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A northwesterly view of the r i d g e on v/hic 
the Driftwood Property i s l o c a t e d . The 
gossanous outcrops i n the foreground are 
i n t r u s i v e rocks o-f a Kastberg Porphyry and 
s t r a t a , of the Takia-Eazelton Group. 



* i l l 

ABSTRACT 

The Driftwood Property i s l o c a t e d i n the southwest 
corner of the McConnell Creek map-area, about 87 miles n o r t h 
of Smithers, B. C. The property l i e s i n a northwesterly 
t r e n d i n g b e l t of volcanic-sedimentary rocks that were mapped 
as Takla Group - Upper D i v i s i o n (Lord, 19^8). The rocks are 
more c o r r e c t l y c o r r e l a t e d w i t h the.Kazelton Group. They are 
bounded on the west and east by younger sedimentary forma­
t i o n s . To the west i s the Bowser Group and t o the ea s t , the 
Sustut Group. 

A Kastberg porphyry of T e r t i a r y age has int r u d e d the 
Takla Group rocks. I n t r u s i o n was i n t o the e p i z o n a l e n v i r o n ­
ment and produced an i r r e g u l a r d y k e - l i k e body having a r o o f 
zone w i t h anastamosing dykes and small r o o f pendants. The 
composition of the stock v a r i e s from g r a n o d i o r i t e t o quartz 
monzonite and a l a s k i t e . D i f f e r e n c e s i n the stock are ob­
served i n t e x t u r a l , m i n e r a l o g i c a l , and chemical v a r i a t i o n s . 

Automorphism of the stock has r e s u l t e d i n p r o p y l i t i c 
a l t e r a t i o n and contact metamorphism has r e s u l t e d i n an e n v e l ­
oping zone of h o r n f e l s . Temperatures at the i n t r u s i v e con­
t a c t as derived from heat flow c a l c u l a t i o n s were probably a 
maximum of about ^95 to 550°C and v a r i e d w i t h respect to 
the type of rocks i n t r u d e d . A b i o t i t e h o r n f e l s of the a l b i t e -
epidote h o r n f e l s f a c i e s has formed an aureole over 100 f e e t 
wide. A h o r n f e l s of the hornblende h o r n f e l s f a c i e s has been 



developed i n narrow zones adjacent t o parts of the i n t r u s i v e 
c ontact. 

The porphyry i s a metal enriched i n t r u s i o n i n which 
some m e t a l l i c g r a i n s formed, i n an accessory manner but most 
of the m i n e r a l i z a t i o n i s e p i g e n e t i c . The deposit has charac­
t e r i s t i c s of both porphyry copper and quartz stockwork 
d e p o s i t s w i t h disseminated, f r a c t u r e f i l l i n g ^ v e i n , and r e ­
placement m i n e r a l i z a t i o n i n the i n t r u s i v e rock, h o r n f e l s , 
and skarn. The .primary m e t a l l i c minerals i d e n t i f i e d were: 
molybdenite, 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 , a r s e n o p y r i t e , 
s p h a l e r i t e , galena, t e t r a h e d r i t e , marcasite, a i k i n i t e , 
bournonite, and magnetite. Secondary or a l t e r a t i o n minerals 
are r a r e and only minor g o e t h i t e , maghernite, malachite, and 
f e r r i m o l y b d s & i t e were found. A f i v e stage paragenesis i s 
shown w i t h at l e a s t three successive stages of v e i n i n g . 
Sulphide d e p o s i t i o n i s b e l i e v e d t o have s t a r t e d at tempera­
tur e s i n the order of 700°C. and continued along w i t h r e -
e q u i l i b r i a t i o n of sulphides down to temperatures below LfOO°C 
and p o s s i b l y 300°C f o r the s u l p h o s a l t s . 
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MINERALIZATION OF THE DRIFTWOOD PROPERTY, 

McCONSELL CREEK DISTRICT, 

BRITISH COLUMBIA 

INTRODUCTION 

L o c a t i o n 
The McConnell Creek D i s t r i c t i s the area u n d e r l a i n by 

north-west t r e n d i n g b e l t of Late P a l e o z o i c t o Cenozoic rocks 
t h a t i s contained i n the McConnell Creek map-area and the 
areas immediately adjacent to the west and south* To the 
west and south no published maps of the r e g i o n are a v a i l a b l e 
but the area has been mapped by the author and others. To 
the e a s t , i s the southwest corner of the Aiken Lake map-area 
and t o the southeast, the F o r t S a i n t James map-area. 

The Driftwood Property i s found i n the .extreme south­
west corner of the McConnell Creek map-area at l a t i t u d e 56° 

2 M 5 " and lo n g i t u d e 126° 5*13" approximately 87 miles n o r t h 
of Smithers. The property i s contained w i t h i n the MOTASE B 
Cla i m Group which l i e s along the east f l a n k of an i s o l a t e d 
r i d g e o v e r l o o k i n g the Driftwood R i v e r . The r i d g e i s near 
the n o r t h end of the Driftwood Range about three miles south 
of D r i f t Lake, f i v e miles west of Bear Lake, and three and a 
h a l f miles east of Motase Lake, as shown i n Fig u r e s 1 and 2. 



Figure I 

Location of Driftwood Property , 

McConnell Creek M a p - A r e a 
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H i s t o r y 
The e a r l i e s t mining i n t e r e s t i n the area was i n 1899 

when p l a c e r gold was discovered i n McConnell Creek. However, 
the p l a c e r s were not very productive and i n t e r e s t i n the area 
lagged. P r o s p e c t i n g i n the area was only c a s u a l and i n t e r m i t ­
t e n t p r i o r to mapping by the G e o l o g i c a l Survey of Canada. 
Systematic mapping of the area by C. S. Lord during 19^1* 19^> 

and 19^5 r e s u l t e d i n the p u b l i c a t i o n of Memoir 251: McConnell 
Creek Map-Area, C a s s i a r D i s t r i c t % B r i t i s h Columbia, i n 19^8. 

V a r i e d and widespread mineral p o t e n t i a l was i n d i c a t e d during 
the mapping but despite recommendations by Lord as to the most 
fav o u r a b l e rock types, e x p l o r a t i o n was only s l i g h t l y i n t e n s i ­
f i e d and was l a r g e l y r e s t r i c t e d to the northeast and e a s t e r n 
p o r t i o n s of the map-area i n - t h e gold-bearing regions near the 
Omenica i n t r u s i o n s . Some d i s c o v e r i e s of p l a c e r gold together 
w i t h platinum, mercury, and vanadium and a l a r g e number of 
lode d e p o s i t s of g o l d , copper, s i l v e r , l e a d , z i n c , b e r y l l i u m , 
molybdenum, and chromium were made. In the southwest part of 
the map-area the Atna group of claims "and l o c a t e d by M. S. 
Lang i n June, 19^55 i n the center of what i s now the D r i f t ­
wood Property. One mile t o the northwest on the same r i d g e , 
t h i r t y f i v e claims were staked during the same summer on 
behalf of Yukon Northwest E x p l o r a t i o n s , L i m i t e d . A l l these 
d i s c o v e r i e s and a number of occurrences on the Tsaytut Spur 
t o the east were of copper u s u a l l y accompanied by s i l v e r or 
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o c c a s i o n a l l y gold values i n v o l c a n i c s t h a t were mapped as 
T a k l a Group. 

E x p l o r a t i o n a c t i v i t y decreased during the l a t e 19^0fs 
and was c a r r i e d on mainly by independent prospectors. I n 
the 1950's soma gold deposits were l o c a t e d on Motase Moun­
t a i n and Northwest E x p l o r a t i o n Company and other companies 
examined parts of the map-area but nothing warranting a 
c o n t i n u i n g i n t e r e s t was discovered.. I n i960 the younger 
sedimentary formations of the Sustut Group were examined by 
Pan American O i l Company but again no apparent i n t e r e s t i n 
the area was generated. ' 

Renewed i n t e r e s t i n the e n t i r e r e g i o n was shown i n 
the e a r l y 1960 fs as a r e s u l t of d i s c o v e r i e s of economic ore-
bodies and promising mineral deposits' t o the south. By 1965 

there had been arid were a number of companies and independent 
prospectors working i n the McConnell Creek map-area and s u r ­
rounding r e g i o n s . Their work r e s u l t e d t o the d i s c o v e r y of 
more gold veins i n the Motase Peak area, a number of d i s ­
seminated copper - molybdenum de p o s i t s a s s o c i a t e d w i t h i n t r u ­
s i v e stocks and some stratabound copper and a s s o c i a t e d copper 
s i l v e r v e i n d e p o s i t s i n sedimentary and v o l c a n i c rocks. 
A c t i v e e x p l o r a t i o n and e v a l u a t i o n of many of these d e p o s i t s 
has been i n progress since 1966. 

Physiography 
The southwest corner of the McConnell Creek map-area 



and regions to the south and west are c h a r a c t e r i z e d by n o r t h ­
w e s t e r l y - t r e n d i n g mountain r i d g e s separated by broad v a l l e y s . 
The Driftwood River and drainages to the south of the D r i f t ­
wood Property f l o w southeast i n t o the r o l l i n g h i l l country 
of the Takla r e g i o n which i s part of the Fraser R i v e r system. 
To the west and east of the Driftwood Property the Motase and 
Bear Lake V a l l e y s d r a i n northwesterly i n t o the Skeena R i v e r 
system. 

Topography i s s t r o n g l y i n f l u e n c e d by un d e r l y i n g rock 
types and s t r u c t u r e s and shows decreasing ruggedness and 
e l e v a t i o n s from the west towards the east. In the c e n t r a l 
area t o the west of Bear Lake and around the Driftwood V a l l e y , 
T a k l a Group rocks are exposed as n o r t h w e s t e r l y - t r e n d i n g r i d ­
ges such as the Driftwood Range and Tsaytut Spur. These 
r i d g e s r a r e l y exceed 7000 f e e t i n e l e v a t i o n and are charac­
t e r i z e d by asymmetrical c r o s s - s e c t i o n s due to i n c l i n e d s t r a t a . 
They show ragged, knife-edged p o r t i o n s , s p i r e s , w e l l d e v e l ­
oped c l i f f faces and loose crumbling slopes on one side and 
more g e n t l e , uniform slopes on the other. To the west the 
topography i s much more rugged. The mountains such as the 
S i c i n t i n e Range have g r a n i t i c cores and are asymmetrical, 
extremely ragged i n p r o f i l e , many being over 8000 f e e t high. 
To the east of Bear Lake i n the Sustut Group rocks the topo­
graphy i s d i s t i n c t l y d i f f e r e n t . In regions of f l a t - l y i n g 
s t r a t a there are gently undulating or f l a t , p l a t e a u - l i k e 



surfaces which are bounded by steep c l i f f s such as those 
found along the east margin of Bear Lake. Further to the 
east where the s t r a t a are more contorted and i n c l i n e d , are 
hogback and cuesta s t r u c t u r e s such as those observed i n the 
Connelly Range. There, the r i d g e c r e s t s are c l o s e t o 6500 

f e e t i n e l e v a t i o n and many have s p e c t a c u l a r c l i f f s and t a l u s 
slopes on one side * 

G l a c i a t i o n 
Most r i d g e s and peaks are so rugged t h a t l i t t l e or no 

g l a c i a l record has been preserved on them. G l a c i a l l y scoured 
outcrops were observed on the c r e s t of a r i d g e near the 
Driftwood property at an e l e v a t i o n of about 6^00 f e e t . To 
the n o r t h g l a c i a l e r r a t i c s were found on a sm a l l p l a t e a u 
surface at an. e l e v a t i o n of 5500 f e e t . No d i r e c t i o n of i c e 
movement could be determined. 

The main northwest-trending v a l l e y s such as the Bear 
Lake and Driftwood R i v e r V a l l e y s show the best evidence f o r 
widespread g l a c i a t i o n . They are U-shaped i n p r o f i l e w i t h 
truncated spurs and hanging v a l l e y s . Some d r u m l i n - l i k e 
s t r u c t u r e s are v i s i b l e i n the Driftwood V a l l e y but g e n e r a l l y 
in*most parts of the v a l l e y and other v a l l e y s only a t h i n 
g l a c i a l cover of t i l l or outwash g r a v e l s can be seen. A l p i n e 
g l a c i e r s are common i n the western part of the r e g i o n such 
as the S i c i n t i n e Range and pa r t s of the Tsaytut Spur. 



: * : 7 

REGIONAL GEOLOGY 

I n t r o d u c t i o n 
The r e g i o n a l geology of the Driftwood Area as shown 

i n F igure 2 has been taken from the southwest corner of 
L o r d 1 s McConnell Creek map-area (19^8) and reconaissance 
work to the south and west by the author and others during 
1965 and 1966. 

The o l d e s t rocks i n the area are t o the west of Bear 
Lake and u n d e r l i e the Driftwood Property. Lord dated the 
rocks as Lower J u r a s s i c on the b a s i s of f o s s i l evidence and 
c a l l e d them ! T a k l a Group - Upper D i v i s i o n 1 . To the west Bow 
ser Group rocks of Upper J u r a s s i c t o Lower Cretaceous age 
unconformably o v e r l i e the Takla Group, and to the east are 
Upper Cretaceous t o T e r t i a r y rocks of the Sustut Group. 
G r a n i t i c plutons and smaller masses of at l e a s t two ages 
i n t r u d e the s t r a t a as w e l l as minor dykes, s i l l s , and necks 
of b a s a l t . 

T a k l a Group 
The Mesozoic volcanic-sedimentary rocks to the west 

of -Bear Lake c o n t a i n l a t e Lower J u r a s s i c f a u n a l remains and 
were c a l l e d the Upper D i v i s i o n s of the Takla Group by Lord. 
F u r t h e r to the east i n the c e n t r a l and e a s t e r n parts of 
McConnell Creek map-area Lord found l i t h o l o g i c a l l y d i f f e r e n t 
n o n - f o s s i l i f e r o u s volcanic-sedimentary assemblages which he 
c a l l e d the Lower D i v i s i o n of the Takla Group. In. the same 
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regions the Upper D i v i s i o n was found to c o n t a i n Middle and 
Upper J u r a s s i c (Oxfordian) f o s s i l s . The d i v i s i o n of the 
Takla Group i n t o an upper and lower u n i t was accepted by 
Armstrong who had o r i g i n a l l y defined the Takla Group f u r t h e r 
to the south. However, as a r e s u l t of work i n other map-
areas i t became necessary to re-examine and r e - d e f i n e Meso­
z o i c rocks that had been assigned to the Takla and Hazelton 
Groups. 

The r e d e f i n i t i o n f o r the McConnell Creek area was 
i n c l u d e d i n the general r e v i s i o n of the Hazelton and Takla 
Groups by H. V/. Tipper (1959). 

According t o Tipper: 
1 In McConnell Creek map-area, the Takla group i s 

subdivided i n t o upper and lower d i v i s i o n s , roughly c o r ­
responding to Hazelton and Takla groups i n t h e i r type areas, 
and a l i t h o l o g i c change from f i n e to coarse c l a s t i c s e d i ­
mentary s t r a t a occurs between the two d i v i s i o n s . This 
change, however, apparently s t a r t e d i n E a r l y J u r a s s i c time... 1 

'The d e f i n i t i o n of the Hazelton and Takla groups i s 
most d i f f i c u l t when the Lower J u r a s s i c s t r a t a have to be 
assigned. Upper T r i a s s i c sedimentary s t r a t a are almost 
i n v a r i a b l y shales or a r g i l l a c e o u s limestones c l e a r l y as­
s i g n a b l e t o the Takla, and Middle J u r a s s i c or l a t e r beds 
are g e n e r a l l y conglomerates or greywackes t y p i c a l of the 
Hazelton, but Lower J u r a s s i c sedimentary beds may be e i t h e r 
coarse or f i n e grained . I n McConnell Creek area, Lower 
J u r a s s i c s t r a t a are c l o s e l y r e l a t e d to and i n s e p a r a b l e from 
the' upper d i v i s i o n of the Takla group (e q u i v a l e n t to H a z e l ­
ton group). In F o r t St.James area, the type area of the 
Takla group, Armstrong recorded the occurrence of Lower 
J u r a s s i c conglomerates, greywackes, and shales and p o s t u l a t e d 
marine, near-shore, or nonmarine c o n d i t i o n s . These beds are 
d i s t i n c t l y d i f f e r e n t from the Upper T r i a s s i c sedimentary 
s t r a t a . Thus i n both McConnell Creek and F o r t St.James 
areas the Lower J u r a s s i c could r i g h t l y be considered to be 
p a r t of the Hazelton group (although i n the F o r t St.James 
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Table 1: TABLE OP FORMATIONS (modified a f t e r Lord, 19h&){ 

Bra P e r i o d or 
epoch 

Formation and 
thickness t n f eet Character 

Recent 
Stream a l l u v i u m and 
d e l t a d e p o s i t s , t a l u s , 
and s o i l . 

P l e i s t o c e n e 
G l a e i o f l u v i a l and g l a c i o -
l a c u s t r i n e d e p o s i t s , 
other g l a c i a l d r i f t . 

Cenozoie T e r t i a r y t o 
Recent 

B a s a l t necks, dykes 
and l a v a . 

I n t r u s i v e contact 

T e r t i a r y Kastherg 
I n t r u s i o n s 

Feldspar and f e l d s p a r -
quartz porphyries w i t h 
dense, chalky weathering 
groundmass; medium: g r a i n ­
ed p o r p h y r i t i c grano­
d i o r i t e and quartz 
d i o r i t e . Dykes, s i l l s 
and s t o c k s . 

I n t r u s i v e contact 
Mesozoic 

and 
Cenozoie 

Upper c r e t a ­
ceous and 
Paleocene 

Sustut Group 
3,000 + f e e t 

B u f f to grey impure sand­
stone, conglomerate, and 
sh a l e s ; minor d a c i t i c 
t u f f and c o a l . W e l l bed­
ded c o n t i n e n t a l d e p o s i t s 
c h a r a c t e r i z e d by c r o s s -
bedding and f o s s i l p l a n t 
remains. 

Unconformity 

Cretaceous 
and l a t e r 

Coast 
I n t r u s i o n s 

B i o t i t e g r a n o d i o r i t e , 
quartz d i o r i t e , i n 
plutons and s a t e l l i t i c 
bodies to the Coast 
Range B a t h o l i t h . 

I n t r u s i v e contact 
Mesozoic Upper J u r a s s i c 

Lower 
Cretaceous 

Bowser Group 
20,000 + f e e t ? 

F o s s i l i f e r o u s marine and 
t e r r e s t r i a l conglomerate, 
greywacke, and shale. 

Unconformity 

J u r a s s i c 
T a k l a -
Hazelton 
Group 

P o r p h y r i t i c andesite 
f l o w s , b r e c c i a ; minor 
d a c i t e and r h y o l i t e ; 
t u f f s w i t h interbedded 
conglomerate, grevwacke 
s h a l e , and a r g i l l l t e . -
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area Armstrong considered i t part of the Takla group)'../ 
'With which group should the Lower J u r a s s i c s t r a t a be 

c o r r e l a t e d ? They never have been i n c l u d e d i n the Hazelton 
group, but i n places there now seems to be some J u s t i f i c a t i o n 
f o r so doing. Armstrong placed both Upper T r i a s s i c and Lower 
J u r a s s i c i n the same group but probably more f o r convenience 
than because there was no v a l i d reason f o r s e p a r a t i n g them. 

'Ea r l y J u r a s s i c time was apparently a t r a n s i t i o n a l 
p e r i o d i n which environmental c o n d i t i o n s changed from moder­
a t e l y s t a b l e to c h a o t i c . . . The e f f e c t of these c o n d i t i o n s 
was not f e l t everywhere at the same time, so t h a t d i f f i c u l t y 
p e r s i s t s i n mapping and c o r r e l a t i n g Lower J u r a s s i c s t r a t a . 
I t seems probable that i n time the Takla group w i l l be r e s ­
t r i c t e d t o Upper T r i a s s i c s t r a t a , l i k e the N i c o l a group of 
southern B r i t i s h ' C o l u m b i a , and the Lower J u r a s s i c s t r a t a w i l l 
be mapped as a new group. U n t i l that i s f e a s i b l e there i s 
no a l t e r n a t i v e but to map Lower J u r a s s i c rocks w i t h the Takla 
group where p o s s i b l e , as i n Nechako R i v e r area, but as H a z e l ­
t o n group where they are l i t h o l o g i c a l l y i n s e p a r a b l e from Mid­
d l e J u r a s s i c s t r a t a , as may be the case i n McConnell Creek 
a r e a . 1 -

I n view of t h i s statement, the Lower J u r a s s i c v o l c a n i c -
sedimentary rocks i n the Driftwood area are r e f e r r e d t o here­
i n as 1 T a k l a - H a z e l t o n Group 1. 

The v o l c a n i c and sedimentary rocks of t h i s u n i t occupy 
a n o r t h - w e s t e r l y t r e n d i n g b e l t t o the west and south*of Bear 
Lake V a l l e y / At the n o r t h end of Tsaytut Spur by the n o r t h 
end of Bear Lake the b e l t i s only about four miles wide, but 
broadens southward to form the Driftwood and B a i t Ranges and 
n o r t h e r n part of the Babine Lowlands where i t i s at l e a s t 
20 miles wide. 

The p r i n c i p a l rock types are l a v a s , b r e c c i a t e d f l o w s , 
and p y r o c l a s t i c s , w i t h conglomerates, greywackes, shales 
and a r g i l l i t e s . They form dark green and grey s t r o n g l y 
j o i n t e d but otherwise seemingly s t r u c t u r e l e s s outcrops. 
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L i t h o l o g i c u n i t s are extremely d i f f i c u l t t o recognize from 
a d i s t a n c e and even on c l o s e examination i n d i v i d u a l flows 
and v o l c a n i c members are in s e p a r a b l e . According to Lord 
(page 19): 

"The p r e c i s e sequence i s not known. A v a i l ­
able evidence i n d i c a t e s that v o l c a n i c members g r e a t l y pre­
dominate among the lower s t r a t a and sedimentary members i n 
the upper p a r t s of the d i v i s i o n , where, however, they are 
i n t e r l a y e r e d w i t h v o l c a n i c rocks. 

Approximately 18,000 f e e t of v o l c a n i c rocks outcrop 
between Bear Lake v i l l a g e and Driftwood R i v e r , where n e i t h e r 
t h e i r upper nor t h e i r lower l i m i t s were recognized. Because 
of r e l a t i v e l y complex s t r u c t u r e few data are a v a i l a b l e on 
the aggregate t h i c k n e s s of the J u r a s s i c sedimentary r o c k s . 
...(Thus) the complete assemblage assigned t o the upper 
d i v i s i o n i s probably c o n s i d e r a b l y more than 23,000 f e e t t h i c k . 1 

Lavas 
These are mainly massive, dark green p o r p h y r i t i c 

rocks w i t h l e s s e r p u r p l i s h red and grey v a r i e t i e s . Two types 
of p o r p h y r i t i c v o l c a n i c s were observed. The more common type . 
i n the Driftwood r e g i o n has sm a l l dark phenocrysts o f . c h l o r i -
t i z e d pyroxene and amphibole. The phenocrysts appear as 
s m a l l , equant spots l e s s than 1/16 i n c h across the face w i t h 
d i f f u s e boundaries and a shredded o u t l i n e due to c h l o r i t e 
a l t e r a t i o n . The other p o r p h y y r i t i c type has white or b u f f 
p l a g i o c l a s e l a t h s which may be only s l i g h t l y l a r g e r than the 
f i n e f e l t e d goundmass and almost i n d i s t i n g u i s h a b l e from i t 
but commonly grade t o s m a l l phenocrysts up to 1/16 i n c h long 
th a t form at l e a s t V>% of the rock. Fragmental flows and 
p o r t i o n s of flows c o n t a i n angular and rounded fragments of 



v a r y i n g s i z e s . The composition of the fragments i s almost 
i d e n t i c a l to the matrix and they can u s u a l l y he d i s t i n g u i s h e d 
only on weathered sur f a c e s . The matrix has a green c h l o r i t i c 
appearance and f r a c t u r e s c o n t a i n epidote, c h l o r i t e , c a l c i t e , 
and quartz which denote greenchist f a c i e s r e g i o n a l a l t e r a t i o n . 

Sedimentary rocks 
The sedimentary rocks i n the Driftwood area are mainly 

coarse c l a s t i c types. The d e s c r i p t i o n by Lord (page 21-22)" 

i s complete and l i t t l e needs to be added to i t . 

TGreywackes. These are f i n e - t o medium-grained, dark green 
t o grey? sandy-textured rocks that weather green, grey-brown, 
or yellowish-brown. They are w e l l bedded, and are i n t e r l a y e r -
ed w i t h conglomerates, s l a t e s , and a r g i l l i t e s . The beds 
range from a few inches to s e v e r a l f e e t i n t h i c k n e s s ; a few 
l a y e r s are i n d i s t i n c t l y crossbedded. ... Occasional w e l l -
s o r t e d beds grade from coarse at the bottom to f i n e at the 
top. The greywackes comprise mainly subangular to p a r t l y 
rounded g r a i n s of chert and m i c r o c r y s t a l l i n e v o l c a n i c r o c k s . 
. .. Occasional gr a i n s of p l a g i o c l a s e f e l d s p a r s and of quartz 
were a l s o noted.... f 

Conglomerates. Most of the conglomerates have about the 
same composition as the greywackes and d i f f e r from them main­
l y i n g r a i n s i z e . These are thoroughly c o n s o l i d a t e d grey, 
g r e e n i s h grey, or l i m o n i t e - s t a i n e d r o c k s , and f r e s h f r a c t u r e s 
commonly pass through r a t h e r than around the pebbles. The 
conglomerates form l a y e r s ranging from a f o o t or so to many 
f e e t i n t h i c k n e s s , but the t h i c k e r l a y e r s commonly c o n t a i n 
l e n s e s and beds of greywacke. The pebbles are subangular t o 
rounded fend are g e n e r a l l y l e s s than 2 inches i n diameter. 
Most of them are black, grey, and green, cherty rocks 
Pebbles o f white quartz and red and green v o l c a n i c r o c k s , 
w i t h 1/16 - to 1/8 i n c h f e l d s p a r phenocrysts, are l o c a l l y 
abundant. The matrix i s apparently i d e n t i c a l w i t h the grey­
wackes p r e v i o u s l y described. These conglomerates were prob­
ab l y d e r i v e d from the same source as the greywackes, and are 
not known to mark s i g n i f i c a n t breaks i n d e p o s i t i o n . 1 
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Shales and a r g i l l i t e s . These commonly occur as grey and b l a c k 
beds one to two f e e t t h i c k interbedded as w e l l defined beds 
and lenses w i t h the f i n e r - g r a i n e d greywacke beds and occa­
s i o n a l l y as lenses i n conglomerate-greywaeke s e c t i o n s . Most 
beds are hard and s i l i c i o u s . A very few are calcareous and 
many probably c o n t a i n f i n e tuffaceous m a t e r i a l . According 
t o Lord (page 22): 

. . . . ' A r g i l l i t e s predominate, and are compact, 
banded rocks t h a t break without p a r t i c u l a r r eference t o the 
banding i n t o s m a l l , s h a r p l y angular b l o c k s . Shaly beds, on< 
the other hand, break along the bedding to form t h i n p l a t e s 
and s l a b s 1 . 

Other rocks. Minor s t r a t a found i n the Driftwood s e c t i o n 
i n t e r c a l a t e d w i t h b r e c c i a t e d v o l c a n i c flows are t h i n beds of 
dense, purple t u f f w i t h a c o n c o i d a l f r a c t u r e and beds of f i n e ­
grained tuffaceous sandstone and q u a r t z i t e . 

Bowser Group 
The Bowser Group i s a marine and c o n t i n e n t a l s e r i e s 

of c l a s t i c sedimentary rocks c o n t a i n i n g Upper J u r a s s i c and 
Lower Cretaceous f o s s i l s . The minimum t o t a l t h i c k n e s s i s 
i n the order of 20,000 f e e t but i n the Driftwood area only 
2,000 t o 3,000 f o o t s e c t i o n s of the b a s a l p o r t i o n s were ob­
served where they unconformahly o v e r l i e Takla-Hazelton rocks. 
Conspicuous bedding can be seen i n a l l the Bowser Group out­
crops and t h i s , along w i t h the grey c o l o u r , e a s i l y d i f f e r e n ­
t i a t e s them from the Takla-Hazelton volcanic-sedimentary r o c k s . 
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Rocks of the Bowser Group form the S i e i n t i n e Range. 
Th e i r e a s t e r n boundary i s Takla-Hazelton rocks along the 
Squingula and N i l k i t k w a R i v e r s and Motase Lake. Greywackes 
are the most common rock type. They vary i n g r a i n s i z e and 
grade i n t o g r i t s , pebble conglomerates, and coarse boulder 
conglomerates on one hand and t o a r g i l l i t e s and s l a t e s on 
the. other. A l l the rocks seem to have a s i m i l a r composition 
and vary mainly i n g r a i n s i z e . Bedding i s w e l l developed 
and d i s t i n c t . Fine c l a s t i c beds are two to three f e e t t h i c k ; 
greywacke and conglomerate beds are commonly 5 to 10 f e e t i n 
t h i c k n e s s but have been reported t o be hundreds of f e e t t h i c k 
i n other areas. Bedding i s emphasized by d i f f e r e n c e s i n dark­
ness and r e s i s t a n c e to weathering of the beds. Limestones 
and v o l c a n i c rocks are v i r t u a l l y absent. Coal forms t h i n 
seams i n the b a s a l s e c t i o n s of the group. 

Sustut Group 
The Sustut Group i s a w e l l bedded su c c e s s i o n greater 

than 3,000 f e e t t h i c k of Upper-Cretaceous to Paleocene c l a s ­
t i c r o c k s . They occur i n a n o r t h w e s t e r l y t r e n d i n g b e l t 10 

t o 15 miles wide along the east shore and t o the northwest 
and southeast of Bear Lake. .The s u c c e s s i o n unconformably 
o v e r l i e s Takla-Hazelton rocks. 

The outcrops are bedded, grey to b u f f i n c o l o u r , and 
composed mainly of pebble conglomerate, coarse sandstone and 
sandstone c o n t a i n i n g pebbles. The conglomerates most f r e -
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quently have pebbles one to two inches i n diameter but a 
few are up t o e i g h t inches. The fragments are rounded and 
composed of white v e i n q u a r t z , c h e r t , v o l c a n i c - p o r p h y r i e s r 

green massive lavgs and some equigranular g r a n i t i c r o c k s , 
t u f f s and -shale fragments. The sandstones are f i n e r grained 
e q u i v a l e n t s of the conglomerates and crossbedding i n them i s 
not uncommon. The conglomerates form the t h i c k e s t beds and 
may be as much as 100 f e e t i n t h i c k n e s s . The sandstone beds 
r a r e l y exceed 20 f e e t . Together, conglomerates and sand­
stones may be interbedded to form s p e c t a c u l a r c l i f f s hun­
dreds of f e e t high. The f i n e r - g r a i n e d sandstones are asso­
c i a t e d w i t h dark grey, s o f t weathering, f r i a b l e shale beds. 
In such s e c t i o n s s m a l l lenses of c o a l and many f l o r a l im­
p r i n t s and pieces of f o s s i l wood are found. I n s e c t i o n s 
examined by Lord, white-weathering d a c i t i c t u f f bands were 
noted. These showed thicknesses from 2 to 50 f e e t and were 
b e l i e v e d t o occur only i n the upper p a r t s of the Sustut 
succession. 

The o v e r a l l appearance of the Sustut Group Is q u i t e 
s i m i l a r t o p a r t s of the Bowser Group but can be d i s t i n g u i s h e d 
i n the Driftwood r e g i o n by the v i r t u a l l y f l a t - l y i n g or g e n t l y 
r o l l i n g s t r u c t u r e s ; smaller average thic k n e s s e s of beds; 
gre a t e r abundance and composition of the conglomerates; l e s ­
ser abundance of shales and a r g i l l i t e s ; and the presence of 
t u f f beds. Examination of f o s s i l remains, of course, c l e a r l y 
i n d i c a t e s t h e i r age d i f f e r e n c e d e s p i t e some general l i t h o -
l o g i c s i m i l a r i t i e s . The Sustut rocks are f r e s h l o o k i n g and 
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v i r t u a l l y u n a l t e r e d . Where they'are i n t r u d e d by dykes and 

s i l l s of' g r a n i t i c porphyries and b a s a l t , n e g l i g a b l e contact 

metamorphic a f f e c t s are v i s a b l e . 

P l e i s t o c e n e and Recent deposits 
G l a c i a l and a l l u v i a l d e posits cover the v a l l e y f l o o r s 

i n a l l the main v a l l e y s but u n l i k e the regions to the south 
where such d e p o s i t s reach great t h i c k n e s s e s , bedrock In the 
Driftwood r e g i o n i s u s u a l l y w i t h i n 10 f e e t of the surface 
and i s exposed i n most areas that .have been i n c i s e d by 
streams. 

I n t r u s i v e Rocks 
Coast I n t r u s i o n s . These form s m a l l s a t e l l i t i c plutons along 
the e a s t e r n margin of the Bowser B a s i n i n the S i c i n t i n e Range 
and the n o r t h end of the B a i t Range i n Takla-Hazelton r o c k s . 
The i n t r u s i o n s are so named to i n d i c a t e a s i m i l a r age w i t h 
the Coast Range B a t h o l i t h . The i n t r u s i o n s l i e along an e a s t -
west 'arch 1 between the Omenica and Coast Ranges and should 
not be g e n e t i c a l l y a s s o c i a t e d w i t h e i t h e r except i n a time 
sense. I n t r u s i o n occurred over an extended time p e r i o d from 
p o s s i b l y as e a r l y as Upper J u r a s s i c t o as l a t e as T e r t i a r y 
time. 

The i n t r u s i o n s form i r r e g u l a r , l i g h t grey, w e l l j o i n t e d 
stocks having very l i t t l e thermal a f f e c t on the surrounding 
r o c k s . The compositions are most commonly of medium t o coarse 
g r a i n e d , e q u i g r a n u l a r , quartz d i o r i t e and g r a n o d i o r i t e . An 
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e x c e p t i o n i s a s m a l l h i g h l y i r r e g u l a r d y k e - l i k e mass over­
l o o k i n g the Squingula River i n the northwest corner of the 
Driftwood area. The rock there i s a p o r p h y r i t i c grey t o 
pink g r a n o d i o r i t e and quartz monzonite. A l t e r a t i o n of t h i s 
s t o c k i s strong and has produced a l a r g e goassanous zone i n 
and around the stock. 

Kastberg Porphyries. The Kastberg i n t r u s i o n s occur i n T a k l a -
Hazelton and Sustut S t r a t a and are b e l i e v e d to be e a r l y Ter­
t i a r y i n age (Lord, 19^8). They are l o c a l i z e d i n the south­
west corner of the McConnell Creek map-area I n the Driftwood' 
r e g i o n and f u r t h e r to the south i n the v i c i n i t y of Eabine 
Lake (N. C. C a r t e r , personal communication). The i n t r u s i o n s 
occur as s i l l s and dykes and h i g h l y i r r e g u l a r plugs of por­
p h y r i t i c g r a n o d i o r i t e , quartz d i o r i t e , and f e l d s p a r and quartz 
porphyry. They are grey and buff i n c o l o u r and weather deeply 
w i t h a s o f t , chalky surface. 

The g r a i n s i z e of the porphyries v a r i e s widely. The 
f i n e s t - g r a i n e d f a c i e s may show only s m a l l quartz eyes as 
phenocrysts. Most commonly v i s i b l e are phenocrysts of p l a g i o ­
c l a s e and needles of amphibole and b i o t i t e . The c o a r s e s t -
grained rocks such as those found at the Driftwood Property 
c o n t a i n p l a g i o c l a s e phenocrysts w i t h hornblende and b i o t i t e 
and c h a r a c t e r i s t i c p o i k i l i t i c o r t h o c l a s e phenocrysts up to 
one i n c h i n l e n g t h . Most small i n t r u s i v e bodies-show a t h i n 
marginal c h i l l zone but otherwise very l i t t l e contact 
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a l t e r a t i o n a f f e c t s . 

B a s a l t s . Minor dykes, s i l l s and one prominent b a s a l t i c neck 
i n t r u d e Sustut Group rocks t o the east of Bear Lake. The 
c i r c u l a r neck remains as a r e s i s t a n t mass, w i t h w e l l d e v e l ­
oped columnar j o i n t s and stands above the f l a t - l y i n g Sustut 
s t r a t a as a prominant landmark c a l l e d ^The Thumb1. 

S t r u c t u r e 
Most major f a u l t s and f o l d axes i n the McConnell 

Creek map-area and regions to the west and south r e f l e c t 
the northwest C o r d i l l e r a n trend. A few major and many minor 
f a u l t s s t r i k e n o r t h , northeast, and east. The Driftwood 
area l i e s to the west of a major f a u l t zone which, i s bounded 
on the east by the Omenica R i v e r . This f a u l t zone contains 
the Omenica, C a r r u t h e r s , and Omin i c e l t a f a u l t s and i s t e n 
to twelve miles wide. I t i s the northern e x t e n s i o n of the 
P i n e h i f a u l t zone (Roots, 195*0 mapped by Armstrong i n the 
F t . St.James area to the southeast. F a u l t s are 25 t o 1000 

f e e t or more wide and are marked by f r a c t u r e d , sheared and 
.otherwise a l t e r e d rocks. Lord p o s t u l a t e d t h a t dips are 
steep and displacements along the major f a u l t s may be as 
much as t e n thousand f e e t . He suggested that the southwest 
sid e of the Omenica f a u l t moved upward but i n the other 
northwest t r e n d i n g f a u l t s the northeast s i d e moved upward 
r e l a t i v e to the southwest. Major displacements are b e l i e v e d 
to have taken place i n post.-Paleocene time. 
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In the Driftwood V a l l e y Lord suggests that there may 
be an unmapped f a u l t as suggested by the abrupt v a r i a t i o n s 
i n a l t i t u d e s and* steep i n c l i n a t i o n s d i s p l a y e d there by the 
Sustut s t r a t a . The author concurs and noted that mapping 
along the Driftwood V a l l e y l i n e a r trend across the drainage 
d i v i d e i n t o the Squingula V a l l e y i n d i c a t e d t h at t h i s v a l l e y 
system marked the abrupt eastern l i m i t of Bowser Group Rocks. 
F u r t h e r , the very presence of i n c l i n e d s t r a t a of the Sustut 
Group on the f l o o r of the Driftwood V a l l e y would suggest 
t h a t the v a l l e y may be a small graben s t r u c t u r e r e l a t i v e t o 
the Takla-Hazelton rocks on the Driftwood Property and 
.Tsaytut Spur. 

F o l d i n g has taken place about northwesterly t r e n d i n g 
axes and according t o Lord has occurred during two p e r i o d s . 
The f i r s t was during i n t r u s i o n of the Omenica (and Coast 
I n t r u s i o n s ) f o l l o w i n g the d e p o s i t i o n of the Takla-Hazelton 
rock s . The second i n t e r v a l was post-Paleocene, a f t e r deposi­
t i o n of the Sustut Group. During t h i s time the r e g i o n was 
subjected to some compression and t h r u s t i n g from the south­
west. 

The va r i o u s age-rock u n i t s i n the area r e f l e c t the 
I n t e n s i t y and manner of deformation. The Takla-Hazelton 
rocks are r e l a t i v e l y t i g h t l y f o l d e d . Dips from 10 to 65 

degrees were reported w i t h dips of 30 t o 50 degrees most 
common but no overturned s t r u c t u r e s were noted. The Bowser 
Group rocks are moderately f o l d e d i n t o w e l l - d e f i n e d , l a r g e 
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open f o l d s w i t h dips r a r e l y exceeding 30 to 35 degrees. 
I n some areas around i n t r u s i v e masses the beds are contorted 
and show complicated s t r u c t u r e s and beds w i t h h i g h l y v a r i a b l e 
d i p s . Most of the Sustut Group s t r a t a are warped i n t o l a r g e 
open f o l d s w i t h dips of 10 to 20 degrees or l e s s . However, 
along the east f l a n k of the Sustut b e l t i n such regions as 
the Sustut and Omenica River V a l l e y s the beds are crumpled 
i n t o s e r i e s of s m a l l , t i g h t f o l d s w i t h some ov e r t u r n i n g i n 
pla c e s towards the northeast. I t appears that the beds have 
been pushed against a r i g i d b a r r i e r formed by the o l d e r Takla 
Hazelton rocks t o the east. 

The i n t r u s i v e rocks d i s p l a y very l i t t l e i n t e r n a l strue 
t u r e . The Coast I n t r u s i o n s are massive rocks which have 
sharp., c h i l l e d contacts w i t h the Bowser Group sediments. Most 
of the plugs are i r r e g u l a r i n o u t l i n e but the contacts are 
steep and e a s i l y t r a c e a b l e w i t h the exception of the one 
a l t e r e d gossanous i n t r u s i o n overlooking the Squingula R i v e r . 
There the plug i s h i g h l y i r r e g u l a r , has many i n t e r f i n g e r i n g 
dykes and i r r e g u l a r apophyses, a d j o i n i n g the c e n t r a l i n t r u ­
s i v e core. 

The sm a l l plugs and p r o j e c t i o n s from the l a r g e plugs 
i n the B a i t and S i c i n t l n e Ranges seem to cut the Bowser and 
Takla-Hazelton rocks without d i s t u r b i n g them. However, i n 
the Motase Peak r e g i o n of the S i c i n t i n e Range and the Atna 
Range to the west, the s t r a t a around the l a r g e r i n t r u s i v e 
stocks are contorted w i t h i r r e g u l a r overturned f o l d s . Such 
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deformation could be caused both by the f o r c e f u l i n j e c t i o n 
of the i n t r u s i o n s and g r a v i t y c o l l a p s e of the beds from 
domed areas. 

The Kastberg I n t r u s i o n s form t h i n s i l l s and dykes or 
h i g h l y i r r e g u l a r stocks and plugs. Some s i l l s show colum­
nar j o i n t i n g which serves to d i s t i n g u i s h them at a.distance 
from the e n c l o s i n g Sustut s t r a t a . The i n t r u s i o n s may show 
a t h i n c h i l l margin composed of m i c r o c r y s t a l l i n e matrix i n 
which there i s v i s i b l e some p l a g i o c l a s e phenocrysts and 
sometimes f i n e sulphides and magnetite. Their emplacement 
appears to have been l a r g e l y i n f l u e n c e d by p r e - e x i s t i n g 
s t r u c t u r e s and zones of weakness such as bedding planes and 
f a u l t s . I n most cases i n t r u s i o n of the porphyries seems t o 
have caused very l i t t l e deformation and metamorphism of the 
i n t r u d e d s t r a t a . An exception i s at the Driftwood Property 
where some parts of the i n t r u s i v e rock are enveloped i n a 
t h i n zone of s c h i s t and the e n t i r e i n t r u s i v e body i s s u r ­
rounded by an aureole of h o r n f e l s . 
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GEOLOGY OP THE DRIFTWOOD PROPERTY 

I n t r o d u c t i o n 
The Driftwood Property i s u n d e r l a i n by a s e c t i o n of 

w e s t e r l y - d i p p i n g sedimentary and v o l c a n i c rocks of the T a k l a -
Hazelton Group \\rhich has been intruded by a s m a l l , i r r e g u l a r 
stock of g r a n o d i o r i t e - q u a r t z monzonite porphyry. The i n t r u ­
s i o n has been mapped by Lord (19^8) as belonging t o the 
Kastberg I n t r u s i o n s of T e r t i a r y age. C h a l c o p y r i t e r p y r i t e , 
p y r r h o t i t e , and some molybdenite are contained i n the i n t r u ­
s i v e rock as disseminated g r a i n s . Most molybdenite and 
p y r r h o t i t e and some c h a l c o p y r i t e and p y r i t e are found i n a 
quartz stockwork and f r a c t u r e s i n the h o r n f e l s i c periphery 
along the southern i n t r u s i v e contact. 

Takla-Hazelton Rocks 
. S t r a t i g r a p h i c S e c t i o n . I r o n s t a i n e d and dark grey-

green outcrops of i n c l i n e d - s t r a t a r e p r e s e n t i n g a s t r a t i g r a p h i c * 
t h i c k n e s s of over 2000 f e e t are exposed along the r i d g e form­
i n g the Driftwood Property. The base of the formation was 
not seen. The lowermost 1500 f e e t of the s e c t i o n Is composed 
of sedimentary rocks and the upper 500 f e e t i s a v o l c a n i c 
assemblage. The b a s a l p o r t i o n of the sedimentary s e c t i o n i s 
composed of coarse c l a s t i c beds. These grade upwards i n t o 
beds of f i n e - g r a i n e d sediments and'are o v e r l a i n by massive 
v o l c a n i c flows w i t h some i n t e r c a l a t e d b r e c c i a and t u f f beds 
and an uppermost t h i n capping of t u f f and tuffaceous sedimen-

file:////rhich
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t a r y beds. A g e n e r a l i z e d stratigraphic•column.based on 
v i s u a l estimates of bed thicknesses and a few p o i n t s of 
known e l e v a t i o n i s shown i n Figure 3* 

The b a s a l p o r t i o n of the s e c t i o n s i s composed of grey-
wacke and conglomerate beds and lenses a few inches to tens 
of feet, i n t h i c k n e s s . Commonly the beds are graded and bed­
ding planes or sharp d i s t i n c t i o n s between i n d i v i d u a l beds 
are not apparent. Thus, the beds represent a continuous 
d e p o s i t i o n a l sequence without any major change i n e n v i r o n ­
ment of d e p o s i t i o n or supply. The middle p o r t i o n o f the 
s e c t i o n shows, a t r a n s i t i o n from coarse to f i n e c l a s t i c s e d i ­
mentation. The lower boundary was a r b i t r a r i l y placed where 
greywaeke became the dominant rock type r e l a t i v e t o conglome­
r a t e . Conglomerate i s present i n minor q u a n t i t i e s probably 
as lenses and greywaeke, s i l t s t o n e , s h a l e , and a r g i l l i t e 
become the dominant rock types. The top of' the sedimentary 
u n i t i s marked by the presence of s i l i c i o u s and calcereous 
beds. The s i l i c i o u s beds are not cherty chemical p r e c i p i t a t e s 
but r a t h e r f i n e - g r a i n e d c l a s t i c d e b r i s . They i n d i c a t e a 
decrease i n r a t e of sedimentation and an i n f l u x of a more 
mature sediment. 

The v o l c a n i c s e c t i o n forms the top of the s t r a t i -
graphic column. The bottom i s marked by a b a s a l bed of t u f ­
faceous sediments that marks the advent of volcanism. V o l - . 
ca n i c flows and"brecciated flows are i n t e r r u p t e d by the 
i n t e r c a l a t i o n of at l e a s t two t h i n u n i t s of p y r o c l a s t i c 
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m a t e r i a l . The lower one i s composed of t u f f and tuffaceous 
sediments and the upper one of g l a s s y welded t u f f s or f l o w 
b r e c c i a . The uppermost part of the s e c t i o n i s a complex 
su c c e s s i o n of tuffaceous and sedimentary beds. The s e d i ­
mentary beds are composed of tuffaceous greywacke, greywacke 
d e r i v e d from v o l c a n i c s and minor q u a r t z - r i c h c l a s t i c d e t r i t u s 
and may i n d i c a t e the r e t u r n to a predominately sedimentary 
environment. -

Conglomerate and Greywacke 
The two rock types can be described together because 

they have the same composition and d i f f e r only i n g r a i n s i z e . 
The rocks are dark grey i n c o l o u r w i t h a f a i n t deeplblue or 
brown c a s t and weather medium grey or brown w i t h a t h i n 
chalky or l i m o n i t i c surface l a y e r . The conglomerates have 
.a matrix of greywacke c o n t a i n i n g rounded and subangular 
pebbles. Angular fragments are not common but were observed 
t o form a few lenses or beds of 'sharpstone 1 conglomerate. 
The pebbles are both l i g h t e r and darker than the matrix but 
f r e q u e n t l y blend i n and are d i s c e r n a b l e only due to s u b t l e 
•differences on the weathered surfaces. In a l l cases f r e s h 
f r a c t u r e s pass through and not around the pebbles. Pebbles 
form up to 60$ of the conglomerate beds. In many of the 
greywacke beds pebbles and g r a v e l form lenses or are uneven­
l y dispersed throughout them so that I t i s an a r b i t r a r y 
d i s t i n c t i o n between pebbly greywacke and conglomerate. Thin 
s e c t i o n s of greywacke showed 80,̂  of the rock to be composed 
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of coarse sand-sized gr a i n s w i t h the remainder a f e r r u g i n ­
ous matrix of s a l t s i z e d p a r t i c l e s and opaque 1 dusty 1 s u l p h ­
i d e s or carbonaceous m a t e r i a l . I n zones near igneous con­
t a c t s f i n e - g r a i n e d brown b i o t i t e may be r e c r y s t a l l i z e d from 
the matrix. Seventyflve percent of the fragments are der-

9 
% 

i v e d from v o l c a n i c rocks. Most are from p o r p h y r i t i c v o l c a n i c 
composed of a f e l t e d matte of p l a g i o c l a s e m i c r o l i t e s and 
f i n e l y disseminated opaque m a t e r i a l and a s m a l l number of 
fragments are from a microporphyry i n which i r r e g u l a r r a d i a ­
t i n g groups of f e l d s p a r m i c r o l i t e s i n the I n d i s t i n c t grey 
groundmass form a cumulophyrlc t e x t u r e . The remaining 2%[> 

of the fragments i s comprised of c h e r t , a few g r a i n s of 
c r y s t a l l i n e quartz and a very s m a l l amount of f e l d s p a r , 
shale c h i p s , and very f i n e l y d i v i d e d white micas and c l a y s . 
S h ale, A r g i l l i t e , and S i l t s t o n e 

The three rock types were d i s t i n g u i s h e d from each 
other i n the f i e l d on the b a s i s of t h e i r f r a c t u r i n g . The 
shales s p l i t along bedding planes and p a r a l l e l to them i n t o 
t h i n p l a t y fragments w h i l e a r g i l l i t e and s i l t s t o n e broke 
i n t o fragments without reference t o bedding p l a n e s . _ Beds 
were c a l l e d s i l t s t o n e when the f i r s t t r a c e of a c l a s t i c 
t e x t u r e could be detected w i t h an unaided eye. S i l i c i o u s 
be'ds were d i s t i n g u i s h e d by t h e i r hardness, toughness, and 
l i g h t grey c o l o u r . The rock made a r i n g i n g sound when 
s t r u c k and broke i n t o spoon shaped fragments w i t h c o n c o i d a l 
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f r a c t u r e planes. Calcareous beds were i n d i s t i n g u i s h a b l e 
i n outcrop from o r d i n a r y shale and a r g i l l i t e beds. However, 
near the igneous contacts they contained c a l c - s i l i c a t e 
a l t e r a t i o n minerals and during g e o l o g i c a l mapping could, be 
e a s i l y t r a c e d w i t h h y d r o c h l o r i c a c i d b o t t l e . M i c r o s c o p i c a l ­
l y about \ % of the s i l t s t o n e - a r g i l l i t e i s composed of 
i d e n t i f i a b l e g r a i n s of qua r t z , f e l d s p a r , and fragments of 
v o l c a n i c rock and shale while the r e s t i s an indeterminable 
m a t r i x of s i l t and c l a y s i z e d p a r t i c l e s . A weak banded 
t e x t u r e i s emphasized by alignment of some of the mineral 
g r a i n s and f i n e grains of p y r i t e and carbonaceous m a t e r i a l . 

Q u a r t z i t e and S i l i c i o u s S i l t s t o n e 
.The beds form t h i n u n i t s i n the s t r a t i g r a p h i c column. 

The rocks are formed from f i n e grained c l a s t i c sediments 
whose maximum g r a i n s i z e i s i n the v e r y - f i n e sand t o f i n e 
sand s i z e range. On the basis of the s i z e c l a s s i f i c a t i o n 
the beds range from s i l t s t o n e t o very f i n e sandstone.' The 
l a r g e s t grains"observed were 0.2 ram. Most g r a i n s are quartz 
or perhaps very f i n e grained chert fragments and minor 
amounts of p l a g i o c l a s e f e l d s p a r . The matrix appears to be 
an i r o n - r i c h c l a y and contains a sm a l l percentage of f i n e 
s e r i c i t e and opaque minerals. I t v a r i e s i n volume from 
i n t e r s t i t i a l amounts i n q u a r t z i t e beds to dominant q u a n t i t i e s 
i n s i l i c i o u s s i l t s t o n e . No mafic minerals were seen and only 
minor amounts of mica and opaque minerals could be i d e n t i f i e d 
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i n the matrix. The g r a i n s are surrounded and t i g h t l y 
packed and held together w i t h the matrix t o produce a dense, 

tough rock w i t h an indurated appearance. 

Tuffaceous Sediments 
The outcrops are dark brown i n c o l o u r w i t h a weak t o 

d i s t i n c t purple c a s t . They are s t r o n g l y j o i n t e d but there 
i s no suggestion of bedding or p a r t i n g planes or other 
f o l i a t i o n . Hand specimens show c l a s t i c t e x t u r e w i t h g r a i n s 
from s i l t t o medium-sand s i z e i n a dark, g l a s s y matrix. 
Some specimens show weakly developed bands of coarser g r a i n s 
or p r e f e r r e d o r i e n t a t i o n of the g r a i n s . Under the microscope 
the composition i s seen to be l a r g e l y g r a i n s of v o l c a n i c 
rocks and m i c r o l i t e s or s m a l l l a t h s of p l a g i o c l a s e w i t h some 
opaque minerals and f i n e , rounded quartz g r a i n s . A number 
of g r a i n s of a p a t i t e were observed. These and., the f e l d s p a r 
l a t h s are somewhat corroded but s t i l l maintain roughly 
euhedral o u t l i n e s . The matrix i s l i g h t brown to grey and 
look s t o be composed of glass y m a t e r i a l . I t contains f i n e , 
r e c r y s t a l l i z e d c h l o r i t e and i n a number of specimens, a 
l i t t l e c a l c i t e . The abundance of v o l c a n i c fragments and 
p l a g i o c l a s e g r a i n s over quartz and chert and the g e n e r a l 
appearance of the matrix can be used to d i f f e r e n t i a t e t u f ­
faceous rocks from those i n the sedimentary s e c t i o n . 
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V o l c a n i c B r e c c i a 
This u n i t forms a t h i n bed or group of beds not more 

than 20 f e e t t h i c k , and l i e s between two v o l c a n i c f l o w u n i t s . 
The outcrops are d i s t i n c t l y purple or red-brown i n c o l o u r . 
Hand specimens show a fragmental t e x t u r e w i t h purple and 
green fragments up t o 2> i n c h across i n a dense, g l a s s y , 
purple groundmass. Under a microscope the rock appears to 
be almost e n t i r e l y composed of g l a s s fragments i n a g l a s s 
matrix of very s i m i l a r composition. The boundaries of f r a g ­
ments are almost i n d i s t i n g u i s h a b l e from the matrix. I n 
p o l a r i z e d l i g h t the fragments are s l i g h t l y cloudy or grey 
i n appearance compared to the matrix but under crossed 
n i c o l s the matrix shows many minute p o l a r i z a t i o n t i n t s . 
Fragments are present but form l e s s than 10% of the b r e c c i a 
by volume. Some fragments are greywacke composed of f i n e 
v o l c a n i c rock g r a i n s and others are v o l c a n i c rock fragments 
w i t h abundant f i n e opaque minerals. C r y s t a l fragments are 
almost a l l p l a g i o c l a s e but one g r a i n of what appeared t o be 
m i c r o c l i n e was seen. 

V o l c a n i c s 
The v o l c a n i c s probably formed flows and f l o w b r e c c i a s 

which now occur as j o i n t e d outcrops i n which i n d i v i d u a l beds 
cannot be recognized. Two types of v o l c a n i c s were d i f f e r e n t i ­
ated on the bas i s of c o l o u r . The more common type i s dark 
green and shows sma l l spots of dark mafic minerals. 
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The other type i s a darker green t o b l a c k v a r i e t y which may 
show a few amygdules f i l l e d w i t h c a l c i t e . A l l the v o l c a n i c 
rocks are s t r o n g l y a l t e r e d and c o n t a i n much c h l o r i t e and 
have c r o s s c u t t i n g f r a c t u r e s c o n t a i n i n g c a l c i t e , e p i d o t e , and 
sometimes hematite. In the f i e l d the v o l c a n i c s were simply 
c l a s s i f i e d as 'greenstone 1 . Microscopic examination showed 
the rocks t o be completely and thoroughly a l t e r e d . Whether 
the a l t e r a t i o n i s r e p r e s e n t a t i v e of. the r e g i o n a l a l t e r a t i o n 
i n t e n s i t y or whether i t i s p a r t l y due t o the a f f e c t s of the 
i n t r u s i v e mass i s u n c e r t a i n . In some t h i n s e c t i o n s from 
specimens near igneous contacts higher grade a l t e r a t i o n a f ­
f e c t s are obvious and thus the lowest grade a l t e r a t i o n was 
assumed t o be r e p r e s e n t a t i v e of the r e g i o n a l i n t e n s i t y . 

The v o l c a n i c s were probably a n d e s i t i c and b a s a l t i c 
i n composition. They now show only a r e l i c t t e x t u r e w i t h 
a l t e r e d p l a g i o c l a s e l a t h s i n a matrix of . c h l o r i t e and a e t i n o -
l i t e - t r e m o l i t e . No t r a c e of the o r i g i n a l mafic c o n s t i t u e n t s 
remains. The p l a g i o c l a s e l a t h s , are s a u s s u r i t i z e d and have 
corroded o u t l i n e s . There i s a s i z e v a r i a t i o n shown i n almost 
a l l the specimens between lar g e p l a g i o c l a s e l a t h s i n the 
order of 0.2 t o 0,3 ram. and f i n e p l a g i o c l a s e m i c r o l i t e s i n 
i n t e r s i t i a l p o s i t i o n s . In the coarsest grained specimens, 
p l a g i o c l a s e phenocrysts up t o 1.0 mm. long were seen. The 
l a t h s commonly show no twinning or at best have poorly de­
f i n e d , broad t w i n lamellae from which a maximum a n o t h i t e 
content of An ^0 could be determined. C h l o r i t e and. t r e m o l i t e -
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a c t i n o l i t e are i n t i m a t e l y a s s o c i a t e d and enclose the p l a g i o ­
c l a s e t o produce an o p h i t i c t o s u b o p h i t i c t e x t u r e . The 
c h l o r i t e i s p l e o c h r o i c green, has almost p a r a l l e l e x t i n c ­
t i o n and i s probably of the pe n n i n i t e type. The t r e m o l i t e -
a c t i n o l i t e i s weakly p l e o c h r o i c green t o blue-green and may . 
be a t r e m o l i t i c hornblende i n some cases. A l l specimens 
c o n t a i n v a r y i n g amounts of c a l c i t e and opaque minerals. 
Most of the opaques are magnetite and the gr a i n s were ob­
served to form from l e s s than one percent to as much as 10% 

of the rock. The gra i n s most f r e q u e n t l y occur as f i n e - g r a i n e d , 
rounded t o euhedral c r y s t a l s but i n one specimen, l a r g e 
s k e l e t a l g r a i n s were observed i n which only p a r t s of the 
o r i g i n a l cube remained. Epidote forms up t o % of some 
specimens but i n most i t i s minor and forms only a few i n ­
d i v i d u a l or aggregated g r a i n s . Some specimens c o n t a i n minor 
amounts of c l i n o z o i s i t e and very f i n e - g r a i n e d , micaceous, 
aggregated masses of what appear t o be b i o t i t e or s t i l p n o -
melane. The i n d i v i d u a l p l a t e s are very f i n e g r a i n e d , have 
strong pleochroism from yellow to brown t o r e d d i s h brown, 
and show moderate anisotropism. C h l o r i t e and the s t i l p h o -
melane or b i o t i t e . f o r m s the spots i n the !spotted v o l c a n i c s 1 

and represent a t o t a l replacement of the o r i g i n a l mafic 
g r a i n s . 

I n t r u s i v e Rocks 

The i n t r u s i v e body i s a s m a l l stock along the east 
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f l a n k of a low r i d g e w i t h i r r e g u l a r s p l a y i n g dykes across 
the c r e s t of the r i d g e . The outcrops forming the main part 
of the r i d g e are gossanous reddish-brown i n c o l o u r and form 
steep t o moderately steep slopes. The gossanous appearance 
i s due t o a t h i n surface s t a i n of i r o n oxides and does not 
c o n s t i t u t e an extensive gossanous capping. F r e s h t o weakly 
a l t e r e d rock l i e s immediately beneath the s t a i n . 

Near the bottom of the gossanous outcrops i s a broad 
ben c h - l i k e area that forms a break i n the slope p r o f i l e . 
Below t h i s the i n t r u s i v e rocks form-a grey p r e c i p i t o u s c l i f f 
w i t h a r e l i e f of over 300 f e e t . The i n t r u s i o n has an i r r e g u ­
l a r p l a n due t o the anastamosing dyke p a t t e r n near the top 
of the i n t r u s i v e mass along the r i d g e c r e s t . Despite the 
i r r e g u l a r appearance and abundance of dykes, the i n t r u s i v e 
rocks c o n s t i t u t e a s i n g l e i n t r u s i v e body w i t h a massive core 
from which the dykes have is s u e d . No c r o s s - c u t t i n g r e l a t i o n s 
between igneous rocks were seen nor was there any evidence 
f o r more than one period or species of magmatic i n t r u s i o n . 
I n the f i e l d the rock was mapped as a g r a n o d i o r i t e porphyry 
but zones of d i f f e r e n t a t i o n r e f l e c t i n g v a r i a b l e c o o l i n g 
h i s t o r i e s were obvious. The majority of hand specimens were 
coarse, grey-coloured porphyries c o n t a i n i n g t i g h t l y - p a c k e d 
p l a g i o c l a s e phenocrysts t o 0.3 inches i n l e n g t h w i t h i n t e r ­
mingled s m a l l e r needles of hornblende, s m a l l p l a t e s of b i o ­
t i t e , and i n some cases sulphide minerals. S c a t t e r e d i n -
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f r e q u e n t l y throughout are l a r g e p o i k i l i t i c potash f e l d s p a r 
phenocrysts up t o 1,6 inches i n l e n g t h and 0.5 inches i n 
width. The i n t e r s t i t i a l m a t e r i a l i s extremely f i n e - g r a i n e d 
and was judged t o be an assemblage of q u a r t z , f e l d s p a r , and 
mafic and accessory minerals. Weak f o l i a t i o n i s developed 
i n many hand specimens by p r e f e r r e d o r i e n t a t i o n of the 
p o i k i l i t i c f e l d s p a r phenocrysts and mafic minerals. There 
i s no apparent r e l a t i o n between the- v a r i o u s p a r t s of the 
i n t r u s i v e body and i n each outcrop or part of an outcrop the 
f o l i a t i o n seems t o have a l o c a l o r i e n t a t i o n . T e x t u r a l and 
c o m p o s i t i o n a l v a r i a t i o n s are most obvious i n border and con­
t a c t zones where the i n t r u s i o n i s f i n e r - g r a i n e d and l a c k s 
the l a r g e potash f e l d s p a r phenocrysts. In other zones pot­
ash f e l d s p a r i s abundant as l a r g e phenocrysts and s m a l l e r 
g r a i n s throughout the matrix and the rock was mapped as a 
quartz mohzonite porphyry. 

Igneous contacts w i t h bedded rocks are r e a d i l y d i s -
cernable. A l l the dykes show sharp, d i s t r i c t boundaries w i t h 
a t h i n c h i l l e d zone. The width of the c h i l l zone i s governed 
by the t h i c k n e s s of the dyke and the s t r a t i g r a p h i c p o s i t i o n 
or l e v e l of emplacement of the dyke i n the s t r a t i g r a p h i c 
column. The t h i n dykes and those i n t r u d i n g the upper u n i t s 
of the s t r a t i g r a p h i c column i n t o the v o l c a n i c rocks along the 
top of the r i d g e , have a t h i n c h i l l e d selvage and a border 
zone up to 1 i n c h t h i c k i n which the g r a i n s i z e i s f i n e r than 
the r e s t of the rock and more uniform. In the t h i c k e r dykes 
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i n the lower p o r t i o n of the s t r a t i g r a p h i c column the c h i l l e d 
margin was observed to be 2 inches i n width and the border 
e f f e c t w i t h diminished g r a i n s i z e and u n i f o r m l y - s i z e d g r a i n s 
extended to a w i d t h of 6 t o 8 inches. The c h i l l zone i s a 
dark, g l a s s y band which contains a few s c a t t e r e d phenocrysts 
of p l a g i o c l a s e and f i n e p l a t e s of b i o t i t e which show 
a f o l i a t i o n p a r a l l e l to the contact. The contact along the 
main p o r t i o n s of the i n t r u s i v e mass i s not as sh a r p l y d e f i n e d 
as i n the dykes. As the i n t r u s i v e contact i s approached, the 
porphyry becomes l e s s coarse and the phenocrysts d i m i n i s h i n 
s i z e so t h a t the s i z e d i f f e r e n c e between the phenocrysts and 
the r e s t of the gr a i n s d i m i n i s h e s . The e f f e c t i s v i s i b l e 
over tens of f e e t and f i n a l l y r e s o l v e s i n a border zone that 
i s e q u i g r a n u l a r . Along the border zone the i n t r u s i o n i s 
composed of p l a g i o c l a s e and o r i e n t e d needles of hornblende, 
f i n e mica and a extremely f i n e grained matrix. The a c t u a l 
contact i s a zone from 2 inches to a f o o t wide that i s shear­
ed, b r e c c i a t e d and s i l i c i f i e d . Quartz forms i r r e g u l a r patches, 
and f r a c t u r e f i l i n g s of coarse, c r y s t a l l i n e , w hite, vein-type 
quartz i n a granular rock w i t h an a p l i t i c t e x t u r e that i s 
composed of f i n e quartz and some f e l d s p a r and sulphide g r a i n s . 
To country rock a d j o i n i n g the contact zone i s f o l i a t e d but 
does not appear t o be s i l i c i f i e d or otherwise s t r o n g l y 
metasomatised. 

The i n t r u s i o n appears to be only weakly a l t e r e d . 



Only i n the v i c i n i t y of diamond d r i l l hole Number 1 does 
the f e l d s p a r show any suggestion of a l t e r a t i o n and e l s e ­
where the only obvious a l t e r a t i o n i s c h l o r i t i z a t i o n of the 
mafic minerals. The composition of the i n t r u s i v e mass a l s o 
appears t o be r e l a t i v e l y homogeneous. Only a few s m a l l 
x e n o l i t h s were seen and the l a r g e s t of these was not more 
than one i n c h i n diameter. 

S t r u c t u r e 
The Driftwood Property i s u n d e r l a i n by west-dipping 

beds that have been intruded by an i r r e g u l a r l y - s h a p e d mass 
and numerous dykes of g r a n o d i o r i t e - q u a r t z monzonite porphyry. 
The beds s t r i k e i n a northwesterly d i r e c t i o n and have v a r i ­
able' dips from twenty f i v e to seventy f i v e degrees towards 
the southwest. The beds l i e along a r i d g e t h a t forms on the 
western limb of a major a n t i c l i n e , the e a s t e r n limb of which 
forms the Tsaytut Spur. Dips that are steeper than the aver­
age of f o r t y degrees are seen only i n the p r o x i m i t y of the 
i n t r u s i v e body. 

The s t r u c t u r e of the i n t r u s i o n i s h i g h l y i r r e g u l a r 
w i t h many anastamosing dykes and may be described as. a chono-
l i t h . However, the s t r u c t u r e i s easy t o v i s u a l i z e i f the 
e f f e c t s of topography are considered and a number of c r o s s -
s e c t i o n s are drawn at various e l e v a t i o n s as shown i n 
Figure k. 

The s e c t i o n s cut the cupola and core of a t h i c k , 
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n o r t h w e s t e r l y t r e n d i n g dyke. The western and southwestern 
r e g i o n of the map i s the area of highest e l e v a t i o n . There 
the i n t r u s i o n i s exposed as the roof zone of the cupola. 
The underlying i n t r u s i v e body has given r i s e t o many steep, 
i n t e r f i n g e r i n g dykes that c o n t a i n between s l i c e s of the 
country rock that are, i n e f f e c t , roof pendants. Towards 
the northeast the i n t r u s i o n as exposed at lower e l e v a t i o n s 
and forms a s i n g l e body at l e a s t 800 f e e t t h i c k that has 
v e r t i c a l or s t e e p l y northwest-dipping w a l l s . The most n o r t h ­
e a s t e r n outcrops of the dyke are exposed below ^000 f e e t . 
e l e v a t i o n . At such low e l e v a t i o n s both the n o r t h and south 
dyke w a l l s are v e r t i c a l or dip s t e e p l y toward the southeast. 
Thus, i t appears that at depth the d i p of the dyke changes 
from a steep northwest or v e r t i c a l d i p t o a s o u t h e a s t e r l y d i p . 

Numerous s m a l l dykes are found along the border of 
the main dyke. Most can be follo w e d f o r only short d i s t a n c e s . 
A few, such as the dyke i n the southern part of the map-area 
and two p a r a l l e l dykes i n the n o r t h - c e n t r a l part of the map 
are continuous f o r s e v e r a l hundred f e e t . The most prominent 
trend of the dykes i s n o r t h e a s t e r l y roughly p a r a l l e l to the 
t r e n d of the main i n t r u s i o n . A n o r t h to northwest trend i s 
a l s o common. The dykes i n most cases have steep d i p s . I n 
two cases, s i l l - l i k e bodies have formed. One i s at the ex­
treme northern l i m i t of mapping where a body of medium-
gr a i n e d , p o r p h y r i t i c g r a n o d i o r i t e has a l o p o l i t h i c s t r u c t u r e . 



9 

The other i s i n the southeast corner of the map where a 
t h i n g r a n o d i o r i t e body i s conformable w i t h the west-dip­
ping beds f o r a distance of about 200 f e e t and then at the . 
n o r t h e r n end s w e l l s i n t o a wide, s t e e p l y d i p p i n g dyke w i t h 
a n o r t h e a s t e r l y s t r i k e . 

The i n t r u d e d beds have been deformed by the i n t r u s i o n . 
The n o r t h to northwest s t r i k e i s preserved but the dips are 
g e n e r a l l y steeper than the average f o r the r e g i o n . The main 
mass of the i n t r u s i o n appears to have f o r c e f u l l y i n t r u d e d 
the beds and f o l d e d them about n o r t h t o northwest-trending 
axes. At higher e l e v a t i o n s i n the r o o f zone of the cupola, 
the beds have been u p l i f t e d and domed. At the c r e s t of the 
r i d g e the beds are not deformed but have been u p l i f t e d i n 
blocks that r e t a i n t h e i r moderate w e s t e r l y dips and form 
v o l c a n i c d i p slopes along the west f l a n k of the r i d g e . 

A f a u l t i s b e l i e v e d t o be marked by a prominent 
n o r t h - s t r i k i n g g u l l e y i n the southeast of the mapped area. 
Outcrops on both sides of the g u l l e y are sheared and coarse , 
b r e c c i a specimens w i t h vuggy q u a r t z - l i n e d c a v i t i e s and a 
chalcedonic matrix are found i n the g u l l e y . From the l i n ­
ear trend of the g u l l e y , the f a u l t a t t i t u d e i s - i n f e r r e d t o 
be n o r t h w i t h a d i p about 65 degrees east. Three v e r t i c a l 
or s t e e p l y d i p p i n g f a u l t s were observed. A north-south 
f a u l t cuts the r i d g e near the southern l i m i t of mapping. 
No sense of movement could be determined. Two other 
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f a u l t s are i n the n o r t h - c e n t r a l p o r t i o n of the map c l o s e t o 
the i n t r u s i v e c ontact. Both trend e a s t e r l y and i n the case 
of at l e a s t the more v/estern f a u l t have the south side up-
thrown. Three normal f a u l t s were mapped. One l i e s to the 
east of the g u l l e y , has a n o r t h e a s t e r l y s t r i k e and a d i p 
towards the southeast of 65 degrees. The other two f a u l t s 
cut the r i d g e c r e s t . The most southern of these s t r i k e s 
northeast and has a r e l a t i v e l y f l a t d i p or 32 degrees t o 
the southeast. The t r a c e i s exposed on the c l i f f face and 
shows a downthrown t h i n wedge of v o l c a n i c r o c k s . The 
s t r a t i g r a p h i c throw i s i n the order of two hundred f e e t . 
The n o r t h e r n f a u l t i s a l s o r e l a t i v e l y f l a t - l y i n g and cuts 
sedimentary p o r t i o n s of two ro o f pendants. 

Shearing adjacent to the main i n t r u s i v e contact 
has formed a b i o t i t e s c h i s t or p h y l l o n i t e from the horn­
f e l s i n c e r t a i n areas. I t i s best developed around the 
northernmost part of the main i n t r u s i o n and t o the east 
of diamond d r i l l hole Number 3* 1̂  these l o c a l i t i e s the 
wi d t h of the s c h i s t o s e zone i s about t e n f e e t . The s c h i s t o -
s i t y i s g r a d a t i o n a l from a w e l l developed b i o t i t e s c h i s t 
at the contact t o a n o n f o l i a t e d h o r n f e l s t h a t i s c h a r a c t e r i s 
t i c of the.thermal aureole. 
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PETROLOGY OP THE STOCK 

I n t r o d u c t i o n 
Twenty three t h i n s e c t i o n s from outcrops r e p r e s e n t ­

i n g the c o n t a c t , border, core, and dyke environments were 
examined. Eighteen s e c t i o n s were s e l e c t i v e l y s t a i n e d w i t h 
sodium c o b a l t i n i t r a t e to d i s t i n g u i s h p l a g i o c l a s e , o r t h o c l a s e 
and quartz g r a i n s . The t h i n s e c t i o n s were then p r o j e c t e d 
w i t h a 35 m i l l i m e t e r s l i d e p r o j e c t o r equipped w i t h a wide 
angle lens from a dist a n c e of 15 t o 25 f e e t onto a l a r g e 
g r i d w i t h 6 i n c h squares. Areas were determined and volume-
percent modal compositions determined. The r e s u l t s are 
eq u i v a l e n t t o 750 to 1150 counts using standard microscopic 
p o i n t counting techniques. The method was found t o be good 
f o r r a p i d analyses of the coarser-grained rocks. The use of 
s t a i n e d s e c t i o n s i s e s s e n t i a l and a p r o j e c t o r w i t h a long 
f o c a l plane r e s u l t i n g i n high m a g n i f i c a t i o n i s a d v i s a b l e . 
The modes of the coarsest grained rocks were c o n s i s t e n t l y r e -
producable by t h i s method but the p o r p h y r i t i c rocks w i t h a 
f i n e - g r a i n e d matrix y i e l d e d r e s u l t s which v a r i e d by about 25 

percent. In a number of cases where the matrix was extremely 
f i n e - g r a i n e d , only the phenocrysts were counted from the projec 
t i o n s and standard microscopic point counting had t o be used t o 
determine the matrix compositions. The modes der i v e d from the" 
volume-percent determinations were converted t o weight-percent 
and the i d e a l chemical composition of the r o c k was c a l c u l a t e d 
in. terms of oxides using a f o r t r a n programme according to the 
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method of D i e t r i c h and Sheehan, (19ok). 

Textures 

Textures i n a l l the rocks are p o r p h y r i t i c . The pheno­
c r y s t s are of v a r i o u s s i z e s but do not develop a s e r i a t e t e x ­
t u r e . Rather, there are a number of s i z e groups such as the 
l a r g e , p o i k i l i t i c o r t h o c l a s e s , somewhat sm a l l e r p l a g i o c l a s e 
phenocrysts, and the much smaller needles of hornblende and 
p l a t e s of b i o t i t e . The matrix i n a l l cases i s a r e l a t i v e l y 
u n i f o r m l y - s i z e d granular to e x t r e m e l y - f i n e granular mosaic 
of q u a r t z , o r t h o c l a s e , p l a g i o c l a s e , accessory minerals, 
a l t e r a t i o n m inerals, and s u l p h i d e s . D i f f e r e n c e s i n f a b r i c 
and t e x t u r e w i t h i n the stock enable f o u r environments t o be 
d i s t i n g u i s h e d : border zone, dyke, core zone, and contact 
zone. These have three corresponding t e x t u r a l types. 

The main t e x t u r a l type i s a p o i k i l i t i c porphyry. I t 
forms the cores of the l a r g e r dykes and the core zone of the 
main i n t r u s i v e body and represents almost n i n e t y - e i g h t per­
cent of the volume of the i n t r u s i v e mass. The rock may be 
described more f u l l y as a 'crowded porphyry 1 w i t h an i n t e r ­
s t i t i a l , g r a n ular t e x t u r e . The term 'crowded porphyry 1 i s 
used because from h$ to 35 percent of the rock i s composed 
of phenocrysts. The crowded appearance and l a r g e , p o i k i l i t i c 
o r t h o c l a s e phenocrysts are the d i a g n o s t i c c h a r a c t e r i s t i c s . 

The border zone comprises about two percent of the 
t o t a l volume of the i n t r u s i o n and forms the c h i l l e d margins 



of the stock and dykes. Two v a r i e t i e s of porphyry are d e v e l ­
oped i n the border zone. The more s t r i k i n g i s a g l a s s y , 
c h i l l e d margin t h a t i s developed along some of the dyke w a l l s . 
I t v a r i e s i n t h i c k n e s s from a t h i n selvage to about two inches 
wide and i s a porphyry i n which p l a g i o c l a s e and a few mafic 
phenocrysts are contained i n a dark, g l a s s y matrix. The other 
v a r i e t y i s by f a r the more abundant and widespread. I t i s 
a porphyry i n which there i s only s l i g h t d i f f e r e n c e i n s i z e 
between the phenocrysts and matrix. I t grades from an almost 
eq u i g r a n u l a r f i n e - g r a i n e d rock at the i n t r u s i v e contact t o a 
'•well developed porphyry over a d i s t a n c e of s i x to eight i n ­
ches i n the s m a l l e r dykes and up to twenty f e e t i n the main 
i n t r u s i o n . 

The l e a s t common t e x t u r a l type represents a f r a c t i o n 
of a percent of the t o t a l volume of the i n t r u s i o n . I t i s a 
l e u c o c r a t i c rock w i t h an a p l i t i c appearance t h a t i s found 
i n a s m a l l r e s t r i c t e d zone near the southern contact of the 
stock c a l l e d the contact zone. The rock has a r e l a t i v e l y 
s m a l l p r o p o r t i o n of p l a g i o c l a s e phenocrysts set i n an a p l i t i c 
groundmass. I t appears to grade i n t o a r e g u l a r p o i k i l i t i c 
porphyry t o the n o r t h and no t r a c e of i t could be seen on 
the c l i f f face some two hundred f e e t to the west. A some­
what s i m i l a r a p l i t i c rock can be found along parts of the 
ea s t e r n i n t r u s i v e contact w a l l adjacent to the int r u d e d 
sedimentary r o c k s . In these l o c a t i o n s a contact zone a few 
inches t h i c k can be seen between the h o r n f e l s and border zone. 



The rock has an a p l i t i c matrix that contains abundant, i r ­
r e g u l a r white quartz segregations. 

M i n e r a l Composition of the I n t r u s i o n 
Feldspars are the most abundant minerals i n the stock 

and form the l a r g e s t g r a i n s . The l a r g e p l a g i o c l a s e pheno­
c r y s t s are s t r o n g l y twinned and zoned i n an o s c i l l a t o r y -
normal manner. I n d i v i d u a l growth zones are of d i f f e r i n g 
t h i c k n e s s e s but are u s u a l l y t h i n so that a l a r g e number of 
zones or groups of zones are observed i n each c r y s t a l . The 
maximum a n o r t h i t e content i s found i n the cores of the c r y s ­
t a l s and ranges from An hh t o An 39 w i t h An ^0 most common. 
From the centre outward complex o s c i l l a t o r y - n o r m a l zoning i s 
observed and there i s a decrease to a minimum a n o r t h i t e con­
ten t of An 28. The most f r e q u e n t l y observed a n o r t h i t e content 
i n the outermost zones i s from An 30 t o An 32. Small p l a g i o ­
c l a s e l a t h s and m i c r o l i t e s form up t o 25 percent of the 
matrix. Twinning i s d i f f i c u l t t o d i s t i n g u i s h but where i t 
could be resolved and the a n o r t h i t e content measured, i t was 
found t o vary from An 27 t o An 32. Thus, i t appears t h a t 
the a n o r t h i t e content of the p l a g i o c l a s e i n the matrix i s the 
same or s l i g h t l y l e s s than the outermost zones of the l a r g e 
p l a g i o c l a s e phenocrysts. The p l a g i o c l a s e v a r i e s from b a s i c 
t o a c i d i c andesine and the average a n o r t h i t e content i s 
about An 3^. 
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Potash f e l d s p a r i s "orthoclase and forms l a r g e , p o i k i l i 
t i c phenocrysts and f i n e - g r a i n e d anhedral granules i n the 
matrix. The g r a i n s i n the matrix are intergrown w i t h quartz 
and p l a g i o c l a s e . The phenocrysts are euhedral and u s u a l l y 
show c a r l s b a d twinning. Abundant i n c l u s i o n s are s m a l l , o r i ­
ented c r y s t a l s and grains of hornblende, p l a g i o c l a s e , and 
o c c a s i o n a l l y b i o t i t e and quartz. In a number of ins t a n c e s 
an unusual mantling e f f e c t or corona.of o r t h o c l a s e around a 
l a r g e g r a i n of p l a g i o c l a s e are observed. The r e s u l t i s a 
combined, phenocryst which contains a l a r g e g r a i n of p l a g i o ­
c l a s e rimmed by o r t h o c l a s e . The p l a g i o c l a s e core shows 
weakly developed twinning and zoning and has a ragged, 
s t r o n g l y corroded or resorbed o u t l i n e . 

Quartz i s found i n specimens of the i n t r u s i v e rock as 
very s m a l l i n t e r s t i t i a l g r a i n s i n the matrix along w i t h pot­
ash f e l d s p a r and sometimes p l a g i o c l a s e . The quartz g r a i n s 
are intergrown w i t h each other and w i t h the f e l d s p a r s i n an 
anhedral i n t e r l o c k i n g mosaic. 

The mafic minerals are hornblende and b i o t i t e . Horn­
blende i s the more abundant of the two. I t forms p r i s m a t i c 
c r y s t a l s and i s green i n colour w i t h yellow-green to dark 
green pleochroism. Two v a r i e t i e s of b i o t i t e are found. One 
type forms l a r g e , s c a t t e r e d p l a t e s and t h i n hexagonal "books u 

and appears to be a r e l a t i v e l y e a r l y mafic c o n s t i t u e n t i n the 
porphyry. The other type forms f i n e , shredded-looking i n t e r -
growths i n the q u a r t z - f e l d s p a r matrix and can be regarded as 
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a younger o r ' 1 secondary* b i o t i t e . This f i n e g r a i n e d , or 
secondary, b i o t i t e appears to be commonly a s s o c i a t e d w i t h 
the sulphides and was observed i n some cases to weakly r e ­
place or at l e a s t r i m the hornblende. Both the coarse b i o ­
t i t e and hornblende are at l e a s t p a r t l y r eplaced by c h l o r i t e . 

Accessory minerals are contained i n the matrix of the 
r o c k and a l s o sometimes i n the outer zones of p o i k i l i t i c 
f e l d s p a r phenocrysts. They c o n s i s t of magnetite, s u l p h i d e s , 
sphene, and a p a t i t e . Magnetite i s the most abundant and 
forms s m a l l , equant c r y s t a l s that are d i s t r i b u t e d throughout 
a l l parts of the matrix. A p a t i t e occurs as s m a l l p r i s m a t i c 
c r y s t a l s t h a t are randomly s c a t t e r e d . Sphene shows a s i z e 
v a r i a t i o n from f i n e grained to r e l a t i v e l y l a r g e g r a i n s and 
i s very i r r e g u l a r l y d i s t r i b u t e d . Most sphene g r a i n s have 
the c h a r a c t e r i s t i c rhombic cross s e c t i o n s and some' show 
twinning. 

Minerals formed as a l t e r a t i o n products are c h l o r i t e , 
c a l c i t e , e p i d o t e , s e r i c i t e , c l a y minerals ( m o n t m o r i l l o n i t e ? ) , 
and hydrous i r o n oxides. The f e l d s p a r s are not s t r o n g l y 
a l t e r e d but d i f f e r e n c e s i n a l t e r a t i o n i n t e n s i t y can be seen 
i n them throughout the various parts of the i n t r u s i o n . " Most 
f r e q u e n t l y the f e l d s p a r s have a clouded or corroded appear­
ance, e s p e c i a l l y i n zones near the edges of zoned p l a g i o -
c l a s e s . S a u s s u r i t i z a t i o n has r e s u l t e d i n the breakdown and 
r e c o n s - t i t u t i o n of the f e l d s p a r s i n t o very f i n e - g r a i n e d i n t e r -
growths of z o i s i t e or epidote, a l b i t e , s e r i c i t e , c a l c i t e , and 
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other c o n s t i t u e n t s . In the more a l t e r e d zones s e r i c i t e can 
be recognized along cleavage planes and f r a c t u r e s . In the 
most h i g h l y a l t e r e d zones a s s o c i a t e d w i t h m i n e r a l i z a t i o n , 
a l t e r a t i o n has produced s e r i c i t e , c l a y minerals and c a l c i t e . 
The c l a y and s e r i c i t e form c r y s t a l l i t e s t h a t are pervasive 
throughout the f e l d s p a r s but are more s t r o n g l y developed 
along g r a i n boundaries. Because of the extremely s m a l l g r a i n 
s i z e and e r r a t i c d i s t r i b u t i o n of c l a y c o n c e n t r a t i o n s , micro­
s c o p i c examination cannot confirm the type of c l a y minerals 
present. I t i s most l i k e l y t hat the c l a y i s a mixture of 
mo n t m o r i l l o n i t e and hydromica. 

C h l o r i t e has formed as an a l t e r a t i o n product of horn­
blende and b i o t i t e . I t i s developed i n s c a l y masses and f i n e 
grained aggregates. The species i s probably p r o c h l o r i t e and 
p o s s i b l y p e n n i n i t e . C a l c i t e i s found as i n t e r s t i t i a l g r a i n s 
. i n the m i n e r a l i z e d parts of the i n t r u s i o n e s p e c i a l l y i n 
zones where there i s c l a y , s e r i c i t e , or strong s a u s s u r i t i c 
a l t e r a t i o n . Epidote i s a r a r e c o n s t i t u e n t that occurs as 
s m a l l g r a i n s throughout a l l parts of the i n t r u s i o n . Hydrous 
i r o n oxides form minor e n c r u s t a t i o n s along f r a c t u r e s . The 
substance appears to be a l a t e a l t e r a t i o n product formed 
by o x i d a t i o n and p e r c o l a t i o n of groundwaters. 



Quartz-feldspar mosa 
uniform g r a i n s i 
sed n i c o l s . 

.c w i t h r e l a t i v e ; 
Cro; 

X 53. 

te 2; Coarse grained g r a n o d i o r i t e ( fcrowded 
porphyry'). P l a g i o c l a s e 5 orthoclase,. 
and b i o t i t e phenocrysts w i t h i n t e r g r a n u 
l a r q u a r t z - f e l d s p a r . Crossed n i c o l s . 
M a g n i f i c a t i o n X 53. 



P l a t e 3! Matrix i n quarts monzonite porphyry 
showing i n t e r l o c k i n g q u a r t s - f e l d s p a r 
shredded b i o t i t e , c a l c i t e s and minor 
sphene. Crossed n i c o l s , M a g n i f i c a ­
t i o n X 53. 

P l a t e kt G r a n o d i o r i t e w i t h f i n e - g r a i n e d quarts 
f e l d s p a r rr.atriz, hornblende s and an­
h e d r a l phenocrysts of o r t h o c l a s e , * 
Crossed n i c o l s . M a g n i f i c a t i o n X 53, 
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P l a t e 7: 
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Zoned and twinged phenocryst o. 
p l a g i o c l a s e . Crossed n i c o l s . 
M a g n i f i c a t i o n X 53. 
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P l a t e St P o r t i o n of corr.oosite P l a g i o c l a s e 
o r t n o c i a s e pr.enocrvst. i J i a s l a c t a s e 
i n core shows zoning, tv/inning, a 
p a r t l y corroded o u t l i n e v;ith p c i l i l i -
t i c border and 1 s rr.sntled bv o o i k i 1 i 
d a m n i f i c a t i o n X 53? 
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C l a s s i f i c a t i o n of Rock Type 
The stock seems to have been i n t r u d e d as a s i n g l e 

mass of magma* No i n t e r n a l c r o s s c u t t i n g r e l a t i o n s . , i n t e r n a l 
c o n t a c t s , nor b r e c c i a zones were observed. The modal average 
and m i n e r a l o g i c a l v a r i a t i o n f o r the eighteen t h i n s e c t i o n s 
examined i s given i n Table 11. The modal average i s prob­
abl y a c l o s e approximation of the bulk composition of the 
stock. 

Table 11: Ueight-Percent Corapositipnal Average and 
Compositional Range f o r i 8 Specimens. 

Average Standard Compositional 
- ( %) D e v i a t i o n Range ( %) 

potash f e l d s p a r 2 3 . 0 ' 5.7 & . 3 - 39.8 
p l a g i o c l a s e ^7.0 6.8 29.h - 5^.5 
quartz 1^.8 2.9 11.9 - 23.5 
hornblende 12.0 5.6 1.2 - 22.5 
b i o t i t e 1.9 1.9 . 0 - 7.0 
c h l o r i t e 0.8 0 - 3.5 

The t e r n a r y diagram (Figure 5) based on the e s s e n t i a l 
minerals q u a r t z - o r t h o c l a s e - p l a g i o c l a s e represents at l e a s t 
seventy-eight percent by weight of the rock. The remainder 
i s composed of mainly mafic minerals and these are r e l a t i v e l y 
c o n s i s t e n t i n abundance throughout the i n t r u s i o n . Using the 
nomenclature of Peterson (i960) f o r g r a n i t i c r o c k s , i t can 
be seen from Figure 5 that the composition of the Driftwood 
stock v a r i e s from g r a n o d i o r i t e to quartz monzonite and the 
average composition of the eighteen specimens l i e s d i r e c t l y 
on the g r a n o d i o r i t e - q u a r t z monzonite boundary l i n e . 
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Figure 5; C l a s s i f i c a t i o n of the Driftwood i n t r u s i o n 
based on modal Qu a r t z - O r t h o c l a s e - P l a g i o c l a s e 
18 specimens used. ( A f t e r Peterson, i960) 

Q U A R T Z 

ORTHOCLASE 
P L A G I O C L A S E 

« Border Zone 

o Core Zone 

Dyke 

x Contact Zone 

b Compos i t iona l Average 

The average colour index f o r both the g r a n o d i o r i t e and 
quartz monzonite i s i d e n t i c a l at 15.6. The s o l i t a r y specimen 
i n the quartz monzonite f i e l d nearest the g r a n i t e boundary 
has a colour index of 7.6 and i s t h e r e f o r e , more c o r r e c t l y 
c l a s s e d a l e u c o c r a t i c quartz monzonite or a l a s k i t e . : • 



V a r i a t i o n s W i t h i n the Stock 
V a r i a t i o n i n the stock i s evident i n t e x t u r a l , minera-

l o g i c , and chemical d i f f e r e n c e s . The m i n e r a l o g i c a l a n d modal 
data suggest that three rock types w i t h three corresponding 
t e x t u r a l types can be recognized i n the i n t r u s i v e mass. The 
porphyry w i t h f i n e grained matrix found along some of the 
dyke w a l l s and the p o r p h y r i t i c rock of the border zone as 
w e l l as the porphyry forming the dykes i s , i n a l l cases ex­
amined, g r a n o d i o r i t e . The p o i k i l i t i c porphyry i n the core 
of the i n t r u s i v e mass and the l a r g e s t dykes i s g r a n o d i o r i t e 
or quartz monzonite. The a p l i t i c , l e u c o c r a t i c , most h i g h l y 
d i f f e r e n t i a t e d rock i n what i s termed the contact zone, i s 
a l a s k i t e . 

.Chemical v a r i a t i o n w i t h i n the i n t r u s i o n was deduced 
from modal compositions. A F o r t r a n programme was used to* 
c a l c u l a t e the chemical compositions of the specimens from 
the volume-percent modal a n a l y s i s using i d e a l chemical com­
p o s i t i o n s f o r the minerals. Representations of the r e s u l t s 
are shown i n a Larsen v a r i a t i o n diagram (Larsen, 1938) and 
a t e r n a r y Ca0-Na20-K20 p l o t of Nockolds and A l l e n (1953)• 

The Larsen v a r i a t i o n diagram (Figure 6) shows the amounts 

of i n d i v i d u a l oxides and the sum of FeO plus Fe2C>3 plus HgO 
r e l a t i v e t o a base of 1/3 S i 0 2 f K 2 0 - (MgO + FeO + CaO). 
T h i s r e p r e s e n t a t i o n was used r a t h e r than the more common r e g r e -
s e n t a t i o n s using SIO2 or some other oxide as a base value be­
cause i t provides a much l a r g e r range along the a b s i s s c a . 
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The v a r i a t i o n diagrams show the t r a n s i t i o n from 
g r a n o d i o r i t e t o quartz monzonite and a l a s k i t e . Si02 &^d 
K2O show s i m i l a r behaviour by i n c r e a s i n g i n the quartz 
monzonite and a l a s k i t e . K 2 0 has by f a r the gr e a t e r r e l a ­
t i v e v a r i a t i o n . Si02 in. 15 out of 18 samples ranges from 
62 t o 66 percent and the maximum v a r i a t i o n Is only about 
13$. The maximum v a r i a t i o n f o r the K 2 0 i s almost 250 

.percent between the a l a s k i t e and the l e a s t p o t a s h - r i c h 
g r a n o d i o r i t e . The CaO and sum of MgO and i r o n oxides be­
have i n a s i m i l a r manner and have an o v e r a l l decrease 
.towards the quartz monzonite-alaskite f i e l d . The CaO has 
a r e l a t i v e v a r i a t i o n up t o 100 percent and the mafic 
oxides up to 36O percent. However, there i s a greater 
s c a t t e r of p o i n t s along the curve f o r the t o t a l mafic 
oxides than f o r any other oxide. AI2O3 and Na20 are s i m i ­
l a r and both remain at r e l a t i v e l y constant amounts and 
show very l i t t l e v a r i a t i o n , 

The Nockolds and A l l e n t ernary r e p r e s e n t a t i o n , 
Figure 7? .shows the d i f f e r e n t i a t i o n trend from a parent 
g r a n o d i o r i t e magma to quartz monzonite and a l a s k i t e . The 
K2O i s seen to increase r e l a t i v e to CaO whi l e the Na20.~ 

remains r e l a t i v e l y constant. 



I n t r u s i v e H i s t o r y 
The stock i s believed to be a h i g h - l e v e l i n t r u s i o n 

of probable T e r t i a r y age. A s i n g l e magma has been intruded 
as an i r r e g u l a r stock and r e l a t e d dykes. D i f f e r e n c e s i n 
c o o l i n g r a t e have r e s u l t e d i n t e x t u r a l v a r i a t i o n throughout 
the stock. Dykes and the border zone have c h i l l e d margins 
and l o c a l l y weak f o l i a t i o n p a r a l l e l t o the contact. This 
suggests i n t r u s i o n i n t o r e l a t i v e l y cold country rocks. 
C ooling was r a p i d and c o n d i t i o n s of n o n e q u i l i b r i u m c r y s t a l ­
l i z a t i o n are shown by the p o r p h y r i t i c t e x t u r e , a p l i t i c or 
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f i n e grained q u a r t z - o r t h o e l a s e - p l a g l o c l a s e matrix, s t r o n g l y 
zoned p l a g i o c l a s e , p o i k i l i t i c o r t h o c l a s e phenocrysts, and 
mantles of ort h o c l a s e about p l a g i o c l a s e . • 

Emplacement of the i n t r u s i o n may have been by f o r e e -
f u l i n j e c t i o n . The stock has a discordant r e l a t i o n s h i p 
w i t h the intruded rocks. A l l contacts are sharp and there 
i s no evidence of any s i g n i f i c a n t a s s i m i l a t i o n . The roo f 
zone appears to be domed and b o d i l y u p l i f t e d . The s h e l l 
of s c h i s t about some parts of the i n t r u s i o n may have been 
formed by the i n t r u s i o n of a viscous magma. The outward 
pressure and p o s s i b l y the drag of a viscous magma r e s u l t e d 
i n p l a s t i c flowage of the country rock next t o the igneous 
contact (Buddington, 1959). 
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ROCK ALTERATION AND METAMORPHISM 

I n t r o d u c t i o n • 

Metamorphic a f f e c t s are e v i d e n t . I n p a r t s of the i n t r u ­
s i v e body and i n a zone surrounding i t . W i t h i n the i n t r u s i o n , 
automorphism i s b e l i e v e d to have caused the changes. Outside 
the stock contact metamorphism has caused an aureole of horn­
f e l s t o develop. Dynamic metamorphism probably due t o the 
I n t r u s i o n of the magma has formed a t h i n l a y e r of s c h i s t next 
t o p a r ts of the i n t r u s i v e w a l l - r o c k . The s c h i s t grades out­
ward through a t r a n s i t i o n zone of p h y l l i t e i n t o the h o r n f e l s . 
The o v e r a l l i n t e n s i t y of a l t e r a t i o n i s low to lower-middle 
grade. 

A l t e r a t i o n of Granodlorite-Quarts Monzonite 

A l t e r a t i o n of the i n t r u s i o n i s regarded to be automor-
phic mainly because the a l t e r a t i o n i n t e n s i t y d i f f e r s - through­
out the vario u s parts of the stock. A l s o , no younger igneous 
rocks are apparent- i n the v i c i n i t y . The main mass of the 
stock i s v i r t u a l l y unaltered or contains only minor c h l o r i t e . 
The most s i g n i f i c a n t . a l t e r a t i o n observed i s i n a r e l a t i v e l y 
s m a l l zone along the n o r t h - c e n t r a l part of the stock i n the 
v i c i n i t y of d r i l l hole Number 1. Most of the sul p h i d e - b e a r i n g 
f r a c t u r e s and quartz veins have t h i n a l t e r a t i o n envelopes. 
In a l l cases observed, the strongest a l t e r a t i o n i s c o i n c i d e n t 
w i t h zones of sulphide m i n e r a l i z a t i o n . The a l t e r a t i o n i s 
t h e r e f o r e , probably g e n e t i c a l l y a s s o c i a t e d w i t h hydrothermal 
processes that r e s u l t e d i n sulphide d e p o s i t i o n . . 
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The type of a l t e r a t i o n can be c l a s s e d as p r o p y l i t i c , 

although the term Is not r i g i d l y defined and i s used w i t h 

. d i f f e r e n t i m p l i c a t i o n s by a number of authors. According 

to. Meyer and Hemley (1967)5 the p r o p y l i t i c assemblage i n ­

cludes epidote ( z o i s i t e , c l i n o z o i s i t e ) , a l b i t e , c h l o r i t e , 

carbonate, commonly w i t h s e r i c i t e , p y r i t e , or i r o n exides 

and l e s s commonly w i t h z e o l i t e s or m o n t m o r i l l o n l t e s . Creasey 

(1966) l i s t s a s i m i l a r assemblage but a l s o i n c l u d e s t a l c and 

k a o l i n i t e as p o s s i b l e members. Sphene or leucoxene ( r u t l l e ) , 

and a p a t i t e accompany the a l t e r a t i o n and quartz and muscovite 

are almost always present. 

In the s e c t i o n s examined c h l o r i t e , c a l c i t e , e p i d o t e , 

s e r i c i t e , and s a u s s u r i t i z e d f e l d s p a r s w e r e . i d e n t i f i e d and the 

presence of montmorillonite i s suspected. Both sphene and 

a p a t i t e are present throughout the s e c t i o n s along w i t h magne­

t i t e and i r o n s u l p h i d e s . The f i n e grained or secondary b i o -

t i t e commonly found i n sulphide r i c h p o r t i o n s of the stock 

may p o s s i b l y be part of the a l t e r a t i o n assemblage. However, 

almost a l l parts of the stock c o n t a i n some f i n e grained b i o ­

t i t e as component of the matrix. I t , t h u s , appears t h a t the 

b i o t i t e i s a l a t e mafic mineral that formed w i t h quartz and 

f e l d s p a r i n a f i n e grained i n t e r g r o w t h during the l a s t stages 

of magmatic c r y s t a l l i z a t i o n . The-magma remaining at such a 

l a t e stage of c r y s t a l l i z a t i o n may w e l l have been enriched 

s u f f i c i e n t l y i n v o l a t i l e s - In some parts of the stock to e f f e c t 

hydrothermal a l t e r a t i o n and sulphide d e p o s i t i o n f o l l o w i n g the 
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f o r m a t i o n of b i o t i t e . The observed a l t e r a t i o n assemblage i s 
compatible w i t h .ACF-AKF diagrams of the p r o p y l i t i c a l t e r a t i o n 
type, as used by Meyer and Hemley and Creasey. The a l t e r a t i o n 
species observed would be c l a s s e d as the e h l o r i t e - e p l d o t e -
c a l c i t e v a r i e t y using Creasey's nomenclature. 

Prom Meyer and Hemley*s ACF-AKF diagrams, the mineral 
c o n s t i t u e n t s and r e l a t i o n s observed i n the specimens s t u d i e d 
can be shown to be compatible w i t h the p r o p y l i t i c a l t e r a t i o n 
type. The g r a n o d i o r i t e - q u a r t z monzonite contains f e l d s p a r 
phenocrysts and coarse-grained hornblende and b i o t i t e i n a 
mat r i x of f i n e - g r a i n e d quartz, f e l d s p a r s , and shredded-looking 
b i o t i t e t h a t was termed 'secondary- b i o t i t e . Of these m i n e r a l s , 
potash f e l d s p a r and quartz are u n a l t e r e d , the p l a g i o c l a s e i s 
s a u s s u r i t i z e d , and perhaps even weakly a l t e r e d to c l a y minerals 
w h i l e amongst the maflcs, hornblende i s the most se v e r e l y 
c h l o r i t i z e d . The coarse b i o t i t e i s only weakly* " c h l o r i t i z e d 
and the secondary b i o t i t e i s v i r t u a l l y u n a l t e r e d . According 
t o Meyer and Hemley, potash f e l d s p a r and b i o t i t e can remain 
as s t a b l e phases i n the p r o p y l i t i c assemblage w h i l e p l a g i o ­
c l a s e and hornblende are unstable i n the presence of c h l o r i t e , 
s e r i c i t e and c l a y minerals. 

The only observed occurrences where the mafics i n c l u d ­
i n g the secondary b i o t i t e were unstable are In a few specimens 
t h a t c o n t a i n s i l i c i f i e d f r a c t u r e s or quartz veins w i t h s u l ­
phide m i n e r a l i z a t i o n . One such f r a c t u r e c o n t a i n i n g 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 had quartz-potash f e l d s p a r r e -
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placement and was bounded on both w a l l s by a ^ i n c h wide, 
bleached a l t e r a t i o n envelope* Nearest the f r a c t u r e a l l the 
mafics were destroyed and the rock was a mass of very f i n e ­
grained s e r i c i t e , clouded p l a g i o c l a s e and p o s s i b l y c l a y * Be­
cause of the extremely f i n e - g r a i n e d a l t e r a t i o n products the 
exact composition could not be determined. The s t a b i l i t y of 
the potash f e l d s p a r and i n s t a b i l i t y of p l a g i o c l a s e and b i o t i t e 
a llows the p o s s i b i l i t y that the a l t e r a t i o n envelopes represent 
i n c i p i e n t or weakly developed a r g i l l i c a l t e r a t i o n . 

Contact Metamorphism 
Contact metamorphism has r e s u l t e d i n the formation of 

a h o r n f e l s zone that envelopes the i n t r u s i v e body. A number 
of species of h o r n f e l s have developed w i t h a v a r i e t y of com­
p o s i t i o n s and t e x t u r e s . This v a r i a t i o n R e f l e c t s the composi­
t i o n a l d i f f e r e n c e s of the parent rocks from which the horn-
f e l s e s were de r i v e d and a l s o i n d i c a t e s a decreasing thermal 
gra d i e n t away from the i n t r u s i v e c o n t a c t s . 

Small zones of t a c t i t e have formed from calcareous 
beds next to both the n o r t h and south i n t r u s i v e c o n t a c t s . 
The rock formed i s a c a l c - s l l l c a t e h o r n f e l s t h a t contains 
s m a l l amounts of sulphides and i r o n oxides. The a c t u a l con­
t a c t r e l a t i o n s could not be observed i n s i t u due t o the 
p r e c i p i t o u s nature of the r e g i o n . However, a number of hand 
specimens v/ere c o l l e c t e d at i n c r e a s i n g d i s t a n c e s from the 
con t a c t . Two s i m i l a r specimens were taken about 70 f e e t 
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from the contact. Both are only p a r t l y r e c r y s t a l l i z e d and 
r e t a i n a r e l i c t t h i n bedding or l a m i n a t i o n . R e c r y s t a l l i z e d 
bands l i e p a r a l l e l to the l a m i n a t i o n and a l s o c r o s s c u t the 
beds. About 65 percent of the rock i s a f i n e - g r a i n e d horn­
f e l s which acts as a matrix f o r the g r a n o b l a s t i c bands. The 
matrix i s . composed of small grains of quartz, p l a g i o c l a s e , 
c a l c i t e , b i o t i t e , c h l o r i t e , s i l t or c l a y - s i z e d p a r t i c l e s , 
and r e l i c t c l a s t i c g r a i n s . The r e c r y s t a l l i z e d bands have 
g r a n o b l a s t i c t e x t u r e and are composed of mainly andradite 
garnet, hornblende, d i o p s i d e , c a l c i t e , q u artz, and l e s s e r 
p l a g i o c l a s e , e p i d o t e , .and opaque minerals. C h l o r i t e i s a 
minor a l t e r a t i o n product of hornblende i n one specimen. A 
t h i r d sample taken from very near the contact i s t o t a l l y 
g r a n o b l a s t i c to p o r p h y r o b l a s t i c i n t e x t u r e and i s . probably 
r e p r e s e n t a t i v e of the most in t e n s e thermal and metasomatic 
a l t e r a t i o n a f f e c t s . I t i s composed e n t i r e l y of o r t h o c l a s e , 
a n d r a d i t e , q u a r t z , d i o p s i d e , c a l c i t e , and a few opaque g r a i n s . 

The grade of contact metamorphism i s i n the t r a n s i t i o n 
zone from a l b i t e - e p i d o t e hornfels* t o hornblende h o r n f e l s 
f a c i e s f o r the two p a r t i a l l y r e c r y s t a l l i z e d specimens. Winkler 
(1965) s t a t e s that the appearance of diopside,.hornblende, 
and g r o s s u l a r i t e - a n d r a d i t e and•the disappearance of tremo-
l i t e , c h l o r i t e , and epidote mark the beginning of the horn-
blende-hornfels f a c i e s . The two specimens c o n t a i n the pre­
s c r i b e d minerals and l a c k t r e m o l i t e but they both a l s o con­
t a i n epidote and one contains some c h l o r i t e . Thus, unless 
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the epidote and c h l o r i t e are r e t r o g r e s s i v e a l t e r a t i o n miner­
a l s , the two samples represent an unstable assemblage ap­
proaching c o n d i t i o n s of the hornblende h o r n f e l s f a c i e s . 
The g r a n o b l a s t i c specimen from near the contact i s a w e l l -
developed specimen i n the hornblende h o r n f e l s facies'. The 
abundance of o r t h o c l a s e and the- presence of d i o p s i d e without 
hornblende suggest that the rock may have approached the 
upper l i m i t s of the f a c i e s but has not reached c o n d i t i o n s 
of the pyroxene h o r n f e l s f a c i e s because w o l l a s t o n i t e has 
not formed and c a l c i t e p e r s i s t s i n the mineral assemblage. 

V o l c a n i c rocks-have an i n t e n s i t y of a l t e r a t i o n of the 
g r e e n s c h i s t f a c i e s . Thus, contact metamorphism of the a l b i t e 
epidote h o r n f e l s f a c i e s that r e s u l t e d from the i n t r u s i o n i s 
i n d i s t i n g u i s h a b l e from the r e g i o n a l a f f e c t s . The only places 
where a l t e r a t i o n or metamorphism can be d e f i n i t e l y a s c r i b e d 
to the i n t r u s i o n are at the bases of s m a l l roof pendants and 
i n . narrow zones along the i n t r u s i v e c o n t a c t s . A specimen 
from very near the contact contained a l t e r e d , r e l i c t p l a g i o ­
c l a s e l a t h s i n a r e c r y s t a l l i z e d matrix of p l a g i o c l a s e , quartz 
b i o t i t e , and hornblende. A r e c r y s t a l l i z e d rock w i t h a 
g r a n o b l a s t i c t e x t u r e c o l l e c t e d from the base of a roof pen­
dant was composed of coarse-grained hornblende, b i o t i t e , and 
garnet w i t h f i n e r intergrown quartz, p l a g i o c l a s e and minor 
d i o p s i d e . These were the most I n t e n s e l y a l t e r e d v o l c a n i c 
rocks observed and i n d i c a t e that metamorphism has produced 
a mafic h o r n f e l s of the hornblende h o r n f e l s f a c i e s but that 
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metamorphlc a f f e c t s of t h i s grade are very l i m i t e d i n ex­

t e n t and r e s t r i c t e d i n environment. 
Metamorphism of the intruded non-calcareous sedimen­

t a r y rocks i s shown by the formation of a b i o t i t e h o r n f e l s 
and a t h i n zone of s c h i s t next to the contact. The s c h i s t 
presumably formed as a r e s u l t of p l a s t i c flowage of the rocks 
due t o the drag of the i n t r u d i n g , v i s c o u s magma. I t grades 
outward i n t o a p h y l l i t e and f i n a l l y a ' h o r n f e l s over a d i s t a n c e 
of about 10 to 15 f e e t . The b i o t i t e h o r n f e l s i s developed 
f o r a d i s t a n c e of at l e a s t one hundred f e e t along the nor­
t h e r n contact and over a greater width i n the southeast c o r ­
ner of the map-area. This r e l a t i o n plus the abundance of 
dykes along the south contact i s i n keeping w i t h the sug­
g e s t i o n that the area i s u n d e r l a i n by the I n t r u s i o n which 
has a r e l a t i v e l y f l a t dip towards the southeast. 

The enveloping s c h i s t and h o r n f e l s have s i m i l a r com­
p o s i t i o n s and vary only i n f a b r i c . The s c h i s t i s a f o l i a t e d , 
g ranular i n t e r g r o w t h of quartz, f e l d s p a r , b i o t i t e , minor 
muscovlte, and opaques. The g r a i n s are approximately u n i ­
form i n s i z e , and the quartz grains show consi d e r a b l e s t r a i n . 
The h o r n f e l s maintains a r e l i c t c l a s t i c t e x t u r e i n which 
p o r p h y r i t i c v o l c a n i c fragments', sedimentary rock fragments, 
c h e r t , and c r y s t a l l i n e quartz can be recognized. The matrix 
c o n s i s t s l a r g e l y of f i n e - g r a i n e d brown b i o t i t e but may con­
t a i n minor c h l o r i t e , epidote, t r e m o l l t e , and c a l c i t e . 
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C l a s t i c quartz g r a i n s appear to be unaffected and show no 
s t r a i n a f f e c t s , but most, chert fragments d i s p l a y f i n e l y 
g ranular r e c r y s t a l l i z e d rims. The i n t e n s i t y of a l t e r a t i o n 
i s , thus, low grade. The s c h i s t can be r e l e g a t e d t o the quartz 
a l b i t e - e p i ^ o t e - b i o t i t e subfacies of the g r e e n s c h i s t 'facies 
of r e g i o n a l metamorphism and is- equivalent to a b i o t i t e horn­
f e l s of the a l b i t e - e p i d o t e f a c i e s of contact metamorphism 
th a t represents the a l t e r a t i o n i n t e n s i t y of most of the con­
t a c t zone. 

Sedimentary rocks outside the zone of b i o t i t e horn­
f e l s maintain t h e i r c l a s t i c f a b r i c s and show very l i t t l e 
evidence of r e c r y s t a l l i z a t i o n . Metamorphlc minerals are 
minor c h l o r i t e , epidote, s e r i c i t e , and c a l c i t e . 
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ECONOMIC GEOLOGY 

I n t r o d u c t i o n 
M i n e r a l i z a t i o n at the Driftwood Property i s s i m i l a r 

t o t h at i n both 'porphyry copper 1 and quartz-molybdenite 
stockwork d e p o s i t s . Sulphides occur w i t h i n the i n t r u s i v e 
r o c k and i t s contact aureole as d i s s e m i n a t i o n s , f r a c t u r e 
f i l l i n g s , and i n quartz v e i n s . At l e a s t 11 sulphide 
minerals have been deposited. 

•Disseminated 1 M i n e r a l i z a t i o n 
P y r r h o t i t e and p y r i t e are by f a r the most abundant 

and widespread sulphides. Along w i t h small amounts of 
c h a l c o p y r i t e and molybdenite they are disseminated i n the 
manner, of accessory minerals i n the groundmass of the por­
phyry or occur as small g r a i n s along f r a c t u r e s . In the 
a d j o i n i n g h o r n f e l s , p y r r h o t i t e and a l i t t l e c h a l c o p y r i t e , 
p y r i t e , and molybdenite form i n f r a c t u r e s , s m a l l r e p l a c e ­
ment zones and as disseminations. 

Sulphides are found i n sm a l l amounts through the 
e n t i r e stock and i n many of the dykes. There i s some con­
c e n t r a t i o n i n the n o r t h - c e n t r a l p o r t i o n of the i n t r u s i v e 
body near the main contact i n the most h i g h l y a l t e r e d zones. 
I n the h o r n f e l s , p y r r h o t i t e i s by f a r the most abundant 
su l p h i d e . Sulphide c o n c e n t r a t i o n i s observed i n the sheared 
rock"next to the contact and i n the southeast part of the 
map-area i n the extensive h o r n f e l s zone w i t h the many dykes. 
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The sulphides appear to replace the rocks along bedding 
planes and where they are sheared or f r a c t u r e d . In a num­
ber of beds, c l a s t i c fragments could be discerned i n a 
r e c r y s t a l l i z e d and m i n e r a l i z e d matrix. A number of sec­
t i o n s of core showed sulphide i n bands or veins up to one 
i n c h i n . t h i c k n e s s but most commonly the sulphides form as 
i r r e g u l a r , s c a t t e r e d g r a i n s . 

Other minerals that are disseminated or dispersed 
throughout the stock and h o r n f e l s are magnetite and marca­
s i t e . Magnetite forms as accessory g r a i n s i n the groundmass 
of the porphyry and as small g r a i n s i n f r a c t u r e s , v e i n s , 
and replaced beds i n the h o r n f e l s . Marcasite i s a s s o c i a t e d 
w i t h p y r r h o t i t e and p y r i t e i n a s u l p h i d e - r i c h bed of coarse, 
h o r n f e l s i c greywacke i n the southeastern h o r n f e l s zone. 

Quartz Vein i n g and Stockwork 
Quartz veins and s t r i n g e r s c o n t a i n i n g molybdenite 

and other sulphides are found i n both the i n t r u s i v e rocks 
and h o r n f e l s . The main i n t e r e s t was i n the h o r n f e l s zone 
where the i n t e n s i t y of v e i n i n g was much greater than i n the 
main body of the stock. Veins g r e a t e r than one i n c h i n 
t h i c k n e s s were not seen. Most are from 1/8 to l A i n c h 
wide and nowhere are they numerous or w e l l developed. 
D e t a i l e d examination showed the veins t o have c r o s s c u t t i n g 
r e l a t i o n s h i p s w i t h a complex paragenesis based on s e q u e n t i a l 
f r a c t u r i n g and sulphide d e p o s i t i o n . Minerals found i n the 
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v e i n s i n order of decreasing abundance are: p y r i t e , c h a l c o -

p y r i t e , p y r r h o t i t e , s p h a l e r i t e , molybdenite, a r s e n o p y r i t e , 

galena, t e t r a h e d r i t e , bournonite (PbCuSbS^), a i k i n i t e 

(PbCuBiS^), and marcasite. 

Other M i n e r a l i z a t i o n 
The garnet-bearing skarn developed at the contact of 

the i n t r u s i v e body and the calcareous beds c o n t a i n pods and 
t h i n v e i n s of magnetite. I n a number of magnetite-bearing 
samples some p y r i t e and c h a l c o p y r i t e g r a i n s are intergrown 
w i t h magnetite. 

A number of b r e c c i a fragments from the assumed f a u l t 
zone i n the prominent g u l l e y i n the southeast corner of the 
map-area were m i n e r a l i z e d . The b r e c c i a i s composed of f r a g ­
ments of porphyry and sedimentary or h o r n f e l s i c rock up t o 
2 inches across i n a matrix of chalcedonic and vuggy q u a r t z , 
i n which were found s m a l l c r y s t a l s of p y r i t e and i r r e g u l a r 
g r a i n s of bournonite. The bournonite was i d e n t i f i e d by i t s 
o p t i c a l p r o p e r t i e s and X-ray powder p a t t e r n . 

Weathering of the deposit has been s u p e r f i c i a l and 
very few a l t e r a t i o n products have formed from the sulphide 
minerals. A t h i n g o e t h i t i c c o a t i n g covers most of the out­
crops. Malachite and f e r r i m o l y b d i t e were seen i n only one 
l o c a t i o n . The magnetite i n the skarn shows weak v e i n i n g by 
mag he mite ( ̂  I ^ O O . 
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T e x t u r a l R e l a t i o n s 

Most of the m e t a l l i c minerals i n the deposit are 
e p i g e n e t i c . The only minerals that may be syngenetic are 
f i n e - g r a i n e d p y r i t e and magnetite which are disseminated 
i n the sedimentary beds, P y r r h o t i t e , p y r i t e , c h a l c o p y r i t e , 
and molybdenite occur i n t e r s t i t i a l l y i n the porphyry matrix 
as i n d i v i d u a l g r a i n s or c l u s t e r s , i n the manner of accessory 
minerals. Indeed, some of the sulphides that form as i n t e r ­
s t i t i a l granules i n the s i l i c a t e matrix are l i n k e d to each 
other by i n t e r g r a n u l a r selvages that c r e a t e a net or mesh 
t e x t u r e . These g r a i n s , perhaps, represent s m a l l , r e -
e q u i l i b r i a t e d sulphide segregations i n the s i l i c a t e melt 
t h a t s o l i d i f i e d e a r l y i n the c r y s t a l l i z a t i o n h i s t o r y w i t h ­
out much comp e t i t i o n f o r space w i t h the c r y s t a l l i z i n g s i l i ­
c a t e s. 

Replacement of hornblende, b i o t i t e , and magnetite 
by sulphides i s apparent although i t i s g e n e r a l l y only 
weakly developed. Replacement i s seen along g r a i n boun­
d a r i e s and cleavage planes where p y r r h o t i t e , p y r i t e , and 
c h a l c o p y r i t e r e p l a c e the mafic s i l i c a t e s and magnetite. 
Hornblende i s the most commonly and thoroughly replaced 
m i n e r a l . B i o t i t e i s only r a r e l y replaced and when i t does 
show replacement i t i s u s u a l l y i n the l a r g e 'books 1 of 
b i o t i t e r a t h e r than i n the f i n e - g r a i n e d , shredded b i o t i t e 
of the matrix. 
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The strongest sulphide replacement takes place i n 
the most a l t e r e d rocks where c h l o r i t e , c a l c i t e , s e r i c i t e , 
and p o s s i b l y c l a y minerals have formed. The g r a i n s of 
hornblende that had the most replacement by s u l p h i d e s were 
a l s o the most s t r o n g l y a l t e r e d to c h l o r i t e . I t i s , however, 
d i f f i c u l t t o a s c e r t a i n whether the sulphides p r e f e r e n t i a l l y 
r e p l a c e d the rock, because i t was the most a l t e r e d , or whether 
sulphide replacement and rock a l t e r a t i o n are r e l a t e d proces­
ses and are interdependent. 

From the s u l p h i d e - s i l i c a t e r e l a t i o n s i t appears that 
most mafic g r a i n s c r y s t a l l i z e d before the sulphides and were 
p a r t l y replaced by them. On the other hand, the p l a g i o c l a s e 
and p o i k i l i t i c o r t hoclase phenocrysts as w e l l as the q u a r t z -
f e l d s p a r groundmass probably formed simultaneously or, per­
haps, i n part l a t e r , than some of the sulphides t o form 
s u l p h i d e - s i l l i c a t e intergrowths w i t h mesh t e x t u r e s . The d i s ­
seminated sulphides are, t h e r e f o r e , c l a s s e d as e p i g e n e t i c 
and i n part p o s s i b l y paramagmatic (White et a l , 1968) r a t h e r 
than accessory because they appear to be i n part contempora­
neous w i t h , and i n part younger than the v a r i o u s s i l i c a t e 
m inerals. 

In the h o r n f e l s very l i t t l e replacement of the c l a s t i c 
c o n s t i t u e n t s can be seen. Most commonly i t appears t h a t the 
s u l p h i d e s and r e c r y s t a l l i z e d c o n s t i t u e n t s of the h o r n f e l s (main­
l y b i o t i t e , q u a r t z , and f e l d s p a r ) a l l c o e x i s t i n e q u i l i b r i u m . 
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P l a t e 11 : Fine grained accessory magnetite and 
i n t e r g r a n u l a r 5 replacement su l p h i d e s . 
P l a i n l i g h t . M a g n i f i c a t i o n X 53. 

: 
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\ 

A s s o c i a t i o n of sulphide grains w i t h f i n e 
g r a i n e d , shredded (secondary) b i o t i t e 
and corroded hornblende and coarse grained 

' b i o t i t e . P l a i n l i g h t . M a g n i f i c a t i o n X 1-50 



P l a t e s 13 and Ik- ; P o i k i l i t i c p l a g i o c l a s e phenocrysts-
w i t h opaque grains concentrated i n 
zones i n d i c a t i n g e a r l y m e t a l l i c 
m i n e r a l i z a t i o n during s i l i c a t e 
c r y s t a l l i s a t i o n . P l a i n l i g h t . 
M a g n i f i c a t i o n X IJO. 

C 



P l a t e 15 : Sulphide replacement of hornblende a l o n 
g r a i n boundaries and cleavage olanes. . 
P l a i n l i g h t . M a g n i f i c a t i o n X*150. 
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P l a t e 16 : Oriented sulphide grains r e p l a c i n g a l a r g e 
p l a t e of b i o t i t e , " P l a i n l i g h t . Magnifica­
t i o n X 150. 



I n the v e i n s , quartz I s the most abundant v e i n m a t e r i a l 
w i t h c a l c i t e , s u l p h i d e s , and magnetite. The sulphides i n 
the v e i n s , w i t h the exception of molybdenite, form g r a i n s 
t h a t are intergrown w i t h the quartz or q u a r t z - c a l c i t e v e i n 
matrix. The molybdenite most f r e q u e n t l y forms along v e i n 
w a l l s as granular selvages or as f l a k e s and d u s t i n g p a r a l ­
l e l to v e i n w a l l s i n weakly developed 'ribbon v e i n 1 s t r u c ­
t u r e s . 

The sulphide minerals form i n d i v i d u a l g r a i n s , granu­
l a r aggregates, and composite g r a i n s i n which mutual boun­
dary, replacement, and e x s o l u t i o n t e x t u r e s can be seen. 
Ar s e n o - p y r i t e and some of the p y r i t e form the only euhedral 
s p e c i e s . Euhedral g r a i n s form mainly i n the quartz veins 
although a few of the disseminated p y r i t e g r a i n s are also, 
euhedral. Most commonly the disseminated p y r i t e g r a i n s 
have corroded o u t l i n e s , e s p e c i a l l y i f a s s o c i a t e d w i t h pyr­
r h o t i t e and c h a l c o p y r i t e . Thus, i t seems that the e a r l y 
generations of p y r i t e formed r e l a t i v e l y l a r g e , euhedral 
g r a i n s that were l a t e r corroded or resorbed and l a t e r genera­
t i o n s of p y r i t e formed f i n e - g r a n u l a r intergrowths that 
surround and r e p l a c e the o l d e r g r a i n s . 

Replacement t e x t u r e s are almost e n t i r e l y of the c a r i e s 
type. No p r e f e r e n t i a l zonal nor core replacement i s obvious 
i n the sulphides although core replacement of magnetite by 
s u l p h i d e s was observed. Vein replacement i s only weakly 
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developed and i s most commonly seen as c h a l c o p y r i t e r e ­
p l a c i n g f r a c t u r e d p y r i t e g r a i n s . Marcasite forms rims 
about p y r r h o t i t e and p y r i t e and l e s s commonly s p h a l e r i t e 
rims c h a l c o p y r i t e . The marcasite forms curved, l a m e l l a r , 
somewhat c o n c e n t r i c rims about a l t e r e d or t o t a l l y replaced 
p y r i t e or p y r r h o t i t e cores. The replacement i s more c o r ­
r e c t l y considered an a l t e r a t i o n or conversion of the p y r i t e 
or p y r r h o t i t e t o marcasite p o s s i b l y due to changes i n a c i d ­
i t y and temperature (Edwards, i 9 6 0 ) . Marcasite was observed 
i n , o n l y two specimens. In one p y r r h o t i t e was abundant w i t h 
p y r i t e and c h a l c o p y r i t e i n b i o t i t e h o r n f e l s near the south­
e r n contact of the i n t r u s i o n . The other occurrence was a 
q u a r t z - c a l c i t e v e i n from the main body of the I n t r u s i o n i n 
which marcasite replaced p y r i t e . 
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Mutual boundary tex t u r e s are developed I n many of 
the mineral p a i r s . Simultaneous d e p o s i t i o n may have occurred 
i n the p a i r s : c h a l c o p y r l t e - s p h a l e r l t e , s p h a l e r i t e - t e t r a h e d -
r i t e , b o u r n o n i t e - a i k i n i t e , g a l e n a - s p h a l e r i t e , and galena-
c h a l c o p y r i t e . E x s o l u t i o n t e x t u r e s are developed i n the 
mi n e r a l p a i r s : s p h a l e 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 -
c h a l c o p y r i t e , c h a l c o p y r i t e - p y r r h o t i t e , and perhaps bournon-
i t e - a i k i n i t e . E x s o l u t i o n i s most f r e q u e n t l y observed be­
tween s p h a l e r i t e and c h a l c o p y r i t e . This mineral p a i r as 
w e l l as t e t r a h e d r i t e - c h a l c o p y r i t e and b o u r n o n i t e - a i k i n i t e 
i s found i n the q u a r t z - c a l c i t e v e i n s . P y r r h o t i t e - c h a l c o p y r l t e 
e x s o l u t i o n i s found i n only a very few specimens from the 
h o r n f e l s zone Immediately a d j o i n i n g the i n t r u s i v e contact. 
No e x s o l u t i o n t e x t u r e s were seen i n the sulphides i n the 
porphyry. 

The s i z e and d i s t r i b u t i o n of exsolved grains depends 
on the degree to which unmixing has occurred. Commonly ex-
s o l u t i o n has produced the c h a r a c t e r i s t i c d i s p e r s i o n of many 
fin e - g r a i n e d , globules of one sulphide w i t h i n the other. In 
some samples where, presumably, c o o l i n g was slower or other 
c o n d i t i o n s e x i s t e d that were more favourable f o r d i f f u s i o n 
and unmixing, e x s o l u t i o n has been more advanced and formed 
fewer but l a r g e r exsolved g r a i n s . The most h i g h l y developed 
stages of unmixing have an as s o c i a t e d phenomenon of ex p u l ­
s i o n . In such cases s e p a r a t i o n and m i g r a t i o n of the two 
substances can be seen to occur and the exsolved sulphide . 
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i s e x p e l l e d towards- the g r a i n boundary. The u l t i m a t e s t a t e 
of e x p u l s i o n i s to have both sulphides separated w i t h the 
e x p e l l e d substance at the g r a i n boundary of the host as 
bordering g r a i n s or an e n c l o s i n g rim. 

. Both e x s o l u t i o n and e x p u l s i o n t e x t u r e s are developed 
i n the v e i n sulphides and have a l l manner of intermediate 
stages between them. E x p u l s i o n i s best observed I n s p h a l e r ­
i 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 - c h a l c o p y r i t e . E x s o l u t i o n 
g r a i n s of c h a l c o p y r i t e or s p h a l e r i t e can be seen as d i s p e r ­
s i o n s i n the cores of many of the s p h a l e r i t e or c h a l c o p y r i t e 
g r a i n s . The exsolved sulphide g r a i n s decrease i n number 
but increase I n s i z e near the grain'boundary of the host, 
e s p e c i a l l y i f rims or a d j o i n i n g g r a i n s of the same composi­
t i o n as the exsolved sulphide are present. From these r e l a ­
t i o n s , i t seems most probably that at l e a s t some of the rims 
of s p h a l e r i t e about chalcopyrite- and boundary g r a i n s or rims 
of c h a l c o p y r i t e about s p h a l e r i t e have not formed by r e p l a c e ­
ment but r a t h e r by g r a i n boundary c o n c e n t r a t i o n through ex­
p u l s i o n . The same r e l a t i o n s are probably true f o r t e t r a ­
h e d r i t e - c h a l c o p y r i t e p a i r s . 

A i k i n i t e I n bournonite forms a number'of s m a l l , i r ­
r e g u l a r , rounded gr a i n s that are c l u s t e r e d together i n 
groups that u s u a l l y c o n t a i n three to f i v e g r a i n s . The ex­
solved granules vary i n s i z e as w e l l as shape and show no 
tendency t o segregate along g r a i n boundaries. For t h i s 
sulphide p a i r where f i n e granules appear to be e x p e l l e d 
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from the host sulphide and yet remain i n t i m a t e l y a s s o c i a t e d 
in> a c l u s t e r w i t h i n the host, the term e x s o l u t i o n i s prob­
abl y a p p l i c a b l e . I f the exsolved sulphide appeared to have 
been e j e c t e d from the host and concentrated around the host 
g r a i n s 1 border, the term e x p u l s i o n would seem more f i t t i n g . 

Paragenesis• 
The paragenesis of the mineral s u i t e i s complex but 

has been deciphered from the f a b r i c and t e x t u r e s of the min­
e r a l g r a i n s and c r o s s c u t t i n g r e l a t i o n s h i p s of veins and 
f r a c t u r e s . The mineral s u i t e was subdivided i n t o f o u r parts 
based on the f o u r environments of formation of m e t a l l i c 
m i n e r a l i z a t i o n . The d i v i s i o n s are: 1. disseminated s u l ­
phides i n Takla-Hazelton beds ( l a r g e l y or t o t a l l y composed 
of p y r i t e ) ; 2. granular magnetite, p y r i t e , c h a l c o p y r i t e 
i n the skarn zone; 3» disseminated and f r a c t u r e f i l l i n g 
s u l p h i d e s and magnetite i n the quartz monzonite and h o r n f e l s : 
and h. v e i n sulphides w i t h quartz and q u a r t z - c a l c i t e gangue. 

The disseminated sulphides I n the hydrothermally un­
a l t e r e d sedimentary beds are presumably syngenetic. The 
skarn, disseminated, f r a c t u r e f i l l i n g , replacement, and 
v e i n m i n e r a l i z a t i o n are r e l a t e d both s p a t i a l l y and i n time 
to the i n t r u s i o n of the g r a n d i o r i t e - q u a r t z monzonite por­
phyry. Only a very s m a l l p o r t i o n of the t o t a l volume of 
sulphides at the Driftwood•Property i s found i n the un­
a l t e r e d sedimentary rocks and skarn zone, and t h e r e f o r e , 
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these types of m i n e r a l i z a t i o n are of only minor importance. 
By f a r the gre a t e s t volume of sulphides and magnetite has 
formed as disseminations and f r a c t u r e f i l l i n g s i n the i n t r u ­
s i o n and as f r a c t u r e f i l l i n g or replacements i n the h o r n f e l s . 
The veins are n e i t h e r large nor abundant and g e n e r a l l y con­
t a i n s m a l l amounts of sulphides.. The veins do, however, con­
t a i n the gr e a t e s t number of sulphide s p e c i e s . The. stages of 
m i n e r a l i z a t i o n r e l a t e d t o i n t r u s i o n of the porphyry are 
l i s t e d i n Table I I I . 

Table I I I . Sequence of M i n e r a l i z a t i o n . 

Stage 1. Rock forming s i l i c a t e s , accessory minerals, 
magnetite 

l a . A p l i t e dykes 
Stage 11. Quartz v e i n i n g ("blue quartz 1*) - c o n t a i n i n g 

- molybdenite, 
p y r i t e 

Stage 111.. Disseminated, f r a c t u r e f i l l i n g , and r e p l a c e ­
ment sulphides and magnetite i n porphyry, 
h o r n f e l s , (and skarn?) 

111a. • Quartz v e i n i n g ("white quartz") - barren or 
c o n t a i n i n g 
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 , 
and s p h a l e r ­
i t e . 

Stage IV. Q u a r t z - c a l c i t e v e i n i n g - p o l y m e t a l l i c 
Stage V. S u r f i c i a l weathering and a l t e r a t i o n 

The r e l a t i o n s between I n d i v i d u a l s i l i c a t e s and 
s i l i c a t e s w i t h sulphides and magnetite have been d i s c u s ­
sed I n the s e c t i o n d e a l i n g w i t h t e x t u r a l r e l a t i o n s h i p s . 
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The conclusions drawn are that mafic minerals, magnetite, 
and other accessory grains c r y s t a l l i z e d e a r l y w i t h zoned 
p l a g i o c l a s e phenocrysts and these were f o l l o w e d by q u a r t z , 
potash f e l d s p a r , and more p l a g i o c l a s e I n a f i n e , g r a n u l a r 
matrix. This assemblage i s c a l l e d Stage 1 and, i n e f f e c t , 
d e s c r i b e s the formation of the g r a n o d i o r i t e - q u a r t z monzonite 
porphyry. During the l a t e stages of d i f f e r e n t i a t i o n potash 
f e l d s p a r and quartz segregations formed sm a l l a p l i t i c dykes 
and p r o j e c t i o n s which represent the l a s t stage of i n t r u s i o n 
and are c a l l e d Stage l a . 

P y r r h o t i t e probably s t a r t e d c r y s t a l l i z i n g from the 
magma or between the s i l i c a t e s at high temperatures and 
formed accessory g r a i n s . However, the main d e p o s i t i o n of 
sulphides' began a f t e r c r y s t a l l i z a t i o n of the host rock. 
The e a r l i e s t m e t a l l i c minerals to form were magnetite, 
molybdenite, p y r r h o t i t e , and p y r i t e . The molybdenite ap­
pears to have f i r s t been deposited along w a l l s of f r a c t u r e s . 
Presumably as temperature decreased, p y r i t e and more molyb­
de n i t e was deposited w i t h quartz t o form v e i n s . F i n a l l y 
the veins were f i l l e d w i t h c l e a r quartz t o end Stage 11. 

d e p o s i t i o n . Formation of the Stage 11 veins c o i n c i d e d w i t h 
r e - e q u i l i b r i a t i o n of the accessory p y r r h o t i t e i n the por­
phyry. The main d e p o s i t i o n of p y r r h o t i t e , p y r i t e , and 
c h a l c o p y r i t e i n the porphyry and p y r r h o t i t e , p y r i t e , c h a l c o ­
p y r i t e , and magnetite i n the h o r n f e l s marks the advent of 
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Stage 111 and the t r a n s i t i o n from Stage 11. 

The maximum age of the "blue q u a r t z " veins of Stage 
11 i s w e l l defined as they can be shown to c r o s s c u t a p l i t e 
dykes of Stage l a . The younger age of the main sulphide 
m i n e r a l i z a t i o n of Stage 111 Is documented by the presence 
of abundant p y r r h o t i t e , pyrite., and c h a l c o p y r i t e as rims and 
bordering grains along "blue q u a r t z " v e i n s . 

The m a g n e t i t e - p y r i t e - c h a l c o p y r i t e m i n e r a l i z a t i o n i n 
the skarn zone i s b e l i e v e d to have formed during Stage 111, 

although t h i s age r e l a t i o n i s d i f f i c u l t to s u b s t a n t i a t e . 
The assumption Is based on the mineralogy and the c o n c l u ­
s i o n t hat the 3karn r e f l e c t s a contact phenomenon s i m i l a r 
t o t h a t which formed the h o r n f e l s and d i f f e r s only i n that 
i t occurred i n c h e m i c a l l y more r e a c t i v e rocks. 

The second age of quartz v e i n i n g (Stage' I l i a ) has 
formed white quartz veins which are the most abundant type 
of v e i n observed, e s p e c i a l l y i n the h o r n f e l s . These veins 
are e a s i l y recognised by t h e i r milky white c o l o u r , simple 
mineralogy, greater than average widths, and v a r i e d shapes 
tha t r e s u l t i n h i g h l y i r r e g u l a r , l e n t i c u l a r and p o d - l i k e 
cross s e c t i o n s . The veins have been c a l l e d Stage I l i a be­
cause they can be shown to crosscut stage 11 "blue q u a r t z " 
veins and Stage l a a p l i t e dykes. The term Stage i l i a i s 
used r a t h e r than Stage IV t o emphasize t h e i r c l o s e time 
a s s o c i a t i o n to the main period of 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 d e p o s i t i o n i n Stage 111. I t i s assumed th a t 
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s u l p h i d e s forming disseminated or replaced g r a i n s and lenses 
during Stage 111 were introduced at the same time w i t h quartz 
i n t o open spaces and r e s u l t e d i n the i r r e g u l a r white quartz 
veins of Stage- 111a. The veins are not a l l m i n e r a l i z e d . 
More than one h a l f of the white quartz veins observed were 
barren and'those that are mine r a l i z e d c o n t a i n only s p a r s e l y 
d i s t r i b u t e d g r a i n s of 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 , 
minor s p h a l e r i t e , and rare t r a c e s of galena. 

The youngest veins are p o l y m e t a l l i c q u a r t z - c a l c i t e 
v e i n s that have been observed to cross c u t Stage 11 "blue 
q u a r t z " v e i n s , Stage 111 s u l p h i d e s , and Stage 111a "white' 
q u a r t z " v e i n s . They are termed Stage IV and are e a s i l y 
recognized both by t h e i r sulphide and gangue mineralogy. 
The d i a g n o s t i c minerals are a r s e n o p y r i t e , t e t r a h e d r i t e , 
bournonite, and a i k i n i t e as w e l l as c l e a r , c r y s t a l l i n e quartz 
,set i n white t o cream-coloured c a l c i t e and white quartz. 
The veins a l s o c o n t a i n 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 , 
s p h a l e r i t e , galena, and marcasite. The f i r s t gangue t o have 
formed appears t o have been c r y s t a l l i n e quartz that l e f t 
much vuggy space that was l a t e r f i l l e d w i t h s u l p h i d e s , m i l k y -
white quartz, and c a l c i t e . . The d e p o s i t i o n I n the veins be­
gan w i t h euhedral p y r i t e , a r s e n o p y r i t e , and quartz c r y s t a l s 
and was followed by a second generation of g r a n u l a r , anhed--
) . • 
r a l p y r i t e , white quartz, p y r r h o t i t e , . c h a l c o p y r i t e , and some 
s p h a l e r i t e and galena. C a l c i t e . w i t h s p h a l e r i t e , galena, 
t e t r a h e d r i t e , s u l p h o s a l t s , and marcasite were the f i n a l 



Dyke -Stage H blue qucrtz vein 

P o l i s h e d s e c t i o n of diamond d r i l l eo 
w i t h Stage l a a p l i t e dyke and Sta^e 
"blue auartz : l v e i n cut by Stage IV 



minerals deposited. 

Two p o l y m e t a l l i c c a l c i t e - b e a r l n g veins i n the por­
phyry and one i n the h o r n f e l s were observed that contained 
molybdenite. The molybdenite was found i n i t s common habi t 
as f i n e l y disseminated p l a t e s along the v e i n w a l l s . These 
r e l a t i o n s suggest at l e a s t two hypotheses regarding the age 
of the molybdenite. The f i r s t i s that molybdenite was de­
p o s i t e d continuously over a long period of time spanning• 
Stage 11 through to at l e a s t the s t a r t of Stage IV. A 
s l i g h t v a r i a t i o n of t h i s hypothesis i s th a t molybdenite was 
deposited at the beginning of Stage IV as a second period or 
g e n e r a t i o n of molybdenum mi n e r a l i z a t i o n . . The second and 
a l t e r n a t i v e hypothesis i s that the veins are composite and 
c o n t a i n Stage IV m i n e r a l i z a t i o n t hat has been superimposed 
on Stage 11 v e i n s . The l a t t e r proposal i s considered t o be 
the more l i k e l y . Molybdenite probably formed f i r s t during 
Stage'11 m i n e r a l i z a t i o n and the same f r a c t u r e s were r e f r a c -
tured and mi n e r a l i z e d at a l a t e r time during Stage IV (and 
probably Stage 111a, although composite veins of t h i s age 
have not been recognized). 

The f i n a l events i n the h i s t o r y of m i n e r a l i z a t i o n 
are termed Stage V and represent the weathering and a l t e r a ­
t i o n products of the s u l p h i d e s , magnetite, and rock-forming 
minerals. " 
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Diagramatic Representation of the Paragenesis 
Both the l i n e diagram and the Vandeveer'diagrams used 

i n t h i s study have been s l i g h t l y modified to s u i t the p a r t i c ­
u l a r requirements of the Driftwood m i n e r a l i z a t i o n . The 
r e p r e s e n t a t i o n s have to be i n t e r p r e t e d w i t h the f o l l o w i n g • 
r e s t r i c t i o n s and c o n d i t i o n s i n mind. 

The l i n e diagram shows the stages of m i n e r a l i z a t i o n 
as derived from c r o s s c u t t i n g r e l a t i o n s and t e x t u r a l evidence. 
The boundaries between the stages have purposely been l e f t 
vague as there probably has been some overlap of c e r t a i n 
.minerals and c o n t i n u i t y of d e p o s i t i o n from one Stage to ano­
t h e r . The sole exception i s Stage IV which has a r b i t r a r i l y 
had the presence of c a l c i t e i n the veins placed as i t s 
d i a g n o s t i c c r i t e r i o n . The use of the term ' p y r i t e 1 and l l 1 

and 'magnetite 1 and 11' r e f e r s p r i m a r i l y t o the f a b r i c and 
c a r r i e s only, a secondary genetic i m p l i c a t i o n . In the case 
of p y r i t e , the s i g n i f i c a n c e i s that at l e a s t two types of 
p y r i t e were recognized. P y r i t e 1 i s the f i r s t - f o r m e d , -euhed-
»al coarse-grained v a r i e t y that forms i n a stage of m i n e r a l i z a 
t i o n , and p y r i t e 11 Is the f i n e r - g r a i n e d , g r anular type that 
surrounds p y r i t e 1. The d i f f e r e n t appearance of p y r i t e s i n 
any stage of m i n e r a l i z a t i o n may be the r e s u l t of being formed 
durin g at l e a s t two d i s c r e t e p e r i o d s , or may j u s t represent 
two or more steps i n a s i n g l e d e p o s l t i o n a l process. In the 
case -of magnetite, the terms magnetite 1 and 11 can be used. 
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t o d i s t i n g u i s h the mineral on a t e x t u r a l and time b a s i s . 
Magnetite 1 r e f e r s t o the f i n e - g r a i n e d accessory magnetite 
i n the porphyry, and magnetite 11 i s formed as replacements 
and f r a c t u r e f i l l i n g s i n the h o r n f e l s , porphyry, and skarn 
during Stage 111. 

The Vandeveer r e p r e s e n t a t i o n has been broken down 
i n t o two components i n order to present the data i n a more 
e a s i l y understandable manner and t o .emphasize the d u a l 
nature of the mineral assemblage. The simple mineralogy of 
the d i s s e m i n a t i o n , replacement, and f r a c t u r e f i l l i n g type of 
Stages 1 and 111 has been shown as one component and the 
complex mineralogy of the veins i n Stages 11, 111a, and IV 
has been used i n the other. For a f u l l understanding of 
the paragenesis, both components must be regarded as occur­
r i n g c o n c u r r e n t l y but under d i f f e r e n t p h y s i c a l c o n d i t i o n s . 
The Variderveer and l i n e diagrams are shown i n F i g u r e s 8 and 9. 
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Temperatures of I n t r u s i o n and Metamorphism 
I n t r u s i o n has been i n t o the e p i z o n a l environment which 

i s the zone from surface to k k i l o m e t e r s . The Driftwood i n ­
t r u s i o n i s b e l i e v e d to be i n the deeper part of the epizone 
a n d v thus, a depth of four k i l o m e t e r s w i l l be assumed t o be 
the depth of i n t r u s i o n . At such a depth the temperature and 
pressure i n the country rock would be about one hundred f o r t y 
degrees centigrade and pressure about 1000 bars i f the thermal 
and pressure grad i e n t s of 30 degrees and 250 bars per k i l o ­
meter were used (Winkler, 1965). 

The temperature of the s i l i c a t e melt can be estimated 
from the data provided by numerous authors. Temperatures of 
g r a n i t i c melts range from 700 to 800°C5 s y e n i t i c magmas about 
900°C (Winkler, 1965); and g r a n o d i o r i t e 820°C (Buseck, 1966). 

I n the system a l b i t e - o r t h o c l a s e - q u a r t z the s o l i d u s at 1000 

kg/Cm 2 water pressure f o r a melt having the composition of the 
average of the Driftwood g r a n o d i o r i t e - q u a r t z monzonite i s about 
817°C (Annual Report Geophysics Lab., 1951-52). Thus, 8l5°G 
£ 25° can be regarded as a reasonable approximation f o r the 
temperature of i n t r u s i o n o f the g r a n o d i o r i t e - q u a r t z monzonite 
stock. 

The heat flow from an i n t r u s i v e body has been c a l c u l a t e d 
by Lovering (1936), and Jaeger (1957> 1959) and a p p l i e d by 
Buseck (1966), Winkler (1965)? and others t o f i e l d occurrences. 
Their c a l c u l a t i o n s determine the temperatures at the contact 
and at va r y i n g ' d i s t a n c e s from the contact as f u n c t i o n s of the 
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magma temperature, temperature of the intruded rocks and 
thi c k n e s s of the i n t r u s i v e body. 

Loverings c a l c u l a t i o n s were based on gene r a l d i f f e r e n ­
t i a l equations t h a t r e l a t e the heat c o n d u c t i v i t i e s of two 
homogeneous bodies of d i f f e r e n t compositions and temperatures. 
Using h i s method, a magma w i t h a temperature of 8l5°C i n ­
truded i n t o limestone and shale would increase the tempera­
t u r e at the contact by about M+0°C and 1+25°C r e s p e c t i v e l y . 
However, f o r the sake of convenience, Lovering assumed the 
temperature of the intruded rocks t o be zero. Thus, i f a 
c o r r e c t i o n was made f o r the temperature of the intruded r o c k s , 
the contact temperature would be con s i d e r a b l y g r e a t e r than 
c a l c u l a t e d . 

An expression c o n t a i n i n g a c o r r e c t i o n f o r geothermal 
gradient was used by Buseck (1966). The exp r e s s i o n i s modi­
f i e d from Jaeger (1959) and s t a t e s that the contact 
temperature T c, i s : 

l " o 
' ( T n - T 0) 

K i V + 1 

where k 0 and k^ are the d i f f u s i v i t e s , K 0 and Kq_ are the 
thermal c o n d u c t i v i t e s of the intruded rock and g r a n o d i o r i t e -
quartz monzonite, T m i s the s o l i d i f y i n g temperature of magma, 
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and T 0 i s the i n i t i a l temperature of the in t r u d e d rocks. 
Assuming a depth of i n t r u s i o n of h km, a 30°C per km geo-
thermal g r a d i e n t , and a surface temperature of 20°C, and* 
a p p l y i n g the appropriate constants as l i s t e d by Love r i n g 
(1936), the temperature'of i n t r u s i o n Tm of 8l5°C, the con­
t a c t temperature f o r the Driftwood i n t r u s i o n i s found t o be 
k7h°C i n limestone; 557° c i n shale; U-95°C i n sandstone, and 
517°C i n andesite-basa.lt. These temperatures would be g r e a t ­
er i f the magma were ho t t e r than 8l5°C or the thermal grad­
i e n t was grea t e r than 30°C/Km, or the depth of i n t r u s i o n 
was greater than h Km.' Also the temperatures, as c a l c u l a t e d , 
apply t o the contacts of an i n t r u s i v e body w i t h v e r t i c a l 
w a l l s , and any l o c a l bends or warps i n the contact would 
give r i s e to higher temperatures. 

The r e s t r i c t i n g c o n d i t i o n s f o r heat f l o w c a l c u l a t i o n s 
are that heating of the intruded rock i s due e n t i r e l y t o 
conduction and no heat t r a n s f e r by v o l a t i l e components takes 
p l a c e . Since some metasomatism i s e v i d e n t , there must have been 
f l u i d movement. The assumption made i s that the l a t e n t heat of 
c r y s t a l l i z a t i o n opposes and cancels the heat l o s s through f l u i d 
a c t i o n and the body can be assumed to have cooled by only con­
d u c t i o n . 

Winkler's treatment of Jaeger's method of c a l c u l a t i n g 
heat f l ow can be used to demonstrate the causes of z o n a t i o n 
of the contact metamorphic f a c i e s . The temperature g r a d i e n t 

http://andesite-basa.lt
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i s steepest at the i n t r u s i v e contact but decreases r a p i d l y 
and l e v e l s away from i t . Winkler (1965) proposed that at 
the contact the temperature of the country rock incre a s e s by 
over 60 percent of the temperature of the i n t r u s i v e magma. 
At distances.corresponding to 1/10 the t h i c k n e s s of the i n t r u ­
s i v e (1/10 D), the temperature increase i n the country rock 
i s about 50 percent of the temperature of the magma, and 
at a di s t a n c e of 1/2 the thi c k n e s s (1/2 D), the temperature 
in c r e a s e i s about 1/3 that of the magma. Using the assumed 
values of 8l5°C as the temperature of the i n t r u s i o n , a depth 
of h km, a 30°C/Km geothermal g r a d i e n t , an average t h i c k n e s s 
(D) of the Driftwood G r a n o d i o r i t e - q u a r t z monzonite of 1000 

f e e t , and contact temperatures ( T c ) f o r the rock types ob­
served as c a l c u l a t e d by Buseck 1s e x p r e s s i o n , the values are 
about 550°C f o r calcerous s h a l e , If95°C f o r sandstone, and 
517°C f o r a n d e s i t e - b a s a l t s e c t i o n s . At a di s t a n c e of 100 . 

f e e t from the contact (1/10 D), the temperatures are Wl5°C 
f o r calceroous s h a l e , 3^8°C f o r sandstone, and 397°C f o r 
the v o l c a n i c s . At an increased d i s t a n c e of 500 f e e t (1/2 D), 
the expected temperatures would be about 323°C, 305°C, and 
311°C, r e s p e c t i v e l y . The r e l a t i o n f o r calcareous shale i s 
shown i n Figure 10. 

The temperature l i m i t s f o r the hornblende h o r n f e l s and 
a l b i t e - e p i d o t e h o r n f e l s f a c i e s at a c o n f i n i n g pressure of 
1000 bars and i n t r u s i o n depth of four k i l o m e t e r s , as def i n e d 
by Winkler (1965)> have been superimposed on the heat f l o w 
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Figure 10: Heating of country rock w i t h calcareous shale 
composition adjacent t o a g r a n o d i o r i t e i n t r u s i o n , 
(Modified a f t e r Winkler, 1965); temperature at contact c a l c u l a t e d according t o Buseck, (19oo). 
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diagram (Figure 10). C l e a r l y , under the c o n d i t i o n s s t a t e d , 
i t can be seen t h a t a calcareous shale could have contact 
metamorphism of the hornblende-hornfels f a c i e s f o r a d i s t a n c e 
of up t o .02 n = twenty f e e t , and could develop a h o r n f e l s 

10 u 

w i t h b i o t i t e i n the a l b i t e - e p i d o t e h o r n f e l s f a c i e s over a 
di s t a n c e of about 135 f e e t . Intruded v o l c a n i c s w i t h ande-
s i t e - b a s a l t composition would have a contact temperature of 
about 517°C and, thus, only a very t h i n zone of hornblende-
h o r n f e l s f a c i e s contact rock could be formed. However, a 
h o r n f e l s of the a l b i t e - e p i d o t e f a c i e s would be expected to 
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form f o r a d i s t a n c e of at l e a s t 100 f e e t . Sandstone w i t h a 
contact temperature of 1+95°C would not be metamorphosed be-. 
yon<3 the upper range of the a l b i t e - e p i d o t e h o r n f e l s f a c i e s . 
A h o r n f e l s zone c l o s e to 100 f e e t i n t h i c k n e s s would be 
.expected. 

These t h e o r e t i c a l c o n s i d e r a t i o n s very c l o s e l y resem­
b l e the a c t u a l observed a l t e r a t i o n p a t t e r n . In some out­
crops the th i c k n e s s of the h o r n f e l s f a c i e s was greater than 
the t h e o r e t i c a l c o n s i d e r a t i o n s would p r e d i c t . Such d i s c r e ­
pancies would, i n f a c t , be expected i n a n a t u r a l occurrence 
where the i n t r u s i v e contact would be i r r e g u l a r and not the 
i d e a l d y k e - l i k e body on which the c a l c u l a t i o n s are based. 
In g e n e r a l , however, the assumed temperature of i n t r u s i o n 
of 815 £ 2'5°C, and a depth of i n t r u s i o n of k Km w i t h contact 
temperatures around 500°C but probably not exceeding 550°C 
can be regarded as reasonable and c o n s i s t e n t w i t h the f i e l d 
r e l a t i o n s observed at the Driftwood Property. 

Geothermometry 
Temperature-pressure c o n d i t i o n s f o r ore formation can 

be p o s t u l a t e d using a number of c r i t e r i a . I n t h i s study no 
attempts were made to apply or i n v e s t i g a t e the a p p l i c a b i l i t y 
of the popular geothermometers due to the u n c e r t a i n s t a t u s 
of the various methods. Instead, thermal s t a b i l i t y l i m i t s 
and s t a b i l i t y ranges of c o e x i s t i n g mineral assemblages were 
used t o reduce the l i m i t s of c o n d i t i o n s favourable f o r 
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mineral d e p o s i t i o n . In a few cases e q u i l i b r i a r e l a t i o n s could 
be used to de f i n e very c l o s e l y the c o n d i t i o n s of deposition.. 

Anhydrous i r o n oxides: Magnetite-and maghemite are the only 
two minerals observed. Magnetite occurs i n at l e a s t two ages 
- the early-formed, disseminated, magmatic v a r i e t y i n the 
i n t r u s i o n , and the secondary replacement type i n the h o r n f e l s , 
porphyry, and skarn that was seen to be p a r t l y contemporaneous 
w i t h and p a r t l y younger than some of the p y r i t e and p y r r h o t i t e . 
No hematite was seen but smal l amounts of maghemite ( t f F e ^ - ^ ) 
were recognized as an a l t e r a t i o n product of the magnetite i n 
the skarn ( t a c t i t e ) zone. 

Formation of two types of magnetite r e f l e c t s the i n t e r ­
p lay of p0 2 and p S 2 during the c o o l i n g c y c l e of the i n t r u s i o n 
( H o l l a n d , 1959)- The disseminated magnetite probably formed 
as a prirrary magmatic phase i n what can be regarded as a cl o s e d 
system. Later as a r e s u l t of c o o l i n g and p o s s i b l y as a r e s u l t 
of decrease i n p 0 2 and pS 2, secondary magnetite formed i n the 
i n t r u s i o n , h o r n f e l s , and t a c t i t e i n the presence of v o l a t i l e s 
i n an e s s e n t i a l l y open system. According to S a l o t t i f s (l$6h) 

diagram f o r the Fe-S-0 system, at temperatures below 675°C the 
p r o g r e s s i o n from p y r i t e p y r i t e + m a g n e t i t e — > p y r i t e + 
p y r r h o t i t e + m a g n e t i t e — ^ p y r r h o t i t e + magnetite i s p o s s i b l e . 
Thus1, magnetite as s o c i a t e d w i t h sulphides i s capable of form­
i n g at both high and low temperatures i n accord w i t h the 
i n f e r r e d t e x t u r a l evidence. 
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The c o n d i t i o n s of formation of maghemite (tFe20$) a^e 

not w e l l known. I t i s be l i e v e d t o be an intermediate p o l y ­
morph between magnetite and hematite (°< Fe20^). According t o 
.Ku.no (19^5) maghemite may form as an a l t e r a t i o n process de­
pendant on oxygen f u g a c i t y and temperature a f t e r magmatic 
c r y s t a l l i z a t i o n i s e s s e n t i a l l y complete. Experimental data 
shows that maghemite can be formed by o x i d a t i o n of magnetite 
from 200 t o 700°C i n both n a t u r a l and s y n t h e t i c systems. 
Thermal s t u d i e s by Gheith (1952) on magnetites showed exo­
thermic peaks corresponding to the formation of X F e 2 0 ^ t o 
vary from 230 to 375°C However, more recent opinions o f f e r e d 
by A b d u l l a h and At her ton (19&+) and Gross (1965) s t a t e t h a t . 
maghemite i s most commonly formed a f t e r prolonged surface 
o x i d a t i o n or by r a p i d o x i d a t i o n at low temperatures under 
aqueous c o n d i t i o n s such as i n the case of low grade thermal 
metamorphism. 

Su l p h i d e s : The e a r l i e s t sulphides to form were molybdenite 
along w i t h . p y r i t e and some p y r r h o t i t e . Molybdenite i s a high 
temperature mineral whose maximum temperature of s t a b i l i t y i s 
w e l l above the temperature of the g r a n o d i o r i t e i n t r u s i o n . 
Sulphide d e p o s i t i o n that r e s u l t e d i n the f o r m a t i o n of molyb-
d e n i t e - p y r i t e - p y r r h o t i t e i n quartz veins can be assigned an 
upper temperature l i m i t of 7^2 * 1°C according t o Barton and 
Skinner .(1967) or 726°C according to K u l l e r u d and Buseck (1962) 

as based on s t u d i e s of system Mo-Fe-S. The temperatures of 

http://Ku.no


101 

formation of molybdenite may, indeed, be w e l l belov; these 
maxima as Arutuyan (1966) has synthesized molybdenite at 
r e l a t i v e l y low temperatures. Using sulphomolybdate s o l u t i o n 
f o l l o w e d by annealing, Arutuyan formed c o l l o f o r m molybdenite 
at 200 t o 300°C and from t h i s a t r i g o n a l polymorph (3R) w i t h 
s h o r t runs at temperatures from 350 t o 900°C. A t r a n s f o r m a t i o n 
i n t o the normal hexagonal molybdenite was accomplished at 
600°C over a time of 22 days. 

The abundance of p y r i t e and p y r r h o t i t e and use of 
phase r e l a t i o n s i n the system Fe-S are of very l i t t l e use i n 
the present study for-purposes of geothermometry. Besides the 
u n c e r t a i n s t a t u s of the p y r r h o t i t e geothermometer, the s t r u c ­
t u r a l s t a t e of the p y r r h o t i t e i s not known and there i s a 
p e r s i s t a n t a s s o c i a t i o n o f c h a l c o p y r i t e . As st a t e d by Rao and 
Rao (1968) a f t e r the suggestion by.Yund and K u l l e r u d (1966), 

1 ( t h e u s e f u l n e s s of p y r r h o t i t e as a geothermometer) when i t 
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 i s d o u b t f u l . 1 The only use­
f u l i n f o r m a t i o n derived from the Fe - 5 system i s that a 
maximum temperature of formation f o r the p y r i t e can be set 
at 7^2 or 7*+3 ± 1°C t lk°C per k i l o b a r , . ( K u l l e r u d and Yoder, 
1959; A r n o l d , 1962; K u l l e r u d , 1967). Above t h i s temperature 
the sulphides would have been high temperature p y r r h o t i t e i n 
coexistence w i t h a s u l p h u r - r i c h melt. 

The formation of marcasite, as defined i n system 
Fe-S-O-H ( K u l l e r u d , 1957> 1967), occurs at temperatures l e s s 
than l+32°C and i s pressure dependent. The observed a s s o c i a ­
t i o n of p y r i t e and marcasite at the assumed pressure of 
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1000 bars, would have a maximum temperature of for m a t i o n of 
1+28 i 2°C. 

The most important system i n t h i s study i s Cu-Fe~S 
because of the abundance and c o n s i s t e n t a s s o c i a t i o n of 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 . However, use of phase r e l a t i o n s 
t o d e f i n e c o n d i t i o n s of formation i s l i m i t e d due to. the com­
p l e x r e l a t i o n s and confusion at low temperatures. The phase 
r e l a t i o n s , as developed by Yund and K u l l e r u d (1966) show a 
wide range of p y r i t e - c h a l c o p y r i t e s t a b i l i t y , s t a r t i n g at 739°C 
At high temperatures (600 t o 700°C or more) extensive s o l i d 
s o l u t i o n f i e l d s are developed. C h a l c o p y r i t e c o e x i s t s w i t h 

p y r i t e and p y r r h o t i t e and both c h a l c o p y r i t e and p y r r h o t i t e 
have extensive s o l i d s o l u t i o n . As temperature decreases, 
s t r u c t u r a l i n v e r s i o n s i n the c h a l c o p y r i t e take place and at 
a, temperature of about 550°C the c h a l c o p y r i t e s o l i d s o l u t i o n 
i s s p l i t i n t o two smaller f i e l d s of cubanite and c h a l c o p y r i t e 
w i t h the l i n e s forming between the cubanite and p y r i t e . 
Because of the abundance of i r o n over copper i n n a t u r a l s y s ­
tems, cubanite would be expected to be commonly formed r e l a ­
t i v e t o c h a l c o p y r i t e ( K u l l e r u d , 1967). However, the cubanite 
i s not a r e a d i l y quenchable phase and at a temperature-of SSV^C 
i t cannot e x i s t w i t h p y r i t e and w i l l r e a c t t o form c h a l c o p y r i t e 
and p y r r h o t i t e . Cubanite, furthermore, cannot e x i s t w i t h 
monoclinic p y r r h o t i t e and thus monoclinic p y r r h o t i t e , p y r i t e , 
and c h a l c o p y r i t e would be the expected assemblage at a tempera­
tu r e l e s s than 310°C, which'is the upper temperature boundary 
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f o r monoclinic p y r r h o t i t e ( K u l l e r u d , 1 9 & 7 ; A r n o l d , 1 9 6 8 ) . 

Based on these c o n s i d e r a t i o n s , the absence of cubanite 
and the i n t i m a t e a s s o c i a t i o n of c h a l c o p y r i t e - p y r r h o t i t e i n the 
presence of p y r i t e i n the i n t r u s i o n , suggest t h a t r e - e q u i l i b r i a -
t i o n of sulphides probably s t a r t e d at h i g h temperatures and 
continued throughout the c o o l i n g h i s t o r y . D e p o s i t i o n i n the 
i n t r u s i o n could have s t a r t e d at the maximum temperatures of 
f o r m a t i o n of p y r i t e at 7 5 7 ± 1°C (at 1 0 0 0 bars) and c h a l c o ­
p y r i t e at 7 3 9 ° C , but f i n a l temperatures of f o r m a t i o n were con­
s i d e r a b l y lower and may even have been below 33 l+ 0C, the s t a ­
b i l i t y l i m i t of cubanite. Such r e l a t i o n s are c o n s i s t e n t 
w i t h the occurrence of c h a l c o p y r i t e - p y r i t e - p y r r h o t i t e i n the 
r e l a t i v e l y low'temperature h o r n f e l s environment and the para­
genesis which shows some of the c h a l c o p y r i t e and p y r r h o t i t e 
t o be younger than marcasite which has an upper temperature 
dtf f o rmation at 1 0 0 0 bars of L r 2 8°C. 

The system Fe-As-S o f f e r s u s e f u l and exact i n f o r m a t i o n 
r egarding c o n d i t i o n s of formation. C l a r k ( i 9 6 0 ) determined 
the phase r e l a t i o n s and found that U - 9 1 " - 1 2°C i s an i n v a r i a n t 
p o i n t that defines the maximum temperature of s t a b i l i t y of 
p y r i t e w i t h a r s e n o p y r i t e . Above t h i s temperature p y r r h o t i t e 
and l i q u i d form w i t h a r s e n o p y r i t e . The system i s pressure 
s e n s i t i v e and the i n v a r i e n t point v a r i e s 1 8°C per k i l o b a r 
pressure. The mineral assemblage observed contains p y r i t e and 
a r s e n o p y r i t e which appear to be mutually deposited i n the pre­
sence of excess i r o n t h at formed a younger replacement 



p y r r h o t i t e and p y r i t e . The temperature of formation, w i t h 
a pressure c o r r e c t i o n f o r the assumed depth of i n t r u s i o n , 

*f o 
can be determined t o have been a maximum of 509 1 12 C. 

The other minerals i n the assemblage provide very 
l i t t l e d e t a i l e d i n f o r m a t i o n beyond .upper temperature s t a b i l ­
i t y l i m i t s . Galena and s p h a l e r i t e both have very high congru­
ent melting p o i n t s . T e t r a h e d r i t e and ter m a n t i t e have upper 
temperature l i m i t s of 555°C and 6!+0°C, r e s p e c t i v e l y (Wernick 
and Benson, 1957). V i r t u a l l y no phase data i s a v a i l a b l e f o r 
bournonite and a i k i n i t e as they are d i f f i c u l t t o synt h e s i z e 
-and have complex multicomponent compositions. An upper 
temperature l i m i t f o r a i k i n i t e has been determined to be from 
1*65 t o ̂ 75°C (Schaber, 19-65) • 

T e x t u r a l r e l a t i o n s and p a r t i c u l a r l y e x s o l u t i o n and 
unmixing t e x t u r e s have long been considered t o provide data 
regarding temperatures of formation or c o o l i n g r a t e s . Edwards 
(I960) provides temperatures of unmixing f o r the f o l l o w i n g 
mineral p a i r s : 

C h a l c o p y r i t e - p y r r h o t i t e 600°C c h a l c o p y r i t e exsolves 
300°C p y r r h o t i t e exsolves 

C h a l c o p y r l t e - t e t r a h e d r i t e ?5X)°C 
S p h a l e r i t e - C h a l c o p y r i t e 550°C c h a l c o p y r i t e 

exsolves 
350°C-W00°C s p h a l e r i t e 

exsolves 

However, the work of B r e t t (196Lfa,b) and others has cast much 
doubt as to the v a l i d i t y of q u a n t i t a t i v e data based on t e x ­
t u r a l s t u d i e s as genetic c r i t e r i a . 
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The c o n d i t i o n s of formation of the m e t a l l i c minerals 
have, thus, had maximum temperature l i m i t s or temperature 
ranges defin e d . The maximum temperature of fo r m a t i o n pos­
s i b l e would have been the temperature of c r y s t a l l i z a t i o n 
which was assumed to be about 815 * 25°C at a c o n f i n i n g pres­
sure of 1000 bars. W i t h i n the int r u d e d rocks m i n e r a l i z a t i o n 
was developed i n the ho r n f e l s zone, u s u a l l y w i t h i n one hundred 
f e e t of the co n t a c t , where the temperatures were c a l c u l a t e d 
t o range from about ^00 t o a maximum of about 550°C at the 
contac t . The sulphide s t u d i e s i n d i c a t e t h a t formation cf 
the observed mineral assemblages occurred at hi g h tempera­
t u r e s . R e - e q u i l i b r i a t i o n throughout the c o o l i n g h i s t o r y i s 
considered l i k e l y and the paragenesis d e f i n e s a long h i s t o r y 
of m i n e r a l i z a t i o n w i t h successive stages. Thus, the stages 
of m i n e r a l i z a t i o n c a l l e d Stages 1, 11, 111, and probably 
much of Stage IV were formed at elevated temperatures under 
r e l a t i v e l y s i m i l a r c o n d i t i o n s . The only minerals t h a t may 
have been deposited under lower temperature c o n d i t i o n s are 
the l a t e forming s u l p h o s a l t s , and some sulphides of Stage IV. 
Based on s t u d i e s of other s u l p h o s a l t assemblages, the tempera­
ture- of d e p o s i t i o n may have been i n the order of 300°C. 
The r e s u l t s are summarized i n Table IV. 
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Table IV: Temperature data from s i l i c a t e systems, heat f l o w c a l c u l a t i o n , and i n v a r i e n t p o i n t s 
from condensed phase diagrams of systems a p p l i c a b l e t o the Driftwood mineral assemblage. 

M i n e r a l or a s s o c i a t i o n System Maximum temperature High temperature Remarks and Documentation 

G r a n o d i o r i t e - q u a r t z 
monzonite 

H o r n f e l s contact zone 

Magnetite Fe - 0 

Maghemite ( Jf Fe20^> Fe-0 

of s t a b i l i t y or 
(temperature _r ang e) 

815 i 25°C 

550°C 

1»675°C 
11< 675°c 

?28o - 3?5°c 

? 20° C 

products 

s i l i c a t e melt 

hornblende 
h o r n f e l s f a c i e s 
and a l b i t e -
epidote-horn-
f e l s f a c i e s . 

Feo 2O3+ melt 
magnetite 
plus Fe 
su l p h i d e s . 

Temperature at s o l i d u s f o r 
compo s i t i o n a l average of 
18 Driftwood specimens f o r 
system a l b i t e - o f t h o e l a s e -
quartz; (Annual Rept. 
Geophys. Lab., (1951-52). 

Contact temperatures. 
Contact metamorphic zone. 
Heat flow c a l c u l a t i o n s 
by Lovering, 1936; Jaeger, 
1957, 1959; Buseck, 1966; 
and Winkler, 1965. 

Primary phase. 

Sulphide breakdown and 
S-0 exchange due t o 
decrease i n p 0 2 ahd pS2» 
(Holland, 1959); ( S a l o t t i , 
196U), (Buseck, 1966). 

Hematite (°<Fe2p^) Intermediate phase between 
3 magnetite-hematite. (Gheith, 

1952). 

Magnetite?? 
Hematite 

Surface o x i d a t i o n . ( A b d u l l a h 
and Atherton, 196U); 
(Gross, 19650. 

O 
ON 



Table IV: (continued) 
M i n e r a l or a s s o c i a t i o n * System Maximum temperature 

of s t a b i l i t y or , 
(temperature range) 

M o l y b d e n i t e - p y r i t e Fe-Mo-S 7h2 + 1 C 
or 726°C 

P y r i t e - p y r r h o t i t e Fe-S 

M a r c a s i t e - p y r i t e Fe-S-O-H 

C h a l c o p y r i t e - p y r i t e - Cu-Fe-S 
( p y r r h o t i t e ) 
C h a l c o p y r i t e -
p y r r h o t i t e 

7^2 or 7l+3±l°C 
plus l>4°c/Kbar = 

757* 1°C 
<h32°C 

' = If28 * 2°C 
( w i t h pressure 
c o r r e c t i o n ) 

7390c 

600°C 

C h a l c o p y r i t e -
p y r r h o t i t e 

3 3 k ° c 

High temperature Remarks and Documentation 
products 

P y r r h o t i t e + 
molybdenite + 
melt. 

P y r r h o t i t e + 
melt 

P y r i t e 

Low temperature s y n t h e s i s 
of molybdenite p o s s i b l e . 
(Aratuyan, 1966)-, (Barton 
and Skinner, 1967); K u l l e r u d 
and Buseck, 1962). 

K u l l e r u d and Yoder, 1959; 
A r n o l d , 1962; K u l l e r u d , 
1967. 

Pressure s e n s i t i v e . 
(Kullerud, 1957, 1967). 

p y r r h o t i t e + Yund and K u l l e r u d , 1966. 
melt . 
p y r r h o t i t e w i t h E x s o l u t i o n of c h a l c o -
Cu s o l i d s o l u - p y r i t e . Edwards, I960., 
t i o n 
Cubanite Low temperature•inver­

s i o n of cu b a n i t e , Yund 
and K u l l e r u d j 1966; -
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Table IV: (continued) 
M i n e r a l or a s s o c i a t i o n System Maximum temperature 

of s t a b i l i t y or 
(temperature range) 

Ch a l c o p y r i t e -
p y r r h o t i t e 
( M o n o c l i n i c ) 

Cu-Fe-S 310°C 

C h a l c o p y r i t e -
p y r r h o t i t e 

300°C 

Arsenopyrite-
p y r i t e 

Fe-As-S ^91-12°C+l8°CAbar 
r 509±12°C 

T e t r a h e d r i t e Cu-Sb-S 555°c 

(Tennantite) 
T e t r a h e d r i t e -
c h a l c o p y r i t e 
S p h a l e r i t e -
c h a l c o p y r i t e 

Cu-As-S 

Cu-Fe-S 

Zn-Fe-S 

(6U0°C) 

?5oo°c 

55o°c 

35o-Voo°c 

A i k i n i t e Pb-Cu-Bi-S k6$J*75°C, 

High temperature 
products 

Remarks and Documentation 

Cubanite (May be 
ass o c i a t e d w i t h 
p y r r h o t i t e 
(hexagonal) 
?Cubanite or 
C h a l c o p y r i t e 
w i t h Fe s o l i d 
s o l u t i o n 
P y r r h o t i t e + 
melt 

melt 

(melt) . 
T e t r a h e d r i t e w i t h 
Cu s o l i d s o l u t i o n 
S p h a l e r i t e w i t h 
s o l i d s o l u t i o n 
C h a l c o p y r i t e w i t h 
Zn s o l i d s o l u t i o n 
melt 

Cubanite unstable i n pres-
sence of monoclinic pyrrhot­
i t e , K u l l e r u d , 1967; 
A r n o l d , 1968. 

Edwards, i960. P y r r h o t i t e 
e x s o l u t i o n . (May be r e ­
s u l t of cubanite i n v e r ­
s i o n ) . 
Pressure s e n s i t i v e system. 
(Corrected f o r k km 
depth). C l a r k , i960. 

Driftwood mineral may 
be As - r i c h . 
Wernick and Benson, 1957* 

Edwards, i960. 

Edwards, i960 

Schaber, 1965. 

o 
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SUMMARY AND CONCLUSIONS 

The Driftwood Property i s u n d e r l a i n by v o l c a n i c -
sedimentary rocks that were dated as Lower J u r a s s i c and 
c a l l e d Takla Group - Upper D i v i s i o n by Lord, 19^8. The 
rocks are more c o r r e c t l y c o r r e l a t e d w i t h the Hazelton Group. 
To the west are Upper J u r a s s i c - Lower Cretaceous sedimen­
t a r y rocks of the Bowser Group and to the east are Upper 
Cretaceous and Paleocene s t r a t a of the Sustut Group.-

A p o r p h y r i t i c Kastberg I n t r u s i o n of probable E a r l y 
T e r t i a r y age has intruded a sedimentary and v o l c a n i c s e c t i o n 
of the Takla Group. The i n t r u s i v e mass.has a h i g h l y i r r e g u ­
l a r roof zone w i t h many anastamosing dykes and roof pendants 
t h a t are exposed along the c r e s t of a r i d g e . At depth the 
i n t r u s i o n i s a t h i c k , s t e e p l y d i p p i n g d y k e - l i k e body. The 
main i n t r u s i o n i s surrounded by many small dykes. 

The composition of the stock v a r i e s from g r a n o d i o r i t e 
t o quartz monzonite and a l a s k i t e . D i f f e r e n c e s i n the stock 
are shown by v a r i a t i o n s i n t e x t u r e , mineralogy, and chemical 
composition. 

Metamorphism of the intruded rocks has produced an 
enveloping zone of h o r n f e l s about the i n t r u s i o n . The h o r n f e l s 
i s mainly a b i o t i t e h o r n f e l s of the a l b i t e - e p i d o t e h o r n f e l s 
f a c i e s but'small zones of higher grade h o r n f e l s i n the horn­
blende h o r n f e l s f a c i e s can be seen i n c a l c - s i l i c a t e and mafic 
h o r n f e l s zones. Automorphic a l t e r a t i o n w i t h i n the stock i s 
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a s s o c i a t e d w i t h hydrothermal m i n e r a l i z i n g processes and has 
formed p r o p y l i t i c a l t e r a t i o n zones. 

The stock i s a metal enriched i n t r u s i o n w i t h m i n e r a l i z a ­
t i o n c h a r a c t e r i s t i c of porphyry copper and quartz-molybdenum 
stockwork d e p o s i t s . M e t a l l i c minerals have been deposited 
as disseminated, f r a c t u r e f i l l i n g , and replacement g r a i n s 
and v e i n c o n s t i t u e n t s i n the stock and h o r n f e l s . Minor 
m i n e r a l i z a t i o n i s found i n skarn and b r e c c i a zones. Weather­
i n g a f f e c t s are s u p e r f i c i a l and very few a l t e r a t i o n minerals 
were recognized. 

Genesis of the m e t a l l i c minerals as deduced from main­
l y s i l i c a t e - s u l p h i d e and sulphide t e x t u r e s and f a b r i c s i s . 
e p i g e n E t i c . .The sulphides may be c l a s s e d , i n p a r t , as para-
magmatic although a small p r o p o r t i o n of the s u l p h i d e s and 
magnetite have formed as accessory g r a i n s . 

A f i v e stage paragenesis i s evident. Stage 1 i s $ 
c r y s t a l l i z a t i o n of the host.rock and f o r m a t i o n of accessory 
magnetite and some p y r i t e , p y r r h o t i t e , and p o s s i b l y molyb­
d e n i t e . Stage 11 i s v e i n i n g by molybdenite-bearing quartz 
v e i n s c a l l e d "blue q u a r t z " v e i n s . State 111 i s the main 
peri o d of 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 d e p o s i t i o n i n 
the stock and h o r n f e l s and Stage 111a i s the c l o s e l y a s s o c i a ­
ted v e i n i n g w i t h 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 , and 
s p h a l e r i t e i n "white q u a r t z " v e i n s . Stage IV i s f o r m a t i o n 
of p o l y m e t a l l i c a r s e n o p y r i t e and s u l p h o s a l t bearing q u a r t z -
c a l c i t e v e i n s . Stage V i s a l t e r a t i o n of the m i n e r a l i z a t i o n 
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and i s r e l a t i v e l y unimportant. 
I n t r u s i o n i s b e l i e v e d to have been i n the epizone 

at a depth of about four k i l o m e t e r s . Temperature of i n t r u ­
s i o n i s estimated t o have been about 8 . 1 5 - 2 5?'C. Temperatures 
at the i n t r u s i v e contact have been estimated by heat f l o w 
c a l c u l a t i o n s and are be l i e v e d to have been about 1 r 9 5 ° t o 5 5 0°C. 

Temperatures of t h i s magnitude are c o n s i s t e n t w i t h the grades 
and widths of the contact metamorphic zones observed. 

Temperatures of m e t a l l i c mineral d e p o s i t i o n are d i f ­
f i c u l t to e s t a b l i s h but maximum temperatures of for m a t i o n of 
some sulphide species and c o e x i s t i n g mineral p a i r s can be 
defined using s y n t h e t i c phase e q u i l i b r i a s t u d i e s . Maximum 
temperatures of formation higher than 7 0 0 ° C can be postu­
l a t e d f o r p y r i t e , p y r r h o t i t e , molybdenite, c h a l c o p y r i t e , 
and magnetite using systems Fe-Mo-S, Fe-S, Fe-S - 0 , and 
Cu-Fe-S. Maximum temperatures i n the intermediate range + 
from ^ 0 0 t o 6 0 0 O C can be defined f o r a r s e n o p y r i t e - p y r i t e , 
p y r i t e - m a r c a s i t e , t e t r a h e d r i t e , and a i k i n i t e from systems 
Fe-As-S, Fe-S-O-H, Cu-(Sb, As,)-S, and Pb-Cu-Bi-S. Low 
temperature d e p o s i t i o n i n the order of 3 0 0 ° C i s i n d i c a t e d 
by t e x t u r a l observations coupled w i t h tamper attires o r ex-
s o l u t i o n and i n v e r s i o n i n r e - e q u i l i b r i a t i n g s u l p h i d e s such 
as p y r r h o t i t e and p y r r h o t i t e - c h a l c o p y r i t e ( o r i g i n a l l y 
c u b a n i t e ? ) . 
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