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The Summit Camp, now abandoned, Is l o c a t e d seven m i l e s 
n o r t h of the town of Greenwood i n s o u t h - c e n t r a l B r i t i s h 
Columbia. M i n e r a l d e p o s i t s i n s k a m zones c f the camp were 
mined f o r t h e i r copper, g o l d , and s i l v e r v a l u e s . The o l d e s t 
rocks i n the Summit Camp are the contorted grey c h e r t s of 
the Knob H i l l Formation of P a l e o z o i c (?) age. The Knob K i l l 
Formation i s o v e r l a i n nonconformably by the P a l e o z o i c Attwood 
S e r i e s , made up of the shales of the b a s a l Eawhide Formation; 
t h e . l i m e s t o n e s , chert b r e c c i a , and limestone b r e c c i a c f the 
Br o o k l y n Formation; and the p y r o c l a s t i c s , l a v a s , and green
stones of the E h o l t Formation. The chert and limestone brec
c i a s of the Brooklyn Formation, i n t e r p r e t e d by some e a r l i e r 
workers as the r e s u l t s of s l l i o i f 1 c a t I o n and t e c t o n i c b r e c c i a -
t l o n r e s p e c t i v e l y , are considered t o be of c l a s t i c sedimentary 
o r i g i n . There i s a pronounced nonconformity between the 
Br o o k l y n and E h o l t Formations. These sedimentary rocks were 
i n t r u d e d i n Mesozoie (?) time b j the Emma I n t r u s i v e c o n s i s t i n g 
of q u a r t z d i o r l t e , d i o r i t e and minor gabbro. T h i s event was 
fo l l o w e d by the emplacement of the L i o n Creek I n t r u s i v e , v.'hich 
c o n s i s t s of quartz d i o r i t e and s y e n i t e . I n Gligocene time 
the arkoses of the K e t t l e E i v e r Formation were deposited i n 
fresh-water b a s i n s i n the area. E a r l i e r rocks were i n t r u d e d 
by Miocene (?) p h o n o l i t e and p u l a s k i t e , that a l s o gave r i s e 



t o flows of s i m i l a r composition. Miocene (?) b a s i c d i k e s are 
the l a t e s t rocks of the ar e a . 

M i n e r a l d e p o s i t s of the camp c o n t a i n magnetite, py-
r i t e , p y r r h o t l t e , c h a l c o p y r i t e and t e t r a h e d r i t e i n a gangue 
of skarn m i n e r a l s . Skarn has formed from B r o o k l y n limestone 
as a r e s u l t of the a d d i t i o n of heat and l a r g e amounts of S i , 
A l , and Fe4"*""** from the L i o n Creek I n t r u s i v e . The i n t r u s i v e 
a s s i m i l a t e d l a r g e amounts of Ca ana C0 2 i n the process. Lkarn 
zones are c o n t r o l l e r by proximity t o the L i o n Creek stock, or 
by a contact of limestone with other r o c k s , or by the ^resence 
of channelways such as f a u l t s or permeacle teds. M e t a l l i c 
m i n e r a l s were introduced i n t o the skarn zones along f r a c t u r e s 
ana f o l i a t i o n planes with f a l l i n g temperature. 

Epithermal precious metal veins t h a t occur c l o s e t o 
the Kesozcic (?) i n t r u s i v e s of the Boundary L i s t r i c t are not 
found i n l i m e s t o n e . I t i s b e l i e v e d t h a t these v e i n s were em-
placed d u r i n g a l a t e sta^e i n the c o o i i n ^ of the p l u t o n i c rocks 
The e a r l i e r , h i g h e r temperature r e l e a s e of metals i n t o the 
sk a r n d e p o s i t s may be the r e s u l t of the a s s i m i l a t i o n of CO2 
t h a t l o c a l l y prevented the s o l i d i f i c a t i o n of the s h e l l of the 
c o n s o l i d a t e d i n t r u s i v e body. The m i n e r a l i z i n g f l u i d s r e s 
p o n s i b l e f o r the epithermal v e i n s were trapped • v. i t h i n the s h e l l 
end r e l e a s e d at a l a t e stage by f r a c t u r i n g due to c o o l i n g -
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T h i s t h e s i s r e s u l t s from f i e l d work done i n the 
summer of 1956 f o r Noranda e x p l o r a t i o n Company, and compila
t i o n and l a b o r a t o r y work d u r i n g the v. i n t e r of 1956-57* 

A. SUMMIT CAMP 

The Summit Camp i s between E h o l t Creek and the 
Korth Fork of K e t t l e K i v e r about seven m i l e s n o r t h 
west of Grand Forks, the main town i n the Boundary 
D i s t r i c t of s o u t h - c e n t r a l B r i t i s h Columbia. The mineral 
d e p o s i t s of t h i s D i s t r i c t are lo«-grade copper 
showings i n skarn ana s i l v e r - g o l d - l e a d v e i n s . The 
de p o s i t s are a s s o c i a t e d v.ith g r a n o d i o r i t i c i n t r u s i v e s * 
The t o t a l recorded production of the Summit Camp i s 
11,672 oz. Au, 3^6,958 oz. Ag, and 17 ,980,390 l b . Cu. 

The mines and showings that the w r i t e r examined 
are the Emma, Oro Lenoro, Jumbo, Mountain Eose, B.C., 
Ruthmullen, Shickshock, S a i l o r Boy, E. B e l l , and 
B l u e b e l l p r o p e r t i e s . The Lancashire l a s s , which might 
be i n c l u d e d amon^; the mines of the Camp, was not 
v i s i t e d . 

The Summit Camp i s s u b s i d i a r y to the better-knotm 
Phoenix Camp about three miles to the south-v,est, now 
b e i n ^ reopened by Granby Consolidated Mining, Smelting, 
end rower Company. The Phoenix d e p o s i t s are s i m i l a r t o 
those of the Summit Camp, and have produced 2 2 , 0 0 0 , 0 0 0 

http://IKq.BQriK.TXQH
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tons Of ore averaging 1-5/-- copper (Seraphim,1956)• 

HISTORY OB1 THE AREA 
The e a r l i e s t mining a c t i v i t y i n the Boundary D i s t r i c t 

Mas p l a c e r mining. I n 1891, the Mother lode, Phoenix, 
and Summit Camps were di s c o v e r e d , and s h o r t l y afterward 
smelters were b u i l t at Greenwood and Grand Forks. 

Summit C i t y , l o c a t e d on the highway near the Oro 
Denoro Mine, was e s t a b l i s h e d i n the l a t e 18yO• s and 
became the centre of the mining p o p u l a t i o n of the Summit 
Camp- Judging, from the r u i n s of the abandoned s e t t l e 
ment, i t had a p o p u l a t i o n of about f i f t y p e r s o n s A b o u t 
1904 the Columbia and Northwestern Hallway and the 
Phoenix-Eholt and Phoenix-Greenwood r a i l w a y spurs were 

completed* C o n s t r u c t i o n l e n t impetus to mining, which 
seems to have reached a peak about 1910, then slackened 
u n t i l 1922, when i t ceased except f o r sporadic l e a s i n g . 
The Greenwood smelter shut down i n 1918. Attwood Copper 
Mines L t d . conducted e x p l o r a t i o n work throughout the 
Boundary. D i s t r i c t i n 1951-53* Late i n 1955 Koranda Ex

p l o r a t i o n Company optioned f i f t y c l a ims i n the Summit "Camp 
and began e x p l o r a t i o n . 
INSCRIPTION OF THE AREA 

The topography of the map-area i s subdued and not 
ru ged, w i t h e l e v a t i o n s ranging from 1,300 to 4,000 f e e t 
above s e a - l e v e l . The country i s i n Summer ge n e r a l l y dry 



and hot, the r u n o f f being discharged by minor creeks. 
West of the d i v i d e running through E h o l t and Emma Mine 
these creeks a r e t r i b u t a r i e s of Boundary Creek, and 
east of t h e d i v i d e they feed the North Fork c f K e t t l e 
B i v e r . 

Timber and brush are t h i c k i n the creek v a l l e y s , 
i n the wet drift-covered-' depressions, and to a l e : s e r 
extent on n o r t h slopes, w h i l e d r i e r s o u t h e r l y - f a c i n g 
slopes a r e s p a r s e l y covered w i t h grass and s c a t t e r e d t r e e s 

Bedrock i s mantled w i t h a maximum t h i c k n e s s of ten 
f e e t of d r i f t on the sl o p e s , but i n depressions d r i f t 
may be as much as 100 f e e t t h i c k (White, 1954) . The g l a c i 
o r i g i n of the d r i f t i s a t t e s t e d to by the heterogeneity 
of the rock fragments i n i t , and by numerous e r r a t i c s . 
A d r u m l i n c i d traps the s m a l l pond, near Loon Lake. I n the -
d r i f t - c o v e r e d bottoms outcrop i s extremely sc a r c e , but on 
slopes f r e e of t h i c k woods rock exposures are more p l e n t i 
f u l . 

Access to the map-area i s provided by paved h i g h 
way* W i t h i n the area the o l d r a i l w a y grades, wagon 
roads, and l o g g i n g roads all o w easy t r a n s p o r t by t r u c k 
o r 3eep t o most p o i n t s * A f o o t - t r a i l was cut t o the Lime 
Creek area i n 1956. 

EXPLORATION PS03BAH 

During the summer of 1956 Noranda E x p l o r a t i o n 
Company c a r r i e d on an In t e n s i v e search f o r copper d e p o s i t s 



i n the map-area. The ope r a t i o n was based a t the nearby 
town of Greenwood- G e o l o g i c a l , s e l f - p o t e n t i a l , mag
netometer, and s o i l - s a m p l i n g surveys were c a r r i e d cut 
on cut l i n e s spaced a t 400 f e e t . I n the l a t e summer a 
d r i l l i n g program was s t a r t e d , the t a r g e t s being geo
p h y s i c a l and ^eochemicel anomalies. 
GEOLOGICAL HAPPING 

Two hundred s c a l e g e o l o g i c a l mapping was c a r r i e d 
on by t r a v e r s i n g £jicket-lines. Although the l i n e s were 
surveyed only by c h a i n and compass, accuracy seerns 
s u f f i c i e n t f o r the 1,000 s c a l e c o m p i l a t i o n . Boughly, the 
area mapped a t 200 s c a l e i s bounded by a c i r c l e of 4,000 
fo o t r a d i u s -.-.ith i t s centre a t the B l u e b e l l Mine. The 

remainder of the geology shown on the 1 ,000 s c a l e sheet 
i s 1,000 s c a l e reconnaissance work. 

I n a d d i t i o n to t h i s mapping program, the o l d su r f a c e 
workings were mapped by pl a n e — t a b l e on separate sheets, 

which were t i e d i n by a p l a n e - t a L l e t r a v e r s e . The caved 
p o r t a l o f the Oro Denoro a d i t was opened l a t e i n 1956, 

and the a c c e c s i b l e workings mapped by M.M. Kennies of 
Koranda E x p l o r a t i o n Company. 

Surface mapping of the area was moderately d i f f i c u l t 
because of the s c a r c i t y of outcrop and the prevalence of 
low-grade metamcrphism. On the other hand, rocks are 
l i t t l e weathered, and road and r a i l w a y c u t s o f f e r good 
exposures. 
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, F. LAE0I1AT0HY WORK 
Laboratory work a t The U n i v e r s i t y of B r i t i s h 

Columbia during the w i n t e r of 1956-57 was based on a 
c o l l e c t i o n of 170 specimens. F i f t y - f i v e t h i n s e c t i o n s , 
f o u r p o l i s h e d t h i n s e c t i o n s , . and t h i r t e e n p o l i s h e d sec
t i o n s were examined. 

Qf PREVIOUS ivOEX 

The e a r l i e s t g e o l o g i c a l work i n the Boundary D i s 
t r i c t was dene by R.w. Brock, who mapped the e n t i r e 
D i s t r i c t on a s c a l e of one mile t o the inch i n 1901 

(Brock, 1902}* S*A* Daly mapped a f i v e - m i l e wide s t r i p 
along the I n t e r n a t i o n a l Boundary on a one-mile s c a l e i n 
1906 (Daly, 1912) . I n 1912, Le Eoy mapped the Phoenix 
Camp at 400 f e e t t o the i n c h . ' I n 1937, Kenaughton mapped 
the Greenwood-Phoenix area a t 800 f e e t t o the i n c h and 
pub l i s h e d h i s f i n d i n g s i n a paper (194-5) i n which he 
agreed w i t h the g e o l o g i c a l i n t e r p r e t a t i o n s of Le Eoy. 

I n 1952.t Attwood Copper Mines L t d . began e x p l o r a 
t i o n of the Phoenix, Submit, and Deadwood Camps. White 
and A l l e n (195-4) published a paper on g e o l o g i c a l methods 
used i n t h i s e x p l o r a t i o n program, which proved, very use
f u l t o the w r i t e r while conducting a s o i l - s a m p l i n g program 
f o r Koranda. G e o l o g i c a l work done f o r Attwood was 
summarized by Seraphim i n a paper published i n 1956. 

• 

r 
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l l . GENERAL GEOLOGY 

A. IHT30IUCTOBX STATEMENT 
The rocks o f the map-area range i n age from Paleo

z o i c to T e r t i a r y - The o l d e s t rocks i n the area are 
known as the Knob H i l l Formation. I t outcrops at only 
one p l a c e i n the map-area. The rock, exposed a t the 
formation's upper contact, i s a cont o r t e d grey c h e r t . 
The contact between the o v e r l y i n g Attwood S e r i e s i s 
probably nonconf erasable. "The Attwood S e r i e s , of Late 
P a l e o z o i c age (?}. i s represented i n the map area by the 
Bro o k l y n and E h o l t Formations. The Brooklyn Formation 
c o n s i s t s of limestone, chert b r e c c i a , and limestone 
b r e c c i a . T h i s formation i s o v e r l a i n nonconformably by 
the E h o l t Formation made up of* p y r o c l a s t i c s , w a t e r - l a i n 
p y r o c l a s t l c s , b a s a l t i c l a v a s , and the c h l o r i t i z e d equiva
l e n t s of these r o c k s . Outside the map-area, the Attwood 
S e r i e s c o n t a i n s the b a s a l Rawhide Formation, which con
s i s t s o f s e v e r a l hundred f e e t of s h a l e . 

P a l e o z o i c rocks were i n t r u d e d i n Mesozoic (?) time 
by the Emma and L i o n Creek I n t r u s i v e s . The I n t r u s i v e s are 
o v e r l a i n by the Oligocene K e t t l e E i v e r Formation, which 
i s composed of arkose. The K e t t l e E l v e r Formation does 
not outcrop in the Summit Gamp. Country rocks are i n t r u d e d 
by Miocene (?) p u l a s k i t e sheets and stocks and p h o n o l i t e 
d i k e s . The p u l a s k i t e i n t r u s i v e s gave r i s e t o flows o f 

r v . , m 
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the same rock. A l l e a r l i e r rocks are cut by l a t e d i k e s 
of v a r y i n g but u s u a l l y b a s a l t i c c h a r a c t e r . 

E. TABLE OF FORMATIONS 
CENOZOIC Miocene (?) B a s i c d i k e s 

P u l a s k i t e f l o w s , d i k e s , and 
sheets; p h o n o l i t e d i k e s 

Oligocene K e t t l e E l v e r Formation - arkose 

KESQ2QI0 (?) 

FALEG2.QIC 

L i o n Creek I n t r u s i v e 
Emma I n t r u s i v e 

Attwood S e r i e s ; 
E h o l t Formation - greenstone, 
b a s a l t , a n d e s i t e , t u f f , agg
lomerate, v o l c a n i c b r e c c i a 

Brooklyn Formation - l i m e 
stone, chert b r e c c i a , 
limestone b r e c c i a , and minor 

\ and e s i t e flows 
Eawhide Formation - shale 
Knob H i l l Formation - ch e r t 

C. DESCRIPTION OF FQBKATIQNS 
1, Knob K i l l Pormation*-

The Knob H i l l Formation outcrops i n the map-area 
at only one place — about 1,000 f e e t e a s t of the 
Shickshoek showing, n o r t h of Lime Creek. The rock 
i s a s t r o n g l y contorted grey c h e r t . The s t r a t a , up 
to two inches i n width, have i n t h e i r l e s s c o n t o r t e d 
p a r t s a-general north-west d i p . 

D e t a i l e d d e s c r i p t i o n s of t h i n and p o l i s h e d s e c t i o n s are 
in c o r p o r a t e d i n the appendix. 
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The contact of the Knob H i l l w ith younger rocks 
i s obscured t o the n o r t h by t a l u s and. d r i f t , but 
i t appears to contact the o v e r l y i n g E h o l t Formation 
w i t h l i t t l e i f any i n t e r v e n i n g t h i c k n e s s of Brooklyn 
r o c k s . To the south the Knob H i l l rocks contact 
Brooklyn limestone t h a t s t r i k e s n o r t h and d i p s 

v e r t i c a l l y . The a c t u a l l i n e o f contact i s obscured 
by d r i f t . The Knob H i l l c hert had here a 55-degree 
south-west d i p a t the "time of d e p o s i t i o n of l i m e 
stone: these formations, then, are nonconformable. 
I t would appear t h a t the outcrop of Knob H i l l c h e r t 
r e p r e s e n t s a h i l l I n the o l d p re-Brooklyn e r o s i o n 
s u r f a c e where lower h o r i z o n s of Brooklyn sediments 
were not d e p o s i t e d . 

The s m a l l - s c a l e crumpling of the Knob H i l l 
Formation does not p e r s i s t i n t o younger r o c k s . T h i s 
suggests t h a t c o n s i d e r a b l e f o l d i n g must have occurred 
i n the h i a t u s between d e p o s i t i o n of the Knob H i l l 
and B r o o k l y n Formations. 

I n the Phoenix Camp, the Knob H i l l Formation 
c o n s i s t s l a r g e l y of cherty a n d e s i t e s , i n t e r p r e t e d 
by Seraphim (1956), P- 685) as of p y r o c l e s t i c o r i g i n , 
and massive a n d e s i t e s . Seraphim suggests t h a t the 
environment of d e p o s i t i o n of these rocks was marine. 
The age of the Knob H i l l Formation Is unknown, but 
thought t o be P a l e o z o i c . 
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2. Attwood S e r i e s . 
(a) Eawhi&e Formation 

The Rawhide Formation does not outcrop i n 
the map-area- I n the Phoenix Camp i t occurs as 
a -sequence of sh a l e s s e v e r a l hundred f e e t t h i c k 
t h a t i s o v e r l a i n conformably by the Brooklyn 
Formation, 

(b) B r o o k l y n Formation 
The Brooklyn-Formation c o n s i s t s c f l i m e 

stone, c h e r t b r e c c i a , and limestone b r e c c i a . 
Limestone: 

Brooklyn limestone outcrops over l a r g e areas 
i n the Summit Camp. The rock i s i n general 
r e c r y s t a l l l z e d and c o n s i s t s mainly of c a l c i t e , 
w i t h minor c h l o r i t e and qua r t z . The f o l l o w i n g 
a nalyses are given by Le Eoy (1912) f o r Phoenix. 

Table 1 

Brooklyn Mine K n o b h i l l - I r o n s i d e s Kine 
CaCC>3 

FeC03 

90.kl^ 98.40^ 
G.l6£ 

tvC C 3 t r a c e t r a c e 
I n s o l u b l e , 
mainly 
s i l i c a 10.COS 1.50/* 



The c o l o u r of the rock i s g e n e r a l l y white, 
but may be brownish or grey. The limestone i n 
the v i c i n i t y of the H. B e l l Kine c o n t a i n s t h i n 
beds of massive chert as w e l l as lenses of chert 
b r e c c i a and nearby exposures c o n t a i n shaly 
p a r t i n g s . The limestone i s s t r o n g l y contorted 
i n t h i s a r e a as a r e s u l t of emplacement of a 
v o l c a n i c neck. 

I n places where r e c r y s t a l l i z a t i o n has not 
occur r e d , p o o r l y preserved c r i n o i d stems and 
brachiopods are found t h a t roughly date the 
Br o o k l y n Formation as P a l e o z o i c o r T r i a s s i c . 

Because r e c r y s t a l l i z a t i o n has o b l i t e r a t e d 
most of the primary s t r u c t u r e s , a t t i t u d e s may 
not be o f t e n recorded, and tops are not c e r t a i n . 

On the h i l l n o r t h of the B . B e l l Kine a 
p o r p h y r i t i c a n d e s i t e flow w i t h a minimum t h i c k 
ness of 40 f e e t occurs i n li m e s t o n e . 
Chert B r e c c i a : 

The rock here termed c h e r t b r e c c i a i s des
c r i b e d by Seraphim (1956) and he Eoy (1912) as 
l y i n g a t the base of the Brooklyn Formation I n 
the Phoenix Camp, with minor l e n s e s a t h i g h e r 
s t r a t i g r a p h i c l e v e l s . However, i n the Summit 
Camx̂  chert b r e c c i a appears t o occur as le n s e s 
d i s t r i b u t e d a t v a r i o u s horizons w i t h i n the 

limestone- The presence of a major b a s a l h o r i z o n 
• 
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i s p o s s i b l e , however, because the base of the 
Brooklyn i s exposed a t only one p l a c e , and here 
a t a topographic h i g h I n the surfa c e of d e p o s i 
t i o n . 

I n the Summit Camp the che r t b r e c c i a i s s i m i 
l a r t o t h a t of the Phoenix Camp* I t s l a r g e s t out
crop l e i n the area around Lime Creek, but minor 
l e n s e s occur i n limestone t o the south-west along 
the s t r i k e of the bedding. 

Chert b r e c c i a from a cut on the o l d r a i l w a y 
grade north of the Phoenix Boad bears a strong 
l i t h o l o g i c a l s i m i l a r i t y t o some of the b r e c c i a s 
o f the Phoenix Camp. I n t h i s rock the fragments 
Of c h e r t range i n shape from angular and f a c e t e d 
t o s p h e r i c a l and e x h i b i t v a r y i n g degrees of 
roundness ( P l a t e I , c ) - Surfaces of the pebbles 
are p o l i s h e d or f i n e l y p i t t e d . The pebbles range 
i n diameter from f i v e m i l l i m e t e r s t o three c e n t i 
meters and In c o l o u r from white through p i n k , 
r e d , and smoky t o b l a c k . I n a nearby outcrop, 
j a s p e r pebbles predominate. Fragments abut i n 
many places w i t h no s i g n of coalescence. Banding 
i n pebbles i s haphazard i n o r i e n t a t i o n and angular 
fragments of limestone are f a i r l y common. The 
pebbles occur I n a carbonate m a t r i x t h a t comprises 
only about f i v e percent of the volume. 



At the gr a & a t i o n a l contact of t h i s rock w i t h 
l i m e s t o n e , the c a l c i t e m a t r i x comprises more of 
the rock, chert pebbles are s m a l l e r and more 
rounded, and quartz v e i n l e t s occur. 

A specimen from a l e n s of c h e r t conglomerate 
1,500 f e e t east of the E.G. Hlne c o n s i s t s of 
q u a r t z i t e fragments up t o 1.5 centimeters i n 
diameter embedded i n a r e e r y s t a l l i z e d carbonate 
m a t r i x w i t h minor c h l o r i t e ( P l a t e s I , d; I I I , c ) . 
The mat r i x comprises 50 percent of the rock. The 
pebbles are rounded and f a c e t e d or roughly s p h e r i 
c a l . A l l pebbles show s t r o n g l y p i t t e d surfaces 
t h a t i n t h i n s e c t i o n appear as c r e n u l a t l o n s of 

t h e i r borders. The q u a r t z i t e i s Ine q u l g r a n u l a r 
and some pebbles c o n t a i n a l e s s e r order of f r a g 
ments. The pebbles e x h i b i t bedding, which i s not 
p a r a l l e l i n the v a r i o u s fragments. The long axes 
of f l a t pebbles are f o l i a t e d i n the plane of bedd 
i n g of nearby limestone* V e i n l e t s and patches 
o f secondary c a l c i t e occur i n the q u a r t z i t e pebbl 
and s i n g l e g r a i n s of quartz occur i n the c a l c i t e 
m a t r i x . C a l c i t e i s r e e r y s t a l l i z e d and somewhat 
s t r a i n e d . 

The s t r o n g l y p i t t e d surfaces of the pebbles 

are probably due to an overgrowth of s i l i c a not 

evident i n specimens from other outcrops. The 
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quarts grains on the surfaces of pebbles enlarged 
by secondary growth e x h i b i t c r y s t a l faces toward 
the c a l c i t e m a t r i x . 

Coalescence of adjacent q u a r t s i t e pebbles 
was observed i n the s i l i c e o u s r e s i d u e l e f t a f t e r 
s o l u t i o n of the matrix i n EC.l- The quarts g r a i n s 
which grew to form the bridge between the c l o s e l y 
packed pebbles e x h i b i t c r y s t a l f a c e s . T h i s 
minor d e p o s i t i o n of remobili?.ed or secondary 
s i l i c a may account f o r the coalescence of "Jas— 
p e r o i d * fragments noted by Le Eoy (1912)* 

I n an exposure on the highway a bed of 
tuf f a c e o u s shale i n t e r c a l a t e d I n ch e r t b r e c c i a 
was observed. Chert b r e c c i a deposited a f t e r the 
shale had been l a i d down contains fragments c f 
the s h a l e , end the shale bed shows sig n s o f a 
minor p e r i o d of e r o s i o n . 

Chert b r e c c i a o c c u r r i n g i n the Lime Creek 
ar e a i s much coarser (fragments up t o t e n c e n t i 
meters In diameter) and more markedly angular 
than the types described above« However, i t 
e x h i b i t s a s i m i l a r degree of heterogeneity o f 
c o l o u r of fragments. 

Because the chert b r e c c i a has been i n t e r 
preted as the r e s u l t of s i l i c i f i c a t i o n , f r a c t u r e 
c o n t r o l of s i l i c a content of these rocks was 

• 
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looked f o r I n the f i e l d . Ko major* c o n t r o l of 
s i l i c a content by f a u l t s , b r e c c i a zones or j o i n t s 
Has observed. The chert b r e c c i a near Lime Creek, 
though near a f a u l t , shows no evidence of s i l i c i -
f i c a t i o n . A few minor quartz v e i n l e t s accompany 
s i l i c a overgrowth anu occur i n limestone and skarn 
a s s o c i a t e d with mineral d e p o s i t s , but such s i l i c a 
occurs only as comb quartz or chalcedony. 

The c h e r t b r e c c i a of the Phoenix Camp has 
been i n t e r p r e t e d by Brock ( 1902) , Le Hoy (1912), 
and McKaughton (1945) as J a s p e r o i d . T h i s was 
de f i n e d by Spurr (1893) as "... a rock c o n s i s t i n g 
e s s e n t i a l l y of c r y p t o c r y s t a l l i n e , c h a l c e c o n i c or 
p n e n o c r y s t a l l i n e s i l i c a which has formed by the 
replacement of other m a t e r i a l , o r d i n a r i l y c a l c i t e 
or dolomite." Spurr notes t h a t the macroscopic 
c h a r a c t e r of j a s p e r o i d simulates t h a t of a 
cher t b r e c c i a or ch e r t conglomerate w i t h a c a l c i t e 
m a t r i x . I n the Aspen D i s t r i c t d e s c r i b e d by 
Spurr t i l i c i f i c a t i o n i s c o n t r o l l e d by f a u l t s 
and b r e c c i a zones t h a t allowed access t c the 
s i l i c a - b e a r i n g s o l u t i o n s . J a s p e r o l d a l n u c l e i 
coalesce t o form s o l i d chert l a y e r s p a r a l l e l 
to the zones of shearing. The ore d e p o s i t s of 
the Aspen D i s t r i c t are i n v a r i a b l y accompanied 
by j a s p e r o i d . 
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I n the Phoenix Camp, Le Eoy observed 
what he i n t e r p r e t e d as coalescence of j a s p e r -
o i d a l n u c l e i , r e s i c u a l fragments of limestone 
i n j a s p e r o i d , c o n c e n t r a t i o n of s l l i c l f i c a t i o n 
along j o i n t s , and the i n v a s i o n of i n t r u s i v e and 
v o l c a n i c rocks by s i m i l a r s i l i c i f l c a t i o n . He 
a t t r i b u t e d s l l i c l f i c a t i o n t o s o l u t i o n s ascending 
along f r a c t u r e s and s t a t e s that the s i l i c e o u s rocks 
of the Knob H i l l Formation are probably the r e 
s u l t of complete s l l i c l f i c a t i o n of porous t u f f s 
by the same s o l u t i o n s . 

PieKaughtcn (19^5), i n a d d i t i o n t o Le Eoy 1 s 
da t a , noted open spaces supposedly due t o con
t r a c t i o n d u r i n g replacement, and a few fragments 
of igneous rocks i n J a s p e r o i d . He agrees w i t h 
Le £oy th a t the rock here termed c h e r t b r e c c i a 
i s the r e s u l t of s l l i c l f i c a t i o n . 

On the other hand, Seraphim (1956) main
t a i n s t h a t these rocks are of sedimentary o r i g i n , 
an^ r e f e r s t o them as °sharpstone conglomerate". 
Some of the reasons f o r Seraphim's theory a r e : 
( i ) The ch e r t fragments are banded, and i n ad

jacent fragments o r i e n t a t i o n of banding i s 
haphazard. 

( i i ) The composition of the fragments v a r i e s 



over short d i s t a n c e s , the rocks being s l a t e , 
j a s p e r , c h e r t , and r a r e l y , Igneous r o c k s . 

( I l l ) 11 Several outcrops c o n t a i n i n g interbeoded 
fragmental rock and s i l t s t o n e o r shaley 
s i l t s t o n e show good scour and f i l l s t r u c t u r e " 

(Iv) Limestone 'remnants 1 may be of seaimentary 
o r i g i n . 

(v) Fragments t h a t appear t o be windwom pebbles 
occur i n the sharpstone conglomerate. 

( v i ) Coalescence was not observed by Seraphim. 
B r . K.H. White pointed out t o the w r i t e r 

an outcrop i n Phoenix where c h ~ r t b r e c c i a ex
h i b i t s a g r a d a t i o n a l contact w i t h limestone 
b r e c c i a . Both rocks here appear t o be o f s e d i 
mentary o r i g i n . 

To the observations made by Seraphim i n 
the I-hoenix Camp th a t favour a sedimentary 
o r i g i n f o r chert b r e c c i a , the w r i t e r can add the 
f o l l o w i n g observations from the Summit Camp: 
(1) Chert pebbles occur i n contact w i t h each 

other without coalescence ( i n t h e absence 
of s i l i c a overgrowth). 

( i i ) No evidence c f s i l i c i f i e d zones along f r a c ¬
t u r e s was observed. 

( i i i ) O r l e n t a t i o n of f l a t t e n e d pebbles i n chert 
b r e c c i a conforms to the bedding of limestone. 



(Iv) Some pebbles have i n d i s p u t a b l e sedimentary 
shapes. 

Host of Seraphim*s observations were c o r 
roborated i n t h e Summit Camp. 
Limestone B r e c c i a : 

Limestone b r e c c i a occurs as lenses i n massive 
lim e s t o n e . The lenses commonly 0 r a u e i n t o c h e r t 
b r e c c i a . The limestone fragments are angular to 
rounded, range i n diameter from one to ten c e n t i 
meters, and c o n s i s t of c a l c i t e of v a r y i n g g r a i n -
s i z e with minor c h l o r i t e and b i o t i t e ( P l a t e I ; 
a, b ) . Angular fragments predominate, but rounded 
forms are common. I n one exposure, limestone 
fragments e x h i b i t " p i l l o w s t r u c t u r e " , as i f they 
had been deposited c l a s t i c a ^ l y w h i l e s t i l l s o f t . 
T h i s s t r u c t u r e Is b e l i e v e d t o be the r e s u l t of 
f r a c t u r i n g and r e c r y s t a l l i z a t i o n of c a l c i t e along 
the f r a c t u r e s . 

B r e c c i a s c o n s i s t i n g predominantly of l i m e 
stone fragments are commonly p y r i t i z e d . At the 
B. C. Mine, w e l l - m i n e r a l i z e d limestone i s i n 
p a r t c f b r e c c i a t e d c h a r a c t e r . I t i s p o s s i b l e t h a t 
the c l a s t i c nature of the rock made i t s u s c e p t i b l e 
t o replacement by ore-bearing s o l u t i o n s . 



Le Eoy (1912) a t t r i b u t e d the limestone brec
c i a of the Phoenix Camp t o f a u l t i n g . No r e l a t i o n 
of limestone b r e c c i a to known f a u l t s was observed 
i n the Summit Camp. Seraphim (195&) designated 
two 100-foot t h i c k l enses of t h i s rock found i n 
the Phoenix Camp as Sterawinder Limestone and 
i n t e r p r e t e d i t with r e s e r v a t i o n s as a sedimentary 
b r e c c i a . He noted t h a t some fragments appear to 
be broken apart i n pieces but based h i s c o n c l u s i o n s 
mainly on the a s s o c i a t i o n of limestone b r e c c i a 
w i t h chert b r e c c i a , which he b e l i e v e s t o be un
doubtedly of sedimentary o r i g i n . 

The w r i t e r observed complete g r a d a t i o n of 
limestone b r e c c i a t o c h e r t b r e c c i a i n the Summit 
Camp. I t Is t h e r e f o r e b e l i e v e d that the limestone 
b r e c c i a i s of sedimentary o r i g i n . 
O r i g i n of the Brooklyn Formation: 

The a s s o c i a t i o n of massive limestone w i t h 
c l a s t i c limestone fragments or chert fragments 
i s not uncommon. Seraphim (19.56) v i s u a l i z e s the 
massive limestone as having been deposited i n 
q u i e t e r , deeper water than the c l a s t i c phases: 

Bapid e r o s i o n and d e p o s i t i o n l a t e r formed 
the Upper Brooklyn conglomerates and 
greywacke. The upper limestone • b r e c c i a * 
bands may have formed from e r o s i o n of 

the Lower Brooklyn limestone or of the 
l a r g e r bands of Knob R i l l limestone than 
now exposed. 
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I t i s considered probable t h a t the massive 
limestone was deposited under Quiet shallow 
marine c o n d i t i o n s whereas the lenses of b r e c c i a 
were the r e s u l t of sudden short i n f l u x e s of s i l i 
ceous t e r r i g e n o u s d e b r i s . A s s o c i a t e d strong 
l o c a l marine c u r r e n t s eroded the calcareous s e d i 
ments of the sea f l o o r , and depositee t h e i r loads 
as a g r a v e l or rubble of unsorted c h e r t , q u a r t z i t e , 
l i m e s t o n e , s h ^ l e , and igneous rock fragments. The 
chert and q u a r t z i t e pebbles are probably d e r i v e d 
from the s i l i c e o u s rocks of the Knob H i l l Forma
t i o n . 

Although chert conglomerate i s i n p l a c e s 
a s s o c i a t e d with c h e r t l a y e r s i n limestone, these 
do net appear to have been the main source of 
the c h e r t pebbles. The fragments show sig n s of 
long t r a n s p o r t and there i s no evidence of a 
p e r i o d of e r o s i o n a f t e r chert d e p o s i t i o n . I t 
seems u n l i k e l y , t h e r e f o r e , t h a t the c h e r t f r a g 
ments were d e r i v e d from the primary beds. A l 
though e r o s i o n of a l l the c l a s t i c p a r t i c l e s i n 
a marine environment Is not precluded, the 
presence of rounded pebbles of very hard rocks 
and wind-worn pebbles i n d i c a t e s a t e r r e s t r i a l 
o r i g i n f o r some of the c h e r t fragments. 



S t r u c t u r e c f the Brooklyn Formation: 
The s c a r c i t y of r e l i a b l e a t t i t u d e s i n the 

Br o o k l y n Formation makes i n t e r p r e t a t i o n of s t r u c 
t u r e d i f f i c u l t . At beet i t might be saio. that 
the prevalence of bedding that s t r i k e s north-east 
and d i p s s t e e p l y north-west or v e r t i c a l l y i n d i 
cates ^ general homoclinal s t r u c t u r e or a s e r i e s 
o f i s o c l i n a l f o l d s w i t h t h e i r a x i a l planes d i p p i n g 
v e r t i c a l l y , Because Seraphim (unpublished map) 
found t o the south of the map-area north-plunging 
f o l d s t h a t can be p r o j e c t e d i n t o the Summit Camp, 
I t Is probable t h a t the l a t t e r i d e a i s more n e a r l y 
c o r r e c t . 

Strong c o n t o r t i o n ' o f limestone occurs i n the 
v i c i n i t y of the v o l c a n i c neck a t the E. B e l l Mine, 
Here, f o l d e d c h e r t beds have minor f a u l t s w i t h 

o f f s e t s o f a few inches whereas the l e s s competent 
limestone i s u n f r a c t u r e d . A few small drag f o l d s 
were noted elsewhere i n limestone. 

Because of the o b s c u r i t y c f the s t r u c t u r e and 
l a c k o f outcrop o f the base of the Brooklyn Forma
t i o n , no estimate of i t s t h i c k n e s s i s attempted. 
Seraphim ( 195 6 ) suggests a th i c k n e s s of 3 ,700 f e e t , 

c) E h o l t Formation 

The name 'Eholt Formation* i s hereby proposed 
f o r a sequence of v o l c a n i c s formerly Included i n 
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the Brooklyn Formation (Seraphim, 1956)- The 
reasons f o r the s e p a r a t i o n of the two u n i t s are 
the presence c f pronounced nonconformity between 
the two and the marked d i f f e r e n c e i n l i t h o l o g y . 
The name 'Eholt 1 i s taken from a r a i l w a y s t a t i c n 
i n the map-area. The term, of course, has purely 
l o c a l s i g n i f i c a n c e . 

Brock (1902, p.97) d e s c r i b e s the E h o l t reeks 
of the e n t i r e area as f o l l o w s : 

T h i s s e r i e s of rocks c o n s i s t s of green 
t u f f s and v o l c a n i c conglomerates and 
b r e c c i a s , f i n e ash and mud beds, flows 
of green p o r p h y r i t e and probably some 
Int^rbedded limestones and a r g i l l i t e s . 
The t u f f s , conglomerates and b r e c c i a s 
c o n s i s t of a mixture of pebbles ana 
boulders of p o r p h y r i t e m a t e r i a l w i t h a 
great many fragments (probably a l a r g e 
p r o p o r t i o n ) of the rocks through which 
the v o l c a n i c s b u r s t . Pebbles and b o u l 
ders of limestone, a r g i l l i t e , Jasper, 

and chert are common. Such of serpentine 
and o l d g r a n i t e and o l d conglomerate are 
much r a r e r . I n form the pebbles and 
boulders are roundea, subangul&r, angular, 
and of i r r e g u l a r and f a n t a s t i c o u t l i n e . , . 
Sometimes the matrix seems t o be formed 
of p o r p h y r i t e i n j e c t e d between the b o u l 
d e r s . , ..Owing to the a l t e r a t i o n of these 
r o c k s , . . . i t i s not p o s s i b l e t o separate 
the p o r p h y r i t e s from the p y r o c l a s t i c s , on 
the map. 

I n the Summit Camp the L h o l t Formation con
s i s t s of t u f f s , agglomerates, w a t e r - l a i n p y r o c l a s 
t i c s , v o l c a n i c b r e c c i a s , a n d e s l t i c and b a s a l t i c 
f l o w s , and the c h l o r i t i z e d e q u i v a l e n t s of these 
r o c k s . Some of these u n i t s are shown on the map 
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where p o s s i b l e , the remainder of the Ehol t Formation 
being designated as u n d i f f e r e n t i a t e d . The map-
u n i t ' u n d i f f e r e n t i a t e d greenstone, b a s a l t , a n d e s i t e , 
and p y r o c l a s t i e s ' i n c l u d e s c h l o r i t l z e d types of 
a l l i~acies i n a d d i t i o n to the few recognizable 
l a v a s . These s t r a t i f i e d rocks c o n s i s t c f a s e r i e s 
of interbedded l e n s e s . 
S t r a t i f i e d E h o l t F y r o c l a s t i c s : 

The t u f f s and agglomerates and t h e i r meta
morphosed equi v a l e n t s l o c a l l y comprise a l a r g e 
p a r t of the E h o l t Formation. The agglomerates 
are c h a r a c t e r i z e d by a hig h percentage cf f r a g 
ments of country r o c k s , mainly q u a r t z i t e probably 
of Knob H i l l o r i g i n , whereas few fragments of 
E h o l t l a v a s occur. Other fragments are of s h a l e , 
l i m e s t o n e , and t u f f . The matrix of the agglomer
a t e s i s g e n e r a l l y composed of f i n e t u f f , but i n a 
few p l a c e s the matrix i s of a n d e s i t e . The f r a g 
ments range i n s i z e from one m i l l i m e t e r to t e n 
ce n t i m e t e r s . 

The macroscopic appearance of most of these 
agglomerates i s not obviously fragmental, the 
fragments being i n d i s t i n c t cue to metamorphism of 
the rock as a whole. Where the rock has been sub
j e c t e d to strong s t r e s s , agglomerates composed 
predominantly of q u a r t z i t e fragments simulate 



the appearance i n hand specimen of a cont o r t e d 
impure q u a r t z i t e . Such co n t o r t e d rocks outcrop 
over s m a l l areas on the h i l l between B.C. Creek 
and the western branch of Rathmullen Creek. 

The shapes of the fragments vary from angular 
to more common rounded and s p h e r o i d a l forms sug
g e s t i v e of aqueous d e p o s i t i o n . These rounded 
shapes are e x h i b i t e d by q u a r t z i t e fragments. One 
specimen from 200 f e e t west of the B.C. Kine has 
q u a r t z i t e fragments undoubtedly deposited by water. 
The pebbles, s p h e r o i d a l or faceted w i t h smooth 
rounded s u r f a c e s , occur i n a tuffaceous m a t r i x 
as t h i n ( f i v e t o f i f t e e n centimeters) s t r a t a i n t e r 
c a l a t e d with bedded t u f f ( P l a t e I I ; c ) . I n a t h i n 
s e c t i o n of the agglomerate i r r e g u l a r q u a r t z i t e 
fragments which have s u f f e r e d l i t t l e t r a n s p o r t by 
water can be seen as w e l l as water-worn pebbles. 

The matrix of the agglomerates i n general i s 
tu f f a c e o u s and f i n e - g r a i n e d , c o n t a i n i n g l a r g e r 
q u artz g r a i n s d e r i v e d from the same source as the 
•larger-pebbles. Being f i n e - g r a i n e d and f o r the 
most p a r t a l t e r e d , the matrix i s not e a s i l y I n t e r 
p r e t e d , but appears to Le composed of minute broken 
and corroded c r y s t a l s of p l a g i o c l a s e , o r t h o c l a s t , 
and. fragments of v o l c a n i c g l a s s t h a t i n a few i n 
stances e x h i b i t shard t e x t u r e . 



One agglomeratio t u f f simulates macroscopieally 
a g r a n i t e having i n c l u s i o n s of q u a r t z i t e and t u f f . 
Tills rock a c t u a l l y c ontains l a r g e (up t o two m i l l i 
meters) broken c r y s t a l s of o r t h o c l a s e , p l a g i o c l s s e , 
q u a r t z , and minor magnetite, and l a r g e agglornera-
t i c fragments a l l cemented by a sm a l l amount c f 
f i n e - g r a i n e d t u f f . 

The rocks r e f e r r e d t o as t u f f and i n p l a c e s 
designated on the map a l l c o n t a i n some amount of 
agglomeratic fragments and c o n s i s t mainly of ma
t e r i a l s i m i l a r to the matrix of the agglomerates. 
White t u f f composed mainly of quartz g r a i n s occurs 
on the h i l l n o r t h of Emma Mine. This rock i s 
found a l s o as x e n o l i t h s i n Emma quartz d i o r i t e . 
F i n e - g r a i n e d t u f f from the l o c a l i t y near the L.C. 
Kine has a f i n e l y s t r a t i f i e d appearance a t t r i b u t e d 
t o aqueous d e p o s i t i o n . Coarse aggloraeratic t u f f s 
outcropping 1,000 f e e t t o the south-west e x h i b i t ' 
rough s t r a t i f i c a t i o n Into l a y e r s about one c e n t i 
meter t h i c k . 

The tuffaceous phase of the s t r a t i f i e d v o l -
c a n i c s has been i n places s t r o n g l y a l t e r e d t o 
c l i n o c h l o r e , pennine, c a l c i t e , s e r i c i t e , b i o t l t e , 
k a o l i n i t e , and e p i d o t e . Replacing m i n e r a l s take 
the form of a f i n e — g r a i n e d mat of c r y s t a l s , or, i n 
the case of c a l c i t e , of i r r e g u l a r patches and 



v e i n l e t s . Agglomeratle fragments are r a r e l y s t r o n g 
l y a l t e r e d , but are cut by v e i n l e t s of the products 
of a l t e r a t i o n . Such a l t e r e d agglomerate i s u s u a l l y 
r e c o g n i s a b l e i n the hand specimen.. I n consequence, 
most of the rocks mapped as'greenstone are prob
a b l y d e r i v e d from t u f f and la v a s r a t h e r than from 
agglomerate. 

Extreme a l t e r a t i o n a s s o c i a t e d w i t h shearing 
was noted I n a few. p l a c e s , the r e s u l t i n g rock 
being a f i n e - g r a i n e d c h l o r i t e s c h i s t . 
Lavas; 

Recognizable E h o l t l a v a s are l e s s common than 
p y r o c l a s t i c s . They are t y p i c a l l y b a s a l t i c and l e s s 
commonly a n d e e i t i c . One outcrop of and e s i t e ex
h i b i t s flow banding, but the l a v a s are i n j e n e r a l 
devoid of primary s t r u c t u r e s . 

A few b a s a l t d i k e s t h a t cut chert b r e c c i a 
n o r t h of Lime Creek may be connected w i t h E h o l t 
vulcanism. Due to the s i m i l a r i t y between E h o l t 
b a s a l t s and b a s i c d i k e s of known p o s t - p u l a s k i t e 
age, some E h o l t v o l c a n i c rocks may be wrongly i n 
cluded i n the T e r t i a r y map-unit. 
V o l c a n i c B r e c c i a and T u f f P i p e s ; 

Two v o l c a n i c pipes were found i n the map-area. 
They are f i l l e d w i t h p y r o c l a s t i c m a t e r i a l s i m i l a r 
t o that o c c u r r i n g i n the s t r a t i f i e d p y r o c l a s t i c s , 
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and are surrounded by bees of these p y r o c l a s t i c s . 
One of these necks i s l o c a t e d 3,000 f e e t 

north-east of the B.C. Mine and i s o v a l i n p l a n 
w i t h a long a x i s of about 2,000 f e e t and a snort 
of about 1,000 f e e t . I t i s Intruded by p u l a s k i t e 
and l a t e r d i k e s . The E h o l t v o l c a n i c b r e c c i a I s 
made up of mainly angular but i n p a r t rounded f r a g 
ments up to f i f t e e n centimeters i n diameter. The 
fragments are of f i n e — g r a i n e d pink s y e n i t e of un
known o r i g i n , c h e r t , q u a r t z i t e , s h a l e , and t u f f . 
The rock i s s l i g h t l y f o l i a t e d and i n general s i l i -
c i f i e d . M i c r o s c o p i c patches of carbonate, probably 
primary, and h e m a t i t i c v e i n l e t s occur i n the t u f f 
fragments. Although the limestone-neck contact 
i s obscured by p u l a s k i t e i n t r u s i o n s and d r i f t , 
the g e o l o g i c a l body i s i n t e r p r e t e d as a v o l c a n i c 
pipe on the b s s i s of the a n g u l a r i t y , coarseness, 
and heterogeneity of composition of the b r e c c i a 
fragments. I n a d d i t i o n , the b r e c c i a contains the 
carbonate remnants found i n another v o l c a n i c body 
more d e f i n i t e l y i d e n t i f i e d as a p i p e . 

T h i s second pipe occurs immediately n o r t h 
west c f the l i . B e l l Mine. I t i s i r r e g u l a r but 
roughly c i r c u l a r i n p l a n w i t h a diameter of about 
2,000 f e e t , and i s cut by three types of l a t e r 
d i k e s . The contact of the v o l c a n i c pipe w i t h o l d e r 
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rocks i s exposed 600 f e e t of the main s h a f t of 
the E. B e l l Mine. The only e f f e c t c f thermal 
metamorphisra on impure limestone at the contact 
i s s l i g h t r e c r y s t a l l i z a t i o n . The limestone i s 
s t r o n g l y deformed, however, e x h i b i t i n g c o n t o r t i o n 
and t e c t o n i c b r e c c i a t i o n . 

The t u f f s , b r e c c i a s , and agglomerates f i l l i n g 
t h i s p i pe have i n p l a c e s a f o l i a t e d appearance. I n 
g e n e r a l the rocks a r e dark green and dense, w i t h 
vague rounded t o angular fragments. Although the 
fragments are commonly c h l o r i t i z e d and e p i d o t i z e d , 
d a c i t e , q u a r t z i t e , and limestone types can be recog
n i z e d . .The m a t r i x i s i n p a r t a n d e s i t i c and i n 
p a r t t u f f a c e o u s . The-tuffaceous phases of the rock 
are composed of small c r y s t a l fragments of o r t h o -
c l a s e and p l a g i o c l a s e ; rounded c h e r t , j a s p e r , and 
q u a r t z i t e fragments; c a l c i t e and c r y s t a l s of pyro
xene. A t h i n s e c t i o n of a f i n e r - g r a i n e d t u f f con
t a i n s 70 percent of broken f e l d s p a r c r y s t a l s s t r o n g l y 
a l t e r e d t o p h y l l o s l l i c a t e s and magnetite, q u a r t z i t e 
fragments and fragments of corroded and r e c r y s t a l -
l i z e d arenaceous limestone i n a very f i n e - g r a i n e d 
t u f f a c e o u s m a t r i x . The rook i s p a r t l y a l t e r e d t o 
c l i n o c h l o r e and epidote• K a c r c s c o p i c a l l y the same 
rock shows strong patches c f e p i d c t i z a t i o n , and. 
c a l c i t e and hematite. The rocks of the pipe c o n t a i n 
disseminated p y r i t e . 



The i n t e r p r e t a t i o n of t h i s rock as a v o l c a n i c 
neck i s based on the c o n t o r t i o n and b r e c c i a t l o n of 
limestone about the body, r e c r y s t a l l i z a t i o n c f 
limestone at the c o n t a c t , the rudely c i r c u l a r shape 
of the body, and the strong a l t e r a t i o n i n the nock 
t h a t s e t s i t apart from other E h o l t rocks• 

The c o n c e n t r a t i o n of c f c l o r i t i z a t i o n and e p i -
d o t i s a t i o n i n the rocks of the pipe i s b e l i e v e d to 
be connected w i t h the f o r m a t i o n of skarn a t the 
E* B e l l nine. 

Because n e i t h e r Impure limestone i n contact 
w i t h the pipe nor limestone fragments w i t h i n the 
p i p e have been converted t o skarn i t i s u n l i k e l y 
t h a t the skarn zone a£> the E* E e l l Mine I s a r e s u l t 
of E h o l t vulcanism. The limestone-pipe contact 
may have served as a channel f o r metasomati z i n g 
f l u i d s connected w i t h the i n t r u s i o n of L i o n Creek 
r o c k s . 

A small outcrop of coarse v o l c a n i c b r e c c i a 
1,000 f e e t west of the Emma Mine along the Fhoenix-
E h o l t grace may be part of a t h i r d v o l c a n i c p i p e . 
P y r o c l a s t i c rocks are very common i n the v i c i n i t y . 
O r i g i n of the E h o l t Hocks: 

The opening stages of E h o l t vulcanism were 
probably marked by q u i e t e x t r u s i o n c f basic l a v a s 
I n t e r s p e r s e d w i t h stages of e x p l o s i v e vulcanism. 
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The occurrence of the b r e c c i a pipes d e s c r i b e d above 
i n d i c a t e t h a t the f i n a l stage of E h o l t vulcanism 
was e x p l o s i v e . The f a i r degree of s p h e r i c i t y and. 
rounding of many of the aggiomeratlc fragments 
suggests that many of the p y r o c l a s t i c s are water-
l a i n . The rounded q u a r t s i t e fragments, which are 
common i n the agglomerates, probably were d e r i v e d 
from the same source as the pebbles of the ch e r t 
b r e c c i a , and were i n p a r t deposited by -water as 
pebbles i n a matrix of w a t e r - l a i n v o l c a n i c ash. 
S t r u c t u r e c f the E h o l t Formation; 

The contact between the Br o o k l y n and E h o l t 
Formations I s i n p a r t i n t r u s i v e as d e s c r i b e d above, 
but i n general the contact i s a nonconformable 
sedimentary one i n the Summit Camx̂ . The f a c t t h a t 
the a t t i t u d e s of bedding and f o l i a t i o n i n the two 
formations do not match I s evidence supporting t h i s 
i n t e r p r e t a t i o n . I n a d d i t i o n , Dr. w'.H. White 
(personal communication} found an anci e n t weathered 
zone between the two formations on the h i l l n o r t h 
of the Phoenix Road* The conta c t i s well/exposed 
a t the B.C. Mine, where, although unaccompanied, by 
ancie n t weathering, i t i s d e f i n i t e l y uneven. 

Due t o s t r o n g a l t e r a t i o n of the roc k s , the 
nature of t h e i r f o l d i n g i s obscure. Despite strong 
c o n t o r t i o n , the general s t r i k e of the rocks can be 

• 



seen to be n o r t h e r l y , because of the obscure 
s t r u c t u r e of these rocks no estimate of t h e i r 
t h i c k n e s s i s attempted* 
M i n e r a l i z a t i o n of the E h o l t Formation: 

E h o l t rocks c o n t a i n few mineral d e p o s i t s . lone 
are economic. A few "gopher h o l e s " have been sunk 
on p y r i t e c o n c e n t r a t i o n s a s s o c i a t e d w i t h shearing 
and c o n t o r t i o n i n the Lime Creek and riathmullen 
Creek areas, but, judging from the o l d workings, 
work was soon abandoned. Extensive p y r l t i z a t l o n 
was i n d i c a t e d by s e l f - p o t e n t i a l wcrK ever the 
Lime Creek showings. Disseminated p y r i t e i s common 
i n E h o l t greenstones. 

Cn the h i l l n o r t h of Emma Mine and a t the E. 
B e l l n i n e , s l i g h t skarn metasomatism of E h o l t rocks 
i s e v i d e n t . The skarn i s m i n e r a l i z e d by magnetite 
and s u l p h i d e s . 

Plnfror.? c Eocks 

I n d e s c r i b i n g the p l u t o n i c rocks of the a r e a , 
Brock (1902, p. 107) s t a t e s : "From the way i n which t h i s 
rock makes i t s appearance i n a l l p a r t s of the d i s t r i c t 
i t i s evident that the whole of i t , a t no scan depth, 
i s u n d e r l a i n by t h i s rock." 

The age c f these rocks has been suggested t o 
be Kesozoic-on the b a s i s of c o r r e l a t i o n w i t h s i m i l a r 
i n t r u s i v e s of the s o u t h - c e n t r a l P r o v i n c e . I n t h e Summit 
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Camp these rooks have been d i v i d e d i n t o two map-units 
of s l i g h t l y d i f f e r e n t age- The age r e l a t i o n s were 
e s t a b l i s h e d by the dis c o v e r y of x e n o l i t h s of one 
p l u t o n i c type i n the other ( P l a t e I I ; b ) . 
(a) Emma I n t r u s i v e 

The name "Emma I n t r u s i v e " i s proposed f o r a 
sma l l stock and a few dik e s outcropping near the 
Emma J-Iine • The stock extends belo;. the Oro Denoro 
Mine. The rocks c f the complex are of d i v e r s e 
t y p e s . The most abundant rock type i s quartz 
d i o r i t e , but d i o r i t e road gabbro a l s o make up part 
of the i n t r u s i v e . Quartz gabbro occurs at only 
one outcrop. 

The t e x t u r e i s i n general p o r p h y r i t l c , the l i g h t 
c o l o u r e d and s t r o n g l y a l t e r e d p l a g i o c l a s e c r y s t a l s 
forming the phenocrysvs. The grounamass c o n s i s t s 
of v a r y i n g amounts of q u a r t z , p l a g i o c l a s e , b i o t i t e 
or hornblende, c h l o r i t e s , and accessory magnetite. 
Magnetite i s p a r t l y a l t e r e d t o hematite. P l a g i o 
c l a s e c r y s t a l s are commonly a l t e r e d t o a mass of 
f i n e - g r a i n e d p h y l l o s i l i c a t e s that obscures the 
o r i g i n a l c h a r a c t e r of the f e l d s p a r , and the mafic 
minerals are ir.cre o r l e s s c h l o r i t i z e d . 

The rocks of t h i s map-unit are heterogeneous, 

but most have i n common such features as pheno-

c r y s t s of p l a g i o c l a s e i n a raedium- to f i n e - g r o i n e d 

m a t r i x and app r e c i a b l e content of quartz ( f i v e t o 
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f o r t y p e r c e n t ) . P l a g i o c l a s e Is near andesine i n 
composition. I t i s p o s s i b l e that these rocks are 
pa r t c f a complex that i n c l u d e s b a s i c phases. 

The c o n t e s t of Emma I n t r u s i v e w i t h Brooklyn 
ond E h o l t r o c k s i s accompanied by an only s l i g h t l y 
c h i l l e d margin. Angular t u f f and s l i g h t l y raeta-
somatized limestone x e n o l i t h s are found w i t h i n 
the Emma I n t r u s i v e , 

(b) L i o n Creek I n t r u s i v e 

The rocks c f t h i s map-unit c o n s i s t of quartz 
d i o r i t e and sy e n i t e f o r which the naae"Elon Creek 
I n t r u s i v e " i s proposed. L i o n Creek i s the name of 
the t r i b u t a r y of E h o l t Creek t h a t f l o w s west from 
Emma Mine. L i o n Creek'rocks outcrop as a stock 
(western boundary nGt mapped) i n the v i c i n i t y of 
the Oro Dencro and Emma Hines and as a body of 
s y e n i t e 1,500 f e e t west of the B.C. Mine. 

The most abunoant rock of t h i s map-unit i s 
quartz d i o r i t e w i t h a t y p i c a l l y coarse-grained, 
s l i g h t l y i n e q u i g r a n u l a r t e x t u r e . The rock i s 
t y p i c a l l y l e u o c r a t i c . The primary mineral com
p o s i t i o n i s , i n order of abundance, p l a g l o c l a s e 
averaging &n~j>9 X r i c o a 3 P O £ I t i o n , quart2, hornblende, 
b l o t i t e , o r t h o c l t s e , musccvite, and accessory 
magnetite ( P l a t e I I I ; c ) . Quartz i s commonly i n t e r ¬

) s t i t l a l , and i n some places replaces f e l d s p a r s as 



i r r e g u l a r patches. Felt-spare are i n most cases 
s t r o n g l y a l t e r e d to s e r i e i t s , k a o l i n l t e , and other 
p b y l l o s i l i c a t e s . K a f i c minerals are i n part 
e h l o r i t i z e d . 

The coarse-grained b i o t i t e s y e n i t e thai: out
crops near the B.C. Mine bus o r t h o c l a s e as the 
predominant f e l d s p a r , but the l e s s abundant p l a g i c — 
c l a s e has a composition ( A 1 1 4 5 ) w i t h i n the range of 
andesine. The rook contains almost ten percent of 
q u a r t z . Because the p l a g i o c l a s e s are of s i m i l a r 
composition and both rocks are l e u c o e r a t i c , the 
quarts d i o r i t e and b i o t i t e s y e n i t e are assumed t o 
be g e n e t i c a l l y r e l a t e d . 

A 20-foot t h i c k d i k e of very coaree-graine&\ 
g r a n i t e porphyry cuts limestone on the Phoenix- L 

E h o l t grade south of the Oro Eenoro. AlthoughtheV /. 
d i k e was mapped as L i o n Creek, I t s true r e l a t i o n 
t o other igneous rocks i s unknown. 

The s y e n i t e are quartz d i o r i t e o c c u r r i n g In the 
open p i t s of the Oro Denoro Kine are s t r o n g l y e p i -
d o t i z e d , h e m a t i t l z e d and c a r b o n a t i t i z e d near the 
extremely vague skarn c o n t a c t . T h i s i n d i c a t e s 
t h a t the L i o n Creek I n t r u s i v e may have been r e s 
p o n s i b l e f o r the formation of skarn. A few narrow 
L i o n Creek d i k e s cut skarn i n the Cro Eenoro p i t s . 

The main stock has a very f l a t l y d i p p i n g r o o f 
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beneath the Oro Eenoro Kine as can Le seen I n 
underground workings end deduced from d r i l l i n g i n 
the v i c i n i t y . Brock (1902, p.121} s t a t e s that i t 
occurs a t no great depth below the B.C. l l i n e . 

K e t t l e B l v e r Formation 

The K e t t l e E i v e r Formation dees not outcrop 
i n the map-area, but occurs i n the Boundary D i s t r i c t . 
I t s age i s e s t a b l i s h e d as Oligccene by p l a n t f o s s i l 
e a t i n g (Le Eoy, 1912, p.bit). I n the Fhoeni:: Camp the 
formation i s composed of arkoso and has a t h i c k n e s s of 
a few hundred f e e t . K e t t l e E l v e r rocks throughout the 
south of the Province are i n t e r p r e t e d as bavin., been 
dep o s i t e d i n fresh-water b a s i n s . At Phoenix, the K e t t l e 
E l v e r Formation i s overlai-n w i t h s l i g h t d i s c o n f o r m i t y 
by Miocene (?) f l o w s . 
Miocene (?) Ianeous Bocks 

These r o c k s , which are i n p a r t the "Ridway 
V o l c a n i c and Hypabyssal* rocks of Seraphim (1956), 
i n c l u d e i n the Summit Camp p u l a s k i t e f l o w s , sheets 
and s t o c k s ; p h o n o l i t e d i k e s ; and a few l a t e b a s a l t i c 
d i k e s . 
(a) P h o n o l i t e Dikes 

Three narrow d i k e s of p h o n o l i t e occur i n the 
map-area: one i n t r u d i n g the v o l c a n i c neck near the 
E. E e l l Mine, another c u t t i n g E h o l t E m m a , and L i o n 
Creek rocks 1,000 f e e t west of the Emma Mine, and a 

• * 
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t h i r d outcropping near the Eountain Lose p i t . I n 
hand specimen the rock hes o very f i n e - g r a i n e d 
satiny t e x t u r e and a brown c o l o u r * The rock con
t a i n s a few c a v i t i e s that appear t o be the r e s u l t 
of weathering out c f phencrysts. i n t h i n s e c t i o n 
the rock proves to bo composed of a f i n e - g r a i n e d 
ground-mass c f o r t h o c l a s e , p l a g i o c l a s e , b i o t i t e 
and a e g c r i n a u g i t e w i t h l a r g e r c r y s t a l s c f nepheline 
and a few phenocrysts of p i g e o n i t e . P h o n o l i t e i s 
s i m i l s r i n composition to p u l a s k i t e , d e s c r i b e d 
below 1. These rocks a r e t h e r e f o r e b e l i e v e d t o be 
very c l o s e l y r e l a t e d , 

(b) P u l a s k i t e 

P u l a s k i t e i s d e f i n e d as: "... an a l k a l i n e rock 
composed of soda-orthoclase, s o d a - m i c r o c l i n e , and 
a i c r o p e r t h i t e and a n t i p e r t h i t e - I t may c o n t a i n 
subordinate nepheline, s o d a l i t e , or r a r e l y * nose&n." 
(W i l l i a m s et a l r 155*0. Both e x t r u s i v e and i n t r u s 
i v e phases of p u l a s k i t e occur i n the map-area. 
The i n t r u s i v e phase i s brown to grey i n c o l o u r 
and i s commonly p o r p h y r i t l c w i t h a f i n e - to medium-
gra i n e d m a t r i x . The minerals a r e , i n o r c e r of 
abundance, small l a t h s and phenocrysts of p e r t h l t e 
and c r y p t o p e r t h l t e ; a l b i t e c f the same h a b i t ; 
nepheline as i n c l u s i o n s i n e a r l y m i n e r a l s ; b i o t i t e ; 
hornblende; r i e b e c k i t e ; a e g e r i n a u g i t e , euhedral 

-



m a g n e t i t e p r a r e i n t e r s t i t i a l q u a r t z ; and very r a r e 
p i g & o n i t e . Feldspars a r c cloudy and s t r o n g l y 
a l t e r e d t o p h y l i o o i l l c ^ t e s , and mafice are a l t e r e d 
t o pennine and c l l n o c h l o r e . there the rock i s 
c h i l l e d a g a i n s t country rocks i t i s green and 
p o r p h y r i t i c with an a p h a n i t i c m a t r i x . I n t r u s i v e 
p u l a s k i t e occurs I n the map-ar^a as e x t e n s i v e l y 
outcropping Sheets and s t o c k s . 

P u l a s k i t e flows have a s i m i l a r m i n e r u l o g i c a l 
composition but mafics are more abundant ana occur 
as l a r g e r c r y s t a l s , and the f e l d s p a r phenocrysts 
a r e l a r g e r (up to one c e n t i m e t e r ) ( P l a t e I I ; d ) . 
The l a v a s are s l i g h t l y v e s i c u l a r and amygcaloidal 
where seen east of E h o l t s t a t i o n along the 
Canadian P a c i f i c Hallway. P u l a s k i t e l a v a s can 
be d e f i n i t e l y d i s t i n g u i s h e d from the i n t r u s i v e 
phase only by s t r u c t u r a l f e a t u r e s . 

P u l a s k i t e lavas occur toward the north of the 
map-sheet. A disconformable contact between the 
flow s and o l d e r rocks showing s l i g h t ancient wea
t h e r i n g i s v i s i b l e at many places i n rai l w a y c u t s . 
The l a v a s i n a few places e x h i b i t flow banding 
which i n d i c a t e s that a t i l t i n g of some 35 degrees 
t o the north-east has occurred s i n c e the outflow 
of the l a v a . 

P h o n o l i t e and p u l a s k i t e have probably become 



u n d e r s i l i c a t e d and gained the calcium of t h e i r 
n e pheline, p l g e o n l t e , and ae g e r i n a u g i t e by the 
a s s i m i l a t i o n of limestone. Large rounded i n c l u s i o n 
of limestone occur I n one of the p h o n o l i t e d i k e s . 
The high soda content of the p l a g i o c l a s e , which 
would be expected to hs c a l c i c as a r e s u l t of 
a s s i m i l a t i o n of limestone, can be explained by 
Shand• s (1530) hypothesis of sin-ting of the dense 
c a l c i c p l a g i o c l a s e • f o r m e d . Less dense soda p l a g i o 
c l a s e would r i s e t o take i t s p l a c e . 

(c) B a s i c Dikes 
Included i n t h i s map-unit are f i n e - g r a i n e d 

b a s i c dike rocks of obscure r e l a t i o n s h i p t o the 
other igneous rocks of the area. At l e a s t some 
ouch rocks occur as di k e s i n p u l a s k i t e . The d i k e 
rocks are p o r p h y r i t i c andesite? and b a s a l t s and 
commonly c o n t a i n disseminated p y r i t e . They may 
be r e l a t e d t o the Miocene b a s a l t s t h a t occur I n 
many p o r t s of i n t e r i o r B r i t i s h Columbia. 

FAULTING 
Major f a u l t s are i n d i c a t e d at two places near 

Lime CreeK. The p o s s i b l e f a u l t on the slope to the 
south of the creek was i n f e r r e d on topographic evidence 
a f t e r examination c f a e r i a l photographs. The probable 
f a u l t I n Lime Creek v a l l e y shows apparent o f f s e t , and 
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shearing and p y r i t i z a t i o n are v i s i b l e along the t r a c e . 
Minor f a u l t s and shear sones are v i s i b l e at many p l a c e s 
i n the map-area, e s p e c i a l l y i n mine workings. I n sorae 
cases these f a u l t s and a s s o c i a t e d j o i n t s c o n t r o l copper 
mi ne r a l i z at 1 on • 

H I - ECONOKIC 01GLOGY 
The word "skarn" i s usee i n t h i s t h e s i s as 

a term f o r a contact metasomatic or pyrometasomatic r-ock com
posed mainly o f lime s i l i c a t e s . 

I n the Summit Camp, skarn has formed by the 
metasomatism of massive limestone beds. The metasomatic e f f e c t s 
are b e l i e v e d t o be the r e s u l t of the i n t r u s i o n of L i o n Creek 
r o c k s . F i g u r e 1 shows t h a t i n the Boundary Camp economic 
copper d e p o s i t s are a s s o c i a t e d w i t h limestone outcrops w i t h i n 
the p r o j e c t e d boundary of the g r a n i t i c body. Low temperature 
p r e c i o u s metal v e i n s occur i n rocks other than limestone c l o s e 
t o the i n t r u s i v e s or w i t h i n them. Deposits of t h i s type have 
not been d i s c o v e r e d i n the Summit Camp. 

A genet i c r e l a t i o n s h i p between the Oro Benoro-
Emma-Jumbo skarn zone and the L i o n Creek quarts d i o r i t e stock 
i s i n d i e s t e d by f i e l d r e l a t i o n s . M i n e r a l d e p o s i t s not w i t h i n 
t h i s main s k a r n sons and not obvi o u s l y r e l a t e d t o igneous 
a c t i v i t y are probably the r e s u l t of igneous emanations t h a t 
deposited ore minerals under c e r t a i n s t r u c t u r a l c o n d i t i o n s . 

-

• 



A. DESCRIPTION OF MINES 
Table I I 

Eeeorced P r o d u c t i o n of Mines of the Summit Camp 

Property Year 
Ore Shipped 
or Treated 

Gold 
CozO 

S i l v e r 
(oz.) Cooper 

(lb. } 

Emma 1901-21 254,597 6,604 78,065 5*1^2,118 
Emma-Bluebell 192? 24 1 12 i , G 2 7 

B l u e b e l l 1938-39 339 259 122 930 

Oro i'enoro 1903-1? 136,447 3 , 7 ^ 30,652 3 ,727,194 

B.C. . 1900-19 103,476 1,002 214 ,275 9 ,025,707 
F o u n t a i n Rose 1904-10 11,629 6 178 48 ,514 

R. B e l l 1901' 
1902 

294 
560 ? 

3,559 
? 

45,927 
? 

Jumbo 1905 — \ — mm*m 1 M 

Rathmullen 1898 mm+m 

S a i l o r Eoy 1899 
Shlckshock 1899-1906 , —mm mumm 

1* B.C. Mine 
The B.C. Mine i s i n the centre of the map-

a r e a . The d e p o s i t , which y i e l d e d ore of h i g h grade 
f o r the Boundary D i s t r i c t , i s i n Br o o k l y n limestone 
and has a hangingwall of E h o l t agglomerate• The aver
age grade f o r ore e x t r a c t e d up t o 1901 was 5*6 percent 

Data from Index No. 3. B.C. Dept. Nines. 1956, 
Table I and B.C. Reports of M i n i s t e r of mines 
f o r 1894-1939• ' . . . 



Cu, 2 .45 0 2 . Ag, end .015 0 2 * Au. 
The workings (see 50 s c a l e mine nap) c o n s i s t 

of a l a r g e open p i t (now f l o o d e d ) , a s h a f t , and many 
trenches. About 450 f e e t south-west of the main work
ings I s a s m a l l e r second s h a f t . Access t o the nine i s 
provided by a good d i r t road. 

The f o l l o w i n g s t r u c t u r a l d e s c r i p t i o n i s from 
brock's (1902) observations d u r i n g the o p e r a t i o n c f 
the niine i n 1901. The main ore body i s 65 f e e t *:lde 
and 200 f e e t l o n g , becoming s m a l l e r w i t h depth. The 
w a l l s of the ore body a r e merely commercial t r a i l s , 
but the "marble l i n e " i s sharp. The m i n e r a l i s e d zone 
i s cut by numerous sheets of p u l a s k i t e that c o n t a i n 
no i n c l u s i o n s of ore. Diainond d r i l l i n g t o a depth of 
911 f e e t i n d i c a t e d the presence of ore belou the 400-
foot Iev«-1, but i n c r e a s i n g amounts of p u l a s k i t e i n 
t r u s i v e proved d i s c o u r a g i n g . G r a n o d l o r i t e was 
encountered i n d r i l l i n g - A few d i k e s s i m i l a r t o those 
of known p o s t — p u l a s k i t e age are exposed i n the main p i t 

The gangue i s limestone, skarn, and, accord
i n g t o Erock ( 1902) , probably i n part a l t e r e d E h o l t 
greenstone. Brock noted the f o l l o w i n g m i n e r a l s i n 
the gangue; garnet, quarts, c a l c i t e , d o lomite, e p i -
dote, z o l s i t e , a c t l n o l i t e , c h l o r i t e , s e r p e n t i n e , 
p l a g i o c l a s e , and k a o l i n ( ? ) . A specimen of ore from 
the main p i t c o n s i s t s c f p y r r h o t i t e r e p l a c e d by 
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c h a l c o p y r l t e t h a t contains minute blebs and v e i n l e t s 
of t e t r a h e d r i t e . The m e t a l l i c minerals r e p l a c e 
g r a n u l a r quartz gangue as massive pods and small 
s t r i n g e r s . The specimen i s veined by l a t e c a l c i t e . 
S pectrographic a n a l y s i s i n d i c a t e s the presence of 
gold i n p y r r h o t i t e . 

Ore minerals a l s o replace f i n e - g r a i n e d garnet-
epidote skarn, limestone, and limestone b r e c c i a as 
massive pods and f i n e - g r a i n e d d i s s e m i n a t i o n s . T h i s 
m i n e r a l i z a t i o n appears t o be r e l a t e d to f a u l t s , the 
pods of massive ore o c c u r r i n g I n t h e i r f o o t w a l l s , 
Emma Mine 

Emma Mine i s one of the major mines of the 
Camp. I t i s near the contact of the main skarn zone 
w i t h Emma quartz d i o r i t e at the j u n c t i o n of the o l d 
Phoenlx-Eholt and B.C. Wine r a i l w a y spurs. Access i s 
provided by these o l d grades. 

The workings c o n s i s t of an i n c l i n e d s h a f t , 
f o u r beep open stopes, w a t e r - f i l l e d underground working 
on s i x l e v e l s , come trenches, and a prospect s h a f t 
(see 50 s c a l e mine map). 

An o l d composite l e v e l p l a n i n d i c a t e s t h a t 

the ore body was a n o r t h - s t r i k i n g l e n s 600 f e e t long 

by 30 f e e t wide. The ore body dipped s t e e p l y t o the 

east and raked n o r t h . M i n e r a l i z a t i o n grades o f f to the 

no r t h but apparently terminates a b r u p t l y t o the south. 



( U n f o r t u n a t e l y there are no s u r f a c e exposures of t h i s 
end of the m i n e r a l i z e d zone.) The a t t i t u d e of the ore 
body conforms to the bedding of l i m e s t o n e . 

Skarn contacts L i o n Creek quartz d i o r i t e a t 
the south end of the deposit (see 50 s c a l e mine s a p ) . 
The l e n s of skarn l i e s a g a i n s t a steep contact of 
Emma quartz d i o r i t e . The skarn zone i s cut by p u l a s 
k i t e and g r a n o d i o r i t e d i k e s . S t r o n g l y metamorphosed 
E h o l t p y r o c l a s t i c s outcrop on the f o o t b a l l of the ore 
zone. 

The hanging-wall of the oreshoot contains a 
d i f f u s e unmineralized zone of c a l c i t e t>.o to ten f e e t 
t h i c k t h a t p a r a l l e l s the f o l i a t i o n . A p e r s i s t e n t 
one-foot t h i c k l a y e r of massive magnetite occurs ad
jacent to the c a l c i t e zone f o r a d i s t a n c e of 250 f e e t . 
I n g e n e r a l , magnetite i s l o c a l i z e d along f o l i a t i o n 
p l a n e s , but sulphides commonly occur as I r r e g u l a r pods 
th a t a r e most numerous toward the f o o t w a l l . 

I n hand specimen, skarn ranges i n c h a r a c t e r 
from f i n e - g r a i n e d l i g h t - c o l o u r e d a n d r a d i t e rock t o 
p o r p h y r o b l a s t i c replacements of marble by coarse
g r a i n e d dark brown a n d r a d i t e , e p i d o t e , and d i o p s i d e . 
I n t h i n s e c t i o n , skarn proves t o c o n t a i n i n a d d i t i o n 
c a l c i t e , z o i s i t e , o^uartz, and minor s c a p o l i t e and 
p l a g i o c l a s e . 

One specimen c o n t a i n s b r e c c i a t e d fragments of 



andra&ite-dlopslde skarn. Spaces between fragments 
have been f i l l e d with coarse-grained magnetite w i t h 
some andra d i t e and d i o p s i d e . The boundaries of the 
fragments are p a r t l y replaced by magnetite. Another 
specimen e x h i b i t s what are i n t e r p r e t e d as elongate 
b r e c c i a t e d fragments I n an o r i g i n a l l y open f r a c t u r e . 
Some of these fragments are bordered by r a d i a t i n g 
c l i n o z o i s i t e c r y s t a l s , and the area between the en
cr u s t e d fragments I s occupied by magnetite w i t h minor 
d i o p s i d e . B r e c c i a t e d ekarn. was not found I n p l a c e • 
Although some magnetite appears to have f i l l e d f i s s u r e s 
most has replaced country rock. 

The m e t a l l i c minerals are magnetite, c h a l 
c o p y r i t e , t e t r a h e & r i t e , and a .very few minute i&zite. 
i s o t r o p i c blebs of an u n i d e n t i f i e d m i n e r a l . I n most 
cases, magnetite r e p l a c e s skarn along f o l i a t i o n planes 
and f r a c t u r e s . P y r i t e r e p l a c e s and c u t s magnetite. 
C h a l c o p y r i t e r e p l a c e s e a r l i e r m e t a l l i c minerals and. 
s i l i c a t e gangue as v e i n l e t s , and c a l c i t e as i r r e g u l a r 
bunches. T e t r a h e d r i t e and the unknown mi n e r a l occur 
i n c h a l c o p y r i t e as minute b l e b s . Late c a l c i t e v e i n l e t s 
cut a l l e a r l i e r m i n e r a l s . 

I t was observed i n the open stopss that copper 
m i n e r a l i z a t i o n i s strongest i n the f o o t w a l l of the ore-
body . 
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Swallow 'line 

The term "Swallow Mine" i s used by the w r i t e r 
to denote a p i t on the Emma c l a i i u (see inde;-: map). 
This p i t I s 000 f e e t south-west of Emma King proper, 
and l i e s w i t h i n the main skern zone i n l i n e ssith the 
nort h - e a s t e x t e n s i o n of i t (see 1,000 s c a l e g e o l o g i c a l 
map) - The Sv?allow p i t was r e p o r t e d l y worked i n con
j u n c t i o n w i t h the Oro .Donoro HIne. The workings con
s i s t o f a - w a t e r - f i l l e d p i t w i t h two stopes or d r i f t s 
I n t h e n o r t h face and an i n c l i n e i n the south face 
(see 50 s c a l e mine map), 

A- s t e e p l y d i p p i n g l e n s of marble covers most c f 
the n o r t h face of the p i t . Two f l a t - d i p p i n g sub-
p a r a l l e l f a u l t s are exposed i n t h i s face*. Skarn i s 
cut by a set of j o i n t s p a r a l l e l t o these f a u l t s . At 
the n o r t y - v e s t corner of the p i t zones c f magnetite 
occur a l o n g a b r e c c i a zone, and a l a r g e area c f mag
n e t i t e i s exposed I n the east f a c e . At the north-east 
end of the p i t , p y r i t e and c a l c i t e r e p l a c e skarn along 
north-east s t r i k i n g s t e e p l y d i p p i n g f o l i a t i o n plar.es. 

The f o l l o w i n g observations regarding gangue 
and m e t a l l i c minerals are based on examination of 
specimens c o l l e c t e d from the dump. Skarn c o n s i s t s o f 
an d r a d i t e , c l i n o z o i s i t e , a c t i n o l i t e , q u a r t z , c a l c i t e , 
and sphene* Anaradlte i s p a r t l y a l t e r e d t o c h l o r i t e * 

http://plar.es


Skarn r e p l a c e s -very coarse-grained marble as coarse-
to f i n e - g r a i n e d aggregates. R e s i d u a l c a l c i t e occurs 
i n i n t e r s t i c e s between s i l i c a t e c r y s t a l s or as unre-
placed zones. 

K a g n e t i t e replaces c a l c i t e and, to l e s s e r 
e x t e n t , s i l i c a t e s . P y r i t e bears s i m i l a r r e _!_a t1 ons t o 
gangue. C h a l c o p y r i t e , p y r r h o t l t e , - a n d a l i t t l e t e t r a -
h e d r i t e cut magnetite, p y r i t e and s i l i c a t e s ouii r e place 
c a l c i t e e x t e n s i v e l y . Late c a l c i t e v e i n l e t s cut a l l 
other m i n e r a l s . 

Some specimens of ore show a s t r i k i n g brec
c i a t e d t e x t u r e and features suggesting open-space 
f i l l i n g . P l a t e H;a i l l u s t r a t e s one of these s p e c i 
mens* B r e e c l a t i o n of f o l i a t e d andradite skarn i s 
proved by the d i s o r i e n t a t i o n of the f o l l u t i o n of 
angular fragments i n t h i s specimen. These fragments 
were encrusted and s l i g h t l y replaced by coarse-grained 
magnetite and a n d r a d i t e . T h i s stage was f o l l o w e d by 
d e p o s i t i o n of andradite alone, then by d e p o s i t i o n of 
e p i d o t e and r a d i a t i n g c r y s t a l s of a c t i n o l i t e . The 
f i n a l stage c f open-space f i l l i n g was the d e p o s i t i o n 
of c a l c i t e i n the remaining space. Beplacement of 
e a r l i e r minerals by minor amounts c f s u l p h i d e s then 
o c c u r r e d . 

Faragenesis i s s i m i l a r to t h a t d e s c r i b e d 



- 46 -

above f o r other specimens of b r e c c i a t e d skarn. The 
main p o i n t s i n favour of an open-space f i l l i n g o r i g i n 

of these t e x t u r e s a re: 

(a) The e s t a b l i s h e d b r e c c i a t e d nature of the o r i g i n a l 
skarn • 

(b) The c o n c e n t r i c nature of the mineral zones. 
(c) The cockade t e x t u r e of a c t i n d i t e . 
(d) The f a c t t h a t a rough paragenesis holds f o r s e v e r a l 

specimens• 
The medium t h a t deposited the e n c r u s t i n g 

m i n e r a l s may have been f l u i d moving through an ooen 
jumble c f skarn fragments. 

4. Jumbo Mine 
The Jumbo Mine i s a minor showing near the 

n o r t h end of the m:,in skarn zone. I t l i e s i n a e t a -
somatized Brooklyn limestone near i t s contact w i t h 
E h o l t v o l c a n i c s . The showing was worked i n 1905, but 
has no recorded p r o d u c t i o n . The workings c o n s i s t of 
a shallow s h a f t , two open c u t s , and three trenches 
(see 50 s c a l e mine map). The showing can be reached 
from Emma Mine by a badly overgrown wagon road.' 

The d e p o s i t i s i n an apparently narrow zone 
of green andradite skarn that grades Into s l i g h t l y 
metasomatized limestone b r e c c i a . F o l i a t i o n of skarn 
I s p a r a l l e l t o the bedding of limestone. Minor shears 
occur a t the north end of the main cut . The skarn 



zone appears t o end to the n o r t h between the n o r t h e r n 
open cut and the trenches. 

S t e r n c o n s i s t s of f i n e - t o me&iuza-graIned green 
a n d r a d i t e c r y s t a l s # i t h I n c l u s i o n s and I n t e r s t i t i a l 
f i l l i n g s Of c a l c i t e , ..quarts, soul c c a p o l l t e . The rock 
i s cut by v e i n l e t s c f c a l c i t e and q u a r t z , the quarts 
v e i n l e t s being p a r t l y replaced by magnetite and minor 
s p e e u l a r i t e . C h a l c o p y r i t e and -magnetite- occur as pods 
r e p l a c i n g c a l c i t e which Is i n t e r s t i t i a l t o garnet 
c r y s t a l s ( P l a t e I I I j c ) . txx a p o l i s h e d s e c t i o n of the 
o r e , these pods are seen to be a s s o c i a t e d w i t h a reag-
n e t i t e - h e m a t i t e v e l n l s t . C h a l c o p y r i t e contains a few-
bl e b s of t e t r a h e & r i t s . P y r i t o cubes r e p l a c e garnet* 
The «?yrrhotitc Showing. ' 

T h i s small prospect s h a f t i s i n Eholt green
stone on the h i l l n orth of the Emma n i n e . A specimen 
of ore from the dump c o n s i s t s o f euhedral p y r i t e 
c r y s t a l s and massive p y r r h o t i t e cut and replaced by 
c h a l c o p y r i t e c o n t a i n i n g blebs of t e t r a h e d r i t e . The 
gangue Is andradite skarn. The d e p o s i t I s s i m i l a r t o 
the minor showings i n E h o l t rocks a t the B . B e l l nine 
( d e s c r i b e d below) and may be r e l a t e d t o a skarn zone 
i n u n d e r l y i n g Brooklyn l i m e s t o n e . 
Cro penorc n i n e 

The Cro lenoro Kin© i s In the centre of the 
main skarn zone on the Phoenix-Eholt r a i l w a y spur. 
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The v i s i b l e workings c o n s i s t of a s a i n a d i t , 
about 1,000 f e e t of d r i f t s on one l e v e l , f i v e open 
stop s s , and a deep prospect s h a f t . 

The creshoots occur i n a skarn sane that 
appears to be f l o o r e d by a body of. Emma d i o r i t e . 
The c o n t a c t of the d i o r i t e d i p s t o the north-west a t 
a low angle. Country rooks are cut by the L i e n Creek 
st o c k , which I s evident i n the open stopes (see =0 
sc a l e mine map). »Skarn Is cut by narrow d i k e s of 
d i o r i t e . L i o n Creek quarts d i o r i t e end p u l a s k i t e . 
The L i o n Greek stock contains a roof pendant c r s a l i e n t 
cf. limestone- converted t o m i n e r a l i s e d si:am t h a t com
p r i s e s the n o r t h h a l f of the Oro Denoro d e p o s i t , the 
south telf being p a r t of the main skarn cone. Both 
r o o f pendant r-ncl main sk a r a zone c o n t a i n disseminated 
m e t a l l i c minerals w i t h i n a few f e e t of the L i o n Creek 
c o n t a c t , whereas r i c h e r zones occur a l o n g f r a c t u r e s 
f u r t h e r w i t h i n the skarn bodies. Magnetite r e p l a c e s 
skarn a l o n g f o l i a t i o n planes as a t Emma K l n e . 

I n g e n e r a l , o r e - c o n t r o l l i n g f r a c t u r e s are of 
two a t t i t u d e s - roughly m/V and BW/15W. M e t a l l i c 
m i n e r a l s appear to be concentrated I n the lower crotches 
o f the i n t e r s e c t i o n s of f r a c t u r e s as w e l l as a l o n g the 
v e r t i c a l f r a c t u r e s . Skarn contains v a r y i n g amounts of 
disseminated ore minerals and some c a l c i t e v e i n s c o n t a i n 
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massive bunches of s u l p h i d e s . At l e a s t one wide c a l 
c i t e v e i n c o n t a i n i n g b r e c c i a t e d fragments of skarn i s 
exposed i n the underground workings. I n the under
ground workings a p u l a s k i t e d i k e i s not d i s p l a c e d by 
f a u l t s which c o n t r o l m i n e r a l i z a t i o n , 

•Skarn c o n s i s t s mainly of andradite w i t h minor 
amounts of d l o p o i d e , q u a r t z , c a l c i t e , hematite, and 
c h l o r i t e . Epidote occurs I n places as i r r e g u l a r v e i n -
l e t s and i s a s s o c i a t e d w i t h c h a l c o p y r i t e . Skarn i s 
medium- t o f i n e - g r a i n e d i n t e x t u r e and i s i n p l a c e s 
f o l i a t e d p a r a l l e l to o r i g i n a l bedding. Coarse-grained 
r e s i d u a l c a l c i t e and l a t e h e m a t l t i c v e i n c a l c i t e occur, 
I n p l a c e s w i t h b r e c c i a t e d i n c l u s i o n s of s k a r n . I n t h i n 
s e c t i o n s of v e i n c a l c i t e , brushed and r a d i t e may be 
seen i n a matrix of quartz and c a l c i t e * 

M e t a l l i c m i n e r a l s r e p l a c e s i l i c a t e s and c a l c i t e . 
Magnetite and minor s p e c u l a r ! t e c r y s t a l l i z e d t o g e t h e r . 
They r e p l a c e gangue along f r a c t u r e s and f o l i a t i o n 
planes o r form i r r e g u l a r patches i n skarn and marble. 
P y r i t e r e p l a c e s magnetite and gangue, and l a t e c h a l c o 
p y r i t e w i t h minute blebs of t e t r a h e d r i t e r e p l a c e s 
e a r l i e r m i n e r a l s . I n a few Instances v e i n l e t s of 
magnetite cut p y r i t e , i n d i c a t i n g that d e p o s i t i o n of the 
two minerals was t o some extent contemporaneous. 

C h a l c o p y r i t e and p y r i t e occur most commonly 
as disseminated replacements of s i l i c a t e s or magnetite, 
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or as pods of massive ore. Disseminated p y r i t e and 
pods of c h a l c o p y r i t e are found a t the borders of e a l -
c i t i c zones, and c h a l c o p y r i t e occurs as pods I n some 
c a l c i t e bodies. 

Some f l o a t found In the v i c i n i t y i n d i c a t e s 
that a stage of f i l l i n g of f i s s u r e s by quartz occurred 
The specimen c o l l e c t e d has a two-inch wide u n m l n e r a l i z 
vuggy quartz v e i n c o n t a i n i n g b r e c c i a t e d i n c l u s i o n s of 
skarn* The v e i n i s probably a p o s t - i u i n e r a l i z a t i c n 
f e a t u r e r e l a t e d t o l a t e c a l c i t e - q u a r t z v e i n s mentioned 
above. 

Mountain Pose Klne 
The Hountain Hose Mine i s 300 f e e t west of 

the highway at the north-east end of a narrow branch 
of the main skarn zone (see 1 ,000 s c a l e map). The 
workings may be reached by wagon-road from the B.C. 
r a i l w a y spur. The workings c o n s i s t of a deep open 
stope from which ore was drawn i n t o an a d i t (see 50 

s c a l e mine map). 

The d e p o s i t occurs i n a zone of skarn t h a t 
e x h i b i t s a g r a & a t l o n a l contact w i t h Brooklyn limestone 
Skarn minerals r e p l a c e limestone as s c a t t e r e d por-
p h y r o o l a s t s which becone s m a l l e r and more numerous 
toward the completely aetasomatized rock. I r r e g u l a r 
p u l a s k i t e i n t r u s i v e s and a p h o n o l i t e d i k e cut skarn 
and l i m e s t o n e . A prominent p a i r of p r e - p u l a s k i t e 
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f a u l t s (&E/85SE) I s evident I n the open stope. 
Gangue c o n s i s t s of f i n e - g r a i n e d green garnet 

skarn. M e t a l l i c minerals are rare on the eager: of 
the stope, and the stope f l o o r and w a l l s are i n a c c e s s 
i b l e , so the f o l l o w i n g observations are based on 
examination of specimens of o x i d i s e d ore c o l l e c t e d 
from the dump. Fin e - g r a i n e d magnetite c r y s t a l s r e p l a c e 
garnet. P y r i t e r e p l a c e s and cuts garnet and magnetite. 
Late p y r r h o t l t e and c h a l c o p y r i t e r e p l a c e e a r l i e r metal
l i c m i n e r a l s , cut goraet, and replace r e s i d u a l c a l c i t e 
between garnet c r y s t a l s . T e t r a h e d r i t e occurs i n 
c h a l c o p y r i t e as minute b l e b s . 

Because l i t t l e or« i s exposed i n the workings, 
i t i s probable that the Mountain Hose ore-body was 
completely mined out. 

8. E. B e l l Kine 

The B. B e l l Mine .i s one mil© south of the B.C. 
K i n e . The dep o s i t l i e s i n Brooklyn limes-cone a g a i n s t 
the c o n t a c t of one of the E h o l t v o l c a n i c necks. The 

• 

workings may be reached by good d i r t road from the 
highway* The workings c o n s i s t of a main s h a f t , a 
caved a d i t , s i x prospect s h a f t s i n E h o l t v o l c a n i c 
b r e c c i a , and many trenches. 

Because there i s no outcrop o f skarn or of the 
main zone of m i n e r a l i z a t i o n , specimens of ore and 
gangue were obtained from the dumps. High-grade 
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c h a l c o p y r i t e occurs i n marble and f i n e - g r a i n e d skarn. 
Coarse-grained andradite and pods of f i n e - g r a i n e d 
c l i n o z o i s i t e r e p l a c e r e c r y s t a l l i z e d c a l c i t e i n some 
specimens. I n t h i n s e c t i o n gangue proves t o be com
posed of zoned, p a r t l y an 'Isotropic andradite and c a l 
c i t e , q u a r t z , p y r i t e , c l i n o z o i s i t e , d i o p s i d e , s p e c u l a r -
i t e , and c h l o r i t e . Kuhedral a n d r a d i t e , r a d i a r i n : . sprays 
of hematite, ana c l i n o z o i s i t e - d r o p s i d e masses re p l a c e 
r e s i d u a l c a l c i t e . P y r i t e and p y r r h o t i t e replace c a l 
c i t e . S p e c u l a r i t e v e i n l e t s cut garnet and p y r i t e 
and l a t e c a l c i t e — q u a r t z — e a r t h y hematite veins cut 
e a r l i e r minerals ( P l a t e I I I ; a ) . Where skarn c o n t a c t s 
E h o l t v o l c a n i c b r e c c i a , there i s l o c a l replacement 
of b r e c c i a by a n d r a d i t e , c l i n o z o i s i t e , p y r i t e , and 
earthy hematite* 

The minor s h a f t s and trenches of the R . B e l l 
Mine a r e i n E h o l t rocks that are s t r o n g l y e p i d o t i z e d 
and p y r i t i z e d . F r a c t u r e s I n the rock c o n t a i n tecond-
ary copper carbonates. I n one trench a t h r e e - f o o t 
wide zone I s replaced by a n d r a d i t e and c a l c i t e , and 
m i n e r a l i z e d by f i n e - g r a i n e d manganoan magnetite, p y r i t e , 
p y r r h o t i t e , and c h a l c o p y r i t e t h a t show no mutual r e l a 
t i o n s . Hock i n t h i s t r e n c h i t h e a v i l y coated w i t h 
manganese s t a i n due to weathering of the manganoan 
magnetite. 



Spectrograph!c a n a l y s i s I n d i c a t e s the presence 
of g o l d I n the p y r i t e of the d e p o s i t . Because skarn 
c o n t a i n i n g much p y r i t e was s t o c k p i l e d , gold content of 
the ore i s b e l i e v e d t o have been a p p r e c i a b l e but not 
r e c o v e r a b l e . 
B l u e b e l l Mine 

The B l u e b e l l Mine i s c l o s e to.-the B.C. Mine 
r a i l w a y spur 2,000 f e e t west of the Mountain Eose 
Mine. The deposit i s - i n metasomatized Brooklyn l i m e 
stone near i t s contact w i t h B h o l t v o l c a n i c s • The 'work
in g s c o n s i s t of two w a t e r - f i l l e d s h a f t s . 

Skarn outcrops as patchy replacements of 
limestone b r e c c i a by f i n e - g r a i n e d brown a n d r a d i t e . A 
specimen of ore from the•dump c o n s i s t s c f euhedral 
c o a r s e - g r a i n e d p y r i t e r e p l a c e d by magnetite. 
Eathmullen Showings 

The Eathmullen showings are 3,000 f e e t west 
of th e B.C. Mine. The d e p o s i t l i e s i n metasomatized 
B r o o k l y n limestone w i t h i n 100 f e e t of an E h o l t v o l 
c a n i c p i p e . Access to the showings was provided by a 
wagon-road up Eathmullen Creek, but t h i s route i s now 
impassable. A r e c e n t l y b u i l t l o g g i n g road from the 
B.C. Mine passes c l o s e t o the mine. 

Ore contained g o l d values ranging from i±2 

t o $80, but there i s no recorded p r o d u c t i o n f o r the 
mine. Ore found on the dump c o n s i s t s c f p y r i t e and 



- 55 -

c h a l c o p y r i t e i n f i n e - g r a i n e d garaeWepldote skarn. 

11* S a i l o r Eoy Showing 
" The S a i l o r Boy s howing i s 1,000 f e e t n o r t h 

east o f the summit of the pass at the head c f Lime 
Creek, The d e p o s i t i s i n metasomatized Brooklyn l i m e 
stone* The workings c o n s i s t of a w a t e r - f i l l e d s h a f t 
and a dump i n d i c a t i n g t h a t about 350 tons of rock were 
mined. There i s no s i g n t h a t any ore was shipped, but 
some s t r o n g l y p y r i t i s e d skarn was s t o c k p i l e d . 

There i s no outcrop a t the s h a f t , but f i n e 
g r a i n e d f o l i a t e d l i g h t - b r o w n garnet skarn i s exposed 
100 f e e t t o the west. "Ore" c o n s i s t s of l a r g e euhedral 
c r y s t a l s of p y r i t e i n a gangue of skarn. Fragments 
of d i o r i t e found on the dump i n d i c a t e t h a t an i n t r u s 
i v e body W B S encountered i n mining. 

12. Shickshock Showing 
The Shickshock hawing occurs on the summit of 

the h i l l n o r t h of the S a i l o r Boy K i n e . Skarn or l i m e 
stone do not outcrop i n the immediate area, E h o l t 
greenstone being v i s i b l e on the s u r f a c e and i n the 
s h a f t . The Brooklyn Formation probably l i e s j u s t 
below the s u r f a c e . The workings c o n s i s t of a caved 
prospect shaft with a s m a l l dump. Old r e p o r t s i n d i c a t e 
t h a t the showing was explored from 1699 t o 1906, but 
no p r o d u c t i o n Is recorded, nor I s th e r e evidence t h a t 
ore was t r a n s p o r t e d from the s i t e . Specimens from the 

• 
• 
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dump c o n s i s t of massive magnetite r e p l a c e d and cut by 
c h a l c o p y r i t e and c a l c i t e i n a gangue of f i n e - g r a i n e d 
garnet skarn* 

B. PRECIOUS METAL VALUES 
Despite the f a c t t h a t g o l d or s i l v e r minerals 

were not noted i n p o l i s h e d s e c t i o n s , both elements occur 
i n r e c o v e r a b l e q u a n t i t i e s in. the ores of the Camp- The 
presence of t e t r a h e d r i t e , which commonly contains l a r g e 
amounts of s i l v e r i n s o l i d s o l u t i o n , may account f o r s i l v e r 
v a l u e s , T e t r a h e d r i t e occurs only i n c h a l c o p y r i t e , and 
copper v a l u e s can be very roughly c o r r e l a t e d with s l i v e r 
values throughout the Camp* S p e c t r o g r a p h s a n a l y s i s of 
t e t r a h e d r i t e — b e a r i n g c h a l c o p y r i t e from the B.C. Kine i n d i 
c a t e s the presence of s i l v e r , 

Gold may occur e i t h e r i n s o l i d s o l u t i o n or as 
submicroseopic blebs i n sulphides.(Edwards, 195^, p.112). 
Spe c t r o g r a p h i c analyses ixodicate the presence of go l d i n 
p y r i t e and p y r r h o t i t e but not i n c h a l c o p y r i t e . R e l a t i o n s 
of copper t o g o l d values throughout the ar e a a l s o i n d i c a t e 
t h a t c h a l c o p y r i t e c o n t a i n s l i t t l e o r no g o l d . 

C. SUKKAEX OF CHARACTER OF THE S&AB3S 
i 

Limestone i s the only rock s t r o n g l y a f f e c t e d 
by skarn metasomatism. I n the two pla c e s where the 
"marble l i n e " i s v i s i b l e s trong r e c r y s t a l l i z a t i o n o f c a l 
c i t e i s e v i d e n t . Replacement of c a l c i t e by a n d r a d i t e and 
d i o p s i d e I s p o r p h y r o o l a s t l c and coarse-grained i n the outer 
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zones, becoming f i n e r - g r a i n e d toward completely metasomat-
i z e d rock.. T h i s f i n e - g r a i n e d c h a r a c t e r may be a t t r i b u t e d 
to c o m p e t i t i o n f o r growing space among many c r y s t a l s i n 
the i n t e n s e l y metasomatlzed rock. 

The mineralogy of skarn i s f a i r l y uniform 
throughout the Camp. The rock c o n s i s t s mainly of garnet 
of composition g r o s s u l a r l t e ^ Q andradite^Q. The r e f r a c t i v e 
i n d i c e s of a l l garnets t e s t e d l i e above 1.8215 and the 
s p e c i f i c g r a v i t i e s of c l e a n fragments range from 3-732 

t o 3*74-2. The c o l o u r of andra d i t e ranges from l i g h t green 
to dark brown. The darkness of c o l o u r i s thought to vary 
w i t h s l i g h t v a r i a t i o n s i n I r o n content. Skarn c o n t a i n s l e s s e r 
amounts o f q u a r t z , d i o p s i d e , z o i s l t e , c l i n o z o i s i t e , a c ¬
t i n c l i t e , c h l o r 11 e, s phene, c a l c i t e , and sea p e l I t e ( s i a r i a-
U t e ? ) . 

T y p i c a l skarn i s medium- t o f i n e - g r a i n e d i n 
t e x t u r e and c o n s i s t s mainly of l i g h t - c o l o u r e d a n d r a d i t e w i t h 
i n t e r s t i t i a l c a l c i t e and q u a r t z . D i o p s i d e , q u a r t z , c l i n o 
z o i s i t e , z o i s l t e , and s c a p o l i t e occur as i n c l u s i o n s i n 
and r a d i t e or as independent c r y s t a l s . The skarn i s cut 
by l a t e v e i n l e t s of quartz and c a l c i t e , and i s r e p l a c e d 
by m e t a l l i c m i n e r a l s . Purely thermal e f f e c t s have r e s u l t 
ed only i n r e c r y s t a l l i z a t i o n of c a l c i t e , even where the 
o r i g i n a l limestone was arenaceous. T h i s i n d i c a t e s t h a t • 
the temperatures of skarn formation were below the tem
perature above which quartz anc- c a l c i t e cannot c o e x i s t . 



However, i t i s p o s s i b l e t h a t metasomatism may have o b l i 
t e r a t e d such contact metamorphic minerals as w o l l a s t o n i t e . 

The o r i g i n a l bedding of limestone i s p r e s e r v 
ed i n skarn i n many p l a c e s . There i s no evidence of open 
space d e p o s i t i o n o f skarn m i n e r a l s . 

I n a few p l a c e s , skarn minerals have r e p l a c e d 
rocks, of the E h o l t Formation t o a s l i g h t e x t e n t . 

D. LOCALISATION OF SKABN METASOMATISM 
The g e n e t i c r e l a t i o n between the Oro ^enoro-

Emma-Jumbo skarn zone and the L i o n Creek stock i s evident 
from f i e l d r e l a t i o n s . Skarn zones not ob v i o u s l y r e l a t e d 
t o L i o n Creek contacts appear to be c o n t r o l l e d by: 

1. The presence of f r a c t u r e s or permeable beds i n l i m e 
stone that acted as channelways f o r metasomatizirg 
f l u i d s . 

2* The presence of a contact of limestone w i t h rocks l e s s 
s u s c e p t i b l e t o metasomatism. The contact may have 
served as a channelway or "cap* f o r t h e metasomatizing 
f l u i d s . 

The example of the f i r s t type o f c o n t r o l i s 
the long zone or s e r i e s of zones that extends along the 
s t r i k e of bedding of Brooklyn limestone and c o n t a i n s the 
Kountain Hose K i n e . .The remaining skarn zones of the area 
are b e l i e v e d to be c o n t r o l l e d by contacts as o u t l i n e d i n 

2, above. The rocks a g a i n s t which the metasomatized zones 
l i e a r e i n most cases E h o l t r o c k s . At the E. B e l l Mine, 
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a l t e r a t i o n t o epidote i n the E h o l t v o l c a n i c pipe i s b e l i e v e d 
to be r e l a t e d t o skarn metasomatism. The Emma skarn sons 
occurs a g a i n s t a f o o t w a l l of Emma quarts d i o r i t e . 

The S a i l o r Eoy deposit i s not c l o s e l y r e l a t e d 
to a contact of Brooklyn limestone w i t h other rocks of 
p r e - m i n e r a l i z a t i o n age. I t i s b e l i e v e d t h a t the l o c a l i z a 
t i o n of skarn metasomatism a t the S a i l o r Eoy was e f f e c t e d 
by t h e presence of a cap of Eh o l t rocks now removed toy 
e r o s i o n . 

E. • FOEMATIGN OF SE&EJI MID HIKEEALISATIOIJ 
The theory t h a t s k a r n metasomatism I s the 

r e s u l t o f i n t r u s i o n of L i o n Creek r o c k s i s i n d i c a t e d from 
f i e l d r e l a t i o n s . For example, where limestone i s i n con
t a c t w i t h the Emma quartz d i o r i t e , there i s no skarn de
veloped* I n c l u s i o n s of marble showing only s l i g h t r e p l a c e -

• 

ment by garnet are present i n the Emma i n t r u s i v e * 
kt the Oro Denoro Mine, L i o n Creek rocks have 

g r a d a t l o n a l contacts w i t h skarn, the i n t r u s i v e being 
c h l o r i t i z e d and e p i d o t i z e d . Many l a r ^ e limestone x e n o l i t h s 
o r roof pendants occur i n L i o n Creek quartz d i o r i t e i n 
the v i c i n i t y . These x e n o l i t h s are completely converted 
t o skarn. M i c r o s c o p i c examination of a specimen of L i o n 
Creek rocks c o n t a i n i n g s m a l l i n c l u s i o n s of sk a r n showed 
the f o l l o w i n g s i g n i f i c a n t d e t a i l s : 
1. Surrounding g r a n o d i o r l t e contains p i a g i o c l a s e (An.30} 

4 more s o d i c than the average {£13.30} f o r the s t o c k . 
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2. Diopside and z o i s l t e occur both i n s k a r n and i n grano-
d i o r i t e . 

3* W i t h i n f i v e m i l l i m e t e r s of the contact the g r a n i t i c 
rock c o n t a i n s very l i t t l e f r e e s i l i c a , but f u r t h e r 
from the contact contains 20 percent of q u a r t z . 

^. Accessory p y r i t e occurs i n g r a n o d i o r i t e . W i t h i n t e n 
m i l l i m e t e r s of the skarn con t a c t , p y r i t e i s much l e s s 
abundant. 

5 . Garnet occurs i n g r a n o d i o r i t e . 

These r e l a t i o n s i n d i c a t e t h a t Fe and S i were 
removed from g r a n o d i o r i t e by skarn, and t h a t Ca was added 
t o g r a n o d i o r i t e . The a s s i m i l a t i o n of Ca by g r a n o d i o r i t e 
has not r e s u l t e d i n formation of f e l d s p a t h o i d s because of 
an abundant supply of f r e e s i l i c a . The p l a g i o c l a s e of the 
g r a n i t i c rock might be expected t o have become more c a l c i c 
than average due t o a d d i t i o n of l i m e . The reverse i s t r u e , 
however. The so d i c nature of the p l a g i o c l a s e can be ex
p l a i n e d by Shand*s (1930) hypothesis t h a t c a l c i c p l a g i o 
c l a s e formed s i n k s due t o i t s h i g h s p e c i f i c g r a v i t y , i t s 
p l a c e being taken by l e s s dense so d i c p l a g i o c l a s e . The 
presence o f h i g h soda p l a g i o c l a s e might a l t e r n a t i v e l y be 
exp l a i n e d by Daly's (1933) hypothesis t h a t resurgent gases 
removed Ca — much C02 was a v a i l a b l e f o r the process. A 
case•of s o d i c p l a g i o c l a s e o c c u r r i n g a t the cont a c t s of 
skarn x e n o l i t h i n ande s i t e i s mentioned by Erouwer ( 1928) . 
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I n summary, I t i s s t r o n g l y i n d i c a t e d t h a t 
s k a m metasomatism I n the area i s the r e s u l t of emanations 
and heat from the L i o n Creek i n t r u s i o n d u r i n g I t s s o l i d i f i 
c a t i o n . 

Comparison of the compositions of skarn and 
limestone show t h a t replacement i n v o l v i n g the a d d i t i o n and 
removal of s u b s t a n t i a l amounts of m a t e r i a l has occurred. 
The f o l l o w i n g c a l c u l a t i o n of the amounts of replacement are 
based on complete volume f o r volume replacement of one 
kilogram of s i l i c e o u s limestone by 1.2 kilograms of skam. 
Reasonable e s t i m a t i o n s of average compositions of skarn 
and limestone were chosen. I t i s emphasized t h a t these 
c a l c u l a t i o n s are based on assumed average rock compositions 
and hence have l i m i t e d q u a n t i t a t i v e v a l u e . 

Table I I I 

1.2 kg. skarn - 85$ (by weight) . g r o s s u l a r i t e i o 
andraditeoo, 5> c l i n o z o i s i t e : , 
5% d i o p s i d e , 5% q u a r t z . 
S.G. ( c a l c u l a t e d ) = 3 - 2 5 

1 kg. limestone - 9o£ c a l c i t e , 10$ q u a r t z . 
S.G. ( c a l c u l a t e d ) - 2.70 

Fe A l Hg Ca CO3 SI OH 0 

Skarn 209.0 24.8 6 .7 267.2 - 224.1 2 .4 462.3 

- 360.0 395 46.7 - 197-3 

Addition 
to L s . +209.O +24.8 +6.7 - 9 2 . 8 -395 +117.4 +2.4 +65.0 
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The r e s u l t i n g f i g u r e s g i v e a very rough e s t i 
mate' of the gains and l o s s e s Involved i n metasomatism; 
Country rock gained l a r g e amounts of Fe' * and s i l i c a and 
l o s t s u b s t a n t i a l amounts of Ca and Less important 

a d d i t i o n s are &X$ Kg, and OH. The r a r e occurrence of 
m a r i a l l t e (?) i n d i c a t e s a d d i t i o n of s l i g h t amounts of C I . 

Skarn metasomatism was overlapped and f o l l o w e d 
by d e p o s i t i o n of magnetite. T h i s process and the p r o d u c t i o n 
o f a n d r a d i t e i n v o l v e d i n t r o d u c t i o n o f Fe and Fe . Con
s i d e r i n g the l a r g e a d d i t i o n o f Ca t o the L i o n Creek rooks, 
Swansea*s (1924) hypothesis of replacement of Fe"*""*" by Ca 4 4" 
i n mafic constituents' - of I n t r u s i v e s seems tenable ( d i o p s i d e 
occurs i n g r a n i t i c rocks near s k a r n c o n t a c t s ) * Ferrous 
Ions l i b e r a t e d i n t h i s way would be o x i d i z e d by CO2 around 
500 degrees cent i g r a d e according t o the formula: 

FeO * CO2 " — ~ F e 2 ° 3 * C G ( B u t l e r , 1923) 

These processes would provide the f e r r i c 
I r o n o f a n d r a d i t e , specular-ite, and magnetite. 

r e p o s i t i o n of magnetite was c l o s e l y f o l l o w e d 
and overlapped by sulphide m i n e r a l i z a t i o n . Butler- (1923) 

c o n s i d e r s t h i s t o be the normal order c f d e p o s i t i o n i n 
skarn d e p o s i t s and a t t r i b u t e s the paragenesis t o f a l l i n g 
temperature. The sulphide assemblage i s a mesothermal 
one. The u s u a l order of d e p o s i t i o n f o r the Summit Camp 
i s p y r i t e , p y r r h o t i t e , c h a l c o p y r i t e , f o l l o w e d by the 
s u l p h o s a l t t e t r a h e d r i t e . 
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C a l c i t e d e p o s i t i o n I n f r a c t u r e s i s ev i d e n t 
throughout the sequence of skarn formation and m i n e r a l i z a 
t i o n . I t i s probable t h a t the l a r g e excess of Ca and GOjj 
I n the Introduced f l u i d s tended t o combine and p r e c i p i t a t e 
wherever c o n d i t i o n s were a p p r o p r i a t e . Carbon dioxi:.e ̂ -nd 
CO, which have hig h p a r t i a l p r e s s u r e s , could provide d r i v 
i n g f o r c e f o r r e p l a c i n g f l u i d s i n g e n e r a l . 

F r a c t u r e c o n t r o l of m i n e r a l i z a t i o n i n d i c a t e s 
that f r a c t u r i n g occurred d u r i n g metasomatism, and that the 
breaks produced may have served as channelways f o r m i n e r a l 
i z i n g f l u i d s . 

L o c a l i z a t i o n o f m i n e r a l i z a t i o n mainly w i t h i n 
skarn zones d e s p i t e adjacent limestone b e I n , a more sus
c e p t i b l e h o s t rock may be ex p l a i n e d i n the f o l l o w i n g way. 
M i n e r a l i z i n g f l u i d s reached country rocks through the same 
'channelways as s k a r n forming emanations. Metals were p r e 
c i p i t a t e d i n skarn. S o l u t i o n s t h a t reached limestone w i t h 
some metals s t i l l present l o s t these r a p i d l y by r e p l a c e 
ment of c a l c i t e , p e r m i t t i n g massive end disseminated 
d e p o s i t s a t the "marble l i n e " Such d e p o s i t s were observed 
at the B.C. Mine. 

The f o l l o w i n g i s a g e n e r a l i z e d sequence of 
skarn metasomatism ana m i n e r a l i z a t i o n f o r the whole camp. 



Table IV 

C a l c i t e - quartz f i s s u r e f i l l i n g v e i n s 

F r a c t u r i n g 
T e t r a h e d r i t e 
C h a l c o p y r i t e Sb Ag 
P y r r h o t i t e + Au Cu 
P y r i t e **• Au 
C a l c i t e ana quartz v e i n s 

S 
F r a c t u r i n g 
D e p o s i t i o n magnetite (py» s p e c u l a r -
i t e ) as replacements or f i l l i n g s 
i n b r e c c i a zones, with minor gar
net, e p i d o t e , and a c t i n o l i t e 

B r e c c i a t i c n , f a u l t i n g , f r a c t u r i n g 
replacement of limestone by skarn 
m i n e r a l s 

m i n e r a l s a r e shown i n F i g u r e 2 , 

EEL&TIOUSKIP CF f-KAEK DEPOSITS fND PRECIOUS KETA1 
DEPOSITS OF THE EOUiJDABX DISTRICT 

The d i s t r i b u t i o n of the precious metal depo
s i t s of t h e Boundary D i s t r i c t i s shown i n F i g u r e 1. As 
may be seenlrom the diagram, these ore d e p o s i t s are d i s 
t r i b u t e d i n country rock near the p e r i p h e r i e s o f g r a n i t i c 
bodies, or i n the g r a n i t i c rocks themselves. Ko d e p o s i t s 
of t h i s type have been d i s c o v e r e d i n the Summit Camp. The 
ve i n s occur i n E h o l t v o l c a n i c s , Rawhide a r g i l l l t e , Knob 
H i l l r o c k s , or g r a n i t i c r o c k s . Precious metal d e p o s i t s 

Al,Hg Fe S 
The mutual r e l a t i o n s o f the m e t a l l i c 





are a s s o c i a t e d w i t h limestone at only owe p l a c e s , and 
even here are not found i n limestone. The v e i n d e p o s i t s 
d i f f e r from skarn d e p o s i t s I n temperature of d e p o s i t i o n , 
which was lower i n the v e i n s • F i s s u r e f i l l i n g r a t h e r 
than replacement i s the t y p i c a l mode of emplacement of 
the v e i n s . Ore c o n s i s t s of c h a l c o p y r i t e , galena, c h a l — 
c o c l t e , s p h a l e r i t e , p y r i t e , t e t r a h e d r i t e , z-uby s i l v e r , 
a r g e n t i t e , g o l d , and t e i l u r i d e s i n a gangue of c a l c i t e 
and ^ u a r t z . 

The p r o d u c t i o n of the three main d e p o s i t s 
i s g i v e n i n the f o l l o w i n g t a b l e * 

Table V 
Tons Shipped Au (os Ag (oz.) ?b ( l b . 5 Sn ( l b . ) 

Providence 11,^51 5,B67 1,361,433 400,288 258,100 

Ho. 7 15,152 2 ,971 99,987 213,926 13,727 

Dentonia 95,884 23,731 157,620 3 ^ , 8 5 6 403 

I t i s evident t h a t the v e i n s were very r i c h , e s p e c i a l l y 
i n s i l v e r . 

I t I s suggested t h a t these d e p o s i t s are r e 
l a t e d t o the f i n a l stages recorded i n skarn d e p o s i t s -
d e p o s i t i o n of c h a l c o p y r i t e - t e t r a h e d r i t e and f i l l i n g of 
f i s s u r e s and b r e c c i a zones by c a l c i t e and vuggy quartz 
v e i n s , i t i s p o s s i b l e that the precious metal d e p o s i t s 

•: - represent a f i n a l lev/ temperature stage of m i n e r a l i z a t i o n 
not s t r o n g l y a f f e c t e d by a s s i m i l a t i o n o f limestone by the 



- 66 

magma. F i s s u r e s were produced In i n t r u s i v e and country 
r o c k s , perhaps by c o o l i n g , and minerals were deposited 
i n the f i s s u r e s . The c l u s t e r i n g of veins about and i n 
g r a n i t i c bo-dies may i n d i c a t e that low temperatures of 
w a l l rocks and ore-bearing f l u i d s p ermitted only s h o r t 
t r a n s p o r t o f metals before d e p o s i t i o n . 

A s s i m i l a t i o n of C 0 2 by the i n t r u s i v e may 
have been t h e cause of the r e l e a s e of metals i n t o skarn 
during an e a r l i e r stage of .cooling o f the r o c k s . Carbon 
d i o x i d e may have acted as a f l u x t h a t prevented e a r l y 
c o n s o l i d a t i o n of the i n t r u s i v e where i t contacts limestone, 
thereby a l l o w i n g e a r l y entry of m i n e r a l i s i n g f l u i d s . 

G. AGE OF THE DEPOSITS 

I t i s probable thmt the skarn d e p o s i t s c f 
the Summit Damp are due t o the e f f e c t s of g r a n i t i c i n t r u 
s i o n s . Although the age of these i n t r u s i o n s i s thought 
to be Kesozoie on the b a s i s of c o r r e l a t i o n w i t h s i m i l a r 
i n t r u s i o n s o f known age that occur outside the Summit 
Camp, the, g r a n i t i c rocks of the Boundary D i s t r i c t may be 
of e a r l y T e r t i a r y age. White (personal communication) and 
?rock (1902) suspect a T e r t i a r y age f o r the skarn type of 
m i n e r a l i z a t i o n i n the Boundary D i s t r i c t . T h e i r best e v i 
dence i s the apparent l o c a l i z a t i o n of m i n e r a l i z a t i o n a g a i n s t 
p u l a s k i t e d i k e s . The w r i t e r f e e l s that the occurrence 
a t the Oro Denoro Mine of oro-c ant r o l l i n g f a u l t which i s 
cut by a p u l a s k i t e dike I n d i c a t e s a p r e - p u l a s k i t e age f o r 
m i n e r a l i z a t i o n i n the Summit Camp. 



- 67 y 

H. BECOKMENEATIOHS FOE FORTHEB SEARCH BOH OBE 
The r e g i o n a l diagram (Figure 1) of the area 

shows t h a t where bodies of limestone occur i n the Camp, 
there i s a p o s s i b i l i t y of f i n 6 i n g ore. As y e t , search 
f o r new orebodies b u r i e d beneath overburden has not been 
very s u c c e s s f u l . I t i s p o s s i b l e t h a t b l i n d orebodies may 
l i e i n the B r o o k l y n Formation below E h o l t rocks or pu i a s -
k l t e f l o w s . Close study o f s t r o n g l y p y r i t i z e d end f r e e ¬

-. tured E h o l t rocks might provide a c l u e t o u n d e r l y i n g 
m i n e r a l i z a t i o n . More d e t a i l e d mapping o f a l l outcrop in-
c r i t i c a l areas might r e v e a l the c o n f i g u r a t i o n of the 
Brookl y n - E h o l t c o n t a c t , which c o n t r o l s skarn f o r m s t i o n 
i n many d e p o s i t s . Areas covered by T e r t i a r y flows would 
not be so s u s c e p t i b l e t o g e o l o g i c a l i n t e r p r e t a t i o n o f 
u n o e r l y i n ^ s t r u c t u r e , but deep-probing geo p h y s i c a l methods 
miaht a l l o w e v a l u a t i o n of such t e r r a i n . 





The appendix contains d e s c r i p t i o n s of c r i t i c a l 
o r t y p i c a l t h i n and p o l i s h e d s e c t i o n s . I n g e n e r a l , one or 
more t y p i c a l t h i n s e c t i o n s from each major formation, some 
r e p r e s e n t a t i v e t h i n s e c t i o n s of skarn, and three c f the most 
t y p i c a l p o l i s h e d s e c t i o n s of ore are d e s c r i b e d . 
POLISHED SECTIONS 

P o l i s h e d S e c t i o n ^3l:- - Oro Denoro Kine 
M e t a l l i c M i n e r a l s 

Hagnetlte 
P y r i t e 
C h a l c o p y r i t e 
S p e c u l a r i t e 

K a c r o s c o o i c a l l y the specimen i s seen to be 
made up mainly of magnetite w i t h some blades of s p e c u l a r -
i t e * Magnetite contains p y r i t e and remnants of garnet. 
M i c r o s c o p i c a l l y magnetite i s seen t o be intergrown w i t h 
s p e c u l a r i t e - . Euhedral p y r i t e c r y s t a l s appear t o r e p l a c e 
gangue and magnetite. P y r i t e occurs a l s o as replacement 
vei n s a l o n g f r a c t u r e s i n magnetite. C h a l c o p y r i t e occurs 
as p a r t s o f the same v e i n s and as r e p l a c i n g blebs i n garnet. 
P y r i t e presents euhedral faces t o c h a l c o p y r i t e , suggesting 
t h a t the p y r i t e may have been e a r l i e r . 
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P o l i s h e d S e c t i o n 371 - Mountain Rose 
M e t a l l i c M i n e r a l s 

P y r i t e 
C h a l c o p y r i t e 
T e t r a h e d r i t e 
Magnetite 
P y r r h o t i t e 

K a c r o s c o p i c o l l y the s e c t i o n can be seer, to 
be made up of p y r i t e cut by p y r r h o t i t e v e i n l e t s i n a 
gangue of s k a r n . The sulphides a r e cut by minute v e i n l e t s 
of c h a l c o p y r i t e * C h a l c o p y r i t e occurs a l s o as dissemina
t i o n s and blebs i n an area c o n t a i n i n g many v e i n l e t s c f 
the same m i n e r a l . Under the microscope remnants of mag
n e t i t e can be seen i n p y r i t e * P y r i t e r e p l a c e s a mi n e r a l 
i n t e r s t i t i a l t o garnet as w e l l as garnet I t s e l f . Chalco
p y r i t e m i n e r a l i z a t i o n I s r e l a t e d to an i r r e g u l a r f r a c t u r e . 
Minute blebs of t e t r a h e d r i t e occur i n c h a l c o p y r i t e . 
P o l i s h e d T h i n S e c t i o n 276 - Oro Denoro 

M e t a l l i c M i n e r a l s 

C h a l c o p y r i t e 
T e t r a h e d r i t e 
K a g n e t i t e 

The s e c t i o n c o n s i s t s of f i n e - g r a i n e d garnet 
skarn w i t h some r e s i d u a l c a l c i t e . One-half the s e c t i o n 
i s taken up by c h a l c o p y r i t e c o n t a i n i n g remnants of c a l c i t e . 
A few g r a i n s o f magnetite occur near the s k a r n - c h a l c o p y r i t e 
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contact- Minute blebs of c h a l c o p y r i t e occur i n f r a c t u r e s 
i n garnet. The main mass c f c h a l c o p y r i t e i s cut by 
minute f r a c t u r e - f i l l i n g s o f t e t r a h e d r i t e t h a t c o n t a i n s 
i n c l u s i o n s of c h a l c o p y r i t e which match the borders of 
the v e i n s , M e t a l l i c minerals and skarn are cut by a 
q u a r t z - c a l c l t e v e i n l e t . 

THIK SECTIONS 

Thin S e c t i o n 370 - Limestone B r e c c i a (Brooklyn r c r a a t i o n ) 
I n hand specimen the roc.< i s seen to c o n s i s t 

of rounded t o subangular limestone fragments i n a f i n e 
g r a i n e d c a l c i t e m a t r i x . A t h i n s e c t i o n of the matr i x 
shows t h a t i t i s made up of carbonate gr a i n s .02 to .1 
m i l l i m e t e r s I n diameter, and a few quart z , b i o t i t e , and' 
c h l o r i t e g r a i n s . The s e c t i o n contains s m a l l rounded pebbles 
of banded chert and f i n e - g r a i n e d limestone. A s i n g l e 
l a r g e (two m i l l i m e t e r s ) c r y s t a l of carbonate occurs i n 
the s e c t i o n . 

T hin S e c t i o n 265 - T u f f ( E h o l t Formation) 
K a c r o s c o p i c a l l y t h i s rock simulates the 

appearance of a f i n e - g r s i n e d massive shale or s i l t s t o n e 
w i t h a few greenish patches and a few small angular f r a g 
ments. The rock i s a c t u a l l y a f i n e - g r a i n e d agglomeratic 
t u f f c o n t a i n i n g the f o l l o w i n g m i n e r a l s : 

Quartz ZOfi 

C a l c i t e 15% 

Orthoclase 10% 
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Clays 45£ 

Magnetite 1% 

Angular aggregates 
of bladed c l a y 
m i n e r a l s XQf 

The m a t r i x c o n s i s t s of a f i n e - g r a i n e d f e l t e d 
mass of c l a y minerals w i t h a few g r a i n s of orthoelase and 
magnetite. Angular fragments of q u a r t z i t e up t o f o u r 
m i l l i m e t e r s i n diameter and f r a i m e n t a l aggregates c f bladed 
c l a y m i n e r a l s occur i n the s e c t i o n . Clay minerals are 
s t a i n e d by hematite. C a l c i t e r e p l a c e s the rock as T ~ i n 
l e t s and vaguely d e f i n e d patches. 
Thin S e c t i o n 208 - Agglomerate (Eholt Formation) 

I n hand specimen the rock i s seen to c o n t a i n 
rounded t o angular q u a r t z i t e -fragments i n a tuffaceous 
m a t r i x . I n t h i n s e c t i o n the agglomeratic fragments [„1 
to one centimeter diameter) are seen t o have corroded 
borders and f r a c t u r e f i l l i n g s of t u f f . The matrix i s 
composed of the f o l l o w i n g m i n e r a l s : 

P l a g i o c l a s e {* r e l i e f ) 30)6 
C l i n o c h l o r e 6Q% 

.Magnetite 
Quartz 10% 

Quartz and p l a g i o c l a s e a r e corroded and 
a l t e r e d t o c l i n o c h l o r e . 
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Thin S e c t i o n 251 - Quartz d i o r i t e {Emma I n t r u s i v e ) 
Plagioclase - An^ 0 7C£ 

Quartz 15% 

B i o t i t e 15% 

The t e x t u r e i s p o r p h y r i t i c , the phenocrysts 
being of p l a g i o c l a s e , P l a g i o c l a s e i s zoned i n an o s c i l 
l a t o r y manner, and i s s t r o n g l y a l t e r e d t o f i n e - g r a i n e d 
p h y l l o s i l i c a t e s • The f i n e - g r a i n e d m a t r i x of the rock 
c o n s i s t s of quartz and p l a g i o c l a s e * 

T h i n S e c t i o n 210 - Quartz d i o r i t e ( L i o n Creek I n t r u s i v e ) 
Quartz 20^ 

P l a g i o c l a s e - An.36 $Qfi 

B i o t i t e 10% 

Hornblende 20^ *• 

K a g n e t i t e 1% 

C h l o r i t e 

The t h i n s e c t i o n contains not only L i o n 
Greek quartz d i o r i t e but a l s o p a r t of an i n c l u s i o n of 
Emma d i o r i t e (see F l a t e I I ; b ) . The quartz d i o r i t e I s 
coarse-grained and equlgranuiar I n t e x t u r e . Hornblende 
and p l a g i o c l a s e are euhedral, whereas quartz i s i n t e r 
s t i t i a l . P l a g i o c l a s e c r y s t a l s are zoned i n an o s c i l l a t o r y 
manner, and are s l i g h t l y a l t e r e d t o p h y l l o s i l i c a t e s . 
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i S e c t i o n 2:? - P u l a s k i t e 
A l b i t e 15* 

E i e b e c k i t e 
Aegerinaugite 2^ 
C r y p t o p e r t h i t e 
b i o t i t e 

C h l o r i t e 
Nepheline 
Magnetite 2* . 

The t e x t u r e i s p o r p h y r i n i c , f e l d s p a r s forming 
phenocrysts. The matrix i s medium-grained. Phenocrysts, 
a e g e r i n a u g i t e , and r i e b e c k i t e are euhedral. Feldspars-
are i n p a r t a l t e r e d t o p h y l l o s i l i c a t e s . Magnetite occurs 
as anhedral g r a i n s i n - the groundaase. 
P o l i s h e d T h i n S e c t i o n 106 - Skarn (H. B e l l Kine) 

- The specimen I s of coarse-grained marble r e 
p l a c e d by l a r g e euhedral c r y s t a l s of garnet and p y r i t e . 
Under the microscope the f o l l o w i n g minerals are e v i d e n t : 

G a r n e t h0% 

P y r i t e 20% 

Carbonate yaf 

Quarts 3^ 

C h l o r i t e 5$ 

The green garnet c r y s t a l s are a n i s o t r o p i c 
and c o n c e n t r i c a l l y zoned at t h e i r outer edges. C h l o r i t e 
r e p l a c e s garnet along' f r a c t u r e s . P y r i t e appears t o 



replace the coarse-grained carbonate, but conforms t o the 
boundaries of garnet c r y s t a l s . P y r i t e c r y s t a l s are sur
rounded by g r a n u l a r Quartz- V e i n l e t s of granular quartz 
and c a l c i t e cut garnet ( P l a t e XXX;a}« 
TnXn S e c t i o n J32 - Skarn (Jumbo Mine) 

The hand specimen i s of medium-grained green 
garnet s k a r n w i t h patches of carbonate, Disseminated 
g r a i n s of magnetite and c h a l c o p y r i t e occur, most commonly 
near c a l c i t e . T h i n , i r r e g u l a r hematite v e i n l e t s cut 
skarn. M i n e r a l s evident i n t h i n s e c t i o n e r e ; 

Garnet 65# 

Carbonate %Q$ 

K a g n e t i t e 
C h a l c o p y r i t e 
Hematite 
A n t i g o r i t e 

Muscovite 
Epidofee 

Gamet occurs as euhedral c r y s t a l s r e p l a c i n g 
carbonate. Quartz occurs as rounded g r a i n s i n r e s i d u a l 
carbonate and w i t h l a t e carbonate i n v e i n l e t s and patches 
that r e p l a c e garnet• k few g r a i n s of an epidote r e p l a c e 
carbonate. A n t i g o r i t e occurs as rounded aggregates of 
r a d i a t i n g c r y s t a l s near gamet i n q u a r t z , c a l c i t e , and t o 
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PLATE I 

b 



(a) x 1/5 - B r e c c i a t e d skarn fragments encrusted w i t h 
magnetite, a c t i n o l l t e , and c a l c i t e - Swallow 
p i t . 
sk - skarn; raag - magnetite; act - a c t i n o l l t e ; 
c a l c - c a l c i t e . 

(b) x 1/2 - Sounded i n c l u s i o n s of Emma quartz d i o r i t e 
In L i o n Creek quartz d i o r i t e . 

(c; 2 1/3 - Upper: E h o l t agglomerate 
Lower; Bholt. w a t e r - l a i n agglomerate and t u f f . 

(&} :c 1/2 - P u l a s k i t e e x t r u s i v e . 





J5c 
w P 

PLATE I I I 

(a) x 13 - Photomicrograph; p l a n e - p o l a r i z e d l i g h t : p y r i t i z e d 
s k a rn from R. B e l l Mine, showing c r o s s c u t t i n g c a l 
c i t e v e i n l e t s . 
B l a c k - p y r i t e ; grey - garnet; white - c a l c i t e . 

(b) x 12 - Photomicrograph; p l a n e - p o l a r i z e d l i g h t : magnetite 
ore from Emma nine, showing unreplaced c r y s t a l s of" 
garnet and remnants of the c a l c i t e t h a t magnetite 
has r e p l a c e d . 
B l a c k - magnetite; grey - gamet; white - c a l c i t e . 

I 

(c; x 11 - Photomicrograph, p l a n e - p o l a r i z e d l i g h t : chert con
glomerate (same as shown on P l a t e X; d ) . 
Chert pebbles i n a c a l c i t e m a t r i x . 

(d) X 15 - Photomicrograph; X - n l c o l s : 
d i o r i t e . 

L i o n Creek auartz 

M H 
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