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FIGURE . -
4.16 '

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



L - 215

.

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
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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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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



240

. 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



244

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
|
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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



252

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
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(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



268 »

. 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



273

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.
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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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free trom
Hb inclusions

ii) Primery. Plag
_ with -
Hb inclusions

i) Mb-Plcg
mosaic

Hb growth zone

11

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



r]

-

¥ 299

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
-
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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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R

. 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.

Ld
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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)

af

(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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Table &,

341

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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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
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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 .

.
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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



y

|

364

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



367
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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DIP VERTICAL

VAR[ABLE DIP DIRECTION, D]F’<3O

f

LINEATION & FOLD AXES[ onnet:-

1

ATTITUDE OF

FOLIATION

SUPRxCRUSTAL
ROCKS

e



<24
TR s e s e e

GREY TONALITIC GABBROIC GNEISS

‘‘‘‘‘‘‘

‘‘‘‘‘‘‘‘

SYENITIC GNEISS |




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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