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ABSTRACT

A megescopic and microscopic examination of
Torsa Rivaa,

specimens taken from the Strangwsrd Copper Frospect, B.C.,

shows the presence of the following minerals in the minersl-

ized regions:
Bornite
Chalcopyrite
Chalcocite
Covellite
Hematite
Limonite
Malaschite
Lzurite
Calcite

Quarte

2 study of space relationships, textures, and
minute fractures has led the writer to the conclusion that
the primary minerals of this srea were emplaced by two stages
of mineralizestion. Chalcopyrite, calcite 2nd cuartz were
deposited first, in fractures and brecciated zones during
faulting of the country rock. The first minerals were
followed by the simultaneous deposition of bornite and

chalcoecite.



Erosion and oxidetion followed the deposition of the
primary minerals. We have two main chemicel s2ctions involved;
the oxidation and solution of copper, and the formetion, in

situ, of copper and iron minerals into oxidized compounds.

No oraerly seqguence of deposition has been suggested
for the secondary minerals for it appears evident that once
copper solutions hesve been formed the order of deposition

depends entirely on the minerals winich the solutions encounter.

Minerals whicn the writer belisves to be secondary
are; hemetite, limonite, azurite, malachite, covellite, and
chalcocite. Thus it sppears that the chalcoecite in the
deposit mey be primery or secondery. However, secondsry

chalcoclte has formed in much larger amounts.
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Introduction

The property consists of 3 groups of cleaims re-
corded under the Strengward Partnership. Group 1 has 28
cleims, 16 were staked on May 31, 194S, and 12 were stsked
on July 1, 1950. Groups No. 2 and No. 3 have 12 =nd 4

claims respectively, and were staked on fugust 15, 1950.

The aiscovery of these claims was made by the
recorded owner, W.P. Strangward, during the summer of 194¢.
The following summer, 1950, sn exploration perty was sent
to the srea to stsrt a geological mep and to examine and

sample various minerslized snowings.

The persons involved in this first aiscovery stage
were as followss:

W.F. Strangward, owner esnd discoverer,
640 Nationel City Basnk Building,
Cleveland, Ohio.

L.R.Simerd, Consultant Geologist
Room 1405 - 330 Bay St.
Toronto, Canada,

R.M.Thompson, Geologist
Professor of Mineralogy
University of British Columbis

M.M;Menzies, Geologist,
Dept. of Geology,
University of British Columbia
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Lloyd Bygrave, Surveyor

227 14th Street N.W.

Calgery, Llberta.

A,E.Callison and O. Collison, Suppliers,
Toad River Lodge,

Mile 421, Aleskan Highway

Herbert Fellers, packer,
Feller's Heights, B.C.

A
Albert Loxanger, cook,
Lower Post, B.C.

Jim Nicolson, coock
Arras, B.C.

Location

Group No. 1 is 15 miles south of Summit Lake, B,C.
which is a2t Mile 3¢l on the Alaskan Highwey. These clsims
are on the north west slope of the Tetse River valley. Group
No. £ is on the same side of the river as Group No. 1, but
2% miles upstream. The elevations of these two groups range

from 4400 ft. to 7100 ft. (See figure 1).

Transportation

There is a good pack trasil from Summit Lake into the
area, over whichn a light pack train can complete the trip in
oné day. £Aeroplane landings sre feasible on South Tetsa Leks,

a smell lake near claim Group No. 2.



Topogrephy and Water Supply

The area is cut by 2 series of mountein ranges
which trend northwest. These ranges have rugged peaks resch-
ing elevations of 7000 ft. and 8000 ft. The south slopes
are covered with talus, and the north slopes are c¢liffs and
escarpments. The sprea is drained by many small creeks, some
of which form waterfalls 2s they pass through hanging valleys
on their way to the Tetsa River. Some of these creeks dry
up towards Fgll, others, like the Tetsa River, are flowing

till late pall.

Timber

A forest fire during June, 1950, killed much
valusble timber. The surviving wood, not over 30 ft. high,
is chiefly white spruce, snd doeés not grow 2bove the 4300
ft. contour. Shrubs cover the unwooded areas in the velley,

and form dense thickets aslong the creeks.

Gsneral Geology

The ares is in the front range of the Rocky
Mounteins and is underlain by early Psleozoic, or late
Precambrian, metamorphosed sediments. These sediments contasct
highly folded Mesozolc limestone along a northwest trending

thrust fault 4 miles east of the cleims. The folds of the



limestone rapidly give way to the gentle folds of the foot-

hills farther east.

The area mapped is underlain by buff westhering,
grey limestone which is overlain by the higher formations
shown on the geological map and cross-section (see Index III)
These sediments are gently folded into broad snticlines and
synclines witn northwest trending exes. A graphic formation,
perheps the key formetion, has been squeezed into tight

drag folds near fasult zones.

The earea is cut by two major, end seversl minor,
faults. The displacement of these faults has not been deter-
mined, but they have a2 normel stratigrephic throw. Two sets
of faults wers mapped; the youngeg% set trending-northwest,

end the oldeek set trending west.

Besic dykes occur in faults to the west of the
mepped eree. They are usually vertical but mey undergo local
changes where they cr03§put other dykes. The ege relation
between verious sets of dykes is not known becsuse the

intersections were not seen.

Economlc Geology

Showings 1 to 4, 211 in No.l group, 2re shown on
the accompanying geological map., (See index II). No. 1

showing is 28500 ft. south of the summer cemp site. Ko. 2



showing is on Pocker No. 1 claim, 1000 ft. southwest of the
summer camp site. No. & showing is on the northeast boundary
of Pocker No. 7 claim, 3500 ft. north west from the summer
camp site. No. 4 showing is on Pocker No. 7 claim sbout 1700

ft. southwest from No. 5 showing.

Although No. 1 groups of claims wss the srea of
chief interest during the summer of 1950, specimens from No.2

were included with those received for microscopile examinstion.

A polished section was made for each specimen; then
both specimen and polished section were numbered to corresp-
ond with the member of the sample from which they werse tsken.
Thus, if we refer to sample, specimen or section, its source

can be resdily found on the geological map.

Minerals Identified:
Primary:
Bornite, CusFeS4
Chalcopyrite, Cu Fe So
Chalcocite, Cu28
Quartz, S}O2
Calcite, Ca CO5
Secondary
| Hematite, Fezo3
Limonite, F8205 H20

Covellite, Cu 8



Melschite, Cu 005' Cu(OH)2

Chalcocite, Ouzs

1
l hzurite, 2 CuCOg Cu(OH),

Method of determination '
Quartz
Quartz was identified by such megescopic properties
as; conchoidal fracture, hardness of 7, and vitreous luster.
Prismatic crystals were seen when viewea through & micro-
secope, and at least two good cross-sections (section 150)

showed these prisms to be hexagonal.

Calcite
The perfect rhombohedral cleavage of caleite can be
seen in one or two places on the hand specimens. The hard-
ness is about 3.5. ldentification was based chiefly, however,

on the effervescence with a drop of eold nitric scid.

b4
Malachite and Azurite
Malschite displayed such properties as: slender
scicular crystals growing in tuffs, bright-green color, pale-

green stresk, and a8 hardness of 3.5 to 4.

The azurite 1s dull eand eartny with a pale-blue

streak and color.

Both these minerals effervesce in nitric acig,

P and both respond to the :microchemical test for copper. The

X An opague form of malschits, intimately associsted with
quartzite, was first thought to be melaconite. However, an X-
ray by Prof. R.W.Thompson proved the minersl to be melachite.



association of these minersls with esch other, snd other

copper minerals, wss 2lso en 2id in their identification.

Hemetite

Hematite showed cdull meroon in intimste associstion
with the bress yellow of chalcopyrite sand the pinchbeck brown
of bornite in the hand specimens. The identification was
made, however, by viewing under 2 microscope. The following
properties were used; color grey, hardness G, faint 2ni-
sotropism, red powder when scratched, =2nd negative toc sll
reagents. The microchemical test for iron wes difficult
to obtain without interference from the intimately associated

malachite;, .

Limonite
The yellow limonitic stsins characteristic of
weatherea copper deposits were on all the hend specimens.
Under the microscope the limonite was isotropic and showed
a yellow powder when scratched. This mineral showed intimete
sssociation with other oxides in the replacement phenoﬁena

observed throughout the sections.

Covellite
The presence of covellite was not discoversd until
the examination of polished sections begen. Such diagnostic
properties ss indigo-blue color, haraness of B, strong

antisotropism, and polerization cclors of white, yellow, =2nd



fiery orange, were seen, The perfect basal cleavage could be
seen in almost every case where the mineral wes observed.

KCN stains bleck. This mineral occurs in minute scales re-

placing other copper sulphides.

Chalcocite
Although there is both primery 2nd secondary
chelcoecite in the speecimens, the mineral is enisotropic
wherever it is observed. Other identifying properties were,
the blue-grey color, and the hesrdness of B. HNO5 effervesces
vigorously, steins blue, snd brings out eteh cleavage and
grain boundaries KCN stains blsck end corrodes. (Cu is

precipitated in microchemical tests.,

Bornite
The bornite is brittle and massive. It is pinch-
beck brown on a fresh surfece, has a mstallic lustre, a=nd
resdily tarnishes to 2 pezcock purple. Under = microscope
the mineral is isotropic, pinkish brown, 2nd hss 8 hsrdness
of B. HNOgz effervesces and etches to 2 brick-like pattern.

Microchemical tests showed the presence of Cu and Fe.

Chalcopyrite
The examinetion of chslcopyrite disclosed the
following properties; brass-yellow color, high polish, C.
heardness, brittleness, weak anisotropism, and = negative

reaction to HgCly; KOH, KCN, HGL, Fe Clz =nd HNOS.



This mineral can be easily scratched with a nesale, giving
a powder. Microchemical tests showea the presence of Cu and

Fe.
Description of Hand Specimens and Polished Sections

Specimen 150

Une surface of the specimen is bounded by 2 one
third incin laminase of black quaertzite, fragments of which
occur throughout the vein in random orientetion. The gesngue
is composea of white grenular vein quartz generslly lscking
&= well developed crystal faces. Sma2ll wvugs, however, occur
in the specimen end poorly developed quartz crystels ere

found in them.

Malachite fills frectures in the blasck cuartzite,
forms films around greins of vein quartz, and occurs in
fibrous masses. Limonite caps the specimens gnd occurs in

vugs end intersticies between the quartz gresins.

Section 150

The dark color of the brecciated gesngue is 2 result
of the intimete association between the quartzite esnd
malachite. The quartz erystals hsve been breccisted but have
not uncergone eny azlteration. There sre smell scettered
showings of hemstite and limonite which have a tendency to
associsate with the melechite in the spaces between the cusrtz

particles.
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Specimen 151

The specimen conteins & vein, less then one inch
in width, that hes been mineralized by chalcopyrite. The
chalcopyrite hss undergone extensive slteration end is cut by

a fine network of fractures fillea with secondary minerals.

Section 161

The chalcopyrite appears to heve been frsctured by
a2 continuation of movement in the country rock. The
cha;copyrite is being vigorously replaced, and in several
areas the replacement has resched the advanced stages
leaving only remnents of chelcopyrite in s sesz of oxides gnd
secondary sulphides. On close examination of the ramifying
veinlets of oxides and sulphides in the cheslcopyrite, some
suggestion of arrengement can be detected in what appesrs st
first to be just a jumble of copper and iron minersls. (See

diagrem 1)

= malachi’e, cova e, chalcocsTe

;alacb/fé 4 Covedi7e , Choleoc

-------

Diagram 1.
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Specimen 152

Primary sulphides occurring in the specimen are
chalcopyrite and bornite with chalcopyrite forming about two
thirds of the combined volume. Limonite is present as s
coating and occuplies fractures in the wall rock. M&lachife
stain covers a thin crust of vein quartz on one of the

specimen fregments.

Section 162

Bornite snd chalcopyrite are the chief ore minersls,
with chaelcopyrite in larger quantities. The two show smooth
contacts between grains. Both minersls form eguigrznular
textures. And, though both minerels sre fractured, with

chalcopyrite having suffered the most.

‘ Anisotropic, grey, chalcocite greins, 10 microns by
125 microns, form a lattice pettern along the (111) planes of
the bornite grains. Covellite is selectively replacing

bornite at the grain boundsries snd salong minute fractures.

Tnhe boundaries between chalcocite snd bornite sre
smooth, and there is in generel, an even distribution of
chaelcocite tarough the bornite. ihere the lath8s of chal-
cocite intersect esch other they heve = tendency to pinch

Z
out. (See figure ).



and bornite (medium grey) resulting

e lattice intergrowth of chalcocite (light
from the unmixing of & solid solution.

1

This specimen hzs a high sp

o
[N

sedlfle gravity and

conteins & few grains of milky vein quesrtz. The primesry

=

sulphide portion consists mainly of bornite, with chalcopyrite
a8 a minor constituent. DBoth are extensively zltered to

sulphid

m
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S . Melaechite occurs in fractures asnd stair

<

the specimens, Limonite is slso present.

Section 155

I'he chief minerals of the section are bornite =nd
covellite in & guartz-carbonate breccia. The covellite has
extensively repleced the bornite slong grein boundsries =nd

in fine rawifying veinlets. Calcite has been extensively

)]
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replaced by malechite. The melachite is in streamlets through

the section &s though it had flowed in to fill existing spsces.

Specimen 154

This specimén has asn earthy brown color snd is
stained with malachite, azurite and limonite. Iron oxide,
possibly hemitite, forms the lsrgest percentasge of the spec-
imen. Exeminstion by hand lens disclosed the presence of

bornite and chalcopyrite; with bornite being the more sbundent.

Section 1564

The section shows vigorous replscement of bornite by
chalcocite in fractures and sround grain boundsries. Mals-
chite, wmeleeconite, hemetite, and limonite are scattered
through the section in relstively lerge amounts so thet the

ratic of sulphides to oxides is smell.

Specimen 169

Chalcopyrite is the only primery sulphide detected
but much of it has been altered to chalcocite s2nd iron oxides.
Some replscement of the qguartzite secems to have occurred
meking the boundaries between the host rock snd the mineral-
izetion irregular end indistinct. HKemnants of the rock sre

also found within the sulphide-oxide mass,

The specimen is costea with malachite and limonite.
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Section 169 (a and b)

Replacement has reached the later stages resulting
in numerous chalcopyrite isolations surrounded by chalcocite
and oxides. Breccisted cquartzite and fractured chslcopyrite
indicate thet the chalcopyrite was introduced by fissure

filling during movement in the country rock.

Paragenesis

Movement in the earth's crust caused fractures in
the quartzite host, and the formetion of chennels for miner-
alizing solutions. Quartz, calcite, and chalcopyrite were
deposited before or during this fracturing of the host rock,
a fact made clear by the highly brecciasted nature of these
minerals. While faulting continued, chalcocite and bornite
were deposited. This later group of minerals is much less
fractured then the first group. Although chalcocite is
slightly sectile and would not fracture as readily as its
assoclates, the bornite 1is brittle and would fail as resdily

as the gquartz or caleclts.

In the case of bornite snd chalcocite there is good
evidence of exsolution, thus simultaneous deposition. The
connected lattice-work to be seen in section 152 is inter-
preted as an ex-~-solution texture. There is, in general, an
even distribution of the chalcocite through the bornite. The
ex-solution bodies show no widening at the contsets with one

another. And, the replacement of bornite at the grein
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boundsries is by covellite.

we might slso add that the compositions end crystal
structures of the two minersls sre such thet 2 solid solution
is fessible. Bornite snd cubic chalcocite have mutual (III)
S-plenes 2nd (I11) Cu-planes, =nd the stomic spscing here
differs by only 5%LK The fects that chslcocite is anisotropic
and that blue chelcocite is absent suggest slow cooling. If
the rete of cooling is equal to, or less than, the rate of
diffusion then it 1is conceivable that the bornite end chal-
cocite separate completely end the chalcocite reverts to its
orthchombic form. This reverting of the chaslcocite would put
an upper limit of 105° ¢ for the tempersture of formetion of

the chelcoelte and bornite.

Thus, the order of deposition for the primery
minerels sppesrs to be: quartz, celcite, osnd chaslcopyrite,
followed by bornite and chslcocite together, sl1 being depos-

ited during fracturing of the guartzite host.

An explanation of the deposition of the secondary
minerals 1s suggested in examining the space relations of the
oxides and secondary sulphides present in the diagram of
section 151. Ve have two mein chemicel actions involved; the
oxidetion and solution of copper, and the formetion, in situ,

of copper and iron minerals into oxidized compounds.

Rk Edwards, A.B., Textures of the Ore Minerals, 1947, P (77-78)
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X /000

Dia. 2. The space relation of primary and secondary minersls

The points of the veinlets are a2 mixture of chal-
cocite and hematite (see diasgram 2). Such g mixture of
minerals suggests that they are simulteneously replescing the
chalcopyrite host. The replacement was probably due to the

presence of descending surface weters cerrying oxygen.

An indication of the resction is given in the

following equation:

(1) & Cm FeS, + SHEO + 60, = Cu,sS + Fe 0z + 3H, SO

2 P 4

In a wider portion of the veinlet we see the

intrusion of secondary veinlets (see diagram 3).
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Die. 3. The space relation of primary and secondsry minersls

This space relation suggests the following general

trend:

Descending copper solutions facilitated the re-
placement of chalcopyrite by covellite

(2) Cu FeSy + Cu 80, = 2 CuS + Fe SO,

Then, with an increase in the concentration of
the copper solutions chalcocite began replacing covellite
and chalcopyrite

(3) S5 Cu S + 3 Cu 80

4 * 4&20 4 Cu, S + 4H2 S0

= 4

(4) & CuF682 +/Cu S0 8 Cug S + SFe 304 + 8 H2 S0

4 + 8H20

Ihe replecement of bornite by covellite, seen in
section 155, may also be due to the migration downwerd of

soluble Cu 804. The resction indicated here is s follows:
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(5) Cug Fe 8, + Cu SO4 = 5 Cu 8 «+ Fe 80

4 4

when the copper solutions encounter the caslcite,
melschite and szurite will form and equations (&) end (7)

indicate the genersl trend.

(6) 2 Cu 80, + Ca SO, + ZH 0 = CuCO,- Cu(OH), + C&S0,+ H,SO

g 4 4 2 4
(CaSO4 is soluble in ascids)

(7) S Cu 80, + 2 CaCO5 + 2H20 =2 CuGOS-Cu(OH)2 + 2 Cas0

4 4 *

H 804
Oxidation end enrichment of the primery sulphides
hes begun but does not appear to have advenced very far.
There are two possible explanations for this poor advance.
The first is the small smount of pyrite in the area,
Intensity of asctivity depends on the presence of available
sulphur. Thus disulphides yielding free sulphur on jﬁewﬂ'
fﬁﬁﬁ?4ﬁ& a sulphate will yleld something else in sddition to

the sulphete of the metal.

The second explanation follows from the first., If
the pyrite is not present in large samounts, then the deposit
has not had sufficient time to enrich to any great extent
when depending on the sulphides that 2re present for free
sulphur. Thet is, the period of erosion and oxidetion, thet
follows the deposition of primery sulphices, has not been

long enough to permit extensive enrichment of this type of

l. Pyrite has been reported as present sround Pocker Lo.8 =nd
would explein the more intense enrichment seen in sec. 169.
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To give an orderly seguence of aeposition of all

the minerals 1s impossible, for once the coppéer has gone

into solution the minerals depositea depend on the minersls

which the solutions encounter.

For this reason, the minersls

eare grouped es primery sulphides, secondsry sulphides, and

secondary oxides.

(See table 1).

Table 1

Primary Sulphides

Secondery Sulphides

Secondery Oxides

Bornite
Chalcopyrite

Chelcocite

Covellite

Chelcocite

Hematite
Limonite
Azurite

Melschite
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