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HOMENCLATURE

X,Y’Z -

SEfE

Principal axes of the ftriaxial strain ellipsoid. K}Y}Z

. Final deformed ellipse axial ratio in a principal plane.

Finite strain axial ratio. .

Initial undeformed particle axial ratio.

Angle between the Rf long axis and the maximun principal
strain direction in the principal plane considered.

Angle between the Ri long axis and the maximum principal
gtrain direction,

An absolute measure of the magnitude of the distortional
component of strain. Es is directly proportional to the
natural octahedral shear (&).

Lodes unit. A measure of deformation symmetry.

Flinns k. An alternative measure of deformation symmetry.,
Magnitude of shear strain.

Angle of planar fabric dip in the right section to strike.



ABSTRACT

The Myponga-Little Gorge Inlier is the core of a regional reclined
fold, which is delineated by the stratigraphy of the Adelaidean cover
and by detailed structural analysis. The regiona]'foid formation occurred
during the F] phase of the Palaeozoic Delamerian Orogeny. The regional
fold axis is orientated with a shallow southeast plunge which is perpendi-
cular to the regional trend. Although the fold closure is to the southwest,
brittle thrusting disrupts the nose of the inlier.

Planar zones of extensive phyllonitization and fé]iation deVelop-
ment in basement lithologies adjacent to the overturned basement-cover
‘ contact, are interpreted as zones of simple shear. Formation of these
zones is éonsidered contemporaneous with the development of an elongation
~lineation, which is reflected by deformed pebbles and clastic grains in
the basal conglomeratic sandstohe.

A quantitative strain analysis of the conglomerate is discussed.
Deformation paths interpreted from the‘variation of finite strains suggest
prolate strains have developed from less significant oblate strains.

This is inconsistent with the plane strains inferred by the proposed
simple shear model. Two possible explanations are considered likely:

(a) As Rf/@ diagram analysis suggests that only one deformation has been
. imposed on an 1n1t1a1 sedimentary fabric, the finite strain variation may
not represent a true deformation path, which is a result of two deforma-
tions. Therefore plane strain and the simple shear model may be valid.
(b) The estimates of prolate strains may be realistic, in which case,
the simp]e shear model is invalid.

The F2 phase ‘of the Delamerian Orogeny is represented by a small-
scale crenulation cleavage and lineation. w1despfead but insignificant

conjugate faulting also post-dates the regional fold formation.



INTRODUCTION

1.1 General Geology

Within the Mount Lofty Ranges, several inliers of the Barossa
Comp]ex (Thomson, 1966) form the cores of overturﬁed regional anticlinal
structures, which are dislocated by shearing on the western 1imbs. The
inliers act as basement to the unconformably overlying Adelaide Super-
group (Daily, 1963). This Adelaidean sequence is thought to be Upper
Proterozoic in age as it is unconformably overlain by Lower Cambrian
fossiliferous sediments (Abele and McGowran, 1959). Upper to Middle
Proterozoic radiometric ages have been obtained for the basement 1itho-
logies within the inliers and also for their equivalents on Yorke |
Peninsula (Compston et al., 1966; Cooper and Compston, 1971).

Radiometric dating indicates an age of 465 million years for
the major orogenesis in the Adelaide Geosyncline (Compston et al. (op.
cit.)). Offler and Fleming (1968) attribute three phases of folding to
the orogeny, of which the first»bhase (F]) resulted in the major over-
turned anticlinal and reclined folds with the basement as core inliers.
The inliers are exposed in the lower greenschist facies zones defined
by Offler and Fleming for the post-basement lithologies. Convérgent
retrogression of initially high grade amphibolite facies basement to
equivalent Tow metamorphic grades, has resulted in obliteration ofithe
early basement structures by phyllonitization (Talbot, 1964).

Daily and Mi]nes (1971b, 1972a) and Stuart and von Sanden
(1972) have described énd recognized the significance of the thrusts
and reverse faults associated with overturned regional anticlines.

The subject of this thesis is a study of the.southweét con-
tinuation of thé Myponga-Little Gorge Inlier on the northwest coast of
the Fleurieu Peninsula, forty miles south of Adelaide, South Australia

(Figure 1). The nature of the brittlé thrusting and.prOposed ductile
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shearing is examined with respect to the orientation and nature of the
regibna] fold structure which has the basement inlier as a core.

Campana et al. (]953) associated thrusting with the overturned
basement-cover contact. They considered the regional fold to be an
ovefturned anticline which plunges to the southwest. However Robinson
(1962)‘and Offler and F]eming'(op.cit.) accept that the fold is reclined
and plunges to the southeast, parallel to the mesoscopic fold axes.

Abele and McGowran (1959) describe pre-Permian thrusting
along the hortheast-southwest trending Black Hill Fault in Cambrian
sediments near Carrackalinga Head, which is immediately northeasf of
tﬁe_area studied. Drayton (1962) also delineates.-a fault of similar
trend in the Rapid Bay region to the south. A number of post-folding
and post-metamorphic thrust wrench faults have been defined by Mills 1in
the Kanmantoo Group on the east side of the Mount Lofty Fold Belt
(Forbes, 1966).

Sheariﬁg adjacent‘to.the basement-cover contact on the over-
‘turned 1imbs has been proposed by Davies (1972) and McEwin (1972) for
the Myponga-Little Gorge Inlier and by Talbot (1963) in the Houghton
Inlier. The shearing is associated with phyllonitization of both the

basement and cover ]itho]ogies.

1.2 Methods of Investigation

Interpretive and qualitative analysis of the Delamerian fold,
shear and thrust deformations were initially conducted by lithological
| andvstructural mapping of the area bounded by the coastline and the
Normanvi]]e;Cape Jervis road between Second Valley and Little Gorge.
(Figure 1). Petrological examination and quantftative studies of natural
fiﬁite strains estimated from pebble and grain clast shapes; mesoscopic

fold orientations and macroscopic fabric variations are also described.

1.3 Physiography

" Wave-cut beach platforms and continuous coastal cliffs over



200 metres high, expose good outcrop as do the steeply graded streams
which have produced a moderate inland relief by dissecting the uplifted
pre-Tertiary peneplane surface. The Anacotilla and Congeratinga Rivers
expose the basement inlier and cover in the vicinity of the nose of

the Myponga-Little Gorge Inlier. Elsewhere the outcrop is extremely
poor and disconnected aswa result of cappings of 1eéched residual soils _/"ﬂ
and Permia%\moraini; material, in addition to the scree, alluvium and///
soil which cover the Tower slopes and flats. |

Pastoral farming activities have removed most of the natural

scrub vegetation, leaving only large eucalyptus gums in the watercourses.



NATURE OF THE REGIONAL RECLINED FOLD

2.1 Cover Stratigraphy

The predominant bedding orientation of the Adelaidean cover
units parallels the regional foliation, which strikes southwest with
moderate to shallow southeasterly dips (Plate 2; A,B,C,D). This is
consistent with the major trend of the Adelaide Fold Belt. The re-
gional fold has been recognized by the repetition of the cover strati-
graphy on each side of the basement inlier (Sprigg and Campana, 1953).
Therefore the foliation development is axial plane to the fold.

Consistent sedimentary facings in the basal cover units indi-
cate that the stratigraphy is west facing and overturned on the western
side of the inlier and upward facing on the eastern flank. As graded
bedding is often reversed, ebundant truncated cross bedding is the
most reliable indicator.

Robinson (1962) describes the stratigrapﬁy in detail and a
reinterpreted stratigraphic column is shown in figure 2.

A basal eong1omerat1c and heavy mineral banded, gritty,
arkosic sandstone is correlated with the A]dgate Sandstone of the
Burra Group. This unit is overlain by a'sequence of medium grained,
buff, dolomitic sandstones and dark phyllitic siltstones grading into
green-brown, indurated, layered slates with thick, blue-grey, bedded
or light grey, massive quartzite interbeds. The boundaries between
the three units are transitional and the sequence is correlated with
the Burra Group of Torrensian age.

Conformably ovef]ying the Burra Groub, the Sturt Tillite is
represented by a prominent g]ac1f1uv1a] conglomerate with granu1es \
and pebbles of banded gneiss and quartz1te over 50 centimetres in |
diameter. There 1ie supported by a matrix of grey to brown, non-
stratified, argillaceous and calcareous siltstone. Thin, indurated,

fine quartzite and dolomite interbeds occur within the unit.
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5.

A thick sequence of the Tapley Hill Formation overlies the
Sturt Tillite with a marked change in lithology. Dark grey to black,
vafiab]y calcareous, coarse, phyllitic metasilts contain rare thick
interbeds of coarse, feldspathic sandstones and massive quartzite.

The contact of the phyllites with the Sturt Tillite may be a slight
disconformity as interbeds in the latter are cut off at an acute angle
by the contact, immediately south of the Congeratinga River outlet.
With increasing carbonate content, the phyllite gradeé upwards into
1en561da1, thinly interbanded, coarse blue-grey and fine brown grey
limestones, which.ére correlated with the Brighton Limestone. The
Sturt Tillite, Tapley Hi1l Formation and the Brighton Limestone cbm— ~
. prise the Umberatana Group.

The 1ithologies outcropping above the Umberatana Group 1itho-
logies in the Congeratinga and Anacotilla Rivers are correlated with
the Kanmantoo Group. They are thinly bedded, fine pyritic'and mica-
ceous sandstones. A fault contact between the two 1ithologies is
suggested. This contact aiigns with‘ihe continuation of the Nairne
Fault (Kieeman and White, 19599 proposed by Dai]y/to éxp]ain the conémg B
tact between the Kanmantoo Group lithologies and thé basement in the |

creek which flows through Little Gorge in the northern part of the

area.

2.2 Closure of the Regional Overturned Fold

Sprigg and Campana (1953), Campana et al. (1953) and Robinson
(1962) describe the closure of the Adelaidean cover units around the
nose of the basement inlier in the vicinity of the Congeratinga River
outlet. Evidence of the closure was based largely on the apparent
closure of the prominent Sturt Tillite and Aldgate Sandstone (Plate 1).'
Although Robinson inferred the existence of“britt1e faults
in the area, both he and Campana et al. (op.cit.) did notkrecdgnize

the extent of the discontinuities in the cover units due to brittle

4
'



faulting. Two continuous wrench thrust faults which were observed
by Daily (1963, footnote), translate the basement-cover contact over
a maximum lateral distance of 2% kilometres, subparallel to the axial
plane of the fold (Plate 1). The fault planes are orientated with a
strike of approximately 210 degrees and a dip of 45 degrees to the
southwéSt. Numerous microfaults, which subparaliel the two major
fault planes, contain quartz veins which consist of preferred, quartz
fibre growth with a significant downdip éomponent. In many cases,
the microfaults are small scale thrust wrench faults. |
Consequently, the closure of the basal conglomeratic and
arkosic sandstone mapped previously, is bn]y an -apparent one, as the
"nose" consists of two thrust slices of east Timb which‘converge on
either side of the upper faﬁlt plane (Plate 1). This situation led
Daily (1963) to suggest a possible regional fold closure to the north-
east by stratigraphic studies in the Rapid Bay—Delémere region.
Immediately north of SecondAVa11ey, the closure of the Sturt
Tillite mapped by Sprigg and Campana (op.cit.) is not observed a]'/p<}¢;~f'
though the two Timbs of the unit do progressively approach each othe; '
to the south until obscured by alluvium. The closures of calcareous
and quartzite units mapped southwest of Second Valley are considered
to be unrealistic.
Additional evidence of a south western closure for the regional
fold is obtained from cleavage-bedding relationships and the vergence
of the parasitic small-scale macroscopic and mesoscopic folds (Plate 2).
The orientation of the bedding relative to fhe cleavage is consistent
with a southwest closure, particularly in the conglomerate in whicﬁ
5\ the short limbs of mesoscopic folds are uncommon. Accordingly, the
| parasitic folds are predominantly sinistral in the west 1imb and
1 dextral in the upward facing 1limb. The sense of.smail mesoscopic folds

'\..\ !
‘E may oppose the predominant fold sense on the regional limbs, if Tlocated
{ B
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on the short axes of larger asymmetrical mesoscopic‘folds.

An approximate reconstruction of the regional fold is made
by‘translating the Tithologies along the thrust planes to a position
of coincidence of cleavage-bedding relationships and mesoscopic fold
sense (Figure 3). High cleavage-bedding angles occur in the regional
fold nose, but they generally approach zero in the Timbs. Therefore
the equal area stereoplot of the bedding poles is a point concentra-

tion (Plate 2).

2.3 Position of the Axial Trace

The position of the axial trace is determined by the broad
change of the mesoscopic fold sense between the two limbs. The trace
parallels the coastline with a slightly greater westef]y trend than
that of the major faulting (P]ate 1). In the vicinity of Second Valley
harboﬁr, the axial trace position is difficult to determine due to a
number of small scale faults and .variable vergences resulting from
the superposition of different scales of folds. However the projection
of the axial trace to the south, passes'through the Rapid Bay Area,
where Drayfon (1962) observed M and Z mesoscopic folds. The thickened
sequence of Brighton Limestone in the proximity of the fold nose south=
west of Second Valley, may continue as far as Rapid Bay. This would

support the view (Daily, personal communication) that the Rapid Bay

Limestone is equivalent to the Brighton Limestone.

2.4 Orientation of the Regional Fold Axis

Campana et al. (1953) initially described the regional fold
as anticlinal, inferring a fold axis plunge to the southwest within
the axial plane foliation. However the bedding and fold envelopes in
the regional fold nose indicate a fold axis orienfation which parallels
the mesoscopic fold axes and e}ongation lineation orientations.

The fold structure is, therefore, now recognized as a south-

east plunging reclined fold (Robinson, 1962; Offler and Fleming, 1968).
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FIGURE 3
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The macroscopic and mesoscopic fold axes and the bedding-cleavage
intersectioﬁs are sub-parallel to the elongation lineation, which

is defined by stretched pebbles and clastic grains, as well as the
streaking of micas (Plate 2). The orientation of. the elongation
lineation is relatively constant across the Adelaide Fold Belt, in
contrast to the variable pitch of the F1 fold axes within the axial
plane schistosity. A current study of this variation in fold axes’
orientation is being conducted by N. Mancktelow of the Univérsity of
Adelaide. He suggests (personal communication) that the rotation of
| the fold axes within the axial p]ahes may be progressive across the
Fold Belt. Hence the relationship between the fp]d development and
the elongation lineation may not be genetic. ‘

A small number of mesosébpic folds are located in basement
lithologies on the beach immediate1y south of Little Gorge. These
folds, for which the foliation is axial plane, have variable steep
to shallow plunges to the northeast. Their relationship with the
folds which are sub-parallel to the elongation 1ineation, is diffi-
cult to determine. In view of the common axial plane for the two fold
axes' orientations, they are cénsidered to be genetically related. Two
other folds observed in the basement, have fold axes which are sub-

parallel to the elongation lineation.



MICROSTRUCTURE OF THE COVER AND BASEMENT LITHOLOGIES

3.1 Regional Metamorphism

The area studied lies within the biotite zone of the pro-
gressive metamorphic zoning of the metasilts and‘calcareous sedi-
ments defined by Offler and Fleming (1968). They associate the pro-
gressive cover metamorphism to the F] deformation which produced
the regional folds. The presence ofvbiotite, sericite and occasional
chlorite in the cover units (Appendix 1, thin sections 1-4) verifies
the zoning.

A high, pre-F] metamorphic grade of upper amphibolite facies
has been prbposed for the basement 1ithologies from the presence of
relict sillimanite, garnef,'diopside, scapolite and andalusite
(Talbot, 1964; Davies, 1972; McEwin, 1972). A convergent retro-
gression of the basement lithologies to a lower greenschist facies
during F] is indicated by the a]teration of plagioclase, hornblende
and garnet to sericite and epidote, epidote and chlorite respectively.
No minerals of high metamorphic grade were positively identified by
microscopic study of the basementllithologies within the nose of the
jnlier. Epidote, biotite and muscovite are the commonly observed
mineréis of the retrogressed assemblage (Appendix 1, thin sections
6-7). | |

Talbot (op.cit.) proposes two periods of greenschist meta-
morphism in the Houghton Complex, the first being pre-F] as the base-
ment pebbles in the basal Torrensian conglomerate show a pre-depos-
itional retrogression. Microscopic examination of the feldspathic
quartzite pebbles in basal cover units adjacent to the Myponga-Little
- Gorge Inlier do not have a pre-F]»fabric which can be attributed to a
Tow-grade metamorﬁhism (Appendix 1, thin section 5). Therefore, only
one phase of retrogression of the basement 1ithologies is assumed

within the area studied.



- 10.

3.2 K Tectonothermal Microstructure

The textural changes associated with the sericitization
and quartz recrystallization are very similar in the basement and
cover lithologies. Talbot (1964) described the process of phylloni-
‘tization in the Houghton Complex and adjacent Torrens Group 1litho-
logies. Within the basement, a gradational change from medium to
coarse grained, subgranoblastic gneisses and schists to finer augen
schists, is a result of the development of recrystallized quartz and

sericite aggregates in bands around relict quartz/fe]dspar lenticles
| and pods (Appendix 1, thin sections 6-11). |

Talbot, Davies and McEwin consider that the phyllonitization
‘may be related to zones of shearing in the basement adjacent to the
basement-cover contact on the overturned linb. The increasingly
sheareQ'nature of the outcrop is related to greater degrees of. seri-
cifizatjon, quartz recrysfellization and fracturing of feldspar grains.
A’cofresponding alteration of brown biotite to green biotite and then
to cﬁforite or opaque oxides occurs across a well defined zone within
the basement adjacent to the West 1imb. The resulting 1ithology 1in
the centre of this éone is a green, chlorite and sericite, myionitic,
quartz augen schist which contains a high degree of quartz ‘and feldspar
recrystallization. This rock type is comparable with the mylonitic
"Oystershell ﬁock" described in the Moine Thrust Zone (Barber and
Soper, 1973). A similar zone of irregd]ar]y foliated, chloritic schist
occurs jn the Tapley Hill Formation on the east 1imb (P]afe 1) and may
also represent a zone of more intense deformation.

Paralleling the decreaseAin phyllonitization, the increase of
biotite into less deformed 1ithologies en either side of the basement
chlorite zone, results in a light grey to light brown, biotite, sericite,
augen schist with ch]orfte either very minor or absent (Appendix 1,

thin sections 8-9). This lithology is most widespread and often contains
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pegmatites which crosscut and parallel the foliation, suggesting they
are syn-tectonic with the phyllonitization. These pegmatites may be
syngenetic with thin stringers of quartz/feldspar segregations in the
basal cover units which are adjacent to the basement-cover contact,
particularly in the regional fold nose.

The progreseion from granoblastic gneissic schists to the
phyllonitized, mylonitic schists is not regular in the basement; pods
'of unphylionitized basement occur within the my]ohitic schists. How-
ever the trends of phyllonitization and chloritization are approximately
planar and are parallel to the Tower basement-cover contact (P]éte 1).
These planar zones of localized sfrain states with well developed LS
fabrics are described as shear zones by Ramsay and Graham (1970).
Therefore a ductile shearing'deformatien associated with the phyf]onftiza—
tion may be eontemporaneous with, or postdate the F] fold formation. In
the zones of intense shearing, the retrogressed basement 1ithologies
whfch remain after regional F] greenschist metamorphism, are further
retrogressed by e1teration of the relict feldspars to sericite and bio-
tite to chlorite. The:1ower degree of phyllonitization and biotite
alteration in the cever lithologies reflects the less intense shearing

and fabric development.

3.3 Nature of the Deformation Associated with the Fabric Formation

Talbot (op.cit.) assigned the name blastomylonites to the
recrystallized sheared rocks. However this term imb]ies intense
cataclastic deformatien prior to the recrystallization (Christie, 1960).
The deformation appears to have proceeded by the ductile deformation
processes of mylonite formation described by Bell and Etheridge (1973),
although there is some cataclastic fracturing of the deformed quartz
relicts, and more commonly, of the feldspars. These fractures generally
oceur at an engle greater than 45 degrees to the foliation and are ih-

filled by sericite and fine recrystallized quartz. With increasing
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phyllonitization, the quartz schists become more elongate and xeno-
blastic. A high degree of undulose extinction and deformation band
development suggests ductile intracrystalline slip is the major pro- 1
cess qf deformstion. : |
The subgrain development and quartz recrystallization
commonly occurs around the relict quartz margins and along planar zones
within the grains. They are the result of a recovery process in res-
ponse to the.P.T. conditions imposed by the ductile deformation. The
high degree of recrysta]]izafion suggests that high temperatureé existed
during the late stages of the deformation (Williams, 1975). The pressure
shadow development due to recrystai]ization is ﬁinor, and therefore,
the coarse recrystallized quartz grains in the basal cover units exhibit
the shapes of subellipsoidal elongated original grains (Appendix 1,

thin sections 1-2).
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RELATIONSHIP OF FABRICS TO DEFORMATION

4.1 Foliation

‘The slaty cleavage in the metasilts and the irregular
foliation in the more massive cover sediments parallel the folia-
tion developed in the basement (Plate 2). A1l are genetically re-
lated as the axial plane foliation Qf the regional fold, although
the foliations related to high degrees of phyllonitization are
possibly related to shearing movements related to the overturned
Vinb. -

Where there is a very intense foliation developed in the
cover units, the short limbs of the large-scale mesoscopic folds are
often sheared out and discontinuities in the units occur between the
consecutive long 1imbs. These breaks in cover lithologies are readily
observable in the prominent basal conglomerate and Sturt Tillite on the

overturned 1limb.

4.2 Lineations

Persistent lineations throughout the area may be subdivided
into two groups; those which reflect fold geometry, and alternatively,
lineations which are geneticd]]y related to the development of'én elon-
gation Tineation. Clastic grain or pebble elongation and mineral
streaking in the cover lithologies, in addition to mineral streaking
of mica grains in the basement lithologies, are placed in the first
group. In contrast, cleavage-bedding intersections and fold axeé aré
elements of the folding.

A1l these lineations are sub-parallel with a constant
shallow plunge to the southeast, approximately orientated downdip

within the foliation planes.

4.3 Macroscopic Variation in Fabric Orientation

Contours of the elongation Tineation plunge trajectories

are shown on the reconstructed pre-thrusting map (Figure 3), Within
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the basement, the lineation plunge varies systematically, with zones
of low angle (e.g. 20 degrees) plunge paralleling the overturned Timb
and approximately corresponding with the zones of high phyllonitiza-
tion and mylonitization. These planar zones which occur adjacent to
the basement-cover contact of the west 1imb of the Myponga-Little
Gorge Inlier, are collectively named the Anacotilla Shear Zone, after
the Anacotilla River which flows along the zone near the nose of the
regional reclined fold.

A southeast-northwest vertical crosé-éection.across the
shallow plunge zone at location 3 (Figure 3), is shown in figure 4A.
From northwest to southeast, the variation from high angle fabric
plunges of approximately 55 degrees to low angle plunges of 15 degfees
then steepening again, corresponds with the increase of the sheared -
nature of lithologies towards the.basement cover contact. The shallow-
est plunge occurs in the highly chloritic hy]onite adjacent to the con-
tact. Steep foliation and lineation plunges correspond With relatively
unsheared dolomitic sandstones and granoblastic gnéissic schists‘at

either end of the cross-section.

4.4 Nature and Orientation of the Simple Shear Model

The systematic'variation of the fabric orientation and its
association with the degree of phyllonitization, suggests that both
the lineation and foliation development in the basement are related to
a simple shear mechanism. This possibly implies plane strain con-
ditions during shearing.

The orientation Qf the simple shear. zone implied by the
fabric variation écross the section shown in figure 4A, is estimated
by assuming the initial angle (ef) of fabric development is orientated
at a maximum of 45 degrees to the‘shear direction (Ramsay and Graham,
1970). Therefore the steepest foliation dip of 55 degrees to the

east, orientates the walls of the shear zone as dipping approximately
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10 degrees to the southeast in true cross-section. Hence the minimum
foliation dip of 15 degrees is orientated 5 degrees to the shear di-
rection (i.e. 8'=5 degrees). 'As the shear stréin (y) is determined

by tan 28' = 2/y (Ramsay and Graham (op.cit.)), the maximum value of
y'within the shear zone is approximately 10.0. The variation of y
across the shear zone is shown in figure 4B. As the relative movement
on either side of the shear zone is estimated by calculating the area |
under the profile of y versus perpendicular distance across the shear
zone (x), figure 4B indicates a movement of 500 metres of the upper
wall of the shear zone over the lower.

The orientation of the shear zone is expected to parallel
the overturned basement-cover contact, therefore an estimated dip of
10 degrees for the shear direction may be too shallow.. If the initial
fabric orientation is less than 45 degrees to the shear direction, the
maximum shear strain is higher and the she&r zone dips more steeply
to the southeast in closer para11e11§m with the west Timb. The dis-
 tance of overthrusting would be greater.

Another alternative, is that the axial plane foliation was
sufficiently developed prior to the shearing, so that a pre-existing
foliation is reorientated within the shear zone.‘ The vy value calcu-

‘ Tlated above would be invalid if this were the case.
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STRAIN ANALYSIS OF PEBBLES AND QUARTZ GRAINS

5.1 Nature of the Basal Conglomeratic Arkosic Sandstone

The basal conglomerate and arkosic séndstone-provide the
most suitable markers for the estimation of finite strains. Both
the distinctive character and persistence of the unit and its strati-
graphic position adjacent to the cover-basement contact permit ready
determination of saﬁp]e Tocations relative to the contact and the
regional fold. Variability of mechanical behaviour during deformation
due to lithological differences, is low due to the homogeneity of the
unit throughout the area. Bedding orientations are readily determined
by the ilmenite layering, which is still fine enough for the sandstone
to retain an overall homogeneity.

The nature of the‘outcrop of this hard homogeneous unit is
one of angular jointed blocks, which often provide excellent planar -
surfaces sub-parallel to the principal p]aﬁes of the local strain
e]]ipso{d,(Photographs 1-2). |

Microscopic examination of 38 slides of the arkosic sand-
stone reveals a consistent initial sedimentary Composition (Appendix 2).
The concentration of clastic grains in comparison with the fine grained
matrix, varies from 65-90 percent, whereas the detrital quartz and
feldspar percentages are 45-70 and 10-25 percent of the téta] rock res-
pectively. The average grain size of the detrital grains vary from
1 to 2 millimetres only. Detrital ilmenite constitutes 1 to 4 percent
of the rock.

Deformation of the arkosic sandstone has resulted in the
predominantly ductile deformation of the quartz grains by intracrystall-
ine siip and has é]so resulted in the development of a foliation by
lepidioblastic sericite growth. The quartz grains are flattened in
the cleavage plane and show moderate to high degrees of undulose

extinction and deformation band development (Carter, Christie and
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Griggs, 1964).

Between 20 and 100 percent of the detrital quartz is re-
crystallized. Polygonal subgrains and unstrained recrystallized
grains of fine, uniform gréinsize (.05-.3 mm) are distinct from the
coarse and highly undulose xenoblastic relict quartz grains. Experi-
mental observations indicate that a recrystallized aggregate occupies
a smaller volume thén the original strained grains (Williams, 1975).
Howéver the volume change is not considered significant enough to
produce an apparent volume change due to deformation processes. An
apparent oblate strain due to recrystallization is, therefbre, not
expected (Ramsay, 1967).

There is no exact relationship between the degrees of quartz
recrysta]]ization and amounf of sericitization in the sandstone. How-
ever the amount of recrystallization increases in an approximately
Tinear manner with the intensity of the ducti]é deformation of the
quartz grains (Appendix 2 cf. Table 1). Therefore, there appears to
be a direct relationship between the degree of recovery and the amount
of ducti]e.strain the sandstone has undergone. In contrast, experi-
mental observations indicate that high degrees of recrystallization
reflect high temperatures and low deformation (Williams, 1975).
Experimentally, the recrystallized grainsize reflects the degree of
deformation, however the recrystallized quaftz grainsize is uniform
throughout the arkosic sandstone.

The contrasting ductilities of the detrital quartz and
feldspar grains necessitates the measurement of quartz grains only as
consistent strain markers. The dﬂcti]ity-contrast between the quartz
grains ana'the'feldspar/sericite matrix may produce a rotational
couple and complex grain strains. In comparison, the feldspathic
quartzite pebbles in the cong]oherate are similar in nature to the

arkosic sandstone matrix. To maintain a constant strain marker
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ductility, the highly feldspathic granitoid pebbles present in the

conglomerate, were not measured.

5.2 Methods of Measurement

Subellipsoidal pebble and quartz grain(strain markers were
measured on approximate principal p1énes of the local strain ellipse.
Pebble measurements were made on planar joint surfaces in the field
and from photographs, whereas grain shape measurements were measured
from thin sections cut parallel to the appropriate principle planes.

In most cases, planes parallel to the XZ and YZ principal
planes were measured at each location. Joint surfaces with measurable
XY pebble forms were difficult to find in the field. Also, for oblate
strains, the X orientation may be difficult to determine on the XY
plane, whereas the extremities of the particles in the X direction
are often difficult to locate for high strains (Dunnet, 1969). The
principal directions are readily determined on both the scales of out-
crop and hand specimen, by the orientations of the elongation linea-
tion (X) and the cleavage p]éne (XZ). No corrections were necessary
for the orientations of the planes of measurement as all the surfaces
used were within 10 degrees, and most within 5 degrees of the princi-
pal strain planes. The thin sections were projected through a standard
slide projector normally onto a screen from which grain outlines were
traced. This method of measurement produced negligible distortion of
the grain shape ratios and orientations.

Between 45 and 70 quartz grains were measured for each thin
section, whereas 35 to 55 pebbles were measured on each joint surface
examined. A total number greater than 50 for each section is desirable,
as 50 to 60 meésurements is considered to be a minimum statistical
sample (Dunnet, 1969).

Impinging grains and pebbles were not measured dﬁe to strain

inhomogeneity at the ihteracting‘grain or pebb]é boundaries. A micro-
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scopic examination of each thin section under crossed polars, was

" made prior to strain measurement. The mineralogical and microstructural
characteristics of each sample were‘determined and brittle feldspar
grains were distinguished from the detrital quartz outlines. However
tﬁe distinction is not absolute, resulting in slightly lowered average
quartz grain ratios. A random measurement of quartz and feldspar
grains in one thin section produced a decrease of the estimated log-
mean axial ratio of 6 percent. As the same quartz/feldspar discrimina-
tion technique applies to all sandstone samples, a similar small re-

duction is assumed for every logmean axial ratio estimate.

5.3 Rf/P Diagram Analysis

"Strane", a FORTRAN IV program developed by Dunnet and
Siddans (1971), {s an extension of the graphical Rf/p diagram analysis
technique developed by Dunnet (1969). The program is used to estimate
the tectonic strains that are superimposed on initial sedimentary
fabrics or earlier deformational strains.

For a principal plane, the relationships of the axial ratio
(Rf) and the Tong axis orientation (P) of each grain with respect to
the orientations of the cleavage and bedding traces in that pfane, are
considered. During irrotational pure shear, the rate of rotation of
the bedding trace towards the cleavage trace, will be less than that
of the Tong axis of an elliptical grain as the former is a material
Tine of the rock being deformed, whereas the long axis is only a geo-
metrical property of the grain. Gay (1968a) derived the relation which
represents the deformation path on the Rf/p graph? of an elliptical
particle in a rock of homogeneous ductility, which is undergoing a
pure shear defbrmation. Subsequently, Dunnet (op.cit.) derived a set
of curves which relate the finité strain (Rs) which has been applied to
an initial axial ratio (Ri) for an orfgina]]y random fabric. Rs and

Ri are determined by the fit of a suite of Rf and @ plots to Dunnet's
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calculated curves.

Dunnet and Siddans (op.cit.) extended the graphical Rs and
Ri analysis technique to non-random planar and semi-planar initial
(Rs=0) fabrics. For such fabrics, the Ri values for a statistical
suite of particles are not random in relation to the o (long axis
orientation in initial fabric) values. Instead, the Rf/p values have
a symmetrical distribution about the bédding trace, logmean Ri and
mean ©. "Strane" calculates the Rf and § values for each ellipse in
the principal plane from the long and short axes measurements and
from the difference between the orientations of the long axes and the
X principal direction. Logmean Rf and mean § are determined. "Strane"
then removes successive increments (.12) of pure shear strain from
each Rf/P point, which are, therefore, translated along the deforma-
tion path until the suite of Rf/P points is symmetric about the bedding
trace or about mean §. In this situation the Rf and P values are con-
sidered to be the Ri and o values of the initial fabric. Rs is de-
termined by the total number of unstraining ihcrements at maximized

symmetry.

5.4 Suitability of Rf/@ Diagram Analysis

Two assumptions are made in using Rf/P diagram analysis to
determine Rs and Ri. |

(a) It is assumed that the deformation is an irrotational
pure shear. Throughout the area studied, the fabric variation suggesfs
a simple shear mechanism is associated with the deformation. There-
fore the intensity of the deformation is related to the rotation of
the principal sfrain axes within the shear zone. The maximum rotation
of the X axis between the lowest and most highly deformed Tithologies
is possibly 40 degrees. However the majority of the elongation linea-
tions measured have moderate plunges and therefore, have moderate angles

with the shear direction. Consequently, the rotational component
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of the simple shear can be considered minor and the deformation asso-
ciated with the pebble and quartz grain strains is an approximate
irrotational pure shear.

(b) The second assumption of zero ductibility contrast
between the particles and matrix is valid in consideration of the
small compositional difference between the pebbles and the sandstone
matrix in the conglomerate. Similarly the high (50-70 percent) total
rock concentrafion of the detrital quartz grains in the arkosic sand-
stone, suggests that a reduced viscosity ratio is to be expected
(Gay, 1968a). Therefore the rotational couple acting on the quartz

grains due to viscosity ratios is expected to be Tow.

5.5 Results of Rf/P Diagram Strain Analysis

Two, or in some caées three, principal planes of 19 arkosic
sandstone samples and 7 conglomerate samples have been analyzed by
"Strane". The results are listed in Table 1.

The Ri values obtained by mathematically unstraining the
deformed rock to a possible initial fabric, are low for both the pebbles
and quartz Qrains. For the quartz grains, the suggested initial X/Z
and Y/Z ratios are 1.69+.44 and 1.59+.31 respectively. These values
indicate subspherical to slightly oblate grain shapes, which may be
representativg ofvinitial sedimentary fabrics. The corresponding Rs
values are varidb]e, reflecting different magnitudes of strain which
are superimposed on the initial fabric. As expected, the X/Z Rs va]ués
are greater than Y/Z values.

Alternatively, Rs and Ri values are determined by the fit
of the suites of the Rf/P suites to Dunnet's standard curves. In most
cases, thé Rf/P suites are symmetrical with respect to the §=0 trace
for the arkosic sandstone, suggesting a random initial fabric
(Figure 5,A). In comparison, some faces have a non-symmetrical distri-

bution with a greater concentration of points near the bedding trace
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(Figure 5,C). Therefore an initial non-random planar or semi-planar
fabric may have existed. Quartz grain Ri values determined by Dunnet
curves are 1.45+.16 and 1.57+.14 for the XZ and YZ faces respectively.
The XZ principal plane of sample 19 (Appendix 2) has an

approximate symmetrical Rf/p distribution about the p=0 axis due to
the near parallelism of the bedding trace with the axis (Figure 6,A).
Unstraining of the grains by "Strane" results in a symmetric distri-
bution around mean § when Rs = 2.8 and Ri = 1.13 (Figure 6,B), which
agree with the estimated Dunnet curve values of Rs = 3.0 and Ri =
1.0 - 2.0. The Ri/o plot is representatfve of a semi-planar initial
fqbric. Although the angle between mean § and the bedding trace is
12.5 degrees, the Tow Ri values and lack of concentration of the points
about mean § do not support‘a true imbricate fabric.
- | Rf/D diagrams of the coﬁg]omerate pebbles rexea] more im-
bricate fabrics. Sample 20 YZ (Figure 6,C) has undergone little de-
formation (Rs = 1.5-2.0) and therefore shows an approximate original
fabric on the Rf/p diagram, which shows é symmetrical distribution of
points about mean § which intercepts the bedding trace at angle of
]1.5 degrees.

| Assuming that sedimentary imbricate fabrics dip upstream,
| the”orienfation of the initial pebble fabrics may be used as palaeo-
current indicators. The regional fold axis is rotated within the
axial plane to a position of zero plunge, which corresponds with the
shallow plunges of the equivalent F] regional folds on the southeastern
side of Fleurieu Peninsu]a (Daily and Milnes, 1973). The fold is then
unfolded to an initial horizontal deposition surface'(Figure 7).

If the ang]é between mean P and the bedding trace is less

than 5 degrees, the fabric is considered to be planar, which is the
situation for the majority of pebble faces. In the reorientated, un-

folded position, two YZ pebble faces have an imbrication dip to the



Pa'ucomment

direction

FIGURE 7. UNFOLDING OF THE REGIONAL FOLD
abrics delermined by R/ analysis

Imbricale sedimenlar f
or the YZ principal plane, suggest sorthwest palaeo-
curvenls, if the fold (s unrolaled as above.

A lo B inyolves rolatlion of the fold axis within the
axial plane, B to C requives the rolation of the limbs

aboul the fo[c[ axis lo a /")orﬁom‘aé defxos(ﬁon /olane.
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northwest. No other imbricate fabrics are recognized. Although this
only suggests a northwesterly palaeocurrent component, it is in agree-
ment with either a general flow from the western Stuart Shelf, which

is believed to be a high in Torrensian times (Parkin, 1969) or a north-

south current flow along the axis of the Adelaide Geosyncline.

5.6 Es and V Estimates

The logmean of the axial ratios measured in each of two
principal p1anes per locality of assumed homogeneous strain, were com-
bined to give three axial ratios. On reducing the Z axis to unfty,
the X and Y ratios are placed in the program "Gnam" (James; 1975);ﬁﬁi1/u3
which calculates the natural logarithmic strain-(Es), Lodes Unit (V),
thé shortening parallel to Z«(acroés the cleavage), the shortening
parallel to Y and the e]ongétion parallel to X. Es is directly pro-
portional to the natural octahedral unit shear, which is an absolute
measure of the magnitude of the distortional component of strain of
any symmetry (Hossack, 1968). V is a measure of the symmetry of finite
strains and is analogous to Flinn's k. For simple extension
V=-1.0 (k = c‘<>), plane strain V = 0.0 (k = 1.0) and simple com-
pression V = +1.0 (k = 0.0). |

| Fs/le1ots on the natural strain plane of the pebble (crosses)
and‘quartz grain (dots) strains are éhown in figure 8A. The numbers
refer to the location of each sample which are p]otted on p]éte 1.
A11 points plotted are Es/V calculations from XZ and YZ logmean Rf
values, excepting sample 5 which represents pebble strains calculated
from XY and YZ measurements.

A1l three principa] planes were measured for pebble sample 2
and duarfi grain sample 7. Conséquently three Es and V estimates are
possible for either sample by the three combinations of two of either
the X/Y, Y/Z or X/Z ratios. THe two opposite vertices of the triangles

associated with points 2 and 7 are XZ:XY and XY:YZ Es and V estimates.



TABLE 1:

RESULTS OF STRAIN ANALYSIS

. QUARTZ GRAINS

Rf/P Analysis

, : ' No. Log-
Field No. | Location | Face ellipses| mean RF Rs | Ri Es y
XZ 65 4.85 - -
155/2C6 1 Xz ¥ 38 - © e .32
XZ 60 5.70
455/3C11 3 X 60 510 3.6 | 1.78 | 1.26 | .35
XZ 55 3.01 2.2 1 1.19
455/7¢1 6 Yz 51 2.82 1.7 | 1.80 | -87 | -88
X7 50 368 77 [ 1.80 | .95 | .41
8C2 7 YZ 50 250 1.4 1179 | 1.9 |-.13
XY 60 | .3.29 S0 102 |-.83
XZ 56 4.85 2.5 | 2.21
NCz s vz | 57 | 2.0 | 1.1 71.9a| 1-12|-:06
xz | 50 7.36 _ |
NC3 |10 Yz 50 2.87 2.2 | 1.30 | 1-41] .06
XZ 62 7.56 - -
M % 60 2.06 2.1 [ 116 | 70| 54
XZ 55 78T 79 T1.70
M6 | 12 e oy G .82 | .88
X7 55 304 55 [ 1.42
n 13 Yz 55 2.50 2.1 | 1,24 | -91| -48
" XZ 60 7.75 - -
Ga | 14 Yz 63 2.33 | 3.0 1.a4 | 110} .09
- X7 55 5,80 5T [ 1.76
61 15 X & .8 T8 57| 26
_ X7 52 10,90 R -
& | 16 e 0.59 1 7 |19 Lot
X7 50 387 T
E1 17 Xz o >3 s 96 | .17
X7 55 307 78 1,13
Al 19 vz 60 2.19 1.2 | 1.87 | 81 40
X7 50 1,03 35 1 T1.76
16C17| 21 Yz 58 2.23 3.8 | 112 99 15
X7 50 527 -
17¢7 1 23 Yz 55 2.00 1.3 1.6 | 118 |--17
X7 50 576 76 | 2,75
17c8 | 24 Yz 57 | 2.21 1.0 | 157 | 1-17 |--04
X7 &2 197 I3 1.5
17c10| 25 X % > 57 S5 a3 .03
XZ 55 339
20C1 | 26 -] -
- vz 50 2.45 1 30l 1m1] .89l .47




TABLE 1:

CONGLOMERATE PEBBLES

RESULTS OF STRAIN ANALYSIS (cont'd)

No.

Log-

Rf/D Analysis

Field No. Location| Face ellipses | mean Rf Rs Ri Es | -V
| XZ 45 7.35 -l - 11.49]-.6
455/2CONG 2 YZ 51 233 | 1.9 | 1.33|1.42]-.15
XY 35 4.94 I R R0 1 T
X7 45 5.55 -] -
3CONG 4 Yz 63 2.37 | 1.7 | 1.42 |12 0
Yz 50 2.01 1.6 | 1.28
7CONG 5 ' > 150 61 1.2817 69]-.4
XZ 51 3,92 - -
T CONG 8 = o 3. S D I
Xz 45 5.35 - -
D CONG | 18 vz | 45 3.10 | 2.6 | 1.24 | 120} 35
X7 45 4.99
C CONG | 20 X2 : Ta | 1.3 |1 a7
Xz 15 3.87 | -
16 CONG | 22 X % 35 -l .96 | .22
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| The large error triangle associated with the sandstone
sample 7 is largely due to a misorientated XY thin section cut.
However the error suggesfed by the triangle associated with the con-
glomerate sample is considered more typical of the errors of the Es/V
estimates. This error is believed to be largely due to the preferred
orientaiion of éxes'outside the principal planes as well as the greater

errors which arise from measurements on the XY plane mentioned earlier.

5.7 Variation in the Finite Strains

The Es/V plots shown in figure 8A are.considered to be a
good representation of the finite strain variations for the pebble
and quartz grain shape ratios. If a similar error triangle applied
torpoint 5 as that of'point 2, then the equivalent XZ:YZ estimate for
sample 5 may occur in the vfcinity of point 5,

, Es/V values of both pebbles and quartz grains from various
locations, plot in the same trend of increasing prd]ateness with in-
. creasing magnitude of the distortionai component of strain. The Towest
strains in the area are highly ob]ate'(V = ,55 - .90) whereas V values
of 0.0 to -.2 correspond to the highest Es values. The trend of the A
possible deformation path is a straight line (Figure 8) representing
a deformation of the type & = bk by F]jnn's (1965) notation.

The change 1in éymmetry with'increasing strain possibly
indicates a prolate progressive strain is superimposed on an initial
strain of Es = .70-.95 and V = .5 - .9. As these values suggesf initial
axial ratios of approximately 3:2.5:1, it is unlikely that the prolate
strain is superimposed on a sedimentary fabric with detrital quartz
grains of such oblateness. Although highly ob1ate.sedimentary quartz-
‘ite pebbles are possible, the parallelism of the pebble and quartz
grain finite strain variation suggests a non-sedimentary fabric existed
prior to the prolate strain.

Therefore a weak flattening and foliation development



FIGURE 8. VARIATION OF FINITE STRAIN ESTIMATES

A. Plot of Es/V values showing varialion of estimated natural finile
strains. Arrowed dashed (lines are possible deformalion paths.
Triangles represen errows as discussed n the text.

B. P/:otoyra/oh of thrust slice of east lemb corajlomcmte, uncwybrmal\aéz
overlying hasement. Cover lithologies - C ; basement lithologies -B.
Heayy dashed lines - thrusls; lighl dashed (ine - unconform(\(‘/.
West Limb cover unils occur in clistant left. Faciry northeast
al the Co;}eraéénja River mouth. Numbers réfer to sam/o(e,

J

locations. cam/oarisan wilh A, « pro ressive (ncrease in Es

. and decrease. in V across the Chrust Slice (s Of:/oar’ehf for locations

13 - 16.
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associated with the deformation which‘produced the regional F1
‘fd1dipg, may have preceded a prolate strain development. The oblate
strain values indicate a shortening parallel to Z of nearly 50 per-
cent which may be sufficient to produce the strong foliation and
slaty cleavage observed. Cloos (1947) estimated only 30 percent
flattening is necessary to produce a slaty cleavage in calcareous
units. |

The Ri values determined from "Strane" and graphical Rf/P
diagram analysis are commonly less than 1.5:1.5:1 and rarely greater
~than 2:2:1 for the quartz grains. These values are most likely to be
realistic estimates of the sedimentary grain axial rafios and there- -
fore, the Rs values determined by Rf/@ diagram analysis represent
the superimposed strains of both the folding and later prolate strain
deformations. In view of the Tow Ri values, the Rs values are ex- |
pected to be approximately equivalent on slightly less than the meas-
ured Rf values. A comparison of the Rf and Rs values verifies this
(Table 1).

. Although expected, Rf/@ diagram analysis does not reveal an
initial planar fabric which parallels the cleavage prior to the pro-
posed prolate strain deformation. The reason is not apparent, but
where initial non—random sedimehtary‘fabrics may have existed, the
Tow maghitude of the oblate strain would not have produced a planar
fabric about the foliation. Alternatively, the principal axes of the
two superimposed strains may not have been parallel, in which case the
fabric which resulted from the oblate strain, would not be planar to

the XY plane of the later prolate strain.

5.8 Regional Distribution of Strains

. The reconstructed map of the regional fold (Figure 9) shows
the aerial distribution of the Es and V values prior to'the brittle

faulting. Only the lateral component of the two major thrusts is re-
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moved to produce a closure in the fold nose. Although the strain
components are difficult to contour, the values are progressive
within the original thrust slices and are continuous across the trace
of the thrusts. A homogeneous area of low Es values occurs in the
reconstructed fold nose. This suggests that the magnitudes of strain
arising from the fold formation are Tow. A progressive increase in
Es from northwest to southeast across the central thrust slice occurs
for samples 14, 15 and 16 (Figure 8B).

There is a good correspohdence of Es and V estimates across
A‘the reconstructed fault planes. In the fold nose, there is an agree-
ment of values across the lower fault whereas the plane strain values
of samples 23-25 correspond with the progressive decrease of V toward
the upper thrust in the east limb. |

Sandstone samples taken near conglomerate sample locations
generally have approximately equal or lower Es and correspondingly,
more oblate V values. The difference may be a result of the different
ductilities of the quartz grains and quartzite pebbles. The pebbles
are deforming with a higher strain rate due to a greater ductility

than the quartz grains.

5.9 Discussion of Strain Results

The apparent deformation paths delineated by the'finite strain
variation within the conglomerate, suggest that a prolate strain has
developed from a low magnitude oblate strain, which is associated with
the regional axial plane foliation developed during folding. This im-
plies that the elongation 1ineation‘post—dates the regional fold forma-
tion.

However the development of the LS fabric in the planar zones
of intense deformation, is considered contemporaneous with the forma-
tion of the elongation lineation. Therefore the prolate and oblate

finite strains appear to be generated by a simple shear mechanism, where-
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by a plane strain is superimposed on an oblate strafn. For this

to occur, the X axes of the oblate and plane strain ellipsoid must
have the same orientation, whereas the Y and Z axes of the successive
deformations are interchanged (Figure 10). If the XY plane of the
1hitia] oblate strain is the axial plane of the regional fold, then
the XY plane of the superimposed plane strain is perpendicular to the
axial plane if the resulting finite strain is to be prolate. This
situation cannot apply to the area studied as the LS fabric developed
in the zones of intense deformation is sub-parallel to the axial plane
of the fold. Hence the XY plane of the strain ellipsoid which fs
associated with the proposed simple shear, is sub-parallel to the XY
plane of the strain ellipsoid related to the fold formation.

If the major deformation mechanism is considered to be simple
shear ffom which plane strain results, then the estimated prolate finite
strains are anomalous. This problem may be explained in two ways:

(a) The first possibility is that the inferred deformation
paths may be apparently prolate due to errors in axial ratio measure-
ments resulting in high]y'erroneous V estimates.

If the errors of Es aﬁd V estimates are. large, then true
oblate or semi-plane strains may be incorrectly represented by the pro-
late Es/V plots. If this were the case, a plane strain may have been
superimposed on an oblate strain with identical principal axes orienta-
tions. Thefefore, with increasing magnitudes of plane strain, the finite
strain's approach p]éne strain, but never attain prolate values. How-
ever the prolate strains measured in the field are most Tikely realistic
as the error triangle of sample 2 (Figure 8A) suggests.

'(b) Secondly, the division of the finite strains into two
separate incremental strains which are re]afed to two distinct deforma-
tions may not be valid. The Tow Ri values obtained by Rf/@ diagram
ana]yéis suggest only one deformation has been imposed on initial sedi-

mentary fabrics.
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Thé trend of the variation of the finite strain§ may only
beiapparent due to errors in strain measurement producing anomalous
oblate strains for low Es values. If this were the case, then a single
plane strain deformation may have produced the observed variation of
estimated finite strains (Figure 10).

The consistent linear trend of estimated finite strains,
however, suggests it iS'representative'of the true strain variation.
The inferred oblate strain may not be real and therefore, the fold
formation is genetically jnsebarab]e from the formation of the';ones
of intense shearing. In response to a single deformation, the spread
of finite strain values may deve]pp due to strainlinhomogeneity through-
out the conglomerate and not by a progressive deformation from oblate
to prolate strains. Therefore, the Es/V plots represents the finite
strafns.of a number of deformation paths, which probably radiate from
apbroxfmate]y zero Es and V values which represent the strains of
initial sedimentary fabrics (Figure 10).

In view of the consistent linear trend of the finite strain
variation on the Es/V diagram and the real existence of pro]éte strains
in the area, it is considered that a true plane strain due to simple
shear did not produce the finite strains in the conglomerate. As the
formation of the elongation lineation is considered contemporaneous
with the LS fébric development, there are two possible relationships
between the basement and cover deformations.

| (a) The simple shear mechanism proposed for the zone along
the basement-cover contact of the overturned 1imb may be invalid. There-
fore the same deformation mechanism, which produced the prolate strain,
~may apply to both the cover and basement.

(b) A]ternatjve]y, the simple shear mode] may apply to the
basement on the overturned 1imb, but a different response of the

cover lithologies to the deformation may have caused the change in
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strain symmetry across the basement-cover contact. This explains the
greater phyllonitization and foliation development in the basement
lithologies. |

| Alternative (a) is preferred, as the determination of pro-
late strains by axial ratio measurements is more quantitative than the
inference of plane strain by the existence of zones of LS fabric de-
velopment and by the macroscopic variation of fabric orientations.
Also the change from one deformation mechanism to another between
different lithologies requires a complex stress situation in the transi-

tion zone between the two mechanisms.
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LATER DEFORMATIONS

Two minor deformations followed the development of the LS
fabric. As the resulting structures are small-scale and not persistent
throughout the area, the relative ages of the two deformations are not

determinable.

6.1 Crenulation Cleavage and Lineation

Small éca]e mesoscopic crenulation of the foliation is re-
lated to a crenulation lineation which has a shallow pitch to the east
within the foliation (Plate 2). By their nature and orientation, these
structures are correlated with the F2'structures described by Daily
and Milnes (1973) on the eastern side of Fleurieu Peninsula.

The crenulation occurs predominantly in the highly deformed,
thinly foliated basement Tithologies. In the mylonitic chlorite schists,
small planar zones of reoriented foliation strike approximately weét to
southwest and dip 15 degrees to the northwest. Due to the irregularity
of tﬁe crenulations, the orientation of the superimposed cleavage is
difficult to determine. |
. The associatéd crenulation lineation is best developed as a
fine.régu1ar wrinkling on the planes of slaty cleavage within the

cover units.

6.2 Conjugate Faulting and Associated Fold Deve]opmeﬁt

| Two sets of fault planes form a conjugate set with the acute
angle between thé two fault trends orientated to the southeast. The
faults are generally steeply inclined, but the dips of the fault planes
were not determined.

.Normal movements along the faults has produced angular mono-
clinal and conjugate folds in the thinly foliated Tapley Hil1l Formation
on the west 1imb (Plate 1). This style of folding is similar to the
"joint drags" described by Flinn (1952). Displacements along the

faults vary from very small movements to displacements of several
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metres. The scale of the folding varies from conjugate folds less
than .5 metres wide to cleavage and bedding warps over 100 metres in

extent as seen in the cliffs immediately north of Second Valley

harbour.



32.

CONCLUSIONS

7.1 General

In the nose of the Myponga-little Gorge Inlier, the F]

phase of the Delamerian Orogeny is characterized by three effects,
viz. the formation of the regional overturned fold, the development
of a prolate strain in the cover and phyllonitization of basement,
and to a lesser degree, of cover lithologies adjacent to the basement-
cover contact on the overturned 1limb.

| The regional fold closes to the southwest around the nose
of the basement inlier. Parasitic mesoscopic folds are reclined with
fold axes plunging southeast down the dip of the axial plane foliation.

The regional fold is therefore reclined.

7.2 Nature of Deformation

An elongation lineation is developed sub-parallel to the
mesoscopic fold axes. Strain analysis of the basal conglomeratic unit
indicate a linear trend of finite strain variation from oblateness to
prolateness with increasing magnitude of strain. If the trend is con-
sidered to be representative of a deformation path during progressive
deformation, then two phases of deformation may be proposed, wherehy
a prolate strain is superimposed on an oblate strain which developed
during the regional folding. However Rf/@ diagram analysis suggests
the quartz grain and pebble fabrics were sedimentary prior to the de-
formation which produced the prolate finite strains. Therefore the
development of the elongation lineation may be contemporaneous with,
or post-date the formation of the regional fold.

| An LS fabric is developed in planar zones of intense deforma-
tion, which parallel the basement-cover contact of the west 1imb. A
model of simple shear is proposed to explain the observed variation
in fabric orientation within these zones. The shear directions of
the model indicate thrusting of the basement a]éng the basement-cover

contact.
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The development of the elongation 1ineation is contempora-
neous with the formation of the foliation in the shear zones. There-
fore the estimates of prolate strain in the conglomerate conflict
with the plane strain suggested by the simple shear model. As the
determination of the finite strains in the conglomerate is quantitative .
and the trend of the finite strain variations is well defined, a pro-
late strain is considered to have developed during the deformation
which caused the phylionitization of the basement and cover 1ithologies.

Therefore, the simple shear model of the planar zones of deformation

may not be valid.

7.3 Relationship of Fold Formation to Elongation Lineation Deve]opmeht
| If the formation of the elongation lineation is assumed to
post-date the regional fo1d‘formation, then the sub-parallelism of the
mesoscopic fold axes with the lineation needs to be explained. Else-

where in the Mount Lofty Fold Belt, the regional fold axes commonly
have shallow plunges to the north and south within the axial plane and
are not reclined. Therefore the X axis of fhe strain ellipsoid asso-
ciatgd with the fold formation is generally steeply plunging within
the axial plane and it approximately parallels the elongation Tineation
in the Second Valley area.
N Consequently, it is possible that the mesoscopic and macro-
scopic fold axes, after initial formation, are rotated within the
axial plane into parallelism with the X direction of the prolate stfain.
Rotation of Tinear eiements to a preferred orientation about the X
~elongation direction is theoretically possible by both pure shear
(Sanderson, 1972) and simple shear (Escher and Watterson, 1974). As
" the strains are considered to be prolate, the fold reorientation is con-
sidered to occur by irrotational pure shear.
The Tow scatter and close péral]e]fsm of the fold axes to

the X direction of the elongation lineations suggest either high



34.
strains or a low initial angle (0) between the fold axes and X direction
within the XY axial plane. Sanderson derives the theoretical variation
of 6 with increasing strain (X/Y) (Sanderson, (op.cit.), figure 1).
The highest X/Y ratios obtained in the conglomerate ére approximately
551. Therefore, for an x/Y strain of 5, an initial o less than 25
degrees 1is required to obtain final © values less than 5 degrees. This
suggests either (a) a steep initial fold axis plunge within the axial
plane existed at the time of fold formation; (b) the magnitude of the
deformation which produced the elongation lineation is not sufficient
to rotate the macroscopic fold axis into parallelism with the X princi-
pal direction; or (c) the deve]opment of the elongation lineation is '
genetically related to the fold formation, during which the fold axis
is orientated parallel to tHe X principal direction of the strain

ellipsoid.

7.4 Recommendations

Further.quantitative data is required to determine the
relationship of the cover and basement deformafions. If suitable strain
markers can be used, then strain ana1ysis of basement 1ithologies may.
reveal the strain variation across the basement-cover contact. Addi-
tional strain measurements of the conglomerate and also of the Sturt
Tillite, are needed to develop a better understanding of the nature of
the finite strains in the cover lithologies.

Evidence of the relationship between the regional fold forma-
tion and the development of the elongation Tineation is inconclusive.
In addition to strain analysis, this problem may be further investi-
gated by morphological studies of the numerous mesoscopic folds in the
area. Determination of the extent of shortening across the XY planes

of the folds will add to the quantitative data available.



Plate 3

(1)

(3)

°

View southwest along the coastal cliffs.

Second Valley jetty and Rapid Bay quarry are
in the distant background. The Congeratinga

River outlet is céntre left.

Pebble of banded gneiss in the Sturt Tillite,

northeast of Second Valley jetty.

Basal conglomerate unconformably overlying

‘ M'basement schi;ts on the overturned west 1imb.

(4)

Pebbles are flattened in ﬁhe foliation.

Location 5, YZ plane, Little Gorge Beath. '

High angle between. the fold envelope and the
foliation (parallel to hammer) in the Burra Group,

east 1imb. Congeratinga River outlet.

AY






Plate 4

(1) Quartz filled microfault which parallels the
regional thrusts. Burra Group, Congeratinga

River outlet.

(2) Monoclinal folding of bedding and foliation
associated with a minor fault. Tapley Hill

Formation, Second Valley. jetty area.

(3) Intense foliation in basement chloritic
schists. F, crenulation of the foliation
occurs in distinct zones. Congeratinga River

outlet.
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Plate 5

(1)

(2)

(3)

XZ principal plane of the deformed conglomerate.
The pebbles are rotated and flattened into the
cleavage trace (parallel to hammer handle).

Location 3, Little Gorge Beach.
XY principal plane Location 5, Little Gorge Beach.

XZ principal plane Locafidn 3, Little Gorge Beach.






Plate 6

(1)

(2)

(3)

(4)

(5)

Ribbons of recrystallized quartz and elongate relict
quartz grains paralleling the foliation in the sericite
matrix. Basement sericite schists, Anacotilla River.

Crossed polars, 30X.

Strings of recrystallized subpolygonal quartz in a
sericite and chlorite matrix. Scattered idioblastic
opaque grains also occur in the matrix. Basement chloritic

schists, Congeratinga River outlet. Crossed polars, 30X.

Fractures approximately 45° to the elongation direction
in a feldspar grain. Basement sericite schists, Little

Gorge Beach. Crossed polars, 30X.

Deformed basal arkosic sandstone. The quartz is undulose,
elongate and recrystallizing, whereas the smaller feldspar

grains are more equant. Crossed polars, 30X.

A

Deformed basal arkosic sandstone. Plane polars, 30X.

Deformed detrital shapes surrounded by growing sericite.
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APPENDIX 1. THIN SECTION DESCRIPTIONS

COVER LITHOLOGIES

Description No. 1 - 455/NC3 (XZ section) )
Field name: Basal arkosic sandstone (Aldgate Sandstone)
Macroscopic: Coarse grained, micaceous, feldspathic sandstone.
Thin sedimentary bands of heavy mineral grains separate thicker
bands of coarse pink feldspar and quartz. A good lineation and

foliation development.
Microscopic: Lenticular zones of strained relict quartz and fine
recrystallized quartz separated by bands of very fine lepidioblastic
sericite. High degree of recrystallization to fine polygonal quartz.
Relict quartz strongly undulose and xenoblastic. Detrital feldspar
grains are fractured and kinked.
Relict quartz
Recrystallized quartz

10%; 1-5 mm
40%; .075 mm ‘
25%; 1-6 mm; Ab and Ab/pericline

Feldspar -

twinning.
Sericite - 25%; very fine
Opaque detrital grains - 2%; fine.

Description No. 2 - 455/G2 (YZ section) _
Field name: Basal arkosic sandstone (Aldgate Sandstone)
Macroscopic: Very micaceous, 1ight coloured, feldspathic sandstone.

Faint heavy mineral layering. Well foliated.

Mesoscopic: Initial sedimentary quartz completely recrystallized.
Original sedimentary grainsize is 1-2 mm. Coarse feldspars fractured
approx. 45 degrees to foliation. Original sedimentary grain concen-
tration is 75%.

Recrystallized quartz

60%; .1-.3 mm

Feldspar - 5%; .7-4 mm; Ab/pericline
: : twinning

Sericite - ~.30%

ITmenite = 2%; .25 mm

~ Description No. 3 - 455/M30

Field name: Interbanded indurated siltstone (Burra Group)

Microscopic: Original sedimentary banding defined by regular bands
of coarse quartz, carbonate and biotite alternating with bands of
finer quartz and higher biotite concentration. Quartz and carbonate
is recrystallized. Lepidioblastic biotite defines foliation.
Chlorite growing sub-parallel to the foliation in the zones of coarse
quartz. -
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Recrysta]]ized quartz - 40%; bimodal .05-.15 mm and .25 mm.

Biotite - 25%; .05 mm3 brown to green.
Chlorite - 20%; .2 mm

Muscovite - - 2%; 1 mm

Carbonate - 10%

Opaques - 3%

Very fine, calcareous, biotite, chlorite metaquartzite interbanded
with a coarse, calcareous, biotite metasiltstone.

Description No. 4 - 455/31C10

Field name: Crenulated chlorite, sericite schist (Tapley Hi11 Formation)
Microscopic: A]ternating bands (approximate]y‘.5—4 mm wide) of sericite
with coarser quartz and chlorite. Foliation developed by lepidio-
blastic sericite. Quartz varies in nature from interlocking to
jsolated grains in micaceous host and is sub-parallel to the folia-
tion. Foliation is microcrenulated.
Quartz o - 50%; .07 mm or .1-.2 mm

Chlorite - 15%; .05-.07 mm
Sericite - 25%; v. fine
Opaques - 5%; .07 mm

Description No. 5 - 455/17C20 .
"Field name: Feldspathic quartzite pebble from basal conglomeratic
sandstone (Aldgate Sandstone).
Macroscopic: Elongated and flattened quartzite pebble. Medium-fine

quartz and pink feldspar. Fine scattered opaque grains.
Homogeneous. Slightly micaceous.

Microscopic: Ragged undulose quartz and equant feldspar grains. Quartz
slightly flattened in XY plane of pebble and is extensively re-
crystallized to polygonal, finer quartz. Slight foliation develop-
ment due to sericitization of feldspar.

- 25%3 1-2 mm
50%; .1-.3 mm

Relict quartz
Recrystallized quartz

Feldspar - 15%; .3-.5 mm
Sericite - 4%;
Opaques - 2%; v.fine- .4 mm

Sphene common accessory; .05 mm
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BASEMENT LITHOLOGIES

Description No. 6 - 455/J11
Field name: Quartz feldspar Biotite gneissic schist.
Macroscopic: Granitoid zones of coarse, pink feldspar, quartz and
biotite are separated by more schistose biotite rich layers.

Microscopic: Relict granoblastic texture of coarse quartz, feldspar
and biotite is disrupted by sericitization and quartz recrystalli-
zation. Quartz moderately undulose but quartz and feldspar grains
are not highly fractured. Brown biotite is altering to green
biotite and possibly to minor chlorite. Recrystallization of quartz
is not extensive. |

Relict quartz 20%; 2-12 mm

Recrystallized quartz - 5%

Feldspar - 45%; 1.5-8 mm
Biotite - 5%; 1-2 mm
Chlorite - 1%; .15 mm
Epidote ' - 5%; .25 mm
Sericite - 20%

Opaques - accessory

Description No. 7 - 455/21B]1
Field name: Medium grained quartz, feldspar, biotite schist.
Macroscopic: bands of quartz and feldspar alternating with more

biotite rich Tayers approx. .5 cm wide.

Mesoscopic: Alternating quartz/biotite and quartz/feldspar layers
are approx. .5-1.0 cm. wide. Biotite is sublepidioblastic re-
sulting in a weak foliation at an angle to the layering. Quartz
is slightly flattened parallel to the foliation and is strongly
undulose.

Feldspar
Relict quartz
Recrystallized quartz

35%; .15-2 mm
15%; .2-.5 mm
5%; .05-.2 mm

Biotite - 35%; .05- 1 mm
Epidote - 1%; .2- 1 mm
Sericite - 10%; fine

Opaques - 3%; .05-.5 mm
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Description No. 8 - 455/14

Field name: Quartz, feldspar, sericite schist.

Macroscopic: Light coloured schistose rock with brown and green
tinge. Pink feldspar and coarse grey quartz are slightly flattened
in the foliation. Well developed Tineation by mineral streaking.

Microscopic: Lenticles of recrystallized quartz and xenoblastic
feldspars are elongate parallel to the lepidioblastic sericite
and biotite matrix. Biotite is altering to iron oxides. Chlorite
is crystallizing with the polygonal quartz growth. Feldspars are
fractured at high angle to the foliation.

Recrystallized quartz - 20%; .075 mm

Feldspars - 20%; .5-5 mm
Sericite - 45%, v. fine
Biotite - 3%; .2 mm
Opaques - - 5%; .5 mm
Tourmaline - accessory
Zircon - accessory

Description No. 9 - 455/20B1 _

Field name: Biotite, sericite quartz schist.

Macroscopic: Fractured and embayed quartz and feldspar with re-
crystallized, fine unstrained polygonal quartz as stringers and
bands separated by fine sericite and coarser green biotite bands.
Sericite infills high angle fractures in feldspars. Micas are
lepidioblastic, sericite more so than biotite. -Opaques are uni-

formly scattered throughout.

Relict quartz - 15%; .5-1.5 mm

Recrystallized quartz - 15%; .075-.2 mm

Feldspar - 20%; .3-2 mm; no twin lamellae
Sericite - 45%

Biotite - 7%; .4 mm

Opaques - 3%; .4 mm

Zircon - accessory

Tourmaline - accessory

Description No. 10 - 455/3B10 ‘
Field name: Chlorite, sericite, quartz schist. ("Oystershell Rock")
Macroscopic: Schistose green rock with irregular foliation surfaces.

Stringers and lenticles of grey quartz are flattened in foliation.
Microscopic: Lenticular augen of relict medium grained quartz in fine,
even-grained, lepidioblastic sericite matrix. Considerable re- |
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crystallization to fine polygonal quartz. Fractures in quartz
at approx. 45 degrees to the foliation are infilled by fine
quartz and sericite.
Relict quartz
Recrysta11ized quartz

15%; 2.0 mm
20%3 .05 mm

Feldspar - 2%; 1.0 mm; no twin lamellae
Sericite - 55%

Chlorite - 7% .07 - .2 mm

Tourmaline - 5%; .07 - .3 mm

Muscovite - 3%; .15 mm

Opaques - 3%; .05 mm

Zircon - accessory

Description No. 11 - 455/021

Field name: Augen schist. ("Flaser Gneiss")

Macroscopic: Lenticular bands of medium grained pink feldspar and
quartz in a fine foliated groundmass of feldspar, quartz and
sericite. Microscopic - lenticular bands of relict and sub-
polygonal recrystallized quartz and feldspars, .1 - 1.0 cm wide.
Interfoliated by lepidioblastic sericite bands approx. .3-1 mm
wide. Feldspar is kinked, fractured and sericitized. Quartz is
flattened, undulose and largely recrystallized.

- b5%; .5-1.0 mm
40%; .05-.5 mm
10%; .15-5.0 mm

Relict quartz

Recrystallized quartz

Microcline

Sericite - 40%
Opaques - 5%; .08 mm
Zircon - accessory
Tourmaline - accessory.
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APPENDIX 2. TABULATED DESCRIPTION OF SAMPLES USED FOR
QUARTZ GRAIN STRAIN ANALYSIS

Location numbers refer to Plate 1.
Constituent concentrations in percent of total rock.

Dash - no data available.

Grain size

Location Relict Recrystallized .
Feldspar = Sericite Ave. detrital

Field No.

No. Qtz. Qtz.
455/2C6 1 25 30 25 20 1.75
" 3¢ 3 - - - - -
" 701 6 40 20 10 30 2.0
"ogC2 7 25 20 20 30 1.5
" NC2 9 25 25 10 _ 40 3.0
" NC3 10 10 45 20 25 3.0
"M 1 - - - - -
" Me 12 30 - 20 - .75
noo 13 - - ~ - - 1.5
"G4 14 25 35 20 10 1.75
"Gl 15 10 40 25 20 . 1.5
"G 16 0 65 5 25 1.5
"oE] 17 50 10 0 25 2.0
AT 19 35 40 10 5 2.0
" 16C17 21 15 30 20 30 2.5
" 17¢7 23 15 25 20 40 1.0
" 178 24 - - - - -
M 17C10 25 25 20 15 30 2.0

" 20C1 26 25 45 20 : 5 1.5
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