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Locatioll, ACCes6, end description o f  land 

The Commerce Group Y f  claims is loceted in the southeastern corner o f  

Eritiah Columbia, on the east side of the Flathead Vadey, eb 4Y*l111\i, 

114*22' W, on Commerce Mountain, between Sage Creek on the south, tnn 

Alberta boundary on the east, Commerce Creek on the north and west, in 

the Fort Steele Mining Division. 

u 

- 

A reasonably good gravelled road provides access to the Sage Creek end 

Commerce Creek Valleys on the east side o f  the Flathead River. 

is open for travel from approximately May 15 to December 15 each year. 

A logging road runs up Sage Creek, with one branch of the lagging road 

continuing up Roche Creek. 

end o f  the logging road on Roche Creek to a location near the centre o f  

the claim group, however, this road was washed out at Roche Creek in 1974 

and 1975, and there is no access by vehicle to ths claime now. 

This road 

Kintla in 1973 built an access road from the 

On Commerce Creek, access is provided by a logbing road to a point some 

3 miles from the north sida o f  the claim group, from there access is only 

by foot, or helicopter. 

The large hanging valley near the weet side of the claim group is very 

difficult of access unleee a helicopter is used. The entrance to the 

valley lies some 2500 feet above the Valley floor, with the entrance slope 

densely covered with second growth pine and alder bush. In 1976 Hintla 

personnel were forced to back-peck their equipment and supplies over tis 

route. 

)escrip$ion o f  Lend: 

A detailed description of the access, geology, etc. has been appended to this 

report, and 

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

takan from the report filed by Kintla in 1974. 
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INTRODUCTION 

Following the undertaking of several scintillometer eurveya in the 

Precambrian rocks of  northern Saekatchewan, Kintla Exploretiona personnel 

noted the similarities batween the rocks of southeastern Britieh CoLumbXC 

and certain sedimentary rocks of northern Saskatchewan. 

progrem with scintillometers wae undertaken on Kintle's Commerce Mountain 

group of claims, and following the location of several interesting ehowinge, 

the program was Extended to cover in more dekail these locations. The areas 

of primary interest were in the Grinnell Formation on the western half of the 

claim group, end an area of secondary interest was located in the Sheppard 

Formation southwest of Camp Lake at the head of Rocha Creek. 

Ashort prospecting 

Some radioactivity was noted in the granitic end eyenitic intrueives of the 

Siyeh Formation, but this was due to tha presence of considerable potassium 

in thesa intrueivee. 

are apparently barren of uraniferoue minerals. 

The Purcell lava Farmation and Appekunny Formation 

A detailed Scintillometer Survey, using the Scintrex,Scintillomater, Models 

801013 and 8GS - lS, manufactused by Scintrax Limited of Concord, Ontario, 
was,pa@lfally completed during the spring of 1976, with surveyed control 

lines (1 to 9) being used for e base of a grid of meaaured locations every 

1OD feet. 

finished during 1976 and the spring of 1977. Backgrounds of 35, 40, an 30 

were eubtracted from the field reeulte on the red argillited, green argillitee, 

and quartzites, reapectibely- 

The survey is approximately one-fourth completed, and will be 

RESULTS 
Highly anomalous 2:adings were ootained in the area southweet af the lower 

~ --_. 
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lake in the hanging valley and north and northwest o f  the upper lakae in 

the western half o f  the claim group. Readings o f  2W to 313U cpe (Scintrex 

Scintillometer) and 250 to 400 cpe above backpxound southeast o f  the lower 

were encountereo. In some areas as many as 16 enomalous beds, with the 

intervening arpillites somowhet lower in count, were located. The results 

o f  samplao takba in these locations are presented in the assay sheets at 

the end o f  the report. 

The readings takkan (lees background) are plotted on the enclosed map. 

readings were takseousing the Scintrex Scintillometer, and Luere taken at 

12 inches approximately from the ground. 

All 

CONCLUSIONS 

The results of  the acintillometer survey 

ization is dEfinitEly related to the prssence o f  copper in the lower 

Grinnell Formation quartzites. Where the copper mineralization dRCrEa8aS 

in percentage the uranium does likewise. Some mineralization ie also re- 

lated to hematite bands at the tope and bottoms o f  the quartzite beda. 

The red and green argillitas o f  the hanging valley Grinnell Formation are 

aleo anomalous in eeV6Tal places, with results as high a3 1.5 qounds Uj08 

per ton, however, the quartzites assayed as high a8 4.8 pounds per ton, 

and are definitely the most attractive targets for fuither sxploration 

show that the uranium mineral- 
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I N T R O D U C T I O N  

T h i s  r e p o r t  o u t l i n e s  t h e  g e o l o g i c a l  e x p l o r a t i o n  c a r r i e d  o u t  on t h e  

Commerce Claims d u r i n g  t h e  p e r i o d  1967 t h r o u g h  1972. I t  a l s o  p r e s e n t s  d a t a  

g a t h e r e d  d u r i n g  t h e  1973 f i e l d  s e a s o n  by p e r s o n n e l  o f  K i n t l a  E x p l o r a t i o n s  

Limi ted .  F i n a l l y ,  it summarizes  a l l  t h e  d a t a  o b t a i n e d  t o  d a t e  and  c o n c l u d e s  

as t o  t h e  economic s i g n i f i c a n c e  o f  t h e  Commerce C l a i m  b l o c k s .  

T h e  Commerce C l a i m  b l o c k s  compr i se  64 f u l l  and  3 f r a c t i o n a l  claims 

c o v e r i n g  a p p r o x i m a t e l y  4422 a c r e s .  T h e  claims are  c e n t r e d  upon L a t i t u d e  

49O11' N and Long i tude  114°22' W ,  a p p r o x i m a t e l y  2 miles n o r t h e a s t  o f  Commerce 

Peak i n  t h e  F o r t  S t e e l e  Mining D i v i s i o n  ( s e e  F i g u r e  1 f o r  l o c a t i o n  map o f  

t h e  Commerce Cla ims) .  

Access  t o  t h e  e a s t e r n  p o r t i o n  o f  t h e  c l a i m  b l o c k s  is  good v i a  l o g g i n g  

r o a d s  up t h e  Sage  2nd Ruche Creek v a l l e y s  and v i a  a n  e x t e n s i o n  o f  t h e  Roci!e 

Creek l o g g i n g  r o a d  t o  'Camp Lake'  a t  t h e  head  o f  Roche Creek (see  F i g u r e  2). 

T h i s  r o s d  is  g e n e r a l l y  p a s s a b l e  t o  summer t r a r f i c  a l t h o u g h  Wet wea the r  nay  

r e n d a r  i t  i m p a s s a b l e  t o  a l l  b u t  4-wheel d r i v e  v e h i c l e s .  From Camp Lake t h e  

w e s t - c e n t r a l  p o r t i o n  o f  t h e  c l a i m s  ( t h e  'Gossan P b u n t a i n '  arsa)  i s  a c c e s s a b l e  

by 4-whzel d r i v e  v e h i c l e  v i a  a b u l l d o z e r  t r a i l  e s t a b l i s h e d  i n  1973. Access 

t o  t h e  west  and n o r t h w e s t  p o r t i o n s  o f  t h e  claim b l o c k s  is  v i a  a l o g g i n g  

rond  up t h e  Commerce C r s e k  v a l l e y .  T h i s  r o a d  does  n o t ,  hcwevnr,  e x t e n d  

o n t o  t h e  main c l a i m  b lock .  A s e i s m i c  t r a i l  e x t e n d i n g  up t h e  Commarce Creek 

v a l l e y  from t h e  end o f  t h i s  l o g g i n g  r o s d  is  i m p a s s a b l e  a t  t h e  p r e s e n t  time. 
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EXPENOITUHLS 

Preliminary Scintillametor 
Survey: 2 men, 14 days, bi 4 175.tIO w q a o m  
Surwying:  2 w n ,  1P a y a ,  1 o t  .,I i75.IU 1 , 92s.,ttu 

1 at 9 75.uLI 825 00 

scintilloneter Survey: 
4 men, 12 days, 2 a t  CY 175.00 

2 75.00 

Travelline; 
2 men, G days, a 9 50.00 
4 men, 2 days, eel! ,i SC3.00 

T o t a l ,  114 man-days 

38 '3%, 18 Thoriihr. 2fl Cu, 2L Ag, 1Au 

food: 114 man-days, prv 010.00 per day 

Scintilla~aeter rentals, 2 h 5200,OU per month, 
1% asonths 

Power zllauta, 2 2 4 1-50 per day, 13 days 

camping equipment 

Mileage t 
trucks, 4,380 mflaa 4 $0.15 per mile 

dee;3, 1ZC miles i; ac1.25 per m i l s  

T o t a l  t 

TOTAL : 

500 OR 

39 0 uo 

175.i30 



CERTIFICATE 

I hereby certify that: 

1- I am a graduata o f  the University o f  Alberta (1969) with the 

degree o f  Bachelor of Science, in GEOlOgy. 

2- I am a member in good standing in the Association of Professional 

Engineers, Geologists, and Geophysicists of Alberta. 

3- The appended schedule of  costs is a true and accurate statement 

of expenditures undertaken in the dsscribed program. 

4- I personnally carried out  and supervised the program. 

5- I have an interest in the property. 

Certified at the hamlet of 

Waterton Park in the Province 

o f  Alberta this 19th day of 

July, 1976. 
I 

E.O.Goble, 

Geologist. 
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HISTORY AND PREVIOUS WORK 

P r i o r  t o  t h e  l o c a t i o n  o f  t h e  f i r s t  o f  t h e  p r e s e n t  Commerce Claims i n  

1967,  t h e  area had  been s t a k e d  s e v e r a l  times f o r  g o l d  i n  t h e  2 0 t h  C e n t u r y  

by C. Wise, L. Ashman, and F.M. Goble. C l a i m  p o s t s  f rom t h i s  p e r i o d  a r e  

still  p r e s e n t  n e a r  some o f  t h e  c u r r e n t  p o s t s ,  a s  a re  t h e  r e m a i n s  o f  s e v e r a l  

o t h e r ,  much o l d e r  c l a i m  p o s t s .  Two o l d  t r e n c h e s  have  a l s o  been  l o c a t e d .  

One o f  t h e s e  h a s  s i n c e  been o b l i t e r a t e d  by b u l l d o z e r  t r e n c h i n g  on S i l l  

Mountain. The o t h e r ,  on Gossan Mountain,  i s  s t i l l  v i s i b l e ,  n e a r  t h e  

l o c a t i o n  o f  a h igh  Au-assay (3.84 oz/Ton) t a k e n  i n  1972. 

The o r i g i n a l  45  Commerce Claims (Commerce 1-16, 19-39, 41-48) were 

s t a k e d  i n  1967 by F.M. Goble and R.J .  Goble, employeos o f  Kennco E x p l o r a t i o n s  

(Western)  L imi t ed .  Under an  agreement  between F.M. Gob le ,  R . J .  Goble  and  

Kennco E x p l o r a t i o n s  (Wes te rn )  L i m i t e d ,  these  claims were s o l d  on J u l y  9 ,  

1968 t o  t h e  Goble F e m i l y  (F.M. Goble,  L.E. Gable ,  D.F. Goble ,  E.O. Goble, 

R.J. Goble,  F.J. Gable) .  The Gobie Fami ly  a s s i g n e d  t h e  c l a i m s  t o  Goble 

E x p l o r a t i o n s  S y n d i c a t e  on September  25 ,  1969, which  i n  t u r n  o p t i o n e d  t h e  

claims t o  F a l c o n b r i d g e  Nickel Mines L i m i t e d  on J a n u a r y  2 ,  1970. T h i s  o p t i o n  

l a p s e d  and on December 29,  1971 t h e  claims were ass’igned by Goble E x p l o r a t i r n s  

S y n d i c a t e  t o  F r a n k l i n  Motel  Co. L t d .  On J a n u a r y  29 ,  1972 F r a n k l i n  Mote l  

Co. Ltd.  i n  t u r n  s o l d  t h e  claims t o  K i n t l a  E x p l o r e t i o n a  L imi t ed .  A t  t h e  

d a t e  o f  t h i s  r e p o r t  t h e  claims a r e  r e q i s t e r e d  t o  t h e  Goble Family.  

I n  March 1973 9 c l a i m s  (Commerce 50-57, 6 8 )  were s t a k e d  a d j o i n i n g  t h e  

o r i g i n a l  45 claims. A t  t h i s  time a s e p a r a t e  blcck o f  10 c l a i m s  (Commerce 

58-67) was s t a k e d  t o  t h e  n o r t h w e s t  of  t h e  o r i g i n a l  c l a i m  b lock .  An a d d i t i o n -  

a l  3 f u l l  (Commerce 69-71) 2nd 3 f r a c t i o n a l  (Commerce 72-74) c l a i m s  were 

s t a k e d  a d j o i n i n g  t h e  o r i g i n a l  45 i n  J u l y  1973. F i n a l l y ,  17 claims (Ccmmerce 
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75-91) were staked southeast o f  the original block in August 1973. Current 

claim boundaries are indicated on Figure 2. 

Exploration was carried out on the original 45 Commerce'Claims by 

Kennco Explorations (Western) Limited in 1967/68; by the Goble Family in 

1968/69, 1970/71, 1971/72; by Falconbridge Nickel Mines Limited in 1969/70; 

and by Kintla Explorations Limited in 1972/73. Several diamond drill holes 

were put down by the Goble Family but core recovery was poor  (F.M. Goble, 

pers. comm.) and no cores o r  logs are available f o r  these holes. Results 

o f  explorations carried out by Falconbridge Nickel Mines Limited in 1969/70 

are summarized in a report entitled "Record o f  Work on the Commerce Claims, 

Goble Family Option - Commerce Nos. 1-16, 19-39, 41-48. N.T.S. 82 G/IW, 

Lat. 49'09' - 49'12I, Long. 114c20' - 114°251, June - July 1970" dated 
February, 1971. Results o f  exploration carried out by Kintla Explorations 

Limited in 1972/73 are summarized in a report entitled "Geological Report 

on the Beth and Commercs Claims located 45 miles Southeast of  Fernie, 

49' 114' S.E." dated July 19, 1973. To the end o f  1972 exploration work 

totalling approximately $34,000.00 had been performed on the 45 original 

Commerce Claims. 
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REGIONAL SEOLOGICAL SETTING 

The Au/Ag, Cu/Ag deposits of the Commerce Mountain area occur within 

rocks o f  the Precambrian Lewis Series and within associated 'intrusive rocks. 

The Lewis Series, the local equivalent of the Purcell (Eielt) Supergroup, 

outcrops within the Lewis thrust plate, a sheet of gently folded, almost 

horizontal Precambrian strata which has been thrust over Paleozoic and 

Mesozoic formations ( s e e  Figure 3 ) .  Subsequent to movement along the Lewis 

thrust, the thrust plate has been folded into a series of en-echelon struct- 

ures  trending south to southeast (BOSTOCK et al., 1957). The dominant 

structure, the Akamina syncline, parallels the Purcell anticlinorium, 

formed west of the Rocky Mountain Trench (HUME, 1732). 

The Lewis thrust sheet is cut to the west by the Flathead fault, one 

o f  a set of listric normal faults formed after emplacement of the Lewis 

overthrust by "hack-slippage" along pre-existing thrusts during a phase o f  

post-orogenic uplifting !BALLY et al . ,  1966). The thrusting and subsequeat 

normal faulting occurred as part of the Laramide orogeny of the Middle 

Paleocene and Eocene, with movement on the Flathead fault continuing well 

into the Oligocene (JONES, 1969). 

The rocks of the Lewis thrust sheet are for the most part shallow- 

water, subaerial and marine quartzites, argillites, and carbonates with 

minor submarine lava flows and deeper water sediments. The stratigraphic 

succession as given by PRICE (1962) is shown in Figure 4. Deposition o f  

the Lewis Series occurred in a slowly subsiding basin o r  trough of relatively 

high stability. The rats sf subsidencE kept close pace with the quantity 

o f  supply, uith some localities exposed to subaerial conditions while othc-s 

were suhnerged bclow wave-base (REESOR, 1555?). Conditions such as this 
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(after PRICE, 1965). 
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Dior i tE :  s i l l s  a n d  dykes.  
GrEen a r g i l l i t e ,  s i l t s t o n e ,  s a n d s t o n e ,  
s t r o m a t o l i t i c  d o l o m i t e .  
Red s a n d s t o n e ,  
A r a i l l i t e ,  a r q i l l a c e o u s  s i l t s t o n e ,  

3500 + 
-- 

d o l o m i t e , .  d o l o m i t i c  s a n d s t o n e ,  I 1150 - 3000 
a n d  a r g i l l i t e ,  I 
Q u a r t z i t i c  8 d o l o m i t i c  s a n d s t o n e ,  
-- 
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~_-_______-__--__I 

8 d o l o m i t i c  a r g i l l i t e ;  s i l t s t o n e .  
A r o i l l a c e o u s  1.imestone d o l o m i t e ;  

-..-__-___I 
d 

I 500 - 4000 ssndy d o l o m i t e ,  a r g i l l i t e ,  8 

1500 + 
s t roma to1 . i t i . c  d o l o m i t e .  

a r a i l l a c e o u s  d o l o m i t e .  

---I__- 

Limes tane  8 d o l o m i t e ,  

FIGURE 4 :  STRATIGRAPMIC SUCCESSION - LEWIS SERIES 

( a f t e r  PRICE, 1962). 
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would o c c u r  on or  a d j a c e n t  t o  t h e  f l o o d  p l a i n  o f  a l a r g e  s u b s i d i n g  d e l t a  

(PRICE, 1964) .  

T h e r e  are  two d i s t i n c t  g r o u p s  o f  s t r u c t u r e s  w i t h i n ' t h e ' c l a r k e  Range 

(PRICE, 1962) .  The first o f  t hese ,  a s e r i e s  o f  t h r u s t  f a u l t s  (e.4. Lewis 

t h r u s t )  and  r e l a t e d  f o l d s  (e.g. Akamina s y n c l i n e )  is  g e n e r a l l y  c u t  by t h e  

second ,  a g roup  o f  younger  normal  f a u l t s  d i p p i n g  t o w a r d s  t h e  s o u t h w e s t  o r  

west (e.g. F l a t h e a d  f a u l t ) .  T h i s  nay r e p r e s e n t  l a t e  Mesozoic  and  e a r l y  

Tertiary t h r u s t i n g  f o l l o w e d  by l a t e  Te r t i a ry  normal  f a u l t i n g  (BRLLY e t  a l . ,  

1966). T h e  normal  f a u l t s ,  which a re  s t e e p  a t  t h e  s u r f a c e ,  a l s o  f l a t t e n  a t  

d e p t h  ( l i s t r i c  normal  f a u l t s )  a n d  may merge w i t h  o l d e r  t h r u s t  f a u l t s .  

t h i r d  se t  o f  n o r t h e a s t e r l y - t r e n d i n g  t r a n s v e r s e  f a u l t s  o c c u r r i n g  i n  t h e  

Clarke Range may have o r i g i n a t e d  a s  g r a v i t y  f a u l t s ,  whose o r i e n t a t i o n s  were  

c o n t r o l l e d  by t h e  a n i s o t r o p y  o f  t h e  basement  r o c k s  u n d e r l y i n g  t h e  r e g i n n  

(PRICE, 1967) .  

A 

.J 

' 

Two p e r i o d s  o f  P u r c s l l  p l b t o n i s m  w i t h i n  t h e  Lewis t h r u s t  s h e e t  t n o k  

p l a c e  a t  1560 - 1400 mil . l ion y e a r s  and  1110 - 1073 m i l l i o n  years  ( H U N T ,  

1962) .  

and  dykes  c o n c e n t r a t e d  w i t h i n  t h e  A l t y n ,  Rppekuriny, G r i n n e l l ,  a n d  Sj.yE:h 

Forma t ions ,  some o c c u r r i n g  a s  h i g h  i n  t h e  s t r a t i g r a p h i c  s e q u e n c e  a s  t h e  

P h i l l i p s  Format ion .  The second  o f  t h e  two p h a s e s  o f  i g n e o u s  a c t i v i t y  a l s o  

r e s u l t e d  i n  t h e  e x t r u s i o n  oP a n d e s i t i c  l a w a s  b e l o n g i n g  t o  t h e  t r a c h y b a s a l t  

f a m i l y  ( H U N T ,  1964) .  A t h i r d  p e r i o d  o f  i g n e o u s  a c t i v i t y  I e s u l t e d  i n  t h e  

i n t r u s i o n  cf l e u c o c r a t i c  a l k a l i c  i n t r u s i v e s  o f  C r e t a c e o u s  a n d / o r  T e r t i a r y  

a g e  (PRICE, 1462). 

These  gave  r i se  t o  Moyie-type c h l o r i t i z e d  d i o r i t e  and  d i a b a s e  s i l l s  

These  o c c u r  a s  nar row dykes  and i r r e g u l a r  anas t a rnos ing  

-\ s t o c k - l i k e  masses, t r a c h y t e  b e i n g  t h e  most cmrnon r o c k  t y p e ,  w i t h  a e g i r i n e -  
~.- auQite ai?ci a q i r i n e  t r a c h y t s s  and  s y e i i i t e s ,  I - a t i t e s ,  f c l s i t e s ,  and  i n t r u s i o n  
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b r e c c i a s  a l s o  being p resen t  (PRICE,  1962). I t  i s  t h e s e  younger a l k a l i c  

i n t r u s i v e s  w h i c h  are concent ra ted  w i t h i n  t h e  Commerce Mountain a rea .  
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GEOLOGY OF COMMERCE CLAIM BLOCKS 

Stratiqraphy 

The Commerce Mountain area contains outcrop of rocks o f  all formations 

from the Altyn to the Phillips (see Figure 5). 

contacts with sills and dykes, these rocks are unmetamorphosed. Details o r  

the local stratigraphy as mapped by EADHAM (1972) are given below. 

a summary of the local stratigraphic column see Table 1. 

Altvn Formation: 

Apart from the immediate 

For 

Approximately 1000' of dark fissile shales with dolomitic horizons 

outcropping to the south and west of the claims are assigned to the Altyn 

Formation. 

Appekunny Formation : 

The base o f  this formation is taken at the lower of two 50' thick 

distinct white sandstone bands which outcrop, 100' apart, to the south and 

west of the claims. These sandztcnes are overlain by about 2000' of grey 

and green fissile shales with occasional dolomitic horizons. There are an 

increasing numbclr of intercalated thin white sandstone beds towards the top 

of the formation. 

Grinnell Formation: 

The base of this approximately 2000' thick formation is markzd by the 

incoming of the first red bed, which conformably overlies the Appekunny. 

The lower part o f  the Grinnell consists of red silts and marls with huff and 

green horizons and very rare sar.dstone beds. The sandstone beds increase in 

number and thickness up the Srinnell, making up some 30% of the outcrop ir: 

the middle Grinnell and 50% of the outcrop in the upper 500' of Grinnell. 

The buff 2nd green horizcns in the l o u e r  Grinnell are not true beds, 



LITHCLOGY THICKNESS ( f e e t )  FORMATION 
PHILLIPS 

GATEWAY 

>5u - 
B u f f  s h a l e s  w i t h  c a l c a r e o u s  and  aPenaceous  h o r i z o n s .  
Red s i l ts  and s h a l e s  w i t h  s a n d s t o n e  l e n s e s .  S a l t  c a s t s ,  
r i p p l e  marks ,  s u n  c r a c k s  and  mud-f lake cong lomera te s .  
B u f f  l i m e s t o n e s  and  c a l c a r e o u s  s h a l e s  w i t h  good 

___ 
ilnner  s t r o m a t o l i t i c  h o r i z o n s  (hemisphe ro id -con t inuous  l i n k a g e ) ,  250 

SHEPPARD 

W C E L L  LAVA 

SIYEH 

- E R U y E L L  

-_r-- 

sun c r a c k s .  _____-- 
Plassive c h l o r i t i z e d  30 a n d e s i t e  f l o w  w i t h  up t o  50% 

f i l l e d  v e s i c l e s  i n  t o p  5' .  - 
areen  s h a l e s  and  b u f f ,  c a l c a r e o u s  s h a l e s  w i t h  

Lower I t h r e a  d i s t i n c t i v e  2 '  t h i c k  q u a r t z  g r i t  b e d s ,  c o n t a i n i n g  70 
f r 2 n m p n t . s  n f  n r e e n  s h a l e  and c h l o r i t i z e d  a n d o s i t e .  -. I cn _ _  - .  

t lows. ;1U 

f l o w  t o p s .  T h i n s  t o  n o r t h .  100-25U 

and v a r i o l i t i c  h o r i z o n s .  50-100 

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

s t r o m a t o l i t i c  d o l o m i t e  ( p a r a l l e l  t o  hemisphe ro id -con t inuous  
l i n k a q e )  n e a r  t h e  t op .  Dolomi tes  c o n t a i n  ' h e i r o g l y p h '  and  

p a l e  . s a n d s t o n e s  and  d o l o m i t e s .  A 30' 

t o o t h '  p a t c h e s  o f  l i m e s t o n e .  I 
b l ack -g rey  d o l o m i t e s ,  s h a l e s  and  

Well-bedded,  w i t h  s p a r s e  s a n d s t o n e  4 5 0 0  
g n i t s  n y m , h e  h a s e ,  c o n t a i n i n q  pv r i t e  mic ronodu les .  
I n t e r b e d d e d  r e d  500 s i l t s  and  s a n d s t o n e s  w i t h  s i l t  c l a s t s .  

i n  6" t o  3 '  beds.  
s i l t s  and  m a r l s  and  s a n d s t o n e s ,  5oo-750 

500-750 
i n  1" t o  12" beds.  

Red m a r l s  and  s i l t s  w i t h  s p a r s e  g r e e n  s i l ts  and  I" t o  6" 

i n t e r b e d d e d  s a n d s t o n e s ,  w i t h  t h e  
i n c r e a s i n q  toward  t h e  t o p .  

and  g r e e n  s h a l e s ,  s i l ts  and  

N ~ O O  

350 

200-400 

2100-2151 

Lower l o c c a s i o n a l  l ' l ags .  The h a s e  i s - t a k e n  a t  t h e  lower  o f  two I 

1500-2001 

TABLE 1 : STRATIGRAPHIC COi lJElN - COMMERCE CLAIM BLOCKS 

( a f t k r  BADHAM, 1972). 

2000 ! A ~ P E W N N Y  
' Q 

50'  d i s t i n c t i v e  w h i t e  s a n d s t o n e  beds, ~ 1 0 0 '  a p a r t .  <: 
;1 I 

>I000 
___ ._- I! ALTYN Buff and g r r i . n  s h a l e s  and  d o l o m i t e s .  

I 

2 
N 

I 
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b u t  have deve loped  a r o u n d  t h i n  beds  and  lenses  of c o a r s e r  s i l t  a n d  s a n d s t o n e ,  

presumabiy d u r i n g  p o s t - d e p o s i t i o n a l  ground w a t e r  p e r c o l a t i o n .  T h e  sand-  

s t o n e s  are  n o t  homogenous a l o n g  s t r i k e  b u t  wary f rom pufe t o  ' d i r t y ' ,  f rom 

massive t o  l a m i n a t e d  t o  c ros s -bedded ,  and  f rom empty t o  s h a l e  c l a s t  b e a r i n g .  

I n  t h e  lower  and  midd le  G r i n n e l l  ( a c t u a l  b o u n d a r i e s  are n o t  d e f i n e a b l e )  t h e  

s h a l e  c l a s t s  a r e  u s u a l l y  g r e e n ,  b u t  g r e e n  and  r e d  ones  become n ixEd  i n  t h e  

upper G r i n n e l l .  

The sil ts  c o n t a i n  r i p p l e  marks, s u n c r a c k s  and  mud-f lake c o n g l o m e r a t e  

h o r i z o n s .  T h e  s a n d s t o n e s  a r e  o f t e n  c r o s s - b e d d e d ,  have  r i p p l e d  and  s c o u r e d  

b a s e s ,  and  c o n t a i n  s h a l e  c las t s .  T h e  r o c k s  w e r e  d e p o s i t e d  i n  p a r t  i n  v e r y  

s h a l l o w  w a t e r  and  i n  p a r t  s u b a e r i a l l y .  

d e p o s i t s  o f  a d e l t a i c  f l o o d p l a i n ,  w i t h  t h e  s a n d s t o n e s  r e p r e s e n t i n g  p e r i o d i c  

c h a n n e l  s p i l l s  (BADHAM, 1972) .  

S i y e h  Format ion:  

T h e y  a r e  i n t e r p r e t e d  as  b e i n g  t h s  

The b a s a l  10OO1-150O1 o f  t h i s  f o r m a t i o n  c o n s i s t  o f  we l l -bedded ,  b u f f -  

w e a t h e r i n g  g r e y  and  b l a c k  s h a l e s  and d o l o m i t e s ,  w i t h  s p a r s e  s a n d s t o n e  beds .  

The b a s a l  sha les  and d o l o m i t a s  a r e  o v e r l a i n  by a p p r o x i m e t e l y  400'  o f  

i n t e r b e d d e d  d o l o m i t e s  and  s a n d s t o n e s .  

( h e m i s p h e r o i d  t o  p a r a l l e l ,  c o n t i n u o u s  l i n k a g e ,  i n d i c a t i n g  j u s t  s u b - t i d a l )  

and  o f t e n  c o n t a i n  i n c l u s i o n s  o f  g r e y  l i m e s t o n e  w i t h  'mo la r  t o o t h '  

(DALY,  1912)  and  h e i r o g l y p h  s t ruc tures .  These a r e  i n t e r p r e t e d  p a r t l y  a s  

The dolomi ' tes  a re  o f t e n  a l g a l  

b r e c c i a t e d  f r a g m e n t s  of  a l g a l  mat and  p a r t l y  a s  s o f t  s e d i m e n t  b r e c c i a t i o n  

d u r i n g  compact ion  and  c e m e n t a t i o n  (ADSHEAD, 1963) .  Towards t h e  c e n t r e  o f  

t h e  midd le  S i y e h  a 50' t h i c k  a l g a l  d o l o m i t e  i s  a d i s t i n c t i b e  marke r  and  

towards  t h e  t o p  t h e r e  i s  a n o t h e r  such d o l o m i t e ,  30' t h i c k .  The d e p o s i t i o n a l  

envi ronmnnt  is  i n t e r p r e t e d  3s hzwing beer! c h i l l o w  l e g o o n a l  (aADhAY,  ?S72) .  
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The upper S i y e h  c o n s i s t s  of 200'-250' o f  w e l l - b e d d e d  f i s s i l e  a r g i l l i t e s  

a n d  a r e n i t e s ,  w i t h  g r e e n  a n d  g r e y  s h a l e  b e i n g  t h e  d o m i n a n t  l i t h o l o g y .  

Pu rce l l  Lava: 

Between 200' a n d  kG0' o f  p i l l o w e d ,  massive a n d  ves i cu la r  g r e e n  t o  

p u r p l e  a n d e s i t i c  f lows ( b a s a l t i c  a n d e s i t e s  a n d  t r a c h y b a s a l t s )  o v e r l i e  t h e  

S i y e h  w i t h  c o m p l e t e  c o n f o r m i t y .  The f l o w s  t h i n  t o  t h e  n o r t h .  The  v e s i c l e s ,  

w h i c h  may b e  r o u n d ,  e l l i p s o i d ,  amoeboid  o r  t u b u l a r  a n d  b r a n c h i n g ,  are  f i l l e d  

w i t h  c h l o r i t e ,  q u a r t z ,  a n d  c a r b o n a t e  a n d  c o n t a i n  rare  s p e c k s  o f  p y r i t e  a n d  

c h a l c o p y r i t e .  L a r g e r  vug c a v i t i e s  a re  l i n e d  w i t h  q u a r t z  a n d ,  o c c a s i o n a l l y ,  

p y r i t e .  

water a n d  s u b a e r i a l l y  (BADHAM, 1972). 

S h e p p a r d  F o r m a t i o n :  

The  l a v a s  a r e  i n t e r p r e t e d  as b e i n g  e x t r u d e d  b o t h  i n t o  s h a l l o w  

The a p p a r e n t  t h i n n i n g  o f  t h e  P u r c e l l  Lavas, a n d  t h e  p r e s e n c e  o f  v o l c a n i c  

f r a g m e n t s  i n  q u a r t z - g r i t  b e d s  i n  t h e  b a s e  o f  t h i s  f o r m a t i o n  t e . s t i f y  t o  

u n c o n f o r m i t y  h e r e ,  shown a s  a d i s c o n f o r m i t y  i n  t h i s  area,  a n d  r e p r e s e n t i n g  

. small t e c t o n i c  a d j u s t m e n t s  t o  t h e  v o l c a n i c  e v e n t .  

T h e  b a s a l  S h e p p a r d  c o n t a i n s  t h r e e  d i s t i n c t  q u a r t z - g r i t  b e d s ,  i n  70'  

o f  s h a l e s  a n d  c a l c a r g i l l i t e s .  A 30' t h i c k  f l o w  a n d  s e t  of f l o w s ,  i n d i s t -  

i n g u i s h a b l e  f r o m  P u r c e l l  Lava i n  t h e  f i e l d ,  o v e r l i e s  t h e s e ,  a n d  i s  i n  t u r n  

o v e r l a i n  by 250' o f  s t r o m a t o l i t i c  d o l o m i t e s  ( j u s t  s u b t i d a l )  a n d  c a l c a r g i l l i t e s ,  

r e p r e s e n t i n g  a r e t u r n  t o  l a g o o n a l  c o n d i t i o n s  (BADHAM, 1972). The t o p  o f  

t h e  l a v a  f l o w  is r o p y  a n d  s c o r i a c e o u s .  

Gateway F o r m a t i o n :  

300' o f  r e d  s i l t s t o n e  w i t h  s h a l e  a n d  s a n d s t o n e  h o r i z o n s  overlie t h e  

S h e p p a r d  c o n f o r m a b l y  a n d  r e p r e s e n t  t h e  r e t u r n  of d e l t a i c  c o n d i t i o n s  (BADHAM, 

1972). The  i i n i t  is t y p j f i ? d  by r i p p 1 . e  m a r k s ,  s u n c r a c k s ,  m u d - f l a k e  conglom-  
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erates  a n d  s a l t  casts.  

P h i l l i p s  F o r m a t i o n :  

50' of b u f f  s h a l e s  o v e r l y i n g  t h e  Gateway F o r m a t i o n  t o  t h e  s o u t h e a s t  of 

t h e  claims a re  a s c r i b e d  t o  t h e  P h i l l i p s  F o r m a t i o n .  

S t r u c t u r e  

The  r o c k s  u n d e r l y i n g - t h e  Commerce area are  f o l d e d  o n  an e a s t e r l y -  

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  a n d  o p e n  s y n c l i n e s  ( F  ) ( s e e  

F i g u r e  5),  w h i c h  a r e  s e v e r e l y  d i s c o n t i n u o u s ,  a n d  occur m a i n l y  i n  t h e  o u t c r o p s  

of t h e  G r i n n e l l  F o r m a t i o n .  A s s o c i a t e d  m e s o - d r a g - f o l d s  are p r e s e n t  i n  a l l  

f o r m a t i o n s .  L a r g e  o p e n ,  n o r t h e r l y - t r e n d i n g  f o l d s  (F 1, r e l a t e d  t o  t h e  

Akamina s y n c l i n e ,  h a v e  r e f o l d e d  t h e  F., s t r u c t t i r e s  s o  t h a t  t h e y  h a v e  a d o u b l e  

p l u n g e .  F d r a g  f o l d s  a re  o n l y  common near  t h e  c res t s  o f  t h e  F a n t i c l i n e s .  

Good n u n - p e n e t r a t i v e  F,, a n d  Fz c l e a v a g e s  a r e  d e v e l o p e d  i n  t h e  a x i a l  

1 

2 

2 2 

r e g i o n s  o f  h o t h ' F 1  a n d  F2 f o l d s  w h e r e  two e a s t e r l y - p l u n g i n g  F 

t h e  o u t c r o p  o f  t h e  Appekunny F o r m a t i o n  o n t o  t h e  western Commerce Claims. 

The a x i a l  p l a n e s  o f  F1 d r a g  f o l d s  h a v e  b r o k e n  o c c a s i o n a l l y ,  a l l o w i n g  small 

' f a u l t s '  t o  d e v e l c p .  O v e r a l l ,  h o w e v e r ,  f a u l t i n g  is  v e r y  m i n o r ,  m o s t  o f  t h e  

r e c o g n i z e d  f a u l t s  b e i n g  j o i n t  p l a n e s  a l o n g  w h i c h  m i n o r  a d j u s t m e n t s  h a v e  

o c c u r r e d .  

f o l d s  b r i n g  1 

I n t r u s i v e  Rocks  

The  t o p  o f  t h e  m i d d l e  S i y e h ,  t h e  upper S i y e h ,  t h e  P u r c e l l  L a v a s ,  a n d  

t h e  l o w e r  S h e p p a r d  a r e  i n t r u d e d  by numerotis d y k e s  a n d  s i l ls  o f  d i a b a s i c  t o  

d i o r i t i c  c o m p o s i t i o n .  The z o n e  o f  m a j o r  i n t r u s i o n  s t r e t c h e s  f r o m  N o r t h  

R i d g e ,  t h r o u g h  G o s s a n  M o u n t a i n ,  t o  A n d r a d i t e  M o u n t a i n ,  w i t h  t h e  m a j o r i t y  
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of sills and dykes occurring in the top 400' of the Siyeh Formation. 

sills and dykes as mapped by BADHAM (1972) are described individually in 

Table 2 and are numbered, o r  lettered, on Figure 5. 

The 

Most of the sills are plagioclase-hornblende porphyritic diorites. 

The texture is generally diabasic, but patches of pegmatitic plagioclase 

are common. The sills are characterized by abundant amphibolitized 

xenoliths, chilled margins, baked host rocks at the contacts, and late 

magmatic segregation pods, veins and dykes. Nodules containing olivine, 

plagioclase, and pyroxene have been noted. H-feldspar and quartz-bearing 

pods occur frequently and the late magmatic dykes and veins are occasionally 

H - f e l d s p a r - h o r n b l e n d e - b i o t i t e  porphyritic, but are more generally pink and 

aplitic. Local segragation pods of biotite were  observed in the thicker 

sills, and late dykes of fine quartz-feldspar with large blehs of golden 

mica (phlogopite ?)  have been noted. 

The sills are not strictly stratabound but j m p  on joint planes, 

have apophyses and offshoot dykes and sills, and may bifurcate and rejoin. 

They are frequently both fed by and cut by dykes of identical texture and 

composition. No intrusives have been noted below a more diabasic sill 

(sill # 14 - see Table 2) outcropping in the middle Siyeh. 

Only one sill (sill # 11) is ascribed to the Precambrian periods o f  

intrusive activity, the remainder represent a period of late Cretaceous 

and/or Tertiary intrusive activity. The texture and mineralogy o f  the diorites 

suggest that they were intruded at fairly low temperatures, at shallow 

depths and under hydrous conditions (RADXAM, 1972). 



SILLS 
7 

SILL M. THICWNFSS ( f t l  OESCR1PISON 

- 17 - 

1 
2 

s 
b 

I 
6 

9 

' 8  

9 
10 

11 

12 

13 

l b  

1s 

10 
10 

10 
10 

15-20 

5-10 

3-10 
5-10 

)103 

10 

10 

10 

U n n l n s r e l l z a a  u d l u - p r a l n s d  d l o r l t e .  
'5111 m u n t a l n  5111'. Mnatly grsy, unmln- 
a r a l l z r d  d l o r l t n ,  aut c o n t a l n a  pegnatltlc, 
q u a r t z - r l c h  e n d  6 - f o l d a p a r - r l c h  pa tch08 
4nd late d y k n l a t a .  I h s  b a a 1  n t o p s  nnar 
the P u r c a l l  Leva-Sneppnrd con tac t ,  ma 
C o n t s l n l  many l a r g e  b l o c k 8  or Shoppdrd 
IPdlment. Tha eouthern c o n t a c t  d t h  tho 
P u r c s l l  ~ a v e  i a  wll expaned w l t n  t h e  l a v a  
l n p r s g n a t e d  u l t h  15-2uX a u l p n l d s  (Py>Po>Cp). 

U n m l n s r e l l z e a  a l o r l t e .  ma by dyke (a). 
Unlforn  d l o r l t n  0111. U n n l n e r a l l r s a  i n  
l t a  e a s t e r n  outcrop, but o n  Gossan Uaunta in  
c o n t e l n s  u p  t o  5% PyZPo. 

l n e n t e  lnprmgnatad  u l t h  Py. 
S l m l l e r  t o  (4).  

O l o r l t e .  
are u e l l  c l n e r a l l z e d .  O i l  Gosean m u n t e l n  
tho t u l p h l d e a  c o n c e n t r o t s  up t o  5% I n  tho 

n a r g l n a  of t h e  8111, and  drop  t o  YIX i n  
tho c e n t r a l  p o r t l o n i .  PyWo.  
Yery l r r a g u l a r  a l o r l t o .  5-10% Py>Po 

rhroughout  i ts  outcrop. I n t r u d e s  thd n l d -  
610 t o  u p p s r  S l y e h  c o n t n c t  end has a p a r e s  
b l o c k s  o f  a t r o m a r o l l t l c  a o l o m l t s  caught  up 

I n  l t a  base. l h e  c h e l e a  B ~ O Y B  arn wll  

u e r n  ObSOCwed be lou .  
D l u r l t a .  
o u l p h l d e  i n  aouthern outcrop. 
S l m l l s r  t o  (a). 
E t m i l e r  to ( 8 ) .  

on R n d r a d l t u  E o m t n l n .  Surroundlng rocka  
n o t  a l n e r n l l z e d .  (103) end (1Cb)  eppaar  
t o  be b a r r e n  c o n t l n u n t l u n s  of  (10). 

%nt:y g r e y  a l o r l t e  but 0 1 t h  v a r y l r q  
toature and g r a l n  a l r r .  tiedwlly s h e n r s d  
i n  p l a c e s  w i t h  t h e  ahear pleras heawlly 

1s a p a l y p h a r s  mlrture, of  o lor l tn  and 
r y s n l t n  at  lsat l t  300' thick. I t  16 full 
of mpldot lzed  stleare h6re and h8I many 
dykna and  v e l n s  sx tendln ; )  updaro from 1t. 
A l l  t h e  rock0  above I t  o r 4  h l s n c h e d  but 

thsy  1 r n  u n a f f o c t n d  5 '  b u l w  1:. Lmnln- 
srollzaa. 
U e l l - a l n e r a l l z a d  d l o r l t e  a l l l .  
Cut by wsrtlcel, m l n u r n l l z o d  dykna. 
' P u r c e l l  Sill'. C N n l n e r a l l z o o  d l Q r l t 0  9111. 
Appiara  t o  D1furc:nte I n  Shapparc l lmentanca .  
Olsbars. ma'  b n l o ~  ( ' , i ) .  Seuimunta blae- 
chnd for  20' on s u c h  o l d e .  S e d l n e n t s  and 
0111 umlnsrn1:zea .  

fed by dyka (0). 

Surroundlng  aaa- 

The a l l 1  and  O u r r O u n d l n ~  a e a l a e n t s  

8 l n m r s l l z a d  4 t h  p y r i t e .  ?do 8trlphlCda 

Very small p a t c h e s  of  up to  1% 

M l n e r s l l z u d  wl th  1% p y r l t a  

OpldOtlZsd. Beneath North  Rldqa tne 1111 

. 

i n d  by and 

DYKES - 
D W  NO. THICMNESS ( f t )  DESCRIPTION 

I 20 U M l n e r a l i z s d  a i o r i t m  l i e d e r  dyks  t o  a i l l a  
(2) and ( 3 ) .  

a 1 P i n k l s h ,  t r a c h y t l c ,  eysqite dyke. 
U r u l n e r e l l z e a .  

mice end e p a r s a  p y r l t s .  
c 2-5 Q u a r t z - f s l d s p s r  dyka w i t h  b l u b a  of g o l d e n  

d 2-5 Slmllar t o  (c ) .  

f 1-10 D l o r l t e  w l t h  1-3% p y r l t e  and  p y r r h o t l t s .  

0 5-10 S l m l l a r  t o  ( f ) .  

8 I D l o r l t s  d t h  1% p y r l t s .  

Haat of l t s  o u t c r o p  l e  i n a c c e s s i b l e .  

h 5-10 Similar t o  0) .  
J 3 
k 2-5 

m 2-5 
n 2-5 
P 2-5 
9 2-5 
r 2-5 
a 2-5 
t 2-5 
U 2 

Y 1 
Y 5 

Unmlnerallz 'dd d l o r l t n .  
( k ) ,  (m), (n), ( P ) ~  ( q ) ,  (r), ( a ) ,  ( t ) ,  
form complex n o t w r k  of  w e r t l c a l  dyke8 
of ull n l n e r e l l z e d  d l o r l t e .  M l n e r e l l r a t l o n  
from S 3 X .  P y r i t e  and  p y r r h o t l t e  waris3 

l a t e r a l l y  and  1s g m e r a l l y  lower  i n  tne 
c e n t r a l  p o r t l o n e .  
Sen (k). 
Sou (k). 

Son (k), 
See (k) .  

See (k). 

Ses (k). 
bar tZ-fO)dGpOr d ikE L i t n  b l e m  of goldan  
mlce  a n d  aparsn p y r l t o .  
Bar ron  r lne-Gra lned  o l o r l t s .  
Discont lnuoun b a m l t r a c h y t l c  a y a n l t e .  
U n m l n s r a l l r s d .  

SEE ( k ) .  

I n  e a d l t t o n  t h r  anctlon from Gosvnn h u n t s i n  to Nor th  Rldqe, ebovs  
tha 100' r i l l ,  l a  ?aced by a cornp:nx n e t w r k  o f  r h l n ,  u n v l n e r a l l z n d  
dykaa, ti111e and  v e l n i  i n  t h a  ao lnmi tne  and  sand9tones .  

'I NC). 593g 
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Mineralization 

Economically significant mineralization within the Commerce Mountain 

area is of three types: (1) Cu/Ag within the sediments, (2)  Cu/Ag within 

quartz-carbonate veins, ( 3 )  Au/Ag within the dioritic intrusive rocks. 

Sulphides within the contact zones surrounding the intrusives may carry 

gold values but are treated in the third group. Many of the intrusives 

carry minor chalcopyrite and/or galena but this mineralization is not 

economically significant. 

Sediments 

Altyn Formation: 

Many of the bedding planes in the shales are covered.in a thin plating 

o f  pyrite, but no other minerals have been noted. 

Appekunnv Formation: 

Pyrite occurs as thin smears on joint planes in the shales 2nd pyrite 

and hematite blebs are present in some of the u p p e r  sandstones. No copper 

minerals have been noted. 

Grinnell Formation: 

Secondary hematite is common in many of the sandstone beds, usually 

crystallized from primary detrital iron oxides, the lag concentrates on 

cross-bed foresets. Pyrite occurs less frequently in the sandstnne bedz, 

usually as small blebs disseminated amongst the quartz grains, and as partial 

replacements of green shale clasts. 

The copper minerals bornite, covell.ite, chalcocite, and chalcopyrite, 

with secondary malachite and, rarely, azurite are found in somF of the 

sandstone beds. The copper mineralization is confined to the 'dirty' and 

clast-bearing portions of  the sandstone b e d s  and has occasionally heen 
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noted in the surrounding shales. The sulphides occur as disseminated blebs, 

o r  as partial o r  complete replacements o f  green shale clasts. No copper 

mineral has been seen replacing a red shale clast, and only very rarely are 

copper minerals seen in sandstone beds containing red clasts. 

Each showing o f  copper mineralization in the Grinnell Formation is 

detailed in Table 3 and loca-ted on Figure 5. 

Siyeh Formation: 

Sandstone beds near the base o f  the Siyeh Formation contain grains o f  

pyrite and, within 30' of the base, one bed has about 5% micronodules of 

pyrite. Dolomites within the basal 500' o f  the formation have been observed 

carrying minor galena and-sphalerite. 

Purcell Lava: 

Specks of pyrite and chalcopyrite occur within vesicles within the 

lavas. Larger vug cavities are occasionally lined with pyrite. No primary 

mineralization has been seen in the matrix of the rocks. 

Sheppard Formation: 

Mineralization within the Sheppard lava flow is similar t o  that within 

the Purcell lavas. No mineralization has been observed within the ShepparZ 

sediments. 

Gateway Formation: 

No copper mineralization has been observed within the Gateway sediments. 

Phillips Formation: 

Two 6-8' dolomites carrying very fine-grained hornite, covellite, 

hematite, and malachite occur approximately 133 stratigraphic feet apart 

in the southeast Commerce area ( s e e  Figure 5). 
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DESCAIPlION 

f h l n l y  bedded ((12.) aandatonaa  Csrry b O m l t 0 ,  M l a c h l t 6 t ,  M d  h s m a t l t e ,  b o t h  r e p l a c l n p  green mhale c l a a t a  In  t h e  eandatona  u n l t a  
M d  18 d l s a e m l n a t e d  b l s b a  I n  the aandatonea .  
t h e  eandstonm bsda ,  but l e  W L  c o n t l w o u e  i l m g  t h a  bed, o c c u r r i n g  o n l y  over aome f l w s  yarda  a l o n g  mtr lkn .  

Ths DOFnlte l a  c l e a r l y  n o t  a prlmary a l n a r a l .  Copper n l n e r a l l t a t l o n  l a  conPlned  t u  

Slnllmr t o  (A) .  

5% b o r n l t a  4 t h  O l m r  h e m a t i t e  16 round r e p f a d q  g r e e n  * h a l l  ClOatS i n  0 2' eondstonm bed a b o u t  150 a t r a t l g r e p h l c  ? s e t  above ths 

b r e a  a? t h a  G r l n n e l l .  400 a t r a t l g r e p h l c  f e a t  B ~ X V R  the P ~ B B  t h l n  aBnd8tOrieS (2-20.) occur IIpprOXlmdtely every  5 '  i n  r e d  s h a l e s .  
mnd a m a l l  p a t c h e a  ( n o t  lrCeedlrlg 2%) of  c h a l c o p y r i t e ,  b o r n i t e ,  c o w e l l l t e ,  eh3lcoclts, t s t r a h e d r l t e  (? ) ,  and p y r i t e  a r e  preoent I n  
n l n e  o r  t h e s e  beds.  About 1500 a t r a t l g r s p h l c  f e e t  U P  l n t u  tha G r l n n e l l ,  f l v e  bade (12-18') c o n t a i n  up t o  5% c h a l c o p y r i t e ,  p y r i t e ,  
a n d  b o m i t e  o n  t h s  Edge0 OF groan  ehale  c l a s t e  and a s  d loscminatud  blebo. I n  a l l  m l n e r a l l t a d  s a n d e t a n e e  t h e  BulPhldeS B ~ R  p r a v e n t  
i n  t h e  ' d l r t l e r '  (1.e. grea te r  011: c o n t e n t :  8mcjtorw beas*  nnd where t h e m  becams ' c l e a n e r '  l a t e r a l l y  t h e  p r o p o r t i o n  o f  s u l p h l d a  
dECrea0KS. S u l p h l d e s  are c o n i l n e d  t o  t n e  e a n a s t o n e e  end  do n o t  p e r e l s t  i s r e r a l l y  for  more then 300'. 

n a l a c h i t a  and aperee c h o l c o p y r l t e  o c c u r  G en 11' s e n d s t o n e  60' f r o m  t h s  t o p  or t n a  G r l n n e l l .  
m l n o r . n a l e c h l t e  end  chaicapyrlte are p r e s e n t  i n  t h s t o p  400'  o f  t h e  formation. 
mar len  of  t e n d s t o n e  beds ContalnR n a l a c h l t e ,  b o r n l t r .  c h a l c u p y r l t e ,  cnalc .oLi ia .  and p y r i t e .  
24% copper e u l p h l d a a  c o n c e n t r a t e d  in s h a l e  c l a s t s  and s h e l e y  l e n a r 3 .  
cha lCOpyr l t0  and b o r n l t a  I n  l e n e e a  and  pods. 

TW o t h e r  minor b e d s  K6.1 w i t h  
d o p r o x l n a t e l y  400-5Un' from t h n  t o p  a 20' th ick  

Iha t h i c k e s t  bed ( ? - 5 ' )  ContalnR 
Belou t h i s  bed 5 t h l n  eandatone  b e d s  c o n t a i n  b l e b s  o f  

A a m a l l  l e n s  of  copper m l n e r a l s  (main ly  c h a l c n p y r l t e )  o c c u r s  over 3' I n  two a d j o l n l n g  6. thlCk beds. 

In t h e  middle  G r l n n e l l  tw 5andatone  b i d e  carry c h a l c o p y r i t e  Bnd molachl to .  
Tho aecond i s  e p p r o x l m r t e l y  f' t h l i k  a n c  i e  s*poerd f o r  E ~ - ? x I '  sn a c ip-s inpe.  

to fl, c u t  t h o  rock a n 3  bGth thew end t h e  brdd:ng p l a n e s  a r e  C O w r r R d  I r i  c t l d ? c o p y r l t a  oqd m a l a c h i t e .  
p y r l t e  and c h a l c o c l t e  (7) o c c u r  I n  the  bed. 
.InetallZEd OVEI l t a  u h o l e  c u t c r o p  h e r s ,  In the core or  en  f ,  s y n c l i n e .  

The f l r e t  is  6. t h i c k  and (1% Cp l a  p r e s e n t  over 3'. 
%idl u a r t i c r r l  q u s r t r - f i l l e d  p i n t s ,  p a r a l l e l  

O l s s e m l n s t c d  b l ~ ~ e  or c n a l c o -  
Tbs j o l n t l n g  hds s t e p p e d  t h e  bed glwlnQ an  i l l u s i o n  o f  greater t h l c h n r a s .  The bed :E 

lhe f o u r t h  eands tnnu  (12.) rros thu t o p  a? t h e  rldge conta:ns grban and r e d  e h a l e  c l a s t s  and has b l e b a  and smears o r  c n a l c n c l t e  
8t between 3 and  5% p r e e s n t  ower i t s  w r . 0 1 ~  o u t c r a j .  
over 3' .  

The t h l r t e m t h  nanddtone  from the t o p  l e  6. t h i c k  and  c o n t a l n a  1% chalcnclts 

Q u a r t z - e l d a r i t m  u a l n a  U P  t o  3' l n  k l d t h .  c e r r y l n p  c u n c a n t r a t l o n a  or t a t r a h o d r l t s ,  c r ~ a l c o p y r i t o ,  p y r i t e ,  n n l a c h l t e ,  and  aZUri tE ,  
o c c u r  I n  minor f a u l t a  I n  t h e  corsa o f  tun t l g n t  a n t l c l l n o a .  Tho Grlnnall rocks a r e  
Dleached f o r  up t o  150' rrom t n 6  uelna.  eandetons beds u l t h l n  t h e  b lcacned  zone c o r n o n l y  c n n t a i n  c o p p e r ,  i r o n ,  end l e a d  a u l p l ~ l d e s  
b u t  t h e  m l n ~ ~ a 1 1 2 e t l O n  does not  P e r Q l n t  l a t e r a l l y  beyono the a l t e r e d  zone. Dn t h o  south elae O F  t h e  routhmoet  v c l n  t h r e e  copper-  
br i r r lng  e m J ~ t o n r - a r g l l l i t e  u n l t s  o c c u r  and  p b r e i f i t  f o r  Y V  t o  50' Pran tna weln. T:lssb c u i ~ t o i n  0 1 5 8 m l n a t n d  blPba o f  c h s l c o c i t e  
end  C h s l C O p v r l t ~  UP t o  3% I n  c o n c e n t r a t i o n .  50' to  t h e  n o r t h ,  i n  t h e  r u s t y  z o n ,  18 beds o r  Bate  o f  beds ( 3 9 - 5 1 )  c o n t a i n  c h a l c o -  
pyrl tm,  5 o i n l t s  E P ~  m a l n c h i t e .  The l o v o r  n l n e  have betumn YX and 5% of  c h c l c o c l t e  bleoa,  a black  a o f t  m l n e r a l  eneilred a r o m d  
q u a r t z  g r e l n a  ( t e t r a h o d r i t e  7), end some c h n l c o p y r l t s  a11ECks. In t h e  v p p r  n l n n  bads t h e  proportiun o f  ctta!copyrlte i n c r e a s e s  
rha-p ly  .at tho o x p e n s ,  o r  t>n oLlwr m l n o r a l o ,  kOc.Flng I I  concontre.t lon GI 1-Si Kulphldoa. 
Threa n l n e r a l l z e d  bed8 dJ n o t  p a r e l e t  laLern!ly,  bu t  fede o u t  by thu  Hnd or  tns b l e a c h e d  ronu. 

Smal l  omounta D ?  g a l e n a  hnva a l e o  been n o t e d .  

f l a l e c h l t e  and azurite eve uel). deuolcped.  

Tha top 600' o r  C r l n n o l l  c u n t e l r a  t h r r e  sandstones (2-3') w i t h  mlnilr &8yr l t s ,  m a l s c h l t e .  c n e l c o p y r l t a  (up t o  YD;). 

1500' s o u t h  O r  ( 1 0 .  

one  6' u l t h  c h s l c o c l t o ,  b O m l t Q ,  na1a ;h l te ;  ona 8' u i t h  spfirea c h a l c o p y r i t e .  
t h e  l n t c r v e l  5CU-€00' f rom t h e  t o p  of  t h e  G r l n n e l l ,  t o t e l l l n g  138' (P'-S' each  bed).  
c h a l c o c l t o ,  c o v e l l l t e ,  b a r n l t u ,  m a l r c h l t e .  

Foirr c c p p s r - b r n r l n q  aOndStOnEG o c c u r  I n  t h a  t o p  53C' o? G r l n n s l l :  t- 2-4' c l t h  c h o l c o p y r l t e ,  m a l u c h i t e ;  
f i l n e t c e n  copper -ooar ing  s s n d b t o n a r  are p r e s e n t  I n  

These bsda carry p y r i t e ,  c h a l c o p y r i t e ,  

One bur? uoathsPi r ly  bed o u t c r o ~ s  w l t h  81 8-12' e e r d e t o n s  bud l n  t h a  Cenrsr  c a ? r y l n g  abundant  b o r n l t a ,  cha lco : l ta ,  C J v e l l l t s ,  mala- 
c h l t e .  The bed hos been t r e c e d  ( u l t h  m i n e r a l l z a t l o n )  f o r  200' n o r t h  and i n t e r m i t t u n t l y  fo r  2~00' eouth .  
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Veins  

On t h e  west face o f  F a u l t  M o u n t a i n  t h e  G r i n n e l l  F o r m a t i o n  h a s  b e e n  

f o l d e d  i n t o  two t i g h t  a n t i c l i n e s  (see F i g u r e  5). The c r e s t s  of t h e s e  a n t i -  

c l i nes  h a v e  c r a c k e d  a n d  a l l o w e d  d i l a t i o n  a n d  m i n o r  f a u l t i n g .  Q u a r t z  h a s  

b e e n  r e m o b i l i z e d  from t h e  s a n d s t o n e  b E d s  a n d  d e p o s i t e d  w i t h  c a r b a n a t e  a s  

veins i n  p a r t s  of t h e s e  c r a c k s .  Where b e d d i n g  i s  p a r a l l e l  t o  t h e  veins, 

t h e  s a n d s t o n e  b e d s  a re  r e c r y s t a l l i z e d  t o  q u a r t z i t e ,  a n d  t h e  v e i n ,  a s  s u c h ,  

is a b e d ,  S u c h  ' b e d s '  c a n  s o m e t i m e s  b e  t r a c e d  l a t e r a l l y  t o  a p o i n t  w h e r e  

they c r o s s c u t  t h e  b e d d i n g  a n d  f o r m  a ' v e i n ' ,  The  v e i n s  a re  p o d i f o r m ,  b e i n g  

w i d e r  a t  s l i g h t  k i n k s ,  O f t e n  t h e r e  are small  o f f s h o o t s  a n d  n e a r b y  t e n s i o n  

fracture pods .  

The s o u t h  v e i n  is g e n e r a l l y  b a r r e n  w h e r e  i t  t r a n s e c t s  t h e  G r i n n e l l ,  

a l t h o u g h  h l e b s  o f  c h a l c o p y r i t e  a r e  s e e n ,  i n  p l a c e s  u p  t o  5%. M i n o r  g a l e n a  

h a s  also b e e n  r e p o r t e d .  

h i g h e r  u p  on F a u l t  M o u n t a i n ,  

T h i s  v e i n  d o e s  n o t  t r a n s e c t  t h e  S i y e h .  a n d  t h e  s i l ls  

The n m t h  v e i n  i s  mare r e g u l a r  t h a n  t h e  s o u t h  v e i n ,  a l t h o u g h  i n  p l a c e s  

i t  does p i n c h  o u t ,  t o  r e a p p e a r  h i g h e r  i n  t h e  s t r a t i g r a p h i c  s e c t i o n ,  Tetra- 

h e d r i t c ,  c h a l c o p y r i t e ,  p y r i t e ,  m a l a c h i t e ,  a n d  a z u r i t e  a r e  p m s c n t ,  comrnmly 

c o n c e n t r a t e d  n e a r  i r r e g u l a r i t i e s  i n  t h e  v e i n  wall .  Numerous o f f s h o o t  v e i n s  

a n d  t e n s i o n  f r a c t u r e  p o d s  a r e  p r e s e n t  n e a r  t h e  inain v e i n ,  The  n o r t h  v e i n  

cu ts  t h e  S i y e h  a n d  p a r t s  o f  t h e  u p p e r  G r i n n e l l  s e d i m e n t s  b u t  f a i l s  t o  

t r a n s e c t  t h e  s i l ls  w i t h i n  t h e  S i y e h  h i g h e r  u p  o n  F a u l t  M o u n t a i n .  

The  G r i n n e l l  r o c k s  a re  s e v e r e l y  b l e a c h e d  t o  t h e  n o r t h  of  t h e  s o u t h  

v e i n ,  f o r  'iO0-15O1, a n d  t h e  b e d s  f o r  t h e  f i rs t  50' n o r t h  of t h e  v e i n  are 

w e a t h e r e d  r u s t y .  These b l e a c h e d  beds (pa1.e g r e e n  a n d  brown) car! be t r s m d  

l a t e r a l l y  i n t c  t h e  n o r m a l  r e d  succession c x c q t  i n  t h e  lower p a r t  a f  t h e  
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s e c t i o n  w h e r e  a s e g m e n t  o f  Appekunny h a s  a p p a r e n t l y  b e e n  f a u l t e d  i n t o  t h a  

core o f  t h e  a n t i c l i n e .  T h e r e  is a small  amount  o f  b l e a c h i n g  a r o u n d  t h e  

n o r t h  v e i n .  

I n t r u s i v e s  

A l l  of t h e  d i o r i t i c  r o c k s  c o n t a i n  some p r i m a r y  s u l p h i d e s ,  m a i n l y  

p y r i t e  a n d  p y r r h o t i t e ,  w i t h  ra re r  c h a l c o p y r i t e  a n d  g a l e n a .  However ,  i n  

b o t h  i g n e o u s  a n d  s e d i m e n t a r y  r o c k s ,  major a m o u n t s  of m i n e r a l i z a t i o n  a r e  

almost e n t i r e l y  c o n f i n e d  t o  t h e  u p p e r  S i y e h  s h a l e s .  

S u l p h i d e  m i n e r a l i z a t i o n  i s  n e a r l y  a b s e n t  uliere t h e  s i l ls  i n t r u d e  

m i d d l e  S i y e h  r o c k s .  The  s a n d s t o n e s  a n d  l i m e s t o n e s  a r e  b l e a c h e d  a n d  recrys-  

t a l l i z e d  a n d  t h e  g r o w t h  o f  e p i d o t e ,  a n d r a d i t e ,  i d i o c r a s e  ( ? I ,  g r o s s u l a r i t e ,  

t r emol i t e ,  a n d  d i o p s i d e  h a s  b e e n  o b s e r v e d  i n  t h e  s i l i c e o u s  a l g a l  b a l d s  i n  

,/ ) t h e  d o l o m i t e s .  F o r  i s o l a t e d  s i l ls ,  b h a c h i n g  a n d  metamorphism is n o t  a p p a r -  

e n t ' b e y o n d  20' from t h e  c o n t a c t s ,  b u t  i n  z o n e s  o f  m u l t i p l e  i n t r u s i o n  t h e  

metamorphism i s  more w i d s s p r z a d .  W h e x  t h e  s i l ls  i n t r u d e  u p p a r  S i y e h  rocks  

b o t h  t h e y  a n d  t h e  s h a l e s  a r e  o f t e n  w e l l - m i n e r a l i z e d .  The  P u r c e l l  l a w s  a m  

\ . -  

commonly e x t e n s i v e l y  r e p l a c e d  by s u l p h i d e s  a l o n g  c o n t a c t s  w i t h  sills. 
. 

M i n m a l i z a t i o n  i s  n o t  E v i d e n t  i n  S h e p p a r d  r o c k s  i n t r u d e d  by sills. 

The d y k e s  a r e  more  commonly m i n e r a l ' z e t  - , h r o u g h o u t  t h e i r  l e n g t h s ,  b u t  

some are ,  n e v e r t h e l e s s ,  b a r r e n .  

The s u l p h i d e s  a r e  p r e s e n t  i n  t h e  s e d i m e n t s  a s  m e t a b l a s t s  a n d  a s  p l . a t i n g s  

on b e d d i n g  a n d  j o i n t  p l a n e s .  There i s  !TO s i g n  o f  s k a r n  o n  c o n t a c t s  b e t w e e n  

i n t r u s i v e s  a n d  l i m e s t o n e s ,  a n d  o n l y  a f e u  small  patct-12s o f  m a l a c h i t e  h a v e  

b e e n  s e e n  o n  s u c h  c o n t a c t s .  The s u l p h i d c s  i n  t h e  i g n e m s  r o c k s  o c c u r  a s  

d i s s e m i n a t s d  p r i i n a r y  b l e b s ,  and a s  c o s t i . n g s  o n  j o i n t  p l a n e s .  I t  I s  a p p a r e n t  

t h a t  t h e  s u l p h i d c s  arc  n f  :?zg;Pz t i c o r i 5 i r ? ,  3n d t h a t  t h e  p h y s i c a l  ( a n d  
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chemical ? >  na tu re  o f  the  Siyeh shales permitted i n t r u s i o n  o f  the sills and 

mineralization at this horizon. 

. 






