GRANITE TECTONICS IN PART
OF

EDEN TOWNSHIP



GRANITE TECTONICS
IN PART OF EDEN TOWNSHIP,

SUDBURY DISTRICT, ONTARIO

By
HARVEY ROBERT SPAVEN, B.Sc.

A Thesis
Submitted to the Faculty of Graduate Studies
ia Partial Fulfilmeat of the Requirements
for the Degree

Master of Science

McMaster University

October 1966



MASTER OF SCIENCE (1966) McMASTER UNIVERSITY
(Geology) Hamilton, Ontario
TITLE: Granite Tectonics in Part of Eden Township, Sudbury Digtrict, Ontario
AUTHOR: Harvey Robert Spaven, B.Sc. (McMaster University)

SUPERVISOR: Dr. P. M. Clifford

NUMBER OF PAGES: ix, 80

SCOPE AND CONTENTS: Structural analysis and petrographic studies have
been carried out on the metasedimentary and igneous rocks of the Grenville
Front in the east central part of Eden Township, Sudbury District, Ontario.
Structural analysis includes detailed structural mapping of the area and
petrofabric, geometric and kinematic analysis of structural elements in
the rocks. Partial chemical analyses of quartzite samples from the map
area were also obtained. The relationship between structural elements in
metasedimentary rocks and quartz monzonite are discussed, and a tectonic

history for the thesis area is proposed.



ACKNOWLEDGMENTS

The author wishes to thank Mr. J.R. Henderson of McMaster
University who suggested the study. Gratitude is extended to Dr. P.M.
Clifford for advice tendered on the presentation of data and for
supervision of the writing of the thesis. The author is also obliged
to Mr. H.D, Falkiner for the preparation of thin sections, to Mr, J.
Muysson for partial chemical analyses of quartzite samples and to Miss
V.M. Elkington for photographic'work }ncluded in the thesis. Assistance
provided by other members of the staff and graduate students during the
courge of this study is gratefully acknowledged. The help given by
Miss J., Wojtasik in typing the thesis is appreciated.

Financial aid was given during the course of the study by
Province of Ontario Graduate Fellowships and teaching assistantships
from McMaster University.

Field work was financially supported by the Ontario Department

of University Affairs.






facies) in fracture and flow cleavage planes produced in some pelitic
rocks. A late retrograde metamorphic phase followed, characterized by
the alteration of staurolite to muscovite.

The age of quartz monzonite intrusion is not well defined.
Retrograde metamorphism is thought to have occurred during the latter
astages of the Penokean orogeny before intrusion of the quartz monzonite,
rather than as a result of metamorphic effects caused by the igneous
intrusion., Retrograde metamorphism of metasediments during Penokean time
in the Wavy Lake area is consistent with retrograde metamorphic effects
demonstrated ﬁy Card (1964) in the Agnew Lake area to the west.

Two stages of gabbro intrusion are observed in Eden Township;
one phase occurring after 'plastic' deformation of the metasediments
with consequent °high grade' metamorphism of gabbro to the almandine-
amphibolite facies, and a second phase, occurring after the intrusion
of quartz monzonite., Metamorphism of the dike representing the second
phase apparently occurred during faulting of the quartz monzonite and

metasediments.



TABLE OF CONTENTS

Page

I. IntI'Oduction P 0000 POSCEDOPIPPIOCOOOPPIOPPD OSBRI SOONOPOEOIOGOIOIOIOIEOPIOITPIPITOSETS 1

II, Nature of the Grenville Front eeesecescsccesscocccsascscsscsese Ut
A. Survey of Previous WOTK eecescecovessccacscessassssccsccnsscs O
B. Previous Work = Sudbury Area ccceecccccscecscccscscsccscssccsss 9
Ce DiBCUSSION evevevsccscssssocsccocsscsnsscsccncscoscsncsccsonoce 11

III. Petrography, Stratigraphy and Metamorphism eeseseccccccsccssees 1l
‘A, Local Geological Setting eeeecssccscsccscssessoscssscssaese 1
Be Petrography and Stratigraphy - Metasedimentary Rocks es.... 1b

lo Metagreywacke (MGw—l) 8 0 00 0 0000000000000 0RPCCECESIIOPONOROEOCEOES 15
2. Feldspathic QuartZite (m"’l) 00800 00 P00 00000PCEROOOEOORES 15
3. MetagreywaCke (MGW"Z) 9 00 00 0000000000000 000CCEOCOCRCOEOPQETRTSES 18
l+. FeldBpathic Quartzj.te (FQ"Z) 00000 cccscsssescsnssssecsce 19
50 QuartZite (Qtz-l) B 0000000000000 IO OESGIBPOLIORNOOIOIETRTOEOETOS 20
6. Feldspathic Quartzite (FQ=3) cecceccescccccsccsscsccsss 20
7. Quartzite Xenoliths (QX) eeececcesssccceccaccccsccsceses 21
8¢ DiSCUSSION sesescssesccccccssscvsacoscsssssassscssossssnans 22
C. Petrography = Igneous ROCKS eesessccsassecccscsscsascscsnnees 24
1. Quartz Monzonite ececscsccsssccccsccsssssssscssccascscees 24
2e GODDIO cecsceavecccoscsosssssescosccsssssssscccsscsscsncscs OO
De MotamorphiSm eeceecesccscscvcssescscsssssnassssasssscssssss 2O
1. Metasedimentary ROCKS ecececosascscscscssscscssvsssssscsns 20
2. Gabbro 0 00 000 C 00 00c0000000000 00000006060 000000000OCROCCIEITES 29
3¢ Quartz Monzonite eccecceccecsscscecssscccsssscssssscccce 0
L, DiBCUSHEION eeeceessccscscnssossssssssssscsssssssssscass 30

Iv. Structural GEOlOZY eeecscscrascsccsscsccsscscsscsesosscscsnsssnce 2
A, Introduction eseceececesccccccsccccosccssscscscscsnssscossasanas I2
B. Structural Analysis = Definition ceescesccccccccscccccssace 32
C. Geometric Structural Analysis = Map Are@ ccsccccccacccesses 33

(a) Nature of Structural Elements eeescecssccesccccscascsce 35
l. Metasedimentary ROCKS cceecescecsscccasosssccsacee 35
2s Igneous ROCKS esecceccccssscnssscsccsasscsnscvenanse 37
(b) Mesoscopic Structural ANalysiS eececccecccscccscscccee 38
1., Structural Analysis -~ Unmoved Metasediments e..eoee 41
2. Structural Analysis - Moved Metasediments eeeeeeee 47
() Macroscopic Structural AnalysiS ececesccccssccccscacecss 50
le FAUltB seccccocccsccrcssesscscccscesscoccsscscsssse 50
2. Apparent Fold Remnant .ecccsescccececscccscccnccee 52
(d) Microscopic Structural AnalysiB eececccccccscscaccssoces 56
(e) Kinematic Structural AnalysSiS sececccecsccssccccsscsces 58
1, Deformation Phases - Metasedimentary ROCKS seeceees 58
2- Formation Of Lj.n.eation R R R R R I 61



Page

V. Intrusion of Quartz Monzonite ececccccsecccccsvsssscssascscscss OO
A. Igneous Intrusive CONtaAcCt eececcessessccsscsscsssccsccscssse OO

1. South Of FAUlt A ceececccsccscccssscsccsssccscssssssncs DO

2. North of FAUlt A ceceeccccccscscecscsvacecsscasssscssnes O7

3. Discussion 9 0 00000000 00000000000600000060000608000000000000 68

l“. Conclusions 00 0 0000000000000 000000000000000000000000CeTS 69

VI. Geochronology and Tectonic HiStOrY eeeececccecveccccssssooseoccs 7h
A. Geochronolow 'TEEXEEREEEE NN EE RN NN NN I N N N NI A A N B A A I BN I AR B BB N N J 71+
B. Tectonic History P 0 0000 GO OO OD OO SO OOOOOO OO OSSNSO PCPOSIBSIOEBDROIOSNONONOEOSTTOSDS 75

VII. Conclusions G0 0 S G 00000000V OOCOOPIOBLOIOEOPORESESIOLISSOIBSILOIBSOIIGIOYS 78

Bibliog‘ap}w [ I EFEENREEEREE R RN NN NI N N NN RN NI NN NN B R A SRR N BN L N 79

vii



Table

LIST OF TABLES

Modal Analysis of Metasedimentary Rocks

Observed and Calculated Lineations = Unmoved
Metasedimentary Rocks

Observed and Calculated Lineations - Xenoliths

Flame Photometric Analysis = Quartzite and
Quartzite Xenoliths

Tectonic History of the Area

viii

Page

17

L8
Lo

55
76



Figure

l a

© N O \n

10

1l a

12

13
14

15

16
17

LIST OF FIGURES

Location of Map Area

Generalized Geological Map = Broder, Eden and Tilton
Townships

Tectonic Provinces - Eastern Canadian Shield
Stratigraphic Column - Metasediments

Composition of Metasediments Compared to
Krynine's Sandstone Clasgsification

Gabbro Boudinage in Quartzite
Cross=-bedding and Fracture/Flow Cleavage
Mesoscopic Geometric Analysis - Foliation

Mesoscopic Geometric Analysis - Fracture/Flow
Cleavage and lLineation

Metasedimentary Foliation (Sl) - 7 Pole Plot
Small Fold in Quartzite

Crinkle' Folds in Metagreywacke
Refraction of Fracture Cleavage

Apparent Fold Remnant
Petrofabric Diagram - Quartz c-axes in Quartzite
Contoured Ti Pole Plots - Fracture/Flow Cleavage

77 Pole Plot - Poles to [001] Planes ~ Muscovite
Flakes - Muscovite Pseudomorph after Staurolite

Flow in Quartz Monzonite

Metasediments Before Igneous Intrusion and Faulting

ix

Page

2a

16

23
27
36
39

b2

46

57
60

70









Henderson suggested that the writer map the area not only to
show the relationships existing between structural elements in the
intrusive rock and metasediments, but to define as well the contact
relationships existing between the two rock types.

Names given to all lakes except Wavy and Cranberry lakes have
no local validity and were given to bodies of water in the map area by

the writer.
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Other workers favour the view that the Grenville Front marks the
northwestern boundary of a complex zone of northeasterly trending strike-
slip faults along which gneissic and migmatitic rocks of the Grenville
province have been produced by severe plastic deformation of pre-existing
sedimentary rocks at great depths. (See Brooks, 1964, in the section on
'Previous Work in the Sudbury Area, below.)

Grant (1964) and Deland (1956), mark the Grenville Front as a zone
of metamorphic transition between Grenville rocks and rocks of other
tectonic provinces to the northwest,

Grant (1964) mapped the Vogt-Hobbs area south of Lake Temagami.

He states that the macroscopic effects of Grenville metamorphism are not
discernable more than a quarter mile north of the Front, and then only
definitely in pre-Huronian rocks. He outlines the following mineralogical
changes as the Grenville Front is approached from the south: the oligo-
clase-andesine of the metadiorite-granite complex in the area changes to
albite-oligoclase and biotite in the rocks becomes lighter in colour with
inclusions of sphene or rutile., Marking the Front, Grant showed muscovite
and chlorite to be the stable mineral assemblage of Grenville metamorphism.
Moving across the Front from south to north in the Vogt-Hobbs area, garnet
found in the Grenville rocks gives way to chlorite, staurolite also common
in the Grenville rocks, disappears to the north and clinozoisite occurs
rather than a more iron rich epidote. A few granitic pods and veins occur
iﬁ schist at the Grenville Front in the Vogt-Hobbs area; within one half
mile of the Front to the south, these increase in abundance until they
constitute over 30 per cent of exposures. Grant correlated this increase
in granitic material to the south of the Front with the metamorphic

transition.
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Detailed structural mapping of the east central part of Eden
Tovmship in the present work was carried out to demonstrate the igneous
contact relationships existing between the quartz monzonite and meta-

sedimentary rocks of the Southern province in the area.









Figure 3 - Stratigraphic Column - Metasediments
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TABLE 1. MODAL ANALYSES - METASEDIMENTS

Lithologic
Unit Quartz (%) Plagioclase (¥) Microcline (%) Biotite (%) Muscovite (%) Epidote (%) Accessories (%)

MGw-1 63.0 k.0 - 22.3 10.2 - 0.5 (pyrite)
m‘l 67.0 2003 1‘05 L"os - 200 107 (magnetite (?))
MGw=-2 62.6 5.2 - k.3 6.0 1.2 0.7 (magnetite (?))
FQ-2 743 2.4 5.2 6.2 10.8 - 1.1 (pyrite)
Qtz-1 86.0 1.3 - - 12,7 - -
Q-3 56.9 9.9 8.0 5.0 18.3 - 1.9 (pyrite-

: mapgnetite
x 93.2 0.8 - - 5.0 - 1.0 (magnetite)
(Xenoliths)

LT
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Figure 4
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", . .mafic igneous, pelitic metasedimentary and

quartzofeldspathic rocks were metamorphosed under
conditions ranging from the low greenschist
(chlorite-grade) to low almandine-amphibolite
(staurolite-grade) facies."

Continuity of metamorphic grade therefore exists between Southern rocks
south of Sudbury in proximity to the Grenville Front and rocks of the

Southern province away from the Front in the Agnew Lake area.
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TABLE 3, MOVED METASEDIMENTS (INCLUSIONS)

Subarea Strike & Dip §

1 Strike & Dip S‘2 Attitude - Lc Attitude -~ Lo Diagram
Subarea 2
090° - 80°S 334° - 90° 153° - 79° 152* - 80°
) (approx.) ‘
Subarea 4 .
0800 - 70°S 3420 - 900 1590 - 700 ) 1520 - 670
Subarea 5
071° - 80°s 326° - 90° 148° - 80° 155° - 81°
Subarea 6
086° - 82°S 344 ~ 9o° 164° - 82° 154° - 80°
Subarea 7
095° - 80°S 34he ~ go° 164° - 80° ke ~ 90° &
- §l = average foliation planes ® ic = average calculated lineation at
intersection of S, and S =
§2 = average fracture/flow cleavage plane ° ﬁo = average observed lineat$on \0
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(ii) Chemical Analysis

Since muscovite was present in both inclusions or xenoliths
and unmoved quartzite, and gignificance was placed on the fact that
xenoliths had half as much muscovite as unmoved quartzite, it was
decided that a more accurate and more representative procedure was needed
Ato amelify apparent differences in muscovite content observed under the
microscope.

Twelve samples of unmoved quartzite and twenty-four samples of
xenolith quartzite were subjected to analysis for K20 and Naao by flame
photometry. Results of the analyses are presented in Table 4,

Twelve analyses for unmoved quartzite show an average KZO content
of 1l.73 weight per cent and an average Na,0 content of O.1% weight per
cent, Averaged K. O value.a for 24 samples of xenolith quartzite show a

2
weight percentage of O.44 and NaZO values for the same samples show a
weight percentage of 0.28. Error of the flame-photometric measurements
is approximately + ,005¥ from the reported values. Table 4 1llustrates
that xenoliths and Qtz-1 are fundamentally different with regard.to alkali

content and are not stratigraphically related as opposite fold limbs.

(11i) Structural Features
Small folds are az~-form in relation to bedding in the unmoved

quartzite, The same relationship is shown for small folds in xenolith:
small folds are again g-form with respect to bedding. If the xenoliths
are stratigraphically connected to the.unmoved quartzite by folding and
comprise the opposite limb of the fold, small folds in the xenoliths
should be S-form (Figure 12). Quartzite xenoliths, therefore, do not

ro'prreaont the northeastern limb of a partly engulfed fold in the map area.
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TABLE 4, Flame Photometric Analysis - Quartzite and Quartzite Xenoliths
UNMOVED METASEDIMENTS XENOLITHS
Wt % Vt.% Wt.%
Sample No. NaZO K20 Sample No. Na20 KZO Sample No, Nazo KZO

S1 A4 1,88 11 A .29 110 27 W50
s2 A5 1,27 I2 «37 <Ok I11 A7 Al
53 23 2.09 13 1.01  1.63 120 07 .17
sk .22 1,68 I4 19 .59 121 09 .15
S5 16 1.29 15 19 .13 122 25 .21
S6 .07 24 I6 JLh .83 123 26 .18
S7 W13 1,23 17 25  Wb3 12k 03 .12
59 12 1,92 17a 2 .35 125 29 .30
510 09 2.73 18 A7 W22 126 10 .02
S11 21 1.79 18a 27 W71 127 Jd2 .36
s12 09 2.43 19 20 .35 128 38 .91
513 .07 2,10 19a .59 .70 129 Lo .19
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The lineated metasedimentary rocks are examples of the lineated
schistose (foliated) tectonites of Flinn (1965). Flinn's L-S (lineated-
schistose) tectonites are characterized by partial girdles of foliation
or schistosity (S) elements about point concentrations of lineationms, a
geometric relationship which is illusé?ated in Figures 7 and 8.

Flinn maintains that for every fabric pattern in L-S tectonites
a triaxial deformation ellipsoid of particular form and orientation occurs.
In the present case, the long dimensions of quartz rods in foliation
planes may be parallel to the axis of maximum strain in the deformation
ellipsoid which is simultaneously the direction of least compressive
stress. The maximum stress vector is perpendicular to planeé of foliation.

Figure 13 illustrates that c-axis maxdma of quartz grains form
monoclinic symmetry patterns which bear rather random orientation relation-
ships with respect to foliation. It is felt that the assymmetric
distribution of c-axis maxima of quartz rods with respect to foliation is
suggestive of their formation by rotation of quartz grains in the foliation
planes of quartzite,

Evidence derived from small folds in the map area suggests that
tectonic transport occurred in the axial planes of the folds. Figure 10
is useful in illustrating this conclusion. The axial plane of the fold
lies in the foliation of quartzite and limbs of the fold are interrupted
by a small fault in the plane of foliation. Tectonic transport in the
direction of strike of foliation is assumed to have been the cause of
the fault. This direction is therefore the 'a' kinematic direction of
the rocks. The 'c' kinematic vector is normal to planes of foliation in
the quartzite, and also normal, therefore, to the long dimensions of quartz

rodding.
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The long dimensions of quartz rods in the rocks which produce
the pronounced lineation in quartzite and more subtle lineation in
other rock types is therefore the 'b' kinematic direction of meta-
sedimentary rocks. Lineation was apparently produced by 'rolling' of
quartz grains in the direction of tectéﬁic transport with accompanying
passive deformation of quartz grains in the 'b' kinematic direction.
Lineation developed by quartz rodding is termed Ll'

Quartz rods in the metasedimentary rocks are assuméd to have
developed during the first phase of deformation during initial folding
of the rocks because they coincide with the intersection of planes of
bedding and foliation in the rocks.

In Tables 2 and 3 calculated lineations, ic' caused by the
intersection of fracture and flow cleavage planes with the earlier-formed
foliation, are defined as L2 in the metasediments. L2 in metagreywacke
is marked by the presence of muscovite pseudomorphs after staurolite in
the late flow cleavage planes. The pseudomorphs are not disrupted by
the flow éleavage, are rod-like in shape and have the same orientation as
quartz rods in the metagreywacke.

To determine the relationship of muscovite pseudomorphs after
staurolite to penetrative structural elements in the metagreywacke an
oriented hand specimen of metagreywacke, containing pseudomorphs, was
collected. A thin section cut normal to planes of flow cleavage and
parallel to foliation planes, was obtained and a muscovite pseudomorph
cross-section was included in the slice constituting the section.

A 77 pole plot of poles to [001] planes of muscovite plates in

the pseudomorph, compared with great circles representing foliation and

flow cleavage planes in the hand specimen, is presented in Figure 15.
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Poles to EOOIJ planes of muscovite plates do not lie on the great circles
for foliation or flow cleavage planes and are randomly oriented.
(1) Conclusions

Two periods of deformation involving the formation of lineation
in the metasediments are postulated. The first period involved the
rolling of quartz grains in the plane of tectonic transport during folding
and resulted in lineation Ll formed by rodding of quartz érains in
foliation planes. The second period of deformation involved the formation
of fracture and flow cleavage planes in the rocks, followed by the
development of staurolite in flow cleavage planes in the metagreywacke,
That staurolite, retrograded to muscovite, grew after the formation of both
fracture and flow cleavage, and foliation, is held to be true because
muscovite plates in the pseudomorph of muscovite after staurolite are
randomly oriented with respect to foliation and flow cleavage planes in
Figure 15, thus reflecting later development.

Since lineation LZ’ reflected by muscovite pseudomorphs, has the
same orieﬁtation as quartz rodding and occurs at the intersection of
foliation and fracture and flow cleavage planes, stress vectors developed
during the second deformation period were apparently similar to those
imposed on the rocks during the first period. Fracture and flow cleavage
planar orientation was controlled by the first lineation, Ll. Quartz rods
formed a structural array with axial symmetry exerting physical control on
the attitude of fracture and flow cleavage planes during the second phase
of deformation. The effect of such an array is analogous to the effect of
a set of planar discontinuities on subsequent failure directions (Donath,

1961). The preferred failure direction for the second stress field would
be modified by the axially symmetric array probably for angles up to 45

degrees removed from the theoretical angles forfailure in an isotropic medium
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Lake, the tongue of quartz monzonite turns through nearly 90 degrees

and cuts discordantly through the quartzite and second feldspathic
quartzite units in a southwesterly direction parallel to second cleavage.
Foliation in quartz monzonite is parallel to this change of trend.

North of Grebe Lake a wedge of quartz monzonite cuts discordantly
into quartzite and the second feldspathic quartzite unit, its foliation
cutting foliation in the two metasedimentary units at angles of between
60 and 80 degrees. Xenoliths of metasediments and gabbro have their long
dimensions and foliations parallel or sub-parallel to foliation in the
surrounding quartz monzonite in the area north of Grebe Lake.

Foliation in the quartz monzonite, where it comes into contact
with metagreywacke near the west end of Grebe Lake, swings in t;end to
conform to the barrier imposed by the metagreywacke.

Foliation and bedding planes in the quartzite xenoliths are parallel
or sub-parallel to the long dimensions of xenoliths. Foliation in the
quartz monzonite parallels the long dimensions of xenoliths as stated above.
A composife plot of quartz monzonite flow foliation and xenolith foliation
is presented in Figure 7. In Figure 7, symmetry of fabric elements for
quartz monzonite and xenoliths is monoclinic, and arrangement of quartzite
xenoliths into linear groups south of fault A is suggested as the response
of xenolith shape to the monoclinic fabric symmetry of flow planes in

fluid quartz monzonite magma,

2. North of Fault A

North of fault A, quartz monzonite foliation trends northwest and

retains its vertical attitude as it appréaches and intrudes the quartzit
artzite

unit north of Cranberry Lake. Northwest of Cranberry Lake foliat
oliation in

the quartz monzonite swings to the s
outhwest and then
to the south in
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change in flow pattern due to forcible penetration of magma into 'brittle’
country rocks, accompanied by shattering of the quartzite and feldspathic
quartzite units of the region to produce xenoliths seems to be indicated.
South of fault A, penetration of quartz monzonite magma bétween feldspathic
quartzite and quartzite units and rotatio; of the quartzite into its present
position in response to more uniform flow in the fluid intrusive rock is
indicated.

Faults in the map area occurred after intrusion of the quartz
monzonite. An examination of quartz monzonite foliation trends in proximity
to the feldspathic quartzite unit FQ-3 and the relationship of igneous
foliation with quartzite xenoliths in that area, suggests that the above
statement is tenable. As the quartz monzonite foliation trend swings from
south of west to north of west near the feldspathic quartzite unit, xenoliths
of quartzite swing in trend an equal amount. The northwest trend of quartz
monzonite foliation is effectively disrupted by fault B northeast of Beaver
Lake. The trend in igneous foliation to the northwest continues against
Q=3 west‘of Grassy Lake and xenoliths again follow the foliation in quartz
monzonite.

Before faulting, therefore, the swing of xenoliths in response to
quartz monzonite flow foliation in a west of north to northwest direction
was effectively continuous along the entire zone of contact of quartz
monzonite with the feldspathic quartzite.

North of fault A, severe disruption of metasediments has occurred,
but foliation in the quartz monzonite retains a generally northwesterly
trend northeast of Cranberry Lake,

Metamorphic effects are observed in thin sections of the quartz

monzonite. These apparently occurred after consolidation of the igneous
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mass but were not extreme enough to obliterate primary flow foliation
in the quartz monzonite. Post-consolidational deformation was apparently
responsible for development of Zaults A and B and shear zones observed
in the rocks of the map area.

Cataclastic effects on mineral g}ains and sericitization of
feldspar are more pronounced near shear zones. Sampling of sheared quartz
monzonite was not extensive and therefore spatial relationships of meta-
morphic effects to shear zones cannot be thoroughly demonstrated.

Lineation in xenoliths and unmoved metasedimentary rocks have
similar spatial orientations - Figure 8. Since lineations reflect foliation
plane and fracture and flow cleavage plane orientations, control of the
direction of intrusion of quartz monzonite may have been exerted to some

extent by structural elements in the metasedimentary rocks,
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apparently reflects either deformation of the quartz monzonite during
the Grenville orogeny, or emplacement of the intrusive at the time
indicated. If metamorphism occurred in quartz monzonite during the
Grenville orogeny, then the intrusive may have been emplaced before
Grenville time presumably during the latter stages of the Penokian
orogeny. Gabbro in metasedimentary rocks of the map area, and xenoliths
of gabbro in the guartz monzonite are apparently related to metagabbros
in the Agnew Lake area. Gabbros in the Agnew Lake area are approximately
1800 million years old (Fairbairn et al., 1960) and were affected by a
period of metamorphism and deformation occurring about 1600-1700 million

years ago.

B. Tectonic History

Tectonic events occurring in the map area are summarized in
Table S. Retrograde metamorphism of staurolite to muscovite may have
occurred as a result of quartz monzonite intrusion -during the early phase
of Grenville orogeny. On the other hand, retrograde effects may have
occurred during the Penokean orogeny before quartz monzonite intrusion.

Card (1964), working in the Agnew Lake area to the west of the

map area, states that

"Study of the inter-relationships of metamorphic
porphyroblasts and fabric elements provides evidence
for a three-~fold division of events; | in the Penokean
orogeny in the Agnew Lake area| an early 'plastic"
phase of deformation accompanied by growth of low grade
minerals such as muscovite and chlorite; the major
period of metamorphism and the growth of "high-grade"
minerals such as staurolite in a static environment;

a late '"brittle' deformation phase with minor "retro-
grade" metamorphism." (op. cit. p. 1101)

Tectonic events postulated in the present work are analogous to
thpse observed by Card with one exception: muscovite pseudomorphs after

staurolite developed in, and are apparently later than, fracture and flow



TABLE 5, Tectonic History of the Area

ISOTOPIC AGE ‘ LITHOLOGIC UNIT EVENT
(moyo). :
910 Killarnecan Orogeny

(g) Deformation of quartz monzonite,
- Faulting and shear zone develop-
ment

quartz monzonite and gabbro dike (f) Intrusion of gabbro dike

(e) Intrusion of quartz monzonite and
xenolith production (?) (quartzite
and pre-Killarnean gabbro) -

(age uncertain)

possible retrograde metamorphism (?

1600 £ 50 Penokian Orogeny

(d) Retrograde metamorphism - stauro-
lite altering to muscovite
(c) Formation of S. and L, - 'brittle’
, deformation, “'High “grade'
metamorphism and staurolite
production in L2

1700 % 100 : gabbro (b) Gabbro intrusion

(a) Plastic deformation and folding
of Southern rocks,
= Production of low grade minerals
+(muscovite and  epidote)

- Formation of Sl and L1

metasedimentary rocks

* Modified after Fairbairn et al. (1960)
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cleavage in metagreywacke. Fracture and flow cleavage may be related
to the stage of "brittle" deformation of metasediments in the Agnew Lake
area observed by Card,
Since the area mapped in the present work is close to Agnew Lake,
the view favoured by the author is that retrograde metamorphism of
mefasediments and the formation of muscovite pseudomorphs after staurolite

occurred late in the Penokean orogeny.



VII. CONCLUSIONS

The study undertaken in the map area indicates that the Grenville
Front south of Sudbury is marked by an igneous intrusive mass of quartz
monzonite which separates Grenville rocks to the east from rocks of the
Southern province to the west. The quartz monzonite bears unmistakable
igneous intrusive relationships to metasedimentary rocks of the Southern
province. The zone of metasomatism separating Grenville and Southern
rocks postulated by Grant et al. (1962) does not exist in Eden
Township.

The Grenville Front in Eden Township, with granitic intrusive
rocks separating relatively unmetamorphosed rocks to the west from
highly deformed and metamorphosed rocks to the east, is thought to be
somewhat analogous to the 'Front' proposed by Quirke and Collins (1930)

to the southwest in the Lake Panache region.
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