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grains which are more rounded and elongated (figure 27, Alpha - sample 6), where

others show complete randomness even though the matrix has a preferred.orientation
(figure 28, Alpha - sample 12).

It is evident that all the samples have undergone a regional deformation, which
is seen from the matrix of reduced grain size. Larger anhedral to subhedral grains are
also prominent in many of the samples. Further deformation is indicated by further
reduction of the grain size in the matrix, absence of larger grains and recrystallization
(figure 29, Alpha - sample 15).

Utilizing a microscope at 40X magnification, the general mineralogy is seen to
be typical of a granite, with biotite, muscovite, K-feldspar, plagioclase, quartz, |
homblende. The opaque minerals present were magnetite, hematite and kaersutite.
K-feldspars were the most abundant large minerals, where biotite was the second most
abundant. Chlorite is also seen in many thin sections, a common hydrothermal
alteration of biotite and amphiboles.

Magnetite occurs as small (0.05 to 0.3 mm) anhedral to subhedral grains.
Their occurrence in the samples is significant, in that their magnetic interaction is
expected to contribute to the magnetic fabric. Kaersutite (magnetite with high
titanium content), is also considered a contributor to the magnetic fabric. It is present
in every thin section and identified by its reddish brown colour in contrast to the
opaques.

The data which was collected from the Image Analyzer provided results similar
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to what could be seen in the photographs and were not used. Parameters that were

measured using the Northern Exposure program were: object area, object perimeter,
minimum (x,y), length (x,y), shortest chord and orientation. It should be noted again
that these measurements are for only the two dimensional view of the thin section;

thus the true maximum and minimum measurement may be different.



DISCUSSION: 47

Relationship of Magnetic Fabric and Deformation:

From AMS the bulk susceptibility and percent anisotropy were measured.
There is no significant change across the study areas other than sample 14, 15 and
17 in Alpha and sample 16a, 16b and 17 in Beta. It is important to determine what
kind of environment would cause a low bulk susceptibility but a high anisotropy. To
reduce the susceptibility of the rock sample, the grain size would have to be reduced
in order to diminish the intensity of the magnetic minerals contribution. This grain
size reduction may occur during brittle deformation where the grains are rotated
against one another and thus broken down to create a uniform subrounded matrix.
If this area continues to undergo a deformation which becomes more ductile then the
alignment of the grains becomes more uniform and any recrystallization occurring will
take place to vield a significant preferred orientation. This greater alignment of the
crystals would therefore increase the anisotropy. In both Alpha and Beta areas the
low bulk susceptibilities are matched by high percent anisotropy, suggesting that this
kind of deformation has occurred. Sample 16 in the Beta group displays the lowest
bulk susceptibility and one of the highest percent anisotropy indicating an area where
very intense localized deformation has océuned. If a closer look is taken at the
graphs, it is noted that the low bulk susceptibilities also match with low anisotropies,

except in the extreme cases. Thus a correlation can be established that low strain
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deformation can alter the magnetic fabric and be recorded on a fine scale, but the
moré intense deformational processes leave a stronger and more distinct magnetic
signature.

An important aspect to notice from these graphs relative to the samples
collected, is that there are other regions in the study areas which have a high
concentration of mylonite bands and fracturing. This could only lead to the conclusion
that two types of mylonitization have taken place. One type which would be able to
overprint the regional fabric and a second type in which mylonitization has progressed
so as to increase the percent anisotropy and reduce the susceptibility. This second
type may be responsible for reduction of grain size, increased alignment and new
'magneﬁte development. From this study it is apparent that this type of mylonitization
is only developed in a localized region in the Beta group, seen in sample 16.

Now that it is shown that deformation can combine or overprint the regional
fabric, it is necessary to take a closer look at the magnetic foliation and lineation.
These characteristics are seen from the stereonets where the k1, k2 and k3 axes
where plotted. Regional foliation is determined to be in the general southwest
northeast direction. The dips of the foliations go through the vertical axis, but this
may be due to the process of uplifting the mylonites from depth. The stereonets
which represent the more deformed regions have much more intense foliations and
lineations and have a tighter cluster of data points. By plotting the axis, regions of

high deformation can be seen by the change in orientation of the foliation and an
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increased dip direction. Thus it is possible to see indications of deformation by

measuring the magnetic fabric of the minerals present in the rock samples.

Remanence:

Remanence was measured to determine if AMS measurements were from
Natural Remanent Magnetization (NRM) or a secondary processes, giving rise to
Chemical Remanent Magnetization, Thermal Remanent Magnetization, etc. From the
results measured, susceptibility, pgrcent anisotropy and k1, k2 and k3 axes, it is clear
that NRM is the responsible magnetization.

Figures 20 and 21, of Alpha and Beta remanence measurements, indicate a
equal orientation of North and South trends in the down line perspective. This is also
seen in the plotting of the stereonets by the dip changing through the vertical axis
- when utilizing the riéht hand rule, as all this data does. Variance is seen in the West -
East view, from the profile perspective, and is significant where the fractures and
mylonites occur, thus indicating a physical change of the NRM orientation

ARM/X versus the sample number demonstrates where finer grains may be
generated in the samples. It is due to the relationship of ARM (anhysteretic Remanent
magnetization) and susceptibility, which are related to grain size. Finer grain size in
figure twenty-one is shown by the higher values. Reduction of grain size is likely to
develop in brittle deformation and would thus be expected to be to found in areas of

fracturing. Its occurrence is not always expected to be present in mylonitization zones,
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as this process often signifies flow, a more ductile then brittle deformational process.

Relationship of Petrological Fabric and Deformation:

Deformation is evident in the thin sections from the reduced grain size, greater
alignment of the grains and absence of larger minerals (which are present in the less
deformed sections). Inspecting the thin sections which represent the regional
mineralogy was determined to consist of biotite, muscovite, k-feldspar, quartz,
plagioclase, and opaque minerals such as magnetite and kaersutite. The larger grains
which are seen in the fine grained matrix are dominantly k-feldspar, in which some
have muscovite inclusions, indicating recrystallization. Recrystallization is also
indicated by the matrix which surrounds the mineral recrystallizing being pushed out
in a radial pattern, shown in figure 29. .

The thin sections which represent a higher state of deformation show a greater
alignment, compare figure 30 (low deformation) and figure 31 (intermediate
deformation). The majority of the matrix and the larger minerals are elongate and in
a preferred orientation. In some areas the grain size is further reduced , but overall
it does not show a different fabric from the regional other then an increased mineral
alignment. As the samples get closer to regions of higher intensities of deformation
in the study areas, more variances are seen in the fabric, figure 32. Further reduction
of the grain size is appareht and there are no longer any larger minerals present. The

alignment of minerals is accentuated any recrystallization has occurred in a preferred
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orientation. In figure 31 recrystallization is seen in the middle which has undergone

subsequent shear, recognized by the Riedel shear indicating a sinistral shear frbm this
thin section’s perspective. High degrees of deformation are seen in other thin
sections, by the absence of larger mineral grains, greatly reduced grain size and
increased alignment, but only this thin section displayed such an advanced stage of

recrystallization.

Correlation with Magnetic and Petrological Fabric:

In this study, a relationship has been established that magnetic fabric changes
as the deformation intensities change, as shown by the petrological fabric. It is
important to further extend this association, to see if magnetic fabric and petrological
fabric relate to each other. As the deformation intensity increases, changes afe seen
in both the petrological and magnetic fabric, but are these changes similar? First
sample 16 in the Beta group, figure 32, is analyzed to ascertain a correlation between
the two. Both the petrological and magnetic fabrics demonstrate intense deformation
and have very similar preferred orientations in their fabric. Figure 34 shows the
magnetic foliation and lineations of this sample and its location on the study area map.
In this case, a correlation is apparent, yet in some examples (Beta, sample 19, figure
33) this is not the case. An explanation for this may be due to the recrystallization of
magnetite grains increasing their percent volume and their increased size changing the

magnetic orientation. Overall the preferred orientation of the magnetic and
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Figure Thirty-Four:
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petrological fabric are similar, suggesting that by utilizing both fabrics, regions of high

deformation can be seen on a microscopical scale.
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CONCLUSIONS:

Strain deformation can be seen in both magnetic and petrological fabric. The
fabric orientation becomes more intense as the deformation intensity increases. This
intensity is seen in the magnetic fabric foliation and lineation and in the petrology by
the increased alignment. Both fabrics are therefore good indicators of deformation
and to the extent has it occurred. Previous studies have also correlated this data on
a regional scale where this study has shown the relationship on a much finer scale.
The importance of establishing this relationship on any scale, is to aid in the
identification of a deformational event and its extent in the field when it is not

otherwise easily recognisable.

Future Work:

This study only encompassed two small areas approximately six metres by six
metres. It would be advisable, to further this study, by taking additional samples closer
to and on the Grenville Front to determine any change in the regional magnetié: fabric.
This may aid in determining the timing of the mylonite uplift relative to the Grenville
Front. Samples should also be collected in the northern region of the Killarney
Igneous Complex to see if the regional magnetic and petrological fabrics are similar.
If there is a similarity, then this would indicate a large regional tectonic deformation.

If no similarity is found then the deformation has been localised in the southern region
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of the complex and an explanation would have to be determined which would cause

only partial deformation in this plutonic body.
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APPENDIX

Sample - Alpha demagnetised in alternating field of 5.0 mT
Indicates ARM-BAR conversion to bulk susceptibility, percent anisotropy, maximum,
intermediate and minimum axis and values for P1, P2 and P3.
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Specimen Number

Axis
Min:
Int:
Max:

Av Susc = 0.001015
0.065

Lin =

Dec

238.1
66.6

336.4

Pl = 1.06204

Specimen Number

Axis
Min:
Int:
Max:

Av Susc
Lin =

Dec

170.3
44.9

311.4

= 0.001009
0.094

P1 = 1.09239

Specimen Number

Axis
Min:
Int:
Max:

Av Susc
Lin =

Dec

214.4

120.4
3.8

= 0.000912
0.103

Pl = 1.10053

Specimen Number

Axis
Min:
Int:
Max:

Av Susc

Lin =

Dec
47.9

193.4

290.2

= 0.000772
0.115

Pl = 1.11392

Specimen Number

Axis
Min:
Int:
Max:

Av Susc

Lin =

Pl = 1.08681

1-1 Core Decl = 345.0 Core Incl = 77.0
Inc Magnitude
80.0 : 0.000865
9.9 0.001057
1.5 0.001123
% Anisotropy = 25.46
Fol = 0.222 Q= 0.291 E= 1.152
= 1.29887 P3 = 1.22299
1-2 Core Decl = 334.0 Core Incl = 72.0
Inc Magnitude
69.9 0.000881
12.0 0.001026
15.9 0.001121
% Anisotropy = 23.72
Fol = 0.190 Q= 0.494 E = 1.066
= 1.27168 P3 = 1.16413
1-3 Core Decl = 31.0 Core Incl = 78.0
Inc Magnitude
20.1 0.000773
10.8 0.000935
67.0 0.001029

% Anisotropy = 28.06

Fol =
P2 = 1.33125

Inc

61.0
24.5
14.4

0.229

Q = 0.450
P3 = 1.20965

E= 1.099

1-4 Core Decl = 124.0
Magnitude
0.000664
0.000781

0.000870

Core Incl = 77.0

% Anisotropy = 26.65

Fol =
P2 = 1.30965

4.5 -

Dec Inc
46.4 83.4
179.1
269.5 4.8
= 0.000519
0.125 Fol =

0.209

Q = 0.552 E = 1.055

P3 = 1.17571

Core Decl = 111.0
Magnitude '
-0.000003
0.000748
0.000813

Core Incl = 86.0

% Anisotropy = 157.10

1.508
P2 = -277.89914

Q= 0.083 E = -235.278
P3 = -255.70208



Specimen Number : 1-6
Axis Dec Inc
Min: 16.2 76.4
Int: 106.8 0.1
Max: 196.8 13.6

Av Susc = 0.000628
Lin = 0.050 Fol = 0.183

Pl = 1.04839 P2 = 1.23643 P3

Specimen Number : 1-7a
Axis Dec Inc
Min: 8.8 66.4
Int: 247.3 12.9
Max: 152.6 19.4

Av Susc = 0.000846
Lin = 0.058 Fol = 0.218

Pl = 1.05545 P2 = 1.28830 P3

Specimen Number : 1-7b
Axis Dec Inc
Min: 18.5 73.8
Int: 231.2 13.7
Max: 139.1 8.4

Av Susc = 0.000892
Lin = 0.036 Fol = 0.253
Pl = 1.03406 P2 = 1.32562

Specimen Number : 1-8
Axis Dec Inc
Min: 80.4 63.1
Int: 173.4 1.5
Max: 264.2 26.9

Av Susc = 0.000704
Lin = 0.137 Fol = 0.259
Pl = 1.13420 P2 = 1.39573

Q =

Core Decl = 161.0
Magnitude
0.000551
0.000650
0.000682

% Anisotropy = 20.77
Q

0.275

= E =
1.17936

Core Decl = 155.0
Magnitude
0.000724
0.000883
0.000932

% Anisotropy = 24.65
Q

0.266

= E =
1.22062

Core Decl = 155.0
Magnitude
0.000742
0.000951
0.000984

% Anisotropy = 27.08
Q=
P3 = 1.28195

0.144 E =

Core Decl = 112.0
Magnitude
0.000583
0.000717
0.000813

% Anisotropy = 32.74
Q=
P3 = 1.23059

0.527 E =

Core Decl = 21.0
Magnitude
0.000918
0.001087
0.001235

0.611 E =

Specimen Number : 1-9a
Axis Dec Inc
Min: 189.9 38.1
Int: 94.5 6.9
Max: 355.9 51.1
Av Susc = 0.001080 % Anisotropy = 29.36
Lin = 0.137 Fol = 0.225
Pl = 1.13652 P2 = 1,.34535 P3

= 1.18374

Core Incl = 84.0

1.125

Core Incl = 85.0

1.156

Core Incl = 85.0

1.240

Core Incl = 83.0

1.085

Core Incl = 84.0

1.042



Specimen Number :

Axis Dec

Min: 204.4
Int: 302.4
Max: 53.4

Av Susc = 0.001030
Lin = 0.131
Pl = 1.12835

Specimen Number :

Axis Dec

Min: 202.4
Int: 298.5
Max: 76.6

Av Susc = 0.000827
Lin = 0.060
Pl = 1.05789

Specimen Number :

Axis Dec

Min: 94.4
Int: 348.3
Max: 253.4

Av Susc = 0.000961
Fol =
P2 = 1.35014

Lin = 0.149
Pl = 1.14881

Specimen Number :

Axis Dec

Min: 17.5
Int: 246.5
Max: 153.4

Av Susc = 0.000717
Lin = 0.031
Pl = 1.02910

- Specimen Number :

Axis Dec

Min: 15.5
Int: 204.9
Max: 114.6

Av Susc = 0.000901

Lin = 0.070
Pl = 1.06719

Inc

30.3
13.4
56.3

1-9b

Core Decl = 21.0
Magnitude
0.000851
0.001052
0.001187

% Anisotropy = 32.69

Fol =
P2 = 1.39590

Inc

l16.1

20.2
63.7

0.261

1-10

Q=
P3 = 1.23712

0.502 E=

Core Decl = 25.0
Magnitude
0.000702
0.000864
0.000914

% Anisotropy = 25.62

Fol =
P2 = 1.30163

Inc

60.0
9.1
28.3

0.226

1-11

Q=
P3 = 1.23041

0.268 E=

Core Decl = 97.0

Magnitude
0.000817
0.000961
0.001104

% Anisotropy = 29.80

Inc

71.3
12.5
13.7

0.224

1-12a

Q=
P3 = 1.17526

0.666 E =

Core Decl = 135.0

Magnitude
0.000625
0.000752
0.000774

% Anisotropy = 20.83

Fol =
P2 = 1.23903

Inc

79.2
10.6
1.7

Fol =
P2 = 1.29385

0.193

1-12b

Q=
P3 = 1.20399

Q=
P3 = 1.21240

0.158 E=

Core Decl = 135.0

Magnitude
0.000771
0.000934
0.000997

% Anisotropy = 25.14
0.217

0.322 E =

Core Incl = 84.0

1.096

Core Incl = 86.0

1.163

Core Incl = 84.0

1.023

Core Incl = 78.0

1.170

Core Incl = 78.0

1.136



Specimen Number : 1-13 Core Decl = 327.0
Axis Dec Inc Magnitude
Min: 153.2 78.3 0.000762
Int: 58.6 0.9 0.000899
Max: 328.4 11.6 0.000985

Av Susc = 0.000882 % Anisotropy = 25.27
Lin = 0.098 Fol = 0.204 Q = 0.481
Pl = 1.09608 P2 = 1.29236 P3 = 1.17908

E =

Specimen Number : 1-14 Core Decl = 193.0
Axis Dec Inc Magnitude
Min: 58.7 34.1 0.000218
Int: 321.8 10.1 0.000292
Max: 217.6 54.0 0.000319

Av Susc = 0.000276 % Anisotropy = 36.47
Lin = 0.098 Fol = 0.316 Q = 0.311 E =
Pl = 1.09281 P2 = 1.46189 P3 = 1.33774

Specimen Number : 1-15 Core Decl = 179.0

Axis Dec Inc Magnitude

Min: 41.2 35.1 0.000203
Int: 304.1 10.1 0.000275
Max: 200.4 53.1 0.000302
Av Susc = 0.000260 % Anisotropy = 38.07

Lin = 0.102 ° Fol = 0.330 Q = 0.308 E =
P1 = 1.09598 P2 = 1.48798 P3 = 1.35767

Specimen Number : 1-16 Core Decl = 306.0
Axis Dec Inc Magnitude
Min: 343.1 86.4 0.000812
Int: 236.0 1.1 0.000949
Max: 145.9 3.5 0.001070
Av Susc = 0.000944 % Anisotropy = 27.31
Lin = 0.128 Fol = 0.209 Q= 0.609 E =

Pl = 1.12675 P2 = 1.31739 P3 = 1.16920

Specimen Number : 1-17 Core Decl = 209.0
Axis Dec Inc Magnitude
Min: 17.5 5.1 0.000363
Int: 110.8 32.7 0.000432
Max: 279.7 56.8 0.000498

Av Susc = 0.000431 % Anisotropy = 31.42

Lin = 0.152 Fol = 0.238 Q 0.638

= E =
Pl = 1.15141 P2 = 1.37353 P3 1.19292

Core Incl = 84.0

1.076

Core Incl = 69.0

1.224

Core Incl = 70.0

1.239

Core Incl = 81.0

1.038

Core Incl = 73.0

1.036



Specimen Number :

Axis
Min:
Int:
Max:

Av Susc
Lin =
Pl = 1.11456

Specimen Number :

Axis
Min:
Int:
Max:

Av Susc
Lin =
Pl = 1.12148

Specimen Number :

Axis
Min:
Int:
- Max:

Av Susc = 0.000713
Lin =
Pl = 1.05376

0.057

Dec Inc
211.7 6.2
119.9 15.3
323.0 73.4

‘Fol =

Specimen Number :

Axis
Min:
Int:
Max:

Av Susc
Lin =

Pl =

-Axis
Min:
Int:

P2 = 1.35314

1-18 Core Decl = 354.0
Dec Inc Magnitude
178.4 45.9 0.000807
70.0 17.0 0.000947
325.6 39.2 0.001056
= 0.000937 % Anisotropy = 26.58
0.116 Fol = 0.208 Q = 0.557 E =
P2 = 1.30853 P3 = 1.17404

1-19 Core Decl = 111.0
Dec Inc Magnitude
103.4 65.8 0.000681
359.1 6.3 0.000804
266.4 23.2 0.000902
= 0.000796 % Anisotropy = 27.69
0.123 Fol = 0.216 Q = 0.569 E =
P2 = 1.32338 P3 = 1.18004

1-20 Core Decl = 229.0
Magnitude
0.000588
0.000756

0.000796

% Anisotropy = 29.13

0.263 Q
P3 =

1-21 Core Decl = 311.0
Dec Inc Magnitude
75.9 81.3 0.000091
271.4 8.3 0.000100
181.1 2.3 0.000117
= 0.000103 % Anisotropy = 25.73
0.168 Fol = 0.174 Q = 0.966 E =
1.17207 P2 = 1.29101 P3 = 1.10147
Specimen Number : 1-22a Core Decl = 17.0
Dec Inc Magnitude
205.5 43.5 0.000853
95.8 19.6 0.000979
348.4 40.0 0.001083

Max:

Av Susc = 0.000972

Lin =
Pl = 1.10567

0.107

Fol =

P2 = 1.26945

% Anisotropy = 23.65

0.581

= E =
1.14812

0.183 Q
P3 =

Core Incl = 84.0

1.053

Core Incl = 78.0

1.052

Core Incl = 79.0

1.219

Core Incl = 81.0

0.940

Core Incl = 82.0

1.038



Specimen Number :
Axis Dec
Min: 160.8
Int: 280.0
Max: 11.7

Av Susc = 0.001063
Lin = 0.061 Fo

Inc

75.1
7.4

12.9

1-22b

Core Decl = 17.0
‘Magnitude
0.000883
0.001121
0.001186

% Anisotropy = 28.52

1l =

0.255

Pl-= 1.05783 P2 = 1.34349

Specimen Number :

Axis Dec

Min: 160.7
Int: 18.1
Max: 271.2

Av Susc = 0.001053

Inc

44.4
39.0
19.7

1-23

Q

= 0.239 E =
1.27004

Core Decl = 337.0

Magnitude
0.000785
0.001132
0.001244

% Anisotropy = 43.56

Lin = 0.106 Fol =
Pl = 1.09868 P2 = 1.58474

Specimen Number ‘:
Axis Dec
Min: . 231.6
Int: 132.1
Max: 353.8

Av Susc = 0.000892

Inc

18.9
25.7
57.2

0.383

1-24

Q

= 0.277 E =
1.44240

Core Decl = 41.0
Magnitude
0.000741
0.000919
0.001016

% Anisotropy = 30.81

Lin = 0.109 Fol =

Pl = 1.10541 P2

= 1.

0.254

37083

Q

= 0.428 E =
1.24011

Core Incl = 82.0

1.201

Core Incl = 81.0

1.313

Core Incl = 85.0

1.122





