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of the stress/grainsize relationships and their relevance to QP mylonites. 
The methodology of grainsize measurement and the criteria used to select 
suitable samples for measurement are discussed in Appendix 1. 

THRUSTS RND THRUST NRPPES OF TFIE NORTHERN AMADEUS BASIN 

General Geology 

The Amadeus Basin, a large intracratonic depression, is filled 
with marine sediments ranging in age from upper Proterozoic to Carbonifer- 
ous. 
Springs (figure 2)  and runs east-west for several hundred kilometers. 
Underlying the Amadeus Basin sediments are the older Precambrian metamorphic 
rocks that comprise the ANnta Complex. 

The northern boundary of this basin outcrops just south of Alice 

The Arunta Complex consists of multiply deformed gneisses, schists 
and quartzites which range in metamorphic grade from lower amphibolite to 
granulite facies (Marjoribanks, 1974, 1976; Wilson, 1970). The last major 
deformational event, the Alice Springs orogeny (358-322 Ma., Stewart 1971) 
also involved the overlying Amadeus Basin sequence. 
age is localized, and apparently resulted from reactivation of large base- 
ment faults (Forman, 1971; Fonnan and Shaw, 1973; Marjoribanks, 1974). 
Both Madeus Basin sedimentary rocks and basement gneisses were thrust 
southwards in a series of large fold and thrust nappes (Forman, 1971). 
Thrust zones on scales from a few mm to tens of metres are best developed in 
the basal unit of the cover sequence, the Heavitree Quartzite. 
consists dominantly of relatively pure orthoquartzite, with minor inter- 
bedded conglomerate and siltstone, and is Upper Proterozoic in age. 

Deformation of this 

This unit 

The most extensive developnent of thrusting in the Beavitree 
Quartzite is found northeast of Alice Springs in the Arltunga nappe complex. 
In the Atnarpa area of this complex (figure 3), a number of superimposed 
shallow dipping thrust sheets have been mapped in detail by Yar Khan (1972). 
Detailed structural analysis and microfabric studies showed thi 
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brittle deformation in the south and west during thrusting. 1 
(1972) suggested that this is consistent with lower level, and rnus nigner 
temperature rocks being thrust up from the north and east. In order to 
investigate the effect this has had on recrystallized grainsize, several 
suites of quartzites were collected across thrusts throughout this area. 
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(i) Deformed original grains tend to be strain shadowed or 
deformation banded rather than polygonized into subgrains. 

(ii) Finite strain recorded by original grainshape is higher 
for a given proportion of recrystallization. 

(iii) Recrystallized grainsize is finer (15 to 25 vm), and does 
not increase in completely recrystallized samples (fig.6). 

Ormiston Gorge exposes a shallow dipping thrust plane that trun- 
cates the lower limb of a large mesoscopic fold. Again, we have collected 
a suite of samples from almost undeformed quartzite with increasing strain 
into the thrust zone. However, in this case, recrystallization is much 
more limited, finer grained (fig.6) and even the most highly deformed samples 
contain original grain remnants (fig. 9 d-f). In general, the microstruc- 
tural trends noted above are even more evident. 

Thrusts Within Arunta Complex Basement - In the Chewings Range 
(fig.2), quartzites, schists and felsic gneisses are all transected by a 
number of macroscopic fault zones. It is of particular interest to compare 
the response of the basement Chewings Range quartzite to mylonitization with 
that of the Heavitree Quartzite from the cover sequence. The locality sel- 
ected is at Fish Hole, where Jay Creek cuts through the southern part of the 
Chewings Range. 
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Original grains are highly flattened without substantial recrystallization, 
and sharply bounded, high angle deformation bands are common. Recrystal- 
lization is confined to grain and deformation band boundaries even at quite 
high strains (fig.lOd), although it extends to grain interiors where sub- 
grains are best developed (fig.lOc). Once again recrystallized grainsize 
is independent of strain within the mylonite zone, in this case between 7 
and 11 um throughout (fig.6). 

* -  a . 

iartzite (fig.8). The Chewings 
ary coarse-grained metamorphic 
y significant imp : 
Id have the comple Id- 
tages of exaggera 
tructure with incLscl;rArly =.Lrdin 
ictures are an extension of the 
*_I__ I -.-2-L-. ..._. -..:. .- 

WOODROFFE AND DAVENPORT THRUSTS 

General Geology 

The Musgrave Ranges in north-western South Australia consist large- 
ly of high grade felsic gneisses and granulites. The ranges run east-west, 
parallel to a number of major reverse faults. 
structures is the Woodroffe thrust, which can be traced for over 300 km, and 
which separates granulite facies rocks in the south from amphibolite facies 
gneisses to the north. The fault zone, which is up to 1 km wide in outcrop, 
dips at about 30' south, and the granulites comprise the overthrust block. 
10 to 30 km to the south, a parallel structure, the Davenport thrust has 
overthrust a series of amphibolite to transitional granulite facies gneisses 

The best exposed of these 
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onto the granulites (fig.111. The metamorphic and structural geology of 
the Amata area has been described by Collerson (1972), and figure 12 
is modified from their paper. The traverse across the Woodroffe thrust in 
the north of the area was sampled as part of a detailed study of the mylon- 
ites (Bell and Etheridge, 1973, 1976; Bell, 1978), and in the south we have 
selected samples from Collerson's collection, mainly to study the effects of 
the Davenport thrust. In both cases, mylonitization has been restricted to 
a narrow (a few tens of meters) zone within the granulites, but has been much 
more widespread (up to several km from the main zone) in the lower grade 
gneisses. 

Microstructures and Grainsize 

The microstructures of the Woodroffe thrust mylonites have been 
described in detail by Bell and Ethe,ridge (1973, 1976). They showed that 
the overthrust granulite facies gneisses have reacted quite differently to 
the underlying amphibolite facies rocks during mylonitization (compare 
figures 9 and 12 from Bell and Etheridge, 1976). We have remeasured the 
recrystallized grainsizes so as to maintain internal consistency, and figure 
13 plots grainsize against position within the thrust zone (quartz-solid 
line, feldspar-dotted line), together with a qualitative estimate of finite 
strain magnitude (dashed line - see fig. 13, Bell and Etheridge, 1976). 
The quartz grainsize is relatively uniform within the mylonitized amphibol- 
ite facies gneiss, and is about four times that found on the granulite 
facies side. This difference in grainsize parallels a marked difference in 
a range of other microstructural parameters. In particular, dynamic recov- 
ery and recrystrallization take place at much lower finite strains in the 
lower grade gneisses. 

Bell and Etheridge (1976) have attributed most of these differences 
to hydrolytic weakening effects in the "wetter" amphibolite facies gneisses. 
The total H20 content of the granulites and gneisses is 0.2% and 1.0% res- 
pectively. Considering the assemblages in each, it is thus likely that the 
activity of H20 in the amphibolites was significantly higher than in the 
granulites during mylonitization. This is expected to have had a marked 
effect on the solubility of hydrous species in quartz and other structurally 
anhydrous phases. 
varied significantly across the mylonite zone during ductile flow, and 
explained most of the microstructural differences (including recrystallized 
grainsize) in terms of a climb-related hydrolytic weakening model. We shall 
consider the ramifications of this in a later section. 

They considered that the stress was unlikely to have 

The Davenport thrust zone south of Amata provides an excellent 
opportunity to test the extent of this hydrolytic control on recrystallized 
grainsize. Here, the gneisses of "transitional terrain'' of Collerson 
(1972) are thrust over the same body of granulites involved in the Woodroffe 
thrust (fig.12). and they have a range of total H20 contents intermediate 
between the amphibolite facies gneisses and the granulites. Simplistically, 
we might thus expect them to have intermediate recrystallized grainsizes. 
Because we could not gain access to this area, we have had to rely on Coller- 
son's sampl ing ,  wh ich  was  not primarily designed to study the mylonites. 
The location of samples is shown in figure 12 and the grafnsize data are 
smarized in table 1. 
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There appears t o  be a patchy development of assemblages repre- 
senting a range of metamorphic conditions w i t h i n  the t r an s i t i ona l  t e r r a in .  
Par t ly  mylonitized rocks a re  found up t o  5 km from the main t h ru s t  zone 
within the  t r an s i t i ona l  block, but there  a re  only a few metres t o  a f e w  
t e n s  of metres of mylonitized granul i tes  i n  the footwall.  
the gra ins ize  data  with sample location shows t h a t  gra ins ize  does not 
depend strongly on distance from the t h ru s t ,  but examination of the pre- 
mylonitic assemblages reveals  a good corre la t ion between gra ins ize  and the 
proportion of hydrous minerals ( table  1). The f e w  specimens apparently 
collected from the granul i te  s ide  of the t h ru s t  have rec rys ta l l i zed  grain- 
s izes  less than 30 Urn, whereas those from the t r an s i t i ona l  t e r r a i n  range 
from 30 t o  100 Um. This range of gra ins izes  bridges the gap between the 
mean values from the two s ides  of the Woodroffe t h ru s t ,  and provides very 
good support f o r  a hydrolytic control.  

Comparison of 

Felspar (both pe r t h i t e  and plagioclase) has rec rys ta l l i zed  i n  
many of these samples, and its gra ins ize  is a l so  given i n  table 3. Feld- 
spar gra ins ize  i s  5 t o  t h a t  of quartz i n  the same specimen, but there is 
a good corre la t ion between them. 

STEEPLY DIPPING FAULTS I N  GRANITES OF THE LACHLAN FOLD BELT 

The Lachlan fold  belt is the  southernmost tec tonic  e n t i t y  within 
the lower Palaeozoic t o  Mesozoic Tasman fold  b e l t  t h a t  occupies much of 
eas tern  Australia.  
discussed by Packham (1969); Scheibner (1974 a,b); Solomon and Gr i f f i t h s  
(1972); Douglas and Ferguson (1976) and Rutland (1976). Granit ic  (sensu 
__ l a to )  bodies a r e  widespread throughout the fold  belt (fig.14) ranging i n  age 
from Ordovician t o  Carboniferous (Evernden and Richards, 1962; Brmks and 
Leggo, 1972; Chappell and White, 1974; White e t  a l ,  1974) and commonly 
contain defonned zones i n  which mylonitic rocks a re  developed. These de- 
formed zones range from narrow (<1 m) bands of mylonite, through la rger  but  
d i sc re te  mylonite zones t h a t  correspond to mappable f a u l t s ,  t o  broad (>1 km), 
sub-planar regions of f o l i a t ed  grani te  that general ly contain one o r  more 
d i s c r e t e  highly deformed zones. 

Its geology and t ec ton ic  development have recently been 

FoZiated Granites and Their Associated MyZonites 

General Geology 

Tectonically f o l i a t ed  grani tes  a r e  widespread i n  the  Lachlan fo ld  
belt, and they extend over the range of geochemical a f f i n i t i e s  (S- and I- 
types, Chappell and White, 1974). The fo l i a t i on  and l inea t ion  a re  general- 
l y  concordant w i t h  the dominant s t ruc tu res  i n  t he  folded country rocks, and 
a re  considered t o  result from the same deformation event (Hobbs, 1965; 
White etal, 1977). W e  have selected the Wondalga (fig.15) and Wyangala 
(fig.16) grani tes  f o r  t h i s  study. 
weakly fo l i a t ed ,  and they contain broad meridional zones i n  which the fo l i a-  
t i on  is more intense and discrete mylonite zones a re  developed. 
sample location,  we have tried t o  include a range of f o l i a t i on  development 
(i.e., f i n i t e  s t r a i n ) .  

Both in t rus ives  a r e  generally a t  least 

I n  each 

Microstructures and Grainsize 

The typ ica l  mineralogy of these grani tes  is quartz + plagioclase + 
b i o t i t e  ? IC-feldspar ? hornblende + muscovite. The microstructural  res- 
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ponse to deformation is largely controlled by the behaviour of the quartz 
and feldspar, although the mica plays an increasing role as mylonitization 
becomes more advanced. In all of the rocks examined, quartz has been 
ductile and has recrystallized readily, even at low strains, whereas feld- 
spar may have been rigid, ductile or essentially brittle in its response. 
In all cases, feldspar was significantly stronger than quartz. Biotite 
deforms readily but is slower to recrystallize than quartz, although it 
tends to disperse throughout the rock at higher strains. 
deformational microstructures of these rocks are very similar to those from 
other mylonitized rocks of the same broad mineralogy (Hobbs, 1966; Bell 
and Etheridge, 1973, 1976). They are well suited to this study, because 
the quartz recrystallizes readily, and recrystallized aggregates derived 
from a single original grain remain coherent and monomineralic to quite 
high strains. 
increasing strain from weakly foliated granite to mylonite. 

In general, the 

Figure 17 shows the typical changes in microstructure with 

Recrystallized quartz grainsizes within this group tend to be 
coarser than the central Australian examples (table 2). There is some 
variation between the more widely spaced groups of sample locations, but 
the values are once again very consistent from sample to sample at any one 
location. This is especially true in the Wyangala granite, where three 
widely separated localities have significantly different mean grainsizes, 
but there is very little internal variation. 
is largely independent of strain, although the Wondalga granite samples 
show some tendency for finer grainsizes in the weakly deformed and recrys- 
tallized samples. 

In particular, the grainsize 

Fault-like MyZonite Zones in Granite 

We have studied several major (10-500 kml fault zones which con- 
tain mylonitized granite, and two of them are of particular interest. 
first is found along the eastern margin of a major ophiolite (Coolac serpen- 
tine belt) and may represent a fossil obduction zone, while the second 
(Crackenback fault) shows evidence of Recent movement and possibly present 
day seismic activity. 

The 

Coolac Serpentine Belt 

General Geology - The Coolac serpentine belt is a classical narrow, 
fault-bounded Alpine-type ultramafic belt. It can be traced for about 500 
km, but is best exposed at its southern end, between Coolac and Goobarragan- 
dra (Golding, 1969; Ashley - et al, 1971; Ashley and Chenhall, 1976), (fig. 
15). Along the whole of this section, the ultramafics are bounded on their 
eastern side by foliated to mylonitized felsic intrusives of the Young Gran- 
odiorite (410-420 Ma, Ashley et al, 1971). The deformation of the granod- 
iorite has been ascribed to the emplacement of the ultramafic rocks, and can 
be confidently dated between 400 and 385 Ma (Ashley et al, 1971). Ashley 
and Chenhall (1976) have interpreted the belt as an ophiolite, and its em- 
placement to obduction during the middle Devonian regional folding event. 

Micros, 
mylanites have bl 
collected specim< 
microstructures 
quartz shows the 
quartz aggregates generally consist of elongate and variahlv deformed uralns 
which have themselves undergone some recrystallizatil 
fig.6 of Ashley and Chenhall, 1976). It is apparen 

tructure and Grainsize .. The general microstructure of the 
Ben described by Ashley and Chenhall (1976) and we have 
ens from a selection of their localities (fig. 15). The 
me, in fact, more complex than they recognised, and the 
effects of two discrete deformation events. Isolated 



been coarsely recrystallized during an earlier event, and that these 
recrystallized grains have been deformed during the main mylonitization. 
Very little recrystallization accompanied the second deformation, which is 
characterized by ribbon-like grains with strong undulose extinction, sharp 
deformation bands, serrated grain boundaries and little subgraining on the 
optical scale. Ashley and Chenhall (1976) describe the Young Granodiorite 
as massive to weakly foliated throughout much of its outcrop area, with the 
foliation stronger as the contact with the ultramafics is approached. 
Because of the over-printing deformation, it is difficult to measure the 
grainsize of the earlier generation of recrystallized grains, but they are 
in the range 80 to 100 vm. These values correspond well with those from 
the foliated granites in the previous section, and we believe that they 
have the same origin, that is, they reflect weak to moderate straining of 
the granodiorite during a regional deformation event prior to the emplace- 
ment of the ultramafic belt. 
to this later deformation makes the grainsize difficult to measure accurat- 
ely, but it is very fine, generally in the range 6 to 12 pm, and does not 
vary greatly with finite strain. 

Crackenback Fault 

The paucity of recrystallization attributable 

General Geology - The Crackenback fault is traceable for 45 km 
within the felsic intrusives of the Kosciusko Batholith and the surrounding 
Ordovician slates and greywackes (White - et al, 1977). It trends towards 
050°, and its straight outcrop trace in rugged terrain suggests that it is 
steeply dipping (fig. 19). In the Thredbo area, the fault traverses the 
Mowambah Granodiorite (White et al, 1977). and occupies the valley of the 
Crackenback Fiver, which separates two distinct topographic levels. The 
average height of the dissected Miocene peneplain is 300 to 400 m higher on 
the northwestern side, suggesting that the Crackenback fault is a locus of 
the Pleistocene to Recent uplift in this area. 
tentative epicentre location for an earthquake in this region in 1959 (Cleary 
et al, 1964). 

- 

This is supported by the 

- 
The Mowambah Granodiorite is generally well foliated, even several 

kilometres from the fault, and narrow (1 - 10 m) mylonite zones occur 
throughout the area of figure 19, although they are more closely spaced 
within one kilometer of the Crackenback Fiver. Most importantly, however, 
neither the regional foliation nor the mylonitic foliation (they sometimes 
crosscut) are parallel to the topographic expression of the fault. 
unately, outcrop is very scarce in the river valley itself, but isolated 
outcrops of mylonite were found in which the foliation is parallel to the 
fault. This area is of particular interest because it contains all of the 
following:- 

unfort- 

(i) Foliated granite of the same type as that described in the 
previous section. 

(ii) Discrete mylonite zones, some of which overprint the 
regional folkatton. 

(iii) Evidence of recent fault movement; in fact, it may tenta- 
tively be classed as an active fault. 

(iv) A small stock of massive granodiorite that intrudes the 
foliated granodiorite and is cut by the fault. 
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Microstructure and GrairLaLls 
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the narrow mylonite zones which overpr 
sizes in the lower end of this range, 
lished frcm the samples available. 'I 
are quite strongly undulose, invariabl 
are commonly elongate at an angle to t 
tallization is not commonly associatec 
where it is grainsizes range from 15 t 

The small granodiorite stock 
Crackenback River valley (fig.19) has 
clase + hornblende + biotite 2 K-feldr 
None of the phases has undergone more 
most quartz grains contain a coarse (I 
deformation lamellae and a number of r 
zones (fig.20). 

some of the shear zones wit1 
brittle and ductile deformation strucl 
They consist of an array of roughly 0 1  

200 pm wide, associated with local unc 
may be located within a single deformi 
coarse substructure. There is a veq 
trace of these zones in thin section i 
of the larger discrete fractures with: 

DISCUSSION 

The main emphasis of the dii 
grainsize and its usefulness as a palq 
mylonite zones studied, quartz has de 
flow, dynamic recovery and dynamic rei 
been widely reported elsewhere (White 
1973, 1976). It is thus apparent th, 
isms are suitable for QP regime mylon 
mechanical response. The role of fe 
gneisses and intrusives is much more 
of the mechanical response of these p 
feldspar deformation mechanisms range 
some of the granites in fault zones t 
cation creep and recrystallization) i 
Mica becomes most important at advan 
begins to be dispersed throughout the 
aggregates to form a slaty or phyllit 
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- The Mowambah Granodiorite is at 
'outcrop area (White etal, 1977). 
e (Qlappell and White, 1974) contain- 
+ biotite + minor muscovite. The 
tz grains and more or less well 
dastically deformed at high bulk 
, evidence of two episodes of deforma- 
I with the regional foliation and the 
.esponsible for a gross microstructure 
'or the Wyangala granite (fig. 18). 
bxtensive, relatively coarse recrystal- 
.e 5). There is some evidence that 
.int the regional foliation have grain- 
but this has not been clearly estab- 
?lese coarsely recrystallized grains 
.y have serrated grain boundaries, and 
:he main foliation (fig.18). Recrys- 
I with this later deformation, but 
:o 30 pm (table 3 )  . 
: at the north-eastern end of the 
an I-type mineralogy (quartz + plagio- 
spar), and is only very weakly deformed. 
than isolated recrystallization and 

50 - 100 um) blocky subgrain structure, 
;ubparallel fractures or narrow shear 

iin the quartz grains contain both 
tures, and traverse a number of grains. 
cthcqonal fractures in a zone about 
lulose extinction (fig. 20). A zone 
%tion band, or it may cut across the 
1 strong preferred orientation of the 
md a weaker but significant alignment 
in quartz grains. 

scussion will be on recrystallized 
seopiezometer. 
Eormed by the same range of dislocation 
xystallization mechanisms that have 
, 1973, 1977; Bell and Etheridge, 
at flow models based on these mechan- 
ites in which quartz controls the 
ldspar and mica in deformed felsic 
complex, however, and understanding 
hases is very important. 
d from purely brittle (2 twinning) in 
o largely ductile (dominated by dislo- 
n the Woodroffe and Davenport thrusts. 
ced stages of mylonitization, where it 
recrystallized quartz and/or feldspar 
i'c rock that is mineralogically homo- 

In all of the QP 

For example, 



I 

i . T h  geneous on the scale of the fine mylonitic grainsize 
largely controlled by interfacial energies between phases and diffusion 
rates of the major companents, and it is not useful as an indicator of 
stress. Deformation of these slaty mylonites is controlled largely by 
diffusional and grain boundary processes rather than dislocation flow. 

,is grainsize is 

Conclusions Prom Recrystallized Grainsize Data 

A number of important and consistent relationships between recrys- 
tallized grainsize, microstructure and larger scale structure have been 
found. These relationships have important implications for discussion of 
stress/grainsize equations and their applicability, and so we summarise them 
here as a prelude to that discussion. 

(i) Recrystallized quartz and feldspar grainsize is largely 
independent of finite strain within a single mylonite zone. This is true 
across the whole range of grainsizes and tectonic settings encountered in 
this study. 
that accompanies total recrystallization in mylonitized Heavitree quartzite. 

(ii) In a given mylonite zone, recrystallized grainsize varies with 

The major exception to this rule is the jump in grainsize 

parent rock composition and/or mineralogy. We have strong evidence that 
bulk H 0 content is the major control, and that this is related to hydroxyl 

recovery processes (cf. hydrolytic weakening). The best evidence comes from 
the Wocdroffe and Davenport thrusts, where the granulite facies ("dry") rocks 
occur in the hangingwall and footwall respectively, and recrystallize to 
identical grainsizes. However, gneisses containing more hydrous assemblages 
give rise to coarser grainsizes, again independent of position with respect 
to either thrust. 

(iii) Systematic variations in grainsize with tectonic setting are 
not as clear, but the higher temperature zones (Musgrave Range and regional- 
ly foliated granites) presumably represent deeper structural levels, and are 
all consistently coarser grained. The Crackenback fault shows evidence of 
a coarse recrystallized grainsize associated with a regional foliation over- 
printed successively by individual mylonite zones of intermediate grainsize, 
a fine grainsize associated spatially with the major fault and a final 
brittle event. 

(iv) There is a strong and consistent relationship between recrys- 
tallized grainsize, the range of optical deformation microstructures, and 
the rate of recrystallization with respect to finite mylonitic strain. 
Specifically, the coarser grained mylonites recrystallize at lower strain 
and are accompanied by extensive optical evidence of "easy" recovery. 
contrast, rocks with finer recrystallized grainsize have a more "cold 
worked" optical microstructure, and original grains are highly strained 
before they substantially recrystallize. 

In 

(v) Recrystallized feldspar grainsize is generally one-third to 

This 
one-fifth that of quartz in the same rock, and there is a fair to good 
correlation between quartz and feldspar grainsize at any locality. 
correlation is particularly good in the Woodroffe and Davenport thrusts, 
suggesting that a hydrolytic control on grainsize also operates in feldspar- 
We have found no significant difference between plagioclase and alkali 
feldspar. 
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In sunnnary, our data strongly support the concept of a steady 
state dynamically recrystallized grainsize that is largely independent of 
finite strain. However, this grainsize is apparently critically depend- 
ent on the ease of dynamic recovery, and variables that affect this (e.g., 
temperature "H20" content) have a direct bearing on the grainsize. 

Discussion of Stress/Grainsize Equations 

It has been reccgnised for some time that materials undergoing 
steady state dislocation creep develop a stable microstructure, and that 
several parameters of that microstructure are related uniquely to the de- 
forming stress (Bird et al, 1969). The m s t  useful of these parameters are 
dislocation density, subgrain size and recrystallized grainsize. Recently 
a theoretical relationship between creep stress, subgrain size and recrys- 
tallized grainsize has been developed that can be readily applied to miner- 
als (Twiss, 1977). 

Twiss' model is attractive because it gives a simple relationship 
of the expected form, is apparently independent of mechanism, and fits very 
well with the experimental data for metals and alloys. The limited experi- 
mental data for minerals are of questionable quality because the stress 
measurements were made in a solid pressure medium deformation apparatus, but 
they compare well with Twiss' theory, and an empirical stress/grainsize 
formula for quartz (Mercier et al, 1977) is discussed below. Before apply- 
ing Twiss' theoretical stress/grainsize relationship to the data from the 
previous chapter, the derivation of the formula and the assumptions inherent 
in applying it will be discussed. 

The basic assumptions involved in deriving the stress/grainsize 
relationship are (miss, 1977 and unpubl. mss.):- 

(i) Subgrains and recrystallized grains are of minimum possible 
size, with the proviso that the total strain energy of the dislocations in 
a closed boundary of a subgrain or recrystallized grain is equal to the 
total strain energy of the dislocations distributed within the bounded vol- 
ume. 

(ii) The Taylor back-stress relationship between differential 
These stress (U) and steady-state dislocation density (e) is accepted. 

assumptions lead to a relationship between differential stress (u) and 
either subgrain or recrystallized grainsize (d) of the form, 

-P 
- U = K[E] 
r 

where r = p/i-u, u is shear modulus, u is Poisson's ratio, b is Burgers 
vector of dislocations, and K and p are material constants that depend upon 
dislocation and boundary energy terms. Unique determination of K and p is 
difficult, but miss showed that empirical values obtained from published 
data fit well within the rather narrow expected ranges for these parameters. 
Twiss' final equations are thus:- -- 

1 

for subgrains.: u = 8.1 r [E] 
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and alloys (Bird et al, 1969). A more serious criticism can be levelled 
at the derivation of the boundary and volume energy terms in the recrystal- 
lized grainsize analysis. 
ation of a recrystallized grain seems somewhat simple-minded, and this 

rticularly affect the value of p in equations 3 and 5. 
!ms to be a real inconsistency in applying the first assumption 
a recrystallized grain which is free of dislocations, since the 
iergy term must then be zero. Even though Twiss' model produces 

- 
The dislocation loop expansion model for form- 

However, 

- ,-.,,,,~tion-free recrystallized grain, the energy balance calculation 
given by the Taylor back stress 
the model and the metallurgical 

u a c m ,  ILVW.SVWL, ~ U Y Y J ~ J L -  uiaL ~ 1 - b ~  p ~ w u ~ e m s  are not critical to its applic- 
ation, and that the form of equation 1 is reasonable. 
constants K and p, however, provide a possible source of significant error. 

The values of the - 
The experimental data used to determine the values of K and p in 

equations 2 and 3 are primarily derived from metals and alloys. Although 
the few data for quartz are also used in the regression, they are the 
furthest from the mean line (Twiss, 1977, fig.1). and significant variation 
in the value of K seems possible between different materials. 
influence on the value of K comes from the dislocation interaction term u .  
The value for metals is well constrained at about 0.7 (Bird et al, 1969), 
but the only experimentally determined value for a mineral (olivine) is 
2.3 (Kohlstedt et al, 1976) and the value determined by Twiss (1977) from 
his regression of all data is 1.57. The constant K varies from 1.1 to 
3.5 for the u range from 0.7 to 2.3, which gives approximately 6 times 
difference in grainsize for the same stress. 
data presented earlier, this is a most significant variation, and careful 
determination of u for quartz and feldspar is most important for applica- 
tion of the Twiss relationship. 

In contrast, the value for p seems much better constrained, and 

The main 

- 

In terms of the grainsize 

even a large variation from 0.6 to 0.0 produces only about a twofold 
increase in grainsize for stresses in the expected range. 

The important features of the recrystallized grainsize data 
collected in this study have been summarized above. The independence of 
recrystallized grainsize and finite strain is clearly consistent with the 
Twiss model, but the effect of €I20 through a "hydrolytic weakening" process 
or a temperature dependence of grainsize are not. At first sight, it is 
difficult to see why either water content or temperature should affect the 
steaay state grainsize at a particular stress. Certainly as both increase, 
the rate o f  recovery increases (Hobbs et al, 19721, and the strainrate 
rises at constant stress. Homer, the balance between strainrate and 
recovery rate should give rise to n constant dislocation density, and thus 
a constant recrystallized grainsize according to Twiss' model. Neverthe- 

- 
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less, there is no doubt from the data that water, in particular, substan- 
tially affects grainsize, and we believe that this can only be satisfactor- 
ily explained by a stress/grainsize model that is directly related to the 
operative recovery/recrystallization mechanisms. 

The optical microstructures in almost all of the rocks examined 
during this project indicate that recrystallization takes place by a 
mechanism of the subgrain rotation type (Hobbs, 1968; Bell and Etheridge, 
1976; Poirer and Nicolas, 1975). This mechanism involves the progressive 
increase in misorientation between adjacent subgrains during the dynamic 
recovery/recrystallization process. In support of such a model, transi- 
tions are commonly found from weakly undulose subgrained recrystallized 
within a variably strained quartz or feldspar grain. The subgrain rota- 
tion mechanism should thus form the basis of any more realistic stress/ 
grainsize model, but, unfortunately, little is known about the details of 
the mechanism, especially in the early stages of recrystallization. TEM 
examination of dynamically recovered minerals shows that the stable sub- 
grain size is several times smaller than the optically visible "subgrains" 
that appear to rotate to form recrystallized nuclei. Until the relation- 
ship between the two subgrain sizes is understood, and the role that the 
smaller subgrains play in recrystallization has been elucidated, the 
stress/grainsize relationship cannot be substantially improved. 

The final problem concerning the application of any model of 
dynamically recrystallized grainsize versus stress is how the grainsize 
tracks a potentially complicated stress history. 
assume that during the bulk of the strain history of a QP-mylonite zone, 
the magnitude of the shear stress is relatively constant. However, it is 
possible for the grainsize to adjust late in the zone history to either 1) 
a slowly waning stress or 2) a hydrostatic condition at elevated tempera- 
tures. In both cases, the stress inferred from recrystallized grainsize 
will underestimate the steady state :low stress responsible for the bulk 
of the movement. It is impossible to estimate the rate at which stress 
magnitudes decrease at the end of a particular deformation phase, but the 
experiments of Ross (1977) on olivine suggest that grainsize 
increases rapidly in response to decreasing flow stress, and this is a 
potentially serious problem of unknown magnitude. 
grain growth at shear stresses below that required for dislocation flow 
has been discussed by miss (1977). However, we believe that the follow- 
ing microstructural criteria are inconsistent with significant static 
grain growth: 

It seems reasonable to 

The problem of static 

(i) Strongly deformed relics of original grains are commonly 
found surrounded by essentially strain-free recrystallized grains in 
mylonites. 
formed relic would be significantly greater than that for grain growth in 
the recrystallized matrix, and should therefore precede such grain growth. 

The driving force for static recrystallization of the de- 

(ii) TEM examination of dynamically recrystallized grains in 
mylonites shows that they have a low to moderate density of dislocations, 
particularly near their boundaries (White, 1976). Retention of these 
dislocations is inconsistent with significant migration of the recrystal- 
lized grain boundaries. 

(iii) During annealiw the primary recrystallized grainsize 
will decrease with increasing strain, whereas it was found to be independ- 
ent of strain in most of the zones studied here. 



14 

Civ) S t a t i c  grain growth i n  a primary recrystal l ized aggregate 
is characterized by selected growth of individuals and t h e  development of 
i r regular  grain shapes, neither of which is seen i n  even the coarsest  of 
these rocks. 

In summary, the  miss model fo r  re la t ing  stress t o  recrystal l ized 
grainsize contains some minor inconsistencies and l ike ly  sources of e r ro r ,  
but it provides a good f i t  t o  the available experimental data,  and u n t i l  a 
model based on r e a l i s t i c  recrys ta l l iza t ion  mechanism is  developed, it i s  the 
best available. 
1977) is  based on experiments a t  unrea l i s t ica l ly  high pressures, i n  which 
measured s t resses  are  subject t o  s ign i f icant  e r ror .  
out under "wet", but uncontrolled 

The only empirical relationship fo r  quartz (Mercier etal, 

They were a l so  carried 
conditions (Parrish e t  a l ,  1976). - 

20 
Discussion of Calculated Stress  Magnitudes 

Different ia l  stress magnitudes have been calculated from the re- 
crys ta l l ized  grainsize data  using the w i s h  theore t ica l  equations for  quartz 
and feldspar,  and the Mercier empirical formula for  quartz. The calculated 
s t resses  a re  tabulated i n  appendix 2, and surmnarised i n  f igure 21, which 
uses the s t r e s s  values derived from the miss equation fo r  quartz. 
s h a l l  use these values i n  the following discussion rather  than the empirical 
values, primarily because the experiments (which were designed fo r  qui te  
another purpose) lacked control over some of the  important variables. 

We 

The calculated s t r e s s  magnitudes f a l l  i n t o  two main groups (f ig .  
21). The regionally fo l ia ted  granites (Wyangala, Wondalga and coarser 
grainsizes a t  Crackenback) give lower values, generally i n  the range 20 t o  
40 ma. I n  contrast ,  most of the mylonites within discrete  zones produce 
s t r e s s  magnitudes between 60 and 150 MPa. The data  from the Woodroffe and 
Davenport th rus t s  span both ranges. 

The d i f f i cu l ty  i n  interpret ing these stress values is clear  from 
the Woodroffe and Davenport th rus t  data. 
between calculated stress and rock composition (esp. degree of hydration) 
and there  i s  no correlation between stress and posit ion with respect t o  the 
two thrus t  planes. 
grainsize i n  t h i s  case is merely ref lect ing the effect of H20 on the rheol- 
ogy of quartz and feldspar. The data from the grani t ic  rocks of the  Lach- 
lan fold b e l t ,  however, are much more consistent with expected s t r e s s  vari-  
ations. 
data. The lowest values (around 20 m a )  are  recorded i n  the weakly t o  mod- 
era te ly  deformed granite that m a k e s  up the bulk of the intrusion, increasing 
t o  about 40 MPa i n  d iscre te  mylonite zones. 
by a "higher stress" (80 MPa) event apparently associated with the macro- 
scopic fault ing.  

There is a close correlation 

It thus seems t h a t  the var ia t ion i n  recrystal l ized 

Three d i s t i n c t  groups of stresses are found i n  the Crackenback 

Both of these a re  overprinted 

The quartz mylonites of the Atnarpa area were specif ical ly  chosen 
It fo r  t h i s  study because the thrus t  pile had been mapped i n  some de ta i l .  

thus seemed possible to provide some constraint  on the stress magnitudes 
calculated from grainsize by dynamic modelling of the geometry t o  the  thrus t  
sheets. However, the geology is more complex than first appeard and there 
are insuf f ic ien t  data t o  pursue this approach. Nevertheless, the calcula- 
ted stresses do broadly r e f l e c t  depth within the thrus t  complex, although 
the highest stresses are  recorded i n  the upper levels.  
t e n t  w i t h  a simple f r i c t iona l  model, but may r e su l t  directly from the e f f ec t  
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This i s  inconsis- 



of a higher fluid pressur 
Rubey, 19591, or indirect 

When all of the 
pared, there is a general 
dip of the fault zone. 
nappes (Foman, 1971; Mz 
of deformation and/or clc 
be expected to result in 

Given that prok 
tudes to specific mylonit 
instructive to compare tk 
derived from other source 
the "direct" measurements 
techniques such as overcc 
measurement is at only 5 
stress magnitudes are le! 
This value is remarkably 
ated granites, which pres 
stresses. It is also si 
study (approx. 100 MPa) i 
frictional shear resistar 
If the calculated stressc 
oratory experiments have 
within seismogenic fault 
ional processes), or 2) 1 
seismogenic regime. 

CONCLUSIONS 

(i) The con( 
during deformation of a s 
shown to apply to a wide 
studied, this grainsize 1 
it may not be uniquely rc 
tive to the water conteni 
weakening process, and m: 
however, shows an examplt 
consistent with a stress 
a mylonitized granite. 

(ii) The Twit 
lized grainsize to diffei 
broadly consistent with i 

cies. First, it contail 
(esp. hydrous species) 01 
dependence of elastic pal 
it does not predict the : 
quartz and feldspar in tl 
tallized grains contains 

(iii) A stres! 
model of recrystallizatii 
based hydrolytic weakenii 
ments is a potentially pi 

13 f' 

'e at depth on frictional resistance (Hubbert and 
.ly through a hydrolytic weakening process. 

! data from the Amadeus Basin locality are com- 
. picture of increasing stress with increasing 
According to the model for fonnation of the thrust 
krjoribanks, 1974), this indicates increasing depth 
ser proximity to the root zone, both of which may 
higher stresses. 

)lens exist in applying the calculated stress magni- 
:e zones or groups of zones, it is nevertheless 
le range of values with crustal stress magnitudes 
?s. McGarr and Gay (1979) have recently reviewed 
5 of stress in the upper parts of the crust using 
,ring and hydrofracture. Even though the deepest 
km from the surface, there is some evidence that 
Telling off at 20 to 40 MPa below about 2 to 3 km. 
consistent with the data from the regionally foli- 
;umably reflect the effects of "normal" orogenic 
tgnificant that the highest values recorded in this 
%re somewhat laver than the widely quoted values for 
m e  during stick-slip on a range of discontinuities. 
?s are realistic, this means either that 1) the lab- 
so far been unable to reproduce the conditions 
zones (e.g., the role of a fluid phase in diffus- 
:he stresses in the QP regime are lower than in the 

:ept of a steady state recrystallized grainsize 
single phase aggregate by dislocation creep has been 
variety of deformed rocks. In most mylonite zones 
is strikingly independent of finite strain, although 
?lated to stress. In particular, it is very sensi- 
t of the rocks, presumably through a hydrolytic 
~y be less sensitive to temperature. Figure 22 a, 
3 of recrystallized grainsize variation that is 
concentration between two rigid feldspar grains in 

5s (1977) model for relating subgrain and recrystal- 
rential stress predicts stress magnitudes that are 
3ther constraints, but it has some obvious deficien- 
is no direct reference to the effects of impurities 
r temperature (except through minor temperature 
rameters and dislocation Burgers vectors). Second, 
large difference in grai'nsize (3 to 5 times) between 
ie same rock, and finally, the model used for recrys- 
some inconsistencies. 

s/grainsize relationship based either on a realistic 
an mechanisms (Including the effect of recovery 
ng l ,  or 0) a range of careful deformation experi- 
3werful tool for determining palaeostress magnitudes. 
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Stress values from central Australian Quartzites (ma). 

Locality I 
Damper 
Gorge. 

I 

I Omiston 

Chewings 
Range 
Quartzite- 
Fish Hole 

1 

Sample 
No. 

50912 
50913 
50914 
50916 
50917 
50918 
50919 
50920 
50921 
50922 
50924 
50925 
50926 
50927 
50928 
50929 
50930 

74-1486 
74-1487 
74-1488 
74-1489 
74-1490 
74-1498 
74-1499 
74-1503 
74-1505 
74-1506 

74-1473 
74-1472 
74-1471 
74-1470 
74-1409 
74-1468 
74-1476 

90 
99 
86 
76 
87 
80 
92 
87 
84 
87 
73 
102 
77 
80 
78 
89 
71 

127 
111 
126 
131 
119 
124 
116 
12 1 
122 
109 

169 
138 
124 
179 
145 
140 
146 

.z 
Mercier 

47 
53 
45 
40 
45 
41 
49 
45 
44 
45 
37 
53 
40 
42 
41 
47 
36 

66 
58 
66 
68 
62 
65 
60 
63 
64 
57 

86 
74 
65 
95 
79 
74 
79 
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Locality 

Woodrof fe 
Thrust. 

Davenport 
Shear. 

Stress values from the Musgrave - Mann ranges (ma). 

Sample 
NO. 

Gi 
G3a 
G3b 
G3c 
G4 
G5 
A5 
A4 
A3 
A4 
A 1  

16 
18 

400 
917 
318 
323 
472 
537 
611 
620 
673 
882 
917a 
917b 
917 
9171 
917p 
940 
948b 
948 
948 
948i 
531 
543 
689 
698 
783 
788 
900 
907b 
907f 
911 
917s 
9289 
92831 

Quartz 

miss 

140 
87 
75 
73 
69 
46 
37 
30 
24 
34 
41 

27 
18 
29 
28 
41 
39 
35 
51 
36 
35 
40 
39 
33 
32 
33 
35 
42 
40 
37 
32 
45 
47 
65 
50 
50 
58 
49 
50 
48 
62 
58 
52 
47 
73 
102 

Mercier 

74 
45 
38 
37 
35 
23 
18 
15 
12 
17 
21 

13 
9 
14 
14 
23 
19 
17 
26 
18 
17 
20 
19 
16 
16 
16 
17 
35 
20 
20 
16 
23 
23 
33 
25 
25 
30 
25 
25 
24 
32 
30 
26 
23 
40 
53 

Feldspar 

316 
279 
279 
229 
212 
98 
115 
93 
115 
157 

112 
73 

100 
119 
103 

185 

119 

127 
106 
10 3 
115 
112 
132 
137 
157 
123 

185 
165 

- 

- 
- 

- 

- 

- 
- 
185 - 
- 
174 
212 

174 
174 

165 

- 

- 
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Stress values fxom eastern Australian foliated granites (ma) 

Locality 

tyangala 

3atholith 

qondalga 

3athOlith 

Sample No. 

34697 
34710 
34711 
34712 
34714 
34718 
34719 
34720 
34721 
34727 
34729 
34743 
34744 
34799 

5701-213 
5206-214 
WYO 
W Y l O  
WY16 
WY30 
wY35 

50231 
50232 
50234 
50235 
50236 
50244 
50245 
50246 
50247 
41255 
41277 
41278 
41279 
41309 
41310 
47360 
47361 
47362 
47363 
47364 
47365 
47372 
49634 
49625 
49639 
49646 
49679 
49684 

ou< 
miss 

29 
41 
38 
35 
38 
35 
37 
35 
34 
21 
23 
21 
23 
31 
33 
26 
40 
40 
39 
40 
40 

26 
28 
24 
23 
28 
45 
27 
28 
43 
30 
36 
24 
17 
17 
16 
30 
50 
33 
33 
34 
30 
44 
28 
31 
29 
36 
37 
27 
b 

t Z  
Mexcier 

14 
20 
19 
17 
19 
17 
18 
17 
17 
10 
11 
10 
11 
15 
16 
13 
20 
20 
19 
20 
20 

13 
14 
11 
11 
14 
22 
13 
13 
21 
15 
19 
11 
8 
8 
8 
15 
27 
16 
16 
17 
15 
22 
13 
15 
14 
18 
18 
13 

Feldspar 

143 
108 
101 

108 
133 
133 
114 

111 
71 
106 
87 
83 
79 

- 

- 

- - 
187 
198 
133 
114 - - - 
178 

129 
138 

- 



St re s s  values from eastern Australian f au l t  zones (ma) .  

I Locality I Sample No. 

Coarse Quartz Fine Quartz ! 
m i s s  I Mercier I miss I Mercier Feldspar 1 , 

Crackenback 
f a u l t  - 
M t .  Kosciusko 

51108 
51110 
51111 
51114 
51115 
51116 
51117 
51119 
51121 
51123 
51128 
51131 
51135 
5ll.42 
51144 
51145 
51147 
51149 
51152 
51153 
51157 
51158 
51161 
51168 

28 
28 
26 
29 
34 
27 
26 
28 
24 
29 
22 
22 
24 
31 
22 
21 
22 
1 4  
34 
37 
32 
41 
1 4  
41 

14 
14 
13  
1 4  
17 
13  
13 
14 
12 
14 
10 
11 
11 
16 
11 
10 
11 

7 
17 
19  
16 
20 

7 
20 

90 
55 
80 - - 
32 
80 
75 
82 - - - 
88 - - 
91 - 

46 
28 
41 - - 
33 
4 1  
38 
42 - - - 
46 - - 
47 
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TABLE 2.  Grainsize d a t a  from the  f o l i a t e d  g r a n i t e s  of 

eastern Aus t ra l i a .  

Locality 

Wondalga 
Bathol i th  

-. 

Wyangala 
Bathol i th  

:ample 
lumber 

50231 
50232 
50234 
50235 
50236 
50244 
50245 
50246 
50247 

41255 
41277 
41278 
41279 
41309 
41310 

47360 
47361 
47362 
47363 
47364 
47365 
47372 

49634 
49635 
49639 
49646 
49679 
49684 

34697 
34710 
34711 
34712 
34714 
34718 
34719 
34720 
34721 

3 4 7 3  
34729 
34743 
34744 

34799 
5701-21 
5206-21, 

WYO 
WYlO 
W Y l G  
WY30 
wy35 

G r a i n  
Quartz 

113 
103 
130 
140 
103 

52 
109 
105 

56 

94 
66 

133 
212 
206 
224 

93 
45 
81 
83 
79 
92 
54 

106 
88 
98 
71  
70 

111 

101 
61 
69 
78 
69 
76 
71  
77 
.80 

163 
139 
157 
145 

91 
85 

121 

62 
62 
65 
64 ' 
64 

47 7 

tze (uml 
Feldspar 

19 
28 
31 

28 
21  
21  
26 

- 

- 
27 
51 
29 
38 
41  
44 

- - 
1 3  
12 
21 
26 - 
- - 
14 

22 
20 

- 

Coments  

Area 1. 

( f igure  1.9 

Area 2. 

( f igure  15) 

Area 3. 

( f igure  15) 

Area 4. 

( f igure  15) 

Bigga Area 

( f igure  16) 

Binda Area 

( f igure  16) 

Wyangala Dam 
Area 
(figure 16) 



Table 3. Grainsize data from discrete fault zones within the eastern 

Australian Granites - Coolac and He. Kosciusko areas. 

Locality 

Coolac 
Serpentine 
Belt. 

Crackenback 
Fault - 
Mt. KoSciuSkO 

Sample 
Number 

38021 
38022 
38023 
38024 
41195 
41196 
41197 
37661 
37679 
37685 
37904 

51108 
51110 
51111 
51114 
51115 
51116 
51117 
51119 
51121 
51123 
51131 
51135 
51142 
51144 
51145 
51147 
51149 
51152 
51153 
51157 

51161 
51168 

5ii5a 

Grainsize 
Quartz 

15 
10-12 
6-10 
10-12 
8-10 
8-10 
8-10 
23 
44 
36 
11 

loarse 
108 
109 
118 
99 
81 
112 
117 
104 
132 
99 
154 
138 
89 
151 
156 
152 
302 
80 
69 
88 
61 
253 
61 

- 
- Fine 
19 
40 
23 

31 
23 
25 
22 

20 

19 

urn) 
cldspar 

14 

10 
13 

16 
11 
12 

15 
42 

20 
20 
29 
22 
27 
27 

16 
22 

20 

~~ 

Comments 

Area 5. 
(figure 15) 

Area 6. 
(figure 15) 

Area 7. 
(figure 15) 

Foliated Granite 

Mylonite 

Foliated Granite 

Mylonite 

Foliated Granite 

Mylonite 

Foliated Granite 

Mylonite 

Foliated Granite 
Mylonite 
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LISTING OF FIGURe CAFTIONS 

Figure 1. 

Figure 2. 

Figure 3 .  

Figure 4. 

Figure 5. 

Figure 6. 

Figure 7. 

Figure 8 .  

Figure 9 .  

Map of Australia showing the three main sample localities used 
in this study. IJ Woodroffe-Davenport thrusts; 2)  Thrust 
nappes of  Amadeus Basin; 3) Granites of Lachlan fold belt. 

A generalized geological map of the MacDonnell Ranges (after 
Wells et al, 1970. 

Geological map of the Atnarpa area showing the six sample 
localities (geology after Yar Khan, 1972). 

Geological map of the Ormiston area showing the two thrusts 
that were sampled (geology after Marjoribanks, 1974). 

Cross-section through Damper Gorge showing specimen locations 
and detailed structure. 

Graph summarizing the recrystallized grainsize data from all 
localities within the Heavitree Quartzite. 

Photomicrographs of Heavitree Quartzite from the Atnarpa area, 
(a) Totally recrystallized sample from locality A. (b) , (c) 
and (d) three samples from Ruby Gorge (locality B) showing 
increasing strain in the old grains without any significant 
variation in recrystallized grainsize. (e) Totally recrystal- 
lized sample from adjacent to the thrust at locality B. 
grainsize in this sample is larger than in those shown in (a), 
(b) or (c) (scale = . 2 m  in all micrographs). 

Optical micrograph at Heavitree Quartzite from the two southern 
localities at Atnarpa. 
increasing amounts of plastic strain, (a) grains are equidimen- 
sional and contain deformation bands and lamellae with very 
little recrystallization (scale = .3mm). (b) and (c) grains 
are moderately and highly strained, respectively, and are 
sitting in a matrix of finely recrystallized quartz (scales = 
.3mm). (d) Fractures and shear zones (filled with recrystal- 
lized quartz), evidence of more brittle deformation (scale - 
.2mm). (e) The same area as (d) but photographed under plane 
polarized light. (f) Sample from locality F. The rock is 
very similar to that shown in (a), little plastic strain and 
cold worked optical microstructure (scale = .2mm). 

a)-c) Optical micrographs of Heavitree Quartzite from Damper 
Gorge. 
grains and increasing amounts of recrystallization from (a) to 
(c) and yet the recrystallized grainsize remains constant 
(scale = . 2 m  in all micrographs). 
d)-f) Optical micrographs of Heavitree Quartzite from Ormiston 
Gorge. Strain and amount of recrystallization increases from 
tal to (c), however there are no samples from this locality 
that are very highly recrystallized (scale = .2m in all micro- 
graphs). 

-- 

The 

The first three micrographs show 

There is increasing plastic strain within the original 
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I Figure 10. Optical micrographs of Chewing5 Range Quartzi te  from Fish 
Hole, showing increasing p l a s t i c  s t r a in .  (a) Quartz grains 
are  only s l i gh t ly  elongate but contain deformation bands 
(top l e f t  hand corner,. There is no recrystal l izat ion and 
the quartz-quartz grain boundaries a re  serrated.  (b) The 
grains are m o r e  highly strained and the bands of recrystal-  
l ized  grains along the grain boundaries indicate some recovery. 
(c) Ribbon mylonite, even a t  t h i s  high s t r a i n  there is only a 
limited amount of recrystal l izat ion.  (dl Showing relation-  
ship between opt ica l  subgrains and recrystal l ized grains. 
Scale is 0.2 nun i n  a) to  c) , and 0.05 rn i n  d) . 

Figure 11. Geological map of the Musgrave Ranges showing the location 
of the sample traverse across the Woodroffe Thrus t  and the 
location of the Davenport Thrust (geology a f t e r  Major etal, 
1967). 

Figure 12 .  Detailed geological map of the Amata area showing the sample 
l o c a l i t i e s  adjacent t o  the Davenport Thrust (geology a f t e r  
Collerson, etal, 1972). 

Graph of quartz and feldspar recrystal l ized grainsize varia- 
t ion  across the Woodroffe Thrust (sample numbers are given 
along the horizontal  axis). The p l o t  of s t r a i n  i s  only 
approximate and is taken from B e l l  and Etheridge (1976). 

Map of the granite bathol i ths  outcropping i n  the Lachlan Fold 
B e l t ,  eas tern Australia. Marked on t h i s  f igure are  the 
posit ions of the more detailed sample loca l i ty  maps. 

Sample loca l i ty  map fo r  the Wondalga Batholith and the Coolac 
Serpentine Bel t  (geology after Brunker e t  a l ,  1970). 

Figure 13. 

Figure 14. 

Figure 15. 

Figure 16. Map of the Wyangala Batholith showing sample loca l i t i e s  
(geology after Brunker e t  a l ,  1969). 

Optical micrographs of the Wyangala Granite showing the micro- 
s t ruc tura l  changes from a weakly fo l ia ted  granite t o  a mylon- 
i te .  (a) Typical fo l ia ted  granite,  quartz grains show s t r a i n  
shadowing and there is some quartz recrystal l izat ion along 
grain boundaries. (b) Original quartz grains have deformed 
t o  long, t o t a l l y  recrystal l ized ribbons, whereas t h e  feldspars 
remain unstrained. (c) Total recrystal l izat ion of both 
quartz and feldspar t o  form a f i n e  grained mylonite (scale = 
1 mn i n  a l l  micrographs). 

Figure 17. 

Figure 18. Optical micrographs of deformed grani tes  from localized f a u l t  
zones. (a) Sample from the Goobarragandra River showing a 
to t a l ly  recrystal l ized old grain. The new grains themselves 
are elongate and a second generation o f  f ine  recrystal l ized 
grains can be seen along the quartz grain boundaries (scale = 
, lmnl .  (B) Moderately deformed grani te  from the Crackenback 
area. The quartz grains a re  highly strained and to t a l ly  re- 
crystalli'zed, however the feldspars remain undefonned (scale  = 
.3nun). (c) Coarse recrystal l ized grains i n  a mylonitized 
grani te  from the Crackenback area. The new quartz grains a re  
elongated a t  about 30° t o  the main fo l ia t ion  (scale = .3m) .  
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FIGURE 4. Goologlcal map of tho Ormiston aroa showing tho major thrusts and tho 

location of samplo locoIit los.  (Goology aftor Marjoribanks, 1974) 
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FIGURE 15. Sample locality map for Wondalga Batholith 
and Coolac Serpentine Bolt. 

49 7 







C 

500FIGURE 18 



T
i P
 

m m
 2 'd
 

0
 m m a
 
a
 2 m II'
 

.m 0
 c .. N
 

0
 
3
 

50
1 





LOCALITY 

I 

2 

3 

WOODROFFE THRUST 

DAVENPORT THRUST 

ATNARPA A-D 

ATNARPA E 

ORMISTON OOROL 

DAMPER OOROL 

CHEWINQS RANOE 

WYANQALA GRANITE 

WONDALOA QRANITE 1,3,4 

WNDALOA GRANITE 2 

CRACKENBACK 

COOLAC 

I 

Amphibollto 
KxSsm 

Totally 

t z i x s l m  
Ilrcrystoll1z.d 

h= Yylonlto Fine 

[9 1 9 h l  

0 m 

20 40 60 80 100 Dlffrrrntial Strrss (MPa) IO 200 

FIGURE 21. Graph summarizing stross vaiuor caiculatod from rocrystallirod 
grainriro data. 




