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Abstract--In a major tectonic zone late extension related S-C mylonites locally overprint the predominant 
coarser quartz microstructures, which are related to earlier thrusting. Some of the S-C mylonites display a 
microstructural evolution which began with the formation of deformation bands in the coarser pre-existing 
microstructure and continued with the formation of asymmetric quartz microfoliations, either by continued 
formation of deformation bands or fine new grains oblique to the deformation band boundaries. The orientation 
of boudinaged and passively reoriented rutile needles show that (i) the formation of deformation bands was 
preceded and accompanied by the accumulation of strain; (ii) that the deformation bands and oblique 
microfoliation which formed directly from them lie close to the finite stretching direction; whereas (iii) other 
microfoliations form oblique to deformation bands and extended rutile needles near the probable instantaneous 
stretching direction. The latter are therefore interpreted to be strain insensitive, steady-state foliations. The 
crystallographic preferred orientation of the original deformation bands appears to determine that of the 
microfoliations, the two types of microfoliations showing distinct but related patterns. The element common to 
both types is the presence of two maxima near Yin a YZ girdle--a feature inherited from the deformation bands, 
which were formed in the initial stages of shortening of the aggregate, favourably disposing it for rhomb slip and 
providing nucleation sites for subsequent recrystallization. 

The data confirm that, despite the fact that a variety of microstructures and crystallographic microfabrics result 
from recrystallization processes, kinematic information is usually recoverable from the crystallographic microfab- 
rics owing to the primacy of intracrystalline slip proccsses. 

INTRODUCTION 

THIs PAPER deals with aspects of the development of 
oblique grain shape microfabrics (LS2) defined by the 
preferred alignment of elongate recrystallized quartz 
grains. These oblique microfabrics form the S com- 
ponent of S-C mylonites (Lister & Snoke 1984) which 
occur sporadically within a zone of deformed plutonic 
and supracrustal gneiss underlying the south western 
end of the base of the Central Metasedimentary Belt 
within the Grenville Province of the Canadian Shield 
(Fig. 1). 

Evidence is presented to show that most of the oblique 
microfabrics originate from deformation bands which 
formed in a much coarser earlier microstructure in a 
manner such that the deformation bands themselves 
become new grains or provide the sites for a finer 
recrystallization. Furthermore the c-axis orientation of 
the oblique microfabrics appears to be influenced by the 
orientations present in the deformation bands such that 
the two maxima are symmetrically disposed to Y within 
a Y Z  girdle--a feature common to several of the tec- 
tonites which may reflect the original kink-like geometry 
of the deformation bands. Thus the c-axis patterns are 
not only the product of available glide systems, finite 
strain and kinematic framework (Lister et al. 1978, 
Lister & Paterson 1979, Lister & Hobbs 1980) but also to 
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a significant extent they are recrystallization micro- 
fabrics. Finally, the preferred orientation of rutile inclu- 
sions shows that considerable plastic strain preceded and 
accompanied the formation of the deformation bands 
and that the oblique fabrics, where formed directly from 
a deformation band without finer recrystallization, lie 
parallel to the finite stretching direction, or, where a 
finer recrystallization has taken place, appears to lie 
near the instantaneous stretching direction, as in the 
case of the postulated steady-state foliations of Means 
(1981). 

An important general point is that despite the quite 
dissimilar microstructures and crystallographic fabrics 
produced in quartz by the LS2 event, the subject of this 
study, and the probably higher grade LS1 event (Cul- 
shaw & Fyson 1984), the kinematic record remains 
legible in both. This is presumably because of the first 
order importance, compared to other effects, of finite 
strain, kinematic framework and available slip systems 
in determining crystallographic fabrics. 

Geological setting 

The zone of deformed gneiss which is host to the S-C 
mylonites is a wide zone of northwest directed ductile 
thrusting (Culshaw et al. 1983, Hanmer & Ciesielski 
1984) parallel to a ubiquitous stretching lineation which 
plunges gently to the southeast. This thrusting event is 
recorded microscopically by the most widespread quartz 
microstructures (LS1) which comprise polycrystalline 
ribbons of relatively coarse quartz in granitoids and 
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Fig. 1. Map showing location of sample area (cross-hatched). Two major divisions of the Grenville province within Ontario 
(southwest of Ottawa River) are shown. The Central Metasedimentary Belt is overthrust onto the Central Gneiss belt along 

a wide, shallow-dipping, zone of ductile deformation, which contains the sample area. 

exaggerated grain-growth microstructures in quartzites 
(Culshaw & Fyson 1984). The S-C mylonites (LS2) 
cannot be mapped in the field since they are generally 
only microscopically visible but samples with this micro- 
structure are most commonly collected within the zones 
of macroscopically strongest deformation, indicated by 
the degree of flagginess and grain size refinement of 
quartzofeldspathic rocks. Their total volume is probably 
only a few per cent of the whole deformed zone. 

The S-C mylonites (LS2) are clearly later than the 
main phase tectonites (LS1) since the finer micro- 
structures replace the coarser and rare S-C mylonites 
which dip northwest and transpose LS1 tectonites. It is 
not possible to be precise about the temperature con- 
ditions of formation of LS2, since diagnostic mineral 
assemblages are scarce. A single occurrence of biotite- 
muscovite in association with LS2-muscovite is absent in 
main phase schists and the sporadic occurrence of green 
biotite replacing brown varieties in the granitoids 
suggests a temperature regime somewhat lower than the 
main phase, although still possibly broadly contem- 
poraneous. Chesworth (1971) suggested that the peak 
conditions of metamorphism for the area lay within the 
limits of 3.5-7 kb and 580-700°C. 

In most of the S-C (LS2) tectonites the c-plane lies 
with S1 and both the obliquity of $2 and the relation of 
the LS2 c-axis pattern to S1 and $2 imply dip-slip 
parallel to L1 (Fig. 2). For the single sample from a 
northwest dipping zone the same criteria also imply 
dip-slip. Overall, therefore, the LS2 fabrics imply a 
period of extension following the main phase (LS1) 
thrusting. 

DEFORMATION BANDS AND THE INITIATION 
OF THE OBLIQUE FABRIC 

The role played by the formation of deformation 
bands in the development of the oblique fabric is dis- 
played in tectonites where LS2 recrystallization is 
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Fig. 2. Relations between macroscopic LS1 fabric and microscopic 
L S 2  fabric• L S I  structural co-ordinates are defined by the shape of 
quartz blades in the L S  granite. L S 2  microfoliations have shear-plane 

within S1 ( X Y )  and shear direction parallel to L I  ( X ) .  
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Fig. 3. Main types of asymmetric LS2 quartz microfoliations. All are XZ sections viewed toward the northeast (X 
horizontal, downdip to right). (a) LS1 quartz ribbon in foliated granite is extensively replaced by deformation band parallel 
microfoliation; data shown in Fig. 5(a) is from area of deformation band development which lies along the lower part of the 
ribbon indicated by arrows; c-axis for this sample shown in Fig. 6(a,i). (b) In a concordant quartz vein deformation band 
non-parallel microfoliations lie oblique to recrystallized deformation bands, marked now by extinction banding (c-axis for 
this sample shown in Fig. 6b, i). (c) In a quartzite the large grains are inferred to be developed from deformation bands which 
formed in a very coarse exaggerated grain growth microstructure (data from this sample shown in Figs. 5d and 7c and c-axis 

shown in Fig. 6a, ii). 
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Fig. 4. Details of development of LS2 microfoliations from deformation bands. (a) Deformation band with variable 
irregular boundary formed within coarse quartz inherited from pre-existing exaggerated grain growth microstructure; 
quartzite with assumed deformation band parallel microfoliation. (b) Typical aspect of deformation band parallel 
microfoliation in foliated granite; a portion of an LS2 quartz ribbon of single original orientation is traversed by increasingly 
thinner deformation bands; note relatively smooth boundaries and low misorientations. (c), (d) & (e) Formation of 
deformation band non-parallel microfoliations. (c) At the margin of a concordant quartz vein an area of quartz of single 
original orientation is subdivided by numerous transverse deformation bands; boundary morphology ranges from smooth, 
through irregular, to irregular-asymmetric (both with and without new grains) while some deformation bands display fine 
recrystallization. In (c), (d) & (e) details of deformation bands shown by arrows: 1, smooth boundary; 2, irregular boundary; 
3, asymmetric irregularities (note sub-grains within some protuberances); 4, fine recrystallization in deformation band 
interior. Data in Fig. 5(e) and Table 1 are from area of deformation band partially illustrated in upper part of (b). All X Z  

sections (X horizontal, except in a) viewed to northeast. 
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Fig. 8. Relations of rutile needles and LS2 asymmetric microfotiations. (a)-(b) From concordant quartz vein with 
microfoliation inferred to be deformation band-parallel; futile lies parallel to LS2 trace in (a), while rutile lying at a high 
angle to LS2 trace is bent in (b) (data from this sample also shown in Fig. 7a and b and c-axis shown in Fig. 6a, iii). (c)-(d) 
Deformation band-non-parallel microfoliations; (c) extended rutile needles lie parallel to deformation band boundary but 
transverse to LS2 grains (from quartz vein in northwest dipping granite mylonite, data also in Fig. 7d and c-axes shown in 
Fig. 6b, iii); (d) rutile needles transect LS2 grains in concordant quartz veins (data also in Fig. 7e) and c-axis data shown in 
Fig. 6(b,i). All i n X Z  sections (X horizontal) viewed toward northeast, except (c) which is viewed toward southwest and 

dips to northwest. 
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incomplete. Two principal modes of development are 
present, both begin with the formation of deformation 
bands which partly define the oblique fabric (Figs. 3 and 
4). In the first case, displayed by a foliated granite, LS2 
is formed by the progressive multiplication of successive 
thinner deformation bands, which at the same time gain 
a strong c-axis preferred orientation and are passively 
reoriented toward the c-plane (Figs. 3a and 4b). The 
grains parallel to deformation bands are relatively 
straight sided ribbons (Figs, 3a and 4b), although there 
is evidence from grain size, c-axis orientation and rutile 
inclusion data (see below) that, in some samples of 
quartzites and quartz veins, foliations formed of large 
grains with very irregular boundaries are produced in 
the same way (Figs. 3c and 4a). 

In the second case, recrystallization occurs both within 
and at the boundaries of the deformation bands and is 
markedly oblique to the deformation band boundary 
(Figs. 3b and 4c-e). Grains formed in this way are of 
lower aspect ratio and much finer than the deformation 
band parallel grains and have irregular lobate bound- 
aries (Fig. 3b). In detail, the boundaries of these defor- 
mation bands vary from quite straight to irregular (Fig. 
4c-e). This type of microfoliation closely resembles that 
often illustrated in recent literature (e.g. Lister & Snoke 
1984). 

A third type of microstructure, not illustrated here, 
does not show any relationship between deformation 
bands and oblique foliation. The oblique foliation is fine 
grained and resembles the fine recrystallized grains of 
the deformation band oblique foliations. 

GEOMETRY OF DEFORMATION BANDS 

A common feature of all the deformation bands is that 
the intersections of the basal planes of nearest-neigh- 
bour bands lie in or near the trace on the XYplane of the 
oblique fabric (Fig. 5). This suggests that the deforma- 
tion bands have kink-like geometry with the axis of 
rotation (the intersection of nearest-neighbour's basal 
planes) lying in the kink-band boundary (deformation 
band boundary) (Christie et al. 1964). For this geometry 
the slip plane must be the basal plane. 

This relationship is best displayed in the specimen 
with deformation band parallel foliation (Fig.5a-c). In a 
partly recrystallized area of this microstructure both 
relatively broad deformation bands and thinner bands, 
characteristic of the oblique fabric, display parallelism 
of nearest-neighbour basal plane intersections to band 
boundaries (LS2 trace) (Figs. 3a and 5a). In fact most of 
these LS2 ribbon grains show the same kink-like re- 
lationship of nearest-neighbour grains throughout the 
microstructure (Fig. 5b-c). Thus, in this type of micro- 
structure, this relationship is found at all stages of micro- 
structural development. A similar geometry is shown by 
deformation bands in the microstructure with the defor- 
mation band non-parallel foliation (Fig. 5e). It differs 
from the deformation band parallel foliation in that the 
measured misorientation between bands is relatively 

Table 1. Angle (0) between basal planes of neighbouring deformation 
bands 

Morphology of deformation 
band boundary N Mean 0 S.D. Range 

Smooth 7 13 ° 2 ° 10-17 ° 
With bulbous segments 29 18 ° 9 ° 7-48 ° 
With bulbous segments parallel 12 26 ° 8 ° 12-38 ° 

to LS2 

limited at the onset of recrystallization, which takes 
place both at the deformation band boundaries and 
within the bands producing relatively fine grains which 
define the foliation (Fig. 4c-e). The boundaries of bands 
in this specimen evolve morphologically during the initi- 
ation of the recrystallization. The variation is from 
smooth, planar boundaries, through boundaries with 
increasing proportions of irregular bulbous segments, to 
boundaries with protuberances oriented parallel to LS2 
and both sub- and new grains in this orientation (Fig. 
4c-e). This change is accompanied, in this small sample, 
by an increase in the angle between basal planes of 
neighbouring bands (Table 1). These features indicate a 
progressive evolution of deformation band boundaries 
and reorientation of bands prior to and during recrystal- 
lization. 

This nearest-neighbour geometry is also displayed in 
the microstructures associated with grains which are 
much larger than in the deformation band non-parallel 
fabrics (although a secondary population of fine equant 
grains is apparent) but have irregular corrugated bound- 
aries, unlike the other ribbon-like deformation band- 
parallel fabrics (Fig. 3c). Although direct evidence of 
LS2 formation from deformation bands is rarely present 
in this type (Fig. 4a), the preservation of kink-like 
nearest-neighbour geometry (Fig. 5d) in the larger 
grains, together with the large size of some of the grains 
(Fig. 3c), is interpreted as indirect evidence of descent of 
the grains from deformation bands by some mechanism 
of grain boundary motion. The parent deformation 
bands having formed within the pre-existing, much 
coarser, exaggerated grain growth microstructure (Fig. 
4a). 

DEFORMATION BANDS AND c-AXIS PATTERNS 

There is a correlation between the type of oblique 
microfabric, classified according to its interpreted orig- 
inal relationship to deformation bands, and c-axis pat- 
tern. The samples with proven and inferred deformation 
band parallel fabrics show well developed paired max- 
ima lying within a girdle perpendicular to S1 (Fig. 6a, 
i-iii). The fine grained, more profusely recrystallized 
deformation non-parallel fabrics show a somewhat dif- 
ferent pattern in which these maxima are accompanied 
by others within the YZ  girdles (Fig. 6b, i-iii). By way of 
contrast, those foliations with no obvious relation to 
deformation bands do not show paired maxima near Y 
(Fig. 6c, i-ii). This correlation suggests a link between 
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Fig. 5. Orientation of axes of rotation (intersection of basal planes) of both nearest-neighbour deformation bands and LS2 
grains. Intersections of basal planes (stars), poles to basal planes (solid circles) and LS2 trace (solid triangle). In (c) the 
distribution of intersections is contoured at 3, 5 and 6%/1% area, N = 200. Measurements are made from (a) the area of 
deformation band and adjacent ribbons in the deformation band parallel type microfoliation shown in Fig. 3(a), (b) from a 
comparable microdomain in the same section, (c) from nearest-neighbour ribbon grains in the same sample, (d) from large 
grains in the inferred deformation band parallel type and (e) from deformation bands from the area illustrated in Fig. 

4(c)-(e) in a sample with the deformation band non-parallel microfoliations. 

microstructural development  and c-axis pattern,  such 
that the mode of recrystallization is important  not only 
in forming the microstructure but also has an influence 
on the type of crystallographic preferred orientation 
attained. 

This link is apparent  in microstructural data from the 
specimen with the deformation band parallel foliation 
and best developed double maxima (Figs. 3a, 4b, 5a-c 
and 6a, i). As outlined in the previous section, deforma- 
tion bands in this sample evolve into the oblique quartz 
ribbons (LS2) while the kink-like relation of nearest- 
neighbour bands and ribbons is preserved (Fig. 5a-c).  

Since this kink-like relation holds for all the nearest- 
neighbours measured,  such that the kink-axis (inter- 
section of nearest-neighbour basal planes) lies close to 
the oblique foliation trace (LS2) (Fig. 5c), then the gross 
c-axis pattern (Fig. 6a, i) reflects the geometry of 
nearest-neighbour deformation bands and ribbons 
(LS2). In the case of the deformation band non-parallel 
foliations deformation bands play a comparable  role, as 
indicated by nearest-neighbour deformation band 
geometry (Fig. 5e) and c-axis patterns (Fig. 6b, i-iii). 
However ,  both the profuseness of fine-grained recrystal- 
lization and the presence of other  maxima in the girdle 
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Fig. 6. c-axis orientations in LS2 tectonites. All data measured in XZ plane of LSI, with dextral shear parallel to L1 (X) 
present in all cases. Three microstructural types represented: (a) deformation band-parallel microfoliation, proven (i), 
inferred (ii, iii); (b) deformation band parallel microfoliations; (c) microfoliations with no demonstrable relationship to 
deformation bands. All contours at 1,3 and 5% except (b,ii) at 1 ,4  and 8% and (c,i) at 1, 2 and 3%; N = 200 in all, except 

(b,ii), in which N = 100. 

(Fig. 6b, i-iii) suggest that nearest-neighbour deforma- 
tion band geometry plays a more indirect role in deter- 
mining the overall lattice preferred orientation of these 
samples. Instead, it appears that the formation of defor- 
mation bands is quickly superseded by fine grained 
recrystallization oblique to deformation bands (Figs. 3b 
and 4c-e). The role of the deformation bands in this case 
is to provide a host orientation for the finer recrystalliza- 
tion to which it is related by a geometrical law distinct 
from that which relates neighbouring deformation bands 
(Bell & Etheridge 1976, White 1976). Thus the deforma- 
tion band geometry in the overall c-axis pattern is 
diluted, producing other maxima in the Y Z  girdle (Fig. 
6b, i-iii). Overall these data imply that evolution of 
microstructure and c-axis pattern is closely interlinked; 
especially that the development of two maxima near Y is 
associated with deformation band formation and that 
the mode of recrystallization is also a factor in influenc- 
ing details of the c-axis pattern. 

RUTILE INCLUSIONS AND ,OBLIQUE FABRICS 

Rutile inclusions have been used previously to gain 
strain information in quartz-rich rocks (Mitra 1976, 
Mitra & Tullis 1979). In the present case rutile inclusions 
although not present in all the samples are present in all 
the inferred microstructural types and the relation 
between finite stretching direction and oblique foliations 
is clearly displayed. Rutile is absent from the sample in 
which the development of the deformation band parallel 
fabrics can be best documented, but two samples which 
have been inferred indirectly to have this fabric on the 
grounds of microstructure (Fig. 3c) and c-axis patterns 
(Figs. 6a, ii-iii) show behaviour of rutile needles consis- 
tent with this interpretation. In one of these samples the 
rutile which is contained within an irregular patch of 
unrecrystallized quartz shows a quasi-uniform distribu- 
tion (Fig. 7a) while within a neighbouring domain of 
oblique LS2 grains the needles have a preferred orienta- 
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Fig. 7. Orientation of rutile needles in LS2 tectonites. (a)-(c) From inferred deformation band-parallel microfoliations; 
(d)-(e) from deformation band non-parallel microfoliations; solid triangle, trace of LS2 microfoliati0n.. Field of contracted 
needles separated from field of extended needles by line of solid squares. Contours at 1 and 3%/1% area in (b)-(e); N = 200 
in (b), 150 in (c) and 100 in (d) and (e). Orientations are displayed for unrecrystallized and undeformed quartz (a) in quartz 

vein with inferred deformation band parallel microfoliation. 

tion parallel to LS2 (Fig. 7b). Many of the needles 
aligned parallel to LS2 are boudinaged and display 
elongations of 20-30% while needles lying at a high 
angle to the oblique foliation may be bent (Fig. 8a,b). 
Similar features are present in the quartzite, which 
displays kink-band like geometry of nearest-neighbour 
grains (Figs. 3c and 5d), and in both these examples a 
sufficient number of bent and folded rutile needles are 
preserved to delineate fields of folded and extended 
needles (Fig. 7b,c). These boudinaged rutile needles are 
aligned parallel to LS2 and display 10-20% elongations. 
It follows that in samples with inferred deformation 
band parallel foliations both the finite extension direc- 
tion, deduced from the orientation of the rutile needles, 
and the oblique LS2 foliations are closely aligned. 

The relation between rutile needles and oblique folia- 
tions is significantly different in samples with deforma- 
tion band non-parallel foliations. In both samples which 
have both deformation bands and the fine oblique recrys- 
tallization, rutile is often boudinaged and aligned paral- 
lel to the deformation band boundaries (Figs. 7d and 

8c). In one case, as in the inferred deformation band 
parallel sample, fields of folded and extended needles 
may be delineated (Fig. 7d), the field of extension locally 
coinciding with the trace of the deformation bands. In 
both samples, the fine oblique LS2 recrystallized folia- 
tion transects the rutile needles both at deformation- 
band boundaries and within completely recrystallized 
domains (Figs. 7d, e and 8c,d). The values of elongation 
measured from boudinaged rutiles in these samples are 
two to three times larger within the recrystallized 
domains than within the deformation bands. In one of 
these examples (Figs. 7e and 8d) a field of contraction 
cannot be delineated and needles are not present in 
unrecrystallized quartz without deformation bands. The 
needles in this case do not record the whole strain history 
and seem to have been precipitated sub-parallel to an 
active slip-plane during the evolution of the deformation 
bands. In microstructural types in which deformation 
bands did not play any role in influencing either the 
development of the oblique fabrics or the c-axis pattern 
(Fig. 6c i,iii), rutile is transected by the oblique foliation 
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in a manner similar to that in the deformation band non- 
parallel fine grained foliations. 

Several conclusions follow directly from these obser- 
vations. Firstly, support is given for the inference that 
some oblique fabrics are deformation band parallel by 
the alignment of extended futile, both parallel to these 
foliations and parallel to deformation bands in deforma- 
tion-band non-parallel tectonites. Secondly, significant 
strain must take place in deformation bands before 
recrystallization, since boudinage and alignment 
appears to be accompanied by an increase in strain. 
Finally, both the deformation band parallel foliation and 
the deformation bands appear to passively track the 
finite extension direction but the fine deformation band 
oblique foliation lies in a direction more akin to that 
expected for the instantaneous stretching direction in a 
simple shear regime and shows no discernible strain 
sensitivity. 

DISCUSSION 

The microstructural history of most of these S-C 
mylonites is marked by the early development of defor- 
mation bands sub-parallel to the future oblique foliation 
direction. The appearance of deformation bands early in 
microstructural development has been observed in 
metals by many authors, where they may both act as loci 
of recrystallization and determine the lattice preferred 
orientation of the products of recrystallization (Walter 
& Koch 1963, Dillamore et al. 1972, Doherty 1974, 
Inokuti & Doherty 1978). Their presence in the micro- 
structural development of a wide variety of minerals is 
also well documented (e.g. Hobbs 1968, Etheridge & 
Hobbs 1974, McClay & Atkinson 1977, White 1977, 
Tungatt & Humphreys 1981) although specific mention 
of them determining the lattice preferred orientation of 
recrystallization is more rare (e.g. White 1976, Bell & 
Etheridge 1976). The origin by kinking of deformation 
bands was recognized in early experimental studies of 
quartz (Christie et al. 1964) and a similar origin for grains 
which host oblique microfoliations has been suggested 
by some authors (Lister & Snoke 1984). 

In the present examples both the rutile data and 
crystallographic preferred orientation of the deforma- 
tion bands indicate that considerable plastic deformation 
is accomplished in the coarse parent microstructure 
before widespread recrystallization. Moreover the idea 
of a progressive evolution of the deformation bands 
before recrystallization is supported by the evidence for 
linked change in band boundary morphology and angle 
between neighbouring basal planes (Table 1). The defor- 
mation bands appear to form during this stage in 
response to flattening accomplished by kinking in a 
simple shear regime. Subsequent to the phase of defor- 
mation band formation the microstructures evolve along 
different routes. 

In the ribbon-grained deformation band parallel tex- 
ture (Fig. 3a) the rate of band formation was high. Thus 
recrystallization was by band proliferation, forming the 

characteristic very strong double maxima of c-axes and 
disposing the aggregate for easy rhomb slip (Schmid 
1983). Bands are passively rotated toward the slip-plane, 
demonstrating that this is a strain-sensitive, non-steady 
state fabric in the sense of Means (1981). 

The rate of deformation band formation was clearly 
lower in the samples characterized by large grains with 
sutured boundaries which are inferred to be deformation 
band parallel (Fig. 3c). The irregular grain boundaries 
imply boundary mobility and we may postulate that 
deformation band boundaries became high angle bound- 
aries as has been documented in a variety of metals and 
minerals (Hobbs 1968, Etheridge & Hobbs 1974, Bellier 
& Doherty 1977, McClay & Atkinson 1977, Cox & 
Etheridge 1984), and subsequently became mobile pre- 
serving a grain shape fabric normal to the overall short- 
ening direction (Means 1983). Further alteration of this 
primitive geometry by continued recrystallization is 
shown by a comparison of Figs. 5(d) and 6(a,iii), which 
demonstrates that the population as a whole has a 
slip-plane which lies parallel to the macroscopic shear 
plane and not to the trace of LS2. 

The most significant feature of the deformation band 
non-parallel foliations is that they transect the finite 
stretching direction delineated by the futile needles 
(Figs. 7d,e and 8c,d) and that they lie in an orientation 
appropriate to that of the instantaneous stretching direc- 
tion in a simple shear regime. This configuration, which 
is shared by fabrics in which deformation bands do not 
directly determine the oblique fabric, is directly compar- 
able to that suggested by Means (1981) for a strain- 
insensitive, steady-state foliation. For this type of strain 
induced boundary migration (Poirier & Guillop6 1979) 
may be postulated for oblique protuberances at defor- 
mation band boundaries (Figs. 4e and 8c) and rotation 
recrystallization (Poirier & Guillop6 1979) within defor- 
mation band interiors (Fig. 4c-e). In this case the influ- 
ence of band formation on c-axis orientation of the 
recrystallized grains would be more indirect than in the 
deformation band parallel sample, the role of host- 
daughter relationships being paramount, perhaps ex- 
plaining the presence of other maxima in the Y Z  c-axis 
girdles. 

In summary, good c-axis preferred orientations are 
formed in the S-C mylonites during dynamic recrystai- 
lization and in many cases the formation of deformation 
bands has been an important first step in the dynamic 
recrystallization of a pre-existing relatively coarse micro- 
structure. These deformation bands appear to have an 
important influence on the subsequent development of 
microstructure and crystallographic fabric which may be 
manifested in several ways: (i) through repeated defor- 
mation band formation, (ii) through the mobilization of 
deformation band boundaries, either through motion of 
the entire boundary or a localized bulging, (iii) through 
rotation recrystallization within the deformation band, 
and (iv) through the imposition on the aggregate of a 
non-uniform initial orientation distribution which must 
affect crystallographic fabrics formed by intracrystalline 
slip (Lister & Hobbs 1980). A comparison of original 
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deformation band crystallographic preferred orientation 
(where preserved) and the final c-axis preferred orienta- 
tions shows that these mechanisms preserve to a varied 
extent the deformation band orientations, althoughdif- 
ferent combinations of recrystallization mechanisms 
result in variations in details of c-axis patterns. However, 
the most common element in all the patterns, two 
maxima near Y in a YZ girdle (a pattern disposing the 
aggregate for easy rhomb slip), is thus a direct descen- 
dant of processes operative during the initial period of 
deformation band formation. The relative orientations 
of deformation bands, asymmetric microfoliations and 
passively reoriented rutile needles show that deforma- 
tion band formation is accompanied, and the formation 
of the microfoliations preceded, by considerable plastic 
deformation. There are two fundamentally different 
orientations of microfoliations with respect to the 
reoriented rutile needles: those which lie parallel to both 
deformation bands and rutile needles and those which 
lie at an angle to deformation bands and rutile needles in 
the attitude predicted for a strain insensitive steady state 
fabric. Samples with these two types of microfoliations 
also display the two varieties of c-axis pattern mentioned 
above. In a third type no relationship between deforma- 
tion band formation and recrystallization was observed. 
Overall, the history of initial strain followed by probable 
steady-state dynamic recrystallization resembles that of 
dynamically recrystallized metals described by Sellars 
(1978). 

The observations made here have a general import on 
the relative significance of processes contributing to the 
formation of quartz c-axis patterns and related micro- 
structures. Above, it was noted that there were two 
quite different types of quartz crystallographic micro- 
fabrics and microstructures, LS1 and LS2. LS1 quartz 
ribbons, formed at upper amphibolite facies in foliated 
granites (Fig. 2), are comprised of several relatively 
coarse, blocky grains and c-axis patterns dominated by 
girdles with Y maxima (Culshaw & Fyson 1984). The 
grains which form the ribbons show interrelationships 
between c-axis orientation and aspect ratio such that a 
period of metadynamic oriented grain growth was pos- 
tulated for their formation (Culshaw & Fyson 1984). 
The LS2 quartz tectonites, as discussed above, show 
quite different microstructures, microstructural his- 
tories and c-axis patterns. However, despite the con- 
trasting recrystallization histories, a kinematic record is 
legible in c-axis patterns of both types. This confirms 
that intracrystalline slip is a first order process in forma- 
tion of quartz microfabrics and that therefore quartz 
tectonites formed under a wide variety of conditions 
may be optimistically approached for kinematic infor- 
mation provided care is taken to screen the effects of 
second order processes. 
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