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The Guichan Creek b o t h a l i t h l o c a t e d i n so u t h - c e n t r a l 
po+e*f fatty 

B r i t i s h Columbia I D host to s e v e r a l producing and pa*e.-producing 

porphyry capper deposits with an aggregate tonnage i n excess 

of 2 b i l l i o n tons (of motor.ioj) grading opproximotely 0*U% Cu 

equiv/olento vMost--of these deposits -are confined' to the younger 

and mare f e l a i c u n i t s of the b a t h c l i t h i n the Highland V a l l e y 

d i s t r i c t - Ore-forming processes are reviewed i n l i g h t of 

Hcnoun and neuly-acquired gEOchemicnl and i s o t o p i c data* 

-Published r e s u l t s of ra d i o m e t r i c and s t a b l e isotope s t u d i e s 

i n d i c a t e a c l o s e r e l a t i o n s h i p between m i n e r a l i z a t i o n and 

emplacement of the Guichan Creek bothalith., R e l a t i v e l y l o u 

K, Rb and Rb/Sr values, and high K/Rb r a t i o s i n b o t h o l i t h i c 

rocks are c o n s i s t e n t with", p r i m i t i v e Sr and st a b l e isotope 

data .gndV; suggest d e r i v a t i o n of the Guichon Creek magma and 

oss e c i o t e d metals from a s u b c r u s t a l source* 

D i s t r i b u t i o n af trace elements e s p e c i a l l y Cu i n rocks 

and minerals i s however i n c o n s i s t e n t u i t h the prevalent 

hypothesis that ore metals were derived ond concentrated by r ,-/ -+V7; »•* • .' 

c r y s t a l l i z a t i u n - f r s c t i c n a t i o n fof-o c u - r i c h ' magma. On tho 

con t r a r y , i t i s argued that the Guichan Creek magma became 

impoverished i n Cu as a r e s u l t of f r a c t i o n a t i o n . Thua, the 

r o l e of the Guichon Creek magma i n ore-forming processes i s 

envisaged os one of s t r u c t u r a l c o n t r o l i n channeling ore metalo 

to the surface ond p r o v i d i n g s t r u c t u r a l openings f o r l o c a l i z a t i o n 



r a t h e r then B d i r e c t source of metals* The nature of 

B p i g e n s t i c a l t e r a t i o n - m i n e r a l i z a t i o n processes i s a l s o 

examined i n l i g h t of bedrock and mineral geochemistry* 

A v a i l a b l e evidence suggests that a l t e r e d w a l l rocks .may-, not 

(be) the source of ore metals. 



INTRODUCTION 

In recent yearn, numerous genetic models hove been 

proposed f o r porphyry copper deposits (Burnham, 1967; 

Meyer and Hemley, 1967, Fbur n i e r , 1967; N i e l s e n , 1968; 

Lowell and G u i l b e r t , 1970; Lihite, 1968; P h i l i p s , 1973) c 

Most of these models have not be n e f i t e d from r e s u l t s of 

bedrock geochemistry, which i n conjunction with experimental 

s t u d i e s are c r u c i a l to-the understanding of chemical aspects 

of ore-forming processes i n porphyry copperso The purpose 

of t h i s paper i s to review ore-forming processes at Highland 

V a l l e y , ond on the b a s i s of newly a v a i l a b l e geochemicol 
a,--, 

data (Dlsdo, 1974; Glade end F l e t c h e r , 1975a, 1975b)-speculate 

f u r t h e r on the o r i g i n of the mineral deposits-

Host of the genetic models presented f o r porphyry 

copper deposits recognize the importance of magmatism i n 

hydrothermal processes; the main d i f f e r e n c e s are i n the depth 

of i n t r u s i o n , the timing of hydrothermal processes ond source 

of m i n e r a l i z i n g f l u i d s (Lowell and G u i l b e r t , 1970). In the 

orthomagmatic models (Burnham, 1967; N i e l s e n , 1963), on 

aqueous-rich v o l a t i l e phase i s r e l e a s e d from the magma when 

i n t e r n a l vapour pressure exceeds l i t h o o t a t i c pressure, or 

when the i n t r u s i v e system i s subjected to e x t e r n a l s t r e s s e s . 

At the othor end of the -ore^eneticVspectrum^.to-the) its 

orthomogmotic models, Unite ,(1968) -poo t u l a too- an almost 
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, completely e x t e r n a l source of m i n e r a l i z i n g f l u i d s f\ sonnchbe) 

ji^mArtd Ufa .>rr.;,n • 0,\ 'c_ • 

efcj>nn'H< and/or meteoric -hydrothermal- s o l u t i o n s subject to connective 

-processes by heat generated by subjacent I n t r u s i o n s - In t h i o -

modeiy the pluto.fi ploys o passive r o l e i n m i n e r a l i z i n g prococses* 

GEOLOGIC SETTING QF GUICHON GREEK BATHOLITH 

•* Geology of the Guichon Creek b a t h o l i t h hoc been 

described i n d e t a i l by Northcote (196? ) McMillan (1972 ) ond 

Hylands (1972). The T r i a s s i c b a t h o l i t h i n t r u d e s sedimentary 

and v o l c a n i c rocks of the Permian Cache Creek -Groop-and Upper 

T r i a s s i c N i c o l a Groups -and i s o v e r l a i n uncanformobly by Middle 

J u r a s s i c to T e r t i a r y sedimentary and v o l c a n i c rocks. The 

-p^uton i s composed of s e v e r a l c o n c e n t r i c i n t r u s i v e phases that 

range i n composition from hybr-id' d i o r i t e at the outer margins 

to p o r p h y r i t i c quartz monzonite at the c e r e \ N a r t h c o t s , .1969), 

Moot of the major porphyry copper deposits are as s o c i a t e d 

with the younger -and-central phases af the b a t h o l i t h ( F i g B 1 ) o 

CH frfiA C TEH >$ m cF M' ™e& e~tUf'*'A/ T*t & $A T'HcU I TH 
JEW - -OF-- L VIDENCE— 

Various l i n e s of evidence suggest c l o s e r e l a t i o n s h i p s 

between m i n e r a l i z a t i o n gt Highland V a l l e y and e v o l u t i o n of 

the Guichon Creek b a t h o l i t h ( N a r t h c o t s , 1969 Drobec and Unite 1971) 

http://pluto.fi


F i r s t l y " , most o.f the major porphyry copper deposits arc s p a t i a l l y 

a s s o c i a t e d with the younger and most f e l . s i c foi 1:̂  of the b a t h o l i t h 

the Bethsaida and Bethlehem Phases. Secondly, i s o t o p i c age 

determinations indicate,''close temporal r e l a t i o n s h i p between 

magmatism and hydrothermal processes.. [Results of K-Ar age 

determinations on hydrothermal s o r i c i t e s and b i o t i t e s (Blanch-

f l o w e r , 1972; Janes et o l . , 1972; Dirom, 1965) i n d i c a t e t h a t , 

w i t h i n l i m i t s of a n a l y t i c a l e r r o r , -•minersli2'otiqri" 'Ond . emplacement 

Df the b a t h o l i t h were contemporaneous* 

O r i g i n of Guichon Creek Magma 

•—C.rJumerou^ workers have shown that K/Rb r a t i o s set 

(Importanj) c o n s t r a i n t s on source m a t e r i a l s of igneous masses 

(Hurley, 1968; C u l b e r t , 1972). (jResuXts-ef//Regional geochemistry 

(Glade, 1974) i n d i c a t e r t h a t K/Rb r a t i o s i n rocks of the Guichon 

Creek b a t h o l i t h are r e l a t i v e l y high (mean - 358) and l a r g e l y 

"̂•-•;/"7 outside the l i m i t considered normal' f a r c o n t i n e n t a l p l u t o n i c 
r, L_ 

x^yyy-i rocko ( F i g * 2 ) . Furthermore, &he) Rb/Sr r a t i o s p l o t i n the 

region of b a s a l t s and andesites ( F i g * 3) and the mean Rb/Sr 

r a t i o of 0 D 05 i s o n e - f i f t h the value c i t e d f a r s i a l i c c r u s t 

by Foure and Hurley (1963)* Compared to other Mesozoic plutans 

i n the Intermontone S t r u c t u r a l C e l t (Table 1), the Guichon 

Creek b a t h o l i t h i s r e l a t i v e l y impoverished i n Rb and K, ond 

ch a r a c t e r i z e d by higher K/Rb and lower Rb/Sr r a t i o s . However, 

values obtained f o r the Guichon Creek b a t h o l i t h are s i m i l a r 

o.«a**/4 



to those reported by Culbert (1972) f a r the Coast Mountains 

b a t h o l i t h of the Coast Mountains S t r u c t u r a l B o l t . 
A 

(tho:/relatively high K/Rb and low Rb/Sr r a t i o s i n rocks 

of Guichon Creek b a t h o l i t h suggest d e r i v a t i o n from a s u b c r u s t n l 
whet* rj 

source region-depleted i n a l k a l i s and enriched i n Sr. mast 
likely rV-Dr.' £- i t t l X I" 

(probabl-y-~.frDHH subducted oceanic c r u s t or upper mantle. This 

i n t e r p r e t a t i o n i s enns i s t e n t with t h e p r i m i t i v e i n i t i a l Sr 
87 86 

i s o t o p i c r a t i o (Sr /Sr ~ 0.7037) reported by Chrismoo et a l . , 
(1969), Furthermore, -results—of) s u l f u r isotopes i n hydrothermal 

as vittlas 

s u l f i d e s and sulf a t e s , , and deuterium and oxygen isotopes i n 

hydrothermal s e r i c i t e s and k a o l i n i t o o ( F i e l d et s i . , 1973; 

Jones et a l * , 1972; Shoppard et a l . , 1959) suggest o s u b c r u s t a l 

source f a r m i n e r a l i z i n g s o l u t i o n s and'associated m e t a l c 

Monger et a l . (1972) end Dercourt (1972) --have) presented 

t e c t o n i c models 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 , 

•HMrefr suggest that the Intermantone B e l t , comprising extensive 

o n d e s i t i c v o l c a n i c rocks and c a l c - a l k o l i n c plutons ( i n c l u d i n g 

the Guichon Crook--batholith)-. was the c i t e of on anciont 

i s l a n d arc;generated by subriuction of oceanic c r u s t of the 

P a c i f i c P l a t e beneath c o n t i n e n t a l c r u s t of the o v e r r i d i n g 

North American P l a t o during the) MeoazoicA In accordance with 

t h i s model and -studies by /Metnorton and Dickinson (19&9^—on— 

-et-her~fe£an^^ the 3?ei-a-tive4y e a r l y MesDzoic age 

(200 m.y.) of the Guichon Creek b a t h o l i t h and i t s low K o0 

content (moan -• 1.85%) suggest d e r i v a t i o n at r e l a t i v e l y shallow 

depths'from, the subduction zone'close to the T r i a s s i c 'trench'. 

http://l-y-~.fr


Emplacement of the Guichon Creak D o t h o l i t h 

facet* •. •'.' 

Northcate (1969) has presented geologic evidence which 

suggests thot older i n t r u s i v e u n i t s w i t h i n the b a t h o l i t h 

were emplaced under maoozQncl c o n d i t i o n s , whereas ihrr younger 

u n i t s that are s p a t i a l l y a s s o c i a t e d with m i n e r a l i z a t i o n wore 

emplnced at shallower l e v e l s i n the c r u s t . P a r t i c u l a r l y toward 

the close; of i n t r u s i v e a c t i v i t y , v o l a t i l e pressure fJitl) exceed .-e, 

load pressors and t e n s i l e strength of the c o n f i n i n g rocks, 

r e s u l t i n g i n the development.of b r e c c i a pipes as o r e s u l t of 

subvolcanic explosions i n an e p i z o n a l environment (White et a l . 

1957). 

D i s t r i b u t i o n of Trace Elements A I ^ n 2 / 5~ 

A/ 

U i t h i n the b a t h o l i t h as a whole, Cu concentrations 

/>y 0 '•'•—> g e n e r a l l y decrease from mora than 300 ppm i n . the r e l a t i v e l y 
</ i. ' - - ff 

£st,u h/H fU older.mafic u n i t s to l o s s then 10 ppm i n the younger f e l s i c 

• />"••' '' ',rs" rocks at the core ( F i g . 4 ) . S i m i l a r - trends ore-shown-by) 2 id' J 

•/, / J. 7 • Zn, ton, T i , V, Ni and Co which)are e l l r e l a t i v e l y depleted i n 

tho- youngest, most f e l s i c phases of the b a t h o l i t h . However, 

u n l i k e Cu, those elements arc s t r o n g l y c o r r e l a t e d with Fa and 

fig ( r ~ 0.7). which-they aro -assumed to s u b s t i t u t e f o r i n 

the l a t t i c e s of fomic .minerals (Glade ond F l e t c h e r , 1975b). 

The l o w e r : - c o r r e l a t i o n of Cu with Fe and fig ( r »•,: 0.5.) and i t s 

* • r * O • 5" -£yV ho"!L f 
••••«/6 



r e l a t i v e ease of e x t r a c t i o n with o sulphide s e l e c t i v e leach 

(Dj-ado and F l e t c h e r , 1974) suggests'' that copper s u l f i d e s 

account f o r a s i g n i f i c a n t p r o p o r t i o n of thn Cu i n "unminernlized" 

samples* 

Mature of A1 to r a t i e n - M i n o r• o1i 2: atioin Proc esses. 

M 

Extensive moll-rack a l t e r a t i o n ^ * t h a t i s so c h a r a c t e r i s t i c -

•of; porphyry copper deposits c o n s t i t u t e s the most v i s i b l e 

evidence of i n t e r a c t i o n between hast rocks and hydrothermal 

s o l u t i o n s . Meyer onn Hernloy (1967) among others, ha\m 
% .•> -t-

demonstroted $he) close temporal and genetic r e l a t i o n s h i p s cr 

between sulphide d e p o s i t i o n and wall-rock a l t e r a t i o n ai? i*\ 

porphyry copper d e p o s i t s . 

c M n e r a l o g y - o ' f l ( a l t e r a t i o n assemblages at'. Highland V a l l e y 
theuJt £«. 

deposits provides evidence of the composition of m i n e r a l i z i n g 

f l u i d s * A l l the tf&p a o x t ^ of—the} Highland V a l l e y , c o n t a i n 

s e r i c i t o a l t e r a t i o n e i t h e r i n a s s o c i a t i o n with k a o l i n i t e ^ - r 

quartz or K-feldspar. A r g i l l i z o t i o n and s e r i c i t i z a t i o n of 

w a l l rocks r e q u i r e ' s l i g h t to moderate a c i d i t y (pH < 6) r̂ V- - ,'», 
r&QVltftS - • - O f / I f ' f''''-"- 'P ' > \ , 

whereas abundant K-foldspor -sungests pH exceeding 7 (Barnes 

and Czamanske, 1967). C r o s s - c u t t i n g vein r e l a t i o n s h i p s j 2-rA3'-f 

suggest that K-feldspar with or without quartz i s g e n e r a l l y 
e a r l y i n the paragenetic sequence, and followed by s e r i c i t o 

and o r g i l l i c veins or selvages, l i h i s sequence suggests ^ j. 9 t 

i n c r e a s i n g acidit-y-o-f- hydrothermal f l u i d s w i t h - i n c r e o s i n e — 

evolution,," However, at V a l l e y Copper, K-feldcpor envelopes 



ahJ> 

occur around s o r i c i t o veino and/\in e q u i l i b r i u m with k a a l i n i t c . 

Thio r e l a t i o n s h i p , which i n contrary to the o t a b i l i t y - f i o l d 

r e l a t i o n s h i p s e s t a b l i s h e d f a r theoe minerals by Homloy and 

Jonas (1964), i s a t t r i b u t e d to-e^e^urgen^^-ofvtabnarmoily 

high s i l i c a a c t i v i t i e s •ifi-o-re-for-ming-fluids—s-h-i-f-ting the 

mineral s t a b i l i t y f i e l d to higher pH l e v e l s . 
to 

•~Resul-ts-~of /bedrock and .mineral geochemistry (diode, 1974) 

suggest -that- widespread chemical changes/jin w a l l r o c k s ^ e j 

• i n t i m a t e l y a s s o c i a t e d with m i n e r a l i z a t i o n and hydrothermal 

- a l t e r a t i o n . Each deposit i s c h a r a c t e r i z e d b y ' c e n t r a l 

m i n e r a l i z e d zones' i n which motocamatic a c t i v i t y i s moot intense 

In zones of intense a r g i l l i c and p h y l l i c a l t e r a t i o n 

at V a l l e y Copper, Lornex and Highmont, the base Elements Co, 

Na, Sr, Bo, Zn, Hn, Mg end Fe are depleted, whereas i n p o t a s s i c 

zonos at 3A, Lornex and V a l l e y Copper H, Kb and Ca are 

r e l a t i v e l y enriched. C a l c u l a t i o n s of chemical gain and 

l o s s of p r i n c i p a l rock -constituents-through a l t e r a t i o n 

ond m i n e r a l i z a t i o n at V a l l e y Copper ( F i g s ) , suggest that 

i n q u a r t z - s o r i c i t e and p o t a s a i c zones, Ca, Mg, Fe, Wo and A l a n 

rcmovod arid- S i and S.'added ( f o r method of c a l c u l a t i o n , 

see Gresens, 1967). The(obvious) d e p l e t i o n of base c a t i o n s i n 

m i n e r a l i z e d ond a l t e r e d zones i s a t t r i b u t e d to the breakdown of ferromagnesian minerals and p l a g i s c l a s e to s e r i c i t e 

and k a o l i n i t o . I n c i p i e n t stages of the above -process ore 

demonstrated by r e s u l t s of mineral analyses. Zn, Mn, and 



Co l e v e l s i n b i o t i t e s end magnetites arc c o n s i s t e n t l y lower 

i n m i n e r a l i z e d and a l t e r e d than i n f r e s h samples (Table 2). 

Cu and S concentrations, though e r r a t i c , oTo highest i n 

zones of intense a l t e r a t i o n and m e t a l l i z a t i o n , 'decreasing 

outwards*" to background l e v e l s i n f r e s h unminerolized hast 

rocks. 

DISCUSCI01M 

The f a l l o w i n g modes of o r i g i n hove boon proposed f o r 

porphyry capper d e p o s i t s , hence arc rel e v a n t to the gene si-o­

of -the-* Highland V a l l e y d e p o s i t s . 

( i ) E x t r a c t i o n of ore motels by leaching of w a l l 

rocks by convecting meteoric waters -as-proposed^by(whitay£l958) 

or by d e u t o r i c a l t e r a t i o n as suggested-by:Putman (-1972). 

( i i ) D e r i v a t i o n of ore metals by a s s i m i l a t i o n of metal-

r i c h country rocks (Schau ? 1970). 

( i i i ) D e r i v a t i o n and cancontrotion of aqueous-rich,.-
'TAO ; v. :• ̂  • .-• j) v o c.f: s 4 £^0 - iv.. CSJ •>>. •j^.^J...?-
•metol-bearing f l u i d s from magmas during t h e i r emplacement 

and c r y s t a l l i z a t i o n - f r a c t i o n a t i o n •(Nielsen, 1963; 

Brobec and White, 1971; Graybeol, 1973). 

( i v ) Generation of ore-forming f l u i d s from s i m i l a r 

source regions as the magmas; the r o l e .of magmas being one 

of s t r u c t u r a l c e n t r a l r a t h e r than source-of metals" (Noble- 1S10 

S i l l i t o e , 1972; M i t c h e l l and Gar con, 1972:; Uright and HeCurry, 

1973). 
D O . D O . E . / 9 
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On the basis of v a r i a t i o n s of Cu contents i n the 

Guichon Creek b a t h o l i t h , Lirabec ond Whits (1971) postulated 

that the Highland V a l l e y deposits were derived and concentrated 

during emplacement and c r y s t a l l i z a t i o n of a-prohably~Cu-ricby 

Guichon Creek magma. In cont r a s t Schou (1970) suggested that 
by 

Cu i n the b a t h o l i t h was generated from the; a s s i m i l a t i o n of *&) 

(BUppoaod)Cu~rich N i c o l a v o l c a n i c country rocks- On the b a s i s 

of Sr arid other s t a b l e isotope s t u d i e s , Chrismas et a l . (1969) 
'.nave-proposed an upper mantle source f o r the Guichon Creek b a t h o l i t h 

•.fond a s s o c i a t e d mineral deposits* ^These a l t e r n a t i v e s are now 

:ansidered i n l i g h t of/,regional and d e t a i l e d bedrock, and 

mineral geochemistry. -"• u , s r S 

The f i r s t hypothesis concerning d e r i v a t i o n of metals 
at Ik t***' i-f ^"^^ 

from w a l l rocks i s considered l e a s t l i k e l y because,results of ' 

both r e g i o n a l and d e t a i l e d bedrock geochemistry (Dlede, 1974; 

Dlade and Fletcher> 1975b) around m i n e r a l i z e d zones indicate-' 

that no zone o f Cu and/or 5 depletion-surrounds the brebodies , 
" •' y S t&£\.-<— 

a t the l e v e l of sampling. * The p o s s i b i l i t y that these—elements- could-

-be e x t r a c t e d from chonnelways- a t - g r e a t e r depths i s not r u l e d 

out. Moreover, r e s u l t s of mineral geochemistry provides no 

evidence of obvious leeching of Cu from b i o t i t e o 
Scbcu (1970) suggested that ore-metals mere-derived 

-Li—> 
-by^oosimilotion of N i c o l a v o l c a n i c rocks. Subsequently•Grabec 

and White (1971) c r i t i c i z e d t h i s hypothesis by demonstrating 

that the Hybrid Phase, the most contaminated u n i t w i t h i n the 

b a t h o l i t h , i s h a i r - s i g n i f i c a n t l y higher 'd-n-Cu^than- unenntominated 
4 \tx'lo~G^ci,< /1° s o o o u 
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racks af the -Guichon and Cj^iawav PhjjBtfs. Brabcc (1970) f u r t h e r 
r.V " of 

suggests that t h e . r e l a t i v e l y high Cu l e v e l s i n the b a t h o l i t h 
of a ^ u j 

would r e q u i r e s e l e c t i v e a s s i m i l a t i o n of t h i s -metal from =a- l a r g e 
does 

volume of country rocks. F i e l d evidence / not support l a r g e -

s c a l e contamination of the bothalith,. beyond- the outer margins 

/\(Narthcote, 1969). 

A v a i l a b l e gcochomical data are not c o n s i s t e n t with the 

hypothesis of Brabec ond White (1971), sinee-

( i ) Cu, together with Zn, fin, T i , V, PJi, Co, Fe end Mg 

g e n e r a l l y decreases with i n c r e a s i n g f r a c t i o n a t i o n o r - f e l s i c - -

-composition- of I n t r u s i v e u n i t s . This geochemicol p a t t e r n simply 

r e f l e c t s normal d i f f e r e n t i a t i o n trends observed i n unminsralized 

i n t r u s i o n s . Sheraton ond Black (1973), i n v e s t i g o t i n g - t r a c e 

element geochemistry of g r a n i t i c i n t r u s i o n s unminsrolized with 

respect to Cu, found that Cu concentrations decreased from more 

then 40 ppm In g r e n o d i o r i t o to l e s s than 5 ppm i n more d i f f e r e n t i a t e d 

g r a n i t e s . In c o n t r a s t , s t u d i e s on i n t r u s i o n s that are known to 

have generated Immiscible sulphide phases such as the Skaergaard 

(wager and Brown, 1967), and m i n e r a l i z e d Laramido i n t r u s i o n s i n 

Arizona (Graybeol, 1973), Cu contents' of bedrock and mineral 

£ J c o n s t i t u e n t s g e n e r a l l y increase; with f r a c t i o n a t i o n u n t i l Cu 

separates from the melt as an immiscible sulphide phase.' Graybeal 

(1973), i n v e s t i g a t i n g the p a r t i t i o n i n g of Cu between c o - e x i s t i n g 

b i o t i t e and hornblende found t h a t , under e q u i l i b r i u m c o n d i t i o n s , 

tdffttSiAfj, 

UOJ h -

Q» (/ Com nfl-l 
i * j Cm a * 

o* 1 fcfc "l 

higher concentration of Cu w i t h i n the magma was r e f l e c t e d by 
CM- *K«n> 

higher concentrations i n the mineral phases.' In the Guichon 

0O..../11 
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Creek b a t h o l i t h , m o u l t s of Cu determinations i n ; ' b i o t i t o y 

ond hornblGni!:;2j''.(Grnbcc, 1970) suggest no appreciable v a r i a t i o n s 

throughout the b a t h o l i t h . From the foregoing discussions 

i t i s apparent that geochcmical data do- not support the hypothesis 

that ore motels &t Highland V o l l e y were derived by d i f f e r e n t i a t i o n 

of a Cu-ri c h Guichon Creek magma. Un the contrary, i t i s argued 

that the Guichon Creek magma became i n c r e a s i n g l y impoverished 

i n Cu as a r e s u l t of d i f f e r e n t i a t i o n . 

An hypothesis, which regards m i n e r a l i z a t i o n as an 

independent by-product of magma generation rather than a d i r e c t 

r e s u l t of d i f f e r e n t i a t i o n processes i s c o n s i s t e n t with goochemical 

data and contemporary Ideas ,u.f p l a t e t e c t o n i c s ond ore genesis.. 

Nevertheless, i t must be emphasized that d i f f e r e n t i a t i o n 

processes w i t h i n a magmo^. provide the r i g h t chemical'and 

> A p h y s i c a l onvironmont f o r •ioGal-izction of ore merolB. , i7 

f= 

High K/Hb \ and Sr values .and- l e u Rb^\ H^Rb/Gr ond-Cr--

i s o t o p i c r a t i o s are c o n s i s t e n t with d e r i v a t i o n of Guichon 

Crock magma from a deep-seated source, rmost) probably ..[subducted 
V 

oceanic c r u s t or upper mantle. Results of sulphur, oxygon and 

deuterium isotopes suggest a s i m i l a r deep-seated source f o r 

m i n e r a l i z i n g s o l u t i o n s and ore metalsA. Because of the temporal 
and s p a t i a l r e l a t i o n s h i p s between m i n e r a l i z a t i o n and magmatism, 

i t i s l o g i c a l to presume that ore metals at the Highland V a l l e y 

deposits were derived from a m e t a l - r i c h p o r t i o n of the subducted i Qy^O^A^ 'My 
\ i. a. 

acoanic c r u s t from which the Guichon Crook magma -was generated, yfitwt 1*^ vv-t.tt^ 

/12 



S i l l i t o e (1972) (jtaaŝ  demonstrated that there i s enough Cu i n 

oceanic b a s a l t s to generate metals i n ore dep o s i t s . The ore 

metals derived from p a r t i a l "is 1 t i n g of subdue -,ed oceanic 

c r u s t probably occur i n o . phase,'independent of the 

magma» Thus the ̂ o-lo. of th^.magma'is "btaJri-aved• to ba oho of 

s t r u c t u r a l •contrDi./in- ehannfillng-ore metals to ' c r u s t a l l e v e l s 

(Noble, 1970). . Nevertheless-!- d i f f e r e n t i a t i o n of the magma w6c \4 

p r o v i d e ^ v o l a t i l e s and s t r u c t u r a l openings, such as f r a c t u r e s ^ "lW 

, b r e c c i a zones^^yk-e—sbia^s---that f a c i l i t o t . e ^ C ^ h e J e x t r a c t i o n 

of metals from the system and concentration as ore de p o s i t s . 

F i g . u shows a -eomprenensi-ve) model f o r ̂ hp) e v o l u t i o n 

of (the) ore-forming f l u i d s at the hydrothermal stagsA. The 

clo s e s p a t i a l r e l a t i o n s h i p between porphyry dykes or dyke 

swarms and ore deposits ff3H-Htghland Va-tUlay-, suggests that k . c ^ 

-porphyries'served as h i g h - l e v e l s t r u c t u r a l ' o u t l e t s ' f o r 

m i n e r a l i z i n g s o l u t i o n s . The presence of s a l i n e f l u i d I n c l u s i o n s 

i n quartz veins at V a l l e y Copper Lornex and Highmunt 

(R.D. Morton, pars, comm.) ar-rd-enhanced values of 8, F f CI 

and S i n ore zones suggest that the m i n e r a l i z i n g f l u i d s contained 

HC1, H^CD-j, HF, Hr7S, HpSO^ and other v o l a t i l e elements. Lato 

stage d i f f e r e n t i a t i o n products, such as K +, SiD^, Rb + and i-Ja+ ' 

were probably present. Extensive a r g i l l i c ond s e r i c i t e 

a l t e r a t i o n found around the deposits r e q u i r e that ore s o l u t i o n s 

be s l i g h t l y to moderately a c i d i c , and contain abundant H , 

probably derived from d i s s o c i a t e d FLO ond H ? S ^ e © e n ^ i n t+te. 
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j u v e n i l e f l u i d s , or ^y-adraixtur-o^iith-cQnvecting^mutnoric 

matera.{generated by hes-t—frxiia-the por-phy-ry~dykeo ax s t o c k s ^ 

Melgeaun (1970) presented thermodynamic dnto which 

(Somonotrata-that e l l ) e q u i l i b r i a i n hydrothermal systems can 

be represented i n terms of the r a t i o of a c t i v i t i e s of ca t i o n s 

i n the aqueous phase to that of the hydrogen i o n . Changes i n 

base cation/H a c t i v i t i e s ore-forming f l u i d s transgress-^the 

a l t e r a t i o n zones ore portrayed ,in F i g . 6 e The ev o l u t i o n a r y 

paths, designated 1, 2 and 3 i n the diagram, represent d i f f e r e n t 

•degress of e q u i l i b r a t i o n betwaon-ore—fluids-and- mail rock. 

Formation of on ea r l y p o t a s s i c "zone (K-feldspor + quartz + 

s e r i c i t e j * , t h a t i s commonly centred on porphyry dykes, require! 
4- JL J-. / 

o high base c a t i o n (H , PJo. )/H' a c t i v i t y r a t i o , w h i c h could r e s u l t 

ftpem i n i t i a l composition?of m i n e r a l i z i n g f l u i d s ^ i n h e r i t e d 
filuMf ecu Id + 

from the magma)' or l e s s probably be derived -at—depths by H 

consuming and boss c a t i o n - r e l e a s i n g e q u i l i b r i u m r e a c t i o n s ^ 

As (the1 ore f l u i d s r i s e and spread outwards they undergo 

a d i a b a t i c expansion, and .-in—eon-junction-wit-ft r e a c t i o n with 

w a l l rocks and/or mixing with meteoric waters,; c o o l , causing 

d i s s o c i a t i o n of the most a c i d i c components. This d i s s o c i a t i o n 

provides most of the abundant H re q u i r e d f o r h y d r o l i t i c base 

leaching w i t h i n & t e * ) q u a r t z - o e r i c i t e and o r g i l l i c ' z o n o s ^ . u n d e r -•ooidia- oondliiQn&» he base c a t i o n s ^Mg + +, C a + + , F e + + , Na , 

Sr , Da , Zn , Mn , released by l e a c h i n g , ^rn^taken—intrr:™ 

the f l u i d and/,transferjed to the o u t l y i n g metoaoinatic f r o n t 

( K o r z h i n s k i i , 1968)/3a the s o l u t i o n s are cooled and n e u t r a l i z e d / ' > 

...... 



Changes i n base cation/H a c t i v i t y r a t i n e are g e n e r a l l y 

accompanied by changes i n pH and s u l f u r f u g a c i t y (Heyor 

and Hemloy, 1967) which u l t i m a t e l y c o n t r o l s u l f i d e d e p o s i t i o n 

and zoning p a t t e r n s . -Thio accounts for—the-,_glose o s s a c i a t i o n 
/" J" j •,. + 
[ r r j between c o r i c i t e a n d v c r g i l l i c v a l t e r a t i o n which r e q u i r e H 

consumption i n t h e i r formation and sulphide m i n e r a l i z a t i o n ^ resdtjSj 

if 
as;amply demonstrated at V a l l e y Copper, Lornox, Highmont and 

i n p a r t s of Bethlehem-JA. 

From the foregoing d i s c u s s i o n , i t i s apparent that 

r e g i o n a l ^ d e t a i l e d bedrock and mineral geochemistry, --and) i s o t o p i c 

and t e c t o n i c evidence are c o n s i s t e n t with the mode of o r i g i n 

proposed f o r the Guichon Creek b a t h o l i t h . Assuming the genetic 

model c o r r e c t , i t has ifor roaching) i m p l i c a t i o n s i n reconnaissance 

e x p l o r a t i o n f o r Cu deposits i n c a l c - a l k a l i n o i n t r u s i o n s of 

-fix the Intermontane B o l t . F i r s t , the apparent negative 

\ c o r r e l a t i o n between Cu contents and ore p o t e n t i a l of the 

Asn<b*t* \ Guichon Crook b a t h o l i t h suggests that ore-bearing i n t r u s i o n s 
' At ill, L 

need not be enriched i n Cu. Thus the suggestion by barren 
£-.•://. Zfa lend D e l o v o u l t , (19SG) that high Cu contents of i n t r u s i o n s 
H Mot*/* *-tf 

J f [ r e f l e c t ore p o t e n t i a l might not be gen e r a l l y a p p l i c a b l e . 
'< Second^, i f ore metals i n the Guichon Crook b a t h o l i t h wore 

l^-ncl - - • ^ 
derived from/subducted oceanic c r u s t as an independent by-

(~T ) P r o c l u c t of magma generation, i t i s mast-plauoiblo that other 

c a l c - a l k a l i n o p l u t o n i c and v o l c a n i c rocks.Aof s i m i l a r age as 
. \ 

the Guichon Crock b a t h o l i t h might o r i g i n a t e from the—some 

.../IS. 
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m e t a l - r i c h -portion- of-)subducted oceanic c r u e t . Such c n l c -

o l k o i i n o i n t r u s i v e and e x t r u s i v e rocks w i t h i n the Intermontono 

B o l t c 0 n be i d e n t i f i e d by: (1) the&p-agoo (Loto Triaaaic__r, i !" 

"Early J u r a s s i c ) ; - ; (2) t-hei-p- law Rfa, Rb/Sr and high K/Rb r a t i o s ; 
low 

and (3) their- K_D content which should r e f l e c t the r e l a t i v e l y 

shallow depth of magma generation. Using the Guichon Creek 

b a t h o l i t h as a 'reference i n d e x 1 , c a l c - a l k e l i n e i n t r u s i v e 

and e x t r u s i v e rocks which moot the above c r i t e r i a might have 

•conmdereble) p o t e n t i a l f o r f u r t h e r d i s c o v e r i e s of porphyry 

Cu and/or massive s u l f i d e d e p o s i t s . 

CDNCLUSICu'3 

Regional,"-, d e t a i l e d bedrock and min sra 1 geochemistry 

of the Guichon Creek b a t h o l i t h end ossocioted m i n e r a l i z a t i o n 

i s c o n s i s t e n t with the hypothesis that ore motels d i d not 
0 

a r i s e as a d i r e c t r e s u l t of d i f f e r e n t i a t i o n processes w i t h i n 

o Cu- r i c h magma, but rather as an independent by-product of 

magma generation from subducted oceanic crust./of jprobab Iy> 

•vj:--.f-€/w- arnphibolito composition. Nevertheless, 'chemical and mineral 
,7W»v«y f r a c t i o n a t i o n i-.ithin the Guichon Creek magma l e d to the 

^:development~ttf-) increased v o l a t i l e contents and pressures 

that provided s u i t a b l e chemical and s t r u c t u r a l environments 

V16 
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f o r l o c a l i z a t i o n of arc d e p o s i t s . -Consequently n o t - a l l ' 
J 

^ ^ ( f ^ r e — b e a r i n g plutons need be enriched i n .Cu. 
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(A) Abstract bottom A li n e s ..... I think you are suggesting that the 
mineralizing solutions were cither (1) emplaced with the magma as 
an immiscible phase or (2) that they followed behind the magma 
but used the same channelways. I t i s not clear to mc which 
p o s s i b i l i t y you mean. I f i t i s ( l ) i t i s d i f f i c u l t to envisage 
a magma s t r u c t u r a l l y c o n t r o l l i n g channelways. I t should also be 
made clear that the st r u c t u r a l openings for l o c a l i z i n g ores were 
i n the c r y s t a l l i z e d carapace of the magma. 

(B) I t would be better to be more s p e c i f i c . 

(C) You might be able to improve the depths and distances from trenches 
which I got from Hatherton and Dickson's curves by cal c u l a t i n g K55 
and K60 for Guichon data. There should also be a qualifying statement 
to the e f f e c t : "assuming conditions at the time the Guichon was 
emplaced were similar to 

(D) I strongly c r i t i c i z e your decision to change what has become standard 
usage (Northcote, 1969) regarding the Highland Valley PHASE and the 
Guichon and Chataway VARIETIES, I suggest you stick to standard 
usage even though i t would necessitate changing the Legend of Figure 1. 

(E) Graybeal concluded that copper content was low i n productive plutons 
because copper separated out into the v o l a t i l e phase.1" At Skaergaard, 
copper i n the rock and minerals was low after the sulphide phase 
separated. In the Guichon, Brabec shows copper increasing from 
Hybrid (57) to Guichon (65) then dropping (Chataway 43, Bethlehem 32 
and Bethsaida 10). A l l figures are geometric means. 

(F) This statement must be preceeded by some l o g i c a l reason for r e j e c t i n g 
derivation from a metal-rich upper mantle source. I would add a sentence 
i n at the "*" (p.11) saying:-

"In the Coast Mountains batholith Culbert (1972) has argued 
that si m i l a r Rb/K r a t i o s indicate probable derivation of a l k a l i s 
i n the b a t h o l i t h at least i n part from destruction of oceanic crust." 



(G) Your chemical gain calculations (p. 7) are good evidence 
that K, S i , and S were added and enrichment shows Rb and Ba 
addition BUT Na i s supposedly depleted (p.7). 

(H) At Valley i n p a r t i c u l a r , a r g i l l i c a l t e r a t i o n i s not closely 
associated with ore grade material. A r g i l l i c a l t e r a t i o n at Valley 
i s taken to be pervasive s e r i c i t e and k a o l i n i t e development. 
Reference "Osatenko, M.J. and Jones, M.B., 1975 ( ? ) , Valley 
Copper Deposit : C.I.M. Special Volume 15, i n preparation. 

( I ) Does i t r e a l l y matter whether the sulphide phase was independent? 
So long as the magma and sulphides have the same general source 
area the rest of your argument follows l o g i c a l l y . 



FIGURE 1 

(a) HIGHMONT not HIGHMOUNT. 

(b) Add a 6 to the area of Bethsaida south of Highmont and east of 
Lornex Fault. 

(c) Are the two unnumbered areas near Ashcroft Barnes Lake and 
Wi l l a r d Lake - i f yes, remove them. 

(d) JA deposit not shown ( l a b e l i t J.A. when you add i t so people 
unfamiliar with the region w i l l know which of the Bethleham 
deposits i t i s ) . 

(e) Suggest you follow standard usage and user-
Highland Valley phase 
Guichon Variety 
Chataway Variety 

FIGURE 2 

(a) Label the l i m i t s of normal continental plutonic rocks on the 
diagram i t s e l f . 

(b) Show the average, specify the standard deviation for Guichon 
rocks. 

(c) What i s the significance of the r = 0.78. I t i s not mentioned 
i n the text. 

FIGURE 3 

(a) Significance of r =-0.52? 

(b) I f Rb/Sr = 0.01 i s t y p i c a l for s i a l i c crust, l a b e l i t to that 
e f f e c t on the fi g u r e . 

(c) Dacite not Docite 



FIGURE 6 

The "model" i s a representation of Highmont and possibly J.A. I t Is not 
representative of Bethlehem, Lornex or Valley Copper- I suggest you 
e n t i t l e the Figure: 

Schematic model for chemical and mineral zoning of the Highmont 
deposits, Highland Valley area. Possible evolution of ore forming 
f l u i d s i s shown schematically." 

NOTE: I t would be better i f the pH, ore f l u i d diagram, were separated 
from the other. I expected the "path" to r e f l e c t the underlying 
data but i n fact i t seems to be showing a change from the 
beginning to the end of the mineralization process. 

TABLE 2 

Terms "Fresh", "weakly mineralized" and "strongly mineralized" 
are confusing. Are the samples from porphyry deposits ..... i f so 
specify t h i s i n the t i t l e , and perhaps use terms:-

Unmineralized rock 
Weakly mineralized zone 
Strongly mineralized zone 



Means and ranges of Rb, S r , Rb/Sr, K/Rb and 

S r ^ / S r ^ r a t i o s i n some Hesozoic i n t r u s i o n s 

of the C o r r i i l l e r a n Intormontano Bo l t ( k f t o r Pcto, 1974), 

Means and ranges of same *tr a c o elements i n b i o t i t e s 

ond magnetites from tho Highland V a l l e y (Values i n ppm). 



TA3LE 1: Kesno end ranges of Rb, 3 r , Kb/Cr, K/Rb and C r G 7 / G r d S  

r a t i o s i n some Mesozoic i n t r u s i o n s of the C c r d i i l o r e n  
Interrasntane B o l t ( A f t e r Petaj 1974) 

I n t r u s i o n s 
Rb 

(ppm) 
Sr 

(ppm) Rb/Sr h*/Rb q B 7 / P 86 ar /br 
Ago '. 
(m.y) 

Euichon Creek 
b s t h o l i t h 

35 
3-132) 

666 
(249-1000) 

0<.05 
(0 .004-0.321) 

358 
(132-1030) 

0.7037 200 + 5 

Similkameon 
b a t h o l i t h ( 

95 
52-152) 

390 
(147-639) 

0.151 
(0 .081-1 .01) 

250 
(172-309) 

0.7060 183 

Nelson 
b a t h o l i t h 

-
_ 

0.175 
(0c.056--0.483) 

- 0.7069 171 

Hogem 
. b a t h o l i t h ( 

60 
55-118) 

730 
(468-1520) 

0.100 
(0 .041-0.125) 

430 
(32-2-502) 

- 170 

Unite Creek 
b a t h o l i t h 

265 
35-357) 

804 
(435-1118) 

0.412 
(0 .108-1.655) - 0.7250 126 

Vernon 
b a t h o l i t h 

- - 1.42 
(0 .108-2 .34) 

- 0.7064 55 

http://0c.056--0.483


TAELC 2: Means and ranges of sorno trace elements i n b i o t i t e s 
and magnetites from the Highland V a l l e y (Vslusa i n ppm) 

Cu Zn Hn M Co 

BIGTITES 

Fresh 
(1Q) 

98 
( 39-163) 

349 
(172-931) 

4195 
(1515-11225) 

40 
(27-75) 

56 
(35-72) 

Weekly M i n e r a l i z e d 
(S) 

SG3 
(474-2644) 

292 
(216-365) 

3250 
(2164-4388) 

37 
(25-54) 

58 
(47-76) 

Gtrongly M i n e r a l i z e d 
(9) 

2549 
(531-5617) 

275 
(181-421) 

3208 
(1953-5821) 

24 
(12-44) 

49 
(42-54) 

MAGNETITES 

Fresh 
(10) 

67 
(35-153) 

6G 
(30-122) 

- - 40 
(20-49) 

Weakly M i n e r a l i z e d 
(8) 

251 
(93-846) 

54 
(38-64) 

- - 40 -
(34-59) 

Strongly m i n e r a l i z e d 
(9) 

576 
(122-5451) 

59 
(39-73) 

- - 33 
(24-37) 

Atomic absorption a n a l y s i s . 



CAPTiaiMij TO FIGURES 

7 FIGURE 1: Location and general gonlngy of Guichon Crack 

b a t h o l i t h (modified r f t o r McMillan, 1972). 

y FIGURE 2: P l o t of K versus Rb and K/Rb r u t i n s i n rocks of 

Guichon Crook b a t h o l i t h (Normal c r u s t s ! r a t i o s 

- 150-300)* 

FIGURE 3: R e l a t i o n s h i p between Rb end Br i n rocks of Guichon 

Creek b a t h o l i t h ( g e n e r a l i z e d goochemical r e l a t i o n s h i p ! 

of Rb and Sr i n c e r t a i n rock types are shown sf-for 

comparison; o f t o r Hedge, 1966). 

„-J/* ' (FIGUilE 4: D i s t r i b u t i o n of Cu i n Guichon Creek b a t h o l i t h i n 

• gsrt-f ) r e l a t i o n to Larson d i f f e r e n t i a t i o n index* 
i v • > • 

1 rj- ( FIGURE 5: Cain ond l o s s of p r i n c i p a l rock c o n s t i t u e n t s through 

^ a l t e r a t i o n .and-mineralization a t - V o l l e y Copper 

(3600 l e v e l ) , 

FIGURE 6: Bchemstic model' f o r chemical nod mineral zoning 
f A t h 

and e v o l u t i o n of ore-forming f l u i d s -s-t Highland 

V o l l e y porphyry coppers^ d^:.,b -
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