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ABSTR4,CT

The canoe Lake stock iltustrates distinct petro-
1ogicaI, structural, and mineralization features for an

a.rchean intrusion. some of the resurts from this study dif-
fer from prevÍ-ously and. eoncì.¡rrentry investigated plutons in
the l,ake of the Woods area.

The quartz d.iorite composition, multiple phase

magmatic hydrothermal alteration, abundant felsic porphyry

intrusive dilces, combíned pre-hydrothermal curviplanar frac-
tures and superimposed post-hydrothermal multi-directionar,
straight to curved fraetures, disseminated and hydrothernal
vein sulphides, and minor peripheral gold mineralization cha-
raeteri.ze the Canoe Lake stock.

This granitic mass is interpreted as a shallow,
syntectonic pluton. The high degree of fracturing and copper-
morybdenum-zinc minerarization indicate epizonar intrusj-on.
The marginar eataerastic foliation and absenee of a penetra-
tive regional fotiation in the stock suggest syntectonic em-

placement with the central portions of the body remaining
mobile throughout the major period of deformation.

Porphyry type copper mineralization pervades the

canoe Lake stock. A eomplex zonal alteration pattern is cen-

tred near squaw lake and incLudes potassic, phylric, and pro-
pylitic halos. The sulphides are aLso zoned outward. from

chaleopyrite and molybdenite to pyrite and chalcopyriter ârrd
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finally to pyrite and sphalerite.
The proeesses of erystallization, fracturing, hy-

drothermal alteration, and mineralization are interpreted to
overIapintime,Anyoregrademinera1izationwhichmayhave
been formed has possibly been removed by an extreme depth of
erosion.



GENERAL DISCUSSION

ÏNTRODUCTION

Statement of Problem

Porphyry type copper and morybdenum mineralization
in the canoe Lake stock was investigated" petrologicaro

chemical, and structural- features of the pluton are of sig-
nifieanee in describing this mineralization.

Area of Study

The canoe Lake stock is an oval-shaped intrusion
extending about 6 miles northeast-southwest and just over

3 miles northwest-southeast. rt comprises an area of tg
square miles.

The stock is rocated on the rarge peninsula sepa-

rating shoal r,ake from Lake of the woods and Labyrinth Bay.

The centre of the intrusion is approximatery g miles south
of the Trans-canada Highway and zr miles directly south-
west of Kenora, Ontario (see Figure 1)"

The physiography encompasses typicarly rugged pre-
cambrian shield terrain with hilrs and ridges interrupted by

low-rying swamps and glaciar drift deposits" variation in
relief across the exposed extent of the stock averages 100
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feet" The maximum relief in the canoe Lake - Love Lake area

is 200 feet,

Access

The canoe Lake stoek is accessible by water and is
exposed along a portion of the shores of Echo Bay, Bag Bay,

Helldiver Bay, canoe Laken and squaw Lake. These bodies of
water can be reaehed from the town of crearwater Bay, si-
tuated on the Trans-canada Highway, approximately B mil_es

northeast of the centre of the stoek" Boat launchings, boat

rentarsn and a marina are available at cl-earwater Bay, .A.

public boat launehing is also available at clytie Bay, 1o-

cated near the western extremity of the canoe Lake stock.
ïnland parts of the intrusion are accessible by

numerous overgrown logging trails. Most of these trails
originate near Gord Point camp, situated on shoar Lake.

Boat rentals are available at this camp.

Scope and Signifieance of the Study

A detailed examination of the canoe Lake stock was

carried out during June and July n I9?2,

Fie1d work was conducted by pace and eompass tra-
versing and five days of shoreline mapping" Three hundred

and twenty-seven outcrops were studied and stations averaged



1000 feet apart. A representative quartz diorite sample was

taken from most of these stations.
Laboratory work included 150 thin section modal

analyses, 30 chemical analyses (whole rock and traee ere-
ments), 35 specifie gravity readings, 3? magnetic suscep-

tibility determínations, and rz sulphur isotope results. The

chenieal analysis data were proeessed with a Niggli norm

program.

The sígnificance of this study rnay be summarized

by the folIowÍng three statements.

1. The canoe Lake stock is essentially unique eompared

to most granitic plutons in the Faleon rake - Lake of the
vrroods region. rt contains a porphyry copper and molybd.enum

deposit ín the squaw Lake area and simirar but mueh Lower

grade mineralizati.on throughout the rest of the intrusion.
Extreme hydrothermal al-teration and intense fracturing are

associated with this rninerarization. Gord oceurrenees are
present in the Bag Bay area of the stock.

2, Numerous plutons in the FaLcon Lake - shoal Lake area

have been previously studíed by vagt (1968). They incrude

the Winnetka Lake stock, Granite Lake porphyry, High Lake

porphyritic granodiorite and grey granodiorite, snowshoe

Bay granodiorite, and the rndian Reserve granodiorite.
Therefore this study adds to a larger scale investigation of
granitic plutons within this portion of the Kenoran block
(Witson et gI, , t9?2).
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3. The study of the canoe Lake quartz diorite precedes

a detailed examinatÍon of the nearby Aulneau pluton by the
centre for Precanbrian studies at the university of Manitoba.
Thus, results of this investigatíon wirr be available for
comparison with data retrieved from the Aulneau Dome.

Previous Geologíc Work

The canoe Lake stoek lies within a larger area of
Lake of the woods, geologÍca1ly mapped by Lawson (raa5) of
the Geological Survey of Canada.

The 0ntarío Department of MÍnes has been involved
in a number of geologic studies in the shoal l,ake - Lake of
the lvoods area frorn 1910 to the present. parsons (tgtt) in-
vestigated the gold fierds in Lake of the woods, Manítou,
and Dryden, Greer (Ig]-t) mapped the geolog¡r of the Shoal

Lake (west) region and Thornson (Igj6, tgj?) studied the gold
deposits in shoal Lake. Brief mentÍon of granitic plutons
was made by Goodwin (r9?0) in his study of Archean meta-
voleanics in the r,ake of the woods - Manitou Lake - wabigoon

region of western Ontario. Davies (tg6g, t9?o) geologically
mapped the North shoal Lake area (East sheet) and the western
Peninsula area (Vr¡est sheet), respectively. His two prelimi-
nary maps eontain rnost of the exposed extent of the canoe

Lake stock.

The canoe lake quartz diorite has not been studied
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in detail prior to the present researeh.
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GEOLOGY OF THE MTNERAT,IZED STOCK

Resional Geolosie Setting

The study area lies withín the Kenoran block



(witson et ar., rg?z) of the precambrian superior province

of northwestern Ontario" This broek is composed of bel_ts of
intrieately interJ-ayered metavoleanic and. metasedimentary

rock sequencesr scattered mafíc and urtramafie roeks and

nÌrmerous granitie plutons have intruded the greenstone se_

quences (wílson et al, , lg?Z),

The metavolcanie rocks include mafic, intermedíate,
and felsíe flows and pyrocl-astics ¡ the metasedimentary roek
units are siltstones and shales, sand.stonesr and conglomerates.
lhe mafic and,ultramafic intrusions range from diorite to
peridotite. Most of the granitie plutons have a cale-alkaline
eomposition,

The metavolcanic-metasedimentary belts have been

compretely deforrned into folds with east-west trending axial
planes. superirnposed deformation resutted filom rater gra-
nitic intrusions. For the most parto metamorphism has pro-
gressed to the greenschist facies.

Wilson et al" (L9?Z) rnention that embryonic por_
phyry copper deposits exist at High Lake, squaw T,ake, and at
a few other loeations in northwestern Ontario.

Local Geology

The canoe r,ake stoek is in contact with mafic
metavolcanle rocks, including basart and andesíte, along the
east, southr ârrd southwest contacts. To a lesser extent, mafi.c
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and ultramafic intrusive rocks are found along the border

zone ín the Bag Bay and south squaw Lake areas. Metasedi-
mentary rocks, mostly voleanic conglomerates¡ occur along
the northwest contact near canoe Lake. The north contaet at
Eeho Bay places the stoek against various felsic metavoleanic

roeks. AlL layered roeks whieh are host to the intrusion have

been metamorphosed up to the greenschist facies.
A distinct feature of the geol-ogy in the stud.y area

is the abundance of late felsic íntrusj.ve rocks, ranging in
composition from quartz-feldspar porph¡nry to fine-grained
granodiorite. These dikes and irregularly shaped intrusions
occur near the eontaet areas and pervade the entire stock.

The sharp margins, minor offshoots frour the quartz
diorite, presence of distinct inclusíons, and texture of the
rock substantiate an igneous origin for the canoe lake
granitic mass (Turner and Verhoogen, 1960),

Ti{E C.A,NOE LAKE STOCK - HOST TO PORPHYRY

TYPE COPPER-MOLYBDENUM-Z INC MINERALTZATION

PETROGRAPHY OF THE HOST INTRUSION

General Staternent

The canoe Lake stock is a massi-ve, homogeneous,

single phase quartz diorite intrusion. rts texture is medium-
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grained, hypidiomorphic-granular, and ranges from equi-
granurar to seriate porphyritie with J-arge quartz eyes scat-
tered through the rock. The quartz diorite ranges from light
red and grey-red to grey and grey-green. coneentrations of
quartz eyes and eolor differenees are irregular aeross the
intrusive body. The pre-alteration minerat composition was

L+5 to 70 percent plagioclase (andesine ), 15 to J0 percent
quartzr âs mueh as 1J percent hornblender and a maximum of
1J percent biotite. Minor accessory minerals include rutile,
sphene, apatite, and traces of magnetite and ilmenite. Minor
hematite is commonly present as stringers erosscutting grains
or sumoundíng grain boundaries.

closely associated in tíme are younger fersic in-
trusions. These quartz porphyry, ferdspar porphvryr quartz-
feldspar porphyry, and fine-grained granodiorite dikes and

irregularly shaped íntrusions dissect the stock and diminish
in nunber as they extend into the adjaeent rocks. The feldspar
porphyry contains altered plagioclase (originarly andesine),
hornblende, and biotite phenocrysts in a quartzoferdspathic
groundmass. Quartz, altered andesine, hornblende, and biotite
are the main constituents in the quartz-ferdspar porphyry
dikes. The rnatrix of these porphyries is also quartzofeld-
spathÍc. Both the plagiocrase and quartz phenoerysts in the
younger felsic intrusions range from 0,5 to J.o mm. aeross
and in some places the quartz grains reach about 5,0 mm.,
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Mineralogy - Modal Ânalvses

Procedure and Aceuracy of Modal Analysis

One hundred and fifty thin sections from the canoe

Lake stock were point counted, usÍng a carl zeiss point coun-
ter and Research Microscope. One slide was counted from a

representative sarnple from each station and 1OO0 counts were

performed. Thin seetíons were mounted on 2? mm. by 116 mm.

petrographic slídes and the seetÍon usually covered most of
the slide. A grid was superímposed on the section such that
eounts were made every 0,ll mn. Ín lines parallel to the rong
dimension of the slide and every 1.0 mm, in lines parallel to
the short dimension. The point eountíng procedure was conti-
nued until the original mineral count reached 1000. Alteration
minerals were eounted. twice; once as the mineral they re-
placedr and once as the alteration prod,uct. The modal analysís
results are given in .&ppendix I.

According to soromon and Green ßgae) tne analytical
error ín point counting is twofold: the eounting error in-
volves areal measurements and the sampling error invorves the
speeífication of volumetric rerationships, Hasofer (tgø3) ¿e-

rived an equation for the analyticar error in point eounting
and from his equatíon Solomon and Green (t966) devised a

chart for the number of counts versus the varianee of the
percentage estinate for an indÍvidual mineral. Table L shows
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the anarytical error for the four main primary minerals in
the Canoe Lake stock.

Figure 2 illustrates the distríbution of control
points for the contoured modal pereentage d.iagrams.

Plagioclase

Hypidiomorphic plagioclase grains are mainly 1.0
to 3.0 mm. aeross. lwinning is common with dominantry com-

bined Arbite and carlsbad and to a lesser extent perielíne
twinning. Both zoned and unzoned plagioclase is present in
the stock and often the zoning is strained. and shows geonetrie
irregularities" The original plagiocrase is inferred to be

andesinen beeause of the assoeiated mineral compositÍon and

the degree of alteration to v¡hich the quartz diorite has

been subjected" The eomposition deereased. ín ealeic content
to oligoclase and albite as a resurt of various stages of
hydrothermal alteration,

Modal analyses illustrate a range in vorume percent

of fresh and altered plagíoerase from 4J to f0 pereent. Figure

3 shows the contoured prot of modal percent plagioelase. A

distinct linear trend is developed ín the eontour levels in
a northeast direetion, pararleling the rength of the canoe

lake stock. Two main bands of high plagíoclase content (more

than 6O percent) are discernible in the diagram; one band

runs along the southern contact, whire the other stretches
from Bag Bay through the centre of the stock to squaw Lake,



Figure 2, Distribution of
modal analyses plots.
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Fígure 3, contour prot of modal percent plagioclasen
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Another less distinct high pereentage trend. runs northeast
through parts of Cuthbert, Ross, and Bamage Lakes,

Quartz

.A.llotriomorphíc quartz ranges from small inter-
stitial grains averagíng 1,0 to l.J mm. to large round.ed

quartz eyes measuring 3,0 to J.0 mm. aeross. These quartz
eyes are aggregates of a number of quartz grains and show

overgrowth effects. strain extinction in quartz is eommonly

present, although the degree of strain varies. The quartz
eyes yield a pseudo-porphyritic texture to the roek.

Figure 4 irlustrates a contour plot of modar per-
cent qvørtz. The volume percent ranges from 15 to J0 pereent

across the canoe Lake stock. The northeast trend. of the con-

tour pattern is less distinct for quartz than it is for
p}agioclase, but an approximate correlation exists between

low quartz and high plagioclase eontent. This is to be ex-
pected in a crystallizing magma, which is becoming increa-
singly enriched in siliea during the eourse of solidifieation.
The author attenpted to show this relationship more clearly
by plotting rnodal pereent quartz versus percent plagioelase.
This plot shows a distinct inverse relationship between

quartz and plagioelase content¡ the scatter of points forms

a wide band with negative slope on the graph (see Figure J).
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Figure l+, Contour plot of modal percent quartz.
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Hornblende

Besides plagioclase and quartz the Canoe Lake

quartz diorite was originally composed of as much as 1J per-
cent green to green-brown hornblende, chloritie pseud.omorphs

were identified as altered hornblende by the prismatie shape

and six-sided basal sections. where preserved, hornblende is
hypidiomorphic and ranges from 1.0 to 2.0 mm. aeross. pri-
mary hornblende was present in onry two out of 1J0 counted.

thin sections.

Figure 6 is a contour plot of modal percent fresh
and altered hornblende. Two eontour highs (more than 10 per-
cent) exist in the Bag Bay area and another in the Ross Lake

area. Tt is interesting to note that the variation pattern
for hornblende shows concentrations in the north and north-
west portions of the stock, whereas high plagioclase content
is mainly in the southeastern harf of the intrusion.

Blotite

The other nafic mineral- present Ín the canoe Lake

stock is biotite. chloritie pseudomorphs and prinary biotite
appear as plates and irregular, elongated flakes measuring

1.0 to 2.0 mm. across. primary biotite is mainly green-brown,

varyíng to yellow-brown. Most of the biotÍte has been coil-
pletely altered¡ it is preserved in only 29 of the tSO
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Figure 6. Contour plot of modal pereent hornblende,
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counted thin sections.

The quartz diorite intrusion has a fresh and al-
tered biotite content of as mueh as lJ percent. Figure ? is
a contour plot of modar pereent biotite showing an irregurar
variation pattern, The nain trend. of the eontour varues is
northwest, although a faint northeast trend. is also present,
paralleling the contotr patterns for plagiocrase, quartz, and

hornblende. Three areas of high biotite content (more than 10

percent) occur within the exposed portion of the intrusion;
one high is centred near Ross Lake, and the other two are
located ín the Hall Lake - Love Lake region"

Accessories

Minor accessory minerals present in the canoe Lake

quartz diorite are sphene o sagenitie rutile in biotite and

chlorite, apati"te, zircon, and minor opaques (mainly rnagnetite
with associated ilmenite and hematite). Mierocline is another
subordinate constituent of the quartz dionite intrusion, but
its maxÍmum coneentration is less than 2 pereent. This potas-
sium feldspar is usually present in traee amounts in the thin
seetions.

Numerous sulphide minerals are also present in the
cânoe Lake stock and they were ineluded in the primary mineral
count, although they represent produets of a late magnatie

hydrothermal stage. p¡nrite is ubiquitous and the most abun-
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Figure 7 , Contour plot of modal percent biotite.
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dant sulphide in the quartz diorite " chalcopyrite o molyb-

denite, pyrrhotite o and sphalerite are also contained with-
in the stock.

Paragenesis of the fntrusion

Figures B and 9 illustrate triangular plots of
quartz -plagioclase -mierocline and quartz-plagiocrase -total_
mafic minerals, respectively. superímposing Bateman,s (196r)

compositionat diagram on Figure B itrustrates that the t5o

modal analyses 1ie within a small part of the quartz diorite
region. The plotted points depict a straight line crystalri-
zation trend rnoving from the plagioclase apex and terminating
at nearly equal amounts of quartz and. plagiocrase " Figure 9

shows a much greater scatter of points when microcli-ne is
replaced by total mafic minerals " Àlthough a distinct crys-
tallization trend does not existo the general crystalliza-
tion path moves aeross the diagram away from the plagioclase

apex and more toward the quartz apex than the total mafic

mi.nerals position.

These two figures and the previously mentioned con-

tour diagrams suggest that crystallization was initiated in
the peripheral- and southeastern portions of the canoe Lake

stock as its present depth level. High concentrations of horn-

blende (more than 10 percent) in the north harf of the intru-
sion Índicate that the crystallization trend migrated rapid.ry
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toward this part of the stock after some initial separation

of plagioclase. The following erystarlization sequence is
ínferred for the canoe lake quartz d.iorite: plagioelase;
plagioelase and suecessive hornblende; plagioclase, becoming

more soda-richn hornblende, and biotite; and quartz with
contemporaneous erystallization of mÍnor amounts of the other
three minerals. The complexities of the four contour plots
indÍeate a,more intricate paragenesis than the sÍmplífied
crystallization sequence deseribed above.

ALTERATTON OF THE HOST TNTRUS]ON

Gs¡neral Statement

Definition of Hydrothermal

The word 'hydrothermal' has been used in a number

of different contexts and in order to avoid obscurities the
definition is stated below. The first sentence of the defí-
nÍtion states the interpretation used in this study.

"0f or pertaining to heated water, to the action of
heated water, or to the products of the action of heated
water' sueh as a mineral deposit precipitated from a
hot aqueous solution, with or without demonstrabre âsso-
ciation with igneous processes (arso, said of the soru-
tion itself), 'Hydrothermail is generalry used for any
heated water but has arso been restricted to heated
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water of magmatie origi-n. "1

Description of the A.Lteration

Hydrothermal alteration within the Canoe Lake stoek

is intense ¡ complex, and has been progressive through a num-

ber of sequentiar stages. This succession of events is pre-
sumed to be closely rerated in time, such that the entire
alteration process was essentially continuous and the various
types of alteration in any one stage were simultaneous (park

and MaeDiarmid, !9?O),

ït appears that the quartz diorite intrusion has

been subjected to at least four overlapping stages of hyd,ro-

thermal activíty. The types of alteration, visible on a
microseopic scale ¡ ârê given in decreasing order of impor-

tance ¡ serieitizatíonn saussuritization, ehJ-oritization,
carbonatization, and silicification. silicifieation and

chlorítízatj-on are the two most prominent alteration types

on a megascopic scale, oeeurring along fraetures. park and

MacDiarmid (tgZo) state that the types of minerals of hydro-

thermal alteration depend on! (1 ) the eomposition and tem-

perature of the metal-bearing fluids; and (z) the walr rock
cornposit j.on.

The younger felsic intrusions, genetieally asso-

1 Glossary of Geology, p. 34+,
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ciated with the canoe Lake stock¡ have und.ergone the same

alteration processes.

Alteration - Stage One

The first stage of hydrothermal alteratíon is
narked by extrenely fine-grained alteration products. pragio-

clase has been replaced by mÍnute flakes of sericite, whieh

tend to concentrate in the cores or inner zones of zoned

crystals or to be randomly distributed in unzoned plagioclase
grains" Twínning features are only slightly obliterated.
srnall patehes of carbonate or ehlorite and fine-grained eri-
nozoisite may or may not have been present in this stage of
alteration.

A plot of tstal pereent sericite and museovite

would represent all sericitization which has reached altera-
tion stage one or any sueeessive stage. This prot is depicted
in Figure 10" Four major areas of high percentage serieite
(more than 2J percent) are visible in the diagram: in the

Bag Bay - Love l,ake region, near Canoe l,ake, in the Squaw-

cuthbert-Bamage T,akes area¡ ârrd along the south contact of
the stoek" These areas of high sericitízation coruelate

moderately well with high percentage plagioerase. A. notieeable
feature of Fígure 10 is the northwest trend of the eontour

lines r ãs opposed to the northeast trend of the percentage

plagioclase contours.
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Figure 10. Contour plot of modal percent serieite for alteration
stages one to four.
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The mafic minerars were also subjected to minor

alteration effeets durÍng stage one of the hydrothermal al-
teration proeess. Hornblende has been partially replaced by

biotite and fine-grained epidote and carbonate. Biotite
shows slight repraeement by stringers of ehlorite and. seat-
tened f,ine grains of epidote.

Alteration - Stage Two

During the second stage of hydrothermal arteration
plagioclase was subjected to continued replacement by

coarser-grained sericite, minor carbonate and. chlorite
patches¡ and fine-grained aggregates of clinozoisi.te.

Figure tI represents a contour plot of stages two,

three r and four sericitization in the canoe Lake stoek. The

areas of high serieite (more than 1J percent) eorrelate with
those of high total sericite in Figure 10, although they are

more loealized. This areal decrease in sericite concentration
shows the progressj-ve nature of the alteration,

Second stage hydrothermal alteration also pro-
duced continued effeets on the mafie minerals. Hornbrende

grains contain biotite altering to ehloriter Dorê fine-grained
epidote, patches of carbonateo and minor leueoxene and quartz.
Itlagnetite also made an appearance in hornbl-ende at this al-
teratj-on stage. Biotite was subjeeted to further chroritiza-
tion with assoeiated fine-grained epidote, minor leucoxene,
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Figure I!, Contour plot of modal percent sericite for alteration
stages twor threer ârld four.

.;<-'--:----l-l--
-t 1q:5c'
+?'39 ' N

t,

I

'12 0 ,r1 It r _ 

-

4e

r-,5-

()

/-^\\
$,.))-_,5/
\-lOl

(?,o

to

r:-ì7-'

/,Þ
19

! crv'tz

A
#'1
SHOA

!A(E

^e

Legend

Intrusive Contact

Contour Interval 5%



-37

and nagnetite.

Alteration - Stage Three

coarser-grained flakes of white mica or muscovite,

randomly oriented in plagioclase grains, appear in this hy-
drothermal phase. Large carbonate and ehlorite patches are

also present and numerous aggregates of fine- to eoarse-
grained elinozoisite have been noted in the central portíons
of plagioelase grains. fhe twinning features are moderately

to poorry preserved at this stage and in extreme cases the
alteration produets become nearly pseudornorphic after pri-
mary plagioelase.

Hornblende and biotite have been subjected to in-
ereased alteration during thÍs third hydrothermal stage and

in many p-lae.es., pseudornorphs are arr that remain of the ori-
ginal nafie constituents, -A.bundant chlorite, eoarse-grained

epidote, large carbonate patches (some with rhombohedrar

calcite crystals), elusters of btocky magnetite grains,
clouds of leucoxene, and fine-grained quartz have adopted

the hornblende crystal shape, while chlorite, epidote, minor

magnetite and leucoxene, and rutile are pseudomorphic after
biotite,
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A.lteration - Stage Four

This fourth alteration phase involved the last
available hydrothermal solutions. The result is veins and.

stringers dissecting the quartz diorite stock on a mega-

scopic to microscopic scale, The hydrothermar fracture fil-
lings are mostly quartz and chlorite¡ while rnicroscopic

veinlets eontain one or more of museovite, eh]-orite, earbo-

nate, epidote, and quartz. Figures lZa and 1Zb are photo-

micrographs of epidote and carbonate-ehlorite-muscovíte vein-
lets, respeetively,

Stages three and four sericitization are combined

in Figure ti to show four areas of high serieite eoneentra-

tion (more than 10 pereent), These local-ized highs represent

the finar result of progressíve sericitization in the canoe

Lake intrusion. The four regions are Bag Bay, Canoe Lake

love Lake, the south contact¡ and Squaw Lake.

Figures 74, t5, L6, and L? illustrate contour plots
of pereent chlorite, clinozoisite, epidote, and carbonate,

respeetively, for the four stages of hydrothermal alteration
conbined. High eontour values for ehlorite and epidote cor-
relate noderately well with eontour highs for both of the

primary mafie minerals. Cli.nozoisite appears more high1y con-

centrated in the centrar portions of the canoe Lake stoek,

which agrees with areas of high percentage plagioclase. The

percentage earbonate contour diagram shows a rough correla-



Figure !2a, Photomicrograph of an epidote vein resulting
from hydrothermal alteration stage four,

Figure tzr., Photomierograph of a carbonate-ehrorite-musco-

vite vein resurting from hydrothermal- alteration stage four.
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Figure 73, Contour plot of modal percent sericite for al-teration
stages three and four.
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FÍgure tl+, Contour plot of modaL percent chlorite for alteration
stages one to four.
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Figure !5, Contour plot of modal percent elinozoisite for altera-
tion stages one to four.
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Legend

Intrusive Contact

Oontour Interval

Figure 16, Contour plot of modal percent epidote for alteration
stages one to four.
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Fígure I?, Contour plot of rnodal percent earbonate for alteration
stages one to four.
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tion to the eontour plots for pragiocrase and hornblende,

Discussion

Distribution of Total Alteration

Total hydrothermal alteration in the canoe Lake

stock ranges from 20 to 6J volune percent, according to the
nodal analyses. The author has arbitrarily divided the de-
gree of alteration into three categories: low degree, 20 to
lJ percent¡ moderate degree, ii to 45 percent; and high de-
gree, 45 to 6J percent. photomicrographs of the quartz dio-
ríte withi.n each of the three alteration categories are

shown in Figures 18a, 18b, and j.8e.

Figure 1p shows a contour plot of pereent total
alteration. Two large areas of high alteration (more than bJ

pereent) are observed from the diagram; the first is in the
canoe Lake - Love Lake area, and the seeond. is in the Ross

Lake - squaw Lake region. The most prominent feature of this
eontour diagram is the two-dj-reetional trend of the contour
lines. A major northwest trend. exists i-n areas of high al-
teration, whieh are separated by areas of a low to moderate

degree of alteratíon. A northeast trend to the lines is
present within these regions. This trend. is better defined
by the low contour values, The two contour trends are parallel
to the strikes of the two sets of pre-hydrothermal_ fractures.
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Figure 1Ba.

least degree

O.5 nn

Photomicrograph of

of alteration and

quartz diorite showing the

zoning in plagioclase.

Figure 1Bb, Photomicrograph of quartz diorite showing a

moderate degree of alterati-on,



Figure 1Bc. Photomícrograph of
highest degree of alteration.

_47

quartz diorite
Note the patch

showing the

of zoisite.
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These fraetures acted as the ehannelways for the hydrother-
mal solutions.

The normati-ve plagioclase values, taken from the

Niggli norm data in Appendix rr, were plotted against percent

total alteration. Figure 20 ilrustrates that plagioclase
tends to be more albitic in areas of high alteration, whereas

the andesine eomposition has been artered to oligoelase in
areas of low alterati-on.

Iate Magmatie Versus Metasomatic Alteration

At least the first stage of the hydrothermal artera-
tion process j-s assumed to be late magmatic or deuteric. per-

haps the three successive phases are arso late magmatic or
perhaps the deuterie proeess is followed by metasomatism. This
latter possibirity requires the introduction of hydrothermal

solutions from sources external to the canoe Lake pluton. ff
metasomatism did occur, it raises the difficult question as

to where the external sourees were 1ocated.

Through careful field examination of hydrothermal_

veins, numerous thin section studiesr and personal eommuni-

cation with Dr. A.c. Turnoek, of the university of Manitoba,

the author has eoncluded that the hydrothermal fluids were

genetically associated with the granitic intrusion. Reasons

for this decision are listed as follows ¡

t, Late magmatie feLsic intrusions and quartz veins are
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numerous in the Canoe Lake stocko

supply of water-rich fluids from

magma.

indicating the abundant

the crystallizing granitic

2. Thin section examination shows an almost continuous

progression from one stage of hydrothermal alteratíon to the

next stage. A more distinct break in the alteration pattern
would be expeeted if netasomatie processes were superimposed

on deuteric alteration effects.

3, The hydrothermal solutions responsible for the de-

posited mineralization in porphyry copper-molybdenum deposits

are generally regarded as late magmatie in origin.
4, [he steady trend lines for the major oxides and trace

erements, when ptotted on T-,arsen variation diagrams, suggest

that the entire hydrothermal event was genetieally related to
the granitic pluton.

5, Sulphur isotope data from mineralized samples of the

Canoe Lake quartz diorite indicate an igneous association for
the sulphide minerals and therefore, for the hydrothermar ::

solutions that transported the metals.

Burnham (796?) postulates two magmatic hyd.rothernal

solution hypotheses, The first assÌrmes the hydrothermal de-

poslts and assoeiated igneous rocks to be corlinear descen-

dants of magmas. rn this theory most of the netal-bearing,
water-rj.ch fluids were derived from magnas during emplaee-

ment and crystallization. The seeond hypothesis assumes the

hydrothermal sorutions to be cognately related to the asso-



ciated igneous rocks through a common source. The first of
these two proeesses ís thought to best represent the hy-
drothermal arteration events in the canoe Lake stock. The

close assoeiation of pervasive and vein-type hydrothermal
arteratíon, eopper-molybdenum -zinc minerarizationr and pre-
hydrothermaL fractures eaused by cooling suggests the deri-
vation of hydrothermal solutions during erystalrization of
the quartz diorite mass.

ïn deseribing the santa Rita stoek, NiêIson (rgeg)
derives the sequence of hydrothermal and mineralization events o

whíeh ane similar to those present in the canoe Lake stoek.
A solid shell is dever-oped from early erystarlization and

then fractured with felsie dike emplaeements. Remaining hy_

drothermal solutions migrated outward through fractures and

depositedn in sequenee, veÍnlets of pegmatite, barren quartz
and nolybdenite-bearing quartz, pyrite-charcopyrite-molyb-
denite veins, and pyrite-quartz vei-ns"

CHEMTCAL TRENDS IN THE HOST INTRUSTON

General Statement

Thirty representative sampres were chosen for che-
mieal analysís j 15 from the mineralized Squaw Lake area, and

15 from the remainder of the intrusion (s,ee Figure zt), t¡/hole

rock and trace erement analyses were run on each sample
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Figure 2I, Distribution of the control points for the contoured

chemical analyses plots.
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(Ta¡les 2a and 2b), and morybdenum was d.etermined in sampres

108-18 and 108-2Ä. A brief summary of the methods used. in
these chemical anaryses is given in Table 3 and the precision
and aceuracy of the determinations for the various major

oxides and trace elements are gíven in Tables 4a and. 4b,

Contour plots of weight percent of the major oxides

and trace elements were construeted and Larsen variation
diagrams were plotted,

Discussion of Chemical Trends

Spatial Distribution of Chemical Data

The pereentage contour diagrams for the major oxides

are shown in Figures 22 to 33, si02 and 4110, are concentrated

within the eentrar part of the canoe Lake stock. These oxides

have areal highs of more than 68"0 pereent and more than

75,2 pereent, respeetively, FerOr, FeO, KZO, HZO, COZI Tie2,
MnO, and PrO, in contrast, tend to be more highly eoncen-

trated away from the central area of the pluton. Both MgO

and KaO show major highs (more than 2"0 percent) near Love

Lake (see Figures 2J and. 28, respectively), Figures 26, Z?,

29, and 30 illustrate concentrations of CaO, NarO o H20 o and

C02o respectively, in the Squarv Lake region.

Contoured values for percent sulphur are depicted

in Figure 34" Distinct concentrations (more than O,ZO per-
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Table 2a, Whole rock ehemical analyses - percen-

tage values for the major oxides and sulphur,

Sample

Number
si02 hr}o 

3
Fer0" FeO Mgo CaO Naro Kza

25-7
38-7
59-ts
67-4
62-7
6? -t
93-3
97 -t

L03-r
1 0B-18
I0B-2k
110-1
It!=2
112-7
77? -2
T2B-I
r32-t
1 ?O-1

750-7
77I-T
rg4-t
206-7
2t+2-7
267 -t
294-r
296-r
2AO-1

30? -7
312-7
326-7

167 ,30
68,15
66 "20
66,95
66,45
70"90
68"05
65,45
66,60
69, ss
?t,oo
69,60
6? ,90
67 ,90
70 "95
69.90
69,35
66,60
67,65
6?.20
6? "go
65,80
68 "65
67 "? 

j
7r.60
70 "t5
67 ,60
69,60
68.go
6?.90

75 ,02
!4,62
t4,50
74 "35
15,78
15,39
75,53
15 "27
L5.!2
tl+ ,65
14 "26
r5 "49
15,20
74,6t+

T5,I!
L5,39
15,38
75 "!6
75 "05
t4 ,59
75,07
75 "26
r4.gt
15,6t+

tl+,96
15,Lþ9

L5,I8
r5"56
L5 'I+4
L5.37

O"BB

r,7o
7,34
3 ,24
7 ,09
o,4z
o,+9
2"07
0 "?B
1"11
t,72
0,53
0.67
0,67
7,13
t "35
t,7l+
t ,Lþ9

t,53
r,37
I "I+6
7,71
0.68
t.g5
0. 83

0"5!
7 "7?
0,77
7 ,50
1 ,58

1 .80
1, "60
2,!2
2,16
2,!2
1 ,08
!,92
2,AB

7,96
0,?B
o. 14

I.22
7,72
1 .84
0,72
!,28
7 "36
7.92
1 .08
o,?6
I.02
7,52
!,32
7,68
L,12
7 "68
1 .08
7 ,l+l+

t,12
7 "72

!,78
1 ,81
r.l+6
7,70
r,96
0,85
7 "30
7,go
r,3g
0,93
o,6l+

2,02
7.38
7,25
!,03
o.g5
7 ,09
T,B3
1,44
7 ,09
7 "96
2,52
1 ,83
r.26
0,70
t "13
t,4t
7,5t
7 ,50
7,78

I2.BB
ll,os
lt.re
It.zo
lr,u,
3 "l+7
3.00
ll"04

3. oe

2,86
1 ,59
3,95
3.25
3,?0
j,68
2,95
3,3r
2,9!
2.30
3,29
2.92
z.26
2. Bg

3.65
2,88
z "68
2"75
2.66
3,29
3.75

13,70
lu,o?

li\:
I +.zl
I s.tu
lr"uu
l5,oo
| +, or
I t.rt
l+.ø,0

l*,go
l+,+s

lu.t,
14,a3
l+"go
5, O5

l+,Bj

5.00
5,73
5,23
4,38
4.?o
l+, Sj
5,23
5,L5
4,?B
4,86
Lr ,l+3

3,8?

12,t6

It, s+
I ,57
o '91+
1,38
o.37
t,66
t ,02
1"9r
2,73
7,86
o,zl+
1.¿lB

7,3?
0,53
1,64
0,95
r,66
2,07
z.z4
t "Bg
z "68
r.60
r.66
0,93
I ,07
1.BB
7,12
7,78
t,g5

I
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Tabre 2a, (cont. ) whole rock chemical analyses per-

centage values for the major oxides and sulphur.

Sample

Number

Hzo c0
2

TÍ02
'ro 5

Mn0 S Total

25-7

38-t
59-ts
6r-t+
6z-t
6z -t
93-3
97 -t

103-t
1 0B-18
708-2A.

110-L
777-2
1I2-1,
717 -?
tzg-7
732-t
739-t
150-r
r7t-1
7gt+-7

zo6-t
242-7
267't
294-t
296-7
299-1

307 -1
312-r
326-t

7,86
I ,53
L,69
1 .80
r "9?
t "03
!.82
1,56
!,92
1,þ0
1,04
I,l+3
t.7L+

7 "63
1 .08
7,21+

1.18
L,6t
L ,54
1)O!aþ./

0,9?
I,92
7 ,56
0,gl+

7,og
1,24
1 lLlL

7,30
7,tg
1,¿lB

I t.g9
I t.r,
I

12,79
o,28
!,96
0.55
r "72
0,69
2,00
2,76
2 "27
o, j2
1"20
!,24
0,33
0, 06

0,43
7 ,59
t "+3
2,77
0,73
L "30
r,43
0"38
o "35
o "l+6
1,76
0"18
0.14
0.72

o,l+5

0.48
o,l+2

0.38
0,37
o "26
o,3t
0,5L
0,39
0,28
o "27
0,34
0"41
o "37
0,29
0,31
o,2B
0,51
0.38
0,38
o. llo

0. &g

o.4o
0,41
o "32
o "34
0,36
0,37
o.þL
0,39

0,13
0,13
0,13
0,1þ
0,12
0, 08

0.73
0,18
0,74
0, 08

0. 0B

0.10
0,12
0. 11

0,09
0, 08

0. 10

0"13
0,r5
0"1þ
0,!6
o,7g
0. 10

0"1L
0. 0B

0. 09

0 "15
0. 11

0"11
0.73

I

lo'03
lo.o3
I

lo.04
0, 03

o. oll
0, 01

0 ,02
0" 06

0,02
0"03
0,02
0, 03

o, ol¡,

0" 03

0 ,02
o"o¿þ

o "02
o. 04

0. 03

0. 03

0. 03

o. oll
0,05
o. 04

0"03
0, 03

0. 03

0. 03

o. 04

0, 03

o. ¿rB

20)

o. ol+

0,27
1,33
0.!2
0.08
o. 04

0"10
0 ,02

0. 03

I lo.9a
I gg.9i
I

| 99.90
!00,26
1 oo. 06
gg,58
gg,B4

99,81+

99 "31+
1oo. 1ll
700,16

99 "79
gg ,60
99,75
oo ol./ /. ./¿

99,77
99,64

1 00. 15

99,65
gg ,68
gg ,68
99,79

100. 11

1 00. 00

!00,12
1 00. 03

100. 1g

99.57
99,7 5

1 00, 01
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Table 2b, Whole rock chemical analyses

ppm. values for the trace elements,

Sample

Number
Rb Ni Cu Co Zn Pb Mo

25-t
38-1
59-tB
6t-4
62-r
67 -t
93-3
97 -t

t03-t
1 08-1B
1 0B-2A

110-1
t77-2
712-7
77?-2
128-7
L32-r
T39-L
750-L
r?7-1
tgt+-t
206-r
242-7
267 -t
294-7
296-7
299-t
307 -t
312-t
326-t

I

r+9

4o
4g

3t
4t
1B

6B

39

5o
85

5e
10

4Z

45
2t
33
4z

3B

4B

t+g

57
<2

3B
t+5

20

33

5o

33
43

57

t4
r3
11

10

t2
10

2

6

5

2

l+

2

10

5
It,

I4
t2
75

20

3r
I
I
ã(

5

19

11

77

77

L9

3

6oo

3660
I+B

329
75

3o
l+

Ðs
775
204
22t+

373
r23O

7t+6

83

32
4

7

72

L

6o

94

11

11

5

7

7

7

¿)

1

4
2

2

1

3
Lt,

1

3

4

3

9

2

?

Õ

6

Lþ

Lt,

7

9

B

7

3?
4g

72
265

B6

2B

t+z

5B

39

30
t6
3Lþ

67

4g

6z

3o
¿o

55
4g
t+z

t+3

52
4l
t+j

t+z

¿lo

46
tt'6

4B
t+6

5

76

32

55
¿)
r5
25
)?

?5

27

3o

3o

50
23

15

t3
23

1g

17

73

33

?8

22

t3
2B

t6
79

79

17

7?

950
10
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Table 3, summary of methods used in the analyticar laboratory

- Department of Earth Sciences, University of t{anitoba,

Element Method

(rotar )

5l_

A1

Fe

l{g
Ca

K

Ti
Mn

X-ray Fluorescence Spectrometry: Weighted
sample plus LLZB¡O? pll" L^ZOj heated in gra-
phíte crucible at 1050"C. for I/Z horar." Re-
sulting glass bead with H"BO" (totat weíght =
2.1000 grams) ground to -loo"""h and then
eompressed to 50,000 p. s. i. . Elements then
simultaneously analyzed on multi-channel ARL
X-ray Spectrorneter.

Nar0, Mg(Low)

Cu, Nin Co,
Pb, Zn, Mo

Atomic A.bsorption
dissolved with HF,
crucibles Perkin

Spectrophotometry: Rock
liZSO4, HNO j in platinum
Elmer 303, A..4.. S.

Pza5 Colorimetry - solution as for NarO above ¡

Absorption at tgO ny of molybdivanadophos-
phoric acid complex Uni_cam Spectrophotometer.

Fe0 Roek decomposed with HF and I,4 H2S04 solu-
tion titrated with KrÇrrO, using Sodium Di-
phenylamine Sulfonate as indicator.

Heo (rotat) Determined by heating sample in stream of dry
oxygen in induction furnace (temp. >11OOoC. ).
HZO collected on Magnesium Perehlorate and
weighed.

coz Determined simultaneously with HZO, COZ col-
lected on A.scarite and weighed,

Determined by heating sample in induction fur-
naee with oxygen flowing through combustion
chamber" S0o evol-ved is then titrated. Leco¿
Induction furnace and automatic tit¡'ator,
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Table 4a, Precisíon and accuracy

of the major oxides and sulphur.

tonstituent Concentratíon
%

Instrument
Precision

Aecuriaey of
Replicates

si02

A1^0^¿J
Fe rO, ( rotar )

Meo

Ca0

Kzo

Mn0

Tio2

Naro

Hzo (rotar)

coz

'ra 5

Fe0

S

59.60

g,3t+

10, 08

4,ol+

70,22

2,69

o,l+7

0.¿+8

l+,ZO

1 ,60

1,15

0,20

r0,92

0.785

o- Std 
"

Dev, 0

0.12

0,05

0,017

0. 0¿t

o,02

0, 0L

0. 01

0 ,02

0, 01

0. 03

0,05

0. 01

0. oo3

0,20

0,13

0. 03

0.10

0"0?

0, 01

0. 01

0 ,02

0, 05

0, 06

0,12

0. 01

0. 04

0, 005
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Table 4b. Preeision and accuracy of the trace elements.

Constituent Concentration
ppm.

ïnstrument
Precision

Accuracy of
Replicates

Co

Cu

Ni

Pb

Rb

Zn

Mo

53

þo

77

34

228

108

27

o Std. Dev. c

L.0

1.0

1.0

2.0

1,0

1"0

3"O

2,0

2,o

3,0

3,0

2,O

2,0

5,0
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Figure 25, contour ptot of weight percent Mgo from the chemical
analyses 
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Figure 30, contour plot'of weight percent coz from the chemical

analyses.
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Figure 3?. Contour plot of weight percent
analyses.
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Figure 34, contour plot of weight percent sulphur from the
chemical analyses.

.t 
j+c 5q'

r'99' N

I

ECHO AAY

oL
-o

$ sor

I
I
I
t

-t

k::-"- t

t
I

¡
I
a

+-_
___-,

I

\.-.-.-.------.- Legend

fntrusive Contact

Contour Interval O,Z%



6g

cent) exist at squaw Lake and Potter Laker which coincide

with the areas of most intense porphyry type copper minera-

lization.
Trace element contoured ppm. results are seen in

Figures 35 to ¿lO. Rubidiun, eopper, eobalt, and. Iead have

major concentrations in the squaw Lake area. Figure 36 ilrus-
trates a sma1l high (more than 2.8 ppm, ) for Ni near love
Lake. Major concentrations of Zn (more than 50 ppm. ) are

present near Canoe Laker Love Lake, potter Laken and at
Squaw Lake.

Larsen Variation Diagram Results

Plots of weight pereent for the major oxides and

trace erements against the coryesponding Larsen index num-

bers diagramnatiearly show the trends during the erystalli-
zation of the quartz diorite stoek (see Figures 4!a, 41b,

41c, and ¿+1d ) .

Wíth progressíve solidification the granitie mag-

ma was enríehed in Si0r, and less distinctly, in KrO and COr.

There oecumed a major decrease in FerO, and Fe0, and a

slight impoverishment in A1r0r, CaO, TiOZ, PZOS¡ ârrd MnO.

constituents that remained moderately steady in eoncentra-

tion during the crystallization process were NarO and i{rO.

Figure 42a, showing a plot of sulphur concentra-

tion versus larsen index numberr eontains two points that
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Figure 35, contour plot of ppm. rubidium from the chemical

analyses.
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Legend
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Figure 36. Contour plot of ppm. nickel from the chemieal analyses.
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Figure 37. Contour plot of ppm, eopper from the chemical analyses,
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Figure 38, Contour plot of ppm. cobalt from the chemieal analyses.
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Figure 40, contour plot of ppn" lead from the chemieal analyses,
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Figure ¿+1b. Larsen variation diagrams for percent MgOr cao,
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break away from the overall trend. rt is justifíable to dis-
regard these two sulphur concentratíons when examining the
trend, because both these samples were taken adjacent to
mineralized veins and do not represent a typical quartz
diorite sample.

Figures Vza, l+zb, and 4zc show the traee elements

protted against their Larsen index numbers. The trend. line
for rubidium increases moderatery toward the finat stages of
crystallization, copper shows a major inerease in concen-

tration with deereasing temperature near the end of magmatie

activity. The plots for nickel and zine display minor de-

ereases in eoncentration as the crystallization process was

continued" Finally, eobart and lead are noticeabry steady in
their concentrations throughout crystallization of the canoe

Lake quartz diorite"

Conclusions

The erystallization process within the canoe Lake

stock can be deduced from a study of the contoured ehemical

anaryses with modal contour plots for the primary and al_tera-

tion minerals. Although the soridification pattern appears

complex and írregular, a poorry developed trend from the
outer margins to the eentrar portions of the quartz diorite
intrusion is discernible.

Si02 and 4110, show high concentrations between
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squaw Lake and Bag Bay, indieating later erystallization of
the intrusive eentre. The centrally Iow eoncentrations of
îer0, and MgO substantiate this conclusion, although low

values of KrO, HZO r and C0, in the core of the pluton appear

to contradiet a late erystallization. The author suggests

that these oxides may be eentratly coneentrated at greater

depths than illustrated by the present level of erosion and

due to imegular upward migration of the hydrothermal soru-

tions they beeame offset frorn the exposed centre. The pre-

sently exposed internal high degree of alteration (Figure

19) is controlled by high serieite, ehlori-te, and. clinozoi-
siteo whereas carbonate is eoncentrated away from the centre.

The major area for metal-bearing hydrothermaL ac-

tivity was in the Squaw Lake - Potter Lake region, as de-

picted by high eoneentratíons of sulphur, copper, cobalt,
zincr lead¡ ârrd molybdenum"

The eontoured chemieal analyses and modal contour

plots are in general agreement with the results of the Lar-
sen variation diagrams.

STRUCTURAL FEATURES OF THE HOST INTRUSION

General Statement

lhe Canoe

bodyo elongate in a

Lake stock is an oval-shaped igneous

northeast direction along the axial
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trace of an anticlinal strueture, which served as a favorable
site for the intrusion. The adjacent mafic metavolcanie and

minor metasedimentary roeks are foliated paralle1 to the con-

taet and dip steepry away from the stoek. carbonatized shear

zones aÏ"e contained in the metavoleanic rocks near the intru-
sive boundary, Pil-lows are elongate parallel to the igneous

margin and granitie dikes are buckled normal to the contact.
clifford (19?2) deseribes a similar situation in the Lake st.
Joseph area of northwestern Ontarior ârd attributes this
frattening mode to diapiric intrusion of a granitie pluton.

The massive quartz diorite stoek shows sharp eon-

taet features, intrieate fracturing, shearing, minor occur-

rences of xenoliths, and numerous younger felsic intrusions.

Foliation and Contact Features

Fl-ow Foliation

Flow foliation within the Canoe Lake stock is
oceasionally disttnguishable on a microscopic scale by par-

tial mineral alÍgnment and interlocking grain boundaries,

whieh suggest crystallization during sluggish flow of the

magma. This foliation is parallel to the north and south

contaets of the intrusion. Petrographie studies also indi-
cate minor nilling of grain contacts, yielding a protoclas-

tic foliation. This foliation type suggests movement of the



-86

granitic crystal mush during emplacement.

A megascopic flow pattern resemblÍng a fold is
present in the canoe lake area near the eontact zone. This
ford is unique r âs other similar features were not identi-
fied in the field" rt was probably caused by a swirling frow
motion in the granitie nagma during emplacement. plagÍoclase

and hornblende crystals show semi-parallel arignment d.ue to
flow movements. stríke and dip of the axial plane of this
fold are 166o/6oosw, and the axis plunges 5go/zloo,

These foriation features could be syntectonic if
the eentral porti-ons of the stoek are assumed to have been

mobile during regional d.eformation.

Cataclastic Folíation

The Canoe Lake stock displays cataclastic foliation
only within contaet zones and along shear zones. penetra-

tive eataelastic fol-iation does not oceì.lr throughout the een-

trar parts of the íntrusion, which suggests that the granitic
body was not pretectoniearly emplaeed. Dips of the foliation
planes within the intrusive contaet zone are everywhere

steep and away from the eentre of the stock. rn the north
and northeast the cataelastÍe foliation strikes approximately

east-v¡est and dips 75 to BJ degrees: in the south the east-
west foliation dips less steepry from 55 to 6J degrees.

This cataclastic foliation is well developed in
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hand speci.mens of the quartz diorite along the contacts and

at shear zones. Figure +3 illustrates a photomicrograph of a

foliated sample taken from the squaw Lake eontact zone" The

deformational fabrie is due to stringers of sericite and

large flakes of ehlorite being aligned in the rock. Broken

crystals and sheared and granulated grain boundaries are

numerous ín thin sections from the eontact areas, Involve-

ment of the alteration mínerals in this type of foliatíon
suggests that the outer margíns of the Canoe Lake stock

were crystallÍzed and altered at the tine of regional defor-
mation.

Brittle deformation along shear zones, which pro-

duced cataclasis in the quartz dioriter probably took place

during a later period of deformation. This is suggested by

the existenee of these shear zones withín the central_ por-

tions of the Canoe Lake stock, whieh were still mobile when

the cataelastic border foliation was produced,

Contact Features

The border of the Canoe Lake quartz diorite is
sharp and Figure 44a illustrates the distinet break between

the intrusion and the adjacent roeks. In other exposed areas

of the contact minor breeeiation and hybridization of the

two rock types has taken place. This is evident in Figure
1++b.
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Figure &1" photomicrograph of foliated quartz diorite from
the Squaw Lake area,
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Figure þI+a, Distinct contact between the quartz díorite stock
and the mafie metavolcanie rocks in the Bag Bay area.

Figure l+Ltb, Å less distinct contaet,
tion and hybridization of the quartz
mafic metavolcanic roeks in the Bag

resulting from breceia-
diorÍte intrusion and the

Bay area.
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The intrusive eontaet between Bag Bay and Hell-
diver Bay is believed to be fraeture-eontrolred. (Davies,

1972), sinee the edge is delineated by a series of perpen-

dicular straight lines. Foliation in the stock at this boun-

dary strikes paralrel to these rines and is vertical" The

struetural aspeet of the mafic metavolcanj.c roeks and mafic

to ultramafic Íntrusi.ons ís another notable feature of the
western contaet, These units have been subjeeted to regional
east-west faulting. According to Davies (tgZz) trre movement

appears to have been right lateral and to have post-dated

the igneous activÍty, Thus, the massive metavoleanic rocks
and mafic intrusions remained. resistent during the granitic
åntrusion and were forced to fracture to allow for emprace-

ment of the stock, Later shearing effects offset the frac-
ture-eontrolled boundaryo resulting in the observed perpen-

dieulaf lines. A major concentration of xenoliths is found

in the Bag Bay - Helldiver Bay portion of the canoe Lake

stoek,

A. number of pegmatitic offshoots are present in the
adjaeent rocks near the eontaets. Three smalln elongate off-
shoots of the granitie pluton penetrate the metavolcanic and

mafic intrusive rocks south of the Bag Bay area. These off-
shoots are eurved to forded, do not exceed a half mile in
lengthn and trend east-west to northwest. Figure l+5 illustrates
a folded and fractured quartz-feldspar vein runni-ng into fine-
grained gabbro. The photograph was taken near the southeast



Figure 45. A folded

secting fine-grained

Lake Narrows,

ot

and fractured

gabbro on the

quartz-feldspar dike dis-
north shore of Shoal
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contact of the stock at Labyrinth Bay.

Fracturing and Air pboto Lineaments

Fracturing and Shearing

The canoe Lake stock is riddled with fraetures
ranging in size from microscopic to tens of feet in length.
some of the air photo rineaments represent large fractures
extending up to a mile and a harf in length, The intricate
fracturing of the canoe Lake quartz d.iorite is typical of
porphyry copper mineralized granitie intrusions.

Over 1L00 fracture directions were measured in the
field. The fractures are vertieal in most cases. Fraeture
traees vary from straight to curved and in many plaees ra-
diate in straight rines through smalr angles or form horse-
taíling aggregates of eurved lines (see Figure t+6), spacing
measurements were difficult due to the Íntricacy of frac_
turing, although from available d.ata the average spacing
ranges from B inches to 1 foot, Figure llf iLtustrates the
fracture spacing in a less eomprexly fraetured outcrop.

-A- non-statistieal rose diagram of strike direetions
for all measured fraetures is given in Figure 48. Although
more fracture readings were taken in the welr exposed south
and southwest portions of the intrusion, the plot is essen-
tially unbiased because the various fracture directions are
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Figure t+6, Horsetaíling aggregates of eurved fractures in the

Canoe Lake quartz diorite near Squaw Lalce '

Figure 4?, Typical fracture spacing

tured outeroP on the north shore of

in & ].ess comPlexlY frae-

Sqr.aaw Lake,



Figure ¿t.8. A rose diagram

rections in the Canoe Lake

were plotted; sampling is

9t+

Concentration

of all measured fracture strike di-
stoek, (tt?O strike directions

non-statistical ) .
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uniform across the stock. A coneentration of fractures lies
within the looo to t?oo range. The largest coneentration
exists within the looo to 1090 interval. This northwest

fraeture trend is approximatery perpendieular to the eron-
gation of the Canoe Lake stoek.

More than one period of fraeturing has taken place

in the quartz diorite pluton, resulting in the pattern
portrayed by Figure 49. The fractures have been dated. as

pre- and post-hydrothermal alteration in age. The age rera-
tionships were significantry documented in a number of out-
crops, The major strike d.ireetioris of 2ll0 pre-hydrothermal

fractures were plotted in a rose diagram shown in Figure 50.
This diagram depicts a nain concentration along LiSo and a

nearly perpendicurarr less distinct eoncentration along oÎ so,
These two sets of fractures correspond to the eross joints
and longtitudinal joints of elongate igneous intrusions des-

cribed by Balk (1937), The northwest and northeast pre-hyd.ro-

thermar fraeture directions are eoincident with the two eon-

tour trends in the percent total arteration plot (see Figure

19). As nentioned earlier, Figure L9 shows a main contour

trend in a northwest direeti-on, parallering the main fracture
trend, and a subordinate trend in a northeast direction,
paralleling the less distinct pre-hydrothermal fracture trend.
Therefore, Figure 79 may possibly depict variations in the

concentration of these two sets of pre-hydrothermal fractures,
A statistical measure of the variation in fracture spacing
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Intrieate fraeture pattern in
from the formation of cross and

superÍ-mpos e d pos t-hydrothermal

the Canoe Lake

longtítudinal
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stoek n
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Figure 50, A non-statistieal rose

for pre-hydrothermal fractures in
strike directions were plotted).

Concentration

diagram of strike directions
the Canoe lake stoek , (ZI+O

E
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was not attempted, but the pattern of degree of alteration
may refleet it, such that the eloser the spaeirg, the higher
the degree of alteration in the intrusion. The abundance of
quartz-chlorite and quartz-carbonate veins along these two

pre-hydrothermal fracture directions substantiates the view

that these fractures acted as channelways for the hydrothermal

solutions causing alteration.
Fraeture-fi11ed veins have been subjeeted to

shearing effects in some places and the deveropment of slic-
kensides is prominent. Twenty-five sheared hydrothermal veins
have been plotted on the rose diagram in Figure Sr, An out-
standing eoncentration lies within the looo to 1o9o interval,
while a much less prominent concentration exists at right
angles. Other fractures, paralrel to the two pre-hydrothermal

fraeture trends but devoid of hydrothermal vein material,
are arso sheared as recognized by the srickensided fracture
waLls. A sheared quartz-chl-orite vein in the squaw Lake area

is shown in Figure 52"

Air Photo Lineanents

.R11 air photo lineaments within the intrusion are
plotted on the accompanying geologie ûâp, as well as the

major pre-hydrothermal fracture directions. These aír photo

lineaments are straight to curved and range in length from

about 1/4 nlle to more than 1 and !/z mlres, Measurements of
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of 25 strike direetions of sheared

fractures" (Sampling is non-statis-



Figure 52, a. sheared quartz-chlorite vein in the squaw Lake

area, Note the Írregular shape of this foliated hydrothermal

fracture -fi11ing 
"
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trend were taken on arl of these Iíneaments and two strike
directions were recorded where lineaments had a signifieant
curve, The dip of the lineament planes is assumed to be ver-
tiear or nearly vertieal. The resulting rose diagrarn is shown

ín Figure 53, A major trend is developed parallel to t+5o,

which is approxinately coincident to the second most promi-

nent pre-hydrothermal fracture dj-rection, Very few air
photo l-ineaments exist with strikes parallel to the main

northwest-trending pre-hydrothermal fraetures, Some of the

Ii-neaments are thought to represent large scare fractures:
others appear to be major shear zones. The latter interpre-
tation is substântiated by loear cataelastie foliatÍon paral-
lel to the Ii-neament"

Distribution of Xenoliths

Inclusions in the Canoe Lake stoek are infrequent.
Near the contacts there are small xenoliths, about 1 to 2

feet across, whieh are rounded to elongate in a northeast

direction, Foliation ís absent in the inclusions; they are

massive and usually fine-grained. Their boundaries are dis-
tinet¡ âs shown in Figure 54, arthough brurred reaetion rims

rnay be present (see Figure 55). Oñly one large xenolith
occurs in the quartz diorite stock; it measures ,+00 feet in
width and t70O feet in length" This fine-grained, massive

basalt inclusion is southwest of Love Lake and trends north-
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east" xenoliths appear to be most abundant in the Bag Bay

Hel-ldiver Bay area.

Figure 56 is a rose diagram showing the orienta-
tion of the long horizontal dimension of nine inclusions.
The prominent trend is sub-paralrel to the two-dimensional

long axis of the stock"

Younger Felsic fntrusions

Pegmatite Dikes and Quartz Veins

Pegmatitic phase intrusions are minor within the

canoe Lake stock. They tend to be restricted to a few potas-
sium feldspar-quartz dikes. These dikes may or may not occur
paralÌe1 to fracturesn but are not fracture-eontrolled" They

conmonly crosscut the pre-hydrothermar fnacture pattern. The

granitic offshoots from the canoe Lake intrusion are pre-
dominantly pegmatitic .

Quartz veins are common in the stoek. Blocky white
quartz is abundant along major pre-hydrothermal fracture di-
rections and sheared fracture directions (see Figure 5?).
srnalI quartz veins oecasionatly crosscut pre-hydrothermal

fracture trends o but are offset by post-hydrothermal frae-
tureso as illustrated in Figure 4?. The quartz veins are

commonly associated with chlorite * carbonate and display
sulphide staining"
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Figure 56, A non-statistíear rose d.iagram of the two-dimen-
sional elongation trend of nine inclusions.

05%
LI

Coneentration
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Figure 57, A sheared quartz-fill-ed fraeture in a small set of
parallel fractures in the Canoe lake quartz di-orite.
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Felsic Dikes and Ïrregular Intrusions

Quartz porphyry, quartz-feldspar porphyry, feld-
spar porphyry, and fine-grained granodiorite intrusions per-
vade the canoe Lake stock, Their concentration is d.ecreased

in the adjacent roeks. These felsic rocks occur as dikes and

irregurarly shaped intrusive bodies, whieh may extend beyond

the limit of the outcrop. The contact zones of the stock

appear to favor these dikes, although they are distributed
throughout the entire granitie mass. The weathered surfaee

of the felsie Íntrusions is sinirar in coror to that of the

quartz diorite. where this latter rock contains abund.ant

quartz eyes the two granitic units are texturally simírar
and not easily distinguíshed.

Contacts between the stock and the felsie dikes

are distinctr âs shown ín Figure 58, although some break-

up and mixing of the quartz diorite has oceurred. in places

(see Figure 59). Figure Jp shows the ftow line pattern de-

veloped in a moderately wide quartz-feldspar porphyry dike,

These flow Iínes are parallel to the contacts of the dike.
Figure 6O is a rose diagram of 2J felsic dike

strike directions. A main eoneentration trends northwest

and a subordinate, nearly perpendicular, direction trends

northeast. These strike directions are parallel to the two

pre-hydrothermal fracture trends. Post-hydrothermal frac-
tures were observed to cut the díkes in some places. The
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Figure 58, Distinet contact between a younger feLsíc dike
intrusion and the quartz diorite pluton,

Figure 59, Minor break-up and mixing of the

ín a younger quartz-feldspar porphyry dike,
developed flow line pattern ín the dike.

quartz diorite
Note the well
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Concentration

Figure 60 " .4. n'on-statisticar rose diagram of the strike
directions of 2! younger felsíc dike intrusions.
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younger felsic intrusions are berieved to be genetically
rerated to the quartz diorite stock and probably represent
an early hydrothermal phase prior to the atteratiion and

mineralization stages .

Svnopsis of Struetural proeesses

Imposed on the Canoe Lake Stock

The structural features of the stock represent
more than one stage in a continuous deformatÍonal process,

which aeted on the synteetonic minerarized intrusion, The

initial feature o related to the cooling and solidification of
the quartz diorite pluton, is depicted by two pre-hydrother-
mal fraeture sets striking oJJo and nio and dipping ver-
tically, Other vertical pre-hydrothermal fracturesn which

resulted from cooling of the granitic magma, are abund^ant

parallel to 1050 and t65o,

Following emplacement and the numerous stages of
hydrothermal alteration and nineralizationr late brittle de-

formation resulted in shearing of the pre-hydrothermal frae-
tures with preferential trends of 1050 and 1500, Fracture
waIl slickensides are horízontal, however no rerative sense

of displaeement could be determi-ned. A possible interpre-
tation to aeeount for this movement is portrayed. in Figure
67 " The interpreted maximum principal stress direction is
perpendieular to the long dimension of the intrusion, sug-
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gesting that this brittle deformation was a rate stage of
one continuous deformational process.

Davies (tg6g ) interpreted the faults and shears,
trending 1o5o in the adjacent rocks of the Bag Bay - Herr-
dÍver Bay area, as right lateral shear zones. These linear
features may have been produced. by the same stress conditions
which acted on the stock after emplacement and solidifica-
tion. Thus, the shears within the intrusion would also be

right lateral,
rn summaryo it should be rnentÍoned that the abun-

danee of porphyritic felsic dikes r lack of pegmatite veins,
laek of a penetrative foliation or rineatíon, sharp eontaets,
and intense fracturing are indieative of epizonal emplace-

ment of the Canoe Lake stoek (nuaaington, Ig5g),

MINERALIZÁ.TION PATTERN IN THE HOST INTRUSTON

General Statement

The canoe Lake stock is an epizonal quartz diorite
intrusion, whieh has been highly fractured, altered, and

mineralized, The sulphide minerals are ubiquitous pyrite,
ehalcopyrite, pyrrhotite, sphalerite, and molybdenite. Gord

minerarization is also associated wíth the stock.
The sulphide mÍnerals are eoncentrated near squaw

Lake and Potter Lake and a band, containing a relatively
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high percent totar sulphides (more than 0.2 pereent), extends

across the stock to Bag Bay. The hydrothermal arteration-
minerarization pattern is zoned in the squaw Lake area.

The copper-molybdenum-zinc mineralization in the

canoe Lake stoek ean be classified as porphyry copper type.
Although the mineralizati.on is not of ore grade and such a
possibility is rather remote, the type of sampling under-

taken in the area of highest copper-molybdenum-zine minera-

lization and the extent of overburden and water in the area

of most concentrated míneral oecurrences does not preelude

the possibility of the presenee of a signifieant porphyry

copper deposit (L. Kingr pêrsor,râl eommunication).

Description of Sulphide Mineralog¡

and Sulphide_Distribution

Copperr Molybdenum, and Zine Sulphides

The sulphide mÍnerals in the canoe Lake stock are,
in order of abundance, pyrite, chalcopyrite, pyrrhotite,
sphalerite, and molybdenite, Pyrite and chaleopyrite exist
as crystals and irregularry shaped grains; pyryhotite and

sphalerite oecur as grains; and molybdenite appears as fine
wisps and frakes in thin section. Figure 62 is a photomicro-
graph of disseminated pyrite and chalcopyriter and Figure

6l illustrates molybdenite and pyrite.
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O.5mm.

Figure 62" Photomierograph of disseminated pyrite and chalco-

pyrite in quartz diorite.
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Figure 63, Photomicrograph of pyrite
denite in quartz diorite. The sample

south of Potter lake,

and associated molyb-

loeation ís inme.dÍátely
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The sulphide minerars oecur in two major modes.

1. Disseminated crystals and. irregular grains are pre-
sent in the canoe Lake stock, Textural evidence suggests

their late magnatic crystallization.
2, the sulphide minerals oceupy nieroscopic stringers

and veinlets running through the quartz diorite and mega-

scopie quartz-ehlorite and quartz-ehlorite-earbonate veins
of magmatie assoeiation. lhese veins firl fractures and

smaIl shear zones" surphide staining is present in quartz
veins or in unfilled fractures as a wall coating, Figure 6U

illustrates a sheared quartz-chlorite fracture firling,
which contains pyrite, ehalcopyriter and minon amounts of
sphalerite. surphide staining along an unfilled. fracture is
shown in Figure 65" This reddish-brown staining has resulted
from the oxidation of pyrite. Molybdenite occurs as a fine
coating on smarl microfractures, which is termed molybdenite

'painto by clark (tgzz) in his paper on morybdenite stock-
work deposits.

Mieroseopic veinLets and. aggregates of sulphídes
are numerous in the quartz diorite stock, These stringers
usually contain one or more of quartz¡ ehlorite, and car-
bonate, associated with the surphide minerals, simple, pure

surphide mieroveinlets are also present¡ these are composed

of .predominantly pyrite and subordinate ehalcopyrite (see

Figure 66),

Copper, molybdenum, and zi-nc nineralization has
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Figure 6l+, A sheared quartz-chlorite fracture fillíng con-

tainíng pyrite, chalcopyríte, and minor amounts of nolybdenite"

Figure 65, sulphide staining along the walls of an unfilled
pre-hydrothermal fracture 

"



Figure 66, photomicrograph of a

in quartz diorite, The sulphide
chaleopyrite.

T7?

pure sulph,ide microveinlet
minerals are pyrite and
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pervaded the younger felsic dikes and irregularly shaped

intrusions as well as the quartz diorite. These porphyry
intrusions are especially abundant in the squaw Lake pot_

ter Lake area. Figure 6? is a photomicrograph of quartz_
feldspar porphyry with contained pyrite and chareopyrite.

The distribution of the various metals in the Canoe

Lake stock was presented earlíer in a description of the
chemical trends in the host intrusion. surphur, total iron,
eopper' and eobalt show concentrations in the squaw T,ake

Potter l,ake area, while lead and zinc are scattered over a
wider portion of the stock, Nickel shows a small concentra_
tion southeast of Love Lake. From these areal concentrations
it is eoneluded that iron, coppero molybdenum, and zinc are
predominantly in the sulphide minerals, cobalt and lead are
probably minor substitutes for copper or iron in chalcopyrite,
while cobalt may substitute for zinc in sphalerite and. for
iron in pyryhotite. The niekel content is not hígh in areas
of high surphun eoncentration and therefore, it is assumed

to be present in the sílicate rninerals"

Figure 68 is a triangular diagram for copper-zine-
lead and shows an approximate straight line trend fron the
copper apex toward the zinc end of the zinc-read tie li_ne.
This diagram illustrates a noderatery constant l_ead ¿zinc
ratio for the eopper-uine-lead systen in the minerarized.
Canoe lake stock.

Two copper oxide minerals are present in the minera-
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67 " Photomicrograph of pyrite
in a quartz-feldspar porphyry

and chalcopyrite con-

intrusive rock,
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more proninent mineraL is nalachite; the
azurite. Both occur as amorphous coatings

on oxidized quartz-chlorite-sulphide

Extent of Total Sulphide Míneralization

-4. eontour plot of percent total surphide minerals
is shown in Figure 69, The data for this prot came from the
1J0 modal analyses. The general sulphide distribution occurs
as a wider irregular band, trending para1Ie1 to the length
of the canoe Lake stock and stretching from squaw Lake in the
northeast to Bag Bay and Helldiver Bay in the southwest.

This band of mineralization eonsists of four anomalous areas !

near Bag Bay, east of Helldiver Bay, southwest of Love Lake,

and between squaw lake and potter Lake. The intensity of
mineralization agrees with the degree of total hydrothermal
alteration. This correlation is eonsistent with putman's

(tgzz) statement that the iñtensity of alteration corres-
ponds with increased total sulphide minerals, He mentions

that they both íncrease toward the centre of the host stock.
A more comprex pieture than this is shown in the canoe Lake

quartz diorite, where the eentre is not the only area of in-
tense alteration and mineralization.

Figure 69 depicts a modal percent total sulphides
range of 0,1 to more than 2.0 percent, More rearistic con-
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centrations of surphide minerals are observed from a study
of sulphur and the analyzed trace elements, The sulphu:r con-

tent ranges from 0.00 to z.gz percent. copper shows a maxi-

mum value of 366a ppm. in a highly fractured and nineralized
sample from squaw Lake. The next most highly eoneentrated.

traee metal is zinc with a maximum value of z6J ppm,, Lead

and cobalt reaeh naximum concentrations of JJ anð, zj ppm. r

respectively. A molybdenum value of 950 ppm. was obtained
in a sample of quartz diorite taken arong one side of a

hydrothermally-filled fracture, A typieal quartz diorite rock
gave analytical results of less than 10 ppm, morybdenum.

The eontour li"nes in the plot of pereent total
sulphides show two major trend direetions: one is to the
northwest and the other ís to, the northeast, Thís feature is
in agreement with the two pre-hydrothernal fraeture trend
directions and with the eontour trends for totar alteration.
Therefore, the relationship between the fractures, total
hydrothermal alteration, and minerarization processes is
emphasized.

Hydrothermal Alteration and Mineralization
Pattern in the Canoe Lake Stock

Introduetion

Numerous reports have been written on the important
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hydrothermar alteration and mineral-ization patterns in por-
phyry copper deposits, Meyer and Hemley (196? ) state that the

study of the mineralogicat and chemicar- variations in wall
rock arteration l-eads to the interpretation of the assem-

blages of alteration mi-nerals and to the dístribution pat-
terns of the alteration produets and surrphides. The hydro-

thermal alteration and mineralization in the Canoe Lake stock
shows a zonal pattern in the Squaw Lake - potter Lake area,

which is not consistent across the rest of the intrusion,

Types of Hydrothermal Alteration and Associated

Sui-phides in Porphyry Copper Deposits

"Most of the porphyry copper deposits are eharac-

terized by a similar pattern of lateral zoning involving sul-
phides and silieate alteration assemb1ages,,,l Four major

types of alteration have been documented by such authors as

Creasey (1959, 1966), Meyer and. Hemley (tg6?), Rose (t9?O),

and Lowerl and Guilbert (r9To) " These atteration types are

named potassic, phyllic, argillic, and propylitie o in order
from the core to the outermost zone" Lowel-l- and Guilbert
(t920) mention that mineralization zones are essentiarly co-

axial with these al-teration halos, Figures ZOa, ?0b, and ?Ac

ill-ustrate arterationu mineralization zoning, and a schematic

1 Rose (1970) , po 920.
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diagram of the occtlrrenee of sulphide minerals for a typical
porphyry copper deposit,

Hydrothermar alteration in the potassie eore of the
deposit eonsists of quartz with any two or art of biotite,
potassium feldsparo and minor sericite, The elay minerals are
not stable in this core" Lowell and Guilbert (tgzo) state
that the alteration is pervasive and veinlet in character.
These authors also mention that albitizatíon was not reeog-
nized in their study of the san Manuel - Kalamazoo deposit,
but that the potassium feldspar shows a greater soda content
than the originar orthoelase. Hydrothermal processes within
the potassic core have resulted in a loss in A1r0, o total
iron, MgO, CaO, and Nar0r ârrd a gain in KrQ, HZe, and. su1_

phur. Sulphide minerals assoeiated with the potassic core are,
in order of abundanceo pyriteu chalcopyrite, and molybdenite,
These minerals oecur as disseminated grains and in stoek-
work mi-eroveinlets, The chareopyrite eontent is high and the
pyrite:chareopyrite ratio is !zz, The distinetive sulphid.e
assemblage is chalcopyrite and molybdenite, with a notable
absence of sphalerite. spatiarlyo the potassie type altera-
tíon may be the most closely related to the sulphides (l¡]eyer

and Hemley, 7967),

surounding the potassic core is the phylÌie zone

of alteration. creasey ftgee) mentions that this zorLe grades

into the argillic zone if cray minerals are added or into
the potassic core if potassium fe]-d.spar is added" Quartz,
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serieite, minor ehloriter ârd minor rutile are the major
hydrothermal mÍnerars. rt is common to find plagioclase com-

pletely serieitized. Sulphide veinlets are more abundant than
dissemÍnated sulphides in this haloo whieh includ.es all of
the marginally mineralized and pyritic zones of the deposit.
The sulphide minerals are pyrite > chaleopyrite> molybdenite,
The ore zône overlaps the phylrie zone and has a cutoff of
o,42 pereent eopper. Pyrite and chalcopyrite exist in vein-
lets with a pyrite:ehalcopyrite ratio of 10¡1 in both the
phytlie and the outward argillie zone"

The argillie halo is peripheral to the phyltic zone

and "is the least well developed and the most líkely to be

absent in any given penetration of the ore d.eposit symmetry,,,1

The inner portion of the argirrie zone contaj.ns hyd.rothermal

kaolinite; the outer portion consists of montmorillonite. The

overall mineral assemblage is quartz, serieite, kaolinite,
and nontmorillonite. creasey GgAø) states that this halo is
charaeterized by strong leaching of lime and an absence of
epidote and calcite. The sulphides occur in veinLets and the
pyrite content is much greater than that of chareopyrite.

The outermost or propylitic zorre consists of a

wide dístribution of alteration assemblagês, which are less
distinctive than those of the inner zones. The main minerals
present in this hydrothermal arteration halo are chlorite,

1 Lowell and Guilbert (L970), p. j\j.
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carbonate, epidote u clinozoisite o and sericite " pyrite and

sphalerite are the dominant sulphide minerals and. chaleopy-
rite is rare. This zone may contain minor copper veins, but
this feature is not criticar to the definition of the propy-
litic halo. The sulphide mineralization is confined to vein-
lets and pervasive pyrite veins, smarl, row to high grade

silver and gold deposits are found beyond the outer border.

Delineation of Alteration - Mineralization
Zones in the Canoe Lake Stock

Three hydrotherrnal- alterati.on zones have been de-
termined in the canoe Lake stock" The alteration pattern is
shown in Figure 77" The zones are poorily developed, irregu_
lar, and contain insufficient copper mineralization to
reach ore grade. The alteration-minerarization pattern is
comprex and offset from the central- part of the granitie
intrus ion.

The irregular alteration-minerarization pattern,
extending across a major part of the stock, is a resul_t of a

deep level of erosion. Lowel_l- and Guilbert (tgZO) mention
that both the alteration and mineralization characteristics
appear to change verticarly in the san Manuel - Kalamazoo

deposit" The mineralization arso changes at depth" pereent

total sulphides becomes r-ess in the phyllic zone at deeper

l-evels (Lowell- and Guilbert, r9?o)" The canoe Lake stock
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shows the same at depth changes in the charaeteristic assem-

blages " Alteration biotite has been replaced. by chlorite in
the potassic and propyritic zones and the phyllic halo lacks
a discernible mineral assemblage.

Three alteration zones outlined in the canoe Lake

stoek are the potassic, phyrlie, and preopylitic. The argillic
halo is absent. Boundaries between these zones are grad.a-

tional and the mineral assemblages are not distinct. certain
críteria were used to draw aetuar boundary lines between the
zones. These three alteration halos are shown in Figure ?1.,

The innermost zone or potassic core, offset from
the centre of the canoe Lake stoek, is located inmediately
south of Potter Lake, rt measures approximately )zJ feet in
diameter. This hydrothermal centre was distinguished by a
FeO content of less than o.5o pereent and a Mgo eontent of
less than o,95 pereent (with two exceptions). Generalry the
potassic core shows considerable loss in caO and a gain in
K?o. Albitization of primary andesine was most intense in
this area of the stock. The mineralization within the potas-
sic core is charaeterized by pyrite > chalcopyrite ) molybdenite,
and an absence of spharerite. The surphides oeeur as disse_
minated grains and stockwork rnieroveinlets. The metal content
is t?5 to 435 ppm, copper, !6 to 30 ppm. zinc, and j.0 to g5O

ppm, molybdenite,

The irregular phyllic zone is the next outward al-
teration zone in the canoe Lake stock. Abundant sericite and
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small amounts of carbonate, epidote, and clinozoisite are

charaeteristic of this halo" The main sulphide minerars are

pyrite¡ chalcopyrite, oeeurring more commonly as veinlets
than as disseminations, Minor sphalerite and rnolybdenite are

found in the phyrtic zone. The outer boundary for this halo

was drawn at a eopper:zinc ratio greater than or equal to
one. The metal content in this alteration zone is variable.

The outermost or propylitie zone extends across

the greatest surface area of the canoe Lake stockr âs com-

pared to the areal extent of the other two halos. chlorite,
epidote r ârrd crinozoisite are the most abundant alteration
produets within this halo. The sericite content is generally

lower than in the phyllic zone, but this is not an absolute

rure for distinction, The sulphide mi.nerars in this outer-
most zone are predominantly pyrite and sphaLerite" They

commonly occur in veins and veinlets, It{inor chalcopyrite
is present in the propylitic zone and the areal d.efinition
of the zone is largely based on the existence of a copper s

zínc ratio of less than one,

.A.n attempt was made to outl-ine a pyritic halo in
the canoe Lake porphyry copper minerarization pattern. Modal

percent values for pyrite from eounted thin sections of
quartz diorite were eontoured, but a eontÍnuous halo courd

not be delineated. Figure 7t contains these contoured pyrite
percentages and shows that this irregular pyrite zone is
usually contained within the phyllic zoÍ1e or along the boun-
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dary between the phyllic and propylitie halos. The author
suggests that a more continuous pyrite hal-o could be de-
lineated as a result of more detailed sampling in the area.

Genesis of the Canoe Lake Stock

Porphyry Copper Minera.Iization

Numerous hypotheses for hydrothermar alteration
and mineralization proeesses in porphyry copper deposits
have been outl-ined by such authors as Stringham (1g5j, 1966) o

Schwartz (t966) , Bray (t969¡ , and many others.
Holland (79?2) presents numerous observations and

laboratory data which support the hypothesis for the deri-
vation of hydrothermal ore deposíts of magmatic association.
This hypothesis consists of three assumptions,

1, Granitic magmas possess a moderately high water con-
tent, r,vhich is released as hydrothermal_ fluids during pro-
gressive erystallization,

2 " The concentration of base metals in these fluids is
adequate to resul_t in metal- deposition.

3 " The deposition of the sulphide minerals is caused by

decreasi-ng temperature and pressure and the reaetions of
f l-uids with the wall_ rocks.

The preparation of the host rock for the *ig".tiort
of hydrothermal solutions was essential_ to the deposition
of the metars (schwartz, 1966) and the channelways were pro-
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vided by intense fracturing. Meyer and Hemtey (196?) suggest

that the hydrothermal mineralizíng fluids evolved in their
chemical characteristics as they migrated outward. This re-
sulted in the zonal pattern of mínera1 assemblages.

IVIoore et al. (tgøA) and Moore and Lanphere (19?I)

concrude from isotopie age dating at Bingham, utah that a

brief (Iess than one million years), but measureabre period

of tÍme separated the processes of magmatic erystallization
and subsequent hydrothermal alteration and mineralizati.on.

James (tgZt) has derived a hypothetical mod.el for
the shape of porphyry copper deposits. He concludes that the
body of primary hypogene concentrations of sulphid.e minerals
ís probably an inverted cup-shape form¡ âs d.epicted in
Figures 70b and |Oe.

Field and laboratory studies, together with a
survey of the various hypotheses eoncerning the formation
of porphyry eopper deposits leads to postulation of the

following sequenee of events for the mineralizatíon in the

Canoe Lake stock.

1. The intruding granitic magma is assumed to have been

moderately rich Ín water with adequate base metar eoncentra-

tions,
2, The magma partially crystallized upon cooli.ng, forming

a solid outer she11. .A.s crystallization progressed.n fraeturing
and shattering of this shell took p1ace.

3, Continued crystallization and decreasing temperature



concentrated the water-rich fluids and their contained
metals. The sulphides are eoncentrated in one of the }ate
crystalrizing portions of the stock, near squaw Lake and

Potter Lake, as delineated by the high Hro and sioz contents.
l+, These assumed magmatic hydrothermal- solutions af-

feeted the partially crystallized magma and were arso chan-
nelled upwards aÌong the fractures.

5, rntense hydrothermar alteration of the stoek in-
cluded at least four stages and during this process the potas-
sic, phyllie n and propylitic zones of al-teration were ereated
and the sulphide minerals - pyrite, chalcopyrite, pyrrhotite 

o

sphaleriten and motybdenite, were deposÍted.

6, The alteration products and associated sulphide
minerals are present in two modes in the canoe Lake stoek.
Hydrothermal activity caused one or more of sericite, chlo-
rite, earbonate, epidote, crinozoisite, and quartz, and any

of the surphides to replace the wall roek. The seeond mode

of oceurrence of the alteration produets is as fraeture fil-
lings, involving quartz, chlorite and./or carbonate, and sul-
phide mineral concentrations.

?. The quartz-feldspar porphyry dikes and irregularly
shaped intrusions are assumed to be very erosely related to
the mineralization process " They were emplaeed prior to the

eommencement of hydrothermal alteration and display the same

effects as the altered quartz diorite. Many of these felsic
intrusions are mineralízed, especially in the squaw Lake
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Potter Lake area.

B. The proeesses of granitic emplaeement, fracturing,
felsic dike intrusions, magmatic hydrothermal alteration,
and eopper-molybdenum-zi-nc minerarization appear to have

taken plaee within a short period of geologie time and each

sueeessive stage appears to have overlapped to some extent,
The poorly defined arteration-minerarization pat-

tern within the quartz diorite r the Low concentrations of
eopper¡ molybdenumr and zine (relative to a typical porphyry

copper deposit), and the irregularity of the total hydro-
thermal alteratíon pattern aeross the intrusion suggest that
the canoe lake stock has been subjected to a deep tevel of
erosion. The patchy distribution of the phyltic alteration
zone is presumed to be due to an upwelling of fluids from

more than one eentre of hydrothermal activity, loeated at
depth in the pruton. Erosion has now exposed. the locations
of these hydrothermal 'poekets'.

SUMMATION OF EVIDENCE FOR A PORPHYRY COPPER TYPE

CI"ASSIFICATION OF THE CANOE LAKE STOCK MTNERALIZATION

General Statgment

Titley (t966) mentions that the original meaning

of the term porphyry copper was used in a genetie sense and

applied to disseninated mi-neralizatíon in porphyritic acid.ic
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to intermediate igneous intrusive rocks, A more recent ap-
plieation of the term ís to "large n low-grade, epigenetic,
hypogene copper deposits mined by mass-mining methods.,,1

Lowell and Guilbert (tgzo) provide a very complete

definition of a porphyry copper deposit,

". . . a eopper and,/or molybdenum sulphide deposit con-
sistíng of disseminated and stockwork veinret sulphide
mineralization emplaced in various host rocks that have
been altered by hydrothernnal sol-utions into roughly
concentric zonal patterns.., The relatively homogeneous
and commonly roughly equidimensional deposit is asso-
ciated with a comprex, passively emplaced stock of in-
termediate composition ineruding porphyry units. rt eon-
tains signifieant amounts of pyríte, chalcopyrite,
nolybdenite, quartz, and sericite assoeiated with other
alterationo gangue, and ore minerals and metals inclu-
ding minor lead, zine, goldr and silver. Mineralization
and alteration suggest a late magmatic - mesothermal
temperature range. "2

The author erassifies the canoe Lake stock minera-
lization as porphyry eopper type in view of the above defi-
nition. The níneralization within the restricted squaw r,ake

area (nore than 100 ppm. Gopper) may be classified as a por-
phyry copper deposít, although the deposit is not of ore

grade,

1 Tit1ey (t9667, p. ix.
2 Lowell and Guilbert (1970), p. 3?5,
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Significant Features of the Mineralized Stock

Most of the characteristics of the mineratized
quartz diorite agree with the description of typical porphyry

copper type mineralization, These features are summarized

be low 
"

1. The composition of the intrusion is quartz diorite
with elosely associated (¡otrr in time and space ) subsequent

f el-sic i-ntrusions 
"

2. The intrusion is an irregularly shaped stoek with a

partially fracture-controlled boundary"

3, fntense fraeturing is the main structurat feature of
the Canoe lake stock"

4. The rock types that have been mineralized are the

quartz diorite, the felsic intrusionsn and to an insignifi-
cant extent the adjacent metavol-canic and mafic to ultra-
nafic rocks.

5, The magmatic hydrothermal alteration is i_ntense and

typical of porphyry copper deposits. Three al_teration zones

are present: potassic, phyllic o and propylitic,
6, The zonaL mineralizatj-on pattern within the stoek

includes pyrite, chaleopyrite, pyrrhotite, sphalerite, and

molybdenite. Their sequence from the core to the outermost

halo is : pyrite-chalcopyrite-molybdenite to pyrite-ehalcopy-

rite to pyrite-sphalerite, Peripheral gord occurrences are

present in the Bag Bay - Hell-diver Bay area"
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7. The sulphide minerals exist in two different modes:

as veins o veinl.ets r ârrd microveinlets which f ilr various

sized fraetures n and as disseminated grains.

A few typical porphyry copper features are mis-

sing in the canoe Lake stock. Firstr the intrusion does not

show supergene enrichment due to the lack of weatherÍng.

-A.Iso the grade of the mineralization is not of ore grade.

The age of the Canoe Lake stock - Archean, makes it a mueh

older intrusion than the typical porphyry copper igneous host

rock.

Table 5 lists the features of a typicat porphyry

copper deposit, as eompiled from Lowel1 and Guilbert (79?O)

and De Geoffroy and wignarl (tg7z), The characteristics of
the canoe Lake stock and íts associated mineralizati-on are

also listed in this table.

Diseussion

Classification by Type of Porphyry Copper Deposit

Numerous classif ications
copper deposit have been suggested

moderately similar in construction.

three classes for these deposits.

for the type of porphyry

and these appear to be

Titley (tgíø) tists

I, Simple deposits with the mineralization entirely
within the porphyritic host rock.
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Tabre 5, Features of the canoe Lake stock mineralization
compared to a typical porphyry copper deposit.

Features Typieal Porphyry
Copper

Canoe Lake Stoek

Pre-ore host rock: Preeambrian to late
Cretaceous seds.

Archean metavolcanics

ïgneous host rock:
Name

Age

Controlling strue-
tures
Charaeteristic
internal structure
Shane

Size
Emplacement depth
Type of intrusion

Sequenee of intru-
sion

Rock types minera-
lized

Quartz monzonite
65 m,y,
NE and NW faults

Intense fracturing

Elongate, irregular
4ooo ft. x 6000 ft"
Moderate to shallow
Stoek with asso-
eiated dikes
Dior. or granodior,

to
Quartz monzonite

to
Quartz monz. porph,
All * sediments

Quartz diorite
Archean
Anticline with axis
paralleI to NE

Intense fraeturing

Elongate, irregular
l-

^l) ml. xomr,
Shallow
Stock with asso-
eiated dikes
Quartz diorite

to
Quartz, feldsparu &

qtz.-feld. porph. &

fine-gr, granodior,
Quartz diorite +

felsic dikes
Ore body¡
Outward shape
Boundari-es

Percent in ig-
neous host
Dimensions

0va1, pipelike
Original & post-
ore faults
f0 percent

3500 ft,, x 6000 ft"

Mineralized area ¡

ïrregular
Oríginal & possible
faults
100 percent

üiax, 2 mi, x 2,5 mi"
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Table 5 (cont. ) Features of the

lization compared to a typical
Canoe Lake stock minera-

porphyry copper deposit.

Features Typieal Porphyry
Copper

Canoe Lake Stock

Hypogene alteration
Known extent be-
yond ore
Peripheral zorÊ

Outer zone

Intermediate zone

Inner zone

Innermost zone

Zoning from centre

Exposure leveI

2500 ft,

Chlorite, epidote,
kaolinite (skarn)

Chlorite, epidote
ealeite

Quartz, kaolínite,
sericite, mont-
morillonite
Quartz o serieite o

pyrite
Quartz, K-feldspar,
biotite, sericite
Potassie-Phy1lic-
.A.rgi I I ic -Propylit ic
ïnner or innermost
zone

Max, 3 mi,

Chlorite, epidote,
clinozoisite, car-
bonate
Chl-orite, epidote o

elinozoisite, car-
bonate
Quartz, sericite n

minor carbonate

Quartz n sericÍ-te u

pyrite
Quartz, albitízed
plagioelase, senieite
Potassic -Phyl1ic-
Propylitíc
Innermost zone

Hypogene mi-nera-
lization ¡

Peripheral altera-

Outer alteration
zone

Galena, sphalerite
silver¡ gold
Pyrite, galena,
sphalerite

Pyrite, sphalerite,
go1d, arsenopyrite
Pyrite u sphalerite,
mínor chaleopyrite
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Table 5 (cont. ) Features of the

lization compared to a typical
Canoe Lake stock minera-

porphyry copper deposit"

Features Typical Porphyry
Copper

Canoe Lake Stock

Hypogene minerali-
zati-on (cont" )¡
Intermediate al-
teration zone

Inner alteration
zone

fnnermost altera-
tion zone

Zoning sequence
from centre

Overall abundance
of major minerals

Pyrite >¡ chaleopy-
rite > bornite
Py: cpy = 23 zI
Moderate total sul-
phides
Pyrite > chalcopy-
rite > molybdenite >

bornite
Pyrepy = 73zI
High total sul-
phides
Pyrite > chaì-copy-
:rite > molybdenite >

bornite
Py:cpy = JzI
Low total sul-
phides
Chalcopy., molyb"

to
Pyrite

to
Galena, sphalerite,
s j-Iver r gold

Pyrite ) chalcopy-
rite > molybdenite >

bornite

Pyrite >> chalcopyrite
Copper: zinc > 1

Pyrite > chalcopyrite
(minor sphalerite )

Pyrite > chalcopyrite
2 molybdenite

Chaleopy,, molyb.
to

Pyrite, chalcopyrite
to

Pyríte, sphalerite
to

Pyrite ¡ gold, arsenopy.
Pyrite > chalcopyrite
> molybdenite
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Table 5 (cont. ) Features of the canoe Lake stock minera-

lization compared to a typicat porphyry eopper deposit.

Compiled and adapted from Lowel_l- and Guil-bert (tgZO) and

De Geoffroy and Wignalt (t972) 
"

Features Typieal Porphyry
Copper

Canoe Lake Stock

Oceumences of
sulphides:
Peripheral aI-
teration zone

Outer alteration
zone

Intermediate aI-
teration zone

ïnner al-teration
zone

fnnermost altera-
tion zorre

Veins

Veins * veinlets

Veinle ts

Veinlets > dissemi-
nati-ons
Dísseminations >

mierove inlets

Ve ins

Veins > veinlets

Veinl-ets >> dissemi-
nations
Veinlets > dissemi-
nations
Disseminations +

microve inlets
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2, sirnple with the minerarization entirery in the
adjacent roeks.

3, complex deposits with the minerarization occurring
both in the igneous and adjacent rocks.
Brown (t969) suggests that porphyry copper deposits may be

subdivided into four distinct groups according to their
depth of intrusion and complexity.

1. simple - annular stockwork mineraLization around a

sma1L, eylindricat intrusive stock.

2. Eraborate similar in structure to r, except more

developed as a result of either increased depth or more eom_

plex intrusive activity"
3, complex - the same as z, except that the deposit has

undergone faulting.
4, Prutonic - this type oceurs in roeks having an es-

sentially granitoid texture ' and which are elosely associated
with porphyritíc j-ntrusives. Both these roek types have the
same type of minerarization and alteration. The surphid.e
deposit is rel-ated to a parallel or conjugate system of veins.

The squaw Lake porphyry copper deposit is best
deseribed by type 1 of Titley (tgeø) and by type 4 of
Brown (t969),

Porphyry copper Mineralization in Northwestern Ontario

It is of interest to note that although porphyry
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copper mineralization is considered to be essentiarly ab-
sent in the Precambrian shierd of canadao the squaw Lake

deposit is not unique in northwestern Ontario.

"During the past few years copper and molybdenum minera-
rization has been reeogni-zed in several porphyritic,
epizonal, felsÍ-e plutons in Early precambrian roeks of
Northwestern Ontario. The prutons vary from quartz-
ferdspar porphyries typical of many metavoleanic areas
to equigranular to porphyritic medium-grained stocks
ranging in eomposition from trondhjemite to quartz mon-
zonite. where mineralized they are highly fractured and
al-tered, They are commonly found in or bordering meta-
volcanic-metasedimentary belts. n,,,1

GOTD UINERALIZATTON IN THE INTRUS N AND ADJACENT ROCKS

ÏNTRODUCTION

General Statement

Occurrences of gold in quartz-chrorite-carbonate
veins are present at the southwest contaet of the canoe Lake

stoek. I\{ining operations were in progress irregularly until
the late 1930's. Accounts of the gord mining in shoal Lake

were written by Parsons (1911 ), Greer (7937), and Thomson

(tg3ø, 793?) 
"

1 Riley et al. (tg?t), p. 30,
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the history of gold mining in Shoal Lake began in
7893 when an rndian took a number of gold-bearing sampres from

Bag Bay to the manager of Hudson's Bay company store in
Kenora, Ontari-o" The pronising nature of the specimens 1ed

the manager, ¡{r. c. Bunn, and Dr. s.s. scovir to take up the
property and eommenee mining operations, This created the

Mikado mine, whieh is located on the south shore of Bag Bay

near the quartz diorite contact" Tt was later sold to col.
Engledue of London, Engrand, and his associates and mining
continued until 7903, when the property was shut down inde-
finitery. ulr. H.A.c. Illachín had the mine pumped out to the
fourth l-evel in 19L0 and had assays made on the ore from the
dumps and tailing pi1es, The result of these endeavors was

the formation of the Kenora prospectors and Miners, T,imited,

which took over the property. The Mikado operated periodíea11y

from 1895 to t93t before abandonment. Table 6 shows the pro-
duction history of the Mikado mine, which was one of four
principal producing mines of the Lake of the woods region
in the late 1890's (Parsons, LgtI),

The cedar rsland or o1d cornucopia mine also went

into production a few years after the first gotd d.iscovery.

This míne is loeated about 1 mile west of the Mikado on

cedar rsland in Bag Bay. The Kenora prospectors and Minersn

Limited owned this property as wel-l as the Mikado and other
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Tabl-e 6, Gold produetion in the

Bag Bay - Hell-diver Bay area,

compiled from data in oLd issues of the Ont* Dept, Mines

reports 
"

Producing Mines Years Tons Value Years Prod!' ex-
ceeded $50, ooo

Cedar Island
( Cornueopia )

7896

7932

1935

1936

77,050 $rz+ o146 r936

Míkado 78g6-rg02

r97A

tgtT

7931

5?,873 #t+zr, o?o 1 B9e -1 9oo

0lympia rg06

L97t

1972

rgt5

ru5g8 It.r?Bz
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claims in the vieinity. Thomson (79j6) mentions that gold.

recovered from the Cedar Island mine in the early days

amounted to $f560, Production from Cedar Island. is summarized.

in Table 6" underground development of this property con-

tinued in 1935 and 1936 and a ¿lo-ton milr was installed to-
ward the end of t%5. Thomson (1937) states that in 1936 up

to the end of March production totalled ZZOZ,63 ounees of
gold and O.!5 ounces of silver per ton of ore.

There were a number of other properties in the Bag

Bay - Helldiver Bay area during the gord nining period" The

Tycoon loeation is on a smal1 island in Bag Bay. A shaft was

sunk at this site in the hope of intersecting the gold-bearing

IlÏikado veino which would have come elose to the isl-and if it
had been eontinuous, Failure to diseover the vein resulted in
removal of equipment and abandonment of the mine. The Bullion
mine is located east of the Mikado with its shaft at the con-

taet of quartz diorite and massive basalt. A test pit was con-

structed, but was not developed any further and the shaft
was soon abandoned. The sirdar mine is located north of the

Bullion mine. The shaft was sunk rz5 feet in quartz diorite
and quartz-feldspar porphyry, but was abandoned because of
the lack of vein material. The Olympia mine is situated on

the northwest arn of Helldiver Bay, rt was deveroped in the

early 1900's and four years of productÍon occurred during
the period 1906 to tgts, Greer (I93I) mentions that a few

thousand dollars worth of gold was reeovered during opera-
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tions in 1912 and 1975. A small stamp milr on the property
handled treatment of the ore. The production history of this
property is summarized in Table 6, A fina] loeation which

deserves mention is the Yum Yum property, situated on the
shore of shoal Lake about 1.J miles west of the Olympia. A

shaft was sunk to a maxÍmum of about 200 feet, but dj-scovery

of the pinching out of vein material 15 feet berow the sur-
face resulted in termination of the work.

DISTRIBUTTON OF GOID MINERALIZATTON

General Statement

Gold oceurrences within the study area are located
near the Bag Bay and Helldiver Bay portion of the granític
contact zone, More than a dozen properties are concentrated

in thís area. Most of the shafts were eonstructed in the ad-
jacent basalts and mafic to ultramafic intrusive rocks, but
the Tycoon rocation, sirdar mine, and crown point mine were

developed in the quartz diorite stoek.

The gold deposits oecur in quartz, quartz-carbonateo

quartz-ehlorite o and quartz-carbonate-ehroríte veins wÍth
assoeiated pyrite. These fracture fillings trend north to
northwest.

It is possible that these gold-bearing veins are
genetíeally related to the hydrothermal activity within the
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quartz diorite stock.

Local Setting and Distínet
Features of tbe Minera_lizatig!

Oceumenees of gold are numerous between Bag Bay

and Helldiver Bay" The aecompanying geologic map indicates
the locatíons of the old properties and past-producing mines.

The author visited many of the old mining pro_

perties, but investigations were l-imited to the dumps and

tailing pites, unfortunatery these piles have been thoroughly
picked over since the early 19oo,s and well mineralized vein
samples were not available" Descriptions of the nineralization
are briefry included Í.n reports by parsons (tgtt), Greer (rgjr),
and Thomson (19j6, I9j?),

Most of the mines are located in the adjaeent roeks
near the intrusive contact. The cedar rsland mine is situ-
ated on an ísland in the southwest part of Bag Bay. The ex-
posed roek is fine- to medium-grained basalt and amphÍbolj.te,
Numerous díkes of quartz porphyry, quartz-feldspar porphyry,
granite' pegmatite, aplite, and lamprophyre crosseut the

mine workings (Thomson, 1936). carcite, feldsparo and quartz
veinlets are assoeiated with the dikes. The mineralized vein
materialo striking t35o and dipping 69osw., typically follows
the aprite dikes arong their eontacts with the greenstones,

but iR some places angles away from the dikes and is trans-



151

formed into a stoekwork of quartz veinlets in basalt. Gold

values in these stockworks generally deerease from those in
the vein material (Thomson, I93?), Aplite dikes grade into
quartz vein material in other plaees, produeing lentieular
and deformed bodies of quartz.

The main gold-bearing vej-n at the north end. of
cedar rsland is set in a schistose zoîe of basalt and amphi-

bolite. The vein consists of quartz, ehlorite, and carboniate.

Thomson (tgl6) mentions that there are two generations of
vein quartz, Fine-grained, sugary quartz forms the eanrier
material, whieh usually contains chlorite stringers. The vein
is fraetured and fine-gra5.ned sulphides line the fracture
wal1s" Pyrrhotite, arsenopyriten galena, sphalerite, chareo-

pyriteo native gold, and two generations of pyrite are asso-

ciated with the silicic vein material. Thomson (I%6) states
that distinet crystars of pyrite are first generation, foI-
lowed by fine-grained pyrite, which surrounds the earlier
formed crystals. Native gold is closely associated with the

fine-grained pyrite and occurs as tiny veinlets in quartz. A

later generation of white quartz crosscuts the first genera-

tion quartz and sulphides. When Thomson (Igj6) investigated
this vein materiar at the 144-foot level he discovered that
the vein measured 180 feet Ín length and averaged I,4?6
ounces of gold per ton across a distance of 46 inches.

The Míkado mj.ne is one of the more geologically
j-nteresting locations, rt is situated on a coarse-grained
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pegnatitic offshoot of the canoe Lake stockr the contaet of
which lies less than 400 feet to the east. This offshoot
strikes east-west and divídes into two tongues about 350

feet west of the mine. The major mÍneralized vein intersects
this dike and strikes r1oo with a northeast dip of g5o. This

lentieular-shaped vein crosscuts other smaller granitie dikes
at depth. The main ore shoot was located at the intersection
of the vein with the pegrnatitic dike (Greer, rgjr). The wal]-
rock of the pegmatite vein is massive fine- to medíum-grained

basalt.

At the Mikado mine the nineralized material eon_

sists of quartz, partly divided into bands by stringers of
ehrorite, sericite n and tal-e. Pyrite o charcopyrite o bísmu-

thiniteç molybdenitee and malachite were identified by parsons

(tgtt) " Free gold was noted and some specirnens were of high
grade. Three veins were míned at the Mikado. The first vein
had a width of ll to j feet and consisted of white to bluish-
white quartz with assoeiated narrow bands of darker quartz,
chlorite r and sericite, Most of the gord recovered at the

Mikado eame from thís vein. Average assay values for a part
of the No. 3 vein were $4,00 per ton (parsons, !9tI),

The Tyeoon and sirdar mines are located within the

quartz diorite stock. Little vein material was found at either
of these locations, although pyrite and siderite aLtering to
hematite at the Tycoon and pyrite and ehalcopyrite at the sir-
dar were noted by Parsons (IgtI), Numerous tailing samples
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of sheared quartz diorite showing sl-ickensides and. surphide-
staining were observed in the field,

The ore was reported to contain motybdenite at the

Bullion mine as well as other surphides occurring at the Mi-
kado, The dump material does not contain highry mineraliz,ed
samples, but a test pít in a nearby vei.n shovss molybdenlte

and small amounts of free gold"

The Yum Yum property is located in massive gabbro

with minor vein materiar, whieh pinches out at a shallow

depth. A.gain the vein contacts are distinct and foliated.
The vein material is predominantly quartz with

abundant calcite at the 0lympia mine. The vein contacts are

sharp and schistose, but the foriation quickly disappears,

leaving massive gabbro and amphibol-ite,

Genesis of the Gol-d Mineralization

Riley et al, (tgZt) mention that l0 percent of the

gold deposits in northwestern Ontario occur in epizonar fe1-
sic Íntrusions, Thirteen percent of these intrusions are

fine-grained quartz and quartz-feldspar porphyry dikes and

17 percent are fine- to medium-grained trondhjemite to
quartz diorite.

"Yet these intrusions, occurring within or along the
margins of the metavolcanic-metasedimentary beIts, form
only B percent of the belts and suggest a genetic rela-
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tionship between gold deposits and. felsic intrusions,,,l
The proximity of gold oceurrences to the Canoe

lake stock at its western margins suggests that the minera-

lization is genetically related to the granitic magma,

RELATÏON BETWEEN THE GOLD AND COPPER MINERALTZATTON

General Statement

The Canoe Lake stock contains both copper minera-

lization and gold" The porphyry copper minerar-ization pre-
doninates and extends across a major portion of the intru-
sion, The occurrenees of gold are confined. to the west con-

tact and are more abundant in the adjacent rocks than in the
quartz diorite.

The question arises as to whether or not the gold

and copper mineralízation are related to the same sequenee of
hydrothermal activity.

Extent of Both Types of Mineralization

Copper mineralization of more than 50 ppm, extends

across most of the Canoe Lake stock. Figures 3T and Jp show

the contoured chemical anatyses for ppm, copper and zine,

1 Riley et al, (Ig?I), p, 38,
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respectivery" Both these metals are present in sulphides

dj-sseminated in the quartz diorite mass or in hydrothermal

veins filling fractures. The mi-neralization is concentrated

in the squaw Lake - Potter Lake area, Morybdenum is found

near the south shore of Potter Lake, marking the central
zone of the deposit. Figure 69, a contour plot of pereent

total sulphides o shows that the mineraLization is concen-

trated near squaw Lake and decreases across the intrusion,
forming a moderately continuous band from squaw Lake to
Bag Bay" The porphyry copper mineralization is essentialry
restricted to the quartz diorite intrusion"

Bag Bay is the major area of gold mineralization.
The gold-bearing quartz veins are restricted to contact re-
gions between the quartz diorite stock and the adjacent rocks

and many of the ord mining properti-es are in the rnetavolca-

níc and mafic to ultramafic intrusive rocks, GoId occurrences

extend as far south as Hetldiver Bay and yum yum point. Gold-

bearing veins are not found in any other portions of the

Canoe Lake stock"

Discussion on Genesis of the Gold

and Copper Mineralization

The author was unabl_e to establish the existence

or nonexistence of a genetic relationship between the cop-

per-molybdenum-zinc deposit near Squaw Lake and the gotd
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míneralizatíon in Bag Bay.

A genetic assoeiation with the porphyry copper

míneralization is favored for the following reasons.

1. Porphyry copper-molybdenum deposits typieally eon-

tain associated gold mineralization at their outer edges.

2, The hydrothermal gotd-bearing veins are mineralogi-
eally, texturally, and structurally similar to those con-

taining copper-molybdenum-zinc mineralization. Both types

of vei-ns eonsist of one or more of quartz, chlorite, and

carbonate; show medium- to coarse-grained textures and

schistose margins; and strike east-west to slightly north-
west with steep to vertieal dips. Many of the gold-bearing

veins show srickensides similar to the shearing features

of the copper-bearing veins.

3. The assoeiation of chalcopyrite n pyrrhotite o spha-

lerite, molybdenite, and pyrite with gold-bearing veins

suggests their possible genetic nelationship to the porphyry

copper minerali zation,

The oeeurrenee of most of the gold-bearing veins

in the basalts and mafie to urtramafie intrusions adjaeent

to the Canoe Lake stock suggests that the gold mineralization
may not be a part of the porphyry copper hydrothermal acti-
vity, which is essentially eontaíned within the granitie
intrusíon. rn any case, the gold-bearing hydrothermal sol-u-

tions must have been aetive prior to shearing, but post-

dating pre-hydrothermal- fracturing.
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GE0PHYSICAL ANp GEOCUFMICAL pAT.{ FOR

THE CANOE I,.A.KE STOCK

GEOPHYSTCAL RESULTS

General Statement

Geophysical data obtained during this study in-
clude specifíc gravity measurements and magnetic suscep-

tibility determinations. More than 30 samples were used for
this colleetion of data. A contour plot of aeromagnetie

vaLues aeross the Canoe Lake stock is also inel_uded.

Specific Gravity Results

Laboratory Techniques

Density determínations were earried out using an

Ohaus Triple Beam Balance with a weight capaeity of 2610

grams. Copper wire was attached to the balanee and a small

platforn for the rock samples was suspended from it. Each

rock was weighed once in air and once in water" A test was

made to determine whether or not fractures in a roek affected

its weight measurements and therefore, its speeific gravity.
Thís was done by taking five samples and drying them tho-
roughly in a Preeision Scientific Heated Vacuum Dessieator
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at 100oc., using a vaeuum pump. The dried sampres were then

weighed in air and in water and returned to the dessicator.
The dessicator was compretely fill-ed with water and covered

and the temperature lowered to about Booc. . The f l-ood.ed

samples were removed from the dessicator after approximately

24 hours and weighed in water, They were subsequentry dried
and weighed in air.

Ðiseussion

Table 7 records the l0 samples with their weights

in air and in water and their resurting specific gravity
values. The formula for density is shown below,

Weight in Air
Density =

Weight in Air - Weight in Water

The resurts of the two runs for the five test samples are

shown in Table B. rt is evident that the fractures have a
relativery minor effect on the resulting density values.

Figure 72 is a contour plot of the 35 density
measurements. The overall range in specific gravity across

the stock is consíderabl-e: from 2.63lJ) to Z"?+(I) g,/ee,.
Dobrin (7960) mentions that the density range for granite is
2.668 to 2.?85 g,/ee,. Therefore, the density values for
the Canoe Lake stock are not unique.

The contour map illustrates a continuous high (more

than 2"70(0) g"/ee.) in specific gravity around the outer
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Table 7 " Speeific gravity determinations

for the Canoe Lake quarlz diorite stock,

Sample No" \,Veight in
Air (g, )

Weight in
Water (g. )

Density (9,/
cc a )

1 0-1
25-r
36-r
3B-1
4z -t
6? _t
93-3

I72-1
122-1
t28-7
739-t
rUt+-r
r50-7
r52-7
7?7-7
794_7
t99-r
206-7
236-7
239-t
2t+2-t
252-r
267 -t
283-t
29tt'-7
296-t
2 0Q-1
307 -1
372-7
326-1

466 "72
7 53,8t
870,47
690,36
7r? ,29
B5B. 1 0
gg2,)0
322 "7464? ,8t
666 , oB

7017 .86
901. ,53
Bt+s "35
516 , 02
t+93 

"? 94gB,98
?70,65
393,66
605.46
619,39
69t+ "3iBtþ,t+4
7 5I+,38
Bo3,g7
3Bt+ "Ijt+gz 

" 55
B58 "76gg3 

"874?),65
585 "39

292,46
4?2,?B
512,28
436.79
453,8t
535,52
625,09
202,52
4o7 .34
4rB 

" 54
640. oz
5?Z ,66
528,45
324.39
37O.2!
309,82
4l+5 "t?246 "t4
37 9 .3r
389,98
435,52
512 "324?B . o?
505 " 9L+
z4o "90
309 "l+?
537 ,33
623,t+z
299,50
368,7r

2.6? (B)
2,69 (2)
2"77(7)
2,77 (6)
2.72(2)
2,66(o)
2,70(2)
2 ,69 e)
2"69(3)
2"69rc)
z ,69 3)
2.74 (r)
2,66 (? )
2 .69 (2)
2 ,68 (g)
2,63 Q )
2"67 rc)
2,66 (B)
2,6? (?)
z ,69 (9)
2,68(2)
2 ,69 (5)
2,73 (0)
2,69Q)
2"68O)
2 ,69 (o)
2.6? (4)
2 ,68 (2)
2,77 (g)
z .69 (t+)
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Table B" Specific gravity test results,

Run Nurnber 7

Sample No. Weight in .&ir
(g" )

Weight in Wa-

ter (g. )

Density (g,,
cc )

763-t (ary )

(wet )

193-t (ary )

(wet )

2!3-t (dry¡
(wet )

282-I (¿ry)
(wet )

374-r (¿ry)
(wet )

816,7t+
816 

" 53

6?L+,28

6? 5.44

7 09 ,99
7 03 ,87

963 "15
962.68

790 "73
? 92 ,49

573 " 52

574 "36
t+24 

"95
426,58

44? .? 9
449.o3

610"81
6to "99

500.tI
502,1+9

2 ,69 (5)
2,70(0)

2,7 o (z)
2 "71(7)
2"70(5)
2"75(g)

2,73 (2)
2 "?3 (5)

2.72 (2)
2 "73 (0)

Run Number ?

Sample No, Weight in Air
(g, )

Vireight in Wa-

ter (e. )

Density (g, /
cc. )

763-t (ary )

(wet )

793-7 (dry)
(wet )

ztj-r (dry )

(wet )

282-7 (dry ¡

(wet )

371+-7 (dry )

(wet )

Br6,5g
876,27

674.?t
6? 5.? g

703,25
704 "36

963.16
962 "95

790.65
793,41+

513 "Bg
57+,34

425.?z
427 "zz
L+l+8 .I?
450,t7

6rr,3z
6tr "69

5oo " 
84

503 ,93

2.69(5)
2.70(2)

2,70(?)
2 "77 (6)

2,75w)
2"76(B)

2 ,73 rc)
2,73 (g)

2,72 (6)
2 "73 ß)
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margins of the quartz diorite intrusion. One additional high
density area exists at the east shore of Love r,ake. The rea-
son for this isolated high is not knor¡n. The high density
contaet portions generally grade inwards to lower values at
the centre of the stoek, Two contour lows (less than 2,68(0)
g,/ce,) trend essentially parallel to the elongation of the
granitic body. Because the specific gravity determinations

were perforned on quartz diorite samples, there would be no

effect on the data from the adjacent rocks unLess hybridi-
zation had oceurred" care was taken to select samples which

represent the quartz diorite composition and which are Lo-

cated away from the contact zone 
"

Cain Qge+) mentions that because rock d.ensity ís
dependent on mineral compositionr the type and intensity of
alteration, nature of the mafic minerals, plagioclase com-

position, and other factors would influence the density va-
lues" He also mentions that if the composition of biotite is
variable across the íntrusion, the specific gnavity would be

expected to vary. The author believes that a similar situa-
tion is present in the Canoe lake stock, where a range in
density for ehl-orite is to be expected. Low density values
(less than 2.68(0) g./ec.) in the quartz d.iorite intrusion
show a poor correration with low quartz content, High speci-
fie gravity values (more than z,?o(o) g"/ee.) show moderately
good correlation with high plagiocLase and chlorite contents

and a poor comespondence to high hornblend,e, biotite, c1i-
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nozoisite, and epidote contents and to high al-teration.
Cain ftge+) offers another alternative on which

density is dependent:

". . . as speeific gravity (and other variates ) will pre_
sumably show vertical variabílity within the mass, the
areal- distribution pattern eould be merely the result
of erosion to different levels,,,1

Magnetic Susceptibility Data

Laboratory Techniques

Thirty magnetic susceptibility determinations were

made on crushed samples using a Hal]iburton MS-J Magnetic

susceptibility Bridge. seven additional samples of the canoe

Lake stock were measured to investigate the significanee of
two anomalous values.

Discuss ion

Tabre p eontains the magnetie susceptibility data
for the 3? samples. The change in resistance (an ) was less
than 500 ohms in all cases so that the following equation

was applicable to the 3? measurements.

1 Cain (tg6t+), p" 538,
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rrueMas.suse"=R x3,5?x to-6xlry\l " 1\ a2 /lso - v/

where : R = change in resistance (ohms )

j.5?xtO-6=constant
7,1+L3 = diameter of the sample holder (cm. )

d = inside diameter of the sample test tube (cm. ¡

50 = volume of water held in test tube (m1. )

50 - \,r = volume of water displaced by the sample

Figure 73 is a contour plot of the datau which
ranges from l0x1o-6 to nearly 2000x1 o-6 eog.s. uni-ts. Dob-

rin (1960) states that granitic roeks have a range of mag-

netie susceptibirities from z}xlo-6 to z?ooxro-6 e.g.s. units.
rt is interesting to note that the canoe Lake stoek has

val-ues which extend aeross most of the given range for gra-
nites ' The contoured data show two significant susceptibility
highs (more than 200x10-6 c.g.sn units); one between Barrage

Lake and squaw lake ¡ and the other northeast of Herldiver
Bay. The former contour high is the more dominant. The mag-

netie suseeptibility of the quartz diorite is hígher at the
intrusive boundaries than at the centre, except for the con-
tact zone southeast of Bag Bay, The Barrage Lake - squaw

lake susceptibility high is offset to the northeast of the
zone of highest copper minerarization. The two rnagnetie sus-
ceptibility highs are approximately coincident with high
magnetite and high sulphide content (see Figures z\a and.

24b, and 69, respectively),
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Brant (1966) states that porphyry copper deposits
in the southwestern united states have magnetie susceptibi,.
lity values ranging from less than 100x10-6 to 4ooox10-6

c.B.s, units. He mentions that Jurassie, Laramid.e, and rer-
tiary intrusions in Nevad.a and utah have average values of
about 1500x10-6 c.g.s. units. ïntrusíons in .A.rizona are
weakly magnetic, having values of 500x10-6 or less and

averaging 100x10-6 c,g.s. units,

Aeromagnetic Data

Figure f4 shows the contoured. aeromagnetic mea-

surements across the canoe Lake stock. The diagram was taken
from a part of the crearv¡ater Bay, Kenora Distriet, 0ntario
Map No. 1186G, published. in 1962 vy the Department of Mines

and Technieal surveys of the Geological survey of canada.

Thene is a eontinuous aeromagnetie low (ress than 6or4oo

gammas) which is very similar to the intrusion in outline.
The boundary of this low follows the southeast and south-
west contacts almost exactly, but falrs to the south and

west of the north and east borders. The high magnetic con-

tour varues (more than 6o16oo gammas) around the intrusion
are expressions of the mafie and ultrarnafic rocks,
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GEOCHEMTCAL RESULTS

General- Statement

Samples from the canoe Lake stock were used for
surphur isotope determinations. The results of the sulphur
isotope work indicate an igneous origin for the sulphide
minerals,

Sulphur Isotope Data

Laboratory Techniques

Twelve whole rock samples were crushed. r pulverized,
and sieved to obtain the -?O to +I5O mesh portion, This frac_
tion was washed, driedo and mixed in a separatory funnel
with bromoform to separate the sulphides from most of the

silicates. After drying the separated samples were returned
to the separatory funnels and mixed with methylene iodide
to remove the remaining siricates. The resulting samples

ranged from 80 to 100 percent pure sulphide grains. The sul-
phide minerals present were pyrite, charcopyrite, pyrrhotite,
sphalerite, and rarety molybd.enite, Each sample contained at
least B0 percent pyrite and in subsequent steps of the la-
boratory procedure the sampres were eonsidered to be 1oo

percent pyrite, These mixed sulphide samples were necessary
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because of the relatively smalr total sulphide fractions in
the quartz diorite hand. speeimens"

The sulphide specimens were then subjected to con_

versíon to s0, aceording to the procedure outrined in sec-
eombe (t9?3), Briefly, from 6J to go mgrn, of sample, depen-
ding on the purityr wâs mixed with about twice as much cuO

in a eombustion boat and burnt for 10 minutes at lzoooc. and

10 mm, of Hg. in an evacuated eombustion tube. progressive

removal of water and coz (combustion contaminants ) was accom-
plished by freezing mixtures of dry i-ee - chloroform - car-
bon tetrachroride (-Booc,¡ and merting n-pentane (-tjooc,).
colleetion of purÍfied so, was made in a sample bulb and the
isotope ratios determined on a l8oo d.ual col_leetor varian
MÅT GD r5o spectrometer operated by the Department of chemis_
try' university of l\{anitoba. A sample of s0, of known ratio
(6s7"'equa1 t,o +z.J) u¡as prepared for the 12 runs and a ratio
comparison made for each sample.

Discussion

Table 10 shows the results of the sulphur isotope
determinations. rt should be noted that pereent yield from
the sOz preparation step was included with each sample. poor

and inpossible yields can be attributed to the fact that the
sanpres were treated as pure pyrite, when in fact there was

as much as 20 percent other sulphides in some of the samples.
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Table 10" Sulphur isotope determinations.

,,+ i{ = weathered sample o used as comparison to fresh sampre

results 
"

Sample No. Sample Wt,
(*g. )

6s)+"1" Yield (ec ) % Yieta

59-te

6r-t+

6L-4(w)"

62-7

6z -t
93-)

1 0B -18

708-2L

110-L

Itl-2
tlz-!
29t+-r

Py" Std,

Std. F

66

69

6B

7B

26

?9

B1

7T

9o

79

52

6g

6g

772

+3.09

+3,14

+2,96

+3,39

+2.70

+I,73

+7,65

+1"53

+2.50

+2.88

+2,34

+2,93

+7 ,6!

-0,28

79 ,0

25"5

26 ,0

2l+,0

l+ ,l+

13,t

2! "4
26,1+

10, 8

!7,2

?,4

!2,9

27 .8

22.4

9t

100

703

90

5o

J¿

B2

100

L+z

I+l+

r+7

55

706

150
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The percent yield was determíned. by the following formula:
6J n;gn. Pyrite X cc. Yield to0%+-
X mgm. Samp1e 24.2J ce. pyrite purity

The enrichment or depletion of the s34 isotope relatíve to
the s32 isotope in the unknown sanples was eompared. to stan-
dard meteorie troilite sulphur (aceepted g32634 ratio is
22,220 or ås enrichment is 0 permil) aecording to the fol-
lowing formuLa:

6s3þ = 1100,95 x 
R*' - 1 

+ 2,5
*=oå

where , R*' = the "ppr"*rrt 
g3l+ 7932 ratio of the

sanple

Pt-.soz = the apparen, ,34632 ratio of
the substandard SOe

Figure 75 shows the spatial distribution of the rz sulphur
isotope detenninations in the canoe Lake stock, The varues
range from +7,53 to +3.3p permil.

Jensen (tç62) states that hypogene sulphides within
a magmatie hyd.rothermar d.eposit have values of ás34 whieh

rarely vary more than t J permil and usually vary ress than
thÍs range,

"such deposits have generally formed at higher tempera-
tures where the kinetie isotope effects and exchange
reactions resurt in much less fraetionation,.. Armost
all cordilleran hydrothermal ore bod.ies of magmatic
assoeiation exhibit 6s34 values near zer.o permil.
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Examples are the porphyry coppers .,.,,7
Jensen (7967 ) rnentions that the snall degree of fractionation
is due to a homogenizing effectn which the wel] mixed magna

has on any previ-ously existing isotopie variatíons,
Shima et aI, (Ig6j) state that granitic bodies

usually have small positive values or ó s34, similar results
were obtained ín this study.

Recently¡ T,ange and Cheney (tgZt) cond.ueted a

study of sulphur isotopes at Butteo Montana. They found a

zonal variation in permil 6s3þ varues of the various sur-
phides, sueh that the outer zones had larger positive values.
For example, pyrite had a 6534 value of +0.? permil in the
eentral zorue, grading outward to +!,3 permil in the inter-
mediate zone, and to +3.6 permil in the peripheral zone. This

range corresponds well wíth the ,s3þ results for the canoe

Lake stock, The eentral zone, immediately south of potter

Laken has values of +7,53 and +7,65 permil; the outer zones

range from +7,73 to +3,3p permil. However, in this study the

zonal pattern near squaw Lake and potter Lake is not well
developed. Lange and Cheney (tgZt) mention that this outward

permil ós34 inerease is due to an increase in the pH with or
without a temperature decrease in the hydrothermal- solutions
as they migrated away from the central core. They also eon-

cLude that their surphur isotopic data show that the por;

1 Jensen (tg6? ) , p. r5r,L 
"
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phyry copper deposit is genetÍ_cally related to the Butte

quartz monzonite intrusion"
From the foregoing the folLowing conclusions

apply to the porphyry copper mineralization in the canoe Lake

stock 
"

r" The small standard deviation of + 0,6j permil and the

range of val-ues for the rz samples analyzed indicates that
the deposít at Squaw Lake was a result of magmatic hydro-

thermal aetivÍty" This reason is discussed in detail in
Jensen (t959) 

"

2. The standard deviationo mean value (+2,5? permil),
and the range of Á s34 values agrees with sulphur isotope

data obtained for other deposits of magmatie genesis (for
example u the porphyry copper deposits ) .

3, Because the sulphur isotope values are mod.erately

elose to 0"0 permil it is not possibl-e to state whether the

sulphur originated in the mantle or in the crust (Lange and

Cheney ' I97I), Howevero if the hydrothermal mineralized.

solutions were url.rerated to the canoe Lake stock, the sul-
phur isotope values would be expected to vary considerably

ín relatÍon to values obtained from a magmaticarly homoge-

nized crustal sulphide deposít"
I+" There is a general trend toward hígher sulphur iso-

tope values away from the eentral core of the Squaw Lake

deposit, although the trend is not as well developed as it is
in much larger porphyry copper deposits such as Butte n Mon-



_ r?7

tana. Fi-gure 75 shows the central, intermediate, and peri-
pheral zones for the Squaw Lake porphyry copper deposít.

Figure 76 illustrates the sulphur isotopic compo-

sitions of sulphides in various hydrothermal deposits. values

for the porphyry copper mineralizalion in this study are

also included in the diagram as a frequeney plot.

SUMMARY OF RESULTS

INTERPRETATION OF THE GEOLOGIC HISTORY OF GRANITIC

EMPLACEMENT AND SUBSEQUENT MINERALIZATION

The emplaeement and subsequent mineralization of
the Canoe Lake stock may be summarized in a number of steps.

The author interprets all of these stages to be closely re-
lated in tÍme. The geologic history is reviewed by the fol-
lowing sequence of events.

1 " During the deformation of the metavolcanic and meta-

sedimentary rocks and mafic to ultramafic intrusions, granitic
magma was intruded along an antielinal fold axis.

2, Intrusion of the Canoe Lake pluton caused foliation
of the adjacent rocks except in the Bag Bay - Helldíver Bay

atea, rvhere the roeks were more resistant and fraetured.

3, Crystallizatíon of the granitic magma formed an es-

sentially solid outer shelt whieh suffered cataclasis during

the regional deformation,
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s34
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4, Fracturing of this outer shell oeeurred. during con-

tinued crystallization of the magma. The type of fraetures
produced were cross fraetures at rj5o and, longtitudinal frac-
tures at oL+So ,

5, The first eoneentrated, more aeidie solutions from

the magma intruded into the partially solidified portions of
the stock as díkes and Írregularly shaped masses, The rock
types formed were quartz porphyry, quartz-feldspar porphyry,
feldspar porphyry, and fine-grained granodiorite. The felsie
dikes generally trend parallel and perpendicurar to the elon-
gation of the pluton and have a welr deveroped. flow foria-
tion.

6, Both the quartz díorite pluton and the associated
felsic intrusions contained suffieient metal concentrations
to cause precipitation of pyríte, chalcopyrite, pyrrhotite,
sphaleriteo and minor morybdeníte as dísseminated. grains

during the late magmatie stage.

7, continued crystallization of the quartz diorite plu-
ton l-ed to sufficient eoneentration of the magmatic hydro-

thermal- fruids, resurting in the first two stages of altera-
tion,

B. with progression to the third stage of hydrothermal

arteration the erystal mush eontinued to solidify and termi-
nation of this alteration stage was marked by nearly complete

erystallization of the stock. The only remaining fluids at
this point were the highly water-rich, metal-rich hydrother-
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mal solutions.

9 " Final solidífication of the canoe Lake stock and the
younger felsie dikes was aecompanied by the migration of the
magmatic hydrothermal solutions from depth along channelways

supplied by the two sets of pre-hydrothermal fractures.
10. The fourth stage of alteration was marked. by the crys-

tallization of hydrothermal fruids as microveinlets, vein-
lets, and veins along fraetures. The mineral eomposition of
these solutions was one or more of quartz, chlorite, serí-
cite n carbonate, epidote, and various sulphides in the micro-
veinl-ets and veinlets, and quartz + chl-orite * carbonate I
coppero zinc, and./or molybdenum sulphides in the larger
veins.

7L. Minor late stage tectonic adjustment of the massive

quartz diorite intrusion resulted in a scatter of multi-diree-
tionar ¡ i.rregul-ar, eurved fraetures. Displacement was not
observable on these poorly developed post-hydrothermal fnac-
tures.

!2. The canoe Lake stock and adjacent rocks in the Bag

Bay - Helldiver Bay area were then subjected to late stage
brittle defornation, ínvolving the shearing of fractures
parallel to 1050 and tsoo, The s.ense of displacement is
believed to be right lateral.

tj " uplift of the region and intense erosion has re-
sulted in the present depth leve1 of exposure of the canoe

lake stock, showing its complex alteration and mineraliza-
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tion patterns, Minor oxidation of chalcopyrite to marachite

and traces of azurite and of nolybdenite to yel1ow and, yel-
Iow-green nolybdic oxide has occurred, Supergene enrich-
ment of the porphyry copper mineralization was prevented by

a lack of weathering.

BRIEF COMPARISON WITH OTHER GRANITTC

ÏNTRUSIONS IN THE A.REA

General Statement

The Canoe Lake stock is one of the most distinet
granitie plutons in the Falcon Lake - Lake of the Woods re-
gion. Vagt ftçøg) describes numerous intrusions in this
area, emphasizing their tectonic sûgnificance. Ziehlke (Ig?Z)

presents a description of the Aulneau Dome from prelimi-
nary studies,

The Canoe Lake intrusion is briefly compared,

in the foll-owing discussiono to the winnetka Lake stock,
Granite Lake porphyry, High Lake granitic complex, Snow-

shoe Bay granodiorite n rndian Reserve granodiorite n carl
Bay granodiorite, and especially to the Aulneau Dome.
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Discussion

Petrology

The canoe Lake stock and other plutons in the area
are predominantly medium-grained to pseudo-porphyritic and

pink to grey, The Granite Lake, snowshoe Bay, rndian Reserveo

carl Bayn and both of the High Lake intrusions have a uni-
form granodiorític composition. The winnetka Lake stock and

the Aulneau batholith display compositional zoni_ng" The

former is zoned outward from a granitic eentre to a horn-
blende diorite peripheral zone; the ratter is composed of
trondhjemite, granodioriter porphyritic granodiorite, and

diorite (zierrtte , r9?z). The canoe Lake stock is not unique

in its uniform compositionn but its quartz diorite classi-
fication ís different"

The canoe Lake intrusion and the Aulneau bathorith
are the only two plutons showing intense alteration. Altera-
tion products in the quartz diorite stock are sericite, mus-

covite, chlorite, epidote, clinozoisíte, carbonate o magne-

tite n and leueoxene, and from zo to 60 percent by vorume of
the rock has been subjected to magmatic hydrothermal altera-
tion. The A.ulneau Dome has undergone al-teration producing

sericiten minor chl-orite after biotiteo epidote, clinozoisiten
carbonate, and biotite after hornblende, The canoe Lake plu-
ton has encountered a greater degree of hyd.rothermal altera-
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tion than has the Aulneau batholith.

Structure

All of the plutons in the Falcon Lake - Lake of the
woods region have sharp contacts, indicating an igneous ori_
gin as opposed to granitization. The canoe Lake stock has a
uniformo fracture-eontroll-ed contact in the Bag Bay - Hell-
díver Bay area. Fractures or joints in these intrusions have

one or nore of four major direetíons: northeast, northwest,
east-r,vest, and north-south. ALl fraetures are verticar to
nearly vertical" Fraeturing is most intense in the canoe

Lake quartz diorite.
The canoe Lake pluton is distinct in its numerous

closely assoeiated felsic intrusions, which are not as abun_

dant in the other granitic masses,

The Winnetka Lake stock, Granite Lake porphyry,
High Lake porphyritic granodioriten carl Bay granodiorite,
and the Aulneau Dome have poorry to werl deveroped east-
west penetrative cataclastie foliation. The snowshoe Bay

granodioriteo rndÍ-an Reserve granodiorite, High Lake grey
granodiorite, and the canoe Lake stock raek a penetrative
regional foriation. Therefore, the first group represents
pre- to early syn-tectonic intrusion, whereas the second

group represents syn- to post-tectonic emplacement (vagt,
7968),
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Most of the intrusions show large scale shear

zones. catael-astie deformation of the wínnetka Lake stock
has produced fractured, crushed, and d.eformed grains and

recr¡rstallized quartz o sueh that the rock is pseudo-por-
phyritie in appearance. The Granite Lake porphyry and High

Lake porphyritie granodiorite have also undergone cataclasis.
The canoe Lake stock shows eataclastic foliation onry at its
contacts and along shear zones; incipient mortar texture is
rare and present in only a few slides.

Mineralization

Most of the intrusions in the Fal-con Lake - Lake

of the lvoods area are not minerâIized. Davies (tgZo) mentÍons

that the carl Bay granodiorite eontains minor amounts of
chalcopyrite and galena. The High r,ake granodioritÍc eomprex

and the canoe Lake stock are similar in that they both con-

tain embryonic porphyry copper deposits. The aetual d.eposit

in the canoe Lake stock is centred near Squaw Lake, although
copper mineralization pervades the rest of the intrusion,
Peripheral gord mineralization is present in the canoe Lake

quartz diorite at its southwest contaet,

Conclusions

The Canoe lake stock is a distinctive granitic
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pluton in the Falcon Lake - Lake of the woods region. rt
differs from most or all of the other intrusions in the fol-
lowing features.

I, The stock has a quartz diorite eomposition.

2, Magmatic hydrothermal alteration ín the canoe Lake

intrusion has been severe,

3. The pluton lacks a penetrative catactastic foliation.
cataclasis has occurred only at the intrusive contacts and

along shear zones,

4, Abundant pre- and. post-hydrothermaL fractures and

sheared fractures are present in the canoe Lake stock.

5 " Porphyritie felsie dikes are numerous and. closery
assocíated, both genetically and spatially, with the quartz
diorite pluton,

6, The fracture-eontrolled eontaet in the Bag Bay

Helldiver Bay area appears to be unique to the canoe Lake

stoek 
"

7, The porphyry copper deposit near Squaw Lake and per_

vasive porphyry type eopper mineralization are major fea-
tures of the canoe Lake quartz d.iorite i-ntrusion. The sul-
phide minerals incl-ude pyrite, chalcopyrite o pyrrhotite,
sphalerite, and molybdenite"

I, The canoe lake pluton has associated peripheral gold

mineral-ization along its Bag Bay - Herldiver Bay contact
zone.
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