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ABSTRACT 

Quetico and 
is indicated 

predominantly slip on 
rhomb planes in the 

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 
Wabigoon subprovinces. Dextral motion on the fault 
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, 
prism planes in the ^-direction and slip on 
^-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 1 direction. 
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I-INTRODUCTION 

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 AOO 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 workers (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 zone 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). 



Q
U

E
T

IC
O
 

F
A

U
L

T
 

Z
O

N
E

 



1-3 

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 (Stockwel1, 1964). Along the central 

portion which extends for about 160 kilometers, the Quetico fault 

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 and diapir ism 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 Mi lie 

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 1ithostratigraphic continuity was dislocated by large scale, 

right lateral, horizontal displacement along the Q.uetico fault 

between Lac des Mi lie 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 

Mi lie 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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FfG. 1-3: Sketch map Illustrates the displacement of the Wablgoon- 
Quetico Interface (heavy line) by right lateral movement 
on the Quetico Fault as suggested by Mackasey et al 
(197^). 
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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 3^ 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 
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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 prominent "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 (195^) 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 N80W, 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 

siliclfied 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 siliclfied 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 



i-n 

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 Mi lie 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 



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 (197^) 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 inRedgutBay. 

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 metavolcanics were dynamically meta- 

morphosed to chloritic phyllite. Felsic to intermediate meta- 

vol canics 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 Kashabowie - Lac des Mi lie 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 pseudotachy1ite from the fault zone at Crowrock Inlet. 
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C) Study Objectives 

The object Ives 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 sense 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. 

4) 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 £-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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Mi lie 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 l-l). 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 protomylonite, 

mylonite and ultramyIonite and protocataclasite, cataclasite and 

ultracataclasite respectively. PhylIonite varieties of mylonites 

are mica-rich mylonites and ultramyIonites which have the silky 

appearance of phyllites. BlastomyIonites are mylonites in which 

significant grain growth has occurred. Pseudotachy1ite 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 tne Moine Thrust whose textures 

he believed developed from brittle processes (crushing and milling). 

Dynamically metamorphosed rocks ha/e also been classified and des- 

cribed in more recent studies by Christie (1963)» Higgins (1971) 

and Zeck (197^)* 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 recrysta11ization 

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 recrystal]ization as well as diffusive 

processes. Brittle behaviour involves penetrative fracturing after 

very low permanent strain (Handin, 1966). Brittle deformation 

processes Include fracturing with variable amounts of grain boundary 

sliding and grain rotation. (Deformation mechanismis 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. 



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 Mi lies Lacs) (10 m. to 300 m.) where 

it occurs within metasedimentary rocks and metavolcanic rocks. 

Discussion: Mylonitic microstructures are very evident in quartzo- 

feldspathlc 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 phylIonites (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 fau1t zone rocks could also 



Table 2-1: The Width of the Q.uetico Fault Zone from West to East 
in descending order. 

Locality App rQ>5 imat^ 
Width 

Reference 

(Western- 
most) 

Dance Township 
Macdonald Inlet 
Crowrock Inlet 

''Pearson's Road 
Turtle River Road 
Little Turtle Lake 
Calm Lake 

*Crooked Pine Lake 
*Sapawe Lake 
*Atikokan 
*Lac des Mi lies Lacs 

Kashabowie 
Athelstane 
Ra i th 
Dog La ke 
Hwy. 527 

La ke 
Lake 

400 jn 
600 ffl 
800 m 
600 m 
800 m 
700 m 
<10 m 
100 m 

100-300 m 
300 

(W)i*00-600 m 
(E)200-400 m 

700 m 
200-300 m 
1000 m 

1000-1200 m 
1000 m 

(Harris, 197^) 

(Pirie, 1978) 
(Hawley, 1929) 
(Shklanka, 1972) 
(Irvine, 1983) 
(Kaye, 1967) 

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-feIdspathic 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 zone 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 

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 

directions 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, I966). 

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 

MyZoniti-Q sohistosity: 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. It 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. 

Mytoni-t'ia handing or layering: HyIonites in the Quetico fault 
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Fig. 2-2: Rose diagram 
Orientation of mylonitic schistosity planes. 
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Fig. 2~3: Mylonitic Schlstoslty 

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. 

Loca1ity Stirrett Bay, Dog Lake 



zone are commonly banded. The banding strikes east-west and north 

of east (Fig. 2-k) 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 (197^)• 

M-tneraZ Zi-neat'lons: 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 

0 1 2 3 4 5 
1  I I 1 > » 

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. 

bpcality; 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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Sl'iekens'tdes: 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 phy1losi1icate 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 

indication 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. 

Miovofautts: 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 
minerals (here green chlorite). Note the 
striations on the slickenside surfaces. 

phy1losi1icate 
horizonta1 

Locality: Highway 527 
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cut obliquely across the layering at a fairly high angle (Fig. 2T8) 

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 

phy1 Ionitic 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: 

Occurrence of microfaults within the Quetico fault 

zone at Dog Lake. 

from Borradaile, 1982. 
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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 

microfau1ts 
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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. 

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. 

Duot%te 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 

mylonitic schistosity 

microfaults 

of shear. 
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Fig. 2-12: 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 Turtle Lake. Fig. 2-14 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 
rocks. 

the layered mylonitic 
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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 

#1 - 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. 
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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 

#h - 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. 



I 1-29 

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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#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. 

S-ignificanoe of the smalt 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 similar 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 (I98O). 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 most clearly 

resemble asymmetric foliation boudinage. Platt and Vissers note 

that the dextral and sinistral fractures develop at 110° about 

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 (I98O) 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. 
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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 pseudotachy1ite 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. Pseudotachy1ite, a fault rock with 

a glassy matrix, was observed at almost every locality examined. 



11-36 

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 phy1losi1icates, 

textures are more subtle. 

Myton-ite series rooks: 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. Porphyroc1 astic 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 protomyIonite-myIonite-ultra- 

mylonite exhibit progressive deformation of mineral grains and 

progressive reduction in grain size. The quartz grains in pro- 
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Fig. 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 rnm PPL 
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tomylonites are somewhat elongate, exhibiting a small amount of 

strain. The quartz grains become progressively strained and 

within the ultramyIonites comprise "ribbon grains" having a very 

high aspect ratio (length/width) (Fig. 2-22). In protomy1 onites 

the feldspar grains are fractured. They become progressively 

finer grained as the rocks become ultramyIonites. In ultra- 

my Ionites a few remnant, rounded feldspars "float" in a very 

fine grained matrix (Fig. 2-22). 

Some of the mylonites observed were phylIonites. The 

phyllonites are strongly foliated. The foliation is defined by 

the preferred crystallographic orientation of the phyllosi1icate 

minerals. The phyllonites are commonly rich in chlorite and 

sericite and may contain quartz and feldspar porphyroclasts as 

in Fig. 2-23. 

Cataolasite ser'tes rooks: 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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Fig. 2-22: LM tramylonite 

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: Phy1 Ionite 

The fine grained, 
in phy1losi1icate 
porphyroclasts of 

foliated matrix of this rock is rich 
minerals. The sample contains ovoid 
quartz and feldspar. 

Field of view 5 nim PPL 



others fragments of cataclasites of the first type (Fig. 2-24). 

These fragments also become smaller as the rocks become more de- 

formed . 

'PseudotaohyZ'lte: Much of the pseudotachy 1 ite observed within the 

Quetico fault zone is black and glass-like. It is often 

devitrified however, altering to fine grained 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 

corranonly, pseudotachy1ite occurs along surfaces parallel to the 

pre-existing mylonitic schistosity and along fractures at high 

angles to the surfaces. The pseudotachy1ite in these fractures 

is commonly banded and occasionally shows internal flow folds 

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

DZsouss'ion: 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 pseudotachy1ite. 
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Fig. 2-2k: Cataclasite 

This cataclasite is composed of angular fragments of 
mylonite. 

Field of view 5 mm PPL 
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Fig. 2-25: Pseudotachy1 Ite 

Flow fold of banded pseudotachy1 Ite occurlng in 
fractures cross-cutting the mylonitic schistosity. 
Note the fragments of host rock which occur within 
the pseudotachy1ite. 

Field of view 1 cm PPL 



Cataclasites were observed composed of the earlier formed mylonites 

and cataclasites. Pseudotachy1 Ite 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 my Ionite 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 mylonites 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 

pseudotachy1 Ite 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 place within the 

grains of a rock resulting in grain shape changes. Deformation 

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, crystal^plastic 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, Borradaile 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 (Tull is, 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 (Tull is, 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 a1, I960). 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 

temperatures and tend to replace fracture as the predominant 

deformation mechanisms. Hydrostatic pressure opposes dilatancy. 

Thus high pressure conditions inhibit fracture. 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 cataciastic flow at higher pressure when 

sliding and rolling of grains are suppressed (Ashby and Verrall, 

1977). 

Crystat-'plast'io iprooesses: Crysta 1-piast 1 c 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. Tull is (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). 
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mwnf- 
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from Nicolas and Poirier 
(1976) p. 75. 

Fig. 2-2J: 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. 
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Fig. 2-28: 

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. 7^)* 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 required 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 ha If-plane is removed or added. 

This occurs progressively and the ha If-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 mlsoriented 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. Gull lope 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 

recrysta11ization 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 dislocation processes. 

Although not themselves responsible for the strain, 

dynamic recovery and recrystallization make an important contribution 

to deformation by crystal-plastic processes by allowing the move- 

ment of dislocations to continue. Other deformation mechanisms 

such as diffusional processes may however become favourable as 

a result of grain refinement by dynamic recovery and recrystall- 

ization. 

Some particulate flow may be required to maintain the 

fit between grains of an aggregate deforming by crystal-plastic 

processes. The grains of an aggregate are constrained during 

deformation by their neighbours and by the geometry of the 

deforming body. Compatible deformation by dislocation glide 

alone or by glide and climb is restricted if insufficient 

slip systems are available in a crystal to permit homogeneous 
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deformation of the whole rock. This is common in silicate rocks 

(see Chapter 4 - part D for further discussion). Dependent or 

controlled particulate flow as described by Borradaile (1981) may 

accompany crystal-plasticity. 

Phys'loat conditions for orystal-plasticity: Dislocation glide 

occurs at relatively low temperatures (<0.5 Tm where Tm is the 

mineral's absolute melting temperature (Tull is, 1978) and high 

strain rates. At the lower temperatures, however, the mobility of 

the dislocations is limited and they quickly become obstructed 

or tangled and result in limited amounts of strain. At low 

temperatures fracture may follow dislocation glide. At higher 

temperatures (0.75 Tm (Tull is, 1978)) recovery processes become 

effective enhancing the mobility of dislocations. At higher 

temperatures dynamic recrystallization is also an important 

process. Thus crystal-plasticity is temperature-sensitive. 

Increasing temperature makes bonds easier to break and thus 

facilitates dislocation glide. Increasing temperature allows 

the diffusion of vacancies necessary for climb to occur. Dis- 

location glide may be inhibited by increased confining pressure. 

Climb is affected by confining pressure as increased pressure 

slows diffusion (Ashby and Verall, 1977)* Increased pressure may 

inhibit particulate flow accompanying crysta1-plasticity. 
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Diffusi’Onal processes: Grain shape change may be accomplished 

by the diffusion of atoms from sites of high stress to sites of 

low stress within a material by various paths. Diffusion of atoms 

may take place through grains (Nabarro-Herring creep), along grain 

boundaries (Coble creep) and along grain boundaries in the 

presence of a fluid phase (pressure solution or solution-re- 

deposition). Diffusional processes are generally considered small 

strain deformation mechanisms. Nabarro-Herring creep and Coble 

creep are important under low strain rate conditions and at high 

temperatures where diffusion rates are high. Raj and Ashby (1971) 

have shown that grain boundary sliding is required accompanying 

diffusional creep (dependent particulate flow (Borradaile, I98I)). 

However, Tull is et al (1982) note that diffusional creep which is 

well documented in metals has not been observed in silicates and 

thus cannot be considered an important deformation mechanism 

in fault zones. Pressure solution, which operates at lower 

temperatures, may occur in fault rocks at shallow crustal levels 

when water is present between grains of the rock (Tull is, et al, 

1982). Structural superplasticity is a related process. It 

involves significant amounts of intercrystalline slip (controlled 

particulate flow (Borradaile, 1981)). Grains slide past each other 

and their shape is altered by diffusion when necessary (Ashby and 

Verall, 1973). Diffusive processes remove asperities which would 

inhibit sliding. Superplasticity results in large strains in fine 
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grained rocks deformed at temperatures greater than 0.5 Tm and at 

fast strain rates. The shape and size of the grains is not 

significantly changed. Boullier and Gueguen (197^) and White (1977) 

have suggested that some mylonitic rocks may have undergone super- 

plastic flow. 

E) Deformation Mechanisms and Microstructures 

The mechanisms responsible for deformation of a rock may 

be recognized microstructurally as some microstructures are 

characteristic of particular deformation processes. The 

identification of the deformation mechanisms operative in the 

rocks of the fault zone may be useful in determining, broadly, 

the physical conditions at the time of deformation. 

M'Corostructures associated with fracture and cataclastic flow: 

Rocks deformed by fracture processes are characterized by the 

presence of through-going fractures or faults. Grains may be 

fractured or broken and are angular. Fracture thus produces 

textures which we term "brittle", and poor preferred orientation 

fabrics on the microscopic and macroscopic scales. Cataclastic 

flow, on the other hand, may result in an apparent foliation and 

thus a macroscopica1ly ductile appearance as individual surfaces 

of fracture/faulting are not apparent. Microscopically, however, 

the fragments are angular and their origin is discernable. Very 
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fine grained material (as fine as 1 urn) produced by progressive 

fracturing is called fault gouge. If fault gouge contains 

phyllosi1icates it may have a foliation. Again, microscopic 

angular fragments may be identified. (Tull is et al, 1982). 

MicrostTuotw?es associated with crystat'-’ptasticity: Crystal- 

plasticity produces ductile textures and crystallographic pre- 

ferred orientations. A number of optical features have been 

related to dislocation processes including undulatory extinction, 

deformation lamellae, deformation bands and mechanical twinning. 

White (1973) notes that the optical effects are not due to the 

presence of the dislocations but due to lattice misorientation 

across dislocation walls. 

Undulatory extinction may develop at low strains due to 

lattice bending. The lattice bending is accomodated by almost 

parallel walls of dislocations. The lattice misorientation across 

these dislocation walls results in the wavy extinction observed 

under the optical microscope (White, 1973)* With increasing 

strain undulatory extinction may become more distinct and a banded 

appearance develops due to greater misorientation across the 

dislocation walls. 

Deformation lamellae are thin (O-S'S ym) roughly planar 

features with slightly different refractive index than their host 

grain (Hobbs et al, 1978). Deformation lamellae are the result 
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of long, almost parallel dislocation walls across which misorien- 

tation is slight but detectable (White, 1973). Some deformation 

lamellae comprise dislocation arrays in slip planes and others 

may be due to twinning (in quartz at least) (Nicolas and Poirier, 

1976, pg. 202). 

Deformation bands are sharply bounded planar regions of 

a grain which have undergone deformation different to that 

experienced by adjacent parts of the grain (Hobbs et al, 1976, 

pg. 98). Kink bands are one type of deformation band in which 

the lattice is sharply bent. Other deformation bands may differ 

from adjacent parts of the grain by the amount of slip which has 

occurred on a particular slip plane or different slip systems may 

operate to different degrees in adjacent bands. Deformation bands 

may contain undulatory extinction. Adjacent deformation bands 

have different optical features and sharp boundaries. 

Mechanical twinning is thought to provide some ductility 

for minerals with few slip systems (Nicolas and Poirier (1976) p. 

A5). Mechanical or deformation twins are commonly lenticular in 

shape. Mechanical twinning occurs by the displacement of 

successively higher layers of atoms of a crystal resulting in a 

structure in which it appears that one part of the crystal has 

undergone a homogeneous shear with respect to another part across 

the twin boundary (Kelly and Groves, 1970, p. 291, Hobbs et al, 

1976 p. 107). The process involves the movement of partial dis- 
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locations. 

Microstructures associated with dynamic recovery and recrystall- 

ization: Subgrains and dynamically recrystallized grains in 

deformed rocks indicate that recovery processes have been active. 

A subgrain is a slightly misoriented part of a grain resulting 

from polygonization. Subgrains exhibit slightly different optical 

extinction from the rest of the grain due to the misorientation 

across the subgrain walls. They commonly develop around the edges 

of grains. Subgrains may form by dynamic processes or by anneal ling 

or static recovery. Subgrains resulting from dynamic processes 

are formed by climb polygonization and slip polygonization (sub- 

grain formation by interference of dislocations gliding on 

neighbouring slip planes) whereas subgrains resulting from static 

processes form by climb polygonization alone (White, 1977). The 

subgrains formed in these two ways are difficult to discern but 

they may be distinguished by some characteristics as described by 

White. Subgrains formed by climb alone are distinctly polygonal 

reflecting evenly spaced dislocation walls. Subgrains formed by 

slip polygonization develop unevenly as the dislocation walls are 

uneven "hedges" of dislocations. Thus, dynamically formed sub- 

grains may develop unevenly when slip polygonization has occurred. 

The dynamic subgrains will also show evidence of deformation which 

continued after their formation in the form of internal deformation 
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features such as undulatory extinction (White, 1977). 

Dynamic recrystallization results in the development of 

new small grains. These may be distinguished from crushed grains 

by their regular size, shape and distinct grain boundaries. 

Guillope and Poirier (1979) describe the characteristics of new 

grains formed by rotation recrystallization and migration re- 

crystallization. The former preserve the spatial arrangement of 

subgrains. They are generally small, equant and homogeneous In 

size with straight grain boundaries. These grains will have a 

strong preferred crystallographic orientation. The latter may 

vary in size. Some grains may be large having bulging, scalloped 

or corrugated grain boundaries. These new grains may exhibit no 

obvious preferred crystallographic orientation. Dynamically re- 

crystallized grains may be deformed, elongate and contain optical 

strain features distinguishing them from grains formed by anneal ling 

recrystallization. Dynamically formed subgrains and recrystallized 

grains often form around the edges of grains resulting in a 

texture known as core-and-mantle texture. The subgrains and new 

grains form a mantle about the original grain. 

Miovostruotures associated with diffusion processes: Since pressure 

solution and superplasticity are the diffusion related processes 

considered likely to occur in fault rocks only the microstructures 

associated with these two deformation mechanisms will be considered 
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here. Evidence for the operation of pressure solution may comprise 

the penetration of one grain into another with an insoluble residue 

along the boundary between the grains where material has been 

removed. Material may be deposited in extension fractures (forming 

veins) or in the "pressure shadows" of rigid, insoluble grains. 

Planar markers which are oriented obliquely to zones of pressure 

solution may appear to be displaced across these zones due to 

volume loss. 

Evidence for superplasticity may consist of an aggregate 

of very fine, equant grains which show little evidence of dis- 

location related microstructures and which lack crystallographic 

preferred orientations (Boullier and Gueguen (197^)) in a rock 

which is known to have undergone large strains (Tull is et al, 

1982). 

F) Microstructures and Deformation Mechanisms in the Q,uetico 

Fault Zone 

Deformation mechanisms determined from miorostructnjrdt evidence: 

The rocks of the Quetico fault zone contain abundant evidence of 

crystal-plastic deformation processes. Quartz grains commonly 

exhibit undulatory extinction (Fig. 2-29). The ribbon-like 

quartz grain in Fig. 2-30 exhibits deformation bands which are 

also commonly observed in the fault rocks. Feldspar grains may 

be kinked (Fig. 2-31). They also commonly contain lenticular 
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Fig. 2-29: Quartz grain exhibits undulatory extinction and the 
formation of subgrains. Polygonal subgrains occur 
in the core of the crystal. Subgrains become pro- 
gressively rotated until they become distinct 
grains. The rim of grains around the large grain 
have recrystallized in this manner. The texture 
is known as core and mantle texture. 

F.O.V. - 5 mm XN 
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F»g. 2-3O: Quartz grain comprising deformation bands. The 
sharply bounded regions of the crystal exhibit 
different optical features. 

F.O.V. 5 mm XN 
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Fig. 2-31: Kinked feldspar grain. 

Kinks are one type of deformation band. 

F.O.V. - 5 mm XN 
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mechanical twins (Fig. 2-32). In a few samples undulatory 

extinction was observed in feldspar grains. 

Much evidence of dynamic recovery and dynamic recrys- 

tallization processes accompanying the crystal-plastic processes 

is also found in the fault zone rocks. Fig. 2-29 exhibits a 

texture known as core and mantle texture in which a mantle of 

small grains surrounds a large deformed grain. The core grain 

exhibits undulatory extinction indicating deformation by crystal- 

plastic processes. However, within the grain polygonal subgrains 

are developing. Progressive rotation of the subgrains results in 

the formation of "new grains" (rotation recrystallization) which 

surround the parent grain. The new grains are somewhat elongate 

and exhibit undulatory extinction as a result of the continuous 

deformation by crysta1-piastic processes. This is typical of 

the syntectonica11y recrystallized grains. Fig. 2-33 contains 

elongate quartz grains which are composed of recrystallized grains 

which also contain evidence of internal deformation and which 

possibly formed by migration recrystallization. Other quartz 

grains comprise aggregates of very fine grained recrystallized 

grains. Evidence of dynamic recovery and recrystallization was 

uncommon in feldspar grains but in a few samples subgrains and 

recrystallized grains were observed. 

Evidence of fracture processes and cataclastic processes 

was less commonly observed. Most commonly feldspar grains are 
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Fig. 2-32: Lenticular mechanical twins in feldspar grain. 

F.O.V. 3 mm XN 
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Fig. 2-33* Elongate recrystallized quartz grains around deformed 
feldspar grain. 

F.O.V. - 5 mm XN 
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deformed by fracture. In feldspar-rich rocks the feldspars undergo 

progressive fracturation into smaller and smaller fragments. 

Feldspar grains in a rock in which the matrix is deforming by 

ductile processes are commonly fractured normal to the foliation 

(Fig. 2-3). The angular fragments of feldspar are separated as 

deformation of the ductile matrix continues and the original 

grains may not be identifiable. Rocks comprising angular frag- 

ments, sometimes in a fine grained matrix, which appears to 

consist of angular fragments as in Fig. 2-24, are clearly formed 

by cataclastic processes. Cataclastic flow may be the deformation 

mechanism responsible for textures such as in Fig. 2~34. The fine 

grained band through the middle of the photo comprises angular 

fragments of the host rock in a very fine grained matrix and may 

represent crush-microbreccia. 

The author observed no evidence of diffusive processes. 

The absence of pressure shadows suggests that pressure solution 

was not an important deformation mechanism. It is possible that 

superplastic flow could have occurred in some of the fine grained 

samples but this could not be determined. 

iKsauss'ion: Crysta 1-piastic deformation processes and dynamic 

recovery and dynamic recrystallization are responsible for the 

ductile textures and foliated nature of the rocks of the mylonite 

series in the Quetico fault zone. Q,uartz grains in the mylonitic 
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Fig. 2“34: Crush micro-breccia 

Fine grained band in mylonite may have formed by 
cataclastic flow. Angular fragments of the matrix 
occur in the band. 

F.O.V.- 5 mm PPL 
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rocks have deformed only by the above processes. Within the 

mylonites feldspar porphyroclasts sometimes show evidence of 

crysta 1 T-plast ici ty and dynamic recovery and recrystallization but 

are commonly fractured, having undergone brittle deformation within 

the ductile matrix. The brittle textures and random-fabrics of 

the rocks of the cataclasite series have formed by fracture and 

cataclastic flow. 

Knowledge of the mechanisms which were responsible for 

deformation in the fault zone allows one to outline broadly the 

conditions at the time of deformation. Evidence indicating that 

crystal-plastic processes were important in the formation of the 

mylonites suggests that deformation took place under higher 

temperature, higher pressure conditions than in the later formed 

cataclasites resulting from brittle deformation. The operation of 

crystal-plastic processes in quartz begins at lower greenschist 

facies metamorphic conditions and is marked by the development 

of distinct crystallographic fabrics (Spry, 1969, p. 5). Thus 

crystal-plasticity in quartz may initiate around 250-300°C and 

3-4 kb = Pu ri) • This led Sibson (1977) to place the EF - QP 
L_Ur\U 

transition of his model fault zone at 250°-350°C (at 10-15 km 

depth with normal geothermal gradients of 20°-30°C/km)(Fig. 2-26). 

This represents the lowest temperature and pressure conditions at 

which the mylonites of the Quetico fault zone were formed. Most 

of the mylonitic rocks exhibit some evidence of dynamic recovery 
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and recrystallization suggesting they formed at higher temperatures. 

In cases where feldspar grains exhibit evidence of crystal-plasticity 

and dynamic recovery and recrystallization the rocks have clearly 

been deformed at higher temperatures. Thus, the cataclasites, in 

which fabrics are random and there Is no evidence of their 

formation by crysta1-plastic processes have formed at temperatures 

and pressures less than 250°-300®C and 3"^ kb. 

The study of microstructures in the Quetlco fault zone 

has revealed much about the intracrystalline deformation mechanisms 

responsible for deformation in the fault zone. However, the 

contribution to the total strain within the fault zone of inter- 

crystalline deformation mechanisms should not be overlooked. In 

particular, the microfaults described earlier in this chapter 

demonstrate how movement on multigranular surfaces may be an 

integral part of the deformation process. 
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3 - STRAIN STUDY OF THE QUETICO FAULT ZONE 

A) Introduction 

The analysis of strain in a zone of intense deformation, 

such as the Quetico fault zone, is a difficult task. When high 

strains are localized in relatively narrow zones as in the case 

here, it is difficult to correlate strain measurements across the 

fault zone as well as along strike. This is especially true where 

a sufficiently large number of strain determinations cannot be made 

across the fault zone due to either limited rock exposure or lack 

of suitable samples for strain analysis. 

The Quetico fault zone is a complex structure comprising 

elements of brittle and ductile deformation observable at most 

localities. The brittle component of deformation produces strain 

discontinuities at various scales which cannot be assessed quanti- 

tatively. The amount of continuous strain arising from ductile 

deformation may be determined where regions of homogeneously strained 

rock can be isolated that are sufficiently large for a given method 

of strain analysis. 

Conventional strain markers such as fossils and pebbles 

have not been found in the Quetico fault zone. Grain shape analysis 

of quartz and feldspar grains and strain analysis methods based on 

the spatial distribution of grains are employed here in an attempt 
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to study the strain within the fault zone. The methods are 

applicable to quartzo-feldspathic rocks within the fault zone 

(protomylonites, mylonites). Mica-rich fault rocks (phy1 Ionites) 

generally lack strain markers of any kind. Unfortunately strain 

estimates from rocks in the fault zone which appear the most 

strained are impossible as these rocks are fine grained, laminated 

mylonites and ultramylonites in which the original grains can no 

longer be distinguished. Dynamic recovery and dynamic recrystall- 

ization have resulted in textures in which recognition of original 

grains is difficult. 

The method of Ramsay and Graham (1970), which is based 

on the variation in orientation of the schistosity developed within 

a ductile shear zone as a measure of shear strain and displacement, 

cannot be used in the case of the Quetico fault zone. In the present 

study, no systematic variation in schistosity across the fault zone 

was observed. Structural and textural elements of the fault zone do 

not comply with the constraints outlined by Ramsay and Graham for a 

shear zone formed by ideal simple shear. In general the my Ion I tic 

schistosity of the Quetico fault zone is parallel to the fault zone 

itself and parallel to the regional schistosity outside the fault 

zone. 

It is suspected that particulate flow (Borradaile, 1981) 

was an important deformation mechanism within the fault zone (see 

chapter 2). It is difficult to assess the contribution to the 



total strain of the rocks in the fault zone by this intergranular 

deformation because multigranular strain markers have not b«en 

observed. Strain determinations derived from multigranular markers 

would probably serve in delineating the whole rock strain better 

than the grain scale determinations. 

The methods used in this study are: 

1) The Harmonic Mean of deformed quartz and feldspar grain 
shapes (Lisle, 1977). 

2) The Centre to Centre Method in which the centre to centre 
distances between grains are proportional to the longitud- 
inal strain in the direction of the line joining the two 
grain centres (Ramsay, 1967). 

3) The All Object-Object Separations Method which determines 
the orientation and shape of the strain ellipsoid from 
the centre to centre distance separating every grain from 
every other grain (Fry, 1979). 

The first method allows determination of the strain affecting the 

grains alone. The second and third methods provide estimates of 

the strain affecting the grains and the matrix. The all object- 

object separations method has the potential to delineate grain strain 

and intergranular deformation (particulate flow) by observing dis- 

persed particles. 

The methods should provide an estimate of the strain 

resulting from ductile deformation and some information about the 

shape and orientation of the strain ellipsoid. 

B) Grain Shape Analysis 

The mean axial ratio of deformed, passive, original shape 



111-4 

markers may be used to determine the shape of the finite strain 

ellipse (R =4"——^-). The arithmetic mean R “ where the 
s I + e2 " t 

final axial ratio of the deformed marker; n = the number of markers, 

was used by Cloos (1947) in his study of deformed oolites. The 

arithmetic mean is considered to be a satisfactory method of 

estimating R^ for originally spherical markers (Lisle, 1977). 

However, markers which are exactly spherical in the unstrained state 

are considered to be rare. Most markers exhibit some initial 

eccentricity (Ramsay, 1967» p. 202). Lisle (1977) used computer 

models of suites of passive elliptical markers deformed by an 

homogeneous pure shear strain to examine the accuracy of various 

means of R^ in determining R^. He made use of various initial 

axial ratios (Rj) in his computations. Lisle determined that none 

of the three simple means he examined gave the shape of the finite 

strain ellipse (R ) exactly but that the harmonic mean (H=T^^—) s ^l/Rf 

gave a closer approximation to R^ for initially elliptical markers 

than either the geometric mean (G= vRf, x Rf« x Rf, x .... Rf ) 
i ^ ^ n 

or the arithmetic mean (R). Generally the means gave values which 

were larger than R^ and R>G>H (Fig. 3“l). Lisle found that as R^ 

increased the percentage error in the mean values decreased. This 

was especially notable for H. The percentage error also decreased 

with decreasing R. (Fig. 3"’2) . In this figure it can be seen that 

if R^ is greater than 2 there is generally less than 10 percent 

error in strain estimates using the harmonic mean. If R^ is greater 
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FIG. 3"1J The mean axial ratio of deformed elliptical markers as 
determined using R, G and H compared to the tectonic 
strain ratio. 

(from Lisle, 1977) 

FIG. 3’*2: Percentage error in strain ellipse determinations using 
the harmonic mean decreases with increasing strain ratio. 
Various initial axial ratios of elliptical markers (1.6, 
2.0, 3*0 and random axial ratios) with random initial 
orientations are shown. The percentage error is small 
when R. is smal1. 

i 
(from Lisle, 1977) 
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than 3, errors are very small. Thus the harmonic mean should 

provide good strain estimates where initial axial ratios are small 

to moderate and where is reasonably large. The method, however, 

also requires that strain was homogeneous and that there was no 

preferred orientation of long axes of markers prior to the 

deformation. 

Lisle applied this method to pebbles in a deformed 

conglomerate but it is equally applicable to other suitable 

markers. His results were comparable to those obtained using 

R|:“ 6 techniques of strain analysis in which the axial ratio and 

orientation of long axes of markers are measured to compute the 

strain of initially ellipsoidal particles O^amsay (I967), Dunnet 

(1969), Dunnet and Siddans (197l)> Lisle (1977)). At high strains, 

where fluctuation in marker orientation is low, this method would 

seem to be a more definitive and simpler method of obtaining 

valuable strain estimates. 

App'LiGat'ton of the method: The method was used to evaluate the 

strain of grains in a number of quartzo-'fel dspathic rock samples 

from the study area. Strained quartz and feldspar grains were 

measured. Grain-shape measurements were recorded from tracings of 

grains in thin section or from cut rock surfaces. Where a 

lineation was visible, two sections were cut; one normal to the 

lineation, the second parallel to the lineation. Both sections 
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were also normal to the schistosity. In samples which had no 

visible lineation, sections were cut normal to the schistosity 

parallel and perpendicular to the dip direction of the schistosity. 

Sections prepared in this manner closely approximate the orien- 

tation of sections cut from samples where a lineation was present. 

The results of the grain shape analysis are shown in Table 3”1. 

Assuming that the above planes correspond to the YZ and XZ planes 

of the strain ellipsoid (X>Y>Z), a (=X/Y) and b(=Y/Z) were 

determined. Assuming constant volume was maintained during 

deformation the lengths of the principal axes of the strain 

ellipsoid were determined and are listed in Table 3~2. Figure 3“3 

is a FI inn plot of the measurements (FI inn, 1962). 

The FI inn diagram demonstrates that In general the grains 

have been very flattened (K«l). The tables and the FI inn plot 

clearly illustrate that the quartz grains are a great deal more 

strained than the feldspar. They lie further from the origin of 

the FI inn plot. Where quartz and feldspar were measured from the 

same sample they are joined by a line on Figure 3”3. The quartz 

and feldspar appear, in general, to be flattened by the same 

amount. In some examples quartz grains are slightly more 

flattened or slightly more constricted than the feldspar grains. 

Figure 3“^ is a sketch of a typical sample used in this study. 

It shows how the various components of the rock have strained by 

different amounts. The quartz grains may provide a good 
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Table 3"1: Harmonic Mean of Grain Axial Ratios 

Sample 

(Loca1ity) 

R^ Quartz 

J-SXL ISI IL 

R^ Feldspar 

XSJJ. n IS 1 1L 

* M95 t.s. 
(Dance Township) 

* M140 t.s. 
* M137 t.s. 
(Macdonald Inlet) 

MlOO si. 
(Crowrock Inlet) 

* Ml08 t.s. 
M73 t.s./si. 

(Turtle R. Road) 

* Ml20 t.s. 
(Turtle Lake) 

* M166 t.s. 
(Calm Lake) 

* M5^ t.s. 
(Lac des Mi11e Lacs) 

M27 t.s. 
(Kashabowie Lake) 

26 t.s. 
(Athelstane Lake) 

Mil t.s. 
(Raith) 

M68 t.s. 
* M22 t.s. 

M19 t.s. 
M70 t.s. 
M155 t.s. 

(Dog Lake) 

15 t.s. 
(Highway 527) 

3.39 

10.01 
7.42 

3.51 

6.47 

3.04 

8.48 

4.99 

3.87 

4.45 

8.44 
6.79 
3.01 

5.41 

4.63 

70 

70 
70 

60 

70 

70 

70 

70 

70 

70 

70 
70 
70 

70 

70 

3.74 

10.59 
9.02 

29.63 

8.36 

3.41 

11.02 

7.04 

5.28 

6.47 

9.96 
7.33 
4.91 

7.09 

5.52 

70 

70 
70 

40 

70 

70 

70 

70 

70 

70 

70 
70 
70 

70 

70 

57 

1.99 
1.98t 

1.99 

2.45 

65 

70 
70 

70 

70 

84 

1 .99 
1.93t 

2.38 

2.81 

2.33t 

.98t 

1.56 

1.83 

1.95 
1.59t 
1.54 
1.88 
1.87 

.83 

70 

70 

70 

.90t 

.87t 

1.89 

70 1.96 

70 
70 
70 
70 
70 

64 

1 .95 
1.40t 
1 .60 
2.18 
2.14 

.94 

65 

70 
70 

70 

63 

70 

70 

50 

70 

70 
70 
70 
70 
70 

70 

measured from: 

t.s. - thin section 

si. - cut slab 

* measurements made in planes cut parallel and 
perpendicular to the dip direction of the 
schistosity and normal to the schistosity 

t " these measurements were not used in strain 
calculations (see text) 

n ^ number of measurements 
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Table 3“2: Results of Strain Analysis Using Harmonic Mean of Grain 

Axial Ratios 

Sample 
Q.-quartz 
F-feldspar 

X 

y 
x,y .2 k- 

a-1 
b-1 

M95 

Ml40 

M137 

Ml 00 

M108 

M73 

M120 

Ml 66 

M5A 

M27 

26 

Ml 1 

M68 

M22 

M19 

M70 

M155 

15 

Q 
F 

Q 
F 

0 

F 

F 

Q 

Q 

d 

d 

d 

d 
F 

d 
F 

d 
F 

1,10 
1.17 

1 .06 
1 .00 

1 .22 

1.15 

1.15 

8.AA 

1.29 

1.12 

1.30 

1.41 

1.36 
1.21 

1.45 
1.07 

1.18 
1.00 

1.08 

1.63 
1.04 

1.16 

1.31 
1.14 

1.19 
1.06 

3.39 
1.57 

10.01 
1.99 

7.42 

1.99 

2.45 

3.51 

6.47 

3.04 

8.48 

4.99 

3.87 
1.56 

4.45 
1.83 

8.44 
1.95 

6.79 

3.01 
1.54 

1.88 

5.41 
1.87 

4.63 
1.83 

1.60 
U29 

2.24 
1 .26 

2.23 

1.38 

1.48 

6.30 

2.21 

1.56 

2.43 

2.15 

1.93 
1.32 

2.11 
1.28 

2.27 
1 .25 

1.99 

2.00 
1.19 

1.36 

2.10 
1.34 

1.87 
1.27 

1.46 
1.10 

2.11 
1.26 

1.83 

1.20 

1.29 

0.75 

1.71 

1.39 

1.87 

1.52 

1 .42 
1.09 

1.45 
1 .20 

1 .93 
1.25 

; 0,43 
; 0.70 

: 0.21 
: 0.63 

; 0.25 

: 0.60 

: 0.53 

: 0.21 

: 0.26 

: 0.46 

: 0.22 

: 0.31 

: 0.37 
: 0.70 

: 0.33 
: 0.65 

: 0.23 
: 0.64 

1.85 : 0.27 

1 .23 
1.14 

: 0.41 
: 0.74 

1.17: 0.62 

1 .60 
1.18 

1.57 
1.20 

: 0.30 
: 0.63 

: 0.34 
; 0.66 

1.00 
0.99 

0.99 
1 .00 

1 .02 

0.99 

1 .01 

0.99 

0.98 

1 .00 

1 .00 

1 .01 

1 .01 
1 .01 

1 .01 
1 .00 

1 .01 
1 .00 

0.99 

1 .01 
1 .00 

0.99 

1 .01 
1 .00 

1 .00 
1 .00 

0.042 
0.298 

0.007 
0 

0.034 

0.152 

0.103 

2.964 

0.053 

0.059 

0.040 

0.103 

0.125 
0.375 

0.130 
0.084 

0.024 
0 

0.014 

0.313 
0.074 

0.182 

0.070 
0.161 

0.052 
0.072 

X, Y, Z - calculated from a and bassuming constant volume 

a,b - calculated from Y/Z and X/Z ratios 
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k = 0) 

• quartz grains 
■ feldspar grains 
— joins quartz and feldspar from the same sample 

FIG. 3-3 = Flinn Plot Strain determined using the 
Harmonic Mean of grain 
axial rotios 



FIG. 3-4: Relatively equant feldspar grains are dispersed in a 
matrix of highly strained quartz and fine-grained 
feldspar. Any fluctuation in orientation of grains^ 
occurs where quartz grains bend around the more rigid 
feldspar grains. 
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approximation of the strain typifying the rocks In the fault zone. 

They have deformed homogeneously with the matrix and, in fact, 

generally behave as the matrix for the feldspar grains. The 

feldspar grains, on the other hand, do not seem to reflect the 

rock strain as they have not deformed homogeneously with their 

matrix. The feldspar grains appear to have behaved in a rigid 

manner and are relatively undeformed when compared to the rest of 

the rock. In many cases the feldspar grains are fractured or 

broken. 

The harmonic mean should provide a good estimate of the 

strain in the quartz grains. The grains are elongate (R^>3.0) 

In the sections measured as outlined by Lisle. The grains show 

little fluctuation in orientation. Minor fluctuations are 

generally due to quartz grains which bend around the feldspar 

grains (Figure 3"^) • This would preclude the use of strain 

analysis techniques. The values determined for the feldspar 

grains may be inaccurate as the values (generally R|:<2.0) lie in 

the range in which the percentage error is quite high. The values, 

however, still serve to illustrate that the feldspars have not 

been greatly strained. The feldspar grains show wide variation in 

orientation. Many are broken and the grain-shape measurements may 

in some cases be meaningless for strain determinations because 

only pieces of the deformed grains can be measured. Despite this, 

measurements of the feldspar grains may indicate the relative 
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amount of strain of the components of the rock. In Figure 3"3 

lines have been drawn between quartz and feldspar grains from the 

same sample. It can be seen from Fig. 3*3 that the more deformed 

feldspar grains correspond to the more deformed quartz grains. 

In samples where quartz is less deformed, feldspar is less 

deformed also. 

As indicated in Table 3*1» several measurements of 

feldspar grain axial ratios were not used to calculate the shape 

of the strain el 1ipsoid. The feldspar grain axial ratios were 

reversed in these samples compared to the measurements of quartz 

grains (i.e. X/Y>X/Z). The feldspar grains may have changed 

shape in a different manner than the quartz grains, but the 

difference could be due to errors resulting from the factors 

discussed above. 

C) Centre to Centre Method 

When a body of rock containing uniformly distributed 

particles is strained, the particle centres are displaced 

relative to one another such that the centres of particles that 

were adjacent in the undeformed rock come to lie closer together 

in shortened directions of the deformed rock and farther apart in 

extended directions. 

Ramsay (1967, p. 195*197) utilized this phenomenon to 

determine the shape and orientation of the finite strain ellipse. 
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The method, which has become known as the centre to centre method, 

is applicable to rocks with initially equally distributed particles 

or particles of a known unequal distribution (Ramsay, 1967, p. 195)- 

The method is applied by measuring the distance between initially 

adjacent particle centres (d, Fig. 3“5) and the orientation of a 

line joining the two centres with respect to a reference azimuth 

(a, Fig. 3”5)- A graph of d vs. a is plotted for many pairs of 

measurements (Fig. 3“6). In the undeformed rock the points scatter 

along a distance (average 'm') which does not vary with orien- 

tation (Fig. 3”6). When the rock is deformed, as in Fig. 3~7, 

the distance between grain centres varies with direction and is 

proportional to the amount of longitudinal strain in the a 

direction. The strain ratio and the orientation of the maximum 

and minimum principal strains can be determined from the d vs.a 

plot for the deformed rock (Fig. 3“8) as follows, m /m is 
X y 

equivalent to X/Y of the strain ellipse where m is the maximum 
X 

distance between grain centres and m is the minimum distance. 
y 

The orientations of m and m correspond to the orientations of 
x y ^ 

X and Y, the maximum and minimum principal strains, n and m » r K X y 

should lie 90 degrees apart (Ramsay, 1967, p. 197). 

Ramsay developed this strain analysis method for rocks 

in which pressure solution is evident. Grain shape analysis is 

unsuitable in such rocks due to the dissolution of parts of grains 

along pressure solution surfaces. His examples comprise initially 
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FIG. 3-5: Section through a rock made up of an aggregate of unde- 
formed spheres. 

(Ramsay, 19^7) 

a 

FIG. Plot of d against a for the material of Fig. 3“5. 

(Ramsay, 1967) 
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FIG. 3”7: Section through a deformed aggregate. The partially 
deformed spheres have undergone partial pressure 
solution along their mutual contacts. 

(Ramsay, 1967) 

a 

FIG. 3“8* Plot of d against a for the material of Fig. 3"7* 

(Ramsay, 1967). 
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close packed spherical grains which have undergone pressure 

solution (Figures 3”5 and 3"7). He noted that the technique is 

applicable to any rock in which particles were originally uniformly 

distributed. The centre to centre method may provide a more 

realistic estimate of strain than grain shape measurements in 

situations where dispersed particles in a matrix have not deformed 

homogeneously with their matrix or, as Ramsay suggests, the method 

may serve as a check on the assumption that the included particles 

have deformed homogeneously with their matrix. If, for instance, 

the particles have deformed less than their matrix, estimates of 

strain from grain shape measurements of the particles would be 

less than the strain of the whole rock (particles plus matrix). 

The method has the potential to overcome this problem. The 

strain of grains and the matrix between grains is taken into 

account by the grain centre to centre measurements. 

Lim'itations: The main limitation of the method is that one must 

be able to identify nearest neighbouring grains of the undeformed 

rock when examining rocks in the deformed state. Nearest neighbours 

of the undeformed state are hard to identify in the deformed state, 

especially at high strains. The method is invalid if originally 

adjacent grains cannot be identified. Another limitation of the 

method is the assumption that particles were uniformly distributed 

in the undeformed state. Unless the equivalent undeformed rock 
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can be observed,, the original particle distribution is unknown. 

If the original distribution varied from a uniform distribution 

irregularities in the d vs. a plot could make interpretation 

difficult. 

A’p’pt'ioat'ion of the method: The method was applied to eight 

samples from the Quetico fault zone to test its suitability for 

determination of strain in the fault zone and to compare the 

results to those of the All Object’-Object Separations Method 

(Section 3”D)• Data were collected in the field by recording 

grain centre locations of dispersed feldspar grains on tracing 

paper. The data were collected from horizontal surfaces 

approximately normal to the schistosity and parallel to the 

weakly defined stretching lineation of the feldspar grains. 

Portions of the plots were enlarged as Indicated on the d vs. 

a plots (Figures 3“9 “ 3~l6) in order to facilitate measurement of 

grain centre separations. It was not possible to determine which 

grains were adjacent to each other in the undeformed state 

because many grains are now adjacent to one another as recorded 

on the diagrams of grain centre distribut ion. The grain centre 

separation of nearest grains was measured in each of twelve 30 

degree sectors around each grain centre. The resulting d vs. a 

plots are shown in Figures 3”9 ” 3''16. The orientation of the 

schistosity is shown on each plot. 
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d(mm) 

x2 

d(mm) 

x2 

FIG.3~9 

Centre to Centre 
Method 

Graph of d vs. a 

#i Seagull Island, 
Dog Lake 

strain ratio 
I-2.33 

a 

” schistosity 

FIG. 3-10 

Centre to Centre 
Method 

Graph of d vs. a 

#2 Seagull Island, 
Dog Lake 

strain ratio 
hl.69 

a 
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d(mm) 

x2 

d(mm) 

x3 

RG.3-II 

Centre to Centre 
Method 

Graph of d vs.a 

#3Dad's Island, 
Dog Lake 

“schistosity 

FIG.3-12 

Centre to Centre 
Method 

Graph of d vs.a 

IWDad's Island, 
Dog Lake 

strain ratio 
M.38 

a 
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FIG.3’13 

Centre to Centre 
Method 

Graph of d v& a 

^5 Raith 

d(mm) 

x4 

S ' schistosity 

FIG.3-14 

Centre to Centre 
Method 

Graph of d vs.a 

4F6 Raith 
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FIG.3-15 

Centre to Centre 
Method 

Graph of d vs. a 

#7 Crowrock Inlet 

S“ schistosity 

FIG.3-16 

Centre to Centre 
Method 

Graph of d vs.a 

#8 Crowrock Inlet 



A wide, constant range of d values exists for most 

orientations on the plots. Several plots, however, show some 

variation in grain centre separation with direction (Figures 3”9 

3“10 and 3“12). This is indicated on the graphs and is a weakly 

developed feature in each case. The graphs in general, however, 

do not yield useful strain values. This may be the result of 

particulate flow (Borradaile, 1981) which makes it Impossible to 

identify predeformation neighbouring grains. Lacking evidence to 

the contrary it is also necessary to assume that the original 

distribution of grains was uniform. 

D) All Object-Object Separations Method (The Fry Method) 

Fry (1979) developed this method of strain analysis. I 

is based on the same principle as the centre to centre method but 

eliminates the problem of identifying objects which were nearest 

neighbours before deformation. The centre to centre distances 

separating every object from every other object define the 

shape of the finite strain ellipse. The method is performed as 

follows (after Fry (1979)): 

1 - A tracing is made which records the positions of the 
centres of the strain markers. This is called the 
"original plot". 

2 - One of the points of the original plot is chosen as 
the centre of a second plot - the "derived plot". 

3 - The positions of all other points within the bounds 
of the derived plot are recorded on the derived plot 
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4 - A second point of the original pattern is placed 
at the centre of the derived plot and the positions 
of all other points are added to the derived plot. 

5 ■" This procedure is repeated until all the points of 
the original plot have been used as the centre of 
the derived plot. 

The final product is a plot which features a point free region or 

region with low point density at the centre. The shape of this 

point free zone reflects the shape of the strain ellipse. It 

delineates the preferred distances separating object centres and 

the variation in distance with direction. 

Assumptions: The method requires that strain was homogeneous. 

At least the area of the original plot must have been homogeneously 

strained for the method to be valid. 

Objects used for this method must have originally been 

distributed isotropically and homogeneously. Fry suggested that 

suitable markers might be objects on sedimentary bedding planes 

and minerals in homogeneous igneous and metamorphic rocks. Fry 

demonstrated that the method did not work for random (Poisson type) 

distributions. He noted that some clustering or anticlustering of 

objects was necessary for the method to work. Clustering means 

the probability that a second item exists is greater at smaller 

distances from a known item than it is farther away. Anticlustering 

means the probability that a second item exists is less at smaller 

distances from the known item than farther away. In the Poisson 
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or random case the probability of existence of a second object is 

constant at all distances from the known object (Fry, 1979). The 

assumption that the distribution of objects was not truly random 

appears to be valid as anticlustering is inherent in a sample 

comprising a group of objects or markers. This is particularly 

true of close packed markers. Consider close packed spherical 

markers. There is a minimum distance which can separate two 

marker centres. This distance is equal to twice the radius of 

the markers. Thus the probability of encountering a second 

object centre at less than this distance is 2ero making the 

distribution extremely anticlustered. In a more general case of 

close packed markers and in the case of dispersed markers the 

minimum distance which may separate marker centres may vary but 

a region of low density of marker centres will still surround 

each marker centre. This region will become more diffuse as 

markers become more widely dispersed. The all object-object 

separations method serves to delineate the shape of this region 

of low density of object centres around each centre by demonstrating 

the centre to centre distances separating every object from every 

other object in a sample. The change in shape of this region of 

low density of object centres from circular to elliptical 

defines the shape of the strain ellipse. 

Limitations: Fry described three main constraints on the method. 
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1 - edge effects 
2 - sample size 
3 - visual Interpretation 

The constraints associated with edge effects result from 

the limited size of the original plot. As each point of the 

original plot is to be used as the centre of the derived plot a 

problem may arise whereby apparent point density on the plot falls 

away with distance. When points near the edge of the original plot 

are used as centres it is impossible to extrapolate the positions 

of points (unrecorded) which lie beyond the original plot. Thus, 

a limit must be put on the size of the derived plot and the area 

of the original plot containing object centres which may be used 

as the centre of the derived plot. Figure 3“17 illustrates the 

area of a rectangular original plot in which the centres may be 

used in constructing the derived plot so that all edge effects 

will be eliminated. 

Fry determined that to define the strain ellipse would 

require the use of 1100 centres as origins. To roughly define 

the ellipse would require 260 origins from the original plot. 

Less than 300 origins were not considered likely to produce 

quantitative results. 

The evaluation of the final plot of all object-object 

separations requires visual Interpretation of the shape of the 

strain ellipse. Fry pointed out the problem of the inability of 

the human eye to identify girdles of differing point density. 



X 

FIG. 3-17: ELIMINATING EDGE EFFECTS ON ALL OBJECT-OBJECT 
SEPARATIONS PLOTS. 

All edge effects will be eliminated if only the points 
which lie within the shaded area of the rectangular 
original plot are used as origins of the derived plot. 
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He also noted that slight variations in strain across the sample 

field could result in blurring of the pattern of the final plot 

thus impairing visual interpretation. At high strains (strain 

ellipse axial ratio 6:1 or greater) the strain ellipse ends are 

defined by few points. The ellipse ends can become blurred to the 

point that they cannot be identified if there are small variations 

in strain within the area of the original plot. 

A'ppt'ioat'ion of the method: A computer program designed by Dr. G.J. 

Borradaile was adapted by the writer to carry out the steps of all 

object-object separations method and produce the plots for strain 

analysis. The Fortran program was run on the IBM 360 computer with 

graph plotter at Lakehead University. The program is listed in 

Appendix 1. 

Data for the program consists of N- the number of data 

points, a scale factor, and the data set comprising marker centres 

which have been given X-Y coordinates. The program scales the 

data so a reasonable size plot will be produced, chooses a centre 

point, and determines the size of the derived plot. The derived 

plot in each case is equal in size to the area from which points 

were used as origins on the original plot (Fig. 3"17). The 

steps of the method are performed by transforming the array of 

points so that each point in turn lies at the centre. The locations 

of all the points within the limits of the derived plot are 
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recorded by the graph plotter. The centre point is marked by a 

cross, all other points are represented by triangles. The program 

allows a maximum of 200 data points (marker centres) to be used. 

This number was sufficient to define the strain ellipse for most 

samples. A greater number was not chosen as the graph plotting 

routine is very time consuming. Using 200 points keeps the computer 

time to a reasonable value while still providing fairly high 

definition of the point free zone around the centre point of the 

plot. 

To test the program and demonstrate some aspects of the 

method, as described by Fry, plots of random and anticlustered 

point distributions were derived. The pseudo-random number generator 

of the VAX II computer was used to produce pairs of random X and Y 

coordinates which represent a random marker centre distribution. 

An homogeneous strain was then simulated by shortening distances 

in the Y direction and extending distances in the X direction such 

that the strain ellipse would have an axial ratio of 4:1. The all 

object-object separations method was applied to the unstrained and 

the strained data. Figures 3”l8 and 3“19 are the resulting 

computer plots. The plots demonstrate that the method does not 

work for random distributions. There is no circular point free 

zone around the centre of the unstrained plot and no elliptical 

point free zone around the centre of the strained plot. The 

method does not work for the random point distribution because there 
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is no inherent zone of low point density surrounding each point. 

Points may lie immediately adjacent to one another. 

An anticlustered point distribution was generated using 

the random number generator and comparing each point to every 

other point. If a point was less than a specified distance from 

any other point it was not accepted. If the point was greater than 

the specified distance from every other point it was retained. The 

resulting anticlustered point distribution was strained in the same 

manner as the random example. Figures 3*"20 and 3“21 are the un- 

strained and strained plots for the anticlustered distribution. 

The point free zone around the centre of the plot is clear in each 

case and represents the shape of the finite strain ellipse. The 

unstrained case (Fig. 3'^20) has a circular point free region. The 

strained version (Fig. 3"2l) has an elliptical point free zone 

with axial ratio A:l. The method works for the anticlustered 

distribution and thus is applicable to rocks as markers are 

inherently anticlustered. 

Theoretically the all object-object separations method 

should provide a good strain estimate in that it records the 

strain of markers plus matrix. Thus if markers have not deformed 

homogeneously with their matrix the method will give a strain 

estimate closer to the true strain than would methods which 

measure the strain of the grains alone. The method does not 

require recognition of predeformation nearest neighbours and is 
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thus preferable to the centre to centre method. The strain can 

be measured in samples where markers are dispersed and where 

particulate flow has made the identification of originally nearest 

neighbours impossible. 

In the case of close packed grains, particulate flow 

(without grain deformation) would not be recorded by the all 

object-object separations method if grains remained intact. The 

point free zone is determined strictly by the grain size and shape. 

However, with dispersed particles the point free zone comprises 

the grain volume and matrix between grains. If particulate flow 

has occurred and distances between grains In matrix have been 

altered the original shape of the point free zone has been changed. 

Thus the strain measured by the all object-object separations 

method for dispersed grain distributions should reflect grain 

shape changes as well as intergranular deformation by particulate 

flow. 

All ohQeot-ohjeot separations from the Quettoo fault zone: 

Initially data were collected in the field. Tracings from horizontal 

rock outcrop surfaces showing the location of feldspar grain centres 

were made. The plots derived from these data are shown in Figures 

3-22 to 3-29. The data provide two dimensional strain estimates 

approximating X/Z as the surfaces are normal to the schistosity 

and parallel to a mineral lineation where this is visible. The 
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horizontal 

#2 SEAGULL ISLAND, 

S  

DOG LAKE 

 S scale x2 

strain ratio 2:1 

FIG. 3*23 
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X/Z ratios are listed in Table 3~3. In all these samples but one 

(#2 Seagull Island) the strain ellipse long axis was parallel to 

the schistosity. Examining the plots reveals that the method 

provided clearer results (point free region) for some samples 

than others. The method appears to provide a superior means of 

obtaining a strain estimate than the centre to centre method. 

The eight plots above were derived from the same data which were 

used for the centre to centre method (Figs. 3"9 to 3^16). The 

centre to centre method did not provide satisfactory strain 

estimates from these data. 

The method was also used to obtain three dimensional 

strain estimates from cut surfaces of oriented specimens and from 

thin sections. Pairs of cut surfaces (slabs) and thin sections 

were cut normal to the schistosity, perpendicular and parallel to 

a lineation where one was visible. Where a lineation was absent 

the sections were cut normal to the schistosity, normal and 

parallel to the dip direction of the schistosity as this generally 

approximates the orientation of the sections In samples where a 

lineation was present. These planes also tend to be relatively 

near the horizontal and vertical planes respectively and are 

referred to as such on the diagrams (Figures 3"30 to 3“55)• The 

location of grain centres were recorded for the grains, feldspar 

or quartz, and coordinates of the points were determined. The 

plots produced comprise Figures 3~30 through 3"55. The results of 
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Table 3"3: Strain Analysis Results 

All Object-Object Separations Method 

Data from outcrops 

Sample VI 

Seagul1 Island 

Seagul1 Island #1 

Dads Island #3 

Dads Island #k 

Raith #S 

Raith #(> 

Crowrock Inlet #1 

Crowrock Inlet #8 

1.6 

2.0 

K5 

2.3 

3.6 

3.8 

2.5 

3.1 

199 

19^ 

186 

96 

197 

191 

198 

156 

n = number of points in original plot 
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_L_S, vertical 

Thin Section:Bor-80-M89A-1 
DANCE TOWNSHIP 

scale x6 

strain ratio 2,6:1 

FIG. 3-31 
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Thin Section:Bor-80-M27B 
KASHABOWIE LAKE 

strain ratio 

FIG. 3-37 



I 11-52 

Thin Section;Bor-80-26A strain ratio 5*3!1 
ATHELSTANE LAKE 

FIG. 3-38 

J—S, vertical 

Thin Section:Bor-80-26B 
ATHELSTANE LAKE 

scale x9 

strain ratio 1.9:1 

FIG. 3-39 
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S scale x5 

strain ratio 1.4:1 

_uS, horizontal 

Bor-80-19A 
ATHELSTANE LAKE 

FIG. 3-40 
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1-S. horizontal S  

Thin Section;Bor-80-MllB 
RAITH 

 S scale x9 

strain ratio 4.0:1 

FIG. 3-42 

_L_S, vertical S  

Thin Section:Bor-80-Mll 
RAITH 

S scale x9 

strain ratio ? 

FIG. 3-43 
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_L_S, horizontal S- 

Thin Section:Bor-80-M22A 
DOG LAKE 

FIG. 3-48 

 S scale x35 
strain ratio 1.7s! 
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j«.S, vertical S S 

Thin Section:Bor-80-M22B strain 
DOG LAKE 

scale 

ratio 2 

x35 

7:1 

FIG. 3-49 
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S, 

j_S, horizontal 

Thin Section:Bor-80-M155A 
DOG LAKE 

scale x9 

strain ratio 1.7s1 

FIG. 3-50 

Thin Section;Bor-80-M155B strain ratio 1.7sl 
DOG LAKE 

FIG. 3-51 
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j_S, horizontal S S scale x6.5 

Thin Section:Bor-80-15A strain ratio 4.4:1 
HIGHWAY 527 

FIG. 3-54 

_j_S, vertical S"-- ' ’S scale x6,5 

Thin Section:Bor-80-15B strain ratio 3.6:1 
HIGHWAY 527 

FIG. 3-55 
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the strain analysis are shown in Table 3"^. The table also 

indicates whether quartz or feldspar grain centres were used and 

the number of centres comprising the original plot. Some data 

were not used for determination of the shape of the strain ellipse 

as indicated on Table Assuming that the measurements were 

made in the XZ (normal to schistosity, parallel to lineation) and 

YZ (normal to schistosity, normal to lineation) planes of the 

finite strain ellipsoid the values of a(=X/Y) and b(=Y/Z) were 

determined (Table 3”5)• Assuming constant volume deformation the 

lengths of the principal axes of the strain ellipsoid were de- 

termined and are listed in Table 3'"5. Figure 3“56 is a FI inn plot 

of the three dimensional strain analysis results. 

All the specimens except one lie in the flattening field 

of FI inn's deformation plot. Strain determinations were made from 

both cut surfaces and thin sections for two samples (BOR-80-15, 

BOR-8O-M89A). These measurements from each sample are joined by a 

line on Figure 3"56. The strain analysis gave similar, but not the 

same, results in each case. In the first case the strain measured 

in thin section was greater than that from the cut surface. The 

reverse was true of the second sample. 

E) Results and Conclusions of the Strain Study 

The results of all three dimensional strain analyses are 

summarized on the FI inn diagram. Figure 3'"57- It appears that the 
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Table 3“^: All Object-Object Separations Method 

Data from cut surfaces and thin sections 

Sample 
(Loca1ity) 

Q-quartz F-feldspar 

X S IIL (XZ) 
CL to S dip direction) 

~hor ? zonta1 

X S XL (YZ) 
(II to S dip direction) 

^vertical 

B0R-80-M89A (slab) F 2.0 
BOR-8O-M89A (t.s.) F 3.1 
(Dance Township) 

BOR-8O-MI23 (slab)* F 1.3 
(Little Turtle Lake) 

B0R-80-M27 (t.s.) Q A.8 
(Kashabowie Lake) 

BOR-80-26 (t.s.) Q 5.3 
(Athelstane Lake) 

BOR-80-19 (t.s.) F 1.A 
(Athelstane Lake) 

BOR-8O-MII (t.s.)* F if.O 
(Ra i t h) 

BOR-8O-MI9 (slab) F 2.5 
B0R-80-M20 (slab)* F 1.4 
B0R-80-M22 (t.s.)* F 1.7 
BOR-8O-MI55 (t.s.) F 1.7 
(Dog Lake) 

BOR-80-15 (slab) F 4.4 
BOR-80-15 (t.s.) F 3.3 
(Hwy. 527) 

200 
130 

155 

156 

106 

136 

124 

146 
17A 
156 
107 

115 
199 

I .9 
2.6 

2.0 

3.A 

.9 

1 .3 

1 .8 
2.8 
2.7 
1 .7 

3.6 
2.3 

200 
200 

no 

158 

200 

144 

87 

175 
150 
200 
152 

125 
200 

n = number of points in original plot 

*These samples were not used for 3“dimensional strain determinations. 

M20, MI23 - ellipses were not oriented parallel to the schistosity and 
Y/Z > X/Z 

Mil - not able to determine Y/Z from plot 

M22 - Y/Z > X/Z 
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Table 3~5‘- Strain Analysis Results 

All Object-Object Separations Method 

Data from cut surfaces and thin sections 

Samp 1e X*Y-Z 
a- 

K=b- 

BOR-8O-M89A 

slab 

thin section 

B0R-80-M27 

BOR-80-26 

BOR-80-19 

BOR-80-MI9 

BOR-8O-MI55 

BOR-80-15 

slab 

thin section 

1.1 

1 .2 

1 A 

2.8 

I .1 

1 .4 

1.0 

1 .9 

2.6 

3.4 

1.9 

1.3 

1.8 

1.7 

3.6 

2.3 

1 .3 

1 .6 

1.2 : 0.6 

1.3 : 0.5 

1.9: 1.3: O.A 

2.5 : 0.9 : 0.5 

1.2 : 1.I : 0.8 

1.5 : 1.1 : 0.6 

1.2: 1.2 : 0.7 

7 : 1.4 : 0.4 

7 : 1.2 : 0.5 

0.94 

1 .04 

0.99 

1.13 

1 .06 

0.99 

1 .01 

0.95 

1 .02 

0.1 1 

0.13 

0.17 

2.00 

0.33 

0.50 

0.00 

0.08 

0.31 



k=oo 

in b 

cut surfaces thin sections 

• feldspar 
■ quartz 

o feldspar 
□ quartz 

joins measurements from the same sample 

FIG.3“56= Flinn Plot ” Strain determined using the 
All Object’Object Separations 
method from cut surfaces and 
thin sections 
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k= 00 

• quartz grains - harmonic mean 

o feldspar grains - harmonic mean 

A oil object-object separations 

FIG.3-57= Flinn Plot Results of Strain Analysis 



measurements of deformed shapes of quartz grains gave the largest 

strain values followed by the determinations using the all object- 

object separations method. The feldspar grain^shape analysis 

indicated the lowest strain values. Figure 3^5^ further emphasizes 

this observation. Here strain determinations from the same samples 

obtained using the two different methods are compared. In each 

sample the grain-shape analysis of the quartz grains indicates the 

greatest amount of strain. In all the samples but one (BOR-8O-MI55) 

the all object-object separations give the next highest strain 

estimates followed by the estimates from feldspar grain shapes. 

The quartz grain-shape analysis probably provides the 

closest approximation to the whole rock strain due to ductile 

deformation. The quartz grains appear to have strained homo- 

geneously with their matrix and, as previously mentioned, 

generally comprise the matrix in which feldspar grains 'float'. 

The feldspar grains do not provide a good indication of strain 

magnitude as they have not deformed homogeneously with their 

matrix. The grain shape measurements do not take into account 

rock strain arising from particulate flow. 

The centre to centre method was unsuitable for strain 

determinations in the fault zone as particulate flow made the 

identification of nearest neighbours before deformation impossible. 

Although it should theoretically take into account the 

strain of matrix and grains the all object-object separations 
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k = 

Sample 

BOR-80-15 

BOR- 80- MI55 

B0R-80-MI9 

BOR - 80-26 

BOR - 80 - M27 

Harmonic Mean All Object-Object 
S^pqratj.Q.n5 

QUARTZ FELDSPAR CUT SURFACES (THI N SECTIONS') 

O 

A 

* 

0 

A 

* 

v0/ 

® 

0 
0 

0 

FIG. 3"58* Flinn Plot “ Comparison between results of 
Strain analysis methods 



method produced strain values lower than the results of quartz 

grain shape analysis. This may be due to particulate flow. The 

spatial distribution of the dispersed markers may have been altered 

which would affect the strain analysis results. The strain ellipse 

obtained could be a compromise between the strain arising from 

particulate flow and the strain due to ductile deformation if the 

principal axes of strain due to the two components were at an 

angle to one another. It is also highly possible that the strain 

within the fault zone is too high to be measured by this method 

and exceeds Fry's limit of a strain ratio of 6:1 for visual 

interpretation of the results of the all object-object separations 

method. 

Strain determined from deformed quartz grains indicates 

an average extension in X of 130^, in Y of 58^ and shortening in Z 

of 71^. This is a minimum strain estimate which does not include 

strain of rocks arising due to particulate flow. 

Figure 3~57 Illustrates that strain within the fault 

zone was predominantly flattening. Only two strain estimates 

indicate constrictive deformation. The quartz experienced more 

strain than the feldspar. Due to its ductile nature the quartz 

may have begun to deform before the feldspar. 

The strain ellipse is flattened parallel to the 

schistosity within the fault zone. The X direction is generally 

near horizontal, parallel to a lineation which was sometimes 



visible. Two samples (B0R-80-M95» B0R-80-M120) indicated that Y 

was horizontal. 

The flattening deformation indicates that simple shear 

(sensu stricto) alone could not be responsible for the strain 

within the fault zone as simple shear results in plane strain 

(k=l). Thus the deformation within the fault zone may comprise 

shear strains with flattening parallel to the shear plane. There 

is little evidence that volume change has occurred across the 

fault zone. 
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F) Magnetic Susceptibility Anisotropy 

The intensity of magnetization produced in a material (J) 

is related to the applied field (H) by the magnetic susceptibility 

(k) such that: 

J=kH 

Graham (195^) first suggested that the anisotropy of magnetic 

susceptibility might be a valuable method of petrofabric analysis. 

Anisotropic magnetic susceptibility in a rock may result from the 

alignment of magnetocrystal 1ine axes of non-isometric magnetic 

minerals such as hematite or pyrrhotite or from the preferred 

orientation of elongate grains of isometric ferrimagnetic minerals 

such as magnetite. The bulk magnetic susceptibility of a rock may 

be controlled by small amounts of magnetite even when other 

magnetic minerals are present due to the higher intrinsic magnetic 

susceptibility of magnetite compared to hematite and pyrrhotite 

(Singh et al., 1975) (Rathore, 1979b). 

The three dimensional variation in magnetic susceptibility 

of the magnetic fabric is characterized by the shape of the 

magnetic susceptibility anisotropy ellipsoid and by the orientation 

of the three principa 1 susceptibi1ities K , K. K . , the 

maximum, intermediate and minimum susceptibilities. The orientations 

of the principal susceptibilities may be plotted on a lower hemi- 

sphere equal area stereonet. The shape of the susceptibility 

ellipsoid Is described in a simi1ar manner to the strain ellipsoid. 
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P, =* max/k. ^ describes the extent to which the fabric Is linear ] int 

(magnetic II neat Ion) 

k. = int/k . describes the extent to which the fabric Is planar 3 m I n 

(magnetic foliation) 

A "susceptibility plot" of P^ vs P^ is comparable to the deformation 

plot of Flinn (1962) where a = X/Y is plotted against b=»Y/Z where 

X, Y, Z are the principal strain axes (X^^). A line of slope I 

separates ellipsoids which have been constricted from those which 

have been flattened. 

In undeformed rocks the minimum susceptibility generally 

lies normal to the bedding plane of sedimentary rocks or normal to 

any flow plane of igneous rocks (Rathore, 1979a). The degree of 

anisotropy is generally higher in metamorphic rocks and deformed 

rocks. The minimum susceptibility is normal to cleavage/foliation 

planes. The magnetic susceptibility anisotropy ellipsoid of 

tectonites has been shown to equate with planar and linear macroscopic 

fabric elements where present and to correspond with the principal 

axes of the total strain ellipsoid (Singh et al., 1975, Wood et al., 

1976, Kligfield et al., 1977, Rathore 1979a, t>, 1980b, Goldstein, 

1980, Rathore and Becke, I98O, Borradaile and Tarling, 1981). 

Borradaile and Tarling have shown that the depositlonal magnetic 

fabric may be retained at 30^ shortening when particulate flow was 

the predominant mechanism of deformation. They propose the 

tectonic magnetic fabric and depositlonal magnetic fabric may 
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interact, where spaced cleavage is present, resulting in the 

maximum susceptibility lying parallel to the cleavage-bedding 

intersection. 

Method: Ten cores, 2.5 cm. in diameter and 2.5 cm in length, 

were analysed by Dr. D.H. Tarling of the Dept, of Geophysics and 

Planetary Physics, University of Newcastle upon Tyne using the 

Complete Results Anisotropy Delineator (Molyneax, 1971). Each 

core is rotated within two mutually perpendicular coils. The 

exciting coil produces a 7 Oe magnetic field alternating at 10 kHz 

which induces a current in the pick up coil which is proportional 

to the magnetic susceptibility of the specimen in the plane of 

the instrument. The magnetic susceptibility is measured at 

regular, small intervals (128 per rotation) throughout each rotation. 

The sample is rotated about three orthogonal axes. The computer 

calculates the directions of the principal axes of magnetic sus- 

ceptibility relative to a fiducial mark on the specimen and the 

magnitude of the principal axes of the magnetic susceptibility 

anisotropy ellipsoid (Borradaile and Tarling, 1981). 

Results: The results of the analyses are presented in Table 3“6 

and Figures 3“59 and 3“60. Figure 3“59 illustrates the orientation 

of the principal axes of the magnetic susceptibility anisotropy 

ellipsoid along with macroscopic planar and linear elements of 
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Table 3“6: Magnetic Susceptibility Anisotropy Data 

Samp 1e 
k. 

n _ fTiaX 

^1 k. ^ I nt 

k. 
P - 

3 " k . mi n 

A-BOR-80-15 

B-BOR-80-19 

C-B0R-80-M17 

D-B0R-80-2A 

E-B0R-80-M120 

F-B0R-80-M73 

G-B0R-80-M93 

H-B0R-79-96A (hinge) 

96B (limb) 

96c (1imb) 

1.0486 

1.1232 

1.3076 

1.0544 

1.0445 

1.0325 

1.0394 

1.0794 

1.0359 

1.0501 

1.1532 

1.3162 

1.4704 

1.3961 

1.1505 

1.0348 

1.3146 

1.0872 

1.1532 

1.1831 
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In P, 

FIG.3-60 ^ SUSCEPTIBILITY PLOT 
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each specimen. Figure 3“60 is a susceptibility plot of vs 

indicating the shape of the magnetic susceptibility ellipsoid for 

each specimen. 

The specimens examined comprise seven Individual cores 

(Fig. 3“59 A to G) and three cores from a fold - one core from the 

hinge of the fold and one from each limb (Fig. 3*'59 H) . There is 

generally good correlation between the magnetic fabric of the 

samples and observed macroscopic fabric elements. The maximum 

and intermediate susceptibility axes lie close to the schistoslty 

and the maximum susceptibility lies close to the lineation where 

present. Amongst the samples the 1ineations comprise slickensides 

(Fig* 3"59 A, C), mineral lineation, (Fig. 3"59 F) and fold axis 

(Fig. 3“59 H). The magnetic susceptibility ellipsoid may, 

therefore, correspond with the strain ellipsoid. The orientation 

of the principal axes of the magnetic susceptibility ellipsoid of 

the sample in Fig. 3"59 E does not correspond well with the 

observed schistoslty. This may have been due to interference 

between a pre-existing fabric and the mylonitic fabric (Borradaile 

and Tar 1ing, 1981). 

The susceptibility ellipsoids for all the specimens lie 

in the flattening field of the susceptibility plot. If the sus- 

ceptibility ellipsoid can be taken to correlate with the strain 

ellipsoid, then flattening strain can be inferred from this data. 

This, in general, agrees with the findings of the strain analyses 



elsewhere within the fault zone. 

The three cores from the fold from Turtle Lake (Fig. 3"5S 

H) are particularly interesting. The principal susceptibilities 

of all three cores are similar in orientation. This suggests 

that the folds were flattened after they were formed or that the 

mylonitic fabric cuts across the folds parallel to the fold axial 

plane. Thus the susceptibility ellipsoid of the fold hinge has the 

same orientation as those from the limbs. The orientation of the 

ellipsoids resembles that of the strain ellipsoid of Ramsay's model 

of similar folds formed by a uniform homogeneous strain together 

with progressive inhomogeneous simple shear (Ramsay, 1967 p. ^22, 

^23). The specimen from the fold hinge (B0R-79~96A) is also less 

flattened than the specimens from the limbs (B0R-79’"96B,C) as in 

Ramsays model and as shown on the susceptibility plot (Fig. 3“60). 

This suggests that flattening deformation following folding or 

homogeneous strain accompanying simple shear deformation may have 

been responsible for the formation of the fold. 



IV-1 

A - QUARTZ C-AXIS PETROFABRICS - THEORY 

A) Introduction 

Crystallographic preferred orientations commonly develop 

in deformed rocks. Preferred orientation of the £-axis of quartz 

in rocks has been extensively studied because of the widespread 

occurrenceof quartz and the relative ease with which the orientation 

of the quartz £-axis can be measured. These preferred orientations 

are generally attributed to intracrystalline slip and the 

accompanying rotation of crystallographic axes during deformation. 

The quartz £-axis fabrics which are most commonly des- 

cribed in the literature in naturally deformed quartz bearing rocks 

are shown in Figure A-1. They are: 

1) point maxima 
2) single girdle maxima 
3a) Type 
3b) Type 

Type I crossed girdles comprise small circle girdles of 

£-axes distributed about the pole to the schistosity plane of the 

deformed rock. These small circle girdles are often connected by 

a girdle normal to the lineation as shown in Figure 4-1 and contain 

triangular maxima. Type H crossed girdles consist of two great 

circle girdles which intersect the schistosity normal to the 

lineation where a maximum is located. Note that many authors take 

(crossed girdle maxima 
I crossed girdle maxima 



Point Maximum 

L Type I Crossed Girdle 

Type li Crossed Girdle 

Fiq. A-l; COMMON NATURALLY OCCURRING QUARTZ £-AXIS FABRICS 

(S and L indicate commonly observed schistosity and 
fabric lineation orientations; by inference many authors 
take these to indicate the XY plane and X-direction of a 

strain ellipsoid.) 
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the schistosity and fabric lineation to indicate the XY plane and 

X direction of a strain ellipsoid. 

Intracrystalline slip has been shown to be the pre- 

dominant mechanism responsible for the development of preferred 

crystallographic orientations of quartz (Tull is et al, 1973)- 

The intensity of preferred orientation of quartz £-axes increases 

with increased strain. Several factors influence the patterns of 

quartz c-axis preferred orientation which develop. 

1) the slip systems operative in quartz during 
deformation 

2) the shape and orientation of the finite strain 
el 1ipsold 

3) the strain history or deformation history (coaxial 
or non-coaxial) 

Recrystallization, the relative proportion of quartz in a rock, 

and the presence of original preferred crystallographic orientations 

may influence quartz £-axis petrofabric patterns. 

Quartz £-axis petrofabric studies may reveal much about 

the physical conditions at the time of deformation. The slip 

systems which operate in quartz during deformation by intra- 

crystalline slip are determined by temperature, confining pressure, 

and presence or absence of water in the quartz. The general 

conditions underwhich the various slip systems in quartz 

operate are only partly known. Thus when particular £-axis 



IV-if 

patterns known to result from slip on specific slip systems are 

identified, the physical conditions at the time of deformation 

may be inferred. Patterns of quartz £-axis preferred orientation 

may allow some conjecture about the shape of the finite strain 

ellipsoid as some petrofabric patterns have been related to the 

shape of the strain ellipsoid where strain studies have accompanied 

petrofabric studies. Some information about strain history may be 

derived from quartz £-axis fabrics. Symmetrical quartz £-axis 

petrofabrics develop during coaxial progressive deformation and 

asymmetric fabrics develop during non-coaxial progressive 

deformation. Means (1976) explained that the terms coaxial and 

non-coaxial refer to the orientation of the incremental principal 

strain directions with respect to material lines. Thus in coaxial 

deformation the incremental strain axes remain constant in 

orientation with respect to material lines and in non-coaxial 

deformation the orientation of the incremental principal strain 

directions is variable or may change with respect to material 

lines. Asymmetric fabrics, in particular quartz crystaIlographic 

fabrics, have been shown to reflect the sense of shear where 

simple shear is considered to be the mode of deformation in natural 

examples. 
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B) Intracrysta)1ine Slip and the Development of Crystallographic 

Preferred Orientations 

Intracrysta11ine slip occurs by the glide of dislocations 

on planes of high atomic density. Dislocation glide occurs on 

specific crystallographic planes in specific crystallographic 

directions. Low index crystallographic planes are favoured as 

slip planes. Slip generally occurs on planes having atomic bonds 

which are most easily broken in the crystal allowing the glide of 

dislocations. Slip on crystallographic planes resembles homo- 

geneous simple shear when considered on the scale of the whole 

grain. While a mineral grain is deformed by dislocation glide 

the crystallographic structure of the mineral is undistorted 

because slip occurs on rational crystallographic planes. Thus 

crystallographic axes may serve as a reference frame in intra- 

granular deformation. Figure h-2 illustrates how preferred 

dimensional orientation and preferred crystallographic orientation 

are produced simultaneously by intracrystalline slip. The simple 

model was constructed using a card deck to simulate slip on 

crystallographic planes. The cards represent slip planes. A 

circle drawn on the deck becomes progressively strained to an 

ellipse by slip on the "slip planes". The elliptical grain shape 

may be taken to define a preferred dimensional orientation 

schistosity. The diagrams in Figure A-2 demonstrate that with 

increasing strain the angle between the slip plane and the 
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F 

sinistra! shear dextral shear 

FIG. 4-2; INTRACRYSTALLINE SLIP 

Card deck model simulates slip on crystallographic 
planes. With increasing strain the angle between the 
slip plane and the grain shape schistosity becomes 
progressively smaller. The orientation of the slip 
plane with respect to the schistosity depends on the 
sense of shear. 
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"schistosity" becomes progressively smaller. Thus the slip plane 

comes to lie close to the schistosity after large strains. Re- 

lated crystallographic axes become reoriented at the same time. 

For instance if the slip plane in Figure 4’-2 was the basal plane 

in quartz ((0001)), the £-axis (which is normal to (0001)) would 

come to lie close to the normal to the schistosity (the principal 

shortening direction) after large strains. It should also be 

noted in Figure 4-2 that the orientation of the slip planes with 

respect to the schistosity depends on the sense of shear. The 

slip planes lie counterclockwise from the schistosity when slip 

on the planes is in a sinistral sense and clockwise when slip is 

dextral. 

It is fairly well established that intracrystalline slip 

is often responsible for the development of preferred crystallo- 

graphic orientations of quartz in deformed rocks. Tull is et al 

(1973) have shown that preferred orientations produced in experi- 

mentally deformed quartzites were the result of intracrystalline 

slip. Computer models in which "grains" have been strained by 

simulating intracrystalline slip have produced crystallographic 

preferred orientation patterns similar to those found in nature 

(Etchecopar, 1977, Lister et al, 1978). Electron microscope 

studies of naturally deformed quartz-rich rocks (for example 

Burg and Laurent, 1978, Carreras et al, 1977) have shown that £- 

axis fabrics in quartz are the result of glide on one or more 
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preferential glide planes. Such studies have shown that the 

quartz c-axis preferred orientation patterns develop progressively 

with increasing shear strain and increasing grain deformation. The 

shear strain has been estimated in these studies using the 

variation in schistosity orientation in a shear zone as described 

by Ramsay and Graham (1970). Ramsay and Graham examined the 

special case of simple shear however not all workers using this 

method have shown that the constraints outlined by Ramsay and 

Graham are true of their examples. 

C) Slip Systems in Quartz 

An examination of the slip systems which are operative 

in quartz facilitates understanding the quartz fabrics which 

develop as a result of deformation by intracrystalline slip. 

Table A-1 lists the slip systems which have been identified in 

quartz. A slip system is defined by a slip plane and a slip 

direction. Miller indices define the slip planes (hkl) and 

directions [uvw], Equivalent planes of the same family have 

the symbol {hkl} and equivalent directions of the same family 

the symbol <uvw>. 

The identification of these slip systems has involved 

studies by many workers. In early experimental studies which 

produced plastic deformation and recrystallization of quartz, 

Carter et al (I96A) suggested that deformation was by slip on (0001) 
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TABLE A-]; Slip Systems in Quartz 

slip plane slip direction 

basa I 

1°prism 

2°prism 

rhomb 

pyramid 

c 
a 

c+a 

c 

a 

c+a 

c+a 

(0001) 

{loTo} 
{10J_0} 
{1010} 

{1101} 
{1102} 
{1103} 
{1111} 
{1121} 

<1120> 

[0011] 
< 1110> 
<1123> 

{1120} [0001] 

<1110> 
<1110> 
<Ji20> 
<1123> 

{1122} <1123> 

Carter et al (1964), Christie et al (1964), Christie 
and Green (1964), Heard and Carter (1968), Baeta and 
Ashbee (1969, 1970), McLaren and Retchford (1969), 
Ave Lallement and Carter (1971), Hobbs et al (1972), 
Ardel et al (1974), Twiss (197^, Morrison-Smith et 
al (1976) and Nicolas and Poirier (1976). 
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and by other mechanisms. Studies followed which attempted to 

identify quartz slip systems in order to understand the mechanism 

responsible for the deformation of quartz. Quartz slip systems 

have been described by Christie et al (1964), Christie and Green 

(1964), Heard and Carter (1968), Baeta and Ashbee (1969* 1970), 

McLaren and Retchford (1969), Ave Lallement and Carter (1971). 

Hobbs et al (1972), Ardel et al (1974), Twiss (1974) and 

Morrison-Smith et al (1976). Early studies identified slip systems 

by examining slip plane traces in deformed crystals and by 

studying the orientation of deformation lamellae which are 

believed to lie in slip planes. More recently, electron microscope 

studies have allowed examination of dislocations and the identi- 

fication of burgers' vectors for slip. 

A number of factors may affect the amount of slip which 

occurs on the various slip systems. They are: 

1) critical resolved shear stress 
2) temperature 
3) confining pressure (this factor is not examined 

directly in the literature) 
4) strain rate 
5) H2O content of quartz 

The onset of plastic deformation by slip depends on the 

orientation of a slip system with respect to the direction of the 

normal stress. Schmid and Boas (1950, in Nicolas and Poirier, 

1976, p. 40-42) have shown that for any orientation of a slip 
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system in a crystal, slip begins for a given value of the shear 

stress resolved on the slip plane in the slip direction (Schmid's 

Law). This value (cr^) is known as the critical resolved shear 

stress (CRSS). Each group or family of slip systems in a crystal 

generally has its own CRSS. The CRSS varies with temperature and 

thus the relative ease with which slip occurs on a slip system 

varies with temperature. The slip system which is active under a 

given load for a given temperature and a given orientation is the 

one with the lowest CRSS and highest resolved shear stress. There 

are domains of temperature where one slip system is predominantly 

active. 

Heard and Carter (1968) and Ave Lallement and Carter 

(1971) suggested that basal slip predominates at low temperatures 

(possibly equivalent to high confining pressure) and prism slip at 

high temperatures (low confining pressure) based on observations 

of the orientation of deformation lamellae in experimentally 

deformed quartzite. Tull is et al (1973) observed basal and 

prismatic deformation lamellae in experimentally deformed quartzites. 

Larger proportions of prismatic slip were observed in samples 

deformed at higher temperatures. Tull is et al also suggested that 

slip on first order prismatic planes (flOlO)) was replaced by 

slip on second order prismatic planes ({1120}) at higher temperatures. 

Strain rate appears to affect the operative slip systems 

differently. Tull is et al (1973) reported that with decreasing 
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strain rate the temperature at which prismatic slip becomes active 

is lowered. Blacic (1975) reported that the transition temperature 

of slip on (0001) (basal slip) in the <;a> direction to slip on 

(1010) (prismatic slip) in the <c> direction decreased with 

decreasing strain rate in accordance with the observations of 

Tull is et al. Thus the effects of high temperature on the 

operative slip systems in quartz are similar to the effects of 

low strain rates and vice versa. 

Griggs and Blacic (1965) reported that dry natural 

quartz crystals retained high hardness and strength in experimental 

deformation to temperatures of 800°C to 1000°C at low confining 

pressure. This strength approaches the theoretical one. A 

synthetic quartz crystal containing water molecules, however, 

was deformed above 380°C (the critical temperature at which 

weakening occurred in their experiments) by stresses much lower than 

those required to deform the natural dry crystals. The process 

responsible for the weakening of the quartz was termed "hydrolytic 

weakening" (Griggs, 1967)* Griggs attributed the hydrolytic 

weakening to enhanced mobility of dislocations by hydrolysis of 

the Si-0 bonds. Hydrolytic weakening has proven to be an important 

factor in the deformation of quartz and other silicates (Blacic, 

1971). Griggs (1967) showed that deformation in H^O bearing quartz 

crystals was thermally activated. The critical temperature at 

which weakening of the crystals occurs (weakening temperature) 
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depends on the water content. Griggs (197^) noted that the 

weakening temperature of quartz decreases with increased water 

content and decreased strain rate. McLaren and Retchford (I969) 

suggested that water in the quartz lattice promotes the climb of 

dislocations as well as slip by dislocation glide. Blacic (1975) 

observed that the conversion from basal to prismatic slip seems 

to occur at the weakening temperature and thus this conversion 

takes place at lower temperatures with increased water content. 

Blacic noted, however, that basal slip is commonly dominant over 

prismatic slip in hydrolytically weakened natural crystals. Bell 

and Etheridge (1976) suggested that variations in total rock water 

content may produce variations in hydrolytic weakening behaviour 

in natural occurrences. They examined the effects of hydrolytic 

weakening in quartz from a mylonite zone separating rocks meta- 

morphosed in the granulite facies (0.2^ H2O) from rocks represent- 

ative of the amphibolite facies (l.O % H2O) . Quartz c_-axis 

preferred orientations developed more rapidly with respect to 

strain in the amphibolite facies rocks. Bell and Etheridge 

attributed this and other differences in the rocks of the two 

metamorphic facies to hydrolytic weakening of quartz in the rocks 

containing greater amounts of water although it was not known how 

much water was actually In the structure of the quartz grains. To 

support their statement that total rock water content may result 

in hydrolytic weakening of quartz, Bell and Etheridge cite the 
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experiments of Green et al (1970) and Tull is et al (1973). in 

these experiments external water became available from the confining 

medium of the samples during the deformation experiments and 

apparently resulted in hydrolytic weakening of the quartz in the 

samples being deformed. 

D) Factors Influencing the Development of Quartz £-axis Preferred 

Orientations 

i) The Influence of Slip Systems on Quartz c^axis Fabrics 

The diagrams of Figure are based on a single grain 

and were constructed in order to illustrate the general nature of 

the quartz £-axis fabrics which may develop during intracrystalline 

slip on some individual (common) slip systems. Note that in the 

"three-dimensional" diagrams the schistosity corresponds to the 

XY plane of the finite strain ellipsoid as defined by the deformed 

grain shape. The lineation corresponds to the X axis of the strain 

ellipsoid (where X.^YJ^). The stereographic projection (lower 

hemisphere) illustrates the pattern of quartz £-axis preferred 

orientations which would develop if a number of individual grains 

were deformed by slip on the slip system and after large strains 

when the slip plane comes to lie very close to the schistosity. 

Each of the diagrams demonstrates slip on the slip planes in a 

sinistral sense. 
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D - Prism <c+a> Slip 

c 

F - Rhomb <c+a> Slip 

S - grain shape schistosity 

L - mineral lineation 

X, Y, Z - principal axes of the finite strain ellipsoid 

other possible £-axis maxima which result when the 
geometry is such that one or both elements of the slip 
system (the slip plane and slip direction) have an acute 
angular relationship with the c-axis. 
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A - Basal <a> Slip 

C - Prism <a> Slip 

FIG. <4-3: QUARTZ C-AXIS PETROFABRICS 

The pairs of diagrams represent 6 different slip systems. 
The left-hand diagram comprises a single grain and in- 
dicates the orientation of the £-axis with respect to 
the slip plane. The right-hand diagram illustrates the 
resulting quartz £-axIs petrofabric which would develop 
after large strains when the slip plane lies close in 
orientation to the schistosity. 
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Figure 4-3a illustrates slip on basal planes of quartz 

in an <a> direction. As the c_-axis is perpendicular to the basal 

plane the resulting £-axis fabric is characterized by a maximum 

normal to the schistosity and the lineation after large strains 

when the slip plane lies close in orientation to the schistosity. 

Figure A-3b demonstrates slip on prism planes in the <c> direction. 

In this case the £’-axis lies in the slip plane and parallel to the 

slip direction. £-axis maxima parallel to the lineation and lying 

in the schistosity should develop for large strains.-Figure A~3c 

shows prismatic slip In an <a> direction. Here the £-axis lies 

in the slip plane but perpendicular to the slip direction of the 

quartz grain. The resulting maximum of c_-axes for large strains 

would lie in the schistosity parallel to the Y axis of the strain 

ellipsoid (normal to the lineation). Figure ^~3d illustrates 

prismatic slip in a direction between £ and £ (<c + a>). Again 

the £-axis lies in the slip plane but is intermediate between X 

and Y. The resulting maximum might appear as shown. Figure 4-3e 

demonstrates slip on a rhomb plane in an <a> direction. The 

orientation of the £-axis with respect to the slip plane is shown. 

The resulting maximum at large strains would lie in the plane 

normal to the schistosity (YZ) at an angle to Y and Z. Figure A-3f 

illustrates slip on rhomb planes in a direction between £ and £ 

(<c + a>), The orientation of the £-axis compared to the slip 

plane is shown. A £"'axis maximum would form at an angle to the 
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schistosity and the lineation as shown. 

These are rather simple models demonstrating how 

different preferred orientations of quartz c_-axes develop by intra- 

granular slip. The preferred orientations produced are point 

maxima. In general, rock deformation requires that more than one 

slip system be active in the constituent minerals. Grains are 

constrained by their neighbours and are not free to deform 

"ideally" as shown in the model (Fig. 4-3). The maintainance of 

grain-grain continuity in an aggregate requires the operation of 

more than one slip system. The common occurrence of girdle 

distributions of £-axes in nature suggests that many fabrics are 

largely the result of slip on more than one slip system. 

Number of slip systems required for deformation: Von Mises' 

ductility criterion (Nicolas and Poirier, 1976) states that a 

polycrystal (many grains of one mineral) can deform coherently to 

large strains by dislocation glide alone only if the grains can 

slip on five independent slip systems simultaneously. An in- 

dependent slip system is one whose movement cannot be duplicated 

by a combination of slip on the other operative slip systems. In 

other words, for all the individual grains to be deformed homo- 

geneously the five independent slip systems must be able to operate. 

This criterion may be somewhat restrictive for rock deformation. 

Ashby and Verrall (1977) suggest that if non-homogeneous deformation 
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is allowed, so that grains deform compatibly but not uniformly, 

the Von Mises' criterion may be relaxed and four slip systems may 

be sufficient. The number of slip systems required for coherent 

deformation may be further reduced if conditions permit the 

operation of recovery processes. Dislocation climb allows dis’- 

locations to "climb" over and glide past obstacles. Fewer slip 

systems may also be required within grains if particulate flow 

(Borradaile, I98I) occurs allowing sliding on grain boundaries, 

multigrain boundaries (such as microfaults), and newly created 

grain boundaries as well as rolling of grains at their points of 

contact. 

The deformation of an aggregate or polycrystal may also 

be affected by the fact that most rocks are polymineralic poly- 

crystals (as opposed to monomineralic polycrystals described by 

Von Mise, and Ashby and Verrall). The different plastic properties 

of each constituent mineral contribute to the overall deformation 

of the rock and thus the required slip systems for coherent de- 

formation may be affected. The behaviour of one mineral may be 

influenced by the characteristics of neighbouring minerals. 

Computer model simulating quartz q-axls petrofabrics resulting from 

slip on several slip systems: A model of coaxial deformation by 

intracrystalline slip in a hypothetical "aggregate" of quartz grains 

was described by Lister et al (1978). The computer model success- 
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fully reproduced some preferred crystallographic orientations 

which have been produced experimentally and some which are found 

in nature. The model, called the Taylor-'BIshop-Hi 1 1 model, is 

named for the workers who originally proposed it. The computer 

model simulates the deformation of quartz grains by glide on 

various combinations of dislocation slip systems and produces the 

preferred crystal lographic orientation patterns of c^-axes which 

result from rotation of the crystal axes during the simulated 

deformation. The input for the model includes the initial orienta- 

tion distribution (generally random), the set of possible glide 

systems and their relative CRSS values and details of the deformation 

and its path. The slip systems are assigned relative values of 

CRSS which determine the relative ease with which the slip systems 

operate and thus the amount of slip which occurs on each slip 

system. The simulated deformation of the model “aggregate" takes 

place grain by grain. At various stages throughout the incremental 

deformation the orientation of the grains is stored for construction 

of diagrams. Lister et al enumerate the following assumptions: 

1 - Deformation is by dislocation glide only and occurs by the 
simultaneous operation of a number of discrete glide systems 
each of which approximates simple shear relative to the glide 
plane. 

2 - Deformation is uniform throughout the polycrystalline mass at 
all stages, i.e.) strain is homogeneous. The strain in each 
grain of the aggregate is identical to the overall strain. 

3 - The material behaves according to a rigid-plastic flow law. 
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i.e.) the material behaves rigidly under increasing deviatoric 

stress until yield occurs at sharply defined stresses. Each 

glide system is characterized by a critical resolved shear 

stress for yield which is assigned as part of the input for 

the mode 1. 

These assumptions place a number of limitations on the model. For 

the "aggregate" to deform homogeneously by dislocation glide five 

independent slip systems must operate (Von Mises' criterion). In 

nature grains do not all strain equally. Favourably oriented grains 

for slip will deform more than less favourably oriented grains. The 

model requires the "grains" which are unfavourably oriented for 

slip on one slip system (i.e. the most active slip system) to 

deform by slip on a combination of the other systems. 

The most important drawback of the model Is that it does 

not seem to take into account the actual framework of the aggregate 

i.e.)the position of grain boundaries and constraints imposed on the 

deformation of a grain by its neighbours in an aggregate. Although 

Lister et al. describe the strain in the grain aggregate as homo- 

genous, nowhere are the grains themselves actually described. The 

input for the model only includes grain orientation. Each grain is 

deformed increment by increment in isolation so it seems that 

intergranular interactions and the requirement that the aggregate 

comprise a coherent body before and after deformation have been 

overlooked, 

The results of the simulated model must be viewed with 

this in mind. The patterns of preferred orientation which develop 
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are only limited by the model input which defines the material 

properties: the set of glide systems and their relative CRSS. 

Lister et al (1978) explained that the set of glide systems 

determines the total possible variation in fabrics that can 

develop and that the relative CRSS values which determine which 

glide systems and combinations of glide systems will be responsible 

for the glide deformation determine the primary characteristics 

of any pattern of preferred orientation. The patterns are also 

influenced by the strain history. This influence will be discussed 

1ater. 

Lister et al (1978) utilized basal, prism and rhomb slip 

systems in their deformation simulations. Four model quartz grain 

"collections" (called quartzites by Lister et al) were deformed 

each having a different combination of slip systems and CRSS 

values as shown in Table 4-2. Note that the slip systems assigned 

the lowest CRSS are those on which slip will occur most easily. 

Each model "quartzite" was subjected to deformation approximating 

axial symmetric shortening (flattening), plane strain, and axial 

symmetric extension (constriction). Figure 4-4 comprises the 

distributions of quartz £-axes which resulted. With increasing 

simulated strain the intensity of preferred crystallographic 

orientation increased. As noted the slip systems which operated 

determined the general nature of the £-axis fabrics but the shape 

of the strain ellipsoid also strongly influenced the patterns 
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TABLE k-2: Slip systems and relative CRSS for simulated 
deformation of four model quartz grain aggregates 
by intracrystal 1ine slip. (Lister et al., 1978). 

Glide Plane G1ide Direction 
Relative CRSS for models 

II ill IV 

c(OOOl) 
basa 1 

m{101O} 
prism 

nflOl1} 
(+)rhomb 

zfOl11} 
(-)rhomb 

a <1210> 

a <1210> 
c <^0^1 > 

c+a<1213> 

a <V2\0> 
c+a<l123> 

a <_1210> 
c+a<l123> 

1 .00 

4.00 
5.00 

1.00 

2.00 
2.00 

2.05 
2.05 

1.00 

0.01 

2.00 

1.00 

0.60 
1.00 
2.00 

1 .50 
2.00 

1.55 
2.05 

FIG. 4-4; (facing page) 

Quartz £-axis fabrics resulting from simulated 
deformation of four model quartz grain aggregates 
by intracrystalline slip. Note that each model 
comprises a different combination of slip systems 
and relative CRSS values (Table 4-2) and each model 
is subjected to axial symmetric shortening, plane 
strain, and axial symmetric extension. 
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which resulted. From Figure k-h it can be seen that in general 

predominantly basal slip in an <<a> direction resulted in a maximum 

near the Z direction (Fig. h-k - Model Quartzite D where X>Y^Z 

are the principal strain axes. This is in accordance with pre- 

dictions made in the earlier sketches (Figure 4-3a). In the 

simulations the introduction of rhomb and prism slip (Figure k-k - 

Model Quartzites II. III. IV) resulted In maxima in the form of 

small or great circle girdles about Z with low density of £-axes 

at Z. Many of the fabrics formed by the Taylor-Bishop-Hi11 model 

are similar to those produced experimentally and found in nature 

i.e.) point maxima, small circle girdles (type I crossed girdles) 

and great circle girdles (type II crossed girdles). The experiment- 

ally derived fabrics of Tull is et al (1973) are similar to those 

predicted by Lister et al. At low temperatures or high strain 

rates (<600°C at 10 sec ) a maximum of c-axes developed 

parallel to the principal compressive stress direction {a^>o^=a^). 

At higher temperatures £-axes 1ie in small circle girdles about 

The opening angle of the small circle girdle increases with in- 

creasing temperature corresponding to an increase in the proportion 

of prism slip as compared to basal slip. 

ii) The Influence of Recovery and Re crystallisation on Quarts c_-aocis 

Fabrics 

Dynamic recovery and syntectonic or dynamic recrystallization 
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may contribute to preferred crystallographic orientations and 

must, therefore be considered in this discussion. Dynamic 

recovery involves dislocation cl imb and polygonization. Poly^ 

gonization is the development of subgrains, slightly misoriented 

portions of the grain with low angle grain boundaries (less than 

7° misorientation between subgrain and host) (Nicolas and Poirier, 

1976). These are thermally activated processes. Dislocation 

climb is an important process in preferred orientation development 

as dislocation movement, which is impaired by obstacles such as 

dislocation networks and tangles in lower temperature work 

hardening conditions, is allowed to continue when dislocations 

can climb over obstacles. Dislocation climb thus enhances 

deformation by intracrystalline slip by allowing continued operation 

of dislocation glide. Recovery may reduce the number of required 

slip systems for homogeneous strain for this reason. Dynamic 

recrystallization may occur by 1) the progressive misorientation 

of subgrains and by 2) the migration of grain boundaries (Guillope 

and Poirier, 1979). Regardless of how the recrystallized grains 

are formed, dislocation glide continues within subgrains and re- 

crystallized grains produced during deformation and thus preferred 

orientations of these grains would be similar to those of the 

original grains. Green et al (1970) observed that syntectonica1ly 

recrystallized grains were elongate as a result of continuing 

strain. 
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Q.uartz £-axis fabrics produced experimentally by Green 

et al (1970) and Tull is et al (1973) were very similar. In Green's 

experiments recrystallization was predominant. Tull is et al 

determined that deformation was by intracrysta1Une slip with 

little or no recrystallization. Tull is et al suggested that 

intracrystalline slip may have been important in producing the 

c;-axis fabrics in the dynamic recrystallization experiments of 

Green et al or that another orienting mechanism was responsible 

for producing fabrics so similar to thosewhich occurred as a 

result of intracrystalline slip. In naturally deformed rocks, 

fabrics in rocks which have undergone extensive recrystallization 

are described by Sylvester and Christie (1968) and have the form 

of two, crossed, great circle girdles (type H crossed girdles). 

These are very similar to fabrics demonstrated by Bouchez (1977) 

where intracrystalline slip was shown to be the predominant 

deformation mechanism. 

Lister and Price (1978) suggested that fabrics developing 

during dynamic recrystallization are a result of the operation of 

dislocation glide processes. Although the regimes in which dis- 

location glide and recrystallization processes predominate are 

different they must overlap and the simultaneous operation of the 

processes is possible and may be related. Based on studies by 

Hobbs (1968) and by Bell and Etheridge (1976) which show that new 

grain orientations are related to host grain orientations, Lister 
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and Price (1978) suggested that the effect of dynamic recrystalliz- 

ation would be to diffuse or scatter the developing crystallographic 

fabric. They also suggested that dynamic recrystallization may not 

prevent fabrics reflecting dislocation processes as the recrys- 

tallized grains are subjected to the same processes as soon as 

they are formed. Bouchez and Pecher (I98I) noted that where re- 

crystallization has occurred and growth of grains is observed, the 

orientations of quartz £-axes have been scattered to result in 

more diffuse patterns than those observed in specimens where 

growth of grains did not occur. 

The Influenoe of the Shape and OTientatton of the Fi-ntte 

Strain Ellipsoid on Quartz praxis Fabrics 

Figure 4-4 (model "quartzites" of Lister et al (1978)) 

indicated that the shape and orientation of the strain ellipsoid 

have a strong influence on the preferred orientation patterns of 

quartz £-axes which develop during deformation. In general, axial 

symmetric shortening (flattening) of the model quartz grain 

aggregates resulted in point maxima at Z (the minimum principal 

strain axis) or in small circle girdles around Z with or without 

some concentration of £-axes in the XY plane (Fig. 4-4, la. Id, 2a, 

2d). Plane strain resulted in girdle distributions. Some girdles 

were similar to type J crossed girdles comprising small circle 

girdles of C’-axes around Z, connected through Y, and containing 
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triangular maxima (Fig. 4-4, lb, le). Others more closely resembled 

crossed great circle girdles (type IJ crossed girdles) without the 

Y maximum (Fig. 4-4, 2b, 2e). Axial symmetric extension produced 

cleft girdles at high angles to X with low density of £-axes along 

the YZ plane (Fig. 4-4, Ic, If, 2c, 2f). Lister and Hobbs (I98O) 

using the Taylor-Bishop-Hi11 model produced £-axis fabrics for 

three different model "quartzites" (Table 4’-3) . Similar patterns 

resulted for axial extension, plane strain and axial shortening as 

those produced by Lister et al (1978). The quartz £-axis fabric 

patterns produced for general constriction and general flattening 

were transitional between the patterns produced by pure axial 

extension and plane strain, and by pure axial shortening and plane 

strain respectively. 

In general the patterns of preferred orientation 

associated with strain ellipse shapes predicted by the Taylor- 

Bishop-Hill model are similar to those produced in experimental 

deformation by Tullis et al (1973) and Tullis (1977)* Tullls et 

al (1973) described the quartz £-axis fabrics which resulted from 

axial compression experiments using apparatus with a solid confining 

medium (Griggs, 1967)- The axial compression experiments approx- 

imate flattening strain. At low temperatures a single maximum 

developed around the compression direction. At higher temperatures 

a small circle girdle developed around the compression direction. 

Tullis' (1977) plane strain experiments were performed in a similar 
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TABLE 4-3: Slip systems and relative CRSS for simulated 
deformation of three model quartz grain aggregates 
by intracrystalline slip (Lister and Hobbs, I98O). 

Slip System 
plane <direction> 

Relative CRSS for models 

Model A Model B Model C 

Basal <a> 

Prism <a> 

+ Rhomb <a> 

- Rhomb <a> 

+ Rhomb <c+a> 

- Rhomb <c+a> 

Steep dipyramicf <c+a2> 

Steep dipyramid <c+a3> 

1.00 

4.00 

3.00 

1.00 

3.00 

3.00 

3.00 

3.00 

1.00 

1 .00 

3.00 

2.50 
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manner to the axial compression experiments except that the 

cylindrical sample was jacketed bn two sides by a rigid material 

preventing deformation in one direction normal to the piston which 

compressed the sample. The sample was allowed to bulge out into 

glass which formed the confining medium on the other two sides of 

the sample. The quartz £-axis fabrics resulting from the ex- 

periments simulating plane strain were similar to those produced 

in axial compression except a girdle of £-axes connected the 

maxima through the intermediate "stress" direction (the direction 

of no strain in Tull is' experiment). 

A number of studies have attempted to relate naturally 

occurring quartz fabrics to total strain. Marjoribanks (1976) 

measured the strain of grains in a quartzite using Ramsay's (196?) 

R^"0 method. The schistosity and lineatlon in the quartzite 

samples were defined by the flattening and elongation of the 

constituent quartz grains. Thus, the schistosity was considered 

the XY plane of the strain ellipsoid and the lineation, the X 

direction (where X>Y>2). Samples which had undergone flattening 

strain developed quartz £-axis fabrics comprising small circle 

girdles about Z. With increasing constrictive strain Marjoribanks 

noted that the £-axes became distributed along a great circle 

girdle intersecting the schistosity at Y but still resembling 

type J crossed-gird1es. Bouchez (1977) determined the strain of 

a quartzite from the average axial ratio (presumably the arithmetic 
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mean) of quartz porphyroclasts and of ferruginous spots in the 

quartzite. The markers showed little fluctuation in orientation 

about the lineation direction. Although the arithmetic mean may 

not have provided the best estimation of the strain of the sample, 

the shape of the strain ellipsoid, close to plane strain and 

slightly into the constriction field as defined by Flinn (1962), 

was probably accurately indicated. The corresponding quartz 

^-axis preferred orientation patterns were type H crossed girdles. 

Miller and Christie (I98I) also noted type H crossed girdles in 

rocks in which plane strain and moderate extension were measured. 

The fabrics were determined from the matrix (and pebbles) of a 

pebbly metaquartzite. The strain was measured using the method 

of Oertel (1978) and Miller and Oertel (1979) from the average 

pebble shapes on each of three mutually perpendicular planes. One 

sample in the study which indicated flattening strain had a £-axis 

fabric comprising several maxima clustered about the direction of 

maximum shortening with a weak connecting girdle through Y (i.e.) 

type I crossed girdle). 

Table 4-^ summarizes and allows comparison between the 

quartz £-axis fabrics associated with strain ellipsoid shape for 

the models, experimentally deformed quartzites and naturally 

deformed rocks. 
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TABLE Quartz c;-axis preferred orientation patterns related 
with strain ellipse shape for various studies. 

Study Quartz £-axis fabric associated with strain 
el 1ipsoid shape 

[ Constricted | Plain Strain | Flattened 

Model 

Lister et al (1978) cleft girdles 
(sma11 circles 
c 75° opening 
angle) 

Lister and Hobbs (I98O) cleft girdles 

Experimenta1 

Tull is et al (1973) 

Tunis (1977) 

Natura1 

Marjoribanks (1976) 

Bouchez (1977) 

Miller and Christie (I98O) 

type I type I 
(small circles (point maxima 
around z) at z and small 

type II circles around 
z) 

type I type I 
(small circles (point maxima 
around z) at z and small 

type I I circles around 
z) 

type I 
(point maxima 
at z, sma11 
circles around 
z) 

type I 
(girdle connects 
sma11 circles 
through Y) 

type I 
(connecting 
girdle) 

type I 
(small circles) 

type 1 I 

type I I type I 
(connecting 
girdle) 
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iv) The Influence of Strain History on Quartz o^axds Fabrics: 

Coaxial versus Non-coaxial Deformation 

Etchecopar (1977) investigated and compared pure shear 

(coaxial) and simple shear (non-coaxial) deformation by simulating 

intracrystalline slip of grains of a hypothetical aggregate using 

a two dimensional computer model. The model comprised polygonal 

cells (“grains) each having one slip direction. The initial dis- 

tribution of the slip directions of the grains was random. The 

cells were deformed by finite increments, independent of their 

neighbours, and then the best fit between the cells was obtained 

by determining the rotation, translation and amount of slip which 

would be necessary to minimize gaps and overlaps between cells 

and to minimize grain boundary sliding. The aggregate had an 

initial given shape. A final shape of the aggregate corresponding 

to the chosen strain was imposed as a boundary condition. The 

initial area was maintained after deformation. Limitations on the 

model, as described by Etchecopar, are: 

1) the model is two dimensional and cells have only one 
slip direction 

2) the model requires homogeneous slip in the slip 
direction, no bending of grains is allowed 

3) the cells are assumed to be perfectly deformable in 
the slip direction and undeformable in other directions 

A) gaps and overlaps appear between cells 

The model is realistic however in as much as one predominantly 
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active slip system is often observed in nature. The grains most 

suitably oriented for slip will deform significantly more than 

those which are unsuitably oriented. Intergranular movements 

accompany the deformation and the grains are considered within 

the context of the aggregate (i.e.) the constraints imposed by 

the aggregate are not overlooked. 

Etchecopar examined the preferred orientations of slip 

lines and grain shapes which developed. With increasing strain 

the following patterns of preferred orientation of slip directions 

developed. In pure shear the orientations of slip lines developed 

two peaks which were symmetrically inclined to the average 

elongation of the cells as shown in Figure ^-5* With increasing 

strain the peaks converged to become concentrated towards the 

elongation direction. In simple shear for weak to moderate strains 

(30°-60° of shear) concentrations of slip lines are similar to the 

ones for pure shear. At higher strain (>60° shear angle) in 

simple shear deformation the peak closer to the shear direction 

becomes larger than the other peak (Figure ^~5). The slip lines 

of this model would equate with slip planes in three dimensions. 

The elongation direction of "grains" in the aggregate would 

equate with the schistosity. The orientation of the slip plane 

with respect to the schistosity (defined by grain elongation) was 

characteristic of the sense of shear as slip on the slip planes 

resembles simple shear. In pure shear deformation of an aggregate 
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L 

FIG. 4“5: Etchecopar's 2-dimensional model. Preferred orientations 
of slip lines with increasing pure shear (left) and 
increasing simple shear (right). Shaded: unfractured 
cells; unshaded: fractured cells. The graduated zero 
line at left is normal to the shortening direction; 
at right it is the shear direction. The dashed line 
L at right is the mean elongation direction in the 
deformed aggregate. 

(Etchecopar, 1977) 
(diagram from Nicolas and Poirier, 1976) 
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the symmetrical and equal development of concentrations of slip 

directions around the elongation direction suggests slip occurred 

equally in both dextral and sinistral senses. In simple shear 

deformation the asymmetry of the preferred orientations of slip 

directions suggests the slip did not occur equally in both senses. 

The strongest preferred orientation would represent syn-thetic 

slip (reflecting the overall or total sense of shear (see Voll, 

i960)). The weaker peak would thus represent antithetic slip 

(opposite sense of slip than the whole aggregate). Etchecopar 

described the behaviour of grains of various orientations during 

progressive deformation of the model and in fact the slip in 

cells of some initial orientations was antithetic. However, in 

simple shear deformation, as deformation proceeded the grains 

rotated so that slip became syn-thetic. This was expressed by 

the development of the stronger peak at the expense of the other 

peak at high strains. 

Lister and Hobbs (I98O) examined the quartz £-axis 

fabrics which developed when three model "quartzites" (see table 

4-3) were subjected to simulated progressive simple shear using 

the Taylor-Bishop-Hi11 model. Quartz £-axis fabrics developed 

which were asymmetric with respect to the finite principal 

strain axes at high shear strains. At low strains the asymmetry 

was not marked. Figure 4-6 illustrates the £-axis fabrics which 

resulted for one of the model quartz grain aggregates. The 
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FIG. ^-6: ^-axis fabrics resulting from a model 'quartzite' 

subjected to progressive simple shear. The £"-axis 

pattern Is asymmetric with the sharpest and most 

distinct girdle of £-axes perpendicular to the slip 

plane and slip direction. 

The rose diagrams show the angular distribution of 

the trend of the £-axes in the XZ plane of the finite 

strain el 1ipsoid. 

(from Lister and Hobbs, I98O) 



fabrics produced resembled type I crossed girdles, with the 

connecting girdle through Y, which were asymmetric with respect 

to the XY plane of the finite strain ellipsoid (=schistosity). 

The fabric was in each case related to the slip plane and the 

slip direction. A girdle of £-axes developed which was orthogonal 

to both the slip plane and the slip direction. Although in 

Figure A-6 the strongest maximum of quartz £-axes lay in the girdl 

orthogonal to the shear plane this was not always the case. 

However, a distinct girdle of £-axes was always produced which 

was orthogonal to the shear plane. 

E) Sense of Shear Determined from Quartz £-Axis Fabric Asymmetry 

Asymmetric quartz £-axis fabrics may be useful for 

determining the sense of shear of an aggregate having undergone 

shear strains. Essentially, the sense of shear can be determined 

when the orientation of the slip or shear plane with respect to 

the schistosity can be established from the quartz £-axis petro- 

fabrics. The relationship shown in Figure 4-2 may be applied 

(considered here on the scale of the whole rock) (i.e.) the slip 

plane lies counterclockwise from the schistosity trace in 

sinistral shear and clockwise when shear is in the dextral sense. 

Asymmetric fabrics which might develop from slip in 

predominantly one sense on a single slip system in quartz are 
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fairly easy to envisage. Figure k~7 illustrates the quartz £-axis 

fabrics which would develop from predominantly sinistral or 

dextral slip on a number of individual slip systems. The diagrams 

are derived from Figure 4-3 which demonstrates the general case 

(coaxial strain history) of slip on one slip system. The asymmetric 

quartz c;-axis fabrics which develop from slip on some slip systems 

appear to be useful for determining the sense of shear. In 

particular Figure 4-7a, basal slip in an <a> direction. Also 

prism slip in the <c> direction (Figure 4~7b) may be useful. In 

these examples the active slip system can be easily inferred from 

the orientation of c^-axis maxima. Note that no asymmetry of £-axis 

fabric develops in the case of prism slip in the <a> direction and 

therefore this slip system has been omitted from Figure 4-7. No 

asymmetry develops because the c^-axis lies in the slip plane normal 

to the slip direction at the intersection of the traces of the 

slip plane and the schistosity. In some cases (Figure 4~7c, d, e) 

inferring the attitude of the slip plane from the asymmetry of the 

fabric with respect to the schistosity would be difficult unless the 

active slip system was actually known. The c^-axis petrofabric 

diagrams for these systems look very similar and the slip plane 

orientation could not be accurately defined if the slip system was 

not known. 

The determination of the sense of shear from asymmetric 

girdle distributions of quartz c-axes which are commonly found in 
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sinistral dextral 

A - Basal <a> Slip 

B “ Prism <c> Slip 

C “ Prism <c+a)Slip 

D ” Rhomb <a> Slip 

E - Rhomb <c+a) Slip 

7^ 

S "■ schistosity si “ slip plane C-other possibilities 

FIG. ^-7: Asymmetric quartz £-axis fabrics which develop from 
slip in predominantly one sense on individual slip 
systems. 
Note: Prism <a> slip is not shown as no asymmetry 

develops. 
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nature has been described by Bouchez (1978) and Bouchez and 

Pecher (I98I). They demonstrated that great circle girdles of 

quartz £-axes in the quartzites they studied lay normal to the 

slip direction and that the slip direction lay close to but 

distinct from the mineral lineation when the girdles of £-axes 

were asymmetric with respect to the schistosity. This was 

established based on studies of the orientation of subgrain 

boundaries and quartz £-axes. 

In earlier studies Bouchez and Pecher (1976) and Bouchez 

(1977) examined the preferred orientation of poles to subgrain 

boundaries. Subgrain boundaries are supposed to be tilt walls 

(of dislocations) resulting from slip. These tilt walls lie normal 

to the slip direction. Thus the poles to the subgrain boundaries 

should indicate the slip direction. The poles to the subgrain 

boundaries lay normal to the girdles of cj-axes. Since many of the 

subgrain boundaries were found to be prismatic in orientation the 

basal plane was thought to be the dominant slip plane. Bouchez 

and Pecher (1976) and Bouchez (1977) constructed rose diagrams of 

"basal plane traces" inferred from the orientation of the subgrain 

boundaries. The predominant maxima of basal plane traces in the 

rose diagram was taken to represent the slip direction and to 

infer the sense of shear. Bouchez (1978) examined quartz £-axis 

preferred orientations determined with the X-ray texture goniometer. 

The a-axes clustered normal to the girdles of quartz £-axes. A 
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single maxima of £-axes formed normal to single girdles of coaxes. 

Crossed girdles of £-axes had two corresponding £-axis maxima. 

The strongest £-axis maxima lay normal to the strongest £-axis 

girdle. The preferred orientations of the £-axes suggested <a> 

was the prominent slip direction. The £-axis maxima were similar 

in orientation to the poles to the subgrain boundaries. 

The sense of shear may be determined by defining the 

orientation of the slip or shear plane with respect to the 

schistosity. According to Pecher (I98I) the shear plane associated 

with single great circle girdles contains the slip direction 

(located normal to the girdle) and is supposed to contain the Y- 

axis of the finite strain ellipsoid (assuming XY corresponds to the 

schistosity and X to the quartz grain lineation where X^Y^) as 

shown in Figure 4-8A. In the case of crossed great circle girdles 

the slip plane is supposed to contain Y and the slip direction 

which lies normal to the predominant girdle of £-axes (Figure 

4-8B). The minor girdle of £-axes is thought to represent shear 

in the opposite sense as described by Etchecopar (1977) (anti- 

thetic slip). Bouchez and Pecher found that the sense of shear 

determined from quartz £-axis fabric asymmetry indicated the 

correct sense of shear (known in the quartzites studies) in most 

cases. 
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Z 

B subordinate <a> axis maximum 

©c-axis girdle developed 
^ from syn-thetic slip 

®c-axls girdle developed 
from antithetic slip 

slip direction 
= <a> axis maximum 

S “ schistosity si” slip plane 

FiG. 4-8: Determination of the orientation of the slip plane from 
great circle girdle and crossed girdle distributions of 
quartz £-axes as described by Bouchez and Richer (I98I). 

A-Single Great Circle Girdle - The slip direction lies normal to 
the girdle. The slip plane contains the slip direction and the 
Y-axis. 

B-Crossed Great Circle Girdle - The slip direction lies normal to 
the strongest girdle. The slip plane contains the slip direction 
and the Y-axis. 
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5 - QUARTZ C-AXIS PETROFABRICS IN THE QUETICO FAULT ZONE 

A) Method 

Oriented specimens were collected in the field from the 

selected localities (see Figure 1-4). Quartz-rich samples were 

chosen where possIble, for quartz £-axis fabric determinations. 

Specimens ranging from essentia 11y unstrained rocks to extremely 

strained rocks were included in the sampling. Oriented thin 

sections, commonly cut normal to the schistosity, were prepared 

from the samples collected. 

The orientation of quartz c_-axes was measured in these 

sections using a four-axis universal stage. The individual £-axis 

orientation of quartz was measured as described by Kerr (1977, p. 

141-142) and Turner and Weiss (1968, p. 230-231). Quartz £-axis 

orientations were measured in the thin sections along traverses 

trending normal to the schistosity of the rock. Each quartz grain 

along the traverses was measured until 100 grains had been 

measured per thin section. The orientations of the quartz £-axes 

were plotted on an equal area stereographic projection (lower 

hemisphere) 

B) Petrofabric Diagrams 

A rotation was applied to the data to bring the 

schistosity into a vertical attitude. The £-axes rotate because 
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the schistosity is rotated into the vertical. In samples in 

which a lineation was observed, the data were rotated to bring 

the lineation to the horizontal. In cases in which a lineation 

was not observed a rotation was applied to the data to bring the 

dip direction of the schistosity into the vertical. By performing 

these rotations a comparison of Individual examples is more 

meaningful. In some samples the north-south axis is no longer 

located on the primitive of the stereonet (i.e. it is not 

horizontal In orientation) however the east-west axis still lies 

at or very close to the primitive of the stereonet. 

Each petrofabric diagram constructed represents the 

orientation of 100 quartz coaxes. The diagrams were contoured 

using a one percent area counter by the free-counter method. The 

diagrams are all contoured at 1, 2, 3*5» 5 and 8 percent per one 

percent area and are ornamented as shown in the legend. Where a 

lineation has been Indicated on a diagram the type of lineation 

is noted with the diagram. 

C) Data 

Figures S'"! to 5"13 represent the quartz c^-axis petro- 

fabrics measured In samples from the selected localities of the 

Quetico fault zone. The figures are arranged geographically by 

locality from west to east and within the figures the petrofabric 

diagrams are arranged in order from north to south. The 
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LEGEND 

QUARTZ C-AXIS PETROFABRIC DIAGRAMS 

Figures5“l to 5"13 

Equal area projection, lower hemisphere 

Each diagram represents 100 measurements 

Contoured at l-2-3*5’‘5"8 percent per one percent area 

Ornamentation 

2 

1 

  S schistosity 

N North 

= L = 1ineation 

si interpreted slip plane 

(see text for discussion) 
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FIG. 5-1A 

B0R-80-M89 

N 

FIG. 5-1B 

B0R-80-M9I 



LOCALITY - DANCE TOWNSHIP TABLE 5-1 

SPECIMEN 

BOR-8O-M89 

(Figure lA) 

B0R-80-M91 

(Figure IB) 

B0R-80-M93 

(Figure IC) 

SAMPLE DESCRIPTION 

medium grained intrusive 
rock appears rather 
undeformed 
schistosity very poorly 
defined (weak preferred 
orientation of mica), 
approximately quartz 

fine grained laminated 
my Ionite 
light and dark coloured 
layers well defined 
contains a few remnant 
feldspar porphyroclasts 
approximately 20% quartz 

finely laminated fine 
grained mylonite 
dark streaks occur in 
the 1ight coloured 
materia 1 
contains numerous 
feldspar porphyroclasts 
(remnants) 
approximately 20% quartz 

DESCRIPTION OF QUARTZ GRAINS 

quartz grains somewhat elongate 
most "grains" are composed of 
several fairly equant grains 
some grains exhibit core-and- 
mantle texture 
larger grains exhibit undulose 
extinotion. 

fine recrystallized grains 
grains are elongate 
grains exhibit undulose 
extinction, deformation lamellae 
subgrains commonly at ends of 
grains (some with high angle 
boundaries) 

as BOR-8O-M9I 
contains some bands of quartz 
composed of elongate grains 

B0R-80-M95 

(Figure ID) 

fine to mediurn grained 
intrusive (similar to 
BOR-8O-M89) 
undeformed appearance 
weakly developed 
schistosity 
approximately 40^ quartz 

elongate grains having well 
developed undulose extinction 
subgrains commonly developed 
(some with high angle grain 
boundaries) 
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FIG. 5-1C 

B0R-80-M93 

FIG. 5-ID 

B0R-80-M95 
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FIG. S-2A 

B0R-80-MI40 

B0R-8O-MI37 
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LOCALITY - MACDONALD INLET, RAINY LAKE TABLE 5“2 

SPECIMEN 

B0R-80-M1A0 

(Figure 2A) 

SAMPLE DESCRIPTION 

fine grained layered 
mylonite (pink and dark 
layers) 
abundant porphyroc1asts 
of feldspar-ovoid shape 
( A mm 1 ength) 
approximately 30-A0^ quartz 

DESCRIPTION OF QUARTZ GRAINS 

very elongate quartz grains 
grains are composed of elongate 
sub-grains often rectangular 
in shape 

subgrains exhibit undulose 
extinetion 

BOR-8O-MI37 

(Figure 2B) 

fine grained light/dark 
layered mylonitic rock 
small ( - 1 mm diameter) 
feldspar porphyroclasts 
approximately k0% quartz 

- as BOR-8O-MIAO 

BOR-8O-MI3A 

(Figure 2C) 

layered mylonite similar 
to above samples 
dark and light layers 
contains ovoid feldspar 
porphyroclasts 
approximately 30^ quartz 

very elongate grains as above 



V-9 
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FIG. 5-2C 

B0R-80-MIM 
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FIG. 5-3A 

BOR-80-M101 

FIG. 5-3B 

B0R-80-M99 
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LOCALITY - CROWROCK INLET, RAINY LAKE TABLE 5-3 

SPECIMEN SAMPLE DESCRIPTION DESCRIPTION OF QUARTZ GRAINS 

B0R-80-M101 

(Figure 3A) 

fine to medium grained 
my]onitic rock - weI I 
developed schistosity 
mostly dark green with 
]ight coloured layers 
small porphyroclasts 
of feldspar 
approximately k0% quartz 

elongate quartz grains exhibiting 
undulose extinction 
development of subgrains (with 
high angle grain boundaries) in 
larger grains 

BOR-80-M99 

(Figure 3B) 

portion of a light coloured 
layer in dark/light layered 
rock 
pink layer is very fine 
grained 
layer composed entirely of 
quartz 

very fine grained quartz 
mosaic of slightly elongate quartz 
grains 
grains exhibit undulose extinction 
subgrains are common-many have 
high angle grain boundaries 

BOR-8O-M78 

(Figure 3C) 

pink rock composed of 
feldspar with ribbons of 
quartz 
elongate quartz grains 
define the schistosity 
approximately 60^ quartz 

primarily very elongate grains 
exhibiting undulose extinction- 
subgrains common 
some ribbons of quartz 
some fairly equant grains 
large grains with strong undulose 
extinction have deformation bands 



FIG. 5-3C 

B0R-80-M78 
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FIG. 5-4B 

B0R-80-M75 
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LOCALITY - TURTLE RIVER ROAD TABLE 5"A 

SPECIMEN SAMPLE DESCRIPTION DESCRIPTION OF QUARTZ GRAINS 

B0R-80-M73 

(Figure l+A) 

pink mylonite with very 
fine dark layers in light 
coloured rock 
contains very elongate 
quartz grains in feldspar 
rich matrix 
ovoid feldspar porphyro- 
clasts 

quartz grains rod-like 
composed of elongate grains 
(somewhat rectangular in shape) 
subgrains are common 
larger grains exhibit strong 
undulose extinction and 
deformation bands 

B0R-80-M75 

(Figure 4B) 

quartz vein in quartz- 
feldspar-biotite gneiss 
weakly deformed 

vein material composed of fairly 
large quartz grains which exhibit 
strong undulose extinction and 
deformation bands 
grains are elongate, have 
serrated grain boundaries 
a few subgrains observed 
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FIG. 5-5A 

B0R-80-M.126 

FIG. 5-5B 

B0R-80-MII5 
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LOCALITY - LITTLE TURTLE LAKE TABLE 5-5 

SPECIMEN SAMPLE DESCRIPTION DESCRIPTION OF QUARTZ GRAINS 

BOR-8O-MI26 

(Figure 5A) 

- quartz vein materia large elongate grains have 
undulose extinction, core and 
mantle texture 
most grains are smaller, more 
equant 
exhibit undulose extinction, 
serrated grain boundaries, have 
subgrains 

BOR-8O-MII5 

(Figure 5B) 

fine grained pink mylonitic/ 
cataclastic rock 
Irregular dark streaky 
layering defines schlst- 
osity 
some feldspar porphyro- 
clasts 
approximately 30^ quartz 

mostly elongate grains with 
undulose extinction 
some very elongate grains 
contain deformation bands 
subgrains with high angle 
boundaries common-more equant 

BOR-8O-MI2O 

(Figure 5C) 

fine to medium grained 
layered gneissic rock 
light coloured layers fine 
grained, porphyroclastic 
approximately 50^ quartz 

elongate quartz grains exhibit 
undulose extinction and some 
deformation bands 
most grains are composed of a 
mosaic of several grains with 
roughly rectangular shape 
some subgrains observed. 
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FIG. 5-5C 

B0R-8O-MI2O 



FKa. 5-6A 

B0R-80-M53 

FK3. 5-6B 

s 

B0R-80-M54 
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LOCALITY - LAC DES MILLE LACS TABLE 5-6 

SPECIMEN SAMPLE DESCRIPTION DESCRIPTION OF QUARTZ GRAINS 

B0R-80-M53 

(Figure 6A) 

B0R-80-M5^ 

(Figure 6B) 

- feldspar rich gneissic rock 
- fine grained dark layers 
- porphyroclastic texture 

weakly developed-approx- 
imately 50% quartz 

- dark coloured mylonitic 
rock with thin light 
coloured layers 

“ well defined schistosity 
- common feldspar porphyro- 

clasts 
- approximately k0% quartz 

- mostly elongate grains with 
undulose extinction, some 
deformation bands, core-and- 
mantle texture 

- some ribbons and some more 
equant grains 

- some subgrains, many with high 
angle grain boundaries 

- very elongate quartz grains 
with subgrains developing 

- exhibit undulose extinction 
- some ribbons 
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RG. 5-7B 

BOR-80-M 37 
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LOCALITY - KASHABOWIE LAKE TABLE 5-7 

SPECIMEN SAMPLE DESCRIPTION DESCRIPTION OF QUARTZ GRAINS 

B0R-80-M27 

(Figure 7A) 

medium grained pink 
Intrusive rock 
black amphibole grains 
define the schistosity 
matrix of fine grained 
quartz and feldspar 
approximately 30^ quartz 

highly elongate grains and 
ribbons 
exhibit undulose extinction, 
have some deformation bands 
some subgrain development 

B0R-80-M37 

(Figure 7B) 

similar to B0R-80-M27A 
quartz more abundant 
(ko%) 
schistosity less well 
defined 

less deformed than B0R-80-M27A 
also comprises elongate grains 
and ribbons with strong undulose 
extinction and deformation bands 
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N 

HG. 5-6B 

BOR-80-19 
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LOCALITY - ATHELSTANE LAKE TABLE 5-8 

SPECIMEN SAMPLE DESCRIPTION DESCRIPTION OF QUARTZ GRAINS 

BOR-80-26 

(Figure 8A) 

fine to medium grained pink 
granitic rock rich In 
feldspar 
weakly developed porphyro- 
clastic texture 
schistosity defined by 
blot 1te flakes and 
feldspar p.d.o. 
approximately 30^ quartz 

grains composed of a mosaic 
of smaller elongate grains 
strong undulatory extinction 
in most grains 
serrated grain boundaries, some 
subgrains developed 

BOR-80-19 

(Figure 8B) 

medium grained grey granitic 
rock - undeformed appear- 
ance ' 
poorly defined schistosity 
approximately h0% quartz 

mostly very elongate grains 
with strong undulose extinction 
and deformation bands 
serrated grain boundaries 
large, elongate, subgrains (with 
high angle grain boundaries) 
observed 
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LOCALITY - RAITH TABLE 5-9 

SPECIMEN SAMPLE DESCRIPTION DESCRIPTION OF QUARTZ GRAINS 

B0R-80-M11 

(Figure 9A) 

medium grained granitic 
rock with feldspar 
porphyroclasts (proto- 
myIonite) 
finer grained quartz and 
biotite between large 
feldspars 
approximately h0% quartz 

quartz 'grains' composed of 
mosaic of elongate grains 
grains exhibit weak undulose 
extinet ions 
some small subgrains occur at 
the edges of grains 
some ribbons 
some very fine grained re- 
crystallized portions 

B0R-80-M5 

(Figure 9B) 

medium grained porphyro- 
clastic protomy1 onite 
(granitic) 
wel1 defined p.d.o. 
schistosity 
approximately 50^ quartz 

most grains comprise a mosaic 
of weakly elongate subgrains 
some elongate grains exhibit 
undulose extinction 
a few ribbon grains 
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RG. 5-10A 

B0R-80-M68 

FIG. 5-10B 

B0R-80-I9D 
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LOCALITY - BUDA BAY, DOG LAKE TABLE 5-10 

SPECIMEN SAMPLE DESCRIPTION DESCRIPTION OF QUARTZ GRAINS 

B0R-80-M68 

(Figure lOA) 

quartzo feldspathic 
protomyIonite (granitic) 
ovoid feldspar porphyro- 
clasts of varying size 
wel1 defined p.d.o. 
schistosity 
approximately quartz 

elongate quartz 'grains' are 
composed of a mosaic of elongate 
grains with some ribbon grains 
grains exhibit strong undulose 
extinction and deformation bands 
some small subgrains around larger 
grains 

B0R-80-19D 

(Figure lOB) 

fine grained quartz- 
feldspar-blotite schist 
a few coarser layers 
approximately ^0% quartz 

quartz grains almost undeformed 
equant grains with weak undulose 
extinotion 



FIG. 5-11A 

S 
B0R-80-M23 

■ slickensides 

FIG. 5-1 IB 

S 

B0R-80-M56b 

■L* quartz p.d.o. 
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LOCALITY - CENTRAL DOG LAKE (WEST SHORE, CENTRAL ISLANDS) TABLE 5-n 

SPECIMEN SAMPLE DESCRIPTION DESCRIPTION OF QUARTZ GRAINS 

B0R-80-M23 
West Shore 

(Figure 11 A) 

porphyroclastic mylonitic 

rock 

ovoid feldspar porphyro- 

clasts in a chI or i t ic matr 1 c 

wel1 defined p.d.o. 

schistosity 

approximately 50% quartz 

generally mosaics of elongate 

grains and ribbons occur 

serrated grain boundaries 

many small grains are formed at 

grain boundaries and inside grains 

BOR-89-M56b 

Big Island 

(Figure 11B) 

fine to medium grained 

granitic rock-weakly 

deformed 

biotite flakes define 

sch istosity 

approximately 30% quartz 

grains exhibit strong unduiose 

extinction, serrated grain 

boundaries 

some grains composed of a mosaic 

of elongate subgrains 

B0R-80-M60 
Big Is land 

(Figure 11C) 

quartz vein 

regional schistosity 

fine grained mosaic of elongate 

grains with unduiose extinction 

many subgrains at grain boundaries 

B0R-80-M13 
Seagu11 I sland 

(Figure 11D) 

quartz vein containing a 

few small feldspar grains 

- as above 

B0R-80-M4 
Seagul1 I si and 
(Figure 11E) 

quartz vein (ribbon-1ike) 

in biotite schist 

as above but some grains are 

composed of all subgrains 

B0R-80-M2 
Seagul1 I s1 and 

(Figure 11F) 

- quartz vein (ribbon-like) as above with serrated grain 

bounda rIes 

some deformation bands in more 

deformed grains 

some ribbon grains 

B0R-80-M19 
Dad's Island 

(Figure 1 IG) 

medium to coarse grained 

gneissic rock (proto- 

my1 onite) 

fairly undeformed appearance 

approximately 30% quartz 

mosaics of elongate quartz grains 

some grains very elongate-ribbons 

all exhibit unduiose extinction 

serrated grain boundaries 

B0R-80-M17 
Dad's Island 

(Figure IIH) 

similar to BOR-8O-MI9 
but finer grained 

appears to be slightly more 

deformed 

approximately h0% quartz 

mosaic of very elongate grains/ 

subgrains 

grains exhibit unduiose extinction 

some exhibit deformation bands 

some ribbon grains 
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FIG. 5-11C 

B0R-80-M60 

FK3.5-11D 

B0R-80-MI3 

^ = L> slickensides 



FIG. 5-1 IE 

B0R-80-M4 

FIG. 5-1 IF 

B0R-80-M2 
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FIG. 5-11G 

B0R-80-MI9 

S 

FIG. 5-11H 

B0R-80-MI7 

A = L = slickensides (dextral) 
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FIG. 5-12A 

B0R-80-MI48 



LOCALITY - STIRRETT BAY, DOG LAKE TABLE 5-12 

SPECIMEN 

B0R-80-M1A8 

(Figure 12A) 

B0R-80-MI55 

(Figure 12B) 

BOR-8O-MI6O 

(Figure 12C) 

SAMPLE DESCRIPTION DESCRIPTION OF QUARTZ GRAINS 

- quartz vein mosaic of very elongate grains 
exhibiting strong undulose 
extinction and deformation bands 
abundant subgrains have developed 
around edges 

porphyroclastic myloniti 
rock 
ovoid shaped feldspar 
porphyroclasts 
quartz ribbon grains 
approximately kOZ quartz 

very elongate quartz grains with 
strong undulose extinction 
some subgrains have developed 
around grain edges 

fine grained granitic rock 
undeformed appearance 
approximately ^0% quartz 

weak undulose extinction in quartz 
graIns 
equant grains with a few subgrains 



V-35 

N 

FIG. 5-12C 

B0R-80-MI60 



V-36 

FIG. 5-13B 

BOR-80-15 

A> L«slicKensides (dextral) 
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LOCALITY - HIGHWAY 527 TABLE 5-13 

SPECIMEN SAMPLE DESCRIPTION DESCRIPTION OF QUARTZ GRAINS 

BOR-80-10 

(Figure 13A) 

fairly undeformed feldspar- 
quartz-biotite gneissic 
rock 
approximately 30^ quartz 

grains have undulose extinction 
some subgrains have developed 

BOR-80-15 

(Figure 13B) 

porphyroclastic proto- 
myIon Ite 
feldspar-quartz-biotite- 
gneissic rock 
approximately 30^ quartz 

grains comprise a mosaic of 
elongate grainswith undulose 
ext I notion 
many subgrains 
serrated grain boundaries 

B0R-80-M169 

(Figure 13C) 

- quartz vein mosaic of elongate grains (some 
very large) 
grains have undulose extinction 
grains comprise fairly equant 
subgraI ns 



FIG. 5-13C 
sl 

B0R-80-MI69 

▲ sL«8lickensides 
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accompanying tables (Tables 5"1 to 5^13) provide some petrographic 

information about the samples and some microstructura1 character- 

istics of the quartz grains measured in the samples. 

D) Observations 

The definition and strength of the preferred orientation 

patterns of the quartz £^-axis petrofabrics appears to correspond 

to the intensity of strain of the samples. The intensity of 

strain was inferred from the elongation of the quartz grains and 

the deformation structures within the quartz. It is suggested 

that grains become more and more elongate with increasing strain 

and that they also exhibit an increase in textural evidence of 

internal deformation, dynamic recovery, and recrysta11Ization. 

The samples comprising equant grains yield quartz £-axis petro- 

fabrics typified by diffuse maxima lacking a definite or clearly 

recognizable pattern of preferred orientation. For examples of 

this see BOR-80-10 (Fig. 5-13A), B0R-80-19D (Fig. 5“10B) and 

BOR-8O-MI6O (Fig. 5”12C). Samples in which the quartz grains 

are somewhat elongate show weak fabric development. Patterns are 

recognizable but indistinct as in BOR-8O-M89 (Fig. 5"1A), BOR-8O- 

M95 (Fig. 5“ID), B0R-80~M101 (Fig. 5-3A), BOR-8O-I9 (Fig. 5-8B) 

and BOR-8O-M68 (Fig. S^lOA). The samples comprising very elongate 

grains, including those which exhibit abundant dynamic recovery 

and dynamic recrystallization, have well developed, distinct 
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preferred orientation patterns. Some examples are BOR-SO’-MSl 

(Fig. 5-lB), B0R-80-M93 (Fig. 5“1C), B0R-80-M137 (Fig. 5-2B), 

B0R-80-M54 (Fig. 5“6B), B0R-80-M2? (Fig. 5-7A), B0R-80-M37 (Fig. 

5-7B), B0R-80-M11 (Fig. 5-9A), B0R-80-M23 (Fig. 5-llA), BOR-8O- 

MI9 (Fig. 5“11G) and B0R-80-M17 (Fig. 5-llH). A few samples in 

which the elongation of quartz grains is pronounced yield rather 

indistinct fabric patterns. They are: B0R“80-MlA0 (Fig. 5“2A), 

B0R-80~M134 (Fig. 5-2C), BOR-8O-M78 (Fig. 5“3C), B0R-80-M53 (Fig. 

5“6A) and B0R-80“M56b (Fig. 5“11B). It should also be noted 

that in samples where quartz is very abundant a strong, although 

somewhat variable, preferred orientation of £-axes exists. The 

deformation structures of the quartz suggest that the samples 

were exposed to different intensities of deformation. These 

samples are: BOR-8O-MI3 (Fig. 5-llD), BOR-8O-M6O (Fig. 5"11C), 

BOR-8O-MA (Fig. 5-llE), B0R-80-M2 (Fig. 5-HF), BOR-8O-MIA8 

(Fig. 5-12A) and BOR-8O-MI69 (Fig. 5-13C). 

In the present study a variety of patterns of preferred 

orientation have been established. Despite the diversity of 

patterns certain characteristics appear to be shared. The most 

prevalent patterns of quartz c;-axis preferred orientation are 

expressed by partial or complete great circle girdles oriented 

normal to or at high angles to the grain-shape schistosity, and 

by maxima located close to the schistosity trace. These maxima 

are normal to the lineation (L) where this element is present. 

In cases where L was not present the maxima commonly lie close to 



y-k] 

a line 90° from the pole to the schistosity and parallel to the dip 

direction of the schistosity. Two types of maxima are associated 

with great circle girdles: a) single maxima located at or very 

near to the trace of S and b) double maxima, two maxima lying in 

the great circle girdle at small angles to and on either side of 

the S trace. Examples of these patterns are listed below: 

Single Maximum Double Maxima 

BOR-80- 
BOR-80- 
BOR-80- 
BOR-80- 
BOR-80- 
BOR-80- 
BOR-80- 
BOR-80- 
BOR-80- 
BOR-80- 
BOR-80- 

•M95 
•M78 

■M115 
■M27 
■M37 
■Ml 1 

M13 
M2 
Mil 
M148 

15 

(F 
(F 

(F 
(F 
(F 
(F 
(F 
(F 
(F 
(F 
(F 

5-ID) 

5-3C) 
5-5B) 
5-7A) 
5"7B) 
5~9A) 
5-llD) 
5-llF) 
5-llE) 
5-12A) 
5-13B) 

BOR-80- 
BOR-80- 
BOR-80- 
BOR-80- 
BOR-80- 
BOR-80- 
BOR-80- 
BOR-80- 
BOR-80- 
BOR-80- 
BOR-80- 
BOR-80- 

M89 
•M91 

•M93 
M137 
•M126 
M54 
26 

M23 
M60 

M19 
M17 
Ml 55 

(Fig 
(F 
(F 
(F 
(F 
(Fig 
(F 
(F 
(F 
(F 
(F 
(Fig 

5-lA) 
5-lB) 
5-lC) 
5-2B) 
5-5A) 
5-6B) 
5-8A) 
5-llA) 
5-11C) 
5-llG) 
5-11H) 
5-12B) 

In other great circle distributions of the data maxima occur which 

do not follow either of the patterns described above, Examples are 

B0R-80-M75 (Fig. 5'AB), B0R-89-M120 (Fig. 5-5C), B0R-80-M68 (Fig. 

5-lOA) and BOR-8O-MI69 (Fig. 5-13C). 

In two samples point maxima or clusters occur. Examples 

are BOR-89-MI3 (Fig. 5-HD) and B0R-80-M2 (Fig. 5“11F). 
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Several examples appear to represent crossed great 

circle girdles. The girdles intersect in S with a maximum near 

the S trace and normal to the lineation when this is present. 

B0R-80-M73 (Fig. 5"^A) is the most characteristic example of type 

II crossed girdles. Other samples which may comprise type II 

crossed girdles but which are not as well defined are: BOR-8O-MIOI 

(Fig. 5“3A), B0R-80-M53 (Fig. 5"6A), BOR-SO-ig (Fig. 5”8B) and 

B0R-80“M56b (Fig. 5"IIB). Three samples may represent small 

circle distributions (type I crossed girdles ). BOR-8O-MI6O 

(Fig. 5"12C) is the best example. The others are B0R-80-19D 

(Fig. 5“10B) and BOR-8O-IO (Fig. 5~13A). Note that the last 

two groups (the crossed girdles) are generally observed where the 

fabrics are not well defined and in rocks which are inferred to 

be weakly strained. 

Four samples, B0R-80-Ml40 (Fig. 5~2A), BOR-8O-MI3A (Fig. 

5-2C), B0R-80-M99 (Fig. 5"3B) and B0R-80-M5 (Fig. 5-9B) do not fit 

any of the above patterns of preferred orientation. The dis- 

tribution of data in these samples are dispersed however in each 

case maxima near the S trace appear along girdles vaguely parallelling 

S. 

The patterns of quartz £-axis preferred orientation may 

be compared to the shape of the strain ellipsoid as determined in 

Chapter 3. Table 5~lA lists the samples which were used in the 

strain analysis and from which quartz c-axis fabrics were derived. 
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Table 5”14: Comparison between the shape of the strain ellipsoid 
and quartz £-axis petrofabric patterns developed in 
rocks from the Quetico fault zone. 

Sample 
^ b-r 

Stra in Ellipsoid 
Shape 

Quartz £-axIs 
petrofabric pattern 

BOR-8O-M89 

B0R-80-M95 

B0R-80-M140 

BOR-8O-MI37 

B0R-80-M73 

BOR-8O-MI20 

B0R-80-M54 

B0R-80-M27 

BOR-80-26 

BOR-80-19 

BOR-8O-MII 

BOR-8O-M68 

BOR-8O-MI9 

BOR-8O-MI55 

BOR-80-15 

0.13 

0.042* 

0.007- 

0.034* 

2.964* 

0.053* 

0.040* 

0.103*/0.17 

0.125*72.00 

0.33 

0.130* 

0.024* 

0.313* 

0.07*70.0 

0.052*70.08 

f1atten1ng 

flattening 

f1attening 

flatten 1ng 

constrictive 

flatten!ng 

f1attening 

f1attening 

flattening7 
constrictive 

f1attening 

f1attening 

f1attening 

flattening 

f1attenIng 

flattening 

great circle girdle 

great circle girdle 

great circle girdle 

great circle girdle 

crossed great circle 
girdles 

great circle g 

great circle g 

great circle g 

great circle g 

possible crossed 
great circle girdles 

great circle girdle 

great circle g 

great circle g 

great circle g 

great circle g 

rdle 

rd 1 e 

rd 1 e 

rd 1 e 

rd 1 e 

rdle 

rd 1 e 

rd 1 e 

*strain analysis based on quartz grain shape (Harmonic mean) 

other-strain analysis by All object-object separations method. 



The table lists the k-values derived from the strain analysis. 

This value describes the shape of the strain ellipsoid. k=l for 

plane strain, k<l for flattened strain el 1ipsoids (k=0 for pure 

flattening) and k>l for constrictive strain ellipsoids (k=°o for 

pure constriction). The £-axis fabric type for each sample is 

listed. The strain ellipsoid for most of the samples is flattened 

(k<l) and the quartz c^axls petrofabrics are great circle girdles 

normal to or at a high angle to the schistosity (perhaps the XY 

plane of the finite strain ellipsoid by transposition if not 

origin) and at a high angle to L (possibly equal to X) where 

measured. Exceptions to this can be found in sample B0R"80-'M1^0 

in which the girdle of c_-axes is roughly parallel to the schistosity 

and in sample BOR-8O-19 which shows a poorly defined crossed great 

circle girdle pattern. The strain ellipsoid for two samples is 

constrictive (k>l). The first, B0R-80-M73 clearly exhibits 

constrictive strain and is characterized by type II crossed girdles 

of quartz coaxes (crossed great circle girdles Intersecting in 

the schistosity). The second sample, BOR-80-26, exhibits a single 

great circle girdle pattern of c;-axes and Is characterized by 

constrictive strain or by flattening strain depending on the 

method employed to measure the strain. 



E) Axial Distribution Analysis 

Axial distribution analysis or A.V.A. (AchsensverteiIungs- 

analysen) was developed by Ramsauer (19^0 snd Sander (1950) (in 

Turner and Weiss (1968) p. 247”253). In their study they attempted 

to delineate the distribution of grains with different orientations 

in a rock. 

Current interpretation of quartz £-axIs fabrics in terms 

of: a) slip systems active 
b) deformation history experienced 
c) sense of shear 

relies on the assumption that the quartz was deformed by intra- 

crystalline slip. If quartz £-axIs fabrics developed as a result 

of progressive intracrystalline slip It would seem likely that the 

most strained grains (those which have undergone the most slip) 

would be the most strongly oriented in the preferred orientation 

pattern. In an attempt to determine whether there is a relation- 

ship between grain shape or elongation, and grain orientation in 

the rocks of this study, diagrams similar to those given by Turner 

and Weiss (1968, p, 2A7~253) were constructed. 

Method: Samples were chosen which exhibited different micro- 

structures and varying amounts of dynamic recovery and dynamic 

recrystal 1izatIon. The analysis was carried out as follows; 

l) The quartz £-axis petrofabric diagrams of the samples chosen 
for this analysis were divided into domains of different 
orientation, each domain representing a restricted range of 



grain orientation. The domains for each sample were based on 
the samples' preferred orientation pattern. The maxima of the 
contoured petrofabric diagrams were taken to represent the 
grains having the greatest preferred orientation and thus 
domains of lesser preferred orientation were defined around the 
predominant maximum. Each domain was assigned a different orna- 
mentation. 

2) A tracing of an area of a thin section of the sample was 
prepared including every quartz grain and subgrain and grain 
of other species than quartz. 

3) The orientation of each quartz grain in the sketch was measured 
and plotted on a stereonet. The grain was then stippled 
according to the orientation domain in which it fell. 

Results: The resulting axial distribution diagrams and their 

corresponding orientation domain diagrams are shown in Figure 5~1^ 

through 5“19. A brief description of each sample accompanies the 

A.V.A. diagram. 

Results of the Axial Distribution Analysis: The A.V.A. diagrams 

seem to Indicate that intracrystalline slip was responsible for 

the strain of those quartz crystals for which £”axis measurements 

were made. Within each sample the most elongate grains appear to 

correspond to the domain of strongest preferred orientation and the 

least elongate grains to the domain of least preferred orientation. 

This is true regardless of selection of quartz grains for measure’- 

ments and regardless of strain, dynamic recovery or dynamic re- 

crystal 11 zat ion which may have affected the quartz. 
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FIG. 5-14 Axial Distribution Diagram 

- Ornamentation of quartz grains corresponds to orientation domain 
diagram. 

“ Unornamented grains represent mineral grains other than quartz. 

- Black grains represent mica or micaceous bands. 
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Figure 5“U - B0R-80-M27 

The quartz in this sample appears to be very strained. 

It consists of very elongate grains and some ribbon grains. The 

quartz exhibits strong undulose extinction and contains deformation 

bands. There is little textural evidence of dynamic recovery and 

dynamic recrystallization In the sample. In the axial dis- 

tribution diagram the most elongate grains are those with the 

strongest preferred orientation i.e.) those from domains 1 and 2 

of the orientation domain diagram. The grains from domain 2, at 

least in this part of the thin section, are all very narrow 

elongate grains. Grains from domain 1 are larger, very elongate 

grains. The grains from domains 3 and k are also very elongate 

but somewhat less than those from domains 1 and 2. The grains 

from domain 5 are the least elongate. 

N 

Orientation Domain Diagram 

Derived from Fig. 5-7A 
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FIG. 5-15 Axial Distribution Diagram 

- Ornamentation of quartz grains corresponds to orientation domain 

diagram. 

^ Unornamented grains represent mineral grains other than quartz. 

- Black grains represent mica or micaceous bands. 
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Figure 5”15 - B0R-80-M5^ 

The very elongate grains of quartz in this sample 

comprise numerous elongate subgrains. (Subgrain boundaries on 

the diagram are indicated by broken lines.) The subgrains 

suggest that recovery processes have been operative in the sample. 

In this sample the relationship between grain shape and 

orientation is not as clear as in the first example. The sub- 

grains comprising the large quartz "grains" have different 

orientations and thus the original grains are divided into the 

smaller subgrains. However even amongst the subgrains it is 

clear that the most elongate grains are from domains 1 and 2. 

The least elongate grains are those from domain 5* 

Orientation Domain Diagram 

Derived from Fig. 5-6B 
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FIG. 5-16 Axial Distribution Diagram 

- Ornamentation of quartz grains corresponds to orientation domain 
dIagram. 

- Unornamented grains represent mineral grains other than quartz. 

- Black grains represent mica or micaceous bands. 



Figure 5“l6 - BOR-8O-MII 

The original quartz grains of this sample cannot be 

clearly identified. The quartz comprises elongate mosaics of 

very elongate subgrains. Some small recrystallized grains occur 

at subgrain boundaries. This area of the thin section was de- 

liberately chosen as the subgrains on the left are less elongate 

than those on the right. In many parts of the thin section the 

quartz appears much more strained than in the diagram and 

comprises extremely elongate subgrains. The more elongate grains 

on the right side of the A.V.A. diagram are mostly from domains 

1 and 2. The less elongate grains on the left are more variable 

in orientation. The elongate grains are from domains 1 and 2. 

The more equant grains are from domain 4. 

Orientation Domain Diagram 

Derived from Fig. 5-9A 



FIG. 5-17 Axial Distribution Diagram 

- Ornamentation of quartz grains corresponds to orientation domain 
diagram. 

- Unornamented grains represent mineral grains other than quartz. 

- Black grains represent mica or micaceous bands. 
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Figure 5"17 - B0R-80-M73 

Dynamic recovery and dynamic recrystallization are 

quite evident in this sample. The polycrystalline quartz rods, 

three of which cross the sketch, are composed of elongate grains 

and subgrains. The larger grains exhibit undulose extinction and 

some contain deformation bands. The smaller more equant grains 

are fairly strain free. The relationship between grain shape and 

orientation is not as distinct here as In earlier examples. There 

appears to be a tendency for the most elongate grains to be from 

domains 3 and 5. Although few grains from domain 1 were measured, 

they all appear to be quite equant. The grains from domain A are 

those of the weaker girdle of the crossed girdle preferred 

orientation pattern. These grains all appear to lie at a similar 

angle to the length of the quartz rods within the diagram. 

Orientation Domain Diagram 

Derived, from Fig. 5-4A 
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FIG. 5-18 Axial Distribution Diagram 

Ornamentation of quartz grains corresponds to orientation domain 
diagram. 

Unornamented grains represent mineral grains other than quartz. 

Black grains represent mica or micaceous bands. 
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Figure 5”i8 - B0R-80-M137 

The quartz in this sample comprises very elongate 

aggregates of dynamically recrystallized grains. Several of 

these aggregates are depicted in the A.V.A, diagram. The re- 

crystallized grains themselves are not very elongate and have 

a rectangular appearance. The grains from domains 1 and 2 may 

be more elongate than those from domain 3. The grains of domain 

^ are quite equant. 

Orientation Domain Diagram 

Derived from Fig. 5-2B 
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FIG. 5-19 Axial Distribution Diagram 

- Ornamentation of quartz grains corresponds to orientation domain 
diagram. 

- Unornamented grains represent mineral grains other than quartz. 

- Black grains represent mica or micaceous bands. 
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Figure 5"19 - BOR-8O-M9I 

This sample is a fine grained mylonite which has under- 

gone extensive recrystallization. The grains are somewhat 

elongate. The quartz exhibits weak undulose extinction. it is 

possible to recognize, even in these recrystallized grains, that 

those from domain 5 are quite equant and that the mor6 elongate 

grains are from domains 1 and 2. Some quite elongate grains are 

from domains 3 and 4. 

Orientation Domain Diagram 
5 

Derived from Fig. 5-1B 
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F) Interpretation of Quartz £-axis Petrofabric Diagrams 

Some preliminary interpretation of the petrofabric 

diagrams can be made since it appears that intracrystalline slip 

is responsible for the strain of quartz grains and the preferred 

orientation of quartz in the samples from the Quetico fault zone. 

Table 5“I5 presents the interpretation of the diagrams. The slip 

systems which may have been responsible for the preferred 

orientation patterns observed are listed. These are determined 

from the distribution of maxima on the fabric diagrams using the 

principles discussed in the preceeding chapter. The strain 

history is given as coaxial or non-coaxial based on whether the 

quartz fabric pattern is symmetrical with respect to the 

schistosity or asymmetrical. In the case of asymmetric fabrics 

the sense of shear may be determined as described in the previous 

chapter. The slip plane orientation may be determined in most 

cases since the slip plane contains the slip direction (the 

normal to the girdle of £-axes) and the Y axis of the strain 

ellipsoid which is presumed to correspond to the intersection of 

the great circle girdle with the schistosity. In cases where in- 

terpretation of the diagrams was not possible the columns have 

been left blank. 
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Table 5"15: Interpretation of Quartz c-axls Petrofabric Diagrams 
from the Quetico Fault Zone 

Sample 
(Figure number) 

Slip Systems 
Active (possible) 

Coaxial (C) or 
Non-Coaxial (N-C) 
Strain History 

Sense of Shear 
(in plan view) 

BOR-8O-M89* 
(Fig. 5-lA) 

B0R-80-M91 
(Fig. 5-lB) 

B0R-80-M93 
(Fig. 5-lC) 

B0R-80-M95 
(Fig. 5-lD) 

BOR-8O-MIAO 
(Fig. 5-2A) 

BOR-8O-MI37 
(Fig. 5-2B) 

B0R-80-M13^ 
(Fig. 5-2C) 

BOR-8O-MIOI 
(Fig. 5-3A) 

B0R-80-M99 
(Fig. 5-3B) 

B0R-80-M78 
(Fig. 5-3C) 

B0R-80-M73 
(Fig. 5“4A) 

B0R-80-M75 
(Fig. 5-^B) 

BOR-8O-MI26 
(Fig. 5-5A) 

Prism <c> 

Rhomb <a> 
Prism <a> 

Rhomb <a> 
Prism <a> 

Prism <a> 
Basal <a> 

(Prism <a>) 
(Prism <c>) 

Rhomb <a> 
Prism <a> 

(Basal <a>) 

Prism <a> 
(Rhomb <a>) 
(Basal <a>) 

Prism <a> 
(Rhomb <a<) 

Prism <a> 
(Rhomb <a>) 
(Basal <a>) 

Prism <a> 
(Basal <a>) 
(Rhomb <a>) 

Prism <a> 
Rhomb <a> 

(Basal <a>) 

Rhomb <a> 
Prism <a> 

N-C 

N-C 

N-C 

N-C 

N-C 

N-C 

N-C 

N-C 

dextral 

dextra1 

s I n i s t ra 1 

dextra1 

dextra1 

dextral 

dextra1 

dextra1 
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Table 5~^5' Continued 

Sample 
(Figure number) 

Slip Systems 
Active (possible) 

Coaxial (C) or 
Non-Coaxial (N-C) 
Strain History 

Sense of Shear 
(In plan view) 

BOR-8O-MII5 
(Fig. 5-5B) 

BOR-8O-MI2O 
(Fig. 5-5C) 

BOR-80-M53 
(Fig. 5-6A) 

B0R-80-M5i) 
(Fig. 5-6B) 

B0R-80-M27 
(Fig. 5-7A) 

B0R-80-M37 
(Fig. 5-7B) 

BOR-80-26 
(Fig. 5-8A) 

BOR-8O-I9 
(Fig. S-8B) 

BOR-8O-MII 
(Fig. 5-9A) 

B0R-80-M5 
(Fig. 5-9B) 

BOR-8O-M68 
(Fig. 5-IOA) 

B0R-80-I9D 
(Fig. 5-IOB) 

B0R-80-M23 
(Fig. 5-1lA) 

Prism <a> 
Rhomb <a> 

Rhomb <a> 
Prism <a> 

(Basal <a>) 

Prism <a> 
Basal <a> 

(Rhomb <a>) 

Rhomb <a> 
Prism <a> 

(Basal <a>) 

Prism <a> 
Rhomb <a> 

Rhomb <a> 
Prism <a> 

Rhomb <a> 
Prism <a> 

(Basal <a>) 

Rhomb <a> 
Prism <a> 
Basal <a> 

Prism <a> 
Rhomb <a> 

Prism <a> 
(Prism <c>) 
(Rhomb <a>) 

Basal <a> 
Rhomb <a> 

Basal <a> 
Rhomb <a> 

Rhomb <a> 
Prism <a> 

(Basal <a>) 

N-C 

N-C 

N-C 

N-C 

N-C 

N-C 

N-C 

N-C 

s inistra1 

dextra1 

dextra1 

sinistral 

dextra1 

sin i stra1 

siniStra1 

dextra1 



V-62 

TABLE 5"15: Continued 

Sample 
(Figure number) 

Slip Systems 
Active (possible) 

Coaxial (C) or 
Non-Coaxial (N-C) 
Strain History 

Sense of Shear 
(in plan view) 

B0R-80-M56b 
(Fig. 5-llB) 

BOR-80-M60 
(Fig. 5-liC) 

BOR-8O-MI3 
(Fig. 5-IiD) 

B0R-80-M4 
(Fig. 5-IiE) 

B0R-80-M2 
(Fig. 5-llF) 

B0R-80-Mt9 
(Fig. 5-iiG) 

B0R-80-Mi7 
(Fig. 5-iiH) 

B0R-80-Miil8 
(Fig. 5-i2A) 

B0R-80-Mi55 
(Fig. 5-i2B) 

B0R-80-Mi60 
(Fig. 5-i2C) 

B0R-80-i0 
(Fig. 5-13A) 

BOR-80-15 
(Fig. 5-I3B) 

BOR-8O-MI69 
(Fig. 5-13C) 

Rhomb <a> 
(Basal <a>) 

Prism <a> 
Rhomb <a> 

Prism <a> 
(Rhomb <a>) 

Prism <a> 
Rhomb <a> 
Basal <a> 

Prism 
(Rhomb 

Rhomb 
Prism 

Rhomb 
Prism 

Prism 
Rhomb 

Rhomb 
Prism 
Basal 

<a> 
<a>) 

<a> 
<a> 

<a> 
<a> 

<a> 
<a> 

<a> 
<a> 
<a> 

Basal <a> 

Rhomb <a> 
Basal <a> 

Prism <a> 
Rhomb <a> 

Prism <a> 
Rhomb <a> 
Basal <a> 

N-C 

N-C 

N-C 

N-C 

N-C 

N-C 

N-C 

N-C 

N-C 

dextra 

dextra1 

s i n i s t ra I 

dextra1 

s i n i s t ra 1 

dextral 

dextral 

dextraI 

sinIstra1 

* S poorly defined. 
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G) Discussion 

The patterns of c^-axis preferred orientation suggest that 

slip on prism planes in the <,a> direction and slip on rhombohedral 

planes in the <a> direction are primarily responsible for the 

deformation of quartz grains of rocks within the Q.uetico fault 

zone. A number of samples exhibit basal slip in the <a> direction, 

in one case prism slip in the <c> direction seems to have been 

responsible for the deformation and may have contributed to the 

fabric development of other examples. Prism <a> slip is 

characterized by a maximum of £-axes lying in the schistosity 

normal to the lineation (the maximum is regarded to closely 

approximate to the Y-axis of the finite strain ellipsoid) (see 

Fig. 4“3c). The rhomb <a> slip is represented by pairs of maxima 

at an angle to the schistosity in a plane approximately normal to 

the lineation (see Fig. A-3e). Basal <a> slip is defined by £- 

axis maxima at a high angle to the schistosity and the lineation 

(near the Z axis of the finite strain ellipsoid) (see Fig. A-3a). 

Prism <c> slip is characterized by £-axis maxima near the 

schistosity and approximately parallel to the lineation (see Fig. 

4-3b). 

Tull is et al (1973) demonstrated experimentally that 

at high temperatures (>600®C) and low strain rates the proportion 

of prism slip increased with respect to basal slip. The preponder- 

ance of rhombohedral and prism slip suggests that the deformation 
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of the quartz in samples from this study occurred at high 

temperatures. The strain rates within the fault zone may be 

considered fairly high. Sibson (1977) suggested aseismic strain 

rates at depth of 10 to 10 sec These are relatively 

high strain rates although experimental strain rates were of the 

order of 10 ^ sec ' (Tull is et al, 1973). 

It is interesting to note that the samples, collected 

from widely separated localities, which appear to involve sig- 

nificant basal <a> slip as a deformation mechanism are generally 

also samples with poor fabric development. These include samples 

B0R-80-M95 (Fig. 5*-lD), B0R-80-19D (Fig. 5-lOB), BOR-8O-MI6O (Fig. 

5“12C) and BOR-8O-IO (Fig. 5“13A). This suggests that basal slip 

may have been associated with small total strains (where 

determined) and rhombohedral and prism slip with greater total 

strains. The dependence of intracrystalline deformation mechanisms 

on total strain of the rock is here tentatively suggested although 

its investigation is beyond this study. Tull is et al (1973) have 

shown, however, that in experimental deformation the fabrics 

developed do not change their form with increasing deformation 

but become more defined. As noted, fabric pattern changes 

accompanying changes of slip plane preference are related to 

increasing temperature. It may be that the phenomenon observed 

here is due to poor definition of the fabrics in the weakly 

deformed rocks or to other factors not accounted for or measureable 
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in the samples. For example no data are available on the water 

content of the quartz from these samples and consequently the 

effect of the water content cannot be considered here. 

The fabric patterns of the quartz £-axes appear to be 

related to the shape and orientation of the total strain 

ellipsoid. The girdles of cj-axes generally appear to lie normal 

to the schistosity and the lineation. The schistosity is regarded 

to closely approximate the flattening plane (XY) of the total 

strain ellipsoid and the lineation is regarded to approximate 

the elongation axis (X). In the samples examined, great circle 

girdles of £-axes were associated with flattening strain and 

crossed great circle girdles with constrictive strain. If this 

association can be extended to other samples from the study area, 

it would indicate that flattening strain was predominant along 

the length of the fault zone. 

A non-coaxial deformation history appears to be indicated 

by the large number of fabrics from the study area which are 

asymmetric with respect to the schistosity. This may suggest that 

deformation was accompanied by large shear strains. It is not 

implied here that the shear strain was simple shear s.s. A few 

samples of symmetrical fabrics suggest coaxial deformation occurred. 

The degree of reliability in determination of shear sense 

based on asymmetric fabrics requires the assumption that the 

deformation included large shear strains. The asymmetric fabrics 
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indicate that shear sense was primarily dextral but that significant 

sinistral slip occurred as well. Seventeen samples indicated 

dextral shear, eight indicated sinistral shear. 

Quartz c_-axis fabrics, however, may be affected by late 

stages in the deformation and these may obliterate earlier stages 

by overprinting. Lister and Williams (1979) examined the effect 

on quartz c_-axis petrofabrics of changing deformation during the 

closing stages of deformation by varying the relative importance 

of the components of deformation during the advanced stages in 

the process using the Taylor-Bishop-Hi11 model simulations. The 

simulation assumes that the same slip systems operate throughout 

the deformat ion. The grains of the model grain aggregate were 

subjected to non-coaxial deformation (truly simple shear) and 

then coaxial deformation with the shortening axis normal to the 

foliation developed early in the deformation and the extension 

axis parallel to the lineation. The results of the simulation 

are shown in Figure 5*'20. Lister and Williams determined that 

the asymmetry of the intensity distribution (distribution of 

maxima) was preserved and serves as an indicator of early shear 

movements. However, the shape of the fabric changes to reflect 

the orientation of the axes of the later deformation and appears 

symmetrical with respect to the schistosity. Thus the effect of 

the closing stages of deformation may be important in the study 

of quartz c-axis petrofabrics. Brunei (1980) examined natural) 
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FIG. 5^20: The effect of coaxial deformation following progressive 
simple shear on three fabric patterns. The shape of 
the fabric is altered but the asymmetry of the distri- 
bution of maxima is preserved. 

(from Lister and Williams, 1979) 
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examples of quartzites and also suggested that the quartz £'-axis 

fabrics reflect late strain increments. One example he studied, 

in particular, reflected the late stages of deformation which 

had been defined by microtextura1 and microstructural studies. 

The distribution of maxima in the great circle girdles of £-axes 

in the samples Brunei examined were determined by the early 

deformation stages whereas the fabric shape, textures, and grain 

shapes reflected mainly late deformation stages. Examples in 

this study which suggest that late stage or later deformation may 

have affected the fabrics are: B0R-80-M93 (Fig. 5’‘1C), BOR-80- 

M54 (Fig. 5-6B) and B0R-80-M17 (Fig. S-HH). These fabrics 

exhibit an asymmetric distribution of intensity of quartz £-axis 

preferred orientation while the overall shape of the fabric 

remains symmetrical or nearly symmetrical with respect to the 

schistosity. The £-axis fabrics in the Quetico fault zone may 

only reflect the sense of shear in the latest stages of deformation 

and not that of the overall displacement. 
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6 - SUMMATION 

This thesis has dealt specifically with structures, 

textures and fault rocks of the Quetico fault zone. The following 

summarizes the findings of the study in terms of the original 

objectives. 

The hr-ittle-duotite natuTe of deformat'ton in the fault zone: 

1 - Ductile deformation was predominant in the fault zone as 
indicated by the prevalence of mylonitic rocks and the 
prominent mylonitic schistosity. 

2 - Brittle deformation was subordinate since cataclastic 
textures are less common. 

3 " Ductile deformation was followed by brittle deformation. 
Brittle textures and structures overprint ductile textures 
and structures. 

k - Microfaults are brittle-ductile structures, which may 
indicate the onset of, or transition to brittle deformation. 

Deformation mechanisms: 

1 - Microstructures indicate that quartz within the fault rocks 
deformed by crystal-plastic processes accompanied by dynamic 
recovery and syntectonic recrystallization. 

2 - The predominant slip systems active in quartz were slip on 
prism planes in the a;-cli rect ion and slip on rhomb planes in 
the a^-di rect ion as determined from quartz £-axis petrofabric 
patterns. 

3 - Microstructures indicate that feldspar grains were often 
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deformed by fracture and less commonly by crysta1-plastic 
processes and dynamic recovery and dynamic recrysta11ization. 

k - Microfaults indicate that particulate flow may have made a 
significant contribution to deformation within the fault zone 
rocks. 

Sense of motion: 

1 - The sense of motion on the Quetico fault was dextral as 
indicated by: 

- predominent dextral microfaults which reflect the 
overall sense of motion. 

- asymmetry of quartz c-axis petrofabrics. 

Nature of strain within the fault zone: 

1 - Predominantly flattening strain within the fault zone was 
determined from the harmonic mean of deformed grain axial 
ratios and strain analysis by the all object”object 
separations method. 

2 - The flattening plane is roughly parallel to the plane of the 
fault zone and the mylonitic schistosity. 

3 “ The magnetic susceptibility anisotropy ellipsoid for mylonitic 
rocks is also flat-shaped. 

k - Asymmetric quartz c;-axis fabrics indicate a non-coaxial 
deformation history. 

5 “ The microfaults Indicate that shearing accompanied or was 
later than the flattening. Their formation depends on a pre- 
exist ing foliation. 

6 - The folds within the fault zone may also form as a result of 
flattening and shearing. 
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Strain estimate: 

1 - A minimum strain estimate derived from the harmonic mean of 
deformed quartz grains axial ratios indicates extension in X 
of 130^, in Y of 58^ and shortening parallel to Z of l^X. 

Original structural level of the presently exposed fault rooks: 

1 - The mylonitic rocks of the fault zone formed in Sibson's (1977) 
quasi-piastic regime - depths greater than 10-15 km. 

2 - The rocks of the cataclasite series and pseudotachy1ite formed 
under conditions similar to Sibson's elastico-frictional 
regime-depths less than 10-15 km. 

Discussion: The transition from predominantly ductile deformation 

to brittle deformation during the time the fault was active 

suggests a change in physical conditions during this same period 

such as a decrease in temperature. Cooling might indicate that 

the fault was being progressively exhumed and that the presently 

exposed fault rocks moved relatively upward in the crust from the 

Q-P regime into the E-F regime of Sibson (1977)* The author 

suggests that in actual fact a drastic change from well below 

the EF-QP transition to above it would not really be necessary 

for the embrittlement of the fault rocks. It has been shown that 

slip on prism <a> and rhomb <a> slip systems was predominant in 

quartz in the fault zone rocks. A decrease in temperature 

sufficient to disallow prism and rhomb slip and make basal <a> 

slip the predominant slip system could easily result in the 
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embrittlement of the fault rocks. The basal crystallographic 

planes would be unsuitably oriented for slip and plastic deformation 

would not continue. 

It must be noted that an increase in strain-rate could 

also produce this transition from ductile to brittle deformation. 

An increase in strain rate great enough that plastic deformation 

could no longer accomodate the large strains required to maintain 

continuity of the rock would result in failure, fracture and the 

production of cataclastic textures. A similar change from ductile 

to brittle deformation has been noted in a number of large shear 

and fault zones in different parts of the world. Some are 

described by Sibson (1977), McMahon Moore (1979), Watts and 

Williams (1979), Jegouzo (1980) and Stone (1981). 

The Quetico fault is one of a number of large faults in 

the southern Superior province. The Sydney Lake fault zone is the 

only other fault zone which has been studied to any extent (Stone, 

1981). It is located approximately 250 km northwest of the 

Quetico fault zone in northwestern Ontario and Manitoba. The two 

faults are quite similar in a number of characteristics. The Sydney 

Lake fault also forms the boundary between two subprovinces - the 

English River subprovince and the Uchi subprovince. Stone documents 

30 km of dextral, strike-slip motion on the fault. The Sydney Lake 

fault zone follows the boundary through an 80 degree change in 

orientation while the Quetico fault remains relatively straight 



and I s onl 

part of i 

exiSt Ing 

both faul 

textures 

Superior 

Archean. 

of large 

y parallel to its adjacent subprovince boundaries for 

ts length. The (luetico fault seems to follow the pre- 

rock fabric of the (iuetico and Wabigoon subprovinces. In 

t zones flattening strain is characteristic and ductile 

are overprinted by brittle textures. 

Stone notes that the numerous strike"slip faults in the 

Province appear to have initiated at the end of the 
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scale mantle convections such as are believed to drive 

modern crustal plates. 
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