
my/A ^ 

GEOLOGY AND GEOCHEMISTRY OP 

THE HOTAILUH BATHOLITH ANP 

SPATIALLV ASSOCIATED VOLCANIC 

ROCKS 

by 

J OH V A LP P F P K F, R 3 W I L L 

Department o f Geology 

7 

S u b m i t t e d i n p a r t i a l f u l f i l l m e n t o f the 

r e q u i r e m e n t s f o r t h e degree o f Mas t e r o f S c i e n c e 

F a c u l t y o f Graduate S t u d i e s 

The U n i v e r s i t y o f Western O n t a r i o 

London, Canada 

J u l y , 1 9 7 5 

John A l f r e d K e r s w i l l 1975 



ABSTRACT 

The H o t a i l u h b a t h o l i t h Is w i t h i n the H i n t e r l a n d 
B e l t of the Canadian C o r d i l l e r a and i s s i m i l a r i n geo­
l o g i c a l s e t t i n g to s e v e r a l other b a t h o l i t h s i n B r i t i s h 
Columbia w i t h which porphyry copper deposits are a s s o c i ­
ated. I t i n t r u d e s a n d e s i t e , b a s a l t , agglomerate and 
t u f f of Late T r i a s s i c age which have been metamorphosed 
to a m p h i b o l i t e , c h l o r i t e s c h i s t and other metavolcanic 
rocks i n a narrow contact aureole. Pebbles of batho-
l i t h i c m a t e r i a l are found nearby i n Lower J u r a s s i c con­
glomerates. The b a t h o l i t h has a core of quartz monzonite 
which grades over s e v e r a l tens of meters i n t o a p e r i p h e r y 
of g r a n o d i o r i t e . S y e n o d i o r i t e , quartz d i o r i t e and xeno-
l i . t h i c g r a n o d i o r i t e occur l o c a l l y nearest the margins of 
the i n t r u s i o n . Although concentrations of sulphide 
minerals occur i n v o l c a n i c and metavolcanic rocks about 
the b a t h o l i t h , sulphide minerals are v i r t u a l l y absent 
w i t h i n the b a t h o l i t h . 

Average contents of Cu, Zn, Pb, Co, Mn and Fe 
are greatest i n r e l a t i v e l y f r e s h v o l c a n i c r o c k s , next 
greatest i n metavolcanic r o c k s , and g r e a t e r i n grano­
d i o r i t e than quartz monzonite. Ni content i s g r e a t e s t 
i n metavolcanic r o c k s , next greatest i n v o l c a n i c r o c k s , 
and g r e a t e r i n g r a n o d i o r i t e than quartz monzonite. In 
rocks of the b a t h o l i t h , r e s u l t s of R-mode f a c t o r a n a l y s i s 
i n d i c a t e two d i r e c t l y r e l a t e d metal a s s o c i a t i o n s , 
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a Zn-Mn-Pb and a Fe-Co-Cu-Ni a s s o c i a t i o n . However, i n 
v o l c a n i c rocks a dominant Pb-Co-Ni-Fe a s s o c i a t i o n i s 
i n v e r s e l y r e l a t e d to both a.Zn-Mn and a Cu a s s o c i a t i o n . 
In metavolcanic rocks there are three a s s o c i a t i o n s , a 
Fe-Pb-Zn-Mn, a Cu-Mn, and a Ni-Co a s s o c i a t i o n . Metal 
a s s o c i a t i o n s i n r e s i d u a l s o i l s and s i l t s r e f l e c t those 
i n the rocks. 

A comagmatic o r i g i n f o r the b a t h o l i t h and spa­
t i a l l y a s s o c i a t e d v o l c a n i c rocks i s suggested by t h e i r 
s i m i l a r ages and comparable chemical compositions. Petro 
graphy, contact r e l a t i o n s h i p s , and d i s t r i b u t i o n of rock 
types i n the b a t h o l i t h i n d i c a t e p r o g r e s s i v e inward f r a c ­
t i o n a l c r y s t a l l i z a t i o n of an i n i t i a l l y homogeneous grano-
d i o r i t i c magma. Metal d i s t r i b u t i o n i n the b a t h o l i t h 
i n t e r p r e t e d i n the l i g h t o f c r y s t a l f i e l d t h e o r y , i n d i ­
cates the metals were di s p e r s e d i n l a t t i c e s i t e s o f 
ferromagnesian minerals and magnetite d u r i n g c r y s t a l l i z ­
a t i o n . There was no c o n c e n t r a t i o n of metals i n the 
r e s i d u a l s i l i c a t e melt or a hydrothermal f l u i d capable 
of making a porphyry copper deposit w i t h i n the b a t h o l i t h . 
However, i n v o l c a n i c r o c k s , Cu and Zn were probably not 
disp e r s e d i n l a t t i c e s i t e s of ferromagnesian minerals and 
magnetite and may have been s u s c e p t i b l e t o l e a c h i n g and 
co n c e n t r a t i o n w i t h i n a hydrothermal regime generated near 
the margins of the b a t h o l i t h . 



TABLE OF CONTENTS 

Page 

CERTIFICATE OF EXAMINATION i i 
ABSTRACT i i i 
ACKNOWLEDGEMENTS v 
TABLE OF CONTENTS v i 
LIST OF TABLES i x 
LIST OF FIGURES x i 
CHAPTER 1 - INTRODUCTION 1 

1.1 Loca t i o n and Access . . . .* 1 
1.2 Previous Work 3 
1 . 3 Statement of the Problem 4 
l.k . Approach to the Problem 5 

CHAPTER 2 - REGIONAL GEOLOGY 9 
2.1 Geotectonic Framework of the 

Canadian C o r d i l l e r a 9 
2.2 The H o t a i l u h B a t h o l i t h and Environs 15 
2 . 3 D i s t r i b u t i o n of Mi n e r a l Deposits 

i n the Canadian C o r d i l l e r a 19 
CHAPTER 3 - THE HOTAILUH BATHOLITH AND SPATIALLY 

ASSOCIATED VOLCANIC ROCKS 24 
3.1 General Statement 24 
3.2 The H o t a i l u h B a t h o l i t h 24 

v i 



Page 

3 . 3 The V o l c a n i c Rocks of the 
S t u h i n i Group 39 

3.4 Sulphide M i n e r a l Occurrences 42 
i 

CHAPTER 4 - METAL DISTRIBUTION IN THE 
HOTAILUH BATHOLITH AND SPATIALLY 
ASSOCIATED VOLCANIC ROCKS .I 45 

4.1 General Statement 45 
4.2 Frequency D i s t r i b u t i o n s : Tests of 

Normality and Lognormality 45 
4 . 3 Average Metal Contents: M u l t i v a r i a t e 

A n a l y s i s of Variance and 
Di s c r i m i n a n t A n a l y s i s 51 

4 . 4 Metal A s s o c i a t i o n s : F-mode Factor 
A n a l y s i s 68 

4 . 5 Regional V a r i a t i o n s i n Metal Content : 
Trend Surface A n a l y s i s 85 

4 . 6 R e l a t i v e D ispersions i n ^ e t a l Content: 
C o e f f i c i e n t s of V a r i a t i o n 93 

4 . 7 R e l a t i v e Changes i n Metal Content: 
Metal Ratios 94 

CHAPTER 5 - A GENETIC MODEL 97 

5.1 General Statement 97 

5.2 The Model 100 
5 . 3 D i s c u s s i o n and T h e o r e t i c a l 

Considerations ; 103 
5 . 4 Summary I l l 

v i i 



^ ' Page 

CHAPTER 6 - POTENTIAL FOR PORPHYRY 
COPPER DEPOSITS . 114 

CHAPTER 7 - CONCLUSIONS j. H 6 
CHAPTER 8 - RECOMMENDATIONS FOR FURTHER;WORK 118 

! 

, # * # * 

APPENDIX 1. METHOD OF FIELD MAPPING AND SAMPLING, 
TECHNIQUE OF SAMPLE PREPARATION AND 
ANALYTICAL PROCEDURE 120 

APPENDIX 2. GEOCHEMICAL DATA FOR COMPOSITE 
ROCK CHIP SAMPLES, RESIDUAL 
SOIL SAMPLES AND SILT SAMPLES 122 

APPENDIX 3. ELECTRON MICROPFOBE ANALYSES 
OF PYROXENES, HORNBLENDES, 
BIOTITES, CHLORITES AND 
PLAGIOCLASES FROM GRANODIORITE 
AMD QUARTZ MONZONITE 128 

APPENDIX 4. NORMALITY AND LOGNORMALITY TEST 
RESULTS FOR EACH METAL IN EACH 
SAMPLE POPULATION 145 

APPENDIX 5 . CORRELATION MATRICES FOR SAMPLE 
POPULATIONS 155 

APPENDIX 6. FACTOR MATRICES FOR SAMPLE 
POPULATIONS 159 

APPENDIX 7 . SUGGESTIONS FOR A STATISTICAL 
APPROACH TO DATA ANALYSIS 179 

APPENDIX 8. SUGGESTIONS FOR SUCCESSFUL PORPHYRY 
COPPER EXPLORATION 182 

REFERENCES 185 
VITA 191 

v i i i 



CHAPTER 1 

INTRODUCTION 

1.1 L o c a t i o n and Access 

The H o t a i l u h b a t h o l i t h (Figure 1) occupies 1000 
square Km. between longitudes 129°15' and 130°00' W and 
l a t i t u d e s 58°00f and 58°15' N i n n o r t h - c e n t r a l B r i t i s h 
Columbia. Rugged mountains of the Three S i s t e r s Range, 
a pa r t of the extensive S t i k i n e Ranges, dominate the 
physiography i n the east h a l f of the b a t h o l i t h . !*ore 
subdued h i l l s of the H o t a i l u h Range, a part of the 
S t i k i n e P l a t e a u , are t y p i c a l of the west h a l f ( H o l l a n d , 
1 9 6 4 ) . 

Dease Lake (Figure 1 ) , a growing f r o n t i e r town, 
i s the only community i n the v i c i n i t y of the b a t h o l i t h 
and i s e a s i l y a c c e s s i b l e by road and a i r . I t i s on 
the Stewart-Cassiar highway 250 Km. south of Watson Lake, 
Yukon and 280 Km. north of Stewart. R e g u l a r l y scheduled 
f l i g h t s land at Dease Lake a i r p o r t and c h a r t e r s are 
a v a i l a b l e f o r wheeled or f l o a t - e q u i p p e d a i r c r a f t and 
h e l i c o p t e r s . Despite easy access to the west margin of 
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the H o t a i l u h b a t h o l i t h v i a the Stewart-Cassiar highway 

and soon t o be completed B r i t i s h Columbia R a i l r o a d , 

horses or h e l i c o p t e r s are e s s e n t i a l f o r e f f i c i e n t work 

i n i t s i n t e r i o r . 

1.2 Previous Work 

Gold d i s c o v e r i e s near Dease Lake i n the e a r l y 
1870's and the Klondike rush of 1897 brought many pros­
pectors to r i v e r s and creeks of northern B r i t i s h Colum­
b i a . I n i t i a l discovery of base metal was made i n 1899 

on what are now the Crown grant claims w i t h i n v o l c a n i c 
rocks near the west edge of the H o t a i l u h b a t h o l i t h 
( J e f f r e y , 1 9 6 6 ) . G. M. Dawson i n 1887 was the f i r s t 
g e o l o g i s t of record through the d i s t r i c t . 
Kerr ( 1925) reported on the bedrock geology and p l a c e r 
d e p o s i t s of the Dease Lake ar e a , but Hanson and 
McNaughton ( 1 9 3 6)were apparently the f i r s t to p u b l i s h a 
map which i n c l u d e d the H o t a i l u h b a t h o l i t h . In 1956 

the G e o l o g i c a l Survey of Canada undertook Operation 
S t i k i n e , a comprehensive reconnaissance maoping of 6 6 , 0 0 0 

square Km., i n c l u d i n g the H o t a i l u h r e g i o n , at a s c a l e 
of 1 : 2 5 0 , 0 0 0 . Subsequently, g e o l o g i c a l maps of Cry Lake 
( G a b r i e l s e , 1962) and Dease Lake ( G a b r i e l s e et a l , ' 1 9 6 2 ) , 

of which the b a t h o l i t h i s a s m a l l p a r t , were p u b l i s h e d 
w i t h more d e t a i l but at the same s c a l e . 



Ages of s i x rock samples from the b a t h o l i t h have 
been determined by the K-Ar method and i n t e r p r e t e d as 
Late T r i a s s i c (Wanless e t _ a l , 1 9 7 2 ) . No d e t a i l e d geolog­
i c a l or geochemical work r e l a t i n g s p e c i f i c a l l y to the 
nature of the b a t h o l i t h has been p u b l i s h e d although 
d e s c r i p t i o n s of the b a t h o l i t h and surrounding rocks have 
been i n c o r p o r a t e d i n numerous papers on the t e c t o n i c 
framework and e v o l u t i o n of n o r t h - c e n t r a l E r i t l s h Columbia 
( G a b r i e l s e and Wheeler, 1 9 6 1 ; G a b r i e l s e and Peesor, 1 9 6 4 ; 

Souther and Armstrong, 1966 ; Roddick et al,. 1 9 6 7 ; Douglas, 
1 9 7 0 ; Monger et a l , 1 9 7 2 ; Wheeler and G a b r i e l s e , 1 9 7 2 ; 

Dercourt, 1 9 7 2 ; G a b r i e l s e and Reesor, 1 9 7 4 ) . 

P r o s p e c t i n g w i t h i n v o l c a n i c rocks near the west 
edge of the H o t a i l u h b a t h o l i t h l o c a t e d a cooper occur­
rence of porphyry copper a f f i n i t y i n I 9 6 0 ( J e f f r e y , 1 9 6 6 ) . 

The property i s p r e s e n t l y c a l l e d Dease Lake Mines wi t h 
reserves estimated from d r i l l i n g at 20 m i l l i o n tons of 
0 . 4 4 percent copper (Canadian Mines Handbook, 1 9 7 4 - 5 ) . 

E x p l o r a t i o n w i t h i n the b a t h o l i t h i t s e l f has not been 
s u c c e s s f u l t o date. 

1.3 Statement of the Problem 

The H o t a i l u h b a t h o l i t h has been recognized as a 

Late T r i a s s i c p l u t o n i n t r u d i n g v o l c a n i c rocks of compar­

able age and composition. Other b a t h o l i t h s of s i m i l a r 



age and nature and t h e i r attendant v o l c a n i c rocks host 
Important porphyry copper deposits elsewhere i n the 
Canadian C o r d i l l e r a . Hence, t h i s apparent p o t e n t i a l 
f o r porphyry copper deposits i n the H o t a i l u h r e g i o n 
f o s t e r e d reconnaissance e x p l o r a t i o n w i t h i n and around 
the b a t h o l i t h before much was known of the geology or 
metal d i s t r i b u t i o n . 

The purpose of t h i s t h e s i s i s three f o l d : 
1. To document the geology and metal d i s ­

t r i b u t i o n of the H o t a i l u h b a t h o l i t h and s p a t i a l l y a s s o c i ­
ated v o l c a n i c rocks. 

2. To c o n s t r u c t a genetic model f o r the 
b a t h o l i t h and v o l c a n i c rocks based upon the observed 
g e o l o g i c a l r e l a t i o n s h i p s and metal d i s t r i b u t i o n . 

3. To o r e d i c t the p o t e n t i a l f o r o c c u r r ­
ence of porphyry copper deposits i n rocks of the t h e s i s 
area. 

1.4 Approach to the Problem 

S e l e c t e d areas of the H o t a i l u h b a t h o l i t h and spa­
t i a l l y a s s o c i a t e d v o l c a n i c rocks were mapped by the 
w r i t e r and other personnel of Amax E x p l o r a t i o n Inc. 
d u r i n g p a r t s of the 1971 and 1972 f i e l d seasons. S i l t , 
s o i l , water, and composite rock chip samples were c o l ­
l e c t e d along wi t h hand specimens from outcrops. Method 
of f i e l d sampling i s d i s c u s s e d i n Appendix 1. 



A g e o l o g i c a l map and i d e a l i z e d v e r t i c a l s e c t i o n 
were constructed f o r the b a t h o l i t h and immediate v i c i n i t y . 
Major rock tyDes noted d u r i n g f i e l d mapping were f u r t h e r 
d e f i n e d by t h i n s e c t i o n study at the U n i v e r s i t y of 
Western Ontario which i n c l u d e d modal analyses of nine 
t h i n s e c t i o n s r e p r e s e n t a t i v e of p r i n c i p a l rock types i n 
the b a t h o l i t h . 

The s i l t , s o i l , water and composite rock chip 
samples were analysed f o r Cu, Zn, Pb, N i , Co, Mn, Ag, Mo 
and t o t a l Pe by atomic a b s o r p t i o n at Amax's Burnaby l a ­
boratory. Techniques of sample p r e p a r a t i o n and a n a l y ­
t i c a l procedure are i n c l u d e d i n Appendix 1. Metal con­
t e n t s of i n d i v i d u a l samples are t a b u l a t e d i n Appendix 2 . 

P r i o r to an extensive s t a t i s t i c a l a n a l y s i s of the ana­
l y t i c a l d a t a , samples were d i v i d e d i n t o ten sample 
populations according to rock type and sample type. 

Frequency d i s t r i b u t i o n s of both untransformed and 
l o g a r i t h m i c a l l y transformed data were evaluated f o r each 
metal i n each sample p o p u l a t i o n . This was done to t e s t 
whether or not sample pop u l a t i o n s were of s u f f i c i e n t 
q u a l i t y t o ensure the v a l i d i t y of s t a t i s t i c a l r e s u l t s . 
Three standard t e s t procedures, the method of moments, 
the chi-square t e s t and the Kolmogorov-Smirnov t e s t were 
used to compare the a c t u a l frequency d i s t r i b u t i o n s with 
those expected f o r normally and lognormally d i s t r i b u t e d 
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data. tMeans, standard d e v i a t i o n s and c o e f f i c i e n t s of 
v a r i a t i o n were c a l c u l a t e d and the most ap p r o p r i a t e 
mean metal contents were determined. 

V i s u a l and s t a t i s t i c a l comparisons of metal 
d i s t r i b u t i o n were made among rock types and sample 
types. Average metal contents were compared by m u l t i ­
v a r i a t e a n a l y s i s of variance and d i s c r i m i n a n t a n a l y s i s 
supplemented by Student's t and F i s h e r ' s F t e s t s . 
Metal a s s o c i a t i o n s were compared by F-mode f a c t o r 
a n a l y s i s u t i l i z i n g both a p r i n c i p a l component and com­
mon f a c t o r approach. During f a c t o r a n a l y s i s o r t h o ­
gonal Varimax, oblique Promax and f a c t o r score m a t r i ­
ces were obtained. Comparisons among samole popula­
t i o n s were a l s o made i n terms of c o e f f i c i e n t s of v a r i ­
a t i o n and with respect to r e l a t i v e c o n c e n t r a t i o n s of 
metals as i n d i c a t e d by metal r a t i o s . 

Regional trends f o r Cu, Zn, Pb, N i , Co, Mn and 
Fe i n rocks of the b a t h o l i t h were i n v e s t i g a t e d by tr e n d 
s urface a n a l y s i s . T h i r d and f o u r t h degree polynomial 
surfaces were c a l c u l a t e d and p l o t t e d . The w r i t e r . u s e d 
computing f a c i l i t i e s at the U n i v e r s i t y of Western Ontario 
throughout a l l aspects of data a n a l y s i s . 

A genetic model f o r the H o t a i l u h b a t h o l i t h and 
s p a t i a l l y a s s o c i a t e d v o l c a n i c rocks was con s t r u c t e d to 
e x p l a i n the observed g e o l o g i c a l r e l a t i o n s h i p s and metal 
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d i s t r i b u t i o n . C r y s t a l f i e l d theory was used t o i n t e r p r e t 
the behaviour of metals during those processes th a t con¬
t r i b u t e d to metal d i s t r i b u t i o n . P r e d i c t i o n s e x p r e s s i n g 
the p o t e n t i a l f o r occurrence of porphyry copper de p o s i t s 
i n rocks of the t h e s i s area have been made from the 
model. 

In an e f f o r t t o check the v a l i d i t y of the pro­
posed genetic model, f u r t h e r a n a l y t i c a l work was done at 
the U n i v e r s i t y of Western Ontario. B i o t i t e , hornblende 
and magnetite separates from f i v e i n t r u s i v e rocks were 
analysed f o r Cu and Zn by atomic a b s o r p t i o n . Pyroxene, 
hornblende, b i o t i t e and c h l o r i t e g rains from three of 
the same f i v e i n t r u s i v e rocks were analysed f o r T-!g, S i , 
Pe, A l , Ca, Na, K, T i , Mn, Cu, N i , Zn and Co by e l e c ­
t r o n microprobe. Se l e c t e d p l a g i o c l a s e s from the three 
samples were analysed by e l e c t r o n microprobe f o r Ma, Ca 
and K to determine t h e i r a n o r t h i t e content. 

Recommendations are i n c l u d e d i n Chapter 8 f o r f u r ­
t h e r work t o check the v a l i d i t y of the proposed model. 
Suggestions are made i n Appendix 7 and i n Appendix 8 p e r ­
t a i n i n g t o s t a t i s t i c a l approaches t o data a n a l y s i s , and 
to reconnaissance e x p l o r a t i o n f o r porphyry copper d e p o s i t s 
w i t h i n environments s i m i l a r to that of the H o t a i l u h bath­
o l i t h . 



CHAPTER 2 

REGIONAL GEOLOGY 

2.1 Geotectonic Framework of the Canadian C o r d i l l e r a 

The H o t a i l u h b a t h o l i t h i s w i t h i n the C o r d i l l e r a n 
Orogen of western Canada, a complex s t r u c t u r a l province 
t h a t i s p a r t of the c l r c u m - P a c i f i c orogenic b e l t . The 
composite nature of the orogen has been recognized and 
i t has been d i v i d e d i n t o f i v e major no r t h w e s t - t r e n d i n g 
b e l t s , each w i t h d i s t i n c t s t r a t i g r a p h i c and t e c t o n i c 
c h a r a c t e r i s t i c s ( G a b r i e l s e and Wheeler, 1961; G a b r i e l s e 
and Reesor, 1964; Souther and Armstrong, 1966; Roddick 
et a l , 1967; Souther,1971a; Monger et a l , 1972; Dercourt, 
1972). The b e l t s have been named (Monger et a l , 1972) 
from west to e a s t , I n s u l a r B e l t , Coast P l u t o n i c Complex, 
Intermontane B e l t , Omlneca C r y s t a l l i n e B e l t and Rocky 
Mountain B e l t . F a u l t s commonly mark the boundaries of 
these b e l t s as shown by Figure 2. 

The I n s u l a r B e l t can be d i v i d e d i n t o a southern 
p a r t c h a r a c t e r i z e d by a t h i c k sequence of s l i g h t l y deformed 
T r i a s s i c submarine b a s a l t s o v e r l a i n s u c c e s s i v e l y by l i m e ­
stone and J u r a s s i c p y r o c l a s t i c r o c k s , and a n orthern p a r t 
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E X P L A N A T I O N 

1. Hotailuh B a t h o l i t h 
2. Guichon B a t h o l i t h 
3 . Takomkane B a t h o l i t h 
4. Thuya B a t h o l i t h 
5 . A t l i n T e r r a i n 
6. Pinchi F a u l t 
?. Cascades 

A. Insular B e l t 
B. Coast Plutonic Complex 
c. Intermontane Fold 

And Thrust B e l t 
D. Hinterland Bolt 
E. Omineca C r y s t a l l i n e 

B e l t 
p. Rocky Mountain Bait 

Upper T r i a s s i c - J u r a s s i c 
Volcanic Rock3 

Upper T r i a s s i c - J u r a s s i c 
Plutonic Rocks 

F i g u r e 2: G e o t e c t o n i c Map o f the Canadian 
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t h a t contains i n a d d i t i o n a v a r i e d group of P a l e o z o i c 
sedimentary r o c k s . P l u t o n i c rocks occupy about 15 p e r ­
cent of the area and i n c l u d e mainly J u r a s s i c d i o r i t e s , 
quartz d i o r i t e s and g r a n i t e s i n the south and rocks of 
d i v e r s e age and composition i n the n o r t h . Small stocks 
of Middle T e r t i a r y age are present throughout t h i s b e l t . 
Lower T e r t i a r y and Quaternary v o l c a n i c rocks outcrop i n 
the northern s e c t i o n . 

The Coast P l u t o n i c Complex p r i n c i p a l l y c o n s i s t s 
o f metavolcanic, g n e i s s i c and p l u t o n i c rocks. About h a l f 
the area i s composed of g r a n i t o i d r o c k s , dominantly 
quartz d i o r i t e and g r a n o d i o r i t e of Late J u r a s s i c to E a r l y 
T e r t i a r y age. The younger plutons appear to outcrop w i t h ¬
i n the eastern p a r t of the b e l t . T e r t i a r y v o l c a n i c cen­
t e r s are r a r e and Quaternary e x t r u s i v e rocks occur most 
commonly i n the south. 

The Intermontane B e l t Is dominated by l a t e P a l e ­
o z o i c , T r i a s s i c and J u r a s s i c v o l c a n i c and c l a s t i c rocks 
covered i n p a r t by sedimentary rocks i n successor b a s i n s . 
I t i s d i v i d e d t r a n s v e r s e l y by the S t i k i n e Arch which 
passes through the t h e s i s area and by the Skeena Arch 
f a r t h e r to the south. P l u t o n i c rocks i n t r u d e about 15 per­
cent of the area and i n c l u d e c a l c - a l k a l i n e b a t h o l i t h s of 
Late T r i a s s i c to J u r a s s i c age ranging i n composition from 
quartz d i o r i t e to quartz monzonite, s m a l l e r a l k a l i c d i o r i t e 
to s y e n i t e complexes of s i m i l a r age, and many s t o c k - s i z e d 
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T e r t i a r y ^ p l u t o n s of v a r i a b l e composition. Lower T e r t i a r y 
c o n t i n e n t a l v o l c a n i c rocks and Upper T e r t i a r y p l a t e a u 
basalt's are widely d i s t r i b u t e d and many Quaternary v o l ­
canic centres occur i n the n o r t h , p a r t i c u l a r l y w i t h i n 
t h e S t i k i n e Arch. 

i 

The Omineca C r y s t a l l i n e B e l t i s c h a r a c t e r i z e d by 
i 

h i g h l y deformed P r o t e r o z o i c and e a r l y P a l e o z o i c metasedi-
mentary rocks and d e r i v e d gneisses. Gneiss domes are a 
dominant feature i n the south. Mesozoic v o l c a n i c rocks 
are i n s i g n i f i c a n t but s m a l l b a t h o l i t h s and stocks of 
Cretaceous quartz monzonite make up about 10 percent of 
t h i s b e l t . In f u r t h e r c o n t r a s t to the more western b e l t s 
T e r t i a r y and Quarternary igneous rocks are v i r t u a l l y 
absent. 

The Rocky Mountain B e l t can best be described as 
a f o r e l a n d f o l d and t h r u s t b e l t w i t h the Pocky Mountains 
i n the west made up of H e l i k i a n to P a l e o z o i c c l a s t i c and 
carbonate sediments, and the F o o t h i l l s In the east made 

up of an i m b r i c a t e d coarse c l a s t i c wedge. Igneous rocks 
are l i m i t e d to some b a s i c s i l l s and dykes of H e l i k i a n 
and Hadrynian age, a Devonian c a r b o n a t i t e , and a few 
T e r t i a r y g r a n i t i c stocks i n southern B r i t i s h Columbia and 
A l b e r t a . 

Mesozoic metamorphic rocks of B a r r o v i a n green-

s c h i s t and amphibolite f a c i e s occur w i t h i n the Coast P l u ­
t o n i c Complex and Omineca C r y s t a l l i n e B e l t . Sub-green-



s c h i s t rocks of p r e h n i t e - p u m p e l l y i t e and z e o l i t e f a c i e s 
are c h a r a c t e r i s t i c of the Mesozoic v o l c a n i c rocks i n 
the I n s u l a r and^Intermontane B e l t s . B l u e s c h i s t rocks 
have been found w i t h i n the A t l i n t e r r a i n t o the north 
of the H o t a i l u h b a t h o l i t h , near the P i n c h i F a u l t and i n 
the Cascade Mountains of south-western B r i t i s h Columbia. 

v Recent work (Wheeler and GabriejLse, 1972) empha­
s i z i n g s t r u c t u r a l e v o l u t i o n suggests that the Canadian 
C o r d i l l e r a can a l s o be described i n terms of two orogens, 
the P a c i f i c i n the west and the Columbian to the east. 
In this" r e v i s e d approach each orogen i s composed of a 
mobile core zone of g r a n i t i c and medium to high-grade 
metamorohic r o c k s , f l a n k e d by b e l t s i n which t e c t o n i c 
t r a n s p o r t has been d i r e c t e d away from the core zones. 
These core zones are c o i n c i d e n t w i t h the Coast P l u t o n i c 
Complex and the Omineca C r y s t a l l i n e B e l t . The two orogens 
coalesce i n the Intermontane B e l t which has been s u b d i ­
v i d e d i n t o the H i n t e r l a n d B e l t of the Columbian Orogen, 
and the Intermontane F o l d and Thrust B e l t of the P a c i f i c 
Orogen. The H o t a i l u h b a t h o l i t h i s w i t h i n the H i n t e r l a n d 
B e l t as are s e v e r a l other Late T r i a s s i c p l u t o n s , notably 
the Takomkane, Thuya and Guichon b a t h o l i t h s (Figure 2). 

The c h a r a c t e r i s t i c l i t h o l o g i e s and s t r u c t u r a l 
s t y l e s of the f i v e major b e l t s can be discussed i n terms 
of s e v e r a l d i s t i n c t d e p o s i t i o n a l environments. Figure 3 
i s a chart summarizing the d i s t r i b u t i o n of the d i f f e r e n t 
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environments throughout time. Numerous p l a t e t e c t o n i c 
models have been proposed to account f o r the e v o l u t i o n 
of^the'Canadian C o r d i l l e r a (Monger et al» 1 9 7 2 ; Dercourt, 
1 9 7 2 ) . 

2 . 2 The H o t a i l u h B a t h o l i t h and Fnvlrons 

Souther and Armstrong ( 1966) d i s c u s s e d the g e o l ­
ogy and t e c t o n i c e v o l u t i o n of n o r t h - c e n t r a l B r i t i s h 
Columbia. L i t h o l o g y of the area about the b a t h o l i t h i n ­
cludes s t r a t a r e p r e s e n t a t i v e of the t e c t o n i c e n v i r o n ­
ments of the Intermontane B e l t . Figure 4 i s a s i m p l i f i e d 
g e o l o g i c a l map and s t r a t i g r a p h i c column f o r t h i s area. 

Cache Creek Group r o c k s , the o l d e s t i n the area, 
outcrop w i t h i n the fault-bounded A t l i n Horst 2*1 

Km. to the north of the b a t h o l i t h and a l s o between the 
S t i k i n e and Iskut Rivers f a r t h e r to the southwest. These 
rocks of upper P a l e o z o i c and lowermost Mesozoic age are 
metavolcanic f l o w s , c h e r t , limestone, s l a t e and u l t r a -
mafic rocks t y p i c a l of oceanic c r u s t . A d e t a i l e d account 
of the s t r a t i g r a p h y and s t r u c t u r e of the Cache Creek 
Group to the west of Dease Lake i s given by Monger ( 1 9 6 9 ) . 

A complex sequence of andesite and b a s a l t f l o w s , 
t u f f , v o l c a n i c b r e c c i a and agglomerate with i n t e r c a l a t e d 
volcanogenic sandstone, conglomerate, greywacke, a r g i l l i t e 
and shale dominates the s t r a t i g r a p h i c record of the t h e s i s 
area. F o s s i l s of Late T r i a s s i c age have been c o l l e c t e d 
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from t h i s sequence i n the Dease Lake map-area to the west 
of the H o t a i l u h b a t h o l i t h ( G a b r i e l s e e t _ a l , 1 9 6 2 ) . This 
i s the MacLeod S e r i e s of Hanson and McNaughton ( 1 9 3 6 ) . 

and the S t u h i n i Group of Souther and Armstrong ( 1 9 6 6 ) . 

The l a t t e r name i s used h e r e i n . I t c o r r e l a t e s with the 
Nazcha and Shonetaw Formations to the immediate n o r t h ­
west (Monger, 1 9 6 9 ) , the Lewis R i v e r Group of the Yukon 
Plateau (Wheeler, 1 9 6 1 ) , and wi t h the Takla and N i c o l a 
Groups to the southwest ( T i p p e r , 1 9 5 9 ; Souther and Arm­
s t r o n g , 1 9 6 6 ) . Rocks of these groups are c h a r a c t e r i s t i c 
of i s l a n d a r c s . 

Upper T r i a s s i c limestones are conformable upon 
S t u h i n i Group rocks west of the b a t h o l i t h and are over­
l a i n unconformably by, or are i n f a u l t contact w i t h 
Lower J u r a s s i c rocks of the Laberge Group to the north. 
The narrow width of the limestone outcrops and t h e i r 
a r e a l d i s t r i b u t i o n suggest t h a t they may mark the boun­
dary of an area emergent i n the Late T r i a s s i c . 

The Laberge Group i s made up of well-bedded grey-
wacke, conglomerate, sandstone, s i l t s t o n e and shale and 
has been d i v i d e d i n t o a southern f o s s i l i f e r o u s b e l t and 
a northern u n f o s s i l i f e r o u s b e l t ( G a b r i e l s e , 1 9 6 2 ) . The 
southern b e l t unconformably o v e r l i e s S t u h i n i rocks'and 
has features of near-shore, r e l a t i v e l y shallow water 
d e p o s i t i o n ; the northern b e l t , i n f a u l t contact with the 
southern b e l t , has fe a t u r e s of deep water d e p o s i t i o n . 
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Conglomerates at the base of the Laberge Group to the 
southeast and southwest of Dease Lake c o n t a i n pebbles 
and cobbles of g r a n i t o i d rocks s i m i l a r i n l i t h o l o g y to 
those of the H o t a i l u h b a t h o l i t h ( G a b r i e l s e and Feesor, 
196*0 and hence suggest emplacement of the b a t h o l i t h 
to a shallow depth followed by r a n i d u n r o o f i n g . 

i 
Successor b a s i n s t r a t a of the Late J u r a s s i c and 

i 
E a r l y Cretaceous Bowser Group are exposed over much of 
the area south of the b a t h o l i t h . Pocks w i t h i n the Bowser 
Basin c o n s t i t u t e a t h i c k monotonous assemblage of marine 
greywacke, a r g i l l i t e , s l a t e and pebble conglomerate. 
Coarse conglomeratic non-marine sediments of the Sustut 
Group outcrop w i t h i n the Late Cretaceous and E a r l y T e r t ­
i a r y Sustut b a s i n that extends 300 Km. southeast from 
the headwaters of the S t i k i n e R i v e r . 

F e l s i c v o l c a n i c rocks of the Late Cretaceous and 
E a r l y T e r t i a r y Sloko Group occur' w i t h i n the K l a s t i n e 
P l a t e a u south of the b a t h o l i t h . Upper T e r t i a r y p l a t e a u 
b a s a l t s of uniform a l k a l i - o l l v i n e composition outcrop i n 
the L e v e l Mountain Range 38 Km. t o the west and w i t h i n 
the Mount E d z i z a complex 50 Km. southwest of the bath­
o l i t h . Quaternary v o l c a n i c rocks of v a r i a b l e comoosition 
occur throughout the r e g i o n and at Mount E d z i z a , a compo­
s i t e volcano t h a t has erupted at l e a s t three times i n the 
l a s t 1800 years (Souther, 1 9 6 6 ) . P l e i s t o c e n e and Recent 
f l u v i a t i l e and g l a c i a l sedimentary m a t e r i a l cover l a r g e 
p a r t s o f the area i n c l u d e d i n Figure *J. 



CHAPTER 3 

THE HOTAILUH BATHOLITH AND SPATIALLY  
ASSOCIATED VOLCANIC ROCKS 

3 . 1 General Statement 

I n t r u s i v e rocks o f the H o t a i l u h b a t h o l i t h and 
v o l c a n i c rocks of the S t u h i n i Group dominate the l i t h o l -
ogy of the t h e s i s area (Figure 5 ) . The b a t h o l i t h i s a 
zoned p l u t o n i n which a p e r i p h e r a l g r a n o d i o r i t e grades 
i n t o a more f e l s i c core of quartz monzonite. Rocks o f 
the S t u h i n i Group are p r i n c i p a l l y andesites and b a s a l t s 
and are metamorphosed near the contact of the b a t h o l i t h . 

3 . 2 The H o t a i l u h B a t h o l i t h 

Most outcrops of the b a t h o l i t h can be p l a c e d i n t o 
one of two p r i n c i p a l rock t y p e s , g r a n o d i o r i t e or quartz 
monzonite. Less common rock types i n c l u d e quartz d i o r i t e , 
s y e n o d i o r i t e , g r a n i t e and what can be r e f e r r e d t o as 
hydrothermally a l t e r e d e q u i v a l e n t s of g r a n o d i o r i t e and 
quartz monzonite. F e l s i c p e g m a t i t i c , a p l i t l c o r porphy-
r i t i c phases are v i r t u a l l y absent, but mafic dykes occur 
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l o c a l l y as do veins w i t h v a r y i n g p r o p o r t i o n s o f q u a r t z , 
epidote and c a l c i t e . 

A r e a l d i s t r i b u t i o n of I n t r u s i v e rock types 
(Figure 5) i s complex at the present l e v e l o f exposure. 
Such complexity may be a d i r e c t r e f l e c t i o n o f the b a t h ­
o l i t h * s o r i g i n a l geometry o r the r e s u l t of d i f f e r e n t i a l 
u p l i f t and e r o s i o n . G r a n o d i o r i t e outcrops p r i n c i p a l l y 
near a c t u a l edges of the b a t h o l i t h as i n the Gnat Lakes 
area, or w i t h i n the I n f e r r e d r o o f o f the b a t h o l i t h as 
i n the n o r t h - c e n t r a l area. Quartz monzonite i s more 
widely d i s t r i b u t e d but appears to be concentrated i n the 
core of the b a t h o l i t h . S y e n o d i o r i t e and quartz d i o r i t e 
occur l o c a l l y along the outermost edge of the p e r i p h e r a l 
g r a n o d i o r i t e . Hydrothermally a l t e r e d e q u i v a l e n t s o f 
i n t r u s i v e rocks occur i n areas of s h e a r i n g and f a u l t i n g 
near the contact o f the b a t h o l i t h w i t h v o l c a n i c r o c k s . 
These rocks are g e n e r a l l y p i n k i s h i n c o l o u r and c o n t a i n 
secondary potassium f e l d s p a r d i s p e r s e d as g r a i n s and c l o t s 
throughout the rock. C h l o r i t e , epidote and potassium 
f e l d s p a r occur along f r a c t u r e s and c h l o r i t e commonly r e ­
places b i o t i t e . Such hydrothermally a l t e r e d rocks are 
i n s i g n i f i c a n t w i t h respect t o the t o t a l volume of rock i n 
the b a t h o l i t h . The few veins occur most commonly i n 
quartz monzonite but are a l s o found i n a l t e r e d I n t r u s i v e 
rocks near the margins of the b a t h o l i t h . 
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Mafic i n c l u s i o n s or x e n o l i t h s of i d e n t i f i a b l e 
v o l c a n i c m a t e r i a l make up from 5 t o 80 percent o f the 
b a t h o l i t h next to i t s contact w i t h v o l c a n i c rocks i n 
the Gnat Lakes area. S i m i l a r x e n o l i t h s occur i n quartz 
d i o r i t e , s y e n o d i o r i t e and g r a n o d i o r i t e of the n o r t h -
c e n t r a l area but are of questionable a f f i n i t y . However, 
a v o l c a n i c o r i g i n seems l i k e l y . 

The contact between p e r i p h e r a l g r a n o d i o r i t e and 
quartz monzonite of the core i s t y p i c a l l y g r a d a t l o n a l 
over d i s t a n c e s t h a t vary between s e v e r a l and hundreds 
of meters. In the few places where the contact i s i n ­
t r u s i v e , quartz monzonite e i t h e r c r o s s - c u t s g r a n o d i o r ­
i t e o r contains i n c l u s i o n s of g r a n o d i o r i t e . T r a n s i ­
t i o n between r e l a t i v e l y mesocratic x e n o l i t h i c granodio­
r i t e near the margins o f the b a t h o l i t h and more l e u c o -
c r a t i c g r a n o d i o r i t e nearer the core i s a l s o gradual and 
the width of t h i s t r a n s i t i o n i s q u i t e v a r i a b l e . The 
q u a r t z - e p i d o t e - c a l c i t e veins c r o s s - c u t a l l the i n t r u s i v e 
rocks and appear t o postdate any hydrothermal a l t e r a t i o n 
that may have occurred. 

J o i n t s and f a u l t s are numerous throughout the 
b a t h o l i t h but there i s no pronounced s t r u c t u r a l D a t t e r n . 

A v e r t i c a l n o r t h - t r e n d i n g f o l i a t i o n d e f i n e d by alignment 
of hornblende g r a i n s occurs i n g r a n o d i o r i t e near the 
margins of the b a t h o l i t h i n the Gnat Lakes area. 



The H o t a i l u h b a t h o l i t h i s most probably Late 
T r i a s s i c i n age. I t i n t r u d e s v o l c a n i c rocks o f the 
S t u h i n i Group which c o n t a i n Late T r i a s s i c fauna. In 
a d d i t i o n , boulders of the b a t h o l i t h occur i n conglo­
merates o f the Laberge Group suggesting the b a t h o l i t h 
was unroofed before o r d u r i n g the E a r l y J u r a s s i c . 
K-Ar age determinations on two samples by the G e o l o g i ­
c a l Survey o f Canada, Table 3 and F i g u r e 6 , are c o n s i s ­
t e n t w i t h a Late T r i a s s i c age (Wanless et a l , 1 9 7 2 ) . 

Indeed, these determinations support a Middle T r i a s s i c 
age o f 215 m.y. Age determinations o f f o u r o t h e r 
samples c l u s t e r around 162 m.y., but the s t r a t i g r a p h i c 
evidence i s unquestionable and these younger ages are 
b e l i e v e d i n d i c a t i v e of a thermal event i n the Middle 
J u r a s s i c perhaps r e l a t e d t o the i n t r u s i o n o f q u a r t z 
monzonite i n the core o f the H o t a i l u h Range t o the west 
of the b a t h o l i t h (Wanless et a l , 1 9 7 2 ) . A t r a v e r s e i n 
the Cake H i l l area (Figure 6) wheue two of the samples 
t h a t gave enigmatic ages were c o l l e c t e d d i d not p r o v i d e 
any evidence to support a separate I n t r u s i o n o f two 
magmas of d i v e r s e age. 

The g r a n o d i o r i t e and quartz monzonite are t y p ­
i c a l l y massive, medium-grained h y p i d i o m o r o h i c - g r a n u l a r 
r o c k s . There i s a c o n s i d e r a b l e v a r i a t i o n i n g r a i n s i z e 
l o c a l l y and g e n e r a l l y the quartz monzonite i s more 



Determination No. 

OSC 70-27 
QXC 70-26 

Samole No. 
OA 1390 
GA 1390 

(1) 

Afrc (m.y.) 
1H7± 8 
139± 6 

Mineral 
Hornblende 
Biotite 

OSC 70-29 GA 2/9/6l/2A ( 2 ) 

GA 2/9/61/2A 
157* 11 
166* 11 

Hornblende 
Hornblende 

OSC 70-10 CAD-132-3 (3) 155* 8 Hornblende 

OSC 70-31 
GSC 70-32 

G^D-132-2 
GAD-132-2 

1 6 3 ± 9 
1 6 3 * 7 

Hornblende 
Biotite 

GSC 70-33 GAD-132-1 
GAD-132-1 

(5) 215* 11 
213± 11 

Hornblende 
Hornblende 

GSC 70-31 GA 67-98C 
GA 67-98C 

( 6 ) 217* 11 
217* 11 

Hornblende 
Hornblende 

An earlier determination, on blctite from this sar-rie was reported 
a s 193 m.y. (?ee_ OSC 62-71, GSC Paoer 63-17). It should be noted, 
however, that this biotite had been 30* chlcritised and contained 
inclusions of ouartz. 

Table 3: K-Ar Age Determinations 
(Wanless et a l , 1972) 
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coarse-grained and e q u i g r a n u l a r . E s s e n t i a l m inerals 
i n both rock types are p l a g i o c l a s e , potassium f e l d s ­
p a r , q u a r t z , hornblende and b i o t i t e . Accessory min­
e r a l s Include magnetite, sphene, z i r c o n and a p a t i t e . 

Table h l i s t s the r e l a t i v e p r o p o r t i o n s o f 
minerals i n the two p r i n c i p a l i n t r u s i v e rock types as 
determined by modal a n a l y s e s . Of p a r t i c u l a r note i s 
the g r e a t e r t o t a l content of ferromagnesian minerals 
and magnetite i n g r a n o d i o r i t e . B i o t i t e i s most abun­
dant i n g r a n o d i o r i t e and Is l o c a l l y absent i n quartz 
monzonite. Pyroxene makes up from one t o f i v e percent 
of g r a n o d i o r i t e and up t o one percent of quartz mon­
zo n i t e o c c u r r i n g near the margins o f the b a t h o l i t h , 
but i s absent i n quartz monzonite from the core. 

Modes of occurrence of the minerals are s i m i l a r 
i n both p r i n c i p a l i n t r u s i v e rock types. P l a g i o c l a s e , 
the dominant m i n e r a l , u s u a l l y occurs as euhedral t o sub-
h e d r a l g r a i n s t h a t are t y p i c a l l y embayed by q u a r t z and 
potassium f e l d s p a r . I t i s i n v a r i a b l y twinned and com­
monly zoned. Cores and rims of 19 p l a g i o c l a s e g r a i n s 
from three samples, a g r a n o d i o r i t e (2FKT84*0, a q u a r t z 
monzonite from the core (1SKT1317), and a quartz monzo­
n i t e from near the margin (2FKT848), were analysed f o r 
Ca, Na and K by e l e c t r o n microprobe. Table 5 i s a 
summary of the a n a l y t i c a l r e s u l t s i n Appendix 3. 
Normal z o n i n g i s c h a r a c t e r i s t i c and occurs In a l l but 



Granodiorite Quartz Monzonite 

2FKT 2FKT 2PKT 2PKT 1SKT 1SKT 2PKT 2PKT 2FXT Average Average 
839 8U4 847 869 1307 1317 806 360 848 Granodiorite Qtz. Monz. 

Quartz 5.2 10.7 8.6 8.7 15.8 11.2 27.0 14.4 22.0 8.3 18.1 
K-feldspar 9.0 8.1 10.7 4.2 26.2 22.4 30.5 27.0 28.7 8.0 27.0 
Plagioclase 59.6 53.8 52.4 55.2 47.5 52.3 36.9 50.3 38.1 55.3 45.0 
Hornblende 10.1 13.3 18.1 12.9 8.2 12.8 3.7 7.2 6.8 13.6 7.7 Pyroxene 3.0 2.5 3.0 4.0 0.0 0.0 .1 .2 1.0 3.1 .3 Biotite 10.9 7.4 3.5 12.5 .2 - .8 _ 1.9 8.6 .6 
Magnetite 1.9 2.2 2.3 2.4 1.0 1.2 1.1 .8 1.5 2.2 1.1 Chlorite .1 1.9 1.0 - - _ .8 
Sphene - .3 - 1.0 - - - - -
Qtz/K/Plag 7:12:81 15:11:74 12:15:73 13:6:81 18:29:53 13:26:61 29:32:39 16:29:55 25:32:43 12:11:77 20:30:50 
Nafic/Felsie 32.6 34.6 * 35.8 43.1 9.4 15.0 4.9 8.1 10.9 36.5 9.7 
K/Feldspar 13.1 13.1 16.9 7.0 35.5 30.0 45.2 34.9 42.9 12.5 37.7 
Mafic (%) 21.1 25.1 25.6 29.4 8.4 12.8 4.6 7.4 9.9 26.1 8.6 

Table k: Modal Analyses of I n t r u s i v e Rock 
Samples 

CO 
to 



CORES RIMS 

2FKT844 
Range 36.3-^8. 8 30.4-41 .6 
Average no. 4 3 6 . 9 

2FKT848 
Range 26 .5-^6. 9 18.7-24 .0 
Average 36.0 21.7 

1SKT1317 
Range 19.9-25. 6 20.2-25 .7 
Average 23.2 23.1 

Table 5: A n o r t h i t e Contents of P l a g i o c l a s e G r a i n s 
from G r a n o d i o r i t e near the Margin of the 
Batholith(2FKT844),Quartz Monzonite near 
the Margin of the Batholith(2FKT848),and 
Quartz Monzonite near the Core of the 
Batholith(1SKT1317) 



two of the g r a i n s . O s c i l l a t o r y zoning was noted i n 
one p l a g i o c l a s e from the g r a n o d i o r i t e and one from 
quartz monzonite near the margin. I n the g r a n o d i o r i t e , 
cores and rims are andesine but the cores are c o n s i s ­
t e n t l y g r e a t e r i n a n o r t h i t e content. I n the quartz 
monzonite from the I n t e r i o r of the b a t h o l i t h , cores 
and rims are both o l i g o c l a s e and very s i m i l a r i n compo­
s i t i o n . I n the quartz monzonite from the margin, cores 
are andesine but rims are o l i g o c l a s e . 

Quartz i s g e n e r a l l y i n t e r s t i t i a l t o p l a g i o c l a s e 
and forms i n d i v i d u a l anhedral gr a i n s or aggregates of 
anhedral g r a i n s . Undulose e x t i n c t i o n Is c h a r a c t e r i s t i c . 
Potassium f e l d s p a r i s a l s o anhedral and i n t e r s t i t i a l t o 
p l a g i o c l a s e . Some of the l a r g e r potassium f e l d s p a r 
grains are n e r t h i t l c and s i z e and t e x t u r e o f the exsolved 
a l b i t e l a m e l l a e are q u i t e v a r i a b l e . 

Pyroxene, wherever I t o c c u r s , i s -rimmed and em­
bayed by patchy hornblende. The pyroxene g r a i n s appear 
to have been I n t e r s t i t i a l to p l a g i o c l a s e and were eu-
he d r a l to subhedral prisms. In a d d i t i o n t o rims on 
pyroxene, hornblende occurs i n t e r s t l t i a l l y as dark green 
subhedral g r a i n s , as aggregates of subhedral t o anhedral 
grains and as ragged spongy p o i k i l l t i c c l o t s o r p l a t e s 
e n c l o s i n g s m a l l e r p l a g i o c l a s e g r a i n s . B i o t i t e occurs 
as rims around hornblende and as indeoendent f l a k e s w i t h 
g e n e r a l l y ragged edges. Where the percentage o f b i o t i t e 



i s l e s s than average i t predominantly rims hornblende, 
but where more abundant i t appears both as rims and 
i n d i v i d u a l g r a i n s . B i o t i t e tends to be more coarse­
grained than a l l other minerals except p l a g i o c l a s e . 
Magnetite i s found i n a l l rocks of the b a t h o l i t h and 
t y p i c a l l y occurs as i n c l u s i o n s of anhedral g r a i n s i n 
hornblende. Sphene, z i r c o n and a p a t i t e occur w i t h 
f e l s i c minerals i n both g r a n o d i o r i t e and quartz mon­
zon i t e . 

C h l o r i t e , commonly accompanied by e p i d o t e , Is 
an u b i q u i t o u s pseudomorph a f t e r b i o t i t e but r a r e l y r e ­
places hornblende. S e r i c i t e occurs as patches i n 
p l a g i o c l a s e throughout the b a t h o l i t h and in.some i n ­
stances clouds the m a j o r i t y of g r a i n s , p a r t i c u l a r l y 
cores of zoned c r y s t a l s . There i s no d i r e c t r e l a t i o n ­
ship between the I n t e n s i t y of s e r i c i t e or c h l o r i t e 
development and rock type. 

E l e c t r o n microprobe analyses o f Mg, S i , Fe, A l , 
Ca, Na, K, T i and Mn i n s e l e c t e d pyroxenes, hornblendes, 
b i o t i t e s and c h l o r i t e s from the three I n t r u s i v e rock 
samples i n which p l a g i o c l a s e s were analysed, are tabu­
l a t e d i n Appendix 3. A l and T i contents are g r e a t e r i n 
pyroxenes from g r a n o d i o r i t e than quartz monzonite 
(Table 6 ) . 

The nine modal analyses of Table 4, p l o t t e d on 
the t r i a n g u l a r diagram of Figure 7, are mostly w i t h i n 



2FKT844 2FKT848 

OXWT CPX1 CPX2 CPX1 CPX2 OXWT 
MG 13.04 13.67 14 .09 14.06 MG 
SI 52 .87 53.28 54.16 5 3 . 9 5 SI 
FE 7 . 9 9 8.01 8 . 2 5 7 . 8 6 FE 
AL . 5 5 .79 .24 . 3 6 AL 
CA 23.91 2 3 . 3 8 22.44 22.15 CA 
NA .26 . 3 3 .33 .36 NA 
K .00 .00 .01 .01 K 

TI .08 .09 . 0 5 . 0 5 TI 
MN . 2 7 .17 . 3 8 . 3 7 MN 
CU .00 .02 .00 .00 CU 
NI .00 .00 .01 .01 NI 
ZN .09 .08 .00 .00 ZN 
CO .00 .03 .00 .00 CO 

TOTAL 9 9 . 0 5 99.84 9 9 . 9 6 99.18 TOTAL 

Table 6: Summary of E l e c t r o n Microprobe Analyses 
of Pyroxenes from Granodiorite(2FKT844) 
and Quartz Monzonite(2FKT848) 
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E X P L A N A T I O N 

1 . 2 F K T 8 3 9 
2 . 2 F K T 8 4 4 
3 . 2 F K T 8 4 7 
4 . 2 F K T 8 6 9 
5 . 1 S K T 1 3 0 7 
6 . 1 S K T 1 3 1 7 
7 . 2 F K T 8 0 6 
8 . 2 F K T 8 6 0 
9 . 2 F K T 8 4 8 

Quartz 

• Kerswill Analyses 
X G.S.C. Analyses 

Potash Feldspar Plagioclase 

Figure 1: C l a s s i f i c a t i o n of I n t r u s i v e 
Rock Samples 
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the areas of g r a n o d i o r i t e and quartz monzonite and thus 
support the f i e l d c l a s s i f i c a t i o n of i n t r u s i v e rock t y p e s . 
Sample #6, 1SKT1317, c l a s s i f i e d as quartz monzonite 
d u r i n g f i e l d mapping p l o t s as a g r a n o d i o r i t e on F i g u r e 7. 
However, t h i s sample i s c l o s e l y s i m i l a r to #5, 1SKT1307, 
which p l o t s as a quartz monzonite. Eleven modal a n a l y ­
ses done by the G e o l o g i c a l Survey of Canada ( G a b r i e l s e 
and Reesor, 197*0 occupy s i m i l a r p o s i t i o n s i n F i g u r e 7 
and the correspondence between these analyses and those 
of the w r i t e r suggest the p l o t t e d v a r i a t i o n s i n rock com­
p o s i t i o n may indeed i n d i c a t e the c o m p o s i t i o n a l range of 
the H o t a i l u h b a t h o l i t h . Although i t i s d i f f i c u l t t o 
d e f i n e trends on the b a s i s of such diagrams there i s a 
suggestion o f a continuous g r a d a t i o n i n composition from 
quartz d i o r i t e and s y e n d i o r i t e through g r a n o d i o r i t e t o 
q u a r t z monzonite. 

A comparison between Figure 7 and s i m i l a r d i a ­
grams of modal composition f o r the Guichon, Thuya and 
Takomkane b a t h o l i t h s ( G a b r i e l s e and*Reesor, 197*0 I n d i ­
cates two t h i n g s . The quartz content of the H o t a i l u h 
i s l e s s than t h a t i n the other b a t h o l i t h s , and the r a t i o 
of q uartz to potassium f e l d s p a r i s more constant I n the 
H o t a i l u h b a t h o l i t h . Thus, the H o t a i l u h b a t h o l i t h i s a 
r e l a t i v e l y s i m p l e , l e s s s i l i c e o u s i n t r u s i o n I n compari­
son t o three o t h e r b a t h o l i t h s o f s i m i l a r age and geo­
l o g i c a l s e t t i n g . 
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3.3 The V o l c a n i c Rocks o f the S t u h i n i Group 

V o l c a n i c rocks s p a t i a l l y a s s o c i a t e d w i t h the 
H o t a i l u h b a t h o l i t h but u n a f f e c t e d by contact phenomena 
are t y p i c a l of the S t u h i n i Group as d e s c r i b e d by 
G a b r i e l s e (1962), Souther (1971b), and V/heeler and 
G a b r i e l s e (1972). More s p e c i f i c a l l y , the complex v o l ­
canic sequence i s dominated by dark green to p u r p l e 
agglomerates and b r e c c i a s c o n t a i n i n g bombs and fragments 
of p o r p h y r i t i c a n d e s i t e o r b a s a l t w i t h phenocrysts o f 
e i t h e r p l a g i o c l a s e or a u g i t e . The m a t r i x of these rocks 
i s s i m i l a r i n composition t o the bombs and fragments 
which range i n diameter from s e v e r a l mm. t o a meter. 
Apparent flows of p o r p h y r i t i c andesite and b a s a l t , a l s o 
with e i t h e r p l a g i o c l a s e or augite phenocrysts, are 
l o c a l l y s i g n i f i c a n t as are tuffaceous h o r i z o n s . P i l l o w 
lavas were not noted i n the v i c i n i t y of the b a t h o l i t h . 
Sedimentary rocks o f v o l c a n i c d e t r i t u s , p r i n c i p a l l y grey-
wacke of l i m i t e d a r e a l e x t e n t , are i n t e r c a l a t e d i n the 
s u c c e s s i o n . Eeds vary i n t h i c k n e s s from s e v e r a l mm. t o 
a meter and g r a i n s i z e ranges from very f i n e to c o a r s e . 
Graded bedding commonly appears i n those s t r a t a t h a t con­
t a i n a v a r i e t y of g r a i n s i z e s . The nature o f the v o l ­
c a n i c rocks suggests a d e p o s i t i o n a l environment near the 
f l a n k s of one or more v o l c a n i c centers where slumping 
and e r o s i o n were a c t i v e processes. 
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Figure 8 i s an i d e a l i z e d v e r t i c a l s e c t i o n 
through the b a t h o l i t h and enveloping v o l c a n i c r o c k s . 
A m p h i b o l i t e , c h l o r i t e s c h i s t and other metavolcanic 
rocks outcrop i n a contact aureole along the west edge 
of the H o t a i l u h b a t h o l i t h adjacent quartz d i o r i t e , 
s y e n o d i o r i t e and x e n o l i t h i c g r a n o d i o r i t e . Width of 
t h i s aureole i s t y p i c a l l y i n the order o f a few tens o f 
meters. Amphibolite and c h l o r i t i z e d v o l c a n i c rocks are 
widespread along the contact but c h l o r i t e s c h i s t occurs 
only i n the Gnat Lakes area. The s c h i s t o s i t y p a r a l l e l s 
the f o l i a t i o n i n the g r a n o d i o r i t e and suggests a n e a r l y 
v e r t i c a l n o r t h - t r e n d i n g contact between the b a t h o l i t h 
and v o l c a n i c r o c k s . A c t u a l contact r e l a t i o n s h i p s be­
tween the s c h i s t , amphibolite and mafic i n t r u s i v e rocks 
were not noted because of poor exposure. 

A gradual decrease i n i n t e n s i t y of c o n t a c t meta-
morphism occurs as d i s t a n c e from the edge of the batho­
l i t h I n c r e a s e s . The t r a n s i t i o n from a m p h i b o l i t e t o 
f o l i a t e d and c h l o r i t i z e d v o l c a n i c rock through t o r e l a ¬
t i v e l y f r e s h agglomerates, b r e c c i a s and flows i s l o c a l l y 
g radual over s e v e r a l tens of meters but i s a l s o abruot 
over a meter or so. A t r a n s i t i o n a l r e l a t i o n s h i p i s 
g e n e r a l l y apparent between rocks o f the b a t h o l i t h and 
a m p h i b o l i t e . The most mafic i n t r u s i v e rocks and the 
g r e a t e s t number of x e n o l i t h s occur i n contact w i t h 
a m p h i b o l i t e . 
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P R E S E N T L E V E L 
^ " O F EROSION 
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V V v >—-5< + + + + 
V V V>1? X + + + + 

v v v fle^x + + + + + 
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V V V / f p ^ x + + + + + 
V V 7 / * X X -f + + + 

V V V\(PO x 4- + + + + 
v v y / ^ x x + + + + 

V V //<? X + + + + + 

0 1 2 
KM 

^ Fresh Volcanic Rock 

fj Metavolcanic Rock 

Q$ Xenolithic Granodiorite 

XX Granodiorite 

x + Transition between Granodior i te 
and Qua r t z Monzonite 

+ + Quartz Monzoni te 
+ 

Figu r e 8: I d e a l i z e d V e r t i c a l S e c t i o n 
Through the H o t a i l u h B a t h o l i t h 
and S p a t i a l l y A s s o c i a t e d V o l c a n i c 
Rocks 
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3.4 Sulphide M i n e r a l Occurrences 

W i t h i n the H o t a i l u h b a t h o l i t h s u l p h i d e minerals 
are extremely r a r e and confined p r i n c i p a l l y t o a few 
f r a c t u r e s . P y r i t e appears i n s e v e r a l q u a r t z - e p i d o t e 
c a l c i t e veins w i t h i n quartz monzonite, and p y r i t e 
p lus t r a c e amounts of c h a l c o p y r i t e occur i n s i m i l a r 
v e ins i n g r a n o d i o r i t e of the north c e n t r a l area. The 
l a t t e r are r e s t r i c t e d t o a f a m i l y o f near v e r t i c a l 
j o i n t s t r e n d i n g N20°E. There are s e v e r a l s m a l l gossans, 
Figure 5, i n the b a t h o l i t h which appear to be l o c a l 
c o n c e n t r a t i o n s of l i m o n i t e a f t e r p y r i t e i n shear zones. 
Along the western edge of the b a t h o l i t h i n the Gnat 
Lakes area p y r i t e and t r a c e amounts of c h a l c o p y r i t e 
occur along f r a c t u r e s i n s m a l l areas of i n t e n s e hydro-
thermal a l t e r a t i o n o f the i n t r u s i v e r o c k s . 

Two s u l p h i d e m i n e r a l c o n c e n t r a t i o n s occur i n 
v o l c a n i c rocks near the west edge of the H o t a i l u h b a t h ­
o l i t h . The property of Dease Lake Mines w i t h r e p o r t e d 
reserves o f 20 m i l l i o n tons of T>.44 percent copper 
a d j o i n s the S t e w a r t - C a s s i a r highway and B r i t i s h Columbia 
R a i l r o a d i n the Gnat Lakes area (Figure 5). Chalcopy­
r i t e and minor b o r n i t e occur along f r a c t u r e s , i n b r e c c i a 
zones, and d i s p e r s e d as g r a i n s throughout metavolcanic 
rocks i n contact w i t h an i r r e g u l a r l y shaped p o r p h y r i t i c 
a l a s k i t e i n t r u s i o n t h a t i s i n t e n s e l y f r a c t u r e d and 
e s s e n t i a l l y barren of s u l p h i d e m i n e r a l s . P y r i t e i s minor 
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but magnetite occurs In the metavolcanic rocks a s s o c i ­
ated w i t h f r a c t u r e s and i n places there i s a s t r o n g 
a s s o c i a t i o n of magnetite w i t h c h a l c o p y r i t e . Secondary 
minerals along f r a c t u r e s and as hydrothermal a l t e r a t i o n 
products of w a l l rocks i n c l u d e s e r i c i t e , c a l c i t e , hema­
t i t e , c h l o r i t e and potassium f e l d s p a r . Tourmaline i s 
an important c o n s t i t u e n t of the b r e c c i a s and occurs 
along numerous f r a c t u r e s . Much of the rock exposed i n 
d r i l l core i s cracked or b r e c c i a t e d , and cut by some 
str o n g f a u l t zones ( J e f f r e y , 1966). This occurrence 
has been i n c l u d e d i n the Late T r i a s s i c porphyry d e p o s i t s 
of the a l k a l i c c l a n by Sutherland-Brown et al» 1971). A 
genetic r e l a t i o n s h i p between the a l a s k i t e and the H o t a i ­
luh b a t h o l i t h has yet to be e s t a b l i s h e d but seems l i k e l y . 
P y r 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 , b o r n i t e and magnetite, 
along w i t h a gangue of a l t e r e d r o c k , q u a r t z , t o u r m a l i n e 
and some b a r i t e occur on the Crown grant claims i n v o l ­
c a n i c rock adjacent an apophysis of the H o t a i l u h bath­
o l i t h ( F i g u r e 6). The sulphide M i n e r a l s are c o n f i n e d t o 
a n o r t h - t r e n d i n g shear zone t h a t extends f o r about 800 
meters w i t h a width o f up t o 20 meters ( J e f f r e y , 1966). 

Areas i n the v i c i n i t y of Dease Lake Mines and the 
Crown grant showing have been prospected, s t a k e d , t r e n ­
ched and p e r c u s s i o n d r i l l e d . To date such e x p l o r a t i o n 
has been u n s u c c e s s f u l . There are numerous gossans i n 
v o l c a n i c rocks near the east edge of the b a t h o l i t h and 



a l s o In the Snowdrift Creek area north of the b a t h o l i t h 
(Figure 6 ) . The former are a s s o c i a t e d w i t h t u f f a c e o u s 
horizons c o n t a i n i n g only p y r i t e , but l o c a l occurrences 
of molybdenite w i t h p y r i t e have been found i n the l a t t e r . 
Gossans a f t e r p y r i t e are a l s o common i n rocks of the 
S t u h i n i Group f u r t h e r to the west and south-east of the 
b a t h o l i t h . 

In summary, sulphide mineral occurrences are 
s i g n i f i c a n t i n v o l c a n i c and metavolcanic rocks near the 
edges o f the b a t h o l i t h . However, su l p h i d e m i n e r a l s are 
v i r t u a l l y absent i n rocks of the H o t a i l u h b a t h o l i t h . 



UNTRANSFORMED TRANSFORMED 

SAMPLE POPULATION N X a c.v. 3T a C.V. 

COMPOSITE GROUP 119 78 5 66. 1 .84 53. 7 .40 . 2 3 

INTRUSIVE ROCKS 84 5 0 . 2 38. 9 .77 37. 2 .34 .22 

INTRUSIVE ROCKS 71 47 5 35 .2 .74 35. 5 .34 .22 

VOLCANIC ROCKS 35 146 5 68 .5 .47 128 8 .24 .11 
METAVOLCANIC ROCKS 12 136 H 70 7 .52 120 2 .23 . 1 1 

VOLCANIC ROCKS 23 151 .7 66 .6 .44 134 9 .25 .12 

GRANODIORITE 29 82 .1 27 .4 .33 77 6 . 1 6 . 0 8 

QUARTZ MONZONITE HO 23 .2 12 .8 .55 20 .4 .20 . 1 6 

RESIDUAL SOILS 5^ 52 .4 43 .6 .83 39 .8 .32 .20 

TOTAL SILTS 114 66 .5 48 .1 .74 55 .0 .25 .15 

N- SAMPLE SIZE cr= STANDARD DEVIATION 

X- MEAN (ppm.) c.v.» COEFFICIENT OF 
VARIATION 

Table 8: Means, Standard D e v i a t i o n s , and 
C o e f f i c i e n t s of V a r i a t i o n f o r Cu, 
Determined from Untransformed and 
L o g a r i t h m i c a l l y Transformed Data 
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METALS 

Sample Populations No. Cu Sn Fb NI Co Mn Fe Mo 
Composite Group 119 53.7 L 43.7 L 10.5 L 20.4 L 20 . 0 L 4 6 7 . 7 L 3-72 L -
I n t r u s i v e Rocks 34 37.2 L 31.6 L 7 . 9 L 15.3 N 14 . 1 L 331. 1 L 3 . 0 9 L . -
I n t r u s i v e Rocks 71 35.5 L 29.5 L 7.4 L 14.7 N 13.5 L 3 0 9 . 0 L 3.02 L -
V o l c a n i c Rocks 35 146.5 N 91.2 L 20.4 L 52.5 L 4 4 . 7 L 1023. 0 L 6.07 N -
Metavolcanic Rocks 12 320.2 L 75 . 9 L 17.4 L 79.4 L 40 . 7 L 891. 3 L 4 . 6 8 L -
V o l c a n i c Rocks 23 151.7 N 100.0 L 22.4 T 

l_l 41.7 L 47 . 9 L 1122. 0 L 6.76 L -
G r a n o d i o r i t e 29 82.1 N 51.8 N 11.0 L 17.0 N 2 2 . 9 L 524. 8 L 4.47 L -
Quartz Monzonite 40 20.4 L 22.7 N 6.1 N 1 3 . 4 N 9 . 7 N 2 3 7 . 5 N 2.41 N -
ResidTual S o i l s 54 39.8 L 89.1 L 1 9 . 7 N 41 . 9 N 20 . 6 L 602. 6 L 4.17 L 1.32 L 

T o t a l S i l t s 114 55.0 L 77.6 L 15.1 N 31 .4 N 20 . 9 L 588. 8 L 3 . 9 8 L 1 . 9 1 L 

N: Raw Data i s Normally D i s t r i b u t e d 
L: Logarithms of Data are Normally D i s t r i b u t e d 

Table 16: Best Mean Estimates f o r Cu, Zn, Pb, N i , Co, Mn, 
Fe, and Mo. A l l Estimates are Expressed i n ppm. 
Except f o r Fe which i s i n percent. ( No. Refers 
to the S i z e of the Sample Population.) 

o 



Mn C K l i f c n o ' P b 

(ppm) (ppm) 

1 5 0 0 1 5 0 

1 0 0 0 1 0 0 

5 0 0 5 0 

Volcanic Altere'd g d Q M 
R o c k s Volcanic 

R o c k s 

I Toward Core 
C o n t a c t 

Figure 12: Average Metal Content i n 
Major Rock Types Alonp: an 
I d e a l i z e d Traverse from R e l a t i v e l y 
Fresh V o l c a n i c Pocks to Quartz 
Monzonite 
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near the contact of the H o t a i l u h b a t h o l i t h t o quartz 
monzonite near the core of the i n t r u s i o n . Cu, Zn, Pb, Co, 
Mn and Pe decrease i n average abundance toward the core. 
In other words, the average abundances f o r these metals are 
greatest i n f r e s h v o l c a n i c rock, next greatest i n meta­
v o l c a n i c rocks of the contact a u r e o l e , arid g r e a t e r i n 
g r a n o d i o r i t e than quartz monzonite. Mi has the gre a t e s t 
average abundance i n rocks of the contact aureole but 
l i k e the other metals i s more abundant i n v o l c a n i c than 
i n t r u s i v e rock and more abundant i n g r a n o d i o r i t e than 
quartz monzonite. 

Figure 13 i l l u s t r a t e s average metal contents f o r 
composite rock c h i p , r e s i d u a l s o i l and s i l t samples c o l ­
l e c t e d i n comparable l o c a t i o n s throughout the b a t h o l i t h . 
A l l metals have greater average abundances i n r e s i d u a l 
s o i l s and s i l t s than i n composite rock c h i p s . Zn, NI 
and Pb are more abundant i n r e s i d u a l s o i l s than s i l t s but 
Cu i s more abundant i n s i l t s than r e s i d u a l s o i l s . Mn, Fe, 
and Co abundances are s i m i l a r i n r e s i d u a l s o i l s and s i l t s . 

M u l t i v a r i a t e a n a l y s i s of v a r i a n c e , or MANOVA, was 
used to t e s t the s i g n i f i c a n c e of d i f f e r e n c e s i n metal 
content suggested by Figures 12 and 13. The method s i m u l ­
taneously compared the r e l a t i v e l o c a t i o n s of ap p r o p r i a t e 
sample po p u l a t i o n s i n a m u l t i d i m e n s i o n a l space d e f i n e d by 
the metals. More s p e c i f i c a l l y , each sample p o p u l a t i o n can 
be viewed as an e l l i p s o i d i n seven dimensional space and 
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Cu,Zn . 
Fe M n Pb,Ni 

J L 

R O C K R E S I D U A L S I L T S 

C H I P S S O I L S 

Figure 13: Average Metal Content i n 
Composite Rock Chip Samples, 
Residual S o i l SamDles and 
S i l t Samples 



CHAPTER 5 

A GENETIC MODEL j 

i 
5.1 General Statement 

A genetic model f o r the H o t a i l u h b a t h o l i t h must 
be c o n s i s t e n t w i t h the f o l l o w i n g o b s e r v a t i o n s : 

1) The b a t h o l i t h i s s p a t i a l l y a s s o c i a t e d w i t h 
v o l c a n i c rocks of s i m i l a r Late T r i a c c i c age and compar­
able chemical composition. 

2) Lower J u r a s s i c b a s a l conglomerates to the 
north and west of the b a t h o l i t h c o n t a i n boulders from 
the b a t h o l i t h . 

3) In the b a t h o l i t h a p e r i p h e r a l g r a n o d i o r i t e 
grades t r a n s i t i o n a l l y i n t o a core of quartz monzonite. 
Abundant mafic x e n o l i t h s occur In g r a n o d i o r i t e nearest 
the margins of the i n t r u s i o n . Quartz d i o r i t e and syeno-
d i o r l t e occur l o c a l l y adjacent a narrow contact aureole 
c o n t a i n i n g a m p h i b o l i t e , c h l o r i t e s c h i s t and other meta­
v o l c a n i c r o c k s . 

4) The two p r i n c i p a l rock types of the b a t h o l i t h , 
quartz monzonite and g r a n o d i o r i t e , have s i m i l a r medium to 
coarse-grained hypidiomorphic granular t e x t u r e s . T o t a l 
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ferromagnesian m i n e r a l content i n g r a n o d i o r i t e i s three 
times that i n quartz monzonite and the r e l a t i v e abundance 
of b i o t i t e t o hornblende i s gre a t e r i n g r a n o d i o r i t e . 
Magnetite content i s two percent i n g r a n o d i o r i t e and one 
percent i n quartz monzonite. 

5) Minor d e u t e r i c a l t e r a t i o n i n c l u d i n g c h l o r i t e 
a f t e r b i o t i t e and s e r i c i t e a f t e r D l a g i o c l a s e i s uniform 
throughout the g r a n o d i o r i t e and quartz monzonite. Hydro-
thermal a l t e r a t i o n i n the b a t h o l i t h i s very l o c a l and 
r e s t r i c t e d t o secondary potassium f e l d s p a r and c h l o r i t e 
i n areas of i n t e n s i v e f r a c t u r i n g . 

6) P e g m a t i t i c , a p l i t i c and p o r p h y r i t i c rocks 
were not noted during f i e l d mapping w i t h i n the b a t h o l i t h . 

7) Sulphide minerals are v i r t u a l l y absent i n 
the b a t h o l i t h but do occur i n v o l c a n i c and metavolcanic 
rocks near the c o n t a c t , p a r t i c u l a r l y In the Gnat Lakes 
area. 

8) Average contents of Cu, Zn, Pb, Co, Mn and 
Fe are gre a t e s t i n v o l c a n i c rock unaffected by contact 
phenomena, next greatest i n metavolcanic rocks of the 
contact a u r e o l e , and g r e a t e r i n g r a n o d i o r i t e than quartz 
monzonite. Average Ni content i s gre a t e s t i n metavol­
canic r o c k s , next g r e a t e s t In v o l c a n i c r o c k , and gr e a t e r 
i n g r a n o d i o r i t e than quartz monzonite. 

9) In v o l c a n i c rock u n a f f e c t e d by contact phenom-
ena„both a Zn-Mn a s s o c i a t i o n and a Cu a s s o c i a t i o n are 
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I n v e r s e l y r e l a t e d to a dominant Pb-Co-Nl-Pe a s s o c i a t i o n . 
Thus, Cu, Zn and Mn behaved q u i t e d i f f e r e n t l y than Pb, 
Co, Ni and Fe during the processes that c o n t r i b u t e d t o 
metal d i s t r i b u t i o n i n the r e l a t i v e l y f r e s h v o l c a n i c r o c k s . 
However, i n metavolcanic rocks of the contact aureole 
a dominant Fe-Pb-Zn-Mn a s s o c i a t i o n i s d i r e c t l y r e l a t e d to 
a Cu-Mn a s s o c i a t i o n but these a s s o c i a t i o n s are u n r e l a t e d 
t o a Ni-Co a s s o c i a t i o n . 

10) In i n t r u s i v e rocks of the H o t a i l u h b a t h o l i t h 
a Zn-Mn-Pb a s s o c i a t i o n i s d i r e c t l y r e l a t e d t o a Fe-Co-Cu-Ni 

a s s o c i a t i o n . More s p e c i f i c a l l y , the seven metals be­
haved i n a g e n e r a l l y s i m i l a r manner d u r i n g whatever p r o ­
cesses c o n t r i b u t e d t o metal d i s t r i b u t i o n i n the b a t h o l i t h , 
but Zn, Mn and Pb behaved somewhat d i f f e r e n t l y than N i , Co, 
Fe and Cu. The p a t t e r n o f metal a s s o c i a t i o n i s more com­
plex i n quartz monzonite than g r a n o d i o r i t e . 

11) R e l a t i v e d i s p e r s i o n s of a l l metals are g r e a t e r 
i n quartz monzonite than g r a n o d i o r i t e and g r e a t e r i n meta­
v o l c a n i c rocks than r e l a t i v e l y f r e s h v o l c a n i c r o c k s . 

12) F i f t e e n of a p o s s i b l e twenty-one metal r a t i o s 
are e q u i v a l e n t i n g r a n o d i o r i t e and r e l a t i v e l y f r e s h v o l ­
canic rock. Cu, Zn, Co and Mn are enri c h e d r e l a t i v e t o 
N i , Fe, and Pb i n g r a n o d i o r i t e as compared to quartz mon­
z o n i t e . 
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5.2 The Model 

^ A comagmatlc o r i g i n f o r the b a t h o l i t h and spa­
t i a l l y a s s o c i a t e d v o l c a n i c rocks i s suggested by t h e i r 
s i m i l a r ages and comparable chemical compositions. The 
b a t h o l i t h may be viewed as the p l u t o n i c equivalent of 
Late T r i a s s i c i s l a n d arc volcanism that produced the 
rocks of the S t u h i n i Group. Such a genejtic r e l a t i o n s h i p 
between Upper T r i a s s i c igneous rocks of the H i n t e r l a n d 
b e l t i s g e n e r a l l y accepted (Gabrielse and Vfheeler, 1972). 

Comparison between observed features of the 
b a t h o l i t h and Buddington's c r i t e r i a (1959) f o r depth of 
emplacement suggest the p l u t o n rose to a depth of f i v e 
Km. i n the r e g i o n between epizone and mesozone. However, 
the suggestion from s t r a t i g r a p h i c evidence that the bath­
o l i t h was unroofed s h o r t l y a f t e r I t s emplacement, the 
i n f e r r e d occurrence of a subvolcanic s e t t i n g i n the c e n t r a l 
area of the b a t h o l i t h and the occurrence of a porphyry 
copper deposit i n v o l c a n i c rocks near the margin of the 
i n t r u s i o n imply a l e v e l of emplacement shallower than 
f i v e Km. 

Petrography, contact r e l a t i o n s h i p s , and a r e a l 
d i s t r i b u t i o n of rock tyoes i n .he H o t a i l u h b a t h o l i t h can 
be adequately explain e d by p r o g r e s s i v e inward f r a c t i o n a l 
c r y s t a l l i z a t i o n of an i n i t i a l l y homogeneous g r a n o d i o r i t i c 
magma. Throughout the c o o l i n g h i s t o r y an i n c r e a s i n g l y 
f e l s i c r e s i d u a l melt migrated toward the i n t e r i o r of the 
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i n t r u s i o n to form a zoned p l u t o n i n which a core o f 
quartz monzonite i s surrounded by g r a n o d i o r i t e . More 
s p e c i f i c a l l y , the greater content of ferromagnesian 
minerals and l e s s e r contents of potassium f e l d s p a r and 
quartz i n g r a n o d i o r i t e r e l a t i v e t o quartz monzonite 
suggest the r e s i d u a l s i l i c a t e melt became depleted i n 
Ca, Mg and Pe but enriched i n Na, K and s i l i c a as c r y s ­
t a l l i z a t i o n proceeded. 

The general l a c k of a p l i t i c , p e g m a t i t i c , or 
p o r p h y r i t i c t e x t u r e d r o c k s , s u l p h i d e - b e a r i n g veins and 
hydrothermal a l t e r a t i o n i n d i c a t e s c r y s t a l l i z a t i o n of 
the b a t h o l i t h took place i n the absence of a magmatic-
a l l y - d e r i v e d hydrothermal f l u i d . Such an absence was 
perhaps the combined r e s u l t of a high c o n f i n i n g pressure 
and the continued removal of water from the r e s i d u a l 
s i l i c a t e melt through c r y s t a l l i z a t i o n of hydrous m i n e r a l s . 
A s s i m i l a t i o n o f v o l c a n i c rock near the margins of the 
i n t r u s i o n may have c o n t r i b u t e d t o the occurrence of 
abundant mafic x e n o l i t h s i n g r a n o d i o r i t e and t o the l o c a l 
development of quartz d i o r i t e and s y e n o d i o r i t e adjacent 
the contact aureole. 

The gre a t e r average metal content of granodiorr-
i t e r e l a t i v e to quartz monzonite and the c o n s i s t e n t 
p a t t e r n of metal a s s o c i a t i o n i n the i n t r u s i v e rocks i n d i ­
cate that f r a c t i o n a l c r y s t a l l i z a t i o n of the b a t h o l i t h was 
accompanied by d i s p e r s a l of Cu, Zn, Pb, N i , Co, Mn and Pe 
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i n the l a t t i c e s of ferromagnesian minerals and magnetite. 
In other words, metal content i n the H o t a i l u h b a t h o l i t h 
i s d i r e c t l y r e l a t e d to the t o t a l content of pyroxene, 
hornblende, b i o t i t e , c h l o r i t e and magnetite i n the i n ­
t r u s i v e r o c k s . Metals were not p a r t i t i o n e d i n t o the 
r e s i d u a l s i l i c a t e melt or concentrated i n a hydrothermal 
f l u i d . S t a t i s t i c a l a n a l y s i s f u r t h e r suggests metal d i s -

i 

t r i b u t i o n i n the i n t r u s i v e rocks was un a f f e c t e d by 
hydrothermal a l t e r a t i o n e i t h e r d uring the f i n a l stages 
of c r y s t a l l i z a t i o n or subseouent to complete s o l i d i f i ­
c a t i o n of the b a t h o l i t h . However, the g r e a t e r complexity 
of metal a s s o c i a t i o n s and greater r e l a t i v e d i s p e r s i o n s 
of metal contents i n ouartz monzonite than g r a n o d i o r i t e 
suggest th a t v o l a t i l e s became i n c r e a s i n g l y Important 
as d i f f e r e n t i a t i o n progressed even though a magmatically-
d e r i v e d hydrothermal f l u i d d i d not separate from the 
c r y s t a l l i z i n g magma. A g r e a t e r v o l a t i l e content would 
tend t o complicate metal d i s t r i b u t i o n by i n c r e a s i n g the 
m o b i l i t y of c e r t a i n metals. 

The p a t t e r n of metal a s s o c i a t i o n i n v o l c a n i c rocks 
i s d i f f e r e n t than the p a t t e r n i n i n t r u s i v e rocks of the 
b a t h o l i t h and suggests Cu, 7,n and Mn were not d i s p e r s e d 
i n l a t t i c e s i t e s of ferromagnesian or oxide minerals 
d u r i n g c r y s t a l l i z a t i o n of the v o l c a n i c r ocks. These ions 
probably occur along cleavage p l a n e s , g r a i n boundaries, 
o r i n su l p h i d e m i n e r a l s . C o n t r a s t i n g metal contents and 
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d i f f e r e n t / p a t t e r n s of metal a s s o c i a t i o n i n metavolcanic 

rocks of the contact aureole and r e l a t i v e l y f r e s h v o l ¬

canic rock suggest metal d i s t r i b u t i o n i n the contact 

aureole was a f f e c t e d by a l t e r a t i o n r e l a t e d to i n t r u s i o n 

of the H o t a i l u h b a t h o l i t h . I t appears tpat a l l metals 
except Ni were leached from the metavolcanic rocks per¬i 
haps by c i r c u l a t i n g meteoric waters. ! 

i 
5.3 D i s c u s s i o n and T h e o r e t i c a l Considerations 

The model of f r a c t i o n a l c r y s t a l l i z a t i o n proposed 
f o r the H o t a i l u h b a t h o l i t h i s c o n s i s t e n t with the p r i n ­
c i p l e s of magmatic d i f f e r e n t i a t i o n . Comparable models 
have been suggested f o r other s i m i l a r l y zoned plutons 
throughout the C o r d i l l e r a (Compton, 1955; Putnam and 
A l f o r s , 1969; Carmichael et a l , 197 * 0 . Indeed, the 
occurrence of i n t r u s i o n s i n which r e l a t i v e l y mafic mar­
gins surround more f e l s i c cores i s commonplace (Hamilton 
and Myers, 19^7; P r e s n a l l and Bateman, 1973; G a b r i e l s e 
and Reesor, 197 * 0 . A s s i m i l a t i o n of mafic to i n t e r m e d i a t e 
v o l c a n i c rock i s f r e q u e n t l y c a l l e d upon to e x p l a i n appar­
e n t l y h y b r i d i n t r u s i v e rocks o c c u r r i n g near the margins 
of b a t h o l i t h s (Turner and Verh.pogen, I960; Carmichael et 
a l , 197 * 0 . 

A g r e a t e r a n o r t h i t e content, i n p l a g i o c l a s e from 

g r a n o d i o r i t e than from quartz monzonite (Table 5) and a 

l e s s e r content of A l and T i i n pyroxene from quartz 
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I monzonite/than from g r a n o d i o r i t e (Table 6) provide 

I a d d i t i o n a l support f o r the model. Kushiro (IQfO) and 

t he Bas (1962) have shown that aluminum Increases sys-

| t e m a t i c a l l y i n c a l c i u m - r i c h pyroxenes i n r e l a t i o n to 

• decreasing s i l i c a c o n c e n t r a t i o n of the host magma 
i . I f (Carmichael et a l , 197*0. 

The model f o r metal d i s t r i b u t i o n i n the Hot P i l u h 
b a t h o l i t h i s c o n s i s t e n t w i t h an i n t e r p r e t a t i o n of metal 
behaviour based uoon c r y s t a l f i e l d theory as discussed 
by Burns (1970). Metals of the Fe-Co-Cu-Ni a s s o c i a t i o n 

: acquire c r y s t a l f i e l d s t a b i l i z a t i o n energy i n passing 
\ from t e t r a h e d r a l s i t e s i n a magma t o octahedral s i t e s i n 

c r y s t a l l i z i n g phases. However, metals of the Zn-I'n-Pb 
a s s o c i a t i o n acquire no such a d d i t i o n a l s t a b i l i t y on entry 

i n t o o c t a h e d r a l s i t e s i n mi n e r a l s . The strong d i r e c t 
f r e l a t i o n s h i p between the a s s o c i a t i o n s , coupled w i t h the 
( decrease i n metal content with p r o g r e s s i v e d i f f e r e n t i -

j a t i o n i n d i c a t e s the metals became g r a d u a l l y depleted i n 
I the r e s i d u a l s i l i c a t e melt because of t h e i r i n c o r p o r a t i o n 

i n minerals such as pyroxene, hornblende, b i o t i t e , 
c h l o r i t e and magnetite. Metal a s s o c i a t i o n s f u r t h e r imoly 
t h a t the metals occurred p r i n c i p a l l y as d i v a l e n t ions 

d u r i n g c r y s t a l l i z a t i o n of the b a t h o l i t h . 
) 

C r y s t a l f i e l d theory a l s o p r e d i c t s that d i v a l e n t 
Ni w i l l e n t e r d i f f e r e n t o c t a h e d r a l s i t e s i n minerals than 
d i v a l e n t Fe, Co and Cu. This i s i n part because the Ni 



i o n a t t a i n s the greatest amount of o c t a h e d r a l s i t e p r e ­
ference energy but a l s o because i t p r e f e r s r e g u l a r 
octahedral s i t e s whereas the other ions p r e f e r d i s t o r t e d 
octahedral s i t e s . The large r adius o f d i v a l e n t Pb 
r e l a t i v e to d i v a l e n t Zn and Mn suggests t h i s i o n w i l l 
remain i n a s i l i c a t e melt longer than Zn and Mn. These 
somewhat d i f f e r e n t behaviours of Mi and ?p r e l a t i v e to 
the other icr.s are c l e a r l y i l l u s t r a t e d b y the h i e r a r c h y 
of p r i n c i p a l ccr.ponent metal a s s o c i a t i o n s i n F i g u r e 15. 

Dispersion of metals i n s i l i c a t e and oxide 
l a t t i c e s as the dominant mechanism f o r c o n t r o l l i n g metal 
d i s t r i b u t i o n during magmatic c r y s t a l l i z a t i o n has been 
suggested by a number of workers (Serykh, 1963; Tauson, 
1967; Burnhan, 1967; Putnam and A l f o r s , 1969; Graybeal, 
1973). Thus from a p r a c t i c a l viewpoint i t i s a l s o q u i t e 
reasonable to expect that metals w i l l be d i s t r i b u t e d 
among a v a i l a b l e l a t t i c e s i t e s i n ferromagnesian minerals 
and magnetite, p a r t i c u l a r l y i n the absence of a hydro-
thermal f l u i d . As a t e s t of t h i s model f o r metal d i s ­
t r i b u t i o n i n the H o t a i l u h b a t h o l i t h m i n e r a l separates of 
hornblende, b i o t i t e and magnetite were analysed f o r Cu 
and Zn by atonic absorption at the U n i v e r s i t y of Western 
Ontario (Table 21). The ferromagnesian minerals and 
magnetite contain at l e a s t 100 ppm Cu and Zn and hence 
support the conclusion that metals are d i s p e r s e d i n 
such l a t t i c e s . Of f u r t h e r note, b i o t i t e appears to be 
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G r a n o d i o r i t e Q u a r t z M o n z o n i t e 

MINERAL 
SEPARATE 

2FKT844 2FKT847 

Cu Zn Cu Zn 
2FKT318 2PKT859 1 S K T 1 3 1 7 

Cu Zn Cu Sn Cu Zn 

HORNBLENDE 146 195 Ikl 200 144 270 - 282 113 192 

BIOTITE 250 330 235 295 213 322 -

MAGNETITE 1 2 3 203 HO 254 1 3 5 238 230 3 2 8 1 0 9 216 

Table 21: Cu and Zn Contents of M i n e r a l Separates 
from G r a n o d i o r i t e and Ouartz Monzonite 

hUfUJfJAJKWIJWi 
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the most important host f o r these metals. The apparent 
l a c k of v a r i a t i o n i n Cu and Zn content of hornblende, 
b i o t i t e and magnetite i n g r a n o d i o r i t e and quartz monzon­
i t e suggests metal content i n these minerals d i d not 
change appreciably d u r i n g c r y s t a l l i z a t i o n of the bath­
o l i t h , although t o t a l metal content d i d decrease. This 
suggestion i s supported by the o b s e r v a t i o n th a t both 
ferromagnesian mineral content, Table * l , and t o t a l 
metal content, Table 16, are g r e a t e r i n g r a n o d i o r i t e than 
quartz monzonite by a s i m i l a r f a c t o r . 

The f a c t o r a n a l y s i s r e s u l t s of Figure 23 can be 
i n t e r p r e t e d w i t h respect t o the processes of d i s p e r s i o n 
of metals i n l a t t i c e s i t e s of b i o t i t e , hornblende and 
magnetite, and f r a c t i o n a l c r y s t a l l i z a t i o n and thus provide 
a d d i t i o n a l support f o r the proposed genetic model. The 
Plagioclase-Hornblende-Ouartz-Potassium F e l d s p a r a s s o c i ­
a t i o n suggests the i n f l u e n c e of d i f f e r e n t i a t i o n and the 
other three a s s o c i a t i o n s suggest the metals are d i s p e r s e d 
i n ferromagnesian minerals and magnetite. 

C u r t i s (196*0 suggested that d i v a l e n t Cu w i l l 
tend to remain i n a r e s i d u a l s i l i c a t e melt because of 
i t s s t r o n g p r e d i c t e d preference f o r d i s t o r t e d o c t a h e d r a l 
s i t e s . This Idea has been adopted by recent research'ers 
(Graybeal, 1973). However, r e s u l t s of t h i s study do not 
support such an hypothesis and i n d i c a t e that Cu, under 
appropriate c o n d i t i o n s , can f o l l o w Fe, Co and Ni i n s t e a d 
of Zn, Mn and Pb. 
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I f ^ c o n c e n t r a t i o n of metals i n the r e s i d u a l 
s i l i c a t e melt or a hydrothermal f l u i d had been important 
i n c o n t r o l l i n g metal d i s t r i b u t i o n i n the b a t h o l i t h , Zn, 
Mn and Pb, and p o s s i b l y Cu would have g r e a t e r average 
contents i n quartz monzonite than g r a n o d i o r i t e . This 

l 
i n t e r p r e t a t i o n based on c r y s t a l f i e l d theory i s supported 
i n experimental work by Burnham (1967), K l l i n c and Burn-
ham (1972), Holland (1972) and others who have shown 
that Zn, Mn and Pb p a r t i t i o n s t r o n g l y i n t o a hydrothermal 
f l u i d phase, p a r t i c u l a r l y i n the presence of c h l o r i d e 
s p e c i e s . In a d d i t i o n , a negative c o r r e l a t i o n should a l s o 
e x i s t between the two metal a s s o c i a t i o n s because N i , Co, 
Pe and p o s s i b l y Cu are p r e d i c t e d to enter c r y s t a l l i z i n g 
m i n e r a l s . 

I f r e d i s t r i b u t i o n or m i g r a t i o n of metals from 
quartz monzonite had occurred during l a t e r stages of 
d i f f e r e n t i a t i o n to produce the greater metal content of 
g r a n o d i o r i t e , the patterns of metal a s s o c i a t i o n i n 
g r a n o d i o r i t e and quartz monzonite would r e f l e c t t h i s , and 
the c o e f f i c i e n t of v a r i a t i o n would be g r e a t e r i n grano­
d i o r i t e than quartz monzonite. The l a c k of such evidence 
i n the s t a t i s t i c a l r e s u l t s f o r . r e s i d u a l c o n c e n t r a t i o n or 
r e d i s t r i b u t i o n of metals i n rocks of the b a t h o l i t h i s 
c o n s i s t e n t with the general p a u c i t y of features such as 
a p l i t e s , pegmatites, p o r p h y r i e s , s u l p h i d e - b e a r i n g veins 
and hydrothermal a l t e r a t i o n . 
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M i g r a t i o n of metals upward or outward from the 
b a t h o l i t h i n t o the enveloping v o l c a n i c rocks would have 
perhaps l e d to a greater metal content i n metavolcanic 
rocks of the contact aureole than i n the r e l a t i v e l y 
f r e s h v o l c a n i c rock. Although no c o n c e n t r a t i o n of 

j 
metals i s observed i n the aureole i t i s p o s s i b l e that 

i 
metals leached from rocks of the aureole 'entered the 
h y b r i d i n t r u s i v e rock types and c o n t r i b u t e d to the 
g r e a t e r metal content i n g r a n o d i o r i t e r e l a t i v e to quartz 
monzonite. 

A v a r i a b l e content, of sulphide minerals i n rocks 
of the b a t h o l i t h could conceivably account f o r the obser­
ved metal d i s t r i b u t i o n , but sulphide minerals are v i r t u ­
a l l y absent. The s m a l l t o t a l metal contents and the 
s m a l l c o e f f i c i e n t s of v a r i a t i o n i n the i n t r u s i v e rocks 
a l s o i n d i c a t e t h a t sulphide minerals were not Important 
s i t e s of metal c o n c e n t r a t i o n . The ubiquitous occurrence 
of magnetite f u r t h e r suggests that sulphur and oxygen 
f u g a c i t l e s and i r o n and t r a c e metal a c t i v i t i e s were 
i n a p p r o p r i a t e f o r the c r y s t a l l i z a t i o n of sulphide m i n e r a l s . 
Conclusions from s t u d i e s of immiscible sulphide melts 
I n d i c a t e a low i n i t i a l sulphui? f u g a c i t y y i e l d s magnetite 
but not sulphide minerals (MacLean, 19^9). I f the sulphur 
f u g a c i t y had been g r e a t , the removal of FeO from the melt 
d u r i n g magmatic c r y s t a l l i z a t i o n would have decreased the 
s o l u b i l i t y of s u l f u r i n the melt and lead to appearance 
of s u l p h i d e minerals (MacLean, 1 9 6 9 ) . 
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The^model f o r metal d i s t r i b u t i o n i n v o l c a n i c 
rocks i s supported b,v the inv e r s e c o r r e l a t i o n between 
the dominant Pb-Co-hli-Fe a s s o c i a t i o n and the l e s s e r 
Cu and Zn-Mn a s s o c i a t i o n s i f the dominant f a c t o r i s 
i n t e r p r e t e d as r e p r e s e n t i n g d i s p e r s i o n of metals i n 
l a t t i c e s i t e s o f ferromagnesian and oxide m i n e r a l s . A 
l e s s e r content of Cu, Zn, Pb, Co, Mn and Fe i n meta­
v o l c a n i c rocks than v o l c a n i c rocks u n a f f e c t e d by contact 
phenomena, and the p a t t e r n of metal a s s o c i a t i o n i n the 
v o l c a n i c and metavolcanic r o c k s , suggest that a l l metals, 
except Ni and Co, but p a r t i c u l a r l y Cu, Zn and Mn, were 
s u s c e p t i b l e t o strong l e a c h i n g . Such l e a c h i n g could 
most r e a d i l y occur i f the l a t t e r metals were di s p e r s e d 
along g r a i n boundaries, cleavage p l a n e s , or i n sulphide 
m i n e r a l s . Ni and to a l e s s e r extent Co were more r e s i s ­
t ant than the other metals because of the high o c t a ­
h e d r a l s i t e preference energy they a t t a i n i n appr o p r i a t e 
l a t t i c e s i t e s o f s i l i c a t e and oxide m i n e r a l s . 

The f a i r l y common occurrence of p y r i t e i n the 
un a l t e r e d v o l c a n i c r o c k s , supports the suggestion that 
sulphide minerals may be an important i n f l u e n c e on 
metal d i s t r i b u t i o n i n these r o c k s . Indeed, the e x i s t e n c e 
of the Dease Lake Mines d e p o s i t v a n d s e v e r a l other s u l ­
phide mineral occurrences i n v o l c a n i c rocks near the 
western contact of the H o t a i l u h b a t h o l i t h lends f u r t h e r 
support to the suggestion that Cu i s not di s p e r s e d In 
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s i l i c a t e or oxide l a t t i c e s . V o l c a n i c rocks may have been 

the source of copper i n the sulphide mineral occurrences. 

5.** Summary 

E v o l u t i o n of the H o t a i l u h b a t h o l i t h and s p a t i a l l y 
a s s o c i a t e d v o l c a n i c rocks i n c l u d e d the f o l l o w i n g sequence 
of events. 

1) A parent g r a n o d i o r i t i c magma was generated 
and c o l l e c t e d i n a Late T r i a s s i c subduction zone e n v i r o n ­
ment beneath an a c t i v e i s l a n d arc b u i l t uoon P a l e o z o i c 
oceanic c r u s t . 

2) The buoyant, I n i t i a l l y water-undersaturated 
magma ascended toward the surface and was f i n a l l y em-
placed at a shallow depth w i t h i n o l d e r comagmatlc v o l c a n ­
i c rocks. In the v o l c a n i c r o c k s , Cu, Zn and Mn were 
d i s t r i b u t e d along g r a i n boundaries, along cleavage planes 
or i n sulphide minerals. 

3) The g r a n o d i o r i t e magma c r y s t a l l i z e d through 
r e l a t i v e l y simple p r o g r e s s i v e f r a c t i o n a l c r y s t a l l i z a t i o n 
i n the absence of a magmatically-derived hydrothermal 
f l u i d . In the b a t h o l i t h , Cu, Zn, Pb, N i , Co, Mn and Pe 
were di s p e r s e d i n l a t t i c e s i t e s o f ferromagnesian 

# 

minerals and magnetite. 
4) V o l c a n i c rocks were a s s i m i l a t e d I n the c r y s ­

t a l l i z i n g margins of the b a t h o l i t h and metamorphosed i n 
a narrow contact a u r e o l e , perhaps i n the presence of a 
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hydrothermal f l u i d d e r i v e d from meteoric or connate 
waters c i r c u l a t i n g through heated permeable rocks near 
the c ontact. A l l metals except Ni were leached from rocks 
of the contact aureole. 

5) The more f e l s i c p o r t i o n s of the b a t h o l i t h 
c r y s t a l l i z e d from a r e s i d u a l s i l i c a t e melt s t i l l under-
s a t u r a t e d i n water and other v o l a t i l e s , but capable of 
weak d e u t e r i c a l t e r a t i o n . 

6) The b a t h o l i t h was r a p i d l y u p l i f t e d and un­
roofed during the E a r l y J u r a s s i c and subsequently eroded 
to the present l e v e l of exposure. 

Figure 30 i s a summary of the t h e o r e t i c a l aspects 
of metal d i s t r i b u t i o n i n the H o t a i l u h b a t h o l i t h and 
s p a t i a l l y a s s o c i a t e d v o l c a n i c rocks. 
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S t r o n g Direct Relationship 

A 
/ \ 

J— \ 

INTRUSIVE 

R O C K S 

INTrUSIVE ROCKS 
_ ++ . „ ++ . 

1. ana Mn ions do not gain c r v s t a l f i e l d 
s t a b i l i z a t i o n energy (CFSE) i n p a s s i n g from 
t e t r a h e d r a l s i t e s i n a magma to o c t a h e d r a l 
s i t e s i n minerals such as pyroxene, hornblende 
b i o t i t e , c h l o r i t e and magnetite. 

2. P b + + , a r e l a t i v e l y l a r g e i o n , i s not a t r a n ­
s i t i o n metal and gains no CFSE. 

3. Ni a t t a i n s h i g h e s t CFSE of metals i n t h i s 
study and favours u n d i s t o r t e d o c t a h e d r a l 
s i t e s i n m i n e r a l s ; s i m i l a r to Mg i n r a r a d i u s . 

++ 

Z n M n Pb Ni C o F e C u M E T A L S 

\ jPb-Co-Ni-Fe| / 

Inverse Relationship •/ 
4, 

Inverse Relationship 

Cu , Co and Fe g a i n CFSE ucon entry i n t o 
o c tahedral s i t e s i n c r y s t a l s and favour 
d i s t o r t e d s i t e s . 

5. Z n + + , Mn + + and P b + + are those ions t h a t do not 
gain CFSE. 

b. Ni , Cu , Co and Pe are those ions t h a t 
gain CFSE. 

7. Strong p o s i t i v e r e l a t i o n s h i p between the two 
metal a s s o c i a t i o n s suggests that d u r i n g 
f r a c t i o n a l c r y s t a l l i z a t i o n a l l the metals 
were d i s p e r s e d i n the l a t t i c e s of f e r r o ­
magnesian minerals and magnetite. 

voLCAnrc ROCKS 
1. Zn and Mn occur i n same metal a s s o c i a t i o n as 

above f o r s i m i l a r reason. 

2. N i , Co and Fe i n t h i s metal a s s o c i a t i o n suggest 
V S ^ f 0 1 b y s i l l c a t e l a t t i c e s , but the presence 
of Pb i s unexplained. 

Sf ° c ? " r s „ i n a n unique a s s o c i a t i o n , u n r e l a t e d with N i , Co and Fe. 
4 . 

V O L C A N I C 

R O C K S 

Inverse r e l a t i o n s h i p between dominant Pb - N i i c o-Pe 
a s s o c i a t i o n and other two a s s o c i a t i o n s suggests 
L * f! 1] n a n d C u m * y n o t b e c i i s D e r s e d through­out s i l i c a t e and oxide l a t t i c e s . 

F i g u r e 30: Summary o f I n t e r p r e t a t i o n 
o f M e t a l A s s o c i a t i o n s i n 
I n t r u s i v e and V o l c a n i c Rocks 
A c c o r d i n g t o C r y s t a l F i e l d Theory 



CHAPTER 6 

POTENTIAL FOR PORPHYRY COPPER DEPOSITS 
• j 

On the b a s i s of the f o r e g o i n g genetic model 
porphyry copper p o t e n t i a l i s minimal i n the H o t a i l u h 
b a t h o l i t h . Hydrothermal a c t i v i t y was i n s i g n i f i c a n t 
d u r i n g magmatic c r y s t a l l i z a t i o n and the p o s s i b l e ore 
metals were di s p e r s e d i n c r y s t a l l i z i n g ferromagnesian 
minerals and magnetite and not concentrated i n the r e ­
s i d u a l s i l i c a t e melt. The s t r o n g a s s o c i a t i o n of Cu w i t h 
N i , Co and Fe i n s t e a d of with Zn, Mn and Pb v i r t u a l l y , 
negates the p o s s i b i l i t y t h a t porphyry copper d e p o s i t s 
occur w i t h i n the b a t h o l i t h at i t s present l e v e l of expo­
sure . 

Of p a r t i c u l a r note, metal behaviours i n the 
H o t a i l u h b a t h o l i t h d i f f e r from those r e p o r t e d f o r the 
pro d u c t i v e Guichon b a t h o l i t h . Brabec (1971) s t a t e s t h a t 
Zn but not Cu i s c o r r e l a t e d w i t h Fe and Mg i n whole r o c k s , 

• •<u • 

and concludes t h a t Cu i s not s o l e l y d i s p e r s e d i n f e r r o ­
magnesian minerals and magnetite. 

In the v o l c a n i c r o c k s , ore p o t e n t i a l i s c o n s i ­
derably g r e a t e r p r i n c i p a l l y because Cu and Zn do not 

1 i 4 
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appear to A$e d i s p e r s e d i n s i l i c a t e or oxide l a t t i c e s 
and may have been s u s c e p t i b l e to l e a c h i n g and concen­
t r a t i o n i n a hydrothermal regime generated near the 
margins of the b a t h o l i t h . The r e l a t i v e l y great back­
ground metal content i n the v o l c a n i c rocks and the 
occurrence of the Dease Lake Mines deposit and s e v e r a l 

sulphide mineral showings near the west edge of the 
i 

b a t h o l i t h support t h i s c o n c l u s i o n . 



CHAPTER 7 

CONCLUSIONS 1 

i 

Conclusions c o n s i s t e n t w i t h the purpose of t h i s 
t h e s i s are: 

1) The H o t a i l u h b a t h o l i t h i s a simple zoned 
p l u t o n i n which a core of quartz monzonite i s surrounded 
by a margin of g r a n o d i o r i t e . I t i n t r u d e s comagmatic 
v o l c a n i c rocks generated i n a Late T r i a s s i c e n s i m a t i c 
i s l a n d arc environment. Hybrid i n t r u s i v e rocks occur 
adjacent a narrow contact aureole of a m p h i b o l i t e , 
c h l o r i t e s c h i s t and other metavolcanic r o c k s . 

2) I n d i v i d u a l rock types of the t h e s i s area can 
be d e f i n e d i n terms of t h e i r average metal contents and 
by c h a r a c t e r i s t i c metal a s s o c i a t i o n s . 

3) In the H o t a i l u h b a t h o l i t h Cu, Zn, Pb, N i , Co, 
Mn and Fe were d i s p e r s e d i n l a t t i c e s o f ferromagnesian 
minerals and magnetite d u r i n g p r o g r e s s i v e inward f r a c ­
t i o n a l c r y s t a l l i z a t i o n of an i n i t i a l l y g r a n o d i o r i t i c 
magma. The metals became i n c r e a s i n g l y d e p l e t e d i n the 
r e s i d u a l s i l i c a t e melt as d i f f e r e n t i a t i o n proceeded i n 
the absence of a magmatically d e r i v e d hydrothermal f l u i d . 
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R e d i s t r i b u t i o n of metals d i d not occur during the l a t e 
stages of magmatic c r y s t a l l i z a t i o n or subsequent to 
complete s o l i d i f i c a t i o n of the b a t h o l i t h . The p o t e n t i a l 
f o r occurrence of porphyry copper deposits i n the i n t r u ­
s i o n i s minimal. 

I 
4) In v o l c a n i c rocks Cu and Zn probably occur 

i n sulphide minerals or along cleavage p'lanes and g r a i n 
boundaries but are not dispersed s o l e l y i n l a t t i c e s i t e s 
of s i l i c a t e and oxide m i n e r a l s . Porphyry copoer p o t e n t i a l 
i s s i g n i f i c a n t i n these rocks because Cu and Zn nay have 
been s u s c e p t i b l e to l e a c h i n g and l a t e r c oncentration i n 
a hydrothermal regime generated near the margins of the 
b a t h o l i t h . Indeed, v o l c a n i c rocks a f f e c t e d by contact 
phenomena may have been the source f o r the copper i n 
the Dease Lake Mines deposit and the s e v e r a l sulphide 
showings th a t occur i n v o l c a n i c rocks along the western 
contact of the i n t r u s i o n . 

5) Metal a s s o c i a t i o n s i n the i n t r u s i v e rock3 are 
e x a c t l y those p r e d i c t e d from c r y s t a l f i e l d theory. This 
may i n d i c a t e the theory i s adequate f o r d e s c r i b i n g the 
behaviour of Cu, Zn, Pb, Ni,.Co, Mn and Fe during magmatic 
c r y s t a l l i z a t i o n . 



APPENDIX 8 

SUGGESTIONS FOR SUCCESSFUL | 
PORPHYRY COPPER EXPLORATION j 

The f o l l o w i n g suggestions are considered appro­
p r i a t e f o r a porphyry copper e x p l o r a t i o n program: 

1) S e l e c t an area f o r e x p l o r a t i o n based upon 
current metallogenic t h i n k i n g and economic f e a s i b i l i t y . 
A number of d i f f e r e n t models may h?ve to be evaluated 
before such a d e c i s i o n can be made. 

2) Map the f i e l d area t o determine the number 
of d i f f e r e n t rock t y p e s , t h e i r a r e a l d i s t r i b u t i o n , con­
t a c t r e l a t i o n s h i p s , s t r u c t u r a l f e a t u r e s , the extent of 
a l t e r a t i o n and sulphide occurrences. Country rocks 
should be mapped i n the same d e t a i l as the i n t r u s i o n . 
C a r e f u l l y s e l e c t e d hand specimens of outcrops w i l l f a c i l 
i t a t e subsequent petrograohic study. 

3) C o l l e c t a v a r i e t y of sample types durinrr 
f i e l d mapping and make d e t a i l e d observations p e r t a i n i n g 
to l o c a t i o n , rock type, occurrence of sulphide minerals 
and p r o x i m i t y to a l t e r a t i o n or f r a c t u r e s at each sample 
s i t e . Composite rock chip and r e s i d u a l s o i l samples 

1 8 2 
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w i l l best r e f l e c t metal d i s t r i b u t i o n i n the bedrock but 
s i l t samples o f t e n provide a more adequate coverage. 

4) Attempt to c o l l e c t a s u f f i c i e n t number of 
samples f o r each rock type i n a random and unbiased 
manner. Tnadeauate sampling can lead to u n i n t e m r e t a b l e 
o f t e n i n c o r r e c t r e s u l t s . R e p l i c a t e samples at a number 
of l o c a t i o n s provide the b a s i s f o r estimates of both 
a n a l y t i c a l p r e c i s i o n and v a r i a b i l i t y at d i f f e r e n t s c a l e s . 

5) Analyse a l l sample types f o r a v a r i e t y of 
metals and complete a thorough s t a t i s t i c a l a n a l y s i s of 
the a n a l y t i c a l data to provide a sound b a s i s f o r under­
sta n d i n g metal d i s t r i b u t i o n i n the area under study. 
Suggestions f o r such an a n a l y s i s are o u t l i n e d i n Appen¬
d i x 7. Whole rock analyses w i l l provide s i g n i f i c a n t 
i n f o r m a t i o n and may o f t e n be used i n s t e a d of analyses 
of m i n e r a l separates. Patterns of metal a s s o c i a t i o n as 
w e l l as d i f f e r e n c e s i n average metal contents should be 
considered i n comparisons among rock types or sample 
types. Conclusions based s o l e l y upon average metal con­
t e n t s are prone to e r r o r . Because average metal contents 
and metal a s s o c i a t i o n s can be expected to vary v/ith rock 
t y p e , they should be determined f o r each rock type u s i n g 
ap p r o p r i a t e sample p o p u l a t i o n s . Background estimates 
based upon sample populations c o n t a i n i n g a . v a r i e t y of 
rock types may be o u i t e i n a p p r o p r i a t e . 
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6) Construct a s a t i s f a c t o r y genetic model f o r 
the area based on f i e l d observations and r e s u l t s of the 
s t a t i s t i c a l a n a l y s i s . The degree of s o n h i s t i c a t i o n i n 
any model depends upon the needs of the e x o l o r e r . An 
appropriate model f o r metal d i s t r i b u t i o n should be able 
to account f o r geochemical d i f f e r e n c e s among samole 
types. For example, high Cu content i n s i l t s may be more 
dependent upon processes of weathering and t r a n s p o r t than 
the Cu content of bedrock. 

7) P r e d i c t p o t e n t i a l f o r the occurrence of 
porphyry copper deposits on b a s i s of the genetic model. 
Ore p o t e n t i a l may be high i f model suggests that metals 
became concentrated i n a hydrothermal f l u i d or viere 
r e d i s t r i b u t e d d u r i n g hydrothermal a l t e r a t i o n . Greater 
than average metal contents do not n e c e s s a r i l y r e f l e c t 
p r o x i m i t y to ore deposits and l e s s than average contents 
need not imply a l o s s of metals from one area and t h e i r 
c o n c e n t r a t i o n elsewhere. I t i s to be expected that metal 
d i s t r i b u t i o n w i l l depend upon complex n a t u r a l phenomena 
that i n t e r a c t d i f f e r e n t l y i n each.area explored. 
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