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ABSTRACT

The Early Precambrian High Lake pluton compríses an older,

northern, porphyritÍc granodiorite to trondhjemite phase, and a younger,

southern equigranular granodÍorite to tonalite phase.

The northern phase underlies an area of about 10 sq. km and

consists of a central stock flanked to the east and west by dike units.

This phase intruded the metavolcanic and metasedimentary rocks of the

Keewatin Group and is truncated to the east by the metasedimentary

Crowduck Lake Group, which unconformnbly overlies it. The southern

phase appears to post-date the Crowduck Lake Group.

I'fineralogical variation in the northern phase Ís attributed to

emplacement of the northern phase by a mechanism of magmatic pulses.

Chemical patterns reflect the effects of primary mineralogÍcal

variations resulting from emplacement. Alteration of plagioclase and

recrystallization of groundmass may have occurred during the cooling of

the plulon, or during a period of subsequent regional metamorphism.

The Keewatin Group, the northern phase, and the Crowduck Lake

Group were sheared and foliated by a strong, passive deformational

event.. Shear fractures and tension fractures, formed during thís event,

pror¡ided the locus for later quartz veins and sulphíde mineralization.

Ðuripg this deformation, the Crowduck Lake Group was tilted eastward to

a nearly yertical attitude. The northern phase and country rocks were

tilted also, and the present exposure of the pluton ïepresents an

oblique secÊion through the northern phase, exposing progressively higher

ler¡els of the intrusion to the east. The absence of a tectonic foliation

in the southern phase suggests it was emplaced after deformation.

Mineralization is confined to the northern phase of the High

l_x



Lake pluton and to immediately adjacent Parts of the Keewatin Group,

Crowduck Lake Group, and southern phase. It occurs in shear fractures

and tension fractures and is zonally arranged about the southern phase.

There is an inner pyriËe * urolybdenite * chalcopyrite zone, an

intermediate pyrite * chalcopyríte zotLe, and an outer pyrite * gold zorLe.

Thís zonal arrangement is consistent with mineralizing fluids coming

from the southern phase, possibly during the late stages of its

emplacement.



CHÄPTER 1

INTRODUCTION

StatemenÈ of Problen

The 20 sq. lcn Early Precambrian High Lake pluton consísts of

northern, older, porphyritic trondhjemiÈe to granodíorite phase, and

southern, younger, tonalit.e to granodiorite phase. The southern phase has

been interpreted as younger and is separated from the northern phase by a

period of uplift, erosion, and sedimentation (Davies, 1965). The northern

phase and adjacent rocks contain widespread copper, molybdennm, and gold

mineral-ization that has been interpreted by some authors (e.g. Davies,

1965; Kirkham, 7972) as porphyry copper-type.

The objective of this study is to establish the characteristics

and petrogenesls of the northern phase of the High Lake pluton, and the

character and origin of mineralization that occurs in, and adjacent to it.

Location and Access

The High Lake pJ.uton is in the Northwestern Ontario township of

Ewart, about 161 lor east of tr{innipeg, Manitoba and 48 krn west of Kenora,

OnËario. Major access routes (Figures 1 and 2) to the study aïea are

Highway 17 and the shoal Lake road. other ïoutes accessible only by a

4-wheel drive vehicle are the Baubee Lake road, the High Lake road, the

Trans-Canada Pipeline road, and numerous drilling roads.

Previous I^Iork

d

border,

region,

Parsons (1912) studied

and Greer (193i) mapped

an area adjacent to the

the geology near the

the geology of the

pluton. J.C. Davies

Manítoba-Ontario

Shoal Lake (west)

(1965), of the
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Ontario Department of Mlnes, mapped the pluton and adjacent aleas at a

scale of 1:3I,680. The adjacent area in Manitoba $7as mapped by Springer

(L952) and J.F. Davies (1954) aË scales of 1:63'360 and 1:12,000

respectively.

Assessuent files at the Ontario I'linistry of NaLural Resources

Regional Geologistsr Offj-ce in Kenora, Ontario contain detaíled geologic

maps, diamond drill logs, and assay reports of varíous mineral showings

in the pluÈon. Scales of the geologic inaps vary from 1:1,200 to l:12'000.

Scope of Investigation

Three weeks in the spring and autuun of L973 and 1974 T^rere spent

examining the pJ-uton, and the economic and sLructural geology of the

pluton and immediate vicinity. J.C. Daviesr (L962) preliminary l:15,840

scale geologic map, and copies of geologic maps obtained from assessurent

work fiLes, aided in the investJ-gation. One hundred eighty-five samples

were collected, and most of the kno¡nm mineral occurrences !üere examined.

LaboraËory investigation included po1íshed and thin secËíon

examinaËion, and rnodal, chemical, and structural analyses.
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CHÄPTIR 2

GEOLOGIC SETTING

The study area is in the Kenora Block of the Early Precambrían

Superior Provl-nce of Ëhe Canadian Shield (Wilson et al., L972). Fígure 3

shows the local geologic setting of the study area, and Table 1 gives the

sequence of rock units. Outcrop density is about 50 percent, and best

exposures are in the massive intrusive rocks north of IIÍgh Lake, and the

massive flows southeasÈ of High Lake-

The oldest rocks are the metavolcanic and metasedimentary rocks of

the Keewatin Group (fornerly series) Lawson (1885) ' rn the area of

Figure 3, this unit is mainly basaltíc and andesitic, plllowed and massive

flor+s with some intercalated arkose, greywacke, and reworked agglomerate.

The Keewatin Group was intruded by both synvol-canic plutons and the

northern phase of the High Lake pluton, with ernplacement of the northern

phase causing contact metamorphism and deformation. The Keewatin Group

and the northern ptiase of the High Lake pluton are overl-ain in angular

unconformity by Èhe Crowduck Lake Group, which consists of conglomerate'

arkosic conglomerate, argillite, cherty argillite, and tuff (Davies' 1965).

The conglomerate contains porphyritic clasts thaÈ appear to be derived

frorn dikes of rhe northern phase of the lligh Lake pluton (Davtes, 1965).

Mafic volcanic cl-asts in the conglomerate are i-ikeJ-y derived from the

(eewatin Group.

Deformation of the Keewatin Group, northern phase of the High

Lake pluton, and Crowduck Lake Group has resulted in passive folds in the

layered rocks with well-developed, east-trending, axial planar foliation.

Folds are steeply plunging and foliatíon has a near-vertical dip. Regional

greenschísÈ facies metemorphism accompanied this deformation. According





TA3LE 1

Table of Forroations

CENOZOIC
Recent Lake, stream' and swamp deposits
PleisLocene Sand, gravel, claY

PRECAMBRIAN' Early Precambrian
High Lake Pluton - southern Phase

Gianodiorite to tonalíËe, hybrid rocks

Tntrusive Contact (?)

Crowduck Lake GrouP
Conglomerate, arkosic conglomerate, arkose'

argillite, cherty argillite, reworked
agglomerate, Èuff

UnconformiËY

High'T,ake pluton - northern Phase- Porphyritíc granodiorite to trondhjemite

Intrusive ContacÈ

Mafic Intrusive Rocks
Gabbro

Intrusive ContacË

KeewaËin GrouP
Metasedimentary rocks : arkose, grelnnracke 

'
siltstone' garneL-rich greywacke,
reworked agglomeraËe

Interinediate metavolcanic rocks: andesÍtic
flows, andesite-dacite agglomerate

Mafic metavolcanic rocks: basaltic flows

(After Davies, 1965)



to Davies (1965), the southern phase of the High Lake pluton post-dates the

Crowduck Lake Group. This phase is not deformed or metamorphosed and may

be syn- or post-tectonic (Vagt, 1968).

Pleistocene and Recent sand, gravel' clay, and swamp deposiËs

cover about 50 percent of the sËudy area.



CHAPTER 3

HIGH LAKE PLUTON

Introduction

The I{igh Lake pluton is an east to northeasterly-trending body

that occurs in both Manitoba and Ontario. It consists of an early,

northern, porphyritic phase with an areal exterit of 10 sq. lG and a

younger, southern phase of similar extent.

I'lost of the field examination of this study vJas concentrated on

Èhe northern granodíorite to trondtrjemite phase, which consists of a

central stock flanked to the east and west by dike units (Figure 3).

Both the stock and dikes are in sharp contact with the vertically-

dipping metavolcanic and metasedimentary country rocks and shows marginal

chillÍng.

The central stock of the northern phase is well exposed and is

characterLzed by a pinkish weathered surface. It contains 50 - 70 percent

medium-grained, anhedral to euhedral quartz, pLagioclase, and biotite

phenocrysËs in a Very fine-grained, mosaic-lÍke groundmass. Coarse-

grained microcline phenocrysts up to 6 cm long form less than one percent

of the stock.

The dÍkes are poorly exposed, weather a light grey Ëo white, have

easterly trends, and yary in r¿idth from 3 to 60 m. They contain 50 to 70

percent medium-grained, anhedral to euhedral quartz, pLagioclase, and

biotite phenocrysts in a Very fine-graine¿, nosaic-textured groundmass.

Microcline phenocrysts are rare or absent. Some dikes contaín secondary

blue-green hornblende, which is interpreted to be the resulË of marginal

assimilation of the hosË mefic metavolcanic rocks.

l_0



II

The southern phase of the High Lake pluton consists of

equigranular tonalite, granodiorite, and hybrid rocks, and is considered

younger than the northern phase. The southern phase contains some

mineralization and will be discussed in conjunction with mineralization.

Structural GeologY

Introduc t ion

The Keewatin Group, the northern phase of the High Lake pluLon,

and the younger Crowduck Lake Group have been subjected to several

deformaEional events, which have resulted in the developrnent of a

variety of structural features. The northern phase has been tilted and

is characterized by a penetrative tectonic folíation with a cataclastíc

character in some areas; shear zorres, shear fractures, tension fractures,

quartz veins, and late joints. The Keewatin and Crowduck Lake Groups

have been folded and are characterÍzed by a penetrative folíation or

SChisËoSity, shear zor-Les, shear fractures, tenSion fractures, quartz

veins, and late joints.

As used herein, shear zones are zones of intense cataclasÍs,

whereas shear and tension fractures are discrete fractures that occur

either individually or in sets. Quartz veíns fill these shear zones,

shear fractures, and tension fractures. Late joints crosscut all

prevíously Dentioned structures.

Folding, Schístosity, and Shear Zones

Davies (1965) has recogr-Í-'zed at least two different folding

events in rocks adjacent to the Hígh Lake pluton. Little is known about

the first defornational event, due to strong tectonic overprínting
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by the second event. However, Davies (1965) suggested Ëhat this earlier

stage of folding had northwest-trending fold axes

The northern phase of the High Lake pluton is unconformably

overlain by the Crowduck Lake Group to the east and northeasÈ. Because

the Cror,¿duck Lake Group is now vertically-dipping, the underlying rock

sequence, including the. northern phase, has been rotated also. Conse-

quently, if the unconformable contact, which novr trends north Lo norLh-

v/est and dips steeply, is assumed to represent the original Èop of the

pluton, the east end of the pluton would rePresent the upper portion.

Tn the Keer.vatin and Crowdrick Lake Groups, the second def ormational

event produced passive folds with easterly-trending axial surfaces and a

strong axial planar schistosity. In mafic metavolcanic rocks, greywacke,

and argillíte, the schistosity is a result of recrystallization, but in

arkose and conglomerate, it is a result of cataclasis. The northern

phase is affected only by the second deformational event and has a

penetrative cataclastic folíatíon. This foliation is well-developed in

the dikes, but is less pronounced in the central stock. The foliatíon

is parallel or sub-parallel to the contact between the northern phase

ând adjacent rocks, and has the same orientatj-on in both groups of

rocks.

The shear zones are parallel to the foliation and are simply

zones of intense cataclasis or intense recrystallizatíon up Ëo 2 m wide

and varying ín length from 2 to 7 .km (Figure 22). The shear zones occur

in both the northern phase and adjacent rocks. Shear zones do not extend

into the southern phase, confírming the syn- or post-tectonic emplacemerit

of this phase suggested by Vagt C1968).



r-3

Quartz Veins in Shear and Tension Fractures

Quartz, quartz carbonate, and quartz-tourmalíne veins 3 to 70 n

long and 3 cm to 2 m wide are found in fractures in the northern phase

and adjacent rocks. These veins occurin two predominant orientations

(Figure 4). Veins ivhich strike 090 degrees and dip 85-90 degrees norLh

occur in fractures that are parallel to the regional foliation and are

probably due to shear. Those which strike 070 degrees and dip 80

degrees northwesÈ fill fractures that cut across the foliation and

show'tensional characterístics. The quartz veíns fillíng both fracture

sets are similar and apparently wére ernplaced at Èhe same time. They

are important because of associated mineralization.

Jo int s

Joints rangÍng from 3 to 60 m in length and with spacings

exceeding 1 m, occur throughout Ëhe area, but are more abundant in the

northern phase than in the adjacenË rocks. Two major joint sets with

orthogonal trends are present. The more pronounced set strikes 160

degrees and dips 90 degrees in the northern phase and B0 degrees north-

east in the adjaeenË rocks. The other set strikes 070 degrees and dips

85 degrees north\"Iest in the northern phase and 90 degrees in the

adjacent rocks (Fígures 5 and 6). The latter set has the same orienta-

tion as the guartz veins Ín Figure 4 and *ty t.pt.sent early joints

formed during regional deformation. Al1 other joínts are probably late

joints, because they cut across the regional tectonic fabric.

Petrography

Introduct ion

The suites of samples from the northern phase vtere Petro-
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1.5-å,

graphically examined. One suite consisted of. 29 samples selected frcjm

the central stock and the centers of dikes. The location of, and modal

data for these samples is given on Figure 3 and in Appendix I

respectively. The second suite consísted of 25 samples collected from

4 sample groups representing cross sections of 2 dikes in the eastern

dike swarm. Samples \4rere spaced evenly acroés the dikes, and sample

groups consisted of 5 to 7 samples, depending on the width of the dike.

Sample locations and modal d.ata are given on Figure 7 and in Appendix II

respectively.

The above 54 samples \'rere point counted on 27 tm by 46 mm thin

least two-thirds ofsecËions. In all samples, the rock slice covered at

the glass slide, and 1000 points \^7ere counted using

grid. Alteration minerals \¡/ere recorded twice; once

primary mineral and once as the alteration product.

a 0.4 rnn by 1.0 mn

as the pre-alteration

Quartz Phenocrysts

Quartz forms anhedral, ovoid phenocrysts that range in size

from 0.08 to 6.5 nm. They average 1.6 mn in both the central stock and

dikes, wíth the coarsest phenocrysts ín the eastern dike swarm and in

the north central part of the stock. They are coiulonly strained, broken,

or recrystallized due to shearing and regional metamorphism. Volume

percenÈ of quartz phenocrysts ranges from 1.6 to 25.1 percent (Figure B,

Appendix I) and averages 11.8 percent in the central stock and 12.8

percent in Ëhe dikes. The qtartz phenocryst dístribution has a crude

concenËríc pattern. Phenocrysts are concenÈrated at, or close to the

margins of the northern phase (Figure 8); towards the center of the

stock and adjacent to the north contact, the concentration of quartz
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phenocrysËs is 1ov¡er. The Patlern of quartz phenocryst abundance

conforns generally with the outline of Èhe northern phase and with the

eastern -boundar5l.-betwepn, the- central stock and dikes. To the south-

wesL, the concentric patÈern is interrupted by the southern phase

inÈrus ive {ontact,- -- -

PlaFioclase Phenocrysts

Plagioclase phenocrysts are anhedral-,to euhedral with tabular

and blocky forms thaÈ range in size from 0.08 to 10.5 m (P1ate 1).

They average l./a nrm in-the central-stock and 1.1 un in the dikes.

Plagioclase phenocrysts are slightly recrystal-lized, altered, and

fractured due to regional roetamorphism and shearing. They are variably

altered to sericite, muscovite, epidoÈe, clinozoisite,-and carbonate.

In the cenÈra} stock, they have synneusis tr¡ins (Vance, 1961) and

oscillatory zoning and range in composition fron AnrO to 4n32. In the

dikes, they are rarely-zoned and range in composition from An* to Anrr.

Volume percent of plagioclase phenocrysts ranges from 20.8 to 76.0 percent

(Figure 9, Appendlx.I). Plagioclase phenocryst distribution is uniform

fn the central stock where 1Ë averages 44.6 percent, but is less

regular in the dikes where it averages 52.3 percent. There is no con-

centric pattern as ín quartz phenocryst distribution (Figure 8). Plagio-

clase/quartz phenocryst ratio (Figure 10) shows a crude concentrl-c

pattern centered at the eastern part of the central sÈock vrhere the ratio

is high. The ratio is lower except for two aTeas at the outer unrgins

of Èhe eastern and western dike swarms.

Mic ro*c]- ine- Ph.eno c r y s.t s

îlicrocline phenocrysts occur as subhedral to euhedral, tabular
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crystals up to 6 cm long Ín the central stock and rare subhedral,

blocky crysrals up to 2 cm in the dikes. They are slightly recrystallízed

and are characterLzed by large síze, cross-hatched albite-pericline

twinning, and Lhe presence of crystallographically-aligned plagioclase

inclusíons and random quartz and biotite inclusions (Plate 2).

The maximum abundance of microcline phenocrysts is one Percent

in the central stock, and they decrease in abundance out\,rard into

adjacent dikes. They are absent in dikes more than 300 meters from the

central stock.

Two mÍcrocline phenocrysts from different parts of the stock

\./ere exanined and plagioclase inclusions were found to vary in

composition from AnrO aL the rim of the microcline crystal to An30 in

the core.

l'[any porphyritic granitic rocks contain microcline or orthoclase

crystals that exceed 2 cm in length and are generally several times

larger than co-existing plagioclase phenocrysts. The origin of these

large potassic feldspar crystals has been the subject of controversy.

Both magmatic (ilibbard, 1965) and metasomatic (Herz, I970; Marmo' 1971)

origins have been proposed. Hibbard (I965) suggested that the decrease

in anorthíte content of crystallographically-aligned plagioclase

inclusions from core to rim of large microcline crystals Idas índícative

of a magmatic rather than a metasomatic origin of Lhe microcline.

plag1oclase inclusions may be observed in metasomåtic microcline, but

they are not crystallographically-aligned, and do not show a similar

variation in anorthite contenÈ. The outward decrease in composition of

plagioclase inclusions in mÍcrocline phenocrysts of the northern phase

suggests that theY are magmatic.
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Biotite Phenocrysts

unaltered, brov,rn biotite phenocrysts are anhedral to subhedral,

blocky and tabular plates that vary in size from 0.08 to 2.0 rmr

(plate 1). In the central stock, they average 0.20 mm, and in the dikes

0.35 m. They are unstrained and make up 0.0 to 4.6 percent of the

central stock and 0.0 to 8.0 percent of the dikes. On the average, both

rhe central stock and dikes contain 1.2 percent biotite phenocrysts,

and they are randonly distributed throughout the northern phase.

Hornblende

Blue-green hornblende i_s important only in some Porphyritic

dikes, where it forms up to 15 pereent of the díke. It occurs as

prismatic, elongate, and blocky, anhedral to subhedral crystals

ranging in lengrh from 0.08 to 2.3 nm, with an average length of 0.5 nrn

(plate 3). Hornblende is most abundant near the margíns of the dikes

where quartz phenocrysts are rare and epidote alteration of plagioclase

phenocrysts is common (Plate 4), and it is rare in the centers of the

dikes where quartz phenocrysts are commori and epidote alteration ís

sparse. The distribution of hornblende, the associated epidote

alteration of plagioclase phenocrysts, the presence of groundmass

inclusions in hornblende (Plate 3i, onutgrowths of hornblende on

plagÍoclase phenocrysts, corrosíon of plagioclase and quartz phenocrysts,

and recrystalLization of groundmass, suggest that hornblende may be

secondary as a result of assimilation of mafic metavolcanic country

rocks, and that there has been regional metamorphísm of the dike margins'

Groundmass

The groundmass, which is composed of qvartz, plagioclase,
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K-feldspar, and biotite, has a mosaic texture (Plate 1). In the stock,

groundmass abundance ranges from 34.1 to 48.6 percent (Figure 1l) and

averages 40.9 percent, and grain size ranges from 0.02 to 0.06 mn

(Figure 12); average grain size is 0.03 rnn. In the díkes, groundmass

is more variable in both grain size and abundance. Abundance ranges

from 10.2 to 67.9 percent (Figure 11) and grain size from 0.03 to 0.08

m (Figure I2). Average abundance is 31.5 percent and average grain

size Ís 0.05 rnm. Groundmass abundance shows a very uniform distribution

in the central stock and a less consistent distribution ín the dikes, as

in plagÍoclase phenocrysts (Figure 9).

Groundmass grain size is smallest in a concentric zone several

hundred meters from the outer'margins of the pluton, and increases both

inward and outward from this zone.

Alterat ion

Alreration of plagíoclase phenocrysts (Plates I and 4) and

groundmass feldspar (Plate 5) is ubiquitous and ranges in amount from

1.6 to 24.7 percent (Figure 13), but is generally less than 15 percent;

The cor¡mon alteration mínerals are epidote, clinozoisite, sericitet

muscovite, and carbonate, although only sericite was found in the

groundmass. Muscovite was distinguished from sericile by íts coarser

grain size and better-developed cleavage. Alteration Íntensíty

increases progressively outward from the center of the northern phase,

except at or near the ouler contact in the eastern part of the pluton,

where it decreases from a maximum of 2O percent to less than 10 percent-

PetrograPhy of Selected Díkes

Two dikes southwest of Electrum Lake vTere sanpled to test for







PLATE 5 

Sericitic groundmass alteration (crossed nicols). 
Bar represents 1 mm. 
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lateral and transverse variatíons in phenocrysts, groundmass, and

alLeration abundances (Figure 7). For both dikes, sample suítes were

collected along 2 northerly-trending lines 150 ro apart. In the

northern dike, the r¿estern line was 20 m long and the eastern line

was 40 m. In the southern dike, the \,restern and. eastern lines were

30 n and 40 m respectí-vely. Modal analyses of groundmass, quartz

phenocryst, plagíoclase phenocryst, and alteration abundances, and

plagioclasefquarLz phenocryst ratios are plotted on the composite diagram

of Fígure 14.

In the southern dike, alteration, qlrarxz phenocryst, and

plagíoclase phenocryst abundances increase toward the center of the

dike, r.vhereas groundmass abundance decreases. The two lines show

little lateral variation within the dike.

Changes across the northern dike are l-ess s¡rnrmetrical . Alteration

abundance increases toward the dike center, and except for the south

contact groundmass abundance decreases. Varíations Ín quarLz ar,d

plagioclase phenocryst abundances lack consistency. The south contact

has an anomalously 1ow groundmass content and high phenoåryst content

(Figure 14). This anomaly may be the result of either sampling a

multiple díke, r¿hich !ùas not recognized in the field, or, less likely,

reactions with the wall rocks. Lateral changes in this dike are shov¡n

by differerÌces in quartz and plagioclase phenocryst abundances between

the two sample lines.

The increase in phenocryst abundance toward the centers of the

díkes may reflect either progressive crystallization inward, or, more

likely, flowage differentíation during crystallizatíoø. Lateral

variabilíty ín quartz and plagioclase phenocryst abundances may be a
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resulË' of flowage during'-emplacement--- ---

Plagiocla sef quar|z phenocrysÈ ratio shows fairly consistent

values across three sanpling lines, suggesting uniformity of mineralogical

composition. The eastern line of the southern dike is anomalous aË the

southern contact

Chemistry

Introduction

Forty-four samples were analysed for KrO, Nar0, CaO, total iron

as Fer0r, ar-rd Mg0. Tqrenty-nine of these were from random sample

locations in the central sÈock and díkes, and thesi: were analysed also

for copper and zínc. The remaining fifteen samples r'lere from the four

dike suites mentÍoned previously. Figures 3 and 7 show the sample

distribution and Appendices III and IV give the analytical data.

Generrl Ch"mi.al Vr.i"tio¡rr A.rosr the Notth'"to Phase

Contoured diagrams for KrO content (Figure 15), Naro content

(Figure 16), CaO content (Figure 17), and total iron as Fer0, (Figure 18)

show some major chemical constituent variations across the northern phase-

KrO contenË (Fígure 15) ranges from I.38 to 3.40 percent in the

central stock and 0.64 to 3.94 percent in the dikes. This figure shows

only Èhe varíations of KrO in the groundmass; samples contaíning large

microcline phenocrysts l,lere deleted from chemical analyses due to the

unrepresentative rock volume of the phenocrysts. I^Iith the exceptíon of

one sample at the \.7est end of Ëhe pluton, KrO content is lowest in the

eastern part of the central stock and increases progressively outward-

Near the mârgins of the pluton there is a local reversal in this trend.

The KrO variation reflects concentrarion of plagioclase and bioríte
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phenocrysts and compositional changes in the following mineral constituents:

groundmass plagioclase, bíotite, and K-feldspar, and sericite and muscovíte

alteration.

Nar0 content (Figure 16) ranges from 4.80 to 7.20 percent in the

central stock and 4.20 to 6.06 percent in the dikes. NarO content is

greatest in the eastern part of the central stock and decreases Progres-

si-vely outward. The distribution of Nar0 is essentially the opposite of

KZO. The NarO variations are products of the variations Í-n plagíoclase

phenocrysts and in groundmass plagioclase and K-feldspar.

caO content (Figure 17) ranges from 0.32 to 2.02 petcent in the

central stock and 0.98 to 3.00 percent in the dikes. CaO is less regular

in its distributíon than NarO, but variations in CaO content show that

the outer parts of the dike swarms are lime-enriched, the central stock

has relatively lower lime, and the eastern part of the central stock has

the lowest lirne. CaO variatíon is essentially the opposite of NarO

variation. CaO occurs in plagíoclase phenocrysts, in groundmass plagio-

clase, and in epidote, clinozoisite, and carbonate alteration. The CaO

varíation undoubtedly represents variations ín these constituents.

Total iron as F.203 (Figure 18) ranges from 0.87 to 1.80 percent

in the central stock and 0.98 to 3.36 percent in the dikes. In gêrrerâl,

iron content increases out\,rard from the. eastern part of the central stock,

but there is a 1ocal reversal of Lrend along the north margin of the

pluton. These variations result from iron Ín biotite and plagioclase

phenocrysts, in groundmass biotite and plagioclase, in disseminated

crystals of iron oxide and pyrite, and in epidote alteration.

MgO ranges from 0.28 to 0.58 percent in the central stock and

0.33 to 1.88 percent in the dikes. MgO is slighrly higher in the dikes









JO

than in the stock (Appendix III), but shows no consistent variation

wiLhin the pluton.

Copper values range from 7 xo 2440 ppm. in the central stock

and 7 to 6l ppm. in the dikes. Zínc values range from 6 to 24 ppm. in

the central stock and 5 to 129 ppm. in the dikes. Average copper and

zinc values in the pluton, excluding local anomalous areas, are 22 ppm.

copper and 20 ppn. zínc. Anomalous values greater than 50 ppm. copper

and 40 ppn. zinc are associated with mineral occurrences.

The triangular plot of K.0 - Na.0 - CaO (Figure 19) shows anz¿
overlap of sample poirÈ" from the centraf stock and dikes. Average

walues for the stock and dikes show that the central stock has a higher

total alkalis (K20 + Nar0)/CaO ratio than the dikes. This relationship

agrees with the increase in CaO content outward from the central stock

(Figure 17).

Chemical Variations Across Selected Dikes

Variations of KrO, Nar0, CaO, total.iron as FerO, and MgO contents

across the two sampled dikes in the eastern dj-ke swarm are presented in

Figure 20. The southern dike shows an increase ín CaO content from dike

center to margins in the eastern line. In the \,restern line there is

consistent increase across the dike from north to south. Nar0 content is

híghest at the center of the eastern line, and decreases frorn north to

south across the western line. KZO, total iron, and MgO contents generally

increase from north to south. The distribution of oxídes reflects internal

variabilíty in the dike. Increased total biotite abundance toward the

southern contact (Appendix II) rnay account for, ín part , varíaLíons in

KrO, total íron, and I1g0.
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The eastern line of the northern dike is characterízed by

similar trends for Ca0, K20, total iron, and MgO, showing highest

percentages aË the center of the dike. Naro shows the opposite trend.

The western line shor¿s a total iron distribution similar to that of the

eastern 1ine. However, all other oxides differ in their distributions.

Na^O and CaO have reverse trends in both lines, which reflects variation
¿

in plagioclase composition. Irregular distribution of oxides in the

western line may be a result of primary mineralogical variation due Ëo

flow differentiation. However, consistenÈ variation of oxídes across

the eastern l-ine is sinilar to petrologic variations v¡hich were inter-

preted to be a result of a multiple dike (Figure 14).

Both dikes show an eastward increase in CaO, total iron, and

MgO contents, but no apParent variation in KrO or NarO contents vtas

observed.

The triangular plot of KZO - Nar0 - CaO (Fígure 21) indícates

the same compositional range as in Figure 19. But in both dÍkes, there

is a systenatic eastr¿ard decrease in the KrO + Nar0 (total alkalis) to

CaO ratio. This agrees r¿ith the previously observed increase in CaO

contenË from central stock to eastern dike sr,tarm.

Petrogenesis of the Northern Phase

The northern phase of the High Lake pluton is characterized by

porphyritic texture with a very fine-grained groundmass, sharp contacts

with only minor assimilatiorr, i"rginal chilling, abunåant dikes peripheral

to a central stock, and absence of late pegmatite dikes. Buddington (f959)

has interpreted these characteristics to represent an epizonal environment

of emplacement of the pluton. F.mplacement of dikes in sharp contact wiËh
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the country rocks suggests the mode of emplacement was by fracturing of

the host rocks and subsequent intrusion. Further interpretation of the

emplacement history can be made from varíatíons in phenocryst content,

groundur,ass content, and chernical Patterns within the intrusion.

Variations of these paraneters are examined individually in the following

sections

The Effect of Tilting

As discussed previously, the Croi¿duck Lake Group has been tilted

eastward to a near-vertical position, and the northern phase and country

rocks were undoubtedly tilted also. Consequently, the present exPosure

of the pluton represencs an oblique section through the northern phase

probably exposing progressívely higher levels of the intrusion to the

east, However, ít must-be conceded that the true spatíal orientation of

the pluton in three dimensions is still unknov¡n, and that the relationship

between mineralogícal textural and chemical variations and syn-emplacement

1evels within the pluton wíll be difficult to establish.

Interpretation of Varíations ín Phenocryst and Groundmass Abundances

The northern phase of the High Lake pluton is characterízed by

a porphyritic texture with a very fine-grained groundmass. This porphyrític

texture is probably a result of slow crystalLízation of quartz, plagioclaset

microcline, and biotite phenocrysts at depth within a magmâ chamber. A

rapid rise of nagrna plus phenocrysts

result in faster crystallization and

grained groundmass.

an epizonal environment could

the formation of the very fine-

to

l_n

Quartz phenocryst abundance is characterized by a general

concentric arrarrgement about a centraL area located at the eastern Part
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of the central stock. The plagioclase phenocryst and groundmass patterns

show a more restrÍcted range in abundances ín the central stock than in

the dikes. The plagíoclasefquartz phenocryst ral-io shows a crude

concentric pattern centered at the eastern part of the central stock.

Two alternatíve explanations may be sought for this pattern: 1) the

northe:rn phase consists of a series of discrete m¡gmatic pulses separated

by short time intervals so that internal contacts between pulses are

gradational. Each pulse is characterized by a s1íghtly dífferent

abundance of phenocrysts and groundmass and by a changing ratio of

plagÍoclasefq.rartz phenocrysts. The pulses lrere emplaced concentrically,

and mineralogical variations reflect that form. Each pulse was probably

concentrically emplaced pushing the previous pulse outwards. 2) Alter-

natively, the northern phase is a single j-ntrusion ¡vÍth the mineralogical

variatíons produced by local flow differentiation.

InterpretatÍon of Variations in Chemical Data

The chemical patterns described in the prevíous chapter show the

same concentric arrangement as that observed for the quartz phenocryst

abundance and the plagi-oclase/quartz phenocryst ratio.

KrO is more abundant stoichiometrically in K-feldspar than in

biotite. However, variations in KrO content probably reflect variatíons

in total K-feldspar and bíotíte.

NarO and CaO are found in plagioclase. However, the distrÍbutíons

of Nar0 and CaO show little similaríty with plagioclase phenocryst

distribution (Figure 9). Furthermore, when the approximate percentage of

plagíoclase in groundnass is determined, NarO and CaO show 1itt1e

correlation r"¡ith groundrnass plagiocfase distribution. Variations in
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Nar0 and CaO must therefore reflect an increase in plagioclase compositÍon

outward from the eastern part of the central stock. Because the

northern phase consj-sts of magma that was differentíating at depth, the

1ov¡est plagioclase cornposition reflects the latest magma. Therefore, the

eastern part of the central stock is later than the out parts of the

dikes.

Total íron as tu203 shows líttle simílaríty to the irregular

distribution of biotite in the northern phase. However, iron variation

may reflect varíations in the iron content of biotite. Iron oxÍde, pyrite

and epidote alteratíon rnay also affect the iron dístributíon.

Alternatively, secondary processes of metasomatism and/or

metamorphism may have modified significantly the original chemical

pattern. However, the degree to which the rock has been altered is

moderate and the alteratíon assemblage represents simply a reorgariizatíon

of elements rather than an addition of elements.

' Interpretation of Variations in Groundmass Grain Size
and in Total Alteration

Groundmass grain size (FÍgure 12) decreases avray from the center

of the pluton, but near the outer margin there ís a reversal of thís

trend. The reduction in grain size in the central part may be related

to a primary cooling effecE. However, the outward increase in the

margins is not consistenË with a body whose margína1 Parts are under-

going more rapid cooling than the central portion. The distribution of

total alteration (sericite * muscovite * epidote * clinoqoisite *

carbonate) is characterized by a pattern (Figure 13) which displays a

similar outward increase. Two possible interpretatíons can be placed

on these ur,arginal grain size and alteration variations. 1) I^Iater present
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in the country rocks during emplacement of the northern phase may have

been added during cooling of the pluton. Subsequent recrystallization

and alteration could have been a cooling phenomenon.

2) Alternatively, these variations could be accounted for by a later

metamorphic event occurring after consolidation of the pluton. In the

latter case, the increase in grain size would be a recrystallization

effec¡ and the alteration would be metamorphic. Recrystallization of

the margins of plagioclase phenocrysts and of groundmass, observed in

the northern phase, BêY be interpreted as meLamorphic.



CHAPTER 4

MINERAI, OCCURRENCES

Introduction

In the course of the investigation, 35 of the 38 knov¡n míneral

occurrences lùere examined. A summary of these showings ls given ín

Table 2 (in pocket) . A location map of all occurrences, their

corresporiding mineralization, and shear zones is given on Figure 22'

The sulphide minerals in their order of abundance are: pyrite,

chalcopyrite, arsenopyrite, molybdenite, pyrrhotite, malachite, and

azurite. Magnetite, gold, and silver are present locally. Pyríte and

aïsenopyrite occur as disseminated single euhedral to anhedral crystals

in quartz veins, in shear fractures, and in tension fractures, whereas

chalcopyrite and pyrrhotite occur as veinlets in quartz veins, in shear

fractures, and in tension fractures. Malachite and azurite are

weathering products of chalcopyrite. Molybdenite is found as thin films

on shear and tension fracture surfaces and in quartz veins.

At the present time, none of the mineralization ís of ore grade,

but several mining companies have explored the High Lake - Electrum Lake

area in the past. The mineral occurrences are widely distributed, but

they a1l have a shear fracture, tension fracture, or quartz vein control.

Fígure 22 shows the relationship of mineral occurrences classified by

mineralogy to the location of shear zones. The area of intense shearing

south of Electrum Lake contains many of these occurrences.

Occurrence of Sulphíde and Other Minerals

The mineralization in the northern phase and adjacent rocks can be

classified into 3 groups according to different assemblages of sulphide

47
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and precious metals:

1) Pyrite * molybdenite * chalcopyrite.
2) PyríLe * chalcopyrite.
3) Pyrite * go1d.

Pyrite * rnolybdenite + chalcopyríte occurrences are found in

quartz veins within shear fractures and withín tension fractures oblique

to shearing in the northern phase of the High Lake pluton. These

occurrences are found also in guartz veins \^rithin fractures in the

southern phase adjacent Ëo the northern phase. The sulphide minerals

occur as follows: pyrite as disseminations in veins, molybdenite as

films on fractures in the veins, and chalcopyrite as irregular patches in

the veins. All of these occurrences are found close to the northern phase -

southern phase contact.

Pyrite * chalcopyrite occurrences, that contain mínor magnetite

and go1d, occupy syn-deformational shear and tension fractures, v/hich may

have been early joints in both the northern phase and mafic metavolcanic

country rocks. Pyrite, magnetite, and gold occur as disseminations in,

or adjacent to fractures, and chalcopyrite forms massive veinlets.

Mineralized quartz veÍns locally occur in the fractures. These occurrences

are found in a zone that is 200 - 800 m from the northern phase - southern

phase contact.

Pyrite t gold occurrences are found ín quartz and quartz-tourmaline

veins within shear fractures and within tensÍon fractures in the northern

phase, mafic metavolcanic rocks, and Crowduck Lake Group conglomerate.

Pyrite occurs as disseminations and gold as microscopic disseminations in

the veins. This group of occurrences is farthest f¡om the northern

phase - southern phase contact.

Al1 mineraLizatíon occupies shear and tension fractures which
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post-date the northern phase and the unconformably overlying Crowduck '

Lake Group, and some is found in the marginal zone oÍ the southern phase.



CHAPTER 5

GENESIS OF I'íINERALIZATTON

Mineralization in the northern and southern phases is arranged

ín compositional zones with respect to the northern phase - southern

phase contact (Figure 23): an inner zone of pyríte * molybdenite +

chalcopyrite - bearing quartz veins occurring in and adjacent to the

southern phase, an intermediate zone of pyrite * chalcopyrite veinlets

and dísseminations,,.and mínor pyrite * chalcopyrite -: bearíng quartz

veins, and an outer zone of pyrite * gold - bearing quartz-tourmaline

veins occurrirrg in both the northern phase and adjacent rocks. In places,

the veins occur at the contact between the northern phase and mafic

metavolcanic rocks or conglomerate.

Mineral zoning about the southern phase probably reflects a

temperature gradient a\,74y from Lhe southern phase (Park and MacDiarmíd,

I97O; Lowell and Guilbert, 1970). High temperature minerals would

precipitate first and closest to the heat source, whereas low temperature

mínerals would precipitate last and farthest from it. Park and l"lacDiarmid

(,1OZO¡ state that molybdenite occurs ín a higher temperature environment

than go1d. Stanton (1972) suggests that chalcopyrite has a rvide range of

temperatures of deposition and can occur with molybdenite or gold- The

observed arrangement of minerals is consistent with these suggestions and

with a decreasing temperature avray from the southern phase. The elements

may have oríginated from the southern phase or úrere remobilízed from

other rocks by the southern Phase.

The contenríon of Davies (1965) and Kirkhan (I972), that

mineralizatÍon within the northern phase has a porphyry coPPer origin,

no\^/ musL be consídered as doubtful. Despíte the fact that the northern
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phase hosts the dísseminated copper mineralízation, this míneralization

appears to be related instead to the intrusion of the southern phase

and occurs in late shears and shear and tension fractures cutting the

northern phase and Crowduck Lake Group. The absence of zonal pervasive

al-teration of the northern phase and of widespread disseminated mineral-

ization (indicated by background copper content wíth the exception of

mineral occurrences) suggest that the northern phase is not a porphyry

copper deposít.



CHÀPTER 6

SI]MMARY OF INTERPRETATIONS

The emplacement of the High Lake pluton and Íts subsequent

mineralization, as interpreted from this study, ls as follows:

1) Ihe central sÈock and dikes of rhe northern phase were euplaced

into an epizonal environment by fracÈuring of the mafic metavolcanic host

rocks and subsequent Íntrusion. Patterns of quartz phenocryst, plagioclase

phenocrystr- and groundmass-'abundances-are'attribuÈed -Èo 'emplacement-of the

northern phase by a continuous series of magmatic pulses

2) Patterns of Kr0r Nar0, CaO, and total iron generally reflect

prlmary mineralogícal variations.

3) The northern phase \,¡as exposed by a period of erosion which

resulted in subsequent deposition of the Crornrduck Lake Group.

4) The Crowduck Lake Group and older rocks were tilted and an

oblique section through the High Lake pluÈon, overlain by the nearly

vertical-dipping Crowduck Lake Group is now observed. A period of regional

deformation resulted in development of an easterly-Èrending penetrative

foliation, shear zones, easterly-trending shear fractures, and crosscutting

tension fractures.

5) The age relations of tfre southern phase of the High Lake pluton

with the deformational event are noË known, but the lack of shearing in

the southern phase suggests that iÈ may have been emplaced during or afÈer

deformation.

6) l{ineralization in the northern phase is zonally arranged qrith

respect to the southern phase (the possible heat source) and appears to

be related to a late stage of enplacement. The uetals may have originated

frou the southern phase.
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t'f CtralcoÐvrt te

Hhå

E0Þ Pyrtte
L8ú Pyrrhotlte
2ß Cna].eonvrl te

T tr¡# ffi

100:6 Pvrite
95å_ .&rsenopyri_te

4% PyrLte
tÁ eV¡el eôrìvì^t t@

dtssemlnat,ed" and.
shear-flll1ne

LOO'ñ Pvrlte

s"tr6,#ffiY Affi.ffiA

dLssenLnated. and
shear-filllna

E0Ë .¿lrsenopyrtte
20% Pvrlte

d.l-ssemlnated. and
shear-f1L11ns

9Tþ ^eyrlte
16 Ctrateonvrl te

99ft Pyrtte
16 Ctralcopvri- te

shear-f L1l_1ng

70% Chalcop.yrLte
3Of Pvrlte

quartz veln ln shear

LjO% Pvrlte

quartz veln tn shear

50É Molybdent_ Le
L+Jß Pyrl-Ee

1ß e4ql eonvr.l te

ouartz vel n

i._00þ PyrLLe_

quartz veln

98% Pyrt te
2ñ Cha]-eoÐyrl-te

shear-ft111ng

shear- f1 1ltng

80ñ ChalcopyrLte
2Cß Pv¡l te' .

shear-fLL1tng

70ã ltlolybdenlte

shear -f1l1lnc

SSAYS

quartz veln ln shear

50,0 gm,/tonne go1d, and
gm"/tonne stlver over a
core l-ennth

ouartz veln

dlssemlnated and
shear-fl111ng

9 "9 gm"/tonne
¡sldth and 110

4"8 gm"/tonne gold over 7,3 mn

shear -f1111ng

DISTANCE FBOÌ{
NOBTHERN PHASE
%

0"25-0"50ß copper

over a 360 m, length and, a 12 m"
wld,th

8O
Itra

1d-over
lenqth

38.4
0,65

U,0-10,0 gpo/tonne gold. over a I+;6
ro. cor€ l-ength, and 0,63-0 .91tfi
copper over a 50 rrc length, 1.6 m^.
wldth" and 3i n" denth

a

I[ø

, 0moo

0 .25-O .5016 copper

120 ,n"

6o no

30 tro

m



?yrlte

yrtte
hn I o.o

rlte

Pyrlte

e.

shear.f 111tnc

Pyrlte

shear -f 11-11n9

lhal-cop¡rrl

shear-fl11lng

?yrtte
!halcopyrl-te

shear-f111ln9
dlssemlnated- and"
shear-ftl1lna

olybdenlte
yrl-te

äîËËËñîñäEA*andi----_-
shear-f 1111nrc

yrtte

shear;f1 1 1 1ng

{oLYbd.en
Pyrlte

quartz r¡e ln

lhirlcopyrlte
PyrIte
Lrsenopyrtte

quartz vel.n

Pyrlte
Molybdenlte

quartz veln

quartz veLn

lhalcopyrlte
tfolybdenlte
Þwr.1 tc
Pyrrhotlte
Pyrlte
'!hh 1 n-onv-n1

quartz veLn

0,25-O ,50d .eopper

o ,l+?ß nolybdenlte and- O.6l+-1' 60
gm,/tonne go]d. over 0.72 m,

quartz vel-n

Pyrl'te
Pyrrhotl-te
ChalcopYrlte

te

quartz veln

shear*f 1l-ltng

shear-f 11-l-lncr

quartz velns trn
tensl-on fracture s

30 ln.e

m

1,0fi copper, 0.96 gm"/tonne goLriu
and L"2B g!û",/tonne sllver over a
1QQ :a-r_.-1-qne!.

L00 lfl.o

4 zones averaglng +
Írc rqld-e, anð, ?t Ítc
31e000 tonnes at an
of 9"9 gm"/tonne

50 Ee

6 mo longo t"7
deep, wLth
averege grad.e

m




