QUEEN’S UNIVERSITY
KINGSTON, ONTARIO

Oct. 22/73

Dear Myron,
Enclosed is a copy of M. Jones' "Mini-thesis" on the Valley
Copper deposit. He appears to have done a lot of petrology and scme
possibly important oxygen isotope work. I'm still a 1little hesitant
about the usefulness of sulphur isotope data. Roughly, his ideas
appear to correspond to yours but I believe you have much greater
detail in your study. It is difficult to evaluate his data without
full knowledge of his scope and actual methods of investigation. I
hope you will find it useful. Perhaps Jim has his completed thesis now.
‘ I obtaingd a2 copy of your Valley Copper report from JMA
and am using a generalization of your mineralogical and geochemical
results in my introduction to the Valley Copper area.
I received the samples from Rubiales and am having them
analysed at Barringer. Will let you know the results.

Regards
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April 3, 19753

Dr. Jim Allen
COMINCO, Lid.
1155 V. Georgia
Vancouver, B, C.

Dear Jin,

It has been a while since I last wrote you, so I
a progress report is in order. Right now, Cy is sitting on
most of tne thesis. As soon as he buys some new re
he will probably get back to reading it., I have one
left to write, the chapter on isotopes.

Valley Copper has been an interesting deposit to study.
My work has given me a chance to see the inside of 2 porphyry
deposit. Valley Copper contains classical alteration types,
but I have let my imagination put them together in an unclassical
zoning sequence, My story condences down to this diagram showing
the direction of migration and timing of the alteration types.

,_V-'Lcrhfa’ Fau }’L
X £{/§,

— Argillic (pervasive) alteration
i Pervasive (green) sericite

MH M =
.

Qutarty and biotite
Ciirs 4, Vein sericite w/ principal sulfides
L o 5. HMineralized quariz veins

The various soluticns sppear to have migrated inward rather
than outward as in classical porphyry deposits in the Southwest,
The isotopz data interpretztion is still a little fuzzy. A lot
of the water sppears to be magmatic, but there is a signifiicant
trend with the vein sericites that suggests mixing with connate
(oceanic) water.  The most difficult problem I heve is coping
with the amount of water I calculated was invelved in the alteration
processes, I get 220 cubic miles! I don't know if it is a
believeble number. If a convection cell existed, this would be
the amount of water that ultimately passed through the altered
rock.

Cy mentioned that Cominco has a U.S. based subsidiary,
Cominco American, that may be needing geologists. I would appreciate
any information you could give me about its opersticn and whom

I should write concerning full time or sumzer employment.

My next lstter to you should be inclosed with my thesis.
How many copiss would you like?

Mich==s1 B, Jonss

Barren quariz cors w/ some secondary K-spar




August 1, 1972

Dear Jin,

Inclosed is a mini-thesis and accompaning alteration maps. The intent
of this report is to give you the major ideas and interpretations I have
about the Valley Copver Deposit. Alteration distributions are given for
the 3800 and 3000 foot levels, the Reference Lire ssction, and Sections
12 and 16. I have rouzh drafts of the alteration distributions for Sections
10, 14, arnd 13 which I have not included in this regort. I hope you will
have the times to zo through the report and criticize it. You are the only
cne who can adequately evaluate my interpretation of the distribution and
zenesis of the alteration types..

Here arevjust a few of the problems I have not yet resolved. Any
thoughts you have about them would be greatly appreciated.

1. The order of emplacement of the dikes, I feel that the paragzenesis is
Bethsaida~Porphyritic Phase of the Bethsaida-Tan Felsite Porphyry-Aplites-
Lampropayre. The Bethsaida and the Lampropnyre I am sure about, but the
other three I am not.

2. The location of the Porphyritic Phase of the Bethsaida. Ny imagination
probably cot the best of me when I ran it aloang the south side of the
deposit. Is there any evidence in the odd numbered sections that the dike
nizght exist south of Holes 68-12, 68-31, and 68-172

3. The paragenesis of the molybdenite, I did not find any unequivocal
evidence that indicates the molyobdenite is definitely older or younger than
the bulk of the copper mineralization.

L, Faults. I kept track of gouge zones, but they were too numerous to
include on the sections. ost of the gouge zonss have associated intense
argillic alteration. If most of the gouze zones are post mineralization,
my paracgenesis of the arzillic alteration must be wrong. The alteration
distributions were drawn without including the effects of faults. Vertieal
offsets in the gypsum and vug lines may correspond to post-mineralization
faults, In Section 10 the vug line drops from 3600 to 2800 feet betwsen
holas 68-26A and 69-48. In Section 12 the gypsum line shows sort of a
craben outline. In Section 16 hole 68-23) shows the gypsum line about 200
feet lower and the wug line about 400 feet lower than in the other holes
in that section. My problem may be lack of information from ths odd
numbered sections. I think I recall seeing one of your maps with north
trendiny fault zones on the west and east sides of the deposit. Do you
know if they are pre-~ or post-mineralization?

I hope this paper probides you with a few new insizhts to the Valley
Copper Depvosit. I felt like most of my marping was kicking a dead horse due
to the thoroughness with which you and Ron had studied and mapped the ceology
and alteration of the devosit. I look forward to any suggestions or
criticisms you may have.
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HYPOGENZ ALTERATION AD MINERALIZATION AT VALLEY COPPER
ABSTRACT

Vailey Copper is a structurally controlled porphyry copper-molyb-
denum deposit in the Highland Valley District of British Columbia.

Hydrothermal altieration and rineralization were guided by faults and

Yy g

ethsaida Granodiorite, the younzest major
e

phase of the 200 m.y. Guichon Creek Batholith. Principal ore minerals

ty

fractures localized in the

" are bornite, chalcopyrite, and minor molybdenite. They were deposited
in quartz and quartz-sericite veins and veinleis which cut previously
kaolinized and pervasively sericitized Betnsaida host rocks. A stock-
vwork of closely spaced barren quartz veins with minor potassium feldspar
forms the low grade core to the deposit. A pre-mineralization quartz
latite porphyry dike underlies the depoéit at depth. The barren quartiz-
vein stockwork and the quartz latite gorphyry dike may have originally.
channeled and dammed the ore-bearin: hydrothermal fluids.

Clay, sericite, and potassium feldspar are the dominant 2lteration
minerals and form pervasive and vein-iype alterations. Pervasive ar-
gillic alteration, primarily as microcrystalline kaolinite replacement
of plagiocclase feldspar, occurs in three zones. They are vertically
nested and concave-dovn. To the east in the vioinity of the Lornex
Fault the three zones coalesce into one broad zone of intense arzilliec
alteration. Kaolinite also forms selvazes up to 2 cm wide adjacent
to quartiz-sericite veins. Intense pervasive sericite, primarily as
micreerystalline muscovite replacement of plagioclase feldspar, forms
an irregular zore of alteration. Thls zone dips northeast to east in
the northeastern part of the deposit. Minor chalcopyrite and/or pyrite

are commonly associated with the more intense pervasive sericite alteration.



Bornite znd chalcopyrite bearin:s quartz and quartz-sericiie veins up to

-

’

6 cm wice form three curved stocckworks. These mincrélizéd stockworks
are nested and concave around the-northwest plunzing barren guartz-
vein stockwork that forms the core of the deposit. The mineralized and
barren quartz veins are probably open space fillings, and avove the
3200 to 3400 fcot levels they contain mazascopic vuzs. However, the
quartz-sericite veins and sericite selvares zdjacent to mineralized
quartz veins replace the host rock. Yost of the sulfide minerals are
assoclated with the sulfide-bearing guariz and quartz-sericite'veins.
vadrothermal potassium feldspar forms vervasive replacenment masses and
thin envelopes up to 5 mm wide adjacent to guartz-sericite veins. It
is most abundant in a relatively deep zone (below ithe 3800 foot level)
that is concave-downward. The approximate parazenesis of the alteration
types is (1) argillic, (2) pervasive sericite, (3) barren quartz-vein
stockwork, (&) pervasive potassium feldspvar, and (5) sulficde-bearing
guartz and guartz-sericite veins.

The sulfides cons;st of pyrite, molybdenite, chalcopyrite, bornite,
and rare sphalerite, and chalcocite. Pyrite (K1 percent by volume)
is disseminated, primarily in pervasive sericite, around the margzin of
the deposit. lMolybdenite is a ubiquitous, but minor, sulfide that is
most abundant around the marzin of the deposit. Chalcopyrite and tornite
are the principal ore minerals (total copper = 0.45 percent) and they are
generally localized in the quartz and guartiz-sericite veins. cornite
is more acundant than chalcopyrite, except towards the marzin of the
deposit. The approximate parazenesis of the sulfide minerals is (1)
pyrite-spnalerite-chalcopyrite; (2) molybdenite-chalcopyrite~bornite-
nminor pyrite; and (3) bornite-chalcocite.

Gypsum and arnhydrite occur in the deeper parts of the deposit.

[
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Gypsum velnlets are ubiguitous telow the 3500 foot level. They cut all
other altieration types aﬁd are the latest hypozene eveant. Rare anhydrite
crystals, commonly associated with bornite, are found telow the 3400 foot
level in mineralized~quartz veins and as small replacement masses in
zones of intense potassium feldspar alteration.

Sulfur isotope ratios near zero permil (+1.53 to -4.11 permil) of
sulfide minerals and heavy oxyzen isotope ratios (+12.5 to +6.5 permil)
of tne alteration minerals imply a magmatic source for the hydroth;rmal
sulfur and water. Moreover, potessium-arzon azes of 200 m.y. are the
same for the hydrothermal sericite (198 to 202 + 4 m.y.), the quartz
latite porohyry dike (204 + & m.y.), and the Bethsaida Granodiorite
(198 + 8 m.y., Northcote, 1969). The isotope ratios and age dates
clearly suzgest the genetic coincidence in time and space of the hydro-
thermal alteration and mireralization with the late mazmatic processes

of Eethsazida phase plutonism. Cross-cutting lamprozhyre dikes (13

+ 3 m.y.) post-date both the plutonic and hydrothermal events.

I




INTRODUCTION:

The Valley Copper Deposit is 25 miles souincast of Asihcroft in the
Highland Valley District of British Columbia (Fiz. la). Through 1969,7
Cominco Ltd. drilled more than 100,000 feet of diamord drill holes from
surface and undercround locations. Tnis study is based upon the detailed
exanination of 32,345 feet of diamond drill core in 31 holes from which
over 500 samples were ootained for petrographic, chemical, X—ray; and

. ” ’ L4
isotopic studies. All the noles are collared ir Valley Copper property
and are in or near vertical sections 10, 12, 14, 16, 18, and the Reference
Line section showm in the ILigures that accompany this report. The
numbered sections are 825 feet apart and trend ¥. 44°55' E. The reference
line is normal to the numobered sesctiors. The choice of the 3300 and 3000
foot levels for plan vieuws oompromises maximum'vertical separatioh
of the plans with the lack of data due to overburden at higher levels
and the few numver of holes at depth.

The seven sets of cross sections that accompany this regort display
the following information: (1) geology (Figs. la-f), (2) copper assays
(Fizs. 2a-hk), (3) arzillic 2lteratiocn (Fizs. 3a-h), (&) pervasive sericite
alteration (Figsf>4a-h), (5) vein sericite alteration (Fizs. 5a-h), (6)
potassiunm feldspar alteration (Figs. 6a-z), and (7) sulfide distribution
(Fics. 7a-h). Arbitrary cut offs for low grade (blue line) and high
;rade (red line) copper values (the samc as on Fizs. 2a-h) relate the
infqrmation d;;p;ayed on all section and plan maps to the distribution

of copper.
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GEOLOLY AND PETROLOGY

Tne 200 m.y. Suichon Creek zatholith is the host to the Valley Copper
Deposit. The oatholitn is roushly oval in sheve, about 37 miles across
and 30 miles lenrs, and clonzate rnorth-south. The major rhases of the

batholith are conceniriczlly zoncd and become more silicic and relativel
J

younzer toward the center. The Valley Copper Deprosit is near the north

.4

edze of the Zethsaida Jranodiorite, the cenvral and youngesi major phase
of the Guicron Creeik Batholith. Clacial drifi and lakes completely
mantle the de?ositf The overdurden ranjes from 10 to over 200 feet in
thickness. The rorthern part of the deposit is in the northwsst trending
Highland Valley depression. The Betihlenhem ore bodies and their host rocks,
the Bethlehem Granodiorite and Guichon Quartz Diorité, are 2 miles north-
east of trhe Valley Copper Deposit. The eastern vart of the deposit may
terminate ajainst the rorth sirikinz Lorrex Fault. The Lornex ore body
and its host rocks, the Skeena Granodiorite, Zethsaida Granodiorite, and
a porphyry dike, are 2 miles southesast of Valley Copver and along the
east side of the Lornex Fault.

The principal host rock throughout the Valley Copper Deposit is the
Bethsaida Cranodiorite, which crops out nearby to the south and west.
Accordingly, its distributipn is rot shown on the Geology sections (Figs.
la-h). Three kinds of dikes are found within the deposit. n order of
emplacement, they are a Porphyritic Phase of the Bethsaida Granadiorite,

a Tan Felsite Porphyry, and a lampropayre (see Figs. la=f). |

In available literature the Eethsaida phase is generally classified
as a grarodiorite or quartz monzonite. Petrogzraphic examination of .
samples collected for this study from within and outside the mine area

1,

are granodiorite with generally less than 10 vercent total mafic minerals.
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Jothsrida CGronodiorite ond cullide-bearing veins of guartz and sericite,

— Y

tion,

l_h
[

and therecoy c’ear’v nostdate hydreothermnl wineraliz

~

Yortucote (1969) dated ihe nmojor sheses of the Juichon Creek Batholith

Porpshyritic Phase of the Zethseida

orophyre dike (132 2 3 m.y.). 'ithin the snolytical limits of the no-

tassium-srgon methed, the ages for the Zsthsaida and other major phass
of the Suichon Cresk 3atholith andé the Porshrriiic Phoce of the Bethsaide

Grenodiorite are the same, 2bout 2C0 million years. Iowever, ithe lampro-
payre dilkes zre siznificantly younger thon the batholith and, therefore,

are probably not rensticzlly relsted to Zuichon nlutonism.
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HYDROTHERMAL GANGUZ AND ALTERATION IINZRALS

The Geology sections given in Fizures 1lb-f also show the distribution
gyosum veins, anhydrite, wvugs in quariz veins, and barren gquartz veins.
The alteration summaries in the cross sections and plan views (Fizs. 3a-h
through 6a-z) show the distribution and intensity of the argillic, per-
vasive sericite, vein sericite, and potassium feldspar types of hydrothermal

alteration.

SULFATES:
Gypsum veins are common in the deeper parts of the deposit. The

£y

cyopsun iine (Figs. lc-I) marks the topographically hichest occurrence
(approximately the 3500 foot level) of this sulfatg mineral. Below this
lire gyosum velns are persistent. The avundance of veins ranzes from
less than one to greater than three veins per foot. The veins range from
zenerally less than 3 mm to a maxdmum of 8 cm in widta. A few zypsum
veins cqntain rare anhydrite crystals. Gypsum veins cut all alteration
tyoes, sulfide-bearing veins, and host rociks except the lamprorhyre dikes.
Although they are paragenetically late, available evidence sugzests
that the gypsunm veins are not superzene. Cypsum does znot occur near the
surface. Sulfate sulfur could not have come from oxidized sulfide sulfur.
The §5-3% value of +15.2 permil of the zypsum from a2 5 cm wide vein is
similar to the values of hypogene anaydrite (+11.8 to +14.5 permil) and
is much neavier than the hypogere sullide sulfur. Gypsum replacement of
anhydrite veins is unlikely as no annydrite veins have been found. Through-
out rmuch of the deposit, the gyosum linc is close to the vug line (see Figs
le-f) waleh suzgests that hyporene rather than surergene conditlons con-

trolled zypsum vrecipitation. The *ynsun veins, therefore, probably

represent the latest major hydrotherm:” hypozene evert.



guartwz veins than the earlicr barren quariz veins, they fail to develop
to mejascoplic size in th_tﬁjcs ol veins at about the same depth.
Quartz and calcite crystals that line many of tne vugs have euhedral
terminations. The vug line probably corresponds to the depths at which

oressures werc sufficiently low to permit boiling of the hydrothermal

fluids.

BARREN QUARTZ VEINS:

2arren quartz veins contain little or no sulfides and form a low
grade quartz vein stockwork core to the deposit. The veins range from
less than 1 mm to about 3 cm in thicikness. Sericite envelopes, where
present, are thin and discoatinuous. Potassium feldspar commonly forms
selvazes adjacent to the barren quartz veins. MNost unequivocal ofi-

‘setting relationships indicate that the barren quartz veins are older

<

than the sulfide-bearing quartz and quartzfsericite veins. However, in
Sections 14 and 16 conflictinz relationships were observed that suzgest
minor exceptions to this generalization.

Three barren quartz vein horizons are shown on Sections 10, 12,
and 1% of Figures 1 through 7. The upper horizon, Bl, marks the topo-
graphically highest occurrence of any barren quartz veins. The inten-
sity of’veining increéses dovnward to the middle horizon, B2, where
their frequency of occurrence is three to fogr or more per foot. Bz2low
the EZ2 horizon, the abundance of barren quartz veins generally decreases
sligntly and then increases again., The lowest horizon, B3, marks their
reoccurrence a2t three to four or more per foot. In Section 16 drill
noles intersected a few barren quartiz veins between about the 3400 and
3100 foot levels (Fiz. le). No barren quartz veins were encountered

above or below these levels or in Section 13. Accordingly, the northwest



front o tie barren quartz corc is internroted to be very steep to cver-

turned (see Refcrence Line Sectiion of Fi~s. 2 throush 7).

Hydrothermal clay (keolinite), sericite, and potassium feldspar

b

each have two principel modes oif occurrence. They are present either

in or adjacent to veins and fractures, or as pervasive alteration oro-
cucts of the host rock. ez asco ic distinction and relative intensities
of clay, sericite, and potassiwa feldsnar al teraiion in the core was
based primarily on color, hardness, and vein abundance.
Arpillic alteration is generally wnite. Criteria for determining
the relative intensity of argillic alteration in the Bethsaida Granodiorite

sere based on the amount, color, and hardness of altered plagioclase

s

y

eldspar. Alteration was classified as ucak, moderate, or intense where
nlagioclase feldspar was delermined to be translucent and hard, white
and hard, or waite and soft, resgpectively. In the Porphyritic Phase of
tbe Bethsaida Granodiorite, arziliic alter;tion is defired by chalky
waite plagioclase phenocrysts in a purple -brown matrix, whereas in the
Tan Felsite Porphyry it is marked by whitc placioclases phenocrysts in

a pirk to white matrix.

X-ray identification of clays from both the enveiope and pervasive
replacements indicates that they are kaolinite. Montmorillonite-group
clays are rare and apparently are restricted to the marzins of the deposit.
Clay partly replaces plagioclase in envelopes uvp to 2 cm wide ad-

.

jacent to sericite veins. It is relatively moderate to weak in intensity
and is rccoznized only in host rocks with little or no pervasive argillic
alteration. The pervasive arzillic alteration varies from weak to strong

in intensity. UWrere most intense, it generally coincides with sections of
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goury, crumuled, and browen corc wWhcre clay comnlote y'rcylaces the
vla-ioclase feldsrar. Pervasive ar-illic ziteration encrally decreases
i:isrupted core.

Plan and section views of argzillic zlteration given in Fizures
3e-h show three vertically rested (concave-dowm) zones of intense argillic
alteration. Tney arc separated by zones of Weaker alteration intensity.
These zones plunre about 15 . (Fi ig. 3¢) and to the east they coalesce
into one zone of intense alteration.

Sections 10 throuzh 16 (Figs. 3d-g) show the zeneral similarity in
shape and positiocn of the concave-dow profiles of the zones of intense
argillic alteration with the concave-dovm profile of the barren quartz-
vein core (31, B2, and B3 horizons). Houwcver, the intense clay and
barren cuartiz-vein distributions arc independent of one another. Al-
though similar in shape, the discordance of the zones of intense argillic
alteration to the barren quartz core in Sections 10 through 16 and the

Reference Line section (Fiz. 3c¢) demonstrates the separate structural
{=] -

and temporal controls of their respective distributions.

SZRICITE:
Sericite in veins is silver colored wihere coarsely crystalline.
£

Otherrise, it is grecen wnere finely crystalline either in veins or as

&

vervasive replacement of the nhost. Relative in?ensity of pervasive
scricite alteration was based on the chroma of green coloration imparted
to the host. Accordingly, pervasive sericite alteration ranzes from
very pale green where weak (incipient) to jade or emerald green uhere
intense (complete). Relative adbundance of vein sericite corresponds

to the amount of core that is quariz-sericite veins. Vein sericite is

5 2y

weak where less than or equal to 10 percent of the core, moderate where
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15 to 20 nercent of the core, and intense where cgual to or greater than ,
20 to &) percent of the core.

Soth the pervesive and vein tyves of sericlte have been identilied
as 20 muscovite from X-ray diffraction patterns. Parasoniie was rnot
identificd.

The Tethsaida Granodiorite, its Porphyritic Phase, and the
Felsite Porpayry are traversed by quartz-sericite veing and are gervasive~
ly altered to sericite. Quartz-sericite veins up to 6 cm and 2.5 em

3

wide cut the 3Bethsailda Granodiorite and the Porpiayritic Phase of the

v .

Betnsaida, resvectively. Zowever, their madmum widin in the Tan Felsite

rPorpuyry is 5 mm., The weak sericite veining of the Tan Felsite Porvayry

zests that either these dikeszs were relatively unreactive with the

[

suy

Y,

the dikes were intruded cduring the later

;u

hydrotnermal fluids, or that
stages of vein sericite formation.

Sericite forms altera tionvenvelopes and selvages adjacent to sulfide-
tearing quartz veins and is a major component of guartz-sericitie veins.
In both occurrences the sericite appears to replace the host rock ad-
jacent to the quartz vein or Ifracture. Vein-type sericite is relatively
coarsely crystalline, 0.5 to 2 mn across. Host of the sulfide minerals
are directly associated with the quartz-sericiie veins. Bornite,
chalcopyrite, minor molybden;te, and rare'selenite and annydrite form
disseminated intergrowths with the sericite. Bornite and chalcopyrite

e

also form discontinuous cores to some of the gquartz-sericite veinss

Pervasive sericite, predominantly ricroerystalline in size, pseudo-

o

rorphically revlaces part to all of the plarioclase feldspar of the

-

host. Zones of intense pervasive sericite that are inferred to have

replaced older zones of intense arzillic alteration generally contain

disseminated chalcopyrite, with or without pyrite, and lack bornite.
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Also, ch:aicopyrite is gencrally inhc sulfide mirneral in quartz-sericite

eins that traverse chalcogpyrite-vearing zones of servasive sericite.

<

and cross-cuitins guortz-sericite veins, the precipitation of associated

) 3

iron-rich sulfices, chalcopyrite and pyrite, rather than bornite.

[ 4

Distributions of vervasive sericite (Fizs. La-h) and vein sericite

(Figs. 5a-h) alterations are different. Zones of moderate to intense
pervasive sericite are most extensively develoned on the east side of

4.
th

These zones of more intense pervasive sericite alieration

(0]
.
(0]
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éip 15 ©o 30° KE. and tend to coalesce into one or two larze zones to
the east. Tongues of moderate and intense pervasive sericite alteration
excend from the east side of the deposit into the central part. In
Sections 10 and 12 (Figs. 4d and e) ihe pervasive sericite is stronzly
discorcdant to the barren quartz horizons.
Vein sericite is nost abunddnt in three nested zones. These zones
L

curve around the nortawest side of the barren quartz core and plunge

stceply to the northwest (Fiz. Sc). They may coalesce at depth to thae
northwest. In contrast to the argiilic and pervasive sericite altera-
tions, the zones of moderate to abundant vein sericite are broadly
parailel to the barren quartz horizoas. In addition, they are not
significantly developed within the B3 barren quartz horizon, except
locally ir Section 14 (Fig. 5f). The barren quartz core may have been

2 fundzmental lithologic or structural barrier that controlled and

(or) restricted the distribution of the quartz-scricite veins.

POTASSIUM FZLDSPAR:

Potassium feldspar alteration is zenerally pink. Relative intensity



12

of potacsium feldspar clteration was bascd on thie amount of secondary
pink potassium feldspar in the core. It ranges from weak for a local
1 to 2 perecent increase in the abundance of pink potassium feldspar to

intense for almost complete revlacement of the host by potassiwa fcld-

as (1) partial to complete (pervasive) replacement of plagioclase feld-

spar, and as (2) veins of pegmetitic quartz-potassium feldspar and
Iy 1 & L -

repiacerment envelopes adjacent to barren guariz veins, guartz-sericite

."

X-rzy diffraction studies of rotassiwm feldsnar

&}
4y

rom the nejor
phases of the batholith and the Valley Copper Deposit indicate that

(1) primary magmatic potassium feldspars from the 2ethsaida Granodiorite
and other major phases are orthoclase, (2) pervasive and permatitic

potassiw: feldspar range from disordered to maidium wicrocline, (3)
potassiun feldspar from envclopes around fine zrained barren quariz

veins and cuartz-scericite veins are intermediate or reiatively disordered
microcline, and (&) there is a structurael discontinuity betwsen the
primary and secondary zotassium ‘eldC“ rs. A1l the potassiwm feldspars
are orthoclase-rich (Or> 85). .The more ordered structure of the hydro-
thernzl polassium feldspars probably reflects their lower temperature

~

of formation and morec rapid atitainmeni of temperature-structure eguilib-

occurs as n2rvasive reolacerments of the host, vegn

siun feldspar, and potassium feldspar cnveloves adjacent to barren

iydrotnermal votassium feldsrar has two orincipal modes of occurrence:

o
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feldszar is pink, L To 5 mm in diameter, and assoclated with sericite,

3

disseminated bornite, chalcopyrite, and molybdenite, and rarely, purple
anhycrite. In the cormatitic potassium feldspar-guartz association,

the quariz is up to 135 mm in diamcter and the dark pink votassium feld-

-

4
j}

spar crystale are ups to 2 cm in diameter. The guariz is generally barren,

however, small arounts of disseminated sulfide, mostly cnalcopyrite, occur

H'

in somec of the potiassium feldspar. Sericite veins cut the pegmatitic
potassium fcldspar—quartz assémblage. In the fine.grainéd potassium
feldspar-quartz association, the quartz is less than 1 mm in diameter
and forms thin veinlets. The potassium feldspar is about 1 mm in diameter,
pink to flesh colorad, and partly replaces the host rock next to the vein
for distances up to a few centineters.

The zones of less intense potassium feldspar alteration consist
of potassium feldspar eavelopes adjacent to quartz-sericite veins and

o

fractures. These envelcpes are generally less than 5 rm wide. They

“

are rormally continuous next to fractures, but are discoantinucus on a
scale of 1 (o 2 mm next to gquartz-sericite veins., The potassium feld-
spar enveleoes, wWhlen are best developed in moderately argillized rock,

occur throushout the derosit and arc indicated on the cross sections

veine and argillized rock, contradicis tiae relative stability fields of
kaolinite, rmuscovite, and potassium feldspar given oy Xeyer and iemley
(1987). 7The T vs. aK+/aH+ diazran of Xcyer and Hemley indicates that
votvassium feldspar showld not form at the outer edge of a sericite vein,

tetween the sericite and kaolinite. liowever, Fournier (1967) has suz-

3
(o3
4]

ted that azbrormally high activities of silica, which may result
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around scricite veins in the ar
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The zone of rore intense potassium feldspar alteration (Fizs. ba-g)
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is corncave-cdoim and symmeirical aboutl tiwe noriicast and southwest sides

X

tae pegmaiitic quariz-potassium feldspar and the potassium feldspar-
barren quariz vein associations. That part of the zone outside the

tarren quariz corc represcinis pavches and bands of pervasive potassium
feldspar rcplacement and well develozed potassium feldspar envelconas

acant to gquartiz-sericits veins. The Reference Line section (Fig.

&b) shous the discordance of the potassium feldspmar zone to the barren
quartz rorizons. The same general concave saape and maxinmu elevation
(3800 feet in Figures 6b, d, e, and f) of the potassium feldspar zone,
ooth within and outside the barren quartz core, suggests that a ubiquitous

D)

parameter, possibly a temperature gradient, governed the formation and
distrivution of potassium feldspar. )

The potassium reldspar distiribuiion is similar to that of vein
sericite, but is dissimilar to those of argillic and pervasive sericite
alterations, as defined by its symmctiry about the barren quartz core

its agparent steep plunzce to the northwest (Fiz. 6b, and compare

ba)

[oR
1] (’
ck

£

Figures 3, &4, 5, and 8). These similarities in distribution may indicate
that the potassiun feldspar alteration and derposition of vein sericite

uere closcly rclated in time and in source of the altering fluids.
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ne parasenctic relationghins (Tabl ,I amon; rock
tion products have been deduced from
merascoric cxaminaticn of diamond drill core. Kaolinite is an early

.
alteraticn product of the plutonic host. Sericite in veins and as
oarvasive replacement of the host traverses and alters both Iresh rock
and tnat previously subjected o V&”yl&f intensities of arsiliic altera-
tion. :ecasconic and microscozic avidence sugsest that the kaolinite
coes not renlace sericite. The barren guartiz core is discordant to and
illic and pervasive sericite alterations.
Quartz-sericite veins are found in rock variably replaced by pervasive
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sericite and cut pegmatitice pota
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d barren guartz

veins. Sulfide-bearing quariz veins offset barren guartz and quartz-

(4]

sericite veins. Anhydrite 1s associated with pervasive votassium feld-
spar, quariz-sericite veins, and sulfide-tearing quartz veins. Gypsum
veins cut all other veins and alieration iyees. The lauprophyre dikes
cut nineralized oquartz and quariz-sericite veins and have been radio-

metrically dated as &0 m.y. younger than sericite that accompanies the

sulfide mineralization.



PARAGENESIS OF HOST ROCKS AMD ORZ AlD GAKGUE MINERALS

Pre-alteration Rock Types

Betnsaida Granodiorite —
Porphyritic Phase of Eethsalda -
Tan Felsite Porphyry —_—
Aplites —

Hydrothermal Alteration
Kaclinite ,: — - e e —————

Pervasive sericite L —
(pyrite, sphalerite, chalcopyrite)

EBarren quartz veins —_——
Potassium feldspar —_—

(cralcoryrite, molybdenite)

Vein sericite —_—
(tornite, chalcopyrite, pyrite,

molybdenite)

Sulfide-bearing quartz veins

(bornite, chalcopyrite, pyrite,

molybdenite, chalcocite)

Anhydrite ' —

Gypsum
Post-alteration Rock Types

Lanpropnyre dikes

16
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SULFIDZ MINEZRALS

Copzer values based on averases of 10 foot assays from the drill core f
were provided by Cominco Lid. For the purposes of this study, the assay
data have been reduced to three zones (Figs. 2a-h) that mark the ap-

o

proximate limits of low (significant copper content, but less than cut-

)

rade), intermediate, and hizh (significantly above the average

Hy

oif g
copger content of 0.45 percent copper) intensities of copper mineraliza-
tion. On the Copper Assay and other cross-section and plan maps the blue
line separates low from intefmediate total copper and the red line sepa-
rates intermediate from hizh total copper. .
The bornite:chalcopyrite ratios are given in Fizures 7a-h, which

display the relative abundance of bornite to chalcopyzite. The hachured
line separates regions with bornite £ chalcopyrite from regions with

3,

borniie > chalccpyrite (indicated by the hachures).

Comparison of the zones of high total copser (red line) with zones
of intense vein sericite on the Vein Sericite sections (Figs. 5Sa-h)
indicates‘the unmistakable correlation of hizh total copper with intense
vein sericite. Additionally, the bornite:chalcopyrite ratios (Figzs.
7a-h) when compared to ihe vein sericite distributions (Figs. 5a-h)
show that nearly all zcnes of high bornife:chalcopyrite ratics correspond
to zones of moderate to intense vein sericite. Nearly all of the hizh
total coproer values occur within zones having hizh bornite:chalcopyrite
ratios.

The sencral distrioution and zoninz of chalcocite, pyrite, molyb-
denite, and svhalerite are showm on the 3300 foot plan view (Fiz. 7a).
Ilypogsene cialcocite and syrite distributions are based on vaether or

not those sulficde minersls were observed in the core. Primary chalcocite
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is rare and was identified from only those holes connccied by the neavy-
dashed chzlcocite line. Pyrite is zbrnorzally scarce relative to other
poronyry copger deposits; it averaszes much less than 1 percent by volume.
The pyrite line (dashed with P's) separates pyritiferous (indicated by
the P's) from non-pyritiferous regions. Molybdenite was found in 2ll
the diamond drill holes logged for this study. Althouzh it is chiefly
associated with quariz in veins having weak sericite envelopzs, molyb-
denite is also found in quartz-sericite veins. Pyrite and/or chalco-
oyrite are commonly associated wita the molybdenite. -The molybdenite
line (dotted with }'s) is based on assays averaged over the entire hole
in those vertical holes for which Cominco Ltd. supplied molycdenite
assays. A siznificant molybdenite zone (indicated by the ii's) fringes
the deposit. Rare megascopic sphalerite was identified in three holes:
é8-1,69-25, and 69-20.

Pyrite, chalcocite, relatively high wmolybdenite, and relatively
high chalcopyrite:btornite distributions overlap and are curved around
the northwest part of the deposit (Fig. 7a). In hand specimens the pyrite,
>molybdenite, and chalcopyrite are commonly associated to the exclusicn
of bornite. 1In polished sections pjrite is generally replaced by any
associated chalcopyrite. Some conclusions -are indicated by these features:
1) The Valley Copper Deposit has a pyrite halo that is relatively weak.
2) The copper:iron ratios increase toward the center of the deposit.

3) The distribution and paragenesis of molycdenite is enigmatic.

In many porphyry copper deposits,. molyodenite is most abundant in
the deep centiral portion of the ore body. At Valley Copper the molyb-
denite is peripheral to the ore tody and its distiribution is similar in
snhape to one of the truncated molybdenite zones at Climax, Colorado.

)

Tne association of molybdenite with pyrite suggzests that molybdenite
£2 J
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- may form earlier than bornite-chalcopyrite in the paragenesis of the

sulfides. Iowever, because molybdenite occurs toth in quartz-sericite
ard quariz veins, contemporaniety with the similar occurrence of bor-
nite~chalcopyrite is suggested. If the molyodenite is contemporéneous
with the cooper sulfides, temperature-pressure-chemical gradients be-
tween the canier and rarzin of the deposit must have caused the peri-
preral precipitation of the molybdenite.

Hypogene chalcocite coexists with bornite in quartz veins and
exhibits microscopic exsolution and replacement textures with the bornite.
The late pzrazenesis of mineralized quartz veins, the restricted-areal
distribution of chalcocite, and its association with bornite indicate that (1)
chalcocite formed late in the paragenesis of the sulfides, that (2)
either the parameters wnich influenced sulfide deposition became pro-
gréssively nore conducive to precipitation of hicher Cu:Fe suifides or
that iron became progressively less available for precipitation in .
sulfides, and that (3) the chalcocite may be relatively near the source

of the hydrothermal sclutions.
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ISOTOPZ DATA

Suifur and oxygen isotope data from the sulfide and alteration
minerals strongzly imply, on the basis of present knowledgze, a magmétic
source for both the sulfur and the hydrothermal fluids.

The §S- 34 values of sulfides range from +1.45 to -&.11 permil and
closely bracket the assumed zero permil value of mantle sulfur. In
coexisting anhydrite-bornite, the sulfate sulfur is +11.76 permil and
the sulfide sulfur is -0.9% permil. The marked isotopic difference
implies eguilibration tetwesen the sulfate and sulfide minerals. Inter-
rolation of the calculated, fractionation factor on theoretical curves

sucgests a depositional temperzture of about 500°C.

The £0-18 values of nydrothermal kaolinite, sericite, rotassium

O‘ \
'U

feidspar, and guarcz range frqm +6.5 to +11. rmil. They are egual to
or larger than the oxygen values of the primary mazmatic quartz, potassium
feldspar, and plagiocclase of the Bethsaida Granodiorite. Quartz-seri-
cite mineral pairs give temperatures ranzinz from 475° to 260°C. Mete-
oric water could not have been a major comp onent of the hydrothermai
fluids unless the mcteor*c water were appreciably heavier than it is now.

Potassiun-argon dates.of sericitc associated with bornite (198 b
L m.y.) and sericite associated with molybdenite (202 + L nm,y.) have the
same age, within the limits of analyticel error. This age, about 200 m.y.,
is also similar to those of the Bethsaida paase (198 + 38 m.y., Jortiacote,
1969) of the Guichon Creek Batholith and the Porphyritic Phase of the
Bethsaida Granodiorite (204 + & m.y.).

The probable magmatic source of the sulfur and hydrothermal fluids
and the contemporaniety of megmatisnm and hydrothermal processes strongly

v

suggest that hydroihermal alieration and mineralization are integral



TN

21

parts oi the late staze evolution of the batholith, rot prenomena imposed

upon the teihsaida phase from an outside source. GCeologic evidence, such

as the centrally located late staze Bethsaida Granodiorite and younger
porphyries, that are host rocks to the mineral deposiis of the Highland
Valley district, within a much larger batholithic mass, constitute ad-

ditional evidence to support this infersnce.

RO,
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: CONCLUSIONS

S

Structure is the primary control that locﬁlized the Valley Copper
Depositi. The deposit lies immediately southwest of the intlersection of
north-northwest strikinz faults in the IHighland Valley depression and the
north striking Lornex Fault (Mclfillan, 1972). The Lornex Fault may be
intersected by hole &9-43. iithin the deposit, fractures control the
location of barren and sulfide-bearing guartz and quartz-sericite veins.
Fractures and fault zones ére also loci from which solutions permeated
and vervasively alterad the host rocks.

~

. The recognized limits To the mineralization and alteration coincide
with and may result from proximity to a dike of the Pérphyritic Phase of
the Bethsaida CGranodiorite and the barren quértz core. The dike is ten-
tatively considered to have diveried or impounded the ascendinz hydro-
thermel fluids. The fluids are considered to have risen frosm the north
or east mar;ins of the deposit 2long and above the dike. Initially,
the fluids kaolinized then pervasively sericitized the plagicclase of
the host rock. Following and in part contemporaneous with this initial

alteration, the barren quartz veins were precipitated, perhaps in two

or three pulses, in a northwest plunzing zone sbove the Porphyritic Phase

+y

of the Bethsaida Granodiorite. The barren quartz veins effectively
sealed off the core of the deposit to later fluids from which sulfide-
bearing quartz and quartz-sericite veins were deposited. Subsequent
fracturing of the host apparently did not appreclably increase the
verneability of the barren cuartiz core to mineralizing fluids. These
mineralizingz flulds, nartly contemporaneous with but generally youncer

ES

than those forminz the barren guartz veins, were diverted (by the dike)

to flow over and around the northern sides of the barren quartz core.
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Two vossible hypotacsesmay explain the distribution of the arzillic
and pervasive scricite altierations, Coalescence of the zones of intense
arzillie zlteration to the easﬁ and the more exiensive development of
intense pervasive sericite in that area may indicate that the fluids that
caused these effccis emanated ¢fom the vicinivy of the Lor nex‘Fault.

7y host rocks of the castern part of the deposit may have
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been more ;ignlv Iractured and permeedle and thus suscepiible to altera-
tion by fluids from any source region.

The different distributions oi tne zones of intense vein sericite
and intense argillic alteration may provide evidence for at least
two different fraciure sets that formed at different times. The zones
of intense vein sericite piunge more sceeply and are situated more to
the rnorthwest than the parageneticelly older zones of intense argillic
alteration. Within each of ithese alteration types, the three zones of
intense aluevauﬂon rnay have formed contemporansously or sequentially

I the host rock.

o]

with progressive Iracturing
The develou“er of the zone of more intense secondary potassium

-

ericite

[4/]

’..h

feldspar preceded, at least in part, the formation of some
veins. Its distribution may be a function of several parameters.
Much of the potassium feldspar is associated with barren guartz veins
and was precipitated with them. However, the zone of more intense
otassium feldspar is restricted to elevations below the 3600 level,
which may as likely reilect temperature and chemical conirols. The
kaolinite-ruscovite-potassiun feldspar stability diaszram of Meyer and
Zemley (1967) shows that potassium feldspar is stable reclative to
ruscovite at hizher temperatures and higher aKv/ai™ ratios. From
ozy;‘h isotone thermometry, the t crature below the 3600 level was

greater than 350°C and high enough for the hydrothermal system to be

Gee
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within the potassium feldspar stability range. Consumstion of KV by

orecipitation of potassium fcldspar below the 2600 level or louwer tem~
pcréturcs (350" te possibly 280°C, from o:yzen isotose thermomeiry)
at highe: levels in the deposit may have shifted the hydrothermal system
into the ranse of muscovite stability and precluded the develoument of
significant amounts of potassium feldspar in the shallower environments
of the hydrothermal systen.

The hydrothermal fluids and their contained swWlfur and retal
had their source at cdepth from presumably late stage water-rich magmatic
differentiates of the Bsthsaida Crancdiorite. A recent geophysical
survey over ithe batholith has revealed a gravity low in the Valley
Cozzer-Setilehen~-Lornex regioq that is interpretcd to be the root zone

Fluid inclusiens in quartz pheno-

of the batholita (¥clillan, 1972)

1]
[¢]
[ae]

crysis of relatively unaliercd Tan site Porphyry contain salt crysials

Y,

vhich reflect hizh salinities in a water-rich rhase that coexisted with
magma from the source arez of the intrusion. This saline Lydrous phase
may have subsequently become the ore-forming hydrothermal fluid.

einsaida Granodiorite did channel

sy

If the Porphyritic Phase of the
the rising hydrothermal fluids,-it may also have been a relatively
imperrneable can to any flﬁids rising from beneath the dike. Rolls or
relatively horizontal sections of the dil:e may have impounded these
fluids. Seismic reflection surveys may be able to delineate the dike
below the deoths reached by opresent drilling. Any rolls or horizontai

el
T

sections determined from the seismic profiles mizht be excellent targets

-,

or a deep.drilling project.
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