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OIGA-GOPLAND ARGA

ABITIBI-EAST COUNTY

by P.E. Imbault

INTRODUCT ION

Location and Means of Access

The 0lga-Goéland area, which was examined and mapped during
the sumers of 1947 and 1948, comprises approximately 450 square miles
and is bounded by longitudes 76°40' and 77°15' West, and by latitudes
49045"' and 50°00' North. It lies in the northern part of Abitibi-East
county and is about 100 miles north of Senneterre, a town on the Suebec-
Cochrane line of the Canadian National Railways. Most of Dussieux,
Duchesne, Meulande, and Johnstone townships, and more than half of
Horris and Livaudidre, are included in the map-area.

The most direct canoe route is by way of Bell river from
Senneterre to Mattagami lake, the eastern end of which is included in
the map-area (Plate VII-A). There are two other routes, each of which
uses part of Bell river., One starts from the village of Rochebaucourt,
about 23 miles northwest of Senneterre, and descends Laflamme river to
Kenikwanika island where this stream joins Bell river, and thence fol-
lows the Bell to Mattagami lake. The& other route follows Bell river
from Senneterre to the mouth of Wedding river, 56 miles to the north;
ascends Wedding river to its source, Vedding lake; crosses over to
Duplessis stream through a three-mile portage; and follows this creek
to 0'sullivan river and the latter river to Waswanipi lake. This lake
drains into Goéland lake through a branch of Waswanipi river. There
are numerous portages along all these routes.

Facilities for land transportation into the region are now
being provided. A number of years ago, a wagon road was constructed
from Senneterre to Rose Lake mine on Madeleine lake, 25 miles south of
the southeast corner of the map-area. This road is now being repaired
and extended by the Quebec Department of Mines and, when completed,
will provide an all-weather highway to Bachelor lake, 30 miles south-
east of Goéland lake. It will cross 0'Sullivan river and thus afford
a fast and cheap means of reaching the area. There is already a winter
road from Madeleine (Rose) lake to Bachelor lake with a short branch
northward to the southeast corner of Waswanipi lake.
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The Canadian National Railways has completed a branch line
from Barraute, 18 miles westward from Senneterre, to Kiask falls, on
Bell river, 47 miles north of Semneterre. The line, at that point,
meets the Senneterre-Bachelor Lake road.

Hydroplanes are presently used extensively to enter the vast
unsettled region lying north of the main railway line. Any of the
large lakes in the map-area can be reached from bases at Senneterre
within slightly more than one hour's flying time.

Within the area, most places can be reached fairly easily
from the shores of the lakes and the banks of the main rivers. The two
segments of Waswanipi river are navigable by canoe, although inter-
rupted by a few rapids, all of which can be run in a large canoe, al-
though not ascended. Red chute, a fall and rapids with a combined
drop of eighteen feet at the outlet of 0Olga lake, is avoided by a
well-beaten trail, about 1,200 feet long.

The north-central part of the area 1s the most difficult of
access. Its western section can be reached through Canet river which,
in the spring, may be ascended with fully-loaded cances up to its main
fork, three miles south of the northern boundary of the area. To cover
the eastern section of the area, the party ascended Frederic creek,
which empties into Maicasagl lake two miles north of latitude 50°00'.
The creek is rather shallow but early in the season is navigable, with
only two portages, to its fork, eight miles west of the eastern bound-
ary, and one mile south of the northern limit, of the area. From that
point, a four-mile base-line was cut in a southwest and west direction.

Travel overland is quite difficult in the swampy areas be-
cause of extensive growths of alders and a dense-second-growth of coni~-
ferous trees, Elsewhere, the reglon is easily traversed, except for a
few local patches of wind-falls., :

Field-work

Pace-and-compass traverses were run throughout the area at
approximately half-mile intervals. As far as possible, these traverses
were made across the general structure of the rocks.

Vertical aerial photographs, on a scale of about one-guarter
of a mile to the inch, were used continuously in the field, and permit-
ted the location of many low exposures. ’
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-Previous Work -

The region was first visited by Robert Bell, of the Geologic-
al Survey of Canada, in 1895 and 1836. During these two summers, Bell
{1e96, 1897, 1902)" Anvestigated a large tract of land bounded by
Rupert river on the north, the upper part of the Ottawa river on the
south, Mistassini lake on the east, and the Quebec-Ontario boundary on
the west. The main rock groups are shown on his map, published in ’
1902, and are briefly described in the Summary. Reports of the Geologic-

. al Survey of Canada for 1895 and 1896.

. In 1912, Bancroft (1913) examined and described a region
including Olga and Goéland lakes. Later, Cooke (1927) compiled and
plotted all the known information on a map published by the Geological
Survey of Canada. Other workers who have contributed to the knowledge
of the general region include Lang (1933), Norman (1937, 1938), Sproule
(1937), Freeman (1938, 1940), and Auger (1942) who, in 1938, studied
that part of the area lying west of 0lga lake and Waswanipi river.
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During the fall of 1947, the Quebec Department of Lands and
Forests prepared a new base-map on a scale of half a mile to the inch
from plans -and surveys in its possession and from vertical aerial photo-
graphs taken in 1946 by Canadian Pacific Air ILines for the Federal
government. This map was used as a base during the field-work of 1948
and also for the preparztion of the final manuscript map of the whole
area. :

Deeyp appreciation is expressed for the valuable guidance and
the facilities for research afforded by the faculty of the Department
of Geological Sciences, McGill University. The contents of this report
form a large part of a doctorate thesis accepted by that institution.

DESCRIPTION OF THE AREA

Topography

The whole area lies less than 1,000 feet atove the level of
James bay. Topographic features that could be used as landmarks are
conspicuously lacking. Seen from the air, the region presents the
aspect of a monotonous plain dotted irregularly with low hills that
seldom exceed 50 feet in height.

A particularly extensive low tract, characterized by swamps
and muskegs, covers much of the northwestern part of the map-area.
It marks the southern limit of a swampy terrain that extends for great
distances to the north and west, and which locally.is called the
'"Mattagami swamp'. The basic pattern of this low ground consists of
alternating patches of open muskegs, swamps densely covered with alders,
and -small isolated stands of Dblack spruce. This pattern is interrupted
by a few shallow lakes and low morainic hills. The general southemrn
1limit of this tract is shown on the accompanying map. Within the map-
area, the borders of the individual swamps and muskegs are very intri-
cate in detail. Small lakes are present within most of them and the
indications are that, at one time, the area was covered by much larger
lakes — possibly only one extensive lake — in which knobs of sand and
gravel, and low rocky hills,stood out as islands.

The highest hills are found near the southern border of the
area. They range in height from about 75 feet to 150 feet., From west
to east along thege hills, one successively meets most of the rock
types found in the region, namely: oligoclase granite south of Olga .
lake; volcanic and sedimentary Xocks west and south of Iaurent bay;
hornblende granite east of that bay; and volcanic rocks and bio-
tite granite east of Goéland lake, The kind of underlying ‘bed-rock
thus seems to have little bearing upon the local relief.
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Drainage

The local drainage is collected by three main basins —
Mattagami, Olga, and Godéland (with Maicasagi) lakes, which lie, res-
pectively, at 765, 785, and 810 feet above the level of James bay.

The northwest gquadrant drains into Mattagami lake, mostly through
Canet river which flows south and then west from its source in the
granitic terrain north of the map-azrea. The southwest quadrant drains
into 0lga lake, and the eastern half of the area into Godland and
Maicasagi lakes.

Except for a few sections along the two segments of Waswanipi
river (Plate VIII), all the streans flow in valleys that have been ex-
cavated in glacial deposits. No stream has yet attained 'grade’ and
the irregular courses are due, not to meandering, but to original
irregularities in the sloping surfaces on which the streams developed.
The courses of most streams are interrupted here and. there by rapids
that generally result from accumulations of large glacial boulders
which the streams have not yet had time to clear away. Red chute, ab
the outlet of 0lga lake, is a notable exception., On leaving the lake,
the waters cascade turbulently over a ten-foot rock ledge, to drop
another eight feet in the next few hundred yards (Flate I-A).

Recause of the narrovmess of the valleys, the streams have

a wide seasonal range in level. In the spring, just after break-up,
they are commonly some ten feet higher than in midsummer (Flate VII-B).
(The mouth of Canet river was sixteen feet above normal in the middle

. of June, 1947). Heavy summer rains often raise the level of the
streams, near their headwaters, by many feet. When such is the case,
the swollen condition generally persists for a few days and may facili-
tate access by canoe to a district that, otherwise, can be reached only
on foot. :

The drainage pattern is a modified dendritic one. East of
0lga lake, the westerly-flowing streams debouching into the east-
trending bays of that lake may follow lines of weakness parallel to
the strike of the volcanic rocks. There is, in fact, abundant evidence
of strike shears in these rocks. Since, however, most of the streams
flow in narrow valleys, cut so far only in glacial deposits, it is dif-
ficult to arrive at definite conclusions as to the part played by
local bed-rock controls without spending more time in the study of
these features than is possible in the course of geological mapping
on a regional scale.
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Timber, Game, and Fish

Except for the northwest quadrant, the area is heavily wood-
ed. Black spruce forms the bulk of the several good timber stands of
the region, but there are also local stands of jack~pine, Pirch,
poplar, and tamarack. A few cedar trees were observed on the shores
of 0lga and Goéland lakes.

Moose and bear are scarce in the area. Many of the streams
are blocked by beaver dams, a great majority of which are now abandon-
ed,

- Pike and pickerel are abundant in the rivers and lakes.
Apparently there are no trout, even in the small streams of the higher

parts of the area.

GENERAT, GEOIOGY

General Statement

Broadly stated, the main geological features of the area are
a central, east-treniing belt of volcanic and sedimentary rocks, and,
bounding this on the north and on the south, and indenting it in
places, a number of bodies of intrusive rock among which granitic types
predominate.

Most of the rock exposures are low-lying and generally cover-
ed with thick moss. They are commonly no more than a few hundred
square feet in extent, except around the shores of the larger lakes :
and. along the banks of Waswanipi river, where removal of the ‘clay' -
cover has exposed large sections of the bed-rock.

A1l the consolidated rocks are of Precambrian age. About
two-fif'ths of the area is underlain by Keewabtin-like lavas and sedi-
nmentary rocks. . The remainder is occupied by basic and-acidic intrus-
ive rocks. The basic intrusives crop out mostly in the northwest
guarter of the area. They are older than the acidic intrusives and
the most common type is diorite. The acidic intrusives consist mainly
of the following three bodies: a narrow strip of rather massive oli-
goclase granite, south of Olga lake; grey, gneissic, partly contaminat-
ed olipgoclase granite extending across most of the northern half of
the area; and a small batholith of pink, massive, hornblende-biotite
granite, underlying the basin of Goéland lake.

Al the rock types of the area are shown, in proper sequen-
ce, in the accompanying table of formations.
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Table of Formations

Quaternary

Clay, clayey-sand, varved-clay, till, sand

Great Unconformity

Diabase (Keweenawan?)

Post-Keewatin

Pink, microcline granite and pegmatite

Lamprophyre, diorite, and gabbro dykes

Coarse~grained, pink, massive, hornblende-biotite
granite (Goéland granite)

Grey,'generally massive, oligoclase granite

intrusives .
(0lga quartz-diorite), probably related to
the 'northern granite'
Grey, gneissic, oligoclase granite, often referred
to as the 'northern granite'
Disrite-syenite group (basic series)-
Folding; Intrusive contact
Concordant bodlies of fine-grained gabbro and of
granite porphyry
‘Intrusive contact
Meta-trachytes, generally porphyritic, in places
fragmental; a few beds of tuff
Fine-grained greywackes recr&stallized to

Xeewatin(?)

biotite and/or hornblende schists; a few beds
of chert '

Volc.-Sed. Series

Meta-andesites (and possibly minor basalt flows),
commonly ellipsoidal; a few beds of tuff
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Keewatin Rocks

(Volcanic-Sedimentary Series)

Except for the area occupied by Goéland lake and a narrow
strip south of 0Olga lake, which are underlain by granite, Keewatin-like
rocks occupy roughly the southern half of the map-area. They consist
largely of a volcanic-sedimentary series which is part of a long belt
of these rocks that extends for more than 200 miles from the Quebec-
Ontario boundary, through Matbagami lake, to and beyondi Chibougamau
lake. In the region studied, the belt varies in width from four miles,
west of Olga lake, to about ten miles, just east of Goéland lake. The
best exposures are on the west and south shores of Laurent bay (a small
recess in the western part of Goéland lake), around 0lga lake, and on
the numerous islands in this lake.

West of Goéland lake, this belt of Keewatin-like rocks may be
pictured as consisting of a core of predominantly trachytic flows sur-
rounded by strivs of andesitic and of sedimentary rocks. Northward
from the area of trachytes, there outerops first a band of sedimentary
‘rocks, then a belt of andesitic lavas. On the south side, the succes-
sion is reverses; the‘andesites occur next to the trachytes and separate
them from the remnants of a sedimentary pand cropping out on the south
shore of QOlga lake. The general trend of both the bedding and the
schistosity in the whole of this district is east-west.

On approaching the Goéland batholith, the trachytes give
place to a north-south, crescent-shaped band, about a mile wide, that
consists mainly of andesites containing long and narrow sedimentary
lenses. These lavas form a belt curving around the west side of the
granite mass that underlies Goéland lake. ZFast of Godland lake, the
lavas form an easterly-trending belt about nine miles wide.

Many inclusions of volcanic and sedimentary rocks are found
in the younger intrusives — both basic and granitic — exposed in the
northern half of the map-area. They are usually small, either angular
or ellipsoidal in outline and their greatest dimension seldom exceaié
a few feet. Occasional larger units do occur, howeve}, and they are
‘indicated on the accompanying map. The two largest of these are in
the north-central part of the area. They have been joined on the map
by dotted lines to indicate the contact as deduced by geologists of
the Dominion Gulf Exploration Company from geophysical surveysx.

IPersonal communication.
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Numerous small masses of granite porphyry and of gabbro are
found here and there among all three rock types of the volcanic-sedi- -
mentary series. They appear, in all cases, to have intruded the series
concordantly before folding took place. The larger of these bodies are
shown on the accompanying map.

Andesitic Rocks

Distribution

These rocks are meta-volcanics, mostly meta-andesites with a
f'ew meta-basalts. Their structural characters are generally so well
preserved that their volcanic origin can be recognized readily both
in the field and under the microscope. This group 1s exposed as three
main belts:

a) North of 0lga Iake. The andesites form a zone or belt trending
east to northeast and bounded on the north by granitic intrusives and
on the south by a seiimentary band. This belt, which is up to three
and a half miles wide, is exposed for a length of only three miles.

At its western end, north of Red chute, it is truncated by intrusive
basic and acidic rocks. Its eastward extension could not be ascertain-
ed because of* heavy drift cover.

b) Near the Southern Margin of the Area, From the western limit of
the map-area this belt trends eastward, with a width of about a mile,
through the largest island in 0lga lake and thence follows the north
shore of the southernmost east-trending bay of that lake. From the
end of the bay 1t swings gradually southeastward, widening to about
two miles, and leaves the area south of Laurent bay.

c) Around and West of Godland Iake. If it were not for the Goéland
batholith, this belt would presumably wnderlie the greater part of the
southeastern quadrant of the map-area. At the eastern boundary it 4is
about nine miles wide. Its western limit is an arcuate line -roughly
following the western shore of Goéland lake at a distance varying from
one-eighth of a mile, south of TLaurent bay, to about one mile, north-
west of that bay. At the north end of Goéland lake, between Max nar-
rows and Maicasagi lake, the zone is in contact with the northern
granites. West of Goéland lake a belt of trachytes is found between
the andesites and the northern intrusives.

In addition to these three main belts, there are a few small
bodies of andesitic rocks within the area of trachytes. The more
important are seen along the east shore of 0lga lake, both north anmd
south of Waswanipi river. Other occurrences are on the north and south

sides of the Waswanipi almost at the centre of the map-area.
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The presence of inclusions in the intrusive rocks in the
northern part of the area has already been mentioned. The exact nature
of these inclusions could seldom he determined with certainty because
recrystallization has obliterated all primary structures and has given
the rock a granular appearance. On the basis of their composition,
they are classified as andesites, differing from the corresponding
lavas of the main belts only by their more metamorphosed condition.

Description

These intermediate lavas are fine-grained, in places almost
aphanitic, and dark grey, often with a greenish tinge. They commonly
have a porphyritic appearance, although the largest crystals are of
porphyroblastic development. Amygdaloidal flows, in which the amyg-
dules are much flattened, were noted in a few places. In structure,
these lavas show all gradations from almost massive to highly schist-
ose.

Many pillows were seen, especially on the clean rock surfaces
along the shores of Olga lake. "All the pillows are very much deformed;
the length:width ratio is commonly of the order of 20:1, so that the
villows appear as thin lenses from which little information can be
obtained as to the tops of the flows. Only at one place could such a
determination be made. This locality is on the south shore of the
middle bay, east side of Olga lake, about half a mile east of the mouth
of the bay. On this exiosure, the sequence from horth to south is as
follows:

Andesite, not pillowed ......... 12 £t.
Pillowed andesite cvicvvvecennann 18 f't.
Slaty tuffs (mostly acidie) ..... 30 ft.
Pillowed andesit® ceveveseessses 100 TH,

The pillows here still have a faint bun shape and their
arrangement indicates that the tops of the flows face south. As a cor-
roboration, a systematic series of specimens was taken across the
eighteen-foot flow. ZFrom a study of these it is seen that near both
borders the grain is aphanitic, and that the coarsest part of the bed
is twelve feet from the top as indicated by the pillows. The curve
shown in Figure 1 differs from that given by Cooke (1925, p. 8) for
the position of maximum grain size, bubt in general form 1t is similar,

Petrography

The andesites consist of ampmbole and feldspar with,
generally, some quartz, epidote, chlorite, calcite, and magnetite. The
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T Top of flow
Attitude and approximate shape of
the pillows

top of flow

Distance from

|8 - - T T 1 MM.
0.0 0.5 1.0 1.5

Fig. |

GRAPH SHOWING VARIATIONS IN GRAIN SIZE IN AN ANDESITIC
PILLOWED FLOW

D. M.Q. 1851 No.9ll
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percentage mineral composition of the rock is highly variable, as
indicated below:

Amphibole ...... 40-80%
Feldspar ....... 10-50%
QUartz .e....... 5-15%
Epidote .vveeees  5~20%
Chlorite .......ACC.-10%
Calcite sveeesss 0-15%
Magnetite v.eves 0- 2%

The common amphibole is ordinary hornblende with the follow-
ing optical properties:

Pleochroic formula: Z
Y
X

(]

blue-green to deep blue
olive=-green
greenish-yellow to straw-yellow

ZA ¢ = 16°-240; (-)2V = 750-809; absorption: Z>Y>X.

One of the sections examined contains a much paler, less
Pleochroic amphibole, identified as actinolite:

Tleochroic formula: 2 = light green
Y = olive-green (pale)
X = straw-yellow

ZAg=18% (-)2v = sso.

The feldspar grains are usually clouded by kaolinite and
white mica, and carry ragged masses of epidote, possibly with cores
of clinozoisite. As a consequence, it 1s rarely possible to determine
their original optical character. However, some of the fresher sec-
tions examined contain broken phenocrysts of a plagioclase near ande-
sine (Alipg-gp) in comiosition. Faint indications of albite twinning
can be seen occasionally., No prominent zoning was observed.

Albite is present in most of these andesitic rocks. It
occurs, in places, as small, clear, anhedral grains along the borders
of the altered feldspar. More commonly, it is found as thick lenses
measuring, as a rule, up to 5 mm. in length (exceptionally up to 3
centimeters). In these, the albite is still clouded with kaolinite
and especially epidote. The lenses are aligned parallel to the schist-
osity of the rock. They have grown by pushing aside the smaller-
grained minerals and are truly porphyroblastic.
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Some quartz is found in all these rocks. It oceurs either
as small lenses parallel to the schistosity or as veinlets cutting
across it. Often, also, it is interstitial to the altered feldspar
and to the hornblende, and contains minute inelusions of those two
minerals. In the amygdaloidal flows, the amygdules consist mostly of
guartz which, in many cases, is shattered and carries shreds of chlo-
rite., Frobably little of the quartz is original.

The most abundant variety of chlorite is penninite., It is
light green in colour, has low birefringence, and is optically posi-
tive. Clinochlore was found in one slide. The chlorite is all second-
éry after hornblende, and its greatest development is in and near the
nunerous well-defined shear zones that traverse the andesites of the
area.

Calcite, when present, is distributed through the rock as
small specks or occurs as veinlets, up to an inch thick, that follow
the schistosity. It is of'ten associated with guartz and pyrite. The
small, disseminated grains may be the result of alteration of plagio-
clase and other calcium-beariﬁg minerals of the rock, but there is no
doubt that there has been considerable migration of material to form
the veinlets.,

liagnetite occurs commonly as small grains marginal to and )
within the hornblende crystals, rarely as blebs or large clots. One
slide contains well-developed octahedra of magnetite around which the
schistosity is seen to curve. In some thin sections, magnetite accom-
panies secondary chlorite, which would indicate that it 1s a released
zroduct from the transformation of hornblende to chlorite. In a few
slides, however, magnetite is associsted with hornblende in a rock
devoid of chlorite, in such a way as to suggest that both minerals
have formed through the decomprosition of a pyroxene.

Texture

The texture is essentially crystalloblastic. It is dominated
by two minerals, hornblende and altite, which are the uvroducts of re-
crystallization. The lenticular habit of the albite porphyroblasts
and their relation to other minerals has already been mentioned.

Throughout the main belts of these andesitic rocks, horn-
blende occurs as tabular grains, commonly less than 1 mm, long, or as
shreds, depending upon the grade of metamorphism of the rock. Pris-
matic faces are generally much better developed than terminal faces.
In those rocks where recrystallization is more advanced, the grains
are up to 2 mm. long. Their orientation is erratic; some follow the
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borders of the albite porphyroblasts, others abub against them., Even
in the more massive types, however, there is always at least a general
sub-parallel orientation of the grains, imparting to the rock a faint
schistosity. This schistosity is more apparent where the hornblende has
recrystallized only in the form of long, thin shreds.

Due to the paucity of exposures and the impossibility of
separating the two types in the field, it was not found possible to
define consistent bands in which the homblende appears dominantly either
‘as well-developed prisms or as shreds. It is probable that slight loecal:
differences either in original composition of the rock or:in intensity of
metamorphism were important factors determining which of the types would
be developed. It is generally admitted that rocks of different composi-
tion react differently under the impulse of ldentical conditions, It is
also possible that, in a homogeneoué series undergoing metamorphism,
small changes in otherwise constant conditions of temperature and pres-
sure (especilally stress) may cause local differences in the appearance
of the end product.

The grains of original feldspar are, as a rule, less than 1 mm,
long and lie in random orientation within the rock. The crystal bound-
aries of some of them are well preserved, despite rather extensive
fracturing. Generally, however, and especially in those specimens in
which the albite porphyroblasts are better developed, the original feld-
spar grains lack sharp definition. They appear either as indistinct
masses, clouded with epidote, or as sinuous streaks between trains of -
hornblende shreds. Many of the larger grains are surrounded and partly
replaced by secondary hornblende.

Type and Grade of Metamorphism

The critical mineral association in these andesitic belts is
hornblende-albite-epidote. These rocks thus fall quite naturally into
the albite-epidote-amphibolite facies of Turner (1948). As far as can
be ascertained from microscopic studies, most of the original rocks
consisted of hornblende and plagioclase, so that the mineralogical
changes were likely effected quite easily. A few beds, however, proba-
bly had a basaltic composition, but these two now have the hormblende-
albite-epidote association.

That such extensive and widely separated belts of rock should
present similar characteristics must be due to regional metamorphism,
The rocks have many of the characteristics described by Harker (1932)
for the lower grade of such metamorphism. ‘Albite porphyroblasts are
numerous; hornblende is well developed; and there is some epidote that
is not yet assimilated. The changes were not of high enough grade to
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obliterate all primary structures, although such features as amygdules
and pillows are highly deformed. ’

A1l the lavas of intermediate composition have undergone
extensive shearing along restricted zones, especlally in the main belts.
The amount of chlorite developed as a result of this shearing is rather
small as observed in the thin sections examined. This is explained by
the fact that, for purposes of microscope studies, only the fresher
specimens were considered. In the field, on approaching a shear zone,
the amount of chlorite increases gradually until the rock becomes a '
highly chioritic schist, glistening with waxy flakes of chlorite. This
schist crumbles so easily that it is usually impossible to.detach a

- specimen of suitable size. The width of such transition zones ranges
from a few inches to many feeb.

Hydrothermal development of chlorite is exceptional in the
"more massive rocks.: Generally, the formation of chlorite has Deen
favoured only along definite shear zones at a time following the first .
period of metamorphism., Other hydrothermal effects, consisting chief-
1y of the introduction of quartz, calcite, and pyrite, are, as a rule,
intense along such zones.

Slight bending of the hornblende prisms and occasional frac-
turing of albite porphyroblasts was observed in some of the rocks away
from the main shear zones. These features may probably be regarded as
mild or remote effects of the stresses whose greatest intensity was ‘
localized along those zones which are now heavily sheared and chlori-
tized. :

Trac es
Distribution

Trachytes underlie a rough]y-t.riahgular area, the western
apex of which is an imaginary point lying in 0lga lake somewhere north
of the largest island. They are bounded on the south and on the east
by andesitic belts. Although most of their nort‘hem boundary 1s hid-
den by overburden, it would appear to follow the general trend of
Waswanipi river, at a distance of one-half to one mile north of it,
for eight miles eastward from Olga lake. Along this stretch the tra-
chytes are probably bounded on the north by the eastward extension of
the sedimentary band cropping out on the north shore of 0lga lake.
Farther east, however, they are in contact with gneissic granite,
probably as far as Max narrows. They apparently end near these nar-
rows, their place being taken by the belt of andesitic rocks which
surround. the northern part of Goéland lake.
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As exposed on the east shore of 0Olga lake, the belt of tra-
chytes is four miles wide. It broadehs gradually eastward to some
eight miles at a woint about two miles west of Goéland lake. From
there, the belt divides into south and north segments which curve
_around the crescent-shaped band of andesitic rocks. The southern branch
narrowé rapidly and, south of Laurent bay, where it has a width of one-
eighth of a mile, it te;minates against the granitic rocks of the Godland
batholith. The northern branch narrows gradually and disappears, in
the vicinity of Max narrows, between andesitic rocks and the northern
granitic intrusives.

Description

The tfachytés aré light green to‘gréenish-brown, commonly
slightly schistose, rocks. Examination in thin section reveals that
they are all porphyritic to some extent. In many specimens, the pheno-
erysts camnot be observed with a hand lens, and such rocks have a uni-
_form glassy appearance.

Faint rommants of villows were seen in the rock on the point
south of where Waswanipi river enters 0lga lake. On a horizontal surface,
these now appear as elongated ellipsoids, about one foot long and
three inches wide. They all parallel the schistosity and are distri-
buted over a width of eight feet. The presence of amygdules, although
useless for determining the tops of the flows, was most helpful in
establishing the true volcanic origin of certain doubtful exposures.

Some of the trachyte flows are fragmental. Pecause of their
interesting character, these flows will be described separately.,

Petrography

Microscopleally, the trachytes consist of a fine groundmass,
composed predominantly of feldspar, through which feldspar phenocrysts,
in varying abundance, are distributel, Numerous other minerals are .
found in thé groundmass. Their proportions are variable, as indicated
in the following table:
Feldspar, as phenocrysts ceenas 10-40%
Feldspar, as groundmass .ese... 20-70%

QUAXDZ eessrencnnananans coerans 1-10%
Epidote vuerervesrnsnsnocinnans 1-20%
Caleitl sevruenmranens cieseesss ACC.- 5%
ChLOTAtE seerusenosenarannanana Acc,-15%
Biotite ....... 0- 4%

Sericite cecvesieesiiiincnne. .. Acc.-20%
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Magnetite svveeeseescssecsacnass ACC.
Homatite voveesenisaressasaananas ACC,
LEUCOXENE .eevsesssascssnsoracsss ACC.

The phenocrysts are generally 1 mm. (sometimes up to 3 mm, )
in length; They commonly show Carlsbad and albite twirming. Saussurit-
ization is widespread but phenocrysts fresh enough for' identification
were found in all thin sections examined. Their compoélblon is remark-
ably uniform, being albite, near An,. The feldspar of,the groundmass
is in grains so small that accurate determination is mpossible. Potas-
sie feldspar ‘may be present, although a comparison of refractive
indices seems to indicate that the feldspar of the groundmass has a
compos:.tion essentially similar to that of the phenocrysts.

Some of the quartz in these rocks may be original, but most
of it appears to be later than the consolidation of the lavas. The
introduced quartz is found as small veinlets cutting the rock, and as
amygdular filling in vesicles. The amygdules are oval and in some of
them remnants of clouded plégioclase are associated with their £illing
of shattered quartz. In many specimens, quartz is found also as large
rounded clots, each composed of a multitude of minute grains, These
clots are distributed erratically and are believed to represent
crushed quartz 'eyes'. Finally, some quartz is found in the ground-
mass as individual grains which generally are a little larger than the
feldspar. '

Of all the thin sections examined, only two contain biotite.
It is pleochroic from dark green (almost black) to light green. The
flakes are ragged and small, and are in part altered to chlorite.
There is thus a suggestion that piotite may originally have been
present in all these rocks, and that the chlorite, which is present in
all the sections (it is commonly the only dark mineral), may be an
alteration product of bilotite. The usual chlorite is greenish, has
low birefringence, and belongs to the penninite group.

Texture .

The trachytes are characterized by a well-preserved, por-
phyritic texture. Most of the plagioclase phenocrysts are still in-
tact, and even in the case of rare broken ohes, the fragments are still
close enough ‘to one another to allow recognition of the original crys-
tal shape. The cracks are commonly filled with calcite, but sometimes
with epidote, and/or quartz. In a few cases, the smaller fragments
have been rotated and now lie transverse to the bulk Qf the phenoéryst.

As seen in thin 'sect.ions, the rock exlﬁ'bits a pronounced
fluidal (trachytic) texture. This results partly from a suborientation
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of the phenocrysts themselves, and partly from the aligoment of the
original minerals (mostly biotite and feldspar) of the groundmass. In
the schistose varieties, the texture is further accentuated by an align-
ment of the shreds of chlorite and the flakes of sericite in a direction
parallel to the lines of flowage.

The behaviour of these platy minerals, when they meet a phe-

nocryst, is in typical contrast with the arrangement observed in the
porrhyroblastic andesites. In the latter, the porphyroblasts have more
or less pointed ends, on elther side of which the platy minerals d4i-
. verge. They show evidence of having grown by pushing aside the smaller
minerals. In the trachytes, on the other hand., the platy minerals fol-
low and wrap around the long edges of the phenocrysts, and abubt direct-
1y apgainst the central portions of these ends.

Fragmental Trachytes

) Several of the acidic flows are characterized by the presence
in them of a large number of fragments. Two kinds of inclusions are
found, each producing a distinctive type of breocia.

Flow Breccia (first t.ype)

on the north shore of the point opposite the east end of the
large island in Olga lake, a fragmental zone of particular interest
was seen about 3,000 feet east of the tip of the point. The rock con-
sists mainly of fine-grained, slightly porphyritic trachyte. It con-
tains fragments of a rock having sbout the same composition as the
matrix, but in which the feldspar phenocrysts are more numerous and
larger (up to one-quarter of an inch).

The fraguients are of all sizes from a fraction of an inch
to almost three feet in length., Their width is variable so that‘ gome
are ellipsoldal, whereas others have a ribbon-like appearance. Rarely,
it 1s seen+that a fragment has been broken, and that the pieces have
drifted away from one another (Figure 2). 1In other instances, (iuartz
replaces selectively the porphyritic fragments (Figure 3).

_ This type of fragmental lava is closely similar to that
observed by Wilson (1941) in the Noranda district and described by him
as a flow breccia. The fragments may represent loose material lying -
in the path of an advancing flow that was caught up and engulfed in
the consolidating lava. On the other hand, the breccla may have
resulted from the consolidation of the surface of the lava flow, and
subsequent brezking of the crust while movement was '‘going on. The
presence of large phenocrysts only in the fragments favours the first-
mentioned method of formation. ' ‘ -
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Flow Breccia (second type)

The most typical fragmental flows of this type are on the
east shore of Olga lake, immedlately south of Waswanipl river, and on
the south shore of the northern bay. At the first locality, the flow
is 25 feet thick and is exposed for more than 100 feet. At the second,
fragmental flows are exposed for a length of about a quarter of &
mile around the west end of the rounded point in the middle of the
south shore. Since the shore-line here bevels the east-west bedding,
the flows appear to have a true thickness of at least 500 feet. Similar
fragmental lavas were found,also, north of Goéland lake, two miles
northeast from the bend where the course of Waswanipl river changes
from northerly to westerly. 1In all these occurrences, the fragments
are distributed rather uniformly across the whole width of the flows.

In size and shape, the inclusions in these flows are of two
types: (a2) small, angular to subangular fragments, whose greatest
dimension seldom exceeds a few inches; (b) flat ellipsoids up to
fifteen inches long and four inches wide. Although fragments of both
types are to be seen in most exposures, the smaller pieces predominate
in the 0lga lake outerops and the ellipsoidal fragments in the expo--
sures north of Goéland lake. ' i

The fragments of voth types are identical in composition.
They all weather to a cream-buff colour and their fresh surface is a
lighter green than the enclosing lavas. Their very fine grain, finer
than the enclosing rock, gives them a glassy, or in places cherty,
appearance. As a rule, they do not contain any megascopic pheno-
crysts. The orientation of the elongated fragments 1s very regular;
they all lie with their long axis horizontal and parallel to the
schistosity of the enclosing lava.

One of the flat, ellipsoidal fragments, believed to be
representative of this type, was studied in thin section and 1ts com-
position was found to be very similar to that of the surrounding rock.
Completely saussuritized feldspar phenocrysts form about ten per cent
of the fragments; they.are set in a groundmass of epldote, clouded
feldsypar, calcite, chlorite, sericite, and some quartz. The composi-
tion of the feldspar could not be determined. It has, however, the
same appearance as the albite of the matrix and is presumed to be a
sodic plagioclase. The fragment also contains shattered amygdules of
quartz.

A striking feature of this fragment is its well-preserved
physical condition. The phenocrysts have well-defined outlines. They
are smaller than those in the main body of rock but none of them has
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suffered any granulation. Due to their orientation along parallel lines
the rock has a fluidal texture that is better developed than in the
lava, and, as in the latter, this texture is rendered even more conspic-
uous by the parallelism of shreds of chlorite and sericite. The
impression given by this fragment is that it has kept its original form,

" even though its oval shape resembles very much that of the squeezed

pebbles found in certain conglomerate belts, e.g., the one cropping out
on the north shore of Mattagami lake west of the present area.

If it be true that this fragment is a representative one, it
may then be concluded that the flat lenses found in these fragmental
lavas are not the product of mechanical deformation. This fact and
their composition are the main elements to be considered in trying to
explain the origin of the fragments.

The fragmental lavas of this second type must have originated
as the result of one of, or a combination of, the following processes:

Mechanical process
Hydrothermal action
Igneous process

) M.E. Wilson (1941) describes flow breccias of two kinds; one
contains angular fragments, the other, thin ribbons. The distribution
of the angular fragments is commonly irregular, and without consistent

~relationships to either the strike or the dip of the lava flow of which

they are a part. '"The flow breccias were presumsbly formed by the
engulfing of fragments of lava crust either within the volcanic vent
or while the lava was being extruded" (Wilson, 1941, p.20).

It is unlikely that the unieformed fragments under study
could have originated through the breaking up of a crust or vent walls.
The phenocrysts of the fragments are smaller and better oriented than
those in the enclosing lava. Furthermore, while it is admitted that
angular slabs may be rounded by re-solution of their ‘corners, none of
the fragments examined show any evidence that this process was opera-
tive.

Descriptions of flow breccias occurring near the top of a
lava flow (the most common type of fragmental lava) are very numerous
in the literature. They are found, in fact, in almost every paper or
report discussing volcanic rocks. The present lavas, however, differ
from them not only in the shapes of the fragments, but also in their
distribution from top to bottom of the flow.

Gunning and Ambrose (1940, p. 9) describe nodular flows of
dacitic -and rhyolitic composition. The nodules are cigar-shaped and
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are oriented with their long axis vertical. Their constituent minerals
(mostly quartz, albite, epidote, and chlorite) are regarded by the
authors as of hydrothermal origin. These nodules have a few character-
"isties in common with the fragments under consideration such as: shape,
and the presence of introduced quartz and of secondary chlorite and
epidote. Differing from the nodules, however, the fragments lie in a
horizontal position. The albite phenocrysts, the well-vreserved fluid-
al texture, and the presence of quartz-filled vesicles, are evidence
of igneous rather than hydrothermal origin. Because of their shape,
distribution, and composition, the fragments cannot satisfactorily be
explained as being due to either mechanical engulfment in a lava flow
or to hydrothermal action. In consequence, only an igneous origin
remains to be considered. S :

It is believed that the peculiar nature of these fragments
is satisfactorily explained if they are considered as volcanic bombs,
This hypothesis accounts very well for the similarity in composition
between the fragments and the lava: they are, indeed, products of the
same magmabtic fluid. The lighter colour of the fragments may be due
to the more altered state of the feldspars; Their oblong shape 1is not
as streamlined as might be expected, however, and no indications of
spiral twisting were observed in any of the inclusions. Some of the
smaller lenses have one fairly sharp end, whereas the other is rather
blunt. The larger ellipsqidal fragments always have blunt termina-
tions. It may be that their ends broke on striking the ground.

The orientation of these 'bombs' in rocks that have been
isoclinally folded requires & complex adjustment of circumstances. As
already noted, they lie in horizontal position, with their long axis
parallel to the schistosity and the bedding of the enclosing rock. If
bombs were blown up to fall on a static terrane, their orientation
would inevitably be erratic. A parallel orientation could scarcely be
the result of dynamic metauorphism. Movements adequate to rotate the
bombs would, at the same time, cause severe deformation, both in the
matrix and in the bombs. The well=-preserved condition: of the pheno-
crysts in.both renders this hypothesis unlikely.

Consegquently, if undeformed bombs are found in parallel
orientation, the help of directional forces in the lava that receives
them must be invoked. One is thus bfought to visualize a shower of
tombs falling into a lava flow that is moving with sufficient freedom
to imnose upon the bombs a common orientation. In a broad way, their
parallelism could be compared with that of logs being transported by
a river, '
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Conditions in the volcano would be somewhat as follqws:
T1luid lava would be flowing from cracks in the side or along the base
of the cone while from the top, due to gas explosions, bombs would be
expelled. The frequency of such explosions would be such as to produce
a more or less uniform distribution of the bombs in the moving lava.

Until now, the discussion has been concerned only with the
oblong fragments found in the trachyﬁes. The esmall, angular ones,
interspersed with them, need much less consideration. From their dis-
tribution throughout the width of the Tlows, it appears that they are
not contact effects. They possibly represent pieces torn away from the
inner wall of the volcanic chamber; more probably, however, they
originated from the breaking up of the larger fragments.

Metamorphism of the Trachytes

_The trachytes are surprisingly different in appearance from
the andesites.  Their albite phenocrysts ‘Ao not display any evidence
of granulation or recrystallization. They are still present in their
original form, and the trachytic texture that developed during the con-
solidation of the lava remains unaffected and has been rendered even
more conspicuous by the development of chlorite and sericite in shreds
and flakes parallel to the schistosity.

The difference, in these and other features, between the
trachytes and the andesites must, in the writer's opinion, be related
only to the difference in composition between the two types of lava,
and to the general absence of igneous intrusions in the neighbourhood
of the trachyte. The structure of these rocks is discussed in a sepa-

. rate chapter, but it may be said here that the trachytes are believed to
lie in a synclinal area, and that their extrﬁsion occurred betweeﬁ two
periods of andesitic volcanic activity. Since the andesites that

" underlie the trachytes, and those that overlie the trachytes have
similar metamorphic characters, it is concluded that differences in
such factors as temperature, pressure, and streSs»are not responsible
Tor the difference in appearance between @he two types of volcanic
rocks. ) )

It has been seen, however, that the andesitic belts have
undergone regional metamorphism under conditions that Tavoured the
development of hornblende and of albite porphyroblasts in the andesites.
These minerals constituted the stable association under tne newly-
created environment. The trachytes, consisting as they did predomin-

’antly of albite, were already adjusted to the new coniitions and
therefore could not wundergo much mineralogical change.
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During their long histéry, however, the trachytes have not
been immune to a certain amount of transformation. Some of these
changes are believed to be due to metasomatism (probably hydrothermal),
whereas others may be classed as retrograde metamorphism. INebtasomatic
changes are evidenced by the presence of important quantities of quartz,
calcite, and epidote. Retrograde metamorrhism has occurred.along the
numerous shear zones that follow the schistosity. In these zones, the
trachytes have been converted to sericite-chlorite schists,

Tuffs

Bands of tuffaceous sedimentary rocks were observed at only
ten places in the area, They occur within both types of lava, although
there are more of them in the trachytes than in the andesites. One
narrow band, six inches wide, was found interlayered with the sediment-
ary rocks on the north shore of 0lga lake.

The thickness of these pyroclastic layers is usually in the
order of inches, with the exception of the 30-foot bed already men-
tioned (p.10) in the description of the andesitic rocks. They are all
schistose, and most of the beds, because of their grain size, could be
designated more accurately as slates. In one locality, it was pos-
sible to break off thin resistant slabs, one-sixteenth of an inch
thick and measuring up to six inches square.

In all the occurrences, the tuffs are acidic, very fine-
grained rocks that show a delicate banding. This feature results from
interlayering of two types of rock in beds that may be as thin as one-
eighth of an inch.

One type has a glassy appearance and a generally cream colour.
The composition of this type cannot be resolved under the microscope.
The rock avpears to be thoroughly silicified. Some of these beds show
variations in colour — and thus in basicity = from light grey to
almost white, in a direction perpendicular to their bedding planes.
At the ‘place where the top of a flow was determined by means of pillows
and grain gradation, these small bands were found to <«vary in colour
from dark greenish-grey, at the bottom, to almost pure white at the
top. Shrock has described similar variations in beds of recently
fallen ash surrounding E1 Paricutin volcano (Shrock, 1948, p.330,
foot-note 1).

The sequence of variations in colour in the tuffs is the
opposite of that found in varved clays and Precambrian varved sediment-
ary rocks, although admittedly the deposits did not originate under
similar conditions. With sufficient observations, this variation in
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colour may become a useful :eans of determining the tops of the flows
in which the tuffs occur, and thus become an important help in solving
the regional structure. h

The layers interbedded with the glassy beds are dark grey
and coarser-grained {about 1 mm.). They do not display any variation
in either grain size or colour. In thin section they are seen to con-
sist of angular fragments of clouded albite and clear quartz embedded
in a fine mass of guartz and feldspar. The schistosity is marked by
long thin flakes of sericite which curve around the larger fragnents.
Some of the rocks contain iron oxides, in amounts varying from acces-
sory to 30 per cent. The predominant oxide is a deep orange-brown
hematite. Magnetite is rare, and 1ts occurrence as small specks sur-
rounded by hematite suggests that probably all the latter mineral is
an alteration vroduct of the magnetite. Most of the tuffs show evi-
dence of the introduction of quartz, in veinlets along the planes of
schistosity.

Sedimentary Rocks

Sedimentary rocks form three main bands In the area. The
largest, later referred to as the Red Chube band, occurs on the north
side of the core of trachytic lavas and lies south of an andesitic
belt. This band is from one to two miles wide and crosses the north-
ern part of Olga lake. Iike the northern andesites, it is truncated
at its western end, just west of 0lga lske, by younger intrusive rocks.
East of the north end of the 1ake," the band undoubtedly persists for
some distance, as suggested by the. exposures along the northeast shore.
The extent of its eastward continuation is, however, a matter of con-
jecture because of the uninte,rr"upted mantle of drift. It is possible
that this band extends far endugh east to be truncated by the gneissic
granite, whose western margin appears .to run in a southeasterly direc-
tion through a low-lying, dr;lr’o'-cd_vered area.

!

The second belt of sedimentary rocks is exposed near the
southwest corner of the rﬁap-area, alohg the south shore of 0Olga lake
and on nearby islands.’ 'As shown.on the accompanying map, it varies in
width from three-quarters of a mile to one mile. It trends more or
less northeast and is er_bosed for a little over three miles, although
it probably continues eastward for a greater distance. The granitic
exposures along the south shore of the long, east-trending bay aboutb
two miles from the southern boundary of the map-area are largely mixed
rocks, or migmatite, in which most of the inclusions are of sedimentary
rocks. :

The third principal occurrence of sedimentary rocks forms a
crescent-shaped band that extends from the south shore of Laurent bay
to Waswanipi river, a distance of about six miles. Its convex side is
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toward the west. This band is up to a quarter of a mile wide and its
eastern border follows approximately the western shore of Goéland lake,
The north end of this band gradually tails out into andesitic rocks,
as indicated by interstratification of both types of rock on the south
shore of 'Waswanipi river, a quarter of a mile west of Goeéland lake.
The belt appears to be much wider on the south shore of Laurent bay,
near where it is truncated by the Goéland batholith. This apparent
increase in thickness is believed to be due to drag-folding, of which
there is some evidence in the form of small drag folds plunging steeply
northward in these rocks.

In addition, numerous narrow strips of sedimentary rocks are
found intercalated with the andesites, both north and east of Goéland
lake. Tk}e most extensive of these are shown on the accompanying map,
'_but there are many more, especially on the southeast shore of Goeéland
lake, that are too small to be shown separately from the lavas. In
this locality, indeed, Claveau (1948) found the southern extension of
the volcanic rocks to consist predominantly of typical sedimentary
rocks. That such an extensive horizon is not found northward cannot
be explained only by lack of continuous éxposures. It appears probable
that Claveau's sedimentary rocks form a lenticular body (similar to the
one on the west shore of Goéland lake) which is interlayered with the
lavas and whose northern tip fingers out near tne southern border of
the present area. :

Red Chute Sedimentary Rocks

These rocks are everywhere schistose and fine-grained. Por-
phyroblasts of feldspar are often the only grains that can be identi-
fied in the hand specimen. The beds are generally thin, seldom more
than an inch in width, although on some exposures no bedding was ob-
served across widths of many feet. Such large thicknesses appear to
be due to the fact that the individual beds are closely similar in
- composition and colour. Even on the cleanest surfaces, bedding lines
appear very faint and a slight £ilm of dirt is sufficient to mask them,

As one approaches the bodies of intrusive rock, veing and
igneous seams and lenses of various composition begirnt to make their
appearance in the sedimentary rocks. At Red chute, about 500 feet
east of the northeasterly-trending contact with the syenite, the
‘injections consist of quartz, which forms bead-like veins.or follows
the sinuous courses of drag folds. Continuing westward, small string-
ers of aplite, pegmatite, and syenite are found in .increasing number.

- The syenite is older than both the aplite and the pegmatite, but the
age relations between the aplite and pegmatite could not be determin-
ed. About 200 feet east of the contact, there is a ten-foot concordant
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body of syenite which contains inclusions of coarse-grained, garmet-
hornblende rock and, from there onward, the sedimentary rocks are
highly contorted and contain a multitude of igneous stringers.

Similar features were observed on the west side of the small
plug of oligoclase granite on the west shore of 0Olga lake. - In this
case, however, dislocation effects are very minor and the igneous
material consists almost exclusively of oligoclase granite, similar in
composition to the main body of this rock.

The sedimentary rocks are lignt to dark grey in colour,
rarely purple or black. They are highly metamorphosed and for the
most part devoid of any clastic texture, but in spite of the universal
development of séhistosity, the original bedding planes have been
remarkably well presefved. This feature was of great help in recogniz-
ing their true sedimentary nature. '

According to their mineral compositions, the rocks may be
classified into three groups: (1) biotite schists, (2) biotite-horn-
blende schists, and (3) hornblende schists. Groups 1 and 2 are expos-
ed chiefly on ‘the north shore of Olga lake, whereas group 3 predomin-
ates on the west shore. In addition, chert layers are numerous through-
out the belt, and a two-inch magnetite bed was seen on the south end of
the peoint immediately south of Red chute.

‘The mineral composition of the schists, as determined with
the microscore, is as follows: '

Biotite schist:

QUAYEZ sevesneassses 40-45%

FPlagioclase ..ese... 20-25%

Bilotite sveceveesea. 20-30%

Sericite ciieevessss 0-10%

Accessory: magnetite, potassic
feldsypar, epidote,
calcite )

Biotite-homblende schist:

QUArtZ seeeesensenss 40-45%

P1lagioclase .e.w.... 20-25%

Biotite eeesesensses 10-20%

Hormblende .vveees.. 10-15%

Accessory: magnetite, potassic
feldspar, epidote,
calcite
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Hornblende schist:
Quartz and
£eldspar ....... 45-65%
Hornblende +i44... 25-50%
Accessory: chlorite, magnetite,
calcite, epidote,
biotite

In all the schists, the feldspar is probably plagioclase. It
is always clouded to some extent and cannot be identified with certain-
ty, especially where it occurs as grains from 0.02 to 0.03 mm, in
diameter. HMany of these rocks, however, contain plagioclase porphyro-
blasts showing a degree of cloudiness and relief similar to the
smaller grains, The porphyroblasts range in composition from Angg to
Angg and it is assumed that the small grains have a simllar composi-
tion. :

The biotite is strongly pleochroic, with-absorption dark
brown to greenish-yellow. In the biotite schists, on sections cut
pérpendicular to the schistosity, it appears as delicate needles, about
0.5 mm. long, almost peffectly aligned in one direction, which is also
that of the bedding (Plate VI-B). The needles are uniformly distri-
buted throughout a mass of quartz and feldspar'whose grain size is
from 0.02 to 0.03 mm. In one section cut parallel to the planes of
schistosity, the biotite has the form of more or less rounded flakes,
partly altered to sericite. The latter mineral occurs as clots of
minute flakes, very irregular in outline, some of which contain rem-
nants of biotite, iron oxide dust, and less frequently epidote.

The hornblende in the schists of groups 2 and 3 is much
lighter in colour than that found in the recrystallized lavas. Its
grain size, and also that of the associated biotite, is larger than
that of the biotite "in the biotite schists; the grains measure up to
2 mm. in length. The optical properties of this hormblende are:

Pleochroic formula: Z = light bluish-green
Y = light olive-green
X = straw-yellow
ZAC = 170-190; (-)2V = 75%; absorption: Z>Y X

Poikiloblastic inclusions of quartz and feldspar are common
in the prisms of hormblende, testifying to the secondary origin of
this mineral. Of still greater significance 1is the preservation
within the large crystals of hornblende of numerous small, rounded
grains of hornblende which are believed to he original constituents
of the rock (Plate II%B). Such detrital grains were seen within
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lozenge-shaped basal sections of the mineral and in more or less rec-
tangular prismatic sections. The secondary hornblen@e, in all cases
observed, grew in optical continuity with the nucleus, although the
physical toundary of the latter was in all cases preserved.

The relationship between the schists of one group and those
of the others is not known. Close to the intrusive at Red chute and
along the north shore of 0lga lake, biotite schists are interbedded
with biotite-hornblende schists. The alternating beds are in many
places very narrow: one thin section contains a central layer, 7 mm.
wide, of hornblende flanked on both sides by biotite schist. South-
ward, along the west shore of the lake, these schists are succeeded
by the hornblende-rich rocks which, because of their darkness and uni-
formity in composition, can easily be mistaken for altered lavas. No
gradations between the schists of one group and those of the other
were observed either in the field or umder the microscope.

on the west shore of the lake (three miles in a straight-
line southwest of Red chute), numerous low, isolated exposures of sedi-
mentary rocks are found spaced over a distance of gbout half a mile
westward from the small plug of oligoclase granite. The rocks away
from the intrusive appear to correspond to the biotite-hornblende
schists that are found at Red chute, although they have a slightly
nigher content of amphibole than biotite. It is difficult to establish
their true composition, however, because of extensive hydrothermal
alteration. Chlorite, epidote, and leucoxene are the conspicuous new
minerals and form about 30 per cent of the rock. These minerals have
no preferred alignment but form clots typical of development under con-
ditions of uniform pressure. '

Closer to, and also in inclusions within, phe granite plug,
the sedimentary rock is a very brittle hornfels which rings quite
clearly under the blow of a hammer, and breaks readily into sharp,
angular fragments. This rock is dark grey, with sometimes a green or
purple tinge. In spite of the evidently more intense metamorphism to
which it has been subjected, the bedding is well preserved in numerous
places. The rock is so altered and so fine-grained that, under the
microscope, sericite, which occurs as small non-oriented flakes, is
the only mineral that can be identified with certainty. The remainder
of the rock is a maze of minute grains which appear to be quartz,
epidote, and magnetite.

Throughout this Red Chute belt of sedimentary rocks, there
are numerous narrow layers of chert. Recrystallization through meta-
morphism has changed them into fine-grained rocks with the appearance
of impure quartzite, and weathering gives them a light grey colour,
which makes them stand out clearly among the darker schists.
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On the west shore of Olga lake, the schistosity is locally
transgressive to the bedding. If, in such cases, cherty layers are
- present, a distinctive feature has been produced. During folding, the
sedimentary rocks were locally highly crumpled and, where the schist-
osity happened to cross the bedding, the cherty layers, more brittle
than the encasing schists, broke in numerous places. These small frag-
ments, probably in the process of flowage and slippage, assumed a len-
ticular form and migrated a short distance along the planes of schist-
osity. of the schists (Plate III-A). Iayers thus completely fragmented
have the appearance of conglomerate. Transitional stages, preserved in
many places, permit the proper explanation of their drigin.

The highest grade of metamorphism in this Red Chute belt was
attained in a few inclusions of doubtful origin found within a con-
cordant body of syenite, injected into the sedimentary rocks at Red
chute about 200 feet east of the main body of syenite. These inclu-
sions are seen over a distance of 100 feet. They are well rounded and
the 1argest of. them has a diameter of three feet. They are medium- %o
¢oarse-g1‘ained, dark-coloured rocks containing numerous red garnets.
Their composition is:

Hornblende ....... 55%

Red garnet ....... 20%

QUATHZ sseeevsvees 15%

Plagioclase ...e.. 5%

Accessory: chlorite, tiotite,
hematite, clinozoisite

Much of the hornbtlende i1s in well-formed, slightly-bent
prisms which contain poikiloblastic inclusions of quartz., It is more
similar to the hornblende of the intermediate lavas than to that of
the nearby sedimentary rocks. - Its optical properties are:

Pleochroic formula: Z = deep blue-green
olive green

pale green

Y
X

ZAc = 20°; (-)av = 75°; absorption: Z>Y>X

The garnet has a glassy lustre and a deep-red colour; in
thin section it appears creamy, and is completely isotropic. .The
grains are sub-idioblastic and enclose small crystals of hornblende
and guartz. Because of the ubiquitous presence of such poikiloblastic
inclusions, which would have rendered the results inaccurate; the
determination of its specific gravity was not attempted. From its
colour and its presence in a rock which contains aluminum, calciu;n,
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and. iron, 'the garmet is believed to be either almandite or andradite,
or possibly a mixture of the two molecules.

The feldspar 1s completely saussuritized. It forms irregular
masses, none of which even remotely resemble the shape of a crystal.
It is interstitial to the homblende and contains ragged grains of
this mineral. Magnetite, in small specks and lenticular grains, is
also a common inclusion. The feldspar is, in many places, partly re-
placed by garnet, so that its formation dates between the recrystalliz-
ation of hornblende and the development of garnet.

The quartz has two modes of occurrence. What appears to be
original quartz is found as lenticular grains that have no common
direction of elongation. This quartz has been shattered into very
small pieces. More than half the quartz, however, occurs as larger grains
which, show strong undulose extinction and though slightly dbroken have
not been subjected to the same crushing stresses as the lenses. Many
grains are disposed along parallel lines, forming discontinuous vein-
lets. . :

This hornblende-garnet rock is quite unlike any of the sedi~-
mentary rocks of the belt. in which it occurs. It presents no distinct-
ive features that might give a clue to its origin, but it certainly
developed from a rock that-was more basic than the nearby biotite
schists and biotite-hornblende schists. Even if all the quartz is
considered as original, the proportion of this mineral would still be
considerably lower than in the typically sedimentary rocks. Another
significant point is the absence of gamet in those sedimentary rocks
that are immediately in contact with the main syenite dyke. The
‘possibility of extensive transfer of material to and from the syenitic
magma is ruled out because the dyke has essentialiy the same composi~
tlion as the main syenitic body.

These observations indicate the presence, within the typical~
1y sedimentary beds, of a conformable layer of different, more basic,
composition. This layer was more easily ruptured than the surrounding
rocks so that the intrusive syenite cquld infiltrate along it, thorough-
1y brecciate it, and subject it to sufficient temperature and stress to
induce the development of garnet. This bed, if not sedimentary, could
be either a volcanic flow or a basic intrusive. The dimensions of the
fragments, and their shape, grain size, and composition, offer no
decisive evidence favouring either one of these hypotheses rather than
the other.
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Sedimentary Rocks South of 0Olga Lake

The sedimentary rocks in this belt are similar in colour and
composition to those exposed in the band just discussed. They are dark
grey rocks in which closely-spaced bedding planes are still occasionally
visible, They diff'er from the rocks of the Red Chute belt in having a
slightly coarser grain and in the presence of garnet which, though not-
universal, is of widespread occurrence. A typical section studied
under the microscope shows the following composition:

Quartz ...veeeen. 40%
Feldspar ..veesee 15%

Biobite svsvenses 5% -
Hornblende ...... 15%
Calcite .evevee.s 5%

Garnet ....cvveee 20%
Accessory: epidote, magnetite

The rock is finely banded as a result of alternations of
biotite-rich and hornblende-rich beds. In the latter, biotite is
present in small amount and it appears to be the product of recrystal-
lization of hornblende. Garnet, which has its greatest concentration
in the.lighter-coloured (biotite) beds, forms knots up to 4 mm. in.
diameter. These, however, are not single crystals of garnet, Under
the microscope, garnet, In the form of small, partly isolated grains,
is seen %0 constitubte no more than 60 per cent of their volmﬁe,' the
balance being quartz, carbonate, and some feldspar and biotite.

No exposure in this southern belt 1is free from injected
material. The sedimentary rocks are traversed by stringers, dykes,
and concordant bodies of granite, pegmatite, and aplite (Plate III-B).
The proportion of these intrusions 1ls greatest along both the south
and north contacts with the oligoclase granite, where a true zone of
migmatite has been formed (Plate IV-A). This feature is even more
conspicuous eastward from the belt, along the south shore of the long
bay, where there is a zone, about half a mile wide, which constitutes
a gradatic_mal contact between a quartz~hornblende schist and the
southern granitic intrusive. The granite is always predominant, but
some remants of intruded rocks are seen in almost every exposure.

As the remmants have assumed a diversity of shapes, the resulting
complex is much varied in appearance, In some exposures, the. old rocks
persist only as ragged, more or less crushed, masses; in others, they
occur as sharp-cornered inclusions. More generally, the two rock
types form an assemblage consisting of long, thin lenses of schist
alternating with concordant bands of intrusive material. For each
type of rock, the bands range in width from many feet to mere stringers
less than one-eighth of an inch wide, and they commonly attain lengths
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of scores of feet. Weathered surfaces of this complex often have the
appearance of a well-bedded sedimentary series (Plate IV-4 ). Features
resembling pillows have even been produced as a result of pegmatitic
injections along two sets of Joints in the inclusion.

The nature of the injected rock in this zone is not positive-
1y known. As it is impossible to study in detail all the minor varia-
tions of such a complex, one must, to a great extent, rely on megascopic
field observations in order to obtain a broad picture of its more
important features. Since these exposures were mapped after the Red
Chute sedimentary rocks and most of the volcanic rocks in the west half
of the area had been studied, it was possible tc proceed, in. exploring
the complex, by a method of comparison, not only of hand specimens bub
also of the general surface appearance of the rock exposures.

The greatest proportion of the inclusions were thus classified
as representing recrystallized sedimentary rocks. They are similar to
the schists found on the west shore of 0Olga lake. Although no actual
bedding was seen, there are, nevertheless, some transverse variations
in the composition of the injected rocks. The darker schists are
-generally predominant over the biotivic types such as are found at Red
chute.

The belief that these rocks are.of sedimentary origin is
further supported by the abundance of closely-spaced intrusions parallel.-
to the schistosity and probably also to the original bedding, since the
two directions generally coincide. The rocks are schistose, but still
dense, and there 1s a strong suggestion that the bedding planes provid-
ed the channels (planes of weakness) along which the granitic material
was - introduced. o .

There are, however, some inclusions in this migmatite zone
which cannot be so cer{;aiﬁly regarded as of sedimentary origin. These
are dark hornblende schist having the following composition:

QUATEZ cieveresscass 20%

Plagioclase (Ansg) . 30%

Hormblende ......s., 40%

Biotite sesvecesnass 107

Accessory: epidote, apatite,
potassic feldspar, -
magnetite

Their gr#in size is much larger than in any of the sediment-
ary rocks, and all their principal minérals are products of recrystal-
lization, The plagioclase is fresh and occurs as porphyroblasts
containing inclusions of quartz, biotite, and hornblende. Hornblende
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is sub-idioblastic and many grains of this mineral are full of non-
oriented inclusions of quartz, apatite, and magnetite. Biotite, pleo-
chroic from dark brown to light brown, forms flakes or long narrow
stringers attached to, and crossing through, the hormblende,; in a way
which suggests clearly its secondary origin from the amphibole mineral.

The opbical properties of the hornblende are:

Pleochroic formula: Z = deep greenish-blue

Y = dark olive-green

X = 1light yellow=-green
ZAg = 25%; (-)2V = 75°; absorption: Z>Y>X

L]

These schists are quite similar to the homblende-garnet
rock found in the syenite dyke at Red chute. The hornblende, in parti-
cular, has about the same properties and composition. The main differ-
ence between the two rocks is the presence of garnet in that at Red
chute, and of biotite in that of this southern zone. Both minerals
are, however, derived from hornblende. Without necessarily implying
that the two rocks have the same origin, it may be pointed out that the
appearance of one or other mineral may simply reflect differences in
the intensity of metamorphic conditions.

Sedimentary Rocks in the Eastern Half of the Map-Area

These rocks are more thinly bedded than those around Olga
lake. The thickest bed observed measures eight inches and such a
width is exceptional. Commonly, the thickness is less than one inch,
and many exposures consist of a succession of layers as thin as one-
eighth of an inch.’ For the most part, the colour of the beds ranges
from almost white through shades of grey to black, but reddish shades,
due to a coating of iron hydroxides, are common also. Due to the thin
bedding (Plate IV-B), exposures have a very striking appearance,
reminiscent of the varved schists described by Eskola (1932) in Fin-
land.

As in the other zones, the grain size of these rocks is
small, the largest grains observed being about 1.5 mm. in diameter.
Within many individual beds, however, there is a definite gradation
in granularity, and on a number of exposures it was possible, by study
of this feature, to distinguish between tops and bottoms of the beds
and so determine the attitude of the series.

The composition of these rocks varies witiin such wide
limits that a detailed desci‘iption of all the types seen is not pos-
sible. The following table shows the composition, as determined in
thin section, of three common types:
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I II IIT :
ATDItE eeereresso..40% Plagioclase (Ang,)..60% Plagioclase (An;,)..30%
QUATEZ vevvensvnasaB0% QUATEZ weevenrneanaa20f QUATEZ ceerreesres. 402
ChIorite eeeeseee.+12% Biotite vvvvesesaessl5s Blotite cevunennss. 254

Epidote ceeeveens «+.5% Hornblende ...c......5% Hagnetite ....evev...2%
MUSCOVite seveesesa10% Aécessory: hematite, CBINEt sevencosnsesss 3P
LEUCOXENE teveeesseedd albite or Accessory: sericite,
Accessory: pyrite, potassic epidote

) hematite feldspar

The rocks belonging to these three types are lighter in
colour, and are much more abundant, than the intervening dark grey
beds, which are similar to the hornblende schists cropping out on the
west shore of Qlga lake. Their feldspar, quartz, and biotite clearly
show evidence of metamorphic development. The hornblende has the same
composition as that of the schists just referred to, and occurs as
subrounded grains about 1 mm. in diameter. Most of the grains are
partly altered to blotite.

Cream-weathering chert was seen in almost every exposure.
The beds have a thiclkness comparable to that of the detrital rocks,
but they are not continuous.  The chert most commonly occurs as narrow
ribbons, only a few feet long, which pinch out at both ends. It is a
completely recrystallized, grey, fine-grained rock with the aspect of
a quartzite. -

An exposure on the southwest shore of Laurent bay,on the
west side of Goéland lake, contains a strong concentration of cherty
fragments in a matrix of well-layered, biotite-hornblende schist. The
fragments have a wide variety of shapes, although lenticular forms
predominate. They range in length from less than an inch to fifteen
inches. '

The fragmentary rock (Plate V-A) has a striking resemblance

to a conglomerate, but careful examination of the fragments failed to '

reveal the presence of any rock types other than chert and probably
some micaceous quartzite., Furthermore, the fragments have a much
wider range in shape and size than the boulders found in the true
conglomerate beds of the region, as may be seen by comparison of
Plate V-A with Plate V-B, which shows the conglomerate of the Matta-
gami series, exposed on the north shore of Mattagami lake, west of the
present area. '

It would seem that, during folding, the schists behaved more
or less like plastic layers, whereas more rigid beds of chert and
guartzite could not yield sufficlently to avoid being broken into a
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great number of fragments. BEelief that this 'pseudo-conglomerate'
originated in this manner is strengthened by the presence of curved
fragments (not shown in the photograph) which are thought to represent
the remains of drag-folded layers. It is thus assumed that this
'conglomerate' and that on the west shore of Olga lake (see p. 32)
were formed as a result of the operation of substantially similar
processes, and that differences between the two occurrences are attri-
butable to differences in the attitude of the schistosity with respect
to the bedding of the original rocks. ’

Gabbro Intrusives

Small intrusive bodies of older gabbro are very restricted
in the present area. These intrusives are believed to have been emplac-
ed before the Tolding of the volcanic-sedimentary rocks, and are not
related to the large intrusive masses which will be described below.
As in other regions of complexes of volcanie rocks of intermediate
composition, the problem of separating the true lavas from concordant
intrusives of similar composition is a difficult one. Often recrystal- i
lization of the lavas has produced a rock which, in grain size and
texture, is very similar in appearance to the intrusive.

Unmistakable sills, however, were seen here and there through-
out the volcanic-sedimentary series. The largest are near the southemn
border of the map-area, between Olga and Goéland lakes. Similar rock
is exposed on the point south of the northern bay on the east shore of
Olga lake. Other units, too small to be shown on the accompanying mep,
are found at numerous places in the area, especlally in the western
half. One such body intrudes the sedimentary rocks at Red chute.

These rocks are fine-grained to low medium-grained, that is,
slightly coarser than the average lava. As a rule they are more mass-
.ive than the volcanic rocks, although occasional small bodies were
seen which had suffered the same degree of shearing as the enclosing
lavas. This shearing and concordant hablt are taken as an indication
that the rocks were injected as sills before the volcanic-sedimentary
series was folded.

Dark minerals constitute from 35 to 50 per cent of the gab-
broic intrusives. The most prominent is amphibole, in the form of
actinolite. In some specimens, the needles of this mineral are quite
long (up to 6 mm.), and they lie without any linear orientation. Most
commonly, the actinolite forms lenses or irregular masses with horse-
tails, typical of metamorphic development. The origin of the amphi-
bole is revealed in.a few sections, where ragged remmants of a pyrox-
ene (probably of the diopside-hedenbergite series) are found partly
changed into actinolite.
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Besides the pyroxene, the only original mineral appears to
be a plagioclase feldspar, which is so strongly altered that its ori-
ginal composition cannot be determined. It was probably calcic since
the rock contains a large percentage of clinozoisite (up 10735 per
cent) which seems to have been derived from alteration of the feldspar.
Minor quantities of albite and of late quartz, frequently associated
with calcite, are also present in the rock.

These minerals form a groundmass in which the actinolite
needles are set. FEven the feldspar occurs as exceedingly small grains.
Some of the masses of such fine feldspar grains have a émarp, almost
square outline, indicating that the original plagioclase has been
thoroughly shattered. Unlike the andesites, there was no development
of porphyroblasts in the rock previous to the formation of the amphi-
bole.

* @Granite Forphyry Intrusives

Numerous small masses of light-coloured granite porphyry are
found within the area of outcrop of the volcanic-sedimentary rocks.,
They gensrally form narrow sills and occur in each of the three main
rock groups'- a.nciesites, sedimentary rocks, and trachytes — although
they are most common in the last-named type.

. The largest sill is on the north shore of Waswanipi river,
just east of Olga lake. Discontinuous exposures suggest that it is
about two and a half miles long. Similar rock found on the southern
part of the island a mile west of the mouth of the river may belong to
the same mass. If so, the sill would have a possible length of four
miles and a width of several hundred feet.

The rock is fine-grained, conspicuously porphyritic, and
varies in colour from creamy-white, when fairly fresh, to various
shades of brown, or even green, when strongly affected by hydrothermal
alteration. In i"airly fresh specimens, seen at a few places on the
north shore of Waswanipi river, the rock is only moderately deformed.
Under the microscope, it is seen to contain numerous phenocrysts of
- gquartz and of partially altered feldspar, set in a strongly sericitized
groundmass, in which the schistosity is marked by sericite flakes
curving around the phenocrysts. The feldspar phenocrysts that are
i‘résh enough to be identified have the composition of cligoclase
(Anig-zal).

In general, and probably because they were less competent
than the enclosing rock, the porphyries are highly deformed. They are
strongly crushed and, under the microscope, the phenocrysts of quartz
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and feldspar are seen to be intensely broken. The groundmass is frac-
tured and the cracks are filled with secondary quartz and calcite.

The porphyritic texture is conspicuous on the weathered sur-
face of the rock. On fresh fractures, however, it is masked by the
crushing of the phenocrysts and the advanced alteration of the rock.
For the same reasons, it is generally indistinet in the thin sections.

Post-Keewatin Intrusives

These intrusive rocks form a large percentage of the bed-
rock of the map-area. They are of two types, a basic series and an
acidic series. The intrusive bodies just described are not included
here, as they appear to be genetically affiliated with the volcanic
rocks rather than with these later intrusives. Post-Keewatin dyke
rocks, including lamprophyre and possibly late diabase, which are
younger than the main intrusive bodies, are discussed later.

The basic series (generally referred to as the 'diorite-
syenite group') is older than the acidic series, It is definitely the
more complex of the two and includes several types of. rocks, or facies,
which appear to represent differentiates of a common parent magma.

The various differentiates, in their present state of alteration,
range in composition from amphibolite, through diorite, to syenite.

The acidic series consists chiefly of plagioclase-rich gran-
ites. They form three main bodies: :

(1) Southern, generally massive, granite (0lga quartz-
diorite) ‘

{2) Worthern, generally gneissic, granite

{3) Goéland batholith

The first two possibly belong to a single intrusive stage.

In addition, there are a few small bodies qf massive pink
granite that is distinctly later than the northern granite.

Diorite-syenite Group

The main body of these rocks underlies a triangular-shaped
area of at least 35 square miles in the northwestern part of the map-
area. The southeastern boundary of this intrusive mass is a wavy line
that trends across the map-area in a northeasterly direction from the
west shore of Olga lake. The location of the northern limit of the
intrusion is necessarily somewhat arbitrary, due to the presence of
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a low-lying, swampy tract, devoid of exposures, along most of the north-
ern margin of the western half of the map-area. It is possible that
the contact (as shown on the accompanying map) follows approximately
the edge of this swampy area, because generally the rocks of this
group of intrusives have, in this district, a greater tendency to form
hills than do the other rock types.  There is a small body of similar
rock at the northern margin of the map-area, about ten miles from its
western boundary. It may be that this mass belongs to the main body,
but this question must remain open due to the intervening exposureless
area, The rocks of the diorite-syenite group are best exposed around
Mattagami lake and along the section of Waswanipi river connecting
Olga and Mattagemi lakes.

There are, in addition; a number of smaller bodies that pre-
sumably belong to the same group; the larger of these are shown on the
accompanying map. In places, as on the south shore of Maicasagi lake,
they intrude the volcanic-sedimentary series in an apparently concord-
znt manner. More commonly, they are found as remnants and inclusions
in rocks of the acidic intrusive suite. The largest of these occupies
‘a four-square-mile, triangular-shaped area, with its base extending for
about two miles along the north shore of Max narrows where it joins
Maicasagi lake. The apex of this mass is less than half a mile south
of the northern limit of the map-area. Another body, about one and a
half square miles in extent, is found near the northern boundary of
the area at the headwaters of Frederic creek. There are, also, two
relatively large remnants in the southwestern corner of the map=-area,
south of Olga lake.

The various facies of this diorite-syenite group are
described below.

Amphibolite

Dark, coarse-grained amphibole rocks were noted at numerous
places in the area. They commonly occur as angular fragments within
the dioritic members of the group, and, as such, their typical locality
is on the east end of Hattagami lake. ILarger, mappable units are
found in two places: (1) on the west shore of Olga lake, where they
are exposed for about a guarter of a mile around a small point lying
between exposures of sedimentary rocks on the north and of sndesitic
lavas on the south; (2) on the southeast shore of the southernmest,
east-trending bay, of Olga lzke, wvhere the exposure measures a few
hundred. square feet.

The amphibolites consist predominantly of hornblende whose
large crystals constitute from 80 to 95 per cent of the rock. Other
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minerals inclule a completely clouded feldspar, and small amounts of
quartz, albite, biotite, chlorite, clinozoisite, apatite, and magnetite.
With the exception of the saussuritized feldspar, the apatite, and
possibly the magnetite, all of these appear to be secondary. Auvugite
was identified in one thin section. In others, some of the hornblende
grains contalin ill-defined cores that could not be identified with
certainty, but which are probably uralitized pyroxene. It is thus pos-
sible that part, if not all of the hormblende is an alteration product
of' pyroxene.

Diorite

The most common facles of the basic post-Keewatin intrusives
have the composition of diorite. They form most of the large bodies
of the group and are also predominant among the smaller masses. Al-
though dioritic as a whole, they nevertheless vary appreciably from
place to place, both in the tenor of their dark minerals and in the
nature of their plagioclase. Furthermore, they embrace a mumber of
sub-facies, some of which show, locally, cutting relationships to the
others. This is especially evident around the east end of lMattagami
lake, where the complexities of these basic rocks are best displayed.

The diorites are from fine- to coarse-grezined, and, in
places, are even coarse enough to be called pegmatites. The feldspar
crystals are almost always euhedral end, as a result, the rock often
has a porphyritic appearance. Schistosity is generally absent, and,
when present, is rather faint. The finer-grained types are generally
dark grey' whereas those of coarser grain, because of their larger
feldspars, have the appearance of a mosaic of pink or white grains in
a dark green mass.

The average composition of the dioritic rocks is:

PlagioclasSe sceeeeaceses 40-60%

Microcling sevecesesesss 0-30%

QUATHZ sevsasasessanasss 0-25%

Hornblende ...e... veeeas 10-50%

Biotite seeensenenoncens 10-20%

Accessory and secondary

minerals: epidote, chlorite,

magnetite, zoisite,
clinozoisite, and
titanite

Following is a description of the various facies of the
diorite, which becomes progressively less basic southward in the main
mass around Mattagaml lake,
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Around the north shore of the east end of the lake, and in
the few inland exposures in the northern part of the body, the diorite
carries a fairly calcic plagioclase, with an average anorthite content
of 30 per cent. Microcline is rare and wherever present is in acces-
sory quantity. Quartz, occasionally found in small amount, often
appears to be of late origin. In one thin section, a veinlet of
potassic feldspar is associated with quartz. The hornblende is the
common green-pleochroic variety, sometimes with a bluish tinge for
light vibrating parallel to the Z axis.

Around the south shore of Matiagami lake and on the group of
three islands nearby, the dioritic intrusive commonly consists of a
complex assemblage of many sub-facles. The transition from one to the
other is generally so indefinite that it is doubtful whether the areas
underlain by each type could be satisfactorily delimited even through
detailed mapping. Exceﬁtionallir, however, along the south shore of the
lake, especi'ally close to and outside the western boundary of the map-
area, 1t was possible, thi'ough cutting relationships, to distinguish
three different sub-facies of the dioritic group.

. The composition of the sub-facies, as revealed through
microscopic study of thin sections, does not vary sufficiently from
one to the other to warrant special discussion. The rock underlying

. the central of the three islands can be taken as representing the

average diorite in this vicinity. It contains a fairly sodic plagio-
clase (Ans.i1s) and hornblende is still the ypredominant mineral, al-
though it is more altered than in the more bhasic rock to the north.
Biotite occurs only sporadically and never exceeds 15 per cent. As
in the more basic facies around the north shore of the lake, quartz is
present in minor amount, bubt it is much more regularly distributed;
each of the thin sections examined contains about 5 per cent of this
mineral. ’

Farther south, a fairiy consistent dioritic facies is exposed
along Waswanipi river, from Yattagami lake to a point about one mile
northwest of' Red chute. The same facies underlies the group of low
hills south of the river.

The striking mineralogical change in the diorite between the
localities just mentioned is the appearance of microcline in percentages
that range from 10 to 30. Biotite, also, becomes a ubiquitous and
uniformly-distributed mineral. It‘constitutes 15 to 20 per cent of the
rock. Secondary altération, evidenced by some epidotization ani slight
sericitization, is common in this racies.
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The preceding discussion is summarized in the following com-

position tables:

-I-

: Amphibolites
HOIMDblende «.veecrcncesss 80957
FElASPAT ceevecnacccssnee H5=10%
Tate qUATHZ veeevvsacaces 0-10%

Accessory: biotite, chlorite,
apatite, magnetite,
clinozoisite

- IIT -

Diorite, south of Mattagami lake
Plagioclase (An,_jg) +... 40-80%
Hornblende sseeesesseress 10-50%
Biotite cesececsssancsass 0-15%7
QUATEZ seesecorcvencssass 4= 5%
Accessory: microcline, epidote,

apatite, clinozoisite

_II-

Diorite, north of Mattagami lake
Plagioclase (Anzg-ga) -.. 40-65%
Hornblende seeeesceseeses 25-60%
QUATHZ sevesvasssacssenss O- 5%
Biotite eeececeseasrsness 0-157
Accessory: microcline, epidote,

apatite, magnetite,

zoisite, clinozoisite

-Iv-
Diorite, Waswanipi river
Plagioclase {Anjg-19) .. 40-70%
Hicrocling sececesssceses 10-30%

Biotite ....... Veessseees 15-20%
Accessory: apatite, epidote,
zoisite, sericite

The ineclusions in the granite south of Olga lake are for the
most part dioritic. They occur as two apparently disconnected bodies
included as remnants within the younger oligoclase granite. Both are
oriented paraliel to the structure of the nearby sedimentary rocks.

The rocks have the same appearance as those of the main mass
of diorite to the north of Mattagami lake. They are grey, and fine-
to coarse-grained. The feldspars are either white or pink and general-
ly idiomorphic; porphyritic texture is very common. The main consti-
tuents of the rock are highly variable in amount as indicated in the
following table: '

Plagioclase (Anjg-zg) ... 35-80%
HOrnblend® eveseeesesesss 25-607
Biobite «esevesreassoa. ACC.-157
QUATEZ veeveresessanasass 0= 53
Accessory: epidote, sericite,
chlorite, magnetite
(sometimes with a
leucoxene border)

The wide range in composition confirms the field observation
that here, also, several facies of the diorite are represented. The
many types examined might be arranged into a sequence corresponding to,
and as complex as, that of the northern rocks. Such a sequence, how-
ever, could not be established, because of the lack of cutting rela-
tionships. :
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The rocks of the small dioritic masses exliosed. in the north-
eastern part of the map-area have not been studied in thin section.
In appearance and composition they are generally so similar to those
rocks described above that no doubt can be entertained as to their
genetic relationship. Iike the rocks exposed south of 0lga lake they
exhibit numerous mineralogical changes, but, there is no clue as to
the relationships of the different facies. ’

Syenlte

The syenitic facies of the series, although seen in places
around the east end of Mattagami lake, is best developed near and to
" the north and south of Red chute. It thus forms a band which appears to
vary in width from half a mile to one mile along the southeastern border
of the main dioritic mass. Syenitic rocks also ocecur, but to a res-
tricted degree, in association with the diorite along Waswanipi river.

The transition from the dioritic to the syenitic facies is
well exposed on a small rounded point, on the south shore of Waswanipi
river, about one mile northwest of Red chute. Travelling from west to
east on that point, over an area of diorite, one first encounters what
appears to be a gradational contact, about ten feet wide, between the
two facies.  After a,few feet of overburden, however, diorite reappears;
it is cut by a six-inch dyke which, in colour and in composition, is
related to the syenitic facies. Ten feet farther, the two facies are
separated by a distinct contact 1ine trending north-south. Thence,
syenite continues eastward, with local variations, until it gives place
to sedimentary rocks at Red chute. '

In hand specimen, the syenite is not much different from the
more basic facies, except for a lighter colour due to the reduced tenor
of ferromagnesian minerals. It has the same texture and is commonly
massive. {lose to the contact with the sedimentary belt, it possesses
a distinct lineation resulting from the alignment of the hornblende
prisms. The mineral composition of the syenite is:

Plagioclase (Anjp) ... 35%
Uicroeling cceseeesess 30%
QUATEZ eaeesensosseass 5F
Biotite esveseracacese 20%
Hornblende seesssecess 10%Z
Accessory: sericite, epidote,
' apatite, and '
magnetite
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Texture of the Diorité-Syeni‘be Rocks

Euhedral development of the plagioclese is a pronounced .
feature of the rocks of the basic series. Whether the rock has a por-
phyritic or an equigranular appearance, the plagioclase grains are
almost without exception bounded by crystal faces. It is rare to see
plagioclase that has interlocking boundaries with either hornblende
or biotite.

These last two minerals form either large flakes with ir-
regular terminal faces, or clots of small grains that seem to £ill the
spaces between the plagioclase crystals. MNicrocline. and quartz are
interstitial to all the above minerals. To a limited extent, there
has ‘been partial replacement of the plagioclase by a myrmekitic inter-.
growth of quartz and microcline at the contact between adjoining grains.

Deformation effects are not very conspicuous in the massive
rocks of the main body of the series. The feldspar crystals show no
granulation along thelr edges, and their cleavage and twin planes are
not distorted. Slight bending of the biotite flakes was observed only
in a few sections. Quartz grains show undulose extinction and some of
the larger crystals have been broken into several pieces, none of
which, however, appears to have been rotated from its original posi-
tion.

The‘ rocks of the smaller bodieg generally show effects of
greater strain. - In most of them, the feldspar is slightly granulated
and the quartz crystals are highly shattered. '

Whether or not they be conspicuously developed, these strain
effects are the result of deformation that the rocks have undergone

after the consolidation of all the minerals.

Correlation and Origin of the Basic Series

The basic series is intrusive into the Keewatin-like volcanic
and sedimentary rocks, and is, in tum, intruded by the masses of oli-
goclase granite. The series is similar in composition to the northern
and western facies of the massive Dunlop intrusive described by Longley
(1943) in the Kitchigama Lake area. This intrusive is considered by
Longley vo be near in age to the Bell River anorthosite complex which
is exposed in the Opaoka River area {Freeman and Black, 1944).

If the basic series was of the same age as the Bell River
complex, it would, in all probability, be presently tilted on edge,
as is the complex, In this connection it is interesting to recall the
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observed variations in the composition of the main mass of the series.
From Mattagami lake to Olga lake, that is, from north to south, the
rocks gradually become less basic. The diorite of Mattagaml lake gives
way southward to a syenite rich in biotite and microcline, through ’
stages which, although imperfect, may well be called transitional.

One can thus visuallze a huge, concordant intrusive consolid-
ating slowly beneath a thick cover of overlying rocks. In this intrus-
ive mass, several horizontal layers would be formed as a result of the
magma differentiating into sucecessively more acidic portions. This
process is consistent with modern theories of differentiation. After
the consolidation was effected, the rocks would become involved in
the regional folding, as a result of which they would now show a more
or less vertical cross-section through the original mass.

This hypothesis can even be carried one step further. Since
the more acidic differentiates would be lighter than the more basic
ones, they would, before folding, occupy the top of the series. In
their present position, the more acidic facies occurs along the south-
eastern border of the main mass. The stratigraphical sequence of the
diorite-syenite series, with its top toward the south, is thus in
accord with the synclinal structure which is postulated for the rocks
of the volcanic-sedimentary series in this area,

Important objections to the acceptance of this hypothesis
are the massive condition of the rocks and their apparent lack of meta-
morphic recrystallization. If they had been intruded in sill-like
fashion into the lavas and clastle rocks before folding, their minerals
should show, at least to a certain degree, effects similar to those
noted in the finer-grained rocks: these effects are recrystallization,
schistosity, shearing, and crushing. - It is true that, in a few speci-
mens, traces of a cataclastic texture were seen, but this texture is
generally so inconspicuous that it may be more correctly attributed to
slight post-consolidation stresses than to the enormous forces that
must have been active during the folding of the Keewatin-like rocks.

_ These observations favour the hypothesis that the badic series was-

intruded in late- or ;oost-folding time.

Classification of the Basic Series

It is rather difficult to assign a proper specific name to
this intrusive group. In the diorite, the dark minerals are, in
places, present in sufficient quantity to give the rock the appearance
of a gabbro. The plagioclase, however, in all the types, is too sodic
even for a normal diorite. ¥For:many facies, Idding's term 'laugenite'
{oligoclase diorite) would seem apuropriate. Since this term is not
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in general use and, further, since it does not convey the idea of the
great complexity found in this serles, the expressions 'diorite-
syenite group' or 'basic series' are preferred by the writer.

‘Massive Oligoclase Granite (Olga Quartz Diorite)

The granitic intrusive rocks exposed south of 0lga lake are
the northern border of a large batholith which Freeman (1938) named
'0lga quartz diorite'. The contact of these rocks with the sediment-
ary rocks along the south shore of the lake has already been describ-
ed., Although the contact zone is intricate and is generally less
than half a mile across, almost every exposure of the granitic rock
in the hills that border the southern limit of the map-area contains
a few inclusions of dark biotite-homblende schist.

-In order to find the uncontaminated facies of this rock, it
is necessary to go outside the confines of the present area. As des-
cribed by Freeman (1938), the 0lga quartz diorite is a variable grey
to reddish rock of medium grain which normally ‘consists essentially
of oligoclase (Anso), quartz, and biotite, with small amounts of
microcline, albite, hormblende, epldote, apatite, and titanite. Its
average mode is: )

01igOCLASE seevvencneess 654
QUATHZ eeeesrenerseaces 25%
Biotite, hornblende,
epidote ciievinnesces 10%
Accessory: apatite, magnetite,
titanite

Normally, microcline is in small amount, but near the con~
tacts with older rocks it may form as much as 30 per cent of the rock. ..

Within the 0lga-Goéland lake area, this granite has its
characteristic grey colour, and, as seen in hand specimens, an inter-
locking (granitic) texture. Even those tongues that intruie the sedi-
mentary rocks in a 1lit-par-lit fashion have a massive structure that
only rarely gives place to a faint gneissic structure. The mineral
composition, however, differs from the mode given above, nota'biy in
the fact that the less altered representatives of the mass generally
contain more microcline:

Plagioclase (Anjg-s4).. S50%
Nicrocline ....c..... 20-25%
QUATEZ sovvocrvsseses 10-20%
Biotit® sevveercesses 5107
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The more contaminated facies, usually found close to ‘inclu-
sions of older rock, are also characterized by microcline and, in addi-
tion, by the appearance of amphibole with a corresponding decrease in
biotite. The following table shows the approximate composition of
such true border facies along the south shore of 0Olga lake:

P1agioclase eesececeseses 50-70%
Microcline ccvceceeeseses 10-30%
QUATEZ veessocacsnsessses 10-20%
Biotdte ceveeececncveneas 0= 2%
Hornblende ...eeevesseses 5-10%
EPiGote ceeecsssaanees ACC.m 37
Accessory: sericite, hematite,
magnetite, apatite,
pyrite ’

Except in one of the thin sections examlned, the plagioclase
is from Ange to Angs, and the grains are so granulated that their ori-

" ginal crystal outline is entirely lacking. In the section referred to,

however, the plagioclase is An;, and the grains are porphyroblastic.

The amphibole is ordinary hornblende and occurs as ragged
individuals or clusters of grains. Ferrchastingsite (Billings, 1928)
was seen in one thin section. Its optical properties are:

Pleochroic formula: 2
' Y
X

deep bluish-green
deep olive-green
pale greenish-yellow

ZAg = 23°% Uniexial (-)

The origin of the amphibole is probably dual: some ordinary
hornblende may be magmatic, bub some of it and all the hastingsite
were .probably formed as a result of assimilation of older rocks by the
granitic magma. o -

The manner in which the secondary amphibole has originated
is well shown on the west shore of 0lga lake where a small plug that
has a composition similar to the rocks of the main mass of Olga quartz
diorite is exposed. The exposures of the eastern part of the plug,
along the shore of the lake, contain numerous inclusions of fine-grained
hornblende schist. The inclusions are generally elliptical in outline,
with their long axis aligned in a general northerly direction, that is,
parallel to the assumed borders of the intrusive. A few inches away
from the inclusions, the granite has a green-tinted pink colour and
the feldspars are euhedral., Its composition is:
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Plagioclase (ANpg) sesasssssasees S0%
HicroCling sieeveeesvscescnsssees 25%
QUATEZ +vevenacvosanavassasseenes 15%
Hornblende «.cvsssevesevsancssnnns 154

Hornblende oceurs as individual érains, slightly altered to
chlorite, with a release of magnetite.

Immediately at the contact with the inclusion, the granite
is grey, due to a higher content of ferromagnesian minerals:

Plagioclase (ANjg) eeeeeecasesees 35%

MICTOCLING vuvrerevsscorseansenes 20%

QUATEZ sevvnseesrnsscsassvsnsnsss 107

Hornblende seeeeevesescncessscees 35%

Accessory: sericite, epidote,
magnetite

Here, the hornblende occcurs predominantly in lenticular clots.
These consist almost exclusively of small, non-oriented hormblende
crystals separated from one another by a network of completely-clouded
feldspar. Some of the hornblende, however, is found as porphyroblasts
peppered with poikiloblastic inclusions of quartz, feldspar, and
magnetite. '

These dark, hornblende-rich clots clearly represent small
vieces of older rock, probably volcanic, detached from thelr parent
body by the magma, In some cases, there is evidence that the slightly-
zoned, euhedral crystals of plagioclase flowed around these masses,
since they lie with their long axis parallel to that of the lenses.

- The increase in the proportion of hornblende is thus due, in
this granitic plug, to contributions from the invaded rocks. This
contamination is similar to the process described by Collins (1917) in
the pre-Huronian batholithic. rocks of the Onaping map-area.

The oligoclase granite (0lga quartz diorite) rocks exposed
in the present map-area generally show some effects of such contamin-
ation. The main difference in composition between them and the rocks
of the main body is their higher percentage of microcline and the
predominance of hornblende over biotite.

The origin of the microcline is puzzling. Enough of the
batholith is actually known to rule out the possibility that the pre-
sence of this mineral is due to heterogeneity in the magma. The
constant appearance of the potassic feldspar in those portions of the




- 49 -
granite that are close to remants of older rocks cannot be purely
coincidental. It seems safe to assert that microcline appears as a
result of contact metamorphic processes.

The invaded rocks, however, cannot be considered as a likely
source of potash. They do not contain any notable amount of potassic
feldspar. As already indicated in the discussion of the sedimentary
rocks, many of the inclusions in the migmatitic zone contain some
potash in the form of the stable mineral biotite. ' These contaminated
oligoclase granites display no evidence that the microcline was derived
from the transformation of biotite. On the contrary, they contain mag-
matic biotite, so that, according to the present theories of differ-
entiation, the Dbiotite of the ineclusions should appear, unchanged, in
the granite. The potash is thus probably magmatic. It may well have
been supplied by a late facies of the batholith. Potassic feldspar
is essentially a mineral of late crystallization and, furthermore,
within a differentiated series of rock, the feldspar-rich portions tend
to erystallize last.

i

In the Iserhoff River area, Claveau (1951) has shown that
the 0lga quartz diorlte batholith consists of three facies, the young-
est of which is a pink, leucocratic granite, rich in microcline. ZILate
fractions of a consolidating mass may be expected along or near con-
tact zones where, because of physical discontinuities in the complex,
the solutions have more opporbunity for movement.

Gneissic Oligoclase Granite (Northern Granite)

Distribution

The northern granite dnderlies a greater part of the map-
area than does any other single rock type. It occupies a large part
of the northern half of the area and is the southem margin of a great
expanse of intrusive rocks that extend for long distances east, west,
and north of the map-area. Due to the relative scarcity of outcrops
the local boundaries of this mass are known only rather indefinitely,
The topography is of no help in their determination, since the granitic
rocks here form hills that are generally no more consplcuous than the
low mounds underlain by voleanie rocks.

The southern boundary appears to follow a more or less east=-
west-trending sinuous line from the southwest shore of lMaicasagi lake
westward to a point about half a mile north of mile-post 7 on the
sast~west surveyed township line. This point represents the southemrmn
tip of a narrow granitic tongue that is Pounded by andesitic lavas
on the southeast and by rocks of the basic intrusive series on the
northwest. ’ )
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It was not found possible to establish the relationship be-
tween the main mass of northern granite and the smaller bodies of
similar rock cropping out on the edge of the swampy area in the north-
west quadrant of the map-area. From their physical characters and
composition, however, these rocks appear to belong to the same body,
and they are here interpreted as such.

Due to the absence of exposures in the intervening areas,
however, there is much uncertainty concerning the actual position of
the contact line, and it seems preferable to leave the question open
for the present.

Inclusions

- An important characteristic of the northern granite is the
almost universal presence of inclusions. Distinct bodies of older
rock, forming roof-pendants in the granite mass, have already been
described. In addition, practically every exposure of granite in this
northern section contains small inclusions. Most of these are fine-
grained hornblende and/or biotite schist that, both in hand specimen
and in thin section, is seen to resemble rocks of the volcanic- .
sedimentary series. Also found, but in more restricted quantity, are
rocks which undoubtedly belong to the basic intrusive series.

Only in two localities were inclusions of schist and of basic
intrusive rock seen in the same exposure. One of these is on the
northwest~facing escarpment that bounds the .low granitic hill at the
southern tip of the tongue mentioned above, that is, about three and a
half miles from the western border of the area and a mile south of
Canet river. The other locality is on the west shore of Maicasagi
lake, slightly less than a mile south of the northern boundary of the
map-area. At both places the two types of inclusions are found in
relative abundance and they are quite uniformly distributed.

The small inclusions generally measure a few square feet or
less, and are commonly angular in shape. In places, they form ribvbons,
a few inches wide and scores of feet long, lylng parallel to the
fluidal structure of the granite. In some occurrences, these ribbons,
because they are not clearly cut by offshoots of the intrusive,
cannot be distinguished from basic dykes, except through comparison
with wndoubted inclusions.

The contact between the inclusions and the intrusive granite
1s everywhere sharp. Zones of transition from granite to older rocks
were observed in a few localities. These zones, which are described
below, show an intimate interlayering of the two types of rock, tend-
ing toward the production of a gneiss. However, except where the
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alternating bands approach in thinness the size of individual mineral
grains, the physical Dboundary between the two rock types is still well
preserved in. these transition zones. .

Petrography

Because of the wide distribution of inclusions, the granitic
rocks of this northern body show numerous variations in their field
appearance., These variations are conspicuous, not only from one local-
ity to another, bub also, commonly, in a single exposure. Conseguently,
it is .almost impossible to descrite a rock that could be cons;‘.dered as
the entirely non-contaminated representative of the mass. '

Generally, the northern granite is a light-coloured rock,
either grey or pink. It is fine- to mediuin-grained, and possesses a
well-deveioPed interlocking texture. In some exposures the rock is
massive, but a gneissic structure is sui‘flciently cormon . throughout
the body to justify the use of the term ‘gneiss’.

As much as possible, the specimens selected for microscopic
study were taken from granite free from inclusions. Examination of
the thin sections showed that all the gneissic types have a closely
similar mineralogical composition, with range as follows:

Plagiotlase ceeess 40-7075 Average .. 52%

Microcline ....... 5-30% " 10-15%
QUATEZ cevveevanss 5-45% " 247
Biotite ........ Acc.-30% n 15%

Amphibole s..eev.. 0= 5%

Accessory: evidote, chlorite,
zoisite, magnetite,
apatite

) In all sections, the plagioclase is quite fresh. The grains
are subhedral with some rounding of their corners. Both albite and
Carlsbad twinning are common. The composition of the plagioclase, in
18 of the 21 thin-sections studied, is from An,; to Ans,;, and the
grains are slightly zoned. The remaining thin sections, although
generally similar to the others, contain a more calcic, strongly-zoneci
plagioclase = Anp, in the core, and An;, along the outer border.
Since these three specimens were collected near the northern bourndary
of the eastern half of the map-area, they may indicate a progressive
change in the composition of the granite from north to south.

_ The oligoclase was clearly the first of the light-coloured
minerals to crystallize. Although the microcline grains are commonly
polygonal, their shape has been determined by that of earlier formed,
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contiguous crystals. Quartz, as is usual in granitic rocks, is entire-
1y interstitial; the grains pinch, swell, and curve as they fill the
voids between the earlier minerals, with the result that, in hand
specimens, the subhedral form of the plagioclase is masked and the
rock has an interlocking texture. The microcline and quartz are pro-
bably contemporaneous, since, in places, they form a myrmekitic inter-
growth which, rarely, has replaced part of a plagioclase grain at the
contact between the two feldspars.

Of the ferromagnesian minerals, biotite is much more abundant

than amphibole. It is pleochroic from dark browm to brownish-yellow.
It occurs as more or less parallel flakes, a few millimeters long
(exceptionally 1 cm.). Many of the oligoclase grains contain small
flakes of biotite. This is interpreted as evidence that blotite had
at least begun to form before crystallization of the oligoclase.

Noteworthy amounts of amphibole were found in two thin
sections only. This amphibole is, in both cases, a soda-rich type,
Trobably belonging to the hastingsite group., Its physical properties
are:

Pleochroic formula: 2 = dark "blue
Y = almost violet
X = greenish-yellow

ZAe = B30°; very small (-)2V

f

It occurs as irregular prisms or as trains of small grains.
The prisms have many inclusions of quartz and clouded feldspar, and
many of them terminate by an interfingering of amphibole and biotite.
The trains form discontinuous streaks which often intersect one
another as they curve around the larger grains of light-coloured
minerals.

0f the accessory minerals, apatite and possibly magnetite
appear to be original. Epidote, chlorite, and zoisite are alteration
products resulting from hydrothermal processes. ‘

Origin

The origin of granites — especially of those bodies that
have a gneissic character — 1is presently a much-debated and highly
controversial subject (Read, et al., 1948). On the one hand, the
view is widely held that most granites were formed through the con-
solidation of a magma. Opposed to this is a school of geologists who
hold the opinion that 'ma'ny granites were formed by transformation of
pre-existing rocks through some agency not connected with magma.
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While a thorough discussion of the present divergent views
is beyond the scope of this report, the writer feels that enough data
are available to classify the northern granite as magmatic. This
gneissic body is believed to be partly protoclastic and partly lit-par-
Q.;b_':lnjection gneiss. This opinion is based on the following facts:

(1) As noted above, the northern gneissic granite, away from inclusions,
i1s very wniform in composition. It contains the same minerals, in
approximately the same proportions, as the southern granite (0lga
quertz diorite), which appears without doubt to be an intrusive
body. The variations in the gneiss are no greater than in the
southern granite, and certainly do not ezceed the limits of hetero-
geneity that may be expected within such a large mass. ’

(2) Well-preserved inclusions of rocks of both the volcanic-sedimentary
series and the basic intrusive series are found in some exposures.
Their presence together is not easily explained by any granitiza-
tion hypothesis. ' '

(3) The gneiss is cut by dykes and apophyses that are similar both in
composition and texture to the gneiss itself,

(4) The common presence of zoned plagioclase crystals is daifficult to
explain unless they were formed through the solidification of a
liquid mass.

(5) The angular inclusions, with sharp contacts, are not consistent
with any hypothesis postulating either hydrothermal or solid trans-
formational processes.

(6) No evidence of anything that even remotely resembles a basic front
was seen in the map-area.

(7) Gradational contacts between granite and schists were observed in
several places, bubt these are not to be confused with a basic
front as described by Reynolds (1947).

The best example seen of this transitional contact is exposed
. on the south shore of Cenet river where this stream enters Mattagami
lake. At this locality, a roughly triangular-shaped mass of biotite
schist, tapering: southward, is bounded on both sides by granite. It

is exposed for a length of about 50 feet and has a width at the base
of 35 feet (Figure 4). Specimens were taken systematically every few
feet across the exposure following two east-west lines, 25 feet apart,
transverse to the schistosity of the inclusion.
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The granite bounding the schist on both sides and on the
south has a mineral assemblage similar to that of the northern
granite. Its composition is as fo_llows:

Plagioclase (Anis) ..... 40%
Microclineg s.iesesecesss 10%
QUATEZ ccecevvesnsnocasss 407
Biotite eevecevecrencses 107
Accessory: epidote, penninite

Progressing from the granite to the schist in the central

part of the inclusion, all transitional stages are seen.

The granite

first becomes slightly gneissic, as a result of a rough alignment of

small clots of biotite flakes.

position:

Plagioclase (ANyg) «.+.10-25%
MIicrocling eseeeseessss.20-40%
QUATHZ eesenseeenesssss30-40%
Biotit® seeeerveccencss . 15%
Hornblende seesecessess 0= 55
Accessory: epidote, chlorite,
apatite, hematite

This granite has the following com-

Farther in, narrow bands of schist, one-e).g.hth to one-
thjrty—seconath of an inch thick, give the granite a coarser gneissic

appearance.

As the distance from the granite increases, the intrud-

ing material becomes scarcer, and the veinlets become more widely
spaced until, about ten feet inside the schist, the rock is a dark,

fine-grained schist that shows no evidence of granite.

Throughout

this transitional zone, the layers of schist are sharply defined
agalnst the coarser intrusive material,

) The alternating light- and dark-colotmed ‘bands have con-
positions as follows:

Light-coloured ‘bands
Plagioclase (albite) .. 10-15%
Nicrocling seseeveeasss 30%
QUATEZ secssscsssesssss 45-50%
Accessory: biotite, epidote

Dark-coloured bands
QUATHZ sevsevasansnassenes 40%
BLOBILE cvveenncseransenas 207
FPidote eeeeevereossrenese 307
Feldspar .;........:..;... 107

‘The composition oi‘ the schist in the central part of in-

clusion is:
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Hornblende «veesasssscacacsa 407
Biotite cesenversssoseraness 207
MiCcroCline ..ucesecsescassss 15%
Plagioclase (Angs) se.ese... 10%
QUAYHEZ eevvscsraransvncnanss 157
Accessory: epidote, apatite

This schist is characterized by alternating iayers of horn-
blende- and biotite-rich material. :

A significant feature of this contact zone is the increase
of microcline in ‘the granite aé the included schist is approached. A
similar increase has already been noted in the description of the con-
tact zone of the Olga quartz diorite.

3

There 1s, south of Canet river, definite evidence that the
gneiss has been intruded by dykes of a younger granite rich in micro-
cline. It may be that all additions of potash to which reference has
been made are related to this intrusive. ' ' ’

Testimony to hydrothermal changes that affected both the
granite and schist is abundant. Epidote is found in all the thin :
sections studied. In one of them, it clouds all the minerals. Quartz
veins are numerous. Some of them traverse, without a break, the contact
between the two rock types.

. It 1s quite clear that the exposure south of Canet river
contains two types of rock, namely, an older schist and some younger
granitic material. The granitic fluid, on consolidation, gave a rock
which: (1) contains zoned crystals of plagioclase; (2) maintaing its
identity even in narrow stringers within the schist; (3) becomes
strongly gneissic only in those places where the intruded schist was
more thoroughly split up, that is, along its margins,

From these facts, it is concluded that the £luid that in-
Jected the schist at this locality was not of hydrothermal, but of
magmatic, nature, This conclusion is evidently applicable to the
whole of the northern granite. The physiéal properties of the intruded
rocks are believed to have been the main Tactor in determining the
character of the resulting composite gneiss. Massive, jointed rocks
were partly- preserved as more or less angular inclusions; more fissile
rocks were intruded along closely-spaced fracture planes, with con-
sequent production of a fine- to medium-graivied gneiss.
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Relations Between the Southern and the Northern Granites

The above discussion shows not only that the northern granitic
gneiss is a true granite, but also that it is very similar in composi-
tion and texture to the southern (0lga) granitic body. The main dif-
ferences between the two masses are the commonly gneissic character
and. the more contaminated state of the northern granite.

These differences lose much of their significance if the two
- bodies are compared with other batholiths in the Waswanipi-Chibougsmau
belt that have been described elsewhere. Indeed, all the granites from
Madeleine lake to Chibougamau lake are characterized by the absence of
potash, or at least the predominance of soda (Shaw 1939, Mackenzie
1936, Mawdisley and Norman 1935, Norman 1937a, Tolman 1931).

The universal presence of acidic plagioclase in the granitic
rocks may be dlagnostic of magmatic relationships. It is to be wonder-
ed whether these isolated masses do not represent cupolas ‘of a single
extensive batholith in which the present volcaniec belts form huge roof-
pendants.

If this hypothesis be true, then the difference between the
northern granite and the southern granite of the area under study would
simply reflect a difference in the original elevations of the '‘cupolas'.
Difference of erosion cannot be considered as a possible factor since
both masses have been planed down to about the same level.

The features as observed in the northemm 'cupola' are those.that
would be found near the top of the intrusive, where the magma would be
still in contact with, and contaminated by, the invaded rocks. The
general absence of inclusions within the southern granite means that
this 'cupola' reached a higher level than the northem one. Its pre-
sent eroded swrface thus represents a deeper level of the magma chamber
where, except along the sides, remnants of the invaded rocks would be
absent.

Goéland Granite

Description

Numerous exposures of pink granite are found along the shores
of Goéland lake and on some of the islands in the lake. This granite
thus appears to form a batholith, about ten miles in diameter, under-
lying most of the lake. In addition, two small bodies of similar rock
crop out east of the lake, within the wide area of andesitic lavas.

The small area of granitic rocks exposed in the extreme southeast
corner of the map-area may belong to or be related to the same intru-
sive.




-58-

The Goéland granite is quite different from the two types
described above., Besides its pink colour, it is characterized by an
equigranular texture, a massive appearance, and uniform composition:
pink feldspar, quarte, hornblende, and minor biotite. Its grain size
is medium to coarse. In many places, weathered surfaces have a por-
phyritic appearance, as a result of large guartz grains standing out
in relief against the leached feldspars.

Petrography

The mineral composition of this granite, as depermined in
thin sections, is:

Plagioclase ..... eer ©65-80F
Microcline svesees.. 5-10%
Quartz ....veeneesss 10-15%
Hornblende ..e.eve.. 55— 8%
Biotite ....... «s+ AcCcC.O- 2%
Accessory: calcite, titanite,
apatite, epidote,
chlorite, hematite,
magnetite, sericite

Apatite is probably the earliest mineral in the granite.
It 'occurs as small, euhedral grains which are found as inclusions in
both the plagioclase and the hornblende.

Generally, the plagioclase grains are almost perfectly euhe-
dral, and invariably they are zoned. This zoning is manifested in the
fresh rock by shells that have different extinction angles, and in the
more altered rock by the presence of concentric lines of alteration
to saussurite. The composition of the core is aboub Ang,-sg, whereas
that of the rim is Anjg-z4.

Hornblende, also, appears to be an early mineral of the rock.
It occurs as long, narrow prisms that lie without common orientation.
These have lost much of their original sharp definition as the result -
of partial alterztion to epidote and biotite. The small amount of
magnetite present in the rock may be a product of this alteration.

Myrmekitic intergrowths of quartz and microcline were observ-
ed in a few thin sections; they are taken as evidence that these
minerals belong to the same stage of crystallization. Microcline
occurs interstitially as grains less than one millimeter long. Some
quartez shows similar characteristics, but in many places the rock con-
tains clots of clear guartz up to one centimeter in dlameter, whose
grains are only slightly broken, if at all.
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Titznite (srhene) is -present in every thin section examined.
The grains are generazlly too small to be identified in nand specimens,
even with a hand lens, although occasionally perfectly euhedral (prism-
atic) crystals measuring up to 3 mm. in length were observed.

Cavities are common in this granite. They are from less than
a quarter of one -inch to more than a foot,in diameter. Their walls are
rough and most ol them are partly filled with such minerals as quartz,
calcite, epidote, and hematite. The largest observed (about 13 incheg)
is almost entirely lined by a coating of hematite, about one millimeter
thick, overlain by a later, five-millimeter-thick layer of glassy quartz
crystals that terrininate outward from the wall in lustrous pyramidal
faces. Clots of massive, brownish calcite, the size of one's.fist, are
attached to this surface in a few vlaces. More than half of the origin-
al cavity remains empty. ’

Besides occurring in the cavities, epidote and hematite often
form veins several inches thick. The walls of the epidote veins are
commonly sharp. The hematite veins, also, have sharp walls, but in
many places this mineral has penetrated for a short distance into the
granite, giving it a deep-red colour,

The feature that most distinguishes the Goéland granite from
the other intrusive rocks of the area is its texture. The eunedral
crystals of plagioclase and large rounded clots of guartz can be seen
on all the exposures of the rock. ZIExcept in the outecrops in the south-
east corner of the map-area, gneissic structure resulting from align-
ment of dark minerals is entirely atsent. On a few shore exposures,
however, the rock exhibits a faint planar structure, due to the dis-
vosition of the quartz grains. Granulation is rare and, where present,
restricted to the borders of occasional quartz grains.

Age

0ffshoots of this batholith are found in the volcanic and
sedimentary rocks on the west shore of Goéland lake, and two small
Plugs of similar rock pierce the lavas east of the lake. These satel-
litic bodies prove conclusively that the granite is younger than the
lavas and the clastic rocks.

This is the only definite age relationship known concerning
the Goéland granite. Petrographically,hawever, the rock is quite
similar to the hornblende granite mapped by Claveau (1948) in the
‘Waswanipi Lake area (west half). This hornblende granite, according
to Claveau, grades westward into a quartz syenite that he studied
during the summer of 1946 in the Iserhoff River area (Claveau, 1951)
and which he assumed to be younger than the '0lga quartz diorite',
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If the above assumptions are correct, they would indicate
that the Goéland batholith was injected after the consolidation of the
other large granitic bodies of the region under study.

Dykes

Numerous dykes of various compositions and ages are found
throughout the map-area. Most of them, because of their areal distri- -
bution, mineral composition, and texture, may readily be correlated
with one or other of the main intrusive masses described above, namely:
the diorite-syenite group, the southern granite, or the northern
pranite. MNost of the remainder of these satellitic bodies, believed
to be younger in age, are of the following tyvpes:

Tamprophyre,

Pink granite,

Diabase, 0
Amphibolite and diorite.

Lamprophyre Dykes

_ The term lamprophyre is here used to designate a group of
fine-grained, dark rocks that are found as dykes in many localities.
These rocks consist essentially of hornblende and plagioclase, although
the proportions of these minerals are somewhat variable: the hornblende
content ranges from 50 to 80 per cent and that of plagioclase from 5 to
25 per cent of the rock. Minor constituents are fresh albite, quarts,
biotite, chlorite, magnetite, apatite, leucoxene, and hematite.

The hornblende is the ordinary green-pleochroic variety. It
Torms ragged, felted masses, up to two millimeters wide, full of ran-
domly-oriented small crystals that have retained their original bound-
aries. In some of the thin sections, it appears to have been partly
recrystall'izeﬁ. The development of the hornmblende 'envelopes' may
have occurred in the magmatic.stage, since none of them contain any
inclusions of feldspar,

The plagioclase is all anhedral. It occurd as brownish
masses partly surrounded by a rim of fresh albite. In one thin .sec-
tion, the composition of the plagioclase, believed to be original,
was determined as Anpqo. Albite is undoubtedly a late mineral since,
in addition to surrounding the plagioclase grains, it forms veinlets
_ associated with quartz. i

The lamprophyres cut both the dioritic and granitic intrusive
masses. Around Mattagami lake, they intrude a grey granite dyke relat-
ed to the northern granite, but are, in turn, cut by stringers of pink
granite.
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Pink Granite Dykes

Occurrences of pink,massive granite and. assoclated pegmatites
are concentrated mostly around the east end of Mattagami lake. General-
1y, they form well-defined dykes and stringers that cut the northern
granite and also, as mentioned above, dykes of the lamprophyre group.
There, as was sometimes the case, their borders could not be observed,
dependence was placed on similarity in composition In assigning them
to this group. :

EBesides their pink colour, these rocks are characterized by
a low percentage of dark minerals, and by a high proportion of potassic
feldspar. Their composition iss ‘ . '

Microcline ..... vesse  30-50%
Plagioclase (Angg-15) 13-30%
QUATEZ seveoconvasees 30407
Biotite teivievenenes 0- 5%

Accessory: epidote, magnetite,
sericite, chlorite

The plagioclase crystals, as in the main granitic masses, are
generally subhedral, and the same is true of the miecrocline. In some
of the thin sections examined, both feldspars are severely crushed, in
contrast with the quartz, whose large grains show only a slig,ht undulo-
se extinction. : '

These dykes are comparable in composition to the large body
of pink granite exposed in the east-central part of the Iserhoff River
area (Claveau, 1951). Although correlation of the two is not possible
in the present state of knowledge, it is conside'red likely that they
belong to the same intrusive cycle, and that they represent the end
stage in the consolidation of the huge batholith postulated in the
section of tnis report discussing the relationship between the southern
and the northern granites.

Diabase Dyke (Kewesenawan?)

A small exposure of grey, brown-weathering diabase was seen
on the top of the dioritic hill one mile north of Mattagami lake and
3,000 feet east of the western border 'of the map-area., .The exposure
measures only a few square feet and is completely isolated from the
diorite. It was thus impossible to ascertain the dimensions. and shape
of the mass of which it forms a part, or its relation to the surround-
ing diorite. '

The rock is medium-grained with a well-developed orhitic
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texture. It consists essentially of diopside (65%) and plagioclase,
An,, (30%). . The diopside is partly altered to tremolite, and some of
the plagioclase is replaced by late guartz.

Because the field relationships are too scanty, this small
exposure has not been shown on the accompanying map. However, from
the composition and texture of the rock, the occurrence may well be
interpreted as a Keweenawan dyke. '

Amphibolite and Diorite Dykes . i

In many places the Goéland batholith is cut by basic dykes,
most of which strike in the northeast quadrant, - They are black,
medium-grained rocks of equigranular texture. As a typical represent-
ative, a thin section from a 15-foot dyke exposed on the small island
immediately west of the largest island in Goéland lake was studied.

This rock consists of remnants of green homblende crystals
within a mass of greenish-white tremolite. The latter mineral occurs
as long, thin priéms and as irregular fibrous clots that correspond
in shape to the altered portions of the hornblende grains. Accessory
minerals are magnetite and calcite. The magnetite is present either
as dust or as trains of small grains distributed in the tremolite. The
calcite forms ragged masses between the amphibole crystals and also
appears within the tremolite, where it forms intergrowths along the
cleavage planes and radiating structures.

Hornblende, because of its well-shaped grains, is believed
to have been the first mineral to erystaliize. The basic composition
of the rock suggests that it originally contained pyroxene, but no
evidence of the former bresence of this mineral was observed in the
thin section. The tremolite has presumably resulted from alteration
of hornblende. Such a transformation is suggested, not only by the-
clots mentioned above, which appear to be pseudomorphs of tremolite
after hornblende, but also by the distribution of the magnetite. All
the magnetite in the section occurs within tremolite and may well !
represent the iron released during the postulated alteration of horn-
blende to tremolite.

A similar dyke on the same island has been brecciated after
1ts consolidation and has been injected subseguently by less basic
material (Plate VI-A). This composite dyke -has a width of 30 feet
and its walls are sharp against the granite. The material last inject-
ed has a dioritic composition; it consists essentially of plagioclase
and hornblende in egual amounts, with minor calcite, magnetite,
chlorite, biotite, and apatite. The plagioclase (Anyg) is slightly
clouded. . The grains are generally subhedral and in the section
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examined some are partly replaced by calcite. Hornblende, of the
green-pleochroic variety, is also subhedral. It is very fresh, except
for minor alteration to biotite and chlorite.

Quaternary

- TField evidence indicates that all soil and subsoil was strip-
ped from the area by advance of the Pleistocene ice-sheets. Erosion
of fresh rock, however, appears to have been slight. Glacial striae
and polished surfaces are the only visible results of the rock denud-
ation accomplished by the glaciers. On exposures of every rock type
in the area, smooth surfaces may be seen in which, narrow, shallow
striae are indented. MNany granitic e'x-posures have a highly polished,
mirror-like surface which post-glacial weathering has left practically
intact. Glacial fluting and roches moutonnées are rare {(Plate IT-A).

The most conspicuous witnesses to glaciation of the area are.
extensive deposits of glacial till and outwash material. These deposits,
by £illing the depressions, have not only disturbed the drainage dbub
have given the area its plain-like appearance. They fall into two main
categories: glacially-trensported sand and boulders, and lacustrine
muds and silts. OFf these, the muds are by far the most important.

The muis are generally massive and sandy, although well
varved ‘clay' is geen occasionally. 1In the varved sediments, the
summer layers are generally about half an inch thick, the winter ones,
one guarter of an inch. The 'clay' seldom exceeds 30 feet in thick-
ness and its top stands approximately 800 feet above sea-level as
determined with an aneroid barometer using the levels of 0Olga and
Mattagami lakes as reference points. :

These lacustrine deposits are part of the 'Clay Belt', an
area of some 68,000 square miles in northern Ontario and Quebec. The
‘clay' accumulated, during the retreat of the glaciers, in a large
lake (Barlow-0jibway) impounded between the height-of-land, on the
south, and the front of the waning ice-sheet, on the north. The east-
ern boundiary of the lake passed, in a northeasterly direction, about
80 miles east of Goéland lake (Dresser and Denis, 1944, .26, fig.2).

The till overlying the lake sediments was formed during a
re-advance of the ice. This re-advance is probably contexnporaneous
with that inferred by Antevs (1925) from the study of varves and till
near Cochrane, Ontario. :

As no stratification was observed in the sand and boulder
deposits, they are believed to consist exclusively of glacially-
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transborted débris. TField observations, supplemented by careful
stuiles of aerial photographs, failed to disclose the presence of any
of the features attributable to fluvioglacial deposition, such as
eskers, crevasse illings, and outwash vlains. Sheracteristically,
the deposits have the form of small hills of no partiéular shape,
erratically distributed, mostly through the northern half of the map-
area. HNortheast of Goéland lake, many such hills are grouped in a
. manner that suggests they possivly represent a recessional moraine.
lany of the moraine-like hills in the area are believed to have a core
of solid rock, a view based on the fact that all the rocky hills are
partly covered by morainic depnosits.

Trains of more or less rounded bhoulders were noted on the
flanks of many hills. They consist generally of only one type of rock
and, from the writer's observations, they may be taken, in this area,
as an indication that bed-rock of this tyre is exposed not very far
northwardi. In fact, the presénce of a sedimentary belt on the north-
east shore of Olga lake was revealed by numerous boulders, the largest
of which was three feet in diamecter. These boulders arc less than
1,000 feet south of the southernmost exposure of the sedimentary rocks.

Numerous fossiliferous boulders were seen on the beach at
the head of the middle bay on the east side of 0lga lake. The fossils
are mostly of Silurian age. In addition, on the same Dbeach, there is
a large slab of a bullf-coloured dolomite, which measures five by three
feet, and is only a few inches thick. This slab and the concentrated
distribution of the fossilif'erous boulders here point to the possible
existence in the vicinity 'of Palaeozoic rocks in place. There is,
unfortunately, a complete lack of exposure in the adjacent area to
the north.

STRUCTURAL GEOLOGY

Structural Criteria

As mentioned in a previous chapter, sufficient evidence for
only one ‘top' determination was found in all the exposures of volcan-
ie rocks. That was on the south shore of the middle bay, east side
of Olga lake, about half a mile east of the mouth of the bay. This
flow strikes 1.80°7,, dips 85°3. and faces south. It thus lies south
of an east-west trending anticlinal axis. )

There is no doubt that, notwithstanding recrystallization,
many of the lava flows still exhibit variations in grain size, but
contacts between individual flowis were very rarely observed. The
similarity in composition between successive lava flows or layers,
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the vaucity of tuffaceous material, the generzl dirty state of the
exposures, and metamorphism (bLoth trogressive and retrograde), all play
their part in effectively masking the contacts. Furthermore, if the
complex interfingering of different forms of flows noted in recent
volcanoes (Shrock, 1948, pp.242-345, Figs. 301-304) were the rule in
Precambrian time, it is no wonder that, after all the changes under-
gone by these rocks, their assemblage cannot be easily deciphered. .

Top determinations in the sedimentary series were made at a
numter of places, but, with one exception, they were all obtained in
the sedimentary rocks west and north of Goéland lake. The criterion
generally used in these thinly-bedded series was grein gradation.

G/;foss-fbedd:mg was seen on one exposure in this belt, and
again in the sedimentary rocks on the west shore of 0Olga lake, at a
point about a mile southwest of Red chute. On this latter exposure,
the bedding strikes southeast and dips 85°S., whereas the schistosity
strikes northeast. Fairly well-preserved cross-bedding indicates that
the bed faces north and is thus overturned. The value of this informa-
tion, however, is greatly diminished by the fact that, in the vicinity
of this particular exposure, there is evidence of cross-folding, the
nzture of which could not be determined.

The four top determinations made in the sedimentary rocks on
the west and north sides of Gocland lake indicate that the top of the
series faces toward the Goéland batholith. Since the sedimentary
rocks are interbedded with andesitic lavas, the attitude of the eastern
andesitic belt inay be inferred, at this locality, from the structursl
observations made in the clastic rocks.  The west and north sides of
the belt, therefore, face toward the batholith and, since both the dip
-and the tops of the beds face in the same direction, a synclinal struc-
ture is indicated.

In addition bo these top determinations, .the following general
observations were made in the field:

(1) As far as could be ascertained, the schistosity is everywhere
parallel to the bedding of both the sedimentary and the volcanic
rocks, exceopt for a stretch of about one mile on the west shore
of Olga lake, where the two structures intersect one another, in
nlaces at a high angle.

(2) ¥or a distance of twelve miles eastward from the western border of
the area, the schistosity, which is everywhere developed, trends
in a general east-west direction. On avproaching the Goéland ba=-
tholith, the strike of both the bedding and the schistosity changes
abruptly to follow the contour of this intrusive body.
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(3) The dip of the schistosity and bedding is generally quite steep or-
vertical. ’ .

Structure

The above data are too meagre to allow a positive interpreta-
tion of the structure, from which might be reconstructed the history
of these isoclinally-folded rocks. The sequence of the rock groups in
the western part of the area is particularly juzzling. As already
ment'ioned, the btrachytes are succeeded on their north side by a sedi-
mentary belt, followed by an andesitic belt, whereas on their south
slde the succession is reversed. Another problem awaiting solution
concerns the disappearance of the trachytes against the belt of ande-
sitic lavas just west of Goéland lake.

To explain the peculiar succession of the rock groups, it is
suggested that the regional structure is that of an eastward-plunging
syncline, followed to the south by an anticline. Both folds are iso-
clinal, In addition, the north limb of the anticline has been dislocat~
ed by faulting.

Syneclinal Structure

The andesitic belt surrounding Goéland lake is folded into an
east-west-trending syncline plunging eastward. The axis of this syn~
cline appears to cross the lake two miles or so south of its outletb
into Waswanipi river. If this axis were prolonged westward, it would
bisect the triangular body of trachyte into more or less symmetrical
halves, and would meet the western border of the map-area close to the j
apex of the sedimentary belt exposed on the northern shore of 0Olga |
lake (Red Chute belt).

The westward convexity of the eastern andesitic pand is thus
repeated both in the trachytes and in the Red Chute sedimentary rocks.
This part of the belt would thus be folded into an eastward-plunging
syncline and the stratigrayhic succession would be, from oldest to
youngest:

Yorthern andesites,

Red Chute sedimentary rocks,
Trachytes,

Eastern andesites,

This interpretation may be questioned on the basis of the
observed dips in the trachytic flows exposed on the east shore of Olga
lake, in the vicinity of the postulated synclinal axis (Figure 5).




-~ 67 -
Indeed, the dips that are not vertical, in that locality, would seem
to favour an anticlinal structure. However, such dips may be due to
overturning, and it is believed that more significance must be attached
to the outcrop pattern of the belts than to the dips. The westward
convexity of the eastern andesites where they supersede the trachytes,
the plunt termination of the trachytic band at its western end, and
the arcuate shape of the sedimentary rocks (Red Chute belt) which seem
to curve around the nose of the trachytes, are to be noted. This
-entire pattern strongly suggests that the several rock groups belong
to one and the same fold system.

Anticlinal Structure

The reversal of succession south of the trachytes is easily
explained if the andesites and the sedimentary rocks in this locality
are considered to be younger than the 'Erachytes. According to this
hypothesis, the complete stratigraphic column of the Keewatin-like rocks
in this area would be, frqm oldest to youngest:

Northern andesites,

Red Chute sedimentary belt,

Trachytes,

Andesites (eastern and southern belts),
Sedimentary rocks south of Olga lake,

The andesites and sedimentary rocks south of 0lga lake would
represent the southern flank of an anticline brought into contact with
the trachytes through movement along a steeply-dipping fault striking
more or less parallel to the axial plane of the fold. The postulated
attitude of the strata before faulting and the location of the rfault
are shown dia'granunatically in Figure 6. ‘As will be discussed later,
evidence of faulting is abundant near the andesite-trachyte contact.

This explanation necessitates the assumption that the south-
ern and eastern andesitic belts belong to the same stratigraphic
horizon. Their correlation cannot be affirmed positively, but, at
least, it does not appear to be impossible. The two belts consist of
similar volcanic rocks., Furthermore, the sedimentary rocks interbed-
ded with the volcanics of the eastern belt may be, more or less, in
the same stratigraphic position as the narrow sedimentary band on the
south shore of the large island in 0lga lake.

Shearing and Faulting

The rocks of the Olga-Goéland Lake area are traversed by two
sets of steeply-dipping faults: the more common set parallels the
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schistosity of the volcanic-sedimentqry series; the other consisfs of
faults that trend in a general southeasterly direction.

The strike faults are shear zones. They are so numerous that
no attempt is made to describe their locations in detail. The most
important — those exceeding a width of four feet — are shown on the
accompanying map.

A1l these zones have the same appearance: they consist of a
central area in which the rocks are intensely crushed, and which, as a
consequence, is of'ten marked by a slight depression in the surface of
an exposure. On either side of this central area, there is a transi-
tional zone of varying width (up to 100 feet, total width) in which the
intensity of shearing decreases away from the centre. It was not found
possiblé 40 ascertain the amount or direction of movement in any of
the shear zones,

Hydrothermal activity has Dbeen widespread in these shear
zones. The rocks are intensely chloritized, especially in those bands
‘that experienced most of the shearing. Quartz and a carbonate (vroba-
bly ankerite) are common in the form of veins, lenses, clots, and
stringers.

The fault postulated above (Figures 5 and 6.) may coincide
with one or other of the two shear zones exposed, respectively, on the
north and on the south side of the point oprosite the east end of the
large island in QOlga lake. The more northerly one is the larger; its
total width is about 100 feet, although the movement was mostly con-
centrated across a width of one foot, where the lavas are very thorough-
1ly crushed.

The abundance of east-wiest shearing in the west half of the
map-area, the three east-trending bays in the east shore of 0lga lake,
and the general wesberly course of the Waswanipl river, may indicate
the presence of a regional ‘break'. Most of the movement along this
* break would have been localized along zones that could be reflected,
in the présent topography, by the east-trending depressions.

Three main obligue faults and a few smaller ones were observ-
ed in the map-area. They all strike between N.75%0. and N.20°.,
except one minor fault on the west shore of the large i1sland in Olga
lake vhich strikes N.80%E.

O0ff'setting of formations was observed in two places only.
At Red chute, a northeasterly-trending shear zone and the contact be-
tween the sedimentary rocks and the syenitic intrusive are offset
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along a fault striking slightly west of north. The strike separation
is about 100 feet right (east side south). Along a small northwesteriy-
trending fault on the north shore of Waswanipi river, two miles east
of Olga lake, the relative displacement of the blocks is only two feet
with the east block here- again displaced gouthward,

The other two outstanding faults are, respectively, on the
west side of the large island in Olga lake, and on the south shore of
Haicasagi lake; two and a half miles northeast of the south end of the
lake. The displacement at these faults could not be determined, dbut

~strong movement is indicated by the presence of fault breccias eight
feet and two feet wide, respectively, containing angular fragments
that measure up to several inches.

As far as could be observed, all _t.he oblique faults are later
than the strike shears. Their relation to the main intrusive bodies
are known in two places only: the Red Chute Tault is definitely younger
than the syenitic member of the basic intrusive series; ‘ohg laicasagi
fault breccia contains fragments of a granitic dyke presumably related
to the northern gneiss. It seems probable that the strike faults
(shear zones) are pre-intrusive in age, whereas the oblique faults
are post-intrusive.

ECONOMIC GEQLOGY

Because of extensive overburden, most of the northern half of
the map-area offers little attraction for ordinary methods of prospect-
ing. Furthermore, the observed underlying rocks consist for the most
part of intrusive masses in which no trace of mineralization was
found.

The large tract underlain by the rocks of the volcanic-
sedimentary series has been prospected spasmodically during the past
few years, so far without success. Nevertheless, all the shear zones
are somewhat mineralized, and the following localities deserve at
least brief mention.

(1) The sedimentary rocks at Red chute.

(2) The andesitic rocks on the north and south sides of the point op-
posite the east end of the largest island in 0lga lake.

(3) The trachytic flows on the small island in Waswanipi river, just
south of the bend where the river changes from a northerly to a
westerly course,
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(4) A complex of sedimentary and volcanic rocks, wrbh numerous sills of
porphyry, e;:posed west of Goéland lake, two miles south of Waswa- -
nipi river and 1,500 feet inland. A strong magnetic 'anomaly' was
noted at this locality.

(5) A sheared porphyry sill ‘wi‘bhin sedimentary rocks on the shore of
Goéland lake, two and a half miles northeast of its outlet into
Waswanipi river.

At all these localities, the rocks are intensely crumpled
aleong wide shear zones. In addition to hydrothermal veins of quartz
and calcite, pyrite is abundant in these zones and chalcopyrite was
noted at a few places. A total of ten grab-samples taken from these
localities was analysed in the laboratories of ‘the Quebec Department
of Mines. No gold was reported, but most of the specimens contain a
little silver (up to 0.04 oz. per ton) and 'traces' of copper.

In summary, it may be sai@ that within the area are to be
found many of the geological features that characterize other areas of
Testern Quebec where valuable minéral deposits have been found. ‘These
favourable features are: ‘

(1) Extensive shearing'of the volcanic-sedimentary beltb;

(2) Granitic intrusives on either side of the belt;

(3) Tvidence of hydrothermal activity within each of the shear zones;
(4) Abundence of pyrite mineralization;

(5) Presence of silver and copper.
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