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L o c a t i o n  

The Commerce c l a i m s  a r e  s t a k e d  on  a number o f  l i n e s ,  none 

o f  which a r e  r e c o g n i z a b l e  a t  p r e s e n t  owing  t o  t h e  d e p r e d a t i o n s  

of  second g rowth ,  b e a r s  and t h e  weather.  The c l a i m  o u t l i n e  on 

t h e  map ( t o  w h i c h  t h e  r e a d e r  i s  r e f e r r e d )  i s  app rox ima ted  f rom 

d e t a i l s  o f  t h e  c l a i m s  l o c a t i o n s  t a k e n  f r o m  R.D. Mor ton  (1971)  

and f r o m  d e t a i l s  g i v e n  b y  F. Goble. The c l a i m s  w e r e  s t a k e d  t o  

cove r  two zones o f  immed ia te  economic i m p o r t a n c e :  f i r s t l y ,  t h e  

G r i n n e l l  F o r m a t i o n  between Commerce and Sage C r e e k s ,  f o r  i t ' s  

p o t e n t i a l  o f  s t r a t a b o u n d  copper  m i n e r a l i z a t i o n ,  and second ly ,  a 

zone o f  i n t r u s i o n  o f  s i l l s  and dykes i n  t h e  e a s t e r n  c l a i m s ,  f o r  

i t ' s  p o t e n t i a l  o f  c o p p e r - g o l d  m i n e r a l i z a t i o n .  

I n t r o d u c t i o n  

The Commerce c l a i m s  were examined and mapped by  t h e  a u t h o r  

d u r i n g  t h e  p e r i o d  15th J u l y  t o  1 0 t h  August ,  1979. The , z u t h o r  

was a s s i s t e d  by K. Goble.  

The a r e a  was mapped o n t o  an  e n l a r g e d  p o r t i o n  of  t h e  t o p o -  

g r a p h i c  s h e e t  (SAGE CREEK, B.C.) a t  417 '  t O  1". S i n c e  t h e  

t o p o g r a p h i c  maps a r e  drawn a t  1:50,000 f r o m  a i r  photographs ,  

t h e y  s a c r i f i c e  much d e t a i l .  Consequent ly ,  t h e  en la rgemen t  o f  

t h e  t o p o g r a p h i c  map is s i n g u l a r l y  l a c k i n g  i n  d e t a i l s  r e q u i r e d  

when mapping a t  t h i s  s c a l e .  The p rob lem o f  a c c u r a t e  l o c a t i o n  

on t h i s  map was g r e a t ,  and errors o f  - + 100' a r e  t o  be expected.  

The a r e a  was mapped w i t h  t h e  p h i l o s o p h y  o f  u n d e r s t a n d i n g  t h e  

geo logy ,  u n d e r s t a n d i n g  t h e  n a t u r e  and c o n t r o l s  o f  known a r e a s  

o f  m i n e r a l i z a t i o n ,  e v a l u a t i n g  such a reas ,  and d e t e r m i n i n g  t h e i r  
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limits. M i n e r a l  o c c u r r e n c e s  were n o t e d  and e v a l u a t e d  where 

found d u r i n g  t r a v e r s e s .  

p r o s p e c t e d ,  i t  was e x p e c t e d  t h a t  most  o f  t h e  m i n e r a l  showings  

would be know. 

I n  a n  a r e a  t h a t  h a s  been so e x t e n s i v e l y  

The map c o n s e q u e n t l y  l o c a t e s  t h o s e  m i n e r a l  s h o w i n g s  t h a t  

were  i n t e r s e c t e d  d u r i n g  t r a v e r s e s ,  b u t  no a t t e m p t  was made t o  

t r a v e r s e  e v e r y  f o o t  of  t h e  p r o p e r t y .  T h e  map u s e f u l l y  can  be 

used  a s  a b a s e  on w h i c h  t o  l o c a t e  a l l  p r o s p e c t o r - d i s c o v e r e d  

showings.  I t  is  t h e  o p i n i o n  o f  t h e  a u t h o r ,  however,  t h a t  a l l  

t h e  'Gossan Zone" m i n e r a l i z a t i o n  and  a l a r g e  p r o p o r t i o n  o f  t h e  

s t r a t a b o u n d  c o p p e r  m i n e r a l i z a t i o n  were l o c a t e d ,  e v a l u a t e d ,  and 

unde r s tood .  

General Geoloqy o f  t h e  Claim Group Area 

The a r e a  i s  u n d e r l a i n  by r o c k s  o f  t h e  P u r c e l l  P e r i o d ,  and  

s e c t i o n s  of a l l  f o r m a t i o n s  f rom t h e  A l t y n  t o  t h e  P h i l l i p s  w e r e  

t r a v e r s e d .  Fo r  d e t a i l s  o f  t h e  r e g i o n a l  s t r a t i g r a p h y  t h e  r e a d e r  

is  r e f e r r e d  t o  P r i c e  (1961), and t o  t h e  e n c l o s e d  T a b l e  o f  

Format ions ,  a d a p t e d  by t h e  a u t h o r  from Pr ice ' s  f o r  use  i n  t h e  

Commerce a r e a  o n l y .  

The r o c k s  a r e  P r o t e r o z o i c  i n  a g e  and a r e  c u t  by d i a b a s i c  t o  

d i o r i t i c  dykes  and  sills. 

t r e n d i n g  a x i s  i n t o  l a r g e  t i g h t  a n t i c l i n e s  and  open  s y n c l i n e s  (F1) 

which a r e  s e v e r e l y  d i s c o n t i n u o u s .  The a s s o c i a t e d  meso-drag f o l d s  

a r e  p r e s e n t  i n  a l l  f o r m a t i o n s .  

open, and n o r t h e r l y  

The r o c k s  a r e  f o l d e d  on  an e a s t e r l y  

Those f o l d s  were r e f o l d e d  by l a r g e ,  
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trending folds  ( F 2 ) ,  so t h a t  they have a double plunge. 

f o l d s  are re la ted  t o  the Akamina syncline. 

found only t o  be common near the  crests of the F2 an t i c l ine .  

These F2 

F2 drag folds were 

Apart from the immediate contacts with the s i l l s  and dykes, 

the rocks are unmetamorphosed. 

Morton (1971, p. 10) i s  not intense, b u t  i s  extremely minor: most 

o f  the recognised f au l t s  are j o i n t  planes along which minor 

adjustments have occh-red. 

Faulting, in  contradiction t o  

Altyn Formation: 

About 1000' of dark f i s s i l e  shales with dolomitic horizons 

outcrop to  the south and  west of the claims and are  assigned t o  

the Altyn Formation. Many of the bedding planes i n  the  shales 

are covered in  a th in  plat ing o f  pyr i te ,  b u t  no o ther  minerals 

were observed. 

Appekunny Formation: 

The base of this formation i s  taken a t  the lower of two 

50'-thick d i s t i n c t  white sandstone bands which outcrop, 100 '  

apar t ,  t o  the  south and west of the claims. 

about 2000' of grey and green f i s s i l e  shales with occassional 

dolomitic horizons and  towards the top there  a re  an increasing 

number of in te rca la ted  thin white sandstone beds. 

observed as t h i n  smears on j o i n t  and bedding planes in the shales 

and pyr i te  and hematite blebs were seen i n  some of the upper 

They are overlain by 

Pyri te  was 
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sandstones. No copper minerals were seen. 

Two eas te r ly  plunging F 1  folds  b r i n g  the outcrop of t h i s  

formation onto the western Commerce claims, and i n  the axial 

regions of both F 1  and F2 folds good non-penetrative F1 a n d  F2 

cleavages are developed. The axial planes of F1 drag folds  have 

broken occassionally,  allowing small ' f a u l t s '  t o  develop. 

The Grinnell Formation: 

The base of t h i s  -2000' thick formation i s  marked by the 

incoming of the f i r s t  red bed,  which conformably overl ies  the 

Appekunny. 

and marls with b u f f  and green horizons and  very ra re  sandstone 

beds. The buff and green horizons are no t  t rue  beds, b u t  a re  

developed round t h i n  beds and  lenses of coarser s i l t  and sandstone, 

presumably d u r i n g  post-depositional ground water percolation. 

The lower p a r t  of the Grinnell consis ts  of red s i l t s  

The sandstone beds increase i n  number and in thickness 

u p  the Grinnell unt i l  they make u p  some 50% o f  the outcrop in  

the upper 500'. 

The s i  1 t s  contain r ipple  marks, suncracks and mud-fl ake 

conglomerate horizons. 

have r i p p l e d  and scoured bases, and contain shale c l a s t s .  

rocks a re  interpreted as being the deposits of a d e l t a i c  floodplain,  

with the sandstones representing periodic channel s p i l l s .  The 

rocks were deposited in part  i n  very shallow water and i n  p a r t  

subaerial ly .  

The sandstones a re  often cross-bedded, 

The 
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The sandstones are n o t  homogenous along s t r i k e  b u t  vary 

from pure t o  ' d i r t y ' ,  from massive, t o  laminated t o  cross-bedded, 

and from empty t o  shale c l a s t  bearing. 

Grinnell (no actual boundaries are defined o r  defineable) the 

shale c l a s t s  a r e  usually green, b u t  green and red ones become 

mixed in  the upper Grinnell. This greenness indicates t h a t  the 

beds were permeable to  ground water solutions of low EH,  and t h a t  

Fe3+ was reduced t o  Fe2+ in  them. 

completely permeable along s t r i k e  i s  indicated by the change from 

green t o  red c l a s t s  along some beds,  the  corresponding decrease 

i n  green a l t e r a t ion  of the sur rounding  red s i l t s ,  and by the 

heterogeneity of the beds. 

In the lower and middle 

That the beds were n o t  

Secondary hematite i s  common in many of the sandstone beds, 

and can usually be seen t o  be c rys ta l l i sed  from primary d e t r i t a l  

iron oxides, the lag concentrates on cross-bed foresets. Pyri te  

was seen less  frequently i n  the sandstone beds, usually as small 

blebs disseminated amongst the quartz-grains, and as par t ia l  

replacements of green shale clasts.  

Copper minerals - bornite,  chalcocite,  chalcopyrite, and 

occasionally cove l l i t e ,  w i t h  secondary malachite and, ra re ly ,  

azu r i t e  - are  found i n  some of the sandstone beds, over parts of 

t h e i r  length. 

as par t ia l  or complete replacements of green shale c l a s t s .  No copper 

mineral was seen replacing a red shale c l a s t ,  and  only very rarely 

were copper minerals seen in sandstone beds containing red c l a s t s .  

These minerals occur as disseminated blebs, or 
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In no case was the copper mineralisation ex tan t  over the corplete  

outcrop of a bed ,  b u t  was found only i n  the ' d i r t y '  and c l a s t -  

bearing portions. No copper was found in the surrounding shales.  

Each showing of copper mineralisation is  detai led below, b u t  

i t  can be generalised tha t :  

1 .  The copper i s  of local origin.  

2. The copper was leached in to  or deposited in the 

sandstone beds, and was precipi ta ted o r  reprecipi ta ted as sulphides 

where the EH was such t h a t  Fez+ was s t ab le .  

3. An epigenetic source i s  impossible because of the 

r e s t r i c t i o n  of mineralisation to  certain par ts  of cer ta in  beds. 

4. Copper i s  an inherent p a r t  of the Grinnell sandstones, 

and was c rys t a l l i s ed  t o  i t s  present form in most beds p r io r  t o  

folding, e t c .  

However, i t  i s  apparent t ha t  t h i s  primary, and probably 

uneconomic, copper mineral i sa t ion  may be concentrated l a t e r  - see 

the description of copper zones H and  F. 

Description of the Individual Copper Zones i n  the Grinnell 

Formation 

Zones A ,  6, and C are described separately in  the SAGE 

claims report .  
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Zone D :  

Owing to  the nature of the topography here, the l a t e r a l  

On t h i s  cont inui ty  of some beds could not be ascer ta ined .  

razorback ridge the upper Grinnell rocks dip steeply to  the SE 

and contain frequent sandstones u p  t o  5 '  thick.  

stone beds were seen t o  contain blebs of chalcopyrite and bornite 

in lenses and pods and a thick sandstone ( 3 ' - 5 ' )  with shaley lenses 

contains 2 - 3  copper sulphides over i t s  200' of accessible outcrop. 

The SW end i s  hidden beneath snow and scree, and the NE end runs 

down a ver t ica l  c l i f f .  

uppermost one a t  Zone C ,  b u t  i f  so the copper mineralisation i s  

not continuous f o r  the horizon was traversed between Zones C and 

D. 

i n  three beds up t o  the Siyeh contact. 

Five th in  sand- 

T h i s  bed may be continuous with the 

Above t h i s  bed occasional specks o f  copper minerals were seen 

Zone E: 

A complete section of a l l  the Grinnell rocks exposed between 

8108 Mountain and Commerce Peak, revealed only this small lens of 

copper minerals (chalcopyrite,  mainly) over 3 '  i n  two adjoining 

6"  thick beds. 

The copper i n  Zones C ,  D ,  and E may be s l i g h t l y  concentrated 

i n  the core of the F 1  syncline,  b u t  i s  probably a t  i t s  original 

concentration. Only t h e  one bed in Zone D shows any promise of 

l a t e ra l  continuity - the  r e s t  are proven discontinuous. 
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Zone F:  

No copper was observed i n  the lower Grinnell on Commerce 

Ridge here, b u t  in  the middle Grinnell two sandstone beds were 

observed t o  carry chalcopyrite and malachite. 

6" thick and < 1% Cp was seen over 3 ' .  

and i s  exposed f o r  15Ox-2OOx on a dip-slope. 

quartz-f i l led j o i n t s ,  paral le l  t o  F1 cut the  rock, and b o t h  these 

and the bedding planes are covered i n  chalcopyrite and malachite. 

Disseminated blebs of chalcopyrite and ?chalcocite were seen in 

the bed. 

greater  thickness. 

here, in the core of an F1 syncline. 

was observed on  the ridge between here and 7900 Mountain, although 

there  i s  only 10-20' of Grinnell exposed here above the 

cupri ferous bed. 

The f i r s t  i s  

The second is 3 '  f thick 

Small ve r t i ca l ,  

The jo in t ing  has stepped the bed giving an i l lus ion  o f  

The bed i s  mineralised over i t s  whole outcrop 

No other copper mineralisation 

Zone G :  

A detailed t raverse  from the ridge top down 600'  o f  middle 

Grinnell rocks revealed two mineral ised sandstone beds. The 

fourth sandstone from the top i s  exposed f o r  70' between a snow- 

f i l l e d  gully in the south and a scree i n  the nor th .  

thick with green and red shale c l a s t s  and contains blebs and smears 

of  chalcocite a t  between 3 and 5% over i t s  whole outcrop. 

thir teenth sandstone from the top i s  6" thick and contains - 1% 

chalcocite over 3 ' .  

I t  i s  1 '  

The 

One end i s  not exposed, the other i s  barren. 
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Traverses a b o u t  1000' t o  the n o r t h  f a i l ed  to  locate  mineralisation 

in a s t r a t ig raph ica l ly  s imilar  posit ion.  

Zones F and G appear t o  be s l igh t ly  concentrated zones of 

copper mineralisation associated >with the trough of a major F1 

syncline. 

Zone H and Associated Veins: 

The Grinnell Formation i s  .folded here in to  two t i g h t  

an t ic l ines  (see sketch below), and the c re s t s  of these an t ic l ines  

have cracked and allowed d i la t ion  and very minor fau l t ing .  

has been remobilised from the sandstone beds and deposited as 

veins in  par t s  o f  these cracks. Where bedding i s  para l le l  t o  the 

veins, the sandstone beds are recrys ta l l i sed  t o  qua r t z i t e ,  and the 

vein, as such, i s  a bed. The veins are podiform, being wider a t  

s l i g h t  kinks. Often there are small offshoots and nearby tension 

f rac ture  pods. 

Quartz 

Vein 1 i s  generally barren where i t  t ransects  the Grinnell ,  

although blebs of chalcopyrite were seen, in places u p  t o  5%. 

vein was covered i n  snow and inaccessible where i t  presumably 

t ransects  the Siyeh Formation. This vein does n o t  t ransec t  the 

Siyeh and the s i l l s  higher u p  on Fault Mounta in .  

The 

Vein 2 i s  very poorly exposed a t  i t s  lower end, and was 

not  seen to  be mineralised. 

t o  the time and the snow, the middle portion was not examined, b u t  

concentrations o f  tetrahedri  t e  and  chalcopyrite a re  reported 

The t o p  i s  likewise barren. Owing 
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from i t  (Morton, 1971). 

The Grinnell rocks are severely bleached t o  the n o r t h  o f  

Vein 1 ,  fo r  1OO-150', and the  f i r s t  50 '  north o f  the vein a re  

weathered rusty. These bleached beds (pale green and brown) can 

be traced l a t e r a l l y  i n t o  the normal red succession. There i s  a 

small amount of bleaching around Vein 2.  

Traverses were made up  both s ides  o f  Vein 1 and down t h e  

north s ide  of Vein 2. On the south s ide  of Vein 1 three copper- 

bearing sandstones were found and were pers i s ten t  up t o  50'  from 

the vein. These contained disseminated blebs of chalcoci te  and 

chalcopyrite up t o  3% in  concentration. 50 '  t o  t h e  no r th ,  i n  the 

rusty zone, 18 beds o r  sets of beds contain copper minerals. The 

lower nine have between ?A and 5% of chalcocite blebs,  a black 

s o f t  mineral, smeared round quartz grains ( ?  t e t r ahedr i t e )  and 

some chalcopyrite specks. 

of chalcopyrite increases sharply a t  the expense of the other 

minerals, keeping a concentration of 1-5% sulphides. 

and azu r i t e  are well developed. These mineralised beds do n o t  

persist l a t e r a l l y ,  b u t  fade out by the end of the bleached zone 

- mineralisation i s  r e s t r i c t ed  t o  the Grinnell Formation and does 

n o t  continue into the Siyeh above. 

500' of Upper Grinnell were traversed and  one sandstone bed 

containing ?A chalcopyrite was noted. 

In the uppe r  nine beds the proportion 

Malachite 

On  the  nor th  s ide of Vein 2 

I t  seems c l ea r  t h a t  the primary concentrations o f  copper in 

the Grinnell have been se lec t ive ly  emplaced in fold cores here,  
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presumably as the deposits o f  a syn-tectonic f l u i d  migration. 

The mineralisation i s  not of an'epigenetic hydrothermal' var ie ty  

- both copper sulphides and the  vein material are of local 

der ivat ion.  

The veins were not located on the e a s t  s ide  of Fault 

Mountain, nor i s  the Grinnell exposed there.  However, the fo lds ,  

while being ve r t i ca l ly  discontinuous, may pe r s i s t  l a t e r a l l y  and 

allow a substant ia l  amount of mineralisation beneath Fault 

Mountain. I t  i s  recommended t h a t  the immediate area o f  the veins 

be mapped on 100 ' : l "  on a baseline and gr id  and t h a t  mineralised 

blocks be sampled s t a t i s t i c a l l y  t o  obtain rough tonnage and grade 

figures . 
Rough calculat ions t a k i n g  a block of 500'  x 109' with a dep th  

beneath the mountain of l o o ' ,  and containing 1-576 copper sulphides 

i n  10% of the rock by volume, indicate  - 50,000 tons  of good 

mineral i sa t ion .  

In Conclusion: 

1 .  The Grinnell Formation contains small patches of primary 

copper sulphide mineralisation i n  some sandstone beds. 

2. Such mineralisation has been concentrated by f lu id  migration 

in to  fold cones during o r  a f t e r  F1 folding. 

3. No other concentrators,  such as the f au l t s  and dykes 

observed on other  of the Company's properties,were observed i n  the 

Grinnell on the Commerce o r  Sage claims. 
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- The Siyeh Formation 

The basal 1000-1500' of t h i s  formation consis t  of well- 

bedded, buff weathering grey and black shales and dolomites with 

sparse sandstone beds. 

near the base, one bed has about 5% micronodules of marcasite. 

These are overlain by - 400' of interbedded dolomites and sand- 

stones. The dolomites are often algal (hemispheroid t o  pa ra l l e l ,  

The l a t t e r  contain grains of py r i t e ,  and, 

continuous linkage, indicat ing j u s t  sub-t idal)  and often contain 

inclusions of grey limestone with 'molar tooth '  (Daly, 1912) and 

heiroglyph s t ruc tures .  

fragments of algal mat and par t ly  as s o f t  sediment brecciation 

d u r i n g  compaction and cementation (Adshead, 1963). 

centre of the middle Siyeh a 50 '  thick algal dolomite i s  a 

d i s t inc t ive  marker and towards the t o p  there  i s  another such, 

30' thick.  The depositional environment i s  interpreted as having 

been shallow lagoonal . 

These a re  interpreted par t ly  as brecciated 

Towards the 

The upper Siyeh consis ts  o f  200-250' of well-bedded f i s s i l e  

a r g i l l i t e s  and a ren i t e s ,  with green and grey shale being the 

dominant l i thology. 

The Purcell Lavas 

Between 200' and 400'  of pillowed, massive and vesicular  

green t o  purple flows over l ie  the Siyeh with complete conformity. 

These flows were ident i f ied  in the f i e l d  as ' andes i t e ' ,  b u t  the 

work of H u n t  (1961) and the lack of tuffaceous ac t iv i ty  would 
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indicate  them t o  be basa l t ic  andesites and trachybasalts.  

vesicles  may be round, e l l i p so id ,  amoeboid or tubular and  

branching .  

containing ra re  specks o f  pyr i te  and chalcopyrite.  

cav i t i e s  a re  l ined with quartz and ,  occasionally, pyri te .  

primary mineralisation was seen in the matrix of the rocks, which 

are interpreted as b e i n g  extruded both  in to  shallow water and 

subaeri a1 l y  . 

The 

They are  f i l l e d  with c h l o r i t e ,  qua r t z  and carbonate, 

Larger vug 

No 

The Sheppard Formati.on 

The apparent thinning of the Purcell lavas ,  and  the presence 

of volcanic fragments in quartz g r i t  beds i n  the base of this 

formation t e s t i f y  to  unconformity here, shown as a disconformity 

i n  this a rea ,  and  representing small tectonic  adjustments t o  the 

volcanic event. 

The basal Sheppard contains three d i s t i n c t  quartz g r i t  beds, 

in  70'  o f  shales and c a l c a r g i l l i t e s .  A 30' thick flow and s e t  of 

flows, indistinguishable from Purcell Lava i n  the f i e l d ,  overlies 

these,  and i s  in  t u r n  overlain by 250' of s t romato l i t i c  dolomites 

( j u s t  sub t ida l )  and c a l c a r g i l l i t e s ,  representing a return t o  

lagoonal conditions. 

scoriaceous. 

The top of  the lava flow is ropy and 

The Gateway Formation 

300' of red s i l t s tones  with shale and sandstone horizons 
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over1 i e  the Sheppard conformably and represent the return of 

d e l t a i c  conditions. 

cracks, mud-flake conglomerates and  s a l t  casts .  

The unit  i s  typif ied by r ipple  marks, sun- 

The sandstones in t h i s  u n i t  should be prospected f o r  

indicat ions of primary copper mineralisation. 50' of b u f f  shales 

over l ie  the Gateway Formation on Hopper Mountain and are tentat ively 

ascribed t o  the Phi l l ips  Formation. 

The Gossan Mountain Mineralisation 

The t o p  of the middle Siyeh, the upper Siyeh, t he  Purcell lavas,  

and the lower Sheppard are intruded by numerous dykes and s i l l s  

o f  diabasic  t o  d i o r i t i c  composition. 

descriptions o f  these rocks the reader i s  referred t o  H u n t  (1961). 

Most o f  the s i l l s  are plagioclase-hornblende porphyrit ic 

For complete chemical 

d i o r i t e s .  

ch i l l ed  margins, baked h o s t  rocks a t  the contacts,  and l a t e  

magmatic segregation pods ,  veins and dykes. The texture  i s  

generally diabasic,  b u t  patches of pegmatitic plagioclase are 

common. 

the l a t e  magmatic dykes and veins a re  occasionally K-feldspar- 

-hornblende-biotite porphyrit ic,  b u t  are more generally p i n k  and 

a p l i t i c .  

have been reported (Hoffman, pers. comm.) from one of these s i l l s  

outside the area reported on herein.  Local segreaation pods of 

b i o t i t e  were observed in  the thicker  s i l l s ,  and l a t e  dykes o f  f i n e  

They contain a b u n d a n t  amphibolitised xenoliths,  

K-feldspar and quartz-bearing pods occur frequently and 

Nodules containing o l iv ine ,  plagioclase,  and pyroxene 
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quartz-feldspar with large blebs of golden micd (phlogopite ? )  

were seen. 

The s i l l s  are frequently bo th  fed by and cut by dykes of 

ident ical  texture  and composition. The s i l l s  a re  n o t  s t r i c t l y  

stratabound b u t  jump on j o i n t  planes, have apophyses and offshoot 

dykes and s i l l s ,  and may bifurcate  and re jo in .  All the d i o r i t i c  

rocks contain primary sulphides, mainly pyr i te  and pyrrhot i te ,  w i t h  

r a r e r  chalcopyrite.  

One s i l l  of more diabasic nature was found i n  the middle 

Siyeh, and no intrusions were observed below t h i s .  The basal 

nature of t h i s  l a s t  s i l l ,  the postulated relat ionship o f  t he  Purcell 

lava and these s i l l s  (Daly, 1912) ( H u n t ,  1961), the presence 

o i  basic nodules, and the presence of more basic intrusions a t  

s imi la r  horizons elsewhere, leads t o  the conclusion t h a t  the 

d io r i t e s  a re  the d i f f e ren t i a t e s  o f  a more basic l iqu id  and the i r  

texture  and mineralogy suggests t h a t  they were intruded a t  f a i r ly  

low temperatures, a t  shallow depths and  under hydrous conditions. 

blhere the s i l l s  intrude the middle Siyeh rocks sulphide 

mineralisation i s  absent. The sandstones and limestones are 

bleached and recrys ta l l i sed  and  the growth of epidote,  andradite,  

idiocrase (? ) ,  grossu lar i te ,  t remoli te ,  and diopside was observed 

in the s i l iceous  algal bands in the dolomites. Where the s i l l s  

are i so la ted ,  bleaching and metamorphism was n o t  apparent beyond 

20 '  from the contacts ,  b u t  in zones of multiple intrusion the 

metamorphism i s  mre widespread. !dlnere the s i l l s  intrude upper 
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Siyeh rocks both tney and the shales are of ten well-mineralised. 

The Purcell lavas are commonly extensively replaced by sulphides 

along contacts with s i l l s .  Mineralisation was n o t  evident in  

Sheppard rocks. 

The dykes a re  more commonly mineralised throughout t h e i r  

length,  b u t  some a re ,  nevertheless, barren. 

The zone of major intrusion s t re tches  from North Ridge, t h r o u g h  

Gossan Mountain, t o  Andradite Mountain. The majority o f  s i l l s  

and dykes are in the t o p  400' of the Siyeh Formation, and the 

mineralisation i n  bo th  igneous and sedimentary rocks i s  almost 

en t i r e ly  confined t o  the Upper Siyeh shales. 

A number o f  poss ib i l i t i e s  present themselves: 

1 .  The Siyeh shales represented a permissive zone a t  t h e  

depth  o f  int rusion of mineralised s i l ls .  

2. The Siyeh shales were sulphide rich and the permissive 

intrusion mobilised the concentrated the sulphides. 

3. The chemical nature o f  the Siyeh shales allowed replacement 

by sulphide from the dykes and s i l l s .  

The sulphides a re  present i n  the sediments as metablasts and 

as plat ings on bedding and j o i n t  planes. Those in the igneous rocks 

occur as disseminated primary blebs, and as coating on j o i n t  planes. 

I t  must be concluded t h a t  the sulphides a re  of magmatic or ig in ,  

and t h a t  the physical (and chemical ? )  nature of the Siyeh shales 

permitted intrusion of the s i l l s  and  mineralisation a t  t h i s  horizon. 
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There i s  no s i g n  of skarn ( s . s . )  on contacts between intrusive8 

and limestones, and only, two very small patches of malachite were 

seen on such contacts.  The s i l l s  and dykes are described 

individually,  and are  numbered, o r  l e t t e r ed ,  on the map. 

sections of t h e i r  outcrop are attached. 

Sketch 

SILLS 

1 .  15' thick unmineralised medium-grained d f o r i  te. 

2.  ' S i l l  Mountain s i l l ' .  A t  l e a s t  100' thick.  The base steps 

near the Purcell lava - Sheppard contact,  and contains many large 

blocks of Sheppard sediment. 

dyke (a) o f  medium-grained d io r i t e .  The s i l l  i s  mostly grey, 

unmineralised d i o r i t e ,  b u t  contains pegmatitic, quartz-rich and 

k-feldspar-rich patches and l a t e  dykelets. 

I t  i s  fed by a ve r t i ca l ,  20' thick 

One patch,  w i t h  l a t e  vuggy quartz, contains good sulphide 

mineralisation, from which gold assays have been attained. The 

zone was badly weathered and half covered by snow, so a further 

understanding o f  t h i s  zone was impossible. The southern contact 

w i t h  the  Purcell lava i s  well exposed and the lava i s  impregnated 

w i t h  15-20% of pyr i te  > pyrrhot i te  > chalcopyrite. 

be trenched and investigated immediately. 

This zone must 

Small patches of rusty weathering occur in the Purcell lava 

and the s i l l  near the western contact,  b u t  l i t t l e  fresh sulphide 

was seen. 

3 .  13'  thick,  exposed for  50' a t  base of S i l l  Mountain. Fed 
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2 3  

by dyke a. Unmineralised d io r i t e .  

4 .  10 '  thick uniform d i o r i t e  s i l l .  Unmineralised i n  i t s  

eastern outcrop, b u t  in i t s  outcrop on Gossan Mountain i t  contains 

up t o  5% Py > Po, and the sediments around i t  a re  impregnated 

w i t h  pyr i te .  

5. Similar t o  ( 4 ) .  

6 .  1 0 '  t h i c k  d io r i t e .  Outcrops a l l  the way up the eastern slope 

o f  Gossan Flountain and  both i t  and the  surrounding shales a re  

well mineralised. 

up  t o  5% i n  the margins o f  the s i l l ,  and d rop  t o  yk i n  the  central  

portions. Py > Po. 

7. 15-20' thick,  very i r regular  d i o r i t e .  Mineralised with 5-10% 

Py > Po throughout i t s  outcrop. 

Siyeh contact a n d  has  sparse blocks o f  s t romato l i t i c  dolomite 

caught up i n  i t s  base. The shales above i t  are well mineralised 

w i t h  pyr i te .  Below i t ,  no sulphides were observed. 

8. 5-10' d io r i t e .  Very small patches o f  sulphide concentration 

u p  t o  1 %  i n  i t s  southern outcrop. 

9 and 10. 

on Andradite Mountain. 

10a and 10b appear t o  be barren continuations o f  10. 

11. The 100' s i l l .  Mostly grey d i o r i t e  b u t  with varying texture  

and grain s ize .  

planes are heavily epidotised. Beneath North Ridge, this s i l l  i s  

a t  l e a s t  300' thick and i s  polyphase consisting of mixed d i o r i t e  

On Gossan Mountain the sulphides concentrate 

I t  intrudes the Middle t o  Upper 

Similar t o  (8) .  1@ i s  mineralised w i t h  1% pyr i te  

The surrounding rocks a re  n o t  mineralised. 

I t  i s  severely sheared i n  places and the shear 
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and syeni te .  I t  i s  fu l l  of epidotised shears here. Many dykes 

and veins extend upward from this s i l l ,  and a l l  the rocks above i t  

are  bleached. Below i t  the rocks are  unaffected 5 '  from the 

contact.  

unniineral ised.  

12. Small, well-mineralised d io r i t e  s i l l  on t o p  o f  Andradite 

Mountain, both fed by and cut  by ve r t i ca l ,  mineralised dykes. 

13. Unmineralised d j o r i t e  s i l l  t ha t  appears t o  bifurcate  i n  

Sheppard limestones. 

14. 

sediments are  bleached f o r  20'  on each s ide ,  b u t  nei ther  they, nor 

the s i l l ,  are mineralised. 

Apart from a few grains of pyr i te ,  the s i l l  i s  

100' below ( l l ) ,  t h i s  i s  a 40' thick diabase. The Siyeh 

DYKES 

a) 

8 )  Pinkish, t rachyt ic ,  syeni te  dyke. 3 '  wide; unmineralised. 

y )  Two 2-5' wide quartz-feldspar dykes with blebs of golden 

mica and  sparse pyr i te .  

E )  

q) n )  K )  Three 5-10' wide d i o r i t e  dykes with 1-3% pyr i te  and 

pyrrhot i te .  Most of t h e i r  outcrop i s  inaccessible.  

u )  Unmineralised 3 '  d io r i t e .  

T )  w )  9) ? 1 P )  0 )  1 Complex of 2-5'  vertical  dykes o f  

well rnineralised d io r i t e .  Mineralisation from S-3%. Pyrite and  

pyrrhot i te  varies l a t e r a l l y  and  i s  generally lower in the central  portions.  

s )  

Unmineralised d i o r i t e  feeder dyke t o  s i l l s  2 and 3. 

A )  

4 '  wide d i o r i t e  with 1% pyri te .  

2 '  wide dyke as U )  and A ) .  
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x) 1 '  wide barren fine-grained d i o r i t e .  

g )  

Unrnineral ised. 

5 '  wide discontinuous sernitrachytic syeni te  as B ) .  

In addition the section from Gossan Mountain to  North Ridge, 

above the 100 '  s i l l ,  i s  laced by a complex network of t h in ,  

unrnineralised dykes, s i l l s  and veins in  the dolomites and  sandstones. 

Conclusions 

1 .  The s i l l s  11 and 14 are the base o f  a horizon of extensive 

intrusion.  

2 .  

3 .  

4. Mineralisation i s  common i n  the feeder dykes, and i s  

Many of t h e  feeder dykes appear t o  or ig ina te  i n  s i l l  11. 

The dykes and  s i l l s  a re  coeval. 

consequently o f  magmatic o r i g i n .  

5. Mineralisation i n  the s i l l s  i s  r e s t r i c t ed  t o  those t h a t  

intrude Upper Siyeh shales and Purcell lavas ,  and  i s  concentrated 

i n  the  margins of these s i l l s .  

6.  The shales and lavas marginal t o  mineralised s i l l s  are 

a l so  mineralised. No o ther  horizons a re  mineralised. 

7.  The thickening of s i l l  11 beneath North Ridge, and  the 

concommittant increase in the number of smaller intrusions and the 

degree of metamrphism above s i l l  11 here indicate  t h a t  the ' roo t  

zone' would seem t o  be beneath North Ridge. 

unlikely t o  be a s tock because o f  the lack o f  a l t e ra t ion  beneath 

s i l l s  11 and 1 4 ,  b u t  i s  probably a ver t ical  pipe. 

The root zone i s  
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8 .  The s i l l s  and  dykes a t t a i n  t h e i r  maximum development 

beneath Gossan Mountain and decrease i n  s ize  and in tens i ty  t o  

the  eas t .  

Recommendations 

Because of the extensive pyr i te  and pyrrhot i te  mineralisation 

i n  tine s i l l s  and dykes in the Gossan Nountain area,  and because 

of the good poss ib i l i ty  of associated gold mineralisation, 

the 'Gossan Zone' from Andradite Mountain and ilorth Ridge, t o  

Camp Lake, should be mapped and sampled i n  d e t a i l .  

This investigation should follow the course of out l ining 

blocks of rock with constant visual percentages of sulphides, 

followed by the s t a t i s t i c a l  sampling of these blocks, in order t o  

be able t o  make a tonnage-grade estimate. 

Since there i s  good three-dimensional exposure of most of the 

mineralised zones, the above procedure will prove b o t h  cheaper and 

m r e  accurate ( n o t  t o  mention more p rac t i ca l )  than diamond d r i l l i ng .  

I t  is  imperative tha t ,  t o  a s s i s t  the above programme, areas 

where gossan outcrops, b u t  exposure i s  poor ,  be trenched 

immediately. 

necessary for the geologist  carrying out t h i s  programme t o  see 

fresh rock. Random g r a b  samples of mineralised zones indicate 

mineralisation b u t  do n o t  prove or even indicate e i the r  a grade 

o r  a tonnage. 

The depth of weathering i s  not grea t ,  b u t  i t  i s  



Summary o f  Conclusions and Recommendations 

1 .  The Grinneil Formation con ta ins  prii-nary copper 

mineralisation in sandstones. This i s  n o t  economically important. 

2. The above copper mineralisation may be s l igh t ly  concentrated 

i n t o  fo ld  cores. Again t h i s  i s  n o t  economically important. 

3 .  lihere such fold cores have broken owing t o  t h e i r  t ightness  

the copper mineralisation may concentrate t o  levels  t o  be o f  economic 

i n t e r e s t .  

4. Such a zone (Zone H )  on the  Commerce claims should be 

mapped and sampled i n  order t o  make tonnage and grade estimates.  

Diorite s i l l s  a re  mineralised where they intrude Upper 5. 

Siyeh shales and Purcell lava. 

mineral i sed . 
6. 

The hos t  rocks may a l so  be 

The above mineralisation consis ts  o f  pyr i te ,  pyr rhot i te ,  

and some chalcopyrite,  from which assemblage gold assays have been 

re turned .  

7 .  The outcrop of the above mineralisation is  r e s t r i c t ed  

t o  the 'Gossan Zone ' ,  which must be mapped and sampled t o  estimate 

re1 i abl e tonnages and grades. 

8.  To help t h i s  programme some f a i r l y  large mineralised 

areas must be stripped of overburden and weathered surface rocks. 

Nick Badham 
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8. SUMMARY OF COSTS 

8. Crew 
J.P.N. Badham, G e o l o g i s t  

K . R .  Goble,  A s s i s t a n t  

6.2 Wages 

Badham, 26 days @ $2,400.00  per m o n t h  $2,400.00 
Goble,  26 days @ $1,500.OlJ p e r  month 1,500.00 $3,900.00 

a.3 c o s t s  

T r a n s p o r t a t i o n  

Food 

S u p p l i e s  

TOTAL COSTS 

OFFICE, 10 % 

CERTIFIED A TRUE STATEMENT OF COSTS, 

KINTLA EXPLORATIONS LIMITED, JUNE 16 ,  19~0. 

PER : 

L i n n e a  E. Gob le ,  
D i r e c t o r  

23e.00 
392. eo 

46.00 $ 677.20 

$4,577.20 

457.72 

$5,034 -92 

F r a n k  M. Goble,  
Managing D i r e c t o r  
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