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AN INVESTIGATION OF THE GEOLOGY OF A PART OF THE EMO AREA
DISTRICT OF RAINY RIVER, ONTARIO
by

Thomas Neil Irvine

ABSTRACT

The geology of the Emo area consists of a terraine of de-
formed and metamorphosed Archean sedimentary and volcanic rocks
invaded by multiple granitic intrusions and several less exten-
sive basic intrusions. A petrographic study of certain units of
each of the rock types has been made. kThe classification, ori-
ginal nature and metamorphism of the sedimentary and volcanic
rocks are discussed. The sediments fall into two major divi-
sions: (1) a thick unit of greywacke with interbedded shale,
conglomerate and banded iron formation, and (2) a smaller unit
of well-bedded calcareous and chloritic sillstones and shales
now transformed to horunblende-plagioclase-quartz schists and
gneisses. The volcanlc rocks consiét of a variety of lavas,
agglomerates and tuffs. The basic lavas are typical "greenstones!
and are largely of basaltic composition. The more acid lavas
are predominantly dacites. The structural geology, stratigraphy
and conditions of sedimentation are discussed. The intrusive
rocks are described with reference to their composition, struc-
ture and genesis. An attempt is made to evaluate the role of

metasomatism in the formation of the granitic rocks.
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HAPTER T INTRODUCTION

GENERAL STATEMENT

This thesis describes the results of a study of the pet-
rology, structure and genesis of certain rock types found in
the Emo area. The study was designed to be as'broad as poss-
ible in the time available. The project was suggested by Pro-
fessor H. D. B. Wilson., The area was provided and the field
party was equipped by the Ontario Department of Mines. G. L.
Fletcher acted as co-leader of the field party and also used
part of the area as a source of thesis material. A4 report on
the entire area, written under joint authorship and entitled,
"The Geology of the Emo Area, District of Rainy River", is to

be published by the Ontario Department of Mines.
LOCATION AND ACCESS

Emo is situated in the Rainy River district of Ontario,
20 miles west of Fort Frances, on the Canadian National Rail-
way between Fort Frances and Winnipeg. The Emo area, as des=-
cribed in this thesis, extends over approximately 320 square
miles and includes the Townships of Tait, Mather, Kingsford,
Shenston, Dobie, Carpenter, Roseberry, Barwick, Lash and Ayls-
worth plus parts of adjoining townships. The south boundary
of the map-area is marked by the Rainy River.

The main freight line of the Canadian National Railways
crosses the southern part of the map-area and daily train

service is provided from Winnipeg and Fort William., Stations
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are located at Emo and Barwick, the two main centers of pop-
ulation. Provincial highways No. 70 and No. 71 cross the area
from north to south and from east to west respectively, pro-
viding access by automobile from Kenora, Rainy River and Fort
Frances. Good gravel roads make all parts of the area easily
accessible, and numerous logging trails and survey lines have

greatly facilitated field traversing.
TOPOGRAPHY

Relief in the area is low, seldom exceeding 75 feet, The
southern parts have large level tracts of thick overburden
with small, widely scattered outcrops. The northern varts are
slightly more rugged in appearance, having low ridges of out=
crops and heavily wooded valleys. Much of the good timber has
been cleared zas farming land. TUnlike most areas in the Cana-
dian Precambrian Shield, lakes of appreciable size are absent
and nmuskegs are comparatively small and dry

Drainage 1is provided by the Rainy River and its tribu-
taries, principally the Sturgeon and Pinewood Rivers. The
drainage system 1s characterized by numerous small meandering
streams, sharply incised in thick surficial deposits. Its
pattern does, however, suggest partial control by the struc-

ture of the bedrock,
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PREVIOUS GEOLOGICAL WORK

Previous to 1952, interest in the mEmo area as a mining
district was only casuval and detailed study of the geology
had not been made. Many portions of the area had been staked
from time to time and scattered test pits are evidence of
early prospecting. A brief reconnaissance survey along the
Rainy River was conducted in 1885 by 4. C. Lawson of the
Geological Survey of Canada. This geology, to a large ex-
tent interpretive, is shown on two maps, both on a scale of
two miles to one inch, accompanying the "Revort on the Geo-
logy of the Rainy Lake Region" published in 1887, This
Geology was used by T. L. Tanton in compiling map 2264 (Ken-
ora'Sheet) of the Geological Survey of Manada. The soils
and surficial deposits were mapped and studied by ¥W. A.
Johnston (1915).

The report of a base metal deposit in the southern part
of Dobie Township in 1952 instigated a period of intensive
exploration. The area was thoroughly prospected. Aeromage-
netic and ground geophysical surveys were made in the southern
parts. Deposits of nickel-copper and iron were found but be-
cause these were small and of low grade, work in the area
ceased, temporarily at least, in the autumn of 1953.

Adjacent to the map-area in Minnesota, bedrock exposure
has not‘been considered sufficient to warrant detailed studye.

However, a geological sketch map is available from the Minne-
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sota Geological Survey. Also available are total intensity
aeromagnetic maps of the followings
(1) Parts of Rouseau and Lake of the Woods counties,
Minnesota.
(2) Parts of Lake of the Woods and Reltcami counties,
Minnesota.
(3) Northeastern Xoochiching county, Minnesota.

(%) Northwestern Koochiching county, Minnesota.
PRESENT STUDY

The survey work on which the present study is based was
conducted during the field season of 1953 in response to the
interest in the area at that time. A base map on a scale of
one quarter inch to one mile was supplied by the Survey Branch,
‘Ontario Department of Lands and Forests. Vertical aerial
phdtographs, on the same scale, in conjunction with pace and
compass traverses provided close control for the location of
outcrops. BEssentially all small scattered outcrops were ex-
amined and, in areas of extensive exposure, irregular tra-
verses were performed to give moderately complete coverage.

The geological map of the area is published ona scale of
one inch to one mile. 4 similar map accompanying this thesis
(in pocket in back) is on a scale of one half mile to one inch.
On both maps, for purposes of clarity, outecrops have been en-
larged and their outlines generalized. Groups of outcrops are

frequently shown as one.
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Division of the area was necessary so that co-leaders
of the field party would both have thesis material. It was
found impossible to do this simply and fairly on a geographic
of geometric basis., Divieion was made, therefore, on a geo-
logical basis. Fach man was allotted geological units in
such a way as to expose him to a more or less complete suite
of the rock types. The units studied by the author are shown
in color figure l. The locations of the representative spe-
cimens and of the specimens examined in thin section are shown
on the accompanying geological map.

Laboratory work was largely of a petrograpvhic nature.
Thin sections were made to give representative coverage of
each lithological unit and wherever significant variations
were suspected. Rosiwal grain counts were made to determine
approximate mineralogical compositions. The staining tech-
nique described by Keith (1939) was used to distinguish plag-
ioclase and potash feldspar. Plagioclase composition was de-
termined by the Michel-Levy method on albite twins and by oil
immersion methods. Specific gravity measurements were made

on specimens of the bvasic lavas.
GENERAL GEOLOGY

The bedrock in the area is entirely Precambrian in age.
The majority of the sedimentary and volcanic rocks were ori-
ginally assigned to the Keewatin by Lawson (1887). He proposed
(1887, p. 102), however, that at least part of the body of
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sediments and tuffs outcropping in the south part of Ayls-
worth township is a probable extension of the Coutchiching
rocks in the Bearts Passage area of the Rainy Lake region.

He stated, with reference to the Coutchiching,

" . . o o the belt of mica schists . . . extends from

the neighborhood of Bear's Passage across Rainy Lake in

a W. 8. W. direction to Coutchiching and thence down

Rainy River. 1In the direction of its strike, the belt

is traceable continuously for twenty-four miles, and it

probably continues to the westward, under the post gla=-
cial formetions of the Rainy River for a distance of at
least sixteen miles.”
The westward extension into Aylsworth township is shown on
Lawsont's "Rainy Lake Sheet" and on the "Kenora Sheet' com-
piled by Tanton.

Under the présent study, the volcanics and sediments
were found to be severely folded and metamorphosed, secemingly
of definite Archean age. Lithologically, the body in Ayls-
worth township does not compare too closely with the Cout-
chiching mica schists in the Rainy Lake area. However, in
recognition of Lawsonts postulations, it has been assigned
to the "Coutchiching or Keewatin®. The remainder of the vol-
canics and sediments are "Keewatin-type" and have been assigned
to the Keewatin. They have been divided as follows:

(1) The lower sedimentary division consisting of horn-

blende schistse.
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(2) The upper sedimentary division consisting of grey-

wacke, iron formation and conglomerate.

(3) Intermediate and acid volecanics

(%) Basic volcanics

The intrusive rocks are all post-Keewatin. Two basic
stocks and numerous smaller basic dikes and sills intrude
the sediments and volcanics. Granitic masses cut all pre-
viously mentioned groups with the exception of one basic in-
trusion. No definite evidence was found to indicate broadly
separated periods of intrusion. Diabase and quartz diabase
dikes, representing the youngeét igneous rocks in the area,
are believed to be Keweenawan in age.

Deposits of clay, sand, gravel and boulders, laid down
by continental glaciers, overlle the Precambrian rocks. Bedd-
ed clays indicate deposition in post-glacial lakes., These de-
posits are all Pleistocene age. Recent deposits consist of
swamp peat and small amounts of alluvial sand, silt and clay
loam deposited along streans. |

The geological succession and the lithological units are
summarized in the following table.

TABLE 1 Legend

QUATERNARY

RECENT: Peat, alluvial sands, silt, clay-loams,
PLEISTOCENE: Bedded clay-loams, glacial clay, silt, sand,

gravel, boulders.
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POST-KEEWATTN
KEWEENAWAN: OQuartz diabase dikes

GRANITIC INTRUSIONS:

Tait intrusion 7 [ Pegmatite dikes
Potts intrusion Granitic and Ap=-
Lash intrusion litic dikes,
Chrono-
' . Devlin intrusion -~ Quartz Monzonite
logical
Kingsford intrusion Monzonite
Snhenston-Mather intrusion Hornblende grano-
Carpenter intrusion g diorite.
sequence v
_ Granodiorite
BASIC INTRUSIONS:
Dobie intrusion “L Norite
Carpenter-Lash intrusion J Hyperathene gabbro
indefinite
Diabasic gabbro
Hornblende diorite
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Carventer volcanics
Mather sediments
Dobie~Talt volcanics
Carpenter sediments
COUTCHICHING OR KEEWATIN
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VOLCANIC NTVISTONS OF THE KEEWATIN BASIC VOLCANICS

L4 R K “

-
a0

Basalt, pillow basalt, coarse basalt, basalt por=-
phyry, amygdaloidal and vesicular basalt, basic
tuff and sediment, basic agglomerate.
INTERMEDIATE AND ACID VOLCANICS:
Dacite, dacite porphyry, cuartz latite and rhyo=-
lite, intermediate agglomerate, tuff.
SEDIMENTARY DIVISIONS OF THE KEEWATIN:
UPPER DIVISION:
Greywacke and derived biotite schist, conglomerate,
iron formation.
LOWER DIVISION:

Hornblende schist, garnetiferous hornblende schist.
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CHAPTER IT KEEWATIN SEDIMENTARY ROCKS

The sedimentary rocks of the Emo area form two litho-
logic divisions. These are apparently of two distinct ages
and are referred to as the "upper!" and "“lower" sedimentary

divisions.

LOWER SEDIMENTARY DIVISION

Distribution and Structure

The lower sedimentary division is exposed in two parts
of the Emo area. Several outecrops occur in the extreme north
east portidn but these are not considered in this report.

The wmain body, the one studied for this thesis, forms a
belt which extends in a broad arc from the north east corner
of'Dobie Township south and east into the central part of
Carpenter township. From here, it continues eastward at a
bearing of approximately N70CE beyond the boundary of the mayp
area. North of this belt, several outcrops and numerous in-
clusions of the same sedimentary formation occur within large
granitic masses. The outcrops have been interpreted as repre-
senting tongues and remnants of the main band.

The attitude of bedding in almost all parts is vertical
to steeply dipping. An east-plunging anticline has been out-
lined in lots 3 and Y, concession VI, Carpenter township.

Bordering the main arc on its south flank are the grey-

wacke and iron formations of the upper sedimentary division.
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On the south east flank, iron formation hzs been outlined
by geophysical work and probably the greywacke is also pre-
sent. Intermediate and acld volcanics border the arc to
the south west. Contacts with the above formations were
not found exposed. The concave part of the arc is occupied
by granodiorite. Comparatively sharp sedimentary-intrusive
contacts are exposed in several places but zones of lit-par-

1it are more usuval,

Character and Composition

The sedinments as observed in the field appear as fine=
grained thinly-bedded clastics (see Plate 1). The rock is
completely recrystallized. Parallelism of grains is clearly
visible but schistosity is not strong. The color of both
fresh and weathered surfaces in most of the material is dark-
grey. The Bresh surface characteristically shows lustrous
black hornblende and a banded appearance resulting from fine
laminations of feldspathic material. Minor amounts of light
brownish sandy material are present in interbands ranging
from six inches to one foot in width. These are composed of
feldspar, guartz and biotite.

Dark red garnets, probably almandine, are locally pre-
valent in the hornblende-rich sediments. Most commonly they

form concentrated zones and patches or are sparsely scattered

as individual porphyroblasts. In some places, they occur



A. Thin-bedded hornblende sedimentary schists showing
lenses composed of garnet and hornblende, lot k,

concession IV, Carpenter township,

B. Closer view of the garnetiferous lenses, lot k4,

concession IV, Carpenter township.
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with K coarse-grained hornblende, plagioclase and diopside
in lense-like knots.(see Plate 1B) The knots are 3 to 8
inches in length and are elongated pafallel the bedding
planes.

The sediments near the granitic intrusives do not ap-
pear to have suffered exceptional alteration or transforma-
tion. Qutlines of inclusions and contacts are comparatively
sharp., Silicified joints are common, however, and occasion-
ally small amounts of pistachio green epidote alteration are
present,

Microscopic Description

Thin sections of the rock reveal a recrystallized xeno=
morphic texture. Parallelism of grains is weak to moderate.
Grain size ig uniform ranging from O.l to 0.5 mm. The prin-
cipal mineral constituents are hornblende, plagiloclase and quar-~
tz. The rock was found to he too variable in composition to
lend itself to satisfactory Rosiwal analysis. The estimated
compositional range is: 4O to 60 per cent hornblende, 15 to 30
per cent plagioclase and 15 to 25 per cent guartz. Diopside
is not present everywhere but makes up 20 per cent of some
specimens. Minor constituents are garnet, biotite, calcite,
sphene and sulphides; Potash feldspar was not found in appre-
ciable amounts, although small patches of sericite may possibly
represent alteration products. Hornblende occurs in small

cleavable anhedral prisms and 1s the most pronouncly aligned
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mineral in the rock (see Plate 24). It is strongly pleo-
chroic, dark green to yellowishngreen} Plagioclase and
guartz form a granular mosaic. The plagioclase is poorly
twinned and, in specimens containing diopside, it is strong-
ly saussuritized. Its composition is apparently oligoclase
or andesine, The diopside, where present, is concentrated
in 1-2 wmm bands alternating with hornblende-~rich material (see
Plate 2B). It is pale green in color and non-pleochroic,
The crystals are anhedral. Pyroxene cleavage is moderately
developed. The extinction angle is approximately 40 degrees
with Z. The garnet, in thin section, is pale pink. It forms
poorly developed metacrysts with abundant inclusions of guartz..
(see Plate 3A) Biotite is a brown variety and was not found
in sectlons containing diopside. Sphene occurs as sparse
wedge-shaped crystals with leucoxene alteration.

The bulk of the sediments of the lower sedimentary divi-
sion, in their present state, can best be called hornblende

schists.

Original Nature

A cursory search of the literature indicated that meta=-
morphosed sediments resembling these hornblende schists evi-
dently are not common in the southwestern part of the Cana=
dian Shield. However, Eskola (191k. pp. 118-121, 140-145)

has described diopside-amphibolites and diopside~bearing



PLATE 2

i

A Hornblende sedimentary schist showing alignment of

hornblende. Ordinary light. X25. (Specimen N-56-~2)

o

Be Garnetiferous hornblende schist. Ordinary light.
o A o o

X25. (Bpecimen F-8-6)



PLATE 3

Diopsidic hornblende schist with saussuritizgeg pla-
gioclase. Ordinary light. X25 (8pecimen F-10=3)
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leptite from the Orijavi region of Finland which have nuch
the same character. Of the former he says:
" . o o The general mineralogical composition of the
diopside-amphibolites shows, however, that they have
guite a different set of chemical characters and must
be considerably richer in lime than the amphibolites
PrOpPEr,

All these features point to the suggestion that the
diopside~-amphibolites are of sedimentary origin and that
they have originated bv alteration by metamorphism of a
series of calcareous shales, propably nmingled with vol-
canic materials,™

0f the latter he states:
" . « o« a fragmental structure and the absence of any
features indicative of an igneouvs origin makes it prob-
able that the rock had been originally a clastic sedi-
ment.

On the other hand, the bulk composition is quite
typical of an igneous rock and we may assume therefore
that it was formed from volcanic ashes and tuffs . . In
the vicinity of limestones leptites often contain diop-
side.t
Their clastic nature and a comparison with Eskola's des=

criptions suggests that the Emo hornblende schists were ori-

ginally fine sandy or silty sediments with quartz and plagio-



clase grains in a calcareous shale matrix. Pyroclastic ma-
v

"

terials were probably a major component. The diopsidic bands
were undoubtedly derived of layers exceptionally rich in lime.
Chlorite may have been abundant becausé "sediments rich in

chlorite are usually more or less calcareous". (Harker, 1932,

DP.53)

Garnetiferous Knots

The origin of the previously mentioned garnet-bearing
knots or lenses in the sediments is of interest. Pettijohn
(1939, p. 766) suggests that similar nodules found in the
Thunder Lake area, Ontario were once calcareous concretionse.
It is noted, however, that in the present examples the bedding
planes are warped around the kunots rather than abutting against
then as might be expected if they were concretions. It seems
more probable therefore that tThey have originated from meta-
morphism rather than diagenesis. It is suggested that meta-
somatic action accompanying granitic intrusion has been effec-
tive in concentrating lime, magnesia iron and silica in lenses
between The bedding planes. Probably all these components,
with possible exception of silica, were derived directly from
the sediments in view of the fact that These are a readily
available source. The conditions imposed were apparently such
as to promote growth of large crystals and, to a certain ex-
tent, cause a differentiation of mineral phases. Thus rims

of almost pure hornblende enclose many of the nodules of garnet,
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diopside and plagioclase, Slippage and crenulation along
bedding planes accompanying major folding may have facilited
concentration of the metasomatizing emanations by providing

centers of low pressure.

Metamorphism

Y

The constancy of mineralogy and the close proximite of

all parts of the lower sedimentary division to granitic in-
trusives indicate that the metamorphism is a regional type

and of uniform grade throughout. As was stated, the rock is
completely recrystallized. Ils predominant mineral assemblage
is horunblende-plagioclase-garnet-diopside-quartz=~biotite. The
diopsidic parts closely resemble the diopside plagioclase=-
amphibolites described by Harker (1932, pp. 262-283). The
latter represent "the highest grade of metamorphism", i.e. the
sillimanite zone. According to Turner and Verhoogen (1951,

Do %58), the sillimanite zone of regional metamorphism is

often affected by synchronous intrusion of granite magmal,

This is believed to have been the setting for the metamorphism
of the hornblendic sedimentary schists. Their mineral composi-
tion indicates that they belong to the amphibolite metamorphic
facies aﬁd probably, more specifically, to the garnet-horn-
blende subfacies as defined by Turner and Verhoogen (1951,pp 458~
460), That is, they have been metamorphosed under high tempera-

ture and pressure at great depth.



UPPER SEDI ARY DIVISION

Distribution and Structure

The main occurrence of the upper sedimentary division
is in two parallel steeply divping bands which extend N70°&.
The two bands are believed to represent opposite limbs of a
synclinal fold and are divided by an elongated body of gra-
nitic rocks.

The south band was studied for this thesis. It under-
lies the northern parts of Shenston and Dobie township and the
southeastern part of Mather township. Its usual width is
8,000 to 12,000 feet. However, this is probably considerably
greater than the true thickness of the formation because of
abundant lit-par-lit injections and, possibly, because of un-
detected faults or folds.

An iron formation trending north and east from the town

of Emo is also included in the upper sedimentary division.

Aok o o

The three distinguished lithologic units are:
(1) Biotite schists
(2) conglomerate

(3) Iron formation
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Biotite Schists

The biotite schists are predominant and make up an
estimated 90 per cenlt of the division. The rock is re-
crystallized in appearance and is well consolidated. Fo=-
liation is pronounced but extreme schistosity is rare. In
the field, the fine-grained clastic character of the ori-
ginal sediment is still evident. Bedding is moderate to good.
(see Plate &) The fresh surface is medium grey to brownish-
grey in color with some banding due to bedding. The weathered
surface is characteristically brownish.

Microscopic Description

Thin section study revealed a remarkably uniform min-
eralogical composition, the principle constituents being
quartz, plagioclase and biotite. Potash feldspar'is conspic~
uously rare and only small amounts of introduced microcline
were observed in specimens from near granitic intrusions.
Minor constituents are epidote, garnet, chlorite, muscovite,
hornblende, apatite, sulphides and magnetite.

The minerals are evenly distributed, seldom forming clotse.

3

Grainsize is uniform in individual specimens, ranging fron
0.1 to 0.3 millimeters. The texture is xenomorphic, usually
with a parallel alignment of biotite blades (Plate 5A); less
common, it has a granular non-oriented appearance. (Plate 5B).

Modal analysis gave the following average results: dquartz,




PLATE 4

Thin-bedded biotite sedimentary schists, lot %, con-

cession I, Mather township.



Biotite-plagioclase~quartz sediments showing uniforn

character and alignment of biotite blades. Ordinary

light. X80. (Specimen N-19-3)

Be

plagioclase-guartz

Stained thin section of Dbiotite-:

sediments showing recrystallized granular texture.
Ordinary light. X25.

L%

(Specimen N=5=9)
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25-35 per cent; plagioclase, 40-55 per cent; biotite, 15-

25 per cent., The quartz is clear, but freguently strained.
Plagioclase is unaltered with good albite twinning. Most
commonly, its composition is andesine. Biotite is brown

and has strong pleochroism and absorption. In some speci-
mens, it contained minute incluslons of zircon surrounded by
pleoehroic haloes. The epidote is usually granular, but occa-
sionally occurs in euhedral cleavable crystals, It is vellow-
ish, slightly pleochroic, and has high interference colors,

It is uvsually associated with the biotite and is apparently
most abundant near the granitic intrusions. The garnet is a
dark red variety. It occurs in poorly formed porvhyroblasts

with seive-texture due to abundant quartz inclusions.
Conglomerate

The conglomerate consists of pebbles, cobbles and small
boulders, ranging from one inch to one foot in diameter, en-
closed in a matrix of the typical biotite schists. The clasts
are well-rounded and make up an estimated 35 per cent of the
total unit. In the field, they all appeared to have the same
composition, consisting of a fine-grained, slightly gneissic
igneous rock. Their fresh surface is grey, their weathered
surface 1s buff. A stained thin section showed the rock to
consist of approximately equal amounts of quartz, plagioclase

and biotite with a lesser amount of a potash feldspar, prob-
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ably microcline. The cguartz and feldspar form a microgranular
intergrowth through which are aligned minute biotite blades,
The rock is probably cuartz latite and closely resembles the
gquartz latite lavas described later under "Intermediate and

Acid Volcanics®,
Iron Formation

Iron formation occurs in bands trending in a general
east-west direction across the northern part of Dobie town-
ship and in a belt extending north and east from the town of
Emo. It is not exposed, however., The northerumost occurr-
ence has been outlined by ground magnetometer work and has
been investigated by four diamond drill holes. The southern.
belt has been outlined on the map frowm an aeromagnetic survey
map and minor ground geophysical work. Diamond drilling of
this formation has also been carried out but the data are not
available. The belts are apparently of similar character»

In the core examined from the north belt, the iron for-
mation appeared to be interbedded with the biotite and garnet
rich sedimentary schists and gneisses. It counsists of tbin'
bands of dark grey iron-rich material alternating with thin
white to light grey quartzitic and feldspathic bands. Magne=-
tite is the mredominate iron oxide and was The only one ob=-
served in polished sections. 8mall amounts of specular hema=

tite are present, however. Pyrite occurs in rare poorly deve-
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loped crystels. A thin section revealed the non-opague min-
erals to be principally quartz with plagioclase and biotite,
as in the schists, plus green hornblende. The texture is

xenomorphlce granular, completely recrystallized. The grain-

slze 1is approximately 0.1 to 0.2 millimeters.

Original Nature

Biotite 8chists

The biotite schists and gneisses except for an absence
of two feldspars are intermediate between two types described
by Harker. These are (1) bilotite and garnet granulites and
(2) quartzose mica-schists and quartzose-garnet-mica schists.
Harker's examples were derived respectively from feldspathic
arenaceous sediments and more impure arenites.

The Coutchiching mica schists described by Lawson (1913
pp. 28-35) in the Rainy Lake area are similar in nature al-
though they have greater percentages of quartz and alkali
feldspar; On the basis of chemical analysis Lawson believes
the schists to be derived from shales.

Grovnt (1933, v. 994) describes comparable biotite schists
in Minnesota. From his figure 7, p. 1003 the mineralogical
composition is approximately one third of each of quartz, bio-
tite and combined feldspars plus minor sericite, chlorite, and
epidote. The schists were derived by metamorphism of shales

and sands induced by granitic intrusions. O0f these, Grout



says:

i

to show ag much

Qu

"inalyses of separate beds . . . faile
difference in qguartz content as might be exvected in
sands and shales. The mineral content of the two phases
seems to be about the same, though the darker fine clay
may have a little more graphite than the coarse material.!

He found that color banding was due to a variation in grain-

size, the coarse material weathering lighter than the fine

clays. Pettijohn, in studying schists originating from grey-
wacke and slate, observed:

UIn spite of metamorphism, however, the original différ=

ences 1n grainsize and mineral composition between one

bed and another are faithfully retained. Original sands

and nmuds, alternating in thin beds, were converted first

to greywacke and siates and then with increasing metamor-
phism to quartz-biotite schist and paragneiss.!

A definite clastic appearance does characterize the bio=-
tite schists of the Emo area. The existance of the same schists
as the matrix of the conglomerate and the presence of typical
greywacke-type texture in the less metamorphosed parts of the
northern band described by Fletcher are further indication of
an original sandy nature. Shale is probably represented by
the finer grained material and apparently accounts for much of

the banding. Thus, it is believed that the bulk of the schists

N

were originally feldspathic greywacke with lesger amounts o
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interbedded shale.
The rarity of potash-feldspar probably indicates that
potash was less abundant in the original sediment than so-

dium. This too is indicative of greywacke. (Pettijohn, 1949,

Iron Formation

In discussing Archean iron formationg, Pettijohn says:

", o Always it is the same well-banded, lean iron poor,
crumpled siliceous (originally cherty) interbedded witl
greywacke type of devosit . . » The Archean iron bear-
ing formations are essentially ferruginous cherts, and
their origin 1s but a phase of the whole chert problemn.

To tThe extent that this problem is solved for later times,
it is solved for the Archean.

The younger bedded cherts associated with geosyn-
clinal greywacke-greenstone complex contain Radiolaria
which most certainly indicate marine origin. &4 marine
origin is therefore implied for the Archean ferruginous
chertg."

His description fits that of the iron formation in the Emo
area perfectly as far as it is known. The latter does not
offer any further answers to the qhert nroblem because of

its lack of exposure. Its occurrence and distribution in-

dicate that it is a sedimentary deposit probably laid down
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in shallow marine waters under the normal conditions of geo=
synclinal sedimentation. A restricted basin of deposition

of the type sugeested by James (1951) may have provided the

=0

necessary conditions for ~recipitation of the iron oxides,
The original ferruginous material could have been either mag-
netite or hematite. Banding is probably retained from ori-

ginal bedding.

Metamorphisn

The persistance of the same mineralogy throughout the
investigated part of the upper sedimentary division suggests
that the metamorphism has been on a regional scale. However,
the type of mineralogv does not imply that the grade is uni-
form throughout. The plagioclase-biotite-quartz-garnet ass-
emblage sveorests a medium grade. Because of its comparative
simplicity, however, higher grades mav be represented. Garnet
occurs without a definite pattern of distribution suggesting
controlling effects of bulk composition. Biotite although pro-
duced at lower grades, may be stable even at high grades if
an ample supply of water and other volatiles is available
(Harker 1932, p. 57). The absence of potash-feldspar may poss-
ibly indicate that extreme grades have not been reached be=-
cause:s

", o o most highly metamorphosed rocks often contain a
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considerable amount of potash-feldspar, a mineral not

found (in rocks of argillaceonrs composition) in any

lower grade of regional metamorphism." (Harker, n. 228)

Specimens collected at various distances from the mein
granitic masses showed only minor differences. The schists
and gneisses nearest the intrusives are generally slightly
coarser grained and contain a 1little more epidote. The in-
creased grainsize may be due to recrystallization but may
only be a reflection of original texture. The increase in
epidote is probably the result of a local calcareous admix-
ture or addition.

One of the specimens furthest from the granites showed
poorly formed garnets closely associated with knots of chl-
orite and nmuscovite within otherwise normal biotite schiét,
(Plate 6&) This association is somewhat anomalous in that
garnet is usually forméd at the expense of chlorite. It may,
however, represent a stage where the metamorphism.has just
reached the grade of the garnet zone. That is, the garnet
had just begun to form but has not developed far enough to
replace all the chlorite. Thus, eqguilibrium had not been
reached.

Most of the biotite schists are placed in the amphibolite
facies by their mineral assemblage@ Near the granitic intru-
sives they could concelvably belong to either the staurolite-

kyanite subfacies or the almandine-diopside-hornblende sub-




g
i
Do
3
Es
ON

&. Biotite schists showing porphyroblastic garnet and
clots of chlorite and muscovite. Ordinary light.

X25. (Specimen N-12=7)

o Biotite schists showing "phenocrysts" of plagio=

58]

clase developed by metasomatic replacement. OQOrdin=

ary light. X80, (Specimen N=33-3)



facies. The latter is most probable because, in these loc=
alities, the absence oI extreme schistogity and the presence
of granulitic textures suggest high temperature and pressure
with only subordinate stress. The metamorpvhic grade evid-
ently decreases away from the intrusives.

In the iron formation, predominant magnetite is charact-
eristic of higher grades.

Lit-par-1it

The zones of lit-par-1lit injection shown on the map range
from sedimentary material injected with concordant stringers
and dikdets, largely of quartz monzonite, to slab-like frag=
ments of sediments engulfed in the intrusive rock. The long
dimensions of the slabs parallel the original bedding and the
gneissosity of tThe gquartz monzonite. Considerable contortion
is present although extreme pitygmatic folding is not prevalent.
The sedimentary-igneous contacts are, most commonly, relatively
sharp although completely gradational contacts do exist.

Small metacrysts of calcic oligoclase (Plate 6B), closely
resembling those in the intrusive rock are fredquently developed
in the sediment. This phenomenon 1s generally regarded as the
result of metasomatic introduction of alkali (Williams et al,
1954, p. 235). It is possible that they represent a straight
forward recrystallization of the sediments in an attempt to

reach equilibrium with the adjacent crystallizing granitic
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rock. However, 1f this were true a slightly more calcic

plagioclase might be exvected because the sediment is
mafic rich than the granite. Whether this difference
mafic content is sufficient to be significant remains
guestion.

Other changes in the mineralogy of the sediments
surprisingly slight, especially so in regard to their
of potash feldspar and muscovite. On the other hand,

mafic~-rich bands in the quartz monzonite are believed

more
in

2

are
content
dark

to in-

dicate assimilation of sedimentary material. Grout (1933, De

1006) describes injection gneisses along contacts with grani=-

tic intrusives as follows:

", o o These gneisses are probably developned only by

additions of magma --- especially by a somewhat peg-

matitic phase of magma,

It seemed clear in the field that 2ll grada

sions

could be found between schist and granite . . The gra-

nite in one place near a group of inclusions . .

e o 18

noticable darker than average, and analveis show that it

may have assimilated as much as 20 per cent of its weig

of the schist.®

o

This same description applies very well to most of the 1lit-
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granitization in the sediments.

par-lit in the Emo area. It is believed that the effects of

ation in the granite considerably overshadow those of

n



CONCLUSIONS

The sediments of the lower sedimentery division now exist
as diopside-bearing hornblende-plagioclase~guartz schists.

.

'hey are believed to be derived by regional metamorphism

}_‘“‘

ine clastic sediments with a clay matrix rich in cal-

Hy

of
careous and chloritic materials. Volcanic tuffs were pro-
bably a major component. The metamorphic grade 1s approx=
imately that of the sillimanite zone, belonging to alman-

dine-diopside-hornblende subfacies of the amphibolite

facies. -
The upper sedimentary division consists largely of plagio-
clase~biotite-guartz schists, locally garnetiferous. Ori-

ginally it probably consisted of feldspathic greywacke
with interbedded shale. Its metamorphism is regional and
of the amphibolite facies The grade increases progress-
ing towards the granitic intrusilons.

The iron formation consists largely of magnetite and quartz
and has probably been derived by high medlum-~-grade meltamor=-
phism of ferrugnious cherts.

Granitization of the sediments has occurred, but ounly on a

minor scale slong the borders of The granitic intrusions.
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CHAPTER TTT VOLCANIC ROCKS OF THE KEEWATIN

The volcanic rocks of the Emo are classified as (1) in-

termediate and acid volcanics and (2) basic volcanics.

" °

tion and Structure

The intermediate and acid volcanics occur in a north and
a south group (see £i gure 1), Only the south or Dobie group
was studied for this thesis., It is divided into two belts

separated by a band of basic volcanics., The same rock tynes

i

occur in both belts and they probably represent parts of the
same period of volcanism. However, their exact relationship
to each other and to the adjacent rock types cannot be de-
finitely established because of poor exposure.

The northernmost belt extends from the east-central part
of Shenston township into the central part of Dobie township.
Its structural trend is approximately N70°EH and the dips of
bedding; Tflow structures and foliation feauures are steep to
vertical.

The southern and larger belt occupnies the southeastern
half of Dobie township, Barwick township and small portions of
Shenston, Roseberry and Carpenter townships. Its trend is in

a general north-east direction and divrs on flow and bedding

structures are near vertical. The belt is believed to occur
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along the axis ol a major anticline and 1s intruded on its

northeast flank by the "Dobie basic intrusion®.
Character

The principal lithologic units of Intermediste and acid
volcanics are:

(1) Lavas, intermediate to acid in composition.

(2) Intermediate agglomerate,

(3) Toffs.
Intermediate and Acid Lavas

The lavas are largely dacitic in composition with minor
amounts of quartz latite and rhyolite. 1In the field, they all
appeared very similar. They are dense, massive and extremely
tough. Their fresh surface is light greenish-grey or, less
commonly, buff. The weathered surface is a light color, Typ-
ically creamy-white, buff or brownish. The texture ranges
from aphanitic to porphyritice.

The porvhyritic material has quartz phenocrysts or "eyes!
and feldspar phenocrysts. The matrix is aphanitic. The phen-
ocrysts range from microscopic to five millimeters in size and
make up from 5 to 40 per cent of the total rock. Commonly
they show a weak irregular alignment due to flow. On the map,
this material has been designated as dacite porphyry but quartz

porphyry and guartz feldspar porphyry could also be applied as



aprropriate names,

L3}

Microscoplic examination shows the
posed mainly of quartz and plagioclase in approximately equal
amounts. Biotite is usuvally the next most prevalent constitu-
ent and mekes up from 5 to L0 per cent of the rock. In some
specimens horunblende occurs instead of biotite. Less common
minerals are muscovite, chlorite, epldote and calcite. gtain-
ing shows that potash-feldspar is rare. Plagioclase occurs in
a micro-granular intergrowth with quartz in the aphanitic na-
terial and in the porphyritic lavas it forms phenocrysts (Plate

74y B)e In the former, it is poorly twinned and because of its

]

fine~grained nature could not be isolated for analysis by oil
immersion methods. In the phenocrysts, albite twinning indi-
cate oligoclase, Sericitization is common and moderate saus-
suritization 1s developed in some parts, apparently those near=
est the '"Dobie basic intrusive!". The qguartz phenocrysts are
usvally anhedral but in some specimens subhedrsl crystals are
present. They seldom show strain effects. The biotite is a
brown pleochroic variety. It forms minute, unoriented blades
uniformly distributed Tthroughout the rock. Hornblende occurs
in small pleochroic green prisms. In a few places 1t forms
cleavable phenocrysts in the porphyritic lavas. Muscovite
apparently occurs only in conjunction with biotite. Character-
istically it is present as 1/2 millimeter metacrysts (see Plate
74)Y. The chlorite is pale green with low birefringence and

forms tiny blades, most commonly in specimens containing horn-
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Tine-grained dacite composed of plagioclase, guartz
and biotite with muscovite metacrysts. Ordinary

light. XQQQ (8pecimen N-10-2)

Stained thin section showing dacite porphyry with
subhedral phenocrysts of quartz and nlagioclase.

Ordinary light. X25%. (Specimen N-65-3)
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blende., @Epidote forms rare granules and calcite appears to
be secondary.

The quartz latites and rhyolites are similar in character
to the dacite but are much finer grained with more alksli-feld-

spar. Wafics are even less abundant.
Intermediate Agglomerate

The intermediate agglomerate (see Plate 8), like the lavas,
weathers a typical light buff, brown or cream-white. It is in-
timately associated with the lavas and, in some places, porphy-
ritic lava forms the matrix around the fragments.

The fragments range from one to eight incheg in size and
some are as large as one foot. They are subangular to sub-
rounded in outline and make up from 10 to 40 per cent of the
rock. They are not confined to definite beds bul are randomly
distributed. All appear to be formed of the same material, a
massive fine-grained igneous rock. Thin sections show a com-
position essentially the same as the lavas, ranging from cuartz
latite to cuwartz dacite. The principal constituents are cuartz
and plagioclase with biotite, hornblende and epidote., Potash-
feldspar occurs in varying amounts and where prevalent is accom-
panied by muscovite. The texture ranges from microcrystalline
to poorly porphyritic. Sutured intergrowths of plagioclase and
guartz are common. Biotite occurs as tiny brown pleochroic

blades and in places has minute inclusions of zircon.  ZEpidote



PLATE &

Intermediate agglowmerate with dacite fragments, NE

1/% section 1, Shenston township.
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forms rare granules. Horublende is vellow to brown pleo=
chroic variety and is associated with the biotite.

The matrix is usually greenish-grey in color and is in-
variably slightly darker than the fragments. Tt is generally
a fine-grained pyroclastic. Bedding is absent or poorly deve
eloped. Considerable difficulty was encountered in distine-
guishing the pyroclastic material from the lavas both in the
field and the laboratorys.

Under the microscope, most specimens were found to have
a completely recrystallized microgranular texture. 24 few show-
ed 1 to 3 millimeter clastic grains (Plate 92). In some of the
latter the fragments resemble phenocrysts and the material could
be called a '"porphyritic tﬁff"\(Pettijohn, 1949, p. 265), The
composition of the agglomerate matrix is more variable than
either the lavas or the larger fragments. It contains a greater
percentage of mafic minerals and commonly more than one type.
The estimeted average composition is 20 per cent quartz, 55 per
cent plagioclase and 25 per cent biotite and/or hornblende. The
plagioclase 1s poorly twinned and frequently saussuritized. It
is probably oligoclase. Biotite is brown, strongly pleochroic
and occurs in tiny blades. Hornblende is usually bluish-green
or pale green and shreddy. Locally it forms dark green, strong-
ly pleochroic crystals with good amphibole cleavage. Epidote

is assoclated with the biotite. Muscovite forms 0.5 to 1.0 mill-




Recrystallized agglomerate matrix showing outlines of
original grains.

Dark mineral is hornblende.
ary light. X25 (Specimen N-9-3)

Ordin-

B Tuffaceous material showing pyvroclastic texture., OQOrd-
inary light. (8pecimen F-9-L)




e

wll amounts of sericite are comnmon

Q
i

0
=
03

imeter poikiloblasts

to most specimens,

-3
ot
N
-
w

Tuffaceous material is interbedded in =small anmounts with

other description is unnecessarv. Plate 93 shows the well

developed pyroclastic texture.

Metamorphnilsn

Two principal types of metamorphism are to be suspected
in the intermediate and acid volcanics because of their geo-
logic occuwrénce° One is regional metamorphism9 the other is
more locallized metamorphism caused by the "Dobie basic in-
trusion®, In studying the rocks, however, the cause and the
grade were difTicult to establish. Good index minerals or min-
eral assemblages are lacking because of the acidic composition.
411 combinations of the minerals present were found. Where
variations of the mineralogy do occur, slight compositional
differences probably are more a controlling factor than the

type and grade of metamorphism. For exanple, in agglomerate

from one locality the fragments and
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minerals except that blotite occurs in the former whereas the
latter have horunblende. In another locality, both have bio-
tite as their only mafic constituent. Furthermore, apparent-
ly anomolous features cause added uncertainbty. Near Manitou
Rapids, tuffaceous material is completely recryéﬁallized and
moderately gneissic wnereas adjacent porphyritic lavas are
little deformed, the quartz phenocrysts even lacking undula=-
tory extinction. The lavas seem to have been less susceptible
to recrystallization.

The metamorphism in the northern parts of the volcanics
studied is probably regional and of the grade of the garnet
zone, This is indicated, as will be discussed later under the
heading "Basic Volcanies', by the occurrence of adjacent and
interbedded garnetiferous plagioclase-amphibolites. The ex=
treme north-east part of the belt near the lower sedimentary
division has possibly been subjected to even higher grades of
metamorphism. No definite evidence was found to indicate a de-
crease southwards in the grade of regional metamorphism.

In the vicinity of the "Dobie basic intrusive" an increased
amount of epidote and appreciable saussuritization possibvly in-
dicate superimposed contact thermal melamorphism of a lower
grade. Combinations of epidote with hornblende or biotite may
represent the albite-epidote-amphibolite facies or the grade
of the biotite zone. The occurrence of chlorite might repre-

sent the chlorite zone in the outer part of The metamorphic
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1 which

*

aureole, However, it must be emphasized that evidence o
these postulations are based is extremely indefinite. The gane
mineral combinations are present several miles distant from

the intrusive conbtact as occur within a few hundreds of vards

of it. Hence, it is impossible to accurately evaluate the nin-

eralogy or to outline metamorphic isograds.

BASIC VOLCANICS

Distribution and Structure

The basic volcanic rocks outecrop largely in the follow-

o~

ing parts of the Emo area:

oQ

(1) Tait and Richardson townships

(2) Shenston and Dobie townships

(3) The eastern part of Carpenter township
Parts (2) and (3) were studied for this thesis.

The B8henston-Doble group is shown on the map to underlie
the south-western part of Shenston township with a maximum
width of about 20,000 feet. It has a 2500 foot wide extension
into the central part of Dobie-township. The structural trend

o vertically

ol

s east north-east and the formation Adins steeply

e

in all expoced narts. Undetermined structural complications
undoubtedly accourt for the marked change of thickness. The
body 1is bordered on its extreme north east side by the upper

sedimentary division. Hlsewhere, it is bordered by and inter-

1
1

1

fingers with intermediate and acid volcanics. The "Dobie basic



intrusive! cuts the eastern extension.
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The baslc volecsanics 1
township, strike avpproximately N70CF and dip steeplv. They
Torm a wedge-shaped body narrowing to the east in
township which. in the map-area, has a maxXimum widt
8,000 feet. To the north it is bordered by iron formation,
on the south-west by the "Carpenter-Lash basic intrusion',

and to the south-east by the "Devlin Monzonite',.
Character

The Ttwo occurrences studied consist of essentially the

same types of material., Dark-colored basic lavas predominate

9]

with lesser amounts of basic agglomerate, tulff and associated

C

sedimentary material.
Basic Lavas

The basic lavas are relatively fresh in appearance, green-
ish-grey to dark grey, and weather greenish-grey to brownish
grey. They are largely fine-grained to aphanitic, massive or
slightly gneissic. Schistose material is developed only local-
ly. edium to coarse-grained lavas, where present, are char-
acterized by aligned crystals of hornblende, 2 to 7 millimeters
in length, wnich stand out on the weathered surface as a result

of differential weathering. Porphyritic lavas occur only in

minor amounts. They have 5+to 10 millimeter phenocrysts of
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white or greenish feldspar enclose
greenish-grey matriX.

The most common flow structures observed in tThe lavas
are pillows. These range in length from a few inches to
four Teet and are separated by seams of tuffaceous material,
1/% to 3 inches in thickness. Although they are relatively
abundant, the @illows were found to have such poorly developed
cusps and such irregular snapes that reliable determinations
of tops of fows could rarely be made,

Vesicles and amygdales occur locally, being most abund-
ant in the pillow lavas. The vesicles range in diameter from
1 to 5 millimeters and are frecquently elongated. The anyg-

P

¥Microscoplec Examination

Thin sections revealed the finer-grained lavas to be high-
1y recrystallizeé4with an xenomorphic granular texture. Some
of the medium-grained lava has hypidiomorphic texture. In
the porphyritic lava, most of the phenocrysts are reduced to
clots of granular crystals but a few subhedral crystals of
original plagioclase are preserved (see Plate ldﬁ)e

The lavas from the two aress studied are appreciably dif-
ferent mineralogically and are described sevarately.

The basic lavas in Shenston and Dobie townships are com=
posed principally of hornblende and plagloclase. Quantita=~

tal “

tively, the proportions of these minerals vary considerably,
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Porphyritic basalt showing recrystallized plagilo-
clase phenocrysts. Crossed nicols. X25 (8peci=-

men N-56-5)

Recrystallized basic lava composed of poorly ori-
ented hornblende and plagioclase., Ordinary light.

X80, (Specimen F-L-1)



hornblende making up from 25 to 75 per cent of the rock,

Other minerals occurring in the lavas but found only local-
ly and in small amounts are blotite, garnet, quartz, chlorite,
epidote, magnetite, sulphides and calcite.

The hornblende is green or slightly bluish-green and

=t
n

trongly pleochroic. It forms minute cleavable prismatic
crystals, Wost commonly these are randomly orlented (see
Plate 10B) but, in.the sheared and gneissic material they are
poorly aligned. The crystals are generally uniformly dis-
cributed throughout the rock but in some of the coarse-grained

specimens, they form clots which apparently are pseudomorpnic

The plagioclase is largely fresh, recrystallized and

i—!—-

L is sausasus

P

itized., Albite twinning is

-

granular. Locally,

poorly developed bult occasional twins in the coarser-grained

material indicate a composition of labradorite or, rarely,

andesine., 0il immersion analysis of original plagioclasge

rom the porphyritic lava showed a composition of Dbytownite.
Biotite occurs in brown pleochroic blades. Garnet 1is

dark red in color, forming poorly developed metacrysts with

abundant inclusions of hornblende and plagioclase (see Plate

11a). It is evidently most common in the hornblende-rich ma-

terial and is found in both gneissic and granular lavas. Chlor-

ite igs locally present in shreddy masses with low interference

“

colors (see Plate 12B). It is found with epidote and appears



A Basic lavas showing poorly developed garnet meta-

cryst. Ordinary light. X25 (Specimen N-66-06)

Bo Chloritized basic lava. OQOrdinary light. X80 (8peci-

men Fl-1-6)



to be an alteration product of hornblende. In places it

[-de

is confined to tiny stringers.

-

The Carpenter basic lavas are also composed largely of
hornblende and plagioclase. Augite and diallage are common

as is biotite. Sphene, apatite and sulphides are present

in accessory amounts. Introduced calcite occurs in some

specimens. The plagioclase 1s granular and completely re-
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crystallized. Saus tizat requently
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intense., Albite twinning indicates a composition of basic
andesine to la bradorite. The hornblende forms cleavable an-

£

is strongly pleochroic, colors ranging

-
l...)

hedral cleavage. T

.

from yvellow brown to brownish-green. Absorption is strong.

“

Diallage is pale greenish yellow with good parting and py-
roxene cleavage. Biotite is brown and freguently intergrown
with brown hornblende. It is the only mineral showing appre-
ciable aligument.

Clagsification

-

The basic lavas are typical "Greenstones" ecither ande-

tion. Distinction between ande-

‘_J-

gitic or basaltic in compos

0
fote
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hasalt is usually based upon the vlagioclase composi-
tion. Grout (1932, p. 92) says:

n o, ., ., most American petrogravhers class avhanites

A

ce

n

bearing andesine as andegite and those with labradoril
-t

or bytownite as basalts.™

However, recrystallization under meltamorphism has probably



resulted in a plagioclase composition different From that
originally nresent.

to deternine their composition and

rogsibly outline different flows. The resulis are shown in

[

Table 2. Included in the table are the principal minerals in

3 L4 o

each specimen, listed in order of abundance. Excevtionally
abundant minerals are underlined, those in amounts less than

7 per cent are vlaced in parentheses.

TABLE 2 Specific Gravities of Specimens of Basic Lavas.
N=66-6 Hornblende-plagioclase~(garnet) 3.11
WD-1-1 Hornblende-plagioclase~(biotite) 3.03
N-10-5 Hornblende-plagioclase-biotite 3.01

(cuartz~garnet)
F=3=2 Hornblende-plagioclase 3,01
Fl-3-1 Horublende-plagioclase-cuartsz 2.99
=-66-3 Hornblende-plagioclase 2,99
Te(=b Hornblende~plagioclase 2.98
=33-1 Hornblende~plagioclase~(quartz) 2.96
=5=2 Hornblende~-plagioclase 2,95
F=1-5 Hornblende-andesine=~quartsz 2.93
D=-2-2 Hornblende-andesine-biotite~ 2,92

(chlorite)



Specimen o 1oz Specific
Tumber Mineralogy Gravity
7=b66=1 Hornblende-labradorite-biotite 2,92
N=65-7 Plagioclase-hornblende~diallage~- 2,91
guartz
F“‘L}‘"l 2@87
P-13-1 Bytownite-hornblende-biotite~ 2,87
sericite~(quartz)
Fi-1-6 Plagioclase-chlorite-hornblende~ 2,86
(quariz)
Fewl3=5 Bytownite-hornblende-biotite- 2.83
guartz
§-10=7 Plagioclase~chlorite~hornblende- 2,80

biotite-(guartz)

.

T is obvious that the svecific gravity is a function

~

of mineralogy. Because the lat

oF
®
=]
}_l
w

largely metamorphic,
the method is not satisfactory as a measure of chemical conm-
position. However, it is considered significant that the

najority of the values lie within the range of specific

Iy

o

gravities for basalts ag given by Daly (1933). Furthermore,
it is noted that specimens N-13-4 and ¥-13-5 have original
bvtownite but are among the least dense spnecimens. It is

therefore bhelieved that the bulk of the lavas are basaltic

in comvposition.



gmall amounts of dark-colored mafic-rich sedimentary

material, in part tuffaceous, and basic agglomerate are

s -1

associated and interbedded with the basic lavas. This na-

-

terial is most extensive in the Carpenter group and the best

exposure is in lot 3, concession III, Carpenter township.

.

The sediments are fine-grained, clastic in appearance,

T b i §

and have irregular bedding. They are moderately schistose

o -

and locally garnetiferous (see Plate 1224), ¥Microscopic eXe
amination shows them to be composed mainly of greenish-brown
hornblende, diopside, plagiloclase and quartz.

The agglomerate consists of Ifragments of porpvhyritic
ine grained lava in a wmatrix of the basic
eous material. The fragments are subangular and range from
one to sgix inches in length. They make up from 10 to 40 per

cent of the total rock,

Metamorphism

Dobie~8henston Group

In this group the mineral assemblages plagioclase-green

1

nornblende and garnet-plagioclase-green hornblende are indica-

tive of regional metamorphism of at least the grade of th

garnet zone (Harker, pp. 283-285, 1933). This corresponds to
the metamorphism of the bhordering "upper sedimentary division®,

o

It is noted that the occurrence of garnet in the material rich-



est in hornblende corresponds with Harkerts findings. He
suggests compositional control and hence the poorly developed

character of the garnets probably does not place an upper

,

1imit on the grade. However, the presence of epidote suggests
that the grade is not higher than the garnet zone.

The character of The calcitic amygdales is regarded as
a negative evidence that high grades havé not been reached.
Harker says of the metamorphism of impure magnesium limestones
(1933, p. 258):

"Tn the highest grades of metamorphism the aluminous

hornblendes, like the non-aluminous, normally give place

to diopside and forsterite « « o oF

[6]
o
i

Therefore it mignt be expected that if high grades were

posed, reaction between the carbonate material of the amyg=-

dales and the adjiacent hornblende should have occurred result-

ing in diopside., This phenomenon was observed by Hskola (191,
Pe. 108). Diopside, however, was not found in the amygdales of

-

the basgic lavag in Shenston and Dobie townships (Plate 12B).

n
(=N

The character of the chlorite suggests that it is the re=-
sult of pneumatolytic alteration.

Carvpenter Groupn

In the Carpenter group of basic volcanics combinations
of hornblende, plagioclase and garnet again imply mediunm or

s of regional metamorphism. The latter is indicated

j@)
@

nigh grad

to be most probable by the presence of brown hornblende (Mason,
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Garnetiferous basic sediments found assocliated with

the basaltic lavas, lot 3, concession III, Carpenter

tovnship.

(8pecimen N-66~10)

BN



1952, p. 231), and augite and diallage. Harker (1933)
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metamorphism is of the grade of the gillimanite zone and

"lower sedimentary division®,
COIICLUSIONS

(1) The volcanic rocks of the Emo area consist of lavas,
agglomerates and tuffs which range in composition from

) K]
2881Ce

acid to
(2)  The acid and intermediate volcanics are poor indicators

of metamorphic grade. They have probably been subjected

to regional metamorphism of the grade of the garnet zone.

Local superimposition of thermal metamorphism caused by

the "Dobie basic intrusion" and of approximately the al-

[

bite-epidote-amphibolite facies is suggested.

(3) The typical "greenstone" in the area is largely basaltic
lavass

() Regional metamorphism of the grade of The garnet zone is

indicated in the basic volcanics of Shenston and Dobie

towmnships.
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The basic volcanic rocks in Carpenter township have

been subjected to nigh grades of regional metamorphism,

possibly reaching that of the sillimanite zone.
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GRAPIY AND SEDT

.!_ by

structure and stratigraphy
in the area has bheen limited by the sparseness of outerops.
Wherever possible contacts and structural trends have been
outlined on the basis of geophysical and drill hole data
but in many places their location has been assumed., TopS

I beds have heen determined primerily from pillow s
tures in the basic lavas. Determinations based on grainsize

ations and crogs-bedding in the sediments could rarely

[l

£rad
be made because of the obscuring effects of meltamorphism and
lichen coverings. The attitude of sgchistosity and bedding
are only occasionally suggestive.

A discussion of the structure of the rocks assigne
the Keewatin is in effect a discussion of The structure of

k]

the area as a whole because they make up the main sectlons of

sediments and volecanics. Stratigraphic groupings and age se-
guences are based largely on structural interpretations and,

of clarity, the en-
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hence, follo

tire Tmo area is included in the following discussionse.

Three major folds, two anticlines and a complementary

L} o

cline, are indicated within the map-area (see figure 2).
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east direction.

The most southerly fold, an anticline, is exposed wi
drag folding in lots 3 and 4, concession VI, Carpenter town-
ship., From this location the axls apparently trends west and
south under areas covered by overburden to a point on the
Rainy River approximately two miles west of BEmo. In the ex-

posures in Carpenter township the axis »lunged approximately

'T)'

40 degrees to the east. The arc of vertical sediments at
the boundary of Dobie and Carpenter townships indicates the

axis to be nlunging steeply to the south-west. Thus the east~

ern part of the anticline is believed to be domed.

Only two reliable determinations of tops of beds were

made in the limbs of the fold. 1In the south limb, in lot 3,
concession ITI, Carpenter township pillow lavas indicate tops

L)

to the south., Correspondingly, the north limb pillow lavas
9

in lot 9, concession III, Dobile township indica

(i

e tops to the

!.J

north.
The axis of the north anticline trends, as shown on the

newood Lake to the south-west corner of Potts town-
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ship. Its location further west is not known because of the

~

proximity of the fold to the boundary of the map-area. How=-

ever, the schistosity and flow structures in the volcanic rocks

swing from an east-west direction in Mather and Talt Townships

z
P



to a north-south direction in Richardson township indicating
that the fold does persist The pattern of Burditt Lake and
other lakes to the North suggest that this folé may be the

gouthern extremity of a wmuch larger fold.

| Fvidence that the fold is an anticline is not available
in the immediate vicinity of the defined part of the axis.
However, the top of what is apparently the south limb is in-
dicated to be to south by pillow lzvas in Talt and Richardson
tovnshipsand by sedimentary grainsize gradations in Tait and

¥ather townships.
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on of the synclinal axis Dbetween the two anti-
clines probably is marked by the band of granitic rocks trend-

g N70°E across Shenston and Vather townships.

;.v.

gested by vertically plunging drag folds in the sediments

bordering the intrusion.

STRATIGRAPEY

.

The treatment of the stratigranrhy of the Keewatin follows
that used by Satterly (19%1). The stratigraphic divisions are
based on lithology and are named after the township in which
they are best exposed. In the following secquence, the oldest
division is at the bottom, the youngest at the top. o de=-
finite evidence was found of unconformable contactse

arpenter volcanics

Mather sediments
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The "Carpenter sediments! consist of the hornblende
schists of the lower sedimentary division. As described
previously, the main body of these sediments outecrop in
Carpenter township and another less known body outcrops in

the south-east corner of Potts townshin. In both areas the

ndicates

[te

sediments are anticlinally folded. Their pogition
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that they stratigraphically underlie the intermediate and
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acid volcanics and that they form the bhasal

n

Thus
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Keewatin rocks in the sections exposed by the fold

the two bodies are believed to be equivalent in age and to

efined by Lawson
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in the Rainy Lake area 1s a tThick series of sedimentary mica

schists underlying Keewatin volcanic rocks. The Carpenter

gsediments have this same stratigraphic vpogition and thus nay
possibly be Coutchiching in age. However, the hornblende
schists do not resemble the mica schists lithologically. Di=-

rect correlations cannot be made because of the 20 mile gap
between the two map-areas. Heunce, the Carpenter sediments

are included in the Xeewatin.



Dobile~Talt Voleanics

The "Dobie volecanics" are the bhelt of volecsnic rocks

[

extending across the southern parts of Shenston and Dobie
towneships into the western part of Carventer township. The
"Tait volcanics" are the northern body of basic, intermediate
and acid volcanic rocks. The former occur in the north 1imb

of the proposed syncline, the latter in the south limb. Strati-
graphically, both are indicated to directly underlie the main
body of the upper sedimentary division. Therefore, they are
probably eqguivalent in age. They are indicated to overlie the

"Carpenter sediments',

Mather Sediments

Yather

The "upper sedimentary division™ is best exposed in
township and is given the stratigraphic name "Mather sedimentst,

As was discussed previously, the main body of these sediments

Hy

is a synclinally folded formation composed largely of grey-
wacke and underlain by the Dobie and Tait volecanics. The iron
formation interbedded with the greywacke in northern Dobie
towvnship is on the north limb of an anticline. The one trend-
ing north and east across Carpenter township is in the south

limb of the same fold. It is therefore believed that the

latter is also part of this stratigravhic unit.

Previous mention has been made of the szimilarity of the
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biotite schigts in this division and of Lawson's (Coutchiching

)

iwiications of this

i

the Rainy Lake Area. The in
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similarity with regards to age relstio

versial Coutchiching problem are obvious,

Carpenter Volcanics

The basic volcanic rocks in eastern Carpenter townshity
are called the "Carpenter volcanics!". They are indicated to

stratigraphically overlie the iron formation by their position

fdo

n the anticline and by a determination of the direction of
tops of flows made in the pillow lavas. Thus, they are pro-

bably the youngest group of Xeewatin rocks

SEDIMENTATION

. o

"The Archean sediments of the southern Canadian Shie

i.__!

d
are mainly greywacke; much conglomerate, a little slate
and still lesgss iron~bearing formation are also presente.

-

Excessive thickness, especially of the conglomerates,
abundance of graded bedding, rarity of cross-bedding

and absence of ripple mark, the greywacke nature of the
arenaceous beds, the absence of true guartzites and lime-
stones and scarcity of normal argilleceous sediments,

and the association with greenstones and tuffs are all

earmarks of a geosynclinal facies of sedimentatlio:

[-J

D
I

)
o

depogite are nmuch like the ravidly accumulated "Flysch!



satisfied by this description. The Carpenter sediments

were probably derived largely of tuffacecus material and
deposited in shallow marine waters.,: The volcanicsy grey-
wacke, diron formation and counglomerate are all typical Arch-
ean deposits. It is therefore concluded that geosynclinal
sedimentation has resulted in the Precambrian sedimentary

and volcanic rocks of the Emo area.



CHAPTER V POST -~ KEEWATIN TWITRUSIONS - BASIC INTRUSIONS

The principal basic intrusions are two stocks, one in
the central part of Doble township, the other in Lash and

Carpenter townships. The latter was studied for this thesis.
Smaller bodies of hornblende diorite and hornblende gabbro
are common to the area and some of these were examined in

detail,

CARPENTER-LASH INTRUSION

Dimensions

The Carpenter-Lash basgic intrusion has the maximum dim-
engions of 30,000 by 12,000 feet and is elongated in a north-
south direction., IExposure is poor, particularly in Lash town-
ship, and although the intrusivg boundaries have been outlined
with the help of an aeromagnetic map their location is still

much in doubt. Immediately to the ezst of the wain hody is

granitic rocks.
Character

The intrusion is fine-to medium-grained and equigranular
Chroughout. It is massive except in the border outcrops where
weak gneissogity 1s developed. The fresh surface of the rock
ig dark greenish-grey and the weathered surface is grey to

brownish-grey., In general, the feldspars are medium grey but



in the coarser material pale greenish plagioclase contrasts
with the darker msfics.
Ilcroscopvc examination showed the unaltered specimens to

have a hypidiomorphic granular texture (Plate 134). The

wn
n

gneissic materials have irregular alignment of minersl grain
Grain size ranges from 0.1l to 4 millimeters and is most com-
monly 0.5 to 2 millimeters.

The approximate compositional range was shown by Rosiwal
analysis to be 50-65 per cent plagioclase, 15-25 per ceat
hypersthene., Varying degrees of alterztion of the pyroxenes
has taken place (Plate 1ki, B), uralite being absent from some
specimens and making up 20 per cent of others. The plagio-
clase ranges from andesine to labradorite (Aolg ~ &bgo), as
indicated by albite twinning. It forms subhedral laths and is
frequently moderately sericitized or saussuritized. Hypers-

o
L

thene has faint pink to greyvish-green pleochrois: Augite 1s
pale green and cleavable. Commonly it is twinned. Diallage
has typical basal parting.

The bulk of the intrusive rock is, by Johannsen's class-

238), hyperite or hypersthene gabbro.

ification (1937,

K3
k-

Structure

A complete structural study of the intrusion is imposs-

ible because of the poor exposure. A4s was mentioned previously,

4 . .

the rock in the border outcrops shows a gneissic alignment of



PLATE 13

Hypersthene gabbro showing typical Texture. Pyrox-

q

enes are hypersthene and diallage (with basal part-

ing). Ordinary light. X25 (Specimen N-lL6H-1)
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1

crystals his is believed to be a primery effect brought

-3

about by intrusion. The Dobie basic intrusion shows com-
positional zoning and to some extent textural zoning. In
the Carpenter-Lash intrusion, definite zoning could not be

established. The plagioclase composition varie

n

at randou,
Neither the quantities of the different pyroxenes nor the

total pyroxene content show a discernible pattern. (Craine
size ranged from fine to medium in all parts. Alteration
does not appear to be characteristic of any particular vart,
Thus, the intrusilon is evidently rendomly heterogeneocus with-

in comparatively small limits.

Genesis

The Lash-Carpenter intrusion does not show evidence of
being anything but the product of normal crystallization of a

.,

basic magma. Textural relationships of minerals indicate that
hypersthene was the first mineral to crystallize. ILater its
place in the crystallization sequence was taken by augite and/
or diallage. ZIvidently plagioclase began to form about this

same time, alitization is probably a late magmatic or

e,

deuteric effect.

.

Local primary gneissosity suggests that the magma was
emplaced when at least partially crystallized.

By

The field evidence for the relative age of the intrusive

bad
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(1) In lot 3, concession II, Carpenter township, the
intrusive truncates the "Carpenter basic volcanicst,

(2) In lot 3, concession I, Carpenter township, it is
cut by dikes and apophyses of

te Intrusion® which outcrops ext

o

-

[0}

aste
(3) In the rock cut along Provincial Highway No. 71 in
the 8W 1/%, section 33, Lash township, fragments of
9 9 9
hypersthene gabbro are included in the "Lash quartsz
monzonite intrusion',

Thus, the intrusion is younger than the volcanic-sedi-

nitic

Q.)

mentary complex and older than at least two of the gra:
bodies. Hence 1t is probably an opvhiolitic type of intrusion

related to the orogeny in The area,
HORNBLEWDE DIORITE AND HORINBLENDE GABBRO

Minor dikes, sills and other irregular intrusive bhodies
cutting the sediments and volcanics are common throughout the
area. Xenoliths of the same tyve of material are found in
the granitic intrusions. Although the intrusions usuvally stri
in a north-east direction, they are very unlike the typical

Keweenawan diabase dikes in their structural characteristicse

The largest single exposure is 1600 feet by 600 feet., Most

commonly the dikes and sills range from one to 20 feet in width

and are not tracesble for more than severzl hundred feet., The

ke



xenolithic masses seldom exceed 20 feet in length.
Character
Specimens from the various masses are appreciably differ-
ent. In general, the rock is dark greenish-grey and commonly

shows dark Terromagnesium minerals surrounded by whitish feld-

spars. Medium=-to coarse-grained material is most prevalent.
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The majority of the bodies ar
trusions showing regional schistosity. Linear gneissosity is
rare. Recrystallization is comple
and xenomorphic texture being developed.

The principal mineral congtituents are hornblende and
nlagioclase but these occur in widely varying proportions.
Blotite, quartz, epidote, chlorite, sphene and sulphides are
present in lesser amounts.

Hornblende occurs in two forms. In the western part of

the area it is predominantly a shreddy green uralitic var

3

ietye.

I}

In the east, 1t is strongly pleochroic, vellowisgh-brown to darl

2

i

greenish-brown. It has good amphibole cleavage and forms sub-
hedral crystals, aggregated together to appear as black pheno-
crysts in hand specimen.

e} g

Plagioclase ig considerably recrystallized and most come

monly is transformed into a granular mosaic around the other

}_J )

ne uralitized specimens original plagio-

minerals In sone of
clase still exdists but it 1e highly saussuritized or serici-

tized., Albite twinning is poorly developed but a composition

\/f



blende gabbro. Some of the material corresponds Lo spes-

sartite, a form of lamprophyre,l.e., a dark dike rock with

. -

porphyritic or panidiomorphic texture in which euhedral horn-

-

blende crystals and andesine feldspar are characteristic

N

(williams et al, 195%, pp. 84-88).

ke

Origin and Genesil

A few of the dikes may represent feeders for the basic
lavas. Othergs are probably related to the two basic stocks.

Their discontinuous character suggests

TQ

that emplacenent was

.

not under tensional conditions as with the later diabacses
but, rather, that it accompanied folding,.

H

B3rownish hornblende in the eastern varts of tThe area 1is

el

probably indicative of high grades of metamorphism caused Dy
later granitic intrusion. The occurrence of inclusions of the

1oport thisg idea, In T
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dike rock in the gro
uralite may be a result of regional metamorphism in some dikes
and of deuteric alteration in others. The latter are most pro-
bably younger than the granites and may be related to the Doble

intrusive.



3ASE DIXES

Disbase and quartz diabase form near-vertical dikes

cutting all other Precambrian rock formations in the A0
&
ndicate the dilkes have

59,

area, The distribution of outecrops i

remarkable continuity in the direction Two dikes are

apparently continuous Tor distances of more than 20 miles

and several others ha The major

v
kes range in width from 100 to 300 feet. Smaller dikes,

Cu
;_:.

veral inches to 6 feet in width are common.

n
®

e structure of the dikes
are two or more sets of cooling joints developed normal to

the walls thus dividing the dike in columns or slabs. Gla=

3

clal plucking of tThese columns hag resulted in a hummocky
appearance along the strike of the dike (see Plate 154). Thi
effect in The large dikes is often clearly vigible in aerial
photographs |
The dike rock is dark greenish-grey in
acteristically weathers brown. The dil
along the margins, becoming medium to coarse-grained in the

entral portions.

Microscopic Description

[y
O
3

Microscopic examination shows an approximate composit

s



Keweenawan cquartz diabase dike cutting granodiorite
1

and showing hummocky effect due to Jointing, lot 9,

concession III, Dance townshipe.
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of 35-h5 per cent augite, 50-60 per cent lebradorite and

may or may not be present and never occurs in amounts ex-

ceeding 10 per cent. Diabasic or intergranular texture is

P

well developed throughout (Plate 164). ILabradorite (ﬁb@; -
Abgg) occurs in fresh well-twinned laths with random orienta-
tion. The augite forms anhedral crystals within the plagio
clase network. Tn some places 1t Forms subhedral phenocrysts

®

in a matrix of fine-grained diabase (Plate 16B)., TLocally

'y KR s

uralitization is moderate. Magnetite is finely disseminated

09

and 1s significant in that 1t 1s the cause of aeromagnetic

anomolies observed over the dikesg.

Genesls

4

The dikes have evidently crystallized passively from a

magma as evidenced by their sharp boundaries, marginal chill-

ing effects and lack of orientation of crystals. The magma

o

was vrobably of mafic-rich basaltic composition,

ey

Intrusion of the dikes has obviously taken place under

tensional conditions probably resulting from broad crustal

»

rping. This is indicated by the continuity of the dikes in

one direction and by dilationary effects observed along the

he dikes. A resultant feature of tensional em-

placement common to the dikes is offset without actual sever-

offset
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of tThe dikes is

1,

faults which

Al
{—~le

or pre-existin

0

o

central part of

have moved after

-

"

phenomenon. QOthers, however, are

the emvplacenment

An example of these

Manitou Repids Indian Reserve, wher

are undoubtedly only

either as new

is in the

e the

Tfavlt was outlined by an electromagnetic Ycrogss-over® and the

shear zone was

hserved in diamond drill

CoIre,



GRANITIC TITRUSIONS

CHAPTER VI POST

Seven granitic intrusions in the Tmo area have been
named. Several small bodies are not distinguished. Within
the map-area Iindividual intrusions are stocks and bosses

-

Combined they form masses of batholithic dimensions. Bound-

jo)}

ferent intrusions are poorly defined and age

ﬁ

aries between di

relationships =

re obscure.
The composition of the granitic rocks ranges from quartz

monzonite to granodiorite and 1s rarely as basic as quartz
diorite. True granites are almost non-existant. 0On the map,
Tour different compositional groups are denoted by syubols.

Dikes are classified as pegmatitic or granitic and aplitice
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For this thesis, two of the in
detail. These are the "Carpenter intrusion™ and the "Shenston-

Mather intrusion®.

CARPENTER INTRUSION

The Carpenter intrusion underlies the northern third of

Carrenter township and the southern third of Kingsford town-

L B

ship. It occupies the centre of the domal structure in The

Carpenter sediments and is bordered on the south and west by

-

these sediments. It is bordered on the north by the Shenston=-
(%

Mather intrusion and extends beyond the eastern boundary of

1

e ma

=ared.

ch
"o



The appearance of the intrusion is the same overall,
It 1s fine~-to medium-grained and its color is light grey to

pinkish-grey. Gneissosity is moderate and results from align-

ment of layers and flakes of biotite., ZLocally, particularly
near contacts with sedimentary material, a non-uniform appear-

e

ance ig developed with abundant mafic-rich streaks in %

'y

ive rock. Contortion of gneissosity and abund-

0

normal intru
ant injections of quartzose and feldspathic materials give
added effect To the heterogeneity. The actual contacts with

the sediments are comparatively sharp.

Composition

The rock has a remarkably simple minerslogy, being com-

posed of gquartz, plagioclase, microcline and biotite. Minor
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constituents, accessory min

'-ﬂ

extremely rare, The results of Rosiwal analyses of stained

thin sections and slabs are shown on a Q~P1-0Or diagram in

;..:.

figure 3, and on a P-4 diagram in figure 4. Because of the
close similarity of all specimens from the intrusion it is

very propbable that more analyses would give results correspond-

-1 -

ing closely with those already obtained. The bulk of the na=-

terial ig granodiorite.
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FIGURE 3 . Volume percent recalculated to 100 of quartz (Q), plagio-
“clase (P1), and potash feldspar (Or) in thin sections of the

Carpenter granitic intrusive.



F | M

FIGURE 4. Volume percent of quartz (Q), total feldspar (F), and

dark minerals (M) in thin sections of the Carpenter granitic intrusjve.
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Microscopic Description

The guartz and feldspars form an xenomorphic granular
intergrowth through winich brown bidite blades are aligned,
The quartz shows slight strain shadows. The plagioclase is
fresh and moderately twinned, both albite and carlsbad types

being present. Its composition is indicated to by oligoclase

6]

(Ab73 - ﬁbgg) by odil immersion analysis. The microcline has

typical cross-hatch twinning.
gtructure

The intrusion does not appear to be zoned, the same tex-

ture and composition being generally persistant. The trend

As seen on the map, it conforms with the outline of the domal
structure in the surrounding sediments. In the field conform-
ability with the sediments was observed on a small scale and
drag-folds in the sediments are frequently duplicated in the
adjacent intrusive rocks., Lit-par-lit injection is common

but the boundaries of the injections are usually well defined.
Genesis

Determination of the extent of granitization is a ma

J
problem in tThis and other granitic hodies in the area. The

d

eatures in the granodiorite

-

close correspondence of planar



s may polint to a replacement ori-

gin. However, the hornblende schists are the only sediment-

to granodiorite would require extrenely large amounts of
chemical exchange. Therefore, 1f this material was replaced,

extensive gradational zones might be expected. These, how=
ever, do not exist. The sediments show very little indication

of granitization. On the other hand, the uniform composition

in mafic content near the sediments is slight and evidently

due to assimlilation. Derivation by replacenen
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nossible but not Too probable bhecause no trace of
ound. Thus, 1t is belleved that the Car-
renter granodiorite was intruded ag a magma.

The structure of tThe intrusion appears to be a relation~
ship to its emplacenent. The conformability of gneissosity
he folds in the sediments suggests that intrusion and

o

uparching were contemporaneous. The textural character of the

rock indicates crystallization under stress. It is therefore,
proposed that the magma was emplaced forcefully in a partially

.

crystaelline state. Thus, siresses o

63
3

shear couples set up by

differential movement of the "crystalline mush" with respect

U} a “

to the limbs of the fold has result@o in the obgerved pattern

the foliation., The accompanying scueezing action has pro-



o)
o
o'
4
oA
4
@]
0]
jw
n
[©)
(@)
[
@]
=
O
o]
]
ct
Lo
[4)]
ct
[._J
9
o
@]

A complex band of granitic rocks extending in an east
north-east direction across Shenston township, part of Dobie
township, Mather and Kingsford townships has been called the
"Shenston-Mather intrusion". It has an average width of approx
imately 7,000 feet, but its outline is irregular. In the west=
ern part of Shenston township the width is only several hund-

o

red feet whereas in the north-west part of Dobie township 1t

bulges out to 14,000 feet.

Compogition

The intrusion shows a large and almost random varlation
in composition. It ranges from diorite to cquartz mounzonite
and true granites probably exist in some of the related dikes.
In figure 5, the results of modal analyses have been plotted
on a 0=Pl-0r diagram similar to that used by Chayes (1950).

P
Loobid

enperature valley
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The plots fall on both sides o
(Bowen, i937) and a grouping of points is virtually non-exist-
ant. Undoubtedly the analyses are considerably in error be-
cause of the coarse-grained nature of many of the specimens.

However, these errors are not believed to be sufficiently



Pl ‘ Or

FIGURE 5. Volume percent recalculated to 100 of quartz (Q), plagio-

clase (P}, and potash feldspar (Or) in thin sections of the

Shenston—-Mather granitic intrusive,
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large to detract from the true nicture at its present sta

e

ou

of development. On the other hand, a visual examination of
all the specimens collected from the intrusive suggest that
two more or less distinet phases predominate and that these

are concentrated in definite parts of the intrusion. An in-
dication of these two phases is given by the distribution of
nlots on the {-M-F diagram in figure 6. The phase with the

most mafies is characterized by the presence of hornblende.

It ranges in composition from diorite to quartz monzonite,

consisting mainly of granodiorite. The other phase 1s largely

[N

1~.

guartz monzonite and its principle nm

Q0

Oon the bhasis of both the modal analyses and field observations

the phases are believed to be gradational into one another.

Character

.

The two groups are considered distinctive enough to war-

rant separate descriptions.

Basgsic Phase

The hornblende~bearing material is mottled in appearance

(5]

with white to pinkish feldspar surrounded by dark greenish-grey
to black mafics. Most commonly it is porphyritic but mediuvm=
grained equigranular material is present. . Phenocrysts are of
feldspar and range from 1/h to one inch in lengt

is generally well developed and in the porphyritic material

alignment of crushed phenocrysts gives a typical augen-gneiss
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FIGURE 6. Volume percent of quartz (Q), total feldspar (F), and

dark minerals (M) in thin sections of the Shenston~Mather granitic

intrusive,



The najority of the phenocrysts are oligoclase or an-
desine., They are well twin and infrecguently are weakly
zoned., Sericitization i1s moderate to intense. Milcrocline

Torms phenocrysts bul more commonly it is confined to the
ground mass,

Hornblende makes up from one to two thirds of the total
mafics., It is a dark green strongly pleochroic variety and
occurg in crystalline masses one to 10 millimeters in length.
Characteristically it shows poikilitic habit, haviang abundant
inclusgions of cquartz (Plate 17R). Biotite is brown and to-
gether with wminor amounts of epldote 1s Tound closely agsoc-
iated with hornblende. Guartz is distributed throughout the
matrix in anhedral strained crystals. Accessories are apatite,
sphene and iron sulphides.

Acid Phase

The biotite~bearing group where found in Kingsford town-
ship 1s pink, becoming pinkish-grey in Mather and ghenston
townships. It forms the granitic material in the lit-par-1it

and here is grey in color with a more streaky appearance. The

. ) . 4
¥

rock is finer grained than the basic phase, grain-size ranging
from one to 5 millimeters. However, it is similar to the basic

phase in that 1t shows moderate to strong grneissosity and a

characteristic crushed appearance (Plate 184). The main con-

e
i

ituents are cuartz, oligoclase, microcline and biotite. Gran-
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Coarse=grained basglic vhage of The Shenston-Mather
intrusion showing the effects of crushing and gran-

ulation. Crossed nicols. X25 (8pecimen H-28-7)

B

asic phase of the Shenston-Mather intrusion show=
he poikilitic nablt of the hornblende. Ordin-

ary light. X25 (Specimen F=7-6)



scid phase of the Shenston-Mather intrusion show-
ing strain and crusting. Crossed nicols. X25

(Specimen F=-57-1)




uler epidote, less than 0.1 mm in size, is
constituent.
cline is confined to bands and layers which parallel the

neissosity and surround the other minerals suggesting that

oQ

t is dintroduced Jlate in the formation of the rock.

[uN

Structure

The intrusion is bounded by "Mather sediments’" in Shen-
ston and Mather townships and by granitic intrusions in Kings-
ford township. 4 pronounced straight gully near the east
boundary of the map-area suggests that the north contact of
the body is a fault., This fault 1s shown on the map extending
across Kingsford township. It may form th
ary contact acrossg Mather township because of (1) a lineament
formed by The limit of outcrops of the granitic material and
(2) the absence of lit-par-1lit or migmatite comparable
previously described 1500 foot zone occuring on the correspond-
ing south boundary.

Sharp contacts of the Shenston=}Mather intrusion with the
adjacent rocks are geldom exposed and then only
tances. One of the betlter examples is in the NE 1/%, section

31, Shenston township where a sharp conformable contact between

the gneissic granitic rock and Tthe Vather sediments is exposed.
Most sedimentary inclusions have well defined outlines and, al-
Though they almost invariably show some evidence ol renlacenmenty

Wi -
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they are still merkedly different in comvmosition from the
cncloging granitic material.

- . K
LT L8 1o

of the sediments which the granitic rocks surround

Y

Hingsford townsghip., Here, only local concordance exists with

iment-granite contact.

irregular. The hornblendic phase is concentrated in a

15,000 feet by %,000 Tfeet, in central

Mather township and it forme the dulk of the intrusive in Shen-
ston and Doble townships. The acid phase occurs mainly in
Kingsford township and in the marginal parts of the hod

Py 2l

Mather township. It must be emphasized that the main masses
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in the nornblende~rich phase., To a larg xtent they cut ace

-

ross the reglonal gneissosity of the main intrusion and many



nave gneisgosity developed parallel their own walls,
Pegmatite dikes are equally common in both phases. Sonme

resembling the coarse crystals of the pegmatite are locally

Genesis

(1) sharp sedimentary-grani
(2) Relatively unaltered sedimentary Xenoliths.

(3) Discordance between the gnelssosity of the granitic rock

(4) In the eastern part of the area where the sediments are

hornblende the sediments do not.

(5Y The nresence of prevalent and evidently related dikes,

many of which show gneilssosity transverse to that of the

main bodye.

3 -

On this basis it is believed that the bulk of the mass has



slowly and at considerable depth. From textural relstionships,
ndesine was probably the first mineral to begin to separate

out, followed ”HOEL‘V by hornblende. At a somewhat later stage

e

potash feldspar and quartz began to form. About this same time
biotite appears to have taken the place of hornblende as the

o »

crystallizing ferromagnesian nineral an
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the hornblende was transformed. NMeauwhile, the plagioclase was

evidently becoming wmore sodic.

()

The finer grain e¢ize and xenomorphic texture of the more

acid vhase seem to indicate that 211 minerals, l.e. feld-

m

O

;_J-

&

gimultaneousgly and comparatively rapidly.

Tt is suggested that the magma may have risen to shallower
depths at about the time that blotite took the place of horn-
blende. Possibly factors arising from intrusion caused this
change. A certain amount of differentiation way have occurred
in early stages of crystallization. As a resullt of gsubsequent

1

intrusion, the coarser, more basic phase became concentrated

in irregular masses surrounded by and grading into the wmore

acid one. The sequence in which the minerals in the basic vhase
began To form and Thelr replacements in the acid vhase way be

~

represented as follows:e



RBesic Phase Aeid Phase
Aindesine
Aligoclase Oligoclase

Fornblende

Biotite~epidote Bioti

t
o
Potash feldspar-quartz — ———Potash feldspar-cuarts

Stresses in a NW-SE direction, particularly during in-

truslon, are probably the cause of the persistant gneissosity
and of the crushed character of the early formed phenocrysts.

The wide variation in composition shown on the {-0r-pl

3

diagram in figure 5 must still be explained. Much of the
variation on T |
undoubtedly due to effects of differentiation, assimilation,
and redistribution of material by differential pressure.
Furthermore, the original magma itself wmay have been non-uni-
form.

The Dlo%s of analyses on the orthoclase side of the thermal

:

valley present a more difficult problem. The composition of

e )

the magme and, hence, of the rocks crystallized from it should

n
Pl
}.J

never cross the thermal valley as a result of gtraightforward
differentiation processes. Nor should such a transition be

brought about by assimilation. Part of the difficulty may lie
n the fact that the thermal valley was outlined by Bowen for

the system guartz-orthoclase~albite whereas the plagioclase
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Chayes (1950, v. 243) however, calculated that the difference

bears this out. Unlike Chayes!' rocks, the more basic phase

-

of the Shenstoun-Mather intrusion contains hornblende and has
a much higher color index. However, the effects of the mafic
constituents may also be negligible because physico-chemical
evidence suggests that "the dark minerals . . follow separate

with the light

paths of crystallization without interfering
constituents” (Barth, 1952, p. 103).
Two possibili
(1) Two different magmas were involved in formation of <The
Shenston-¥Mather intrusion.
(2) The intrusion, though derived from a magma, has been mod-
ifled by metasomatisme
The first possibility ie not born out by
tions. Contacts between the phases appeared to be almost in-

perceptibly gradational. Petrographic comparisons suggest tha

3]

textural characteristics are common to all phases. Furthermore,
specimens which come from c¢losely neighboring localities which

-

are virtually identical otherwise, when analysed, plot on opp-

gh dnconclusive, are more

Eax

the distribution of the



potash-rich meterial is suggestive. Some probable graniti-

Sl
zation effects have been described in the nearby sediments
and in some of tThe granitic rocks assocliated with vpegmatite,

the potash feldspar is to some extent

bands parallel to the gneissosity, possibly be-

confined to 1y

cause 1t has been introduced late in the Fformation of the in-

trusion. fThus, apparently the best expianatibn for the origin
of theiShenstOn~Ha£hef’graﬁitic in;rusion is that it has been
6erive% from a magma and that late in, or subsequent to, its
éfystalliZation metasomatic addition of vnotassium has occurred.

£

The mechanism of this addition is unknown,



CHAPTER VII OF CONCLUSIONS
The geology of the Imo area 1s typical of the Archean

geology of large parts of the Canadian Precambrian ghield.

K ~

It consists of a metamorphic terraine of highly folded sed-

imentary and volcanic rocks invaded by multiple granitic
intrusions and a number of less extensive basic intm

1slons.
For the rocks examined, the following generalizations can be
mades

(1) The sedimentary rocks fall into two major divisions.

These have distinctly different compositions and

O]

re

apnarently separated in age by an appreciable amount of

What 1s believed to be the older division now exists
as hornblende=plagioclase-quartz schists which are locally
garnetiferous or diopsidic. Originally, they were evid-
ently silty devosits in which calcite and chlorite formed
a large part of the matrix. Tuffaceous material was pro-
bably a major component.

The other sedimentary division is compriéed of three
units. The predominant one consists of plagloclase-~bio-
tite-quartz schists apparently derived from feldspathic
greywackes and interbedded shale., Small smounts of con-
glomerate hearing dacite clasts make up the second unit,.

The third unit is low grade magnetite iron formation which



(2)
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occurs in narrow bands in the schists,

r”*x 7 7 a v o3 [atheat 7 - T A Yot s S - [y
e voleanic rocks are clasgified as (a) intermediate and

acid volcanics and, (b) basic volcanics., Both subdivi-

!,

sions consist of an assortment of lava ate and
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S
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o
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tuffaceous sediments. The intermediate to acid lavas are
predominantly dacite with minor awmounts of cquartz latite
andé rhyolite. The basic lavas are typical "greens
and evidently are predominantly basaltic in composition.
Pillowé or ellipsoids are a common structural feature.
interbedded clastic sediments, iron for-
mation and volcanic rocks is characteristic of the assen-
blage attributed to eugeosynclinal sedimentation.

The metamorvhism in the sedinments and volecanics s

zone. Local thermal or contact metamorphism is suspected

o
-
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in the vicinity of the Dobie bhasic i
evidence is lacking.

The basic stock outcroppring in Lash and Carpenter township,
congiste esgentially of a slightly urelitized hypersthene
gabbro. This 1g evidently a normal igneous rock in which

local primary alignment of crystals suggest that intrusion

took place subsequent to at least partisl crystallization.
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(10)Dikes of disbase and cquartz diabase represent the younges
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and, nence, is older thea
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haps more) of the granitic intrusions. It can

24 heterogeneous group of small basic dikes and sills are

They range in composition Ifrom horn-

2

blende diorite to hornblende gabbro and in nart can be

classed as lamprophyre. P*ooaon several age groups are

represented but the majority are indicated to be olde

.

than the granitic intrusions.

The "Carpenter granitic intrusion® is indicated to be a

normal igneous body of relatively uniform composition.

The pattern of its gneissosity has evidently been produced
during intrusion and in conjunction with folding of tThe

The Shenston-Mather band of granitic rocks
able range of composition although two phases, horublende,

granodiorite and quartz monzonite, appear to predominate,

a

L.

Derivation of this body from a magnma is favored on the
hasis of field evidence. FHowever, results of modal analy-
sis plotted on a =-Pl-0r diagram point to at least local
netasomatic enrichment in potash within the body.

The effects of granitization in the sediments are appreci-

able but are believed to be surpassed in magnitude by ass-

imilation in granitic magmas.
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RESULTS OF MHODAL Contt
Specinmen Mineral Counts Volume Percentages
=33=k: Quartz 15 1.5 1.7
Plagioclase 540 5365 59.0
L-feldspar 360 35.7 39.3
Hornblende olt 9.3
1009 100,.0 100.0
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Plagioclase 735 L7.9 59.3
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