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INTRODUCTION 
A number of skarn deposits and occurrences  throughout gold  and iron skams, such as t h x e  in t l e  Hc dley, Tex rda 

Earlier work in this  program .focused on t le provinr:e's 

the  province were examined and  sampled during the 1991 Island and Merry Widow camp:,, ;and in the Isk It River ;ama; 
field season  (Figure 2-2-1). The season represented  the final publications  include  those  h) IRay et a/ .  ( 1988, I 9 Q l ) .  
part of a 4-year field program to map, study  and compile Ettlinger  and Ray (1989). Ray a n d  Webster (I'191), Web;ter 
data on some of the 700 or  more  mineralized skarns and Ray (1991), and  Ray and [lawson (in prel aration). 'The 

between these skarns and their  metal content,  geochemistry, copper, zinc-lead, tungsten, nlclybdetwm at d tin s h m s  
recorded in  M1NFIL.E. I t  is hoped to determine relationships 1991 research  concentrated on some of Britis I Columhl.3's 

mineralogy, age, associated  intrusions  and  lithostructural (Figure 2-2-1). The final result:: of the  study u ill eventu;llly 
setting. Preliminary  geochemical  results and descriptions of he  published in bulletin fo,-n-l (Ray  and  Webster. in 
the  mineralized  skarn samples collected  this  season are preparation). 

microprohe analyses, will be pul:dished ;at a I ;  ter date. 
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Figure 2-2-1. Location of mineralized skams examined during the 1991 field season. showing 
their  relationship to the  tectonic  belts. 
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PRELlMlNARY  GEOCHEMlCAL RESULTS OF MlNERALlZED SKARN GRAB SAMPLES. ALL UNlTS ARE  IN  PPM  EXCEPT 
TABLE 2-2-la 

WHERE  STATED  AS  PPB  OR  PER  CENT.  VALUES PENDING FOR  BLANK SPACES 
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TAR1.E 2-2-lb 

Geological Fieldwork 1991, Paper 1992-1 

INSULAR BELT 
A  number of skarns, including the  Maid of +in and Stah: 

of Montana  deposits,  are located in the  Rain: ' Hollow .1re;1 
in the  northwest  corner of the province ( :igure 2- ! - I )  
approximately 70 kilometres  nolthwest of H lines, Alaska. 
They occur within  the  Alexander  Terrane and are hoste(l by 
Upper Paleozoic  sediments that are  intruded o I the west m i  
east by Oligocene rocks of the Tkope Ri 'er intrus Ions 
(Campbell, 1983). A  suite of Sql.law-Dallaska gabbroic j i l l i  
and  dikes also  occurs in the urea (F iy re  2-2-2). Skam 
alteration  and  silicification, with zones #of mz ssive ;and dis- 

tent underground mining took  place,  mostly .t the Mai of 
seminated sulphides, are  exposed over a wide irea. Intemit- 

copper, 1.5 tonnes of silver  and  minor gold ! !ere  prod1t:ed 
Erin  between 1907 and 1956; approximately 244 tonnes, of 

(Table 2-2-2). Minor  productio~~ is also repr rted from th,: 
State  of Montana  claim. In addil ion to these I NO produu:rr, 

and  exploratory  adits i n  t l x  area;  they  include ths: 
several  small  skarn  occurrence 3 are exposf d in old ],its 

Lawrence,  Adams,  Victoria. IHibernia, M onderful ;mi 
Majestic skams (McConnell, 1913; Huclson, 1927: Watson, 
1948). 

MAID OF ERIN (MINFII.IE 114P 007) 
The Maid of Erin skam lies ..e.,s than :!OO n etres from the 

northeast  margin of a homblendebiotite  quar z diorite hod:/ 
belonging to the Tkope  River intrusions. This large massive 
stock, which  underlies the  skarn,  is cut by nun erous narl'nn, 
white quartz veins. The skarn i s  hosted by i n altered ;mri 
silicified  package of tuff,  argillite and  ma  ble that ,dips 
moderately  northeastwards; theiie  rock: are ocally cu: bi  
narrow, endoskarn-altered  sills imd dikes thz t are believed 
to originate from  the nearby diorite. 

comprise banded, massive  and crystalline  gar let wilh l.er.ser 
The  endoskarn intrusions :ntd exoskarn enses l a q e l i  

pyroxene:  banding in the exoskarn probably r !presents lem- 
nant bedding. The garnet  includes palt: bro vn, red, lime- 
green  and  yellow  varieties, so-ne  of  whict  are 0ptii;dl:y 

early, brown  garnet is overgrown, in tun), b y ,  lark green , m i  
zoned. Several  phases are rect-lgnized in tl e  marble an 

yellow  crystals.  Also  present a~',: coars,:, rad lating cry itals 
of vesuvianite and wollastonite as well as esser epidXf:, 
sericite and biotite. The  fine-grined biotite nainly ocrurs 
in remnant  patches of dark, silicsi:ous, hornfel! -like rock I hr.t 
is cut by veinlets of pyroxenf'  and later e m e t .  Watson 
(1948)  reports  the  presence O F  ;:oisite, clino :oisite,  monti- 
cellite, anorthite and  blue gahni,re spinel in t le skam. 

skarn. It consists of veins and blebs of nainly borritf:, 
Mineralization is found both in the (cxosk m and endc- 

chalcocite and lesser  chalcopyrite with spon  iic  and  mincr 
azurite, black sphalerite,  mol!/t,denite and n agnetite. \Vi!- 
tichenite (Cu,BiS,) has also been identified n some OR: as 
well as trace  covellite  and  nalive  silver (\ ratson, l!.481. 
Mineralized samples of sulphi:ie-rich skan  contain  ligh 
values of copper,  silver an,J. bismuth wi  h some !old 
(Ettlinger  and Ray, 1989; Table :2-2-la), Exte lsive silicified 
and  albitized  zones  containing  dissemina  ed  pyrrb:'tite 
occur adjacent to the  Maid of Erin skarn  a Id on Mineral 
Mountain (Figure  2-2-2). howe.,er, samples I 'f this matE:ri;d 
contained no gold  (Table 2-2- 1 :i). 
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Figure 2-2-2. Geology and location of skams in  the  Rainy Hollow area, northwest B.C. (geology  after  Campbe11,1983) 
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S T A T E   O F   M O N T A N A  (MISFILE 114P 008) 
The alteration arld mineralization at this  property are 

similar to that at the Maid of Erin skam. approximately 
I kilometre to the east  (Figure 2-2-21, The skarn consists 
mainly of green and brown garnet with minor amounts  of 
coarse, radiating  actinolite  crystals. I t  is hosted by layered, 
steeply dipping  marbles and  siliceous  and  alhitized meta- 
sediments  close to small  bodies of mafic diorite. 

skarn. It consists of veins and  layers of massive  bornite  and 
Mineraliation appears t o  be confined to the green garnet 

chalcocite up to 10 centimetres  thick; Watson (1948)  notes 
that wittichenite occurs in bornite as microscopic  grains. 
Like  the Maid of Erin skarn, some of the  silicified  and 
albitized metasediments contain fine disseminated pyrrho- 
tite. 

O T H E R  S K A R N  '[kCURRICNCES IN T H E  RAINY 
HOLLOW AREA 

The Victoria, Atlams and Lawrence (MINFILE  114P 
009,010 and 01 1)  olxurrences  are characterized by variable 

wollastonite.  Mineralization is dominated  by  black 
amounts  of  brown  and  green  garnet with some  minor 

sphalerite with lesser galena  (Hudson, 1927; Watson. 1948); 
some pods of massive  pyrrhotite were also  documented at 
the A d a m  where the skam  follows a  marble-argillite con- 
tact, close  to thin diorite sills. The Victoria skam was not 
visited during this  season  because its location is uncertain. 

ure 2-2-2) where it is hosted by grey  marbles. At least two 
The Majestic lie!, on the east side of Copper Butte (Fig- 

adits were driven 011 an east-trending zone of massive pyr- 
rhotite.  A  narrow  lens of crystalline  hrown and green  garnet 
skam is developed on the north side of the zone, between i t  
and the  marble. 

lets of quartz and  chalcopyrite.  A  pyrrhotite-rich sample 
The pyrrhotite  zone  contains  garnet as well as rare  vein- 

from the  Majestic IS weakly anomalous in bismuth and 
cobalt but contains  no  gold (Table 2-2-la). 

To summarize,  our examination of the Rainy Hollow  area 
suggests that the  numerous  mineralized  skarn deposits  and 
occurrences  are pan ol a major  skam  system.  This system. 

alteration  envelope that exceeds 1 square kilometre in out- 
which probably  resulted in a discontinuous but extensive 

crop  area,  covers  pans of the  Mineral  Mountain  and Copper 
Butte areas. I t  is uncertain  whether i t  is related to the large 
Oligocene  Tkope R~ver  intrusions or  to a gabbroic till suite 
forming part of the Squaw-Datlaska  Ranges complex (Fig- 

skam  close to the Tkope  River intrusion at the Maid of Erin 
ure 2-2-2). The  envelope  contains  copper and  silver-rich 

deposit. Farther from the  intrusion it contains  some zinc- 
lead skarns as well as extensive alteration zones that are 
silicified  and  albilized with massive  and  disseminated 
pyrrhotite. 

Past mining and exploration drilling at Rainy  Hollow 
were concentrated  on the  proximal  copper-rich skam, while 
the possible  existence of distal  gold-rich  and copper-poor 
skarn mineralization,  similar  to that at the  Fortitude deposit 
in Nevada  (Wotruba ef a/., 1988; Myers, 1990).  has largely 
been  ignored.  Although  our  samples of this  pyrrhotite 
alteration were barren of gold (Table 2-2-la), other  features 

Geological Firldwm~il 1991, Paper- I Y92-I 

suggest that gold  skarn  minera1i:fation could,  xist at Rainy 

gold, cobalt and bismuth in the hidrothermal I ystem as \dell 
Hollow. These features  include  the  localized I nrichmen: O S  

as the low CuiAg  ratio (250) of the Maid of EI in ore; su(h a 
low ratio is atypical of most copper and iron I karns but i s  a 
characteristic of many gold-skam  systfms  (Ettlinger rnd 
Ray, 1989). 

COAST BELT 

CHALCO (MISFILE 9251\€:043) 
The  Chalco S skam is located I 1  kilometre; southeast ol' 

Bralorne in the  Bridge River Tel~ane of soutl western I ~ C, 
(Figure 2-2-1). The  area is urlderlain by I iotite s d  ist 
banded  amphibolite  and  marble rof the E,ridge River G r w p  
and  the  skarn is hosted by a xxthwest-tre lding pod of 
coarsely  crystalline  marble and schist 200 me res in lenigh, 

a skam zone up to 3 metres wide.  The homl llende diorite 
An adit and open  cut  expose a sf ction OS marl 'le contairing, 

probably  responsible for the skarn; i t  ha:; yiel, led a Tertiary 
Bendor  batholith  outcrops 10(1 'netres lo the north and ir, 

age of 64 Ma  (Church  and  Peltipas, 19119). Small dike'; ol' 
altered  hornblende diorite  crosx.lt the schist i ijacent to !he 
skarn. 

garnet with lesser  pyroxene, act nolite and e[ idote. Game! 
Skarn  minerals  include  coilr,,e  brownish red to black 

generally forms an interlockin;: ]mass of subt :dral crystal: 

growth  zoning;  minor sericite i.. interslitid o the ganet,  
up to 3 centimetres in diameter and  often sho U S  noticetI)le 

pyroxene  and  actinolite. Some crosscutting v .ins of qu r r t 2  

Locally  the  garnet skam is banded  with, nr cor tains <:lot$ o f ,  

and  carbonate  contain  euhedral  crystds o '  garnet md 
pyroxene. 

The disseminated  metallic  mineralization is sparse; il 

rare molybdenite.  Geochemical .dnalyses ind  :ate spondit 
includes pyrrhotite,  chalcopyrite  and some n agnetjte  witt 

minor enrichment in gold, bismuth arld tullgsten (Thle 
2-2-la). 

INTERMONTANE BELX' 

CRAICMONT MINE (MINFILE 92ISEO35) 
The  Craigmont  copper  skam I S  situated  ir the Quesnel 

Terrane o f  southern  British  C'olumbia  (F~gure 2 - 2  I ) ,  
approximately 13 kilometres nnrrhwest of Mf rritt. It i:; the 
largest copper  skam  deposit i n  the province having [ro- 
duced over  400 000 tonnes of copper and 140 100 tonnl::i of 
magnetite iron ore (Table 2-2 -2 )  from  open-r it and  ur~ler- 
ground workings.  Mining  took  place  1xtwe:n  1961 .md 

tailings  for  use by the coal indu:;try. 
1982;  since 1983 magnetite  hss been rxovfred from the 

was  hosted  mainly by volcanic?, bedded tu fs and lime- 
The  Craigmont orebody  was  located on a m  ljor fadl :md 

stones of the Late Triassic  Nicc:h Group a( jacent tn the 
southern  margin of the Guichm  Creck b; tholith. ? 'his 
batholith, which represents a. high-level i~ trusion, '&'as 
coeval with the  Nicola Group vt:llcanisnr and is associtled 
with porphyry copper minera1ii:ation in t i e  Hi ;bland Va,ley 
(McMillan,  1976.  1978).  Quartz  dio-itic  xxks of Ihe 
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batholith are  exposed  on the  north wall of the  open pit. They 
comprise  dark, coarse-grained, epidote-altered  rocks that 
contain up to 20  per  cent hornblende. 

The skarn silicate  assemblage  includes  abundant  chlorite, 
actinolite,  epidote,  calcite  and  quartz with minor red gamet 
and pink orthoclase.  Sulphides  occur mostly in the chlorite- 
actinolite  exoskam and  the ore  zones were generally  con- 
cordant with the batholith  margin  and bedding in  the  Nicola 
Group.  Exoskarn  mineralization  comprises  masses  and 

together with magnetite  and  coarse  specular hematite;  pyrite 
irregular  veins of chalcopyrite up to 3 centimetres wide, 

deposit was dominated by magnetite  at its eastem  end and 
is rare.  Rennie  (1962)  notes that mineralization in the 

by hematite  farther west. The best copper  grades  occurred 
where there  were equal  amounts of magnetite and  hematite. 
The mineral assemblages indicate that overall, the deposit 
formed in oxidized  conditions  although the magnetite  to 

end of the deposit were more reduced.  Production data 
hematite zoning  suggests that conditions  towards the eastem 

cate that  this copper  skam has a very low gold  content. 
(Table  2-2-2)  and geochemical  analyses (Table 2-2-la)  indi- 

Minor  amounts  of  endoskarn  mineralization  are 
ohserved; the altered diorite  contains  subcircular  masses of 
chalcopyrite, up to 30 centimetres  across, with patches of 
coarse, pink calcite  and  orthoclase, small euhedral  quartz 
crystals  and  green  epidote.  This  endoskam  includes thin 
magnetite layers that trend  subparallel to the margins of the 
diorite,  as well as rare, irregular veinlets of dark red gamet. 

Two periods of mineralization are recognized (Johnson, 

to  the  main  skam-forming  event,  and  later  hematite- 
1973); an early  magnetite-chalcopyrite  assemblage, related 

chalcopyrite mineralization that occurs mostly in chloritic 
shears.  Some of the chalcopyrite  veins  are intergrown with 
pink  orthoclase. 

from the Nicola  Group and not from the Guichon  Creek 
Morrison (1980)  concluded that the metals were derived 

batholith. However, the  genetic relationship between  the 
batholith and porphyry copper  mineralization,  and  the  spa- 
tial  association of the skam with  the  batholith  margin sug- 
gests that the  Craigmont  deposit  and  the  batholith  are 
related.  Moreover, approximately 2.5 kilometres east of the 
deposit,  at  the Eric occurrence  (MINFILE  92ISE036), 
minor  copper-magnetite mineralization is also  developed 
along the  batholith  margin. This mineralization is associated 
with abundant orthoclase and  lesser clinopyroxene. epidote, 
sphene  and honey-coloured,  optically  isotropic garnet. 

LUCKY  MIKE DEPOSIT (MINFILE 92ISE027) 
The Lucky Mike  skam is located  approximately 20 kilo- 

metres north of Merritt  within  the Quesnel Terrane of south- 
em British Columbia  (Figure 2-2-1). Between  1917  and 

gold (Table  2-2-2). The area is underlain by Late Triassic 
1924 it produced minor amounts of silver, copper, lead and 

Nicola Group volcanics, tuff and  minor  limestone  (Moore 
and  Pettipas, 1990). These  contain a concordant, northerly 
striking  zone of mineralized gametite skarn that probably 
replaced a lens of clastic limestone. Both the footwall  and 
hangingwall  rocks  comprise  relatively  fresh,  massive 
andesitic crystal and lapilli  tuffs with some  agglomeratic 
layers.  Locally,  the  hangingwall is occupied  by a small body 

of hornblende-porphyritic mafic diorite; this  intrusion is 
probably related to the skam mineralization. 

The  gametite  zone  is  up to 3 metres  wide and 30 metres 

brownish red garnet.  Irregular blebs of chalcopyrite, 2 to 
long. It consists  largely of medium-grained  crystals of 

associated with patches of coarse  calcite and quartz.  Crys- 
3 centimetres  long,  are present in the  gametite; they are 

pyrite, pyrrhotite,  sphalerite and magnetite are  also present. 
tals of scheelite up to 0.5 centimetre  across, as well as 

Trace  geochemical  analyses  of a  mineralized grab  sample 
are presented in Table 2-2-la. 

MOLLY B AND ORAL  M  (MINFILE 103P 085) 
The Molly  B  and Oral M deposits lie within  the Stikine 

Terrane of northwestern British Columbia,  close to the east- 
em margin of the Intermontane Belt  (Figure 2-2-11, They 
are situated on the east side of the Bear River, opposite the 
town of Stewart.  The Molly  B  adit  was driven  immediately 
above the  river  hank and the Oral M  adit  lies approximately 

of the  area  are  described by Grove  (1971,  1986)  and 
200 metres farther upslope. The geology and mineralization 

Alldrick (in preparation). 

M is an auriferous, sulphide-rich quartz vein that cuts barren 
The Molly  B deposit  is a copper  skam whereas  the Oral 

skam and  hornfels;  both have had minor production of 
copper, gold  and  silver (Table 2-2-2). They  are hosted by 
Early  Jurassic Hazelton  Group tuffs,  argillites and  minor 
limestones close to the  intrusive contact of the  Eocene 
granodioritic Hyder batholith. Extensive and irregular  zones 
of biotite hornfels  containing  minor  disseminated  pyrrhotite 
occur in the  vicinity of the two prospects. Homfelsed tuffs 
are  cut  by  veins of quartz  and  epidote,  the  cores of which 
locally contain pale brown garnet. 

The Oral  M  prospect is a shear-hosted  quartz  vein that 
carries  disseminated  chalcopyrite, pyrite and gold; geo- 
chemical  analyses on two vein samples  are presented  in 
Table 2-2-la.  The wallrock includes both  hornfels  and a 
garnet-dominant  skam with lesser  pyroxene,  actinolite  and 
biotite.  It is uncertain  whether  the  mineralized quartz vein 
was genetically related to the formation of the  wallrock 
skam. 

Close  to  the Molly  B adit,  massive  to layered gamet- 
dominant  skarn is associated  with  remnant,  purplish 
coloured biotite  hornfels  that is cut by thin  irregular  pyrox- 
ene veinlets. An intense tectonic cleavage is developed 
locally;  this is generally  orientated subparallel to layering in 
the skam which is believed to represent remnant  bedding. 
Garnet  forms  veins,  layers  and  pods up to I O  centimetres 
across. It occurs  as  euhedral  light red, dark  brown,  amber 

epidote, actinolite. quartz  and  coarse  carbonate are also 
and  black crystals up to 1 centimetre in size. Pyroxene, 

present. 

pyrrhotite with lesser chalcopyrite, pyrite and  molybdenite. 
The  skam  contains  disseminations  and  irregular veins of 

Garnets in  the  sulphide-rich skam  are  darker than  those  in 
the  unmineralized skam.  Geochemical  analyses of miner- 
alized samples  from  the adit dump  are  anomalous in  tung- 
sten but, unlike  the Oral  M, they  contain no  gold (Table 
2-2-la). 
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Two dikes of unaltered leucocratic biotite  granodiorite, 
up to 2 metres thick, are  exposed in the Molly B  adit. They 
are enveloped by banded garnet-pyroxene skarn, but it is 
uncertain  whether the dikes  are  related  to  the  skarn. 
However,  float of endoskarn-altered  intrusive was seen 
around  the adit entl-ance. I t  consists of a coarse leuco- 
granodiorite  containing clots of red garnet and green epi- 

grown  pits  expose  coarse  garnet-pyroxene  skarn  with 
dote. Approximately 15 metres above the  adit,  several  over- 

pyrrhotite,  chalcopyrite  and black sphalerite. 

distinct from  one  another in their  morphology,  mineraliza- 
To summarize, the  Oral  M  and  Molly B deposits are 

tion and  metal content. I t  is not known if they were coeval 
and related to the  nearby  Eocene Hyder pluton or whether 
they  represent  older  Jurassic  deposits  as  discussed by 

quartz vein, but it i:, uncertain  whether it and the barren 
Alldrick (in preparation). The Oral  M is a gold-hearing 

The Molly E ,  by contrast, is a  gold-poor copper  skam that 
skarn-altered  wallrock were formed during  the same  event. 

carries  some  local  zinc,  molybdenum  and  tungsten 
enrichment. 

ATLIN CAMP 

069 and 126) and the  newly discovered Daybreak skarn 
The Silver Diamond, Atlin Magnetite (MINFILE 104N 

occurrences  are hosted by rocks of the Cache Creek Ter- 
rane, approximately 20 kilometres east-northeast of Atlin in 
northern  British Columbia (Figure 2-2-1). They  are spatially 
associated with the  western  margin of the  Late Cretaceous 
Surprise Lake  batholith  where it intrudes calcareous rocks 
of the Cache Creek Group  (Figure  2-2-3).  The batholith 
consists  largely of a  leucocratic quartz  monzonite. 

The  Silver Diamond  skarn  lies close  to the southwest 
margin of a  satellite  stock of the  Surprise Lake  batholith 
(Figure 2-2-3) about 4.5 kilometres  southwest of Ruby 
Mountain  and  west of  Boulder  Creek. I t  occurs mainly 
along  the contact between  a  white,  crystalline  marble  and 
altered greenstone and  ultramafic  rocks. Garnet is relatively 
uncommon and  forrns  thin  layers  and  veinlets of red and 
brown  crystals. Variable amounts of pyroxene,  fluorite, 
amphibole,  biotite  and  sericite are  also present. The  green- 
stones adjacent to !he skam are bleached  and silicified, 

patches  of a dark biotite  hornfels.  Transition from marble to 
whereas those  adjacent to marble locally contain  remnant 

hornfels is often  marked by the following mineral  zoning: 
marble, garnet skarn, pyroxene  skarn  and hornfels. 

The  occurrence is characterized by pods,  veins  and  irreg- 
ular  lenses of mas',ive  to  disseminated  sulphide, up to 
1 metre wide, that are generally concordant with the  marble 
contact.  Locally, the greenstones  are brecciated and  cut by 
sulphide veinlets.  Mineralization consists largely of pyr- 
rhotite and sphaleri1.e with minor chalcopyrite,  pyrite and 
scheelite: some  quartz-vein float with sphalerite and  galena 
was noted at the occurrence. Locally,  the  colourless  and 
purple  fluorite is abundant.  It occurs either as large crys- 
talline masses that a:re stained with black manganese  oxides 
and  intergrown  with sericite,  or  as isolated crystals  growing 
within the  massive  sulphides.  Analyses of mineralized 
samples (Table 2-2.-la) indicate that the Silver Diamond 
skarn is geochemic.dly  anomalous in silver,  bismuth  and 
tungsten. 

cassiterite, molybdenite and tetrrthedrite min :ralization a 
There  are reports in  MINF1L.E  of sporacic scheelite, 

short  distance northeast of the oci:urrencI:. 
The Atlin Magnetite skarn i 3 situated a] ,proximately 

8 kilometres  northeast of the Silvcr  Diammd p 'ospect (F !;$- 
ure 2-2-3) between  Ruby  and Cracker  creeks a : about 1800 
metres elevation. It is hosted b!' a deformec package {of 
marble,  sheared  greenstone anti  talcose ultra nafic  roc(s, 
approximately 200 metres  south of their  con  act with ]lie 
Surprise  Lake batholith. In this area, the  marg  nal phase 3f 
the  batholith is a  rusty-weathering quartz p xphyry that 
hosts  the  Purple Rose uranium oc;:urrencc: (MI (FILE: 104N 
005); it  lies  approximately 250 rwtres north-no theasi  oFlhe 
Atlin  Magnetite skarn. 

occurrence  are concentrated in n,arble layers :lose to Iheir 
Skam alteration  and minerali;:alion at the At in Magnetite 

contact with sheared ultramafic rocks.  Layers masses a ~ d  
veins of garnet are present with le:;ser am'xmts of pyroxele, 
actinolite  and coarse green  epidote: mnor  ate vein,$ of 
rhodonite,  and float containing (coarse  ,white wollastor ite 
crystals, up to 2.5 centimetres h g ,  were also een. Garnc:ts 

green, brown. amber  and black. S m e  of the su :ary textu .cd 
vary in colour  from red, orange and yellow-1 reen to (dirk 

marbles contain  euhedral crystais of black :arnet up to 
1 centimetre across. 

Mineralization is dominated by layers ar i masses of 
magnetite, up to 0.5 metre thick, I hat are gener dly  concord- 
ant with the foliated marbles.  Magnetite is oftt n intergrown 
withgarnet although  locally i t  i s  #:'ut by garnet veins. Lesser 
amounts of chalcopyrite,  pyrrhotite  and  splradic  pyr~te 
occur with some  azurite and abl.lndant malac lite staining. 
Geochemical analyses of mineralized sample: indicate the 
skarn is weakly  anomalous ir silver  and  gold  (Tatde 
2-2-la). 

Atlin prospector, Mr. W. Wallis, and is o S  inter :st becaus: i t  
The Daybreak occurrence was, recently disc overed by  an 

includes some  ribbon-banded wrigglite !.karn. It is situated 
at an elevation of 1550 to  1600  metres,  rast o ' Ruby  Creek 
and 1 kilometre  south of the Atlin  Magnetite ;kam  ((Figure 
2-2-3)  at UTM 595000E 66202:iON. The  are 1 is underlain 
by altered greenstone, schistose, homfelsic  'netasedimmt 
and minor  mafic tuff and  marble. These  an intruded by 
several  large,  irregular  sills and ,:likes of leucs cratic  qo;~rtz 
monzonite that are  cut by n a m w   q u a m  vc ins, some of 
which carry  minor  fluorite. The rills  and dike5 are probably 
related to the  nearby Surprise  Lake batholith. 

of garnet-pyroxene-biotite exosk~rn, with less, :r amount,; of 
West and southwest of the occurrence  there s a large area 

unaltered  intrusive. This skarn contains  layers and irreglliar 
veins of  orange-red garnet  and ::reen pyroxe le, up to 11.3 
metre  thick, that cut  a schistose biotite hcsrnfel .The  eastcm 
end of the  skarn is covered by a scree t hat coniains 
numerous large boulders of la,yc,red wrigglitc skam (I' ate 

float represents  frost-heaved hclulders. sugg :sting that ii 
2-2-1). Wrigglite was not seen in outcrop bu some of the 

subcrops in the immediate vicin ty. 

mineral  layering; each layer is 1:i:her green, br )wn or blick 
The wrigglite  skarn is charx terized by tt in, rhythmic. 

depending upon the  quantity of tlluorite, vesul ianite, gamel: 
or  magnetite  present.  The la:ters, which  are  betwzer, 
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0.5 millimetre and I O  centimetres  thick,  are locally folded 

garnet.  Rare vuggy cavities up to I O  centimetres in diameter 
and sheared (Plate 2-2-1). and some  are  crosscut by veins of 

are present; these  are lined with elongate  crystals  of green 
clinozoisite. Microprobe and  x-ray diffraction  studies by the 
Geological  Survey of Canada (S.B.  Ballantyne, personal 
communication,  1991)  indicate  the  wrigglite  contains 

No beryl  has  yet been identified, and it is likely  that  much of 
gahnite and trace  cassiterite,  and is enriched in beryllium. 

the  beryllium is contained  as a  non-essentail element within 
the  vesuvianite and garnet. 

The term  "wrigglite" to describe  rhythmically  layered 
skam was  first used by Askins (1976) and  later by Kwak 
and  Askins  (1981) although  the  texture  has  been recognized 
since the early  part of this  century. Kwak (1987)  discusses 

of iron and  fluorine-rich tin skarns,  most of which  contain 
the origin of wrigglite  texture  and notes it is a characteristic 

are  commonly associated with fault  structures;  unlike most 
fluorine in excess of 9 per cent by volume.  Wrigglite skarns 

tin skarns which generally  form at deep levels,  they are 
believed to  develop under  relatively  near-surface conditions 
such as above the cupolas of high-level granites.  Thus, its 
presence in  the Daybeak skarn suggests the Surprise Lake 

batholith is a  relatively  high-level  and  structurally control- 
led  intrusion.  Moreover.  the  presence of the  fluorine- 
beryllium-tin  skarn assemblages at both  the  Daybreak  and 

evolved granitic melts  derived  from continental crust.  This 
Silver Diamond occurrences are  characteristic of highly 

indicates the oceanic  Cache Creek  Terrane  may be underlain 
by continental basement in the  Atlin  area. 

OMINECA BELT 

The Coxey, Novelty and Giant skarns are hosted by 
rocks of the Slide Mountain  Terrane, and lie within the 
Rossland mining  camp in southeastern  British Columbia 
(Figure 2-2-1). The  camp has  a long mining  history  and 
many of its important  deposits  are on Red  Mountain,  west 
of Rossland  township  (Figure 2-2-4). Immediately east of 

Jurassic Rossland  Group supracrustal  rocks  and  several 
Red  Mountain,  the  geology  is  Characterized  by  Early 

suites of Jurassic intrusions. On Red Mountain, these  rocks 
are  structurally  overlain by a thrust  sheet comprising  Penn- 
sylvanian to Permian metasediments of the Mount Roberts 
Formation (HOy and  Andrew,  1991a  and b). 
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Figure 2-2-3. Geology  and  location of skarn  occurrences  associated with the Surprise Lake batholilh, 
Atlin camp (geology after Aitken, 1960). 
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Plate 2-2-1. "Vr'rigglite" skarn with alternating  layers 
rich in fluorite,  magnetite,  vesuvianite and grossular  garnet. 
This  skarn contains  minor  cassiterite and gahnite and is 
geochemically anrmalous in beryllium (S.B. Ballantyne, 
personal communiration, 1991). Daybreak tin skarn occur- 
rence, Atlin camp, B.C. 

each in different hwtrock  packages, with contrasting miner- 
Two types of mineralization are  recognized in the camp; 

alogies. and  are belleved IO he of different ages  (Dunne and 
Hay, 1992,  this vohlme; Hay et ul. ,  1992,  this  volume).  The 
oldest  and  most economically important deposits are  in 
extensive, steeply dipping pyrrhotite-rich veins that  contain 
gold, silver, arsenic and  copper. The  veins  cut the Rossland 
Group  sediments, volcanics  and coeval plutonic  rocks that 
underlie  the lower eastern slope of Red  Mountain. They 
were  worked  in  numerous  underground  mines.  mainly 
between 1890 and 1930. and include  the  Le Roi. I.X.L., 

these  vein  deposits are  associated with weak skarn  alteration 
Evening  Star  and  Gertrude veins (Figure  2-2-4).  Some of 

(Wilson er ai.; 1991). Hay et a / . ,  1992,  this  volume). 
The  other  major  deposit type is younger than the veins 

by  open pit,  mainly  between 1966 and 1972; they  include 
and  is  represented by molybdenum  skarns that were mined 

the Coxey, Novelt:q and  the  Giant  orehodies. These  are 
hosted by the thrust package of siltstones and tuffs belong- 
ing to the Mount Roberts  Formation  and in younger dioritic 
intrusions (Hoy  and Andrew,  1991a  and b). There  are, 

Geological  Fieldwrk  1991,  Paper  1992-1 

however,  important geochemical differcnces  between  lhes,e 
molybdenum  skams;  The Cox:.y orebodies  are  barren of 
gold  while the Novelty  and Giant depofiits C I  sntain elm ;Ited 
values of gold,  cobalt,  hismutt, arsenic an< nickel (l'hble 
2-?--la). It is not known if this variation reiresents a geo- 
chemical zoning in the rnolybdmum  skarns, )r whether  the 
fluids responsible for the Novehy  and  Giant minera1iz;Ition 
scavenged gold, arsenic and (:ohah fl-om he older vein 
mineralization in the  underlyin;?.  thrust  plate 

The Mount  Roberts Formatim in the Ros land area ;also 
contains  rare  galena-sphalerite b8eins of unkt own  age.  One 

cropping north of Coxey  (Figu.e 2-2-4) ass; yed 16 gmms 
narrow quarr' vein with pyrite  galena  and phalerite IOU:. 

per  tonne gold  (Table 2-2-la). 

GEOLOGY OF THE RED h 1 O U N T A I N  AREA 
Early geological  work i n  the Rossland are I includes that 

by Drysdale (1915), Stevenson (1935).  Wh te (1949) and 
Little  (1963). More recent pul:'lications include thosi: by 
Little (19821, Fyles  (1984). Hii) and Ardrew (1991a a111 ts) 
and Hoy et a/ . ,  (1992, this V O I L  me). 

directed Rossland thrust  fault (Figure 2-2-4), Ire recognized 
Two structural packages,  separated b) the  easrerly 

on the  mountain (Hay  and .4-1drew,  1991;  and b). The 
oldest of these is the Permo-Carbonife1ous I l oun t   Ro l~~r t s  
Formation that comprises  thin-bedded silts .ones,  bedded 
tuffs, minor volcanics  and ver) rare, thin ci rbonate units;. 
They  form a subhorizontal tc gently dip[ ing seqoi!ncz 
exposed on the upper part of Red  Mountai I. Structul.;ally 
underlying  these rocks  are alkal ic tuffs, volc mics and sub- 
volcanic intrusions of the Eiu.l!i Jurassic Rc rsland G r q .  

Mountain  area. The oldest is the  Rossland nonzonite,  an 
A variety of intrusive  rocks are  rec<>gniz :d in  the I M  

Early Jnrilssic pluton  that is  ktrusive into md  cogentti,: 
with the Rossland Group (Dunr~e  and Hoy. 992, this vel- 
ume). I t  is probably  genetically  related to th" gold--bearinz 
sulphide  veins  and associated  gold-skarn en' elopes on th,? 
mountain, but it has not been mapped in the  overliin:: 

tact  between  Mount  Roberts  Formalion , nd  Rossiand 
Mount Roberts  Formation. This  and an infer  ed thrusf. con- 

the  Rossland  monzonite. 
monzonite  south of Rossland, SL ggest a pre-f tulting a@ for 

A subsequent major plutonic *vent ( a .  16 i Ma) resulted 
in the emplacement of the  diorit  c to monzon tic Rainy [)ai 

and  Trail  plutons. This  event repwlted  in the :xtensive rili- 
cification,  skaming and  development of htrmfels  in thl: 
Mount Roberts  Formation on k d  Mountain  'Fyles, 191:4). 
A  variety of equigranular  to porphyritic  qual :z diorite: r i l h  
and dikes, that cut both  the  Mount Rob"rts a Id underlying 
Rossland  rocks, are believed tcl be related to t tis plutonls;m. 
They  produced  only  localized  barren  gar]  et-pyroxt  ne- 
epidote  skam in the  lower  struct\rral  paccage )ut resullecl in 
the development of the molybdenum skim or :bodies in thc 
Mount  Roberts Formation. 

COXEY MINE  (MINFILE I1;2FSW110 1 

extend  from the lower western  :;lopes almost to the  surnmit 
The  Coxey  mine was workcd  from  six ,pen pits that 

of Red  Mountain (Figure 2-:1-4), Skam  allxation 01 the 
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Mount  Roberts Formation  increases towards the  upper  pits 
(E and F  pits) as  does the amount of sulphide mineraliza- 
tion.  Here the  skarn assemblage  comprises veinlets of red- 
dish brown garnet  and  green  pyroxene.  At a lower  elevation, 
in pits D and B, garnet is rare hut pyroxene and  lesser  biotite 
hornfels  are  abundant. Radiating crystals of actinolite  are 
also locally  present. 

Mineralization consists primarily of molybdenite with 
minor  scheelite; pyrite, pyrrhotite  and  chalcopyrite  are  gen- 
erally  uncommon.  Analyses of five mineralized samples 
indicate enrichment in molybdenum, tungsten  and copper, 
but  no  anomalous  gold (Table 2-2-la).  Molybdenite  gener- 
ally occurs as thin smears, irregular patches  and veinlets. In 
pits A and E, molybdenite is widely  distributed in the 
exoskam but at a slightly  lower  elevation, in pits  A  and  uA, 

rhotite occurs  along the  margins of,  and within. a brecciated 
some mineralized endoskam is seen. Molybdenite with pyr- 

dioritic hody. particularly  in  the  breccia matrix.  The  breccia 
mostly contains rounded to  angular  clasts of diorite up to 
0 3  metre in diameter,  many of which have bleached reac- 
tion  rims.  Adjacent to  the  country rocks  however, it contains 

Molybdenite is more  abundant in the sedimentary breccia 
angular  fragments of hornfelsed  Mount  Roberts  Formation. 

while  pyrrhotite dominates in the dioritic  breccia. 

with  pyrrhotite  and  pyrite,  and  the  genetic  relationship 
Molybdenite-rich mineralization is not  always  associated 

between  the molybenite  and the other sulphides is uncertain. 

cut and overgrown by veins of molybdenite.  However, a 
Some pyrrhotite  and  pyrite are relatively  early as they are 

later  generation of coarse pyrite  veining along late  faults 
postdates  the  molybdenite. 

NOVELTY (MINFILE 82FSW107) 
The Novelty open pit is at an elevation of 1370 metres on 

the  south  side of Red  Mountain  and  south of the  Coxey 

bedded  and  east-dipping  metasediments of the  Mount 
orebodies  (Figure 2-2-41, Mineralization is hosted hy thin- 

Roberts  Formation.  These  are  extensively  silicified  and 
homfelsed with lesser amounts of epidote-pyroxene  altera- 

body of bleached,  endoskam-altered  diorite  cuts and  brecci- 
tion and  rare  masses of brown, crystalline garnet. A small 

ales the homfelsed  metasediments  and the clasts of country 
rock have marked reaction rims. 

Mineralization comprises irregular masses of anhedral 
arsenopyrite  intergrown  with  minor  pyrrhotite,  molyb- 

marked by minor chalcopyrite  and  erythrite staining;  Fyles 
denite,  cobaltite and  pyrite. Some mineralized  boulders are 

(1984) reports  the  presence of bismuthinite  and  uraninite. 
As well as  gold,  arsenic,  cobalt,  molybdenum and  bismuth 
enrichment in the mineralization,  geochemical  analyses 
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Figure 2-2-4. Geology  and  location of skarn and vein deposits in the  Rossland  Camp  (geology  after Hey and  Andrew, 1991b). 
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indicate anomalous nickel  (Table 2-2-la). suggesting  the 
presence of nickel  arsenide  minerals. 

GIANT  MINE (M:INFILE 82FSW109) 
The  Giant  mine,  situated  southwest of the  Novelty 

deposit, produced copper, silver  and  gold (Table 2-2-2)  from 
two adits  between the years 1898 and 1903. The area is 
underlain by subhorizontal, thinly  bedded, homfelsed silt- 
stone of the  Mount  Roberts  Formation. No mineralization 
was seen in outcrop but rocks on the dump at the blocked 
entrance  to the  upper adit contain  massive  arsenopyrite 
intergrown with coarse  molybdenite  flakes,  minor pyr- 
rhotite  and  chalcopyrite. Minor garnet  and  some calcite 
veining  occurs with the sulphides. Pyrrhotite-bearing  rocks 
in the  waste dump outside  the lower  adit contain epidote, 
lesser  pyroxene, Tar: layers of brown garnet and narrow 
veins of quartz. 

outside  the  upper  adit is similar to that of the Novelty 
The geochemistry of an arsenopyrite-rich sample  from 

mineralization; i t  contains anomalous  gold, bismuth, cobalt 
and nickel (Table 2-?-la). 

SECOND R~:I , Iw  MINE  (MINFILE 82FSW187) 
The Second  Relief  mine is located 42 kilometres  south of 

Nelson in southeastern  British Columbia  (Figure 2-2-1). 

their contact with Jurassic  Nelson  granodiorite (HOy and 
Hostrocks are Early Jurassic Rossland Group rocks close  to 

gold  and  copper with minor lead, zinc and  silver (Table 
Andrew, 1989). Betv#een 1900 and 1059 the  mine  produced 

northeast-striking.  steeply dipping  quartz veins that reach 
2-2-2). Mineralization is contained within several  parallel 

pyrite, pyrrhotite, clxrlcopyrite and  magnetite with trace, 
up to 4 metres in width. The  veins alsn contain  arsenopyrite. 

epidote is also present. 
sphalerite,  molybdenum and native  gold:  minor  garnet  and 

The veins are surrounded by an extensive  envelope of 
pervasive  and silice:ous garnet-pyroxene  skam alteration 
that overprints both Ihe Rossland Group and the porphyritic 
diorite.  The  exoskarn  also  contains  pyrrhotite,  epidote, 
amphibole, clinopyrrlxene,  carbonate, biotite and trace tour- 
maline: microprobe  analyses indicate the garnets arc iron 
rich and low in manganese (Ettlinger and Ray, 19x9). 

at the Second Reliel. mine was coeval and related to the 
I t  is uncertain  wherhcr  formation ofthe mineralized veins 

skarn-altered  wallnrck.  Some  samples of sulphide-rich 
quartz vein contains anomalous gold, arsenic, copper and 
zinc, but the skam-altered wallrock has no gold  enrichment 
(Table 2-2- I a). 

EMERALD  TUN~~STEN  CAMP 
The Emerald  Tungsten camp, located 22 kilometres  south 

of  Salmo in southeastem British  Columbia (Figure 2-2-1) is 
hosted by rocks of ancestral  North  America. I t  includes two 
Paleozoic, stratabound  lead-zinc deposits worked at the 
Jersey and Emerald Lead-Zinc mines,  as well as several 
Cretaceous tungsten skam  deposits that were worked from 
the Emerald  Tungsten (MINFILE XZFSWOIO). Feeney 
(MINFILE  82FSW247), Invincible (MINFILE  82FSW218) 

and Dodger (MINFILE 82FSWI:Il I )  mines ( 1  :igure 2-2-5), 
Between 1906 and 1972,  7.6 million tmmnes of ore \sm 
mined from this camp (Table 2-2.-2). Producti( Nn records :'or 
the  entire camp were grouped itnd reported as  coming Ftom 
the  stratabound  Jersey deposit; thlls the c,xnpa .alive amc.unl 
of metals  obtained  from  the younger skarns an i older strata- 
bound deposits is uncertain. Il~:~wever, it is a reasonible 
assumption that no tungsten wits derived from the Jerse!, 01' 
Emerald  Lead-Zinc  mines  and none of the tu lgsten skanr 
produced  any  lead,  zinc,  silver (lr cadmlum. 

has been described by Hedley , 1943), Ball ' I  a/. (IY53). 
The geology of the camp is $hewn ill Fig, Ire 2-2-5 m d  

Rennie  and  Smith (1957) and  Fyles  and Hc wlett (lY:i9) 
Skam is developed  along the rnargins of tt e Cretaceous 
Emerald  and Dodger  stocks u h r x  they intn (de the Ear ly  
Cambrian  Laib Formation,  particularly along he  contact of 
the Reeves  limestone and  the Ernerald argillile. The stoc:ks, 
comprise a  leucocratic, quartz..m:h granite CI ntaining bio- 
tite and lesser  muscovite.  Close 1':) the skims t ley  arc: C U I  by 
parallel  sets of milky quartz veln!; up to Si cenl [metres \v .de, 
as well as by veins of coarse pyrite  and extens ve patche; of' 
quartr-muscovite greisen. 

developed in the  sedimentary rocks. The s :am inclucler 
Most of the skam, which is dominated ,y garnst, is 

both massive and banded varieties; the later  repre'a'ntr 
remnant  bedding consisting of akemating lay, rs rich i n  red 
and brown garnet, green pyroxme, q u m z  a Id carbonite, 
Locally, i t  contains layers of coarse woll Istonite. '[he 
exoskam is commonly  cut by \ einlets of ar Iphibole, and 
includes  minor  amounts of epithte,  orthxlas, , seririte. md 
biotite. Some remnant areas of [lark,  biotite- .ich horn1 :Is- 
like  alteration  are cut by pyroxene  veinlets. 

stocks are identified:  quartz vl:i.ts. sulphide- ich pods m c  
Three  styles of minera1ira:il.m related tc the grmitic 

skams.  Some  quartz veins cut1 ing the stoc c are loc 1114 
enveloped by thin,  dark  halos of :tltered leldsp  lr  and thl<.l;er 
patches of muscovite-rich greism. Botb the leins  and (he 
wallrock alteration  contain cmtrie molybdeni  e  and  pyrite 
Some  quartz veins also contain elongate, da,k tourma inc 
crystals. 

nated sulphide are locally develoted wictlin thc granite ~closc. 
Pods, lenses and irregular v e  ns of nlassi\ E IO dissrmi- 

to  its  contact  with  either  m;trhle  cr  ex)skarn. O n e  
pyrrhotite-rich  grab  sample  from a  massiv : pod 81: the 
Dodger mine portal assayed anwnalous golc, arsenic m d  
tungsten  (Table 2-2-la). 

nated to irregular masses of scht~elite that occ ~r either  Jiitt 
Economic  skarn mineralizatio-I is dominate J by disserni- 

disseminated  pyrrhotite or in sdphide-lean Sarnet s k . m  
Minor  amounts of molybdenite were no.ed a! well ;is rarer 
wolframite  and  powellite. LocaUy, the ntineri lized skarl i! 
cut by late  veinlets of pyrite.  Geochemical  inalyses of 2. 

scheelite-bearing  skam  sample fi.om Em'srald rungsterl adi? 
are  presented in  Table 2-2-la. 

The  Queen Victoria copper  skam  depo it is loc;lted 
approximately 12 kilometres we!it of Nelson v ithin r o c k  of 
the  Quesnel  Terrane, (Figure 2-2-1). lrterm ttent ope l~p i t  
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Figure 2-2-5. Geology of the Emerald Tungsten camp showing  locations of the skam deposits 
(geology after Fyles and Hewlett, 1959). 
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mining between 1907 and 1956 resulted in the  production of 
copper with minor amounts of silver and  gold  (Table 2-2-2). 
The  skam is hosted hy Early Jurassic  sedimentary  rocks of 
the Ymir Group  close to its contact with a  quartz  diorite to 
granodiorite intrusion that is probably part of the Jurassic 

prises  a  hornblende (25.35%) quartz  diorite that is moder- 
Nelson  plutonic  suite. Near the mine, this intrusion com- 

ately  bleached  and  veined with epidote; this body is cut by 
narrow, altered  diorlte dikes. 

The  deposit is hosted by limestone  and  impure calcareous 
sedimentary  rocks  that  are  interlayered with schistose 
quartzite  and  argillite.  Most of the alteration  appears to 
represent  exoskarn  although  minor  remnants of strongly 
altered  porphyritic endoskarn  are present. 

The gamet-domi.nant  exoskarn  reaches 150 metres in 

brown  and red garnetite  although  towards  the  footwall. 
length and 30 metre:, in width. It consists mainly of massive 

there is some subhorizontally  layered,  siliceous exoskam, 
with remnant  bedding. The garnetite is cut by several  gener- 
ations of veining.  These include early  bands and  veins of 
green  pyroxene and amphibole up to IO centimetres wide. 
Some of these have dark centres  containing  pyroxene and 
amphihole and outer, light  green  margins that x-ray diffrac- 
tion  indicates con!.ain actinolite.  albite  and  microcline 
(M.Chowdry,  personal  communication, 1991). The  gar- 
netite is also  cut b,y younger  veins rich in either  yellow- 
green,  crystalline epidote  or white quartz.  The  quartz  veins, 

carbonate, crystallirle  epidote, black amphibole, pyrite  and 
which reach 10 centimetres in thickness,  contain  lesser 

minor  chalcopyrile.  Locally  they  are  enveloped  by 
magnetite-rich zones that separate  the vein from the gar- 
netite  host. 

veins of cha1copyril.e and  pyrite, up to 40 centimetres  thick, 
Mineraliration  consists of disseminations,  masses  and 

with minor  bornite,  magnetite  and rare pyrrhotite. The high 
pyrite:pyrrhotite ratio of the ore  suggests the  Queen  Victoria 
copper skarn formc:d  in a  relatively  oxidized environment. 
Geochemical analyses of mineralized grab  samples (Table 
2-2-la) indicate high copper values with a  moderate  silver 
but low gold content. 

PIEDMONT M I ~ E  (MINFILE 82FNW129) 
The  Piedmont l e d z i n c  skam deposit is located 6 kilo- 

metres southeast of Slocan in rocks of the  Quesnel  Terrane, 
(Figure  2-2-1). Intermittent  operations  between 1928 and 

silver  (Table  2-2-?).  The  Piedmont  was  the  province's 
1959 resulted in the  production of minor  zinc,  lead  and 

largest zinc-lead  skam  producer and  production  was from 
underground  and  open-pit operations. 

the  Middle to Late Jurassic  Nelson  plutonic  suite. It com- 
The  mine  area is largely underlain by an intrusive  body of 

prises  multiple phases that include older mafic diorites 

crystic, biotite  hornblende granodiorite and quartz  diorite; 
intruded by both equigranular and  potassium feldspar  mega- 

these form larger  bodies  as well as sills  and  dikes that vary 
from  massive  to weakly gneissic. Layers, disseminations 
and lenticular mass,es of mineralized exoskam occur close 
to the  contact between  the  batholith  and  several  pendants of 
Late  Triassic Sloc:an Group  rocks;  the  latter  comprise 
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schistose quartzite, meta-argillit:: and minor brown marl,le. 
The largest mineralized pod,  close to the old glory hol:, is 
approximately 20 metres Ions and  up to C metres  tliclc 
(Allen, 1984). I t  lies  adjacent to altered grar odiorite dikes 
that are probably related to the nearby bathc ith. 

black sphalerite  and lesser galem in a niatrix of red,  ys;low 
The exoskarn is dominated by fin? to "oarse--gra 11etj 

and  green garnet, with quartz ,md patches of :oarse cal:ite. 
Pyrrhotite  generally forms  cr{mcutting vein lets, howwer, 
in one adit i t  occurs intergrown with nlinor ;phalerite in a 

dates the  sphalerite  and galena 5 lthough one I lost-pyrrhltit: 
narrow, massive sulphide  zone. IMost of the F yrrhotite post- 

euhedral  crystals of sphalerite aud galena  fon I inclusio~ls i n  
veinlet of coarse sphalerite WIS obselved.  Some cmmc:, 

the large calcite  blebs. Houerer,  locally, the calciie is 
rimmed and  separated  from  adjacent pyrrhoti e by a n;rmow 
layer of sphalerite. Geochemi,:z.l  analy!.es or sulphiderich 
grab  samples (Table 2-2-la) indicate high ~ a l u e s  of i n c ,  

mony and copper suggests tetrrhedrite may bl present i l l  the 
lead, cadmium  and silver. Ttle minor  enric lment in .inti- 

ore. 

STEEP  OCCURRENCE 
The  Steep skarn occurrence is located i I southear,lern 

British Columbia  (Figure 2-2-1: on the  west tide of Acams 
Lake  approximately 55 kilome! res northeast of Kamk op!;. 
It is hosted by Paleozoic  Sican ous Formati(  n argillac.:ous 

Terrane  (Schiarizza  and Preto, 1984,  1987).  A concorrlar~t 
limestones and black calcareclu!; phyl lks  of the Kootmay 

zone of skam alteration,  that rf:a::hes seberal t undred mk:tres 
in width, is traceable for  at leas! 10 kilometr :s along s ~ i k e  
(Ettlinger  and Ray, 1989). It is structu-ally  mderlain by a 
strongly  foliated unit that contains qua~ tz  ph :nocryst:;, .Fine 
muscovite and  quartz veinlels This unit i I at least 500 
metres thick and may  represent ;I Devonian o thogneiss that  
generated  the skam.  The  orthogneiss  contain, lenses ot l e s  
deformed  granite. 

The skarn assemblage inclL,des gamet, :Iinopyrox:n<:, 
epidote  and  amphibole with les!;er biotite, sc hene, ch l t~~i te ,  
and  apatite.  Mineralization tends  to he clo! e to the odtc:r 
margins of the  skarn  zone. It includes pyrrha tite and 1t::jst:r 
chalcopyrite with magnetite, sphalerit,:, ga ena and  trace 
gold (Miller et a / . ,  1988). The line gold is 5 ssociatetl with 
minute  grains of native bismuth and bismutl telluridmz:;, 

DIMAC  (SILENCE  LAKE  MINE; 
MINFILE 82M 123) 

37 kilometres  northeast of Clez.rwater n  rocks of tho Bar- 
The  Dimac tungsten skam is located ( 'igure Z-;!-l), 

kerville  Terrane. Minor tungster  production \. as recordd in 
1982  (Table 2-2-2)  from a sr,all open-pit m ne. 

dipping  metasedimentary gnelsies and  schis s of the Shu!;. 
The  area is underlain by e.m-northeast-st  iking., steeply 

wap  Metamorphic  Compler.  These  amp  libolite-fxies 
rocks, which are strongly dehrmed  an'i is01 linally fidded, 
include some  calcsilicate gnei:;ses and thir  marbles.  The 
metasediments  are  cut by a postmetamorp lic, Paleocerle 
stock  and some  sills that vary in compo5ition 'rom grawle 1.0 

quartz monzonite to alaskite.  The inlrusiols compri!;e a 
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coarse to medium-grained, leucocratic two-mica  granite that 
are  generally  massive  although  some  sills are  weakly foli- 
ated. The  alaskitic  rocks contain irregular  segregations of 
coarse  quartz,  plagioclase, muscovite and  rare  biotite, the 
latter  up to 1.5 centimetres in diameter, as well as small 
patches of greisen. This alteration is  associated with quartz- 
sericite  veins,  up to 2 centimetres  wide, that are  bordered by 
narrow  bleached halos. 

the  latter  representing  the replacement of remnant gneissic 
Texturally,  the exoskarn varies from massive to layered, 

layering. At least three types of skarn are  developed in 
calcsilicates  adjacent  to the  intrusions:  wollastonite-garnet- 
carbonate  skarn,  pyroxene-carbonate-quartz  skarn  and 
garnet-idocrase-quartz  skam.  Scheelite is generally absent 
in the wollastonite skam  (White,  1989).  Some of the garnet- 
idocrase skarn is extremely  coarse  grained  and pegmatitic. 
It is dominated by large euhedral  crystals of gamet, up to 
7 centimetres  across,  and brownish green  to  amber vesu- 
vianite  that reaches 15 centimetres in length; these are often 
set in a matrix of white quartz  (Plate 2-2-2). This skarn 
contains anhedral to subhedral  scheelite,  up  to 1.5 centi- 
metres across, that occurs  either as clusters or scattered 
individual white  crystals. Scheelite is also seen as small 
inclusions in both gamet and  vesuvianite. 

brown cores,  containing  small  inclusions of quartz,  scheelite 
In outcrop,  some of the  large garnets  are  zoned  from 

and  rare  pyrrhotite, out to red rims that are inclusion free. 

green to amher varieties were observed.  They  seldom form 
Garnets are mostly red and brown hut some  dark  brownish 

parallel to  the  remnant  gneissic foliation.  Vesuvianite forms 
veins  hut mostly occur as isolated crystals,  masses or layers, 

massive  hands  and  pods up to 5 centimetres  thick, as well as 
isolated  crystals. 

The pyroxene-rich  skarn varies  from  handed  to massive: 
it contains small. euhedral hedenbergite crystals,  generally 
in a carbonate  matrix,  together with variable amounts of 
scheelite,  but  garnet  and wollastonite are  uncommon.  The 
wollastonite-rich  skarn is commonly handed, consisting of 
alternating layers rich in garnet,  pyroxene,  amphibole  and 

commonly  surrounds  crystals of pink to red gamet,  separat- 
wollastonite. Coarse wollastonite,  up to 5 centimetres  long, 

ing the garnet from  carbonate. 

followed by vesuvianite and wollastonite. However,  some 
Crystal  relationships suggest that  garnet formed  early, 

scheelite  either predates, or was coeval with garnet as it 
occurs as inclusions  in  these crystals. Virtually no  suphides 
were  seen  in  the Dimac  deposit  apart  from pyrrhotite that 
occurs  either  as  minute, rare  inclusions  in  garnet or as 
disseminations  and veinlets  in  the quartz-garnet-vesuvianite 
skarn. A small  coating  of  erythrite was noted  on  one  outcrop 
and  locally  the  skarn is cut by late veins of quartz and 
gypsum. 

hearing skarn are presented in Table 2-2-la. In addition, 
Geochemical analytical  results on  samples of scheelite- 

very large  gamet  and vesuvianite crystals were  hand  picked 
from the skarn  for trace element analyses.  X-ray  diffraction 
analysis (with a detection  limit of 15 ppm  Sn)  indicates that 
the  vesuvianite  and gamet contain  up to 2106 and  317  ppm 
tin  respectively.  However, no  anomalous tin  values are 
recorded in the  samples of scheelite-hearing  skam. 
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with a two-mica  granite, is characterized by scheelite hut 
To summarize,  the  Dimac tungsten  skarn is associated 

carries virtually no  sulphides  except  rare pyrrhotite. This 

extremely  coarse  grained  garnet, vesuvianite  and scheelite 
suggests it developed in a reduced, low-sulphur system.  The 

crystals indicate  that  the skarn  formed at a deep level and 
crystallized over a considerable  length of time. 

CASSIAR CAMP 

township in northem British Columbia  (Figure 2-2-1) where 
Several  skams  occur in the Cassiar  area, north of Cassiar 

they are hosted by rocks of the Cassiar Terrane;  the  geology 
of the area has k e n  described by Panteleyev (1979,  1980) 
and  Nelson  and Bradford  (1989).  They include  the Contact, 
Dead Goat, Lamb Mountain and Kuhn skams as well as 
several  unnamed  mineralized  skam  occurrences  (Figure 
2-2-6). The  Contact  and Dead Goat  skams  are hosted by the 
Hadrynian  Stelkuz  Formation,  comprising  phyllites, 
quartzites  and limestones, close  to its contact with the east- 
ern margin of the  Late Cretaceous  Cassiar stock. The  stock 

monzonite that contains  potassium  feldspar megacrysts. The 
is a coarse-grained, biotite-hornblende  granite  and quartz 

Plate 2-2-2. Coarse,  euhedral  gamet  crystals in a quartz 
matrix, Dimac (Silence  Lake)  tungsten  mine,  Clearwater 
district, B.C. 
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Figure 2-2-6. Geology and  location of skarn occurrences in the Cassiar camp 
(geology after  Nelson and  Bradford, 19x9). 
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Lamb Mountain and Kuhn  skarns also lie close  to the 

calcareous shale of the Lower Cambrian Rosella Formation 
Cassiar  stock and are hosted by  limestone,  dolostone and 

(Nelson  and  Bradford, 1989). 

CONTACT  MINE  (TELEMARK; 
MINFILE  104P  004) 

Cassiar asbestos mine (Figure 2-2-6). In 1956 it  produced 
The  Contact  skam  deposit is located 2 kilometres  east of 

minor  amounts of silver,  lead  and copper (Table 2-2-2). The 
main ore  zone is a  steeply dipping  massive  magnetite body 
that reaches 2 metres in thickness.  This  horizon, which is 
hosted by and concordant  to layered  marbles,  lies approx- 
imately 200 metres east-southeast of the contact with the 

the  magnetite layer is a  zone of layered garnet-pyroxene- 
feldspar megacrystic Cassiar stock.  Between  the  stock and 

biotite exoskarn 150 to 200 metres  wide that represents 
altered, thinly  bedded  siltstones. This banded skam  contains 
remnant patches of biotite  hornfels cut by veinlets of garnet 
and  pyroxene;  it is generally  unmineralized  except  for 
minor  disseminated pyrrhotite  and late veins of pyrite. 

gins of the skam, probably along the contact between  the 
The  magnetite zone apparently formed at the outer mar- 

skarn-altered  siltstone unit  and  a limestone. It  includes some 
patches of biotite  hornfels and  rare,  coarse  euhedral  crystals 
of dark brown to black garnet.  The western, footwall  contact 
is concordant to the  banded skarn, but its  eastern hanging- 
wall contact is irregular and  locally  crosscutting;  veinlets of 
magnetite  have been  injected into  the adjacent  marble. The 
massive  magnetite is cut by blebs and veinlets of pyrrhotite, 
sphalerite,  chalcopyrite  and  galena;  galena  tends to separate 
sphalerite  from pyrrhotite. There  are  reports in MINFILE of 
t race   molybdeni te ,   a rsenopyr i te ,   t e t rahedr i te   and  
bismuthinite (McDougall, 1954). Some of the marbles  close 
to the skarn  contain veins of rhodonite. 

KUHN  (MINFILE  104P  071) 
The  geology and  mineral assemblages of the Kuhn skarn 

has been described by Cooke and Godwin  (1984).  The skarn 

and argillites with minor  coarse white marble; the  biotite 
is hosted by a package of hornfelsed  and silicified siltstones 

hornfels is cut  by  veinlets of pyroxene.  The  exoskam 
assemblage  comprises  coarse  actinolite,  garnet  and 
clinopyroxene.  The  garnets, which  include pale or reddish 
brown.  amber and black varieties, are  commonly intergrown 

endoskarn was identified. 
with  actinolite and  coarse,  euhedral  crystals of quartz. No 

The actinolite-rich  skarn contains  abundant  disseminated 
pyrrhotite with minor  pyrite,  chalcopyrite  and  veins of 
coarse molybdenite. Cooke and Godwin  (1984) report  the 
presence of scheelite, powellite and fluorite. 

DEAD GOAT (MINFILE  104P 079) 
The  area is underlain by hornfelsed  argillite and  some 

units of grey to white marble.  The  latter vary from  massive 
and  granular to layered  and  strongly deformed.  The marble 
is  associated with large masses of banded gamet-epidote- 
actinolite-pyroxene skarn  up to 1 metre in thickness, that 
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contain small,  remnant patches of biotite  hornfels. Some 
garnet crystals  are  coarse and euhedral and  reach 1 centi- 
metre in  diameter:  they vary in colour  from pale  brown to 
amber. 

by  veins of pyrite. Also present  are  masses of black 
Mineralization  includes patches of massive pyrrhotite cut 

sphalerite with minor disseminated scheelite  and magnetite. 
Marble  adjacent to the  skarn is cut by veinlets of rhodonite. 

LAMB  MOUNTAIN  (WINDY; 
MINFILE  104P 003) 

close  to  the western  margin of a small body of feldspar 
This skarn is hosted by  marbles and  hornfelsed argillites 

megacrystic  quartz  monzonite that represents  a  satellite 
intrusion of the Cassiar  stock  (Figure  2-2-6). Adjacent to the 
intrusion,  the hornfels  contains  cordierite and is cut by 
irregular veinlets of pyroxene. 

very coarse  actinolite that forms  crystals up to 3 centimetres 
Two types of exoskarn  are  seen.  One is dominated by 

long. This  actinolite skarn,  which is developed immediately 

coarse  calcite.  The  other type is a  generally thin-banded 
adjacent to the intrusion,  contains  minorepidote and  clots of 

massive garnet bands exceed 1 metre in thickness. Garnet 
garnet-pyroxene-epidote-quartz skarn, although  some of the 

forms euhedral  pale  red,  dark  brown  and amber-coloured 
crystals up to I centimetre in diameter. This skam also 
contains  some white elongate  crystals, up to  2.5  centi- 
metres, that  x-ray studies indicate to be the scapolite min- 
eral  meionite ( M .  Chowdry,  personal  communication, 
1992). 

Mineralization in the  exoskam  includes  disseminated 
pyrrhotite,  molybdenite,  scheelite  and  rare  chalcopyrite. 
The  quartz  monzonite  immediately adjacent to the  skarn is 
silicified  and  contain  minor  amounts  of  disseminated 
pyrrhotite. 

UNNAMED  SKARNS  (Nos. 5 AND 6, 
FIGURE  2-2-6) 

crops,  are  exposed north of Cassiar  township  (Figure  2-2-6) 
Two  unnamed  skarns,  marked by rusty weathering  out- 

at  elevations of 1740  and  1430  metres. I t  is  uncertain 

the Cassiar  stock  or  an altered  metasedimentary screen 
whether the most northerly of the  two  skarns is hosted by 

within the  intrusion. I t  contains  actinolite  and  clinopyroxene 
with pyrrhotite and traces of fine molybdenite. 

The  other skarn farther south is hosted in calcareous 
metasediments  close to the  stock. It contains  coarse  sub- 
hedral  reddish  brown garnet, pyroxene, quartz and carbon- 
ate,  with  minor  disseminated  pyrrhotite.  Geochemical 
analyses of samples  from these two skarn show no evidence 
of gold,  copper  or tungsten  mineralization  (Table 2-2-la). 
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