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The Oeology onS i.iineralc „y of the h o r t h s t a r Copper P r o s p e c t 
• 

Ii'TP.CDUCTICN 

The N o r t h s t a r Copper Prospect i s l o c a t e d i n the C a r i b o u 

Heart F.ange, on the west f l a n k of the'Iogem Ranges. I t i s 

about 100 m i l e s Mcrth-east of Smithers B.C. at a Longitude of 

60 0 3 ! N; one a L a t i t u d e of 126 16 : V»*. Access to the p r o p e r t y 

i s by f l o a t p"\ar.e to ICaza lake ( e l e v a t i o n 3035 f t . ) , or by 

h e l i c o p t e r . I r e - hcza La.:e a blazed t r o l l leads to the 

m i n e r a l i z e d show.1 n ab-ut l-js miles n o r t h ( e l e v a t i o n 5CC0 i t . ) . 

The Caribou l e a r t Range c o n s i s t s of a s e r i e s of Large 

c i r q u e s separatee by compcro l i v e l y srr.aV r i d ::ss. Ho g l a c i e r s 

remain i n the ran e, but s e v e r a l srr.alo i c e patches stay on the 

;round -.11 year. The range i s b i s e c t e d by an ^ast-A'est r u n n i n g 

VE l l e y of ; l c c s i o r i g i n . The Norths t r r Copper prospect l i e s 

on a h i l l forming the norther;, side of t h i s v a l l e y . The h i l l 

has been eroded by l o c i a t i .;:o to about 5000 f e e t . Above t h i s 

a mature r o l l i n . • topo graphy i s v i s i b l e , somewhE t a 1 tared by 
so l i f l u c t i o n r i d ;es .."here the r i d g e s s e p a r a t i n g c i r q u e s are 
very narrow, topo jraphy i s extremely rough. This i s common 
n o r t h of the Norths t a r Prospect. J - l a c i a ! d e b r i s i s found 

r i ht up tc the peaks of the mountains, F.t 5500 f e e t , but there 

was apparently l i t t l e i c e e r o s i o n , Selcvz 5000 f e e t a v a l l e y 

g l a c i e r has formed a steep aided v a l l e y . Slopes above 5000 
0 

f e e t are very r e g u l a r , about 15 . Lie low t h i s they bee .me 
s t e e p e r , e s p e c i a l l y i n v a l l e y s c u t t i n g t h r u ;h g l a c i a l d e p o s i t s 



S o i l cover i s f a i r l y t h i n near the top c f the mountain, 
g e n e r a l l y l e a s then 2 f e e t , cut outcrop area averages l c s s than 
a-.'. L a t e r a l moraines are found up to 5000 f e e t , lie low 4100 
f e e t a l l outcrop on the mountain sl o p e s i s b u r i e d by t h i c k 
g l a c i a l depc-sits. 

The v a l l e y bottom i s mostly covered by g l a c i a l d e b r i s 
and a l l u v i a l f a n s , from streams c u t of the c i r q u e s . The e a s t 
end has s e v e r a l po*tho.le l a k e s , i-aza Lake aooears to have 
b u i l t up behind a t e r m i n a l moraine. The southern s i d e of the 
v a l l e y i s occupied by a f a i r l y l a r g e stream, p o s s i b l y f o l l o w i n g 

0 f a u l t lineament. F.ocks are f a i r l y w e l l exposed here as / / e l l 
as on most of the southern s i d e of the v a l l e y , which i s 
c o n s i d e r a b l y steeper than the n o r t h e r n s i d e and has l e s s 
m o r a i n a l cover. 

V e g a t o t : o n i n the v a l l e y i s mostly spruce w i t h some pine 
and balsam. F u r t h e r up the h i l l s i d e s the f o r e s t becomes 
n e a r l y a l l balsam. The t r e e l i n e i s between 1100 end 5200 
1 e e t , wi th v.niy s c a t t e r e d brush above t h i s . A l p i n e meadows 
extend to the' mountain beaks. 





n e g i c n a l )eolo ;y 

S t r u c t u a l l y the Caribou "ec: t ":cn^e l i e s i n the Southern 
e x t r e m i t y of the r.orthern I n t e r i o r P l a t e a u and Mountain area 
of the Canadian C o r d i l l e r a , The area i s composed of mixed 
'•: e d i m ents a nd vo 1 can! cs of the Pa k 1 a 3roup (C u r a s s i c ) i n t r u d e d 
by T e r t i a r y Kastberg i n t r u s i o n s . The southern part of the 
Caribou l i e a r t Range i s o v e r l a i n by a f l a t l y i n g t h r u s t p l a t e 
of upper Cretaceous 3ustut Racks. U l t a m a f i c r o c k s , probably 

u r a s s l c , i n t r u d e the Pennsylvanian or Permian Cache Creek and 

A s i t k a groups i n the A x e l g c l d Aar.-e. They are so Derated from 

t.ie l a t e r rocks by major f a u l t s . The c l o s e s t exposure of 

I n t r u s i v e roc s i s sb ut s i x males west of the Osribou T e a r t Am 

IU nge. "ere a Tertiar„. Kastberg c o r p h y r i t i c sto ck i n t r u d e a 

upper T s . l a 3roup r o c k s . The only other major i n t r u s i v e body 

i s the Kogem bathe 11.til which l i e s ton miles to the e a s t . Csee 

105 map 062 A). 
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V n i t I Lower, T'pper Pakla Meta-vo 1 c a n i c s and mets-

( J u r a s s i c - l o r d 1243) sediments. C h a r a c t e r i s t -
cr 1 l.y mreen. fluch e s i d o t e 
and c h l o r i t e , .minor dis-

c h a l c o o y r i t e . 

FAULT CCATACT 

i 
'Amit I I Upper, Upper Tnkla P u r p l e A green A'a-meta-

( A u r a s s i c) somatized olami o c l a s o 
porphyr. v o l c a n i c r o c k s , 
l i m e s t o n e s , t u f f a c e mas 
limestones and limy t u f f . 
V o l c a n i c s h a l e s , s i I t s t o n e s 
sandstones- A pebble 
conglomerates• 

U n i t I I I Upper, Upper Taklat 7) A a r i a e s i l t s t o n s and 
Uc t seen i n contact c o a r s o i oodiT.en.ts. ..inor 
w i t h U n i t s 1 ... I I , c o o l , some marine 
Aay :.c part of Amit : i . i n v e r t e b r a t e f o s s i l s . 

^. l i ̂  I . w ' O . L . - j v v ( * > J -J J. 

I n t r u s i ve A ;e Un in-own cuts rocas Ai o t i t e - q u a r t z - a Lbi te 

rocks of U n i t s T and I I I 

http://oodiT.en.ts


Lc c a l )eolc y 

The Caribou "*s ..rX Par e A:." s core of Upper T: Ala rr.eta-
v o l c e n i c s r neta-sediT»erits, c r . t o r t e d by complex f o l d s , 
g e n e r a l l y shewing a riortk-eas t t r e a d . At l e a s t two, probably 
•-re, p e r i o d s of f o l d i n g must be p o s t u l a t e d to account f o r 

the complexity of f o l d s . 
These rocks are unc,nformably o v e r l a i n by rocks of upper 

Upper Takla group which, on the seot s i d e of the range, di p to 
the east at about 3 0 C. The yuan .or rocks mere not seen i n the 
west s i d e of the range. I t i s not certamn i f the younger r o c k s 
have been t h r u s t over the i l e e n , The rccAs at the A„rthstcr 
Prospect apear te be i n f a u l t c.:nt?e% w i t h the o l d e r r o c k s , 
however these arc not the oa e roc s as the y.un-ger r o c s i n 
other p a r t s of the range. Tie no tare of the c o n t a c t i s 
u n c e r t a i n , but there a means to have boo., a major break (sec 
p l a t e 1 ) . The Sue t a t rocks n ..cm: a ??ck form mart of a t - l i n , 
A l a t - 1 ^ in..;, t h r u s t sheet, probably comin - from, the s ..uth. 

A few cyme rocks of u n o c t e r . l n o a age were d i s c o v e r e d i n 
the o l d e r rocks moor the n o r t h s t a r r e s p e c t , as w e l l as i n the 
^'Sanger roc.is f a r t h e r c . r t h . 

1 r u c t u r a 1 0eo 1 ogy of the ::orthstar Prospect 

The s m'uct.:ro of trie ro cAs of t'rse A ^ r t h s t a r Prospect 
j tee I f , e s p e c i a l l y U n i t 'AT, i s Ai mAly complex .: nd can o n l y he 
d e s c r i b e d i n very g e n e r a l terms. 

The two : a_or s t r u c t u r a l , as we 1 "i as p e t r o l o g i c , unit-- are 
1) A base- ent of h i ':Ay contorted meta-\m. I c n i c and 

meta-seai. .o..ts. 
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Scolc 20 feet 





2) A r e l a t i v e Ay t h i n t h r u s t p l a t e comprcbs^d of l e s s 

.. 1tared volcanoes and s e e l r.ents. (see f i g u r e s 4, 5.) 

The rocks i n the ba'oemer.t u n i t a .pear to be d e f i n e d i n t o 

numerous overturned f o l d s w i t h a g e n e r a l North-east a x i a l 

t r e n d . S t u d i e s of j i n t p a t t e r n s d i s c l o s e d the presence of a 

f o l d system s t r i .ing 030 p l u m i n g 4A°A. ( f i g u r e 5) There are 

two other p o s s i b l e systems ( O i l p l u n g i n g 52 IA and 124 p l u n g i n g 

A4 AT) but these ore not aparent i n outerop. 

The rc cks of the upper uni z arc separated by a g^uge zone-
up to 3 f e e t t h i c k from those c f the lower u n i t . They appear 
to have been t h r u s t onto the lower u n i t from the e a s t . They 
me h i g h l y f r a c t u r e d , _no have been o f f set by i n t e r n a l t h r u s t 

and other f a u l t i n g (see f i g u r e s 5, 6). 
The s t r u c t u r e of the o l e g eelase porphyry volcanoes v/cs 

t cle, r , although they are f a i r l y f l a t l y i n g i n p l a c e s . 
{ C. v.H. a ho vi ng Ai urea 6, 11) . The 11 nestones o v e r l y the 
^ a g i o c l a s e porphyry, and i n places c o n t a i n l a r e fragments of 
oneo e roc.-.s. Again no s t r u c t u r e i s d e e p l y i d e n t i f i a b l e . 

The c o n t a c t between the limestone's and the p l a g i o c l a s e 
p o r p h y r i e s has a a l t i t u d e of 140/60ft• This i s probably chose 
to the bedding i n the l i m e s t .nes. 

Tho v o l c a n i c aedi -ents ore i n fa u j j t cont:. :t w i t h a l l 
other r o c l types, no tons t h e i r pi.ace i n t -e s t r a t i g r a p h y 
i s i n q.ues,t on. Al...ost c e r t : i n l y they o v e r l i e the l i m e s t o n e s . 
.." .ether tnere i s l a r e :a.p be two on the: i s not .-en own. Two 
f l e x u r e s (CcA plunging 50 14 u p'un i n g 50 .7) can be 
i n d e n t i f i e o i n both u t e r e s and ; o i n t p a t t e r n s t u d i e s . f i g u r e s 
T., 3 ) . A t n i r d f l e x u r e (Q9 o pluasdn • ~3°*i) may be present 





P l a t e 2 l o g 
• " • ••. •" • • - .' •-'•••••; • •.: •. • • •.' • • "•' •••• 

F a u l t e d contact between porphyry s p i l l i t e CD ana coarsex 

- r a i n e d v o l c a n i c sandstone (3) - hgm.To showing. Both r o c k s 
t ' • . :' ̂  1 1 • •••h 
are h i g h l y b r e c c i a t e d . The contact i s narked oy a 5" wice 
gouge zone ( 2 ) . The compass i s l e a n i n g a g a i n s t the f o o t w a l l 

whl ch d i e s am .-. ibout 4o . 

• 
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P l a t e 3 

Large boulder of porphyry s p i l l i t e completely 1 sureuneed 
by Limestone - l a n d s l i d e s c a r . The contacts are g e n e r a l l y 

1 «r,ri bscared by d e b r i s from the v o l c a n i c rock. i'nis, ana s i m i l a r 
bou1ders i n the limes tone, prove c o n c l u s i v e l y tha t the 
porphyry s p i l l i t e preceded the limestone. The v o l c o n i c rock 
i s badly broken end cot by nu-.erous o: I c i t e v e i n l e t s . 

( 

• 



PS??.; LCGY 
The rocks found near the A'orthstar P r o s p e c t can he d i v i d e d 

i nto three u n i t s : 
U n i t I . H i g h l y a l t e r e d meta-volcanics end meta-sediments 

v;hi ch form the core of the Caribou He a r t Range. 
U n i t IT. P e l s l i v e l y l e s s a l t e r e d vo-lcani cs and sediments 

o v e r l y i n g Group I , separated from, i t by a s t e e p l y i n c l i n e d 
t h r u s t plane. 

Unit. I I I . F o s s i l i f e r o u s marine s i l t and sandstones were 
found cropping out at the top of a cirque n o r t h of the Acrthsts? 
r r o s p e c t . The presence of marine f o s s i l s i n d i c a t e s the rocks 
ore of the Ta ,le group. whether the t f o v e r l y or y n d e r l y U n i t I I 
i s not c e r t a i n . minor c o a l found i n t h i s u n i t i n d i c a t e s t h a t 
im i s of sh a l l o w marine o r i g i n - p o s s i b l y i n p a r t c o n t i n e n t a l . 

Two, r e l a t i v e l y s m a l l , b i o t i t e - q u a r t z - a l b i t e cymes c u t t i n g 
U n i t I rocks were found about l i miles from the n e a r e s t outcrop 
on U n i t I I r o c k s . S i m i l a r dykes , cs s m a l l swarms, cut U n i t 
I I I r o c k s . .'. g e n e r a l d e s c r i p t i o n of the rock types i s xi v e n 
below. D e s c r i p t i o n of i n d i v i d u a l room soecimens i s p r o v i d e d 
i n Appendix I . 

U n i t I . 
These rocks arc i n c l u d e d by C.S. Lord (1943 G e o l o g i c a l 

Survey of Canada - Memoir 251) i n the Upper D i v i s i o n of the 

Terclr Group ( U n i t 4 ) . They are probably e q u i v a l e n t to the 

Haz e l t o n oroup, end p o s s i b l y a l s o the -A c o l a Jrcup. The l o c a l 

d i s t r i b u t i o n i s shown or. raps 1 and 8. 

The rocks are c h a r a c t e r i z e d by a 1 i ht to dark o l i v e 
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.reen co .,ur. They weather The recks c o n t a i n 

segmentary anc v o l c a n i c f r a c t i o n s , w i t n voico.nics ap; 
linarft i n the uoosr s e c t i 

. r e n t l y 

ns. The v o l c a r i c s can he sub-

c i video i a to 8 co l o u r groups ; 1) Dark ^reen, 2) h i ght -reer, r,nd 

3)Dark Are en fragments i n a L i g h t Jreen matrix. The f i r s t twe 

HP f i n ! \r.Q _ t Ti T V 

t h i r d probably an agglomerate ".vith an epidq,tize*d m t r i m . To 

.•enerall./ c o n t a i n numerou; (1 x-.i" ) phenocrysts of pyroxene 
T J- „ ^ ^ ,1 4- ~. - 1 T - - ... i 4. _ .... 

l a r g e i r r e u l a r masses or s t r i n . e r s of e p i dotes or c a l c i t e can 

be"found i n them ( up to \', f e a t dir. e t e r ) . ihey are cut by 

numerous f a u l t s and cor.l x J.mint sets f ; a i ch c o n t a i n 

c a l c i te and eoi do to• :<ny specimens have minor s u l p h i d e s 

'fiu 1 co py r i te and p y r i t e d i m e : no tec i n ma v i c i n i ty of 

f r a c t u r e s . A t h i c k seauens e c i n e n t s i s found"below xh 

i:m ont 

• i i n e r a l i z a t i o n was found i n these rocks and they were not 

>ti 
• 

bruit I I . 
I h i i t 

I '/. a m. v. n o1 

J - 0 UI1U 

l o s t roc' 
m o r t h s t a r 

the ma l o r mi moral— 

jro oerx; r^, ;~S' r \ : o t-? Li 1 * r-i 

t h i s u n i t i n c l u d e o l a i ~ c l o s e oorph,r. v o l c a n i c s ( z p i H i mes; 
i me a mane a one: vo came sec 

sh..wn on maps 1, 2, i 3. 

Mr-,iwClase Perpkyr,/ V o l c o n i c a 

diments. The l o c a l d i s t r i b u t i o n i s 

I n rocks of t h i s type are found a l l but one mo' 
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P l a t e 4 

D r i l l Gore A c l e d - 25' 
Amygdaloidal oorphyr, s p i l l i t e . Kote s i z e of amygdules 

which arc a l l c h l o r i t e - f i l l e d . A t h i n r im of f i n e grained 

c h l o r i t e coats the w a l l of the ar.y.dule, w h i l e the c e n t e r i s 

f i l l e d by co a r s e r g r a i n e d c h l o r i t e . P l a g i c c l a s e A i e n o c r y s t s 

are r e l a t i v e l y s c a r c e , one evenly d i s t r i b u t e d . A few are i n 

c h o s t e r s . The p u r p l i s h brow.-, c o l o u r i s caused by h e ^ o t i t e 

which has r e p l a c e d much of the m o t r i y . 





i z e d showing. The rocks sre a 1 1 very h i ;hly a l t e r e d and, as 

r. : e i r o r i i n a l Compo:' I t i on i s not cert-sin, they wi 11 he 
r e f e r r e d to as PorpAyr / Ami H i tec r a t h e r than a n d e s i t e _.r 
has a l t . The matrix of the rock i s c u r p l i s h ~rey to rreen i r 
es l o u r ; i n i t l i e uo to 60 # l a t h y euhedral phenocryoto of 
a l s i t e (Ah o3-17), g e n e r a l l y v/hite but o c c a s i o n a l l y g r e e n i s h or 
r e d d i s h due to s t a i n i n g * I o places the rock i s amygdular (up 
to 1" diameter) v/i th c a l c i t e , -earthy aemstj t o . chA'.ri t e ( 2 phase? 
s p e c u l a r i t s , p r e h n i t e , copper carbonates an i o c c a s i o n a l l y 
OJ 3per s u l p h i d e s or o y r i t c -opl; t'?s 7, 1, IT} aro a'.:j _.du:a- f x l l i n g 
" " c s i c l c s arc r a r e and probably formed by s o l u t i o n of axygdule 
f j 1"! i nos . 

M i c r o s c o p i c s t u u i e s showed t h a t the rocks .vers f a i r l y 
h i g h l y a l t e r e d , f la-m c c l o s e phenocrysts were s i " a l b i t i z e d , 
.1though vague r e l i c zoning was v i s i b l e i n a few. R e a c t i o n 
r i n o occurred cri-und cor.e p..enocrystc ( p l a t e 5) where they had 
been p a r t l y r e s o l v e d by the magma, F u r t h e r a l t e r a t i o n o:~ the 
phenocrysts- i n c l u d e d s a u s s u r l t i z a t i .n ( g e n e r a l l y l i fnt) i n a l l 
cases., as w e l l as replacement by c a l c i t s , c h l o r i t e , ep'dote or 
e a r t h y hemati te, Heplaceoert by carbonate i s nVnost complete 
i n some p l a c e s . 

The ground ass consiS ts of t i n / p l a i o e l s oe c r y s t a 1 i i t es 
i n n g l a s s y m a t r i x . The m a t r i x has ••ehe^s.Hy been r e p l a c e d , 
e i tmer by c a l c i t e , c h l o r i t e , hematite or o c c a s i o n a l l y copper 
s u l h i d e s . A tree aim ' of cry i t a - r i t e s r r and phenocrysts i s 
sometimes v i s i b l e ( p l a t e s 10, 11;. I t i s o o s s i o l e t h a t so-e of 
tne c h l o r i t e d e r i v e d from mafic ohsnocryots which are no l o n g e r 
i n c e n t i f i a b l e . 



( ! 
; 
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S m a l l , s l i g h t l y f r a c t u r e d p l s g i c c i s s e phenocrysts i n a 

f i n e g r a i n e d ground mass. Some of the c r y s t a l l i t e s are i n 

g l o m e r o p o r p h y r i t i c c l u s t e r s ( g ) . The amygdules are f i l l e d by 

c h l o r i t e and c a l c i t e . C h l o r i t e , i n 2 phases apoears l a t e r 

then c a l c i t e . The euheoral p y r i t e c r y s t a 1 i n the c h i c r i t e 

: i l i e d amygdule i n d i c a t e s a c l o s e r e l a t i o n s h i p betv/een c h l o r i t e 

and s u l o h i b e m i n e r a l s . 
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I n c few pla c e s t r a c h y t i c c l i ;nment of phenocrysts was 

v i s i b l e , i n others they were: unaligned or shcy/ed a olomcro-

por^cg rji t i c t e x t u r e (p 1 ate ..). A lev;, very s m a l l , z.,r.es of 

a c n - p o r p h y r i t i c rock were found* 

iAracturi nn and ohearir.." i s very common w i t h moot s u r f a c e s 
-

showing Ae-sta"ning, q u a r t z , c a l c i t e no q u a r t z - c a l c i t e v e i n s 

sad s t r i n r e r s are found £ A n ; some f r a c t u r e s ; t h f y appear i n 

the v i c i n i t y of a l l . i n S r a l i z e c ohowin s ; . i n -any cases 

m i n e r a l i z a t i o n i s concentrate.- a Ion : them* b'alclte s t r i n g e r s 

i n r e l a t i v e l y f r e s h rocks o c c a s i o n a l l y hove p a r a l l e l hematized 

zones on c i t h e r s i c e of the";. 

" i n e r s l i z m t i o r ; i n the rock i s not d e f i n i t l ; c onfined to 

any host mineral, ho-.vever i t c : .mo n l y occurs wi th c h l o r i to and 

/of he ma t i to. i n some s e c t i o n s heme t i tizm t i n 1J def i ni t l y 

core i n t e n s e i n c h l o r i t e — r i c h r e gions Aolates J, 10)5 i n others 
s u l n h i c e m i n e r a l s are also i n t i m a t l v a s s o c i a t e d w i t n c h l o r i t e 

( p l a t e 0} . 11 i s by n.. means c e r t a i n t:a t an s o s o c i a t i o n 

between c h l o r i t e s i t e r a t i o n and mi n e r a l i z r t i o n can be proven, 

as rrar.j ro cAs wni ch : re her v i l y c h l o r i t i zed, have no apparent: 

m i n e r : l i g a t i o n , however coper b e a r i n g v o l c a n i c s are 3 n v a r i a b l y 

heavi l y c h l o r i t i zed: (unless co pper i s i n c a l c i te veins) . 

The general order of c r y s t a l i 2 2 t i o n determined f o r the 

porphyry v o l c o n i c. i s 3 ho d i a grama t i c a l l j on the next pa 10 • 
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L i n e s t o n e s 
Limestone was found cropping out i n three major zones 

trending roughly IdlOT- - "forth 302. (maos 1, 3 ) . The rock i s a 

dark b l u i s h grey on f r e s h s u r f a c e s and weathers to a l i ght 

_rey or b u f f . I n rone places the f r a c t u r e s u r f a c e s ere i r o n 

s t a i n e d , (s ecimen 11-3-57-Ti-6a) The rock has undergone s l i g h t 

meta-mcrphism, and h e a v i l y s l i ckensided s u r f a c e s are common. 

I,ru:nercus s t r i n g e r s and v e i n l e t s (uo to 1" wide) of pure white 

cleavage c a 1 c i t e cat through : t a l l a n g l e s . 

Some phases of limestone i n the l a n d s l i d e s c a r at the 

main show grade i n t o a l i m y agglomerate or l a p i l l i t u f f , w i t h a 

c a l c a r e o u s o:ud cement-* The v o l c o n i c fragments show some 

a l t e r a t i on to g l a u c o n i te ( p l a t e l b ) . 

T hin s e c t i o n examination shows t h a t the r e l a t i v e l y pure 

limestones are a l l b i o c l a s t i c . They c o n s i s t of round to 

e l l i p s o i d a l p e l l e t s ; perhaps of s l y . 1 ^: i.oin, f r c ^ 1/4 - 3/4 mm 

i n c1ameter, and f r a fments of c r i no i d columnals and echnoi d 

s p i c u l e s i n a limy mud m a t r i x ( p l a t e s 11, 14) . -Tone of the 
f o s s i l s have d i a g n o s t i c v a l u e , i ' i c r o s t y l o l l i t e s are v i s i b l e 

i n most s e c t i o n s ( p l a t e I T ) . A l l s e c t i o n s show the presence Of 

at l e a s t a few p l a g i o c l a s e c r y s t a l fragment^ and so mo have up 

to 2cA f e l d s p a r (specimen 9-2-17^71-6). The f e l d s p a r i n both 

li m e s t o n e s and limy t u f f s shows p o s i t i v e r e l i e f as w e l l as 

zoning, i n d i c a t i n g i t does not o r i g i n a t e i n the p l a ; o c l a s e 

joTp'-ijrj v o l c a n i c s , or at l e a s t has m t be n a f f e c t e d by the 

sa e process of o l d i m i z a t i o n . I .inor amounts of c h l o r i t e have 
been found i n s e v e r a l sect: ons - probably d e r i v e d f r o r. break
down of v o l c a n i c fragments. A i n o r o ^ r i t o and cha Ice-cite are 
seen i n p l a c e s - e s p e c i a l l y on s t y l o A l i t e s u r f a c e s . 
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Vo 1 c a r. i c A e d 1 n o n t s 

The v o l c a n i c s~.di~rents l i e below the li m e o t c n e s , separated 

from ther. by a sheared s u r f a c e . They vary i a g r a i n s i z e from 

shales to pebble c.r. ;lomerates. The f i n e sediments have w e l l 

d e f i n e d t h i n beds, i n d i c a t i n g d e p o s i t i o n i n an aqueous e n v i r 

onment. The coarser sediments dc?r not show bedding, but the 

degree of p a r t i c l e rounding i n d i c a t e s aqueous t r a n s p o r t and 

d e p o s i t i o n . 

'The r o c k s l y i n g bet;veen the limestone and the s h a l e - s i I t 

s-tone sequence are green vo i c a n i c pebble emi.. lomerates or 

l a p i H i t u f f s w i t h r a i n s i z e vary i n . from 1 to 40 mm. 

(specimen 9-"-d7-'r-7) . The m a t r i x i s calcareous., s i l t y o r 

c l a y e y w i t h mart of the d e t r i t a l m a t e r i a l probably o l s o of 

v o l c a n i c o r i g i n . C l a s t s are g e n e r a l l y subrounded with a f a i r l y 

h i h s p h e r i c i t y . C l a s t s i n seme i n s t a n c e s are q u i t e s i i l a r 

to the p l a g i - c l a s e porphyry v o I c a n i cs i n appe- ranee, oth e r s 

have numerous mafic phenocrysta, w h i l e the remainder are f i n e 

g r a i ned throughout. 

A l t e r a t i o n i s qui te exteus.ive- i n both c l a s t s and arou n d - N 

massea. I t i n c l u d e s the a l t e r a t i o n c f mafic minerals to 

c h l o r i te ( p l a t e 20), replacement of groundmass and c l a s t s by 

c a l c i t e or hematite, and i n t r o d u c t i o n of p r e h n i t e . P r e h n i t e i s 

a r.a Lor c o n s t i t u e n t of some phrses makin; up ao much as TA of 

the rock. Cs 1 c i t e v e i n l e t s are corman but g e n e r a l l y are l e s s 

than bA c f the t o t a l . C h l o r i t i z t i o n was e v i d e n t , but not 

e x t e n s i v e , i n the t h i n s e c t i o n s t u d i e d . Tematite f i l m s cover 

some f r a c t u r e s u r f aces. 
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The green a l t e r e d " t u f f " f.. unci be lev; the s i l t s t o n e - s h s l e 

sequence i s e co.rae v o l c a n i c sandstone. I t i s made up of 

sub rounded c l a s t s s i m i l a r r.o those of the v o l c a n i c con ^l-merate 

i n a c a l c a r e o u s : r i l l i t e m a t r i x ( p l a t e s ij.3, Id 1). C h l o r i t -

i z a t i o n i s very heavy i n olaces and p r e h n i t e i s r e l a t i v e l y low. 

" i n o r hematite i s v i s i b l e , as w e l l as some copper s u l p h i d e s and 

m a l a c h i t e . This u n i t a c t u a l l y apoears to be continuous -with 

the v o l c a n i c sediments l y i n g above the s i l t s t o n e , and i s 

probably a g r a d u a t i o n a l zone between the two r o c k s . 

The s i I t s t o n e - s h a l e seouonce crops out f o r about 2d f e e t 

near the bottom c f the l a n d s l i d e s c a r . I t grades i n t c c o a r s e r 

sediments both a t the top one at the bottom of i t s exposure. 

The rock i s o l i v e to b l u i s h w i t h heavy oalachioe s t a i n . I t i s 

g e n e r a l l y himhly f r a c t u r e d , hut r e t a i n s i t s f i s s i l i t y . 

F r a c t u r e s arc mostly open, but i n places c o n t a i n c a l c i t e 

s t r i n g e r s or copper s u l h i c e s . Copper s u l p h i d e s are a l s o 

disseminated i n b l u i s h zones p a r a l l e l to bedding. The rock i s 

t h i n l y laminated ( p l a t e s 12, 17}. The c o a r s e r f r a c t i o n 

c o n s i s t s of angular oo subar u l u r p l a l o c l a s e c l a s t s , w i t h a 

very s m a l l f r a c t i o n of broken olass shards. These c l a s t s are 

. e a e r a l l y f a i r l y l o o s e l y pac :ec and l i e i n a c l a y e y m a t r i x . 

The f i n e f r a c t i o n resembles the r a t r i x of the s i l t s t o n e i n 

c o l o u r and probably c a s i s t s of f i n e l y round volenmic g l a s s a 

arid f e l d s p a r c r y s t a l s . Copper ml mere l i z a t : on aopears to be 

concentreted i n t c shaley- f r a c t i o n . 

The f e l d s p a r c l a s t s i u t .e v o I c a n i c sedi meats are s i m i l a r 

to those i n the limestones i n oheir p o s i t i v e r e l i e f and z o n i n g . 





are of . d i f f e r e n t 1 t'r.' ,n< 
porphyry v o l c a n i c s or they were n- ,ed by toe a l b i t i 

z s t i o n nrocess -which a l t e r s aooears 
u n l i t e i l b i t e i s not uncommon in-immure meta-iimestcnes* 



'. 1 i , , t i t e - Qu c r 1 z - AT b i t e P o r a h./ r / D.y k e 

Two s m a l l Ai o t i te-qus rtz.--A.bi te porphyry dykes f .ur.d 
so..lit two r i l e s a .uth-o-; st of the A."AT. showing are the o n l y 
i n t r u s i v e bodies on the ^or'thstar Prospect. ALmilar rocks 
hove been seer, at the ed -;e of a c i r c u e about f o u r m i l e s n o r t h 
of the R.1AA snowing. 

The rock i s dark clvwe w i t h an grange -weathered s u r f a c e . 
Auoierous s p h e r i c a l bodies of c a l c i te,, w i t h minor c h a l c o p y r i t e , 
ore oresent i n s.wne parts of the dykes. The zones are i n t e r -
pre ted os amygdules. P n e o n c r j s t s of hi:>ffte, quartz and 
a l b i <.e (Ab 1 6 ) ms..e up about 6 0 , . of the r o c : i n a 2 : 10 : 18 
r a t i o . A-f e l d s p o r i s p r a c t i c a l l y c-A sent although, one soon 11 
corroded c r y s t a l was v b ' erved. ."no mat r i x i s very f i n e 
^ r e i n e d . I I horn teen p a r t l y a l t e r s $3 to c h l o r i d e * C a l c i te 
v e i n l e t s cut the rocv: i n pl a c e s , l o r me minerals disseminated 
throu ";h the me t r i x i nelude c h a l c o y r i te , mc ooeti te , and o y r i t e . 

http://rtz.--A.bi




The rocks i n the v i c i n i t y of the h'crthst r Copper i-rospoct 

have undergone three periods of a l t e r a t i o n ; one d u r i n g r e g i o n a l 

me^ambrpfu s- (pnase I ) ; one c u r i n g e n p l a c e - e r t o* s u l p h i d e ores 

(phase T I ) ; and one of l a o e r , supergene, o r i g i n (phase I I I ) . 

The f i r s t stage of a l t e r a t i o n i s c h a r a c t e r i z e d iJa-Sag-ire 

metasomatism producing c h l o r i t e , e p i d o t e , and a l b i t e . T h i s app 

appears to be r e g i o n a l i n scope, as c h l o r i t i z a t i o n and a l b i t -

i z a t i o n have taken place i n rocks c f both U n i t I and U n i t I I , 

Na-metasomation c f f e l d s p a r seems to be complete, as no 

f e l d s p a r s but a l b i t e were f o u r s , except i n s i g n i f i c a n t amounts 

of K - f e l d s p a r i n dyke rocks* I n the limestone end v o l c a n i c 

sediments near the ?..'".T. showing a l b i t i z a t i o n of f e l d s p a r 

c l a s t s hod e i t h e r not taken p l a c e , or i t was incomplete. This 

may be due to the h i g h c o n c e n t r a t i o n of lime i n the.sediments, 

i n h i b i t i n g re d o n a l IT a -me t a soma t i sm • The presence c f c h l o r i t e 

i n these rocms, apparently independent of any s u l p h i d e m i n e r a l s 

. i n d i c a t e s t h a t these rocks ware sub .ected to the same degree o f 

metasomatism as a l l ethers i n the area, r e h n i t e i s probably 

I r o n t h i s phase or phase t h r e e . 

Phase I I a l t e r a t i o n which may a c t u a l l y have occured b e f o r e 

Phase I 5 i n c l u d e d a d d i t i o n of c h l o r i t e , hemotite, c a l c i t s pnd 

s i l i c a - a s s o c i a t e d w i t h s u l p h i d e m i n e r a l d e p o s i t i o n . To e x a c t 

age r e l a t i o n s h i p w i t h phase I can be determined, but es c a l c i t e 

even i n heavily' carbonatized r o c k s , i s s t i l l very f i n e g r a i n e d , 
• 

i t seems l i :ely th t these miner:Is were not s u b j e c t e d to any 
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a p p r e c i a b l e m. e t a sorr.at i s m., and v;ere 11IUs emp 1aced a f t e r P h a s e l . 

Phase I I la: s beer observed i n d e t a i l only i n the perohyry 

s p i 1 l i t e s , end i n the coaper-bearin vo Iconic sediments. 

"•enati te t ppearo opreau evenly throu h the ro cm, re a j i l t i n g 

i n a p u r p l i s h c o l o u r i n sere v c l c a n i c s . I t aloe occurs as a 

narrow aureole p a r a l l e l to C a l c i te a t r i r i g e r s , i n areas c f 

h e a v i l y c h l c r i t i z e c rock, i n t i m e t l y a s s o c i a t e d w i t h C h l o r i t e 

( p l a t e s 2 y 10). C h l o r i t e and hematite occur both i n v e s i c l e s , 

i n f r a c t u r e d rooms, or disseminated through the e n t i r e r o c k , 

o f t e n r e p l a c i n g v o l c a n i c . l a s s . 

C h l o r i t e c,mot be p o s i t i v e l y a s c r i b e d to e i t h e r Phase I 

or Phase I I , but the occurrence of some chip: i t e i n t i m a t l y 

a s s o c i a t e d with v a r i o u s s u l p h i d e 'minerals and hematite, as 

w e l l os quartz no c a l c i t e , i indicated th: t the:-e mi n e r e i s a l l 

r e p r e s e n t one phase of a l t e r a t i o n . Ihe presence of C h l o r i t e 

complete"y u n a o s o d a t e d w i t h the above rroup of mi.nerols, but 

apparently aaso cio ted wi th a'b i t i z e d P l a g i o c l a s s , i n d i cates a 

a eparate phase. The occurrence of two d i f f e r e n t c h l o r i tes i n 

i n t i m a t e c o n t a c t , without evidence of r e a c t i o n between t le; , 

oust be tamer: as i n d i c a t i n g a sudden chan e i n c o n d i t i o n s , 

such as sudden r e l e a s e of p r e s s u r e , r a t h e r than as i n d i c a t i n g 

two phases. I f the l a t t e r were the case, there should be 

P ro no a need replacement of one by t _e o ther, I'hi s i s not 

e v i d e n t . 

Cor.^rmtac s-ilico. ore d e f i n i t e l y a s s o c i a t e d w: th s u l p h i d e 

m i n e r a l s . C a r b o n i z a t i o n v.- r i e s f r o - i m p e r c e p t i b l e , to extreme 

(Specimen !:ole 7 - BC ') , probably depending on the presence of 



- 3 S -

scme • i n . r element which ~ de c rb nfiTo m i n e r a l s s t a b l e . 
>uartz i s a very miner c o n s t i t u e n t of v e i n s and arr-vrdule 

•p'r-aiase i l l p r c c u c t s arc c i s t m c t l ^ : paraoie - ram those o. 
the other two s t a ; e r . I t probably t o o l place i n 2 or more 
subpbases, one im ..ediatly a f t e r emplacement of the r c k , and 
one t a k i ng place press a t l y . Cther subphases , as&oci a tod wi th 

. • • -

erosion c y c l e s , a l s o have taken place," but cannot be 
proven. Phase I I I i s c h a r a c t e r i z e d by t y p i c a l l y supergene min
e r a l assembleyes. Tarthy hematite, l i m o n i t e , n o t i v e cooper 
wi t h c a l c i te (from break 
c u p r i t e , tone r i t e , arc m 

down of m a l a c h i t e ) , coooer carbonates 
>xi des . Supervene c a l c i t 

a n d qua r t z are a l s o of t h i s ph a a e . 'Soz e of t h e s p e c u l a r 
hematite found wi t h coooer oulohides may o r i g i n a t e i n an s o r l i e : 

suoer :ene chase 
a c t i v i t y 

mi te f ;unc 

een r e c r / s t a H i z e d duo to thermal 

some ••> es:i. c LI s cnase 
but i s more l i k e ' ; / to o r i -inate i n fhas 

. t h i 
ssi'oly i t , 

w e l l as some c h l o r i te hav< 
rm ; r- 1 I I dales f i '. l i n 

;i on: . Lion c. 

on s a i d n cannox 
\ 

e proven. 



! Tine re 1 T-epcoi ts 

S i x Mine ra i l ' z e d showings, i d e n t i f i e d cs R . J I . T . , JCorth or 
0 , '-1.3. #2, g.C., C.v.A., and C. V., (maps 1,3), were s tudied 
i n d e t a i l . Copper m i n e r a l i z a t i o n was observed i n s e v e r a l 
p l a c e s , but i t was not p o s s i b l e to study a l l o c c u r r e n c e s . 
A l l showings occur i n an area about 1CQ0 f e e t by 30CO f e e t , 
w i t h a ran :e i n e l e v a t i ..n of about IOC f e e t . The m i n e r a l i z e d 
showings can be d i v i d e d i n t o f-mar groups on the b a s i s of 
environment and type of m i n e r a l i z a t i o n . 

7 l i n e r a l o o i c a l l y t i e re appear to be two mmg'cr d i v i s i o n s of 
the s u r f a c e s'oowi ngs: Those of a v a s t l y bo r n i t e - c h a l c o c i to -
d i . e n i t e r i x t u r e T " ^ l i n e r amount:: of d i - sominated c h a l c o p y r i te 
. no p y r i t e ho ve been f mono; mostly i n the Tower Takla greenstone 
but sove i n f r o ctures i n limes tone . These o re no t eCw.mo.i c a l l y 
s i g n i f i c a n t . A l l major showings are of the f i r s t type. N a t i v e 
Ccpper-hemati te v e i n s ( p l a t e 32) and v e i n l e ts have been found 
mostly i n rubble and i n a few, s c a t t e r e d , show'ngs near the \ 
no r t h showing, miner amounts of A: l i v e Copper were found w i t h 
the bo r n i te-cha Ico c i t e - d i geni te mi mture of the 3. C. shov/in^; 
t h i s i s d e f i m i t l y of sec.ndary c r i g i n. The occurrence c f the 
no t i ve copper-he oc t i te -mixtures wi th c a l c i t e , malachi te , 
c u p r i t e , and a bl a c k m i n e r a l suspected to be t e n o r i t e , as a 
f re c t u r e f i 11 i n i n the pcrp nyry vz I c a n i cs i s i n d i c a t i ve c f 
a ecordar_/ o r i g i n . The c r y s t o l l i n c tex ture of the n a t i v e co pper 
brought ^ut by e t c h i n g oormally i n d i c a t e s a hypo-gene o r i g i n or 
f a i r l y i n t e n s e thermal metam-^rphism. 11 i s cuspected that i n 
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-
t.*e s p e c i or. i t wao former, e i t h e r by i n t e n s e b e s t i n g c f the 
s u r f a c e d u r i n g diamond p o l i s h i n g , or i t i s a r e l i c t t e x t u r e 
o r i g i n a t i n g f r o - che.lcccite which the copper has replaced.-

The mineralogy of. the L i o r n i t e - c h e l c c c i t e - d i g e n i t e i s 
q u i t e u n i f o r m , but they occur i n two d i o t i n c t l y d i f f e r e n t 
rock types: 1)- porphyry v o l c a n i c s , 2) s i I t s tone w i t h a v o l c a n i c 
provenance. I n both cases the three copper minerals occur i n 
v e i n s w i t h o u a r t z , c a l c i t e , c h l o r i t e , -nd h e v a t i t e , e i t h e r i n 
v e i n l e t s c r disseminated tTrough t .e moot r.e_<. The r a t i o of 
opu; r t z to c a l c i te i s h i g h l y v a r i a b l e but quortz u s u a l l y 
P r e Q »_ mi no tes . 

- '• . e - . o . i . J . ; 1 . 

The o r i g i n a l d i s c o v e r y ^ f coooer bearing sediments was 
made i n U 6 o at t h i s showinv. _.L l i e s t the south s i c 
l a n d s i d e s c a r on the e a s t e r n slope of .the mmontain, a t about 
5QCQ f e e t . The copper b e a r i n g beds are of two t y p e s : -

1. Interbedo.ed, l a i n a t e d s i ' t s t o n e s and shale w i t h some 
t u f f s ; 

2. A l t e r e d , sheared, green t a p i A I I t u f f (see p e t r o g r a p h i c 
d e . c r i p t i o n s ) . 

The m i n e r a l i z a t i o n i n toe i n t e r b e c d e d s i I t s t o n e - s h a l e 
sequence occurs disseminated through the f i ner f r a c t i o n s o f 
the rock ( p l a t e s 24, 25). The f r e s h rock has a d i s t i n c t o l i v e 
c o l o u r , but the m i n e r a l i z e d l a y e r s have a b l u i s h t i n g e , 
probably due to the presence of e x t r e e l y f i n e l y d i s s eminated ' 
s u l p h i d e s . .Three primary s u l p h i d e - i n e r n l s are present; b o r n i t e , 
c h a l c o c i t e and d i ' e n i t e . I n a d d i t i o 





earthy, 
- 4 2 -

.exatite ^ r l i m 6 n i t e , and m a l a c h i t e , 
u. u a l l v aior.o f r a c t u r e s but mccss-unaliy r e o l a c i n r r o l u i o c l a s 
i>s,.;-or;tr. i n the heat 
c l c i t e a-ne very i no 

'argue - i. n r c l s i n c ude q u a r t z , 
c h l o r i te ; c a l c i te •.•roc • i n', t< 

Toxturo 1 r e ! : t' .-na'.i pa he taeon SU!T5 i Ve • 
v i s i b l e o n l / i n the ve" n l e t s * ."he / shoo that 

I n e r a l a £ re 
chaleccime ono 

. . i f r n i x e act. 
t\\'0 T.IOGXV IS 

iny_e m i n e r a l vat.: r ;. s c o c t LO o o r m me. m< 
i n e x t r a e l y y f i n e -intergrewth and 

cannot be di'_ t i n uiohod. .:ost cvvon. axe v a r i o u s mutual 
i * i r* /a y* V, w •_ ?. 

iUt b*imite or i n { a l a t e 24) „ Th; 

f i nely c i see f i no tec ai c o r a l i ?a t i o n ( o l ; to 2o) i s usua 11, i n 
(10-75 mi crons i n diameter.) ^noumera u c x r . x c 

i n c e r . r.nmths con be seen uncer ni-..n power, 
c h a l c : c i to are §f v r i a l e shoe's, pr^ba , V 
b1ed a of one minor.1 i 

out mire 
and o ̂  r i i i t e , o r 

; ly oecause or mi; 
• minor c o v e l l i t e 

ec . nd a ry . r i g . n , i s present i n s^me o ^ l i r u o d o o c t i o n s . 
c o a r s e r t u f f bodo m i n e r a l i 
(up oo I i n c h i n diameter. 

toon i s concentrated i r 
;f . the b orr:i te-cha 1 c o c i t e -c i v,eni te 

mixture. Textures aro s i i l a r to those found i n toe minor 
gr a i n e d ro co, but no vei a l e t s mora observed* The only p o l i s h e d 
s e c t i o n f r o 
s u b j e c t e d to c o n s i d e r a b l e 

derma Li _.s of b l u i s h r e a c t 

a d d i t i o . . of b o r n i te oolecu.las 

Lamel l a r .5 utor row the arc exc: 

ount wmicn nad seen 

i.hi.s mad caused tois 

or..una. t i e b o r n i te 

c h a l e t c i t e - d i g e n i t e ) . 

i n e ^ r a i n e d becao 

(-

4-'.- ' . i - i • - 1 

a c i d c o o l i n n . The co oner sulvoides' occur i : 

c h a l c o c i tc-: d i e n i t e r a t i o of 1 : 1 : 1 , . -hoy const3 
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O/i if the rock. 

• . • 

The o r i g i n of s u l p h i d e mi nera"!izsti..n i n t :e rocks has 

he en the s u b j e c t of sore c o n t r o v e r s y . C r i I n o V y i t was 

d e s c r i b e d as h vir.g a syr..;e-stic r e l a t i o n s h i p w i t h toe sed

iments. The main cucport "for t h i s theory w s the d i s c o v e r y of 

nute s p h e r i c a l c o n c e n t r a t i o n s of s u l h i d s tne rocm 
- s i m i l a r to those forrfted by s o l o ii?de s e c r e t i n g b a c t e r i a o.o 
f e a t u r e s of the nature were d i s c o v e r e d m t i e t h i n or p o l i s h e s 

o-ections r tudied 5 however t .is doeo/rot preclude the p o s s i b i l i t y 
I T f l i T d ^ t n "C a o i i™i i + " +• •' <-> T? «•> -p - i '•.aT 1' ,1 f f l i i w i ' r l n - ' . ' - r ' i + i f t i T "P + T O 

was the case i t would be impcss-ble to prove or d i s p r o v e i t . 
P o s t - d e p o s i t i o n a l h^drothermal a c t i v i t y d e f i n i t l y took p l a c e . 
".The the r t h i s brmu-oht i n the s u l p h i d e s or whether i t merely 
r e m o b i l i n e d p r e v i o u s l y d e p o s i t e d copper m i n e r a l s , emplacing 
them i n t h e i r present p o s i t i o n , cannot.be determined. I n some 
olaces i t appears t h a t there i s a lower c o n c e n t r a t i o n of copper 
m i n e r a l s on the s u l p h i d e v e i n l e ts com oared to re miens a-wa.v from. 

these ( p l a t e 24). This might favour* the r e m o o i L i z a t i o n t n e o r y . 
. • 

n o r t h Showinm 
The Ilorth or T.T. showino l i e s 1100 f e e t west of th* 

l 1 . e M e -o 

a t an e l e v a t i o n of 5300 f e e t i n e r a l i z a t x o n occurs 
i n h i g h l y sheered 2one w i t h i n the porohyry s p i l l i t e s near 

t h e i r contoot w i t h the u n d e r l y i n g Tower T a k l a greenstmeo. 

The c o n t a c t i s a 

w i t h an a l t i t u d e of 095/25^. A i n e r a l i z a t i c r i 

as m a l a c h i t e along numermus f r a c t u r e s f a c e s i n a zone between 

two me: r c 5 f e e t ahart OA3/?2'Z, lCb/701; . A p o l i s h e d 

f o o t t h i c k zone of red ond green x y l o n i t e 
f.una mainly 

http://cannot.be


( 
r e c t i c r of t h i s ro ck showed oho pre a once c f bo-rni to ro s x a V 
: omclc i o c r y s t a l l i z e d hematite messes or ss Mobs w i t h s m e l l 
he rr . t i te c r y s t a l s . The borr.i te i c ws a -1 oilsh r e a l : ce~"ert rim 
or. a l l f r a c t u r e s - t . i o i s rclbshTy secondary c h a l c . c i t e . 
Small spoems of c o v e H i t e oro v i s i b l e i n some f r a c t u r e s . Some 
b o r n i t e was f und i n a b r e c c i a with s quartz m a t r i x , m i n e r a l 
i z a t i o n i s s .parently very l i olm-t., and the sliowin i s of l i t t l e 
i.importance â-ff-/« »y 

I n the por p h y r j v o I c a n i cs n o r t h oof t h i s showing vera 

L quai'tz—ca Lci ue ve: nie ts nave been i .munu as ou ocrops ; o r 

s ic 

c o n t a i n n a t i v e cop .or and c u p r i t e . I n one sc~e c h a l c o c i t e was 

found wi th the n time copper. T h i s , to -ether w i t h the presence 

of q u a r t z , w uld ! :r : ca te oft copper i s a secondary sur f a c e 

enrichment of a b . r a i t o - c h o 1 o c c i t e ve 1 n. Che v e l n l e tr: are no 

- ore than 2 inches v i c e ao.d u i me diaco-ntinuo. 

mm nor f au 1 t i n ••. 

H-0 #2 Shoo-in 

This showing.is s i t u a t e d about d 
o •• 0- V . . ' •. . . '.• . . 

io\_/W X o C U , i i -. v - ^ i - t ; t - . C , o o — 

u.3. showing ( e l e v a t i o n £200 f o o t ) . T l n e r a l i z a t i o n i s i n a 

complex s e t ..f n u a r t z - c a l c i t e v e i n l e t s , £ - 3 inches mice i n 

porphyry s p i l l i t e a . "'any oro barren but some (140/bo.) c o n t a i n 

uo: to 20.. of S o r r . i t e - c h a l c c c i t e - d i -emits. Minor malachite 

end Considerable hematite are oreaemt. Che surfa c e of the v e i n 

has bee., nearly co* p l e t e l j leached of c l e i to ond s u l p h i d e s to 

a dept. of c inches, l e v : n - n'y c crumbly quartz box-.work. 

The su I ride t e x t u r e s ore s i r i l a r to those seen i n specimens 





< 
rcrr. the l j . C . showing. 

v The Li.-C. showing i s s-itueted at-lthe top of a rteep h i l l • 
ob; l i t 1-CO Teet south east of the R."T. T. showing ( e l e v a t i o n 

of a network of b o r n i t e - c h a l c o c i t e -
. i g e n i t e v e i n l e t s i n f r a c t u r e d purple porphyry s p i ' l l i t e s . Ton 
4600 f e e t ) j . I t c o n s i s t s 

r*- . TI 

i n t e rini tte.*july i or a no r i z n t s l d i s t a n c e of about ICO f e e t , 
(C20/257/) . The extensions ere covere verourae ... one 

ere d e f i n e t l y 
fragments of v o l c a n i c w a l l rode, perhaps p a r t 

f o o t w a l l i s barre ., but a a e r i e s cf r s n d o . l y o r i e n t e d v e i n l e t s 
extends a t l e a s t £ f e e t i r t o the hanging w e l l rock. The ganou* 
i n a l l v e i n l e t s i s quartz (00#) or c a l c i te (10/0 w i t h the 
s u l p h i d e m i n e r a l i z a t i o n v a r y i n g from 0,.' to ICQ A. The v e i n s 

rmed by coen spa ce f i l l i n g - . Tome places-
r e p l a c e d , can 

be' found i n the su l p h i d e s •mass ( p l a t e 20) • 
P o l i s h e d s e c t i o n s t u d i e s t h a t f o u r m e t a l l i c minerals are 

found i n the s u l p h i d e v e i n s : bcr.bite, c h a l c o c i t e , digrenite, \ 
hematite, i n a r a t i o of 2.0 : 3.5 : 8.5 : 0.5. The hematite 
occurs as minute (100x25 microns) e u h e d r a l c r y s t a l s s c a t t e r e d 
through the copper s u l p h i d e s . The copper s u l p h i d e s e x i s t t 
to .ether i n h i g h l y i r r e g u l a r i n t e r rr.mwth. The c h a l c o c i t e and 
digeo.ite snow l a m e l l a r exoolut.i on t e x t u r e s ( l a m e l l a e up to 
ixi mm.;, but appear to have acted as one m i n e r a l i n t h e i r 
r e l a t i nship to the b o r n i t e . The chalco c i t e - d i geni te i n t e r -
growth i s d e f i n i t l y l a t e r than the b o r n i t e . 'iood c r o s s c u t t i n s 
t e x t u r e s are f a i r l y common ( p l a t e 27). I n a few s *e c i mens 





pscudo-eutec t i c i n t e r -rbwths were fclknd ( p l a t e 2c) . Theme are 
i n d e n t ! c a l to e u t e c t i c f e a t u r e s but, as .the c h a l c o c i t e - d i ;enit.e 
i s d e f o r i t l y l a t e r than the b o r n i te,, i t must be assumed t h a t 
they are replacement f e a t u r e s . I t - was found t h a t on h e a t i n g , 
d u r i n g p r e p a r a t i o n c f b a k e l i t e mounts, a b l u i s h r e o c t i o n r i m , 
about 20 microns wide, wos formed between the c h a l c o c i t e - • 
d i g e n i t e end b o r n i t e ( p l a t e 31). Apparently these rims 

j ~ VJ-JB e> d d ̂  t Or Of V. '" T,?"»1 + c r-''l£iQMl c c +r- rhg C'^'jlC CI tS — 

Qimeni very • i d c o o l i n g mrevents. t h e i r s e g r e g a t i o n X 

ex so tu t i on. ou cb s u o— i cro:_. Cu jj.i. c i r r t e i g raw cna : -.a ve a u,. p3 c 
blue tinme. mo such rims mere f.urd i n unheated specimens. 

'. 1 nor seem:dary n a t i ve copoer, cc ve 11 I te ono c o n s i c i e r a o l e 
. l a c u i t e were seen. . .uc.i or z 

f ra c t u r e s . 
-P -J-hgmdock hod hematite s t a i n on 

i 

nowm ; 
. v l e v a t i c n of 4600 f e e t , 

:iCG f e e t s ,uth-*./es o of the " . . d o showing. The o r i ^ i n a l s u r f a c e 
showin--* c o n s i s t e d of h e a v i l y malachite s t a i n e d v e s i c u l a r 

v o I c a n i c r u b b l e . Trenching dio .hot the m i n e r a l i z a t i o n 

occurs i n a flow contact zone i n the broadly y o i n t e d , v e s i c u l a r , 
top of a pcrphyr^ s p i l l i t e f l o w ( f i g u r e A). Ac copper nine r a i t . 

i z a t i o n wos found i n the o v e r l y i n g f l o w . 
i nor a L i z a t i on occurs . s v e i n me cs cue v e a l c l e f i I Lings 

:n i r r e u l a r zones over : d i s t a n c e ..f AC f e e t . Oec.nder. 

n mucn maiacTii ce z u r i t e , and 

cove - i te occu o bo h i n v e s i c l e s and along f r a c t u r e s . 

trimary m i n e r a l s i n c l u d e c h a l c o c i t e , c i ; e n i t e , and h e n a t i te 
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P l a t e S3 

A coooer s u l o h i d e - h e m a t i t e ve: n l e t C.7. Showing 
h a l c c c i t e - d i g e n i t e . t'-i rm 

Gn cne corner. Apparent1 
I r . t i m a t l y mixed b o r n i t c 

secondary c o v e l l i t e can be . 
t h i s m i n e r a l r e p l a c e s c h a l c o c i t e - d i g e n i t e beAcre b o r n i t e . 

Aematite on the edges of the v e i n l e t probably was s l i g h t 1 
e a r l i e r than the copper m i n e r a l s . Minor m a l a c h i t e occurs 

t r i r i g e r s c u t t i n g both the v e i n l e t and the wa 11 rock. 
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i r i an approximate r a t i o of 2.5 : 2.5 : 5. Spe c u l a r hematite i o 

v i s i h i e ao t i ay flames LH CO oe veo i. c le o, or s cat to red t h r ru *h 

foe su 1 p h i d e s i t . t h i r f j o f t e a curved, euhe ara 1 c r y s t a 1 s. 

Textura 1 re 1 a t i o r s h i p s shcv; th?. t the aemati te pro ceded the 

copper s u l p h i d e s , o c c u r r i n g ss t h i n we 70-sbm ped c r y s t a l s i n 

the™. There appears to he no replaceonent of hematite by copper 

f.".inex%als. I n p l a c e s i t appeal's that c o v e l l i t e r e p l a c e s d i g e n i t e 

p r e f e r e n t i a l l y before c h a l c o c i t e . There . i s p r a c t i c a l l y no 

gangue present, a l t h o oyh quarts: ant! c: l e i to- have been found, 

i n v e i n l e t s and -os v e s i c l e f i ' T i n - s . 

C.7. Ghomino 

The O.V. showing i s l o c a t e d sore 110 f e e t south of the 

C.v.m. showing a t an e l e v a t i o n of ^075 f e e t . one host rock i s 

badly f r a c t u r e d , sheared green porph^rj s p i l l i t e * Primary 

s u l p h i d e m i r e r a l i z a t : on occurs i n apparenty randomly o r i e n t e d 

v e i n l e t s i n aha v o l c a n i c r o c . . 

P r i m a r j m i n e r a l i z a t i o n i n d u c e s the normal assemblage of 

b o r n i t e , c h a l c o c i t e , d i g e n i t e and hematite i n a r a t i o n c f about 

2 : 2.3, ; 2.5 :0. Textures i n t h i s To c a l l t y are s i m i l a r to 

those found i n the other occurrences w i t h t h i s m i n e r a l 

a asembla oe. 

•3 an ue mine r a l s are quartz arid c a l c i te i n a r a t i o of 

about 4 : 1 . I n a few veio . l s t s i t ampesrs the t the gangue 

has rehe.al.ee: very b o d y b r e c c i ted zones .f too v o l c a n i c r.cm. 

Trie r a t i o e£ gun one: m e t a l l i c m:. noomls i s about 2 : 1 on average, 
but some v o ; r l e t " ao'c barren w h i l e otooro c o n c i s e of n e a r l y 
100,u m e t a l l i c m i n e r a l s . 

http://rehe.al.ee


-52.¬
1 a i n^^ulr, 

c o v e l l i t e . A l l ere o'ourc smcng or near I r a c t u r e 

v o l c a n i c rocAa 5 c r d i r e c t l y or the parent oiinerc 

exposed s e v e r s ! s t r o n g shears along ovhichmalachi te had .concen-: 

t r a t e d . I n p a r t i c u l a r , a n e a r l y mflat l y i n g shear .in the lower 

t r e n c h v.ros very r i c h i n copper carbonate ( f i g u r e 7 ). Earthy 

hematite and l i m o n i t e are commonalong these shears and' ma 

ira c m u r e s . 

( 
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pi.tvncnd " D r i l l bores - Li,tholcm.y and ; l i n e r a l G ;y 

Tine diamond d r i l l kvlea., a- tot': n of 212 1 f e e t , were 
c r i 'lee on fc le :o.,rth t a r Copper1 orospoct i n U b 7 . £xa#lnation 
of t :e d r i l l core d i d n.-t fuH i y e x p l a i n the s t r u c t u r a l problems, 
but sore c o r r e l a t i o n between tne cr-i 1" core one s u r f a c e o u t c r o p 
was p o s s i b l e . 

l i t h o . l c gy 

Toles 1 and 2 Cvere c r i l i e d to clo r i f ; / the c t r c t i jraphy 

enf! z true ture of the lands l i d s s car area. I'he., :lm,veo that the 

f a u l t contact between the no room ry s o i l 15. tes oad the under-

1/iTi~ v o l c a n i c sediments ~ e i r t o i r e d i t s d i p and s t r i k e of 

COO/;tV'd. beyond t h i s i t we 6 not p o s s i b l e to e x t r a p o l a t e any 

c o n t a c t s . Tic v o l c o n i c -edi.m..?nts of T r i t 1 cit-'ier resemble the 

sediments of mnit 'r7 so - uc'o i n f r e s h core that t .ey could not 

be die t i n -.uishec, o-r the uopo r umi t v.m,s not i n t e r s e c t e d . 

!-!ole b passes through porphyr„o s p i l l i t e s , and b r e c c i a s of 

s i ' i l a r roc :.'br 2Tb Test. I t t h i s p o i n t there i s a pronounced 

;omge 7 one, and the ho l e cu ts Tr.i t I p y r o c l a s t i c ro cms to tV\e 

end. 0 Too; r'lcv.' c-ihtacts com be d i : t i n u i s h e c , but the hole i s 

0 0 f..r re no ved f r o - any other 0 0 l e a t V t no c o r r e l a t i o n con 

b c m a d e. 

Tale 4 passed tnrou b too, ̂ o'&sibly three s p i l l i t e f l o w s . 

The rocks are a l l badly b r e c c i a t e c , . nd the ho l e voce faced to 

stop at "m f - e t beco.use of caving of toe oides. The top f l o w 

was 0 l i h t l y mLneralized by 0 0 ... 1c . co te and borni t e . 

"c le o w. s i n c l i n e d bb to the .-re vie us h o l e . I t passed 
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underneath he t h the C. Y. and the - C. v. ~!. showings. The f i r s t 

two s p i l l i t e f l e w s i n holes 4 end 5 can he c o r r e l a t e d ; t h e ; 

appear to de q u i t e f l a t l ^ i r g . beyond t r i s c o r r e l a t i o n , i n the 

v..Icani cs i s not o s s i c l e , except t h a t a zone of f a i r ! y heavy 

m i n e r a l i z a t i o n between 100 and 140 f e e t i s p o s s i b l y an e x t e n s i o n 

of the C.V. showing ( f i g u r e 11). 

At 340 f e e t the hole enters l i m e s t o n e . C o r r e l a t i o n w i t h 

s u r f a c e exposure C ( s e c t A-A' map I - F i g u r e 11) i n d i c a t e s a 

c o n t a c t d i p p i n g between 25° and 50" towards rci5°3. An exa c t 
ir.easur~.ent cornet be -ode, as the s u r f a c e exp. cures arc to o 
l i r o i tod. 

At 445 feeit the hole encounters a 2 f o o t oeide s e o t i o r . of 
gouge, and then posses i n t o f r a ^ r e n t g l rocAs of U n i t I . The 
c o n t a c t between U n i t I end T j n i t IT rooms can be f a i r l y s c c u r a t i y 
e s t i m a t e d on the s u r f a c e . I t dopes! t about 30" toward IT15 2. 

T o l e s 5 to 8 were d r i l l e d i n a f a n below the 3.C. showing 

to e o t a l l i a h the c o n t i n u i t y of the h i gh grace v e i n . A l l h o l e s 

contained m i n e r a l i z e d s e c t i o n s (see f i g u r e s 5g 10) but i n no 

case wa s i t p o s s i b l e to c o r r e l a t e a try s e c t i o n i n th e core wi t 

the rocks of the 3.0. sh win;;, '.'inera'izati:.n i n the h o l e s 

occured both i n c u e r t z - c e l c i te s t r i ngers 5nd disseminated i n 

the porphyrj s p i l l i t e s . 1 t mas not f . una p„eoible to c o r r e l a t e 

f l o w s from, one hole to the next. 

http://ir.easur~.ent
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m e r e to 
Sxce'p.t f o r r o l e b, the miner:. 1-gy of the m e t a l l i c minerals 

WES i d e n t i c a l to t h : t found i n the copper s u l p h i d e v e i n s 
•exposed i n the surfa c e outcrops. Disseminated m i n e r a l i z a t i o n 
was found to be more common than massive, v e i n — l i k e , m i n e r a l 
i z a t i o n . Phis was not so i n surfa c e e x p l o r a t i o n , where n e a r l y 
a l l m i n e r s t i z a t i o n d i s c o v e r e d was i n v e i n s . I t must be assumed 
t h a t disseminated m i n e r a l i z a t i o n i s more common than v e i n 
m i n e r a l i z a t i o n , however the disseminated m i n e r a l i s so f i n e 
t h a t i t i s easy to -is?, w i t h u t a m5- croscope, and any secondary 
carbonates formed on :urface can be obscured by h e r a t i t o . Phus 
i t appear : li ' h e l y th: t so- e or" the- Outcrops i n s p e c t e s , which sh 
shewed c f y minor amounts of copper carbonate s t a i n , or none 
. t a l l , brob: b l y were qui te heavi I, mi n.- r a " i z e d . 

1n " o l e d the d r i 1 1 core sh,ws a p o s s i b l e s u l p h i d e md n e r a l 
z o n i n g , aown to Viz f e e t the m i n e r a l i z a t i o n i s s i m i l a r to t h a t 
found i n a l l o t h e r aroas. from 14. to 210 f e e t th e ma i o r , i : 
oot o n l y , s u l p h i d e i s c h a l c o p y r i t e . me lev; 210 f e e t the 
i n e r a l i z a t i c n grades f r o r cm: cc oyrixe-pynme mixture mt: 

eet . P y r i t e m i n e r a l i z a t i o n continues to the 
The reasons f o r t h i s apparent zoning as -.veil 

as the emetic i m o l i c a t i no are not c e r t a i n . (sec s e c t i o n -n 
i n c f " e t a l l i c M i n e r a l s . ) 

t—ia - C W .J.,. J. ± 

tne porphyry 
a n aooC r e n t zo nin. 

i t i s not zoning at a l l , 
y d i s seminated thr.ug: 

id l o c a l c n c e n t r a t i o n s have -i v e n 
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The above diagram, toge^Ke*- w i t h "an dor Veen Diagram 
on the f o l l o w i n g pa ..e, shows che r e l a t i o n s h i p s between m e t a l l i c 
m i n e r a l s found on t i e a c r t h s t a r bopper Prospect. A l l r e l a t i o n ¬
s h i p s shown have been observed excep: the core c f the A A . r n i t i i o , 
Primary A'emati te , 'Jhalcopyri te z ad . . / r i t e . Acre r e l c t i .rohips 

whe re tae r e l a t i qnoAio was un:le or}. I n ohe o e cases the 

..ere n. t observed, (except i n t \e case c f t ie l a s t two i n e i 

normal order of c e o o s i t i usee as per one. 
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Van der Voen Parageoesis Diagram 
.for M e t a l l i c m i n e r a l s - Worths t a r Copper P r o s p e c t 

C i r c l e I - Primary M i n e r a l s . 
C i r c l e I I - E x s d l u t i c h products of C i r c l e I m i n e r a l s . 
C i r c l e I I I - A l t e r a t i o n products of Primary M i n e r a l s . 
C i r c l e I V - A l t e r a t i o n products of C i r c l e I I I , I t i n e r a i s . 
C i r c l e V - A l t e r a t i o n oroducts of C i r c l e IV M i n e r a l s . 

http://CHAl.COC.JTE
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Envirenr&ent of D e p o s i t i o n of A e t s l l i c M i n e r a l s 

' The Tnettl l i c minerals round i h the porphyry s p i l l i t e of 
the Norths to r Copper Prospect were depositee i n "a h zero thermal 
environment. They are as-soeiateH w i t h the typi c a l a l t e r a t i o n 
products ( c h l o r i te) and gangue minerals ( c u e r t z and c a l c i . te) 
found i n such a s s o c i ;..ti ens. The disseminated m i n e r a l i z a t i o n 
found i n the vo I c a n i c r-edi mor.'m was e r i pi nal l y p o s t u l a t e d to 
be S j n g e n e t i c . Although t h i s c r i : i n i s cos h o l e , i t appears 
unl i K . e l y . I t cannot be proven or c i s p r c v e n , as r e g i o n a l meta
somatism has subgectc" the recks to t o ~ c e r a t a r e s v;hi ch would 
d e s t r o y any d e f i n i t l y s y g e neti c t e x t u r e s (see d e s c r i p t i o n of 
K.I1.T. showing.) 

The temperature at which d e p o s i t i o n took p l a c e I s not 
c e r t a i n as none c f the m i n e r a l a s s o c i a t i o n s can be used to 
give more than l i m i t i n g temperatures. The h i g h e s t temperatures 
were reached d u r i n g r e g i o n a l metamorphiso i n which a l b i t i z a t i o n 
and c h l o r i t i z a t i o n took p l a c e . fhe presence of c h l o r i t e , 

though f a r from- d e f i n i t i v e i n d i c a t e s t h a t maximum temperatures : 

n • • p . a -oo :Am were probably between 300 "C and mod 0 and -gQ i - e s s than mOAON 
atm. These are the h i g h e s t l i m i t s and a c t u a l c o n d i t i o n s were 
probably l e s s extreme. 'Prehnite i n some of the rocks i n d i c a t e s 
temper- t u r e s between 200 C and 3QP'g'C* The only s u l p h i d e s 

u s e f u l f o r temperature d e t e r m i n a t i o n are c h a l c o c i t e and digenie,. 
which i n d i c a t e temperatures of more than 105 0 . m i s i s 
obvi ously too low a a the pre sen-: e of hydro thermal c h l o r i te 
i n d i c a t e s much higher temperatures. I t i s most probable t h a t 

hydrothermal d e o o s i t i o n stem ted around <dC"C at which time 



hematite end c h l o r i t e were de p o s i t e d . c o o l i n g of the s o l u t i o n s 
see the copper m i n e r a l s s t a b l e . These, were probably d e p o s i t e d 

near the 1ov:er l i m i t s of mesothermal c o n d i t i o n s , p o s s i b l y near 
the h i g h e r l i m i t s of epithemal c o n d i t i o n s . 

The gangue m i n e r a l s a p p a r e n t l y came i n q u i t e c o n t i n u o u s l y 
s t a r t i n g a f t e r the d e p o s i t i o n of hematite, and c o n t i n u i n g u n t i l 
a f t e r the copper s u l p h i d e s had a l l been d e p o s i t e d . 



"curce c f e t a l l i c ' :j r.crals 
A l t h o u g h the environment i n -;;hich the m e t a l l i c diners.Is 

wer e u l t i m a te Ay deposited c m be estimates f e i r 1 y a c cur a t l y ; 
no d e f i n i t e seurc f o r them has • oeer d i s c o v e r e d . There are 
s e v e r a l p o s s i b i l i t i e s : 

T) A l l the h e a v i l y m i n e r a l i z e d rocks l i e i n what i s 
probably a t h r u s t f a u l t p l a t e , o r i g i n a t i n g east of the a r e a . 
I t . i s p o s s i b l e t h a t the rocks were o r i g i n a l l y m i n e r a l i z e d by 
hydro thermal s o l u t i o n s from some igneous source. . L a t e r 
t e c t o n i s m t h r u s t the aire-; dy m i n e r a l i z e d rocks ever the g r e e n 
stone basement, and l e f t them i n t h e i r present p o s i t i o n . T h i s 
would e x p l a i n the zoning f r o - : lew to h i rh temperature m i n e r a l 
found in'one d r i l l h o l e . Also i t - would e x p l a i n the apparent 
l a c k c f h i eh grade copper mi ne r a l i z a t i o n i n the basement rocics 

II) Small, h i g h rade, copper d e p o s i t s have been 
r e p o r t e d i n man^ of the/miesczeic b a s i c . v o l c a n i c rocics of the' o, 
Canadian C o r d i l l e r a . Attempts have bean-made to mine seme, as 
at Tuadra I s l a n d , but g e n e r a l l y these have been u n s u c c e s s f u l . 
S t u d i e s of the m i n e r a l i z a t i o n has i n d i c a t e d that copper may % 

have o r i g i n a t e d as a primary m i n e r a l i n the v o l c a n i c s (Ref: 
. . . . . . . 

C S . Aey C I l I l S p e c i a l Volume -A, 1C56). I t i s p o s s i b l e t h a t 
the copper m i n e r a l s I n the porphyry s p i l l i t e are of tmis o r i g i 
however i t i s d i f f i c u l t to e x p l a i n why the m i n e r a l i z a t i o n I s 
zoned, why i t Is concentrated i n v e i n s i n s c m p l a c e s and 
dis s e m i n a t e d i n o t h e r s , and 'row i t f .unc i t s wa... i n t o the 
v o l c a n i c sediments. I t i c o n c e i v a b l e t h a t the rocks were 
metamorphosed er..u .h to produce hydro thermal s o l u t i o n s , but t h 



w u l d imply h i 'her -redes c f fletamorphism. 

I I I ) I t i s e l s o p o s s i b l e t h a t the younger rocks form 

o s p i l l i t e a s s o c i a t i o n , t h e t they '.vers extruded, subaqeously 

end sub;ected .to d e u t e r i c a l t e r a t i o n . The a l b i t e and c h l o r i t e 

would a l l be formed at the same time as the s u l p h i d e s were 

d e o o s i t e d . The hydrothermal s o l u t i o n s would be formed by 

during the t i - e they were c o o l i n g , thus d e p o s i t i o n would take 

place at a f a i r l y h i g h temperacure. This o r i g i n does not 

-o ^ Li A - 1/ 

sediments, nor i s there any de -ci v-m r o i n d i c a t i o n t h a t th: 

mo I c a n i cs ./ere depoci ted subaque^usly • 
I*') Another p o s s i b i l i t y i s t h a t the vo I c o n i c s were 

l a i d down on top of the water b e c r i n g sediments c o n t a i n i n g 
syn e n e t i c a l l y p r e c i p i t a t e d co per m i n e r a l s . The sediments 
mere heated, and connate water formed copper-bearing hydrothermal 
s o l u t i o n s . This o r i g i n dews not g i v e amy reason f o r the p o s s i b l e 

,-p oreof t h o t the v o l c a n i c 

r o c k s were extruded on to sediments. sediments c l o s e 

hand are u 
he v o l c a n i c s sediments, and these probably o v e r -

l y e the porphyry s p l l l i t e s . 
7) I t i s p o s s i b l e t h o t the both rock u n i t s have been 

by hydrothermal s o l u t i o n s f r o - a b u r i e d igneous source. a l t e r e d 
T h i s could account f o r the apparent zoning cf minerals and. the 

p v . p r i n t o the basement r o c k s . 'jr.e? + 4-Vi r- + nr."T»i + p r* r ,inPT ,o"'n ,7P l * i ; 

'he porphyry dykes could o r i g i n a t e from 
At present exact knowledge c f the minerology i s not com-

l e te enough to say whi ch, i f ory, m" t i e s theories Is c o r r e c t . 



G e o l o g i c a l H i s t o r y 

1) E x t r u s i o n of b a s i c l a v e s , and"interba&ded py r o -
c l a s t i c sediments of s i m i l a r composition. 

2) .Diagenesis of sedimentary rocks.. ( U n i t I ) 
3) I n t r u s i o n of B i o t i t e - Q u a r t z - P l a g i o e l a s e Dykes 

p o s s i b l y accompanied by some deformation. 
4) E x t r u s i o n of porphyry s p i l l i t e s - o r i g i n a l l y 

p robably as b a s a l t s . 
5) S i n k i n g of land or r a i s i n g of sea l e v e l . 
6 ) D e p o s i t i o n of limestones accompanied by some 

v o l c a n i c a c t i v i t y * Rate c f d e p o s i t i o n v a r i e s from q u i t e r a p i d 
to extremely slow ( where g l a u c o n i t e appears.) 

7) D e p o s i t i o n of v o l c a n i c sediments probably i n f a i r l y 
s h a l l o w b a s i n . Sea l e v e l i s r i s i n g and s i z e of sediments 
decreases upwards. 

8) I n t r u s i o n of some igneous body. . M e t a l l i c m i n e r a l s 
are d e p o s i t e d from Hydrothermal s o l u t i o n s . 

9) R e g i o n a l t e c t o n i c a c t i v i t y d i e r u p t s the s t r a t a ; 
t h r u s t " f a u l t i n g moves U n i t I I rocks over U n i t I . This I s 
accompanied by deformation of U n i t I r o c k s . 

10) F u r t h e r r e g i o n a l t e c t o n i s m , accompanied by low 
grade metasomatism, a l t e r s the rocks to t h e i r p r e s e n t compos-
i t i c n . 

11) P l e i s t o c e n e g l a c i a t i o n covers the a r e a . 
12) Recent e r o s i o n changes geomorpholoey to pre s e n t 

s t a t e . 


