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AUETHALT

The Guichon Creek batholith located in south- Lentvdl
British Columbin is host to several producing and p;élé}uéuning
porphyry copper deposits with an aggrecate tonnage in excess
of 2‘billiun tmnsﬁé?—ma&apiai}grading approximately 0.4% Cu
equivalent. \MDGt'Df_fheae'depnsitétafe céﬁfiﬁﬁﬁ‘tu the younger
and more felsic units of the botholith in the Highland Valley
district. Ore-forming processes are reviewed in light of
(ﬁnaun and neuly-acquireé geochemical and isotopic data.

“-Published resultsfuf‘?gdiomatric and stable isotope studies
,;x.?,_ indicate a cloge relationship between mimeralizetion and
emplocement of the Guichon Creek batholith. Relatively low

Ky Rb and Rb/Sr values, and high K/Rb ratios in batholithic
rocks - arercuﬁjgﬂcéab withoprimitive Sr and stable isotope
dutc and suggest dariuntion of the Guichon Creek magma ond
associoted metals from a vubcruvtul SOUTCE.

DiStleUEan of trace elements especially Bu in rocks
and mineraln ig hmueuer inconsistent with the prevalent
hypothesis that ore metals were derived and concentrated by

; o
crvstallizatiun-fractionatimn<0f-éwﬁﬁ-ribhﬁmﬂgma° On the
contrary, it is argued that the Guichon Creek magma became
impoverished in Cu as a result of fractionation. Thus, the

B role of the Guichon Creek magma in ﬁfe—?orming processes is

\.
A ) envisaged as one of structural control in channeling ore metals

to the surface and providing structural openings for localization,

-'ano/ii



rather than a direct source of wmetals. The nature of
epigenetic alteration-mineralization processes 18 aleo
examined in light of bedrock and mineral geochemistry.
Availeble evidence suggests that altered wall ruocks may not

(be) the source of ore metals.



INTRODUCT 10N

In recent yearﬁ, numerbﬁa genetic models have been

proposed for porphyry copper dépmsits (Burnham, 1967;
Heyer and Hemley, 1967, Fhurnie}, 1967; Nielsen, 1568;
Lowell and Guilhert, 4970; tihite, 1968; Philips, 1973).
Most of these mmﬁels-ﬁﬁﬁe not benefited from resultslmf
‘bédrnck geochemistry, which in conjunciion with experimental
G . " s dd e
studies-ﬁré'mruciél-tdmtherunderStmnding of chemical aspects
of ore-forming processes in porphyry coppers. The purpose
of this paper is to revieu ore-forming processes ot Highland
Valley, and on the basis of newly aveilable geochemical
data (Olade, 19?&; Olade and Fletcher, 1975a, 1975b)fspeculate
further on the origin of the minercl deposits.

Most of the nenetic models prasenfgﬁ~Fof norphyry
copper depusits recognize the importznce of magmati;m in
hydrothermal processes; the main differencmé.éfé“iﬁptﬁe depth
of intrusion, the timing of hydrothermzl processes and source
of mineralizing fluids (Lowell and Guilbert, 19700. 1In the
orthomagmatic models (Burnham, 1967; Nieglzsen, 1968), an
aqueous--rich volatile phase is released from the magma when
internal vapour pressuraAexceads lithogstotic pressure, or
when the intrusive system is aubjébted tu external stresses.
At the othor end of the-Gre—genaﬁid?ibpectrum’"tamth§1!L

orthomagmatic mmdels;KUhite;(196d>~pesﬁulateé-an almost

ceone./?



, '4.[ ’ ~ / ?"}-1.; Cotl et

l)f @5

cnmpletely external source of nlnarnllzlng Fluidﬁ nic@nna$a

s

Ve wftffmv "and/cr meteoric hydruthprmﬂl vmlutlmnv subject to cnnveculue
Iy Bt g 2 AL 4
praueaeen 3y - heat generated by subjacent intrusions. In this-

mudel thL pluuan plaoys & passive role in mineralizing-processes.

GEOLOCIC SETTING OF GUICHON CREEM BATHOLITH

]
fo ey

"?=éeulagy of the Guichon Creek bafhmlith has been
described in detail by Lorthcatﬂ 6963) McMillan (1972 ) and
Hylands (1972). 1hé Trlaaalc bauthlhh 1ntrudeu sedimentary
and volcanic rocks of the Permion Cache Creck- Brﬂup and Upper
Triassic Nicola Group;y, mﬁ;Alb Uverluln uncun?ormably by Middle
Jurassic to Tc;tlary sedimentery and volcanic rocks. The
<p1Uton.1nlcmmpoaeu of uEVErﬂl concentric intrusive phases thot
range in composition from hyb}&d dlD;J;B at the outer margins
to perphyritic quartz monzonite at the cure(.ﬁn;thcuma, 1969).

Most of the wmejor porphyry coupper deposits are asscciated

with the younger amd central phases of the batholith (Fig. 1j°
/ :

7S ofF A/ NEHAELZA f?’ 4 N THE f_l'jr‘: N /'":/;"L [ TH

CHARAC TERS
~REVIEL=<BF—EV IDENCE~-

Various lines of evidence ungeub close relotionships

" between mlncrullzatlon jL nghlund Uallﬂy d evolution of

the Gu1chun Ere&k bathalith ( Northcote, 1969 - Orabec and Lihite 1971).

.6...060.'./3
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Firstly, most of the major porphyry copper deposits are spatially
= ‘ "
co o nea gt

asyocioted with the younger and wost felsic (e of the batholith e

“"'
r

the Bethsaic ﬁ'and athlahem Phases. Secondly, isotopic age

determinations indicatefclosc temporal relationship betuzen
magmatism and hydrmtharmal prmcpvrmsu r%esultﬁ of KB-Ar age
. 7 £ o x i i !
s ,pﬁﬁnu fov Tk code B

determinations on hyurmthermal saricites and biotites (Blanch-
flower, 197Z2; Jdones et al., 1872; Diram, 1965) indicate thet,

within limits of anulymlcul error, -minerelizetion-and- emplacenent
Quingd - i o ‘ '

of the batholit th were cuntmmporaneuus

Origin of Guichon Creek lagma

Soimizo. Numerous werkars have shown that B/Rb ratios set

Gmportan® constroints on &he source matericls of igneous nasses
(Hurley, 1968; Culbert, 1972). fResultS~ﬁf%§%gional geochemistry
(Clade, 197L) indicate  that K/Rb ratios in rocks of the Guichon
Creek batholith are relatively high (mecn = 358) and largely
’///g;;;idéﬁgg:i%}ﬁit cansidered nUTﬁéiHFg£‘gD;ELn”ntul plutonic
rocks (Fige 2). Furthermore, %he) Rb/Sr ratios plot in the
region of basalts end andesites (Fig. 3) and the mean Rb/Sr
ratio of 0.05 is one~fifth the volue cited for gialic crust
by Faure and Hurley (1963). Compared to other Mesozeic plutons
‘in the Intermontone dtructural Celt (Table 1), the Guichan
Creek batholith ig relatively impoverished in b and K, and
characterized by higher K/ib and lower i'b/Sr ratios. However,

values obtained for the Guichon Creek botholith are similaor

.OO-a-on/L}
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ﬁg?”tn those reported by Culbert (1972) for the Coast Mountains

batholith of the Coast HMountoins Structural Belt.

9
(TH}p%wlrtively high K/Rb and low Rb/Sr ratios in rocks

uf Gu1chnn brmek hatholith suggest derivation from a subcructal

?

source regzﬁn d pTPtud in alkalis and enriched in Sr, most
kel 2eor e ither
‘probably—Ffrom subducted ocecnic crust or upper mantle. This

interpretation is consistent with the primitive initial Sr

.87

isotopic ratio (5r /Br = 0.,7037) reported by Chrismas et al.,

(1969) . Furthermurc,—resultewﬁfbaulfur isotopes in hydrothermal

as L‘,' jr
and deutc11um and oxygen iscotopes in

sulfides and sulfates,

hydrothermel =zericites and kaclinites (Field et sl., 1973;

Jones et al., 1972; Sheppard et zl., 1969) suggest a subcrustal

’W 7!

gource for mineralizing solutions and associated metolo.

Monger et al. (1972) and Dercours (1972) thave) presented
tectonic models for the evolution of the Canadian Cordillera.
"7?1_;(7

whieh suggest that

the Intermontane Belt, comprising extonoive
H

andesitic volcenic rocks and calc-alkaline plutons (including

tho Guichon Creck-batholith), wvas the cite of an oncient
LS8 g
island arc tmnulated by subduction of oceanic crust of thco

Pacific Platec benecth continental crust “F the overriding

'VH .

ND“th American Plate during nhL Megs Dznlcf In zccordance with “

: “'\
L )[d R Co i Finkln .'7L it NeLepe mz‘e Q
thlq model and w%ﬁh&@ﬁ"bvéﬁa%hgaiﬁﬁ'énd Diekinson (1

—atherIslaontore—systemsy the relatively early Mesozoic age

(200 mey.) of the Guichon Creek batholith and its low HED
content (mpﬂn = 1.85%) suggest derivation at relatively shallow

‘.\5 0 200 U \)m 2 F TN ESD L)
depthﬂ Fram the subduction zunc cluqn tu the Triascic 'trench'.

--au-e/5
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Emplacement of the Guichon COrcoek Bathwolith

Northcote (1969) has nrosented geologic evidence which
suggests thot #8€ older intrusive units within the batholith
were empleced under mesozonal conditidns, whereas &hw younger
unitc that ore spatielly associoted with mineralizotion were
emplaced at shallower levels in the crust. Particularly towerds
theuclmsq of intrugive asctivity, volatile pressure tid) exceo 1d 2o
load pressurc and tensile trength of the ranflnlng rock

Cerige o aF 2 -
resulting-in-the devalapmenﬁ DF brocecio pipes as O rcsult of

subvoleocanic oxplosions in an epizonal environment (White et al.,

19577,

Distribution of Trace Elements 1 ! g . A5

“ﬁifhih thg bé%h&iifﬁiévra UthE,.LU'LDnGDnb?GﬁlDﬂH
generally decrunsc from more than JDD ppin in the rul pively
older mefic units to less than 10 P in the younger felsic
rocks at the core (Fig. &4). 5i ﬁila;‘t¢andu ore-shown-by)

Zm, Fn, Ti, V, Ni and Co which)are all relotively depleted in
the youngect, most felgic phases of the bathal;th. However,
unlike Cu, these elemonts arc ﬁtrunglg currel“tud thh Fa and

tg (r = Dn7)-mhiéﬁlﬁﬁéy are- BbJUﬂDﬁ to- t tute For in

the lattices of femic minerals (Olade and Fletcher, 1975h).

The lgﬁéngGTrGlDtiGn of Cu with Fe and Mg (r =. 0.5) and itz .,

’ T 2
= 0. 5 'fU:‘\-— r;;c‘- .r-" s

.'C../G

sy



relative ease of extraction with a sulphide selective leach
(D}ade and Fletcher, 1974) suggestg that copper sulfides
accrunt for a significent proportion of the Cu in funmineralizec®

samples.

Nature of Alterstion - Mineralization Frocesces
!

Extensive wall-rock alturatimnybthat is so-characteristic

of porphyry copper deposits congtitutes the most visible
evidence of interacition beotweecn host rocks and hydrothermal

solutiong. HMeyer and Hemley (4967) among others, hawa
That .
demonstrated the close temporal and genedic relationships

between sulphide deposition and wall-rock clteration ot

porphyry copper depmsitso '

~ L PR R
!

Mineralogy-of qlter651an auuemblageé~éEWHighland Valley

¥

teposits provides evidence of the :Dmpa ition of mineralizing
fluids. All the depeasits-of—the Hichland Ualley‘céntain

sericite alterotion either in association with kaoliniteg v

gquartz or K-felds parn ﬁrgillizatiun gnd sericitizetion of e

wall rocks rnéuire ullght to moderote acidity (pH < 6) k7‘/ff?j’i“;5::
whereas abundant K-feldspar dﬁéqéé%s ph.é;ﬁbédiﬁé’T (ﬁarng,. ;i;:‘ff i_L
and Czamansks, 1967). Cross-cutting vein relationships f;;as;guﬁwﬁr

suggest that K-feldspar with or without quarfz iz generally ':_ ,;;-;
early in the paragenetic seouence, and followed by sericite

and argillic veins or selvages. This sequence ng sis Y
N ‘._,'f.»._,'z/.,%.'
AF Ear B AN A - e &

(1ncrcaq1ng nc1d1ty G- hydrothermal FlUlﬂJ with- 1ncrea91nnm-

Jo w2 . . i o,

-8volution.- However, at Valley Copper, K-feldspar envelopes

cosescee/T



okl
ocour around sericite veins and/in cquilibrium with kaolinite.

This relationchip, which is contrary to the stability-field

relationchips established for theoe nlnerr‘s by Hemlesy and ;
il LA

_:l.nl A ,:-; f\ -Jr' JJ\ -"u/! Cof T ™
Jones (1964), is attributed to -a-res ur(}uncu uf|dhnmlmally
Vil { f (..(-_vi’ -";'/(
high silica activities iﬂwememﬁmrmingwfluidsmah iFEing the
mineral stability field to hipher pH levels

%fesulnhuuf,bbdrock and mlﬂaral geochemistry (0lade, 1974)

l"' A ool o5 F VAN "4»”

uggLﬁt thf’AL uicieapread' chemical ChGHQ“S ?'n wall rQ{:kSm:
.1nt1matply avﬂmclatgd mlth mlnermllzatlan and hydrothermal
alteration. = Each ﬂep it is characterized by central

mineralized zones in which metosomatic activity is most intensc.

£y

In zones of intense argillic end phyllic alteration
Qt Valley Copper, Lornex and Highmont, the base elements Ca,
Na, S5r, 83z, Zn, Mn, Mg and Fe are depluﬁed, whereas in potassic
zones at JA, Lornex and Valley Copper K, fib ana Da are

relatively enriched. Calculzstions of chemical gein and

loss of perincipal rock constituents-through alteration

} s " =
ana mineralization at Valley Copper (Fig §), suggest that
in guartz-sericite and potascic zones, Ca, Mg, Fe, Na and Al are
. -

rémaved sngd- K, 51 and 5 added (for method of calculation,
see bGresens, 1967). Theiobvious: depletion of base cations in

mineralized and altered zones is attributed to the breakdown

RS ——

of ferromagnesian minbral and plaglocl e to sericite

N £ !
il Yy e e

and kaolinite. Incipient stages of the sbove-process are

demonstrated by results of mineral analysis. 2Zn, Hn, anc!

o)
oaooonon/U



- Lo levele in biotites and magnetites arc consistently lower

in mineralized and altered than in fresh samples (Table 2).

Cu and & concentraticns, though crratic, ere highest in
_’;»,——.;J j P

zones of intcnse alteration and metsllizeotion, cecreasing

i s . . i
outwardg to background levels in freoch unminerclized hoot

rocks,

The follouing nodes DF_Dfigin have bcen DIGﬂGSGﬂ for

porphyry copper deposits, hence arc relevant to the qEnPulb

Df-thD*Highland Ualley ceposits.

(i) EknTPCLan of ore metals by leaching of well

: : st s - _—
rocks by convecting metecric Mﬂtera~ﬁ5ﬁperDQGdfby{phltﬁ)ﬁ1966),

or by deuteric alteration ﬁsmsuggestedwbvfputman561972)=

ol s

(

1) Derivation of ore metals by accimilation of mctal-

rich country rocks (Schau, 1970).

L) DG“lUdtlDﬂ and canrﬁntrﬂtlon Df aguecus rich,

i A e !

'_‘f‘ ~ -~ FiD

=t

(ii
i ¥ ‘ ‘l‘ i 4 1 -t - < )
metal bPQPAnU Flu1cv Frmn maqmﬁs du;1ﬂg Lhalr enplucemant

r-u—\.“';l:;' dey

and Eryufhlll ﬂtiunwfractinnaﬁiun-(Nielsen, 1968;

Brebec and Uhite, 1971; Graybeal, 1973).

(iv) Generation of ore-forming fluids from similar
source reglons as the maogmas; the role of magmas being one
of structural control rother than iELQEE:Q% metai;;(Nablﬂ, 1970,,
8illitos, 1972; Hitchell-;nd Gorcon, 19723 tiright and McCurry

1973
ooonocoo/g



-fand associzued kin

- at the level of samplingoﬂaThn possibility that theso-—elements—could y

On the @osis of voriations of Cu contents in the

Guichon Creek batholith, 8rabec end Lhite (1971) postulaoted

that the Highland Valley deposits were derived and concentrated

]
during emplacement and crystollization of a-probably-EBu-rich)
Guichon Creel magma., In controet Schau {1970) sugnested that

oy
Cu in the batholith was generated from—the assimilation of-@)

& 2\ “ u N . =
suppased) Cu-~rich Nicola volcanic country rocks. On the basis

of 8r @nd other staoble isotops studies, Chrismas et wl. (1969)

{ﬁavénpropnsed an upper mantle source for the Guichon Creek batholis

ral deposits. Slhase elternatives are nouw

onsidered in light of/regioncl and deteiled bedrock, and

mineral geochemisiTy. 2 77

The first hypothesis concerning derivaticn of metalv

/p‘ ‘,-_5 " eve

from wall rocks is considered least likely because;redults—ef— ‘

both regionzl and detsziled bedrock geochemistry (Olede, 197&;

’ s
af

/

Ulade and Fletcher, 1975b) arewnd mineralized zones indi cata-

that no zone of Cu and/or S.depletion.surrounds the brebodies,

‘,",./*r ‘j J'-:. "l" 5 / ,v"'

be-extracted- from channelways"at greater depths is
| — / NI —

Uuto_'ﬁoremuer, rasults of mineral gcmchemistrv provides

nct ruled

evidence of cbvious lecching of Cu from biotites.

Bebau (1570) suggosted thaot ore-metols were-derived

1
1

by nssimilotion of Nicola volcanic rockse uubrequently Br“bvc

and Lhite (1971) criticized ihié'ﬁypnﬁ esis by demonstroting

that thé'Hybrid Phase, the most contaminated unit within the

batholith, is not significently higherin-Uu>than uncontaminated
= W o 4 N - o
A(}; 'ﬂ/{/wﬂ L “'f VRt St Gt Confeni as
Pl
A ' _,.-.--"J / f/ nona.a-./qmo ‘ -/‘,q__,| by PP

s A S J AR
ALYy f\nﬂ [l S~ S "
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rocks of the Guichon and Chaleuny Phpsos. Brabec (1970) further

~d
sugnests that the relatively high Cu levels £§ the batholith
(& % ’
(e | A WAt
would requirc selective assimilotion of this~metalrﬁram:aflarge

does -
volume of country rocks. Field evidence / not support &) lerge-

scale contamination of the botholith. beyend-the outer margins

r ) =ty AT L

PRI e 3L
A(Narthcote, 1969).

b

Avacilable geochemical dato are not consisient with the

- My A A

hypothesis of Brabec and thite (1971), since

(1) Cu, together with Zn, Hn, Ti, V, Ki, Co, Fe and Mg
generally decreases with increasing FramﬁgaéatiuﬁﬁagjfeiéiDQ
;psmpusitiuniof intrusive units. This geochemical pattern simply
reflects normal differentiation trends Ubéerued in unminsralized
intrusions. Sheroton and 8lock (1973),5invastigatihg~traqe 7
element geochenistry D;wdfanitic intrusions uﬁﬁinéfﬁlizéﬂrwi*h
(iéspgéfifé;ﬁu, found that Cu concentrations decreased from more
than 40 ppm in groencdiorite to less then 5 ppm in more differentict
granitzs. In contrast, studies on intrusions that are knoun to
have generated immiscible sulphide phases such as the Skaergaard L
(Wager and Brown, 1967), and mineralized Laramide intrusions in

Arizona (Graybeal, 1973), Cu contents of bedrock and mineral

constitunnts generally increase; with fractiomaticn until Cu

separates from the melt as an immiscible sulphide thSB;Z Erayhesl

. -

(1973), investigating the portitioning of Cu between co-existing

biotite and hornblende found that, under squilibrium conditions,

»1  higher concentration of Cu within the maogma was reflected by

Cu D

!
} higher concentrations in the'mineral-phases.’ In the Guichon

\
7 . ) ..000000/11.
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; /@
Creeck batholith, results of Cu determinaticns in?biatihgf

/-% Len e h,wt/\ "
and;, harnhlenpuﬁ‘(urabcc, 1970) sungecst no appreciable variations

thraughaut the botholith. From the foregoing ﬁiscussions
it i éﬁﬁ;fenu chat cecchemical i:lai,"1 ggjnat :aﬁagf% the hypoth 5ig
that ore metals ﬁt Highland Ualley‘uere derived by differentiction
of a Cu-rich Guichon Creek magmz. On the contrary, it is argued
thaﬁ the Guichon Creek magme became incressingly impoverished
in Cu a&s a result of dlff@iﬁnti tion.

An hypothesis, which regards mineralization as an
1ndependenu by-product of mooma gen tign rather than a direct

result of differentiotion processocs,is consistent with geochemicol

aheud
data ond contemporary ideas g?’plabg tectonics end ore genesis.

i3]

]

Hevertheless, 1%t must be empha51zed that differentiation

setheg z
praceusps within a Hdgﬂ%ﬁ provide the right chemicalﬁand e atindaT OF ni pefmes
P"‘m‘" r& ?{n_ s rr.]w -Fo\fr\f‘“qu—‘/\ A= posti ls
A phy51cal gnviranment for leealizotisn of ore nnta&aol g7
_ratios andKia vt wel Rb/5v vats aswell as [ow S¥ 5%
High K/Rbrand Sr values and lou Rbﬂ;ﬁ;;ﬁm/&r~anﬁ~8r

isptopic ratios are consistent with derivation of Guichon
3 w.:’f-i;ﬂ,
Creek megmo from @ deep-sected source, mesi) probably | subducted
5 ; o . ;
gceanic crust or upper mantle. Results of sulphur, oxyoen and

deuterium iscitopes suggest a similar deep—vzated source for
(LJOI"A) Pi'i " T"f—f?—)
mlﬂﬁrﬂllnlnD solutions and ore metalsd. GDCWUSE of the tempo“”l

Vi : 1
| oceanic crust from which the Guichon Creek mogma was generated. /%J:fsg“fj

‘ | - , i i i s Do ]
and spatial relationships between mineralization and magmatism, if
"f,;w\, po{ ™

”fg\ it is leogical to presums thot ore metals at tho Highland Valley - 95
‘ i Lads O i
l\ /) ‘ | T
K i ; deposits were derived from & metal-rich portion of the subducted o ... o777

i

009000/12 é E!



Sillitoe (1972)Gha5idmmmnutratsd that there is enough Cu in
oceanic bas altu to generate metals in ore deposits. The ore

metale derivod from particl elting of subduc Dd cceanic

“\Ll"f\ ig

crust probably 0cCur in @ , ; phﬁus ‘independent of
wegwma has a struetbial rmle g {/ o oensg acceEss
magman Thus the wele +f—the magno—is belicved tm-hp—un s
} _L_\ B} . .:,( M oene L\J
%ufU”GUT”l Ecnt Dl 1n-eh nnfllng pre motals tm CrUStul levels
Sy P

(Noble, 1970). NDUBfthulLBu, differentiotion of the magma o |d

providgpjumlatiles and structural openings, such as fractures, i+
&

Lo : ' ' ~o
\ ]

s o .
breccla zones ,~dyke—swarms—thad TacwllmﬁtgﬂfthP; extraction

=

e d -
J DF metals from the system and concentrotion ag ore deposits

Figo U showvs o ﬂﬁmﬁrehpnsava model for %hg)euulutlmﬂ
G Mo h e Vadls e

Uf{%ﬁ@ ore~forming fluids at the hydrothermal vtareg\ The

clase spaticl leGtLLﬂShlp betuesn porphyyy tykes or dyke

swarms and ore dLgD”LLq ﬁz%hiahiﬂnd~vﬁllbu suggests that T 4

ok nm-""-:‘!i,r;l dy ke onalotiminr  also
—pmrphyries'ﬂafvru as high~level structural 'outlets' for

mineralizing soclutions. The presence of saling fluid inclusions

in quartz veing ot Volley Copper Lornex end Hiohmont

M
%:d'?-

(ReDo Piorton, pers. comm.) amrd-enhanced values of 8, F, Cl

and 5 in ore zones sugoest that the mineralizing Tluids contained

. HC1, HBEBB' HF, HZE’ HZSDM and other volatile rlcmc s Late

(é:\ ! staga differentimtimn products, such as H+, SiDZ, b and_U?
1 were probably present. Extensive argillic ond sericite

alteration found eround the deposits require that ore solutions

be slightly to moderstely acidic, and contain abundant H+,

probably derived from dissociated HZD and Hzﬁgp;aseﬂﬁ in “the the

noeoc./13



Juvenile fluids, nr55y~admixtunawuithwcnnuectinQ)mmtucric
matnrnggeneratad—hy—heatmﬁzummiha_pmrphyrymdykesmor“stuckgf)

Helgeson (1970)(@@& prosented thermodynamic data which
lf I} ',"

Memonsirate- that 81l equilibris in hydrvothermal systems can

be represented in terms of the ratio of octivities of cations

in the agueous phcose to thot of the hydrogen ion. Changes in

n 4s Thaer Dass hivuel

5 = .
base caotion/H oactivities o ore-forming fluids ﬁr”nsgrbﬂﬂ—%hm

olterction zones are portroyed in Fig. 6. The evolutionary

n

ok 3.4 ;.wh w A
nalivg ,:rr & i e AlclS (] m_.‘h

paths, des ted 1, 2 and 3 in the dicgram, raﬁreaent:dlffarent'"

-4 ‘—N =
< ..,1 loc

dagreea of eguilibration Latuepn are ﬁlqida_cnd-ucll rock.

P |

i o b inep
Formotion of on eorly poto ssic'zunefﬁY-feldspar + guartz +

sericite}, thot is commonly centred on porphyry dykea, requiieﬂ
“ls

- 2

. P el

. ]
high base cotion (H+, Ha ) /H octivity rotic.whieh could resuls

T
From initinl campusition<uf mineralizing fluids {inherited
/Mjl“ch(u o+
from the mogmed or less probebly be derived oi-depths by H
i thﬁ

consuming ond base cation-releassing equilibrium reactionse?” 9%

= 5
As (thg ore fluids rise and spread outwards they undergo

a resull al ¥

5

as
adiabatic expansion, and An-— ungunut;gn m1$h reaction with

.

M-r“
wzll rocks and/or mixing with meteoric UuEBPS,'CDOl causing

dissociation of ihe most scidic components. This dissociation

) Pt + . .
provides most of the abundant B recuired for hydrolitic base
a.Oken ddeem

i = s
and argillic|zonesg,under

leaching within @hé)quartz~rer1* ite

Gt c . . 70 L S ek +
ae&dlemaundxﬁiﬁnsm=%ihe base cations (Mg , Ca ', Fe , Na ,
g Fb + ++ Fi . Santes
5 , Ba ', Zn ', WHn T?@ released by leaching . sers=taken—inta-

asf

the fluid Gnd txansfef;d to the uutlylng metasomatic front

(KWorzhinskii, 1968), ﬂa th Dlutlon arc conled and neutfﬁliiedi;

;a-uoseo/1ho
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Changes in base cation/H* activity ratios are generally
accompanied by changes in pH and sulfur fugocity (Meyer

and Hamley, 1967) which ultimately control sulfide deposition
_— "

and zoning patterns. -Fhis accounts- fugfwhe-glouc gusoclation

betueen sericite andiargllllc alteration uwhich require H

.

BUHbUﬂﬂLlUn in their formation and sulphide minmralizatinn,fo”’
ﬂs'gmply demonstrated at Valley Copper, Lornex, nghnont and
in partg of Bothlehen-JA.

From the foregoing discussion, it is apparent that

b ol

reginnafﬂldmtailmd bedrock and minersl geochemistry, -andl isotopic
and tectonic evidence are consistent with thoe mods of origin
proposed for the Guichon Creek batholith. Agsuming the genetic
modelﬁcurrect, it hos fafwyaaahing}implicatinns in reconnaissance
exploration for Cu deposits in calc-alkaline intrusions of

the Intermontane Belt. First, the apparent nepative

correlation between Cu contents and ore potential of the

’ff»”" \Guichnn Creck batholith suggests that ore-bearing intrusions

TR

R —

] it {
285rea fed

i
/i ";r.c

badg, ¢

;i:fosrft Lec

fiug,:

Craft f L At

,need nat be enriched in Cu. Thus the suggesticn by Worren
Iand Delavault, (1960) that high Cu contents of intrusions
I;a.lecu ore potential might not be genesrally applicable.

\ - s
uacnndig, if ore metals in the Guichon Creek bathelith were
Califian - ’/ .
derived from, subducted cceanic crust as zn independent by-
product of wmagma generation, it is nacbwplau lblﬁ that other

v T oy - s oo, Sheed are

“ ‘' ol e £ S A

calc-alkaline plutonic and volcanic rmck"*mf dlmllar ugE ag

.
S vk an

the Guichon Creek batholith might originate from thp-sama

..0.‘0.0/15-

5
=4
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metal—richzbmrﬁian~aﬁgsuhducted oceanic crust. Such calc-

alkaline intrusive and extrusive rocks within the Intermontanc

A
£

lade Treacoie Ve Cacky Tt sc e o

Cow ".:: '
Belt eun be identified by: (1) sheir-ages—Ckave-Triassic -

Earky-Jduressic)y ; (2)  their low Rb, Rb/Sr and high K/Rb ratios;

o

and (3) theie MEU content which should reflect the relatively
shallow depth of magma gencration. Using the Guichon Creeck
batholith as o 'reference lndek', calc-slkaline intrusive

and extrusive rocks which mect the above criteria might have
éﬁnﬁiderabiéipmtential for further discoveries of porphyry

Cu and/or massive gulfide deposits.

CONCLUEILHS

1vd
Regionaly\ detailed bedrock and mineral geochemistry

of the Guichon Creek betholith and associated mineralization
is consistent with the hypothesis that ore metals did not

o
arise ws a direct result of differentiation processes within
a Cu-rich magme, but rather as an independent by-product of

- magma gencration from subducted oceanic crust, ©F probably>
gl e T e T , . Ehphighaedoy &0 b3S 2
= T amphibolite composition. Revertheless, chomical end mineral
raly i T it T T P e et )

0 r VID 7
nd(ﬂuoml= fracticnation ithin the Luichon Cresk magme led to the
“developnent—of) increased volatile contents and pressuris
(.

that provided suitable chemical and structural environments

nou:-uo/160 .
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for localization of ore deposits. -fonsequently not-all’
/i

v-sBre-pearing plutons need be enriched in Cu. .

[_-;_»-. ot
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(A) Abstract bottom 4 lines ..... I think you are suggesting that the
mineralizing solutions were either (1) emplaced with the magma as
an immiscible phase or (2) that they followed behind the magna
but used the same channelways. It is not clear to me which
possibility you mean. If it is (1) it is difficult to envisage
a magma structurally controlling channelways. It should also be
made clear that the structural openings for localizing ores were

in the crystallized carapace of the magma.
(B) It would be better to be more specific.

(C) You might be able to improve the depths and distances from trenches
which I got from Hatherton and Dickson's curves by calculating K55
and K60 for Guichon data. There should also be a qualifying statement
to the effect: Yassuming conditions at the time the Cuichon was

emplaced were similar to

(D) I strongly criticize 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 it would necessitate changing the Legend of Figure 1.

(E) Graybeal concluded that copper content was low in preductive plutons
because copper separated ocut into the volatile phase.® At Skaergaard,
copper in 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 (Chatéway 43, Bethlehem 32

and Bethsaida 10). All figures are geometric means.

(F) This statement must be preceeded by some logical reason for rejecting
derivation from a metal=rich upper mantle source. I would add a sentence

in at the "*" (p.1ll) saying:-

"In the Coast Mountains batholith Culbert (1972) has argued
that similar Rb/K ratios indicate probable derivation of alkalis

in the batholith at least in part from destruction of oceanic crust.'



(G)

(H)

(1)

e

Your chemical gain calculations (p.7) are good evidence
that K, 5i, and S were added and enrichment shows Rb and Ba
addition BUT Na is supposedly depleted (p.7).

At Valley in particular, argillic alteration is not closely
associated with ore grade material. Argillic alteration at Valley
is taken to be pervasive sericite and kaolinite development.
Reference "Osatenko, M.J. and Jones, M.B., 1975 (1), Valley

Copper Deposit : C.I.M. Special Volume 15, in preparation.

Does it really 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 logically.



FIGURE 1

(c)

(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
Willard Lake - if yes, remove them.

(d) JA deposit not shown (label it J.A. when you add it so people
unfamiliar with the region will know which of the Bethleham
deposits it is).

(e) Suggest you follow standard usage and usei=

Highland Valley phase
Guichon Variety
Chataway Variety

FIGURE 2

(a) Label the limits of normal continental plutonic rocks on the
diagram itself.

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

(¢) What is the significance of the r = 0.78. It is not mentioned
in the text.

FIGURE 3

(a) Significance of r ==0.52?

(b) If Rb/Sr = 0.01 is typical for sialic crust, label it to that

effect on the figure.

Dacite not Docite



FIGURE 6

The "model" is a representation of Highmont and possibly J.A. It is not
representative of Bethlehem, Lornex or Valley Copper. I suggest you
entitle the Figure:

Schematic model for chemical and mineral zoning of the Highmont
deposits, Highland Valley area. Possible evolution of ore forming
fluids is shown schematically."

NOTE: It would be better if the pH, ore fluid diagram, were separated
from the other. I expected the ''path" to reflect the underlying
data but in fact it 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 eeees if s0O
specify this in the title, and perhaps use terms:=

Unmineralized rock
Weakly mineralized zone
Strongly mineralized zone
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CAPTICHS  TU TisLES

TAHLE  1: Meons end rances of Kb, Sr, Rh/Sr, K/fb and

87 86 . . ’ T .
5r~"/Sr ratios in some Pespzoic intrusions

of the Cordilleran Intermontanc Belt (Aftor Peto, 1974).

TASLE  2: ltpans and rengos of some *trace elements in hiotites

and magnetites from the Highland Valley (Values in ppin).



ranges of Kb, 5+, Bb/Er. HB/Rb ori

Era7/£?85

3 in some dMesouzolc intrusions of

the Ccrdilleran

ontane delt (After Peto, 197L)

n

Hb S, a6 fatal]
Intrusions (ppm) (ppm) Rb/Sr H/Rb Sr /“ (mey)
Guichon Creek 35 656 0.05 358 0.7037 200 + 5
batholith ( 3-122) (249-1009) (0.004-0.321) (132-1030)
gimilkameen 85 390 0.151 250 0.708&0 183
betholith ( 52-152) (147-639) (0.0681-1.01) (172-309)
Nel=on - - 0. 175 - 0. 7069 171
batholith - - (0.056~0.483) -
Hooem 80 730 0.100 430 - 170
_bathoiith ( 55-118) (L68-1520) (0.041-0.125) (322-502)
uhite Creek 265 804 D412 - 0.7250 126
batholith (136--357) (L35-1118) (0.108~1.655) ~
Vernaon - - 1. 42 - D.706L 55
batholith - - (0.108~-2.84) -



http://0c.056--0.483

TRELL 23

b
Mzans end ranges of sowe  trace elements in bictites

end magnetites from the Hichland Valley (Valuss in pom)

Cu Zn n ni Lo
BICTITES
Fresh 98 345 4195 Lo 56
(10) ( 39-1637 (172-931) (1515-11225) (27-75) (35-72)
wWeakly Mineralized 863 298 3250 3% i 50
(8 {(L7L-26LE5) (216-265) (216L-4L3662 (25-54) (L7-76)
Strongly tiinerslized 254S 275 3208 2L 49
(S (531-5617) (181-421) (1953-5821) 12-L4) (L2-54)
MAGNETITES
Fresh 67 66 - - L0
(10) (35-153) (30-122) (20-45)
tieakly iineralized 251 54 - - 40
(8 (93-8L6) (38-64) (34-59)
Strongly Mineralized 576 59 - - 33
(9) (122-5L51) (39-73) (2L-37)
Atomic zbgsorpticn analysise.
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Fig. 1: Location and General Geology of Guuchon
Creek Batholith. (Modified after McMilian, 1972)
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