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CHAPTER I
INTRODUGTION

General stetement =- During 1945 Sherritt Gordon lines announced
the~discov9ry of #ickel bearing sulphides on the shore of Lynn Leke in
Northern Menitoba. This disclosure caused a staking rush to the Lymne
Barrington Lekes Ares during the years 1946 fa 1948,
| Interest centered upon the basic intrusives of the area, as the
Sherritt Gordon ore occurs withih such rocks. Despite intensivé 6Xw
plorstion by geophysical and geological methods no other nickel deposit
of commgrcial size was found, althoagh,mgst of the basic intrusives seem
to be of‘a nature favorable to such deposits.

The object of the‘present stﬁdy wés to carry out aupétrological\
inveafigation of certain of these basic bodies to escertain the cone
tfolling factors,in‘the occurrence or nomwoccurrence of the ﬁickel de=

positse.

Location and character of the areg == The Lym-Barrington Lakes

&fea comprises five fifteenm minute mapwareas between longitudes 100
degrees 00 minutes and 101 degreés 15 minutes west and between latitudes
56 degrees 45 minutes and 57 degrees 00 minutes north. The total area
enclosed by the five sheets is about 800 square miles. (Fig. 2y pe 6)
The topography of the ares is similar to much of the Precambrian
ehield} muskegs and lakes fill depressions between rounded hills or
steep ridges few of which have a relieonf more than one hundred feet,
Outcrops are small and scattered owing to the sbundence of glaciai

drift. Field work is further hempered by deadfall and heavy brush in
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certain parts of the aresm.

The two main river.systems,'thefKeewatin and the Hughes, are
broken by numerous repids and falls which render travel by either system
impracticale

The aree is usually reached by aircraft from Sherridon or Flin
Fion,Aabout 120 miles south of Lyn% Lake. During the winter months a

tractor train is operéted between Sherridon and Lynn Lekee

Previous geological studies.bf the ares -- The Geological Survey
of Canada mapped the area as part of the Granville Lake Sheet in 1932;
1933 end 1935, The results have been published as Summgry Report 1933,
Part C, and meps 343A and 3444 on a scale of 4 miles to 1 inch. The
McVeigh41ake Eréa was mapped by the Geblogical Survey on a scale of 1500
feet to 1 inch end a map was issued in 1945.

The five 15 minuté sheeté were mapped by the Manitoba Mines
Branch Survey, during the field seasons of 1946 to 1949, Mapping was
done on a scale of 1/2 mile to 1 incﬁ; At the time of this writing the
Cockeram Leke Sheet has not been published; the reports on the Lymn Leke,
Hughes Lake, Farley Lake, and Barrington Lake Sheets have been published

es Preliminary Reports 46+2, 473, 47«5 and 47<6 respectively.

Present geological studies =~ The writer first had the opportw
unity to stﬁdy some of the rocks of the aree during the summer of 1948
while employed by the~Manitoba.Geolegical Sﬁrvey. &t that time he was
an assistent on the party, hesded by Dr. J. D. Allan, that mapped the
Cockeram Leoke Sheetes

In 1949 the writer returned to the area and under the smwpervision




of Dr. Allen re-mapped pert of the Lymn Lake Sheet and had the opport-
unity to study many of the basic intrusives of the Lynn<Barrington Lakes
Area. It was during this field season that material was collécted for
the present study.

Within a very few miles of the'ore-bearing Lynn Lake intrusive
are several other basic bodies in which no pentlendite~pyrrhotite ore
has been found. Two of these bodies, the Myrne Leke and Fraser Lake ine
trusives, have beeh‘selected for study and comparison with the ore-
beafing rocke.

The writer mapped thesé intrusives during the 1949 field season
and mepped parts of the Lynn Leke body in both 1948 and 1949. However,
as Mr. H. E. Hunter, employed by the Sherritt Gordon Mining Compeny in
1949, made a detailed study of the Lynn Lake rocks, the writer will‘rely
upon his work for details concerning that body.

The Fraser Leke intrusive was mapped on a scale of 1/2 mile to
1 inch, end the work was plotted on vertical aérial photographs. The
area was traversed by pace'ahd compass methoﬁs. Particular attention was
peid to arees which might yield information &s to the relative ages of
the basic body and the surrounding granific rockse. About 150 semples of
the intrusive and country rocké were collected, and 40 thin sections were
prepafed from these samples,

The Myrna lLake intrusive was mapped on & scale of 1/4 mile to 1
inch. Mapping was controlled by picket lines cut et intervels pf 100
feet in an east«west directione. 4Approximately 100 samples were collected
from which 50 tﬁin sections'wére preparéd. |

In the labofatory the petrologicel investigation of these bodies




-Dia

entailed a detailed petrographic study and a study of heavy mineral

assemblages.
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CHAPTER II1

GEOLOGY OF THE LYNN~BARRINGTON LAKES REGION

Rocks of the Region

The focks of the region are divided into three maﬁor groups:

(1) +the Wasekwan Series of volcanic and sedimentary rocks overlain un-

conformebly by (2) the Sickle Series of sediments, and (3) leter inw -

trusives ranging from gabbro to granite.

Allan (1949) outlines the following table of formations for the

ares:

Intrusives

~ Basic dykes, pegmatites, quartz feldsper

porphyry and felsite,

Grenite, diorite, quartz diorite, gneissic and
sheared equivalents.

Diorite, quartz diorite, granodlorlte, gabbro.
Amphlbollte

Sickle Series

Arkose, greywacke, quartzite, conglomerate,
derived schiste

UNCONFORMITY

PRECAMBRIAN

Granitiec Intrusives

Wasekwan Series

Volcanics: basic to acid lavas, breccia, tuff
and derived hornblende schist.

Sedimentss quartzites, impure quartzites,
greywacke, iron formation, derived mica schist
end gneisse

e
3
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Wasekwan series -- The predominant rocks of the Wasekwan Series
are finew-grained volcanics which were originally of basalt composition.
Porphyritic, emygdaloidal, and ellipsoidal flows, volcanic breccia, tuffe
aceous agglomerate, tuffs, and sediments are occasionally intercalated
with the massive flows. Rhyolite and trachyte flows occur in parts of
the series, but form a minor part of it. |

The. sedimentary focks associated with the flows eand tuffs are
mostly dark-grey to brown impure quartzites. There is(a notable exposure
of these quartzites along the east shofe of Frances Leke.

The iron formation is a distinctive member of the Wasekwan Series.
It is composed of lightwgrey éherty material and hes a high content of

maggnetite, either disseminated or in crystals as much as 1/8 inch across,.

Sickle series =~ The Sickle rocks consist of a basal conglomerate
which passes upward into arkoses end greywackes.® The strikes of the
thekﬁan end Sickle Series ére atyan angle to one another indicating an
unconformity between the two series.

4t Hughes lmke the conglomerate is in contact with granite and
diorite, and Allan suggests that the conglomerate rests unconformably

upon these rocks.

Intrusive rocks ~- The basic intrusive rocks of the area all
have a somewhat similar petrological composition. The rock types are
chiefly diorite, quartz diorite, gebbro and norité with some local ane
orthositic phases. All the basic bodies are cut by later pegmatite,
felsite, aﬁd pofphyry dykes and masses.

The granitic intrusives of the area range in composition from
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quaertz diorite to granite, and‘some of the more basic phases are difficult
to distinguish from rocks having affinities with the basic intrusives.,

In the Cockeram«Hughes Lekes areas two or more distinct granite
bodies have been recognized, and these are thought to belong, in part,
to the last period of intrusion.

411 these granites are cut by later aplite, pegmatite and felsite
dykes which are in turn cut byAbasicidykes. Quartz veins were the last

meterial emplaced.
Structural Geology

The sedimentary and volcanic bénds form continuous belts across
the north and south of the area. These belts converge towards the east,
but no indication,of'folding was observed et the junction. The little
evidence obtained indicated thet tops are to the north in both belts.

Faults are widespread on both a major and minor scale.
Geological History

&1lan (1949) outlines the following sequence of events for the
area. |

The formation of the Wasekwan Series is the first event of which
there is any record. During Wasekwan times periods of volcanic aétivity
were interrupted by pericds of sedimentation. Subsequently the series
was highly folded and intruded by granitic mate;'ial.

4 long period of erosion followed the folding of the Wasekwan;
subsequently the Sickle sediments were depositeds dnother period of

folding occurred which lacked the intensity of the earlier reriod and wasg




accompanied by a comparitively low grade of metemorphism.

Widespread intrusion followed folding or was in part contemp-
oraneous with it. Basic intrusives preceded granitic intrusives. The
last stages of this igneous activity gave rise to the felsite,‘aplite
and pegmetite dykes which are cut in part by bgsié dykese |

Faulting and shearing followed the period of granitic intruéion,
‘and quartz veins, carbonates, and éulphides were later introduced into
. the sheaf zonese 4 long period of erosion followed which reduced the
land to a peneplane.- Glaciatioh, which stripped off the weathered mat-
erial and left the land in its present form, is the last geological event

.recorded.
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CHAPTER III
GEOLOGY OF THE MYRNA L&KE ARBEA
Location and Character of the Area

The Area comsidered here is shout seven and one half square miles
in area. It is included in the Cockeram Leke Sheet and is located about

three miles northeast of Cockersm Lakee

Country Rocks

General Statement

The Myrna Lake intrusive body is roughly circuler, about one square
mile in area, and lies south of lMyrna Laeke. The body is surrounded by
volcanic rocks of the Wasekwsn Series and posteSickle intrusive rocks

renging in composition from diorite to granite.
Volcanic Rocks

‘Distribution and occurrence =- A partkof the western contact of
the gabbro body is marked by volcanic rocks. These rocks form a belt
that strikes northwest across the northern pert of the Goékeram Leke aree.

Outcrops are small and scattered near Myrne Leke, but elsewhere
in the area the volcanic rocks form steep sided ridges. The belt is in-

vaded from the north and south by acid intrusive bodiese

Petrology == The volcanic rocks are for the most part altered
andesite and baselt flowé with some intercalated tuffs. Thinsbedded

sediments are interbedded'with the voléanic flows. Near the west contact
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of the gebbro, the flows sre porphyritié.

Most of the volcanic flows are altered to green-black Or greehne
grey amphibole schists, which‘exhibit argeneral trend of north 40 degrees
east. Near the acid intrusives, alteration of these schists to porphyro=
blastic hornblende schists and biotite schists is common « Recrystalliz-
ation and granitizetion have produced local aress of mediumegrained plage
ioclase amphibolite ofldioritic appearance that is difficult to distinguish
from rocks of intrusive origin.

The porphyritic flows near the Myrna Leke gabbro body afe altered
to a ro¢k composed of 50 per cent mafic minerals, chiefly hornblende and
actinolite and some antigorite. The actinolite, an alteration product of
the hornblende, is pleochroic from medium-green to yellowwgreen. The
fibres roughly retain outline of the replaced hornblende. Remnants of
hornblende are commonly enclosed within areas of actinolite fibres, which
penetrate into the hornblendes The hornblende is a compact mediume
green variety.

A compact form of antigorite replaces both the emphiboleg. This
is best observed under polarized light. The remnants of actinolite and
hornblende, enclosed within the antigcrite; are fhen easily distinguished
from the antigorite, and from each other, by their birefringence.,

In a few places biotite is an ﬁlteration product of the actinolite.

From the thln sections the camp031t10n of the feldspar was found
to be Andesine (AbggAngg)e The phenocrysts are fractured and chlorlte
is present along the fractures.

West of the gabbro body, near the contact of the flows with the
granite, the volcanic rocks have been altered to a rock composed of diop-

~ side, epidote, caleite and chlorite.
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Small epidote grains surround and embey irregular messes of diop«
side, suggesting that the epidote has formed by the alteration of the
diopside. : |

A few remnants of plagioclase are present. In some placés these
irregular remnents are surrounded by a met of fine cﬁlorité fibres that
replace the crystal along'fractures. ‘Other plagioclase crystals are
deeply embayed by irregular masses of calcite and commonly, the entire
central portion of the crystal is replaced by galcite; It is assumed

that most of the calcite and -chlorite in the rock formed in this waYe
Quertz Hornblende Diorite

Digtribution and occurrence -~ The zone shown on the map as quartsz

hornblende diorite is actually & mixed rock zone. Although the quartz
_hornblende diorite 'is the predominant rock, it is intimately associated
.with outcrops of microcline granite, volcanic rocks, and quaftz mon-
zonite. Each of these rock types are discussed under separafe headings.
This zone, of predominantly quertz hornblende diorite, occurs elong the
eagstern contact of the gebbro body just north of Cerr Lake and elso in &
band that extends southwest from Goat Lakes The contact of the quartz

hornblende diorite with the microcline granite is transitional,

Petrology -= The medium to medium cqarsé-grained quartz-horne
blende diorite weétherS'spotted gréen end white. The average composition
aé'estimated from hand specimens is 50 per cent green-black amphibole,

40 to 50 per cent grey white anhedral feldspar and as much as 10 per
cent quartz. Quartz is visible on the weathered surface in many placés.

In the more coarse-grained varieties the hornblende crystals commonly



have a square porphyroblasfic outline.

In'thin section the.quartz-hornblende diorite is seen to bé come
posed of plagioclase, quartz, hornblende, chlorite, and biotite ana
minor gmounts.of maghetite and sericite. Garnets are present in some of
the specimens, but they are'raief

The plagioclase is andesine (Absgéngg), and the crystals show
polysynthetic albite twins. Théy aré exténsivély altered to chlorite,
but contain only a sﬁéll amount of sericite and no keolin. The chlorite,
that replaces the feldspar, océurs as feathery fibres along cracks in.
the plagioclase or pénetrétes into the crystals from tﬁeir borders.

In most sections irregular patches of compsct medium<green horn-
blende are present. ‘These pétches'are surrounded and penetreted by
fibres of lightegreen actinolitevin.a manner that suggests the actin-
olite was formed by alteration of the hornblende.

Much of the actinolite is altered to chlorite and biotite. The
chlorite that replaces the actinolife retains the‘outline of the actine

olite fibres, and contains remnents of the actinolites

Quartz Monzonite

Distribution and occurrence ~- The quertz monzonite occurs only
in o few outcrops slong the west edge of the ridge that extends south
from Goat Lake. & small inclusion of this rock is enclosed in the quartz-

urelite gabbro south of Goat Lake.

Petrology =- The quartz monzonite is a coaréagrained rock which
weathers grey or slightly pink. The weathered surface shows no line-

ation, but the gneissic texture of the rock is shown by the alignment of




ferromagnesien miherals.‘ The feldspars are grey-white on the fresh sur-
face. .

The average minerél composition as estimated from the hand speci-
mens is 20 per centvquartz, 65 to 70 per cent feldsper, and hornblende
plus biotite in varying proportions 10 to 15 per cent.

& Rosiwal analysis of a typical thin section gave the following
compositions i? per cent quartsz; 25‘per‘¢ent andesine (Abgglng,); 47
per cent orthociase; 7 per cent biotite; 3 per cént amphibole aﬁd & minor
amount>of megnetite, epidote, calcite, and apatite.

" The feldspar crystals have been 80 extensifely eltered to kaolin
that.the:albite twin lamellae are almost obliterated. The andesine
crystals are subhedralvin outline end show albite twins. The anhedral
Orthoclasé crystals are either untwinned or form‘simple carlsbad twiﬁs.

The properties of the blue amphibole are: pleochroism deep~blue
to green=blue; maximum extinction angle (with respect to the cleavege)

10 degrees; biaxial negati#e; 2V greater than 80 degrees; prismetic
sec¢tions are length fast;'cleavage is generally indigtinct. Except for
the larger extinction angle of the blue amphibolé, the properties listed
- above are the same as those given for the mineral riebeckite. 'The blue
colour of riebeckite is presumably due to the high sodium content of the
minerale Therefcre, fhe similerity in properties between the blue amphi-
bole and riebeckite suggests that the mineral is a sodiumerich variety
of amphibole... '

Some of‘the smphibale is altefed to biotite in most of the

sections studied. In one section the amphibole has been replaced by

calcite, quértz, and epidote.
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Uéing the classification proposed by Johannsen the rock mey be
designated 226'°*.
Hicrocline Graﬁite

Distribution snd occurrence -- The microcline granite has a peri-

- pheral distribution about the southérn half of the gabbro body, from
'éouth of Goat Lake to north of GarrFLake. Inf@he aree about Carr Lake
énd south of the basic body the granite grades iﬁto thé quartz«hornblende
diorite zone. 4 narrow zone of the granite extends northweét from the
gebbro contaét ﬁo Huett Lekes This zone is bounded to the north by the
biotite-quartz diorite and grades into the quartzw-hornblende diorite to
the southe The granite commonly forms low roupded outcrops along the

sides of the ridges.

Petrology == The microcline granite is a fine-graiﬁed to medium-
grained rock of granitic'texture._'Pink féidspar end sugary textured
quartz are the chief constituents of the granite. Biotite is the only
mafic miheralvpresent; gnd it is not abundent. The high quartz and low
ferromagnesian content are characteristic features of the microcline
granite.

| Local phases of the microéline granite contain a milky blﬁe quartz
which presents & striking contrast with the bright pink of the feldspar
crystals. These phases are generally higher in content of dark minerals
then the average specimen of the rock. |

In thin section the rock is estimated to be composed of 40 per
cent quartz, 27,pergcent mierocline, 16 per cent p}agieclase; (ﬁbqun3o),

9 per cent orthoclase, 6 per cent oligoclase, and less than 2 per cent
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biotite. In Johannsen's classification the rock is designated 128'°',

" The microcline in the granite noftheast of the gabbro forms
anhedral crystals which commonly have sutured borders; A narrow zone
of crushed microclina and quartz surrounds the suture§ microcline grains.
Fractures‘filled with crushed énd introduced quartz cut mcross the feld-
spar grains but generally terminate at the large quartz grains. The
microcline is slightly altered to kaolin but 1s muach less altered then
fhe plagioclase. | | | |

In a few places the microcline forms deep, rouﬁded embayment s
into the plagioclase,.suggesting thaf it replaces the plagioclase‘to a
certaiﬁ extent. This.is probably a deutéric effect, produced by the
reaction of the potassium-rich residual- fluids upon the plagioclase
cerystals, | |

In thin secfions, mede from specimens of the granitebsouth and
west of the gebbro body, the erushed teXtﬁre described above is sbsente
A small amount of myrmekitic intergrowth of quartz in erthoclase is
present. This'intérgrowth'is well,developed:in the blue quartz phase
of the graniie which elso contains a microperthitic iﬁtergrowth of ‘the
plagioclase in orthoclase. |

The biotite is of the common 5r6wn.variety._ Because there is no

-~

evidence of a secondary origin it is assumed thax the biotite is primary.
Biotite=Quartz Diorite

Distribution end occurrence =- The biotite-quartz diorite exe
tends northeast from the east shore of Myrna Leke to the southwest shore

of Arbour Lake. The southern contact with the microcline grenite extends
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}northeast to the south shore of Huett Lake. The northern and western
limits were not definede. | |

One of the best exposures of the diorite is on top of the large’
ridge east of Myrna Lake. Other-smallér oﬁtcrops occur along the tops

and sides of all the ridges between Myrne and Arbour Lekes.

Petrology == The biotitehquartz’&iorite is a'massive medium~
greined, greyish white weathering rock of ﬁnifarm eppearance. The
fresh surface of the rock is somewhaﬁ whiter in colour and is flecked
with biotitee The composition as estimaﬁed from an average hand specimen
is 60 per cent feldspar, 30 per cenmt quartz and 10 éer cent biotites

An everesge composition, as determined by Rosiwal analyses, is 54
per cent élagioclase, 18 per cent biotite, gnd 26 per cent quarfz.

The plagioclaée cr&stéls are subhédral. A1l the crystals show
elbite twins and in addition about thirty éer cent of the erystals are
zonede These zoned crystals are characteristic of the biotite-qugrtz‘
diorites The composition of the zones could not be determined, but the
unzoned crystals have the composition (ﬁb7oAn30> which is on the‘divid-
ing line between’oligoclgée and andesine. The feldspars sre unaltered.

Quarté, the next most sbundant mineral, is anhedral and does
not show strain shadows.

Biotite, the on1y mafic minéral in the rock, is yeliOWbbrown in
colour. Because of the lack of any evidence to the contrary, the

biotite is assumed to be of primary origin.
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Myrns. Loke Gabbro

General Statement

The petrological description of the liyrne Leke Gabbro Body will
be given under three headingsa
(1) Urelite gabbro
(2) Olivine hypersihene gabbro
(3) &ssociated dyke rocks
Subsequently, an attempt will be made to explain the significance of

the features described.
Uralite Gabbro

Distributién and occurrence -- The major part of the Myrna Lake
intrusive body is uralite gabbro. This rock is distributed in a pear
sheped aree esst and southeasf of Myrne leke. The southwestern contact
passes a few hundred feet below Goat Lake as shown in Fig. 3.
| The country rocks which form the north, east, south and southe
west contacts of the uralite gabbro hgve beenvdescribed previously.

The west contact is marked by the olivine hypersthene gebbro phase and

the zone of gradation between the two rock types is less than a foot widee

Petrology «- Megascopically the uralite gabbro is fairly uniform
in appearance. Weathering of the outcrop generall& has removed thev
feldspar, leaving the amphibole standing out in relief, and giving the
rock a green colored ‘scoris-like" weathered surface. The composition
ranges from 30 per cent green amphibole and 70 per cent smoky mauve feold-

sper to 60 per cent green amphibole and 40 per cent feldspar. Locally'



=2l

és much as 15 ﬁer cent biotite; derived'from fhe amphibole, is present. .
In the biotiteébéaring specimens thbe feldspars are commonly lustrous
blaeck in contrast to the normel smoky mauve hue.

The gabbro is fine grained along the contect with the quartze
‘hornblende diorite both west of Carr Lake and south of Goat Lakes The
coarse-grained phases show a striking development of feldspar crystals,
some of which attain lengths exceeding 3/4 of an inch. The feldspar
crystels exhibit a general alignment at 140 degrees, but individual
crystals show considerable departure from thé general trend; Tﬁe dip of
the lineation is vertical.

The fine to mediummgrained phase of the uralite gabbro in oute
crop C=238 south of Goat Lake is noteble fqr the presence of numerous
quartz ‘eyes's These 'eyeé' are variable in distribution ana constitute
from 10 to 15 per cent of the rock. The quartz is usually blue end
stands out on the weathered surface of the outcrop which is spotted
green and grey in colour. Despite the relatively fine grain of the rock,
the feldspar crystals rémain markedly euhedrel in outline. - Onvthe fresh
surface some specimens of the rock have & bronze cast similar to that of
the olivine~hypersthene gebbro. A& representative hand specimen contasins
10 to 15 per cent quartz, 20 to 25 per cent amphibole and 60 to 70 per
cent feldspar. A similar rock occurs et station Cw236 along the eastern
- contact. The quartz in this rock is believed to have beenbintroduced
from the nearby acid.rocks. This will be discussed more fully later.
These local fariations of the urélite gabbro have been called quartz
uralite gebbro. ‘

The uralite gabbro is composed of varisble smounts of plagioclase,

hornblende, actinolite, chlofite, biotite, and antigorite and minor
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amounts of pyroxene, quartz, apatite, epidote, magnetite, sericite, and
keolin. 'The §lagioclase has a compositional range from (Ab4gAp58) to‘
(Abgohngg) in the labradorite division. The crystals are euhedral and
exhibit albite twinning. Simple carlsbad twins are occasionally com-
bined witk the albite twing. Rarely pericline.twiné_are present. Pyrox-
ene is present in a few sections.&s smallisubhedral_or rounded crystals
enclosed in compact hormblende. 4 few of the lerger grains are‘augite
but mést of the crystals are too small to identify. The process of
alteration of the pyroxene to hornblende is clearly shown ih a unique
section from soufh of Goat Lakes This section is composed of 80 per cent
labradorite, 15 per cent hypersthene, and 5 per cent hornblende and
minpr quartz, magnetite, and biotite. The labradorite of this section
is unaltered. | |

In the first stages of the alteration the ﬁornblende forms a
narrow border aloang fhe edges éf the hypersthene crystals. As the alter=
ation proceeds, the core of pjroxene is gredually reduced until the
entire crystal has been replaced by amphibole. Nothing was observed to
indicate that cracks or cleavage controlled the eslteration. The bounde
ary between the two minerals is marked by an incipient change of colour.

The hormblende in the section is light green and has a low biw=
refriggenee in confrast to the mediumagreen hornblende that has a medium
bifefringence (second order colours).

Other sections, in which compact hornblende enélcses pyroxens,
differ from the one describved previously in ihat hornblende has the
colour end birefringence normally associated with that mineral., In these

sections, there is an incipient alteratiohApf_the pyfexene to sntigorite,
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so that in meny pleces the hornblende encloses areas of antigorite which
are of the same sﬁapq-as the replaced pyroxene remnént. Much of the comw
pact hornblende is surrounded and>pénet:ated by actinolite fibres in-
dicating replacement by fhé actinolites The end product of the alter-
ation is # rock containing only actinolite, antigorite and minor biotite.

The actinolite is coiourless to light green and occurs as
acicular orvfeathery fibres. Most of.the actinolife fibres are rimmed by
a bluish gréen amphibole:which is the.same as that found in the northern
part of the intrusive. The bluish green amphibole is best developed in
the area east of Myrna Lake where it is the only amphibole in the rock.
It occurs as welle=developed fibres which are length slow and have a nax-
imum extinction engle of 20 degrees. The minersl is strongly pleochroig
from bluish green to yellowugreen. The optic figure is biaxial negative
with a large 2V. The properties are partly those of actinolite and
partly those of hornblende. Following the terminology used by Wendke and
Hoffman (1928) the mineral will be referred to as ﬁlue-green actinolite,
to disfinguish it from the compact mineral that has the same color.

In.the gabbro near the biotite-quarfz diorite dyke east of Myrna
Lake the blue=green actinolite is extensively altered to biotite; the
entire sequenée of alteration from the appeasrance 6f en incipient brown
colour on the actinolite to true biotite flakes wes observeds In an
intermediate stage, a Brown micaceous mineral that retains the amphibole
éleavage is formed.

41l the feldspars of the uralite gabbro are slightly altered to
séricite, kaolin and chlorite. Alteration of the labradorite to epidote

is extensive in the quartz-rich pheses. In general, alteration to
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chlorite is most extensive in the aresa east of liyrna Leke. In the rocks
in this viéinity the chlorite fibres have grown nomel to the contect of
- the plagioclase with the actinolite, and have pehetrated deeply intoAthe
feldspars. Fractures in the feldspar alsovserve as loci for the alter-
“ation. The feldSparé contain minute rod-shaped crystals that are slso
believed to be chlorite. These crysfals show a tendency to lie with
their long axes parallel td the cleavage of the feldspar.
| &t station c~224 near the southegst contact, the feldspars are

’mylonitized,.and'quartz has been introduced into the crushed meterisl.
This is the only outcfop in which pyrite is viéible in hand specimen.
However, sulpﬁides were noted in thin sections freh othe: parts of the
gabbto. |

A few of the outcrops near the contacf of the urélite gabbro
with the unaltered olivinthypersthene gabbro do notxcontain remnants of
compact hornblende. Sections from these outcrops contain actinolite and
a mass, unresolvable at a magnlflcatlon of 300X, of fibres believed to
be actinolite in the early stages of formation. - Commonly, some'chlorite
is preséﬁt. liagnetite and apatite are ¢ommon accessory minerals. Quartsz
is present in small smounts throughout the rock.

The term uralite gebbro is used because it denotes the intrusivé
’ origin of the rock and the seqqndary origin of the smphibole. In g
strictly mineralogicel sense the naﬁe plagioclasé amphibolite is applicable.
"Johannsen's-classification is 2312, 1In éqme phases of ¢-238 the rock may

be classified as 3312.
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Olivine Hypersthene Gabbro and Norite

Distribution and occurrence -~ The olivine-hypersthene gabbro and

»intimately associated olivine norite and norite occur in scattered out-
cfops along the‘wast edge of thel;idge between Myrn; Leke and the west
shore of GoatvLaké.‘ Most of the outcrops ére a few feet east of the
basé.line shown on the accompanying-map. (Fig. 3) Outcrop §-238-16,
south of Goat Lake and separated from the main bddy of unsltered rock by
the quartz uralite gabbro, ié aiso plaéed in this category.

The rock forms a narrow zone along the western éontact of the in-
trusive. The contact with the microcline granite is hidden in s de-
pression several hundred feet wide. 4n Qqual distence separates the
‘gabbro from theinearest outcrop of volcanic rocks to the west of Gbat Lake.
- The eastern boundary is marked, as explained previously, by a fapidly

gradational contact with the uralite gabbro phase.

Petrology =- In texture the rock is identical with the uralite
gabbro. The feldspar laths aitdin lengths as‘mu¢h as one inch. 4s in
the uralite gabbro phase the laths are aligned at 140 degrees. The most
noteworthy.variatioh in the rock is the feldspar content which ranges
from 20 to 60'per cent. The rock weathers light bromzy grey. The feld-
spar crystal tend to stend out on the weathered surface of the outcrop.
On the fresh surface the rock is a dark brbnze-grey; In thin section the
rock is seen to be composed of plagioclase, hypersthene, augite, olivine,
and minor amounts of biotite, hornblende, and magnetite. Zirconm and

apatite are accessory minerals.

The feldspar is labradorite (Abgghngg) which is at the lower end
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of the compositional fange of the feldspars in the uralite gabbro. The
cerystals are twinned according ﬁo the albite law, and are completely
frée of alterations, A4s in the uralite gabbro some of the large laths
are bent slightly probably due to movement prior to the complete con-
solidation of the rockg

A,Rosiwal analysis of & section of the rock gave 17 per cent
olivine, 30 éer‘cent augite, 28 per cent hypersthéne, 22 per cent labra-
dorite and 2 per cent magnetite. The percentages of the different ferrom
megnesian minerals are veriable. &n increase in the percentage of
hypersthene over augite is'accompanied Bj a decreamse in olivine. Two
thin sections‘examined, one from C=238+«16 and the other from G=241 are
norites and contain 4 or 5 pef cent augite, 28 per cent hypersthene, and
one or two per cent olivine.

The augite crystals are subhedral in outline and many show simple
twinning. The ﬁdneral.has a dusty colour owing to the presence of minute
needleashaﬁéd inclusions eligned parallel to the cleavage. These ine
clusions are believed to be clusters of magnetite crystals, Génerally,
the augite exhibits better crystal outlines than the‘hypefsthéne in the
same.sectiong However, where the augite and hypersthene are the ohly
ferromegnesian minergls present, they are equally well developed. The
large anhedral olivine grains contain_well developed dendritic patterns
of magnetite. The olivine gives poor optiéal figufés, but those that
were obtained indicated that the minéral is biaxial positive.. This
suggests that the olivine is an iroﬁ-rich variety. Augite énd olivine

are surrounded by small compact anhedral grains of hypersthene. These
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hypersthene grains esre notably lacking in good cleavage outlines. On the

other hand, in the norites in which hypersthene is the predominant mafic
mineral, the crystals are subhedral and exhibit good éleavﬁge. The pleo-
chroism of the mineral is exceptionally strong. &n incipient green~brown
elteration of the pyroxene, identified as hormblende, forms a nafrow
band about the hypersthene in a few sections: The ferromagnesian minerals
occur in trigngular-shaped interstices between the feldspar lathso

Iﬁ aboui half the thin secﬁions examined the ratio of olivine,
augite,and hypersthene remains constants The total percentage of ferros
" megnesian minerals varies widely, ranging from 30 to 80 per cent of the
mineral content of the rock. Because the amount of augite and hypersthene
are approximately equal, the rock has been called a hypersthene gabbro,
rather then e norite, as the latter term implies a decided excess of hy-
persthene, The term olivine hyperite as used‘by Johennsen (Vol. III) is
also applicables In Johannsen;s system of classification the rock is
designated 2312, with some phases which may be designated 3312. As men=
- tioned previously, phases of the rock are true norites that contain only
hypersthene and labradorite. Other phasésrcontain e small smount of
_olivine and are called olivine norites. The two rock types, the olivine
hypersthene gabbro and the norite, gradevinsensibly into one another, and

no systemetic control of their occurrence was observed.
Agsociated Dyke Rocks

Anorthosgite is the most important dyke rock agsociated with the
. basic intrusive., This dyke rock is exposed in outcrop c=227 near the

east contact and is present in the core from e diemond drill hole on the
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east shore of Goat Lake.

; Because of the limited exposure st c=227 no determination of the
strike or dip of this dyke could be mede. The diamond drill core on the
east shore of Goat Lake was not in boxes and the logs were not available
to the writer, so no interpretation of the core was possible.

The rock weathers grey spotted with minute flecks of green ame
phiboles On the fresh surface the rock is composed of a fine-grained
greenish grey to greenish black matrix wﬁich éncloses large euhedral pheno=
crysts of feldsper. In thin section the matrix is found to be a mass of
poorly developed actinolite fibres and feldspar crystals. The phenocrysts
are labredorite (A534An55) and are fractured; the matrix has been intro-
duced along these fractures. Local corrosion of the phenocrysts by the
groundmass indicates a difference in composition between the feldspars in
.the groundmass eand the phenocrjsts.

The .gabbro at outerop c-224 is cut by two small trap dykes; three

or four inches wide, that exhibit chilled contacts with the gabbro.
Petrogenesis and Alteration

Petrogenesig -- If it is assumed that the original composition
of the uralite gabbro is represented by the canposition of the unaltered
olivine hypersthene gabbro and associated norites, then the petrogenesis‘
'Qflthe body a8 a whole mey be inferred from a study of these unaltered
rocks. The variations in composition of the ﬁnaltered rocks ﬁere probéﬁly
present to a greater or less exfent throughout the body prior to the ame
phibolitic elteration.:

It may therefore be postulated that the Myrna Lake intrusive body



solidified as a pyroxene gabbro. The mafic constituents were augite,
hypersthene, aﬁd olivine. In the unsltered rock the relative percéntages
of these fary widely from place to place and this variation was probably
present throughout the intrusive mass.

The ratio of feldspar to mefic minerals shows considerable local
variation. The average feldspar content of the unaltered rock is 55 per
cent, which is the same s&s the average forrthe body as & whole. The
average composition of‘the feldspar is the same in the altered and une-
altered rock if the quartz-bearing phases of the uralite gabbro are not
considered. The quartz-bearing phases contein a somewhat more ascid
feldspar which is attributed to external influences. There is no evide
ence of a controlled segregation of the constituents, such as that pro=
duced by graﬁitational differention of a partly crystallized magma.

The large euhedral feldspar crystals are one of the striking
mineralogical features of the unaltered gebbro. A& number of observations
indicate that the feldspar wes one of the first of the essential con
stituents to crystallize from the magms. Briefly, these observations
are as follows:

(1) The large size of the crystels indicate growth in a fluid

medium which would permit the movement\of the ions to a few

centres of crystallization and consequently reduce the mutual
interference of the growing crystais. |

(2) The mefic minerals occupy more or less triengular sheped

areas between the feldspar laths and do not terminete the feld-

spar crystals.

(3) The alignment of the feldspars must have been brought about

by movement in a reasonably fluid medium or the feldspers would
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have suffered fractufing and crushing. Small fractures are

present in a few of the cfystals, but none completely rupture

the crystal in which they occurs.

In olivineerich sections of the unaltered gabbro, the olivine
yﬁmamahuthmﬁwhswmm@d@anumwMMwomehﬂ
hype:sthene crystalse It is evident that the hypersthene crystallized
after the olivines Such rims of hypersthene about olivine grains in
. basic rocks have been noted by many writers. Johamnsen (Vol. III, p. 215)
states "In some cases the continuation of the erystallization of the
magma produced hypersthene instead of more olivine; consequently rims of
the latter surround the former".

Dendritic patterns of magnetite occur within the olivine and are
believed to be the result of exsolution. Inclusions of magnetite in
partly sefpentinized olivine have been described and are generally in-
terpreted as by-produéts of the alteration. However, the olivine in the
Myrna Leke gebbro is unaltered, and 56 it seems unlikely that the magnetite
originated in this manner. The olivine is optically posifive end is
therefore believed to be an ironwrich variety (Rogers and Kerr, pe 296).
The writer thinks it probeble that the olivine held an excess of iron
.in solution, and upen cooling the iron that was not teken up in the
olivine structure exsolved in the form of magnetite.

Vogt and others have shown that the relative proportions of iron
end magnesia in the different ferromagnesian minerals of a given rock are
the same for all the minerals. If is to be expected, therefofe, that if
the olivine is rich in iron the other mafic minersls would also be pro-

portionally rich in iron. This appears to be true in the lyrna lLeke gabbro;




Tﬁé dugite is dusty in colour owing to meny minuté needle-shaped
inclusions that are bqlievgd to be aggfegates'of megnetite erystals. _As
in the case of tﬁe olivine the augite is unaltered and it therefore seems
improbable that the megnetite formed as the result‘of alteration. The
texture is also interpreted as due to exsolution.

The generally high iron content of the ferromegnesian mineral is
also reflected in the strong pleochroism of'the hypersthene (Larsen and
Bermen, p. 241). A comparison of the Myrne Leke hypersthene with the
érthorhombic pyroxene in the Lynn Lake body shows that the hypersthene
from the Myrha Lake body is-considefably more pleochroic.

The augite crystals in the olivine-rich areas of the gabbro are
not commonly found in comtact with olivine. However, in # few places the
augite qrystals seem to be terminated by the olivine grains. The general
impression given by the three minerals is that the augite and olivine
grains lie in a 'matrix' of small anhedral hypersthene grains. The in-
dication is that in the order of erystallization, the augite preceded
the hypersthene and was probably partly contemperaneousrwith, but mostly
later, then the olivine. |

However, in thin sections of moritic rock that contain predom-
inantly hypersthene with some augite and no olivine, the two pyroxenes
are equally well developed. This probably indicates that the order of
crystallization was strongly influenced by local conditions. The intere
‘stitial nature of the ferromagnesian ﬁinerals with respect to the feld-
spar crystalsrmay heve inhibited the free circulation of the ions so thet
equilibrium was not maintained. The presence of the large feldspar laths
may have so interrupted the movement.of the ions that ‘pockete* of vary-

ing composition were set up. In any restricted aree the order of
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crystallizaetion would be governed by the proportioﬁs of the minerals
present in that pgrticular area of the intrusive. The first minersl
to crystallize in anyléarticular areg would be the one which was in
excess of certain equilibrium proportions. In the norite it is to be
expected that hypersthene would crystéllize eerlier than in the olivine
hypersthené gabbro. |

In all sections of fhe unaltered rock a minor amount of greenw
brown hornblende is present. This hornblende 6ccurs as rims.of varying
widths about the pyroxene grainso It is ﬁot always present on all
borders of the grain, but may form ﬁ.relatively wide bend on only one
end of the grain. Cracks and cleavage do not appear to exert any parte
icular control upon»the hornblende alteration. The contact between the
two minerals is marked by an incipient chenge of colours In a few
crystals tﬁe cleavage of the pyroxene is.continuous into the amphibole.
This hornblende ié believed to be of pfimary origin. However, it is
difficult to establish satisfactory criteria for distinguishing between
compact hornblende of primary origin and compact hornblénde of secondary
origin, | |

The colour of hornblende may be.distinctive. Brown hornblende
is generally primary whereas green hérnblende is secondary. However,
Williems (1884) states that gfeen primary.hornblende has been noted.
Gordon (1904) cleims the only incontesteble evidénce of secondery origin
is the presence of hornblende bordering irregular fractureé in the
pyroxene. ‘

Johannsen (Volume III, p. 228) stetes ".....instead of & sharp
contact line between the two minerals, as in the case of e primary horne

blende rim around a pyroxene centre, the line is usually irregular, and
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the secondary mineral seems to have esten its way‘into the older one",
iﬁ is evident that no single criterion will suffice,

The writer believes the green-brown, compact hornblende of the
Myrne Leke body is of primery origin becauses

(l) The rock in which the hornblende occurs does not show
evi&ence of hydrothermal =zction such es the alteration of the
feldspars to kaolin and sericite and the developmenf of‘éhlorite,
serpentine and other typical hydrothermal minerals (Schwartz,

1939).

(2) The boundary betﬁeen the two minerals is sharp and the
contact is marked only by an incipient change of colour.
(3) Cleavages and fractures do not exer% 8 controlling in-
fluence on the development of the hornblende.

* (4) Cleavage of the pyroxene continues uninterrupted from
pyroxene to hornblende in a few crystals.
(5) The colour of the mineral is typical of primary horne

blende as described by many writers (Johannsen, Volume III,

pe 227)e

The compact green hornblende described in the unique thin section
A=T8w2 is aléo believed to be primery. All the criteria listed above,
with the exception of (5), are noted in this section.

- The question arises as to why primary hornblende'in different
perts of the same intrusive body should be different in colour. Two
possibilities are suggesteds:

(1) Local conditiens within the bedy were such that in one
place the primery hornblende formed was green«brown in colour,

whereas in snother place green hornblende formed.
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(2) The colour of the green hornblende is due to secondary
causes, and the hornblende as originally formed was the same
colour throughout the body.

In view of the arguments elready presented, to show that local
conditions influenced the order of crystellization, it is conceivable
that local conditions mey also have governed the colour of the horne
blende formed in any particular srea. However, the writer favours the
‘idea that the green colour of the hornblende is due to secondary causes.

In summery, the lMyrna Leke intrusive body consolidated es & rock
composed of lebradorite, olivine, augite, hypersthene, and minor compact
green=brown hornblende. The large labredorite crystals were the firgt
crystals formed, followed by plivine, augite, and hypersthene. The
sequence of the last two minerals was governed by the relativé proportions
of each present in local areas of the intrusiﬁe, so that in noritic zones
the order was partly reversed. 4 relativély smell amount of feldspar
. was the last mineral to crystallize, and filled the interstices between
the other minersls.

In éonsidering the origin of & rock of the composition outlined
in the preceding paragraphs two possibilities arise:

(1) The magme from which the rock consolidated was of

the same composition as the original megma, asnd fhe |

molten material has simply been moved from the originél

magma chember to its present position.

(2) The magme from which the rock cdnsélidated was e partial

megma derived from en original megme of different composition

by some process of segregation.

The writer prefers (2) as an explanation for the origin of the




Myrna Lake gabbro, although theifirét possibility is one which cennot be
directly'disproved.

Three features of the Myrne Lake intrusive body that are unique
- and were not observed in any of the other basic intrusive bodies examined
by the writer, suggest that the body is a differentiate of a more basic
igneous mass. These features are as follows:

(1) The rock is generally feldspathic; the feldspar content

raenges from 55 to 80 per cent-in fﬁe sections examiﬁed, and

is in general from 15 to 20 per cent higher than in the other

basic bodies of the Lynn-Berrington Lakes Ares.

(2)  The texture of the feldspars is idiomorphic and there

is evidence to suggest a partial reversal of the normal

Resenbusch order of crystallization.

(3) A&northositic dykes sre associated with the body.

The asnorthosite dykes associated with the Myrna Leke gebbro
certainly suggest thet differentiation did take plece to a certain extent.
The'majority of writers agree fhat anbrthosites are one of the end
products of the differentiation of g magme, although not all of them
agree upon the actual mechanics of‘the process or the compesition of
the original magma.

Early writers believed that the process was simply one of liquid
segregation into 'salic and mafic poles’. However, the field evidence
has shown, from the effects of aﬁorthosite upon inclusions, that the
actual temperature of the anorthosite was far below thet required to
maintain such & monomineral rock in a molten condition. To overcome thig

difficulty, some writers have postulated thet the anorthosite was so
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rich in mineralizers that it was able to remain molten at ummaturally
low temperatures. This theory is also contradicted by the field ev-
idence which shows that the rock into which anorthqsiee has been in-
truded does not show fhe hydrothermal effects that would be expected
if the anorth081te was rich in mineralizing fluidse

Bowen (1917) attributed anorthosites to the segregation of
 plagioclase crystals from e gabbroic solution. He believed that the
merked tendency for the plagioclase in plagioclase-rich melts to be lab-
redorite rather anorthite is due to the similarity in density between
the crystale of plagioclase and the magma. The crystals thus remained
suspended in the melt as the temperature fell, and equilibrium was
maintained between the melt and the'crystals so that their compesition
approached thet of the original magma. lieanwhile the mafic conetituents 
settled out, leaving the residual material much more salic. As e con=
sequence of theAreduciion of the specific gravity of the residual fluid,
owing to the subtraction of some of fhe mafic constituehts, the feldw
spar crystals begin to settle out and form in the extreme case a bend
of enorthositic material.

Balk (1930) assﬁmed, thet from an original dioritic megme.,
fractional crystallizationvpreduced labredorite and ferromagnesian min-
erals. These crystals did not sink, but were swept along through |
narrowing channels, so thet motion of the crystals was retarded and the
syenitic residual liquid advenced past them. As fresh material was
brought up, ﬁore crystals were added to those siready arrested in‘their
movement, so that three rock typesfwere formed, gabbro, anorthosite,
and syenite.

Alling (1932) amgrees in general with Balk's explanation of the




Adirondack enorthosites. Johannsen (Volume III) stetes that although
he believes Balk's picture of the process is the best so far presented,
he would regerd the original magme as being grenodioritic rather than
dioritic as Balk proposed. bespite the disagreement as to the comp-
osition of the original megme esnd the mechanics of the process, most
writers sgree that anorfhosite is the result of the extreme differ=
entiation of o polymiﬁeralic magme:

If we mssume thet the Myrna Lake gabbro formed from a partial
magme, of less basic composition than fhe original magma,:it is possible
to account for the texture of the intfusive body and for the associated
anorthosites by the process of differentiation. In the first stage of
differentiation of the parentel megma the growing mafic minerals would
begin to settle oﬁto At e certain stage in this process the equilibrium
would be so shifted thet feldspar crystals wbuld begin to form. The
subtraction of the mafic constituents would result in a lowering of the
specific grevity of the.liquid, and eventually-the feldspar crystals
would begin to segregete. This would occur very slﬁwly g0 that chemical
équilibrium between crystals and liquid is mainteined, resulting in
feldspar of intermediate compositio; rather than the besic crystels
first formed. The accumulation of these crystals and a small smount of
interstitial material would form an anorthositic phese. |

The residual crystal and liquid mixture from which some of the
mafic cpnstituents and to a lesser extent plegioclase crystals have been
subtracted would eventually attain the dahposition of the unaltered
gabbro. If this material was then moved‘froﬁ the lower levels at which
differentiation occurred to its presenf positicn, the feldspar cryétals

would tend to elign themselves with their long axes parallel with the
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’ direction of flowe. The 1iﬁeation of the Myrna Lake body strikes S 40°
E end dips vertically indicating that the intrusive mase rose vereically
towards the southeast or northwest.

The smell smount of anorthosite associated with the Myrna Leke
gabbro and the moderately feldspethic nature of the basic intrusive
rock would only require a moderate amount of segregation. It would not
be expected that striking differences in the composition of the feldspar
of the gabbro and that of the anerthositevwoul& occure The feldspars
are, practically sPeeking, identical,

Graduelly, as the molten meterial reached the upper levels it
cooled sufficiently to form the minersals deseribedlpreviously. The
anorthositic material, probably following the same channels, was ine
jected into the gabbro. This probably occurred at a time when the
gabbro was sufficlently warm to permit the penetratlon of the anortho-
site to considerable dlstances, before consolldatlon of the interstitial
fluid of the anorthosite was complete. However, the gebbro wasg sufs
ficiently cool that the interstitial fluid was chilled to form a relatively
finewgreined metrix of feldspar andvminer'ferromggnesian minerals. -

Balk (1930) by means of the constrictional flowege theory was
able to account for tﬁe extreme crushing and fracturing of the feldspar
crystals in the Adirondack anorthoeite masses. This crushing and
fracturing “he attributed te the repeated shoving about of the masses
of eccumulated crystals by successive influxes of new material. To the
writer, this seems an inescapable consequence of this method of accume
ulation of the feldspar crystals.

The Myrna Lake gabbro and anorthosite show no such extensive

‘fracturing. In fact, they seem to have been emplmced rather gently,




for although there is a moderate amount of distortion of the crystals,
only rarely are crystals completely rupturedQ The writer therefbre
favors a segregation at depth rather-thén constrictional flowege theory
to acéount for the origin of the Myrna Lake gabbro and associated-an—

orthosites.

Alteration ~- In the description of the uralite gabbrb of the
Myrna Leke intrusive body the Sequehce of the formation of the secondary
minerals wes established. This sequence will be reviewed at this point
for the seke of convenience.

The first chenge to occur was the partial conversion of the Py=-
roxene to compact green hornblende. &t & second gtage in the alteration
the compact green hornblende was pértly converted to actinolite, and
much of the.pyroxene'was chenged t0~antigorité. As the alteration con-
tinued, minor smounts of the compact hornblende and actinolite were
converted to antigorite also. & blue«green riﬁ,abound the actinolite
fibres is believed ﬁo be the same mineral as the blue~green actinolite
in the northeast part of the intrusive. If this is so0, then the blue=
green actinolite represents the last stage in the amphibole alteration,
for where it is present none of the other minerals, actinolite, antige
ofite, or compact hornblende are present. Biotite is a fairly extensive
alteration product of the blue-green amphibole and is therefore the final
.mineral formed.

.rReference hes been made to the ﬁniqne thin sectién AnT78=2., It
was steted previoasly that the writer believed the green hornblende in
this‘éection_to be of primery origin, but that the green colour was a
secondary effect. This inference.is_drawn from the intermediate nature

of the colour and birefringence of the mineral. The birefringence is




low and in that respectbthe mineral resembles the compact green-brown
primary hofnblende. The colour, although green, is not as dark as that
of the hornblende in more highly altered sections.

Thé writer suggésts~that as the'roqk,coolea it reached e ééint
et which hornblende beceme stable and green=-brown hornblehde began to
form rather than pyroxene. However, before much of this mineral was
produced the rock consolidated. Accofding to Bowen (1922 and 1928)
such a rock is in a metastable state. If at a somewhat later time, the -
ftemperature of the rock is faised,sufficiently the reaction thus begun
will go to completion. That is to}say, the pyroxene will again begin
to invert to the lower temperature hornblendee.

The first stage in this process in the Myrna Lake gebbro. would
probably be the conversion of the gfeenebrown ho&nblende to-green horn«
blendes Aw=78w2 may represent thié initial stage, and as the process
continued it is inferréd that the colour of the hornblende darkened and
the birefringence increased. This equilibrium adjustment continued,
and more and more pyroxene was converted to hornblende. Before the
conversion of the ﬁyroxene was complete, the equilibfium conditions
‘changed so that astiﬁolite and antigorite began to form es deseribed
previously.

&t this point, it is necessary to arrive at some conclusion in
regard'to the cause of the mineralegicalrchanges previously described.
In general, the sgencies that cause uralitization can be broadly classe
_ified into two groupss |
(1) ﬁeuteric

(2) Metamorphic
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The term 'deuteric alteration' will be used here in a‘broad sense
to include not only those mineralogical changes that are attributable to
the reaction of the crystals with the residual liquid of the comsolid=-
ating'magma, but also those hineralogical'changes that are wrought in
fhe consolidafed or partly consolidated ocuter portion-of an intrusive
mass‘bf gases and fluids emenating from the molten interior of the body.

| The term 'metamorphic elteration’ will be used to denote miner-
alogical changes induced in a consolideted body of rock by eztefnal
influences not directly related to_tﬁe genesis of the body;

Colony (1931) describes the deuteric effects on the norites of
the Maskwa River area in Manitoba and the Sudbufy basgin as resulting in
the conversion of the pyroxenes to actinolite and biotite. The feldspars
have in some places been albitized, and in places the rock has been
saturated with endestage quartz and heavily mineralized. In these
examples there was presumably considersble residusl fluid which was to
a large extent injected into the nearby consolideted portions of the
rock, pfoducing chenges hot only in the pyroxene but also in the plage
ioclase, indicating a feirly equeous fluid. Wandke and Hoffmen (1924)
also attributed the alteration of the norite of Sudbury, Ontario to
the action of deuteric agencies. In such extreme cases, where there is
an injection of residual liquids, fractures produced in the semi-solid
rock wouid probably be injected with material, giving rise to textures
which would be difficﬁlt to distinguish from those formed by hydrothermal
alteration.

6ther writers‘have described basic intrusive bodies in which

the effects of the residual liquid were not so striking. Dennen (1943)
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in a study of the norite near Drgcut, Mgssechusettes Qescribes’the '
development of chlorite rims that “.....surround hypersthene grains
but are entireiy separate from each éther and show no relaetion to
fractures and therefore there could have been no introduction of mat-
erial”. This is an example of & limited amount of residuel liquid and
one in which the nature of the alteration is clearly shown.

1f the uralitization of the Myrn; Lake gabbro is to be exw
plained as a deuteric effect, then the naturerﬁfthe deuteric agent
must be such as to account for the following featﬁres of the rock.

(1) AThe rock shows no évidence of having-ﬁenn saturated

with residugl liquid. The amount of interstitiai quartz

is negligible except‘in the quartz uralite phases which

 have previously been attributed to the essimiletion of

quartz from nearby granitic'rockso

(2)  The anhedral greins of interstitial feldspar which

wes one of the last minerals formed.show no evidence of

reaction with earlier formed minerals.

(3) The feldspars are only slightly altered to kaolin

and serlclte. The strcngest alteration is in the north- ﬁyNW“*

east part of the intrusive bodys Albitization and zoning g%;
are absent except along the contacts of the bodye.
(4) A few fractures filled with amphibole are present

end are most ‘dbundant along the contacts of the body,

partlcularly in the northeast.

Oliver (1949) has shown that the process of uralitization of .
the Sudbury norlte has not epperently affected the chemical analysess,
That is to say, the conclusions based upon analyses of rock which

contained uralite would be equally valid if interpreted in terms of une
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altered rock. He prOpoéed thet the uralitization proéess wes carried
out by a residual liquid éf aqueous character carrying small amounts
of 5i, Al, and possibly F. | |

Insofar as the mineralogical changes are concerned & residual
fluid of the type postulated by Uliver could account for the ;lter-
ation of the Myrna Leke gabbrb; However, such a theory fails to ac-
count for two importent features:

(1) The mineralogical similarity of the alteration

of all the basic rocks of the area, both extrusive

and ihtrusive. |

(2) The aerial mssocistion of certain slteration min-

erals of these besic rocks ﬁith.granitic intrusives.

The similaerity of the minerél percentages, mineral properties, -
end sequence of slteration of'the‘extrusive and intrusive rocks of the
aree cannot be overlooked in considering the alteration of the in-
trusgive bodies. Although fewiof the pyroxene remnants remain in the
volcanics, some were noted. As in the uralite gabbro these were enclosed
in a compact green hornblende. The hornblende was partly altered to:
actinolite, and both minerals have undergone partial alteration to
antigorite. The same'sequahce hes been noted in the diorites of the
area.

In both the extrusive end intrusive rocks the feldspars are only
slightly to moderately keolinized, and in both rocks there is a de-
finite increase of plagioclase alterétion in the proximity of the
grenitic rocks. It is true that completely altered volcanics are noted

in certain outcrops such as at c=242 west of the gabbro, but one also
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'obsgrves mylonitized and gtanitized diorites and gabbros, and in the
experience‘of»the writer these always mark the contact with & granitic
'intrusive. Furthermore, it is to be expected that schistose rocks
" such as the volcanic flows and tuffs would be more perheable and there-.
- fore mofe_highly,altered at an equal distence from a source of agqueow
igneoué emanations; It is not surprising, therefore that areass of un~
altered rock are noted within the infrusiﬁé masses bqt_are rarely if
ever found in the‘flows. | |
| It would be expected, from the apparent -sréml extent of the

granitic roéks, that large amount§ of volétile constituents capablé of
’producing hydréthermal alteration would be present at the time of the |
granitic inirusion. However, field evidence shows that except in frac-
tured and grushed rocks hyérothermal‘effects had.a‘very limited range.
Inclusiéns df volcanic rocks of moderate size do not show extensive
- development of the typical hydrothermal minerals such as kaolin, sericite,
chlorite, and epidote. , |

It is worthwhile to note, that geologicai maps on the scale of
1/2 mile fo 1 inch or even L/4:miie to 1 inch do not give an accurate
picture of the actual volume of granitic rock present in any given area.
So confused sre the outcrop patterns that an accurete picture of the
distribution of the rocks is impossible. in some of the areas mapped
es granite, the actﬁal true granitic material pfobably does not exceed
half the aree shown on the map. The remainder is coﬁposed of included
areas of foféign rock, grenitized rock, and slightly assimileted in-
clusions. This may in part account for the seeming lack of volume of

hydrothermal emanations.
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If.emanations from the granitic mamsses did penetrate fhe rocks,
they must have been similar chemically to the deuteric fluid described
by Oliver. The writer believes that the chief cause of the urelitiz-
ation of the Myrna Lake gabbro was the fhermal metemorphism produced
by the intrusion of the granitic bodies. This was poésibly’éided in
~part by the regionsl disturbance which preceded the emplacement of the
granitic rocks. |

It is believed that the thermal gradiemt of the rock was raised
to a point where the pyroxene began_td invert to hornblende. At a some=
. what later stage in the process, & éhange in-thé physico=-chemical
conditions caused the hornblende to invert in part to actinolite; and
the pyroxene to antigorite. An‘interchange of ions between the mine
A erals mainteined chemical equilibrium'as nearly as possible.

The second point that a theory of deuteric origin of the urelite
faile to explain is the distribution of fhé blue-green actinolite and
biotitees These minerals are best developed in the northeast part of
the intrusive where & large biotite-quagtz diorite dyke intrudes the
gebbro. They are also found in minor amounts along the *grenite'-

_ gabbro contact, and commonly throughout the intrusive. Bluewgreen
amphiboles in the volcanic flows and diorites show a.similar association
with the contacts of the acid rocks. It is evident that the develop=
ment of this amphibole is related to the granitic rocks. A similar
blue;green amphibole in the Sudbury norite has been déscribed by‘Wandke
and Hoffman (1924) who attributed the colour to the addition of sodium.
Thevassociaiion of blﬁe-green amphibole with the acid intrusive cone

tacts was noted by Bateman (1942) in the McVeigh Leke Area,
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The biotite, which is an alteration product of the blue green
amphibole in the northeast part of the intrusive, comuonly begins to
form about a grain of magnetite. This association suggests that in

part the hornblende and magnetite combined to form biotite.

dge Relationships

The volcanics are the oldest rocks in the area. Inclusions
of these rocks are present in quertz~hornblende diorite, gabbro, and
microcline granite.

The conclusion that the quartz~hornblende diorite is older
than the gabbro is based upon two factss

(1) In the contasct zone south of Goat Lake, the diorite
is cut by two small dykes which are 31m11ar to the gabbro.

(2) The gabbro along the contact with the d1r01te 1s finers
vgralned than it is away from the contact. The fine-grained
~phase is interpreted as a chilled border.

An inclusienvof the quartz monzonite is found within the gabbro
south of Goat Leke. It is a block about 2 square feet in area and is
fractured and intruded by stringers of the basic rock. This in-
clusion shows that the quartz monibnite is oldgr than the gabbro. The
sequence between the quartz monzonite and the quartzahornblende
diorite is unknown.

In considering the age of the miecrocline granite mention must
be made of certain bodies of graniticeappearing rock that occur with-
in the gabbro south of Goét Lake, and in the fineegrained zone along
the east contect. §outh.of Goat Leke, the outcrops are separated by

intervals of overburden, but the continuity of the strike of the
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granitic areas-éuggests a dykee The largest of these_éxposnres is
gbout 30 feet wide by 150 feetllong. vThe pinkish white weathered
surface of these rocks which are spotted with milky blue quartz 'eyes’
resembles the blue quartz phase of the microcline graniteo On the
fresh surface the rock grades from pinkish grey to dafk grey towards
the contact with the gabbro. This changq of colour corresponds to a
change in‘the mineralogical CQmpositiQn from untwinned feldspar (olig-
oclase_and some orthoclase) quartz, and biotite, to albite-twinned
andesine, quartz, and hornblende. The increasing basicity of the
acid rock towards fhe contact suggests conteminaetion by the gebbro.
" Further evidence of an interchange of material is the presence of
blue quartz ‘eyes‘ in the gabbro over & limited ares neer the contact. '

The presencé of myrmikitic and perthitic intergrowths in the
blue quartz phase of the microcline_granite hes been noted previouslye.
Such evidence of deuteric action is not found in the dyke rock. The
same sutured mineral borders as seeﬁ in the blug quertz phase are
present in the lighter parts of the dyke, aithough these are not seen
in the more conteminated zonese The lack of_these textures may be due
- tos | |

(i). Anvoriginal difference, between the dyke and the blue

Y quartz phase, in.the quality end quentity of those elements
thét:form the residual fluids of the consolidating magme.
(2) The interaction of the dyke and the well rock as suggested
‘ previouslye.

Another indication of the reaction of the granite and the
gabbro is found at station Cw237 along the east contacts C=237 lies be~
tween the gabbro and the granite dutcrops which are within a few |

hundred feet of one another at this point. The rock is & hybrid type
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composed of 10% albite-twinned oligoclase, 70% unfwinned feldspar,
10% quartz and 107 ferromagnesien minerals.

‘The untwinned feldspar is optically positive and has an index
of refraction greater than that of bélsam, indicating that the mineral-
is either albite or untwinned acid oligoclase. The twinned feldspar.
is enclosed in the uhtwinned variety and is apparently corroded by the
untwinned variety.

The ferromagnésian minerels are a mixtu?e of actinolitic emw
"phibole, biotite, antigorite, and an ﬁnidentified pyroxenes

In hand specimen the-rock is medium coan*#grained end weathers
light greyish bronze. The fresh surface is a darker greyish bronze.
In the gabbro near Cw237 quartz 'eyes' similar to fhose in the gabbro
south of Goat Lake are presents. The quartz is erratic in distrubution
| but generally decreases in amount towards the west side of thé ridges

The presence of the quartz *eyes"over e limited area near the
granite-gabbro contact and the decrease in the pércentage of these
‘eyes' as the distance from the contact increases suggestis that these
toyed repreéent introduced quértz.associated with the granite, The un=
twinned feldspar rim about a more basic éore is interpreted es indicat-
ing albitization. Such changes would be expected if a basic rock had
been subjected to the action of hydrothermal agencies associated with
the granite.

Betweén c-213 which ié a fine-grained gabbro and c»212 which
is microcline granite an outcrop of blue quertz rock, similar to
that south of Goat Lake, occurs.

C-210 is an outcrop of uralite gabbro which is cut by stringers
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of granitic rock. It is impossible to tell if this outcfoﬁ is an in-
clusion in the grenite or if it is directly comnected to the main
gabbro body.

In:summary, it may be stated that the following observations
suggest that the microcline granife is younger than the gaﬁbro:.

(1) The presence of blue quartz dykes (in the gabbro)

that eare similar in eppearance to the blue gquartz ﬁhase

of the miérocline granite.

(2) The hybrid rock at C=237 supports the ideaﬁof reaction

between the two rocks. The presence of quartz in the gabbro

near C«237 indicates that this resction is in part due to

emanations from the grenite.

(3) The gabbro at C=210 is cut by Stringers of granite and

may be en inclusion in the granitée

The nature of ths contact between the mlcrocllne granlte and
the blotlte quartz dlorlte is unknown because 1t lies beneath &
.muskegafilled depressionf Although not conclusive, two facts suggest
that the diorite is yéunger fhan‘the grenites

(1)  The biotite quartzediorite is entirely free of alter=-

ation either dynamic, thermal or hydrothermel.

(2) 1In contrast to the diorite, the microcline gfanite has

béen slightly eltered, as shown by the kaolinization of the

plagioclase, and has been subjected to crushing. This

-crushing is most pronounced near the diorite and is absent

in the outerops south and east of the'gabbro.‘

(1) and (2) imply thet either the crushing is related to the .
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diorite, probably caused by the emplacement of that body, or the
granite was crushed before the}diorite wes emplaced.

The writer examined»samples of the microcline grenite of the
Sickle Leke Area collected by Dr. A. P. Fawley, and these camnnot be
distinguished from rocks collected in the Myrns Lake Area. Dr.
Fewley (1949) has noted that Yeese.the microcline granite, in general,
is fresh and massive, however crushing ié shown in a few localities
by morter structure and/or by strain shadows in the quartz”.

The’crushing is therefore due to lccal causés end the writer
Iconsiders it probable that in the Myrna Lake Afea the crushing shown
by the granite is due to the emplacement of the diorite.

On the basis of the argumenﬁs presented the following sequence
seems the most probables

: Biotite quertz diorite
Pogt«Sickle Microcline granite
‘ Myrne Lake gabbro
Quartz monzonite, Quartz-hornblende diorite
Wa.sekwan Volcanics

The sequence is unknown between the quartz monzonite and quartz

hornblende diorite.

Conclusions

1. The age relafionships of the different rocks of the sres
are as follows:
Biotite=quartz diorite
Post Sickle Microcline granite
Myrne Leke gabbro
Quartz monzonite, Quartze«hornblende diorite.

Wasekwan v Volcanics
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The sequence between the quartz monzonite and the guartz horn-
blende diorite could not be determined.

2. The following sequence of events in the history of the
body is inferred:

(a) & more basic megme was partly differentiated at depth

to yield en anorthositic phese, and a magma of the compos-

ition of the gabbro.

(b) The magma was intruded into its present position. Con=

sequenfvupon the movement of the magma, the feldspar leths

becamé aligned parallel to the direction of flow, indicating
that the body rose vertically toward the northwest or southe
east. |

(¢) The consolidation of the magma yielded a rock of the

average composition of an olivineahyperstheqe gabbro and

composed predominently of plegioclase, olivine augite,
hjpersthene, and minor amounts of primary hornblende.

3. The evidence shows that the uralitization of the gabbro
wes caused by thermel metamorphism aided by hydrﬁthermal emanations.
The sburces of the heet and hydrothermal materials were the granitic
intrusives of the area. Three stages of the alteration representing
successive metamorphic stages are recognized:

(a) Inversion of the pyroxene to compact hornblende

(v) Development of actinolite and antigorite

(¢) Development of blue-green actinolite and biotite

The inversion of the pyroxene to compact hornblende is believed
to represenf & response to predominantly thermal metemorphism. As

the acid intrusives were emplaced, increased hydrothermal activity
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resulted in the partial convefsion of the compact hornblende and
pyroxene remnants to actinolite and ahtigorite.i The blue~green act-
inolite that more or less completely replaces the actinolite and ant-
igorite along the contact of the gabbro with the acid bodiés is be-
lieved to represent the highest grade of metemorphism. The develop~
ment of this mineral is attributed to the higher temperatures attained
.in these zones, and the introduction of sodium bearing solutions from
'the nearby grenitic intrusive messes. The local development of biotite

may be due to retrograde metamorphism as the temperature of the.gabbro

decreessed during the cooling of the granitic rocks.
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CHAPTER IV
GEOLOGY OF THE FR&SERéLYNN LAKES AREA
Locetion and Charascter of the Ares

The Fraser Leke end Lynn Leke Basic intrusive bodies are
locdted in the southeast corner of the Lynn lLake sheet which lies be-.
tween longitudes>101° and 101° 15' west and beﬁwéen latitudes 56° 45
and 57° north. Theée intrusive bodies are shown'on the accompanying
maﬁ (Fige 4, p. 53) which covers én area 6 miles long by 4 3/4 miles
wide. Outcrops are generally confined to the ridgés which afe SEp=
erated by areas of low ground end swempe. Glacial deposits of sand
and gravel form large ridges in parts of the srea, notably near Lyrnn
Lake.,

In plan view, the Lynn Leke intrusive body is & pear-shaped
body, the long axis of which trends north. The body is 2 miles long
and has e maximum width of.l 1/4 miles. Most of the western contact
of the body lies beneath Lymn Leke. The Fraser Lake gabbro, an ir=
regular shaped body of gabbro similar to the Lynn Lake body, lies
lvl/b miles south of Lynn Lake; A geophysicel survey end a limited
emount of diemond drilling have been done on the Fraser Lake body,
but no positive results have been reported. Both the Fraser Lake and

Lynn Lake intrusive bodies were staked bﬁ Sherritt Gordon Mines Limited.

Country Rocks

General Statement

The country rocks which surround these basic intrusive bodies
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consist of the Wasekwan quartzite and volecanics, and postwSickle
grenitic intrusive rock. A brief description of these rocks follows.
Volcanic Rocks

Distribution and occurrence ~- VWasekwan volcanic rocks lie on

the east and north sides of the Lynn Lake gabbro and on the south side
of the Fraser Leke gabbro. The volcanic rocks form large steep-sided
ridges in contrast to the rounded outcrops of the granite end quartz-

ites.

Petrolégx w- Allan (1946, p. 1 ) gives the following summary
of the lithology of4the volcanic rocks of the area.
“They (the volcanic rocks) are chiefly basic lavas and
greenstone, typically massive and fine-grained withAsmall
needles of hornblendes K.common phase is fiﬁe-grained
with phenocrysts of altered feldsper which stend out on
the weathered Surface. Metamorphism of various degrees ‘
has produced hornblende feldspar gneiéseé and horn- %%
blendite some of which are very coarse grained......,...
Pillow strucfures are discernable in the sheared voi-
canics north of Berge Lake.......;..Volcanic brececie is
well exposed on the prominent ridge along the 'ea‘st side
of Ralpﬁ Leke",
Allen (1946, p. 2) seys of the volcanic r®ks south of Fraser
Lake: |
"In these bands the breccis is_less cleerly defined, and

the breccia, flow, and tuff eppear to be about equally
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represented and cennot easily be mapped separatély.
Hornblendite is found in most of the volcanic series,

Some is probebly metamofphosed fléw, but some is une

doubtedly intrusive inm origin.

Tuffs occur in»ail unitse. They are generally
fine-grained grey to greem and thin bedded. In some

beds considerable recrystallization has teken place.

At some places the tuffs are exﬁensive and can be mapped

as & group but at most places they are only a minor

rock type in the map unit",

Inclusions of volcanic rocks were notéd within the gebbro and
the granite. In the gabbro the inclusions areveither hornblende
schists or porphyroblastic hornbléﬁde schists, whereas in the granite
they have been altered to biotite-hornblende schist or plagioclase
amphibolite. |

Thin sections of the fine-graingd messive volcanic flows of

‘the area show the rock to be composed of equal amounts of plagioclase
feldspar and hornblende. Minor emounts of biotite, megnetite, and
epidote are present. The hornblende is blue=green in colour and occurs
as compact grains and as poorly developed aéicular or feathery fibres.

In a few places biotite replaces the hornblende. The hornblende
crystals are enclosed in a 'matrix* of plagioclase féldspar. The plagio=

, clase.crystals ere snhedral and show indistinct, poorly develbpéd
twins,. A few'crysta.ls are subhedral in outline and polysynthetic glw
bite twins can be recognized in these crystals. The composition of

the plagioclase could not be determined accurately from the thin

sectionse.
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Magnetite is enclosed within both the hornblende and feldspar.
Epidote is present as small grains within a few of the féldspar'crystals,
which suggests that it has formed by alteration of the plagioclase.

The volcanic rocks in the area near the Fraser Leke gabbro are
in general more sheared and recrystallized than the messive flows de-
scribed in the preceding péragraphs. This is especially true of vol-
canic inclusions in the quartz monzohite zone and within the gabbro
body. 4n outcrop of volcanic rock in the quertz monzonite zone east of
the gebbro bedy is composed of approximately 80 per cent mafic minersels
and 20 per cent plagioclase and minor epidote.

The mafic minerals consist of an intimate mixture of chlorite,
hornbiende, and actinglite with entigorite as the predominent minersl.

. In polarized iight the boundary between the antigorite and the horn-
blende is marked by en incipientichange of birefringence, from the
first order yellow of the‘antigorite to the second order yellow of thé
hornblende.’ In non-polarized lighf'the contact between the two
minerals cannot be distinguisheds Near the boundery between the two
minersls small irregular patches, which have the seme birefringence as
the hornblende, occur within the antigorite. These are evidently
remhants of unreplace& hornblendes Further evidence of feplacement

of the horﬁblende by entigorite is that the antigorite retains the outw
line of the hornmblende and thus forms compact psuedomorphs. Actine
olite is not particularly abundant but it exhibits the seme gradationai
contacts with the antigorite as the hormblende. The antigorite tends
to retain the fibrous éutline of thé replaced actinolite.

In only one place wers the hornblende and actinolite found to

'héve a well defined relationship. The actinolite fibres penetrete the
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hbrnblende and surround irregular patches of that mineral suggesting
'that actinolite_has in part replaced the hornblende. The writer in-
fers that the hornblende was partly repléced by actinolite and that
subsequently both amphiBoles were partly converted to antigorite.

The plegioclase is andesine (Ebsg&néa). The crystals are
subhedral to anhedral end generally show poorly developed albite twins.
The plagioclese crystals occupy the interstices between the mafic
minerals and many are spotted with epldote. In many places patches
of epldote occupy the 1nterst1ces between the mafic minerals and Sugm
gest that the feldspar has been completely converted to epidote.

This rock has been designated a plagioclase amphibolite. It
is typical of many volcanic rocks that are closely associated with the
granitic intrusives'.

In thin secfion the porphyroblastic plagioclase amphibolites
that occur as inclusions within the gabbro and along the contact of
.the gebbro are seen to be composed of a m#trix of feathery medium
green actinolite fibres in which anhedral porphyroblasts of compact
hornblende occur. Many of these porphyroblasts are almost opaque bew
cause of the large amount of magnetite within the crystals However,
in meny of the crystals only a few spots of megnetite are present,
possibly owing to the gradual chemical absorption of the iron by the
hornblende as the crystal developed. Feldspar is nof present in most

of these rocks.

Quqrtzites

Distribution snd occurrence =- Quartzites lie along the east

boundary of the Lynn Lake intrusive body and are separated from the
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north and west contacts of the Fraser Lake gabbro b& & narrow zone of
granitic rock. The quartzite hes g ggperal trend of 55 degrees, but
between Bay and Jay Lakes thé strike is locally 70 degrees.

The quartzites form.l&rge rounded outcrops and are best exe
posed east of Francis Lake and south of Bay Lake. Theée sediments
have an exposed thickness of over 55000 feet. At the bottom and top

of the series they are intercalated with volcenic flowéo

Petrology ~< The quartzites are uniform in appearance scross
the entire width of their exposures They are fine-grained rocks and
weather gréy-white to light brown. The weathered surface is streaked
with lenses of biotite which give the rock a gneissic texture. The
fresh surface of thé3rock.isldark grey to pinkish grey in colour.
Quartz is the principal éanstituent, but some biotite aﬁd feldspar
afe present., - |

Hunter (1950) who étudiedvthin gsections of these gediments
in connection with his work om the Lynn Leke gabbro seys that |
thin sections show quartz 70 to 75 per cent, feldspar 10 to 15 per
cent, biotite‘lo to 15 per cent, muscovite 5 to 10 per cent, and
minor amounts of andalusite and.garnet. The texture is'éranoblastic.
Feldspar is intergrowﬁ wiih fine-grained enhedral quartz. large
grains of quartz show strain shadows. Bands and lenses of biotite
and muscovite lie between the fineagraihed quartz, and smell flekes
are scattered throughbut the sections. ©Small shreds and grains of
andalusite occur in some sections.

These rocks represent metaﬁorphosed‘impure sandstones and

feldspathic sediments.
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Quartz Monzonite

Digtribution and occurrence == With the exception of the
south contact, the Fraser Lake gabbro is bounded by quartz monzonite

and associested hybrid rocks,

The quartz monzonite generally occurs invlow rounded out-
crops. DBetween the west contact of the Fraser Lake gabbro and the
quartzites, the quartz monzonite is uncéntaminated except for a few
inclusions of volcanics;

From the east coniacf of the gabbro to Eldon Leke outcrops
of quartz monzonite are intimétely associated with & few outcrops of
diorite, volcanics end sediments. Host of‘this area is composed of
transitional hybridirocks which exhibit too many gradetions in compe

osition to permit classification as separate units.

Petrdlogz -= The average composition of the quartz monzonife:
.és‘estimated from hand specimen is 75 per cent feldspar, 10 per cent
“biotite and 15 per cent Quartz.‘ The rock has a coarsewgrained grane
itic texture. The feldspar grains are pink and grey on the fresh
surface, but on the weathered surface they are a uniform pink colour,
Aligned biotite flekesgive the rock a slight gneissosity.

4 Rosiwal analysis of a selected thin section of the quartz
monzonite indicated 43 per cent orthéclase, 29 pér cent plagioclase,
24 par cent quartz, 3 per cent biotite and minor magnetite, apatite,
éericite, and kaoline.

The orthoclase forms enhedral to subhedral crystals which
generally show carlsbad twins. A few of the crystals contain one or

two irregularly shaped patches of feldspar which have a slightly
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higher index bf refraction than the surrounding orthoclase. The
contact between the two feldspars is indistinct in ordinary light.

In polarized light they have s random orientation with respect to
each other and with‘respeCt to the enclosing orthoclase. They are
probably smell crystals of é slightly more basic'feldépar which were
enclosed in the orthoclase during the growfh of the crystal. Crush-
ed zones are commonvalong the contacts betﬁeen feldspar and quartz
grains. Occasionelly, crushed zones are present between two feld=
spar grains.

The plagioclase is oligoclase which has the composition
(Ab7gAngg). All the oligoclase crystals show thin slbite twin
lamellas ‘and the crystals are better developed than those of ortho-
clase. Both the plagioclase and ofthoclase are moderately altered
to sericite and slightly altered to kaolin. Quartz occurs in the
interétices between the feldspar grains. The grains ere anhedral,
and most of them show disfinct strain shadows. YellowishAbrown bio-
tite occurs in irregular patches throughout the rock. For the mos@
part, the mineral is in minute shreds but a few large flakes are pre-
sents Commonly, these larger flakes have been slightly bent. Be-
cause of lack of evidence to the contrary the biotite is assumed to be
primery. Megnetite and apatité-are minor eccessory minerals in the rock.

The amount of uncontaminsted quartz monzonite exposed east of
the Fraser Lake gabbro is comparitively émall. Outcrops of quartz
monzonite are intimately associated with outcrops of volcanic flows,
diorite, and quartzite, and with outcrops of hybrid rocks formed by

the action of thevquartz monzonite on the other rock types.
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The interaction of acid and basic rocks is illustrated in
several outcrops. One of the bést ekposufes is at C=97 along the
contact of the gabbro. The east edge of this outcrop is & coarse-
grained granitic rocke The weathered surface shows whife or pinkish
white.feldspar quartz and biotite., The fresh surface shows 50 per
éeﬁt grey feldspar, 30 per cent biotite, and 20 per cent quartz. The
ﬁest edge of outcrop C=97 is coarse-grained rock which has a spotted
green and white weathered s#rface. The mafic ﬁineral content has
increased to 5d per‘cént. Both hornblende and biotite are present,
and afe much darker than on the weathered east side of the outcrop.
The feldspar content has decreased to 30 per cent; quartz content is
approximately the seme. There is a gradation between these two rock
types.

Thin sections from the west edge of the outcrop contain ape
proximately 25 per cent hormblende, 30 per cent biotite, 10 per cent
quartz, 3 per cent calcite, and minor mﬁgnetite, epidote, sericite,
and apatite. The plagioclase is andesine (Abgohngg). The crystals
are subhedral and show albite twins. Prismatic sections of the horn-
blende show a preferred ofientation of the long exis of the sections.

In biotite-rich zones in the rock, veinwlike masses of calcite
cut the rock parsllel to the alignment of the feldspar grains. The
calcite embays the feldspar in places where the two minerals are in
contact, suggesting that the plagioclase is replaced by the calecite,
The darkebrown biotite forms an incipient growth along the boundaries
end cleavages of the hornblende grains.

On the east side of the outcroﬁ the rock is composed of 72

per cent plagioclase, 15 per cent quartz, 3 per cent biotite, 1 per




cent hornblende, and minor kaolin, sericite end epidote. The plagi~
oclase does not have a preferred orientetion and the cryétals do not
have an elongate habit as iﬁ the rock on the other side of the oute
crop. About 25 per cent of the plagioclase is andesine (Abgghngg)e
The crystals are subhedral and show distinct albite twins. The re=
maining feldspar is untwinned oligoclase with a few crystals of
orthoclase. The latter mineral always exhibits carlsbad twins. These
rocks are believed to represent a transitioﬁ between the quarfz non-

zonite on the one hand and the diorite on the othere

Diorites and Quartz Diorites

Distribution snd occurrence =- Surrounding Jay Lake and ex-

tending east to Wheatcroft Leke is e zone of mixed rock in which outw
‘crOps of basic rock are intimately‘associated with outcrops of
granitic rocks. The contacts of the diorite bodies ass shown on the
map are indicati#e of zones which are predominantly of basic rock.

No shérp boundary exists between the granitic rocks and the basic'

rockse

Petrology -- The basic rocks are e mixture of diorite and
quartz diorite similar to some of the contact pheses of the Fraser
Leke gabbro. A minor amount of gabbro is associated‘with.the diorite.
The diorite is a medium-grained spotted green and white
weathering rocke. In hand specimen the rock appears to be composed of
50 per cent feldspar and 50 per cent greeneblack.amphibole. The
feldspar is anhedral and interstitial with respect to the mafic minerals.

In many pléces quartz is visible on the weathered surface of the out-
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Crop.

A Rosiwal enalysis of a thin section of the diorite indicated
68 per cent plagioclase, 1l per cent antigorite, 18 per cent horn-
'blende,band minor megnetite, and quartz. The plagioclase is sndesine
(Absghngs) end occurs as subhedral orystals that show albite twins.
The hornblende is medium»greeh in colour and is replaced in part by
antigorite. For.the most part the contact between the two minerals
is sharp and émoofh. In a few places irregular patches of horn-
blende were'noted withiﬁ the entigorite which is psuedomorphic after
the replaced hornblende.

The diorite grades into minor quartz diorite phases. At
Jd=106 a;ong the west shore of Wheatcroft Leke there is a good ex-
posure of the quartz diorite. In outcrop the weathered surface of
the rock is spotted green and grey and is porphyritic in appearance.
Some of the feldsper is slightly pinke. The amphiboles are greene
black in colour.

.A.Rosiwgl enslysis of a typical thin section indicated 27
per cent plagioclase, 34 per cent‘blue-green ectinolite, 16 per_céht

 biotite, 13 pér cent quartz and minor megnetite and:apatite. The

plagioclase is endesine (Abspéngs). The crystals are subhedral in
outline and show albite twins. Blebs of quartz occur within the
feldspar grains and the plagioclase is deéply embayed by quartz. The
menner in which the quartz replaces thevfeldspar, and the lack of
strain shadows aﬁa fractures in the quartz grains, suggests that the _
quartz was introduced subsequent to the shearing.

The well developed fibres of blue;green ectinolite are replaced

by biotites The first stage of the alteration is the appearance of an
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incipient brown colour along the borders of the fibres and along
fractures within the amphibole fibres. The biotite flakes sre a
deep red-brown coloure. ; |

&t outerop A=-25«1 the rock is darker than the diorifé or
quartz diorits ;nd contains from 10 to 15 per cent more mafic mine
eralse In thin sgction, the rock is estimated,ic be compbsed‘of |
18Aper cent plagidclasé, 7 per cent hornblende, 6; per éent act-
inolite, 12 per cent antigorite, and minor qﬁartz, gsericite, Bid-
tite, and magnetite. The crystals of plagiocléée are subhedrai to
anhedral in outliné and show more distinct albite twins then the
feldspar crystgis in the diorite. The composition dfvthe plégio; '
clese is. labradorite (£b4gﬁn52)vand on this basis the rock is
called gabbfo.

The light-green acicular fibres of actinolite and the médium-
green compact grains of hornblende are replaced by esntigorite which
is(commonly psuedomorphic aftef the replaced mineral. Remnants of
both minerals occur within.the antigofite. Brown rims are found on
some of the emphibole greins, suggesting alteration to biotite,
Chlorite occurs along fractures in the feldspar crystels and pene
etrates the crystals along their borders.

Gabbroic roék similer to that just described occurs in minor
amounts throughout the dioritic rock along the east shore of Jay
Lake; end is similar to the normel uralite gabbro of the Fraser Lake
bcd&. The diorite resembles many of the confact phases’of the’
Fraser Leke body. The similarity of these rocke to the Fraser Lake
gabbro suggests that prior to the intrusion of the granite they may
have forméd one continuous body. 4 small gabbro body, designaied the

'El* orebody by the Sherritt Gordon mining company, which lies several
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hundred feet northeast of the Jay Lake diorite may also have been
part of this larger intrusive mass. The 'E1l" orebody , within the
'E1l* gabbro, may therefore be genetically releted to the Fraser

Lake gabbro,
Mylonitized Quartz Diorite

Distribution end occurrence =- The mylonitized quertz die-
orite has a limited exposure along the west shore of Wheatcroft Leke
south of the mouth 6f the Fraser River. Outcrops of diorite are in-
timately.associated with outcrops of acidiintrusive rocks related to

the quartz monzonite.

Petrology == The weatheréd surfazce of the quartz diorite
appéars porphyritic., Pinkish brown feldspar crystals are enclosgd
in a matrix of biotite and finewgreined quartz. The fresh surface
of the rock is greyish white and gneissic as shown by the alignment
of the bictite flakes. |

in thin section the mylonitized quartz diorite is composed
of irregular crystals of plagioclase enclosed in & metrix of crushed
quartz, plagioclase, and biotite. The rock has & cetaclestic mortar
texturs and is pseudoporphyritic rather than pbrphyritic. The féldw
spar 'phenocrysts' are actually remnants which resisted the crushing
to which‘the rock wes subjected.

The plagioclase crystals heve an irregular ééntral core in
which the albite twins are much more uniform end distinet than they are
in the enclosing rim. A slight difference in crystallographic orient

ation of the twins in the two parts of the crystal is shown by the
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diffefent extinction angleé. An accurate determination of the COompe
osition of the plagioclase was not possiﬁle because of the replace=-
ment zoning. The best determination indicated a composition in the
andesine range. |

Much of the quartz of the metrix occur in lense-shaped aress
composed of meny smell grains of quartz. All these small greins
show strain shadows which are attributed to the crushing of a large
quartz grain into a number of smallef grains., Many plagioclase
crystals are cut by veins of quartz which is somewhat less strained
than the quartz in the matrix.

The,zoned nature of the feldspar and the evidence of introd-
uced quartz suggest that fhe rock has been subjected not only to cate
aclastic action but elso to some chemical action. These effects are
attributed to the local influence of the nearby granitic intrusive
body. It is probable that the rock was originally & quartz diorite
similar to those foﬁnd farther north along the shore of Wheatcroft

Leke and near Jay Leke.

The Fraser Lske Gabbro

General Statement

The body of basic rock designated the Fraser Leke gabbro body
is not homogeneous and may be d1v1ded into two phases:

(1) Normael uralite gabbro phase

(2) Contact phase of the uralite gabbro

The normel uralite gabbro phase comprises the rocks of compw

aratively uniform composition in the centrél‘portion of the intrusive
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body. The contact phase comprises & number of local variations of
the uralite gabbro associated with the contact of the gabbro with

grenite. These two phases will be discussed under separate headings.
Normal Uralite Gebbro Phase

Distribution and occurrence =~ The normel uralite gabbro
occupies the central portion of the gabbro body. It occurs in out-
crop as large rounded ridges sepafated by ereas of muskeg or swamp.
As in the Myrna Lake area, thg best exposures of fock are found on

the north ends of the ridges.

Petrology w= In hand specimen the normal uralite gebbro is
e medium=grained to medium coafm&grained rock composed of 50 to 70
per cent greensblack amphibole andlso to 50 per cent gre& to blue=
grey feldspar. Where the percentage of amphibole end feldspar are
abouf equal the rock weathers spotted green and grey, and where
amphibole is the predomingpt mineral the weathering-out of the feldw
gpar produces a rough fscoriaQIike' weathered surface of green ame
phibole. On the frésh surface the feldspar crystals appear to be
poorly developed and to fill the interstices between‘ferromagnesian
minerals. In a few outerops the feldspar crystals do spproach eu-
hedral outlines but such development is rares ‘

The primary lineation of.the Freser Lake gabbro body is
confined to a narrow zone perallel to the contact with the volcanic
flows and locally trends parallel fto the bérders o? the volcanic ine
clusionss Tpe only other significant lineation wes produced by the

post-consolidation shearing along the contact with the quartz monzonite.
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In thin section the normal uralite gabbro is seen to be
composed of actinolite, actinolitic horﬁﬁﬁende, anﬁigorite, plagi-
oclase, and hinor smounts of hornblende, chlorite, aﬁd.magnetite.

A Rosiwal analysis of a typical thin section gave the following
resultst 38 per cent plagioclase; 3 per cent hornblende; 17 per cent
actinolitic hornblende;lze per'cent~antigorite; ZO per cent actin-
olite, and minor magnetite and chlorite.

The plagioclase forms anhedral to subkiedral erystals which
show albite twinning; but the polysynthetic nature of the twinning
is not well developed. Commonly, only three or foﬁr lamellae afe
present in a crystal. The more'nearly euhedral the crystal the
better is the developmenfﬁof fhe albite twinning. More rarely perie
cline twinning is combined with the Carlsbad twinning in some crystals.
The plagioclase is labradorite end ranges from (Ab42ﬁn58) to (Ab45An54).

The act1nol1te occurs as palewgreen to colourless acicular or

feathery fibres. In . meny places 1rregular patches of green~-brom
hornblende are present within the masses of actinolite fibres. The
actlnollte fibres penetrate these patches and replace the hornblende.
A few nearly euhedral crystals of hornblende can be seen, but most
of the hornblende is present es minute spots within the actinolite,
.The actinolite is associ&ted with & compact“amphibole of the same
eolouro This mineral has the follo@ing Qrbperties: slightly pleo~
cﬁroic.from ;ight gfeen to.colourlees; fength slow; optically nega-~
tive; QV’approximately 60° —‘70°.

. Antigorite réplaces the actinolite, actinolitic hernblende,

and hornblende. Remnants ef all three minerals are found within the

antigorite, Commonly, the antigorite is peeudomorphic after the re-



placed mineral. Chlorite occurs as feathery fibres along fractures
in the feldspar crystals and also penétrafes the crystals along
their borders. In the urélite gabbro ﬁorth of the Fraser River
chlorite is only a minor constituent. In one or two places minute
grains of a colourless mineral, possibly a pyroxene, are present
within the hornblende. The mineral has parallel extinction and a
birefringence of second order yellow. Because of the small size of
the grain no optic figure could be obtained. 4n unresolvable rim of

some fibrous minersl is present along the‘border of the colourless
mineral,

South of the-Fraser River on bofh_side of the granite 'finger'
and in a small area immediately north of Fraser Lake thé uralite
gabbro differs considerably in appesrance from the rock previously
describeds In this areé the rock weathers light green in contrast
to the mediumegreen or dark-gréen weéthered surface of the rocks
north of the river, The weathered surface is invariably of the
'séoria-like' type.‘ The fresh surface shows 40 to 50 per cent 'an;
hydrite~blue' feldspar. In hend specimen the feldspar greins are
anhedral and occupy the interstices between the mafic mineral. In
several outcrops this rock grades insensibly into the darker-variety

vof gabbro. Because of this gradation and the lack of outcrOpé the
exact ;aréalAextent of &he rock type is difficult to define.

Ih_thin section this phase of the urelite gabbro is seen to
be composed predominanﬁly,cf plegioclase, entigorite, actinolite, and

“minor sericite and chlorite. A Résiwal analysis of a typical thin
section indicated 45 per cent plagiqclase, 32 per cent antigorite,

20 per cent actinolite, 1 per cent chlorite and 2 per cent sericite.



The plagioclase is labredorite (Abygdngs). The crystals are
anhedral to subhedral and show albite twinning which in rare crystals
is combined with pericline twinning.  ,Alteration to sericite is ex-
'tensive in a few crystels and to some extent is seen in all crystals.,
The predominant mafic minerals are actinolite and‘éntigorite. The
actinolite occur as pale-greeﬁ acicular fibres which are commonly in-
timately associated with antigorite. In & few places the antigorite,
which is peeqdbmorphic after the actinolite, contains remnants of
the replaced actinolite fibres. The percentage of antigorite in the
light green weathering pﬁase is highér than thet in the dark green
phase. The difference in antigorite content is the only noteworthy
difference between the two phases. The yellow~green colour of the
mefic minerﬁls is probably due toAthe high antigorite content. a
minor amount of chlorite replaces the feldspar along cracks in the

greins or along the grain boundaries.
Contact Phasés of the Gabbro

Digtribution and gccurrence == Along the contact of the

basic body with the grenitic rocks‘the outcrops of gabbro exhibit
meny locel variations in composition and texture. It is these veri-
ations of the gabbro associated with the gabbro-granite contact that

will be discussed in this section.

Petrology «~ The different rock types found elong the con-
taét are best described by reference to specifid oﬁtcrops.
At outcrop. C-5 along the northwest contect the gabbro is

in contact with a granitic rock which is megascoPically similar to
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the quartz monzonite. The contact betweeﬁ the two rock types is
generally smooth, but in a few places the grenite forms small ap-
ophyses in the gabbro. The granite dips under the gabbro at an
angle of approximately 20 degrees. On the southeast edge of the
outcrop the gabbro is entirely surfounded by granite. ‘The gabbro
in the outerop is more coarse grained then thé normel urelite gebbro,
and the grain size increases towerds the qontact. The feldspar
.grains are grey-white and commonly are up to one quartgr inch wide;
The amphibole is medium~ to dark-green in colour and forms welle
developed fibres as much as one quérter~inch longe.

From thin sections the gabbro is estimated to be camposed of
35 per cent plagioclase, 63 per cent blue-green actinolite, and
minor orthoclase and qﬁartz; it bhas been termed mylonitized uralitg
gabbro. The feldspar crystals are so crushed that an accurate de-
termination of the éom?osition of the plagioclase is impossible.
Fractures filled with qﬁartz cut aéross the‘plagioclase crystals and
are sﬁrrounded by zones of crushed feldspar and quartz. The veins
of quartz terminate at the amphibole fibres. |

The gfanitic rock with which the mylonitized gabbro is in
contact is & quartz diorite composed of 70 to‘75 pef‘cent plegio=-
clase, 15 to 20 per cgnt quartz, 2 per cent hornblende, 3 per cent
biotite and minor orthoclase, sericite, kaolin, megnetite, and
apatite. The plagioclase is an acid andesine (AbﬁgAnal) and occurs
in subhedral crystals that show slbite twinning. The hornblende
is a medium-green caompact variety. Dark brown biotite replaces the

‘amphibole along crystal boundaries. Some of the lighter biotite may
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be primarye

In fhe outcrop a decided increase of hornblende was noted in
the granite near the contact with the gabbro.

Rocks similar to the two described abbve are in contact at
C-31 along the northern contact of the intrusive. In this outcrop,
e stringer of the acid rock approximately 2 inches wide and Orige
inating at the contact cuts through the gabbro. This stringer shows
chilled borders. Along the contact with the gfanite northwest of
Fraser lLake the gabbro is the same composition and texture as that
at C=5 and Cw3l.

At outcrop Ce34 -in the extreme northeast projécfion of the
gabbro body, about a quarter of a mile west of Jay Leke the gabbro
shows strong lineation of fine rod-shaped améhibolé grains. The
trend of the alignment is south 65.dégrees east. The feldsper
crystals are anhedral and have a bluish white;colour similar to that
of anhydrite. Knots of biotite, renging from 1/8 to 1/2 inch in die
ameter, sre sporadicelly distributed throughout'the rocke.

From thin sections, the rock is estimated to be éomposed of
55 per cent plagioclase, 25 per cent hornblende, 15 per cent bie
otite, 1 per cent magnetite, and minor quartz, orthoclese, ksolin,
sericité, end epidote. liost of the plagioclase_crystals are zoned
in a\peculiar manner. An irregulaf rim of endesine feldspar
(&bSSAn42 in one crystal) encloses an inner core of more basic feld-
spar commonly of labradorite compositiong The cores are generally
slightly altered to sericite, but the outer rim is uneltered. The
feldspar crystals show a tendency to lie with their long dimensions

parallel to the alignment of the amphibole needles. The emphibole




is blue-green actinolite. An incipient brown colour elong the
~ borders and cleawage of the amphibole is coﬁmon; and represents
the first stage in the alteration of the actinolite to biotite.
The biotite flakes tend to develop with their cléavage paraliel
to the long dimension of the amphibole fibres. Epidote and mage
netite arévassociated with‘the biotite, and may be = bi-prodﬁct
of the formetion of thé biotits from the amphibole, or they may
be an alteration product of the biotite. Minér quart% is present .-
. in the intersticés between the feldspar and amphibple grains. .A
few crystals of orthoclase showing simple Carlsbad twinning were '
observed. . | |

Outcrop C-32, a few hundred feet squth of 69345 shows the
same ﬁnhydrite-blue'feldspar. The rock céﬁtains from 10 fo 20 per
cent more smphibole than C-34. The feldspar érystais are andesine
(&b64An36) and are not zoned. Otherwise, thin sections of the
rock show the same minerals and minefal relationships as those ob-
served in the thin sections from Ce34, |

Near C=31 and at Cs42-7 along the southwest contact the
gabbro has been markedly shesred. In thin section the rock is
seen to be composed mainly of mylonitiéed quartz and feldspar,
blue-green actinolite, and biotite. At Cwdw? numerous dykes sim=-
ilar in appearance to the quartz monzonite have been injected along
the shears. These dykes range in width from 6 inches.to 2 feet;  '
This gabbro is more extensively crushed than that at C~5, but they
are essentiélly the same rock.

Aﬁ C-89 about 1,500 feet southwest of C-31 the normal grey-

white feldspar of the gabbro grades into e pink feldspar. & hand
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specimen was selected that showed both pink and colourless feldspar,
and thin sections were cut from both parts;'7The thin section cut
from the unpinked rock, wes composed of plagioclase, blue-green am-
phibole, sericite, epidote, and quartz. The plegioclase crystels
ére subhedral‘ahd show faint albite twins, but are too extansively
altered to sericite t0 permit the reliable determinstion of their
comp031t10ns. Quartz replaces the plagloclase, and in several places,
only small remnents of the feldspar crystal remsin. The feldspar
crystals appear to be enclpsed in a matrix of quartz in parts of«the
slide. The quartz shows no strain shadoﬁs end is believed to have
been introduced into the gabbro. In the pink coloured éabbro the
feldspar has been replaced by a mixture of kaolin and an unresol-
vable matte of materiél, £hat is brown in colour by treansmitted light
and red=brown by reflected light.' It is thgught that this material
is an iron oxidse The blue-green amﬁhibole remains unaltered. Pink
alteration also occurs st J=1l1 aldng the southwest contéct of the
gebbro. The writer noted this phenomenon along the gréniteagabbro
contacts of several other intrusive bodies in the sres.

The following general points may be noted sbout the gabbro
near the contact of the basic body with the granite rockss:

(1) Blue-green actinolite is the only smphibole present.

(2) Biotite alteration of the amphibole is commonly

extensive. '

(3) Mylonitization is common, with eviden;e of the
introduction of quartz. |
(4) Lineation produced by the parallel growth of fibrous

amphibole and by shearing is common parallel to the contact.
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(5) *Pinking® of the feldspars is well developed in a few
arees. | |

(6) Striqgers and,dykes of'granitic métefial commonly cut
the outcrops of gabbro.

(7) The feldspar grains are more acid in the border phases

then in the centfal part of the intrusive body.
Petrogenesis and Alteration

Petrogenegig -~ One difficuity in detenmining»the genesis of
the Fraser Lake gabbro body is the lack of evidence of the originel
composition of the body. No completely unaltered thin sections wers
obtained. In one thin section a small remmant of pyroxene enclosed
within a compact green hornblende grain was.observed. The type of
pyroxene could not be determined because of the small size of the
crystal. Excluding the contact phases the feldspar throughout the
intrusive body is relatively uniform in composition. No significant
distribution of the slight variations in composifion is present.

The relationship of the feldspar to the amphibole crystals suggests
that in the original pyroxene rock the feldspar crystallized after
the mafic minerals. Minute remnants of green<brown hornblende that
occur within the actinolite in many places suggest that a compact
primary hornblende stage was present in the origihal rocke The am-
phibole content of the normsl uralite gabbro renges from 50 to 80 per
cents The rock grades from one extreme to the other in any individ-
ual outcrops. No regular distribution of the segregatioﬂgis present.

Another difficulty in poétulaiing the mode of emplacement of the body
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is the lack of a significant linestion. The onlf:pfimarj linegtion in
 the body is that along the southeasf contact with the‘volcanics.

The fects suggest that the Fraser Leke gabbro was intruded as
e body of more or less uniform composition. The lack of significant
lineation mey be due to the homogeneity of the magms, or’fo slow em-
placement of the gabbro by some method such as stoping. The fact that
both the Lynn Leke and Fraser Leke intrusive bodies lie in the vol-
canics next to the quartzites suggests that the quartzites may have
exerted a controlling influence on the position of the gabbro bodies,
If during the tectonic disturﬁance that preceded %he intrusion of the
gebbro local shearing developed in the volcanic rock because of the
incompeténce of these rocks relative fo the quartzites, the shearing
mey heve produced = zone of weakness that controlled the intrusion of

the gabbro bodies.

Alteration -« The alteration of the Fraser Lake gabbro has
produced the ssme minerals in the seme order of sequence as those in
the Myrne Leke bodye. Mention has already beeﬁ made of minute remnents
of greenabrown‘hornblende in the actinolite, and it has been suggested
that these represent a primary hornblende stage. Green compact horn-
blende partly altered to actinolite was observed in several thin
sections, but for the most part the normal uralite gabbro is composed
of plagioclase, actinolite, ectinolitic hornblende, and antigorite.
The mafic.minerals show the seme sequence of alteration as those in
the Myrne Lake gabbro, that is, compact hornblende altered to acte
inolite, and finally antigorite that is pseudomorphic after both

minerals. As in the Myrna Lake body, the plagioclase is sltered to



sericite to a moderate extent, and chlorite replacés the feldspar-
in some sections,.

Towards the contact of the body, the colour of the amphiboles
deepens somewhat. Along the contact with the quértz monzonite bluew
green amphibole and biotite are the only mafic minerals. The cone-
tact phases are believed‘to represent a higher grade of metamorphism,
These rocks have been subjected to locel fracturing and mylonitization
an& the action of aqueo~igneous meterisls. The introduction of this
material has resulted in:

(1) Quartz veinletS'that‘cut across the mylonitized rocks.

(2) -Albitization of the feldspars forming andesine rims

around an inner core of labradorite. |

(3) Pink alteration of the feldspar, and the introduction

of quartz into the ‘*pinked' rock.

The development of the bluewgreen amphibole and biotite are
enalogous to the development of these minerals in the_Myrna Lake
-~ gabbro, |

It is inferred that the alteration of the Fraser Lake gebbro
was brought about by the seme agencies that caused the alteration of
the Myrna Lake gabbro. The contact phases represent‘the highest
~ grade of metamorphism, and the grade decreases towards the center
of the body. The volcanic rocks of the Lynn-Barrington‘Lakes areg
confirm the relationship betweén,the aelteration of the extrusive and
- intrusive basic rocks of the area, and the granitic rocks.

& thin section of the finew-grained massive flows described
under "Volcanic Rocks" was chosen from the central part of the flows

at a considerable distance from the granitic rocks. A4s described,
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thig section'contains_only plagioclase, compact hornblende and minor
actinolitic hornblende. This is believed to represent & thermal
alteration in the first stagé of the metamorphisme. Other sections
teken from the vicinity of the gabbro-quartz monzonite contact show
the development of blue-green actinolite. Intermediate sfages bew
tween these two extremes show actinolite and antigorite.

The evidence as seen in the Fraser Lake gabbro and surrounding
volcanics therefore tends to confifm the conclusion reached con-
cerning the Myrna Leke area, that the alteration of the basic rocks

is related to the intrusion of the granitic rocks.

Age Relationships of the Rocks

The VWesekwan volcanics and quartzites are older then the
acidic and basic intrusives of the area. Inclusions of the vol=
canicé are common in both the graﬁite and the gabbro. The gabbro,
a3 hasg been stated pféviously, shows e local trend parallel 4o ths
“contacts of the inclusions end has a chilled border in meny phases.

The relative ages of the gebbro and granitic rocks was one
of the importent field prbblems in the mapping of the area. The
writer concluded that the quartz monzonite is the younger of the
two intrusive masses. The reasons for this conclusion_may be sum
marized as follows: |

(1) Certain mineralogical changes exhibited by the cone

tact phase of the gabbro body are best explained as the

result of the action of the heat and emesnstions accomps
anying the intrusion of the quartz monzonite. These changes

ares




(a) The development of blue-green amphibole and the
replecement of the amphibole by biotite. (In
the Myrne Lake body.these ﬁinerals were shown to
be associated with the biotite-quartz diorite, which is
dembﬁstrably younger than the gabbro).
(b) The development of acidic rims on the plagioclease
crysﬁals,'and the generally higher aelbite content
of the.feldspar of the contact phase may be at-
tributed to albitization produced by emanations from
the quartz monzonite.
(c) Thé pink Qneration of the feldséars of the vga’bbro
end the large amount 6f quertz in these specimens
indicates thet meterisl has been introduced. The
close.association of 'pinked' gebbro outcrops with
outecrops of quartz monzonite suggests that the ine
troduced materiel came from the quarté mdnzoniteo .
(2) The evidence of local shearing and'mflonitization of the
gabbro along the éuartz monzonite contact and the introde
uction of quartz into the mylonitized zones may be attributed
to the emplacement of fhe:quartz monzonites
(3) CGranitic stringers end dykes cut the gabbro in outcrops
C=32, C=31l, C~42«7, and Aw27. These sre similar in appears
ance and éomposition to the quartz monzonite.
(4) Southwest of Fraser Lake s breccis of amphibolitic frag-
ments in a granitic metrix was observed. These fragments

may heve been derived from the gabbro body.
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(5) Tongues of quartz monzonite epparently project. into

the northern and éouthern borders of the gabbro body, as

showm on the hap. This also suggests the granitic rock is

the younger of the two.

A noteworthy ?henomenon observed at Cw3l and C=4l is the pres-
ence of volcanic outcrops between the gabbro anquuartz monzonite.
These outcrops seem to indicate that the quartz monzonite infrusion
followed along the original volcanicegabbro contact quite closely,
and that these volcanics are remnanté of the original border left bew
tween the two intrusive rocks.

A few small areams of gabbro near the border of the intrusive
are finer greined.than the rest of the gabbro. These finewgrained
zones might be interpreted as borders of the gabbro that chilled
against the quertz monzonite., However, in view of the evidence that
the quartz monzonite is the younger‘of the two rocks another inter=
pretation is required. If, as suggested in the previous paragraph,
the quartz monzonite followed closely along the gabbrowvolcanic cone
tact, then these fine-grained zones ip the gabbro mey represent remw-
nents of the original border of the gabbro that chilled ageinst the
volcanicse

The similarity between the Jay Lake diorite and associated
gabbro, and the normal ﬁralite gebbro and contact phases of the
Fraser Lake intrusive body heas been nqted previously. These rocks
mey be of the same ége, but there is no evidence to indicate other=-
wise. -

The quartz monzonite is younger than these diorites, because

they are cut by numerous dykes and stringers related to the quartz
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monzonite.

The established sequence is:

Probebly (Quartz monzonite A
Post-Sickle (Gabbro (Possibly Jey Lake diorite and gabbro)
Wa.sekwan (Volcanics and quartzites.

Conclusions

(l) The sequence of intrusion of the various rocks of the

aree has been shown to be as follows:

Probably (Quartz monzonite

Post-Sickle (Gabbro (Possibly Jay Leke diorite and
. gabbro)

Wa.sekwan (Volcenics and quartzites

(2) The writer suggests that considering the similarity
of the Jay Leke diorite and gabbro to the contsct rhases
and normal uralite gabbro of the Fraser Lake body respecte
ively, the 1t gabbro body may have been connected to the
»Fraser Leke gabbro prior to the intrusion of’%he quartz
monzonite.

(3) The lack of thin sections of unaltered rock megkes it
impossible to accurately infer the original composition
‘of the Fragser Leke gabbro. It is suggested that the

body contained monoclinie pyroxene and pbssibly orthow-
rhombic pyroxene. In the final stages of consolidation
some compeact hornblende was formed.

(4) The lack of a significant linestion reflects the
genersl homogeneity‘of_the body and may also indicete

that the body was intruded gently, perheps by stoping.

(5) It is possible that during the tectonic disturbance
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that preceded the intrusion of the gabbro bodiesAthere
~occurred shearing of the relafively incompetent volcanics.
- This shearing may have controlled the émplacement of the
~ gabbro bodies.
(6) The alteration of the Fraser ﬁake gabbro was produced
by thermal_metamorphism aided by hydrothermal agencies
‘directly attributablé to the nearby grenitic rocks. The
body shows increasing metemorphic grade towards the contact
‘with the quartz monzonite. The contact phgses represent the

highest grade of metamorphism.

The Lynn Leke Intrusive Body

General Statement

The description of the Lynn Lake basid body which is given in
this section is based upon the work'of Hunter (1950) who carried out
detailed mapping of the Lynn Leke intrusive body for Sherritt Gordon
Mines Limited during the summer of 1949.‘ At that time the writér had
the opportunity of accompenying lir. Hunter on several traverses.

Hunter divides the rocks of the Lynn Lake intrusive body ine
t0 three pheases:

(1) “Uralite gabbro phase *A'®

(2) "Uralite gabbbo phase 'B'"

(3) "Uralite gabbro phase 'C'"
The Fhase 'A* and 'B' Gabbro

Distribution and occurrence -~ The phase "A' gabbro is defined
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as extending from the west contact to the ridge elong the east éhore
of Lynn Leke. It extends slightly north of the 'C* orebody and south
to a pﬁsiﬁion'opposite the river joining West Lynn and Lynn Lekes.
The phase'fB'-gabbro lies in a belt bordering the phase 'Af
gabbro to the.east, south, and possibly tglthe north.
The approximete positions of both phases are shown on the

accompanying mep (Fig. 4, p. 53).

Petrology - The phase 'A' gabbro is déscribed as being
medium—grained, darkegreen to greyish green, more or less messive,
and is coméosed chiefly of amphibole and feldspar. Where visible the
feldsper weathers greyish white. In meny outcrops of this area, the
amphibole grainé are arranged roughlyvin parallel rows. The fresh
surface of the gabbro is medium~grained, dark yellowish green, and
appears to be composed entirely of smphibole because of the greenish
white colouf of the feldspar. |

The rock is composed of 25 to 30 per cent labredorite ranging
in composition from (Abgodngg) to (Ab45An55), 65 to 70 per cent pale
green actinolite and‘ﬁinor pale green hérnblende, 5 to 7 per cent
antigorite, and 3 to 5 per cent chlorite, minor sulphides end small
remnents of brownish green hornblende,

Hunter noted the occurrence of orthorhombic and monoclinic
pyroxene in two small areas of the phase 'A' gabbro and described
them as augite and "enstatite with iron content approaching the hy=
persthene composition™. He believes that the amphiboles of the phase
'A' and 'B' gebbros were derived from rocks'approaching the composition

of these norites amnd enstatite norites, and outlines the following
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sequence of e;éﬁtss

(l) erstallizatioﬁ 6f the‘ferromagnesium minerals, py=

roxene and possibly some megmatic hornblende.

(2) ,Crysfalligation of feldspar, 1atef than or contempe

oraneous with the ferromagnegian mineralé.

{3) Slight movement of the rock after consolidation of

the main silibétes,{causing fractures in the feldsper and

to a lesser extent in the mafic minerels.

(4) Uralitization of the ferromegnesian minerals and

development of cﬁlorite from feldspar.

(5) Alteration of some of the remaining enstetite to

talc, and the formation of antigorite from actinolites

The division between the phase ;A‘ end phase 'B' gabbro is
based upon an arbitrary value of "65 per cent mafic minerels" for the
phase 'A' and to a "lesser extent upon grain size". |

Hunter describes "a more or less parallel arrangément of
elternate narrow bands of amphibole~rich end feldsparwrich material®.
He believes this banding was produced by the segregation of feldspar-
rich and amphibole=rich areas in the megma. The more stfongly linested
- portions were intruded after crystallization had begun, whereas portidﬁé

lacking the lineation were intruded in a more molten state.

The Phase 'C' Gabbro

Distribution and_occurrence ~- The phase *C' gabbro mekes

up & wedge shaped portion on the northeest extremity of the intrusive.

Petrology =- The phase 'C' gebbro is composed of 45 per cent
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labredorite ranging'in composition from Abgs - Absg, 45 per cent blue-
green amphibole, 8 per cent antigorite, 2 per cent chlorite and minor
amounts‘of sulphide and oxides. Tha feldspars are:slightly fractured
and amphibole, chlorite, and epidote fill these fractures. The felde
| spars contein poickilitic inclusions of quartz. The aﬁphibole is

' pleochroic from bluish green.to yellOWhgreeﬁ, and some grains have,

derker rims about a 1ighter centrel core.
Petrogenesis and Alteration

’Petrogenggis ~- Hunter outlines the following stages in the
history of the body. 4 body of basic magma, in s magme chamber below
the present location of the basic body, underwent differentistion
into fhree zones. The zones are represented by the phase 'A', 'BY,
and 'C! gebbro in the intrusive body.

The phase 'A', 'B', and fC' represent the basgic, intermediate
and most acid phases of the megme. The '&' and 'B' phases were in-
>truded'“possi51y contemporaneously". The phase 'A' gabbro shows
lineation of pyroxene crystals, whereas the phase 'B' gebbro shows
slight lineation only owing to its fluidity.

The phase 'C' gabbro was intruded after the phase 'A' and
'B' gabbfo, possibly after consolidation of these rock types.

Tﬁe dykes éf finewgrained matérial théi intrude the phase
'A* and ‘B' gabbro, are believed by Hunter to be related to the phase

*'C' gabbro. <

Alteretion ~-- Hunter attributes the uralitization of the -

Lynn Leke gebbro to thermal metamorphism accompenied by hydrothermal
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activity.

The metamorphism as represented by the uralitization of the
pyroxene, forms three zoneé of increasing altergtion from west to
east across the intrusive,

The bluish green émphibole represents 2 higher degree of,;,
metamorphism then the pale-green actinolite. |

Hunter therefbre postuletes thet the source of the heat and
‘hydrothermal solutions responsible for the urslitization of the Lynn
Leke gabbro is the granite intrusive bodies north and east of the
gabbro.

The talc in the phase 'A' gabbro is attributed to the ecid

intrusive bodies neaer the west contact of the gabbros
Ore Genesis

Hunter postulates that consequent upon the differentiation
of the magme in a chamber below the present levél the sulphides were
concentrated as o liquid melt in pools in the bottom of the magm;
 chamber with the crystallized ferromagnesien minerals. Vhen the
‘phases'A' and 'B' gabbro were emplaced the concentrated sulphides
were carried up along with the gabbro and "intruded more or less
concordently along the contact between the Wasekwan volcanics end
sediments”, It is stated by Hunter that “the more viscous phase '4'
gabbro bécame strongly lineated,'whéreas the more fluid phase 'B*
gabbro was only slightly lineated™. After solidification of the main
gilicates, slightimovement céused fractures in the feldspar, and a
‘portion of the massive sulphides was intruded into the surrounding

zone of disseminated sulphidese &All but a portion of the sulphides




=88~

rich in minera;izers solidified at this étage. The 'C' gabbro was
emplaced and dykes of phase 'C! gabbro cut the 'ﬁ'.and:'B' phases.,
Dykes of pegmatite and felsite were intruded at this time
and were followed by considerable movement within the intrusive body
causing faults and brecciation of the gabbro. The mineralizer-fich
portion of the sulphides was intruded into the fractures and brec-
ciated zones. Complex faulting offset the ore and caused the de-
velopment of extensive shear zones. |
The thermal and hydrothermel alteration, caused by the in«
trusion of the grenite bodies to the north and esst of the gebbro
caused uralization of the ferromagnesian minerals snd redistributed
the sulphides. This redlstrlbutlon resulted in the dissemination of
the sulphides along the cleavage planes of the amphibole forming a
replacement texture. At this time sulphides were introduced into
fractures in the basic and acid dykes.
Allan (1948) noted this replacement texture in his study of
~ the Lymn Leke ores and concluded that the development of secondary
amphibole from pyroxene tock place beforé ore deposition, and that
the basic and acid dykes were emplaced before ore deposition. The
actinolite associsted with the disseminated ore was interpreted by
him as evidence that hydrothermal activity was closely assoclated with
ore deposition. He stated that the temperature of deposition was
sufficiently high thet gctinolite rather than telc, sericite, of
chlorite was the stable mineral, but that the temperature of de-
positioﬁ was not sufficiently high to cause the development of pyroxene.
Hunter pointé out that at the time Allan's stody of the ores

was made ne specimens of pyroxene bearing rock had been obteined.
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From & study of such specimens Hunter concludes that the sulphides
occur interstitially as an original component of the rock and that
redistribution occurred at a later stege during uralitization, forming
the replacement type.of texture of sulphides in amphibole.

During fhe last stege of igneous activity in the erea bodies
of feldsper porphyry end granite intruded "the basic body.in the
vicinity of the west contact, and extended north beyond the gabbro
body". This intrﬁsion post=dated ﬁralitization of the gabbro and
resulted in the alteration_of‘some of the reﬁaining enstatite to talc.

Finelly, erosion reduced the lana surféée to its present

‘levelo
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CHAPTER V
HEAVY MINERAL STUDIES
Intreduction

Heavy mineral studies were §arried out on the Freser and
Myrne Lekes intrusive bodies as a complimentary study to that of
, Dornian (1950) on the Lynn Lake body.

The work wes originelly suggested by the pioneer study of
Newhquse (1936). Newhouse examined the primafy oxides and sulphides
from meny different types of igneous rocks and concluded that these
minerals veried in asmount, grein size, habit, species, and position
in the crystallization sequence in rocks of different composition end
textufe. |

It wes hoped that there might exist certain significant simew
ilarities or differences in the heavy mineral assemblages>that would

be of aid in correlation of the intrusgive masses.

Method of Separation

kol

 From the Myrna Leke gabbro five samples were chosen, two from

the olivine hypersthéne gabbro, three from the uralite gabbro, and
one from the quaftz uralite gabbro. From the Fraser Lake body four
samples were selected, two from the blue=green amphibole conﬁact prheses,
and two from the normal uralite gabbro. |

The procedure for separating the heavy minerals was carried
out in five major steps:

(1) Crushing and pulverizing

(2) Penning
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(3) Bromoform separatibn
(4) Megnetic éep#ration
(5) Clerici seéaration l

Crushing end pulverizing - The samples were crushed
and pulveriiedvby mechanical means. In pulverizing the material
was reduced to 80 mesh.

| Panning ~- The samples were panned with water to remove
rbck'flour. Wafer wes added repeatedly until the run~off wes clear.
The samples were then driéd in an oven.

" Bromoform seperation - The dried samples were separ-
ated into heavy ana light fréction by means of bromoform. A small
amount of each sample was poured into a glass funnel éontaining bromos

. \
form and the mixture stirred vigorously. A4fter the heavy portion
had settled to the bottom it was run=off into a filter paper end
washed with elcohol. The light portion was similarly collected andﬁﬂ
washed. |

The heavy fraction wes composed of mefic minersls snd
hea&y-accessories, whereas the light portipn was chiefly quértz end
feldspars.

Mggnetic separation e~ The heavy portion from the brow
moform éeparation, after drying, was separated magnetically into
four portions:‘

(1) Strongly magnetic

(2) Weekly magnetic

(3) Very weakly magnetic

(4) Nonumasgnetic
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The stfong}y magnetic fraction was separated by passing a
permanent megnet (with the poles covered by & piece of paper) over
the sample. |

The separation of the weakly and very weskly magnetic
| portions wes accomplishgg bybchanging the strength of the field of
the electromegnet by verying thé,distance between the poles.

Clerici Separation =~ The weakly magnetic andnon-magnétic
fractions from the magnetic separatiqn were again subdivided into a
heavy and a light fraction by clerici solution with a specific gravity
0f 344 « 3.6, This density assured that only silicates of high
specific gravity and the oxides would settle out. The method uéed

is the same as that described in detail by Caldwell (1950).
Mounting

The stongly magnetic fraction and the weakly magnetlc heavy
fraction from the clerici solution were mounted 1n bakelzte s pol=
ished sectlons. The non-magnetic heavy minerals were mounted on

slides with Canade balsam.
Microscopic Study

The polished sections of the stromgly megnetic and weakly
magnétic heavy fractions were traversed by means of a dusl axis stage
mounted on an ore microscopes The grains were studied and a tabe

ulation of the features shown by each grain was mades



Conclusions

, (1) There are no qualitative festures that would serve to
distinguish the oxides of the Fraser end Myrna Lakes basic
intrusive bodies.,

(2) The amount of heavy silicate minérals present in the
nonemagnetic heavy fraction is insufficient to warrant
any cohclusions.

(3) Dornian (1950) found no qualitative femtures in the
oxides of the Lymn Lake body and concluded that the only
feature of value for correlation was the relative amount
of ilmenite and magnetite present. He states further that
the‘amount of nonemegnetic heavy fraction obtaine& was ine
sufficient to wafrant any conclusions.

(4) Because ﬁhe methods used in the separafion of the
oxides from the Myrna and Fraser Lskes bodies were difw
ferent from those used by Dornian in hié gtudy of the Lynn
Lake rocks; n§ comparison on a quentitative basis is

possible.
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CHAPTER VI

SUMMARY DISCUSSION AND CONGLUSION

Summary Discusgion - The origin of nickel sulphide bodies
" has been the subjedt of much controversy in geological literature.
Some writers believe that they are the result of magmatic segre-
getions, whefeas others maintaein they are formed by hydrothermal
replacement, Mﬁch of the literature on these ores concerns the de-
posits of the Sudbury basin. The evidence from these deposits has
been interpreted to suéboft both the sbove theories. To reconcile
these opposed views several writers have introdﬁced modified mag-
matic end modified hydrothermael theories. Phemister (1925, p. 49) gives
an excellent summary of the theories of origin of these deposité.
The theories may be briefly stated as follows:

(1) - The sulphides have formed by the settling of an immis-

cible sulphide melt from the norite.

(2) A&fter solidification of the norite the sulphides have

been injected in a molten condition, the separation into

sulphide and norite having taken place in a magma chamber,

pfesumably not far beneath the present site of the norite

micropegmatite.

(3) The sulphides are hydrothermal replacements of the

country rock, and the solutions came either from the norite

or from the same deep-seated reservoir which was the source

of the posteSudburian igneous rocks of the digtricf.

(4) sulphide crystalliéed from megmas which form in-

dependent members in the series of megmatic injections.
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Although the deposits at Lynn Leke have not been knowh for
very long, there is already some controversy as to their origin, Allan
(1948, p.115)states: |

"The ore deposits are postemagmatic; prior to the ine

troduction of the sulphides, the gabbro had solidi-

fied and secondary amphibole (uralite) had replaced

pyroxene in e large part-of the‘gabbro stocke &lso,

in parts of the stock, apparently associated ﬁith the

ore, a large amount of actinolite had replaced the silicates.

This development of actinolite, and the deyeIOpment of ant=-

igorite, chlorite, epidote, sericité, and talc away from

the massive sulphides, probably represents the results

of hydrothermal solutions associated with the ore, as

may also the earlier development of uralite".

On pe 113 he says, "Further development will show whether or
not a study of the quantitative development of actinolite in the host
rock will be of use inbindicating the presence of ore deposits."

| Allen believed that the ore has some genetic relationship to
the gabbro, probebly "e....through a common magmas source at depth".
He further suggests, p. 113 = p. 114, tha£ the intrusion of the grenite
‘later than the besic intrusives “oee..may have opened up channels or
pfoﬁided the'energy which caused the sulphide to be moved from the
criginal megme chamber to.their present position“,

On the other hand, Hunter (1950) believes thai'the ores formed
by megmatic segregation in a lower magme chamber, and that they were
intruded along with the gabbro. The alteration of the gabbro he ate
tributes, as outlined previously, to thé heét and emanations accompany-

ing the intrusion of the younger granite messes.
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Hunter's conclusion regerding the alteration of the gabbro
is confirmed by the present study which has shown that all the basic
rocks of the area tend to have a common mineral assemblageo It is
-concluded that this alteration is related to the &ounger acid in-.
trusives. vIt follows, if this conclusion is correct, that the exw
tent of alteration of the basic intrusive bodies has no significeance
with respect fo possible ore déposits,

| If these ores are hydrothermal replacement of the country
rock, the question ariseé es to why the country rock of the nickel
deposits should always be the basic intrusive bodies. It would appear
from the chemical and structurai viewpoints that the basic volcanic
flows would be equally favourable as a host rocke These rocks are
mineralogically similar‘to the gabbro, end as has been shown they
are even more permeable to hydrothermal agencieé. Large tabular
bodies of pyrrhotite occur‘within_the Wasekwan volcanic flows north
of Arbour Lakes However, no nickelebearing pyrrhotité deposits have
been reported except those in the gabbro bodiess

If the tabular bodies of pyrrhotite in the volcanics and those
deposits in the gabbro have a common igneous source, it is difficult
to explain the lack of nickel in the former. However, the two bodies
may have no genetic reletionship.

If it is assumed that both pyrrhotite deposits were derived
from a common source snd ﬁere emplaced by hydrothermal agencies
there is no apparent reason why the two bodies should be markedly
different in any respecte. 4 simil;f argument would seem to hold for
pyrrhotite derived from a common source by a process of megmatic

segregation. However, on the basis of work done by Vogt (1923) it is
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bpossibleAtO'postulate & mechanism by which this could occur. Vogt
has suggested that the relationship between the megmatic silicate
compound and the sulphide compound is illustrated by the following
reaction:

| FeS + Ni-cation in silicate compound = NiS -+ Fe-cation

in the silicéte compounde

The system represented asbove is an equilibrium réaction. If
it is assumed that high temperature would shift the equilibrium to
the lefﬁ, whereas 1owerihg temperafure wouid tend to shiff it to the
right, then, the first sulphide formed et high temperature would be
rich in iron end relatively poor in nickel forming a barren pyrrho«
tites As the temperature fell the sulphides would become increasingly
rich in nickel and eventually pemtlandite would begin to replace the
pyrrhotite. The textures of péntlandite replecing pyrrhotite noted
by Allan (1948) in the Lynn Leke ore could have formed in this menner.
If the first'iron-rich pyrrhotite formed was segregated from the |
megme. end later injected it:would form a barren pyrrhotite body. Those
sulphides which remained associated with the silicates‘as cooiing Pros
ceeded would become enriched with nickel and would be injecfed along
with the silicatesa forming ore deposits.

The arguments presented; plus an examination of some of
EMnter's thin sections of the ore, lead the writer to believe that the
iynn Lake nickel deposits are of mggmatiec origine Hevagrees with
Hunter's conclusion that the ores are the result of magmetic segreg-
ation. The writer does not rule out the poséibility_of same hydroe
thermal depositidn,'for as Lindgren (1933, p. 807) points out there

is in places a gradation between the two processes,
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»At'this'point it'should’be meniioned that the three gabbro
bodies examined_by the writer'during the summer of 1949 are.preu
sumebly of the same age. Ali are older than the granitic rocks, but
younger than the other rocks of the area. This suggests thet they
were intruded ebout the same time and probebly were derived from a
common igneous source, |

Extending the principle of megmatic segregation to this
.larger igneous source it is not difficult to conceive of this parental

megma giving rise to a number of differentiétes which vary considerably
in composition. This segregation might {take place in either or both
of two wayss

(1) Segregation in the priginal megme. chamber, either

due to gravitational differentiation, liquid immiscib-

ility, or to local movement.

(2) Segregation of the different perts of the magma

duriﬁg their movement from the original magma chamber

to their present~éite,_possibl&.by gravitational dif-

ferentiation or by constrictionalvflow&ge or both,

Vogt has shown that there is & definite reletionship between
the ligl of the rocks and the nickel of the sulphides, and he states
that the cause of this relation must be that the percentage of nickel
in the resulting partial megme was one gf the main factorg in the fur
ther concentrétion of thenniqkel in the sulphides during their final
magmetic segrégation. Therefore, ﬁe would expect the nickel to be
associated with those partial ﬁagmas vhich were rich ih magnesie.

If the barren pyrrhotife répresents higher temperatﬁre segs

regations from the seme igneous source as the oréabearing pyrrhotites”
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we mey pictﬁre this segregation as having tsken plaée at or near the
originael megme chember. The barren pyrrhotite waé then injected slong
zones of weekness in the same menner as the gabbroic partial magmas.
Other sulphides which werevcarried up with some of the gabbroic pare
tial magmas to cooler regions became enriched with nickel from the
silicates before and during their partialbsegrégation from the silie
cates. |

The gabbfoic pertial magmas were emplaced along zones of
ﬁeakness, commoply as roughly lenseeshaped masses parallel to the
strike of thé'volcanic flows. The Myrna, Lynn, and»Fraser Lekes bodies
represent three ofvthese partial magmaes. The Myrna Leke body has been
shown io‘be rélatively poor in mefic minerals and to contain e high
percentage of iron in the mafic constitﬁentso According to Vogt's work
these conditions would imply a corresponding decrease in the amount of
magnesium and nickels The interpretétion of thevbody as the result of
partial differentiation of & more basic‘magma.iﬁplies the possible loss
of any associeted sulphides in the segregation of the ﬁore basic phases

On the other hend, the enstatite or norite 6f the Lynn Leke
body is relatively rich in mefic minerals (especially the basic sege
regations with which the ore is aasociated) and these constituents

contain less iron then the Myrna Leke gabbro} ~Such a magma would be
correspondingly richer in megnesium and nickel. |
- The normal uralite gabbro of the Fraser Lake body is comparable

in percentage of feldspar to the phase 'A' and 'B* gabbros of the
Lynn Leke body. It may be assumed, therefores that the ratioc of py= .

roxene to feldspar in the unaltered rock was approximately the same.
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waever, nothing is known regarding the nature of these pyroxenes.
The only apparent difference between the two bodies is the lack of
definite basic segregations and significant lineation in the Fraser
Lake bodye Thisbmay indicate that the body was emplaced so slowly
that the associated sulphides settled out to great depth and were,
for all practical purposes, lésto The possibility that the 'ELl' ore«

body may be related to this intrusive mass must be borne in mind.

Conclusiong == (1) The gabbro bodies of the Lynn=Barrington
Lakes area are all of the'same.age and are believed to represent
partial magmas from e common igneous sourcee |

(2) The sulphides were most strongly concentrated with those
partial magmas that contained a high percentage of megnesium~rich
mefic minerals. Ore deposits might be expected to occur within the
more basic portions of gabbroic rocks formed fro@ such a megma.

(3) Alteration of the original rock to uralite gabbro was
“caused by the thermal and hydrothermal metamorphism that éécompanied
the intrusion of the younger‘granitic bodies. The elteration is bew
lieved to have no signifiéance with respect to ore deposits.

(4) & study of the opaque oxides reveals no qualitstive
features that would serve to correlate the bodies. The lack of
such features may be avreflecfion_of the common origin of all the
bodies, but is not very convincing evidence. & quantitative treatment,
on & weight basis, of the ratio of mﬁgnetite to ilmenite might prove

of velue in this respecte
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PLATE I

Secondary compact hornblende (dark) enclosing pyroxene
remnent (light),

Small actinolite fibres (light) embaying secondary coms
pect hornblende (dark). Vein=like replacement of horn=
blende by actinolite along a fracture in the hornblende
crystale

Antigorite (light) replacing pyroxene remnants enclosed
within compact hornblende (dark)s

Hypersthene rims (H) about olivine grain (0). Dendritic
pattern of magnstite (1) within the olivine grein.
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PLATE I




