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Preamble

Between June 8" and 11t wewill be camping along the
Paralana escarpment, atectonically active areain the mid-
dle of the Indo-Australian plate, thousands of kilometres
away from the nearest plate boundary. Over the course of
the three days we will have the opportunity to visit sites
along the escarpment which preserve evdience of the mild
tectonism currently shaping the region- see Figure 1 for a
locality map. In the next few pages | detail a number of
exposures | described as part of my B.Sc (Hons) under the
supervision of Mike Sandiford in 2002. We will probably
not have time to visit al the localities, but | hope that the
localities we do visit will serve to dispel the notion that
Australiaisin ageological comal

Figure 1. Outcrop localities
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Portion of the Paralana escarpment with outcrop locali-
ties indicated.

Thetrip so far has dealt with the ancient geological his-
tory of theregion, so, before describing the field localities
we will visit, | begin by briefly outlining the Phanerozoic
geology of the region.

Following the Delamerian orogeny, tectonic reactiva
tion during the Devonian and Carboniferous'Alice Springs
events isindicated by a number of low-temperature ther-
mochronometric studies (Gibson and Stuwe, 2000; McLa
renet a., 2002a). The Mt Painter region isthen understood
to have undergone an extended period of tectonic quies-
cence. During this time, topography developed during the
Cambrian and Devonian/Carboniferous tectonic episodes
was eroded to a peneplain (Coats and Blissett, 1971a).
Coatsand Blissett (19714) arguethat thisplanation surface-
The Freeling Heights Surface, is preserved as erosional
remnants atop peaksin the area.

Crucial inunderstanding the nature and timing of recent
activity along the Paralana escarpment, are the sediments
totheeast of therangefront, within the Frome Embayment.
Descriptionsof these sedimentsand their significance have
been made by Callen (1974) and by Callen and Tedford.
(1976).

The Frome embayment is a closed draining system
which receives surface run-off from the Flinders Rangesto
the west, the Olary Ranges to the south and the Barrier
Ranges to the east. During the Palacocene to Eocene fine
to very coarse-grained, sub-mature to mature sands with
characteristic basal pebblebedsof the Eyre Formationwere
deposited within the Frome Embayment. (Callen, 1974)
showsthat deposition of the Eyre Formation ceased during
the Upper Eocene leaving a widespread sand blanket. Fol-
lowing deposition of the Eyre Formation, stable conditions
prevailed throughout the Oligoceneto Early Miocene, dur-
ing which time silcrete was developed as a cap on many of
the Eyre Formation outcrops.

Sedimentation re-commenced within the Frome Em-
bayment during the Lower Middle

Miocene with the deposition of aternating fine to me-
dium grained sand, silts and clay as well as thin dolomite
beds. Theselow-energy fluviatile and lacustrine sediments
of the Namba Formation (Callen, 1974) are overlain by the
Upper Miocene to Pliocene, possibly Lower Pleistocene
Willawortina Formation. Callen and Tedford. (1976) ar-
gued that the transition from low-energy sediments of the
Namba Formation, to the extremely poorly sorted, wedge
shaped deposits of bouldery to pebbly sediments of the
Willawortina Formation represents the initiation of Late
Cainozoic uplift of the Flinders Ranges.
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Field Sites

Locality 1 - Lady Buxton mine 6656449 E,
0349602 N

Excavations associated with mining at the Lady Buxton
copper mine in the 1890's have exposed a thrust on the
western side of the Paralana Hot Springs track (Figure 2).
The footwall of the thrust comprises a well consolidated
ferruginous conglomerate characterised by sub-angular to
sub-rounded, poorly sorted polymictic clasts 610 cmin di-
ametre. The clasts include Mesoproterozoic and Neopro-
terozoic material, aswell asmaghemite pebbles, inamatrix
of sandy to gritty quartz cemented by ferruginous matter.
The hangingwall comprises weathered Neoproterozoic
marbles of the Wywyana Formation. Thethrust is oriented
074 and dips at 19 toward the north-west. Linear grooves
on the fault plain trend down dip, suggesting purely dip-
dip movement. An estimate of displacement along the
structureis problematic as the thickness of the footwall se-
guence is unknown.

Figure 2. Relationships at the Lady Buxton mine
locality

Relationships at the Lady Buxton mine locality

The age of the thrust is poorly constrained as the foot-
wall lithology isunique within the field area. The unit may
be an equivalent of the Cretaceous Parabarana sandstone,
but is most likely much younger. The presence of

maghemite pebbles isimportant. None of the Mesozoic or
Cainozoic rock units described by Callen and Tedford.
(1976), note the presence of maghemite. Surficial lag of the
modern outwash deposits of the area south of Lady Buxton
mine contain abundant ferruginous material including sub-
rounded maghemite, which rests on gritty brown sands
composed of haematite and quartz. The conglomerates of
the thrust footwall greatly resemble the contemporary out-
wash deposits of the area. It is conceivable that the Wy-
wyana marbles have been thrust over a consolidated por-
tion of the modern outwash depositsin the area, suggesting
that the structure isin fact very youthful.

Whilst the maghemite pebbles of the thrust footwall
suggest very recent movement along thefault, severa lines
of evidence suggest that the structure may be somewhat
older. Firstly, thefault is not expressed in the geomorphol -
ogy of thearea, suggesting that thefault post-datesthe most
recent geomorphic processes. Moreover, the fault cannot
betraced on ASTER imagery, nor aerial photography, and
thereisno expression of the structure within the hinterland
or the Paralana High Plains.

Locality 2 - Yudnamutana creek 0349454 N,
6650575 E:

In the hills on the southern side of Y udnamutana creek,
where it exits the ranges, lithified conglomerates are cap-
ped by silcrete. The conglomerates and silcrete form adur-
icrust which dips gently toward the east, locally steepening
to 50-55 on the western, rangeward, portion of the duri-
crust. In fault contact with these conglomerates is Meso-
proterozoic granitic basement.

The conglomerates are comprised of sub-angular to
sub-rounded clasts 615 cm in diametre, lying in a well
lithified sandy matrix. On the basis of these characteristics,
the unit is tentatively classified as belonging to the Early
Cretaceous Parabarana Sandstone. Massive, grey nodular
silcrete forms acap on the western portion of the duricrust.

Although poorly outcropping, the fault separating the
two unitsis defined by azone approximately 1 metre wide
of brecciated, kaolinitic materia. The structureis oriented
042 and dipsto the north-west at 30. Steepening of silcrete
and conglomerate beds is understood to be as a result of
fault propagation folding in the footwall of the structure,
and indicates a reverse sense of movement.

If the conglomerates of the footwall are assumed to be
Parabarana sandstone, andare correlated with the Early
Tertiary Freeling Heights erosion surface, an estimate of
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post-Cretaceous displacement of these surfaces can be ap-
proximated. The Freeling Heights surface defined by Coats
and Blissett (19714), is at an elevation of approximately
1000 m, whilst the lithified conglomerates at this locality
are at an elevation of approximately 200 m. Assuming that
the two surfaces were deposited contemporaneously, a
minimum of 800 m of displacement must have occurred
along the fault described here since deposition in the Cre-
taceous. The observation that the silcrete cap is deformed
ahead of the propagating fault has important implications
regarding the timing of movement along the structure.
Callen (1974) showed that silcrete development inthe area
occurred during the Oligocene. Given that the silcrete cap
at thislocality is deformed, movement along the structure
must have occurred since the Oligocene.

Locality 3 - Four mile creek 0353442 N,
6664095 E:

Fluvial incision of the Paralana High Plains surface ap-
proximately 5.3 kilometres north-east along the range front
from Hot Springs creek, has exposed a thrust within the
Willawortina Formation aluvial fans (Fig. 3).

Figure 3. Fault displacement

Total of 80 cm displacement along fault through Willa-
wortina alluvial fans. Displacement and reverse sense
of movement established by the correlation of a sheared
clast along thrust plane.

Deeply weathered sub-angular to sub-rounded boulders
up to 1 metre in diametre lie in a sandy kaolinitic matrix.
Characteristic red-brown mottling, as well as the deeply
weathered nature of the sequence, distinguishes the sedi-
ments from the hill scree, and confirmstheir Willawortina
Formation classification. The fault plain which cuts
through the weathered Pliocene sequence strikes 026 and
dips at 31 toward the west. Total displacement of 80 cmis
indicated by a truncated clast across the fault plane, indi-
cating areverse sense of movement (Figure 3). 2 mmwide
elongate grooveing lineations along the thrust plane are

oriented down dip, suggesting a wholly reverse sense of
movement.

A clue as to the timing of fault movement is provided
by thefact that the thrust cuts deeply weathered Willawor-
tina Formation sequence. Thrusting probably occurred af -
ter the large boulders, up to 1 m in diametre, had already
been deeply weathered. The time scale for such deep
weathering to occur cannot be accurately constrained, how-
ever, the deep weathering pre-dating fault movement, sug-
gests that movement along the structure occurred a con-
siderable amount of time after deposition of the aluvial
fansin the Pliocene.

Locality 4 - 0353985 N, 6664811 E:

Approximately 6.2 kilometres north-east along the
range front from Hot Springs creek, fluvial erosion has ex-
posed a 200m long creek bank section within which arich
record of the regions young geological history is exposed
(Fig. 4). The creek runs in a south-easterly direction as it
exits the ranges, the exposed section being on its northern
side.

Figure 4. Young tectonics at locality 4

Manifestations of young tectonics at locality 4. Numbers
in blue on the locality map give the location of the three
photos at the bottom of the page. Camera icon on lo-
cality map shows position from which photo of the ex-
posed northern creek bank was taken.

The rangeward, western section of the exposure hosts
M esoproterozoic granitic material. At the approximate po-
sition of the piedmont and Paralana High Plains intersec-
tion, a steep reverse fault juxtaposes the basement material
against early Tertiary Eyre Formation (Figure 4). The
structureisoriented obliqueto the range front; striking 088
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and dipping at 71 to the north. Fault groovelineations 5mm
wide on the steep fault plane dip at 32 toward 272, sug-
gesting a dextral, oblique slip component to the reverse
movement.

The outcrop pattern, and orientation of the Eyre For-
mation beds surrounding the fault al so suggeststhat acom-
ponent of dextral oblique slip occurred during the faults
most recent movement. Regiona strike of the foreland
sediments is approximately 010-025, however, the imbri-
cated beds adjacent to the fault mimic the orientation of the
structure, striking approximately east-west. As the struc-
tureis approached from the east, the strike of the Eyre For-
mation beds exposed on the creek bank gradually shifts
from roughly north-south, to essentially east west. Dip of
the beds also increases asthe fault is approached. Thefault
does not have any expression in the geomorphology sur-
rounding the outcrop, nor is able to be traced on ASTER
imagery or aerial photography.

Anuninterrupted 200 m section of Eyre Formation sedi-
ments extends downstream from the fault. Adjacent to the
fault, the conglomerates are composed of matrix supported
sub-rounded clasts of up to 10 cm in diametre, the matrix
being kaolinite and sand. The Eyre Formation sequence
fines downstream, passing through several fining upward
sequences, with characteristic polished quartz pebbles at
their bases. Sedimentary structures within the Eyre For-
mation sequence provide palaeocurrent information.

Imbrication of clastsin the conglomerates at the base of
the sequence suggests that at the time of deposition, the
fluvial systems that deposited these sediments flowed to-
ward thewest, the current position of theranges (Figure 4).
Throughout a number of the finer sandy cycles, numerous
examples of westerly directed foresets are devel oped with-
in the sequence (Figure 4).

Importantly, the imbricate fabric, and foresets devel-
oped within the Eyre Formation sequence have profound
consequences relating to neotectonics in the region. For a
westerly flow direction of the depositing streams to have
occurred, the ranges could not have stood at their present
elevation. The pal aeocurrent indicators suggest that during
the Eocene and Palaeocene there was no topography where
theranges stand today. Thefaulting and palaeocurrent data
detailed above arerobust evidencefor post Eocenetectonic
activity being responsible for the ranges standing at their
current position and elevation.

Locality 5 - Teasdale locality 0352024 N,
6661532 E:

Approximately 8.6 kilometres north-east along the
rangefront from Hot Springscreek, athrust fault isexposed
on the northern side of a small creek flowing away from
the ranges. Subparalld to the range front, the mountain-
ward block has been uplifted, relative to the ParalanaHigh
Plains (Figure 5). The footwall of the structure hosts very
angular, poorly sorted white conglomeritic material of the-
Willawortina Formation. Clasts range in size from 1 to 20
cm in diametre and are entirely matrix supported, the ma-
trix being composed of kaolinite and sand. Vertical mottles
approximately 30 cm high arered brown haematite with an
outer halo of yellow brown goethite. Overlying the Willa-
wortina sedimentsis a6 m long wedge of modern red hill
scree cloaking the entire outcrop. The wedge is comprised
of very poorly sorted and consolidated sub-angular quartz-
ite clastsranging in sizefrom 3cmto 1 min diametrein a
red coloured silty/sandy matrix.

Figure 5. Relationships at the Teasdale locality

Relationships at the Teasdale locality.

The footwall terminates along the main thrust plane of
the outcrop which is defined by a zone approximately 20
cmwideof flaky orangeclayey material . Strikeof thethrust
planeis 012, with adip of 25 to the west. Kinematic indi-
cators along the plane confirm the reverse sense of move-
ment (Figure 4). Five mm wide fault groove lineations on
the fault plane trend down dip suggesting movement along
the fault isdip-dlip.
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The hangingwall of the outcrop is complex, containing
several reverse faults with varying orientations. Immedi-
ately overlying the main thrust plane is a band approxi-
mately 1.5 m thick of Eyre Formation composed of pale
orange coloured, sub-rounded 1-10 centimetre clasts in a
clayey matrix. Another reversefault, oriented 000 and dip-
ping 20 west, defines the top of this band of Eyre Forma-
tion. Above this fault, Neoproterozoic Paralana Quartzite
sitsin the hangingwall . Three more brecciated disruptions
within the overlying Quartzite can be attributed to faulting.

Given the spectacular nature of the exposure, it is sur-
prising that the structure is unable to be traced along the
range front. Geomorphically, the fault is not expressed by
any surface offsets or linear traces. Similarly, the structure

isunidentifiable upon ASTER imagery or aerial photogra-
phy.

Total displacement within the fault zone is difficult to
quantify with any great accuracy. Callen and Tedford.
(1976) show that the Willawortina Formation reaches a
thickness of 150 m. To account for the present relation-
ships, in the order of 150 m of vertical displacement must
have occurred since deposition of the Willawortina For-
mation during the Pliocene. An unsuccessful attempt to
constrain amaximum age of the fault was made by dating
thewedge of hill scree using optically stimulated lumines-
cence (OSL). However, inconclusive results were ob-
tained. The OSL dating revealed only that the wedge of hill
screeinthethrust footwall isgreater than 36,000 yearsold.
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