and rubbly). Mplybdenite  found  near the  extreme :,outheas1 canter 
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of the map area  is now named the  Missing Creek 
occurrence (Figure 3. AI). Patchy molybdenite is present 
with fine-grained  cubic pyrite along  fracture surfaces in a 
gossanous zone  within grey, fine to medium-grained 
granitoid  intrusive  composed of subhedral plagioclase 
(70%), quartz (15%). and biotite (15%). This gossanous 
zone also  includes  infrequent, 3 to 5-centimetre 'knots' 

attitude of the zone is undetermined, however it  is 
of massive pyrite, presumably filling cavities. The 

present in outcrop for 10 to 12 metres along  the  stream. 

found in  granitic  float in the southeast part of the map 
A narrow  vein (<I cm) of massive chalcopyrite was 

area  (Figure 3, A2). The float is composed of quartz eyes 

totaling 10 to 15%) in a fine-grained.  pinkish  brown 
and  light  green,  altered plagioclase feldspars (together 

groundmass. Minor  matic minerals are also present in 
the  groundmass.  Fractures are mostly coated with 

a sequence of plagioclase-phyric volcanics and lesser 
malachite.  Granitic rocks outcropping in this  area overlie 

granitic-volcanic contact.  The nature of the  surrounding 
lapilli tuFTs. Epidote  alteration  is  common  near  the 

topography indicates  that  the copper-rich float is 
probably sourced locally from the south-southwest. 

Massive crystalline  barite float has been found  at 
three  locations. The first  is  on  the southeast face of 

by 40-cenlimetre boulder of  very coarse  grained barite 
Mount Lester Jones (Figure 3. A3) and  consists of a 100 

and lesser, crudely formed barite rosettes. Smaller 
boulders of similarly  crystalline barite also occur in a 
small cirque  approximately 2 kilometres  north of Mount 
Jeane  (Figure 3 .  A4).  The coarse  crystalline  nature or the 
barite from these two float occurrences suggests a 
hydrothermal vein origin. However. in the latter case. the 
barite is spatially associated with submarine arc volcanic 
rocks and could be eshalitive. 

The  third  occurrence of barite float is on the north 
side of Mount Lester Jones near an intrusive  contact 

grained and  partially  intergrown  with  crystalline  quartz. 
(Figure 3. A5). The barite here  is medium lo coarse 

Boulders comprised almost entirely of fine-grained 
massive pyrite occur along  the southern  terminus of an 
unnamed glacier originating on the east face of Mount 
Metzgar  (Figure 3. A6): they have apparently not  been 
seen prior to our field mapping. These boulders are 
angular  and up to 30 centimetres in diameter.  They form 
an isolated train  that rests on scoured bcdrock of the 
Paleozoic Stikine assemblage. The boulders  occur within 
about 20 metres of the  margin of glacial ice and may 
have been melted out in just the past few years. Airphotos 
of 1974 vintage indicate that  the  area  was more 
extensively snow covered at that time. The boulders are 
about 1  kilometre  north of the Goat Claim block. but are 
not mentioned in assessment work revorts (Sorbara. 

through to the north side of the mountain  where it  was 
mapped in 1993  (Mihalynuk el a/. 1994b). Other 

basalt breccia, carbonate  debris flows, sulphidic siliceous 
lithologies include: brown, bioclastic limestone. vesicular 

argillite, pillow breccia  and tuffaceous tukidites. 

the  middle  Pennsylvanian  portion  of the  Mount  Eaton 
Considered collectively, the  units most closely resemble 

succession. Extensive  structural  disruption  at  Mount 

the  northern face, may interleave a wide range  of 
Metzgar. including  thrust  faults that  are well exposed on 

Paleozoic strata. 
Analysis of the boulders  indicate near background 

levels of copper, lead and zinc. Nevertheless they are  an 
important  exploration  indicator in  the  immediate  area. 

GEOLOGIC HISTORY AND SUMMARY 

The geological history of the  Stuhini  Creek  area is 
summarized diagrammatically in  Figure 6. Pre-Tertiav 

building and  dissection. Arc rocks include  Mississippian 
geology is mainly a product of two episodes of are 

probably represent at least three major arc-construction 
to Permian  volcanics of the  Stikine  assemblage  that 

and  Early Permian: and Upper Triassic  volcanics of the 
pulses in the early Mississippian,  middle  Pennsylvanian 

Ll."EL.." ",. .-...---"~.. '. ~ - " . . ~ ,  -*.*e- 
MAINLY NON-DEPOSITION AND EROSION 

1983). 

from the  eastern  cirque of Mount  Metzgar. A traverse ""-."- 
of sulphide  mineralization:  although access lo outcrops 
was  limited by extensive  bergschrund development. At 

bedded rusty chert; a conspicuous unit that carries the S[uhini creek map area. 
the head of the  cirque  is a section of massive to well F , ~ , ~ ~ ~  6, summary diagram show,ng the of 

Almost certainly  the  sulphide boulders are derived I 

across  the  headwall of the  cirque  failed  lo identify areas 
- 
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Stuhini  Group. E:drly Mississippian felsic volcanism is 
particularly  important because of  local syngenetic 
massive  sulphide  accumulations ( ; . e . ,  Big Bull and 
Tulsequah Chiel' deposits  to  the  north).  Sulphide 
deposition at  the Erickson-Ashby  deposit may be coeval, 
but age data  are currently  lacking. 

deposition  appears  to be  absent. Perhaps this is a 
Evidence of Late Permian to Middle Triassic 

consequence of the  Triassic global rise in sea level, or 
perhaps  to removal  of these  strata  during a pre-Upper 
Triassic  deformational  event known as the  Tahltanian 
orogeny  (Souther, 1971). However, the  Tahltanian 
orogeny is not clearly manifest in the  Stuhini Creek area. 

The nascent  Stuhini arc  was presumably constructed 
on a Paleozoic arc substrate, however, there is no  clear 
evidence  of this in the map area. Generally, contact 
relationships arc: obscured by later faulting. Axial 
portions of the E8tuhini arc appear to have  lain  mainly 
west of the  map  area; a coarse  volcaniclastic  arc-apron 
displays a northeastward (basinward?) increasing 
sedimentary  component and northeast paleoflow. 

Cessation of volcanism and uplilt of the Stuhini arc 
I n  the  Early  Jurassic led to  deep  arc dissection and 
production of volcanic clast  dominant conglomerate. 
followed by igneous  clast  dominant  conglomerates of  the 
Laberge  Group.  Arc  dissection  gradually  waned, 
decreasing the production of coarse  detritus.  Aggradation 
of the  basin in which  Laberge  strata  accumulated slowed 
dramatically. Inttrmittent debris  llows delivered coarse 
detritus  from  the lowest levels of Stuhini arc dissection, 
represented by metamorphic  clast rich conglomerate. 

Initial empl:mment of the  Cache  Creek  Terrane 
onto  the inboard  edge of the  Stikine-Stuhini arc complex 

basin.  Continued obduction resulted in a westward- 
caused a late  Toarcian  to  Aalenian  deepening of the 

migrating  deformation  front  with  major  detachments 
localized near the top of the  Stuhini  Group ( ; .e . .  King 
Salmon  thrust; see Monger. 1980). Uplift and erosion of 
the  oceanic  Cache  Creek  Terrane is reflected in 

youngest basinal strata. Deformation  culminated in 
deposition of chert-pebble conglomerate  within  the 

Bajocian  time  resnlting in a period of non-deposition and 
erosion. 

Continental-margin arc magmatism  that  ensued in 
the  Late  Cretaceous,  caused  mainly  inflation and uplift of 

faulting of eroded  Mesozoic ;and Paleozoic  strata 
the  Coast  Belt.  In  the  Early Eocene. large-scale block 

accompanied  voluminous felsic volcanic  outpourings and 
edifice  construction.  Hydrothermal  circulation locally 
focused  along this unconformity resulted in the  formation 
of vein  occurrences  such as the Black Fly and Lisadele. 
Hydrothermal  circulation restricted to fault zones 
produced  veins  like the  Zohini. Small, mineralizing 
stocks of this  age may be represented by the Red Cap 
prospect. 

Remobilization of Eocene and older  faults and 
sculpting by Pleistocene  to Recent glaciation have 
dispersed  mineralization  at  surface and produced the 
landscape  present  today. 
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INTRODUCTION 

metallogenic  mapping  program initiated in 1994. It 
The Tato.gga Lake project is  a  geologic  and 

will investigate: the  geologic  setting  of  mineral  deposits 

Figure 1. Regmnal  geological setting of the Tatogga  Lake 
map m a .  

Figue 2. Location of the Tatogga  Lake map area 

in late Paleozoic and early Mesozoic  Stikine temne 
arc-volcanic  rocks  along  the  northerr  margin of the 
Bowser  Basin  in  northwestern B~!tish Columbia 
(Figure 1). The project area  is  locate1 80 kilonnel.res 

Cassiar  Highway,  south  from  the .illage of Irkut 
south of Dease Lake, and  is transectec. by the Stevfart 

and 16, and 104W12 and 13. 
(Figure 2). It includes pans of NTS msp sheets 104139 

Stikine  Terrane arc rocks  in  the re,:ion  host  !;(m:ral 
copper-gold  and  copper-molybdenum  ocnlwerlces 
(MINFILE 104 G  and H). The volcrrnic strat.i,:raphy 
hosting  these  deposits is,  however, poorly const:aimd. 
The Tatogga  Lake project will attemp;  to characterize 
individual deposits, desclibe  their h a 1  and rcgictnal 
stratigraphic  and structural settings, and  deternme  the 
ages  of  magmatism and associated alteration.. The 
lithogeochemical  character of the  volcanic and 
associated  plutonic rocks will be documented. 

This report introduces  the p~oject area and 
discusses  preliminary results obtained  during fieldwork 
conducted  from  August Xth to  Septellber  26th which 
was restricted to the  eastern  half of the projm area 
Results of 1:20 000-scale  mapping, will be r:le;lsec. 
following  mapping  in  the  western sector wl~ich i:; 
planned for the 1995 field program. 
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Tertiary 

Tertiary  volcanics 

Lower to Middle  Jurassic 

INKLIN  arc  clastlcs  above  Cache  Creek 
~ 

Cretaceous 
j. Westerly  derived  clastic  wedge a SKEENA easterly  derived  clastics 

SPATSlZl Stikina  arc  derived  clastic8 

HAZELTON volcanic  arc  complex 

Upper Triassic 
Middle to Upper Jurassic 

1 BOWSER LAKE GROUP clastic  sediments 
STUHlNl  arc  volcanic  rocks 

Late  Paleozoic 
Plutonic Rocks STIKINE arc  volcanic  complex 

a Cache  Creek  ophiolilic  assemblages 

Early  Tertiary a Early Jurassic 

Middle Jurassic Late Triassic 

Figure 3. Geological  setting  of the  Tatogga Lake  Project area i n  northwestern  British  Columbia.  Simplified 
after Wheeler and McFeely (1991). 
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active  exploration project in  the  area. Extensively 
The  Red-Chris copper-gold deposit is  the only 

drilled by Texasgulf  Inc. during  the  1970s (Newell and 
Peaffield, in preparation),  the  deposit has recently been 
the  focus of an aggressive  deep  drilling  program by 
American  Bullion  Minerals  Ltd. 

PHYSIOGRAPHY 

the  Stikine  Plateau,  along  the  northern  margin of the 
The study  area  covers  the  Klastine  Plateau, part of 

Skeena  Mountains.  Locally  the  area  is  fiuther  dissected 
into a number of individual  rolling  plateaus  at 
elevations  between 1500 and  I800  metres  that  are 

flat  valley  bottoms below 950  metres.  For  the  purpose 
bounded by steep-sided, U-shaped valleys  with  forested, 

of the followin.g discussion we have assigned  informal 
names  to  these  plateaus. 

Outcrops  are  generally  absent  in  valley  bottoms. 
Large  areas of the  individual  plateaus  are  veneered by 

low shrubs  (bnckbrush),  grass  and moss. Outcrop is 
several  metres of glacial till with  vegetation  limited  to 

generally  sparse,  except in  areas with  abrupt  changes in 
elevation.  Best  exposures  are  found  on  slopes between 
valleys  and  plateaus. 

PREVIOUS WORK 

sheet (104G) published  at  a  scale of 1:250 O O O ,  and by 
Mapping by Souther  (1972) of the  Telegraph Creek 

Gabrielse  and  Tipper  (1984)  for  the  Spatsizi  sheet 

regional  geological  database. Read (1984)  and Read 
(104H), published  at  a  1:125 000 scale,  represent the 

and  Psutka  (1990)  produced 150 000 geological  maps 
which  include  parts of the  nottheastern  and  eastern 
margins of the study area, respectively.  Masters  thesis 
research,  including  mapping,  and  deposit  studies, was 
conducted in  the  area of the  Red-Chris  deposit by 
Schink  (1977)  and  in  the  area of the Rose and  Edon 

Leitch  and  Elliot  (1976)  also  mapped  the  immediate 
showings on the  Eddon  plateau by Cooper  (1978). 

described  the geology over most of the  Tcdagin  plateau 
area of the  Red-Chris  deposit.  Templeton  (1976) 

as  an honours B.Sc. thesis  mapping  project.  The 
geological  setting  and  history of Bowser Lake  Group 

been documented as pari of the  multidisciplinary 
rocks  along  the  southern  margin of the  study  area have 

Evenchick  and  Green,  1990;  Evenchick  and 
Bowser Basin  project  (Evenchick,  1991a, b,  c; 

Thorkelson,  1993;  Green,  1991;  Poulton et al., 1991; 
Ricketts,  1990;  Ricketts  and  Evenchick,  1991). 
Thorkelson  (1992)  recently  conducted a s t u d y  of 
Mesozoic  Stikine  Terrane arc rocks  immediately  east of 
the study a m .  Substantial  contributions to the 
understanding  of  the  Red-Chris  deposit by J.R. 

Forsythe,  and  other  Texasgulf  geologists  in  the lJ70s, 
are  summarized in a w o n  to be pubhshed  paper by 
Newell  and  Peaffield  (in  preparation). 

REGIONAL GEOLOGICAL SIlTTING, 

Terrane in  northwestern  British Colun  bia (Figures 1 
The Tatogga  Lake  study  area is  within the  Slikine 

and 3). This  terrane, which forms a  broad northwit- 
trending belt through  the centre of the  province, 
includes  mainly  early  Mesozoic a1 d  lesser k t e  
Paleozoic  island-arc  volcanic strata with rdated 
subvolcanic  intrusions.  Stikinia alc rocks Ere 
subdivided  regionally  into  the  upper  Paleozoic 4.i.kine 

to  Middle  Jurassic Hazelton Group (Figure 3). !3nb ni 
assemblage,  Upper Triassic Stuhini Gr,)up and I,'ov,er 

Group  rocks  are  dominated by submari le,  calcall:aline 
basaltic  volcanic  rocks  which are co nmonly xugite 
phyric  (Souther,  1991). In contrast,  the  :Iazelton Group 
is dominated by subaerial  volcanics  that ranl:e in 
composition  from  basalt  to  rhyolite. 

The  Late  Triassic and Early  and  Ididdle  Jurasiic 
oceanic  island  arcs  that  that  comprise $ tikinia, fc~~rmed 
outboard of the ancient  North  Ameri,:an  continental 
margin  (Monger  1984;  Gabrielse,  1991).  Arcs cxohed 

Paleozoic Cache  Creek  ocean  basin in response to its 
along  the western  margin of the irtervening. h t e  

closure by westerly subduction.  Early vIiddle lurassic 
arc-continent  collision,  related  to  docling of Stikinia 
with  ancestral  North  America,  resulted : n southwesterly 
tectonic  emplacement of oceanic Cachc Creek T m a e  
above the  younger  volcanic  arcs. Va ;t quantit 18:s of 
flysch  sediments  were  subsequently shed frornl  I.he 
uplifted oceanic  crust  southwards ilto the newly 
developed Bowser Lake  successor  basin 

Later  Middle  Cretaceous  and  Te:diary tec:t:mism 

faulting.  Lateral  displacements of up tc 800  kilometres 
has  disrupted  the  local  stratigraphy, i t  large p,~rt  by 

have  been  suggested for this  region )f the  province 

of deformation affect Bowser Lake Gnup stratigraphy 
(Gahrielse,  1985).  Foreland  fold-and-t  rust-belt soles 

and  record as much  as 160 kilometr,:~ of nonhaest 
shortening (Evenchick, 19!31c). 

Quaternary to  Recent  Edziza oliv  ne basak flc~ws 
overlie  Stikinia  rocks  in  the northwest1:rn sector of the 

present. 
map  area.  Several  small  isolated volcan IC necks a z  As0 

LOCAL STRATIGRAPHY 

undifferentiated sequence of early Mesozoic xc- 
The  map area  is dominated by a Iaqely 

volcanic,  plutonic  and  derived  sedimentary  racks 
(Figure 4). Older,  late  Paleozoic m:tavolcanic ,md 
metasedimentary  rocks (Read, 1984; Gabrielse ,and 
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Tipper,  1984),  form  a  northwest-trending  penetratively 
deformed belt which is  faulted  against  and possibly 
overlain by Mesozoic  volcanic  strata. To  the  south, 
Mesozoic  rocks are  overlain by and locally faulted 
against  Middle  Jurassic  marine  clastic  stratigraphy of 
the Bowser Lake  Group. Pre-Bowser Lake  Group  rocks 
are  intruded by a range of mineralogically  and 
texturally  distinctive  plutonic  rocks. 

portions of the study  area indicate general,  though not 
Published geological maps that  cover  all or 

unanimous  agreement  that  Stikinia  rocks are early to 
middle  Mesozoic in  age.  Further subdivision of the 
local  volcanic  stratigraphy, however, into  either Upper 
Triassic  Stnhini or Lower Jurassic  Hazelton 
assemblages  shows  consistent  variability.  Souther 

fault  on  the 134G sheet  a Late  Triassic  age but 
(1972)  assigned  volcanic  rocks north of the  Ealue  Lake 

suggested  that  those south of the fault are Middle 
Jurassic. On the  adjoining  104H  sheet,  Gabrielse  and 
Tipper  (1984)  assigned  rocks  underlying  the Eddon 
plateau  a  Middle  to Late Triassic  age. A similar  age 
was suggested  for  volcanics  underlying  the  western half 
of the Todagin  plateau,  while  those  to  the  east  were 
designated as Lower  Jurassic. In contrast, Read (1984) 
grouped  volcanic  rocks  underlying  the  Eddon  plateau 
mainly  as  undivided  Triassic-Jurassic  strata. He 
interpreted  one  narrow  northwest-trending belt of 

other  areas to be Early  Jurassic. 
sediments as Upper Triassic  and  considered  several 

Wheeler and McFeely (1991)  assigned an Early to 
Middle  Jurassic  age  to most of the  volcanic rocks and 
considered  isolated  areas  to be L.ate Triassic  and  late 
Paleozoic  (Figure 3). More  recently,  Evenchick  and 
Thorkelson (19513) combine  all  volcanic  strata  south of 
the Ealue  Lake  fault as 'undivided  Triassic-Jurassic' 
but separate  rocks  north of the  fault  into both Permian 
and  Early  Jurassic  volcanic  arc  assemblages. 

Souther  (.1972)  emphasized  difficulties in 
differentiating Upper Triassic from Lower Jurassic 
volcanic  stratigraphy  along the eastern  part of the 
Telegraph Creek sheet  (104G). He wrote: 

distinction between Upper Triassic  and  Lower 
"In the eastern part of the  map  area  the 

Jurassic  rocks  is not so clearly  defined.  Granitic 
clasts  are  sparse or absent  and  Lower  Jurassic 
clastic  sediments  are  similar to Triassic 
fragmental  volcanics  from  which they are 
derived." 
Recognition of original  volcanic  stratigraphy may 

be further  complicated by regional  folding  and  faulting. 
Mapping of volcanic rocks immediately to the  east 
(Thorkelson,  1988)  and west (Evenchick,  1991a) of the 
current study area  found  that  contacts, previously 
interpreted  as  r:tratigraphic, are  thrust  faults. 

UPPER  PALEOZOICSTRQTIGRAPHY 

The oldest known rocks  in the  area arl: assigned to 
the  upper  Paleozoic,  and possibly Lover  Triasr,ic, 

pale  and  dark grey banded  limestone  and brown 
Stikine  assemblage  and  include  phyllitic  greenstohe, 

phyllitic  siltstone.  Pale  and  dark grey, r :crystalliztd, 
well banded  limestone is expo&  along a prominat 

Banding  is defined by thinly laminat:d, 3 to 8 
northwest-trending  ridge in the core Jf the bdt. 

Locally buff to  tan-brown  marly  limestone is banded on 
millimetre, dark and  light to buff-grey limeslone. 

varieties. Local minor  folds  with broken fi Id hinges arf 
the 1 to  Z-centimetre  scale  with  light o dark grey 

common. Broad open  folds  are  also  evident  and, '.ilkf: 
the  minor  folding, are symmetrical  and Ipright. Year 
its contact  with  phyllitic  siltstone tlle laminxtetl 
limestone  contains  folded  bands of sheared  phyllite char 
are parallel  to  the  banding. 

common because these  units  are  general  y  friable  and 
Outcrops of phyllitic  and  schistose  jocks  are lesi; 

recessive.  Individual  exposures are commonly fdded 
and locally crenulated.  Foliation fab~ics in tlles: 
metamorphic  rocks  display  a  dominant  northwest 

Folding is generally,  open  and  upright w t h  fold hinges 
orientation  with  local  deviations  cause1 by foldink;. 

plunging  at  shallow  angles toward the  torthwest ,ani 
southeast. 

MESOZOIC  STIKINIA  ASSEMBL GES 

Lack of new fossil data  at  this  early stage a' the 
project  precludes  any  atlempt  to  rrfine prl3riora 

we have been able to subdivide  volcanic  rocks  iu  the 
interpretations of the  volcanic  stratigra 'hy. How:ver, 

area  mapped  on  the  basis of distinctive 1 thologica.  and 
textural  characteristics.  Conveniently, )he geogr;lphic 
distribution of our subdivisions of .'rolcanic d c s  
coincides  with  the  individual  plateaus (F gure 4). 

EDDON PLATEAU 

sunounding  the village of Iskut, is undxlain by qe:n 
The  Eddon plateau, and  the are;  to  the tlolth 

and  maroon  volcaniclastic rocks that i re intrudcd by 
more massive, texturally  similar  hypablssal stocks, and 
irregular  bodies.  Volcaniclastic  rocks a1 2 dominilled by 
tuE-breccias with lesser  lapilli tuffs ;nd rare :)lorvs. 
Individual  outcrops may  bz entirely m,kroon, green or 
combinations of the two. There is, how(:ver,  no n,>tal,le 
textural or mineralogical  change  in the rock :Icross 
colour  boundaries. Colour contrasts  a 'pear to  aim!lly 
reflect  differences in  the oxidation stat1  of the 2; to 5% 
of finely  disseminated  iron  oxide phasr present.  Gnxn 
volcanic  rocks  contain finely dissemitlated maj:netite 

Geological  Fieldwork 1994, Paper 1995-1 3'17 



and  are  typically  magnetic.  In  contrast,  maroon 
volcanics  contain  hematite  and  are not magnetic. 

flows are  dominated by plagioclase+hornblende- 
Massive  tuff-breccias, most likely  lahars  and  debris 

porphyritic  andesite. Clasts contain  from 15 to 30%, 1 
to 3-millimetre,  tabular  plagioclase  phenocrysts  and 
lesser  hornblende  phenocrysts of comparable size, in 

subangular  volcanic clasts are usually  from 2 to 6 
modal abundances of 3 to 10%. Subrounded  to 

centimetres  across,  but  range  from  one  to  several  tens 
of centimetres  in  size,  in  a  fine  to  medium-grained 
fragmental groundmass. Breccias  vary  from matrix to 
clast  supported  and  are  dominated by clasts of 
porphyritic  andesite.  Individual  clasts  vary  in  both 
phenocryst size and abundance.  Locally,  breccias may 
be  more  heterolithic  containing  aphanitic  green 
volcanic,  limestone and  distinctive red-brown, usually 

porphyritic clasts. The  matrix of heterolithic  breccias is 
angular,  mudstone  clasts  in  addition  to the dominant 

much  more poorly sorted  and  displays  a  wider  grain 
size variation  than  in  the  other  breccia type. The  more 
heterolithic  breccias are also  typically  dominated hy 
maroon  clasts in a  predominantly  maroon  volcanic 
matrix. 

Lapilli  and  sparse-lapilli  tuffs  are  locally  dominant 
in  outcrops  along the Stewart  Cassiar  Highway  on the 
west side of the Eddon  plateau.  This  unit is particularly 
well exposed in a quarried  hillside  east of Iskut  village. 
Lapilli  are  dominated by cryptic  fragments  that  vary 

fragments  are not readily  identifiable  on  fresh  surfaces, 
from trace amounts  to  locally  over 20%. Such 

and  rarely  on  weathered  surfaces,  due  to  their  colour 
and  textural  similarity  to  the  matrix.  Slabbed  surfaces 
are  particularly useful in  detecting  the  fragmental 
character of this  unit.  Darker,  very  fine  grained 
aphyric,  angular  fragments,  from 0.5 to 2 centimetres 
in diameter,  are  much more obvious though  less 
abundant,  comprising  less  than 1% of the'unit. 

massive,  but occasionally  bedding is well  developed in 
These volcanic  breccias are  predominantly 

laterally  discontinuous  lenses of laminated  volcanic 
sandstone  and red mudstone.  Bedded  zones are usually 
associated with  the  more  heterolithic  breccias. 
Relatively  massive  maroon  mudstone,  with 3 to 5%, 0.5 
to  3-millimetre  rounded  to  subangular  volcanic 
fragments is exposed in  outcrops  spatially  associated 
with  the  lapilli tuffs in  the low-lying  area west of the 
Eddon plateau. The mudstone  unit  is well M d e d  
where  it  is  associated with l o c a l  sandstone  and  poorly 
sorted  volcanic  pebble  conglomerate beds. 

The most persistent  sequence of sedimentary rocks 

trending,  southwestdipping belt of siltstone,  limestone 
in  this area of the Eddon  plateau  includes a northwest- 

and  greywacke that  is  up  to 300 metres  thick. Cooper 

based on  the  presence of the pelecypod Monotis. He 
(1978) established a Late  Triassic  age  for  this  sequence 

also  concluded  that  the  sediments  were  interlayered 

with  and  overlain by the  andesitic  volcaniclastic rocks. 
lnterestingly, Read (1984) reported  Early  Permian 
conodonts  from  limestone recovered from  the  same 

paleontological data he  suggested  the  limestone was 
stratigraphic  sequence.  To  account  for  these  conflicting 

most likely  a  Late  Triassic  olistostrome  containing 
Early  Permian  limestone  blocks. 

To  the west, Souther (1972) described  volcanic 
rocks  underlying  the  Quash  plateau as being  dominated 
by massive  purple  and  green  volcaniclastic  rocks  with 
minor  related  sediments. We tentatively conelate these 
rocks with  volcanic rocks on  the  Eddon  plateau. 
Souther (1972) also collected Monotis fauna  from 

from  the Fddon  plateau by Cooper (1978). Souther 
sediments lithologically  comparable to  those reported 

established  that  these  sediments are  also  conformably 
overlain by the  volcaniclastic  rocks.  Bedding 
orientation  in  both these areas is consistently 
nolthwesterly  (Figure 4). 

Souther (1972) also  identified  sponge-like  forms  in 
limestone  on  the  Quash  plateau,  although  undiagnostic 
he considered  them  to be most likely  Upper  Triassic, 
due  to  the  presence of similar  macrofossils in  Norian 
Sinwa  limestone  in  both  the  Tulsequah  and  Dease  Lake 
map areas. 

EAST TODAGIN PLATEAU 

A lithologically  distinctive  stratigraphic  sequence, 

interbedded  augite-porphyritic  mafic  volcanic rocks, is 
dominated  by  sediments  with  lesser  and  locally 

exposed on  the  eastern  half of Todagin  plateau. 

of laminated  siltstone  and  fine  sandstone  is  the 
Plagioclase-rich  volcanic  sandstone  with  interbeds 

predominant  unit  exposed  in  this  area.  The  volcanic 

on fresh  surfaces.  Tan-brown  weathering  exposures 
sandstone  weathers  tan-brown to grey  and  is light grey 

appears  to be the  result of carbonate  alteration,  which  is 
common throughout  this  area.  Volcanic  sandstones  are 
characteristically  massive  and  lack  obvious  sedimentary 
features.  Typically  they are  fine  to medium grained  and 
equigranular,  except  for  sparse,  dark grey to black, 
angular  siltstone  fragments  from 3 to 15 millimetres  in 
size.  Abundance of siltstone  fragments  is  usually  from 

to  zones,  adjacent  to  siltstone  interbeds,  containing 
1 to 2 %  but ranges  from  areas  where they are sparse, 

from IO to 20% fragments, tpically larger  than  those 

varieties of the  sandstone  with  similar  siltstone 
noted elsewhere.  Massive  coarse-grained, poorly sorted 

fragments  are  also  common  locally. 

from  less  than  a  metre  to  several  tens of metres  in 
Dark grey to  black  siltstone  interbeds that range 

thickness  occur  intermittently  throughout  the massive 
sandstone  sequence.  They may be interbedded  with 
massive  sandstone  on  a  scale of several  metres over 
distances of several  tens of metres  or  consist 
predominantly of siltstone  and  silicious  siltstone over 
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similar  distances.  Siltstone beds are usually well bedded 

very fine  grained  volcanic  sandstone  interbeds display 
on a 5 to  15-millimetre  scale.  Siltstone  units  containing 

well developed sedimentary  features  such as graded 
bedding,  scow  marks  and load structures.  These 
features are useful in  providing  stratigraphic  tops. 
Bedding within the  unit typically strikes  between 
northeast  and  southeast with steep  to moderate dips to 
the  north.  Sedimentary  structures  usually  indicate  that 
bedding  is right way up, and is locally overtnmed  in 
some  steeply  dipping beds. Whether  this  is  the  result of 
folding or rotation hy brittle  faulting  is not certain. 
Brittle  gouge  zones  are common  throughout  the unit. 
Broad, open upright  folding of some  siltstone beds is 
also  evident. 

Samples of black siliceous  siltstone  from  several 
areas  were  found  to  contain  radiolarians.  Unfortunately 
they are recrystallized  and not diagonostic (Fabrice 
Cordey, personal  communication,  1994). 

Augite-phqric basalts are  dark  green with 
characteristic 5 to  15%, black, euhedral  augite 

as  a  phenocrya  phase  is usually absent, but may occur 
phenocrysts  from  1  to 2 millimetres  in  size.  Plagioclase 

augite  phenocrysts  are locally more  abundant.  The  unit 
locally as 0.5 to  1-millimetre microphenocrysts where 

is  dominated by pillowed flows  and flow breccias 
intercalated  with  siltstone and siliceous  siltstone  on  a 
scale of metrw to  tens of metres. Locally, in  the 
immediate  area of the  Red-Chris deposit, the  unit  is 

(Schink,  1977).  Amydgules from 2 to 5 millimetres  in 
informally  designated  the Dynamite Hill volcanics 

diameter  commonly  comprise from 5 to 15% of the 
rock.  These  are  filled  with an amorphous,  pink 
material,  which  Schink  identified as feldspar. 

discontinuously  for 1.7 kilometres  along  the  south- 
Augite-porphyritic  basalt  is  also exposed 

central  shore of Ealue Lake. In  this  area  the  unit is 

and locally pillowed flows. Augite  phenocrysts  are 
dominated by tuff-breccia with  intermittent massive 

more abundant and  larger  than  those in the volcanics 
on  Todagin  plateau,  comprising  from  15  to 30% of the 

breccias locally contain  intervals of limy mudstone 
rock, and are from 2 to  6  millinletres  in  size.  Volcanic 

which is currently  being evaluated for possible 
conodont fauna. 

On  the  basis of augite as a phenocryst phase,  Read 
and  Pnstka  (1990)  suggested that these rocks are 
probably equivalent  to  similar  volcanic  rocks  at  the  top 
of the  Middle  Triassic  Tsaybahe  Group  mapped to the 
east and northeast.  In  the  lskut  map  area  to  the 
southwest aug,ite-phyric  volcanic  rocks  characterize 
upper  Triassic  Stuhiui  volcanics  (Anderson,  1989). 

WEST TODAGIN PLATEAU 

Rocks on  the  western  side of the  Todagin  plateau 
are lithologically  distinctive  from  those  to  the  east. 

This area is  dominated by prey-green to 
locally maroon-weathering,  plagioclase-hornblcnde- 
porphyritic massive and pyroclastic flol's, mononliclic 
lapilli tuff-breccias and deriv XI vc1b;anic 
conglomerates.  Texturally  the  unit  is  cltaracteriztd by 
10 to 20% plagioclase  laths, 1 to 3-millimetres, long 
and 5 to lo%, 2 to  6-millimetre  tuhedral I11at;k 
amphibole.  Volcanic  breccias, possibly d :bris f low, are 
heterolithic,  matrix  supported, with subangulxr to 
subrounded 2 to  6-centimetre clasts that i n h i e  
siltstone,  feldspar-porphyritic and hl  Irnblendl: and 
feldspar-porphyritic  clasts. Locally these contain 
centimetre-scale  interbeds  of red mudsto  le. 

respects  similar  to rocks  underlying  the Eddon pl;teau. 
Lithologically and  texturally,  the  unit is in '.IM:IY 

However,  unlike  the massive character of  voXcrlnics 
northeast of the  Ealue  Lake  fault,  these tend to bf w(:ll 
stratified  on a 2 to  5-metre  scale. 

rocks to  the west and the sedim:ntary-volraric 
Previously, the contact between thh: volcaniclaslic 

sequence to the  east has been  interprcted as ;I fault 
(Gahrielse  and  Tipper,  1984).  Where :xposed i?. the 
bed  of a creek flowing  north  from  the east t:nd of 

brittle faulting, however, massive to brecciated 
Todagin Mountain,  the  contact  is  clearly disrupt,:d by 

hornblende-plagioclase-porphyritic volc anics  near  the 
contact contain 5 to  lO-centimetre  subn  unded darts of 
the  underlying  siltstone. 

the upper part of these  volcanic sequen:es on the west 
Pliensbachian  ammonites have b e e r  collected f r m  

flank of Todagin  Monntain (Newell a ~ t d  Peattield, in 
preparation).  Further,  Evenchick and Green (195'0) 
have delineated  a  thin  interval of bliddle Juras,;ic 
(Pliensbachian)  Spatsiri  Group sedimel .ts conformably 
below  Bowser Lake  Group  strata. Volcanic rock!; t . ~  the 
west  of Kinaskan  Lake,  that  are  domina ed by tuff, tuff- 
breccia and  volcanic  sandstone,  are also  known  to 

volcanic succession (Evenchick, 1991a) 
contain  Pliensbachian  fossils  near  t1e top o f  the 

EALUE  PLATEAU 

The  Ealue  plateau  on  the eastern  margin of  Ihe 
map  area is underlain by region;dly disti.lctve 
sedimentary  and  volcanic rocks. Sediments :ire 
dominated by very fine  grained  siltstone,  chert  and 
argillite.  Exposures are  dark  to  medium brown and 

fractured and blocky. Read  and Psutka (1.9!!1) 
massive with no penetrative  fabric, but %re usuall:p well 

correlated  these  sediments  with similir, dated rocks 
and suggested that they were  most  likely  the hlid8ile 
Triassic,  Tsaybahe Group lithologies. Very silicious 
siltstone or dark grey chert, collected from  this  area, 
contains  radiolarians  which  are  unfortunately 
recrystallized, and not diagnostic (I abrice Cxdey, 
personal communication.  1994). 
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restricted  to the western  part of the Ealue  plateau. 
Volcanic rocks are less abundant and  apparently 

They are  aphyric,  green-grey  to  green,  light  grey-green 
weathering,  commonly  aphanitic  and massive, but 
locally  contain  from 2 to 5 %  0.5-millimetre  equant  to 
tabular  microphenocrysts of plagioclase. The  unit  is 
typically  magnetic,  very  fresh,  megascopically  fractured 
and blocky. In  addition  to  the  contrasting  tine-grained 
massive  nature of these  volcanics,  the  salmon-orange 
weathering  colour that is locally  developed  on  most 
other  volcanic units is  lacking. 

Similar  volcanics  form a relatively  continuous  belt 
along  the  western  contact of the  Permian 
metasediments, are massive,  grey-green  weathering 
nondescript  rocks  mapped as greenstone. 

BOWSERLAKE  GROUP 

In  contrast  to  the  stratigraphic  uncertainty 
surrounding  the  volcanic  arc  rocks  discussed above, the 
stratigraphic,  sedimentalogical  and  structural  character 
of the Bowser Lake  Group  to  the  south is well 
constrained.  Middle  Jurassic  (Bathonian  to  early 

and  Tipper, 1984; Poulton et al., 1991) of the Bowser 
Oxfordian) marine clastic  sedimentary  rocks  (Gabrielse 

Lake  Group  that  crop  out  along  the  southern  margin of 
the  map  area are assigned  to  the  basal  Ashman 
Formation  and  comprise  siltstone,  chert-pebble 
conglomerate  and  sandstone  (Evenchick  and 
Thorkelson,  1993).  Sedimentalogical  studies  indicate 
that Bowser Lake  rocks become progressively  younger 
to the  south  and  that  deposition was from  the  north  into 

Basin  (Ricketts,  1990;  Ricketts  and  Evenchick,  1991; 
the  tectonically  active  northern  margin of the Bowser 

Green,  1991). 
Distinctive  chert-pebble  conglomerates  crop  out 

along  the  northeastern  slope of Todagin  Mountain. In 
this  area  the  unit  varies  from  massive  to well bedded. It 
consists of subrounded 0.5 to 3-centimetre,  generally 
light  and  dark  grey or green  chert  pebbles  in  a  tan- 
brown  to  grey  sandstone  matrix.  Massive  outcrops 
comprise 40 to 60% clasts  with  either  clasts  or  matrix 

comprise  layers  defined by an upward  reduction  in  both 
sandstone  being  locally  dominant.  Bedded  exposures 

thicknesses of 5 to 15 centimetres. 
size  and  abundance of chert clasts, repeatedly  over 

PLUTONIC ROCKS 

BIOTITE-HORVBLENDE  QUARTZ  DIORITE 
TO  MONZODIORITE 

Biotitdornblende quartz  diorite  and  lesser  biotite 
monzodiorite  characterize an apparent  differentiated 

suite of plutonic  rocks  that  underlies  a  large  part of the 
Ealue  plateau. The rock  weathers  light  grey  to  huff- 
white to locally  salmon  pink  and  is  dark grey on  fresh 

isotropic. Mafc mineral content  and type are variable 
surfaces. It is medium grained,  equigranular  and 

throughout  the  intmsion.  Characteristic 25  to 30% 
d c s  may increase  locally to 60%. Biotite  is  usually 
the  dominant mafc phase  and  shows  rare,  though 
conspicuous 1 to kent imetre  oikocrysts,  poikotically 
enclosing  plagioclase.  Hornblende  is  usually  a  minor 
mafic constituent  but may be  present in  amounts equal 
or  greater than biotite, or may be  the  only mafc 
mineral  present. Quartz content  varies  from IO to 15% 
and  occurs  as  isolated 1 to  2-millimetre  grains  or  as 
larger 5 to  10  millimetre  oikocrysts.  White, stubby, 1 to 

plagioclase, may also  include  some  potassium  feldspar. 
3-millimetre  subhedral  feldspar,  predominantly 

The rock  contains  several  percent  finely  disseminated 
magnetite  and  is  strongly  magnetic. 

The southwestern  extension of the body is 
texturally  distinctive  and may represent  a  more 
differentiated  phase of the  intrusion.  In  this  area  the 
rock  contains  from 8 to 15%, pink-weathering,  coarse 
to  megacrystic  potassium  feldspar.  Potassium  feldspar 
is  also  present  in  the  medium-grained  groundmass 
consisting of 40%, 2 to  3-millimetre  tabular 
plagioclase,  15  to 20% smoky grey quartz  and 5 to 7% 
biotite. 

aphanitic,  aphyric  grey-green  volcanic  rocks,  extending 
Intense  homfelsing of fine-grained  sediments  and 

for  several  tens of metres  from  the  intrusive  contact,  is 
well developed  and was noted in  a  number of locations. 

This body was included  with the Railway Plutonic 

elsewhere by  U-Pb zircon  methods, at 227f9  Ma. 
Suite by Read and  Psutka  (1990) which is dated 

HORVBLENDE-PLAGIOCLASE- 
IWRPHFRITIC  QUARTZ  MONZODIORITE 

Hornblende-plagioclase-porphyritic  quartz 
monzodiorite  comprises a suite of stocks  and  dikes 

Basin.  The rock weathers  a buff white  to  light grey. 
exposed along  the  northern  margin of the Bowser 

Distinctive  medium  to  coarse-grained  hornblende  and 
plagioclase  phenocrysts are randomly  oriented  in  an 
aphanitic grey groundmass.  Plagioclase  is  the  dominant 
phenocryst  phase, occumng  as 2 to  5-millimetre 

modal percent of the  unit.  Hornblende  phenocrysts are 
subhedral  tabular  grains  comprising  from 30 to 45 

they are usually of similar  grain  size, but also locally 
less  abundant,  comprising  from 6 to  12 modal percent, 

form  coarser  tabular  phenocrysts  up  to 1 centimelre 
long, that are  a  diagnostic  feature of the  unit. The 

anhedral,  granular  quartz  and  feldspar,  the  later of 
groundmass  mineralogy  comprises  microcrystaline, 

indetermined  composition. 
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We tentatively  include  the  'Red stock', an 
elongate east to  northeast-trending  intrusion  which 
hosts the Red-Chris copper-gold deposit, with this 
plutonic  suite. Its close  proximity,  comparable 
geometry  and obvious textural  similarity suggest that  it 
is probably an altered  equivalent.  Previous  detailed 
investigations ofthe Red stock have determined it to be 
monzonitic  in  composition  (Schink, 1977; Leitch  and 
Elliot,  1976) bawl  on  the identification of microscopic 
potash  feldspar  as a sigruficant  component of the 
groundmass mineralogy. In o w  opinion,  it  remains  to 
be established  whether  the  fine-grained,  granular 
potash  feldspar and quartz in the  matrix of this 
pervasively altered rock is of primary or secondary 
origin,  and  characterization of the  original composition 
of the  Red stock remains equivocal. 

constrained  at  latest  Triassic.  Schink  (1977) reported a 
The appareint age of the  Red stock is presently 

wholerockK-A1'  isochron  age of 210*7  Ma,  suggesting 
at least a minimum  age  for  the pervasive stage of 
phyllic  alteration  affecting  the stock. A less  altered 

porphyritic  monzodiorite  to the west of Kinaskan Lake, 
northeast-trending stock of plagioclase-hornblende- 

the 'Groat  stock',  was dated by hornblende  K-Ar  at 
19528  Ma  and by wholerock  K-Ar at  18927 Ma 
(Schmitt,  1977). 

significant Early  Jurassic (200 Ma)  episode of porphyry 
These ages  are  clearly  consistent with a regionally 

copper  mineralization, well defined elsewhere 
throughout  the province (J. Mortensen,  personal 
communication,  1994).  Samples of two  separate  stocks 
from  the area, including  one of the  Red stock, are 
currently  being processed for U-Pb, zircon  analysis. 

GRANODIORITE  AND  DIORITE 

An isolated  intrusive body  of buff-white to pink 
weathering,  medium-grained  hornblende  granodiorite 
outcrops  along  the east side of Summit  plateau. It 
consists of 30 to 35%, white, stubby  to tabular 
plagioclase  feldspar  from 2 to 3 millimetres long. Mafic 
minerals,  weather a dark grey-green, and  are 

which  combined  comprise  from 25 to 30 modal percent. 
completely replaced by chlorite and lesser epidote 

Interstitial,  fine-grained,  anhedral,  highly  strained 

body is relativdy homogeneous but displays a moderate 
quartz  forms the remainder of the rock. Internally  the 

foliation near its  margins, defined by secondary 
chlorite.  Contacts  with  the variably deformed  and 
metamorphosed  aphyric  volcanic  hostrocks  were not 
observed. 

Several  kilometres  to  the  north a small intrusion of 

mapped  in  the  aphyric grey-green Permian(?) 
medium to coarse-grained  equigranular  diorite  was 

volcanics.  The  unit  is  buff-white  weathering  and  varies 

from  medium  to  coarse  grained  equigranrdar with I w a l  
grain  size  variation  common.  This s ~ M I I  stocl: is 
characterized by equal to  slightly  varied rbundancc:!; cf 

by secondary  chlorite  and selicite, respect tvely. 
mafic and felsic  minerals that are completely rephcei 

SYENITE-TRACHYTE 

present locally. One  is melanocratic  with ct1;ure 
Two distinctive types of potassic intmsive rock,; ale 

porphyritic to megacrystic potassium fell  lspar in a fir e 
to  medium-grained,  melanocratic grol  mdmass. 'Ti- e 
other type includes a number of dikes  and  small sttds 
of massive leucocratic syenite and  quartz  syenite. 

coarse feldspar-porphyritic  to megacryitic syeni:c is 
A relatively large,  though isolated,  catcrop  arca of 

exposed on  the  north  side of the  Eal,le  Lake  mi, 
roughly 1.5 kilometres  northeast of the astern a ~ d  of 
Ealue  Lake.  Megacrystic rocks have IO 10 30%, 1 to :3- 
centimetre,  elongate  tabular,  pink feldslnrs  in a 1h.k 
green. fine to  medium-grained  equigr,anuI,u 
groundmass of potassium  feldspar,  amphibole  and 
possibly quartz. Coarse-porphyritic  varikties have 3 to 
8-millimetre  equant  feldspars  in a similar  dark ):rem 
groundmass.  Compositional  variability  is recognized 
locally between  potassium  feldspar rici-8 syenite 2nd a 
finer grained,  dark  green  melanocratic  locks; a feature 
which  is  emphasized by differential we ithering (1' t'ie 

on  the  east-central  shore of Kinaskal Lake \vhi';h 
This unit is probably equivalent to  plutonic: rocks 

Souther  (1972)  included  in a suite of syenite, orthcdase 
porphyry, monzonite  and pyroxenite. He describes these 
as commonly  porphyritic and very coare grained with 
a high  content of potash  feldspar. 

weathering. Where  identified as dike,  it is w:;ually 
Syenite is buff-white, pink 0 '  s m o b  gley 

aphyric  and massive but may locally ccntain  up  to 5 %  
irregular  quartz  phenocrysts.  These  dices are .u:;ually 
less  than a metre  to several metres  w  de,  dip s1r:eply 

well exposed along the  north side of he Ealue Lake 
and strike  between north  and northwl st. Several $Ire 

road,  near  the west end of Ealue  Lake  In  this  area, a 
Swarm of eight  dikes, spaced from .' to 50 metres 
appart,  intrudes  maroon.  plagioclase-p jrphyritil: :lows 
and  breccias  along a 200 to 300-metre semicontinuous 

thin veinlets,  patches  and granular  di ;seminatrcns, is 
roadside outcrop.  Epidote alteration, c haractenzcd by 

commonly developed in volcanic rotks intrudzd by 
these dikes. In larger  dikes or small st xks the syenite 
or  quartz syenite contains 5 to 10% inhedral ,quartz 
grains, 2 to  4-millimetres  across.  One to t b r e e -  
millimetre  tabular, white plagioclase grains I~xc;~lly 
comprise  from 3 to 7% of the rock. 

two phases. 
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continuous  dike-like bodies of white  to  light grey, fine- 
Souther (1972) mapped  a series of thin,  laterally 

grained  aplitic rock at the  north  end of the  Quash 
Plateau  (Figure 4). We tentatively  correlate  these  rocks 
with  the  syenite-trachyte unit. 

FAULTING 

variety of scales. The  east-northeast-trending  Ealue 
Brittle faulting is evident  throughout the area  on a 

Lake  fault,  projected  along  the Coyote Creek - Ealue 
Lake  valley, is  the most prominent  stmctural  feature  in 
the map area. To  the  east of the  map area, where 
designated  the  McEwan  Creek  fault, this slructure has 
been traced  for an additional 30 kilometres by Read  and 
Psutka (1990). They  determined movement on  the  fault 
in this region  to be south  side down. 

Though not exposed in  the study  area, the structure 
is well  established by contrasting  lithologies  and  styles 

Zones of intense  and  pervasive  carbonatization,  with 
of alteration  on  either  side of the  inferred  contact. 

localized  areas of ankerite  flooding  are  prevalent  in 
rocks to  the  south of the  fault.  These  vary  from  several 
hundreds of metres  to over a kilometre  in  width,  and 
sometimes  contain local concentrations of pyrite as 
stringers  and  disseminations.  This  particular  style of 
alteration  is  absent both north of the  Ealue  Lake  fault 

Lake Group  sediments. The origin  and  geological 
and also in  overlying  Middle  Jurassic Bowser Basin 

but  association  with a currently  undefined  regional 
si@kance of these  features are at present  uncertain, 

structural feature  is  considered most likely. 

structural  contacts  locally  along  the no*rn edge of 
East  to  northeast  oriented  faults  also  define 

the  Bowser  Basin. 
A  number of less  prominent,  though locally 

significant  northwest-trending  faults  are  also  prevalent 
throughout  the  area. 

ECONOMIC GEOLOGY 

study area @ANFILE 104G and H). All appear to be 
Twenty  mineral  occurrences are recorded  for  the 

related  to  high level, subvolcanic  dikes  and  stocks 
which  intrude  volcanic  and  sedimentary rocks 
throughout  the  area.  In  almost  all  instances  copper 

with  elevated concentrations of gold  and  silver. 
mineralization is  dominant  but  is  commonly  associated 

disseminations commonly  associated  with  quartz 
Chalcopyrite as fracture  controlled  veinlets or 

stockwork is the  dominant  style of mineralization. 
Mineralization  is  commonly  hosted by the  intrusions 
but may also be developed in  the  stratified  volcanic  and 
sedimentary  country rocks. The Red-Chris  deposit  is 
the only  active  exploration  target. 

RED-CHRIS DEPYlSIT 

The  Red-Chris  copper-gold  deposit  is  hosted by the 
“Red stock,  an “northeast  elongated  intrusive body 
of pervasively quartz-sericite-ankerite-pyrite @hyllic) 
altered,  plagioclase  hornblende  porphyry panteleyev, 
1973, 1975; Leitch  and  Elliott, 1976; Schink, 1977; 
Figure 5) .  Chalcopyrite  and  localized  concentrations of 
bornite are commonly  associated  with  zones of quartz 
stockwork and  sheeted  quartz  veining.  The  quartz 

zone  associated with intense and  pervasive 
stockwork  forms a steeply dipping, high-grade  core 

carbonatization  that  is  surrounded by and  gradational 
into  barren  to weakly mineralized,  phyllic  (quartz- 
sericite-ankerite-pyrite) altered  host  stock  (Figure 6) .  
Quartz stockwork  zones dip steeply to the  north  and 
parallel  the  long  axis of the Red stock. 

included 118 percussion  and  diamond  drill-holes, 
Earlier  drilling of this  deposit by Texasgulf Inc. 

totaling 16 476 metres.  Drilling outlined. two  zones of 

Main  and East zones  (Forsythe, 1977; Newell and 
copper-gold  mineralization  which  were  designated  the 

Peatfield, in  preparation;  Figure 5) .  Using a cutoff 
grade of 0.25% Cu,  irrespective of gold,  Texasgulf 
estimated an open-pit  mining  inventory of 34.4 million 
tonnes,  grading 0.51% Cu and 0.27 g/t Au to  a depth of 
270 metres  in  the  Main  zone  and 6.6 million  tonnes 
grading 0.83% Cu  and 0.72 g/t Au to a depth of 150 
metres  in  the  East  zone. 

American  Bullion Minerals  Ltd.  drilled 21 417 metres 
Between  late June  and  early November, 1994, 

of HQ and NQ core  in 58 holes,  to an average  depth of 
370 metres.  Several  holes  exceeded 500 metres. 
Approximately 74 kilometres of cut  grid  line  were 
established  over  the  property.  Induced  polarization  and 
ground  magnetic  geophysical  surveys  were  conducted 
to  help  outline  mineralization  and  identify  potential 

defined  continuity of high  grade  copper-gold  reserves 
new drill  targets. The drilling  program  has  successfully 

along  strike  and  to  depth  from previously  outlined 

becomes both  wider  and  richer  with  depth.  Drilling has 
mineralization. It has  established  that  the  deposit 

more  or  less doubled  its down dip  extension,  and  it 
remains  open  at  depth.  Significant  and continuous 
intersections of high-grade  bornite  mineralization  have 
also been identified  in  the  East  zone. 

Cross-sections  through  the  East  and Main zones 
(Figure 5 , 7  and 8) were  constructed by logging  several 

by American  Bullion  drill  logs.  Sections  indicate  that 
holes  and  examining  portions of others,  supplemented 

within  quartz  stockwork  zones. Local intersections of 
most of the  higher  grade  copper  and  gold  is  contained 

laterally  discontinuous  intense  quartz  stockwork,  with 
narrow  zones of sheeted  quartz  material  are  flanked by 
moderate to strongly  developed quartz stockwork  which 
invades carbonate-sericite-pyrite altered  plagioclase- 
hornblende  porphyritic  hostrocks. 
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Figure 6. Generalized  characteristics of mineralization and  alteration  at  the Red-Chns  deposit.  Compiled  largely  '+om data by 
Leitch  and Elliott (1976) and  Schink ( I  977). 
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Figure 7. Generalized  cross-section ulrough the East zone 
along  section 50 100 lwking east. Abundant small-scale 
faults are not illustrated.  Line of section shown on Figure 5 .  

envelopes  and  vein-fill  material  characterized by sharp 
Quartz  stoclovork  consists of planar, grey quartz 

contacts  with  the host plagioclase  hornblende  porphyry. 

and form a  randomly  orientated  network  pattern  with at 
Veinlets are from  2  millimetres  to  2  centimetres wide 

least two generations of veining.  To log the  intensity of 
quartz stockwork on  a  consistent  basis,  American 
Bullion  Minerals  geologists  have  designated weak, 
moderate  and  strong  stockwork by arbitrary  values of 
less  than  12,  12  to  30  and  more  than  30  veins per 
metre,  respectively.  Disseminated  chalcopyrite, in 

commonly found as both  disseminations  and  thin 
addition  to  minor  pyrite,  hematite  and  bornite  are 

between  the  veins, 
veinlets  in  both  quanz  veins  and selvages of hostrock 

In the stockwork  zones  the  host  intrusion  is 
affected by intense  and  pervasive  carbonate  alteration 
associated  with  lesser  fine-grained  quartz,  sericite  and 
sulphides.  Mafic  minerals are intensely  altered to a 

probable  combination of chlorite,  sericite  and  ankerite. 
Plagioclase  phenocrysts are locally  kaolinized, but are 
more often strongly  sericitized.  Although  difficult  to 
detect  in  fresh  drill  core,  orange-brown  weathering of 
exposed core  emphasizes  the  presence of abundant  fine- 
grained  iron  carbonate.  Preliminary  scanning  electron 
microprobe  investigation  indicates  that  hostrock 
selvages are  dominated by roughly  equal  abundances 
of ankerite  and  iron-rich  magnesite.  These two 
minerals occur as  a  fine-grained,  anhedral  granular 
intergrowth  with  lesser  pyrite  and  sericite. 

Several  zones of sheeted  quartz-sulphide  material 

quartz stockwork occur in  the  East zone. The fabric 
associated  with  zones of intense  silica  flooding  and 

defined by the  sheeted  zone  strikes between 070° and 

most  likely  a  function of later  faulting  (Figure 7). 
090'. Discontinuity of sheeted  zones in  drill  core  is 

alternating  bands of light  and  dark grey 
Sheeted  material  consists of 2  to  4-millimetre 

pyrite,  with  minor  bornite. Dark grey quartz  bands 
microcrystalline  quartz  carrying  chalcopyrite  and 

contain  skeletal  hematite  and  remnants of hostrock that 
are intensely  altered to sericite,  hematite  and clay. In 

quartz  stockwork  mineralization  to  sheeted  material is 
drill  core  the  upper  transition  from  intensely developed 

gradational,  whereas the lower contact  is  faulted.  This 
is  indicated by the  abrupt  truncation of sheeting  and 
intense  stockwork by carbonate  breccia. 

bornite  mineralization  (Figure 7). Between 206 and 495 
Hole 94-106 cut a significant  intersection of 

metres  depth  bornite  comprises  more  than  half of the 
copper  bearing  mineral  and  locally  dominates.  It 
occurs  as  disseminations  and  thin 1 to  3-millimetre, 
fracture-filling  stringers  with  hematite  within  the 
altered stock and  to  a  lesser  degree  in  quartz  veins  were 
it is locally abundant. 

In  order  to  characterize  the base and  precious 
metal elemental  character of the Red-Chris  deposit,  a 
total of 23 samples,  including  three  or  four 
representative of each of the  individual  styles of 
alteration  and  mineralization  were  collected  from  drill 

coupled  plasma  emission  spectroscopy (ICPES, 32 
core. These  samples  were  analysizd by both  inductively 

elements)  and  instrumental  neutron  activation  analysis 
(INAA, Au + 34  other  elements).  Results for both 

Table I .  These dala demonstrate  a  correlation of high 
precious  and base metal  elements  are  summarized  in 

copper  with  elevated gold and  silver.  They  also 
demonstrate  that  the  highest  concentrations of these 
elements  are  present  in  quartz-rich  samples,  either 
sheeted or stockwork. 

Other  base metal concentrations  are  typically low 
with  zinc  being weakly anomalous.  These  elements 
appear to show no  correlation  with  copper  and gold 
values. 
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Figure 8. Generalized  cross-section through the Main zone along  section 50 740 looking easl. Abundant small-scal: faults art not 

previous dnlling data. 

illustrated.  Line nf section relative to locations of the individual drill holes is shown on Figure 5 .  Section does not incluQ: all 

Iridium  was  the  only  platinum  group  element 
assayed for. Abundances  are below the detection limit 
of 5 ppb in  all  samples. 

ALTERATION 

Chris. The most prominent consists of phyllic 
Four main  alteration types are evident at Red- 

(+carbonate)  with  interfingering mottled phyllic 
alteration  and  extends over an  area of 2 lo 3 square 
kilometres.  Potassic  alteration is sporadic  and  limited 
in both  extent  and  intensity.  Propylitic  assemblages are 
prevalent  in the mafic volcanics to  the north of the 
Main  and  East  zones  and  has  been identified locally in 
late  phase  dikes. 

Phyllic  alteration is generally pervasive and  is  the 
most widespread  alteration type. Generally the altered 
rock is pale  grey  and  retains  some  primary texture. 

Weak phyllic  (to weak argillic)  alteration of the  lied 

Locally plagioclase  has a bleached aipearancc: and 
stock has altered  plagioclase to sericite  and kaolinitt:. 

typically hornblende  is intensely altered to complt:tely 
destroyed.  In places, the  groundmass lppears to be 

weathered  drill  core  suggests the presencl of significant 
silicified. However, the orange-broM n colour (E 

sections  and  SEM  investigations  suggest  that cartmale 
amounts of carbonate.  Preliminary review of !.bin 

and  ankerite,  with usually 10 to 20% leplacement of 
material is composed  predominantly  ~ron-magne:si'e 

the hostrock. Vein pyrite  exceeds disseninated pyri.e 
for a total content of S to 10%. Weak  quartz-pyrite* 

veins. 
chalcopyrite  stringers  are  cut by late, white cr1ci.e 

Mottled  phyllic  alteration  partlally des:ro!'s 
primary  porphyritic  texture. I t  is ch.lracterizetl tly 
distinctive, 3 to 7-millimetre  spherical  and i r rqyhr  
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METAL ABUNDANCES OF DRILL CORE FROM THE mncmus DEPOSIT 
TABLE 1 

DDH Intersection Rock Type 

94-79  190-195 m Potassic  alteration, East Zone 
ppb ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm 
448 1.1 5510 4 9 89 2.5 -1 2.1 40 3 12 

84-81  150-154 m Potassic alleralion. East  Zone 91 0.1 1176 1 12 142 2.1 -1 2.4 24 4 23 
94-84  280-263 m Potassic  alteration.  Main  Zone 
94-85 84-88 m Polasic alteration.  Main  Zone 133 0.5 2067 3 14  127  7.5 -1 1.3  27 

55 0.1  2203 1 6 E4 7.8 -1 3.4  17 

9441 242-246 m Sheeted  qtr-sulphide. EaslZone 2230 3.3  18947 1 7 55 23 2 23 70 
94-76 4749m Sheetedqh-sulphde.  EasIZone 2290 3.7 41180 2 13  79  19 4 11 63 
94-76 6MISm Sheeledqh-sulphide.EaslZone 1870  3.1  21514 1 17  133 8.6 6 34 51 
94-81  265-291 rn Moderaleqhstockwork. East  Zone 376  0.1  2788 2 8 68  4.7 4 15  27 
94-76 117-120m Mcderal~qtrstoekwork.MainZone 335  0.8  4614 3 12  83  20 -1 6.9 26 
94-83  53-54 m Mcderateqhslockwork.  EaslZone 116 0.5 5642 3  9 137  19  -1 5% 24 
94-81  29-40 m Phyllicailealion.  EastZone 31 0.1  118 2 3 25 13  -1  12 21 
94-106 8690 m Phylliialleralion. East  Zone 
94-84 193-204 m Phyllic alteration. Main Zone 

61 0.1  754 12 6 95 6.8 -1 11 37 
21 0.2 148 1 13 186 5.5 -1 1 19 

94-107  65-72 m PhyUic  alteration.  Main Zane 167 0.1  5792 2  2 21 8.9 2 6.0 49 
94-81  92-97 m Mowed  phyllic  alleratiwn. EaslZone 126 0.2  1474 16  12 20 13  -1 3.9  23 

94-106  161-162 m Mollled phyllicalleralion.  EaslZone 116  0.1  985  35 3 24  4.4 -1 3.1  27 
94-106 23-26 m Mawed  phyilicalleratwn. East Zone 23  0.1  84 3  2 21  28  -1 3.6 46 

94-76  140-145 m Slmnp qh stockwork, East Zone 
94-106  308-313 m SlmnpqhstaCwork. EaslZone 2840 12.3  25859 6 3 60 0.9 2 3.4 79 

263 1 4263 3  4  89 38 6 68 22 

94-84 99-103 m Shonpqtrstockwork.MainZDne 1330  2.1  12943 3 7 102 13  -1 2.3 61 
94-81  312-315 m Weak qtr slockwoh, East Zone 
94-105  342-345 m Weak q h  stoekwork. Main Zone 

255 0.4 2322 2 2 86  20 3 22  18 

94-85 88-92 m Weak q h  slockwork. Main Zone 
612 0.6 1470 2  8 18 9.6 2 14  39 
127 0.3 2031 3 14  135  30 1 3.9 32 

' Analyses by instrumenla1 ~ u k o n  actisl in (INAA). elemenb Withwl an asterisk anawed by inductiehl mupled plasma srnisskm spectmscopy. 

pale grey patches of intense  quartz-sencite  alteration 
that  comprise  from I O  to 15% of the rock. Typically 
fine-grained  to blebby pyrite  occurs  near  the  centre of 
these  patches.  Altered  groundmass  is beige, probably 
indicating  significant  ankerite  replacement.  Pyrite 
veins  are  common  and have well developed sericite- 
quartz  envelopes.  Total  pyrite  content  varies  from 5 to 
10%. 

On  the whole, areas of potassic  alteration are 

alteration  zones.  Potassic  zones are  generally only a 
minor, representing  roughly 5 to 10% of the total 

few  metres  wide  and  are  discontinuous,  with 
gradational  to  sharp  contacts  with  the  phyllic-altered 

porphyritic  texture  is  preserved,  it  is often totally 
host and  quartz  stockwork.  Although locally the 

destroyed and  replaced by fine-grained potassium 
feldspar,  giving  the rock a  light  orange-brown  to 
salmon  colour. The potassic alteration  assemblage 
includes 2 to 7% hematite  after  magnetite  (martite)  and 
finely disseminated  magnetite  and  rare  veins. Generally 
2 to 1% disseminated  pyrite  is  fine-grained to blebby, 
with few pyrite  stringers.  Narrow quartz stingers 
contain  pyrite  and  chalcopyrite. Locally, hornblende  is 
altered  to  fine-grained,  felted  brown  biotite. Panteleyev 
(1975) commented  on  the fact that  hematite  and 
siderite  impart  a buff pink  appearance  to  hand 
specimens  that may be mistaken  for potassium feldspar 
flooding. 

(1977),  is poorly developed. It consists of 5% 
Propylitic  alteration, as discussed by Schink 

disseminated  epidote  and 2 to 5% finely disseminated 
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pyrite and has only been  identified in  the  augite 
porphyry (Dynamite  Hill)  volcanics  immediately to the 
north of the  main  zones of stockwork mineralization. 
No epidote  was noted in  drill core during  the 1994 
drilling  program. 

A gypsum  zone located west to south-west of the 
Main zone contains  weak to strong  gypsum  veining but 
its  extent is poorly defined.  These  veins  appear  to be 
late  and cut mineralization  (Schink, 1977). Drilling 
during  the 1994 field  season  was  concentrated  within 
the  East  and  Main  zones with very little work done  in 
this  area. 

Carbonate  veins  and  alteration of groundmass 
minerals to ankerite  and  iron-rich  magnesite  are 
widespread throughout  the  Red  stock.  Surrounding 
volcanics  and  sediments  are  also  locally  intensely 
carbonatized.  Generally  the  zones  external to the stock 
are  barren of sulphides,  appear to  be very late and may 
be unrelated  to  the  main copper-gold mineralizing 
event, at least  in  part. 

FAULTlNG 

controlled  the orientation of the Red stock and  the 
Prominent east-northeast-trending structures have 

zone of mineralization.  Faults  active  either before or 
during  the  mineralizing event are  generally healed 
and  associated  with  intense  silicification.  Schink 
(1977)  and  Leitch  and  Elliott  (1976)  defined  the  fault 
orientation as striking  060°-090" and  dipping 
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faults with  dominantly dip-slip movement. 
approximately 75' lo the south. These are normal 

earlier  structures  vary  from several centimetres to 50 
Fault  gouge  zones  produced by reactivation of 

metres  in  width and  are a  prominent feature throughout 
the  drill core. The gouge  material  contains  rounded 
centimetre-sized  fragments  of altered and mineralized 

quam and  carbonate. As emphasized by Newell and 
(pyrite-chalcopynte)  Red stock  in  a matrix of clay, 

Peatfield (in preparation),  disruption  of  the  mineralized 
zone by faulting  is an important  aspect  of the deposit 
but difficult to characterize  on  sections  due  to 
uncertainity  in  correlating  the  many  fault  zones  from 
drill  hole to drill hole. 

CLASSIFICATION OF THE RED-CHRIS 
DEPOSIT 

as a  porphyry  copper-gold  deposit  (Panteleyev, 1973, 
The Red-Chris  has  been  characterized, genetically 

(McMillan, 1991; Newell  and Peatfield, in 
1975; Schink, 1977) or  alkaline  porphyry  deposit 

preparation).  Both  Schink (1977) and Newell and 
Peatfield (in  preparation)  have  emphasize  the  apparent 
ambiguity of features  that  are indicative of both alkalic 
and calcalkalic deposit types (Table 2). The overall 

TABLE 2. CHARACTERISTICS OF THE 
RED  CHRIS  DEPOSIT. 

Alkelic Porphyry 
Deposits 

Cslcslkalic Porphyry 

High qua& content of the Exclusively  copper  and 

molybdenum  deficiency calcalkaline  composition of 
gold  mineralization mineralized zone 

High level, subvolcanic Phyllic  alteration 
character of the stock 
Relative  small  size of Association with minor 

extent of mineralization and  tourmaline 
stock  and  limited  lateral amounts of sphalerite,  galena 

Deposits 

the Red Stock 

size  and, in particular, the  metal signature, with 
significant gold values  associated  with  higher  grade 
copper and a  molybdenum  deficiency are clearly 

the  mineralization,  however, as predominantly  quartz 
indicative of alkaline  porphyry deposits. The nature of 

stockwork zone,s associated  with  intense  and  pervasive 
carbonatization and phyllic alteration of the host 
intrusion  is not. Classification of the Red Chris deposit 
as  to  the type of porphyry  remains  problematical. 

porphyry with no attempt to further  refine  the porphyry 
Reference to  the  deposit as strictly a  copper-gold 

type is preferable at this stage. 

NEWMINERAL OCCURRENCE 

during  the course of mapping.  Areas of gossan  uere 
found  primarily in Mesozoic  volcanics ar d to a b:!,aer 
degree  in  sediments. In  almost  all ca;es the only 

disseminations  and  thin stingers, and less :ommonly as 
metallic  mineral identified was pyrite, occurring as 

throughout  the  areas  of  alteration,  with I reference fol 
massive 2 to  4sentimetre clots. Chip s.mples tacen 

precious  and  base  metals. 
sulphide-bearing rock fragments,  were  analyzed fol 

Two  sulphide  samples  from  one of the gossanou!, 
areas  sampled  returned  anomalous  copper  values (";~blr: 
3). 

PRECIOUS  AND  BASE  METAL 
TABLE 3. 

ABUNDANCES OF SULPHIDE  SjrMPLE. 

I2 
"- 

of the  Eddon  plateau roughly 3.5 kilome res due n m l t  
This mineralized outcrop is  located o I the east rid,: 

of the  centre of Ealue Lakc:, at an  elev,ttion of 1600 
metres (5200 feet), (UTM 45040E by 6 10705N) A 1 
by 5 metre  area is exposed in a near-verti :al,  nort11c::ast- 
facing rock face, 150 metres  long by 6 to # I  metres hi@ 
Chalcopyrite  mineralization  is  hosted b] a polymlcti: 
volcanic lapalli-tuff brecc:ia. Volcanic Jreccia varies 
from matrix to clast supported.  with  mbangular 12 

porphyritic volcanic c1asI.s in  a poorly  sc'rted 
subrounded, I to 4-centimetre plagioclale-hornblendc- 

plagioclase  phyric  tuffaceous  matrix.  Chalcopyrite and  
pyrite forms thin  stringers  and  fine to locally ccarse 
disseminations  comprising  from IO to I f %  of thc rock 
over  widths  of less than 0 . 5  metre  with n the broad(,r 
rusty stain  zone. 
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BRITISH  COLUMBIA  AGGREGATE  INVENTORY PROJECIT 

By Peter T. Bobrowsky, Caleen E. Kilby,  Gavin Manson and  Paul F. Maty;ek 

KEYWORDS: aggregate,  digital  database,  inventory, 
potential  mapping,  sand  and  gravel 

INTRODUCTION 
In 1994,  the Geological Survey Branch  initiated 

a  program  focused on provincial  aggregate  resources. 
The  goal of this new effort is to establish an inventory of 
both natural  and  crushed  aggregate  pits in British 
Columbia.  A  long-term aim of this  program  is to provide 
products  which  will  assist  planners  and  decision  makers 
as  well as industry  producers,  in  their  management  and 
use of  this  finite  resource.  The  success of future  decisions 
regarding  the  availability,  sustainability  and  possible 
sterilization of aggregate  resources rests on  the  quality 
and  availability of the  existing  information  source 
(inventory  database).  Aggregate  inventory  information 
(ie. number of pits,  location,  deposit  size,  volume,  etc.) 

the  reliability of  provincial  evaluation  and  land-use 
is  presently  incomplete  and widely scattered.  To  improve 

decisions  regarding  aggregate  resources,  several  short- 
term  objectives were targeted  in  the  aggregate program 
(Bobrowsky  and  Kilby,  1994). 

summarized as: 
The  immediate  objectives of this  program  can be 

Establish 11 digital  database  inventory of all 
aggregate  pits  (active  and  abandoned, as well as 
public  and private)  in  British  Columbia,  consisting 
of an identification  label  and  location  referenced to 

Identify  the  geological landform and  surficial  deposit 
the geologid  database; 

Improve  information  transfer  and data management 
represented by each pit; 

(e&, through  MINFILE), between key provincial 
ministries  ((Transportation  and Highways, Forests) 
and  external  parties which are  actively  involved with 
aggregate  nsources; 
Sponsor an "aggregate  potential  mapping" (APM) 
workshop to develop  acceptable scientific methods 
for  evaluatingaggregate  resources. 

BACKGROUND 

Geological Survey of Canada  some 25 to 40 years ago 
Excluding local  studies completed by the 

(e&, Armstrong,  1953;  Learning,  1968),  regional 
aggregate  studies are rare and consist  only of  two 
published by the  Minisuy 01' Energy,  Mines  and 
Petroleum  Resources (Hora and Basham, 1980 Hora 
1988).  These  two  studies, which were  completed  a  decade 

Geological  Fieldwork 1994, Paper 199s-1 

ago, are the  most  recent  summaries of tile entire  i1dustry 

of a significant  part of the provincial  a,:gregate i~dusu]. 
in British  Columbia.  They  provide a bellchmark analysi!; 

principal  participants,  production,  use  and estim:ltes of 
and  include  reviews of' aggregate-related  legislaion, 

reserve  life. However, the invenlxy infinmz,tion 
contained in the two reports  is  not  cur'ent, which is  an 
important  factor for land-use  decisions.  Although  :wreral 
topical  studies  have  appeated  in  the last few yews (e&, 
Goff and Hicock, 1992; Imson,  199: ) which idtlres,; 
aggregate  identification on a  local  scale,  there i:; slin :I 
need for aprovince-wide  study. 

The need to establish  and  mairltain an inventor, 
of aggregate  pits  and  deposits in Ue provinm  is :a 
reflection of the  growing  importance of the resouxe For 
example,  Figure 1 shows  the  value of s n d  and  f:ravf>l  (in 
$ millions)  for the years  1976  to 1992. I buring hi:; p~:rioi 

increased  from a low of $48  million t8)  a high :If Fl5l 
the production value of sand  and  grlvel has s:teidi ly  

million.  The  amount  of  sand  and  gra1,el  produced over 
the same  period  shows  no clear trend (Iligure 2) and it is 
interesting  that  the  amount  praluced in 1992 
approximates  the  level  produced  in 15 78, but tt I: value 
has  doubled. In the  absence of an zggregate  pit and 
deposit  inventory, which would Alow longterm 
monitoring of aggregate  resources,  a  re iable  qua?.titative 
estimate  of rates of  depletion  and  expec  ed  resource life I.S 
not possible. 

DIGITAL  DATABASES 

INVENTORY 

Information  on  aggregate reources in British 
Columbia  resides with several  pro.incial  minijtrirs 
(Environment  Lands and Parks; T~ansportaton and 

Forests),  federal  depamnents (Fishaies  and Clceans: 
Highways; Energy,  Mines  and  Petr k u m  Rc:;olucesr 

Transport  Canada), local governments (munic:i.pditit:s 

producers. The  nature of their  interest rang:s from 
and  Regional  Districts)  as  well i s  the  aggregate 

revenue  and  planning to inspection/auditiog and 
permittingllicensing.  Most interestec parties  scpport 

needs.  None  of  them m a a g e  a  pan-provincial  irrveltory, 
some  form of selective  iwentory  adapted  to p t i c u l a r  

but all  support  the  concept.  This stud i seeks IC atldress 
this  data  gap by establishing  a  bcsic invmtoy of 
aggregate data accessible to all interested  partiw. Such 
an inventory  is  required in areas  wher,:  there  is :urrently 
a  demand for the  resource or where 6 future d m m d  is 
anticipated. 

3851 

ldegroot
New Stamp



160 

SAND AND GRAVEL h 
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Figule 1. British Columhia statistics for sand a ~ l  gravel value 
ill F millio~~s for the pcrind 1976 to 1992. 

55 1 SAND AND GRAVEL 

Figme 2. British Chlumhia statistics for s a d  and  gravel 
pmduclion in tomes for Ihe period 1976 to 1992 

are recognized,  public and private, and most of the 
I n  this  discussion, two t y ~ s  of  aggregate  pits 

intnnnatioll  perkuning to the number and location o f  the 

Energy,  Mines and Petroleum  Resources  (MEMPR) and 
pits is managed  primarily by  two ministries:  Ministry nf 

Ministry of Trausportatinn and Highways  (MOTH). 
In British  Columbia, ad1 aggregatc  pits  are 

Health, Safety and Reclanation Code for Mines, the 
designated as mines.  Through the Minc!s Acl and t l ~ c  

Ministry of Energy,  Mines and Petroleum  Resources  is 
concenled with the  planning,  management and 
regulation of mines on both Crown and privzrte land. 
Because  responsibilities  include  pennitting, health, safety 
and recl,mation,  considerable  effort is often  expended on 
aggregate  issues by the Land  Management and Policy 
Branch of MEMPR. I n  the Land  Managemcot and Policy 
Branch,  private  aggregate  pits ;ut: identitled by it 
reclamation  number and managed hy Mining Inspectioll 
Districts.  Moreover,  the branch relies (111 compleied 

aggregate  pits  such as location, size and productioo 
Notices of Work fonns to collect information on 

estimates.  Ilowever, Notices of Work indicate only 
expected prntluction nver  the life of the permit and 
contain  limited  infonnation on pit locatiou and estimates 
of size. On submission of an application for a pennit, 
information is abstracted  from  the Notices of  Work zu~d 
entered  directly  into  digital fonnat on a system called 
MIS (Mining  lnfonnatioll  System). 

The Minislry of  Transportation and Highways, 
through the Cieotechnical and Makxials Engineering 

ensuring that a11 adequate  quantity and quality of gravel 
Branch and Maintenance  Branch,  is  responsible for 

is available for coostruction,  maintenance  and 
rehabilitation of highways in the province  (Ministry of 

Inanagement  program addresses its  aggregate concenls 
Transportation and Highways, 1994). The MOTH  gravel 

hy estitnating  gravel  demand,  establishing  gravel supply 
strategies,  finding new deposits,  managing Ministry pits 

aggregate data have bcen  Innaged  by  MOTH  using three 
and purchasing new gravel.  For  the  last several y w s ,  

system: ADIS (aggregate  deposit  infonnation system), 

IMAMS (regional  aggregate accnunt rnanagetncnt 
ARMS (aggregate  resource  management system) and 

system). The quality of the data captured is variable, as 
the  location m d  status o f  many  pits are unknown or 
incomplete. A new system, GMSS, which is a 
compilation of  the above three systetns, is expected. to t.2 
adopted by  MOTH following  regional  testing.  This new 
1lat;lbasc should  eliminate  errors and cotnplete  missing 
information  fields. The Ministry uses its own aggregate 
identification system and manages  data  according to 
Highways 1)ist.icts. 

Our elforls to est;lhlish a digital  inveutory o f  pit 
frcqnency and location has begun with the use o f  
rccliunation  files  (which  include Notices o f  Work) and 
Ult. ADIS tlal;lb;lsc 21s primuy dam sources. Individual pit 
identification i~ntl location :uc obtained, plotted on base 
maps and thco  digitized  using QIIIKMAP. The 
inlnnnation is being  compiled in  a simple dBase format. 

OTHER DATABASES 
At present the project  is  using  MELP digikll 

1:250 000 (NAD 82) topographic  infonnation as base- 
maps for dam ;Iccumulation. These  maps  provide :I 

available for  UK entire province. 
general  framework for viewing pit locations and are 

Mmagclnent) dais compiled a t  I :20 000-scale as h a e  
Ilsing TRIM  (Ten-ain Rrsourcc  Infonnation 

maps could provide  more  accurate and detailed digital 
infbrmatioo.  Specitic  groups o f  data layers are. available 
at this sczde and can be purchased  individually. A pilot 

map sheet 92Ci. The project  relied on "designated ;ueas" 
project explored  the potenti;d uses of these  data for the 

layers lor  gravel pits, abandoned  gravel  pits and quarries. 
layers for a l l  I :20 000 maps in 92Ci which  included 

A cwnpleie base map of  92G was compiled with polygo~l 
fonns lnr designalcd pit sites.  Although UK results o f  UK 
pilot project iuc nf interesl. the data stor;~ge requiremenls 
of  polygon i~r lbnnario~~ ;ut: high and precludc 
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continuation until all hasic inventory data have k e n  
compiled. 

of approximately 6000 pits  and  contain  infonnation on 
Once  con~pleted, the hasic inventory will consist 

locations,  geology ;u~d other  related data. Our  intention is 
11) maintain a current accounting of the aggregate  pits 
and to provide  this  iqformation t o  interested parties :IS 
quickly and efficiunly a s  possible. Tbc prohlcm of long- 
term data management and dissemination  was considered 
and the use of  MINFILE was recognized ;IS a potential 
solution.  The potentid for merging irlventory 
illformation  with MIWILE was tested in o u r  pilot  project 
in 92G The  long-tenn use of MINPILE  for the aggregate 
inventory is still  under  review. 

is  derived Trom mineral  deposit mod1 Is of emlolnic 
geologist?. 

~ncthods in relation to clienl needs. 
We will exwnine (lie pros ;:nd CJIIS of the ahove 

SUMMARY 
We ;mticipate tna t  once mnpletec, the 

inventory will hc o f  use t o  industry prodliccrs, gei, og sts, 
engineers,  planners, Inmlgers ;md m n y  others 
interested in the aggregate industry of E'ritish Ctrlmbia. 
Comprehensive  planning  and  resour':e Inan:q:ment 
strategies rely on a s~untl infortnation mrce  which, in 
this case, irlcludes a knnukxlge of the: distrihtJlior~ of 
active sand ;md gravel pits, as well as their geclogical 
setting. Success in such strategies nay be further 

resource  potential  (aggregatt potential II apping). Acxss 
enhanced by the use ol prohahilistic est mates rej,u(ling 

t o  digital  inventory data should incrcas; the number of 
users  ;old client needs. 
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SOME NEW  DIMENSION  STONE  PROPERTIES  IN BRITISH COLlJMBIlr. 11 

By Z.D. Hora and K.D. Hancock 

KEYWORDS: industrial  minerals,  dimension  stone, 
building  stone,  granite 

INTRODUCTION 

Exploration  in British  Columbia 1992. During  the 1993 
The  first part of this  report was published in 

field  season,  several  additional  quarry sites and 
dimension  stone  prospects  were  visited  and  the  following 
text  provides  descriptions of individual  properties. 

REGIONAL, GEOLOGY 

southeastern British  Columbia. Two of them are  in  the 
Quarry sites  described  in  this  article are situated  in 

Coast  Plutonic  Complex,  and the other  four  represent 
several types of granitic  intrusions  in  the  Okanagan  area. 
The Cayoosh Creek and  the  Elaho  River  quarries  opened 

both  part of the  Coast  Plutonic  Complex. The two 
in two separate  quartz  diorite  intrusions of uncertain  age, 

McNulty Creek sites  are  in  the  Pennask  batholith of 
Middle Jurassic: age;  the  Little  White  Mountain  prospect 

batholith  and  the  Allendale  Lake  project  is  in  a  small 
is in  the  northern  part of the  (Late  Cretaceous) Okanagan 

isolated  plug of Eocene  Cotyell  syenite (Roddick et a/., 
1979; Tempelman-Kluit, 1989). 

PROPERTY DESCRIPTIONS 

McNulty Creek - East (Pacific Rose) 

Location:  Lat. 49”  34’ I m g .  120” 04’ 92W9 
Osoyoos Mining  Division.  Approximately 31 kilometres 
west of Summerland. 

Summerland. 
Access:  From Highway 94 on  a  logging road west of 

Owners: D.  Sandberg  and K. Bechtel 
Operator: None at  present,  Pacific  Granistone  Ltd. 

Commodit.ies:  Dimension  stone - granite 
in 1992-93 

LOCAL  GEOLOGY 

This  site  is  located  in  medium  to  coar *-grained pink 
and  white  granite of the  Middle  Julassic  Pellnask 
batholith.  Granite  outcrops form an elot gate, easI.wl:st 

boulder  field  on  the lower part of the siope. The igrtat 
oriented  ridge  with  bare rock. ledges,  faces  and  a g m i t e  

fracture  density. The rock is homogemous with only 
size of the  boulders  and  massive  outcrops  indicates low 

occasional  dark  inclusions (F’hotol). 

this  site  and  produced a number of blocks  which wcre 
In 1992 and 1993, Pacific  Graniston:  Ltd.  optioned 

processed into  facing-stone  sheets (F‘hotc 2). Undcr  the 

f l o o r  tile  and  outside  facing  in  the  Jack D [vis  Build, ng in 
trade name “Pacific Rose” granite,  this s t 1  ,ne was u!sd as 

Energy,  Mines  and  Petroleum  Resources. 
Victoria.  This  structure  houses  the B. 3. Ministry of 

PETROGRAPHY 

grained  pink  two-feldspar  granite. Major :onstituents iue 

Pacific Rose stone  is an attractive medium to coarie- 

pink  orthoclase,  white  plagioclase, glassy grey  quat%! and 
greenish  white  microline.  Minor  minertls  are srdae:ie, 
apatite, rutile, biotite  and  magnetite (1.2%). Microl~ne 

matrix. The  texture  and  colonr  are unifon I with  no Labric 
imparts a  faint  greenish  cast to the  (thenvise white 

present. The rock is quite  fresh  with m i n x  sericiti:!ation 
of plagioclase  and no alteration of biotite The rock takes 
a very good polish (8-9/10) with  no  iron mining. Grains 
are well interlocked but the  stone  develojed  underrprtad 

biotite  grains or on  feldspars  where  clewage intersects 
intragranular  cracking.  Some  minor piting occu~s on 

intragranular  cracks. 

McNulty Creek - West (Paradise hose) 

Osoyoos Mining  Division.  Approximately 36 kilntnetres 
Location:  Lat. 49’ 34’ Long. 121’ 09’ J2W9 

west of Summerland. 
Access:  From Highway 97 on  a logg ng  road  vest of 

Summerland. 
Owners: Don Sandberg, R. Bechtel ,md F. Arnold 
Operator: None 
Commodities:  Dimension  stone - gr mite 
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Photo 1. McNulty  Creek - East - Massive  rock  outcrops  of Photo 4. Little  White Mountain prospect.  Split  boulder  for 
Pacific Rose granite testing  the  market. 

Photo 2. McNulty  Creek - East.  Split  boulders  ofPacific  Rose  Photo 5 .  Elaho River quarry site of  Pacific Q u a ~ ~ y  Industries 
granite used  to  produce  stone  for the Jack  Davis  Building  Ltd. 

Photo 3. Little  White  Mountain  prospect.  Large  massive  Photo 6 .  Caywsh  Creek quarry ofNorthwest  Granite Ltd 
granite  outcrops on the  hillside. 
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LOCAL  GEOLOGY PETROGRAPHY 

Pacific Pearl  stone  is  a cream-yellow-grey quarz 
syenite.  Large,  1  to 2-cenlimetre, ye l l~w ortho:la:;e 
crystals  are  prominent.  The  cnarse te:.Wre is  pite 
uniform.  The  medium-grained groundmas:. is made 11p 'Jf 

constituents,  less than 1% each,  are  apatitt:,  chlorite aftx 
grey quartz,  white  plagioclase and black biotite.  Minor 

biotite,  zircon,  sphene and  magnetite.  Th: rock apjiears 
fresh and shows  no  iron  stiunmg.  In  thin  ssction,  thcre  is 

biotite.  Microperthitic  texture  is well deieloped in the 
little  alteration  with only a small  amount I Nf chlorite :after 

a  lighter  colout; medium to coarse-grained pink and 
Paradise Rose is  a  stone  similar to Pacific Rose. It is 

white  quartz syenite of the  Middle  Jurassic  Pennask 
batholith.  Large  boulders and massive outcrops  form  a 
northeast  elongate  hill. No dark  inclusions  were observed 
on  scattered  boulders or rock outcrops. There is  no 
production record from  this  locality. 

PETROGRAPHY 

sphene,  chlorite after biotite,  hornblende,  magnetite  and 
pyrite. The rock appears  to be fairly  fresh  but,  in thin 
section,  plagioclase  is moderately sericitized.  Orthoclase 
has  some  microperthitic  texture  and  some  grains  are 
glomeroporphyritic,  enclosing  biotite  and plagioclase. 
There  are  abundant  cracks in orthoclase crystals which 
can be seen  on  the  polished  face.  The rock takes  a  high 
polish @/lo) but  some  cracks  are  up to 0.5 millimetre 
deep  and  there  are  a  few  through-going  fractures.  There 
is  some pitting of biotite grains  and scattered flaking out 
of  orthoclase  fragments  along  clcavages  intersecting with 
intracrystal  cracks.  There  is no staining by pyrite or 
magnetite (<I'% combined). 

Little M i t e  .Mouniain 

Loeation: Lat. 49' 42'  Long. 119" 15' 82Elll 
Greenwood Mining Division. Approximately 36 
kilometres  southeast of Kelowna. 

logging road southeast of Kelowna. 
Access:  From  Highway  94  and  Highway 33 on  a 

Owners: 13. Sandberg  and  R. Bechtel 
Operator: None at present, Pacific Granistone  Ltd. 

Commodities:  Dimension  stone - granite. 
in 1992-93 

LOCAL  GEOLOGY 

coarse-grained  phase of the Late Cretaceous Okanagan 
The Little: White  Mountain  site  is located in  a 

batholith. This  stone  prospect  forms a  north-trending 

boulders below it  (Photo  3).  Available  exposures  and 
ridge with many  large rock outcrops  and  scattered 

boulder  sizes  indicate low fracture  density  in  the bedrock. 
The rock is  homogeneous with no dark  inclusions 
observed. 

In 1992, Pacific  Granistone produced some blocks to 
test the  market (Photo 4). Processed slabs were used as a 
floor tile  in  some  private residences and  one  Vancouver 
mall. This  stone  was given the  trade  name of Pacific 
Pearl. 

and  quartz grains. 

Allendale Lake 

Location: 49O 24' Long. 119'  22' :i2E:/6 
Osoyoos Mining  Division. Approximatel t 20 kilomet~'es 
east of Okanagan  Falls. 

Okanagan  Falls 
Access:  From  Highway 94 on a  loggmg road east of 

Owners: D. Sandberg  and R. Bechte, 
Operator: None 
Commodities:  Dimension  stone - gr;.nite 

LOCAL  GEOLOGY 

hill with a  scattered  boulder  field  along ,ts edges. \Nhen 
This unusual type of stone prospect forms a round 

cut and polished, this stone has a  dark t lue colou.  aith 
occasional light  irridescense  in  some  feld'ipar grain;.  The 
rock is a very coarse  grained,  dark gr':y syenite. The 
colour and  texture of  tht: stone  valies  slighlly in 
individual  boulders  and rock outcrops. '-he prese:ice of 
many small  boulders  indicates  a  high  fracture dcnsity 
Therefore,  in  spite of its very attractivt appearance  in 
finished slabs, potential development c f  this sit: will 
probably be limited  to  monument  w0.k  and  intelior 
projects only. 

PETROGRAPHY 

This distinctive  stone is a  dark greq to black a.lkali- 
feldspar  syenite. The rock is very coarse with largt: ( 1  to 
2 cm)  phenocrysts of  grey orthoclase anc black aqitc,. It 
has  a poorly developed linear  fabric  defir.ed by the :au,:ite 
crystals.  The rock is partially  altered wil h pseudonorphs 
of chlorite  after  augite and  some  chloritication of  I,iol.ite. 

constituent of the finer  groundmass. Mtnor constitumts 
Quartz  is  absent, nepheline may be prcsent as a minor 

are  apatite,  magnetite and pyrite. The rick takes 3 good 
polish (7410) with  some  pitting on c'lllorite or biotite 
grains. There  are  tight  intergranular  clacks throughout 
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the rock and  individual  grains  also  show some cracking. 

from  either  the  pyrite  or  magnetite (2-3%). The polished 
Grains  are  well  interlocked  and  there  is  no  iron  staining 

crystals. 
rock  exhibits  bluish  iridescence  from  some  feldspar 

Cayoosh Creek 

Location: Lat. 49' 32' Long. 122" 11' 92J/9 
Lillooet Mining  Division. Approximately 55 kilometres 
northeast of Pemberton. 

Lillcmet 
Access: On Highway 99 between  Pemberton  and 

Owners: Northwest  Granite  Ltd. 
Operator: Northwest  Granite  Ltd. 
Commodities: Dimension  stone -granite 

LOCAL  GEOLOGY 

Cayoosh  Creek  quarry is located in a fine  to 

Bridge  River  Group  sedimentary  rocks  (Photo 6) .  The 
medium-grained  quartz  monzonite  plug  which  intrudes 

quarry  area  is  characterized by horizontal  ledges  several 
metres  thick, of massive  monzonite,  overlain by a  more 
densely  fractured  zone.  The  existing  quarry  face  allows 
removal of blocks  several  cubic  metres  in  size  (Photo 7). 
The  stone  is  homogeneous  with  uniform  texture. No dark 
inclusions  can be seen  on  quarry  faces. 

The  quarried  blocks  are  split  into  masonry  and 
facing  shapes  and  marketed  under  the  trade name  Arctic 
White granite  (Photo 8). It has k e n  widely used around 
Whistler  and  in  the  Vancouver  area. 

Photo 7. Cayoosh  Creek quany face 

PETROGRAPHY 

Arctic  White  is  a  bright  white  fine to medium- 

but has a strong  planar  fabric  defined by biotite. Major 
grained  quartz  monzonite.  The  texture  is very uniform 

clear,  colourless  quartz  and  black biotite. Minor 
minerals  are  white  plagioclase,  orthoclase,  microcline, 

constituents  are  sphene,  (clino?)zoisite  and  chlorite  with 
sericitization of plagioclase.  The  polished  surface  is good 

Photo X. Caywsh  Creek quany site ~ splitting  the  stone  into 
masonry blocks 

(7-8/10) and  pitting  is  limited to crystal  corners  where 
cleavage  planes  intersect the surface.  There  is  no  staining 
as  iron  oxides  or  sulphides  are  essentially  absent. 

EIaho River 

Vancouver Mining  Division. Approximately 60 
Location: Lat. 50' 08' Long. 123' 28' 92J13 

kilometres  north of Squamish. 
Access: From  Squamish by logging  road  upstream 

along  the  Squamish  River 
Owners: Pacific  Quarry  Industries  Ltd. 

Commodities: Dimension  stone - granite 
Operator: Pacific Quarry  Industries  Ltd. 

LOCAL  GEOLOGY 

The  Elaho River  quarry  is  opened  in a quartz  diorite 
phase of the  Coastal  Plutonic  Complex. The stone is  fine 
to medium  grained  with a parallel  texture  well  defined by 
orientation of mica  flakes.  The rock is exposed  in  steep 

kilometres  upstream  from  its  confluence  with  the 
cliffs and  along  the  banks of the  Elaho  River,  some 7.5 

apart,  allows removal of large  blocks  from the  quarry 
Squamish  River.  The  fracture  spacing,  several  metres 

face  with a minimum of waste.  The only  observed 
inhomogenities  in  the  quarry  area  are two light-coloured 
fine-grained  aplitic  dikes 10 to 20 centimetres  thick. 

tile in Surrey,  British  Columbia  and  marketed  under  the 
The  square-shaped  blocks  are  processed  into  granite 

trade  name of Whistler  White  granite. 

PETROGRAPHY 

granodiorite  that has a  prominent  parallel  fabric  defined 
Stone  from  Elaho River is a distinctive  white 

by the mafc minerals. It is fine  to medium  grained  with 

plagioclase,  colourless  glassy  quartz  and  black biotite. 
a uniform  texture.  Major  constituents  are  white 

Chloritization of biotite  and  virtual  total  replacement of 
minor  augite  gives  the  mafics  a  greenish  tinge.  Notable 
highlights  are  small (*I mm) red garnets  that  are 
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scattered through the  rock.  Minor  minerals  are  sphene, 
(clino?)zoisite,  apatite,  magnetite  and  pyrite.  The  grains 
are  well  interlocked  and the fabric  seen at the 
macroscopic  scale is  not  apparent  under  the  microscope. 
The rock is reasonably  fresh,  considering  the  modest 

There  is  no iron  staining  from  the  pyrite  or  magnetite (+ 
amount of chloritization,  and  the  feldspars  are  unaltered. 

only  slight pitting, on biotite-chlorite  grains  and  there  are 
1% combined).  l’he  polish is very  good (8-9/10) with 

no  fractures or significant  cracks. 

SUMMARY AND CONCLUSIONS 

Steady  progress  is  being made in  developing  British 
Columbia’s  dimension  stone  resources  and  bringing back 
an industry  which was once  vibrant,  but  gradually 
declined. More  and  more  sites with  different  varieties  of 
colours and  textures  are  becoming  producers and 
prospectors  are b!ringing to  industry’s  attention  numerous 
potential  deposits  with  excellent  chances for 
development. Although data on physical  properties  are 
lacking  from  most of the  locations,  the  study of thin 
sections  and  correlation  with  similar  stones  from 
established  producers  indicates  possibilities for even  the 
most demanding  applications. 
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THE GEOCHEMISTRY OF MINERALIZED SKARNS 
IN BRITISH COLUMBIA 

By G. E. Ray and I.C.L. Webster 

mk%'omE economic  geology, skarns, 
geochemistry,  melal  ratios. 

INTRODUCTION 

In  this  paper we present  geochemical  assay  data for 
mineralized  samples  collected  from over 60  skarns 
distributed throughout British Columbia  (Figure I ) .  
These  samples w m  collected from all  seven classes of 
calcic metallic  skarn  present  in  the  province (Fe, Cu, 
Au,  Mo,  Pb-Zn, W and  Sn)  and  represent  both  major 
producing  deposirs  and  smaller  prospects  (Table I ) .  

geochemistry (particularly the Au,  Ag, Cu and  Zn 
In  addition to examining the  varying metallic 

geochemistry) of the  various skarn classes, we present 
some  plots of metal  element ratios that  can assist 
prospectors and exploration  geologists to geochemically 
differentiate gold, copper and  iron  skarns. 

SAMPLES AND SAMPLE LOCATIONS 

A total of 181 samples of mineralized  skarn  were 
collected  for  this  study and a  synopsis of the  namc  and 
British Columbi:a MINFILE  number  of  cach  sampled 
deposit or propel@ is presented in Table 1. Each  skarn 
class  is  represented by the  following  number of 
samples:  iron skams, 24;  copper skarns, 84; gold 

tin  skarns. IO; molybdenum  skarns, 12. 
skams, 29; lead-zinc  skarns, 10; tungsten  skarns, 12; 

GEOCHEMICAL ASSAY RESULTS 

Assay results for the  181  mineralized  samples  from 
the seven skarn classes are  summarized  in  Table 2. It 
should be noted  that all the  samples  were  assayed for 

but some  samples  were  not  analyzed for such  elements 
elements  such as gold, silver, copper, lead, and zinc, 

as cesium, fluorine  and mercury.. 

contain  up  to 10% sulphides,  including  chalcopyrite; 
Some of the magnetite-rich  iron  skarn  samples 

this  accounts  for  the  unusually  high  average  copper 
content (2.2%) of this  skarn  class  compared  to  the 
copper  skarns  which  average 3.3% copper.  When  the 
data  for  thc  magnetite-rich  iron  skarn  samples  are 
subdivided  into  sulphide-lean  and  sulphide-rich sets, i t  
shows that  thc  latter have a comparatively  higher 
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average  content of gold, silver,  copper,  zin ;, cobalt  and 
arsenic  (Table 3 ) .  The low gold  and copler values in 
the  sulphide-lean  magnetite  samples  are m )re typic:d of 
iron  skarn  deposits in British Columbia. 

the molybdenum skarns  and 1.5 ppm i h  thc cop,er 
Gold averages 20 ppm  in the gold ska~  ns, X ppln in 

skarns.  The  high  average  gold  cor,tent of  thc 
molybdenum  skarns is due I o  samples  adlected iizlm 

the Novelty (82FSW107) ;and Giant  (82FSW1 :89) 
deposits at Rossland;  these  are  unusual molybdenum 
skarns that contain  anomalous gold, urani Im. bisn~nih. 
cobalt, arsenic,  nickel  and  tungsten (~yles .  1984: 
Webster cf a/., 1792; Ray and  Webster,  unpublisled 
data). 

gold  content (<7  ppb) of all the  skarn  clasjes. Iron. tir. 
The ore samples of tungsten  skarn ha  vc the IOV/CSI 

and lead-zinc  skarns  are also low in gold although \.he: 
more  sulphide-rich  magrtctite  iron  skarn sample!; 
average 1206 ppb  gold (Table: 3 ) .  

Two of  the  three tin skarn  prospects  sampled, the 

069  and  126)  contain  high  arnounts of sil'er  (up to 45') 
Silver Diamond  and  Atlin  Magnctite (M:NFILE IO4EI 

ppm)  which  is reflected in  the  high  zverage :silver 
content of 85 ppm for this  cl;ns.  Lead-zi,r  and coppcr 
skarns also have high average silver ~ (n tcn t s  (:. 70 
ppm)  whereas  tungsten  and  molybdenunl  skarns hav: 
excecdiogly low silver values  (Table 2). 

VARIABLE  METALLIC  ELEMEFiT 
CORRELATIONS I N  'THE SKARPI  CLASS.E!i 

between  certain metals. panicularly betwl en gold, 
The analytical results suggest that co .relation!; 

silver and  copper,  are  hlghly  variable in t IC different 
skarn classes. In iron  skarns,  there  are good to 
excellent positive correlations  betwcen gc Id, silver mc. 
copper  (Figure  2A, B and C). In  copper  ..karns, cq>per 
and silver correlate pos~tively with  cach ( ther (Figue 

correlation with  gold ( F i p r c   3 8  and C). In gold 
3A), but neither of these  two  metals  shov a marker. 

skarns, however. there is no apparent  correlation .II al 
between gold, silver and copper  (Figure A.  B. and C 

Although  gold  skarns are  charac erized b) the 

0.3% As) as well as vety  high bismth  abuailnces 
highest  average  arsenic  content of any SI' arn class (avg. 

(Table 2), no significant correlation bel  ween gold  and 
arsenic  or bctween gold  and  bismuth i ;  noted i n  this 
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Figure 1. Location  map of skarns sampled for this study. See Table 1 for property names 
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Table 1. SKARN PROPERTIES IN BRITISH CO1,IJMBIA SAMPLED FOR THIS STUDY. 

No. on lh. 1 PROPERTY NAME MSDNO. PROPERTYNAMF MMFlLENo. 

class  (Figure 4D and E). However, cobalt  does 
correlate positively with silver and arsenic  in  gold 
skarns  (Figure 41' and G). 

Nearly all of the  scheelite-bearing  tungsten  skarn 
samples  analyzed  contain no, or very little, sulphide 
and  the  gold  assays are so low that no meaningful 
correlations  between  gold  and  other  metals  could be 
observed. Howwer, a number of interesting element 
associations  were  detected  in  tungsten  skarns,  including 
positive correlations  between  copper  and cobalt, and 
thorium  and  cesium,  and  a  negative correlation 
between  cobalt and cesium (Figwe 5 A, B and C ) .  
Positive  correlations  were  also noted between  cadmium 
and  fluorine  and  between  zinc  and  fluorine. 

samples from the  Emerald  Tungsten camp  do contain 
It  should be noted  that  certain arsenopyrite-rich 

significant  amounts of gold  (Webster el a/ . ,  1992). 
However,  these  were  excluded  from  our set of tungsten 
skarn  samples  because they do  not  contain scheelite and 
it  is  not yet determined  whether  this  economically 
interesting  and distinctive mineralization  is genetically 
related  to  the  tungsten  skarn  system 

into two sets: those  from  the  Rossland deposits  with 
The molyhdcnum skarn samples  can be subdivided 

high gold  contents  and  the  remainder that are  generally 
low  in  gold. Plots using  these sets indicate gold 
correlates positively with cobalt, selenium, tellurium, 
bismuth  (Figure 6 A  to D) as well as with  antimony  and 
arsenic.  However,  gold  in  these  skarns correlates 
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negatively with  zinc  and  copper  (Figure f E and F) :mi 

6G). 
molybdenum correlates negatively  with  zinc (Fipr,: 

Although  gold  in  the  tin  skarn  ;amples onl! 
average 127 ppb  (Table 2), it shows  a  mollerate posltiv: 
correlation with  bismuth,  nickel  and  coba t (Figure '7). 

quantities of gold  present  (averaging  20  p )b) and ar:i 
In lead-zinc  skarns,  no  correlation be ween the low' 

other metal was detected. However, positi ,e 
correlations between silver and  antimony :probably :Iw 
to the  presence of tetrahedrite), and silver and lead 
were  noted, as well as negative corrclatiol s between 
zinc  and  copper, and between arsenic  and  bismuth 
(Figure 8). 

USING METAL RATIOS TO 
DIFFERENTIATE SKARN CLASSES 

a/ . ,  1990;  Myers and Meinert,  1990;  The(  dore el u/ , 

goldkopper 
1991)  have  attempted to use metal ratios, notably 

and gold/silver ratios, to  characterize .)I distinguish 
between gold, copper  and  iron skar,is. Einmcli 
(personal  communication  1993)  has al io recognizei 

differentiate between some  porphyry c( pper depxils 
that plots of gold (in ppm)  versus  silver/{.old ratios can 

and their related satellite copper  skarns. 

Previous studies (Ettlinger  and Ray, ' 989; Ray ct 
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Table 3: COMPARISON BETWEEN SULPHIDE- 
LEAN AND SULPHIDE-RICE1  MAGNETITE 

re SKARN) SAMPLES. 
Sulphidb 
b" 

Suiphid, 
rich 

I 
Element data are average assay  values in ppm. 

AdAU 
CdA" 

112 

CUAI 
31118 

624 
ZdA" 
W P b  

11258 
34 

883 
n71051 

1043 
16072 

248 

samples  have  been  used  to  calculate metal ratios. 
However, in this  study  we  have  used the assay data 
summarized in. Table 2. Metal  production  statistics of 
mined-out  skam deposits  can undoubtedly be  valuable 
in  defining  some types of gold-bearing  skarns  (Orris et 
al., 1987;  Theodore el al., 1991). However, using 
production  staiistics  has  several  disadvantages: it limits 
the  database  to  the  larger  deposits,  historic recovery of 
certain  metals may have  been  erratic  due to changing 
economic  factors  and, because only the  economic 
metals are  extracted  from  a  deposit  during  mining, 
plots  are  limited  to  a  small number of metallic 
elements. 

Plots  based on assays of mineralized  skarn  samples 
may have  prohlems  due  to  sampling  inhomogeneity, but 
a  larger  number of metallic  elements  can be tested in 
any  metal  ratio  study.  Another major advantage is that 
the  plots  can  include  samples  from both large  economic 
deposits  and  small  skarn Occurrences. 

METAL RA TI0  PLOTS 

constructed  using  the  analytical  data for  gold, silver, 
A  variety of metallic  element  ratio  plots were 

copper,  zinc,  cobalt,  arsenic  and  bismuth,  summarized 

whether i t  is  possible  to  distinguish  differences  in metal 
in  Table 2. This  exercise was undertaken to see 

element  ratios  in  six of the seven skam  classes (due to 
the  wide  variation in gold content molybdenum skarns 
were not plotled). 

successfully  characterized  are  presented  in Figure 9A to 
Plots  in which many of the  skarn classes were 
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D. Copper/gold  versus zindgold  appear;  to be tht:  bf:st 
plot  as  it  separates  the  sample  points  in o four  clusters 
(Figure  SA).  The  most  dlstinctive chster repr€?eI\ts 
gold skarns  which  are  characterized by the Iowr:st 
copper/gold  and  zinc/gold  ratios of all the  six  ;kam 
classes.  A  second,  marked by the hi;:hest ziric/gc,ld 
ratios, is  represented by lead-zinc skam . 1nternx:Iiiate 
between gold and  lead-zinc  skarns ue two more 
overlapping  clusters  represented by ccpper  and i r m  
skarns on the  one  hand,  and  tungsten a rd  tin skarns 3n 
the  other. 

Plots of copper/gold versu: silver',!old, 
copper/silver  versus  copper/gold  and gold  (in ])pa) 
versus  copperlgold are shown in Figun 9B, C and D; 
the  first  plot  is  similar to that used by El tlinger an31 Ray 
(1989)  and Ray el 01. (1090).  In  all  Uese thret:  rnetal 
ratio  plots,  the majority of the gold skim samplm :ire 
readily distinguishable  from  those of 'he othel- s k m  
classes. 

DISCUSSION 

skarns  containing go1d;tcopper are the most 
Current world mineral  economics sugges that 

economically  attractive  skarn  targets or  explo~;lti~n. 
The assay data  presented  in  this  paper indicate:. that 
economically  significant  quantities of g i d  are ncl only 
to be found in  gold  skarns  and  some c( pper skmis but 
also,  rarely,  in  some molybdenum skarr s, such a 6  t hxe  
in  the Rossland  district. In addition,  but  to :% mnch 
lesser  degree, gold occurs  in  some cacic iron I .k arns 

economic gold ore  is  only likely to OC:UT in  sulphide- 
although,  as  it  is probably contained  in  chalcopyrite, 

rich  parts of the  magnetite  skarn. 
In the field,  it is  often  difficult to tecide wh1:tht:r a 

newly discovered  outcrop of skarn  relresents z gold, 
copper,  iron or other  class of skarn, p: rticularly -where 
the rocks are poorly exposed  and  only Ilieakly 
mineralized The opaque  minerals  in w A l y  
mineralized  outcrops may not necessar ly be dia]:nastic 
because chalcopyrite,  pyrite,  pyrrhotite, magnel.~,c: c.nd, 
to a  lesser  extent,  sphalerite are among the most widely 
reported  opaque  minerals  present  in all classes  'a'sk.arn 
throughout  British  Columbia. 

This  study  suggests  that  assay d,ita may help to 
differentiate  gold,  copper  and  iron skims becmlse  the 
correlation between certain  metals,  par  icularly bt:h.een 
gold,  silver  and  copper,  is markedly c ifferent  in these 
three  skarn  classes. However, these  dEerenl 
geochemical  patterns  indicate  that  particular :are 
should be taken when sampling  and  .esting  skarn for 
gold.  Prospectors  and  exploration  geologists are 
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inclined to sample  copper andor sulphide-rich  portions 
of  a skarn  prospect in the  erroneous  belief that these 
samples  are  most likely to contain  gold.  However,  the 

skarns  and  some  copper skams indicates that the  gold 
absence  of correlation between  gold  and  copper in gold 

potential of  a  skarn  can easily be overlooked if copper- 
rich outcrops are preferentially sampled. 

Although  bismuth tellurides are  a characteristic 
feature of  many  gold  skarns (Ettlinger and  Ray, 1989; 
Meinert, 1989; Ray et a/., 1990) and  some  gold-rich 
copper skarns, this study  suggests that assaying  for 

with  gold potential. This is probably  because  the 
bismuth or tellurium is not reliable for detecting  skarns 

skarn  system to be reliably detected by analyzing  grab 
bismuth tellurides are too erratically distributed in the 

samples. 

CONCLUSIONS 

Significant amounts of gold  occur  not  only in gold 
skarns, but in some  copper,  molybdenum  and iron 
skarns in British Columbia.  Rarely,  gold-rich  and 
scheelite-poor  mineralization is also found in the 
some  tungsten  skams,  but it  is uncertain  whether this 
is genetically related to the  skam system. 

The correlation between  gold  and  other  metals  such 
as silver, copper, zinc, arsenic, cobalt  and bismuth  is 
highly  variable in the different skam classes. For 
example,  gold exhibits a  good  positive correlation 
with  copper  and silver in iron  skarns  but  shows  no 
association  with  these  metals in gold  skarns.  These 
different patterns can be used to distinguish  between 
mineralized  outcrops  of iron, copper  and  gold skarns. 

The lack of any clear association  between  gold  and 
copper in gold skams and  some  copper  skarns 

overlooked if only skam outcrops rich in copper 
indicates that the  gold potential of  a skarn will be 

sulphides  are  sampled. To successfully test a  skarn 
for  gold, all the different mineral  assemblages  should 

outcrops. 
be sampled  and  assayed,  including  the  sulphide-poor 

This study  suggests  that  plots of metal  element ratios 
using analytical data  obtained  from  mineralized  grab 
samples  can be used to differentiate some  skam 
classes, particularly gold,  copper-iron  and  lead-zinc 
skarns. The  most  useful plot is  copperigold versus 

other skam classes by  having exceedingly  low 
zincigold  because  gold  skams are distinguished  from 

zincigold (<loo) and copperigold (<2000) ratios. 
Other  useful plots include  copperigold versus 
copperisilver, copperigold versus silverigold, and 
gold (in ppm) versus either copperigold or 
silverigold. 
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ANDALUSITE IN BRITISH COLUMBIA - NEW EXPLORATION TARGETS 

by  G.J. Simandl, K.D. Hancock and B.N.  Church,  B.C.  Geological  Survey  Branch 
and G.J. Woodsworth, Geological  Survey of Canada 

KEI'WORDS: andalusite, industrial minerals, low-P, 

Belt, Bridge  River,  Leech  River, Lillooet. 
high-T  metamorphism, refractories, Coast Belt, Omineca 

INTRODUCTION 

andalusite occurrences  in British Columbia. It also 
This paper  describes new and previously reported 

provides  background  information on currently  producing 
andalusite  mines  and  the  andalusite  market.  The  Leech 
River, DuRey Lake  and  Bridge  River  areas  were  the 

with  in  more detail than  other regions. 
subJect  of reconnaissance  work in 1994 and  are dealt 

Andalusite,  kyanite  and  sillimanite are  alumino- 

chemical  formula:  AIZSi05.  When  calcined,  these 
silicate polymorphs  of  metamorphic  origin  with  the 

polymorphs  conven. to mullite, a  highly refractory 
material,  The conversion is accompanied by a volume 
expansion  of 5 ,  18 and 7% for  andalusite,  kyanite  and 
sillimanite,  respectlvely  (Skillen,  1993).  Worldwide, 
andalusite  is  the  preferred  raw  material  because it  
converts to mullite at lower  temperatures  (1380°C)  than 
sillimanite  (1550T:1.  The  main  advantage of andalusite 
over  kyanite is that  the  volume  change  during 
mullitization is negligible, therefore no calcination is 
required  before  manufacturing refractory shapes. 
Approximately  4.22  x lo9 joules ( 4 ~ 1 0 ~  BTU ) are 

In  North America, kyanite is the  most widely used 
needed lo mullitize one  tonne of kyanite (Skillen, 1993). 

polymorph,  because of its local abundance,  close to 
markets, and availahility of relatively inexpensive energy 

South  Africa  is by far  the largest andalusite 
producer.  Olher  producing  countries  are  France,  U.S.A. 
and  China  (Dickson,  1994). Most commercial  andalusite 
concentrates  from South Africa arid France vary in 
composition  from li3 to 60% A120., and 0.8 to 1.5% 
Fe:03. An andalusite-pyrophyllite-sericite mixture  is 

andalusite-pyrophyllite material has  applications in 
mined  in  the U S A  for a  captive market.  In  some cases, 

ceramics. It has  a snbstantially lower Al2O3  content  than 
andalusite  concentrates (<35%). Chinese  concentrates 
commonly  have  higher Fe203 contents (1 to 2%) than 
most other  commercial  products.  Iron  is  a  detrimental 
impurity  in  most refractory applications.  Andalusite 
competes  with  other  aluminosilicate  polymorphs, 
including  high-performance  synthetic  mullite  and  high- 
alumina  calcined  products,  for  market share. Worldwide 
andalusite  consumption for 1990 was estimated at 270 
000 to 340 000 tonnes (Skillen, 1993). In 1993, 
andalusite  prices  varied  from  $US170 to $200/tonne 
f.0.b. South Afric.a or about  DM350  per  tonne in 
European  ports.  Andalusite is lused primarily  in 

Geological Fieldwork 1994, Paper 1995-1 

refractories for steel making  and  the  current  ulswing in 
world steel output augurs well for the  industp  in  199s. 
Andalusite-based refractories are  also used ~n cement 
kilns, incinerators, copper-roasting  furnaces  foundly 
sands  and  abrasion resistant matenals. 

ANDALUSITE GENESIS AND DEPOSITS 

pressure, contact or regional thermal metamc,rphism o l '  
Andalusite  deposits  are typically formec  by low 

high-alumina, lowcalcium  pelitic rocks. Tiere is a 
gradation  between  textbook  contact  metamorphism 
characterized by distinct aureoles  surroundin,:  a single 

association of low-pressure memnorphic  rrcks wirt 
pluton  and regional, low-pressure  metamorpllism. Thc 

magmatic  arcs  is well described by Miyashi'o (1961) 
Since that time, several theories have  been paposed trl 
explain  regional  low-pressure  metamorphic b1:Its.  These: 
include crustal extention  (Grambling e l  a / . ,  I! 89),  rapid 
uplift (Thompson  and  England,  1984), incnased  hea: 
flux  at  the base of the crust (Oxburgh  and  Turcotte, 
1971),  thermal effects of pervasive  and  chaneiized fluid 
flow  in  the  deep crust (Hoisch,  1991),  multiple intrusiom:; 
into low-pressure  metamorphic  terranes  (Rot lstein ant1 
Hoisch,  1994;  Barton and Hanson,  1989) an( moderatc 
overthickening of thinned sialic cmst (Thomp!  on, 1989). 
The origin of the  low-pressure belts in British Columbia 
is  beyond  the  scope of this  paper. 

composition of the protolith and lemperature ~rf  the low. 
On the deposit scale, the  thickness, chemical 

pressure, prograde  metamorphism  are  the  m tin factor; 
intluencing  the  formation  of  andalusite. Typicz,l grades of 
primary or  'hard rock' andalusite  ores  vary  from 7 to 
20%. Typical  production capacities of indivillual miner 
vary from 25 000 to 65 000 tonnes per  year. Andalusut,: 
crystals from  deposits of economic interest ar,: relativali 
inclusion free. In  general,  the  coarser  the c~ystals, th: 

crystals from  currently  mined  deposits v a n s  from I 
easier it  is to upgrade  the ore. The diameter 01 andalusit: 

millimetre to several centimetres.  Primary  and ilusite ores. 
are  commonly  crushed, and npgraded  using heavy 

fine-grained ores. Retrograde  metamor  Jhism d 
liquids; flotation may  be required for  the  trzatment cl' 

andalusite  deposits may result in partia or totiJ 
conversion  of  andalusite to lower temperatlire phase!;. 
such as muscovite.  Placer  deposits accomt  for a 
substantial proportion of the  andalusite  ploduced  in 
South Africa. Garnet  and staurolite commody coexi!;t 
with  andalusite  and  where  grades  and textures permit, 
they are  recovered as byproducts. 

ldegroot
New Stamp



ANDALUSITE IN BRITISH COLUMBIA 

metasilicate  occurrences in  British Columbia,  including 
Information  on most of the  high-alumina 

andalusite,  was  compiled by  Pel1 (1988). Other 
information  is  available in the  MINFILE  database and a 
range  of  scientific  literature  including  university theses. 
In most cases, literature  research  does not provide 
descriptive  data sufficient to  appraise  the  economic 
potential of individual  showings,  but it is  useful  for 
delineation of exploration  areas. 

tectonostratigraphic belts. The majority of andalusite 
The  Canadian Cordillera  is divided into five  major 

occurrences are located in the  Coast  Plutonic  Complex 
with  a  few  in  the  Omineca  and  Insular belts (Figure I). 
Andalusite and andalusite-pyrophyllite  occurrences  with 
sub-millimetre  grain sizes, believed to be of 
hydrothermal  origin, are not covered by this study. 
Examples of these  include  the  Equity Silver mine 

(Wojdak, 1974; Church  and  Barakso, 1990) and the 
Taseko  property  (Lambert, 1991). 

OMINECA BELT 

The  Omineca  Belt  (Figure I )  consists  mainly  of 
metamorphic  rocks and  intrusions  (Gabrielse et a/., 
1991). During  the mid-Jurassic,  metamorphic  rocks 
recorded  deep  structural  depression  followed by tectonic 

with  high  geothermal  gradients  and  associated  with 
uplift until late Cenozoic time. Another  important uplift 

widespread  plutonism,  occurred  in  the  Eocene.  Omineca 
Belt andalusite  occurrences are related to low-pressure, 

forms  an  overprint  that  postdates  higher  pressure 
high-temperature  metamorphism.  In  many  places  this 

are reported in the  southern  Omineca  Belt  on  the west 
metamorphism.  Several  andalusite  showings  (Figure 1) 

Mountain and  north of Revelstoke along  the Columbia 
side of Kootenay  Lake,  near  Victor  Lake,  Eagle  Pass 
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River (Pell, 1988).  In 1994, the principal  authors 
attempted,  without  success, to locate the Eagle  Pass 
Mountain  showing  in  the  area  outlined by  Pel1 (1988). 
Andalusite-bearing  metapelites are also  known in the 
northern  Omineca Belt, within  basement  gneiss,  300 
metres  from  the con1.act  of the undeformed,  Eocene 
Balourdet  pluton  in the Sifton  Range  and in metapelites 

et a/., 1991).  Another  andalusite  occurrence is reported 
30 kilometres to  the north  (Evenchick. 1988; Greenwood 

(H. Gabrielse,  personal  communication, 1994); 
near the confluence of the  Turnagain  and  Cassiar  rivers 

andalusite  porphyroblasts, 3 to 4  centimetres  long, 
partially  retrograded to muscovite, arc present  in 
metasediments  along the contact of an Early Cretaceous 
pluton. 

COAST BELT 

The Coast  Belt is composed mainly  of granitic  and 
greenschist to granulite  facies  metamorphic  rocks.  The 
western part of the belt is characterized by mid- 
Cretaceous or older  plutons and  the eastern  intrusions  are 
typically Late  Cretaceous or younger  (Gabrielse ef. a/ . ,  

located on the eastern  edge of the  Coast Belt along  a 
1991). A large number of andalusite  occurrences  are 

northwest  trend  where low-pressure, high-temperature 
metamorphic  conditions  prevailed  during  deformation 
and  magmatism  in Middle to Late  Cretaceous  time. 
These  include  the  Mount  Raleigh,  Niut  Range.  Bridge 
River, Cogburn  Creek,  McConnell Creek, Birken, DdTey 
Lake,  Gott  Peak,  Ratchford  Creek, Kwoiek  Needle. Cairn 
Needle and  Spuzzum  pluton  occurrences  (Figure I) .  The 
belt extends southw.ards into  the  north  Cascades of 
Washington  State  (Greenwood ef a/ . ,  1991).  During  the 
Middle to Late  Cretaceous, low-pressure metamorphism 
accompanied  east-vergent  thrusting  and  folding  along  the 
eastern  margin  of the Coast  Plutonic C!omplex (Rusmore 
and  Woodsworth,  1994). The peak metamorphic 
conditions  that  prevailed during deformation, bclieved to 
be  responsible for andalusite  formation,  are  estimated  at 
less than  350 megapascals  (3.5  kbars)  and about 500' to 
650°C. The highest  metamorphic  pressure  within  the belt 

Mount  Raleigh area,  suggesting that relative syn- 
was recorded  in the !jpuzzum area and  the lowest in the 

metimorphic uplift  decreased  northwestward  (Green- 
wood ef a/., 1991). In several cases it is not  evident if 
andalusite is a result of contact  or  regional 
metamorphism. 

OCCCURRENCES IN THE BRILPGE RIVER 
AND  LILLOOETAREAS 

Among the  23  andalusite  occurrences located on 
Figure I ,  those in  the  Bridge  River and Lillooet areas 
were  covered  by our  1994  reconnaissance study and  are 
discussed  in  more  detail below. 

BRIDGE  RIVER  AREA 

The Bridge River area  is  a well known gold mining 
camp, located approximately 180 kilometres ~ o r t h  of 
Vancouver  (Figures I and 2). The history and ge)logy of 
the  camp  are summarized by Cailnes (1937), S1:venson 
( I  958)  and more  recently  by Church  (in  preparati  In)  who 
recognized  numerous  mappable  units  complised of 
bedded volcanic  and  sedimentary assemblage! and  a 
variety of intrusive rocks. Andalusife  occurrcnccs  in  the 
Bridge  River  area are hosted  by  black argillite,  brmally 
referred to as the Noel Formation (Cairne!, 1937; 
Stevenson, 1958;  Church, in preparation). Ihxmore 
(1985)  and Roddick and  Hutchison  (1973)  inc ude the 
Noel lithofacies as  part of the Hurley Format  on,  and 
lourneay  and Mahoney (1994) suggest that the Noel is 
the equivalent of units 2 andor  3 of the newly  lproposed 
Cayoosh assemblage.  Regardless of the straligraphic 
nomenclature used, the metamorphic  equivalents of 
aluminous black shales  represent  the most  favorable 
protolith  for  andalusite  exploration. The Noel  ILhofacies 
is described as a  sequence of mostly thinly bedcled, fine- 
grained  turbidites.  Near the  conthence of Cidwalder 
Creek  and Noel Creek,  it is more than 350 melres thick 
and  consists of siltstones  and black argillites. 
accompanied by a few lenses of dark grey limeslme. It ir. 
best  developed in two belts  near the Hurk y River. 
described by Church (in preparation).  Metamorphism of 
these argillites  has resulted in the  development ~d biotite, 
garnet,  andalusite,  cordierite and stauro1,te. The 
groundmass  consists mainly  of quartz  and  biclite with 
some pyrite. The andalusite-bearing  rocks  are  hard,  dark 
grey, rusty brown  weathering  hornfels  contaimng up to 

relatively inclusion free  and  fine grained ( I  to 7 mm in 
12% andalusite. Andalusite is grey, idic morphic, 

cross-section and I lo 40 mm long). Macros:opically, 
andalusite  porphyroblasts from Bridge  R.ver  aie 

4: Hurley Fm. ~ argillite 
3: Noel Fm. -black argillite 

% - + + + + + ,  t - r .  
N ~ + I + + +  tibmabw + + # L " . ; I , ~  ! 

50'45'+ + + + * * * ~ * +,- 
Figure 2. Andalusite occurrences i n  the Bridge R ver area. 

- 
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relatively unaffected by retrograde  metamorphism in 
comparison to those  of  the  Leech  River or Duffey Lake 
areas. Funher microscope  study will be required to 
quantify  the  degree  of  alteration.  The  individual 
occurrences are described  below. 

OCCURRENCE DESCRIPITONS 

CH-I: Andalusite-bearing layers of decimetre-scale 
thickness are interbedded  with  barren layers of  hornfels 
striking 143/58 near  the  old Hurley  road,  approximately 
6 kilometres  west-southwest of Bralorne. The  andalusite 
is  unevenly distributed and  the  maximum  grade  is about 
7% by volume.  Pseudomorphs  after  andalusite  prisms are 

characterized by typical chiastolite crosses. The 
1 to 7 millimetres across, several centimetres  long  and 

andalusite  is  almost entirely replaced by mica.  Although 
this Occurrence is not of economic  interest,  it 
demonstrates that coarse  andalusite  can  occur in  thc 
Bridge  River area if shielded  from  the effects of 
retrograde  metamorphism. 

CH-2: Horniels  outcrops  along an old  logging road. 
near  a  seasonal  creek,  approximately 7 kilometres  west- 
southwest of Bralorne.  The  outcrop  measures  a  few 
metres  square  and  the  andalusite-bearing rock is  similar 
to that at showing  CH-4,  described below, which is better 
exposed. 

CH-3: This occurrence is located on  the  main road 
connccting  Pembenon  and Gold Bridgc,  approximalely 
12 kilometres  from  Gold  Bridge. The outcrop is about 45 
metres  long  and few metres  high. The hornfels  is  grey on 

fractures.  Andalusite  porphyroblasts  are 2 to 3 
fresh surfaces  and  breaks  along heavily iron-stained 

are  not  uniformly distributed and soft millimetre-scale 
millimetres  across  and up to 10 millimetres long. They 

oval shaped  grains.  possibly altered cordierite. are  also 
present. 

CH-./: This occurrence  is  located  approximately 8 
kilometres  west-southwest of Bralorne on an overgrown 
forestry road,  about  200  metres  from  the  Hurley River. 
The outcrop  is  approximately 30 metres  long  and 14 
metres high  (Photo I) .  The hornfels is steel grey on  fresh 
surfaces  and rusty brown on weathered surfaces. Locally. 

thick.  Dominant  compositional layering  at  this  location  is 
weathering  produces  esfoliated layers several centimetres 

oriented 155/82 and sevcral centimetre-scale  quartz  veins 
are  oriented 147185. Prismatic  andalusite crystals arc 
typically 5 lo 20 millimetres  long  and  0.5 lo 3.0 
millimetres  in cross-section. Andalusite  content  varies 
from 5 to 12% of the rock. The  hornfels  contains up to 

strike  approximately 120/75. 
1% pyrite. Several felsic dikes, several  metres thick, 

CH-6: This occurrence consists of a  rounded block, 

andalusite  prisms, 2 lo 3 millimetres  across  and  2 
25 by 25 by 12 centimetres,  containing  more  than 15% 

centimetres  long.  Some  andalusite is partially replaced by 
mica. The  showing is located  near  the  main road 
connecting  Bridge  River and  Pembenon. 

CH-7: Andalusitc crvstals I to 3 millimetres  across 

River arm 

Photo 2 .  Andalusite porphyroblasts, CH-7 Occurrence 

erratically present  and  forms less than 5% of dark grey, 
shore of Downton  Lake.  Here,  andalusite  is  only 

heavily  iron-stained  phyllite.  Texturally,  this  andalusite 
hornfels  is  similar to other  occurrences  in  the  area. 
Several felsic dikes  cut  this  outcrop.  A  block  containing 
pinkish  andalusite up to 1 centimetre  in  cross-section  was 
found  along  the  road,  possibly  brought in during  road 
construction. 

LILLOOETAREA 
and 10 to 15 millimetres  iong  (Photo 2) were  observed  in The Lillooet area is located  southeast of the  Bridge 
an outcrop  along  the road which  follows  the  southcrn fiver camp ( F , ~ ~ ~  and Mahoney (1994) 
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Figure 3 .  Andalusite  occumences In the 1.illooet region  (modified  from Jounleay and Mahoney (1994). I - IMTey Lake; 2 - Got1 
Peak, 3 - Birken (Gates), 4 - McConnell and Six Mjle creeks 

describe the geology of the  area in terms of the  Coast 
Plutonic  Complex,  Cadwallader  Terrane, Cayoosh 
assemblage,  Harrison  Terrane,  Bridge  lliver  Terrane and 
Shulaps  Complex. All the  andalusitc occurrences  (Figure 
3)  are hosted by hornfels produced by a metamorphic 
overprint of black argillites  and siltstones of the Cayoosh 
assemblage. The assemblage is divided  into five units. all 
containing  graphitic siltstone and phyllite  beds (Journeay 
and Mahoney, 1994), and it is impossible lo determine if 
all andalusite Occurrences are located within units 2 and 

phyllites  are macroscopically and testurally similar to  the 
3, without more deldiled work. In any event, these 

Noel lithofacies of the  Bridge  River  area and probably 
have a similar  chemical  composition  Coarse-grained 
andalusite  porphyrohlasts  from  occurrences in this  area, 
are  almost  entirely  retrograded  to  mica. 

DUFFEY LAKE 

cut, on the west side  of Highway 99 near the  northern tip 
The main  andalusite  occurrence is located in a road 

of Duffey Lake 0.5 lo 1.5 kilometres  from  the nearest 
outcrop of granitoid:; of the Coast Plutonic  Complcs 
(Figure 3). The andalnsite-bearing  horizon is only a feu 

metres thick, steeply dipping  and is exposed over a strike 
length of about 60 metres. The unit is dark  gre) on fresh 
surfaces and rusty brown  when  weathered. A well 
developed tectonic fabric  has  aligned most grains into the 
plane of deformation. The  groundmass is male  up 01 
biotite, q u a m  and possibly feldspar.  Pyrite is :he  main 
opaque  mineral (<I%) present in the gromdmass. 

observed. Andalusite porphyroblasts vary from IO lo 5 0  
Garnets, 1 millimetre in diameter or smaller, ' w e  also 

millimetres  long and 1 to 4 millimetres across. 4lthough 
chiastolite  crosses are well preserved on 11.e cross. 
sections of porphyroblasts, most andalusite i! entirely 
retrograded to muscovite. Pseudomorphs  after  z~ndalusita 

concentration is strongly controlled by decim :tre-seall: 
represent 2 to 15% of the rock by volune.  Their 

bedding. Due lo a strong  retrograde o v q r i n t ,  the 
showing is not  of economic  interest. Nevenleless, i t  
shows  that  andalusite  deposlts  approaching :conomit: 
grade  and  size may exist  within  the Cayoosh as:  cmblage, 
where nnalTected retrograde  metamorphism. 
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GOTT PEAK 

Andalusite  occurs on  the ridge  north of Gott  Peak  in 
a raft of metasedimentary  rocks  (J.M.  Journeay,  personal 
communication,  1994)  within  a  granitic  intrusion  (Figure 
3). Several  fresh-looking. angular boulders  measuring  up 
to 1 by 0.5 by 1 metre  were  found  south of that area. 
These  blocks  split preferentially along  a well developed 

and  staurolite.  The  pseudomorphs, measuring 3 to 8 
fabric and  contain  pseudomorphs  of mica  after  andalusite 

millimetres  across  and  several  centimetres  long, 
comprise 20% of the  hostrock.  These  blocks may have 
come  from  the  nearby  Gott Peak occurrence or elsewhere. 

BIRKEN (GATES) 

A  showing  similar to Gott  Peak  has been 
documented  on  the  eastern  margin  of  the  Mount  Rohr 
pluton  but  andalusite  porphyroblasts are  less  abundant 
(M.  Journeay,  personal  communication,  1994,  Figure 3).  
Several angular blocks  containing  andalusite  and 
staurolite in a  groundmass of quartz, biotite, minor  iron 
oxide (<I%) and  occasional  millimetre-scale  garnet  were 
found  near  the  contact  of intercalated sedimentary  and 
volcanic  rocks  with  a granite intrusion  near  Birken. The 
largest block measures 20 by 5 by 25 centimetres.  In 
some blocks. andalusite  is largely retrograded to 
muscovite. 

McCONNELL  CREEK AND SIX MILE CREEK 

Mount  McCillivray  area (J.M. Journeay, personal 
Andalusite is reported in the McConnell Creek- 

communication,  1994.  Figure 3).  The showing  was not 
visited during  the 1994 field season.  however,  rounded. 
dark grey hornfels  boulders  containing  up to 15% high- 
alumina silicates were  found in the bed  of  nearby Six 
Mile  Creek.  They  contain 3 to 10% andalusite  displaying 
chiastolite  crosses  on  square cross-sections. The unusual 
grey colour and  freshness of the  porphyroblasts  suggests 

as described by Hollister (1969a. b) and  Pigage  (1976). 
that they  may be kyanite  pseudomorphs  after  andalusite 

The crystals are up to 6 millimetres  in  cross-section  and 

Photo 3. Relatively  unaltered  andalusite prphyroblasts; Mount 
Raleigh occurrence. AND - andalusite. 

are enclosed in a quartz-biotite-feldspar groundmass. 
Final  assessment will have to be done by x-ray diffraction 
or  detailed  microscope  work. This occurrence is not of 
economic  interest,  but it  is  an indication of low-pressure 
metamorphic  conditions at some  time. It also illustrates 
the  dangers of misidentifying  high-alumina silicates 
during early stages  of  exploration. 

An andalusite-muscovite  zone is also  near  Ratchford 
Creek by Journeay  (personal  communication,  1994). 

OTHER  OCCURRENCES IN THE  COAST  BELT 

KWOIEK NEEDLE - SPUZZUM PLUTON AREA 

Reamsbottom  (1974).  In  the  Kwoiek  area,  andalusite 
The Spuzzum  pluton  occurrences  were  reported by 

pseudomorphs  replaced by sillimanite  were  documented 
by Hollister (1969a,b).  He  explained  their  existence by 

stability field.  However  Pigage  (1976)  favoured early 
metastable crystallization of andalusite  in  the  kyanite 

contact  metamorphism  overprinted by higher  pressure 
metamorphism. 

MOUNT RALEIGH 

metamorphosed roof pendant of volcanic  and 
Andalusite at  Mount  Raleigh  occurs  in  a 

sedimentary rocks. Metamorphic  grade  increases  from 
northeast to southwest  and is Late  Cretaceous  in  age. 

The main  andalusite-bearing unit, the  Late Jurassic(?) or 
Andalusite is confined to beds of graphitic, pelitic schist. 

Early  Cretaceous(?)  Styx  Formation,  is  about  400  metres 
thick  (Woodsworth,  1979). 

diameter  and 15 centimetres  long  and  form  up  to 10% of 
Andalusite  porphyroblasts are up to 2 centimetres in 

the rock (Photo 3). They  are  spread over at least 10 
square  kilometres  in  Styx  Formation rocks. Quartz  and 
graphite  inclusions  occur  in  some of the  andalusite 
porphyroblasts. 

At some  outcrops,  the  andalusite  porphyroblasts are 
paflially to entirely retrograded to fine-grained  muscovite 
and  quartz.  With  increasing  metamorphic  grade,  the 
andalusite  is  more  intergrown  with,  and  replaced by, 
fibrolite  and  coarse-grained  sillimanite.  These factors, 
together  with difficult access and rugged  terrain,  make 
this  area less appealing for exploration  than  the potential 
grade  and  tonnage may suggest. 

NIUT RANGE 

Andalusite-bearing  rocks  along  the  east  side of the 
Coast  Range  are  described by Rusmore and Woodsworth 
(1993.  1994). As at  Mount  Raleigh,  metamorphic  grade 

through a series of southwestdipping isograds. 
increases across  the area from  northeast to southwest 

Metamorphism is also  Late  Cretaceous.  Andalusite,  with 
associated  garnet,  staurolite and  sillimanite, is confined 
to pelitic rocks of the  Cloud  Drifter  formation  (informal) 
of Early  Cretaceous age. 
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Andalusite forms small, inclusion-filled 'spots' and 
porphyroblasts less than 10 millimetres across; chiastolite 
texture is common.  Andalusite conl.ent ranges  from 

affected the  andalusite  in  some  areas, particularly in the 
roughly 5 to 10%.  Retrogression to muscovite  has 

northern  part of the  area. 

JERVIS  INLET 

Andalusite and biotite-bearing metasedimentary 
rocks  of  Albian(?) age  are  also  reported  near  the  head of 
Jervis Inlet  and nt Phantom  Lake,  to  the east 
(Woodsworth,  unpublished data; Greenwood e f  ai., 
1991). 

PRINCE RUPERT AND TERRACE AREA 

The last important  period of plutonism  in  the  Coast 
Belt  was  in  Eocene  time  (Woodsworth et a/.,  1991). 
Andalusite-bearing  veins of Eocene(?) age  are reported to 
crosscut  sillimanite-cordierite  gneisses  within  the  Khdata 
Lake  Metamorphic  Complex (Hollister, 1982).  Although 
important petrologically. these  veins are not of economic 
interest. 

Andalusite is  also found  within  the  contact  aureole 

age (Hutchison,  1982;  Woodsworth et ai., 1983: 
of the  Ponder  pluton  north of Terrace,  which is of Eocene 

Greenwood et a/., 11991). The aureole  extends 3 to 5 
kilometres  east of the  pluton  and  is  characterized by 
hornfels  with "spots" of andalusite  and cordierite 
(Hutchison,  1982).  Prismatic  andalusite, up to 1 
centimetre across, is very abundant on Mount  Kenney 
within several hundred  metres of the  contact of the 
pluton.  In  Maroon  Creek, at the  head of Kitsumkalum 
Lake,  boulders  containing  coarse (2 cm  diameter) 
chiastolite prisms  are common. The source for these  is 

not yet known  but  they  probably  come  from th: contact 
aureole of a  large  pluton east of the lake. 

Hollister (1982)  and  Greenwood et a/. (1991). However 
Andalusite  is  reported  on  Tsimpsean  Penn lnsula by 

by high  pressure  metamorphism. 
this may be a  mineralogical  oddity as the  area i ;  affected 

Andalusite  occurrences at Atna  Peak in the 
Whitesail  Lake  area,  (Evenchick,  1979) are cha,.acterizeci 
by coarse  andalusite crystals. Andalusite, commmly with 
chiastolite cross-sections, occurs in metagreyuacke  and 
argillite  over  an  area of several square kilomt tres. The 
occurrences are  similar  to those irr the  Mount  Raleigh - 
Spuzzum belt (Greenwood et ai., 1091). 

INSULAR BELT 

margin including Vancouvel Island (Fi y r e  1). 
The Insular  Belt corresponds to the present Pacific 

Andalusite is present  in  the  Leech  River  Complex on 
southern  Vancouver  Island. The complex  was z ~ f f e c t e d  by 
low-pressure  metamorphism durmg the Lac: Eocene 
(Fairchild  and  Cowan,  1982). 

LEECH RIVER AREA 

A large number  of  andalusite localities ar: reported 

4). approximately 50 kilometres  northwest c'f Victoria 
in the  Leech  River  Complex  on  Vancouver Isla Id (Figu~rc 

(Fairchild  and  Cowan, 1982). The  Leech Rive Compler 

rocks  intruded by a variety of igneous  rocks a1  td affecta: 
is fault bounded  and  consists of sedimentary  and volcanic, 

by greenschist to amphibolite facies, lo +pressur<: 

estimated to be  between 150 to 350 megapascals (1.5 $I 

metamorphism. The  Late Eocene: metamorphic peak i:; 

3.5 kbar)  pressure and 500' lo 600°C  tenperature. 

1 - - -: - - Andalusite  isograd  from 
1 (Pell. 1988) 1 Leech Riv er  Complex I 

I~ ~ . - I  ~ ~ - I  

2 Metchosin  Complex 1 Staurolite-rich  zone A Valentine  Mountain 
I 4 River  Jordan P.O. p===m =, 0 5 1 Strong retrograde  metamorphism 
L kilometres "I 'Oi  

Figure 4.  Andalusite Occurrences in the Leech  River area. 
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Metamorphism  is  believed to have  continued  through two 
episodes of deformation  (Fairchild and Cowan, 1982 ). 
Isograds  in  the  eastern and western  parts of the  complex 
are well  established and truncated by the  Leech  River 
fault.  The  highest  metamorphic  grades  appear to coincide 
with an area affected by plutonism  (Fairchild and Cowan, 
1982). The  area prospective  for  andalusite  of  economic 
interest (Figure 4) was  outlined by  Pel1 (1988) from  the 
work of  Rusmore (1982), Fairchild  and  Cowan (1982) 
and Grove (1984). In most of the  occurrences  within  the 
eastern  part of the  area delineated by Pell, and more 
particularly the  Valentine  Mountain  area,  andalusite  is 
strongly or entirely retrograded to either  mica  and 

appears to be strongest close to gold-bearing quartz veins 
staurolite  or  mica  and chlorite. The retrograde  alteration 

in  the  nose of a  large  east-plunging  anticline  and may be 
genetically  linked to  the  gold  mineralization. It is 
possible that  minerals  prevoiusly identified as 
retrograded  andalusite at some  sites  in  the  Valentine 
Mountain area may actually be retrograded staurolite. 
The  degree  of  retrograde  alteration  diminishes  westward 
from  Valentine  Mountain.  As  a result, andalusite  in  the 
showings  along  Jordan  River  and to the west is  better 
preserved  than east of the river. 

the  area of Figure 4, metapelites  contain abundant 
This study  indicates that  in  the western  two thirds of 

staurolite  porphyroblasts up to 1.5 centimetres long. 
However. macroscopic  andalusite  is lacking, considerably 
reducing the size of the  area  favourable for andalusite 
exploration. There  are occurrences of macroscopically 
identifiable andalusite  and  others  where  andalusite  is 
partially or entirely replaced by muscovite and  chlorite. 
Variations in the  degree of retrograde  alteration and in 
the  thickness  of  andalusite-rich  zones  indicate  that  the 
area delineated by  Pel1 (1988) may contain  occurrences 
of economic  interest. An occurrence  adjacent to the 
Leech  River  fault (LR-97, Figure 4), containing relatively 
unaltered  andalusite crystals, indicates that the  fault  did 

Rusmore (1982) identified andalusite  near  Sombrio 
not act as a  conduit  for  retrograde  metamorphic fluids. 

Point.  However this  area  has been  designated  a  park and 

where  andalusite  was identified are shown on Figure 1. 
is  no longer  open  for  exploration.  Individual localities 

OCCURRENCE  DESCRIPTIONS 

a  length of 6 metres  contains about 10% andalusite 
LR-4: A zone  exposed  over a  width of 4 metres  and 

porphyroblasts  almost entirely replaced by mica and 
chlorite.  The  length of the porphyroblasts  occasionally 
exceeds IO centimetres. 

LR-9: Three  small outcrops  contain  strongly 
retrograded  andalusite  porphyroblasts up to 2 centimetres 
in cross-section. 

of Loss  Creek,  contains  up to 10% fresh, honey-coloured 
CA-5: A  rounded block of hornfels, found  in  the bed 

staurolite  porphyroblasts, 0.5 to 2 centimetres long, and 
5% pink,  strongly  retrograded  andalusite  porphyroblasts. 

about 25 metres  thick,  outcrops  in  the bed  of the  Jordan 
LR 13: A large  zone of andalusite-bearing rocks, 

River.  Compositional  layering is oriented 289170. 

retrograded  into  mica,  exposed in Jordan River, Leech  River 
Complex. AND ~ andalusite. 

Partially retrograded  andalusite  porphyroblasts  measure 
up to 4 centimetres  across  and  more  than 20 centimetres 
long  (Photo 4). Locally,  there are some  brown,  euhedral 
staurolite crystals within  the  andalusite  porphyroblasts. 

LR 32: An  andalusite-bearing  zone, 5 metres thick, 
outcrops in a  cut on the J5 road. Andalusite  content 
varies  from 2 to 8%. The  zone also contains  about 2% 

appears  fresh  and  some is 50% retrograded to fine- 
staurolite and 0.5% garnet.  Some  of  the  andalusite 

grained  muscovite. 
LR-35: This  is  an  outcrop of hornfels  about 8 metres 

thick  carrying 5% andalusite  porphyroblasts that have 
cross-sections up to 1 centimetre  and  are several 
centimetres long. 

garnet-bearing rock with  compositional  layering  oriented 
LR-37: This  is an outcrop of andalusite-staurolite- 

286/86. It is 6 metres  wide, and  contains less than 7% 
andalusite  porphyroblasts up to 10 centimetres  long  and 
2 centimetres across, associated  with  dismembered, 
centimetre-scale  quartzofeldspathic layers. The 
occurrence is enclosed  in  a felsic intrusion. Individual 
andalusite crystals are  up to IO centimetres  long  and 2 
centimetres  in cross-section. This andalusite  occurrence 
is the least retrograded  in  the  Leech  River  area. 

LR-45: A biotite-garnet-andalusite-staurolite schist 

of the  rock and is partially retrograded. 
is  exposed  over 2 metres.  Andalusite  forms less than 3% 

LR-46: This  is a  small  exposure  of biotite-garnet- 
andalusite-staurolite schist with less than 3%, strongly 
retrograded  andalusite. 

andalusite-bearing layer is less than 30 centimetres thick. 
LR-47: This zone is similar to LR-46. The 
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gneiss,  interlayered wrth leucocratic  gneiss, contain  up to 
LR-S8, 60, 61 and 62: Outcrops of dark-coloured 

8% strongly or entirely  retrograded  andalusite crystals, 
up to 2% garnet  and  dark, soft crystals, possibly 
retrograded  staurolite. 

STAUROLITE BYF'RODUCT POTENTIAL 

Currently  there  is no staurolite  production  from 
'hardrock' deposits, except as a  byproduct of  other 

been carried out  on staurolite-bearing  schists at a deposit 
industrial  mineral  extraction.  Metallurgical  studies  have 

in Ontario.  Should  that  deposit prove to be  viable,  then 
the Leech River area staurolite  zone  should be re- 
examined  in  that  context. The potential  for  producing 
staurolite  from  placer  deposits  within or near  the  Leech 
River  Complex  is not addressed by this study. 

SUMMARY 

affected by contact  metamorphism or low-pressure, high- 
The areas of the  Omineca,  Coast  and  Insular belts 

temperature  regional  metamorphism  have an excellent 
geological potential to host andalusite  deposits  where: 

The protolith is of favorable  chemical composition 
and  sufficient  dimension. 
Andalusite  was not converted to sillimanite  or 
kyanite by  a later,  high-temperature  metamorphic 

The  andalusite  did not retrograde to low- 
overprint. 

temperature,  hydrated  minerals  such as muscovite. 
The  prograde  metamorphic  conditions  favorable for 

the formation  of  andalusite  were  seen  in  all  the  areas 

several relatively fine  grained,  andalusite-bearing 
selected for  our  current  study.  In  the  Bridge  River  area, 

be more difficult to upgrade  than a coarse  variety 
occurrences  were  identified. This type  of deposit would 

favorable  chemical  composition occur  over widths of tens 
Showings  such C H 4  demonstrate  that  lithologies  with 

of metres.  The  ,detrimental effect of retrograde 
metamorphism  on  the  economic  potential of some 

transformed  into  muscovite. The Bridge River area is 
occurrences is seen at CH-I where  andalusite is entirely 

readily accessible  and  could  be systematically  prospected 
for andalusite.  Small-scale  metallurgical  tests could 
determine if  a commercial-grade  concentrate  can  be 
produced using  conventional  methods. 

The Lillooet  area  occurrences h a x  many similarities 
with the Bridge  River  area  with respect to the regional 
geology and rock geochemistry. However, andalusite 
porphyroblasts  from all the occurrences in the Lillooet 
area visited in  1994  are mostly,  if  not entirely 
retrograded to muscovite and  consequently  are not  of 
economic  interest. 

setting. A decreasing  trend in the degree of retrograde 
The Leech Riber  area  has a different geological 

metamorphism to  the west is  documented. The  andalusite 

30 centimetres long. However,  most of the  occurrences 
porphyroblasts  in  this  area vary from a few  centimetres to 

are  of no economic  interest,  either because  of the low 

grade,  narrow  widths or the  effects of intense  ntrogradc: 

to  and west  of the  Jordan  River as r.:trograde 
metamorphism. The  area of greatest  potential is adjacent. 

metamorphism  decreases  westward. The  trend finned by 
occurrences  LR 114, 13, 32, 35 and 37 is  specially 
interesting because it projects westward into an  area less 
affected  by retrograde  metamorphism.  Andalusite  formed 

they are  better protected from  incursion of  r!trogradt: 
in  pendants  within  plutonic rock have good pa entia1 a!; 

metamorphic  fluids. 

Geological  Survey  of Canada  from  the  Raleigh  "dountain 
Examination of hand specimens collectegl  by the 

area  and  the description of occnrrences  in  thl:  Terrace 
region indicate  that some of the areas not coverd by our 
reconnaissance study have good  geological potential. 
However, the  distance of lhe occurrences from 
infrastructure and  the coast must  be  considered in 
preliminary  selectinn of exploration  targets. I ndalusite 
occurrences  in the  southern  Omineca Belt also merit 
examination. 

ACKNOWLEDGMENTS 

J.M.  Journeay, S. Paradis  and  C. Evenchlck of the 
Geological Survey of Canada provided constructive 
comments  that  improved an early  versior, of this 
manuscript.  Special  thanks go to .I.M. Joumesy, J.W.H. 
Monger  and  N.W.D. Massey for  enriching discussion!;. 
J.M. Newell  reviewed and  improved the  final iersion o f  
this  paper. 

REFERENCES: 

Barton, M.D. and  Hanson, RB. (1989): Magnatism and 
Development of Low-pressure  Metamorphic Belts: 
Implications from the Westl-m United ltates and 
lhennal Modelling; Geological Socle@ o . Amenc,z.: 
Bulletin, Volume 101, pages IC'51-1066. 

Cairnes, C.E. (1937): Geology  and  Mineral Depsits of the 
Bridge  River Mining Camp,  British  Columbia: 

Church (in preparation):  Geology  and  Mineral Depxits in the 
Geological Survey o/Canadu, Memoir  213, 140 pages. 

Bridge River Mining Camp:. ILC. Ministry of Energy, 

Church,  B.N.  and  Barakso, .I.J. (1990): Geology 
Mines  and Petroleum Resource.r, Papr. 

Lithogemhemistry  and  Mineralization  in  the 'hck Creek 
Area, British Columbia; B.C. Ministry o f h ' r g y ,  Mine:. 
andPetroleum Resources, Papm 1990-2,95 1 ages. 

Dickson, T. (1994): Sillimanite  Minerals; in Irtetals and 
Minerals Annual Review, Mtnitrg Jountal, p' ges 87-88, 

Evenchick, C.A. (1979): Stratigraphy, Stru :lure a~al 
Metamorphism  of  the Atna Peak A r o  a, Britisll 
Columbia,  unpublished  B.Sc.  thesis, Car/etm, 
Universily, 54 pages. 

Evenchick, C.A. (1988): Stratigraphy,  Melunorphism, 

and  Deserter  Ranges, Cassia and Nortlern Rock:! 
Structure and  their  Tectonic  Implications it the S i i h  

Mountains,  Northern  British  Columbia, Geological 

Fairchild,  L.H.  and Cowan, D.S. (1982): Sttucturf, Petrology, 
Survey o/Canada, Bulletm 376,90 pages. 

and Tectonic  History of the  Leech  Rivtr  Complex 
Northwest of Victoria,  Vancouver  Island Canadiolt 
Journal of Earth Sciences, Volume 19, rages 18 17- 
1835. 

Geological Fieldwo?k 1994. Paper 1995-1 .3!>3 



Gabrielse, H., Monger, J:W.H., Wheeler, J.O. and  Yorath C.J. 
(1991): Part  A - Morphogeological  Belts,  Tectonic 
Assemblages  and  Terranes; in Geology  of  the 
Cordilleran Orogen in Canada,  Gahrielse, H.  and 
Yorath, C.J., Editors, Geological Survey of Canada, 
Geology of Canada,  Number 4, and Geological Sociey 
o/America, Geology  of  North  America,  Decade  of  North 
American  Geology  (DNAG)  Volume  G-2,  pages  15-28. 

Grambling , J.A., Williams,M.L., Smith,R.F.and  Mawer,  C.K. 
(1989):  The  Role of Crustal  Extension in the 
Metamorphism  of  Proterozoic  Rocks  in  Northern  New 
Mexico; in Proterozoic  Geology  of  the  Southern  Rocky 
Mountains,  Grambling,  J.A.  and  Tewksbuy,  B.J., 
Editors, Geological Sociey  o/America, Special  Paper, 

Greenwood, H.J., Woodsworth,  G.J.,  Reed, P.B., Ghent,  E.D. 
Volume  235,  pages  87-1 IO. 

and  Evenchick, C.A. (1991):  Metamorphism; in Geology 
ofthe Cordilleran  Orogen in Canada;  Gahrielse,  H.  and 

Geology  of  Canada,  Number  4,  and Geological Sociey 
Yorath,  C.J.,  Editors, Geologicol Survey of Canada, 

o/America, Geology  of  North  America,  Decade ofNorth 
American  Geology  (DNAG)  Volume  G-2,  pages  533- 

Grove,  E.W.  (1984):  Geological  Report on the  Valentine 
570. 

Energy, Mines and Petroleurn Resources, Assessment 
Mountain  Property,  British  Columbia; B.C. Ministry o/ 

Hoisch,  T.D. (1991): The  Thermal  Effects  of  Pervasive  and 
Report  12642. 

Channellized  Fluid  Flow in the  Deep  Crust; Journal o/ 
Geology, Volume  99,  pages  69-80. 

Hollister,  L.S. (l969a): Metastable  Paragenetic  Sequence  of 
Andalusite,  Kyanite  and  Sillimanite,  Kwoiek  Area, 
British  Columbia; American Journal ofScience, Volume 
267,  pages  352-370. 

Hollister, L.S. (1969b):  Contact  Metamorphism in the Kwoiek 
Area of British  Columbia; Geological Sociey o/ 
America, Bulletin, Volume 80, pages  2465-2494. 

Hollister, L.S. (1982): Metamorphic  Evidence  for  Rapid 

Complex,  Coast  Mountains,  British  Columbia; 
(2mmlyear)  Uplift of a Portion  of  the  Central  Gneiss 

Hutchison,  W.W.  (1982):  Geology  of  the  Prince  Rupert - 
Canadian Mineralogist, Volume 20, pages  319-332. 

o/Canada, Memoir  394, 116 pages. 
Skeena  Map  Area,  British  Columbia; Geological Survey 

Joumeay, J.M. and  Mahoney,  J.B.  (1994):  Cayoosh 
Assemblage:  Regional  Correlations  and  Implications  for 
Terrane  Linkages in the  Southem  Coast  Belt,  British 
Columbia; in Current  Research,  Part A; Geological 
SurveyofCanada, Paper  94-A,  pages  165-175. 

Lambert,  E.  (1991):  Diamond  Drilling  Program on the  Taseko 
Property; B.C. Ministry  o/Energy, Mines and Petroleum 
Resources, Assessment  Report  20889. 

Miyashiro,  A.  (1961):  Evolution of  Metamorphic Belts; Journal 
ofPetrology, Volume 2, pages  277-31 I 

Oxburgh,  E.R.  and  Turcotte,  D.L.  (1971):  Origin of Paired 
Metamorphic  Belts  and  Crustal  Dilatation in Island  Arc 
Regions; Journal o/Gieophysical Research, Volume 76, 
pages  1315-1327. 

Pell, J. (1988):  The  Industrial  Mineral  Potential ofKyanite and 

Mines and Petroleum Resources, o p e n  File  1988-26,  43 
Garnet in British  Columbia; B.C. Minisrty of Energy 

pages. 
Pigage,  L.C.  (1976):  Metamorphism  of  the  Settler  Schist, 

o/Earth Sciences, Volume 13,  pages 405421 
Southwest  of  Yale,  British  Columbia, Canadian Journal 

Reamsbottom, S.B. (1974):  Geology  and  Metamorphism ofthe 
Mount  Breakenridge  Area, Harrison Lake,  British 
Columbia;  unpublished  Ph.D.  thesis, Uniwersiy af 
British Columbia, 155 pages. 

Roddick, J.A. and  Hutchison,  W.W.  (1973): Pemkrton (East 
Halt) Maparea, British  Columbia,  92J(E1/2); 

Rothstein,  D.A.  and  Hoisch,  T.D.  (1994):  Multiple  Intrusions 
GeologicalSurvey ofcaonada, Paper 73-17,21 pages. 

and  Low-pressure  Metamorphism in the  Central Old 
Woman Mountains,  South-eastem  California: 
Constraints on Thermal  Modeling; Journal of 

Rusmore,  M.E.  (1982):  Structure  and Petrology of  Pre-Tertiary 
Metamorphic Geology, Volume 12,  pages 723-734. 

Rocks near Port  Renfrew,  Vancouver  Island,  British 
Columbia;  unpublished  M.Sc.  thesis, Universiq o/ 
Washingfon, Seattle, 124  pages. 

Rusmore,  M.E. (1985): Geology  and  Tectonic  Significance  of 

Faults,  Southwestern  British  Columbia;  unpublished 
the Upper  Triassic  Cadwallader Group and  its  Bounding 

Ph.D.  thesis, Uniwrsiy o/ Washington, Seattle, 174 

Rusmore, M.E. and  Woodsworth, G.J. (1993):  Geological  Maps 
of Mt.  Queen  Bess  (92N/7)  and  Razorback  Mountain 

Survey o/Canada. o p e n  File 2586,2 sheets. 
(92N/I0) Map Areas, British  Columbia; Geological 

Rusmore,  M.E.  and  Woodsworth,  G.J.  (1994):  Evolution  of  the 
Eastern  Waddington h s t  Belt  and its Relation  to  the 
Mid-Cretaceous Coast Mountains  Arc,  Western  British 

Skillen,  A.  (1993):  Sillimanite  Minerals; in Raw  Materials  for 
Columbia; Tectonics, Volume 13,  pages  1052-1067. 

Refractory  Industry,  Consumer  Survey,  3rd. Edition, 
O'Driscoll, M. and  Grifliths, J.B., Editors, Industrial 

Stevenson, J.S. (1958):  Bridge  River  Area,  British  Colombia; 
Minemls, pages 49-63. 

B.C. Ministry o/ Energy, Mines and Perroleurn 
Resources, unpublished  manuscript,  60  pages. 

Thompson,  A.B.  and  England, P.C. (1984): Pressure- 
Temperature  Time  Paths of  Regional  Metamorphism, 
Journal ofPetrologv, Volume  25,  pages 929-955. 

Thompson,  P.H.  (1989):  Moderate  Overthickening  of  TkiMed 
Sialic  Crust  and  the  Origin  of  Granitic  Magmatism  and 
Regional  Metamorphism in Low-P,  High-T  Terranes, 

Wojdak,  P.J.  (1974):  Alteration  at  the  Sam Goosly Copper- 
Geology, Volume 17, pages  520-523. 

thesis, Universiy o/British Columbia, 116 pages. 
Silver  Deposit,  British  Columbia;  unpublished  M.Sc 

Woodsworth, G.J (1979):  Metamorphism,  Deformation  and 
Plutonism in the  Mount  Raleigh  Pendant,  Coast 
Mountains,  British  Columbia; Geological Survey of 
Canada, Bulletin 295,56 pages. 

Woodsworth, G.J., Crawford,  M.L.  and  Hollister,  L.S  (1983): 
Metamorphism  and  Structure  of  the  Coast  Plutonic 

Areas,  British  Columbia; Geological  Association of 
Complex  and  Adjacent Belts,  Prince  Rupert  and  Terrace 

Canada, Annual Meeting,  1983,  Field  Trip  Guidebook 
14.66 pages. 

Woodsworth, G.J., Anderson,  R.G.  and  Armstrong,  R.L. 
( I  991):  Plutonic  Regimes, in Geology of the  Cordilleran 
Orogen  in  Canada, Gabrielse,  H.  and  Yorath, C.J., 
Editors, Geological Survey o/ Canada, Geology of 
Canada,  Number  4,  and Geological Saciery o/Amen'ca, 
Geology  of North America,  Decade of North  American 
Geology  (DNAG)  Volume  G-2,  pages  491-531 

pages. 

394 British  Columbia  Geological Survey Branch 



QUESNEL AREA - INDUSTRIAL MINERALS ASSESSMEN'I' 

By Z.D.  Hora and K.D. Hancock 

KEYWORDS: industrial  minerals, Tertiary, diatomite, 
pozzolan, clay, pre-Miocene  deep  weathering, residual 
clays. 

INTRODUCTION 

in  the Quesnel area  of  British  Columbia.  Several  attempts 
A number of major  diatomite  occurrences  are  known 

have  been  made  over  the  years to develop  this resource, 
but  there  has  been  no  lasting success. This project was 
undertaken  to  map  the  Tertiary  sediments  and  volcanics 
of the  area  nonh  and south of Quesnel  and  assess  the 
industrial minerals potential of units  in  the  area. 

LOCATION AND ACCESS 

Fraser  River, between the  Cottonwood  River in  the north 
Most of the  area mapped  is  on  the west side of the 

and  Alexandria in the south. With few exceptions, 
accessibility is good over  the  existing  system of farm  and 
logging roads. The Narcosli  Creek valley, adjacent  slopes 
and tributary gullies  are  dificult to reach. Some  areas 
along  the  Fraser  River  and  Baker  Creek  have vertical 
cliffs tens  of  metres  high that are impossible to reach  and 
sample. The elevations of the  map  area  are  from  450 

metres on  the plateau to the west. 
metres above sea level at the  Fraser  River  banks to 900 

GEOLOGICAL SETTING AND 
EXPOSURE: 

Rocks of Tertiary age in the  Quesnel  area  are 
confned to a  broad  valley  cut in pre-Tertiary  bedrock 
(Lay, 1940). According to Rouse and  Mathews  (1979), 
the  lower to mid-Tertiary  volcanic  and  sedimentary  strata 
were  down  faulted or infolded  onto  the  older  rocks  and 
eroded. This was  followed by deposition of the latest 

younger units. The upper  Tertiary sediments and 
Lower to Middle Miocene  Fraser  Bend Formation and 

volcanics are horizontally  bedded  and  probably not 
affected by regional  faulting.  The  Tertiary  strata  were 
deeply  eroded by both  Pleistocene  glaciation and 
subsequent fluvial processes.  Figure 1 (following  page)  is 
a  stratigraphic  column  for  the  area  mapped.  Figure 2 is a 
diagrammatic  cross-section  showing  the structural 
relationships of thc rock units. 

rocks  and  a  major  Pleistocene  valley to the east of the 
Quaternary  sediments  cover  most of the  Tertiary 

Geological Fieldwork 1994, Paper 1995-1 

present  Fraser  River  has been infilled with youlger 
sediments. The Fraser  River and  its  tributuies  cut u p  to 
450 metres of soft Tertiary  sedimentr.  The uppcr 
Miocene and later units  were affected by n lmerous block 
landslides and mudflows in most of the  map area 1'h:s 
completely  distorts  the  original  elevations  of individwl 
Tertiary units. The slides probably  occurr:d  in  the I A e  
Pleistocene or early  Holocene and mos:  seem 11) te 
stabilized. 

Figure 2. Diagrammatic  structural  cross-sec ion of the rock 
units in the Quesnel  area. C:.C:.: Cache Crfek Group; A.C: 
Australian Creek  Formation; F.B: Fraser Benl Formail.org C :  
Crownite  Formation; C.G.: Chilcotin GI oup equiialfat 
volcanics; Q.: Quaternary  sediments  (modified  from Row: and 
Mathews,  1979). 

STRATIGRAPHY 

CACHE  CREEK  GROUP 

Outcrops of the Mississippian to Triassic Cache 
Creek  Group  occur only  in the  northern >art of thc  map 

found  along  the  Fraser  River  north  of Bii Bend and west 
area. Grey phyllite, locally with siliceou: lenses, can be 

of Quesnel  along Baker Creek.  Direct  contact  with 
younger  units  is  exposed only in  the upp:r parts  of'stcep 
cliffs  at  Pinnacle  Provincial  Park,  just vest of  Cwesrlel, 
where  strongly  weathered phyllites are overlain b) a 

Inaccessibility of this  exposure  pievents on-site 
Chilcotin  Group  columnar basalt fluw (Phottu 1). 

along the  banks  of  both  the Fraser River z nd Baker h e k  
examination of the  unconformity.  Alt  lough a'utcrt~ps 

are fresh, grey siliceous phyllites expos:d in  the 'upper 
parts of the  slopes at Pinnacles P r k  are 3eeply 
weathered. This strongly  weathered  profile may be: very 
thick, up to 100 vertical metres,  along tht slopes of iBaker 

clayey  rock with  illite  the  dominant clay nineral. 7':ypcal 
Creek. The phyllites have been altered tc white or }el low 

erosion  (Photo 2). A similar,  deeply  weathered protile in 
exposures are hoodoos  and  pinnacles; th,: result of :rec:ent 

Cache  Creek  Group  rocks is exposed on the  west $id<: of 

39s 
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Figure 1 .  Stratigraphic  column for the Quesnel area. 
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the  Fraser  River just upstream of the  Cottonwood  River 
canyon. 

EOCENE  VOLCANICS (KAMLOOPS GROUP 
EQUIVALENP 

Volcanic  rocks  of  this  unit  outcrop mostly along 
Narcosli  Creek and to the  north  and  south of its 
confluence  with  the  Fraser  River.  Grey,  green  and red- 
weathering  andesite is most  common  with  subordinate 
pink  dacite.  The rocks comprise  a variety of lava flows, 
pyroclastic  deposits and volcanic  sediments. 
Autobreccias,  monomictic  and  diamictic  debris  flows, 
and  intercalated  lava  flows  comprise most  of the  section 
(Photos 3 and 4). Irregular  and  discontinuous distribution 
of outcrops  does  not  allow  outlining  the  extent or 
subdivision  map of individual rock types. However, 
scattered outcrops of a distinctive manila-yellow lapilli 
ash-tuff  occur between south  Quesnel  and  Narcosli 
Creek.  Direct  contact  with  either  the  lower or higher 
stratigraphic  units  has  not  been  observed  in  the project 
area. 

places along the slopes on  both sides of Narcosli Creek 
A zone of andesite pumicite is exposed  in several 

(Photo 5) .  The  characteristic  feature of this rock is  a light 
bluish  weathering of the  exposed surface. This rock was 
successfully tested and marketed, by a local readi-mix 
company, as a  natural  pozzolan  during  the late 1970s. 

Knorm 6, not found 

AUSTRALIAN  CREEK  FORMATION 1 natural pozzolan 1 Andesite pumicite 

The Oligocene  Australian  Creek  Formation j wnalomerate 
x Auriferous Miocene 

comprises  a  broad  range of strata  from  claystones 
through to unsorted  boulder  conglomerates.  Seams of 
coal  are  common  between clay and siltstone beds. The 
coal  seams  seen  in  outcrop  are typically 5 to 20 
centimetres  thick  and  discontinuous.  With  few 
exceptions,  beds  with  a  high  clay  component  exhibit  a !!!*45' 51'45' 
high  swelling  and  shrinking  fracture  pattern  in  outcrop, 
indicating  a  montmorillonitic  character (Photo 6) .  Narwsli 

Outcrops of the  Australian  Creek  Formation are ~ 

scattered, usually low along  the  Fraser  River  banks  and : 
many of its  tributaries  throughout  the  map  area.  The ~ 

single,  most  complete  section  in  the project area  is  the i 
type section  in  Australian  Creek,  south of Quesnel. i 
Measured  dips  suggest an  anticlinal  structure ~ 

approximately parallel to the  Fraser  River  with  the crest ~ 

on the  east side of the  river.  Dips rarely exceed 20'. The 
angular unconformity  with  the  overlying  Fraser  Bend i 
Formalion  is  exposed  in  several  outcrops  in  the  Big  Bend i 
area  north  of  Quesnel  (Photo 7) and on the west side of 
the  Fraser  River  in  Quesnel. 

economic 'interest because  of  the  presence of coal  seams 
(photo 8). While no in the map area reached  the Figure 3 .  Location of mineral  occurrences  in the Quesnel nap 
production stage, a  number of exploration  attempts  have area. 
been reported. They  indicate  the  thickness Of coal Seams  Content and low calorific  value  have  discoura);ed  further 
reaches  more  than 10 metres locally. but  the  high  ash  development. we identified coal outcrops  along th: 

" 
RS Porcellanite (red shale) 

wc white showing 
Occurrence 

~ .. 

I 

The  Australian  Creek  Formation  has been  of kilometres 
_ _ _ _ ~  ~ J 
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Photo I .  Columnar  basalt flow on strongly  weathered  Cache 
Creek  Group  rocks. 

Photo 4. Agglomerate  breccia  outcrops,  Narcosli  Creek area 

Photo 6. Australian  Creek  Formation  clay  bed with typical 
'popcorn' surface  indicating  montmorillonitic  composition. 
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whole area mapped  from  Big  Bend to the  old  Alexandria 
feny. Most are on the  east  bank  ofthe river. 

called  “red shale”, the result of natural  underground 
Outcrops of yellow to deep  red porcellanite, locally 

combustion of coal  seams,  occur at two  locations  (Figure 

limits, has been. called  the  Red  Bluff  and  the rock was 
3, Photo 9). One site, on  the  south side of Quesnel city 

mined  on  a simall scale for natural  pozzolan  and 
landscape  aggregate. The other location, with no 
production so far,  is located  immediately  south of the  old 
Alexandria feny crossing  on  the  east side of  the  Fraser 
River. 

FRASER  BEND  FORMATION 

The Miocene  Fraser  Bend  Formation  is  the best 
exposed unit in the  map  area.  Its  horizontal  beds  form 

along  the Frase:r River, particularly between  the city of 
the  walls of steep  ravines  (Photo IO) and undercut  banks 

Quesnel  and  the  Big  Bend to the north. The Fraser  Bend 
Formation ovc:rlies beds of the  Australian  Creek 

contact was seen in several places  on  the west bank of the 
Formation  on an angular  unconformity  (Photo 7). This 

Fraser  River  between  Big  Bend  and  Quesnel. 

conglomerate  with  overlying  conglomerate,  sandstone 
The formation  comprises  a coarse, basal 

and claystone  and  is  up to 150 metres thick. The basal, 
pebble to cobble  conglomerate  is  known to carry  placer 
gold  and  has  been  mined  underground  for  gold  on  both 
sides of the  Fraser  River,  north of its  confluence  with  the 
Cottonwood  River. It is  considered  a  source of gold in 
Fraser  River terraces downstream  (Levson  and Giles, 
1993). 

Overlying  the  basal  conglomerate  are  cobble to 
granule  conglomerates,  sandstones  and a few silt and 

formation.  The  upper  half is mostly  clay and silt beds 
clay layers which  comprise  the lower half of the 

with  scattered  sandy or gravelly layers. These clays have 
a  bright yello- or brown  colour  and, to a lesser degree, 
are pale  green  and grey. The principal clay mineral  has 
been identified as illite (Rouse  and  Mathews, 1979). 

Bend  area,  our work has identified a  layer of white clay 2 
Close to the  top of the  Fraser  Bend  Formation, in the  Big 

metres  thick  (Photo 11) .  possibly useable  for  ceramic 
manufacturing. 

The contact of the  Fraser  Bend  Formation  with  the 
overlying  Crovmite  Formation  is rarely exposed,  but  has 
been observed on the  west side of the  Fraser  River  in  the 
Big  Bend  area  and  approximately 3 kilometres  south of 
the  Crownite pit. 

CROWNITE  FORMATION 

is  a layer of diatomaceous  earth  up to 12 metres thick. 
The Middle to Upper  Miocene  Crownite  Formation 

While  it  is an extensive  unit and outcrops  are scattered 
over  the  whole  map  area  (Figure 3). the  upper  or lower 
contacts  are clnly exposed in a very  few places. The 
diatomite  was  formed by the  accumulation of the silica 

skeletons of freshwater  diatoms  living irl an externsive, 
shallow lake. In some  outcrops, diato’nite cap the 
Tertiary  sequence. 

Diatomite  is  white,  light  beige or ligl t grey and has 
a  low density. The top and boltom  few me1  res are bedded, 

with  beds 20 to 30 centimetres  thick. A Isrow,  massite 
a  few  centimetres thick; the  central  part i: more massI~e 

clayey layer has  been  noted  in  many exmsures (Photo 
13). In  the  two most complete sections, tl  e Crowrut,: pit 
and  a  ravine to the south, this bed, descrikd  as  vokaric 
ash,  is  approximately at  the  middle of the  diatomlte 
sequence. 

of landslide  blocks (Photos 12, 14) throq:hout the m i y  
The diatomite strata  have  been affect*:d  by slun~pi~lg 

area (described  below).  These mu tiple veltic:al 
displacements,  expose  outcrops of diatomaceous ea th  at 
many elevations, resulting in estimated thicknesxs by 
some  authors  of 45 to 65 metres (14tI to 200 fe:t; 
Gcdfrey, 1963). After the dcwelopment r f the  Crownite 
pit west of  Quesnel,  which  facilittted  a x t e r  
understanding of the  depositional emironment  the 
thickness of diatomite  beds  in  the  Quesnel  area,  whcre no 
erosion  has  taken place, is eslimated to  be 12 metre!. The 

volcanic ash.  The reported A120, content ~ from d i f k n t  
beds are contaminated by clay minerals  and devitlified 

sites  and  stratigraphic  intervals  are betu:en 6.45% and 

(McCammon, 1960). Clay content  and  ccntaminatica by 
15.92% with Fez03 analyses betweel 3 and 4% 

rusty (dark) volcanic ash layer 
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Photo 8. Australian  Creek  Formation  with  coal  seam,  Baker Photo 11.  Fraser Bend  Formation, white ceramic  clay  bed,  Big 
Creek, Quesnel. Bend  area. 

Photo 9. Partly  burned  coal  seam  with  porcellanite  zone,  Photo 12. Diatomite  bed  in  recent  slump, Big Bend  area. 
Australian  Creek  Formation  near  Alexandria ferry site. 

400 British  Columbia  Geological Survey Branch 



MIOCENE PLA TEA U BASALT  KHILCOTIN ~ ~~ 

GROUP EQUIVALENV 

the softer underlying  strata  from  Quesnel to P lexandria 
An Upper  Miocene basalt flow  forms  a solicl cap over 

jointed cliffs and  is  found on hilltops  and  the  broad,  high 
and south. The flow typically forms  massive,  columnar 

plateaus west of  the  Fraser  River.  The basalt is  hlack,  and 
vesicular  and  uniformly  fine  grained. The  unit is 5 to 10 

metres  in  the  Narcosli area  and southwards. In some 
metres  thick at Pinnacles  Park  (Photo 1) increa’ing lo 20 

places, the  lowermost  part  of  the  flow  is  pillowrd  with or 
without  palagonite breccia. 

strongly  brecciated  base that deformed  and,  in par*, 
At the  Clayburn  pit  (Figure 3), a flow  chat ne1 has a 

incomorated  diatomite  (Photo 151. Thit clearlv 
Photo 14. Diatomite tved exposed hy recent slumping in the 
Buck  Ridge area. 

demdnstrates that some p a i s  of the  flow extelded  inti 

brown,  unsorted  pebble  conglomerate,  a  few  melres thick., 
lakes, ponds  and  muds that were  diatomite ricl .. A rusty 

is  exposed below the basalt  and conformabl: overlies 
diatomite at the  Crownite pit. Elsewhere, this 
conglomerate  was  seen at scattered outcrops  ir,  the  map 
area and may be discontinuous in its  areal  exten . 

QUATERNARY 

Most of the  map  area is covered by a tnantle of 
Quaternary deposits, locally very thick. The top of the 
plateau west  of the  Fraser  River  has  a Pleistoc :ne basal 
till cover  with irregularly distributed patches  of gravel on 
tap of it. Grooves, drumlins  and  striae  are very common 
and indicate movement  of glacial ice from soutl I lo north 
(Tipper,  1971). 

Photo I S .  Basalt  flow filling channel in Crounite Formation sediments  with very complex relations. The! includl: 
The lower elevations  are  cokered by a ~ar ie ty  of 

diatomite,  Claybum pit. waterlain till, varved  lacustrine  sediments  and  multipla 
generations of meltwater  channels  and  corrf  sponding 

Holocene  erosion  of  the  Fraser  River and  its tribjttaries. 
sediments. All these features are well exposed by tha 

A deep, filled Pleistocene  channel  has been 
documented to the east of the  present  Fraser R h  :r coursc 

sediments are widespread  and often disrupted )y recent 
(Rouse  and  Mathews,  1979). The glacio1,acustrinc: 

prominent  example is  the “Big  Slide”  (Photo I6), north 
mud  flows and  landslides in  the  map aiea. The 

of Quesnel,  that  has an active sliding  area of 
approximately 4 square  kilometres. 

FAULTING AND LANDSLIDES IN 
TERTIARY ROCKS 

Photo 16. Recent  sliding in glaciolacustrine silts, ‘Big  Slide’  Poor bedrock  exposure  in  the  whole  map a m  maker: 
near  Big  Bend. identification of faults very difficult. With  the I xception. 

of  Eocene  volcanics  in  the  Narcosli  Creek  area,  outcrops 
of pre-Miocene  rocks are restricted to a few isolated 

uses of Quesnel  diatomite. 
iron oxides are  the main  obstacles  for  higher  value end- places the  possibil,y of ~ , ~ d ~  in 

the  continuity of specific units. ‘Tipper (1959,  1960) in 
his  mapping of the 93B and 93G map  sheets identified 
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Photo  17.  Block  slumping in the  Fraser  Bend  Formation,  Big 
Bend  area.  White  ceramic  clay bed at top of the  sequence. 

only  three  faults  within our map  area.  According to 
Rouse and  Mathews  (1979),  there  has  been no faulting 
which  would  have affected the  Miocene  rocks  in  the area 
of our study. This  contrasts  with the frequent vertical 
displacement of Miocene  units  from  the  Fraser  Bend 

throughout  the project area. Such vertical displacements 
sediments to the  Chilcotin  Group basalts, as observed 

can be seen as  far  as 5 kilometres to the west  of the 
Fraser  River channel. 

Block  sliding is locally obvious.  In the Big  Bend 
area,  for  example,  undercutting of near-vertical cliffs has 
triggered  sliding of the  Miocene  sedimentaly  sequence 
towards  the river in  small  blocks  with  many  signs of 

few  hundred  metres  in  length,  and  extend  only  a few 
recent  movement.  Such  block slides are small in size, a 

hundred  metres  from  the river (Photo 17). 
A much larger  scale of  sliding,  however,  has  taken 

place  in  the  southern  part of the project  area, between 
Narcosli  Creek and  the  Fraser River.  There,  blocks, 
sometimes  several  kilometres  long and up to 300 metres 
wide  have  slid  towards  the  Fraser  River  and  have vertical 
displacements of 1 or 2 to more than 10 metres.  Quite 
often, a  northerly  trending, steeply dipping slide scar  is 
the  location of a  poorly  drained  depression  where  the 
downdropped block rests  against  the  higher  standing 
slice (Figure 4). Most of these slides seem to have 
stabilized and  no  indications of recent  movements  have 
been observed. However, the  absence of fixed  points may 
be obscuring  the  very  slow  process of creep  which may be 
continuing. A geotechnical  study  in  the  urban area of 
Quesnel's east side, completed in 1977  and  1978, 
confirmed a relative displacement  of 25 to 75 millimetres 
between two slide  blocks  over  a  period of one year. (M. 
Stepanek,  personal  communication,  1994). 

It is  not clear which  beds  within  the  Miocene 
sequence are  the  cause of block sliding.  The failure 

Photo  18.  Drained and stabilized  mudflow  showing  hummocky 
terrain  with  diatomite  exposed (white), Buck  Ridge  area. 

W E 

Figure 4.  Block  diagram of block sliding and slumping. Figure 5 .  Block  diagram of mud slides  afler  block  sliding. 
Short  dashes  are  surface  water  seeps. 
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INDUSTRIAL MINERALS 

DIATOMITE 

by G.M. Dawson (1877). an early explorer. The first 
Diatomite in the Quesnel area was  first recognized 

resource  assessments were published by Reinecke  (1920) 
and Eardley-Wilmot  (1928). In 1937, Fairey and 
Cunliffe, a Vancouver  company, staned limited 
production of specialty ceramic  products  using 
diatomaceous earth  from Quesnel as a raw material 
(Figure 3). This lakr  expanded to manufacture of 
insulation  brick and pozzolanic  cement  admixtures 
which  continued  until  1969.  Its  production  came  from 
Lot 6182  north  of  rhe  Quesnel airpon. Attempts  to 

during  the 1940s as  a mineral  filler  or a filtration product 
develop the resource in the Narcosli area (Buck Ilrdge) 

local company,  Quesnel RedMix Cement l:o. Ltd. 
Another type of natural  pozzolan  was develc  ped by a 

of  the  Eocene  volcanic  sequence ill the Narco!li  Creek 
Samples  from a zone of andesite  pumicite (Figurs: 3), part 

area, were studied in 1964 by Constmction  ?daterials 
Section, Mines  Branch,  Department of Miles and 
Technical Surveys, in  Ottawa  (Malhotra  and ::oldners, 
1964). The results confrmcd that  the produ:t  meets 
ASTM and  CSA specifications  for  pozzolan  admixtures, 

was  produced from  1979  until  1984 and wed in a. 
used in Portland  cement. This Qpe of natural  mzrolan 

Prince  George  areas. 
number of construction projects in the  Queinel and. 

CERAMIC  CLAY 

A  bed of white clav. 2 metres  thick. is  exmsed on 

industrial and  domeslic  absorbents.  During  intermittcnt [hickness and cOmwSition over the whole ofthl outcroD, 
Y 

operation and two  ownership  changes,  considerable effort 
was made  to  develop a competitive, high value-added 
product by removing  impurities  like iclay, calcium  and 
magnesium  sulphate  from  the  crude  diatomaceous  earth. 
The process  developed  (Visman and Picard, 1969), for 
which  Canadian  Patent No.  890241) was issued in 
January  1972,  succeeded in reducing clay contamination, 
measured by  A1203 content,  from  12.38% to only 4.8%. 
Such  processing  was  never  implemented in production 
and the  operation on Lot 906 was permanently 
discontinued in 1984. 

More recently, regular  shipments of diatomite are 

south of Quesnel, by Clayburn  Industries Ltd. of 
made  from a pit located on Lot 1615  at Buck Ridge, 

Abbotsford, to manuf;3cture insulation  bricks. 

NATURAL POZZOLAN 

the  Quesnel area have been  marketed with  somc success. 
Three  different p p e s  of  pozzolanic  materials from 

Both Fairey and CunliNe and Crownite  Diatoms  Ltd. 

Diatoms, howevcr, recognized  the  pozzolan potential in 
used the diatomaceous  earth as pozzolan.  Crownite 

ground  porccllanite,  also  known locally as "red shale". 
the  natural product of underground coal seam 
combustion, The pozzolan was  used  in a number of 
construction projects, panicularly  the  W.A.C. Bennett 
dam (Carswell,  1966) on the Peace River  at Hudson 
Hope. The porcellanite  outcrops  on  the  cast  bank  of  the 
Fraser River, south $of the  confluence with the Quesnel 
River and  the site  has  been  known as the Red Bluff. It  is 
part of the  Australian Creek Formation. Our  mapping 

old Alexandria ferr). site, on  the east side of the river 
located a similar, previously unreported  occurrence  at  the 

(Figure 3).  

The clay is being'tcsted  for Its ccramic  properties  and 
preliminary  results  indicate it  is probably su table for 
stoneware type products (G Oprea, personal 
communication,  1984). The accessibility of tk8is site is 
good and therefore  the  development  potentia,,  from B 
logistics  point of view, is very good 

LANDSCAPE  AGGREGATE 

Quesnel  area in limited  amounts.  The bright pirlk and red 
The porcellanite  at Red Bluff has  been us:d in the 

colours  are very attractive and the material  has Jeen used 
for driveways. paths and roofing-chip  aggregate 

SUMMARY AND DISCUSSION 

phyllites of the  Cache  Creek  Group and fiv~ Tertiary 
The 1994 map  area is underlain by late Paleozoic 

units:  Eocene volcanics, Oligocene Australi m  Creek 
Formation. mid-Miocene Fraser  Bend and Crownite 
Formation  and  Late  Miocene  plateau  basalts.  Mapping 
practically doubled the  size  and  number ( ~ f  known 
diatomite occurrences. This observation  suggcs s that  the 
original  diatomite deposition was widespread, :ntending 
from the  northernmost  showings in the Big Bet  d area all 
the way to the south ncar the old Alexancria  ferqi, 
probably in one large lake. The project also :onfirmed 
geologic resources of Eocene volcanics ami burned, 
undcrground coal seams,  porcellanite, of the  .\ustralian 
Creek  Formation as sources of natural pozzolan 

of Cache  Creek rocks under tho Miocene  :,ediments, 
The  deep  weathering profile, several tens of metres, 

indicates a potential Tor residual clay deposits in similar 
geologic environments  elsewhere.  Beds of \!bite claly 
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suitable  for  ceramic  wares may provide raw material for a b y .  D. (1940):  Fra=r  River  Tertiary mainage History  in 
local cottage  industry.  Similar  clays are presently Relation  to  Placer  Gold  Deposits; B.C. Ministry a/ 

Io British from *Iberta and Levson, V. M.  and Giles, T. R.. (1993): Geology  ofTertiary  and 
Mines, Bulletin  3, 30  pages. 

California. Quaternary Gold-bearing Placers in the C a r i b  Region, 

Em-, Mines and Petroleum Resources, Bulletin  89, 
British  Columbia  (93A,B,G,H); B.C. Ministry a/ 
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NAZKO  CINDER  CONE AND A NEW  PERLITE  OCCURRENCE 

By Z.D. Hora and  K.D.  Hancock 
"." 

KEYWORDS: industrial  minerals,  Nazko  cinder  cone, 
Holocene  volcanics,  light-weight  aggregate,  lava rock, 
barbecue rock, volcanic glass, perlite 

NAZKO CINDER  CONE 

Location: Lat. 52" 55' 45" Long. 123' 44' 0 0  
93G1/4. C a r i b  Mining Division.  Approximately 14 

Quesnel. 
kilometres west  of Nazko village, 75 kilometres west of 

Access: Vi,a the  Michelle  Creek forest service road 
and Baezaeko  (Fishpot Lake) road. 

Owner:  Canada Pumice  Corporation. 
Operator: Canada  Pumice  Corporation 
Commodities: Lightweight  aggregate, lava  rock. 

anti-skid sand,  ornamental  cinder  aggregate. 

GEOLOGY 

centre  in  the  Anahim  volcanic belt. The edifice of this 
The  Nazko  cinder cone  is  the most easterly volcanic 

Holocene  volcano  is  a  product of three  main  volcanic 
events, one preglacial, one  subglacial  and  one postglacial 

cone raises about 120 metres above the  surrounding 
(Souther el  a/ ,  1987). The conical  mound of the  Nazko 

terrain  and  its  circular  base  is  approximately 1000 metres 
in  diameter. 

Two  pyroclastic ejecta units  comprise  this  composite 
cone  (Figure 1). A  conical  mound  some 100 metres  high 
on the west side of the edifice is  made of  red basalt tuff- 
breccia. This  unit predates  the subaerial, crescent-shaped 
eastern  rims  of  three  craters  and  has been interpreted as 
of subglacial  origin  (Souther el  a/, 1987).  Because of its 
attractive coloun, material  from  this unit is of economic 
interest  for  a  variety of granular  cinder products. 

A  second unit forms much  of the  composite  cone. I t  
consists of fresh, black  scoriaceous basalt tephra  with 
irregular  and  round-shaped  bombs up to 60 centimetres 
in  diameter. On the surface, the  black  tephra  weathers 
bright  yellowish  brown.  A  fine-grained  member of this 
unit  forms  a  gradually  thinning eliptical blanket to the 
northeast o f  th8e cone.  This  blanket  extends up to 8 
kilometres  east  and  northeast  from  the vents. According 

pyroclastic  rocks of this second unit  took place about 
to Souther et a / ,  (1987),  the  eruption  which  deposited  the 

7200 years  B.P,  Material  from  this unit is also processed 
into  general  commercial  products. 

fl Black 0rx)rBcbous > liruptive 
basail tephra 

Road 

~ 

Figure 1. Location map and geology of the hazko COIIB (aller 
Souther el ai., 1987) 

Two lava flows of different ages fo m part of t le 
composite  cone.  A  basal flow  of subaerial basalt is 
exposed to the  north. I1 predates tht Wisconjin:m 
glaciation  and is extensively  eroded.  A K Ar date of this 
basalt has been determined as 0.34*0.03 hla. 

The second  flow unit comprises  two separa1.e lava 
streams that issued  through  narrow breac,les  on the  wcst 

volcanic  episode  which resulted in  arcumulaticm of 
flank of the  cone.  These flows are  a prod  Jct  of thae !;am 

pyroclastics on the  eastern  flank of Nazko  cone a n d  the 
tephra  blanket to the east. 
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Photo 4. Sized  red  scoria - landscaping aggegate 

Photo 1. Unsorted  nature of pyroclastic  deposit.  Black, 
scoriaceous  basalt  tephra,  pit I 

Photo 5 .  Sized  black scoria - barhewe rock 

Photo 2. View of pit la ,  opened in line pyroclastic  layer 
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PRODUCTIONAND  DEELOPMENT 

Canada  Pumice  Corporation  has  developed  three 
production  sites  in  the  Nazko  cone  area. The first is a 
small pit at  the  north  side of the toe  of the  volcanic 
mound  (Photo I). Because of a  large  number of volcanic 

black  scoria  is  now  abandoned  and  has  been  reclaimed. 
bombs  in the unsorted  pyroclastic  material,  this  source of 

The company  opened  a new pit several  hundred  metres to 
the  north,  where  there  are  no  large  bombs  (Photo 2). On 
the  south  side  of  the  Nazko  cone,  the  company  operates 
another  pit  as a  source of  red scoria  (Photo 3). 

Production  equipment consists of a  2 by 3-metre, 
minus IO-centimetre grizzly, a  Powerscreen  double  deck 

bulldozer. Typncal production  is  about  115  cubic  metres 
portable screen, a  Cat  980B  loader  and  a  Cat D8 

(150 cu. yards)  per day with  current  annual  production of 
11 475 cubic  metres (15 000 cu yard). Products are 
available  in  four  screened sizes and also as oversize 
landscaping rocks. Most of the  present  production  is  used 

traps  on  golf  courses  and  barbecue  lava rock (Photo 5 ) .  
in decorative  applications for landscaping (Photo 4). sand 

Other  applications  include anti-skid highway 
traction  sand  and  light-weight  aggregate.  While  both 
colours, black  and red, are readily available, the greatest 
demand so far  has  been  for red cinder  products. 

PERLITE 

Location: Lat. 53" 01' 30"  Long.  123" 12' 05" 
93B114. C a r i b  Mining Division.  Approximately 59 
kilometres west of Quesnel. 

Access: F'rom Quesnel  on  Nazko road. 
Commodities: Perlite, volcanic glass. 

A  previously  unreported  occurrence of perlite  has 
been  found during a  cursory  examination of large 
rhyolite outcrops and  an adjacent  bank of glacial outwash 
exposed  in  a  cut  on  the road from  Quesnel to Nazko 
(Photo 6). 

are known in the  area,  abundant clasts o f  perlitic rock 
While no bedrock  outcrops  containing  volcanic glass 

can be found  throughout  the  outwash depsit .  The large 
size of  many  of the perlite boulders (50 c  n  in dian&r), 
low physical  strength ofthe rock and pror imity to a lalge 

Tipper,  1961),  points to a  nearby  source most prrbal)ly 
exposure of Eocene rhyolites (Rouse and  ldathews, 19118; 

associated  with  the  adjacent rhyolite outcr ~ p s .  

microfractures resulting in platy, rod-lik: and isolnelric 
The perlite rock is  black to  dark  green,  with 

fragments.  Four  distinct types of volcanic  glass w,:re 
collected  for  expansion tests. 

less than  l-centimetre size fragments,  which werc: then 
A  sample of each of the  four types was  crushed to 

placed  under  a  propane  torch  flame  for  bout 1 xrinute. 

particles  from  approximately  two to f;wr times  their 
All types expanded,  increasing  the  volur,le of individual 

original size. 

the logistically best-located and access ble site 111 the 
The significance of this  perlite  occunence  is that it  is 

British  Columbia  interior. and  the a u t h m  believe: that 

in  nearby Eocene rocks. 
prospecting will locate the  bedrock  sourc: of perlit: rock 
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MINERAL  POTENTIAL  PROJECT - OVERVIEW 

By Ward E. Kilby 

Contribution to the Mineral Potential Project, funded in par? by the Corporate Resourre Inventory Initiative I CRII) 

KEYWORDS: land-use  planning,  resource  assessment, 
probabilistic  estimates.  Monte  Carlo  simulation,  digital 
geology maps. 

INTRODUCTION 

The  Mineral  Potential  project was initiated  in 1992 to 
meet  the need for  cnrrent  regional  mineral  potential  infor- 
mation  in  regional  and  sub-regional  land-use  planning. 
These  planning  processes  have  the  responsibility of making 
recommendations  on  protected  areas,  as  described in the 
provincial  Protected  Areas  Strategy (PAS). The goal of PAS, 
created in 1992,  is to protect  representative  examples of the 
province’s  natural,  recreational  and  cultural  heritage  fea- 
tures. A provincial  target  of 12% protection  has been estab- 
lished;  when PAS was announced, 6% of BC was considered 
protected.  Mineral  exploration  and mining are  not  allowed 
in  protected  areas,  hence  decisions  on  which  areas to protect 
need to fully  account  for  mineral  values. 

Part of the  mandate of the  Commission  on  Resources 
and Environment  (CORE) is to run regional  land-use  plan- 
ning  processes and to make  recommendations to govern- 
ment on  their  findings. Initially, three  regions, Vancouver 
Island,  Cariboo-Chilcotin and the  Kootenays,  were  selected 
for  evaluation and land-use  planning  (Figure I).  Recom- 
mending  protected  areas  is  one  of  the  more  controversial 
issues in the CORE process. 

To provide  readily  useable  mineral  resource  informa- 
tion to this  process,  the  land  within  each  region was ranked 
withrespecttoits mineralpotentialusingquantitativeanaly- 
sis. The  CORE process  necessitated  the  upgrading of all re- 
source  and  cultural  inventories in the  province to facilitate 
informed  land-use  planning.  This  project  is  one  of  more  than 

The  project  is  operated  by the  Geological Survey Branch of 
twenty  inventory  projects undertaken by seven ministries. 

the  British  Columbia  Ministry  of Energy, Mines and Petro- 
leum  Resources and was  designed 1.0 meet CORE‘S timeta- 
ble.  The  project  will  complete  the  mineral  potential 
assessment of the  province  within  a  four-year  time  frame 
and  will  meet  the  information  needs of other  land-use p m -  
esses  in  addition to CORE’S. 

This  paper  provides an overview of the  methodology 
used to assess  the  mineral  potential  and  report  on  the pro- 
gress of the  project. 
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Figure 1. Mineral potential  assessment regions; I-Vancouvw 
Island, 2- Cariboo-Chilcorin, 3.. Kootenays, 4- E,keena-Nas:, 5- 
Mid-Coast, 6- Thompson-Okanagan, 7- Northe;,st BC a n d .  !I. 
Nortbwest BC. 

OBJECTIVES 

Project  objectives were three fold; 

Rank  the  land  base of the  province  by its ability to SI p p ~ t  
economic  activity  through  mineral  explsration ard cx- 
traction. 

Produceresults  whicharecredible and noderstandal~le by 
all  user  groups, to  assure the results of he analysis ;Ire 
used  in  the  land-use  planning  process. 

Incorporate  the  expertise of the  mining and exploration 
communities. 

It was found  that  a  straight  forward  relative  ranking of 
the  land  base was more  useful to decisiot~ makers ~han  a 
measure  such  as  gross-in-place  dollar  value of miner.;als in 
the  ground.  The  primary  concern  with  relpect  to  mineral 
potential was, which  land was the  most  an(  least  important 
to the  mining  industry. The  challenge was I lot to pmt(:ct ar- 

cultural  values  with  a  given  percentage of a region’s lmd 
eas  or  not,  but how to protect  critical  emironmental rlnd 

base and with  the  least  econornic  impact. 
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the  regional based CORE  planning  processes. They  were 
Mining industry  representatives  were  participants  in 

free to use  whatever  information  they  desired to represent 
their  position. The  analysis  produced by the mineral  poten- 
tial  project  was  one  dataset  available to industry  repre- 

methodology  used  for  this  analysis  was  accepted  by  the  min- 
sentatives. To be  useful  and  credible  it  was  essential  that  the 

ing  industry and easily  understandable by the  other  interests 
at  the  table. The  use of factual  historical  data  together  with 
the  opinions of recognized  industry  experts  appeared to 
meet this criterion. 

The  mining  and  exploration  industry is a  major  gener- 
ator  and  repository of data  related to the  mineral  endowment 
of the  province.  Individuals  from  industry  were  used  as  con- 
sultants to  assist  the Branch’s mineral  potential  team  prepare 
databases,  compile  geology  and  to  provide  quantitative  es- 
timates of future  discovery  potential. 

METHODOLOGY 

two  forms,  a  phase 1 and  phase 2 analysis. In phase 1 his- 
The  assessment of mineral  potential in this  project  takes 

torical  information  is used to rank  the  land  base  with  respect 

nation of historical  and  subjective  probability  estimates  by 
to its mineral  potential.  The  phase 2 analysis  uses  a  combi- 

industry  experts  to  achieve  a  ranking of the  land  base. The 
major  steps  in  the  analysis of a  region are: 

Compile  geological  maps. 
Compile  historical  information. 
Delineate  mineral  assessment tracts. 
External  review of geology  and  deposit  data. 
Production of phase 1 analysis  and  map. 
Estimation of future  deposit  discovery  potential. 
Production of phase 2 analysis and map. 

methodology  of  the  United  States  Geological  Survey 
The method  is  patterned  after  the  three-part  assessment 

(Singer, 1993). 

DATA  COMPILATION 

GEOLOGY AND MINERAL  ASSESSMENT 
TRACTS 

Accurate  and  current  geological  data  are  the  framework 
on  which all  the  analysis is built. The  major  component of 
this project  is  the  compilation of the  geology of the  province 
at  a  scale of 1:250 OOO. Geologists  familiar  with  each  region 
produce  the  compilation  by  integrating  all  existing  informa- 
tion  with  current  geological  theories.  Much of the  data  used 
in  the  compilations  was  obtained  from  the  Geological Sur- 
vey of Canada  and  their  contributions  to  the  Project are ac- 
knowledged.  The  compiled  geology  is  captured in digital 
form  for  subsequent  analysis  and  distribution.  The  digital 
geological  information  has  been  made  publicly  available,  as 
it is produced,  by  means of Open  File  series  releases  (Figure 

MacIntyreetal., 1994; Hoy et al.. 1994; Massey, 1994; Des- 
2.:BellefontaineandAlldrick, 1994; Schiarizzaetal., 1994; 

jardins. 1994). To date  the  geology  for  five  regions  has been 
released. 
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” , 
Figure 2. Areas of digital geology Open File releases; I - OF 
OF 1994-17. 
1994-6.2 - OF 1994-7,3 - OF 1994-8.4 - OF 1994-14 and 5 - 

gion  is  divided into  mineral  assessment tracts. These  tracts 
Upon  completion of the  geological  compilation,  the re- 

are units in which the geology  can be considered to be simi- 

features  such as faults or major  contacts. Tract definitions 
lar  at  a  scale of 1:250 OOO. Tract  boundaries  are  geological 

reflect  significant  differences  in  lithology,  structure  and 
geological  history,  particularly  where  these  are  important  to 

unit  areas  in  which the assessments  in phase 1 and phase 2 
metallogeny. Once  defined,  these  tracts  become  the  base 

are performed  (Figure 3). Articles  in this volume  describe 
in detail  this  effort  in  the  various  regions  (Bellefontaine  and 
Alldrick, 1995; Church, 1995; MacIntyre et al., 1995: 
Massey, 1995). 

HISTORICAL INFORMATION COMPILATION 

known  mineral  deposits of the  province  were  available  to 
Several  large,  well  maintained  databases  describing  the 

the  project.  The  Assessment  Report  Information  System 

amount  of  exploration  work  performed  on  mineral  deposits 
(ARIS)  contains  location  information  as  well as the  type  and 

(Kalnins  and  Wilcox, 1994). Assessment  work is reported 
annually so this  database  captures  the  distribution  and  in- 
tensity of exploration  in  the  province.  Exploration  expendi- 
ture  information  since  about 1950 is  contained  in this file. 
The  existing  database  was  augmented by  compiling  and 
digitally  capturing  the  dollar  amounts of work  reported  in 
many of the  early  reports. This information  was  captured  for 
15 OOO of the 22 OOO reports  contained  in  the  database. The 
dollar  value of the  exploration  work  recorded in each  report 
was converted  to 1986 dollars  using  the  Canadian  Consumer 
Price Index. 

by  the  project. It contains  location  and  deposit  information 
MINFILE  is  another  database  that  was  available  for  use 

for about 11 OOO mineral  occurrence  across  the  province 
(Jones  and  McPeek, 1992). Work under  this  project  has 
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Figure 3. Display oi the 59 mineral assessment tracts delineated 
for the Vancouver Island region 

added  deposit  classification  information to the file and sig- 
nificant  effort was devoted to bringing  reported  reserve  and 
resource  information,  as well as pas1 production  values,  up- 
to-date. The value of remaining  resources and past  produc- 
tion  for  each  deposit  was  calculated.  Commodity  prices 

commodity  for  the  years  1980 to 1989,  reported in 1986 
were  determined  by  using  the  average  market  value of the 

dollars. 
A third  important  database  dealing  with  the  mineral re- 

Policy  Branch.  This  database  contains  the  reported  prodnc- 
sonrces of British  Columbia is maintained by the  Mineral 

tion by  commodity and year  for  each  producer in the  prov- 
ince.  These  data  were  valued  as  described  above  and 
correlated  with the: appropriate MINFILE occurrence to pro- 
vide  a  geographic  location. 

Historical  information  describing  the  mining and ex- 
ploration  activity  in  the  province was largely  available  in 
digital  form  prior to the  initiation of the project.  Some  im- 
portant  information was added to these  databases by the  pro- 
ject  and  the  required information  from the databases was 
integrated  and  geographically  referenced. 

PHASE I ANALYSIS 

value of the  land  base  by  analysis of historical  information. 
Phase 1 analysis  is  the  prediction of the  relative  future 

Four  parameters  were used in this  analysis;  value of past 
exploration,  value of known resources,  value of past  pro- 
duction and number of discovered  mineral  occurrences. To 
date,  only  the  six major metallic  commodities;  gold, silver, 
copper,  molybdenum,  lead and zinc. have been used in this 

commodities  will be included in the  phase 1 analysis. 
analysis. In the  future, all metallic and industrial  mineral 

Within  each  tract,  the  value of each of the  four  parame- 
ters was calculated.  These  parameter  values  were  normal- 

then ranked by each  normalized  parameter and given an or- 
ized  by  dividing  them  by  the  areas of the tracts. Tracts  were 
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dinal  value  related to the  ranking.  The  ordinal values, fix 
each  parameter  range  from 1, for  the  lowes:  ranking ~ra(:t, 
tn n, the  number of tracts in the  region,  for  the  highest ~,;mlc- 
ing tract. Each  tract then had four ranking d u e s ,  one fix 
each of the  parameters.  Theserankings  were  hen multipllitd 
by a  weighting  factor  proportional to their  perceived  impor- 
tance in predicting  future  value, and sum led  for 11 tinal 
ranking  value. 

The  weighting  factors  used  were; 25 for known1 r:- 

past  production  value  and  number of miner II occuneaces. 
sources, 10 for  exploration  expenditures an 1 5 for  each of 

the  most  important  indicator of future  ecnno nic activity. To 
It was felt  that  discovered  commodities  in the grouua w , s  

a  lesser  extent,  the  amount of exploration  xrformed  in  a 
tract  indicated  where  the  exploration  community,  during tlle 
past 40 years,  has  felt  the  best  ground is 1o:ated. V a l ~ e  'of 
past  production and the  number of mineral o( currences were 
given  the  least  weighting but both are important as intlica- 
tors of favourahle geology. 

The final  ranking was used to order all tracts within a 
region  from  most to least  potential.  This c,rpe of andyris 

these  assumptions in mind. To a  large  extent it assumes  that 
makes some very large  assumptions  and  must be used  with 

new resources  will be discovered  near  pre4ously tli:i'cov- 
ered  resources. This assumption  neglects the possibility  that 

posits, may exist or  that  the  importance (valu $) of comrndi- 
new types of deposits,  completely  unrelated to known1 de- 

ties may change  over  time.  The  rankings ale based nn the 
market  value of commodities.  Market  value may not tx: the 
best  indicator of the  value of a  commodity 11 I the p rov i rds  
socio-economic  well  being. In the  future,  n  ine-bead .galjJe 

closer to the  true  value to  the  province of tl le commojities 
of commodities  rather than  the  market will be used  to  get 

it  produces.  This  is  also how  the  provincial  n  ineral statistics 
have  traditionally been quoted. 

PHASE 2 ANALYSIS 

predicted  future  resources. T h e  value of knc'wn resour:es is 
Phase 2 analysis  evaluates both  know^^ resnmes and 

compiled  from  the  literature  and,  as descr i ld  above, was 
added to the MINFILE database.  The am01 nt of resources 
to be discovered  in  the  future was obtaint  d by soli~:itilg 
probabilistic  estimates  from  individuals w th expe~tse  in 
the area  to be assessed or in the  deposit  types  believtd to 
existinthearea.Themethodologyusedfor~lesepredk:dons 
is  similar to the  Three-part  methodology  of ff le United !;tales 
Geological  Survey  (Singer,  1993). 

than the  possibility  of  a  specific  deposit type  occurring, as 
In our  methodology,  tracts are based 01, geology ntt er 

in  the Three.-part methodology.  For  each :ombination of 
tract  and  possible  deposit  type,  probabilistic  estimates clf the 
number of deposits  to be discovered or pro' ed in  the: tilhlre 
are  made.  These  estimates are made  individ Jally  by s w e a l  
experts  for  each  combination of tract  and  deposit. No at- 
tempt to reach  consensus  between  estimatots  is  made as the 
range of thinking  within  the  geological  co  nmunity j .) ' 
portant. 

1:n- 
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posit  size  and  grade as the  basis of their  estimate.  Grade and 
The  estimators  were  instructed to use  the  median  de- 

tonnage  distribution  curves,  together with descriptive  char- 

Where  possible  these  curves  were  from  British  Columbia 
acteristics  for  each  deposit type, were  supplied  to  them. 

deposits,  but  in  many  cases  there are insufficient  deposits 
reported  in  the  province to develop  a  meaningful  curve  and 
data  from  around  the  world  were used. These  world  deposit 
grade  and  tonnage  distributions  were  generously  supplied 
by  the  United  States  Geological  Survey  (Grunsky, 1995; 
Cox  and  Singer, 1986). It is most  important  when  using  data 
from  outside  province,  to  assure  that  the  relative  economic 
importance of the  deposit types remains  true to the  British 
Columbia  situation.  For this project  a  deposit  is  defined  as 
a  mineral  occurrence  which  contains  the  same  or  more of a 
commodity than the  smallest  deposit  reported in the  associ- 
ated  grade  and  tonnage  distributions. To make  a proh- 
abilistic  estimate  for  a  particular  deposit  type in a  tract,  the 
estimator  actually  makes  several  estimates  at  different  prob- 

is  the  probability of at  least  a  specified  number of deposits 
ability  levels. The  value reported  for  each of these  estimates 

being  discovered  or  proved in the  future.  The  first  question 
estimators  asks  themselves  when  making an estimate is: 
“What is the  chance of at  least  one  more  deposit of this  type 
being  discovered  or  proved  in this tract?”. This value  is then 
recorded on a  linear  scale  from 1 to 100% probability,  with 
a “1” indicating  at  least  one  deposit.  Estimators then ask  the 
same  question with respect to increasing  numbers of depos- 
its until they reach  a  number  beyond  which they feel  there 
is no  chance of that  number of deposits  being  found in that 
tract  in  the  future. 

Each of the  estimates are then  run  through  the Mark 3 
Monte  Carlo  Simulator  to  determine  the  amount of mineral 

tion  program  was  developed  by  the  USGS (Root el al., 
commodity  predicted  by  the  estimate. The Mark 3 simula- 

1992) and  was  generously  provided to this  project.  Simply, 
the  simulator  combines the probability  distribution of de- 
posit  discoveries  provided  by  the  estimators  with  the  grade 
and tonnage  probability  distributions  compiled  from known 
deposits. The  output  from  the  simulator is  the  probability 
distribution of volume of the  commodities  associated  with 
the  deposit  type. 

As mentioned  above,  each  estimate  is  put  through  the 
simulator  individually. The  results  from  multiple  estimates 
of the  same  deposit  type  in  the  same  tract are then  combined 
and recorded.  For  each  combination of deposit  type  and 
tract,  the  results  at three probability  levels  are  retained.  The 
mean,  maximum  and  minimum  estimates  from  individual 
estimators  at  the 90.50 and 10% probability  levels are stored 

deposit  type.  Once  all  the  deposit types  for  a  tract had been 
for  each  commodity  included  in the  estimates  for  a  given 

simulated  and  the  relevant  values  saved,  the  predicted 
amounts of each  commodity are combined and given  a  dol- 
lar  value.  Finally  the  total  dollar  value of all the commodi- 
ties with potential  in  the  tract  were  combined to give  nine 
values,  the  mean,  maximum  and  minimum,  at  three  prob- 
ability  levels  (Figure 4). 
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Figure 4. Graphic  used to display  the known and  estimated 

dollars. 
resource  value for each  tract.  The  height of the bars is in 

These estimated  values  of  future  discoveries,  together 
with  the  value of the  known  resources in  each tract, were 
used to rank  the  tracts  within  each  region. The  value  used to 
rank  the  tracts was  the  value of the  known  resources  plus 
the  value of the  mean of the  estimates to the 50% probability 
level.  Graphically  displaying  these  values  for  all  the  tracts 
in  a  region  allows  easy  visual  comparison of the  relative 
importance of each  tract  in  a  form  useable  by  third  parties 
(Figure 5). 

To date,  estimates  have  been  made in an unstructured 
manner  by  experts  from  industry who  donate  their time to 
the  project.  The  unstructured  aspects  relate  to  the  process 
where  the  experts  make  estimates  on  the  deposit  type - tract 
combinations of their  choosing.  Using  this  format,  some 
combinations of deposit  types  and  tracts are missed. As the 
project  has  progressed,  interest  in  participating  on  a  volun- 
tary basis  has  diminished.  The  most  recent  phase 2 analysis 

dustry  experts  as  consultants  and  employed  a  structured  for- 
for  Thompson-Okanagan (November 7-10. 1994) used in- 

mat in which  two  to  three  estimators  made  individual 
estimates for each combination of deposit  type  and  tract.  In 

relevant  expertise  by  assigning  a  weighting  value  to the 
addition  they  made  anonymous  evaluations of each  other’s 

other  estimators. 

RESULTS 
Results of the  mineral  potential  analysis  have  been  used 

in three CORE  regions,  Vancouver  Island,  Cariboo-Chilco- 
tin and Kootenay. The  mineral  potential  is  only  one of at 
least  twenty  resource  and  cultural  values  incorporated  into 

habitat,  archeology sites  and  forest cover. 
land-use  decisions. They  include values  such as wildlife 

Recommendations  for  land-use  on  Vancouver  Island 
and  in  the  Cariboo-Chilcotin  have be submitted  by  CORE 
to  government and final  decisions  on  land  allocations  were 
made in 1994. Government  accepted  the  CORE  recommen- 
dations in principle.  however some boundary  adjustments 
will  be  made. This boundary  adjustment  process  is  another 
point at which the  mineral  potential  analysis  is of use. 

the CORE  recommendations  with  respect to the  mineral po- 
A comparison of the  various  land-use  designations  of 
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Figure 5. Graphic  display of the  known  and  estimated  resource  value  in  each mct in  the  Vancouver  Island  Region. TI e two veaical 
bars delimit  the  three  mineral  potential  categories.  Each  contains  one third of the  land  area in the  region 

Figure 6. Graphic  display  showing  the  percent of each  mineral 
potential  categoly  with  respect  to  the  land-use  designations 
recommended by CORE for Vancouver  Island. LIA= Low 
Intensity Area. 

tential  values  in  each  region was made.  Figures 6 and 7 are 

era1 potential  category  that  CORE  recommended  for  place- 
graphical  representations of the amount of land in each  min- 

ment in the  various  land-use  designations. The three mineral 
potential  categories:  high,  medium  and low, each  contain 
one-third of the  land area of a region. In both  cases  the pro- 
posed  protected  classification  (no  mining)  contains  less 
high-potential  land  than  medium-potential  land. In the Van- 
couver  Island  recommendations,  more  high  mineral-poten- 
tial  land  than  medium-potential l a n d  was recommended  for 
placement in land-use  classifications which permit  mining. 
The  Cariboo-Chilcotin  CORE  recommendations  show  the 
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Figure 7. Graphic  display  showing  the  percent >f each mireral 
potential  calegoly  with  respect to the  land-use  lesignations 
recommended by CORE for the Cariboo-Chilc,)tin. ERDj:= 
Enhanced  Resource  Development  Zone; IRDZ = Intense 
Resource  Development  Zone; R M E  Resourcc  Managemmt 
lane. 

same  trend  with  more  of  the  high  mineral  pltential lard tee- 
ing  placed in “mining  allowed”  land  designations than,  me- 
dium  mineral  potential  land. 

FUTURE 

will be completed for the whole  province by 1996. Norh- 
Geological  compilation,  phase 1 and  rhase 2 analysis 

western  British  Columbia,  the  last  region I O  be evaluated, 
will be processed in 1995-1996. 
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geology, it  is  planned to merge  all  the  geology  into one 
Following the initial  region-by-region  compilation of 

seamless  database. This digital  database  will then be avail- 
able  for  a  wide  range of analysis  and  display  purposes. 

value of commodities  to  determine  the  relative  importance 
The  mineral  potential  analysis  currently uses monetary 

between  commodities  and  deposit types. The dollar  value of 

may not  accurately rank the  importance of a tract  with re- 
in situ resources  and  estimated  future  resource  discoveries 

spect to the socio-economic well-being of tbe province.  For 
example,  the  economic  activity  generated by a  given  value 
of a  precious-metal  resource  will be less than the  equivalent 
value of a  bulk  commodity. This is  due to the  greater  amount 

ing  the  bulk  commodity. 
of activity  required  in  extracting,  processing  and  transport- 

The  analysis is also  based on the  assumption that all 
commodities  have a ready  market. This assumption is defi- 
nitely  erroneous,  but  future  markets are difficult to quantify. 
In general,  precious  metals  and  base  metals  have a ready 
market,  with some  price  fluctuations,  while  some  industrial 
minerals  require  extensive  marketing. 

The  current  analysis  uses  the  monetary  value of gross 
in-place resources, both  discovered  and  undiscovered.  to 
rank  the  land  base. This is similar  to  the  majority of mineral 
assessment  processes.  However, a more meaningful  ranking 
for  land-use  planning  would be based  on the socio-ecc- 

and  undiscovered.  Marketability,  economic  ripple  effects, 
nomic  impact of the  resources  in  each  tract,  both  discovered 

mine  feasibilities  and  taxation strnctures must be deter- 
mined  for  each  deposit  type to  obtain this  type of analysis. 
It is in this direction  that  mineral  potential  methodology  is 
evolving. 
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-~ 
the compiled grade  and  tonnage data  forms the basi!; for 
quantifying the predictive  estimates. The BC Mineral 

P." 

INTRODUCTION 

The Mineral  Potential Project currently being 
undertaken  in  British  Columbia requires estimation d 
unknown mineral resources. The method of resource 
assessment known as the BC  Mineral Resource 
Assessment Process [19931. is described by Kilby (1995, 
this  volume)  and in Grunsky et al. (1.994). The method is 
based on the three-part  assessment methodology 
developed by the United States  Geological S w e y  
KISGS) as  documented  in  Singer (1975). Singer  and 
Ovenshine (1979). Drew ef al. (1986). Root ef al. (1992) 
and S i g e r  (1993). An essential  mmponent of predicfive 
resource estimation  is the creation of mineral deposit 
models  and  associated  grade  and  tonnage  data. In this 

mineral deposit n d e l s  to assist in their predictions. 
study, resource estimation  experts rely on geological and 

From the evaluatitm of models, quantitative  estimation 
can be carried cut w the basis of grades  and tonnages d 
known deposits. 

BACKGROUKD OF MINERAL DEPOSIT 
GRADE AND TONNAGE DATA 

can be carried out using statistical  procedures (cf. Allais. 
It has been well established thal resource estimation 

al.. 1972). The use of grade and tonnage  data was 
1957: Harris et al. 1971; Whihley. 1975: Agterberg et 

originally  employed by Lasky (1950) who showed an 

cumulative tonnage of porphyry  copper  deposits. 
inverse  relationship between average grade and the log 

Estimation of resources  generally  involves  a 
prediction on the size  and  grade of a mineral deposit. 
Such  predictions are best based on howledge of the 
frequencies of grades and tonnages  that  characterize  such 
deposits. The distributions  that  comprise the grades and 
tonnages represent a  stochastic  model  that can be viewed 

models  have the form of frequency  distributions of size 
as  probability  density functions.  Grade  and  tonnage 

type of mineral deposit model  (Singer. 1993). The use of 
and  average  grades of well explored  deposits  for each 

Resource Assessment Process follows the same 
estimation  technique as  in the three-part as sessmenm of 
the USGS, employing a Monk Carlo sim1:lation us~ng 
estimates of numbers of deposits and grade  and  tonwge 
distributions. 

The compilation of information a b m  mineral 

USGS has compiled extensive  descr  ptious 2nd 
deposits is  a  crucial  feature of resource  est mation.  The 

characteristics for a wide range of mineral  ieposit  tyies 

The models contain two main  wm[onents; the 
from global sources (Cox and Siger .  1986; Bliss. I%% 

descriptive  features  that  characterize the deposits in 
terms of geology and tectonic. setting. ani grade rnd 
tonnage distributions  which  characterize -he  size m d  
grades of known deposits from around the vorld. Sin2,er 

quantitative assessment methodology for mdiscove.ad 
(1993) describes the basic concepts in tl .e three..r:ut 

resources used by the USGS. 'The paper also  iescribes the 
requirements  for  compiling and scrutinizir8g  grade a d  
tonnage  data. 

BRITISH  COLUMBIA GRADE AND 
TONNAGE  DATA 

for the mineral  potential project. mineral deposit mcdels 
During the wmse of mineral deposit rnc del sele-ct on 

from the USGS (Cox and Singer 1986) were  review.:d. 
The review concluded that mauy of the U5,GS resouxe 
data sets were not suitable  for  describing tl e grade  and 
tonnage of deposits that were  likely to exist  in  British 
Columbia. In addition, many of the mineral  leposit types 
in  British  Columbia were considered to Lx sufficie:ntly 
unique to warrant distinctive  descriptions t ,gether ,with 
grade  and  tonnage distributions. As I result. a 
compilation of mineral  deposit models tugether ,with 
descriptions  and  grade  and  tonnage  data was carried out 
(Lefebw ef al. 1994: 1995, this volume'. Geologi?is 
from the British  Columbia  Geological Swve!' Branch. 'he 
mining industry, the Geological S w e y  of lanada.  and 
the USGS compiled deposit model des1 riptions tor 
deposit types that  are likely to exist  in Briti! h Co1utrhi.a. 
Grade and tonnage  data w a e  compiled bl  Stonehowe 
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Group  consultants  (Stonehouse  Group. 1993) for 435 
large  deposits  that were listed  as  producers.  past 
producers. and those  with  proven  reserves.  Stonehouse 
used a  classification  scheme  that  was m d i e d  from Cox 
and Singer (1986). The classified  deposits were 
subsequently  reviewed  against an alternative 
classification  scheme developed for  British  Columbia 

classifications, the mcdified USGS and the British 
deposits (Lefebure et a/., 1994. this volume).  Both 

mineral deposit  data. At this time no studies have been 
Columbia  classification  scheme, were assigned to the 

carried out that  detail the differences behveen USGS and 
British  Columbia  mineral  deposit  models. 

The  nature of deposit  classification  is to some extent 
subjective. Not all  geologists can agree on classification 

process. the deposits  that were compiled by Stonehouse 
designations for some  deposit types. Through an iterative 

British  Columbia  Geological Survey Branch until a 
were classified and reclassified by geologists  in tbe 

consensus was reached on most  deposits.  Deposits about 
which  there was uncextainty or disagreement, were not 
classified  and  thus  left out of the  grade and tonnage 
curves. 

In many cases  there were too few deposits to 
adequately defme a grade  and  tonnage  profile or there 
were simply no data  available. In these  cases. we adopted 
the grade  and  tonnage  distributions  that were kindly 
provided by the USGS (Singer ef a/.. 1993). Singer  has 
emphasized  (Singer  and Oms. 1994) that  there are many 
serious  pitfalls  in the construction of grade  and  tonnage 
m e s .  In any resource  assessment methodology that 
requires the use of such  data the following  requirements 
must  be met: 

considered  must be  permissive for the deposit 
The geology of the tracts of ground being 

The data  represent grade  and  tonnage  from a 

designated  as  a  single  deposit. 
single  deposit or a group of small deposits 

The  number of deposits  that  defme  a 
gradehonnage m e  are a reasonably complete 
representation of the resource. 
The  grade represents  the  average grade for each 
commodity. 
The  tonnage  represents the tonnage of production 
plus reserves and resources. 
The grade and tonnage  data  are based on the 
lowest  possible cutoff grade. 

There  are several sources of errors  that  create 
difficulty  in  constructing  grade  and  tonnage  curves as 
outlined by Singer (1993) and  Singer  and Oms (1994). 
These include: 

Mixed geological  environments. 
Poorly known  geology. 
Data  remrding  errors. 
Mixed  deposit/district  data. 
Mixed  mining methods. 

In addition to these  errors Chung et al. (1992) have 
Incomplete production and resource  estimates. 

shown  that in at least  one case the construction of grade 
and  tonnage  curves  is  influenced by the timing of 
discoveries. A study of mercury deposits  in  California, in 
which the. dates of discoveries were hown .  has shown 
that the largest  deposits were discovered fust.  It follows 
from this that, for certain  deposit types, if an area is 
incompletely explored. grade and tonnage  curves may 
suggest  a  greater  endowment  than is actually present. 
However, this conclusion may not be universally accepted 

history of exploration. There is an inherent bias  in grade 
without  thorough  geological howledge and  a  thorough 

and tonnage  data  in  that thev remesent onlv dewsits that 
type. 
Grade and models be evaluated. Another bias  in the creation of the data  is  that 

have been discovered and dave been economically 

with the  descriptive  deposit models. 
Grade  and  tonnage models must be consistent 

the information  is howledge and technology dependent. 

with known in the area being particular  class of mineral deposits changes  it may result 
If the knowledge of the geology associated  with  a 

considered. 
The  estimates of unknown deposits  must te 
consistent with the grade and tonnage  model. 

~. 

in an amalgamation or  a  division of deposits. 
Other  problems  that  create  difficulty are: 

Grade and tonnage  data that are not lognormal. 

GRADE AND TONNAGE DATA 
COMPILATION 

Grade  and  tonnage data are compiled  with the 

The deposit is correctly  classified ( i .e .  no mixed 

The  grade  and  tonnage  represent the complete in 

following assumptions: 

deposit types). 

situ resource  (production + reserves). 

- 
Grade and tonnage  data  that  have  sigrufcant 
correlations. Most deposit models show little or 
no correlation between grade  and  tonnage (see 
Figure I). 
Grade and tonnage  data  where  groups of deposits 
form clusters  within  a  particular  mineral  deposit 
model. 
The standard  deviation  for  log-transformed data 
exceeds  a  value of 1.0. 

- 
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of accurate  and meaningfnl  grade and tonnage  data. The 
The above criteria  define  standards for the  creation 

compilation and evaluation of the  data  attempt to meet 
all or most of these  criteria.  Once the data  have been 
compiled, the evaluation of the actual  grade and tonnage 

calcalkalic porphyry copper  deposits  that occur in  British 
data  requires  several  steps. An example  given  here  is for 

Columbia. This deposit  model is classified as Model LO4 
(Lefebure et al.. 1994) which incorporates USGS models 

summarizes  the  reserves  data  for the deposits used to 
17, 20 and 21 (Cox and  Singer,  1986).  Table la 

characterize  the  grade  and  tonnage.  The  table  is  listed  in 
increasing  tonnage.  Table Ib contains  deposits  that have 
been classified  as  calcalkalic porphyry copper  deposits 
but do not  fit well on the  grade  and  tonnage  curves. 
These  deposits were, excluded because the data provided 
for them were  considered not to be a  reasonable 
representation of the resource. 

Figure 1. Scatterplot matrix of calcakalic porphyry copper 
deposits in British  Columbia. Data are transformed to log base 
10. This diagram assists in evaluating  the  relationships of the 
data. There  are no obvious  relationships between tonnage and 
metal  grades. 

GRADE AND TONNAGE CURVES 

Grade  and  tonnage  curves  graphically  describe the 
distribution of tonnage  and  average  deposit  grades.  The 
process of grade  and  tonnage  curve  construction involves 
the following  steps: 

Plot the data are plotted as quantile-quantile  plots 

Plot  the  data  as  pairs  plots (cf. Figure 1) to 
examine any possible  associations or correlations. 

(9-9 plots). 

Calculate  basic summary statistics 01 the data to 
check for non-normality (log transfo m) or hi::h 
variances 

Figure 1 shows a  scatterplot  matrix of th: grade  ;utd 
tonnage  data.  These  data  have been uansfo,.med to log 

examining  interactions  between the variables In resour':e 
base 10. This  plot is a  graphically  convenent way of 

assessment  procedures, the commodities a d  tonnags 
should be uncorrelated. The application of msthods such 

in  testing  the  degree of correlation, From Fig we I it ,::in 
as scatterplot  matrices and regression metha s can  asslst 

be seen that there  is  little or no correlation letween ,any 
of the variables. This has been verified  usin;: regression 
methods. 

given by Harris  (1984).  The correct interprelation of the 
A discussion on the use of the lognornlal model is 

curves  is  important in applying them o resourf:e 
assessment.  They are plotted as  the log  (base 10) of grade 
or tonnage  versus the proportion of curve (0-1 1. Althouj:h 
the  distribution of tonnage and grades for .tal depos. Is 
is  generally 1- normal. this i s  not necessar!ly the case 
for industrial  minerals  (Singer and Orris, 1991). 

Figure 2 shows cumulative probability I lots for the 
porphyry copper  grade and tonnage  data. Each plrlt 
shows the ordered tonnage or grade for each  jeposit as a 
point.  A  theoretical lognormal  curve is als18 plotted o n  
the graph.  The  curve  is  derived  from the mean ;utd 
variance of the  sample  data. Each curve  also ;bows three 
tie lines at 90, SO and IO percentile  levels of the cunw. 
The  grade or tonnage  that is shown at the 5') percentile 
level indicates the average or mean  grade or tonnage f,:r 

interpreted  as SO 7% of the deposits  will havr a  grade 81'1 
that  particular  deposit type. The figur:s can be 

tonnage less than this value. and SO % of  he deposits 
will  have  a  grade or tonnage  greater than this value. 

In order to assess data  that  comprise t h t  grade t u l d  

tonnage  information.  various  graphical procec ures can I): 

nature of the population  distribucion. The plo .s of F i g a t  
applied to test for  atypical  samples and ecamine the 

deposits plotted against  the  quantiles of a norma1 
3 show  the log  (base IO) of tonnage or g ,ade of the 

distribution.  Such  plots  can  reveal  atypical  de )osits or t n  
unexpected trend in the data.  Quantitative  pro:edures c : u  
also be applied to determine which transfortnation hest 
fits the data.  Figures 3a and b show quanlile-quantib: 
plots  for both the raw data and the log-lransformc,d 
tonnage  data. In Figure 3a the four  largest  depo;its 
appear as outliers. Even after  applying  a log t~ansfonn I O  

the tonnage  data these four deposits  are stil, noticeably 
large and possibly atypical. Also. in Figure 31,. there  is I 

change in the slope of the c w e  where depo it tonnagc::; 
exceed 100 million  tonnes.  Such  a chang: in slojx: 
suggests two distinct  tonnage  populations. The cause af 
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CALCALKALIC PORPHYRY  COPPER  DEPOSITS IN  BRITISH  COLUMBIA 
TABLE 1A 

CALCALKALIC POPRHYRY  COPPER  DEPOSITS 
TABLE 1B 

NOT USED IN GRADE AND TONNAGE CURVES 

Deposil Aggn AUgh 

0 

Mo% 

1 26 2-91 WI2 

C"% TO"W8 

NA 

NA NA 0 0 35 

NA 0 

819 V I W  

0 01 

0 27 540 G E. 

NA 

Note: NA= Missing Values (Data not available) 
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Figure 2 Grade and tonnage  curves for British  Columbia calcakalic porphyry  deposits. 
Individual  deposits 811: shown a dots.  The  curved  line  represents a lognormal  curve fitted to  the  mean and varilnce of Ih:. 
logtransformed  data.  The  tie  lines on each graph represent  the  values of the  tonnage or grade at the  90th. 50th. and 10th pel centile. The. 
intersection of the data  and  log-normal  curve with the y-axis represents the proportion  of  data that are  greater than ze rc~  andlor w 1 .  
missing  data (NA in  Table la). The  number  of data points for each  commodity is shown in the  upper  right of eact figure. X0 
hstinction  is made between production and reserve data 

these two populations  is  not  clearly  understood.  Figures 
3c and  d show quantile-quantile  plots  for  copper. In this 
case the distinction between the  untransformed and 
transformed  data is less  obvious. On closer  examination 

provide  a b e t t e r  fit in the quantile-quantile plot. The 
however. it  can be seen that the log-aansformed data 

copper  data also displays four outliers  which  represent 
copper values greater  than 0.5%. These  data mur 
within  the  small to medium size  deposits  although  there 
is no clear  conelalion between tonnage and copper 
grade as shown in Figure 1. The line of points  in Figure 
3d appears to be nearly  a  straight line. However. there is 
a  slight  change of cumatwe in the line at about log10 
Cu = -0.4  (0.4%Cu) but it is not  as  nearly  pronounced as 
the tonnage  data  in  Figure 3b. Further  study  is  required 
to investigate the possible  bimodal  nature of the 
calcalltalic  porphyry Copper deposits. 

provide some numerical description of the data. These 
Finally, summ:uy  statistics  can be applied to 

descriptions are k.st interpreted  with  the  plots as 
described in Figures 1.2 and 3. Table 2 shows s u m m a r y  
statistics  for the grades  and  tonnages of the porphyry 
copper  data. 

Geological Fieldwork 1994, Paper 1995.1 

CONCLUDING REMARKS 

The mineral  potential project requires t ssessmenls 
for a wide range of mineral  deposit types. :or severitl 
deposit types, grade and tonnage  data have  been 
conshucted to meet the requirements for aluantitativa 

considerations  required  in the construction 0 '  grade and 
resource  assessment. As outlined  above,  ther: are many 

tonnage tables and curves. With these consiherations i n  
mind,  mineral  deposit  resource  data can be I ompiled I o  
meet the requirements ofthe I3ri.tish Columb a Resoum 
Assessment Process. 
For many mineral  deposit  models, the'e are a n  
inadequate number of deposits for the con ;truction of 
grade and tonnage  curves. In these cases. and whw: 
appropriate,  deposit model descriptions and grade md 

cases  there are deposit  prdXes for which there are IO 
tonnage  curves  from the USGS have k e n  us:d. In sorrte 

mineral deposit  experts were asked to pravic e examples 
grade  and  tonnage  data  available. In these slecial casec:. 

of expected grades and tonnages, from w'uch WI:S 

could be conshucted and used in situat ons where 
estimates are required. 
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.z "1 0 i 2 1 I .  ' , 

are  displayed as raw  untransformed  data  and as log-transformed  values.  The  use of quantile-quantile  plots  graphically  displays  the 
Figure 3: Quantile-quantile  plots of British Columbia calcakalic porphyry  copper deposits.. Deposit  tonnage  and  copper  grades 

distributional  nature of  the data.  The  tonnage  data  displayed  in  raw  form  (a)  show a marked  positive  skewness.  The  log-transformed 
tonnage  data  (b)  display  characteristics  that  are  more  typical  of a normally  distributed  set of data Note  the 4 outliers  in  (b).  The  copper 
data  show a small  positive  skewness in  the  raw state (c). This  skewness  is  absent in the log-transformed  state (d). 

SUMMARY  STATISTICS FOR BRITISH  COLUMBIA 
TABLE 2 

CALCALKALIC  PORPHYRY  COPPER  DEPOSITS. 

422 

w w moon Mgn 

In auartk 
Medlan 

-0.58 -1.06 -008 
8.03 11.47 -1.73 -0.68 0.07 

Mean 7.95 -0.47  -1.76 -0.84 0.11 

M Oualtlle 

0.22 0.36 0.07 0.02 0.3 variance 
1.23  -0.12 -1 -0.07 9.08 Maxlmurn 
0.37 0.47  -1.7 -0.38 8.24 

w s  0 0 16 25 17 

Note: All data  transformed  to  log (base 10) 
NA= Missing Values  (Data  not  available) 
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grade  and  tonnage  data is teimg carried  out for all 
The compilation.  description and refmement of 

deposit models for which  data are available in British 
Columbia, The resulting models will provide a realistic 
baris for quantitative resource estimation procedures 
that form a core part of the British  Columbia Resoume 
Assessment Process. 
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broad  based  economic  study  sponsored b y  the British 
Columbia  government in 1971. 

INTRODUCTION 

This  report  describes  the  preliminary  phase of the 
mineral potential evaluation of the  Okanagan- 

Thompson-Okanagan  region of south-central British 
Similkameen-Boundary  area in the  southeast part of the 

Columbia.  This is part of  a  province-wide  study initiated 
by the B.C. Ministry  of  Energy,  Mines  and  Petroleum 
Resources in May 1992 to provide  accurate  and  credible 
information to landuse  planning  processes. 

The Okanagm-Similkameen-Boundary area  is part of 
a larger well-mineralized  region of' complex  geology that 

report  attempts to define  the  areas  (mineral  assessment 
has good potential for new mineral discoveries. This 

tracts) that mqy he  favourahle  for future mineral 
development.  These  areas are the  basic units for 
subsequent qualitative and quantitative mineral potential 
evaluations. 

The evaluation  process  has two phases.  Phase 1 ranks 

historic data. Phase 2 uses predictive  methods based on 
the tracts according to their mineral potential based on 

the  known  and potential resource  inventory.  The steps in 
this process are [(Kilhy, 1994, personal  communication); 
Hoy ef a/., 1994; Church  and  Kilhy, 1994): 

( I )  Geological  compilation at a scale of 1:250 000. 
(2) Define  mineral  assessment tracts. 
(3) Compile  mineral  deposit data. 
(4) Review of geology  and  mineral  inventory  data by 

(5) Phase 1 of  the  mineral potential assessment. 
(6)  Estimate the mineral potential of  undiscovered 

(7) Phase 2 ofthe mineral potential assessment. 
These  evaluations  are  scheduled  for  completion in 

industry geoscientists. 

deposits in the tracts. 

1995. 

HISTORY 

the  southeast part of  the  Thompson-Okanagan planning 
The Okanagan-Similkameen-Boundary area includes 

district, one  of several designated  planning districts in 
British Columbin (Figure 1). It corresponds in part  with 
the  "Okanagan-Shuswap  Region" that was  the  focus  of  a 

Figure 1 .  The Okanagan-Similk;uneen-Boundr,ly study ; m i ,  
southeastem pari of the Thompson-Okanagan phning distrif:t. 

and  mineral  deposits of the region wer,: by Cai-nes 
The first comprehensive  evaluations O F  the geology 

(1937), Rice (1947) and Jones (1959). Fron  these  stutliej 

and  others are relatively barren. It is also apparent that 
it was clear that some geolog,ical units a: minerakzed 

many types  of  mineral  deposits  occur in  tile region ami 
that each type tends to cluster, forming  mineralized tracts 
or distinctive areas constituting mining  camps. 

developed in the  period 1969 to 1978 at a xale of l::!51) 
Mineral Deposit  Land (Jse (MDLUI maps wer: 

000 to cover  most of the  province  (Mc(:artney <?I a,'. 
1974). This was the first step in estimxting mirersl 
potential. The  MDLU  maps classified a e a s  into live 

ranging from I ,  the highest, to 5, the lowest. 'I'his 
categories, according to mineral exploration pntt:rl:ia., 

classification was  based on  the frequency of mirs:nd 
occurrences  and  the  geological  environmeut of the ; m i l .  

The  various types of  deposits  were indica:ed and  metal 
producers were labelled according to size. P review o i the 
MDLU  program hy Legun  and  Matheson (1991) showed 
that the  maps  were quite successful. Indted mosl new 
discoveries are within  the  delineated high-ptential areas 

deposits  undoubtedly  remain  undetected. 
1 and 2. In glacial drift  covered or unmappl d  areas sclme 
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THE GEOLOGICAL MAP 

The area covered by this study encompasses the 
Penticton (82E), Vernon (82L, south  half)  and Princeton 
(92H, east half) quadrangles - a total area  of  about 34 000 
square kilometres (Figure 2). Compilation of  the geology 
is based mainly on the publications of 'Tempelman  Kluit 

the Vernon area, Monger (1989) for the Princeton  area, 
(1989) for  the Penticton area, Okulitch (1978, 1991) for 

by Wheeler and  McFeely (1991) and  the contributions of 
the Tectonic  Assemblage  Map  of  the Canadian Cordillera 

more than 90  other authors. 

principally of accreted Mesozoic oceanic arc (Pacific 
The Okanagan,.Similkameen region consists 

plate) terranes in the western part (Nicola Group) and 

plate) rocks to the ea.st (Monashee-Shuswap Complex). 
Proterozoic-Paleozoic pericratonic (North American 

The major boundary between these areas is  the Okanagan 
fault system. The rocks are overprrnted by several 
episodes of metamorphism related to  the intrusion of 
numerous Triassic to Tertiary plutons. Tertiary graben 

rocks of  the Penticton, Princeton and  Kamloops groups 
and half-graben (late orogenic) structures infilled with 

are associated with the Okanagan fault system and 
smaller rifts in the Princeton and Kettle River  areas. 

There are  54 distinctive lithological units on the map, 
half of which are bedded rocks and half, igneous 
intrusions. The late Paleozoic and younger part of  the 
stratigraphic column is well represented with an average 
of two or three units For each epoch;  the  older rocks are 
not as readily subdivided because of  the scarcity of fossils 

metamorphism. The intrusive rocks are mostly Triassic or 
and the alteration of primary structures by regional 

Jurassic age; a few are Paleozoic, and  about one third are 
Cretaceous or Early Tertiary. 

The prospecting philosophy for the region proposed 
by Cairnes (1937) holds that intrusive rocks are  the  prime 
source of metallic mineralization (a philosophy that 
remains valid for most of  the important metal deposits in 
the area). Corollaries  to this are that the small intrusive 
bodies are favourablc: locations for ore deposits as are 
roof pendants in the larger intrusions. Bodies of diorite, 
quartz diorite and a h l i n e  rocks are more favourable for 
mineralization than  bndies ofgranite and granodiorite. 

MINERAL ASSESSMENT TRACTS 

of mineral potential for the Okanagan-Similkameen area 
Garnett (1971) indicated high priority areas (tracts) 

based on gross lithology, age  and structural information. 

and subjacent feeder intrusions form large tracts in  the 
For example,  the Nicola Group (Triassic-Jurassic age) 

mineral exploration, whereas the equally large areas 
Princeton and Verncn areas especially favourable for 

underlain by Tertiary rocks and the  Shuswap 
Metamorphic Complex in the Penl.icton area have 
conspicuously fewer rnineral occurrences. 

refined somewhat and becomes the basis for more 
In this study the  concept of a geological tract is 

detailed evaluation. A tract is a non-oolitical  land  unit 

(defined at a scale  of 1:250 000). It  is underlain by a an 
array of variously mineralized geological format ons in a 
structural panel with clear lithological boundarie: such as 
faults or intrusive contacts. A total of 48 tracts h we  been 
delineated in the Okanagan-Similkameen-Bounclary area 
(Figure 3, Table I). Each tract is given a local nune and 
distinctive symbol (e.g. "Plh"  fol Princeton). T l e  tracts 
range in size from about 30 square kilometrer for the 
Tulameen basin (P2h) to 1560 square  kilometre; for the 
Okanagan Highlands (M2). The number  of g(dogical 
units in  each  tract varies from one (the Anarchis : Group) 

Creek tract (HI). 
in the Bridesville tract (ANl), to five units in  the Lambly 

The ranking of tracts is useful to econon ists and 
land-use decision makers. Gamett  (1971) used a 
qualitative method of ranking. He  chose  four ranking 
levels - ( I )  areas with currently producing m  nes,  (2) 
areas of high potential for  future mineral  produl tion, (3) 
areas with a geological setting favourable  for  the 
discovery of new mineral deposits, (4) areas of imcertain 
mineral potential with only a few scattered mineral 
occurrences. 

personal communication) begins  with the followi Ig data: 
The determination of ranking by Kilby (1994, 

Estimated value of  known rnineral reser'es. 
Historical exploration expenditures. 
Value of past production. 
Number  of mineral occurrences. 

predict sustainable mineral exploration and  devel ~pment. 
These data are then  weighted according to lbility  to 

patterned, in Figure 3 of this report, such that il creasing 
The mining camps  and mineralized tr x t s  are 

pattern density is relative to increasing inttnsity of 
mineralization  and mineral potential. 'Very high  ranking. 
results from the combination of major mineral 
production, significant expenditures on exploration and a. 
high frequency of mineral occurrences that is t ipical 01' 
the principal mining areas such as the Hedl !y camp 
(noted for gold production), the Bea.verdell  cam1 (silver),, 
the Greenwood camp (copper. gold, silver) thl Copper 
Mountain camp (copper), and  the  Tulameen  bas n (coal) 
'High' ranking is typical of  the lesser mini tg and 
prospecting areas such the copper deposits in he Axe., 

and silver) in the Penticton area, Chaput (silver, lead and 
Cincinnati belt in the  Aspen Grove area, Dusty hlac (gold 

zinc) near Vernon, and  the Hydraulic Lake - Blizzard area 
(uranium). 'Moderate' ranking areas; are charact,:rized by 
favourable geology but negligible mineral produ :tion and 
only scattered mineral occurrences, such as  the 
disseminated copper and molybdenum mspectr; 
associated  with the  Bromley batholith, and  the platinum 
and chromite showings associated. with the. "ulameen 
Ultramafic Complex. 

Figure 4 shows the distribution of mineral 
occurrences and  the principal mines in the study wea. 

RESOURCES 

minerals, industrial minerals and coal - of which the first 
The mineral resources of the area are metallic 
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is the most important. The principal metals are gold, SILVER  CAMPS 
silver, copper, lead and  zinc (Figure 5 ) .  Gold is generally 
associated with silver; copper with molybdenum; and 
silver with lead and zinc. These metal combinations are carbonate vein system ( ~ i ~ , ~ ~ ~ : ~  4 and 5 ~ )  that 

The Beaverdell camp is$ centred c'n a quartz.. 

common  world-wide associations. continuous producer of silver, gold, lead aod  zinc fi.on~ 
1913 to 1991. The Sally property was the principal 

GOLD CAMPS producer prior to 1911; thiis was  follcwed by .the: 
Wellington and  Rob Roy from 1919 tla 1925. 'The 

Most precious metal occurrences are in  the southem 
part of the study  area (Figure SB). Gold clusters mainly in 
the Hedley  and Greenwood camps in the Sirnilkameen 
(southwest) and  Eloundary (southeast) areas, respectively. 

and  adjoining Hedley Mascot mines, is one of  the 
The Hedley camp, which includes the Nickel Plate 

principal mining districts in  British Columbia. Between 
1904 and 1955 the Nickel Plate alone produced almost 49 
tonnes of gold from underground workings. In 1987 
Corona Corporation (formerly Mascot Gold Mines Ltd.) 
reopened the mine as a 2450 tonnes per day open-pit 
operation with ore reserves of 5.1 million tonnes 
averaging 2.98 grams per tonne  gold. The gold is 

tellurides and hosted by pyroxene-rich skam formed as a 
intimately associated with arsenopyrite and  bismuth 

result of the intrusion of Hedley dioritic sills  and dikes 
into Nicola limestone and siltstone (Ray and Dawson, 
1994). 

mining  areas  where gold-bearing quartz veins are the 
Camp  McKinney is the  most important of several 

main type  of deposit. The Cariboo-Amelia mine, the 

yielded over a million dollars in gold from 1895 to 1903 
largest producer in the  camp, is recorded as having 

note will be mada  in the area, however, the old workings 
inclusive. It  seems probable that further discoveries of 

modem exploration other than to note that the hostrocks 
are collapsed and  there is  little information to guide 

are assigned to  the Anarchist Group (Cairnes, 1937). 

McKinney. The  ore  deposits are erratic quartz veins (with 
The Fairview camp closely resembles Camp 

some sulphide mineralization) in schistose Kobau Group 
cut by Oliver  and Fairview granitic stocks (Mader el al. 
(1989). Among  the numerous properties in the area, only 
the Morning Star  and Stemwinder mines had significant 
production. In the  period 1898 to 1949 inclusive these 
deposits yielded 0.5 tonne  of gold and 5.2 tonnes of 
silver. It  is interesting to note that although the principal 
veins were  more than 600 metres long, underground 
development  was carried to depths  of less  than 100 
metres. It  may be that technological advances will allow 
deeper exploration and additional future production from 

Highland Bell mine,  an^ amalgamation If  propl:rtie!; 
including the  Bell and Highland Lass, adieved a txal 
production from 1913 to 1990 of 1074.3 to] nes  of  silver, 
0.519 tonne  of gold, 11.6 tonnes of lead an I 13.9 tcrne:~ 
of zinc. The ore  occurs in veins  and fractures in altwed 
granodiorites and granites of the  West K~t t l e  hathclith 
near the contact with the  Pemo-Carbonifer )us Anarchist 
Group. 

The Horn Silver (Utiut) mine is known fo. 
significant silver and minor gold,  lei8d  and ;!in(: 
production (like the  mines in  the Beaverd':II area). rhc 
principal deposit is a faulted, gently dipp~ng,  sulphide. 
bearing quartz-carbonate vein system. The ltostrock i:; an 
altered phase of  the Kruger syenite that is a border  fa:ie$ 
of  the Middle Jurassic Similkarneen batholiih. Produc:iorl 
from  this  mine for  the period 1915 to 19$i8 was lZ!7.Z! 
tonnes of silver, 0.3 tonne  of gold, 0.3 tonr e of lead  and 
0.4 tonne of zinc. 

COPPER  CAMPS 

and silver producer. The Copper Mountain :Similcn) and 
The Copper Mountain camp is a prime copper, gold 

lngerbelle mines  account  for  most of  the pr, jduction font  
33 localities  in the  area  for which there  ?,re recoril:; o f  
copper shipments. Orebodies in the  camp  occur 
principally  in Nicola volcanic rocks peri)heral to thl: 

transitional to porphyry types, develoled both b:! 
Copper Mountain stock. 'The orebodie: are s k . m j  

underground and open pit mining methods Localization 
and concentration of sulphides is largely c~otrolled h y  ;I 
north-trending fracture system (Preto, 197: ). Production 
from the Copper Mountain mine for  the p:riod 190:3 to 

of gold and 230.7 tonnes of silver; production from th.: 
1990 amounted to 543 382 tonnes of copper, 12.5 torlnei 

Ingerbelle mine for  the period 1972 to 1979 is recorded as 
156 628 tonnes of copper, 7.3 tonnes of 1,old and : !Y3 
tonnes  of silver (MINFILE). 

The Brenda mine was  the  most siglifcant large- 
tonnage low-grade mining operation in  th':  region  Th: 
mine is underlain by border Dhases of  the  Pewlas!~ 

zinc The Greenwood mining camp is , I  world..class 
copper-gold-silver producer, 'The Phoeni, , Motherlode 
and Oro Denoro mines, the largest of 26 pr~ducers ir the 
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area, are  copper  skarn  deposits  developed in Triassic 

from  gold  and silver-bearing quartz  veins  containing  a 
limestone.  To  a lesser ,extent production has  been derived 

minor  amount of lead  and zinc. Total  production  from  the 
camp is 32  044 173 tomes of ore that yielded 38.3 tonnes 
of gold, 283.1 tonnes csf silver, 270 945 tonnes  of  copper, 
966 tonnes  of lead and 329 tonnes  of  zinc  (Church 1986). 

LEAD-ZINC  (SILVER)  CAMPS 

occurrences in Anarchist volcanic  and metasedimentary 
The  Franklin  camp is comprised  of about 25 mineral 

rocks  (Drysdale, 1915). These  are principally skarn 
deposits related to  the  Nelson and Valhalla granitic 
plutons, veins  and  segregations in the  multiphase  Averill 
alkali complex  and  polymetallic  veins related to Tertiary 
faulting. The  Union  mine  is  the largest producer in the 
area. During  the  period 1913 to 1946 this  mine  produced 
1.7 tonnes of gold, 42.9 tonnes  of silver, 12.7 tonnes of 
copper, 168.5 tonnes o f  lead and 299.5 tonnes  of zinc. 

The  Lightning Peak mining  camp consists of 
polymetallic  vein syaems and skarns. The  area is 
underlain by remnants  of  metavolcanic  and 
metasedimentary rock:; of  the  Anarchist  Group  which 
have been intruded by Nelson granitic stocks (Cairnes, 

from 1903 to 1983. The  Waterloo  mine, the largest 
1931). The area has witnessed intermittent production 

operation,  has  produced 2.6 kilograms of gold, 1586 
kilograms of silver, 5 kilograms  of  copper, 14 tonnes  of 
lead and 37 tonnes  ofzinc. 

The  Chaput  mine  worked  a  polymetallic  quartz  vein 
system in folded  Nicola metasediment'ary rocks  near  a 

mine for the  period 1968 to 1976 was 1.7 tonnes  of silver, 
small  Cretaceous  granodiorite stock. Production  from this 

72.2 tonnes of lead and 50.8 tonnes  of zinc. 

smaller. Polymetallic  quartz  veins are developed in 
The  Skookum  occurrence is similar to Chaput  but 

Nicola  volcanic  and  metasedimentary rocks. Production 
from this deposit for the  period 1936 to 1969 amounted to 
84.4 kilograms of silver, 1.2 kilograms  of gold, 45 
kilograms  of  copper  and 3.15 kilograms of lead. 

polymetallic skam deposit  developed in micaceous 
The  Dividend-Lakeview  mine  is  a significant 

quartzite, chlorite schi:rt, limestone  and  greenstone units 

batholith. From 1907 to 1939 a total of 0.5 tonne of gold, 
of the  Kobau  Group  near  the  margin of the  Osoyoos 

0.088 tonne  of silver, '73 tonnes  of  copper, 71 tonnes  of 
lead and 71 kilograms  of  zinc  were  produced (Ettlinger 
and  Ray, 1989). 

OTHER  COMMODITIES 

x. 

include coal, uranium,  dolomite,  gypsum, silica and 
Other  important  mineral  commodities in the  region 

granite. 
The principal coal  mines  worked  major  deposits in 

the  Princeton  and  Tulameen basins. The product  was soft 

the  Princeton  Group.  Numerous  small  mines in the 
thermal  coal  from  the  limnic  sedimentary  formations of 

Princeton  area  began  production in 1910 and  continued 

through 1961 producing 1.6 million  tonnes )f coal. 
Production  from  the  nearby  Tulameen  deposit ~~ccurred 
intermittently between 1915 and 1957, yieldingrnore  than 
2.6 million  tonnes  (Matheson etal.. 1994). 

source of dolomite.  This is a  pod,  estimated to contain 
The Dolo claim near  Rock  Creek  is  a notal .le local 

occurring in hornblende  gneiss  and schist of the A narchist 
15.4 million  tonnes of fine-grained  white ddomite, 

Group.  Total  production  from this property forth: period 
1972 to 1988 is reported to be 60 000 tonnes (Fischl, 
1992). 

The Gypo silica deposit at Oliver  was first I xplored 

phase  of  the  Oliver granite. Mining operatiolts were 
in 1926. The  deposit is a large quartz lens in a  porphyritic 

intermittent at first then  continuous  from 1953 I O  1968. 

production to the  end  of 1968 is  estimate? to  be 
Initially the  quartz was shipped for smelter flu(. Total 

approximately 600 000 tonnes  (Foye, 1987). 
The  Falkland  gypsum  deposits  occur as a r,eries of 

lenses in a  succession  of  sheared  Harper  Ranch t ~ffs and 
argillites. The main period of mining was from 1926 to 
1956 during  which  time 1.125 million  tonnes  of gypsum 
was produced  (Butrenchuk, 1991). 

Granite  has been produced at several localitim in the 
Okanagan-Similkameen  region;  there was si$ nificant 

to 1916, and 1952 and 1966. In the  Vernon  area  a  few 
demand for granite throughout Brish Columbia f r c  m 191 I 

hundred  cubic  metres  of granite was shipped f a m  the 
Lefroy quany (1910-1912) near  Okanagan  Laniiing  on 
the east side of Okanagan  Lake  and  subsequent  y (until 
1950) from  the larger Vernon  Granite  and  Marbll:  Works 
quany a few kilometres to  the  south (Carr, 1955 I. In the 
Kelowna  area  about 50 tonnes  of granite h a  been 
quarried (1972 to recent) from  the Starr claims ( n Little 
White  Mountain.  This is the 'Pacific Pearl' grey granite 
from  the  Late  Cretaceous to Early  Tertiary  0i:anagan 
batholith (Z.D. Hora, personal  communications. 1993). 
There is a new quany on the  Dobo  claims locatt d  about 
40 kilometres  west  of  Summerland. Here, a  few  lundred 
tonnes of 'Pacific Rose' red granite has  recently been 
quarried  from the Middle Jurassic Osprey  Lake  b,ttholith. 

pink  porphyry  from  a  Tertiary  stock  (located 12 
The  Beaverdell granite has  yielded  about 90 tonnes  of 

kilometres south of  Beaverdell  on  Highway 33). 

of Kelowna  and on the Blizzard  property  northeast of 
Basal uranium  deposits  occur at Hydraulic  Lake, east 

Beaverdell - the latter being  the  more  important 
occurrence.  At  Blizzard  the  uranium is found n basal 
conglomerate,  sandstone  and  shale  below Chilcoti n basalt 

granitic rocks  and  some  Tertiary  volcanics assignt d to  the 
lava flows. Basement  rocks  include 'Nelson and  'lalhalla 

Penticton  Group.  The  ore  reserves are estimated to  be 2.2 
million  tonnes  grading 0.182% uranium  (Canadian 
Mining Journal, April 1979). 

CONCLUSIONS 

of  a  broad,  well  mineralized  region in south-central 
The Okanagan-Siikameen-Bounary disbicl is part 

British Columbia.  The district is actually a  quilt ol mining 
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camps and less favourably  endowed  mineralized tracts. 
Examples of areas with high  mineral potential must 
include  the  Copper  Mountain  and  Hedley  camps that are 
currently  active  and  record  major  precious  and  base metal 
production. Areas with high to intermediate potential are 

the  Osprey  Lake  and Pennask bodies  that locally feature 
underlain by  some of the  large  granitic  batholiths  such as 

porphyry). Coal  deposits in the Tulameen  and Princeton 
large, low-grade  metal  deposits (e .g .  the  Brenda 

major coal reserves for future exploitation. The 
basins  also  have  important  potential.  These  basins retain 

production of industrial minerals  and  building  stone  from 
the district is  commonly from areas  not  otherwise 
mineralized  and  having low potential for metal deposits - 
granite  quarries,  for  example, are mostly  free of quartz 
veins, alteration and sulphide mineralization. 

assessing the  mineral  potential of the district - geological 
This report  describes the preliminary phase in 

compilation, tract selection and ranking. The final phase 
in this process will employ  subjective probability methods 
to estimate  the  unknown  resource in each tract by 

mineral  commodities  and local geology. In this  process 
drawing upon government  and  industry  expertise in 

with  increases in commodity prices, improved 
the writer is cognizant that mineable  reserves  increase 

technology  that makes it possible to produce 
infrastructure  such as access to mining sites and  new 

economically from areas that could not be  mined 
previously.  Reserves  are  reduced  by  ongoing  production, 
decreases in commodity  prices, increases in mining or 
transportation costs, increased availability of  substitute 
products,  increased  taxation or government  regulations 
that restrict  production. 
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THE VANCOUVER ISLAND MINERAL POTENTIAL PROJEC T 
(92B, C, E, F, G, K, L  AND 1021) 

By Nick W. D. Mnssey 

Contribution to the Mineral Potential  Pmject, funded in pari by the Corporalc Resource Invcnlory  Initialivc (C'RII) 

-.-. 

INTRODUCTION 

The Vancouver  Island  project was the  first of the 
British  Columbia  mineral  potential  projects,  being 
launched  in  June  1992. It was the  test bed on  which  the 
methodology described by Kilby (1995,  this  volume) was 
developed. 

The project  area  included  Vancouver  Island,  the Gulf 
Islands  and  those  parts of the  mainland  which  are 
underlain by clearly  identifiable  Wrangellian 
stratigraphy.  This  area  includes 'Texada and  Lasqueti 
islands  although they were not considered  part of the 
Commission  on Resorces and  Environment's  (CORE) 
Vancouver  Island  planning  process. The  area  has  a  long 

from  the  discovery of coal  near  Fort  Rupert  in 1848. 
history of mineral exploration  and  exploitation  dating 

Over 1300 mineral Occurences are recorded in  MINFILE 
and  more than 1900 assessment  reports  have been filed 
since  1947. At present,  four  mines are  operating  on 
Vancouver  Island - Island  Copper (Cu,Ag, Mo, Au), 
Myra  Falls  (Cu,  Zn,  Ag, Au, Pb),  Benson  Lake 
(limestone)  and  Quinsam  (coal)  and  three  limestone 
quarries  are  operating  on  Texada Island - Blubber Bay, 
Gillies Bay and  Imperial. 

PHASE 1 

The geology of the  Island was compiled  at 1:lOO 
000-scale during  the period  from  June to October  1992. 
Data  were  derived  from  a  variety  of  sources  including 
published  maps  and  reports,  theses  and  assessment 
reports  (see  Data  Sources,  below).  The  line work was 
digitized  into  the GIS and  all  polygons  tagged as 
compilation  progressed. The complete  digital  data  were 
released in 1994 (Masseyetal., 1994). 

(Figure I). The  tracts  reflect  significant  differences  in 
lithologies,  structure  and geological history,  particularly 
where  these are  important  to  metallogeny,  for  example 

and  the  Nanaimo  Group. Where necessary, large 
the  Leech  River  Complex,  the Sicker  Group  uplift  areas 

to  have  more  convenient  and more equal sized  tracts. 
lithologically  detmnined  tracts were  subdivided,  in  order 

.. The project  area has been divided  into  59  tracts 

The number of mineral  occurrences, the value of' 
known resources  in  the  ground,  the  value c ~ f  exploration 
expenditures (as recorded or allowed il assessmmt 
reports)  and  the  value of past production  ere compiled 
for  each  tract (Table 1, Figure 2). Tracts  were Ihen 
ranked  and  aggregated by area  into thne groups 01' 
highest,  medium  and lowest mineral  potential, each 
category comprising  approximately  one t h i ~ i  of the total 
project  area  (Figure 3). The  results of this ,mlysis 'were 
presented  for use of the  Vancouver  Island  CORE pnwr:ss 
and  also  displayed  at  Cordilleran Roundup 1993. 

or containing  significant  Sicker  Grou,) (e.g. the 
The  highest  ranked  tract5  include  those  underlain b, 

Cowichan  and  Buttle  Lake uplifts), Tertiary intrusim 

Upper Triassic  limestones  (Texada  and @ a b  islands, 
(Zeballos,  Mount  Washington),  Leech  Riser  Complex, 

Hills).  The lowest ranked  areas  occur in th': east-ceniral 
Alice Lake) or  Bonanza Group  volcanic$ (Pembcrlon 

part of the Island  and  along  the west coast  fringe. ' T h q  
include the areas  underlain by the  Nanaimo Group which 
have  significant  coal  and  coalbed  methane  potential no1 
considered  in  this  analysis, but included , n  a s e p a t e  
energy  study. 

PHASE 2 

for  potential  expert  estimators 'held on Mafich 8, 199:. in 
The  Phase  2  analysis was initiated with a workshop 

Victoria.  Attendees  were  drawn  from  indu?  try,  h4ini;;lo 
of Energy,  Mines  and  Petroleum  Resoulces  and Ihe 
Geological Survey of Canada. As a  result, seventeen 
experts made 1127  separate  estimations. 'me resullanl 
value of estimated  resources was used tc, re-rank {.he 
tracts  (Table I, Figure 4) and  regroup  them  into the 
highest,  medium  and  lowest  categories (Fim re 5).  

As in  phase 1, the  highest  ranked tracts incluldc 
those  containing  Sicker  Group,  Tertiary  intr Isions, Leech 
River  Complex, Upper Triassic  limestones and Bonanm 
Group  volcanics.  Lowest  ranked tracts include those 

Formation  basalts,  or  Tertiary rocks a l o q  the weat:m 
dominated by Nanaimo Group  sediment&. Karmulsen 

edge of the  Island. 
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TABLE 1: SUMMARY OF DATA FOR VANCOUVER ISLAND TRACTS 
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Mineral  Occurrence  Density  by  Tract 
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Figure 2. Ranges ofdata used in the phase I evaluation. The tracts are 
ordered from lowest (59) to highest (1). see Tahle 1 
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Figure 5 .  Distribution of phase 2 mineral potential categories. lowest tracts include those ranked 40 - 59; 
medium 20 - 39; highest 1 ~ 19. 

COMPARISON OF PHASE 1 AND PHASE 
2 RESULTS. 

The  addition of the  estimated  undiscovered  resouces 

of commodities than phase 1, may be expected to have an 
in  phase 2, coupled  with  the  consideration of a  larger list 

ef€& on the results of the  mineral  potential  analysis. 
Despite the different  methcds used, the two phases of the 
study both  express  their  findings as a  relative  ranking of 
the 59 tracts.  The redts of the two phases can thus be 
directly  compared by looking at  the  relative  rankings  for 
individual  tracts  to see if any of them  show  significant 
changes. 

Comparison of Figures 3 and 5 show many tracts fall 
in  the  same categories. However, several  tracts  have 
changd,  the most startling being  the Sooke-Renfrew 
area of southern  Vancouver  Island  which  dropped fmm 
highest  to lowest  categories,  and  the  Schoen-Muchalat 
area which moved up  from lowest to  highest  categories. 
It is  easier, however, to  compare  the  results of the two 
phases by plotting a histogram of the  changes  in  relative 
rankings (Figure 6). Changes  in  relative  ranking are 
generally not large  and do not have  a  major  impact on 
the  final  outcome. However. some  tracts  have moved 

more  than 20 places  in  the  ranked list, some  upwards, 
some  downwards. 

Significantly,  those  tracts  that  have a large  decrease 

Here  access  and  past  exploration  have been good and 
in  relative  ranking  occur  in  southern  Vancower  Island. 

these  tracts  have good historical databases, consequently 
scoring  high in phase 1. However, they are considered 
by the experts to  have a poor  potential  for finding new 
resources  and  score much lower in  the  phase 2 

25 

C h . 4 .  h ram- 

Figure 6. Change in relative ranks of tracts between the 
phase I and phase 2 assessments. 
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assessment. In contrast, areas in Northern  Vancouver 
Island  have  poorer accessibility and have been less well 
explored  in  the past. However,  they are underlain by 
geology that is very  favourable lo the  discovery  of  more 
resources in the future, or contain  resources  such as 

These tracts thus  ranked  much  higher  in  phase 2. 
magnetite skams, excluded  from  the  phase I process. 

LAND USE RECOMMENDATIONS AND 
MINERAL POTENTIAL 

and  Environment  provided  the  major  stimulus to the 
The establishment of the  Commission  on  Resources 

Branch’s  re-evaluation of the  regional  mineral potential 
of British Columbia. As such,  the  Commission’s initial 
planning  areas  and  timetable  were  the  major  iniluence on 
choice of areas of study and scheduling of geological 
compilation and  data analysis. 

As they were  completed,  the results of the  mineral 
potenlial analyses  were  presented to the  government 
Technical  Working  Group  supporting  the  CORE process. 
They  were  incorporatcd  into a GIs, along  with  other 
biophysical and  cultural  data sets. The final GIS model 
consisted of 26 groups  of  data  divided into 114 layers. 
The mineral potential data  formed  one of these layers, 
with  the  energy potential and mineral  tenure as separate. 
complementary layers. The  attribute  dala  accompanying 

from  both phases but all  the  supporting data behind  those 
the tract polygons  comprises  not only the tract rankings 

rankings,  for  example,  the  numbers  of  mineral 
Occurrences recorded  in  the  MINFILE  database, 
exploration  expenditures, etc. 

m e r  assembling  the  data,  the  Technical  Working 
Group  produced hard ,copy maps at 1250 000-scale for 

were  then distributed to each  sector at  the  Vancouver 
each of the  biophysicil  themes.  Copies  of  these  maps 

Island  CORE  Table for  their w e  during  delibfrations. 
Separate  maps  were  produced  for  minerals, ene8gy  and 
mineral tenure. Computers,  loaded  with  the  GIS  data 
model,  were  also  available during  Table meefings to 
allow  for interactive viewing and comparison of d,ttasets. 

It is almost  impossible to evaluate  how effective the 

deliberations  due to the  complex sociopolitical n  hue of 
mineral potential data  were during  the C O N ,  Table 

that process  and Its failure  to  reach a concensu! by the 

that the data were  presented to all sectors, were a $ailable 
deadline  date set by CORE.  Anecdotal  evidence c miinns 

and  consulted.  during  meetings,  and used in the 
evaluation  of the various  proposed  land-use  scen uios. It 

government’s final land-use  plan,  based ‘)n  the 
is easier, and maybe more useful, to evaluite  the 

on  mineral  exploitation  on  Vancouver  Island. 
recommendations of the  Commissioner, and the r effect 

Table 2 summarizes the recommended  land use 

each  designation  which fall in tracts of  high,  me(Iium or 
subdivisions  and  the  aggregate area!; and propor .ions of 

low  mineral potential from  the  phase 2 analysis. The 

boundaries.  These  boundaries are presently  being 
areas are based  on  the  preliminary  recommended 

reviewed and a few wi l l  be the  subject  of  major re visions. 
Comparing  these  spectra of mineral potential in the 
various  categories  suggests that the  land  avai,able to 
exploration  and  mining (total multi-resource  and low 

ground,  and less low-value  gronnd,  than  the IantJs to be 
intensity areas)  contains  proportionally  more hip h-value 

protected. 
However, this is a fairly simplistic  analyjis  and 

looking at  the  data in more detail does  point O I I ~  some 
areas of possible  concern. The proposed protect1 d areas 
have significantly more  medium-value  ground c( mpared 
to the rest of Vancouver  Island. Also the re,:ionally 
significant lands, which w i l l  have  stlicter  review of work 
proposals, are dominated by high  and  mediun-value 

TABLE 2: MINERAL  POTENTIAL OF RECOMMENDED LAND USE CATEGORIES 

Proposed  Protected  Areas 

Multi-resource  Lands 

Low Intensity Areas 

Cultivxtion 

Total  Protected 
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ground. 

nature of the  subdivision of the  high-medium-low  lands 
To a large  extent  this  reflects  the  somewhat  arbitrary 

and  the  nonlinear  range of values  for  the  tracts  (Figure 
4). The  arithmetic  average  mineral  value of land  for 

However, tracts  with  values  greater  than  this make up 
Vancouver  Island  is  approximately  $20  000 per hectare. 

only 31.5% of the  Island  and would all be ranked as high 
potential.  Thus  all  the  medium  and  low-potential  land 
has  values  less  than  the  arithmetic  average. The median 
value,  that is  the  value exceeded by tracts  that make up 

per  hectare. A  significant  jump in value  occurs at about 
50% of the area of Vancouver  Island, is lower at  $8000 

constitute  only 7% of Vancouver  Island. The  values of 
$50  000  per  hectare,  but  tracts  exceeding  this  value 

benchmarks  to use in  evaluating  the  impact of land-use 
$8000,  $20  000  and  $50  000  per  hectare may  be better 

decisions. 
Perhaps a more  informative way  to review the  land 

use decisions  is to consider  the  range of values  for  the 
various  parcels of land  designated as protected  or low 

full range of values  for the tracts. In  order to carry this 
intensity  and how they compare to each  other and to the 

out,  the  phase  2  value  has been calculated  for  each  area 
designated as presently  protected  (EPA), proposed 
protected (CPA) or low intensity  (LIA).  Where a 
designated area is wholly contained  within  a  single  tract, 

straddles  more  than  one  tract,  an  area  calculation was 
it  assumed  the  same  ranking  as  that  tract. Where it 

made for  the  proportions of the  study  area  within  each 

' t  

tract,  and  those  values used as weighting to the  tract 

were then  added  to  determine a total  rank  for  the area. 
rankings  to  determine a fractional  rank.  These  values 

Only the on-land  portions of the  areas  were  included as 
the  mineral  potential of marine  areas  has not yet heen 
determined.  Figures 7 , s  and 9 display  the  phase 2 values 
and  areas of the  existing  protected  areas, proposed 
protected  areas  and low intensity  areas,  respectively. The 
areas  were  also  aggregated by tract  and  compared to the 
phase 2 tract  values  in  Figures  10 to 12. 

from  $1000  to  $150  000  per  hectare  (Figure 7). However, 
The  existing  protected  lands  show a range of values 

the  areas of the  higher  value  parks  are  small, a total of 
6133.9 hectares  with  values  over  $50  000  per  hectare. 
Strathcona  Park  with a weighted  average  value of $15 
298  per  hectare  accounts  for 71.4% of the total existing 
protected area  The  distribution by tract  (Figure IO) 

but a significant area in the  higher  tracts  (21.9%  in tracts 
shows most of the  land to  be in  the lowest value tracts, 

over  $20  000 per hectare, 13.6% over  $50  000 per 
hectare).  Most of this,  however,  is  in  tract S4, Buttle 
Lake,  the most significant  part of which  is not actually 
alienated,  falling  within  the Westmin Myra  Falls  mining 
lease. 

value  from  $900  to $41  500 per  hectare,  comparable to 
The proposed protected lands  (Figure  8)  range  in 

the  existing  protected areas. None have weighted  values 
above $50 000 per  hectare,  and seven parcels,  comprising 
21.4% of the total CPA, have  values over $20  000 per 
hectare. The  largest of these  parcels  will warrant more 

~ 

I 
Existing Protected &'ear - Phase 2 values 

EIL 
Figure 7. Phase 2 values  for  existing  protected areas,  Vancouver  Island CORE region. 
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Figure 8. Phase 2 values  for  proposed  protected areas, Vancouver  Island  CORE  region, 

detailed  analysis to determine  the  local  impact  of 
alienation and possible  boundary  changes. The 
distribution  by  tract  (Figure 11) shows  most  of  the 
proposed  protected  land to be  in  tracts  with  values  below 
the  median of $8000 per  hectare. 

The low  intensity  areas  (Figure 9) are  very  variable 
in s i x  (<2 to 45 000 hectares)  and  weighted  value ($2000 
- $150 000 per  hectare).  The  largest  of  these  parcels  are 
directly  comparable  in  size to some  tracts  and  warrant 
more  detailed  evaluation  than  given here. There  is  more 
high-value  land  in  this  category  than in the  protected 

parcels. The  distribution  by tract (Figure 12) shows most 
lands,  although  it  is  concentrated in a few very large 

(68%) of the LIA to be  in  tracts  with  values  above  the 
median  of $8000 per hectare, 35% above $20 000 and 
13% above $50 000. Although  these  percentages  are 
higher  than  those  for  Vancouver  Island as a  whole,  they 
are not  significantly  different to the  range  of  values  in  the 
80% of  the  island  available to multi-resource  use  (the 
population from which  the LIAs are drawn) suggesting 
that  the  designation of LIAs has  been  essentially  mineral 
neutral. 

are  disproportionately drawn from areas  considered to be 
Protected  and  alienated lands on  Vancouver  Island 

of lower  value.  The  designation  of LIAs, however, 
appears to have  been  mineral  neutral,  being  based on 
other  values. On  the  sub-regional  scale,  the  designation 

review  by  government  agencies. The above  information is 
and boundaries  of  land  use  areas  are  undergoing  detailed 

being  considered in that  review. 
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HIGHLIGHTS OF THE  MID-COAST MINERAL POTENTIAL PROJECT 
(92F, G, H, J, K, L, M, N, 93D, 102P, 103A) 

By  Kim  A. Bellefontaine and Dani J. Alldrick 

Contribution lo the Mineral  Potential Project, funded in pan by the COrpoMIe Resource Inventory Initiative (CHI) 

KEYWORDS: Miaeral  potential.  Mid-Coast. southwest 
British Columbia. mineral  assessment @act 

INTRODUCTION 

The mineral  potential  program was designed and 
implemented by the British  Columbia Ministry d 
Energy. Mines and  Petroleum Resources in response to a 
need for accurate and aedible information for I d - u s e  
planning. As part of that  program, the Mid-Coast project 
was established to evaluate the mineral  potential d 

geological overview for the Mid-Coast  region  and 
southwestern  British  Columbia. This paper gives a 

describes the n:sults of phase 1 mineral  potential 
analysis. 

LOCATION 

studied  (Figure 0. Other  project areas include Vancower 
The Mid-Coast  project  is one of seven areas b e i i  

Island (Mamy,  1995. this volume), Cari~chilcotio. 
Kodenay.  Thompson-Okanagan (Church. 1995. this 
volume). Skema-Nass (Machtym et al., 1995, this 
volume)  and the t:urrently running Northeast project. The 
remaining northarest comer  of the pmvince is slated for 
compilation  andevaluation  in 19951996. 

The Mid-Coast  project  covers 76 660 square 
kilomefxes of southwestem Britisb Columbia. Its l i m i t s  
contain abundant low-lying  islands  and marine channels 
of the westem coastal lowlands. Eastward, the 

capped terrain of the Coast Mountains. Population 
topography  rises nbmptly to encompass the mgged ice- 

cent res  within the limits of the study area include the city 
ofVancouverinthesouthandthenorthemcoastaltown 
CS B d a  Coola. The project area men all d NTS map 
sheets WM. 93D. 1 0 2 P  and 103A and  parts of 92G. F. H, 
J. K. L. M. N (Figure 2). 

PROCESS AND PRODUCTS 

The mineral potential  evaluation  process involves 
numeroussteps.Spec~caspectsoftheapproachadopted 
by the Geological Survey Brand EIE detailed in the 
mineral  potential  ovaview paper by Kilby (1995. this 
volume). Briefly the process involves: 

. . . . . . . 
- 

Geological  compilation  at a scale of i :250 OOO. 
Deliation of mineral  assessment tn~cts. 
Compilation of mineral  deposit data. 
Review of geology by experts. 
Phase I mineral  potential  analysis. 
Estimations of undiscovered minertl deposit.; 
by indushy  experts. 
Phase 2 mineral  potential  analysis. 

- "" 

Pigure 1. The Mid-Coast mineral potential proju I (1) is one cd 

Island (2). Carib-chicot in  (3), Thompaon-(~knnagan (4). 
seven arw selected for study. (Mer areas a'e V a n c o u . ~ ~  

Northeast project (7). 
Kootemy (5). Skcena-Nw (6) and the cumrtly runnng 

 resource^ dedicated to the Mid-GWt p j : c t  

geological compilation.  Compilation d the map she:ts 
included the assigmwnt cf two full-time &ogists to 

WBS completed in approximately 8 months. F'mj~:ct 
milestolles induded two map review sessitos and 6vo 
expea w d s h o p s  each held in Vancouva and S m i e r s .  
These workshops reported to industry and govemnulat 

mineral potential  evaluation process. After peer revir:.~ 
and editing of the maps, the data wem dgitized a3.d 
en& into the T e r r d t  GIs system. Thi: work took 

format d the geological compilation is GIs compgtitrle 
approximately 4 person-months to canplete Tbe di g i t s l  

and WBS released BS Open File 1994-17 (Wlefoutaitira 

experts the geoloBy d tbe Mid-Coast E&Q and tta 
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Figure 2. Location of the Mid-Coast mineral potcntial project detailing the NTS map sheets included in the study. References  pertain 
to the main source of geological data for individual map sheets. mostly at 1:250 OOO scale. 

and AUdrick, 1594). Figure 3 shows the time. line and 
m t  podu~ts of the Mid-Coast project. 

SOURCES OF INFORMATION 

AU available  published  and  unpublished  data were 
inwrporated in the seological  compilation.  Figure 2 
shows the largest scale g e o l o g i c a l  base  maps  available for 
the regim: almost all am G e o l o g i c a l  Survey of Canada 
publications  at a scale af 1:250 OOO. This information 
was complimnted with data  from approximately 40 
p a p .  men&, bulletins and  maps prcdd by the 
Geological Survey af Canada. a dozen Ministry d 
Energy, Miaes and Petroleum Resounes publications, 

theses. A complete listing af data sources used in 
110  assesanent repais, 20 joumaled articles. and four 

compilation is provided in Eklldontaine and AUdrick 

have been dined by the expert reviews of Jim Roddick 
(1594). The resulting  compilation  and interpretatim 

Glenn W&opth. Jim Monger. Peter van der Heyden 
and Murray  Joumeay d the Geological Survey d 
Canada. 

yielded a snder amount of information, especially in the 
Compared to other R&IS d Study. the Mid-CWt 

north. This is  due lack of ~ c c e s s ,  steep  topography,  large 
glacial masses and  dense  coastal forest which all 
contribute to the paucity of data. This is well represented 
in Figures  4a  and  b  which display the location of mineral 

reports in the project area. Exploration activity has 
occurrences recorded in MINFILE and assessment 

clearly been focused in the southern parts of the region 
wbere ~ccess and infras!n~~ture m better. Consequently 
the geological  database is larger  and  more  complete (i.e..  
RGS and aeromagnetic  coverage). 

GEOLOGICAL COMPILATION 

size of the Mid-Coast project area. the. geological  setting 
Due to the complexity of the geology and the large 

will be discussed only in very broad terms. A geological 
map of the project area is  not  included with this paper 
due to the difficulty of reproducing the data  at page scale. 
Readers m referred to Bellefontnine and AUdrick (1994) 
f a  the mmt  upto-date plogical compilation  and 
detailed lithologic  descriptions. The terrane map 
(wheeler et ol., 1991)  and tectonic assemblage  map 
(Wheeler and McFeely. 1991) are ideal for obtaining  an 
overview of tk tectonic framework of the ma 
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Jurassic to Cretxmus subduction  and  accretion of two 
The rocks of the Mid-Coast  region record the Late 

composite  terranes; the Insular and Intermontane 

welt  occupies the wre of the study area and is wmprised 
superterranes.  The  resulting  plutonic  and  metamorphic 

of the Coast  Plutonic Complex  and the Central Gneiss 
Complex mpxtively. Strata  belonging to precollisional 

pendants. Many of the pendants  cannot be d e f ~ t e l y  
terranes are often preserved as interpluton  septa  and rmf 

carrelated  with  their  parent  terranes  due to the 
wmplexity of deformation and degree of metamorphism. 

Figure 3.  Time-line of the  Mid-Coast  mineral  potential  project 
detailing  milestones and current  products. 

area.  Volcanic m: assemblages occur in both the Insular 
Fragments of eleven  terranes  exist  in the Mid-Coast 

and  Intermontane belts and  comprise segments d 
Paleozoic Chilliwack, Paleozoic  and Mesozoic Wrangell. 
Triassic  Cadwallader and Quesnel.  and  Jurassic Stikine 

Terrane. located in the Insular Belt. w m p r k s  a variety 
and Harrison Lake terranes.  The  Paleozoic Alexander 

of geologic  environments  including arc. back-arc  and  rift 
settings.  Metamorphosed  continental shelf strata d 
probable  Proterozoic  and  Paleozoic age are represented 
by the ill-defmed Nisl ig  Terrane and make up a  large 
part of the Central Gneiss Complex. Paleozoic to 
Mesozoic  oceanic  crust,  accretionary prism and 
associated sedimentary rocks are  reshicted to the 
Intermontane Belt  and include the Shuksan  and Bridge 
River  terranes. The  inhusive rocks of the Coast Plutonic 
Complex  stitch  these  terranes  together  and  include pre-. 
syn- and  post-defonnational plutons.  Recent work in the 
southern  Coast Belt has  demonstrated  that the inhusive 
rocks  fall  into broad belts of similar  age  (Monger. 1993; 
Monger  and McNicoll. 1993; Friedman and Armstrong, 
1990). The main pulses ofplutonism occurred during the 
late  Middle Jurassic. Late Jurassic.  Jura-Cretaceous, and 

Tertiary inhusions  form discreet bodies in the eastern 
Middle Cretmma. Subsequent Late Cretaceous and 

areas of the Coast Belt. 

Gambier  volcanic arc f m e d  on top of the Insular, Coast 
During the accretionary process the Cretaceous 

largest component, the sedimentary Nanaimo Group. also 
and  Intermontane  belts. The Genrgia  Basin.  and  its 

famed an overlap  assemblage. It contains material 
eroded from  bot!^ the Insular and Coast belts. Other 
major  groups of Cenozoic rocks include the Tertiary 

Chilcotin  plateau  basalts. the Tertiary to Quaternruy 

Garibaldi arc system. In this study the geology of the 
Anahim plume volcanics and the Quaternay to Recc:nt 

Mid-Coast region has been subdivided into 144 distinct 
lithologic units (BellefontRine and Alldricl. 1994); 112 
are  layered and 62 are intrusive. 

tectonic regimes. are abundant in the lroject  ama. 
Large-scale s e u ~ t u r a l  features. r e f l e c t i n k  a variety CC 

Contractional  faults and imbricate  thrust systems I M  
related to deformation  in the Northwest Cscade sys.b:m 
and the Coast  Mountains.  Northeast-verging  thrust  faults 
include the Sheemahant  thrust, the Ashlu CreeL facdt 
zone and the Chuwanten  fault.  The Thomar, CreeL facdt 
zone, the Menzies Point shear zone. the Fire &ek thnlst 
and the Shuksan  thrust are all s o u t h v e s t d h x d  
structures.  Large  right-lateral mnscurrent  fault  system 
were superimposed during the Cretaceous md Tertiruly 
and  include the Harrison Lake  shear  zone slid the m.any 
strands of the Fraser  fault system. Northeast-striking 

faults  are located in the sourhe~nmost  parts of the study 
s [ N C W s  such as the Vedder, Sumas ana Coquihalla 

uustal-scale  faults and lineaments  include t E Grenville 
area and were active during the Tertiary Additicsial 

Channel fault. the principe-Laredo 1iam:nt and t h e  
Work  Channel  lineament.  Other  newly recogni:wd. 
unnamed  regional-scale shUc.tures have  also k m  
identified  as  a  result of this compilation work. 

There is a very strong northwest-trending shuctural 
grain that  extends through the Mid-Coast arr a. AIthoup$~ 
the voluminous intrusions of the Coast Plutmuc Comp1t:x 
tend to mask much of the pre-accretionary  jpology.  this 

integrity toward the northwest. This has strotlg 
study has shown that many of the terranes maintain tb:ir 

implications  for the mineral potential of the northern 
Mid-Coast area. 

DELINEATION OF TRACTS 

Mineral assessment tracts are a r e h s  of laotd 
containing  similar  internal bedrock gfology.  For 
comparative purposes it is essential that thes,: units be ef 

similar  size.  Large  deviations in tract  size n my result in 

Tract boundaries are non-political and not,-geograpkdtc 
unrealistic high  and low rankings of minerd potential. 

terrane  boundaries. 
and are usually defined by regional-scale  faults cr~d 

Sity-one mineral assessment tracts wet: deliirtt:d 
f a  the Mid-Coast region Figure 5). The average urct 
size is 125 640 hectares. The s m a l l e s t  tract is 
Silverthrone  Mountain (G-1) with an area of 28 &16 
hectares. The, Bella Coola tract (GA-6) is tls largest ;at 
340 866 hectares. The main lithologic units . n each brrct 
are listed in  Table 1. 

RESOURCES 

in Table 2. Some of the mast important conmodit& in 
Known xwnxw in the Mid-Coast Egim are liwd 
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Figure 4. Exploration  activity in the  Mid-Coast region has clearly  focused on areas close to the Lower Mainland. Map A shows the 
distribution of 600 mineral oceumnees in  the prop3 ma; 83% fall within 200 kilometres of Vancouver. Map B displays the 
distribution of 11 12 assessment rqorts for the  same region; 92% of the r e p ~ r t s  have bew filed within a 200-kilometre radius of 
vmeoww. 

the project area include copper, gold, lead. zinc, silver the layered rccks is higher than the bulk of the inhusives 

deposits occur in volcaaic terranes o h  associated with 
and molybdenum. Tbe majority d the metallic mineral in the Coast Plutonic Complex. 

The project area has been host to many notable past 
large-scale stnrhrres. In general. the mineral potential d producers. Mining d copper. zinc. silver and gold at the 
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TABLE 1. TECTONIC AND LITHOLOGIC COMPONENTS OF MINERAL ASSESSMENT TRACTS 

TRACT TRACT MAiN LITHOLOGICAL  UNITS  TECTONIC 
ELEMENT ID NAME 

GA-4  Britannia  Garibaldi  volcanics,  Gambier  Gp.  Coast  Plutonic Sutte Tertiary  overlap.  Mesozoic  overlap.  Coast  Plutonic 

MI banning  Princelon Gp.  Pasayten  Gp. Jackass Mln. Gp,  Thunder  Lake  Tertiary  overlap.  Methow, Quesnel. Bridge  River, 
"""Complex." 

sequence, Ladnsr  Gp,  Dewdney  Ck. Fm. Spider  Peak  Fm, Mount Coast Plutonic  Complex 
Lyllon  Cpx,  Bridge  River  Cpx,  Coasl  Plutonic  Suite 

HL-1  Hsnison  Lake  Unknown  metamotphics.  Kent  Fm, Billhmk Creek F m x n k n o w n .  Harrisozke. Coast  Plutonic  Complex 

~ 

GA-3  Northair  Garibaldi  Volcanic%  Gambier  Go.  Cadwaliadsr  GD?.  Coast  Tertian, over la^. Mesazoic overian.  Cadwallader?. 

Lake Fm, Camp  Cove  Fm,  Coast  Plutonic  Suils 

Plutonic  Suite 

Cpx, Veliw Arler Cpx, MI. Barr  batholith. Scuzzy plulon. Spuuum Complex 

. .   . .  

5-2 SpuTZum  Shuksan  schist. Hornel Creek  gneiss.  Chill-ck  Gp.  Bridge  River  Shuksan,  Bridge  River. Chi l l ick,  Coast  Plutonic 
Coast  Plutonic Com~Iex 

____________ 
GA-1 Mount Clarke  Gatibaldi  vobanics.  Gambier  OD. C o d  Plutonic Sulls 

pluton.  Coast  Plulonic  Suite 
Tertiary overlap. Mesozoic overta~, Coast  Plutonic 
Complex 
Wrangellia.  Coast  Plutonic  Complex CPC-20  Loughbrough Inlet Karmulsen Fm. Quatsino  Fm,  Coast  Plutonic  Suile 

CPC-13  Powell  River  Nanaimo  Gp, Karmutsen Fm.  Qualrino  Fm.  Coast Pitonic Suite Geqia Basin  stratigraphy,  Wrangellia, Coast 

~. 

~ " 
Plutonic  Complex ~ 

Tertiary  overlap,  Central  Gneiss  Cpx.  Coast 
Plutonic  Complex 

overlap,  Wrangellia,  Coast  Plutonic  Complex 

Tertiary  overlap,  Shuksan.  Chilliwack.  Bridge  River 

CPC-5  Cloudburst  Garibaldi  voicanics.  gneiss.  Cloudburst pluton. Coast  Plutonic 
Suite 

Gp.  Coasl  Plulonic  Suite 

____________ 
CPC-4 Cyp,- Bwr( Unknmrn  metamorphica,  Nanaimo  Gp,  GambierGp.  Bowen  Island  Unknown.  Georgia  Basin  stratigraphy.  Mesozoic 

S-1 Chilliwack  Skagit Fm. Princeton  Gp.  Curler  gneiss.  Shuksan schist 
- 

0-1 Spencea Bridge  Coquihaila Fm. Princeton  Gp. Spences Bridge  Gp.  Nicoia  Gp.  Tertiary  overlap,  Quesnei.  Coast  Plutonic  Complex 

GA-2  Firs  Lake  GambierGp, MI  Clarke  pluton.  Thomas  Lake plutan.sMesoroic overlap,?&st  Plutonic  Complex 

Ch i l l i ck  Gp,  Bridge River Cpr, Coast  Plutonic Suite. Coast  Plutonic  Complex 
~~ 

Eagle  Plutonic  Cpx, MI. Lytfon Cpx, Coast Plutonic  Suite 

CPC-7 Bowen lnisnd Bwven Island  Gp, Karmutseen Fm. Qualrino Fm7. Ciast Plutonic  Wrangsilia,  Coast  Plutonic  Complex 
diorite.  Coast  Plutonic  Suite 

CH-1  Bridal  Falls  Princeton  Gp.  Sloilicum schid. Gambier  Gp?.  Ken1  Fm.  Cullus  Tertiary  overlap.  Cadwallader.  Mesozoic  overlap. 
Suile 

Fm. Ch i l l i ck  Gp,  Vedder  Cpx,  Bridge  River  Cpx.  Cogburn  schist  Harrison  Lake,  Chilliwack.  Bridge  River 

BR-l Hozamsen Horameen Cpx,  Bridge River Cpx,  Coast  Plutonic  Suite 

CD-1  Brsskenridge Breakenridge  gneiss.  Shuksan schisl,  Slollicum =hid, Bridge  Mesozoic  overlap.  Shuksan.  Cadwallader.  Bridge 

Bridge  River,  Coast  Plutonic  Complex 

Plutonic  Suite 
River  Cpx,  Cogburn schist, Ch i l l i ck  Gp, MI. Mason pluton.  Coast  River,  Chilliwack.  Coast  Plutonic  Complex 

__________________ 
CNCJ Klinaklini River Tertiary  vobanics,  metamorphic*,  gneiss. Coasl Plutonic  Suite  Tertiary  overlap,  Slikinia?.  Central  Gneiss  Cpx, 

CPC-14 Bute inlet  Cretaceous  voicanics.  Karmutsen  Fm.  West  Redonda c4ulon. Mesozoic OVB~IPD. Wranoellia.  Coast  Plutonic 
Coast  Plutonic  Complex 

Coast  Plutonic  Suite 

Plutonic Suits Coasl  Plutonic  Complex 

~. 
Complex 

CPC-I pin Lake  Garibaldi  volcanics.  unknown  metamorphics.  Gambier  Gp,  Coast  Tertiary  overlap.  Unknown.  Mesozoic  overlap, 

CPC-36 AristPrabal Island  Lake  Island  Fm.  melasediments  and  meIavOkaniCS,  Coast Tertiary  overlap,  Alexander.  Coast  Plutonic 
Plutonic  Suite 

CPC-8 Je- Inlet Gambier  Gp.  Coast  Plutonic Suile 

CPC-33 Cape  Caution Kanutsen Fm.  Paleozoic  volcanic  and  sedimentary  rocks.  Coast  Wrangellia.  Coasi  Plulonic  Complex 

Complex 
Mesozoic  overlap.  Coast  Plulonic  Complex 

Plutonic  Suite 
GA4 Bslla Cmls Gambier  Gp.  Coast  Plulonic  Suite  Mesozoic  overlap,  Coast  Plutonic  Complex 

CPC-19  Surge  Narmws Karmulsen Fm. Bonanza Gp.  Harbledown  Fm,  Coast  Plutonic Wrangellia.  Coast  Plutonic  Complex 

CPC-3  Sampron-Delilah  Garibaldi  Vobanics,  Gambier  Gp.  Cadwalladsr  Gp,  gneiss.  Tertiary  overlap,  Mesozoic  overlap,  Cadwallader, 

CPC-10 
Cenlral  Gneiss  Cpx,  Stikinia? 

Toba Inlet Gambier  Gp.  Karmutsen  Fm,  metamorphics.  gneiss.  Paradise Mesozoic  overlap,  Wrangsllia.  Stikinia?,  Central 
Gneiss  Cpx.  Coasl  Plutonic  Complex 

CPC-30 Seymour Inlet Paleozoic  VolCanic and sedimentary  rocks,  Coasl  Plutonic  Suite  Wrangellia,  Coast  Plutonic  Complex 

CPC-2  Maagher  Creek  Garibaldi vobmics. Gambier  Gp,  gneiss.  Coast  Plutonic  Suite  Tertiary  overlap.  Mesoroic  overlap.  Cenlral  Gneia 

Suile 

metamorphics 

River  pluton.  Goal  Lake  pluton.  Coast  Plutonic Suile 

CPC-27 Kwtna River  Tertiary wbanics. melasediments  and  metavolcanics,  Coast 

Cpx,  Coast  Plutonic  Complex 

Tertiary  overlap.  Alexander.  Coast  Plulonic 
Piutonio  Suite 

CPC-32  Roderick  Island  Lake I d m d  Fm,  mataredirnents  and  rnetavolcanics.  Coast 
Complex 
TertiaryoveriaD.  Alexander.  Coasl  Plutonic 

Plutonic Suile 
CPC-31 Nsmu Melasediments  and  melavolcanics,  Cops1  Plutonic  Suite  Alexander.  Coast  Plutonic  Complsx 

CPC-24  Wakeman  River  Melamorphics,  gneiss,  Coasi  Plutonic Suite 

CPC-IS  Knight Inlet Tertiary wlcanics. metamorphics.  gneiss,  Coast Plutmic Suite  Tertiary  overlap,  Central  Gneiss cpx, Slikinip?, 

Complex 

- 
Slikinia?,  Central  Gneiss, Cpx,  Coast  Plutonic 
Complex 

Coast  Plutonic  Complex 
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TECTONIC AND LITHOLOGIC COMPONENTS OF MINERAL ASSESSMENT TRACTS, 

MAIN LITHOLOGICAL UNITS TECTONIC 

metavolcan~~Coast Plutonic  Suite - Complex __ 

CPC-18 

- Suite  Cpx,  Coast  Plutonic  Complex 

CPC-21  Kingcome  Hive,  Garibaldi  Yolwnics,  gneiss, Coast Piulonic  Suite 
" " 

Tertiary overlap, Central  Gneiss  Cpx, C -st 
Plutonic  Com le" 

" 

~ 

GB-l Vancouver Point  Grey%8$ms.  Kltsilano Fm. Nanaimo  Gp.  Coast  Plutonic  Georgia 8asi~oinhgraphy. Coast Plutl nic  Cwnplffx 

CNC-7 Riven Inlet Paleozoic volwnio and  sedimenlaly rocks. metamorphics.  gneiss.  Wrangellia.  Stikinia?. Cmlral Gneiss C px, Coasl 

CPC-22 T e r n  R h  Gambier  Gp,  metamorphics.  gneiss.  Coasi Plutonic Suite Mesozoic  overlap.  Nirling?.  Central On 4s. Cpx, 

CNC4 Nascall  River W a m o r p h x  gneiss, Coasl Piulonic  Suile  Niaiing?.  Cenlral  Gneiss  Cpx.  Coasl Pi atonic 

__- ___ 
- Suits -- ~- 

- coast Pl"tOI& suile Plutonic Complex- 

- Coast  Plutonic  Cznfiex 

_ _ ~  
___ 

Complex __ 
Complex 
Tertiary  overlap.  Mesozoic  overlap,  Cc,ast  Plutonic 

Tweedsfiuir Chiicotin Gzhmbier  Gp,  Smitherr Fm. HaZenon Fm, Coast  Tertiary  overlap,  M&oic  overlap. Slitinia.  Coasi 
Plutonic  Complex - 

- 
CPC-12  Atnarkio-  Chilcolin  Gp,  Gambier  Gp.  Coast  Plutonic  Suits 

___  
~- 

Plutonic Suile 
Superb  Mountain  Terliary  VOIoanich.  rneiamorphics.  gneiss.  Coast  Plutonic Sune Tertiary overlap. Stikinia?.  Central  Gn-tiss  Cpx, 

~- 

- Coast  Plutonic  CLmllex 
CPC-28 Ocean F& Melasediments  and  melavolcanics.  metarnorphics.  gneiss.  Coast Alexander,  Nisling?. Cantral Gneiss  Cpx, Coast 

CPC-23 Giifonl i&d Paleozoic  volcanic  and  sedimenlary mch. gneiss. Coari Plutonic Wrangellia.  Central  Gneiss  Cpx.  Coas  PMonic 
Plutonic S e  - Plutonic Complex- 

Suite  Complex __ 
Coast Plutonic  Cornpiex 

___  
__- 

- ." 
CPC-0  Big  Julie  Big  Julie  pluton 

CNCJ Knot Creek  Metamorphics.  gneiss. CmsI Plutonic Suite Stikinia?.  Central  Gneiss  Cpx,  Coast  Fiutonic 

CPC-26 Amback  Coast  Plutonic  Suits 

_ _ ~  
- ." " ___-. 

- Complex __ 
Coast Plutonic  Cornpier 

Plulonic  Complex 

- 
__- 

G-1 SilverlhrorNe Mln. Garibaldi  volcanics,  metarnorphics.  gneiss,  Coasi  PlUioniC  Suite  Tertiary  overlap,  Stikinia.  Central  Gnsi is Cpx,  Coas 
" ___ 

- 
- 

CPC4 Clendenning  Coael PIS;& Suite  Coast  Plutonic  Complex 

CPC-29  Sheep Passage Metasedimenlr  and metavokanics, Coast  Plutonic  Suite 
"" 

_ _ _ ~  
" ""1 

A-1  Anahim  Anahim  vobanics.  Chilcolin  Gp, Coari Piutonic Suite Tertiary  overlap. Chant Plutooic  Com,slex 

CPC-16 Tumul Glacier  Garibaldi  volwnica.  gneiss.  Coast Plulonic Suile  Tefliary overlap. Cenlrai Gneib Cpx. :oasl 
Plutonic Compih- 

CPC-25 Oms Creek  Gneiss,  Coast  Plutonic  Suite  Central  Gneiss  Cpx, 'Coast Plutonic  C mplsx 

CNC-1  Princ-  Louisa  Gneiss.  Ca%  Plutonic  Suite Central  Gneiss  Cpx. Coast Plutonic  C mplex 

GA-5 Monalih Gambier  Gp,'Coast  Pluionic  Suite Memois overlap. Cualalt Plutonic C o r  @ax 

Alexander.  Coasl  Plulanic  Complex 

Alerandar.  Coast  Piulonic  Cornfix 
" _ _ ~ .  

~ _ ~ _ _  " 

___ ~ 

" " . 

-- 

CPC-35 Pr incerskql  Metaaedimenls  and  metavolcanics,  Coast  Plutonic Suite 

CNC-4  Owikenc~Lake Garibaldiv~aniw, mefamorphics. gmk.  Coast  Plutonic  Suite Terliaryoverlap, Stikmia?,  Central On h Cpr, 

CPC-17 Shsemahait  River  Sheemahant  thrust zone. cold Plutonic suite 

" 

" _ _ ~ ~  
C o d   P l u l o n i c ~ ~ l l ' l e x  
Co ld  Plutonic Comuln 

__-. 

Tectonic elemenb l i s t e d  are terranes unless otherwise stated. The tract identification label is bascd on the most abundmt tectonic: o r  
lithologic  component of the tract. Abbreviations: GA-Gambier. M-M&ow, HL-Hnrrison Lake, S-Shuhm. CPC-Coast 'Mutonic 
Complex.  Q-Quesnel.  CH-Chilliwack. BR-Bridge River, CD-Cadwalladu.  CNC-Central Gneiss Compkx. o&&rgia E-, 
Srikine.  G-Garibaldi. A-Anahim. Fm-Formation, Gp-Group.  Cpx-Complex. 

historic Britannia mine lasted more than 70 years. The 
Carolin and Aurum mines. located along the East 

between 1928 and 1984. The Northair mine. located near 
Hozameen fault. produced gold and silver  intermittently 

the town of Whistler, mined gold., silver, lead and zinc 
from veins between the years of 1914 and 1982. 

In addition b~ past production and known resoura. 
the Mid-Coast region has potentia! fa futm dim& 
of numerous types of mineral deposits. Volcanic rocks d 
the WrangeU. Alexander. Stilrine. Harrison Lake and 
Quesnel terranes  and the Gambier Group have potential 

far hosting porphyries. volcanogenic massive sulphi(de depmits. skams. epithermal systems and o h r v e i n  t~~ca. 

cbains have geothermal potential. Oceanic rocks al' the 
Quaternary vdcania of the Anahim ar,d  Garibsldi 

Bridge River  and Shuksan terranes may hmt 
mesothermal gold veins, gdbbmic nickelqlper. C y y ~ t l s -  
type massive sulphide deposits, podiform dumite. trtk. 

Plutonic Complex has the potential to htst nunmm 
asbestos and other industrial minerals. The C:cnst 

types of industrial minerals. porphyly depos~ts and veins. 
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MINERAL POTENTIAL RESULTS 

One of the primary goals of the mineral  potential 
project is to predict the fuhm mineral  potential of the 
land base. This is  acwmpkhed by a two-phase  analysis 
which r& the tracts  within a study  area  relative to each 

his tor id  information.  It  deals only with six major 
other. The phase 1 analysis ranks the land using factual, 

molybdenum. phase 2 predicts the future mineral 
metallii commodities: gold, silver.  lead, zinc, copper and 

undiswvered resoums made by experts. It involves 
potential of an area by using  probabilistic  estimates of 

additional metallic  and nonmetallic commodities 
including  industrial  minerals. 

TABLE 2. MINERAL  RESOURCES IN 
MID-COAST  AREA 

TRACT  COMMODITIES DEPOSIT  DEPOSiT 

GA4 Cu. Zn. Pb. h. Au. Cd Kumko VMS Britannia 
ID TYPE NAME 

I cu. Mo Porphm Gambier Island I 

Cu. Au. A g ,  Zn. W. M o ,  U Porphm Gianf Copper 
HL-1  Zn. Cu. &. Au.  Pb K u d o  VMS Sa"ka 
GA-3 A". A s ,  Pb. Zn. Cu. M Poiynatsllic  veins  Notihair 
I A u ,  M, Pb. Zn. Cu. Cd Pohymdallic wins Sihw Tunnel I 

Ag. Au. Pb. Zn. Cu Polymetallic wins Tsdi 
S-2 Mo. Cu. W. Bi P V h m  Gem 

Ni. Cu 
. .~ . 

Gsbbmic NiCu Vidor 
GI-1 Au. A s ,  Cu. Zn. Pb, Mo. W  Shear hosted wins Hamiron Gold 

C". Ma ~ r p h m  
CPC-5 Au. Ag. C". zn. w 
cPc4 Z".&,W Zn-Pb alom Lynn Creek 

HiMam 
Polymetallic wins Ashlu 

CPC-M Fe, Ti, V. Ag Magmatic  magndile  Wigwam 

PHASE l 

The. phase 1 analysis is a representation of mineral 
potential based on historical data. Factors such as the 
number of mineral occwrences Itcaded in MINFlLE 
the value of past  production, the value of known 
resources and the m o u n t  spent on exploration (from 
ARISfiles)areraukedforeachtract.TheMINFILEranL 
is ddated or. a per hectare basis. These rlmk values are 
weighted to prcduce the total rank for  each  mineral 
assessment  tract. A weight of 25 is given to known 

resources. past  exploration work is  factored by 10 and the 
number of mineral occurrences and past production  are 
multiplied by 5 (Kiiby. 199% this volume).  Table 3 
presents the results of the phase  1  mineral  potential 
analysis for the 61 tracts in the Mid-Coast  region 
arranged  from  highest to lowest rank. 

assessment tracts with the land base divided into thirds 
Figure 5 shows the dishibution of mineral 

and placed into  high, medium and low categories. 
Readers are reminded  that the tracts are ranked  relative 
to each other and that  comparisons with  tracts in  other 
project areas are not  valid. A tract  marked "low" mineral 
potential in Figure 5 means it  has lower potential 
compared to other tracts in the Mid-Coast area. It does 
not  mean the tract  has no mineral  potential. 

Twenty-two  tracts in the Mid-Coast area are ranked 
high  potential (Table 3). All but two are located withii 
200 kilometres of the city of Vancouver.  Approximately 
half of the tracts  have well h o w  past-producing  mines 
includw Britannia  (GAII). Northair (GA-3).  Carolin 

known re.sou~ces (for the six metals included in the 
study) are also located in these high-potential  tracts ( i .e . ,  
Seneca, Harrison Gold,  Gambier  Island, O.K.; see Table 
2). The two anomalous  tracts in the northern part of the 

Island (CF'C-36). The Kl iak l i i  River  tract ranks high 
study area are Klinakli River (CNC-2) and  Aristazabul 

based  solely on three occurrences and the value d 
exploration work conducted on the Hoodoo North and 

contains three mineral occurrences and has recorded 
Hoodoo South  properties. The Aristazabul  Island  tract 

exploration  expenditures of approximately  $130 OOO. 
Both of these  tracts  have lower topography  and easier 
~ccess compared to most of the northern part of the study 
area. 

All of the mineral  assessment  tracts  ranked as 

expMditures recoIded fcr them Crable 3). There are 17 
medium contain  mineral  ou'.unences or have  exploration 

tracts  that fit within this category; with  the  exception of 

Mainland. 
the Vancouver tract  (GB-1) they all  lie  outside the Lower 

There are 22 tracts in the Mid-Coast  area  that fit  into 
land base designated as low mineral  potential.  Fourteen 

number of showings  and morded work. Mmt are in the 
of these are assigned an overall rank of zero based on the 

correlation with the highest  topography  and the least 
northern parts of the project area  and all shmv a strong 

accessibility. 

("1) and  Treasure  Mountain ("1). All of the currently 

PHASE 2 

Expert estimations  far the phase 2 mineral  potential 
analysis have been cnnducted fcr the Mid-Coast  project 
area. Preliminary results have yet to be evaluated. In 
other project areas the phase 2 analysis  has  not 
signiicantly changed the rmking of the  land. 
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TABLE 3. RESULTS  OF  PHASE 1 MINERAL POTENTIAL ANALYSIS FOR MID-COAST PRG JECT 

lstatusl T ~ C I  1 Tract I Area 1 No.of IMlNFlLEI Resource 1 Resource1 A R E  1 ARIS j Production /Produc-iTotar'i 
I ID 1 Name /(Hectares)l MlNFlLE 1 Rank 1 Value I Rank 1 Value 1 Rank 1 Value I Ran?: 

~ Rank 1 IGA-4 IBritannia 1 53165 1 33 1 58 1 743729157 1 61 13285062 1 61 I1285576201 I 61 2730 
110325 
135193 

215969 
89111 

160102 
97937 

132513 
145260 

86713 
63299 
98478 
86824 
109067 
El186 

108440 
85293 
99458 

232841 

104609 

118 
44 

67 
18 

27 
16 

37 
14 

47 
15 

32 

68 
18 

33 
31 
23 

19 
3 

23 

61 
56 
47 
54 
43 
52 
51 
44 
45 
60 
55 
49 
59 
57 
53 
50 
34 
46 
42 

4933942 I 60 20182068 
36919 

930!i23W 
22946240 

59 
54 
60 
58 
55 
57 
0 

M 1  
Hanison  Lake HL-1 
Manning 

M. ClalCe GA-I 
Spuuum S-2 
Northail-  GA-3 

CPC-13 Pausll Riwr 
CPC-20  Loughborough Inlet 

CPC-5 Cloudblml 

0 S-1 Ch i l l l ck  
- 0-1 SpncesBridge 
I GA-2 FimLake 

BR-1 Hammeen 
CH-1  Bridal Falls 
CPC-7 Bwren Island 
CD-1 Breakellridge 
CNC-2  Klinakli8li  River 
CPC-14 Buts Inlet 
CPC-I  Pin  Lake 

I CyprestiBoWl CPC-4 

176387535 
97785036 

176101740 
37957746 

59 . 57 
54 

106355200 56 
58 

6826199  52 
162718woo 60 
11302775  53 
50620830 55 

0 0 
0 0 
0 0 
0 0 

0 
0 
0 
0 

0 0 
0 l o  

267:; 
255!i 
247!1 
2470 
2460 

2 W  
240!1 

226!1 
1980 
810 
805 
785 
765 
765 
765 

690 
740 

680 
620 

3356463 
2239167 
1128227 

~~~~~ ~ 

58 
59 
46 

~~ 

57 

55 
56 

44 
38 
51 
53 

47 
54 

48 
50 
49 
52 
45 
41 

2236677 
420126 

2732355 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

2771951 
1552022 
2264256 
588447 
119050 

1250513 
627W4 

1140810 
667993 

56 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

597225 
971728 
843063 
882907 
503341 
428877 

40 
38 
31 

48 
29 

- i + 0 

0 
0 
0 
0 
0 

0 
0 

0 
0 

+ 0 

0 

4 

4 3 '  I i 33 j 0 
3 6 '  0 
34 0 

0 
0 
0 

23506 
74719 
225844 
74452 
226065 
33219 
136360 
14845 

4 m 3  
9840 

6906 
5309 

20180 
2242 

CPC-19 
Sampo,n-Delilah CPC-3 
Surge Narrows 

MeaghorCreek CPC-2 
Seymour Inlet CPC-30 
Toba lnlel CPC-10 

- CPC-32 Roderi':k Island 
CPC-27  Kwalna  River 
CPCJI Namu 
CPC-24 Wakenlan River 
CPC-15 
CPC-34 

Knight  inlet 

Kinocome  River  CPC-21 
Kimsquil CPC-18 
South  Hentick Arm CNCd 
Bella Bella 

43449 
78274 

9 
3 

299455 
155835 

11 
6 

260635  5 
144915 
109800 

4 

134289 3 
1 

146135 
89064 2 

127358  2 
1 

102384 1 
214607 ~ 2 
167285 i o 

570 
540 36 

35 515 
505 
475 
4w 

37 
25 
32 

0 
0 
0 

27 
18 

28 
16 
24 
20 
19 
0 

0 
0 
0 

464 
415 
410 
390 
380 
350 

0 
0 
0 

0 
0 

0 
0 2 4 1  29 : 0 

l o  

1 iGB-1 [,Jan -cower ~ 104739 175981 

0 
0 8 i 39 CNC-7  Rivers Inlet 155953 

17 ~ 41 ~ 0 

CPC-22 T e r n  River  3 
CNC4 Nascall River  11  7034 
CPC-12  Atnark<#  51769 3 1 30 

0 0 0 

0 0 1  
1 0  0 0 1  

33 0 a !  0 , o  I 

1  26 0 0 0 1  1 3  0 1 0  
23 0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

0 
0 

0 
0 
0 - 

l o 1  0 I 0 1 115 ST-1  Tweedsmuir  154585  2 

CPC-28 Ocean Falls 
2 

CPC-23  Gilfatd  Island  236471 2 
73306 0 
44786 0 

A-I &hips 
CPC-I6 Tumult Glacier 
CPC-25 Doos Creek 
CNC-I Princess  Louisa 

92540 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

22 
21 
17 

I 110 
105 
85 
0 
0 

l o  
j o  0 1 :  0 0 

0 
0 
0 
0 
0 
0 
0 - 1 1 

Tracts  are  arranged  from  highest to lowest total rank  of  mineral potential.  Values for resources.  production  and  exploration 
expenditures (ARIS) are in 1986 dollars.  The rank of known resources is given  a  weight of 25, the rank of past  work is fatored by I O  
and MINmLE and put-production  ranks are multiplied by 5.  The sum of  these  four  ranks yields the toed rank  for ear h  tract. 01a: 
third of the total land  base  (by  area) is placed  in high, medium  and  low  mineral  potential  categories. 
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DISCUSSION 

fccused in the southern areas of the Mid-Coast region. 
Historically. exploration and research have been 

Geological compilation (Bellefontaine and Alldrick. 
1994) has demonstrated that many of the terranes 
maintain  their  integrity  even  through abundant inmsive 
rocks of the Coast  Belt. This suggests that rock units in 
the northern areas should have  similar mineral potential 
to their southern  counterparts. However. due to the  lack 
of recorded exploration and  the paucity of data in the 

ranks high in the  phase 1 mineral  potential analysis. 
northern  areas,  most of the southern  Mid-Coast  region 

Ideally, estimations by experts for the phase 2 

future mineral  potential of this little hown region of the 
analysis should capture a wide range of t h i i i g  on the 

province.  Although phase. 2 has  not  signifcantly  changed 
the ranks of tracts in other study areas, in no region has 
the lack of available  expertise for estimations been as 
large as in  the  Mid-Coast  project area. 

There are approximately 600 mineral occurrences in 
the Mid-Coast region; 80% of them OCCUT within 200 
kilomehes of  Vancouver.  Similarly. there are 101 present 
or  past producers in the pmject area; 83% are located 
withii 200 kilometres of Vancouver. The northward 
geological continuity and lack of previous  exploration 

highlights the  potential  for  exploration oppntunities. 
work in the northern  part of the Mid-Coast area 
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MINEFUL POTENTIAL ASSESSMENT OF THE  SKEENA-NASS P.REA 

(93E, L,M, 94D, 103G, H, I, J, P, 104A, B) 

By D.G. MacIntyre, C. H. Ash, J. B. Britton, W. Kilby and E. <;runsky 

Contribution to fhe Mineral Potential  Project,  funded in parl by the Corporate Resoure Inventory Initiative ( CRII) 

." 
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history, compilation, mineral assessment tracts, digital 
data,  exploration  expenditures, past production, mineral 
inventory, mineral occurrences. 

INTRODUCTION 

The Skeena-Nass project is one  of seven projects 
comprising  the Mineral Potential Initiative (Figure I ) .  

lhompson-Okanagan, Kootenay. Mid-Coast  and 
Other  areas  include  Vancouver Island, Cariboo-Chilcotin, 

Northeast  B.C. The final project, Northwest B.C., will be 
started in 1995.  The main purpose of these projects is to 
produce a new series  of high quality, digital mineral 
potential maps that can be used for land-use planning. 

This  report describes the general geology and mineral 
resources of the Eikeena-Nass area and the results of  the 
phase 1 mineral potential evaluation. An  overview of  the 
Mineral Potential Initiative, including methodology used 
for the  phase I and phase 2 mineral potential assessments, 
is described  elsewhere in this volume (Kilby, 1995). 

LOCATION 

The Skeena-Wass area is situated in west-central 
Rritish Columbia  between latitudes 53" and 5 7 O  North 
and  longitudes 126" and 132"  West (Figure 2). The 
project name is dwived from the  Skeena  and Nass rivers 
which  drain  the area. The study area includes the 1 : X O  
000-scale NTS map sheets  93E, 93L, 93M, 94D, 103G, 
l03H, 1031, 103J, 103P, 104A  and 104B (Figure I ) .  The 
total land area is approximately 1 244 000 hectares. Major 
towns in the  area include Prince Rupert, Kitimat, Terrace, 
Stewart,  Hazelton,  Smithers  and  Houston.  The principle 
transportation  routes  through  the  area  are  Highway 16, 
Highway 37 and  the  Canadian National Railway. 

MINING AND EXPLORATION HISTORY 

The  mining  and  exploration history of the Skeena- 
Nass area  can  be  divided into three phases. The initial 
phase  coincided with the  first  major influx of European 
fortune  seekers  to northwestern North America  in 1889  as 
a result of the  Klondike gold rush. A second  phase  was 

driven by mineral requirements for the  Sfcond World 
War. The third phase spans  the period from 1965 tc' h e  
early 1980s when large-ton nag^: porphyry  ceposits w:re 
the main exploration target. In recent ycars depo::its 
containing gold have been the main explolation targets 
with several new discoveries  made in the %,wart mill  ng 
camp. 

I 

Figure I .  Location of the Skeena-Nas:i  project (6) m I the Mid-Cc'asl 
( I ) ,  Vancouverlsland (2). Cariboo-Chilcotin (3), Thor cpson-Okan;q:ar 
(4), Kootenay ( 5 )  and Northern1 (7)  ,mineral potential F -0jecLs. 

The Skeena-Nass  area is one  of  the  most richly 
endowed parts of  the  province for mineral re sources nith 
1954 mineral occurrences recorded in the MINFILE 
database for this  area.  This represents approximately :LO% 
of  the total number of occurrences in the  pr'wince. Most 
of  the  occurrences  contain  base  andlor  precious met;ds. 
Of these, there  are  165  past-producing  mines and th-ee 
current producers. The total value of past productian is 
$7.13 billion. In-ground resenes are v a h d  at $27 14 
billion. Total exploration  expenditures  are  estimated  at 
$133.67 million.  These value!: are in 19116 Canadian 
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dollars  and  were  derived  from  data in the MINFILE and  accumulation, for example the presence of high-level 
ARIS databases  and  from historical mining  records. 

Mineral occurrences within the study area cluster into incidence of  deposits is clearly within the  continental  and 
intrusions or major  fracture  systems. The highest 

specific  camps as shown in Figure 2. These  camps reflect island arc volcanic rocks  and  include a variety of  deposit 
the  presence of important controls to mineral types genetically associated with arc  development.  These 

Figure 2. The  Skeena-Nass  project  area  showing  NTS  map  sheets,  major  towns  and  transportation  routes,  location of mining  camps  and 
terrane  boundaries.  Terranes  shown are Wrangellia  (WR),  Alexander (AX), Nisling (NS), Taku (Tu),  metamorphic and  plutonic  rocks 
of the  Coast  Plutonic  complex  (m),  Stikinia  (ST),  Cache  Creek  (CC),  Quesnellia  (QN),  Kootenay  (KO)  and  Cassiar (CA). Diamonds 
represent  major  prospects,  crossed  pick  and  shovels  represent  past  and  current  producers. 
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TABLE 1. MAJOR DEPOSIT TYPES 

Deposit Type Examples 
PorDhVrY Cu-Mo  Kitsault 

Ajax 
Hudson Bay  Mtn. 
Bell 
Granisle 
Huckleherry 
Berg 
Poolar ILake 
Kerr 
Ecstall 
Anyox 
Granduc 

I Fakav 

t"-- Premier 

Snip 
Red  Mountain 
Surf Inlet 

Mesothermal Veins Dome Mtn. 

karns Yreka 
Surf Point 

Silverado 
Klappan 

L Telkwa 

are epithermal  and  mesothermal veins, porphyry  copper 
and  molybdenum deposits, massive  sulphide deposits, 
skams  and  basalt-hosted  copper deposits. In addition, the 
area  has importarit coal  resources at Klappan and Telkwa. 
Table 1 lists major  deposit  types  found in the area. 

GEOLOGIC FRAMEWORK 

Cordillera, a  broad belt of deformed igneous, 
The  Skeena-Nass  area is part of  the North American 

metamorphic  and  sedimentary  rocks that extends from 
Mexico to Alaska.  The  Cordillera is divisible into a 
number of distinct geologic terranes, many of which were 
accreted to the  edge  of  the  North  American  continent in 
Mesozoic  time.  The  study  area  includes  rocks of 
Wrangellia (WR), Alexander terrane (AX),  Nisling 
terrane (NS), undivided  metamorphic  rocks of the  Coast 
Belt  (m), Stikinta (ST), Cache  Creek terrane (CC) and 
Quesnellia  (QN).  Pericratonic and displaced  continental 
margin  rocks  of ancestral North America  (Kootenay  and 
Cassiar terranes) are only  found in the  extreme  northeast 
comer of  the area. 

beyond the  scope of this report. The reader is referred to 
A detailed discussion  of  the  geology  of the area is 

published  maps  and reports of  the  Geological  Survey of 
Canada  and  thc British Columbia  Geological  Survey 
Branch  for more geologic  information.  A list  of selected 
references  is  included  with this report. 
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MINERAL POTENTIAL EVALUATION 

The  Skeena-Nass  mineral potential project was 
started in April 1993. Don Msintyre, Chris Ash and dim 
Britton were  assigned respon:iibility for  he geolof:ic 
compilation  and digital data capture; Ward Kilby  and E,ric 
Grunsky  did  the  phase 1 and phase 2 assessments. 

The key stages in the  evaluation  process ire 
summarized in Figure 3. The evaluatim  invohed 
compilation of geologic  maps at 1:lOO 000 sc;de, 
selection oftracts based  on  geology,  and  eva  uation of the 
potential of  each of these tracts. The evaluati )n of minc:i:al 
potential involves two phases,  one  based on historical 
data  (phase  1) and one  using probabilistic d :terminai~ns 
based on expert assessmlsnts (phast 2). .:he 
methodologies  used for assessing  the minerzsl potentia of' 
the  Skeena-Nass  area are similar to those used in the 1V.ld- 
Coast  (Bellefontaine  and Alldrick, 1995, )his volunle), 

Thompson-Okanagan  (Church,  1995, t'lis volume: 
Vancouver Island (Massey, 1995, this Jolume) and 

projects. 

GEOLOGICAL COMPILATION 

The bulk  of the  evaluation  proc(:ss involvec 
researching,  compiling and digitizing the g :ology of the, 
study area to produce  an  up-to-date digiid  geologka 
database. Mineral tracts were  defined  using ;his databilse 
Geological  compilation  data for the project was releasecl 
as GIs-compatible digital files in Fel'ruary, 1991. 
(Maclntyre et at., 1994) 

obtained  from existing published  and  unpub ished  sout'te!; 
The  data used for the geological  compilation w r c :  

as summarized in the list  of references at tlle end o f  tbi:: 

papers  and  open file maps  published by t l~e  Geological 
report. Geological  data are primarily f n m  memoirs, 

Survey  of  Canada, bulletins, papers, o))en file i u 1 d  
preliminary  maps  published by the Brit'sh Columbia 
Geological  Survey,  university  theses  and  journal 
publications. In addition, discussions with Inan!' 

exploration in the  region  proved invaluable. 
individuals currently or  previously  involved in researc?  or 

The  primary source of  geological  data f )r the  mineral 
potential project is the  1:250  000-scale ge,dogical  nl,apj 
produced by the Geological  Survey  of  Cana  ia.  They h v , :  
published maps at this scale for each of he  NTS  map 
sheets covering  the  study area. Unfortunltely ther: is 
considerable variation in  the vintage m d  detail of 
mapping and this poses  problems it1 correlatin: 
geological units across  map  boundaries. However, fcr 
some areas, in particular the  Coast  Belt  and in large palt 
the Bowser  Basin,  these  maps are the oily sourc': cf 
geological  information. 

mapped selected  areas  within the study a r ~  a at 1:50 OOD 
The British Columbia  Geological Surv:y Branch has 

and 1:lOO 000 scale. Most  of this mapping  is recent and 
covers  areas  of  known  mineral  potentia  such as the 
Stewart,  Smithers  and Whitesail regions. n  most case:;, 
the  amount  of detailed geologic informatiot I contained on 
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~ Milestones ~~ 

8 SeDt. 9th - Smithers maD review 
~ 

8 Nov.  2nd - GSC map review,  Vancouver 
3# Jan.  28th - poster  display at Roundup 0 
8 Jan.  28th - digital  data  released  as  Open  File  1994-14 
8 Feb.  8th - expert  workshop,  Smithers 
3# Feb. 10th - expert  workshop,  Vancouver 

Ph.,* 1 & 1 
anallscr 

Figure 3. Time line for the Skeena-Nass  projecl showing project  milestones 

these  maps  was  too  great for a 1950 000-scale 
compilation  and  some  generalization  was required. 

In recent  years  the  Mineral  Deposit  Research Unit 
(MDRU) at the  University  of British Columbia  has 

the  study area, MDRU  has  produced  maps for parts of  the 
conducted  detailed  mapping in selected  mineral  camps. In 

economically  important Iskut River  camp. 

reports filed for assessment  within  the  study area. Many 
As of September 1994, there  were  a total of 1995 

of  these  reports  contain  good quality geological  maps. 

between 1500 and 1 5  000 scale and  cover  a  very  small 
Unfortunately  most  of  the  assessment report maps are 

area  on  a 1:250 000 scale map. 

DATA CAPTURE 

The first step for  the  compilation team was to 
compile  the  geology  of  the  area  onto  mylar  overlays 
registered to 1:lOO 000 scale topographic  base  maps. 
These  base  maps  were  generated from digital 1:250 000 
scale,  restructured  topographic  maps  produced by the 
Ministry of Environment,  Lands  and  Parks. In order  to 
compile at 1 :IO0 000 it was  necessary to divide  each 

38 maps  were  required to  cover  the  study area. 
1250 000 scale map  area into four  quadrants.  A total of 

AutoCad  Release 12. AutoCad  was  used  because it 
The  manuscript  geology  maps  were digitized using 

supports  many digitizing functions  which are not  found in 
other  CAD  (Computer  Assisted  Drafting) or GIS 
(Geographic  Information  System)  software  packages.  A 
digitizing strategy was  used that ensured  polygon closure, 
a  key  requirement if digital data  are to  be used  in  a  GIS. 

different layers from lines not  forming  boundaries.  This 
Lines that formed  polygon  boundaries  were  placed on 

greatly reduced  the  amount  of editing required when the 
data  were  converted to Terrasoft CIS format. 

data was exported in DXF  format  and  imported into 
After the  maps  were digitized and  edited,  the digital 

Terrasoft  using  a DXF translation routine. Terrasoft  was 

geology  polygons to an  associated attribute table. The 
used to clean up linework,  build  a  topology  and link 

GIS  created  a total of 5350 polygons,  each of which  was 
given  a unique identification number by the  system. 
Geology tags were  entered  manually for each of the 
polygons  using  the  GIS  tagging routines. 

TRACTSELECTION 

and  known mineral  occurrence distribution. Typically, 
Mineral tracts were  defined on the basis of geology 

tract boundaries  are  defined by geological  contacts - 
either stratigraphic or tectonic. However, in a  number of 
cases it was  necessary to place tract boundaries arbitrarily 
through  areas  of similar geology in order  to  reduce  the 
size of  a tract. This  was particularly true  for parts of  the 
Coast  Plutonic  Complex  and  Bowser  Basin. 

The  geological  compilation  maps  were  used as  a 
basis for dividing  the  Skeena-Nass  area into 97 mineral 
tracts (Figure 4). Individual tracts were  assigned  a 
sequential identification code  based on the  dominant 
lithostratigraphic unit within  the tract (JH - Hazelton 
Group,  CC - Cache  Creek, ST - Stikine  Assemblage; CP - 
Coast  Plutonic  Complex; KK - Kasalka  Group; KS - 

Assemblage; PI - Ingenika  Group; TA - Takla Group; TV 
Skeena  Group; JB - Bowser  Lake Group; PL - Lay  Range 

- Tertiary volcanics). A list of mineral  assessment tracts in 
order  of  phase 1 ranking  and  showing tract identification 
code, tract name, area  in hectares, number of mineral 
occurrences,  value  of  mineral  inventory, total exploration 
expenditures,  value  of  past  production  and  weighted 
phase I score  for  each tract, is presented in Table 2.  
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TABLE 2. SKEENA-NASS  MINERAL  ASSESSMENT  TRACTS - PEASE 1 DATA 

12,438,760 

Uinfllr 
OCC 
775 
129 
50 

43 
19 

207 
39 
27 

I 03 
50 
4 
8 
83 
80 
31 
41 
E 
15 
24 
21 
38 
10 

35 
8 

25 
7 

12 
19 
16 

33 
3 

17 
8 

10 

34 
15 

98 
7 

-T 
14 

34 
9 

27 
34 
37 
11 

55 
10 

2s 

18 

2 
3 

30 
2 

19 
1 

15 
9 

4 
0 

5 
2 
6 
1 

a 0 

0 
1 
2 
0 
2 

: 
4 
3 

2 
5 

3 
2 

0 
0 " 
0 

19% 
0 - 

i :  

I i  

l i  

1 
27,145,732,311 

I 

: I  : 

133,898,593 7,126,869,443 
1- 
I 1  
- 
57,770 
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PHASE 1 MINERAL POTENTIAL ASSESSMENT 

0 KM 100 - 
Figure 4. Skeena-Nass mineral assessment tracts showing tracts ranked high,  medium and low in the  phase 1 assessment. 
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Mineral Resource Inventory by Tract 

Past Production by Tract 

" 

.~ 

Figure 5. Bar graphs of phase 1 mineral  assessment  data  normalized to tract area  and  ordered by rank. 
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PHASE I 

The  phase 1 mineral potential assessment is based  on 
the  mineral  occurrence density, value  of  past  production, 
previous  exploration  expenditures  and  value  of  known in- 
ground  “reserves”  for  each tract as described  elsewhere in 

calculated  by  ranking  each tract according to these factors 
this volume  (Kilby,  1995). The  score  shown in Table 2 is 

relative to tract area, and  then  applying  a  weighting factor 
to  the resultant ranks  and  adding  the results. The 
weighting  factors are 25 for  known  resources, IO for  past 
exploration  work  and 5 for  number  of  mineral 
occurrences  and  past  production.  The tracts are then  given 
a rank from 1 to  97,  with 1 being  highest potential and 97 

and  arranged by rank  out of 97 are  shown graphically in 
lowest. The  per hectare  values calculated for each tract 

Figure 5. This  ranking is specific to  the  project  area  only 
and  does  not relate to ranks  assigned in adjacent  areas 
(e.g. Mid-Coast).  Tracts  ranked low in the  Skeena-Nass 
area  may still have significantly higher  mineral potential 
than  those in adjacent  areas that are  not as well  endowed 
with  mineral deposits. A  low  rank  does  not imply no 
mineral potential, only relatively low potential by 
comparision  with  other tracts in the project area. 

After a phase 1 ranking  has been determined,  the 
tracts are then  divided into groups  representing  high, 
medium  and low potential based on cumulative area. In 
this  way tracts representing  the  top 33.08 Oh of the  area (4 
115 143 ha)  are  assigned to the  high potential category, 
the  next  33.11 % (4 I19 066 ha) are considered  medium 
potential and  the  bottom 33.80 % (4  204 551 ha) are 
considered to  have  low potential (Table 2). 

with  a  shading  pattern reflecting high,  medium  and low 
Figure 4 shows  the distribution of tracts in the  area 

potential. The  highest  ranked tract (JH30) is  in the 
Stewart  area  and  contains  the  Eskay  Creek deposit; the 

comer  and is underlain by unmineralized  Proterozoic 
lowest  ranked tract (PII) is  in the  extreme  northeast 

rocks. In general, tracts containing  volcanic  rocks  of 
Triassic, Jurassic and  Cretaceous  age are ranked  medium 
and  high  while  those  containing  successor  basin 
sedimentary  rocks  (Bowser  Lake  Group) or large 
unmineralized  plutons  such as those of the  Coast  Plutonic 
Complex  are  ranked low. 

PHASE 2 

identify tracts with potential for  undiscovered  mineral 
The phase 2 estimation process  is  designed to 

deposits. The  estimates are done by experts  with  personal 
knowledge of  the area, and,  when  combined  with  the 
phase 1 results give  an overall ranking  for  the  mineral 
potential of  a  given tract. The  phase 2 estimates  take into 
account  previous levels of  exploration  and  current  deposit 
models that may  not  have been the  focus  of  previous 
exploration efforts. In this way, tracts with  favourable 
geology  but  no  known  production or reserves  can  often 
be ranked  higher  than mcts  which  are  considered to be 
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well  explored and to have less potential for new 
discoveries. 

assessment  were  completed for the  Skeena-Nass  project 
Expert  estimation  for  the  phase 2 mineral potential 

in February, 1994. Unfortunately,  the  number  of 
estimators participating in the  process  was relatively low. 
Consequently,  not all tracts and  deposit  types  were 
considered by the  estimators  and it  may  be necessary to 
conduct  a new set of  estimates  using  a  revised 
methodology. 

DISCUSSION 

criteria used to score  the tracts. Well  explored areas  with 
The  phase 1 rankmgs clearly reflect the weighting 

known  reserves and historical production are the  top 
ranked tracts; tracts with  no  known  occurrences  and  no 
previous  exploration or production history score  very 

based on per  hectare  values  not total values. A  small tract 
low.  Tract size can also be important  because  scores are 

with  numerous  occurrences  and historical reserves will 
score  higher  than larger tracts with similar values. 

A  complete  assessment of the  mineral potential of  the 
Skeena-Nass  area  must  await  completion of the  phase 2 
assessment.  Although  useful as a  guide to areas of 
favourable  mineral  endowment,  the  phase 1 assessment 
does  not by itself, address  the potential for  undiscovered 
deposits. This  information is required  before  a final 
mineral potential map  and  report  can be produced  for  the 
project. 
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INTRODUCTION 

started a  mineral poaential assessmenl in 1992 utilizing 
The British Columbia  Geologicdl  Survey Branch 

deposit  models for defining  and  characterizing  mineral 

geological  environments  could exist, in the  province. The 
and  coal  deposits  which exist, or for which  favourable 

current  methodology  for this resource  assessment  process 

volume)  and  Grunsky (1995, this volume). A fundamental 
is described by Grunsky ef ai. (1994). Kilby (1995, this 

part of this  process is compilation  of  information  about 
mineral  deposits  including descriptions, classification and 
resource data. The resulting deposit  models  are  being 
used to classify known  deposits  and  occurrences, to guide 
experts in their identification of  possible  undiscovered 

compilation  of  representative grade and tonnage data. 
mineral deposits, and to group  deposits to allow 

The Branch initially relied on mineral  deposit  models 
published by  the United States Geological  Survey 
(USGS) and  Geological  Survey of Canada (GSC). 
However, it became  apparent that some  models  needed 
revision  and that there are British Columbia  deposit  types 
lacking  published  models.  This work is proceeding using 
the Branch's  considerable  in-house expertise (McMillan 
el a/ . ,  1991) with assistance from  economic  geologists  of 
the  GSC, USGS and industry. 

These revised  deposit  models  are called 'deposit 
profiles' to distinguish them from  the USGS 'deposit 

province's  mineral  occurrence  database (MINFILE). The 
models'  and to underline their relationship to the 

profiles will provide  geologists  and  prospectors  with  a 
reference  guide to deposits  with  which  they  may  have 
little familiarity. In  some  cases  they may encourage 
consideration of new exploration targets within the 
province. 

BACKGROUND 

"An ore deposif model  is a  concepfual andor 
empirical  standard,  embodying  both fhe descriptive 
features of the deposit  type,  and  an  explanation of fhese 
features in  terms of geologicalprocesses." 

Hodgson, 1993 

relevance to exploration  (Cox, 1993). One  of rhe points 
underscored by this debate is that while modc Is are all 
extremely useful method  of  organizing data, hey mKq 

phenomena.  This may result in failure to consider 
lead to over simplification of complex natural 

relevant  data which do  not fit the  model. It is imoortant tO 
remember that any  model  has limitations, p;rticularly 
those  attempting to portray  the essential features of 
natural phenomena. 

Interactions between  the  constructors of mc,dels, wh80 
are often  government  and  academic geologist!, and  the 
explorationists who use  them,  is critical to the  evolution 
of more  accurate  and  useable  models  (Hodgs( n, 1993:). 
Otten it  is the deposits that can not be classifi :d, or  the 
observation that can  not be explained by  at existing 
model,  which  leads to an advance i n  our  undersanding of 
ore-forming  processes  or  products. 

Critical elements  of  mineral potential assesments are 
standard  deposit-type  descriptions that are used to 
establish groups of similar deposits. These standard 
descriptions can  then  be used as "deposit  defin tions" fc+ 

tracts, as well as providing  the basis for selectin!: resource 
expert  analysis of the  mineral potential of r:eological 

data for quantitative assessments,  such as tabulations clf 

grade  and  tonnage  data  (Grunsky, 1995, this vol me) .  
Complete suites of deposit  models are desir ible, even 

though  mineral  assessments  and  exploration  programs 

one time. For  government, it  is important to ass:ss all the 
may focus on a restricted number of deposit ty:~es  at any 

resource  values  with  an eye  to future expkitation o f  
resources. There will  be  land tracts that will  haw 
increased  mineral potential if deposit types of little 
significance  today  can be identified as possiblt mines 0 1  
tomorrow. For industry, it is critical to be able to decide 
that a particular occurrence  belongs to a deposi. type that 
is  not  economically interesting at the  present ime. This 
helps  focus  exploration efforts on targets with a greatcx 
chance  of  economic return. 

mineral deposit models  and related grade an i  tonnage 
The USGS published  the first comprehen! ive set o f '  

probability curves  (Cox  and  Singer, 1986). Th :y present 
85 mineral  deposit  models  and 60 associated  grade and 
tonnage  curves.  Almost all the  deposits desribed art 
metallic. Since  then  the USGS has  produced  a  lumber 01' 
other  publications  containing  summary  deposit  models 
including  two significant Open File reports w th a l a r g e :  
number  of industrial minerals  models (Oms and Bliss 
1991,  1992). The USGS continues to work  on  deposi: 

deposits that have been found,  or  could exist, in Britist, 
models,  however, it has  yet to publish model!' for somc. 

Columbia. 

discussion  of  the importance of deposit  models  and their 
In  recent years there has been considerable 

Geological  Fieldwork 1994, Paper 1995-1 44!J 

ldegroot
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B.C. MINERAL  DEPOSIT  PROFILES 

Profiles are  based on a  combination  of  published 
information  and  the  personal  knowledge  of  the  authors 
and, in some cases, information  provided  informally by 

models are relevant to British Columbia,  including 79 
indusay geologists. More than 140 general  deposit 

metal, 71 industrial mineral  and four coal profiles. The 

of  these  deposit  models. It  is also compiling  grade and 
Branch is completing  descriptions  for  approximately 100 

tonnage  data for selected  models  (Grunsky, 1995, this 
volume). 

and  research geologists, it  is a  given that some  of  today’s 
With  new data  being  produced  every  day by indusay 

models will be out-of-date  tomorrow. Our profiles  are 

Erickson (1982). playing their part in the  continuing 
intended to be part of  the  dynamic  process  described by 

evolution of better deposit  models to assist the 
exploration  community  and  resource  assessment 
geologists. 

Deposii Profiles  Format 

The profiles are  designed to be global  models with 
sufticient  information to describe  the  deposit  type 
anywhere in the world.  However,  they do incorporate 
more  information  specific to British Columbia with 
respect to tectonic setting, age of  mineralization, 
examples,  references,  resource  data  and  economic factors. 

Profiles are concise  descriptions tied to a series of 
headings  which will fit  on two or three  pages.  A  sample 
profile for  gold skams is presented in Table I .  This 
format is similar to deposit  model  publications by the 
Geological  Survey of  Canada and the USGS (Eckstrand, 

primarily  descriptive  because  the  ore-forming  processes 
1984; Cox and  Singer, 1986). They  are  designed to be 

are sometimes  poorly  understood.  However, a section on 

many of the  authors  and  reviewers of the draft 
‘genetic models’  is  now part of  many profiles because 

information  argued  strongly  for  its inclusion. 

Classiflcatwn 

considerable discussion - grouping of the different deposit 
Another aspect of the profiles has generated 

types.  This reflects the difficulties  in any  subdivision of 
complex  natural  phenomena, particularly when  some 
deposit  types are end  members  of  a  continuum.  The  many 
classification systems  developed  since  Agricola are 
testimony to the  elusive  nature of a satisfactoly 
classification scheme  for  mineral deposits. This is  not 

understanding of ore-forming  processes.  The reader is 
surprising  given the  ongoing  advances in our 

directed to summaries  by  Jensen  and  Bateman (1979) and 
Peters (1978) for  a  review  of different classification 
systems. 

deposit  models as the  key  element  and  any classification 
With  the profiles, the  approach  has  been to regard  the 

system as an  index  for  placing  the  models in a useful 

470 

context  for the user. Profiles will  be published with 
multiple  indexes, such as by commodity,  host lithology 
and deposits. An example of providing  indexes to mineral 
deposit  types is Laznicka’s text (1985) which  proved 
invaluable in researching international examples  of 
deposits similar to those in British Columbia. 

deposit profiles are presented in this paper.  The first is 
Two classification schemes  for British Columbia 

organized by association  (Table 2 )  which  uses  a 

groupings  frequently  used by geologists. This is a single- 
combination  of characteristics to separate  deposits into 

entry listing with  headings,  such as porphyry, industrial 
rocks, organic  and  placer  deposits  which  often relates 
well to areas of expertise of economic geologists. The 
second classification system  presents  the profiles grouped 
according to the  most  commonly  associated host 
lithologies and is a  multiple  entry  index  (Table 3). This 
latter scheme is similar to the  principle USGS 
classification system of Cox  and  Singer (1986) and is 

where  the  bedrock  geology  is  the  most  important criteria 
particularly useful  for  mineral potential assessments 

for estimating the number of undiscovered deposits. 

assessment  process  more  than 9900 of  the occurrences in 
Within  the  British Columbia  mineral  resource 

the province listed in MINFILE  were classified by 
detailed deposit type. This assisted the analysis of the 
mineral potential of individual  geological  tracts by 

It also provided  a check on the effectiveness of existing 
identifying all the deposit types that exist within  the tract. 

deposit  models to adequately  describe  the  complete  array 
of  mineral  occurrences in British Columbia.  Geologists 
classifying occurrences  quickly  pointed out that there 
were  a  number  of Occurrences that did not fit any  of  the 
existing profiles and  some that did  not fit any  of  the 
USGS models either. In some  cases this reflected the 
difficulty of classifying poorly  described  showings  and 
prospects. However, it also led to identifying  more 
deposit  models that needed to be written. This  exercise 
should be completed in any  area  of  mineral potential 
assessments as it provides  a  very  useful  check on the 
applicability and  completeness  of  global  models  being 
applied. 

types  for British Columbia  (Tables 2 and 3), the  reader 
Within the two classification schemes  of  deposit 

will notice  several new deposit  types  that reflect the 

there is a  deposit  model for Shallow  Subaqueous Hot 
influence  of new discoveries or new data. For example, 

Spring Au-Ag. This  is  based on the  Eskay  Creek  deposit 
and  recent  research results from  the  southeast Pacific 
(Hannington, 1993) documenting  shallow,  precious  metal 
rich exhalative  sulphide  deposits.  As more  data  are 
collected on these new deposits our increased 
understanding  may  allow  them to be merged  with  an 
existing  deposit  model. 

ACKNOWLEDGMENTS 

geologists  who  have  contributed  their  expertise to the 
The  authors  would like to thank all the  economic 

deposit profiles as this is truly a  team  effort.  Branch  staff 
have  contributed  the  majority of the  deposit  models  and 

British Columbia Geological Survey Branch 



participated in number of meetings to determine which 
deposit  types  should  he included. The work of Chris Ash, 
Neil  Church, Tim Giles, David Grieve, Kirk Hancock, 
Dan Hora,  Trygve HOy, Vic Levson, Don Maclntyre, 
Nick  Massey,  JoAnne  Nelson,  Graham  Nixon,  Andre 
Panteleyev, Tom !khroeter  and Paul Wilton is much 
appreciated. 

A number of geologists  from  government, 
universities  and industry have also written or co-authored 
profiles allowing U:p to tackle  more  deposit models. Staff 
of the  Geological  Survey of Canada  have been 
particularly helpful. Tyson Birkett, Tomas Feininger, 
Suzanne  Paradis,  Anne  Sabina, Don Sangster and  Dave 
Sinclair  have  contributed  profiles or acted as co-authors. 
Ian Knuckey  and  Christopher Pilarski of Baymag, Peter 
Cemy of the University of Manitoha, Wilfred Kenan of 
Asbury Graphite Mills Inc., Eric Force, Greta Orris, 
Richard  Sheppard  and Ted Theodore of the United States 
Geological  Survey  have willingly sh;ued their expertise. 

Nick  Carter  and Ron McMillan of the  Stonehouse 
Group and  Robert Brown  and Robert Helgason of Quest 
Canada  Resources  Corporation were among the first users 
of the draft  profiles  and related indexes as they classified 
the minfile occurrences.  They  provided some key insights 
into the  choice of deposit  models. 

Ken Dawson and llod KirWlam of the GSC, Dan Hora of 
Many  people have  made useful suggestions including 

the  Branch  and  John  Thompson of the University of 
British Columbia. We would  like  to  thank Dennis Cox 
for his  continuing  encouragement  and enthusiasm for the 
project. Editorial c:omments from John  Newell  were most 
helpful. 

REFERENCES 

Cox, D. P. (1993): Mineral  Deposit  Models,  Their  Use  and 
Misuse - A. Forum  Review; Society of Economic 

Cox, D.P.  and  Singer,  D.A.,  Editors (1986): Mineral  Deposit 
Gcologisrs. Newsletter  No. 14, pages 12-13. 

Models; U.5: Geological Survey,  Bulletin 1693,  379 
pages. 

Eckstrand, O.R., Editor (1984): Canadian Mineral Deposit 
Types:  A  Geological  Synopsis; Geological Survey of 

13rickson,  R.  L.,  Compiler (1982): Characteristics of Mineral 
Canada, Economic  Geology  Report 36,  86 pages. 

Deposit  Occurrences; U. S. Geological Survey, Open - 
File  Report I:2-795, 248 pages. 

Enlinger,  A.D.  and  Ray,  G.E. (1989a): Precious  Metal  Enriched 
Skams in British  Columbia: An Overview  and 
Geolneical Studv: B. C Ministrv o f  Enerm. Mines and o~~ -~ ~ ~ , ~1 ~ - . ~ ~  ~ ~ 

Petroleum Resources, Paper 1989-3, 128 pages. 
Ettlinger,  A.D.  and  Ray,  G.E. (1989b): Tectonic  Control on 

Distribution of Skam Hosted  Precious  Metal De posits in 

America, 4;!nd Annual  Meeting,  May 8-11, Spokane, 
British  Columbia,  Canada; Geological Saiiety of 

Etllinger,  A.D.,  Albers, D., Frederick, R.  and  Urbisinov, S. 
Program  with  Abstracts,  Voluml: 21, page 76. 

(1995, in Freparation):  The  Elutle  Highlands  Project, 
Silver  BOW  County,  Montana;  An  Olivine-rich 
Magnesian  Gold  Skam; in Symposium  Proceedings of 
Geology  and  Ore  Deposits  of  American  Cordilleran, 
Geological Sociey of Nevada, US. Geological Sumy  
and Geological Society of Chile, April 10-13,  1995, 

Grunsky,  E.C.,  Kilby,  W.E.  and  Massey,  N.W.D. (1994): 
Reno, Nevda. 

Resource  Assessment in British  Columbia; in 

Nonrenewable Resources, Volume 3, No. 4 pages 2 ' 7 1  .. 
283. 

Grunsky,  E.C (1995): Grade-Tonnage  Data  for Mir era1  Deposit 
Models in British  Columbia; in Geologici I Fieldwolk 
1994, Grant,  B.  and  Newell.. J M.,  Editors, l'.C, Minixby 
ofEnergv, Mines and Petroleum Resources, Paper 190:i. 

Hannington, M. D. (1993): Shallow  Submarine € ydrothenntl 
1, this  volume. 

Association of Canada, Mineral Depos '1s Diwiskrr 
Systems in Modem  Island  Arc  Settings; Geologrc~l 

Hodgson,  C.J. (1993): Uses  (and  Abuses) of Ire Depo!.it 
Newslerter, The  Gangue,  No. 43, pages 6- 9 

Models in Mineral  Expioralion; Ceoscieitce Conad;,, 
Reprint  Series 6, pages 1-1 I. 

lensen, M. L. and  Bateman, A. M .  (1979): Econt  mic  Mie:ral 
Deposits; John Wiley & Sons, New  York, 59 3 pages, 

Kilby, W. (1995): Mineral  Potential  Project - Overview; io 
Geological  Fieldwork 1'294, Grant, B and liewell, J.M. ,  

Resources, Paper 1995-1, this  volume. 
Editors, B.C. Ministry ofb.nwgv, Mines avd Petrolcam 

Laznicka,  P. (1985): Empirical  Metallogeny - Depositioral 
Environments,  Lithologic  Associations ;nd Metal  ic 
Ores,  Volume I :  Phimerozoic E nvironmenlr, 
Associations  and  Deoosits. ,Elsevier. Neu York. 175s 

Ore  Deposits, lectonics and 

of Energv,  Mines and Petrolrum Resources Paper 191. I- 
Metallogeny of the  Caiadian  Cordillera; 1. C. Minls.>y 

4, 276 pages. 
Meinert, L.D. (1988): Gold in Skam  Deposits - A l'retiminay 

Overview;  Proceedings of the 7th Quadrenr  ial  IAGOD 
Symposium; E. Schweuerbortische Verlags 5uch- 

Meinert,  L.D. (1989): Gold  Skarn  Deposits - Geology  aud 
handlung, Stuttgart. 

Exploration  Criteria; in The Geology of Cold  Depa,s ts; 
The  Perspective in 1988, Economic Feolog i; Monogrrph 
6. oaees 537-552. 

Geological Fieldwork 1994, Paper 1995-1 ,471 



Table 1. EXAMPLE  DEPOSIT  PROFILE FOR AU SKARN 

Au SKARNS KO4 
by  Gerald E. Ray 

IDENTIFICATION 

SYNONYMS Pyometasomatic,  tactite,  or  contact  metasomatic  gold  deposits. 

COMMODITIES  (E3YPRODUCTS):  Au  (Cu,  Ag). 

EXAMPLES  (British  Columbia - Infernatiollal): Nickel  Plate  (092HSE 038). French  (092HSE  059),  Canty  (092HSE O G ) ,  
Good  Hope  (092HSE 060); Fortitude (USNV). McCoy (USNV), Tomboy-Minnie (USNV), Buckhorn  Mountain 

Nambua (ECDR). 
(USWA). Bum Highlands ( U S W .  Thanksgiving (PLPN). Browns Creek (AUNS), Mount Biggenden (AUQL), 

GEOLOGICAL CHARACTERISTICS 

CAPSULE  DESCRIPTION  Gold-dominant  mineralization  genetically  associated  with  a  skam  gangue  consisting  of  calcium- 
ironmagnesium  silicates. It includes  calcic  and  magnesian Au  skams. 

TECTONIC  SETTINGS:  Most  Au  skams  form  in  orogenic  belts at  convergent  plate  margins.  They  tend  to  he  associated  with 
syn to late  intm  oceanic  island-arc  intrusions  emplaced  into  calcareous  sequences  in arc or back-arc  environments. 

and is probably  associated  with  melts  derived  from  continent  crust. 
However,  the  Butte  Highlands Au skam in Montana, US. (Ettlinger et ai., in prep) is hosted  by  platformal  carbonates 

DEPOSITIONAL  ENVIRONMENT / GEOLOGICAL SEITING: Most are related to plutonism  associated  with  the 
development of oceanic  island arcs or  back arcs, such as the Late  Triassic-Early  Jurassic  Nicola  Group in British 
Columbia. 

AGE OF  MINERALIZATION  Phanerozoic  (mostly  Cenozoic  and  Mesozoic); in  British  Columbia  they are  mainly  of  Early  to 
mid-Jurassic  age.  The  unusual  magnesian  Au  skams  of  Western  Australia  are  Archean. 

HOST/ASSOCIATED  ROCK  TYPES:  High to  intermediate  level stocks, sills  and  dikes of gabbro, quartz diorite or 
granodiorite  intruding  carbonate,  calcareous  clastic  or  volcaniclastic  rocks.  The  island  arc  related,  I-type  intrusions 
are commonly  porphyritic  and iron rich,  and  have  low  Fe,O,/FeO  ratios. 

DEPOSIT  FORM:  Variable from irregular  lenses  and  veins to tabular  or  stratiform  orebodies  with  lengths  and  widths  ranging 
up to many  hundreds of metres. 

TEXTURF./STRUCTURE:  Igneous textures in  endoskam.  Coarse to  fme-grained,  massive ganoblastic to  layered  textures in 
exoskam.  Some  hornfelsic  textures.  Faults  and fractuns can be an important  loci  for  mineralization. 

ORE MINERALOGY(Principal  and subordinale): 
Calcic Au skams: Native  gold f chalcopyrite * pyrrhotite * arsenopyrite * felluridm (e.& hedleyite, tefra*mife, altaite and 

hessife) bismuthinife f cobaltite * native bismuth f pyrife f sphalerife f maldonite. Generally high sulphide 

Gold  is  commonly  present as micron-sized  inclusions  in  sulphides, or at  sulphide  grain  boundaries  associated  with 
content  and  pyrrh0tite:pyrite  ratios,  and  low  Cu:Au ( a O O O ) ,  Cu:Ag (<low), Zn:Au (<loo) and  Ag/Au (<I )  ratios. 

tellurides.  Therefore, to the naked eye, Au  skam  ore is often  indistinguishable  from  waste  rock. 
Magnesian  Au  skams:  Native  gold f pyrrhotite + chalcopyrite f pyrite f mognefite * galena f tetrahedrite. 

EXOSKARN  MINERALOGY  (GANGUE): 
Calcic  Au skarns:  extensive  exoskam,  generally  with  high  pymxene:gamet ratios, although  at  the Fortibde deposit in 

Nevada,  some  higher  gold  values are concentrated  in  thin, stluchually  controlled  garnet-rich  zones.  prograde 
minerals  include  K-feldspar,  Fe-rich  biotite,  low h4n grandite  garnet  (Adlslm),  wollastonite,  diopside-hedenbergite 
clinopymxene (H&,m) and  vesuvianite.  Other less common  minerals  include  rutile,  axinite  and  sphene.  Mineral 
and metal zoning  common  in skam envelope  with  proximal  coarse-grained,  garnet-rich  skam  containing  high 
Cu:Au  ratios,  and  distal  finer  grained  pyroxene-rich  skam  containing low  Cu:Au  ratios  and  gold-sulphide  orebodies. 
Late  or  retrograde  minerals  include  epidote,  chlorite,  clinozoisite,  vesuvianite,  scapolite,  tremolite-actinolite,  sericite 
and  prehnite. 

serpentine, epidote,  vesuvianite,  tremolite-actinolite,  phlogopite,  talc,  K-feldspar  and  chlorite. 
Magnesian Au skams:  olivine,  clinopyroxene  (Hd2.50),  garnet (Ad,.,,) and  chondrodite.  Retrograde  minerals  include 
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Au SKARNS KO4 
ENDOSKARN  MINERALOGY  (GANGUE): 

Calcic  Au skans: moderate  endoskam  with  K-feldspar,  biotite,  Mg-pyroxene  (Hd,,,)  and  gamet. 
Magnesian  Au  skams:  details on endoskam  are  poorly  documented.  Argillic  and  propyllitic  alteration  with  some  h,amet, 

clinopyroxene  and  epidote  occurs  in  the  endoskam  at  the  Butte  Highlands Au skam. 

WEATHERING: In temperate  climates,  skams  often  form  topographic  features  with  positive  relief. 

ORE  CONTROLS:  Stratigraphic  and  structural  controls.  Sulphide-rich  ore  commonly  develops  in  distal,  pyroxene-c,ominant 
portion csf the  skam  envelope.  Some  orebodies  form  along  sill-dike  intersections,  sill-fault or bedding-fault 

related to mineralization 
intersections as well as along  fold  axes. In some  districts,  specific  suites  of  reduced,  Fe-rich  inlrusions  are  sp  ltially 

GENETIC  MODEL:  Mineral  assemblages  and  low  Fe,O,/FeO  ratios  indicate  that  most  calcic  Au  skarns  are  highly  re,luced 
systems.  However,  the  McCoy  Au  skam  in  Nevada  represents  a  more  oxidized  system.  There  is  a  worldwid,.  spatial 
and  temporal  association  between  porphyry  copper  provinces  and  gold skams. 

ASSOCIATED  DEPOSIT  TYPES: 
Calcic  Au  skams:  Au  placers  (COI,CO2),  calcic  Fe  and  Cu skams (K03, KOI),  porphyry  Cu  deposits  (L04)  and  A  1-bearing 

Magnesian Au skams:  Au  placers (Col,CO2), Cu skams (KOI), porphyry Cu and  Mo  deposits  (104,  LOS), Au-bea,  ing 
quartz and/or  sulphide  veins (101,102). 

quartz and/or  sulphide  veins (101,102); possibly  W  skams (K05).  

COMMENTS:  Most  Au skams  throughout  the  world are calcic  and  are  associated  with  island  arc  plutonism.  Howev :r, 
unusual :and distinct  magnesian  Au  skams  are  reported in the  Archean  greenstones  of  Western  Australia  and III 
Cambrian  platformal  dolomites  at  Butte  Highlands in Montana,  U.S.A. 

EXPLORATIONGUIDES 

GEOCHEMICAL,  SIGNATURE:  Au,  As,  Bi,  Te,  Co,  Cu  anomalies, as well as some  geochemical  zoning  patterns t h  oughout 
the  skarn  envelope  (notably in CdAu ratios).  Calcic Au skams  tend  to  have  lower ZdAu, C:u'Au  and A ~ / A I  I ratios 
than  any  other skam class.  Their  genetically  related  intrusions  may  he  relatively  enriched in the  compatible  :lements 
Cr,  Sc  and V, and  depleted  in  lithophile  incompatible  elements  (Rb,  Zr,  Ce,  Nb,  and  La),  compared  to  intrus ons 
associated  with  most  other  skam  classes. 

GEOPHYSICAL  SIGNATURE:  Airborne  magnetic or gravity  surveys  to  locate  plutons.  Ground  IP  and  magnetic  foilow-up 
surveys can outline  some  deposits  (magnesian  skams  tend  to  be  magnetite  bearing). 

OTHER  EXPLOKATION GUIDES Old  placer  workings. 
Calcic  Au  skarns:  Pyroxene  and  pyrrhotite-dominant  exoskam  envelopes  associated  with  reduced,  Fe-rich intrusms in 

Magnesian  Au  skams:  granodiorite  intrusions in dolomitic  sedimentary  rocks. 
island  arc  environments. 

ECONOMIC  IMPORTANCE 

TYPICAL  GRADE  AND  TONNAGE:  These  deposits range from  0.4 to IO Mt  and  from 2 to IS g/t  gold.  Theodore tal. 
(1991)  report  median  grades  and  tonnage  of 8.6 g/t ,5 .0  g/t  Ag  and 213 000 t.  Nickel  Plate  ha!;  produced OVI r 8 Mt 
grading 7.4 g/t Au.  Average  grade  worldwide  is  approximately 4.5 g/t  gold. 

IMPORTANCE:  Recently,  there  have  been  some  significant  Au  skam  deposits  discovered  around  the  world.  Nevertl  eless, 
total  hisloric  production  of  gold  from  skam  (approximately 1000 tonnes  of  metal)  is  minute  compared  to  prc  duction 
from  other  deposit  types.  The  Nickel  Plate  deposit  (Hedley,  British  Columbia)  was  probably  one  of  the  earlb  :st  major 

although  nearly  half of this W.S derived as a  byproduct  from Cu and  Fe skams 
gold  skarns  in  the  world to  he  mined.  Skams  have  accounted  for  about 16 Yo of  British  Columbia's  gold  pro1  uction, 
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Table 2. B. C. Mineral Deposit Profiles Listed by Association (December 15, 1 9 9 4 )  I 

A01  Peat 
A02 Lignitic MSI 
A03 Sub-bituminous coal 
A04 Bituminous mal 
A05 Anthracitic coal 

"Brown coal.' 

Coking coal, Thermal  coal 
Thermal coal. Black lignite 

stone coal 

Laterite Fe 
Laterite  Ni 
LateritsSaprolite  Au 
Bauxite  AI 

Fireclay 
Residual kaolin 

Bog  Fe. Mn. U. Cu, Au 
Surflcial U 
Karsthostad Fe, AI. PbZn 
"Terra Rorsf' Au-AQ 
Marl 
Sand and  Gravel 

Gossan Fe 

Eluvial  placers 
Lateritic bauxite 

Refractory  shale 
Primary kaolin 

"Cabrete U 

Residual Au; Precious  metal g o r u n s  

CO1 Sunicial placers Placer U-AuPGESndiamondmagne8tegarnet, gems 
COZ Buriedchannd placers 

COP' Palwplacar U-Au9GESndiamMld-Timag-gar-zir 
COY Marine  placers Offshore heavy  mineral  sediments 

W1 Openaystern Zeolites 
W2 Closed  Basin  rsotites 

W 3  Volcanic  redbed  copper 
w4 Basalu 
W S  Sandstone U 
w6 Volcanic- U 
W 7  Iron  oxide breccias  and veins CuU-Au 

Basaltic C" 
Sandstone U 

"Epithermal U", Yolcanogenic IJ 
Roll front U. Tabular U 

Olympic Dam type Fe (Cu-U-Au). Kiruna  type 

E01' Almadsn Hg 
EOZ' Kipushi  CuPbZn 

EM. SedimentnQotdd Cu 
E03 Carlin-type sedimenthosted Au-Ag 

E05 Sandstone  Pb 
E06 Bantonita 
E07' Sedimentary kaolin 

CarbOMteh0St.d CUPb-Zn 

Sandstone Cu. Sedimenthosted  stratiform Cu 
Carbonatehosted A u d g  

Volcanic clw, Soap  clay 
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Ireland. Ontario. New Brunswick 
Ertevan  (Saskatchewan) 
Highvals (Alberta). Powder  River  Basin  (Wyoming) 
Grsgg  River  (AIWrta),  Sydnay  Coalfield (Nova Scotia) 
Pennrylvannia  Coalfields.  Canmore  (Alberta) 

Frarer Delta, North  Coast 
Skonun  Point(Graham  Island) 
Hat  Creek, Princeton 
Quintette, Bullmoore.  Orcanhills.  Fording 
Mt  Klappan 

Glenravel (Ireland), Araxa (Brazil) 
Riddle (Oregon) 
Boddington. Mt. Gibson  (Autralia), Akaiwang (Guyana) 
Qusensland, Poco5 de  Caldar (Brazil). Salem Hills (Oregon) 
Germany. North Carolina, ldnho 
Alabama, Georgia, Missouri 
Trois  Riviires (Qukbec) 

Tranrvaal (Pb-Zn, South Africa). Sardinia  (PbZn).  Jamaica (AI) 
Flodalle  Creek  (Washington) 

Rio Tinto  (Spain) 

Florence  (Sooke) 

Sumas Mountain, Quinsam 
Lang Bay. Sumas Mountain 

Whipsaw Creek, Limonite Creek 
Prairie  Flats 

Villalta 
Villhalta (Fe) 

Cheam Lake(Chi1iwack) 

North  Saskatchewan  River  (Saskatchewan). Nome (Alaska)  Frarer River. Quernel River. Graham Island 
Livingstone  Creek (Yukon). Ualdaz Creek (Alaska) 

Elliot Lake (Ontario). Wttwalersrand (South Africa) Mulvahill 
Australia (New South Wales. Queensland) 

Williams Creek, N o r  Cresk, Bullion  mine 
Middlebank (off north  end of Vancouver Island) 

Death Valley (California). John Day Formation (Oregon) Princeton  Basin 
&Me (Arizona), Lake Magri i  (Kenya) 
Keswenaw  (Michigan).  Coppermins  (Northwest  Territories) 

S h e w c d  (Washington) 
Colorado  Platssu.  Grants (New Mexico) 
Marysvate (Utah), Aurora (Oregon) Raxrpar, mullion (Birch  Island) 
El Romsro (Chile), Sue-Dianne (Northwest  Territories) Iron Range 

S u d d  

Blizzard. Tyee 

Almrden (Spain). Santa Barbara (Peru) 
Trumsb (Namibia), Kipushi ,:Zaire), Ruby Creek [Alaska) 
Csrlin (Nevada), Getchall  (Nwsda).  Cortez (Nevada) 

Laisvdl (Sweden), George  Lake  (Saskatchewan) 
Kuphrschiefer (Oarmany), Whlte Pine  (Miehlgan) Sag. Creek 

Wyoming. Alberta, Rcdalquitar  (Spaln)  Princeton,  Quilohana 
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Treasure  Mountain (Montan=). Trimous ( France), Henderson  (Ontaric) Red Mountain.  Silver  Dollat 

Eugui (Spain), Veitsch  (Austria) 
Illinois .Kentucky,  Italian  Alps 

Mt. Brussilof,  Driftwood Creek 
Muncho  Lake 

Illinois.  Kentucky,  Italian  Alps 
Viburnum  Trend (Missouri), Pine  Point 8 Polaris  (Northwest 
Territories) 

Mount lsa (Australia), Faro, Grum  (Yukon)  Sullivan,  Cirque.  orinpile 
Blackbird (L Sheep Creek (Montana) 
Nick (Yukon). China 
Tea (Yukon). Magcobar  (Ireland) Kwadaeha 

Liard  Fluorite 

Robb Lake, Monarch 

Reeves MacDonald. H.B., Aspen. Duncan 

Molongo (Mexico), Ataru (Kazakhstan),  Kalahari (South Arica) 
Paris  Basin (France), Appalachian  Basins (USA) Lussier River, Windermere 
Texas, Louisiana. Poland.  Coronation  (Alberta) 
LakcEnm (Nova Scotia).  Mexico, Germany 
Metallins Falls. Washington 
Junbra and Otis Basins (Oregon). Lake  Myvatn  (Iceland) 

Athabrrka  Basin (Saskatchewan). Florida 
Phosphoria  Formation (Idaho). Mermala (Morocco) Farnie  rynclinorium 

Mesabi  Ranges  (Minnesoh),  Minas ClavasfBrazil)  Falcon 

Trulch area 
Kihault Lake 

Vermillion  iron  formation (Minnesota).  Helen  mine  (Ontario) 
Olympic  Mountains  (Washington),  Nicaya  (Costa Riea) 

Be55hi (Japan), Greens Creek (Afaska) 
Cyprus, Oman 
Noranda (QuCbec). Kumka (Japan) Britannia, KutchoCrmk, Myra Falls 
Osorezan  (Japan)  Esksy Creek 

Britannia,  Falklmd 
Coldstream,  Windy  Craggy 
Anyox, Chu Chua 

Sulphur Bank (California), Steamboat Spr iws  (Nevada] Utl!JeI.I? 
McLaughlin  (California),  Round  Mountain (Nevada) Cinola 
El Indirt (Chile), Nantatsu (Japan) Tareko properly, Expo 
Comstock (Nevada), Sad0 (Japan)  Lawyers,  Blackdome,  Silbak  Premier 
Talamantes  (Mexico). Gloryma (New Mexico) 
Black  Range (New Mexico),  Potosi  (Bolivia).  Ashio  (Japan) D Zone (Cassiar) 

Emperor (Fiji), Z o h a n l a n d u s k y  (Montana). Cripple Creek (Colorado) 

(Cornwall  (England)?) Moneith Bay. Pemberlon  Hills 
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E08 

E09 
E10 
E l l  

E12 

E13 
E14 

E16 
E16 

E17 

Carbnptbhrshrd talc 

+parry  magnesite 
Mississippi Valley  type  barite 
Mississippi Valley  type  fluorite 

Mississippi Valley  typn P b z n  

Sedex Z n P b a g S  
Kootenay  An:  type PbZn 

S0diment.ho.d  Ni 
Blackbird  massive  sulphide  CuCo 

Sedimentho:;tsd  barite 

Dolomitenostad tale 

Vaitsch-type. carbonatehosted  magnesite 

Carbonrte.hosted PbZn.  Appalachian  Zn 

Sullivan  massive  sulphide 
Sedimanthorted  CuCo  massive  sulphide 

Bedded  barite 

FOl 
FOZ 

F W  
F03 

F05. 
F06 
F07 

FOS. 
FOB 

FIO* 

Sedimentary Mn 
Bedded  gypsurnlanhydrite 
Gypsum-horlad  sulphur 
Bedded cdss t ik  
Palygorskite  Attapulgite 
Lacutbinedirtomita Diaiornaoews earth. Kieselguhr 
Phosphate,  upwalling  type 
Phosphate, warmcurrent  type 
Playas (hydrc,magnesite. sodium  carbonate lake brines) 
Superior  type iron formation 

Marine  evaporite  gypsum 
Frarch  sulphur 

001. Algoma  Fs 
GO2 Vdoanogenio Mn 
003' Volcanoganic anhydritdgyprum 
GO4 Besshi  massive sulphide Zn-CuPb 
005 Cyprus  massive  sulphide  Cu 
ODE NoranddKuroko massive sulphik Cupb-Zn 
007 Subaqueous hot spring  Ag-Au 

Traveltine 
H o t  spring Hgi 
Hot  spring AwAg 
EpimermltAu.Ag; high rulphidaiion 
Epithermsl Au-Ag; low sulphidation 
Epithetma1 Mn 
S n a g  veins 

A l k a l i ~ t e d  Au-Ag-Te/ veins 

Hydrothermal alteration clays-AISi 
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Tufa 

Adbsulphte  epithfmul. Nanratsu.typ 
Adulrrirasridte  epithermrl 

Kaolin, Alunite. Silicsour cap, Pyrophyllite 
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101 

102 
103. 
104. 

108“ 
106 

107’ 
10% 

140 
109 

H I  
Iw 
H3’ 
114. 

115. 

13s- 

I17 

Goldquart?  veins 

Subvolcanic  shasr-hosted  gold 
Turbidite-hosted gold veins 
Iron  formation-horted  gold 
Polymatallic  veins AgPbZn 
Cu-Ag quart?  veins 
Silica  veins 
StlioaHg  carbonate 
Stibnite  veins  and  disseminations 
Vein  barite 

W veins 
Bariteduorite  veins 

Sn veins and griesenr 
U-ThSLEE veins 

Felsic  plutonic U 

Unconformity  u-Au-Ni 

Magnesite  veins  and  stockworks 

Mesothermal,  Motherlode.  saddle reefs 

Meguma type 

Simple  and  disseminated  Sb  deposits 

Qurrtz-wolframite  veins 

Vain-lika type U 

Bone magnesite.  Kraubath-type  magnesite 

JOI Polymetallic  mantos AgPbZn 
J02 Sn mantos  and  stockworks 
J03. Mn  veins  and  replacements 
Jo4 Sulphide mnto Au 

Polymatallic  replacement  deposits 
“Replacement Sn” 
“Replacement Mn” 
Au.Aa  sulphids  mantos 

KO1 CU skarn 
KO2 ZnPb skarn 

KOA Auskarn 
KO6 W  skaln 
KO6 Sn skarn 
KO7 Mo skarn 
KO8 Gam&  skarn 
KO9 Wollastonite  skarn 

KO3 Fe skarn 

LO1 
LO2 
LO3 
LOA 
LO6 

LO7 
LO6 

LO8 

Subvolcanic Cu-ApAu  (Arab) 
P o r p h y r y d m d   A u  
Alkalic  porphyry CU-AU 
PorphyryCuWl&&u 
Porphyry Mo 

Porphyry  W 
Climax.type Porphyry Mo 

PMphYry Sn 

Enargite Au. Transitional AuAg 
Granitoid Au. Porphyry Au 

“Subvolcanio tin” 
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Motherlode (California). AiaskaJuneau (Alaska), Red Lake  (Ontario) Braiorne, Erickron 

Ballarat  (Aurbalia), Megurna  (Nova Scotia) 
Homestake  (South Dakota1 
Keno  Hill  (Yukon) 
Nikolai  mine 8 Kathleen-Margarst  (Alaska) 

Red Devil?  (Alaska) 
Jarritl Canyon (Nevada), Bolivia 
Dal Rio  district (Tennessee). Jebel lghoud (MOKOCCO) 
Mongolian  fluorite  belt 
Pasto  Bueno (Peru), Carrock Fail (England) 
Cornwsii  (England). Lost  River (Alaska) 
Uranium  City  (Sakahhewan).  Schwartzwalder (Colorado) 

Roy Creek 8 Bokan Momlain (Alaska). Massif Central (France) 

Key Lake  (Saskatchewan),  Jabiluka  (Australia),  Midnight  (Washington) 

Scottie, Snip,  Johnny  Mountain, iron Colt 
Frasergold 

Silver Queen. Beaverdell 
DavisXwys7, Churchill  Copper 
Gypo.  Granby Point 
Pinehi. Bralorna Takia 
Minto, Congress,  Snowbird 
ParSon 
Rock  Candy, Eaglet 

Duncan Lake7 
Little Qem? 

Coryell  intrusions,  Surprise  Lake 

Earl Tintic (Utah). Frssnillo (Mexico), Sa Den= Herr (Yukon) Bluebell. Midway 
Renison Bell. Cleveland (Australia), Dachang district (China) 

Ketra River  (Yukon) 
Lake Valley (New Mexico), Philliprburg (Montana) 

MosquitoCreek, island Mountain 

Mines Gaspi (Quebec). Car, Fork  (Yukon) 
Ssn  Antonio (Mexico),  Bart Ban  [Australia) 
Shinyarns (Japan), Cornwall (Pan".) 
FMtitude(Nsvada). Buckhom  Mountain  Washington) 
Cantung .S Mactung (Yukon),  Pins Crwk (California) 
Lost River (Alaska). JC (Yukon) 
Lime  Boulder Creek  (Idaho). M t  Tennyson (Aurbalia) 

Fox Knoll. Lams (New Yolk) 

Craigmont.  Phoenix 

Tat", Jessie, Merry Widow.  HPH 
Piedmont Contact 

Nickel Plate 
Emerald  Tungsten, Dimac 
Daybreak 
Coxey, Novelty 
Crystal Peak, Argonaut 
Sscheit 

Lcpanto  (Philipines),  Rsrck (Hungary), Kori  Kollo  (Bolivia)  Equity Silver, Thorn? 
MartaRobo (Chile) Snowfields? 
Tai Parit  (Phiiipinsr) Afton, Copper  Mountain,  Galore Creek 
Chuquicamata 8 La Escnndida (Chile) Highland Valley, Gibraltar 
Quartz Hill (Alaska) Endako. Kitsauit.  Glacier  Gulch 
Llrllaput (Bolivia), Potato Hills  (Yukon) 
Mount Pleasant (Nova Scotia). Logtung  (Yukon) 
Climax 8 Henderson  (Colorada) 

Boy= 
Lucky  Ship7 
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MOV 

YO2 

MW- 
M03 

M06 
M05 

YO7 
MOB 

Basaltic  subvolcanic  CuNi-PGE 

Gabhroid NiCuPGE 

Podiform  chromite 
Anorthosite  Ti-V 
Zoned  ultramafic  Fe-Ti-VIPGEICrlCuNi 
Asbestos 
Serpentinite-hosted  magnesite-talc 
Vermiculite 

Serpentinltahoated sabsstor 
Alaskan type Fe-Ti-VIPGEICrlCuNi 

NO1 Carbonatitahorted  deposits 

NOT  Kimberlitkhozted  diamonds 
NO3* Lamproitehorted  diamonds 

Dirnmnd  piper 

001 Rare  element  pegmatite - LCT  family 
002 Rare element  pegmatite . NYF family 

GQ4* Ceramic  pegmatlte 
003  Muscovite  pegmatite 

Zoned  pegmatite  (LimiumCerium-Tsntalum) 
Nlobium-Ybium.Fluarine  pegmatite 
Mica-bearing  pegmatite 
Bandn pagmabite 

PO1 Andalusite  hornfels 
PO2 Kyanite family 
PO3 Microcrystalline  graphite 
W4 Crystalline  tlaka  graphite 
W5 Vein  graphite 
PO6 Corundum in atminous  meiasedimmk 

"Amorphous"  graphite 

"Lump  and  chip  graphite" 

W1 

W3* 
wz 

WOQ 
WS 
wfi 
w7 

woe 
910 
a1 1 

me 
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Jade 
Rhodonite 
Agate 
AmeUIytt 
Jasper 
Colurnbia.type emerald 
Schisthosted emerald 
S.diment.hsted opal 
Gem corundum in contact zones 
G u n  corundum hosted by alkalic  rocks 
Volcanichosted  opal 
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Noril'rk,  Duluth 

Lynn  Lake (Manitoba), K lwne (Yukon), Ndl'sk-Talnakh (Rusaia)  Giant  Mascot.  Nickel  Mountain 

Josephine  ophiolite (Oregon) 
Roseland  (Virginia), Pluma Hidalgo(M0xiro) 
Duke Island (Alaska) 

matford & Magog (Quibec).  Deloro  (Ontario) 
Th.tlard (Qu&kec) 

Enoree (USA), Palaborn (South Afr lo)  

Tuismwn 
Casslar 
Nahatlaich River. Atlin area 

Palabon (South Africa), Oka (QU&bec), Mounhin Pass (California) Aley, Mount Grace bfl 

Kimbarlsy (L Premier  (Sourn Amel) 
Argyle  (Australia) 

Cross 

Bikita  Field (Zimbabwe), Blackhilir (South Dakota) 
south P l a h  dl8trlct (Colorado), Bancraft(0nhrlo) 
Rajahstan (India). Appalachran  Province (USA) 

Transvsl  (South Africa), Brinany (France) 
VVIIIIs mountain (Virglnla). NARC0 (Qu&ec) 
Raton (New Mexico).  Sonora  (Mexico) 
Lac Knife (Quh] 
Calumet (L Clot (Quuibec), Bogala  (Sri  Lanka) 
Gallatin b Madison  Countinx  (Monhna) 

munder Bay (Ontaria) 

chivoratnimuzo d~triftr (cofumth) 
Habachtal  (Austria),  Leyrdrclorp (South Africa) 
Cooker Pedy (Australia) 

Y o p  Qukh (Montana) 
Queritaro Stab (Mexico) 
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Cry Lake, Ogden  Mountain 
Hill 6 0 b  Arthur PolnS C u d m  
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ROi 

RO3 
ROZ 

Ro1 

ROE* 
ROS 

ROW 
R07 

R W  
ROS 

R11' 
R 1 T  

R14* 
Ri3. 

R1S 
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Cement shale 
Expanding ahale 
D i m s i o n  stone - granite 
Dimension stone. marblo 
Dimension stone -andesite 
Dimmaion 8tOM - randotono 
Silica sandstone 
FImStoW 
Limestone 
DdDmns 
Volcanic ash -pumice 
voloanie glass - pealib 
Nepheline syenite 
Alaskih 
Crushed rDck 

High-silica quartzite 

Road metal, Rip rap 

British Columbia Geologic01 Survey Branch 



Wabamun shales (AlbarIa) 

Vermont,  Alabama. Ceorgls 
Riviire a  Pierre  (Quibsc), Black Hills (South Dakota)  Nelson Island 

Dunsmuir shale.  Sumas  Mountain 
Nsnaimo shale,  Saturna Island 

Marblehead.  Texada laland, Anderson Bay 
Haddington  Island 

Southowam (England) 

Blue Mountain  (Ontario) 
Spruce Pim alaskita (North Carolina) 
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Moberley 

Texada Island, Saanich Inlet 

Meagher Mountain. Bus* Lake 

Trident  Mountain,  Tuktakamin 
Blackdome 
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Table 3. B. C. Mineral Deposit Profiles Listed by Lithological Affinities (December 15, 1994) 

.: 
Karst-honed Fa, AI, PlUn 
. . . . . . . . . . . .   . . .   . . . . . . . . . .   . . . . . . . . . . . . . . . . . . . . . . . .  . :  . . .   . .   . . .  .:: . . . . . . . . . . . . . . .  
: ~ ~ ~ , + ~ . - ; ~ ~ ~ ) : i  :: :: ;: : . ,j: ,: .  ;. .;.;: :: :.:;.,;,,:;,:. :. ,: :;,:. : .: : ~ a 1 4 " a r l U ; . ~ ~ ~ E i b ~ 1 1 ~ d ~ i . e 6 j j ~ ~ :  i j  .':; ;:*lo::: : ' I  ;: ::.:+L., j j 
... : :,,...: :: :::.::, .. .:  :.. ......... : : .. ~. ~ . . . . . . . . . .   . . . . . .   . . . . . . . . . . . . . . . . . . . . . .  . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  .:: . . . . . . . . . . . . . . . . . . . . . . .  . .   . . . . . .   . . . . . . . . . . . . . . . . .   . .  . .  

. . . . . . . . .   . . .  . . .   . . . . . . . . . . . . . . .   . . .  : : 
809. .. 

. .  . .  

. .  . .  . :  . .  
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Table 3. B. C. Mineral Deposit Profiles Listed by Lithological Affinities cont. I 

(Carlln-type  redlment-hoated Au-Agl 

Sparry magnnrlte 

Mlrtltrlppl Valley type barne 
~ ~ r r ~ r r ~ p p l  Valley t y p  fluorite 

Mlsslsslppl Valley type  Pb-tn 

Kootenay Arc type PbZn 

(Sadsr Zn9tI-Ag-S) 
~n vehs and  replacements 
sulphlde m t o  Au 

Dolomite 
Llmertone 

vdn  bame 

Carbanatehosted  Au-Ag 
Valtsch-fype, carbonatchosted 
magnssita 

E03  :'6a,l9c 

EO9  1871. 

E1 1 
E10 " 

3 2 6  

E12 ?2&32b 
CarmnatChoated PWn. Appa!achlan 
Zn 

Sulllvan marrlw sulphlde 

Au-Aa rulphlde mantoa 
"Replacement Mn" 

(Polymetalllc mantnsAg9b-m) 
(Sn mantos and  stockworks) 
(Mn wlnr and replambnts) 

(cu skrrn) 
(ZnPb ak8m) 
(F. slum I 
(Au rkam) 

(W skarn ) 
(Sn rkam ) 
(Garnet rUmI 

.. 

(Sulphlde manto AU) 

Polymetalllc r e p h m e n t  d.poslta 
"Replacement Sn" 
"Rbplacment Mn" 
Au-Ag  sulphlde mantol 

E13 _ _  
E14 311 
JO3. 
J04 

19b 

ROO 
Riff 
110 
I11 

M27a 
26C' 

._ 
_ -  
I. 

E03 26a.19~ 
JO1 
JOZ 

10. 
14c 

J03' 19b 
J04 
KO1 Illa,b 
KO2 1 8 C  

KO3 lad 

KO4 

KO6 
KO6 

l.(r 
1lb 

KO8 .. 

_. 

_. 

(snumlnous coal) Coklng cod. Thermal coal 
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Table 3. B. C. Mineral  Deposit  Profiles  Listed by Lithological  Affinities  cont,, 

Bedded  barlte 
KIeslager 

Stone coal 
Sandstone U 
Roll front U. Tabular U 

Klruna type 
Olymplc Dam type Fa  (Cu-U-Au), 

Carbanatbhosted C u P b l n  
sandstone Cu, sedimenthosted 
stratnorm cu 

Hlgh-slllca qurmlt. 

m n l c  cu 
Roll front U, Tabular U 

E17 
GO4 
a06 

ROZ 
R01 

A02 
A03 

AD4 

A06 
DO4 
DDe 

DO? 

EOZ' 

E04. 

E06 

E16 

I06 
a08 
aor 
R06' 

ROW 
R07 

C04. 

DO3 
DO6 

31 b 
24b 
31c _. 
.. 
" 

_. 
_. 
._ 
" 

aoc 

29b.261 

32c 

30b 

301 

24d 

2Zc. 26b 

_ _  .. 

30d* 
308- 
.. 

39c,d,e 

23 
30c 

260.1 

26ab 

26f 
23 

29b.261 

S W  
26a 

a d  
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Table 3. B. C. Mineral DeDosi t  Profiles Listed bv Litholooical Affinities cant. Ill 

i l l  0 '  - 0  
. .  . .  

Volcanlc-hosted opal 
Silica veins lor .. 
Dlmenslmm stone - mdeslte 

Ql 1 "_ . 
R06 _ -  

volcanb ash -pumice R1V 
Pems RlZ. 

(Carlln-type  ssdlment-hosted  Au-AgJ 
Bsrn&uorlt. veins 

Carbonatchorted Au-lg EOJ 
n1 

26a.19~ 
26c' 

.. 
" 

. . * . a  * * .  * . * .  

Almadsn Hg EOl. 27b . 
not spring ng 
SIIIcaHg carbonate 

Stlbnne veins  and dlssminatlms mnpb and dlsmlnated Sb depasnr 

(Volmnlchmthd U) 

(Volcmcgsnlc t h t  
Algoma Fe 

Volcanogenic anhydrltdgypsum 

Cyprus  massive sulphide Cu 
Besshl massive SUlphldBZnCu-Pb 

"Epnhumal U", Volcamgonlc U 
.. . . 

Mslrger 

Norandmuroko masdve  rulphMa W b L n  Nonnda C M M n  maamn rulpphtda 

Subaqumur hot  sprlng Ag-Alr 
Subvolcanic ahear4wstod wid 
Rhodonne 
IJasporl 

noz 
108 

109 

102 
I10 

E06 
W6 
001. 
GO? 
Goa* 
OM 
GO6 

OW 

GO7 

902 
102 
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Table 3. B. C. Mineral  Deposit  Profiles  Listed by Lithological  Affinities  cont. 

"Rcptacernent  Sn" 
"Replacement Mn" 

cm4' 
RO3 
Rl4* 

JO1 

JO3' 
J02 

KO6 
KO6 

KO8 
KO9 
a 9  

Do7 

I01 

113' 
112- 

PO1 

9 0 9  
Po2 

Mo4. 

004. 

LO4 
LO5 
LO7 
LO8 

EO8 

110 

JOl 
Ill 

J03. 
KO1 
KO2 
KO3 

KO4 

KO6 
KO6 
KO7 
KO8 
KO0 
Po3 

17,20,2tal 

2 w  
21 b 

16 

" 

t8?P 

i w s  
26c* 

19b 
19s 

wa,b 

18d 
18C 

t4a 
14b 

" 

" 

" 

1Se .. 
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(Epithermal Mn) H06' 
(Sn-Ag vclns) 
(Alkalk  porr'hyry Cu-Au) 
PorphmCutMoi&u 

Palymetallk velns AgPb-Ln 

H07 
LO3 

16h, 20b 

LO4 t T,20,21ai 
LO6 20a 

" 

H07 
106 

!Sh. 20b 
12t. 2Sb 

(Goldqualtl veins)  Mesothermal,  Motherlode,  saddle reds  101 36a 

(Subvokank: shear-hosted  gold) 
Subvolcanic  Cu-Ag-Au (Ar-Sb) 
Pormhvwrelated  Au 

Enargite Au, Transitional AU-Ag 
Granitoid A", Porphyry Au 

102 " 

LO1 2 2 a m e  
LO2 ZOd . .. 

(hncrocrystalline  graphite) 
. . .  

A B  

(Laterite Nil 602. 381 

"Amorphous" graphle 
- I  , 

PO3 

- e  
.. 

(Su~Tkfal placers) 
Placer U-AU-PGE-Srwilammd- 
magnetlt~amet. gems co1 391 

(Buried<hannel  placers) coz 391 

(Goldquartz veins) 

(silica-ng carbonate) 

*gnesite  veins and  dockworks 

Podlform  chlomlte 

Mesothermal.  Motherlode.  saddle reefs 101 36a 

108 27c 

117 _. 
Mo3 8 0 b  

Bonemsgnesite, Kraubathtyps 
rnagneslte 

Zoned  ultranlimc Fe-TI-VPGUCrlCu-Ni  Alaskan type Fe-TI'VIPGUCrlCu-NI Mos 9 

Asbestos 
Serpntlnithhostad magnerite-talc 
(Andalusite  hornfels) 

Gabbroid NI-CUPGE 

Serpentinite-hosted albedos MO6 
MoT BP 

86 

PO1 
cM1 

.. _ _  
MOI* Sa16b 

Mo2 7s 

Alkalic-hostrd Au-Ag-Te-F veins 

Klrnberl#b~~,steddlamoMlr 
Larnproitbhostad diamonds 
(Gem corundum  hested byaikalk rocks) 
Nenhdlne rvrnns 

Diamond plpes 

H08. 

N02' 
NOS 

Q10 
R I P  

NO1 

Moa 
10 _ _  
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Table 3. 6. C. Mineral Deposit Profiles Listed by Lithological Affinities cont. 

Carbonate-hotfed talc 

Gold-q(uartz veins 

Turbldite-hostsd gold veins 
Iron fomMtian-hostedgoid 

Unconformlty U-Au-Nl 

U veins 

(Asbestos) 
(Wollastonite skarn) 

(Rare  element pegmatite - LC1 family) 

(Ram element pegmatie. NYF family) 

(Muscovite pegmatite) 
(Ceramic  pegmattte) 
Kyanite family 
Miocrystallinegraphits 

vein graphite 
Crystalline flake  graphite 

Jade 
Corundum in aluminous metasedlmantr 

Schitf-hotfed emerald deposits 

Dimension  stone I marble 

490 

Dolomitchoslad talc 

Merothsrmal, Malherlodr. saddle reefs 

Meguma type 

Veln-llketype U 

s c l p n t ~ a e - h o s t e d r t ~ s  
Zoned pegmatite (LithiumZerium- 
Tantalum) 

NloblYm-nriUm-FIYOrine  pegmatite 

Mlca-besring pegmatite 
slrren pegmaUte 

"Amorphous" graphlle 

'"Lump and  chip graphite" 

E08 

I01 

103. 
104. 

11 6. 

KO9 
114. 

Mo6 

001 

002 

M)4- 

003 

PO2 
w3 
PO4 
PO6 

QN 
PO6 

Q O l  

R04 
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TWO INTRIGUING  MINERAL  DEPOSIT  PROFILES FOR 
BRITISH  COLUMBIA 

By David V. Lefebure 
" 

KEYWORDS: economic geology, mineral  deposits, 

type, Olympic Dun  type, shale-hosted  sulphides. 
models, British  Columbia,  metallic,  iron  oxide,  Kiruna 

INTRODUCTION 

process,  the  British  Columbia Geological Survey Branch 
As part of its  mineral  resource  potential  assessment 

is  utilizing  deposit  models  to  define  and  characterize 

the  province. A fundamental  part of this  process  is 
mineral  and  coal  deposits which exist, or could exist, in 

compilation of information  about  mineral  deposits 
including  descriptions,  classification  and  resource  data 
(Lefebure et ai., 1995, this  volume). The  resulting 
deposit  models  (called  'PROFILES') are  being used to 
classify known deposits  and  occurrences,  to  guide  experts 
in  their  identification of possible  undiscovered  mineral 
deposits,  and  to  group  deposits  to  allow  compilation of 
representative  grade  and  tonnage  data. 

The  profiles may draw  attention to deposit types with 
the potential to occur  in  British Columbia that may 
warrant  exploration  consideration. Two models  with no 
known orebodies  in  the  province, but intriguing 
exploration  potential, are discussed in this  article:  iron 
oxide  breccias  and  veins  carrying  copper,  gold,  uranium 
and  rare m t h  elements;  and  shale-hosted  nickel,  zinc, 
molybdenum and  platinum  group  deposits.  Iron  oxide 
breccias are now known to occur  in  southeast  British 
Columbia  (Stinson  and  Brown, 1995, this  volume). The 
current  interest  in  this  deposit type stems  from  the 
possibility  that ;a major  polymetallic orebody similar  to 
the  Olympic  Dam  deposit  in  South  Australia may exist  in 
British  Columbia. In  the second deposit type, high-grade 
nickel,  zinc, molybdenum and  platinum  group 
mineralization  is hosted by black shale  sequences. 
Although  currently  regarded as little  more  than a 
geological  curiosity because the k.nown deposits  are  thin 

thicker  deposits will be found  or  a new technology 
(commonly less than 15 cm),  there is the  possibility  that 

developed  to  mine  these  deposits. 

IRON OXIDE BRECCIAS AND VEINS 

Deposits  characterized by high  iron  oxide  contents 
(generally  greater than 20%)  that  crosscut  their  hostrocks 
have  been  described by Einaudi  and  Oreskes  (1990), 

Hauck  (1990),  Hitzman et al. (1992) anc  Gandhu and 
Bell  (1993)  and  grouped as Olympic Dam type, Kitun,i 
type, iron  oxide  rich  deposits  or  Proteroztdc  iron  orid: 
deposits. The iron  oxides may be magnet .le, magntztit: 
and  hematite,  or  hematite  in  breccia mnes  or veins 
which  form  pipes  and  tabular bodies. Th.:  deposits  ar: 
hosted by continental  volcanics  and  s(,diments an(l 
intmsive rocks and vary from mor ometallic  t,, 
polymetallic  with  significant  copper, goid, rare  eartli 
element  and  uranium  values. 

many features of these  deposits, i~  cluding key 
The  profile for  iron  oxide  breccias and  veins lists 

exploration  guides  (Table 1). They  can be ~~~bdividetl  int, 
Kiruna-type  deposits  with  a  magnetite-apat'te minerabgy 
(USGS model 25i, Cox and  Singer,  1986)  iihich gratll: t >  
polymetallic  Olympic  Dam type hemat  tic orehotlies 
(USGS 29b).  Although  magnetite-apatite  'Jeposits o:cur 
widely through  time  (post-Archean),  the  Q)lympic Il 'an 
type deposits may be restricted  to  the  Midole  Proterozoic 
as noted by Hauck  (1992)  and Hitzman et (1 I. (1992). 

average tonnage  for the magnetite-apa.ite iron  ore 
Iron oxide  breccia and vein  deposits  can be largf:; 

deposits is 40 million  tonnes  (Cox  and  !;inger,  l'X6:1. 
The  Kirunavaara orebody in Sweden contains  2.6  billion 
tonnes  grading  60%  iron  with  significa~~t phosphrlms 
(Hitzman et ai,, 1992). 

discovely in 1975 of the  Olympic Dam hematiterich 
Current interest  in  iron  oxide deposi s stems  liarn 

orebody within rocks of Ihe  Stuart Shelf i I Australial. :'I 
contains 2 billion  tonnes  grading  1.6% C1, 0.6 g/t Ail, 
0.35 s/t Ag and 0.6 kg/t U&E, with  a total gross vahr: i n  
place of more  than US$lIO  billion  (Sidier  and Ila!,, 
1993). In recent  years  there have been a nllmber of cthcr 

values  found  in  Australia,  including the  Ernest 13:nry 
iron  oxide  deposits  with  significant  copper  and gold 

and  Osborne  in  northwest  Queensland. 
The most well known  geological  eniironment fcs 

iron  oxide  deposits  in  Canada  is in  the sc'uthern  part of 
the Great  Bear  magmatic  zone  in  t le Northweit 
Territories  (Hildebrand,  1986).  There  are  xcurren,n:s of 
magnetite,  apatite  and  actinolite  veins  and f n c t u ~ e  
fillings  and  magnetite,  hematite  and  epidote brwias  
with uranium, copper,  gold,  cobalt  and nlckel min$:ras 
(Gandhi,  1994).  The  latter  nccurrences  ire  simikr lo  
Olympic Dam type deposits  and  include t\\ o deposits, t t e  
Sue-Dianne  and  Mar. 

located northeast of Creston has been idmtified as, an 
In  British  Columbia,  only  the  Iron b n g e  deposit 

iron  oxide  breccia  deposit  (Alldrick,  199: ; Stinson ard 
Brown, 1995, this  volume)  which is  pss.bly  analogo~s 
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TABLE 1. DEPOSIT PROFILE FOR IRON OXIDE BRECCIAS AND VEINS 

Iron Oxide Cu-Au-Ag-U-P Breccias and Veins DO7 
IDENTIFICATION 

SYNONYMS:  Olympic Dam type, Kiruna type, Apatite iron ore, Porphyrite iron (Yangtze  Valley), 
Iron oxide rich deposits, Proterozoic iron oxide  (Cu-U-Au-REE),  Volcanic-hosted  magnetite 

COMMODITIES  (BYPRODUCTS): Fe,  P, Cu, Au,  Ag, U (potential for  REE, Ba,  F). 

EXAMPLES (British Columbian - Canadiadlnternational): Iron  Range  (082FSE014 - 028) -Sue- 
Dianne,  Northwest  Territories;  Wernecke  Breccias, Yukon, Kiruna  District,  Sweden;  Olympic 
Dam,  Australia;  Pea  Ridge  andBoss-Bixby,  Missouri; El Romeral,  Chile. 

GEOLOGICAL  CHARACTERISTICS 

CAPSULE  DESCRIPTION:  Magnetite  and/or  hematite  breccia  zones  and  veins  which  form  pipes  and 
tabular  bodies  hosted by continental  volcanics  and  sediments  and intrusive rocks. The 
deposits  exhibit  a  wide  range in their nonferrous metal contents. They  vary  from  Kinma  type 
monometallic  (Fe _C P) to Olympic Dam type  polymetallic  (Fe f Cu f U _C Au f REE). 

TECTONIC SE’ITING: Associated  with stable cratons, typically associated  with  grabens related to 
rifting. lntracratonic extensional tectonics coeval  with  hostrock  deposition.  Upper crustal 
igneous or sedimentary rocks. 

DEPOSITIONAL  ENVIRONMENT/  GEOLOGICAL  SETTING:  Found  crosscutting  a  wide  variety 
of sedimentary  and  igneous  rocks;  magnetite-apatite  deposits  show an affinity for  volcanics 
and  associated  hypabyssal rocks. 

AGE  OF  MINERALIZATION:  Proterozoic to Tertiary  and  believed to be vimally contemporaneous 
with  associated suite of intrusive and/or volcanic rocks. Polymetallic iron oxide  deposits are 
commonly  mid-Proterozoic  age  varying  from 1.2 to 1.9 Ga. 

HOST/ASSOCIATED ROCK TYPES:  Veins  and  breccias crosscut, or are conformable  with,  a  wide 
variety of continental  sedimentary  and  volcanic  rocks  and intrusive stocks, including felsic 
volcanic breccia, tuff, clastic sedimentary  rocks  and granites. There  may be a special 

mangerite  and  chamockite  and  various  volcanic equivalents. Iron  oxides  have been reported 
association  with  a felsic alkalic rock suite ranging  from  “red” granite, and  rapakivi  granite to 

the  matrix to heterolithic breccias  which  are  composed  of lithic and iron oxide clasts (usually 
as common  accessories in the  associated  igneous rocks. In  some  deposits  the iron oxide  forms 

hematite  fragments),  hematite-quartz  microbreccia  and  fine-grained  massive breccia. Some 
deposits  have  associated  hematite-rich breccias, bedded iron oxides  and iron oxide  bearing 
volcanic  rocks  which are conformable  with  associated  volcanic rocks. Magnetite  lavas  and 
feeder  dikes exist on the El Lac0  volcano in Chile. 

DEPOSIT  FORM:  Discordant  pod-like  zones,  veins (dike-like), tabular  bodies  and  stockworks; in 

extend  horizontally  and vertically for  kilometres  with  widths of metres to hundreds  of 
some  deposits  dikes  are  overlain by iron oxide tuffs and  flows.  The  veins  and  tabular  zones 

metres. 
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Iron Oxide Cu-Au-Ag-U-P Breccias and Veins DO7 
TEXTUREISTRUCTURE:  Cu-U-Au  mineralization is typically hosted in the iron oxide  matrix as 

disseminations with associated  microveinlets and sometimes rare mineralized clasts. Textures 

arc common.  Hematite  and  magnetite  may  display well developed crystal forms, such as 
indicating replacement  and  microcavity  filling are common.  Intergrowths  between  minerals 

interlocking  mosaic, tabular or bladed textures. Some ofthe deposits (typically hematite rich) 
an: characterized by breccias at all scales with  iron oxide  and  hostrock fragment!; which  grad, 

heterolithic) with  zones  of 100% iron oxide in the core. Breccias  may be subtle in hand 
from  weakly fractured hostrock on  the outside to matrix-supported  breccia (soml,t' 1 m e s  

sample as the  same iron oxide  phase  may  comprise both  the fragments  and  matrix.  Breccia 
fragments are generally  angular  and  have been reported to range  up to more  than IO m in 
size, although  they are frequently  measured in centimetres. Contacts  with  hostrocks are 

diffuse wavy to streaky  layered texture of red and black hematite. 
fkquently gradational  over scale o fcen thems  to metres.  Hematite  breccias  may  display  a 

ORE  MINERALOGY [Principal and subordinate]: The  deposits  vary  between magnetite..apatite 
deposits  with actinolite or  pyroxene  (Kiruna  type)and  hematite-magnetite  deposits with 
varying  amounts of copper sulphides, Au, Ag,  uranium minerals  and  REE  (Olympic Dam 
type). Hematite (variety of forms), specularite, magnetite, bornite, chalcopyrite, chalcocite, 

pitchblende, coflniie, brannerite,  basinaesite,  monazite,  xenotime,florencile,  native  silver 
pyrite; digeniie, covelliie, naiive  copper,  carroliie,  cobaltite, Cu-Ni-Co arsenaies, 

and  gold  and  silver  tellurides. At Olympic Dam, copper is zoned  from  a  predominantly 

to chalcopyrite-pyrite in  the outermost breccia. Uraninite  and coftinite occur  as  line-grained 
hematite  core  (minor chalcocite-bornite) to chalcocite-bornite  zone then bornite-chalcopyrite 

disseminations with sulphides; native  gold  forms  fme  grains  disseminated in mauix  and 
inclusions in sulphides. Basmaesite  and florencite are very tine grained  and  occur in matrix a ;  
grains, crystals and crystal aggregates. 

GANGUE  MINERALOGY [Principal and subordinate]: Gangue  occurs  intergrown  with  ore  minerals 
as veins or as clasts in breccias. Sericite, carbonate, chlorite, quartz, fluorite, barite, and 

(K.iruna type). Hematite  breccias are frequently cut by 1 to IO cm  veins  with fluorite, barite, 
sometimes  minor rutile andepidoie. Apatite and actinolite or pyroxene with magnetite  ores 

siderite, hematite  and sulphides. 

ALTERATION  MINERALOGY [Principal and subordinate]: A variety of alteration assemblages 
w.~th differing levels of intensity are associated  with  these deposits, often with  broad lateral 
extent. 
towards  the  centre  of  the  breccia  bodies at higher levels. Close to the  deposit  the sericitized 

' Intense sericite and  hematite alteration with increasing  hematite 

the feldspar, rock flour and sericite are totally replaced by hematite.  Chlorite or potassium 
feldspars are rimmed by hematite and cut by hematite veinlets. Adjacent to hematite  breccias 

feldspar alteration predominates at depth. 
be actinolite-epidota alteration in mafic  wallrocks. With both types  of  deposits quartz, 

' Scapolite  and albite'?; there  may also 

floorite, barite, carbonate, rutile, orthoclase i epidote  and  garnet alteration are also reported. 

WEATHEKING:  Supergene  enrichment  of  Cu  and U, for example,  the  pitchblende  veins in the Great 
Bcar  magmatic  zone. 

ORE CONTROLS : Strong structural control  with  emplacement  along faults or contacts, particularly 
narrow  grabens.  Mid-Proterozoic  rocks particularly favourable hosts. Hydrothermal activity 
on faults with  extensive brecciation. May  be associated  with felsic volcanic and alkalic . 
igneous rocks. In some  deposits  calderas  and  maars  have been  identified or postulated. 
Deposits may form linear arrays more  than 100 km long  and 40 km wide with known deposil s 
spaced 10-30 km along trend. 
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Iron Oxide Cu-Au-Ag-U-P Breccias and Veins DO7 
ASSOCIATED  DEPOSIT  TYPES:  Volcanic-hosted U (D06)?; alkaline porphyry Cu-Au deposits 

(L03);  supergene  uranium veins. 

COMMENTS:  Hitzman etal. (1992) emphasize that these are low-titanium iron deposits, generally 
less than 0.5% TiO, and rarely above 2% TiO, which  allows distinction from  iron oxides 
associated  with anorthosites, gabbros and layered  mafic intrusions. Iron and  copper  sulphides 
may be more  common with hematite iron oxides. 

EXPLORATION  GUIDES 

GEOCHEMICAL  SIGNATURE:  Anomalously  high  values  for Cu, U, Au, Ag,  Ce, La,  Co, f P, ? F, 
and f Ba  in associated  rocks and  in stream  sediments. 

GEOPHYSICAL  SIGNATURE:  Large positive gravity  anomalies  because  of iron oxides.  Regional 
aeromagnetic  anomalies related to magnetite  andlor  coeval  igneous rocks. Radiometric 
anomaly  (such as airborne  gamma-ray  spectrometer  survey)  expected  with  polymetallic 
deposits  containing  uranium. 

OTHER  EXPLORATION  GUIDES:  Proterozoic faulting with associated iron oxides (particularly 
breccias), possibly related to intracratonic rifting. Widespread  hematite, sericite or chlorite 
alteration related to faults. Possibly form linear arrays 100 or  more  kilometres  long  and  up to 
tens  of  kilometres  wide. 

ECONOMIC  FACTORS 

TYPICAL  GRADE  AND  TONNAGE : Deposits  may  exceed 1 billion tonnes  grading  greater  than 20 
% Fe  and  frequently  are in 100 to 500 Mt range.  Olympic  Dam  deposit  has  estimated 
reserves  of 2.0 billion tonnes  grading 1.6% Cu, 0.06% U O,, 3.5 g/t Ag  and 0.6 g/t Au with  a 
measured  and  indicated  resource in a large number of di&erent ore zones  of 450 million 
tonnes  grading  2.5%  Cu, 0.08 % Uj08, 6 git Ag and 0.6 g/t Au with -5,000 ppm REE.  The 
Eastern  Henry  deposit in Australia  contains 100 Mt at 1.6% Cu  and 0.8 g/t Au. Sue-Dianne 
deposit in the  the  Northwest Territories contains 8 million  tonnes  averaging 0.8% Cu  and 

oxide apatite ore  grading 50-60% iron and 0.5 -5 %phosphorus.  The largest orebody at 
1000 ppm U and locally significant gold. The  Kiruna district contains 3.4 billion tons  of iron 

Bayan  Obo  deposit in Inner  Mongolia,  China  contains 20 Mt of 35 % Fe and 6.19% REE. 

ECONOMIC  LIMITATIONS:  Larger iron oxide  deposits  may be mined for iron only;  however, 
polymetallic  deposits  are  more attractive. 

IMPORTANCE:  These  deposits  continue to be important  producers  of iron and  represent  an  important 
deposit  type  for  producing  Cu, U and  possibly REE. 

REFERENCES 
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Roberts  and  Hudson (1983); Sidder and Day (1993). 
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to  the  Olympic Dam type deposits. However, there  are 
other  iron  oxide  breccias  in  rocks of equivalent  age  in  the 
Wernecke  Supergroup  in  the  Yukon (Laznicka and 
Gaboury, 1988)  with  copper  and  uranium  mineralization 
(Thorkelson  and 'Wallace, 1992).  The lgor deposit in  the 
Wemecke  Mountains  contains 0.5 million  tonnes  grading 
1 % Cu (Hitzman et al., 1992). 

Recent work on  the  age  and  provenance of zircons 
from  Belt  Supergroup  rocks  in  the  northwest  United 

reconstruction  that places the Stuart Shelf of south 
States by Ross et al. (1992) supports  a  continental 

Australia offshore of the west coast of ancient  Norlh 
America  in  the  Middle to Late  Proterozoic.  This  idea was 
proposed initially by Bell and Jefferson (1987).  Ross has 
found  zircons i n  Belt  sediments, derived from an 
unknown  western source, that yield 1590 Ma dates. 
These  dates  are  consistent with Bell and Jefferson's 
hypothesis, as the Gawler  volcanics  on  the Stuart Shelf 
are virtually  the  same  age. This has led Ross  to  suggest 
that  there  is  potential  for  Olympic  Dam type deposits in 
the  Belt-Purcell  Supergroup (G.M. Ross, personal 
communication, 1.994). 

polymetallic  iron  oxide deposit in  British  Columbia 
Therefore,  the best possibility for finding  a 

would appear  to be in  the  Proterozoic Purcell Supergroup 

part of the province (Figure  1). 
or the  equivalent  Muskwa  assemblage  in  the  northeastern 

AssemblaQe 
Proterozolc 

urcell Supergroup 
1.5 - 1.2 GA 

Figure 1. Mid-Proterozoic Sequences in  British 

Oxide  Breccias  and Veins. 
Columbia  with  Potential  for  Polymetallic  Iron 

SHALE-HOSTED  Ni-Zn-Mo-PGE 
DEPOSITS 

Basin  in 1981 (Hulbert el al.. 1992) has dr;  wn  attention 
The discovery of the Nick  deposit in the Selviyn 

to the potential of Cordilleran  black  shales  t ) host nid:el, 
zinc  and  platinum  group  element m neralizaticln. 
Subsequent reports  on  similar  deposit  in  China 
(Nansheng  and Coveney, 1989, Coveney ar d  Nansheng, 

including  the potential  for high molybdenun contents. 
1991) provided more  information about tlese deposits, 

layers of pyrite, vaesite p i s , ) ,  amorphous molybdenite 
These  shale-hosted  sulphide  deposits  ct,mist of thin 

and sphalerite in black shale  with associated phosphtic 
chert  and  carbonate rocks. The  horizons have formcd in 
anoxic  basins  within  claslic  sedimental y sequences 
containing black shales. As these  deposits occur in the 
same  settings as sedex lead-zinc-silver-baite deposits, 
there  is an opporlunity  to discover them 3s well. -:he 
profile  for  these  unusual  deposits  lists n8any of thair 
features,  including key exploration  guides (1 able  2). 

from  small  tonnage  mines in  southeast Chi la relying on 
The only production from these depo,.its has b:en 

labour-intensive  methods.  Currently only th: Zunyi mine 
in  southeast  China  is  in  operation. It s producing 
approximately 2000 tonnes of molybdenum ore  annutlly 
with a cutoff  of 4.1% Mo and  grades bet~ieen 4.1 :md 
7.1% Mo with up  to 7.1%  Ni, :2% Zn,  2.5% As, 0.57 dl 
Pt, 0.66 g/t Pd  and 0.55 g/t Au in  ore  saml les (Covenley 
et al., 1992,  1993).  Currently  the Chin1:se are only 
recovering molybdenum by roasting follow :d  by caustic 
leaching  to  produce  ammonium molybdate (Covenq er 
a!., 1992).  The  Nick  mineralized  layer is1 the Yukon 
contains,onaverage,  5.7%Ni,  1.2%Zn,  0.24%Mo,0.39 
g/t pt, 0.24 g/t Pd and 0.15 g/t Au (Hulbert I t a/., 19!X!). 

economic at  current  metal  prices, except where  labom 
The  known  deposits of this type are  t,m thin lo k 

costs are very low. However, these depxits conlain 

because of their  remarkable  lateral  extent  and high 
enormous  tonnages of nickel,  zinc and molybde:num 

contain 0.9 million  tonnes of nickel as;uming a 3. 
grades. For  example,  the Nick horizon i s  believed tc 

centimetre  horizon (Hulbert el al., 1992).  !,uch malerial 
will be exploited if thicker  deposits can b ?  found cr a 
relevant new technology is developed. 

exploration tool for  these  deposits because 1.hc 
Regional geochemistry is  the m ' s t  effecJwf 

mineralized  horizons  are so laterally exte~lsive  and {.he: 

values  in  the  sedimentary succession. For example, {chc: 
contained metals contrast  strongly with backgrollnc. 

Nick occurrence was  found  as  the result 8)f anomslou!: 
stream  sediment  samples collected by t k  Geologica. 

nickel-zinc-molybdenum--platinum  group I 1ineraliza.iorl 
S w v e y  of Canada  during  a  regional  survey. Shale-hoJ:;tecl 

PGE, C, P, Ba, Zn, Re, Se, As, U and S. Increi.:;etl 
is  characterized by elevated  abundances of Ni,  Mo.. Au, 

organic  content  appears to correlate with higher Ni, It40 
and  Zn  values  (Maughan, 1976). There  is  a  strong sp:tl.ial 
correlation with phosphatic  horizons;  mineralized layer!; 
are typically enriched  in  phosphate. 
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TABLE 2. PROFILE FOR SHALE-HOSTED Ni-Zn-Mo-PGE DEPOSITS 

SHALE-HOSTED Ni-Zn-Mo-PGE E l  6 

IDENTIFICATION 

SYNONYMS: Sediment-hosted Ni-Mo-PGE, Stratiform Ni-Zn-PGE. 

COMMODITIES (POSSIBLE  BYPRODUCTS): Ni,  Mo  (stone coal, P, Zn, Pt, Pd, Au). 

EXAMPLES  (British  Columbia - Canada/Inlemalionol): Nick, Yukon; large number of depsils in southeastern  China  including 
mining camps of Timeshan, Xinluguo, Tuansabao  and  Jinzhuwoin, norlh cenlral  Guizhou  Province  and Zunyi Mo deposits, 
Doyong-Cili  Dislricl. 

GEOLOGICAL  CHARACTERISTICS 

CAPSULE D E S C m O N :  Thin layers of pyrite, vaesite  (NiS2),  jordisite  (amorphous MoS2) and  sphalerite in black shale sub- 
basins  with  associated  phosphatic  chert  and  carbonate rocks. 

TECTONIC SElTlNG(S): Continental platform sedimenmy sequences  and possibly successor  basins. All known deposits 
associated  with  orogenic belts, however, strongly  anomalous  shales  overlying  the  Nonh  American  craton may  point to as yet 
undiscovered deposits  over  the  stable  craton. 

DEPOSITIONAL ENVIRONMENT / GEOLOGICAL SETTING: Anoxic  basins  within  clastic  sedimentary  (flysch)  sequences 
containing  black  shales. 

AGE OF  MINERALIZATION  Post-Archean. Known deposits  are  Early  Cambrian  and  Devonian, however, there is potential for 
deposits of other  ages. 

HOST/ASSOCIATED ROCK TYPES: Black  shale is the  host;  associated  limestones,  dolomitic limestones, calcareous  shale,  cherts, 
siliceous  shale,  siliceous  dolomite, muddy siltstone  and tuffs. Commonly associated  with  phosphate  horizons. In the Yukon at 
base of a 10 to 20 m thick  phosphatic  shale bed and  in  China  the Ni-Mo beds are in black shales  associated  with  phosphorite. 

DEPOSIT FORM. Thin beds (0 to 15 cm  thick, locally up to 30 cm)  covering  areas  up  to at least 100 hectares  and found as clusters 
and zones extending  for  tens of kilometres. 

TEXlVPJ3STRUCTURE:  Semimassive  to massive sulphides,  phosphorite, quartz and  organic  matter as nodules, spheroids, 
framboids and streaks or segregations in a fine-grained  matrix of sulphides,  organic  matter  and  nodular  phosphorite or 
phosphatic carbon ace^^^ chert.  Mineralized bed may be rhythmically hminatd ,  often has thin  discontinuous  laminae. 
Brecciated  clasts and spheroids of pyrite, organic  matter and phosphorite. In China  nodular  textures (- 1 mm diameter)  grade 
to  coatings  of  sulphides on tiny 1-10 pm sphelules of organic  matter.  Fragments and local folding retlect soil-sediment 
defomtion. Abundant  plant  fossils at Nick occurrence  and  numerous fossils of microorganisms  (cyanobacteria,  algal mats) 
in  the  Chinese  ores. 

ORE MlNERALQGY principal and subordinale]: W t e ,  vaesite (NiS2), amorphous  molyMeum  minerals (jordisite MoS& bravoite 
(re,Ni]S2), sphalerite,  wurlzile, plydimile (Ni& gersdorfile (NiAss), violarile(Ni2FeSJ,  millerite,  sulvanite,  pentlandite, 
lennanite  and, as lraces,  "alive gold, uraninite,  fiemannile (HgSe). arsenopyrile,  chalcopyrite  and covellile. Discrete 
platinum group minerals may be unusual. Some ore samples are surprisingly  light because of abundant  organic  matter and 
large  amount of pores. 

GANGUE hUNERALOGY Chert,  amorphous silica, phosphatic  sediments,  barite and bitumen. May be interbedded with pellets of 
solid  organic  matter  (called  stone coal in China).  Barite  laths are reported in two of the  Chinese  deposits. 

ALTERATION MINERALOGY Siliceous  stockworks  and  bitumen  veins  with silicified wallrock occur in the footwall units. 
Ciutmnate  mncretions  up to 1.5 m in diameter  occur  immediately below the Nick mineralized  horizon in  the Yukon. 

WEATHERING: Mineralized  horizons  readily  oxidize  to a  black mlour and are recessive. Phosphatic  horizons may be resistant to 
weathering. 
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SHALE-HOSTED Ni-Zn-Mo-PGE E l  6 

ORE CONTROLS : The deposits  developed in restricted  basins with anoxic  conditions. Known deposits are found  near  thi  basal 
contact  of  major  formations.  Underlying  regional  unconformities and major  basin faults  are possible  controls on 

fractures. 
mineralization.  Chinese  deposits  cccur  discontinuously  in an arcuate  belt I600 km long, possibly  conlxolled  by  baser  lent 

GENETIC  MODEL:  Several  genetic  models  have been suggested,  reflecting the limited data available  and the unusual  pre:  ence of 
PGEs  without ulvamafc rocks.  Syngenetic  deposition  from submarine  springs  with deposition of metals on or just I eneath 
the d o o r  is  the most  favoured  model.  Siliceous  venting tubes and chert  beds  in the underlying  beds in the Yukon .uggest  a 
hydrothermal sourct for metals. 

ASSOCIATED DIPOSIT TYPES: Phosphorite  layers (F07?), stone coal, Sedex Pb-Zn (E.14), Sediment-hosted  barite (El7 I, 
sediment-hosted  Ag-V,  uranium  deposits. 

COMMENTS:  Ag-V and V deposits  hosted by black shales have  been  described  from the same  region  in China, hosted by 1 
underlying  'late  Precambrian rocks. 

EXPLORATION  GUIDES 

GEOCHEMICAL  SIGNATURE:  Elevated  values of Ni,  Mo,  Au,  PGE, C, P,  Ba, Zn, Re, Se, As, U, V and S in rocks throu :hout 
large parts of basin and derived Stream sediments. In China average  regional  values for host  shales 01'350 ppm  Mo, 150 ppm 
Ni,  several ' w l %  PlOr  and 5 to :!2% organic  maner.  Organic content  correlates  with  metal contents fix Ni,  Mo  and !n. 

GEOPHYSICAL SIGNATLTRE: EM for pyrite  horizon.  Scintillometer to detect  anomalous U. 

OTHEREXPLORATION GUIDES:  Anoxic  black  shales  deposited  in  sub-hasins  within  marginal  basins.  Chert or phosph; Le-rich 
sediments associated  with  a  pyritiferous  horizon.  Barren  pyrite  layers  from 5 mm  to 1.5 cm  thick,  located  up  to tens Jf  metres 
above  mineralized  horizon. 

ECONOMIC  FACTORS 

TYPICAL  GRADE AND TONNAGE : These thin sedimentary  horizons  (not  economic)  may  represent  hundreds ofthousads of 
tonnes  grading in  percent  values for Ni, Mo or  Zn  with  significant  PGEs. In China the Zunyi Mo mines  yield - 200 I tonnes 
per year avmaging 4% Mo  and  containing  up lo 4% Ni, 2% Zn, 0.7 g/t Au, 50 g/t Ag, 0.3 g/l pt ,  0.4 g/t  Pd and 30 g/t Ir. Thc 
ore  is recovered from a  number of small adits using  labour-intensive  mining  methods. 

ECONOMIC LMTATIONS: In China  the Mo-bearing  phase  is  recovered by roasting  followed by caustlc  leaching  to praluce 
ammonium  molybdate.  Molybedenum-bearing  phases  are fine grained and all ore (cutoff grade 4. I% Mo)  is  shippec  directly 
to the smell.cr after crushing, 

IMPORTANCE: Current world  production  from  shale-hosted  Ni-Zn-Mo-PGE  deposits is approximately IMXI tonnes of or : with 
grades  of  approximately 4% Mo.  Deposits  of this type are  too thin  to be economic at current  metal  prices,  except  in  ipecial 
wnditions. However,  these  deposits  contain  enormous  tonnages of relatively high  grade Ni,  Mo, Zn and  PGE which  may be 
exploited if thicker  deposits can be found. 

REFERENCES 
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of sedimentary  sequences in British Columbia. The most 
There  is potential to find  these deposits  in a number 

obvious is  the southeasterly  extension  of the Devonian 
black  shales  of the Selwyn  Basin that host  the  Nick 
deposit, into  the  Kechika  Trough  of  northeastern  British 
Columbia  (Figure 2). Although  no  shale-hosted  nickel 
sulphide  occurrences  have  been  reported  from this  area, 
there  is  geochemical  evidence  that  they  could exist. In 

Zn immediately  northeast of  the  confluence of  the 
1978  TexasgulfInc.  found a tufa deposit  with up to 8.4%. 

Kechika and  Gataga rivers (Came, 1991).  Subsequently 
Noranda  Exploration  Company,  Limited  and  Archer, 
Cathro  and  Associates  Limited  outlined  widespread  areas 
with  high  Zn-Cu-Mo-Ag  values.  Archer,  Cathro and 
Associates  Limited  have  since  found  values  in  excess of 
10000 ppm  Zn  and 4000 ppm  Ni  near  Red  Bluff  Creek, 
in the area, now covered by the  Netson  claims  (Figure 2). 
As there are no igneous rocks in the area,  shale-hosted 
nickel  sulphide  occurrences  are  currently  the  presumed 

near  the  transition  between  dominantly  calcareous or 
source  of  the  nickel and molybdenum. The anomaly lies 

Devonian  Road  River  Group  and siliciclastic turbidite 
dolomitic  shale and mudstone  of  the  Ordovician to Lower 

and debris-flow  deposits  interlayered  with  carbonaceous 
cherty  argillites of the  Middle  Devonian to Mississippian 
Earn  Group (Fem et a/., 1995,  this  volume). 

are  the Bowser  Lake  Group of central  British  Columbia 
Other potentially prospective  black  shale  sequences 

and  the  Exshaw  and  Femie  Formations  in  the 
southeastern  corner of the  province. 

SUMMARY 

in British Columbia. The mineral  deposit profiles being 
There is potential to find a  wide variety of orebodies 

developed by the  British  Columbia  Geological  Survey 
Branch may provide explorationists with  information  on 
deposit types with  no  known  orebodies  in  the  province. 

ACKNOWLEDGEMENTS 

literature review by the  author.  The only  “ground 
These two deposit profiles represent the results of a 

truthing”  is  thanks  to  reviews  and instructive 
conversations  with  Sunil  Gandhi  and Lany Hulbert of 
the  Geological  Suwey  of  Canada  and  Ray Coveney  of the 
University of Missouri  -Kansas City. Comments by Tom 
Setterfield of Westminer  Canada Ltd. and Rob Came of 
Archer,  Cathro and Associates  Limited  were also 
appreciated. 

Alldrick, John Newell and Patrick  Stinson. 
The  manuscript benefited  from  reviews by Dani 

Figure 2. The  extension of the  Mackenzie  Platform  into 
northeastern  British  Columbia  is a prospective  area  for 

Nick  occurrence  and  Netson  property are hosted by 
fmdmg shale-hosted Ni-Zn-Mc-PGE deposits.  Both the 
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VOLCANIC STRATIGRAPHY AND LITHOGEOCHEMISTRY OF THE 
SENECA PROSPECT,  SOUTHWESTERN BRITISH COLUMBIA (92WSW) 

By Sean D. McKinley, J.F.H. Thompson and T.J. Barrett 
Mineral Deposit Research Unit, U.B.C. 

(MDRCI Contribution 060) 

" 

Formation,  Seneca deposit, Kuroko,  synvolcanic, stratig- 
KEYWORDS: Economic geology, Harrison  Lake 

raphy, dacite, andesite, rhyolite, massive  sulphide.  alter- 
ation. 

INTRODUCTION 

umbia is located approximately 1:20 kilometres east of 
The Seneca property  in  southwestern British Col- 

Vancouver (Figure 1). The properly is accessible  from 
the  Lougheed  Highway at Harrison  Mills by the  Morris 
Valley  Road  and  the  Chehalis-Fleetwood  logging road. 

The property  has  been  described as a zinc-copper- 
lead-harite volcauogenic  massive  sulphide  environment 
similar in many aspects to the  Kuroko-type  deposits 
(Urabe et al., 1983; McKinley et al., 1994). There  are 
three  major  zones of sulphide  mineralization on the  prop- 
erty; the  Pit area, the  Vent  zone  and  the  Fleetwood  zone, 

River  (Figure 1). Current  geological reserves are estim- 
within a 4.5 by 3 kilometre area east of the  Chehalis 

ated at 1.5 million tomes  grading 3.57% Zn, 0.60% Cu 
and 0.14% Pb. Mineralization  occurs as replacement 

stockwork-style  stringer  sulphides hosted in a sequence 
sulphides  associated  with volcaniclastic sediments  and as 

Lake Formation. 
of felsic to intermediate  volcanic  rocks of the  Harrison 

spatial, temporal, and geochemical relationships of the 
The objective: of this study is to better constrain  the 

various rock units and  the  accompanying alteration and 
mineralization.  Fieldwork  in  the 1994 Season  involved 
the  logging of diamond-drill  cores to complete a longil- 
udinal  geological  cross-section  through  the property, as 
well as some  outcrop  examination. 

EXPLORATION HISTORY 

Jim  property,  was  discovered  in I95 I as an indirect result 
The Seneca  prospect,  formerly known as the Lucky 

of logging  operations  and  was  optioned by Noranda 
13xploration Company at that time  (Thompson, 1972). 
The sulphide  mineralization was believed to be part of a 
steeply dipping win  or  shear  system.  In 1961 stripping, 

but  the results wcre not encouraging.  The  property  was 
trenching  and  some  underground work were  carried out, 

held hy Noland  Mines, Ltd. from 1964 to 1965 and  was 
hought by Zenith Mining Corporation,  Ltd. in 1969. 

Cominco  Ltd.  optioned  the  property  in 197 and carlied 
out  further  exploration  based on the concept that the :zone 
represented  Kuroko-style  conformable  m neralizatim. 
The propetty  was  acquired by Chevron Sta~ldard Ltd. in 

the  next ten  years  in joint ventures  with lntematiord 
1977 and further diamond drilling  was  conpleted o w  

Curator  Resources Ltd. and  E.P.  Canada Inc. Fu~ t l e r  
logging in the area led to the  discovery in 1986 01 the 
Vent zone  stockwork  mineraliJation 1.75 kilometres to 
the west  of the original discovery.  In 199 drilling by 
Minnova, Inc., 1 kilometre to the west of t h z  Vent zone, 
led to the  discovery  of  the  Fleetwood  zone. The prolxrty 
is currently  held by 1nternation.al Curator  R,:sources Lld. 
and  is  under  option to Metall  Mining Corpo~ation. 

REGIONAL GEOLOGY 

The  Harrison  Terrane on the west sidc of Hani:;on 
Lake  comprises a sequence  of  Triassic tl! Cretaceous 
volcanic  and  sedimentary rocks. The str; tigraphidly 
lower part of the  sequence is intruded by U ,per Jurassic 
quartz diorite batholiths west and  north of the  propflty 

Formation. within  the  Harrison  Terrane, i! a Lower to 
(Monger, 1970; Mahoney, 1994). The H.irrison L;tke 

Middle Jurassic succession up LO 2500 met~es thick thlat 
strikes  north-northwest  with ge:ntle to mod#:rate easterly 
dips  (Mahoney, 1994). From  oldest to qxngest, the 
Harrison  Lake  Formation is  c:omposed  of th:  Celia Cove 
Member, the Francis Lake Member, the 'Veaver Lnke 
Member  and  the  Echo  Island  Member  (Arthur, 1'9:<6; 
Mahoney, 1994). The Celia Cove Memtr:r  comprises 

overlying  Triassic rocks. The  Francis Lake bfember r t p  
mostly deep  water  sedimentary  rocks u~confoma:~ly 

Harrison  Lake  Formation,  Regionally  the 'Veaver Lxke 
resents the  onset of volcanism that char  cterizes :he 

Member  is  dominated by mtermediate to fc lsic volcanic 
rocks  and related intrusions  and is overlain by the I'A:!ho 

sediments  (Mahoney, 1994). Although  nct  fully om- 
Island  Member  which  comprises mostly  \,olcanicla:;xic 

strained, the  Seneca  property is interpreted to lie wtb.in 
the  upper part Weaver Lake  Member. 

GEOLOGY OF THE SENECA PRDPERW 

imately northwest  and  are essentially flat lyi lg or moder- 
In general  the  strata on  the  property strike appr,~x- 
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Figure I :  Location  map  of lhe Seneca prospect and the  mineralized  zones on the property.(A-B and C-D are  longitudinal 
geological sections  shown in Figure 2) 

ately dipping  in an easterly direction.  The  Seneca  stra- 
tigraphy has undergone  very little deformation or meta- 
morphism  and, in general,  the  rocks retain pristine 
volcanic textures. Metamorphic  grade in the  Seneca  area 
is zeolite facies. The major lithologic units  are sub- 
divided into three  principal  volcanic  facies as follows 
(see Figure 2): 

Facies 1 - L a v a  (vent-  proximal facies) consist of 
basaltic to rhyolitic composition flows, domes 
and associated in situ hyaloclastites and auto- 

* Facies 2 - Volcaniclastic  rocks  (vent-proximal to 
clastic breccias. 

distal facies) consist  of  juvenile lo reworked 
coarse  volcanic  breccias  and tuffs to fine  grained 

Facies 3 - Synvolcanic  intrusions consist of 
siltstones and  ashes. 

basaltic to rhyolitic sills  and  dikes that have 
intruded  lavas and wet volcaniclastic sediments. 

contains flattened quartz-feldspar-phyric  pumice  clasts 
A fourth facies consists of an  argillite  that  often 

(fianime)  and is often  in  close  proximity to mineral- 
ization. However, this  facies  is spatially restricted to the 
Pit area  and does not correlate across  the  property.  The 

but their relative abundances  vary greatly from  hole to 
three principal facies are generally  seen in all drillholes, 

hole. 

FACIES I :  LA VAS 

Lava  flows are defined hy their  contact  relationships 
and the  occurrence  of  flow  textures and autobrecciation. 
The felsic lavas  contain 5 to 15 % subhedral to euhedral 
plagioclase  phenocrysts that are typically 1 to 2 milli- 
metres  long. Qua~tz phenocrysts are less common,  but 
may comprise  up to 7 % of the rock. They are generally 
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Photo I .  Basaltic  lavas (facies]) from the Fleetwood zone. 
Amoeboid-shaped  lava  clasts (tire fountain  debris)  are in a 
matrix of chloritized glass. 

subrounded and less than 5 millimetres  in  diameter. 
Chloritized  hornblende  laths are also usually  present  (up 

felsic flows  range  from one  to several  tens of metres 
to 5 %) and  average 1 to 2 millimetres  in  size.  Individual 

thick, and have  flow  brecciated  upper  contacts and 
chilled and/or slightly brecciated  lower contacts. The 
flow  breccias  have  generally been weakly to moderately 
silicified, probably by syndepositional  seawater  inter- 
action. In some  instances  several  coherent  flow-flow 
breccia  sequences  occur  in vertical succession  up to 100 

forming a dome-like morphology. The cores of  the 
metres thick, but less than 200 metres  in lateral extent, 

thicker  flows are typically massive and greyish  green  in 
colour, and  are often  accompanied by a lateral transition 
from autobreccia to reworked hyaloclastite and  volcani- 
clastics at  the  margins.  These  relationships  suggest that 
the felsic flows  have  both  tabular  and  dome-like  morph- 
ologies  similar to those  described by McPhie  and  Allen 

Tasmania.  The domes and flows are intruded into and 
(1992) for  the  Mount  Read  volcanics  in  western 

extruded  through  other lavas, fine-grained volcaniclastics 
and coarse  lava  clast  breccias  (Figure 2). 

Unbrecciated  andesites at Seneca  tend to be 
featureless and  without  pillow  forms.  However,  massive 
coherent  matic  flows are inferred by the  presence of 
stretched  amygdules and  their  association  with  auto- 
clastic breccia. A  unit  that consists of subrounded to 
amoeboid  fragments  of  vesicular  basaltic  andesite  surr- 
ounded by angular  andesite  clasts  and hyaloclastite 

occlm in the  western pan of the  property  (Photo I). The 
fragments  are typically 1 to I0 centimetres  in size, are 
light green or purplish  grey in colour and consist of a 
core of massive  andesite  with chilled or brecciated  rims. 
The textures of the  fragments,  together  with  their 

were  ejected as molten  material  either  subaqueously or 
amoeboid  shape and tail-like ends,  suggests that they 

subaerially and  landed  in  water  while still semi-molten 
(R. Allen, pers-onal communication, 1993). This unit is 
interpreted to be a vent-proximal facies as the 
surrounding  angular hyalo-clastite has not  been 
reworked. This  facies  is referred to as 'tire fountain 
debris' and is only seen  in lower parts of the drillholes. 

FACIES 2: VOLCANICUSTICSEDIMENTS 

There  is a variety of volcanic-derived  sediments  and 
breccias on the  Seneca  property  with  clasts  ranging  from 

deposition  and  reworking of volcanic  debris  derived  from 
silt size  to block size (<IS cm).  These  units  represent  the 

tion of fine sediments  of  more distal origin.  They  are  sub- 
lava flows,  domes  and  eruptions,  with  the  probable  addi- 

divided into four facies: 
Facies 2.1. Monolithic to heterolithic, massive to 
well bedded or laminated  and  normal  density 
graded,  moderately to poorly sorted  lava clast 
breccias, pebble conglomerates, vitriccrystal 
tuffs and  volcanic  sandstones,  interpreted to have 
been deposited as debris  flow  deposits and tur- 
bidites. 
Facies 2.2. Massive to well laminated  volcanic 
siltstone and fine ash deposited  suhaqueously by 
gravity  settling. 
Facies 2.3. Dacitic to rhyolitic pumice  beds (often 
flattened). 
Facies 2.4. Reworked  dacitic  debris  flow  deposits 
and  conglomerate  interpreted to have  been  depos- 
ited in a fluvial or deltaic  environment. 

The 'ore zone  conglomerate',  located  in  the Pit area, 

and varies  from I to 15 metres  in thickness. The unit 
hosts  disseminated to massive  sulphide  mineralization, 

consists of moderately silicified, mostly subrounded  dac- 
ite lava clasts  ranging  from  sand  size  up to 3 centi-metres 
in diameter  in a sandy or silty matrix. The  unit  can be 
matrix or clast supported,  and  also  contains  clasts and 
matrix  that  have been replaced andor infilled by sulph- 

glomerate refers to the  entire unit which hosts  sulphide 
ides. It should be noted that the term ore  zone  con- 

mineralization  and that much  of  the  unit  contains  only 
sulphides, but is texturally distinct  from  other  volcani- 
clastic units. 

graphically below the  ore  zone conglomerate  in  the  Pit 
A  dacite lava clast  breccia (facies 2.1) occurs  strati- 

area, and  generally  above  the  major  mafic  units in the 
Fleetwood  and  Vent  zones  (Photo 2). Typically  the unit is 
clast supported (up to 90% clasts  up  to 10 cm in 

fragments of feldspar-phyric  dacite  lava  and lesser 
diameter) and consists dominantly  of  subangular  dense 

andesitic fragments  and  occasional silty rip-up  clasts. 
amounts of dark  green  vitric or pumiceous clasts, 
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Photo 2. Coarse volcaniclastic breccias  (facies 2). These 
consist dominantly of dacite lava clast!; deposited by debris 
flows 

The  dacite  clasts  vary in colour  from light grey to reddish 
tan,  possibly repre-snting subaerial  deposition  and later 
reworking. The unit is  moderately to poorly sorted, 
suggesting  deposition by debris flows. 

Compared to the Pit area,  the  Fleetwood  and  Vent 
zones  contain a greater  abundance of reworked andesitic 
lava  clast breccias, comprising  centimetre-size,  subang- 
ular, amygdaloidal  andesite  fragments  and hyaloclastite, 
and  up to 30%  dacite  lava clasts. The true thickness of 
the unit is  dificult to determine  due to dilation by syn- 
volcanic intrusions, but  individual intersections are some 
5 to 10 metres thick. Andesite  lava clast breccias  are less 
common at higher  stratigraphic levels, and  where they do 
occur,  contain  smaller  clasts that are more  rounded. 

Fine-grained volcaniclastic sediments (facies 2.1 and 
2.2) are common  throughout  the  property, particularly in 
the  upper part of' the  stratigraphy  (Photo  3). The 
sediments  form light to dark  grey beds of silt to coarse 
sand-sized material. Individual  beds  range  from 2 centi- 
metres to 5 metres thick, and vary  from  massive to well 
laminated  and nonrnal graded. The basal  contacts of 
normal  graded beds are often sharp  and  are characterized 
by coarse  sand to gravel-sized material, often  with a 
component of dacite  pumice  fragments, glassy shards  and 
feldspar crystals. These  beds  grade  upward  through 
massive or weakly laminated  sands to well-laminated  and 
occasionally  cross  bedded fine sand,  silt  and mud and 

become  more  common  higher  in  the stratigraphy. 
may represent  individual turbidite layers. Graded  beds 

property  (Figure 1). drillhole  91-03 intersected an  unin- 
In the  Trough zone,  in  the  southeastern part of the 

Photo 3. Volcaniclastic  rocks. Top: massive  volc&nic siltstcat: 
(facies 2.2). Centre:  bedded  volcanic  sandstone  facies 2.1 r 
Bottom:  crystal-rich dacitic tuff. 

tempted sequence of facies 2.1 and 2.2 vol~:ani-clasti: 
sandstone  and  siltstone.  This interval lacks  the  feki: 
intrusions and flows that are  ubiquitous elsewllere on th: 
property. There  is a gradual fining upwards  n  the seq- 
uence  and  the  upper  parts are well bedded and  lam- 

feldspar-phyric rhyolite pumice  clasts 2 to 10 ~.entimetrer 
inated.  The  upper part contains ;I component  of  quartz- 

in size, suspended in fine-grained  ash. The  rumice and 
the ash/siltstone are possibly derived  from i !  subaerial 
felsic eruption. The Trough  zone is interpretec, as a mart: 
distal facies of the Pit area stratigraphy. 

FACIES 3: SYNVOLCANI(.'INTRUSIO, VS 

Synvolcanic  intrusions are distinguished  rom f low 
by their  contact  relationships  and textural features. Corn. 
monly, the  contacts are bedding parallel, an1 the un~.t; 
lack flow banding  and  autobreccia  (Photo 1 , ) .  Chilled 

provide simple criteria for the  recognition of di kes. 
margins and contacts at high  angles to s'ratigraph!3 

The most common  intrusions are feld:,par-phyril: 
dacite to rhyodacite  porphyrJ sills. They rang#: from om: 
to several tens of metres thick, and  are often columna:- 
jointed in outcrop.  Mineralogically. and often texturally, 
these rocks are identical to the  dacite flows described 
earlier  and  are  only  distinguishable by thcir  contact 
relationships. Dacite  sills,  where they cut other intrusion! 
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Photo 4. Synvolcanic  intrusions.  Bottom:  feldspar-phyric dacite 
porphw (FP); Centre:  quartz-feldspar-phync  rhyolite plphyy 
(QFP); Top: Andesite sill showing  peperitic  textures. 

Photo 5 .  Peperitic  textures from a sediment-sill  contact  zone. 
Drillcore  samples  show a downward  progression from a mixed 
zone  of siltstone and hyaloclastite  at the contact  (top) to the 
main body of  the sill below the contact  showine  decreasine 
intensities of quenching,  fracturing  and alteratio~;dow~ward~ 
(centre and at  bottom). 

or flows, commonly  have chilled contacts  over  widths of 

slightly brecciated. Where  the  sills  intrude  the  volcani- 
10 ccntimetres to more  than I metre,  and aie only 

clastic  sediments  and breccias, the  contacts  commonly 
have peperitic textures  (Photo 5 ) .  In peperitic zones the 
contacts  tend to be quenched  and  brecciated  with  angular 
to cus-pate hyaloclastic fragments less than 1 centimetre 

volcaniclastic sediment.  These interaction zones  reach 
to 20 centimetres  in  size in a matrix  of  the  finer 

of the sills. The textures indicate that the  sills  have 
thicknesses of several metres  and  usually occur at  the  top 

intruded into wet,  unconsolidated  sediments (cJ McPhie 
and  Allen, 1992). 

Mafic  intrusions  are less common  than felsic bodies 
and  tend to occur  in  the  lower  part  of  the stratigraphy. 

cutting  and  bedding-parallel  contacts  with chilled mar- 
Similar to the  dacite  porphyries, they have both cross- 

gins.  The  andesites  are  generally  massive  and  dark  green 
with chlorite-filled amygdules 0.5 to 1 millimetre in dia- 
meter.  Where  the  andesites  intrude  sediments, they 
exhibit  quenching, brecciation, and  mixing  similar to the 
felsic intrusions, except that brecciated  zones  tend to be 

of the  drillholes  in  the Pit area,  these mafic sills  intrude 
more  extensive (in the  range of several  metres). In many 

the  ore  zone  conglomerate and  units  immediately  above 
and below it. 

The third type of intrusion  is  quartz-feldspar-phyric 

other two types  and  their  mode of emplacement  is  un- 
rhyolite porphyry  These rocks are less common  than  the 

certain.  They  occur  at  higher levels in  the  stratigraphy 
and  as a result their  upper  contacts are not always seen. 
Their  size  and massive  nature  suggest that they  may  be 
syl~volcanic sills, hut they may also represent  emergent 
domes. The rhyolite porphyies  are easily distinguishable 
from  the  dacite  porphyries by their  greyish  brown 
groundmass  and by the  presence of up to 10% sub- 
rounded quartz phenocrysts 2 to I millimetres  in  dia- 
meter. There  are  also 5 to 15% plagioclase  phenocrysts l 
to 2 millimetres  in size, as well as minor  hornblende. 
The rhyolite porphyry  bodies  range  from  a few to more 
than 30 metres thick. 

MINERALIZED ZONES 

Three types of  mineralized  zones are present at 
Seneca  (Figure 2): 

Conformable  massive  sulphide lenses. 
Semi-massive and disseminated  sulphides assoc- 

Stockwork  and  stringer  mineralized  zones. 
iated with volcaniclastic rocks. 

Conformable,  stratahound  lenses of semi-massive 
sphalerite, pyrite, and  chalcopyrite  with lesser galena  are 
exposed in the  Pit  area, and to a lesser degree  in  an 
intersection (drillhole 92-33) in the  33-zone  in  the Fleet- 
wood area. The  sulphides in both locations are hosted by 
fragmental  rocks  and  occur as discontinuous  pods that do 
no1 correlate between  adjacent  drillholes.  In  the  33-zone. 

by a quartz-carbonatechlorite zone  and a dacite porphyly 
a 2-metre iutersection of massive  sulphides  is  underlain 

intrusion. and is sharply  overlain by a cherty  sulphide 
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I'boto 6 .  Ore zone conglomerate (OZC). Drillcore samples 

contain disseminalrd, semi-massive and stringer pyrite- 
show variations within this mineralized unit. The samples 

sphalerite<halcopyite  mineralization hosted by strongly 
altered  volcaniclastic  rocks. 

layer and a zone of strongly chloritized fragmental  mat- 
erial.  Unlike  the  33-zone.  the  massive  sulphides  in  the 
Pit area  are  underlain by siliceous stringer  and  dissem- 
inated  mineralization.  Blades of barite  are intergrown 
with  the  sulphides in both locations, 

Massive to disseminated  sulphides  are  associated 
with  the volcanicllastic ore  zone  conglomerate  (Photo 6) 
and tend to be restricted to the  upper  portions of the unit. 
The best such intersection is 0.5 metres of massive pyrite, 
sphal-erite and barite with lesser chalcopyrite. underlain 
by 3.5 metres of mostly  semi-massive pyrite (drillhole 85- 
03). More  commonly the  mineralization  hosted by the  ore 
zone  conglomerate consists of clasts that are partially 

occasionally  sphalerite.  Some of the  clasts  are  rimmed by 
replaced, or matrix  that is partly infilled by pyrite and 

later pyrite. There  is no evidence of bedded clastic 
sulphides. 

Stockwork and  stringer  sulphides  are  the  dominant 
style of mineralinition  in  the F l e e t w d  and Vent zones 

up to 1 centimetre  wide  of sphalerite, pyrite and  quartz (* 
(Photo 7). The Vent  zone  stockwork consists of veinlets 

chalcopyrite)  in  strongly altered dacitic flows, breccias, 
intrusions,  and mired lava clast breccia. In  the  Fleetwood 
zone  (drillhole 91-16) 1.1 metres of massive sphalerite, 
pyrite and  chalcopyrite  occur  immediately above  about 30 
metres of stockwork sphalerite-pyrite-chalcopyriteqnartz 
-anhydrite veinlets in altered dacite  and  fine  volcani- 
clastics similar to the  Vent  zone.  Shorter intersections of 

Plate 7. Vent zone stockwork. The sample from outcrop 
consists of pyrite-sphalerite-qo~lrtz~ veins in st mgly  al!ered 
dacite po'plyy. 

ween the  Fleetwood  and  Vent  zones. 
similar  stockwork  mineralization  occur  in drillholes k t -  

All of  the  mineralized ZOIIZS i n  the  Fl~:twood Area 
occnr at about the Same stratigraphic le\:l and have 
similar lithologic associations  (Figure Za). T le stockwork 
zones  are most commonly  hosted by fels c lavas 2nd 
antobreccias  which  immediately overlie ma ic lavas 2nd 
reworked mafic-dominated volcaniclastic ocks (facies 
2.1). and  which  occur below  the fine-grained vokaui- 
clastics (facies 2.2). These  overlying fine volcanicla:itics 
are essentially unminenlized :md unalterei except for 
occasional fine sulphide lan~inations.  The  mineralixd 
zones  are  often  associated  with  narrow fault zones  and 
moderate to strong,  fine  anhydrite  veining.  Similar lith- 
ologic relationships are also seen in the Vent zone. 

ALTERATION 

Typically most  of the  rocks at the Senxa  property 
are relatively unaltered,  with pristine presen ation of vsl- 
canic textures. Macroscopically  recognizable alteration is 
restricted to the  Vent  and  Fleetwood zone! where it  is 
characterized by intense silicification and :ericitization 
associated  with  massive to flow-banded and flow-brm- 
ciated dacite porphyry. The stockwork. veining  is r:s- 
tricted to the dacites. but alteration  extenls IO to :!O 

ating  the original textures. The dacites are dentified on 
metres into the  surrounding  fragmental rccks, oblitzr- 

the basis of  the relict feldspar  "ghosts" left hy lhe 
alteration.  Alteration in the Pit area  is mos ly restri'cled 
to the  ore  zone  conglomerate  which i! commonly 
strongly silicified and/or clay ;tltered. There i ppears tN3 be 

occasional  clay  alteration of some of the :oarse fil;ic 
little footwall  alteration below this horizoil except ix 

volcaniclastics. This suggests that the  al,eration  and 
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mineralization may have  been  controlled by the  porosity 
and  permeability  in  the  coarse-grained host. 

IdTHOGEOCHEMISTRY 

A suite of 82, samples  was  analysed  for major and 
trace  elements  using x-ray fluorescence at McGill  Univ- 
ersity in Montred.  The  samples were selected to be 
representative of the  major lithologies on  the  Seneca 
property. 

are used in this  study to illustrate fractionation and 
Plots of major  and trace element  geochemical  data 

alteration  trends  in  the  volcanic  rocks  (Figure 3). Inferr- 
ed  fractionation  trends  were  established  using  vari-ous 
pairs of compatible,  incompatible,  mobile  and  imm-obile 
elements, with th'e igneous  incompatible  element  being 
used as the  monitor of fractionation. Zirconium is  used 
most often as a monitor  of fraction-ation as it is 
immobile, relatively abundant  and  can be measured 
accurately  using XRF techniques  (MacLean,  1990). 
Figures 3a and 31) both show  near  continuous linear to 
curvilinear  trends  from  rocks  of basaltic andesite  com- 
position to dacite  and rhyolite compositions. However, 
there  is a 'gap' in the data set corresponding to com- 
positions of about 55 to 63% Si02,  This suggests that the 
data set is bimodal. However, the  data of Mahoney 
(1994) do  not support a bimodal  nature  for  the  entire 
Weaver Lake Member. As the  majority  of  the  samples are 
relatively unaltered, we believe that the  near  linear or 
curvilinear  trends in the felsic samples  are related to 
fractionation. Further  geochemical  work is required to 

by fractionation. 
determine if the felsic and malic  rocks  are directly related 

Within  the rnafic rocks, there  appear to be  two 

basaltic andesite !composition and  the  other  has a less 
groupings  of  samples  (Figure 3); one of these  has a 

evolved basaltic composition with lower titanium and 

along a curving  trend  in  Figures  3b  and 3d, in  which  the 
zirconium contents. The mafic  samples are inferred to lie 

initial  increase  in Ti02 reflects the  enrichment of 

crystallization, wi1.h the  subsequent  decrease  correspond- 
titanium in the residual magma during the early stages of 

iug  to  the  onset of crystallization of titanium-bearing 
phases  (Winchester  and Floyd, 1977). The basaltic sam- 
ples also have  lower Z r N  ratios consistent  with a 
tholeiitic to transi1:ional magmatic affinity. The  andesitic 
samples  are  synvolcanic sills taken entirely from  the Pit 
area,  whereas  the 1)asaltic samples are extrusive lavas and 
intrusions  from  the  Fleetwood  and  Vent  zones.  The 

that  the  more  evolved basaltic andesites  intruded  at a 
relative stratigraphic  positions of these  samples  suggests 

slightly higher  stratigraphic level. 
In immobile-incompatible  element and immobile- 

immobile plots, altered  samples lie along lines that 
extend  from  the  unaltered  precursor  composition to the 

are best shown in Figures 3a and 3c. The eKect of silici- 
origin. Such  trends  involving  the altered felsic samples 

fication, which  is  the  dominant  alteration  in many  rocks, 
is  shown  in  Figure  3b  where  the altered samples lie along 
alteration  lines  which  trend t0ward.s 100% Si02. These 

altered samples are from  mineralized  stock-works in ,he 
Fleetwood and Vent  zones. 

facies 2.1 and 2.2 volcanic siltstones and  fin,: sandstones. 
The volcaniclastic samples consist of fine-grained 

All of them,  except  for  one of mafic  con position.. lie 
within  the  same field as the  dacitic to  rhyoli:ic lavas and 
intrukions  and  were probably derived frcm flow!;  or 
pyroclastic eruptions of these  compositions, with little or 
no addition  of mafik material, Mafiic volcan,clastic rodks 
on  the  Seneca  property  are les!; prevalent t Ian those of 
felsic composition. 

DISCUSSION 

consists of felsic and  mafic lava flows ant massive to 
The volcanic  sequence at  the  Seneca Prospxt 

normal-graded volcaniclastic sediments  that  were intnd- 

The volcaniclastic rocks wen:  (deposited  by mass flows, 
ed prior to lithification by synvolcanic sill;  and dik::s. 

gressively finer  grained  and better graded  upwards in the 
turbidites and  gravity settling. These units xcome pw- 

graphy,  including  the  earlier  mafic  intrusi\?s.  Minaral- 
succession. Felsic porphyries  intrude all leksls of  str2t.i- 

ization consists of conformable  lenses of m.tssive, stmi- 
massive  and  disseminated  sulphides in the Pit area and 
the 33 zone,  and  stockwork-style  sphaleritt-pyrite-ch& 
copyritequartz veinlets and  stringers  in tl e Vent and 
Fleetwood zones.  Major  zones ofsilicificatiol~  and  seritit- 
ization are  associated  with  the  stockwork  zor,es. 

The lower  most parts of the  Seneca smtigraphy itre 
dominated by vent-proximal,  mafic  lavas  and breccias, 
and slightly reworked coarse-grained  mafic  \olcaniclastic 
rocks. Mafic  volcanism was followed by .,he onset 'of 
extrusive felsic volcanism. Fr:lsic flows,  domes  and 
autoclastic and  hydroclastic  breccias  often diiectly ovtxlie 
the  mafic  extrusive  rocks  and are accompanied by felsic 
synvolcanic intrusions. The  fekic flows are  interlaymd 

volcaniclastic rocks (facies 2.2). The  greater  proportion 
with  and  overlain by fine-grained and  rmorked  fdsic 

of fine-grained volcaniclastic rocks  compare 1 with f low 
and breccias in the upper parts of the  S(:neca  stlati- 
graphy,  and  the  fining  upward  nature 0' the ertt.:re 
sequence, may reflect an overall deepening ( f  the  depos- 
itional basin  andlor a transition towards a mt re quiescmt 
setting dominated by sedimentary processes. 

The  mineralized  stockworks are interpr:ted to have 
formed at about  the  same time and  stratig,aphic lev:l. 
Their  association  with  flow-top  breccias anc their prc:r- 
imity to enclosing volcaniclastic units  suggests that thcy 
formed at or near  the paleoseatloor. This nlineraliz-ing 
event also roughly  corresponds to  the  onset of extrusive 
felsic volcanism. The deposition of the fi ler volauli- 
clastics was  probably  contemporaneous wi.h, or post- 
dated, the  mineralizing event. The zones  ~f alteratim 
and  mineralization  occur  along a roughly linear trend 
that approximately parallels the inferred strike of the 
units; these  zones  taper  out  rapidly at  thei. upper arld 

fluids  were  channelled by a sungle or sev:ral  relatcni, 
lower contacts. Thus, it is possible that the  mineralizirg 

steeply dipping  sructure(s). Such structures may ,also 

Geological Fieldwork 1994, Paper 1995-1 5 , f r  



have  been the feeders for the extrusive felsic  domes and 
flows which  host  the  mineralization. 
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INTRODUCTION 

cumulation of known  sulphide mineralization in the  An- 
The Hidden  Creek  deposit constitutes the largest ac- 

yox pendant, a volcanic-sedimentary  succession 
preserved as a rwf  pendant  along  the  eastern  margin of 
the Coast Plutonic  Complex,  approximately 160 kilome- 
tres  north of Prince  Rupert, British Columbia  (Figure I). 

between 1914 and 1935 by Granby  Consolidated  Mining 
The deposit  was discovered  in 1901 and was operated 

and  Smelting  Company.  During  this period over 21 mil- 
lion tonnes  of ore: grading 1 . 5  % Cu, 9.25 g/t  Ag and 
0.17 p/t Au was  mined. The mine was closed on August 

Smelting  Company  of Canada,  Limited, now Cominco 
1, 1935 and  purchmed by The Consolidated  Mining  and 

Ltd., on  October 25,  1935 (Davis el  ol.. 1992). From 
1936 to 1989 a number of exploration  programs  were 
carried  out by Cominco  and  various joint venture  part- 

economic  assessment of the  property  indicated a geologi- 
ners. The properpi is now held by TVI Pacific: a 1990 

cal reserve of 10.8 to 13.6 million  tonnes  grading 0.7% 
to 0.75% Cu (Davis el  a/. 1992). 

This study  is in the final year of a two-year program 
designed to examine  the  geological  and  geochemical re- 
lationships  associated  with  sulphide  mineralization in  the 
Anyox pendant.  Over  the  past  two years, 24 drillholes 
totalling over 5300 metres  were  sampled  for lithogeo- 
chemistry,  petrography  and fluid inclusion studies. De- 
tailed mapping on ]:I200 and 12400 scales was  carried 
out  with special attention  given  to  the  ore  zones  and vol- 
canic-sedimentary contact. Fieldwork  this  year focused 
on mineralization styles in  the  ore  zones  and  associated 

and  paragenesis of the  main  alteration facies associated 
stockwork  zones, and  on  the extent, spatial distribution 

with  the ore. 

MASSWE SULPHIDE DEPOSlTS 
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Figure I .  Locatio11 and general geology of lhe e a !  t Anyox p:o- 
4enl (alter Aldrick, 1986) 
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Figure 2. Generalized geology of the  Hidden  Creek  mine 
area  showing  the distribution of ore  zones  and major 
structures. The Nos. 7 and 8 ore  zones  are small subsur- 
face  deposits  indicated by drilling (after Davis, 1993). 

REGIONAL GEOLOGY 

Recent  regional  geological  mapping in the Anyox 
pendant by Sharp (1980). Grove (1986). Alldrick (1986) 
and  MacdonaJd et ol. (1994) indicates that a thick vol- 
canic  sequence  of tholeiitic basalt to basaltic andesite 
with  subordinate  volcaniclastic layers is  overlain by a 
sequence of siltstone, greywacke  and  sandstone  with  mi- 
nor  calcareous  and  conglomeratic beds. Chert  outcrops 
discontinuously  along  the  volcanic-sedimentary contact. 
Mafc plutonic  rocks  occur  in  several localities in  the 
pendant  and may represent  the  basement to the  volcanic 
sequence.  Most  recently  the  geochemistry of volcanic 
rocks  in  the  pendant has been described by Smith (1993). 

GEOLOGY OF THE HIDDEN CREEK 
AREA 

The  stratigraphy  at  the  mine site consists of a basal 

bonate  lenses  of  variable  thickness,  which in turn are 
metavolcanic unit  overlain by exhalative  chert  and  car- 

capped by a thick turbiditic sedimentary  sequence.  Rocks 
in the  volcanic-sedimentary  sucession are variably altered 
with  mineralogies  dominated by chlorite, biotite, sericite 
and  actinolite.  Alteration  is  most  intense  adjacent to the 
contact  between  the  volcanic  and  sedimentary rocks, ext- 

W E 

srr,... 

I andYSZONE 

Figure 3 .  Schematic  cross-section  from  west to east 

of  the major ore lenses in the  folded  volcanic-sedimen- 
throngh  the  Hidden  Creek  mine  showing  the distribution 

tary sequence. 

ending  from  the  footwall  volcanic  rocks  through  the ex- 
halative  zone  and  for  tens of metres  into  the  hangingwall 
sedimentary  sequence 

The Hidden  Creek  deposit  consists of eight distinct 
sulphide  lenses all occurring  at or within  tens of metres 
of the  sedimentary-volcanic  contact  (Figure 2). Sharp 
(1980) reports that the No. 2 and 3 orebodies are located 
within  the  footwall  metavolcanic rocks; the Nos. 1, 4 and 
5 orebodies are located at the  volcanic-sedimentary  con- 
tact and  are  intimately  associated  with  cherty  and  car- 
bonate  chemical  sediments; and the Nos. 6, 7 and 8 
orebodies  occur  stratigraphically  above  the  contact  in 
hangingwall lurbiditic sedimentary rocks. Lithogeo- 
chemical results presented in this  paper  show that the 
Nos. I ,  4 and probably  the No. 5 deposits are actually 
sediment  hosted  and  that  further  investigation  is  required 
to confirm  the  stratigraphic  position of the Nos. 2 and 3 
orebodies. 

The orebodies are withiu  the  hinge  zone and  the  over- 
turned  limb of the  Hidden  Creek  anticline  (Figure 3), a 
northerly  trending,  south and easterly verging structure. 
The  arcuate  shape of the  contact at surface  appears to be 
the result superposition  of at least two phases  of  defor- 
mation  and  the rotation of the axis of  the  anticline to a 
moderate  northerly  plunge.  Deformation  in  the  sedimen- 
tary sequence is expressed as open to tight, upright to 
recumbent folds with  wavelengths  on a scale  of  metres to 
tens of metres.  Strong  planar  and  crenulated fabrics in 
the  alteration  assemblages,  and  shear fabrics in  the  meta- 
volcanic rocks, are the  dominant  expressions of deforma- 
tion in these lithologies. The  orientation of these 
strnctures varies  from  mainly  northtrending  throughout 
most of the  map area to westtrending  along  the  southern 
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Figure 4. A composite  stratigraphic section  of the Hidden  Creek mine. The section is S C ~ I C I I I ~ ~ I C  and  represer Is the gr(3:;;; 

through the contact zone and  into Ihr overlying.  unaltered sedimentary cap ofthe ore xolles 
spacial  distribution of the dominant lithological units  and  alteration  assemblegcs from t h c  I~asal volcan  c sequenc I: 

edge of the  map  where  structures axe subparallel to the 
contact. 

STRATIGRAPHY 

canic rocks  form pan of the footwall to the Hidden  Creek 
Massive to pillowed flows  and  fragmental metavol- 

sulphide  lenses.  These rocks are fine  grained io porpl~y- 

actinolite, biotite, sericite, clinozoisite  and zoisite. Pil- 
ritic  and  have been altcred to assemblages of chlorite, 

lows, where observed, range from 10 centimetres to 1 

width  ratios of 2 1 .  Pillow selvages are I to 2 centimetres 
metre  in  longest  dimension  and typically have length to 

thick,  aphanitic  and  darker  than the pillow cores. The 

to dark  green to reddish  coloured  rock of predominately 
interpillow fill consists of aphanitic to fine-grained, black 

vages  and  interpillow fil l  are locally silicified and 
chlorite  and  biotite, In mineralized zones, the pillow scl- 

suphide  bearing. 

Fragmental rocks crop otlt in several localitit:,; 
throughout the map  area and axe commonly  rt:cognizedin 
drill  core. The rocks  consisl of subangular to 1 :ar-shapcd. 
actinolite-rich mafic clasts. 5 to 30 cenrin etres 1011;;. 
separated by an anastomosing network  of 0.2 to I -  cellti- 
metre,  aphanitic  and  fine-grained  quartz  veins a n d  
granular volcanic rock. 1ndividu;ll clasts  arc fl utened a n d  
vein  networks have consistent  rrcnds  over ten; of metres, 
iinparting a banded appearance to these 011 crops. lh: 
origill of these rocks is enigmati,; as they 11a.z a simil:lr 
appearance, on a s~nall scale. to the silicirt,:d  pillovxd 
scqclcwxs t l ~ a t  locally grade into fragmental  locks acro:;s 
zones of more intense deformation 

Thin to thickly  bedded sacc:haroidal c111 R and car- 
bonate  occur along the  volcallic.-sedimenta~ contact 11 
the Hidden  Creck mine. The chcxt varies in :oloor fron 
bone-white to grey,  reddish or pale green Ind  vidual  bods 
vaty from less than a centinletre to several ce ltimetres 111 
thickness  and  are  separated by sxicitic lamilme.  In drlll 
core. chert intervals valy i n  thickness from less than 3 
metre to a masimunl of  about 30  nletres. Wh te, coarse1.y 
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crystalline  carbonate  occurs as the matrix to the massive 
pyrrhotite and pyrite, and  as discontinuous  bands up to I 
centimetre  thick  where it forms  up to SO% of the  sulphide 

alternates  with  silica as the  matrix to the massive sul- 
intervals. It is closely associated  with  chert  and locally 

either  the  chert or carbonate  horizons. The variable 
phide  lenses.  Microfossils  have not  been identified in 

thickness of the  units  and  close  association  with the sul- 
phide  lenses  suggest  that the chert,  carbonate  and  sul- 
phide may have a hydrothennal  origin. 

forms the hangingwall  of  the  deposit. These rocks  consist 
An  unaltered  siltstone-mudstone turbidite  sequence 

of laminated to interbedded  siltstone,  argillite  and  fine 
sandstone.  Individual  beds  range from less than a centi- 
metre to tens of centimetres  thick; they are  commonly 
massive  with  thinly  laminated  tops  and rarely display 
good grading.  Flame  and load structures  mark  the 
boundaries of  beds, with  crosslaminations preserved in 
finer layers.  Small,  discontinuous  limestone lenses are 
common  near the base of  the sequence  immediately 
overlying the metavolcanics. The lenses are less than  a 
metre  thick  and  occur as bondins  within  disrupted  sedi- 
mentary layers. 

ALTERATION  FACIES 

mentary  sequences is most intense  and extensive  in  the 
Hydrothermal alteration in the volcanic and sedi- 

vicinity of the Nos. 1 and 5 orebodies  where it affccts a 
zone  up to 150 metres  wide; it  decreases in width  and 
intensity laterally along the  contact away from  tbe ore 

chlorite-biotite-altered volcanic and sedimentary rocks; 
zones.  Alteration is divisible into three main types: 

chlorite  and  actinolite-altered  sedimentary rocks and 
sericite-biotite-altered sedimentary  rocks  (Figure 4). Pe- 
trography  indicates  that  biotite and actinolite  formed 
later in the  paragenetic  sequence  than  the  sericite  and 

overprint of hydrothenually  altered rocks. 
chlorite  assemblages  and are probably a  metamorphic 

Alteration  in  the  volcanic  rocks  is  dominated by an 
assemblege of biotite, chlorite  and epidote  found as dis- 
crete  veins, in altered  selvages to siliceous  veins,  and as 
penetrative  alteration  of the  entire  hostrock.  Alteration 
increases in intensity  toward  sulphide  and  quartz-vein 
stockwork zones,  and  stratigraphically up-section  toward 
the sedimentary  contact. 

bly siliceous  clastic sedimentary rocks (MSC)  overlie  the 
Hydrothermally altered and metamoryhosed,  varia- 

volcanic  sequence and form the footwall to the Nos. I ,  4 
and 6 ore zones. The basal sedimentary  package  consists 
of  intensely altered  chlorite  and  biotite-rich rocks. These 

and locally grade  into  pink  chert. Rocks at the volcanic- 
rocks are  commonly  associated  with an increase in silica 

sedimentary  contact  are  commonly so intensely chlori- 
tized and biotitized  that  lithologies  can  only  be  identified 
using  lithogeochemical  data. 

rocks grade  into  overlying  white to red, sericite biotite- 
The chlorite-biotite-altered  volcanic and sedimentary 

rich clastic  sediment  (white MSC) and  olive-green, 
chlorite-actinolite-rich  clastic  sediment  (green  MSC). 
These rocks are variably siliceous and  range from  silica- 

Transitions between silica-rich and silica-poor  zones 
poor phyllosilicate  schists to silica-rich  inpure  cherts. 

bedding  and  porphyroblasts  that are recognized in the 
have a banded or  fragmented  appearance.  Normal-graded 

green and the white  MSC  facies may be  equivalent to 
structures in the  hangingwall  turbidite. 

Green  MSC  stratigraphically  overlies biotite- 
chlorite-altered  volcanic rocks in several  drillholes that 

and  north of the No. 1 orebody, the chlorite-biotite sedi-  
intersect  the footwall  of the No. I ore zone. To  the south 

which  alternates in decimetre to decametre  intervals  with 
ments  grade  stratigraphically  upward  into  white  MSC 

exhalative  carbonate,  chert  and  sulphides, and intervals 
of unaltered  turhidites.  Transitions between these  inter- 
vals are gradational.  Where observed, green  MSC  grades 
stratigraphically  upward  into  white MSC  and  then to 
unaltered  turbidite. The presence of chert,  white  MSC 
and  grecn MSC i n  a  drillliolc  along the southern  margin 
of the No. I ore zone appcars to reflect the  lateral  zoning 
from an eshalitive  and  sericitedominated hydrothermal 

dominared system underlying  the No. I ore zone. 
system in the vicinity of  the  silica pit to a chlorite- 

LITHOGEOCHEMISTRY 

between the  volcanic, sedimentary and  intrusive rocks 
Major  and  trace element data clearly distinguish 

underlying  the Hidden  Creek area  and provide  a  chemi- 
cal  basis for cllaracterizing  the  nature of hydrothermal 
alteration.  Chemically, the least altered mafic volcanic 
footwall  rocks are tholeiitic  basalts to basaltic  andesites 
in con~position. Sedimentary rocks, including both clastic 
and  exhalative  components,  are  distinguished  from  the 
volcanic rocks by higher Si02  and lower Ti02 contents. 

Binary  immobile  element  plots  can be used to show 
primary  fractionation  trends  within  the  volcanic rocks, as 
well as thc cffects of alteration on all the rocks. In the 
Ti02 versus Zr plot (Figure Sa), least altered  mafic vol- 
canic rocks  plot in  two  clusters  that may be related 
through  fractionation.  Similarly,  altered maf~c volcanic 

clusters arc less distinct, presumably as a result of altera- 
rocks also appear to form two clusters,  although the 

lion. The immobile  clement plot clearly  indicates  that  the 
sedimentary rocks are not derived  from  the mafic  vol- 
canic rocks, and the mafic  dikes  are not related to the 
mafic  volcanic rocks. Sedimentary  rocks  including  chert, 
green MSC. wbite  MSC and tnrbidites  lie  along  altera- 
tion lines  emanating  from  the  origin.  Displacement of 
altered  samples  from  their  precursor  trends reflects a 
combination of mass loss or gain.  dilution by mixing 
with  esllalative  silica  and  carbonate,  or  high  quartz  con- 
tents in  the precursor  sediment. 
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clearer  distinction  between  fractionation  processes  and 
A plot of AI2CI3 versus Ti02 (Figure Sh) makes a 

alteration  processes  than  the Ti02 versus  Zr plot. In  Fig- 

hiquely to potential alteration  trends. As in the  previous 
ure 5h, fractionation  trends  in  the  volcanic  rocks  run ol- 

graph,  unaltered  volcanic  samples plot in two clusters 
and  lie  along a potential fractionation  trend.  Altered vol- 
canic  rocks are dispersed  around the trend, along altera- 
tion lines  emanating  from  the  origin  for  reasons  outlined 
above. The dispers:d pattern in the  sedimentary rocks 
appears  to  represent some combination of primary clastic 

losses. 
source variations, and alteration-related mass gains  or 

Previous  authors  have  never clearly identified the 
origin or extent of the  green  MSC unit hut have  tended to 

tic rocks  within  the  contact alteration zone. The green 
simply  associate  it  with silicified volcanic or volcaniclas- 

MSC unit has a clastic sedimentary affinity and major 
and trace element ratios comparable lo those  in  unaltered 
turhiditic sediments. The green MSC may therefore  rep- 
resent  a chlorite-actinolite-altered equivalent to the tnr- 
hidites, with  little or no silicification involved in  the 
alteration. Green MSC rocks are found in drillholes in- 
tersecting the  footwall of the No. 1 orehody,  which indi- 
cates that this orebody, the largest in  the  Hidden  Creek 

the  contact  between  the  volcanic  and  sedimentary rocks. 
mine,  is entirely sediment  hosted  and  does not occur at 

MINERALIZA'HON AND SlJLPHIDE 
MORPHOLOGY 

Quartz-pyrite-pyrrhotite~halcopyrite veins  occurring 

helow  the  sulphide  lenses probably represent footwall 
in  chert, MSC and  metavolcanic  units stratigraphically 

stockwork  mineralization.  These  veins  range  from less 
than 0.2 to several centimetres  wide  and  commonly 
contain  quartz.  Within  intensely  chloritzed  volcanic 

works,  whereas  in siliceous clastic rocks  and cherts, sul- 
rocks, sulphides form feathery textured, braided nel- 

and biotite-altered selvages  (Photos I a and  h). 
phides  occur as discrete veins with well defined chlorite 

Thick  intervals  of  chemical  sediments  and  sulphides 
occur  in  several diamonddrill holes and are also exposed 
in  the No. I ,  Nos. 2,/3 and No. 6 pits. These  appear to he 
lateral equivalents of the  mined-out  ore  znnes  which 
Grove (1986) has described as tabular to sheet-like and 
consisting  mainly of pyrite, pyrrhotite  and chalcopyrite, 
with  minor sphalernte, galena  and  magnetite  (Photo 1 c). 
There  is a strong :association between  chalcopyrite  and 
pyrrhotite in the  sulphide  lenses  and  underlying  vein 
networks.  Pyrite-dominated lenses are  copper poor. 

galena in a matrix  of silica and  carbonate dominates  the 
Semimassive to massive pyrite with  minor sphalerite  and 

stratigraphically  lower intervals, in the  ore  zones. Pyr- 
rhotite, chalcopyrite  and pyrite with  minor sphalerite 
occur  in stratigraph.ically higher intervals and  form  more 
discrete and  massive layers in a carbonate-dominaled 
matrix. In diamond-drill  hole 93 D-9. the transition he- 
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tween the two types of massive  sulphide intenzl is  char- 

grained  pyrrhotite-chalcopyrite  matrix.  In the No. 6 pil, 
acterized hy large euhedral pyrite crystals within a finer 

the two sulphide  intervals  are  seperated by I . . ;  metres 01 
argillite.  In  the No. I pit, a  thick pyrite 1x1s occurs 
within altered turbidite and chemical  sedime,its. It mal 
stratigraphically underlie a pyrrhotite-chalcopfrite-pyrit: 
interval that was intersected in diamonddrill hole 93 ID- 
2, although  the transition between the  two is not ob- 
served. 

taus fine to medium-grained diseminated pyrite, p y -  
The clastic and  exhalative sequences  cant iin uhiqui- 

rhotite and lesser chalcopyrite. Sulphides als o occur i 1 

coarse  sandstone layers as discrete, bedding-p Irallel sili. 
cmus layers. typically less than 2. centimetres thick, an,j 
in more diffuse layers that coalesce into thicl semimas. 
sive bands  (Photo I d). Gangue  minerals asso:iated  wit 1 

b n a t e  and sericite, except in the  sedimentary footwall d' 
the  sulphide  hands most commonly  include silica, C:II-, 

the No. I ore zone  where  carbonate, chlorite :.nd epidote: 
conlprise  the most common  assemblage. 

Chloritized turbidites underlie  the largesr  orehodiz!:. 
Sericitized clastic sediments  with asociatell exhaliter: 
flank and  cap  the  chlorite zone and host  much  of the: 
mineralization  (Figure 4). Sofi-sediment dehrmation is: 
observed in  association  wilh  coarse  dissem  nated SUI-.  
phides.  Together  with  the  lithogeochemical  data, this: 
suggests that mineral  deposition  was at least  partly con.. 
temporaneons  with early turhidire-mudstone depositior : 

canism had ceased, hut at the  same  time as tht associateil 
some of the  sulphide  lenses  were  formed after matic vel.. 

chert and  carbonate exhalites. 

SUMMARY 

A preliminary interpretation of the  geologica history d: 
the Hidden Creek  mine  area is:-l) A& nulation (11' 
a thick  mafic  volcanic  sequance  compost,d  of basa.'.. 
tic to basaltic andesite flows, pillowed  flows  and 

Deposition of a basal turbidite siltston :-mudstone 
lesser fragmental  components. 

volcanics). 
seqnence (the turbidites are not related t the mafic 

Precipitation of exhalative  chert,  carbonate  and PU:.. 

Contemporaneous  hydrothermal fluid cirdation re. 
phides  contemporaneous  with  sediment deposition. 

sulting in  the  development of stockwar( mineral .. 
zation  and  intense sericite and chlorite alteration i n  
the  volcanic, clastic and  exhalative sedimenta~~ 
rocks  underlying  the  ore  zones. 

Continued  accumulation of a (.hick turhidit c siltstonr:.. 

mal activity; 
mndstone  sequence on the  cessation of hydrothe:.. 

Deformation  and  regional  metamolphism -esulting i n  

Intrusion of calcalkaline mafic: dikes. 
biotite-actinolite alteration  assemblages. 
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U-Pb GEOCHRONOLOGY OF THE MOUNT STAPLER QUARTZ 
MONZONITE: EVIDENCE FOR EARLY JURASSIC MAGMATISM IN THE: 

TULSEQUAH GLACIER AREA, NORTHWEST 
BRITISH COLUMBIA (104W13) 

F. Childe, Mineral Deposit Research Unit, UBC and 
M.G. Mihalynuk, B.C. Geological Survey Branch 

(M.D.R. U. Contribution P-058; Contribution to the Canada -British Columbia MinemlDwelopment Agreement 19 91-1995) 

KEYWORDS: geochronology, Early  Jurassic,  Tulsequah 
Glacier, Mount Stapler  suite,  monzonite,  age,  Stikine 
assemblage 

INTRODUCTION 

The  Tulsequah  Glacier  area is within  the rugged 
Coast  Mountains of northwestern  British  Columbia 

Terrane. Fieldwork in 1993 consisted of property-scale 
(Figure 1) at  the westernmost  edge of northern  Stikine 

and  Big Bull  volcanogenic  massive  sulphide  deposits by 
sampling  and relogging of core  from  the  Tulsequah Chief 

F.C.  (Sherlock et a/,,  1994)  and  1:50 000-scale mapping 
ofNTS map  sheets 104W12 and 13 by M.M.  (Mihalynuk 
et a/., 1994a.  b).  Mapping on Mount  Stapler revealed a 
tabular quartz mon:ronite stock  with associated  dissected 
dikes  and (?)apophyses. The intrusive body dated  in  this 
study is  truncated bi splays  of  the  Llewellyn  fault,  a  long- 
lived crustal-scale  north-noahwest-trending fault with 
bath  sinistral  and  dcxtral  motion. 

GEOLOGICAL SETTING 

bec.ween the  Tulsequah  Glacier  area and the Yukon 
Four tectonic  elements  constitute the gross geology 

border.  Two basemt:nt elements have  been  recognized: a 
regionally  metamorphosed  suite  (here  included  with the 
Yukon-Tanana  Terrane, sensu Moacnsen, 1992) to !he 
west, and late  Paleozoic arc strata of the  Stikine 
assemblage  (Monger,  1977) to the  east. They are 
overlapped by a succession  of Jurassic: and  perhaps Upper 
Triassic rocks of mainly  arc-derived marine  sediment. 
All are cut by the Llewellyn fault. in northwestern  British 
Columbia,  these geologic elements  have  been  mapped for 
180  kilometres  within  the  eastern  Coast  Ranges 
(Mihalynuk  and Rouse, 1988b;  Doherty and  Hart,  1988; 
Mihalynuk et ol., 1989,  1990, 1994b.  1995, this volume; 

the Llewellyn fault has been interpreted to converge  with 
Currie,  1990). To the  north, in southern Yukon Territory, 

the Tally-Ho shear ?:one  (Doherty and  Hart, 1988). 

Figure 1.  General location of the study  area  with respect to (a) 
geographic  and  cultural  features and (b) the  National 
Topographic  System 

r 
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Original  mapping  in  the  Tulsequah  area by Souther 
(1971)  correlated most of  the  unmetamorphosed  volcanic 
arc rocks  with  the  Upper  Triassic  Stuhini  Group.  Recent 
biochronology  (Nelson and Payne, 1984: Mihalynuk et 

c=] glaciers  Upper  Paleozoic  Stikine a Assemblage  arc  strata 

Quatermrl alluvium 

Tertiarv  oranitoids MountSta~le 

Jurassic quartz 

Jurassic  Laberge  Group 
monzonitedioriie 

Whitewater  Mtn. 
metamorphic suite 
Stapler-Whitewater 
metamorphic  transition K T  UoDerTriassic  Stuhini 

" Group arc vokanics 

Figure 2. Distribution  ofmetamorphic and  structural  suites,  and 
Early  Jurassic  intrusive  rocks near Tulsequah  (simplified from 
Mihalynuk ef ol., 3994b). 'z' indicates sites of U-Ph zircon age 
date  samples  discussed. 

al., 1994b, 1995) and U-Pb geochronology  (Sherlock et 

Permian to early  Mississippian in  age. 
a/., 1994)  have  shown  these  rocks  to be at least  Early 

Regionally  metamorphosed  rocks form a  narrow (5 
to 50 km),  southward-broadening  belt. For most of  its 
northern  length  the  metamorphic  belt is composed  of 
deformed  volcanic  rocks of arc derivation.  These  have 
been  metamorphosed  to  transitional  greenschist- 
amphibolite  grade and  are known as the  Boundary 
Ranges  Metamorphic  Suite  (Mihalynuk  and  Rouse, 

Ranges  suite is partially coeval with  the  Stikine 
1988a).  Currie  (1992)  suggested that  the Boundary 

assemblage;  a  contention  which  is  supported by the  data 
presented  here. 

south  end of Atlin  Lake  where  sillimanite  overprints 
Metamorphic  grade in the  belt  culminates near the 

kyanite.  Protoliths  there  are  thick  carbonates,  semipelites 
and quartzites of probable  continental  margin  derivation. 
This package  is  known as the  Florence  Ranges 
Metamorphic  Suite (Cume, 1990).  Between  Atlin  Lake 
and  the Tulsequah  River  area,  several  abrupt  changes  in 
structural  style  and/or  protolith are recognized as 
separate  metamorphic  or  structural  suites.  These  include 
the  Whitewater  Metamorphic  Suite  that  consists of 
quartz-rich  graphitic  schist,  lesser  metabasite and 
quartzite,  and  sparse  carbonate and  ultramafic rocks, and 

volcanic arc derived  strata  with  relict  protolith  textures 
the  Mount  Stapler  structural  suite  that  consists of 

(Mihalynuk el  a/., 1994a,  b). The Mount  Stapler  suite  is 

volcanic and sedimentary  rocks,  respectively.  Rocks of 
divided  into  upper  and lower divisions,  dominated by 

the  volcanic-dominated  succession  include  pyroxene- 
phyric  basaltic  breccia  and tuff (Photo l), rhyolite tuff 
(Photo 2). tuffaceous  sediment, and carbonate  (Photo 3). 
Rocks of the  lower  division are primarily  clastic 
sediments  that  change,  structurally  down-section,  with 
decreasing  tuffaceous  component and  increasing  quartz 
content. At lowest  structural  levels,  isoclinally  refolded 
graphitic  quartz  siltstone  gives way to  graphitic  schist of 
the  Whitewater  suite. The contact  is  interpreted  to  have 
originally  been  stratigraphic. 

MOUNT STAPLER QUARTZ 
MONZONITE 

irregular,  dissected  intrusions of pink  quartz  monzonite 
The Mount  Stapler  suite  is  cut by one  or more 

cut by the  Llewellyn  fault  (Figure  2).  Quartz  monzonitic 

breccia  dominated  strata and siltstone-limestone  domin- 
rocks are most common  near  the  contact between basaltic 

ated  strata,  and  clearly  intrude  both. 
The intrusion  ranges in composition  from 

developed;  moderately  strong  foliation  is  typical  but 
leucogabbro  to  quartz  monzonite.  Foliation  is  variably 

original  texture is sparsely  potassium  feldspar  porphyritic 
original  igneous  fabrics are locally  preserved. The 

plagioclase,  quartz.  altered  hornblende and biotite. The 
(<5%, up  to 2 cm,  pink)  in  a  hypidomorphic  matrix of 

turn, are cut by minor  brittle  faults  with  apparent  dextral 
monzonite  is  cut by aplite  and  pegmatitic  dikelets  that,  in 
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Photo 2. Deformed  early  Mississippian  rhyolite !f the Molult 
Stapler  suite. Wavy white streaks ire flattened : nd defonmd 
lapilli. 



offset (Photo 4). No clear  indication of shear  sense  is 
apparent  within  the  ductile  fabric; however, rotation  of 
monzonite  blocks is consistent  with an overall sinistral 
shear  sense  (Photo 5 ) .  In places, brittle  shears offset and 
isolate  segments  of  monzonite  dike  (Photo 6). 

GEOCHRONOLOGY 

from  the largest pink  quartz monzonite body, a tabular 
A sample  was collected for  U-Pb geochronology 

stock 1.75 kilometres  southeast of Mount  Stapler  (Figure 
2). An effort was  made  to select the freshest, coarsest and 
most quartz-rich  portion of the body. Approximately 40 
kilograms,  devoid of crosscutting  dikelets, was collected. 
The results  are  presented below. 

ANALYTICAL  TECHNIQUES 

using  conventional  crushing,  grinding, Wilfley table and 
The sample  was processed and zircon  was  separated 

heavy liquid  techniques. All fractions were air abraded 
prior to analysis, to reduce  the effects of surface- 
correlated  lead loss (Krogh. 1982). 

Photo 5 .  An apophysis of !igh-weathering pink quartz 
monzonite intrudes coarse basaltic tuff. It has  been  subjected  to 
cataclasis, but  the  original eastern (lelt) contact  is  preserved 
(striking  170", view  to the  north).  Discrete  shears  offset  the 
eastern contact in a consistently  dextral  sense,  but  do  not  offset 
the  western  contact,  which IS a ductile  shear  zone  within 
chloritc  schist.  Counterclockwise  rotation of the  blocks is 
consistent  with an overall  sinistral  shear  sense. 

Photo 4.  Pink quartz monzonite  displays a weak  to  modcratcly Pholo 6. A light-weathering quartz monzonite  dike  near  the 
developed  foliation  that is cut by late-phasc(?)  aplite and 1,lcwcllyn fault zone IS dissected by late  brittle  shears. In this 
pegmatitic  dikes.  Dikes  are  cut by brittle  faults with  apparent photo,  structurally  isolated  blocks  float  in  matrix of chlorite 
dextral offset. schist  with  rclict  basaltlc  breccia  fragments. 
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out at  the Geochronology Laboratory of the University of 
Sample  preparation and U-Pb analyses were carricd 

British Columbia. Zircon grains wc:re selected  based on 
criteria  such as nlagnctic susccptibilily. clarity. 
morphology and  size. Procedures for dissolution of zircon 
and  extraction and purification of uranium and lead 
follow those of Parrish e/  a/. (1987).  Uranium and lead 
were loaded onto  single, dcgass1:d refined rhenium 
filaments  using the: silica gel and phosphoric acid emitter 
technique. Procedural blanks wcre 9 and 6 picograms for 
lead  and  uranium, respectively. Errors assigned to 

error propagation method of Roddick (1987) and all 
individual analyses were calculated using the numerical 

using  the decay constants recommended by Steiger and 
enors  are quoted ;at thc 20 level. Ages were calculated 

the two-stage growth model  of  Stacey and Kramers 
Jager (1977). Common lead corrections wcrc made using 

York-Il model (York, 1969; Parrish ef a/.. 1987). 
(1975). Discordia llncs were regressed using a modified 

Uranium-lead anal:ytical results arc presented i n  Table 1 

A N A L Y T I C A L  RESULTS 

with a 1englh:width ratio of -3 : l .  The  grains had good 
Zircons from this rock were high-quality prisms, 

clarity and conlairled minor colourlcss rod and bubble- 
shaped  inclusions.  Minimal matcrial was found i n  the 
nonmagnetic  separate thereforc all fractions wcre  pickcd 

fractions (A to C )  of cuhcdral prisms. nonc with visible 
from the 2'M separate. Initially three multi-grain 

These  three fractions yicld '"'Pbi2"'Pb ages which range 
cores, were pickcd and scparatcd csn the basis of sixe. 

from 185.2110.4 15 240.217.8  Ma. for onc concordant 
and two  discordani. analyscs (Figurt: 3 :  Table I ) .  These 

thc presence of  arl older. inherited zircon conrponent, 
results indicate an Early Jurassic crystaltiation  agc  and 

eilher  as "cryptic" cores or rcnocqsts.  To confirm the 
age of the concordant fraction A. a fourth fraction was 
analyzed. Fraction D consisted of a single  grain. broken 
in half and abraded to physically  rernovc material which 

core of the  grain. Fraction D is also concordant and  is in 
may have been preicnt  as an  inhcritcd component in the 

QUARTZ  MONZONITE 
MOUNT STAPLER 

1%4.6+/-1.0 Ma 

9 
0 
N 0'032 t 

Figure 3. zoaPbl"8U versus 'O' Pb/z'8U concordia  diagram f w  
the Mount Stapler quartr momonit,-. 

good agreement with fraction A. Regression of the  four 
fractions yields a loosel constrained lower Paleozcic 
upper intercept of 482 Ma. This  is COI sistent with 
the region being underlain by the  Paleoioic  Stikine 
asscmblage. The best estimate of th: age rlf 
crystallization of the quartz  monzonite is g ven by the 
ovcrlapping '06Pb/238U ages of fractions A and D, at 
184.6 i l . 0  Ma. 

+MY 

CORRELATION ANI) lMPLICAT1ONS 

suite shares many lithological 'characteristics with coeval 
Pink quartz monzonitc within the  Mom1 Stapl:r 

pink quartz monzonite of the  Long  Lakes Pllttonic Suitz 
in the Yukon (sensu Hart, 1'394; Mortensen e a/., 1994). 
In southwest Yukon, these upper crustal level p lu to~~s  
intrude strongly foliated mid-crustal level qiartz dioritd: 
bodies  of the Aishihik Plutonic  Suite (flart, 1994; 
Johnston and Erdmer, in press), but both yie'rl 

TABLE 1. U-Pb  ZIRCON  ANALYTICAL  DATA  MOUNT  STAPLER  QUARTZ  MONZONITE 

- ~_ t=- "" "" 

Fraction' Wt. '.J Pb' __ la61'b' Pb4 "%' Isotopic rarios(tln,D'o)6 "_ I!;otnpic dates(Ma, 2 0 ) ~  

mg pprn ppm '0% pg ? b  - 206pb/URu 207pb,l3S" 207pbpQ6ppb 206pl,,l33u 207pb,USu Z07pb,!Z06]q1 
" 

hm,MZ,p(l3) 0.072 241 7.2 1005 31 8.1 0.1)2909-0.11 0.1997+0.31 0.0497910.23 184.Xi04 184.811.0 185.2+10.4 

B,f,h12,p(20) 0.072 263 X7 l X X l  20 X.9 0.03284r0.12 0.230910.25 0.05099i0.17 208.3i0.5 210.9t0.9 240.2i7.8 
C,tM2,p(100) 0.144 508 I58 4145 34 X.4 0.03126+010 0.2193i0.20 0.0508810.lI 198.5104 201.3t0.7 235.3i5.1 

D,c,MZ,p(l)  0.012 2685 7 1 4  3562 16 8 6  002902i0.11 U.1993i0.23 00498110.14 184.4104 184.5~~0.8 186.116.6 
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crystallization ages  that  are  the  same  within  error.  Near 
the  south  end of Tagish  Lake,  hornblende  granodiorite 
orthogneiss is interleaved  with  metamorphosed  volcanic 

ai., 1990; Currie, 1990). This unit yielded a U-Ph age of 
arc rocks of the Boundaty  Ranges  suite (Mihalynuk el 

185i1  Ma (Currie,  1992),  similar to the lithologically 
identical  Aishihik  batholith  (187 t9 7/-1 Ma; Johnston, 
1993). 

also present  within the  Stikine  Terrane to  the  south, in 
Plutons of identical  age and  similar  composition  are 

the Iskut River area. These include  186+1 Ma plagioclase 
porphyry in  the Brucejack  Lake area (Davies ef a/.,  1994) 
and the 185*5 Ma Eskay porphyry (Macdonald el a/., 
1992). 

metamorphosed Stikine  assemblage. This corrclation is 
The  Mount Stapler  suite  is interpreted  to  be 

supported by similarities between the  Stikine assemblage 
and  Mount  Stapler lithologies  (where relict protolith 
textures are preserved) and  the proportion of similar 
lithologies  within  Stikine  assemblage in  the  Tulsequah 
area. The correlation is  further  supported by a 
preliminary  early  Mississippian U-Pb age  from a 
metarhyolite from Mount  Stapler (F Childe.  preliminary 
data,  not  presented in  this paper). Zircons from  this  unit 
have  similar  morphology  and  dcgree of inheritance  to 
zircon from the early  Mississippian  Stikine  assemblage 

Tulsequah  Chief  mine  (Sherlock et a / . ,  1994). 
rhyolite that  hosts  massive  sulphide  mineralization at thc 

DISCUSSION 

The Early  Jurassic  U-Pb age of 184.611.0  Ma  from 
pink  quartz  monzonite  intruding  the  Mount  Stapler  suite 
is significant as it  strengthens  correlations between upper 
units of the  northern  Stikine  Terrane with  those in the 

between the  Mount Stapler structural suite and  the 
Yukon-Tanana  Terrane  to the  north. If correlations 

Stikine  assemblage are correct,  then many of the 
metavolcanic  rocks to  the north may he prospective for 
volcanogenic  massive  sulphide  accumulations.  similar  to 
those  at  the  Tulsequah Chief  deposit. 
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GEOLOGY  OF  THE TULSEQUAH CHIEF VOLCANOGENIC MASSIVE 
SULPHIDE DEPOSIT, NORTHWESTERN BRITISH COLUMBIA (104W12) 
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INTRODUCTION 

The  Tulsequah  Chief massive sulphide deposit is 
located along  the  east  bank of the Tulsequah River, 100 
kilometres  south of Atlin,  British  Columbia  and 70 
kilometres  northeast of Juneau, Alaska (Figure 1. inset). 
The  Tulsequah  Chief  mine produced 622 136 tonnes  of 
ore between 1954 and 1957. Exploration was  resumed in 

Resources  Ltd.  In 1992 Redfem Resources purchased 
the  Tulsequah  area in 1987 by Cominco Ltd. and Redfern 

Cominco's  interest  in the mine. At the  end of 1994 
reserves  for all ore intervals  and  classes were 8 500 000 
tonnes at 1.41% copper, 1.23% lead, 6.65% zinc, 2.52 g/t  
gold and 105.66 g/t !;ilver. 

Fieldwork  in  the  summer of 1994 consisted  of 
detailed  logging of drill  core  and  underground  mapping 
of the 5400 level main haulage. The main  objective  of 
this work was to further  define  the  mine  stratigraphy  and 
the distribution  of  mineralization  and  alteration facies. 
Particular  attention  was  given to the depositional style 
and  character of the: sulphides, the felsic volcanic  host 
rocks and  the mafc footwall  of the deposit. 

REGIONAL GE:OLOGY 

A brief  overmew of regional geology  follows, 
summarized  from  Mihalynuk ef al. (1994). 

The Tulsequah  Chief  deposit is hosted within an arc- 
related  bimodal maf1c-feIsic volcanic  suite of latest 
Devonian to earliest  Mississippian age (Sherlock el nl., 

comprise the  Mounl  Eaton  structural block which has 
1994) in the  Stikine  Terrane.  The host volcanics 
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been divided  into lower, middle  and upper division! 
(Mihalynuk ef nl., 1994). 

The lower division  is  dominated by felsit tuffs arc 

phyric flows,  brecciated flows  and volcaniclz,stics. The 
includes lesser volumes of felsic feldspar alld quartz. 

Chief  (Figure I). The felsic flows and volcmiclastic!, 
latter two lithologies are  the main  ore host at rulsequd 

breccias  in  the  mine  area. A U-I'b date of 353:-+15.8-0.5 
overlie chlorite-quartz-amygdaloldal basaltic andesitf, 

Ma (Late  Devonian to early  Mississippian) was  obtainec 
from zircons  contained  in  the felsic rocks in the  mint: 
area  (Sherlock ef   a/ . ,  1994). 

pyroxene and locally feldspar,-phyric bret,:cias ant 
Middle  division rocks are represented by greer 

agglomerates. Lesser amounts of basalt  flows,  mafic ask 
tuff, pyroxene-feldspar crystal tuff, tufite and turbidite:; 
are also present. 

The upper  division rocks are sediment  iominater 

base  succeeded by coarse-grained  limes  .one ant. 
and  consist of polymictic volcanic  conglome ate at Ihf, 

volcanic-rich debris flows, lapilli  ash tuffs, vo canogenit: 
turbidites,  basalt breccias, and notably,  an uppel' 
sequence of bioclastic rudites, micrites and Acareou!, 
turbidites. A middle  Pennsylvanian  age  has beer 
assigned to the fossil debris in this  upper  unit (Nelscjr 
and Payne, 1984). 

MINE SEQUENCE STRATIGRAPHY 

The mine  stratigraphy at the  Tulseqmh Chiel' 
deposit  comprises a northward-youngin),, foldtx 
succession  of mafc and  felsic  volcanic rocks I Figure 2)  
The stratigraphically lowest unit  (unit 1) is composed a d  

mafc volcanics of basaltic  andesite CI tmpositiorl 
(Sherlock e l  n/.,  1994). This  unit is directly ov:rlain by ;I 
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Figure 1. Simplified geology of the Tulsequall area, modified from Mihalyluk cf a / .  (1994) and Nelson and Payne (1984). 
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series of felsic volcanics and reworked felsic-rich 
volcaniclastic  debris  (unit 2). The felsic sequence is 

basaltic flows,  sills  and  mafic-rich volcaniclastic 
intruded by a large  gabbro sill (unit 4). A sequence of 

sediments (unit 3) caps  the felsic volcanics  (Sherlock et 
ai.. 19!)4). This second  mafic  sequence may represent  the 
lowermost  part of the  middle  division of the Mount  Eaton 
block. All of  these  units  are cut by  felsic: Sloko  dikes  of 
Tertiary  age  which  tend  to parallel or 0w.py major fault 

TCU92-37  (Figure 3 and  4)  provide  representative 
zones  running  north 01 northeast. Holes  TCU92-36 and 

examples of the  mine stratigraphy. 

Unit I 

Unit 1 forms  the  stratigraphic  footwall  to  the 
massive  sulphide  deposits  and  comprises  mainly  massive 
to vesicular  brecciated mafc volcanics of basaltic 
andesite  composition.  Minor  intervals of fine-grained 
mafrc sandstones are ailso present. The  flows at the  top of 
this  unit are commonly  strongly  amygdaloidal  and  the 
amygdules are typically filled by quartz  and pyrite. 
Locally  the  unit  is  composed  of  angular to subrounded, 
strongly vesicular, scoria-like fragments  hosted  in  an 
angular clast-rich (possibly hyaloclastic) matrix  with 
plagioclase feldspar. The vesicular  fragments  range  from 
0.5 to 30 centimetres  across  and locally contain  zoued 
quartz-filled vesicles. The sandstones  display  normal 

feldspar crystal rich bases. 
grading  in  some  laminations  which  fine  upwards  from 

Unit 2 

Unit 2 comprises  the felsic package.  Lithogeo- 
chemical results indicate  that  these  rocks  vary  from 

this volume). The  upper portion, between  the  4400E and 
dacitic to rhyolitic  composition  (Cannichael et a/ . ,  1995, 

5300E  faults,  is compsed of a sequence of flow  breccias 
and massive to banded  flows  ranging  from 3 to IS metres 
thick.  Individual  units may  be separated hy unhealed 
quench  brecciated to autoclastic fragmentals.  The  top of 
the felsic sequence is locally capped by a layer of 
granular  to blocky,  p.3rtially reworked  quench  brecciated 
debris up  to 15 metres  thick. The lower part of the 
sequence in the  maiu  mine block tends to have  thinner 

a slightly  higher prcjportion of  unhealed autoclastics to 
layers of  flows and flow  breccias 1 to 6 metres thick, and 

partially reworked felsic-rich volcaniclastic debris. 

flow breccias, which typically host a combined  volume  of 
Porphyritic  textnres  are  common in the  flows  and 

about 5 lo 8% subhedral to euhedral  feldspar  and 

diameter.  Two  groups of porphyritic felsic units are 
subordinate  quartz crystals, I to 3 millimetres in 

phenocrysts. Q u a m  grains  are most prevalent  in  the 
recognized by the  presence or absence  of visible quartz 

breccias at the  base of the  sequence,  beneath  the  main 
upper part of the pile. This  contrasts  with  flows  and flow 

sulphide lenses, that are purely  feldspar porphyritic. 

The feldspar  quartz  porphyries  in  the  upper part of 
the felsic sequence are typically massive witl. local 
fracturing.  Only  rare  examples of well  developcd flow 
banding  were  observed.  Some  of  these  units rlay be 
shallow  sills that have  intruded  into a brecciatd  pile 
(Sherlock el al.. 1994). 

and  feature  porphyritic to bleached-aphanitic, rou lded  to 
The healed  flow  breccias are typically weakly banded 

subangular  blocks  in a relatively darker,  chlorite-dtered, 
feldsparquartz-porphyritic  matrix.  Banded sheared 
autoclastites, jigsaw-textured  quench  breccias and other 
flow-derived  fragmentals also occur as interc ilations 
throughout  the  sequence 

The volcaniclastic debris  contains  rounded to 
angular  dacite  blocks  (up  to 30 cm  across)  with mnice, 
lithic, chert and barite fragments. It varies  from  chaotic 

volcaniclastic sandstones. The preservation of angular 
unstratified mass-flow  units to well sorted, graded 

pumice  fragments  in  some  portions  suggests 'hat the 
volcaniclastic material  has not been highly  reworked. 
The debris also locally includes  rounded ~esicular 
fragments of altered mafic  footwall (unit I ) ,  ~p to 5 
centimetres in diameter. 

The upper  part  of  the  felsic  package, eas: of  the 
5300E fault, contains a greater  proporlion of 
volcaniclastic material, mainly dacite-rich ma ;s flows 
with  pumice, lithic, chert  and  bante  fragment:. These 
felsic rocks are host to the I zone  sulphide len s, which 
was  the  main  focus of early mining activity. Similar 

4400 E fault in the  western  limb of the F anticI8ne. Hole 
dacite-rich mass  flows  are do~niuant to the west of the 

TC93-09  (Figure 5 )  intersected a pan of the str: tigraphy 
in  this area. 

Unit 3 

The upper  mafic  sequence consists prirlarily of 
massive  basalt  flows  and  equivalent si1 s, with 
intercalated sediments  including:  variably muddt basaltic 
siltstones (possibly reworked  ash tuf€s), basaltic 

tuffaceous  sandstones. A few chlorite  and qu.utz-filleC1 
lapillistones, and feldspar and  mafic cr ystal-rich 

vesicles occur  in  the  flows and sills. Normal  y  graded 
beds  with  feldspar crystal rich bottoms a'id flamc 
structures were  noted  in  some of the siltstones. This  unit 
is typically unaltered and lie!; above all know'n 
mineralization. A series of  mudstones, vitric (pwniceour) 
lapilli tuffs, and felsic ash layers occurs  at  the t ase of the 

(unit 2) below. 
sequence and marks the transition to the felsic vo1canic.s 

Unit 4 

A massive  mafic sill, up to about 100 metres thick. 
intrudes  and dilates the felsic package. The I largins 
the sill are chilled and locally host intercz'lations ioi' 

dacitic material at both  the  upper and lower contacts. The 
primary  miueralogy  of the sill  compriscs  augite, 
plagioclase  and  sparse, altered olivine phenocr ~sts  in a 
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depth (m) Unit 

Basa l t f l ow .  

Basa l t i cs i l t s tones  

Fe ldspar -phy r i c   basa l t s i l l   o r   f l ow .  

Basalticsiltstones. 
Feldspar-phyric  basalt  sill or flow. 
Basalticsiltstones. 

Ac t ino l i te -phyr ic   gabbro  5111. 

Crystal-rich  sandstones. 
Actinolite-phyricgabbrosill. 
Crystal-rich  sandstones, 
Brecciated  basalt flow. . . .  " , .  

. . . . , .  , . . . ,  . F ine -g ra ined   mass ive   basa l t  sill or  flaw. 

, . . .  / .  

Mudstones 

F ine -g ra ined   mass ive   basa l t  sill o r f l ow .  

Basaltic  lapillistones witb minor  siltstones. 

Fine-grained  massive  basalt 5111 'or flow. 

Pumiceous  lapillistones with 
mudstone  and  felsic  ash  beds. 
Lapilli tufls. 2 
Partially  reworked gnnularto biocky  quench  brecci; " 

~- 

Actinolite-phyric gabbro sill 4 

Feldspar-quartzporphyritic rhyodacite flow breccias 
Actimlitephyric gabbro sill (unit 4). 
Feldspar-quartz-porphyritic hyodacite now6 and no' < breccias 
Sand  to  block  sized  volcaniclastia  debris: 35% sulp 
including  sphalerite. pyile, galena and  galena. 

!eldspsr-porphyritic  dacite R o w  and now breccias. 

" 

" 

". 

Feld  ar-po  hyritic R w ,  flow breccias and quem'! breccias. ~~ 

Fine-gmined basaltic andesite Row. 
&sa%  san?stones. 

" 

1 

Grain Sire 1 2 4 8 32 64 (mm) 

Figure 3: Simplified stratigraphy for diamond-drill hole TC1192-36 
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Unit 

- 
Rhyodacite  flow  or sill. 

Rhyodacite  flow  breccia. 
Fineqrained mafic sill  (unit 4). 
Fineqrained  mafic  sill  (unit 4). 

Rhyodacite  flow  or  sill. 

2 

Rhyodacite  flow  breccia. 

4 
Massive  fine-grained  gabbro sill 

a :: 

I -  
" 

Rh odacite  flow  breccias  intruded 
by  $ne-grained maflc sills (unit 4). 

Rhyodacite  flow. 

Rhyodacite  flow  breccias. 

Rhfodacne sill and rhycdacte-rich lapllione rnth dmr sul#udes 
I Mixed sandy debris with f i n s q r a i r e d ~  

Diffusely  banded  finsnegrained p*te, sphaleh 
with minor  galena  and  chalcopyrite. 
Daclte4ch  sandstone  with  difluse 
bands of pyrite  and  sphalerite. 
Blocky dacite-rich debris. 

Amygdular  basaltic  andesite 
flows  and  minor  breccias. 

Dacite  sill. 

Weakly  amygdular  basaltic  andesite  flows 
Vesicular  basaltic  andesiie  breccia. 
Blocky basalt-rich  debris. 

Basaltic  andesite Rows 

Vesicular  basaltic  andesite  breccia. 

GtainSize 1 2 4 8 32 64 (mm) 

Figure 4: Simplified stratigraphy  for  diamond-drill hole TCU92-37. 
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Rhyodacite flow or ill. 

purifeous lap4Ui and  vesicular nuk Mocks. 
Rhyodache-rifh  debris with flattened 

Rhyodacite hwlsill. 
Flnegrsined mafic  sill  (unh 4). 
Blocky  rhyodacite-rich  debris. 
Senche-rich sandy to muddy  layer 1 Mb finegrained pyrk and sphalera " 

Blocky  rhyodacite-rich debris with flattened 
pumiceous  lapilli and vesicular  mafic  blocks. 

" 

" 

Rhyodacite-rich  sandstone  to  lapillistone 
with  minor  pyritic  veinlets. 
Rhyodacite flow. 
Brecciated  rhyodacite flow 
Blocky  rhyodacite-rich  debris with minor 
pyrite  bands in upper  portion  and  flattened 
pumiceous  lapilli  and  vesicular  mafic  blocks. 

~- 

Rhyodacite sill or flow. 

Blocky  rhyodacite-rich  debris with flattened 
pumiceous  lapilli  and  vesicular  maffc  blocks. 

Gabbro  sill  with  diabase  texture 

Mixed  debris  with  vesicular  mafic  blocks. 
Adirwlilephyric gabbro sill  (unb 4). 

~ 8asahic  andeshe now and minor mafic sandstone 

Vesicular  basaltic  andesite  breccia. 

Actinolite-phyric  gabbro  sill. 

Vesicular  basaltic  andesite  breccia. 

Grain Size 1 2 4 8 32 64 (mm) 

Figure 5 :  Simplified  stratigraphy for diamonddrill hole TC93-09 
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fine-grained,  matted  plagioclase  dominated  groundmass. 
Diabasic  texture  is  common.  In  some  areas, an overprint 
of coarse-grained  chlorite  and  actinolite, probably of 
metamorphic  origin,  imparts a pseudocumulate  texture to 
the rock. 

This unit  appears to be relatively  unaltered  when 
compared  to units 1 and 2, which  suggests that it was 
emplaced after the  hydrothermal activity. The sill 
appears  to be slightly  discordant  to  stratigraphy  on  the 
basis of its  contact  relationships. It intrudes  the felsic 
volcanic  package  in  holes  TCU92-36  and  TCU92-37  but 
occurs much lower  in  the  stratigraphy  in  hole  TC93-09 
where  it  intrudes mixed  volcaniclastic  debris 
immediately  above  the  mafic  footwall.  Similar 
discontinuous  actinolite-phyric  sills  have been noted in 
the  hangingwall  mafics;  comparisons of adjacent  drill 
hole  intersections  indicate that they may grade  into  flows 
along  strike.  Dark  fine-grained  mafic  dikes  and  sills  on 
the  order of several  metres  thickness  frequently  cut 
footwall  mafic  rocks  and  the  felsic  pile  (Figures  4  and 5) .  
These &IC intrusives  are  also  relatively  unaltered  and 
may  be smaller  apophyses of the  gabbroic  intrusive. 

LOCAL STRUCTURE 

series of east-verging, moderately  north to nonhwest- 
Stratigraphic  units at  Tulsequah  Chief outline  a 

plunging  folds  (the  F-anticline, the A-syncline  and  the 
H-syncline,  Figure 2). These  folds are  interpreted to  be 
parasitic  structures  on  the  western  limb of the  Mount 

three  discrete  structural  blocks by the  north  trending 
Eaton  anticline.  This  folded  succession  is  subdivided  into 

5300E  and  4400E  faults  (Figure 2). 
The 5300E fault  is  the most significant  and probably 

an  early  period of dextral  motion with a gently 
has the  largest  displacement.  Kinematic  indicators  record 

northward-plunging  slip  vector, followed by movement 
along a southerly  plunging  slip  vector of unknown  sense. 
The  dextral  motion  is probably the most important  in 
terms of displacement,  but  determination of absolute 
displacements  requires  a  detailed  analysis of stratigraphy 
in  the  central  and  eastern  mine  blocks.  The  4400E  and 
minor  unnamed  faults of variable  orientation  cause  no 
large-scale  displacement of stratigraphic  contacts 
(Sherlock etal., 1994). 

stratigraphy  and  the  Mount  Eaton block immediately 
The Chief  cross  fault  dextrally  offsets  the  mine 

north of the  mine  workings.  The  displacement on this 

et ai., 1994). 
structure may  be on  the  order of 2  kilometres  (Mihalynnk 

MINERALIZATION 

disseminated,  semimassive  sulphides  intercalated or 

altered  fine to coarse-grained  felsic-dominated  lithic  and 
intermixed  with  barite  fragments,  cherty clasts, variably 

vitric  detritus. 

volcanic cycle and was interrupted by a  resurgence of 
Sulphide  deposition  occurred  during the felsic 

felsic  volcanism  consisting of the  extrusion of flows  and 
the  intrusion of shallow sills. The  presence of felsic-rich 
mass-flow  layers  and of occasional  sulphide  rip-up  clasts 
in some  brecciated  flow  units  indicates an active 
environment  that  locally  reshaped  and reworked the 
sulphide  deposits. 

Several  sulphide  facies have been defined by 
Cambria  Geological  Limited  (McGnigan ef al., 1993). 
The pyrite  facies  consists  mainly of fine-grained banded 

facies  is  composed  primarily of semimassive, pale yellow, 
to massive  pyrite  with  little  base metal content.  The  zinc 

fine-grained  sphalerite,  pyrite  and  galena with 
subordinate  chalcopyrite  and  tetrahedrite.  The  copper 
facies is mainly  massive  pyrite  with up to 10% 
intergrown  chalcopyrite.  Stringer  mineralization  is 
common in  the  immediate  footwall  and  is  composed of 
thin,  anastomosing  quartz  veins  with  dark red sphalerite 
and  minor  chalcopyrite.  Chalcopyrite  and  tetrahedrite 
also frequently  occur  in  crosscutting  veinlets  within the 

generally  minor  constituents  in  sulphide-rich 
sulphide  lenses.Barite  and  chert  tend to be clastic  and are 

volcaniclastic  debris;  together they constitute  less  than 
10% of the  ore,  volumetrically. 

The  sulphide-rich  lenses  in  the  felsic  volcaniclastics 
may have been partially  formed as infillings  from 
hydrothern~al  fluids  that  precipitated metals  within  the 
highly  permeable  felsic mass-flows, close  to  the seafloor 
(Sherlock et a/., 1994). However, some  sections of the 
zinc  facies  display  finely  laminated to diffusely  banded 
textures  and may  be  of exhalative  origin.  The  presence of 
detrital  massive  sulphide  fragments,  altered to unaltered 

chert  and  barite,  and  the  composite  bedded  succession of 
lithic  and  minor  vitric  fragments,  the  clastic habit of 

mixed sulphide  and  volcaniclastic  layers  indicates  that 
reworking  has  occurred. 

A  detailed  example of the mineralization  in hole 
TCU92-36  is  given  in  Figure 6.  The  sulphides occur in 

flows  and  flow  breccias.  They are mainly fine-grained 
two distinct  lenses  separated by feldspar-porphyritic 

banded to disseminated  sphalerite,  pyrite  and  minor 
galena,  accompanied by clastic  chert  and  barite, hosted in 
sericitized  and silicified volcaniclastic  debris.  Total 
sulphide  content  is between 2.5% and  40% (by volume). 
The  banding is often  contorted or discontinuous.  The 
lower  stdphide-rich  interval  contains  clastic  sections  with 
some  pyritic  lapilli.  Occasional beds and  laminations of 
massive pyrite  and  massive, mixed fine-grained 

consists of rounded to subangular felsic  blocks  and 
sphalerite  and  pyrite also occur. The associated  debris 

lapilli,  some  strongly  sericitized,  and pervasively 
Several  massive  sulphide  lenses,  termed  the F. AB,. 

AB,, H, I and  G  zones, are hosted  in  unit  2  felsic  interpreted  as  pumice. The  same type of lapilli is also a 
sericitized  lo  chloritized  flattened  lapilli  which have been 

autoclastics,  coarse-grained  felsic-rich  mass flows and common constituent  in  the blocky felsic-rich  debris in 

are composed of variable  proportions of banded to 
other  finer  grained mixed volcaniclastics. The  ore  lenses  hole  TC93-09  (Figure 3 .  
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Rhyodacite now breccia 

Mafic sill. 
Quartz- feldspar-porphyritic dike(  Sloko) 
m i te - r i ch  sandstone. 

\ 

\ 
Sulphide-rich mixed debris: 30%-4O%Sx composed of 

fine-grained diffusely banded Si,PyB GI with rninor 
Cp13Tt patches. Areas With slumped ZI contor fed bands. 
OccasIanaI  discontinuous laminations and lapilli of  chert 
8 barite. Occasional iayen of massive Py.  Chi 8 Se altered 
flattened pumiceous ladlll;  docite and basoit blocks. 

19.35m a1 D.76%Cu,  i.O4%Pb, 7.79%Zn,@.SIg/tAu,  74.€g/tAg. 
/ 

Dacite  flow-  locally brecciated. 

Docite flow breccia 

Dacite flow breccia 

Dacite flow-  locolly brecciated 

7' Sulphide-rich sandydebfio: 25%% consistin9 of fine- 
I grained bands of SI B Py. Massive Py layers 01 base. 
.!/ 

Mafic  sill. 

T' 
I 

I 
I 
I 
i 
I 
I 

\ 
Suiphide-rich  mixed debris: 25% Sx  composed of  tine - 

grained disseminated SI, Py % GI. Occa-ionol red SI 
bands. Fragmental  texture with Se/Sialtered  dacite 
blacks, flattened pumiceous lapilli  and barite clasts. 
Bandedtine-grained  Py 8 S i   i n  lower section with 
Intergrown Cp. 

19.00m a t  i.20%Cu,O.8O%Pb,5.99%Zn,2.41g/tAu,62. Ig/tAg 
I 
I 

Dacite hyalociastic breccia. 
Dacite flaw. 

Grain  Size I 2 4 8 32 64 (mm) 

Dacite  flow breccia. 

Dacite hyaiociastic breccia. 

Basaltic sondstone 

Figure 6: Detail of mineralization in diamonddrill hole TCU92-36. 
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ALTERATION 

parts of the  footwall  malic  suite,  the  heterolithic mass- 
Alteration  attributed to hydrothermal  activity has affected 

flow debris  found  beneath  the  massive  sulphides  lenses, 
and  in  some  cases  the  felsic  volcanics  and  equivalent 
fragmentals  between  sulphide  lenses. Two significant 
m i n e d  assemblages  are  noted:  quartz-sericite-pyrite 
(QSP),  and  chlorite  with or without  quartz  and pyrite. 

footwall  immediately  beneath  the  sulphides  in  the  main 
Most of the  QSP  alteration  is confined to the 

mine block between  the  4400E  and  5300E  faults,  where 
it is  often so intense  that  it  obscures  primary  textures. 
Both  alteration types are often observed as repetitive, 
alternating  zones  subparallel  to  bedding.  This was seen 
in  the lower part of hole  TCU92-37  where  QSP  alteration 
occurs  with  chlorite  in the footwall  matics  and  in  the 
mixed  debris  and  dacite  flows below the  sulphide 
intersections.  Variable  amounts  (up  to 10% by volume) 
of disseminated  fine  to  coarse-grained  pyrite  and 
crosscutting  quartz-pyrite  patches  and  veinlets  are 
associated  with  both  the  QSP  and  chlorite  assemblages 
and may constitute  stockwork  mineralization.  The  QSP 
alteration of the mafc footwall  is notably less  intense  in 
the  western  limb of the F anticline  (hole  TC93-09)  where 

volcaniclastic  debris. 
it has  mainly  affected  the  upper  section of blocky 

are  variably  developed,  generally  in  areas  immediately 
Cordierite  porphyrohlasts  and  fine-grained  biotite 

underlying  the  sulphide  mineralization,  often  with 
chlorite.  Cordierite also occasionally occurs with  sericite 
and  pyrite,  and  has  been noted in  the  sericitized  and 
silicified  altered  volcaniclastic  debris  surrounding  the 
sulphide  mineralization.  These  occurrences of cordierite 
may  be the result of a metamorphic  overprint of an 
original  clay-rich  hydrothermal  alteration. A similar 
origin  is  possible  for  the biotite. Both biotite  and 
cordierite  occur  in  the  mudstone  beds  capping  the felsic 
volcanics. 

metre,  wide  locally  penetrates  into  the  felsic  flows  and 
A  strongly  bleached,  sericitic  alteration  zone, up to 1 

fragmentals  capping  the  sulphide  lenses.  'Quartz-sericite 
alteration, not necessarily  with  pyrite,  is also common  in 
the  felsic-rich  to  mixed  volcaniclastic  gangue  within 

units  is  variable, however. Some of the  coarser debris 
sulphide-bearing beds. The degree of alteration  in these 

units  contain  both  bleached  quartz-sericite  altered  and 
unaltered  dacite  blocks. Both chloritized  and  sericitized 
pumiceous  lapilli  occur  in  the  same-sulphide  rich  lenses. 
This  variation  in  the  degree of alteration of fragments 
may be  a  reflection of reworking. 

clastic  rocks  and  fragmental  flows above and below the 
Significant  chlorite  occurs in some  of  the  dacite-rich 

sulphide-rich  lenses. It is  succeeded by sericite-rich 
assemblages  close  to  the  lenses. 

necessarily  associated  with  sericite. This is  notable  in 
Silicification  is  highly  variable in intensity  and  is not 

large  portions of the  chlorite-altered  mafic  footwall, 
where the  silicification  is  usually  accompanied by pyrite 

in patches  and  veinlets.  Silicification  is also found as 
local alteration  in  fractured &IC and  dacite flow units 
with  chlorite,  epidote  and, in places,  hematite. 

Crosscutting  chlorite  veinlets  hosting  various 
combinations of magnetite,  quartz,  epidote  and locally 

These  veinlets  frequently  display  selvages of white to 
pink garnet  are  found  throughout  the  mine  stratigraphy. 

pearly quartz  and possibly albite.  They may represent a 
later  hydrothermal  event, possibly related  to  the  gabbro 
intrusion. 

DISCUSSION AND SUMMARY 

sulphide  mineralization  at  Tulsequah  Chief  is  hosted  in a 
Detailed logging of the  drill  core  indicates  that  the 

felsicdominated sequence.  This  felsic  package was 
emplaced  on a pre-existing  basement of basaltic  andesite 
breccias,  flows  and  minor  fine-grained mafcderived 
sediments.  The style  and  chemistly of felsic  volcanism 
varies  from a preponderance of quenched  to  autobreccia- 
rich  feldspar-porphyritic  intervals  and  dacite-rich  debris 
flows in  the lower part, to an upper  section  dominated by 
massive  feldsparquartz-porphyritic  flows or sills. The 
proportion of blocky felsic-rich  debris versus brecciated 
dacite  flows  varies  from  hole to hole  and  increases 

block. The lower part  hosts  the  sulphide  lenses, which 
significantly to the west and to the  east of the  main  mine 

are sometimes  accompanied by finer  grained, reworked 
volcanic sandstones or lapillistones. 

Sulphide  deposition took place  in a volcanically 
active  and  gravitationally  unstable  environment.  The 
frequent  clastic to discontinuous  to  disturbed  textures 
observed in  the  sulphide  lenses,  together  with  their 
composite  nature  and  significant  content of volcanic 
debris,  suggest  that  reworking possibly by mass flows 
and  slumpage, was  an  important  process.  The  presence of 
finely  banded  layers of sphalerite  and  pyrite  with  rare 

an  important  depositional  mechanism.  Some of the 
intact  barite  laminations  implies  that  exhalation was also 

origin but further  evidence  is  required to substantiate  this 
stratiform  sulphides may  he of replacement-infilling 

hypothesis.  Some of the  copper  mineralization  consists of 
crosscutting  veinlets  and patchy intergrowths  with 
handed  sphalerite  and  pyrite-rich  sulphides,  and 
therefore  is a late-stage  mineralizing  event. 

The most intense  sericite-silica  alteration  occurs 
imniediately  beneath  the  sulphide  lenses  in  the main 
mine block (in  the  hinge of the A syncline). It alternates 
with  chloritic  alteration  and  extends  outward  laterally, 
subparallel to stratigraphy.  Crosscutting  siliceous  and 
pyritic  veinlets may represent  stockwork  mineralization. 

Banded to laminated  mudstone  beds  and  chert 
laminations  occur at the  contact between the  felsic 
volcanics  (unit 2) and  the  overlying  basaltic  flows  and 
sediments  (unit 3). The gabbro  sill  (unit  4) is relatively 
unaffected by alteration  and  similar  sills  are  present 
within  the  upper  basaltic  package.  These  observations 
suggest  that  unit 3 and  unit  4  are  coeval. 
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INTRODUCTION 

precious metal  producers on Redfern Resources Ltd.'s 
The Big Bull n ine  is one of two hisloric  base  and 

Tulsequah  Chief  property,  located in northwestern 
British Columbia, 110 kilometres  southwest of Atlin 
(Figure I). The Big  Bull  deposit is situated on the 
northeast  bank of the  Taku  River, about 8.5 kilometres 
south  of  the  Tulsequah  Chief deposit. 

The  Big  Bull deposit  is a polymetallic 

variably altered sequence of mafic  and felsic volcanic 
volcanogenic  massive  sulphide M y  hosted by a 

flows, sills  and volcaniclastic rocks. which  together 
form part of the  upper  Paleozoic  Stikine  assemblage 
(Milhalynuk el  a / . ,  1994). Quartz-sericite-pyrite 
alteration  of  the felsic rocks is intimately  associated 
wilh,  but laterally more  extensive  than  the 

associated  alteration  package  is  complicated by two 
mineralization.  Thc  geometry of the  deposit  and 

generations of folds  and several faults. 

EXPLORATION  AND  MINING 
HISTORY 

Juneau in 1929.  Massive sulphide ore outcropped in a 
The Big  Bull  deposit was  staked by V. Manville of 

small  creek  bed  over a width  of 2 to 8 metres,  and a 
strike  length  of  about 140 metres.  Sporadic  drilling 
and  underground work were carried out by various 
parties  until  1946, when Cominco Ltd. acquired  the 
property.  Big  Bull went into production in August, 
1951,  and  continued until December,  1955, with a 
total production of ?;26 658 tonnes  grading  1.2%  Cu, 
1.9% Pb, 7.3%  Zn,  5.14  s/t Au and  154 s/t Ag. The 
ore was milled at the nearby  Polaris-T;&u minesite. 

The  Big  Bull  mine  was  developed on three 
underground levels, with  access to the two lower levels 

tonnes of ore was  nnined from  the  glory hole, using 
provided by a 90-mcttre shaft.  Approximately 100 000 

both surface  and  underground  methods.  In  Decf mber, 
1955, low  metal prices  combined  with  more  favo lrable 
economics at the  Tulsequah  Chief  mine  forced  the 
closure of the  Big  Bull  mine.  Reserves  remain  ng at 
closure totalled 57 540  tonnes  grading 1.1% Cu, 1.5% 
Pb, 5.6% Zn,  3.43 g/t  Au and  154 g/t Ag. 

lnterest  in  the  Tulsequah  Chief  propem  was 
rekindled in  the early 1970s  with  the  recognitio I that 

controlled  sulphide  replacements.  Cominco  rerumed 
the  deposits are volcanogenic  rather  than struclmlly 

exploration in 1987, mainly at Tulsequah Chief with 
only limited work at the  Big  Bull deposit. In 1992, 
Cambria  Geological  Limited.  undertook a de tailed 
surface  mapping  program at Rig  Bull and.  in 1993, 
Redfern  Resonrces  Limited initiated a de!ailed 
compilation  and  exploration program  During I! 93 to 

successfully demonstrating that massive sul3hide 
1994. Redfern drilled  9  084  metres  in 27 ioles, 

mineralization  continued below the  old  workings  with 
several holes intersecting ore  grade  material  over 
widths  up lo 6 metres. 

REGIONAL GEOLOGY 

summarized here; readers are referred to Mihalyr~uk e l  
The regional geology of the Big Bull  area is only 

nl. (1994) for a more  complete discussion. The 
Tulsequah  area  is  underlain by a geologically  corlplex 
sequence of Mesozoic to Paleozoic  rocks  tha are 
crosscut by Cretaceous to Tertiary intrusions (hgure 

been assigned to the  middle to upper  Paleozoic SI ikine 
I ) .  Hostrocks for massive  sulphide  mineralization have 

assemblage.  Mihalynuk el  01. (1094)  dividec the 
Stikine  assemblage  in  the  Tulsequah area into hree 
struclural-stratigraphic blocks: the Mount Eaton t lock. 
the  Sittakanay block and  the  Mount ;Strong block The 
Big Bull and  Tulsequah  Chief  deposits  occur uithin 
the  Mount  Eaton  block, an  arc-rel:~ted  bimodal n afic- 
felsic volcanic  package  which is divided into I~mer. 
middle  and  upper  stratigraphic divisions. 

The lower  division  rocks are dominated by at gite- 

breccias  with  minor  interbedded  limestone.  The I latic 
phyric. chlorite-quartz  amygdaloidal m,lfic  flows and 
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L E G E N D  
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Pcnnrylvanian IO Permlo" 

Mirrisrippian or Pannrylvanion 

Figure I. Simplified geology of the Tulsequall area, modified from Millalyluk e! a / .  ( I  994) and Nelson and  Payne ( I  984) 
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rocks are typically massive  and homogeneous, Harrison (1993) and  Carmichael  and  Curtis ( I  )94). 
although pillows  arc: preselved locally. Overlying  this Feldspar-phyric mafic dikes  and :I distinctive qlartz 
mafic package  is a sequence of felsic tuffs and  feldspar feldspar porphyry dike postdate all other litholc gies, 

volcaniclastic rocks The  Big Bull and Tulseauah Groua. 
and  quartz-phyric klsic flows, brecciated flows and and  are thooght lo be related to the  Eocene !,loko 

Chief  deposits are associatLd  mainly with f&ic 
tuffaceous  rocks of  this  division  (Figure 1). A U-Pb 
date of 353.4 + lS.8 - 0.9 Ma (Sherlock e l  nl. 1994) 
was obtained  from z1,rcons in the  dacitic  volcaniclastic 
and flow rocks at  the  Tulsequah Chief  mine. 

Middle  division rocks are  dominated by green 
pyroxene  and occasionally feldspar-phyric  mafic 
breccias and agglomerates.  Lesser mounts  of hasalt 
flows, mafc  ash tuli, pyroxene-feldspar crystal tuff, 
tuffite and  turbidites  arc also present. The upper 
division rocks are sediment  dominated  and consist of 
polymictic  volcanic conglomerate at the base, 
succeeded  by coarse-.grained  limestone  and  volcanic- 
rich debris flows, lapilli  ash tuffs, volcanogenic 
turbidites  and  basalt  breccias. A middle  Pennsylvanian 
age has been assigned to fossil dchris ill a sequence of 
bioclastic  rudites,  micrites  and  calcareous turbidites at 
the  top  of  this  section (Nelson and Payne 1984). 

least two phases  of  folding: a prominent post-Early 
The Mount  Eaton block is  characterized by at 

Jurassic  phase  which  trends  north-northwest,  and a 
later  east-trending  phase of gentle  warping. 
Metamorphism  is sub-greenschist to middle 
greenschist  facies. The regionally significant 
Llewellyn fault  is  the largest of a series of north to 
northwest-trending faults in the area, and  can be 
traced as  far north as the southern Yukon I n  the 
Tulsequah  area,  the Llewellyn fault  has been  traced to 
the  Tulsequah  Chief mine,  wllere i t  is offset to the 
west by the Chief  cross  fault, and  then contioues south. 
under  gravels of the  Tulsequah  River valley. 

The Sittakanay block is  separated  from  the Mount 
Eaton block by the 'Taku River. It is lithologically 
similar to the Mount  Eaton block,  ;klthough nore 
deformed, and has been correlated with Mount  Eaton 
stratigraphy by Mihalynuk e l  a(. (1994). The Mount 
Strong block is a sediment-dominated package that is 
separated  from the Mount  Eaton block by the 
Tulsequah  River.  Correlations between the Mount 

Strong block hosts  the  mesothermal gold 
Strong  and  other  blocks  are  uncertain.  The Mount 

mineralization  at the Polaris-Taku  deposit. 

DEPOSIT STRATIGRAPHY 

UNIT I :  MAFIC  VOIKANIC ROCKS 

The oldest unit in the Big  Bull mine  stratigr Iphy 
is only  exposcd to the east of the deposit,  and ha ~ not 
been  intersected in  drill  core. It rs characterize1 by 

grained, massive, homogeneous, feldspar-pllyric 
mixed  mafic lapilli and ash tulTs, with occasional ine- 

sections  which are interpreted I S  flows.  Lapilli lutrs 
typically contain  quartz-amygdaloidal b isalt 
fragments.  and tend to be massive. Ash tu& are tl inly 
(1-2 cm) bedded to massive. 

UNIT 2: FELSIC TlJFF.S ANI) FLOWS 

Felsic crystal, crystal lithic. and lapilli tuffs host 
the ore a t  the Big Bull deposit  (Photo 1). This  ur it is 
primarily a grey to greenish grey. laminatct to 
chaotically  banded dacitc, which Payne (1993) has 
petrographically identified as metamorphosed  and 

comn~only we'xkly porphyritic, with  plagioclase 
deformed dacite t u f f  and crystal t u f f  The tuffs are 

phenocrysts in  a compositionally laycred  plagiocl Ise- 
sericite-rich groundmass.  Magnetite  and/or hemhte  
occur as disseminations  and  disnlptcd  bands  forn  ing 
up to 15% of the unit locally. Unit 2 typically sh )ws  
chaotic  banding on a 2 to 5-millimetn: scale, altho ~ g h  
fragnmtal testwcs are rare. Locally  well  preselved 

establish local stnlctural  relationships. Occasic nal 
bed forms show grain-size  grading which  help: to 

~l~assive,  feldspar-phyic flows hake been identi ied 
within  this u n i t .  

UNIT2a: QUARTZ-SERICIl'E-PYRITE 

hydrothermally  altered  during the formation of the 3ig 
Unit  2a represents pans of unit 2 that were 

Bull deposit. The rock comprises a strongly foliated 
sericite-quartz-pyrite assen~blage, containing 5 to 2 )& 
disseminated  and  stringer  pyrite,  with local base mt:tal 
sulphidcs  and  tetrahedrite.  The qu;lrtz-sericite-py 'ite 
alteration  appears to forlu a stratiform layer  near  :he 
top of the felsic tuffs.  hut may in  placcs be  discord ~ n t  
to stratigraphy. 

five  main  lithologic  units:  unit 1 mafic  volcanic rocks, 
unit 2 dacite tuffs and  minor flows, unit 3 maroon 
andesite tuffs. unit 4 hasalt tuffs, and unit 5 mafc ~nassive. banded sulphides. to 3 0  to 40% dissemina ed 

Unit 2b incl~~des  tnineralimtio~~ that ranges frGm 

intrusives (Figure 2). These  subdivisions represent a and  stringer  sulphidcs i n  a nlatris of barite, sericite 
modification of prebioos work by Dawson and 

The  Big Bull  stratigraphy has been divided into UNIT 2h: MASSIVE SULPHIDE 
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Figure 2. Big Bull Deposit, plan view and vettical sectiorr slrowing simplilied geology 
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UNIT 36: INTERBEDDED  TUFF . IND 
MANGANESE 

I 

Photo 1 ,  Well bedded dacite tuff (unit Z), host to the 
massive sulphide mineralization 

and  silica. The mineralogy  comprises pyrite, galena, 

barite  and  sericitized  lithic  fragments.  The  sulphides 
sphalerite, chalcopy~ite  and tetrahedrite, in a matrix  of 

are recrystallized,  with well  developed annealed 
textures  that  have ,obliterated any  primary  features. 
The sericitic  fragments  within  the mrneralized  lenses 
may represent  altered  lithic  fragments  that were 

grades  can  be visually estimated  within  this  unit, but 
incorporated  in the mineralized  inteival. Base  metal 

gold and silver  values are difficult to predict. 

UNIT 3: ANDESITE  TUFF 

Grey to maroon, fine to coarse-grained, locally 
phyllitic  andesitic  fragmental rocks  conformably 
overlie  unit  2  felslc  tuffs.  The maroon colour is 
typically due to fine-grained  disseminated red 
hematite,  and hematite-discoloured fragments that 
range  in  size from 0.5 to SO millimetres.  This  unit is 
variably calcareous, with some  sections  containing up 
to :IO% disseminated  white calcite. 'The luffs range 

bedding and scour  marks commonly,  but not 
from massive to very  well bedded,  with  graded 

exclusively, indicating  an  overturned  section.  Fine- 
grained  hematite  gives  the rock a distinctive marwn 
colour in places. 

SEDIMENT 
UNIT 3,: MANGANESE  CHEMICAL 

and  silicates typically occur  near the  stratigraphic base 
Massive, black, fine-grained  manganese  oxides 

of unit 3. They reach a maximum known thickness of 

mudstone  occur locally within  the  manganese unit. as 
31 metres in  drillhole  BB94020.  Interbeds of  red 

and x-ray diffraction  suggests that the  nlangancse 
do  breccia  and  replacement textures. Geochemistry 

minerals  present  are lbraunite and piemontite. 

I This distinctive  unit often occurs at the 
stratigraphic  top of unit 3 .  Its bc:dded  nature and 

~ unique appearance make it usefill as a marker int8:rval. ' Maroon to pink crystal and  ash  tulf are interbc  dded 
with black, massive manganese  silicates on a I 1 )  IO -  
centimetre  scale.  Manganese beds are contortec and 

equivalents of unit 3a. 
disrupted,  and  appear to represent thinly kdded 

UNIT 4: BASALT  TUFF 

rich, mafic lapilli, ash and crystal tuffs. Patche! and 
Unit 4 comprises dark  green,  chlorite-epiiote- 

streaks of black hematite ( I  to 21) mm) characterize 
this  unit.  Sausseritized  feldspar  crystals  and  c ystal 
fragmcnts  are comn~on, locally forming up  to 3C% of 
the  rock,  This unit is in  conf~rrnable,  and )ften 
gradational contact with  unit 3. 

UNIT 5: MAFIC  INTRUSIPES 

Mafic intrusives occur as both dark green, fine- 
grained  diabase  sills,  and as larger  diorite bodies. rhey 
are included as one unit here, although  the 

are typically massive to moderately well foli%ted, 
relationship between the  intrusives is unknown.  Sills 

contain  abundant  chlorite  and biolite. and  are dl void 
of primaq testures.  Their  interpretation as intrusive is 
based  largely  on  contact relations  and  stratigr:phic 
position. However.  they can  be diffic~~lt to differel tiate 

they are  intrusive  into that unit. A large body of blocky 
from massive intervals of unit 4. particularly luhen 

weathering  diorite outcrops northwcs~. of the glory  hole 
area:  the  diorite is massive. equigr,?nular  lo w~akly 
feldspar phyric, and medium to fine  grained. 

LITHOGEOCHEMISTRY 

Lithogeochemical  data suggest  that the vel( anic 
rocks at the Big  Bull  deposit are  chemically simil lr to 

deposits  are variably altered, w11oler1)ck  geochemistry 
those at  Tulsequah  Chief. As the rocks  from  both 

as described by Barrett and  MacLean (1994). I n  a plot 
is best compared i n  terms of im~nobile elenlent r; lios, 

a narrow  fan of alteration  lines  (Figure 3).  rhis 
of AI203 vc'r.v'us Ti02, felsic rocks at. Big  Bull ou.line 

indicates that they  were derived  from a narrow nnge 
of felsic  precursor  compositions  through  mass loss and 
mass gain effects during hydrothermal  altera ion. 

proximity to the mined-out  massive  orebodies. 
Some of the  largest net mass loss effects occur in 

Ti02/A1203 ratios that are  interprated as rem Ling 
Malic rocks  at  Big  Bull  show a rangc in 
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Figure 3. Lithogeochemical A1203 versus Ti02 plot for host volcanic rocks at the Big Bull deposit. Samples are from both 
drillholes  and  outcrop  within several hnndred  metres oltlle old mine  workings. rile dashed  lines  represent  hounding 
compositions for the altered Selsic rocks. A schematic fractionation trend i s  shown linking least altered rock types, 
although confirmation of this relationship requires ftlrther work. 

largely  from  fractionation effects. Although not  plotted 
here,  the mafc rocks can  be effectively subdivided 
using  trace  element  plots  such as nickel versus 
chromium. Mafic intrusives are typically characterized 
by higher  nickel,  chromium and magnesium 
abundances  relative to the  maiic  volcanics,  indicating 
that the  former  were  derived  from a more primitive 

unaltered,  and probably  represent a second phase of 
mafic magma. The  mafc intrusives are relatively 

of  sulphide-forming  hydrothermal activity. 
mafc magmatism  that  occurred  after  the main phase 

STRUCTURE 

two phases of folding and several episodes of faulting. 
Rocks  in the  Big Bull area have been affected by 

creating  an  area of structural complexity (Figure 2;  
Barclay, 1993; Dawson  and  Harrison, 1993;  Lewis, 

contacts (So) trend  north-northwest,  with steep dips to 
1993; Carmichael  and  Curtis,  1993).  The  lithologic 

the southwest. 
The first  and most important  phase of folding (SI) 

consists of tight,  approximately  cylindrical, moderately 
overturned,  folds  with  axial  planar  cleavage  oriented 
at  about 140/84' southwest,  and fold axes  trending 

plot of measured  bedding  orientations  (Figure 4) 
321" and  plunging at 30 to 50" (Photo 2). A stereonet 

defines a great  circle,  the pole of which  has an 

orientation of 321/54°. approximately  parallel to the 
measured fold axis. suggesting  that  only  one  major 
phase  of  deformation  has  occurred.  Parasitic  folds on 

synclinal  closure to the west. The  first  phase of folding 
the  east  side of the glory hole are consistent  with a 

unit 2 dacites west of  the glory hole (Figure 2). 
is represented by the Big  Bull  syncline,  which  repeats 

A second, very  weak phase of folding is indicated 
by a spaced,  planar  crenulation  fabric  which  does not 
appear to have  significantly  reoriented  either So  or SI 
fabrics. Axial planes are oriented roughly  east-west, 
and dip steeply to the north. 

structural history  of the Big Bull deposit. The Bull 
Brittle faulting is an  important  element in the 

fault is a northwest-striking, steeply west-dipping 
structure  which is approximately  axial  planar to  the 
Big Bnll syncline. I n  many instances  the  Bull  fault has 
disrupted  the  massive  sulphide lenses, with  brecciated 
and rotated mineralized  blocks  present in the fault 
gouge. The fault has  had  a  complex history involving 
several  periods and  directions of movement,  the  latest 
of which  offsets a qnartz feldspar  porphyry  dike of 
probable Eocene  age.  Although  the  amount  and 
direction of displacen~ent across the  fault is unknown, 
apparent  offsets  of  lithologic  units  suggest  sinistral 
strike-slip  movenient.  Detailed  structural  mapping in 
the collapsed s t o p  area  indicates that faults  occurring 
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Figure 4. Stereonet  plot of poles  to  bedding  surfaces,  and 
measured fold axes. Also shown is lhe pole lo the 
great  circle  defined by the  poles lo the  bedding. 

0 fold axes. 
Bedding  orientations, 0 pole lo the  great  circle, 

within  unit Za, subparallel to So and SI, generally 
show a dextral offset along  southeast-plunging  axes or 
sinistral offset along shallow  northwest-plunging axes 
(Barclay, 1993). 

DISCUSSION 

suite of felsic-mafic  volcanic rocks that hosts the 
The Big  Bull  deposit is associated with the same 

Tulsequah  Chief  massive  sulphide  deposit (Figure I). 
The  stratigraphy  at  Big Bull includes a malic footwall 
(unit 1) that  is  overlain by an altered  felsic package 
(unit 2) which is in turn overlain by a second  package 
of mafc rocks (units 3. 4). The altered  felsic  package 
is  the host to the massive  sulphide  mineralization. 

textured  mafic  sill  (unit 5 ) ,  that  has  dilated  the  allered 
This sequence of rocks has been  intruded by a diabase- 

felsic  interval, but is relatively unaltered itself, 

but prior to struc:tural deformation.  This overall 
suggesting  it was inlruded  after  hydrothermal activity 

the  Tulsequah  Chief  deposit  (Sherlock el  a/. 1994; 
sequence of lithologies  is  similar to the stratigraphy at 

S e l ~ r t  el ol. 1995). 
Lithogeochemistry  suggests  that the volcanic 

rocks (and  mafic  intrusives) at Big  Bull  are closely 
comparable to those at Tulsequah  Chief  (Figure 5 ) .  At 
both deposits, the l'elsic  rocks form  alteration  trends 
that  largely  overlap.  suggesting  that they  were  derived 
from  similar  precursor  compositions.  Mafrc rocks in 
the  stratigraphic footwall at Tulsequah  Chief  have 
lower  values of nickel, chromium and commonly MgO 
than mafic rocks tlhat are  interpreted as synvolcanic 
intrusives  within  the  felsic  hangingwall  stratigraphy. 

Photo 2. Outcrop-scale folding 

The mafic iutrusive  rocks at Tulszquah Chiel are 
weakly altered  relative to footwall mafic  volcanics  and 
are also closer to basalt in  composition. At Big 81111, a 
group of mafc rocks  with high Ni-Cr va lu~s  is 
similarly  interpreted as representing  more prin itive 
intrusives into felsic  stratigraphy. 

The main  difference between thc: hostrocks a Big 
Bull and  Tulsequah  Chief is the  nature of the 
volcaniclastic rocks. Felsic  volcanic rock: at 
Tulsequah  Chief are primarily  coarse  grained, p m l y  
bedded, unsorted debris-flow units  which  are 
interbedded with  felsic flows and  intruded by elsic 

and are interpreted to have been empaced 
sills. The felsic rocks are altered, variably mineraiized, 

contemporaneously  with  the hydro1hl:rmal activit: that 
formed  the  ores. At Tulsequah  Chief,  the  ccarse- 
grained  and poorly  sorted nalu~e of the ;elsic 
volcaniclastic rocks, aud  the  prevalance of flow:,  and 
sills  suggests that they were  deposited  close to a Felsic 
volcanic  centre. 

The volcaniclastic rocks at the Big Bull dqmsit 
contrast  sharply with  those at  Tulsequah  Chief ilc that 

well  preserved  bed fonns, although, these  have been 
they are finely  laminated  and veery fine grained, with 

deformation. At Big  Bull,  massive  felsic h a s ,  :ither 
contorted and locally disrupted by subseluent 

distal  setting for the volcaniclastic rocks at th: Big 
as flows or sills,  are  rare.  These  features suplort a 

Bull deposit. 

at Big  Bull,  there  is a second phase of hydrothxmal 
In  addition to the  massive  sulphide mineraliation 

activity represented by massive  manganese oxid: and 
silicates  (unit 3a). This unit  appears to occur 
stratigraphically above the massive sulphides, In the 
andesite tuffs (unit 3).  The manganese  minerali ation 
may  represeut  a  low temperature  hydrothermal 5 ystem 
that  existed  after  the  higher  temperature syster I that 
formed  the  sulphides, or it may be a lateral facies 
equivalent  of  the  massive  sulphides.  The structurd 
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Figure 5 .  A1203 versus Ti02 plot  comparing  host  volcanic  rocks  at  the Big Bull and Tulsequah  Chief  deposits.  Samples Gom 
Tulsequah  Chief  we  mainly from drillholes  within  several  hundred  metres of the  old  mine  workings. At Tulsequah 
Chief, two fairly distinct felsic alteration trends (A and B) are evident, and also a smaller group of dacitic samples 
that may represent  mixtures of felsic  and  matic  debris. "he matic rocks at Tulsequah  Chief  can be divided into two 
groups based on Ni-Cr data, the matic intrusives  lie  within  the Ti02 = 0.8-1 .O% interval. 

complexity  at the Big Bull deposit  presently  precludes 
the  establishment of the  sulphide-manganese  relation- 
ships. 

SUMMARY 

volcanogenic  massive sulphide  deposit which  occurs  in 
The  Big Bull deposit is a  polymetallic 

a bimodal,  largely  tuffaceous  sequence  within  the 
Paleozoic  Stikine  assemblage. The hostrocks are 
chemically similar and  roughly  stratigraphically 
equivalent  to  those  at  the nearby Tulsequah Chief 
deposit. The sequence of events  that  formed  the Big 
Bull deposit is  outlined below, and  shown 
schematically  in  Figure 6 .  

1. Deposition of wdespread  mafic footwall  rocks. 
2. Deposition of finely bedded felsic tuffs, with 

contemporaneous  hydrothermal activity, alteration 
of the  felsic  package,  and  deposition of massive 
sulphides. 

3. Deposition of finely bedded mafic tuffs, with 
coeval  low-temperature  hydrothermal  discharge 
and  the  formation of massive  manganiferous 
chemical  sediments.  These  chemical  sediments 
may represent  cooling of the  first,  sulphide- 

depositing  hydrothermal  system or, alternatively, 
the  lateral  margin of a second  hydrothermal 

4. Intrusion  of  mafic  sills  *flows  after  the  main 
system. 

5 .  Folding of the  stratigraphy  into  a  syncline  in  the 
phase of hydrothermal  activity  had  ended. 

Big Bull area. 
6. Offset of the  stratigraphy  along  the  Bull  fault, 

forming  the  present  deposit  configuration. 
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Figure 6 .  Schematic  dlagrams  through  the Big Bull  deposit,  sliowing its structural evolutim I :  deposition of the 
volcanic strata, 1: folding of the strata into  a  synclinr,  and 3: ofiset of the strata along the Bull  fault (see Figure 2 
for legend). 
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