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INTRODUCTION

IE Highland Valley arca is in
south-central British Columbia
200 miles northeast of Van-

some
couver.

The nearest towns with rail and
road connections are Asheroft, 30

miles to the northwest. and Merritt.
10 miles to the southeast ([Figure
2). A gravel road connccts IHigh-
land Valley with these towns and a
branch extends north to Savona.
This region of rolling uplands, 4,000
to 6.000 fect above sea-level, is
bounded on the east by the broad,
shallow valley of Guiclon creck and
on the west by the deeply-incised
valley of the Thompson river. High-
land valley itself is a broad, level
saddle that drains both to the
Thompson: river vie Pukaist creck

“and to Guichon creck via Witches

brook. The floor of this valley is
open grasslands with patches of
timber, swamps, and chains of small
lakes. Its sides rise through gentle,
lightly-timbered slopes, broken here
and there by rock bluffs, to broad
rounded summits and hogsbacks

standing not much more than 1,000

feet above the valley floor.

History AxD DEVELOPMENT

Copper deposits in the Highland
Valley area have been known and
intermittently explored in a small
way for more than 50 years. On two
properties modest production was
achieved from relatively small but
high-grade veins. At the O.K. mine
during its main period of activity
in 1916-17 some 10,000 tons of ore
grading 3.6 per cent copper was
mined and milled. At the Snow-
storm mine (now part of Bethlehem
Copper property), ore mined and
hauled out in wagons in 1915-16
amounted to 140 tons grading more
than 20 per cent copper. However,

*Department of Geology, Univers-
ity of British Columbia, Vancouver.
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Figure 1.—Winter drilling in the Jersey zone, Bethlehem Copper
Corporation, Ltd.

early attempts to develop the larger,
disseminated deposits met with lit-
tle success. The deposits attracted
little attention until 1955,
Bethlehem  Copper  Corporation,
Limited, launched an extensive ex-
plnr.ltmn programme. The early re-
sults of this venture sparked inter-
est in other deposits and vigorous
exploration activity continues
throughout the area. The main prop-
ertics under development at Iligh-
land Valley are shown on Figure 3.

The work done by Bethlehem Cop-
per Corporation during the summer
of 1955 included large-scale trench-
ing by bulldozers, bulk-sampling of
these trenches and of an old adit,
together with prospecting and geo-

logical mappiug of the property..

This work indicated extensive dis-
seminated copper mineralization in
two areas referred to as the Jona
and Jersey zones. Two other min-
cralized zones known as the White
and Simons were discovered but not
thoroughly explored. In October,
1955, the American Smelting and
Refining Company undertook in-
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tensive exploration featured by dia-
mond drilling. To the end of 1958,
40 holes, for the most part of NX
size, aggregating 23,031 feet had
been drilled, and present indica-
tions are that very large quantities’
of low-grade copper ore will be de-
veloped.

Several other properties on the
north side of Highland Valley have
reccived attention. Strongly oxid-
ized disseminated copper mineral-
ization on the Krain property is be-
ing investigated by Beaverlodge
Uranium Mines, Limited, by means
of bulldozer cuts and drill holes.
What appears to be another large
disseminated deposit s

ited. The work includes a number
of trenches and about 23,500 feet
of drilling in a somewhat concen-
trated pattern. Some drill holes
reached vertical depths of 800 feect.
The old workings of the Transvaal
and Ilighland claims between the
Krain and Trojan properties were
re-opened by Jackson Basin Mines,

Limited.

being ex-
plored by Trojan Explorations, Lim-"~
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tvely explored and others are ve-
examinations.
bulldozer  trenching
and semi-bolk-sampling, as well as

ceiving  preliminary

Large-seale

some perenssion deill sampling and
diamond drilling, was done on the
property of Bethsaida Mines, Lim-
ited. The wark partly exposed at
least one large area of highly al-
tered and sparsely mineralized rock
and  numerous narrow  veins  and
stringer lodes well mineralized with
copper  sulphides  or  molybdenite.
About a mile to the southeast on the
property of Skeena Silver
Limited. a wide fault-zone «
disseminated copper  miner

been cross-cut at intervals i

eral bulldozer trenches. In old un-
derground  workings,  additional
drifting was done on a copper-bear-
ing quartz.vein that occurs within
this fault zone. Another arca of
disseminated mineralization about a
claim-length east of the main Skeena
workings was partly stripped.

Previovs Wonrik ann
ACKNOWLEDGMENTS

The regional geology has been
mapped on a scale of 4 miles to the
inch and described in two Memoirs

of the Geological Survey of Canada,

one by Cockficld (1)* and the other
by Duffell and McTaggart (2).
Stevenson (3) described some of
the copper-tourmaline-hematite veins
in the area. Various dnnual Reports
of the British Columbia Minister of
Mines contain brief references to
mineral deposits and early explora-
tion.

The authors wish to record their
appreciation of the co-operation
and assistance given by officials of
most of the companies mentioned
herein. Particular thanks are due

"H. H. Huestis, President of Bethle-

hem Copper Corporation, and C. J.
Coveny, in charge of current op-
erations on the Bethlehem property,
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The original exploration .work
and geological mapping of Bethle-
hem Copper was directed by the
authors, who have been kept up to
date on current developments on
that property. Other properties are
known to the authors only from
brief visits. Such considerations and
the more advanced stage of devel-
opment reached at Bethlehem Cop-
per arc the rcasons for the em-
phasis in this paper on the Bethle-

*For references sce end of paper. -
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Figure 2.—Showing location o

hem property. The inference should
not be drawn that Bethlehem Cop-
per is necessarily the best or only
attractive prospeet in the Highland
Valley area.

GENERAL GEOLOGY

Highland Valley is underlain by
the Guichon batholith, one of sev-
eral that fringe the eastern margin
of the main Coast Intrusions, and
one of few in British Columbia of
which the age is fairly well estah-
lished. This batholith intrudes Up-
per Triassic voleanic rocks of the
Nicola group and, near Asheroft, is
unconformably overlain by fassili-
ferous  Middle  Jurassic marine
sediments (E,in"kf,ﬁ). Being, there-
fore, of Lower Jurassic age, the
Guichon batholith is scmewhat ex-
ceptional among Coast Intrusions,
many of which intrude Upper Jur-
assic or Lower Cretaceous strata.

The Guichon batholith is about
40 miles long and 16 miles wide,
and, like many of its neighbours,
is elongated in a direction a little
west of north, parallel to the gen-
eral trend of the older rocks. The

. massive structureless rocks of the

Guichon batholith contrast strongly
with the dominantly foliated rocks
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and Valley area.

of similar composition characteristic
hoth of the Lytton Creek batho-
lith to the southwest and the Cen-
tral Nicola batholith to the east
(Figure 2). Rock types compris-
ing the Guichon batholith are de-
scribed in the literature simply as
quartz diorite and granodiorite with
local gabbroic phases, and little
more than a hint is given of the
marked complexity of granitic and
porphyritic intrusions found in the
Highland Valley area.

On the Bethlehem Copper prop-
erty, the prevailing country rock of
the area, herein referred to as
‘Guichon quartz diorite’, is intruded
by a jagged salient that is a com-
plex of granite, a younger quartz
diorite (‘Bethlehem guartz diorite’),
and two varietics of porphyry. The
interrelations and petrography of
members of this ‘Younger Complex’
are described on page $91. Porphyry
occurs also as dykes at many points
outside the salient — on Bethlehem
and Outrider ground north and east
of the salient and in workings and
drill cores of the Krain, .Jackson
Basin, and Trojan propertics. A
few dykes of porphyry were scen
on the Bethsaida property but in
general this rock type appears to
be less abundant on the south side

of Highland Valley.
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The "Betheanda _ul':lm‘c!il\l'ih"
a distinetive roek se named beeanse
of its extensive oceurrence on {hat
property. Paidently it forms a body
extending some wmiles westward he-
vond the (O k. mine and southward
hevond the Fampire and  Kathleen
claims, Fastward, it ends somewhere
near the cast boundary of Graham-
Bousquet ground. beeause rocks ex-
posed on the Skeena Silver prop-
erty appear to be Bethlehem quartz
diorite. The rock type does not ex-
tend in volume northward across
Highland Valley  where there s
only one small but significant ex-
posure of Bethsaida  granodiorite.
This is a dyke-like body about 150
feet wide outeropping in bluffs a
short distance ecast of the Bethlechem

salient. Strongly chilled margins of |

this dyvke confirm its intrusive re-
lationship to the older Guichon
quartz diorite.

Andesite having prominent steep-
ly-inclined flow layers forms iso-
lated outeraps on or ncar the poor-
Iv-defined western margin of the
Bethlehem salient. Similar rock oc-
curs as isolated outerops a short
distance north of the Trojan prop-
erty and is exposed in the main
trenches on the Skeena Silver prop-
erty. At the latter place, the an-
desite evidently is an irregular dyke,
its position possibly controlled by
the main fault zone. Copper miner-
als oceur in the fault zone but not
in the andesite dyke. Furthermore,
the dyke itself is dislocated by fault
movement. Evidently the andesite
here is of post-mineral age but old-
er than late movement of the fault,
and probably similar relations will
explain the other exposures of an-
desite.

Remnants of Miocene basalt and
interbedded agglomerate occur in
the northern part of the arca. On
the Krain property, thoroughly oxid-
ized copper deposits are partly
capped by fresh basalt. A pre-Mio-
cene age is indicated not only for
the mineralization but also for the
weathering of the deposits. ‘

A feature of the Highland Val-
ley area and one that seriously ob-
structs both bed-rock geological

mapping and mineral exploration is -

the abundance of glacial deposits.
Fully 90 per cent of the upland
surface exhibits drumlin and swell-
and-swale topography, and bed-rock
is mantled by as much as 50 fect
of ground moraine. The main val-
ley and its hanging tributaries are
filled to much greater depths by
outwash sand and gravel, kame ter-
races, and beautifully developed
eskers. Short, deep, F-shaped gullies
found fairly high on valley slopes,
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Figure 3.—General geology and distribution of the mineral deposits.

commonly trending sub-parallel to
the contour, are ice-contact fea-
tures. They bear none but coin-
cidental relation to the underlying
bed-rock or structure. ‘

Because of the prevalence of
glacial drift, the over-all structural
pattern of the Highland Valley
area is obscure. However, some gen-
eral structural relations are indi-
cated on Iigure 8 and discussed
briefly in the following paragraphs.

Joints present in all rocks are
distributed among several sets.
North of the mair valley the domin-
ant joint sct strikes north 20 de-
grees east and dips steeply east-
ward. The northerly-trending topo-
graphic ‘grain’ prominent in out-
crop areas north and cast of the
Bethlehem salient and also on the
Trojan and Jackson Basin proper-
ties is due to erosion controlled by
this joint set. Many of the joints
contain porphyry dykes and others

e

contain veinlets of epidote and
tourmaline and, locally, bornite or
chalecopyrite.  Another  joint-set
strikes about north 60 degrees east
and a third strikes northwesterly.

The joint-sets appear to be cognate.

South of the main valley the
joint pattern is markedly differ-
ent. Northerly-striking joints are
virtually absent; the dominant
joints strike within 20 degreces of

east and dip either vertically or

steeply  southward. Another set
strikes about north 60 degrees west.
In places on the Bethsaida prop-
erty the joints are so closely spaced
as to give the rock a sheeted as-
peet. Locally, joints of both sets
ar¢ occupied by quartz and copper
minerals.

Only a few of the known faults
are shown on Iigure 3 and prob-
ably many more arc obscurbed by
drift,
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Figure 4.—Geology of part of the Bethlehem Copper Corporation, Ltd., property.

On the Bethlehem Copper prop-
erty, the prominent faults strike’
within 20 degrees of north and dip
steeply, some eastward, others west-
ward. These are complicated branch-
ing or braided structures of sheared,
comminuted, altered
rock, and gouge, ranging in width
from a few feet to more than 100
feet. There is no evidence suggest-
ing that large displacements have
occurred on any of the known faults.

Faults striking about north 20
degrees east appear in cuts on the
Trojan property, and wide fault
zones of uncertain attitude are rep-
resented in cuts on the Krain prop-
erty by sheared and gougy rock.
The widest fault zone secn in the
whole area is in the main workings
on the Skeena Sliver property. This
zone of sheared and altered rock
and gouge, including horses of
more-or-less  fresh  quartz  diorite
and the andesite dykce previously
mentioned, is fully 800 feet wide.
It strikes north 23 degrees cast and
dips mecasured on slickensided sur-

faces within the zone range from
65 degrees to as low as 35 degrees
castward. On the Dethsaida prop-
erty, numerous faults parallel the
westerly and northwesterly-striking
Joint sects, and northerly-striking
faults are rarely seen. The main
vein at the O.K. mine lies along a
westerly-striking fault that carries
indications of right lateral strike-
slip - movement. :

PETROLOGY

The Guichon quartz diorite,
forming the bulk of the Guichon
Creck batholith, is intruded by
minor granite and by the Bethsaida
granodiorite stock. The ‘Younger
Complex’, of quartz diorite, por-

. phyry, and breccia is apparently a

marginal and cupola phase of the
Bethsaida  granodiorite.  Andesite
dykes appear to be the youngest
intrusive rocks in the arca.
Representatives of all of these
rock units are exposed at the Beth-
lechem Copper property which the

aseillaes

authors mapped in considerable de-
tail. Consequently, most of the fol-
lowing account deals with the rocks
exposed on that property and ref-
crence is made to rocks of the other
properties only where particular in-
formation has been obtained. The
areal and local distribution of rock
units deseribed is shown in Figures
3 and 4. In the area of Iigure &
there are in places only scattered
vuterops and here the geology is
necessarily gencralized.

Guicnnox Quartz Dionite

The Guichon quartz diorite is
typically a grey to dark grey, me-
dium- to coarse-grained. massive
rock composed of Dbiotite, horn-
blende, grey plagioclase, quartz,
and pink petassium feldspar. The
last two components show some
variation in amount. With decreas-
ing quarts, the rock grades toward
diorite, and with increasing potas-
sium feldspar it grades to quartz

- monzonite. A characteristic feature
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of the roen as the rvather umiorn
Jisteibution o matic minerals  as
compared do the sporadie distribu
tien of mabies in the Bethlehem
gquarts diorite. Nenoliths, seen al
only a few loealities, are vounded
dark grey masses of granular non-
foliated rock.

In thin seetion, the roek is seen
to have o typieal geanitic textore,
and o be composed of subhedral
to  cuhedral  andesine  plagioclase
(307, hornblende (1092), biotite
(30e). quartz (209), and slightly
perthitic  orthoclase (1590,  the
last two wminerals being mainly in-
terstitial.  Accessory  minerals  in-
chude  magnetite.  sphene,  apatite,
and zircon, i

GrANITE

Granite underlies a small area
just west of the Iona zone of the
Bethlehem  property. Marginal
chilling of the Bethlehem quartz
diorite indicates that it is younger
than the granite. Granite dykelets
cut the Guichon quartz diorite
about 1,000 fect north of the main
granite body. Granite stringers cut
rocks probably of the Younger Com-
plex east of the White zone, sug-
gesting two ages of granite in-
trusion.

The granite is a reddish rock of
fine to medium grain, the more
{ine-grained types somewhat re-
sembling aplite. In hand-specimen,
it is seen to consist of reddish or-
theelase and quartz, with minor

 white plagioclase and dark biotite,

In the northern part of the expos-
ures the proportion of plagioclase
increases and the most northerly
outecrop is quartz monzonite.

In thin-section, the rock is found
to be made up of orthoclase (60%),
quartz
(7%), and biotite (3%), with ac-
cessory sphiene, magnetite, and epi-

(30%), sodie plagioclase’

dote. Quartz and orthoclase form, in”

part, a crudely graphic intergrowth,

Although the granite is surround-
ed by members of the Younger Com-
plex and is not known in quantity

elscwhere, it is not included in the.

complex because of its acid nature
as compared with the apparently
later and more basic Younger Com-
plex, and because of mineralogical
and textural dissimilarities. The
granite is possibly a differentiate of
the Guichon quartz diorite and its
position may have had some con-
trol over the localization of the main
mass of the Younger Complex.

HIT'I'H“- vny Grraxonioner

The Bethsaida  granodiorite, ap-
parently forming a stock. underlies
a darvge seetion in the sonthern part
of the Highland Valley area. 1L oc-
curs alse as a wide dyke on the
where it in-
trades Guiehon (quarty diorile,

Bethlehem properly,

The rock has a striking appear-
anee, being conrse grained, common-
Iy somewhat porphyritie, and show-
ing conspicnous cuhedral books of
biolite and large, sub-round quartz
grains, both reaching a diameter of

- BG ineh, surrounded by grey plagio-
clase. Hornblende is rare in the
main hody but accompanics hiotite
in the dyke on the Bethlehem prop-
erty, Weathered outerops show the
striking rough and pitted surface
noted below in connection with the
quartz diorite porphyry. Where the
dvke mentioned above is  chilled
against the Guichon quartz diorite,
a zone up to onc foot wide is por-
phyritic  with coarse quartz and
plagioclase phenocrysts set in an
aphanitic  groundmass. On  the
Bethsaida property, in one of the
main trenches, similar perphyritic
rock occurs, probably as dykes.

{ Such rock, notable for its lack of

| biotite, shows many similarities to
the dacite and quartz diorite por-
phyries of the Younger Complex.
Locally, the porphyry contains scat-
tered xenoliths of granodiorite and
is charged with fine-grained cata-
clastic quartz and feldspar that
makes up perhaps 50 per cent of the
rock. 1y

R R s

Under the microscope the grano-
diorite is seen to consist of large
cquidimensional quartz grains, large
books of biotite, and zoned plagio-
clase, averaging near oligoclase (An
25), surrounded by somewhat finer
grained plagioclase, quarts, and
orthoclase. The estimated composi-
tion of a specimen from the Beth-
saida property is: oligoclase 75%,
orthoclase 5%, quartz 15%), and
biotite 5%.-

An clongate inclusion some 4 feet
across, partly exposed in a cut on
the Bethsaida property, is appar-
ently tightly folded quartzite.

YOUNGEH CoMpLEX

Rocks of the Younger Complex
underlic the central part of the
Bethlehem property and form the
host rock for the principal copper
deposits. The complex includes
Bethlehem  quartz  diorite, dacite
porphyry, quartz diorite porphyry,
and Dbreceia. Although gencrally
separable, certain of these units

e

;_i;|':|rir one inlo the ather or have
in common particular mineraloxiceal,
testural, ar compasitional {eatures,
For these reasons the rocks are he-
lieved to constitute o complex of
closely related types of about the
samie agre,

The Betlilehem quartz diorite of
the Younger Comples is helicved to
represent  an o cavly Gwmargingd oand
cupola phase of the Bethsaida gran-
odiorite intrusion. Ab a later stage
in the magmatic activity, the roof
of the cupola was breached, dacite
porphyry was intruded and possibiy
extruded, quartz diorite  porphyry
dykes were emplaced, and breeeia
develaped, Fridenee af the close re-
lation of the Younger Complex to
the Bethsaida granodiorite is seen
in textural” features common to
hoth, such as the conspicuons round-
ed quartz grains and locally very
similar porphyritic texture. The
granodiorite, with its oligoclase and
biotite, represents a more evolved
and later stage of differentiation
than the Younger Complex, with its
predominant andesine and horn-
blende.

Bethlehem Quartz Diorite

The Bethlehem quartz diorite is
the most abundant member of the
Younger Complex on the Bethlehem
property. It is a light grey, medium-
grained rock composed of horn-
blende, biotite, quartz, plagioclase,
and potassium  feldspar.  Horn-
blende occurs in relatively large,
well-formed  erystals typically cn-
closing small crystals of plagio-
clase. Such poikilitic hornblende is
also a characteristic of the dacite
porphyry. The rock has a notably
lower proportion of dark minerals
than the Guichon quartz diorite, and
these are rather uneveniy scattered
through the rock. Where chilled
against a contact, the quartz diorite
grades to dacite porphyry. Certain
types are weakly porphyritic and it
may be difficult to decide whether
certain rocks should be classified
as porphyry or quartz diorite. In
the southern and western parts of
the Bethlechem ground, where quartz
diorite is somewhat vicher in mafics
and darker in colour than in most
places, it is not easily distinguished
from the Guichon quartz diorite.

Under the microscope, the rock
is found to consist of about 65%
zoned andesine plagioclase, 1595
quartz, 10% orthoclase, and 5%
each of hornblende and biotite. Mag-
nctite, sphene, apatite, and monazite,

occur as accessory minerals. Horn-

L"-‘-—.n-r-vi s e s
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blende, hiotite, and ]\':.‘\\_;inr]nh are
of carly ervstallization and ave part-
Iv cuhedral, survounded by anbedral
quactys and orthoclase, Loeally the
rock is oa granophyree and grades
mto dacite porphyry with a partly
granophyrie. partly finely cvystal
line, groundmass,

A phase of the Bethlehem quartz
diorite, characterized by its white
to light grey colour, alteration of
hornblende  to actinolite, and  the
absence of  Dbiotite and  potassium
feldspar, is deseribed in a seetion
dealing  with rock alteration  (p.
404). This rock, having certain fea-
tures in common with, and always
found adjacent to, the Bethlehem
quartz diorite, is referred to as its
‘leuco phase’. In sceveral loealities,
leuco quartz diorite encloses isolated
cquidimensional masses of unaltered
dacite porphyry up to 8 feet across
that are possibly inclusions of a
marginal chilled phase.  In nmny
places Bethlehem quarts diorite is
traversed by dykes of porphyry.

A contact of the quartz diorite
with the Guichon quartz diorite ex-
posed at the White zone shows lit-
tle or no chilling and is irrcgular
in plan, with abrupt changes in

strike. A xenolith of Guichon quartz.

diorite some 7 feet in diamcter lies
in the Bethlehem quartz diorite just
at the contact. -

Porphyry

Two types of porphyry occurring
on the Bethlehem property are simi-
lar in composition but differ mark-
edly in texture. Ome consists of
phenocrysts of plagioclase, horn-
blende, and quartz set in an abund-
ant fine-grained matrix. The other
is similar, but the phenocrysts, of
notably larger size, are much more
abundant than in the first, and the
matrix comprises on the average only
20 per cent of the rock and locally
diminishes nearly to zero. The two
types may be distinguished by re-
ferring to the first as dacite por-
phyry and to the second as quartz
diorite porphyry. Porphyry was
noted at many of the other proper-
ties and reference will be made to
these occurrences in another place.

Dacite porphyry occurs as dykes
averaging perhaps 10 feet in width
that cut both Guichon and Dethle-
hem quartz diorite. Scattered out-
crops or widely spaced drill-holes

indicate that much of certain rela-.

tively wide areas is underlain by
dacite porphyry masscs of irrcgular
shape, as, for example, north and
cast of the Iona zonc and south of
the main Jersey minecralized zone.

Pacite purphyry veeurs alae as a
13|:r|~;|' of the Bethlehem
quartz diorite,

Dacite
grey to pale greenish rock showing
seattered,  well-Tormed  poikilitie
hornblende  phenoerysts enelosing
plagioelase  erystals and
also  plagioelase  phenoerysts  in
which zoning is Tocally visible to
the naked eye. Less numerous quartz
phenocrysts are commonly rounded
and cembayed. Biotite is rare. The
groundmass is commonly aphanitie
and is dull in lustre. Locally, where
the grains are coarser, the matrix
has a sparkle Jacking in the aphani-
tic varviety, and the rock grades to-
ward quartz diorite,

In thin-scetion, the common dac-
ite porphyry is scen to be made up
largely of strongly zoned andesine
phenoerysts sat in a fine-grained
groundmass  composed  of  grains
from 0.1 to 0.001 mm. largely of
plagioclase, quartz, and potassium
feldspar. There are a few pheno-
crysts of hornblende and of gquartz,
Somec of the quartz grains are round-
ed, some are hexagonal or rectangu-
lar in cross-section, and still others
are embayed and enclose portions
of the groundmass. Accessory min-
erals include apatite, magnetite,
and sphene. The estimated bulk com-
position of a typical specimen made
up of 40% phenocrysts and 60%
groundmass is 30% quartz, 63%
plagioclase, 3% hornblende, and
4% potassium feldspar.

marginal

parphyry ix a wediun

showing

In certain specimens, the coarser-
than-average matrix shows in part a
erude graphic texture, and is partly
a radiating, almost fibrous, inter-
growth of quartz and feldspar grow-
ing outward from the plggioclase
phencerysts. As this intergrowth in-
creases in proportion the rock be-
comes a granophyrie qoartz diorite.

Quartz diorite porphyry ocecurs
as northerly trending dykes in the
central part of the Younger Com-
plex. Several dykes are more than
100 fect thick, and two of these
can be troced for more than 2,500
feet.

Weathered surfaces of the quartz
diorite are commonly exceedingly
rough and pitted, giving the out-
crop a very distinetive appearance.
The rock is made up largely of
plagioclase and a few quartz and
hiornblende erystals, set in a scant
fine-grained matrix that may not
be at all obvious to the naked eye.
Quartz grains, as much_as 34 inch
in diameter, commonly larger than
the feldspars, arc typically round
and contain inclusions of ground-
mass material. The rock almost in-
variably contains abundant green

— B

Bethlehem

epidote as aggregates up to U inek
ACTONS,

In thin seetion the rock is seen
ta be camposed largely of zaned
andesine,s inor  round  cibayed
quartz grains, and horublende, In
several specimens the plagioelase is
un-zoned, eloudy, secondary  albite,
The seant matrix resembles that of
the dacite porphyry.

The relative age of the quartz di-
orite porphyry and hreecia is un-
certain for neither fragments nor
dykes of the porphyry have heen

identified in the breceia,

Breecia

Breeeia is the least commonly
expased rack in the area. Tt is also
one of the most important host
rocks for copper mineralization and,
perhaps, is the most informative
rock to the geologist attempting to
reconstruet geologieal conditions at
the time of mincralization,

Breecia oceurs at the Tona, White,
and Jersey mineralized zones on the
Bethlehem property, and at the
Trojan property. The Tona breccia
underlies an area 2.000 feet long
in a northerly direction and 900
feet wide, and has been drilled to a
vertieal depth of 600 fect. The
zone seems to narrow northward but
southward it is concealed by deep
drift. Figure 6, a necessarily gen-
eralized cross-section of the zone,
shows the western contact dipping
irregularly to the east. What ap-
pear to be relatively narrow dyke-
or pipe-like masses of breccia pro-
trude into mwssive rock. Certain
areas, tens of feet across, of un-
brecciated rock lie within the zone
and are either large breceia frag-
ments or projections from the sur-
rounding country-rock. The con-
tacts of the Iona breccia are sharp,
the intensely brecciated rock being
in contact with relatively sound ma-
terial. At two places a few feet
from the margin_ of the breecia,
mylonite zones in  porphyry and
quartz  diorite  trend
northeasterly and dip steeply. The
breccia body at the White zone is
apparently relatively small, with
northerly elongation. At the Jersey
zone, the breccia forms two prin-
cipal bodies. One is clearly elongate
in a northerly direction. The other,
shown in Figure 4 as more or less
equidimensional, probably consists
of small breccia masses alternating
with relatively intact rock. the zone
as a whole dipping ecastward (sce
Figure 6). It persists to depths of
at least 900 feet. The Trojan bree-
cia underlies an arca measuring
roughly 1,400 feet long in a north-
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erlv direction and SO0 feet wideo 1t
has been drilled to depths of wnre
than T00 feet,

Al of the breecias mentioned con
sist of angular voek fragments set
in a matrin that in mosl places s
clearly eataciastios all of the wa-
terial having been formed by some
process of mechanical comminution,
The rock breaks through fragments
and wmatrix  with cqual difficulty,
Most fragments are less than two
inches across but blocks several feet
in dimneter were seen in ents on the
Trojan property and the cexistenee
of much larger ones is suspeeted.
The fragments are mostly extremely
angular aud elear evidence of round-
ing or abrasion was not found. T.oc-
ally, in the Tona breecia, fragments
of dacite porphyry  are markedly
tabular, the shape being governed,
apparently, by pre-existing sheeling
or jointing.  Fragments in breecia
that has been highly altered, with
the introduction of new mincrals,
are commonly indistinet, and, on
the average, appear less angular
than those in unalteved breccia. The
arrangement of the fragments seems
to be entirely random. At the White
zone. the breecia is partly foliated,
as if it had been sheared before fin-
al cementation. Irregular elongate
openings up to a foot long in the
Iona breccia are due partly to re-
moval of parts of the breccia, pos-
sibly by solution, but others may be
original, occurring where matrix
was insufficient ta fill the inter-
stices.

The Bethlehem  breeeias contain
fragments of dacite pnri)]l.\‘r.\'. Beth-
lehem guartz diorite, and possibly
Guichon quartz diorite. Feagments
of the two first mentioned rocks are
commonly recognizable in a single
hand specimen, but in many places
the rock has been so altered that
it is impossible to name the frag-
ments with certainty. In the Tro-
jan breccia, large sections contain
fragments only of porphyry, others
only of quartz diorite, and still
others fragments of hoth (J. A.
Soles, personal communicaiton).

In most places there is a com-

plete gradation in size from frag-
ments measured in inches to matrix
material measured in hundredths of
an inch. Elsewhere there is more or
less obvious matrix of largely sand
size or finer surrounding notably
larger fragments. The larger frag-
ments of much of the breeeia ap-
pear to touch one another, the finer
material  just  filling  the inter-
spaces. Elsewhere, the proportion
of matrix to fragments is high and
the fragments are well separated

from one another by the abndant
fine matrin, The matein in mnst

places s composed  of  obviously
comminuted  vock malerial, largely
ol broken grains of Teldspar and
gquartz, amd of small rock {ragments.
This cataclastic matrix has heen im-
pregoated and partly veplaced hy
new minerals, Tn the Tona breeeia,
fine-grained  hiotite  is  conunonly
found surrounding the clastie grains
of the matrix, giving it a brown
l‘n‘ﬂ"r, :'l“d ln]]rﬂ].’i‘i]"'. ovears more
rarely, In the T'rojan breecia, fine
needles of black tourmaline replace
much of the matrix.

In some places, particularly in
the southern and southeastern part
of the Tona breecia zone, but local-
Iy also in the Jersey zone, the hree-
cin is whitened, the {ragments are
indistinet, and the matrix, as seen
in thin-seetion, is nut‘nhvimml_v cala-
elastie, The matrix, having a very
licterogencous  appearance, consists
of a mosaic of quartz and feldspar
in which there is a wide range of
hath grain size and quartz-feldspar
ratio. In a single specimen, one part
may be rich in potassinm feldspar,
another in plagioclase, and a third
may cousist of a quartz mosaie.
Tourmaline and rutile are particu-
larly common in such rock. Speci-
mens show gradation from the type
just deseribed to these in which
the matrix is obviously eataclastie,
its original clastic nature having
evidently been destroyed by ve-
erystallization and accompanying
metasomatism,

Origin of Breecia

The eross-cutting nature and ig-
neous environment of the breecias
show that they could not have
formed on the surface as sedimen-
tary or voleanie detritus. They are
believed not to he fault breeeias be-
cause of the absence of related
major faults that might have pro-
duced them, and beeause of their
more or less equidimensional out-
lines. Iurther, the presence locally
of an abundant fine matrix sur-

rounding the fragments and the ab- -

sence of fragments showing slicken-
siding and shearing are quite un-
characteristic of fault breecias,
Formation of openings by solu-
tion or by shrinkage accompanying
metasomatism might be followed by
wholesale caving or natural stoping,
producing large volumes of hreccia.
Small solution cavities are found in
the breccia but many of these are
post-hreecin in age. General low
intensity of alteration, the rather
cven, small size of the fragments
over large areas, and the abundance

TSR ; (RNEE

of  Jine malris, perhaps argue
Hgilin‘-‘ \i“'h }]TIJ(‘!'\\I"-‘;,

Callapse consequent gn release of
hl]jlibrll‘“li_l_"' ;ﬁ:l;_l'ul.ulir' pressure mi;_{ht
produce darge  hodies of  hreeeia,
Marvginal wmylonites might he con-
strued as Torming where large sub-
siding  blocks  grind tagether. The
rather small average size of frag-
ments and the abundanee of {ine
matrix are thought to bhe incom-
patible with this hypothesis,

The preferred hypothesis of ori-
gin involves explosion in the lower
part of a voleanie structure. It
might be supposed that pressure of
volatiles in a ecupola finally exceeds
the confining pressure, and that the
resulting explosions  fragiment the
rock. Gases or supercritical fluids
eseape through breecia loeally en-
training and redisteibuting  fine
matrix material (4, Reynolds) but
not, apparently, rounding or much
abrading the fragments. Develop-
ment of tourmaline and bhiotite are
perhaps due to pneumatolysis (used
in the broad secnse) during this
stage. Such an origin is in harmony
with the pipe-like shapes of certain
of the breccia masses. If lavas or
pyroclasties were ejected, no trace
of them remains cexcept perhaps
their feeders — dykes and irregular
bodics of dacite porphyry.

ANDESITE

Three isolated exposures about
1.000 feet northwesterly from the
Simons zoue are of light grey to
near-white andesite showing prom-
inent flow-banding.  The rock is
aphanitic, with rare minute pheno-
crysts of feldspar, Under the micro-
scope, the only mineral to be seen is
caleie andesine, occurring as micro-
phenacrysts and microlites showing
strong  alignment parallel to the
flow-banding. The {low-banding
stands nearly vertically, but strikes
in widely different directions in the
different exposures.

Somewhat similar rock occurs on
the Skeena Silver property. lHere
the rock is medium-grey in colour
and shows abundant needles of
hornblende, well aligned and par-
allel, in general, to contact sur-
faces. In .thin-section, the rock is
found to consist of plagioclase
microphenoerysts and microlites of
zoned  andesine-labradorite, with
margins more calcie than the core,
hornblende, well aligned and par-
in a glassy (?) matrix. The rock
occurs as a dyke or dyvkes showing
much variation in attitude.

It is possible that the rocks of
these two localities are related, and
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that the exposures al the Bethlesem
property arve of drvegularly teend-
ing dykes similar to those at the
Sheena Nilver properviy.

ROCK ALTERITION

Twao  tvpes ol rock  alteration
mav be distinguished at Tighland
Vallev: first, alteration not obvi-
onsly related to copper mineraliza-
tion. and second. alteration that ap-
pears to be associated with copper
mineralization. The two groups are
probably related in time and origin,
the first being vather widespread
and probably cffected shortly after

consolidation of the rocks, and the

sccond restricted to particular zones
and perhaps overlapping and out-
lasting the first.

Rock ArteratioNn Not OnviousLy
Reratep T0o Corrrer MINERALIZA-
TION

Weak propylitic alteration s
widespread.  Original  hornblende
and hiotite are altered to chlorite
and epidote and there is commonly.
a weak development of sericite and
kaolinite (?) in feldspar. Bright
green epidote occurs as scattered
grains, crystal roscttes, and larger
irregular masses and stringers in
all rock types on the Bethlehem and
nearby properties but is much less
abundant across the valley to the
south. The mineral is characteris-
tically abundant in quartz diorite
porphyry (serving as a ficld guide
to the rock type) and the plagio-
clase with which it is associated is
commonly, though not invariably,
altered to albite. Coatings or joints
of radiating acicular masscs of as-
bestiform tremolite or of erystal

" aggregates of brick-red heulandite

arc fairly common on the Bethle-
hem property.

Areas of white-weathering, light
zrey rock within Bethlehem quartz
diorite arc designated on Figure 4
as its ‘Leuco phase’. The rock is a
quartz diorite in composition and
texture but differs from the Bethle-
hem quartz diorite in the absence
of potassium’ feldspar and the re-
placement of the original hornblende
(and biotite?) by pale green to al-
most colourless actinolite. The light
colour of the rock is due to the lack
of coloured mafies rather than to
alteration of the feldspars.

Rock AnteraTioN Associatep WiTH
Correr MINERALIZATION

Tourmaline. — Irregular black
masses a few inches to a few fecet

across  composed  of  (ine grained
tourmaline and quartz occur spor-
adieally in mineralized rvock in the
Tona and Jersey zones.  Bleached

Tona  breecia is conumonly eul by
hliack veinlels of tourmaline or con-
tains  seallered  erystals.. Loeally

such rock conlains abundant fine-
geained (13 mm) erystals of rutile
that  have apparently  bheen intro-
duced.  Qualitalive spectrographic
analyses show lin as a lrace con-
stituent of the tonrmaline and in
slightly arveater amount in rutile,
(Tin-bearing  rutile is not uncon-
man). Tourmaline is found as joint
fillings with epidote a short dis-
tanee east of the Snowstorm mine.

Tourmaline is a major constitu-
ent of the veins of the Jackson
Basin property. At the Trojan
property it is one of the principal
minerals developed in the matrix of
the breccia, where it is associated
with sericite, chlorite, and carbon-
ate.

Most of the tourmaline is the
black ,variety, schorlite, but a yel-
lowish to greenish-brown variety
has been noted.

Quartz. — The association .of
quartz and tourmaline has been
mentioned. In a few places, leuco-
type quartz diorite is largely re-
placed by irregular, coarse, inter-
conneeting masses of quartz. Some
of the Dbleached breecia contains
patches of fine mosaic quartz.
Quariz is not abundant as a vein
mineral on the Bethlehem property.

Biotite. — Minute undeformed

plates of biotite are very abundant’

in the matrix of the Iona hreccia
and have locally impregnated rock
fragments in the breccia. Biotite
has becn locally introduced into the
Bethlehem quartz  diorite of the
Jersey zone. Secondary biotite is

commonly partly altered to chlorite.

Albite. — The plagioclase of
three out of nine specimens from
the Jersey mineralized zone that
were studied has been  albitized.
The distribution and extent of this
alteration are unknown for it can-
not he determined megascopically.
Certain parts of the Trojan brec-
cia, also, have heen albitized.

Prehnite. — Prehnite is found
along and adjacent to mineralized
joints in the White zone, where

it is associated with chlorite, epi-

dote, caleite, and bornite.

Calcite. — Calcite commonly oc-
curs as thin films on joints with
zeolites, as erystals in vugs with
sulphides and zeolites. with veins
and masses of bornite and chalco-
pyrite, and with sericite as an al-
teration of feldspar.

IR RS

Museovite, Muscovite or ‘seri-
cite' altevation is one of the most
common types developed in High-
land Valley and is nost spectacular
along th margins of the vein type
of deposit, sueh as the O.K., Fimn-
pire, Skeenn Silver, and  Snow-
storm deposits, Tt Qs also conspicu-
ous along mineralized  joints and
fractures in the disseminated type
of deposit,

AL the O.K. and Fanpire proper-
ties, the wall-rocks are altered to
aggregates and eoarse seales of mus-
cavite, and  mosaic-like aggregates
of quartz. and minor carbonate. At
the Skeena  Silver property, the
rocks are altered for a eonsiderable
distance on each side of the main
vein, Feldspar is altered to sericite
and minor carbonate mafics .to
chlorite and carbonate, and of the
original minerals only quartz re-
mains unaltered. At the Snowstorm,
the quartz diorite is completely re-
placed by muscovite, epidete, chlor-
ite, and quartz arranged in irregun-
lar layers parallel to bornite vein-
lets. Much of the mica deposited
along and adjacent to narrow frac-
tures in the disseminated deposits,
such as those of the Jersey zone
and the White zone, is fine-grained
and would ordinarily be referred
to as sericite. Next to the fractures
it replaces the rock, especially the
feldspars, whitening and accentu-
ating them, and imparting to the
rock the appearance of having been
feldspathized. In mineralized areas
on the Bethsaida and Graham-Bous-

quet groups, abundant muscovite is’

developed along closely spaced
joints in Bethsaida quartz diorite
and to a lesser extent impregnates
the intervening rock..

Clay Minerals. — Argillic altera-
tion, the development of clay min-
erals, is fairly widespread but is
only locally intense. It is less con-
spicuous than sericite alteration and
has the same effect of whitening
the rocks affected. In such whit-
ened rocks, plagioclase, and partie-
ularly the outer zones of the crys-
tals, is cloudy in transmitted light
and white in reflected light. This
appearance is due to extremely
fine-grained material that is prob-
ably a clay mineral, possibly kao-
linite. Montmorillonite has been
identified from breceia from the

Iona zone. Such material super- -

ficially resembles sericite in thin-
section. A mineral resembling mica
but having optical properties close
to those of illite has been seen in
small amount in surface and drill-
core specimens. Certain uncommon
and very fine-grained alteration ma-
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tori.il lit-'" some of the properties
ol aiuni'e.

r, > ! conhardilc, lieu-
landite. slilMle. ami eliab.i/ile are
found in the Hi lldeliem mineralized
stories. l.conhnrdite is the most
abundant, occurring as masses of
pale pinkish-while prismatic crys-
tals in fractures and in masses
more than a fool across. In the Jer-
sey /.one, leoidiardite is closely as-
sociated with chalcopyrite. I leu-
landite occurs as a massive brick-red
film. resembling cuprite, along
joints. It also occurs with quart/..
stilbite. and ehaba/.ile as a colour-
less to white, granular, vuggy mass
with bornite and chalcopyrite im-
planted on the zeolite crystals. Stil-
bite is found as salmon-pink films
and flat radiating sheaves on joints
and is commonly associated with
calcitc and chlorite. It also occurs
its white to colourless crusts in
joints. In places, chalcopyrite s
coated with a thin crystallized crust
of stilbite. Chabazitc is rare, oc-
curring in vugs as small colourless
to white rhombohedral (pseudo-
cubic) crystals associated with cal-
citc. quartz, heulandite, and copper
sulphides.

Chlorite  and Epidotr, developed
during widespread general altera-
tion of the rocks, are also closely
associated with copper mineraliza-
tion. Rocks along fault zones in the
Jersey sections are commonly re-
duced to a green chloritic mass.
Quartz stringers, containing epi-
dotc, chlorite, and tourmaline cut
Jersey breccia.

MINERALOGY

Primary and secondary minerals
of the Highland Valley copper de-
posits arc considered in this sec-
tion. These are listed in Table |,
which includes a list of the rock
alteration and gangue minerals al-
ready described.

The abundant and familiar min-
erals were identified microscopical-
ly in thin-section or polished sec-
tion. X-ray powder photographs
were used to determine or confirm
minerals that could not be positively
identified otherwise.

PRIMARY ORE MINERALS

Mineral Descriptions and
Associations

Chalcopyrite. — Chalcopyrite is
one of the most important ore min-
erals at Highland Valley; its prin-
cipal modes of occurrences are as
follows: (I) widely disseminated

Ilil E 1. PRIMARY AMI SI'COM»ARY MINKITALI S (ti- liK.ili AM) V'\I Tiy f>L1")"is

Km K ALTKKATION AM"
OTHKK C»AN(I'K MINKKALS

Kpidoli'
Tiviiinlilc
Tourmaline
Kttiilc

Ounl/.

Hiotile

Albitc

Irchniio

Calcitc

Muscovite

Clay minerals:
Montmorillonitc
Kaolinitc (?)
[Hitc (?)
Alunite (?)

Zeolites:
I.conhnrdite
Heulandite fie’s*e—
Stilbite
Chabazitc

Chlorite

throughout a variety of
less altered igneous rocks,
ly in association with

PRIMARY MINKRALS OF
THK Coi-I'.K DIJOSITS

Chalcopyrite
1 iornitc
C-lisilco( iir.
Tclrahcdritc

Catena
llcmalilc
MolylIxlenitc
Pyrite
Scheclitc
Linnacitc (?)

more or bornite and,

Si< OMIARY MINKRAL.S

MalnrliitP

Axiiriie

Chry ocolli

i\*'o'li"i'nili- (blue
ch.'ilcocjlfj

Covellite

Cuprite

Native copper
Gocthitc dimonitcj
Manganese oxide
Powcllitc
Fcrrimolybditc
Krythritc

less commonly, chal-

common- copyrite, that show a marked pref-

bornite, erence for

biotite or chlorite.

molybdenite, and minor pyrite; (2) of the particles are less than one
films and encrusted grains on joint micron in size. Within the mineral
planes; (3) narrow veins with or deposits bornite is closely associ-

without quartz, spccularitc,
denite, and bornite; (4)

molyb- ated with

coarse tetrahedrite,

masses in fault zones with bornite, commonly
tourmaline, chalcocitc, calcite, .and laritc and has not been observed

otlier minerals; (5) irregular films with cither
and small masses intimately associ-
ated with zeolites, particularly lIcon-
harditc and stilbite; (6) small clus-
ters of grains implanted on quartz
and calcitc in vugs in breccia and

other rocks.

In polished section, chalcopyrite !
is seen to replace bornite but is S€Y deposits.
commonly' observed also as oriented Pyrite, the

Pyrite. —
for its scarcity in deposits of High-
being prominent
in the Skecna .Silver vein and
locally present as moderately
abundant disseminated grains in
in the lona and Jer-

land Valley,

stricted zones

chalcopyrite,
and galena. It is less
associated with spccu-

pyrite or

molybdenite.

Pyrite is remarkable

only

In the scarcity

deposits of Highland

British Columbia.

exsolution lamellae in bornite In Valley are similar to those of Cop-
some grains the intcrgrowth is Per Mountain and the Phoenix camp
megascopic but in others the lamel- in southern

lae are. only a few microns in length. In polished

sections, pyrite ap-

This extremely fine-grained intcr- pears to be older than the other

growth has a colour distinct from gre minerals.
either bornite or chalcopyrite and be observed

may be mistaken for some other placement

mineral.

Bornite. — This is the predomin-
ant mineral in the Snowstorm and a minor but constant constituent of

in various stages of
by other minerals, par-

Fractured grains can

ticularly chalcopyrite.

O.K. mines, in workings on the Em- nearly all

pire and Kathleen claims,

numerous veins on the

property. It is common in the dis-
seminated deposits of the

and in Highland Valley area.
Bcthsaida ally, it is found in large radiating
crystal aggregates, in part
Bethle- |y associated with chalcopyrite.

Molybdenite.

— Molybdenite

mineral deposits in the

hem and Trojan properties, where more commonly molybdenite grains
parallel are so small as to escape detection.
those of chalcopyrite. Most of the In the Tamarack workings of the
salient, Bcthsaida property, molybdenite
distant from the mineralized zones abundant as coarse-grained foliated
and dykes of daeite porphyry far masses in quartz veins, some

its modes of occurrence

rocks within the Bethlehem

outside the salient, contain
very sparsely disseminated grains of

minute, which, in addition, contain chalco-
pyrite and/or

bornite.

Some

chalcocitc,

re-

re-

Exception-

intimate-
out



