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INTRODUCTION 

The Ti l l icum Mountain gold-s i lver   property l ies approximatmsly 13 
k i lomet res   eas t  of Burton  and 30 ki lometres   south of Nakus? i n  
sou theas t e rn   Br i t i sh  Columhia (Fig.  5). Publ ica t ions  releJant t o  t h i s  
a rea   inc lude   those  by C a i r n e s  (1934), L i t t l e  (1960), Hyndmm (1968). 
Parr ish  (1981) ,  Kwong and  Addie (1982),  Roberts  and McC1ini:ock (1984). 
McClintock  and  Roberts  (1984). and Kwong ( t h i s  volume). 

Current   explorat ion was i n i t i a t e d   i n  1980 a f t e r   v i s i b l e  go:.d was 
d i scove red   i n   t he   a r ea  by two local  prospectors,   Elaine  and  Arnold 
Gustafson.  In 1982 Esperanza  Explorations  Ltd.  and La Teko Resources 
Ltd.  concluded a jo in t   venture   agreement   to  assess the   p roper ty ;  a 
1.5-mill ion  dollar  exploration  program of s o i l  sampling,  trenching, .and 
d r i l l i n g  was completed i n  1983. Seven  prominent  gold-bearing,  skarn-like 

Grizzly,   South  Slope, and  Ridge Road zones. In   add i t ion ,  extensive 
zones  were  outlined, namely the Heino-Money, East Ridge, Jenny,  950, 

s i l v e r  geochemical s o i l  anomalies were d i s c o v e r e d   i n   t h e   v i c i n i t y  of t h e  
defunct   S i lver  Queen mine and  over  the  'Silver  Jack'  zone c m  Arnies  
Flats,   approximately 2 kilometres   southeast  and 1.5 kilometres  southwest 
of Tillicum Mountain respectively  (Fig.  5 ) .  The 1983 d r i l l  program on 
t h e  Heino-Money zone, s i t u a t e d  200 metres north of Tillicum Mountain,. 
ou t l i ned  a 1 t o  7-metre-thick  gold-bearing  skarn  horizon  with a s t r i k e  

comprises a 36 000-tonne  orebody grading 20.5 grams gold  per  tonne 
l e n g t h  of 150 metres and a depth of 60 metres. This zone cu r ren t ly  

(Roberts and  McClintock,  1984). 

During  1984, work by Esperanza  Explorations  Ltd.  included  driving a 
60 -me t re   ad i t   i n to  t h e  upper p a r t  of t h e  Heino-Money zone for   both 

ki lometres  of new roads  were  constructed t o   t h e   S i l v e r  Queen mine and 
explora t ion  and  bulk  sampling  purposes.  In  addition,  approximately 4 

Si lver   Jack   a reas ,  and the   co l lapsed   S i lver  Queen mine a d i t  was reopened, 

down i n   t h e   S i l v e r  Queen mine a rea ,  and the   S i lve r   J ack  zone (Fig.  5 )  was 
sampled,  and mapped  by  company geologis t s .  Twelve d r i l l   h o l e s  were put  

trenched and mapped. 

During the  summer of  1984. the  Geological  Branch of t h e   B r i t i s h  Columbi3 
Minis t ry  of Energy, Mines and  Petroleum  Resources, i n  coopelration w i t h  
Esperanza  Explorations  Ltd.,  completed a three-week  geological mapping 
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Figure 5. Simpllfled geology of the T i I I Icum-Grey Wolf Mountains  area. 
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and  sampling  program i n  t he   a r ea .  This work involved map,ping, a t  
1:5000 sca l e ,  a 25-square  ki lometre   area  in   the Tillicum Mountain-Grey 
Wolf Mountain-Hailstorm Peak area  (Fig.  5 ) .  Two drill ho les   i n t e r sec t ing  
the  qold-r ich Heino-Money zone (hole  TM 82-16)  and t h e   s i l v e r - r i c h   S i l v e r  
Queen mine zone (hole  SQ 84-10) were sys temat ica l ly  sampll?d. These core 
samples w i l l  be analysed for t h e i r  major  and t r a c e  element conten ts   to  
determine  whether any  element  zoning  patterns  or  enrichment  halos  are 

unlnineralized  mafic netavolcanic  rocks and  economically  important 
associated  with  the mineral izat ion.   In  addi t ion ,  a s u i t e  of 

feldspar  porphyry siLls were sampled; t hese  w i l l  be   subjec ted   to  wh,Dle 
rock  analysis.  Samples of some impure  limestone  beds i n   t h e   S i l v e r   a e e n  
mine v i c i n i t y  w i l l  be  analysed  for  microfossils .  

REGIONAL GEOLOGY 

The rocks   hos t ing   go ld-s i lver   minera l iza t ion   in   the  T i l l i c u m  Mountain 
a rea  l i e  wi th in   the   eas te r ly   t rending  Nemo Takes be l t   (Par r i sh ,   1981) ,  a 
5-kilometre-wide  roof  pendant  largely  comprising a sequence  of 
metasedimentary  and  metavolcanic  rocks. To the   nor th  and w e s t  (Fig,  5 ) ,  
t he   be l t  is intruded by the  Goatcanyon-Halifax  Creeks  stock of Jurassic 
and/or  Cretaceous  age (Hyndman, 19681, whi le   to   the   south  it is invaded 
by t h e  Nemo Lakes quartz  monzonite  stock of  Eocene  age (Parr ish,   1981) .  
The Goatcanyon-Halifax  Creeks  stock is  a l s o   l a r g e l y  O E  quartz  monzonite 
composition (Hyndman, 1968); however, near Ti l l icum Mountain 
contamination by mafic volcanic  rocks of t h e   b e l t   r e s u l t e d   i n   t h e   l o c a l  
formation of hybr id   qua r t z   d io r i t e  and  mafic d i o r i t e  zones  within t h . e  
s tock.  

Wolf Mountain-IIailstorm Peak area  (Fig. 5 )  are dominated by metamorphosed 
Supracrustal   rocks of t h e  Nemo Lake b e l t  i n  t h e  Tillicum M*?untain-Grey 

s i l t s tone ,   ca l ca reous   s i l t s tone ,   a rkose ,  and  wacke, with  ll?sser  amounts 
of   mafic   volcanic   rock,   tuff ,   argi l l i te ,  and some impure  carbonate 
l aye r s .  Tne age ,   s t ra t igraphy,  and s t r u c t u r e  of the   supracrus ta l   rocks  

J u r a s s i c  (? )  Slocan Group. However, Hyndman (1968) s p l i t  t h e   s e c t i o n ,  
is uncertain.  L i t t l e  (1960) included t h e m  i n  the Triassic to  Early 

plac ing   the   bas ic   vo lcanic  rocks on the   nor thern   s lopes  of T i l l i c u m  
Mountain (Fig.   5) i n t o  the   Tr iass ic   Kas lo  Group,  and the  rf!maining 
metasedimentary  rocks  into  the  Pennsylvanian t o  T r i a s s i c  Mj.lford Group. 

The supracrustal  rocks  have  undergone a post-Early  Jurassic!  phase of 
reg iona l  metamorphism  and fo ld ing  (Xyndman, 1968; Parr ish,   1981)   that  
p reda tes   the  Middle t o   L a t e   J u r a s s i c   i n t r u s i o n  of the   g ran i , to id   s tocks  

metamorphism throughout most of t h e  Nemo Lakes be l t   (Par r i sh ,   1981) ;  
(Read  and  Wheeler,  1976).  This event   resul ted i n  si l l imanite grade 

however, the  grade was lower  around  Tillicum  Mountain and r e su l t ed  in the  
formation of biot i te-muscovi te-chlor i te  and  amphibole. I n  addi t ion  t:o 
the   reg iona l  metamorphism, the  rocks  have  local ly  been sub jec t ed   t o  at 
l e a s t  two episodes  of  contact metamorphism. The f i rs t  ei ther   preceded  or  
accompanied  the  regional  deformation and is associated  with swarms of: 

37 



feldspar  porphyry  sills  that  may  be  spatially  and  genetically  related  to 

hornfelsing  postdates  the  regional  deformation  and  is  related  to 
some  of  the  gold-silver  mineralization in  the  district.  The  second 

of  late  lamprophyre  dykes  that  cut  both  the  supracrustal  rocks  and  the 
intrusion  of  the  large  granitoid  stocks.  The  area  also  contains  swarms 

Goatcanyon-Halifax  Creeks  stock. 

GEOLOGY OF THE TILLICWM  MOUNTAIN  AREA 

The  simplified  geology  of  the  area  between  Tillicum  Mountain,  Arnies 
Flats,  Grey Wolf Mountain,  and  Hailstorm  Peak  is  shown on Figure 5. The 

of the  Goatcanyon-Halifax  Creeks  stock;  the  southern  portion  is  largely 
northern  part  of  the  area is underlain  by  coarse-grained  plutonic  rocks 

occupied  by  a  highly  deformed  sequence  of  metasedimentary  rocks. h small 
area  of  mafic  metavolcanic  rocks  occupies  an  embayment  adjacent  to  the 
Goatcanyon-Halifax  Creeks  stock,  immediately  north  of  Tillicum  Mountain 
(Fig. 5). 

GOATCANYON-HALIFAX  CREEKS  STOCK  (UNIT H) 

This  stock,  which is Jurassic  and/or  Cretaceous in  age (Myndman, 1968), 

contains  hetween 3 and 10 per  cent  mafic  minerals  which  mainly  comprise 
is  largely  of  quartz  monzonite  composition  (unit Hl). It  generally 

biotite  with  sporadic  hornblende.  Southwest of Londonderry  Creek 
(Fig. S), the  stock  includes  a 200 to  700-metre-wide,  northerly  trending 

between 15 and 80 per  cent  hornblende.  This  rock  probably  represents 
zone of highly  mafic  diorite  and  quartz  diorite  (unit HZ)  containing 

hybridized  country  rock  in  the  stock  since  the  unit  lies on strike  with  a 
belt of mafic  volcanic  rocks  that  underlies  the  northern  slopes of 
Tillicum  Mountain. In thin  section  phenocrysts of hornblende  up to 0.5 
centimetre  in  length  are  observed;  these  contain  pale  brown  cores  and 

present,  and  the  unaltered,  fresh  matrix  largely  comprises  hornblende  and 
dark  green  margins.  Minor  amounts  of  chloritized,  deformed  biotite  are 

plagioclase  (An36-42).  Minor to trace  amounts  of  quartz,  epidote, 
sphene,  apatite,  and  carbonate  are  also  present. 

The  third  rock  type  identified  within  the  Goatcanyon-Halifax  Creeks  stock 
is  a  distinctive,  porphyritic  biotite-hornblende  granodiorite  (unit H3) 
that  contains  up  to 15 per  cent  mafic  minerals;  the  rock  is  characterized 
by  feldspar  phenocrysts  up  to 2 centimetres  in  diameter.  This  unit 
occurs  along  the  margins of the  stock  east of Londonderry  Creek  and  north 
of  Hailstorm  Peak  (Fig. 5). ?Ln 80-metre-wide  dyke of this  unit  also 
intrudes  metasedimentary  rocks  immediately  south of  Hailstorm  Peak 
(Fig. 5). 

The  margins of the  stock  generally  show no decrease  in  grain  size,  but 
immediately  east of Londonderry  Creek,  the  marginal  phase of the  quartz 
monzonite  contains  abundant  xenoliths.  The  contact  with  the  country  rock 
is  generally porly exposed  and is locally  faulted.  North of Hailstorm 
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Peak,  however, a c l e a r   i n t r u s i v e   r e l a t i o n s h i p  is seen: dy:ues, sills, and 
s t r i n g e r s  of xenol i th-bear ing ,   b io t i te   g ranodior i te  become  more numerous, 
and the   hornfe ls ing   increases   as   the  main s tock is  approached.  Country 
rocks   ad jacent   to   the   s tock   a re   recrys ta l l ized  and o f t e n   s i l i c i f i e d ,  and 
many  of the  calcareous  metasedimentary  rocks  have  undergone weak skarn 
a l t e r a t ion .   Sc reens  and xenol i ths  are general ly  rare in   t he   s tock ,   bu t  
some relatively  large,   apparently  fault-bounded  units of country  rock 
occur  west of Arnies  Plats,   northwest of Hailstorm  Peak, and west of 
Til l icum Mountain (Fig. 5 ) .  These  areas  are  poorly  exposed  but  contain 
abundant f l o a t  of highly  hornfelsed,  granit ized  metasedimentary  rocks 
der ived from arkos ic  and calcareous  sediments. 

METAVOLCANIC ROCKS ( U N I T  V) 

This  unit   comprises  an  interlayered,  highly  deformed  sequence  of 
metamorphosed basa l t ,   maf i c   t u f f ,  and volcanic  breccia,   together  with 

Nountain where it  forms  an  arcuate,  apparently  folded u n i t  over 500 
some a r g i l l i t e .  I t  is la rge ly   conf ined   to   an   a rea   nor thwes t  of Ti l l icum 

metres in  outcrop  width.  Minor  amounts  of mafic  volcanic  rock 
immediately  adjacent to  t h e   f a u l t e d  margin of the  Goatcanyon-Ilalifax 
Creeks  stock,  southwest of the  Si lver   Jack  mineral  zone (Fig. 5), may 
represent p a r t  of t h i s  u n i t .  

The metabasalts  are  massive  to weakly layered  to   schis tose;   they  comprise  
hornblende and ca lc ic   p lag ioc lase   wi th  lesser amounts of b i o t i t e ,  
ch lo r i t e ,   t r emol i t e - ac t ino l i t e ,  and carbonate. Some flows a r e  
charac te r ized  by flow  brecciated  margins and  deformed, f e l 9 s p a r - f i l l e d  
amygdales up t o  0.5 cent imetre  i n  diameter. The t u f f s  and coarse 
volcanic las t ic   rocks   loca l ly   conta in   coarse   hornblende   c rys ta l s   tha t  can 

highly deformed  and s t re tched .  
exceed 1.5 cent imetres   in   diameter ,  and i n  most cases t h e   c l a s t s   a r e  

A few, thin  mafic  volcanic  flows  are  present  within  the main 
metasedimentary  sequence  throughout the district. Two OE these floW,s are 
seen  north and northwest of t h e   S i l v e r  Queen mine a d i t  and  each is 
traceable   for   over  300 metres   a long  s t r ike (Fig.  5 ) .  Both display 
amydaloidal  tops ( ? )  on their   northwestern  margins;   they may form par t   o f  
a s ingle   f low  that   has   been  displaced by f au l t i ng .  

METASEDIMENTARY ROCKS 

Metasedimentary  rocks  underlie most of the   southern  and sou theas t e rn   pa r t  
of the area  (Fig.  5 ) .  They comprise  an  interfolded,  interlayered 

calc-silicate-rich Layers. Rare, t h i n  beds  of  dolomitic  limestone, 
succession of mainly s i l t s tone ,   a rkose ,  and wacke wi th   loca l  

marble,  and  impure quar tz i te   a re   loca l ly   deve loped;   the   ca lcareous  
s i l t s t o n e   ( u n i t   S c )  and calcareous  arkose ( u n i t  Mc) beds  contain  var iable  
amounts of ca l c - s i l i ca t e   mine ra l s .   Arg i l l i t e s   a r e   r e l a t ive ly   r a r e  i n  t h e  
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sequence;  most  outcrop  north  of  Tillicum  Mountain  where  they  are 
intimately  associated  with  the  mafic  volcanic  and  volcaniclastic  rocks 

bedded;  they  consist  mainly  of  chlorite,  biotite,  quartz,  Eeldspar,  and 
(unit v ) .  The  slaty  argillities  (unit A )  are  generally  very  poorly 

tremolite  with  variable  amounts  of  pyrite.  Some  argillites  contain  thin, 
discontinuous  beds  of  siltstone  and  calc-silicate  rock. 

NO marker  horizons  are  recongized  in  the  metasedimentary  rocks.  This, 
together  with  rapifi  lateral  and  vertical  changes  in  lithology  and  the 
complex  deformation,  makes  it  difficult  to  outline  lithological 
boundaries  between  the  various  metasedimentary rock units.  Despite  the 
deformation  and  metamorphism,  however,  sedimentary  structures,  including 
graded  bedding,  are  locally  preserved. 

The  siltstones  (unit S )  are  massive to welL-bedded,  fine  to  medium- 

totalling  more  than 8 per  cent  by  volume.  The arkoses (unit M )  are 
grained  rocks  that  generally  contain  biotite,  sericite,  and  chlorite 

generally  leucocratic,  feldspathic  rocks  that  vary  from  massive to poorly 
bedded to weakly  schistose.  These  generally  carry  biotite  and  sericite 
totalling  less  than 8 per  cent  by  volume.  Turbiditic  wackes  (unit  W)  are 
well  developed  in  the  vicinity of Grey  Wolf  Mountain  where  they  display 

calc-silicate-rich  sedimentary  rocks  are  often  massive,  medium to  coarse 
graded  bedding,  rare  crossbedding,  and  some  slump  structures. The 

grained,  and  recrystallized.  However,  remnant  bedding is locally 
preserved,  together  with  coarse  clastic  horizons  that  may  represent 
reworked  volcaniclastic  material.  The  calc-siLicate-rich  rocks  contain 
tremolite-actinolite,  clinozoisite,  epidote,  carbonate,  and  some 
diopside. 

In a  few  localities,  the  supracrustal  sequence  contains  thin  beds of 
dolomitic  limestone  and  marble  (unit L), and  impure  quartzite  (unit Q) 
that  are  interbedded  with  either  wacke  or  siltstone.  Individual  beds 
seldom  exceed 1 metre  in  thickness  and  many  measure  less  than 3 
centimetres.  Coarse-grained,  recrystallized,  and  deformed  dolomitic 
marble  beds  crop  out  west  and  southwest of Grey  Wolf  ulountain,  and  some 
skarn-altered,  mineralized  calcareous  horizons  and  marhle  beds  are  seen 
in  the  vicinity  of  the  defunct  Silver  *een  mine  (Fig. 5). 

LESSER INTRUSIVE ROCKS 

These  are  divisible  into  four  main  suites,  namely:  feldspar  porphyries 

metamorphism;  granodiorite  sills  (unit H1) that  are  related to the 
(unit P) that  have  been  affected  by  the  regional  deformation  and 

Goatcanyon-Halifax  Creeks  stock;  aplitic  dykes  that  cut  the  stock  and 
probably  represent  a  late  phase of its  intrusion;  and  swarms of late 
stage  lamprophyre  dykes  that  appear  to  be  the  youngest  intrusions  in  the 
district. TXle to their  small  dimensions  fne  aplites  and  lamprophyres  are 
not  shown on Figure 5 .  
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The fe ldspar   porphyr ies   (un i t  P), which occur  as s i l l - l i ke  bodies  varying 
from 1 t o  over 100 metres i n  width,  tend t o   c o n c e n t r a t e  i n  swarms. They 

mineral izat ion i n  both  the Heino-Money zone  and t h e   S i l v e r  Queen mine 
may have  economic s igni f icance   hecause   the   skarn   a l te ra t ion  and 

a r e a   a r e   s p a t i a l l y ,  and p o s s i h l y   g e n e t i c a l l y ,   r e l a t e d   t o   t h e s e  si1l.s. 

volcanic   f lows,   hut  rare crosscut t . ing  intrusive  features   and  xenol i . ths  
Or ig ina l ly ,  company geo log i s t s   cons ide red   t hese   rocks   t o   r ep resen t   f e l s i c  

are   seen,  and the  s i l ls  are   widely  dis t r ibuted  throughout   the  dis t r ic t .  
These  rocks  are  generally of d io r i t e   t o   qua r t z   d io r i t e   compos i t ion ;   t hey  
a re   l eucoc ra t i c  and are charac te r ized  by abundant  plagioclase  phenocrysts 
up  t o  1 cent imetre  i n  diameter .   Biot i te   general ly  forms less than 10 per 

however, some r a r e r ,  more mafic sills conta in   apprec iab le   quant i t ies  of 
c e n t  by  volume and is  the  commonest and most widespread  mafic  mineral: 

hornblende. 

Igneous  textures and euhedra l   fe ldspar   phenocrys ta l s   a re   seen  i n  t h e  
cen t r a l   po r t ions  of the   l a rge r  sills but  the  margins are o f t en   s ch i s tose  
wi th   h ighly   f la t tened   Ee ldspar   c rys ta l s .  In t h i n   s e c t i o n   t h e  margins  of 
t he   o l igoc la se   phenoc rys t s   a r e   o f t en   r ec rys t a l l i zed ,   be inq   r imed   w i th  
smal l   c rys ta l s  of f r e s h  untwinned p lag ioc lase .   In  many a r e a s   t h i s  
r ec rys t a l l i za t ion   p rocess  i s  complete  and the   phenocrys ts   a re  
pseudomorphed by a mosaic of smal l   p lag ioc lase   c rys ta l s ,   each   less  lthan 
0.1 mi l l imet re  i n  diameter. The fine-grained  matrix main1.y comprises 
p lag ioc lase  and random t o   s u h a l i g n e d   f l a k e s  of h i o t i t e :  ti.!ere a r e  minor 
t o   t r a c e  amounts of quartz ,   hornblende,   chlor i te ,  and sulphides.  Country 
rocks  immediately  adjacent  to  the  feldspar  porphyry sills a r e   o f t e n  
weakly hornfelsed, and a t  many loca l i t i e s   t h roughou t   t he   d i s t r i c t   t he  
sills a re   spa t i a l ly   a s soc ia t ed   w i th   ca l c - s i l i ca t e   ska rn   a l t e r a t ion  which 
is geochemically  anomalous i n  gold and s i l v e r .  

Granod io r i t e   t o   qua r t z  monzonite sills and  dykes ( u n i t  H 1 )  r e l a t e d  t.o t h e  
Goatcanyon-Ilalifax  Creeks  stock  are up t o  SO metres  thick; most a r e  found 
within 300  metres of the  main stock margin. They are   genera l ly  

sills a r e   b i o t i t e   b e a r i n g ,  h u t  southwest of the Silver Jac'k zone (Fig. 5 )  
l eucoc ra t i c  and locally  contain  abundant  xenoliths of country  rock. Most 

b i o t i t e .  
one  200-metre-long s i l l  c o n t a i n s  up t o  25  per cent  hornblende  and 

Aplite o r   a l a s k i t e  dykes  and sills, mostly less   than  2 met:ces wide, a r e  
common in  the  area:   they  cut   both  the  Goatcanyon-Bal i fax  Creeks  s tock and 
the  surrounding  country  rocks.  The l eucoc ra t i c  sills have  sharp  margins 
and a r e   w h i t e   t o   g r e y   i n   c o l o u r .  Some bodies  contain  round  quartz 
phenocrysts up t o  3 mill imetres   in   diameter ;  a f e w  of  the  :.arger dyk,$s 

t o   r e p r e s e n t  a l a t e  phase of t h e  Goatcanyon-Halifax  Creeks  stock. 
a l so   con ta in  some b i o t i t e  and  hornblende  phenocrysts.  These  rocks a:ppear 

Lamprophyre  dykes up t o  15 metres i n  width  are common i n  t h e   d i s t r i c t .  

p re -ex i s t ing ,   no r the r ly   t o   no r theas t e r ly   t r end ing   f au l t   zo rce~ .  I n  
They have  sharp  margins  and  generally  occur in   swarm  tha t   fo l low 

outcrop  they form dark, medium to  coarse-grained,  massively  textured 
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rocks   t ha t   ca r ry   coa r se   c rys t a l s  of b i o t i t e ,  amphihole,  and  possibly 
pyroxene. It is l ikely  that   several   d i f ferent   mineralogical   lamprophyre 
s u i t e s  are present  i n  t h e  area. In rare instances  these  rocks  exhibi t  
composi t iona l   l ayer ing   para l le l  to the dyke margins,  and  the  central 
por t ions  of some bodies   carry  e i ther   rounded  fe ldspathic   c lots  up t o  5 
cent imetres   in   diameter  or vague,  diffuse,   mafic  xenoliths.  A narrow 

highly  clouded  feldspar l a t h s  up t o  1 mi l l ime t re   i n   l eng th .   B io t i t e  
lamprophyre sill  i n   t h e  S i lve r  Queen mine area  consists  predominantly of 

makes up 15 per  cent by volume and  forms  weakly ch lo r i t i zed ,  randomly 
o r i e n t e d   c r y s t a l s  up t o  0.5 millimetre long.  Large  pseudomorphs a f t e r  
phenocrysts of amphibole  or  pyroxene  are e n t i r e l y  replaced hy c h l o r i t e ,  
and  the  rocks  contain  small,  rounded  quartz-filled  amygdales ( ? ) .  The 
groundmass c a r r i e s   t r a c e  amounts of t r emol i t e - ac t ino l i t e ,   qua r t z ,  
carbonate,   and  sulphides.  

STRUCTURAL HISTORY OF THE TILLICUM  MOUNTAIN AREA 

. A  pos tu l a t ed   h i s to ry  of events in the   area is shown in Table 1. Minor 
fo lds  and rel iable   bedding-cleavage  intersect ions are r a r e  in t h e  
d i s t r i c t .   Neve r the l e s s ,  two episodes of regional  deformation are 
recognized; these a re   t en t a t ive ly   co r re l a t ed  w i t h  the two s t r u c t u r a l  
phases   ou t l ined   in   the  Nemo Lakes b e l t   f u r t h e r  east (Pa r r i sh ,  1981). Tho 
earliest (Dl) produced  large-scale  folds w i t h  an assoc ia ted   ax ia l   p lanar  

c leavage   in te rsec t ion  l i nea t ions ,  now plunge approximately 30 deg rees   i n  
c leavage-schis tosi ty .  Fold  axes, as measured from the   r a re  bedding- 

a southwest t o  south-southwest  direction. Younging d i rec t ions   recorded  
from  both  graded  and  current  bedding are mostly  vague  and  uncertain. 
However one fault-bounded  panel west of Grey Wolf Mountain  (Fig. 5) 
appea r s   t o  be structurally  inverted,   while  the  sedimentary  package 

hinge  zone s t r u c t u r e s   i n  t he   a r ea  and the  widespread  parallelism of 
immediately t o  its east is upright .  This, together   with  the  absence of 

bedding  and  cleavage,  suggests  the D l  fo ld ing  was i s o c l i n a l .  Major 
s l ic ing  probably  took  place  a long the fold  hinges.  Also the  presence of 
i soc l ina l ly   fo lded   ve ins   tha t   c rosscut   the   f ine ly   p reserved   bedding ,  

D l  vergence   ind ica tors   sugges t   tha t  most of the sedimentary rocks 
ind ica t e s   t ha t   cons ide rab le   t r anspos i t i on  occur red   pa ra l l e l  t o  bedding. 

antiform  toward  the  northwest.  This would i n d i c a t e   t h a t   t h e   i n t i m a t e l y  
a s soc ia t ed   vo lcan ic ,   vo lcan ic l a s t i c   (un i t  V) and a r g i l l i t e   ( u n i t  A )  rocks 
r ep resen t   t he   o ldes t   po r t ion  of the  supracrustal   assemblage  (Table 1 ) .  

A few  minor D2 fo lds  were seen  in   the  area;   these  produce open to t i g h t  
s t r u c t u r e s   t h a t  deform t'ne bedding  and  the D l  cleavage. This s t r u c t u r a l  
event is also  bel ieved  responsible   for  many of t he   l a rge   s ca l e  
or ientat ion  changes of the  bedding-cleavage  and  for  the  arcuate  swing  in 
the   t rend  of the  mafic  volcanic  unit  west and northwest  of Tillicum 
Mountain  (Fig. 5) .  

S e v e r a l   f a u l t   s e t s  are i d e n t i f i e d .  A major set of normal n o r t h   t o  
no r theas t e r ly   t r end ing   f au l t s   pa r t ly   con t ro l l ed  emplacement of the  
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lamprophyre  dyke swarms. Following  intrusion of these   dykes ,   th i s   fau l t  
set was reac t iva ted   to   p roduce   fau l t   b recc ias   conta in ing   angular  clasts 
of lamprophyre  and  country  rock set i n  a matrix of white, vuggy, 
c r y s t a l l i n e   q u a r t z .  Some movement a l o n g   t h i s   n o r t h e r l y   t r e n d i n g   f a u l t  
system is post-Eocene i n  age,  because f a u l t s  of t h i s  set cu t   the  Ne:no 
Lakes s tock   (Par i sh ,  1981).  

A less impor t an t ,   sou theas t   t o   sou th - sou theas t e r ly   t r end ing   f au l t   s e t  

an  east-northeast-s t r iking zone of i n t e n s e  f a u l t i n g  is seen. This 
occurs  west of t h e   S i l v e r  Queen mine,  while west of Arnier; F la t s   (F ig .  5 )  

appears   to   cont ro l   the   S i lver   Jack   minera l iza t ion .  
follows, i n   p a r t ,   t h e  margin of the Goatcanyon-Halifax  Creeks  stock  and 

HISTORY OF EVENTS IN THE TlLLlCUM MOUNTAIN  AREA 
TABLE 1 

React iva t ion   o f   nor ther ly   t rend ing   fau l ts .  

nor theast - t rending  fau l ts .  
I n t r u s i o n  of iamprophyre  dykes  along  preexist ing,  north.-south t o  

I n t r u s i o n   o f   a p l i t e   s i l l s  and dykes. 

hornfe ls ing  a long  marg ins.   Poss ib le   remobi l izat ion  o f   sme 
intruslon  of  the  Goatcanyon-Hali fax  Creeks  stock  with  wXespread 

go ld -s i l ve r   m ine ra l i za t i on  as seen a t   t h e   S i l v e r  Jack zone. 

02 regional  open to t i g h t   f o l j i n g   o f   s c h i s t o s e  supracrus!-aI 
rocks. 

D l  r e g i o n a l   t i g h t  to i s o c l i n a l   f o l d i n g   t o g e t h e r   w i t h   r e g i o n a l  
upper greenschist  t o  amphibol i te   fac ies metamorphism. Th is  was 

Local  hornfelsing,  skarn  formation, and in t roduc t i on  of 
accompanied by t h e   l n t r u s l o n  of the feldspar  porphyry  si  i Is. 

mine zones. 
go ld -s i   l ve r   m ine ra l i za t i on   a t   t he  Heino-Money and S i l v e r  Queen 

Depos i t lon  of the  mainly  sedimentary sequence of arhose, 
s i l t s t o n e ,   t u r b i d i t i c  wacke, and mar ls   w i th   ra re   maf ic   vc ican ic  
flows. 

Basal t ic   vo lcanism and depos i t ion  of vo l can ic las t i c   rocks  and 
a r g i l l i t e s .  

MINERALIZATION IN THE TILLICUM MOUNTAIN A R E A  

The gold-s i lver   minera l iza t ion  i n  t h e   d i s t r i c t  can  be  broadly  separated 
i n t o  two types ,  namely: 

( 1 )  Gold  and/or s i l ve r   mine ra l i za t ion   w i th in   ska rn   a l t e r a t . i on   t ha t  has a 

porphyry si l ls  ( u n i t  P) i n  t he   a r ea .  T h i s  type,  which. is widespread 
s p a t i a l ,  and p o s s i b l y   g e n e t i c ,   r e l a t i o n s h i p   t o  some fe ldspa r  

th roughout   the   d i s t r ic t ,  i s  bes t   represented  by t h e  Heino-Money zone 
and m i n e r a l i z a t i o n   a t   t h e   S i l v e r  Queen mine. 
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Figure 6 .  Geology of the Heino-Money zone. 
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( 2 )  Silver-gold  mineral izat ion  within a s i l i c e o u s  and  potassium-rich 
shear  zone tha t  shows no skarn development  and i s  ap:parently 
unre la ted   to   the   fe ldspar   porphyry  sills. The Silve:r  Jack 
minera l iza t ion ,  which is st i l l  very  poorly  understooci, i s  the  only 
example of t h i s   t y p e   i d e n t i E i e d   i n   t h e   a r e a .  

These two types of minera l iza t ion   a re   descr ibed   as  follow!;: 

SKARN-RELATED MINERALIZATION 

A t  numerous loca l i t i es   th roughout   the  Tillicum Mountain area,  the  m,%rgins 
of some feldspar  porphyry sills, and the  immediately  adjacent  country 
rock ,   a re   overpr in ted   wi th   skarn   a l te ra t ion   tha t   o f ten   car r ies  
geochemically  anomalous  amounts of gold  and/or  silver. These skarm; a re  
d iv i s ib l e   i n to   go ld - r i ch  and s i lver - r ich   types   as   represented  
r e spec t ive ly  by the  Heino-Money and S i lve r  Queen mine mineral izat ion.  

A t  t he  Heino-Money zone the   go ld-bear ing ,   s i l i ceous ,   ca lc -s i l ica te   skarn  
a l t e r a t i o n  is  stratabound; it is  mainly  hosted i n  a t h i n ,  wedge-shaped 
package of a n d e s i t i c   t u f f  and tuffaceous  sediment which is bounded to  t h e  
west by metabasalts and t o   t h e   e a s t  by a l a rge   a l t e r ed   f e ldspa r  pOrphyry 
body (Fig.  6 ) .  The skarn is charac te r ized  by a pinkish  green  colour,  and 
is general ly  well l aye red   w i th   subpa ra l l e l ,   t h in ,   qua r t z   ve ins  and 
va r i ab le  amounts of sulphides.  The skarn  assemblage  includes  quartz;, 

garnet ,  and microcline with minor  amounts of s e r i c i t e  and carbonate. 
t r emol i t e - ac t ino l i t e ,  c l inozois i te ,   p lag ioc lase ,   d iops ide ,  b i o t i t e ,  

Free  gold  occurs as f ine   to   coarse   d i sseminat ions  and f r a c t u r e   f i l l i n g s  
within and a long   the   wal l s  of quartz  and  sulphide  impregnations; it is 
of ten   assoc ia ted   wi th   pyr rhot i te ,   pyr i te ,   ga lena ,  and sphaler i te   [Rober t s  
and  McClintock, 1984). 

A polished  sect ion  s tudy of t h e  Aeino-Money mineral izat ion  (Northcote ,  
1983) indicated  that   individual   gold  grains   range from less than 0.0025 
mil l imetre   to   over   several   mil l imetres   in   diameter .  The gold  occurs  as 
p l a t e s  and anhedral gra ins  which are general ly  free, but   a re   a l so  
in t imate ly   assoc ia ted   wi th   pyr rhot i te ,   a r senopyr i te .   spha ler i te ,   and  
pyri te-marcasi te .  Some pyr rho t i t e   g ra ins   a r e  rimmed with  colloform 
pyrite-marcasite,   while  others  contain small masses of hematite and 

of t e t r ahedr i t e ,   cha lcopyr i t e ,  and poss ib l e  electrum. 
g r a p h i t i c  material. Northcote (1983) a l s o  r epor t s  minor t o  trace amounts 

The S i lve r  Queen mine property was a c t i v e   i n   t h e  1930'9, but   repor ted ly  
work te rmina ted   a f te r  a spring  avalanche  closed t h e  a d i t  and  caused t h e  
death of some miners.   Intrusion of feldspar  porphyry sills i n t o  a 30- 

marble  beds was accompanied by stratabound  skarn  development. Two 
metre-wide zone of impure calcareous  metasedimentary  rocks and t h i n  

mineral ized  horizons up t o  10 metres  thick are recognized;  mineralization 

adjacent  feldspar  porphyry sills. However, mine ra l i za t ion   d i f f e r s  from 
and ska rn   a l t e r a t ion  is found in   both  the  a l tered  marbles  and t h e  

the Heino-Money zone i n   t h a t  it is s i l v e r  dominant and gold i s  genera l ly  
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absent.  The skarn  assemblage  includes  quartz ,   t remoli te-act inol i te ,  

epidote  and  sphene.  Anhedral  garnet  crystals up t o  1 millimetre i n  
c l i n o z o i s i t e ,   g a r n e t ,   b i o t i t e ,  and  carhonate  with  minor  amounts  of 

some i n s t a n c e s  the  garnet  cores  have overgrown and clear ly   preserved a 
diameter  have  clear  margins  but  abundant  inclusions  in  their   cores.  In 

b io t i t e   s ch i s tos i ty .   Mine ra l i za t ion  is t raceable   for  300 metres  along 

not   de tec tab le .   Sulphides   ident i f ied   inc lude   pyr i te ,   pyr rhot i te ,  
s t r i k e  and  grades  from 3 t o  240 grains s i lver   per   tonne;   gold is general ly  

t e t r ahedr i t e ,   spha le r i t e ,   ga l ena ,  and pyrargyr i te .  

SHEAR-RELATED  MINERALIZATION 

The only known example of shear - re la ted   minera l iza t ion  is the   S i lve r   J ack  
zone on Arnies  Flats,   approximately 1.5 kilometres  southwest  of  Tillicum 
Mountain (Pig.  5).  The area is poorly  exposed;  the  showing was 

anomaly. Mineral izat ion,  which inc ludes   f i ne   py r i t e ,   spha le r i t e ,   r a r e  
discovered  during  follow-up work on a spectacular   s i lver   geochemical   soi l  

chalcopyrite,   and  traces  of  molybdenite,   extends  for more than 300 metres 
along s t r ike and  averages 6 metres i n  width. It appears to occupy  and 

potassium  feldspar   r ich.  This shea r   fo l lows ,   i n   pa r t ,   t he  margin of the 
fol low a prominent  east-southeast-trending  shear  zone  that  is quar tz  and 

Goatcanyon-Halifax  Creeks  stock  and  also  cuts  arkoses  and  si l tstones  in 
the  sedimentary  sequence. The zone  averages 170 grams s i lve r   pe r   t onne  
and 0.7 gram gold  per  tonne  (McClintock  and  Roberts, 1984). 

coNcLusIoNs 

The Tillicum Mountain a rea   conta ins  a highly  deformed  supracrustal  
assemblage which is ten ta t ive ly   d iv is ib le   in to   an   o lder   maf ic  
volcanic-volcaniclastic  sequence  and a younger  sedimentary  sequence; 
t h e r e  i s  no evidence  that   these are separated by e i t h e r  a s t r u c t u r a l  
break  or  unconformity. On li thological  grounds  the  sedimentary  rocks are 
correlated  with  the  Slocan Group, whi le   the   o lder   vo lcanic-arg i l l i t e  
package  are   correlated  with  e i ther   the  Slocan  or   Kalso Groups  (Fig. 5). 

The regional   s t ructural   deformation  involved a n  ea r ly  Dl per iod of l a r g e  

the  hinge  zones. Two hornfels ing  episodes  are   recognized;   the  ear l ies t  
scale, i soc l ina l   fo ld ing   wi th   cons iderable   shear ing  and a t tenuat ion   a long  

while  the  second was more widespread,  postdates  the  regional  deformation, 
i s  r e l a t e d   t o   t h e   i n t r u s i o n  of the  feldspar  porphyry sills ( u n i t  P), 

and is associated  with emplacement of the  Goatcanyon-Halifax  Creeks 
stock. 

Most  uf the  gold  and/or   s i lver   mineral izat ion i n  t h e   d i s t r i c t  is 
associated  with  skarn  development which is s p a t i a l l y ,  and poss ib ly  
g e n e t i c a l l y ,   r e l a t e d   t o   t h e   i n t r u s i o n  of the   fe ldspar   porphyry sills. 
G a r n e t s   i n   t h e   s k a r n   a l t e r a t i o n  a t  %he  Si lver  Queen mine  overgrow a 
p re -ex i s t ing   b io t i t e   s ch i s tos i ty ;   t h i s   sugges t s   t ha t   t he   fo l i a t ed ,  
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deformed feldspar  porphyry sills were intruded sometime dur ing   the  Dl 
regional   folding.  Thus the   skarn- re la ted   minera l iza t ion ,   l ike   the  Dl 
s t ruc tu ra l   even t ,  is probably  post-Early and pre-Late   Jurassic   in   age.  

The skacns   a re   d iv is ib le   in to   go ld- r ich  and s i lve r - r i ch   t ypes ,   a s  seen  
r e s p e c t i v e l y   a t   t h e  Heino-Money and S i lve r  Queen mine zonc!s. It is 
uncertain  whether  these two types  ace  synchronous  and  reflect a d i s t r i c t  
scale  gold-silver  zoning,  or  whether  they  indicate two o r  more 
generat ions of n ine ra l i za t ion .  A t h i rd   t ype  of gold-s i lver  
minera l iza t ion  is  present a t   t he   S i lve r   J ack  zone.  This i s  not   re la ted 
t o  skarns  but is hosted i n  a s i l i c i E i e d   s h e a r  zone; the  age and  sou%ce  of 
the   S i lver   Jack   minera l iza t ion   a re  unknown. 
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