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ABSTRACT

The Quetico fault is a major transcurrent fault in the
southern Superior Province of the Canadian Shield. Along part of
its length the fault forms the boundary between the Quetico and
Wabigoon subprovinces. Dextral motion on the fault is indicated
by dextral microfaults and appropriately asymmetrical quartz
c-axis petrofabrics. '

The fault comprises a zone of dynamically metamorphosed
rocks = primarily mylonitic rocks with some cataclastic rocks and
pseudotachylite. A transition from predominantly ductile
deformation to brittle deformation occurred during the time the
fault was active.

The ductile deformation of quartz within the fault zone
is the result of crystal-plastic processes, predominantly slip on
prism planes in the a-direction and slip on rhomb planes in the
a-direction, acconpanied by dynamic recovery and syntectonic
recrystallization. Feldspar grains are commonly deformed in a
brittle manner by fracture processes. Particulate flow appears
to have made a significant contribution to deformation in the
fault zone.

The harmonic mean of deformed grain axial-ratios and
strain determinations by the all object-object separations method
indicate that flattening strain is predominant within the fault
zone. The magnetic susceptibility anisotropy ellipsoid is also
flat~shaped and coaxial with the strain ellipsoids. The
characteristics of microfaults and folds within the fault zone
indicate that flattening may have been accompanied by or followed
by shearing. The harmonic mean of deformed quartz grain axial
ratios yields a minimum strain estimate of 130% extension in X,
58% extension in Y, and 71% shortening in the Z direction.
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|- INTRODUCT ION

A) Introduction

In the Superior Province of Northwestern Ontario, the
Quetico fault zone forms a pronounced geological structure. The
fault zone is traceable along strike for about 400 kilometers ex-
tending from near Greenwich Lake east of Highway 527 to Fort
Frances, Ontario and west to the Canada-United States border
(Figure 1-4).

The present known extent of the fault zone is based
primarily on topographic lineaments as well as on detailed geo-
logical mapping by various workeré (see next section). Figure 1-1
shows the topographic expression of the Quetico fault zone as it
appears on satellite photographs. Here the continuous fault zone
is marked by linear topographic lows commonly occupied by long
narrow lakes. On aeromagnetic maps the fault zone is associated
with long narrow magnetic ''highs''.

The fault comprises a steeply dipping zoné of dynamically
metamorphosed rock. Thus the structure is generally referred to
as a ''"fault zone'' in this thesis rather than simply a fault. The
rocks in the fault zone are variable in composition and texture
exhibiting evidence of both brittle and ductile deformation. In-
dividual fault rock types can be identified as members of the

cataclasite and mylonite series as described by Sibson (1977).
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As can be seen in Figure 1-2, the western portion of the
Quetico fault zone lies well within the boundaries of the Wabigoon
belt whereas the eastern segment of the fault zone is situated
within the Quetico belt (Stockwell, 1964). Along the central
portion which extends for about 160 kilometers, the Queticp,fau]t
zone forms the boundary between these two belts.

It has been suggested that the Quetico fault and other
similar structures in the Superior Province represent late features
resulting from tectonic overprinting produced by transcurrent move-
ment along zones of inherent structural weakness (Mackasey et al
(1974), Schwerdtner et al (1979)). In the case of the Quetico fault
they suggest that the fault occurs along a lithological discontinuity
at the Quetico-Wabigoon subprovince interface. Schwerdtner et al
(1979) note that the faulting postdates major episodes of folding of
supracrustal rocks anddiapirism because the faults are oblique to
many major fold axial traces (also Borradaile 1982, fig. 3) and
cut massive plutons. They also propose that regional shortening
in a northwesterly direction was responsible for the Quetico fault
and other faults in the Archean of Northwestern Ontario.

The lack of stratigraphic markers makes determination of
the sense of motion on the Quetico fault difficult by conventional
methods. There is no irrefutable evidence of the sense of motion
on the fault. A dextral displacement has been suggested most

commonly for the Quetico fault (Hawley (1929), Shklanka (1972),
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Davies (1973), Harris (1974), Mackasey et al (1974), Pirie (1978)

and Schwerdtner et al (1979)). Kaye (1967), however, suggested

that sinistral motion on the fault occurred in the Lac des Mille

Lacs area. Minor vertical motion on the fault has been described

by several workers (Hawley (1929), Mackasey et al (1974) and

Pirie (1978)). Mackasey et al suggest that the boundary between

the Quetico and Wabigoon belts is stratigraphic and that the

original lithostratigraphic continuity was dislocated by large scale,
right lateral, horizontal displacement along the Quetico fault

between Lac des Mille Lacs and Mine Centre (Figure 1-3).

B) Previous Geological Studies

The Quetico fault zone and associated rocks have been des-
cribed in many publications and reports, although few have dealt
specifically with the Quetico fault zone. This section reviews
studies which have dealt with various aspects of the fault zone and
contributed to its delineation. The location of these studies and
localities pertinent to this discussion are indicated in Figure 1-4.

The Quetico fault as described in this thesis was identi-
fied based on air photograph interpretation by Parkinson (1962) as
a continuous fault zone extending from Fort Frances to the Lac des
Mille Lacs-Kashabowie Lake area. Ayres et al (1970) recognized that
the fault continues eastward through Dog Lake. Kehlenbeck (1976)
noted that the fault zone extends still further east to Highway 527.

The author notes that the lineament defining the fault zone can be
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traced east of Highway 527, through the south part of Greenwich Lake
until it disappears beneath the overlying Proterozoic diabase sills.

Deformed rocks which are now recognized as part of this
major fault zone were first described by Lawson (1888, 1913) in the
Rainy Lake area. He described a rock unit which he called 'Por-
phyroid Gneiss'' as a remarkably linear and persistent belt of
sheared granitic rock. He traced the unit in nearly continuous
exposure for a distance of 34 kilometers from the eastern end of
Little Turtle Lake westward to Black Sturgeon Bay and suggested
that the unit most likely extended eastward beyond Little Turtle
Lake. He noted a similar unit exposed for a distance of 6.5
kilometers on islands in Rainy Lake, west of the first exposure.
Lawson, however, did not identify a western boundary for the unit.
He regarded the unit as a marginal facies to the great batholithic
area of banded gneisses lying north of the unit. He observed that
the '"porphyroid gneiss' had no definite boundary with the layered
gneisses but graded into them across and along strike. Lawson
noted that red or flesh coloured rocks graded into grey coloured
rocks and that porphyritic textures were almost always present.
Feldspar phenocrysts occurred as augen in a foliation which he
attributed to shearing. He observed the presence of cataclastic
textures and described them as such from thin sections of the
porphyroid gneiss.

Portions of the Quetico fault zone have been described

in a number of reports of the Ontario Department of Mines, Ontario



Division of Mines, and Ontario Geological Survey since Lawson first
described the fault rocks. These reports are reviewed below in
chronological order.

Hawley (1929) postulated a fault of some magnitude forms
the boundary between sedimentary rocks to the south and greenstones
to the north in the Sapawe Lake area. He noted that the straight line
contact between the two units is marked by a band of highly schistose
rocks across the eastern part of the map area. He believed that the
fault continued westward and was there marked by a topographic de-
pression but added that it was mostly obscured by glacial drift,
swamps and lakes. He noted that the fault is near vertical in dip
as indicated by the steeply dipping schistosity. Despite the lack
of stratigraphic markers Hawley proposed that horizontal movement
on the fault was predominantly dextral. This suggestion was based
on the orientation of a promiﬁent "fracture cleavage' (sic) which
he believed to be related to the major fault movement. Vertical
motion indicated by ''drag'' folds suggests both up and down move-
ments of the north side of the fault with respect to the south in
different locations although Hawley noted more evidence to suggest
that the south side moved up with respect to the north side in an
area east of Steeprock Lake fault.

Moore (1939) worked west of the Sapawe Lake area. He
noted that the fault defined by Hawley extends into the Atikokan
area and believed that the fault is gradational into a zone of in-

tense shearing just east of Atikokan.
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In the Emo map area, west of Fort Frances, Fletcher and
Irvine (1954) relied extensively on topographic lineaments to fix
the position of the fault because of the thick cover of Quaternary
deposits in this area. An east-west trending gully occurring in
quartz monzonite in eastern Kingsford Township was described as a
fault. A second fault, trending N8OW, was located in Mather Town-
ship, 6.5 to 8 kilometers west of the Kingsford Township fault. Both
of these faults are now recognized as part of the western extension
of the Quetico fault. They occur directly along strike from ex-
cellent isolated exposures of fault rock in Dance Township.

In the Western Lac des Mille Lacs area, Irvine (1963) des-
cribed a zone of chlorite schist which marks the contact between
basic volcanic rocks to the north and paragneiss and granite to the
south. Irvine concluded that this contact was probably a fault.
From exposures near Baril Bay he described rocks which appeared to be
silicified in or near the contact zone. In thin section the rocks
showed textures which were produced by cataclasis and mylonitization.

Kaye (1967) described the Quetico fault in the Eastern
Lac des Mille Lacs map area. He noted that the sharp contact
between metavolcanic and metasedimentary rocks is marked by the
occurrence of silicified and brecciated metabasalt. Kaye suggested
a displacement of 16 kilometers in a sinistral sense occurred on
the fault. This observation was based on the occurrence of an
isolated layer of metabasalt, approximately 300 meters wide en-

closed by metasedimentary rocks and extending from Trout Bay on
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Kashabowie Lake to Little Athelstane Lake. He suggested that the
layer of metabasalt represents a wedge of the metabasalt occurring
on the south shore of Bolton Bay, Lac des Mille Lacsand that this
wedge was caught up in a zone of dislocation along the Quetico
fault and moved eastward to its present location. The author notes
that this unit may or may not be a wedge of metabasalt. The fault
rocks in this area may merely resemble metavolcanics.

Shklanka (1972) described the fault zone in the Steep-
rock Lake area as comprising the Quetico fault and the North
Branch of the Quetico fault. He described the North Branch as an
earlier offset which became locally in-folded and in-faulted. He
supposed that reactivation of the Quetico fault system did not
occur on the North.Branch and displacement occurred only on the
fault to the south. Because of the steep dip and straight trace
of the fault Shklanka suggested that motion on the fault was pre-
dominantly strike-slip. He proposed dextral motion on the fault
based on the disruption of major structural features. He
suggested that the fault had a complex history involving numerous
episodes of motion along different directions spread over a long
period of time (pre-Kenoran to Paleozoic).

Davies (1973) described the Quetico fault zone in the
Fort Frances area as a major east-west trending zone extending
through Dance and Griesinger Townships. From Dance Township to

Little Turtle Lake he described the fault zone as 500-1000 meters
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wide and vertical or steeply dipping to the north. He stated that
aeromagnetic patterns, rock-type distribution and small scale
structures suggest dextral movement on the fault. Davies referred
to the rocks of the fault zone as ''fault zone gneiss'' which included
layered biotite granite gneisses gradational with mylonites in the
zone. These rocks, Lawson's porphyroid gneiss, commonly show
porphyroclastic textures with large feldspar grains in a finer
grained matrix. Davies noted that recrystallization in these rocks
is common.

Harris (1974) reported on the rocks of the Quetico fault
zone in the Rainy Lake area. He described an east-west zone of
dynamically deformed granitic rocks. The zone which is 350-1000
meters in width is well exposed on islands in Rainy Lake, on the
south sides of Macdonald Inlet and Crowrock Inlet and inRedgut Bay.
Rocks of the fault zone include crushed granite, augen gneiss and
mylonite. East of Black Sturgeon Bay, Harris noted that the fault
rocks are confined between two well defined lineaments. Migmatite
exposed north and south of these lineaments shows an increase in
deformation with decreasing distance from the fault zone. There is
also an abrupt change from migmatites to the fault rocks across the
lineaments. Harris noted that west of Black Sturgeon Bay the fault
zone is narrower and here the migmatite is gradational into fault
rocks. He further observed that dextral movement occurred on the

fault. He based this conclusion on changes in the attitude of
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rocks near the fault as shown on the Kenora-Fort Frances Map 2115
(Davies and Pryslak (1967)) and on the presence of joints which he
thought might be feather joints as well as on ''drag' folds.
Lineations measured by Harris in fault zone rocks trend east-west
and have shallow plunges to the east or west suggesting predominant
strike-slip motion on the fault. |

Pirie (1978) described the fault zone in the Crooked Pine
Lake map area. Here the fault forms the contact between meta-
volcanic and metasedimentary rocks of the Wabigoon and Quetico
subprovinces, respectively. Based on exposures along the south
shore of Magnetic Lake and the north shore of Crooked Pine Lake,
the fault comprises a highly deformed, vertically dipping zone up
to 100 meters wide. Mafic metavoicanics were dynamically meta-
morphosed to chloritic phyllite. Felsic to intermediate meta-
volcanics and greywacke have altered to sericite phyllite. Less
micaceous rocks are mylonites. Pirie observed that movement on
the fault is indicated by a change in metamorphic grade across the
fault. He supposed that because the foliation is oblique to the
fault zone it suggests dextral displacement. However, minor
structures that he observed indicate dextral, sinistral and vertical
motions.

The Mine Centre area was mapped by Wood et al (1980).
Their maps show the fault extending east and west of Little Turtle

Lake. They noted a red-feldspar mafic porphyry unit which is found
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only in proximity to the Quetico fault, in this map area. ‘''Drag"
folds indicate dextral and sinistral motion to Wood et al but they
noted that regional trends suggest that motion was dextral.

Fumerton (1980, 1982) and Fumerton and Bumgarner (1980)
worked in the Calm Lake area. They found no direct connection
between the Quetico fault as previously described east and west of
this area. They described the Quetico Fault to the east of Calm
Lake as being continuous with the Seine River fault to the west
(Figure 1-4) and proposed that these two faults together be named
the Quetico fault. They suggested the name ''Little Turtle Fault"

. be given to the fault extending west of Calm Lake which has hitherto
been called the Quetico fault. However in this thesis the continuous
east-west trending lineament from Rainy Lake to Thunder Bay area (as
shown on Figure 1-4) is still called the Quetico fault, which is in
agreement with publications prior to those of Fumerton.

Carter (1983) noted the presence of ''cataclastic'' textures
in rocks in the south part of Greenwich Lake but did not identify them
as belonging to the eastern extension of the Quetico Fault Zone.

Some other recent studies have also described some features
of the Quetico fault zone. Bau (1979) described the fault zone in
the Kashabﬁwie - Lac des Mille Lacs area*, Kennedy (1980) examined
the rocks of the fault zone near Raith and Borradaile (1982) des-
cribed microfaults in the rocks of the Quetico fault zone at
*The author attempted to obtain a copy of this thesis from the

University of Toronto but was unable to do so.
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Dog Lake. Further, Borradaile and Kennedy (1982) described flow-

banding in pseudotachylite from the fault zone at Crowrock Inlet.
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C) Study Objectives
The objectives of this thesis are outlined below:
1) To examine the fault zone and fault rocks to:
(a) examine the brittle/ductile nature of deformation in the
fault zone
(b) determine, if possible, the mechanisms responsible for
deformation in the fault zone.
2) To determine the senée of motion on the fault in the absence of
stratigraphic markers.
3) To investigate the nature of strain within the fault zone and
obtain strain estimates.
L) To determine the original structural level of the presently

exposed fault rocks at times when the fault was active.

D) Methods

The objectives will be attained by:
a) examining field structures and microstructures in the fault zone.
b) strain analysis

c) the investigation of quartz c-axis petrofabrics.

Field study comprising collection of data and collection of
oriented specimens was carried out at various localities along the
fault zone. These localities, which will be referred to throughout
this paper, are indicated on Figure 1-4, They are Dance Township,
Macdonald Inlet, Crowrock Inlet, Turtle River Road (West of Little

Turtle Lake), Little Turtle Lake, Calm Lake, Bolton Bay of Lac des
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Mille Lacs, Kashabowie Lake, Little Athelstane Lake, Raith, Dog Lake

and Highway 527.

E) Terminology

Classification of the dynamically metamorphosed rocks
studied in this thesis Follows Sibson (1977) (Table 1-1). He proposed
the use of the term ''fault rocks'' as ''a collective term for the dis-
tinctive rock types found in zones of shear dislocation at both high
and low crustal levels, whose textures are thought to arise, at
least in part, from the shearing process'. The fault rocks are
classified on textural criteria. Incohesive fault rocks exhibit
random fabrics and include fault breccia and fault gouge. Cohesive
fault rocks are subdivided into the cataclasite series (random-
fabric fault rocks) and the mylonite series (Foliated fault rocks).
Polymineralic rocks are classified according to the texture of the
matrix. The mylonite and cataclasite series are subdivided based
on the proportion of matrix in the rock, into protohylonite,
mylonite and ultramylonite and protocataclasite, cataclasite and
ultracataclasite respectively. Phyllonite varieties of mylonites
are mica-rich mylonites and ultramylonites which have the silky
appearance of phyllites. Blastomylonites are mylonites in which
significant grain growth has occurred. Pseudotachylite is glassy
material which is commonly found associated with random-fabric

cohesive fault rocks in fault zones.
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Lapworth (1885) first used the term mylonite to describe
fine grained, laminated rocks of the Moine Thrust whose textures
he believed developed from brittle processes (crushing and milling).
Dynamically metamorphosed rocks have also been classified and des-
cribed in more recent studies by Christie (1963), Higgins (1971)
and Zeck (1974). These authors describe the rocks in terms of
brittle processes with recrystallized textures being the result
of post-tectonic recrystallization in accordance with Lapworth's
original concept. Bell and Etheridge (1973) recognized that
ductile processes were more important than brittle processes in
the formation of mylonites. They established that recrystallization
was syntectonic.

Sibson's classification avoids genetic inferences and
therefore provides useful descriptive terminology. However, it is
now generally accepted that mylonites result from ductile deformation
processes and cataclasites from brittle processes. The term ductile
infers the capacity of a material for substantial shape change
(strain) without gross fracturing (Paterson, 1978, p. 161). Ductile
deformation processes include crystal plasticity accompanied by
syntectonic recovery and recrystallization as well as diffusive
processes. Brittle behaviour involves penetrative fracturing after
very low permanent strain (Handin, 1966). Brittle deformation
procésses include fracturing with variable amounts of grain boundary

sliding and grain rotation. (Deformation mechanisms are discussed
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in greater detail in the next chapter.) The transition from
brittle to ductile behaviour is temperature and pressure dependent.
Brittle behaviour predominates at low temperatures and confining

pressures while ductile behaviour predominates at higher temperatures

and pressures.
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2 - STRUCTURE AND MICROSTRUCTURES OF THE QUETICO FAULT ZONE

A) Macroscopic Structure

Width of the fault zone: The Quetico fault comprises a zone of
highly deformed rocks which is variable in width (Table 2-1). The
differences in width along the length of the fault zone appear to
be related to the local lithology. This study concentrates on the
quartzo-feldspathic mylonitic fault rocks in the eastern and
western parts of the fault zone where it is quite wide (300 m. to
1200 m.). The fault zone is generally more narrow in the central
portion (Calm Lake to Lac des Milles Lacs) (10 m. to 300 m.) where

it occurs within metasedimentary rocks and metavolcanic rocks.

Discussion: Mylonitic microstructures are very evident in quartzo-
feldspathic rocks due to the quartz-feldspar ductility contrast and
a wide fault zone develops. The mica-rich metavolcanic and meta-
sedimentary rocks generally comprise phyllonitic rocks. The
narrower zone of deformation in these rocks may be due to their
smaller internal ductility contrasts. Also, high water.

content, which has been reported in phyllonites (Sibson, 1977),
could result in enhanced ductility (hydrolytic weakening of
minerals) allowing the deformation to be concentrated in a narrow

zone, The presence of fluids in the fault zone rocks could also



Table 2-1: The Width of the Quetico Fault Zone from West to East
in descending order.
Locality Approximate Reference
Width
(Western-  Dance Township L0O m
most) Macdonald Inlet 600 m
Crowrock Inlet 800 m
*Pearson's Road 600 m (Harris, 1974)
Turtle River Road 800 m
Little Turtle Lake 700 m
Calm Lake <10 m
*Crooked Pine Lake 100 m (Pirie, 1978)
*Sapawe Lake 100-300 m (Hawley, 1929)
*Atikokan 300 (Shklanka, 1972)
*Lac des Milles Lacs (W)400-600 m (Irvine, 1963)
* (E)200-400 m (Kaye, 1967)
Kashabowie Lake 700 m
Athelstane Lake 200-300 m
Raith 1000 m
Dog Lake 1000-1200 m
(Eggg?rn— Hwy. 527 1000 m

Width of the fault zone as determined by the author. The width
was defined by the zone comprising macroscopically visible
mylonitic and/or cataclastic textures.

%At these localities the width was inferred from observations by
previous authors (noted).
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promote diffusive deformation processes possibly resulting in
volume change across the fault zone which would not occur in the
'dry' quartzo-feldspathic rocks. The author offers no evidence of
volume change in the phyllonitic rocks as they were not studied
in detail, No evidence of diffusive deformation processes was
observed in the quartzo-feldspathic fault rocks as will be dis-

cussed later in this chapter.

Geometry of the fault zome and associated faults and fractures:
Fig. 2-1 illustrates the geometry of the Quetico fault zone and
associated faults and lineaments compiled from various geological
maps and reports (as indicated on the figure). In general the
lineaments near the fault zone are oriented northeast, northwest
or parallel to the fault zone (approximately east-west). These
structures may or may not be related to motion or activity on the
main fault. Only a few lineaments cross the fault zone suggesting
they post-date movement on the fault. Most of the lineaments and
faults occurring in the vicinity of the fault terminate at the
fault suggesting they may be related to motion on the fault or

pre-date motion on the fault.

Discussion; Fractures and faults parallel to and branching from a
main fault are commonly associated with wrench faults (Hobbs et

al, 1976, p. 384). Lineaments clearly identified as faults such
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as the Seine River fault, Steep Rock Lake fault and the Onion Lake
fault (Fig. 2-1) may represent splay faults or second-order
faults. Second-order faults form when the principal stress
direétions are reoriented with the onset of faulting (McKinstry,
1953, Moody and Hill, 1956). They occur oblique to the first order
fault., Splay faults develop at the ends of the first order faults.
Stress conditions build up around the ends of the fault and the
axes of principal stresses swing around and tend to become
approximately normal and parallel to the fault plane (Price, 1966) .
The author suggests that the regional pattern of north-
east and northwest trending joints or faults associated with the
Quetico fault zone may represent conjugate shear fractures. Shear
fractures form at an angle less than 45 degrees to the principal
stress direction (about 30 degrees is common). The Quetico fault
zone, the main mylonite zone, would thus possibly represent the
primary flattening plane. This does not preclude shear motion on
the fault as flattening normal to the fault zone could have
occurred prior to,associated with, or later than the shearing.
Alternatively, the northeast and northwest trending structures may
be feather joints (also known as pinnate fractures). These
fractures may form prior to or synchronously with the fault zone
development. Such fractures are common, intersecting the main
fault zone in an acute angle (Hobbs et al, 1976, p. 294). The

acute angle between the fracture and the main fault zone points in



the direction of relative motion of the block in which the
fracture is contained. The development of two sets of pinnate
fractures may indicate that motion in both dextral and sinistral

senses occurred.

B) Small Scale Structures

Mylonitic schistosity: The most widespread feature associated
with the fault zone is the steeply-dipping mylonitic schistosity.
The mylonitic fabric trends east-west or north of east in most
localities; roughly parallel to the fault zone (Fig. 2-2). It is
a penetrative fabric developed due to ductile deformation within
the fault zone. The mylonitic schistosity is best developed in
quartz and mica rich rocks and poorly developed in quartz poor
rocks. |t is defined by the preferred dimensional orientation of
minerals in the fault rocks. In quartzo-feldspathic rocks the
mylonitic schistosity is defined by very strained, flattened
quartz grains (see Chapter 3) and by the preferred dimensional
orientation of feldspar grains as shown in Fig. 2-3. The feldspar
grains commonly comprise ovoid porphyroclasts. In mica-rich rocks
the mylonitic schistosity is defined by the preferred crystallo-
graphic orientation of micaceous minerals. Feldspar-rich (quartz

poor) rocks tend to lack schistosity.

Mylonitic banding or layering: Mylonites in the Quetico fault
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Fig. 2-2: Rose diagram
Orientation of mylonitic schistosity planes.



Fig. 2-3:
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Mylonitic Schistosity

The mylonitic schistosity is defined by highly
strained quartz grains and ovoid porphyroclasts
of feldspar. Note the tension fractures in the
feldspar grains roughly normal to the schistosity.

Locality - Stirrett Bay, Dog Lake



zone are commonly banded. The banding strikes east-west and north
of east (Fig. 2-4) roughly parallel to the fault zone and similar
in orientation to the mylonitic schistosity. It is difficult to
determine to what extent the banding reflects earlier, possibly
gneissic, layering or if it formed due to the deformation process.
The layering tends to be somewhat discontinuous. In general the
layering is parallel to primary layering emphasizing the banded
appearance of the rocks (see Fig. 2-5). |In some localities rocks
which may have been fairly coarse grained (large remnant feldspar
grains are observed in thin section) comprise finely laminated
mylonites (Fig. 2-6). The fine layers are composed of different
minerals. In this situation, the layering may be due to the
deformation and recrystallization of former large grains into thin
lenses which appear as discontinuous bands or layers as' described

by Vernon (1974).

Mineral Lineations: Mineral lineations were noted within the fault
zone. Most grains within the mylonitic rocks are strongly flattened
(see Chapter 3). Thus the mineral lineations are often poorly
developed. Quartz, feldspar and amphibole grains were observed to
comprise the lineations. Where observed the mineral lineations lay
parallel to the mylonitic schistosity, dipping shallowly to the

east or west.
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number of measurements

Fig. 2-4: Rose diagram

Orientation of mylonitic layering or banding.
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Fig. 2-5: Deformation within the fault zone has resulted in
the gneissic layering developing a discontinuous
appearance and boudinage of more competent layers.

Locality; Stirrett Bay, Dog Lake
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Fig. 2-6: Finely laminated mylonite. The fine, discontinuous
layers may have been former large grains.

Locality: Dance Twp.
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Slickensides: Slickenside surfaces were commonly observed in the
field study of the Quetico fault zone (Fig. 2-7). The slicken-
sides occur both parallel to the mylonitic schistosity and small
fault and microfault surfaces which occur at an angle to the
mylonitic schistosity. The smooth, polished surfaces are commonly
rich in phyllosilicate minerals. Slickenside striations or ribbing
composed of resistant minerals were observed in some localities.
These lineations are near horizontal on the slickenside surfaces
suggesting horizontal movement on the above surfaces. Steps in the
striations on the slickenside surfaces may or may not be an
indiéation of the slip direction on the surface (Hobbs et al, 1976,
p. 303). These steps on slickenside surfaces within the Quetico
fault zone indicate dextral motion commonly and, very rarely,

sinistral motion.

Microfaults: Microfaults or small scale faults are a distinctive
feature which can be observed within the Quetico fault zone. Micro-
faults are surfaces on which small scale slip occurs. Along the
length of the fault zone microfaults commonly offset the fault

zone rocks. Microfaults associated with the Quetico fault zone at
Dog Lake have been described by Borradaile (1982). At this

locality the rocks of the fault zone are well exposed. On the north
side of the fault zone the gneissic layering which is parallel to

the fault zone is displaced in a dextral sense by microfaults which
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Fig. 2-7: Slickenside surfaces are commonly rich in phyllosilicate
minerals (here green chlorite). Note the horizontal
striations on the slickenside surfaces.

Locality: Highway 527.
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cut obliquely across the layering at a fairly high angle (Fig. 2-8).
Within the fault zone Borradaile noted that the microfaults form a
significant component of the fabric together with the mylonitic
schistosity parallel to the layering. The microfaults cut across
the bands and curve parallel to the layering where they appear to
disappear into grain boundaries. The dextral slip on the micro-
faults is presumably taken up along the grain boundaries parallel
to the banding and the fault zone. Fig. 2-9 illustrates the
appearance of the microfaults within the fault zone. When the
microfaults offset layers, the layers tend to develop a lenticular
appearance. A texture resembling boudinage commonly develops.

Figures 2-10 and 2-11 demonstrate the orientation of
various structures, including microfaults, from localities along
the length of the fault zone. The rose diagrams of Fig. 2-10 serve
to indicate the variation in orientation of the microfaults
observed but do not indicate the frequency with which these
structures occur. Microfaults seem to be more prominent at some
localities and within some lithologies than others. Microfaults
are more commonly observed in quartzo-feldspathic rocks than in
phyllonitic rocks.

Microfaults were observed on which slip had occurred in
a dextral sense and in a sinistral sense. Often the sense of slip
could not be determined. Dextral microfaults are the most common

(see, for instance, the rose diagrams from Dog Lake Fig. 2-11)
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Fig. 2-8:

NORTHERN SIDE
OF FAULT ZONE (A)

MIDDLE OF
FAULT ZONE (B}

Occurrence of microfaults within the Quetico fault
zone at Dog Lake.

from Borradaile, 1982,



e

Fig. 2-9; Microfaults in quartzo-feldspathic mylonite at Dog Lake.
Note the orientation of the microfaults with respect
to the mylonitic schistosity.

mylonitic schistosity

microfaults
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although both dextral and sinistral microfaults were observed at
most localities. The only exception to this is Calm Lake where
many sinistral microfaults were observed. The dextral microfaults
commonly lie clockwise from the mylonitic schistosity (as shown
below) although the angle the microfaults make with the schistosity

is variable and generally less than 60°% as in Fig. 2-9,

\
\\\\\\\\\\\\ mylonitic schistosity

microfaults

Note that at Stirrett Bay, Dog Lake (Fig. 2-11) the microfaults are
at a higher angle to the mylonitic schistosity than the microfaults
further south in the more strongly deformed rocks in the fault zone
as described by Borradaile (1982). Sinistral microfaults commonly

occur at a higher angle to the schistosity.

Ductile shear zones: Small scale ductile shear zones were observed
within the fault zone at many localities. The shear zones are
commonly oblique to the mylonitic fabric. The layering and the
mylonitic schistosity bend into the shear zones across which dis-
placement has occurred. Fig. 2-12 is a typical example of the
ductile shear zones observed. The shear zones are variable in
orientation (Fig. 2-10 and 2-11) and most exhibit a dextral sense

of shear.



Fig. 2-12:
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Ductile shear zone in layered mylonitic rocks. Note
that the layers and the mylonitic schistosity bend
into the shear zone. The shear zone itself bends
and disappears parallel to the mylonitic fabric in

a manner similar to the microfaults.
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Brittle shear zones: These structures appear to be zones in which
intense fracturing has occurred (Fig. 2-13). They were most
commonly observed at Dog Lake. The brittle shear zones are
variable in orientation (Fig. 2-11) commonly at small angles to
the mylonitic schistosity although some occur at high angles to
the mylonitic fabric as in Fig. 2-13. Displacement was observed
across some brittle shear zones although displacement could not

be determined across others, in particular those close in orien-

tation to the mylonitic fabric.

Folds: Folds of the mylonitic banding were not commonly observed
within the fault zone. A few folds were seen at Dog Lake and
Athelstane Lake. A relatively large number of folds occur at
Little Turtl; Lake. Fig. 2-1k4 is typical of the folds observed
at Little Turtle Lake. The author was particularly interested in
the timing of the folding ie. whether the folds formed pre, syn'
or post mylonite formation. Figures 2-15 to 2-20 comprise sketches
of a number of folds (in profile) from thin sections. The micro-
structures associated with each fold are described briefly
accompanying the figures.

The sketches illustrate that the folds are variable in
form. However, to some extent, in each example the mylonitic
foliation cross-cuts the fold hinge and is parallel to the axial

plane of the fold. Some of the folds may predate the mylonitic
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Fig. 2-13: Brittle shear zone cross-cuts the layered mylonitic
rocks.
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Fig. 2-14: Fold in the Quetico fault zone, Little Turtle Lake.
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mylonitic schistosity

Fig. 2-15

- Dog Lake

The folded specimen comprises a narrow quartzo-feldspathic
layer in biotite schist. In thin section the mylonitic
schistosity, defined by quartz ribbons, elongate feldspar
grains and deformed biotite grains, is constant in
orientation cross-cutting the fold hinge and limbs. Mica-
rich surfaces also cross-cut the fold as indicated in the
sketch. These surfaces may represent slip surfaces and
may, in fact, have been responsible for the formation of

the fold.



11-26

Fig. 2-16

#2 - Little Turtle Lake

The sample comprises small folds on the limb of a larger
fold. The alternating dark, fine grained, schistose
layers and light coloured feldspar~rich layers are
disrupted by the cross-cutting non~penetrative foliation.
Fine dark wisps define the foliation surfaces parallel to
the fold axial plane. Displacement is apparent on some
of the surfaces. |In thin section it can be seen that

the mica-rich layers (in particular the thin, central
layer) have been drawn out along these surfaces in a
ductile manner. Shearing parallel to the foliation and
displacement along the foliation may have been responsible
for the formation of the folds.
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Fig. 2-17

#3 - Little Turtle Lake

The sample comprises folded amphibole-epidote-magnetite
rich layers and quartzo-feldspathic layers. In thin
section, at the fold hinge, fine grained chlorite in
both layers is oriented parallel to the fold axial plane.
The amphibole-rich layers appear to be drawn out at the
fold hinge parallel to the axial plane, possibly due to
shearing.
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Fig. 2-18

#4 - Little Turtle Lake

Rather diffuse layers of chlorite-epidote rich rock are
folded in this example. A non-penetrative foliation is
defined by thin wispy layers parallel to the fold axial
plane. In thin section chlorite and muscovite are
strongly oriented parallel to the fold axial planes.
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Fig. 2-19

#5 - Little Turtle Lake

The folded layers are alternate amphibole-epidote-magnetite
rich layers and quartzo-feldspathic layers. No preferred
dimension orientations were observed in the quartzo-
feldspathic layerswhich appeared to be recrystallized.

In the amphibole rich layers the amphiboles were oriented
parallel to the fold axial surface.
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Fig. 2-20

#6 - Little Turtle Lake

The sample comprises folded layers of recrystallized quartz
and quartzo-feldspathic layers. The quartzo-feldspathic
layers contain fine micaswhich tend to be oriented parallel
to the axial plane.
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schistosity. However, most appear to have been formed at least
in part from the shearing process and may have formed synchronously

with the mylonite structures.

Significance of the small scale structures: The mylonitic
schistosity is thought to correspond to the XY plane of the finite
strain ellipsoid and mineral lineations to the X~direction (Ramsay
and Graham, 1970). In the Quetico fault zone mineral grains which
define the schistosity and presumably reflect the shape of the
finite strain ellipsoid are most commonly flattened (see Chapter
3). The grains' shortest dimensions lie normal to the mylonitic
schistosity which, thus, may have formed by bulk flattening across
the fault zone. The sub-horizontal mineral lineation, which may
correspond to the X-direction of the finite strain ellipsoid,
suggests a component of strike-slip movement associated with the
ductile deformation. Slickensides also suggest slip parallel to
the mylonitic foliation. The mylonitic layering is similér in
orientation to the mylonitic schistosity and may, therefore, be
similar in origin forming as a result of flattening across the
fault zone. The banding and mylonitic schistosity would thus
comprise surfaces of tensile strain. Tensional fractures, normal
to the mylonitic fabric, in large feldspar grains are common (Fig.
2-3). Folds within the fault zone may be the result of flattening

across the fault zone although they exhibit microstructural
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evidence of having been affected by shear parallel to the mylonitic
foliation.

The microfaults observed in the fault zone closely re-
semble structures described by Platt and Vissers (1980). They
describe fractures which they suggest are extensional structures
which appear when the principal extension direction lies close to
a plane of anisotropy. They propose that the strong planar
anisotropy of the foliation limits the ductile extension parallel
to the foliation resulting in fracture. They call the structure
""foliation boudinage' because the foliation is pinched in at
extension fractures. Symmetric foliation boudinage comprises
small scale extension fractures normal to the foliation. Asymmetric
foliation boudinage comprises shear fractures oblique to the
foliation on which dextral and sinistral slip occurs such that
displacement along the fractures in both senses causes extension
along the foliation. The fractures curve at their ends toward the
foliation. The microfaults in the Quetico fault zone mos t clearly
resemble asymmetric foliation boudinage. Platt and Vissers note
that the dextral and sinistral fractures develop at 110° about

the shortening direction. shortening direction

N A

°

foliation

Their model predicts that with continued shortening this angle
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will increase. This resembles the occurrence of the microfaults

at Dog Lake documented by Borradaile (1982). The microfaults
become closer in orientation to the schistosity as the centre of
the fault zone is approached. However, the microfaults at Dog Lake
commonly form at high angles to the schistosity in the north part
of the fault zone. The author suggests that the microfaults may
originate as extension fractures (symmetric foliation boudinage) on
which slip occurs as they become progressively rotated towards the
schistosity.

In some cases the microfaults appear to be somewhat more
ductile in nature than foliation boudinage which comprises brittle
fractures (Fig. 2-9). The microfaults also resemble a late
penetrative foliation described by White et al (1980). The foliation
occurs at a low angle (commonly 35°) to the mylonitic schistosity.
They compare the structures to shear bands in metals. White et al
note that two sets of surfaces may develop but usually only one
develops which reflects the sense of shear - the acute angle
between the bands and the schistosity points in the shear direction.
These structures are also thought to be the result of a pre-existing
anisotropy. The ductile shear zones observed in the Quetico fault
zone have this geometry.

Microfaults of both sinistral and dextral senses occur
within the fault zone which is somewhat confusing. The microfaults

may serve to reflect the overall sense of displacement on the fault
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but this is not a clear-cut determination. The somewhat variable
nature which the microfaults display may indicate that deformation
within the fault zone was complex. The author suggests that in
the case of the Quetico Fault zone that microfaults of both senses
developed as a result of extension parallel to the mylonitic
schistosity. Shear motion accompanying flattening normal to the
schistosity (responsible for the extension parallel to the
schistosity) resulted in the prominent development of microfaults
with the same sense of shear as the overall motion. Thus, the
prominent dextral microfaults observed in the fault zone may
reflect the overall sense of motion on the fault. The sinistral
microfaults comprise conjugate shear fractures. The flattening
and shearing responsible for the microfault development may have
been synchronous or the flattening may have been earlier than the
shearing. This is not to suggest that the microfaults are the
result of a distinct deformation phase later than the mylonite
formation but possibly represent a late stage in the deformation
producing the mylonites. White et al (1980) note that in metals
shear bands mark the breakdown of homogeneous deformation. The
microfaults may indicate the initiation of a more brittle phase
of deformation in the fault zone. They may have formed when
ductile mylonite formation became unstable., Their formation would
allow the rocks of the fault zone to continue to accomodate large

strains.



11-35

The microfaults are clearly associated with the early
ductile deformation as they curve into the foliation where slip on
the microfaults is presumably taken up along grain boundaries
without dilation. This would not be possible if ductile deformation
were not continuing allowing the grain boundary sliding to be
accomodated (dependent or controlled particulate flow (Borradaile,
1981)). The microfaults also appear to have rotated towards the
mylonitic schistosity as ductile deformation continued. The brittle
shear zones provide evidence of late stage brittle deformation as

they clearly post-date the mylonite formation.

C) Fault Rocks of the Quetico Fault Zone

The fault rocks observed in the Quetico fault zone are
variable in type, texture and composition. They exhibit a variety
of microstructures which will be described later in this chapter.
Fault rocks of the mylonite series and the cataclasite series
and pseudotachylite are found within the fault zone. The author
observed no fault rocks in which grain-growth was pronounced
ie.) no blastomylonites. The mylonites are foliated fault rocks
exhibiting ductile deformation textures. They comprise the
majority of the fault rocks in the fault zone. The cataclasites
are locally developed. These random-fabric fault rocks exhibit
brittle deformation textures. Pseudotachylite, a fault rock with

a glassy matrix, was observed at almost every locality examined.
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This study focuses on quartzo-feldspathic fault rocks.
The fault rocks comprising former granitic rocks, gneisses and
migmatites of quartzo-feldspathic composition exhibit distinctive
textures associated with deformation in the fault zone. |In former
metavolcanic and metasedimentary rocks rich in phyllosilicates,

textures are more subtle.

Mylonite series rocks: Many of the rocks in the fault zone are
protomylonites and mylonites. A few are ultramylonites. The
foliated fault rocks are characterized by mineral preferred
dimension and preferred crystallographic orientations. It appears
that the presence of quartz is essential for the development of
the mylonitic Fabric as it is the ductile deformation of this
mineral which is responsible for the mylonitic foliation in most
of the fault rocks. In general the mylonites which contain larger
amounts of quartz appear to have exhibited greater ductility than
those containing relatively less quartz. The textures within the
mylonites commonly reflect the ductility contrast between quartz
and feldspar. Porphyroclastic texture comprises ''porphyroclasts'
of more resistant feldspar which are ovoid in shape in a matrix
of highly strained quartz (Fig. 2-21).

The rocks of the series protomylonite-mylonite-ultra-
mylonite exhibit progressive deformation of mineral grains and

progressive reduction in grain size. The quartz grains in pro-
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Eige 2=21:

Mylonite

A mylonite exhibiting porphyroclastic texture. The
ovoid feldspar grains occur in a matrix of elongate
quartz grains and fine grained micaceous material.
The feldspar grains are clearly less ductile than
their matrix.

Field of view 5 mm PPL
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tomylonites are somewhat elongate, exhibiting a small amount of
strain. The quartz grains become progressively strained and
within the ultramylonites comprise '‘ribbon grains'' having a very
high aspect ratio (length/width) (Fig. 2-22). In protomylonites
the feldspar grains are fractured. They become progressively
finer grained as the rocks become ultramylonites. |In ultra-
mylonites a few remnant, rounded feldspars '"float'' in a very
fine grained matrix (Fig. 2-22).

Some of the mylonites observed were phyllonites. The
phyllonites are strongly foliated. The foliation is defined by
the preferred crystallographic orientation of the phyllosilicate
minerals. The phyllonites are commonly rich in chlorite and
sericite and may contain quartz and feldspar porphyroclasts as

in Fig. 2-23.

Cataclasite series rocks: Random-fabric fault rocks were observed
at many localities. Most were protocataclasites and cataclasites.
Within the Quetico fault zone there are apparently two types of
cataclasites. The first appears to be lithologically controlled,
occurring in quartz-poor, feldspar-rich rocks. The rocks comprise
angular fragments of feldspar grains. The feldspars are fractured
and broken and appear to become progressively more diminutive.

The second type of cataclasite occurs in localized zones and

comprises fragments of fault rocks - in some cases mylonites, in
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Riig 222

Ultramylonite

Note that the fine grained matrix of this ultra-
mylonite contains rounded remnant grains of feldspar
and very elongate quartz ''ribbon'' grains.

Field of view 2 mm PPL
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Fig. 2-23: Phyllonite

The fine grained, foliated matrix of this rock is rich
in phyllosilicate minerals. The sample contains ovoid
porphyroclasts of quartz and feldspar.

Field of view 5 mm PPL
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others fragments of cataclasites of the first type (Fig. 242h).
These fragments also become smaller as the rocks become more de-

formed.

Pseudotachylite: Much of the pseudotachylite observed within the
Quetico fault zone is black and glass-like. It is often

devitrified however, altering to fine grainéd sericite and chlorite.
Pseudotachylite commonly contains fragments of host rock. It
sometimes occurs associated with the second type of cataclasite
(above) as a thin film along the fracture surfaces. More

commonly, pseudotachylite occurs along surfaces parallel to the
pre-existing mylonitic schistosity and along fractures at high
angles to the surfaces. The pseudotachylite in these fractures

is commonly banded and occasionally shows internal flow folds

(Borradaile and Kennedy, 1982), as in Fig. 2-25.

Discussion: The occurrence of the various types of fault rocks in
the Quetico fault zone suggests that significant ductile
deformation within the fault zone was followed by brittle de-
formation.

The mylonitic rocks appear to have been the earliest
formed fault rocks. The cataclasites formed in feldspar-rich rocks
may have developed at the same time as the mylonitic rocks. These

are both ''overprinted' by cataclastic textures and pseudotachylite.
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Fig. 2-24: Cataclasite

This cataclasite is composed of angular fragments of
mylonite.

Field of view 5 mm PPL
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Fig. 2-25: Pseudotachylite

Flow fold of banded pseudotachylite occuring in
fractures cross-cutting the mylonitic schistosi
Note the fragments of host rock which occur wit
the pseudotachylite.
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i
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Field of view 1 cm PPL
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Cataclasites were observed composed of the earlier formed mylonites
and cataclasites. Pseudotachylite is thought to be glass formed
by frictional melting as a result of transient, rapid slip on
discrete planes (Sibson, 1975, 1977, 1980). In the Quetico fault
zone it occurs associated with the cataclasite series rocks but
commonly appears to have been generated by slip on surfaces
parallel to the pre-existing mylonitic foliation. The psuedo-
tachylite appears to have been injected into fractures cross-cutting
the mylonitic foliation. The flow folding observed in the pseudo-
tachylite may be the result of the injection of the frictional
melt into the fractures in pulses.

Fig. 2-26 is a conceptual model of a major fault zone
in quartzo-feldspathic crust developed by Sibson, 1977. It is a
two-layer model comprising the elastico-frictional (EF) regime at
high crustal levels and the quasi-plastic (QP) regime at lower
crustal levels. Random fabric fault rocks occur above greenschist
facies metamorphic conditions. Deformation in the EF regime is
dominated by elastic behaviour (rocks are unable to accomodate
large continuous strains) and deformation is friction-dominated.
Within the QP regime the mylonite series rocks develop when a major
rock constituent deforms in a plastic manner to remain a continuum.

The early formed rocks in the Quetico fault zone appear
to have formed in the QP regime. Quartz in the mylanites has

deformed in a ductile manner resulting in the foliated fault
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Fig. 2-26: Sibson's Conceptual Model of a Major Fault Zone.
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rock textures common to this regime. The feldspar-rich rocks
exhibiting cataclastic textures were probably also formed in

this regime as they appear to be early formed. The author suggests
that the textures observed are the result of the lack of minerals
in the rock which could deform in a plastic manner under the
conditions of deformation.

Later deformation in the fault zone took place under
conditions resembling those in the EF regime resulting in the
formation of rocks of the cataclasite series. The presence of
pseudotachylite indicates that seismic slip must have occurred
periodically in the fault zone and that the deformation, at least

at this stage, took place under dry conditions.

D) Deformation Mechanisms - Theory
Three groups of crystal deformation mechanisms described
by Paterson (1976) encompass a number of well known deformation

mechanisms. The three groups are:

1 - fracture or cataclastic processes

2 - crystal-plastic processes

3 - diffusional processes
Within fault zone rocks fracture and crystal-plastic processes
accompanied by dynamic recovery and dynamic recrystallization are

the most important deformation mechanisms. However, intragranular

and intergranular deformation processes may contribute to the
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total strain of a rock. Intragranular deformation processes are
responsible for the deformation which takes ptace within the
grains of a rock resulting in grain shape changes. Deformatfon
which takes place between grains (intergranular deformation) by
slip on grain boundaries or multigranular surfaces and by rotation
of grains has been termed particulate flow (Borradaile, 1981).

The contribution of particulate flow to the deformation of rocks
in Fault zones can be of great importance accompanying any of the

intragranular deformation mechanisms described by Paterson.

Particulate flow: During deformation of the grains of an aggregate
by fracture, crystaleplastic processes, or diffusional processes,
some sliding of grains may be required to minimise the dilation

of the aggregate. WHen particulate flow is limited by the in-
compatible deformation of the grains it has been termed dependent
particulate flow by Borradaile. More commonly, Bbrradaile suggests
grain sliding would be more than that dependent on grain deformation.
Controlled particulate flow occurs when grains slide past one
another at a rate controlled by grain deformation but may be

encouraged by other factors such as modest poor fluid pressure.

Fracture or cataclastic processes: Cracks and pores are found
within and between the grains of most rocks. The cracks and pores

will generally close when the rock is first stressed. Some cracks,
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however, are oriented such that stress is concentrated at their
tips and they start to grow (Tullis, 1978). Fracture results
from the extensive or catastrophic growth of these cracks forming
an intersecting en echelon network leading to the formation of a
macroscopic penetrative fracture (Tullis, 1978, Nicolas and
Poirier, 1976). Fracture results in dilatancy (an increase in
volume).

As deformation proceeds, fracturing may continue
resulting in the formation of smaller and smaller fragments or
rock fragments may slide past and roll over each other on old and
new grain surfaces. The latter may also involve grain rotation
(Ashby and Verrall, 1977) and has been termed cataclastic flow
(Borg et al, 1960). Cataclastic flow thus involves extensive

fracture and particulate flow.

Physical conditions for fracture: Fracture is important at low
temperatures, low confining pressures and at high strain rates.
Fracture is not temperature dependent, but other deformation
mechanisms which are ineffective at lower temperatures, such as
crystal-plastic processes, become more efficient at higher
tempeéatures and tend to replace fracture as the predominant
deformation mechanisms. Hydrostatic pressure opposes dilatancy.
Thus high pressure conditions inhibit fracturé. Sliding and

rolling of grains, however, are more pressure-sensitive than
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fracture. Therefore, deformation may occur by progressive
fracturing rather than cataclastic flow at higher pressure when
sliding and rolling of grains are suppressed (Ashby'and Verrall,

1977).

Crystal-plastic processes: Crystal-plastic deformation mechanisms
involve the plastic deformation of crystals in a rock by dislocation
glide. Dislocations are line defects in a crystal lattice which
are grown in when the crystal forms. New dislocations form in the
crystal when it is stressed. When an external stress is applied
dislocations move through the crystal producing small displacements
of the lattice. The glide of dislocations, or slip, usually
occurs on planes with the highest atomic-densities.

Edge dislocations occur perpendicular to the slip
direction. An edge dislocation may be envisaged as an extra half
plane of atoms in a cubic lattice as shown in Fig. 2-27. The edge

of the extra half-plane represents the dislocation. Tullis (1978)

notes that in silicates the extra half-plane is larger and much
more complex than in the simple cubic lattice. Screw dislocations
occur parallel to the slip direction. A screw dislocation may be
compared in form to the tearing of a sheet of paper (Fig. 2-28).
The tip of the tear represents the dislocation. Many dislocations
are of mixed character, comprising components of both edge and

screw dislocations (Nicolas and Poirier, 1976, p. 77).



Fig. 2-27:
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from Nicolas and Poirier

(1976) p. 75.

Nicolas and Poirier compare slip by movement of an
edge dislocation through the crystal lattice to the
progression of a caterpillar. The extra-half plane
corresponds to the ruck in the caterpillar. Note
that the dislocation (the edge of the extra half-
plane) is perpendicular to the slip direction.



Fig. 2-28:
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from Nicolas and Poirier (1976)

p. 76

The movement of a screw dislocation through the lattice
is compared to the tearing of a sheet of paper. The
tip of the tear represents the dislocation. Note that
a screw dislocation occurs parallel to the slip
direction.
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Slip occurs by the movement of dislocations along the
slip plane or by the outward spreading of the boundary of the
slipped area the plane (Nicolas and Poirier, 1976, p. 74). A
dislocation may thus be described as the boundary between the
slipped and the unslipped crystal. The glide of dislocations
through the lattice involves the breaking of atomic bonds and the
formation of new bonds along the length of the dislocation. The
process is progressive as only a few bonds are broken at a time
rather than all the bonds along the length of the dislocation
being broken simultaneously.

Dislocation slip is inhibited by resistance within the
crystal lattice associated with the breaking of bonds and by
other dislocations, grain boundaries and obstacles such as point
defects, impurities and precipitates. Dislocation density in-
creases with increasing strain due to the continuous formation of
dislocations and the pinning of dislocations at obstacles,
dislocation-tangles and grain boundaries. Thus as strain increases
the obstructions to dislocation glide increase. Greater stresses
are reduired by dislocations to overcome these obstructions than
to glide unhindered. Therefore, more and more stress is required
to produce successive increments of strain as total strain increases.
This process is called strain hardening or work hardening. At
higher temperatures, where diffusion rates are higher, recovery

processes become active. Recovery is the process by which dis-
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locations are annihilated or rearranged into low energy configurations
allowing plastic deformation to continue. Thus recovery opposes

work hardening. When recovery balances work hardening, steady state
deformation known as dislocation creep takes place.

Recovery processes involve the diffusion of vacancies and
thus are thermally activated. The main recovery process is climb.
Dislocations may shorten or lengthen their half-planes when atoms
exchange with vacancies by diffusion. During climb, a line of
atoms along the edge of the extra half-plane is removed or added.
This occurs progressively and the half-plane becomes jogged as
atoms are removed or added. Climb allows dislocations to surmount
obstacles permitting glide to continue in a parallel plane. Dis-
locations which are creating slip in opposing senses, in parallel
glide planes, may climb toward each other and annihilate. Climb
may also permit dislocations to arrange themselves in low energy
stable walls. This process, called climb polygonization, results
in the formation of slightly misoriented subgrains which contain
fewer dislocations than the rest of the grain. At higher temper-
atures cross slip of screw dislocations from one slip plane to
another may occur. In this manner screw dislocations may annihilate
or climb over obstacles.

Dynamic recrystallization may also take place at higher
temperatures. Guillope and Poirier (1979) define dynamic recrystal-

lization as a solid state process leading to the creation of a new
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grain structure in the course of plastic deformation of crystalline
solids. They found, at the lower temperatures and stresses where
recrystallization occurred, that ''new grains'' formed by the progressive
rotation of sub grains and that at higher temperatures and stresses
that the new grains were the result of migration of the high angle
grain boundaries of the rotated subgrains. Dynamic recrystallization
is actually another recovery process since the production of strain
free grains opposes work hardening and permits dislocation glide
to continue. Dynamically recrystallized grains themselves become
strained as a result of the ongoing disl<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>