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ABSTRACT

Volcanic, sedimentary and intrusive rocks of Precambrian age in

the southwestern part of the Churchill Province of the Canadian Shield just

west of Flin Flon, Manitoba have a complex structural pattern as the re

sult of three superposed phases of deformation. All rocks have.undergone

lower greenschist facies metamorphism. The first phase of deformation

(P2) is the most pronounced and consists of a large isoclinal syncline with

a regionally developed axial-plane foliation (S2). The second phase (p3)

resulted in the development of three faults, two major folds, and an array

of minor structures which include numerous minor folds, fracture and crenu

lation cleavages (S3), and minor faults. The last phase (P4) is represent

ed b.Y a large open fold that caused a distinct strike swing of bedding, S2

. follation, am major faults.

Pebbles in the meta-conglomerate and meta-sandstone of the Missi

Group show a variety of deformational textures which have been interpreted

as resulting from a combination of intracrystalline and intergranular flow

processes. Their interpretation also indicates a progressive decrease in

the ductile behaviour of the rocks from the P2 to the P3 phase.
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CHAPTER 1

INTRODUcrION

1.1 Location, Topography and Nature of Outcrops

The area studied in this thesis lies within the Churchill Prov

ince of the Canadian Precambrian Shield and is located just north of

Amisk Lake, between Lookout Island and Batty lake (Fig. 1). The purpose

of this work was to" make a detailed structural analysis of the complexly

deformed rocks that outcrop in this area. The nearest settlement, Denare

"Beach, is approximately 2t miles southeast of Lookout Island. Flin Flon,

the nearest major town, is 14 miles northeast by road from Denare Beach

and is accessible from Saskatoon by highway and air. Approximately 35

square miles were studied.

This area shows typical shield topography, in that hill slopes

are fairly steep although the relief is low and few hi�ls or ridges rise

more than 60 feet above areas of bush or muskeg. In the area between

Comeback Bay (eocrd , H-7, Fig. 2) and Magdalen Lake (coo:rd. F-8, Fig. 2),

.

outcrops occur along narrow, steep-sided ridges separated by narrow

swampy valleys. Low, rounded ridges and flat-bottomed valleys are common

in the area northwest of Magdalen Lake. The elevation of Amisk Lake is

964 feet (National Topographic Sheet no. 63 L/9).

Outcrops are plentiful and follow a linear pattern parallel to

the metamorphic foliation. Lakes and islands within the area commonly

have rocky shorelines.

The area was glaCiated during the Plesitocene Epoch and most out

" crops have glacial striae and remnants of polished. surfaces. Many
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outcrops are in the form of roches moutonnee or whalelack ridges. There

is very little glacial drift.

1.2 General Geological Setting and Previous Work

The area. is underlain entirely by Precambrian rocks, the oldest

of which is the Amisk Group of vOlcanics. These are overlain (with

angular unconformity?) by the �ssi Group of meta-conglomerate and

Ileta-sandstone. Both the Amisk and Missi Groups have been intruded by

several types of igneous rocks (Fig. 2). Low-grade regional metamorphism.

plastic deformation, and cataclasis have modified the original features

of most rock types.

The OCCU%1:'ence of gold a.rd lase metal deposits in the general

region of tbis map area has attracted a number of geologists since the

early 19008. The works most pertinent to this thesis are those of Bruce

(1918). Wright (1933), Wright and Stockwell (1934), Ambrose (1936),

Tanton (1940), Harrison (1951), Byers (1953), Byers and. Dahlstrom (1954),

Pyke (1961), Byers !tal. (1965), and Mukherjee (1968).

The earlier workers recognized most of the stratigraphic divisions

and many of the major structures in this area. However, most of the ear

ier workers were of the opinion that only one period of deformation had

affected the rocks, whereas this author concludes that four phases of

deformation are necessary to explain the structural geometry of the area.

.

(also see Mukherjee, 1968).
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1.3 Purpose and Nature of this Study

Although the geology of this area has been studied intermittent-

1y since the early 1900's, the structure has remained poorly understood.

The complex structural pattern in the Missi rocks is believed to have

formed due to successive superimposition of several different deformation-

al phases. Multiple folding has been reported in a nearby area (Mukherjee,

1968). For these reasons, the present area was selected for a detailed

structural study. The work of Byers and Dahlstrom (1954) provided an

excellent framework for more detailed investigation and in determining the

structural history of the area. Some of their structural data from the

area northwest of Batty Lake have been used for analysis of fold structures.

Field work was carried out during the summer of 1968 and aerial

photographs on a scale of 1 inch to 1050 feet were used in mapping. Most

of the outcrops in the area were visited. The lithology am various prim

ary and secondary structural features were studied carefully at each out-

crop. Analysis of the tectonic structural features was made using the

techniques discussed by Turner and Weiss (1963) and Ramsay (1967). The

terminology used follows Mukherjee (1968).

To facilitate locating various areas discussed in this thesis

the map showing geology of the area has been marked off in a grid system,

(e.g., in Fig. 2, the reference for Lookout Island is coordinate H-4).

1.4 outline of the structural Analysis

The various lithological units in the Amisk Lake-Flin Flon

region display a complex outcrop pattern as a result of at least four
.

.

phases of deformation (Pt. P2. P3. and p4; Mukherjee, 1968). three 8f

which (P2. P3. and P4) are recognized in the area discussed here. The

I.
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interpretation of these phases is based on the following lines of

evidence.

1. The interrelationships of planar structures in a single

outcrop, e.g••

a) Although bedding (SO) and schistosity (S2) are usually

parallel. at several places they are oblique (Fig. 3).

b) Both bedding and schistosity are intersected by fracture

or crenulation cleavage (S3. Fig. 3).

2. Regional variations in the strike and dip of bedding (SO)

and follations (S2 and 53).

3. Fold style (e.g. whether open, tight, symmetric, asymmetric

or kink).

4. Refolding relationships.

5. Geometric relationships between folds, foliations, and

linear structures (e.g. whether the foliation al is an axial plane

structure, bl is folded by, or CI superimposed on, a particular fold).

6. Geometric relationships of minor folds to large folds.

7. Spatial and geometric relationships between foliations,

folds and faults.

8. The grade and nature of metamorphism associated with minor

structures formed during the different phases of deformation.

Each of the three deformational phases recognized in this area

has its own characteristic array of features and they occur in a recogn

. izable order of superposition.

Table 1 summarizes the deformational and metamorphic'evolution
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of the area. The essential geometry displayed by the various planar

and. folded structures is summarized in figure J. Details of the defor

mational phases and. associated structural features will be discussed in

chapter J.
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CHAPTER 2

STRATIGRAPHY, LITHOLOGY AND �AMORPHISM

The Amisk volcanics are the oldest rocks in the area and are

overlain unconformably (?) � the meta-conglomerate and meta-sandstone

of the Missi Group (Table 2). Both Amisk and Missi rocks are intruded

� porphyritic meta-gabbro, greenstone (Tanton, 1940), quartz-eye diorite,

and large bodies of syn-tectonic granodiorite (Table 2, and Fig. 2). A

number of small irregular masses, dykes, and sills (varying from basic to

intermediate in composition) that intrude only the Amisk Group, are con-

sidered to be the intrusive equivalent of the Amisk extrusives.

Table 2

Unit )' Meta-sandstone INTRUSIVE ROCKS
MISSI

Unit 2: Meta-sandstone with (Post Amisk and Missi
pebbles rocks, but not in age

GROUP sequence)
Unit 1 c Meta-cong10merate

UNCONFORMITY ? Biotite granodiorite
'Quartz-eye' dionte

[MasSive
to pillowed basic lavas, Greenstone

AMISK flow breccias, pyroclastic rocks;
and clastic sediments with Porphyritic meta-sabbro

GROUP agglomerates and derived schist.

2.1 Amisk Group

The Amisk Group, also known as "Wekusko' Group (Alcock, 1923.

Wright, 1933. Wright and Stockwell, 19)4. and Ambrose, 1936), consist of

a variety of rocks, including predominant lavas (mainly basic to inter-
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mediate with a few acidic flows), and some thin beds of clastic sediments

and pyroclastic rocks (the latter range from tuffs to boulder agglomerates

containing fragments up to 4 feet in diameter). 52 follation is uniform-

ly present and. is parallel to bedding (SO) except in the hinge region of

the F2 Magdalen Lake. Syncline. A superimposed S) fo1lation has developed

where the rocks are highly schistose and deformed. Byers and. Dahlstrom

(1954) estimated the thickness of the Amisk Group in the Amisk-Wi1dnest

Lakes area to be in the order of 21,000 feet, including 4000 feet of clastic

sediments, although not all these rocks outcrop in the area discussed here.

The basic to intermediate lavas are fine to medium grained,

greyish green to
.

dark green in colour, and in some places are interbedded

with thin bams of breccia, tuff, and agglomerate. Although lavas are

locally massive, they commonly show pillow (Plate 1a), flow, a.nd 8.II1'gda.loid��

a1 structures. The �cidic lavas are fine grained, equigranular to porphy

ritic, and greyish black to green in colour.

Southeast of Grassy Lake (coord. B-l0) there are a few outcrops

of fine-grained, thinly bedded, black to dark-grey to brown ereywacke. At

places these rocks are pebbly, and show wel1-developed S2 foliation. The

pebbles are mostly of porphyritic andesite, rhyolite, and dacite. These

vary in size from an inch to) feet in length and in shape from angular to

rounded. Many are elliptical. Elongate pebbles are commonly aligned

parallel to 52 foliation.

These sediments are interpreted as having formed in bodies of

water within the lava fields during periods of volcanic quiescence. The

sediments were derived from the weathering of lava and ub (Wright, 19))).
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The mineral composition and microscopic details of Amisk rocks

will be described later under metamorphism (p. 20).

2.2 Missi Group

The Missi Group1 overlies the Amisk Group with probable angular

unconformity and. in this area can be divided into three units (Table 2).

The Missi Group is confined largely to the core of a large syncline

(Magdalen Lake Syncline) and the outcrops extend from Lookout Islard

(coord. H-4) in.a northwesterly direction to Batty Lake (coo�. 0-13).

However. a few isolated outcrops of Missi rocks occur surrounded b,y Amisk

volcanics in the southeastem part of the area (Fig. 2. this relationship

is unexplained as yet).

Earlier wOrkerS (Byers and Dahlstrom. 19.54; am Stockwell. 1960)

described the Missi sedimentary rocks as arkoses and greywackes. However.

these are not true arkoses and. greywackes (in ierms of Pettijohn's classifi

cation. 1957) as the feldspar and rock fragment percentages are too low

in most of the rocks. Also the Original textures and compositions have

been modified through deformation and metamorphism. Therefore. the general

term meta-sandstone is used here.

It is not possible to determine the thickness of the Missi Group

accurately because of the intense folding and faulting. However. this

author agree� with a minimum thickness of 5000 feet in this area as esti

mated b,y Byers and: .Da.hlstrom (19.54).

1 The Missi meta-sedimentary rocks have been termed the "Missi Series"
by most previous workers. However. in keeping with modern stratigraphic
Terminology. they are better termed the "Missi Group".
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A general description of how the three units appear in outcrops

is given below and their petrography is described in the metamorphism

section (p. 21), and their deformational textures in chapter 4 (p. 66).

Unit I: Meta-conglomerate. The basal unit of the Missi Group

is meta-conglomerate, approximately 600 feet thick (Byers and Dahlstrom,

1954), which consists of boulders and pebbles mostly (nearly 70.%) derived

. from the underlying Amisk Group. Most pebbles are quartz-porphyry, quartz

feldspar porphyry. rhyolite, daCite, and spotted, green, quartz diorite.

However, some consist of amesite, basalt, quartz, red jasper, chert.

sericite schist, granodiorite, and granite. There is considerable variation

in the size and shape of pebbles. They range from about an inch to 3 feet

in 1ength.and up to a foot in width. The shapes of pebbles range from near

ly spherical to ellipsoidal to pancake shaped largely as a result of varia

tions in the pebble composition and in the intensity of deformation. Gener

ally. pebbles are elongate para11ef to S2 foliation (Plate 1b) and at places

are highly folded (13 folds, Plate 1c). Sorting of the pebbles is variable

and ranges from well sorted to poorly sorted in different places. The _trix

is fine to coarse grained and composed mainly of quartz, chlorite, biotite,

feldspar, sericite, and igneous rock fragments. It is coloured. in various

shades of grey-green and differs from the meta-sandstone in units 2 and 3

(which it resembles) in that it has a lower content· of quartz and a higher

content of chlorite am, at some places, calcite. S2 and 83 follations are

usually well developed.

Unit 2i . Meta-sandstone with pebbles. The contact of meta

conglomerate (unit 1) with meta-sandstone (unit �) is not sharp and abrupt

but there is a gradational zone of meta-sandstone containing numerous

l

I
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pebbles, whose width varies from a few feet (area northeast of North

Channel, cooI'd. D-9) to several hundred feet (in the Comeback Bay area.,

coord. H-6, Plate ta), This zone has been mapped as a separate unit

(unit 2). The pebbles are similar in composition to those in the meta

conglomerate, but are smaller in size, well-sorted, and usually irregular

ly scattered. However, in some places, pebbles occur in distinct lenses

up to 10 feet thick (e.g. east of North Channel). The matrix is similar to

the meta-sandstone (subgreywacke) of unit 3 (described. below). 52 folia

tion is well developed but 53 is generally poorly developed.

Unit 31 Meta-sandstones The rocks in this unit are massive to

thickly bedded, and have a weakly to we11-developed 52 foliation (Plate 2e

and f). Depending on the predominance. of feldspar, rock fragments, or mat-
.

rix, these meta-sandstones are arkoses, subarkoses, greywackes, or sub-

.

greywackes (Pettijohn, 1957, p. 291). Greywa.ckes am subgreywackes are

usually grey to greyish buff in colour on fresh surface and often show graded

bedding. Light grey, thinly laminated. argillite layers are at places inter

bedded with subgreywackes. Meta-sandstones of arkosic to subarkosic composi

tion are greyish buff to light pink in colour, medium to coarse grained, and

show well-preserved cross bedding. There are outcrops of coarse-grained,

white, meta-sandstone, and these sandstones are almost quartzitic in com

position (Plate 1f).

Irregular veins of quartz are common and they may be parallel with,

or oblique to, SO am S2. In areas of P3 deformation, meta-sandstones are

strongly folded and have 53 fracture and crenulation cleavages (Plate 19).

There 1s an increase in the amount and grade of metamorphism from south to

north across the area, and this 1s best displayed by the meta-sandstone.
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2.) Primary Structures in the Missi Group

2.3.1 BeddIng - General trend of Missi Rocks

Bedding is usually well-preserved in the' meta-sedimentary rocks

an!!. is steeply dipping almost everywhere (Fig. 5). The meta-conglomerate

beds serve as stratigraphie markers and their attit�es could be deter

mined accurately at most of the outcrops in the..._area. However, because

of intense P'J folding on various scales. the bedding orientation at any

one outcrop is often not a reliable indicator of the general treld.

Those bedding attitudes shown in figure S that are from outcrops of

intensely folded rocks ':' vere determined fro. the envelop1ng surfaces

of minor F3 folds.

, The dip of the contact between the Aalsk and Missi Groups is

usually uncerta1n.

2.,.2 Cross-stratlfieation

Cross-stratification 1s best seen ,in the meta-sandstone of

arkosic to subarkos1c compos1t1on (unit ), part1cularly vest of

Magdalen La.ke (coord. '-8). northwest of Comeback k1 (coord. H-?) and

in a few places, in the _trlx of the lIeta-conglomerate (unit 1).

The cross-atratlf1ed sets vary In thlckness tro.' a fev inches

to about & foot. &Ill 1n length up to ten feet. Jl'agDetite grains are

frequently concentrated along the cross-lam1,... Trough type cross

stratification (Figs. 4A and B) 1s the aost cOllJlon ot the several forms

that occur in this area. Other shapes of croas-strat& include tabular

(Fig. 4C), lenticular (Fig. 4»), 4eforaecl aid erosIonal (Fig. 4E). Fo1low

Ing Allen's (1963. p. 99) claaslfleation. cross-stratifIed sets in this

I _
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area are mostly grouped, large scale (in magnitude), irregular, trough

shaped (the shape of lower bounding surface), discordant (angular re

lationship) and lithologically homogeneous.

Cross-strata have usually been tectonically deformed (P) and

are folded in some places (Fig. 4B, F, G am Plate 1h). Where they are

deformed cross-strata have either abnormally high (approx. 800) or low

(approx. 1.50) inclinations of foreseta am folds correspond in geometry

to F3 minor folds (Fig. 4F, G and Plate lh).

2.).) Graded bedding

Graded bedding is rare in this area. aid vas observed in a few

outcrops of meta-greywacke and sub-greywacke of unit ), am. in the sandy

matrix of meta-eoDglomerate (unit 1) outcrops. Usually, graded beds occur

in sequence vith other graded beds and the direction of grading. is con

sistently upwards. However, a few instances of revers. graded bedding

were observed. in the Comeback Bay area (coord. H-1).

2.4 Miss! Depositional Environment and Source

The following features imicate lWted transportation of sedi

ments and deposition in shallow water b.1 currents whose strength varied

consldera1Jly in ti•• and.plAces

a) most of the pebbles are �el1 roUJlled but poorly aorted

b) cross-stratificatlon ls conon

c) graded beclctlag ls present

·d) there are abrupt lateral chups ln graln size (e.g. argilla

ceous arkose to _salye, quartsltlc arkose)

-.
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e) the meta-conglomerate contains numerous sandy layers and

lenses.

The Missi rocks are most likely fluviatile in origin (Byers and

Dahlstrom, 1954).

In the southeastern part of the area, the occurrence of isolated

outcrops and lenses of Missi type rocks surrounded by Amisk volcanics

could be due to one of four possible reasoDS.

a) fold and/or fault outliers,

b) lenses of Missi type sediments deposited during'the Amisk

volcanism,

c) patches of Missi rocks deposited in topographic lows on the

Amisk or pre-Missi surface, or

d) a combination of a, b, and c.

Although most of the pebbles in the meta-conglomer.&te were de

rived from the underlylDg Amisk rocks, the presence of quartz-porphyry,

quartz-feldspar porphyry, and a few pebbles of granodiorite, granite

and granite-gneiss composition indicate that other rock types were also

present in the source area. Furthermore, the amount of quartz in the

meta-conglomerate matrix is unexpectedly high (up to 50%) at some places,

if the matrix was solely derived f'rom the Am1sk volcanics. The foliation

in some of the gneissic pebbles is oblique to 52 follation. Therefore,

the possibility that rocks in some part of' the source area. underwent de-

, formation prior to Missi deposition cannot be ruled oUt.

'_.I
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Figure 4
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2.5 Amisk-Missi Relationship

. There has been considerable debate about the nature of the

Amisk-Missi contact. Stockwell (196o) favours an orogenic phase and

granite intrusion prior to Missi deposition. Byers (1953) thinks that

there is no major break in the geological history of the area. In this

area, although the contact is poorly exposed am is often faulted in many

places (localities 8 to 12, Fig. 2), a few observations pertinent to this

problem are described. below (for numbered localities refer to Fig. 2),

a) At iocality 1, the Amisk lava strikes N-S and dips steeply

towards the east, whereas the Missi meta-sandstones (unit 3) strike E-W

aDd dip steeply towards the north (Fig. 2). The contact is most likely

an angular unconformity.

b) At localities 2 to 1 and 13 the contact between Amisk and

Missi rocks is conformable and sharp. At locality 4 the contact is

folded by F3 minor folds am. truncated byasmall fault.

The presence of the meta-conglomerate at the base of the Missi

Group indicates an erosional surface and probable unconformity between

the Amisk and Missi Groups. The absence of any major pre-Miss! structure

in this area suggests that the two groups have been deformed by only one

major orogenic cycle' (Hudsonian). Recently, Mukherjee (personal communi

cation) obtained. Rb/Sr whole rock age dates for the Amisk volcanics and

granitic rocks of about 1850 million years. This closely approximates

the time of metamorphism (K/Ar age of 11.5�.50 m.y., Hudsonian orogeny,

Lowdon, 1961). This lends support to the view expressed by Byers !i !!.••

'.
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(1965) that although locally there is a structural discordance be-

tween the Amisk and Missi Groups aDd minor deformation affected the Amisk

Group prior to the deposition of Missi sediments, the two groups have

been deformed by only one major orogenic cycle (Rudsonian).

2.6 Intrusive Rocks

Numerous dykes, sills and irregular bodies of a variety of in

trusive rocks (mostly with porphyritic texture) are found cutting the

rocks of the Amisk and Missi Groups in this area. Brief descriptions of

the major intrusive rocks are given below, their mineralogy is described

in the section on metamorphism (p. 24).

Porphyritic Meta-gabbros Two large bodies of unknown three di

mensional shape and several small s11ls and dykes of porphyr1tic meta

gabbro intrude Amisk and Missi rocks (Fig. 2). The outcrops southwest

of Magdalen lake (coom. F-8) are massive ani non-foliated, whereas the

outcrops on the eastern shore of Magdalen lake (Fig. 2) are foliated and

altered to chlorite-carbonate schist. Thus the porphyritic meta-gabbro was
-

.

intruded during P2 deformation aid metamorphism (probably late P2).

The rock .on fresh unaltered surface is dark to greyish-green,

medium to coarse grained, ani the texture varies from equ1granular to

porphyritic with dark green hornblende phenocrysts up to t inch across.

Greenstones A nUllber of schistose, highly chloritized, s_ll

greenstone bodies (Tanton, 1940) intrude the Missi rocks, especially the

meta-conglomerate. These parallel the 52 follations they vary in length

from a few feet to more than 100 feet aJ'ld their width is variable over
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short distances with a maximum of 15 feet (at Paddys Island, coord. H-5).

Inclusions (up to :3. feet across) of surrourlding meta-conglomerate are

common. Contacts between the greenstone and meta-conglomerate are sharp,

but have irregular jagged outlines (Plate lc).

In a few outcrops, a transitional change from fine-grained. chlorite

schist to massive greenstone with a porphyritic texture takes place with-

in several feet. These greenstone bodies contain 82 foliation, 53 crenula

tion cleavage. and minor F3 folds (Plate ic). thus, they are post-Missi, pre

metamorphic and pre- or syn-F2 folding in age.

'Quartz-Eye' Diorite,' This is. a fine- to coarse-grained. yellow

ish-grey to pink, acidic intrusive body that outcrops on Lookout am nearby

islands (coom. H-4, Fig. 2). Wr�ht (1933) and Tanton (1940)1 described

this as granite whereas Byers and Dahlstrom (19.54) called it 'quartz-eye'

diorite. The presence of aggregates of blue quartz eyes is characteristic.

In outcrop it appears massive to weakly foliated and P3 deformational

effects are absent.

The contact of 'quartz-eye' diorite with meta-conglomerate is

sharp and well-defined on the western shore of Paddys Island (coord. H-5);

however, on the southeastern shore of casey Island (coom. H-4) the contact

is poorly expressed and some xenoliths of Missi rocks occur in diorite.

A pre-Missi age for 'quartz-eyet diorite was favoured by Wright

(1932), am. a post-Missi age by Tanton (1940), Harrison (1951), Byers and

Dahlstroll (19.54). The above observations by the author also favour post ...

Missi intrusion.

1 Tanton (1940) call:ed Paddy. Island aa Torrington Island.
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Biotite-Gra.nodioritea The granodiorite masses (Fig. 2) are

elongate parallel to the regional. 82 foliation and are the most abundant

intrusive rocks in the area. These are probably syntectonic (P2). The

biotite granodiorite is pink, medium to coarse grained, and has a per

ceptible follation due to a preferred arra�ment of the biotite flakes.

Its contact with the Amisk and Missi rocks is well-defined. S2 foliation

and L2 lineatIon are parallel to the same structures in the surrourding
.

rocks.

2.7 Metamorphism

The AlUsk, Missi and. the moat of the intrusive rocks show the

effects of progressive regional JIletaaorphlsm within the greenschist facies

and the grade increases from the quartz-a.lbite-muscovite-chlorite sub

facies in the south to the quartz-albite-biotite subfacies in the north

(Turner and Verhoogen's classifica.tion, 1960). The textural and mineralogi

cal evidences (such as decrease in grain size from south to north, as a re

sult of cataclasis, development of foliation arked by interconnecting

ribbons of mica and chlorite, and flattening of competent grains) show that

the development of metamorphic minerals took place during the second phase

of deformation and that the increase in metamorphic grade northwams re

sults from progressive regional metamorphism. The regional metamorphic

pattern of P2 Origin is partly obscured by later P) retrograde metamorphic

effects particularly along DWIlerous
' fault zones.
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2.7.1 Metamorphism of the Amisk Group

P2 metamorphisms The Amisk volcanic rocks in the area are largely

altered to greenstone and do not contain their original minerals. Urner

the microscope, the original mafic miner.als are seen to be altered to

aggregates of chlorite, sericite, am/or biotite depending on meta-

morphic grade. In some places in the lower grade part of the area, original

hornbleme is modified to a.ctinolitic amphibole. Biotite a.rd chlorite are

more abundant in the acid Yolcanics whereas altered hornblende is common

in the basic lavas. The plagioclase composition is less calcic .than An15

(Pyke, 1961) a.nd is commonly partially replaced. by epidote-clinozoisite,

chlOrite, sericite am calcite. In basic lavas quartz, magnetite, apatite

and sphene are Ln minor &Ilounts •

.

P) metamorphism. Hear fault zones (P) phase), the volcanic rocks

and their related lasic to ultral:a.sic dykes ha.ve been aylonitized and al

tered. to either chlorite schist, or talc-chlorite-calcite schist. Saus

suritization of feldspars is a common feature.

2.7.2 Metamorphism of Missi Rocks

P2 metamorphisms. As mentioned earlier the progressive increase

in the intensity of metamorphism from south to north is best displayed by

the Missi rocks. In the southern part of the area, near Lookout IslaM

(coom. H-4), and south of Magdalen Lake (coom. F';'S), chlorite 1s the

most c01llJllon metamorphic mneml. However, in the area adjoining Comel:a.ck

Bay (coord. H-7) and. north of Magdalen Lake (biotite zone) greenish-brown
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biotite is prominent, there are relatively large grains of quartz and

muscovite, clear unaltered. feldspars and less chlorite, sericite and mag

netite.

The matrix of the meta-congloDlerate (unit 1) consists of nearly

equant quartz, with some feldspar, chlOrite, sericite. biotite and mag

netite; minor calcite aDd microcline. The high content of calcite

(20%) in the matrix of some rocks suggests that calcite was probably a

primary cement. P2 recrystallization and deformation have modified the

original texture so that 82 follation is well developed almost everywhere.

The meta-sandstone (unit 3) has a modified clastic texture am

their quartz content varies from 45 to 80%. The quartz grains are moder

ately sorted (0.2 to 0.05 DUll in diameter), sub-angular to well rounded.

and usually elongate parallel to 82 foliation. 8ubangular to subhedral

feldspar grains are' present in amounts ranging from 5 to 2.5% am vary

from 0.) to 0.05 JDlIl in diameter. Most X";feldspar grains are partially

sericitized, whereas plagioclase grains are relatively free fro. sericiti

zation and show polysynthetic twinning. ChlOrite, Sericite, biotite,

magnetite with minor amount of calcite, epidote and apatite together range

, from 10 to 35%. Chlorite and sericite most cOJllDlonly form the 82 foliation.

P3 Metamorphisml In this area P3 metamorphism is superimposed.

on P2 metamorphism and is 1nhomogeneously developed. The degree of meta

morphism appears related to the amount of defOrMtion and 11'1 a few places

where the effects of P3 deformation are strong and the rocks are highly

FJ folded, the grade of PJ metamorphism is higher than that of P2 meta

morphism. This is iDiicated. by the development of P) biotite on the
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sheeny surfaces of deformed pebbles and � the �r1entation of biotite

parallel to S.3 foliation, even within the P2 chlorite zone (e.g. along

tne western shore of Comeback Bay). Along the P3 fault zones (p • .39 )

the Missi rocks show the effects of retrogressive metamorphism, as in

dicated by: (a) granulation and fracturing of quartz am feldspar grains,

(b) bent and occasionally broken chlorite felts (within the P2 chlorite

zone), (e) limited replacement of P2 biotite � chlorite (in the biotite

zone).

2.1.) Metamorphism of Intrusive Rocks

In general, the mineralogical assemblage of the various intrusive

rocks present in the area depends on the grade of metamorphism.

The porphyritic meta-gabbro consists of hornblende (partly alter

ed to actinolite), clinochlore, plagioclase, calcite, chlOrite, epidote,

biotite and magnetite. The greenstone contains chlorite and zoisite as

dominant minerals with epidote, hornblende, biotite, calcite and quartz in

minor amounts. Except for the saussuritization of plagioclases near fault

zones, the effects of P3 metamorphism are absent in these intrusive rocks.

The 'quartz-eye' diorite contains quartz, oligoclase, and sericite

as chief minerals and biotite, chlOrite, leucoxene, zOisite, apatite and

calcite in minor amounts. It shows only weak effects of P2 metamorphism

and no evidence of P3 metamorphism. Furthermore, there is no contact

. metamorphism of the AIIlisk rocks, and only at one place with the Missi meta

conglomerate (Casey Island, coom. H-4).

The biotite-granodiorite is composed of feldspar (oligoclase,

30-45%), quartz (25-4O'.;C),· biotite (5-2�) a..n microcline (5%) with minor

amounts (5-15%) of hornblende, muscovite, chlorite, epidote, apatite,
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magnetite and sphene. SUbhedral to euhedra.l grains of oligoclase show

polysynthetic twinning am. most grains are slightly altered to sericite.

Qua�z occurs as irregular grains that exhibit undulatory extinction

and mortar texture. The micas and chlorite occur in interconnecting

ribbons that wrap around the quartz am. plagioclase grains and define a

strong 52 foliation.

The biotite-granodiorite occurs entirely in the P2 biotite zone

and from south to north, it shows a gradual decrease in the grain size of

groundmass and. an increase in the amount of' biotite, muscovite am

calcite.

.

�
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CHAPTER :3

STRUCTURE

3.1 General: Periods of folding am ." faulting

The Amisk and Missi rocks in the Flin Flon-Amisk Lake region

have undergone multiple deformation and there are several different views

about the development of folds and faults. Kalliokoski (1953) recognized

two periods of folding in the region. Byers and Da.h1strom- (1954, p. 72),

in a regional study, concluded that only one long dra.wn-out. period of de

formation took place and that folding and faulting vere probably associa

ted. Stockwell (1960). also suggested the possibility of a single fold

system in the Missi rocks -'\around Flin Flon. However, there was general

agreement among the earlier workers that faulting occurred late, perhaps

after the folding, regional metamorphism, and granodiorite intrusion.

Mukherjee (1968) established four deformational phases, that

i�clude three major systems of folds and a systeD' of faults, to explain

the complex structure in the Missi rocks north and east of Flin· Flon.

In the Amisk am Missi rocks of the area. discussed here, analysis of

various features such as. fold style, fold geometry, interrelationship

between folds, faults am. foliation, type of metamorphism and minor planar

and linear structures (listed in detail on p. 4 aDd 5), leads to the deter

mination of three deformational phases, the first of which 1s a period of

folding, followed by a period of faulting and folding, and then another

.

period of folding.

The main phase of deformation in the area. studied is expresseci
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TABLE J

A History of Ideas Concerning
Periods of Folding and Faulting in Flin Flon-Amisk Lake Region

KALLIOKOSKI
1953
FlinFlon Area

BYERS and DAyr�l'ROl-1
1954

Arnisk Lake Area

STOCK",lELL
1960

Flin Flon Area

}mKHERJEE
1968

,It""'lin Flon Area

i�}1UJA
1970

Amisk Lake Area

2Periods of

folding
1 Complex period of

folding

/

1 Period of

folding
.

Three phases of
.

folding and one

phase of f'aul, t

ing.

Two phases of folding
and one phase of fault
ing and folding.

Correlation between E'lin Fl.on and Amisk Lake
Areas (Hukh"'erjee) (Ahtja) �

I

Phase 1: folding Phase 1: not recognized
. Phase 2: folding Phase 2: folding

Phase J: folding Phase J: faulting and
(Embury Lake folding

Fold)

Phase l.j.: faul tingl Phase 4:. folding
(Embury Lake
-

Fold)
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by a regional lower greenschist metamorphism and a well�eveloped folia

tion. This foliation is parallel' to the axial plane of folds belonging

to the first phase recognized in this area and also provides a reference

structure for correlation with the F1in Flon area. This foliation is

developed regionally, and around FUn Flon is parallel to axial planes of

folds of the second phase (n folds, Mukherjee, 1968). Folds belonging to

the first phase (Ft folds) in the F1in Flon area have no apparent axia1-

plane foliation of any type. For these reasons,. and in order to establish

a consistent nomenclature for regional correlation, the first phase of de

formation recognized in the s_l1 area studied here is considered to be

the local expression of Mukherjee's (1968) phase two deformation in the

F1in Flon area. The first fold system described by Mukherjee (1968) is

not recognized in this area. Furthermore, phase three and four deforma

tions recognized in this area are not the same as those of Mukherjee (1968)

in the Flin Flon area (Table 3, p. 27 ).

).2
.

Phase 2 (P2)

Regional deformation and lower greenschist metamorphism during

this phase, resulted in the formation of ,the Magdalen Lake Syncline, the

granulation and recrystallization of grains to form an axial-plane.foli
ation (S2), and the flattening of pebbles in the meta-conglomerate parallel

to this foliation. Deformation was accompanied or preceded by granodiorite

intrusion.

S2 foliation, formed by the parallelism of newly grown platy

minerals (chlorite, muscovite, biotite). recrystallized, flattened am/or
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granulated quartz am. feldspar grains. is well developed in all the

lithological units of the area. In the area north of Magdalen Lake

(coord. F-8) the trend of S2 foliation is fairly constant to the NW-SE.

but swings to E-W in the northwestern corner of the area. (p4 fold. p. 61);

the dip is either very steep or vertical. However, in the area. south of

Magdalen Lake the attitude of S2 is highly variable due to P3 folding and

faulting, and the dip is mainly moderate (400-600) to the north but at

places dips gently to the north (Figs. 7 and 8). Usually S2 foliation

parallels bedding except in the area. southeast of Magdalen lake (coord.·

'-8) where it is oblique to bedding (Fig. 3).· Figures 6 and 8 show trend

iines of bedding and fol1ation 1n the area. Attitudes of bedding (SO)
.

are extremely variable throughout the area due to super1mposition of the

three deformational phases (P2. P3. and P4h however. attitudes of S2

are not as variable because it was involved only in the P3 alii P4 phases

(Figs. 5 and 7).

3.2.1 Magdalen Lake Syncline

A comparison of SO (bedding) and 52 (foliation) trends. way-up

structures, and lithological boundaries indicates the presence of a major

synclinal structure as shown in Figure 2. This syncline is well delinea

ted by units within the Missi Croup, particularly the meta-conglomerate,

am enems from the southeastern to the northwestern boundaries of the

area (Fig. 2). Although this fold is not exactly the same as mapped by

Byers and Dahlstrom (1954. Fig. 9), their no.enclat�e for the structure

has been retained. It 1s elongate, iSOC�inal, has steeply dipping limbs
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and. the western limb is locally overturned. This fold has affected all

the rock un1ts in the area ani closes at the southeast em. where it pro

bably plunges steeply to the WNW. The limbs of the fold are truncated �

steeply dipping faults that trend at moderate angles to the axial plane

(Fig. 2).

52 follation is. parallel to the isoclinal limbs (thus also to the

axial plane) of the Magdalen lake Syncline. Therefore, the fold is con

sidered to be a P2 stru�ture. Furthermore, the hinge region is considered

to be where SO and S2 are at a high angle to each other•. It is not possible

to deduce the original orientation of the 12 binge nor its present hinge

accurately due to the superimpOSition of F3 folds. For convenience in

explaining the geometry of this fold, and the relationship between SO and.

S2, the whole area. bas been divided into three sub-areas (Fig. 2):

Sub-area 11 western limb of 12 fold.

Sub-area 21 eastern limb of F2 fold

Sub-e.rea 3: hinge region of 12 fold

Sub-area 1: Poles to SO and S2 show similar distributions in

this sub-area (Figs. 10 and 11). This limb has been refolded and faulted

during phase three (Fig. 2), as a result, poles to bedding and foliation.

when plotted on equal-area. diagrams, are distributed around grea.t-circle

girdles rather than point maxima (Figs. 10 and. 11, this is discussed in

detail later on).
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Sub-area 21 In this sub-area., SO am S2 are also parallel ard

possess vertical to subvertieal dips, mostly to the southwest, but show

considerable variation in strike (Figs. 5 am 7). This sub-area is inter

preted as being the eastern limb of the Magdalen Lake F2 fold, because of

westerly way-up beds, their steep westerly dip, and the parallelism of SO

and S2. There are few F3 minor folds in this sub-area., as a result most

of the bedding and S2 poles l1e in point-maxima concentrations with only

a few scattered along great-Circle girdles (Figs. 12 and 13).

Although SO and. S2 are usually parallel in sub-areas1 am. 2. they

are slightly oblique in some outcrops. This lack of parallelism could be

due to fanning of S2 caused. by local var1a.tion in tbe stress-system during

P2 deformation and variations in composition of the lithological units.

I

Sub-area 3: Attitudes of SO and S2 are variable in tbis area.

Because of this, as well as the scarcity of data, suitable girdles to the

poles of bedding am foliation planes are difficult to draw (Figs. 14

am 1S). On the basis of the SO am S2 relationship, a.s deduced from the

trem. maps (Figs. 6 am 8). this sub-area. is interpreted as the hinge region

of the F2 Magdalen Lake Syncline.

Poles to bedding and S2 foliation for the whole area are also dis

tributed around great- circle girdles rather than point maxima. (Figs. 16

and 17). The pole «(3 ) to the girdle of bedding-plane poles plunges

500 to 3160 azimuth (Fig. 16) and that of fol1ation-plane plunges 420 to

3100 azimuth (Fig. -17).

{
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3.2.2 P2 Linear structures

Linear structures formed during the second phase of deformation

include elongate pebbles ani grains, streaks of new grown minerals, quartz

rodding, mullion, and boudinage.

Pebble, Grain and New-Grown Mineral Lineation: As previously

mentioned, deformed pebbles in the meta-eonglomerate are flattened. within

52 foliation. Their shape is variable (details in chapter 4) aDd due to

the later F3 folding, they, as well as 52, 'are intensely deformed and

cremlated in some places. Because of the nature of the outcrops it was

not always possible to measure the plunge of the pebbles. However, the

surface of most pebbles have a series of closely-spaced striation-like

lineations which (wherever determinable) parallel the length of the

pebble•. These bave been used to determine the trend and plunge of pebbles

wherever the long axes could not be determined. directly.

Lineation due to parallelism of deformed. quartz feldspar grains,

and elongate, new-grown micaceous minerals is common in the area. In the

meta-conglomerate it parallels the long axes of the pebbles. At places,

the meta-conglomerate matrix has a mineral lineation formed b,y the clusters

of elongate, platy minerals. In the granodiorite a strong mineral lineation

within 82 is formed by elongate feldspar and biotite grains.

The aver.age plunge of these lineations is 480 to 3280 azimuth,

although there is considerable variatlon (Fig. 18).

�
I

Quartz Rodding, Mullion structures aDd Boudimu Quartz rodding

aD! M1,tlllon structures occur only in un!t 3 of the Mis�i Group in the

I
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northwestern part of the area (coord. E-9). They have an average plunge

of 400 to 2920 azimuth and are parallel to the S2 follation. They do not

show the effects of later F3 folding.

Boudins are common in the meta-conglomerate and in the associated

sandstone bands. These have been described with pebble deformation in

chapter 4.

3.) Phase J (P3)

The structures formed during P2 were modified am deformed during

P3 and the effects of this later deformation are well developed in almost

all rock units in the area. The development of major faults a.m refolding

of the F2 Magdalen lake Syncline occurred during this phase. 52 was fold-

. eel and a new follation (5) in the fora of fracture and crenulation cleav

ages was formed. This 5) foliation is an axial-plane structure as it

parallels the ax18.1 planes of F3 major and. minor folds. The style and

orientation of folds as well as their spatial relationship to faults

suggests that faulting and folding occurred together rather than in se

quence (details on p. 60 ).

3.3.1 P3 Major Faults

The rocks in the area. have been affected by a network of major

and minor faults. These faults are post-P2 because they have truncated.

and displaced the F2 Magdalen lake Syncline liJRbs (Fig. 2). They are

locally oblique to S2 (Comeback Bay Fault) but parallel 53 follation, and.

have associated post-P2 metamorphism and F) minor folds that deform 52.

Furthermore, as a result of the F4 Embury Lake Fold (see p. 61) these
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faults have been folded and show a strike swing from N-S in the southern

part of the area to almost E-W in the northwestern part. thus they are

pre-P4 phase (Fig. 9).

The three major faults in the area (Mosher Lake Fault', MacDonald

Creek Fault, and. Comeback Bay Fault) are marked by zones of brecciation,

mylonitization, vein formation and partial chloritization of the basic

volcanic rocks. All three faults are easily mapped because they form well-

defined topographic lineaments.

These faults extend for some distance south and/or west of the

area discussed here and thelr gross features have been described by Byers

and Dahlstrom (19.54). In this study. the minor structures associated

with these faults are described in some detail.

Mosher Lake Fault. Only the northwestern end of this fault occurs

in this area where it forms the contact between the biotite-granodiorite

and the Amisk and Missi Groups (Fig. 9). Intense mylOnitization, iron

staining, and veining occur vlthin the fault zone. North of Magdalen

Lake (coord. F-8) the S2 foliation parallels the fault and both dip steep-
\

ly to the southwest (Fig. 7).

MacDonald Creek Fault. The MacDonald Creek Fault is a major shear

,

zone that has affected the southwestern limb of the F2 Magdalen Iake Syn

cline. It forms the contact between the !m1sk and Missi Groups on the

western side of the area and has numerous subsidiary br.anching faults

(Fig. 2). Considerable mylonitization and brecciation occur in the vol

canic rocks on the vestern side of the fault, and kink folds (some are
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conjugate) deform bedding and 52 follation on the eastern side of the

fault in unit 3 of the Missi Group. On the western side of the fault

there is a large topographic depression in which outcrops are scarce.

Comeback Bay Faults This is a NNW trending fault that dips steep-

ly to the west and brings the !misk Group in contact with the Missi Group

on the western limb of the Comeback Bay Anticline (Fig. 2). On the eastern

side of this fault. 52 follation in the Amisk volcanics is folded by

asymmetric FJ minor folds and conjugate kink folds, and the rocks are

veined with quartz. calcite and epidote. Crenulation and fracture cleav

ages (53) have formed. parallel to the a.xial planes of the FJ minor folds.

The geometry of these folds and tension gashes in the volcanic rocks in- .

dicate- that the eastern block has moved up in northerly direction against

the western block •

'[

.

Minor Faults. Minor faults affect all rock units in the area

and occur mostly south of Magdalen Lake (coord. F-8) and in the vicinity

of Lookout Island (coom. H-4. Fig. 2). These faults have no obvious

strongly preferred orientation as different faults have different strikes

var,ying from northeast through north to northwest. 53 follation in minor

fault zones dips vertically or steeply to the east indicating that the

faults themselves have, similar dips.

The major effects of these faults include dislocation of pebbles

.in unit 1 and 2. displacellent of meta-sandstone bands in unit 2, development

of crenulation and fracture cleavage within the shear zone, and locally
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intense reddish brown iron staining in the rocks. Within these fault

zones, the volcanic roeks are generally highly sheared and chloritized,

and the meta-sedimentary rocks, although sheared, are less cblorltized.

Some of these minor faults lie in a position that indicates a

kinematic relation with the minor F3 folds. These are nearly parallel

to the S3 foliation and the sense of displacement along them agrees with

the vergence direction of the minor F3 folds.

3.:3. 2 F'3 Folds ,

During P) deformation, the Lookout Islam. Syncline and Comeback

Bay Anticline developed in the western limb of the F2 Magdalen Lake Syn

cline (n,g. 2). These folds have numerous minor folds on their limbs and

hinge region, and S) foliation is parallel to their axial planes. The n

minor folds and S3 foliation are described first.

a) n Minor Folds. Minor folds range from a few inches to

several feet in width and fold the S2 fo1lation. Their orientation and

variation in asymmetry shows them to be congruous with the F3 major folds

and incongruous with the F4 Embury Lake Fold (p. 61 ). For these reasons

they are interpreted as minor drag folds formed during P) deformation.

These minor folds vary considerably in shape am orientation

from place to place and adjacent folds, though cogenetic, do not neces

sarily have the same shape (Plate 2). They may be syJlJlletrical to asyme

trica1, open to isoclinal, similar to flattened concentric, am may be

with or without crenulation or fracture cleaYap (S) as an axial plane

foliation. ·Z· shaped folds (viewed down plunge) are most abundant
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(Plate lb and c), followed by '5' (Plate 1d) and 'M' shaped folds (Fig. 19.

Plate la). There are some kink-style folds and these are discussed later

(Plate 2g). Minor folds are developed in bedding (SO) as well in 52 folia

tion and their form and orientation is apparently governed by the attitude

of these planar surfaces prior to F3 folding as well as by lithological

variations.

Minor folds that vary from a few inches to 3 feet. in width are

generally tightly appressed (Plate 2b). flattened-concentric in style

and possess axial-plane foliation (Plate 2c). The interlimb angle varies

from 100 to 400 and at places up to 1100 (Plate 2&). However. larger FJ

minor folds (up to 25 feet across) are locally common in units 1 and 2 of

the Miss! Group about lt miles north of Comeback Bay (coord. G-9. Plate

2e) and in the Amisk volcanic rocks around Lookout Island (coord. H-4).

These are open to moderately-appressed. rounded buckles. and usually have

no axial-plane foliation (Plate 2e and f). Tension cracks at the hinge

region are common (Plate 2e) and limbs are never overturned'(many of the

�maller F3 folds are overturned). At places these folds have congruent

minor folds on their limbs, for example, on the southern shore of Lookout

Island and north of Comeback Bay (coord. G-7 and G-9). These minor folds

are not true drag folds because they are not confined solely to the re

latively incompetent layers and their axial planes could be traced across

layers of different competencies.

Extreme variations in the plunge and axial-plane orientation of

F3 minor folds occur within very small areas where F3 folding is intense,

for example along the western shore of Comeback Bay, the northeastern tip

I
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of Lookout Island and. the southwestern edge of Paddys Island. (Figs. 19,

20 and 21). Minor folds near fault zones tend to have slightly gentler

plunges (mostly between 400 and 600) than those away from fault zones

(mostly between 700 and 900).

b) Kink Folds. Kink folds that deform SO and S2 occur mostly

along fault zones in both the meta-sedimentary and volcanic rocks. They

are asymmetric but some are chevron in shape, and conjugate kink folds

.eccur in some places where' the rocks are well foliated (S2) and sheared.

(Fig. 22A, Plate 2h and 3a). They range in size from microscopic to two

feet in wavelength. Kink bands are often in tabular zones, and the. bound

ing surfaces or kink planes are commonly parallel over considerable dis

tances and die out with a decrease in rotation within the kink band

(Plate 2g). The kink folds possess a fairly constant wavelength in any

one outcrop. In general, both the spacing and width of kink bands is

less where folds are sharp crested and bedding or S2 foliation is strongly

rotated (Plate 2g).

Following the geometric classification of Dewey (1965, p. 483),

both segregation (Fig. 22B) and pelitic strain band (Fig. 22C) types of

kink folds are present in the area. Segregation type kink folds are the

most abumant and. occur primarily in unit 3 of the Missi Group, their

average axial-surfac� orientation is strike 3300 and dip 800 northeast,

although some strike 0450 and dip steeply to the southwest (particularly

in the volcanic rocks). Pelitic strain kink folds are present in the·

volcanic rocks and their average axial-surface orientation is strike 0600

and dip 800 northwest. In the vicinity of Lookout Island a few pelitic

l
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Figure 20

Figure 21
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strain band. kink folds occur in the volcanic rocks and 'quartz-eye'

diorite, here the axial planes strike between 0900 and 1200 and dip verti

cally to steeply south. r

The variations in axial-surface orientation suggest that kink

folds in the area could be of different generations, though probably

still a part of the third phase of deformation.

Quartz veins are usually parallel to or make a small angle with

the axial surfaces of kink folds (Figs. 220 and E). Mineral lineations

are absent from the kink folds.

There is a general agreement that kink folds result during late

phases of tectonic deformation and that they form by a flexural slip

mechanism (Turner and Weiss, 1963). The observations dis'cussed above for

these rocks agree with this conclusion.

S3 Foliation: During P3. deformation resulted in folding of the

S2 foliation and a consequent development of new foliation i.e., fracture

and crenulation cleavages, denoted together here as S3 (Figs. 23 and 24).

Fracture and crenulation cleavages are gradational in style and developed

parallel to the axial planes of F3 major and minor folds including the

kink folds (Plate 2c, 4a and b).

Fracture cleavage is expressed by closely-spaced parallel frac-

ture surfaces that, are independent of mineral orientation and S2 foliation

(Fig. 25A and B, Plate 3b). In the volcanic rocks, fracture cleavage

surfaces are closely-spaced joints and are non-penetrative (Plate 3b and

c). At places in units1 and 2 it occurs as widely-spaced fractures and

pronounced granulation is observed in the meta-sandstone and schistose

pebble beds (Plate 2f).

I
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The development of fracture cleavage is dependent on rock type;

it is most closely spaced and intensely developed in ver,y fine-grained

rocks (Plate ·3c). Reversed fanning of fracture cleavage is common

(Fig. 25C).

The average attitude of fracture cleavage in the area. is strike

3370 and dip vertical (Fig. 27).

Crenulation cleavage is used here to denote closely-spaced,

parallel, surfaces or planes of parting bet.een which S2 follation is

folded. It differs from fracture cleavage in that it occurs 1n Jdcaceous

rocks where S2 is well developed (Plate 3d, e aDd f). Crenulation cleav

age is present primarily 1n the hinges of n minor folda (Plate 3g).

In this area, strong development of crenulation cleavage is res

tricted to fairly narrow zones associated with intellSe folding and

faulting. The average attitude of cremllation cleavage is strike )400

and dip vertical (Fig. 28). Both the fracture aid crenulation cleavages

tend to _intain a fairly regular orientation throughout the area (Fig.

23), even where cleavage shows cOJlSiderable local variation in style and

intensity of development (depending largely UpOft lithology).
In unit.l, at places where pebbles of coutrastiDg composition and

different competency are present, fracture cleavage merges abruptly into

crenulation cleavage as different pebbles had different susceptibilities

to shearing aDi recrystallization process. Furthermore, in the matrix

of meta-conglomerate, crenulation cleavage is well developed in the mica

chlorite rich layers but absent or poorly cleveloped in the quartz rich

layers (Plate )g aDd h). Between S3 follation planes the shape of micro

folds in S2 (microlithons) varies fro. slightlr curved to p11cated and 1n-

I
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Figure 27

Figure 28
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c) F3 Major Folds. The development of the Lookout Island Syn

cline and Comeback Bay Anticline in this area was accompanied by the

.
formation of minor F3 folds 1n bedding aM 52 follation, and development

of 8.x1a.l-pla.ne foliation. In order to interpret the geometry of these

major folds, poles to bedding &rid S2 follation fro. them were plotted on

equal-area. nets (F1gs� 29 to )4). In the Lookout IslaM Syncline the poles

to SO and S2 form great· circle g1rdles (Figs. 29 a1'Il 30). The pole (fo 1 )

to the ginUe of SO poles plunges 500 to )400 &z1lluth (Fig. 29), and that

of S2 poles ({32) plunges 460 to ))50 azimuth (Fig. )0). The probable

plunge of the Lookout Islam Syncline 18 taken to be the average of (3 1

and f3 2 (480 to 3360 azimuth, Fig. )5). The ax1al plane, accordingly,

is taken to be the average of 5) .easurements taken from aillor F) folds.

it strikes 3)60 aid has a vertical to steep easterly dip (Fig. )1).

Similarly, an average of SO and 52 pole plots for the eomeback Bay Anti

cline (Figs. 32 and ))} indicates the fold plunge to be .580 to 3220 azi

muth (Fig. 35) and the average or S) pole plots lDd1ca.tes that the strike

of the axial plane is )240 aDd dip ls vert1cal to steeply easterly (Fig. 34).

The eastern limb of the Lookout IalaDd Syncline and the western

11mb of the Co.eba.elt Bay Anticline have been severely affected by the

Comeback Bay Fault (Fig. 2).

Two other major NNW treDding ., _jor fo1cla. the North Channel

Syncline and Anticline (Byers aDd Dahlstrom, 19.54) � at the western

edge of the _p area (Flg. 9). The _jor part of these two folds lie out

side the &rea studled, aDi the Ma.cDo:aald Creek Fault aDd II1nor faults re

lated to it have displaced the limbs of these two folds (Figs. 2 and 9).

I ...
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Figure 29

Figure 30
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Figure 31

Figure 32
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Figure 33

Figure 34
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Figure 35·
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3.3.3 P3 Fault-Fold Relationship
.

There are several possible interpretations to explain fault-fold

relationships during P3 deformation.

a) The deformation commenced with large-scale faulting and.

culminated with folding.

b) The deformation commenced with folding and culminated with

faulting.

c) Folding and faulting occurred simultaneously.

d) Folding and faulting occurred. in repeated sequence during

this phase •

. The following observations suggest that both folding and' faulting

were closely related and occurred togetherl

i) Minor F3 folds and their associated S3 cleavages are most in

tensely developed near fault �ones.

ii) The attitude of S3 foliation and the axial planes of F3 folds

are parallel or subparallel to the major faults.

iii) P) major faults and folds have been folded in the same manner

by the p4 Embury lake Fold.

The major faults in the area. dip vertically or steeply to the

east or west and have a considerable left-hand strike-slip component of

movement, the east side moved north relative to the west side (Byers 1962,

p. 42). The major F3 folds in the area are prolably large drag folds that

developed as a result of movement along the major faults (MacDonald Creek

am. Mosher lake Faults, Fig. 2).

, ...
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3.4 Phase 4 (P4)

Bedding (SO) am S2 trends show a strike swing from NNW-SSE

near the Magdalen Lake area to E-W near Martin and Welsh Ia.kes (Fig. J).

This bend forms a major structure that is an extension of the Embury

lake Fold mapped by Mukherjee (1968) in the Flin F10n area (Fig. 9). The

Embury Lake Fold is an antiform whose axial plane strikes 760 and dips

680 S and its hinge plunges about 350 to 940 aziliuth (Mukherjee, 1968).

No minor structures directly related to this fold have been observed •

. Since the major faults in this area (formed during P) also have

been .bent and have a similar strike swing, the Embury lake Fold is de

signated as a p4 structure. However, in the Flin Flon area. the Embury

Lake Fold has been established as a P) structure and pre-faulting in age

(Mukherjee, 1968). The relationships between the F1in Flon-�isk lake

area with reference to the Embury Lake Fold a.rxl major faults may be ex

plained in one of two ways I

a) Major faults in the two areas belong to different phases,

i.e., there were two periods of faulting, one set pre-Embury Lake Fold,

developed in the Amisk Lake area and other set. post-Embury Lake Fold that

is present in the F11n Flon area.

b) There was only one period of faulting and it occurred with

folding 1.e., the Embury lake Fold am faulti1'lg belong to the same phase;
.

some faults, however, occurred early during folding (Amisk lake area.) and

others later on (Flin Flon area). If this Is the case, t�en in some places,

early and 1a.te faults may occur together.

A consideration of the regional structural map (Fig. 9), which shows

I . ....
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that most of the major faults have sim1lar trends suggests that the inter

pretation of only one period of faulting is the most favourable (possibly

(b) from above). However, in the small area stUdied here all the major'
faults have similar strike swings, and. it is more likely that the Embury

Lake Fold developed after the faulting (Fig. 2).

More detailed work is necessary in the surrounding areas, before

the exact age and geometry of the Embury take Fold and its relationship to

the major faults can be established.

3.5 SUm:ma.ey and structural EYolution of the Area.
.

Three phases of deformation are recognized in this area, the first

of which is a period of folding (P2), followed by a period of faulting and

folding (P) and then another period of folding (P4). These deformational

phases along with their structural and metamorphic features have been
, , ,t

I
•

SUJlUlla.rized in table 1 (p. 6), and correlated with the earlier work in

table 3 (p. 27). Figure 36 illustrates various stages of the structural

evolution of this area and figure 37 s�ows a generalized three dimensional

representation of the structure.

P2 was the major period of deformation, resulting in the formation

of the large, isoclinal F2 Magdalen Lake Syncline and development of 52

axial-plane foliation. The pebbles in the meta-conglomerate were flatten

ed. perpendicular to 52 (Fig. )6A). Furthermore, cha.nges in thickness of

the Missi rocks around the hinge of the Magdalen Lake Syncline (Fig. 2),
,

flattening of the pebbles in the meta-conglomerate and development of a.xial-

plane foliation (82) suggest that the Magdalen Lake Syncline formed by a

combination of flattening and' flexural-slip mechanisms.

I . I
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During P) deformation, regional faulting and. refolding of the F2

Magdalen Lake Syncline occurred, resulting in the formation of three major

faults (Mosher lake Fault, Comeback Bay Fault and MacDonald Creek Fault)

and two major folds (Lookout Island Syncline and Comeback Bay Anticline ,

Fig. 36B). The F3 major folds probably developed as large drag folds as

a result of �ovement involved between the two major faults (Mosher Lake

and MacDonald Creek Faults). Flattened pebbles, SO and S2 were folded dur

ing this phase and a new axial-plane foliation (S3) developed' (Fig. 36B).

Poles to SO and. S2 (Figs. 16 ani 17) for the whole area. form

nearly parallel great-circle gi%dles,l and the 12 lineations show a maxima.

,(Fig. 18) reflecting a near constant orientation in the area. These

suggest that F2 and FJ folds ar. coax1a.l.

During p4 deformation, the earlier formed _jor folds (12 and

F3), and. faults (p3) were folded by the F4 Embury lake Fold (the largest

fold in the area, Fig. 360). In the absence of any related IIdnor struc

tures associated with the F4 fold, flexural-slip probably was the main

mechanism of folding (Mukherjee, 1968).

The sequence of structures in the area. indicates a progressive

decrease in the ductility of the rocks from the first to last phases of

deformation.

, , J
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Figure 37
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CHAPTER 4

DEFORMATIONAL TEXTURES

4.1 General

The Amlsk volcanics, various intrusive rocks. and pebbles in the

meta-conglomerate and meta-sandstone in this area show a variety of mega

scopiC (in pebbles) and microscopic deformational textures produced dur-

o iug P2 and P) deformtions that can be used to detendne the deformational

processes. particularly the role of intergranular Movements. These in

clude pull-apart,. kink-band. strain-shadow, am plucked.-boundar,y textures

and several types of fractures. Cloos (1941), Zwart (196). Spry (196�3.

1969) and stauffer (1961. 1910) have described the i.ponance aDd origin

of such deformational
0

textures in some detail. The tel'lDinology used in

the following description follows Stauffer (1910). The various micro

textures in different rocks have been suuarized in table 4 (p. 85 ).

4.2 Pebble Deformation
0

The pebbles and boulders in the .eta-conglomerate were deformed

during P2 and again during P). The nature of pebble deformation during

each phase was determined by a delicate balance of differeDt factors of which

lithology, ease of slip between S2 foliation planes and grade of metamorphism

were probably the most imPortant. During P2 (with its relatively higher

grade of metamorphism than durillg P). pebbles. am the rocks in general, had

low ductility contrasts. Thus, recrystallizatioD, crystallographic glide

and intergranular movement were all important defonationa.l processes re

sulting in flattening of the pebbles to triaxial ellipsoids. During P),

, •
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however, the average ductility was low and the ductility contrasts high.

As a result, interlayer slip and fracturing were important, and sharp

crested minor FJ folds with crenulation and fracture cleavages developed

in the previously flattened pebbles (Plate 4a., and Fig. J8A). Furthermore,

during PJ, the anisotropy of the foliated matrix played an important role

in determining the form and style of the minor structures developed in the

meta-conglomerate.

4.2.1 Shape and Size of the Pebbles

Though some of the pebbles in the meta-conglomerate are nearly

spherical (Plate 4b and c), most approximate ellipsoids (Plate 4d), largely

as a result of P2 deformation. The cross-sections of these, however, are

lenticular rather than truly elliptical. The shapes vary from cigar to

.

pancake-shaped and angular pebbles are rare. Along the western shore of

Comeback Bay (cocrd., H-6), pebbles are flattened (P2) to the extent that

they may be confused with veins or small intrusive sills (Plate 4e and Figs.

J8B and C). The larger pebbles ( 4 inches in length) are generally de

formed and flattened (Plate 4£), whereas smaller pebbles tend to be less

deformed and many are spherical (Plate 4b).

On outcrop surface. most pebbles are from 5 to 8 inches in length

and 2 to 5 inches in width. The longer of the two dimensions varies from

1 inch to ,0 inches and. the ratio of length to width (on outcrop surface)

is as, great as JO:1 in some places (Plate 4e, and Fig. J8C). Due to the

nature of the outcrops it is not possible to measure all three major axes of

the pebbles in the area; therefore, a mathematical discussion of the amounts

I ..
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and directions of deformation is impossible.

4.2.2 Pebble Elongation

Due to P2 deformation, pebbles are elongate parallel to the S2

foliation planes (Plate 1b). However, at a few outcrops the long axes of

pebbles are slightly oblique to 82 (Plate 1d and g; Fig. 38D). In other

places P3 folding has caused the plunge of the previously elongated

pebbles to be highly var�able. Var1at�ons in the shape and orientation

of pebbles must be cO��Tolled qy a combination of: original shape and

orientation, lithology, amount of flattening during P2, and amount of fold

ing or stretching during P3.

S2 foliation inside pebbles (S2i, at places 83i also) is mostly

defined by alignment of biotite, sericite and magnetite grains. The

foliation in the matrix surrounding the pebble (external foliation,

'S2e') is either continuous with S2i (Fig. 38E and F), or wraps around

the pebble (Plate 4h and Fig. 38G). This is seen mainly in areas where P3

deformation effects are weak or absent. In areas of strong P3 deformation

. 82i is folded with the pebble (Plate Sa, Fig. 38F).

4.2.3 P2 Megascopic Deformational Textures in Pebbles

During P2 deformation pebbles were flattened perpendicular to 52

foliation and elongated in a direction probably parallel to 12 fold axes

(Fig. 39A). Several types of fractures developed in the pebbles, including

primarily extension fractures and pull-aparts (or boudins).

Extension fractures occur as either a single fracture dividing the

pebble into two parts (Fig. 39B), or a parallel set of fractures (Fig. 39C).

I •
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These fractures usually.do not continue into the matrix and displacement

is small or negligible-. The fracture surface may be single or branching

(Fig. :39D). The fact that these fractures are generally approximately

normal to the main follation (S2, Plate 4f), and are parallel to the

visible short dimensional axes of the pebble in which they occur. sug

gests that fracturing occurred during P2 deformation at the saae time as

·pebble elongation. Some pebbles also contain fractures parallel to the

pebble length regardless of pebble orientation (Plate 4d aDd Fig. )9E).

Those fractures that are parallel to the pebble length _y either be shear

fractures or due to extension caused. by the release of P2 stresses. Fur

thermore, it 1s probable that pebble shape controlled the formation of

extension fractures that are perpendicular to pebble length. This is in

d,icated by the fact that some pebbles containing perpendicular extension

fractures are· oblique to S2 follation (Plate 4D). Here, S2 is deflected

around the competent pebble, and the extension fractures probably resulted

from minor extension perpendicular to the local compressive stresses on

the margins of the pebble. At some places, P2 fractures are F) folded

along with the pebble (Fig. )9F and G).

Some pebbles and thin sandy layers in the lIeta-conglomerate have

undergone sufficient extension parallel to S2 to tOft boudins; barrel

shaped boudins in pebbles am quartz veins are cOlllllon (Fig. 39H). The

neck areas of boudins are cOJDlllonly broken and filled by secondary quartz

or matrix material (Fig. :391). Some boudins haYe been slightly rotated due

to P) deformation.

, ..
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4.2.4 P3 Megascopic Deformational Textures in Pebbles

Folding and further stretching of the pebbles occurred in some

places during P3 deformation. In general, during the P) pha.se, the com

petent pebbles were folded and milled (Plate 5b and c), whereas schistose

'tasic volcanic and pelitic pebbles, besides being folded, also formed

well-developed fracture and. crenulation cleavage (S3. Plate 4&). In

the limbs of F) minor folds, pebbles are either elonsate parallel to the

limb, or folded, in which ease one limb of the folded pebble is more

stretched than the other (Fig. 4OA). In the hinge region of ') folds

pebbles show a variety of shapes, and often the internal follation 'S2i'

1s folded. Only a few pebbles have pre-depos1tional folds (Plate .5d).

The principal megascopic deformational textures formed during

the P) phase area plucked boundary, pull-a.part, and shear-step textures

\.

and wedge-shaped fracture segments.
.

Plucked-Boundary Texturesl Some competent pebbles show well

developed plucked-boundary textures. These textures result when material

is plucked from the margins of competent pebbles and is intermixed with

the matrix. The matrix material moving past the pebble may produce these

·textures (Stauffer, 1970). The effects of this are most intense along the

smooth sides of the pebble (Plate 4h), where little if a� of the plucked

material can be recognized as it probably has been completely intermixed

with the matrix. The ends of the pebbles, however, ha.ve trails of plucked.

material that has not been as completely milled down.

Boudins or Pull�part Textures. During P3 deformation some pebbles

were not folded but were further stretched parallel to their length

(oblique to 53 foliation) to form P) boudins. At places, along with folding,

, ..
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rotation of. one or more of the separated segments (boudins) occurred, re

sulting in an offsetting of the boudins (Plate 5e). In general, P3 boUdins

are most common in competent pebbles (where the S2i internal foliation 1s

weakly developed), and occur in the limbs of F3 minor folds.

Shear-step Texturel Some competent pebbles along the western

shore ot Comeback Bay (coord. H-6) are cut by small faults that have pro

duced a • step-like , pattern in the pebble boundaries (Plate 5f and g).

These faults are restricted to the pebble ani do not extend. into the matrix,

rather the matrix has deformed � flowage around the 'steps' in the pebble

boundaries.

Wedge-shaped Fracture Segmentsl Some pebbles near fault zones

contain fractures at an angle to each other ranging from 200 to 700, or a

parallel set of fractures, where the pebble has been displaced between the

fractures to form wedge-shaped fracture segments (Fig. 40B and Plate 6h).

In a few eases, very closely-spaced converging fractures occur in the middle

of the pebble to form an intensely splintered zone (Fig. 4OC).

The factors responsible for variations in the nature of fractur

ing during the P3 deformation could be the intensity of deformation, proxi

mity to faults, and differences in pebble composition.

4.3 Microscopic Deformational Textures

4.3.1 Meta-conglomerate

The constituent mineral grains in the pebbles have r�sponded differ

ently depending upon the local variations in the intensity of' deformation

and. the composition of pebbles. Quartz occurs in a variety of shapes. Most

,
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Figure 40
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o� the grains are ellipsoidal parallel to 52 �ol1ation though the amount o�

flattening varies locally. In the strongly deformed pebbles quartz grains

show gra.nul.a.r, strain-shadow, pull-apart and plucked-bourda.r;r textures,

otherwise the quartz de�orma.tion appears to have occurred prima.rily through

crystallographic gliding (Harker, 1932). However, a few quartz grains in

granitic pebbles show primary igneous textures in the �orm o� embayments

and dendritic or shredded margins (Plate 68.). Most �eldspar grains are

elongate and altered to sericite, epidote, and zolsiteJ some show brittle

pull-apart; or kink-�old textures (Plate ss), A few large grains of quartz

and feldspar have inside them small irregular grains of quartz with a

slightly different optic orientation. Some large grains have broken seg

ments (boudins), and the gaps are filled with fine-grained recrystallized

quartz and sericite (Plate 6c).

The ·ma.trix has been recrystallized and consists of fine-grained,

nearly equant quartz am sericite, and large flakes of muscovite am biotite

lying parallel to 82 foliation (Plate 6d.).'

4.3.2 Meta-sandstone with pebbles, am. Meta-sandstone

'In general. these two units exhibit the same microscopic defor

mational features as the meta-conglomerate. Elongate biotite, chlorite,

ani sericite flakes that parallel S2 foliation are due'�to P2 recrystalli

zation and metamorphism (Plate 6e). PJ deformation and recrystallization

are i¢.1cated by the folded, but not broken chlorite flakes (Plate 6f) and.

micaceous gr.aiDS that parallel S3 follation. Thin streaks of biotite and

chlorite at some places show microscopic conjugate folds (Plate 6g).

I
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In some places, clusters of micaceous grains form a fold outline without

any individual grain being folded (Plate 6g): this indicates. that fold

ing and recrystallization occurred together. Also, the fact that chlorite

flakes are folded suggests that folding probably continued somewhat after

recrystallization ceased. Pull-apart texture is common in feldspar and

biotite grains.

Most of the quartz grains have undulose extinction, and the more

intensely deformed quartz grains also have zones and patches of granular

quartz that are not in optical continuity with the host grains. Deformation

of those ellipsoidal quartz grains that show little or no evidence of granu

lation along grain boundaries (but are granular inside) is likely due to

repeated strain and polygonizatlon (Stauffer, 1970).

4.3.3. Amisk Volcanics

S2 foliation is moderately to well developed and the constituent

minerals lie parallel to it. Quartz am feldspar phenocrysts are elongate,

many have trails of granulated material strung out from the ends of the·

phenocrysts (Plate 6b). some are pulled-apa.rt (boudinage) with fractures

separating segments of optically continuous grains (Plate 780). Generally,

feldspar grains are less elongate than the quartz phenocrysts and some are

kink-folded. The deformation of hornblende and biotite has taken place

mainly by the loss of material from the grain margin (plucked-boundary

texture) and partial alteration of the two minerals. Veins of quartz and

calcite (oblique to 82) a.re usually fractured, and have developed pull

apart siructures with gaps filled by chlorite and sericite (Plate 7b).

The groundmass grains are usually not elongate and do not show the same

deformational features as the phenocrysts, in fact igneous flow textures

are preserved in many places (Plate 7c).
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It appears that in the Amisk volcanics grain elongation is inie"

pendent of crystallographic orientation as in many places (001) cleavage

in micas and. feldspars is not parallel to 52 foliation. The pull-apa.rt

texture in grains is proba.bly due to differential movement between the

phenocrysts and groundmass.

4.).4 Intrusive Rocks

Meta-gabbro and Greenstonel These two intrusive rocks do not show

well--developed deformational textures and the constituent minerals are only

moderately elongate.. The deformation of biotite and hornblende has taken

place mainly by the loss of material from the grain margins (plucked

boundary texture). In the most strongly deformed rocks however, many bio

tite and hornblende grains are fractured parallel to 5) foliation; the gaps

and fractures in grains are filled by recrystallized quartz. Also, a few

grains have pull-apart and breccia textures. The grownmass, though re

crystallized, is usually unstrained.

'Quartz-eye' Dioritel The 'quartz..eye' diorite was deformed pri

marily by rupture and granulation, with only minor differential movement and

crystallographic gliding. Quartz-�henocrysts are slightly elongate, and show

brecciation aDd minor pull-apart textures (Plate 7d). Most of them are

fractured (Plate 7e), and. some contain deformation lamellae (Plate se),

Deformation lamellae in quartz are oblique to the grain elongation direction,

aDd 110st grains show strong urdulose extinction. Many feldspar grains (par

tially altered to sericite, chlorite, quartz and epidote) have strained lam

ellae am kink-band texture (Plate 7f). The sutured contacts between ad-
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jacent grains probably indicate a slight amount of post-P2 recrystalli

zation.

Some primary igneous textures are preserved in the weakly to

undeformed 'quartz-eye' diorite. These include hexagonal-shaped quartz

grains am embayments in quartz phenocrysts (Plate 19). Some individual

grains are surrounded by a narrow reaction rim (Plate 7h), although these

rims are less common in the deformed rocks.

Biotite-Granodiorite. Biotite-granodiorite shows a reduction in

grain size from south to north due to the northerly increase in P2 defor

mation and progressive regional metamorphism. Quartz phenocrysts are

parallel to S2, wavy in outline, and show strain-shadow, granular, and/or

pull-apart textures. Most feldspar phenocrysts are more elongate than

quartz and are subhedral to lenticular, show plucked boundary and brittle

pull-apart textures, and some are fractured. (Plate 1i). These fractures

often parallel the feldspar cleavage directions and are filled in by re

crystallized quartz and. sericite (Plate 1i). S2 follation cODUllonly curves

around the competent grains (Plate 7j). Elongate biotite phenocrysts have

kink folds in their (001) cleavage, and some are pulled-apart.

Deformation processes probably included crystallographic glide

and intergranular movements, depeming on the relative strengths ani co

hesion between adjacent grains.

4.4 General Features and Conclusions about the Deformation Textures

1) Grains that best show deformational textures irdicative of

intergranular movements are larger than the other grains.

2) Deformation usually has resulted in the reduction of grain size.
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J) In most of the rock types (exception 1s the granodiorite)

feldspar grains. tend to be less elongate than quartz grains.

4) Quartz grains appear to have undergone less brittle deforma

tion than the feldspar grains.

5) During P2 deformation, flowage within 52 foliation, and a

ductility contrast between the involved phenocrysts am matrix (or ground

mass) played important roles in the grain deformation.

6) Ellipsoidal grains that show no evidence of deformation pro

bably elongated through crystallographic glidil1g (Harker, 1932).

7) The rocks that are weakly deformed and have' wea.kly-developed.

.

52 �ol1ation usually ShOlf deformational textures formed through grain

fracturing and differential movement.

8) In the meta-conglomerate, there i$ a correlation between the

degree of pebble elongation, quartz grain orientation in pebble and develop

ment of various micro-deformational textures. Quartz grains inside the

pebbles usually have the same shape as the pebble.

9) The intensity of deformation is more variable in the igneous

intrusive rocks than in the meta-sedimentary rocks.

4.5 Conclusion and Deformation Processes

It appears that deformation in the area occurred through a com

bination of various processes and may have been continuous from the P2

to P3 phase (Fig. 4Od). In general (with a few exceptio�), deformation

during P2 took place UDier conditions of low to medium temperature (3000

to 5000C. lower greenschist metallorphism, Turner and Verhoogen, 1960,

p. 534) and moderate intergranula.r cohesion. It occurred through a com

bination of iBtergranular move.ents, recrystallization, and minor
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crystallographic gliding. The main recrystallization and growth of

minerals occurred during P2 deformation. P) deformation occurred under

CODd.itions of low temperature, and deformation was primarily by rupture

of individual grains, granulation, differential movelllent between grains

(witb only moderate crystallographic gliding), and minor amounts of

recrystallization.
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TABLE 4

Summary of Deformation Textures

Features

1) Strong preferred orien
tation of grains and pebbles.
2) Well-developed S2 that
is locally F3 folded to give
rise to 53 (crenulation and
fracture cleavage).
3) Quartz grains have a

variety of shapes but most
are ellipsoidal.
4) Many feldspars are frac
tured, pulled-a.part and
sericitized, some show kink

ing of lamellae.
5) Strong recrystallization
of matrix.

Textures similar to the meta
conglomerate, except that
micro-kink folds,
fracturing and boudinage
of feldspar grains, and
brittle deformation of
biotite are more common.

1 ) Elongate micaceous
minerals and phenocrysts of
feldspar and. quartz.
2) Limited recrystallization
of groundmass, original ig
neous flow texture locally
preserved.
3) Sericitization of feld
s:pa.rs.
4) MylOnitic or breccia
textures present.
5) Kink-cands, pull-apart
and plucked�boundary tex
tures in quartz and feld

s:t>Clr grains.
6) Some of the quartz and.
calcite veins oblique to S2,
are sheared. and. pulled-apart.

Rock Type . Remarks

Meta-con

glomerate

,

Meta-sand
stone with
Pebbles,
and
Meta-sand
stone

Amisk
volcanics

,Most of the deformation
textures formed through a

combination of crystallo
graphic gliding and
differential movement be
tween S2 planes.
Ductility contrast between

larger grains and grouni
mass was important.

Same as for the meta
conglomerate. Meta

morphic recrystallization
has occurred to a con

siderable extent.

Brittle pull�part defor
mation of feldspar pheno
crysts occurred due to
differential movement be
tween the phenocrysts and
groundmass.
Deformation of the ground
mass proba.bly occurred as a

result of both crystallo
gr.aphic gliding and differen
tial movement.

(continued
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l-1eta_
Gabbro
and

Green
stone

'Quartz
eye'
Diorite'

Biotite
Grano
diorite

1) Very slightly elongate'
and partly replaced hornblende

grains.
2) Recrystallized. and un-:

strained groundmass.
3) lractures in hornblende
parallel to its cleavage
direction.

"

1) �'Jeakly-developed S2

foliation.
2) Quartz grains sligh�ly
elongate.
3) Quartz phenocrysts sho�
evidence of plucking, pull
apart and brecciation,
microfaulting and fractur

ing'. ,

4) Hany quartz grains con ...

tain deformation lamellae
5) In some quartz grains
original'igneous textures

(such as ,1&' -quar-tz embay
ments, reaction rims) are

well-preserved.
6) Kink-bands and strain
ed lamellae occur in some

feldspar grains.

1) Hoderately elongated
phenocrysts of feldspar that
show microboudinage, evi
dence of plucking and granu
lation.

2) S2 foliation curves

around feldspar phenocrysts.
3) �uartz phenocrysts are

well-elongate, show evidence
of plucking and have granu
lar trails and pull-apart
texture.

4) Some biotite phenocrysts
have been kink· folded and a

few have been pulled-apart •

.5) Twin lamellae in calcite
are strone;ly oriented and

parallel to S2 foliation.

Minor plastic strain.

'iJeak deformation primarily
by rupture and grannLa tion
with only minor differential
movement and cr�rstallo5raphic ,

gliding.

Plastic defor;:nation and

recrystallization here strong
Dii"f'erenti.al movement alo:q�
grain boundaries �j;;j,S

moderate.
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RECOMMENDATIONS

It has been shown in the present investigation that at least

three phases of deformation occurred in the Amisk and Missi Rocks near

Amisk Lake whereas four phases of deformation have been recognized in

the Flin Flon area (Mukherjee, 1968). Further work along similar lines

should be extended to the adjoining areas in order to interpret these

differences. This wl11 also help in determining. a) the nature of the

contact between the Amisk and Missi Groups, b) the regional extent of the

Magdalen Lake Syncline. c) the relationship of major faults to the

Embury Lake Fold, &rid d) a regional picture of the structure of the

southern part of the Churchill Province.

The deformational textures in the rocks and pebbles of the meta

conglomerate should be studied in more detail arid on a regional basis•.

A study of these textures will reveal the behaviour of the rocks duriug

deformation aDd will help in establishing the relative i.portance of

various deformational processes.
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TABLE 1

- 1 -

Surr.mary of Structural and Metamorphic Features

PHASE PiW13AEL'� R.CCK r;SI JAVIOIJH.HINOR ?OLDS F.il.ULTS 11�Il\JEJtM.J LII\1:;!;il.TION

PtLlQE 1 No t recognized in this .qrea but present in Flin Flon (Hukherjee. 1968)
Area

F2 }:;agdalen Lal<e �yn
cline: Steep limbs,

PHASE 2 I U I shaped hinge, trend
and plunge vari.qble due
to mill tipl'3 fol:iing.
vJell-developed axial

plane foliation.

Itegional foliation 1327
parallel to the axial

plane of F2 major fold.

Def'orma t.i on of pebbl es

to triaxi:ll ellipsoids
paN.llel to S2 folia
tion.

Deformed al onga te grains
parallel to pebble elon

gation, new grown minerals,
quartz rodding, mullion

and boudinage structure.

.!:'rogresslve regional
metamorphism of Lower

green-schist facies.

Ductile behaviour. roe

crystallization, minor

grannlation and grain de

formation. Intergranular
move�ent under conditions
of moderate cohesion.

PrIASE J

FJ Lookout Island

Syncline and Comeback

Bay Anticline;
Numerous minor folds
and Hell-developed
SJ foliation;

a) Isoclinal, parallel
to similar type folds
th�t vary from & few
inches to 20 feet in

wavelength. Round to

sharp hinges, plunge
and· axial plane atti
tude highly variable.
Fracture or crenula
tion cleavage as an

axial plane foliation.

b) Kink folds.

Najor:
Mosher Lake Fault,
Comeback Bay Fault,
Hac Dona'Ld Creek Faul, t ,

All are longitudinal,
N-S to N,�-SE trending
and steeply dipping
faults.

Minor: As large shear

zones of no fixed.
orientation, formed

during late PJ phase7

Fracture and crenulation

cle.qvages.
Further deformation of

pebbles by folding,
milling and local

flattening.

\,'eakly developed mineral
.Ld.nea td on defined by
newly grom1 biotite and
chlorite.

Progressive regional
metamorphism continued
and 1:;elonf;s to quartz
<?lbite-epiiote-biotite
subfacies of green
schist facies. Effects
of retrogressive meta

morphism observed

locally along fault

zones.

Less ductile than during
phase tim and brittle
behaviour was important.

PHASE 4

. I__� � � .I� �.L_ � �' I,_I � � --------------------�

F4 ..!:mbu ry Lake Fold:

Open l8rge �ntiform,
post FJ folding and

faulting. No related.
minor structures.

\

Ductile but competent?

.�
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Figure 5 ATTITUDES OF BEDDING
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Fig. 6 BEDDING TREND - LINES
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Fig.23 ATTITUDES OF S3 FOLIATION
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Fig. 24 53 FOLIATION TREND-LINES

I
J

r 0

\ \ '\

Jh
�"\

t�
\
I

l
1

/
J

\
\

}
/

LEGEND

Foliation trend-line _7.1--8_
(dip am ount is generalised)

Fault

SCALE
MILES

-_:-
- -+ ---

E -=- F_ -
- -0

. - -

1 1/2

-

_-
- ---:::::=::::I

1


	Book
	Cover
	Front Matter
	Title
	Copyright
	Abstract
	Acknowledgements
	Contents
	Figures
	Plates

	Body
	Chapter 1
	Chapter 2
	Chapter 3
	Chapter 4

	Back Matter
	Bibliography
	Plates



