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GRAS LAKE — FELIX LAKE AREA

Saguenay County

by

P.J. Clarke

INTRODUCT LON

General Statement

The iron deposits of the Mount Reed - Mount Wright district have
undergone intensive development since 1952. The Geological Surveys Branch
(now Geological Exploration Senrvice) of the Quebec Department of Mines (now
Department of Natural Resources) has, since 1957, mapped geologically much
of the region in order to show the location of the deposits and their rela-
tion to the surrounding rocks. This report 1s based on field work done
during the summers of 1960 and 1961 when the writer mapped, respectively,the
Gras Lake and Félix Lake areas, each of which was reported on in preliminary
fashion at the time (Clarke, 1961, 1962).

The combined area covers a strip of land about 42 miles long and
17 miles wide, the center of which lies approximately 145 miles north of
Sept-Iles and 58 miles northeast of the iron-mining center of Gagnon. All
the consolidated rocks belong to the Grenville province of the Precambrian
shield. They include metamorphosed sedimentary rocks of the Labrador trough,
Archean granulitic rocks on which the sediments were deposited, and igneous
rocks which intrude hoth those groups.

The Archean rocks cccur at intervals along an east-west band
stretching from Hobdad lake eastward almost to Moisie river. Proterozoic (?)
gnzisses lie on both sides of this zone. Iron-formation and associated
marble and quartzite, together forming the Gagnon Group, occur in down-folded
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portions of the Proterozoic rocks. East of Molisie river gacbro is abundant,

and rocks of the Gagnon Group are notably absent.

Location and Accgess

The area is rounded, for the most part, by longitudes 66930'W.
and 67930'W. and latitudes 52°15'N, and 52°30'N. However, the mapping was
extended slightly south from Gras lake to include known occurrences of the
iron-formation and, between longitudes 66°L5'W. and 67°00'W., apout 6 miles
northward to join the mapped portion of the Carheil Lake area (Murphy, 1965),
investigated in 1959. The total area covers about 795 square miles, includ-
ing all of Bergeron, Leduc and Couxrchesne townships, almost all of Desjordy
and Dugas, and smaller parts of Faber, Gueslis, Esmanville, Paquin, Malapart,
Cabanac, Hind, Legal, Guillimin and Boily townships.

The area is easily reached by float-plane from bases near Sept-
iles or Gagnon. The latter town, which lies 50 miles southwest of Gras lake
and 68 miles southwest of Félix lake, is accessible by air and Quebec
Cartier Mining Company's railway. Oreway, a stop on the Quecec North Shore
and Labrador Railway (subsidiary of Iron Ore Company of Ganada), 186 miles
from Sept-Iles, 1s 3% miles east-northeast of Félix lake. This lake can be
reached from Oreway by a one-portage cance route through Ashuanipi and
Opocopa laxkes. The course of a proposed extension of Quepec Cartier's rail-
line northward to Mount Wright, 25 miles north of Bergeron lake, crosses the

western part of the area,

Canoe travel s easy in the western part of the area where the
Gras Lake - Pékans River, Hope Lake - Bergeron Lake, and Lam&lée Lake -
Hcbdad Lake - Petite Manicouagan River systems provide good north-south
routes. In the eastern half of the area canoe travel 1s restricted to
Carhell, Gentilhomme, Moisie and Félix rivers along wnich rapids are common
(Plate XII).

Field Work

The Gras Lake area was mapped in the summer of 1960 and the
Félix Lake area,in 1961. Pace-and-compass traverses were run throughout the
area at intervals of acout 1/2 mile, and accessible shorelines were examined.
Advance prints of the 1:40,000-scale National Topographic Series topographic
maps and R.,C.A.F. vertical aerial photographs at scales of 3,300 feet =
1 inch and 3,580 feet = 1 inch were used to contrcl traverses and locate
cutctops in the field. Geological data were plotted on 1/2 mile = 1 inch
base maps prepared by La Compagnie Photo-Air Laurentides, Quebec.

Previous Work

The geology of the Gras Lake sheet is included in 1 inch = &
miles mapping done during 1957 and 1958 by S. Duffell and R.A. Roach (19359).
Adjoining areas to the north have keen mapped by D.L. Murphy (1959, 1960), and
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to the northwest and the west oy L.S. Phillips (1958,1959). Articles on the
region near Mount Wright and Wabush lake to the north have been written by
J.E., Gill, H.M. Bannerman and C. Tolman (1937), G. Gastil and D.M. Knowles
(1960), and W.F. Fahrig (l1960). R.F. Mueller (1960, 1961) and S.H. Krancx
(1961) have described mineral assemblages of the silicate iron-formation of
this and nearby areas. Unpublished theses by C. Gleeson (1956) and A.G. Spatt
(1959) cover parts of the area. Much of the material in thls report is
included in the author's doctoral thesis (Clarke, 1964). Unpublished geolog-
ical reporis on the holdings of mining companies working in the area were

available to the author.

Acknowledgements

In the summer of 1960 the field party included: senior assistant,
C.5. Luff; junior assistants, John G. Cassils, Michel Noiseux, Roger Blais
and Fernand D'Aoust; cook, Gilles Nadeau; and cancemen, Sylvestre and
Alexandre Pinette. In 1961 R.N. Diffenpach was senlor assistant; M. Moreau
and D.W. Owen, junior assistanzs; Sylvestre Pinette, cook; and Alexandre
Pinette and Marcel Fontaine, cancemen., Without the able assistance of these

men the worx could not nave keen done.

The laboratory investigations were carried out by the writer at

the University of Manitoba.

Company reports of assessment work, inzluding diamond-drill logs,
and detailed geological and gecophysical maps of many of the iron deposits,
were available to the author. Without these data much of the detail of the
economically important parts of the area would not be known. The author is
especially grateful to Mr, L.J. Severson of Quebec Cartler Mining Company
for permissicn to publish previously confidential informaticn.

Degcription of the Ares

Physiocgraphy

Most of the area lies between 1,500 and 2,500 feet elevation.
The only important exception is the Moisie River valley which is cut down to
1,300 feet at the area's southern boundary. The tops of most high hills nave
an elevation of about 2,400 feet, and may represent the surface of a highly
dissected peneplain (Plate XI).

The topography s largely determined oy varying degrees of re-
sistance to ercsion of the different rock types. Rocks most likely to form
hills are granulite, iron-formation, the alumina-rich rocxs overlying the
iron-formatlion, and gabpro. Most hills rise aroul ~00 feet acove the sur-
rounding gneisses. The greatest relief, 1,000 feet in 1 mile, occurs between
Molsle river and the hills just west of the junction of Mclsle and Gentilhomme

rivers,




The western part of the area is drained by Petile Manicouagan
river, the central part by Pékans and Carheil rivers, and the eastern part
by Moisie river. Drainage is mainly towards Lhe south but is interrupted
by hills in the southern part of the Gras Lake sheel, The land north of
these hills is low and swampy, and largely covered ky glacial deposits re-

worked by water seeking a way around the hills.

Moisie and Gentilhomme rivers separate relatively rugged uplands
to the west from flatter swampier country to the east, the topographic ex-

pressicn of a change in rock type.

Glacigl Geoloay

The Pleistocene glaciation left a cover of till and sorted
sediments over much of the area, T:I1ll Is the more abundant and is commonly

molded into south-southeasterly-trending ridges.

In the low western part of the area, including Bergeron and
part of Gueslis townships, a glacial lake left a flat surface of sand and
mixed sand and poulder deposits. Eskers and fluvioglacial deposits lie in

channels commonly followed by present rivers (Plate V-B).

Flora

The area has a light forest cover. The most common trees are
black and red spruce, with a butt diameter of 4 to § inches. On protected
slopes spruce and balsam may reach 100 feet in height. Groves of balsam
grow in meist sheltered spots, and hills of gabbro support good stands of

wihite birch. Jack-pinz grows on sanday fluvioglacial deposits.

Underbrush is not thick. Caribou moss covers dry sandy soil,
whereas wetter areas are carpeted with green moss and some labrador tea.
Alders grow on stream courses and wet hillsides, Much of the area has been
pburnt at one time or another, The most recent large fire turnt over much

of the western part of the Gras Lake sheet.

EQ Jna

The only fur-bkearing animals seen in the area were mink, otter
and beaver; the latter are quite abundant., Mice, red squirrels, porcupines
and occaslonally weasels were seen around camp. Racbits, ducks, geese and
partridye are present but are not plentiful., Caribou are more common near
the swampy eastern section of the area than elsewhere, and some wolves were

heard amd seen in these parts. A bear damaged a cache, but none were seen.



-5 -
able No, 1

Table of Formations

&
g ==
O § Eﬂ Sorted fluvioglacial deposits
o |G ¢
= H % Glacial drift
g <
1 o,
O
Great Unconformity
w
7 " Gabbro and altered gabbro (Shabogamo?) and assoclated
u é ultrabasic, intermediate and acidic intrusives
w
E - Quartz monzonite
(=1
O
)
D:>4
Il 8
S Hornblende-garnet rock
5 5
o x
<t
> o . . .
N E Quartz-mica-kyanite schist
= 7
o b i | Rusty-weathering graphitic schist
PR
x| A
=
1] - .
Olivine-pyroxene-carbonate facies
[=7}
= % Wabush Lake iron~-formation {Oxide facies
© § Silicate-carbonate facies
o % Wapussakatoo quartzite
a

Duley marocle

N

MAINLY LOWER

GNEISSES

Potassic metasomatized gneiss
(stratigraphic position uncertain)

Less migmatized, homogeneous and banded gneisses
(occur both above and below Gagnen Group)

Segregated, quartz-feldspar-biotite and hornblende
gnelsses and migmatite

"

AR/

Granulite, altered granulite




- € -
Climate

The summer of 1960 was a wet one, with heavy rain on 35 of the
81 days for which records were kept. Ice left the lakes about June 12 and
snow had not fallen when the party left the field in mid-September, although
there was frost as early as August 31. The highest temperature of the
summer was QOOF., registered on August 21. The mean minimum and maximum
temperatures for the summer months were: for the last 14 days of June (43°F.
and 68°F.), July (45°F. and 70°F.), August (¥4°F. and 66°F.), and for the
first 5 days of September (¥4°F. and 58°9F.).

The summer of 1961 was drier than that of 1960, Ice left the lakes

about June 10 and the last snowfall was on June 12. The temperature dropped
below freezing on the night of August 25.

GENERAL GEOCLOGY

General Statement

All cedrock of the area is Precambrian in age. It s divided

into the following major ygroups:

1) Archean granulite facies gne‘ss, retrogressively metamorphosed by the
Grenville metamorphism;

2) Probably Proterozoic gneisses and migmatites underlying the Gagnon

Group;

3) Marble, quartzite and iron-formation, named the Gagnon Group, and
representing the chemical sedimenis of the southern extension of the

Labrador <rough;
4) Mctasedimentary rocks stratigraphically above the Gagnon Group;

%) Igneous rocks intrusive into the above groups.

The Archean rocks are scattered along an east-west band stretch-
ing from Hobdad lake almost Lo Moisie river, In the southern half of the
area., Tney werc once hypersthene-bearing granulites similar to those occur-
ring northeast of Mount Wright, (Duffell and Roach, 1959; Clarke, )

In the présent area, most of the hypersthene has peen replaced by fine-

grained, reddish czrown niotite, garnet and qguartz,

Hornblende and bictite gneisses underlie the Gagnon Group and
are probably younger than the granulitic rocks. They are thc most common
rocks in the area. These gneisses are divided, mainly con the basic of tex-

ture, into segregated and homogencous tygpes which are gradational.
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In the gneisses with a segregated texture there i1s a separation
of minerals into mafic-rich and felsic-rich portions which may have the form
of speckles, lenses or bands. As the biotite is generally tabular rather
than flaxy and is not oriented in a single plane, the gneiss has poor foli-
ation fissility. Both biotite-rich and hornblende-rich types are common.

In the homocgeneous gneisses mafic and felsic minerals are mixed
evenly through the rock. Biotite is the common mafic mineral. As it is
flaky and 1s concentrated in parallel planes, fissility is goocd. Where
felsic porphyroblasts or layers have grown, they generally have a mafic sel-
vage separating them from the mixed groundmass.

The homogeneous gnelss generally cccurs close to rocks of the
Gagnon Group which it underlies, although it is probably only slightly
older. Whether the segregated gneiss represents a deeper, more migmatized
variety of Proterozoic gneiss, or thoroughly recrystallized Archean granu-
lite, is not certain. However, the author pelieves that most of it was
prokbably originally Proterozeic paragneiss,

The gneisses east of Moisie river are characterized by a high
microcline content. Hornblende, the predominant mafic mineral, occurs as
1l to 3 mm., grains in a matrix of quartz and feldspar. These gneisses have
no foliation fissility, but break on joints instead. They appear to be
baked or hardened by feldspathization, probably associated with the gabbros
that are common in the eastern part of the area.

The Gagnon Group consists of three formations: the Duley marble,
the Wapussakatoo quartzite, and the Wabush Lake iron-formation. The marble
and quartzite generally underlie the iron-formation. There are two major
facies of iron-formation -~ an oxide facies, composed of quartz with about
30% hematite or magnetite, and a silicate-carbonate facies, composed of
iron-rich pyroxene and quartz, with some declomite and minor magnetite. The
oxide facies occurs with guartzite and markle near Don and Hippocampe
(Seahorse) lakes, south of Demi~-Mille lake, and near Fire lake, all in the
western part of the Gras Lake csheet. The silicate-carvonate facies was de-
posited under more reducing conditions than the oxide facies. It is accom-
panied mainly by marble. A quite continuous band of marovle and silicate-
carbonate iron-formation occurs along Pékans river from the northern border
to Gras lake where it turns to run westward across the area. A similar,
parallel, but less continuous kband follows Gentilhomme and Moisie rivers to
the southern border of the area wnere it too turns to the west, Other occur-
rences are near Lamélée, Hobdad and Midway lakes, and near the northern end

of Carheil river.

The gneisses overlying the Gagnon Group are most abundant in
two major morth-south synclinal structures [ollowed by Pékans river and
Gentilhomme~Moisie rivers, respectively, and south of the southern band of

iron-formation. Most of this gneiss resembles the homogeneous gneiss that
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lies below the Gagnon Group, but it is interlayered with distinctive rock
types which are generally garnetiferocus. In the Gras Lake sheet the

Gagnon Group is overlain by a rusty-weathering, garnet- and graphite-bearing
schist. In the Félix Lake sheet the schist is kyanite-rich and may or may
not contain graphite. A massive rock composed essentially of hornblende and
garnet occurs near the top of the sequence in the Gentilhomme-Moisie syn-
cline, and to a lesser extent in the southern part of the Gras Lake sheet.

Two main types of igneous rocks have intruded the above rocks:
quartz monzonite, which forms generally conformable bodies, up to 1/2 mile
or so wide, mostly in the lower biotite and hornblende gneisses; and a
basic suite composed mainly of gabbro with associated ultrabasic, inter-
mediate and acidic differentiates. Most of the basic rocks occur east of
Moisie river, but small plugs cut the gneiss near the south end of Gras
lake and south of Gentilhomme lake. Sills of amphibolite, the metamorphosed
equivalent of the gabbro, intrude competent rocks of the Gagnon Group in
the vicinity of Fire, Hobdad, Lamé&lée and Midway lakes. Amphibolite also
occurs with the basic plugs near Gras and Gentilhomme lakes.

The oldest rock recognized in the region is a compact brown
gneiss belonging to the granulite facies. It occurs along an east-west
band stretching from Hobdad lake almost to Moisle river, in the southern
half of the area. It resists erosion well and commonly forms hills; good
exposures are found in the hills southwest of Bergeron lake and west of
Leduc lake.

In outcrop, the granulite is light brown with a rusty weathered
surface. It is a compact rock with thin felsic bands every few inches but
without noticeable mineral orientation. This texture results in poor fis-
sility and rounded outcrops (Plate IA). Injected granitic material makes
up about 15% of most exposures, and in places completely encloses blocks of
granulite. Garnet may form at the contact of granitic layers. Some out-
crops have football-sized lenses of pyroxene (Plate IB),

North of the Grenville front (Duffell and Roach, 1959; Clarke, x)
the granulite consists of quartz, plagioclase and microcline feldspars,
hypersthene and blotite, with hornblende and augite in the basic varieties.
In the present arxea Grenville metamorphism has converted much of the hyper-
sthene (and feldspar) to fine-grained biotite, quartz and garnet. Two
feldspars are present, tan to light gray plagioclase, and microcline. Large
feldspar grains show warped cleavage faces. Quartz has a gray or blue cast.
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The appearance of the rock in thin-section is best described
as disordered. Recarrangement is not complete and, besides the fine minerals
replacing hypersthene, there ar2 many inclusions of quartz and biotite in
feldspar and garnet, The fine-3rained aggregates of biotite and quartz are
generally rimmed with garnet. In some samples remnants of strongly pleo-
chroic hypersthene remain at the centers of these aggregates (Plate VIA).
The reactions controlling this alteration involve a gain of water and a de-
crease in anorthite content in rocks passing from the granulite facies to
the amphibolite facies. They are as follows:

Granulite Facies Amphibolite Facies

1) KAlSi308+3(MgFe)5103+Hé) — 3Si02+K(MgFe)3AlSiSOlOOH2
K-spar +hypersthene +water ¢ quartz+ piotite

. . ; o~ . .
2) CaA1251208+2(MgPe)SJ_O3 = Ca(MgFe)Al2813Olg+SlO2

anorthite +hypersthene = garnet +quartz

Biotite occurs as coarse primary grains and as fine-grained
alterations. Both types are pleochroic from light yellow-brown to red-
brown, Some biotite is altered to chlorite and rutile, or bleached green
near felsic bands. Feldspar in the felsic layers 1s generally myrmekitic,
and signs of deformation are common. ITwins may pinch out or abut against
a fracture, and bent twins are not rare. Single plagioclase grains contaln

both albite and pericline twins.

Complete replacement of the hypersthene leaves a rusty-weather-
ing garnet-biotite gneiss with characteristic mafic speckles (Plate VIB).
Mineralogically, this gneiss resembles the homogeneous, probably Proterozoic
gneisses, and continued alteration could make the distinction impossible.
The rocks recognized as granulites failed to reach equilibrium during the
Grenville metamorphism. It may be that the characteristic speckled texture

of the gneiss -~ in fact the occurrence of any recognizable granulite
depands on the scarcity of water during the metamcrphism of the old gneiss

(Yoder, 1955).

Table 2 gives visual estimates or modes of composition of 18
thin-sections. Plagioclase compositions were determined either by the
Rittmann method (Emmons, 19%3, pp. 115-133) or by refractive index. Mineral
composition of a typical granulite from Table 2 1s : 40-55% plagioclase
(about An28), 0-8% microcline, 9-23% quartz, 6-24% biotite, 2-10% garnet,
0-3% hypersthene, some clinopyroxene and hornblende in basic types, and
traces of apatite, magnetite, pyrite, zircon and sphene., Because this group
includes rocks of both basic and intermediate composition, affected by
varying degrees of recrystallization, it has a wider range of mineral compo-
sition than most other rock units.
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A suilte of granulite, altered granulite, and gneiss specimens
was analysed chemically to discover whether there was any large difference
between the various gneiss types, and what chemical changes accompany the
granulite. The analyst was H. Boileau of the Quebec Department of Mines
Laboratories., The results, with other pertinent analyses for comparison,
are given in Table 3.

Chemical processes accompanying weathering and deposition
change the composition of rock material during sedimentation., The more
thorough the weathering and sifting during transport the more the sediment
will differ in composition from its source rock, Thus, a shale and a gray-
wacke derived from similar material will have significant compositional dif-
ferences, The main differences are higher K;0/NagO, FepOg/FeO, and MgQ/Ca0
ratios, and higher Al 0, content in the more weathered and finer-grained
sediments (Pettijohn, 1949), Comparison of these values gives a measure of
the amount of weathering or shaliness of a sediment, and a clue to the origin
of isochemically metamorphosed gneisses.

Figure 1 is a plot of the critical values from analyses in
Table 3. The main change accompanying retrograde metamorphism of the granu-
lite is the addition of water, and in its last recognized stage of altera-
tion the granulite still contains less water than the overlying gnelss., The
incoming water was probably accompanied by mobile rock material. Sample
No. C-31-160-61, the wettest of the recognized granulites, also contains more
K,0 than normal. The other chemical data are not conclusive, The granulite
and both types of lower gneiss have compositions similar to the average
graywacke or subgraywacke. The upper schists analysed for D.L. Murphy have
the composition of a shale.

Since there is no chemical difference between the Archean granu-
lite and the segregated gneiss it is possible that the gneissc was derived
from the granulite by the addition of water. However, the Proterozoic homo-
geneous gnelss also has the same composition and is just as likely to be the
source of the segregated gneiss,

The Archean granulite is confined to an east-west-trending band
close to a parallel synclinal structure. Folds in the surrounding gneiss
bend around, and are generally overturned towards, the granulite, but the
gneiss itself is no different from gneisses occurring throughout the area.
Thus it appears that the granulite follows an anticlinal axis, or a ridge on
the floor of the Proterozoic sea, rather than a zcne of weaker than average
retrograde metamorphism. East of Carheil river adjacent masses of granulite
and gneiss dip in opposite directions suggesting an unconformity between the
two groups. So although the granulite and gneisses have similar composi-
tions, the author believes that the gneisses are derived from Proterozoic

sediments and are not recrystallized granulite.



Mineral Compositions of Granulite and Altered Granulite

Iable 2

Fy = Pyrite, Chl =

Chlorite, Sph =

Sphene, Cal

Caicite, ALl = Allanite

Plagioclase Quartz Biotite
g Le Lecation An 27 30 3740 _$ [Kospar pr_ sec pr__sec Hob QOpyrx Cpyrx  Garn Ap

C-14-26-60 52719 N, ;67906 W, T 50 5 10 25 5

C-25-153b-60 52°17 1/2'N,;67910C 1/2'W. — 23 12 12 21 2 27 tr

C-41-260-60  %2918'N.;67°23' W, [ 50 10 / 16 o 1

L-12-50-60 52023 1/2'N.;67°07 1/2'W. — 32 6 8 17 8 19 ot
xL-12-50-60  52°23 1/2'N,;67°07 1/2'W, —— 25 35 35

L-16-63-60 52219 "N, ;67900 Wa - [ 34 11 2 8

L= 16-64-60 52°18'N, ;67°00' W, — 4O 10 7 3 3y 3

L-37-149-60  52%20'N,;67°23'w, = 41 8 1y 30 2 tr

G- 19~ 54-60 52°18'N, ;67°1C W — 60 10 10 3 10 1

G-21-57-60 52°20'N. ;67181 w, S 47 13 16 11 3 L

G-29-87-60 £20900'N, ;679171 W, — Ly 20 & 1 2 1

C-13-57-61  42°24'N,;67°58'w. —_ 75 10 6 tr 2 7 1
##C-20-101-61  52°21 1/2'N.;65%51 3/4%'w. — 50 7 7 31 2 3 tr

C-21-106-61  52%20 3/4'N.;66°551w, —— 45 335 10 5 32
#xC-31-160-61  52°18 1/L'N.;66°54% 1/2mw, = 45 " 6 30 6 3 7 tr

C-31-161-61  52°18'N,;66%55 1/4%'w. — 60 23 7 tr 6 3 tr
¥xD-17-61-61 52921 'N. ;67900 W, — 47 tr 33 15 3 tr

D-23-80-61 52019 N, ;66951 W, — 0 5 10 2 2 3 L 2 tr

Mean £8.2 47,5 124 15.9 14,9 2. 2.6 1.0 6,1  tr

Mean Deviation 9.1 _1l.5 Zed 9.6 3.0 3.7 1.8 4,6
®Cranitic layer
xxAnalysed sample - Mode 1,500 pte.

Plagioclase oy Rittmanns—,, by Tsuboi__, method

pr = primary, sec = secondary

Hnb = Hornblendz, Opyrx = Orthopyroxene, Cyprx = Clinopyroxene, Ap Apatile, Zr = Zircon, Mag = Magnetite, Epi - Epidote,

Others

Zr ir

Mag tr

G,Py tr

Chl 2,by 1,Zr tr

Epl 3,2r 1,Chl 1,Mag 1
Mag 1

Epi

Sph 3,Zr tr
Fy 2,Zr 1
Epi 5

Py 2,Chl 1,Zr 1,Sph L,Cal 1
Chl 20,Cal 2,5pn 1,Epl tr,Py
Mag 1

Zr tr

Py tr

All tr,Mag tr

Py tr,Zr tr

Mag 1

ir

1
—
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Fey0s 1.07 1.05 2.38 0.57 0,99 1.05 1.0 - - 3.16 1.74 1.0 C.9 L.0z
FeO 4,38 6.0z 6.00 6,28 5.70 4, B4 S.22 - - 4.0 2.6% 4.2 Z.E z.k5
CcaC 3.38 3.2k 2,59 3.30 3.13 2,90 3.7 3.42 1,10 6,74 442 3.5 1.2 3.11
MgC 2,46 4,30 k.35 3.83 3.76 3.28 3.5 3,71 3.k .17 1.91 2.9 1.6 R
NayC 3.09 4,05 2.79 3.39 3.13 3.k3 3.5 3.95 2,09 3.39 3.70 3ok 2.0 1.30
K0 2.19 2.53 5.19 2.82 3.25 2.82 1.9 1.82 3.80 2.12 2.75 2.0 1.5 3oz
Hp O+ 0.9% G.72 1.27 1.17 1.43 1.40 Q.76 - - 1.36 .04 2.1 1.t 3.7(2)
HpO- 0.05 .03 0,11 .06 .09 C.c8 - - - 0.1 O.1 0.7(2)
TiOs 0.52 C. 74 0.87 0.65 Q.70 C.65 . - - 0.84% 0.57 G,y 0.6 G.65
P05 0.13 Q.13 0.19 0.19 C.13 .17 . - - Q.25 0.20 0.1 0.z G.17
MnO 0.08 .09 0.11 0.11 0.1z Q.08 . - - G.13 ©.07 C.. 0.2 -
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3 0.02 0.10 0,18 0.15 0.11 0,09 - - - - - - O.1 -
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(1) AlO5 in excess of that combinea in normative feldspar Clarke, P.J. and Murphy: analyst - . Boclleau

(2) Av. shale-Clarke{1924), p.30.
(3) Collected north of Grenville front

$H,0 on p.3% is 5.0%(total HO0?)

Duffell and Roach:

analyst - K. Hoops
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General

Several types of gneisses and schists occur in the area. They
are found throughout the stratigraphic sequence, both above and below the
Gagnon Group, but are described together so as to be most easily compared,

Criteria used to distinguish the various types of gneisses are:
degree of separation of mafic and felsic minerals; stratigraphic position
relative to the Gagnon Group; and mineralogical composition. The following
groups of gneiss and schist are recognized: a) segregated gneisses, which
may be either bictite~ or hornblende-rich, and which occur below the Gagnon
Group; b) homogeneous to banded gneisses, which occur both below and above
the Gagnon Group; c¢) potassic metasomatized gneiss associated with gabbro
masses east of Moisie river; the stratigraphic position of this rock is un-
certain; and d) three mineralogically distinctive gneisses and schists that
overlie the Gagnon Group == a rusty-weathering graphitic schist, a guartz-
mica-kyanite schist, and a rock composed essentially of hornblende and
garnet.

Like all artificial classifications, this one is sometimes
difficult to use, mainly because the degree of segregation of the gneiss is
variable and the position of a particular rock relative to the Gagnon Group
is not everywhere apparent., However, the classification is believed to
reflect real differences, and to be more useful than lumping the gneisses
into larger groups.

Mineral composition fields of the various types of gnelsses are
shown on triangular diagrams in Figure 2 (attached). The first triangle
(A) relates to the whole rock; the second (B),to its feldspars; and the
third (C),to its mafic minerals, In total rock composition, two of the
younger rocks — the mafic rich hornblende-garnet rock, and the feldspar-
poor quartz-mica-kyanite schist —— stand apart from the others, The
other rocks group well, and there is generally more variation within a
single rock type than between different types., Of these others, the upper
hemogeneous gneiss is the most variable in composition and i1s generally the
most femic. The potassic gneiss is the richest in feldspar as a result of
its added microcline content,

Almost all the gneisses contain plagioclase bhetween An25 and
An3ge The microcline content is more variable and is attributed mainly to
the addition of potassiume The most microcline occurs in the lower gnelsses
and metasomatized potassic gneisses. Other types of gneiss generally con-

tain less than 5% microcline.
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The gneisses vary most in their content of mafic minerals. The
segregated gneisses contain mostly biotite, or equal parts blotite and horn-
blende, but very little garnet. The lower homogeneous gneiss contains bio-
tite and either garnet or hornblende, but not both together. The upper
homogeneous gneiss has about equal hornblende and biotite, and may contain
both garnet and hornblende, Some of this gneiss seems gradational with the
hornblende-garnet rock. Both biotite and hornblende occur in the potassic
gneiss, with garnet found mainly in the hornblende-rich varieties. Some
clinopyroxene occurs in this and the hornblende-garnet rock but cannot be
shown on the diagram. The upper graphitic and kyanitic schists are both
biotite-rich, with some garnet but no hornblende.

As well as differing in the amounts of minerals present, the
various gneiss types show differences in the composition of the mineral
species themselves, Figure 3 is a plot of the refractive indices of coexist-
ing biotite and hornblende in the granulite, gneisses, and intrusive rocks
of the area, In this figure, Ny of biotite is plotted against the greater
of the refractive indices measured on cleavage flakes of hornblende (Parker,
1961). A direct relation between the refractive indices of the two minerals
is apparent, This is to be expected as the refractive index increases in
both minerals with increase in the ratio FesTitMn/Mg, and with increase in
ferric iron. Biotite and hornbiende with the lowest refractive indices are
found in the segregated gneiss, intermediate indices in the lower and upper
homogeneous gneisses, and the highest indices in the potassic gneiss. This
increase is accompanied by a color change from olive-brown, through red, to
very dark brown or black. The highest indices are found in very dark col-
ored minerals in the acidic orthogneiss derived from the Shabogamo gabbros.
It was probably fluids from the orthogneiss that metasomatized the potassic
gneiss.

The composition of the garnet also differs somewhat from rock
type to rock type. Figure 4 is a plot of refractive index against cell edge
for garnets of the various rock types, Garnets from the same rock type fall
within a limited field.

Because of solid solution among a large number of end members in
the garnet group, it is not possible, with the present information, to deter-
mine composition. However, all the garnets of the group are almandine-rich,
and generally the higher the refractive index the greater the almandine
content,

The presence of calcium tends to expand the garnet cell, so that
the ratic of a garnet's cell edge to its refractive index can be used as a
measure of its calcium content (Sturt, 1962)., The ratio of cell edge to re-
fractive index (ag/n) of garnets from most of the local rock types 1is
plotted in Figure 5, There is a strong correlation between rock type and
garnet composition. The composition of garnet is controlled mainly by the
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chemical composition of the rock; thus the more calcic almandines occur in
calcium-rich, hornblende-bearing rocks, whereas the more iron-rich ones
occur in the ferric-iron-rich acidic orthogneiss. Compositional differences
in garnets from rocks of similar composition can be attributed to differ-
ences in metamorphic grade, For instance, more calcic garnets occur in the
altered granulite and lower homogeneous gneiss than in the more highly meta-
morphosed fresh granulite and segregated gneiss.

Segregated Gneiss

The most abundant rock type in the area is a coarse-to medium-~
grained gneiss in which layers or lenses of predominantly felsic minerals
alternate with layers of mixed mafic and felsic minerals (Plate IIB). There
are both biotite-rich and hornblende-rich varieties of this gneiss. In
places the hornblende-rich gneiss occurs as bands about 1/2 mile wide in the
biotite-rich type.

In typical specimens, quartz, white plagioclase and in places
pink microcline form 1/%- to 1/2-inch felsic bands in alteration with mafic
bands. The mafic bands contain shiny black 2 mm., flakes of biotite, which
are mixed about 1:2 with quartz and feldspar. In some rocks of this type,
mineral segregation takes the form of contorted felsic lenses or mafic
speckles instead of bands.

In the bilotite gneiss, plagioclase is generally evenly twinned,
and may be slightly antiperthitic, Quartz shows undulose extinction, and
planes of tiny inclusions cross many grains. Biotite is mostly brown or
olive and forms subhedral flakes inclined about 15° to the foliation., Alter-
ation to chlorite is common. Common accessories are epidote with allanite
cores, apatite, zircon and pyrite (Plate VIIA). About half the samples
studied show the effects of shear and alteration. In these samples plagio-
clase is sericitized and partly replaced by microcline, The biotite is
ragged and altered to chlorite, and hornblende may be altered to chlorite
and sphene. Some sections contain garnet,which may be partly replaced by
biotite and feldspar.

Table 4 lists estimates of mineral compositions of 15 thin-
sections of bilotite-rich and 10 thin-sections of hornblende-rich gneiss.
A typical biotite gneiss contains: %0-57% plagioclase (about Ansg), 0-12%
microcline, 18-28% quartz, 17-23% biotite, which may be altered to chlorite,
up to 2% each of epidote, garnet and hornblende, and traces of muscovite,
pyrite, apatite, zircon and sphene,

The hornblende-rich gneiss resembles the biotite-rich type in
most respects, ALl gradations exist between a banded hornblende gneiss and
a gneissic granodioritic rock in which the mafic minerals form 2 to % mm.
specks rather than bands, Most quartz has undulose extinction and forms
0.5 to 1 mm. long lenses made up of several grains. Plagioclase may be partly




Mineral Comppsition

Taole b

of Lower Seyregated Gneisses

(s) Biotite-rich

An
Section Location Plag 20 3¢ 40 K-spar Qtz Big Chl Hnb Epi Garn Ap Sph QOthers

C-10-52-60 52027N, ;67°05 W, 50 e Y 20 200 tr Musc 2,Py tr

C-20-121-60 52013 1/2'N. ;679051 4. 36 — [ 6 12 Musc 1,Mag 1

C-28-170-60 52022 1/2'N.;67°L8 L/2'W. 6O — 25 loT 3 tr 2 tr Py 2,Zr tr

C-32-204-60  52%26 1/2'N,;67°18 1/2'W. 30 — 20 5 70 2 tr Alb 5,Zr tr,Tour

C-37-241-60  52018'N.;67°L7' 0. 435 - 10— 20 189 8 tr Py tr

C-hl-26l-60  52°18'N. ;679231 W, 53 — 25 18b 1 1 py 1

L-8-34-60 52817'N. ;67905 1/2TW. 56 —_ i3 20 79 1 L tr Zr tr,Cal 1

L-3-41-60 52926 1/2'N. ;67905 "W, 55 - 25 15 2 1 Cal 1,Py tr

L-28-105-60  22°28 1/¢'N, ;679267 0. 50 — 15 ¢ : 3 2 tr 2

L-41-158-60  52°23'N.;67°27'W. 5C - 5 25 2 15 1 5 Musc tr,Py tr

G-10-2+-60 22029, ;67%0¢ 1/2%i. 19 — 35 25 15% 2 1 Musc 2,Zr tr,Cel 3
K¥Do11-k2-61 52006 1/2'N, ;66951 10, 36 — 28 340 tr 1 tr Py 1,Musc tr,Zr tr

D-42-154-561 52929 L/2'N. ;6504114 53 —= 23 18% 3 1 Czl tr,Py tr,2r tr

C-13-61-61 52026'N. ; 67°00" W, €7 — 2l 1eT tr o tr Py tr,Cal tr

C-30-1%55-61  52°16 1/21N,:66%50" W, 52 = ) 13 . z2 5 2 . _1r

Mean L8.9 6.2 22.9  1l.9 k.7 0.5 1.1 1.3 O.% .4

Mean Deviation 8.3 6.3 5.5 7.1 5.6 O.7 0.9 1.6 0.3 C.7

¥ Mode, 1500 points

{b) Hornblende-rich

C-11-62-60 Sz°z8'N. ;67°03 W, 50 — 15T 15 tr tr Zr tr

C-18-104-60  452926'N.;67°1z 1/2'W, 65 — 12 gb 12 1 tr 1

C-28-171-60 52923 1/2'N,;67°16'w, 59 — & 19 1ok 8 2 1 1 Zr sr

C-47-288-60 52028 1/2'N.;67°26 1/2tW. 55 —_ 16 7 7° 12 2 tr  tr 2

L-28-103-60 52028 1/2'N.;67°23 1/2'4. 60 — tr 1+ 7P 5 tr 1 tr Py

L-10-47-60 Y2025 1N, 5 67905 W, 55 30 7d 5 1 1 Zr tr

D- L1-44-61 52026'N. ;669521 W, 40 - 33 9P 13 1 Py 2,Zr T

G-6-21-61 52931 1/2'N. ;66457 W, 55 - 30 2k 5 5§ tr tr

¥C-2=3-61 52030 1/2'N.;66%4814. 10 = tr  trb 72 11 tr Py tr,Augite 6
K¥C=21-111-61  52021'N,; 66046, 31 = 30 7 1edr 13 tr z 1 Mag l,Zr tr,Py tr

Mean (except C-2-8-61) 51.8 5.5 19.1 10.1 0.5 9.9 0.7 0.2 0.8 0.8

Mean Devialion{except C-2-8-61) 7.6 7.8 8.1 3.8 0.9 3.6 0.6 0,3 0.5 Q.5

Plagioclase composition Ritimann method F— Color of biotite: d = dark, r = red, b = brown, o = elive, g = green

Tsuboi methed

x Hnb layer in gneiss
xxSection contalns K-spar lens



Archean migmatite

4 |Oxide facies only -
z z
& 2
= w
2 E 2

. e . [+e] N

x \ 3 | Oxide and silicate facies lo Archean granulite %
u- _—
z
2 v
= ~
x P

-\ 2 | Silicate facies only -

///
8 4 o -
L i 1 Pl
< MILES
. 0,
x Pyrite or graphite &/ L Y] 4
&

L. Georget
s 7
, 7
T g
T
7 \
\

-

8
>QOO,

&
o
S0,

8,
ea%,

Riv. Petit Lac

Wanicouagan

N 7 7 4 5 7
Q (<) ) ) o
O i %%, o 6”’ D.N.R.Q. 1965 B-856
A
& © &> @

FIGURE 7

7 ™~ 7 7

SEDIMENTARY FACIES OF [RON FORMATION



- 21 -

altered to sericite or microcline, Microcline has well developed grid twin-
ning. Most of the biotite is brown. Hornblende has an extincticn angle of
20 to 24° and the pleochroic formula: X = yellow-green, Y = green, Z = dark
green or bluish green. It may be poikilitic and in some sections seems to
be partly replaced by biotite and epidote or sphene., Sphene and euhedral
epidote generally accompany the mafic minerals. Allanite cores are common
in the epidote.

Average mineral composition for the segregated hornblende gneiss
is: 44-60% plagioclase (Anpp_31), variable microcline content probably depend-
ing on the addition of potassium, 11-27% quartz, 6-14¢ biotite, 6-14% horn-
blende, up to 1% each of epidote and sphene, and minor garnet, pyrite and
zircon.

Both the biotite- and hornblende-rich types of the segregated
gneiss are characterized by organization of the mafic and felsic constit-
uents into separate bands, pods or speckles. Strained quartz, and altered
biotite and plagioclase are more common here than in other types of gneiss,
Addition of potassium in some places has resulted in the replacement of
plagioclase by microcline, garnet by biotite and feldspar, and hornblende by
biotite and epidote. Apparently this gneiss formed under conditions of
greater mobility and stress than the other Proterozoic rocks. It most likely
represents the lowermost Proterozoic, mixed perhaps with some completely
recrystallized Archean gneisses,

The homogeneocus gnelsses generally occur within a few miles of
the Gagnon Group rocks. They coccur both above and below, but are best
exposed where they underlie the Gagnon Group, as south of Don lake, along
Pékans river, and west of Gentilhomme and Moisie rivers.

Lower Homodeneous Gneiss

In the gneiss below the Gagnon Group, biotite is the principal
mafic mineral, It generally occurs as fine flakes distributed evenly through
the rock and lying in a single plane, thus giving the rock good fissility
(Plate IIA). In places, incipient segregation has formed felsic porphyro-
blasts or thin felsic bands with biotite selvages, However, the gneiss is
not contorted or migmatized like the segregated gneiss,

In thin-section the rock has a clean appearance (Plate VIIB).
Its plagioclase is evenly twinned and unaltered. Microcline is rare. Quartz
is generally clear but may show a little strain. Biotite is subhedral, brown,
and rarely altered to chlorite. Hornblende is variable, but the common type
has an extinction angle of 26 to 30° and the pleochroic formula: X = yellow-
brown, Y = green, Z = bluish green. It is commonly embayed by felsic minerals.




- 22 -

Garnet is rare. Most sections contain euhedral epidote with cores of allan-
ite, Estimates of mineral compositions of 1l thin-sections of the lower
homogenecus gneiss are given in Table 5a., A typical gneiss from this group
contains: 49-58% plagioclase(An25_3l), 16-26% quartz, 13-23% biotite, O-5%
hornblende, up to 3% microcline, and traces of pyrite, epidote, apatite and
zircons. Garnet and muscovite may occur but are rare.

The more even texture, lack of strain in quartz, and chloriti-
zation of biotite, compared with the segregated gneiss, probably result from
less stress during crystallization.

Upper Homogeneous Gneiss

The gneiss above the Gagnon Group is similar in texture to the
lower gneiss but varies more in composition. It is generally richer in mafic
minerals, particularly hornblende and garnet, It also includes gradations
into the distinctive types of gneiss described below.

Biotite in thin-section is brown or red-brown and generally lies
parallel to the foliation. Hornblende has an extinction angle of 2% to 28%,
and in most rocks is pleochroic from yellow-green to blue-green, Both horn-
blende and garnet are embayed by anhedral felsic minerals. Euhedral epidote
with allanite cores grows near the biotite. Mineral compositions of seven
thin-sections are given in Table S5b. A typical rock of this group has the com-
position: 37-59% plagioclase (An23_34), 11-34% quartz, 9-21% biotite, 3-11%
hornblende, 2-6% garnet, and minor epidote, muscovite, apatite and pyrite.
The upper gneisses vary more in composition than the lower, as the mean devi-
ation of every mineral but garnet is greater than that of the same mineral
in the lower homogeneous gneisss

Potassic Gneiss

Microcline-rich gneisses predominate east of Moisie river, They
weather pink and are generally finer grained and tougher than the gneisses
from other parts of the area. They may or may not show mineral segregation,
but in either case tend to break on joints rather than along foliation planes
(Plate III), Microcline commonly occurs as lenses or single grayish pink
porphyroblasts with warped cleavage faces.

Thin-sections show a matrix of 0.5 to 1.5 mm. equant feldspar
grains enclosing oriented crystals of biotite and hornblende, and thin lenses
of quartz (Plate VIIIA). Plagioclase is slightly more albitic than in other
gneiss types., Twinning of the microcline is more shadowy than well defined.
Perthite is not especially common although albite has separated at microcline-
plagiloclase contacts. A light green pyroxene with ;Ac = 70° (aegirine-augite)
occurs in some samples, and some contain garnet embayed by a mixture of feld~
spar and biotite.
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(a) Below Gagnon Group

ompositions of Homogeneous Gneisses
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An
Section Location Plag 20 30 40 K-spar Qtz Bic  Hob arn Ap  Zr Qthers
%#C-18-103-60  52026'N. ;67°09 ' W. 7] — 20 13k 5 tr  tr
C-28-169-60 52922 1/2'N.;67°18'W. 39 — 18 217k 1 12 tr Mag tr
xxC-30-193-60  52°25'N. ;67920 W, 45 — 27 26P tr tr
C-34-21%-60  52026'N.;67°16'W. 55 12 16b 10 tr  tr
C-36-229-60  52027'N.;67°2C 1/2'W. %0 20 15° tr tr Musc 5,Cal tr
C-2-3-61 52°32'N. ;66°51 "W, 52 - 33 14d 2 tr ¥ Mag tr
HC-4-12-61 52933 7N, ;66%% 71w, 60 25  lob 5 tr
C-15-68-61 529251N. ;670521 W, 53 b 23 239 tr tr
C-30-157-61  52°177N,;66°49 W, 67 - 13 14b tr tr tr
XxC-46-237-61  52929'N, ;66451 W, 53 - 17 270 tr tr
D-6-23-61 52030'N. ;6609521 %, 50 — 25 20T L tr tr
~ Mean 53k 21,3 18.3 2.1 1.5 0.6 tr tr
Mean Deviation 4,6 5.0 b7 2.4 2.3 0.5
(b) Above Gagnon Group
C-17-97-60 $2022'N, ;67°0L'W. 55 et 10 i5b 7 3 1 Musc 2,5ph 3,Mag 1
C-20-127-6G 52°157N. ; 67904 W, 70 - 20 5Tb 5
L-18-69-60 52913 1/2'N.;67°00'W. 35 — hio] 35 15 tr
G-13-32-60 52024 N, ;67901 1/2'W. 53 -5 1z 184 11 6 tr
G-14-35-60 52921 'N. ;679021 W, 35 — 40 Voad 10 Vi tr
G-27-77-60 52015'N. ;67913 1/2'W. 52 — 21 19b € 3 tr tr tr
D-4-16-61 52031 1/2'N.;66955 W, 3y — tr L5 jlets 5 tr  tr  tr Musc 1
“Mean 47,9 - 22,6 15.6 7.0 k.1 0.6 0.6 - O.k
Mean Deviation 11.0 - 11.6 6.9 4,3 2.0 0.5 0.3 - 0.4
% Banded Plagioclase composition Rittmann method r—y Coleor nlotite: d - dark, r = red, b = brown
#x Mode, 1900 points Tsukoi method —_ o = olive
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Mineral compositions of 12 thin-sections of potassic gneiss
are given in Table 6a. A typical gneiss of this type contains: 40-50% pla-
gioclase (Anl5_25), 15-30% microcline, 11-25% quartz, 1-8% biotite, 1-12%
hornblende, O-1% aegirine-augite, about 1% opaque oxide, and traces of apa-
tite, allanite, garnet, zircon and sphene.

The most characteristic features of this gneiss, apart from
its high microcline content, are the strong pleochroism and high refractive
indices of biotite and hornblende, the tendency for quartz to form long thin
lenses parallel to the foliation, and the high content of accessories such
as sphene, ilmenite, allanite and zircon. These characteristics seem to
have been imposed on gneisses of diverse origins by metasomatism associated
with the intrusion of the gabbro that is common east of Moisie river., The
same features characterize two samples of segregated gneiss that occur close
to basic sills west of Moisie river, Some of the gneisses near Moisie river
contain graphite and were probably similar to the rusty-weathering graphitic
schist before being metasomatized, but most of the gneiss resembles the lower
segregated gneiss more closely than other types. Because of the altered
nature of the gneiss any correlation must be tentative.

DRistinctive Upper Metasedimentary Rocks

There are three rock types above the Gagnon Group that can be
recognized by their distinctive mineral composition., They are: 1) a rusty-
weathering graphitic schist; 2) gquartz-mica-kyanite schist; and 3) a rock
composed largely of hornblende and garnet.

Rustv-weathering Graphitic Schist

The graphitic schist is a medium-grained, homogeneous rock dis-
tinguished mainly by its rusty weathering and the presence of graphite,
pyrite, garnet and in places kyanite, along with the usual quartz, feldspar
and biotite. It is most abundant in the western half of the area, particu-
larly in the valley of Pékans river, south of Gras lake, and between Petite
Manicouagan river and Hope Lake. A thin band also occurs west of Pegma lake,

Mineral compositions of eight thin-sections of this schist are
given in Table 7a. Most samples fall in the range: plagioclase (An23_28),
39-52%; microcline, O-10%; quartz, 15-29%; biotite, 15-22%; garnet, 3-9%;
graphite, 1-3%; and minor amounts of muscovite, epidote, apatite and zircon,

In thin-section, biotite is pleochroic from colorless to red-
brown, and contains interleaved graphite. Quartz is generally unstrained,
Garnet is filled with tiny inclusions of biotite and feldspar. The plagio-
clase is generally perthitic especially near the edges of felsic clots. This
schist was probably deposited as a foul-water silt associated with the oxygen-

poor silicate-facies iron-formation,
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Gneiss East of Moisie River

(a) Minsral Compositions of Potassic

An
10 20 30 K-spar Gtz

Section Location Plag Bio Hnb Cpx Epi Garn Ap Opague Others
C-21-109-61 52021 1/4'N,;66%47'w, 35 — ] i osd tr tr 1 Chl tr,Musc tr,Py tr
C-24-123-61 52°15'N, ;66%46'W, 60 = 19 17 2d 1 1 Sph tr
C-33-173-61 52922'N, ;66938 W, 55 23 21 14 tr tr tr tr  Sph tr
C-33-174-61 52921'N,;66°281w, 48 - 5 30 6d 6 1 tr ot 1
C-35-187-61 52°16'N.;66°35w, 46 - 13 34 2dr 2 tr tr 1 ¢hl 1,Zr tr
C-40-211-61 52°26'N,;66%30 W, 38 — 30 26 3d 3 tr tr tr tr 2 zZrtr
C-41-217-61 5226 3/4'N.;66°311w, 50 — 23 7 2d 13 L otr 1 Sph tr,Zr tr
C-43-226-61 52002L N, ; 66043 W, 50 - 25 15 tr 3 tr tr tr 1 ¢cnl 7
C-43-229-61 52023 1N, ; 66%4L 1w, 33 — 37 20 14 e tr 1 tr 1 Zr tr
D-26-96-61  52°P16'N,;669521w, 43 T~ 14 5 15 16 ¥ tr Zr tr
D-31-116-61 52926'N, ;66°36 1/2'W. 13 — 31 L tr tr 2 Zr tr,Serp tr
D-31-119~61 52926 1/2'N,;66°36 1/2'W. - 9 12 109 2% tr  tr tr Zr tr
Mean L5,k 22,5 17.9  H.% 6.8 C,5 0.4 0.6 0.4 0.9
Mean Deviation 6.0 8.8 6.9 3,3 5.5 0O 0.2 0.6 0,2 C.h

(c) Mine-al Compositions of Hornblende-garpet Rock East of Moisic River
C-40a-215-61 53°23'N,66%32 1/2'W. 27 — 7 53 12 tr Sph tr
C-41-219-€1 520247N, ;66933 "W, 56 - 11 0013 2 tr  tr Cark 8,Zr tr
C-w2-223-61 52°024TN, ;66935 W, Vo e 7T 8 9 25 1 5 Scap 3,Py tr
D-39-1%6-61 52°17'N,;66%30W. 42 — 8r 29 1 18 1 1 Sph tr
Mean (except C-41-21G-61) 36.3 - - 5,0 1%.7 2,1 - 18.3 0.6 2.0
Mean Deviation (except C-41-219-61) 6.2 ~ - 1.7 10.6 21.3 - &k 0.5 1.8

Remaxks

W. of Molsie near basic sill
Granltized paragnciss
Granitized parzgneiss

K-spar antiperthitic

Hnp altered to Chl
Unsegregated
W, of Meoisie near pasic sill

Banded

{Scarn rosk?)

- 4z



Mineral Compositions of Distinctive Rocks above Gagnon Group

Table 7

(a) Rusty-weathering Graphitic Schist

An
Section Location Plag 20 30 40 K-spar Qtz Bio Hnb Garn Ky Graph Epi Ap Zz
C=3-21-60 52920 N, ;67903 W. 40 — = 5 15 25t 10 tr 3
C-37-234-60  52018'N.;67°1h 1/2'w, 32 — 23 17 18T 3 3 tr tr
*C-39-254-60  52°16'N,;67°20'W, 56 — 2 21 13T 3 2 tr 2 tr
L-6-30-€0 529307N, ; 67°11 "W, 46 16 23% 7 B tr tr
G-2-5-60 52021 'N. ;67°03'W. 52 = 1% 217 11 1 tr
C-16-71-61 52024 1N, ;66950 3/L W, 37 - 42 19T 2 1 tr tr
C-18-84-61 52022 1/2'N.;66%47'W, 48 = 7 30 10T 3 tr tr tr tr
axC-29-152-61 52017 1/2'N.; 6646w, 33 —t 23 17% [ tr tr
Mean 45,5 4,6 22.3 18.0 5.6 1.9 0.5 0.2 0.4 C.
Mean Deviation 6.9 5.3 7el 3.8 2.9 1. 0.8 0.3 0.50C.
(b) Quartz-mica-kvyanite Schist
C-20-126-60  52°15 1/2'N,;67°04 "W, 257 ? 50 8T 15 3
C-5-13-61 52032N, ; 660511, 5 50  25% 5 8 1 2
C-7-23-61 52930°N. ; 66°48 1 W, 47 13 ooy tr tr
C-16-73-61 52924 N, ; 66°49 1/M1 W, 60 207 5 12 tr tr
Mean 7.5 o) .7 16.5 3.5 9.8 1.2 c.5 0.
Mean Deviation 8. o] .8 5.7 1.8 3.8 0.9 ¢.8 0.
# K~-spar antiperthitic
wx East of Moisie river
nblende-garnet Rock (West of i iver)
L-17-65-60  52°16'N.;67°00 1/2'W. 35 - 15T o) 20 tr 2 tr
G-32-99-60  52°15 1/2'N.;67°22'W. — [ 7 29
C-2-4-61 52031 3/4'N,;66°50' W, 5 — 7 1 60 15 tr
C-10-36-61  52028'N.;66°51 3/4'W, 47— 1T 3% 6
C-10-37-61  52°28'N,66952'W, 10 — 17 24 31
C-11-42-61  52°27 1/2'N.;66%461W, tr 0 20 tr tr
D-2-7-61 520321'N, ;66955 W, 10 10 60 12
D-7-27-61 52030 1/2'N. ;6645 W, 5 1 21 3 37
Mean (except D-7-27-61) 1646 4,8 3.3  37.9 .0 Cu Cul
Mean Deviation 13.9 5.5 4,0  19.0 .9 0.5 0.2

Sphene 3,Mag 2,Carb tr
Mag 1,Rut 1

Sph tr

Trem 7,Mag tr,Carp 5
Opaque tr,Rut tr, Opx 1
Opaque 5,Carb 1

Py 1,Sph 3,Scap 9,Carz 4

- 9c



- 27 -
Quartz-mica-kyanite Schist

In the eastern part of the area the graphite schist gives place
to a quartz-rich mica-kyanite schist. A continuous layer of this schist trends
southward from Gentilhomme lake. It is a tough rock which forms rounded out=-
crops and caps the highest hills in the area, Quartz is the major felsic
mineral, Coarse-grained muscovite occurs with the biotite, and pink garnets
are present in most samples. Some varieties are graphitic and rusty weather-
ing. Feldspar is notably rare. Deep blue laths of kyanite up to 1 inch long
stand in relief on weathered surfaces., The kyanite is concentrated near
layers and pods of glassy quartz.

Composition estimates of four thin-sectlons are given in Table
7bs A typical composition would be: O-15% plagioclase, 48-55% quartz, 10-22%
biotite, 2-20% muscovite, 2-6% garnet, 6-14% kyanite, a trace to 2% graphite,
and minor apatite and zircon. A good foliation results from the alignment
of mica and kyanite tablets, and elongate lenses of quartz (Plate IXA). The
foliation flows around porphyroblasts of garnet or clots of kyanite and
quartz, Biotite is red~brown and commonly grows together with muscovite or
graphite. Quartz is very clear and unstrained. Garnet is poikilitice

Before metamorphism this rock was probably an aluminous shale,
It is interesting that alumina~rich beds closely overlie the alumina-poor
iron-formation. A period of chemical erosion with deposition of lron-
formation., A period of chemical erosion with deposition of iron from solu-
tion, followed by uplift and transport of the clayey residue, would result
in this sequence.

Hornblende-garpnef Rock

The mica-kyanite schist.is commonly overlain by a massive,
black rock composed essentially of 2 to 4 mm. grains of garnet and hornblende,
plus some plagioclase and pyroxene, The garnet is evenly distributed through
the rock, and is commonly coated with a thin crust of plagioclase. Plagio-
clase may also be concentrated in thin lenses and bands, giving the rock a
weak foliation,.

The best exposures are found in the syncline west of Gentilhomme
and Moisle rivers where it stands as hills, although it crumbles into coarse
sand where exposed to weathering, Although the upper gneisses of the Gras
Lake sheet are rich in both hornblende and garnet, little of the true horn=
blende~garnet rock was found there.

Thin-sections show the biotite to be red or brown. Hornblende
is pleochroic from X = yellow-green to Z = deep bluish green or in places
brown, and has an extinctlon angle of 24 to 299, It is generally anhedral
and embayed by feldspar, but may also grow as euhedral grains in pyroxene.
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Most of the pyroxene is colorless to light green diopside or augite, with
extinction angles ranging from 35 to 65%° In most samples part of the
pyroxene is replaced by a colorless or light green amphibole with an
extinction angle of about 18° (actinolite), which grades outward into the
usual green hornblende. Garnet is pink, commonly poikilitic, and rimmed
with plagioclase (Plate IXB). Some of the plagioclase is zoned, with cores
of composition An3p grading into borders of Ang3e

Mineral compositions of eight thin-sections of hornblende-
garnet rock are given in Table 7c., One of these samples is partly altered
to epidote, scapolite and carbonate. An average composition of the unaltered
sections is: 3-30% plagioclase, O-10% quartz, O-7% biotite, 19-57% hornblende.
12-26% garnet, -24% clinopyroxene, and minor amounts of opague oxide, car-
bonate, apatite, zircon and sphene,

A band of basic gneiss similar to the above rock occurs with the
potassic gneisses near the eastern edge of the area, Mineral compositions of
four thin-sections are given in Table 6b. Typical specimens of this rock
contain: 30-42% plagioclase, 3-7% red biotite, 7-24% hornblende, O-42¢ clino-
pyroxene, 1l4-23% garnet, a small percentage of opaque oxidss, and traces of
apatite and sphene, Most samples are rich in pyroxene or amphibole but not
in both. The pyroxene is light green, with an extinction angle of 50°, and
is partly replaced by green or brown hornblende. Garnet may be replaced by
biotite and feldspar, and both garnet and hornblende are poikilitice

Gagnon Group

Ceperal

The Gagnon Group consists of three formations: the Dualey marble,
the Wapussakatoo quartzite, and the Wabush Lake iron-~formation., These for-
mations, named by Gastil and Knowles (1960), are mainly chemically precipi-
tated sediments of the Labrador trough which have been metamorphosed by the
Grenville orogeny. Rocks of this type occur through a belt extending from
north of Wabush lake to Matonipi lake, a distance of about 170 miles. The
group takes its name from the iron-mining town of Gagnon, situated near the
center of the belt. It appears to lie conformably on the homogensous biotite
gneisses, and to be conformably overlain by other gneisses and schists.

Unit thicknesses are variable and any formation may be missing,
Generally the marble and the quartzite underlie the iron~-formation. There
are two major facies of iron-formation —— oxide, and sllicate-carbonate
facies, A third facies containing olivine and no quartz completes the
sequence.

Ore~grade material is generally confined to the oxide facies.
The type of sedimentation was controlled largely by the abundance of oxygen
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at the place of deposition. Where oxygen was plentiful the oxide facies

was deposited, accompanied by quartzite, with or without marble. In oxygen-
deficient circumstances the silicate-carbonate facies and marble were depos-
itede The kinds of sedimentary rock accompanying the iron-formation, and
the various facies of the iron-formation itself, in the district between
Mount Wright and Mcunt Reed are shown in Figures 6 and 7 (attached), respec-
tively., Similar facies maps covering the area between Carheil and Wabush
lakes were published by Gastil and Knowles (1960).

The zone containing the oxide facies iron-formation and quartz-
ite trends NE.,-SW,, close to the main Archean-Proterozoic contact. During
deposition of the Gagnon Group the Proterozoic shoreline apparently lay
close to the present Archean-Proterozoic contact., Near shore the iron-forma-
tion is underlain by gneisses derived from detrital material, In quieter
waters to the southeast, chert and then limestone were laid down. The facies
pattern of the iron-formation i1s similar, with oxide facies in the northwest
grading into silicate-carbonate facies to the southeast, Graphite and pyrite
indicate reducing conditions in the eastern part of the present area,

In this area the oxlde facies of iron-formation occurs near Don
and Hippocampe lakes, south of Demi-Mille lake, and near Fire and Midway
lakes. Quite continuous layers of silicate~carbonate facies iron-formation
and associated marble run aleng Pékans and Gentilhomme-Moisie rivers, and
swing westward near the southern border of the area., Other occurrences are
in the synclines near Lamélée, Hobdad and Midway lakes,

e Dl

Marble, the most abundant formation of the Gagnon Group, occurs
principally in the valleys of Pékans and Gentilhomme rivers, and in the band
trending westward from the south end of Gras lake, It is a coarse-grained,
equigranular rock, buff to white on the fresh surface and weathering black or
in iron-rich varieties, cocoa-brown (Plate IVA). Because of its massive
nature and solubility the marble tends to form blocky outcrops,.

Quartz, phlogopite or calcium amphiholes and pyroxenes form up
to 604 of the rock, and most exposures contain from 10-30% of these minerals.
They occur as discrete grains, or in layers several inches thick, which
follow original bedding or later fractures. The long axes of amphiboles and
pyroxenes are commonly aligned parallel to the regional foliatione. The
carbonate portion is mainly dolomite with O-5% calcite disseminated through
it or concentrated beside the silicate minerals.

In the iron-rich varieties of the marble, the calc-silicates
are green diopside or actinolite, rather than colorless diopside and tremo-
lite such as occur in the more commnon varieties,
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Visual estimates of the composition of nine thin-sections of
marble are given in Table 8a. The first, second, fifth and sixth samples
are from silicate~rich bands and do not represent the composition of the
marble as a whole. Actually, a thin-section is too small to give an accurate
measure of the composition of the coarsely layered marble. Twelve calcites
from the Gras Lake - Félix Lake, and Normanville areas were X-rayed, and all
found to contain less than 3% MgCo3 in solid solution {(Clarke, 1964).

Wapussakatoo Quartzite

Quartzite occurs with the iron-formation near Don, Fire and
Midway lakes, and in minor amounts near Carheil and Moisie rivers., It is
thinner than the quartzite near Mount Wright and Wabush lake, generally
measuring 10 to 50 feet thick. Most occurrences are medium or coarse grained,
white or gray in color, and show a coarse layering, It may also be coarsely
recrystallized resembling vein quartz, or mica-rich and schistose., Original
bedding gives rise to a strong joint set, and faint color bands. The contact
with the marble is abrupt and apparently conformable, whereas the contact
with the iron-formation is gradational.

In addition to quartz, the quartzite contains minor amounts of
hematite, cummingtonite, carbonate, mica, tourmaline, zircon, rutile and, in
the eastern part of the area, graphite and pyrite. Table 8b gives estimates
of mineral compositions of five thin-sections., Sample C-29-179-60 is grada-
tional with iron-formation, and C-30-153-61 is strongly sheared and altered.
In thin-section, the quartzite is made up of a mosaic of 0.5 to 2mm. quartz
grains., The grains generally have sutured borders and show undulose extinc-
tion in segments set at an angle to the foliation. The minor minerals occur
petween the quartz grains or included in them, Elongate or foliate minerals
such as amphibole, mica, hematite, or graphite, lie parallel to the main
foliation,.

There is disagreement as to whether the quartzite is the meta-
morphosed product of a clean guartz sand or of a chert. Any distinguishing
sedimentary structures have been destroyed by metamorphism. From a study of
their zircons, Gross (1955) concluded that the Mount Wright quartzites are
derived from beach sands. Murphy (1961), after studying their carbon content,
concluded that they are metamorphosed cherts. Additional evidence of their
development from chert is the gradation between quartzite and iron-formation,
and the similarity between the quartzite and the quartz bands in the iron-

formation,

In the less metamorphosed part of the Labrador trough the iron-
formation (Sokoman Formation) is underlain by both chert (Fleming Formation)
and quartz sandstone (Wishart Formation). Most likely the same situation
existed where the rocks were metamorphosed, and the quartzite originally
contained both cherty and sandy parts. However, the author believes that in
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Table 8

(a) Miperal Composjitions of Duley Mazble
Sample Locatjion Qtz Opx Cpx Cumm rem Carb Mag Hem phlg Otherg Remarks

C-1-5-60 52°15'N,;67°05 1 W. Lo 4o 15 5 Cpx may be white or green
T-6-34-60  52°28'N.;67°10'W, tr 75 15 10 Hand spec. has 0% carb
C-30-185-60 52026'N, ;67°20 1/2'W. 2 90 1
C-39-250-60 52017tN, ;67920 1/2'W. 1 95 3 Chll
D-26-100-61 52°15 1/4'N.;66%%47 1/2vw, 65 1 Talc 10,Antig 25 Talc and antig after olivine
D-26~101-61 52°15 1/4'N.;66°47 1/2'W, 10 50 10 10 Flag 20
C-5-18-61  52%31'N.;66°51 1/2'W. 1 3 8 85 1
C-8-27-61 52033'N, ;669591 W, 1 2 96
C-16-74-61 52024 TN, ; 66481 W, 100 Dol 95%,Cal 5%

(b) Mineral Compes:tions of Wapussakatoo Quartzite
C-14-73-60 52°29'N.;67905'W. 93 4 ? 2 Rut tr
C-29-179-60 52°21'N, ;67023 W, %0 tr 5 Anth 3,Musc,Zr,Ap,Tour tr
C-30-153-61 52015 1/2'N.;66°48'w, 70 Bio 7,Py 3,Gr 9,Garn 10  Sheared and altered
C-32-169-61 52215 1/2'N,.;66°53'W, 95 tr 2 Gr 3
D-32-120-61 52026 1/2'N,;66C431W, 99 Epi tr

(c) Mineral Compositions of Wabush Iron-formation {Oxide Facies)
C-36-227-60 52027'N.;67°20 1/2'W, 60 40
C-47~-297-60 52°30'N. ;67926 1/2'W, o] 15 Musc 20,Bio 2,Tour 1,Zr 1
75

C-9-32-61

52028'N, ;660591 W,

10 tr tr

15

_TE‘_
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the present area, containing the quiet-water facies of the iron-formation
sequence, most of the quartzite is recrystallized chert.

Wabush Lake Iron-formation

Oxide Facies

This facies, the economically important member of the Gagnon
Group, occurs in the Don Lake and Demi-Mille Lake bands, at Fire lake and,
to a lesser extent, on Hobdad and Lam#lée hills, east of Midway lake, and
south of the westward bend in Petite Manicouagan river.

The iron occurs as blue-gray specular hematite or black magnet-
ite, depending on the oxidation state of the original sediment., The quartz-
magnetite facies of ilron-formation is gradational between the quartz-
hematite and silicate-carbonate facies,

Most outcrops are banded, with 1/4- to l-inch layers of mixed
quartz and hematite alternating with layers of gray glassy quartz. Thin layers
or streaks of green actinolite may occur beside the hematite bands, and cum-
mingtonite or hypersthene accompanies the magnetite, Quartz-magnetite iron-
formaticn is generally finer grained, more massive, and thinner than the
quartz-hematite type., The iron-formation contains between 10 and 45% iron
oxide, and generally averages about 30%.

Thin-sections show layers of mixed quartz and fine-to medium-
grained (0.2-2 mm,) hematite or magnetite alternating with thicker layers of
quartz., The quartz has a weax undulose extinction and a mosaic texture, and
may be slightly elongated parallel to the foliation., Hematite forms coarse
tabular grains parallel to the foliation, or finer grains included in the
quartz, Magnetite forms equant anhedra, which are commonly rimmed or veined
by hematite., Minor amounts of carbonate, mica, actinclite, cummingtonite,
hypersthene, tourmaline and zircon make up the rest of the rock.

Table 8¢ gives compositions of three thin-sections of oxide
facies iron-formation — two hematite-rich and one magnetite-riche. Sample
C-%7-297-60 is gradational with the overlying mica schiste. The tourmaline
occurs in the micaceous parts of this rock. The zircon forms small grains
with a length to width ratio of about 3:l.

Silicate-carbonate Facies

This rocx occurs with the Duley marble in the Pékans River
valley, west of Carheil and Moisie rivers, southwest of Hope lake, and near
Midway, Keg, Lamélée and Hobdad lakes. Measured thicknesses range from 4O
to %00 feet, the thickest being near Pékans river.
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It is composed essentially of quartz, a brown (hypersthene)
and a green (diopside-hedenbergite) pyroxene, cummingtonite, carbonate, and
magnetite, plus minor amounts of garnet and graphite. Its color is brown
or green depending on which pyroxene is predominant. The quartz and iron-
silicates form alternating layers or irregular masses (Plate IVB). Magnetite
occurs in both the quartz and iron~silicate portions. In some rocks carbon-
ate occurs as rusty-weathering bands or lenses. Carbonate-rich outcrops
are generally low in quartz. Most varieties of the rock are resistant to
erosion, and thus tend to form hills with good outcropse.

The silicate-carbonate facies of the iron-formation has an ex-
tremely variable composition, Field data give the feollowing range in compo-
sition: 10-30% orthopyroxene, O-40% dlopside-hedenbergite, 25-70% quartz,
0-10% carbonate, 10-30% cummingtonite, 5-10% magnetite, 0-5% garnet, and O-
3% graphite., These are common compositions, but any of the above minerals
may be absent from individual specimens. Table 9a gives estimated mineral
compositions of 24 thin-sections of silicate-carbonate iron-formation. The
compositional range is large, and few of the individual sections are close
to the average.

The most common variety of the rock contains layers of medium-
grained (l.5 mm.) quartz with minor pyroxene and magnetite, alternating with
fine-grained (0.5 mm.) quartz and about 35-50% pyroxene, with or without mag-
netite. The quartz layers are made up a mosaic of equidimensicnal grains
with sutured borders, and generally even extinction (Plate VIIIB). The ortho-
pyroxene is brownish pink, orthorhombic, optically negative, and not strongly
pleochroic. It ranges in composition from ferrohypersthene to eulite, and
commonly forms large (2-4% mm.) poikilitic grains. The green pyroxene is
monoclinic with an extinction angle of 42 to 55°. It is optically positive,
and has a strong basal parting. Most of the clinopyroxene is ferrosilite,
but some is salite. Cummingtonite commonly replaces the hypersthene, but may
also occur as discrete grains in the silicate layers. It is colorless to
light brown, with polysynthetic twins inclined to the ¢ axis, and has an extinc-

tion angle of 17 to 23°., Carbonate is generally partly altered to limonite.

Magnetite makes up 5-10% of the rock, but is more abundant in
the western part of the area. It reaches 30% over thicknesses of 20 to 30
feet in the small synclines southeast of Demi-Mille lake, south of the south
bend of Petite Manicouagan river, and on Hobdad and Lamé&lée hills.

Qlivine-pyroxene-carponate Facies

A distinctive rock characterized by large pyroxene porphyro-
blasts, and olivine grains set in a groundmass of chlorite or amphibole,
occurs in places at the top of the iron-formation, This rock was found at
the south end of the Y-shaped lake lying between Gras lake and Pékans river,
at the top of Hobdad and Lamé&lée hills, and in the southwest corner of the

area.




Iable 9

(a) Mineral Compositions of Wabush Iron-formation (Silicate-carbonate Facies)

Sample Logation Qtz  Opx Cpx Cunm Carb Mag Qliv Antig $hl  Others Remarks
C-1-1-60 52%16N, ; 67006 W, 3 65 25 5 2 Otc. has Qtz 50,Cpx 40,0px 10
C-1-3-60 52016'N. ; 67905 W, 2 L5 6 35 7 Scap 4
C-2-13-60 52017TN, ;67002 W, 60 30 10
C-3-16-60  52°19'N, ; 67°04'W. 55 12 23 5 Gr 5
C-3-18-60  52°197N,;67°03w. 65 8 7 Bio 5,Hnb 15,Garn 2
C-6-35-60 529281N,; 07909 1/2'W. tr 75 10 15 tr Hd.spec.-Cpx 45,0px 35,Mag 10
C-10-59-60  52°28'N, ; b7°04 W, 75 5 Bio 5,Gr 5,Garn 10
C-13-67-60  52°28'N, ;67°00'W. 15 70 8 5
C-19-111-60 52923 1/2'N,;67°05'W. L5 40 5 2 Gr 3
C-26-162-60 52°17'N,;67°12 1/2'W. 50 20 25 5
Cu34-212-60 52°26'N,;67°16 1/2'W, x X x x Section not representative
£-35-217-60 52°26'N,;67°17 W, sk 15 2 2 11
C-35-222-60 352°26'N.;67°17'W, '} 10 20 3 25
C-39-251-60 52°17'N,;67°20 1/2'W. 50 40 10 1 Lim tr
c-40-256-60 52°16 1/2'N,;67°251W. 15 30 2 5 50
C-il-272-60 52°22'N, ;6728 W, 46 37 13 1 Lim 1,Py 1,Minn tr
C-44-277-60 52°217N,;67928 1/2'W. 40 30 7 3 15 Chl 8 Representative
L-3-10-60 52°15N, ;67905 W, 5 60 0 tr Gr 2 Comp, from hand spec.
D-1-4-61 529327N, ;66956 1/2'W. 70 25 3 2
D-24-Bhe61  52018'N.; 6649 W, 8 25 30 plag 8,Bio 1,Garn 27
: C-12-48-61  52°27'N. ;6649 W, 85 5 1 10 tr Gr tr,Bio tr
‘ C-16-77-61  52°24'N,;66%u6'wW, 89 6 1 " tr Gr 1,Ap tr,Stilp tr
: C-18-83-61  52°23'N.;65°45 1/2'W. 60 40 tr
; C-32-170-61 52°15 1/2'N.;66°53'W, 62 6 31 1 Gr 1/2
‘ Mean of 23 32.% 30.5 11.2 7.5 5.1 5.8 .6
Mean Deviation 27.7 23.7 11.8 7.7 6.0 7.0
{b) Mineral Compositions of Wabusn Iron-formation (Olivine-pyroxene-carbonate Facies)
C-6-36-60  52°27'N.;67°091W, L5 3510 10 Bio tr Carb pod in I.F.
G-38-246-60 52°16'N, ;67°281 W, 10 3 15 g Hnb 65,Spinel tr Opx ens? Pigeonite?
C--273-60 52°22'N, ;67°28' W, 35 5 27 9 17 Bio 7,Spinel 2,Zr tr,Garn tr

C-46-284-60 52°251N, ;67929 W, 3 7 1 50 35 Lim 2,Garn 2

_.*_‘g..
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The rock is coarse grained, dark green to black, and rusty
weathering. Some varieties are tough and resist weathering; others weather
easily, leaving the pyroxenes projecting from the surface. South of Petite
Manicouagan river the rock is cut by thin stringers along which the pyroxene
is altered to hornblende and garnet, In shears the rock alters to soft chlo-
rite schist.

Table 9b gives the mineral compositions of three thin-sections
of the rock and one comparable section from an olivine-carbonate pod in the
common type of silicate-carbonate iron-formation. These rocks are character-
ized by the presence of olivine or its alteration products, and by the
absence of quartz., In general, the composition of unaltered sections falls
in the range: orthopyroxene, 17-%3%; dolomite, 10-44%; olivine, 7-15%;
magnetite, 10=144; up to 5% cummingtonite; and traces to a few per cent of
biotite, garnet and spinel, The orthopyroxene and cummingtonite are richer
in magnesium than the usual silicate iron-formation. The orthopyroxene is
bronzite, generally full of schiller magnetite. Olivine is optically negative,
has a 2V of 709, and forms rounded grains which may be colorless or reddish
brown. The brown color seems to be a staining or an alteration product, but
does not affect the optical properties of the mineral. Chlerite, carbonate
and, in one thin-section, hornblende form the groundmass separating clots of
olivine and orthopyroxene., Garnet and green spinel are accessories,

Lam&lée and Hobdad hills are capped by a striking variety of
this rock, termed *thobdadite'. It is made up of 3-inch rosette-like nodules
of gray hypersthene set in a groundmass of green chlorite and buff iron
carbonate (Plate VA). Some of the chlorite flakes have been bent by the
growing hypersthene. In places the rock is sheared, with accompanying devel-
opment of fibrous brown cummingtonite and brittle green mica., This variety
of iron-formation was first described and named by Kranck (1961).

Forty-one samples of silicate iron-formation, well spread over
the Gras Lake - Félix Lake, and Normanville (Clarke, %) areas, were chosen
for further study. The refractive indices of cleavage fragments of their
amphiboles and pyroxenes were determined, and partial analyses of coexisting
pyroxenes of six of the samples were made. These pyroxene compositions are
plotted in Figure 8, Tie lines join coexisting pairs of pyroxenes, The great
majority of the pyroxenes lie within the composition range: enstatitelg_lL3-
ferrosilite81_57,and diopsid92 _ 8-hedenbergite73_42. In coexisting pairs
the clinopyroxene generally has a slightly higher Mg**:Fet* ratio than the
accompanying orthopyroxens. The Mgt*:Fet¥ratio is also greater in diopside
than in coexisting cummingtonite, and greater in cummingtonite than in co-
existing orthopyroxene. Earlier work by Kranck (1961) on samples collected
near Fire lake and Mount Reed and that by Mueller (196l) on samples from Bloom
lake in the Normanville area show similar compositional range and Mg*t:Fe**
distribution. The relative concentration of Mg++in the calcium=rich sili-
cate has been explained by Ghose (1962), He shows that Fe** fits better than




Mg

* Optical determination 4 Chemical determination
FIGURE 8

COMPOSITIONS OF COEXISTING PYROXENES FROM WABUSH LAKE IRON-FORMATION

D.N.R.Q. 1965 B-B56
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*+ in the structural site generally filled by ca*t in amphiboles and py-

Mg
roxenes. A mineral that contains little calcium, such as cummingtonite or
orthopyroxene, will have this site free to accept Fe*+,and thus will have a
lower Mg:Fe ratio than a coexisting calcium-rich pyroxene or amphibole,

The Mg:Fe ratio of the silicates studied was plotted on a
small-scale location map, but no systematic areal variation was apparent.
There may be a stratigraphic variation but sampling was not detailed enough
to determine it., K.L. Chakraborty®™ made a detailed study of the iron-
formation in the nearby Wabush Lake deposits, There it changes from carbon-
ate, through silicate, to oxide facies, in places within 10 feet, and the
Mg:Fe ratio in cummingtonite varies in the same distance from 11/89 in the
oxide to 21/79 in the carbonate facies.

Intrusive Rocks

General
2ehera.

Two main families of igneous intrusives are recognized in the

Gras Lake - Félix Lake area. They are: 1) granitic (quartz monzonite) sills
injected mainly into the lower gneisses, and 2) a basic suite (Shabogamo)
comprised mostly of gabbro but with associated ultrabasic, intermediate and
acidic differentiates., The granitic rocks are scattered through the western
part of the area, and the basic suite occurs mainly east of Mecisie river.
The granitic rocks and the acidic intrusives derived from the gabbro are
described together for comparison.

Quartz Monzonite

Bodies of pale pink, generally gneissic granite, or more cor-
rectly quartz monzonite, occur throughout the western two-thirds of the area.
They are most abundant in the lower gneisses but also intrude rocks of the
Gagnon Group and the upper gneisses. Most of the contacts are conformable,
and the bodies appear to be lenses or sills from tens to thousands of feet
wide., Foliation is parallel to that of the enclosing rock. Few of the
quartz monzonite bodies are homogeneous; most contain remnants of gneiss,
and in places grade through migmatite into gneiss,

Table 1lOa gives estimates of composition of five thin-sections
of the quartz monzonite. An average composition of these rocks is: plagi-
oclase (Angh_30), 22-50%; microcline, 18-38%; quartz, 20-27%; biotite, 3-5%;
muscovite, O-5%; and small amounts of hornblende, garnet, epidote, apatite

¥ personal communication at the Geological Survey of Canada €1902).
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and sphene., The plagioclase feldspar is commonly sericitized, but the
microcline is invariably fresh. Microcline exsolves from, and replaces,
the plagioclase, The plagioclase may also be replaced by large flakes of
muscovite. A rim of albite separates microcline and plagioclase. Biotite
is generally light brown, and occasionally chloritized. Hornblende has the
pleochroic formula: X = yellow; Y = green-brown; Z = slightly bluish green;
and extinction angles ranging from 17 to 320, Most grains are anhedral and
embayed by feldspar,

The quartz monzonite differs from the lower gneisses in having
less mafic minerals, and a higher proportion of potash feldspar. It was
probably formed by partial remelting of the lower gneisses, followed by
injection of the fluid portion. The fluid alsc mixed and reacted with the
country rocks, forming migmatites and hybrid gneisses. Sample L-35-145-60
is an example of a hybrid rock formed by the action of potash fluids on a
hornblende gnelss,

Where iron-formation was injected, large red garnets developed.
Local concentration of iron and reduction of hematite to magnetite took
place at the granite contact. A very iron-rich quartz-hematite-magnetite out-
crop 1 1/2 miles south of Keg lake probably formed in this way.

Granite East of Moisie River

The granite found east of Moisie river is pinkish gray and is
distinguished from similar rocks by fine speckles of red stain, in places
surrounding black non-metallic cores (allanite), These "granites" include
gneissic types, but most are fine grained and massive, They weather white
or red. About the same amounts of microcline, quartz and plagioclase occur
in this granite as in the quartz monzonite in the western part of the area;
however, the plagioclase of the granite is more albitic. Also, in contrast
to the monzonite, the granite has about 1% opaque oxide, large euhedral
zircon crystals, and extremely pleochroic biotite and hornblende. Its plagi-
oclase has well developed albite twins, and microcline is twinned in an even
cross-hatch pattern. Mineral compositions of six thin-sections are given
in Table 1Ob. Average rocks from this group fall in the compositional range:
plagioclase (An5_2o), 25-47%; microcline, 27-33%; quartz, 20-33%; 1 or 2%
biotite; 1% magnetite or ilmenite; and traces of apatite, sphene, zircon and
allanite, Some samples contain hornblende or muscovite. These minerals
also occur in the acidic orthogneiss described below and it seems possible
that both types of rock are genetically related.

There is a zone of red-stained potash-metasomatized paragneiss
lying east of Moisie river between the outlet of Félix lake and the southern
border. This gneiss, which contains a small amount of igneous granite, was
probably formed by fluids rising up a major break lying along Moisie river.



Iable 10

Mineral Compogitions of Acidic Ignecus Rogks

(a) Quartz Monzonjte

n

Sectieon Location Plag 1o £ 30 40 K-spar gtz Bio usc  Hob  Qpx Cpx Garn Epi OQOpaque Sph _Ap  Zr Others

C-24-136-60 52°18'N. ;67915 1/2'W. 20 - 45 25 5 2 2 tr tr  tr
C-44-275-60 52%21 1/2'N.;67930C 1/2'W. 42 — - 26 22 3 5
L-35-145-60 52°25'N,;67°27'W, 30 A 21 22 3 21 1 1 tr tr
G-5-16-60 52°19'N, ;67%02' W, 25 - - 35 30 5 1 1 1 chl 2
C=30-196-61  52°17'N,;66°49'W, 66 - 13 18 Y tr X tr _tz Chl 2
Mean 36.6 28,0 23.4 4.0 1.0 4,8 0.7 0.3 ok 0.3 0.5
Mcan Reviation L4l Qa6 o3 16 1.6 7.5 a7 _Qul 0.5 0,2 Q.2

g (b) Granite East of Moisie River

: C-15-88-60  52°17'N.;67°08'W, 15 " 35 25 15 5 g tr o tr

: C-28-142-61  52°17'N,;66%%1 W, ha— 29 26 2 tr tr tr o tr
C-39-205-61  529211N, ;6630 1/2'W. 57 — 24 13 1 1 1 tr  tr
C-40a-213-61 52923'N, ;650321W, b3 — 32 23 1 tr 1 tr tr
C-42-202-61 5p922'N, ;66%43 1w, 32— 32 33 1 1 tr
C-43-228-61 52004'N, ;66%u4 1y, 29 27 L1 1 tr tr tr tr Chl 1
Mean 36.3 29.8 26,8 3.7 0.8 0.2 1.5 tr tr
ean Deviatjon 11,0 3.2 6,8 4,0 1.4 0,3 lel O 0,1

() Acidic Orthogneiss Associated with Gabbro

i C-15-90-60  52°16 1/2'N.;67°08'w, 35 - % 25 6 20 tr 2 5 5

: C-24-122-61 52915 1/2'N.;66°40'W, 47 = 4O(1/3 plag) 2 tr [ 6 1 tr
C-25-129-61  52°15'N,;66°391w, 1 = 66(1/3 plag) 16 tr L tr tr tr tr
C-26-131-61 52°17'N.;66041 1/2'W, 31~ 42(1/% plag) 3 2 5 7 7 2 1 2 tr
C-29-148-61 52°16'N, ;66043 3/4'W, 3% - 48(1/4% plag) tr 1 2 4 5 tr 1 1 tr
C-29-149-61 52016'N,;66%44 1/2'W, 38 - 48(1/2 plag) tr 6 1 4 3 tr 1 tr  tr
C-33-177-61 52°19 1/2'N.;66%40 1/2'W. 12 = 57(1/% plag) 25  tr 2 tr 1 tr tr tr  tr  otr
Mean 30.4 43.6 9,9 L.k 5.7 1.6 2.9 2.5 1.0 0,8 1.4 tr
Mean Deviation 10.0 13.0 0.4 1.4 b2 1.7 2.1 L9 Q.3 L2 1.3 o.l

|
i
]
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Acidic Orthogneiss Associated with Gakbro

A third type of acidic intrusive occurs; it is associated with
the gabbro in the eastern part of the area., This is a medium-grained ortho-
gneiss containing lenses of gray quartz and mafic minerals set in a matrix
of sugary brown feldspar. Owing to its dark color and the sugary texture
of its felsic minerals, the orthogneiss megascopically resembles the Archean
granulite, but the two are easily distinguishable in thin-section, The
orthogneiss is much younger than the granulite and occurs in a different part
of the area,

Most samples are slightly gneissic, showing thin bands of mixed
mafic and felsic minerals alternating with thicker felsic bands, or a pre-
ferred orientation of mafic speckles or quartz lenses.

Table 1Oc gives composition estimates of seven thin-sections
of the rock. Most samples contain: plagioclase (AnlO—lS)» 20-40%; perthitic
microcline, 30-56%; quartz, O-20%; biotite, O-3%; hornblende, 2-10%; hyper-
sthene, O-3%; aegirine-augite, 1-5%; garnet, 1-4%; about 1% opaque Oxide;
and traces of apatite, zircon and sphene,

Microcline perthite forms 1.5 mm. equant grains in which the
plagioclase fraction forms fine lamellae or is exsolved to grain boundaries.
One-quarter to one-half the volume of the perthite is plagioclase. Plagio-
clase occurs also as 0.2 to 0.5 mm. clear equant grains interstitial to the
perthite (Plate XB), It is more albitic than the plagioclase found in any
of the other rock types. Biotite and hornblende both have very strong pleo-
chroism. Biotite is pleochroic from yellow to black, and hornklende, from
brownish green to very dark brown. Hypersthene is weakly pleochroic from
pink to green., The clinopyroxene is light green to bottle-green aegirine-
augite, with an extinction angle (ZAc) of 53 to 62°, In two thin-sections
the clinopyroxene contains lamellae of orthopyroxene, such as form on rever-
sion of pigeonite to two pyroxenes (Hess, 19%1)., Small dark red garnets
grow in the centers of plagioclase clusters; they were never seen in contact
with microcline, Zircon occurs as large euhedral crystals associated with
the opaque oxide. Some of the hypersthene has altered to a yellow or light
brown, uniaxial negative mineral (hematite?). For a rock rich in potash,
biotite is rare, probably because little water was available at crystalli-
zation.

The acidic orthogneiss is set apart from all the other rock
types by its very perthitic microcline, but is associated with the othexr
members of the basic suite in containing extremely pleochroic biotite and
hornblende, and relatively large amounts of opaque oxide and zircon. The
refractive indices of its biotite (ny = 1.68-1,70), hornblende (nj = 1.70-
1.72, np = 1.71-1.73), and garnet (n = 1.81) are higher than those of the
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other rock types. The intergrown character of the feldspars indicates that
the rock cooled quite quickly and in a dry environment from temperatures
high enough to dissolve much of the plagioclase in the microcline, The rock
is a high-temperature, water-deficient differentiate of the Shabogamo gabbro,.
The resemblance between the acidic orthogneiss and the Archean granulite
probably results from their both having crystallized in similar dry, high-
temperature environments,

Basic Intrusives

Coarse-grained coronitic gabbro, with some associated diorite,
occurs throughout the eastern part of the Félix Lake sheet. Smaller isolated
gabbro bodies have injected the Proterozoic rocks south of Gentilhomme lake
and west of Gras lake, Generally the gabbro forms long sill-like bodies
which stand as ridges above the surrounding gneisses (Plate XI). These rocks
are probably related to the Shabogamo gabbros described by Fahrig (1960).

The texture of the gabbro varies widely throughout the region.
It was originally ophitic, and near Mount Wright (Clarke, %), the ophitic
texture is still easy to recognize, Alteration accompanying the Grenville
metamorphism produced coronas of fine secondary minerals surrounding the
primary mafic ygrains. With continued alteration the primary minerals were
destroyed, and the rock became a brown pyroxene-garnet-feldspar yneilss.

Few gabbros in the present area have retained their ophitic tex~
ture, Those that have contain 1/4-inch laths of light green, altered plagio-
clase penetrating black pyroxene and biotite, Rims of fine, red garnets have
grown between the mafic minerals and the feldspar.

Thin-sections of the coronas (Plate XA) show olivine cores sur-
rounded by an inner layer of fibrous orthopyroxene, followed by fine-grained
secondary clinopyroxene or mixed clinopyroxene and uralite, and an outer layer
of garnet in contact with the feldspar. Rims of secondary amphibole and
garnet may also coat the pyroxenes and magnetite.

Two generations of plagicclase are present in the less altered
specimens. The primary laths are untwinned and are full of tiny tablets of
clinczoisite, which probably cause the green color seen in hand-specimen.
Clusters of small (0.5 mm.) polyhedra of clear, twinned, secondary plagio-
clase occur between the larger grains. These yrains are less calcic than the

primary plagioclase,

Where recrystallization is advanced, the garnet rims of adjacent
coronas may merge, forming networks or paths through a matrix of pyroxene and
feldspar, Further recrystallization is accompanied by the development of a
crude gneissosity parallel to the foliation of the surrounding rocks., The
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Mineral Compositions of Intermediate and Basic Igneous Rocks

(a) Intermediate Intrusives

An

Section Logcation Blag 10 20 30 40 K-spar Qtz Bic Hob Opx  Cpx Qliv Idd Garn Epi aque $Sph AR 4r
£-15-91-60 52°16 1/2'N.;67°07'W, 75 —~ tr 8 12 3 2
G-7-18-60 52017 1/2'N.;67°907'W. 58 — N 16 8 5 “r
D-36-133-61 52°17'N, ;66°34 W, 57 — 1/10 plag 5 9 1/2 1 13 12 1 tr tr
D-37-13%-61 52°16'N.;66°38"W. 60 — 1/15 plag 8 5 2 9 10 4 1
D-37-135-61 52°16'N.;66°38'W, 60— 13 2 11 5 3 2
Cc-12-53-61 52928'N.;66°51 1/2'W. 80 — 2 6 Y 1 3 tr tr 1r
Mean £5.0 1.1 8.3 6,.¢ 0.5 7.0 6.3 1.8 0.7
Mean Deviation 8.3 1.9 2.4 5.0 0.7 .3 3.1 1.3 0.6

(b) Gabbro and Altered Gabbro
%C-15-84-60 52°17'N.;67°071W, 20 - 10 20 12 10 7 5 10 5
C-15-87-6C  52917'N,;67°C7 W, 60 - 5 108€c 5 5 10 5
¥C-5-15-61 52031 1/2'N.;66%31'wW. 55 - 3 5 9 18 10
wC-5-16-61 52031 1/2'N.;66951'wW, 48 — tr tr 18 11 1 7 13 tr
C-26-132-61 52917'N. ;66041 1/2'W, 46 " 3 4 12 10 15 7
WC-26-133-61 52°17'N. ;6641 1/2'w, 53 " 3 3 5 2 13 tr
C-34-185-61 52°21'N.;66%39'W. €5 — 1 20 2 12 1 tr o tr
C-39-207-61 52°20 1/2'N.;66931tw. 56 — b 20 3 15 1
C-39-208-61 52°22'N, ;669331 4, 30 - 15 38 2 L 5 3 1
C-39-209-61 52°227N.;66°33" W, 55 - 5 10 7 17 2 tr otr
C-44-230-61 529287N.;66%°30"W, 45 = 7 11 14 20 2 tr
C-W-232-61 52°28 1/2'N.;66%31'W, 2§ - 5 2 2 29 25 7 1
C-44-233-61 52°28 1/2'N.;66°31'W, 60 — 15 2 2 7 12 tr
Mean 47,8 5.9 11,2 5.1 10.8 0.6 0.5 13.2 1.5 2.2 0.3
Mean Deviation 10.C 3.8 8.2 k.7 6,4 1,0 1.0 4,0 2.6 2.0 0,3
# Relatively unaltered
(c) Metsgsbbro Amphibolite

C-10-54-60 52°287N.;67°04 "W, 29 — 5 1% 34 8 7 2
C-15-80-60 52°17'N,;67°05 1/2'w., 23 - 515 50 2 2
C-29-176-60 52021'N. ;67923 W, 43 - 9 7 15 tr 13 6 2 1
C-lk-278-60 52°21'N. ;679291 W, 50 - 8 30 g 7 2
Mean 36.3 L,8 11.0 32.% 3.8 6.8 }.5 2
Mean Deviation 10.2 2.4 3.5 9. 2.8 % 2.3 0
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resulting gneiss has a matrix of plagioclase polyhedra and small euhedral
garnets enclosing streaks of clinopyroxene, biotite, hornblende and mag-
netite., Garnet may rim the mafic streaks. Large green euhedral porphyro-
blasts of aegirine-augite grow in some samples of the streaked gneiss.

Table 1lb gives the composition of 13 thin-sections of gabbro
and altered gabbro., Relatively unaltered samples in which an ophitic
texture can still be recognized are marked with an asterisks An average
composition for the gabbro in this table is: 38-58% plagioclase, 2-10% bio-
tite, 3-19¢ hornblende, 0-10% orthopyroxene, 5-17% clinopyroxene, up to 8%
olivine or iddingsite in less altered samples, 9-17% garnet, O-4% magnetite,
and small amounts of apatite, spinel and, in some samples, pyrrhotite. The
compositional range is large as the percentages include primary and second-
ary forms of feldspars, amphiboles and pyroxenes, and are averaged from rocks
in different stages of alteration,

The biotite in the gabbro is red~brown, with a refractive index
Ny = 1,645-1,670, Primary hornblende is pleochroic from yellow-brown to
dark brown, whereas secondary varieties are green., Green hornblende replaces
clinopyroxene, and biotite replaces orthopyroxene. In unaltered samples the
clinopyroxene is augite, with an extinction angle (Z,c) of about 50°, and
is full of dusty magnetite inclusions., In more altered samples from east
of Moisie river, green aegirine-augite, with an extinction angle (Z.c) of
about 65°, is more common. Some samples contain both clinopyroxenes, The
garnet always occurs as small clean euhedral grains, with refractive indices
between 1,777 and 1.783, and cell edges between 11.556 and 1l.575 Angstroms,

Intermediate Intrusives

Small parts of the basic sills in the Félix Lake area are made
up of syenodiorite. This rock is composed essentially of oligoclase with
biotite, hornblende, clinopyroxene and garnet in streaks or distributed
evenly through the rock, The syenodiorite differs from the gabbro in having
more plagioclase and biotite, and less amphibole, pyroxene and garnet, The
plagioclase is more sodic than that of the gabbro,

Compositional estimates of six thin-sections are given in
Table lla. A typical composition of the syenodiorite is: 57-73% plagio-
clase (An15_22) some being antiperthitic, 6-10% bilotite, 1-11% hornblende,
3~11% clinopyroxene, 3-9% garnet, up to Lg opaque oxide and quartz, and
traces of apatite, zircon and orthopyroxene. In two of the sections scap-
olite replaces plagioclase,
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Ultrabasic Intrusives

Sills of medium-grained black peridotite inject the gneisses
at several places along a zone closely paralleling Moisie river in the
southern half of the Félix Lake area., The rock is composed of dark green
pyroxene, with up to 30% olivine and minor green amphibole. Qutcrops weath-
er deeply to a coarse pyroxene sand.

The olivine is partly altered to iddingsite and a mixture of
antigorite and magnetite. The pyroxene is light green augite with an optic
extinction (Z,c) of about 50°, It is intergrown and partly replaced by
light green tremolite with an extinction angle of about 20°. A sample from
the sill closest to the southern border of the area contains no olivine but
has interstitial carbonate and a bronze sulfide (possibly pyrrhotite). Sul-
fides are also associated with the ultrabasic rocks near Pegma lake, The
Pegma Lake peridotite underlies a gabbro body from which it probably differ~
entiated.

Metagabbro Amphibolite

Thin stratiform bodies of dark green, slightly gneissic
amphibolite occur with the basic rocks near Gras lake and Gentilhomme river,
and with the Gagnon Group at Fire, Hobdad, Lamé&lée and Midway lakes., The
rock is not banded but may contain lens-shaped clusters of either mafic or
felsic minerals in a matrix of the other, Alignment of the mafic minerals
results in a strong foliation,.

Mineral compositions of four thin-sections of amphibolite are
given in Table llc. The average range is: plagioclase (An25_30), 26-146%;
quartz, 3-7%; biotite, 8-15%; hornblende, 22-42%; garnet, 2-6%; opaque oxide,
3-10%; and apatite, 2%. The plagioclase is generally fresh, poorly twinned,
and zoned from relatively calcic borders to a sodic core, Hornblende is
pleochroic from yellow-green to dark green, with an extinction angle of
about 28° and refractive indices ny and n, about 1,675 and 1.685, respec-
tively. Biotite is brown or red-brown. Sphene, where present, rims the
iron oxide,

The amphibolite probably represents thin gabbro sills injected
into competent layers of the Gagnon Group and metamorphosed along with
them. Gross (1955) has described the gradation between gabbro and amphibo-
lite near Mount Wright.
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The amphibolite resembles in some ways the metasedimentary
hornblende~garnet rock, Table 12 compares the mean values for the important
minerals in the two rock types.

Table 12

Mineral Compositions of Hornblende-garnet Rock and Amphibolite

Plag. Qtz. Bio. Hnb. Garn. CpX.

Mean. 16,6 4.8 3,3 37.9 19.0 1%.0)
( Hornblende-garnet Rock
Mean Dev, 13.9 5.5 4.0 19,0 6.9 9.6)
Mean. 3643 .8 11.0 32.3 3.8 o)
( Amphibolite
Mean Dev. 10,2 2.4 3.5 9,8 2.8 o)

In general the amphibolite has more plagioclase and biotite
than the hornblende~garnet rock. On the other hand, the hcrnblende~garnet
rock has much more garnet and contains clinopyroxene, Also, 1ts plagio-
clase is more calcic than that of the amphibolite.

STRUCTURAL GEOLOGY

Regional Structure

The main structural features of the Mount Wright district are
shown in Figure 9 (attached), The northern and southern areas were mapped
by the author, the central one by Murphy (1960). It is with the southern
area that this report is mainly concerned,

The Proterozoic rccks are folded about two main directions.
In the northern area the main folds trend northeastward, and are intersected
by somewhat weaker northwesterly folds, The northwest-trending folds domi-
nate between latitude 52°45'N, and the scuthern belt of Archean granulite,
South of the granulite the folds swing northeastward again.

The local stress pattern was variable and is best understood
by its relation to the stratigraphy, Areas underlain by Archean granulite
and segregated Proterozoic gneiss are shown in Figure 9. The homogeneous
greiss and Gagnon Group rocks are folded down between these masses of deep-
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seated rocks, and are generally overturned towards them. Thus the lower
gneiss and granulite apparently occur in areas of domical uplift towards
which the overlying rocks were forced.

Faults strike parallel to the major fold trends. Near the
Grenville front the rocks appear to be thrust towards the Archean basement
on northeasterly shears. Further south most faults trend northwest, The
intensity of the faulting seems to increase southward, and in the southern
area fault zones are followed by many of the main rivers. The faults in the
southern area are steep-dipping thrusts, on which the east side moved up
relative to the west. They commonly develop near synclines of the Gagnon
Group, so that the eastern edges of these bodies are in fault contact with
lower gneisses,

The interference of the two fold systems developed two main
fold types : simple folds where one system 1s much stronger than the other,
and cross-folds where the two systems are of about equal importance. Simple
folds give rise to the relatively straight, continuous bands of the Gagnon
Group that occur throughout the central and eastern parts of the Carheil
Lake, and Gras Lake - Félix Lake areas.

Wnere the two fold systems are of similar strength they form a
series of domes and basins (Carey, 1962; O'Driscoll, 1962), The structural
geology of most of the Normanville area (Clarke, %), and the area between
Tuttle lake (Phillips, 1958), Esker lake (Murphy, 1959), and Fire lake
(Clarke, 1961), is characterized by this type of folding. There, basins
containing rocks of the Gagnon Group are arranged in a grid-like pattern
between domes of the lower gneiss., The grid axes have a 4% to 5-mile spacing
and correspond to the local fold axes, trending northeast and northwest in
the Normanville area, and east~northeast and north-northwest in the area
between Fire, Esker, and Tuttle lakes. Recognition of the regular occur-
rence of iron~bearing structures is of direct economic importance; these are
shown in Figure 10 (attached) and discussed in more detail in the chapter
on economic geology. The band of cross-folding corresponds to the zone of
near-shore facies sedimentary rocks containing the oxide facies iron-forma-
tion. The correspondence between the sedimentary and structural zones may
be coincidental, but more probably the type of folding was controlled by the
thickness or competence of the sedimentary pile, or its position relative to
the desveloping geosyncline,

Areal Structure

Only the main structural features of the Gras Lake - Félix
Lake area are shown in Figure 9 and d=scribed in this report. Persons
interested in a detailed discussion of the local structure are referred to
the author's thesis (Clarke, 1964%).
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Throughout most of the area the rocks are deformed by simple
foldings The main fold axes trend south-southeasterly in the northern and
central parts of the area, and west-southwest in the southern part.

Major synclines containing rocks of the Gagnon Group and
homogeneous gneiss trend southeastward from near Don lake, and along Pékans
and Gentilhomme - Moisie rivers. Southeast-trending faults are commonly
associated with these folds, and bring the lower gneisses up against the
eastern edges of the synclines.

Major anticlines of lower gneiss trend north-northwest between
the synclines. One anticline passes east of Hobdad and Lam&lée lakes;
another, through Eva lake. An anticlinal nose southeast of Hippocampe lake
shows well on aerial photographs. The rocks east of Moisle river strike
south-scutheast, and dip northeast. They are probably isoclinally folded
and overturned towards the west, but lack of marker beds makes more accurate
interpretation impossible.

The Archean granulite lies along an east-west=-trending band in
the southern part of the area. Its foliation strikes generally southeast
or east, and dips either north or souths. Most lineations plunge southeast,
The granulite has undergone several deformations, but the lack of marker
beds makes its structure difficult to interpret, However, the younger rocks
are folded around and generally cverturned towards it, and the granulite
probably marks a strongly uplifted zone.

Cross-folding has deformed the rocks in the northwestern
quarters of the Gras Lake and the Félix Lake sheets, Some small cross-folds
are visible in a single outcrop and others are large enough to show on the
accompanying geologic maps, The structural basins at Fire, Hobdad and
Midway lakes, between Eva and Demi~-Mille lakes, and in the hills west of
Gentilhomme river are examples of large-scale cross-folds,

Lineations in the form represented by the axes of small folds
and crenulations, elongate minerals, and streaks of minerals occur through-
out the area. Small folds occur in all types of foliated rock; crenulations
are most common in the micaceous layers of gneisses and schists. Mineral
elongation and streaking show best on foliation planes. The minerals most
commonly aligned include biotite and hornblende in the well segregated
gneiss, felsic clusters in the less segregated ones, actinolite in the iron-
formation, and diopside in the marble. All these types of lineation are
believed to lie parallel to the regional fold axes, and to define the plunge
of structure in their vicinity.

Structures in the northern part of the Gras Lake area plunge
northwesterly (azimuths 280°-5°) at angles of 10°-35°, 1In the southern part
of the Gras Lake area lineations plunge either southeast (azimuths 1O0P-16£59)
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at angles of 59-55°, or southwest (azimuths 2309-2500) at angles of 10°-
40%, In the Félix Lake area almost all the lineations plunge from 10®-60°
to the southeast (azimuths 1200-170°), Exceptional northeasterly plunging
lineations occur east of Moisie river in a zone deformed by faulting near

the area's southern border,

ECONOMIC GEQIOGY

Iron Qre

Concentrating grade deposits of iron ore have been actively
sought in the Mount Reed - Mount Wright region since the early nineteen-
fiftiess Large discoveries resulted in the Jeannine Lake, Carol Lake and
Wabush Lake mining projects. The plant at Jeannine lake (served by the
town of Gagnon) began concentrating and shipping ore early in 1961; the
Carol Lake plant (in Labrador),during 1963, Development in the present
area, which lies between Jeannine lake and Mount Wright, will probably
not begin until more ore is required than can be obtained from the
Jeannine Lake deposit.

Iron deposits in the Mount Wright - Mount Reed region were
first prospected by United Dominion Mining Company. They staked ground
outside the present area during the period from 1947 to 1949, 1In 1952 a
prospecting and staking rush began with the entry of United States Steel
Corporation into the area, The iron deposits within the Gras Lake area
itself were not found until 1955. That year the Fire Lake, Demi-Mille
Lake and Don Lake depos’ts were staked by Quebec Cartier Mining Company, a
subsidiary of United States Steel Corporation.

Of the several types of iron-formation the quartz-specularite
type makes the best ore material., It generally contains 25-35% iron over
thicknesses of from 10 to 300 fecet, and is coarse enough to allow concen-
tration with a 20-mesh grind.

The quartz-magnetite type can be equally rich, but has not
been found in as large deposits as the quartz-specularite type, It commonly
grades into the uneconomic silicate-carbonate facies. A 100-mesh grind is
generally required to separate the magnetite from the rest of the rock.
Both types of the oxide facies yield concentrates grading 65-67% iron, and

containing little phosphorus, sulfur or titanium,

The silicate-carbonate iron-formation contains as much iron
as the oxide facies types, but most of the iron is combined in iron sili-
cates from which it cannot be Trecovered economically,




Begional Ore Control

The iron-formation and accompanying quartzite and marble swere
deposited above a thick quartzo-feldspathic sequence. Strong deformation
and deep erosion have left the iroen-formation in synclines surrounded 5y
the lower gnelss, The iron-formation is a tough rock, and most of the
large deposits form hills which rise above the less resistant gneiss,.

Regional fold axes trend northeast and northwests. The north-
westerly trend predominates through most of the present area, but in the
northwestern corner, and in adjoining map~areas to the north and west, the
two fold systems are of about equal strength.

The interference of the two intersecting fold systems produced
a series of domes and basins, simllar to the fold patterns described by
O'Driscoll (1962), Synclinal basins of iron-formation lie in a grid-like
pattern separated by domes of lower gneiss (Figure 10).

The zone of cross-folding coincides with the near-shore
facies zone containing the valuable quartz-specularite iron-formation. The
cross-folding may result in structural thickening or repetition of the
iron~bearing beds, and so increase mining widths in the synclinal basins.

Figure 10 1s necessarily interpretative, The basins may be
more linear than circular, and are not all the same size, There are some
iron deposits that do not occur at grid intersections. Outcrop patterns
depend on the level of erosion and depth of the synclines, Erosion may
have been deep enough to remove all the iron-formation from a shallow
synclinal intersection, or so shallow that the iron-formation crops out
on the limbs of the fold at some distance from the fold axis. The pattern
may also be modified by faulting, as 1t is in the Don Lake and Hippocampe
(Pouce) Lake deposits. Desplite these disturbing factors there is a strong
regularity in the occurrence of the iron-formation; this fact may help in
finding additlonal deposits.

Axis intersections in drift-covered areas are shown at two
places in Figure 10, These localities are worth further study. Figure 10
also shows the sites of ore~grade erratics in the present area. These lie
outside the zone of known oxide facies deposits, but may be of local origin.
Moreover, areas of upper gneiss lying in the zone of deposition of the
oxide facles may alsoc contaln buried iron deposits.

Mining Properties

Approximate property boundaries, as of Nowember 1963, are
shown on the accompanying map (in pocket). The area has now been thoroughly
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prospected and all of the obvious iron deposits have been staked. As most
of the uneconomic claims have been allowed to lapse, the property bound-
aries shown here should be reasonably permanent., Brief descriptions of
the company properties follow,

Quebec Cartier Mining Company

Quebec Cartier Mining Company retains the most important

claims in the area., Its main holdings were staked between 1955 and 1958,
The economic potential of most of the claim groups has been assessed, and
claims judged uneconomic have been allowed to lapse. The claims in good
standing include the following groups: Fire Lake, Don Lake, Hippocampe Lake,
Demi-Mille Lake - Keg Lake, Lamé&lée Lake and Hobdad Lake, and a few claims
north of Lamélée lake that belony to a larger group west of the present map-
area.

ire ke group - The area's most important iron deposit is
exposed in the hill north of Fire lake. It is covered by mining concession
473, comprising 18 claims and three part claims, and is surrounded by 66
additional claims.

The deposit was discovered and staked in 1955, following an
aeromagnetic survey of the region., In 1957 it was mapped geologically at
200 feet « 1 inch, and some 1,700 feet of exploratory diamond drilling
was done, The following year ground magnetometer and gravity surveys were
made, and 3% holes totalling 10,635 feet were drilled, In 1960 the drill-
ing program was completed with an additional 42 holes totalling about
15,800 feet. Forty tons of bulk samples were taken and tested in the com-
pany's pilot plant, Ground control for the drilling program was provided
by cut and surveyed lines. The base-line was cut at N.309W. Perpendicular
cross-.ines were run at 200-toct inzervals over the ircn-formation hill,
and at 1,000-foot intervals farther south. Drlll-holes were located on the

cross-lines, spaced about 500 teet apart.

This work outlined over 200 million tons of ore grading better
than 30% scluble iron., The bed of iron-formation that forms the deposit
ranges from 10 to 40O feet thick., It occurs in a cross-folded basin, and
provides mining widths great enough to support an open-pit operation to
considerable depth.

Deon Lake, Hippocampe lLake, and Demi-Mille Lake - Keg Lake
roups - These groups consist of 16, 14, and 60 claims, respectively, and

cover the iron deposits in the tight synclines passing south from Don and
Demi-Mille lakes, and the small synclinal basins northeast of Keg lake.

The deposits were discovered in 1955 by ground parties check-
ing anomalies shown by an aeromagnetic survey of the region. The first
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claims were staked that year, and others in 1996 and 1957 to form a con-
tinuous group. A detailed geological survey of the group was made in 1957,
In 1958 an additional ten claims were staked over a magnetic anomaly be-
tween Hippocampe and Fire lakes,

In 1961 the deposits were evaluated by a 200 feet = 1 inch
geological and magnetometer survey and a diamond drill program. Ground
control was provided by a series of surveyed base-lines with cross-lines
cut every 250 feet, In all, some 12 miles of base-line and 70 miles of
picket-line were cut; 19 holes totalling about 4,600 feet were drilled,
and the core assayed.

The survey outlined four meain iron-bearing zones: near Don
lake, south of Hippocampe lake, south of Demi-Mille lake, and east of Keg
lake. Twenty-nine of the claims in the main group, and the ten claims be-
tween Hippocampe and Fire lake were allowed to lapse.

Near Don, Hippocampe, and Demi-Mille lakes tight synclinal
folds contain iron-formation layers more than a mile long and wider than
200 feet, Average grade is somewhat better than 304 iron,

The Keg Lake iron-formation consists of thin magnetite-quartz
beds between thicker ircn silicate layers., More detailed study is required
to show whether or not this deposit is worth mining.

Lam8lée Lake and Hobdad Lake groups - Steep hills containing

beds of magnetite iron-formation lie to the west of Lam&lée and Hobdad
lakes, The Lam8lée Lake deposit is covered by 25 claims; the Hobdad Lake
deposit, by 37 claims.

The claims over Lam&lée hill were staked in 1954%, and trans-
ferred to The Cartier Mining Company the following year. The Hobdad
deposit was staked by Quebec Cartier Mining Company in 1958. The same
year the company made 200 feet = 1 inch geological and group magnetometer
surveys of the Lamélée deposit., There is no known assessment work on the
Hobdad Lake deposit.

Most of the iron~formation in these deposits belongs to the
silicate~carbonate facies, but there are quartz-magnetite beds in the
Hobdad, and both quartz-magnetite and quartz-specularite beds in the
Lam&lée deposit. The oxide facies beds crop out over lengths of about 1/2
mile, Field notes record thicknesses of 20 to 35 feet and grade estimates
of about 35%¢ iron., The author knows of.no attempt to evaluate these
deposits,
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Torbuff Exploratio imited

The only other property in good standing belongs to Torbuff
Exploration Limited. In the summer of 1962 the company staked 55 claims
over the iron-formation hill at the south end of Gras lake., As yet (1963),
no assessment work has been reported for this claim group.

The staked ground lies over a thick layer of silicate-carbonate
iron~-formation. This type of iron-formation does not generally reach ore-
grade, but it can contain interlayered magnetite-quartz iron-formation.
Although such bands were not noted in the present mapping, detailed mapping
guided by a magnetometer survey might uncover some.

Lapsed Claims

Several other claim groups have been staked in the area.
However, assessment work on these failed to outline economic deposits and
the claims were allowed to lapse, Claims of this type belonged to Jubilee
Iron Corporation, Bellechasse Mining Corporation, and J. Waxe.

bilee n_C oration

This company held a group of 70 claims on the iron-formation
band passing from the south end of Hope lake to the bend in Petite Manicou-
agan river, and two groups of four claims each on iron-formation near Pékans

river, in Esmanville township.

The claims were staked in 1958 over aeromagnetic anomalies.
Initial geological and geophysical reconnaissance work was done by the stak-
ing party, In 1959 a detailed geological and magnetic survey was made of
the Hope Lake - Petite Manicouagan River group. The Bergeron-Hind township
line was used as a base~line for most of the survey, and a secondary base-
line was cut near Hope lake., Forty-iwo magnetic profiles were surveyed on
cross-lines spaced from 500 to 2,500 feet apart,.

The 1959 program outlined three highly magnetic zones in 1 1/4%
miles of iron-formation near Hope lake. An 8-foot-thick layer of magnetite
iron-formation is exposed near the anomaly, but the anomaly itself is drift

covered,

The 41 claims forming the western end of the group were allowed

to lapse.

In 1961, two holes were drilled into the strongest anomaly near
Hope lake, One hole failed to reach bedrock; the otner Iintersected only
lean silicate iron-formation to a depth of 77 feet., The following year the

claims were dropped.
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No assessment work 1s reported for the two groups of claims in
Esmanville township., They lapsed in 1961,

Bellechgsse Mining Corporation

This company has three showings of iron-formation in the area:
23 claims at the east end of Midway lake; 30 claims in Esmanville township
near Pékans river (Midway S.A. No. 1); ‘and ten claims near the south end of
Hope lake., All these groups were staked to cover aeromagnetic anomalies.

The Midway Lake group was staked in 1955 and preliminary geo-
logical and magnetic surveys were made the same year. Pickands Mather and
Company optioned the property in 1956, Geological and magnetic surveys
outlined three zones, each measuring about 2,000 feet by 10O feet., Zone 1
was sampled by three trenches and five diamond drill holes totalling 302
feet., The samples contained between 28 and 344 iron, over thicknesses rang-
ing from 25 to 70 feet., Magnetic concentrates from minus 100-mesh material
graded between 67 and 71% iron. Recovery of iron from a hematite-rich layer
was poor by this method., Zones 2 and 3 were not sampled and are presumed
to contain less iron than Zone l. Pickands Mather dropped the option in
1958, and the claims lapsed in 1961,

The showing called S.A, No, 1 was on 30 claims staked in 1956,
Most of the claims and all the exposed iron-formation were north of 52°30'N.,
and were therefore outside of the present area. The property was optioned
to Pickands Mather to conduct exploration,

During 1956 and 1958, geological and dip-needle surveys at the
scale of 500 feet = 1 inch, stripping, sampling and concentration tests were
carried oute. One 3/-foot hole was drillede. The iron-formation contained
25-294 iron and yielded a2 magnetic concentrate grading 63-67% iron, 8-19%
silica, and 0.,015% phosphorus (Janes and Elver, 1939).

Pickands Mather drcpped its option in 1958, Bellechasse car-
ried out a ground magnetometer survey in 1959-60, and allowed the claims to
lapse in 1962,

The Hope Lake group of ten claims adjoining a larger group
belonging to Jubilee Iron Corporation was staked in 1958. Ground magneto-
meter and geological mapping in 1959 outlined three zones of iron-formation
with a total length of 8,400 feet,

Concentration tests, run on material from tnhe three zones,
yielded material grading about 67% iron from crude ore carrying between 34
and 36% iron (Janes and Elver, 1959), Thickness or tonnage estimates are
not given, The claims expired in 1963.
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W laims

This group straddled the Faber-Gueslis township line in the
northern part of the area, It was staked in 1958 and originally consisted
of 15% claims, most of which lay north of the present area, Of this group,
39 claims were retained. In 1959 a magnetometer survey was made over the
nose of iron-formation, and some sample pits and packsack drill-holes were
sunke

In 1961, nine holes totalling 393 feet were drilled, and
detailed geological mapping and systematic sampling of the main deposit
carried oul. This work outlined three magnetite-rich bands with an average
thickness of 21 feet.™

A - average grade 34% Fe®X; average width 19'; length 4,400
(sampled zones - LhO' 4+ 6501)

B - average grade 31% Fe**; average width 11'; length 2,000

C - average grade 35% Fe*¥; average width 35'; length 4OO!

The bands are separated by lean silicate iron-formation. No mill tests were
made.

The claims were dropped in 1963, Part of the claimed ground
has been withdrawn from staking to allow for the proposed railway to Mount
Wright,

Sulfide Showings

Sultide showings, some containing copper, nickel, or zinc, are
associlated with the basic intrusives near Pegma lake, and with shear zones

near Gras lake and on Moisie and Pékans rivers,

The best known occurrence lies about 1/2 mile west of Pegma
lake. The deposit was staked in 1954 by prospectors attracted by a large
gossan zone, The original property consisted of 77 claims, Bellechasse
Mining Corporation acquired the property in 1955 and staked a large group
of claims surrounding it.

An aeromagnetic survey of the property was made in the winter
of 1955-56, The following summer the geclogy was mapped at 500 feet = 1
inch, and 27 noles totalling some 2,000 feet were drilled into the main
mineralized zone. The survey outlined three mineralized zones (a, b, and c,
on the accompanying map). The geology and mineralogy of the deposits are
described by Gleeson (19556),.

% Assessment report on file at Quebec Dept. of Natural Resources

#x Total iron; soluble iron not reported,
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The main showing (c) is a zone, 400 feet long and 30 to 500
feet wide, in which sulfides are disseminated through the peridotitic base
of a gabbro sill. In samples taken from this showing, Gleeson identified
pyrite, pyrrhotite, magnetite, pentlandite, violarite and cubanite. The core
from a hole drilled down the dip of the discovery outcrop assayed: 0.85% Cu
for 5 feet, O.47% Cu for 4 feet, and Q.67% Ni for the first 9 feet in bed-
rock, None of the other holes gave assays higher than 0.3% Cu or O.3% Ni.

Showing (a) is a quartzose outcrop, 10O feet by 20 feet, con-
taining disseminated pyrite with minor pyrrhotite and chalcopyrite, Assays
of the mineralized rock showed only traces of Cu and Ni.

In showing (b), pyrite, sphalerite and chalcopyrite fill frac-
tures in a quartz vein cutting marble. The mineralization forms discontinu-
ous pods up to 12 feet wide. Assays of grab samples returned up to 144
zinc, but the deposit is too small to be economics

Assays were made by the Quebec Department of Natural Resources
of sulfide-bearing samples from showings near the Pékans river (f), and
near Gras lake (g), in the Gras Lake sheet, and from showings (d) and (e)
near Moisie river, in the Félix Lake sheet, These returned only traces of
copper and nickel, and negligible gold and silver.

These occurrences, though not economic, indicate the presence
of base-metal mineralization in the region. All konwn showings occur near
gabbro bodies, or in shear zones near the main rivers,

Kyanite

Graphite and kyanite are present in the schist overlying the
silicate iron-formation. Generally they make up less than 5% of the out-
crop. However, the mica schist 3/4% mile south of the outlet of Gentilhomme
lake contains about 25% kyanite over a 1l0O-foot width. Many large blocks
of a unique rock containing abcut 204 kyanite and 15% pink garnet in coarse-
grained cummingtonite were found just south of the hill of silicate iron-
formation that is crossed by the Gueslis-Faber township line, These blocks
are almost certainly in place, although no outcrop was found.

Sand and Cravel

Sand and gravel suitable for construction material are availa-
ble from the eskers and sorted fluvioglacial deposits of the area. These
deposits occur in old stream channels which are generally followed by
present rivers (Plate VB).
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