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T HE Highland Valley area is in 
south "Central British Columbia 

some 200 miles northeast of Van­
couver. 
The nearest towns with rail and 
road connections arc Asheroft, 30 
miles to the northwest, and Mcrritt . 
40 miles to the southeast (Figure 
2) . A gravel road connects High­
land Valley with these towns and a 
branch extends north to Savona. 
This region of rolling uplands, 4.000 
to <>.000 feet above sea-level, is 
bounded on the cast by the broad. 
shallow valley of Guicbon creek 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 via Pukaist creek 
and to Guicbon creek 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 AND 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 1910-17 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 1915-1G 
amounted to 140 tons grading more 
than 20 per cent copper. However, 
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Figure 1.—Winter drilling in the Jersey zone, Bathlchem Copper 

Corporation, Ltd. 

•Department of Geology, Univers­
ity of British Columbia, Vancouver. 

early attempts to develop the larger, 
disseminated deposits met with lit­
tle success. The deposits attracted 
little attention until 1955, when 
Bethlehem Copper Corporation, 
Limited, launched an extensive ex­
ploration 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
erties under development at High­
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 mapping of the property.. 
This work indicated extensive dis­
seminated copper mineralisation in 
two areas referred to as the Iona 
and Jersey zones. Two other min­
eralized zones known as the White 
and Simons were discovered but not 
thoroughly explored. In October, 
1050, the American Smelting and 
Refining Company undertook in­

tensive exploration featured by dia­
mond drilling. To the end of 1956, 
40 holes, for the most part of XX 
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 
received attention. Strongly oxid­
ized disseminated copper mineral­
ization on the Krain property is be- a0®\ 
ing investigated by Beaverlodgc 4#w fJ^ 
Uranium Mines. Limited, by means 
of bulldozer cuts and drill holes. 
What appears to be another large 
disseminated deposit is being ex- . 11. \ 
plored by I ro jan Explorations, Lim­
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 feet. 
The old workings of the Transvaal 
and Highland claims between the 
Krain and Trojan properties were 
re-opened by Jackson Basin Mines, 
Limited. 



Figure 2.—Showing location v ind Valley area. 

On tin- south side of Hi., ,nml 
Valley two pi-np.-riii-.s .in- being ao 
lively explored .-mil others arc re­
ceiving preliminary examinations. 
Large-scale bulldozer trenching 
and semi-bulk-sampling. as well as 
sonic percussion drill sampling and 
diamond drilling, was done on the 
properly oi Hrthsaida Mines. Lim­
ited. The work partly exposed at 
least one large area of highly al­
tered and sparsely mineralized rock 
and numerous narrow veins and 
stringer lodes well mineralised with 
copper sulphides or molybdenite. 
About a mile to the southeast on the 
property of Skcena Silvei 
Limited, a wide fault-zone < 
disseminated copper miner 
been cross-cut at intervals 1 . 
oral 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 area of 
disseminated mineralization about a 
claim-length east of the main Skeena 
workings was part ly stripped. 

PitKVtow* WORK AND 
ACKNOWI.KIXJMKNTS 

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 Cock field ( 1 ) * and the other 
by Duff ell and MeTaggart ( 2 ) . 
Stevenson (.3) described some of 
the coppcr-tourmaline-hematitc veins 
in the area. Various Annual Reports 
of tlie 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 arc due 
H. H. Huestis, President of Bethle­
hem Copper Corporation, and C. J . 
Coveny, in charge of current op­
erations on the Bethlehem property, 
and other engineers of the Ameri­
can Smelting and Refining Com­
pany. 

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 reasons for the em­
phasis in this paper on the Bethle-

*For references ace end of paper. 

hem property. The inference should 
not be drawn that Bethlehem Cop­
per is necessarily the best or only 
attractive prospect 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 estab­
lished. This batholith intrudes U p ­
per Triassic volcanic rocks of the 
Nicola group and, near Ashcroft, is 
uneonformably overlain by fossili-
ferous Middle Jurassie marine 
sediments (2, p. 70) . Being, there­
fore, of Lower Jurassic age, the 
Guichon batholith is scmewhat ex­
ceptional among Coast Intrusions, 
many of which intrude Upper Ju r ­
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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of similar composition characteristic 
both 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 dioritc 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 dioritc'. is intruded 
by a jagged salient that is a com­
plex of granite, a younger quartz 
dioritc ('Bethlehem quart/, dioritc"), 
and two varieties of porphyry. The 
interrelations and petrography of 
members of this 'Younger Complex' 
are described on page -tJ> 1. 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 properties. A 
few dykes of porphyry were seen 
on the Bcthsaida property but in 
general this rock type appears to 
be less abundant on the south side 
of Highland Valley. 



The 'Beth* ii>l.i granodioritc' 
n distinctive rook so named because 
of its r\t«*nsi\«* occurrence on lli.it 
property. F.vidontly it (onus a body 
extending sonic miles westward he-
vond the O.K. mine nnd southward 
hevond the I'.mpire and Kathleen 
claims. Fast ward. it cuds somewhere 
near the cast honndary of Grnhnm-
Bousquet ground. heeanse rocks ex­
posed on the Skecna Silver prop­
erty appear to he Bethlehem qnartJ! 
diorite. The rock type docs not cx-
tend in volume northward across 
Highland Valley where there is 
only one small but significant cx-
posuro of Heth.saida granodioritc. 
This is a dyke-like body about 150 
feet wide outcropping in bluffs a 
short distance east of the Bethlehem 
salient. Strongly chilled margins of , 
this dyke confirm its intrusive re­
lationship to the older Guichon 
quartz diorite. 

Andesite having prominent steep­
ly-inclined flow layers forms iso­
lated outcrops on or near the poor­
ly-defined western margin of the 
Bethlehem salient. Similar rock oc­
curs as isolated outcrops 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 occur 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 area. On 
the Krain property, thoroughly oxid­
ized copper deposits are partly 
capped by fresh basalt. A prc-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 .r>0 feet 
of ground moraine. The main val­
ley and its hanging tributaries are 
filled to much greater depths by 
outwash sand and gravel, kamc ter­
races, and beautifully developed 
eskers. Short, deep, / '-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 hut 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 Figure 3 and discussed 
briefly in the following paragraphs. 

Joints present in all rocks are 
distributed among several sets. 
North of the main1 valley the domin­
ant joint set 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 

contain veinlets of epidote and 
tourmaline and, locally, bornite or 
chalcopyrite. Another joint-set 
strikes about north 60 degrees east 
and a third strikes northwesterly. 
The joint-sets appear to he 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 degrees 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
pect. Locally, joints of both sets 
are occupied by quartz and copper 
minerals. 

Only a few of the known faults 
arc shown on Figure 3 and prob­
ably many more arc obscurbed by 
drift. 

http://lli.it


S/io.ooo : mmM 

KSiS Andes/ (c 

[AS] Breccia 

mmw0^—v •■ 
» o . ^ # i > > - > f e ^ • ■■■•:■.•: ■■■■•.■■/.•, 

\ .. S/^l^liillrSI' i l ls 
\ | 1 L ' ^ J Dacite porphyry 

■ZZ flip] Betti/ht ot*.C/ioritaii«ucophase -j^j^^i. 

Uuyi Granite 
1, ' . ' l Guichon ate. diorite 

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, 
thoroughly 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. 
'Die widest fault zone seen in the 
whole area is in the main workings 
on the Skecna Sliver property. This 
zone of sheared and altered rock 
and gouge, including horses of 
inorc-or-less fresh quartz diorite 
and the andesite dyke previously 
mentioned, is fully .'{00 feet wide. 
It strikes north 23 degrees cast and 
dips measured on slickcnsidcd sur­

faces within the zone range from 
05 degrees to as low as 35 degrees 
eastward. On the Bethsaida prop­
erty, numerous faults parallel the 
westerly and northwesterly-striking 
joint sets, 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 hulk of the Guichon 
Creek 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 area. 

Representatives of all of these 
rock units are exposed at the Beth­
lehem Copper property which the 

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

GUICIIOX QUARTZ DIOHITK 

The Guichon quartz diorite is 
typically a grey to dark grey, me­
dium- to coarse-grained, massive 
rock composed of biotite, horn­
blende, grey plagioclr.se. quartz. 
and pink potassium feldspar. The 
last two components show some 
variation in amount. With decreas­
ing quartz, 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 r<>. k is I In' rather uniform 
distribution i»l m.'ilii' minerals .-is 
compared to the sporadic disirihu-
tien of maf ic in tin' Hit hlehem 
quart/ diorite. Xeiiolilhs, seen :it 
onlv .1 few I■>«■ .11 itii's. are rounded 
dark :;I-I-V masses of granular MOII-
i'l'li.itri! rook. 

In thin section. IIH- rock is seen 
to have i typical granitic lexliirc, 
and d> he composed of snhhedral 
to dihedral andesine plngiorln.se 
(M)r/c). hornblende ( 1 0 % ) , biotitc 
(.*>%). quart/. (■.?<>%). ;in.l slightly 
perthitic orthoclasc (1«S^*»), t h e ! 
last two minerals being mainly in­
terstitial. Accessory minerals in­
clude magnetite, sphene, apatite, 
and zircon. 

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 dykclets 
cut the Guielion quartz diorite 
about 1,000 feet 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 
fine-grained types somewhat re­
sembling aplitc. In hand-specimen, 
it is seen to consist of reddish or-
theclase and quartz, with minor 
white plagioela.se and dark biotitc. 
In the northern part of the expos­
ures the proportion of plagioclase 
increases and the most northerly 
outcrop is quartz monzonitc. 

In thin-section, the rock is found 
to be made up of orthoclasc ( 0 0 % ) , 
quartz ( 3 0 % ) , sodic plagioclase' 
( 7 % ) , and biotitc ( 3 % ) , with ac­
cessory sphene, magnetite, and cpi-
dote. Quartz and orthoclasc form, in" 
part , a crudely graphic intcrgrowth. 

Although the granite is surround­
ed by members of the Younger Com­
plex and is not known in quantity 
elsewhere, it is not included in tlie 
complex because of its acid nature 
as compared with the apparently 
later and more basic Younger Com­
plex, and because of niincralogical 
and textural dissimilarities. The 
granite is possibly a differentiate of 
the Guicbon quartz dioritc and its 
position may have had some con­
trol over the localization of the main 
mass of the Younger Complex. 

Uirrns MII \ (in woDiniui'i'. 

Tin- Bcthsaida granodiorite, ap­
parently forming a stork, underlies 
.i large seel ion in the soul hern par t 
of tin' Highland Valley area. 11. oc­
cur* alsn as a wide dyUi% on the 
Bethlehem properly, where it. in­
trudes (■ uichoii quartz diorite.. 

The rock has :i striking appear­
ance, being coarse grained, common­
ly somewhat porphyritic, and show­
ing conspicuous cubedral books of 
biotitc and large, sub-round quarts? 
grains, both reaching a diameter of 

, :ys inch, surrounded by grey plagio­
clase. Hornblende, is ran- in the 
main body but nrcompanics biotitc 
in the dyke on the Bethlehem prop­
erty. Weathered outcrops show the 
striking rou^h and pitted surface 
noted below in connection with the 
quartz diorite porphyry. Where the 
dyke mentioned above is chilled 
against the Guicbon quartz diorite, 
a zone jip to one foot wide is por­
phyritic with coarse quartz and 
plagioclase phenocrysts set in an 
aphanitic groundmass. On the 
Bcthsaida property, in one of the 
main trenches, similar porphyritic 
rock occurs, probably as dykes. 

( Such rock, notable for its lack of 
I biotitc, shows many similarities to 

the dacite and quartz dioritc 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. , : ' 'Si| 

Under the microscope the grano­
diorite is seen to consist of large 
equidimensional quartz grains, large 
books of biotite, and zoned plagio­
clase, averaging near oligoelase (An 
25) , surrounded by somewhat finer 
grained plagioclase, quartz, and 
orthoclasc. The estimated composi­
tion of a specimen from the Bcth­
saida property i s : oligoelase 7 5 % , 
orthoclasc 5 % , quartz 1 5 % , and 
biotite 5 % . -

An elongate inclusion some 4 feet 
across, .partly exposed in a cut on 
the Bcthsaida property, is appar­
ently tightly folded quartzitc. 

YOUNOKU COMPLEX 

Rocks of the Younger Complex 
underlie 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 breccia. Although generally 
separable, certain of these units 

grade one into the other or have 
in common particular mineralogical, 
textural, or compositional features. 
For these reasons the rocks are be­
lieved to constitute n complex of 
closely related types of about tlie 
same age, 

The Bethlehem quart / diorite of 
the Vniuiger Complex is believed to 
represent an early .marginal and 
cupola phase of the. Bcthsaida gran­
odiorite intrusion. At a later stage 
in the magmatie activity, the roof 
of the cupola was breached, dacite 
porphyry was intruded and possibly 
extruded, quartz diorite porphyry 
dykes were empjaced. and breccia 
developed. Evidence of the close re­
lation of the Younger Complex to 
the Bcthsaida granodiori te ' is seen 
in textural features common to 
both, such as the conspicuous round­
ed quartz grains and locally very 
similar porphyritic texture. The 
granodiorite, with its oligoelase 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. I t 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 crystals typically en­
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 Guicbon quartz diorite. and 
these are rather unevenly scattered 
through the rock. Where chilled 
against a contact, the quartz dioritc 
grades to dacite porphyry. Certain 
tyj)es are weakly porphyritic and it 
may be difficult to decide whether 
certain rocks should be classified 
as porphyry or quartz dioritc. In 
the southern and western parts of 
the Bethlehem ground, where quartz 
diorite is somewhat richer in niafics 
and darker in colour than in most 
places, it is not easily distinguished 
from the Guicbon quartz diorite. 

Under the microscope, the rock 
is found to consist of about 0 5 % 
zoned andesine plagioclase, 15% 
quartz, 10%> orthoclasc, and 5 % 
each of hornblende and biotitc. Mag­
netite, sphene, apatite, and monazite 
occur as accessory minerals. Horn-

http://plngiorln.se
http://plagioela.se


blende. biotitc. and pla^oclaV. arc 
of i•;ir;\ crystallization and :irc parl ■ 
ly culicdral. surrounded l»v anbcdral 
quart/ and orlhoclasc. Locally the 
rock is a granophyre and grades 
into dacile porphyrv with a partly 
jjranophvrie. partly finely crystal 
line. groundmass. 

A phase of the Bethlehem quartz 
diorite. characterized by its white 
to light grey colour, alteration of 
hornblende to aetinolitc. and the 
absent*** of hiotite anil potassium 
feldspar, is described in a section 
dealing with rock alteration (p. 
4fH). This rock, having certain fea­
tures in common with, and always 
found adjacent to, the Bethlehem 
quartz dioritc. is referred to as its 
'leuco phase'. In several localities, 
leueo quartz dioritc encloses isolated 
cquidimcnsional masses of unaltered 
dacitc porphyry up to H feet across 
that are possibly inclusions of a 
marginal chilled phase. In itraiiy 
places Bethlehem quartz dioritc is 
traversed by dykes of porphyry. 

A contact of the quartz dioritc 
with the Guichon quartz dioritc ex­
posed at the White zone shows lit­
tle or no chilling and is irregular 
in plan, with abrupt changes in 
strike. A xenolith of Guichon quartz 
dioritc some 7 feet in diameter lies 
in the Bethlehem quartz dioritc jus t 
at the contact. 

Porphyry 

Two types of porphyry occurring 
on the Bethlehem property are simi­
lar in composition but differ mark­
edly in texture. One consists of 
phenocrysts of plagioclasc, horn­
blende, and quartz set in an abund­
ant fine-grained matrix. The other 
is similar, but the phenocrysts, of 
notably larger size, arc 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 daeite por­
phyry and to the second as quartz 
dioritc porphyry. Porphyry was 
noted at many of the other proper-
tics and reference will be made to 
these occurrences in another place. 

Daeite porphi/ry occurs as dykes 
averaging perhaps 10 feet in width 
that cut both Guichon and Bethle­
hem quartz diorite. Scattered out­
crops or widely spaced drill-holes 
indicate that much of certain rela­
tively wide areas is underlain by 
dacitc porphyry masses of irregular 
shape, as, for example, north and 
cast of the Iona zone and south of 
the main Jersey mineralized zone. 

Dacile pi.rphvry occurs also as a 
marginal pltn.se of tin- Bethlehem 
quartz diorite. 

Daeite porphyry is a medium 
grey to pale greenish rock showing 
scattered, well formed poikilitic 
hornblende phenocrysts enclosing 
plagioclasc crystals and .showing 
also plagioclasc phenocrysts in 
which zoning is locally visible to 
the naked eve.. Less-numerous quartz 
phenocrysts arc commonly rounded 
and embayed. Biotitc is rare. The 
groundmass is commonly aphanitic 
and is dull in lustre. Locally, where. 
the grains arc coarser, the matrix 
has a sparkle Jacking in the aphani­
tic variety, and the rock grades to­
ward quartz diorite. 

In thin-section, the common dae­
ite porphyry is seen to be made up 
largely of strongly zoned andesine 
phenocrysts not in a fine-grained 
groundmas.s composed of grains 
from 0.1 to 0.001 mm. largely of 
plagioclasc, quarts, and potassium 
feldspar. There arc a few pheno­
crysts of hornblende and of quartz. 
Some of the quartz grains arc. round­
ed, some arc 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 00% 
groundmass is .30% quartz, 6 3 % 
plagioclase, 3 % hornblende, and 
4 % potassium feldspar. 

In certain specimens, the coarscr-
than-averagc matrix shows m par t a 
crude graphic texture, and is part ly 
a radiating, almost fibrous, inter-
growth of quartz and feldspar grow­
ing outward from the plagioclase 
phenccrysts. As this iiltergrowth in­
creases in proportion the rock be­
comes a granophyric quartz dioritc. 

Quartz diorite pofphyry occurs 
as northerly trending dykes in the 
central par t of the Younger Com­
plex. Several dykes arc more than 
100 feet thick, and two of these 
can be traced for more than 2,500 
feet. 

Weathered surfaces of the quartz 
diorite are commonly exceedingly 
rough and pitted, giving the out­
crop a very distinctive appearance. 
TJie rock is made up largely of 
plagioclasc and a few quartz and 
hornblende crystals, set in a scant 
fine-grained matrix that may not 
be at all obvious to the naked eye. 
Quartz grains, as much as % inch 
in diameter, commonly larger than 
the feldspars, are typically round 
and contain inclusions of ground­
mas.s material. The rock almost in­
variably contains abundant green 

epidole as aggregates up to |y inch 
across. 

In thin section the rock is seen 
to be composed largely of zoned 
andesine,* minor round embayed 
quartz grains, and hornblende. In 
several specimens the plngioelnse is 
un-zoned, cloudy, secondary albitc. 
The scant matrix resembles that of 
the dacitc porphyry. 

The relative age of the quartz di­
orite porphyry and breccia is un­
certain for neither fragments nor 
dykes of the porphyry have been 
identified in the breccia. 

Breccia 

Breccia is the least commonly 
exposed rock in the area. I t is also 
one of the most important host 
rocks for copper mineralization and, 
perhaps, is the most informative 
rock to the geologist attempting to 
reconstruct geological conditions at 
the time of mineralization. 

Breccia occurs at the Iona, White, 
and Jersey mineralized zones on the 
Bethlehem property, and at the 
Trojan property. The Iona breccia 
underlies an area 2.000 feet long 
in a northerly direction and 900 
feet wide, and has been drilled to a 
vertical depth of 600 feet. 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 massive rock. Certain 
areas, tens of feet across, of un-
brecciated rock lie within the zone 
and are either large breccia frag­
ments or projections from the sur­
rounding country-rock. The con­
tacts of the Iona breccia arc sharp, 
the intensely brecciated rock being 
in contact with relatively sound ma­
terial. At two places a few feet 
from the margin of the breccia, 
mylonite zones in porphyry and 
.Bethlehem 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 eastward (see 
Figure (>)• It persists to depths of 
at least 900 feet. The Trojan brec­
cia underlies an area measuring 
roughly 1,400 feet long in a north-
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Crlv direction and SOfl l'ci'1 " ide. It 
has been dr i l led to d e p t h s of more 
than 70(1 iVet. 

All of tin- breccias ment ioned eon 
sist of angu la r rock I rag incnls set 
in n matrix lli.il in most places is 
c lear lv e . i l adas l i e . all of the ma­
terial having been formed by SOIHC 
process of meeliaiiical coinininiltion. 
T h e rock breaks th rough f r agmen t s 
and matr ix with eipial d i f f i cu l ty . 
Most f ragments are less than two 
inches across but blocks several teet 
in d i amete r were seen ill cu t s on t h e 
T r o j a n p rope r ty and the exis tence 
of much l a rge r ones is suspec ted . 
T h e f ragments are most ly ex t remely 
a n g u l a r and c lear evidence, of r ound ­
ing <>r abras ion was not found. Loc­
a l ly , in the lona breccia , f ragments 
of dae i te p o r p h y r y a rc m a r k e d l y 
t a b u l a r , the s h a p e be ing gove rned , 
a p p a r e n t l y , by p re -ex i s t i ng s h e e t i n g 
or j o i n t i n g . F r a g m e n t s in breccia 
tha t lias been h ighly a l t e r e d , wi th 
the in t roduct ion of new mine ra l s . 
a r e commonly indis t inc t , a n d , on 
the a v e r a g e , a p p e a r less a n g u l a r 
t han those in una l t e red breccia . T h e 
a r r a n g e m e n t of the f r agmen t s seems 
to be ent i re ly r andom. At the W h i t e 
zone, the breccia is p a r t l y fol ia ted, 
as if it had been shea red before f in­
al cementa t ion . I r r e g u l a r e longa te 
open ings up to a foot long in the 
l ona breccia a r c d u e p a r t l y to r e ­
moval of p a r t s of the breccia , pos ­
sibly by solut ion, bu t o the r s m a y be 
o r ig ina l , occu r r ing where ma t r ix 
was insuff ic ient to fill the in te r ­
s t ices . 

T h e Hethlchem breccias conta in 
f ragments of dae i te p o r p h y r y , Heth­
lchem q u a r t z d io r i t e . and possibly 
(iiiiehon quar t / , d ior i t e . F r a g m e n t s 
of the two first ment ioned rocks a r c 
commonly recognizable in a s ingle 
hand spec imen , bu t in m a n y p laces 
the rock lias been so a l te red t h a t 
it is impossible to name the f rag­
ments with ce r t a in ty . In t h e T r o ­
j a n breccia , l a rge sec t ions con ta in 
f r agmen t s only of p o r p h y r y , o the r s 
only of q u a r t / d ior i t e . and st i l l 
o the r s f r agmen t s of both ( J . A . 
So les , pe rsona l e o m m u n i c a i t o n ) . 

In most places t h e r e is a com­
ple te g r a d a t i o n in size from f rag ­
ments measured in inches to mat r ix 
m a t e r i a l m e a s u r e d in h u n d r e d t h s of 
an inch. E l s e w h e r e the re is more or 
less obvious ma t r ix of l a rge ly sand 
size or f iner s u r r o u n d i n g no tab ly 
l a r g e r f r a g m e n t s . T h e l a r g e r f rag­
ments of much of the breccia a p ­
pea r to touch one ano the r , the f iner 
ma te r i a l j u s t f i l l ing t h e inter* 
Spaces. K l sewhe rc , the p ropo r t i on 
of ma t r ix to f r agmen t s is high and 
the f r a g m e n t s a rc well s e p a r a t e d 

I rum one ano the r hv the abundant . 
l ine ma t r i x . T h e matr ix in most 
p laces is composed «»f obviously 
comminuted rock ma te r i a l , la rgely 
of b roken g ra in s of f e ldspa r and 
q u a r t z , and of smal l rock f r agmen t s . 
T h i s ca tac las t i c matr ix has been im­
p r e g n a t e d and p a r t l y replaced by 
new minera l s . In the lona brecc ia , 
f ine-gra ined biot i te is commonly 
found s u r r o u n d i n g the clast ic g r a in s 
of the ma t r ix , g iv ing it a b rown 
colour , and t ou rma l ine occurs more 
r a re ly . In the T r o j a n brecc ia , fine 
needles of black t ou rma l ine replace 
much of the ma t r ix . 

I n some p l aces , p a r t i c u l a r l y in 
the sou thern and sou theas t e rn p a r t 
of the lona breccia zone, but local ­
ly a lso in t h e J e r s e y zone, the b r e c ­
cia is wh i t ened , the f r agmen t s a r e 
ind is t inc t , and the ma t r ix , as seen 
in I bin-sect ion, is not obviously ca t a ­
c las t ic , T h e m a t r i x , h a v i n g a ve ry 
he te rogeneous a p p e a r a n c e , consis ts 
of a mosaic of q u a r t z and fe ldspa r 
in which the re is a wide r a n g e of 
both g r a i n s ize and q u a r t z - f e l d s p a r 
ra t io . In a s ingle spec imen , one p a r t 
m a y be r ich in potass ium fe ldspar , 
a n o t h e r in p lag ioc lase , and a t h i r d 
m a y cons is t of a q u a r t z mosa ic . 
T o u r m a l i n e and rut i le a r e p a r t i c u ­
la r ly common in such rock. S p e c i ­
mens show g r a d a t i o n from t h e t y p e 
j u s t descr ibed to those in which 
the ma t r ix is obviously ca tac las t i c , 
i t s or ig ina l c las t ic n a t u r e h a v i n g 
ev iden t ly been des t royed b y r e -
c rys ta l l i za t ion and a c c o m p a n y i n g 
me tasomat i sm. 

Orir/in of Hrrcrin 

T h e c ross -cu t t ing n a t u r e and ig­
neous e n v i r o n m e n t of the brecc ias 
show tha t t hey could not have 
formed on the su r face as sed imen­
t a r y or volcanic d e t r i t u s . T h e y a r c 
believed not to be faul t b recc ias b e ­
cause of the absence of r e l a t ed 
m a j o r faul ts t h a t migh t have p r o ­
duced them, a n d because of t h e i r 
more or less equ id imens iona l ou t ­
l ines . F u r t h e r , the p resence local ly 
of an a b u n d a n t fine mat r ix su r ­
r o u n d i n g the f r agmen t s and t h e a b ­
sence of f ragments showing s l icken-
s id ing and s h e a r i n g a r e qui te u n ­
cha rac t e r i s t i c of fau l t b recc ias . 

F o r m a t i o n of open ings by so lu­
tion or by s h r i n k a g e a c c o m p a n y i n g 
me ta soma t i sm migh t be followed by 
wholesa le cav ing or n a t u r a l s t o p i n g , 
p r o d u c i n g l a r g e volumes of breccia . 
Smal l solution cavit ies a r e found in 
t h e breccia bu t m a n y of these a r c 
pos t -b recc ia in age . G e n e r a l low 
in t ens i t y of a l t e r a t i on , the r a t h e r 
even, smal l size of the f r agmen t s 
over l a r g e a r e a s , and t h e a b u n d a n c e 

o| fine ma t r ix , p e r h a p s a rgue 
aga ins t such processes . 

Co l l apse consequent on r c l r a se of 
s u p p o r t i n g inagmal ic p re s su re might 
produce la rge bodies of breccia. 
M a r g i n a l myloni tes might he con­
s t rued as forming where l a rge sub ­
s id ing blocks g r ind toge ther . T h e 
r a the r smal l ave rage size of f rag­
men t s and the a b u n d a n c e of fine 
matr ix a re though t to b<- incom­
pa t ib le with this hypo thes i s . 

T h e p re fe r r ed hypo thes i s of or i ­
gin involves explosion in the lower 
p a r t of a volcanic s t r u c t u r e . I t 
might be supposed tha t p re s su re of 
volat i les in a cupola f ina l ly exceeds 
the conf in ing p r e s s u r e , and t h a t t h e 
r e su l t i ng explos ions f r agmen t the 
rock. Gases or superc r i t i ca l fluids 
escape th rough breccia local ly en­
t r a i n i n g a n d r e d i s t r i b u t i n g fine 
mat r ix mate r i a l (■!•. R e y n o l d s ) but 
not, a p p a r e n t l y , r o u n d i n g or much 
a b r a d i n g the f r agmen t s . Deve lop­
men t of t o u r m a l i n e and b io t i te a r c 
p e r h a p s d u e to pncuma to lys i s (used 
in the broad s ense ) d u r i n g this 
s t a g e . Such an or ig in is in h a r m o n y 
with the p ipe- l ike shapes of ce r ta in 
of the breccia masses . If l avas or 
py roc las t i c s were e j ec t ed , no t r ace 
of them remains except p e r h a p s 
the i r feeders — dykes and i r r e g u l a r 
bodies of dae i t e p o r p h y r y . 

A N ' D R S I T E 

Three isolated exposures about 
1.000 feet no r thwes t e r l y from t h e 
S imons zone arc* of l ight g r e y t o 
nea r -wh i t e andes i t e showing p rom­
inent f low-banding . T h e rock is 
a p h a n i t i e . wi th r a r e minute p h e n o -
crysts of feldspar. Under the micro­
scope, the only mineral to be seen is 
calcic a n d e s i n e . o c c u r r i n g as mic ro -
p h e n o c r y s t s and micro! i tes s h o w i n g 
s t r o n g a l i g n m e n t pa ra l l e l to the 
f low-banding . T h e f low-band ing 
s t a n d s nea r ly ve r t i ca l ly , b u t s t r ikes 
in wide ly d i f f e r en t d i r ec t i ons in t h e 
d i f f e ren t exposu re s . 

S o m e w h a t s imi la r rock occurs on 
t h e S k c e n a S i lve r p r o p e r t y . H e r e 
t h e rock is m e d i u m - g r e y in colour 
and shows a b u n d a n t needles of 
ho rnb lende , well a l igned and pa r ­
a l l e l . in g e n e r a l , to c o n t a c t s u r ­
faces. In th in-sec t ion , the rock is 
found to consis t of p lag ioc lase 
mic rophenoe rys t s and microl i tes of 
zoned a n d e s i n c - l a b r a d o r i t e . wi th 
marg ins more calcic t han the core , 
ho rnb lende , well a l igned and p a r -
in a g lassy ( ? ) ma t r ix . T h e rock 
occurs a s a d y k e or dykes showing 
much var ia t ion in a t t i t ude . 

I t is possible tha t the rocks of 
these two local i t ies a r c re la ted , a n d 
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lli.nl the exposures at the Itethh .n'm 
property are o( irregularly trend­
ing tlvkes similar to those at the. 
Skeena Silver properly. 

HOCK .lITFh'.ITWX 

Two t \ pes of rock alteration 
innv he di>tingui.shed at Highland 
Vallev: first, alteration not obvi-
onslv nl.it . i l ti> copper mincraliza-
tion. and seeoiul, alteration that ap­
pears to 1<«- associated with copper 
mineralization. The two groups arc. 
probably related in time and origin. 
the first being rather widespread 
ami probably effected shortly after 
consolidation of the rocks, and the 
second restricted to particular zones 
and perhaps overlapping and out­
lasting the first. 

ROCK ALTERATION N O T OBVIOUSLY 
RELATED TO COPPER MINERALIZA­

TION 

Weak propylitic alteration is 
widespread. Original hornblende 
and hiotite are altered to chlorite 
and epidote and there is commonly. 
a weak development of sericite and 
kaolinitc (? ) in feldspar. Bright 
green epidote occurs as scattered 
grains, crystal rosettes, and larger 
irregular masses and stringers in 
all rock types on the Bethlehem and 
ncarbv 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 field 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 masses of as-
bestiform tremolite or of crystal 
aggregates of brick-red hculandite 
are fairly common on the Bethle­
hem property. 

Areas of white-weathering, light 
grey rock within Bethlehem quartz 
diorite arc designated on Figure 4 
as its 'Lcuco 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 hiotite?) by pale green to al­
most colourless actinolitc. The light 
colour of the rock is due to the lack 
of coloured mafics rather than to 
alteration of the feldspars. 

ROCK ALTERATION ASSOCIATED W I T H 
COPPKII MINERALIZATION 

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

.•leroN.s composed of fine grained 
tourmalin*' and quartz occur spor­
adically i" mineralized rock in the 
Iona nnd Jersey zones. Bleached 
Iona hreeeia is commonly cut by 
black veinlets of tourmaline or con­
tains scattered crystals.. Locally 
Midi rock contains abundant fine­
grained ( ' i nun.) crystals of rulile 
Ilial have apparently been intro­
duced. Qualitative speetrographic 
analyses show tin as a trace, con­
stituent of the tourmaline and in 
slightly greater amount in rulile. 
(Tin-bearing rutile is not uncom­
mon). Tourmaline, is found as joint 
fillings with epidote a short dis­
tance cast 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-
typc quartz diorite is largely re­
placed by irregular, coarse, inter­
connecting masses of quartz. Some 
of the bleached breccia contains 
patches of fine mosaic quartz. 
Quartz is not abundant as a vein 
mineral on the Bethlehem property. 

Jliotitc. — Minute undeformed 
plates of hiotite are very abundant 
in the matrix of the Iona breccia 
and have locally impregnated rock 
fragments in the breccia. Biotite 
has been locally introduced into the 
Bethlehem quartz diorite of the 
Jersey zone. Secondary biotite is 
commonly partly altered to chlorite. 

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

Prehnite. — Prehnite is found 
along and adjacent to mineralized 
joints in the White zone, where 
it is associated with chlorite, epi­
dote, calcitc, and bornite. 

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

Miiscantr. Muscovite or 'seri­
cite' ;illerntinn is one of the most 
common types developed ill High­
land Valley and is most spectacular 
along I he margins of the vein type 
of deposit., such .'is I he O.K., I'.rn-
pire, Skeena Silver, and Snow­
storm deposits. It is also conspicu­
ous along mineralized joints and 
fractures in the disseminated type 
of deposit. 

At the O.K. and Km pi re proper­
ties. the wall-rocks are altered to 
aggregate's and coarse, scabs of rnus-
covitc, and mosaic-like aggregates 
of quartz, and minor carbonate. At 
the Skeena Silver property, the 
rocks are altered for a considerable 
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, epidote, chlor­
ite, and quartz arranged in irregu­
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. Xext 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 
fcldspathized. In mineralized areas 
on the Bcthsaida and Graham-Bous-
quet groups, abundant muscovite is* 
developed along closely spaced 
joints in Bcthsaida 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. I t is less con­
spicuous than sericite alteration and 
has the same effect of whitening 
the rocks affected. In such whit­
ened rocks, plagioelasc. and partic­
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
linitc. Montmorillonite has been 
identified from breccia 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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I'\lil I-: I. PRIMARY AMI Sl'.COM»ARY MlNKlTAI S (ti- l iK.ili AM) \ ' , \ l I i.y f >l.I'')'.|'i s 

Km K Al.TKKATlON AM" 
()TIIKK C»AN(il'K MlNKKALS 

Kpidol i ' 
Tiviiinlilc 
Tourmaline 
Kttiilc 

Ounl / . 
Hiotile 
Albitc 
Irchniio 
Calcitc 
Muscovite 
Clay minerals: 

Montmorillonitc 
Kaolinitc (?) 
[Ilitc (?) 
Alunite (?) 

Zeolites: 
I.conhnrdite 
Heulandite /■••.'•'*••—. 
Stilbite 
Chabazitc 

Chlorite 

PRIMARY MlNKRAI.S OF 
THK Coi-I'I.K Dl'J'OSlTS ' 

Chalcopyrite 
1 iornitc 
C-li;ilco( iir 
Tclrahcdritc 

Catena 
llcmalilc 
Molylxlenitc 
Pyrite 
Schcclitc 
Linnacitc (?) 

Si-:< OMlARY MlNKRAI.S 

MalnrliitP 
Axiiriie 
Chry ocolli 
i\*'o'li"i'nili- (blue 

ch.'ilcocjlfj 

Covellite 
Cuprite 
Native copper 
Gocthitc dimonitcj 
Manganese oxide 
Powcllitc 
Fcrrimolybditc 
Krythritc 

tori.il lit-' some of the p rope r t i e s 
ol a iun i ' e . 

'/,r,>!:!i\. ! conhard i l c , lieu -
landi te . s l i lMle. ami el iab. i / i le are 
found in the Hi lldeliem minera l ized 
stories. I .conhnrdi te is the most 
abundan t , occur r ing as masses of 
pale p ink ish-whi le p r i sma t i c c rys ­
tals in f ractures and in masses 
more than a fool across . In the J e r ­
sey /.one, leoidiardi te is closely as ­
sociated with cha lcopyr i t e . I leu-
landi te occurs as a massive br ick-red 
film. resembl ing cup r i t e , a long 
j o i n t s . It also occurs with quar t / . . 
s t i lb i te . and ehaba/ . i le as a colour­
less to whi te , g r a n u l a r , vuggy mass 
with borni te and cha l copyr i t e im­
p lan ted on the zeolite c rys t a l s . S t i l ­
bi te is found as sa lmon-p ink films 
and flat r a d i a t i n g sheaves on j o i n t s 
and is commonly associated with 
calci tc and ch lo r i t e . I t a lso occurs 
its whi te to colour less c rus t s in 
j o i n t s . In p laces , cha l copyr i t e is 
coated with a th in c rys ta l l i zed c rus t 
of s t i lb i te . C h a b a z i t c is r a r e , oc­
c u r r i n g in vugs as smal l colour less 
to whi te rhombohedra l ( p s e u d o -
cubic) c rys ta l s associa ted with c a l ­
c i t c . q u a r t z , h e u l a n d i t e , a n d c o p p e r 
su lph ides . 

Chlorite and Epidotr, developed 
d u r i n g w idesp read gene ra l a l t e r a ­
tion of the rocks , a r e also c losely 
associated with c o p p e r mine ra l i za ­
t ion. Rocks a long faul t zones in the 
J e r s e y sect ions a re commonly r e ­
duced to a g reen chlor i t ic m a s s . 
Q u a r t z s t r i n g e r s , con ta in ing e p i -
dotc , ch lo r i t e , and t ou rma l ine cut 
J e r s e y breccia . 

MINERALOGY 

P r i m a r y and seconda ry mine ra l s 
of the H i g h l a n d Val ley c o p p e r d e ­
posi ts a r c cons idered in th is s e c ­
t ion. T h e s e a r e l is ted in T a b l e I , 
which includes a l ist of the rock 
a l t e ra t ion and g a n g u e mine ra l s a l ­
r e a d y desc r ibed . 

T h e a b u n d a n t and famil iar min­
e ra l s were identif ied microscopica l ­
ly in th in-sect ion or po l i shed sec­
t ion. X - r a y powder p h o t o g r a p h s 
were used to de te rmine or conf i rm 
minera l s t ha t could not be pos i t ive ly 
ident i f ied o therwise . 

P R I M A R Y O R E M I N E R A L S 

Mineral Descriptions and 
Associations 

Chalcopyrite. — C h a l c o p y r i t e is 
one of the most i m p o r t a n t o r e min­
era ls a t H i g h l a n d V a l l e y ; i ts p r i n ­
cipal modes of occur rences a re a s 
fo l lows: ( l ) widely d i s semina ted 

t h roughou t a va r i e ty of more or 
less a l t e red igneous rocks , common­
ly in associat ion with bo rn i t e , 
molybden i t e , and minor p y r i t e ; ( 2 ) 
films and enc rus ted g r a i n s on j o i n t 
p l a n e s ; ( 3 ) n a r r o w veins wi th o r 
wi thou t q u a r t z , spccu l a r i t c , m o l y b ­
den i t e , a n d b o r n i t e ; ( 4 ) coarse 
masses in faul t zones wi th bo rn i t e , 
t ou rma l ine , cha lcoci tc , ca lc i te , .and 
otl ier m i n e r a l s ; ( 5 ) i r r e g u l a r f i lms 
and smal l masses in t ima te ly associ­
a ted with zeol i tes , p a r t i c u l a r l y lcon-
h a r d i t c and s t i l b i t e ; ( 6 ) smal l c lus ­
t e r s of g r a in s i m p l a n t e d on q u a r t z 
and ca lc i tc in vugs in brecc ia a n d 
o the r rocks . 

In po l i shed sect ion, c h a l c o p y r i t e 
is seen to r e p l a c e bo rn i t e b u t is 
commonly ' observed also a s o r ien ted 
exsolut ion l ame l l ae in b o r n i t e I n 
some g r a i n s the i n t c r g r o w t h is 
megascop ic bu t in o the r s the l a m e l ­
lae are. only a few mic rons in l e n g t h . 
T h i s ex t r eme ly f ine -gra ined i n t c r ­
g rowth has a colour d i s t inc t from 
e i the r born i te or c h a l c o p y r i t e a n d 
may be mis taken for some o the r 
mine ra l . 

Bornite. — T h i s is the p r e d o m i n ­
a n t m i n e r a l in the S n o w s t o r m a n d 
O.K. mines , in work ings on the E m ­
pi re and K a t h l e e n c l a i m s , a n d in 
numerous veins on the B c t h s a i d a 
p r o p e r t y . I t is common in the d i s ­
semina ted depos i t s of the B e t h l e ­
hem a n d T r o j a n p r o p e r t i e s , w h e r e 
i ts modes of occur rence p a r a l l e l 
those of cha l copy r i t e . M o s t of t h e 
rocks wi th in the Be th l ehem sa l i en t , 
d i s t a n t from the mine ra l i zed zones 
and dykes of dae i te p o r p h y r y far 
ou ts ide the sa l ien t , conta in m i n u t e , 
very s p a r s e l y d i s semina ted g ra in s of 

born i te a n d , less commonly , cha l ­
c o p y r i t e , t h a t show a m a r k e d pref­
e rence for biot i te or ch lor i te . Some 
of the pa r t i c l e s a r e less than one 
micron in size. W i t h i n the mine ra l 
depos i t s born i te is c losely associ­
a ted with cha l copy r i t e , chalcoci tc , 
t e t r a h e d r i t e , and ga lena . I t is less 
commonly assoc ia ted wi th spccu­
la r i t c and has no t been observed 
with c i t he r p y r i t e or molybden i t e . 

Pyrite. — P y r i t e is r e m a r k a b l e 
for its s ca rc i ty in depos i t s of H i g h ­
land Va l l ey , be ing p r o m i n e n t only 
in the S k e c n a . S i lver vein and 
local ly p r e s e n t as mode ra t e ly 
a b u n d a n t d i s s emina t ed g r a i n s in re ­
s t r i c ted zones in the I o n a and J e r ­
sey depos i t s . In the scarc i ty of 
p y r i t e , the depos i t s of H i g h l a n d 
V a l l e y a r e s imi la r to those of C o p ­
p e r M o u n t a i n and the Phoen ix c a m p 
in sou the rn B r i t i s h Columbia . 

I n po l i shed sect ions , p y r i t e a p ­
p ea r s to be o lder t han the o the r 
o r e mine ra l s . F r a c t u r e d g r a i n s can 
be observed in var ious s t ages of r e ­
p l acemen t by o the r m i n e r a l s , p a r ­
t i cu l a r ly c h a l c o p y r i t e . 

Molybdenite. — M o l y b d e n i t e is 
a m ino r but cons t an t cons t i t uen t of 
nea r ly al l mine ra l depos i t s in the 
H i g h l a n d V a l l e y a r e a . E x c e p t i o n ­
a l ly , it is found in l a rge r a d i a t i n g 
c rys ta l a g g r e g a t e s , in p a r t i n t ima te ­
ly associa ted with cha l copy r i t e . out 
more commonly molybden i t e g r a i n s 
a r e so smal l as to escape detec t ion . 
In the T a m a r a c k work ings of the 
B c t h s a i d a p r o p e r t y , molybdeni te is 
a b u n d a n t a s coa r se -g ra ined fol ia ted 
masses in q u a r t z veins , some of 
which , in add i t ion , contain chalco­
p y r i t e a n d / o r borni te . 


