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ABSTRACT

Geologic and chronometric studies of alluvial fan sequences in south-central Australia provide

insights into the roles of tectonics and climate in continental landscape evolution. The most

voluminous alluvial fans in the Flinders Ranges region have developed adjacent to catchments

uplifted by Plio-Quaternary reverse faults, implying that young tectonic activity has exerted a first-

order control on long-term sediment accumulation rates along the range front. However, optically

stimulated luminescence (OSL) dating of alluvial fan sequences indicates that late Quaternary facies

changes and intervals of sediment aggradation and dissection are not directly correlated with

individual faulting events. Fan sequences record a transition from debris flow deposition and soil

formation to clast-supported conglomeritic sedimentation by ~30ka. This transition is interpreted

to reflect a landscape response to increasing climatic aridity, coupled with large flood events that

episodically stripped previously weathered regolith from the landscape. Late Pleistocene to Holocene

cycles of fan incision and aggradation post-date the youngest-dated surface ruptures and are

interpreted to reflect changes in the frequency and magnitude of large floods. These datasets indicate

that tectonic activity controlled long-term sediment supply but climate governed the spatial and

temporal patterns of range-front sedimentation. Mild intraplate tectonism appears to have influenced

Plio-Quaternary sedimentation patterns across much of the southern Australian continent,

including the geometry and extent of alluvial fans and sea-level incursions.

INTRODUCTION

Tectonism and climate are the primary external processes
governing continental erosion, sedimentation and land-
scape evolution. Tectonic uplift creates elevated terrain
and provides increased potential energy to the agents of
erosion, such as fluvial systems. Seismic shaking asso-
ciated with tectonic events may generate rubble and, in
mountainous regions, trigger landslides, thereby increas-
ing sedimentary inputs into catchment systems (Keefer,
1994; Allen & Hovius, 1998; Dadson et al., 2004; Quigley
etal., 2007a). Climate controls the spatial and temporal dis-
tribution of erosional agents (streams and glaciers) and the
vegetative cover that protects the landscape from erosion.
Climatically induced changes in source catchment palaeo-
geography and/or hydrologic regimes may exert a strong
influence on sediment generation and transport (e.g. Ped-
erson et al., 2000). In addition, the frequency and magni-
tude of large floods capable of significantly modifying
continental landscapes may be strongly influenced by cli-
mate (Molnar, 2001; Molnar ez al., 2006). The ability to dis-
tinguish tectonic from climatic forcing on landscape
evolution hinges on the development of robust geologic
and chronometric datasets that may be evaluated in the
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context of well-dated tectonic events and palaeo-climatic
regimes.

Alluvial fans are ubiquitous features of mountainous
range fronts worldwide and provide a spatial and temporal
record of source catchment erosion and basin sedimenta-
tion over geologic time scales (e.g. Bull, 1964; Denny, 1965;
Ritter et al., 1995; Whipple & Traylor, 1996; Calvache ez al.,
1997). A primary focus of recent research has been to con-
sider how tectonic and climatic processes influence allu-
vial fan morphological properties and sedimentary styles,
and how fans respond to changes in these external para-
meters (e.g. Harvey ez al., 2005). Tectonic activity is now
commonly recognized as the primary controlling factor
in dictating alluvial fan properties such as location, setting
and morphology, primarily through tectonic influences on
drainage basin relief and fan accommodation space (Den-
ny, 1965; Bull, 1977, Whipple & Traylor, 1996; Allen & Ho-
vius, 1998; Allen & Densmore, 2000; Densmore et al.,
2007). Climate appears to have a dominant control in de-
termining alluvial fan sequence stratigraphy, including
the distribution of debris-flow, sheetflood and channe-
lized fluvial deposits and fan aggradation—dissection in-
tervals (Bull, 1991; Harvey & Wells, 1994; Harvey, 2004).
Early studies on alluvial fans from the southwest USA em-
phasized the role of catchment lithology on alluvial fan
morphology (Bull, 1964, 1991; Hooke & Rohrer, 1977)
and sequence stratigraphy (Blair, 1999). However, these
interpretations were questioned on the basis of spatial
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variability in tectonic activity, which appeared to exhibit a
more dominant control on fan geometry (Whipple & Tray-
lor, 1996; Allen & Hovius, 1998). Additionally, the presence
of both debris- and stream-flow deposits in individual
fans (e.g. Harvey er al., 1999), and debris-flow-dominated
fans derived from lithologically distinct catchments (P. A.
Allen, pers. comm., 2007), suggests that source catchment
lithology alone plays a minimal role in dictating fan strati-
graphy. Fanhead aggradation—dissection intervals have
also been explained by complex internal responses result-
ing from the ‘tintinnabulation’ of a single perturbation to
the fan-catchment system (Humphrey & Heller, 1995),
thus complicating the assignment of alluvial sequences to
distinct tectonic and climatic events. Additional studies of
alluvial fan systems, including chronologic studies, are re-
quired both to provide additional insight into the interplay
between tectonic, climatic and depositional processes and
to assess how landscapes may respond to future tectonism
and climate change.

This study focuses on alluvial fans deposited adjacent to
the Flinders Ranges of south-central Australia. Although
the Australian continent is widely regarded as one of the old-
est, flattest, slowest-eroding and tectonically quiescent con-
tinents on Earth (Twidale & Campbell, 2005), the Flinders
Ranges are seismically active (Greenhalgh ez al., 1994) and
contain large areas of relatively high relief and geomorphi-
cally youthful terrain (Sandiford, 2003; Célérier et al., 2005;
Quigley ezal., 2006, 2007b). The coincidence of concentrated
historical seismicity, abundant neotectonic structures (San-
diford, 2003; Celérier et al., 2005; Quigley et al., 2006) and
dramatic landscape responses to late Quaternary climate
change (Williams et a/., 2001) imply that Plio-Quaternary al-
luvial fan sequences are likely to record the impacts of both
tectonism and climate change within the region. In order to
evaluate the extent to which of these processes governed the
geomorphic evolution of the modern landscape, we con-
ducted stratigraphic and chronometric studies of the Wilka-
tana Fans. These results are combined with previous
investigations of the fans (Williams, 1973; Quigley ez al.,
2006), range-bounding faults (Quigley et al., 2006) and
catchments (Quigley e al., 2007a) that provided quantitative
tectonic uplift and erosion rate constraints. Our results indi-
cate that tectonism exerted a first-order control on long-
term sedimentation rates whereas climatic processes exerted
first-order control on sedimentary facies distributions and
on the timing of individual sedimentation events. The sur-
face response of south-central Australia to neotectonic activ-
ity is thus partially reflected in the geometry and extent of
Plio-Quaternary alluvial fan sequences.

GEOLOGIC SETTING
Flinders Ranges

The Flinders Ranges form part of a north—south trending,
rugged upland system extending more than 600 km inland
from the southern coast of South Australia to the Lake

Eyre Basin (Fig. 1). The ranges contain some of the most
topographically rugged terrain in Australia, with local re-
lief exceeding ~600 m and highest elevations of ~1100m
above sea level (a.s.]). The ranges are flanked by large re-
gions of anomalously low topography (< 0-50ma.s.l), in-
cluding internally draining playa lake basins (e.g. Lakes
Frome, Eyre and Torrens), a large externally draining con-
tinental basin (Murray Basin) and shallow marine gulfs
(Spencers Gulf, St.Vincents Gulf). The intervening region
between Lake Torrens and the Spencer Gulf consists of a
discontinuous series of salt pans (Fig. 1).

The bedrock geology of the Flinders Ranges consists of a
5-12-km-thick package of Neoproterozoic to Cambrian rift
sediments with minor volcanics (Fig. 2) (Dalgarno et al.,
1968) underlain by Palacoproterozoic metasedimentary and
igneous rocks and Mesoproterozoic intrusives (Stevens &
Corbett, 1993). These rocks were strongly deformed during
the early Palaeozoic into a series of folds that are reflected
in the distinctive strike-ridge-dominated topography of the
region. Much of the middle to late Palacozoic was character-
ized by tectonic quiescence punctuated by mild thermal per-
turbations associated with the late Palacozoic Alice Springs
Orogeny (Gibson & Stiiwe, 2000; McLaren ez al., 2002). The
region was reduced to a near peneplain in the Mesozoic fol-
lowed by intermittent periods of fluvial to lacustrine deposi-
tion in the Cretaceous, Eocene and Miocene. A transition
from low-energy fluvial and lacustrine sedimentation to
high-energy gravels and fanglomerate deposition occurred
on the flanks of the ranges in the late Miocene or early Plio-
cene and has continued to present.

Some workers have suggested that the modern topogra-
phy of the region was established in the early Cenozoic (e.g.
Veevers & Conaghan, 1984). However, other workers have in-
terpreted the transition from low- to high-energy sedimen-
tation in range-bounding sequences to indicate the uplift of
the ranges initiated in the late Miocene or Pliocene (Callen &
Tedford, 1976). Regionally uplifted and deformed Miocene
and Pliocene sedimentary sequences add credence to the hy-
pothesis that a significant component of the present topo-
graphy relates to post-Miocene tectonism (Alley & Benbow,
1995; Sandiford, 2003). This hypothesis is also supported by
the presence of reverse faults that have uplifted the ranges
relative to bounding Plio-Quaternary alluvial fan sequences
(Sprigg, 1945; Williams, 1973; May & Bourman, 1984; Bour-
man & Lindsay, 1989; Lemon & McGowran, 1989; Belperio,
1995; Sandiford, 2003; Celérier et al., 2005; Quigley ef al.,
2006, 2007b). From such features, Sandiford (2003) and
Quigley ez al. (2006) inferred as much as 30-50% of the pre-
sent maximum topographic relief between summit surfaces
in the ranges and adjacent piedmonts (~800-1000 m) have
developed since ~5Ma.

The spatial distribution and geometry of Plio-Quatern-
ary alluvial fans bounding the Flinders Ranges is highly
variable. On the western flank of the ranges, steep alluvial
fans with thick depositional sequences have aggraded
along steep, linear portions of the range front between
Adelaide and the central Flinders Ranges, where young
fault activity has been identified (Fig. 1) (Williams, 1973;
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Fig.1. Shaded digital elevation map of south-central Australia including the Flinders Ranges. Distribution of historical seismicity
overlaps with present topographic expression of the ranges, as shown by correspondence between historical earthquake epicentres and
topography. Bold arrows denote location of Plio-Quaternary fault scarps and/or steep, linear range fronts along the western side of the
Flinders Ranges. These regions also contain voluminous, steep alluvial fans. Location of Figs 2 and 3a section as indicated.

May & Bourman, 1984; Bourman & Lindsay, 1989; Lemon
& McGowran, 1989; Belperio, 1995; Sandiford, 2003; Quig-
ley et al., 2006). In contrast, alluvial fans with lower gradi-
ents and volumes are present in regions with more
subdued basement topography and no clearly delineated
neotectonic faults, such as the Parachilna area in the cen-
tral ranges (Fig. 1) (Dalgarno & Johnson, 1966). Gravity
surveys suggest that the basement—alluvium interface be-
neath the steep fans is locally > 100 m beneath the surface
and slopes gently towards the ranges close to the range
front (Preiss & Faulkner, 1984) suggesting flexurally con-
trolled subsidence of the basin floor (Fig. 3). The basement
beneath lower gradient fans commonly reaches the surface
outboard of the range front, indicating a shallow base-
ment—alluvium interface. These relationships suggest that
neotectonic faulting has exerted a first-order control on
the geometry and volume of sedimentary sequences along
the front of the western Flinders Ranges.

© 2007 The Authors. Journal compilation © 2007 Blackwell Publishing Ltd, Basin Research, 19, 491-505

On the eastern flank of the ranges, Plio-Quaternary fans
are commonly uplifted and incised proximal to the range
front (Coats, 1973; Sandiford, 2003) with Quaternary alluvial
sedimentation centred further outboard towards the basin de-
pocentres. The basement—alluvium interface beneath these
fans is commonly shallow and dips gently away from the
ranges (Celériereral., 2005), distinct from the geometry of this
interface beneath the western range front fans (Fig. 3c). Celér-
ier et al. (2005) attributed this geometry to low-amplitude
(~200-500 m), long-wavelength (~200 km) lithospheric buck-
ling. Importantly, qualitative regional observations from the
margins of the Flinders Ranges suggest that differences in al-
luvial fan geometries relate to differences in the magnitude
and style of neotectonic deformation.

In addition to the record of neotectonic activity pro-
vided by fault exposures, the Flinders Ranges are histori-
cally one of the most seismically active regions in Australia
(Fig. 1), with hundreds of small earthquakes recorded
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Fig. 2. Simplified geologic map of the Wilkatana alluvial fans and their bedrock source catchments, modified from Williams (1973),
Preiss & Sweet (1966) and Dalgarno et al. (1968). Location of OSL sample sites, Fig. 3g gravity profile, and Fig. 6 boreholes and cross-
sectional fan profile as indicated. Dashed lines denote catchment boundaries, determined from the position of intervening drainage

divides. OSL, optically stimulated luminescence.

yearly and five magnitude > 5 earthquakes recorded in the
past century (Greenhalgh e al., 1994). Approximately
east—west-oriented maximum compressive stress orien-
tations derived from focal-plane solutions of historical
earthquakes (Clark & Leonard, 2003) are consistent with
inferred palaeo-stress orientations determined from
Plio-Quaternary faults, indicating that the modern com-
pressional tectonic regime has been in place for at least
~5Myr (Sandiford, 2003; Quigley ez al., 2006) and that
the tectonic forces that influenced Plio-Quaternary sedi-
mentation patterns adjacent to the ranges are still active.

494

Pliocene to Recent deformation appears to reflect increas-
ing stress levels within the Indo-Australian Plate due to in-
creased plate boundary forcing from collision zones with
the neighbouring Pacific and Asian plates (Coblentz e al.,
1995, 1998; Sandiford, 2003; Sandiford et al., 2004).

Wilkatana area

The Wilkatana area is located within the central Flinders
Ranges approximately 40 km north of Port Augusta, South
Australia (Fig. 1). The catchments encompass an area
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Fig. 3. (a) E-W topographic cross-section across the central Flinders Ranges. Location of section shown in Fig. 1. Length of section

= 275km. (b) Schematic cross-section of the western range front, showing geometry of the basement—alluvium interface. Base of fans
dips gently towards ranges close to range front, indicative of flexural subsidence in response to loading. (c) Schematic cross-section of
the eastern range front. Basement—alluvium interface dips gently away from range front, a geometry that Celérierezal. (2005) attribute to
long-wavelength flexural buckling of the lithosphere in the eastern Flinders Ranges. (d) ASTER satellite image and underlying DEM of
the Wilkatana area, showing steep range front topography and voluminous and steep Wilkatana alluvial fans (e}—(g) Geologic and
topographic cross-sections of the Wilkatana fans, showing longitudinal fan profiles and estimated thickness of Plio-Quaternary
sediment. Constraints on subsurface fan geometry from boreholes and gravity profile (Preiss & Faulkner, 1984).
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of ~65km? and locally exhibit as much as ~600m of re-
lief between summit surfaces and valley floors. The mor-
phology of the ranges reflects the variable properties of
the underlying bedrock. The western sections of the Wilk-
atana catchments are composed of resistant quartzite and
sandstone ridges (Fig. 2) lined with zones of recent rock
failure and active scree slopes, implying many hillslopes
are at critical angles. The eastern portions of the catch-
ments are composed of dolomite and shale sequences, re-
sulting in broader valley forms and more-rounded lower-
relief hillslopes. Superimposed on these lithologically
controlled landforms is a general pattern of broader, u-
shaped valley systems steeply incised by narrow v-shaped
valleys.

The Wilkatana Fans are some of the largest and best-de-
veloped alluvial fans in Australia (Williams, 1973), encom-
passing an area of >100km?. The fans coalesce westward
from the Wilkatana range front, where they exit source
catchments at elevations of <290 m a.s.l. to the LakeTor-
rens Basin, where they merge with fine-grained alluvial
and dune deposits at elevations of 20-30 m a.s.l. (Fig. 2).

The high-standing western range front flanking the
Wilkatana Catchments (Fig. 3) forms one of the steepest
and most linear mountain fronts in the Flinders Ranges,
with hillslopes locally >60°. Elevations of Emeroo Ridge
(Fig. 3) decrease southward from ~600ma.s.l. between
the North and South Wilkatana Catchments to <400
ma.s.l. at Depot Creek. Numerous landslide scars and
scree slopes are present along the range front and coarse-
grained accumulations of poorly sorted scree and talus
breccias occur at the base of the front over its entire length
(Williams, 1973). These observations suggest that much of
the range front is at the angle of repose.

LATE QUATERNARY FAULTING IN THE
WILKATANA AREA

The Wilkatana range front is defined by a network of east-
dipping reverse faults that have displaced the Neoprotero-
zoic bedrock over the adjacent alluvial fan sequences
(Fig. 4). The Wilkatana Fault (Williams, 1973; Quigley
et al., 2006) is clearly exposed in the incised apexes of the
North and South Wilkatana Fans and is also exposed as a
steep to slightly overhanging ridge along the range front
between North Wilkatana and Depot Creek (Figs 2 and 3).
The fault strikes NNW and varies in dip from 46 to 80°
along strike. Quigley et al. (2006) estimated a minimum
strike-length of ~13.8 km from distances between clearly
delineated fault exposures. At the incised apex of the
North Wilkatana Fan, Emeroo Quartzite has been thrust
more than § m vertically over adjacent late Pleistocene al-
luvial sequences (Fig. 4) (Quigley ez al., 2006). Fault stria-
tions on the fault plane indicate reverse left-lateral
displacement. The faulted footwall deposits consist of ta-
lus breccias and debris flows that yielded optically stimu-
lated luminescence (OSL) ages of 67 = 6 and 56 £ 6ka

overlain by conglomerate that yielded an optical age of

Pooral ka Fm :Corjg lom eraie
ISaoka -

‘orlék:a Fm debris “ﬂ?ys_-: 3

Fig.4. Field photograph of the Wilkatana Fault as exposed at the
mouth of the North Wilkatana Catchment, from Quigley ez al.
(2006). Fault displaces Pooraka Fm debris flows ( > 56 ka) and
~32ka Pooraka Fm Conglomerate but is draped by ~29ka
Pooraka Fm Conglomerate.

32 + 2ka (Quigley ez al., 2006). Both these faulted footwall
sediments and the bedrock hangingwall are blanketed by
conglomerate that yielded an optical age of 29 & 2ka.
Quigley et al. (2006) interpreted these field-chronologic
relationships to indicate at least two major surface ruptur-
ing events at this locality, given that the ~15m of fault off-
set parallel to fault striations is highly unlikely to have been
generated in a single event. The most recent event is con-
strained to ca. 32-29 ka and associated with a fault displace-
ment of ~4 m, whereas the older event(s) is constrained to
ca. 56-32ka and associated with a total fault displacement
of ~8—11m (Quigley et al., 2006).

Approximately 20 m upstream of this location, another
segment of the Wilkatana Fault has generated a 4m high
fluvial knickpoint where hangingwall quartzite on the up-
stream side of the fault has been thrust over the down-
stream quartzite (Fig. 4). Quigley ez al. (2006) estimated
the timing of this movement at ca. 12 ka based on inferred
knickpoint retreat rates, and concluded that more than
12m of cumulative vertical hangingwall uplift occurred
across this segment of the Wilkatana Fault between ca.
67-12 ka.

The Depot Creek Fault is located beneath the Depot
Creek Fan roughly 1 km west of the range front (Figs 2 and
3), where it was identified on the basis of drilling and grav-
ity surveys (Preiss & Faulkner, 1984). The fault has no pre-
sent surface expression and is blanketed by Pleistocene
alluvium. The stratigraphic section overlying the inferred
position of the Depot Creek Fault yielded an OSL age of
71 & 7ka (Table 1), implying that the Depot Creek Fault
has remained inactive since that time (Quigley ez al., 2006).

The coincidence of the voluminous Wilkatana Fans
with the recently active Wilkatana Fault suggests a casual
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Tablel. Compiled *C and optically stimulated luminescence chronology from the Wilkatana Fans

Formation or paleosol Locality Sample material Age Reference

"C dates Calibrated ™ C age (cal kyr BP)

Eyre Gravel Member 2 Depot Creek Detrital charcoal 18 £01 Williams (1973)
Eyre Gravel Member 2 North Wilkatana  Detrital charcoal 1.8 £ 04 Williams (1973)
Eyre Gravel Member 2 North Wilkatana  Detrital charcoal 31+£02 Williams (1973)
Eyre Gravel Member 2 North Wilkatana  Detrital charcoal 3701 Williams (1973)
Eyre Gravel Member 1 Depot Creek Detrital charcoal 59+ 01 Williams (1973)
Wilkatana palaeosol Depot Creek Carbonate nodules 361 + 14 Williams (1973)
Wilkatana paleosol Depot Creek Carbonate nodules 392+ 36 Williams (1973)
Wilkatana palaeosol Depot Creek Carbonate nodules 399 + 18 Williams (1973)
Wilkatana palaeosol Depot Creek Whole-soil carbonate 369 £ 1.3 Williams (1973)
Wilkatana palaeosol North Wilkatana ~ Whole-soil carbonate  30.3 £ 0.6 Williams (1973)
Pooraka Formation debris flows North Wilkatana  Carbonized wood >42.6 Williams (1973)
Optically stimulated luminescence dates Optical age (ka)

Pooraka Formation debris flows Depot Creek Quartz 1£7 Quigley ez al. (2006)
Pooraka Formation debris flows North Wilkatana  Quartz 676 Quigley ez al. (2006)
Pooraka Formation debris flows North Wilkatana  Quartz 56 £ 6 Quigley ez al. (2006)
Pooraka Formation Conglomerate®*  North Wilkatana  Quartz 32+2 Quigley ez al. (2006)
Pooraka Formation Conglomerate}  North Wilkatana  Quartz 2942 Quigley ez al. (2006)
*Faulted.

FUnfaulted.

relationship between youthful fault activity and fan build-
ing. Quigley ez al. (2007a) suggested that late Quaternary
uplift along the Wilkatana Fault led to an increase in catch-
ment erosion rates due to (a) seismic shaking and liberation
of hillslope material via mass wasting, including landslid-
ing, (b) oversteepening range-front hillslopes via uplift
relative to the bounding basin and (c) increasing catch-
ment hillslope gradients by generating knickpoints in
stream profiles that rapidly propagated upstream through
their catchments. These results provide quantitative evi-
dence that localized late Quaternary tectonism led to an
increase in bedrock and catchment-averaged erosion rates
over a long-term (10 000-100 000 years) time-scale. How-
ever, the extent to which tectonic events influenced facies
distributions and the timing of aggradation—dissection in-
tervals in the fans were not discussed. The late Quaternary
stratigraphy of the Wilkatana Fans, as relevant to distin-
guishing tectonic vs. climatic processes, is considered
below.

WILKATANA ALLUVIAL FANS

The Wilkatana Fans have been variably incised to depths of
< 10m by modern and palaeo-stream channels, exposing
a late Quaternary sedimentary sequence consisting of five
distinct stratigraphic units. The lowermost unit (Pooraka
Formation; Williams, 1973) consists of a series of mud-
stones, clayey silts and sands with volumetrically minor
beds of clast-supported river gravels (Fig. 5). The mud-
stones, silts and sands contain coarse, poorly sorted, sub-
angular quartzite and feldspathic sandstone clasts and are
interpreted as debris flow deposits (Williams, 1973; Quig-
ley et al., 2006). These deposits pass laterally into talus
breccias at the base of the range front (Williams, 1973).

© 2007 The Authors. Journal compilation © 2007 Blackwell Publishing Ltd, Basin Research, 19, 491-505

Quigley ezal. (2006) obtained OSL. ages of ca. 71-56 ka from
intercalated alluvial gravel lenses within debris flows at the
apex of the North Wilkatana and Depot Creek Fans (Table
1). Elsewhere in the region, the Pooraka Formation yields
thermoluminesence ages as old as 116 = 6 ka (Bourman
etal.,1997).

The Pooraka Formation is overlain by a dark-red co-
loured, calcareous, 1-2-m-thick palaeosol designated as the
Wilkatana Palaeosol (Williams, 1973). Carbonate nodule and
whole-soil carbonate samples collected from the Wilkatana
Palacosol at North Wilkatana and Depot Creek yield '*C ages
clustering between 25 and 35™Ckyr BP (Williams, 1973),
calibrated to ca. 30—40 cal kyr BP (Table 1).

The Wilkatana Palaeosol is variably overlain by a series of
interbedded, clast-supported, coarse-grained fluvial con-
glomerates (Pooraka Conglomerate; Fig. 5a). The conglom-
erates contain subrounded to rounded, lenticular, pebble-
to boulder-sized quartzite, sandstone, limestone and shale
clasts within a sandy matrix. Deposits occur in highly
channelized forms, implying that deposition of this unit
occurred primarily within a network of braided streams.
Near the apex of the North Wilkatana Fan, these conglom-
erates directly overlie debris flows (Fig. 4). Tiwvo OSL ages of
31 £2 and 29 + 2ka were obtained from conglomeritic
beds at this location (Table 1) (Quigley ez al., 2006).

On more distal reaches of the alluvial fans, the Wilkatana
Palaeosol and Pooraka Conglomerate are overlain by loessic
clayey silt deposits. An ~2.5-m-thick section through these
deposits reveals a series of five incipient palaeosols inter-
spersed with aeolian silt and pelletal clay (Fig. 5b). Palacosols
indicate soil-forming intervals and aeolian deposits indicate
dune building. Local fluvial reworking of the aeolian depos-
its is indicated by the presence of laterally discontinuous al-
luvial gravel lenses of up to 0.4 m thickness. We correlate this
sequence with the Lake Torrens Formation of Williams
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2o F

Fig. 5. Field photographs of the stratigraphic units composing the Wilkatana alluvial fans. (a) Pooraka Formation debris flow unit
overlain by the Pooraka Conglomerate in the North Wilkatana Fan (b) Fine-grained fluvial and aeolian deposits and intercalated
palaeosols. Location of OSL sample sites as indicated (c) Conglomeritic Eyre Gravel channel incised into Pooraka Formation (d) T,—T's
Eyre Gravel terraces identified in the North Wilkatana Fan. OSL, optically stimulated luminescence.

(1973) on the basis of similar lithological characteristics and
stratigraphic position.

The Wilkatana Fans have been deeply incised and par-
tially refilled by a series of conglomeratic terrace deposits
(Eyre Gravel; Fig. 5c and d). These deposits are arranged
in a braided network of abandoned channels and terraces
and are lithologically equivalent to the modern deposits
composing the Wilkatana stream beds, containing a mix-
ture of subrounded boulder- to sand-sized material de-
rived from throughout the catchments. The depth of
dissection and height of fan terraces decrease basinward
until they pass laterally into modern floodout deposits
(Williams, 1973). Williams (1973) recognized two perva-
sively developed terraces within the fans and classified the
highest terrace deposit as Eyre Gravel Member 1 (*C age of
5.1 £ 0.1kyr BP; calibrated in Table 1) and the lowest as Eyre
Gravel Member 2 (**C age of 3.4 + 0.1 to 1.8 & 0.4 kyr BP,

calibrated in Table 1). As many as six distinct terraces were
identified in the apex of the North Wilkatana Fan (Figs 5d
and 6). Williams’ (1973) chronology was correlated with the
T, toT's terraces (Fig. 6).

Stratigraphic and facies relations within the Wilkatana
Fans indicate a progressive change in depositional regime
from (1) debris flow-dominated sedimentation and alluvial
fan building (> ca. 56 ka), to (2) soil formation and land-
scape stability (a. 40-30ka), to (3) high-energy, braided
stream-dominated, conglomeritic sedimentation (< ca.
32-29 ka), to (4) low-energy fluvial sedimentation and aeo-
lian activity, to (5) high-energy, braided stream-dominated,
conglomeritic sedimentation (. 6 ka to Recent).

The overall transition from debris flow to conglomeritic
sedimentation is interpreted to indicate a gradual change
in the composition in the source region from a soil-
mantled to bedrock-dominated landscape (e.g. Bull,
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1991). This transition pre-dated the ca. 30 ka event along
the Wilkatana Fault. However, conglomerates continued
to aggrade after ca. 30 ka, implying that changes in the fa-
cies of range-front sedimentary deposits were ‘out-of-
synch’ with the discrete tectonic events dated by Quigley
et al. (2006). Notably, this transition occurred within the
Depot Creek Fan despite an apparent absence of post ca.
71ka tectonic activity there. In addition, the formation of
cut-and-fill terraces from ca. 6ka to Recent significantly
post-dates the most recent surface-rupturing event along
the Wilkatana Fault. Together, these observations suggest
that processes other than those associated with discrete
tectonic uplift events led to the observed age and facies
distributions in the Wilkatana Fans. OSL ages were ob-
tained from the Lake Torrens Formation and Eyre Gravel
in order to place additional temporal constraints on the se-
dimentation history of the Wilkatana Fans and gain greater
clarity into the origin of these distributions.

OSL CHRONOLOGY OF FAN
SEQUENCES

Theory

OSL is now commonly used for dating sedimentary de-
posits from a variety of aeolian and fluvial environments
(e.g. Stokes, 1999; Olley ez al., 2004). When quartz grains
within a sedimentary sequence are buried, they begin to
accumulate a trapped-charge population that increases
in a measurable and predictable way in response to the
ionizing radiation dose to which the grains are exposed
(Aitken, 1998). Exposure to sunlight releases the light-
sensitive trapped charge and resets the OSL signal. This
process is commonly referred to as ‘zeroing’ or ‘bleaching’
The time lapsed since quartz grains were last exposed to
sunlight can be determined by measuring the OSL signal
from a sample, determining the equivalent radioactive
dose (D,) that this represents and estimating the rate of ex-
posure of the grains to ionizing radiation since they were
buried (the ‘dose rate’; D,) (Aitken, 1998). From these para-
meters, the burial age of well-bleached grains can be deter-
mined (Burial age = D./D,).

The accuracy and precision of OSL ages are partially
controlled by the contribution of unbleached grains within
a sample (Olley et al., 1999; Murray & Olley, 2002) and this
influences which depositional environments will yield the
most reliable results. Sedimentary deposits that are likely
to have had adequate solar exposure and effective bleach-
ing before deposition and burial are preferred targets for
OSL dating; most notably aeolian sequences. In other set-
tings such as alluvial fans, where transport and deposition
times may be rapid, the potential for incomplete bleaching
is increased. OSL dating of alluvial deposits has recently
been aided by the emergence of new methodologies allow-
ing the effective dating of single grains of quartz, which
provide information on the degree of partial bleaching
within a sample (Olley er al., 2004). This technique was
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used previously to determine OSL ages of alluvial se-
quences within the study area and in other parts of the
Flinders Ranges (Quigley ez al., 2006).

Methodology

In this study, we used single-grain OSL dating to deter-
mine the depositional age of two samples from the Lake
Torrens Formation (Fig. 5b) and one sample from the Eyre
Gravel (Fig. 5c). Samples were collected by driving 50-
mm-diameter opaque stainless-steel tubes into cleaned
sections. Sample WF09 was collected from a grey loessic
clayey silt layer beneath the uppermost palaeosol in the
LakeTorrens Formation. Sample WF10 was collected from
the lowermost loessic clayey silt layer at this site, which
overlies the Wilkatana Palacosol and Pooraka Formation.
Sample WF02 was collected from the base of a ~2.5-m-
thick channelized alluvial terrace disconformably inset
into the Pooraka Formation near the apex of the North
Wilkatana Fan. Detailed mapping of the terrace sequences
indicate that the sample was obtained from a T Eyre Grav-
el terrace (Fig. 6).

Sediments were processed under subdued red light,
with the 90-125 um quartz fraction extracted for dating
using standard procedures (e.g. Galbraith ez al., 1999). A
single-aliquot regenerative-dose protocol was used to cal-
culate D, (Murray & Roberts, 1998; Galbraith ef al., 1999,
Murray & Wintle, 2000). Approximately 100 aliquots per
sample, each composed of single grains of quartz, were
pre-heated at 240 °C for 10s and optically stimulated for
2sat125°C by green (532 nm) light from a solid-state laser
beam attached to an automated Rise TL-DA-15 apparatus.
Ultraviolet luminescence was detected using a photomulti-
plier tube with a 7.5 mm U-340 filter. Samples were then gi-
ven applied doses using a calibrated **Sr/*’Y B-source and
re-stimulated to record their regenerative OSL signals.
OSL sensitivity changes in the quartz crystals between the
natural and regenerative cycles were monitored after each
optical stimulation using test doses of 10 Gy following a
160 °C cut heat.

Output from the Riso apparatus was analysed using
Analyst version 2.12 software (Duller, 1999). OSL. data were
corrected for any sensitivity changes and dose-response
curves constructed using six regenerative dose points. D,
values were obtained from the intercept of the regenerated
dose-response curve with the natural luminescence inten-
sity. D, values for aliquots in each sample typically dis-
played normal frequency distributions, suggesting
effective resetting of the luminescent traps before deposi-
tion. Optical ages were thus derived from weighted mean
D, using the central age model of Galbraith ez al. (1999)
and is shown in Table 2.

K, Uand Th concentrations were measured using in-
strumental neutron activation analysis (INAA) by Bec-
querel Laboratories, Menai, New Nouth Wales, and
converted to beta dose rates using the conversion factors
of Adamiec & Aitken (1998). A B attenuation factor of
093 4+ 0.03 (Mejdahl, 1979) was assumed. y dose rates were
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Fig. 6. Borehole stratigraphy and cross-section of the Eyre Gravel terraces identified in the incised apex of the North Wilkatana Fan.
Location of boreholes shown in Fig. 2. Borehole chronology derived by comparing comparing borehole stratigraphy with descriptions
of Cenozoic stratigraphy from the LakeTorrens Basin (Johns, 1968; Alley & Benbow, 1995); the Santos Wilkatana 1 and 2 boreholes
southwest of the study area (Harris, 1970), and the Pooraka Formation from the Mount Lofty (Bourman ez al., 1997) and Barrier Ranges
regions (Quigley ez al., 2006). Compiled OSL and (e chronology shown with respective terrace unit on cross section. LakeTorrens Fm
deposits projected onto section from exposures of this unit to the west of this section.

measured in the field using a portable spectrometer and
converted to dry values by oven-drying sediment from
the sample location. Internal o dose rates were also as-
sumed to be 0.03 = 0.01 Gyka ~ ' based on previous mea-
surements of Australian quartz (e.g. Thorne ez al., 1999,
Bowlereral., 2003).

Cosmic-ray dose rates were determined from estab-
lished equations (Prescott & Hutton, 1994), allowing for
sample depth, sediment density and site altitude and
latitude. Present-day field-moisture contents of the sedi-
ments were considered broadly representative of long-
term averages and used to correct attenuation of § and y
rays by water (Aitken, 1998).

Results

Optical ages of 18 £ 1 and 25 + 2 ka were obtained from
the uppermost and lowermost loess layers of the LakeTor-
rens Formation, respectively (Fig. 5b; Table 2), indicating
that aeolian and low-energy fluvial deposition occurred
in the Wilkatana region during the last glacial maximum
(LGM, ca. 2418 ka; Bard, 1999). WF(09 dates one of the last
major phases of landscape instability in the region asso-
ciated with deflation of fine-grained deposits from the
LakeTorrens Basin. WF10 constrains the initiation of aco-
lian activity subsequent to deposition of the Wilkatana Pa-
lacosol. The Lake Torrens Formation section preserved on

500

the South Wilkatana Fan may correlate with seif dune de-
posits from the LakeTorrens Basin (Williams, 1973).

The Eyre Gravel T terrace sample yielded an optical age
of 4.2 4 0.5 ka (Table 2, Fig. 6). This age is within error of the
calibrated ™C age of 3.7 = 0.1 cal kyr BP obtained by Wil-
liams (1973). The age of theT'4 terrace is therefore interpreted
as 4.2 + 0.6 ka, consistent with the interpretations that the
higher elevation T’ terrace is older and the lower elevation
T, and Tj terraces are younger (Fig. 6). Compilation of
OSL and "C terrace ages (Fig. 6) suggests that the most re-
cent depositional mode of episodic cut-and- fill sedimenta-
tion persisted from deposition of the T terrace sometime
before ca. 6 ka until the formation of theT| terrace sometime
after ca. 2ka. Punctuated depositional events occurred at
59 £ 01ka (Ts), 42+ 0.6ka (T4, 31 £0.2ka (T3) and
1.8 £ 0.4 ka (T) (Williams, 1973; Table 1).

DISCUSSION

Climatic influences on fan sequence
stratigraphy

The Wilkatana Fans provide a record of changing deposi-
tional facies and fluctuating intervals between sediment
accumulation and erosion throughout the late Pleistocene
and Holocene. These changes occurred at time intervals
independent of discrete tectonic events, implying that the
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spatial-temporal distribution of range-front sedimenta-
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The Eyre Gravel terraces within the Wilkatana Fans re-
cord punctuated high-stream discharge events superim-
posed on an overall pattern of fan dissection. This
suggests a cycle whereby coarse material continually accu-
mulates within catchment systems (as is evident in the
modern environment; Fig. 7) and is episodically flushed
to alluvial fan systems when the stream-power threshold
required to transport bedload is breached. The Wilkatana
creeks must transport this material in order to incise into
bedrock. Holocene incision thus fundamentally depends
on the recurrence of large-magnitude floods. Pre-Holo-
cene tectonic uplift undoubtedly enhanced the ability of
Wilkatana creeks to incise by maintaining steep down-
stream gradients and therefore increasing the stream
power of these flood events. However, the timing of these
sequences does not reflect tectonic events.

We suggest that the depositional ages of the Eyre Gravel
cut-and- fill terraces provide a proxy for the temporal dis-
tribution of large-magnitude flood events in the mid to
late Holocene. This indicates a large flood-recurrence in-
terval of one flood per 1370 £ 300 years between deposi-
tion of the Ts and T, sequences. Such datasets might
form the basis for future flood predictions, although addi-
tional mapping and chronology from other alluvial se-
quences in the region should be obtained to test this
hypothesis.

Plio-Quaternary tectonics, regional
sedimentation patterns and sea-level
incursions

The sedimentary records preserved in alluvial fans adja-
cent to the Flinders — Mt Lofty Ranges provide insights
into the interplay between Plio-Quaternary tectonics,
subsidence and sedimentation patterns. As described

above, steep, voluminous alluvial fans have accumulated
adjacent to parts of the ranges that have been subjected to
hangingwall uplift along reverse faults and related footwall
flexural subsidence. Thin, more dissected alluvial fans have
accumulated adjacent to parts of the ranges that appear to
have been subjected to broader uplift expressed by long-
wavelength lithospheric buckling (Celérier et al., 2005).
These relationships indicate that the modes of tectonism
exerted a strong influence on the volume and morphology
of alluvial fans throughout the region, primarily through
an influence on accommodation space (Silva ez al., 1992,
Viseras et al., 2003).

The sedimentary basins adjacent to the Flinders — Mt
Lofty Ranges also provide insight into the interplay be-
tween Plio-Quaternary tectonics, sedimentation and eu-
stasy. Early Pliocene marine strandlines in the western
Murray Basin (Fig. 1) are presently at elevations up to
120ma.s.l., suggested to reflect Pliocene sea-level high-
stands of 40-50m above present coupled with at least
80 m of regional tectonic uplift (Miranda, 2007). However,
internally draining basins including Lake Torrens lack
Cenozoic marine sediment (Johns, 1968), indicating that
Pliocene marine incursions did not breach the topo-
graphic barriers between these basins and the ocean.
Large regions of the modern topographic divide between
LakeTorrens and the Spencer Gulf are below 40 m, imply-
ing that Pliocene sea-level highstands should have en-
croached into these low-lying regions if the present
surface topography was static since the Pliocene. However,
because this region does not contain marine sedimenta-
tion, we infer that the region between the Spencer Gulf
and Torrens Basin, into which the Wilkatana alluvial fans
have been deposited, has undergone mild Pliocene subsi-
dence on the order of several tens of metres. The opposing
vertical movements of the major basins flanking the Flin-

Fig.7. Field photographs of catchment geomorphology in the North Wilkatana Catchment (a) Talus slope debris encroaching onto the

modern stream bed. (b) Large talus slope and coarse alluvial material.
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ders — Mt Lofty Ranges, with the Murray Basin uplifted
and the Torrens Basin lowered, are interpreted to reflect
spatial variability in the mode of tectonic deformation
superimposed on a large wavelength, SW-side-up tilting
of the Australian continent (Sandiford, 2007). We suggest
that the Murray Basin has uplifted in response to broad
lithospheric buckling (e.g. Célérier et al., 2005) whereas
the Torrens Basin — Spencer Gulf region has been de-
pressed in response to range front thrust faulting and flex-
ural loading. These regional patterns of tectonism have
governed both the distribution and morphology of alluvial
sedimentation and the distribution of marine sedimenta-
tion in south-central Australia.

CONCLUSIONS

The Wilkatana Fans provide a record of the spatial-tem-
poral distribution of alluvial fan building and associated
facies changes in the late Quaternary. The well-con-
strained tectonic and climatic history of the area provides
a robust context in which to interpret these records. Tec-
tonic uplift increased sedimentary inputs into the Wilka-
tana Fans via increasing catchment gradients and relief,
increasing catchment sediment input and increasing
footwall ‘accommodation space’ in response to tectonically
induced footwall basin flexural subsidence. The mode of
tectonism exerted an influence in the volume and geome-
try of alluvial fans throughout the region. However, both
facies changes and sediment aggradation—dissection cy-
cles were out-of-synch with dated tectonic events, imply-
ing that an aspect of climate was responsible for their
compositional and temporal distributions. Rapidly oscil-
lating and increasingly arid late Pleistocene climates
produced a landscape that was highly susceptible to rego-
lith-stripping episodes from > ca.71to <ca. 55 ka, as indi-
cated by aggraded debris flow deposits. Progressive
regolith erosion culminated with the transition to a bed-
rock landscape by ca. 32 ka, as indicated by the deposition
of conglomeritic units markedly distinct from earlier deb-
ris flow deposits. Lower total rainfall and rainfall variabil-
ity at the LGM was reflected by low-energy fluvial
sedimentation and aeolian deposition within the fans.
Holocene cut-and- fill terraces mark the return of punctu-
ated, high discharge flood events capable of transporting
coarse material. The age of these sequences may be used
as a proxy for large-magnitude flood recurrence in the
mid-late Holocene and quite possibly to provide estimates
of large flood recurrence in the future.

ACKNOWLEDGEMENTS

We thank Joe Cartwright and Phillip Allen for critical
reviews and Andrew Smart for access to the Wilkatana
Property.

Tectonic and climatic controls on sedimentation

REFERENCES

ApAMIEC, G. & AITKEN, M.]. (1998) Dose-rate conversion fac-
tors: update. Ancient TL, 16, 37-50.

AITKEN, M.]. (1998) An Introduction to Optical Dating: the Dating of
Quaternary Sediments by the Use of Photon-Stimulated Lumines-
cence. Oxford University Press, Oxford. 267pp.

ALLEN, P.A. & DENSMORE, A.L. (2000) Sediment flux from an
uplifting fault block. Basin Res., 12, 367-380.

ALLEN, P.A. & Hovius, N. (1998) Sediment supply from land-
slide-dominated catchments; implications for basin-margin
fans. Basin Res., 10, 19-35.

ALLEY, N.F. & BENBow, M.C. (1995) Tertiary. In: The Geology of
South Australia, Volume 2: The Phanerozoic (Ed. by J.F. Drexel &
WJ. Preiss), South Aust. Geol. Surv. Bull., 54, 219-281.

BARrD, E. (1999) Ice ages temperatures and geochemistry. Science,
284, 1133-1132.

BeLPERIO, A.P. (1995) Quaternary. In: The Geology of South Austra-
lia Volume 2, The Phanerozoic (Ed. by J.F. Drexel & WV. Preiss),
South Aust. Geol. Surv. Bull., 54, 219-28]1.

Brair, T.C. (1999) Cause of dominance by sheetflood vs. debris-
flow processes on two adjoining alluvial fans, Death Valley, Ca-
lifornia. Sedimentology, 46, 1015-1028.

BourmaN, R.P. & LINDsAY, J.M. (1989) Timing, extent and char-
acter of late Cainzoic faulting on the eastern margin of the Mt
Lofty Ranges, South Australia. Trans. Roy. Soc. South Aust., 113,
63-67.

BourmaN, R.P., MARTINAITIS, P., PREScOTT, J.R. & BELPERIO,
A.P. (1997) The age of the Pooraka Formation and its implica-
tions, with some preliminary results from luminescence dat-
ing. Trans. Roy. Soc. South Aust., 121, 83-94.

BOWLER, J.M. (1976) Aridity in Australia: age, origins and ex-
pression in acolian landforms and sediments. Earth-Sci. Rev.,
12, 279-310.

BowLER, J.M., JounstoN, H., OLLEY, J.M., PrREscoTT, J.R.,RO-
BERTS, R.G., SHAWCROSS, W. & SPOONER, N.A. (2003) New
ages for human occupation and climatic change at Lake Mun-
go, Australia. Nature, 421, 837—840.

BuLr, W.B. (1964) Geomorphology of segmented alluvial fans in
western Fresno County, California. US Geol. Surv. Professional
Puaper, 352E, 89-129.

BurL, W.B. (1977) The alluvial fan environment. Progr. Phys.
Geogr, 1, 222-270.

BuLi, W.B. (1991) Geomorphic Responses to Climatic Change. Oxford
University Press, New York. 325pp.

CALLEN, R.A. & TepFORD, R.H. (1976) New late Cainozoic rock
units and depositional environments, Lake Frome Area, South
Australia. Trans. Roy. Soc. South Aust., 100, 125-167.

CALVACHE, M., VISERAS, C. & FERNANDEZ, J. (1997) Controls on
fan development; evidence from fan morphometry and sedi-
mentology; Sierra Nevada, SE Spain. Geomorphology, 21, 69—
84.

CELERIER, J., SANDIFORD, M., LUNDBEK, D. & QUIGLEY, M.
(2005) Modes of active intraplate deformation, Flinders
Ranges, Australia. Zectonics, 24, doi: 10.029/2004&C001679.

CLARK, D.J. & LEONARD, M. (2003) Principal stress orientations
from multiple focal plane solutions: new insight in to the Aus-
tralian intraplate stress field. In: Evolution and Dynamics of the
Australian Plate (Ed. by R.R. Hillis & D. Muller), Geol. Soc. Aust.
Spec. Publ., 22, 85-99.

Coarts, R.P. (1973) Copley map sheet, South Australia. Geologi-
cal Survey of South Australia, Geological Series Explanatory
Notes, Sheet SH/54-9.

© 2007 The Authors. Journal compilation © 2007 Blackwell Publishing Ltd, Basin Research, 19, 491-505 503



M. C. Quigley et al.

CoOBLENTZ, D., SANDIFORD, M., RiCHARDSON, R., ZHOU, S. &
HivLis, R. (1995) The origins of the Australian stress field.
Earth Planet. Sci. Lett., 133, 299-309.

CoBLENTZ, D, ZHoU, S., HiLLis, R., RiIcHARDSON, R. & SAN-
DIFORD, M. (1998) Topography, plate-boundary forces and the
Indo-Australian intraplate stress field. 7 Geophys. Res., 103,
919-931.

Dabpson, S.J., Hovius, N., CHEN, H., DapEg, W., LiN, J., Hsu,
M., LiN, C., HorNG, M., CHEN, T, MILLIMAN, J. & STARK,
C. (2004) Earthquake-triggered increase in sediment delivery
from an active mountain belt. Geology, 32, 733-736.

DaLGarRNO, C.R. & Jounson, J.E. (1966) PARACHILNA map
sheet. Geological Atlas of South Australia, 1:250 000 series.
Geological Survey of South Australia, Adelaide.

DavrGarNo, C.R., Jounson, J.E., ForBes, B.G. & THOMSON,
B.P. (1968) Port Augusta map sheet. Geological Atlas of South
Australia, 1:250 000 series, Geological Survey of South Austra-
lia, Adelaide.

DENNY, C.C. (1965) Alluvial fans in Death Valley Region, Califor-
nia and Nevada. US Geol. Surv. Professional Paper, 466, 59pp.
DENSMORE, A.L., ALLEN, P.A. & SiMPsoN, G. (2007) Develop-
ment and response of a coupled catchment fan system under
changing tectonic and climatic forcing. 7 Geophys. Res. — Earth

Surf, 112,1-16.

DuLLER, G.AT. (1999) Analyst Version 2.12. Luminescence La-
boratory, University of Wales, Aberystwyth.

GALBRAITH, R.F., RoBERTS, R.G., LASLETT, G.M., YOosHIDA, H.
& OLLEY, J.M. (1999) Optical dating of single and multiple
grains of quartz from Jinmium rock shelter, northern Austra-
lia: part I, experimental design and statistical models. Archaeo-
metry, 41, 339-364.

GiBsoN, H.J. & STUwE, K. (2000) Multiphase cooling and exhu-
mation of the southern Adelaide fold belt: constraints from
apatite fission track data. Basin Res., 12, 31-45.

GREENHALGH, S.A., Lovg, D., MALPAs, K. & McDouGALL, R.
(1994) South Australian earthquakes, 1980-92. Aust. ¥ Earth
Sci., 41, 483-495.

Hagrris, WK. (1970) Palynology of Lower Tertiary sediments,
southeastern Australia. MSc Thesis, University of Adelaide,
unpublished.

HARrvEY, A.M. (2004) The response of dry-region alluvial fans to
Quaternary climatic change. In: Desertification in the Third Mil-
lenium (Ed. by A. Alsharhan, W.Wood, A. Goudie, A. Fowler &
E. Abdellatif), pp. 83-98. Balkema, Rotterdam.

HARVEY, A.M., MATHER, A.E. & STOKES, M. (2005) Alluvial fans;
geomorphology, sedimentology, dynamics — introduction, a
review of alluvial-fan research. Geol. Soc. Spec. Publ., 251,1-7.

Harvey, A.M. & WELLS, S.G. (1994) Late Pleistocene and Holo-
cene changes in hillslope sediment supply to alluvial fan sys-
tems; Zzyzx, California. In: Environmental Change in Drylands:
Biogeographical and Geomorphological Perspectives (Ed. by A.C.
Millington & K. Pye), pp. 67—84. John Wiley and Sons, New
York.

HaRrvEy, A.M.,WiGaND, P.E. & WELLS, S.G. (1999) Response of
alluvial fan systems to the late Pleistocene to Holocene climatic
transition; contrasts between the margins of pluvial lakes LLa-
hontan and Mojave, Nevada and California, USA. Catena, 36,
255-281.

HEssE, P.P., MAGEE, JW. & vAN DER K aARs, S. (2004) Late Qua-
ternary climates of the Australian arid zone; a review. Quatern.

Int., 118119, 87-102.

504

HookE, R.LL. & RoHRER, W.L.. (1977) Relative erodibility of
source-area rock types, as determined from second-order var-
iations in alluvial-fan size. Geol. Soc. Am. Bull., 88, 1177—-1182.

HumpHREY, N.F. & HELLER, P.L. (1995) Natural oscillations in
coupled geomorphic systems; an alternative origin for cyclic
sedimentation. Geology, 23, 499-502.

Jouns, R.K (1968) Investigation of LakeTorrens, report of inves-
tigations — South Australia. Geol. Surv., 31, 1-62.

Jounson, B.J., MILLER, G.H., FoGeL, M.L.., MAGEE, JW., GA-
GAN, ML.K. & CHivas, A.R. (1999) 65,000 years of vegetation
change in central Australia and the Australian summer mon-
soon. Science, 284, 1150-1152.

KEeEFER, D.K. (1994) The importance of earthquake-induced
landslides to long-term slope erosion and slope-failure ha-
zards in seismically active regions. Geomorphology, 10, 265-284.

LEMoN, N.M. & McGowRraN, B. (1989) Structural development
of the Willunga embayment, St. Vincent Basin, South Austra-
lia, National Centre for Petroleum Geology and Geophysics,
Adelaide, Field Guide, Unpublished.

May, R.I. & Bourman, R.P. (1984) Coastal landslumping in
Pleistocene sediments at Sellicks Beach, South Australia.
Trans. Roy. Soc. South Aust., 108, 85-94.

MCcLAREN, S.; DunLap, WJ., SANDIFORD, M. & McDoOUGALL,
1. (2002) Thermochronology of high heat-producing crust at
Mount Painter, South Australia: implications for tectonic reac-
tivation of continental interiors. Zéctonics, 21, doi: 10.1029/
2000TC001275.

MEjpaHL, V. (1979) Thermoluminescence dating: beta-dose
attenuation in quartz grains. Archacometry, 21, 61-72.

MIRANDA, J. (2007) Late Neogene stratigraphy and sedimenta-
tion across the Murray Basin, southeastern Australia. Unpub-
lished PhD Thesis, The University of Melbourne.

MoLNAR, P. (2001) Climate change, flooding in arid environ-
ments, and erosion rates. Geology, 29,1071-1074.

MoLNAR, P., ANDERSON, R.S.| KIER, G. & ROSE, J. (2006) Rela-
tionships among probability distributions of stream dis-
charges in floods, climate, bed load transport, and river
incision. J. Geophys. Res., 111, doi: 10.1029/2005JF000310.

MURRAY, A.S. & OLLEY, J.M. (2002) Precision and accuracy in the
optically stimulated luminescence dating of sedimentary
quartz: a status review. Geochronometria, 21, 1-15.

MuRrraAy, A.S. & RoBERrTS, R.G. (1998) Measurement of the
equivalent dose in quartz using a regenerative-dose single-ali-
quot protocol. Radiat. Meas., 29, 503-515.

Murray, A.S. & WINTLE, A.G. (2000) Luminescence dating of
quartz using an improved single-aliquot regenerative-dose
protocol. Radiat. Meas., 32, 57-73.

OLLEY, J.M., CAITCHEON, G. & ROBERTS, R.G. (1999) The ori-
gin of dose distributions in fluvial environments, and the pro-
spect of dating single grains from fluvial deposits using
optically stimulated luminescence. Radiat. Meas., 30, 207-217.

OLLEY, ].M., PieTscH, T. & RoBERTS, R.G. (2004) Optical dating
of Holocene sediments from a variety of geomorphic settings
using single grains of quartz. Geomorphology, 60, 337-358.

PEDERSON, J., PAzzAGLIA, F., SMITH, G. & Mou, Y. (2000) Neo-
gene through Quaternary hillslope records, basin sedimenta-
tion, and landscape evolution of southeastern Nevada. In:
Great Basin and Sierra Nevada (Ed. by D. Lageson, S. Peters. &
M. Lahren), pp. 117-143. Geological Society of America Field
Guide 2, Boulder, CO.

Preiss, W. & SWEET, L. (1966) The geology of the Depot Creek
area, Flinders Ranges, South Australia. Unpublished BSc
Hons. Thesis. The University of Adelaide.

© 2007 The Authors. Journal compilation © 2007 Blackwell Publishing Ltd, Basin Research, 19, 491-505



PrEISS,WV. & FAULKNER, P. (1984) Geology, geophysics and stra-
tigraphic drilling at depot Creek, Southern Flinders Ranges.
Geol. Surv. South Austr. Quaterly Notes, 89, 10-19.

PrescotT, J.R. & HuTtTON, J'I: (1994) Cosmic ray contributions
to dose rates for luminescence and ESR dating: large
depths and long-term time variations. Radiat. Meas., 23,
497-500.

QUIGLEY, M., CUPPER, M. & SANDIFORD, M. (2006) Quaternary
faults of south-central Australia: palacoseismicity, slip rates
and origin. Aust. §. Earth Sci., 53, 315-331.

QUIGLEY, M., SANDIFORD, M., FiFiELD, K. & ALIMANOVIC, A.
(2007a) Geomorphic expressions of active intraplate tecton-
ism: constraints from °Be abundances. Earth and Planetary
Science Letters, 261, doi: 10.1016/5.epsl.2007.06.020.

QUIGLEY, M., SANDIFORD, M., FIFIELD, K. & ALIMANOVIC, A.
(2007b) Bedrock erosion and relief production in the northern
Flinders Ranges, Australia. Earth Surf Process. Landforms, 32,
929-944.

RITTER, J.B., MILLER, J.R., ENZEL, Y. & WELLS, S. (1995) Recon-
ciling the roles of tectonism and climate in Quaternary alluvial
fan evolution. Geology, 23, 245-248.

SANDIFORD, M. (2003) Neotectonics of southeastern Australia:
linking the Quaternary faulting record with seismicity and in
situ stress. In: Fvolution and Dynamics of the Australian Plate
(Ed. by R.R. Hillis & D. Muller), Geol. Soc. Aust. Spec. Publ., 22,
101-113.

SANDIFORD, M. (2007) The tilting continent: a new constraint
on the dynamic topographic field from Australia. Earth Planet.
Sei. Lett., doi: 10.1016/j.epsl.2007.06.023.

SANDIFORD, M., WALLACE, M. & COBLENTZ, D. (2004) Origin of
the in situ stress field in southeastern Australia. Basin Res., 16,
325-338.

Siwva, P., HARVEY, A., ZAz0, C. & Goy, J. (1992) Geomorphology,
depositional style and morphometric relationships of Qua-
ternary alluvial fans in the Guadalentin depression (Murcia,
southeast Spain). Z. Geomorphol., 36, 325-341.

SPrIGG, R.C. (1945) Some aspects of the geomorphology of a
portion of the Mount Lofty Ranges. Tfans. Roy. Soc. South Aust.,
69, 277-304.

© 2007 The Authors. Journal compilation © 2007 Blackwell Publishing Ltd, Basin Research, 19, 491-505

Tectonic and climatic controls on sedimentation

STEVENS, B.P.J. & CorBETT, G.J. (1993) The redan geophysical
zone; part of the Willyama Supergroup. Broken Hill, Australia.
Aust. §. Earth Sci., 40, 319-338.

STOKES, S. (1999) Luminescence dating applications in geomor-
phological research. Geomorphology, 29, 153-171.

THORNE, A., GRUN, R., MORTIMER, G., StMPsON, J.J., McCuL-
LoCH, M., TaYLOR, L. & CURNOE, D. (1999) Australia’s oldest
human remains: age of the Lake Mungo skeleton. 7 Hum.
Evol., 36,591-612.

TwipaLE, C.R. & CAMPBELL, E.M. (2005) Australian Landforms:
Understanding a Low, Flat, Arid and Old Landscape. Rosenberg
Publishing Pty Ltd, Kenthurst, NSW. 336pp.

VEEVERS, J.J. & CONAGHAN, P.]J. (1984) Phanerozoic Earth History
of Australia. Clarendon Press, Oxford University Press, Oxford.
418pp.

Viseras, C., CALVACHE, M., SORI14, J. & FERNANDEZ, ]. (2003)
Differential features of alluvial fans controlled by tectonic or
eustatic accommodation space; examples from the Betic Cor-
dillera, Spain. Geomorphology, 50, 181-202.

Wasson, R.J. (1979) Sedimentation history of the Mundi-Mundi
alluvial fans, western New South Wales. Sediment. Geol., 22,
21-51.

WaipPPLE, K. X. & TRAYLOR, C.R. (1996) Tectonic control on fan
size: the importance of spatially-variable subsidence rates.
Basin Res., 8, 351-366.

WiLLiams, G.E. (1973) Late Quaternary piedmont sedimenta-
tion, soil formation and palaeoclimates in arid South Austra-
lia. Z. Geomorphol., 17,102—125.

WiLLiams, M., PrREscoTT, J., CHAPPELL, J., ADAMSON, D.,
Cock, B., WALKER, K. & GELL, P. (2001) The enigma of a late
Pleistocene wetland in the Flinders Ranges, South Australia.
Quatern. Int., 83—85,129-144.

Manuscript recerved 16 November 2006, Manuscript accepted 18
Fuly 2007

505



Copyright of Basin Research is the property of Blackwell Publishing Limited and its content may
not be copied or emailed to multiple sites or posted to a listserv without the copyright holder's

express written permission. However, users may print, download, or email articles for individual
use.



