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Abstract

e

" The study area is underiain by supracrustal rocks (marble, amphibolite and .
both calcsilicate and quartzofeldspathic gn;eiss) and voluminous orthogneiss,
metamorphosed in the amphibolite facies. It is part of an extensive northeasferly

trending tract of gneissic.rocks characterized by a pervasive lineation plunging

’ r‘noderately‘ SE and zones of high strain. The tract straddles the northern Border

of the Grenville Central Metasedimentary Belt with basement(?) rocks which are
represented by stratiform slabs of grey migmatitic tonalitic gneiss within the
supracrijsftél' rocks. The slabs could be thrust slices.

.-

éaibbfo, aﬁc'grthosite and pyroxenite form a complex of shee.t-like bedies in
which primary textures and cc;ronas are locally pr':eser\.jed. These rocks, after
differentiating at de{:th, were probably emplaced during ductile thrusting.

“ Syenitic gneiss also forms extensive sheets w‘h-er-eas granltés are
concentrafed in two subcircular complexes at the northern end of a NNE-S5W
trending plutonic-structural arch. The granite bodies are inclined NW pat;al;;el to

the regional lineation. Elliptical outcrop patterns within them suggest originally

more circular bodies, probably syritectonic’ diapirs, were deformed by ductile

_ shear, . >

L}

.The regional lineation (L1), which with its associdted foliation forms an LSI -

fabric, includes stretched mineral aggregates, deformed granitoid vein arrays,

.

mica edge lineations and the intersection of new foliations on older. The shape of
these fabrics indicates that plane strain was widespread with prolate strains
concentrated in zones of folds, which are coaxial with the L1 regional lineation.

In most cases the fold zones lie between the g}anitic. bodies assumed to be
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Lo e _
syntectonic and the f-olding appears to be coeval with L1. Although all of the
“rocks are LS tectonites, strain appears to be particularly high in the granitoids
and sup:l'cacrustal rocks overly'ing the tonalitic gneiss.
Micros.tructures contain information of both kinematic and mechanical

F

significance. For example, quartz microstructures and c-axfs microfabrics that
formed synkinematically witr; L] vary with rock tylse. In quartzites exagggerated
grain gr.qwth is assoc_iafed with c-axis microfabrics which lack a simple
relationship witiﬁ the mésoscopic fabric. In céntrast, c-axes of polyérystall'ine
quartz -ribbons ire granite gneiss display cor;sistent, kinematicaily meaningiul
"patterns of preferred orientation, evidently recording, in part, dynamic
recrystallization. It is suggésted that c_omplete destruction of the dynamic c-axis -
mic-:rofabric by gllain growth, sugh as in the quartzites, was hindered in the granite
by the high percentage of feldspar. In the gra‘nites there are also differences
p'etween c-axis microfabrics of grains which form proportionally more of a ribbon
from those which form less. The longer grains tend to form YZ girdles with
maxima-near Y or Z {patterns found in sar'nples measured in YZ plane); the o
shorter, more numerous grains tend to f/orm cross girdles.{patterns found in
samples measured in XZ plane). This variation of c-axis microfabrics with grain
length suggests that the longer grains (YZ girdles) have grown at the expense of
the shorter grainsl (cross gira_les) - an example of metadynamic oriented grain
_.grbwth. Asymmetry of c-axis microfabx"ics in the granites is consistent with NW
ductile thrusting, parallel to the lineation.

.52 tectonites are present in narrow high strain zenes concordant with the

LSI fabric. Finely recrystallized quartz forms an asymmetric fabric in which L2

»
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lies in the XZ plane of LS1. The E-axis microfabrics appear to reflect a geometry
2
of initial kinking (accomplished by basal slip) of-coarse early quartz, the

orientation of which was deterr_ning? by the L31 c-axis microfabric, such that LSI

' _microfabrics with Y maxima may be followed by LS2 YZ girdles with 2 maxima

around Y. LS2 microfabrics aﬁd microstructures indicate a shear-sense precisely‘
reversed from that of LS1. Perhaps this local reversal is related to the NW
ductile thrusting much as the antithetic shear which occurs b\etweeﬁ volumes in a
she-a;ed row of books. Alternatively, the zg’nes could express Ia_te back-sliding of
an overthickened pile.

The formati.on of foliation in the gabbroic rocks w;s accompanied by
processes that differed from those in quart#<rich rocks. _S'uc.h features as growth
and shrinkage of hornblendelgrains surrounded 'by plagiociase crystals, which takes

-

place with increasing whole rock strain, indicates the dominance of intra- and
intercrystalline diffusional processes dependent on the presence of introduced
water. The relative slowness of such processes explains both the preservation of

primary fabrics in the gabbros and the relative hardness of these bodies during

regional deformation.

/‘-
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- 1. INTRCDUCTION

1.1 Location and Rock Outcrop
. b

(4 .

The study area (Figs. 1.1 and 1.2) is within the
mapsheets 31 E/I and 31 D/Glof the Canadian National.
fopographic 1:50;000 series. It contains most of Cardiff,
Harcoqrt and Dudley Townéhips and parts of Herschel,
3araday,'Monmouth and Dysarft Townships in Hastings and
Héliburtén Countiesl‘Southea tegh Ontario. Good access is
provided by Highways 28, 121 and 648 and by township,
logging and cottage roads.

} The area is about 400 metres above sea level with a
local relief varying between 50 and }00 metres, Outcrops are
typically small to éery small,‘depéﬁaing on the bedrock
present. Glacial deposits and swamp cover the bedrock. All

of the area is thickly forested. Many areas are recently

logged.

1.2 Previous Work

& fhe area is covered by two regional compilations, Map
7bi2 of the Department of Geology, Carlepon University and
Map 1957b, "Haliburteon and Bancroft Area;" of the COntario
Department of Mines (Hewitt 13$57b). It £alls within Map 708

of the Geological Survey of Canada, the pioneering work of

Adams and Barlow (1910), which covers the Haliburton and



~»

Bancroét area. The easternh margin of the area is covered by
Fig. 7 of Lﬁmbers {1967), the southern part by preliminary
map P. 2205 "Eels Lake Area" by the Ontario Geological
Survey (Bright 1980). More detailed maps which overlap Qith
the stﬁdy area include,‘maps by the Ontério Dq?artmentrof
Mines, 1957-1 “"Cardiff and Faraday Township" (Hewitt
1957¢c), accompanied by a report (Hewitt 1957a); and 2174
"Monmouth Township® accombanied by Oéen File Report 5021
(Armstrong and Gittins 1968). The Drag Lake area is covered
by Ontario'Geological Survey Preliminary Map P. 2404
(Culshaw 1981).

Several studies have been completed on various topics
within and adjacent to the map area. The most notable
recent petrological studies are those of Lal and Mocrhouse
(1969) on the gedrite—cordier?te rocks of Fishtail Lake’,
Chesworth (1967) on the petrogenesis of the Glamorgan Gneiss
Complex, Breaks and Shaw (1973) on the petrogenesis of‘the
Silent Lake pluton, Grieve and Gittins (1975) who studied
aspects of corona formation in the Glamorgan Gabbro and
there are several studigs on the alkaline (nepheline
bearing) rocks (Gittins & Miller 1978 for reférenées).
Structuraliy oriented studies have been carried out in area
to the south and west‘of the map by Francoeur (1975) and in
adjacent areas 10 kilometres to the east by Best (l96§) and
Divi (1972).

The area is on the western boundary of the Bancroft-

Uranium camp and has' been extehsively explored during



several waves of activity. There are three abandoned

mines within the area and numerous properties.

1.3 Geological Setting

The study area is in the border zone of the Helikian
-Central Metasedimentary Belt-of the Grenville Province ;fi
southern Ontario and .the Aphebiaﬁ basement coﬁplek (Fig.

1.2). |

‘The geology of the basement is poorly known although
;gs?nt efforts have been made to upgrade this knewledge
(Davidson et.al. 1982). Ages somewhat greater than 1400 Ma
Iave been recorded at some localities (Krogh and Davis 1969,
Bell and Blernkinsop 1980). This complex has long been
regarded as a sea of monotonous grey gneiss (Wynne-Edwards
1972). '

The Central Metasedimentary Belt has been divided into
the older Hermon Group, predominantly metaveolcanics which
are, in the region oﬁ_the Elzevir pluton, tholeiitic and
calc-alkalic {(Brown et.al. 1975) grading away upwards and
laterally into the Mayo Group, which is predominantly
metasedimentary with an abundance of marbles (Lumbers 1967).
The basal member of ‘the Tudor mé%ﬁﬁolcanics has been dated
at 1286 #15 Ma (Silver and Lumbers 19%965). In the. area
%ast of the Elzevir and Weslemkoon-Abinger massifs the Tudor.
‘metavolcanics are overlain unconformably by tﬁe Flinton

group of clastic and carbonate metasediments (Moore and



Thompson 1980). This unconformity'is marked by an inter-

vening period of plutonism, metamorphism and deformation. -

Fi4

Plutonism plays an important role in the Central
Metasedimentary Belt (Fig. 1.2). Lumbers (1967) considered
that a biotite-diorite series (albite granite, syenite,
diorite, tropmdhjemite -and sodic granite) preceded, at 1250
*25 Ma, gabbros and diorites, which were succeeded by
nephéline syenite, and later potassic syenite, monzonite
and quartz monzonite at 1125 #25 Ma, the latter coinciding
with the peak of high grade metamorphism. Moore and
Thompson (1980) point out that there are wide uncertainties
in Rb/Sr dates for'many of these plutons resulting from long
term open system behavicur. Nevertheless they recognize a
long period~of plutonism spanning 1225-1100 Ma which =~
preceded the deposition of the Flinton group in the east of
the ragion- Within this period sodic plutonism {1226-1180)
preceded potassic (1104-1072).

' In the region of Chandos Township (north and east of
Apsley, Fig. 1l.l) Heaman (1982) identifiéd three periods of
plutonisﬁ falling within the broad time span recognized by
Moore and Thompson. " The gabbroié Tallan Lake Sill is early
(1246 224 Ma) succéeded by the emplacement of the potassic
SilentlLake pluton (1118 #12 Ma) which coincided with the
metamorphic peak followed by the Loon Lake pluton (1065 *13
Ma). . |

In the ‘Haliburton-Bancroft belt of alkalic rocks Miller

and Gittins (1982) recoénize a long history of emplacement



of magmatic nepheline bearing rocks which essentially coin-
N ) .
cides with this time span (1225~1040 Ma). . The youngest

nepheline bearing pegmatites {(1040-1075 Méf are considered
z

5 : R
- to slightly postdate the metamorphic peag; Considerably

younger (970 Ma) are the qranitic uraniferous pegmatites
Adjacent to the Cheddar and Centre Lake and Faraday granites

(Fowler and Doig 1979).

~

Moore (1982} has suggested a useful subé%visidn of the
Central Metasedimentary Belt based on'.spatial associat;on of

tvpe p@bplntonism and _supracrustal rocks. Undersaturated

Plutdnics and carbonates are associated in thé Bancroft

terrain on the northweét_side whi&h encompasses. the
purpofted baseﬁen;—cover c&ptéct. This terrain iﬁterfingers
with, to the southeast, the Elzevir terrain in which -
tholeitic and, calc-alkaline vglcanics'énd“carbonétes are
associated with pre—Flinéon frqﬁdhjemitic plutonigm then
unconformably overlain by the Flinton cléstics.

Most of the west Grenville provincé is.in the ﬁpper
amphibolite facies. However the map aréé is on”éhe flénk of;
the only regional progression from high-to low g;adé-focks
(Fig. 1.2). The metémorphism is considered to belong to a
facies series of intermediate préssure,-with a P, T path
close to the alumino-silicate triple point (Chesworth 1971,
Chesworth et.al. 1975, Dostal 1975).: It appears ,to be
intermediate between the classic Barrovian and Abukuma

facies series,



- Lumbers (1967) stated that there were two metamorphic
culminations. An early greenschiét facies event in the
central Hastings bésin followed a high grade amphibolite
facies event at the margins. Moore and Thompson (1980) also
have evidence for‘two metamorphic‘events, before and after
the deposition of the Flinton group. However, the early b
metamorphism is not thought to be equivalent to the early
event of Lumbers, which is considered to be part of a
prograde seguence of the seeend event (Moore; -personal
communication 1982). .

.Regionally, thete is a b;oad-two—fold structural
division first noted 5y Heﬁitti(l9621 In the high grade
rocks close to the boundary with the basement there 1s a
penetrative moderately southeast plunging llneatlon (Fig.
1.2). Seutheast of a line roughly c01nc1d1ng w1th the.

boundary of.high—grade.ﬁetemorphismrthe lineation has more
variable but predominantlynnortteest trends. The zone of
sontheast plunéing LS fabric’appears to be one o©f several
present in the west Grenﬁiiie province, where they are
considered to mark zones of displacement (Davidson et. al.
1982). It is noteworthy alse that the Grenville Front
tectonic zone is marked by a SLmllar fabric (Lumbers 1975)

| Southeast of the zone of southeast plunging lineation
northeast trenaing £01d axial traces are common. Two major
fOlﬁ phases are recognized (Rivers 1978, Divi 1972, Thompson

1972, Carmichael 1968). A third phase is of lesser



importance. The major folds are generally'isoclinal and
often of large scale jFig. 1.2). They may have been
ifitially recumbent. At the boundary of the zone of
southeast plunging lineation Divi and Fyson (1973) héve
shown that the axes of F, folds are swung iﬂto parallelism
with this lineation and the folds are tightened. 1In the
zone of southeast plunging lineation several workers
consider the most important mesoscopic folds to be F2. They
are reclined with axes parallel.to the lineation (Appleyard
1874, Francoeur 1975). ‘

. In _the Grenville province of Eastern Ontario, based on
‘Studies primarily east of the Elzevir Batholith, Moore and
Thompson (1980) have presented a comprehensive tectonic
history. This encompasses two orogenic cycles: the Elzeviran
(ca. 1300-1100 Ma) and the Ottaﬁan {ca. 1000-1050 Ma}.
In the Elzeviran a Helikian sedimentary and volcanic
succession was deposited.' Its central-portion was an
islané-arc com@lex resting on oceanic crust, whiie its
margins lay on continental crust. Major plutonism,
deformation and metamorphism was followed by crustal
stabilization, uplift and deposition of the Flinton group in
an extensional environment. B This second orogeny culminated
in polyphase deformation and regional metamorphism, possiﬁly
the result of continental collisidh.

In the basement of the west Grenville crustal

imbrication in Tibetan type collision tectonics has been



suggested (Davidson et.al. 1982). It seems likely that the
zone of southeast plunging lineation at the boundary of the
Central Metasedimentary felt plays some rolg in this
tectonic regime since-this fabrii’is also very important in
the basement. o

There is no extant correlation of events in this zone
with the better‘known events to the southeast. It is
reasonable to assume that orogenic culminations in both
areas are identical, that is the Ottawan orogeny; especially
since the metamorphic climax in the Haliburton-Bancroft area

is generally'dated at ca. 1000 Ma (Heamén 1982, Miller and

Gittins 1982).

1.4 Present Work

The thesis cénsists of three sections: General Geclogy;
Major and Minor Structures; Microstructures.
| The first section synthesizes the geology as it was
known with the knowledge gained during the project.
Considerable additions to knowledge of the geology of the
north and west parts of the map area were made (see also
Culshaw 1981). In'pa;ticular the following items were
elucidated: (i) the nature and extent of the Drag Lake
Gneiss Complex (Fig. 1.1, 1l.2b) and its stratigraphic and.
structural relationships with the enveloping rocks of the

Central Metasedimentary Belt; (ii) the extent and

a3



stratigraphic and structural relationships of the Farguhar
Lake Mafic Complex; (iii) the nature and extent of the
Straggle Lake Grey Gneiss Complex; (iv) and complementary to
the delineation of the grey gneiss complexes “(possible
basement)} is the elucidating of the nature of their
enveloping rocks both metaplutonic and supracrustal, the
most important of which is the delineationrof the large
syenite body south of Drag Lake. Although lithological
boundaries in the southern and eastern part of Fig. 1.2 are
adopted with little modification from ﬁewitt (1957¢} anad
Armstrong and Gittins (1970) the composition and structure
of the Cheddar batholith was poorly known préviously and was
mapped by the author. All rock units and their relation-
ships are described in the text. -

In the second section the results of structural mapping
are described. This was conducted with a view to under-
sianding the origin of the SE plupging regional liheation.
It is clear that several features were associated with the
imposition of the lineation: (i) most obviously; a syﬁmeta—
morphic stretching of all the rocks; (ii) the emplacement
and deformation of large granitoid boaies; {(1ii) that
gravity probably.played a role both in the emplacément of_
the granitoids and in forming'structureslaround the.Farquhar
Lake Mafic Complex; {iv) the probable thrust emplacement of
basement gneiss; (v) the formation of NW trending fold

structures which are coaxial with the regional lineation.
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In the third section, the results of ﬁhe investigation
of some microstructures are presented. Sevefal features of
relevance to the overall tecﬁqnic picturevwere discovered:
(1) the presence in quartz ribbons from .granite gneiss of
evidence for dynamic ;;E\Hétadynamic oriented grain-growth;
(ii) that as a result of the cessation of-tﬁis growth early
in the metadynamic phase a memory of the dynamic recrystal-
lisation is retained by t£e C-axis microfabrics in' the
quartz ribbons which can therefore be used for'kiﬁematic
analysis, in contrast to those of the quartzites, in which
static graiﬁ growth is much further advanced; (iii) the
subseqguent kinematic analysis generally agrees with that
gained frém large scale structures, upper lavers were
shéa:ed to the NW parallel the lineation; (iv) an asymmetric
guartz microfabric which destroys the earlier microstrucures
can be used as a kinematic indicator; the sense of shear
which it implies is the opposite to that deduced from
earlier structures, but due to the local nature of the
fabric can be reconciled with an overall model of NW
directed ductile shearing; (v) the deformation of gabbro
relies on inter- and intracryst%}liné diffusion processes
which rely on the access of water and relatively long range
diffusion of components. Thus a gabbro which was emplacéd
eariy can appear anomalously young and fresh and behave as a

hard resistant mass during the regional deformation.
AN
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2. GENERAL GEOLOGY

2.1 Introduction

In this chapter the distribution, field appearance and
petrography of the major rock units are described. .fhe
basic geochgmistry of some of the plutonic gneisses is also
presented. The problem of the time relations of the
plutonic orthogneisses is discussed with respect to
deformation and metamorphism. .An attempt is made to relate
thése relations to those known outside the map area.

There are five major lithostratigraphic units: (1) the
tonalitic grey gneiss (Unit 3) forms a large mass around
-Drag Lake (Fig. 1l.1) and, with associated rocks, is distri-
. buted across the north of the map area. The origin of this
unit is problematic. It may represent the basement complex
of the supracrustal rocks or one of the oldest plutonic
gneisses intruding them. (2) Supracrustal rocks, which are
predominantly calcareoﬁs, includé marbles (Unit 1a), amphi-
bolites (Unit 2A) and a variety of paragneisses (Units 2A
and B)., (3) Mafic intrusive rocks (Unit 4) are now pre-
dominantly gneissic but include some with primary igneous
textures in various states of preservation.‘ (4) Granitic
gneisses (Unit 6) are concentrated in large bodies e.g. the

Cheddar, Monck Lake and Centre Lake granites. Locally these

-~
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cross—-cut the enclosing supracrustal rocks althougﬂ on tﬁe
large scale they form concordant bodies. (5) Syenitic-
gneisses (Unit 5) are mostly of plutonic origin. These are -
related to tﬁe nepheline syenites for which the Bancroft
area is famous. In many places supracrustal rocks, granitic
and syenitic.gneis§es are interlayered forming a character-
istic terrain of rapidly changing mixe@ lithologies in which
the precise definition of lithological boundaries is
difficult.

The estimated proportions of the various iock types
present in the area is given in Table 1 (Appendix I). A
noteworthy feature is the large amount of gneiss present
which is interpreted as having a plutonic origin (-~ 66%).

It is.evident that the history of the plutonism is a key
factor in understanding this area and correlating events in
it with those elsewhere.

There is some disagreement between previous workers'

" accounts of the relative time of emplacement of the rocks
interpreted as plutonic orthogneiss in areas overlapping
with and surrounding the map region (Table 2, Appendix I).
The most notable discrepancies regard the age of gneiss
forming the core ¢f the Glamorgan Gneiss Complex. This
gneiss is correlated with the grey tonalitic ‘gneiss of this
study. Previous workers have considered it as basement to
the supracrustals (Bright 1980}, probably basement to the
supracrustals (Culshaw 1981), as predating the syenites and

gabbros (Armstrong and Gittins 1968, Chesworth et.al. 1975),
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‘and as succeeding the mafic plutoniecs (Chesworth 1967).
There is a similar disagreement about the age of the
granitoids of the Cheddar batholith. However, it is
recognized that the major bodies of plutonic orthogneiss
predate or.were emplaced at the same time as the
metamorphism and deférmation.

\

There are indeed practical problems of assigning }
relative agés to the orthogneiss bodies (Table 3, Appendix
I). The major plutonic bodies form conformable bodies with
rare mutual contacts, which are often ambiguous. The
relative age of the gabbros, syvenite and granites can be
détermined on the basis of the'éross—cutting of a major body
of one by a minor body of another, and, in the case of the
gabbros and syenites, by the inclusidn of a xenolith of 6ne
in another. However, it may be somewhat presumptuous to
correlate a thin vein of foliated granite which cuts a
metagabbro with, 'for example, the Monck Lake Granite Sheet.
The main feature of a postulated sequence of plutonic events:
is that emplacement of the gabbroic rocks is interpreted as
preceding the syenites and the granites. The age of the
grey tonalitic gneiss is problematic. There are two
'acgeptable hypotheses:

1) that all of the bodies of grey gneiss are basement rocks:;
2} that all are early plutons which intrude the
supra;rustals. These possibilities will be considered

further in the relevant section.



The‘suprécruétalirocks have long been known to be
similar to rocks elswhere® in the Central_Metasedimentary
Belt and have been termed Grenville Type Metasediments
(Hewitﬁ 1957a). Lumbers (1967) subdivided the rocks of the
central and western parts of his Ottawa River Remnant into
. the Hermon Group, dominéted by metavolcanics, and the Mayo
.Group, dominated by carbonate meétasediments. 'The south-~
eastern part of the map area lies in the western part of his
Ottawa Part of his Ottawa River Remnant. Bright (1577)
exténded this stratigraphy and assigned lithologies to the
west of the Anstruther and Cheddar Complexes of the Cardiff-
Harvey Arch' to the Mayo and Hermon Groups aécording to the
dominance of marble or of rocks interpreted as being meta-
volcanic. The western part of the map area lies partly
within. and partly to the north of the area treated by
Bright. It contains units which are continuous into this
area. This general stratigraphic framework may be aécepted_
tentatively. However detaiied stratigraphic correlation
must be guestioned since in such a stfuctufally complex area
the role of such processes as, for example, transposition
may conside;ably obscure the true stratigraphic relations

{Hobbs et.al. 1976).

2.2 Supracrustal Rocks

On the map (Fig. 1.2) the supracrustal rocks are -
subdivided into two major units. These consist of marbles

and associated rocks (Units 12 and B) and non-carbonate

>
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rocks (Units 2A and B). The latter are divided into
calcarous (Amphibole-rich) (Unit 2A) and non-calcareous
rocks (Unit 2B), following Lumbers (1967). Mineralogy is
summarized iﬁ Table 4 (Appendix I).

There is both a broad regiconal variation in the
cdﬁ@osition of these units and their relative abundance.

This is described below.

2.2.1 Unit la; Marble and Associated Rocks

Southwest of the Cheddar and Cardiff Complexes a thick
- belt of marble strikes northeast across Paudash Lake. This
marble is reported to have some interbeds of paragneilss and
amphibolite but not to be associated with quartzite (Hewitt
‘l§57a). The thirner belt which almost completely encircles
the Cheddar Complex is similar in this respect.

‘ " In marble to the west and north of the Cheddar and
Cardiff Comﬁlexes marble, rusty paragneiss and guarztite are
intimateiy gssociated and in places are thick enough to map
as separate units, This association of mgrblé, rusty
para%feiss and guartzite is also fognd south of Drag Lake
and north and south of Farquhar Lake where it forms the
primary supracrustal component of the heterogeneous syenite
gneiss; This unit north and west of the Cheddar and Cardiff
Complexes forms one interconnected body. It .continues out
of the map area on the west, southwest and northern‘margins
where it is of unknown extent.

The outcrop appearance of the marble is characteristic.

*
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It is usually massive and coarse-grained with a weathered
aspect in which the cleavage and the grain-boundaries of the
‘carbonate are prominent aﬁd the éili&ate minerals stand . cut
ig sharp relief. There is much evidence for flowage and
great ductility co@trasf between marble and silicate layvers
(Lumbefs 1967) which are often bfokeﬂ? folded, rotated or
boudinaged (Plate la).. Such marbles with chaotic fabrics of
silicafg fragﬁents.termgd tectonic-breccias by Hewitt |
219S7a),1are treated in’g;gater detail in Section 3.2.55
Fine grained marble is rare. It is often associated with a
high percentage of graphite in a rock with mylonitic aspect.
| Metamorphic pvroxenite is associated-with marﬁles and
quartzite in the Marble Unit north and west of the Harvey;
Cardiff Arch. 1In the Drag Lake area it is recorded at
bgtween 10 and 15 per cent of all outcrops of this unit. It
is a massive, green, eguigranular fine to medium grained
rock interbedded with or'occurriné as large pods in the
marble. The massive pyrokénite cemmenly has fractures
filled with coarée actinolite and other silicates. The
largest bodies are found northwest of Allen iake aqd north
of Faréuhar Lake. These can be traced for over 300 metres
along the strike. The rock is sometimes found as drop-
shaped pods in syenitic gneiss, which are criss-crossed
by straight walled cracks filled with undeformed syenite.
It is also found with an agmatitic relationship ég.syenite
and granite. Deformation of this variety results in a

gnelss with feldspathic layering which anastamoses around
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pyroxenite lenses.

The most common- silicates present throughout the area
are phlogopite and diopside. Graphite often accompanies
these. Qgrpentine is less Eommén bgt ubigﬁitous.' Armstrong
and Gittins (1968) and Hewitt (1957a) do not report
assemblages with dolomitg preéeﬁ;. In the Drag Lake .areaz,
howéﬁer, calcite and calcite-dolomite marbles are juxtaposed R

- everywheref Calcite and‘dolomite may be associated with any
\-qf the silicates except diopside. Armstrong and Gittins
(1968) report rare occurrences of serpeﬁtine replacing
forsterite. 1In é marble froﬁ the northern border of tﬁe map
area in the unit ov%g}ying the Grey Gneiss Complex of Drag
Lake tremolite replééés forsterite.- Phlogopite, calcite and.
dolomite are present in this rock. In.marble‘ffom'the south
. of Miskwabi Lake tremolite and tremolite with éuartz rim
- diopside which i1s accompanied by phlogopite and calcite.
Throuéhout the area rosetteé of coarse tremolite which
appear'to be totally unstrained, are gquite common. In a
sample of this texture from Highway 121 at the extreme
'// : western edge'of the map sheet‘g£e coarsé tremolite OVergrows

v - calcite and @iopside.

Marbles rich in silicates have been feferred to as_

silicate(d) marble (Hewitt 1957a} Armstrong and Gittins

1968).. An increase in silicate content is related to
el .

b

increasing proximity to granitic or syenitic bodies. The
end product may be an exotic rock with up to 50 per cent of

a variety offferromagnesian minerals with carbonate,

<3
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apatite,_feldépar, gquartz and sphene.

In’ thin section the microétructure of the carbonate
belies the eyident strain which the Trock has suffered.
Grain size is coarse, from 1 to 10 ﬁillimgtres with an -
average around 3 or 4 millimetres. The cbargést grains are
in gpéks which are free of silicates. The gfainé ﬁave
little or no undulatory-extinction. The only ‘signs-of
strain are the twin lamellae. The grains‘ﬁary in shape from

equant to moderately elongate. The grain boundaries are

irregular and embayed. Silicates may lie_én the carboﬁate

'grain'boundaries or within the grains (Plate 1l¢). The

silicate inclusions very often have a rounded drop-like

form. Occasionally silicate inclusions show .signs of great

crystalline strain which contrasts with that of the

r

surrounding carbonate (Plate 1d).

The metamorphic pyroxenite is formed of eguiaxed
diopside wifﬁ regular grain boundaries. Microcline,
phlogopite, calcite and guartz may be preéent in,acceséory.
amount. It is very simililar to the diopside rich 'layers
sometimes found ;n guartzite. It may be diétiﬁguisﬁed from
a coarsef pyroxenite formed of dark green elongate
clinopyroxene intimately associated with coarse calcite,

scapolite and sphene.

2.2.2. Unit 1B, Quartzite
'Quartzite is commonly closely associated with marble,

especially west and north of the Harvey-Cardiﬁf'Arch. In

~

!
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the Drag Lake aféa'there are betwegn seven and eight time;
- as many ﬁarble‘as.quartzite?outprops. At Esson Lake it
forms a thick layer thch continues for 6ver ten kilometres
southeast past Tory ﬁill. More cgmmonly'it is present as
isolated outcrops'among the marbles, evidently forming
elongate pods. -

The quartzite may be massive or layered due to
variations in proportion of non-quartz minefals. Rarely a
layerea rock is formed of alternating quartzland diopside
horfzons. The layered appearance is accentuated where it is
ﬁenetrated by recrystallised éyenitic and granitic sheets.
Especially northwest of the Cardiff éomplex the guartzite
has a highly foiiated-flaggy aspect. It is usually medium
or coarse grained.” Elongate minerals such as diopside form
a regular linear fabric. Biotite, whén present, forms a
verx}planar foliation.

//// There are two varieties. of quartz microstrugture. The
most common is formed of medium to very coarse irregularly
shaped grains in which accessory minerals lie within the
.quartz grains or on the grain boundaries. The second type
is'lécally develcoped and is a fine grained recrystallisatiocn
.product of the ceocarse microstructure. The nature and

Fa .
siénificance of these microstrﬁctures'is more fullyr
discussed in Section 4.2.8. ~

Among théigccessor&lminerals diopside, biotite,
actinolite and feldspar are the most commqn,.spme;imes

accompanied by sphene, pyrite, calcite and zircon.
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Glaucophane accompanylng green clinopyvroxene has been
reported by Armstrong and Gittins (1968) from guartzite in
Monmouth Township which shows signs of LS2
recrystallisation.

) &

2.2.3. Units 2A and B, Non-Carbonate Supracrustal Rocks
There is a varlety of supracrustal rocks in which
hornblende, pyroxene or biotite are the major constituents
besides Plagioclase or guartz and plagioclase. The small
group of supracrustal rocks spatially associated with the

tonalitic grey gneisses are described in Section 2.3.5.

The thickest development of non-carbonate supradrustal
rocks flanks'tae Cheddar and Cardiff compiexes. Within this
mass on the southeast sides of the plutonic complexes a o,
biotite—plaéioclase—quartz,gﬁeiss.is dominant over
amphibolite and caic;silicate gneiss. Locally true pelitic
.hgneiss is found, for example on the east flank of the
Cardlff antiform and as isolated outcrops w1th1n the east
-part of the Cheddar complex. In the—supracrustal layer
underlying the Centre Lake granite of the Cardiff complex

M

 there appears to be a change aleng strike from biotiteﬁégg? B
plagioclase-quartz gneiss to amphibole bearing assemblanges
(Hewitt 1957c). On the west and northern eides of the |

: Cheddar and Cardzg? comﬁlexes amphibolites and caic-
silicate gneisses dominate oﬁer calc-silicate-free -

assemblages, no pelitic rocks are known. This,unit,is

continuous out of the map area aefggs-the southern margin on

-
A
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the west side of the Harvey-Cardiff Arch.

Two other isolated masses, predomfgéntly amphibolitic,
are found south of Miskwabi Lake and to the west of this
lake associated with the Farquhar Lake Mafic Complex. A
.thin continuous layer surrounds the grey tonalite gneiss
comple?/of S}ag Lake. Other bodies are found throughout the
northern part of the map area intimately associated with
marble or the heterogenocus syenite gneiss but ‘are not big
enough to map.

In all the rocks primary features are lacking.
szwever,.layering and mineral foliation are parallel,
-intrafolial folds aré fairly common as well as boudinage of
competent iayers, and, in cértain cases, internal boudinage.
A mineral lineatioh is found in all appropriate composi-
tions. Sometimes a compositional layering is present which
may correspond to an originai layering even though it is
much modifiedl

Amphibolites and élinopyroﬁene rich rocks are medium .2-
grained and.equigranular. Both types may be massive or
iayered. The pyroxene rich types espeéially tend to ?e
layered. Sqme amphibolites have a mesoscépic\faﬁric formed
of ellipspidal aggregates of feldspar in.an amphibole
matrix. Th;s may correspond to a deforméd élagioclase—
phfric texture. It is found in parts of the large mass of
amphibolite which cuts Highway 121 east of Duﬁmén Lake and

-

in the thin discontinuous amphibolite overlying the grey

-~
-

gneiss north of Farguhar Lake.
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Biotite—-guartz-plagioclase rocks vary £rom medium-
grained equigranular with or without a l&fgring through fine
grained, delicately laminated rusty varieties common in the
west to rare schist®dse pelitic varieties. |

all of these rocks contain some granitic or syenitic
material either ;s discrete layers or pods or an increased
content of disseminated pink alkali feldspar. This is
common in the vicinity of the major syenitic bodies and
especially in the northern areas where granite, svenite and
supracrustal rocks are intermixed intimately. '

‘Details of mineralogy are given in Table 4 {Appendix
I), which is compiled from pgtrograﬁﬂy by the author and
from the reports of Hewitt (1957a) and Armstrong and Gittins
(1968). A relatively small number of major minerals are
present, e.g. hornblende, biotite, plagioclase. )

In the amphibole rich rocks (Unit 23), plagioclase
composition is restricted to the oligodlase-andesine'range.
It is often replaced by sFaﬁolite. More calcic compositions
(greater than'An45), Eometiﬁes display fine, parallel
briéht-lamellae ;ying at 18 to 20° to (010). These are
identical to Boggild intergrowths, a high grade unmixing
intergrowth found in 1ntermed1ate plagioclase (Smlth 1974).
Sphene and apatlte are the most characterlstlc accessory
phases. Clinopyroxene is sporadic but WLdespread. In some
samples from the amphibolite body east of Dudmon Lake
nepheline ‘has been reported (Pride, personal communication

1981).
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In the rocks in which clincopyroxene is important a
widér variety of miné;als are present, which are often
present in different amounts forming layers. Aéaip sphene
is the dominant accessory.

In the rocks dominated by Biotite-plagioclase-quartz
assemblages (Unit 2B), plagioclase compositions are
restricted to the oligoclase-andesine range. More calcic
plagioclase is found in the rusty biotite gneiss assocated
with marble in the west. As in the amﬁhibolites these
plagioclase often display Boggild intergrowth. The most
COmMmen accessory m;;eral throughout the area is tourmaline.
In the rusty biotite gneiss graphite is also common. The
hiéh grade assemblage ?omprising microcline-sillimanite-
ga:net-biotite—plagiociase and guartz is found in the rusty
biotite gneiss south of Miskwabi Lake. Hewitt (1957a)
reports a very small amount of kyanite in one sample from a
drill hole in the sillimanite bearing paragneiss on the east
side of the Cardiff antiform. With few egzéptions these
rocks show textures.typical of high grade regional meta-
morphism. The dominant wvariety is the decussate texture =
(Spry 1969, Vernon 1976) present in biotite, amphibole or
biétite—amphig;le aggregates. In this microstructure the
interface between neighbouring grain; tends to be parallel
to a low index plane of one.of the grains. Plagioclase

forms equant grains with simple boundaries. Twins are few,

most commonly on the albite law.
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2.2.4. Ori?in of the Snpracrustal Rocks

There can be little doubt that most of the supracrustai
rocks are metasediments comparable to similar rocks
elsewhere in the Central Metasedimentary Belt (e:g. Lumbers
1867). All features are compatible with this, such as the
cloée spatial association of marble, calcareous gneisses;
quartzite and biotite gneiss. Thé latter with Its common
'content of tourmaline and/or graphite is clearly a
paragneiss. Armstrong and Gittinsl(1968) have pointed out-
the dominance of calcareous compositions and the lack of
abundant pelites. Noting the relative abundance of
guartzites in Glamorgan and Monmouth Townships in comparison
to the surrounding areas they speculated that the quartzites
represented sediments which had been reworked.in a coastal
environment.

Bright (1977, 1979, 1980) has gone into great detail
assigning specific sedimentary designations to specific
metamcrphic rocks. His scheme is an elaboration on the
general notion of a pile of calcareous sediments. While in
some cases the interpretation of specific metamorphic rock
types 1s credible others afe much less certain. Fbr
example, calc-silicate marble is fairly interpreted ;s a
metamorphosed s;liéeous dolostone. On the cther hand there
argggany pink feldspathic layers which are not meta—arkoseé
but deformed granitic layers of igneous origin.

Bright (1877) considers somé of the larger amphibolite
bodies to be meta-volcanic rocks, for exampie, that on the

west side of the Cheddar Complex. For bodies with fabrics

o

~
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interpreted as deformed and recrystallised plagiophyric
textures this is an acceptable hypothesis. The body east of
Dudmon Lake is the best example. In light of its known
alkaline character (Pride, personal cqmmunication, 1881},
the possibility that it is a metamorphosed alkaline lava

should be investigated farther (see alsc Bright 1979).

2.3 Unit 3:The Grey Gneiss Complexes
'2.3.1. Introduction —

There are three grey gneiss complexes (Fig. 1.2b): The
Drag Lake Comple#, in the northwest and egtending westward
out of the map area,, the Straggle Lake Complex in the
northeast and extending northward out of the map area, and
+he Farguhar Lake Sheet, a small folded discontinuous sheet
associated with gabbroic rocks in the north of the map area.
The boundaries of all three bodies as shown in Fig.l.2 are
quite different from those shown in previous maps. The
complexes are formed dominantly of grey tonalitic gneiss
(Map unit 3a), the "Grey Granite" of Adams and Barlow
(1910). The majority of the complexes are very large in
, comparisbn with other bodies of orthoéneiss and continuous
out of the map area. ., In the Drag Lake and Straégle Lake
complexes a subordinate but siénificant garnet gneiss (Map
unit 3¢) includes cordierite-gedrite rocks of Fishtail Lake
and new gedfite and cordierite-gedrite localities {Lal and

Moorhouse 1969), that lie along a discontinuous horizon
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mostly near the contact of the grey tonalitic gneiss wiﬁh
its enveloping rocks.

An important question is whether the grey tonalitic
gqeiss and the "grey granite" of the Glamorgan Gneiss -
Complex (Chesworth 1967) to the south of the study area
represent remobilized basement of the supracrustal rocks or
whether they are orthogneiss which intruded the supracrustal
rocks, and are correlatable with the early sodic granites’
described by Lumbers (1967). A second consideration is
whether the grey gnéiss of the Farguhar Lake Sheeﬁ {(which
lies within the supfacrustal rocks) is correlatable with the
other larger masses. If it is and if these larger masses
are basement gneiss then it is a thrust sheet. A related
guestion concerns, the status of the garnet gneiss, whether
it is the structurally lowest member of the Grenv&lle
Supergroﬁp metasediments or part of an older basement
assemblage.

These questions are not definitively answered here. Tﬂe
weight of petrological and structural evidence is in favour
of the grey gneiss being a member of-a basement assemblage
and the garnet gneiss unit representing the lowermost units
of the overlying metasedimentary sequence.

The Drag Lake Complex dominates the northwest corner
of the mapsheet. It is part of a larger mass which extends
more than 15 kilometres t0 the west and southwest which has
been named the Dysart Granite Gneiss (Hewitt 1957b). it is

"a stratified body mainly dipping shallowly to the south
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east. A more complete structural treatment is giveﬂ in
Sections 3.2.5. and 3.3.6.

The Farquhar Lake Sheet is a relatively thin
discoﬁtinuous stratified sheet (Fig. 1.2). The outcrop
pattern is complex oying to upright folding on a variety of
axial surfaces and axes which plunge very gently southeast.
The sheet is c;osely associated with the Farquhar Lake Mafic
Complex (Unit 4). It separates the Mafic Complex into two
levéls.

The Straggle Lake Complex is part of a larger gneiss
complex whigh extends north beyond the bounds of the map
area EHewitt 1957b). The eastern béundary from the eastern
side of Elephant Lake to Baptiste Lake is known only from
reconnaissance by the author. The nature of the interior of
the complex in this part is unknown. b

No cross cutting relations of other rocks by the grey
tonalitic gneiss are Enown. Within the tonalitic gneiss no
xenoliths of Grenville Supergroup rocks or other plutonic
rocks have been found.

The grey gneiss complexes, with the exception of the
Farquhar Lake Sheet, lie at the étructural base of the
supracrustal.rchs of the Central Metasedimentary Belt.
This contrasts with the position of the syenitic, granitic
and gabbroic orthogneisses which occur throughout the
supracrust;l rocks in large and small bodies.

At the western boundary of the Farguhar Lake Sheet,

northwest of Yankton Lake, there are several narrow,

L3

ar
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discontinuous conformable bodies of the gneiss within’ the

-

underlying supracrustal rocks. Wheﬁher or not these bodies
were tectonically emplaced cannot be ascertained. -

Within unfoliated gabﬁro (Unit 4a) at the southwest tip
of Farquhar Lake there is a thin (15 em) layer of grey
gneiss of unknown (> 1 m) lateral extent with foliation
parallel to its margins. The presence of a foliation in the
gneiss and its absence in the gabbro host has- two possible
interpretations: i) that the gneiss is a xenolith and the
foliation is earlier than the intrusion of the gabbro; or
ii) that the gneiss is Q‘sill in which shear has been

concentrated. Since there is locally a complete absence of

foliation in the host E’e first interpretation is favoured.

2.3.2. Unit 3A and B; Grey Gneiss and Pink Granite N

Characfeiistically the gneiss complex has three
components: the tonalitic gneiss, amphibolite layers or pods
and foliated pink granitic sheets and dykes (Plate 2¢). Tt
may be described as migmatitic. .

The tonalitic gneiss forms greater than 85 percent of
the complexes. It 1is generaily fine to medium grained and
" uniform in composition. Tﬁe mafic content (bioti%e and
hornblenée) varies from 5 to 20 percent with most\varieties
having an estiﬁated 5ytoc 10 percént. The most common
variety is even grained aﬁd lacks a shape fabric. In the
Drag Lake Complex a planar-linear shape fabric formed by

clustering of light and dark minerals and by elongate quart:z



is present particularly in the centre.\\zgig type of fabric

~

is interpreted as a deformed megacrystic igﬂeous texture

-

although no gradations to undeformed igneous tgxtuées have
been found. . | -
Amphibolite pods and layers, long known to be
characteristic of the érey gneiss (Adams an@lBarlow 1910),
form approximately 10 percent of the complexes. The layers
vary in length from metric to decametric and in width,
from centimetric slivers to layers greater than 3 metres
thick. Most comﬁonly the‘average width is in the 30 to 350

centimetre range and the length to width ratio is between 5

ke
and 10 to 1. The amphibolites are fine grained and lineated

and always conformable with-fabric in the host rock. 1In
some varieties of the gneiss the amphibolite forms more than
40 percent of the rock interlayered with tonalitic ér
trOndjhemitiq and granitic material. This layered gneiss 1is
presént on the boundaries of the Drag Lake Complex and
sporadically in the other bodies. It is in this kind of
gneiss that the mafic layers may be broken into square~ended
boudins with the interstices filled by matrix trondjhemite.
In such_gneiss NE of Drag Lake clinopyroxene in mafic layers
and matrix is partially rgplaced by amphibole (Qléte 2a).
Since the bbudinaggnhere precedes amphibolization it
suggests that a high ductility contrast deformation predated
the regional amphibceolite facies event and the formation of

the lineation.

d
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The pink granitic fraction (Unit 3B) forms éﬁproxi-
mately 5 percent of thé unit. Locally it forms ﬁp to 80
percent, for examplé in the southwestféorner of Drag Lake.
The granite occurs in thin stringers, sills and dvkes which

are tens of centimetres or, less often, one or two metres

wide and cross cut all‘fabrics of the grey gneiss. Rarely,

as for example on the northeast shore of Drag Lake, the

granite forms mappable bodies. It is medium to coarse

grained and only rarely is it strongly deformed with a
corresponding reduction in grain size. The granite has a
planar-linear fabrit of quartz correspondi g to the regicnal
lineation. The veins often have a larger ale faﬁric in —
which a near concordance between vein margins and fabrics is
present in all sections except thosé at a high angle to the
lineation (Section 3.2.5.). Bécause the granite both
cross-cuts structures and yet displavs an internal fabric it
may be regarded as syntectonic.

Very coarse pegmatites are found sporadically within
the southern part of the Drag Lake Complex.‘ These are un-
foliatediand the country rock foliation is distorted around
tﬂém. They are clearly the latest element of the complex.

The host gneiss has a mineralogy which is everywhere
simple. The main minerals are hornblende, biotite, quartz
and oligoclase (Table 5, Appendix I). Microcliné is usually
present ;n accessory amounts such that the modal composition

of the rock falls within the tonélité field (Pable 6,

Appendix I). 2Zircon, magnetite, apatite and sphene are

.

~
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common accessories. -Garnet is rare. The oligoclase varies

from An,,_ ;4 with most in the range An Most of the

25-30"
rocks have subegual hornblende and biotite, rare more mafic
coﬁéositiogi!are hornblende rich. Approximately one sixth
of the Draé Lake Complex is underlain by ‘gneiss in which
biotite is the only mafic mineral present.

Textures are all metamorphic, there is little textural
. trace of primary igneous ?%rentage, such aﬁjreiict
unrecrystallised feldspar. This contrasts with-all the
other orthqgneisses. ) —~
'The grain size in all varieties is uniformly fine
average approximately 0.75 mm). In equigranular<g:‘é
varieties guartz is dispersed uniformly in équant grains.
In the lineatéd variétiés, which are more common, the quartz
-grains form r;bbonsrwith aspect ratios in éxcess of 5 to 1.
These ribbons arelideﬁtical'to those found in all thg other
granitic rocks of the area. 'Théy are formed of relatively
few quartz grains, have a weakly developed undulatory
extinction, regular quarté—quartz grain borndaries which lie
near per?gndicular to the ribbon length and have elongate,
aligned feldspathic inclusions. ™

Plagioclase forms equant grains with irregular grain-

~ -
boundaries. Twinning is relatively sparsely developed, only’

-~

" on the albiteand pericline laws. Undulatory extinction and

1 They are comparable to the "True Granulite" texture of

Spry (1969, Plate XXXI (a)).
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‘Drag Lake, mediuyp grained (1-2 ) albite (An
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kinking are very rare in the plagioclase. Microéline, when - -

present, forms fine interstitial grains. No trace of

”perthite or éhtiperﬁhige has been observed.

Biotite and hornbklende, when present together, are
always intergrown forming a decussaté texture.

LA r;¥e exception to these eguilibrium metamorphic
textures is found in a sample from the e#treme northwest
corner of the .Drag Lake Complex. The gneiss is a layerea
variety fofmedrof 30-40 percent of thin mafic layers with a
medium grained troﬁdhjemitic matrix. Both in the trondhje-
mitig and the mafic -layers clinopyroxene is partially’

replaced by amphibole (Plake 22).

. In the amphibolite layers the main minerals ®resent are

‘hornblende and plagioclase (An,-._,0). Biotite and clino-

pyroxene may bg piesent, garnet is rare. Magnetiﬁe, apatite
and sphene are accessories.. Mié;oscopic bright laﬁellae, at
: .

a low angle to (010),.are present in more calcic
plagioclase. These are interpreted as Bogéild intérgrowths
(Smith 1974). Hornblende forms-more than 68 percent of the
rock ané has the characteristic decussate ﬁexﬁure. |

in a'typiéal'pink granite from the northwest shore of
. lO—ll)'
microcline and guartz are subequal. Minor muscovite and

biotite and accessory magnetite, zircon .and sphene are

present. The plagioclase has sodic (Ano_s) rims and narrow

rectangular domains lying parallel to the albitetwin trace.

It is also flecked by very fine white micas. However there



Chemical variation in the Drag Lake grey gneiss
complex and comparable Grenville and Precambrian
gneisses. Symbols: Drag Lake, 1. Hornblende-
biotite gneiss; 1la. biotite gneiss;. 1b. hornblende
gneiss; lc. mafic gneiss. 2. hornblende-biotite.
gneiss, Farguhar Lake sheet. 3. hornblende-
biotite gneiss, Straggle Lake complex. 4. average
grey granite (Hewitt and James 1956) .- 6a. Weslemkoon
Trondjhemite; 6b. Weslemkoon granodiorite {Lumbers
1967). 7. average hornblende-biotite gneiss from
East Greenland ‘(Sheraton et al: 1973). 8. average
Laxfordian hornblende-biotite gneiss, Harris and
Lewis (Sheraton et al. 1973). 'ga.. garnet-gedrite-
biotite cordierite gneiss, Dra¥ Lake. gb. garnet-
biotite gneissy Drag Lake. ‘

ar
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is no sign of kinking or grain size reducrion which might be
attriboted to recrystallisation. Microcline is free from
perthitic intergrowths.l QuarEz has.a similar microstructure
to that of the grey gneiss. —

The geochemical data for the grey tonalite gneiss is
summarized in Teble 7 (Appendix I). In general, simiiar‘
}ooking rocks from the various grey gneise complexes are
similer in major elements and ratios of minor elements. The
eimilarity‘of the grey gneiss to the grey granite of the
Glamorgan Gneiss Complex SW of the study area (see Fig. 1.1)
(Cheeworth 1967) is not dnexpected on account of the
similarity and proximity of this ‘complex to the Drag Lake)
Complex. Major'element dhemistry is not greatly different
from that of the Boulter Pluton which occupies a similar
structural positiogﬁgear the oase of the Supergroup some 30
km east of the m§§ area;(see Fig. 1.1) which is purportedly
a representariVe of the sodic granite suite which has been
deformed and metamorphosed (Lumbers 1967) There is also a
marked 51mllar1ty between these rocks and other typical v
Precambrian grey gneisses.

The similarity of'ohe rocks to members of the sodic-
granite suite and other typical Precambrian grey gneisses is
Jalsg brought out by the CKN and AFM plots (Figure 2.1). The
more mafic members of the sulte make a clear trend on both
plots w1th the clustered more ledgocratlc members. There is
a strong correlation between certain of the major elements
27 CaO and total FeO (Table 8, Appendix I}, as =
expected in a suite of ‘igneous rocks.

N

e -

-
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Rb/Sr ratios tend to conform to rock type. Thus rocks
which: are biotiﬁe rich have thé,highest ratios, reflecting ~
the high proportion.of Rb relative to Sr in biotité. Lower
ratios refleét the diminishing importance of piotite and the
greater influence of plggibclase, iA which Sr is more
_abundant than Rb. . The ratios are comparable to both
gneisses from near the basekof ﬁhe‘;upergrbup and represent-
atives of the sodic-granite suite (Bell and Blenkinsop 1980)
and typical 'grey gneisses' from the Precambrian of East
Greenland (Table 7, Aﬁpendi# I). X/Rb raiios do not differ
_greatly from those of the average igneous rock of Shaw
(1968) . (Table 7, Appendix I).

" The pink granite fraction is only represented by a
single sample (Table 9, Appendix.i). It has a high K20/Na20
(> 1) ratio, comparable to that of similiar two-feldspar-
medium grained granites from the Harvef—Cardiff Arch (Table
9, Appendix I), the pink granite of the Glamorgan Gneiss
Complex, and the granitic phases 6f the heterogeneous

syenite gneiss unit.

2.3.3. Summary
There are several salient features of the grey‘gneiss:
! ! | . ’
i) the masses all fprm stratiform sheet-like bodies with a
planar linear fabric; ii) there are no conclusive cross—
characteristic three-fold association-of grey gneiss,

amphibolite pods and layers and a bink granitic or
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pegmatitic fractign; iv)‘they have a simple éﬁa uniform -
mineralogy, comprising hornblendé, Eiotite, guartz and
cligoclase; ﬁ) they are, in contrast to all the ortho-
‘'gneisses which iﬂtrude the supracrustals, completely
recrystallised, with no trace of relict perthite; vi) there
is one éxceptional case of a partly hydrated assemblage
(Plate 2a) which hints at an earlier dry assemblage; vii)
although they are rather uniform in composition, they. show
chemical variation compatible with that of an igneous suite;
viii) in major elements they are similar to (a) the
mesoscopically comparable gneiss of the nearbg;Glamorgan
Gneiss Complex; (b) to some early sodic granites of
soﬁthe t Ontario; and (c) to other Precamsrian 'grey,
gneiséfsterrains, to which they also favourably compare in
terms of minor elements; ix) the Farquhar.Lake Sheet is
associated with mafic .plutonism; x) the major bodies lie at
the structural base of the supracrustal rocks contrasting in
position with the other orthogneisses, which océﬁr.
throughout the supracrustal rocks; xi) they form very large

odies, compared to other orkthogneiss bodies.

2.3.4. Origin

There”are two hypotheses for the worigin of the grey
tonalitic gnéiss- (1) That all of the bodies, 1nclud1ng the
equlvalent rocks in the Glamorgan Gneiss Complex, are"

""m-

members of the early sodic granlte suite as deflned by

Lumbers (1967); (2) That thevy dre the remcbilized basement
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of the Grenfille Supergroup. x

If the second hyéofhesis is true then smallisheets‘like
tHat at Farquhar Lake which lie within the supracrustai
rocks -must be thrustéeﬁplaced.

The geochemical evidence is compatible with either
hypothesis. It is possible that a more sophisticated
approach involving analysis for the rare earth elements will
be more fruitful. Likewise manv of the metamorrhic features
such as the almost complete lack of possible primary
minerals, the compléte re;ryStallisation and many of the
stfuctural features can be explained on both hjpotheses. It
i1s to be expected that an early pluton and a basement
complex of similar composition both deformed in a high grade
metamorphic event will converge in appearance.

| The single feature favouring the first hypothesis is
the spatial association of the Farqgquhar Lake Sheet with
. gabbroié rocks. Comparable association i's observed for
rocks of the sodic-granite suite (Lumbér ).

There are ;everal features which F&vour Ehe second
hypothesis. The first is the lack of cross-cutting
relations between the grey-gneiss and other rocks and the
lack of xenoliths of compoSitions approaching thoselof the
Grenville Supergroup and the presence of an apparent
xenolith of foliated grey gneiss in‘-unfoliated metagabbro.
The second is the similarity between this grey gneiss and

others considered elsewhere to-be basement to the Super-

group. The most important similarity is the associatidn of
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gre? gneiss (with oligoclase)‘gmphibolite pods and layers
and the pink granitic fraction which was considered by
Wynne-Edwards (1972) to be typical of bgsement gneisses of
parts of the Ontario Gneiss segment. Indeed the association
of migmatitic érey-gneiss with amphibolite pods and layers
seems to be common in crystalline Precambrian basements in
many parts of the world (e.q. Wrighf et.al. 1973). 1In
Section 3.2.5. evidence is presented which indicates that
there i1s a metamorphism and £fabric in the grey gneiss older
than the regional metamorphic lineation. This is compatible
with the reactivated basement hypothesis. Perhaps the-ﬁdst
compelling evidence that the grey gneiss is a basement
complex is the location of the very large masses, the Drag
Lake and Straggle Lake complexes at or near the regional
struﬁtural base of the supfacrustal :ocks. Both their
position and size contrasts with that of the syenites,
gabbros and granites jﬁig.;.2). A complete solution of this
problem will probably %ollo& more exteﬁsive regional ﬁépping
coupled with geochemicaf and geochronological studies. In-
this regard it is relevanF to note the ca. 1400 Ma. date for
a granulite facies orthogneiss situated some 60 km northeast
of the study area in gneisses, underlving the Central
Metasedimentary Belt (Bell and Blehkinsop 1880).

The conclusion based on field evidence, that the
émplacement of the g;énite veins was syntectonic, is in
agreement with that of Pride (1982), concerning similar

rocks in the Glamorgan Complex (Fig. l.la). He stated,
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moreover, that they were generated by a small degree of
partial melting &t sites not far removed from that.at which

b
they are now.

2.3.5. Unit 3C; Garnet Gneiss

The éarnet gneisé unit (Unit 3C) comprises a variety of
spatially relatedlrocks most of which contain relatively
abundant garnet (Table 5, Appendix I). Varieties containing
garnet and orthoamphibole afé common, with or without
\cordiérite.. Pelitic and semipelitic assemblages are

\

associated in subordinate amounts. trography and

metamorphism of a cordierite-gedrit nce at Fishtail
Lake at the extreme north of the_gig
in detail: by Lal and Moofhouse (1969). According to these
authors this was.the 1ocat£on of the first discovery of
cordierite in Canada and of gedrite in North America (Evans
and Bancroft 1908). These rocks are currently the object:dé
a geobarometric and thermometric study by S. Reed at the
University of Ottawa. X |
In the Drag Lake area garnetiferous. rocks are présenﬁ
along the scuthern boundary of the grey Qneiss (Fig. 1.2).
They form narrow pods or strips, nowhere-more than a few
- decametres wide. At the southeast end of Drag Lake they are
-not clearly sepaégble £rom the.overlying Grenville
Supergroup. However, on and neér the southérn shore of Drag

Lake, they are clearly lenses within the grey gneiss near

the boundary with rocks of the overlying Supergroup. In

//.
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this region there are examples of garnet-biotite gneiss

~
which contain the amphibolite pods characteristic of the
grey tonalite gneiss. The more séhistose garnet biotite
rocks as well as the rare pelitic rocks (with sillimanite)
and thé orthoamphibole bearing rocks of unit 3C do not have
these pods and layérs. ‘ -(

North of Drag Lake garnetiferous rocks of unit 3C are
concentQated in a large mass on the east and southern side
of the salient of marble which structurally underlies the
grey gneiss (ie. Fig., 1.2). This mass is dominantly a
layeréa garnet-biotite-orthoamphibole gneiss similar to that
of southern Drag Lake but much more thickly developed.
Marbles fill a small synformal keel in this mass. Pelite
form small interlayers. The marble which adjoins this mass
along its western margin is notably rich in serpentine.
Reconnaissance shows that this unit is present 5 kilometres
to the north near the southern shore of Haliburton Lake.
‘Some of “these rocks resemble in their outcrop appearance the

_H“gedrite rich rocks of Fishtail Lake. The latter lie within
the grey gpéiss 1.75 kilometres north of its southern
boundary. Lal .and Mborgause (1869) record a very small
amount of calc-silicate gnéiss at Fishtail Lake, and a
variety of‘pélitic and semi-pelitic rocks which enclose the
gedrite rich rocks. There are no known occurtences within |
the Farquhar Lake Sheet.

The most common variety (excluding Fishtail Lake) has a

prominent layering of medium grained plagioclase and quartz,
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2-3 centimetres thick, peppered with medium to coarse
garnets. Somewhat thinner layers ére finer grained and
charged with biotite, gedrite and minor garnet. Pelitic and
semipelitic varieties are schistose . while those with less
biotite resemble the grey gneiss., At the southwest of Drag
Lake there is one occurrence of a thin (20 cm) cordierite-
biotite schist layer within garnet-biotite gneiss. ' This -
schist has augen of garnet and feldspar and is interpreted
as a tectonic schist. A description of the Fishtail Lake

- rocks is found in Lal and Moorhouse (1969).

The assemblages present are summarized in Table 5,

Appendix I. The plagioclase is oligbclése (An In

26-28) -
the layered vériety biotite; gedrite and garnet are the most
common dark minerals. Cordierite and; rarely, sillimanite
occur in some layers and not in §thers. Cordierite is often
not identifiable in hand specimen. Magnetite and apatite
are accessories. Gedrite and biotite are intergrown (Plate
2b), in a fashion similar to biotite and hprnblende in the
grey gneiss. ' ‘

In the tectonic schist from the séuth shore of Drag
Lake the augen-like garnet porphyroblasts are rimmed by
co;éiefite. In the matrix cordierite, quartz and_biofite are
subequal.

In pelitic rocks from north and south of Drag Lake
plagioclase-qudrtz-biotite~garnet-sillimanite appear to be a

rare stable assemblage. No K—feldspar is present.
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Three garnet gneisses have been analysed (Table 10,
Appendix I), these comprise two garnet-gedrite-biotite
lafered gneisges‘and one garnet poor biotite gneiss. On the
AFM pléts they they are guite distinct from the grey
gneisses being re;atively poor in Na andé K and 2
correspondingly enriched in total Fe. "On the CKN diagram
the gedrite bearing rocks are poor in Ca compared to the
grey gnéisses whereas the garnet—bioﬁite gnéiss.falyg in the
main trend of grey gneisses.(Figure 2;1{: The gedrite
bearing gneiéseé have similar Na and Rb/Sr content as grey
gneiss with a similar quarté'content. Howe§er‘K, Ca and Al
are lower whereas total Fe, Mg and Ti are higher.

It is apparent that gedrite rather than hornblende is

formed in these rocks since they are poor in Ca, Na and K

and correspondingly rich in total Fe and Mg. f”r

2.3.6. Origin ‘ —

The principai features of the garnet gneiss are: 1) it
éppears to form discrete pods at or near the contact of the
grey gneiss and the Grenville Supergroup; ii) it is found
ovérl&ing and underlying.the grey gneiss at Drag Lake; 1iii)
pelitic as well as gneisses very low in X and Ca and
correspondingly high in Mg and Fe are found; iv) these
compositions- are unlike those found elsewhere in the
'G#envillé Supérgioup. The fiéld aséociation of the gedrite
. rocks with;interlayered peliﬁeé and marble or calé-silicate

rock suggests that the whole assemblage is entirely
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metasedimentary. The main queétion'is twofold: why are the -
gedrite geéring Tocks so X and Ca éoor‘énd correspondingly
Mg and Fe rich and what is the age of these rocks?

‘Lal énd Moorhouse (1968) argued agéinst a metasomatic
origin for the rocks with extreme qompositions at Fishtail
Lake on the grounds that there is no source of Mg and Fe and
that'the rocks have precisely the Mg/Fe ratios of shales.

.
There remain at least two hypotheses: 1) that the Mg and Fe
enrichment and its depletion is due to partial meltiné’of an
argillaceous protolith; 2) %hat £hese compositions represent
unigue and somewh@t rare metasedimentary protoliths. 1In
this .case the observed enrichments and depletipns may be
explained by subaerial weathering in a humid tropical envir-
--onment of a variety of protoliths (R.X. Herd, person;i

communication, 1981, Warren 1979). ~

////“' The principal objections to the first hypothesis is
that in the gedrité-garnét rocks of Drag Lake a potassic
product of partial melting. is not observed interlayered wifh
these rocks. The coarse leucocratic layers of the gneiss,
which may be interpreted as melt products, all have a
trondhjemiticlcomposition. Furthermore, as Lal and

Moorhouse point out, even if partially méiting has taken —~

place and was responsible for the almdﬁt*complete removal cof

a

K the parent must still have ap unusual composition (Al, Ca,
K poorer than the average shalg) in order to generate the

postulated residue.
/S
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The second hypothesis accounts well for the rarity of
the gedrite bearing rocks and .their occurrence in a
discontinuous horizon near- the contact of ‘the grey-gneiss

with the Grenville Supergroup. The tectonic implications of
the grey-gneiss having been exposed subaeriélly are great.
Clearly definitive geochemical studies of these unusual

rocks are require& as well as further regional mapping to

delineate their extent and confirm or deny. their strati-

graphicaily unique-positiod. ) . \\i\\\

”

© 2.4, Unit 4: Mafic Igneous Rocks, the Farquhar Lake

“C.I‘Omélex

2.4.1 Iptrodﬁction -

' Mafic igneous rocks 4Unf€/;) are concentrated in two
masses: the Farguhar Laﬁe Complex ané the Dudmon Lake

- Diorite. Mapping during this project shows the Fargquhar
Lake Complex to be more extensive than previously
known. 'There are aiso scattered within ;hé supracrustal

Nrocks,small pods soﬁe of thch are shown'on the map, but
most of which are not. vThe biggest concentration is the
Farquhar Lake Complex, which lies at the mid-point of the Y

north margin of the map sheet’ (Fig. }(Engr.This’complex is’

&
5

_ considered here.

The Farguhar Lake Complex has not been described before

as a separate entity, although parts of it have been

4

referred to as individual bodies. Adams and Barlow (1910)-

- described the anorthositic rocks of Kennibik Lake whiéh they'

~

f
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considered to be derived from the marbles. The pyroxenite
has long been known, sinceﬁit is_the site of a profound

negative magnetic anomaly. It has been referred to as the
Wilberfo;ce Pyronenite (Mason 1959, Irwin 1963, Palmef'and

Carmichael 1973). Bright (1979) noted in Harcourt Townéhip

N\ \maflc and mltramafic sills which he’ con51dered to have been

emplaced during and after the culmlnatlon of the reglonal

metamorphism. The present author mapped the western part of

. the Complex (Culshaw 1981) and delineated the eastern part

in enough detail to show the general distribution of rock

‘types. - -

N

The Complex has'three components, pyroxenite, gabbro
and anorthosite (gabbroic). - An extendeg magmatic and syn-

. . . . . /:
tectonic metamorphic history is displaved--by these rocgks
<

which is outlined in this chaptef; It-is contended that the
rocks were emplaced early in the tectonic history but that

since they are originally dry rocks they.beha#e as hard and,
f

in part, dense non-bouyant masses which influence the

-

structural patterns of their ductlle matrlx (see Sections
- , .
ﬂ.;.B. and 4.4. ). Their metamorphic history may be thought-

Qf as one of progressive softening, which happened most

]

guickly in the anorthosite and leést quickly in the

4
pyroxenite. This clearly is the result of the softness of

labradorite relative to~that of pyroxene. Thus primary

- - - 3 - ! -
. textures are very rarely found in anorthositic rocks, while

the pyroxenites are rarely foliated. The gabbros, composed

of equal amounts of both minérals, have a variety of

=
="
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primary, partly recryétgllised and completely regryétallised'

textures. Anfimpontant result of the mdterial-properties‘

‘of these mafic rocks is that although they are probably the

oldest plutonlc rocks lntrudlng the Grenv1lle Supergroup,
parts pf them appear very fresh and "young".

In this chapter the rocks are aescribed'hainly ffbm the
point aof view of structural petrology. .Ih Section 4.4.

the;e-are'deécribed some of details of the microstructural

‘and mineralogical changes which take place during the

deveiopment of a foliation in the gabbro.' In‘Section 3.3.5.
It is shown hoﬁ the.tendéncy for heterogeneous deformation
in the.gabbroic rochs may be turned'to an advantage to givé_
kinematic information of regional relevance. |

. There are many locatlons where the Complex is cut by

‘both foliated syenitic .and granltlc sheets. Metagabbroic
'Xenoliths occur‘sparsely within syenitic gneigé east and

.west of the pyroxenite body. 1In Section 2.3.1 an occurrence

¢f foliated grey gneiss (similar to rocks of Unit 3) within
unfbli@ted metagabbro was described. There are,'however, no
xenoliths of suptaérustal rocks in any of the bodies.

fhe Complex is made of seven distinct sill-like bodies.
It is dividéd into two levels separated one from another by
the Fatquhar Lake Grey Gneiss Sheet and a thin envelope of
supracrustal rocks. It extends 16 kilometres from{hotth—
east to southwest and 8 kilometres from north +o south.

The north side of the upper level is dominated by a

pvroxenite body that lies in a north-northwest trenaing
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boet-shaped synform. fhe.py:okenite has a semi-complete
margln of gabbro Whlch is for the most part gneissic, except
‘at the north and south ends of the body.

- The southern part of the upper level comprises two
sill-like sheets which st:ike.northeast'from near Miskwabi
Lake to near Elephant Lake. These are.mostly metagabbromc
-w1th lesser amounts of anorthosxtlc gabbro to gabbroic
anorthosite. Partly recrystallised primary textures arel
preserved especially in-the southwest oﬁ Farguhar Lake and
the westérn sheet. The eastern sheet is moxe gneissic and
deformed than the wesﬁern.

‘There are four bodies in the lower level. -In these the
largest amount of anorthosite and gabbroic anorthosite is
exposed. The relaeively lerge outcrop areas oceupied by the
western. bodies eompared to the one east of the pyroxeﬁite is
pProbably due to the shallow and variable dips in.the west.
2.4.2 Unit 4Aa; GaSbroic Rocke

Two main compositionai varieties present, gabbrc and
olivine gabbro, mey be divided into three types according to
the textﬁres'visible in hand specimen: primary, partly
recrystallised and gneissic. Small patches.of extremely
coarse gabbeo and metagabbro are present throughout the
complex. They have a gradational relatien to the maiﬁ type.
They are interpreted as mafic pegmatites.

Rocks with the best preserved primary text&fes are

found near the north and south end of the pyroxenite body,

e
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for example, there is a small area of heterogeneously
geforméd gabbro at the south fnd of Allen Lake; Primar&
textures‘are also presenf in the sheet south of Yankton-
Léke. These rocks are dark grey to black on'accoun£ of the.
large (1-2 cnm) piagibclase laths. In olivine gabbros
coronas are readily visigle; A subophitic texture is
common. A foliation of primary plagioclase.crystals has
been observed near Yankton Lake parallél to the regional
foliation. Where priﬁary textures are preserved olivine
gabbro and gabbro are equally abundant. In the early stages:
of partial recrystal;isaﬁion the olivine gabbro may still be
_recognized by their brightly coloﬁreé weathered corona
“structures. Howe%er with further récrystallisation coronaed
'.‘Sliyine and clino?yroxeqe are converted to ;mphibole and are
no.longérVdistinggzghable in hand specimep. It is not
possiﬁle, therefore, to estimate the pfoportions of gabbro
and olivineféabbro that contributed td the gneissic
‘metagabbro. |

’ Textures indicating partial recrystallisation are
abﬁndant in the gabbro sheet south of Yankton Lake, at
southwest Farguhar Lake and in zones of heterogeneous
defo;gatiOn at the north and south end; of the ﬁYroxenite's
gabbrdic collar. In'rockshwith this texture the plagioclase
is white and the mafics, mostly amphibolé, are green and,
less often, black. Subophitic-texture-is still easily

°
discernible, although in more deformed examples only ip

sections near perpendicular to the lineation. Plagioclase
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is partially replaced by fine eguant grains. Shape and
mineral fabrics are absent or moderately developed.

Gneissic'metagrébbro is present in all localiéies where
primary textures are preserved but is partiéularly‘well
developed in the gabbroic margin of tﬁe pyroxenité and the
sheets to the ea;t of the pyroxenite, where stfain'appears
to be higher. This rock type has a shape fabric of
blade-like aggregates of fine white equant plagioclasé set
in a network of fine to medium grained amphibole. The
tectonite fabric may vary‘in étfength. The .most stréngly
deformed are 'very planar and fine-grained. In gneilssic
mafic pegmatites spectacular clinopyroxene augen (up to 3
éentimetfes long) dominate the fabric.

Gneissic metagabbro is present in all locations near .
rocks pfesérving primary textures. |

In olivine gabbro displaying primary texture, olivine
has well developed coronas. The innermost shell is
hypersthene succeeded by very pale green amphibole
interfingeriné with spinel. Plagioclase abutting the corona
is peppered with extremely fine amphibole and rare spinel.
Olivine is partially altered to serpentine and magnefite.
Large irregularly shaped primary clinopyr;xene (éugite) has
a very fine exsolution of opa&he materialﬁ%orming parallel
trails. A thin corona of horqbiende (brownish green to
olive green) jackets the pyvroxene but the abutting

" plagioclase is free from amphibole inclusiong. Lafge

labradorite grains are multiply twinned on the Cérlsbad,

—_—



glbite and pericline laws. The twins méy be moderately
curved and wedge shapég. A small number of géuant very fine
new plagioclase grgins are present. Maénetite is an
raccessory. | ' -

: N

Primary textured gabbro is very similar to the olivine *

-t

gabbro. Clinopyroxene forms very irregular shapes, filling
spaces between plagioclase laths, in a classic subophitic
texture (Plate 3a). Labradorite forms elongate laths up to
2 centimetres long and with asﬁect ratios of 4 to 1.
Details of plagioclase twinning, hornblende corona and
pyroxene exsolution are same as the olivine gabbro.
Ih gabbro that is partly recrystallised with little or
no tectonic fabric two_microstructural'types coexist within
| oﬁe thin section. In the first microstructure the sub-
ophitic texture is clearly visible (Plate 3b), there are no

»

hornblende inclusions within .the élagiodlase which, for.the

most part, are egquant laths. 'Clinopyroxene is now very S~

finely intefgrown with equal amounts of hornblende. In the
g _ a

second microstructure the subophitic texture is obscured

(Plate 35}. Clinopyroxene is no longer present, in its

place is a granoblastic aggregate of fine hornblende.

Primary labradorite (Ansg) is zoned to a more calcic compo-

sition near the contact with hornblende aggregates. The

rzoned areas have fing bright lamellae, interpreted as
hutten-locher intergrowths (see Section 2.8.2), are filled
with inclusions of ampﬁibole and abut with fine hornblende-

plagioclase mosaics (Plates 5a-¢). Fine equant plagioclase



54

—

is also present on boundaries between the primary plagio—'
clase grainé and along kinks within tgem (Plate 4c,d). The
" plagioclase is dusted with extremely fine scapolite. The

amphlbole is a deeper green than in the olivine coronas, but .

does not have the faint brown tinge of the early clinopyro-
‘Xene coronas.

Partly recrystallised olivine gabbro with.a weak
fabric differs from the primary textured olivine gabbro in
that the corona reactions have all been completed. Former
olivine is now marked by a hypersthene-magnetite mosaic
surrounded by a relatively wide (4-5 mm) rim of amphibole
and spinel. This amphibole is a deeper green than in the
olivine cored coronas. The labradorite grains have ragged
margins. - ‘ ‘

A mosaic of fine‘equant'plagioclase (0.2 mm) and
- amphibole separates large grains of labradorite f£rom the
mafic aggregates along part of the margins and occupies a
significant volume of the rock. These fine plagioclase
grains have fine bright lamellae, interpreted as hutten-
locher intergrowths (see Section 2.8.2). Large iabradorite
grains are crowded with amphibole (but no spinel) inclusions
where they abut the mafic or the amphibole-plagioclase
mosaic. These inclusions are considerably larger than the
egquivalent inclusions in the primary textured olivine
gabbro. The plagiociése surrounding them is more calcic
than that f£ree of them. .

In olivine gabbro that is partially recrystallised and
displays a moderately strong fabric subophitic texture is
visible in hand specimen in sections perpendicular to the
lineation but it is not readily discernible 'in thin section.
The microstructure is identical to the type described above

"where. the ophitic ngﬁure is obscured by recrystallisation.

, (

S\

™~
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There is a correspondingly étrong development of grano-
blastic ampﬁibole and fine amphibole-plagioclase mosaics.
The former presence of olivine is indicated by minor
serpentine-magnetiée concentrations. The améhibole is
transitional in its shade of green between that of the very
weakly foliated gabbro and that of the partly recrystallised
olivine gabbro with a weak fabfic.

Plagioclase in gneissic metagabbro forms a fine equant
mosaic which is $ignificantly coarser than the fine
plagioclase in the partially recrystallised textures.
Plagioclase is always more sodic (An55_62) than the primary
grains (AnGG). In some cases relict primary plagioclase
persists, displaving undulatory extinction‘and kinking. The
grains surrounding these relict primary graiﬁs may be zoned
and show huttenlocher intergrowth (Plate 5d4). In sections
where relict grains are absent, the zoning and intergrowths
are not present. fﬁin morphelogies are varied, some
sections only groﬁth twins have been observed, in others
only deformation twins and ;n others both. In many sections
much of the plagioclase is completely replaced by scapolite,
in some indiwvidual grains are ohly partly replaced.

Hornblende in gneissic rock forms decussaéé elongate
clusters (Plate 3d). 1In some cases, it coexists with fine
granﬁlar clinopyroxene. Occasionally la;ge clinopyroxene
augen are present in these gneisses. The augen are seamed
with a delicate intergrowth of amphibole which resembles

mesoperthite.
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Two examples of diorite have been found. These are of
very minor volumétric impor;ance. A gneissic and a partly
recrystallised'§ar;ety have been found near the southern and
northern shores of Farquhar Lakg respectively. In both a

relatively sodic plagioclase is found (An The

38-447 *
gneissic variety resembles the metagabbroic gneiss and will
not be describgd further.

In fhe partly recrystallised diorite plagioclase very
dark 'green amphibole, biotite, plagioclase and séapolite are
the main minerals. Magnetite-ilmenite Ras a rim of sphene.
Coarse primary plagioclase is included within a medium
grained equant mosaic of plagiqclase and scapolite. All -the
méfic minerals are relatively coarse.

2.4.3. Unit 4B; Anorthosite and Anorthositic Gabbro

‘ Anorthosite and anorthositic gabbro occur in
subordinate amount throughout the gabbro bodies. They form
a major proportion, however, of.the'bodies'in the lower .
level of th® Farguhar Lake Complex. Contiﬁnous{masses of
gneissic anorthosite are present along the shores of
Kennibik Lake, Grace Lake and the northwest corner of
Farquhar Lake. The only known occurrence of primary
textured gabbroic anorthosite occurs as a small patch within
partly recrystallised olivine gabbro one’kilometre to the

: ]
northwest of Grace Lake.
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These plagioclase rich ;ocks are almost universally
gneissic with the one known aforementioned exception._ They
are formed of a fine to medium grained equant white
plagiocase aggregate occasionally containing an éugen of
grey primary plagioclase or green clinopyroxene; Wispy
trails of-amphib@le and biotite define the tectonic fabric.
The anorthosite may include small patches of metagabbro
(oikocrystic texture) which become hornblendic schliereg:
with-increasing dgformétign. -

The primary t?#tured anorthositic gabbro.hés a cumulate
texture of large euhedral plagioélase laths (4-5 cm long).
and sﬁall stellate con?entrations of mafic minerals.

In primary texturedthositic—gabbro the plagioclase
is similar in compositio‘.\; 64) and microstructure to the
primary textured gabbro (Plate 4a). 'Interstitial clino-
‘pyroxene is almost compleﬁely replaced by hornblehde.

i The microstructure in gneissic anorthosite is dOminaga$
by fine (< 1 mm) equant polvgonal Qlagioclase grains and
occasional augen of plagioclase with extremely ragged graiﬁ
ﬁoundariés (?late 4b). The matrix plagioclase is more sodic
(Anss_so). The matrix grains have twins with morphologies
typical of both growth and deformation twins. Some of the
grains, especially those abutting hornblende have reversed
‘zoning with huttenlocher intergrowth. %Plagioclase augen
have undulatory extinction, huttonlocher intergfowths and

enclosed twins. Hornblende and biotite are present in

accessory amounts. Scapolite forms up to one quarter of the
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fine grained matrix, in some cases one grain of scapolite
replaces two of'plagioclase.-‘

-
2.4.4. " Unit 4C; Pyroxenite and Hornblendite

Pyvroxenite is restricted to the body @drming the large
centrdi‘éynform. It is a fine grained, eq%igranular gfeén
rock mestly devoid of téctonic fabric. Freguently it is
studded with randomly oriented, coarse grains of amphibocle.
In places it is entirely madgiover to coarse-grained
amph}bolite, for example, aiong ‘the northeast margin of the
body. This amphibolite is rarely‘foliated.

Ngar the boundary of the pyroxenite at the southern tip
of Allen.Lake, small pods of pyroxenite lie within
unfoliated partly recrystallised gabbroc. The bgundafies of
the pyroxenite pods with the metagabbro are not clean-cut.
Pyroxene projects from the pod into the metagabbro, where it
forms subophitic ﬁexture.

The.pyroxenite is an aggfégate of fine grained (0.33
mm) eguant augite. As in the gabbroic rocks the clino-
pyro#éne has trails of very fine bpaques lying parallel to.
the cleavage. These exsolved pods and lamellae are reséons-
ible for the reverse magnetism of the beody (Palmer and
Carmichael_i973). Serpentine forms up to 20 percent of the
rock. Amphibole repl§ces clinopyroxene, forming complex

intergrowths.

{
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2.4.5._ Geoéhemistry . -
ﬁll the three main rock types of the éomp%ex are
nepheline normative (Table 11, Appendix I). The alkaline
nature of the suite is also disp;ayeé by the extremely f£lat
trend on the AFM diagram (Figure 2.2a). The variation in
major. and minor elements, is simple (Figure‘Z.Zb; Table 11

Appendix I). The decrease in Al,Q., 'Na 0, Rb, Sr and

273" 2 2
Ba accompanies the decrease in plagioclase content from

0, X

anorthosite, through gabbro to pyroxenite. ‘This‘trend is
9aéihed b§ an increase in Mép, Ca0, total Fg, Cr, Ni, TiO2
and.Mnd. These two elemeht groups are those common in, '
respectively; plagioclase and clinopyroxene (ana'olivine).

2.5.6 Conclusions

Petrogenetic unity of the complex: Considering their

close spatial relatibnship it is highly likely that the
gabbroic, anorthositic aﬁd_pyroxenite bodies are petro-

genetically related. Moreover there 'is a simple pattern of

- -

chemical variation related to the major mineral phasés and
pyroxenite pods occqr-in métagabbro. The simplest way 6f
generating the ahOrﬁhosite is to accumulate the plagioclasé
crystals in a crystallising gabbroic melt and separate the
plagiéclase-;ich fraction. _Gocd'evidence that this could

L4

have happened is offered by the subophitic cumulate textures

of unrecrystallised primary textured gabbro, blivine gabbro

and gabbroic anorthosite. " However the mode of generation

of the pyroxenite remains obscure. it is also noteworthy

~
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that the gabbros are ;erj“similar chemically'to the
Gifmorgan ngbro which is also nepheline normative
(A;mstrong and Gittins 1968). _Thg Gl§§§rgan Gabbro is
sheet-1like, has a large volume of gneissic rocks and has
similar céronitic-texturés-(Grieve and Gittins 1975).
Mogeover it is situated close to the Glamorgan Gneisé .
Complex, lithologically siﬁilarléé the grey tonalitiqj%neiss_
complexes. It is thus probably part of a regional suite of
gabbroic rocks. ~ Note, however, that'manyurocks of the
dioritefgabbro sdiée of the Eas;ing‘Lowlands are not

nepheline normative (Lumbers 1967).

-
-

Coronas: The occurrenée‘Of bbth corqhas and gneissic
metagabbro (amphibolite)} indicate an involvéé solid state
history for the bodies. L

.The coronas, which contain successive -shells of ortho-
pyroxene and amphibole plus spinel, are distinctive.
éesidés being found in the nearby gabbro bﬁdieé éf Glamdrgan
Township (Armétrong'and-Gittins 1968, Grieve and Gittins
i975) coronas of this composition are of world-wide
occurrence in ancient gneiésic terrains{. Well known
examples are from Greece (Sapountzis 1975), Norway (Starmer

<

1969, Frodesen 1968) and India, (Murthy 1958). ‘<

Many coronas found elsewhere in the Western Grenville
Province (Ontario, Davidson. et.al. 1981; gdifondacks,
Whitney and McClelland 1973), appear to be slightly more

complex, having two pyroxenes, besides amphibole and garnet.

~



Fuzther work may 'show if there is a regional zonation in

corona type.
All corona é?pés are.found in ancient high-grade
L
gneissic terrains;‘;haﬁafe absent from lower gr?de schistose

\
terralns.l They are cons@ﬁered to have been formed at

»

relat ely elevated hydrestatlc pressures (> 6 kb). where the
temperature is h%gﬁrepough to eneureJreasonable'reaction
-rates during coeling of.the:pluton to the local temperatﬁre
(Grifffn and Heier 1973).

Amphib;lized margins of coronites afe common. The
.qoronites.themselves have weak fabrics or none'at all. 1In
tﬁe single pyroxene-amphibole plus spinel corOAites, H20
necessary_fér fo;ming the amphipole may be derivea from the
gabbro ipself, which is a closed system (Muithy 1958). The
‘same a?%hd; pointed out:that although_amphiboiized margins

and coronite may have formed. at different temperatures or

pressures, this is not necessarily so. The main difference ™~

mabie one of PH,0, the amphibolization takiqg_piace in a

.system open to HZO' As described previously amphibolizatioi\
. - . appears to be mlcrostructurallyﬁpdgt of a Drocess c0nt1nuous
w;;h the corona fgrmatlon. For example, amphlbole already
.preéent as hkiny inclueions 1n-prlma:yvplagloclase lnvolyed
in corona reactions' simply grows and-becomes\é;eper‘green

. o .
with continuous-syntectonic recrystallisation.

-*Time and place of emplacément; These considerations ,

are compatible with the gabbro being emplaced at/;af%ly deep

’
n

levels., It apggggs,that,corona—formation and subsequent
? a7 : . ,
L BlF . g
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syntectonic aﬁphibolization were ﬁninterrupted by a journey

A

to and from a highef level, which would have surely left
some metamofphic recofd. The fully recrystallised -
amphibolites belong to the same metamorphic facies as the

rocks they intrude and probably thus were formed not far

distant from where found now.

There is furthermore evidence of their syntectonic
emplacement: the very rare occurrence of primary

plagioclase in an unrecrystallised subophitic texture lying

.parallel to the reglonal foliation. A similar preferred

orlégiatlon of primary plagioclase in the Glamorgan gabbro

" was demonstrated by ArmstrOng and Gittins (1968) to -indicate

syntectonic magmatic crystallisatiaﬁ. Also compatible with
the hypothesis of. syntectonic emplacement is the probable
earlier sheet-like nature of the bodies implied by the lack

of -flattening fabrics with a component of stretching

. 9

parallel to the strike (lineations are mostly down dip).

It is'tempting to speculate éﬁat if the crystalli—

sation, recrystalllsatlon and emplacement were syntectonic

then the mechanlcal renoval of pyroxenltlc llquld from

crystalline plagioclase may have been induced also by this

e

tectonLSm, continued dlSDlacement resultlng in the emplace-
ment of pyroxenite together w1th a silce of basement (the

N
Farquhar Lake Grey Gneiss Sheet) on top of anorthosite and

gabbro. ¢ ~
. . . )
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2.4.7. Unit 4D; Dudmon iake Diorite
The Dudﬁon Lgké Diorite is a somewhat elongate
homogeneous body l&ing_at the margin of the northéast'end‘of
the Glamorgan'Gneisé Comblex and the underlying supracrustal
gneisses. It has noﬁ'been_exténsivélf sampled in this
study; Chesworth (1966) presents one analysis-of'it.

-

Durilop et.al. (1980) sampled it in a paeleomagnetic sﬁndy.

The diorit@*is heterogeheously deformed. It is a grey
"to black rock aﬁ which mesoscopic' textures vary from
gneissic, to partly recryétallised. Ih_the latter primary
feldﬁpar laths are still preserved. ‘

ﬁinérals'present include plagiocl;se,‘crinopyroxene,
biotite, hornblende, with accessory maénetife, apatite and
calcite. Primary plagioclase is andesine (An35_38) which is
extensively reérystalliéed. Clinopyroxene is réplaced by
hornblende. Biotitehbccurs as a2 member of sympiectite-with
‘hornblende: magnétite and plagioclase, indicating its meta-

morphic origin.

2.5. Syenitic Rocks

. 2.5.1, Introduction

The map area includes several varieties of syenitic

gneiss. The = ynclude some of the nepheline bearing rocks
(Unit 5D) foj;iiich the Haliburton-Bancroft area is famoﬁs
(Tilley and Gittins 1961, Gittins 1961). These well known
. rocks will not be discussed further. These syenites. form

the western extremity of a linear belt of alkaline,igneous

- - \\_/'*S(’
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rocks which lie near the-contaeF of the Grenville Supergroup

"and itsipasement and are considered synorogenic (Appleyard

1974 and Fig. i:1). the bodY‘Soueh of Farghuar Lake was -
' Qreviously unmapped ana since mosé'of the map'unitsfare

¥ . . . - N
_composites of several rock types and specific rock types may

occur in two or more map units the distribution of map units - .

and rock types is treated separately.

2.5.2. Definition and Distribution of Units 5S&, B and CZ
Uhit SA Buff syenite is composed of the only syenitic
~ rock type that forms large, relatively homogeneous masses.
'Tt.forms the bodies which lie to the-south of Drag Lake and
encircle Deer Lake. Table 12, Appendix I shdws that buff
syehite forma the major‘part of almost«90 percent of all
outcrops within the Drag Lake éfEnite. Other syeniiic types
present in the these bodies tend to be_concentrated-at their
margins;'where they cross cut the buffAsyegiiee Locally,
the former are pnfoiiatea. |
Unit 5B, Heterogeneous-Syenite Gneiss is composed of

-.gonformable sheets or planar dykes deformed into planarity
of a wide variety of syemitic, granit%p and supracrustal
rock types. Lithological heterogeneity and layered,
sheet like aspect are the key features, although sQome
strongly Cross— cuttlng relatlons are present. The main
cancentratlons are north of Farquhar Lake, south of the Drag

]

Lake Syenite, and along the north ang westérn marglns of the ‘//

_-——-/

Cardiff com§1€§f{F1g. 1.2). The inclusion of the latter



-
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body as part of this unit is based on the information

available on Hewitt's map (Hewitt 1957c) and limited
inspection in the field.

~

Table 13, Appendix I show the following features of

~ this unit: (1) It contains a large number of rock types

(11-15); (iif syenitic rock types dominate over granitic
and supracrustaly (iii) pink syenites .dominate over buff

syenites; (iv) enclaves of supracrustal rocks, large enough

to be mapped at intermediate scale (1:31,680), are common.

This heterogeneity is evident at the outcrop scale..

Individual outcrops are very often 1avered mlxtures of

-1gneous or igneous and supracrustal gneisses. Thefﬁlanaflty

of this layering is verﬁ’often accentuated by deformation
which &lso imparts to the rock at all scales a powerful
tectonite fabric. There is also a lack of continuity of

lithologies parallel to the strike.

Unit .5C, Unsubdivided Syenites includes syenitic masses .

of whlch the author has little personal knowledge, many of -

which are small bodies peripheral to the map (Fig. 1l.2).

Cursory fl&Lﬁ inspection® shows that, as is to be expected,

0y

‘rock types Dresent do not differ greatly from those ™

comprising the,other map units. The belt to the west of the
’ J X
Cheddar Qomplex, foi,example, may well be similar to “the

e ad -

belts of heterogeneous syenite gneiss (Table 13, Appendix

I); although it contains a relatively largéizplume of

nepheline bearing gneisses.

L
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2.5.3 Rock Types

Buff Syenite: Buff syenite is present in all map

——

units. IF forms the major.part of the D;aé Laké and Deer -
Lake Syenites (Buff.Syenite Map Unit). In the western part
>f the map sheet small bodies a;e'p esent. Those in the
extreme.west are contin@ous out ©f/ the map area and may well .
be part of much 'larger bodies. . ,
The rocks weather buff to cream hite. On fregh
sﬁrfaqes they.are olive '‘green and lbcally grade to pink.
They resemble in colour.quartzo-feldspathic rocks of the
granulite facies. | i
Grain size is varied from uniformly fine to medium
t%rained. Often the rock has a bimodal grain size of sparse
feldspathic augen set in a fine equigraﬂular matrix. Layers
of bimodal and uniform grain sige may grade oﬁe into another
and be associated with'siight changes in mineral content.
All‘thé rocks ﬁave a Gell déveloped téctonité fabric
composed of augen or aggregated mafic ﬁinerals, guartz

»

ribbons or fe}dépathic augen and‘occasional streaks of
magnetite oﬁftalc1te. Outcrop scéle tectonite fabries,
formed by cross-cutting but deformed veins of’éagﬁé plnk
phases are present. This type of fabrlc gives the rock, in
places, a very planar, layered aspect.

The mlnerals present lh the buff.sygnlte are summarized
in-Table 14, Appendlx I. The major m%ne;qls are microcline,
plagioclasgl(Ans_ll), m;croclipé gerthite, augite and
hornbiendé. Magnetite, apatite, sphene, biotite, quartz, -

=,
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calcite aftd garnet are present in accessory amounts. The

relatively high proportion of magnetite present in the Drag

-

‘Lake syenite accounts for a strong aeromagnetic signature -

for this body. Hewitt reported aegerine in thé Deer Lake
Syenite ({(Hewitt 1957a). It is noteworthy that Ehése rocks
contain a réia£ivﬁly high proportion of plagioclase and may
be galled monzéniteé with some justification (Culshaw 1981).
However it is likely that much of the plagioclase derive%

ffogxrecrystallised perthite. .The rock should therefore
/ - .

,/’“*fééoperly be termed an alkali-feldspar syenite treckeisen

1976) .

The feldspathic fraction is composeq primarily of an

aggregate of equant, fine grained (3=.75 ) microcline and

plagioclase which are- free of {:tergrowths. Discontinuous
albite rims ocgur at plagicclase-microcline boundaries.
Microscopically visible persisterite lamellae are present in
some plagioclase. Only albite and pericline twins occur in
the plagioclase. Large feldspathic augen (2-6 mm) are .
dominantly microéline string and thread perthites (Deer et.

al. 1966). Rare plagioclase augen display strong undulatory:

_extinction, indicating recovery, which is lacking in the

. _\hfﬁgite is the primary mafic mineral. EHornblende 1is a

- matrix plagioclase. These large feldspars are the

unrecri%;allised precursors of the fine matrix feldspars.

*

i f - ' - »
metamorphic mineral. &?he evidence for this is the common

occurrence of hornblende-quartz rims of clinopyroxene or of

complex spongelike-synplectic intergrdwths of combinations

i
/
'
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of‘hornblende, quartz, magnetite and biotite. The horn-
blende lies parallel to the lineation although there_aie
examples of hornblende growth postdating deformation.,

Apart from magnetite a characteristic accessory in the.
Drag Lake Syenite is calcite. This may be present és
dispersed grains or as elongate millimetric aggregates. It
is not known in the Deer Lake Syenite.

. A rare mafic variety has a colour index in exce®s of
40. It forms layers in the buff syenite. The dominant
mineral is a green clinopyroxene which is partially replaced
bv amphibole.

Pink Svenites and Quart2 Syenites: These types form a

major portion of the heterogenégﬁs syenite gneiss unit (Unit
5B). Within the buff syenites (Unit 5A) they occur as
concordant or cross-cutting but deformed layers. They are
concentrated with pegmatigic types,‘near the margins of
these bodies.

in ;he north, where the.iaﬁgest proportion of the

heterogeneous syenite gneiss unit is found, the appearqyc

is characteristic. The rocks range from medium grained ‘

equigranular to very fine grained and sugary. If guartz is
present it is smeared out into delicate ribbons. In many
varieties tﬁere are augen of feldspar. 1In some of these -
rocks extrgmely largé ;ugen (15 cm long) sit'in a fine

grained matrix,.suggesting that the rocks were derivéd from

pegmatites by grain size reduction duriﬁg dynamic recry-

// stallisation. "The gﬁeisses often contain streaks, layers

‘\.

3 -

\
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blocks or pods of non-feldspathic rock such as diopside

rock,_quaﬁtzi;e, amphibolite, biotite gneiss and metagabbro.

Pink syenites, guartz syenites, pegmatites, buff syenite and

the whole. range of supracrustal rocks may be interlavered

together. Such a migmatite has often é distinctive pldhar,
flaggy aspect cﬁaracﬁeristic of high strain.

_Local%z/unfoliated to moderately unfoliated pink
syenite intruded strongly foliated pink syenite, cross
cutting the older foliétiqn.

The dominant mineral of the pink syenites is
microcline, albite is presené in variable subordinate
amounts (Table 14, Appendix I} and quartz is important in
appropriate compositiOnsl In augen bearing varietles coarse
microcline perthite 1s present set ih a fine recrystalliséd
two feldspar matrix. BAugite, hornblende,lbioéite are the
main mafic minerals. Magnetite, apatite and sphene are
important accessories. In most varieties mafics form less
than 10 percent of-the rock. A minor, but ubiguitous,
exception is a biotite syenite with a colour index up—to 20.
Where present, very coarse microcline perthite is re-
crystallised t; form a fine two feldspar matrix free of
intergrowths. Discontinuous glbite rims are present at
plagioélase-microcline:grain boundarieé. Quartz, where
present, forms the common granulitic type ribbons.
| Ho;nblendé appears to be’ of metamorphic origin. Re-
plaéement by clinopyroxene of ;mphibqle is ubiquitous via a
stage'of complex, spongy, syﬁplectic intergrowthé which is

widely preservedl
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Foliated Syenitic and Quartz Syenitic Pegmatites: . The

pegmatites are present throughout the heterogenous syenite

) gneiss (Unit 5B) and have a similar eross-cutting but

deformed relation to the buff syenite (Unit 5A) as do the
pink syenites. They occur as isolated bodies generally no
more than a few metres wide.

The pegmatites vary from brigk red to pale pink, from
strongly cross cutting, coarse and-poorly foliated to
sub-concordant and augen-gneissic. Although several ages of
pegmatites are probably present, some show great variations

of fabric strength within one body. Pegmatites which are

" not strongly recrystallised are dominated by microcline

~

perthite, free albite and variable amounts of gquartz.
Clinopyroxene (partially replaced by amphibole), biotite,
sphene, allénite, calcite, magnetite are among the minor and

. )
accessory constituents.

Miscellaneous Syenites: Albite syenite is a minor
constituent of the Drag Lake Syenite and the heterogeneéus
syenite gneiss to the south of that body. Hewitt (1957a).
mentioﬁs it as. the oldest of the syenites b%F Hew;tt (1957¢)
does not precisely locate it on his map. None was observed
by the author wiﬁhin the confines of Hewitt's map. None
bccurs north of Farguhar Lake and eaét of the Drag Lake gr;y
gneiss complex. This mediuﬁ to fine grained granoblastic

fock is composed of albite, sometimes with pink strands of

" microcline. Magnetite is an important accessory. At some

localities coarse-corundum grains are present.
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FIGURE
2.3

Chemical variation in syenitic rocks. Symbols:
la, buff syenite, Drag Lake syenite; 1lb, buff
syenite from sgpall body south of west end of main
brag Lake sven?te, lc, Deer Lake€Xsvenite (Hewitt
1957a}; 3, albite syenite, Drag Lake syenite. 2a,
pink syenite, 2b. quartz syenite, 2c. granite, 24d.
syenltlc pegmatites from heterogeneouswsvenite .
gneiss south of Drag Lake. M, average ﬁhgeaflte,

complled from Carmichael et al. (1974). 3
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.;North;of_Fariuhgr Lake a curious but rare scapolite

rock occurs closglyzaséociated with syenite gneiss and the
diopside rock."It is a massive white rock formed of coarse
grained scapclite and midor diopside. It is cross—cutting.

Under the microscope the ?bépplité‘shows moderate undulatory

extinction and minor recry;tallisation;'“*
i , ¢
2.5.4 Geochemistry: ‘

Analyses of all the major syenite and related rock
types are presented in Table 15 (appendix I)}). On the AFM
diagram there are two distinct clusterxs (Fig. 2.3) demon-
strating the iron énrichment of the buff syenites (and the
albite syenite) relative te¢ all the others. A buff guartz
syenite lies between the two clusters. A coﬁparable clus-
tering EE shown-on the CKN diagram where the buff syenites
{and the albite‘syenite) are located closer to the calcium
apex. K20(§a20 in pink syenites and quartz syenites (2.25
average) and pegmatites (2.38 average) is much higher than )
that of tﬁe buff sﬁenites'(l.O?, Drag Lake; 0.5, Deer Lake).

The.;ajor eleﬁént geochemistry of the buff syenites is
compaféble to tha£ of a mugearite, an intermediate member of
the alkali basalt-nephelinite magma series found in both
continental "and oceanic environments (Fig. 2.3,_$able 15,

Appendix I).

2.5.5 Conclusions
There is considerable field and petrographic evidence

that the syenitic rocks are magmatic in origin: (i) the

.

,f

N
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ﬁgccurrence of xenoliths in the pink syenltes, (ii) the cross

cuttlng relations; fill) the mutual clecse spatial

assoc1atlon of buff and pink sygnltes and pegmatites, the
more felsic varieties (K20 richer) alwayé cross:cutting the
more iron and calecium rich buff syenites. -

Likewise there is much evidence for modificaticn by
syntectonic metamorphism: (i) ubiquitoﬁgttectonite fq?ric;
(ii) reduction of grain size due to reérystailisation'of
large perth££i¢ grains; (iii) recovery and recrjst - ‘
1is;tion-in plagioclase of the buff sYenités: (iv{?iydratlon
‘of clinopyroxene to form aﬁphiboi?.-

The chemistry may have been ébdified to an unknown
extent by contamination by marbles, as witnéssed by the
fairly common océurrence cf sphene and.crystéls, pratches and

blocks of diopside. s

-

xr

. Y e N
‘ As with the gabbroic rocks the sheet-like- -form of these

-
-

bodies is compatible with a pre- or syntectonic emplacement

as sills into an already stratiform pile. The lack of ..

fiattening fabrics and dominance of down;dip plané:stréin to
prolate fabric types indicates théir dimension pérallel to
the strlke has not 51gn1f1cantly\changed \né they were
originally 5111 like. Also syntectonlcemplacement is argued
for by the rare presence éf unfoliated to moderately
‘follated pink syenites, cross—cuttlng follated syenlte.
Since they cross-cut the stroqg foliation 1n‘the host rock

‘and are themselves foliated their time of emplacement must -.

have been preceded and followed By'deférmétiog;

i
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Since alkali-gabbro comparable to alkali-basalt and
syenite comparable to mugearite occur close togetheﬁ it is
tempting‘to suggést that they are plﬁtogic equivalents og a
conti&ental alkali-basalt-nephelinite magma series. This is
compétible with Armstrong and Gittins' (1968) suggestion
that the hypersolvus nepheline syenites of Monmouth Township
may be related to the alkaline Glambrgan Gabbro. It may be
noted éhat the syenites themselves may well have been one
feldspar hypersolvus syenites before recrystallisation of
perthites and grain size reduction.

A second level of speculation would link the occurrence
of continental alkaline magmatism to continental rifting

{(Miller and Gittins 1982).

. \
.
2.6. Unit 6: Granitic Rogks///

2.6.1. Introduction

-

Granite gneiss forms most of the Cheddar batholith and
part of the Cardiff plutonic complex, where it occurs as

conformable sheets. The western end of the Faradéy granite

underlies part of the east of the map area. It is composed

of two sheets of granite-gneiss.' Gfanite and pegﬁatitic
granite is an impe;tant member of the heterogeneous syenite
gneiss unit (Unit 5B8) and also forms isolated small bodies
throﬁghﬁut the area. |

" The Cheddar batholith and the Cardiff plutonic compiex

are the northernmost members of a series of bodies which
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form the Harvey 'Cardiff Arch. This plutonic-structural

feature has an exposed length of‘almost‘GO k;lometres in a
north - norﬁheasterly directioh; Hewitt (1962) descriﬁes
the Arch as a series of autochthqnous an@parautochthonous
granites of the catazone,.implying that the deep level at
which they werebgenerated anatectically is near that now
exposed. Buddington (1959) used them to exemplify his
concept of 'catazonal granite'. Hewitt (1962) noted the

difference in character of the bodies, contrasting the

. sheeted nature of the Cardiff complex with the relatively

homogeneous nature of the Cheddar batholith and the
heéerogeneous migmatitic nature of the Anstruther batholith
tc the south.

Bright (1980) generally agreed with earlier opinion

3

-stating that the Cheddar batholith was a gneissic body

generated anatectically although his map denotes it as
the basél feldspgthic arenite éf the Grenville Supergrdup.
Tﬁis éresumably iﬁplies that it was derived anatectically
from such an arenite.

Working within a regional framework Lumbers 61967)
assigned- the granités to the guartz-monzonite group. This
group was considered to have been emplaced during the last
plutonic eventrin the Bancroft-Madoc areé, thg emblacemént,
for the most part, being synchronous with the culmination of
high-grade metamorphism.

Fowler and Doig (1979) state that the Rb/Sr whole rock

age for the Cheddar pluton is 1200 Ma., but it is not clear
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if this is the age of metagorphism dé of the initial
formation of the granite; The 1200 Ma. age ié considerably
older than both the age of metamorphism and emplacement of
the nearby Silent Lake pluton,; lll8 *-12 Ma. (Heaman 1982,
Rb/Sr)'and the age bragket préposéamfor the emplacement of
the guartz monzonite suite, 1125 * 25 Ma. (Silver and
Lumbers 1966). Note however that a considerably wider time
brackeﬁ for emplacement of ‘this potaséic'group is‘implied by
the Rb/Sr dates of 1060 * 25 Ma. and 1185 * 25 Mé. for the
Addington and Mazinaw Lake Plutoﬁs, respectively (Bell and
Blenkinsop 1980). Moreover, different workers have arrived
at dates with as much as 100 Ma. difference for the same
‘bbdy reflecting, perhaps open-system behaviour during
metamorphism (Moore‘and Thompson 1980). )

The .petrography in this chapter emphasizes the
importaﬁce of the syntectonic metamorphic history. It is
suggested that the bulk of the granite gneiss or;ginated aé
a ﬂypersolvus granite which was similar in ;omposition in
eveky body and sﬁows a modest amount of fractionation.
5.6.2. Composition of the:Granitic Bodies

Although the Cheddar batholith has been described as
relatively RMomogeneous (Hewitt 1962), it contains three
distinct lifhological assemblages:

1) Parts of-tﬁe southeast dipping central portion are formed
" of a fine to medium grained equigranular alaskite (Unit 63)

devoid of shape-fabric and in which magnetite is an
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important accessory. It is interlayered with substantial
conformable units of hornblende-biotite paragneiss. These
are both cross-cut by defofmed'pegmatite and\a ﬁedium
grained to pegmatitic granite (Unit 6C) which has a well
developed qguartz shape fabric. On the west side thié
alaskite intérfingers with hornblende-biotité;granite-and
paragneiss. One thin layer of a feldspar rich quartzite is
located here.

2) At the northeast end of the alaskite is an anticlinorium
of relatively mixed lithologies, comprising supracrustal
rocks, aiaskite, pegmatite, migmatite and mafic layered
clinopjroxene granitelgneiss. A semipelite is the dominant
supracrustal rock. anor garnet-sillimanite-plagioclase
schist, calg-silicate marﬁle and‘pyquene granite gneiss
outcrops on t@é west side of this zone. At the north west
corner of the zone there is a sheet of purple alkali granite
(Unit 6B). | -

3) Hornblende—biotite and biotite granite (Unit 6D) with
minor alaskitic granite (Unit 6A) make up the bulk of the
remainder of the body. Thesé.rocks usually have a
distinctive planar-linear metamorphic fabric. There are no
thigk stratiforﬁ units of paragneissiyithin thesé rocks’
although there are occasional mafic l;yers especially at thé
margins. There are several podlike groups of xenoliths.
Medium grained to .pegmatitic granite (Unit 6C) are important
minor constituents. These are always present at the margins

of the pluton where they cross cut the country rock
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foliatiqn. The same rock type is found cutting the
alaskite. |

In the Cardiff plutonic complex (Fig. 1l.2b) the Centrg
Lake and Monck Lake granité is the most important component.
It is.coTprised of alaskitic (Unit 6Afﬂ hornblende-biotite
_and biotite granites (Unit 6D} as in the Cheddar batholitﬁ.
All have a well developed planar-linear fabric of guartz.
Medium-grained to pegmatitic foliated granite (Unit 6C)
forms small cross cutting-bodies. On the southwest side
there are small conformable bodies of biotite-hornbiénde

gneiss. On the northwest side conformable amphibolite A

e
~

layers are important. Compared to the dominant lithology in“
the Cheddar batholith this granite is somewhat finer-
.grainéd?_more leucocratic and has a more strongly developed

o :
fabric,-otherwise they are petrographically and chemically
similar:

‘The Lower Faraday granite is a fine grained very
strongly deformed sheet. Otherwise it is similar to the
Centre Lake and ‘Monck Lake granite, of the Cardiff plutonic
complex.

The Upper Faraday granite is separated from the Lower
granite by a metasedimentary septum. The upper granite is-
part ofia Jlarger body which exté;dé for‘fifteen kilometres
out “of the map area to.the east. Wigpin the map area it is
* represented by ;-medium grained graﬂite identical to the
medium grained to pegmatitic granite (Unit-GC) of the

CHeddar batholith and Cardiff complex. In most places it
\s,\/':
!

]

RN
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displays the southeast plunging lineation, but it is
. \_\ -
heterogeneously and weak%y deformed inngmparison to the

other granites.
o o
- 2.6.3 Unit 6A: Alaskite
This rock type underlies much of the central portion of
the main body of the Cheddar batholith. Here it is uniform,

hal

medium to fine grained, eguigranular, and, on a small scale

appears massive since it has no guartz shape fabric. It has

a sparsely developed grain-size oﬁ mafic lavering. Similar
looking equigranular alaskite, devoid of layering, is
present in vefy minor amounts through;ut the other.g:anites
of the Cheddar ;nd Cardiff complexes. Véry rarelf this rock

contains mafic pqdé, which may be interpreted as xenoliths.

In the alaskite microcline, oligoclase (Anlo—ll) and e

guartz are subequgl. Biotite and magnet%te may be present
as accessories. The guartz and feldsPaf form an equi-
granular mosaic in which g;ain.boundarieg are indentate and
irrgéular. Quartz occurs as isolated gr;;;s, rarely forming
pélygrain aggregates.- Microcline is free from intergrowths.
In some plégioclase graiq§ microscopic peristerite lamellae
are developed. Discontinuous élbite rims are found at some
microcline-plagioclase boundaries. There are-extreme;y rare
occurrences of isol§ted medium grained microline with plume
and bead perthitic intergrowth and of myrmekitic and kinked

plagioclase.

A
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®he biotite has a Spongy textg;e of spherical and worm-
like inclusions (gquartz?). It has a brown to green pleoch-
roism and.is often associated with an amorphous yellow
serpentine-like mass, Magnetite if the typical accessory
mineral of this unit, .

Rare conformable quartg layers, no more than 3 cm wide,
have coarse grains with exaggerated grain-growth
microstructure and contain albite.

Examples of alaskite from the main body of the Cheddar
pluton but neot from the central portion have been sampled
geochemically. Thése have notably higher K20/Na20 than the
hornblende-biotite granite, comparable to the medium grained

to pegmatitic granites (Table 16, Appendix I).

[N

—

: 2.6.4 Unit 6B: Alkali Granite

Alkal; granite is completely restricted to a
conformable sheet near Hock Lake near the centre of the
Cheddar batholith (Fig. 1.2), where it outcrops for about
2.5 km along strike and forms the tallest hills in the area.
It is mostly a ggeissic rock with a purple hue. There are a
few outcrops where it is undeformed. At its margin it
appears to grade into pink gneiss typical of the main
granites. .

In an unstrained sample of alkali granite quartz forms
¢ne third of the rock. Microcline, with plume perthite
-intérgrowths, greatly exceeds albite (An7_8),‘which

resembles "Chessboard Albite” (Smith 1974). Aegirine is

b
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present ahd{maggetite is an accessory. In some gnéissic
samples of Lsz'mic;ostructures are observed which are.
described in Section 4.3.4. -

The'alkéiine nature of the granite-is evidenced by the

normative acmite, the low Alzo, which is subegual with MgO +

FeO, and the very high total Fe (Table 16, Appendix I).

2.6.5 Unit 6C: Medium Grained to Pegmatitic Granite
These medium to coarse grained granites form minor

bodies which cross-cut the hornblende-biotite granite and
alaskite in the Cheddar batholith. As noted previously,
they are very common at the mﬁrgins of this body, where they
cut the gneissosity of-the country rock. In the southern
part of the Cardiff plutonic complex, they have a similar
relation to the host granite. They may well be present
elsewhere in the complex in a deformed less recognizéble
state. They form most of the Upper Faraday granite which is
exposed in the map area. In the Lower Faraéay granite there
are small cross cutting, highly deformed bodies which are
slightly coarser than the host granite.. These may be the
medium grained granite in a'recrystallised form. There are
granitic members of the heterogeneous syenite gneiss unit
and occasional small isolated bodies which are the probably
equivalent of this rock.

‘ These rocks are distinguished ffsm the host granite in
being more le:;bcratic, coarser grained and generally less

recrysta}lise y although they too usually bear the regional
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lineatiorn.

In these granites guartz, perthitic¢ microcline and -
albite (AnS-B) are subequal. These rocks are distinguished
by the presence of two feldspars which, in contrast to many
of the other granites, are not the product of recrystalli-
sation of a.single perthitic feldspar. The.fé}dspars are
medium grained (2-5 mm). Microcline contains a small amount
of bead-perthite. It is often cracked and displays an
undulatory extinction. Albite is often myrmekitic, it shoﬁs
signs of incipient recrystallisation and grain-size
reduction due ‘to a kink related process (Plate 6a,b). The
size of these incipient neocf}stals is comparable to that in
more extensively recrystallised granite gneisses. Dis-
continuous albite rims are observed on some plagioclase
boundaries at contacts with microcline. Microcline and
plagioclase from the Upper Faraday granite both show a
maximum degree of ordering {Table 17, Appendix I). Spongy
biotite is present in accessbry amoun5§ together with minor
opagues. Quartz microstructures and microfabrics are dealt
with in Sections 4.2 and 4.3.

The primary geochemical characteristics of this group
is that KZB/NaZO is > 1 and that X/Rb is significantly lower
than that for the biotite and hornblende biotite granites

{(Table 16, Appendix I).




*2.6.6 Unit 6D: Biotite and Hornblende-Biotite Granite
Unit 6E: Layered Pyroxene Granite Gneiss.'

Rocks of this group form the bulk of the Cheddar
batholith, The Monck Lake granite in the Cardiff complex and
the Lower Faraday granite. 1In éhe gain part of the Cheddar
batholith they interfinger with the Alaskitic equigfanular
rocks and the metasedimentary inliers at the southe;st and
southwest sides. Mafic layered pyroxene granite gneiss
(Unig 6E) occurring most abundantly at the margin of the
inlier of intermixeq‘metasediments and granites is included
with this group.

In the Cheddar batholith most of thé rocks of this
group ;Ee medium grainea. They have a planar-linear fabric
which is more or less well developed depending on the amount
of mafics present and the grain size of the gquartz. Some
varieties have a weak augen texture. The mafic layered
pvroxene granite gneiss is an egquigranular medium grained
rock becoming lineated in the neighbourhood of Hook Lake.

In the Centre aﬁd Monck Lake granite the rock is more
leucocratic than in the Cheddar batholith, and was termed
alaskite by Hewitt (1957a). Generally the rock is
penetratively lineated. Its grain size varies from fine to
medium graihed, with most fine grained. Although parts of
it have a similar aspect and grain size as in the Cheddar
batholith (for example that exposed on Highway 121 north of'
Paudash Lake) it is mostly'finer grained and appears more

strongly deformed {Table 18, Appendix I). The extremes of
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Ehis grain size reduction and planarity of fabric’may be
seen on the west shore of Jordan Lake at the north of the
Cardiff complex.

The Lower Faraday granite is uniformly fine grained
(Table 18, Appendix I}. As in the Centre and Monck Lake
granite the grain size decreases and the fabric s;gengthens

from south to north (see Table 18, Appendix‘I, Plate 12).

. In the northern half it is a very fine §rained'suqary gneiss

. with delicate, extremely attenuated gquartz ribbons. This

grades southward into a gneiss comparable to that in the
Cardiff complex.

p Quartz forms between one guarter and one third of the
rock. The feldspar is either perthite with minor albite, or
perthite and varying amounts of fine intergrowth-free
microcline and plagioclase or it is entirely a fine grained
aggregate of the two latter. Biotite and hornblende and
biotite are present in minor to accessory amounts and may
replace clinopyroxene. Titano-magnetite, sphene aﬁd apatite
are common accessories. o

In most of the granites guartz forms polycrystalline
quartz ribbons of the "granulite" type. They are described
and discussed in Sections 4:2.1. and 4.2.2.

In the three granite bodies similar feldspathic
components are p{?sent but in different proportions. Loss
o§~perthite coincides with grain-size decrease which
correlates with a strengthening of mesoscopic‘fabric. A

comparable process of grain-size reducticn and unmixing of
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perfhites is seen in the mylonitized grains of the Cheddar
batheolith (Appendix II). In samples from a traverse across
the céntral part of the Cheddar batholith north of Hook Lake
medium-grained microcline perthite is dominant in
hornblende-biotite granite. In biotite granite medium
grained albite (Anz_g) is also present. In some samples of
the former the perthjite lies in a matrix of egquant fine ‘
grained microcline and plagioclase, free from intergrowths.
In a narrow concordant shear zcne with a very well deﬁeloped
fabric only fine grained microcline and -plagioclase is
present. Perthite types include braid, plume, ribbon, {Deer
et. al. 1966), mesoperthites (Plaﬁexsd).' Perthite coalesces
with a rim of albite which may be segmented, continuous or
interpenetrated By similar albite from neighbouring grains
"(Plate 6c). Chessboard albite sometimes accompanies meso-
perthite in the biotite-hornblende granite.

In tﬂe Centre and Monqk Lake granite medium grained,
augen of perthite are always subordinate to a matrix of fine
grained, equant, intergrowth-free microcline and plagioclase
The fine grained plagioclase is in the An5_14 range with
most near An,,. Discontinucus albite rims are common. One
or tﬁo,grains with microscopically visible peristerite are
present in most sections. In the perthite augen intergrowth
morphologies are similar to those in the Cheddar batholith,
braid mesoperthites being most common. Chessboard albite is
present in a relatively perthite rich sample. 1In géneral

there is less perthite, a finer grain size and a less
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albitic plagioclase at the north than at the south pf the
complex. ’

In the Lower Faraaay Qranite, perthite is absent. Vgry
fine grainea plagioclase (Ang_lz) and microcline (0.5 - b.lr
mm) is present, compa;;ble to the fihe grained feldspars of
the neighboring granites. These feldspars show a maximum
degree of ordering (Table 17, Appendix I).

In all the bodies, there is evidence for the meta- .
morphic origin of biotite and amphibole: 1) they forxrm the
planar linear metaﬁorphic fabric; (ii) hornblendé is
intergrown with clinopyroxene in some samples from the
Cheddar (Plate 7a) and Lower Faraday granites. 1In the
Cheddar, unéltered clinopyroxene is present in the mafic
layered gneiss in which there ié no destruction of medium
grained berthite and no planar-linear fabric. (iii) there
are many examples of skeletal amphibole and biotite in which
these mingrﬁls are intergrown with a variety of other very
fine grained minérals (serpentine f?), magnetite, sphene,
carbonate, apatite,.quartz) (Plate 7b-d)f In the Lower
Faraday granite and the Centre and Monck Lake granite these
symplectic teﬁtures are not present in the northernmost
rocks, where only well formed biotite, cor hornblende and
biotite are found. ‘

The major elements of all the hornblende-biotite and
biotite granites are very similar (Téble 16, Appendix I).
K/Rb values in the 300 to 400 range are only slightly higher

than the nermal range for igneous rocks of 160-230 (Heiler
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and~hdams 1964) "and average for igneous rocks, of 280 (Shaw.
i968). The Centre and Monék Lake granite of the Cardiff
complex is a little different froﬁ the Cheddar granite in
certgin respects. For example the former has rela;ively ‘ﬁ\x
elevated K/Rb values, perhaps reflecting the iésser_amount
of amphibole in it than in the latter (Shaw 1968). The

mafic layered pyroxene granite of the Cheddar batholith ‘is

notable for its low KZO/Nazo and high iron.

2.6.7. Geochemistry

All the grénite fall in or near the maxima of the.
haplogranitic system (Fig. 2.4). Howevér; they do.not
define any recognizable.trend within'thi§ system. On a X
vs. Rb plot they form a well defined trend (Fié. 2;5).
Later cross cutting granites show enrichment- in X and lower

K/Rb (Table 16, Appendik I).

2.6:8. Conclusions

(1) The rocks have had an important solid state metamdr—’

phic history as witnessed by the well‘developed mesqséopic
fabrics. .

{ii) Much amphibole and bioti;e are metamorphically derived
from the breakdown of augite. Additional gpmponenté, such

as Na and X are possibly contributed by thé unmix;ng ahd
recrystallisation'bf perthite. 1In this regard the more.
calcic composition of plagio;lase iﬁ the more extensively

recrystallised (finer grained)} granites is relevant.



91

(iii) Feldspars‘show two 1inéages'depending on whether the
ofiginal rock is {a) an hypersolvus.one feldspar granite
l(the pérthitic biotite and.hornblende biotite granites) or
(b) a subsolvus two feldspar granite (the high-K mediim
graineafgranites). Complete recryséallisatiOn of both these
types resulté‘in a fine grained two feldspar granite free of
perthite.

Mesoperthites with highly indenﬁate-grain boundaries
similar to ‘those in the Cheddar granite have been.interﬁre— .
ted as'exsoiution microsfructﬁres (e.g. Yund and Ackermand
1879). 1In thisltype of granite {a) recrystallisation of the

‘pe;thite and grain-size reduction with increasiﬁg strain is
evident from: 1) the occurrence of fine{ perthité—free two
feldspar granite in a shear zone in perthitic granite of the
Cheddar batholith; 2)'£he occurrence of segmented albite
rims continuous with perthite braids in the least deformed
perthitic granites (Plate 14b); 3) the inverﬁe correlation
of the amount of fine intergrowth-free feldspars with medium
grained perthitic augen. The amount of the former increases
with increasing strain judgedﬂfrom inspection of hand
samples, taking into aécount,;fdé example, attenuation of
quaftz ribbons, fineness of grain size (Table 18, Appendix
lI,'Pléte 14); 4) perthite ﬁnmixing and récrystallisatién
with inéreasiﬁg stfain is known from other rocks (Deer et.
al. 1966). (b) The complete evolution.of the two feldspar
medium grained to pegmatitic granite cannot be documented,

although the initial stages of plagioclase recrystallisation
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are clearly recorded e.g. flate 7. : -

Several other points favour the interpretation of the
fine~grained two feldspar aggregate as being the product of
dynamic recrystallisation. For example, peristerite is
restricted in occurrence to the fine grained two feldspar
aggregate. Aithough in Smith‘s (1974) opinidn.peristérite
formation is posttectonic, Wenk and Wenk (1977) dissent,
pointing to the catdlyzing effect of Eéformation on the
otherwise sluggish migration of M and T atoms and Marshall
and Wilson (1976) deménstrated the formation of peristerite
during dynamic recrystallisation. A second feature is the
presence of discontinuous albite‘rims at plagioclase-
microcline boundaries which Byerly and Vogel (1573}
interpret as indicating grain-boundary migration.

These recrystallised feldspars may be further modified
in an 1S2 zone (Section 4.3.5) or a discordant mylonite zone
(Appendix II}. |
(iv) Since recrystallisation and grain-size reduction
correlate with increasing strain it may be concluded that
the order of increasing strain from greatesﬁ to least 1is:
Lower Faraday granite, Centre and Monck Lake granite,
Cheddar granite, Upper Faraday grénite.' In addition, the
south of both the Centre and ﬁonck Lake and Lower Faraday
granite is less strained than the north (Table 18, Appendix
I, Plate 12}. '

C(v) The alaskite of the.'cenwi.:ral part of the Cheddar

r
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‘batholith is totally different from the other granites in
that it:

1) is interlayered with paragneiss; 2) does not have a shape
fabric of quartz, which is made up of fine single grains;
3)fit has an almost complete lack of perthite; Although
these may be taken as an argument for the rock being a~
recrystallised arkose, neither its sheetlike form nor its
texture is necessarily diagnostic. The Centre and Monck
‘Lake granite, for example, is interlayered with amphibolite
"at its northern end. The microstructu;e of the alaskite may
" be a result of extreme recrystallisation, as inaicated by
ﬁhe occurrence of peristerite and two fine grained
intergrowth free feldspars. Quartz may never initially have
been coarser grained. However, the nearby Silent Lake
Plutén has been interpreted.on geochemical grounds to be a
remobilized arkose (Breaks and Shaw 1973) and. texturally and
mineralogically the alaskite.resembles this pluton.
Therefore on the basis of the present evidence it is not
possible to satisfactorily give a genetic interpretation of
this unit. ”

tvi)' All the granites may be reasonably intefpreted to
belong to one'magﬁatic suite (disregarding the alaskite on
‘acccount éf the ambiguities descibed above and lack of
chemical data). The following reasons can be cited: 1)
later (cross cutting) fractions are more K and Rb rich than
earlier: 2) the rocks show a well defined K vs Rb trend; 3}

K/Rb ratios compare with magmatic rocks.
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The history of these granites involves crystallization
from a melt of one feldspar pyroxene granite, subseguent,
syntectonic, crystallisation of the two feldspar granites.

»

2.7. Mafic Dykes

Thin mafic dykes, usually foliated amphibolites, are
found throughout the area. Although sparsely developed,
they have beén found cutting all rock types, predating the
regioﬁal”iineation. Two examplés of unfoliated partly
amphibolized@ diabase are known, cutting the crest of the
Deer Lake Structure in the Cardiff complex and the poorly
foliated Upper Faraday -granite.

Francoeur (1975) described similar mafiq_dykes which
were found throughout Monmouth and Glamorgan Township.
Lumbers (1967) noted that dykes in the almandine-
amphibolite terrain were”foliated and metamorphosed, whereas
in thé lower grade terrains deformation is weak or absent
and‘priﬁarf textures are widely preserved in dykes which mﬁy
be tens of metres wide.

The dykes are thin amphibolite éheets; rérely.more than
15 centimetreé wide. Of;en they may be observed to
cross—cut the country rock foliation only in surfaces near
perpendicular to the lineation. Some dykes contain deformed
and recrystallised plagioclase phenocfysts, whose original
shapes may be seen in this section. Such dykes may have a

marginal zone free of phenocrysts, which is interpreted as a
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chilled;margin.

In thé Drag Lake Grey Tonalitic Gneiss, the southern
part of the Cheddar pluton and the crest of the Deer Lake
structure, the dykes are cut by foliated pegmatite.
Elsewhere the foliated dykes cut pegmatite, for example, in
the supracrustal envelope on the east side of £he Cheddar
pluton. Foliated and unfoliated dykes are found in the
crest of the Deer Lake structure. Evidently several.-
generations are present or, possibly the dykes are
syntecténic.

The unfoliated dykes strike southeast and are somewhat
thicker (up to 1 m) than the foliated variety which also
strike southeast.

The foliated dykes are normal amphibolites comprising
hornblende and plagioclase, with variable amounts of
scapolite, clinopyroxene and biotite and accessory sphene
and magnetite. ,

The partly amphibolized dykes have preserved primary
plégidclase, which.is corroded and partly recrystallised.

Skeletal hornblende replaces clinopyroxene. Magnetite is

abundant.

2.8. Metamorphism
2.8.1. Introduction
The study area lies within a larger region which
consists of rocks of the upper amphibolite facies (Lumbers

1967, Armstrong and Gittins 1968, Divi 1972, Chesworth
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1971). It is but a small part of the southern Grenville
Province which is characterized by rocks of this facies over
large areas.

. Lal and Moorhouse (1969) considered the rocks of
Fishtail Lake to be transitional between the garnet-
amphibolite and granulite facies.

Chesworth (1971) and Dostal (1975) suggest that the
region Belongs to a facies-series of intermediate pressure.
The following are cited as evidence: -

1) the occurrence of sﬁaurolite, typical of the higher
pressure.series of Miyashiro (1973) togethér with cordierite
(Lai-and Moorhouse 13869, Chesworth 1972, Shaw 1962) repre-
sentative of the lower pressure series; and 2) occurrences
of all three aluminosilicates (andalusite, Lgmbers 1967:
sillimanite and kyanite, Best 1966; Hewitt 1957a; silli-
manite, kYanite and andalusite, Lal and Moorhouse 19%69).

Cheswoxth (1971) éuggesteq that the pressure and
temperature limits for metamorphism in the Haliburton
Highlands were between 3.5 and 7 kb and 580 and 700° c.
2.8.2. Metamorphic Events within the Map Area

Two features of the metamorphism which are of
fundamental importance are that it wa? syntectonic and that
it affects all but the latest Qlutonic rocks.

Mineral assemblages (Table 19, Appendix I) and many
mineralogical features confirm most of the conclusions

guoted above. Evidence that the rocks belqng&at least to
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the upper amphibolite facies is: 1) In pelites, potassium
feldspar and sillimanite, although rare, are preseﬁt.
Orthoamphibole rather than orthophyroxene is stable. ii) In
‘mafic compositions (gneissic metagabbro) hornblende (green)
and andesineFlabradorite are stable, typical of high grade
amphibolites (Winkler 1976). iii) In marbles diopside and
tremolite are ubiquitous. Forstefite is rare. These are
typical minerals of higher grades (Turner 1981, Kretz 1980).
Wollastoni#e, typical of the highest grades, is absent. The
assemblages present (Table 19, Appendix I) suggest the
following reactions: tremolite + calcite + gquartz = diopside
+ CO2 + Hzo; tremolite + dolomite = forsterite + calcite +
CO, + E,O; dolomite + guartz = diopside + 002 (in
guartzites). The first two reactioqs in particul§r belong
in‘the field of high-gradé metamorphism (Winkler 1976). iv)
Séveral of the feldspar microstructures are restricted to
high grade rocks. For example, huttenldcber and boggild-
type intergrowth are found in andesine and labradorite in
meﬁé-supracrustal amphibolite, in amphibolite pods from the
grey tonalitic gneiss, in gneiSsic metagabbro and meta-
anorthosite and in pelitic and éémipelific paragneiss.

Similar f%atures are considered to.have‘been formed at
elevated temperatures (600°C * 100, Nissen 1968; greater
than GOOOC, Wenk and Wenk 1977). Discontinuous albite rims,
so common at microcline- plagioclase boundaries in all two

feldspar rocks, may be restricted to rocks of the middle

amphibolite facies and higher grades (Byverly and Vogel
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1973). Moreover Goldsmith (1982) considered peristerite to
be formed in metamorpﬁic roqk at relatively high tempera-
tures but pressures not higher than 6-7 kb. v) The ranges of
plagioclase compositions for specific réck composifion
ranges are comparable to other medium to high grade terrains
(Table 20, APpendix I). In particular the similarity of the
compositions to the two h£§h-grade areas from the Swiss Alps
may bglhoted. ' , |
Regarding the possibie'transitioral amphibolite to

granulite facies néturelof the rock it"s\;elévant that: 1)
the assemblange alﬁandine—cordierite—biqtite—sillimanite is
‘present, similarAto other rocks in the Grenville Province,

transitional to the granulite facies (Dallmeyer 1972). The

assemblages are very similar to those recorded for the

-

amphibolite-granulite facies transition in the Adirondacks,
where a pressure range'of 3-5 kb. was estimated (Tﬁrne#-
1981).

Armstrong and Gitting (1968) recorded-o?thopyroxene
bearing.coronas in thé Glamorgan Gabbfo,_similaf fo thase in
the Farquhaf Lake Gabbrot They wondered ﬁhy this evidence
for granulite facies metamorphism was limited in extent
while theigﬁrrdunding_rocks were of lower grade. In Section
2.4.6., it is suggested that this effect is not‘necessarily
due to repeated episodes of metamorphism but to limited
access of water to the undeformed cores of the gabbroic

bodies.
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The principal evidence for polymetamorphism is the

replacement of diopside and forsterite by tremolite, in the

marbles and related rocks, and the destruction of LSl quartz

microstructures by the LS2 microstructures. Although
evidence for the first event is widespread the timing amnd
physical significance is not clear. The ‘second “event is

localized within concordant zones (Section 4.3.2.) and it

‘has kinematic significance. However it is not clear whether

it took place at a significantly lower temperature or later

-time than the main metamorphism, perhaps at the same time as

the retrogression in the marbles, or simply at a higher

strain rate.
Finally there is the occurrence in the Drag Lake

complex of layvered gneiss with‘clinopyroxene partly replaced

-by amphibole of the main metamorpﬂism. This hints at an

earlier high grade event, possibly restricted to the grey

gneiss. In this regard it is worth recalling the ca. 1400

Ma. age of the granulite facies orthogneiss situated in-
probable basement gneiss some 50 km northeast of the map - -

area.

2.8.3. Metamorphic Fabrics
? The microstructure of the minerals record processes
which started during a dynamic metamorphism and, probably,

continued after it. In Section 4.2.7 it is suggested that

the very coarse microstructures in the quartzites are

exaggerated-grain-growth microstructures: (Wilson 1973).
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This kiné of microgtrucﬁure is the end-product of grain-
growth initiated during dynamic recrystallisation and
continued in the static envifonment until all strain ané
graiﬁ boundary energy is dissipated. The sameApfocess may
be-inﬁoked to éxplain the midrostructure of the coarse |
grained marbles (Plate lc). This explanation is compatible
with many featurés ofrthe marbles: (i) Mesogcdpic and ‘
,microsgdpic incl?sioh fabrics which show evidence of extéeme
strain (Plate 1la,d); (i}) The presence of the cbarsest
grain Sizeé in the pﬁéeﬁt'marblej (iii) The inclusion of
silicate mine%als,.of:en drop-like, within the carbonate

. , -
grains as.wéii as on the grain boundaries (Plate lc); (iv)
.Tﬁe'lack of intracrystalline strain shown by the carbonate
grains; (v) The occurrenée of-the finest carbonate grains
in marble very rich in graphite, the presence 6f which
presumably.hindered'grain growth. This explanation is
compatible with the observation of Luﬁbers (1§67) that
marbles in the Bancrgft— Madoc area become coarser with
increasing metamorphic grade.- .

Likewise the decussate textures of biotité, hornblende
and biotite—hornblen@e-aggregates (Plates 8b,c) represent
the end-product of essentially similar processes. They show
equilibrium boundary configurations in which‘many of the
' grain-boundaries are rational, low energy planes (Spry 1969,

Nicolas and Poirier 1576).
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3. MAJCR AND MINOR STRUCTURES

3.1. Introduction

The mosﬁ important structural feature of the region is
the well known down—dip? southeast plunging lineétion
(Culshaw 1981, Divi and Fyson 1973, Best 1966, Hewitt 1962)
and the northwest leaning Cheéddar and Cardiff granitoid
plutons, type 'catazonal' granites (Buddington 1959). The
lineation distinguishes it from’ the Bastings Lowlands to the
soutﬁeast, where lineations of low rake (many trending NE)}
are found (Hewitt 1962 and Fig. 1.1)

The southeastern border of the map érea (Fig. 1.1) lies

near the border of the{regional zone of SE plunging linea-

tions and includes the two northernmost bodies of the Harvey-

_ Cardiff Arch, the Cheddar batholith and Cardiff Plutonic

complex (Fig. 1.2). To the north dips flatten whereas to
the southeast ;nd south a steepening of foliations coincides
with a change in lineation trend to predominantlﬁ nbrtheast
along the regionalfstrike (Hewitt 1962, 1957 a and b, Divi
1972, Bright 1980). Divi, in an area just‘east of Bancroft,
demonstrated that F2 minor folds showed increased flattening
of their profiles as their axes were progreésivgly swung
with an increase of rake within the foliation from northeast
to southeast. In that area major F2 isoclines with steep-

northeast trending axial surfaces occur.



. 102

Cheddar . Carditt
Batholith Complae :

FIGURE
3.1 - ) . ‘
Postulated seguence of events in the map area-at the
northern end of the Harvey-Cardiff Arch.This is a

. schematic projection of sections of the plutonic .

complexes onto a NW ~ SE vertical plane. (a)Early
‘configuration of basement and cover; (b)cover is thigk-
ened by early large scale folding;granite is gener-
ated along the axis of the Arch,forming migmatitic

and homogeneous bodies; (c)in response to the lower-
ing of the ductility contrast by high grade metam-
orphism the bouyant granitoid rises diapirically

into the denser cover;the northern extremity is
.deformed by ductile shearing; (d)the shear zone
widens,deforming the Cheddar batholith.

5
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The map area ﬁFig. l;l) affofas sections across and
parallel to the strike of the zone of ~southeast plunging
lineations. It is naturally divisible into three structural
units: (i) & fii) the Cheddar pétHBlith and Cardiff Plutonic
complex (Pfgv?l.l), which afe nofthwesterly verging

structures; and (iii) the northern segment of possible

. basement, plutonic gneiss and Grenville Supergroup gneiss

extending from Drag Lake to Elephant Lake. Locally strikes.

run northwest in zones of folding coaxial with the

~ lineations. ' The lineation i$ imposed on rocks forming the

Cardiff-Harvey Arch whose formation postdates the .large F2

folds (Fig. 1.1).

This chapter demonsirates that the SE lineation exerts

'a fundamental control on the geometry of the major and minor

structureé, that it is both a stfetching lineation and an
axis of rotation.aﬁd that the tectonic history of the area.
may be interpreted in terms of a displacement of material in
a ductilg eﬁvironment toward the northwest towards the,élose
éf a structural history which included eariy laige_scale

isoclinal folding and the emplacement, probably éyntectonic

and diapiric of the Hérvey—Cardiff-Arch'of catazonal

gneissic bodies (Hewitt 1962). A postulated seguence of
structural events is shown in Figure 3.1.
For the purpose of analysis of major'and minor

structures the map area has been divided into twenty—one',
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Domains (fig. 1.3). The Domains répresent areas which have
been recognized-from the structufal map to be homogeneous
with respect to éome structural elemént and ﬁistinct from
neighbour(s) witﬁ_respect to that element. Several Domains
‘make up a structural‘gnit such as the Cheddar batholith, or.
a single deain may encompass a significant large-scale
structure, for example zones of folded enveiope rocks
between the Cheddar, Cardiff and Faraday bodies. The -
-Domains'also proﬁide an easy geocographic refefence for

location of minor structures.

3.2. DeScription of Minor Structures

3.2.1. Foliatiomns

Foliations include compositional lavering, schistosity
{either S1 or S2) and shape fébrics which are planar-linear
éf the LS type.

A stratiform compositionai layering exists in most rock
types as described in the petrégraphy section. It is most
common in the supracfuétal-rocks where it probably includes
original bedding, iﬁ the tonalitic ‘grey gneiss and ;n the
heteroggneous syenitic and granitic gneisses. It is of
subordinaﬁe importarnce in the granites and syenites of the
main plutonic bodies and.absent in the meta gabbro bodies.
In most cases the layerihg, schistosi?y and the planar
compenent of the LS shape fabrics are parallel;

An S1 schistosity is formed of alignéd biotite in-

guartzo-feldspathic rocks, phlogopite in marbles and
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biotite, feldspathic aggregates and, rérely, calcite in
quarézites. In some rocks it is the only fabric velement
.preéent, for example in some granites in the north of the
Cheddar Body (Domain 3). In éhe great meMority of cases it
lies parallel to the layering. Foliations shown in Figs._
1.2 and 1.3 are domiﬁantiy S1 foliations, parallel to the
.compésitional layering.

Second foliations (S2) which transect layering and
layer'parallél Sl are rare and almost entirely restricted to
zones of noétﬂwest striking foliations where folding co-
axial with the regional lineation has taken place. In all
cases S2 dips mederately to the southéast sub-parallel to
thé regional foliation and transects a steeély dipping
layering sometimes associated with an open wrinkling of
this layering. It is best developéd in Domain 21. (Fig.

1.2, Plate 8a).

3.2.2 éhape Fabric

Shape fabrics are the guasi-ellipsoidal aggregates of
minerals found in many orthogneisses whic; are assumed to
indicate the orientation and type of finite strain ellipsoid
(Schwerdtner-et. ai. 1977, Grocott 1979). LS fabrics
{mainly LS1l}) are the most significant fabric element in the
area since they indicate the stretching direction of the

rock ‘and serve as a time marker relative to which other

structures may be dated.

5t
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In the grey tonalitic gneisses (Unit 3A) quartz-ribbons
and aggregates of light and dark minerals (hornblénde—biotite
and plagioclase-quarté) are present in rocks of appropriate
compositions. The granites (Unif 6) including many
pegmatites, typically display quartz ribbons and sometimes a -
shape-£fabric consisting of mineral aégregates (Plate 9a).
This létter is common in syenites (Unit 5) where even
mafic-poor varieties have tiny clusters of hornblende of
clinopyroxene, and is ubiguitous in metaéabbroic rocks (Unit
4). Comparable shape fabrics are found in mafic dﬁkes
cutting metasupracrustal rocks in Domains 6 and 7. In
these, polygonal plagioclase aggregates retain the tabular.
outlines of phenocrysts in the sections perpendicular to.the
lineation (YZ).- | |

Inclusions of varied-origin contribute to the shape
fabric in several rock types. In syenitic gneisses
(especially in Domains 13, 14, 16 and 20) ellipsoidal green
diopsidic inclusions are found, sometimes with dimensions of
several ﬁetres. A second example is the occurrence of
elongate gabbroic paﬁches in gébbroic anorthosite (deformed

~

oikocrystic texture).

3.2.3. Lineation

There are two main kinds of lineation besides the long
dimensions of LS shape fabrics: intersection lineations and
the dimensional orientation of elongate minerals. All may

occur together in a single rock and are not distinguished on
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stereoplots (Figf 1.3). For the most part lineations
measured are L1. ﬁ2 features are rare, restricted to
intersections of S2 on compositional lavering or to.the
narrow concordant zones of LS2 tectonites.

-

Mineral Lineation: Amphibole lineations are ubigquitous

in all appropriate rock compositions. -In syenites, granites,
metagabbros and grey tonalitic gneisses there is petrographic
evidence of replacement of clinopyroxene by amphibole
indicating formation of this lineation during syntectoni;
metamorphism. There are rare examples of some amphibole
growing within the foliation at a high angle to amphibole
with a linear orientation. This is best displayed in the
syenite gneiss in the southwest corner of deain 22. Other
minerals with dimensional orientation include clino-

pyroxene in syenites ;nd quartzites, feldspar augen in
syenites, granites, pegmatites and quartzites and rare

silliimanite.

Intersection Lineation: There are three categories of

intersection lineations: (i) the intersection of a deformed
veig or dyke with a foliation (usually Sl); (ii) inter-
section of layering with S1 or Sé which may be expressed as
the physical intersection of two foliations or as a very
small scale plication of layers and parallel Sl (Plate 8);
(iii) the intersection of mica-flakes which display a
decussate microstructure on foliations (Plate 8}, the

At
mica-edge lineation (Fyson 1970)..
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(1) This type of llneatlon results from the homogeneous
deformatlon of a single vein (granltlc or syenitic) or
system of veins and the rotation of sultably oriented vein
intersections on foliations towards the.direction of maximum
extension (Watterson, 1968 and section 3.2.5.), or the
syntectonlc instrusion of veins (Plate 10). -

(ii) The intersection of layering that is original bedding
with S1 ﬁas not been identified with oertainty. The -best
candidates are ridges lving parallel to hinges of ‘
intrafolial isoclines-lPlete 9b-¢) in tightly"folded.and
finely lsyered calc-silicate rocks.

The intersection of S2 on-layering 1s mostly essocij
ated with zones of northwest trends. It is produced by
either a physical intersect&on of two foliations or the
deformation of an old foliation by F, or both. 1In an
example of this type in Domain 7 (Plate 8d,e), rocks dipping.
shall;%ixjto the southeast are surrounded by steeply dipping
northwest striking rocks. This gently dipping foliation is
crenulated by very open upright folds of a few centimetres
wavelength. Comparable open plications with axial surfaces
which dip moderately southeast are very common on steeply
dipping foliations from zones of northwest trends and on
steep limbs of many asymmetric minor folds (e.g. in Domains
4,6, and 2).

An example of the combination of crenulationof an old
foliation with intersection of it by a new one is seen in’

some folded calc-silicate marbles (Plate 9d,e; Hewitt 1957,
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p. 17). Sl is transposed parallel the axial surfaces of
asymmetric F, folds producing a stréaking on S0 which is
parallel to crenuiation axes. At right angles to this
compound lineation tension-gashes filled with late carbonate

and calc-silicates show that it also lies in an extension

direction.

A second example is found in the thick gquartzite body

of Domain 21. A low dipping é2 schistosity, marked by tiny
.slits of weathered-out calcite, transects a steeply dipping
layering on which a ribbing of the guartz is conspicuous.
In thin sections cut perpendicular to the layering and
parallel to the lineation the long axes of all mineral
grains lie parallel to the mesoscopic lineation. In
sections cut perpendicular to the lineation many of these
- grains are observed to be defgrmed into more egquant shapes.
It is the intersection of the grains with equant shapes on
the 1éyering whiﬁh produces the excellent guartz ridging in
this rock. The long axes of pyroxenes, feldépars and
calcites also lie at a high angle to the layering in this
section, forming S2 dipping at a nmoderate anéle to the SE.

Mica and amphibole foliations transect steeply dipping
layering in the grey tonalitic gneiss anq the garnet gneiss
'-:in Domain 17 (Plate 8a), producing an intersection lineaﬁion
which'is parallel to the axes of folds and small plicaﬁions
with southeast dipping axial surfaces.
(1iii) A very common type of lineation in mica-rich rocks 1is

formed by the intersection of the edge of mica flakes on the

T
L
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Trace of biotite basal planes on YZ plane perp-
endicular to lineation in paragneiss which has
mica edge lineation.% is the angle between
trace of basal plane & mesoscopic lavering.
100 measurements in all diagrams. (a)biotite
gneiss from Eels Lake,lineation is down dip,
type I mica edge lineation,domain 5. (b)horn-
blende- biotite gneiss from northwest of
Colbourn Lake,domain 7,lineation has low rake
on steeply dipping layering,type II mica edge
lineation. (c)calcsilicate gneiss from southeast
of Colbourn Lake,domain 7;low rake on steeply
dipping feoliation,type II mica edge lineation.
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layering, the mica-edge lineation. This is the result of
the decussate texture of mica (Vernon 1976). Since in this
texture (Plate-8b) the interfaces of neigh?puring grain-
pairs in biotite aggregates are parallel té (001) of only
one éf the grains of the paif,.neighbouring (001) planes
will not be parallel. Since most of-the flakes appear to
contain the stretching lineation, all the flakes not lying
perfectlyfparallel to the layering will contribute to the
mica~edge lineation in the casé where layering and Sl are
mesoscopically parallel (Fig. 3.2). This type of distri-
buticon (Type I) is typical of the moderately southeast
dipping tecﬁonités. A second type of distribution (Tyéé II1)
is found only in zones of predominant northwést strikes
where it is widely developed in steeply dipping layering
. (Fig. 1.2). The (00l) traces in the section perpendicular
lto the lineation appreoach a uniform dispersion (Fig. 3.2,
Plate 8c¢c). Both types of distribution are easily
recogniéable in hand specimen. |

Strain in the weakly deformed Upper Faraday granite on
the eastern side of Domain 9 is dominantly prolate (see
Section 3.2.5) and biotite has an axial type II
distribution. However'the;trace-of this linear mica fabric
on the XZ plane §f the mesbécopic fabric is obligque ﬁo the
long axis of LS1 quartz ribbons (Fig. 3.3). The trace of
the micé fabric plunges more steeply than the quartz towards
the southeast. This asymmetric fabric hég only been fqﬁnd in

this unit and is interpreted as indicative of northwest

~
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FIGURE
3.3

Interpretation of development of asymmetric
biotite and quartz fabrics in granite gneiss
from Upper Faraday granite near Albion Lake.
Diagram of XZ plane of mesoscopic fabric,north-
west to left.A gquartz-eve,undeformed at Tl,1is

" subject to shear and elongates near parallel

to the principal axis of the incremental strain
ellipse (Xi) at T2.The long axis of the guartz
swings progressively closer to the shear

plane (T2-T4).At T3 metamorphic biotite has
nucleated and grown near .parallel to Xi.Owing
to its late nucleation and growth 1its ‘long
dimension lags behind that of the quartz as
both are rotated towards the shear plane.
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directed shearing during the formation of metamorphiec

biotite (Fig. 3.3).

3.2.4. Mindr.Fﬁlds

| There are two categories of minor folds: Type (i)
intrafolial folds with axial surfaces parallel to the
layériné and Type (ii) wiﬁh the axial surfaces aﬁ a low to
moderate angie to the surrounding layering that are
noticeably asymmétric (Plate 11). Both types are moderately
common in all layered rocks. .

‘Type (i) fold styles vary from Class I¢ to Cléss 3 with
Claéé 2 folds (similar style) estimated to be the most
comﬁon fold styles (after Ramsay 1967). Type (ii) fold
styles vary from 1B to 2. Type (ii) fold tightness varies
from Poen (interlimb angle 120° - 70°, following Fleuty
1964) to tight (30° to Oo) with most bélonging to .the ciose
class (70° - 309).

Type (ii} folds from Domains with northwest trending
foliations have different patterns of orientation éf axes
and axial surfaces frOm those from DomainS'with predomin-
antly southeast dipg%ng:foliation (Fig. -3.4 and 3.5). The
latter have axial surfaces which £end to dip more
consistently southeast; axes, although »redominantly
plunging southeast have a wide scatter and may lie anywhere
near a plane which dips moderaﬁeiy to the southeast parallel
to many of the axial surfacés. Axes from folds in Domains

of northwest trending foliations all plunge moderately to
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Orientation of asymmetric folds from whole area

FIGURE exclusive of zones of northwest trending
3.5 foliations.Crosses,fold axes;circles,axial
surfaces.
<
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the southeaét, while axial surfaces tend to be poiyclipai
(Fig. 3.4). The folds of Domain 21 (Fig. 3.4) are ai .
exception, ggr although all the éxes plunge to the southgast

the axial surfaces are also relatively cohstant in

orientation. . A i
Most fblds.app?ér to be bréadly synéhrbnous with
respect to the metamorphism and the development of the
regiohe&ﬂftretchiné lineation. Several lines of evidence
nay bé cited:‘ (i) Most folds have a lineatibn parallél,to\
the fold axes, including those with axes at a high.angle to
the reglonal llneatlon, whlch very often have axes parallel
to the local llneatlon. Examples of thlS are found in and
around the-Eeis Lake dome (Domain 14) and in ;he western
part of the crest of the DéerrLaké Structure fDomain il,
Figé. 1.2 and 1.3). (ii) Lineations are very rarely
refolded. (iii) Granite and pegmatite formation occurs
before,. during and after fold forming .(Plate 11).  (iv)
Rarely, similar minerals lie in botﬁ S0/S1 and S2 (Plate
8) e.g. in Domain 17, a zone of NW trégés in the Drag Lake
complex, -lineated granitic leucosome f;rmed syntectonically.

Someé other f£olds have axes at a high éhgle-to the

regional lineation and to the .local lineation. The best

examples are found in the northern part of Domain 13 in

tonélitic grey gneiss and guartzite (Fig. 1.2). These are
asymmetric folds with rounded near parallel proflles,n
amplitudes of one or two metres, moderately dipping axial

<

surfaces and axes east-west to southwest*northeast. _These
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folds may be related to folds of intermediate scale which
are reséeesible for sudden*local dip and-plunée reversals in.
_ the northern Domalns, for example in Domain 16 (Fig. 1.3).
There is some evidence for the existence of folds with
_cﬁrved hinge ;ines, Two examples from Domains 21 and 13
have axee on the same outcrop diverging by up to 45° within
a SOutheast dipping plane; axes from-an isoclinally foided
calc~silicate rock whieh borders a marble'tectoniq breccia
sﬁow a compa:able‘variation within a single hand-specimen; a
rather well exposed fold in feldspathic gneiss in the
northern part of Domain 13 has a eurvea hinge (Plate 11£f),
‘and may be related to nearby.asymmetric folds with axes at a
high anéle-to the regional lineation.

Oe the other hand there are many folds which have
apparently rectilinear axes paralle;'to the regional
lineation, but which.do not have the tight profiles expected
of folds which first formed at a high'angle te the iineation
andlwere subsequently rotated towards the stretching |
direction. Many asymmetrical folds from within and outside
, of the Domains of herthwest trending foliation belong to
this class. The mullion-like lineation formed by-gentle
folding of steep foliations around southeast plunglng a¥es ”
may be 1ncldﬁed here. An hypothesis for the formation of
those in zongs 05 moderate SE dips is described in Section
5.1.3. ‘ ’

Refolding of folds is rarely observed. In relicts of

shallowly southéejt dipping supracrustal rocks within the
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(a).

) (b). - ' Pegmatite

FIGURE
3.6

Structural relations in supracrustal rocks.of the
roof pendant of the Cheddar batholith (domain 2}.
Isoclinal fold of layering in biotite gneiss, near
Eels Lake North, biotite forms S1 whiéch lies on
the axial surface. (b) asymmetric fold of
layering (So) and foliation S1 from location near
(2) . Boudinaged pegmatite is folded and later
pegmatite lies on the axial surface.

-
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intef-plutoﬁic steep zone of Domain 7 an upright crenulation
co-akially refolds. mesoscopic isoclines (Plate 10). Asym-
métric folds on the flanks of the synform whiéh surrounds
the pyvroxenite body of tgg Fargquhar Lake complex (Domain 14)
include one which refolds an earlier fold in a mi&matitic
layering. Both these examples are clearly related to the
forming of ‘the northwest structures.

.. In the crest of the Deer Lake structure there are many
asymmetric minor folds reiated to the major structure (see
Section 3.2.9). In one case these refold a boudinaged and
isoclinally folded migmatitic layéring and schistosity in
feldspathic gneiss (Plate 1l1b). A similar case is found in
infolded supracrustal rocks of the Cheddar Body (Domain 2)
where asymmetric folds deform a layering, micaceous
schistosity (S1l) and boudinaged granitic veins (Fig. 3.6b).
'Nearby.there are isoclinal £folds of the layering in which
the Sl‘SChistosity is axial-planér (Fig. 3.6a) other
isoclinal folds deform a granitic component. The scarcity
of fold‘interference prohibit§.the confident designation of
fold ages. Nevertheless, the examples given above do show
‘that folding affects an already highly efolved stratiform
foliation and formation of.grénitic material occurred during
and prior to all phases of folding (Plate 11)5

3.2.5 Strain

Deformed Vein Fabrics: In rocks cut by mafic dykes or

systems of granitic or syenitic veins which have been

-

- . -

Q\s"
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deformed, the relation of the trace of‘the rock fabric.té
the margin of the veins varies according to the lécation of
the erosion surface on which it is exposéd relative to the
principal axes (XYZ) of tﬁe rock fabric. In the map area,
especiélly in the noxthern Domains (13 to 22), there are
many examples of heterogenecus gheisses formed of layers of
}gneous and/or supracrustal rock of vafied origin. Many
have an extremely planar aspect and many show signs of
crystalline strain such as sugary.fine grained feldspars,
relict ‘feldspar augen and extremely drawn out quartz
ribbons; Only a minoriﬁy of these are exposed well enough
to show the geometry of the layers. 1In sections in zone
with the 1iﬁeation vein margins are characteristically
parallel to the trace of the host rock fabric (Plate 10).
In sections perpendicular to the lineation cross-cutting
" relations between veiqs and host rock fabric are preserved.

. Examples of these relationshiﬁs are found in most rock
types aéart'from the marble mainly in the northern Domains
(Table 21, Appendix I), 'and in the Burleigh fold (see’
Section 3.3.2.). Watterson (1968) suggested éhat the ;
geometry of vein‘fabrics is related to the shape of the bulk
strain ellipsoid,:the homogeneity and magnitude of the
strain and the initial orientation of the wveins. Systems
which have sﬁffered_high homogenecus plane strains will show
cross cutting relationships and profiles of isoclinal- folds
with axial planes parallel to the flattening foliation ;nly

. -

' in the section perpendicular to the lineation. Polyclinal

<
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folding will be evident in this section with constrictional
strain. Presumably this_relationship of vein gecmetry and
strain holds whether vein emplacehent is pre—- or syntec-
tonic. Accordingly most of the vein fabrics seen display
approximate plane-strain fabrics (Table 21, Appendix I). A
noteworthy exception is that of the northeast shore of Drag
Lake where polyclinal folds of veiﬁs in sections perpen-
dicular to the lineation indicating constrictional strain
occur (Plate 10). This example is in a zone of northwest

trending foliations (Domain 17).

Marble Fabrics: In the layer of impure“marble which
forms a-concordant envelope almost completely surrounding
the Cheddar batholith, the great ductility of the marble in
comparison to other materials is shown by boudinaged
structures in pegmatiﬁic, granitic and amphibolitic layers‘
and by the high degree of amplificatien of folds in them.
These features are.best seen on the‘northwestern and
southern tip of the body, where boudinage structures show
apparent extensions in excess of 400% parallel to the
strike. Oblate and somewhat elongate boudin tablets occur.-

‘Marbles in which many boudinaged fragments have
variably oriented long axes are commoﬁ'throuéhout the
northern Dom;ins 13 to 22 (Plate la,b). Such fabrics havé
been called Tectonic Bfégcias (Hewitt 1957). A well exposed
“example on Elephant Lake Road (Domain 13).shows instructive

relationships. The breccia is a concordant layer not more

than 1.5 m wide. The calcitic matrix is isotropic and fine
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grained and contains ovoid and rounded silicafe inclusions
with variably oriented long axes in which there is no
iineation or foliation. At thé upper margin layers of fine
grained, sugary pink and green'ca;c~§i;icate gneiss are
foldeé in open asymmetric northeasterly verging folds of a
few decimetres amplitude or in highly amplified isoclines
wifh very sharp hinges whose axial orientation may vary on
the scale of a hand specimen. In places thesg layers are
broken up and included an the marble; Below thé breccia a
biotite feldspar gneiss ig_folded in asymmetric southeast
plunging folds with highly deformed long limbs (Plate lle).
In most tectonic breccias the carbonate matrix forms a
mosaic of eguant cent;metric-grains. Silicate fragments
vary in size and shape considerably. Boudinage and rotation
may be observed in all stages. Elongate boudinaged fragments
are often subsequently folded. There is evidencg that some
of the fragments are also produced by a pluckingf the
margins of large bodies of plutonic gneiss by the dﬁctile
marble. An excellent example is found near the western side
of Dudmon Lake on Hféhway 121. Here proportions of buff
syenite to marble decrease in an easterly direction in a
section oblique to the strike. At the weStern end marble is
absent. Fragmentation and engulfment of the syenite
increases until marble forms 60 per cenﬁ of the outcrop.
Fragments of syenite range from half-metre réctangular

blocks to tiny millimetric ovoids spread evenly.throughout

the marble. Carbonate fills gashes in the syenite. The
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~gneissosities of neighboring Syenitic ffaments are highly
misoriented, attesting t¢ considerable rotation.

- These fabrics reflect the very high ductility contrasts
which must exist between marblg éﬁd silicaﬁe rocké at meta-
morphic temperatures. The blocks with variably oriented |
gnéissosity or sigmoidal feldspathic tails are interpfeted
" as reflecting a2 history of simple shear (Ghosh and Ramberg
1976) and in some cases may inaicatera sense of shear (Plate
1b) . | |

? Strain in the Granitic Gneiss (Unit 6): The granitic

rocks of the Cheddar, Cardiff and Faraday Plutons (Unit 6)
" are all rather siﬁilar petrographically and geochemically
(sée Section 2.6;7). A gqualitative idea of variation in
magnitude and type of strain can be gaineq from f;eld
observations of grain size, which is assumed to decrease
with increased strain {see Sectiocn 2.6.§j, homogeneity of

. development and orientation of LS fabrics and, more rarely,
the angular relationships of fabrics to deformed pegmatites_‘
or mafic dykes. RelYiﬁg on- the first two criteria it
appears that'granitic rocks of the Cardiff complex are
generally more strongly deformed than those in the Cheddar
batholith; that strain increases from south to north in the
Monck Lake granite of~thélCardiff complex; that strain also

increases om south to north in the Lower sheet of the

<

Faraday granite and that the ﬁpper Faraday granite is much
less deformed than the Lower. Inspection of relevant

photomicrographs (Plate 12) and measurement of the size of
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feldspar grains (Table 18, Appendix I) illustrate this
variation in grain size and the concomitant decrease in
grain-size range and number of large perthite grains within
and amongst the granites. The decrease in feldspar grain
size is also accompanied by an increase in quartz‘ribbon
‘aspect ratio. The principal conclusion is that strain
.judgedrqualitatively from field inspection of the rock
fabric increases from éouth to north across the plutons,

It is common practice to regard shape fabrics in
§1utonic gnelss as directly related to the Shape of the
strain ellipsoid of the whole rock (e.g. Schwerdtner 1977,
Grocott 1979). In the granites of the Cardiff and Faraday
plutons and inadjacent rocks shape fabrics of quartz
aggregates have been measured in order to validate field
estimates of the relative stréngth of foliation and

. lineation. . The resultant Lodes numbers show some variation
of faqric shape with spructural.position with fe;pect‘to the
plutons (Fig. 3.7}. (i) shallow to moderately southeas£
ﬁipping'rocks on the western and northern flanks of the
Cardiff complex and on the southern flank haﬁe values close
to 0, a plane-strain fabric, although three examples have
prolate fabrics (neéative Lodes numbers). (ii) Prolate
fabrics are present in syenite gneiss and a mafic dyke
between the Cardiff and Cheddar plutons where.foliations are
steeply dipping and strike southeast';hereas adjacent
éranite of the Cardiff complex also with éteep'fq;iation

o

striking southeast, has weakly oblate fabrics. (iii) There
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is é.great'contrast between the UpperlFa:aday granite where
strain abpears t&.be low, which has pronounced prolate
fabfics, and thé'moré étronély deformed Lower  Faraday
granite which for most of its length has values indicative
. of piane-strain. -
| The pléne strain fabrics of the moderate to shallow
soutﬁeasf dipping foliations on the northern f£lank of the
Cardiff pluton and the shallow‘fabrics of the Lower Faraday
granite aré\compatibie.with the simple shear model envisaged
for the whole region in which the shear plane dips moderate-
ly southeast. In this case the Y direction is subhorizontal.
The prolate fabrics in the syenite and the mafic dyke
between the Cardiff and Cheddar plutons-could reflect the
superimposition of two plane-strains with X directions-
parallel and NW but successiﬁe 2 and Y diréctions mutually
perpendicﬁlar. The stage with ¥ subvertical developed when
the envelope rocks were crumpled between the Steep NW
trending walls of the plutonic complexes, presumably during
emplacement. These increments may have been succeésive or
synchronous, an interference between the plﬁton eﬁplacement
strain and the regional shearing strain. The weakly oblate
fabrics in the adjacent granitic gneiss would have been
formed during the emplacement of the granites. Likewise the
constrictioﬁal strain in the Uppér Faraday granite may
result - from a similar interference of emplacement and

regional strain due to shearing. In the Lower Faraday

granite the influence of the latter is clearly greater.’
<

-
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It is of note that in both the Domains with apparent
constrictional strain there is the well developed type of
mica-edge lineation (Type II) in thch mica plates are
uniformly distributed around the'lineation (Fig. 3.2),
lending strength to the idea that this type of mica-edge
lineation reflects constrictional strain.

Mesoscopic Fabrics in Northern Domains (13-22):- The

-

rocks of the northern Domains exclusive of the grey -
tonalitic gneiss complex and‘§he mafic. plutonic gneisses,
comprise a heterogéneous mixture of granitic, svenitic and
supracrustal gneiss,'interlayered on all scales. The récks
appear to be mo#e strongly deformed than all but the most
northerly of rocks in‘the Cardiff and Cheddar Compléxes and
some zones in the grey ghéiss {(Unit 3) and form a zone of
~high strain transecting the map from the Faraday granite fo
the wg§t side of the érea, north of-the Glamorgén gnqiss..

The main featpre is the very étraight layered Often
fiaggy asbeﬁt of thé rocks.‘ This is caused in the buff
syenite by the preséncé-of a strong vein fabric.of fine éink
svenitic, éranitic and pegmatitic veins. Other straight
layered mixtures comprise pink granite and syehite and.
-concoréant highly deformed %egmatite with augen texture with
the foliation flgwing around drop-iikefiﬁcrﬁsions'of vari;d
composition. granite,Asyeniﬁé and augen pegmaﬁite form
layers within anf of the supracrustal rocks forming systems
of very planar aspect.

On the hand specimen-scale, several features indicate

strong deformation. Augen and fine sugary textures are
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present in.manf of the syenites, granitéé and pegmatites.

In a few examéles the presence of large isolated feldspar
augen (up to 5 cm in length} in a fine.equant feldspar
matrix attest to a high degrée of grain size reduction
during recrystallization. Quartz ribbons are generally very
delicate and finely drawn out.

Many or all of these features occur together forﬁing an
association which typify the rocks of the area. An excel-
lent example is.found in neighboring outcrops near the
extreme southwest corner of Baptiste Lake (Plate lb,e). The
main rock types are marble, hornblende-biotite gneiss and
calc-silicate gneiss.' Granitic, syenitic and pegmatitic
. veips-penetrate the silicate rocks forming very'planar vein
fabrics with a southeast plunginé lineation. The veins have
very fine grained sugary feldspar textures and quartz
ribbops. The pegmatitic layers are marked by augen
jte#tures. _Tﬁe coarse érained'marble tectonic breccia is
replete with misofiented.boﬁdinaged-layers and blocks of
supracrustal and intrusive gngiss. The néarby ouﬁérops of -

the Lower Faraday granite show all the textural features

L

aisplayed by the granite veins. 'j
The mesoscopic fabrics of‘thehgrey tonalite gneisé and
the garnet gneiss show a sgrucfurél'history broadly divi—
; sibie‘into two parts: (i) the earliesﬁ stéée which encom-
passes the period before the emplacement of the syntectonic
_granitic veins and may have predated:amphibolizatioh of the

whole complex. (ii) The second stage which involves all
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events during and soon after the emplacement of the granitic
veins whicﬁ occurred during themlineation forﬁ%&q event, the
main metamorphism and the formation of the zone of northwest
striking foliations. This second stage generally was only
loéally as strong.in the grey gneiss as in the enveléping
supracrustal, granitic'énd syenitlc gneiss.

jiiJ; The presence of a strong deformation which pre-
dates the emplacement of the granite veins is demonstrated
where the granite, although lineated has a medium grained,
" weakly recrysﬁallised tgxture of feldspar but cross cuts

-

gngissawith a more-pléné:_déformed aspect, or cross cuts or
engulfs an amphibol;te layer which has a lensoid highly
attenuated form. A strqiéh; layered gneiss with sguare
- terminated boudins is presené'where amphibeolization is not
complete (see Section 2.3.2) indicating.that the boudinage
predated ﬁhe amphibolite facies metamorphism,rand hence the
granite veins and the lineation. '
Since some of these dﬁder high strain features appear
to predate the 1inea£ion and none of the gabbroic, éyénitic
_or %ranitic orthogneisses have any deformation fabric but
thé‘lineation, fhis earlier fabric may have be?n fofmed at a
.period predating the emplacement of the gabbros and
sfenites, possibly -even predating the appearancé of the
" Grenville SuperggpupQ c

(i1) The deéree of deformation which took place in the

grey gneiss during aﬂa after the emplacement of the granitic
- . . Ve

N
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veins is shown by the strength of various fabrics, for’
example fineness of grain size and planafity of the g¢gneiss,
expressed-by the parallelism of the mafic, gneissic and
granitic léyers. Concordant wiﬁh'the regioﬁal gneissosity,
several high strain zones are known, none of which a?pear to
be wider than a few tens of metres. Examples of these zones
are‘fqﬁnd near the boundaries of the camplex,'for exanple on
the éasfern énd southeastern shores of Elephant Lakg, near
its western shore in the isolated sheet 6f‘;:ey_gneiss, near
the southern.shore of Farqﬁhﬁr Lake and on the southern
shore of ﬁrag Lake. Rocks in these zones have a very wglﬂé;
foliated flaggy aspect, often delicately laminated with
strohg vein—fabrics. The granitic veins form concordant
iayers-of augen gneiss. In several cases these zones
contain concordant schist ("tectonic schist"” in Fig. 1.2 and
henceforward) horizons which vary in width from a few
centimetres to two or three metres (near west side of
Elep%ant Lake). They commonly containvisolated feldspathic
augen and ;tringers and truncate isoclinal folds:og the
layering of .the host gneiss. In an example from near the
southern;shére of Farguhar Laké thé schist zone has an
asymmetric biotite planar-linear fabric (Lsz)...The sense of
asymmetry of the biotite fabric is-the same as that of
guartz in the:%u:roungang gneisses, indicating iocalized
southeasterly diéécted'shear‘of upper layers.,

In the garnet gneiss (Unit 3C) there is, in more

L

micaceous members, a-fabric of dismembered pegmatite which
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A

resembles a tectonic schist, being charged with feldspathic
augen and stringers, alt@odgh.ft lacks the strong planarity

of the/schists and is less micaceous. Adams and Barlow

. {1910--Plate IX, Figure 2 and p. 78) called an example from
e _ S N
Fishtail Lake: "wonglomerate ;heiss produced by intense

.

motion ...." and envisaged it as the end product of a

’ process marked by "extreme motion w1th an unusual plasticity

T

vl It resembles the "tectonite gneiss" of DaVidson et .
al. (1982), and probably has the same significance.
| To the north reconnaisance shows that a broad belt

(> 10km) of similar strong syn-lineation deformation is
-

present in interlayered probable basement and supracrustal

-

. rocks. The emplacement of the grey gneiss must a@ccompany or

.precede this deformation.,

*

3.3. Description of Major Structures ' ‘ &

3.3.1 Comparision of Net Projections of all Domains. .
All domains in which interﬁediate’and map scale folding

is -absent are characterized by southeast dipping folrstions

(Domains 1, 13 19, Fig. fi:é). The contoured stereoolots of

poles to foliations of many of the domains with intermediate

and map scale folds hav%fmagima of similar orientation to

that of the unfolded southeast dipping foliatio?,'(Domains

/J_\Q,B,5,7-9,11,12,17,18,20—22, Fig. 1.3} and w-axes which ‘lie
either sub-parallei to the SE plunging regional stretchigg
lineation (Ll) or in a plane which lies roughly parallel to

unfolded southeast dipping'foliation (Fig. 3.8). The point

& -
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FIGURE Axes of intermediate and large scale folds (axes
3.8 - of all Domains). - 7 axes numbered by Domain.
“N
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maxima Qf poies to foliatioms may be modified by open
;upright lardge and intermédiate folding which slightly
disperse the distfibution‘(Fig.'l.B, Bomains 14-16 and Fig.
3.9). Transitional to a girdie is a partial éir@le (Domains
18 énd 22) usually form?d by gentle large scale folds. Well
defined girdles (DOméins 2,7,9,17,21) are formed in Domains
whe&e intermediate scale and meéoécopié SEale NW trending
‘folds are importént, in these Domains the:dominant'trend of
+the foliation is NW along the strike of the fold limbs.
‘Since cylindrical folding is present it is profitable
to regard the Domains as macrofabrics, fellowing Watterson
(1968) and Lisle (Ié??). The configuration on the nets is
thus referred to the £ype.of bulk strain-in the L/S.fabric
schemé. Point maxima will reflect ellipsoids with.nb_ |
contraction in ¥, in the plane of flattening perpendicular
to the maximum extension, indicating oblate to plane strain
fabrics. Girdles will representlﬁhe range wi;h contfaction
in thig direction, indicating near'plane—stfaih to pro;gté
el;ipsoids. |
It is‘arguéd_that:the two types form a mosaic of plane
strain and fairly prolate ellipsoids and that this pattern
‘is essentiai to thé interpretation of the map area as being
'\onmed’iﬁ a tectonic regime of low angle transport. The
pléne-strain macrofabrics may bg interpreted to reflect ther
regional shgaring strain whereas the prolate macrofabrics
form from interference of regional énd loca} {eg. pluton

emplacement) strains.
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.

3.3.2 The Burleigh Fold.

Y

The Burleigh fold lies at the eastern margin of the

- Harvey Cardiff Arch some 15 km to the south of £ha main map

area (Fig. 1.1). Regional mapping (ﬁewitt 1957b) leaves the
exact nature of the fold uncertain,.it is difficult to
decide from the form 1ines-ﬁhether it is a flattened tube or
a Z-shaped fold. Its position on the flank of theiarch and
its intimate mixture with rocks of granitip and pegmatitic
composition leave no doubt that is must have been effected
strupturally by the arch-forming event. Struéturél data from
the northern nose (Fig.j3.10) show thét it is unlikely that
it was made by the arch-forming process. :
The stereoplot of foliations reveals a cylindrical fold
(Fig: 3.10) with an axis plunging 102/40 étﬂright angles to
the arch flank. The axial surface ;ies roughly parallel to
the arch flank. It is thus a reclined ;socliﬁal fold draped
on the side of ‘the arch. The form;sdrfacé of the fold is a
compositional layering and a micaceous schistosity which
lies in the axial-surface of minor folds. The Fatter trans- =
é%se a layering, gquartz-sillimanite veins -and eafly.éraniﬁe

eucosomé. The major and minor fold axes are sub parallel

7 (Fig. 3.10).

A second generation of' granite and pegmatite forming -

bodies varying from half to one or two metres wide has a

_ "mode of occurrence which is controlled by the shape of the

fold. In the nose of the fold granites commoﬁly both‘

cross-cut the foliation with dihedral ahgles of near 90° and
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are concordant. In the limbs c§9§s-cutting relations are °
less common and the. granitic bodies have a pinch and swell
structure. Veins striking at high angles to the axial trace
Efe only weakly folded and foliated. These observations are
made in thé most cormon plane of eiosion, at a high angie to
the lineation. On rare erosion surfaces in zone with the}
lineation the veins lie.near parallel to the lineation
{(Plate 10), and thus form a "vein fabric".

It may be concluded that: (i) since it is difficult to
. conceive how such a large fold could be formed during aréb
uplift, that the formation of the fola pfedatea the
gmplacement Qf-tpe granitic material which accompaniéd the
emplacement of the arch; (ii) that the arch was preceded by
two deformatiqns, that forming the fold and that forming the
folded schistosity; and (iii) that the fold.énd the g;;nites
cutting it were deformed fogether duriné ahd'possibly'after
the arch uprise to iﬁpoée a linear ESE trending fabric.

It is reasonable that the large F, fold of Divi (1972),
some 45 km along strike to the northeast (Eig.-l.l) which is
similar in history, shaée and size is ofrthe same age. Bbth
may represent a major folding event which predated the arch.’
The regibnal structural succession is compatible with those |
of othe;‘studigs (e;g; Francouer lQ?S,-Glam&?ga% and

Monmouth_qunships).
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3.3.3 The Cheddar batholith and Its ﬁnve;ope (Domains 1-7).

Th?feytcrop pattern of each of the two gran;toid masses
of the Cheddar batholith, the Eels Lake granite~in‘the south
and the Cheddar granite to the north is elliptical (Axes 13
and 10 km) with the longer axis funning northwest—southeasﬁ
at an angle td the axis’of the.Harvey‘—Cardiff Arch, (Fig.
l;l; 1,3 and 3.11). The northerlf Cheddéar éranite has a "D“.
shaped map pattern, the upright of the D'running northeast
perpéndicular to the long axis of the complex. The Eelé
Lake granite is elliptical (axgs 6 and 3 km),-its long axis -
also trending no:theaét. .

Monoclinic symmétry is displéyed by the margins éf'the
whole granitic complex which is also evident in the net
projéctionqu poleé to foliations for the northern part of
the Cheddar batholith (Domains 1,2,3). Fig. 3.12 shows a
very broad gigéle whose axis plunges moderately to the
southeast_roﬁﬁhiy parallel to the trace of axis of symmetry
of the outcrop patpern and the regional‘lineation.

In general foliations in the Cheddar pluton .conform to
the shape of the margin like lavers of aﬁ onion,'th there
is little evideﬁce for a compleéte dome form such as a
central‘érea of horizontal foliation. Smoothly curving
form-lines méy be readily constructed for the north, south
and west'segments but are abruptly terminated in the east
(DOmain 2) where foliations are variéble in attitude,

forming an LS macrofabric.



FIGURE _ ' >
3.11

Lines which approximate the  traces of planes of symmetry

- ©f the Cheddar Batholith and the Cardiff Complex (C-C' and
B-B') are inclined at a high angle to the trend of the
Harvey-Cardiff Arch (A-A') and near parallel to the trend

©f the regional lineation (heavy arrows).This is interpreted
to indicate that the regional strain,as opposed to the local
diapiric strain,has a dominant influence on the gross
geometry of these bodies. (Foliation triple points TP).

Form lines as in figure 1.3. :
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,FIGURE  Svnoptic diagram of poiesfto foliations of the .
3.12 Cheddar bedy (Domains 1,2,3). Contours at 0.4,
: 1.1, 2.1, 3.2%/1% area. N = 285. ‘
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Domain 1 forms' the upright'of the "D" shape which is a
monocline‘dipping gently_southeast (Fig. 1.2 and 1.3). It

is composed of .stratiform alaskitic sheets and less

~ frequently hornblende-biotite gneisses. Although the

alaskites lack shape fabrics some component of post—granite;
flattening across the foliation must be present since'the
foliation-is cut at a low aagle by pegmatitesiwithfaugen

textures and pinch and swell structures.

—_—

There are rare reclined folds with the same style,

P

vergence (N) and axial trend as that in the Eels Lake Body

(Domaln 4) and the nelghbourlng prOJectlon of supracrustal‘

rocks (Domain 6)

Domain 2 is composed of an estlmated 60 percent granlte

!

and 40 percent supracrustal rocks occurring: in a. synclin-

orium (Fig. 1.2 and 1.3) which is characterized by the

‘presence of abundant mesoscopic and intermediate scale folds

plunging east to the_sohtheast’which‘is refiected in a
girdle of-poies to foliation Qith an-east-southeaSt‘plunging
axis (Flg. 1. 35' |

Minor asymmetrlc folds (Tvpe (ii)) verge predomlnantlv
northwards with axial surfaces subparallel to the regional
foliation maximum. IThese folds deform aischistosity-axial

planar to early isoclines where granite veins were produced-

.before and during this folding:

) Domaln 3 consrsts of the north part of the Cheddar

bathollth granltlc rocks to the north of a promlnent

' northeast trending lineament and those in a strip to the
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west of Domain 1 running patallel the western margin.-

The net projection (Fig. 1.3) shows a dispersed
pattern. As 1in Domaln 1 this northern segment of Domain 3
contains little evidence for a dome form. 0ccas;onal steep'
dips in areas of,moéerate dips, as on the north shore_of
Hook Lake, or shallow di§s<in-areas of steep, as neat,the
northern margin, are suggestive ofrﬁolding. |

On the net projection‘for the Eels Lake grahite (Domain
4, Fig. 1.3) poles to gently dippiné foliations fpfm a |
partielﬁgteat-&iiple girdie the axis of which coincides :
exactly.with the northeast trending long-exis of the
elliptibal oﬁtcrop. Lineations$;iso coincide with this axis
(Fig. 1.3), as dees the axis of the/s{g;le‘northwesterly
verging minor fold. The attitude of the margins ana_the
shellow inclinations in parts of the interior are compatible
with an elongate dome form.

Lineations from the entire betholith have either the
same trend and plunge as minor fold axes and the girdle axis

v
or lie dispersed within a plane lying parallel to the axial

planes of the minor fotﬁt (Fig. 3.13), they do not neces-

* sarily coincide with the plunée of the body.if\w\j’

Eor the most part supracrustal rocks lyfhg south of the
. Cheddar bathollth (Domaln 5) form a modérately southeast
:dlpplng monocllne curvmng with' the margln of - the Eels Lake

.-body. As this margin curves to the northwest, “the dlps

~ steepen. On the net projection {Fig. 1.3) this curving and
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steepening has a cyclindrical geometry with a southeast

plunging axis, comparable to other inter-plufon belts (e.g.
Dgmains. 7 and 9). Lineations generally lie within a
;

R ]
outheast dipping plane at high angle to those in the crest

of the Eels Lake body. -
™~ . ‘ )
7 Domain & consists of a synform which separates the
y

R

ggstern extremities of the Eels Lake and Cheddar granites.
‘Layering and foliation poles lie,on a well defined great

circle (Fig. 1.3) indicating it has a cylindrical

macrofabric comparable to other interplutonic structures

- . ' N . - E

(e.g. Domains 5,7,9). The axis of the girdle pluages -
gently east pafallel to the lineations. A down-plunge view

of the marble kand in this Deomain reveals a somé?hat -

» N~

reclined northerly vergence comparable Fo thesminor folds -
present in the batholith. Minor NW veréiﬁ@ asyﬁmetric folds
(Type (ii)) “are cqmpara?le to that in the Eels Lake boéy and
those in Domains 1 and‘éLof the Cheddar Body. Qﬁartz shape

fabrics in folded granitic veins indicate extension parallel

.}tonthe fg&d axes in a direction comparable to that of shape

fabrics w%fhin the Eels Lake body.

Rocﬁé’in Domain 7 on the westerly side of the Cheddars
. b&ﬁhqlith are generally conformable with a wide belt of 4
southeast dipping rocks which Stfiﬁg parallel to the wgstérn

flank of the Harvey-Cardiff Arch. BAs the envelope rocks

. swing round the northern flank of 'the Cheddar pluto
-western flank of the Cardiff complex they become steeply

.dipping and change to a NW-SE strike quite abruptlym(Fig.

&
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1.25 forming a foliation tfiple-point (Eanmer and Vignéresse
1980). Thg net projection of foliations for Domain 7 (Figf
'l.é?\has a well formed-girdle.consistent with-isoclipal
folding of the northeast trending rocks about an axis
plunging Southeast, coincident with the lineations and fold
ﬁéxes in the Domain. Spallow foliations striking
north-no;theast related to larger than oﬁtcrop scale folds .
are—loqglly preserved withiﬁ the steep belt wherelthey are
severely crenulated. It is in the crest of these folds that
the coaxial refolding of isoclines and development of '~
axially symmetric mica-edge lineation previously referred to
is found, demonstrating that thg mica fabrics represent
additions of regional and'localfstrain (emplécement

-~

related).

3.3.4.‘ The Cérdiff complex and Faraday granite (Domains
g-12). ’ -

The Cardiff complex is a set of structures which like.
the Cheddar cqmplex'is félded about moderately south to
.sbutheastﬁard plunging axes (Fig. 1.3,_Domains 8,9,10,11,
12). Dips aloﬂg the'nérthwestern margiﬁ are generally .
shallow compareé to thése at comparable locations in the
Cheddar batholith. In both cases southeast st;iking'
foliations are steep. ' Likéléﬁé Cheddar batholith, the
. complex can be regarded as a planar—iinear macrofabric

i’

ptunging moderately southeast.
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"The.complex differs from the'éheddar batholith in being
formed half of syenite and supracrustal rocks besides - . -
‘granite. The presence throughout ﬁuch of the complex of a
lithdiogical layéring'is a major contrast with the Cheddar
complex where a gneissic shape ‘fabric (LSi) is much more
common - .fhe‘layeging makes possible the recognition of a
deformed crestal regiOn.

The Cardiff complex has an outcropiﬁéttern like a
rounaéd triangle with 10 km sides, its axis of symmetry is
at an angle to tﬂé of the Harvey-Cardiff Arch (Fig. 1.1 and
3.11). The component granite, syenite and supracrustél

_ gneisses are éntgriayered oﬁ a large.scaie.‘ The outermost
iayer, the semi;continuous Monck Lake ana Centre Lake
granites, envelopes the complex defining the shape of its
margin (Fié. 1.3). From the-nofthern side, striking
northeast to east—west.ang dipping gently southeast} the
layer curves southward to where it strikes NW-SE parallel
to the sﬁeeg’zdne of envelope rocks lying between the
complex and the Cheddar bgtholith. On this §idg the
"foliation dips steeply outward (SW). From the séutheast end
of this steep-zone the layer curves to the northeast forming
a broa& antiform plunging south-souﬁheast. The folded nature
of the southeastern portion contrasts with the gently .
curving nature 6f its northern flank. Dips are somewhat
steeper in the southéast than in the northwest. The outer

- layer of granite thus defines a triangulé& tube-like body:

plunging and steepeniﬁg‘to the southeast. Internal
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foliations and litholeogical boundaries are generally
conformable with tle shape in an onion lafer fashion.

" 'The antiform forming the southern part of_fhe complgx'
(Domain 8) dies out northwestward along its axial t;ace
where if is replaced by foliations d{pping more uniformly-
southeast. This change marks the edge of an oval structuré{
centred on Deer Lake, which compriées.Domaips 10 and 11 and
parts of 9 and 12. |

The eastern half of this structure (Domain 10 and weip
part of deain 9) is é reclined fold (Fleuty 1964) with a
moderately inclined SE dipping axial surface-and a southeast
plﬁnging axis. Within the layered paragneisses of the core
area, northeast df Deér Lake, the pattern of asymmetry of
'minorjfolds is consistent with the antiformal nature»éf this

»

part of the structure (Fig. 1.2). A broad zone of S folds

'is succeeded by na{Fow zones of M's and Z's close to.the

northerp_s%eep limb of the stru;ture;' The axialcﬁhxfaces of
these folds dip modefateiy southeast (Fig. 3.13b). In the
area around and including the east end of Deer Lake
foliations have very variable.attitudes'reflected in the two
prominent maxima on the net projection (Domain-10), and
interpreted as resulting from folding on the intermediate
scale, of the same age as the mesoscopic folds, @f a rather
flat crestal region. The heterogeneous deforﬁétion of . the
layered coré contrasts with the homogeneous deformation of
the la;ge mass of syenite overlying it to the east, which is

uniformly lineated.
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Domain il comprises the western ﬁa;f of the central
oval struéture; As ghqwn from the foliation poles (Fig. 1.3)
" This part is roughly cylindriga1ly folded on a moderately.
plunging sputhwesterly,axis.- There is a small area where
stretching lineatiéns have a similar plunge.

Across strike in a northerly direction in Domains 10
and 11 dips change from shallow to steep and back to
shallow. To the west the dips change ffom westerly to
easterly across a synforma;'strugﬁure which dies ouﬁ‘rapiqu
to the nérth and south. The Deer Lake syénité is uniformly

lineated in both these areas.

Lineationsﬂand fold axes from Domains 10 and 11 lie
approximately withgp a-plane that corresponds to the average
axial surface of Ehe.ﬁésoscopic folds (Fig. 3.13b).- |
- Lineation and fola éxes'are parallel but diverge some&héf'
from those in the rest of ﬁhe body. The foliation which is
deformed in this structure has an extended history since the
asymﬁetric folds‘at‘xhe northern margin of the core zone in
Domain 10 deform a boudinaged‘migmatitic layering (Plate
11b}. The micaceous foliation lying in this layering is
already isoclinallylﬁolded. | | |

Domain 12 includes the northwesggrn and soufhweste;n
sides of the curved Monck Lake granite sheet, and exten@s
southeastward to join Domain 8. At the northwest side of the

complex foliation dips moderately southeast beneath the’

- ]
-

ceritral oval core.. At the western shoulder of the complex

-

the foliation quickly changes attitude to very steep,
= ' '
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striking ébutheéste:ly parallel to fhe tréﬂés in Domain 7.
Agéin this reflécts 2 cylindrically;foldéd form, about a‘ 
moderately southeast plunging axis which is parallel to the
strétchiﬁg‘lineations. The'granite is uniformly lineated -
thréughout, thé-strength of the fébric decreasing from ~
northwest to séutheast.

The eastern side of the Deer Lake syenite, thé west end
of thg Fa;aday grénite ana the enveloEing rocks in between
afe included in Domain 9. 2 narrow well defined girdie of

foliation poles (Fig. 1.3) reflects the geometry of all

scales of structures. . The main feature is a disharmonic

synform between the two plutonic complexes in which shallow

southeast dipping rocks curve around the flanks of the

'complexes and appear to converge, steepen and strike northi’

west formingla‘fqiiation triple—po%Ft. This again is a

cylindrical structure with the lineation and the girdle-axis

-

parallel. The attitude of the girdle-axis is very close to

that of Domaln 12 on the other side of the complex (fig.
1.3), demonstrating that the northeastern and the south-
westerﬁ sides have very similar geometry.

" In Domain 9 folding on the mesoscopic-and intermediate

scales 1is concentrated in a zone between the southeast

- dipping rocks and an area located where the two plutonic

complexes are'ciosést'together and the foliations are

LA
uniformly steep and striking northwest. The folds are
rolyclinal, the poles to their axial surfaces fall in a

poorly defined girdle (Fig. 3}4), the m-axis of which lies
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éarailel to the-fold axes and liheation. As in.the centre
of tﬁe Déer Lake_strucﬁure and Domain 7 the layeringrwhich
is folded-coﬂtains a miggceous layering, occasional
boudinage structures and isoclinal intrafolial folds.
Within fhe_southeast dipping foliatiqns'the presehce of open“'
' folding with axes at a high angle to the regiopal‘lineatidn
is betrayed by occasional reversals of dip in which the
ineation plﬁnge is reversed. | |

The western énd of £he Faraday granite is composed of
an upper and a lower plutonic unit. For most of their

utcrop length the units have shallow dipping margins and
ére separated from each othex by a Supracrﬁstal‘layer
éompoéed dominantly of marble. Strain within the two
granites, is much greater in the lower unit; although fabric:
trends are in both bodies similar.

The easternmost tip of the ﬁorthern lobe of granité
gneiss of the Monck Lake granite outcrops_in.the northwesér
corner of Domain 9 on the shores on Jordan Lage. This
granite is of similar highly deformed'aspectlas the lower
Faraday granite. This fine grained highly tectonised body
contains several layers of tectonic schist containing
rotated feldspathig augen. The two highly-deformed'granifes
on both sidés.of Domain 9 occupy similar structural leﬁels
and may be iﬁterpreted as hﬁving a history of bein over-
;idden from the southeast.py‘lérge‘masses of pluton%c

gneiss. | | (

\-->



151

3;3f5 Heterogeneous Deformation and Sense of Shear in
Gabbro.

At the southern tip of Farguhar Lake two lenses of
heterogeneously defbrmed metagrabbo lie en échelon (Fig.
3.14). The two bodiés‘are‘sépafaﬁed by a narrow belt of
-hqmoéeneously fqliated metagabbroic gneiss which strikes
north-northeast. The northern lehs and its southeastern
' foliated carapace are continuous with the long sheet of
gabbroic gneiss which strikes northeast fg: several kilo-
metres beyond the south shore of Fargquhar Lake (Fig. 1.2).
Country rock, calcareous, ‘tonalitic and syenitic
‘gneisses dip moderately toward the southeast. Lineation in
all rocks plungeéfu:the southeast except for local'reyersals
in the wunderlying tonalitic gneisses (Unit 3A). To the
south a large S-shaped curve in the country rock foliation
marks a divergence in the northeast striking attitudes. The
‘curve follows the outline_of the metagabbro (Fig. 3.14). It
is present up to two and a half kilometres south of the
body.

On the northern side of the foliated belt there is a
rapid transition inté—unfoliated gabbro which is relatively
poorly amphibolized:with a wide-spread preservation of
‘'subophitic £e2£ures‘and coronas. A single shgar zone
observed within the gegerally unfoliated gabbro is narrow
{> 50 cm) and dips m&derately to the southeast, with a
southe?sterly lineation. ‘Asymmetry of foliation curving

?
into the shear zone indicates shear of upper layers to the
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‘northwest whlch is in accord w1th LSi fabrics discussed
later. The southern lense is more thoroughly amphlbollzed,
there'is-llttle relict cllnopy:oxene,and no coronas are -
present. Subophitic textures gre-recognizable although-
plagidq;ase is partly'recrysfallised. In-thi;_lense there'
are several narrow (5-30 cm) and steep southeagt striking
shear zones (Fig. 3.14). These zones have a gentl& south-
east'plunging lineétion and a sinistral shear-sense. The
'details of fabric development is described in See;ion 474,
The gabbro forms steép—sided knolls thch Eilow some of
the features of the'three dimen;ional geometry of the
foliated zone to be observed. The maih features of this
geometry are that foliation curves from moderately steep at
the highest structural levels to shallow and flat at the

lowest levels. This transition can be seen in the steep

western side of the southern lense. )
F

The steeper foliations on the western side of the
southern lense are Sut by several narfow sﬁéar zones which
dip gently southeast. These shear zones have a southeas%
plunging lineation and a fabric asymmetry which indicates a
northwesterly transport of upper layers.

‘The main features to be explained are the en echelon
arrangment of the two lenses, the evidence that theylare
physically céntinuous, the lineation which transects their
Erénd, the shear directions of the small scale shear zones

(northwest for the thrust faults and left lateral for the

strike-slip faults) and the curving nature of the foliated
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Farquhar Lake. Symbols: solid arrow, fold axis
with vergence; crosses, unfoliated gabbro; lines,
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FIGURE Model for deformation at metagabbro body at the

.3.15 south of Farquhar Lake. (a) undeformed shape.
(b} ductile thrusting directed to the northwest,
oblique to the length of the body along a thick-
ening shear zone (dash ornament), produces an en
echelon. array of undeformed rocks. Steep
sinistral minor shear zones have same shear
direction as flat-lying main zone.

1
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southeast. ‘Séveral plunge reversals of the southeast

1558

zone. _The shape of the foliated belt is interpreted as a
curving shear zone or as the curving foliation in' the

leading edge of a propagating shear zone“(seg Ramsay_1980,

Fig. 17). A model compatible with both of these

interpretations is shown in Fig. 3.15 in which a body

‘elongate north-northwest parallel to the trend of the

undeformed pyroxenite body which lies in a syﬁcline to the

north (Fig. l.2a), is cut by a shear-zonme with a NW

transport direction somewhat oblique:to the length of the

body. NoriKwest directed thrusting on this zone would

account for the en echeloﬁ arrangement of the blocks.

3.3.6 Large Scalq-Structures in the Northern Domains

.

-

(13-22)
The 1$rgest-scalg structure in the northern Domains is_ .
a gentle synform cored by pyroxenite separéting the Drag
Lake and Straggle Lake comple#es of grey gneiss (Fig._l.g

and 1.3). This major structure is bounded.on the west side

by twe zones (Domains 17 and 21) of northwest trending

foliations in which folding is coaxial with the southeast
piqnging regionqi lineatibn. All thgée_st;gctures are. .
disharmonic to under. and/or pverlying';tfﬁcﬁures..Tg.eést
and westrof this_maj@r structure the foliation dips fé the |
trending 1ineation_ané'présent.' A éompafison of_eéuai'area
nets }Fig.'l.S),shows that fﬁe-étructures may be'deriveﬁ by

folding . of a.gently southeast dippingxhomocliné'ébohﬁ axes-
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lving within this plane. Deformation is cohcenﬁrated in
supracrustal rocks and granitoid gneisses of this folded
hombcline, forming a belt pf high strain whicQ;EFaverses the
area (Section 3.215)} | b

There_are severél"important structural relations

between the major iithostratigraphic units. The grey

/ﬁfdxﬁﬁgiitic gneiss (Unit 3A) centred -on Drag Lake (Domains

»n

16-19) dips under supracrustal rocks (Units .l and 2) to the
south but overlies similar rocks to the north, Similar
tonalite gneiss unit outérdpping'aroﬁnd~Faréﬁhar, Allen and
Yankton Lakes (Domains 14 and 15) appears to. lie within’
Supracrustéi rocks ‘at a‘ﬂighe; struct;ral ievel than the
Drég Lake and ‘Straggle Lake complexesh(Fig.l.Z). Likewise
in the southﬁeéé corner of_;he ma§ areé: supraqrustal rocks
and syenipic gneisses dip geﬁtly sbq}h.beneaéh-the'Glamorgan
‘Gneiés cbmplex, which has a large component of‘the érey
atonglitic‘_gneiss. The reiétions 6f the grey tonaliticl
gnéiss units with thgféﬁﬁracrﬁs%él rocks along their
northerq edges is comparable ﬁo that of the Cheddar and
Cafdiff bodies which also lean towards the ndrthwest. These
relations may‘indicate’that the grey gneiss has been

. thrust over and into the supracrustal rocks.

AThe area in the east bouncded by Baptiste, Farguhar and

Fishtail Lakes and includes structural Domain 13 is largely

homoclinal (Fig. 1.3). The eastern side of this area, in

particular the boundary of the grey gneiss with supracrustal
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rocks is omly known from reconnaissance mapping. It is
. /, ’

continuous with the homool;ne of LS teotonite gneisses which
] - -\ - .
1s along the northern edge GE\EB§ Cardiff complex and is

dominated by the highly defOrmed,heterogeneous gneisses)

..
—

\oQ§scr1bed in Sectﬁons 3.2, 5. The rocks are perfectly
homoclinal excer\\ln a zone .to the west of Elephant Lake in
the environs of the‘grey &%elss contact where lntermedlate
scale foldé*are;present; This £olding causes wide swings of
strike between neighbouring outcrops but dips remain lowi
In the neighbouehood of these folds there are also, in fhe

———

supracrus%al rocks and the grey gneiss, mesoscopic folds

with eastewest to oortheast - southwest trending axes. :
These folds are asyometrio reclioed to recumbent, with a
rounded profile,.and are less than two metree wide. They are
most common in the grey "tonalitic gnelss where thelr 1§£g

limbs are sometlmes very strongly deformed, locally grading

into tectonic schist.

-
\

The boohdary of the grey tonalitic gneiss cuts
obliquely'acrossIthe‘regional trend forming the eéstefn limb
of e'regionel.efnfdrol At its northern Eggjrsoutheaet?of |
Fishtail Lake, it ‘is irregular.

A:sysﬁem of upriiyﬁ disharmonic folds oéﬂ%red on a
'synform containing thé Allen Leke Pyroxenite.lieé in the
.ceotre'of the oegional eynform.l Theseﬂupright‘folde are
large scale feetures which‘have limited exofession on the -

[~3

‘;lntermedlate and mesoscoplc scale when compared to the zoﬁes
rd . _4)(!-1') } -
of northwest-prendlng iatlon (e g Domalns 17 and 21).

-
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zones of intermeaiate”scale folding indicated by iarge
attitudenchanées between outcrops do occur in pldces on the
easé and west sideé of the ﬁpright structurés {east Domain
14 and Domain 16) ./ The axes for tﬁ;se upright structures

and the zone of lntermedlate scale foldlng (Domains 14 and

716) all have very shallow plunges suggestlng uprlght

" folding of a previously shallowly lncllned plane (Flg: 3.8).__:

To the north of the fold system the east side of the

‘main synform is well defined. The boundary of the grey

tonalitic gneIss sweeps round forming an antiformal
promontory south of Fishtail Lake. The west side has -a

‘comparable, but, in detail, more comp;ex_geometry (figs. 1.2

and 1.3).

’

The central_s&ﬁfofm of the fold system (Domain 14)

\ ~
joins eastward with the homoclinal rocks of Domain 13 in a

zone of intermediate scale folds. The strike swings from

ngfthé;st to north-northwest between Outhaps. Mesoscopic
folds of'this generation have not been identified. The
surface folded ig the'comppéite 1ayéfing and gneissosity
&hiﬁh is the product of extreme deformation, lineations have
low plunge and low rake on the southwest dippingéfbliations,

plunging predominantly o the northwest. -

v .

The i}mbs of the central synform are boﬁh moderately
dipping, iqgicating a nearlf upright symmet;ical structure.
However, the axial trace ig the foliétion of the'pyroxenite
is displaced towards the cast limb. The ‘synform is

boat-shaped with a blunt stern af the .northern end and a S
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‘sharp bow at the south. .The axis is very gently doubly f
plunging, which is reflecééd in the plunge reversal of the
lineations. Squth of the 'bow' a very genﬁle antiform, with
an axial trace ét a high angle to the synform axial trace,
warps the sfructure, exposing the migmatitic gneisses which
underlie the grey tonalite gneiss along the isthmus which
separates Grace Lake frop Férquhaf Lake. South of this
culmination the grey topalitic gneiss, which is overlain by
metagabbro, dips southeast. ‘An S-shaped trace of foliatiohs
curves around the gabbro at the south end of F%rquhar Lakér

- over a width of several Eilometrgs (Fig. 3.14). .In some
reépects this structure is analagous to that on the east
side of Domain 9 in the Lower Faradéy granite and its
enveloping gneisses. The similarities are: the curving
shape which is essentially a wefolding that is coaxial with
the lineation; t@e constituent rocks show signs of great
deformation, for example graphite bearing mylonitic marbles,
coarse marble tectonic breccias, concordant augen B
pegmatites, quartzites and a very planar syenitic migmatite
gneiss; mesoscopic folds have moderately inclined axial
surfaces'and éfe coaxial with the lineation; rare
intermediate scale folding forms local steep zones of
northwest striking foZ?Elion (Fig. 3.14).

To the north of the main synform data is-scarce.

Foliations with moderate southwest dips are present. The
main synform is separated from the next synform to the west

! by a very narrow antiform. This structure is asymmetric, ﬁkﬁf
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béing somewhat gteeper on its eastern flank. The scant daéé
suggest'ﬁwo domal. culminations. .In the northerly~oné
supracrustal rocks are exposed (Unit 1b), while in tpe -
southern one gabbroic gneiss (Unit 4B), apparently the |
lowest 1evel‘of the mafic complex, is exposed.

To the ;est of this narrow antiform.is a much broaqér
svnform in grey tonalitic gneiss around Yankton Lake. fhis
is a broad structure with shallowly dipping_limbs, much
gentler than the folds to the east. It too is disharmonic,
since the folded grey gneiss merges southward along the
synformal axis with southeast dipping grey gneiss. This is
possibly in part due to the same open upright folding‘with

approximately east-west axes which is postulated at the

)
.

southern end of the dentral synform.
The central system of large-scale folds is separated

from structures in Domain 16 to the west by a southeast

[N o~

dipping homoclinal swath which extends west to the south

‘shore of Drag Lake and contains a large sheet of syenite.

Domain 16 comprises the eastern extremity of the mass.of
grey toﬁalitic gneiss centred on Drag Lake and its
enveloping supraé;ustal.rocks. Open, uprightf intermediate
scalé folds affect all rocks in the DOmain., The net of
poles to foliations (Fig. 1.3).showéﬂthat the folds have
axes which plunge very gentLy’éastwar@. Thesg folds cause
some plunég reﬁersal-of the lineation.
The central sysésﬁ/gf open folds is bounded on the west

* -

and southwest sides by northwesterly trending structures

S
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which are formed by folds which are coaxial with the
southeast'plungihg lineation, (Domains 17 and 21). Thegé
structures are dishadrmonic ﬁ;th respect to each other and
with réspect to the system of opeﬁ folds. The NW trending
structures run from north of Drag Lake southeast to Esson ~
Lake'where they terminate in a NE treﬁding belt of syenitic
gneisses dipping SE undet the*Cardiff and Cheddar.Complexes.
Tgé zone of northwesterly structures is continuous with-the
‘ T-shaped easterﬁ termination of the Eagles Lake marble belt
which lies to the north of Drag Lake (Hewitt lég}b). This
térm;natéqn continues northwest for some six kilometres
north of the map area. “
In the grey tonalitic gneiss of Domain 16 which is

£

affected by né&theast trending folds, foliations on the

(S -

western side pass into the zone of northwegt trends with a
genfle swing to the southwest. In the Eoundary beﬁween the
grey gneiss and the'éverlying supracrustal rocks this swing
;r/—ijcféfked by éphabrupt step showing an apparent sinistral
g 7disp;gcemeqt.iﬂj#h; plane of the map. There‘is no other
evidé%ce qf in?éfggfénce betweeﬁ the northwest and northeast
treqéing structure%{

This belt i1s disharmonic, since down plunge, to the

southeast it issftruncated by the boundary of thé grey gneiss

b\ﬁgdand.by the large southeaét dipping sheet of syenite\and

northwestward it makes a wishbone éattern around the salient

of marble and garnet gneiss. Westward the belt of northwest -

striking foliatipn merges across.a narrow strip of’
.. 2 -
1

)

A3
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intermediate scale foldipg with the westefn area of south-
east dips. The ne£'for Domain 17 shows that the southeast
lineation is the axis of all the folds (Fig. 1:3).

A zSye of northwest structures comprlses Domain 21 and
forms a belt which is relatlvely wide compared to its length
parallel to the lineation trace {Fig. 1.3) It is compoisd
fundamentally of an antiformal and a éynform structure.l
The former is a simple.structure defined by a thick
quérézite (See Fig. 1.2), the latter is more complicated.

It has an irregular western boundary composed of several

different rock types. In its core intermediate scale and

- mesoscopit folding is important. To the east of the

antiform thereris more intermediate scale folding about
similar axes. The entire zone is disharmonic with respect’
to-structures above and below. -The.net shows the dominance
of folding coaxial with ‘the regional-southeast plunging
lineation'(Fig. 1.3). '

In ﬁﬁe synformai area and in the irregular protu-
berance of south dipg}ég amphibolite which forms a south-

western boundary, reclined to recumbent mesoscopic folds are

fimportanta(sge Figl 1.2). They are less frequently

developed near the western boundary of the amphibolite. In

<

steeply dlpplng quartzztes a secondffollatlon of mineral

inclusions lies near parallel to the axial surfdces of theseJx’

folds and the regional SE dipping foliation (Fig. 1.2). In

“the amphibolite the shape fabric varies from blade-like to

prolate as its eastern margin is abproached: matching the
.-' ) t . x
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prolate mica fabric coﬁmon in the steeply dippiﬁg rocks of
« the synform. o - —
,i The area ébmprised of Domains 18-20"is a soupheaét:
dipping homocline with a .southeast plunging lineation..
There are naErow b%Its of northwest trehding foliations

- which are reflected ip‘weak girdles in the nets of

Domains lBEand 20 (Fig. 1.3).

" 3.3.7. Summary
a— .—\-_/ .
kr/' The fundamental feature of the area is the dey ment
= :
throughout of the southeast trending lineation. ~%he a is

part of a larger regiéx‘with this lineation, which itself is

one of several similar zones in the wesfiern Grerville

province {(Lumbers 1975,.Daviéson et. al. 1982).

The lineation and ali structures are imposed upon a
northeasterly striking homocline. Foliation in this
homocline gradually steepens in a southeasterly direction.
Northwest leaning granitic and plutonic bodies plﬁnge
southeas@ward parallel to the lineation. Zones of northwest
trending foliations are zones of folding coaxial with the
stretghing lineation and may be considered as linear
ﬁacrofabrics (Watterson 196é, Lisle 1977).

The lineatiqn pogtdates large folds-of kilometric pré-
portions which’fold a micaceops foliation. For example,
sou?h of tﬁe map area near Aébley (Fig. 1.2), granites and
pegmatites related.to the formation of the Cardiff Harvéy

v. O : -
arch postdate the large Burleigh Fold and are deformed
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together with it to form the lineation during or after arch

emplacement. To the northeast (south of Bancroft) minor

'folds of the same age as large F2 folds have their axes-

swung into a southeast direction during the lineation

forming event (Divi and Fyson 1973).

3.4. Origin of Structures

3.4.1 Comparison with Regimes of 'Low Angle Ductile
Tectonic Transport .

Many features of the area are comparable with examples

of low-angle tectonic transport. S regimes include

_nappes, thrusts and ductile shear zonesi~all of which have

structural features in common. All these systems involve
large scale translation along a low-angle transport

direction in . which all or part of the material being moved

-is plastically deformed. The occurrence togethexr of many of

these features is advanced as circumstantial evidence for

b
translation. \ ' - | \/}

There are many examples of stretching lineations in

such tectonics, in the absence of stratigraphic proof of

such systems. In the study area the shape fabrics forming'

)

the stretching lineation are present where the fol%atiOns -
are norgheast striking and have an estimated, and locally
measured, plane—strain'morpholbgy. This . strain type'is

comparable to those in shear zones in gneissic terrains

h "

;(Escher_and.Wattersén-1974, Watterson 1968, Bak et.al. 1975)

where it is<consid d QF-be a'necéssary feature and to



strain in conglomerates ig nappés (Hossack 1968, Chapman
et.al. 1579). In the sheared gneissic terrains, as in the'
study area, vein fabrics expressiné'large hoﬁogenous'bulk
strains are common.' |

The characteristic feature of the structural Domain map
(Fig. l.3)'is that it is a mosaic of Domains in which poles
to S-surfaces either\ie:m_a singlenmﬁimum,which refleéts a
moaerately southeast dipping foliation, or form a girdle
normal to the stretching lineation and wﬁich contain thé
same maxima. Thié pattern is found in many tectonic systems
‘with low plunging transport directions. For example, in the
thrust terrain which includes the Mof%e thrust, several
Domains close to the trace of the main thrust plane shéw
this variation of geometry (Christie 1963) in which the,
maxima of poles to foliations is subparallel to the pole to
the thrust plane. A similaf arrangemert of girdles of
poles to foliations and stretching lineation is found in the
Bergell granite and its envelope, part of an élpine nappe
structure (Wenk<1973) and in an alpine ééridotite at Lanzo
(Nicolas and Boudier 1975). The effect is equally commoxn in
large-scale transcurrent shear zones (Nicolas et.al. 1977,
Bak et;al. 18975) and in regions of gneissic'rocks whose
structural patte;n'has not been related to any one of these
-specific situations (Watterson 1968, White 1966).

Asymmet:ic minor folds from outsid; of the belts of
'no:thﬁest striking foliation have a common axial surface aqd
axes.wﬁich iié spfead éut }n tﬁis-gently southeast dippiné

R :
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sufﬁgce.ﬁ This "average" axial surface lies close to the
maximum fouhd.in the pole figures of'foiiations of most
structural Domains. The stretcihing -lineation has a near
.constant rake-in this surface. Examples of this arrangement
are well documented in low angle thrust environments (Eryant
and Reed 1969, Christie 1963, Johnson 1957). This is
usually explained by assuming that rocks near a thrust plane
undergo simple shear with the shear .direction lying near
par§llel to the stretching lineation. ?oids formed with
axes at a .high angle to the shear direction will have the
axes progressively rotated within the axial surface towards
the stretching lineation (Flinn 1962, 1965, Sanderson 1973,
Williams 1978, Escher and Watterson 1974). It has been_
pointed out (Ghosh et.al. 1579} that folds which have been”
so rotated will appéar more flattened than those formed with
their axeé initially parailei to the ;tretChing lineation.
Quartz C-axis microfabrics from LS1 and LS2 téctpnites
show girdles which are perpendicular to the stretching |
lineation (see Section 4). There are numexrcus examples of

this basic geometry from regions of low-angle- tectonics.

o

-For eiample, it is present in mylonitized guartzites from

the Moine thrust (Johnson:l957; Christ;e 1963). It is common

in quartiites from napﬁe complexes, eé. in qﬁartzite from

the enveloﬁe of the Bergell gr@nite'(Wenk 1973), in gquartz .-
© e

pebbles\from a Caledonide nappe (Strand 1945) ané Listerl

(1974) mentions several from Australian nappe énd thrust

complexes and it is reported from-transéurrént shear zones

(Bouchez 1977).

-



. record simple shear (Fig. 3.3).
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3.4.2 Structures Indicating a Component of Simple Shear.
All of the above featpres found in the study area are
‘compatible with some form of tectoﬁic system with a low
élunging transport direction. There are additional struc-
tures whi¢h are compatible with a~st4te'¢f sihple shear on
various scales. The most obvious is the shallowing in a

northwesterly direction of the regional homocline. Related

to this is the northwest lean of the teonalitic and

especially the granitic bodies. Passing from the Cheddar
northward to the Cardiff complexes there could be an
increase in shear-strain marked by flattening in dip of the
northérn margins of the complexes and a syntectonic
refinement of grainésize;

Other indications Qﬁ simple shear ére the struqtures in
the heterogeneocusly deformed metagabbro soutﬁ of Farquhar

Lake in which large and small scale structures indicate

northwest directed ductile thrustiné while steep northwest
» — \:.‘w\. .

striking shear-zones have a sinistral sense. Strﬁcturdl
lithological types such as the tectonic schists found
sporadically in the %yeni es and grey tonalite '‘gneiss and

the marble tectonic brecdias also probably record components
' \

_of simple shear. In soffie cases th%;e is direct proof of

this, as for instance in the LS2 tectonic. schist within the

grey gneiss (Unit 3A) from south of-Farguhar qué 6r'rotated

silicate inclusions with sigmoidal tails in marble tectonic

L)

breccia (Plate 1lb). It has been érgued that the transecting

quartz and biotite fabrics from the Upper Faraday granite
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3.4.2 Gravity and Shear Tectonics.

- Structures such as the Cheddar batholiﬁh,’;;icﬂ are
quééi-circuiar g:aniéoid plutpﬂs, sﬁfrounded by marbles
which aré more dense_éuggest dia?irism. Likeﬁise the-
occurrence of extremely denée pyrokenite sitting'inside a
synform strongly suggests gravitational sinking.

:'There are two indications tha;-vertical movement due to- -
contréiys in density éduld‘have.happehed during the main
thérmal-stfuctural event. Firstly, it is clear that the
ductility contrast between most rock types was low. This is
shown by the occurrence in all rock types including parts of
the gabbroic rim of the pyroxenite of strong tectonite
fabrics. Secondly, density contrasts between candidate
diapirs or anti-diapirs and their envelopes is of the right
magnitude when thef'are compared with those of model_and
natural diapirs_(Téble 22, Appendix I). ©Note that the
densities which have been measured_and‘estimated are those

which the rocks have now and not necessarily those_wﬁich
they had-during metamorphism. ;It i§ evident éhat diapirism
'would be possible for the Cheddar Cardiff complexes. For
the -Allen Lake pyroxenité part of the Farquhar?Lake complex
the‘density contrast with the heaviest possible envelope
_rqck‘is very high (Tabie'zz, Agpéndix I) much higher than
that estimated ﬁor’any other lithological ?air. In
antraét, the grey tonalite gneiss éf Drag Lake requires a
cover of supracrustal roéks devoid of ‘granite and syenite ip
ofdér for a density contrast dbmpérable to natural diapirs

~

to be generated.
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One of the most often cited criteria for'thé‘oééurrence
of diapirism (or its converse) is tﬁat_less dense material. -
fills the interior of circular or o&al compiexes} or-l
vice-versa for anti-diaﬁirs {Coward 1981, Pitcher 1979,

Stéphansson.and Johnson i976). ﬁ}ﬁié is met by the Cheddarhi
and Caéﬁiff structures. A secomﬂcritérioncited by the same
authofs is that structures such as lgpeations and foliations
inside and outside of the proposed diapir shou}d be
cogcordani. This is certainly true.%or the Cardiff compleﬁ
structure. It is also trué of the marginal foliations in
the Cheddar and Eels Lake bédies, although crestal
lineations in the latter are discordant to the regional
trend. However it must be emphasized that this regional
lineation is %ﬁt restricted to pluton margins. It is present
over alvery wide area{in all rock types, has a constant
attitude and cannot be regarded as simply an effect of
diapirism.

Stephansson and Johnson (1976) state that the propoéed

diapir should show evideﬁge for solid state flow, a .

condition fulfilled by the gréhitoids. Circular structures
could also be formed by cross-folding. Proposed diapirs
should show no evidence for this such as occurring in
regulaf arrays or having paifé of axes of axial surfaces at
a high angle to one another (Stephansson and Johnson 1976,

Coward 1981). The complexes certainly do not show such

features.

]
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[

The most intensely discussed criterion for tecognition
of diapirism focus on the distribution of strain (Coward.
1581, Ramberg 1967a and b, 1973, Fletcher 1872, Dixon 1975,
Schwerdtner et.al. 1978); The expected pattern is |
constructed. using-mathematical’or centrifuged scale models.
For an lmmature diapir, one which has not mushroomed a
crestal region with sub horlzontal extensxon is separated b§’
a neutral surface from a neck region with lineation plunglng
parallel to the neck. Within the neck region folds wdth
radial axial surfaoes are possible. For an inclined
immatﬁre diapir the fabric distribution observed would
depend on the level through which the'efosioﬂ surface cut
(Fig., 3.16). 'Superficially a cross—sect;on thtough the
Cheddar complex resembles a section through the lower part’
of an lncllned lmmature dlaplr (Flg. 3 17). However

llneatlons are not parallel to the trunk of the bodv and

folds do not have-radial axial surfaces (Fig. 1.2}. On the

- contrary, llneatlons in the Cheddar body vary from sub-

horizontal in various dlrectlons to moderatelv plunglng to

the southeast while the few folds measured have axial

‘surfaces dlpplng southeast (Flg. 3. l3a) In the subsidiary

mass, the Eels Lake body, there is a sub-horizontal
stratiform foliation and sub-horizontal lineation trendind
NE-SW, which is axial to the single reclined fold_observed.
Moreover, as noted above, pluton and envelope lineations are
not. entirely- conformable. 1In the Catdiff complex,lineations’

are parallel to the SE plunge of the structure. However, it
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does not égem likely that this is a section through the
trunk of.an uﬁ@é;grmed diapir since there is a sub-
horizontal foliation which is deformed by reclined folds
with axial surfaces mainly dipping southeast and axes
slightly oblique to the‘overall plunge of the structure.

To accgunt for the ésymmetry of the bodies and their
structural relations, .a model can be made in which an
immaturg diapir is subject to simple shear (Fig. 3.18). The
moéél Héé many simplifying assumptions but indicates the type
of structural relations to be expected in such a @ody. The
assumptions ine}ude: that simple shear was homogeneous; that
the shear plane dips 15° with‘respect to today's erosion
surface and the base of the initial dome and that the shear
.direction is down the dip of the shear plane somewhat
oblique to the trend of the arch. The choice of the initial
dome cross-section is arbitrary and based on a.model of
Fletcher (1972); the magnitude of shear strain is also
arbiirgry {y = 2). Deforﬁétion of the cross-section which
contains the shear direction and a surface trace of an

arbitrafily chosen horizontal plane is accomplished using

equations for reorientation of planes %nd lines given by

Skjernaa (1979).
The éeneral result of the deformatioh of the cross-
section is that al; fabrics are recoriented but their history

;and_final state depends'on’whethe? th are an imposéd
fabric, which tracks the axes of the finite strain elliésoid

or an inherited fabric such as an initially sub-horizontal

rs
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layering (Fig. 3.18). As a result of the shearing all the
imposed fabrics are made nearly mutually parallel and are
moderately inclined to the erosion surface. All, except
some lying above the neutral surfa&e in tﬂe—crest of the
dome, have a history of continual extensigp;-

In contrast, most of the inherited fabries, that is‘to
say, the layeripg, hazg a history which inciudes a period of
contraction (Fig. 3.18). Those in the centre of the dome
suffer continual contractiog and will therefore be folded °
with axial surfaces (and parallel foliations) dipping
moderately with respect to the erosion surface. Similar
relations are found -in the granitoid plutbng. Foriexample,
in the Cheddar body which is largely devoid of layering
in its‘northein part, impo;éa“shape fabrics and schistosity
dié moderately to steeply southeast. Folds are gominant i?
the eastern parﬁ where there is a céntinuous layering in the
supracrustal rocks. 1In the crest of the Deer Lake bBody an
inherited layering is present in the central supracrustal
gneisses., It is here that the mesoscopic and intermediate
scale folds are defeloped.

This model does not spécify what the history of the
imposed fabrics located initially above the neutral surface
in the crest Qould be apart from indicating early
contraction. If extension were allowed to take place at
right angles to the plane of the sectioqlin order that this

contraction be accommodated, then an extension lineation at

right angles to the shear direction and parallel to the fold

?:".
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¥xes may be expected in the early parts of the higtorjf
These linear elements would then rotate ﬁdwafds the shear
direction. This is possibly the reason for the dispersion
within a plane of fold axes and lineations. Moreovef, this
explains well why lineations and fold axis in the Eels Lake
body trend NE near perpendicular to the SE regional
lineation (Fig. 1.3), and why the body itself is also
elongated NE and why intermediate scale folding (Fig. 1.2)
on this axis is found here. This would happen if part of
the southeastern extremity of the dome dippeé more shallowly
than the shear-plane so that a second area of continued
contraction existed (Fig. 3.18b). If, as suggested (see
Sections 2.6.8 and 3.2.5), shear strain increases from south
" to north in the area, structures in‘the south would have
Qrientations appropfiate to earlier stages of the shear
history.

Following Skijernaa (1979) an oval map pattérn can be
derived by shearing a circular_domal structure with a thirty
degree outward dip (Fig?hﬁ.lsc and d). The result is an
‘oval structure with its long axis at right angies_tO'the_
shear direcfion trace. This pattérn is poorly shown by the
main mass of the Cheddar bapholifﬁ but is present in the
Eels Lake body and the core of the Cardiff‘¢omplex. It mus£
- be poihted out that if the plutons were simply %nclined
undeformed cylinders, then the long-axis of thei; 6utcrop-
pattern would be parallel.%o the axis'of tilt of the

cylinders.
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A feature unexplained'in-the foregoing model is the
layered nature of the Cardiff complex. A possible mechanism
islshown iniFig. 3.1 in which a granite sheet was intruded
intoc denser cover rocks above granitoid basement. Under
conditions of high grade metamorphism and a lowered
ductility contrast, the granitoid basement then rose to form
the quasi circular complex.

The open large and intermediate scale structures
centred on the Allen Lake pyroxenite syncline are local
structdreg that do not form part of a regular regional
pattern. Their causes may be sought in the density and
hardness of the pyrokenite and metagabbro and the
interaction of these properties with the regional bulk
strain history. As regional metamoréhism increased and
reduced the ductility of the sur:oundingrrocks the -
pyroxenite would have begun to sink owing to its greaf'
density relative to the surrounding rocks (Table 23,.
Appendix I). At the same time ﬂorthwest directed tectonic
transport was taking place. It is suggested that a
combination of the effects of sinking of tﬁe pyroxenite ‘and
the regional push from the southeast against the hard
resistant mass of the pyroxenite produced the very open
warps whose axes lie in a shallow SE dipping plane (Fig.

3.8).
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3.4.4 Zones of Northwest Trending Foliation

Deformation in the zones of northwest trending
foliation is essentially synchronous with that outside with
respect to the metamorphism and formation of the regional
stretching lineatioﬁ. Formation of the zones must therefore
be related in part to the poétulated'low angle tectonics.
This is more readily demonstrable for some. zones than for
othérs. -

It is justifiable to regard most of the zones as planar-
linear to linear macrofabrics (iisle 1977, Watterson 1958)
where intermediate scale folding dominates the structural
paEte;n (see Section 3.3.4). Moreover, on the mesoscopic
séale manonf the minor structures restricted to these zones
have more linear than plaﬂar—iineax aspect (see Section
3.2.5). Examples of these are the prolate shape fabrics
measured in rocks between the Car@iff and Cheddar bodies
(Fig. 3.7). Also, the type of ﬁica fabric (tyvpe II mica
edge lineation)‘'in whiéh the mica flakes are cylindrically
and uniformly distributed around the lineation may bhe
regarded as -a linear fabric and is found predominantly in
these zones (Fig. 1;2). Fold axial surfaées from these
zones also have, like the mica f£lakes, a more nearly radial .
orientation with respect to the lineation, a linear |
macrofabQic (see Section 3.2.3). Features iﬁ the-zones of
NW trends, such as the prodate fabrics, can‘be regarded as

due to interference between local pluton emplacement related
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strains {with Z subhorizontal) related to syntectonic
emplacement of plutons and -the regional ductile shear

strain (with Z perpendicular to the interplutonic 2)x» In

this model the X directions of both components are parallel,

compatible with the synchrecnous imposition of both
components (compare Haﬁmer and Vigneresse 1985).

Some minor structures from the zones of northwest
trends have anﬂorientation which appears to be related to'
the attitude of layering and foliation outside the zones.
Examples include second foliations which transect steeply
dipping layering in Dom%}ns }7 within the Drag Lake complex
-anéd 21 to the southeastJ(See£Section 3.2.3). These, the
axial surfaces o% reclined to recumbent asymmetric
mesoscopic folds in Domain 21 and small reclined open folds
. which plicate steeply dipping eerier foliation in sevefal
domzains (e.g. Démains 4,6,2,7,.9,17), often have moderate
dips towaré\the soutﬁéasﬁ‘and could be.expléined by a minor
‘flattening, which deformed fold limbs steeply inclined to
the shear—pléne during ccntinued deformation.

The northwest structures of Domains 7 and 9 are
relatively easily qnde;stood; Both form between neighboring

plutonic cbmplexes; In both, there is a zone of folded

supracrustal rocks coverlying southeast dipping rocks warped

on_a'large scale and lying beneath steeply dipping rocks
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locéted where the plutonic masses are closest together. The
maior differenée between the twd zones is in the eastern- )
margin of ﬁomain 9, which is more moderately dipping than
thevothers. The zones clearly share the structural history
of the plutonic masses, being an expression of the combined
history of diapirism and ductile northwest directed
transport.

The NW Qtructures of Domain 21 southeast of Drag Lake
are best interpréted as wide zones of contraction cogparable
tc the much narrower inter-plutonic stfuctures of Domains 7
and 9. In this case the plutonic masses would be the
Glamorgan Gneiss complex to the west (see Fig. 1.1} and the
Caréiff-complex to the east.

The zone of northwest trends encompassed by Dormain 17
within the Drag Lake grey gneiss complex‘is enigmatic. It
is not a structure within supracrustal rocks formed between
major bodies of piutonic gneiss. Equally enigmatic- is i;s
postulated regional extent (Fié. 1.1), the presence'of
neighbouring upright structures with northeastern axes zt a
high angie to the regional lineation (Domain 16). A
possible explanation for this zone of northwest trends is
that it represents-a contraction undergone by'the sheet of
grey gneiss when it was empiaégé into the supracrustal
roéks.' An alternaEéve, arrived atiwhen considering the

regional picture, is given in Section 5.12.
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structures of the Dl system are formed everywhere
before structures of the D2 can be formed any-
where; a considerable interval may separate the

TIME TIME
i—— DZ— 01 >
Wt pl—— w| Dl—> 02 >
2 LY.
& & ’
V| pl—/ > D—> v Dt —>
ot—> o} >
“(a). Discrete Deformation “{b). Progressu‘ve Deformation
FIGURE
- 3.19 .
Possible relations between deformation phases in
space and time. (a) in a discrete deformation,
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two deformations; an example is the overprinting ~

of Archean structures in Proterozoic shear zones.
(b) in a progressive deformation, structures of
different systems are successive at a particular
location, but at different locations they may
occur simultaneously and even initiate simultan-
eocusly; an example of a process involving a poly-
phase progressive deformation is the emplacement
of a diapir; polyphase progressive deformations

may be part of a longer history of discrete

deformation. . :

L
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3.4.5. Summary of Structural Time Relations and their. E_’#’,///

Significance.

It has been argued that the prolate strain within the
zones of NW trending ?oliation is the quult of additions qf
regiohal shear strains to the local pluton emplacement .
related strains. Because the-two strain components have a
common.strééching direction and rocks inside and outside thg
éones of NW trending foliations are metamorphically
indistinguishable, the formation of these zones of NW
trending foligtions and the evolution of structures outside
of them appear to be essentially coeval, i.e. the structures
are locélly polyphase but regionally progressive (Fig.
3.19). Since some of these zdnes can be related ﬁrimarily
to the.emplacement of the Cheddar and Cardiff granitoids
regionai déférmation and emplacemen£ must be essentially
synchronoﬁs.

The;e are other féatuges, tob, where expressions of the
regional stfai#ﬁére imposed on structures related to pluton
emplacement compatible with the progressive nature of the
evolution of the structures. These featurés are: (i) on the

. very large scale the regional strain appears to be imposed
upon emplacement related strain in that the axes of symmetry
of the Cheddar ahd Cardiff complexes are at an angle to the
long axis of the Harvey-Cardiff Arch but parallel to the
regional lineation. (Section 3.3.3 and 3;334, figl 3.11) ..
(1i) it has been argued that several structureg, such as the

£

deformation of the crestal region of the Cardiff complex
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(Section 3.3.4) and the presence of a strain gradient
écrosq the two bodies, represent the imposition of regional
strain on émplacement related structires.

(1ii) Likewise, minor -structures in zones of NW trends such
as the wrinkling of steep foliations about moderately SE
dipping axial surfaces and the formation of similarly-

oriented S2 in steep limbs may represent the reimposition of

regional shear strain (Section 3.2.1).
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4. MICROFABRICS

4,1, LS1, Quartz Microfabrics, Introduction

Several types of guartz microstructures and guartz
C-axis microfabric are found in the area. The particular
tyée depends on rock type and age of the microstructure.

The ya:ieties present resemble those found-in other gneissic
terrains e.g. the Saxony Granuliﬁes (Behr 1978, 1980), where
the principal variations éurportedly depend on successive
decreases in temperature and pressure.

The eg:liest quartz mic%ostructure, LS1l, is the most
widespread and is the éxpression of the southeast trending
penetrative lineation in the area. The second microfabric,
the LS2, is concentrated in narrow zoﬁes.of centimetric to
metric width which are concordant with the LSl foliation.
This microstructure is usually:characterized by'an asymﬁe—
tric quartz foliation which unegquivocally indicates the
sense of shear with upper layers moving SE (Fig. 4.1). ' The
LS2 dynamically recrystallised microstructure is formed at
the expense of the LS1 microstructur‘? The geometry of the
1LS1 and LS2 ﬁéctonites are,clbseiy related, L2 always lying
in the plane containing L1 and the pole to S1 (XZ inFig.
4.1). _Many of the differences between LS1 gnd LS2 micro-
fabric and microStructures.are most easily explained byhthe'
probably lower temperature and pressﬁre of formation of LS2

and hence a lack of post-tectonic grain-growth (Fig. 4.2).
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Strain rate may also be a controlling factor. LS2 micro-
structure gﬁd quartz C-axes are ﬁore fully treated in
Section 4.3. .The postulated complete LS1-LS2 seguence of
microstructural and C-axis microfabric development of a
granitic quarté ribbon is shown in Fig. 4.3.

A third type of ﬁicrostructure and microfabric’ is
present in mylonites along lineaments which are discordant
with respect to the regional foliation trend. Microstruc—
turally, they most closely resemble the LS2 tectonites and
may be related in age.

Within quar£z bearing LS1 tectonites there are two
maﬂor types 5f microstructure which are found, respectively,
in quartéites and granite gneiss. The guartzites in most
cases have a coarse grained microstructure due to
exaggérated grain-growth and a C-axis microfapric with é
very sharp preferred orientation which is geometrically
unrelated to the mesoscopic fabric axes and which retains no
memory of the dynamic recrystallisation (Fig. 4.2).l iIn
contrast, the granite gneisé has a shape-fabric of poly-
crystalline quartz ribbons which, despite resembling the
quartzite substructurally, have C-axis microfabrics which
are strongly controlled by the mesoscopic fabric axes.

These two microstructural and microfabric types are
occasionally found together in outcrop and even thin-section
(Plate 15) where granite sheets and quartzite are

interlayered.
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In 1910 Adams and Barlow noted the ubiquity pf the
granite gneiss in the Haliburton-Bancroft region and
perspicaéeously remarked on the highly developea'quarﬁz
shape fabrics that it Qas "looking ... as if the mineral had
been spréad ... like streaks of butter on a slice of bread”
(Ibid, p. 80) and that there was a crYstallographic fabric
since "... in the great majority of cases the direction of
"extinction makes an angle of between 25?‘and.30° with the
long axis of the qﬁartz leaf" (Ibid, p. 80). -

This section pursues these two themes of microstructure
and quartz C-axis microfabric using graniticd gneiss samples
from the Cardiff and Eaféday complexes and quaftziﬁe mostly
from locations north of the Cardiff comple#. Evidence is
presented that there was metadynamic recrystallization
(Sellars 1978} and that the microfabric and microstructural
evolution of the quartz ribbons in the granites records in
part the early-history of crystalline slip and dynamic
recrystallisation and in part an episode of static grain
growth. In particular, C-axis microfabric data are
presented which show a systematic variation of pattern which
is dependent on the plane of the granite gneiss fabric the
sample was taken from (Fig. 4.1). This vafiétion is shown
to be related to the proportion of the ribbon that an
Individual grain comprises and may be explained as an ef%eét
of oriented grain growth. Since the microfabrics'bear'somé
record of their syntectonic history an interpretation‘of the

strain history is feasible in which an episode of simple
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shear is postulated during which upper layers moved north-
west over lower layers, the lineation being a stretching
lineation with its axes near parallel to the axes of the
strain ellipéoid. !

However in the guartzites since the exaggerated grain
grbwth_seems to destroy any record of dynaﬁic re-
crystallisation (Pi%. 4.2), the C-axis microfabrics are of
little use in kinematic interpretation despite the evidence
that thése rocks have undergone prbfound deformation.

However, when LS2 age substructural modification is advanced

the C-axis microfabrics may be of kinematic uﬁility.

4.2. LS1 Microstructures and C-Axis Microfabrics

4.2.1 LS1 Microstructures in Granite Gneiss

There are two distinct types of quartz microstructure
in the lineated granite gneisses which are considered to be
members in a gradational series (Plate 12). The main
microstructural differences of the guartz and-feldspar
fractions are summarized in Table 23, Appendix I. In the
most common type interpreted as.representing aﬂ advanced
stage of microstructural development (henceforeward "MCT"),
the ribbons are composed of blocky quartz grains with
straight grain-boundaries supparallel to YZ (Plate 12). The
less common type, found mainly in a large mass of the Upper
Faraday granite near Albion Lake and rarely in the least
deformed southern part of the Cardiff complex and inter-

preted as representing an early stage of microstructural
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development (henceforward "ALT"), has grain boundaries which
are, in part, highly indentate and not parallel to'anf
fabric plane (Plates 12, 14). The field setting of MCT
suggests elevated and homogenecus strain judging by uniform
fine grain size and high aspect ratio of_quartz ribbons and
the near concordance to the trace of the lineation of
deformed dykes and pegmaﬁites. In contrast, ALT is found in
zones of heterogenous and generally weak deformation ip the
Upper Faraday granite where‘the‘fabric may even be apsent. .
The lgw strains are witnessed by the low aspect ratio of the
quartz ribbons and the moderate grain-size of the unrecry-
stallized feldspathic matrix (Plates 12,13,14).

In the MCT the guartz ribbons have aspect ratios
measured in the Xz section of up to 10 to 1 with most
between 5 and 6 to 1. Typically the ribbons are made up of
éubrectangular grains whose mutuai boundaries tend to lie
perpendicular to the ribbon length (Table 24, Appendix I,
Plates 12,13).Circular or semi—circular grains are scarce.
Rarely, portions of the ribbons are two grains thick, in
which case a feldspar often lies on the intervening
grain-boundary. The boundaries are generally free from very
small scale irrégularities. Occasionally ribbons are made
up of a single grain, however polycrystal riﬁbons are the
rule. For example, in sample 12963160 percent cof all guartz
grains belonged to ribbons with three or more members and
only 15 percent of the grains formed single-grain ribbens.

The distribution of aspect ratios measured in the XZ section
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is skewed (Fig. 4.4),.mos£ of the gf%ins {70 to 90 percent)
being stubby with aspec£ ratios less than 3.5:1. Amount of
strain (estimated from ribbon aspect ratios, Fig. 4.5c)
-appears to have litt;e gﬁfect on distribution of grain‘size_‘f_
(Fig. 4.5a). _ .

Undulatory extinction is common and elongate subgrains
with boundaries parallel the prism cut across the entire
width of the grain.:lMisofientation across the subgrain
boundaries is usuéily-small, less than 5°. Deformation
lamellae are absént.

In contrast to the MCT qﬁgrtz microstructﬁre the grain
boundaries of the AL& microsE;;éture show little tendency to
lie perpendicular to the ribbon trace in the X2 plane (Table
24, Appgndix I). Moreover, in detail, many of the gfain
" boundaries are highly irregular.(Plates 12 and 14) dis-
élaying lobes and embayments of great complexity. Some
grain bouqdaries are free of small scale irregularities
(Plate 14d) as in the MCT. The two types of grain
bogndariés‘may coexist in the same ribbon.

Assoclated with the véry irreguiar grain boundaries in
the ALT é&e smail.equant sub—grainslaﬁd new grains, both
approximately 50um in diameter. New grains also occur on
deformatio;_baﬁd boundaries and near feldspar inclusions,
where some of the gréatest lattice distortion is found (see
ﬁumphreys‘l977 for compaiable recrystéllisation near hard

inclusions in metals). New grains are rare, however they

are observed in several stages of growth. The smallest are
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FIGURE
4.5

Variation of shape parameters of ribbons and com-':
ponent grains in granite gneiss from Lower Faraday
Granite;” (a) frequency distribution of relative
grain length (X,) in 22103B (Black) and 1691B
{(White); '(b)_d}stinction between ribbon length
(X_)} and grain length (¥X,): (c) aspect ratios of
qugrtz ribbons measured 1In XZ plane, 22103B
(diamonds) and 1691B (circles).
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. , A
polygonal, above a/qgaﬁain size their gréin-boundaries are
verf irregular (Plate 14b,c). The preservation of grains'

" whose boundaries have not impinged on the fqidspathié matrix

]
1

is restricted t® the ALT microstructure. - R
. ‘ o
Deformation band-like subgrains are highly dewveloped in

Fed -

* the ALT microstructure (Plates 13a,14b). These
substructures may be eguant or, more commonly, elongate,
measuring up to 1 x 0.25 mm. The longer substrucfures have

tapered-eﬂds and rarely cross the whole grdin; theif lehgth
is near parallel to the C-axis:tégée;' They éppear tﬁ-be
analagous to propagating.kink—bands. Misorientations.acfosg;
the substructural Qoaﬁﬁg;ies are mostly in the 5°-10° raﬁge
with a few of 25° to 30°. | ‘
Bright lamellae-IYing subpe;pendicular to the.C-axiS

trace are occasional features in the ALT microstructure.

These are interpreted as subbasal deformation lamellae."

N

4.2.2. Interpretation
The two microstructural type§ seeﬁ to be members of a
transitional sequence since they.-all are of similar age,
bgth forming the southeast plunging LS shabBe fabric. 1In the
field they appear to be gradational and in thin section
microstructural features typical of both types may appear in
\\\ the same rock (c.f. variety of grain;boundary morpho;Ogies
| \in ALT).
- This seguence appears to be related to varia;ionsuin-

i .
strain. Apart from the clear differences in degree and

s
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ﬁomogeneity of.deformation-observed on all scales several
microstéucturalffeatures lend weight to this and the
contention that they are memberé of a sequence of increasing
recfystallization. The occurreﬁce of deformation lamellae
exclusively in ALT compares with their exclusive occurence
in the least strained members of sequences of progressive
deformation in éugrtzites {CHristie 1963, Crampton 1963,"
Wilson 1973, Bouchez 1977, Macélargp and Hobbé 1970). The
differences in the relative hoﬁogeneity of intragfanular
strain shown by the differences in deformation band mis-
orientations between the ALT and MCT types and the presence
of large cumulative lattice distortions in ALT which are
ébsent in MCT ére comparéble to differences'between new and
old érafns'(wiison 1973, see also Section 4.3.4., Specimen
30103B). ﬁelated to £ﬁg la£ter.is the difference of the‘

grain boundaries in the two types. The morphologies of

grain boundaries has been related to the driving force of

crystal growth in metals and in naturally and experimentally

deformed minerals (Cahn 1965, White 1976, Nicolas & Poirier
1976, Wilson i973). Highly irregular lobate boundaries are
considered to form when-the driving energy is the.?esidual'
strain energy of deformation whereas smooth boundaries form
éfter the dissipation of most of this energy when the
aggregate is simply.attempting to minimize grain boundary
enefgy.' This minimization of grain boundary enerxgy 1is
achieved by degreasing the grain boundary area per unit

volume thus not only smooth grain boundaries but grain

-l
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bouhdafies.tending to lie parallel to the Yz‘fabric.piane
will result since'this is the orientation in which grains
will have the smallest.area ;n blade-shaped ribbons, as is.
observed (see also‘Spry 1965).

It is generally considered that the presence of defor-.
mation bands, sub-grains, undulatory extinction and
deformation .lamellae are indicative of the operation of
dislocation dominated recovery proceseee (ﬁhite 1953, 1976}
and that lobate_graiﬁ boundaries, new grains anara polygonal
substructure indicate dynamic fecrystallization (Nicolas and
Poirier 1976). The microstructure of ALT may then be attri-
buted to the stage of priﬁary recrystallisation in a history
which at least in part contained an episode of dynamic
recovery and recrystallisation. ;vidence for secondary;
static, recrystallisation is strong, comprising not only the
morphology and, in MCT, the orientation of the smooth grain
boundaries but alsoc the close associetion of exaggerated
grain growth microstructures and MCT on the_ehin—section and
“outcrop scele where guartzites and grenite gneiss are inter-
layered. The static grain growth which must have occurreé,
especially'in MCT, would be very.limited in extent in com-
parison to the quartzites on account of the very large area
of quartz-feldspar boundaries surrounding a quartz ribbon.

The statlc grain growth must be metadynamic (Sellars
1978), in the sense that nucleii of recrystallisation which
were present and boundaries which were mobile before the

deformation stopped, continued gfowing and moving after it
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has stopped. In sﬁchAé case the final grain-size will be
indepéndent.of-strain and larger than that produced by
dynamic recrystallisatioh albne (Sellars 1978). In light of
the lack of dependence of grain-size on ribbon ;spect-raticP
{Fig. 4.5) and the contrasf between new grain-size in ALT
(Plate 14b}) and MCT grain size (Plate iZb) this condition
appears to be. met. | |
Iﬁ summéry, the microstructure of the quartz ribbons in
the grénite gngiss appears to show the imprint oan'sequence
of ‘metadynamic }ecrystallization the position of each rock
.in the sequence depepding on the amoﬁnt‘of deformation
suffered. Rocks with ALT microstructure, indicative of‘
- dominant primary metadynamic rec;ysﬁallisation, show
‘evidence of low strains, in contrast to the higher straiﬁg

of rocks with MCT microstructure, indicative of limited

secondary metadynamic recrystallisation. _ ,

The dhartz wibbons compare very well wiéﬂ\éxamples“of
"Platten Quartz"” found in many high-grade terrains (e.gq.
Behr 1961,1965,1980, Starkey 1979, Boullier and Bouchez
"1978). OQOpinions on the ofigin of the microstructure are
rare and diverse: Spry (1969) considered it the result of
static annealing of a cold-worked rock: Starkey (1979)
presented evidence of dynamic recovery. The present
interpretation partly agrees with that of Boullier and'
Bouchez‘(l978) who considered the micréstrﬁcture to have

developed statically.
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FIGURE

4.7

Quartz c-axis microfabrics from Cardiff Complex,
mature (MCT) microstructure, X2 samples. All
contours at 1,2,3%/1% area; N=200. (a) 24101B,
maximum 7%; (b) 25101B, maximum 4.5%; ()
301058, maximum 3%; (d) 30101B, maximum 6%.
Southeast to right on all nets. X = L1

“J
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’

FIGURE
4.8

Quartz c-axis microfabrics from Upper Faraday
Granite,. immatudre (ALT) microstructure. All
contours at 1,2,3%/1% area. (a) 1113D, maximum
5%, XZ sample, N=200; . (b) 2111D, maximum 4%, X2
sample, N= 200; {(c) 1491C, maximum 6%, XZ sample
150 data, YZ sample 50; (d) 1395C, maximum 3%, XZ

sample 76 data, YZ sample 95. Southeast to right
on all nets. X = Ll : .




XZ SAMPLE YZ SAMPLE

{a).

(b).

FIGURE
4.9

Comparison of guartz c-axis microfabrics sampled
in the same rocks in the XZ and ¥Z fabric planes,
mature (MCT) microstructure. All contours at
~1,2,3%/1% area; 200 data in each. (a) 25101B,
north Cardiff Complex, maxima at 4.5% (X2), 4%
(¥YZ); . (b) 24101B north west Cardiff Complex,
maxima at 7% (XZ), 5% (Y2); . (c) 497C, Lower
Faraday Granite, maxima at 3% (XZ), 4% (Y¥Z).
Southeast to right on all nets. X =::11

202
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4.2.3. LSl Quartz C-Axis Microfabrics in Granite Gneiss
Quartz C-axis microfabrics were measures in ié granite
gneis§ samples bearing the LS1 guartz microstructure of both
MCT and ALT varieties (Figs. 4.6-4.9). All but two of the
samples come ﬁrom rocks with the southeast pluﬁging line-
ation on the north and west side of the Cardiff and western
vart of the ?araday complexes (Fig. 1.2). Rocks here are
‘thought to have had a comparatively simple structural
history;'relatively homogeneous and intense LS1 deformation
produced teétonites with a moderately séutheast plunging
" lineation and shape fabrics range from guite prolate to
dominant plane-strain types.
ﬁicrofabric.data was collected from sections cﬁt
parall;l to the X2 plane in order‘té simplify‘comparisons

and facilitate visualization of the relationships between

microfabric and shape-fabric axes. Nets were contoured by

hand according to the Schmidt or Starkey (Starkey 1977)

-

methods.

All grains present in a se;tion were sampled with the
exception of one member of any ﬁair of graihs which were
suspected of being joined out of the plane of the section.

When possible, two hundred grains per sample werél
measured. Nevertheless, it was found that the basic éattern
emerged at around one hundred and twenty grains.  The
adequacy of such a sample size is underscored by the genergl

similarity of microfabrics from several rocks sampled in the

same plane and having similar shape fabrics though the

.
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sample size varies from 106-200 (e.g. Fig. 4.6b,d,e,f). 1In
most rocks this‘amount.of data was available from one
section cut in the YZ plane or from two cuts in the XZ
plane. in‘the coarser less strained rocks of the Upper
Faraday granite, between fbur and eight sections were
required.

The most striking féatures of the C-axis microfabrics
are: (i) the presence of YZ girdles in microfabrics sampled
in the YZ plane (Fig. 4.6b,d,e,f; Fig. 4.9a,b,c); (ii)
rocks with MCT microstructures sampled in the XZ plane ﬁay
have well defined cross girdles (Fig. 4.6c, Fig. 4.7a) or
poorly to very poorly defined (Fig. 4.7b,c,d, Fig. 4.9c);
(ii) ;n both fabric t?pes a maximum in Y is common (Fig.
4.6b,c,e,f; Fig. 4.7a,b; Fig. 4.9a,b,c); (iv) rocks with
ALT microstrqcture sampled mainly in XZ section have poorlf
defined patterns, compatible with the relatively low finite
rstrains they have suffered (Fig. 4.8).

Several features of the X2 and YZ sampled patterns are
brought out by synoptic diagrams prepared by presenting on
one diagram all the 3 percent contours of all the specimens
sampled in a particular plane (Van Roermond et.al.. 1979,
Lister and Williams 1979). The YZ girdle, perpendicular to
the lineation and the maxima in Y is highlighted in the YZ
sample diagram (Fig. 4.10a) whereas the X2 sample diagram
shows one inclined girdle (Fig. 4.10b) comparable to a
single girdle of a pair of cross girdles with an opening
angle of the magniﬁude (~ 900) of that found in some of the

-

XZ samples (e.g. Fig. 4.7a,b).
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The reality of the differences between the XZ and Y2
) éampled populations is clearly shown in patterns from rocks
| that have been sampled in both planes (Fig. 4.%), the change

from cross-girdles to YZ girdles is confirmed.

. 4.2.4 Oriented Grain Growth in Qﬁartz—Ribbons
It is ciear from the frequency distribution of
individual grain aspect ratios (Fig. 4.4)“that‘the XZ
saméled popblation_consists of a large number of stubbf
grains as com?ared with those of high aspect ratio. Thus,,
—~— |
the XZ sample has a C-axis microfabric highly biased towards
that of the stubby grains. The YZ samplé must be selected
on the basis of the factors that determine ﬁhich g?ains have
the highest probability Sf being cut by é plane perpendi-
cular to the ribbon length. Assuming thét the size of the
grains measured in the XZ sgétion reflects ﬁheureai thfee‘
dimensional shape of the grain, such factors could be. aspect
rdtio, length or the proportidn of.a ribbon which a parti-
cular grain comprises (all measured in XZ plane). 1In order
to f£ind which of these faétors'of combination‘of them

determines the make-up of the YZ sample it is obviously

worth examining in the XZ planeé the effect of variations of

-

them on tﬁe microfabric and the implications oé”ény‘
significant variations on the microstructural history of the
ribbons. | |

The MCT sample examined has distinct-xé and YZ sémpled

C-axis microfabrics (Fig. 4.9c). The aspect ratio (length
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FIGURE
4,14 .
The cumulative effect of varying elongation of
quartz grains on guartz microfabric of granite
gneiss cut in X2 section, southeast to right
(Specimen 497C, Lower Faraday Granite). ‘X = L1
The seguence of microfabric diagrams is
constructed by subtracting successively more

EEN

.elongate grains; each diagram is composed of

grains in the blacked- out areas’'of the
histograms. All contours at 1,2,3,4 points/ 100 %
of the net area; (a) maximum 8 points, N

N=194; (b) maximum 8 points, N=121; (c) maximum 4

points, N=49; (&) maximum 4 points, N=25
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Trace of c-axis (flat stage) of guartz grains with
aspect ratios > 3.5 in XZ plane. Measured in five
specimens in granite gneiss from Lower Faraday and
Cardiff Granite with MCT microstructure (1296B,
12938, 16918, 24101B, 22104B). In upper diagram
aspect ratico is plotted against angle of trace of
c-axis with lineation in XZ plane.
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to width) distributibn in the XZ plane 'is similar to that of

‘other gneisses (Fig.:4.4, column 3). BAspect ratio shows a

simple correlation with absolute length (Fig. 4.11). Longer
grains have higher aspects but changes in ratio are not
accompanied by a large variation ;n width. This reflects
the overall parallel-sided shape of the ribbons and also
strengthens the validity of the assumption that grain length
(measured in %Z parallel to'ﬁ) is simply correlated with the
volumetric proportion of the ribbon comprised by that grain.
fhe distribution of grains'according to the proportion of
the length of the ribbon they comprise in the XZ. section
(Fig. 4.12) is doubly skewed with a surpriéingly high number
of grains which comprise 90-100 percent of the length of a
ribbon. Aspect ratio is not simpiy related to a grain's
share of the ribbon length (Fig. 4.13). Although there is a
trend toward higher aspect ratio the more. a grain comprises
of a ribbon there is alsc a family of stubby grains which
make up large proportions of ribbons and, in particﬁiar,
numerous singlé grain ribbons with a variety of aspect
ratios.

The effects of varying elongation (aspect ratio) of the
grains does not make an easily understandable pattern ih
terms of C-axis microfabrics (F;gé. 4.14 and 4.15). Note-
worthy is the excellent cross-girdle displayed bf the most
elongate gréins (Fig. 4.14d). This has a strong asymmetry
of maxima. This girdle is probably present in;ﬁhe elongate

grains of many samples (Fig. 4.16).
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Microfabrics plottédAaccordihg to their share in a
ribbon's total length in XZ show -an easily &iscernibie
pattern (Fig. 4.17). Grains which form 30 percent or less
of the length of a ribbon display a well developed
cross-girdle with two maxima symmetrically diéposed to Y in.
the XY plane (Fig. 4.l17a). (This population of grains is
almost entirely distinct from that of the eldngate graips
showing a comparable cross girdle.) Successive groups of
grains show a stripping away of elements of the modified
cross-girdle until. a single girdle with maxima
a5yﬁmetrically dispoéed to Z remain in the grains making the
highest contribution to ribbon-length (Fig. 4.17b,c,d).

The foregoing data suggests that the best explanation
for the differences between the XZ and YZ microfabrics is
based on the supposition that the YZ plane ié most likely to
cut those grains which occupy the greatest percentage of
their parent ribbons' length. It is these types of grains
which, in the samplelstudied, wheh measured in the XZ plane,
have C-axis microfabrics most similar éo_miérofabrics
measured in YZ plane.

The microstructural data and the exispence of a strong
relationship between contribution to ribbon lehgth of a
grain and guartz C-axis orieﬁ?htion may bé”interprete& as
resulting from oriented grain growth during metadynamic
rec;a&tallization. That is. to sayrthose grains making the
.highesp contribution to ribbon length, which have particulaf

©

microfabrics, grew during metadynamic recrystallisation at

e
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the expense of grains of £he'ty§e_which make the leas;
contribution to ribbon lengph, which have a distinct but
related microfabric. This is a cbnfirmation of the
hypotheses of Bouller and Bouchéz (1978).

The cross—girdie of the grains which form less than 80
percent of the ribbons of which they are members may be
interpretea-as a record of fhe microfabric of dynamic
recrystallisation, if, as appears to be the case, its
component grains are being consumed during a metadynamic
stage of primary recrystéllisation.

There is experimental evidence that dynamically recry-
stallised guartzites deformed at high temperature in plane
strain will produce cross girdle microfabrics similar to
that of the low perxrcentage grains (Green et.al. 1970). It
is relevant that microfabrics produceé during dynamic
recrystallizatién are considereé to be essentially iiftle
al?ered, somewhat more diffuse, versions of their parents
(Cahn 1965, White 1976, Wilson 1973) and thét continuing .
intracrystal;ine slip very quickly readjﬁsts the micfofabric
{Lister and Price 1978). However the reason why certain
orientations have less strain energy than others, and
thereforg grow at £heir expense, is‘not‘immediately ciéar.
We may.speculate that this is related to the relative ease
of slip on the various slip systemé Qperatiqe.duri;;‘thg
deformation and to the orientationxgﬁ/gfgfgé with that.
slip-system relative to the flow direction. More |

specifically we may speculate/tﬁﬁﬁ grains lying with the



———

216

softest-slip system parallel to the plane of highest

resolved shear stress (tﬁe flow plane in simple shear) will
grow at the expense of other grains during dvnamic and
metadynamic primary recrystallisation. This model is
analagous to that proposed by Urai and Humphrgys t1981) to
account for dynémic oriented growth of camphor. Furthermore
it is informative to compare the possible dynamic fabric
(Fig. 4.1%a) with that produced by computer simulation of a
model quartzite deformed by simple shear (Model gquartzite é
of Iister and Hobbs 1980, Fig. 4.15), not oﬁly is one arm of
the cross-girdle better popdlated than the.other {that near
perpendicular fo_the XY plane) but there is a similar
clustering of grains in the XY plane. 1In this model quart-
zite of Lister and Hobbslthe-basal <a> slip system is one of
the softest, metadynamic growth of grains with the basal
plane irn the flow plane would result in a pattern of prefex-
red ofientation comparable to that shown by -grains forming
the highest proportions of the ribbons (Fig. 4.1l7¢c, 4).

From the synoptic diagrams of the XZ and YZ samples
(Fig. 4.10) and from the microfabric-microstructural

: S
relationships described, it may be inferred that for most of

the samples, the grains which grew the most during meta-

dynamic recrystallisation had their C-axes oriented parallel
to Y (Fig. 4.10a). Likewise most probably the ﬁynamic 
microfabrics may be represented by the stubby graihs of the
Xz saﬁple'(?ig. 4.10b). Again compariné with the simul-

ations of Lister (1979, lBél) a2 model quartzite 1is found
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which has a cross—girdle with a widé opening anqle-and'an
extremely séft prism <a> slip systemé(Lister 1979, Figqg.
4.4d4). Those grains with this slip system lying perfectly
oriented in the flow plane (1 e. those with the C-axis
parallel to Y) would be candidates for metadynamic oriented
growth populatiﬁg the Y2 sample. If the strain history were
non-coaxial, one arm of the cross-girdle would be overpopu-
léted (Fig. 4.10b), a pattern which Qould appear in the X2
sample, |
4:2.5. Microfabrics and Strain History of LSL

C-axis microfabrics may be interpreted in terms of
their strain history,Jif they have .been pfimarily produced
by intracrystalline slip. Comphter‘simulafions of micro-
fabric development (Lister 1974,'Lister et al 1978, Lister
and Paterson 1979, Lister and Williams 1979;-Lister and
Hobbs 1980, Etchecopar 1977) show that the lmportant dis-
tiﬁction between coaxial and non-coaxlal strain histories
~may be made on the basis of tbe microfabric since the‘
preferred orienta£ion is controlled by the kinematic frame-
work and not by the axes qf finite straiﬁ. In general, the
presence of a non-qdaxiéi event is shown by the asymmétry of
elements of the microfabric with respect to the axes of
finite strain, which may be approximated by the éhape fabric
“axes. . The computer.simulations predict that for éll model

quartzites there will be an.asymmetry of microfabric

skeleton with respect to shape fabric and, for'séme models,
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FIGURE Rose diagrams of trace of basal planes of quartz
4.20 . on XZ (LSl) plane of granite gneiss from Cardiff
Complex; (a) 25101B, YZ sample; (b) 24101B, Yz -

sample.
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the majority of basal planes would lie in the flow-plane
(Lister and Hobb; 1980, Etchecopar 1977)

Natu?al exampleé oflmlcrofabrlcs in sheaf;zongs of -
known displacement strongly févour the cdntention that
C-axis girﬁles tilt toward the shape fabric in the.shear
sense\jFig. 4.18) and that tﬁe girdles are perpendicular to
the flow plane (Eisbacher.1970, Lunardi and ﬁaker 1975,
gbssiere ahd Vaqchez 1978, ﬁurg énd Laurent 1978, Bouchez
1977, 1978, Berthé et al. 1979, Brunel 1980, Bouchez and
Pécher 1981, this study, in relation to LS2 migrofabrics)h

Such girdles should also dispose a maximum of traces of

- Jbasal planes parallel to the trace of the shear plane on the

XZ plane.
Of the individual’microfabric diagrams half of the well

defined girdles (Yzféamplé) are orthorhombic at a low

' contour value level with respect to the shape fabric axes;

of the YZ sampled microfabrics two have aSymmetriq high,énd
low valﬁé contours (Fig. 4,6f, rig. 4.9b). The best défiﬁed
XZ sampled cross-girdles are éll either asymmetric (Fig.

4.7a,b) or unequallf.populated {(Fig. 2.9%9a,by¢}: the synoptic
diagram of the XZ sample (Fié. 4.10b) has ;7£$zongly dqfined'

southeast tilted girdle. Rose diagrams of the trace of the

basal plane of quartz on the XZ plane brlngs out the -

‘asymmetry very clearly for the Lower Faraday Granlte and the

northern part of the Cardiff complex (Flg. 4.19,_F1g. 4.20).
In all cases, the asymmetry is consistent with shear of

upper 1aye£s to the northwest (Fig. 1.1b).
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FIGURE
4.21

Synoptic microfabric diagrams for quartz of the
Lower Faraday Granite, formed by combining data

from individual diagrams of figure 4.6,b-f,

(N 876); (a)rose diagram of trace of basal planes
quartz c-ax¥bs diagram;c
~at 0.5,1,1.5,2%/1% area;maximun 4%. J

.on XZ section; (b)
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Synoptic rose diagrams of trace of basal plales
of ‘quartz on Xz (LS1) Plane for Cardiff Complex
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- An important constraint of the Taylor-Bishop-Hill model
used in the computer simulations of microfabric development
(Lister 1974) 1s that the undeformed aggregate has no
initial ‘fabric. An initial asymmetry will be reflected in
the final ﬁicrofabric leading to possibly erroneous
conclusions concerning the kinematic regime. In order to
ensure as large a numbef as péssible of initial orientations
" Van Roermond et.al. (1979) recommend that data from a large
numbér,ofASPecimens-be combined in one synoptic diagram,
providing that‘all the samples appear_to have.suffered a
similar strain history. This constraint of homogeneous
deformation at all points 1s probably met by the Lower
Faraday granite gﬁeiss (Fig. 1.2). It is marked by oniy
minof variations in the relative strength of the planar. and
.linear elements of the shape fabric (Fig. 3.7). The amopnt
of stréanlvariation;judging gualitatively from grain size
and guartz ribbon aspect raﬁio (Fig. 4.45 is prbbably
‘appreciable but not an important factor, affecting fabric
" strength and not:fabric type (Lister and Hobbs 1980).
Five.samples'from along-the strike of £he.granite sheet
(Fig. 4.65,c,d,e,f) contribute to the synoptic diagram (Fig.
4.21). The Y2 sample plane is strongly favoured f>75% of
all data). The resultant well aefined microfabric of this
substantial gneissrsheet (Fig. 4.21b) is aéyﬁmetric attall
contour value levels, increasingly so at the higher values.
" A rose diagram of the basal érace on the XZ plane high;ighgs

the asymmetry (Fig. 4.21a). A comparable asymmetry is shown
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1)

by a synoptic: rose dlagram for samples from the north of the
Cardiff CO;;ieﬁ (Flg 4.22). The relatlvely weak esymmegry
of the microfabric outline, the lowest value oontour in
(Fig. 4.21b) compared to that of the maxima may be
attributed to the imposition of a late coaxial strain on a
microfabric produced mainly by northwest directed simple
shear of upper'layers %elative ﬁo.lower (Lister and Williamsu_

1979).

4.2.6 LS1 Microstructure of Quartzites

The typlcal quartz;te of the area is coarse grained and
has a strong planar linear fabrlc (LSl) formed by the
dlmenSLOnal orientation of.mafic-mineraIS‘(Plete 15). This
coarse grained structure is interpreted as having been
formed by exaggerated grain-growth (Wilson 1973, Bouchez and
Pé€cher 1981). at the same time as the LS1 ribbons in tpe
granitejbneiss. ‘Superimposed on this structure are a
varletylof substructures interpreted as being of LS2 age,
and lanome ‘cases possible precursors of LS2 quartz
foliations.

The coarse quartz grains have at-begtfe crude shape
fabric., The impreseion that these rockS'have'been strongly
deformed is gained mainly from the excellent fabric of
non-guartz minerals . such as biotite, clinopyroxene,
feldspar, carbonate, sphene' amphibole or magnetite (Plate

15). These usually have a strong preferred orientation of

shape, the long axes of elongate minerals lying parallel to
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the reéional L1 lineation. Tﬁ? foliation so defined iies
-parallel to layering aﬁd.the loné axes of the weak shape- ’
fabric_of the quartz grains. An exception to this is founa
in‘Domain 21, a zone of steeply dipping northweét'striking
foliation. In these rocks in sections perpendicular to the
lineation a moderately inclined foliation defined byrthe
" inclusions of calcife, clinopyroxene-and feldséar_trénsectS'"
thé steeplyrdippihg layering and vestiges of a quartz shape
fabric.. This foliation dips southeast with a trace on the
layering lying parallel.to the southeast p%unging L1 line-
étion formed of quartz-ridges and‘aligned clinopyroxeneé.

Feldspar and py?oxene inclusions show some interesting
variations.in mdﬁphology. Although they.areuglways
extremely well aligned, in some specimens they are
"rectangular whereas in others they are lense or cigar-shaped
and have high aspect ratios. In some of the latter cases
_perfectly aligned trails of tiny fragments extend in the
fblié&ioh like minuﬁe boudins (Plate 15d), obviously marking
an exﬁensipn direction. This fragmentation is gbm%arable to
that of clinopyfoxene in a LS2 quértzite tectonite._The
biotite in these rocks also has a high degree of'preférred
orientation, indicated by the high aspect ratio and the
sharpness of the trace of the basal cleavage (Plate 15e). o
Undoubtedly these rocks have been strongly deformed.

The size and shape o't the quartz_grains'appears to be

strongly depéndent.on the number and arrangement of non-

quartz phases present. Variations in the number of non-
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quartz graiﬂs (feldspar, clinopyroxene, biotite,_sphene) in
one tﬂin section can result in large variations of grain
size (Plate 15b,c). This control does not apply to second
generation LS2 grains which‘a;e uniformly fine. The
commonest grains, coanse and very coarse, vary from a half
centimetre up to several centimetres in their longest
di@gnsion. ‘Inclusions of non-quartz phases may "float"
within the grain or sit on the grain-boundary (Plate 15),
very cbﬁmonlx at the locus of a change in direction of the
boundaﬁy. Sgch chéngés are very often'orthogonal giving the
‘grains an irregular stepped and blocky charactei to their
.,/’ﬁﬁﬁghhat elongate outline. _Th; stepped and box-shaped three
dimensional outline bears no resemblance to a clastic.'
texture (Plate 15). ;
* .Some samples have layers of considerable feldspar
content. Depending on the dispersion.or continuity of this
~ feldspathic matrix the.quartz'grains may form long
aggregates which are identical to the ribbons of the granite
gneiss (Plate 15). |
The variaﬁion of the grain -size with the densit? of
other minerals and the location of thése minerals at
Eoundary steps indicates that these minerals pinned the
grain boundaries during grain groﬁth, -That'most of the
grains‘exceed,bf far the size of the original gréins is
'indicaﬁed by the numerous inclusioﬁs within the large grains
(Plate 16). A rare fine grained sample (1—0;5 mm)'has.

equant guartz grains with 30-40 percent evenly dispersed

-
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amphibole located at the grain boundaries. The lack of
amphibole inclusions within the guartz indicates that

minimal grain growth occurred@, possibly hindered by a
criticai degsity of the secondrpha;e.

In detail the grain boundaries are smooth td'modéfately
irreguiar;' Lobaté‘§erylirregulér boundaries are ihcreasingv
ly frequént with the appearance'of a Strougly developed
subgrain substructure and evidence for recrystallisation
which postdétes the main grainwgréwth Phase.

In a sample from é northwéét'strikihgisteeply a§pping
E quartziﬁe, in which the inclusion fabric transectsAthé'
layering, the guartz gfain shapes are modified. 1In sections
perpeﬁdicular to the lineation grains with irregular but
equant outlines are common. In sections parallel to the
'linéation'all grains are elongate énd grain boundaries are
regﬁlaf to moderately lobate. In theée,speciméné it seems
likely that the formatiqn of the equant (in YZ section)
grains is'siﬁﬁly a function of strain histogy and occurred
. during the main growth périod, since the intersection-ﬁf
these grains on the‘layering forms a ridging lineation;
absent-in SE dipping quartzites, and substructure in these
fockslis otherwise identical to that in other LSl
' guartzités. g

In all saméleé,.quart; grains have a variably developed
sup-grain Subsﬁrugﬁure. These sub%rains, several hundred
microns acrosé, have sguare, rectangular or lensoi&‘shapes:

Misorientations between traces of T-axes are often as high.
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es 10°. Sech substrucgures are usually considered.to mark a
period of deformation latef/;Ean the-exaggerated grain
growth phase (Wilson 1873, Bouchez and PéCher‘l981f;

A set of'smaliAgrains, frbm 50 to SOO;um in size, is
present in verying proportions (from less than 1 percent to
30 percent). They are evidently related to the subgreins
since they often-appear within areas of old grains where
lattice distortions are highest. abdve a certain.size theee
new - grains have undulatory extinction and very irreguler
lobate grain boundaries. Irregular mobile boundaries -are
always accompanied by a strongly developed sﬁbstfuééure
regardless of whether or not new grains are present.
.Qccasiena;ly these boun@aries‘may be observed to transect
and femove features such as boehﬁ lamellae -which are related
to the first grain growth.

This substructure of subgrains, highly'irreguiar grain
boundaries and/or small new grainsﬁis probably equivalent to
the LS2 microstfucture, which it closely resembles in
detailed grain-boundary merphology althbﬁéz the LS2 queftz
foliation is lacking. The clearest evidence for this is in
an example of significant microstructural change which takes
place on the scale of the outcrop in samples of quartgite
from near the east shore of Pusey Lake, north ef Wwilberforce
(Fig. 1.2).. -The sample site is in a Sroad swath of éehtlf
southeast dipping fdiiation which flanks the northern side

of the Cardiff complex and in which. three of the LS2 samples’

are situated. The most microstructurally altered specimen
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comes from near the contact.or a thick gquartzite unir with
an overlying highly deformed syenite gneissj"The second
sample, which shows a well preserved LS1 micresrructure, was
taken some ﬁhree metres structurally lower. Therevie\ﬁo
discernible difference‘between rhe samples in hand specimen.

In thin section the 'second sample shows all the
features typical of the exaggerated grain gronH‘mic;ostruc—
ture, coarse qpartz graiae witﬁrstepped outline, moderate
undulaﬁory extinction and grain boundaries free from small-
scale irregularities (Plate l6a,b). In the quartzite from
close to the syenite the quartz microstructure is radically
different: grain boundaries are irregular, indented and
lobate.kPiate 16c,d); although the broad outlines of the LS1
grain shape is srill discernible new.grains with ragged
outlines prOJect 1nto and transect old ones (Plate léc,d):
subgrains, undulatory extinction and deformation bandg are
now very well developed with misorientations in excess of
109._ In this sampie, in contrast to the ﬁnmodified sample,
piagioqlasé and biotite are altered to a very fine micaceous
aggregate.

The similarities of this mlcrostructural modlflcatlon
w1th that generally effectlng the exaggerated grain growth
microstructures are great. The main differences are in the
great extent of grain~boundary migration in this sample.
L;kewrse, the dlfferences with LS2 tecton1tes are mainly

those of degree, a quartz’ foliation is not developed

. although the detalled grain boundary shape_iﬁ\yery similar
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and the microstructure clearly post—dates the LS1 h
microstructure. A correlation is therefore probable on
temboral end_soﬁe morphological grounds between the
widespread and relative minor alteration of the LS1 quartz
microstructure and the formation of LS2 tectonites.

4.2.7 LSl’C—Axie Microfab;ics of Quartzites

Oonly eix guartz C-axis microfabrics were'measured,
enough to establish'that‘kinematic information was not
'easily forthcoming from them and that tney are essentially-
similar to others from quartz tectonites displaying
exeggerated grain—érowth microstructures.

All the microfabrics have very strong maxima most of
‘which are not.readily related in any consistentrfashion to
the foliation (e.g. Figs. 4.23b, 4.25b). Among these there
are patterns with both large and small pole-free areas
(Figs. 4.23b, 4.25b and 4;2§a/respectively). 'It is
noteworthy that the patterns with large pole free areas are
displeyed_by rocks with miorostructures:in:which the
exaggerated grain growth microstructure, although still/
recognlsable, has been extensively affected by the second
.recrystall;satlon_and grain growth event.- In the case of
thertno samples from the outcrop-scale microstructural
transition (Plate 16, Fig. 4.25) it is evident that the
development and movement of very 1rregular graln boundatles,
is accompanled by the development of the large'po}e free

area and the consolidation of the pattern which, while
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FIGURE _ .

1 4.23

Quartz c-axis microfabrics from gquartzites with
1Sl fabric. (a) quartzite with pink feldspathic
layers from west of Grace Lake (1391C}; contours
at 1,2,3,4%/1% area; maximum 8%; N=200. -Coarse,
medium and fine grained quartz of the first phase
of grain growth (LS1) is sampled. (b) guartzite
from northeast of Farquhar Lake (2465C); contours
at 1,2,3,4%/1% area; maximum 13%: N=200.
Coarse-grained quartz of the first phase and
fine-grained of the second phase of grain growth
is sampled. South east to left. '
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FIGURE
4.24 -

Quartz c-axis microfabrics from guartzites with
LSl fabric. (a) gquartzite from Burnt Creek Area;
contours at 1,2,3,4%/1% area; maximum 8%; N=100.
Flne—gralned guartz of first phase of grain growth
_is sampled. South east to right. (bh) quartzite
“from south of Miskwabi Lake; contours at
1,2,3,4%/1% area; maximum 6%;. N=200; a foliation
of elongate clinopyroxene, sphene and carbonate
(XY%) transects an earlier foliation (XY.,} defined

he layering and the elongation of sofe guartz
grains.
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FIGURE - L
4.25

Quartz c-axis microfabrics from quartzites. (a)
and (b) quartzite from east of Pusey Lake
(12101D) ; sampled at same outcrop, (b) is the
closest to an overlying gneissic syenite; contours

. in.both 2t 1,2,3,4 . points/0-5% of area; makimum in
{a) 1l4%, in (b) 20%; N=200;. (a2) has typical coarse
grained microstructure of LSl:; (b) has this micro-
structure modified by second phase grain growth of
probable LS2 age, southeast to the right.
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‘retaining the strong maxima of the original microfabric, now

has an asymmetric girdle.
- EN
A quartzite in which both very coarse grains and medlum
to fine first generatlon grains are present (Fig. 4 23a) has

2 highly asymmetric girdle with seneral‘very strong-sub—
maxima, the girdle appears to split at one endfinto a small
circle girdle with a wide opening angle, asymmetrieally
disposed arocund Z. The microfabric‘ef a uniformly
fine-grained sample (Fig. 4.24a) has in common with tne ‘i'
previous pattexrn the-asymmetric small“cirgle girdle around
Z. Both may be described aS'embryonie cross-girdle
patterns.

. A sample with transecting foliations.from folded ////p
quattzite has a preferred orientation most strongly;reiated
to the fabric axes (Fig. 4.24b); ma;ima are located clese to
the Y direction of both foiiations, large pole free areas-
are present. > “

The patterns with strong maxima'unreiated to the meso-
scopic fabric are comparabl® to patterns reported in Austra-
lian guartzites which had exaggerated gtain-&rdwth micro-

<

structures (Wilson 1973). Also broad girdles with subsi-

. diary maxima are reported\ffom the Australian rocks as well

as £®n Himalayan quartzites with exaggerated grain growth
(Bouchez and'Pécher 1981). Tt must Be noted however that

the present example of thlS pattern (Fig--4 23a) has much

“input from medium and fine grained guartz and that the

resemblance of thls pattern to that of the fine gralned

//
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quartzite in which exaggerated grain growth has not takgg

place cannot be accidental (Fif. 4.24a).

4

Y .
: ij\-_
4,2.8 (C-2xis Micr abric_and Microstructural Evolution of

Quartzites

. \!-..‘ . -
Since mosti o he quartzites in thé area are coarse
‘ - 23

grained, it is lxﬁthat as in the samples examined they’

have exaggerated graimgrowth microstructures. This type of’
\\\“\\grain gr?wth is well known to be the last stage of secondary

. recrystallisation {Fig. 4.2), the final process in the post
deformational evolution of a monomineralic or metallic
-aggregaée (Cahn 1965, Wilson 1973,-White 1976, Bouchez and

Pécher 1981). It may thus have some use as a time markef,

of value in polycyclic terrains. .
4 ‘ .
There is general agreement that the driving force for N

&

grain'growth"at this stage is surface energy and that the
end fesult is a strong preferred orientatiagfunrelated to
the mésdscopic fabric. There are sevéral theories why a
¢limited number of érains shoaid gféw so large at the expense
>of SE‘many;pthers. The theor}'that is considered most suit-

y  able for these rocks envisaggé'a very strong microfabric of
prima;y fecrystallisation seeded with a few 'rogue' grains
whidh have a misorientation'with respect to the majority of '
the grains such tha£ grain-boundary mobility is at af

s maximum. ﬁbte that such.'régue grains' would most probably //ﬂ{/

not be lying in or near a symmetry plane of the mesoscopic

fabric unlike the grains contributing to the earlier
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microfabrie (Cahn 1965, Wilson 1973). fThis explanation fits
well in rocks such as those in which there is much evidence
for plastlc strain. An unfortunate result‘of the develop-
ment of a new microfabric so late in the history is a
completerloss of  kinematic memory.

Samples with a-ﬁigh gerceﬁtage of medium _and fine
graiﬁs (Fig.-4.23a; Fig. 4.24a) ‘have a large proportion of
non-quartz inclusions which would have ended grain growth -
quickly and thus the microfabric will record a etage of
microstructural evolution earlier than exaggerated grain
growth iFig. 4.2).

It has been shown that significant microstructural and
microfabric changes caused by late éetormatioﬁ can occurat
the outcrop scale in the quartzites. Tae @icrestructurai
change may .be interpreted‘asithe beginning of a strain
energy driven grain growth event whereln lobed 1rregular
graln-boundarles have formed in order to multaply grailn
boundary area (Nicolas and Pomrler»l976) The-accompanyiﬁg
C -axis mlcrofabrlc change agrees well with the conclusions
of Llster and Williams (1979) that the skeletal outline of a
pattern of preferred orientation is very sensitive to late 7
stage movements which should howeverlleave already  formed
peint-maxima undisturbed. The microfabric may therefore be
- considered a cdﬁpound LSl and LS2 fabrie. The newly formed
asymmetric girdle (Fig. 4.25b) ehould be compared to

microfabrics from nearby LS2 tectonites (Fig. 4.26b,d,e),

the main differences being that this girdle has LS1 type
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maxima and_is asyﬁmet:ic with respect to LSl, whereas LS2
girdles are asymmetrical with respect to . LS2 and orthogonal
FO,LSlr although the sense of asymmetry, and thus the
kinematic significance, is the same as that in-the LS2
tectonites.q

The folding preéent in zones of ngrfh west striking
foliations-modifiesrthe original exaggerated grain growth
microstructure. The new microstructure, although distinct
morpholoéically,IiS‘simiiar £o the earlier one in other
respects ﬁhere being no drastic redgction in grain size. It
is probable that this reflecfs similar temperature and
.pressure conditiong‘befpre and déring‘the fﬁlding. This is
in agreement with the fact that throughout the area similar

minerals are found in S1 and S2. ‘ ~

4,2,.9 Why Quértz Ribbons in Granite Gneisé Remember Dynamic
| Recrystallisation and Quartzites Do Not. -~

The obvious differences between the coevai LSl
gquartzite andlgrapite microstructures and C—agis micro;
fabrics may be understood if they are related to a
continuous proéess of recrystallisation. ' This may., if the
temperature is high enough, continue, despite cessaﬁion'of
deformaticn, through a diécrete series of steps, which can
only occur in one particular‘ordef énd each of which 1is
characterized by a distinctive microfabric and micro-

structure (Fig. 4.23. Interruption of this process at any

point, such as due to a lack of sufficient heat for static
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grain growth or as a result of intrinsic'qualities of the

" deformed aggregate, such as insufficient guartz-quartz grain

boundaries (as is_ the case in the granites), will result in
the inheritance'of the C-axis microfabric and_microstructure
cﬁaracteristic of the stage at which the process was stoﬁped
(Fig. 4.2).

Such a 'one-way' sequence of recrystallisation has been
recognized in metals (Cahn 1965), in experimentally deformed
quartzites (Green et.al. 1970) and in naturally deformed
guartzites (Wilson 1973, Bouchez and Pécher 1981, White
1976.) The seguence is expressed by the variations in
C-axis microfabrics and microstructures. These authors_make
a basic’distinction between "primary-" and "éecondary-“
recrystallisat%on, terms which express the'differénée
between earlier drain growth driven-by strain energy and
latér growth, whicﬁ decreases grain boéﬁdary enérgy. These
terms have been applied in@iscriminétely to hoﬁ—wqfked and
cold-worked metals which have been héld.at én elevated
température after deformation. Sellars (1978) shows that
signifiéant microstructuralldifferences are found between
metals deformed and recrystallised in these ways, calling
static recrystallisation in which[ﬁucleii-and mobile grain
boundaries formed during dynamic.récrystallisation continue
to grow and move "Metadynamic Recrystallisatioﬁ“. This is.
an appropriate term to use for the initial modification of a

dynamically recrystallised rock microstructure which nust

Lo
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. occur after deformation has ceased if the temperature is
hlgh enough (Fig. 4.2). -

In experlmental deformatlon of quartzite, dynamic and
metadynamic recrystallisation has’been achieved at a variety
of temperatures anq'strain fates’ﬁith significaﬁt
" microfabric and microstructural differenceé at each staée
(Green g;.é;. 1970). Docunented microfabric and
microstructural changes in rocks usually correlate with
changes ~in grade (Eéhr 1980). However there appear to be -
several episédeslof the best documented sequences which are
confined to the same grade and may represent sequences of
metadynamic récrystallisation (Wilson 1973, Bouchez and
~Pécher 1981).

Microfabric and microstructural variations ﬁay occur
within each of the major.steps of recfystallisatioﬁ. For
example as strain increases the number of new gralns
increases and the C-axis mlcrofabrlc changes in a dyna-
‘mically recrystallised quartzite'(Carreras et.al. 1977);
duplex sﬁructures mark the early stages of exaggerated grain
growth (Wilson 1973).

| The major differences between quartz microstructures
and micro%abfics of LSl age are ascribed primarily to the:
stage which grain growth has achieved during a single
metamorphism which had both a.dynamic and a static componént
(Fig. 4.2 . Quartzites and granites” have probably-undergone
very similar deformations, both having tﬁe‘regional

mesoscopic LS1 fabrié._ Details of quartz microstructure in .
i
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both, such as grain-boundary morphology, are quité similar
vet quarﬁz microfabrics are very different (compare Fig. 4.9
with Figs. 4.23-4.23). This difference is judged to be due
to the obvious iimits on metadynamic gquartz grain-growth in
a granite exercised by the large‘volume of feldspa;; ﬁetaé‘
dynamic grain growth in the granite being thereby halted

before the dynamic fabric could be erased (Fig. 4.2).

4.3 LS2 Tectonites

4.3.1 Introduction R

The LS2 tectoniteé are those 'rocks which in hand.
specimen have a wéil developed LSl fabric, but which in thin
seétion are marked-by-thg'presencefof a sécénd plénar-linear
fabric, LS2 (Plate 17). The faﬁrics'are only‘éompletely
distinguishable in sections cut parallel to the XZ plaﬁ;, a
‘fact which underlines the importance of choosing the,pléﬁgi
of observation in microstructural geology (Nicolas aﬁd
Poirier 1976). @he LS2 tectonites vield unambiguoﬁs
kinematic information from botﬁ the geometry of the
microstructure and the C-axis microfabric,

The 1S2 fabric in many cases is difficult to distin-
gquish in the field from the reéional LSl fabric which it
overprints. Its présénce may be suspectted when the host
rocE is increasingly delicately l&minated, grain size is
greatly decreased and quartz acguires a frosty appearance.

It is only locally developed, -being restricted to guartz

. bearing rocks in concordant zones a few metres or tens of
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‘metres wide, or to narrow guartz veins a few centimetres
wide. |
In the XZ section, iﬁ all sémpies ﬁtudied LS2 has a
gently curving ‘or stralght trace ‘and shows ' the same sense‘of'
asymmetr;T’dlpplng more steeply to the SE than LS1. The XZ_
plane of LS1 contains L2 and L2 approaches 'Ll with increa-
sihg shear strain. The Y direction of both fabrics is
-identical. In favourable cases the distribution of extended
rutile négdies showé‘that the quartz fabric ligs sub-
pérallel to th%:XY plane of the finite strain ellipse at the
initial stage of its development (Fig. 4.27). | There3i§
~evidence for rotation of non-quartz inclusions previously
| ' parallel to LS1 (Plate 20{, allowing interpretation of the
\\ﬁabrics as shear fabrics in which, on the scale of‘hand.
specimen and outcrop, upper layers moved southeast over
~~_—rower lavers. L1 was the shear di;ection and the XY plane
of LS1 was the shear plane..

‘This section describes the rock types and field
setting, the naﬁure of the microstrucﬁure, both of quartz
and non-quartz miperals.and the nature of the C-axis fabric.
All photographs and diagrams, except when otherwiSé stated
in captiénsh refer to the XZ fabric plahe of LSl and LS2.

The main features to be discussed are shown in Tables 28 to

2. . S T ‘

-
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4.3.2 Rock.Types-and Fieid_Seﬁtingl'

: All-roﬁk types studied are quartz bearing, ranging from
guartz rich types such as gquartz veins ana impure guartzites
(Plate 17b,f and a,d respectively) to quartzlbeariﬁg
" granitic and tonalitic gngisseé'(Plate 17¢c,e). The location
ofathe samples is shown in Fig. 1.2b.

The concordant zones of LS2 development are véried in
character (summarized in Table 25, Appendix I{; For
instance a qguartz vein (26102B) from the west-centfal‘part.
of the Cardiff Complex is typical of many others found in
.the lineated grénite gneiss. It has a mesoscoﬁic fabric of
.elOngate aligned.felhspars w@ich 1s parallel to that in the
surrounding gneiss. A granite gneiss (301038) with LS1
recrystallised in curving ribbons (Plate 17¢) comes from a
narrow ravine which forms a prominent topoérahic lineament
fconcbrdagk'with the gne;ssosity on the western- side of the
Cardiff granite. The specimen has a finer—graiﬁ size than
the normal granite gneiss but a mesoscopic fabric which is
otherwise identica%. In alkali granite (20102B), from part
©0f the Cheddar granite where the regionél.LS fabric is
variably developed, unfoliated, moderately and highly
foliated zenes coexist, the latter have LS1 (MCT) type of
microstructure in most cases; the sample with an LS2 micro-
structure is inéistingui%hable in hand specimen from these.

In contrast a guartz vein (24101B)}, a quartzite (695C)
and a granite gneiss (194C) come from the zéne to the north

- of the Cardiff complex where the regional LS fabric is most
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Strongly developed. Feldspa#hig rocks are finer grained,
~augen textures more common , veiﬁ fébfics more ‘'straightened’
and fabric deveidpment more -homogenous here than elsewhere;
In places this strohg fabric is a composite of LS1 and Ls2.
'TheTquartz vein (241013, Plate 19, Fig. 4.1) is a few
centimetres_wide and sét in a f£ine, highly deforme§ granite
gneiss which is only recrystallized at its.margin with the
vein. The guartzite (GBSC)‘grades over a few metres int§
rock with LS1 quartz ﬁicrosttuctﬁre. At two sémple _ ‘
-}ocations (24101B and 194C at Jordan and ?arquhar Lakes).
‘teqtonic schists with rotated feldspar augen lie parallel to
LSl in the granitic gneiss.

At Farguhar Lake both the schist zone and the grey
tonalitic gneiss within which it lies have thelLSZ fabric.
Aipink granitic gnéiss also displaying LS2 (194C Plate l7e) .
is from the leucosome of a migmatite unit lying several |
metres below the grey gneiss‘ihdicatingog minimum thickness
.20 m for the LS2 zone. : .

A quartzite from Tdry Hill (THQ, Plate 17a) comes from
a thick band of guartzite striking north-northeast through
Monmouth Township (Fig. 1.2a). Much of this unit has the
tféical LS1 fabric dominated by exaggerated grain ‘growth
microst?ugﬁures. The map of Francoeur (1975) shows'several
such localities where '@ylonitic' quartz was found. Rocks
with similar meso;copic fabrics underlie a prominent ridge

»-

for more than 1 km. along strike.

A
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In hand specimen LSZ samples are. not greatly different
from similar ‘rock types w1th LSl fabric, maklng field
recognltlon-glfflcult _Some of the specimens do have
features which are either unigque to or typical of LS2
bearing. rocks, features summarized in Table 26, (Appendlx
I). The dlagnostlc asymmetric LS2 fabric is VlSlble to the
naked eye in cuts" near the XZ plane in relatlvely few ‘
spec1mens, notably in the quartz vein from the northeast
margin of the Cardiff Complex (24101B) as a thln milky
streahlng,'ln a‘quartthe (695C) as the outline of defprmed
LSl grain bbundaries and in a "tectonic schist" (ll3lc Table
25, Appendix I) as the dispesitipn of mica flakes. In 'some’
specimens a frostiness ef the guartz, distinct frO'
.'usual glassiness, is apparent (e.g. 24101B, 695C, 2U™Dgp,
THQ). Typical, but not unigue, in quartzo—felaSpathic LsS2
gneisses is the'fine'grain Size of the feldspathic matrix (-
O.lmn), the development“ot augen textures and delicate
lanination (e.g. 301038, 194C, 192C, but not 201028).
Altheugh under the microscope all the qnartz rich rocks are
fine grained, this is only obvious at hand-specimen scale
with certain samples (e.g. 241018, THQ), in others only LSl

grain boundaries are obvious.

4.3.3. Quartz C-axis Microfabrics -
ALl measurements were made and are presented in the XZ
.plane. The data are summarized in Table 27 (Appendix I) and

Fig. 4.26. Most samples have partial or complete girdles
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subperpenaicular.to LSl. Several specimens fFig. 4.26a,b,
c,d) have modified versions of the well known pattern
consisting of two maxlma lylng in YZ glrdle near ¥ (White \ia
et.al. 1980). The granite-from south- of Farguhar Lake xﬂ. |
{(194C) ahd the granite from the Cheddar batholith (20102B) »
(Fiq. 4;26e;f) have types that can be considered as )
transitional»betweéﬁazro;s girdles and the YZ glrdle The
quartz vein from the west central Cardiff complex 26102B
(Fig. 4.26g) is a spec1al case, it has two maxima
irregularly dlsposed around X (compare Shelley 1980) Iin
the. pattern for the granite from the west Cardiff complex B
30103B (Fig. 4.26c) the tail in the girdle is populated by
C-axes or unrecrystaliisec augen. All of the girdles have
an angle of less than 90° to the .average LS2, while although
two (Fio. 4.26d,e) are perpehdicular to hSl the“assumed
plane 65 shear; others'are not perfectly so.

Ail the C-axes patterne except that for the wvein from
the West central Cardiff complex (26102B) (Fig. 4.26g) have

the same asymmetry with respect to the shear system. The

girdles lean towards the LS2 quartz shape fabric and are

_sub-perpendicular to the shear plane (LS1). The pattern is

interpreted as indicating shear of upper lavers to the SE
parallel to Ll. This geometry compares with several studies
of fabrics in shear-zones {(e.g. Eisbacher 1970, Bossiére and

el

Vauchez 1978, Burg and Laurent 1978, Lunardi and Baker 1873,

Bouchez 1978, Berthé et.al. 1979, Brunel 1980, Boychez and

Pécher 1981) and tends to confirm the theoretical prediction

o

>
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that the preferred oiientatiéh—is not controlled bj axes of

. . e .
finite strain in a non-coaxial deformation bqt by the

kinematic framework (Lister 1974, Lister and Williams 1979).
The glrdles with two max1ma near Y displayed by )several
of the samples (Fi@h\f .26 a-d) is common in shear and thrust

regimes (e.g. Eisbacher 1970, Hard‘ié.al. 1873, Christie

1963, Burg and Laurent 1978,‘Lunarai and Bakeﬂ 1975, Wilson -~

1975, Carreras et.al. 1877, Berthé‘?t.al. 1979, Brunel 1980,

Behr 1978, 1980, Sylvester and Christie:l968) and appears to

be-confined to the greenschist and amphibolite facies. This

oy

is consistent with the fact that LS2 destroys LSl and may .

have been formed in constant or wanlng amphlbollte fac1es

. temperatures. The sense of shear deduced from the C-axis

microfabrics . (upper layers to SE, down dlp .to parallel to

L1} is prec15ely opposzte to that fndlcated by LS1 C-axis
mlcrofabr;cs_and the asymmetry of major structures.

L4

4.3.4 Quartz Microstructure

Description: The overall structural geometry in thin

section is dominated by the presence of two planarflinear‘ff.

fabrics, a planar LSl and an asymmetric LS2 which often
curves (Plate 17). In all .cases LS1.is parallel to the

assumed plane of shear. In some cases discrete planes of

Co : . ] '
shear may.appear parallel to LS1 marked by extremely thin 3

layers of vexy fine'equant materiai transecting quartz'or

feldspar. Rocks w1th two such active. transectlng fabrlcs
\-—‘*ﬁn-..

i

-
,,,,,

‘(30103B 1%4cC, THQ) are comparable w1th c- 84%ecton1tes

-
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(b)..

FIGURE . , . _—
4.27 . ) . h )
(a) Sketch.of detail of microstructure of quartz
vein showing LS2 recrystallisation (26102B from
- Cardiff Complex), XZ section. (Plate 17£). an’
. unrecrystallised quartz grain is undeformed, as
shown by the gquasi-uniform distribution of rutile
needles (i); (000l1) lies in LS2, an "augen"
position; recrystallised gquartz, defining LS2 has
a strong preferred orientation qf rutile needles
(1i). Xspar - cross hatch. (b) Stereonet showing
. distribution of folded and extended rutile needles
in LS2 quartgzite tectonite (specimen 695C). South
of Elephant Lake XZ section (Plate 63d). =

i

{.D
|
L]
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(Berthé et.al. 1979). There.are also other features in some
of the Samples not of LSl age which lie parallél the trace
of LS1l. For exampie tﬁé éuartz-vein in granite gneiss.
(24101B) a banding within the recrys%allised guartz
comprised of domains with contrasting extinction lies
parallel to LS1; this feature possibly marks the traces of
recrystaliised deformation bands. In this sample boudinaged
rutile also lies very close to 11 (Plate.IB?Ld). ‘
*LS2 has two‘significant geometries: the case whefé Ls2
cur&és and is.accdmpanied by a considerable proportion of
unrecrystallised guartz and that where there is very little
unrecfystallised quartzland LS2 is straight over large areas
of thin section (24101B, THQ). The latter is considered to
be the most mature microsfrubturé; ité significance is
further discussed below. o BN
The main ﬁeatufés of the gquartz m%crostructures are
summarized in Table 28 (Appendix I). In the seven specimens
analysed the amount of recrystallised quartz varies between
50 and 100%. The distinction between new and old material
is straightforward in most céses. ‘For example, in a guartsz
vein, (26102B) from the Cardiff ég;;Iex a -zone of eqﬁant
grains of millimetric dimensions is surreuxnded by LS2°
ribbons (Plate le{. The undefermed natzzziof the eguant
grains is confirmed by the presence of numerocus rutile
needles which.in contrast 'to those in the LS2 ribbons lack a

preferred orientation (Fig. 4.27a). Specimens of granites

from the Cardiff édhplexljjﬁiOBB) and from near Farguhar .

’ A
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Lake (194C), have LSl‘ribbqns.partLﬁ and completély replaééd

by L82 grains (Plate 17e) and 'augen' of uncrystallised

quartz surrounded on all sides by LS2 grains (Plate 19d4). A" .

.gquartz vein in granite gneiss from the nbrthern margin of

the Cardiff complex (241015)‘has unrecrystallised material
concentrated in a fringe along the vein margiﬁs (Plate 17b).
In some samples of gquartz veins (26102B, Plate 17f) and
guartzite (695C, Plate 17d) it is difficult to tell whether
fatter ribbons in LS2 are hew grains which have grown or
deformed unrecrystallised material since there is no
difference in substructure between the two generations of
material (see below). The quértzite (695C) has large
(millimetric) irregular shap;d grains which are probably old
material (Plate 174d). By contrast another quartzi;e (THQf A
is totally composed of LS2 grains.

An identical substructure is shared by new and old
grains in the quartz veiﬁ (261028B) éﬁd the guartzite (695C)
comprising undulatory extinction, elongate subgrains
(deformatién bands) with prismatic boundaries, rectangular
subgrainé and lobate grain ggundaries. Subgrain .
misorientations rangé from 5° (261025) to 10-15° locally
(695B) . _In the quartz wvein (26102B) new grains appearxr
within ézaihs on deformation band boundaries and on';}ain

boundaries (Plate_l8a,b) where new grains and gféin—boundary

L J - . .
lobes have comparable dimensions ("Bulge-nucleation", Bell

-

g

and EtEe;ldge 1976). —_

S
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In several specimeﬁs_(30103B, 24101B, 20102B, THQ and
194C) a distinc£i§n between substructures in new and old
ggains may more eaéily be made.-'In.all cases exéept 30103B
the Lgé.g;ainé‘are cdm?ose& of equant polygonal subgrains -~
50 um in diameﬁer with low mutual misorientations. The LS2
gréiﬁs are rarely'more-than 3;4 subgrains wide and usually
less. The irregularigrain bgundaries refléct thé-shape of
the sugérainé.except in 30103B which has an uniqﬁe saw-téoth
grain boundary morphology.\\

In these specimeps old grain substructufe is quite
varied. .In 30103B (Plate 19¢) and 24101B (Plate 17b) there
is a continuous transition from relatively undeformed gquartz
though kink-like deformation Eandg into an array of LS2
grains. In 30103B, lattice distortién in deformation bands,
marked by strong undulatory extinction; may be in excess of
40°. Deformation-lamellée, iying between 5 and 20° from™the

basal plane occur in the old ‘material (Plate 19a,b).

Universal stage measu;ﬁ&ents of kinked LSl quartz (Fig.

- . _:_

4.29) show the basal plane is an oneratlve glide plane

RN -
vl
)4

(after method of Chrlstle et.al. L964 Tabular as well as
globq}ar augen (Plate-léd)'also show extreme lattice
distortions (30° along length of‘augen). New grains are
located on‘deformation band bounda?{és and at boundaries of
recrystalliéed‘mé" fial of earlier generations.

0ld unrecrystallised material in 24101B and 194C has

undulatory extinction and deformation bands with

misorientations across deformation bind boundaries in excegs
v
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of 10° but with no marked distortion along their length.

Recrystallise grains have a distinctive location along |

;recrystalltsationffronts' lying subpérallel to LS1 {(Plates

l?e”lSc), with some on deffgmatlon band boundaries. New

-

grains project into old material parallel to LS2 from these
"recrystallisation fronts" (Plate 18c¢c), which in so%e cases
ﬁay be deformation band boundaries which have become mobile.
This mqbili;ation is‘ebserved'in the chanée in shape of
deﬁprmafion band boundaries from planar to irregular (Plate
18c).

Particularly interesting are the angular relations
between rutile—needles, recrystallisation fronts and the
bulges that occur on them in the guartz vein, 24101B, (Plate
18¢,d). 1In the case_illuétrated a boundary between planar

-

domains of very differenf,crientation lies parallei to the

" direction of elongation of the rutile. This boundary is

similar in orientation to several others nearby and appears

to be a deformation band boundary. It, however, has many

1{::jirregular elongate bulges which lie paré;iel to LS2, so that

LS2 and the rutile are not parallel. This mobilization is

interpreted as an example ofﬂbu}ge-nucleation (Bell and
Etheridge, 1976). ] |

Two of the LSZ.granitic'gneisses (l§4C and 201025% have
small domains composed of equant'polygonal grains which are
slightly larger than the subgrains which form the 1S2

ribbons. These are interpreted as grains which have

adjusted statically.
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In all samples the LS2 ribbons viewed in the XZ section
have a length to width ratio whichhvaries from gppfoxiﬁately
5:1 in the paétially :écrystalliseé microstructures to
approximately 3:1 in the more completely recrystalliséé
' samples. The ribbons in the granite gneiss (301038, Plate
| 18) have rétios consideTrably in excess of this.value. The
range of angles between LSl.ang LS2 in the XZ section is
gquite constant, between 25 and.35O (again 30103B is
cogsiaerably in exéess of th'sj\ribbon formation begins ét
between 45 ar;.d 55° t_,er‘ﬁ;i) .

<In general, théﬁﬁresence of déformation bands,
subgrains, undulatory extinc£ion and deformation lamellae

. —
(in 30103B only) is evidence of dislocation domipated +
syntectonic recovery processes (White 1973, 1976, 1977).
Moreover the lobate grain boundaries and the polygonal
subgrain structure is indicative of a syntectonic episode of
grain boundary mobility (Nicolas and Poirier 1976, Van Vlack
1965) when the volume driving force of grain boundary
migration (the strain energy) is greater than the surface
driving force (the need to decrease grain boundary érea).
The conclusion that the microstructure is syntectonic is
‘strengthened by comparison with the érain_boundary

morphologies of hot-woFke Jigh-st;bking fault energy metals

whlch deform prlmaflly by ? ﬁggsgplon and recovei?

processes, e.g. alWminum qéuet et.al. 1962) or with that
& ) ,

of exgerimentallyfsyntectoﬁgcally recr?stgllisgd guartz

(Hobbs 1968, Pl. VIX -). The preservation of deformation
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lamellae in 301038 tends to strengthen this eonclusion since_
a static post eectonic anneal would not selectively remove
such work-haréening features (MacLaren and Hobbs 1970). an
important observation is that in such a process of syntec-
tonic grain-growth and recrystallisatioa the development of
C-axis microfabrics will be partially governed by the motion
of dislocations since new grains are relatively guickly

deformed (Lister and Price 1978).

Mature Quartz Microstructures: Aas noted, some guartz

microstructures are marked by a substantial percentage of
unrecrystallised material coexisting with the new curv g
quartz foliation_(Table 29, Appendix I}. Others, notably
the guartz vein, 24101B the quartzite THQ, and a late
mylonite-from the Cheddar‘bathelith (Appendix II) are
characterized by large areas free from unrecrystallised
quartz, large areas where LS2 does not curve and there is a
low angle between LSl and LS2 (Table 28, Appendix I).

It is possible that these quar%z foliatione represent

steady-state foliations, defined by Means (1981) as

-foliations with constant orientation and intensity.

("Intensity" in this caee is probably best expressed, as
aspect-ratio ) Such foliations would only form under
condltlons of steady- state flow, flow at constant Stress and
strain {EEe.' a SLgnlflcant consequence, espec1ally for the

case of{steadyﬁstate follatlons formed 1n,51mple shear, is

that t ey would be strain nsensitive. That is to say, that.
/} Y

'unllke\\ier example, a shape fabric in\a shear zone, a

AN

~ - e ——
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steady state foliaEionA\;ncp it had been established, .would
not rotate no matter how large the shear-strain.

The condition that a stable micrgstructure has been
‘attained»may be argued from the p%esencé of a mature micro-
structure, in the sense explained above, which has been
established at the highest shear strains found in thérLS2

; + '
tectonites, as evidenced by thg presence of "the strongest
C-axis preferred orientations (Fig. 4.26a,b) and the
smallest angles between LSl and LS2, both parameters being
gualitative measures of the amount of strain (Miller and
Christie 1981 and Lister and Williams 1979, respectively).

- The strain insensitivity'oé the microstructure is
clearly demonstrated in all the rocks. In the guartzite,
THQ the gquartz foliaéion is straight, non curving across
large areas of a thin secfion and has rather low aspect
ratios despite the considerable rotational strains witnesséd
to by rotated porphyroclasts (Plates 17a, 20a). In the
lquartz vein (24101B) and the mylonite boudinaged rutile
needles do not lie parallel to LS2 but 15-20° awa}‘from it
and within 5° of LSl (Plate 18c,d). It is certain that the
deformation of the needles is in part related to the 1LS2
recrystallisation since their extensi@ns in recrystallised
doﬁéins are 20% higher than in non-recrystallised domains.
It ié‘probable thaé'the deformation éf thefrutiie needles,
only recordsthe LSZ or the mylonite forming event since
the quartz (e_g speczmen 26102B) “from undeformed parts of‘

veins contains rutile needles .with no preferred orientation

17



- 257

-,

(Fig. 4.27a). Thﬁé the futile needles appear to have be-
haved like stiff and brittle rods with an initial scattered
oriehtaéion, being brqught;into parallelism with the quartz
foliétion (S2) during its initial formation (as in'261023
and 695C) but rotating past the quartz foliation towards the
shear plane with increased shear strain. Or the rutile may
migfaé% past the initial orientation of LS2 before LS2
formed, as happens during the mobilization of deformation
band boundaries in both‘fhe quartz vein and the granite
mylonite (Plate 18c, Fig.l4.33, A.l). The final result is a
set of two tréagécting coeval fa?rics (compare Means 1981,
Fig. 7’. L -

-Means (1981) states that for the foliation to be strain
insensitive and constant in aspect ratio the processes .
tending to strengthen the fabric should be matched by thosge
tending to weaken it. In the present case the cyclic
process of dynamic recrystallisation may constitute such a
set of events: grains elo?gating by disldcation.gliﬁe and
dynamic grain gro&th but. continually strain hardening until
recrystallisation releases the accumulating strain energy
and p;oduces a new eguant grain. The ragged grain
boundaries and polygonized substructufe are. evidence for
dynamic reéiystallisation (Nicolas and Poirier 1976, P-. -
169). Ip a simple-shear ?egﬁpe the direction of elonéatiOn
of a grain formed at all bﬁ; the ear;iest stage may be
pa¥allel to the ingtantaneous stretching direction and not

related to tHe finité strain axes. It is thus the former

3.
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al

LS
{7 -
. direction that the mature LS2 and the fabric in the mylonite

in all likelibood reflects.

The Influence of ‘Microstructural Development on C-axis

-

‘Microfabric Patterns: ‘It could be argued that the LS2

quartz rlbbons are shear-band llke structures. If, for

- exanmple, they are klnks and thelr axis of rotatlon lay
perpendicular to the direction of flow, parallel to Y. In
this case their kinematic significance would be guite
different f:om that suggested here. ﬁowevef the evidence

presented iﬁ%icates that although the ribbons do originate N
}
as kink-like structures, the kink axes lie near L2 (Fig. \\,j

4.28 - 4.%?). It is suggested that the klnklng process is
the most efficient way of rapidly softening & coarsergrained
microstructure and leads qhickly td a stable C-axis
microfabr® since recrystallisation processes preserve tﬁp

*

kink geometry which produces a C-axis microfabric very

~

common in guartz mylonites,-the type 1 girdle (White, et.al.
1980). This YZ girdlg with two maxima near Y is shared by 4
of the LS2 tectonites (Fig. 4.26a-d), a Eifth (Fig.-4.2ég)
is_a pr&bable variation of it, there‘ﬁéing maximé near X

o« {
rather than Y in this case.

N

[

As a consequence of the partly unrecrystallised datufe
of the quartz microstructure in the granite gneiss from the
west central Cardiff ggmplex (30103B) ‘'many stages of the
microstructural;aevelopment and the attendant microfabric
expression can be observed. At all.stages of deﬁelophen;

the microstructure is dominated by kink-band like structures
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in which the axis of rotation of nearest neighbours lies )
near L2. The main change with incrgasing'strain is the
ﬁigration of basal planes Eowa?d the XZ plane from positions
of variable dip with respeét to that plane and a rélativeiy
small migration of the axis of rotation within that plane
(Fié% 4.28).

The earliest stages inélude the formation.of wide
deformation bands (0.05 ~ 0.1 mm wide) often with sub-basal
deformééion lamellae (Plate 1%a,b). These bands lying at a -
high-angle to LSl are kink-bands (Plate 19a, Fig. 4.29).
Kink-band boundaries lie sub—pargllel to prism planes a;d
sub-perpendicular to the slip plane (the basal plane} (Fig.
4.29). Misorientations between bands vary %rom 12 to 35°.
Note_that thg axis of rotation of the kink-bands, shown in
Fig. 4.29, liés near the L1 XZ plane. The kink-band
boundary, when projected bnfo.the XZ plane would make a high
angle with LS1 comparable with those actually observed in
the XZ plane ({compare Fig. 4.26c with Plate 19b). Ribbons
are also prbduced at the edge of famiiies of deformation
bands (Plate 19¢) or at the edge oﬁ.globular augen (Plate
194). These wide deformation bands are replaced by several
thinner ribbons 20-50 um wide as they éﬁrve toward the shear
plane, a result of the thinning with increaéing.strain of
the original band and the growth of small lenticular new

grains which nucleate both on the band boundaries and within

the deformation bands.
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4.32

Histogram of misorientation between basal planes
of nearest neighbour quartz ribbons in LS2 granite
gneiss (301038)
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There is evidence that heighbouring ribbons retain the
kink-band geometf§“in these subsequenf stages‘éf develop- |
ment.  For example: (a) an intermédiate stage of development
may be represented by é family of grains, ;omparatiﬁely
thick and retaining a high angle to LSl (Fig. 4.30). 1In
these the intersection of nearest neighbour's basal planes
iies close to the ribbon margin's trace (LS2 of the micro-
domain); and the angle betweenAneighbouring basal planes is
large and variable (35° - 75°); (b) The relgtionship of
intersection of the basal-planes of héarest neighbour
nigbons near the trace of the ribbon boundary holds for the
entire measured population. This is demonsérated by the
high degree of ;lustering of the trace of nearest neighbourﬁ
basal planes' intersections near the trace of the LS2 maxima
on XZ (Fig. 4.31la) as compared with that of second or thi;d
nearest neighbours (Fig. 4.31b,c). Moreover, the freguency
distribution of angles between nearest neighbour basal
planés has a maximum between 40 and 590 (Fig. 4.32). Thus
the two maxima on the C-axis microfabric diagram actually
reflect a specific relationship between neighbouring quartz
ribbons which has been prese?ved from the'earliest stages of
development.

A comparable geometry and history is shown by
quartzites from Central Australia (Mawer 1980, personal
communication). In these rocks the two maxima lie in the XZ

plane close to X, the "kink" axis thus being Y. Sample

26102B witg,igs maxima near X (Fig. 4.26g) may be comparable
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to the Australian examples and thus essentially comparable
to the samples showing double maxima near Y.
The kink geometyy is essentially a rotation of one

neighbour relative to the next about an <a> axis. This type

and amount of rotation is very similar to a commonly found

geometry of rotation of new grains relative to most grains
of quartz with core and mantle structure (White 1976), the
site of recrystallisation being grain-boundaries. For
example, White (1976) found that most new grains had
misdriéntations of 1-25° of twist about an <;; axis relatiye
to the host grains. Those with misorientations in Excgsé of
20° appear to have the highest rates of growth during '
primary grain growth (White 1976). Clearly, the cyclic
dynamic recrystallisation of an aggregate in which the-~
host-new grain relatio%éhip always: follows the above rule,
and the axis of rotation lies in the XZ plane, is.EOmpatible
with the production.of fhe microfabric which has two maxima
near ¥ in a YZ girdle fayourably disposing thé aggregate for
dominant prism <a> $lip. The latter slip system has been
found in this type of microfabric from quartz with a
dynamically recrystallised microstructure {(Carreras et.al.
1977), and a similar C-axlis microfabric. In the péesent
éaéé kinking appears to play the same role in the earlier
stages of microstructural development as those better known

recrystallisation processes which function at grain

boundaries. That is to say a population is produced in

which mutual misorientations are of such a geometry that

‘.
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FIGURE
4,33

Formation of foliation of recrystallized gquartz
which is transected by boudinaged rutile.(a)in
early stages of deformation of coarse grained
guartz rock (e.g.24101B) ,quartz deforms by form-
ing deformation bands (kink bands);Deformation
bhand boundary and boudinaged rutile needles beh-
ave as quasi.passive markers which rotate towards
the shear plane.(b)deformation band boundary
becomes mobile at critical value of strain and
mutual misorientation of neighbouring gquartz
domains.Boundary migration is parallel to the
instantaneous stretching axis.In subsequent cycles
of recrystallization this type of crystallographic
fabric is preserved by host grain control..

267
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. some of the kink band/boundar;es become mebile. The
success%ye generations of dynamically recrystallised grains
will, igﬁthey-follow the same geometrical rule, reproducé’
these orientations whatever wés the physical process of
nucleation (e.g. grain-boundary bulging, sub-grain
rotation). Bell and Etheridge (1976) suggest that
nucleation by bulging of a subgrain on a kink band'bbundary
will preserve the kink-geometry. The high angle boundary on
one side of thé subgrain will migrate durihg straining at
the same time as the subgfaiﬂ rotates‘relative to tbg host
grain. The kink geometry will be preserveé if the axes of
rotation of the kink band and the subgrain relative to the
host are the same. Among the present samples this process
is probaglf.taking place in the gquartz vein from the

nqrth Cardiff complex (Plate 18c and Fig. 4.33) and the late
mylonite from the Cheddar batholith where the mutual
interfingering of material from either side of the mobilized
deformation band boundary by growth of bulges parallel to
1LS2 should preserve a kink geometry between neighbouring new
grains. | | '

If kinking and recrystallisation preserving kink-
geometry is a significant process iﬁ the development of the
microstructure and C-axis microfabric a significént clue to
the reason for the occurrence of this partic?lar mode o©of
recrystallisation may lie in the grain size of the

unrecrystallized LS1 quartz and its preferred orientation

(Fig. 4.3). All the microstructures have large grain sizes
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#nd_qﬁite regular grain boundaries, with conéequent low -
grain-boundary area per unit volume of quartz.. The extreme
exémple is the large grain—size'af the exaggerated
grain-growth microstructure in guartzites (Plate 15), quartz
veins and ribbons being less coarse. Thus, since there is a
lqw initial area ¢of grain boundaries, ;he usual site of
;ecrystallifgtion, a recrystallisation process specific to
coarse grained microstructures may be envisaged analagous to
that found in experimentally recrystallised single quartz
crystals (Hobbs 1968). This is a productionaduring a
relatively high strain rate deformation of the large number
of new grains required to keep the aggfegéte;soft at the
numerous deformation band-boundaries (in lieu of the scarce
grain~boundaries) produce& during the initial heterogeneous
deformation. Moreover, if a large volume of the LS1 guartz
has C-axes parallel to ¥ (Fig. 4.10), this will favour
kinking with the axis in the XZ plane if the basal plane is
the slip plane during kinking and if there‘is a component of

flattening in the XZ plane.

4.3.5. Microstructure in Minerals other than Quartz
The main features of the microstructure of the
non-quartz fraction is summarized in Table 29 (Appendix I).
In many, but nof all, instances the:e are differences
between the étate of the mineral in LS1 and LS2 tectonites.
The most noteworthy is the case of K-feldspar, which

throughout the area in rocks affected only by LSl, whether
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perthitic or nct, is a-highly—ordered microcline. In con-
trast, in LéZ specimens 30103B, 20102B 194C and THD (the
first three being deformed granites, the other, guartzite)
K-feldspar shows microcline twinning only very rarely in
small patches and nearly always has a lunate albitic
intergrowth (Plate 19e). The K-feldspar grains in the
quértzite (THQ) have even more exotic m;crostructures such
as rims and polygonal grains andrsub—grains (diameter ~ 50
um) . In the same récks plagioclase is gquite stronglf kinked.
Universal stage measurements indicate that (010) was the
active glide plane. |

The clinopyroxene of quartzite TEQ have tail-like
trails of minute particles, lying in S1, clearly spalled off
during LS2 deformation (Plate 20c) . Th;s is a noteworthy
similarity to the microstructure of some of the gquartzites

showing LS1 exagéerated grain-growth.

4;3.6 Microstructural Evidenéi for Simple Shear

In all except'the specimens with the highest
proportions of recrystallised material the guartz LS2 fabric
is moderately curved and asymmetrically arranged with
respect  to the diserete zones it occupies (Fig. 4.1). It is
shown (Fig. 4.27) that the long axis of this fabric was near
to the direction of maximum extension at least in the early
stages of its development. This fabric, theiefore has some
of the characteristics of the foliation in a shear zone, and

the microstructures record a history in part of simple
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shear, heterogeneous at the scale of ‘observation in the case
of strongly curved microstruetures. '

The evidence for the rglatioﬁ of the foliation shape te¢
the strain ellipsoid is afforded by the presence in a few of
the samples of fine hair;liﬁé needles, probably rutile,
within the.quartz (Platé 18, compare ﬁitra 1976, Mitra and
Tullis 1979). In sample 26102B (Plate 17f), rutile needles
are present in a guartz vein which has a large proﬁortion cf
unrecrystallised guartz and is thus a microstructure in
early stages of development. Within a large eguant gquartz
grain which.displays mild undulatory extinction and
rectangularlsubgrains, the rutile needles are oriented with
Lan approximately uniform distribution (Fig. 4.27a).

Moreover these needles do not show signs of deformation such
as boudinage, breaking or bénding. In an immediately
adjaéent domain where LS2 is well developed, the rutile
needles have a strong preferred orientation parallel to LS2
(Fig. 4.27a). This 'double-funnel' pattern is compatible
with the plane-strain deformation of a randomly oriented set
of rods [Ramsay 1967, p. 163}. ©Needles lying in this
orientation form linear trails of fragments of equal spacing
and length which are'eviden;ly the boudinaged remains of the
much lenger hair-like needles in the unrecrystallised
quartz. More rarely neeales lie at a high angle to LSZ2, and
areqbent (Plate 18a). It may be concluded that in tﬁis very
" small domain, which is part of a much larger aggregate of

heterogeneously deformed quartz, the long axis of the new
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guartz fabric. lies close to the principal éxtension
direction.

Likewise in épeéimen of qua?tzite 695C (Plate 174),
which also displays an incompletely recrystallised micro-
structure, a similar relptionship is displayed between |
relatively scarce rutile needles and LS2: the range of
orientations of exclusively boudinaged rutile coincides with

that of the LS2 trace on the XZ plane (fig. 4.27b). The LS2

'strain ellipse must have been relatively oblate since aspect .

ratios of LSZ grains in sections parallel to XZ and YZ (of
L52) are similar. )

It must be emphasized that this close alignment of
rutile and guartz foliations appears to hold strictly only
for microstructures with a relatively high percentage of
unrecrystallised gquartz. That is to say, it is true of the
guartz foliaticns in an early stage of their development.

In granite gneiss specimen 301038 (Plate 18) there is
indirect evidence that oy lay in the X2 pléne of LS1 lying
at approximately 45° to LS1 and plunging SE, a position
compatibkle with shear_of tops to thg southeast. This
evidence comes from the attitude of the basal planes of
unrecrystallised and therefore hard areas of'qgartz, "augen"
{as in Plate 19d). The trace on the XZ plane of these basal
planeé (tpe peles te which are represented by the C-axes
formiﬂg t;é peculiar cockscomb projection on the girdle in

Fig. 4.26c) is at approximately 45° to L1. This arrangement

is alsc true for the single unrecrystallised grain from
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261028 shown in Fig. 4.27a. Now, since in the augen of
30103B basal slip can be demonstrated from analysis of
kinking in gquartz (Fig. 4.29) it follows that the grains
remained undeformed and unrecrystalised because their slip
planes are in positions of minimal resolved shear stress,
perpendicular or. parallel to 9 (Tullis et.al. 1973).
Mineralg other than gquartz show eviéence for
deformation by simple shear. Fpr example, in the épecimen
of granite gneiss (30103B, Plate 20b) a biotite, ofiginally
at a high angle to LS1 is transected by a narrow shear
surface which lies parallel to S1 and is deformed into a
spectacular sigmoid which indicates southeast directed shear
of upper layers. In the guartzite from Tory Hill (THQ,
Plate 20a5 a foliation of very fine comminuted biotite lies
parallel to S1, occasionally it is dragged S& rotated feld-
spar porphyroclasts forming a patéern whose sense.of twist
indicates the same sense of shear., More cften, fﬁ this
guartzite and that from Elephant Lake (695C) feldspar,
clinopyroxene and sphene inclusions appear to be rotated out .
of the S1 foliation plane without ény indicatién of the
sense of shear such as is afforded by an entrained micaceous
foliation. The rotation is compatible with the analysis of
Ghosh and Ramberg (1976) who demonstrated that proyiding the
rigid particle had a low enough aspect ratio (the exact
value of which was determined by the relative amounts of
simultaneously applied pure and simple shear) it would

rotate in a more ductile aggregate indefinitely.



274

LY

o In Tory Hill.quartzite (THQ) some of the clinopyroxene

-
LR

in the XZ

porphyroclasts have an asymmetric lo:::ii;iagpe when &ieweq
: plane (Plate 20¢). This sh ntrasts with th;,

symmetric
samples.
since the

identical

N

elongate morphologies of porphyroclasts.in other
The shape may itself be evidence of simple*shear
experiments of Ghosh and Ramberg (1976) produced

shapes in inclusions which were relatively stiff

!

but deformable, subject to simple shear in a ductile matrix.

The exact combination of simple and pure shear ¢ontri-

buting to’

these microfabrics cannot be ascertained on the

basis of the available information. However, in the light

of the soﬁewhat oblate shape fabric of the Elephant Lake

quartzite

(695C) and rutile fabric of the wvein-quart:z

(24101B) (K=0.8) it is prbbable that strain histories were

not simple. For example, a ‘'rolling-dough' with extension

perpendicular to the shear direction deformation (Lister and

Price 1978) comprised of simultaneous simple shear and

flattening across the shear plane would explain the shape

fabric of

the guartzite 695C.

4,3.7. éummary and Hypotheses

The LSZ2 tectonites have only been sampled in and around

the Cheddar and Cardiff complexes. It is cerkain that there

are other examples as has been recognized in thin-sections

from non-oriented samples from between Elephant Lake and

Drag Lake.
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FIGURE
4.34

Model showing how a bulk northwesterly directed
shear of upper layers can be accommodated by
shear of opposite sense on thin discontinuities
which lie parallel to an earlier foliation formed
during the early stages of NW directed shearing,
before the discontinuities were active.
Discontinuities represent LS2 shear zones; the
earlier fabric is LSl (adapted from Lister and
Williamgs 1979). -

-
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C-axis microfabrics and microstructures in the LS2
tectonites both indiéates the same shear sense: upper iayers
have been sheared down dip to the southeast parallel to L1,
S1 was the shear plane. The particular problem posed by tHé
1LS2 tectonites is that althoﬁgh they share many geometr;cal
elements wiﬁh the LS1 tectonites, the shear sense within the

narrow zones is precisely reversed. This reverse in

iy

shearihg sense along narrow concordant zones may be
accommodated in a model in which bulk shear is towards thé
northwest (Fig. 4.34). In this model it is envisaged that
initially the fock pile is sheared toward the northwest.
Subsequently, as this shearing continued, deformation became
coﬁcentrated in -narrow zones as parts of the pile hardened,
perhaps as temperatures fell. The pile now behaved as_a_a/’\\
sheared row of books in yhich antithetic shear takes place
between volumes as they tilted. This history.is necessarily
episodic inAérder to account foifthe observed étatiq grain
growth in LSl gquartz. An alternate interpretation ;f‘ﬁhe
relationshié of the two fabrics is that the bulk shearing
sense in the two‘episodes was not the same and the LS2 zone
represents the deep ductile level of a late, listric, normal

fault system.

4.4 Microstructural Evolution of a Metagabbro

4.4.1 Introduction
The-pet;ograpﬁic descri?tions_in Section 2.4 are
ordered éccordiné to rock type and the degree of ~//

recrystallisation, modification of primary texture and
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development of tectonite fabric. The details appear to be
guite complex involving: i) development of coronas of
olivine and clinopyroxene aﬁd the subsequent evolution of
these to amphibole aggregates; 1ii) the devél&bment locally
of amphiboie inclusions within primary plagibclase and the
" evolution of these domains involving plagioclase
recrystallisation, zoﬁihg and amphibole and plagioclase
_growth; iii) the recrystallisation of piagioclase within
pure‘plagioclase_domains such as on kinks or at mutual
_boundaries of plagioclase grains. The third process also
.corresponds to changes observed in the anorthosites, which
have microstructures similar to those which have been
described in anorthosites by>Kehlenbeck (1972).

Changes are described in sampleé taken from a vertical
shear zone in the gabbro. The shear zone, which has a south-
east trending- lineation, develoﬁed during the formation of
LSl and deformation of the most southerly lobe of gabbro at
the south shore of Farguhar Lake (Section 3.3.5, Fig. 3.14).
With evidence of increasing strain the microstructure
evolves towards a s%mple configuration in which thére are
some indications thaé a chemical equilibrium was also
achieved. Changes parallel to those ouglinedlabova are
found throughout "the gabbro. This study.elucidates the’
mechanical behaviour of gabbro, explaining in part why such
bodies remained hard resistant masses; deformation of the
gabbro depended not only on an influx of OH but also on’
subsequent diffusion of several-cheﬁical species over:

distances greater than grain-size.
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Diagram of shear zone showing approximate location

of samples.
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4.4.2. The Shear Zone

The main foliated part of the shear zone is no more
than fifteen centimetres wide and strikes NNW (Fig. 4.35).
The foliation is vertical and a mineral lineation plunges
gently SSE. At the southwestern boundary, the foliation and
shear zone margin are parallel. On the opposite side of the
zone the foliatieon curves in the manner described by Ramsay
and Graham (1970). The zone of well defined foliation
adjoins the wall rock in which a faint elengation is dis-
cernible in a modified subophitic texture. This very weak
fabric, which is at a high angle to the zone, gradually
fades éway in the space of a metre. The rock here is highly
amphibolized although it does not have a mesoscopic tectonic
fabric.

The least deforméd sample (WR) is taken from 2 metres
from the shear zone (Fig. 4.35) from the mesoscopically.
undeformed, amphibolized wall rock in which subophitic
texture is preserved. The second sample (SZM) is from the
edge of the shear zone where the gneissic foliétion is for
the first time clearly discernible.. The third sample (éz)
is from the zone where the foliation is subparallel to the
shear zone margin. SZ differs meéoécopically from SZM in
its high degree of planarity.

There are no major gains or losses of major or minor
elements across the zone (Table 30, Appendix I), the

transition is largely isochemical. It must be noted however
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_ with -
Hb inclusions
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Hb growth zone
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Pleg recrystallizction,
continued Hb arowth.

Microstructure of hornblende and plagioclase from
near margin of partially recrystallized primary
plagioclase in metagabbro from weakly deformed
shear zone wall (sample WR). (a) diagram of
partially recrystallized primary plagioclase. The
part of the grain which is free from hornblende
inclusions abuts other primary plagioclase grains.
Inclusion-£filled plagioclase abuts a mosaic of
hornblende and recrystallized plagioclase.

Density and size of hornblende inclusions
increases towards recrystallization boundary.

(b) drawing from photomicrograph of boundary of -
hornblende-filled plagioclase. Hornblende
inclusions are larger and often touching near
boundary fencing off small volumes relatively free
of hornblendes (marked with x), possible future
recrystallized plagioclase grains.
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that the gabbros are hydrated and the presence of scapolite
implies addition of Cl and co,.

J
4.4.3. Microstruc&gré

Wall Rdck: In the unstrained wall rock (WR) sample two
microdomains abu£ and represént two stages of recrystélli-'
sation (Pléte 3b). In the first a subophitic texture is
clearly visible under the microscope. Clinopyrpxene and
hornblende form a delicate intergrowth resembling a
\heSOperthite. Priméry plagioclase has clean uncorroded
margins, is free from i%clusions and is unzoned. The
plagioclase has multiple wedge shaped deformation twins;

In the second microdomaiﬁ the subophitic texture is
obscured. The microstfuCtufe-is complex (Plaﬁé 3b). The
clinopyroxene hornblende intergrowth ié-replaced by a
decussate aggregate composed solely of hornblende. The
primary lath-like plagioclase has irregular corroded
margins, is zoned and surrounded by small equant plagioclase
gfains. The modification of the primary plagioclase takes
place in three locations: (1) at the interface of the
primary plagioclase and the hornblende aggregates; (2) at
mutual boundaries of plagioclase grains; (3) at sub-boun-
dgries within the plagioclase'grains (Plate 4a;c).

(1) The interface area between‘primarysplagioclase and the
hornblende aggregates may themselves be split into three

domains (Fig. 4.36}: (i) the primary plagioclase free from

inclusions; (ii) primary plagioclase with hornblende
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Chemical variation in hornblende and plagioclase
from near margin of partially recrystallized
primary plagioclase in metagabbro from weakly
deformed shear zone wall. Zones named as in Fig.
4.36a.
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inclusions (Plate 5a) which abuts (iii), a fine mosaic of
hornblende and plagioclase, largély free from inclusions
(Plate 5c¢), which adjoins the hornblende aggregate.

(1) The primary plagioclase farthest from the intetface
~is free from hornblende inclusions, and retains the primary
composition (AnGG). (ii) The primary plagioclase close to
the interface is strongly zoned to more calcic compositions
(Fig. 4;37), displays bright lamellae iptefpreted as the
huttenlocher intergrowth lving at 18-20° to (010) (Plate 5b)
and is crowded with hornblende inclusions (Plate Sa-c).

This domain of the plagioclase is itself zoned composi-
tionally being more anorthite rich the more hornblende
inclusions are present (Fig. 4.37). The number and size of
hornblende inclusions increases in a directioq toward the ‘
- fine hornblende-plagioclase mosaic Domain (iii) until a
point where there appears to be a sudden decregase in the
number of hornblende grains present.. At thig point, ciose
to the boundary with Doméiﬁ (1iii) there are number of
relatively large hornblendes many‘of which impinge on one
another and fence off an area'of ﬁlagioclése which is almost
inclusion free (Fig. 4.36). The hornblende inclusions have
Slight changes in cdmposition, becoming generally less
calcic and more ferromagnesian as thebboundary with Domain
(iii) is approached (Fig. 4.37):

In Domain (iii), thé fine hornblende-plagioclase
mosaic, the hoxrnblendes are rarely included with the plagio-

clase but are located on the boundaries of the feldspar.
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Grain size distribution of plagioclase from
shear zone in metagabbro,south Farguhar Lake.
(a) Sample WR from weakly deformed shear zone
wall;note very small population of grains
with large grain size,these are the unrecry-
stallized primary grains;N 259. (b)Sample
SZM,foliated metagabbro from moderately
deformed shear zone edge,where recrystall-
ization is advanced;N 263. (c)Sample 82,

from centre of shear zone where foliation

is subparallel to shear zone margins and

no relict primary grains remain;N 254.

Grain size distribution measured by the
Spektor method (Underwood 1970).
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ﬁhey are considerably larger than those in Domein (ii), but
smaller than those in the hornblende aggregates. There is a
variety of isolated and mutually impinging grains.
Plagioclase in this Domain is considerably more An rich than
.the primary grains (Fig. 4.37).

(2) At the mutual boundaries of primary plagioclase grains
there are fine equane, evidently new grains. There is no
hint, however, of Subgraén development in the primary

grains.

{3) Along k;nk bouggaries ithin éﬂe primary grains there
are strings of new plagioclase grains and_oecég;;;zi horn-
blende grains (Plate 4c,d). The kink boundary is
discontinously zoned towards more calcic compositians with
bright lamellae sparsely developed. The kink is flecked A
with very fine scapolite. There are two ‘dominant
orientations of new grains, both having bifringence
suggesting lattice orientations close to those of the twins
in the host grain. The number of twine and the twin lamellae
thickness varies across the kinks (Plate 4c). |

A consequence of the variety of the varied micro-
structural character of this rock is the extremely wide
renge of grain size of é&agioclase (Fig. 4.38a). Noteworthy
is the very large number of very small grains. m

There is evidently also a very wide grain size range

for hornblende (Plate 3b), corresponding to its variety of

microstructural environments. Non-impinging hornblendes,
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especially those included within plagioclase, are smaller °
>

than those @hich are mutually impinging.

Shear Zone Margin: In the moderately strained gneissic

metagébbro (SZM) no primary-textgres are visible. Relict
primary minerals are rare. However, most of the micfo—
structural domains of the least deformed sample (WR) are
present in an advanced stage of development.

The decussate hornblende aggregates which have replaced
the clinopyroxene (Plate 3¢) are considerably coarser than
in the least deformed sample.

There are a few large plagioclase grains interéreted as
primafgigrains. They are relatively irregular in dﬁtline.
They have multiple twins which are thicker and fewer than
those in primary gr;ins in less deformed rocks. |
Microdomains composed of hornblende-free aggregates of
subequant plagloclase are correlated with micfodomains (2)
and (3) of the least deformed sample. These grains are free
of compositional zoning and have simple, continuous tﬁins
fFig. 4.39). Grain boundaries are straight to gently
curved. Well formed scapolite is found within this
microdomain.

The microdomains with the finest grain size are com-
posed of ,aggregates of plagioclase and hornblendeJ(F%g;‘
4.39). Theée microdomains, which abut both mafic aggregates -
and, where presenﬁé relict primary piagioclése, are

interpreted as a further evolved form of the fine

hornblende-plagioclase mosaic and inclusion-filled primary
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FIGURE
4.40

Variation in anorthite content in partly
grown recrystallized plagioclase in meta-

gabbro from edge of shear zone (sample SZIM).

Hornblende ornamented.
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FIGURE ' 4
1,41 | - 3
Grain morphology in partly grown plagioclase
with bright lamellae {(dashed lines) in meta-
gabbro from edge of shear zone (sample SZM) .
Curved boundaries as well as relatively
straight boundaries occur.Hornblende cross-
hatched. :
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FIGURE
4.42

Twin morphology in partly grown recrystallized

" plagioclase from edge of shear zone (sample SIM).
Edge twins {(a),(b),(d),(e) and (g);partial
twins (c), (d), (e) and {(g);enclosed and cont-
inuous twins (f).Twinning associated with
curved grain boundaries in (a),{c), (@), (£}

and (g).Many twins have stepped and abrupt
terminations. '
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plagioclase of the least strained sample (micrpdomain (1)
subdomains (ii) and (iii)). i

Plagioclase in this microdomain are compositionally
zoned (Fig. 4.40) and all display the bright lamellaé (Plate
5d). There is evidence that their lattice orientation is
related to the postulated parent grain since both the bfight
lamellae in the new grains and the albite twins in the
relict grain lie at a high angle to thé section (Fig.
4.39b). Twins have distinctive morphoiOgies attributed to
formation during growth (Vernon 1965, sgry 1969} (Fig. |
4,42).. Grain boundary morpheology in/tﬁis‘domain is also
unigque, straight and strongly curve& boundaries are present
(Fig. 4.41). Hornblende grains are mostly located on the
boundaries of plagioclase grains or protrude into them
(Figs. 4.40 and 4.41).

The‘}ange of plagioclase.grain size is still wide (Fig.
4.38b) but somgwhat more restricted than the least deformed
sample (Fig. 4.38a). The number of fine grains has
increased relative to the very fine grains and the mean size
is larger. |

Hornbiende alép still hés a wide grain size range
(Plate 3c), reflecting the varied microstructural envirop—
ments.’ | | | .

Shear Zone: The microstructure of the highly strained
gneissic metagabbro kSZ) is relatively simple. None of the

microstructural domains found in the less deformed samples

are present (Plate 3d).
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Plagioclase is more sodic (Ahsa) than.the primaéy
plagioclase. It is free from zoning except for wvery minor
thin normally zoned rims. Bright lame;lae are absent.
Simple continuous twins_are dominarsk. Discontinuous.;nd
enclosed twins are not présent. Graihiboundaries are gently
curved to planat. Scapolite is very common; Plagiéclase
grain size range_is restridted (Pig.l4.380). Fine.grains
- now dominate over verf fine gfains and the mean grain size
is -larger than .in the mbdefately strained rock.

ﬁornblgnde forms elonégﬁe decussate clusters, which are
one or two-graiﬂs thick (Plate 3d). There are few grains
nqt in contact with another. Grain size range is very

restricted (Plate 3d) and appears somewhat finer than the

coarsest grains in less strained samples.

4.4.4. Deformation Mechanisms

The petfographic and crystal-chemical data suggest that
deformation of the gabbro involwved: (i) hydration; (ii) ‘
recrystallisation, grain-growth and attaiﬁment of a chemical
and microstructural eguilibrium. These interrelated
processes are comﬁieted in the most highly strained part of
.the shear-zone. The;e are prohlems determining whether
these processes are wholly or partly syntectonip'(dynamic or

metadynamic). The postulated mechanisms and relevant

evidence are outlined helow.

L
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The addition of water obviously accompanied deformation
of the gabbro with amphibolitization simply described by the
equation:

clinopyroxené + plagioclase (Anss) + H20 =

hornblende + plagioclase (Anso).
Scapolite may be ignored since, although it increases in
amount within the shear-zone, it is a late addition,
replacing recrystallised plagioclase.

In addition to the reaction being in part the driving
force of nucleation and grain growth, it may be important in
providing a specific softening process. White and Kn}pe
{1978) describe "reaction-softening" as océurring when
reactants and products are present together in an aggregate
undergoing a phase transformation. fhe volume aifference
between reactants ard products generates an internal stress
which allows the aggregate to flow at relativeiy low stress.
This mechanism may have been signifiéant in thelless
deformed samples where reactants and products are present
{WR and SZM);

The microstructural history of amphibole in the shear
zone is complicated. Nucleation is not always simply.
followed by growth but may be followedlby growth then
dissolution.

The location of the finest amphibole, and therefore the

probable sites of nucleation are: (i) within clinopyroxene.
(ii) within pgimary plagioclase (WR microdomain (i) and

(ii)), where it occurs as tiny rod-like inclusions (Plate
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'
5a-c); aﬁd\(iii) at the plagioclase—clinopyroxepe interface. -
Subseguently there is no optical evidence for intrécrystal—
line-strain, such as deformation twins, undulatory
extinction or subgrains. .
.There is evidence for grain-growth and shrinkage of
amphibole in all microstructural environments. Within the
pure’hornblénde aggregates grain-size at first increéases
witﬁ increasing strain (WR- SZM) then diminishes samewhat in -
the shear-zone centre (SZ). This is illustrated by increase
in grain size in pure mafic aggregates within WR from left
tc right of Plate 3b, and.subsequent further growth in S2ZM,
.centre Plate 3c¢; in contrast grains in SZ, Plate 3d are
smaller than those in SZM. A more complex evolution is
dbéerved in the‘recrysta;liéation of amphibole inclusions in
 primary blagioclase kmicrodomains (ii) and (iii) of WR, Figﬁ
4.36). In this location there is an ihitial nucleation of a -
large number of-amphibole crystals within the plagioclase
.(micro—domain (i1)), subsequent growth of some and shrinkage
of others implied by the decrease in number but increase in
size observed as the boundary with microdomain (iii) is
approached, where relatively few igpinge on one another. In
microdomain (iii) the increase in size and decrease in
number of amphibolée grains implies growth of some
individuals at the expense of others. In the development of
similar microdomains iﬁ the moderately strained sample (SZM)
the amphibole, which still occurs primarily as isolated

w

individuals (Plate jc), has grown further.
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Nucleation within plagioclase and clinopyroxene a?d :
growth and shrinkage of these amphibole grains and those
which are surrounded by grains of fine plagioclase-implies
cation mobility on the grain scale both through host
‘laétices and along grain boundaries. The mobility
requirement for gréwth of mutually impinging amphibole is
much less drastic.

. In plagioclase strong intracrystalline deformation is
limited to'primary grains. These are replete witﬁ multi?le
wedge-shaped twins, thch change thickness across kinks
(Plate 4c) and'were thus formed ét the same time as the
kinks. These twin.morphologies are characteriséic of
deformation twins (Vénce 1961, Seifert 1964, Vernon 1965,
Lawrence 1970). Comparable kinking has-been demonstrated to
be accommodated by (010) slip (éorg and Heard 1969, Vernon
1975).

The lack of optical signs of recovery is unexpectedlin
plagioclase deformed in the amphibolite facies, according to
‘White (1975). Although this may be an effect of the scale
;f observation, the apparent absence of récovery rules’ out
nucleation by grain-boundary migfation or subgrain rotation.
The same auvthor points out that nucleation may be enhanced
in plagioclase grain-boundaries by the multiplication'of
dislocations which are aided by the availability of water
(réhbinder effect). The presence of water is demonstrated

along kinks and near the boundary of primary plagioclase and
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mafic aggregates by the presence of amphibolé. The rehbinder
effect may have aided nucleation at these points.

It was suggested earlier that hornblende growing within
primary plagioclase near the boundary of the fine horn-
blende-plagioclase mosaic (WR microdomain (i), {ii} énd
(iii}, Fig. 4.36, Plate 5a-c) plays a role in plagioclase
reciystallization. The amphibole inclusions will
elastically strain the host lattice (Van Vlack 1965).
Furthermore, muﬁually impinging amphiboles may effectively
separate domains of plagioclase from the host effectivgly
forming a new grain boundary (Fig. 4.36).

The evidence for control of new grain orientation Ly

that of the host grain has been noted (especially Fig.

4.39). This effect has béen noted in andesine {Vernon

1975}, quartz (Hobbs 1968) and olivine (Ave'Lallemant and
\ -

Carter 1970).

- .

There 1s an overall difference between the composition

of the primary grains (AnGG) and the fully-grown recrystal-

lised grains of the most deformed rock (An in 82},

58
comparable effects are found in anorthdsites of the complex.

Moreover newly recrystallised grains near the hornblende

'agggegate-plagioclase boundary are more calcic than primary

grains (Fig. 4.37). Similar compositional differences have
been observed i? recrystallised andesine (Vernon 1975) and
Biotite (Etheridge and Hobbs 1974). These are considered fo
refiect a decrease in free energy betweén 0ld and new grains

which aided in promoting recrystallisation. In the present

{
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case there are compositional differences not only between

the primary grain and the fﬁlly—grown grains of the most

—

highly strained sample but also between7thése and the finest
N L4

new grains (Fig. 4.353. This suggests the possible rodle of
free-energy differences enhancing growtﬂ as well as
recrystallisation.

The evidence for grain-growth in the plagioclase is
several fold: (i) the new-grains increase in size from least
to most strained part of zone (Fig. 4.38); (ii) relatively
highly curved boundaries are found in the finer new grains,
indicatiné mobility (Fig. 4.41); (iii) the same grains show
exclusively growth twins (Fig. 4.42); (iv) bright lamellae
(huttenlocher interérowth) are confined to these same
grains, but are absent from the grains of the most deformed
specimen. This type of intergrowth has been found in
recrystallised. plagioclase from shear zones (grodie 1581,
Borgés and Whiﬁe 1980, Brown et.al. 1980) where its dis-
appearance has been specifically linked with grain growth.
Peristerite intergrowth, an analagous?features from sodic
plagioclase, has been shown to be associated only with grain
boundary migration in sheared pegmatite (Marshall and Wilson

19786).

4.,4.5. Chemical and Textural Equilibrium
The most strongly deformed sample from the centre of
' the shear zone has attained a chemical and textural

equilibrium. The evidence for this is: (i) the elimination
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of hornblende inclusions within plagioclase. The expulsion
of hernblende to plégiocla;e grain boundaries im?lies a
lowéring of interphase grain boundary'énergy (Van Vliack

- 1965). (ii) the elimination of strongly curved plagioclase-
plagioclase grain-boundaries and the overall increase of
grain size of new pladioclase implies a minimization of
grain-boundary energy. (iii) the bright laﬁellae and
microscopically-visible zoning of plagioclase are absent in

the most sheared rock.

BN
N\

4.4.6. Timing of Microstructural Development

’

There can be(little doubt that the microstructure is in
part syntectonic.\;This interpretation is favoured by: (i)
the fact that initial microstructurél development and
amphibolization are simultaneous and that, throughout the
complex, amphibolization and development of a foliation are
un;quely related. Amphibolization is often.accompanied by
development of.a linear amphibole fabric. (ii) in the less
deformeé rocks evidence of textural disequilibrium {see
above) is not annealed out. (iil) it is known in metals
that annealing results in a grain-size which varies
inversely with sﬁrain (Cahn 1965, Sellars 1978). The
reverse 1is the case in the sheared gabbro. Although this
rules out annealing sensu-stricto (all grain-growth and
nucleation post-tectonic) . it is still compatible with some

measure of post-tectonic grain-growth, if the metallurgical

analogy is applicable to these rocks. (iv) Metadynamic

f
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reécrystallisation may be viewed as dynamic recrystallisation
followed by a static chemical and textural eguilibration
that is controlled in its amount by strain:' The case that
it took place is supported by comparison with some metals.

Materials with similar microstructures to the meta-
gabbro are het-worked low stacking-fault energy metals, e.g.
Cu, Ni, Pb, y-Fe. These are metals in which, because of
thegr lattice.qeometry, climb and polygonisation rates are
very slow. Softeﬁing is‘accomplished‘by rapid re-
crystallisation. There is'a period of rapid work-hardening
before the onset of steady-state dynamic recrystallisation.
The microstructure changes with.ﬁhe achievement of a steady
state deformatioﬁ from a mixture of néw and old grains to an
aggregate consisting only of equant new grains (Hardwick and
Tegart 196la&b). Growth twins are common and grain growth
occurs prior to the achlevement of steady-state flow |
fHardwick, Sellars and Tegart 1961).

The similarity of the hicrostructufe of these.metals
with that of the plagioclase which consists of an aggregate
of new grains is clear. Moreover there is evidence for
achievement of a steady-state flow in the ﬁacroscopic
ﬁorphology of the shear-zone. This is, 'as previously
mentioned, that on oné side of the shear zone the foliation
and ﬁargin are concordant, indicating that the zone was not
spreading sideways during deformation. Beach (1980) noted
that many high-grade shear zones haq a comparable morphology

which he attributed to the' achievement of steady-state flow.

Lad
-



[l

300

However, if the microstructure is developed purely
dynamicaliy a change of defofmation mechanism may . have
occurred, since none of the signs of grain size change
evidént'in the iess strained rocks are visible at the shear
zone centre. A change of deformation mechanism w;thln a
shear zone has been proposed for anorthosite by Borges and
Whlte (1980)and discussed for retrogressed Lewisian rocks by
Beach (1980). Such a new mechanism would be grain boundary
sliding, since there is little visible evidence(;uch as
grain elongation, sub-grains, deformation twins) for
dislocation dominated mechanisms. One objection to grain
boundary sliding is that. in metals, where this is probably
the dominant mechanism in 'superplastic' materials, a very
fine grain size is the rule. There are however excéptions.
Superpiastic Ti-Mn alloy has a 500 pm grain-size (Griffiths
and Hammond 1972) which is very coarse for superplastic
metals. In geological materials, however, superplasticity
has.only been suggested for very fine grained focks

(Boullier and Guegen 1975).

4.4.7. Conclusions

A textural and chemical equilibrium was attained in the
most deformed rock of the shear zone. Deformation and
microstructural development in the two least deformed
samples can be accounted for by the processes accompanving '
amphibolization although microstructural evolution outlaﬁted

this process. These processes are: (i) nucleation, bv a
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method other than grain-boundary migration or sub-grain
rotation; (ii) growth of ﬁornblende in puré.hornblende
aggregates and of all plagioclase by ﬁigration of high angle
gfain—boundaries; (iii) the growth and shrinkage of
hornblendes which are surrounded by plagioclase, by
diffusion both élong.the grain boundaries and through the
1a£tice of plagioclase. The ﬁigration of high angle
boundaries and the growth and shrinkage of.hornblende
continued after the completion of amphibolization and must
have been wholly syntectonic {dynamic) or partly (meta-
dynamic). Steady-state flow was achieved in the centre of
the shear zone and was probably accomplished by similar
processes. Such processes probébly account for deformation
of other metagabbroic gneisses within the study area which
have similar microstructure.

In conclusion it must be noted that'the slowest process
in the deformation of the gabbro is the recrystallisatidn of
the mafic minerals. This process is governed by the long
range influx of water to initiate the nueleatiOn of
amphibole and the diffusion of several chemical species over
greater than single grain scale distances during growth and
shrinkage of the non-impinging grains. 1In céntrast grain
growth of plagioclase must be much faster since consumption
of one grain by its neighbour simply reguires movement of
material across a grain boundary and, if grain boundary
sliding is an important process, components may have to move

from one part of a boundary to another a short distance
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away. In this way, the felative ductility éf anorthosite,
gabbro and pyroxene (Section 2.4.1) may be in part explained
and the relative hardness of these rocks compared to the
quartz-feldSpatﬁic and carbonate rocks of their envelope.
Thus, the gabbroic rocks may persist as- resistant masses

during considerable periods of deformation.

3
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- 5. SUMMARY OF TECTONICS AND STRUCTURAL PROCESSES IN RELATION

TO REGIONAL TECTONICS AND CONSEQUENT HYPOTHESES

-

5.1. Introduction _ .

In this section the ;eqtonics‘in the study area and the

structural processes described from it are summarized. |

.Aiso, hypotheses relating events within the area ﬁo those in
the”larger western Grenville Province are presented as

guidelines fqr future study.

5.1.1. Tectonics in the Study Area . , .
gocks in the amphibolite facies, predominantly
.calcareous metasediments situated near the border of the
Central getasediﬁentary Belt with its bésepent, are
iﬁterlé?%d with probable basement and a variety of
orthogneiss. Granites form two largeléﬁbcircular tilted
complexes. The probable basement, which is mostly tonalitic
orthogneiss, has near or at its gt&uétural top a @iscoﬁ-
tiguous horizon of interlayered peliti&, semifpelitic and Ca
and X poor (orthoamphibole bearing) intermediate to mafic:

gneiss, possibly a metamorphosed weathering product marking

the unconformity. The grey gneiss forms stratiform slabs

T —— :

.~ - 1lying within the supracrustal rocks, and if the basement
hypothesis is correct, they are allochthonous.
The-oldest,orthogneisses'which'are uqdoubtably not

basemént are gébbroic rocks (ranging from pyroxenite through

<?

-
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gabbro to anbrthositg) which were-fﬁliowed by svenitic
rocks. Both were probably emplaced aé sheets, implying.
emplacement into a stratiform éile; poésibly sjntectonicallg
(with respect to fhe main lineation-forming or an earlier
event). The Farquhar Lake Mafic cqmpf;k ﬁéy have been-
empiaced during thrusting after diffefeﬂtiation. Major
syntectoniéally and diapirically emplaéed granitoid
cempléxes form the northern tip of a regional magmatic and
migmatitic arch. - Gravity tectonics and ductile shearing

- .

appear to have pléyed important roles both in the emplace-

‘ment of the granites cand in modification of structures

around the Allen Lake pyroxepite. Requirements of densitj

contrast and ductility contrast appear to be satisfied.

Evidence for

angle tectonic transport includes the
syn-metamorphically imposed SE plunging regional lineation,
the asymmetric striucture of the major granitoid bodies, and

the quartz C-axis/microfabrics and microstructures. Such

transport 1is ass&méd to be responsible for the.purported

‘basement thrusting and-the dismemberment of the ‘Farguhar

Lake Mafic complex. This lineation is imposed on the

Harvey-Cardiff Arch which tilted a major tight EF2 fold,

. correlated with a set of folds present regionally and is

particularly strongly developed in a zone of high strain
which traverses the northern part of the map area. ' The low

angle transport event thus postdated a folding event of

considerable importance and is most likely an episode of the.

*

Ottawan ord?jny (ca. lldO-lOSO Ma., Moore and Thompsoﬁ 1880).
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5.1.2. Structural Processes .

., On the ldrge;scale.thé moﬁt important’ processes
displayed by the rocks are penetrative fegional.ductile £low
which accompanied the‘thrustipg and shearing and the
interplay of this¥wiph gravity driven ?ectonics. The
sqftﬁess.of the rock -during the main deformation is
witnessed by the ﬁbiquigy of Fhe stretching lineation and
the chaotic¢ inclusion-fabrics of the vglumi$ou§"marbleé.
The lin?ation also impéées an impdrtant control on the
geometry of many of the structures, for example, the:zones
of folding coéxial'with it and the NW tilt of the granitoid
compléxes. | |

On the small scale the importance of orientéa'graih
growth sﬁbsequent to dynamic récrystallisation has beeﬁ
-demohsérated'in the formation pf-the common éua:tz'ribbons
iﬁ granitic gneisses. The oriented grain growth in the
granites represents an. arrested staée of metadynamic
microstructural adjustment, which results in ekaggeréﬁed
grain growth in high grade guartz-rich roﬁks.if the density
of othexr minerals is sufficiently low. 2 result:of this
cessation'of grain growth is that C-axis microfabrics"in the-
granigic gneisges are determined by‘the strain‘history..

Local kink-like recrystallisation of the early gquartz
micrqstructure results in the production of asymmetric
microfabrics whose linear element (ﬁz) lies in the XZ plane

of the earlier fabric and which can be used as kinematic

indicators. Tectonites with these microfabriqs occur in
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Narrow zones_which may represent zones of antithetic shear
related to the main deformation.

The production of foliation in the éabbro'iS"
accompanied by quite different.processes. Intracrystalline
dislobatiop dominated.plasticity appears to Be'negligible.
Instead intra- and intercrystalline diffusional processes
which ' rely on' the presence of introduced water dominate.
The relative slowness of this process explains.both the
preservation of primary fabrics in the gabbros and the
relative hardness of these bodies during regional ductile
deformation.

It is ho?ed that the processes described above
contribute something to our understanding of the modes of

deformation at various scales of deep seated crustal rocks.'

5.1.3 Hypothetical Relations to Grenville Tectonics and
i ‘suggestions for furéher work

(2) It has been stated previously that‘the map area is part
of.g larger zone of high strain where there is a southeast
plungin; lineation which, in turn, is one of several such _
zones in the western Grenville Province, that include the

' Grenville Front.
Although not known in detail, the similarity of fabric

type and orientation in these zones suggests a similar

significance and age for all of them. If, as argued for the

map area, they all are zones of northwest directed ductile
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. shearing and/or thrusting, then a Tibetan-type model of

crustal thickening is favored (Davidson et.al. 1981).

(b} The map area is part of the edge of an extensive high
grade zone which almost encircles the lower grade rocks of
the Hastihgs Lowlands (Fig. 1.1 and 5.1). There is evidence
that this high grade margin has a distinctive ﬁecﬁonic style
and its bouhdary.zone with the low grade area is marked in
places by afabric transition: (i) In the region including
the east side of the map area exﬁending east of Bancroft,
there is a switch from northeast to southeast trending
lineations (Fig. 1.1) and a shallowing of dip with
increasing grade . (ii) In the region including the south
‘and southwest side of the map area extending to the south of
the Harvey-Cardiff Arch upright . structures give way to
shallow away from the low grade zones, here there is some
evidence for a fabric transition (Fig. 1l.1l). (iii) East of
the bulbous Weslemkoon and Elzevir plutons (Fig. 1.1l and
5.1}, batholiths of the sodic and potassic group have a
different style, forming sinuous, elgngate bodies (Abinger,
'Cross Lake and Northbrook plutons) and lineations have
shallow plunges at higher grade (Rivers‘1976). A tectonic
model fbr the Grenvillian orogen as a whole should take
these facts into account. Full cognizance should be given
to the possibility of éiﬁultaneous_gravitational adjustment

- . . ;
(sinking of Hastings lowland and complementary rising of
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marginal gneiss and plytonic complexes) and,. at the margins,

low angle transport tectonics. -

(¢) Large tight folds are found in the Hastings Léwlands
{Divi 1972, Carmichael 1968}, on the margin of the Lowlands .
(the Burleigh fold), where they appear to predate the
.diapi;ism, and the Flinton-Ompah area, east of the Elzevir
and Weslemkoon Batholiths (Rivers 1976, Moore and Thompson
1%80). A regionai correlation‘of these folds would imply a
widespread folding episcode, postdating the deposition of the
Flinton Group and predating the gormation of the Harvey-
Cardiff arch. Ea;ly thrusting has been suggested ;djacent
to the east flank of the arch (Heamon et.al. 1982). Such
thickening of cdvér rocks and subsequent elevation of
mgéamorphid grade would help explain the diapiric uplift of
the arch. Siﬁilar sequehces are reported from the Norwegian
Caledonides (Cooper and Bradshaw 1580) énd the Australian

Archean (Bickle et.al. 1980).

v

(d) The Drag Lake Complex and thé Glaﬁorgan Complex of
_ﬁigmatitic tonalitic gneisses both extend considerable
distances beyond tﬁe-map area (Fig.'l.l). Structures within
and aggacent to the map.érea suggest these bodies are very
large low dipping slabs. If they are indeed basemént
gneisses, a very widespreéd thrusting episode is implied, .
since they overlie rocks of the éentral Metasedimentary'

Belt.
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(e) Recently published datés of rocks within and near the
map area fall into two groupings similar to those named the
Elziviran ca. 1300-1100 Ma. and the Ottawan, ca.llOé-lOSO
Ma. (Moore and Thompson 1980). The earliér dates are:
Emplacement of the Tallan Lake S$ill (gabbro)
which lies to the east of the Hérvey-Cardiff arch,
1246224 m.y. (Heamon 1982, Rb-Sr).
Crystallisation of the mafic nepheline bearing
gneiss, .
1225+#3 m.y. (Miller and Gittins 1982, U-Pb).
Emplacement of igneous textured nepheline
syenites,
1187420 (Miller and Gittins 1982, Rb-Sr).
A date of‘unspecified significance for the Cheddar
éranite,
1200 m.y. (Fowler and Doig 1973, Rb-Sr).
the later dates are: 7
' the emplacement, at the metamorphic peak, of the

Silent Lake Pluton,

lii8t12 m.y. (Heamon 1982, Rb-Sr).

The emplacement of nepheline bearing pegmatites,

shortly after the metamorphic peak.

In the rangé'of 1040-1075 m.y. (Miller and

Gittins, 1985, U=Pb}.

The emplacement of uraniferous pegmatites,

970 m.y. (Fowler and Doig, 1979, Rb-Sr).
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';t will be noted that manf of the rocks in the early
group correlate with the orthogneiss in the study area which
are sill-like (gabbros and syenites). Ihdeed the Tallan Lake
sill has this form, suggesting emplacement into stratiform

rocks.

(£} Considering the suggestion that the line of alkaline
rocks lying near the base of the Central Metasedimentary
‘belt marks the site of a rift (Miller aad'Gittins 1982) we
may reasonably speculate that such a rift at depth would be
the site of low angle ductile normal faultihg (Ramsay 1980)
and that the plutons emplaced into it would be sill-like and
that in many respects the geometry and fabric of rocks
marking such ductile rifting would be barely distinguishable
from the planar -linear tectonltes now exposed. This s%te of
Elziviran low angle ductile rifting would become the
preferred site of ductile thrusting during the Ottawan -
oregeny, leading to strong deformation of the Farguhar Lake
complex. C
This hypothesis may be checked durlng mapplng of the
boundary of the Central Metasedimentary Belt and its
basement by ascertaining: (i} if the thrust tectonics die
out along the boundary; (ii) if at thé'point where they die
out thrust tectonics are feplaced by earlier ductile
rifting. Perhaps early orthogneiss in such a terrain would

be less deformed.
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(g) There are several petrological problems whosg solution
‘would shed light on the tectonics of this part of the
Grenville Province, these have been mentioned in the section
on lithologies. Briefly they are: 1) éhe pqésibility that'
there is a relationship between gabbroic rocks of the map
area, those similar locations in the high grade terrain and
those in the low grade Hastings Lowlands. If they are of
the same age, their use as a marker of tectonic style is
obvious; ii)the possibility of consanguinity between any or
all of the plﬁtonic suites. For éxample, bearing in mind
the nepheline normative nature of the gabbro%c rocks, a
possible link between these roé¢ks and the syenitic suite
should be investigated. Simi;ar possible links have been

postulated between the grey tonalites and the potassic

granites (Chesworth et.al. 1975) and between mafic and. sodic

plutons’of the Hastings Lowlands (Lumbers 1967).

{h) An essential feature of the structural map is‘thé
presence of disharmonic but apparently synchronous northeast
and northwest striking foliations an@ associated folds.
These structures are seen as forming during deformation that
was locally polyphase but regionally continucus and
progressive (Fig. 3.19), the northwest structures in many
cases forming between plutons. There are also mesoscopic
and even microscopic structures which have progressiQely

formed elements which are mutually orthogonal.
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On ﬁhe_mésoscopic scale coe&al structures trending boﬁh
nortﬂeast and northwest include minor folds with SE plunging
axes which appear on account of their relatively open
profile to have formed with their axes initially parallel to
the stretching lineation. |

Q Qn the regional scale_there are several features with
possibly simultaneous northeast and northwest trending
structures. For example, two hundred and fifty kilometres
" to the northwest of the map area, between Sudbury and the
northern shores of Lake Nipissing, the Grenville Front
Tectonic Zone is exposed (Lumbers 1975). Within the
Tectonic Zone foliations striking northeast dip southeast
;ith a down dip-lineation. This is overlain to the
southeast by northwest striking foliations with a lineation
of similar orientation. To the southwest of this area the
northwest structures are picked out by large folds of
distinctive granitoids with axes plunging shallowly -
southeast parallel to a stretching lineation (Davidson -
et.al. 1982). In this area éhe northwest oriented
structures are in turn overlain by a southeast dipping shear
zone with a down dip lineation. Reéional mapping,
continuing at the time of writing, shows that between this
latter area and the study area the southeast trending
lineation and associated shear zones aﬁe importan;-
structural elements {(Davidson and Ma&er, personal

communications, 1982). .
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Structural relations of a propagating shear zone.
(a)distribution of strain in a cross-section of
a propagating shear zone;heavy lines,trace of
foliation;c,constrictional strain;f,flattening

. strain,elsewhere,plane strain;in this model

accomodations of departures from plane strain

are only permitted perpendicular to the move-
ment direction,within the shear plane (parallel

to 'b').Adapted from Ramsay and Allison 1979.

(b) Plane along A - A':;attitudes shown of

passive layering,the trace of which lies par-
allel to 'a' in (a).Foliations in zone of con-
strictional strain are folded cylindrically around
stretching lineation.The expected distribution

©of lineations and poles to foliations is shown

on nets.If boundary of plane strain zone (P)
propagated into zone of constrictional strain

" to P' the folds formed by constriction would

be refolded. L

-
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To explain these major and minor structures a model,
proposed by Ramsay and Allison (1979) is adopted that shows

the strain distribution at the termination of Propagating

‘ductile shear zones. The model, in which the plane strain

condition pf simplé shear is relaxed so thaf strains at the
shear zone tips are accommodated by displacements
perpendicular to the movement plane (i.e. in 'y' or 'b'),
may be used to predict the behaviour of passive planaf
elements during propagation of a shear zone (Fig. S.Z);_In
the model there are areas near'ghe tips of the shear zone
where there is contraction in the shear direction leading to
extension perpendicular to the shear direction (in 'b') and_
local‘flattening where this st;ain is sgperimposed on the
plane strain of the shear zone. On the opposite side of the
shear zone there is contraction in the shear plane '
perpendicular to the shear direction (in 'b') and locally
constrictional strains where this strain and the plane
strain of thé sheqr zone are superimposed.

- It follows tgat folds may form with their axes in 'a"
parallel to the shear zone lineation in layers lying
subparallel to thé shear zone margin in the area where
contraction is perpendicular to the shear direction (Fig.
5.2). Propagation ofx;he shear zone may further éeform
these folds progressively_tightenihg the profiles,

Cn tﬁe regional scale,.structures where a zone .with a

down-dip lineation is overlain or underlain by rocks where

the foliation is gently folded around the stretching
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'li@éation, as with the Grenville Front tectonic zone and
ové;lying rbcks; may thushrepresent subhorizontal sections
Ehrough modgrately dipping propagating sﬁéar zones in
layered rocks (Fig. 5.2). In this case the section passes

from the area where constriction forming the folds was

perpendicular to the shear direction into the shear zone

where there was plane strain, with planar foliation, and the

liﬁeation-down—dip. An important feature of this arrange-
ment is that the folds formed by7¢onstri¢tion or contraction
—would be transposed as the shear zone propagates;'northwest
striking structures (fold limbs) would be crossed by north-
east structures.

Careful mappiﬁg of areas where these mutually ortho-

gonal structures are well exposed may show if some have. in

_ fact been formed by the mechanism proposed.

(1) In future #etrofabric work aimed at obtaining kinematic
information, granite gneiss with quartz ribbons should be
sampied since their C-axis microfabric retains a memory of
the major episode of dynamic recrystallisation (LS1).
Coarse graiﬁed quartziﬁes should be avoided since their

C-axis microfabrics retain no memory of the LSl kinematics.

(3) Fine grained tectonites and any suspected of showing the
effects of destruction of LSl microstructure should be cut
in the X2 plane and inspected for asymmetric microfoliations

which indicate shear sense.
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(k) The fégional extent of the LS2 shear-sense reversal
should be mapped and more fully investigated.

-

~
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(A)

(B)

()

(E)

PLATE 1

Tectonic Fabrics of Marbles (Unit 1A)

Tectonic breccia displays angular syenitic blocks
in a medium grained matrix. Northeast shore of
Farguhar Lake. - ’

Sense of rotation of a disrupted pegmatite in
tectonic breccia indicates dextral shear (upper
layers to northwest, towards right side of photo).
Southwest shore of Baptiste Lake.

Coarse carbonate grains in tectonic breccia.
Diopside is situated both within these grains and
on their boundaries (compare with guartzite

microstructures, Plate 15). From Highway 21, 5 km

west of Dudmon Lake. Polarized light.

Folded guartz ribbon in tectonic breccia indicates
high strain undergone by the rock before carbonate
grain growth. Freom north shore of small.-lake to
east of Esson Lake. . '

Very straight, high strain fabric of a migmatitic
calc-silicate gneiss which is interlayerd with
marble tectonic breccia (illustrated in B).
Southwest shore of Baptiste Lake.
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 PLATE 8

Lineation in Supracrustal Rocks

.(A} 1In garnet gneiss (Unit 3C) from north of Drag Lake
an-intersection lineation is formed on a vertical .
northwest striking S1//S0 by shallowly southeast
dipping S2. Biotite and orthoamphibele lie in
both foliations. S2 lies in axial planes of minor
reclined open folds with southeast plunging axes.

" View.perpendicular to Ll.

(B} - View perpendicular to lineation in paragneiss
(Unit 2B} with decussate texture of bictite; from
south shore of Eels Lake. Grains with the ‘highest
aspect ratio lie parallel to moderately southeast
dipping foliation (horizontal). The iptersection
of micas on the foliation gives Type I mica edge
lineation (see Fig. 3.2a). View perperndicular to

. Ll.
- N

{C) Similar view and texture as in (B), in calc-
silicate gneiss (Unit 2A); from Highway 121,
southeast of Colbourn Lake. Steeply dipping,
southeast striking $0//S1 is subvertical, Mica
cleavage trace is uniformly criented and all
grains have similar aspect ratios. Type II mica
edge lineation (see Fig. 3.2c). View perpendi-

" ¢cular to Ll.

(D) Axial lineation formed by upright folding in
southeast dipping layering from belt of generally
steeply dipping northwest striking foliations
between Cheddar batholith and Cardiff complex.
Calc- silicate gneiss (Unit 2A), Highway 648,
south, near intersection with Highway 121,

(E) Similar view and location as (D). Isoclinal folds
refolded. Biotite gneiss (Unit 2B).
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(A}

(B)

(C)

(D)

(E)

(F)

a1l

P

‘PLATE 11

Minor Folds

Isoclinal fold with axial surface parallel to
80//81, folding syenitic vein. Biotite-plagio-
clase gneiss (Unit 2B), 1 km west of Harcourt on
Highway 648. Northwest margin of Cardiff complex.
Asymmetric NE verging fold of boudinaged
migmatitic lavering, (Unit 2B). Andrews gravel
pit, Highway 648, 1 km south of Highland .Grove.
Crest of Cardiff complex. : .
Asymmetric NE verging fold of boudinaged granitic
layver and S0//S1 in biotite-plagioclase gneiss
(Unit 2B). South shore of Diamond Lake.

Asyrmmetric NE verging fold in calc-silicate gneiss
(Unit 2A). Syenitic pegmatite lies along axial
surface. 1.5 km west of southwest corner of
Baptiste Lake. .
& %
Asymmetric NE verging £6lds in biotite-plagioclase
gneiss (Unit 2C), Elephant Lake Road, near south-
west corner of Elephant Lake. These folds
underlie horizon of marble tectonic brecfia. Note
variation cf jtightness and flaggy aspect in lower
left, . .

Fold with curved hinge in biotite plagioclase
gneiss (Unit 2C). Elephant Lake Road, west shore
of Elephant Lake, view toward scuthwest.

Curvature of hinge indicated by arrows.

except (F), near profile views.



{r




329

PLATE 12 . r
&

Variation of LSl Quartz Ribbon Micrestructure with

Straln In Granite Gnelss

~
See Fig. 1.2b for location. All XZ sections of LSI, X
horizontal. -

(&)

(B)

Low strain, immature microstructure (ALT) (1491C,
Unit 6C, Upper Faraday Granite, west of Albion
Lake). Quartz has low aspect ratio; the few
guartz/quartz boundaries are indentate (arrows)
and unoriented with respect to horizontal
foliation trace; relatively high intragranular
distortion. :

High strain, mature microstructure (MCT) (1092B,
Unit 6D, Lower Faraday granite). Quartz is
elongate, with numerous quartz/quartz boundaries -
which are smooth and sub-perpendicular to
foliation trace; intragranular distortion is low.
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PLATE 15

t

. - Exaggerated Grain Growth Microstruckture
' in Quartzite. (LS1)

See Fig. 1.2b for location. All XZ sections of LS1, X
horizontal. '

(A) Quartzite from noxrth of Fargquhar Lake (2465C)
displays large grain size, irregular grain shape
and location of non-quartz inclusions (on
boundaries and within grains) which are charac-
teristic of exaggerated grain growth micro-
structure. .

(A) and (B) Decrease of guartz grain-size with '
increasing number of non-guartz minerals. View

from upper part of (A). (B)-polarized, (C) plain
light. 7 2 .

(D) Feldspar and clincpyroxene inclusions whose
lensoid shapes and tails of boudinaged fragments
indicate the high strain undergone by the rock
before grain growth (2465C).

(E) In quaffzite from west of Grace Lake (1391C)
biotite is well aligned and pins guartz boundary.
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PLATE 17

. Quartz Microfoliations {1LS2) Cblique to LSl in LS2

Tectonltes

See Fig. 1.2b for location; Fig. 4.26 for C-axis micxo-
fabrics. All XZ sections of LS1, X horizontal. All
indicate shear of upper layers to SE (opposite to &@ip
direction of LS2).

(B)

(C)

(E)

(F)

-

Quartzite from near Tory Eill (THQ). Horizontal
foliation of fine biotite with aligned feldspar
and pyroxene porphyroclasts” parallel to Sl.

Quartz vein in granite gneiss frpm northern margin
of Cardiff complex, Jordan Lake (24101B). View of
fringe of unrecrystallised quartz at vein edge
abutting new quartz grains, aligned along LS2.

Granite gneiss from western margin of Cardiff
complex (30103B). A detail of a recrystallized
LS1 guartz blade consisting of numerous LS2
ribbons and deformation bands.

-

Quartzite from south shore of Elephant Lake
(695C). Feldspar and clinopyroxene lying within
LSl are slightly rctated.

Granite gneiss'from south shore of Farguhar Lake
(194C). LSl ribbon is partially recrystallised.

Quartz vein in granite gneiss from west~central
part of Cardiff complex {26102B). LS2 curves -
around- unrecrystallised area (featured in Fig.
4.27). 7 .
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(A)
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(C)

" PLATE 18

Rutile Fabrics and LS2 Quartz Microstructures

in XZ section of LS1l, X horizontal. See Fig. 1l.2b
location.

and (B) Quartz vein in granite gnéiss from west
central part of Cardiff complex (26102B}. {(R)
Rutile needles with long axes subparallel LS2
(dipping to right) are boudinaged- (see’ arrow); or
(B) those at a high angle to LS2 are folded (see
also Fig. 4.27). Note evidence for bulge nucle-
ation along LS2 boundary.

and \D) Quartz vein from granite gneiss at
northern margin of Cardiff complex, Jordan Lake
(24101B).. {C) is in boundary zone between unre-
crystallised and recrystallised quartz; rutile
needles, in lower half of photo, lie subparallel
to trace of lower deformation band boundary which
lies closer to trace of X1 than does LS2, which
dips more steeply to the right; the margin of this
deformation band is mobile, forhlng protrusions
parallel to LS2. (D) Detail from area comparable
to (C). LS2 dipping to right is interpreted as
lying closer to the axis of instantaneous .
stretching than subhorizontal rutile needles,
which reflect finite strain (see also Fig. 4.34).

)
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PLATE 20,

Indicators of Shear Sense in LS2 Tectonites
.6 . _ ' : . '\
all XZ section of Lgl X horizontal; shear sense

indicated By arrows (top to southeast); see Fig. "l. 2b
for location.

(A) Rotated feldspar porphyroclast entrains-biotite
' foliation; guartzite from near Toryiflll (TEQ) .
) -~

(B) Biotite curves into and lies.along narrow planes
lying parallel to X; granite gneiss from western
*  Cardiff complex (39103B). . - -

-
Pl

(C) Asymmetrlc shape of cllnopyroxene in quartZLte
f£rom near Tory HiI1ll (THQ). o
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Table 1. Estimated litiological Prpportions of N‘D-dﬂ:;l?_\‘
. Rocks not groupbd in time order.
- -
!
Pink Granite Gneiss 20
: - Grey Tonalitic Gnelss 25
a2 .
g Syenitic Gneiss 15 -
= o -
22 667
2%
ao Mafig Plutonic Rocks 3
A
Mirble and Quartziter 18
1 Paragnciss - 7.5
bes
T2 Calcareous Gnelss
- v
52 (Mphﬁhte to Pyroxene 7.5
A& Gaeiss).. 33
- \ , \_\,
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to Various Authors in Area

A: Eels Lake Area, Bright (1980) .

A 8 c 0 *’8: Glamorgan and Monmouth Townships, Armstrong
- and Gittins (1968) ’

C: Glamorgan Township, Chesworth (1967)
. ~- D: Cargiff and Faraday Townships,
Post Tectonic 8 7 7.8 L Haliburton Highlands, Hewitt (1957 a)

2 - Dotted line is an igneous contact stated in
the published tables of formitions.
Late Tectonic 5.3 . . N .
- The Cheddar Batholith is purpertedly a feld-
- spathic arenite which has been remobilized by

6 s in situ anatexis {Bright 1980)
Mid Tectonic 5 ' e ‘Chesworth (1966) cites-evidence that

— 1 intrudes 3 and 2.

5 'Carresponds generally to Chesworth 1975,

Edrly Tectonic 3 5

- .- - ce—

4,1 1
5
Pre Tectonic - ' . 3.
. 2{~4) 2 2 "2
e A
- unconformi ty
1
Lithostratigraphic Units .

1. Tonalitic gneiss and migmatiteof Glamorgan gneiss conplex
2. Supracrustal rocks, predominantly calcareocus metasediments, of the Grenville Supergroup
3. (Meta-) gabbro, diorite, minor anorthosite and pyroxenite
4. Granitoids of the large plutonic complexes eg. Cheddar Granite
5. Hepheline bearing greisses N
6. Syenitic gneisses eg. Deer Lake Syenite
7. Smaller sills, dykes and irreqular bodies of granite, syenite and peomatite
8. Mafic Dykes

\
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Mincerais present I1n supracrustai rocks.

Marble an¢ related.supracrustal recks

Rack
Type

Marble

{Map Unit la)

zi Diopside
h) rock.

Quarts:
Plagioclase
Microcline
Scapolite
Amphibole
Ciinopyroxche
Biotite
- Phlogopite
Garnet
Calcate
Dolomite
S1ihimanite
Kyanite
Serpentine
Forsterite
Chondrodite
Apatite -
Sphene
Magnetite

e

Most commen
accessory mineral

Graphite

Orher accessory

minerals

Quartz, Tremolite, Pyrite, Fluorite, Sphene

e

Non-Carbonate Supracrustal rocks.

Calcarecus {Map Unit 2a}

Non-Calcareous {(Map Unit 2b)

Amphibolite

Pyroxene rich

=
Paragneiss ™,

Quartz
Plagioclase
Microccline
Scapolite
Amphibole -
Clinopyroxene
Biotite
Phlogopite
Garnet
Caicite
Dolomite
Sillimanite
Xyanite
Serpentine
Forsterite
Chongrodite
Apatite
Sphene
Magnetite

-

Most common
accessory mineral

Sphend™

. Sphene, Calcite

Other accessory
minerals

Quartz, Garnet, Calcite,
Magnetite, Epidote.

Plagioclase. Tourmaline,
Macnetite, Epidote,

Minerals are numbered in order of decreasing importance.

A

Graphite, Amphibole, Calcite,

2z 2 o2 2 2
| AN U S S T S B |
106 3

Magartite

Tourmaline, Apatite, Sphena,
B - --- Tircons

L Y e




. Table 5. Miderals present in Grey Gneiss Complexes.

Map Unit ) Grey Tonalitic Gneiss (3a) Garnet Gneiss {3c¢)

Quartz 2 -2 2 2 2z 22|32 2,1 2{2 z 21

Plagioclase 1 1t 1 o1 o1 tpor ol 1

Microciine 3 E

Hornblende S 3 3 -4 33 s

Orthoamphibole k I S

C1 1nupyrcxv.:ﬂc 4

Bintite 4 3 & 3 3 3 2 33 3 3|3

Garae? ’ a 4 2.2 5 414

Cordigrite L AU T I R N

Sillimenite 5 6 s

Mignetite . - js/ S 4 65 7 5|6
» . s

Accessory Microcline, Apatite Apatite. f

Minerals Zircon.‘ Garnet, .

Magnetite.

Minerals asre number:ud in order of decreasing importance.
Outlined assemblages in Garnet Gneiss occur in different layers
tn one section, ’

Frshtail Lake Rocks not documented (see Lal and Moorhouse 1969)
Pink Mobilizate and Amphibolite not included,

Table 6. Modes of some Grc} Tonalitic Gnersses.

(Unit 3a)

. .
Gneiss Type Harnblende-Biotite Horndlende Brotite

1. 2. 3. 4,
Quart: 26.8 9.8 28.0 33.0
Plagioclase 57.7 §2.3 51.1 56.0
An % 25 26-27 30 21-22
Microcline 7.3 0.6 To2.9 0.1
Bigtite 4.5 .. 7.0 3.1 10.3
Hornblenge 3.3 7.7 14.2 - .
Others 0.5 J.0% 0.2 0.7
Totals , 00,1 100.¢5 - 100.2 100.1

Location:, 1, Farquhar Lake Sheet. 2-4 Drag Lake Complea.

347
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v .
, . . ,
h Tabie 7. Comparative Geochemistry of the Grey Tonalitic Gneisses
1 2 3 4 I 5
Silg 67.7 (1.8) 67.16 73.05 (0.55) 72.34 (1.4) 72,2 (2.17)
Alp04 15.2 (0.1) 15.20 14,0 (0.20) 14.46 (1.4) 14.0 (0.83)
Fe203 } 1.6 [0.':5)
Foll ) 3.06(0.45) 2.74 +  2.61 (0.08) 2.8 (0.61) L5 (0.48)) 3.1
Mg0 1.56(0.03) 0.89 Q.94 (0.03} 0.73 (0.15) 0.7 (D.41)
Ca0 4.09(0.24) 2.99 2.26 (0.43} 2.89 (0.44) 1.8 (0.68)
Na20 3.43(0.45)  4.82 4.19 (0.49} 4.91 (0.43) 4.30(0.51)
K0 2.23{0.31)  2.41 1.47 {(0.04) 1.3 (0.06) 2.30(0.54)
T2 0.26 (0.01) .28 0.41 (D) 0.29 {(0.03) 0.40(0.14) .
P20¢ 0.12 (0.01} o0.07 0.07 {0.02} 0.0% {0.01)
M 0.08 (0,01) 0.04 0.12 (0.08) 0.04 {0.01) 0.10{0.03}
K/Rb 476.9(158.12) 400.1 241.47(71.89) 315.57 (5%.1)
Rb/Sr 0.095(0.03) 0.13 0.24(0.09) 0.096(0.03)
K/Ba ' 45.93(10.51) 40.01 82.46(42.89) 133.27 (5.6)
1,3, 4,5, are mean values. Standard deviations, where available, in brackets.
1. Hornblende-biotite gneiss, Orag Lake Complex (N=2)
2. Hornblende-biotite gneiss Yankton Lake, furquhar Lake Sheet
J. Bictite gneiss, Drag Lake Complex (N=2) *
4. Hornblende-Biotite gneiss, Fargquhar Lake Sheet and Straggie Lake {omplex (%=1}
5. Grey granite of Glamorgan Complex {11#22) {Cheswarth 1967)
5 7 8 ' 9 10
SiU2 71.4 (0.4) 65.3 69.8 R7.17 i 65.72
A1203 15.94{0.03) 17.1 5.9 15,79 16.04
F2203 0.27(0.15)!;33 0,16)3_2q O'SG)E.B? 1.68)3‘09 l'gd)l.di
FeQ 1.06(D.32 3.08 2.37 1.41 1.47
Mg0 0.65(0.18) 1.92 1.43 1.09 1.44
Cod 3.5 (0.11) 2.53 2.59 3.54 118
nazo 5.25(0) 5.07 4.43 4.74 4.90
K20 1.15(0.1} 2.06 2.51 Z2.10 2.0 -~
Tioz 0.18{0.04) 0.48 0.40 0.3 0.34
pZOS . 0.12 c.1 0.12 G.14
Mnl 0.02(0.01) 6.03 8.05 .04 .04 .
X/Rb 195 23
Rb/Sr 0.0R 0.3
K/8a | . 16.7 24.3
6,9,10 ;re mean values, Standard deviations, where available, 1n brackets.

6. Boulter granite (NH=2) (Hewitt and James ]956)
Trondjhemite, Weslemkoon Batholith (Lumg;rs 1967)
8.  Granodiorite, Weslemkoon Bathqlith (Lumbers 1967}
. 9. Hornblende-8igtite gneiss, E. Greenland (N=41) {Sheraton et al 1973)
10. Hornblende-Biotite gnefss, Laxfordian, Scotland {N+39) [Sheraton et al 1971)

(See Appendix IV for analytical details) .
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Tatle 8. Correlation coefficients of selected element pairs in the Grey Tonalitie

Gneiss of the Drag Lake Complex.
Biotite-Gneisses,

5.02 T.Oz A'|203 ifﬂ MnD
5.02 - L1734 .2842 .9142 1141
Fel 9142 .9811°  .2262 . - .2398

Ca0 .9362 L1773 2567 .8798  .1899

Hornblende-, Hornblende-Biotite and

M50
. B8SS
L9688
9223

Cad
L9362
.8798

- Ha,0
-.B143
. 7291
.9338

k0
0713
.445%
. 1887

720

.8552
.6006
113

Teble 9. Comparfscn of Geochemistry of Minor Potassium rich<Granites.

1. 2.
5,0, 74.10 71.4{0.4)
AL,0, 13.90 14,35(0.5)
Fed 1.64 0.61(0.28)
MgQ 0.64 0.17(0.03)
Ca0 1.80 0.85(0.39)
Na,0 2.90 4.04(0.07)
%0 3.88 5.67{0,51})
) 70, 0.18 0.12(0.11)
P,0, 0.02 0.02{0.01)
MnQ 0.03 0.02(0.02)

1. Granite fraction of Grey Tonalite Gneiss Complex.

—

‘

2.

73.73{(2.20)
13.

29(1.17)

0.86(0.45)
0.01(0.07)
0.65{0.17)
1
5
0
0
0

88(0.37)

.51{0.35)
.20(0.07)
.00{0.01)
.01(0.00})

thick sheet from North-East of Orag Lake.

2. Mean of 2, Leucogranites from heterogeneous

South of Drag Lake.

3. Mean of 5 Medfum grained Granite and ?egmatirfz—a::::;; from

7
H

Syenite Gnerss
-\

5.
3.
1.4
0.3(0.11%
0.
3
4
0

4.

4{2.64}
8(1.47)

8(0.62}

.62(0.53}
.5(0.36)
.2(0.09)

.00(0.01}

Sample from

the Cheddar, Centre Lake and Upper Faraday Granite.

- 4, Mean of 11 Pink Grani}e and Leucos

N Complex tCheswarth 1967}.

ome from the Glamorgan

(See Appendix IV for analytical details)
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Sr Rb Ba
4451 76927 .0959

-1649 7634 " 2691

L1185 L6533 1455
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Table 10. Comparative Geochemistey of Garnet‘Gneiss, Orag Lake Complex (1 of 2}

1 z oot 3 1
5,0, 67.80 66.70 - 62.80 67.70 .
ALD 14.20 14.00 15.40.° * O 15.20 -
272 - -
Fel 6.21 6.29 7.10 . 3.06
Mg0 2.72 2.35 2.0 - 156 .
a0 0.63 .o © 5.09 4.09
Nay0 3.52 5.9 185 343
K0 1.3 0.50 0.8 2.23 » .
7.0, 0.41 nay - 0.48 0.26
’ - g
P,0c 0.10 o.18 . 0.06 0.12
‘Ma0 " 0.14 0.19 0.16 d.o8
Loy 0.77 .0.62 0.85 .
TOTAL 98.50 98.30 39.70
K/Rb 1079.13 _ . a76.9
I
Rb/Sr 0.083 9.095
X/Ba t07.9 81.01 67.23 T 45,93
NS
. . :2:§:
. A
I. - S{17imanite - Garnet - Gedrite - Cordierite - Quartr - Plagioclase. -

South West Shore of Drag Lake.

2.  Garnet - Gedrite - Biotite - Quartz - Plagioclase.
North of Drag Lake.

3. Garnet - Biotite - Quartz - Plagioclase.
South Shore of Drag Lake.

4. Average of two Hornblende - Biotite Gneiss. .
Orag Lake.

(See Appendix IV for analytical details) *



Table 11, Chemical analyses and norms of Farquhar.lake Complex.
(Standard deviation” in brackets).

.

*

{See Appendix IV for analytical details)

Gabbro(N=4) Angrthosite{l=2) Cyroxenite(N*2
5.0, ‘ 43.87(0.48) 50.14{0.42) 49.27(0.34)
A1,0, 18.8 (1.5) 27.97{1.36) 4.06(0.87)
Fe 0, 6.87(0.3¢) -  1.85{0.78) 8.52(0.6)
Mg0 B8.04(0.9} 1.25(0.68) 16.41(1.14)
a0 13.33(0.33) 13.01(0.45) T .19.92(0.16)
T N0 ' 2.65(0,38) 3.95(0.08) 0.62(0.12)
K,0 - 0.44{0.22} 0.55(0.14) 0.12{0.06)
T.0, 0.31(0.08) 0.18(0.09) 0.56(0.15)
P,0g 0.01(0.01) 0.015(0.02) - 0.01(0.01}
© Mn0 0.12{0.02) 0.03{0.02) 0.14(0)
5 . 0.03(0.01) 0.0L(0) 0.02(0.01)
" Ba oz (2.9 141,5{32.5) (1)
cr 328.8 (139.8) 50 (50) 772 (3120)
Ir 18.5 (2.7) 20 (o) - 6.5 {0.5)
Sr 327.3 (22.1) 641.5(42.5) a3 (161
Rb & (4.8) 9.5{6.5) 3 ns)
In . 43 (5.5) 17.6(0.5) 21 (o)
N1 56.3 (7.2) 1 113.5 (0.5)
Q . - - ’ - -
.or 2.63(1.29) 3.258(0.81) 0.69(0.27)
Ab i 19.97(2.6) 27.453(1.51) 1.58(0.95)
An - 38.7(3.38) 57.61(3) . 8.05(1.79)
Le - ) - C.
Ne 1.432{0.63) 3.4{0.48) 1.99(1.06)
Kp . - ) - -
\ Ac -" . - - .
i 14.92(6.27) 5.84(4.16) 62.02(2.39)
’ He 4,8(0.45) - 10.72(0.86)
En - - -
Fs - - -
Fo 8.43(0.71) 0.31(0.15) B.75(1.12)
Fa 2.94{0.28) - 1.89(0,01)
Ko - - -
Lo - - -
Ru - 0.05(0.05) -
Mt "oz.85(0.12) 0.87(0.87) 3.01(0.23)
1 0.59{0.16) 0.25(0.27) 1.07(0.28)
Cr 0.074{0.04} 0.01(0.01} C0.1B10.03)
Hn - 0.85%{0.27) ' -
Ap 0.03(0.02} 0.04(0.04} = .n2to.ng)
Po 0.0R9(30.02)  0.06(0.03} . 0.042(0.01)

L
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=
. Table 12. Llithological Makeup of Drig Cake Buff Syenite.
i) . Percenfage of outcrops composed solely of Buff Syenite 66
1) " Buff Syenite and 23
one other Rock #fype .
i) Percentage of outcrops composed of Pink Syenite, ' 11
* Quart:z Syenite or Gran‘1 e
iv) Percentage of outcrop® comprised, in part, of none 4.4 . ~
Orthogneiss
Source of information: Culshaw, 18981,
~
Table 13. Mature ot Heterogeneous Syenite Gneiss Unit.
Percentage of all outerops in body in which: 1 2 3 4 1. MNorth Cardiff,
N=4 hel N=263 N+106
! 18 263 H-10 2. West Cardiff,
R h more rock t 48.8 }54.5 4, a2,
Qutcrop has two or more ypes 8 64.9 2.5 3. Horth Farguhar Lake.
" f singl i - . . 24 4, N
Qutcrop compased of single syenitic rock-type 19.5 | 16.0 |28.24 34.5 i Little Dudmen -
Outcrop composed of two or more syenitic rock-types| 28.6 | 27.9 | 34.7 g.a4 ! Mickwabi-Lake
- 1
Qutcrop composed of one or more granitic rock-type | 7.3 {15.3 |~ 4.9 5.7 1
P !
Outcrop composed of supracrustal rock only 24.4 19.% 2.29 3.7 { Sources of information:
Cutcrop composed of syenite and other rock-type 41.% [ 3.8 13201 29.24| 1.2:  Hewitt 1957¢.
3. Mapping by author,
Number of rock types in body 11 .18 15 11 4.  Culshaw 1981.
- ]
Number of supracrustal enclaves ] 9 10
Per\:cntage.of all rock types on map face which are:
Syenitic . ’ 66 67 61.41 62 )
Granitic 11.9 |13.1 an - 1.2
Supracrustal 02 19.9 L 18.5
Ratio of Buff and White Xo Pink Syenite 1:3 e [3:19.3 12205




A
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Table 14. Minerals present in Syenitic Rocks.

. A 8 ¢ [o | €
Quart2 4 i 3
Plagioglase 11l ! 2 2 21212
Microgline 111 11 1 3
Perthite 2 2 3 3
Amphibole 2 4 l .
Clinppyroxene 3 9 3 1
Magnetite 332 3 i
i
Biotite ' 2 3 ‘
|
i Accessory Quart:, Sphene, Calcite,
Minerals Apatite, Biotite, Amphibole, !
A Buff Syenite 8 Albite Syenite
¢ pink Syenite D Quartz-Syenite and Granite

E Pegmatite,

Minerals are numbercd in order of decreasing importance.

Table 15. Comparative Geochemistry of Syenitic rocks.

) 1 2 3 s 5

. 5.0, 54.03{1.88) 57.37 53.45(2.97) 65.9 60.8
A1203 16.53{0.26) 14.73 16.57(0.88) 15.7 16.8
Fe03 8.83(0.67) 461y 13 9.7a(1.53) 2.59 0.87
Fed 4.52 .
Mgl 1.11(1.1) 0.44 2.39{0.57) 0.49 1.33
Ca0 4.83(1.12) 5.15 5.46(1.81} 2.09 -2.47
HJZU 4.68(0.54) 6.70 6.01{0.64} 31.46 2.47
KZO 5.02(1.36) 1.51 2.87{0.8%) 7.04 10.4
T,[)2 0.81(0.70) 0.99 2.16(0.87) 0.40 0.05%
F'zfl5 0.36(C.36) 0.01 0.78(0.31) 0.10 6.0%
Mal 0.16(0.02) 0.13 0.18(0.08) 0.08 0.03

¢ .

1. Mean of 3 Buff Syenites, Drag Lake.
2. Buff Syenite. Deer Lake (Hewitt 1957a)
3. Mean of 8 Mugearites. {(Compiled fronl Carmichael et al 1974)
1. Buff Quartz Syenite, Drag Lake [Highway 121, 6km We<t of Judmon Lake].

~
. Pink Syenite, Drag Loke (Righway 121, 1km £ast of Dudmon Lake).

{See Appendix IV for analytical details.)-
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Table 17. Structural State of Feldspa

7.0 Site Occupancy

SAMPLE
RUMBER
11103n
i11102n
26920
2010108

11718
11748
I0101D
Je1n

241018

13958
1691D

-—

>

-

1.

K-Feldspar Plagioclase
0.56 Q.94 1.00

’ 350

in Faraday Granites

K-Feldspar Plagioclase
0.98

1. Sample 497c, Lower Faraday Granite. Highly Deformed,

Fined Grained Gneiss.

2. Semple 14%1c, Upper Faraday Granite, Weakly Deformed

Medium Grained Gneiss.

TADLC 1a FELDSTAR GRAIN SIZE RANGE IN CIEDDAR AND CARDIFY COMPLEXES

PLUTON

Cheddar

GRAIN GIZE RANGE MM.

1
HWowm o

Centre Lake Cranite 0.5 = 2

0.4 -2

Monck Lake Granite 0.2 - 0.6

Upper Faraday Granite

Lower Faraday Granite

Pelitic

Quartz
Quartz
Quart:

Biotite - Plagioclase (An

0.2 - 0,6 {rare augen
6 mam,)

0.2 - 0.4

™~
./"'6.7 -

0.2 ~ 0.4

[¥)

—

}

MOCATION

Nozeh
4
South to dorth travorse
from look Lake to contact
: A

South

South near Paudazh Lake 1

Morth, Weat.of Devr Lake

Far North-rast, Jordan Lake

Table i9. Metamorphic Mineral Assemblages.

35-42

fotite - Plagioclase (Anza) - Garnet - Cordierite - Sillimanite.
ite - Plagioclasc.(ﬁnzs) - Gedrite - Sillimanite.
Biotite - Cordierite

“Hewitt (19573) Reports Minor Kyanite.

Basic {Metagabbra)

) - Garnet - Sillimanite.

Biotite - Plagioclase (An23) - Garnet - Microcline - Sillimanite.

4

Hormblende - Plagioclase (AHBS-GS. 55-62) * C]inopyrogqn?. Scapolite P

Amphibolite

-~

Hernblende - 5lagioclase tknla-ad) + Scapolite, Blotite, Clinopyroxene, .
Sphene, Magnetite. Quart:z. .

Calcareous

Caicite
Caiclte
Calette
Calcite
Calcite

- <
Diopside (+ Tremolite, Quartz Rim)

Diopside (+/Tremolite Rim) - Phlogopite
Oolomite
Phloqon e

Tremolfte - Chondrodite

fal ]

Forsterite (+ Tremolite Rim) - Phlogopite
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Table 20. Variation of PIagioc]asé Composition (AnZ) with Rock Compasition in
Study Area, Compared with Areas of Different Grade in the Central Alps (Switzerland).

of Figure 6 of Wenk and Wenk 1977.

5. Plagioclase compositions in study area,

LOCATION

Fizheail Lake
{South Shore)

Farquhar Lake
{Seuth Shore)

Farquhar Lakr
{Wear Shore)

]

Drag Lake

{North=Eazt Shore)

Seuth and Euant of

Farquhar Lakr

South of Drag
Lake

Baptista Lake
{South Weat
Shorn)

Weat Cardiff Complex

{Domaan 12)

West of
paptiste Lake

TADNLE 2! EXAMPLES OF VEIN FABRICS

HOST‘ROCK TYPE

Amphibolity
Amphibolite

Tonalitic grey
qneans

Tonalitic qrey .

qreizs

Meta=Gabbro
Duff Syenite

Granlte

Granite

Amphibolite

VEIN TYPEC

Cranitic -

Tonalitic grey
gneinn and qranite

Trond}hrmstc
Pegmatite and
Pegmatitic Granite
Granite and Syenite
Pink Syenite and
Syenitic Pyymatite
Mafic Dyke

Mafic Dyke

Granite and Syenite

rd

/Wtral Alps. .Adaptation

CSTIMATED STRAIN TYPD

plane

plane

plane

conwtectional

plane -

planc

planr

plane

Plane

Estimated Amphibolites Metapelites Leucocratic Comments
Temperature Gneiss
C
530 - 18-32 4-35 2-26 Intergrowths in sodic
compositions (peristerite}
588 14-22 11-40 0-22 Ko intergrowths. Just
+28-35 ! below diopside calcite
isograd.
635 29-46 29-37 16-25 Anatexts begins. Inter-
\ growths in intermediate
665 27-50 25-44 17-28 and calcie plagioclase.
62-70
20-44 20-48 15-30 Intergrowths in sodic,
- 55-65 . intermediate and caleic
plagioclase. :
1 -4, Variation of plagioclase compositions with metamorphic gra
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' TANLE 23, SUMMARY OF OUARTZ MICROSTRUCTURAL FEATURES
1IN GRANITE GHNELISSES WITH QUARTS RIDDONS .
Hicroatructure of weakly to Higcrostructure of strongly
moderately deformed granite, deformed qgranites, mont common
! Albion Lake Tvpo [ALT} type (Mo
Location Upper Faraday Cranite,- in all gneinnic
parts of Cardiff Complex - qranitic bodies
Strain judged from vary low to moderate high to very high
ribbon aspect ratic
Deformation lamellae occasional ’ abaent ~
Intragranular distortion misorientationa $-35° deformation low, < 5¢
banda
Morphology of quart=z- irregular, interlobate to regular and amooth N
quartz qrain boundaries reqular and amooth ‘
Orientatisn of quartz- unrelated to shape -~ ganerally near perpendicular
quartz grain boundarics fabric . to ribbon length
Relation of quart: boundariea may not impinge on Feldspathic alwaya impinges on Feldapathic
to Feldzpar Matrix . Makrix . Matrix
Quartz qgrain-tize range f{rom very amall new qgrains extremes of qrain 2:Ic abnent
tc wery large old grainm
TARLI 24, LINMAL ANALYSIS OF QUARTZ=QUARTZ GRAIN BOUNDARIES IN
CMIARTS FINRNDONS TROM GRANITE GHEOIASES IN LOWLDR AND UPPCR
FARADAY GRANITLS (LFC, UFG s, SAMPLES IN LFG ARE ARRANGED
FROM RORTIt (129GD} TO SOUTIL  (ROIC) WITH DISTANCE IN KM
. FROM 1296R INDICATED IN LOCATION COLUMN. STRAIN IS
JUOGED TO DECREASE IN A SOUTHERLY DIRECTION IN LFG.
| CALCULATIONS ASSUME THAT A REGULAR GDOMETRIC ARRANGEMENT
OF THE SURFACES DOES EXIST., NEGATIVE QUANTITIES INDICATE
. A LARCC DEPARTURE TROM THIS CONSTRAINT.

SAMPLE NUMDER LOCATION MICROSTRUCTURE PLCRCENTAGE OF TOTAL GRAIN DOUNDARY
ypE AREA WHICH IZ PARALLEL TO THL YT FADRIC PLANE
: 12960 LFG 0 MeT 6.7 2
aom Lre 1,75 HeT 16.8 v
221030 e 2 neT 16.5 1
895¢ LFG 2.75 HCT 9.1 v
139%C ‘ ure ALT -13.9 &
. l40le ure ALT TR
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SAHPLE #

261l02n
10103p
24101
895C
201028
THQ

194C

13’

193¢t

TABLE 26. HAND SPECIMEN CHARACTERISTICS OF L5, TECTUNITRS

- Y

355

A0CK TYPE SI(-ZHOID VISIBLE? FROSTED QUAI!'!'..‘.? GRAIN SIZE REDUCTION CELICATE LAMINATION
‘ COMPARED TO LS5,? AND AUGEN?
quartz wvein no ’ no no no
granite gnelas no no yes Yez
quartz vein yes yos you no
quartItte Yuo yuuy - no no
granitic gnelszs no ' yes no no
quartzite no yaa Yes yea
L]
granitic gneiss no na . yeu yas
tcnalitic gnelss ng no yes Yoo
biotite schist yas n/a n/a ‘ weu
. 4
quartz voin no ne no no
quartz vein no no ’ no . no

‘tocated adjacent ‘to 194C,

“!Located adjacent to TIQ.

TABLE 27. ANGLES BETWELN L5s C-AXTS GIRDLES ARD FOLIATIONS IN XTI MLAHL

SAMPLE ® - HCLE DETWEEN GIRDLE  ANGLE DETWEEN GIRDLE ANGLL NLTWZEN
AND LS AND AVERAGE LS., LS, AND L3,
A ;
261028 15° r° 7"
301030 90° 65° ) 25"
(+]
24i0in 80” 60 : 0°
. o
695¢ 90°® 50 an”
201020 . 90° on” F
TIQ 79° 5a° . 20"

194C 90 60 30
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Table 30. Geochemistry of Met:gabBro from Shear-Zone at South Farguhar Lake.

1 2 3
510, 48,61 a8.36 49.65
AL,04 20.14 19.12 . 181
Fe 0,7 6.88 6.99 6.38 ) .
Mg0 7,70 7.80 7.09
Ca0 12.21 13.31 T o12.96
Na,0 2.65 2.72 3.5
k,0 0.23 0.40 0.33
1.0, 0.25 0.29 0.25
P,0¢ 0700 0.00 0.02
Mn0 S 0.1 0.11 0.10
5 0.04 0.04 0.02
Total 99.918 99.258 99,974
Ba 82 12 11a
Cr 223 2 236
In 15 20 22
sr 309 319 365
Rb 0 4 3
In 33 53 52 * .
Ni 50 Te2 44

1. Hesoscopically undeformed wall rock: Metaqabbro, Subophitic Texture discernable (WF).
2. Moderately deformed Gnelssic Metagabbro from Zome-edge of Shear-Zone (SIM). 2 letres

from 1. T
1. Most deformed Gneissic Metagabbro from centre of Shgar-Zone ($Z)- 10 centimetres
from 2. ’

(See Appendix IV for analytical details)
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APPENDIX II

Granitic Myvlonites
} \_/(

A 'series of topegraphic lineaments cut the granites (Hewitt

1957bf, which are poorly expressed or absent within the
country rock. In most places theré is no outcrop of fﬁult
rocks along them. An exception is the string of small
séattered mylonite outcrops in the Cheddar batholith lying
. @along the north shore of Hook Lake and 2 km to the *
northwest. Tﬂe myloniﬁic foliation dips northwest with a
down-dip lineation (Fig. l.2a}) striking roughly parallel to
the lineament across which the distinctive purple aegirine-
alkali granite (Unit 6B), outcropping in the environs of
Hook Lake shows an apparent dextral offset of ovei one
kilometre.

The mylonites vary within one outcrop from a delicately
streaked very fine foliaﬁed rock to a black isotropic rock -
containing occasional pink augen of rock fragments. There
are both cross cutting and concordant foliated ilmenite-
apatite-biotite veins.

In the delicately streaked variety, feldspathic augen
(grain-size greater than 1 mm) account for more than one
third (34.6%) of the rock volume. A further quarter of the
rock is compesed of ribbons of finely recrystallized quartz
and ribbons and augen of oéaques. The remainder comprisés

a fine eguant matrix, with grain-size in the 10 to 300 pm .

.



e
-

{as4)
Aropunog apny
papudxy/papioy

Ss12ijony
st awwisy

z -

ho) 3 pabouipnog . —_—N

YA Tysonp pasijiosAidaaun

OO 0E UoB T
%%. .\\v@ THiong

21900 ].\\\\.W“\\\
Moy

PasINUISAIN, jo uslioy

M. .~

MN
LA TLE:]
Aazx 4

t

(e)

~——

’‘



‘4 '3 pailedTpur soTpooal
popTO] pue papudlixs jo spIaTy Byl (|} ul’soiposu
papioel jJo0 2uTl. burdofasua’sa8501D 13DTPIOU pabeuipnoq
'go(natdlutoa jo zjaenb pozTITe3IsAioaiun utr soTpoau
271IN1 pawiojyap jo uoTjeUoTIOo (D) ! (PO3RDIPUT suteab
25913 JO uoTjleI[O] orajouwAse JO adea})utoa zjaenb
Jo suteib poazIIIerISAIDLT WOIJ OTIqRIOIOTU STXR-D
zyaenh () {2aIn32NI3s0IdDTW jJoO weabetq(e) *ojeT HOOH
Jeou’ yjrroyae( Ieppay) woulj aj1TuoTAw jo otaqed

TV
RNDI1d

3



~ 361

the augen. The feldspar augen are traversed by planar
matrix £illed zones. Both microcline and albiée augen have
a barely visible mantle structure of very fine subgrains.
The feldspars are complex perthites and antiperthites.

In the black isotropic mylonites most of the rock
(88.3%) is composed of an ultrafine matrix in wﬂich an
equant interlocking texture is discernible. Only feldspar
augen remain. These retain the core:and mantle structure,
but are largely free from perthitic intergrowths.

The microstructure in éuartz veins within mylonite is
comparable to that of many of the LS2 tectonites (Section
4.3.4). It is the product of dynamic recrystallization and
disblays a microscopically visible asymmetric quartz

_£foliatien which‘uniéuely indicates the éense of the shear,
uppef lavers down‘dip, parallel to the lineation (a normal
fault).

The deformed guartz veins are 2 to 6 mm wide and lie
parallel to the mylohitic foliation (Fig. A.la). Microsco-
pically they show elongate ribbons of quartz set in a very
fine recrystallized matrix {(Fig. A.la), which lie parallel
to the elongation direction of rutile needles and to the )
mylonitic foliation. The ribbons are in places
asymmetrically disposed around rigid magnetite-ilmenite
inclusions suggesting a sense of shear (Fig. A.la). Within
the fine recrystallized matrix an asymmetric quértz shape
foliation, visible at medium power, is inclined to the

guartz ribbons (Fig. A.la).
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The'quartz ribbons have aspect raﬁios in excess of 10
to 1 and a uniformly developed-;ubstructure of polygonal to
slightly elongate subgrains (20 pm diameter). The margin of
the ribbons is irregular in detail following the outline of
subgrains and new grains both of which are often elorgate
fbrming the second quartz asymmetric foliation. The ribbons
are crowded with deformed rutile needles. Thev are also
present in the recrystallized matrix close t¢ the ribbon
boundary but are absent from most of the recrystallized
quartz. Rutile needles are boudinaged and folded (Fig.
A.lc).

MNew grainslvary in shape from equant to elongate with a
maximum elongation of approximately 3:1. The equant grains
are very similar in size and shape to the subgrains (20 um
diameter). The elongate grains vary from 50 to 100 um in
length and 20 to 50 um in width. Their long axes lie
between 25 and 35° to the guartz ribbons. This new quartz
foliation shows a constant orientation across the field of
view. thile neédles may rarely be observed to cross the
boundary of the gquart:z ribbons‘}nto the recrystallized
matrix. Separation oflthe boﬁdinaged fragments increases
noticeably across this boundary with ektensions recorded in
one needle varying from 47.to 140 percent, dramatically
illustrating the dynamic softening caused by the
recrystallization.

The crystallographic preferred orientation of the guartz

is strong (Fig. A.lb). The cross-girdle has unequally
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~

. \
developed arms an@\is asymmetric with-.respect to all the
. £ - -
foliations, indicating the shear sense.
The microstructure is similar to that in some of the

LS2 tectonides in which recrystallization is well advanced
N }
(Section 4.3.4). The similarities are the présénce of two

-

non-paraliel foliations, their angular relation indicating
‘the_sense of shear, the non—parallel-relation oﬁ‘the'rqéile.
and the shape-fabric of recrystallized quartz,.ﬁhe ﬁon—

' curving distribution of téis shape-fabric, the microstruc-
ture of dynamic recrystallizéiﬁon and the déymmetric guartz
microfabric. Liké the mature LS2 micfostructuresJ these

relations may pg,iﬁférpreted as. being part of a micro-

-

-structure approachin@ the steady-state. The subgrain size

. I
that in the LS2 tectonites probably reflecting
. - ' .. .
ses.. Once again the unigque value ©f micro-
scopically examining the XZ plane of the mesoscopic fabric

As illustrated.

7
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APPENDIX III

}

Measurement of Shape Fabrics in Feldspathic Orthognei§s
Twenty-eight speciﬁggs were collected (for location see
Fié. 3.7). Specimens were cut parallel teo the principal
planes of the mesoscopic shape fabric. Measurements were
made on stainea slabs of these planes.
Two methods of estimation of shape fabrics were
employed: (1) direct measurement of axial ratios of quartz

ribbons (18 -samples); 25 +o 35 axial ratios per principal

plane were determined. (2) The number of intercepts per

‘unit length of egually spaced test lines laid down parallel

to the principal directions were counted; from this the

- ratio of intergepts per unit length in the two principal

directions contained in the particular plane was calcﬁlatgd;'
the inverse ofx\this ratioc was used in calculation of the
Lodes Number. <

-Method (1) is time consumiﬁg, methqd.(Z) is relafively

rapid and is an adaptation of metallographic technigques

.

" described by Underwocod (1970). Two samples were neasured

using both methods -and the resulting Lodes Nﬁmbers_agree
within acceptable limits.
The Lodes Number was used rather than the shape fabric

parameter X since it is a simple linear expression‘of the

relative strengths of foliation and lineation_ (Schwerdtner
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1977). With the Lodes Number, V, purely proléte fabrics
have a value of -1, purely oblate fabrics +1 and plané-
L

strain fabrics are 0.

The Lodes Numbes dgtermined by the two methods are as

follows:

Sample Number (1) ' (2)
Direct Method _Intercept Method

261B -0.45 ‘ -0.14:

25101B : -0.13

2658 -0.41

26104B +0.02

266B - -0.08

263B -0.21

11128 © =0.42

251068 -0.03

30101B -0.34

26103B -0.43 '

2510486 . +0.05 +0.09

301058 ‘ +0.04

CB2482 -0.50

24101B -0.22

22103B -0.21

1691B _ +0.57

1293B . -0.08

1296B w +0.12

2510B : +0.08

30103B ' +0.04

20111B . T -0.55

1076D +0.15

22104B : +0.04

1075D . +0.25

1174D +0.17

2113D ' -0.55

CB1091B : -0.74

2111D ' ' -0.41
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AEEendix v

Accuracy and precision of whole rock analyses.

Accuracy and precision of whole rock analyses perf-
ormed by X ray fluorescence spectrometry by R.Hartree

at the University of Ottawa quoted in:

Table Analyses,
7 . 4

9 ) 3.

16 1-

11 o all

30 _ a%l
may be appraised from the following results of ten
_replicate analyses performed at the laboratory on an
international rock standard: |

Mean S.D. Recommended value

We-? sio. 60.18 .168 60.09
AL, 12.23 .103 . 12.15
Fe203T 6.25 .036 “6.29
McO > 2.69 047 2.61
ca0  7.96 .059 8.00
Na.o  4.37 067 4.35
K6 4.52 .040 4.51
0, 14 005 _ |15
P 0-5' .43 .015 .42
MRO® .33 .000 .32

ppm -

Ba 467 5.17" 460
Sr 256 7.15 -270
Rb 1222 3.92 220
2r 269 3.67 270
Ccr 5.8 8.1 10
Ni 2.1 3.2 10

For analyses guoted in:

Table Analyses
7 1-3
9 1-2
10 all

15 1,4,5
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a synopsis of results was received from Dr.C.Riddle,
Chief Analyst of the Ontario Geoclogical Survey ,77
Grenville St.,Toronto.The analyses were performed by
' using X ray fluorescgnce spectrometry by X Ray Assay
Laboratories Ltd.,1885 Leslie St.,Don Mills,Ontario

(under PO No.T30407G project No.80-1705).The synopsis
' 4
reads:

...the guality of the data from XRAL is
generally - acceptable and within the standards
expected.There are .certain discrepancies which give
cause fqQr concern however...

l)Major elements:Precision is good;accuracy is
generally acceptable.S$iQ, appears to be generally
low by ca.2%;occasional Ca0,Mg0O,Fe0 and LOI data
are gquestionable
2)Minor elements:
Component Precision Accuracy -

Ba fair bad
Sr good good
Rb bad - fair
Zr fair fair....

An assessment copy of the XRAL report is on file at

the Geoscience Laboratories of the 0.G.S.
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FIG. .28 COMPBILATION OF LITH
CELS L & DRAG

AMBRIAN OF S ONTARIO.

TRUCTURE OF BAPTISTE L™

SUPRAZRUSTAL ROCKS

falmpure colgitic ane dolomitic marble,
skernand metamorahic pyroxenide

/5 Quartzite,

Za Amphibolite,amphibole and pyroxene

. becring calesreous sghist and gnetss.

Z383iottic and felcgpatkic sehist and
gne:ss, care pelité.

GREY GNEISS COMPLEXES

34 Torcie gneiss [br-hb-cz-plibi-gz-2:].
3s Granite.

3¢ Gernet greiss.includes pelit.c and gedrite
crd/or corcrerite dedring vareles.

PLJTONIC GNEISS
44 Gobbroprimary texiures present.io -y
48 Anprthesite and anorthositic gabbro
42 Syroxanite cnd hornblend:te.
Zo Dianite

54 Buff syenite.

S& Hetersgeneous syen:te [interlayered pink
syenilw granite pegmatite and supracrustel

_ rocks:localy granite fraction dorminates),

=2C Ugsubdivided syenite,

20 Neoheline syenite.

Ga Alaskite.[equigronulur,no quertz LS fabridd
68 Alkali granite.

6¢ Macium grained to pegmat:lic leucegranite,
60 Bictite and bictite - hornblende g-anite
G2 Layered granite gne:ss [= clinopyroxene],

NOTE: Units rot numbered in stratigraphic
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L52 Microfabric shéar-plana.
Mylonits foliation.

Axial surfoce

Foliation from Hewst: (1557¢) &

. 1 Francoeur (1575)
~LINZATIONS

—_—

4%
Linear elzment ¢t shape-fabric{L51)

M:peral &1ntersecticn iinection,

. Intersection on foligticn of mica with
ax:ally sym‘memc fabric.

Copmlmegd b

———

FOLD AXES

Syt

— Axisct ‘M {cld.
= Axisof 'S’ fod.
=— Axisor"Z" told,

GEOLDGICAL BOUNDARIES
— — —AppToximate,

— - — Assumed.

> Tectonic achist,

oA Faylt,

Figl2h Lecation of petrote:
& main gneiss bodies LSI

s Road & highway (numbered).

order ,
Jr  LS1 Petrofcbric sample,
¥r  LS2 Petrofabric sample.

0 1 2 3 & S KILOMETRES

Quartz microstructure type
semples(samale numaer

LS! Granite LS.
MC :

2
N
jm
L
[=A

“0 (30101
(ALT}

11 {11134}
12 12111d)
13 (1481}
4 (1355¢c)

See text for details.

Lararabararatota M

Shear-sense of up:

Trece on XZ o

L51 [Synoptic C-axI13
- | Asymmetric &
L52 [C-axis girdie &
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odies LS182 shea~sense,

ure type of petroiehric
AUMBers in brackets)

LS1 Quprizite

15 (339iz,
15 {2486¢
17 (12101¢)
» 18 (Burntlreek)
19 (Miskoaabi L)

L52 Tectonites

SOURCES CF INFORMATION |

29 (THQ) LITHOLOGYV.
21 (241018 Hewitt 11957b & ¢l Arm-
22 (301035 strong & Gitt ns (1970).Cutshow
23 (6%5¢) J981) Mocified by Culshaw1977-
Ll | .
25 (201024 N
% (si2n | STRUCTURE: .
17 12107c Culshaw [1981) Hewitt

’ i1957¢} Add: tions by Culshaw

1977-79,
elails, -

of upper layers relative to lower layers
deduced frem:
n XZ ot basal plane et cuartz: -
t-axrsdicgrams for 2-5 8 821 =
etric migrofoliation” — . :
irdle & microfoliaticn QSymmetry: s=—m
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) —4A——ww— VARIABLE DIP DIRECTION,DIP C°-VERTICAL
~M4_——v— VARIABLE DIP DIRECTION,DIP 6MVERTICAL

H

"GEOLOG!CAL BOUNDARY

- ST RUCTURAL DOMAIN BOUNDARY

- COMBINED' GEOLOGICAL AND

STRUCTURAL DOMAIN BOUNDARY

DIP 0-30°
DIP 31:60°
OIP 61285
DIP VERTICAL

VAR[ABLE DIP DIRECTION, D]F’<3O
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POLES TO FOLIATIONS
oovany BSER | QURS
1 37 1,510
2 104 | 124
3 . 153 1,2,3
¥ 2 54 1 B
5 78 | 1510
6 17 51218
7 191 136
8 77 148
;! 180 1,23
10 88 14,8
11 31 3612
12 40 257
13 31 1123
14 03 | 123
. 15 65 | 469
© ‘J e 16 120 247
5Km
: - _ 17 347 4715
18 166 2415
19 AN ~516,40
20 104 2,46
21 302 35,21
1SS GRANITIC GNEISS 22 208 | 356
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