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ABSTRACT

A similar-type fold ís outlined by a unit of rneta-

conglomera.te in the Booster Lake area of Manltoba. this

anticl-ine merges into a major syncline which extends 25

míles westward to Lac du Bonnet. The anticline has deforned

an Archean sequence of metagreywacke, meta-conglomerate and

a second unit of metagreywacke. A granite pluton was j-n-

truded into the core of the fo1d.

The orientation of the Booster Lake fol-d is defined

by its plunge and the dip of its axial surface. 0n the

basis of its orientati.on and closure r. it is a tight i.n-

clined anticl-ine.

Assuming cylindrical folding, a right section is

constructed to enable cLassification of the style of folding.

Three parameters: dip isogons; orthogonal thickness, t; and

axial planar thickness, T, show the fold style to be com-

plex. It almost ideally belongs to Ramsayrs (L967 ) C1ass 2

in the hinge area but is of C1ass lC in the limbs.

The style of folding, foliation, lineationsr and

textures are inconclusive in defining the type of strain

which produced the fold, but four types of strain are con-

sidered possible: heterogeneous pure shear; homogeneous

flattening superirnposed on a flexural fold; flexural foldÍng

followed by heterogeneous or homogeneous pure shear and

heterogeneous simple shear; and heterogeneous or homogeneous

€tÌ: 6,1&;çI¡îei,4*-..
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pure shear followed by heterogeneous simple shear. The

mechanism vras that of passive flow contemporaneous with

metamorphism. The granite pluton may have been involved

in the folding as it was either syn-folding or post-fo1ding.
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CHAPTER Ï
INTRODUCTION

THH PROBLEM

The purpose of this study is: (1) to document and

analyze the geometry of a fold outlined by a meta-conglom-

erate unit in the area immediately to the norÈh of Booster

Lake, ivlanitoba; (21 to investigate the nature of the strain
producing the fold; (3 ) to relate the deformation to the

metamorphism and (4) to examine the role of the granite

pluton in the development of the fo1d.

TOCATTON AND ACCESS

The Booster Lake area is approximately 90 miles

northeast of liinnipeg, Mani-toba and 35 miles northeast

of Lac du Bonnet, I{anitoba (Figure 1). The area is

accessible by road; Provincial- Road 3]-5 cuts through the

northern edge of t,he thesis area.

TOPOGRAPHY

Outcrop is pJ-entiful in the area north of Boosüer

Lake and there is a general relief of approximately 50

feet. The area has a good forest cover and thick moss

covers most of the outcrop.
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PREVIOUS WORK

Springer (l9l+9) produced the first detailed geo-

Iogic map of the area at a s'cale of one lnch to one mile.

It was not until the area bres re-mapped by Davies (L956')

aü a scal-e of one inch to one thousand feet, however,

that the conglomerate unit was found to outline a fold.
Butrenchuk (L97O) carried out a study on the meta-

nrorphic grade of the rocks in the Bird River area, includ-

ing those wlthin the present area of study. He concluded

that 3 periods of metamorphism have affected the metavol-

canic and metasedimentary rocks of the Bird River area.

The first period of metamorphism was a thermal event.

The effects of this event have been obliterated in the

Booster Lake area by the second metamorphic event. This

second period of metamorphism was a dynamo-thermaL type

and produced a regional foliation paralleI to the bedding

in the volcanic and sedimentary rocks. During this period,

ühe sedimentary rocks v¡ithin the Booster Lake area were

metamorphosed to the almand.j-ne-amphibolite facies (rvith

epidote ) . The third perÍod of metarnorphism vlas dynamic

and the effects were related to deformation of the regional

foliation by faulting. This event does not appear üo have

affected rocks of the Booster Lake area.
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PRESE]NT I'1JORK

The field data were collected in the fal-l of I97O

over a period of üen days. Traversing, åt a spacing of

approximately 500 feet, was carried out across the nose

of the f old. Less detailed rvork r,'¡as done on the flanks

and in the core of the fold. The geological map published

by Davies (l-956) r.,'as used as a basis for the field work.

The area tvas not re-mapped, but more structural- data vrere

gathered to augment those gathered by Davies.

A CK N O',,ilLED GEi\.fE N T S

The author wishes to thank Dr. rï'. C" Brisbin of

the University of Fianitoba Department of Earth Sciences

for not only suggesting the topic, but al-so for his valu-

able assistance dtrring the study.

The Manitoba Mines Branch prepared the thin sect-

ions used in the study.

Aerial photographs of the thesis area l'rere taken

by Abitibi Paper Company ând are at a scale of one-quarter

nrile to the inch.

The geology of the area r'ías rnapped by Dr. J. F.

Davies of the lvlanltoba lriines Branch in 1955 and his map

(Davies, 1956) provided a val-uable basis for the thesis.

D. L. Truernan carried out del¿riled studÍes in the

Bird Rlver area for the Manitoba Ì4ines Branch and his

cornments and discussion have been very helpful.



CHAPTER II
GENURAL GEOLOGY

REG1ONAL GEOLOGY

A belt of metasedimentary and metavolcanic rocks

extends easüward from Lac du Bonnet into the Booster Lake

area (Figure 2). These rocks are Archean in age and be-

Iong to the Rice Lake Group (Springer, l9l+9; Davies, L955'

L956) . According to Davies (L955, 1956 ) trre volcanic

rocks are the basal- rocks of the group (tab1e 1). The

rocks of the belt have been forded into a syncline with the

metasedimentary rocks nov¡ 1n the core of the fold. The

axis of the syncline runs dortn the centre of the bel-t

but blfurcates south of Bird Lake. The axis of the northern

branch of the bifurcated syncline is cut off by bhe fault

which passes through Bird Lake. The axial trace of the

southern branch passes through Booster Lake. The anticl-ine

betv,.een the tryo subsidiary synclines is the subject of this

study and is referred to as the Booster Lake anticline, The

relationship of the anticline to the major syncline is shoivn

in Figure 3. The met¿volcanic and metasedlmentary rocks

have been Íntruded by basic rocks of the Bird River sill

and by large granitic batholiths v¿hich bound the belt to

the north and south"

D, L. Trueman (personal co¡rimunication) h¿,s notecl

OutCro¡is of conglotnerate along the l¡tetavol-caniC-metased-
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Table 1: Table of Formatlons (afüer Davies, 1956)

Recent
and

Pleistocene
Glacial sand and clay

MAJOR UNCONFORMITY

P
R
g

c
n
fli
B
R
I
A
1\T
I\

Iilap
Unit

6

5

l+

3

2

I

Granodiorite
Grey Granite

-i¡¡¡.,rsive contact -
Bird River Sil]

- intrusive contact -
RTCE LAKE GROUP

Silicified Zone

Iüietagreywacke
i,leta-conglomerate
Þietagreywacke
Andesite, Basal-t

Note: lvlap-unit numbers identify those rocks
present in the Booster Lake thesis area.

B
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irnentary contact. Along this contact, the conglomerate

contains clasts of netavolcanic rocks. Irletavol-cani.c

clasts are notably absent from the meta-conglomerate ex-

posed within the Booster Lake area. The Booster Lake

conglomerate may be straigraphically equivalent to the

oüher conglomerate, but, ât present, there is no basis

for such an interpretation.

AGE RELATIONSHIPS AND STRAÎÏGRAPHÏ

The ol-dest rocks within the thesis area (Figure 4)

are the Rice Lake Group metasedimentary rocks consisting

of metagreywacke, meta-conglomerate and a second unit of

metagreywacke. Although the contact between units l- and 2

(taUle l) was not exposed it would appear that it is grad-

ational. SmalL pebbles of tonalite $¡ere found in exposures

of the lov¡er metagreywacke approximately 100 feet across

strike from exposures of the meta-conglomerate, and the

matrix of the meta-conglomerate is slmilar in composj-tion

to the metagre¡rwa.cke.

These age relationships indicate that there was

contÍnuous sedimentation of greywacke composition on top

of vol-canic rocks. During the sedimentation, holever, an

influx of granitic and arkosic pebbles from an unknown

source resulted in the intervening unit of conglomerate.

The siliclfication of the upper metagreywacke to

form the siticified zone is of question¿rbÌe age. The

silicification process did not affect the meta-conglomerate

nor any of the lov¡er meteigreywacke within the core of the

foLd.
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The granitic intrusive rocks are definÍte1y younger

than the metasedimentary rocks. The lower metagreywacke

has been 1ocally deformed by intrusion of the granodiorite

vihich also contains j-nclusions of the upper metagreywacke

near the contact 
"

LITHOLOGY AND DISTRIBUTION OF ROCK TTP},b

Metagreywacke (1)*

The lower metagreywacke unit underl-ies the meta-

conglor,erate and is exposed in the core of the Booster

Lake anticline (Figure 4). This metagreywacke is medium

to dark grey in colour, fine-grained and schlstose. It
is composed of quartz, plagioclase, biotite, and local1y

hornblende, aLl of vrhlch have been recrystallized. The

quartz grains are strained and the biotit,e grains have

a preferred orienta.tion rvhich imparts a schistosity to
ühe rock. Hornblende, rthere present, also shows a preferred

orientation, Ïn spite of recrystallization, rounded feld-
spar grains, compri-sing a relict clastic texture , vrere

observed in thin sections from tlvo localities. Bedding

was observed locally in the metägreyvracke. Davies (1956)

also observed bedding at localj.ties which the writer t¡as

unable to visit.

lvleta-conglomerate QI
This unit, whl-ch outlines the fold under study, is a

* Iviap-units are sholvn in Figure lt.
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metamorphosed polymictic conglomerate. It varies in true
orthogonal thickness frorn 35O feet in the límbs to 3000

feet in the hinge area of the Booster Lake fold. The

meta-conglomerate is poorlv sorüed and consists of tonal-lte
pebbles and, to a lesser extent, of arkose pebbles in a

grey, fine-grained, recrystallized quartzo-micaceous matrix"

Both types of pebbles have been deformed such that their
long dimensions plunge to the southwest in the plane of
foliation. Layering was observed locally in the matrix

of the conglomerate on the linrbs of the foId, but vras not

found in the hinge zone.

the recrystallized matrix consists of quartz, bio-
tite, and plagioclase. The quartz is strained and the bio-
tite shows preferred orientation. Biotlte is also concen-

trated around the margins of the arkose and tonal-ite clasts.
The pebbles of coarse-grained white tonaLite range

from 1 inch to 12 lnches in diameter, and have responded

more competentl-y to deformation than the surrounding nrat-

rix. The tonal-ite pebbles have been recrystallized and

the quartz and feldspar are anhedral but are not aligned.

Biotite grains are poorly aligned, but this weak fol-iation
is parallel to the foliation in the matrix. Quartz conm-

only fornrs pressure shador.rs at the ends of pebbles (t'igure 5)

The arkose pebbles are rvhite, fine-grained, and

highly deformed j.n such a manner that they r{rap around the

tonalite pebbLes (Figure 5l,. Blotit,e is only a minor con-
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stituent in
grains are

these recrystallized pebbles, but again the

oriented parallel to those in the matrix.

Metagre¡rvracke ( 3 )

The upper metagreywacke unit bounds the upper sur-

face of the meta-conglomerate and extends westward to Lac

du Bonnet (Figure 2). Although this unit 1s of a different
age than the loler metagreyvracke unlt, both are al-ike in

all respects. Bedding l'ras observed in the upper metagrey-

wacke on the north shore of Booster Lake.

Silicified Zone (¿*)

A silicified zone outcrops at the nose of the anti-

cline. This zone has an irregular distribution and is
nprobably the result of repì-acement of grepvacke by sil--

ica-bearing and, in some cases, sulphur-bearing hydrothermal

sol-utions. tr ( Davies , 1956 , p. 10 ) .

These rocks are fine-grained, cream-col-oured, cherty

looking rocks with rusty surface v¡eathering. i/tineralogic-

atly, they are composed of quartz, microcline, muscovite,

and pyrrhotite and pyrite.

Grey Granite (5)

Coarse-grained to pegmatitic grey granite occurs

!,rith1n the core of the fold around Þlarijane Lake (Flgure [).
It forns a large body, the outline of which conforms to that
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of the fold itsel-f . Several small,er isolated bodies also

occur to the northwest of the main body.

The grey granite is a heterogeneous unit composed

of quartz, microcl-ine , plagloclase, a.nd biotite in vari-
abl-e proportlons. The cornposition of the rock ranges f rom

a granite to a granodiorite. Springer Ã91+9 ) also observed

some quartz dioritic phases. The rock is massive to strong-

Iy gnelssic and contains xenoliths of older rocks (Davies,

Lg56).

Granodiorite (6)

Several outcrops of grey, coarse-grained granodio-

rite occur to the south of Starr Lake (Figure /+). This

unit is massive and contains xenoliths of upper metagrey-

wacke adjacent to the contact v¿ith that un1t. The grano-

diorite is composed of quartz, plagioclase, and minor bío-

tite. Pyrite was f ound in the contact zones along t^¡ith

the xenol-iths of metagreywacke.

STRUCTURAL GöOLOGY

The major structural feature within the thesis area

is the Booster Lake anticlinal fold. Certain other struct-

ural elenents including foliatlon, lineations, and a fault

were recognized and are documented here because of their

relationshi¡:s to the f old.
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the FoLd

The Booster Lake foldr âs outlined by the meta-

congJ-omerate, appears to be a sirnilar fold closing to the

northwest (Figure 3l'. The meta-conglomerate unit is thin
near FLanders Lake but thickens in the hinge zone, north

of Booster Lake. The thickness of the meta-conglomerate

in the north l-imb is not known because that limb has been

faulted.

Foliation
The follation in the metagre¡^;acke units and in the

matrix of the meta-conglomerate is produced by the prefer-

red orientatÍon of biot,ite and, to a lesser extent, quartz

and plagioclase. The foliation is parallel to the layering

in the limbs of the fold, but cuts across the bedding in

the hinge area. The foliations for the north and south

limbs respec'tivel:r, converge in the hinge zone.

The fol-iation in the matrix of the meta-conglomer-

ate is deflected around the deformed clasts (Figure 5). Blo-

tite grains are concentrated at the margins of the pebbles

and are oriented parallel to the biotite grains in the

matrix.

A weakly preferred orj-entation of the biotite in

the tonalite and arkose pebbles in the meta-conglornerate

is parallel to the foliation in the matrix.

The pebbles in the meta-conglomerate have been

fl-attened so that the plane of flattening coincides with

the plane of foliation.
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Lineations

The pebbles are elongate as v¡elI as flattened.
The rounded nature of the outcrops permitted only the gen-

eral observation that the pebbles have a moderate to steep

southwesterJ-y plunge in the plane of foliation.
A series of slabs was cut through several oriented

samples enabling approximate measurements of the plunge.

The plunges of t,he long axes vary but, in general, vrere

found to be 30 to JO d.egrees at 220" to 245". This method.

was found to be slightly inaccurate due to difficulties in

defining the exact long axis of each pebble. Ït must be

concluded therefore that the above values of plunge are

not completely reliable.

Faulting

An east-southeasterly striking fault cuts the meta-

conglomerate in the northern limb of the fold. Thj-s fault
was observed by the writer to be a large shear zone dipping

steeply south. The distribution of the meta-conglomerate

betv¡een Starr and Davidson Lakes (Figure 4) suggests ühat

this fault, has a right-latera1 horizontal component of

displacement of approximately 8000 feet.
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CHAPÎER ITT

oRIENTATION, CLOSURE, STYL¡.; AND ASyt'ltUETRy

OF THE BOOST¡JR LAKE FOLD

OR]ENTATION AND CLOSURE

Attitudes of the Limbs

the number of layering measurements taken in the

field was insufficíent to conduct a statistical stereo-

graphic analysis of the fold. Consequently, it was nec-

essary to determine the character and orj-entation of the

Iinbs in a less conys¡¿1onal wâIr making use of the meta-

conglomerate as a marker unit.
The orientation of each limb of the fold is defined

by its respective strike and dip. The strikes of the north

and south limbs could be measured (100 an¿ 130 degrees re-
spectively) from the plan view (Figure 4). These strikes
coincide with those of the layering observed in the limbs

of the fol-d (Figure 6). The dips of the layering are there-

fore assumed to represent the general dip of the lj-mbs.

The average dip for each given strike is assumed to be re-
presentative for that limb. The attitude of the north

limb is rcd/54os and that of rhe south limb is !3)"/5gos'¡t.

Plunge of the FoId

Ramsay (196l+) points out that if the orientations
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the geologic map (Figure 4).
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of the bedding planes on the limbs of a fold are known,

then their intersection ( B axis) can be determined on a

stereonet and it will be parallel to the fold axis. F1g-

ure ? shols the intersecùion of the two planes represent-

ing the north and south limbs of the Booster Lake fo1d.

These planes are normal to the point of maximum concentra-

tion of poles to layering (Figure 6) for their respective

limbs. The fold axis plunges 36 degrees in the direction
25L degrees azimuth.

The Axial Surface

The axial surface of the fold is determlned fronr

the axial trace and the fold axis. The axlal- trace, drawn

through the polnts of maximum curvature of the bedding

planes of the meta-conglomerate, defines the strike of the

axial- p1ane. The axial plane contains both the strike line
and the fold axis (nadgley, 1959 ) and is shor^¡n on Figure 7.

The orientation of the axial surface is Zg5"/lr6"Sn.

Interlimb Angle

The closure of a fold is given by the interlimb

dihedral angle. The dihedral angle betrveen the north and

south linrbs of the Booster Lake fold is 26 degrees. This

angle is less than 30 degrees, and consequently the cl-os-

ure of the fold is classified as tttighttr (!']euty, 196,t+).
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ort h Lim

B Axis

th Limb

Figure 7: Ileta-diagram showing the intersect j-on of the
planes of the fold limbs with the axiaL plane.
The p axis is the Line of j-ntersection betv¡een
the three planes and coincldes with the fold
axis. The strike of the axial trace r'ras obtained
from the geologic map (Figure [).
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Summary

The geometríc propertíes of the Booster Lake fold
can be summarÍzed as follows:

(i) orientation of north limb LOt/54"s

(if ) ori"entaüion of south limb L3O"/59oSh¡

(rii) plunge of fold l6'/z|.t"
( iv ) orientation of axial plane 2g5"/ t+6' SE

(v) interlimb dihedral angle ?6"

Orientation Classification of the Fold

Analysis of the ori{ni,añ.on of the fold (Figures 6

and ?I together with the distribution of the meta-conglomerate

(Figure /¡) shows that the fold is plunging toward the v¡est

and is closing upward. The fold is therefore an antiform
(Fleuty, L964l.. This term describes the fold so1ely on the

basis of its structural form and orientation. The deposi-

tional sequence is not inverted (see Chapter fI) and there-
fore the fold can be termed properly an ant,icline,

F1euty ft961+) set forth a descriptive classific-
ation for folds based on the plunge of the fold and the

attitude of its axial plane. Using this classification
(Figure 8), the Booster Lake fold can be termed a moder-

ately inclined, moderately plunging anticline. This Ís a

.rather cumbersorne description of the fold, and it is much

easier to use Rickard.rs (fgZf) D.P.P. (Dip, P1unge, Pitch)

trlangular diagram (Figure 9). This classification ls.
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Figure 9z Classification of fold types on a triangular
diagram (after Rickard, L97II. X denoües the
position of the Booster Lake fold in this class-
ification.
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apex of the triangle.

9b: Fields of the main fold types.

VERTICAL
FOLDS

INCLINE D

FOLDS

HORIZONTAL FOLDS

\)È



25

effected by pl-otting three variables: dip of axial plane'

and plunge and pitch of fold axis, on a special triangular
diagram (Figure 9). The Booster Lake fold is an inclined

f oj-d, but because the incl-ined field is large, the fold can

be more accurately described by uslng the dip (D) of the

axial plane and. the plunge (P ) of the fold axis after the

descriptive name: inclined. fold (D. 295"/ 46" sY: P. 36"/ z5fj "

STYLE AND ASYÌ.{I]IETRY

fntroduction

Determination of the cylindricity of the fold and

construction of a rlght section ( section perpendicular to

the fold axis) are necessary before style of folding in

the Booster Lake area can be compared with st'yÌes of fold-

ing given by Ramsayts (1967) cl-assificatj-on. The section

perpendicular to the fold axis is the one upon vrhich Ram-

sayts classification is based. The cyllndrÍcity of the

fold must first be knorvn because there are two different
methods for the construction of right sections, one for

cylindrical- folds and the other for conical folds.

Cylindricity of the FoId

A great circle has been draln through the two pole

concentrations in Figure 6 and the fold is assumed to be
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cylindrical-. This assumption is in question because the

üwo concentrations of poles could aLso fit a snall circl-e

and the fold could have a conical character. Without in-
formation on the dip of the layering in the hinge zone, iù

is impossible to state categorically whether the fold is
cylindrical or conical. According to Badgley (1959) con-

ical folding is rare in nature. Consequently, a d.ecÍsion

was made to proceed with the analysis on the assutîpf.ion

that the fol-d is cylindrical. Subsequent geftletr1cal an-

alysis v¡i1l indicate that this assumption is valid, for the

geometry of the fold closely approaches the ideal- cylindri-
cal case ( see belovr ) .

The Right Section

Using the method described by Stockwell (1950), a

right section of the fold. v¿as prepared (Flgure 10). The

meta-conglomerate unit has been used as the narker unit
and is used further in classifying the style of the fold.
The true thickness of the meta-conglomerate could not be

determined over most of the north l1mb of the fold because

the lirnb has been cut by a fault.

Style of Folding According to Ramsayrs Classificatíon

According to Ramsay (]:967) it is possible to ex-

press changes in shape within a fold and to classify the

foLd using any of the following parameters:
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(1)

ftZ)

(3)

The author

above three

unit. The

becarrse it

the inclination of the dip isogons

the axial ¡rlanar thickness, T, of individual

layers Ínvolved 1n the fol-d

the orthogonal thickness, t, of individual

layers j-nvolved ln the fold
has attenlpted to classify the fold using the

parameters applied to the meta-conglomerate

north l-imb could not be completel-y classified

has been cut by the east-west faul-t.

(1) Inclination of dip isogons

Using the right section of the fold, it is poss-

ible to deternine the slope of any point on the fol-ded

surface with reference to the normal to the axial- Surface.

A tangent to the surface at the given point lvill- nake an

angle oc (ang1e of inclination) with the normal to the axial

surface in the plane of section (Figure 11). Lines joining

points of the same slope on adjacent fol-ded surfaces are

called dip isogons (Ramsay, 1967). Figure 12 shows ühe

distribution of these isogons at teh degree intervals for

the upper and lor'rer surfaces of the meta-conglomerate unit.
Comparing these results r'¡ith Ramsayls (f967 ) fundamental

types of fold classes (Figure 13) it can be seen that the

fold is complex. The isogons are essential-ly parallel to

the axial- plane in the hinge area, characteristic of a

Class 2 fold, but bordering on Class 3 because of a slight
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L=I

Figure 1l-: Definition of o<. The

the angle between the
and the tangent for a

( Aft,er Ramsay , l-967 | ,

angle of inclination o< 1s

horizantal- tangent at oc=O'

point on the folded surface.
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I

I

¡

I

I

)
I

North

Limb

Figure 12: Nose of the fold in right section showing dip
isogons drawn between the lnner and outer surfaces
of the meta-conglomerate at 10 degree intervals.
The isogons are not drawn for the v¡hoLe fold, but
only for c<=Ooto 80"on ühe south li.mb and for
o(. 0" to 70" on the north 1i-mb.
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divergence of the isogons. However, where ot)55o, the south

limb has convergent dip isogons with respect to the axial
p1ane, characteristic of Class lC folds. The amount of con-

vergence increases betrveen oc=5!'and c(=60oand then decreases

again when cr>60:

(21 Axial planar thi-ckness, T

The axial- planar thickness, T, is the thickness of

the unit between tr'¡o tangents at the same inclinati-on ccron

adjacent surfaces, measured in a direction parallel to the

axlal plane of the fold (Figure 1l-). Tois ühe thickness

of the unit along the axial surface for oc=Ol To( is the

thickness of the unit at any given inclination cC. The

variation through the fold can be expressed by the relat-
ionship T¿=Io/To. A plot of Tj versus o< (Figure 1¿l) has

been prepared for each Limb of the fold. The curves for
both limbs sholv the hinge area of the fold to be only sl-

ightly divergent fron a Class 2 (similar) fot¿. Arvay fron',

the hinge area, the south linrb devi-ates from a Class ? f ol-d

and at oc>6Oob""o*u" a C1ass lC fold.

( 3 ) 0rthogonal thickness, t
The orthogonal thickness t is the thickness of the

unit betv¿een two tangents at the same inclination o( on ad-

jacent surfaces (Figure 11) measured at right angles to the

tangents. The thickness of the uni-trto<, at any glven incl-l-
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CLASS IA

North Limb,

CLASS J

_Q

u)
(t)
q

()

CLASS IC

-tt'

South ,.'
Limb,/ei

I
I

I
ASS-2

T'= Tor..T

f.o

o.o

o<

Flgure 14: Plot of TJ versus o< for the north and south limbs
of the Booster Lake fold. The ideal flerds are
outlined (after Ramsay, L96?1.
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nation, d, from the normal to the axial plane can be rê-

lated to the orthogonal thickness in the hinge zone (t" )

by the relationship tJ= tn/t.. The variation in t'j lvith

changes inoc can be represented. as a curve (Figure 15).

This plot shows that the fold closely approximates a Class

2 fold although there is some variance of the north limb

into the Cl-ass lC field and of the south limb into the

Cl-ass 3 fie]d. The south limb crosses into the C1ass IC

f ield at oc >63".

In sutnmary, aì-I three parameters show that the f o1d

is complex and cannot be placed in any one ideal- cl-ass of

Ramsayts classificabion (Table 2). The nose of the fold,

however, is close to the morphology of an ideal sj-milar fo}d

(Class 2I . Away from the nose of the fold (o<>5 5'to r,Þ63",

depending on the parameter used) tne morphology changes to

that of Class 1C. The close approximation of the style to

the ideal case leads the author to classifying the Booster

Lake fold, based on the meta-conglomerate unit, âs a sim-

ilar-type fold. The south limb of the fold is of Class fC,

possibly due to modification of the simíIar fold by intru-

sion of the grey grani-te batholith. Al-ternatively, the

meta-conglomerate rnay have had some original variation in

th5-ckness, causi-ng deviation from the ideal case (Figures

13 and 14) and accounting for the reversal in orientation

of the dip isogons on the south limb where o<*óOo(Figure ]'2I
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Figure J-5l Plot of tJ versus o( for the north and south llmbs
of the Booster Lake foLd. The ideal fields are
outllned (after Ramsay, l-9671.
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Tabl-e 2: Surnmary of analysis of the fold sty1e.

Dip isogons

Axial planar thickness

Orthogonal thickness t

Parameters Hinge Zone

Class 2

Class 2

Class 2

South Limb

C1ass IC

Class lC

C1ass 3

o< of
change

in Class

a=55"

o< = 60o

a. = 63o

\¡J
O.
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Asymmetry of the Fold

The north limb of the Booster Lake foLd has been

cut off by a fault, therefore precluding any general ob-

servations about the symmetry of the fo1d. However, the

dip isogons on the north Limb, for æ,lJOoare very closely
spaced whereas the isogons of the south 1inrb, for d <5Oi

have a ¡,,¡ider spacing (Figure LZ), indicat,ing that the cur-

vature of the south limb is gentle compared to that of the

north limb, and suggesting that the fold is asymmetric"
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CHAPTER IV

MECHANICS OF DEFORMATION

STRAIN PRODUCÏNG THE FOLD

fntroduction

A prerequisite to proposing a possible mechanism

for the formation of the Booster Lake fold is an analysis

of the strain inherent in its development. The strain is
reflected in the style of folding, the relationship of

foliation to the fold, the ùextures of the folded rocks,

and the línear structures. Taken ålone, each of these

features u¡il1 not be reveali-ng, but collectively, they

indicate the type of strain.

Style of Folding

Analysis of the Booster Lake fold (Chapter III)
illustrated that it is a complex simil-ar-type fol-d. ft
is a Class 2 fold in the hinge zone but Class IC on the

south limb.

Similar-type folds may be produced by heterogen-

eous pure shear (differential- flattening) (Ramsay, l-962)

and by honogeneous flattening superimposed on a flexural-

fold (Ramsay, 1962; Donath and Parker, L96t+'). The var-
iation in axial planar thickness of the Booster Lake fold
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(Appendix ) is characteristic of differential flattening,
but the minimurn thickness (axial planar) in the hinge zone

is indicatj-ve of homogeneous flattening superimposed. on a

flexural fol-d

Simple shear may produce ideal similar foLds (Ram-

sâTr 1967 ) and could possibly have been part of the strain
inherent Ín the development of the Booster Lake fold. Con-

sidering simple shear, two other üypes of strain could have

produced this fold: (t) flexural folding followed by het-

erogeneous or homogeneous pure shear and heterogeneous sim-

ple shear, and (21 heterogeneous or homogeneous pure shear

foll-owed by heterogeneous simple shear.

Relationship of Foliatj-on to the Fold

The equal area projection of poles to foliation
(Figure 16) shows two major concentrations of points alth-
ough there is substantial scatter about these concentrations.

These concentrations correspond to the concentrations of

poles to layering (Figure 6l., indicating that there is some

parallelism between foliation and layering in the 1imbs.

The scatter of poles in Figure 16 indicates that

foliation is not everywhere paralle1 to the layering. This

is particularly evident in the nose of the fold (Figure l+I

vrhere the cross-cutting relationship of the foliation sugg-

ests that the fold may be passive, thus supporting the

theory that this is a shear fold.
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Contour Interval: 1, 2, 5, 10,

Figure J:6: Equal area projection of poles to foliation.
The pole circre is almost coincident with ühe
pole circle in the plot of poles to 1ayering
(Figure 6l because the foliation is mostly
paralle1 to t,he 1ayering.
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If the f old r.¡ere a flattened flexural fol-d, ühe

foliation rvould only transect the layering in the hinge

area and would be parallel Ín the lirnbs (Hobbs , I97J-).

Also, the foliation may be folded depending on the amount

of flatteníng. The distribution of points for the Booster

Lake fold (Figure 16) shows that the foliation has not

been folded. There is a p0 degree change in the azimuth

of Èhe foliation planes from OgOot,o 180: but if the fol-
iation v,rere folded there v¡ould be a distribution of poles

along the remainder of the pole circle to represent a com-

plete l¡Irap around. of the attitudes of the fol-iatiorlS.

The orientations of the foliation planes diverge

from the axial- plane. This dlvergence becomes greater

away from the nose of the fold in the area where the grey

granite pluton has been emplaced, especially around David-

son and Flanders Lakes.

Textures

Thin section examination reveals that the upper

and lower metagreywacke units and the meta-conglomerate

unit have been recrystallized. Harker (1932) and Turner

and VJeiss (1963) state that minerals, especially micas,

are oriented perpendicular to the principal stress direct-

ion. According to Ramsay 11962), this preferred orientat-
j-on of micas is due either ûo mechanical rearrangement of

individual pre-existing mica fl-akes or to syntectonic
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growth of micas perpendicular to the rnajor compressÍ-ve

stress direction during folding. Recrystallization indic-
ates that the latter case is true for the Booster Lake

area. The biotites have grown in situ under stress so

that they are aligned producing the schistosity in the

rocks. The schistosity 1s perpendicul-ar to the principal
stress direction and so represents a principal plane of

strain. There'' is no textural indication of ¡novement to

suggest sirnple shear during deformation.

Lineations

The pebbles in the meta-congJ-omerate have been

def ormed (Figure I? | . Irlurnerous authors, includ.ir:g Ramsay

(1967), Hossack (1968), Gay (1969), and Elliot, QgTo) have

shor¡rn hov¡ deformed pebbles can be used in deterrni-ning fin-
ite strain. This deternrination, holever, necessitates

measurement of at l-east tr.¡o of the three axes of the e11-

ipsoidal pebbles. In the Booster Lake. area, âccurate

measurements of these axes vrere precLuded by the rounded

nature of the outcrops and absence of joint planes; only

approximate measurements could be made.

The pebbles are flattened in the plane of foliatj-on
with their intermediate and long axes contained within the

plane of foliation and their shortest a)res perpendicular

to the foliation. The longest axes plunge southlvesterly

although accuraüe measurements could not be made (see
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Chapter II). It was not possible to determine whether the

general plunge of ühe pebbles is parallel to the plunge of

the axis of the fold.
The flattened pebbles indicate that flattening was

involved in the deformational process. In addition, the

presence of quartz pressure shad.orvs at the end.s of the

pebbles is further evidence of fLattening during deformation

(uitts , L96j).

Discussion

The properties of the Booster Lake fold provide in-
sufficient information to define the type of strain inher-

int during folding. The flattened pebbles and associated

quartz pressure shadorvs of the meta-conglomerate indicate

that fl-attening r.ias important. Foliation is oblique to

the layering suggesting the fol-d is a shear fold. Simple

shear would appear to be ruled out by the l-ack of evidence

of movement within the rocks, but effecüs of movement could

have been destroyed by recrystallization. The physical-

dimensions of the fold suggest two different types of strain.
In conclusion, it, can only be said that the fold

is a similar-type fold and could have been formed by any

of the follor,ving strain patterns:
(1) heterogeneous pure shear

(2'l homogeneous flattening superimposed on a flexural
fold
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(3) fLexural folding
homogeneous pure

shear

(¿*) heterogeneous or

by heterogeneous

followed by heterogeneous or

shear and heterogeneous simple

homogeneous pure shear followeci

slmple shear.

THE FOLDTNG I'lit0HANÏSM

The above discussion has outlined the type of strain
inherent in the deveÌopment of the fold, but there sti1l re-
mains the problern of which mechanism, slip or flow, was

active in the formation of the structure.

The Booster Lake fold is passive insofar as the lay-
ering has not i-nfluenced the folding. The passÍ.ve nature

of the fold is further substantiated by its similar-type

style and its shear strain.
Accord.ing to Donath and Parker (Ig6t+) , rvhen slip

cannot be dj-scerned lvith the naked eye along planes in-
clined to the layering, the deformation is sufficiently
continuous to be classed as flow. Such is the case in the

Booster Lake area where the process of flow was accompanied

by recrystallization. This interpretation is supported by

the fact that the foÌiation is penetrative, and oblique to

the layering. Recrystallization was contemporaneous with

folding and therefore the foliation has an axial planar

orientati-on.

The level- of metemorphism during deformation vras
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to the almandine-amphibolite facies (r.¡ith epidote) (But,ren-

chuk , L97O). According to Turner and Verhoogen (f96O), de-

formation must have taken place under 4000 t,o 8000 bars

confining pressure at a temperature of 5O0oC to ?5O"C.

RELAT]ONSH]P OF THE GRAN]TB PLUTON TO T}{T, FOLDING

A large pluton of grey granite occupies the core

of the Booster Lake anticline (Figure ¿r) and extends 15

miles eastv¡ard into Ontario. The outline of the batholith
confor¡ns to the outline of the anticline, buü it was ob-

served 1n the field that the granite had disrupted the

lov,¡er metagreywacke within 10 feet of the contact with

the granite; the metagreln+acke having been dragged upward.

f,ir photo lineaments (Figure 18) generally conform to the

outline of the fold. Northv¡est of Harris Lake, hovrever,

there are several gently arcuate lineaments reflecting
the isolated Lensoi-d bodies of granite in that area (fig-

ure 4). These lineaments further illustrate the minor

discordancy of the granite to the general shape of the

Booster Lake fold.
The large scale conformity of t,he batholith to

the anticline suggests structural control during emplace-

ment of the granite. The intrusj-on was only disruptive on

a minor scale as evidenced by loca1 disruptions of the meta-

greyrvacke and the smal1 discordant granitic bodies. These

factors do not provide the cornplete answer to the role of
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the gfanite in formation of the fold. The granite is not

deformed and is therefore syn-folding or post-folding.

If the granite vrere syntectonic, it may have been the up-

ward force that was responsible for the formatj.on of the

anticline in the Booster Lake area.
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CHAPTER V

CONCLUSIONS

1. The fold is cylindrical and is an incLined. anticline
( D. zg j"/ tr6o sn: P . 36"/ z|.r"l .

2. Analysis of the style of the fold using dip isogons,

axlal planar thicknessrT, and orthogonal thicknessrt show

that the geometry is essentiatly C1ass Z (ideal similar
f ol-d ) in trre hinge zone and crass rc in the south rimb "

Any one of these three parameters could have been used in
cl-assifying the f old style.

3. The style of foldlng, foliation, lineatíons, and tex-
tures are lnconcl-usive in indicat,ing the type of strain
which produced the fold but there are four possibiLíties:

(i) heterogeneous pure shear

(ii) homogeneous flattening superimposed on a flex-
ural fold

( iii ) f l-exural- f olding f oll-ov¿ed by heterogeneous or
homogeneous pure shear and heterogeneous simple

shear

(iv) heterogeneous or homogeneous pure shear forlor,¡ed

by heterogeneous simple shear.
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b. The deformation was attaj-ned by a passive ffol mechanism

contemporaneous rvith metamorphism.

5. The anticline is a similar fol-d v¡hich was intruded by a

granite pluton. The granlte may have been syn-folding or

post-folding "



5L

REFERENCES

Badgley, P. C. (tglgl: Structural Methods for the Explor-

ation Geol-oqíst; Harper and Brothers, New ïork.

Bubrenchuk, S. ( fgZO ) : lvÍetarnorphic petrology of the Bird

Lake area , Manitoba; Ivl. Sc . thesis , Univ. Manitoba.

Campbell, J. D. (1951): Some aspects of rock folding by

shearing deformation; Am. Jour. Sci.., v. 2l+9t 625-6)9.

Dahlstrom, C. D. A. (195[)t Statistical analysis of cylin-
drical- f ol-ds; Can. Inst. Min. and Met. , lrans. v. 57 ,

14O-1/+5.

Davles, J. F. (L955): Geology and mineral resources of the

Blrd Lake area; I'lanitoba I'Íines Br., Publ . 5l+-1.

Davíes, J. F., Bannatyne, B. 8., Barry., G. S., and l4c0abe,

H. R. (1962): Geology and i'iineral Resources of l{an-

itoba; ì'4anit,oba lrlines Branch.

DeSitter, L. U. (1958): Boudins and parasitj-c folds in
reLationshlp to cleavage and foldingi GeoI.. e¡

Mijnbouw, v. 20, 277-286.



5z

Donath, F. A. and Parker, R. B. ( f96l ) : Fol-ds and folding;
8u11. G. S. 4., v. 75, b5-62.

Elliot, D. (fgZO): Deterninati-on of finite strain and in-
itlal shape from deformed elliptical objects, BulÌ.
G. S. 4., v. 81rpp 222L-2236.

Fleuty, M. J. (196¿+ ) ; The description of folds; Proc. Geol.

Assoc., v. 75, 461-1192.

Gay, N. C. (1969 ): The analysis of strai-n in the Barberton

ftÍountain Land, East Transvaal, using deformed pebbles;

J. Geol., v. 77, pp 377-396.

Harker , A . (1932) z }4etamorphi sm ; Iulethuen , Lond on .

Hills, lì. S. (L963): Elements of Structural_$eologv; John

Wiley and Sons, New York.

Ilobbs, B. E. (197L)r The analysis of strain 1n fotded layers;

Tectonophysics, v. 11, 329-375.

Hossack, J. R. (fg6g): Pebble deformation and thrusting in
the Bygdin Area (Southern Norway); Tectonophysics,

5 ( t+) , pp jr5-339 .



53

Ramsay, J. G. (tg6Zlz The geometry and mechanics

nation of ttsinilar-typett folds; J. Ceo1.,

309-3?7.

Stockwe}l,

ion

Can.

of

V.

for-
70,

Ramsay, J. G. (196¿l): The uses and limitations of beta-

diagrams and pi-diagrams in the geometrical analysis

of folds; Quart. J. Geol. Soc. Lond. ¡v. 120, l+35-h.5¿+.

Ramsay, J. G. (1967)z Foldine and Fracturins of Roclcs;

ItïcGraw-Hi1l, New York.

Rickard, M. J. (1971); A classification diagram for fold
orientations; Geol. Hag., v. 1O8, 23-26.

Springer, G. D. (19[9): Geology of the Cat, Lake-t/innipeg

River area, Þlanitoba; l'lanitoba l,{ines Br., Prelim,

Report l+8-7.

C. H. (1950): The use of plunge in the construct-

of cross sections of fol-ds; Proc. Geo1. Assoc.

r v' 3, PP 97-l2I'

Turner, F. J. and Verhoogen, J. (1960): fgneous and Meta-

morphic Petrology, 2nd ed.; I'lcGraw-Hilt, New York.

Turner, F. J. and l,Jei-ss , L. lJ. (tg6l I : Structural Analysis

of liietalnorr;hic Tectonites; ÞlcGraw-Hill, New York.



hlynne-Edwards, H. R. (I963)t Flow folding; Am, Jour. Sci.,

v. 26L, 793-BLh.



55

APPENDIX:

THICKNESS DATA FOR GEO}4ETRTCAL ANALYSIS



56

Table A ¡ Orthogona.l and axial planar thicknesses
of the meta-conglomerate.

c>C

to. ( rt. ) T.. (ft. )

N. Limb S. Lfmb N. Limb S. Limb
0

10
2A

30
¿10

50
60

70
80

24t+O

2380
2300
2120
1900
1580
1260
840

740

2l+l+O

2380
2260

2100
1820
r520
1140
1000

580

2lþlro

2t+40

2l+6o

2U6A

2480
25OO

2500
2l+l+O

3560

2l+lþo

2I+2O

2t+oo

2l+2O

Ð8a
2360
2?l+O

321+O

3480

Table B: Values of t"l and TJ .

d.

TJ TJ

N. Limb S. Limb N. Limb S. Limb
0

10
20

30
&0

50
60

70
80

1

.97 5

.91+3

.869

.778

.647

.5l6

.31+l+

.278

I
,97 5
.926
.861
.71+6

.623

.l+67

.41

.238

1

L

1.01
1.01
1.02
I.O25
I.O25
I
I. l+6

I
.99
.gB4
.99
.97 5
.967
.918

L.33
I. I+3




