





























































































































































































































































































































vield phenomenon involving critical yield stresses are
responsible for the development of C-surfaces. The other is
that the yield stress may be passively approached by material
softening rather than increased shear strain as deformation
proceeds. This material softening ensures the localization
of intense shear strains in narrow zones.

The asymmetrical mesofolds form only in the mica-rich
rocks of +the study area and are often observed to be local-
ized around heterogeneities such as feldspar porphyroclasts.
Microfolds are common in both mica-rich and mica-poor rocks.
This implies not only that the folds result from perturba-
tions in the flow caused by heterogeneities but also implies
that flow characteristics vary in the mica-poor and mica-rich
rocks. It is therefore immediately obvious that the
rheological properties of the two rock types (mica-poor and
mica-rich) vary and that flow in the mica-rich rocks was more

conducive to the formation of mesofolds.

Asymmetrical Pull Aparts

Type 1 and Type 2 asymmetrical pull aparts (cf. Hanmer,
1984) are visible in outcrops in the study area. The more
lenticular Type 2 amphibolite pull aparts appear to be the
result of a low competency contrast between the amphibolite
and mylonitic matrix. The more angular Type 1 pull aparts
appear to be the result of a higher competency contrast

between the competent amphibolite and the incompetent
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surrounding quartz matrix. The Type 1 pull aparts may have
begun deformation in the lower competency contrast environ-
ment initially forming Type 2 pull aparts. Later, injection
of the quartz vein material may have transformed the am-
phibolite material into a higher competency contrast environ-
ment and therefore into a different rheological environment
which favoured more brittle Type 1 pull apart behaviour. In
the study area, these pull aparts provide only supportive
kinematic information if +the bulk shear sense is already

known from other more reliable indicators.

Secondary Quartz Subgrain Foliations

Quartz ribbons and quartz veins 1in the study area
contain a secondary, subgrain shape, preferred orientation
visible only in +thin section. Subgrains are formed by
dynamic recrystallization which may be accomplished by two
mechanisms. Progressive rotation of subgrains during crystal
plastic deformation continues until the lattice misfit
exceeds 10° or 15° where a new subgrain is formed (Poirier
and Nicolas, 1975; White, 1976; fide Simpson, 1986).
Alternatively, recrystallization may take place by progres-
sive migration of subgrain boundaries from 1less highly
strained subgrains to more highly strained subgrains (White,
1976; Urai, 1985; fide Simpson, 1986). These two mechanisms
combine to produce elongate new subgrains whose long axes are

parallel to the incremental stretching direction.
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The attitude of the oblique foliation formed by elongate
subgrains will depend on the shear strain accumulated since
the last recrystallization event. This is because recrystal-
lization of quartz obliterates any previous accumulations of
strain, effectively resetting the "finite strain clock"”
(Lister and Snoke, 1984). Simpson (1986) also cautions that
these secondary foliations are reliable indicators of the
sense of shear for only the last increment of deformation
since they are easily reoriented if the mylonitic layering
becomes folded as it is in the study area.

The subgrains in the study area indicate the greatest
incremental stretch to be near vertical, parallel to Lg in
thin sections oriented parallel to Lg. Subgrains observed in
thin sections oriented sub-perpendicular to Lg indicate
intermediate incremental stretch to be at a mean of 64° to
the foliation in an anti-clockwise sense. These subgrain
fabrics may therefore indicate a final deformation increment

of significant vertical motion.

Estimate of Strain Axes Orientations

From all the features discussed above, the approximate
positions of the finite strain axes in the study area may be
estimated. Features in thin sections oriented sub-parallel
to Lg indicate significant stretching and shear displacements
in an "east side up" sense. Features in thin sections sub-

perpendicular to Lg indicate rotation of the rigid por-
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phyroclasts and'right lateral shear displacements. There-
fore, flattening must have occurred sub-perpendicular to the
shear plane (the foliation) and from the east to produce the
observed dextral shear indicators. Strain axes are estimated
to fall in the areas indicated in Figure 26.

The assemblage of structures observed both in thin
section and in outcrop is compelling evidence supporting the
idea that the stretching 1lineation (Lg) represents the
greatest finite strain direction (Xg). Xg however must be at
shallower angles to horizontal than Lg as is indicated by the
biotite fabric in thin sections parallel to the foliation (S,
in Figure 26). Intermediate finite strain (Yg) is therefore
at moderately low angles to the foliation but must, by
definition, be perpendicular to Xg.

Brittle deformation features accompanied by sinistral
displacements are present in the study area. These indicate
much later brittle faulting mechanisms probably related to
the Bathurst Fault tectonics and are therefore unrelated to

the deformations being examined in this study.

Metamorphic grades in the study area have been estimated

to have reached amphibolite grade both by regional mapping
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Stereoplot indicating possible positions of

principal finite strain axes in the study are
determined from thin sections perpendicular and
subparallel to Lg. Shear plane is parallel to
the foliation (S,). The position of finite X is
subparallel to Lg. Finite Z marks the position
of flattening. Finite Y lies close to S, but
not in it. Southeast block 1is upthrown (out)
and northwest block is downthrown (in).
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(Henderson et .al., 1987) and by ﬁetrological observations
made on thin sections by the author (cf. Chapter 2).
Refinement of this assessment of metamorphic grade is
possible if the deformation textures of certain minerals are
considered 1in relation to their mode of deformation and
metamorphic grade.

Quartz begins to deform in a ductile fashion at the
onset of greenschist metamorphic conditions. Feldspars on
the other hand, remain strong and display dominantly brittle
deformation features into amphibolite grade conditions
(Simpson, 1985; Boullier, 1980; Wakefield, 1977). Applying
this information to the rocks in the study area indicates
that deformation began in amphibolite grade conditions. This
is 1indicated by ductile deformation features such as kink
bands, deformation +twins and strained extinction in the
feldspar porphyroclasts. Deformation continued as metamor-
prhic conditions relaxed, causing the porphyroclasts to deform
in a brittle fashion. The extensional fractures in the
pulled apart porphyroclast fragments indicate deformation
under greenschist conditions (Boullier, 1880). The pull
aparts produced a dilatation and the chlorite precipitated in
these gaps indicates an 1ingress of fluids into the rocks.
The chlorite fibers mimic the motion of the feldspar frag-
ments so that coeval precipitation of the chlorite must have

taken place.
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Henderson et al. (1987) have suggested that domains to
the east in the Artillery Lake map area represent exposures
of deeper structural levels. This implies a significant
component of vertical motion, possibly localized along domain
boundaries. If deformation continued during this uplift then
the rocks of the study area could have been uplifted from
lower structural levels where amphibolite conditions pre-
vailed to higher structural levels where greenschist condi-
tions prevailed. The brittle fractures overprinting the
ductile features in the porphyroclasts of the area indicate
such a sequence took place. Wakefield (1977) has noted
similar relationships in his study of the Lethakane shear
zone.

More detailed regional scale analysis of metamorphic-.
structural relationships in the Artillery Lake area would

confirm or disprove the sequence of events proposed above.
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In the shear zone studied, deformation features are
consistent with those normally associated with ideal simple
shear. The kinematic indicators visible both in outcrop and
thin section indicate dominantly right lateral shear dis-
placements. A significant vertical component of displacement

is also indicated.

The maximum principal finite strain axis in the area is
subparallel to the steeply plunging stretching lineation
visible in outcrop 1in the study area. The intermediate
finite strain axis in the area is subhorizontal and subparal-
lel to the mylonitic foliation. The direction of flattening
in the study area 1is oblique to the mylonitic foliation and

directed from the east.

Metamorphic conditions at the onset of deformation were
of epidote-amphibolite facies. During continued deformation,
metamorphic conditions relaxed into greenschist facies as
indicated ‘by feldspar microstructural strain features.
Regional metamorphic +trends in +the Artillery Lake area
indicate progressively deeper exposures of structural levels
to the east that may suggest significant vertical motions as-

sociated with the domain boundaries. The variations in
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deformation characteristics and metamorphism " in the study
area are consistent with the notion of significant uplift of

domains to the east.

Suggestions For Further Research

More detailed structural kinematic studies on the
"straight zone"” and other surface expressions of the Thelon
Front in the Artillery Lake are necessary before a complete
understanding of the motions involved with Thelon Front
tectonics within the area can be realised.

More detailed experimental studies studies on the
behavior of feldspars under strain at varying metamorphic
conditions may also allow these features to be used in areas
where metamorphic conditions changed too rapidly for mineral

phases to equilibrate.
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