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ABSTRACT

This thesis examines the fluvial geomorphology of the Todd River (9,300 km?)
in arid central Australia. It describes the morphology, morphostratigraphy,
sedimentary characteristics and chronology of the modern flood plain and
palecflood complexes, and discusses the geomorphic effects of high
magnitude floods and the subseguent recovery and adjustment of the river.

The Todd River has two kinds of flood plains: confined and relatively
unconfinad. Both have a complex morphostratigraphy which reflects the
variable discharge regime of this semi-arid to atid, summet rainfal] region.
The flood plains atre episodically eroded and reconstructed during flood
events and both processes may oc.ur in different parts of the systemn during
a single event. The principal mechanisms of flood plain destruction are
channel widening, flood plain stripping, swirl pit, flood and back channel
scour, The principal mechanisms of flood nlain construction are the
deposition of insets, flood plain veneer, channel and swirl pit fill, channel
abandonment and the formation of simple of compound bars iwhich can
become islands. Channels ift the relatively unconfined reaches tend to shift
pusition by avulsion; cliranels in confincd reaches change width and
migrae laterally. The flood plains have stepped surface morphologies with
profiinent flood channels on their surfaces and back chanfels ~ften occur
between surface elements at different elevations. Swirl pits develcp around
large River Red Guims (Eucalyptus camiidulensis). The principal
marphostratigraphic units include surface and back channel fills, ch .nnel
and flood plain insets, surfacé and buried paréoriood dnd flood plain
remnants, veieer and swirl pit fill. Morphostratigraphic models of confined
and relatively unconfined flood plains ar¢ presented. The mud, sand and
gravel ficod plain sediments frequently are not deposiied in simple fining
upward sequences, as coarse sediments afe transported across flood plains
during floods. Buried erosion surfaces are common within flood plain
deposits. Ripoled bar-top aiid dipping bar face sand and gravel, flood
couplets, sand sheets mud drapes . .id mud balls are typical sedimmentary
structures. Dating by radiocarbon and optically stimulated luminescence
shows that sediiitent is stored in the active flood plain for only a few hundred
years hefore being transported and redeposited. Reaches of temporary
sediment storage sometimes are subject to extreme channel widening, often
located upstream of bedrock constrictions or downstream of tributaries, or
where the channel boundary is composed of erodable paleoflood sediments.




Paleofloods greater than observed historical floods flowed from Borges
through the MacDcnnel] Ranges as sheet floods depositing transverse bar
fields, and channels flowed across fans forming braided 12 km splays that
include large longitudinal bars. Flows were diverted around bedrock ridges
fe.:ming erosional moats, macroturbulent scour trajns and 4-8 km wide,
braided expansion bars with  marginal channels, downstream from
constrictions. High longitudinal dunes were eroded and the most rnortherly
region of the Simpson Desert dune field remains as streamlined remnants,
Slack water sediments were deposited in caves, tributary mouths and back
water sediments were deposited in the longitudinal dune swales. Paleoflond
deposits are widespread owing to repeated channel avulsion and inundate a
larger area than if channels had remained fixed. The terminal finodout of
the catchment has been repositioned at least twice. Dating indicates that the
highest magnitude flows occusrred between 14,000 and 4,000 BP decreasing in
magnitude since the mid Holocene. The dating of paleoflood sediments by
optically stimulated luminescence and radiocarbon has exrended the
paleoflood record of central Australia back to 27 ku BP but there is no
indication of lasge scale flondir'g during the last major arid phase 24,000 1o
15000 BP, and floods have occurréd randomly since ~14,000 BP. Some
paleorloods may be coeval with evenis in northern Australia but dating is not
sufficiently precise to prove this,

The adjustment and recovery of the Todd River to the most tecent paleofloods
is ongoing today and the recovery time appears to exceed the paleoflood
fecutrence interval,




Notes and Errata
1. References to Slayier should read Slatyer (R.O. Slatyer).

2. All morphostratigraphic data in this lhccis:, are derived .from auger )]L.\ hr}nds
dug pits, natural exposurcs and a few excavator pits, 4s stated mrthc_ lcxt.Typfcul plt
exposures are illustrated in the Plates; stratigraphic COlum.ns.fromrt'hcsc sources are
shown where relevant, eg., Figures 4 36 < 4.40. Mor‘phoslraugraph}c sections (eg.,
Figure 4.8 - 4.27; 4.30 - 4.34) arc based on these data but boundaries _bctw‘_:cn_ o
sedimentary units are both interpolated between pits ¢ auger holis and somc,umcs are
extrapolated beyond them (g, Figure 4.27), usually on the hm;|§ of ob_scrya}mrjs il
cites not on the section ling, including morphologic featurcs anc siream oOr gully
exposures. Thus, "hard lin¢” boundarics at several metres depth skould be tegarded as
inferred, unless cxplicitly crossing ait auger hole or pit.
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CHAPTER 1

Introduction

1.1, Arid Zone Rivers

Arid and semi-arid rivers remain one of the least studied and understood
fluvial environments (Reid and Frostick, 1997). This may be explained by the
expense of field research, the remote location of study areas, the
infrequency of river fiows, the paucity of instrumented sites and the
generally harsh and arduous working conditions. However, in the past two
decades there has been a notable trend from a field dominated by descriptive
studies (e.g. Mabbutt, 1977) to one of process investigations (e.g. Laronne
and Reid, 1993) and detailed landform studies (e.g. Croke et al., 1996). These
investigations provide a greater understanding of the complex and diverse
nature of arid landscapes in addition to providing insights into fundarnental
geomorphic processes that can be applied outside desert regions (Lancaster,
1994). The shift in research focus from descriptive studies to process
investigations has been facilitated by the valuable data output from arid
Zone research stations such as Fowlers Gap in Australia (e.g. Pilgrim et al.,
1979: Dunkerley, 1992; Fanning, 1994), the Negev Desert in Israel {(e.g.
Schick, 1977; Lekach and Schick, 1982; Laronne et al, 1992) and Walnut
Guich in south-western United States (e.g. Lane et al, 1994; Nichols et al.,
1994).

Given that over three quarters of the Australian contineiit is classified as
arid to semi-arid (Croke, 1997), it is striking that little is known oi the
geomorphology of fluvial systems in these regions. While some research has
been done on catchménts in the Iake Eyre basin (e.g. Williams, 1971; Nanson
et al., 1986,1988; Croke et al., 1996, Pickup, 1991) and the semi-arid western
New South Wales (e.g. Dunkerly, 1992) and Western Australia (e.g. Wyrwoll
and Milton, 1976), large areas remain uncharted both geographically and
conceptually. By way of example, previous work has found that a low rate of
landscape evolution in the older more stable parts of arid Australia precludes
the major landforms showing significant influence of the present climatic
regime and that even the minor forms are inherited {Mabbutt, 1977). While
this is still held true for the larger landscape elements this thesis will show
that in the piedmont and desert margins, extreme rainfall events during Late




Pleistocene and Holocene times have left a profound geomorphic imprint on
the fluvial landscape.

A study of an Australian fluvial system will yield an understanding of a
different style of arid zone river from those studied elsewhere in the world
because the controls on river behaviour in semi-arid Australia are unusual:
long-term denudation rates and sediment yields are very low, the region was
not affected by Quaternary glaciations or periglacial processes and the
fluvial systems have low gradients.

1.2, Semi-arid Flood Plains

Accepted models of river behaviour, predominantly developed in temperate
and humid areas, view rivers as being in a state of dynamic equilibrium
between channel form, dijscharge and sediment input (Chorley and Kennedy,
1971). It is difficult to apply this concept to arid systems which only flow
occasionally, with considerable variation between flow events, and may not
display an obviocus ‘mean’ or quasi-equilibrium. Arid zone rivers are more
appropriately described as disequilibrium systems (Graf, 1988a). A recent
classification of flood plains {Nanson and Croke, 1992) identified unconfined
vertical accretion sandy flood plains as a common type in semi-arid zones cut
until now little was known of this flood plain type, its stratigraphy,
morphology or formation. This study sérves to redress this situation and
presents a detailed description of the morphology, morphostratigraphy,
sedimentary characteristics znd morphodynamics of the Todd River flood
plains in Chapters 3 to 5.

1.3. Paleofloods

The major impacts of climate on the Australian arid and semi-arid
environment result from extremes: severe droughts, large floods, extensive
fires and intense winds. It is likely that many aspects of this environment
are adjusted to these extremes, and that geomorphic processes have little
effect between major events. In arid Australia, high magnitude rainfall and
floods profoundly change river channels, flood plains, lakes, wetlands and
riparian vegetation and as extremes dominate much of the hydrology and
fluvial morphology, it is essential that we have a clear understanding of
their effects upon river systems.

Catwastrophic processes have traditionally been considered as quite different
from uniform processes and since the debates of the 172 and 18 century,
Uniformitarianism has generally reigned as a geological paradigm (Mayver
and Nash, 1987). lsata presented in this thesis {(Chapters 6,7, and 8) show that
catastrophic paleofloods dominate the fluvial geomorphology in arid and
semi-arid central Australia.

The ability of catastrophic floods to completely alter the geomorphology of a
landscape has been wel! documented. A classic example is the floods of glacial
Lake Missoula which formed the Channelled Scabland of eastern
Washington, eroding extensive anastomosing channels into bedrock,
streamlining the loessal topography and depositing large-scale gravel wave
traifis (e.g. Baker, 1978a). Estimated peak discharges were as great as 17x109
m3 s-1 (O'Connor and Baker, 1992). Similarly, much attention has been paid to
the role of floods on rivéer channels and flood plains {e.g. Schumm and
Lichty, 1963), While floods have been recognised as dominant forces in
arroyo channel development in the semi-arid south-west of the U.S. (Graf,
1983a), much of the reseafch into the relationship between high magnitude
floods and flood plains has focused on the immediate geomorphic response 1o
a single event or clustering of events (Schumm and Lichoy, 1963; Schick,
1974; Nanson, 198C). Their findings have shown that high magnitude events,
although geomorphically effective (Wolman and Gerson, 1978), are episodic
disturbances in the more gradual development of flood plains. While the
coftventional coricept views flood plain formation as a résult of gradual,
incremental aggradation by both vertical and lateral accretion, in some
efivironmentis (e.g. those dominated by high intensity rainfall) catastrophic
evenis may be more important (e.g. Baker, 1977). In this thesis a series of
flood plaini charactéristics is presented which indicates that flood plains in
central Australia are formed predominantly by interplay between lateral
stripping and vertical accrétion during high magnitude floods (Chapters 4
ard 5).

Central Australia contains one of only a few examples so far described (e.g.
Bull, 1991) of large-scale arid zone fluvial landscapes deposited by rainfall-
triggered floods downstream from confined gorge reaches, and presents a
rare opportunity to study the characteristics and processes of these high
magnitude events through an investigation of their morphology and
stratigraphy. The orographic effect of the MacDonne' Ranges generates
extreme, though rare, rainfalls which are routed through large drainage

basins onto piedmont and alluvial plains. The low frequency of extreme flows




increases the likelihood of paleoflood deposit preservation. Chapters ¢ and 7
present the results of the geomorphic investigations and the chronology of
these high magnitude floods, the oldest of which date to 27,000 BP.

1.4, System Recovery and Adjustment

:n addition to the immediate geomorphic effects of extreme floods, the degree
to which the paleofloods have generated the contemporary drainage systems
is of relevance. Bourke (in press a} has found that channel planform and
gradient are still recovering from the geomorphic impacts of events that
occurred over one thousand years ago. Little is known of the nature, the
degree and the spatial and temporal variability of continual adjustment of
these central Australian streams. This aspect will be expiored in Chapter 8.

1.5. Aims

1. To describe the morphology, morphostratigraphy, sedimentary
characteristics and morphodynamics of the Todd River in arid central
Australia.

2. To describe the morphology, motphostratigraphy, sedimentary
characteristics and morphodynamics of the Todd River paleofloods and their
deposits.

3. To determine the age of the Todd River paleofloods in order to infer
patterns of Late Pleistocene and Holocene extreme rainfall variability from
the Todd River palevilcod record.

4. To describe the geomorphic responses and adjustments of an evert-driven

arid zone river to impacts of high magnitude floods.

The Todd River in Certral Australia was chosen for this research for the
following reasons:

1. The Todd River rises in the MacDonnell Ranges which are subject to the
southerly incursion of cyclonic depressions fiom the north Australian
monsoon. Runoff from the rugged high relief catchment is relatively
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efficient and high magnitude floods deposit sediment across the piedmont
and the downstream alluvial plains. Preservation of the fluvial landscape is

good as high magnitude flows occur infrequently and human impact is low.

2. The fluvial morphodynamics of modern arid rivers in Australia and
globally have been neglected.

3. The potential for preservation of paleoflood deposits is high. Others have
found that the patterns of erosion and deposition generated by high
magnitude events take considerable time to bezome obliterated in the arid
zone {(Wolman and Gerson, 1978; Pickup, 1983); in particular Pickup (1991)
has reported on the preservation of catastrophic floc! deposits and
landforms closc to the MacDonnell Ranges.

4. The Todd River system was susp.cted 10 be dominated by event-driven
disequilibrium Fehaviour and therefore suitable for the aims and objectives
of this study-.

5. Although it is a remote area. access is relatively easy along pastoralists’
tracks.

The thesis contains nine chapters. Chapter 2 introduces the study area.
Chapters 3 to 5 are concerned with arid zone flood plains and present the
data, interprat the processes and propose two models of arid zone flood plain
formation, 'Cha'pters 6 and 7 describe the geomorphic effects of the Todd
River paleofloods and their chronology. Zhapter 8 describes the adjustment
of the Todd River to the paleoflocd effects. Chapter 9 is the conclusion to the
thesis. Appendix 1 presents the chromology results and discusses the
methods. Appendix 2 contains additional data on the Todd River flood plains
and is the companion appendix to chapters 4 and 3. Appendix 3 is the
companion appendix to the paleoflood rhapters (Chapters 6 and 7). Appendix
4 contains twenty colour print-outs of enhanced satellite images.
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CHAPTER 2

Intreduction to the Study Area

1 2ol d )

The Todd River drains from the MacDonnell Ranges in central Australia
(133" 50", 23° 40") passing through the town of Alice Sorings (Fig. 2.1). It is
one of a number of ephemeral streams draining into the Lake Eyre Basin.
The basin contains a wide range of river types and catchment sizes. These
include large systems such as Cooper Creek and the Diamantina River (for
detailed description see Rust and Nanson, 1986: Knighton and Nanson, 1993)
which rise in the tropical region of Queensland. Smaller systems include the
Neales River (Croke ot al, 1996) rising in the more arid western basin. The
Lake Eyre playa is the depocentre for many of these internally-drained

river systerns {Magee et al., 1993).

The Todd catchment has a drainage basin area of approximately 9,300 km*
with two large tributaries draining from the north, the Ross River (1,260
km2) and Giles Creek (1,000 km?) (Fig. 2.2, Table 2.1). Elevations in the
catchment do not exceed 1,000 m and local relief is less than 300 m.

The headwaters of the Todd and its tributaries rise in Proterozoic crystalline
and metamorphic rocks of the MacDonnell Ranges (Shaw and Wells, 1983).
Within the complex set of ancient fold structures in which granites,
metamorphic and more recent sedimentary rocks are exposed (Quinlan and
Forman, 1968; Jennings and Mabbutt, 1986) some rocks are heavily
weathered and others are more resistant, providing a sediment load ranging
from cobtics to clay (Pickup, 1991).

Soils in the ranges are predominantly shallow sandy lithosols with flanking
outwash plains capped by red clays. South of the ranges, the soils are
dom nantly siliceous sand (Northcote and Wright, 1983). Soils in arid
Australia are highly weathered and poor in nutrients with less than half the
mean level of phosphorus and nitrogen observed in other <im. cly arid
regions (Stafford-Smith and Morton, 1990). Saveral authors have recognised
a wide diversity in the age of different soils in this part of arid Australia
(Jackson, 1962; Litchfield, 1969; Mabbutt, 1967). Litchfield (1969) recognised
several alluvial systems on the plains adjacent to the MacDonnell Ranges
(Table 2.4) which illustrate the periodic development of this landscape and
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its sotls. This history is summarised i- Table 2.4 and is subsequent to an
carlier period of deep weathering, laterization, and an irregular
development of siicrete crusts. Litchfield suggests that the Todd valley has
been deeply dissected and refilled at least twice in its subsequent hisrory,
The wo stages of infill are reluted by Mabbutt (1966) to the buildirg of
piedmont terraces (the 'intermediate' terraces) and the subsequent etching
on them of flood plains (the ‘low' terraces) which are shallowly incised by
present drainage, terminaiing in small floodouts. These cyclical landforms
are accounted for by the Hermannsburg, Stuart and Amoonguna surfaces
(Table 2.4). An extended multicycle history is evident from the additional
older Yambah and Burt surfaces.

2:2. Climate and Surface Hydrology

The area north of 25°S experiences u summer-wet winter-drv climate. This is
comparable with other tropical monsoon regions of Asia and Africa where
the seasonal migration of the equatorial trough dominates the alternation of
wet and dry seasons. Similarly, the seasonality of rainfall in tropical and
subtropical latitudes in Australia can be explained by movements of the
equatoriul trough (Hobbs, 1973; 1973; Riehl, 1979). in the southern
hemisphere summer, monsoonal weather, which is associated with violent
thunderstorms, tropical depressions and severe cyclones, brings rainfall to
the northern half of Australia when the equatorial trough lies at the
extreme southern limits (Suppiah, 1992). Rainfall decreases rapidly towards
the inland and reaches its minimum, less than 150 mm over the Simpson
Desert in South Australia; Mean annual rain days over the northern hulf of
Australia vary from less than 30 days in the Simpson Desert to more than 160
days on the eastern flanks of the Great Dividing Range in Queensland. On
average, 50 to 80% of total rainfall between 20 and 25°S is received within
the four month period December 10 March.

The general weather pattern of central Australia is controlled by the
seasonal march of the pressurc systems and its location in the centre of the
continent (Slayter, 1962). Mean annual rainfall about the ranges is 274.4 mm
(median 238 mm) and displays a high inter-annual variability (Fig. 2.3a).
Mean diurnal temperatures range between 5.1°C a . 19.4°C in winter and
20.7°C and 35.4°C in summer, During the smmer months sporadic heavy
rain may tall from convectional thunderstorms and cr :prises most of the
annual rainfall (Slayter, 1962). Rainfall from tropical cyclones originating
in Queensland, the north coast and western Australia occur less than once a
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year but bring rainfalls of between 100-200 mm in 24-48 hour periods that
fall as light, steady rain interspersed with heavy thunderstorm showers
(Slayter. 1962).

While all arid regions have spatially and temuoraliy variable rainfall, the
Australian year o year variability is higk on a world scale for regions of
comparable aridity (Gentilli, 1971; Griffin and Friede! 1985). Yearly totals
are skewed towards lower values, but there are yeni+ of very high rainfall.
Large incursions of cycloniz and monsounal depression occasionally cause
heavy rainfall over large areas. For example the gauge at Alice Springs
recorded 80% of the median annual rainfall in 24 hours in March 1988. Some
vears may contain several of these high magnitude events, e.g. 3.4 times tie
median annual rainfall fell in 1973 (S:afford-Smith and Morton, 199%;. Most
of the summer rains are from high intensity storms which produce high
runoff.

The Todd River is ephemeral with infrequent and sometimes large flows. The
hydrologic regime is best described as ‘flashy’ as the riverbed is dryv 98% of
the time and flow events rise and recede rapidly. There are few discharge
gauges on the Todd (Fig. 2.2) and runoff at the Wills gauge displays high
inter-annual variability like the rainfall record (Fig. 2.3b). The largest
discharge event since systematic records were comimenced, considered to be
the second largest event since European settlement of the region over 100
years ago, occurred in 1988 and had a peak discharge of 1190 m3s-! for a
catchment of 450 km?, This is regarded as a 1-in-50 yr event, on the basis of
gauging since 1952. Flow hydrographs for the everit (Figure 2.4) indicate the
rapid rise, particularly at Wigley Gorge (2 m/hour), the very short time
between peaks at the three stations and the short duration of the event
(rainfall lasted about 6 hours and the flood about 12 hours) (Barlow, 1988).

There is little available data on sediment loads for central Australia. Pickup
(1991) has presented the sediment transport rate for a given discharge (Fig.
2.5) and shown that it is considerably higher during drought conditions
than after a wet period has restored vegetation cover. Runoff for a given
rainfall is also higher, with the result that total sediment discharge can be
up to ten times higher during a drought than it i> during a wet period even
though the total rainfall is less (Pickup, 1991).
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Figure 2.6.. Schematic diagrams of Todd River planform and cross sections in each
topographic domain (see Fig. 2.2). Arrows indicate flow direction.

a) Gorge/strike valley, A - A’ Cross section through the gorge reach. A confined channel
with coarse latera! deposits. B - B’ Cross section through the strike valley reach. A relatively
unconfined channel Inset in alluvium with well defined chantiel and flood plain.

b) Piedmont reach. A - A’ Single thread channel inset in pledmont fan alluvium.

B - B’ Multiple channel network with reduced channel capacity and dense vegetation.
Note distributary channel pattern in floodout.

c) Al{uvial plains with outcropping ridges. A - A’ Single thread channel inset into
aliuvium. B - B' Confined channel with asymmetrically channel cross section

indicating a deep bedrock poo! and lateral sandy mound.

d) Desert reach. A - A’ Cross section through terminal floodout as channel flow

along dune swales. Note trellised style channel pattern.

2.3, Vegetation

Vegetation patterns in central Australia display distinct zonation, as sand
dunes and sand plains support different species (e.g. Micromyrtus flaviflora,
Duboisia hopwoodii, Plectrachne schinzii) from the alluvial soils. Mahney
(pers. comm.} has recognised three distinct alluvial surfaces in the Ross
River gorge and floodout on the basis of vegetation patterns, frequency of
inundation and flood processes which are applicable throughout t'ie
catchment. The oldest alluvial surface supports a low open woodlar.d 1.ith
Hakea eyreana and some Acacia estrophiolata. The second surface is a
transverse bedform field deposited during extreme floods where vegetation
is sparse due to flood scalds and damage by cattle, with isolated Acacia
murravana and A.victoriae. The third surface is the low area close to the
channel that is inundated approximately once every ten years. These
surfaces support an open shrubland of Acacia victoriae, A. murrayvana and

Hakea eyreana. The alluvial flats in the gorge support closed shrubland

composed of Acacia victoriae and A. murrayana regrowth from the 1970's
and 1980's floods. Older (approximately 100 vyr) emergent Acacia
estrophiolata are also present (Mahney, pers. comm.). The channel banks
are lined by Eucalyptus camaldulensis. Eucalyptus microtheca is also
associated with inundated surfaces (Kimber, 1996).

These areas contrast markedly with the vegetation on sand dunes and sand
plains which support Micromyrtus flaviflora, Duboisia hopwoodii, and
Plectrachne schinzii. The vegetation of the Simpson Desert forms distinct
zones corresponding to crests, slopes and swales or inter-dune corridors.
Cane grass (Zygochloa paradoxa) is one of the few plants that can colonise
the ccarse highly mobile crests. The spinifex Triodia basedowii grows on the
stable slopes and in the sandy inter-dune corridors. A range of shrubs such
as Acacia, Eremophila and Grevillea, and seasonally abundant herbs are also
associated with these slopes and corridors. The less sandy corridors show a
wide range of soil type, such as old alluvial floodouts, saltpans and gibber.
This variety is reflected in the vegetation which ranges from low open
woodlands or tall open shrub lands of Eucalyptus microtheca, Acacia
georginae, A. aneura, A, kempeana and Hakea to low open shrubland of
Atriplex vesicaria, A. nummularia, Maireana aphylla, Holosarcia spp. and
Muehlenbeckia cunninghamii, to sparse short grasslands with scattered low
trees and shrubs (Van Qosterzee, 1991).




The channel pattern of the Todd River is essentially single thread, straight
or gently winding with localised anabranching and it changes to a
distributary pattern in the intermediate and terminal floodouts, Channel
gradients are moderate to low {Table 2.2) and drainage basin areas of sub-
catchments are in Table 2.1,

Tributary : Drainage Basin Drainage basin area of Todd
Catchment Area catchment to tributary
r (km? ) confluence (km2 )
. Todd North of Alice ‘.
l Emily Creek

Jessie Creek

‘ Undoolva Creek

| Ross River 1,260

' Jinker Creek 215

' Giles ‘ 1,000, .

Table 2.1. Drainage basin area of tributary catchments and total area to
confluence junctions.

Reach Name i{each ID Gradient | Elévation (m)/
(see Fig 2.2) (in/m) _Dista..ce (ki)
! Heavitree Fan _ a 0024 40/17
_Emily Fan 0048 60/12.3
essie Fan 1. .0036 40/11.,2
! Trephina to Shannon Bore 0027 120/45

Shannon Bore to confluence .0019 20/10.5

Triangle dune to confluence _ 0013 ___ 20/15

Confluence to Stud Bore 0014 20/14

Giles confluence to MBD 0015 _60/40
MBD to D i 0015 . 60/41

Table 2.2. Regional gradients measured from 1:30,000 maps

The alluvium along the Todd River is divided into three broad units
displaying different sedimentary characteristics {Table 2.3). The youngest
unit {Ag),which constitutes the present flood plain can be traced throughout
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the catchment and is found in nearly all reaches of the channel. These flood
plains are described in Chapters 4 and 5. The second alluvial unit A, is sand
and gravel deposited by high magnitude floods and laid down in splays,
distributaries transverse bar fields and channel complexes, which are
described in Chapters 6 and 7. The third unit is the oldest. It is relatively
indurated and considered 1o be Pleistocene. It both underlies the A, and A,
units and forms high terraces. In places the Ajalluvium is overlain by
aeolian dune fields/dune remnants. This indurated unit retards active
migration of the channel and prcvides an alluvial envelope within which
the more recent alluvial units are set. Thus the alluvial stratigraphy in this
catchment, particulariy away from the ranges, may te broadly described as a
thick(~100 m) aeolian anid alluvial Pleistocene uri’t overiain (and incised) by
paleoflood deposits and incised by the modern Todd River.

PROPERTY il UNITA, | UNIT A, ' UNIT A,
_ _ Flood_plains Paleoflood Pleistocene
!,Morpholog\-' 1 Stepped ' Some steps | No steps
l Colour, Muiisell I 10vi7/4 l 3vr3/6, 2.5vr>/8
l Texture Clayv to gravel ‘ Clav to gravel Clav to grave!

Pedpgenesis ___|Rare_ . __ . Common__ | Abundant

Bioturbationn } Occasional " Abundant ; Abundant

|
Oxidation _ JAbsent , !Abse'nt .. | Abundant

.. Occasional t Abundant

Induration, _ | Absent

Secondarv Gvpsum | Absent Occasional | Abundant

|
Charcoal/organics { Abundant Occasional I Absent

|

Recentlv flooded Yes Yes i Yes |
l ;
Chronology Late Holocene | Holocene Pleistocene »>59 Ka |

. |
Sedi. Structures 1 Well preserved | Poorly preserved ' Not preserved

| N
-Pleistocene | (Patton et al, 1993) |

Table 2.3. Properties of Todd River alluvial units.

The channel cross sections are wide and shallow (average w/d is 90). The
channel is usually well defined. Banks are cemposed of erodable sandy
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alluvium but occasionally, older cemented Pleistocene alluvium and aeolian
deposits form more resistant channel boundaries. The channel carries a
coarse sandy load, depnsited as large scale ripples and tabular bars. These
may be interspersed by finer silt and clay deposits which settle out in
localised channel lows. Channel width is highly variable and averages 80 m:
mean flood plain width to channel width ratio is 3.4:1 with a minimum of 0:1
and a maximum of 9.4:1.

The landscape through which the Todd River and its tributaries flow is
characterised by many topographies, from the strike-ridge-dominated
MacDonnell Ranges, through Pleistocene piedmont fans and wide alluvial
plains until the terminal floodout in the longitudinal dunes of the northern
Simpson Desert. Mabbutt {1966) inferred that the stability of the Austratian
continent and the absence of Tertiary marine incursions resulted ih an
imnortance of tne inherited landscape in central Australia which s
essentially a deeply weathered peneplain fotmed under 2 humid climate,
with extensive lateritic and siliceous duricrusts. It forms low relief plains in

summits and bevelled crests or in the stony surfaces of low tablélands, where
the duricrusts give rise to mesas and breakaways. Near the rarniges the older
surfaces of the plains commonly have a well-preserved persistent $oil cover
leaving a more extensive outer pattern of aeolian soils on sandplain and
dune fields surrounding the aiicient drainage foci (Jackson, 1962). Mabbutt
(1966) has shown that there has beefi a general retreat of drainage to the
inner alluvial tracts through the Quaterrary. The broad topographic
domains are reviewed below and a brief schematic description of the
changing landform assembiage in each domain is shown in Figure 2.6,

2.4,1. The headwaters

In the headwaters, the Todd River and its tributaries flow through narrow
and sometimes meandering gorges. Further south, folding of the Pre-
Cambrian quartzite, sandstone and accessory carbonate rocks has formed

low, sharp crested, east-west trending ranges sepdarated by narrow plains.
Trellised rivers drain these parallel strike ridges and tributary gorges,
passing through short gorges superimposed on the strike ridges and alluvial
or sand plain reaches in the strike valleys. Fluvial features jn the steep
gradient gorge reaches (Fig. 2.6a) are similar to the nafrow and wide gorge
morphologies described by Pickup et al., (1988) and include an assemblage of
high energy gravel bar deposits. Where thev cross intervening strike

14

valleys, the flood plains widen locally (Fig. 2,6a). Slackwater deposits from
high magnitude flows are sometimes located in the narrower strike valleys,

at tributary junctions and in areas where gorze width increases.
2.4.2. Piedmont reach

Extending from the foot of the MacDonnell Ranges is a series of low angle
fans (approximate gradients average .0036 m/m). On leaving the ranges, the
Todd River and its tributaries cross these unconfined piedmont fan systems.
Fluvial landforms in this reach reflect the comparaiively lower energy
conditions and, with the exception of the Ross River and Giles Creek,
tributary chaniiels terminate in a pattern of densely vegetated, low gradient
distributary channel svstems a$ rransmission losses into thé stream bed lead

1o a reduction in channel capacity downstream (Fig. 2.6b).

This teach is unconfined in that it does not follow a bedro¢k gorge. However,
the flood plain is inset into alluvium and low angled Pleistocene colluvial
aprons, which imit the width and lateral extent of flecd plain procésses.
Pickup (1991) and Patton et al. (1993) have described the geuvmorphology of
the piedimoft reaches of the Todd River. The geomorphic effect of extreme
floods on the low angled piedmont fans is seen as essentially aggradational
although normally the fans are incised by small, ephemer:. ‘lows.
Paleoflood forms include sand sheets, sand threads, ripple fields, overflow
channels (Pickup, 1991), large scale paleo-braid chaniels, levee deposits and
broad low relief bars (Patton et al., 1993).

2.4.3. Alluvial plains

Downstream from the fans, the Todd River traverses a broad, strike-trending
initermontane lowland, occupied by a wide alluvial plain bordering a broad
sand plain interspersed with minor rounded hills and discontinuous strike
valleys. These dissecled plains and tablelands also contain small aeolian dune
fields which are outliers of the main Simpson Desert (Fig. 2.2). In places, the
Todd River has incised into carbonate-rich red earth which is developed on
the Pleistocene alluvial surface. During higher magnitude flows, this
relatively resistant sediment confines the high stage channel and facilitates
the stripping and infilling of the flood plain. The resultant morpho-
stratigraphy is complex, composed of a series of erosional surfaces and inset
flood plain deposits (Chapters 4 and 3).
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The variable composition of channel boundaries also influences the channel
bed morphology especially where the river is Itterally confined by narrow
gaps in outlying bedrock ridges (Fig. 2.6¢). Here the channel morphology
abruntly changes from a relativ2ly undulating sandy channel bed upstrean
of the confinement « a chainel mar!ed by a deep scour pool which occupies
up L ine-half of tue channei width,

2.4.4. Desert reach

In the lower reaches of the Todd River, the channel occupin: the 300-500 m
wide, inter-dune corridors of the longitudinal north-west trending dunes of
the northern Simpson Desert. The dune fields are fossi! features fixed by
vegetation (Mahbutt, 1966) and can be several kilometies in length: swale
width is approximately 300 m. The crests of these dunes are actively mobile
and overlie an indurated core at depth which limits the lateral migration of
the channel. The river maintains a well defined channe! for 10 km then the
channel crosses a longitudinal dune and bifurcates. In this reach, incipient
flood plains form spatially discontinuous benches composed of fine sand
overlying aeolian sediment. Approximately 20 km downstream, the chainel
splits again, occupying several parallel swales (Fig. 2.2). Channels support
dense stands of Coolabah (Eucalyptus microtheca) a. d channel morphology
is subdued. Where the chaiinel crosses dune orientation, fine textured back-
flood deposits are emplaced. This pattern continues for a further 40 km until
flow dissipates in a terminal flood basin. The spatial patiein of the
longitudinal duinés controls the prevailing inverted trellised channel
pattern in this reach (Fig. 2.6d).

2.4.5. Paleofloods

In addition to these broad topographic comains, river morphology is
influenced by a flcod plain topography made up of a seéties of Hoiocene flood
deposits (Pickup, 1991; Patton et al,, 1993; Bourke and Pickup, in press) which
extend from the gorge reach to the Simpson Desert. The modern channel is,
in places, inset within the f'ood deposits, which provide an abuiidant source
of coarse sediments, variable channel boundary resistance and topographic
highs to confine flow. Paleoflood forms extend several kilometres from the
active channel and contain a variety of morphologiés including
paleochannels, high-level bars and transverse bedform fields. Where the

modern channel and the paleoflood channel(s) intersect, channel bed/

sediment may increase in size from gravelly sand to sandy gravel ,ahd

"

cobbles. This may be accompanied by a localised increase in channel width
by up to 450 m. This ‘beaded’ channel planform is a mari+-1 feature of the
Todd River (Chapter 8),

2.5. Land Use

The town of Alice Springs (population ~28,009) is located in the headwaters of
the Todd River. Since European settlement of the re~ion over one hundred
vears ag:, land use within the catihment has beccome predominantly
pastoral, in particular c-rile grazing. Prior to this, mobile hunting and
gathering were practised by Aboriginals (Spencer, 1896). The tourism
industry is the 1nain & oplover in Alice Springs with upward of 300,000

visitors per vear.
2.6, Late Quaternary Paleociimate In Central Australia

Although the past decade has scen ai increase in the numiber of studies with
a focus on paleoclimatic conditions in Australia, the arid centre has for the
main part been neglected. Coupled with the poor preservation of pollen
assemblages, little is known of the late Quaternary paleoclimate of central
Australia. The identification of reginnal, broad climatic phases is inferred
from geomorphic (e.g. Bowler, 1976, 1981; Wasson, 1984, 1986) and
palynological data}e g. Singh, 1981; Singh and Luly, 1991) and is synthesised
elsewhére (e.g. Chappell, 1991; Ross et al., 1992; Harrison and Dodson, 1993,
Kershaw and Nanson, 1993; Kershaw, 1995). A brief summary is given here.
Prior to 30,000 BP conditions were cool and wet with high lake levels in many
régions. This was followed by a cooling arid increasingly dry climate towards
the last glacial maxitnum, the effects of which extended to about 12,000 BP.
The post glacial phase saw a rapid warming followed by ar increase in
precipitation. By 6,000 BP temperat .*e and precipitation were generally
higher than preseiit. The late Holocene is cooler and drier with some sites
indicating a slight warming during the last 1,000 yr. Recer. research
indicates that these broad paleoclimatic trends were punctuated by extreme
rains and floods (Pickup et al,, 1988; Pickup, 1991; Patton et al,, 1993; Eourke
and Pickup, in press).

Williams (1974) was the first to establish an absolute chronology of fluvial
and pedological events in the Todd River valley (See Table 2.5) which
indicates thie onset of tle last arid phase around 26,000 BP and ts persistence

until the mid Holocene. /

~
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Figure 2.7. Late Pleistocene ard Holocene paleohydrology *n central
Ausiralia. 1. Finke River (Nansr n et al., 1995), 2. Lake Amudens (Chen et al,,
1991}, 3. Lake Eyre (Gillespie et al., 1991), 4. Ross River ‘Patt. 1 et al., 1993),
5. Leke Frome (Singh, 1991), 6. Luke Tyrrell (Teller et az, 1982),

7. Strzelecki Desert (Wasson, 1984).

The paleohydrological reconstructions for the central Australian region
{Fig. 2.7) employs geomorphic evidence inciuding channel dimensions in
the Finke River {Nansocn et al., 1995}, floods on the Ross River {Pation et al.,
1993), phases of dune building in the Strezelecki and western Simpson
Deserts (Wasson, 1984; Nanscon et al, 19935) and lacustrine and beach
sedimentation in Lake Amadeus and Lake Evre (Clien and Barton, 1991;
Gillespie et al., 1991). The palynological evidence is taken from Lake Frome
{Singh, 1981) and Lake Tyrell (Teller, 1982).

Phase ! Geomorphic and Pedogenic Activity

»27,000 BP ; Valley flood alluviation and deposition of marginal }
| screes |

~27,000 - 24,000 | Widespread pedogenesis. Nodular calcareous soils and
_ | massive calcretes developed

~24,000 - 12,000 Dune formation near north margin of Simpson desert

|

|
~12,000 | Pedogenesis. Nodular calcareous soils !
i

>/~ 5500 - ~1,SOO_!_Aggradation of marginal fans and central vallev floor

| '
~1,500 - ~1,2007 | Gullving and fan dissection |

|
1.200 - </~500 l Partial aggradation cf gullies

Todav ! Gullving in fans and valley floor locally w

o it 1 i sk it b o b om

Table 2.5. Phases of geomorphic activity in the Todd catchment,
summarised from Williams (1974).

In the plains north of Alice Springs meandering paleochannels within the
terrace alluvium suggest that the extensive alluvial deposits were laid down
by large sinuous laterally migrating channels from some time prior to ~56 ka
until 17 ka (Nanson and Tooth, in press) and there is some evidence of fluvial
activity around the Last Glacial Maximum (LGM) (TL dates of ~25 ka and 17 ka,
also found by Nctt et al., (1996} in north Australia) (Table 2,6). After ~15ka
decreasing flows and a reduction in channel size un the rivers draining
north of the range left the older Pleistocene alluvium as paired terraces
{Nanson and Tooth, in press). Evidence suggests that the more arid conditions
of the late Pleistocene extended into the early Holocene in central Australia,
although the termination of this aridity is spatially and temporally varied.
Wasson (1984) found that dune puilding in the Strzeiecki continued until
approximately 8 ka. This correlates with the eviden.<¢ from the Finke region
which dates pale boundary dunes to between 17 and 9 ka (Nanson et al., 1995).
A period of relatively high discharges in the Finke River, probably
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CHAPTER 3

A Review of Arid Zone Rivers
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Thornes, 1994a, 1994b) have adequately

.
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the generally high suspended sediment loads and the
spended sediment concentrations to increase downstream. An

and temporal variation in rainfall, rapid runoff from contributing slopes,
transmission losses, the flashy nature of flood hydrographs, asvnchronous

described aspects of arid watershed processes including in particular spatial

Frostick, 1997; Cook et al., 1993
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aspect not equally well documented is the morphological response of arid

LY

of central

v a summary

ms to these dvnamic processes. This chapter syvnthesises the
followed by

literature on arid zone rivers, in order to provide a framework in which to
channel pattern is most common (e.g. the Gila River in the US, (Graf, 1981))

where low sinuosity streams with one or more channels intersect and
bifurcate around braid bar shoals, which typically are pointed upstream and
downstream with coarser traction clogs prograding upstream. Braiding of

existing knowledge of channel pattern, morphology and bedforms, and flood
Although meandering is reported in desert rivers, a straight to braided

discuss the data from the Todd catchment. Specifically, this chapter outlines

dden increase in coarse sediment load, such as

downstream of major tributaries (Pickup, 1991) although this is not unique to

1§ a su
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de ert streams often reflects flows that have high energy but flow
inf: equently, where streams are dominated by sand or gravel bedload and
ha e steep valley gradients, occasional large discharges, and non-cohesive
bai ks without stabiiising vegetation (Richards, 1982). Braiding may occur
arid rivers.It is also found at sections of localised channel widening where
mid-channel shoaling and subsequent stabilising of bar surfaces by
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braiding rivers anastomosing rivers consist of multiple channels separated
by islands which are usually excised from the flood plain and which are
large relative to the size of the channels (Knighton and Nanson, 1993).
Anastomosing reaches can grade into braided ones (e.g. in Canadian gravel
bed rivers (Smith and Smith, 1980) but are distinguished from them by finer
texture sediments, greater bank stability and channel relocation by channel
avulsion rather than by migration (Knighton and Nanson, 1993) or within-
channel arulsion.

3.2.2. Compound chapnels

Graf (1988b) noted that many arid rivers have both meandering and braided
characteristics and may fall in the middle of the configuration scale which
ranges from straight to meandering to braided. He called these compound
channels, and noted that they are not restricted to arid rivers. The Salt River
in Arizona, for example, has an outer braided configuration occupied during
infrequent high discharges and an inner well-defined low or main flow
meandering channel (Graf, 1988b). The Cooper Creek in Queensland has a
braided channel system coexistent with the anastomosing channel system
fRust and Nanson, 1986). The braided channels are active during major floods
(Robinove, 1979), whereas the anastomosing channels flow at inoderate
discharges. The two channel patterns are inferred to coexist because of the
strong textural contrast between the mud of the rnore elevated braided
surfaces which is converted by pedogenic processes into a porous aggregate
of sand sized pellets, and that of the incised anastomosing channels which is
highly compacted and cohesive (Rust and Nanson, 1986).

3.2.3. Distributary patterns

Ephemeral streams of the arid zone typically are subjected to transmission
losses and evaporation downstream. Desert channels close to the terminal
floodout change from bedload channels to suspended load channels and
usually change to anastomosing and distributary ¢hannel systems (Mabbutt,
1977) with a resultant decrease in distributary channel width and depth
{Schumm, 1961). As channel gradient decreases there is an increasing trend
to overbank flow until channel form terminates in broad splays of sand or
finer sediment (Pickup, 1991). The flow spreads out over a wide, flat and
generally featureless fluvial plain with some minor discontinuous gully
development. Tooth (in press) has noted the nature of channel breakdown;
in particular he records marked fluctuations in channel width and depth,
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the development of splay charnels, large-scale channel avulsions and
infills, and abrupt decay of channels. These floodouts are described below,

3.3. Channe] Geometry

3.3.1. Channel width

In the sandy, bedload-dcminated section of desert streams, the channel cross
section tends to be wide and shallow (~100-200 m wide and ~1-4 m deep) with
well defined banks (Leopold et al., 1966; Baker, 1977; Frostick and Reid, 1979,
Graf, 1983). Wolman and Gerson’s (1978) data on drainage basin size and
channel width (depth is not available) (Fig. 3.1) reveal two interesting
aspects of arid channel width. Firstly, in contrast to humid systems, channel
width increases rapidly with an increase in drainage basin area. In drainage
basins ~10-100 k2, channel widths tend to measure between 100 and 200 m, a
width normally only achieved in perennial rivers with catchments >10,000
km? (Reid and Frostick, 1997). Second, the asymptote value of 100 to 200 m
width is reached as drainage basin area approach 50 km2. This has been
attributed to the compensation of tributary flows by transmission losses and
the assumptiort that the finite size of rainfall cells impose an upper limit on
the discharge of ai epheiiieral drainage system regardless of its size (Reid
and Frostick, 1997). Variations of local channel width controlied by
percentage silt/clay in the wetted perimeter (Schumm, 1961) and by the
nature of local bank sediments (Murphy et al., 1972) may be superimposed on
the regional trends.

3.3.2. Channel bed morphology

Ephemieral channels are noted for their subdued bed morphology with a
predominarice of low relief or planar beds, inferred to be due to their
shallow flows and resultant suppression of secondary current ceils (Reid and
Frostick, 1997). For example, Sneh (1983} found that channel bars
usually only about 20 ¢m high and 2 m long in the Wadi El Arish system of
the Sinai Peninsula, Many central Australian sand bed ephemeral streams
have a more amplified morphology particulariy where the most recent bed-
forming flow was of a sufficient magnituce to form dunes and mega-dunes
(Williams, 1970) and the presence of vegetation in the channels enhances
secondary cell circulation. This appaieat discrepancy is more likely a
function of incomplete information rather than significant regional
difference.




Channel bed morphology may be separated into forms emplaced during high
stage floods, often situated in the higher portions of the channel, and those
emplaced during low stage flows (Mabbutt, 1977). High stage flow forms
observed in central Australian sireams include large-scale ripples or dunes
~0.4 m high and beiween 1 and 5 m wavelength and longitudinal bars 2-3 m
high, tens of metres wide and extending hundreds of metres downstream.
Higher flow velocities may erode these forms and emplace a plane bed.
Williams (1971) described the bedforms in the Todd River after the flood of
1967, when peak flow at Heavitree Gap was in the order of 200 m3/sec; at the
recession large ripples {1-5 m long and 7-35 c¢m high) had been deposited on
the more elevated parts of the channel bed associated with high stage flow.
Other less common forms include: small ripples, upper-regime plane beds,
flute marks, longitudinal, transverse and linguoid bars. The waning and low
stage flow forms include large transverse bars with flat, often gravel-
veneered crests tens of metres in extent and terminating down-channel in
avalanche faces up to 1 m high. Small ripples 5-15 cm wavelength are
generally associated wit:. finer well-sorted sand. Silt and clay deposits from
slackwater at the end or recession occur as veneers deposited in pools and
cut-off distributaries and have low preservation potential (Williams, 1971).
Sneh (1983) found lower stage ripples formed in the troughs between bars
with very thin, cracked, mud layers and noted the tendency of low stage
stream to breach previously built bars, resulting in a geometric
discontinuity of channel bedforms.

3.4. Flood Plain Morphology

In humid areas the flood plain generally occupies a clearly defined zone
with sharp boundaries but this is not always the case in the arid zone (Cook
et al., 1993), where the area over which a river has flooded is a less clearly
defined zone owing to aeolian reworking of fluvial sediment. There are few
descriptions of arid flood plain morphology. Sneh {1983) divided the flood
plains of the Wadi El Arish in Sinai Peninsula into confined, open and
terminal flood plains. The narrow confinad flood plains (~200 m wide) have
~3m high steep channel banks and contrast with the wide (~200 m - 2,000 m
wide) open flood plains which have low flow depths {~20 ¢m) and gently
sloping banks. The terminal flood plains at the river terminus mayv widen
further a- d are flat featureless plains.
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Figure 3.2. Characteristic features of central Australian flood plains.
a) Sand bed channel, b) suspended load channel (Mabbutt, 1977).
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Based on observations of Australian arid fluvial systems, Mabbutt (1977,1986)
subdivided arid flood plains into two morphological zones: the inner and the
outer flood plain (Fig. 3.2). The inner flond plain is subject to frequent
chunges and remsulding by floods, reflected in a lack of soil development in
the lavered sandy alluvium, It consists of longitudinal sand banks and
intervening flood furrows formed during overbank flows. The flood plain
may have distributary flood channels connected to small sump basins that
are fed during floods {Fig. 3.2). According to Mabbutt {1977, 1980) the outer

flood plain commonly stands at a slightly higher level, often bounded by a
curved step marking a former course sometimes with unpaiied low tetraces,
is slightly higher, composed of older alluvium, which may be reworked by
wind and includes small aeolian dunes, partially stabilised by vegetation and
sand moulding around shrubs (Mabbutt, 1977). The juxtaposition of flood
plain surfaces of different age will be explored in the following chapters
where it is proposed that the older surfaces are the result of several
processes including deposition from large floods and the stripping of yet
older alluvial surfaces.

By way of conttast, Pickup {1991) fourid the central Australian locd plains

sy'stems occur in a variety of tvpes cicpénding on catchment size, amount and
type of sediment load, distance downstredin and degiee of lateral
confinement, and suggested that they contain a mixture of fan and flood
plain features and in many cases behave more like low-angled fans than
flood plains. He identified three scales of activity: large-scale paleoflood
forms, flood plains of the modern rivers and erosion ¢ell mosaics. The flood
plains of the current rivers consist of chaniiel-levee complexes and terminal
floodoucs described below.

3.4.1. Floodouts

Floodouts are ziluvial basins formed at the end point of the main or

distribu-ary fluvial system. With decreasing slope, charnelled flows may
pass into unconfined sheet floods (Davis, 1938, Tunbridge, 1984). Although
the floodout zone is composed of a tract of distributary channels and floodout
plains it is considered as part of the cofitinuum of flood plains and .- defined
as 'a site where channelled flow ceases and floodwaters spill across adjacent
alluvial surfaces' {Tooth, in press).

Two types of floodcut Fave been identified; intermediatc and terminal
(Pickup, 1991; Tooth, in press). Channels reform downstream of intermediate
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floodouts which are more common on larger drainage systems, They are
areas of rapid and extensive sedimentation and alternating
erosion/deflation, often located in localised basins where the river is not
laterally confined (Pickup, 1991) or upstream of barriers such as alluvial,
acolian or topographic highs (Sneh, 1983; Mabbutt, 1986). Terninal floodouts
are areas where flows finally dissipate and no channel exists downstrear:.
Tooth (in press) identified two causes of floodout formation: downstream
reduction of discharge and barriers to flow (aeolian, hydrological/alluvial

and structural).

Pickup {1991) has described the wide flat and generally featureless floodout
plains in central Australia as ‘unchanneled flood plains'. Similar to Mabbutt's
(1977) outer flood plains, fluvial landforms become mixed w1 1 acolian
features and the fluvial environment gradually disappears. Aggradation of
the suspended load deposits in these areas occurs slowly if at all due to the
casy breakdown and aeolian removal of the thin mud crusts, organic

material and salt deposits {Pickup, 1991}
1 ralian Fl

In a review of Australian river systems Tooth and Nanson (1995) note that
the body of research available on Aust.alia’s desert streams is relatively
small and is focussed on four main themes. Firstly there are studies which
attempt to unravel the Cainozoic and Quaternary history of alluvial surfaces
(Mabbutt, 1967; Perry, 1962; Baker et al., 1983; Pickup et al., 1988; Grant, 1994,
Nanson et al, 1995 and Croke et al., 1996). Secondly there are those
describing the effects of scale floods on the landscape (Baker et al, 1983;
Pickup et al., 1988; Grant, 1994 Pickup, 1991 and Patton et al,, 1993). Thirdly,
work on the sedimentary structures of central Australian ephemeral sand
bed streams includes that of Williams, (1969; 1970; 1971), Mabbutg, (1977;
1986), Zwolnski, {(1%85' and Croke et al. (in press). Fourthly, three papers
stand alone in attempting to describe and model the morphodynamics of
central Australian arid zone fluvial systems (Pickup 1991, Bouile, 1994,
Tooth, in press).

Descriptions of central Australian fiood plains generally ave brief with most
accounts describing flood plains as precursory cominents to other research
concerns. These include the work of Patton et al. {1993) (I..ss River), Nanson
et al. (1995) (Finke River) and Pickup et al (1988) (Finke River). A more
detailed 1nvestigation of central Austcalian flood plains was undertaken by
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Grant (1994) (Todd Riveri, and Pickup {1991) {central Ausiralian rivers; and
Tooth (in press) {(Sandever, Bundy and Woodfovde Rivers). Tie conclusions of
these studies will now be summarited for each of the four geomorphic
regions identified in Chapter 2: the ranges, subdivided here inio headwater
and gorge reaches, the piedmont zone, the alluvial plams and the desert
reach.

3.5.1. The Ranges
3.5.1.1. Headwater Reasih

Grant {1994) described tae narrow and discouiinudus floord plains of the
rocky Todd River headwater ared, upitream of Alice Springs where channels
ate commonly 8-10 m wide and 2 m deep, carrying coarse sandy bedload.
Fresh sediments, whick liae the rain channels, form low overbank deposits
aid occur as sediment spiavs of threads on the older flooa plain wurface
Humiiocky levee surfaces ipdicate discoritinuous overbank deposiis and
active flosd scour dewuressiors. Although the sandy charvel panks are steep
they are usually vegetated atd stable. Rock bars and saprolite are often
exposed along thé channel. Buried soils mayv be found in the often loamy
stratified flood plain alluvium, composec of envelopes of fresn scdiment
lving within an oldet, more exte sive alluvial plain that remains$ inactive ip
all but the largest floods: o slighuy higher [lood plaif: terracé was observec.
The older flocd plain, where jatact, is a iavel plain of low relief with a slight
levee along the channel margin. It has highly weailicind red-brown earth
soils with a strong texture contrast between the A and B hu.izons. Grant
suggests that channels have remained fixed against their valley walls during
the Holocer:e.

Flood plain formatioi: in the upper redches of the Todd River is dominated by
vertical accretion with some intersection point sédimrents from adjacent
alluvial fans (Graat, 1994). large areas of the flood plain (<1 m chick} have
been stripped by exiteme :ionds of rheir A nd upper — horizor, exposing
crusted, olten cemented surfaces. The original surface is prerserved as
remnant islands and terrace-iike farn . along the margins of the tlood
plains. Gullies, scalds and siieet erosion are further degrading the scours
addirg comolexity to the pattern »f sediment redistribution. Infilling of
scouts is mdinly from adiacen’ alluvial fans. Grant (1994) suggests that a
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limited sediment supply from upstream inhibits active flood plain
development.

3.5.1.2. Gorge Rezih

Pickup et al, (1988) describe the channel morphology and bedforms of
bedrock gorge re. ches of the Finke River which they distinguish as 'wide
gorge' and 'narrow gorge' morpholuc:. Tn the 1> ¢ straight sections of
narrow gorge reaches, the sand and gravel charnel bed is composed of
linguoid bars, dunes and sections of exposed bedrock. Above the main
channel, <200 m wide planar sand sheets which may have occasional linguoid
bars on their surface occur laterally or as iaid channel bars. Poorly
developed point bars are found on the inside of bends and linear bars up to
five metres high divide the channel. Flood plains are transient with narrow
flat-topped lateral bars composed of fine sediment at various elevations
above the channel bed. These are undercut and the boundary with the gorge
wall is exploited by small channeis.

In wide sections of the gorge, the braided gravel bed channel includes
gravel dunes and sand and gravel braid bars and laterally, sand levees form
incipient flood plains. Higher, older discontinuous gravel surfaces may have
been deposited by past, high magritude floods and aeolian dunes are located
on stable surfaces.

3.5, Piedmont Reach

Cn exiting the MacDonnell Ranges the rivers traverse broad fans, and
channel ribbons occur and switch about. Pickup (1991) presents a 'channel-
levee model of flood plain formation for piedmont reaches where there is
greater rediment supnly and runoff than in the headwaters described by
Grant (19%4). Channel-lev2e flood plains are described as thin threads of
gravel and sand uf variabie length (from 1 km to 100 km) originating it the
ranges and terminating in a floodout. The channels are established within
an envelope of recent alluvium and have levees that decrease in thickness
awav from the channel eventually forming a thin discontinuous veneer. The
sediment envelope is disconformably inset into older alluvium and is
composed of channel fill, vertical accreticz and a small p.uportion of lateral
accretion deposits (Pickup, 1991). In piaces of increased sediment supply. the
rhannels become discontinuously braided and the lateral extent of the
envelope is increased. Pickup proposes that the channel-ievee complexes

represent a continuing episode of recent sedimentation where threads of
velatively coarse textured sediment produced by increasing erosion upstream
are gra-ually advancing outwar !'s from the ranges. This pattern of
progracauon in semi acid rivers differs from tha. of humid rivers whick do
not prograde downstream. The sequer ¢ of fleods in the 1960's accelerated
the development, entrenching the channels and aggrading the levees and
floodouts.

Others have described the piedmont reaches of central Australian sireams as
incised in older sediment, Tooth (in press) cbserved the modern channels
and flood plains of the Woodforde, Sandover and Bundy Rivers as laterally
confined by highly indurated mottled red terraces of gravel, sand and silt
often containing abundant pedogenic carbonate. Patton et al. (1993)
described the Ross River as incised (5 m) in the paleoflood and ccmented
Pleistocen~ alluvium on the Kouss fan svstem. The channel trends from a
single thalweg that meanders about alternate bars along the channel
margins to downstream reaches that are braided with large mid-channel
diainond-shaped bars, A-rive flood plain formation is indicated by the burial
of River Red Gu 1s by over 1 m of sedirnent.

3.5.3. Alluvial Reu.h

Nanson et al. (1995) describe a 4 km wide flood ~lain near the township of
Finke where the channel {s between 100 - 150 m wide and is described as vne
which zigzags in a series of stiaight reaches deflecting off bedrock bluffs at
the valley sides. The channel bed consists of sandy tabular bars with
extensive mud drapes forming a thin {<1 cm} layer of dry mud curls on the
surface and thin mud strata at depth. The channel stratigraphy consists of
coarse and medium sand lavers varying in colour from brown to vellowish
ted. Flood plain morphology is relatively flat with a few low sandy mounds
and shallow flood cl.anels {<1 m) and the boundan' between .ne flood plain
and adjacent aeolian dunes is sharp. Nanson et al. (1993} infer that it is a
lateral accretion flood plaii with a sm:all amount of vertical accretion and
aeolian deposition.

Tooth (in pre  : . 2scribes flood plain systems along the Woodforde River,
where there s . shallow burial of terraces by sand and silt. The channel
banks are b:i:.:hed by large splays exposing the abrupt contact with the

older under! .ug alluvial unit. The channel is flanked by low reliei alluvial
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plains. In these locations overbank flows spread for great distances and

there is greater potential for channel migration.
3.5.4. Desert Reach

Tooth (in press) describes the intermediate and termiral floodouts on the
Sandover, Bundey and Woodforde River systems along the northern
MacDonnell Ranges where the interaction of aeolian and fluvial systems are
important along the mrargins of the floodout and thin layers of alluvial silt
and clays overlie aeolian sand. The rates of aggradation are slow and there is
low preservation of sedimentary structures. Large areas of sand plain and
source bordering dunes (5 m high) are isolated by the floodout and
incorporated into the alluvial sedimentary sequence, and waterholes may be
located between these higher areas. Isolated elliptical to round pans linked w
floodouts through narrow swales are surrounded by a dense growth of
Eucalyptus microtheca with gilgai soils and cracking clays in the centre.
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CHAPTER 4

Todd River Flood Plains

4.1, Introduction

This chapter describes the mrin characteristics of the Todd River flood plains
based on data collected from twenty cross sections and seventy excavations
and auger holes, All figures and tables are at the back of the chapter. Figures
4.1-4.7 show the location of the study sites. The morphostratigraphic legend
is an A3 pullout at the back of this chapter and the sedimentary profile
legend is an A3 pullout at the back of chapter 6. References to flood plain
surface numbers on the right bank are pretaced by an 'R' and on the left
bank by an 'L".

In this study flood plain is defined as the body of sediment bordering and
deposited by the modern channel. While some recently inundated surfaces
deposited by a former flow regime, such as stripped or lower elevation
paleoflood surfaces and Pleistocene alluvium, constitute the hydraulic flood
plain {Nanson and Croke. 1992) they are not included as flood plains here.
Flood plains are distinict from the higher tcrraces which are composed of
cemented Pleistocene alluvium and Pleistocene and Pnlocene paleoflood
alluvium. Two flood plain tvpes have been identified: those which are
confined and those which are relatively unconfined. Confined flood plains
form in areas where lateral movement of the channel is impeded by resistant
channel boundaries such as bedrock, coarse textured paleoflood sediments,
alluvial terraces cemented by pedogenesis and cemented aeolian dunes
Relatively unconfined flood plains are in reaches where the channel tends
to exhibit lateral movement, generally by channel switching, faciiitated by
erodable channel boundaries. A further description of the study sites is
given in Appendix 2 and Tables 4.1 and +.2.

This chaoter is divided into four parts. The first three parts describe the
charactenstics of the Todd River flood plains, and based on this data, present
two morphostratigraphic models and a sedimentary profile model which
synthesise the surface and sub surface characteristics of these arid zone
flood plains. Part four presents the flood plain chronology determined by
radiocarbon analysis and 137 Cs and 21%Pb concentrations.
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The following is an overview of the Todd River flood plains as a whole. In the
MacDonnell Ranges the Todd River and its tributaries (the Ross River and
Giles Creek) draiu steep headwater catchments where there is little alluvial
storage and coarse sediment is supplied from colluvia! fans and rock falls,
The Ross and Giles Rivers mender in 15 km and 25 km long gorges through
ridge and vale topography forimed on strongly folded bedrock. in the gorges
coarse rounded cobble and gravel fill in the gorges of unknown depth,
probably deposited by paleofloods, is partly incised by the modern river, and
2-3 -4~ <p flood plains comprised of a basal gravel and sand char. wel fill are
over ad by vertically accreted flood plains composed of abandoned
charu.2is and large coalescing vegetated islands. The Todd River north of
Alice Springs flows over bedrock through the comparatively short (500 m)
Wigley Gorge bordered by low sand berms and the Telegraph Station
constriction (2 km), where narrow flood plains and a terrace sit within a
bedrock channel. The single thread, low sinuosity channel flows south over
the heavily dissected vale through the town of Alice Springs o Heavitree Gap
(Fig. 6.2).

On leaving the ranges the Todd River flows across the Heavitree fan in a low
sinuosity channel bordered by the Amocnguna and Lower Stuart surfaces
(Litchfield, 1969; Fig. 6.3) and terminates in an intermediate fioodout south of
the confluence with Emily Creek. The channel reforms 12 km dowiisiream
augmented by flow from Roe Creek and Jessie Creek (Fig 6.4) {catchment
area: 145 km?) where it is entrenched in Pleistocene fan and bedrock with
little alluvial storage. The low sinuosity trench-like Todd River flows east
alcng the wide strike vale, through Pleistocene sediments from southerly
draining piedmont fan systems on the left bank and a wide aeolian sand
plain with low dune- on the right bank. Flow is augmented by contributiofis
from small piedmont tributary basins with unchanneled confluences. Flood
plains along this 48 km reach are composed of low benches and higher
stepped surfaces with locally braiding reaches and vegetated islands; in
places the channel erodes aeolian dunes,

On exiting the ranges the Ross River (catchment area: 1,260 km?} is irnJised
(~5 m) in the Pleistocene piedmont fan and Holocene paleoflood sediment and
transports large volumes of sand and gravel, stored in large vegetated islands
and braid bars, to the confluence with the Todd (Fig. 4.2).
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Downstream from the confluence the Todd River widens and braids around
gravel and sand bars and islands (Fig 4.2) and meets Giles Creek (catchment
wea: 1,000 km?) 24 km downstream as it changes direction to flow south. The
Giles Creek tributary is confined between high paleoflood and cemented
Pleistocene terraces south of the ranges and the narrow and steep channel
facilitates little flood plain developmen. , I'able 4.1).

South of the Ross confluence until the Rodinga floodout (Figs 4.2--1.7) 95 km
downstream, the channel is incised in cemented Pleistocene terraces,
Pleistocene and Holocene palecflood terraces, confined in narrow gaps
through outlying bedrock ridges or bordered on one bank by Pleistocene
sediments and on the other by paleoflood complex denosits, The low sinuosity
gravel and sand channel local locally and flow diverges around vegetuted
islands. Short reaches (1-2 km) of extreme channel width (200-450 m wide)
alternate with longer reaches 80 to 100 m wide. Flood plain fills are in the
srder of 2-3 m deep, are of variable width (5 m to 1.3 km) or form a thin
smeai over adjacent older surfaces depnsited by floud splays and
distributaries; discontinuous channel benches are common.

Upstreara of Rodinga Gap a second 5 km wide, densely vegetated intermediate
tloodour comprising an anastomosing and braiding channel network, grades
into a hare, flat, featureless, clay, silt and fine sand plain south of the Range.
The channel reforms 6 km downstream confined in the swale of longitudinal
dunes (Fig. 4.7) with discontinucus, thin and narrow flood plains. The
channel bifurcates along multiple swales, breaching dunes until the
terminal floodout in a large clay pan 50 km downstream,

Three criteria are selected to describe the flood plains; surface morphology,
morphostratigraphy and sedimentary characteristics. Typical characteristics
of flood plains are presented in Figures 4.8 and 4.9.

4.2.1. Flood plain morphology

The morphological flood plain is defined by its three dimensional geometry.
The description of the morphology of the Todd River flood plains is based on
surveved cross sections of the channel, flood plain and terrace. Five
distinctive features of flood plain morphology have been selected for
discussion: multiple levels, surface channels, overbank deposits, swirl pits
and remnant Pleistocene surfaces. These are shown on cross sections of sites
at locations indicated in Figures 4.1-4.7. The cross sections show
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morphostratigraphic elements described later, as well as morphologic
profiles.

4,2.1.1, Multiple levels

A notable characteristic of these flood plains is their stepped morphology
and abrupt increases of elevation with distance from the channel (e.g. Fig.
4,10, 4.11, 4.12). Relatively flat surfaces at different levels are separated by
well defined, steep scarps generally less tha. 1 m in height {e.g. Fig. 4.11,
between surfaces LfS and Li6; Fig. 4.12, surfaces Rf3 and Rf4). The scarps are
the result of lateral erosion either by the main channel or a back channel.
In many locations the surfaces of individual levels are narrow, measuring
only 1 - 2 m {Fig. 4.12), Plate 4.1 shows typical step morphology.

The number of levels on either side of the channel is variable, for example,
at one site the left bank flood plain has six ‘steps’ (Fig. 4.11) while the right
bank flood plain has one (Fig. 4.10). Another exampie has five 'steps' on the
right bank and three on the left {Fig. 4.12). In addition to a variable number
of levels, surfaces are also unmatched in elevation across the channel (Fig.
4.12). The downstream extension of individual steps is generally limited by
local factors such as a tributary entrant, a change in local channel pattern
or a bedrock outcrop.

4,2,1.2. Surface ¢channels

While many of the fu.d plain suifaces are flat-topped (e.g. Fig. 4.13, Rf1; Fig.

4.14, Lf3), most tend 1o have been reworked by surface channels or recent
overbank deposition of sutface veneers ot large migrating bars, Two types of
flood plain surface channels are described, here referred to as back
channels and flood channeis.

Back channels

Back channels are single-thread, well-defined channels, bordering the
scarp between flood plain steps or between the flood plain and terrace (e.g.
Fig 4.11 and 4.12; Plate 4.2), which orperate as flood channels. Their
importante in the dynamics of channei switching in relatively unconfined
flood plains warrants individual description here,




Plate 4.1. Left Wmink Late Holocene Mood plain on Giles Creek set against
Pleistoceiie terrace. The remnant §teps in the rlood plain are tormed by
successive Luteral trunicaunn. The lower tload plain swep sediments have

receritly buried the bases of the matuie Eucalipius canmaldulensis,

Plate 4.2. Right bank back ¢hannel ncar Anabrancliifig site. Note the

outcrop of fed Pleistocenie aeoliai sediments to (e left, Flow is towvards
viewer, A thin oblique smear of nicdert alluviuii diapes OVer an erosion Step
in the Pleistocene sediments élose o the back ¢haniel, Main chaiinel is 1o

the riglit and Plate 8.1 is aerial photo of the site.




Generally thay are narrow features averaging less than 10 m wide but some
exzeed 50 m, usually where the, are abandoned main channels (Fig. 4.15,
surface Lf5 and Fig. 4.16, Lf} is 125 m wide). Depths of the channels vary and
seme are puncluated by swirl pits, the most extreme examplz measuring 4 m
deep !Fig. .34, surface Lf4). Benches (~0.75 m high) sometimes are located on
the convex bank opposite where these channels laterally erode the scarp of
the adiacent, higher lovel. Back channels occur at various clevations across
the flood plains; some clearly are evosional and significantly altzr tne
surface step morphology (e.g. Fig. 4.12, surface L{1; Fig. 4.16, surface rfi and
Rf2), others beith incise and aggrade the flood plain surface {e.g. Fig. 4.11).

Flood channeis

Weli developed braided flood channels are common features on both the
confined and relatively unconfined flood plain surfaces (Fig. 4.8 and 4.9).
They are differentiated from back channels as they do not recessarily travel
along the flood plain scarp, are multiple thread and tend to have smaller
channel cross sections, There are two types: those which scour the pre-{lood
surface (2.g. Fig. 4.34, surface Lf3; I'ig. 4.17, Rfl; Fig. 4.18, surface Lfl, LfZ)
and those which divide atound freshly deposited overbank bars {Fig. +4.19
surface Lf2). Individual braided chan:acis have widths generally béetween 2
m and 20 m ard although tney have been observed to feed into or out of back
channels, they tend in be independent of them. Fiood clianfiels branch from
th main channel and travel parallel to it, often re-entering further
Jduwilstream of terminating in a distributary flood plain sink. At Site 'A’, the
braided flood network changes across the flocd plain surface from a set of
relatively deep and narrow channels to a 300 m wide and shallow braided
channel (se2 between 280 m and 68Q - un sur ace Pf4 in Fig. 4.20) with large
diamoad-shaped bars (110 m wide) and huminocks. The distributary shallows
rapidly and terminates against an aeolian dune, 800 m from the main
channs! in a flat mud floodour overlain by a thin sheet of acolian sand, and
upstream flows into the swale via a breach in the dune.

4.2.1.3. Overbank deposits

In addition to tne surf - cha rels récent overbaak dr nosirs ‘nterrupt the
generally flat topography of the flood plain surfaze. These may be individual
bars which extend downstream from trees cor larger sand sheets and splays
and bars which are often stepped (<60 ¢m) where an avalanche face has
migrated along the flecd plain surface.
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On the right bank close to the Todd/Ross Confluence site, a series of 1 m by -
m streamlined hummeaocks built of fine red sand overlie the Pleisiwrcene
sediment, Although the surface is populated with Coclabahs and River Red
Gums, these huminocks do not appear to have been deposited around prior
vegetatinon. Similar streamlined hummocks occur at site 'A’ (Plate 4.3, 4.4, and
4.5}, located 430 m from the main chaniiel along the bed of a flood
distributary. They are between .9 and 2.5 m long and .35 and .45 cm thick, and
are partly buried by the suirounding flood plain sediments.

4.2.1.4. Swirl pits

Swirl pits resu’r Irom vortices in deep flows ‘.ardner, 1977) and are also
associated with eddies around obstacles. They are found on the surface of
flood plains (Fig. 4.14, Rf2; Fig. 4.34, Lf4) and in the main channel (Plate 4.0,
Fig. 4.1€¢ 11 4.21). Where fully formed, they are elliptical in planform,
deepest at their upstream end and can exceed 2 m depth. Thev usually form
close to or around obstacles such as rivcrine vegetation (most ¢ mmonly
Eucalyptus camaldulensis, Plate 4.6) and ac;acent 1c flood plain scarps. At site
'A', surface Rf2 (Fig. 4.22) is punctuated ty a series of scours, similar to those
shown in Plate 4.7, which developed around giugee trees. At the No. 5 Bore
“ the channel bed dominates bed
morrhology as does a similar feature on surface Lf4 (Fig. 4.34). Tuese swirl

site {Fig. 4.21} swirl pit erosion -
pits are transient features and regu’.rly infill with sediments.
4.2.1.5. Remnant Pleistocene surfaces

Reaches of the modern Todd channel are incise]l in zemented Pleistocene
aeolian and alluvial sediment. Where the channel actively cuts the
Pleistocene sediments, terraces up to 7 m above the channel are formed
(Plate 4.8). In other locations stepped flood plains are in-2t against the
Pleistocene terrace (Fig. 4.12 and 4.30). Where the flood plain has invaded a
Pleistocene dune field, remnant, partially eroded and intact longitudinal
dunes interrupt the relatively flat fiood plain (e.g. Fig. 4.20).

Two sites have been selected here for further description, to illustrate

confined flood plain morphology (Mosquito Bore 1 Fig. 4.27) and relatively
unconfined flood plain morphology (Expansion Scour site Fig. ¢ 30).
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Plate 4.3. This stinth hninid ok of fite sand (90 ¢ lofig by /5 i Bidhy s
ofie 0f @ series of such fedtufes dctoss this wide flood plait close o the

Rodingd Range,

Plate 4.4. Located at site 'A' this Lifge huiliinock i§ parually buried by

subsequent [lood plain aggradation and is oiie of several along a tlood

v chantiel. Flow is towards the left of the photos

distributar




Plate 4.5, Hummocky ground at the distal end of a flood distributary at site
A shiows acolian depositionn around tices () uiderldin by o horizontal nitdd
deposit (). The source of aeoliaa sedinient i$ & longitudinal duwhe to the fight

of the plate.

Flate 4.6. Swirl pit atound River Red Gum (Fucalyptus camaldulensis). Note

figure in right foreground of the scour for scale. Flow i§ towaras viewer.




Plate 4.7. Looking upstream on sutface of Rf2, Site 'A". Swirl pits formed

around the base of trees.
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Figute 4.22. Swirl pit morphology, surface Rf2, site 'A'




4.2.1.6. Type site of confined flood plain morphology

The Mosquito Bore 1 site is located at Mosquito Bore (Fig. 4.4, Plate 4.9). The
channel flows through a gap in an outcrop of Proterozoic Bitter Springs
formation composed of dolomite, limestone, siltstone and sandstone. The
channel is essentially straight with changes in channel direction at the
bedrock ribs. Channel width is 102 m with a flood plain to channel ratio of 2:1
and the local channel gradient measured along a channel distance of 279 m
is .00063 m/m. A bore on the left bank (see Plate 4.9) is a local wateriizg point
for cattle and well worn cattle and truck tracks cross the channel and flood

plains.

A surveyed cross profile of the site is presented in Figure 4.27. The flood
plains display a marked stepped morphology with steep and someétiines
metre-scale risers. The flat or gently sloping flood plain surfaces are
interrupted by surface channels. Surfaces such as Rf#4 are 55 m wide while
other surfaces are narrow such as Rf2 (3.5 m wide); the latter was truncated
by an episode of chaniiel widening. The right bank flood plain has five
distinct alluvial suffaces. The four lower surfaces are covered by recent
flood deposits and trash lines measured from trees in the centre of the
chanitel confirm inundation over the lower three surfaces.

Two channels are incised into surfaces Rf4 and Rf5 (Fig. 4.28). Both are
located at breaks ini slope and activated by overbank flow and local runoff.
The right bark alluvial units are inset in a bedrock embaymen: (Plate 4.9)
and flow trom the back channels abuts a bedrock ridge and drains into the
main ~hanntel (Fig. 4.28, Plate 4.10). Surface chaniiel 2 shows a small bench
on t1e right bank (Fig. 4.27).

The ioft bank flood plein has four alluvial surfaces which do not match the
elevations of the right bank flood plain surfaces (Fig. 4.27). They display the
flat-topped and steep face morphology similar to the right bank but do not
have prominent surface channels. The highest surface on the left bank is a
Pleistocene aeolian deposit composed of well sorted fine red sand overlyving
bedrock. It grades into the terrace along an indistinct boundary.




4.2.1.7. Type site of relatively unconfined flood plain morphology

The location of the Expansion Scour site can be seen in Figure 4.5 and in
Appendix 4 (Image " : It is bounded on the right bank by an extensive sand
and gravel paleoflood deposit and on the left by a cemented Pleisrocene
terrace (Fig 4.29). Located at the beginning of a 'beaded’ reach, the modern
channel width increases dramatically from a minimum of 50 m 10 a maxiimum
of 450 m. The 50 m wide channel dabuts the paleoflood terrace and the left
bank flood plain is 417 m wide (flood plain to channel ratio is 8.-:1). Channel
gradient is low measuring .00087 m/m.

The surface of the flood plain has three levels (Fig. 4.30, Lf1-f3} separated by
steep risers ~1 m high. Back channels draiin and incise the surface interface,
the widest (25 ), on surface Lf2, is fed by two left bank tributaries (Fig.
4,29). The back channel on surface Lfl1 fed by overbank flow frum the main
channel and widens downstream along the flood plain surface. The coarse
sand and gravel on the surface of Lfl appear to have beéen recently reworked
by an ariastomosing rietwork of sufface channels.

4.2,2. Flood plain morphostratigraphy

The me+piostratigraphic unit is defined as:
coniprising a body of rock (of sediment) that is identified primarily
from the sutface form it displays; it may or may aot be distifictive
lithologically from contiguous units; it may Or may not transgress
tiie throughout it$ extent. (Frey and Willman, 1960, p. 7)

In meandering sv'stems, conventional flood plains are comiprised of laterally
accreted, coarse textured channel sediments overlain by overbank,
vertically accreted finer textured sediments (Lewin, 1978). In arai-ed
systems flood plains are predominantly composed of roarse textured channel
sediments overtopped by a thin veneer of finer textured, vertically accreted,
overbank sediments (Reinfelds and Nanson, 1993). The Todd River flood

in that they are formed ;:edominantly bv vertical accretion but have a
thicker overbank component and a more compley. . 1worphostratigraphy.

The principal component of the Todd River flood plain is generally a
remnant fill which has been stripped and/or laterally eroded and can be
composed u¢ cemented, structureless Pleistocene alluvium of coarse textured,
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Plate 4.10. Mosquito Bofe 1 site tollowing the January 1995 flood. Flood
plain surfices RIT aid RE2 have been removed by Lateral erosion. Freshls
deposited fine red Sand on the surface of RE3 o exteinds obliguely up the
face of surface Rf4 () and contrasts with tie white chaiiniel saitds. Note the
flond plain surface chaitite! {il idashed §ifie), Flow is wowvards the el

Plate 4.11. Photo of right bank @t Ross River Striped site. Flow is towards the
left. River Red Gums are buiied By 1im of sediment dad theil exposure
indicates recént channel wideiiing. The scarring ol the tr- ak of the central
tree may indicate a previous deeper episode of burial by sedimeiit, T s are
growiing oni the surface of a coarse textured paleotlood defosit.




paleoflood channel { .« sediments. Alternatively, it may be composcd of a
wide single or multiple channel fill. Exaraples include the paleoflood fill in
Figures 4.19, and 4.24-4,.26; the Pleisiocene remnant uncerlying the right
bank flood plain in Figure 4.14 or the left bank flood plain in Figure +4.11; and
the channel fill underlying surfaces Rf2-4 in Figure 4.18.

The following sections focus on morphostratigraplic units which
indivitc'uaily appear relatively minor in extent but together account for a
substantial ceriponent of the Todd River flood plains, in addition to
illustrating the complex fill associations. The Todd River flood plain is
characterised by a compiex assemblage of morphostratigraphic units, each
of which is a body of sedi nent bounded by upper and lower surfaces with a
defined geometry. Belo.w is a description of the four principal
morphostratigraphic unii« identified: channel fill, inset fill (channel and
flood plain), flood plain veneer and swirl pit fill. Alsc described are
remnants of morphostratigraphic units which have been post-depositionally
altered by erosion, termed flood plain remnants (surface, buried anZ
paleoficod). Two morphostratigraphic models (confined and relatively
unconfined) are presented which summarise the main morphological and
morphostratigraphic characteristics of the Todd River flood plains (Fig. 4.8
and 4.9).

4.2.2.1. Channei fill

Flood plain channel fills are elongated, sinuous bndies of sediment,
dominantly sandy, usually flat-topped and always convex-down at the base.
Their form derives from the flood channel or abandoned main channel
which preceded them. Fill dimension varies, with larger flood channels up to
3 m deep and 30 m wide, typically found in relatively unconfined flood plains
as back channel fills. Smaller flood channel featurcs are gererally less than
1 m deep and 3 m wide and are found in both ty)es of flood plain locations.
These will be described first.

Small flood channel fill

The surface of the flood plain at the Anabranching site (Fig. +.18, Rf2)} is
reworked by a series of small, shallow, oraided channels which run sub-
parallel to the main channel and are perpendicular to the sub-surface
channel fills. They fill channels which have eroded into the flood plain
surfice to a resistant mud layer. The central channe! (Plate 4.12) is
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wpproximately 127 cm wide and 63 cm deep and the dip of the basal channel
.ill sediments is approximately 18° grading up to sub-horizontal layers. The

channel .11 sequence is composed of a series of large drape sheets which
bl nket *he wider flood plain, and individual layers are traced continuously
berw-en tile braid channels. By way of conirast the channel fills at
Todwu ‘Rose 1 «ft Bank (Fig. 4.11) coasist of aggraded channel fills which are

separate from the acdiacent fivod plain sediments. Some fills tend to be coarse,
fining upwards from pebbly sand to sand (e.g. excavation C, Fig. 4.11); others

are finer and are infilled with mud and sand (e.g. excavation F, Fig. +.11).

Large flood channel fills

Large flood channels are more frequently found in relatively unconfined
flood plain sites. The site in Plate 4.13 is located downstrear: from the

Expansion Scour site where the channel narrows from 450 m to 100 m (Fig.

4.5 Appendix <, Image 8). On the right bank is an exposuve of a large-scale
channel fill 2 m deep and 20 m wide (Plate 4.13). The channel is cut into
planar bedded white channel sand and infilled with medium to fine extured

red sand. The basal channel sediments gently dip aleng the former channel
bed infilling towards the surface with horizontally bedded sediments. The

upper layers are continuous across the wider fiood plain surface. This

channe) drains perpendicular to the main channel and has no surface

morphology. A larger back channel runs transverse to this buried channel

and is actively dissecting the flood plain surface. Large scale channel fills

are important morphostratigraphic units in relatively unconfined flood

plains.

Another example of a large scale channel fill is at the Todd/Ross Confluence
site (Plate 4.14). This channel fill unit lizs 175 cm below the flood plain

surface and is probably a former flood channel from the Ross River. The

channel has incised a cemented gravelly sand unit and is approximately 117

cm deep and 8 m wide. Although the right bank of the channel fill is

truncated and replaced by a flood plain inset the fill appears to have been

symmetrical. The basal channé: ' sadimeias Zig sicaply and grade into
herizontally bedded sediments.

4,2,2.2. Insets

An inset fill is a elongate, roughly rectangular body of vertically accreted
gravei, sand and mud sediment. Inset fills are usually flat-topped, but may
dip channel-ward or have wavy eroded upper boundaries, and have vertical
sides, and generally flat basus. Two type. are ideatified here: the flood plain
inset and the channel bank inset (bench and oblique).

Fl in ins

Flood plain insets are composed of sedim~nts deposited against the erosional
scarp of a flood plain step or terrace away from rthe nmiain Jhanu~l. They
uncontorinably overlie cemented Pleistocene aeolian/alluvial sediments,
Pleistocene and Holocene paleoflood <ediments and modern flood plain
sediments anc are the larger of the two morpaostratigraplic inset units. At
the Desert Reach site (Fig. 4.13) the right bank flood plzin (65 n: wide and 2 m
deep) is inset against and deposited over an eroced bench sculpted from the
cemented Pleistocene longitudinal dune flank, At the Stud Bore 1 site (Fig.
4,12} the flood plain unconformably overlies cemented Pleistocene sediment
and is composed of a series of flood plain insets (~47-135 m wid= and ~1-2 m
deep) arreanged in steps, laterally inset against one another with the
boundories exploited by back channels. Somé of the insets are narrow and
have been laterally eroded Dy a channel widening event (e.g Rf4). The
bedding in.licites tha: the fill is verticaily accreted. At Mosquito Bore 1 site
(Fig. 4.27} the insets are similarly set inio one another. Her: the erosional
interfaces “etweern tht steps were confirmed by the abrupt truncation of
sedimentary layers at steps. The depth of flood plain inset fill averages 3 m
and c¢an vquate to channel depth.

cl | bank ii <
Bench insers

Channel bench insets are composed of sediments deposited within the
channel, are set unconformably against the channel bank and may overlie
the channel bed sediments (Plate 4.21) or be conformable with them {e.g. Fig.
4.34). Channel bench insets are generally flat-topped, usually have a vertical
face where exposed by a channel bank and can extend downstream for over
100 m: or can be restricted by the local bank. For example, a channel bench



deposited during the January 1995 flood was confined to the bank notch
downstream of a large River Red Gam. It is 150 cm high and 2 m wide, extends
10 m downstream and has a vertical eroded face with some mud obliquely
deposited towards the base. Ii is composed of fine red sand and organic debris
in finely-bedded climbing ripples and unconformably overlies pebbly white
coarse channel sand. At Todd/Ross Right Bank site (Fig. 4.10) surface Rfl is a
bench which is conformable with the underlying channel deposits. The 20 m
wide bench is unconformably attached to the vertical face of the cemented
Pleistocene terrace and younger channel deposits are insct against the
vertical face.

Oblique Insets

Where the channel bank is stepped due to the stripping of less resistant
layers in the flood plain sediments or oblique due to bank collapse of loose
sand (e.g. Plate ...&, Plate 4,13), sediments are deposited obliquely against ifie
bank. While t..se morphostratigraphic units are not large-scale, they do
contribute to the complex morphostratigraply. At Anabranching site a thin
smear of mud-rich sediment is obliduely inset over and against the ifregular
mor- hclogy of the channel bank (Plate +4.2). Oblique deposits are
preferentially located towards the base of the channel bank as the top of the
bank is generally vertical. Where the oblique deposits extend over the bank
they are termed flood plain veneer, described below.

Centimetre-scale insets are deposited on minor steps in the bank
morphology. One such example is shown in Plate 4.15 where thinly laminated
fine red sand slopes obliquely up the eroded bench at the base of the
Pleistocene profile. This channel inset has been laterally truncated by
channel flow and channel sand emplaced against the eroded face, partially
burying the inset. This combination of an eroded bench, channel bank inset
and main channel fill inset results in a compiex local morphostratigraphy at
the smull scale.

4.2.2.3. Flood plain veneer

Flood plain veneer fills are elongate irregular-shaped bodies of layered
sediment, dominantly sand and mud, which derive their form from the
morphology of the underlying surface which can be stepped or oblique. The
larger ficod plain veneers tend to have stepped lower boundaries and
convex-oblique upper boundaries.
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Plate 4.12. Typical sedimeitary fucies of istand flood  plain

Anabranching siwe. Thiee motphostratigraphic units: a Basal charicl till ty
overlain By finer flood plain sediments (3 incised by braid channels 1)

fitled By sheet=drape deposits, Note the kiftgfislici fiests in bank.

Plate 4.13. Large scule channel fill. Note evidence ol lateral c¢hannel
erosion and incision by the exposure of thie root syswent of the large Rivet

Red Gum.
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Plate 4.14. Exposure in back channel at Todd/Ross Confluence site. Flow is

towards the right. The section is approximately 3 m high. Unit a underlies
the channel fill and is covered by talus, Unit b is @ channel {ill incised into
Jnit a, Unit ¢ is a large scale flood plain inset. Unit d is a small scale tlood
plain inset.

plate 4.15. A small scale channel bank inset (a) deposited on eroded bench
(b). Note the oblique style deposition up the bench, the eroded face of the
inset and the channel bed sediment (¢) partially burying the inset.




Plate 4.16. I'lood plain vencer extends {rom the horizontal flood plain surface 1id
dips towatds the chaiinel at Ross River Striped site, View looking downstream.
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Figure 4.3 1. Morphostratigraphy of flood plain vencer overlying
flood plain inset. Based on excivations at site 'A'.




The lapping up o. our ter alluvial sediments onto bhigher, adjacent surfaces
was termed terrace veucer (Brakenridge, 1984). Ip this study the term is
changed to flood plain veneer to indicate that this morphostratigro >hic unit
was only cbserved in the flood plain and not in adjacent terraces. As well as
maintaining the horizontal surfaces, these veneers are found across steps on
the flood plain and can extend over the channel bank. At confined sites the
veneer may drape the bedrock boundary itself.

A morphoestratigraphic model of flood plain veneer sedimentation based on
excavation of the surface and banl of Rf1 at Site 'A* (Fig. 4.14) is presented in
Figure 4.31. Within the channel, the veneer deposits lie at an angle of 24°-
26°, overlapping the horizontally bedded, vertically accreted flood plain
inset sediments, and extend across a horizontal distance exceeding 6 m. The
oblique veneer is inferred to have accreted during four floods with two cut
and fill layers towards the top of the sequence. These deposits subdue any
small morphological ir-egularitizs on the flood plain. Individua! layers of
the veneer thin towards the base and top of the profile but appear uniforni
up the bank slope. Layer thickness is oreatest on the channel-ward aspect
and least on the flood plain surface. Veneer accretion is therefore more
effective in lLiterally accreting the bank (80 c¢m) than vertically accreting
the flood plain surface (30 cm).

Following the January 1995 flood at Mosquito Bore 1 site a layer of fine red
sand was deposited on top of surface Rf3 and obliquely onto the face of
surface Rf4 (Plate 4.10). The fresh sand was rapidly colonised by grass which
may assist prec::. ition of the sand veneer. Downstream from Mosquito Bore
1 site where the channel abuts the outcropping bedrock ridge, oblique
smears of sediment extend up the rock face. The morphology of the rock wall
is irregular and the thickness of the inset deposit varies according to the
steeper and flatter portions of the rock slope, with the thicker and more
horizontally bedded units located at the local break in = .e. The deposit has
two soil layers indicating stability.

4.2.2.4. Swirl pit fill

Swirl pit i'lls are elongate bowl-shaped bodies of sediment, dominantly
sandy, usually flat-topped and aivayvs convex-down at the base; their f ‘m is
derived from the scour which preceded them. Swirl pits along the Todd River
are incised into cemented Pleistocene alluvium and unconsolidated sandy
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flood plain and channel sedime s, Dimensions vary between 1-3 m deep and
1-6 m wide. The following d. scription is based on swirl pits partially and
fully exposed at the surface ar 1 exposed in section.

After flnods sand bars were observed to have migrated into the depressions,
but more often they are partially infilled with structureless, or thinly
laminated layers of desiccating mud up to 30 cm thick. One such swirl pit that
was visited two days after the formative event at No. 5 Bore (Fig. 4.21) still
contained 2 m of water with silty clay on the base and lower slopes of the
swirl pit. Prior to this event there was no mud at the base of the swirl pit,
perhaps due to desiccation and aeelian winnowing or burial by sediment
slumped from the pit sides. Swirl pits also fill with organic debris such as
tree branches and leaf litter (Plate 4.17). Swirl pits located away from the
main channel can rei:ain prominent features containing little fill.

A channel widening event that occurred at the Anabraunching site during
the January 1995 flood exposed a swirl pit morphostradgraphic unit formed
in association with a Conlabah tree {Fig. 4.32). The tree is alive and in growth
position but the former surface at the base of the tree has been scoured. The
swirl pit sediments were deposited after at least 80 ¢m of alluvium was
scoured from around the base of the tree perhaps several times. Past
maximum scour depth excavated the planar bedded sand and exposed the tree
root system. The boundary between layers is generally erosive and the minor
depositice al events were precéded by scour probably during the same everit.
At least eleven depositional evenits have filled this tree scour. Scouring tetids
to have been concentrated on the downstream side of the tree as indicated by
the infill lenses not found in similar abundance on the upstream side (Fig.
4.32).

4,2.2.5. Flood plain remnant

A flood plain remnant is the eroded core of a prev.....sly more extensive flood
plain. Remnants have unconformable contact with adjacent alluvial
sediments and are of two types: those which are visible as truncated steps at
the flood plain surface ar those which are buried.

Surface rempants

Flood plain remnants visible at the surface have been truncated by lateral
erosion of the¢ main channel (Plate 4.1) cor by back channels.
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Morphostratigraphically, the remnant sediment body typically extends
vertically through the full depth of the flood plain and 1s flat-topped with
vertical or slightly conca = lateral bounding surfaces. (e.g. Fig. 4.. surfaces
Lf3, Lf1, Rfl and Rf2; Fig. 4.24, surface Rfl; Fig. 4.12, surface Rf4). Some of
these are difficult to detect on the topographic profiles as they have minor
morphological expressions, but have been shown by auguring to be »>2 m
*hick. They are thus important indicators of flood plain destructive
processes. Where the channel runs adjacent to and over resistant sediment of
carlier flood plains, such as cemented Pleistocene alluvium or coarse
textured paieoflood deposits, tha sculptured surface remnants are preserved
as benches in the channel bank (e.g. Fig. 4.12 surface Lfla and Fig. 4.23,
Surface Ltl),

Buried remnants

Flood plain remnants may be buried by flood plain or channe! sediments.
Where Pleistocene sediment has been actively sculptured by the modern
channel it is also termed flood plaii remnant and most remnants fall into
this category. Often, the buried remnants display a stepped face slope (e.g.
Fig. 4.11, 4.30). In many locations the flood plain remnants extend under
chanmnel sediments {Plate 4.15).

4.2.2.6. Type site of confined flood plain morphostratigraphy

Although the Mosqui:.» Bore 1 site (Fig. 4.27) includes examples of flood plain
insets and surface flood plain remnants, it is not used as the
morphostratigraphic type site as it does not have all the elements that can
occur at a confined site and is not as well verified stratigraphically as the
Todd/Ross site.

The Todd/Ross .ype site lies at the confluence of the Todd and Ross Rivers on
a meander bend imposed by the fossiliferous siltstone and minor dolomite of
the Arumba Sandstone formation (Figs. 4.2, 4.33, 4.34, Plate 4.18). The channel
in this reach splits around broad vegetated shoals. Channel gradient
downstream of the confluence is .00316 m/m and the flood plain to channel
ratio is 1.7:1,

The Ross River is t..e dominant system in this reach as many of the flows
from Alice Springs fail to reach this junction. On the outside of the meander
bend (right bank) sandy cemented Pleistocene alluvium is periodically




exposed in vertical cliff bank sections. The left bank flood plain consists of a

series of alluvial units set against a cemented paleoflood terrace, The left
bank flood plain/terrace boundary is a sinuous eroded scarp {Plate +4.18) and
a series of younger alluvial units has been inset against this scarp. Because
of the complex and variable flood plain plan form, three cross sections were
examined along this reach (Fig. 4.33). The Todd/Ross Confluence site was
measured between the higher Pleistocene surfaces on either side of the
channel (Fig. 4.34) and the remaining two cross sections focussed on the
flood plain morphostratigraphy (Fig. 4.10 and 4.11). The Todd/Ross Left Bank
(Fig. 4.11) was measured across the left bank inset flood plain surfaces and
deep back channel. The Todd/Ross Right Bank site (Fig. 4.10) was measured
across the right bank surfaces. Comparison of the three sections indicates
the downstream variability of fiood plain morphology along this reach.

The Todd/Ross Confluence cross section (Fig. <4.34) shows three
morphostratigraphic formationis that comprise this site. The first is the
cemented Pleistocene tefrace. The second morphostratigraphic component is
the main channel fill. The depth of the channel fill at tlis location ¢ould not
be deterinined due to the free flowing nature of the pebbly coarse sand and
mud ball channel sediments. Exposures show that the 90 m wide channel fill
consists of well defined trough ¢ross bedding and large sets of planar tabular
ctoss bedding.

The third formation is the flood plain composed of surface charinel, back
channel, swirl pit (Plate 4.14) and flood plain insets. At the junction between
the Ltl and the f »od plain is a deep back channel which is incised by a 4+ m
deep swirl pit. '+ flood plain is comparatively wide (155 m) and composed of
a large sand and gravel basal horizon which has been unevenly eroded by
channel widening and surface channel scour and rebuilt by the deposition
of flood plain insets. Thete are five surfaces, four of which (Lfl, Lf2. Lf2a
and Lf3} are inset uncenformably into one another. The width of surface Lfl
indicates lateral eros:on by the channel. Surface Lf4 underlies the flood
plain and has been recently aggraded by a coarse white sand bar which is
migrating down the slope of the large swirl pit. The lateral extent of this bar
has been truncated by flows along surface Lf3. Surface Ltl contains a
channel fill unit unconformably overlain by vertically accreted sand and
gravel sheets (Plate 4.14).

Plate 4.19 illustrates the rela*ic~ °;, between alluvial units at the micro-
scale in this reach and shows examples of erosional unconformities, flood
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Plate 4.17. The gradual infilling of a swirl pit {formed around a tree is

assisted by the concentration of coarse woody debris on its upstream side.

Plate 4.18. An oblique photo of the Todd/Ross confluence (1994). The Ross
River (R) flows from the top right to the bottom right, the Todd River (T)

enlers above the centre left.




plain veneer, step morphology and insct deposition. This complex flood plain
morphostraiigraphy indicates that processes of stripping, fiood plain veneer
and inset development occur at the small scale, that is, the scale of individual
sedimentary layvers, generally less than 40 cm. Thi complexity is masked by
the surface morphology which appears o be a flat-topped low gradient flood
plain form. The partially buried young Red Gum (Eucalyptus camaldulensis),
approximately 20 years old, indicates the recent development of this

motphostratigraphy.

Of equal complexity, but larger in scale (meso-scale) is the Todd/Ross Left
Bank site (Fig. 4.11) where there are examples of flocd plain insets, buried
flood plain remnants, flood plain veneer and surface channel fill
morphostratigraphic units (Fig. 4.11 a-d) The step-like morphology of the
flood plain remnant (Fig. 4.11 a) is erosional in nature. the upper erosional
step following a stratigraphic discontinuity in the sediments. A large flood
plain veneer (Fig. .11 b) which apgears at the surface as f6, underlies {5 and
is composed of a vertically aggrading sequence dipping at approximately 15°
over the eroded scarp of the buried flooc plain remnant. This veneer has
been subjected to lateral crosion and vertica: stripping as evidenced by the
stepped surface morphology. There are three back channels (Fig. .11 ¢), two
of which have partially infilled with a fining upward sequence from
structureless pebbly sand to planar bedded fine and medium red and white
sand. The channel-ward part of surface f5 has aggraded by the deposition of
a flood plain inset (Fig. 4.11 d) and the overbank migration of a bar. The
morphostratigraphy’ at this site indicates the complex assemblage of fills and
the episodic aggradation and erosion of the flood plains.

Figure 4.10 illustrates the relatively simple morphostratigraphy of the nght
bank surfaces. The channel inset (Rfl) is unconformable with Rtl and the
channel bed sediment is inset unconformably against the laterally eroded
face of surface Rf1.

4.2.2.7. Type site of relatively unconfined flood plain
morphostratigraphy

The Expansion Scouu site (Figs. 4.5, 4.29, 4.30) morphostratigraphic figure
indicates four formations: the left bank Pleistocene terrace (Ltl) the right
bank paleoflood terrace (Rtl, 12}, the flood plain and the channel, Excavation
of the flood plain indicates that the morphostratigraphy is complex (Fig.
4.30).




As at the Todd/Ross Confluence site, the active flood plain is underlain by a
buried flood plain remnant (i) comprised of a gravel and sand channel
deposit whi-h has been laterally truncared and vertically stripped displaying
a stepped morphology. These steps are coincident with cemented sedimentary
layers. The flood plain has five morphostratigraphic units, three of which
are the eroded remnants of flood plain irsets and tlood plain veneers (ii-iv);
the fourth is a channe! inset (v) and the fifth a surface channel fill (vi), The
sediments in units (ii) and (iv) dip channel-ward and are the surface {lood
plain remnants of incipient flood plain veneers which do not appear to have
extended over the riser. Surface channel fill (vi) ¢oarsens upward from a
basal mud to medium and fine planar bedded sand. Unit {v) is a gravel aad
sand channel bar reworked by minor surface channels and a larger scale
back channel. Unit (iv) was emplaced on an eroded step formed at the
stratigraphic boundary between units (v) and (iii).

4.2.3. Morphology and morphostratigraphic models

Based on the data presented on f' | plain morpholegy and
morphostratigraphy, two models are presen..u which summarise the main
characteristics of the Todd River confined and relatively unconfined flood
plains (Fig. 4.8 and 4.9). The models share similar features, and differ
principally in terms of the scale of the back channels, the présenice of
consolidated boundary sedimeni: and tite presence of large island features in
the channel and attached 1 the flood plain. The characteristics are
summarised in Table 4.4,

Confined flood plains of the Todd River lie between cemented Pleistocene
terraces, coarse textured or cemented paleoflood terraces; and bedrock
outcrops. They tend to border a single thread channel and have low flood
plain to channel width raivios. The flood plain surface has a proncunced
stepped morphology and is reworked by surface charrels and swirl pits (Fig.
4.8 2, 3). There are four surficial morphostratigraphic units found in
confined flood plain formations: channel fills, {lood plaifi veneer, insets
(channel and flood plain) and swirl pit fill (Fig. 4.8, 13, 12, 4, 5). These
morphostratigraphic units may be been post-depositionally eroded and
survive as sculpted surface and buried flood plain remnants (Fig. 4.8, 6, 7).

They can overlie channel deposits, be preserved as insets or as modified
paleoflood or Pleistocene remnants,

e
e g o
k) et

Pelatively unconfined flood plains of the Todd River are found in locations
where lateral migration of the channel is possible e.gz. between paleoflood
terraces composed of erodable gravelly sand. They tend w border wide
channels which locally braid or flow around wel! vegetated islands and
generally have high flood plain to channel width ratios. The flood plain
surface has a pronounced stepped morphology which is rewnrked by surface
channels and swirl pits (Fig. 4.9, 2, 3). There are four surficial
morphostratigraphic units found in relatively unconfined flood plain
formations: channel fills, flood plain veneer, insets (channel and flood
plain) and swirl pit fill (Fig. 4.9, 14, 11, 4, 5, 3). As in confined flood plains,
the ni:  hostratigraphic units may have been post-depositionally eroded and
survive as sculpted surface and butried flood plain remnants (Fig 4.9, 6, 7}. In
relatively unconfined flood plain reaches, back channels and islands can be
significant morphostratigraphic unirs (Fig. 4.9, 1, 12). These surficial
morphostratigraphic units generally overlie channel deposits, paleoflood
deposits or cemented Pleistocene sediments preserved as buried and
sumnetimes surface flood plain remnants.

4.2.4. Sedimentary characteristics of morphostratigraphic units

This section describes the sedimentary structures, stratification and bedding
in sedimentary units of the morphostratigraphic bodies (symbols used in the
fipures are presented in Table +.3). Sediimentary units are described as: one
or more sets of strata deposited continuously uiider uniform or continuously
varying conditions (Picard and Figh, 1973).

The sedimentary and mcrphological characteristics and depositional
environments of morphostraugraphic units are summarised in Table 4.4.
Sedimentary characteristics, which were not described in detail in the
previous sections describifig morphology and contextual features. are 1o a
degree diagnostic of processes, ana are niow dascribed.

4.2.4.1. Channel fili

Channel morr Yostratigraphic units which include the main channel, flood
channels and back channels share common types of sedimentary
characteristics including mud beds, sand beds, flood couplets, bar face and
bar surface sedimentary units, but at different scales.




Small scale channe! sediment characteristics

Small-scale channe! fills described morphoastratigraphically in section
4.2.2.1. are comprised of teuded to structure!2ss medium and coarse sand or
sandy matrix-supported gravels, Sometimes the channel fill may be
comprised of one or more flood couplets in which laminated sand is
conformably overlain by a mud laver; the tops of individual couplets may
nave desiccation cracks (Plate 4.20; Table 4.4)

Beds of uniform dense imud (Fm) represent the deposition of suspended load
during flood recession and where the texture is coars=r, silt laminations are
found (Fl); otherwise the beds appear structurzless. in some locationts mud
layers are rich in organic material {O) (Plate 4.21} and contain large leaf and
wood fragments, Packing tends to be locse and tue exposed Tacs of layers
readily collapse. In {lood couplets the mud beds are underlain by
horizontally laminated, plahatr “edded sand layers wnich may gra ¢ into
ripple stratificition. In places the horizontal bedding is disturded by
bioturbarion which mayv extend into adjacent layers making boundaries
indistinor { Plate 4.22).

An excavation at the Anabranching site shows an examplé o a sniall scale
-raided channel fill (Fig. :.35, Plate 4.12), The channel is 63 cm deep and
forms part of a larger drape component which infills the adjzcenr surface
channels and aggrades the wider flood plain surface. HBasal sediments dip
across the channel section at 18° and overlie a truncated, hofizontdl mud bed
(fiot showni in Fig. 4.35). The basal §.:!'ments ate an upward fining, inclined
parallél stratified flood couplet sequence composed of medium and coarse red
sand (Si) and raud {Fm). This is overla®: by a second flood couplet composed
of very fine red sand topped by a 4 cm laver of mud. A third fiood couplet of
orgaiic-rich, fine red sand is also overlain by a 2 ¢m layer of silty mud. The
remaining sub-horizontal fill is ¢omposed of medium to fine white and red
sand which grades into fine red sand. These sediments have well preserved
parallel laminae. The three flood channels were sviichrorously eroded into
the surface of the flood plain and are inferred to have aggraded during four
flooc: episodes. A second example is the surface channel at the Todd/Ross Left
Bank site (Fig. 4.36), a shallow fining upwards channel fill where contact
with the underlying clay-rich bed (Fm) is erosional and the basal matrix-
supported gravels are internally graded and topped by alternating thinly
laininated sand and silis (- 7).
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Plate 4.15. Coimpley morplesttatisraphy of Hood plain Fodd Ross
Contlueive site, including ctosional uncontormitios aind Step morpholos
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Piate 4.20. Ross River Striped site. Note the thick mud beds, thin mud
Arapes, tlood couplets and desiceation ¢rack (a).




Plate 4.21. Channel bench unconforinably overlying bar Lace deposite Note
the organic rich layers and the colour difterence Between the giey bedload
aid red and Browi suspended load sedimeiits,
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i?late 4.22. Coinfu. mable mud deposition overlyving planar bedding (Sh) in
fine red sand <heet and Burrew into underlying strata,
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Large-scale channel fills described morphostratigraphically in section

sandy matrix-supported gravels in bar face and bar surface facies, sometimes
with thin mud layers (Table 4.4). Migrating avalanche faces of longitudinal
bars (Sh, St, Sp, Gm) have steeply dipping (15°) ~50 ¢m thick planar tabular
sets comprised of alternating beds of poorly sorted pebbles and coarse sand
and well rounded mud clasts (e.g. Fig. 4.37, Plate 4.21 and 4.23). While these
sedimentary units generally occur towards the bottom of flood plain profiles
they also occur at higher levels. Bar surface deposits (Gm, Sh) are generally
structureless or poorly laminated coarse sand or gravel in a coarse sand
matrix in 20-80 cm thick sedimentary units (e.g. Fig. 4,37), Similar to the bar
face deposits they may occur in any location in the profile (Plate 4.23).

The large channel fill at the Anastomosing site (Fig 4.35) is a fining upward
sequence from structureless medium gravels (Gm) to horizontally laminated
white sands (Sh) overlain by a structureless layer of fine gravel in silty sand
{Sm), and has an erosional boundary with the overlying inclined (Si)
stratified medium and coarse sand layer. The long section through the river
channel bed on the Ross River upstream of the confluence with the Todd
River, shows a continucus lenticular stratification with only minor erosion
between one of the sets towards the base. Two bar facies (Sp} are topped with
mud drapes and three gravel sheet facies (Gm). The sequence is topped by a
set (20 cm) of climbing ripples. Another section in the channel bed in Alice
Springs town included a roughly horizontally layered, matrix-supported
gravel fill with lenscs of pebbly sand, plastic and alumimum,.

Many surface channels contain hummocks and Figure +4.38 is a
representative hummock profile mapped in a distributary flood channel, 170
c¢cm high and superimposed on flood deposits. The basal 140 cm of
structureless sand is overlain by 32 cm of climbing ripples composed of
medium and fine sand, in turh overlain by a layer of inclined sand laminae
overlain by a mud drape.
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4,2.4.2. Channel insets

Channe! insets generally comprise channel bar surface and bar face
sedimentary units but may also include horizontal mud and sand units. A
channel inset at the Todd/Ross right bank site (Fig. .10; 4.37} is composed of
a sequence of parallel inclined gravelly coarse sand and mud balls topped
with a planar horizontal sandy gravel. Sedimentary unit thickness varies
between 2 cm and 80 cm and no erosional boundaries were detected in this
profile.

4.2.4.3, Flood plain insets

Flood plain insets (Gm, Sp, Sh, Sr, Sw, SI, O, Fl, Fm) are comprised of mud, sand,
flood couplet, bar surface and bar face sedimentary units {Plate 4.23). The
sedimentary characteristics of a flood plain inset at Mosquito Bore 1 site
described in section 4.2.9. and will not be repeaied here,

4.2,4.4. Flood plain veneer

Flood plain veneers are comprised of bedded to structureléss medium and
coarse sand, mud and flood couplet sedimentary units (Table 4.4). Strata
inclination varies according to the morphology of the underlying sediments
and is horizontal-parallel on the higher and lower surfacés and inclined-
parallel at the break in slope betiveen. Veheer sedimentation occurs over a
series of depositional events which often result in cyclical flood couplet
aggradation. Figure 4.39 was mapped from the downstream wall of a pit in a
flood plain veneer unit at the Todd/Ross Left Bank site (excavation E). Four
sedimentary units composed of finely laminated, intclined, sand and mud
strata extend continuously from the upper to lower Step.

4.2.4.5. Swirl pit fill

Swirl pit fills, described morphostratigraphically in section 4,2.4.4., are
comprised of bedded to structureless mud, medium and coarse sand or sandy
matrix-supported gravels in mud, sand and flood couplet sedimentary units
{Table 4.4).

A swirl pit morphostratigraphic unit formed in association with a Coolabah
tree (Fig, 4.32) was mapped and although the central pertion was obscured by
debris from the tree, this site contains rare evidence of sedimentary fill in a
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swirl pit that developed arcund a tree. It includes three stratigraphic units:
planar bedded white channel sands grade upwards through a sequence of
pebbly sand beds to well-sorted medium and fine sand and mud. The
truncation of sedimentary layers indicates erosion by succeeding events and
layer thickness varies between 2™ ard 40 cm,

4.2.5. Representative sedimentary stacks

A fresh exposure was eroded during the January 1995 flood at the Mosquito
Bore 1 contined flood plain site {Plate 4.24, Fig. 4.4, Fig. 4.40). The basal
sedimentary unit (96 cm) in this 267 c¢cm high profile is composed of three
alternating red and white sand beds which display cross stratified, paraliel
disceontitiuous and structureless stratificatior This is overlain by two flood
couplets. The next layver is rich in ash and contains mud clasts towards the
top. This is overlain by a mud layver and a silt-rich layer deposited during
separate events. The next flood coupiet sequence is overlain by a thick flood
deposit {54 cm) which alternates twice from climbing ripples to horizontal
stratification and is overtopped by a structureless sand unit with angular
mud fraginents. This is overtopped by four flood units. The lowst one is a fine
textured flood couplet with good horizontal stratification in the lower silty
unit. The next event deposiled sand with good cross and horizontal
stratification. The sequence is firiished with two flood couplets, the upper
one depositea duting the January 1995 event (Plate 4.24).

A brief synthesis of the sedimentary chiracteristics at the Anabranching
site (Fig. 4.35, Plate 4.12) illustrates the typical sedimentary units in a
relatively unconfined flood plain site. The 280 cm deep section
unconformably overlies cemented Pleistocene sediment. There are three
morphostratigraphic components to this profile. The basal, and largest, unit
is a 217 c¢m thick channel fill unit which underlies the 33 m wide island. This
unit is composed of a structureless, poorly sorted, gravel/coarse sand unit
which iines upward to a horizontally stratified coarse sand set. This is
overlain by a silty/coarse sand and pebble set, capped by a thin silt drape,
and overtopped by inclined parallel stratified medium to fine white and red
sand. This sequence has truncated surfaces typical of migrating bar facies.
The sediments in the bar facies dip at approximately 6° and the truncated
upstream face also has an angle of 6°. These channel bed sediments are
overtopped by the flood plain unit which is 63 ¢m thick and composed of two
morphostratigraphic units. The lower unit is a sequence of horizontally
bedded layers of alternating sund and mud (Sh, Fl, Fm). This unit was incised
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by surface braided channels and filled with alternating lavers of sand and

mud, described previously.
4.2.6. Vertical profile model

Figure 4.41 is a schematic vertical profile which summarises the main
sedimentary facies components of the flood piains mapped in the Todd
catchment. The characteristics of confined and relatively unconfined flood
plain profiles are sufficiently similar that a single profile model is proposed.

The flood plains are composed of a series of vertically accreting layers
emplaced during floods. The boundary between layers may be erosional as
indicated by fill structures, rip-up clasts and truncated stratification.
Textural composition varies from coarse gravel layers through to mud layers.
There is no clear grading in the profile and mud layers alternate with sand
and gravel layers in any order vertically through the profile, Flood couplets
are common and mud balls are preserved in some of the sandy deposits.
Bioturbation is common and disrupts layer boundaries and the internal
stratification of the sets. Thin laminations are prominent as are horizontal
stratifications. However parallel inclined stratification is often found in fill
structures and veneer deposits. There are some buried soil layers and the
roots from vegetation are often found in the sandy layers.

4.2.6.1. Sedimeéntary characteristics

Six sediment size samples were analysed in the laboratory from Mosquito
Bore 1 site 100 m upstream of the profile in Figure +.40. Samples were taken
from sedimentary units. The mean size of sediment for the flood plain falls in
the sand size category and the mean size of the sediment in each layer varies
vertically, with an absence of an upward fining sequence. When examined
in more detail (Fig. 4.42, a-e), the percentage silt is highest towards the base
of the flood plain and the gravel content is higher towards the top of the
flood plain. All samples are moderately sorted tending towards less well
sorted towards the top of the profile (Fig. 4.42, e).

Seven samples ware analysed at the Stud Bore 1 flood plain site (Fig. 4.12
excavation D). This flood plain is coarser than the previous site with the
mean size of sediment falling in the medium sand category (Fig. 4.43). As in
the previous example, there is no vertical trend in the size of sediment. Silt
content is highest in the middle-to-top of the flood plain profile and gravel
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Plate 4.23. Thiis (lood Plain inset profite is beatea 275 0 100in the main
Cl:ﬁ.’_\i’]'l’lu]_a'lﬁd shows Biar surlace aitd Dab Lave doposits overtyini plagiar
pedded fite fed sdpd. Note tie testaral vagiation in te protile.
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Plate 4.24. Mosquito Bore 1 site. Photo taken o days altet faituary 1993
food. A thin laver of fife fed sand and the tree were freshily deposited on the

flood pliin surfice. Flow was approximately 80 ¢ above this surtace,




content increases away from the base. Samples are moderately and poorly

sorted with a tendency for better sorting towards the top of the profiie (Fig,
443, e}

There appears o be great variation in sediment size vertically in Todd River
flood plain profiles with no linear trend apparent. Fine iextured mud beds
(Fm. F) may be in any position in the profile and although lavers of gravel
and coarse sand are generally positioned towards the base of profiles they
can also be located higher. The flood plains typically exhibit abrupt textural

change between sedimentary units.

niotebaton of flood plain sediments is common. The most effective ageats
are ant colenies which have implications for the reliability of luminescence
and iadiocarbon dating in this region. Larger burrows formed by the
witchetty grub disturb the boundaries between sedimentary' units te.g, Plate
4.22). Kingfishers also excavaie their nests from tlhe river banks {Plate 4.12)
ind the penetration of plant root structures disrupts the flood plain

sediments,

Al'hough most sets exhibit internal grading. there are examples of roverse
grading, most comnionly obsetved in thickly bedded, leosely packed,
structureless sand and fine gravel.

The colour of sedimeiits varies between sedimentary units and betwveen
strata. In the latter the finer textured larninae in Sh sedimentary facies are
often red (10vr3/8) and the coarsér laminae are very pale browd {(10vE 7740
At the larger scale the muddy otganic-rich sediments tend to be vellowish
brown (i0vr 5/6), the bedload sedimenis pale Brown and the finer suspended
sed ments red. This was observed after the January 1995 event where the
sediments in the main channel were relatively ~lean and appeared whitish,
the suspended sediments we:e pale red (Plate 4.10). This pattern was
consistently observed throughout the catchment and may be explained by
the differential rate of removal of the haematite coating of entrained
Pleistocene sediments by differential abrasion rates of grains in the bedload
and in the suspernded load.

The thickness of scdimentary layers varies in the vertical profiles with nc
strong decrease with height in the profile: very thick layers (>30 cm) were
mapped high in | :o:.0-s. Similarly there does not appear to be a rei~tionship
between layer t»i:kness aud sedimeni size. Although the thinnest sets are
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mud drapes and there are some thinly laminated sandy beds wie thickest
lay ers are composed of gravel and coarse sand

4.3, Chronology of Flood Plains

The absolute age of the flood plains was determined by radiocarbon analysis
(Tables 4.5 and 4.6) and radionuclide concentrations (Tables 4.7 and .8).
Felative age was assessed by the preservation of sedimentary structures and
the age of alive but buried riverine vegetation.

In the confined flood plaiss there are nine radiocarbon ages, from <x sites
and four !37Caesium and 21%Lead determinations from two of those sites. Seven
radjocarbon samples are youngar than modern. In the relatively unconfined
flood plains ther: are seven radiocarbon ages from three sits and five
radionuclide determinations from two sites. As for the confined flood plains,
the unconfined flood plains are voung with five of the samnles returning
ages greater than modern (Table 4.6). The following is a description of each
of the sample sites.

4.3.1. Confined flood plain chronology
Todd/Ross Left Bank

The age of alluvium was determined for three flood plain insets on the left
bank. All samples were taken from depths in excess of 0.5 m and returned
ages younger than modern (Figure 4.11). Samples from these flood plains
were also examined for !37Caesium and 2!%Lead (Fig. 4.11, Table 4.7). Two
samples indicate sufficiently high concentrations of both radionuclides and
indicate an age greater than 1960. No significant levels were detected for the
deeper sample.

Mosquito Bore 1 site

Two radiocarbon ages were determined for this site. Sample ANU 9276 was
determined frrm a chaicoal samnle talen from 140 cm below the surfa.: and
returned an age of 320-0 cal BPand ANU 9280 from a charcoal sample taken
from 79 cm below the surface (Fig. 4.27) and was younger than modern. No
significant radionuclide concentrations were detected. The sediment in
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excavations of all flood plains appeared fresh and unweathered, consistent
with the relatively young age determinations,

No. 5 Bore site

A grab sample was taken from a backwater deposit in a left bank tributary
mouth (Fig. 4.6). The sample age (ANU 9656, 753-421 cal BP} does not mai-h
the apprarance or the sediments. which had wel-preserved sedimentary
structures and little bioturbation indicating recent deposition. The sample
probably consisted of reworked charcoal.

Site 'A’

A radiocarbon sample was taken from the base of a swirl pit fill on surface
Rf2 (Fig. 4.14, ANU 9652). The amount of charcoal was too small to be reliably
dated but estimations indicate an age younger than modern. A second grab
sample (ANU 9654) was taken from a left bank ficod plain further
downstream, at the top of a section of vertically stacked flood couplets, and
279-51 cal BP.

Desert Reach

The oldest age obtained for a confined flood plain deposit is 3936-5561 cal BP,
(ANU 9659), from charcoal collected 180 cm below the surface (Fig. 4.13)irom
the site furthest downstream (Figure 4.7). This significantly older flood plain
ag  may reflect reworking but it may also be a function of the reduced
capacity to rework alluvium with distance downstream. Given the tendency
for ephemeral floods to decrease in magnitude downstream and the lower
frequeacy of events in these reaches, such flood plains are expected to be
older in age.

4.3.2. Kelatively unconfined flood plains

Ross River Striped site

Four samples were analysed by radiocarbon metliods from this site. Three of
these returned ages younger than modern (Fig. 4.19, ANU 8963, ANU 8970 and

ANU 8968). The remaining sample age (ANU 8962) is 552-469 cal RP and may
be erroneous as a sample from the flood plain across the channel,




stratigraphically older, returned a younger than medern age. In addition the
nature of the sediments from which the sample was taken is
indistinguishable from the younger, dated, sediments in the profile. Four
samples from this site were analysed for '37Caesium and ?!9Lcad content
{Table 4.8). No significant concentrations were detected. This is interpreted
as just older than 1960 or due o the rapid aggradation of sediments.

The freshness of the se.iment in addition to the burial of trees {estimated to
be less than 100 years old) by 1 m of sediment indicates the young age of the
flood plains in this reach (Plate 4.11).

Stud Bore 1

One sample was measured for !3'Caesium and 21%Lead content (Fig. 4.12). No
significant levels of either radionuclide were found. However the surface of
these flood plains is populated by mature River Red Gums which are buried
by .5 to 1 m of sediment indicating a young age (<150 BP).

Anabranching site

Two radiocarbon ages were determined for floocd plain deposits. One sample
was from a surface channel fill unit (Fig. 4.18, ANU 9653) and its young age is
verified by the burial of young Red Gums (approximately 10-20 yrs old) on
the flood plain surface by 1 m of sediment. The second sample (ANU 9676) is
from the upper section of a sequence of channel sand (Fig. 4.18) and is older
(479-277 cal BP).

Jessie Gap fan

A sample was taken from the Jessie Gap fan (ANU 8971) at a depth of 48 cm.
This sample returned an age of younger than modern,
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Figure 4.8. Morphostratigraphy of confined fiood plai s in the Todd River,

1. Back channel. 2. Flood channel. 3. Swirl pit. 4. Channel inset. 5. Flood plain insel.

6. Buried fiood plain remnant. 7. Surface flood plain remnant. 8. Cemented Pleistocene
or paleoflood terrace. 9. Bar. 10. Back channe! bench. 11. Stripped surface.

12. Flood plain veneer. 13. Surfacé ¢channel fill. 14. Large channel fill.




Morphostratigraphic cross sections (locations in Figs. 4.1-4,7). Flood plain and terrace
elements are labelled on bar at top of figpure and referred to in text prefaced by R or L
indicating right or deft bank. Legend is given in Figure 4.44 on A3 pullout. Capital letters o
vertical bars  indicate excavation,
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Figure 4.9. Morphostratigraphy of relatively unconfined flood plains in the Todd River.
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Figure 4.29. Schematic planfonn of Expansion Scour site.
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Figure 4.39. Profile E, Todd/Ross Left Bank {location in Fig. 4.11).

Excavation thrcugh floed plain veneer. sand bed

sand bed

Sediment Bedding Boundary Colaur Organics Facies ] sand bed
size Syimbols
R £ | - . |
FM &ml b flood channel

flood couplet

=T .
- Sh.. .
Fm

S
_8h i niud bed

" safid bed
mud bed
bar sutface
mud bed

bar surface

Y | E¢osional boufc.ry
E Flood plain veneer
Flood couplet with dessication cracks

E] Sand layes with faint horizontal stratification
E=Sea] Sand layer with parallel hotizontal stratification and rip-up clasts
BB .o
Climbing fipple sequence with truncatad crésts

'« | Inclined beddec sandy gravel with mud clasts

Channel sands

5 .| Buried floadptain temnant.

gharcoal l

, Figure 4.41. Vertical profile stack of Todd River flood plaifis. The typical
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type site, (location in Fig. 4.27). Excavation in right baiik showing ' above comronents can occur at any site in any order although large-scale
vertically accreted flood couplets and sand layers over channel sands. ! channel ﬁ!l ‘and remnants occur towards the base.
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. ! | {m} i i ! channel flow and
. StwdBore2 177 607.5 } 7845 3215 343 NA . | confluence hack flooding. ___
TI (82,95 | {paleoflood . ; FI | Sand, sitt, mud. { Finely laminated, very  Suspended sed:ment in over
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137C Activity | 210Pb Activity 226 Ra Age

| CSIRO Depth from
{(Bq/kg) (Bg/kg) {Bq/kg) I estimate

Code ] surface

(cm)

Mo.,quito Bore 1 i
I or| 7203 | _‘_-Mi,-.l'-ﬂi__li_jﬂl‘)‘v*_iii;ﬂl(!-i L SASH3ES04 T _pre 1000

Toss/Ross Lelt

. Bapx o R . , _ ,
T/R AL £-10 G Al).HuAm £ . 9.104£.292 | 1615235001 | 410682387 |  post 1900 |
T/RA175-82) G| Ap234B.OT 7582 CSOREE2GE | 50.293£3.205 | S3.543£5064 | pre 1960
CT/R A2 0-11 i ADZITAOL | 0-11 __3 75780482 | 13300803301 03,634,711 | post 1900
Stud Bore 1 :

SB LB 2@50 G | ABo3spLO1

1508741 67.78724.276. | 02.004£1.67%  pre 1960 |

Table 4.7. 17 Caesium and 2'Lead concentrations in confined flood plain sediments.

Sample Site CSIR®: || Deptir from: !. T Activity ], 210 P Activity 226Ra Age
Cnde . surface X (bn/kg) l (Bg/kg: {Bq/kg) estimate
L

Code | : \
- fem)

Ross River Striped

Site
ol I e . . : [
| ADZ35A.00 | 86 L L7USE132 | 41575410206 | 46.2452293 | pre 19060
RRI.IN. A ADZ3INOV) 160 0LGO | 39.84087.020 | 37.797+922 | pre 1900
RRL.2 (v) 0] ADZIBM.OL 65064 305840346 ¢ E.33TE13.555 | 5047721818 pre 1900

RRY.2 ¢xvii) b | ARBOZOGM.OT 2560-200

RRI1.1U A

1354093 | 36.455£5.430 | 40.484:1.676] pre 1960

Table 4.8. 1#7 Caesium and 2'Lead concentrations jm relatively unconfined ffood plain sediments. Note negative alues are

consistent with zero given the uncertanties.
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CHAPTER 5

Todd River Flood Plain Morphodynamics

In u

This chapter discusses flood plain morphodynamics in the Todd River. The
focus is on the dynamic changes in form, inferred from observations of
processas acting upon sedimentary bodies as well as on the time series of
forms observed indirectly from morphostratigraphic relationships. The first
section describes flood plain destruction and censtruction inferred from
stratigraphic mapping and observations during and after floods. and a three
scale model is proposed. A time series of confluence morphodynamics,
switching channels and island formation indicating flood plain and channel
change is presented. The next section proposes norphodynamic models for
coiifined and unconfined flood plains which indicate the dominant role of
flood magnitude and frequency.

5.2, Flood Plain Formation Processes

This section draws on data presented in Chapter <4 and examiines the processes
that form flood plains in the study area. The discussion is divided into two
sectionns. The first section is concerned with processes of flood plain
destruction and includes channel widening, flood plain stripping, swirl pit
scour and surface channel scour. The second section discusses processes that
build flood plains and includes the deposition of insets, flood plain veneer,
channel and swirl pit fill.

5.2,1, Mechanisms of flood plain destruction
5.2.1.1. Channe] wiGoning

Channel widening is a significant process of flood plain destruction in the
Todd River. The position of groves of River Red Gums (Eucalyptus
camaldulensis) that formerly grew on the river banks and now stand within
channel beds, sometimes 30m from the present banks, with their roots often
exposed, indicates the retreat of the channel banks. In many locations the
young age ol trees on the cut banks suggests that flood plain aggradation and
widening has been a recent phenomenon (Plate 4.11).




flood plain Channel June 1988

Channel February 1988

Vegetated bar June 1988
Vegetated bar February 1688

Figure 5.1. Width variation at the Expansion Scour chaniel bead before
and after the 1988 flood.

=

The principal mechanism of channel widening i direct shear of the banks
when shear stress¢s during floods exceed the bank strength (¢f. Schumm and
Litchy, 1963). Reaches of significant lateral erosion of the chaniel boundary
are common in the Todd River where channel width inicreases from ~80 m to
~300 m. These channel widenings (‘channel beads'), discussed further in
Chapter 8, are inferred to 1esuit from local channel aggradation and flow
deflection agair:t the banks. However, channel beads are also widened
during high magnitude flows. Figure 5.1 illustrates channel change befote
and after the 1988 flood at the Exnansion Scour site where the channel width
increased fri- 1 ~200 m to ~450 1.1 »rimarily due to the erosion of the large
channel bar. Discharge is estimated for the 1988 flnod through this reaci. at
1800 m3s't assuming a flow depth of 2 m, flow widith of 450 m and a velocity of
2 ms'L. In the reach upstream, flow inundated the left bank flood plain.
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Figure 5.2, Channel changes following the 1995 floods.
a) Mosquito Bore 1, b) Anastomosing site and c) Site 'A’".
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‘F*  25.3. Channel change following the 1995 floods at Todd/Ross
Coattlluence site, a) channel and flood plaify, b) ¢hannel.

Pickup (1991) reported that channel width along reaches of the Ross River
increased 300% as a result of the 1970's flows, which were repotted to be

larger in the Ross River than the reccrded peak flow of 583 m3 ¢! (in 1974) at
Alice Springs (Barlow, 1988). Local catastronhic channel widening has often
been a reported geomorphic effect of high magnitude floods. Scott (1973)
observed lateral scour of up to 40 m, a doubling of the flci.l (rass section in
the Tujunga Wash, southern California in a large storm in 1969. Osterkamp

and Costa (1987) estimated a 160% increase in channel width following the

Figure 5.4. A Time series of channel change from 1950 to 1989,
Numbers aré explained in the text and b and ¢ are on Images 5 and 5a (A ppendix 4).




flood
channels
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excised
istands

Figure 5.5. Time series of channe! change and the excision of flood plains
from the bank.

a) Drawn from 1950 aerial photograph. The Todd River left bank flood plain
to the lower right of figure is partly incised by flood channels,
b) Drawn from 1989 aerial photograph. The flood plain has been excised

from the bank by the exploitation of the flood channels. The arrows are
those shown in Figure 5.4.
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—— —




Plate 5.1. An oblique view of a notch forming by flow deflection
dotwnstreain from a bar on the Ross River .

Plate 5.2. An oblique view of relict notching south of Giles Creek. Flow is
towards the right of the plate.




1965 flood on the Piumb Creek, Coloracdo and Erskine (1994) feported that the
Goulburn River was widened from 60 m to 300 m during the 1955 flood.

Measurements weie made of channel changes after a series of relatively
minor flows in 1995 at four sites: the Todd Russ Confluence, Mosquito Bore 1,
the Anabranching site and Site 'A’ {Figs. 5.2 and 5.3), which indicate changes
in the channrel and flood plain. The effects of the January flood were
measured within days of the flow and the effects of the March and May floods
were measured in September 1995, No further flows were recorded after May
199s.

Minor lateral erosion of the right bank occurred during the January 1995
flood at all four sites (Figs. 5.2 and 5.3). At Mosquito Bore 1 site, surfaces Rfl
and Rf2 were removed and part of surface f3 laterally eroded (Fig. 5.2a). The
total width of the channel increased by 15.3 % (15 m) by the lateral shifting
of the thalweg against the right bank. The thalweg was not deepened and the
left side of tite channel pr¢ raded by a maximum of 60 cm. At the Todd/Ross
Confluence site (Fig. 5.3b -ae right pank was lacerally eroded by 2.5 m and
the left bank by 1 m, a relatively minor 3.2 % increase in channel width as a
tresult of the Jatnuary flood. Surlace Rfl was removed during this flood and
the Pleisior=ne térrace boundary was eroded.

The removal of stable channel islands results in ai increase in channel

width, Figure 5.4 is a tiue series of images of the Ross/Todd confluence from
April 1950, February 1988, June 1988 and June 1989, A major flood in March
1988 was a 1:50 year flood at Alice Springs and was also very large on the

Ross River. Three processes of island erosion are noted here. The first is the
lateral erosion of the left bank lateral bar {arrow 1 in Fig 5.4). In 1950 the
lateral bar was incipient with some surface vegetation and had grown and
stabilised by February 1988. After the March 1988 flood the width of this bar
was reduced by approximately 60%. The second process is exploitation of pre-
existing surface channels on large islands and bars. The large diamond-
shaped central channel bar {arrow 2) formed from coalesced bars, grew and
changed shape between 1950 and February 1988. After the 1988 flood the
central island was eroded and reduced in size by approximately 50%;
exploitation and enlargement of surface channeis appears to have been the
principal mechanism (Fig.5.4c). If significantly enlarged, surface channels
may be occupied by one of the threads of the main channel or the new
location for a switched channel (second order avulsion, Nanson and
Knighton, 1996).




Not only is this mechanism important for the erosion of islands but also for
reworking flood plains attached to the channel bank. Figure 5.5 is drawn
from aerial photographs. Figure 5.5a shows surtace channels draining

across the left bank flood plain. By 1989 (Fig. 5.5b) a multiple cianne!

pattern was established by erosion of surface channels which separated the
flood plain from the bank #nd divided it into islands and bars. The excision of
flood plains from the bank has been described in rivers in south western

Kansas and British Columbia (Schumm and Litchy, 1963: Deslodges and

Church, 1993).

The third mechanism is the complete removal of islands (arrow 3, Fig 5.4Db).
The island was not in the channel in 1950 (Fig. 5.4a) but was well established
by February 1988. The island was removed during the 1988 flood (Fig. 5.4¢)
and replaces by a series of smaller bars (Fig. 5.4d). In addition the reach of
the Ross channel downstream from the large coalesced bar (artow 2) appears
to have widened during the 1988 flood (Fig. 5.4b, cl.

One effect of channel widening is thal remnants of laterally eroded flood
plains appear as sieps on the flood plain surface, and a number of surface

flood plain remnants indicate destruction of flood plains by repeated

channel widening. The lower magnitude events tend to erode one boundary

preferentially but higher magnitude events cause significant lateral erosion

of both channel banks. While surfaces tha: have been laterally truncated by
channel widening are more frequently observed close to the channel, for
example at the Mosquito Bore 1 site where the truncated surface Rf2 lies 10 m
from the bank (fig. 4.27), truncated surfaces also lie at a distance from the
main channel, for cxample at Stud Bore 1 site wheie surface Rf4 is 150 m
from the main channel (Fig. 5.6). Estimated peak discharge for the event (A)
that widered the channel to the Pleistocene terrace is 4125 m3s! assuming a
cross sectional area of 1650 m2and a mean velocity of 2.5 ms’!. Estimated peak
discharge fer the flood that widened the channel between Lf2 to Rf4 {Fig.
5.6) is 2062 m3s'! assuming a velocity of 2.5 ms'! and a cross sectional area of
825 m2, whereas the modern bankfull flow is estimated at 140 m3s-l. In
extreme cases channel widening may completely remove Holocene flood
plains during very high magnitude floods, as was reported for the Cimarron

River by Schumm and Lichty (1963).

Bank notching is another, if smaller scale, channel widening mechanism in
the Todd and occurs in three ways: notching associated with trees, flow
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deflection downstream of channel bars and and excising of locally erodable
banlk sediment. Where trees in the channel lie close to the bank- (<1 m} :
n_otch which extends the full height of the bank develops downstream of Lhz
tree. Osterkamp and Costa (1987) noted that scalioped channel banks were
caused by enlarging depressions around fallen trees, and Graeme and
Dunkerley (1993) proposed that trees and debris dams in Australia

ephemeral channels initiate bank erosion by flow deflection, and t-ha; se\'t;rz
scour and erosion induced by riparian vegetation may assist the nmigration of
therchannel rather than stabilise it. Notching miay also be initiated bv flow
?Ie?ection downstream of bars (Plate 5.1). Bank notching/clliptical sc;uring
lj important in beaded reaches which frequently bave multiple scours (Plate
3.2?. Notching has also been reported on braided rivers in New Zealand
(Carson and Griffiths, 1987) and Leddy et al (1993) produced notches in
scaled physical models of gravel bed braided rivers from constriction
avulsion where the blocking of a braid limb deflects flow against the banks

Notching may also reflect variations of bank sediment. Figute 5.14b shows-
‘,.,Vhe,re an abandoned channel fill is partially re-excised by a notch. Once
n(jtf‘hes are ferined they may be occupied by large horizontal eddies which
fcr)irrrn in bays or areas where the channel is excessively wide (Matthes, 1947)
E_l_I_]d :‘.)fiannel widening becomes self enhancing. While both ca'vir;g' and
FUmbBling were oRsstved n rha

ic-ell;rz;v;:gm\;;;:. orserved in ihe study area their importance appears 10 be

5.2.1.2. Flood plain stripping

b{apsOh (1986) inferred that flood plairs of the Clyde and Manning Rivers in
NSW had been stripped during large floods, so that sandy flood iain
s#diments were Stripped from the basal gravel at the downstre;m end o;; the
flood plain and less than half the flood plain remained as a disjunct- pocket of
relict alluviuim. The stripped zone was ~900 m long and the filood plains
PpStream and downstream remained intact. Nanson's (1986} model is
presented in Figure 5.7,

Ir.1 the Todd River, flood plain stfipping operates at a variety of scales and
differs from channel widening in that scour is not always to channel depth
glthmgh at the larger scale where Holocene alluvium has been entirel\i
removed it is difficult to identify the specific erosion mechanism. In terms o‘f
erm, stripping ranges from the micro-scale (<20 cm) to the meso-scale (<5
m). to the mega-scale (valley bottom sequences) (Fig. 5.9). Micro-scale
stripping was observed along Giles Creek when a strip of flood plain
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alluvium approximately 20 cm deep, 3 m wide and 300 m long was removed
from the flood plein surface. At the meso scale flood plains are stripped (0
depths exceeding 2 m and widths of 30 m for distances of up to 500 m.
Evidence described later shows that the entire valley bottom alluvial fill over
distances of 10 km has been stripped in the past in mega-scale stripping

evenlts.

Flood plain stripping and refilling causes flood plains to be stepped with
distinct vertical scarps. Similar to Nanson's (1986) account of the Clyde an.!
Manning Rivers, flood plain stripping in the Todd River terminates at mcre
resistant layers, e.g., at dense mud beds or gravel layers often forming low
benches. The erosion morphology of flood plain remnants buried under flood

plains is direct evidence of flood plain stripping.
5.2.1.3. Swirl pit scour

The excavation of holes on flood plain strfaces and within channels has
been reported from rivers in Ontario, Texas, and NSW (Gardner, 1977; Baker,
1978: Nanson, 1986). They are inferred fo result from macroturbulent
vortices associated with the flood peak and indicate deep high gradient flood
flows (Baker, 1978). They dre also associawed with the develcpment of vortices
around obstacles and along irregular flow boundaries. In the Todd River
asymmetric, elliptical scours are formed around River Red Gums {Eucalyptus
camaldulensis), both in the channel bed and less frequenty on flood plain
surfaces. The size ot the scour is proportional o the size of the tree and/or
debris dam and larger scours tend to develop around the large trees (Graeme
and Dunkerley, 1993). Scours have eroded through the modern channel bed
into Pleistocene sedimenis at Stud Bore 1 site and have excavated the left
bank back channel at tne Ross/Todd confluence between the flocd plain and
the cemented paleoflood deposits to a greatéer depth than the current channel
(Fig. 4.34). Trash levels found in trees above swirl pits indicate that they may
form and be sustained by ~2 m deep flows and the tree may be destabilised by
scouring and eventually uprooted. Graeme and Duiikerley, (1993) working on
ephemeral channels in the Barrier Range, weste/n NSW, found that scours
around trees ocer  here flow velocities are relatively high, the flow is deep
and there are few arby obstructions. Fielding et al. (in press) noted scours
up to 5 m deep associated with trees in the Burdekin River, Queensland and
that the reclined form of Melaleuca argeatea in the channel bed results in a
reduction in scouring around the base of the trunk. Scour holes have also
been reported on flood plains in meandering rivers in NSW and braided
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rivers in Norway (Nanson, 1986; Nordseth, 1973). However, while swirl pits of
var.ous sizes do occur and appear, i some rascs, to be long lasting and
subjected to repeated excavation aad fill, they are relatively mine

instruments of flood plain destruct’ -2 Todd system. -

5.2.1.4, Flood channel scour

During floods, overbank flow is often concentrared in braid-like threads on
the flood plain surface. {n addition to braiding around fresh sand deposits,
flood chiannels in the Todd River may also cut into the underlying flood plain
sedimen'. Similar channels have been reported on braided river flood plains
in New Zealund and Canada (Carsoii, 1984; Carson and Griffiths, 1987
Ashmere 1993; Reinfelds and Nanson, 1993) and are the principal form
element on braided river flood plains in Norway (Nordseth, 1973). Flood plain
-#annels of the Todd River have low sinuosity and often fiow diagonally
-:Toss the surfaces of low, broad islands. Thev erode to depths of 1 m and d;3
aot necessarily aggrade during waning stages of the flow. Surface channel
scour has been reported by others to be a significant mechanism of flood
plain eresion, e.g., Reinfelds and Nanson {1993) found that $8% of the
b'rarided Waimakariri flood plain in New Zealand was reworked berween 1948
and 1960 by the reactivation of abandoned channels within the flood plain. a
process also noted by others (Werrity and Fergusson 1980; Carson, 1934b),

Back channels are more effective agents of both lateral and vertical erosion
and are often observed to erode the scarp of the adjacent, higher flood plain
level. Prominent back channels are often flood chutes while others form at
the interface between steps in the flood plain suiface and can result in
significant vertical erosion. For example, on surface Rf5 at Stud Bore 1 site
the back charnel has lowe: :d the surface by ~1 m (Fig. 5.6). Larger back
channels may be abandon.d main channel locations which may later :ake
over the main channel (again) initiating sigrificant flood plain erosion.

5.2.2. Mechanisms of flood plain construction

Flood plains alon; the study :each ars formed predominantly by vertical
ac;retion aithough lateral accretion is also important. During floods
sediment is moved from 2. Lsion sites to deposition sites in pulses, and gravel,
sand, silt and clav are deposited overbank. Fiood plain construction is
achieved by a number of mechanisms which include the formation of insets,
channet fills, veneer sedimentation and swirl pit fill.




5.2.2.1. Flood plain and channel insets

The principal sequel o channel widening and/or flood plain stripping is the
refilling of the stripped region. The insets may be vertically accreted flood
channel deposits, vertically accreted overbank deposits or laterally attached

channel bars.

Flood plain inseis vertically aggrade over the eroded surfaces, e.g. following
channel widening at the Stud Bore 1 site (Fig. 5.6), two wide (150 m, 30 m)
flood plain inscts composed of gravelly sand were deposited on both sides of
the channel probably as braid bars. {surfaces i.i1-3 and Lfl1/1a, Fig. 5.6) and
later aggraded with fine and medium sand sheets and wide coarse sand
overbank bars. Once reconstruction of the flood plain has begun, the
surfaces of flood plain reinnants and flood plain and channel insets appear
as steps on the flood plain. Plate 5.3 illustrates sand deposition on a
previously stripped bench following the January 1995 flood downstream of
the Stud bore 1 site.

Flood plain insets are formed by the attachment of channel bars in laterally
migrating systems. The flood plain inset at the Ross/Todd confluence site (sec
Fig. .33} is inferred to have been initiated in this way and further aggraded
by overbank depositicii.

The Todd River flood plain is composed of a number of flocd plain and
chanrnel inset units of variable size, textural composition and age. Deposition
of flood plain insets has occurred on most of the flood plain steps and
soinetimes occurs on the higher steps with no depoesition on the lower steps,
reflecting the variable discharge regime.

5.2.2.2. Flood plain veneer

Flood plain veneer sedimientation is a process of predominantly vertical
accretion, described by Brakenridge (1984) as the lapping up of younger
alluvial sediments onto high adjacerit surfaces. It effectively blankets the
prior flood plain morphélogy and tends to be better preserved away from the
channel. Where the veneer drapes over high, angular flood plain steps (>30
cm)} it is geperally underlain by oblique accretion deposits which act as
depositional ramps (Fig. 5.8a), and on shallower steps the veneer deposits
directly overlie the break in slope (Fig. 5.8b). laminae are continuous over
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Plate 5.3. Sand depositionh on a stripped flood plai. south of Stud Bore
following the January 1993 {lood, Note also the discontinuous flood plain
veneer which extends from the adjacent tlood plain step. Trash on lence
indicated flow depth.




breaks in slope and contain flood couplets where the fine textured mud unir
follows the depositional slope of the underlying sandy sheet drape. Veneer
sedimentation appears to occur in conditions where there is no
concentration of overtank flow into distinct threads and the variation from
the fine mud to coarse sand in stacks of thin couplets suggests that it occurs
coutinuously through a flood. Veneer sediments were found in confined and
relatively unconfined sites. Plate 5.4 shows a thin flood plain veneer from
the January 1993 flond.

5.2.2.3. Channel and swirl pit fill

Together, surface channel and swirl pits cause significant and repeated
vertical erosion of the flood plain surface, alternating with episodes of fill.
Surface channels such as at Site 'A' (Fig. 4.20) are filled by overbank bars
and hummocks which tend to concentrate in clusters and are buried by
wider flood plain deposits, usually mud and sand.

The irregular surface resulting from erosion by flood channels and swirl
pits may be blanketed by more laterally extensive deposits such as sand
sheets and veneers. This is round at the Anabranching sire and was described
in section 4.2.4.3. However, surface depressions may be only partially infilled
by wider flood plain deposition, e.g., at the Stud Bore 1 site the migration of a
bar across the flood plain surface only partially blocked the surface channel
and deflected back channel flow towards the terrace riser. Similarly a sand
and gravel bar has only partially migrated down the side of the swirl pit at
the Todd Ross Confluence site (Fig. 4.34}.

Large channel fills in abandouned channels are important components in
relatively unconfined flood plains and the morphodynamics are explored
further in section 5.3.2. Volumetrically they may represent up to 30% of the
flood plain (e.g. Fig. 4.16). Swirl pits observed after recent flows were found
to be partly filled with mud which is sometimes stratigraphically preserved
under sand fill:

5.2.2.4. Aeolian deposition

Aeolian deposiis {orm minor elements in Tedd River flood plains. Trees and
shrubs on flood plains act as sediment traps for aeolian deposits and iow
mounds accrete around their hases, particularly close to aeolian dunes o:
where the trees have a low habit, or have recently died and collapsed to
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ground leve! {Plate 4.5). Acolian sediments sometimes form a thin layer (<10 : .
cm) on the flood plain surface. While broad dry river beds can be the source : a)
of aeolian dunes (Schumm, 1961; Fahnstock and Bradley, 1573; Nanson et al,, i
1995), source bordering dunes are rare on the modern Todd flood plains but :‘
did form in association with paleofiood deposits (Chapter 8}). During droughts
vegetation cover decreases and sand begins to move; thus aeolian sand dunes
2 m high and 10 m long developed in the Rodinga floodout area in the 1960's

———

Flocuplain remnant

<
3

(pers. conum., K. Pick).

5.2.3. Three scale cyclical model
b}

Fleodplain veneer

Morphologic and stratigraphic investigation in the study area has revealed
the highly complex nature of these flood plains. Not only are there several
different styles of flood plain destruction and re-formation but these

processes operate at different scales (Bourke, 1994). A three scale ! i
Floodplain femnant

la)
3
w
=

morphodynamic mndel has been drawn up which conceptualises the ; 0
processes of flood plain destruction and construction (Fig 5.9). i -
; Figure 5.8. Flood plain veneer.
The evidence suggests that processes of flood plain construction and ; :2 the deposition of floodplain veneer over a flood plain step (>30 cm) by
. o _ ; ¢ construction of oblique ramps.
destruction have occurred repeatedly and enter the model at three scales. i b) the deposition of floodplain veneet over a tlood plain step (<30 c¢m).

The micro scale concerns the removal and deposition of individual ;
sedimentary layers, or part thereof (Fig. 5.9a) and occurs frequently along
the channel bank and at the back channel margin {see Unit d, Plate 4.14).

The meso scale describes processes involved in the erosion and accretion of Sriipped LE_| Building
several meters of alluvium, that is, the alteration of large sections of the : :
flood plain (Fig. 5.9b). The 2 m deep left bank flood plain ir: t at the
Todd/Ross Confluence site {Fig. 4.11) has been formed predon:*: ntly by
meso-scale processes. The mega scale suggests that floods have removed

en. ‘e valley bottom aggradation sequences in confined reaches of the Todd
River (Fig. 5.9¢) and large portions of flood plains in the relatively
unconfined reaches {not schematically drawn). An example is the Stud Tore |
1 site which has been stripped tc the Pleistocene ierrace in the past and
recorstructed by inset deposition (Fig. 5.6).

The majority of radiocarbon ages of flood plains in the Todd River are
younger than the 1950's in both the confined and relatively unconfined 7} Bedrock [ Gravel [Jsandand Si.
reaches. The oldest fills are preserved ia relatively unconfined sites '
deposited approximately ~350-400 years BP (at 2 m deep, 552-46° cal BP, ANU
8962, and at 1.2 m deep, 479-277 cal BP ANU 9676) This coincides with the last
large flood phase in the Todd (Chapter 7) and is inferred to be the age of the

Figure 5.7. Nanson's (1986) episodic cycle of catastrophic stripping and

gradual vertical accretion for flood plains along the Clyde and Manning
Rivers,
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Figure 5.9. Models of flood plain morphodynamics

(a) Micro scale: < 20 cm, Sedimentary layer. 1. Partial stripping of sedimentary layer.
Note the erosional scarp. 2. Inset deposition. 3. Stripping of surface.
4. Vertical accretion. 5. Stripping

{b) Meso scale: <3m, Flood plain 1. Stripping of flood plain.
2. Flood plain veneer deposition and burial of flood plain remnant.
3. Stripping of flood plain. 4. Flood plain veneer deposition. 5. Stripping of
flcod plain. Note: Micro scale processes operate within this scale.

{c) Mega scale: Valley bottom alluvial sequences. 1. Complete removal of valley bottom
alluvial sequences to resistant Pleistocene boundary. 2. Rebuilding predominantly by
(a) and (b).

ER2 Sandy silt / clay / erganic

L Channel facios

[
pmamen  Fioodplain facies

60 B8O metrés

Figure 5.10. Todd/Ross confluence dynamics

?))) %){t_ep};)sition frgm the Ross blocks the Todd.

igh energy flow down the Todd channel in January 19935 cuts the prior
Ross alluvxa} d_arp, leaving the Ross mouth hanging above the Todd. ?
) Channel incision of the Ross River following the March 1995 event incises
both the more recent Todd and prior Ross deposits,
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last mega scale erosion event which catastrophically stripped many flood
plains to a basal lag febuilding has occurred episodically since.

Hughes (1994) noted that semi-arid rivers tend to rework their alluvial fill
more rapidly than humid region flood plains. The combination of sandy ne.r-
cohesive perimeicers and extreme events cause major changes in channel
form (Paiton and Baker, 1977} and depending on the sequence of recovery
events flood plain rebuilding can also be more rapid (Schumm and Litchy,
1963; Wolman and Gerson, 1978), Hughes reported that the flood plain
sediment storage time in many rivers in the north American prairies is
thought to be around 200-300 years. In the Tana River in semi-aric south eas*
Kenva, flood plain tarnover may be as frequent as every 150 vears, and a
similar time has been postulated for the Animas River flood plain in Colorado
{Baker, 1990), wheteas in the meandering Be~tton River in Canada it is about
700 years (Nahson and Beach, 1977: Hughes, 1994), Discounting the paleoflood
deposits beyond the Todd flood plain described in Chapter 6, the present flood
plains as mapped in Figure 6.1 appear to have a turnover time of a few
hundred years on the basis of 19C ages in Chapter 4, but this probably varies
through the systei.

5.3.1. Tributary effects and confluenice dynamics

In ephemeral streams, the pronounced variability of flow from contributing
channels results in exaggerated and often rapid changes in channel
morphology (Mabbutt, 1977; Reid 2z al, 1997). The limited work on ephemeral
confluences has roted the propensity for channels to aggrade at or belo-
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Table 5.1. Tributary

Tributary
Emily
Jessie
Jinker
Giles

junctions (Schumm, 1961; Evesitt, 1993; Thornes, 1994b) which has been
attributed 10 asynchronous fiow (Thornes, 1994b: Finley and Gustavson,
1983), trausmission losses (Thcrnes, 1991: Thornes, 1994a), the disparity of

flow magnitudes (Thornes, 1991} and hydrologic lag (Schick and Lekach,
1987).

In locations where the tributary sediment supply exceeds the channel
transport capacity, the main channel may be blocked or deflected (Gerson,
1982; Finley and Gustavson, 1983; Schick and Lekach, 1987; Cook et al., 1993:
Everitt, 1993) forming barred junctions (Kennedy, 1984). A subsequent
lateral migration of the channel away from the tributary (Finley and
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Gustavson, 1983: Everitt, 1993) may lead to the development of cutoffs and
channel relocation (Everitt, 1993). The tributary sediment subsequently may
be moved in waves down the system (Finley and Gustavson, 1983) with- the
discrete tributary sediment contributions becoming increasingly mixed
downstream (Re'd et al., 1997). The subsequent removal of the sediment da.m
may form discordant junctions (Kennedy, 1984), a common.feature in
ephemeral channels (Schumm, 1961; Cook et al.,, 1993) resglung fron.l‘ 1
disparity in flow magnitude (Cook et al, 1923) or a hydrologic lag {Schick
and Lekach, 1987).

Step-changes in channel morphology were observed at the Todd and Ross
jutiction. Upstream of the confluence, the Ross River incises the Ros§ A
paleoflood channel (Figure 6.1¢), ¢hannel banks are composed of .loo§el}'
packed paleoflood deposits which overlie cemented Pleistocene sedlmfents.
and there is an abundant supply of sediment. By way of contrast the Tt_:_wdd
River does not have access to a similarly abundant sediment supply. The
-higher sediment input from the Ross tributary in conjunction with 1_ts
proximity to the ranges results in channel aggradation downstream from the

confluence.
5.3.1.1. Confluence titne series

The confluence of the Todd and Ross Rivers was monitored betweeii 1993 and
1995 and illustrates the effects of disparaté discharges from the two streams
(Fig. 5.10). Before 1995 high flows from the Ross River deposited tabular bgrs
of coarse and medium sand, backfiiling the Todd so that laminated fine sanFI
and silty clay was deposited upstr-:am of the barred confluence (Fig. 5.10a, 5.
11, Table 5.2). The upstream tabular bars in the Todd are nct coeval with the

mud.

During the January 1995 event flow from the Ross River peaked at the
confluence earlier than flow down the Todd and the Ross River aggraded its
ved in a manner similar to that illustrated in Figure 5.10a. The iater arrival
of the Todd flood incised the Ross alluvial dam leaving the channel bed of the
Ross hanging 2.6 m above the thalweg of the Todd River (Figure S.lOb)._The
discordant junction morphology persisted until a lower magnitude flood
during March 1995 incised a 1.5 m deep channel in the perched Ross bed
(Fig. 5.10c, 5.12).

! * |
i Variable : Upstream of ; Downstream of
: Confluence | __Confluence

_Gradient (m/m; -.0007 | 0032

. Width (m) 40 5 180

i Bed Material t Horizontally bedded ‘ Crossbedded

; i clay-rich silts and fine : gravelly sands
| t |
| sands, macro-organics

1 | - ) !
| Channel Pattern ' Straigh: | Locally braiding '

Table 5.2 Tedd channel morphology and sediments upstream and
downstream of 11 Ross confluence,

This example of confluence morphodynamics illustrates three important
aspects of landform variability in ephemeral systems. Firstly, during high
magnitude flows in ephemeral streams, it is the process tnat controls the
forms. The forms created by such flows will control processes during
subsequent smailer events (Graf, 1983b). In this way the persistent erosion
and depositional patterns generated by paleofloods in the Todd modulate the
landscape response to subsequent and smaller events. Secondly, the example
highlights the importance of the order and fnagnitude of preceding evenis
(Pickup and Reiger, 1979) on the geomoiphic response to flow events.
Thitdly, it emphasises that ephemeral streams are time dependent systems

5.3.1.2, Tributaty spacing and length

The variability in the timing and magnirude of flow discharges between the
contributing systems and their different sediment loads cause channel
morphology and sedimentation to fluctuate above and below confluences in
the Todd catchment. One factor affecting the magnitude of flows from
conrributing catchments is their spacing and length; the spatial and
temporal variability of rainfall is also important,

The distance between significant tributaries influences the behaviour of
floods downstream. In arid and semi-arid channels transmission losses
through drainage diffusion, infiltration and evaporation/
evapotranspiration are significant (e.g. Schumm and Hadley, 1957; Schumm,
1961; Knighton and Nanson, 1994). While no transmission data exist for the

Todd River, reports from the manager of the Todd River Station indicate that
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many large flows recorded at Alice Springs do not reach the Ross River
confluence 78 km downstream (I. Lovegrove, pers. comm.), and fiow in the
system is auzmented by only a few large tributaries, the most significant
being the Ross River (1260 km? ) and Giles Creek (1000 km?).

The proximity of tributaries to sediment sources in the MacDonnell Ranges is Do tan ot fon
an important factor affecting channe: morphostratigraphy at confluence-.
The ‘odd catchment is such that, south of Alice Springs, the trurk stream
drains eastwards along a wide strike valley. joined by tributaries that travel
relatively short distances from the ranges (Table 3.1). Accordingly, the
sediment loads, textures, channel gradients and flow magnitudes in the
larger tributaries are often g.eater than those in the trunk siream

particularly where they are rewc.king paleoflood sediments. The distance
e . _ e PR beawa v
from the ranges to tributary confluence is important, as transmission losses

increase in the piedmoat alluvial fans. Hence several of the small tributaries Figure 5.11. Long ptofile of Todd at Ross River confluence
such as Jessie Creek have unchanneled junctions with the trunk stream e
{Table 5.1).

5.3.1.3. Rainfall variability

Asynchronous tributary flow may be the result . the varizpilit in the
location, timing and intensity of rainfalls. The even: of March 1472

illustrates the typical characteristics of centfal Australian rainfall (Fig.
5.13). Firstly during the six day rain event, the Giles Creek catchment
(Ringwood gauge, Fig. 2.2) recorded peak rainf:ll on the day priot to prak
rainfall receipts in the Ross River catchment (Fig. 5.13). This temporal
variability is attributed 1o the movement of storm cells up-catchment and

Helght (m)

would have led to downstreafn tributary svstems being active before those

upstream. Secondly, rainfall at the Alice Springs Meteorological Office (Fig. e Januay 1995
: MarchMay 1995

2.2) was 94,2 mm in a twenty-four hour period on March 5th) while a gauge

located 15 km away at the Alice Springs Post Office recorded no rainfall ‘ 0 e—— J —
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during that ume period, indicating that rainfall was spatially variable across Distance {m)
the catchment, Thirdly, most stations received rainiali over a five to six day
period with a daily maximum rezeipt not exceeding 100 mm. However gauges Figure 5.12. Incision of Ross Kiver channel following the March 1995 ever,
located in the Ross and Giles ca‘chments had close to the anriual average in a
twenty-four hour period. Tliese rainfall characteristics would have
contributed to asynchronous flow at tributary junctions in the Todd

catchment.
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5.3.2. Switching channels

Channel switching is important in the formation of relatively uncoafined
flood plains. The presence of wide (~50 m) back channels genierally indicates
former positions of the main channel, such as at the Ross Rivar Striped site

(Fig. 4.19), Shannon Bore site (Fig. 4.16) and Stud Bore 2 site (Fig. 4.15).

Three examples are given here of styles of channel switching in the Todd
River. The first illustrates a site which is in a transient phase of switching,
The second illustrates a reach where switching has occurred at least nwice.
The third is an example where the boundary topugraphy of aeclian dunes
influences the swirching dynamics.

The first example is at the Stud Bore 2 site (Fig. 4.15) where large and small
channel filis are important components in the flood plain
morphostratigraphy. The ctudy site is located on a meander bend, where
prior to 1988 a single major channel meandered northwards and a relict
chute crossed the meander plain to the south. Following the 1988 flood the
flood chute widened (Appendix 4, Image 5, 5a) and when surveyved in late
1994 (Fig. .15) the channel thalwegs to the right and left of the central
island were at approximately the same elevation and the channel widths
similar (82 and 95 m). The river is inferred to have reoccupied a back
channel and may switch the main flow to that location in the future, in
whict event the abandoned channel fill will be an importanat
morphostratigraphic element,

The second example shows a series of changes betwe ., April 1950 and June
1988 at the sharp meander bend downstream from Mosquito Borc (Fig. 5.14)
Downstream from the bend in 1950 ‘Fig. 5.14a) the channel is narrow and
appears to have recently abandoned its left bank which has juvenile
vegetation. By 1971 (Fig. 5.14b) the abandoned channel appears 10 be well
vegetated and localised bank notching has occurred at the entrance of the
abandoned channel. Prior to the 1988 flood (Fig. 5.14¢) the meander migcated

wnstream forming a horse shoe bend, and it migrated even further after

: 1988 flood (Fig. 5.14d). Since the 199 flood the abandoned channel has
been reoccupied by the main ctannel. Th-: main channel apnears to switch
its location periodically by avulsion, perhaps assisted by notching at the
abandoned channel entrance, Char ..el switching is often Ssociated with




channel incision, e.g., at the Shannon Bore site (Fig., 4.16) the abandoned

channel is 1.6 m above the main channel.

A schematic model based on observations at the Ross River Striped and
Shannon Bore sites depicts flood plain morphostratigraphy in relatively
unconfined reaches where channel switching is important (Fig 5.15).
Initially, there is a single active main channel and a flood plain with surface
channels (Fig. 5.15a}. Avulsion, perhaps triggered by downstream movement
of a sediment pulse, relocates the channel and the former channel aggrades
perhaps with smaller flood channels (Fig. 5.15b). The abandnned channel
continues to aggrade by overbank deposition of silt and clay and may
occasionally carry -+ - ! or gravel during higher energy flows which extend
across the flood plain rig. 5.15¢), A large flood may incise the abandoned
channel fill (Fig. 5.15d} and may initiate another switching event, or both
channels may operate simullaneously. Vegetation may stabilise abandoned
reaches and enhance sedimentaiion (c¢f. Fig. 5.14a where the darker tone
indicates juvenile vegetation).

The third example of channel switching occurs where the channel drains
into the northern Simpson Desert and is controlled by the dune lield
topography. The 6-9 m tall Pleistocene longitudinal dunes have indurated
cores and mobile crests which act as high levees but are sometimes breached
by lateral migration of the channel. Plare 5.5 shows the Todd channel
meandering across a swale and eroding the right bank dune. Downstream
from this photograph the channel has breached the dune and switched to
the adjacent swale (Fig. 5.16a). The abandoned downstream reach is now
inundated only during higher flows when mud and fine sand are deposited,
and the adjacent swale is similarly backfilled (Figure 16a and b). Reaches of
the Todd channel along the swales are incised and this is inferred to be the
result of the headward retreat of a minor nick point following the switching
of the channel to the relatively lower local base level in the adjacent swale.
Figure 5.16b shows a schematic cross-section indicating the incised channel
and thin mud deposit in the adjacent backfilled dune. Further downstream
(Plate 5.6), channel switching by dune breaching and backfilling of swales
is more widespread, resulting in an inverted trellised channel pattern which
may rejoin the original thread a short distance downstr¢am.

Channel switching in dune fields has been described only rarely, but Adams
and Hollis (1988, in Richards et al, 1993) reported similar pattern, '~ the

Hadejia-Nguru wetlands of northern Nigeria, where rivers fl~+ between
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a) April 1950

d) June 1988
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c) February 1988
downstream migration of meander

Figure 5.14. Time series of channel change south of
and downstream migration of the meander bend.

Mosquito Bore showing channel avulsion
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Plate 5.5. Oblique aerial photo of Todd River meandering between
longitudinal dunes in the northern Simpson Desert. Flow is towards the right
of the photo. The adjacent left swale has been inundated by backflow as the
channel has breached the left bank dune downstream.
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Figure 5.15. Schematic time series of channel switching in a relatively unconfined

site.

a) The main channel is approximately 150 m wide and the wide flood plain is

reworked by surface channels.

b) The back channel is incised and enlarged, the main channel is abandoned and

inundated by surface channels during higher flows.

¢) The continued aggradation of the abandoned channel and enlargement of the main
channel.

d) Reoccupation of the abandoned channel. The channel may once again switch position or
continue to drain through the two channels.
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Figure 5.16.Flood plains and channel switching in the desert reach.

a) Schematic plan view of Todd River flowing in a dune swale (Plate 5.5).

The channel is incised in cemented Pleistocene swale sediments and meanders

between the 6 m high dunes. Further downstream the channel has breached t.he

dune most probably by lateral migration and avulsed to the agljacept dune swale.

The abandoned downstream reach is now inundated only during higher flow and

the adjacent swale is backfilled. ‘ "

b) 'l“hej schematic cross section shows two flood plain styles: insets and thin
backwater deposits. The exposed tree roots indicate channel widening and incision,
possibly due to the headward retreat of a local nick point initiated by channel switching.

degraded fossil dunes that are intermittently breached during floods. This
autogenic change is caused by aggradation and made possible by the low
elevation of the boundary dunes (Adams and Hollis, 1988). Channel switching
processes are also important in wandering gravel-bed rivers {e.g. River
Feshie, Scotland, Werrity and Ferguson, 1980)

5.3.3. Island formation

There are three ways in which islands form in the Todd River. Portions of
flood plains can be excised by reincision of the surface flood channetls
(described above, section 5.2.1.1), braid bars can join to form a large
compound bar, or single bars may simply grow by accretion aided by
vegetation.

The large island in Figure 5.4 is an accreted compound bar formed by braid
bar growth and lateral channel migration. The formation of secondary
channels, the lateral migration of the channel and channel widening results
in secondary channel abandonment and eventual attachment of the
compound bar to the flood plain. Cadle and Cairncross, (1993) also found this
a dominant process in the Permian sandy bedload Karoo sequence, Schumm
and Litchy (1963) found thar the flood plain construction in the Cimarron
River in southwest Kansas was almost entirely by vertical accretion, and that
island formation and the subsequent attachment of islands to the bank was
by chafinel abandoniient and ascretion,

The colonisation of sedifents by vegetation is important for the transition of
mobilé bar features to stable islancds in the Todd River whereby vertical
accretion and lee side deposition promote the attachment of islands to other
islands and so develop flood plains. Others have also noted the importance of
vegetation in promoting island and flood plain growth (Osterkamp and Costa,
1987; Thotrnes 1994 Sneh; 1983; Graf, 1988: Pickup et al,, 1988; Graeme and
Dunkerley, 1993).

5.4.1, Introduction
It is clear that flood plain morphostratigraphy and processes in the Todd

River are complex, but there are two main types of flood plain: those formed
in confined reaches and those formed in relatively unconfined reaches. The
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processes which form these types are now reviewed and compared with

other models of flood plain formation.

Until relatively recently, it was considered that flood plains form mainly by
lateral accretion (Wolman and Leopold 1957) with minor amounts of vertical
accretion. This is reflected in the prominence of scroll bar deposits in
migrating channel regimes (e.g. ScL.nudde, 1963; Blake and Ollier, 1971).
While there is no doubt that lateral accretion is important, some flood plains
are composed largely of vertical accretion deposits (Ritter et al,, 1973; Nanson
and Young, 1981) and in general flood plains are composed of both lateral
accretion and vertical accretion deposits (Nanson, 1986). Furthermore the
flood plain may be complicated by crevasse splays, concave-bench accretion,
channel infills, chute scour and fill, and the appending of channel islands to
the flood plain (Schumm and Lichty, 1963; Burkham, 1972). The Todd River
flood plain is of this complex type and is typical of variable discharge
regimes where extensive flood plains mayv be destroved by catastrophic
floods and rebuilt by vertical accretion (Schumm and Lichty, 1963; Burkham,
1972; Nanson, 1986).

There have been three main approaches to classifving arid zone flood plains
and they may be viewed as part of a downstream continuum, a flow
magnitude continuum or as related to the degree of lateral confinement.
Mabbutt (1977, 1986) proposed that flood plains vary laterally across the
section and that there was a notable downstream trend: the upper plains
sector, the lower plains sector and the floodout. Pickup (1991) approached
flood plain classification from a scalar viewpoint detailing large-, meso- and
small-scale flood plain processes. Sneh (1983), woixking on ephenieral
streams in Israel, recognised the importance of the degree of confinement of
the channel on the variability of arid zone flood plains. Like Mabbutt, he
described flood plains at three points downstream which he termed confined,
open and terminal flood plains. Confined and unconfined flood plains are
clearly recognisable in the Todd system.

5.4.2. Confined flood plains
5.4.2.1. Introduction
Confined flood plains are located in high energy gorge reaches, entrenched

into Pleistocene terraces or confined in short gaps through outlying strike
ridges and between longitudinal dunes of the northern Simpson Desert. In
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confined reaches the channel is single thread, generally straight and
bounded by a markedly stepped flood plain with well developed lower
benches in the channel. The most effective agents of flood plain destruction
are channel widening, surface channel scour and swirl pit scour although
the latter two are minor relative to channel widening. The principal
constructive processes are the emplacement of insets, veneer deposition and
surface channel accretion, Flood plain stores in confined reaches are
shallow, averaging ~3 m deep; average total flood plain width is ~300 m and
channel width is ~70-100 m. The lateral confinement of the channel inhibits
the lateral migration and/or switching of the channel, and enhances the
destructive potential of high magnitude events so that flood plain stores :re
relatively short lived. The following is a three stage model for the
development of flood piains in confined reaches ( Fig. 5.17).

5.4.2.2. The tnodel
5t e rophic efosior

A high magnitude flood removes the entire valley bottom s-quence (Fig.
5.17a) owing 1o the confinement of high energy flows. The principai effects
are channel widening, and flood plain stripping where erosion is assumed to
concentrate initially along surface channels. The flood may deposit a thin
shee: of gravelly sand.

S . 2 . :] _ ] . \\" -

The next stage (Fig. 5.17b) is channel narrowing. It is expected that the
extreme flood is followed by a series of ephemeral low to moderate flows
which occupy and incise a narrow section of the flood channei, while

floodwaters spread across the broad flood channe! depositing overbank
sediments.

Stage 3: Constiuction and destruction of flood plains

As the floed plain redevelops, vertical accretion will fluctuate, due in part to
the arrival of sediment waves from upstream. At the local scale chapnei
aggradation, bank erosion, stripping, formation of surface channels and e
deposition of insets and veneer alternate with one another (rig. 5.17c). The
channel and flood plain wili continue to form stepped morphology and
complex morphostratigraphy and may be at any stage of recovery when the
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next high magnitude flood occurs. In this way the complex
morphostratigraphy of confined flood plains is closely related to the timing,

spacing and magnitude of ephemeral flows.
5.4.3. Relatively unconfined flood plains
5.4.3.1. Introduction

Relatively unconfined flood plains are located in wide gorge reaches, set
within palecflood terraces and located downstream of confluences aad in
channel beads where flood plains may be 500 to 1,000 m wide. The multiple
channels are separated by high, well vegetated, stable islands and braid bars.
The islands are typically diamond shaped with the long axis trending parallet
or cblique to the flow. Some of the sub channels between islands and on the
surface are perched above the channel bed and are only occupied during
high stage flow. These relatively unconfined sites are similar 1o Nanson and
Knighton's (1996) Type 5: gravel-dominated, laterally active anabranching
rivers and to the wandering gravel-bed rivers that Church (1983) and
Desloges and Church (1989) describe. The dominani channel commonly
braid' {Carson's (1984) wandering tvpe 2 system) and there can be vigorous

lateral activivy.

Flood plain morphostratigraphy differs from more confined locations in two
important ways. Owing to the presence of muliiple channels, flood plains
include broad islands and their morphostratigraphy includes large scale
channel fiils. Average fill depth is nimilar to confined flood plains (3.5 m)
but average total width is greater at 560 m. In relatively unconfined flood
plains, processes that operate laterally are more important than those
operating vertically. Again the evolution of the flood plain can be seen in

terms of a three stage model.
5.4.3.2. The model

Two possible scenarios are illustrated for relatively unconfined reaches; 1
applies when a large pulse of sediment moves downstream to a relatively
uncoifined site following stripping (Fig. 5.18) and II, when minor channel
aggradation follows stripping (Fig. 5.19).
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Figure 5.17. Confined flood plains.

a) Stage I, Catastrophic erosion

b) Stzge 2. Channel narrowing

c) Stage 3, Construction and destruction of flood plains
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Similar to stage 1 of the confined flood plain model, the effect of a large
magnitude flood is to remove the valley bottom sequence within the channel
train. This sediment may be entirely removed and if followed by the arrival
by a sediment puise from upstream, the channel may substantially fill with
fine gravel in medium to coarse sand (Fig. 5.18a).

During this stage (Fig. 5.17b) the fill sediments dominate the processes in o
ways. Firstly the remnant flood morphology dictates the position of the new
narrower channel and secondly, the increase in channel gradient due to
aggradation initiates incision of the channel fill along single or multiple
threads. There is a concomitant phase of flood piain aggradation on perched
remnants of the flood fill. During subsequent flows the channel bank is
eroded by flow deflection around islands and sediment is moved from the
banks to the channel and temporarily stored in large bars (Fig. 5.18b). These
bars may kecome attached to the islands and are an important component of
island formation (Fig. 5.19b)., The deflection of flow around these bars
increases bank erosion. Channel switching during high magnitude flows
relocates the position of the main channel and creates a series of relatively
stable vegetated islands separated by a multiple thread channel. An example
of a site at this stage is the Anabranching site (Fig. 4.18).

Stage 3: Channel aband

A sequence of reduced flows may result in multiple channel abandonment
and filling and lead to a phase of flood plain aggradation. The channel
becomes a single thread with large surface channel as the flood plains
become bank attached (Fig. 5.18c, 5.19b). These channels may be exploited at
a later stage as higher magnitude flows reinc’~ the surface channels. The
evolution of relatively uncoulined flood plains may alternate between stage
2 and 3 before the next catastrophic flood removes all or most of the alluvial
fill. As the channel continues to widen the likelihood of complete cleanout
decreases as wide channel sections (or beads} become areas of backflow
preserving remnants and enhancing deposition. An example of a site at this
stage is Expansion Scour site {Fig. 4.30).
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5.4.3.3. Discussion

The morphodynamics of the Todd River floed plains indicate .th/a( t:;ecl;
morphology does not represent the conventiona‘l flooT:l plain tzrlc o
sequence. Rarther, the river has the morphological sngnatl:l.ri N
ephemeral, variable flow regime. Similar models presented by Schic ey
and Nanson (1986) highlight the importance of even‘t-based c'hang(i ;(.nrht "
impact of catastrophic floods. These will now be discussed in the lig
confined flood plains in the Todd catchment,

Schick (1974) developed a conceptual model for the .Nahal Yael rﬁesearch
watershed (10 km?) in southern Israel where he jmewed valley ffzz;
aggradation operating quasi-continuously during relatn:ely f[‘equt;lll’: m; o
floods, This pattern is interrupted by low frequency superf.100 s’ whi )
erode much of the channel and flocd plain but leave behind remnafl

terraces at higher elevations. These are equivalent io the surfaa:fa fleod pla};n
remnants in the Todd River flood plains (Fig. 4.8, 7). The period after t i
superflood is one where the flood plain and channf?l gradually alggrade untt:

they overtop and bury the superficod terrace (bur.led flood pl:fun r'emnancej
Fig. 4.8, 6). Schick emphasised three aspects to this process. F-1rstly, tt)err'z; S

sequences do not correlate within and between. desgrt drallnage asndc;
chiefly because the flow events vary ir. space and time. Secondly, terrac-es )

not reflect climatic changes unless the occurrence of super‘ﬂoods 1s~? e
response to climatic changes. Thirdly, the number of terraces is a refle‘.txor;
of both the magnitude and frequency of superfloods and thc.t p_attem o
events between them. Schick's model is similar to the flood plain processes
described for confined reaches of the Todd catchment.

Nanson's (1986) flood plain model for partially confined ﬂ<.)od pla‘ins along
high energy coastal rivers of NSW describes flood plains which :lorn;
episodically by vertical accretion over periods of hundreds or thousan s'o

years, following which catastrophic erosion by a single large flood 01: series
of more moderate floods strips the flood plain to a basal lag deposit frf)m
which it slowly reforms (Fig. 5.7). He suggested that the periodic destrucncTn
resulted from progressive development of large levee banks and ﬂood”plaxrf
back channels. As the levee and flood plains vertically aggrade, overba'n}\
flow is displaced to the main channel and back channel with the resulting
concentration of erosion energy. Eventually the channel boundary and flood
plain are scoured by high flows which exceed erosion thresholds. Large back
channels and surface channels are inferred to operate in the same manner
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during high energy flows in the Todd River., Nanson (1986) noted that the
four floods which catastrophically stripped the NSW flood plains had
fecurrence intervals of <9 vr and suggested that their combined effect was
more important than their individual magnitudes suggest. In his model the
Progressive confinement of the channel increases the boundary shear siress
of minor flow events. This is not applicable 10 the Todd where the boundary

sediments are erodible and flood plain stripping occurs during high
magnitude events.

Relatively unconfined flood plains are similar to flood plains on “waided and
anabranching rivers. It is not widely accepted that braided rivers readily
form flood plains (Melton, 1936; Bridge, 1983). Graf {1988) describes braided
Streams as occupying the entire available space between low terraces,
leaving no room for horizontal surfaces that are activated by present regime
processes. However, Reinfelds and Nanson (1993) have identified processes of
braided river flood plain formation in New Zealand which are similar to
those described on the Todd River. They list three mechanisms which operate
indeperidently to form flood plains in the Waimakariri River in New Zeajand:
river bed abandonment, river bed aggradation and localised incision along
primary and secondary channels,

In discussing compound channels, Graf {1988) noted that during the
transition from braided to meandering patterns, many of the braid channels
become infilled so that a new flood plain develops between the banks of the
original braided channel and the banks of the new meandering or low flow
channel. The surface adjacent to the new meandering channel becomes the
flood plain and the meandering channel migrates across the floor of the
braided system, reworking the deposits. While in principle this is applicable
to the Todd River in that many of the flood plains have a core of flood

deposited sediment, the channel tends to incise and switch rather than
meander.

3.5, Conclusion

Flood plain construction and destruction is not Synchronous through the
catchment. In a manner similar to the findings of Nanson (1986) the flood
plains are disjunct and have variable growth rates. During a single flood,
erosion or deposition along a reach is a function of the local energy gradient
and degree of confinement. The residence time of flood plain sediment varjes
substantially and so too do processes of mobilisation and deposition. Sediment
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pulses are generated during high magnitude flows and redeposited a s.hort
distance downstreain with only minor sediment delivery at the termm.us.
This differs from rivers such as the Sepik in PNG which moves a hxfgh
sediment load efficiently through 1o its delta (Chappell, 1993). ’.Th'e spatial
variability in flood plain formation in the Todd River is reminiscent of
Schumm's (1973) complex-response and critical threshold model of landscape

change,

The vrriability of flood plains has implications for identif}'in.g ephemeral
systems in the rock record. Downstream variation from single th.reacf
channels to multiple anabranching channels may lead to remarkably
different stratigraphies. Thus, in a single syvstem, variability m.ust not be
mistaken for regime shifts or climate change, as it is the auto'ge?mc response
to ephemeral flow, sediment supply and degree of lateral confm‘ement‘ Thj
complexity of these flood plains indicates that paleoe:]ixf1rgn.menta
reconstructive techniques using, for example, pa]eochanngl dimensions or
rates of flood plain aggradation (e.g., Nanson, et al., 1995) shoulfl not t?e
attemnpted for this drainage basin without extensive strraugra_ph'xc
interpretation. Larger channel dimensions or high ;ate.s qf flood .plam
aggradation may simply be the geomorphic response of arid flood plains to

high magnitude floods.

CHAPTER 6

Paleoflood Geomorphology

6.1. Introduction

This chapter presents the field observations of the Todd Rjver paleoflood
landscape. In the preface to the edited volume ‘Catastrophic Flooding' Mayer
and Nash (1987) define catastrophic flooding as:

flooding of high magnitude and low frequency, devastating floods, or

floods that result in significant changes in stream channel or stream
valley characteristics.

The use of the term paleoflood here refers to the past occurrence of floods of
high magnitude whose depositional and erosional effects remain visible in
the landscape today. In the Todd catchment, paleofloods were greater in
magnitude than the largest recorded floods.

Paleoflood landforms are difficult to recogiise on the ground due 1o their
subdued morphology. However, the coarse texture and extent of paleoflood
sediments, vegetation patterns and the juxtaposition with contrasting fine
red aeolian sand assist in the identification, and the landforms are easily

recognisable on enhanced TM satellite images which are shown in Appendix
4,

Subtle differences in vegetation were used to map limits of deposition where
morphology was not well defined. Flood deposits iess than about 400 years old
often have a higher density of Coolabahs (Kimber, 1996) whereas older flood
deposits are populated with corkwood trees ( Hakea suberea). Certain woody
species, in particular whitewood trees (Atalava hemiglauca), provide a good
basis for distinguishing between slack water deposits (SWD) of different age
and depth of surface layers in the Finke Gorge (Pickup, pers. comm.) where
the abundance and height of whitewood and corkwood trees increases either
with age of the surface sediment Or a thinning of the 1974 flood deposits.
Erect kerosene grass (Aristida holanthera), groundsel (Senecio gregorii),
mallows (Sida sp) and buffe] grass (Cenchrus ciliaris) appear to be
insensitive to depcsit age (Pickup, pers. comm.).



Nineteen cross sections and three long profiles of paleoilood cumpl-e.\'es were
surveved using EDM and theodolite. Sixty-seven stratigraphic sections were
recorded at river bank exposures, excavation pits and augér holes.
Excavations using a 'bob cat' were undertaken at five sites. Aerllal “phom‘
interpretations were undertaken by K. Fitchett and are presented in Figures
6.17 and 6.28. Sediment texture parameters are presented in T.able 6.2 and
Figure 6.22, paleoflood gradients in Table 6.7, paleoflood .radloca:.'bon age
estimates are in Table 6.3 OSL age estimates in Table 6.4 and site location maps
are in Fig 6.2-6.16. All Figures, Tables and Plates are at the end of lll\e
chapter. The correlation of palecflood surfaces is schemalicall_\i.drat\'n 11.1
Figure 6.56 and summarised ir Table 6.8. Legends o.f sym.bols _-for
morphostratigraphic figures (Fig. 6.57) and flood plain profiles (Fig. 6.58),
on A3 pullouts, follow the Plates.

Geomorphological maps of paleofiood deposits of _the Todq catchment are
presented in Figures 6.1 a, b, c and d. The tendency for paleofloods to develop
distributaries and splays has resulted in many disciete channel co'mp]e_xe.s of
varying dimensions Theé mosaic of channel complexes has beén sﬁu.bdmded
into five principal systems: Heavitree/Undoclya, Ross. Giles Pledmo.nF.
Mosquito Bore Distributary and the Eastern Sy'stgms. The following s?cuon
describes these paleoflood complexes in order of distance doxs’ﬁStre;pl and
reviews previous research. The location of the sites is indicated on Figures
6.2-6.16.

The Todd River drains through Heavitree gap onto a low gradient (,002+4
m/m) piedmont fan system (Fig. 6.1b). The modern channel drains to the eaét
of the fan into an intermediate floodout. Paleochannels across the fan
surface indicate two prominent courses of the Todd River and its associated
distributaries (Fig. 6.17). The more westerly course is associated with "the
position of the Todd flowing through the gap at Mt Blath?rski[.e. _leis
appears to have been the penuitimate course of the Todd until a flood in 1880
caused the channel to move to its present location (Wolley, 1966).

Litchfield (1969) identified three alluvial surfaces on the Heavitree floodout
(see Figure 6.18a). e considered the oldest of these surfaces, the Lower
Stuart surface, characterised by red earths, to date back to the Last Glacial
Maximum (LGM) but Pickup (1991) has since correlated this surface with
similar deposits at the Ross River dated at greater than 59 ka on the basis of a
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saturated TL sample (Patton et af, 1993) (Table 6.1). In this study it is

referred to as the ‘cemented Pleistocene alluvium'. The Lower Stuart surface

passes beneath the Heavitree fan and deposits include gravel sheets and

flood plain sandy altuvium with superimposed aeolian sand (Litchfield, 1969;
Fig. 6.18b) which relate 10 a phase of vigorous fluvial activiyy, aggrading
channels and numerous distributary systems. The end of the Lower Stuart
phase was marked by aeoliun activity represenied by a 3 m high dune
overlying the fluvial gravel in Litchfield's section A-A" (Fig. 6.18b).

The second surface referred to by Litchfield is the Upper Stuart surface
(brown earths) which he considered o have formed in the late glacial and
postglacial period. Pickup (1991} places it between 10,000 and >59,000 {Table
6.1). It is exposed as the surface of a low gravel mound in the upper fan
region and passes beneath the younger Amoonguna surface (Litchfield,
19069), Close to the main channel (Fig. 6.18b) Upper Stuart deposits are over 5
m thick and form coarse gravel sheets up to 2 m thick and 1 km wide to the
west beneath a sandy mantle. This was the last widespread phase of fan
aggradation which eroded the Lower Stuart surface by 1 m ¢ Litchfield, 1969).

The Amoonguna is the third and youngest surface recognised by Litchfield
(Fig. 6.18a) and Pickup (1991) suggests an age of <10,000 with most deposits
dating to <2,000 BP. Litchfield describes Amoonguna deposits as stratified
gfavel and sand flanking the present channe] and its distributarijes,

occupying most of the head of the fan. The gravel becomes finer down the

fari and grades to sandy fingers and finaily to0 a network of silty sheets
beyond the distributary termini, which continue for several kilometres and
merge with surrounding floodouts of lesser creeks.

The pattern of
Sedimentation indicates a shifting channel pattern (Litchfield, 1969).

Pickup (1991) described the large scale fluvial forms on the Emily Creek low
gradient {.0048 m/m) fan to the east of the Heavitree fan (Fig. 6.19) The
Undoolya bar field is 5 km long and 2.5 km wide and consists of a number of
linear bars 2 high and sev

eral kilometres long separated by swales 100-
200 m w

ide. The spectral reflectance of the Undoolya bar field matches that
of Litchfield's (1969) Lower Stuart surface (see Appendix 4, Image 2 for
comparison} and is inferred to be part of that older unit.




6.2.1. Heavitree Gap

During road construction upstream of Heavitree Gap a trench (2.4 m deep
and 41 m long) was excavated which revealed a lower cemented Pleistocenc
sand and gravel unit which correlates with the Lower Stuart deposits
{Litchfied, 1969) and has an erosional upper boundary with scours 30 cm
deep and 1.1 m long overlain by an upward fining sequence of sand and mud.

A 14 m core was drilled by the Power and Water Authority in Alice Springs in
1994, 100m downstream and 40 m east of the trench (site 2, Fig. 6.2} and was
logged by the author (Fig. 6.20). No sedimentary structures were seen but the
core varied in texture and colour (Plate 6.1). Basal Unit A overlies bedrock. is
2 m of grey/white sand with some pebble and silty lavers, and is interpreted
as a low energy channel deposit. Unit B is comprised of coarse clast
supported gravel, 3.2 m thick and is interpreted as a high energy channel
deposit. Contact with Unit C is sharp; Unit C is composed of silt and sand and is
interpreted as a flood plain or backwater deposit created by an abandoned
channel. Unit D is coarse pebbly grey and red sand 2.4 i thick, inferred to
be a channel deposit. The uppermost unit (E} is a red and brown sandy silt
and silt deposit (>2 m), probably a flood plain or backwater deposit. The high
energy, coarse gravel sedimentary facies (Unit B) may correlate with
Litchfield's Upper Stuart surface.

6.2.2. Heavitree ripple field

Pickup (1991) identified a large ripple field 1 km wide and 5 km long, at the
end of distributaries which can be traced back to Heavitree Gap (west of the
airport (Fig. 6.17). The site partly overlaps Litchfield's mapped area and
appears to correspond with the Amoonguna surface. The area is comprised of
transverse ripples >1 m high composed of red poorly sorted, gravelly sand
with pale fine sand and silt in the swales.

A shallow pit (40 cm) was excavated on the surface of one of the bars (Fig.
6.3) and two radiocarbon and one OSL sample taken. The OSL saniple
(ANUgp170) returned an age of 10304420 BP and the first radiocarbon sample
(ANU 8833) from a 4 ¢m laver of charcoal returned a very similar age of
1196-691 cal BP. A second '4C sampl2> was taken from between 9 to 30 cm in
the profile returned a calibrated age of AD 1955, which is inferred to be
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erroneous probably because the sample consisted of finely dispersed
charcoal.

6.2.3. Jessie Quarry

A large source-bordering climbing dune east of Jessie Gap (230457, 1340 02)
(Plate 6.2, Fig. 6.4), formed of sand derived from Jessje Creek, climbs the
flank of the nearby range. The upper section of the dune is beige, 1 10 3 m
deep and is underlain by white sand 30 m deep (R, Morley, pers. comm.),
Stoss-face planar lamination and remnants of stumps in growth position are
well preserved. The white dune is underlain by a red dune, which is laterally
truncated by fluvial and colluviai deposits from an adjacent small steep
catchment. The red aeolian sand resembles dated late Pleistocene dunes in
the western Simpson Desert described by Nansoi 2t al (1995).

Charcoal from the white dune was sampled for radiocarbon analysis at the
dune ctest and at a shailow hearth, 75-88 cm below the surface on the dune
flank. Charcoal from 86 ¢m at the crest site returned an age of 1874-886 cal
BP (ANU 8835, and the hearth gave an age of 3087-2775 cal BP (ANU 8836).
Thus the dune was active about 1000-3000 years ago. The construction of the
late Holocene white dunie is attributed to increased fluvial activity in Jessie

Creek rarher than increased aridity because the preservation of stumps in

the dune indicate that there was sufficient available moisture for vegetation
growth, which would have stabilised the dune and enhanced its aggradation
rate by trapping sediment.

The Todd, Emily and Jessie piedmont systen:s are a mosaic of different alluvial
and aeolian units dating probably back as far as 100 ka. They contain a range
of paleoflood landforms and have been previously described by Litchfield
(1969) and Pickup (1991). The fan surfaces are currentlv drained by
ephemeral rivers which rapidly disintegrate into floodouts downstream.
Paleoflood landforms are associated with land surfaces of different ages.
There are two absolute ages (~1,000 BP} for paleoflood deposits associated with
the Amoonguna surface and Pickup (1991) has identified large paleoflood

forms on what appears 1o be the Lower Stuart surface in the Undoolya bar
field,




iver Pal lex

The Ross River paleofinod complex which extends along the Ross River
downstream of thie ranvres and piedmont fan (Fig. 6.1 ¢, Plare 6.3) was
described by Pickup (1991} and ratton e: iL(193). The: authors identify
three paleoflood surfaces g, 6.22) a large palcoflood complex {(Ross A}, a
ripple field (ir Ross C) nd a Jarg=-scale bar systom (in Ross B). Their
findings will be discussed in conjunciior. with the observations described
below.

6.3.1. Ross River Gorge

At Shannon Bore site a high mounded slack water deposit is located on the
right bank 5 m above the channel bed, in the mouth of a small tributary
catchment (Plate 6.4, Fig. 6.5, Fig. 6.21). A 4 m hole was augured into the
surface and sediments taken for analysis. The sediment was a poorly sorted
fine red sand throughout (2.08e) and is inferred to have been deposited
during a single event. No event of greater magnitude has occurred since its
deposition as no younger and higher deposits were found at this site. The
deposit is currently being dissected by local drainage. One sample was dated
by OSL from a depth of 2 m in the deposit and returned an age of 8350+9350 L.’
(ANUgp171).

6.3.2. Ross A

A large paleofiood channel system immediately west and south east of the
present Ross River was described by Patton er al, (1993; Fig. 6.23) as a braided
channel which divides around longitudinal bars. Individual channels attain
4 maximum width of 50 m and the total channel width ranges to 800 ra. The
bars and channels have low relief (Fig. 6.24). The gradient of the
paleochannel is inferred to be steeper than the modern channel as it is 2.4 m
above the modern channel in the north and 0.3 m below in the south:
sediment in the paleochannel and bars was 100% sand (Patton er al, 1993).
Based on the small number of sedimentary units present in exposures of the
paleochannel alluvium, Patton et al. (1993) infer that the Ross A deposits
represent five or fewer floods younger than 1535+85 cal BP (GX-15173), the
latest occurring about 695:40 yr BP (GX-14022). Unfortunately Jdetailed
descriptions of sample locations and sedimentary sections are not available,

a0

The Ross A paleochannei deposits were examined in a 5.7 m channel
exposure along the left bank of the Todd 3.5 km downstream of the
confluence (Fig. 6.23, 6.25) The deposit is 3 sequence of cobble, gravel, sand
and compact mud beds, Charcoal from tour horizons was dated by
radincarbon. The 2.7 m thick basal bed is a horizontally lavered cobble and

gravelly sand topped by structureless toarse and fine sand. Two charcoal
sumples from the finer sediments at the top of the gravel, which is
interpreted as a paleoflood channel de, osit, returned ages of ,a7-747) cal BP
(ANU 10063) and 985-724 cal gp (ANU 10062). The two overlving sand “silt
couplets were not dated. An overlyving 34 cm thick fl.- 4 couplet contiining
mud balls is dated to 656-522 cal BP (ANU 1006 ¢nd is overlain by oa
structureless medium gravel and mud flood couplet dated t¢ 564-430 cal BP
(ANU 10060). The top bed is undated but is similar to the dated sediments in
weathering and ¢olour and is assumed to be of similar age. The presence of
erosionai boundaries, roor remnants and major textural contrasis between
beds was used to inler a hiatus in deposition. which together with the
chronology indicate that the Ross A deposits represent several (perhaps
five) flnods which occurred between ~1,000 and 500 v BP. These results are
consistent with those reported by Patton er al (1993} and their youngest
event (695:60 BP) may be equivalent to the 636-522 cal BP even, dated here
(Fig. 6.56, Table 6.8).

6.3.3. Ross B

This complex lies .0 the west and east of Ross A. It does not have pronounced
channel form and has not been dated. Patton et al. (1993) describe it as an
aeolian sheer (Fig 6.23): however satellite imagery (Appendix 4, Image 3a)
indicates that the most easterly portion of this aeolian sheet is inundated by
distributary channels from Ross A.

6.3.4. Ross C

Ross C extends from a gap to the east of the Ross River, eastward across the
low gracient plain (.0013 m/ m) and intersects with the Giles Creek alluvium
15 km downstream (Fig. 6.1 ¢). The southerly limit, near the Ross confluence,
abu s against, and o'*arlies the Pleistocene deposits on the flanks of the high
E.drock ridge on the right bank of the Todd (¥ig. 6.23; 6.26). The ripple field
in the north west portion of Ross C was investigated by Patton eral. (1993)
and extends from a water gap in the ranges, has a gracient of 0.0234 m/m,
and expands downstream and Curves to the east along the ranges ' Fig. 6.23].
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‘the ripple field is visible on aerial photographs and satellite images and is
comprised of elongate low mounds composed of silty, very fine sand
separated by strips of exposed paleosol manifest as light strips 100 m wide in
the satellite imagery (Appendix 4 Image >a). The average wavelength of the
ripples is 122 m but decreases along the edge of the ripple field; the average
height is 0.22 m. Patton et al. (1993) infer that the ri,.ple field was formed by
a shallow sheetflood that spread across the plain.

The stratigraphy of the Ross C channel deposits is exposed at the Stud Bore 2
site (Fig. 6.6, 6.26) The paleoflood sediments have the same elevation on both
sides of the present channel indicating that the entire Ross C complex is
syndepositional. The Ross C palenchannel deposits were examinad in a 6.6 m
left bank excavation (Fig. 6.27, Plate 6.5 a and b) which shows two units. The
lower unit is a >5.2 m thick fining upward sequence from framework cobble,
gravel and gravelly sand io a poorly sorted fine sand (2.010) and is overlain
by a structureless, 1.6 m thick mud layer dated by radiocarbon and OSL. The
mud bed indicates a high suspended sediment load and is inferred to be
deposited in slow-moving water. The upper unit, inferred to be deposited
during a separate flood, is represented by a 1.4 m sequence of su ctureless
slightly gravelly red sand rich in carbonate. The age of the lower unit is
estimated by OSL to be 12900+1800 BP (ANUgpl61) which is consistent with
the degree of weathering (Plate 6.52 cadiocarbon sample from this layer
returned an age of 673-248 cal BP {ANU 10059) and is rejected because the
charcoal was finely dispersed.

There have been at least two floods in the Ross C channel complex. Events 1
and 2 have been described above and a * ird event may be represented by
the fine textured ripple field and/or the Shannon Bore slack water deposit in
the Ross River Gorge (Fig. 6.56, Tat.. 6.8). "

6.3.4.1. Strcamlined recinants

High (~2.3 m) strecmlined remnant 'islands' occur on the floodout plain w0
the east of the modérn Ross River. The remnant close to the confluence and
south of Ross C is dissected by small channels (Fig. 6.23) which are inferred
to have been formed during inundation of the remnant by high magnitude
flows {Pickup, pers. comm.).

92

4, Gil I Pal mplex

The Giles Creek paleoflood complex drains south from Allua Gap to the
northern Simpson Desert, through Wallaby Gap (Fig. 6.1 d and 6.28 a, b).
Several flood tracts form wide braided channels and splay-like deposits with
superimposed bars. The description of the Giles Creek paleoflood compiex is
subdivided into the Piedmont area and the Mosquito Bore Distributary.

The Giles Piedmont paleoflood complex reaches a maximum 8 km width,
bordered on the west by the Ross C paleoflood complex and on the east by a
sand sheet occupied by small ephemeral channels and fioodouts. Mapping
from aerial Lhotographs (Fitchett, unpublished, Fig. 6.28a) indicates
extensive channel patterns across the plain. The llowing is a description of
five paleoflood complexes.

6.4.1. Giles A

Giles A extends from Allua Gap east of the modern Giles Creek to 25 km
downstream (Fig. 6.1 d) and underlies more iecent flood deposits. The
braided, moderate gradient (.0022 m/m) complex is bordered to the east by an
extensive sand sheet dissected by small ephemeral streams which have
coarse textured longitudinal bars trending south west. The very poorly
sorted, cemented, pale, carbonate nodule rich, medium sand (1.3060) was
exposed as the basal layer in a section through the Giles B surface (Fig. 6.29)
and is estimated by OSL to be 268003000 BP {ANUgpl6t 9). It is the oldest
alluvial sample dated in this study and suggests that the Giles A deposits are
coeval with Litchfield’s Upper Stuart deposits. The most north-westerly
sectivn of the Giles A complex was included in a cross survey (Fig. 6.30) and
is shown to abut a colluvial fan. It is dissected by shallow broad channels.

6.4.2, Giles B

Giles B is a 13 km long and 1 km wide gravel and sand splay which extends
south east from the modern channel (Fig. 6.2 d) along a low gradient (,0002
m/m). The upstream reach is dissected by two wide (140 m, 90 m) shallow (0.6
m, 1 m) channels (Fig. 6.32). The downstream reach is superimposed by
longitudinal gravel bars trending parallel to the larger splay. The bars
range from 50 to 200 m wide and the swale width from 50 to 100 m (Fig. 6.33)

often 1-2 m high. Plate 6.6 a and b indicate the relief and sediment texture of
the Giles B lengitudinal bars,
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A 2 km long and 125 m wide bar with degraded transverse ripples
superimposed on the surface was excavated (Fig. 6.7). Part of a larger bar
co~plex which increases in elevation westwards, it has a well defined
eastern side and less distinct western flank A 20 m by 1.3 m transverse
trench was excavated into the eastern side of the bar (Fig. v.29, Plate 6.7a)
and four stratigraphic units identified (Fig. 6.34) but no internal
stratigraphy was preserved (Plate 6.7b). The horizontal basal layer (Giles A
surface) which extends deeper than the trench floor is overlain by a poorly
sorted fine sand (2.66e) which Jdips approximately 15° along the bar flank
(Fig. 6.34} and increases in thickness towards the surface. It is interpreted as
a longitudinal bar deposited on a horizontal surface. This unit is draped by a
thin (9 ¢m) moderately sorted, moderately indurated, fine sand layer (2.70)
inclined parallel to the underlying bar. The top layer is a thick (47 cm)
poorly sorted fine sand (2.410) with some gravel scattered on the winnowed
surface, ard is also inclined parallel to the underlying layers is estimated by
OSL to be 970021500 BP (ANUgpl60a). The silty sand in the swale to the east of
the bar may relate to subsequent lower magnitude flow(s) (Pickup pers.
comm.). To summarise, the longitudinal bars on the Giles B paleoflood
complex were deposited on the Giles A surface ~10 ka and are inféerred to
have accreted during three floods.

Giies C to Giles I were mapped from satellite images and included in ¢ross
sections (Figs 6.30-32) but were not examined in the field and are not
described here. Giles ] and K suirfaces are too small to be shown or. Figure
6.1d.

6.4.3. Giles J

The Giles | paleoflood deposit is iucised in older Giles Creek paleoflood
deposits (principally, Gsias A, B and C) and is exposed along the modern Giles
Creek banks as a cobble and gravel paleoflood channel fill (Fig. 6.30 to 6.32)
which averages 350 m wide and >3.5 m deep (Table 6.5). At the Giles Creek 1
site a basal >1.6 m structureless cobble zad coarse gravel layer of the 3.7 m
channel fill is overlain by a fining upward sequence of atternating layers of
dipping matrix-supported gravel and horizontally bedded coarse gravel. The
second unit is a structureless medium and fine sand deposit. The lower
channel fill deposit is inferred to have been deposited during a single event.
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At least two events are identified in the Giles J fill at the Giles Creek 3 site
(Fig. 6.32, 6.35). Event 1 at the base of the section is: -2.7 m thick cobble and
coarse gravel layer overlain by a coarse and medium sand matrix supported
gravel, Event 2 is identified as a structureless sand estimated by radiocarbon
to be 3646-1933 cal BP (ANU 10068) and is overlain by an upward fining
coarse gravel laver and an upward fining small gravel and silty sand layer.
As these latter two events buried mature River Red Gums on the flood plain
surface they are estimated to have occurred <150 vr BP.

6.4.4. Giles K

Giles K is located 3 km downstream from Giles Creek 3 site (Fig. 6.7). The
stratigraphic section is drawn up in Figure 6.36 and the site is shown in
Plates 6.8 and 6.9. Three stratigraphic units were identified (Fig. 6.36). Unit 1,
composed of red cemented FPleistocene sand underlies the entire section
(Flate 6.9) and is ovarlain by a 3 m thick unit (Unit 2) of alternating
horizontal mud silt and fine sand layers perhaps deposited during six events.
The fine texture sediments in Unit 2 are similar to those in the Ross C
channel exposure and are inferred to have been deposited in a slow
moving/stagnant water body. Unit 3 is a channel fill incised in Unit 2 and is
composed of a fining upward coarse gravel to gravelly sand sequence,
overlain by a 1 m thick structureless sand layver which extends across the
plain. The channel fill is inferred to be an older Giles Creek which would
have met with the Todd River 4 km upstteam of the present confluence
(Plate 6.8). No chronological data is available for this site but Unit 1 is similar
to the Pleistocene sediment that is found throughout the catchment and is
placed in Litchfield's Upper Stuart deposits and Units 2 and 3 are inferred to
be older than Giles J unit (i.e. >3 ka) and it is possible that Unit 2 is the
eastern extent of the Ross C complex,

6.4.5. Todd A

The Todd A surfaces are those which extend from ‘he banks of the main
channel but are higher than the modern flood plain. They have been
identified in three locations and examined at a site in the Mosquito Bore area
located 1.3 km downstr. am of Mosquito Bore (Fig. 6.1 d). The Mosquito Bore
area is a key location in terms of the dynamics of paleoflood systems as flow
was confined or diverted around the bedrock ridges. Three sites are

described here, the distributary, the channel fill and the slack water deposit
(SWD}.
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6.4.5.1. Site 1 The Todd A distributary

The Todd A paleoflood distributary flows southeast, exiting through a 40 m
gap in the left bank bedroack wall of the modern channel across a wicle plain
with outcropping bedrock ridges and remnant streamlined aeolian deposits
(Fig. 6.1 d, Plate 6.10, Appendix 4, Image 7a). A 550 m long protile {Fig. 6.8,
6.37) indicates a low elevation fine and medium sand SWD mound at the
distributary intake followed downstiream by a scour hole adjacent to the
right bank bedrock wall that lines the first 150 m of the distributary and lies
at shallow depth beneath the channel. Flood damaged vegetation and flood
trash indicates the recent inundation of the distributaiv. most probablv
during the nigh flows of the 1970's. Approximately 500 m from the intake the
distributarv channel has a low width/depth ratio (1:0.08) (2.35 m deep and 28
m wide} which rapidly diminishes downstr:am forming a silt and mud
multiple channel anetwork (Plate 6.11), which floods out te a flat plain,
reforms a channel when it abuts against a bedrock outcrop and eventually
re-enters the Todd channel 6 km downstream from the intake, close 10 the

Expansion Scour site.

A 3.7 m excavation of the right bank of the distributary (Fig. 6.39) indicates a
vertical stack of flood deposits composed of poorly sorted fine sand beds, mud
beds and flood couplets with a coarse 80 cm thick structureless pebble layer
in mid section. Flood events were distinguished by textural contrast, roots,
soil development and crosional boundaries. Two horizons in the sequence are
dated by radiocarbon. The stratigraphically lower charcodl sample from a
hearth reterned an age of 463-340 cal BP (ANU 10065) and charcoal from the
overlying laver returned an age of 511-312 cal BP {ANU 10064). The burial of
. 150 year old) Coolabahs by >1 m of sediment {Plate 6.11) suggests the upper
275-378 cm of the profile accreted in the last 150 years.

6.4.5.2. Site 2, the channel fill

The structureless coarse gr-vel channel fill at the Mosquito Bore 2 site is
similar in texture and mor shostratigraphy to the Giles ] channel fill
identified 16.5 kmin upstream (Fig. 6.38). As it is likely that the Giles ] fill
extended from Giles Creek into the Todd River it is possible that remnants are
preserved in pockets downstream of constrictions, such as the fill at the
Mosquito Bore 2 site. The Mosquito Bore 2 channel fill is inferred to be coeval
with the Giles ] channel fill and placcd at about 3,000 years old (Fig. 6.56).
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6.4.5.3. Site 3, slack water deposits

Two slack water deposits are preserved in caves in the right bank dolomite
ridge at the Mosquito Bore 1 site. The first is a thin layver (10 cm) of fine red
sand, 4.7 m above the channel, which was dated by radiocarben to 493-286 cal
BP {ANU 9285; Fig. 6.40). A 1.1 m thick deposit in a lower cave (3.9 to 2.8 m
above the thaiweg) (Plate 6.12) contains a complex cut and fill, overlapping
sequence of flocd deposits preserved behind a roof-collapsed boulder (Fig.
6.40). It is composed of moderately well sorted very fine sand (3.200) witl,
some zngular roof fall fragments within and be' =en deposits. Sedimentary
struciures were well preserved and included heiizontal, inclined and oblique
stratification (Plate 6.13). Oeposits were differentiated from each other on
the basis of the degree of bicturbation which stopped at sedimentary
boundaries, the presence of angular rock fragments at sedimentary
boundaries and the age determinations of the deposits. While there may be as
many as twelve flood deposits. seven are identified with certainty on the
basis of the above criteria and are labelled (i-vii) in Figure 6.40. Two of the
three lavers dated by radiocarbon returned modern ages and the third
returned an age similar to the higher SWD at 507-313 cal BP (ANU 9€¢57),
which is also similar to the age of the Todd A distributary deposits. Assuming
no change in bed elevation since 400 BP, the height of flood waters at the
cave SWD site (4.7 m above the thalweg) is sufficient to inundate the Todd A
distributary channel. The cave SWD record is similar in terms of the age of
events and the number of events preserved in the distributary record.

One kilometre downstream a mound SWD is located in a bedrock embayment
6.25 in above the channel thalweg. An 3m hole was drilled through three
sedimentary units to bedrock and revealed an upper 1.5 m thick aeclian well-
sortecd fine sand deposit underlain by a 90 cm thick SWD containing two flood
units which overlie a pebbly sand (Fig. 6.38}. The SWD elevation is similar to
that of the distributary channel and the channel fill but because of the
aeolian deposit is inferred to be related to the 3 ka channel fill,

6.5. Mosquito Bore Distributary Paleoflond Complex.

The Mosquito Bore Distributary (MBD) extends from the channel constriction
at the Mosquito Bore 1 site south through Wallaby Gap and floods out into the
northern Simpson Desert (Fig. 6.1 d). Jackson (1962) correctly inferred that
the presence of the Todd River family of soils between Mt. Capitor Bore and
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wallaby Gap was related to a former course of the Todd. The paleoflood
complex was examined along three reaches.

6.5.1. Reach 1, northern distributary plain

Reach 1 extends 10 km downstream from the sharp meirder bend (Plate 6.14)
to Mt. Capitor Bore (Fig. 6.9), is 2.5 km wide and bordered to the west by a
colluvial and aeolian plain and to the east by a 70 m high bedrock ridge. The
structureless sand matrix-supported gravel, braided channel is a convex-

upward shape.

A 3 km long low alluvial bar extends from the meander bend to the colluvial
fan upstream from Mt Capitor Bore and is bordered to the west by a fine sand
and silt braid channel and a wider well-vegetated braid complex and to the
east by colluvial fans. The convex morphology (Fig. 6.41) rises 70 cm above
the surrounding alluvium and the winnowed surface has 10 cm high aeolian
mounds. Four excavation pits along the crest of this longitudinal bar indicate
a poorly sorted structureless gravelly silty sand between 60 cm and 150 ¢cm
thick overlying cemented Pleistocene sediment. An OSL sample from a pit in
the bar crest returned an age of 6230+1370 BP (ANUgpl162) (Fig. 6,41},

6.5.2. Reach 2, Mt Capitor Bore to Wallaby Gap

Reach 2 of the Mosquito Bore Distributary extends 20 l.m between Mt Capitor
Bore and Wallaby Gap (Figs. 6.1 d: 6.9; 6.10). Downstream from Mt Capitor Bore
the paleoflood complex increases in width to a maximum of 4 kin and has a
gradient of .0016 m/m. It is bordered to the west by a laterally truncated
aeolian dune field and to the east by the vounger and lower elevation
Mosquito Bore A paleoflood complex, described later. it is an expansion bar
complex (Appendix 4, Image 8) crossed by braid channels, two of which
support dense vegetation stands (Plate 6.15).

An excavation trench (MBD2, Fig. 6.9) on the 1.7 m high expansion bar
complex (Fig. 6.42) indicates structureless, cemented poorly sorted medium
sand (1.84e) with some small pebbles. Relief on the expansion bar is low with
braid bars rising 40 cm above braid channels in contrast to the 1.7 m deep
and 135 m wide marginal channel. The morphological inflection on the
eastern flank of the aeolian dune corresponds with the height of the
paleoflood complex and is inferred 1o have been eroded by paleoflood flow.
The paleoflood complex maintains a semi-consistent width of 3 km to the
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south splitting arvund a streamlined aeolian and clay pan remnant north of
Wallaby Gap (6.10).

No slack water deposits were found at Wallaby Gap and a cross section across
the gap indicates two possible entrants for paleoficod flow (Fig. 6.43). The 330
m wide eastern gap has a sand and silt fill of unknown depth but an
Aboriginal rock painting on the left wall indicates the presence of a former
waterhole at the gap entrance (Latz, pers. comm.); the narrower gap lo the
west is at a slightly lower elevation. Fifteen meters south of the gap a high
streamlined fine red sand deposit may be a slack water deposit but is more
likely to be an aeolian dune with a 3.5 m high step on the upstream side
inferred to be channel-eroded (Fig, 6.44).

6.5.3. Reach 3, Camiel Flat

Downstream from Wallaby Gap the paleoflood complex fans outwards to form
an 8 km wide, low gradient (.00097 m/m) expansion bar complex (Fig. 6.1 d).
The adjacent well sorted fine red sand aeolian dunes {6 m high) have been
truncated by the flow {Appendix 4, Images 9, 9a). The moderately sorted
deposit of fine sand (2.750) with small pebbles is arranged in longitudinal
bars and shallow channels. The surveyed bar (MBD 3, Fig. 6.11) is 90 m wide
and rises 3 m above the 70 m wide marginal channel and 2 m above the
surface channel. (Fig. 6.45). The 1.6 m deep trench exposed an upward fining
sequence from medium to coarse gravel in a medium sand matrix to fine
gravel in a very coarse sand matrix and an OSL sample taken from a depth of
80 cni is estimated at 9920+1840 BP (ANUgp168). This older age of the Mosquito
Bore Distributary indicates inundation on more than one occasion. The
paleoflood complex continues downstream around streamlined aeclian dune
remnants, abutting against and deflected around bedrock ridges, and finally
dissipates in the dune swales of the northern Simpson Desert {Fig. 6.46),

. baleoflood. Compl

East of the Mosquito Fore Distributary system, paleoflood complexes drain
south from the modern Todd channel to terminal floodouts (Fig. 6.1 d, 6.46;.
The No. 5 Bore, Steele Gap-Rodinga Gap and modern Rodinga floodour were
not covered by TM imagery and therefore are not included in Figure 6.1, but
are indicated in the more general geomorpholcgical map (Fig. 6.46).
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6.6.1. Mosquito Bore A

Immediately to the east of the Mosquito Bore Distributary system and
draining i7 km south from the Todd River, Mosquito Bore A abuts against a
bedrock ridge and is diverted west and south around it (Fig. 6.1d).
Downstream of the ridge and the streamlined colluvial and aeolian remnant,
the 500-700 m wide cemented, poorly sorted fine sand (2.380) paleoflood
complex is bordered to the west by the higher Mosquito Bore Distributary
and to the east by Mosquito Bore B. It is estimated by OSL to be 5160+1340 BP
{ANUgp164).

6.6.2. Mosquito Bore B

Mosquito Bore B is of similar dimensions to Mosquito Bore A and abuts against
the same high ridge but is diverted to the south east around it and floods out
19 km to the south between two high bedrock rid:. :s in a small longitudinal
dune field (Fig. 6.1 d). Channel sediment is cemente.!, poorly sorted fine sand
(2.740 with 2 % gravel) and an excavation showing at least two stratigraphic
layers returned an OSL age of 2370x900 BP (ANUgpl63) from the younger
event.

6.6.3. Todd B

Fast of Mosquito Bore B is a 2 km wide alluvial plain (Fig. 6.1 d). The cross
section (Fig. 6.47a, b) morphology is based on field sketches as the
instruments became faulty during the survey. The total depth of the coarse
and medium sand matrix-supported small gravel paleoflood fill is uniknown.

Section 1 lies close to the main channel, is composed of matrix supported
gravel and fine sand and has a large channel form inset which suggests that
the Todd has laterally shifted position. Section 2 is a 1.2 km wide sand
paleoflood complex, dissected by three wide and shallow channels with low
(24 cm) aeolian dunes. The third section is the Mosquito Bore B system
described earlier.

Two radiocarbon and two OSL samples were dated for this reach. (Fig. 6.47b).
The upper 14C sample of a terrestrial shell is dated to 9883-8429 cal BP (ANU
9650). The underlying sample returned an age of 3712-3142 cal BP (ANU
9649) which is rcjected as the charcoal was finely dispersed in the profile.

The older date is i good agreement with the OSL age (Fig. 6.54) 9780=15.0 BP
(ANUgpl63).

6.6.4. Allora B

The 200 m to 2,000 m wide Allora B flood distributary drains south from the
right bank of the Todd channe! along the low gradient (.0013 m/m) swales of
the longitudinal dune system (Fig. 6.1d). A 2 m excavation indirates two
poorly sorted fine sand (2.770) layers with a high (25%) silt/clay content
overlying cemented Pleistocene sediment (Fig. 6.13). An OSL age from the
younger event is 2110760 (ANUgp166).

6.6.5. No. 5 Bore

The No. 5 Bore paleochannel complex appears ¢+ .‘1toff draiuing east from
the modern channel through an outlying long. dlinal dune field of the
northern Simpson Desert (Fig. 6.46). Five sites on the abandoned course of
the Todd channel and backwater area were ex.mined (Figs. 6.14, 6.15).

6.6.5.1. Site 1, macrotuibulent scours

Approximately 30 mi from the cutoff, eleven scour holes are arranged in a
semi-sinuous pattern along the thalweg of the paleocharnel (Fig. 6.14, 6.48,
Plate 6.16). They are closely spaced along a convex long profile, a higher
density of scours associated with a steeper gradient (Fig. 6.49). The average
depth is 0.88 cm with a maximum of 1.57 m and a minimum of 0.24 ¢m; the

varies between 38 m and 16.5 m with an average of 23.6 m (Table 6.6). The
downstream lip fay be at a higher elevation than upstream (scour numbers
2, 8, Fig. 6.50a, b}, at an equal elevation (scour numbers 1 and 6, Fig. 6.50a)
but tend to be at a lower elévation (scour numbers 3, 4, 5, 7, 9, 10, 11, Fig.
6.50a, b). Cross sections tend to be asymmetric (Fig. 0.51), the walls steep and
the floors s ctered with coarse sand and cobbles.

A 1 1 excavation in the side wall of one of these scours indicates a
horizontally stratified medium sand and gravel basal layer truncated at the
scour wall and overlain by a thin (15 cm) inclined stratified sand layer. This
is inferred as the erosion of the scours into a horizontally bedded alluvium
with subsequent colluvial movement of sediment down the scour slope. A
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radiocarbon age from charcoal sampled in th: scoured alluvium returned an
age of 1083-726 cal BP (ANU 9655).

6.6.5.2. Cross sections

The first of three cros: sections (Fig. 6.13, 6.52) indicates a 100 m wide
matrix-supported coarse gravel channel with a horizontally laminated
medium and fine sand inset flood plain which has small braiding channels
on the surface. The preservation of sedimentary structures in the flood plain
indicates a young age. The adjacent left bank coarse sand and gravel unit is
overlain by a structureless mud and fine sand levee. The right bank coarse
white sand aeolian dune differs from the left bank red fine sand Pleistocene
dune because the sediment in the former was locally sourced from the
paleochannel in a manner similar to the dune at jessie Gap, and is reworked
by runoff from the ridge which transports angular weathered rock down
slope {Plate 6.17).

The second cross section is located downstream (Fig. 6.15, 6.53) and two
trenches were excavated by 'lob cat' (Fig. 6.55). The channel is underlain by
red cemented Pleistocene sand which is overlain in the channel by a 2.5 m
inclined gravelly sand inferred to be a channel bar and two ftructureless
coarse and medium sand layers. A radiocarbon sample from the upper laver
is dated at 1405-1135 cal BP (ANU 10058). On the left bank a mud rich coarse
sand layer, incised by the channel is overlain by structureless sand and mud
and a thin red fine sand aeolian deposit

A third cross section at No. 5 Bore (site 5.1) was excavated to the underlying
cemented Pleistocene deposit (Fig. 6.15, 6.54). This is overlain by a
moderately sorted finu sand (2.40) with some gravel dispersed throughout
and increasing in concentration down the profile. Two layers of aeolian sand
towards the top of the profile are interrupted by a 1 c¢m layer of mud from a
lower magnitude flow probably after the channel avulsed. An OSL age from
the channel fill is 6802 .1850 BP (ANUqgp169) and indicates early Holocene
fluvial activity of the Tod- River, Depth to the aeolian base is unknown as
auger refusal occurred at I 2 m. The right bank flood pli- .. 1< a fine textured
levee system similar to the left bank levee syscem upsiream. A 4.5 m auger
hole in the left bank terrace revealed a basal 50 cm mud layer overlying the
Pleistocene sand and overlain by gravelly sand and silts.

6.6.5.3. Backwater areas

Marginal to the channel, the swales between longitudinal dunes were back
filled with flood waters and numerous small lakes were formed in
topographic lows. Today these lake heds are still apparent as small (<300 m?3;
dry clay pans. Three excavation pits in the dune swales tvpically indicate 95
cm of silty fine sand which overlies the cemented Pleistocene alluvium and
is overlain by a thin (5 cm) layer of modern aeolian sand. The stratigraphy
of one o these paleo lakes however indicates a 5 m sequence of lacustrine
mud overlying Pleistocene sediment. This lake sequence is interrupted by a
20 cm band of aeolian sand indicating a hiatus in deposition and inundation
by floods on at least two occasions. The older basal lacustrine mud is mottled
green indicating long-term high ground water conditions.

Therefor:- the geomorphology of the No. 5 paleoflood channel indicates that
it was a previous course of the Todd which was acuve between at 8 ka and 1
ka. A large climbing aeolian dune was nourished from the channel sand and
the swales of adjacent dunés back:illed with suspended load mud. The
charnel avulsed from this position to its present location approximately 1 ka
tnost probablv following the high magnitude event that formed the
macroturbuleiit scours.

6.6.6. Steele Gap to Rodinga Gap

The 12 km (max) wide matrix-supported gravel expansioa bar e.tands 30 km
south of Steele Gap (Fig 6.46) through Rodinga Gap and is bordered to the
west by truncated zeolian dunc: in the south west by deposits m the
Mosquito Bore Distributary system a~ - the east by truncated aeolian dunes
and the modern ficodout. Paleoflo. ianne! gradicnts along this track are
similar between Steele Gap and Rodinga Gap (.00164 m ‘m} and downstream of
Rodinga Gup (.00163) but aré less steep through Rodinga Gap (.00107 m/m)
most probably as result of deposition upstream of the gap. The surface
morphology is similar to the expansion bar complex at the Camel Flat site as
some longitudinal bars are interspersec with smaller channels and some low
aeolian dunes. An OSL sample from the structureless coarse and medijum sand
deposit returned an age of 390021270 (ANUgp167).

On the northern side of the ricge to the west of Rodinga Gap an excavation
revealed an alternating sequence of flood silts and aeolian sand overlain by
10 cia of red aeolian sand. Downstiream from Rodinga Gap the expansion bar
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complex reaches a maximum of 6 km wide. It is bordered (o the east and west
by truncated longitudinal dunes. The coarse sand and gravel deposit
returned an age of 123101400 BP (ANUgp172).
- 6.6.7. Modern Rodinga floodout
., There is a well-defined morphological and sedimentolegical break between
the mode ~ floodout and the Steele to Rodinga floodout, as thie former is at a yaaiz sowgy |
lower elevation and composed of mud and fine sand. South of Roding« Range
a braided distributury channel from the modern channel has inundated and
; eroded adjacent dunes (Fig. 6.46). Where it has breached longitudinal dunes
. an excavation pit reveals 80 cm of alluvial deposits from possibly four floods o
c
o which overlie cemented red Pleistocene sedimerit, £
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Figure 6.36, Profile of Giles K, location in Figure 6. 7, see text fér descnption.
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. Y D sit Materinl . . ) .. 5 *
Sample | ANU ID Location 14C Age BF| *C Age cal DV cpe .‘sumplc} ANUgplD Site Name . Complex: OSL Error Deposit Type
' - Dated | i
3 , |
Name . o 1 L Ape i+ o
i
Heayitree/Undoolys . | 'lIcnrilrce!Undnu]\'n _ )
‘ Bar ) 8833 Heavitree  fan 10402140 1196-691 Transverse bar | Charcoa g
: B3 : 170 Bar 3, Airport ‘ch-'ilrcc 1.030 420 Transverse
.o 5-13 | [ |
. Bar 3 8834 Heavitree  fan 125+174 339.0 Teansvetrse  bar Charcoal ' hedform
ar .
Ross _ River
9-30 '
1 : R
Alli) @ 86 | 8835 Jessie Quarry 14302270 1874886 Acolian Charcoa 142 | 171 Shaanon Bore Ross River R350 950 Tributary mouth
- (source bhordering) ) [ i i }
: ! : Gorge mounded SWD
i i 1 ! i
; 283027 3087-2775 Hearth in Aceijan | Charcoa i . - .
A2 75-88 8836 Jessie Quarry 30270 (Ex St : 161 Ross ‘Ross © 12,900 1.8Gu_ Paleoflond  Channel
(Source
Giles  Creek Piedmont
T . L . 1. borderingl . - - T e
] L Ex 4.11 160a New  Yard _GilesB_ . 9,700 1.500  Loagiudinal Bar
- Ross = - = - = - — — ' : :
. . £64-430_ | Paleofleod Charcoal . "Ex 443 160h New Yard " Giles A | 26,800 3.000 Lonzimdinal  Bar
XLi 10060 Ross A 480260 R } u
: ™ 1006l | _ Ross A 601270 636:822 Paicolloed ) Charcoal ' Southerii__ Plains —
i i
. K lood .. Charcoal . 7 _ ' .
XNi j0062 | _ Ross_A __970=70 .. 988724 Paleofloo EsCh 1.1 164 Expansion Scour ‘ Giles D L 5,160 1,330 Paleoflood  Chaniel
. 987-740 | Paleoflood . __| Charcoal. : | ) . ) _
- 0 10063 Ross A 990=60.. .. - ICLB () | . 165 Expafsion_scour  Giles© ' 3370 900 _Palcofiood Channel
Charcoal
. . 5 B | asoxveo | 673248 ] . Paleoflood ), | . ]
BLS 10039 Stud Bore (Mosquito  Bore Disttibutafv
Giles Creck Piedmont R . . P o ———— i . . , ) .
: d Charcoal  MBD? 162 MBD . . MBD _6.230 . 1,370 Paleoflopd _ Chanpel .
¥p+xB | 10068 | . Giles Creek T1__.| 27102380 ] . 3646.1933% Falcoflogd. 1. : ; ;
e {EX1 168 Camel Flat ' MBD 9,920 1.840_ Paleoflood Channel
Mosquito  Bore avea . . . o e S | .
» . o Vg . L -
[of 9285 mosquito_slit_cave _320=60 | . 493.286. | _Psleaflood SWD_ ] Charco:' | ; Edsteri : Systeins |
. [ ) . . . .
cI 9657 __| . _mosquitn_cave 38060 507-313 Paleoficod SWD_ | Chatcoal. :_CF_..HH . ‘ 163 . . Expansion Scout  ToddB .. ! 9780 _ 1.510 Paleoflood Channel
. o | 968 . ‘ . :
. 2 harcoal ! ' . _
X1 10064 _ Todd A f 390se0. ] _sn1-312 1 Paleofload | Charcoa !AB 1y 166 Allofa Boie VAllorz B 2110 760 Paleoflood Channel .
L) -
210+ 463-340 Paleoflood Charcoal | A } : .
x 10065 Todd A 210140 > : DPe_1.3.1 169 No.5Bore_ | No.5 . 6.800___1.850 _Paleoftood Channel
. L _340-0 A R [ ] : ] o . ]
E— | E3 ! 167 Steele Gap (5G) ‘ SG-RG . 3.900  1.270  Paleoflood Channel
['n:] 96350 Expanision Scour | . §290+340 _ GR83-8429 Paleoflood Shell 1 ; ‘ i ‘
. . N 5 VU L . R
o s6to Expansion_Scour yr30e120 | 32 aan  paleoflond. | Charcoal. (Reg 1.2 1 172 Rodinga Gap (RG: | S6-RG 12310 1400 paleoflond Chaniel
. Eastern _ Svstems : : e e B S Table 6.4. OSL age of paleoflood deposits.
* CH 9655 No. 5 Paleochannel 1020290 1083.726 | Paleoflood | Charcoal,
NP+ 10058 | No. 5 Paleochanne! |, 1380+70 . 1340581135 Paleoflood | Chiicoal l

Table .3. Radiocaibon age of paleuflood deposits in the Todd River.

. Site Distance Wwidik . Depth | Texture
] Downstveam| (m) ‘ {m) .
| (km) | | |
: ] | : |
Giles Creek ! 2.5 | 410 | 535 Cobbles. coarse_gravels
| \
Giles Creek 2 34 | 230 = | Cobbles. coarse gravels
: i | :
i Giles Creek 3_| 4.5 ! 390 >36 __iCobbles, coarse gravels
i
| Table 6.5. Giles J paleoflood channel fill dimensions.




Macroturbulen} Maximum Maximum Maximum
Scaur Number| Length  {(m) Width (m} Depth  (m)
] 18.5 NA 0.24
2 26 30 0.99
3 21 NA 0.475
4 21 23 0.87
5 18 NA 0.6
6 26 43 1.22
7 35 47 _ 1.5%
8 16.5 oo NA o 06
9 . 38 1 74 _ . 1.51
7]0 _ .19 NA_ 0.76___ __
11 21 NA 0.825
Average 23.6 43.4_ _ 088 _
Max 38 [ 74 _ . 1.37
Min 16.5 30 | 024
Table 6.6. Macroturbulent scour dimefsions

l

i Site Gradient __ (in/i)
{Heavilree fan 0024

l Undoolva fan .0048 _
IRoss__C paleoflood complex L0013

iGiles A paleoficod_complex. 0022

Giles B paleoflood complex ,0002 ]
!MBD paleoflood complex reach 2 .0016

?MBD paleoflood complex reach 3 00097

| Allora B . 0013

|Steele Gap to Rodinga floodout .00085

' a) Steele Gap to Rodinga Gap N0164

‘Eb) Rodinga Gap area .00107

!c) Mid to lower floodout 00165

Table 5.7. Pal

-lood pgradients.

-

Paleoflood system

Number - Age of
ol events  events

; Landforms
i

Sediments

{Ka B8P) o
Heavitree/Undoolya ' >3 ; ~1| Transverse bar, distnibutaries, Coarse cobbles to silt
15-10| tar fields, a2vulsions
_ 30-15 | . ) o
E Ross River A (Patton <5 ~0.7§ Wide braided paleochannel, Unweathered sand and
| et al., 1993) ! <1.5] longitudinal bars. gravel .
Ross A .~5 ‘ ~0.5‘0.9! Wide braided paleocnannel, Unweathered sand and
_ ' i longitudinal bars, gravel and cebbles,
Ross C -2 ~8-13! Slack water deposit Wealhered sand ¢ravels
large channel transversé bar - and cobbles.
L | field. o
| Giles A 1? ~ 27| Extensive area of iiundatioh, - Gravelly sand
f | dissected by shallow wide
. channels
| Giles B ~3 -10| Large splay channg! witk Gravel'y sand
: longitudinal bars (0.5-2 m
l high} with transverse barg
L _ superimposed. ]
 Giles J 1 1 -3 Channel fill Cobbles and coarsé
! 1 " gravel.
| 2 ‘ < o.1si 1 m ot floed plain aggeadatian. ;
!
Todd A 1 i 0.4, Paleoflood distributary, 3m . Small gravéls, sand,
Distributary Channel ~~6 <0.4 | aggradation rmud,
{ Cave SWD -2 ; 0.4 Slack water depositincave  Very fine sand
L ) 5 L <04 L e
: Mosquito Bore 1 @ 6 i Braided channe! complex 2.5 : Gravelly 5an, ires in
: Distributary ' km wide, longitudinal bars 70+ ehanels.
! ' ¢ high interspersed with
i ' shallow channgls 50 m wide,
! eroded Iongitudinat sand
) . ‘ _ dunes. . o L .
! Mosquito Bore 1 10| Splay complex, longitudinal  : Gravelly $and
' Distributary at Camel | bar, eroded longitudinal sand
| Fiat Bore | dunes, . ‘ , e
!No. 5 paleochannel 1 : 1| Channel, splays, . Cabbles, gravél, coarse
£a0Urs ; macroturbulent scours, . sand,
" . 1| avulsion, i
| Channelr f
No. 5 Excavation : 1 Gravelly coarse sanc
No. 5 paisochannel, ! \' 7! Channel gravels in coarse s&nd
5.1 ‘ |
Mosquito Bore A 1 | 5| 500-700 m wide channel Coarse sand .
Mosquito Bore 8 1 2| 500-700 m wide channel | Coal s sand
b i >2 ! o
Todd B Expansion | 1 ’ §| Wide channel Gravelly sand
scour i ‘ .
Allua B 1 i 2| Erosiod of dunes | Fine sand and si's
— : 1 ! >2 . . . 1
Steele Gap 1 t 4|Erosion of dunes, splay;Gravelly sand
f \ channe; ;
Rodinga gap J 1 J 12| Erosion of dunes, splay; Gravelly sand
. : ! channel,

Table 6.8. Age and number of flood events in Todd Catchment

e
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Plate 6.2. Cblique view across Fmily and Jessie piedmont fans. {a} Jessie
Creek, (b) Emily Creek (¢} climbing dune (Jessie Quarry).

Plate 6.3. An oblique view across the Ross paleoflood complex. (a) is an
aeolian sand sheet with low hummocky dunes, (b) is the Ross B paleoflood

complex, (c) is the Ross A paleoflood complex and (d) is a streamlined
remnant.
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Plate 6.4. An oblique view of the Ross River Gorge slack water deposit (a),
located at the mouth of a strike vailey tributary. Location in Fig. 6.5.




Plate 6.5a. The top 3.3 m of Ross C deposits at Stud Bore 2. Note the fine
texture dnd weathering ol the profile.

Plate 6.5b. The lower portion of section through the Ross € deposits at Stud

Bore 2. Note the coarse cobble framework gravels at the lower right. (a)
indicates a flood pliain inset on an eroded beiicli in thie paleoflood sediments.







Plate 6.7b. Longitudinal bar fank sediments. & and b aie e locations of
OSL samiples.




Plate 6.8. Oblique aerial view looking upstream along the Todd (1), across
Giles Creek (G). Flow is to the left of the phioto and Giles X is to the immediate
fight of the plate. It is inferred that the confluence was located in the centry

of the photo i the past.

Plate 6.9. Giles K site. The exposed roots of the River Red Gum indicate the

amount and rate of channel incision. a) Unit 1, b) Ynit 2, ¢} Unit 3.

... [ — _—
. . . v



Plate 6.10. An oblique aerial view looking north east at Mosquito Bore (a). d
The Todd A. paleoflood distributary (b) drains towards the lower right of the
plate and flow of the Todd channel is to the bottom right of the plate.

Plate 6.11. View looking ~ast across the Todd A distributary 2.4 km from T

intake. Note the subdued morphology, fine sediment texture and the buried
Coolabah trees. Distributary flow ‘s to the right,
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Plate 6.12. The Mosquito Bore 1 slack water cave deposit is located in the
shade behind the young River Red Guiii, Note the fresh sediment deposited

outside the cave aflter the January 19935 event. Flow is to the teft,

Plate 6.13. The slack water sediments in the Mosquito Bore cave. Note the

roof fall boulder to the rignt of the phote. a-d are units dentified in Figure
6.39, the dotted lifie indicates layer dip and the solid line the boundary
betweeil deposits.



Plate 6.14. Aerial view looking south west at the sharp meander bend on
the Todd River south of Mosquito Bore. Vegetation picks out the Mosquito
Bore Distributary paleoflood complex.

Plate 6.15. Aerial view looking south west across the Mosquito Bore
Distributary. The green vegetation in the marginal channe! (a) picks out the
boundary between the aeolian dune field (b) and the paleoflood complex (c}.




Plate 6.17. No. 5 paleochannel. Looking upstream along the climbing dune
nourished from the paleochansel and reworked by local runoff from the
ridge,
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Figure 6.57. Legend for paleoflood morphostratigraphic figures.




Figure 6.58. Legend of symbols used in flood plain and paleoflood profiles.
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CHAPTER 7

Paleoflood Geomorphology and Chronology

7.1, Introduction

The aim of this chapter is to interpret the data presented in Chapter 6. The
first section synt. -sises the paleoflood depositional and erosional landferms,
compares them to similar forms described elsewhere, and infers paleoflood
pro. :sses and magnitude. The second section interprets the chronolngiccl
data set and compares it with results from other Australian and trojical

studies.
7.2. Review of Australian Paleoflood Studies

Awareness of flood hazards in central Australia extends tavona the
instru:nental record. There are Dreamtime stories of large raging floods, dnd
there is anecdotal evidence of two Aboriginal men washed from a cave 3 m
above Emily Creck (J. Hayse, pers. comm.). Paleofloods are recogniszd in the
following description of the site of Alice Springs in 1901:
On the first survey flood marks wiére found which showed that the
whole country to the north of the iange must have been c¢onverted
into a huge lake 15 feet deep, and the blacks tell that before the
white men came they had o-.ce 10 take refuge from the flood on the
hill. (White, 1909, p.34)

Paleoflood research in Australia has sampled a wide geographical arza .tom
the tropical river systems in Queensland (Burdekin River, Wohi, 1992a;
Herbert River, Wohl, 1992b), northern Australia (East Alligaior River, WWohl
et al, 1994a; Waterfall Creek and Wangi Falls, Nott and Price, 1994; ™ot et al,,
1996; Katherine River, Baker and Pickup, 1987), arnd the Kiraberlvy Ranges
(Lennarc River, GGillieson et al,, 1991; Fitzroy, Brooking, and Margaret Rivers
Wahl et al,, 1994a; and Piccaninnv Creek, Wohl, 1993), to the arid zone (Finke
River, Pickup et al,, 1988; Ross kiver, Patton et al,, 1993; Todd Kiver, Pickup,
1991, Bourke an ' ' " ‘. p, in press; Bourke, in press; and Sandy Creek, Jansen
et al, 1996j, and i-. south eastern Australia, (Nepean River, Saynor anc
Erskine, 1993). Much of this work has concentrated on floed palec hyvarolc oy
ana chronology (Baker et al, 1983; Baker et al., 1985; Pickup et /.. 1938; Wohi
et al, 1994) and therefore the focus has principally been ¢n the gorge
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reaches of river systems where evidence of flood stage, such as slack water
deposiis and high s:.ge gravel deposits are preserved. This has led to the
recognition of the importance of high magnitude floods in determining
gorge channel morphology and sedimentology {Baker and Pickup, 1987;
Pickup et al., 1988; Wnhl, 1992a, 1992b).

Very large floods generate sufficient strewn power 0 <-ode bedruck channel
boundaries. One spectacular example is scabland development on upland
bedrock surfaces described in Katherine Gorge (3aker et al, 1987). Wohl
(1992a, 1992b) has attributed erosional features in the Burdekin and Herbert
gorges in Queensland, such as spectacular longitudinal grooves, potholes,
inner channels, bedrock benches and irregular longitudinal profiles to
extreme flows. Baker and Pickup (1987) observed that pool scour is located at
extremely sharp bends and hypothesised that pools are drilled at joint
\ntersections by intense hydraulic action of s'rong and persistent vortices.
Large-scale depositional features are also controlled by the hydraulics of
extreme floods. Wohl (1992 a, b) found boulder bars located at sites of stream
power ininima such as at channel bends and locations of shallow waier.

Pickup (1991) lcoked beyond the confined gorge reaches for evidence of
large floods on the Todd River i central Australia and briefly described a
suite of landforms, including sand sheets, sand threads, ripple fields and
ovi-r.. - channels, inferred to be deposited by extreme floods. He suggested
that .© position during the last 16,000 years was dominated by a few gigantic
floocs. Patton et al., (1993) desciibed the morphology and sedimentology of
the Ross River fl~dout plain as one which is composed of a series of large-
scale paleo-braid channels, levee deposits and broad, low relief bars. These
landforms are associated with a series of high magnitude floods which
occurred lretween approximately 1500 and 700 BP. The geomorphic effects
were thought to be limited to close to the ranges and Pickup (1991) says:
Large-scale fluvial landforms are best developed very close to the
mountain ranges where runoff is at its mosi intense. Further
downstream they are more difficult to detect...

The data in Chapter 6 indicate that the effects of the paleoflnods are detected
over 100 km downstream, Similarly Tooth {in press) notea the presence of
transverse bedform fields on the Sandover River, 240 km from the
~acDonnell Ranges.

Z.3. Faleoflood Geomorphology and Processes: First Qrder Effects

The central Australian landscape provides one of only a few examples so far
described, of large-scale, arid zone fluvial landforms resulting from extreme

rainfall events. This Jandscape thus presents a rare opportunity to study the

characteristics and processes of high magnitude events through an
investigation of their morphology and stratigraphy. The following section
svnthesises the geomorphology of the Todd River palcofloods.

First order effects (Fig. 7.1) are the immediate geomorphic effects of the
floods. Second order effects incorporate the longer-term impacts and
recovery of the catchment from the paleoflood events ( Chapter 8).
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7.3.1. Depositional landforms
7.3.1.1. Channels

Paleofloods flowed from confined gorges and gaps in the MacDonnell Ranges
onto the unconfined piedmont fans. Ancient sheet {lows are identified from
remnant transverse bars: e.g. the unnamed piedmont system (Appendix 4,
Image 3); on the Ross River floodout, previously described by Patton et al.,
(1993; Appendix 4, Image 5a); and at the terminus of flood distributaries e.g.
Heavitree fan complex (Appendix 4, Image 2a).

Except for sheet flows immediately below gorge reaches, most flows tended to
concentrate in channels of various magnitude and type. The larger-siale
complexes were of a sufficient magnitude to extend as continuous channels
fromn ihe ranges to the northern fringe of the Simpson Desert in relatively
straight paths (e.g. the Mosquito Bore Distribitary, Fig. 6.1d), but were
diverted around outlying bedrock ridges and remnants of older and higher
Quaternary deposits (e.g. Ross River floodout plain, Fig. 6.23) and through
pre-existing gaps in high bedrock ridges (e.g. Wallaby Gap, Fig. 6.1d). Where
channeis are diverted around bedrock highs (e.g. Mosquito Bore B, Fig. 6.1d),
a concave channel develops due to the intensified turbulence initiated by
flow separation and diversion. O'Connor (1993) described a similar 'erosional
moat' around pendant bars from the Bonneville floods. The larger paleoflood
complexes include braided flood channels on convex bodies of sediment.
which may measure 4 km kilometres in total width. The flood channels are
separated by low reiief bars which extend up to 4 km kilometres downstream.
Examples of braiding channels are seen on the expansion bar complexes at
reach 1 of the Mosquito Bore Distributary (Appendix 4. image 8a) and on the
Rosc A paleochannel (Appendix 4, Image 3a). Smaller scale splay channels
{(~12 km long} extend away from a channel margin {e.g. Giles B and Giles C
Fig. 6.1d) and are best developed along Giles Creek where they are
superimposed by longitudinal and transverse bars. Sediment sizc decreases
rapidly from cobble and gravel deposits in the confined gorges to gravelly
sand in the unconfined reaches.

The pre-existing catchment topography may have an important role in
dictating the location and type of paleoflood channel. South of Mosquito Bore,
the late Pleistocene longitudinal dunes influence the channel configuralion
of smaller paleoflood channels as some of the flows are confined within
swales or diverted around higher aeolian remnants. This contrasts with the
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piedmont reaches of the catchment where the lower amplitude dunes and
sand sheets (Patton et al.,, 1993) may have been more conducive to splay,
distributary channel and transverse bar deposits.

The following section describes tractive deposits associated with the
paleoflocd channels, followed by a description of suspended load deposits.

7.3.1.2. Tréctjve deposits

Three types of tractive deposits are recorded in the Todd calchment:
expansion bars, lengitudinal bars and transverse bars. Other paleoflood
studies have described three additional forms not fcund in the Todd; point
bars. pendant bars, and eddy bars (Baker, 1973; O'Connor, 1993).

Expansion and longitudinal bar

Expansion bars and longitudinal bars generally occupy wider portions of the
flood route and are absent from the more confined reaches such as Wallaby
Gap but reappear immediately downstream. These are similar ta the
observations of expansion bar location in the Bonneville and Missoula floods
(O'Connor, 1993; Baker, 1978).

Expansion bars are wide gravel and sand deposits located where flow
expansion cfeates a low velocity zone and deposition occurs (Baker, 1978). In
the Todd catchment they are found along the Mosquito Bore Distributary in
reachs 2 and 3 where they measure 4 km and 8 km wide, Although further
drilling is required, the estimated depth of the expansion bar complex in
reach 2 (surface area of 42 km?) is ~2 m thick and in reach 3 is ~3 m thick,
similar to the deposit thicknessés and surface area of the Missoula deposits
(~3 m thick and 50 km?, Baker, 1978). Expansion bars terminate at abrupt
constrictions (e.g. Wallaby Gap) or where the energy rapidly dissipates {e.y,.
in dune fields).

O'Connor (1993) found that expansion bars deposited by the Bonneville floods
increased in elevation downstream. This was not measured for the Todd but
rough estimates from 1:50,000 maps indicate a decrease in elevation
downstream. The two expansion bars along the Mosquito Bore Distributary
have well-developed marginal channels which occur at the aeolian dune
field boundary (Figs. 6.42, 6.45). A smaller braided charnel network on the
surface has left a morphology of muluple lenticalar paye,
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Longitudinal bars (1-~3 km iong and <1 m high) were deposited on splays and
in distributary channels parallel to the flow. Morphologically they occur as
part of a larger longitudinal bar complex (Fin. 7.2a). The stratigraphy of the
longitudinal bars in the Todd is poorly preserved and difficult to interpret
but it was established that they are deposited on a horizonta! surface (Fig.
7.2a) and it is likely that the bar core is a prograding tractive deposit (7.2b).
O'Connor (1993) and Baker (1973) found well developed gravel foreset
bedding overlain by armoured, coarse, horizontally bedded sediments in the
tract ~posits of the scabland floods. The fine textured upper deposits of
Tod¢ “. er longitudinal bars drape the traction core deposit and are more
likely' ro have been deposited from suspension (Fig. 7.2b). The bar swales are
ofter. incised by a channel, and a larger marginal channel drains the area

between longitudinal bar complexes.

Transverse bars

Trausverse bars are found in piedmont areas and at the distal reaches of
distributaries (e.g. Heavitree fan, Appendix 4, Image 2a). They are difficult to
recognise in the field as they have low morphologies {~20 cm} and long
wavelengths (~150 m) and are severely degraded by cattle near watering
points. Transverse bars have been described elsewhere in central Australia
(Patton et al., 1993; Tooth, in press) and in south Australia (Rust and Gostin,
1981) and are inferred to be the deposits of very large sheet floods (Pickup,
1991: Patton et al., 1993; Tooth, in press). The following data is taken from
other central Australian research. The bars occur in clusters or ‘fields' and
up to twenty ripples can occur within each train (Tooth, in press).
Individually they are low mounds (Ross: 0.22 m; Sandover: 0.3-0.4 m)
composed of silty very fine sand in the Ross River and granules in silt in the
Sandover River (Patton et al, 1993; Tooth, in press}. The stoss slopes tend to
be vegetated and the crests and intervening swales are devoid of vegetation
appearing as scalds (Patton et al, 1993; Tooth, in press). Wavelengths are
typically 100 to 200 m and individual, sometimes sinuous, crest line lengths
are between 350 and 700 m, the internal stratigraphy ' {ten obliterata by
bioturbation (Tooth, in press).

‘Mells and Dohrenwend {1985) described similar deposits (meso-and macro-
bars) in the Mojave Desert which are steeper (,02-.06 m/m), have shorter
wavelengths (tens of meters) and consist of coarser sediment (median grain
sizes between 2 and 8 mm (meso) and coarse gravel-sized caliche rubble
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(macro)), than the central Austrailan forms. Similar to the central
Australian features, they lack prominent internal structure but show some
weak imbrication. The mean wavelength of the macro bedform is 31 m, mean
bedform width is 17 m and mean height is .36 m {Wells and Dohrenwend,
1985).

7.3.1.3. Suspended lvad deposits

Typically slack water sediment is well sorted fine or very fine sand, and
where exposed, is subjecied to erosion and deposition by wind and local
runoff. The slack water deposits in the caves at Mosquito Bore preserve a
record of a large number of events but were subjected to more frequent
erosion relative to the mounded slack water deposit.

Slack water deposits in less confined reaches were found in dune swales
adjacent to flood channels. The juxtaposition of fluvial mud and red aeolian
dunes produces a clear flood stratigraphy, as during quiescent flood periods
well sorted rine red sand is deposited in thin layers across the 1. :d. Although
subject to long-term deflation, the aeolian sand is suitable for dating by
luthinescence and the clay pans and eroded dunes are good indicators of flood
inundation.

7.3.2. Frsional landforms

The paleofloods inundated large areas of older alluvial, cnlluvini and aeolian
landforms. In many locations the contact between the suifuces is erosional
and truncated remnant landforms lie adjacent to the paleoflood complexes.
These include truncated coatse-textured colluvial fans, the eroded
downstream extensions of oldeéf flood cianiiels and individual longitudinal
dunes and large sections of dune fields.

7.3.2.1. The erosion of longitudinal dunes

Collectively, the Todd River paleoflood complexes have caused the pattern of
landforim asseniblage to shift and reform throughout the landscape. The
laterally eroded dune field along the western margin of reach 3 on the
Mosquito Bore Distributary is inferred to be part of a wider dune field which

today survives as aeclian remnants among the eastern paleoflood systems
(Fig. 6.1d, Appendix 4, Image 8a). In other locations flows were less
catastrophic and individual dunes were breached and survive today as short
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i ch
longitudinal dunes or longer breached remnants with the base of the brea

infilled with alluvium.

i i i3 vex bank
Three mechanisms of dune erosion are inferred. The first i3 con

i i ion 5 ’ econd is
meandering channels as described in section 5.3.2. The s

i ongi
where the erosional flood boundary is transverse to the long

\ ' » direction of
orfentation. Downstream from Wallaby Gap the s~uth easterly d

' i ion and
flow towards Rodinga Gap is across the north westerly dune orientatio

. . . K
dunes close to the gap are preserved only in the flow shadow of the bedroc

ridge (Appendix 4, Image 9).

The third mechanism is the saturation of the permeable aeglian Safld by l;lit;
water levels. Breached dunes facilitate the passage of floodwaters 1r;t-o S“[lin
and thereby increase flow stage on both sides of dunes so tl.lat sedimen -
the aeolian ‘islands' quickly saturates, slumps, and. is transpof.r o
downstream. There is evidence to suggest that water depths in the dune | ie o
were sufficient to enable this type of erosion. South of wallaby Gap, t

dunes are 6 m high and a cross section from the dune crest, north east of tl};e
expansion bar (Fig. 6.42) indicates at least 3 m of paleoflood fill and the

survey from the dune on the western margin of reach 3 0.f the MO';fquxto I;]OI:
Distributary (Figure 6.45) indicates 2 m of paleoflood f:l.l. Assumm;g; a -om
depth of 2 m above these deposits, the dune S\vﬂes were inundated by ~5
deep waters placing them just 1 m below the dune Crest,

7.3.2.2. Sediment dynamics at gap constrictions

Of particular interest are the hydraulic processes o?erating at the mlxme;c::;
gaps through which the Todd River and its trib--*aries pass. The Poo 5 w_ ,
characterise these gaps are intermittently infi’ «d with s?dxment am_:l -ma.}
have large boulder bars extending from them. This sedlme-mt dynamic is
jllustrated by the recent event history in Redbank Gorge in the Western
MacDonnell Ranges. A large flood in 1983 infilled the bedrock water h-ole
with sediment which was re-scoured during the 1988 flood, de-monsu;atmg
-that many of the short gaps in the ranges currently infilled with sedm;ent
(e.g. Jessie and Emily Gaps), may in the past have held long-term surlace

water bodies.

The scour 2210 fill sediment dynamics in gaps are yet to be adequately studied.
Jansen et al. (1996) found that in Sand Creek, N>W, pool reaches were
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preferentially scoured during floods sufficiently large to override the
velocity shifts along alternating riffle-pool reaches, while low flows
prompted pool aggradation. Laboratory studies by Jopling and Richardson
(1966) and modelling of the passage of wrbidity currents from a submarine
canyon 10 a submarine plain (Komar, 1971) indicate that the transition at the
canyon mouth involves an nabrupt loss of mechanical energy through the
generation of intense turbulence so that withir: the hydraulic jump, erosion
or non-deposition takes place. Further downstream is a site where only the
coarsest fraction will be deposited because the downstream flow will remain
competent. Baker (1978) showed that flow through several scabland
constrictions was supercritical and proposed that a hydraulic jump may have
occurred at the mouth of constrictions where maximum wvelocities and
intense turbulence occur. The morphological and sedimentological features
he associated with a hydraulic jump include the deep rock-cut basin such us
Soap Lake followed downstream by the large gravel fun of the northern
Quincy Basin. Although at a different scale from the scabland features, the
large boulder bars which extend downstream from Ormiston Gorge and
Simpson Gap in the Mac¢Donnell Ranges are probably related to similar
constriction-mouth hydraulics,

7.3.1.3. Macroturbulent scours

Macroturbulence is a three dimensional flow phenomenon which describes
the development of secondary circulation, flow separatioft, and the birth and
deatk of vorticity around obstacles and along irregular boundaries (Matthes,
194%). 1t {'as been invoked to explain the formation of swirt holes in bedrock
fluvial systems (e.g. Baker, 1978: Jennings, 1983; O'Connor, 1993) and also has
applications in alluvial settings (Collins and Schalk, 1937).

The most erosive form of mactoturbulenice is the kolk (Baker, 1978). These
intermitterit, upwardly spiralling vortices are powerful erosive agents
which remove sediment by suction and cavitation (Matthes, 1947). Kolks are
reported 1 » be generated under the following conditions: 1. a steep energy
gradient, 2. a low ratio of actiial sediment transported to potential sediment
transport, and 3. an irregulat, rough boundary capable of generating flow
separation (Matthes, 1947). These preconditions for macroturbuience were
probably met during the No. 5 paleoflood i s, the transverse longitudinal
aeolian durnes creating an irregular boundary. Further downstream, where
the flood channel runs parallel to the dunes, scours are not found. Their
asymmetric long profile is similar to that reported by Baker (1978) for the
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scabland potholes an@ is consistent with experimental flume studies of vortex
scour (Baker, 1976).

7.3.2.4. Remuant Pleistocene islands

Eroded remnants of the pre-paleoflood topography stand as higher
streamlined surfaces above the wide alluvial paleoficod plains. The remnants
are composed of sediments laid down by oider asolian, alluvial and colluvial
systems. Some of these remnants have been fullv or partially inundated, ~nd
others which have not have the pre-flood topogravhy preserved on the
surface. This is similar to Baker's {1978) findings in the scablands. In the
Todd catchment the majority of remnants were nct been inundated during
the paleofioods. One exception 10 this is the remnant on the lett bank cf the
Ross River dissected by channels (Fig. 7:3) (Appendix 4, Imagas 5a). A
reconnaissance of these features indicates broad, concave graveily sand
channels. Aerial photozraphy and satellite image analysis shows that traces
of “h-.c channels extend beneath the Rnss C ripple field alluvium and are
i .d to represent older alluvial fills which have been strippcd and
strear. ned by paleofloods. It is likely viat inundation of the remnant by
paleofi.ds has re-excavated the channel fills producing the channel

network on the remnait surface,

Remnants survive in rthe flow shadows of bedrock ridges, on the niargins of
paleoflood complexes and on local topographic highs. Downsrream from the
high beuarock ridges remnant mcrphology is influenced by ridge size, dand
orientation relativa to the flood flow Figure 7.4 illustrates the streamlined
morphology of remnants in the Mosquito Bore area. Remnants which extend
beyond the flow shadow tend to be cemented of contdin sedimenr 100 coarse
to be entrained.

Remnants of dune fields not protected by bedrock ridges may sutvive
because they were located un the margin of two paleofloc:d complexes, e.g.
the remnant between Mosquito Bore B and Allua A (Fig. 7.4). Aliernadvely,
remnants may be preserved because they are located on topographic  ghs
zbove the flood waiers. Prior to the construction of the longitudinal dune
ficlds, large siver systems drained the region as evidenced by the Pleistorene
ailuvial seriments exposed in the dune swales. Survey data for the Lake Eyre
region to the south shows that the dune fieids were deposited un the
topographically irregular alluvial surface (J. Magee, pers. comm.). Although
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FigUf‘é 7.3. Remnant islands asgocia
3. ands associated with the Ross Ri >ale
e ss River paleoflood

7.3.2.5. Avuision

Channel avulsion has been an important process in the geomorphi
eff)_l.ufion of the catchment. Three effe¢ts are of note: firstly, the resulI:arlu(t:
l‘ands_c.j:lpe. is a mosaic of abandoned charnnels; seccndly, t-he floods have
crzlol_lectrwely inundated a larger area than if the flow paths had remained
fxxed over time; and thirdly, channel entrenchment by nick point erosion
K _:s beun widespread. Channel avulsion has resulted in the abandonment of
<3_ l\m reach lengths but has also changed the depositional end point of th

drainage basin. These two scales of avulsion will niow be discussed. )
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Reach-scale avulsion

Twe study sites have been affected by the reach-scale avulsion dynamics;
they are No. 5 Bore and the Giles-Todd confluence.

No. 5 Bore

The evidence for avulsion at No. 5 bore lies in the preservation of ihe eastern
paleochannel which runs sub-parailel to the western modern chanpel (Fig.
7.5). Already described in Chapter 06, the stratigraphy records fluvial aclvity
from at least 7 ka to 1 ka. The preserva.... .nacroturbulent scours at ke
upstream end of the paleochannel indicates the high magnitude of the last
flow through the channel and is inferred to be the avulsion event. After the
avulsion a new channel was incised 10 the west and cv untly lies ~2.5 m
below the bed of the paleochannel (Fig 6.49). The alluvial stores along the
western limb are inset into Pleistocene sediment and appear Young,
displaying little pedogenesis, burial of trees and prc : vation of sedimentary
structures. In addition the radiocarbon ages (380+100 cal BP and three post
1950) indicate that the western limb at No. 5 bore has been active only since
~1,000 BP. Since that time, flows across the right bank flood plain removed
nart of the dune field close to the channel and breached dunes 800 m awav
(Fig. 7.5).

Giles Creek

The strauigraphy of Giles K which was described at a site 4 km upstream from
the Giles-Todd confluence (section 6.4.4) is interpreted in Figure 7.6 10 reflect
the dynamic channel changes resulting from the avulsion of Giles Creek.
The incision of Giles Creek is inferred to have followed the deposition of
Units 1 to 3 (Fig. 7.6a) and to have resulted from the avulsion of the
Giles/Todd junction to the present confluence 4 km downstream. The
relatively lower local bas * level “t the new confluence would have caused
incision of the channe! upstream (Fig. 7.6b). This incised channel was
subsequently infillcd by coarse textured paleoflood sediment (~3 Ka, Giles 1.
Fig. 7.6c) and subsequent incision of the paleoflood channel fill was
probably initiated downstream of the point of paleoflood fill aggradation (7.6
d). Evidence for a rapid rate of charnel degradation is indicated by the
exposure of the root system of a large River Red Gum (200-300 years old)
(P'ate 6.9). These Red Gums are not known to grow well on the carbonate-
+-h Pleistocene sediments and this tree is inferred to have grown on the

L:I Palecflood alluvium

. Ran .2

. Acolian/colluvial

Mosquito
ore A (~5 ka)

Mosquito
Bore
Distrivutary (<6 i)

- _ sl =2.ka)
Figure 7.4. Reinnant Pleistocene 'islands'.
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Figure 7.5. Avulsion at No. 5 Bore.




Giles ] channel fill. The root system is now exposed by ~5 m fe. an incision
rate of 2 m/ 100 yr or a few geomorphically effective floods.

Giles Creek unit 1

a
L
=~
unit2
3 A
b Giles Creek

Figure 7.6. Schematic figure of channel change on Giles Creek.

a) The piedmont fan aggrades by distributary and splay accretion

b) Avulsion of Giles Creek, moving confluence 4 km south, ¢hannel incision.
¢) Aggradation of incised channel by deposition of Giles J paleoflood deposits.
d} Incision of paleoflood deposits
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The terminal floodout has been positioned in three different locations during
the Late Pleistocene. Moving from west 10 east they are the Mosquito Bore
Distributary, the Rodinga Gap Distributary and the modern floodout (Fig. 7.7).
The elevation of these sites and their age at the time of zbandonment (Tabl.
7.1) indicate a possible sequence of position of the terminal floodout.

The oldest age so far determined for a floodout is 12310+1400 sampled from
the Rodinga Gap floodout. This sample is from a depth of 40 cm below the
surface and indicates the last period of fluvial activity in this part of the
floodout. The flow path was most probably across the eastern plains through
Steele Gap and there may have been additional flow from the Mosquito Bore
Distributary.

e Mosquito Bore Distributary floodout is at the highest elevation and is
estimated by OSL to be approximately 10 ka. This phase of flooding is also
recorded at Giles B and the Expansion Scour site (Fig. 6.56), indicating a
significant phase of flooding which is absent from sites further east, and
suggests that the channel avulsed from the Rodinga Gap floodout to the
Mosquito Bore Distributary between 12 ka and 10 ka to flow directly south.
South of Wallaby Gap the Mosquito Bore Distributary traverses the
longitudinal dunes in a south easterly direction abutting against the Rodinga
Range, and was diverted east and west formirg a small floodout downstream
of the gap in the Rodinga Range. Some of the flood waters from this system
may have drained into the Rodinga Gap terminal floodout. Dated samples
from south of Steele Gap (3900+1270 BP) and from the alluvium in the No. 5
bore paleochannel (6300+1850 BP) indicate that flow in the Todd had
switched back to the easterly systems by at least 7 ka.

The geomorphology of the modern floocdout differs from that of the early
Holocene flood»uts in sediment texture and surface morphology and the Todd
River may only have occupied this position since the mid to late Holocene, as
indicated by a radiocarbon age of 5936-5561 cal BP from a flood plain in the
desert reach. The modern terminal floodout is a flat ¢lay pan with ljttle
vegetation. It is at a lower elevation (195 m) than the late Pleistocene/early
Holocene floodouts which are composed of coarse sand and gravel and have a
have a higher relief composed of longitudinal bars and multiple channels on
an expansion bar. It is inferred that the prior topography of the Late

118




mopoey

TRE TV

L] MUIIOSIAYG W L L DURBLA

S

EITLAR




Pleistocene river systems underlying the dune fields influenced the location
of the paleoflood complexes and terminal floodouts.

The Todd River palecfloods tharefore had the tendency to inundate new,
additional areas during successive events by switching the location of the
mau., flood path. For this reason, the total area affected is much larger than
if a consistent flood path was maintained. In addii 'n to the geomorphic
effects, this tendency has had ecological and archaeological impacts which
are discussed in Chapter 8.

Terminal Floodout OSL Age (BP)
{from west to east)

Mosquito Bore Distributaty (MBD)__| 9.920:1,840
| Between MBD and Rodinga floodout | not available

Steele Gap e 1.3900#1.270
Rodinga floodout _ ) o 12,310+1.400
Modern floodout R | Modern.

Table 7.1. Elevation and age of terminal floodouts in the Todd catchment
(Fig. 7.7). Elévation data is extrapolated from topogr.phic maps.

7.3.3. Sources of sediiment

Paleofloods deposited coarse and imedium gravel and gravelly sand in the
diedmont fans, gravelly sand in the iiddle reaches and sand with some
gravel in the northeri fringe of the Simpsnn Desett with silts and clays in
the terminal and backwater areas. The modérn flood plain sediments are
similar as they dre sourced from the paleoflood sediments. The absence of
boulder, cobble and coarse gravel deposits is due to two factors. Firstly, the
soutce of coarse clasts is limited, beyond the high energy reaches of the
ranges and secondly, flow competence was greatly reduced in the
unconfined flow conditions beyond the gorges and incised channels. There
are three main sources of sedimeat fur the Todd River palecfloods. These
include the slope deposits in thé headivrters reach, the Pleistocene alluvial,
aeolian and colluvial sediments and the old«r paleoflood depasits.

In the rdages coarse boulder and gravel sized sediment is supplied to the
channel through rockfall, s .ep tributaries and fans. This sediment is
entrained during the higher magnitude flows and stored in high, lateral and
central channel bar systems in the gorge. The upstream reach of the Ross
River gorge has an extensive, incised gravel fill. Coarse sediments are not
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abundant bevond the gorge but are found in isolated pockets such as the
cobbles in the Ross A section downstream from the Ross-Todd confluence
(Fig. 6.25). Giles Creek differs somewhat in that the channel bed is
considerably coarser than the Ross and e incised Giles J channel fill

contains gravel and cobble sized material ~10 km. from the ranges. Where

flow is predominantly unconfined however gravel sized sediment may be

present but is not abundant.
As tie flood waters drained through the aeolian dune fields they eroded
uences of parallel longitudinal dunes and breached dunes on the

of the channel complex. The flood waters entrained this fine and
ownstreain along

entire seq

periphery
medium sand which was redeposited in expansion bars d

with isolated granule material. The loosely packed well sorted dune sand

would have been easily entrained, but the cer..nted cores provided morc¢

resistance and were transported as angular cemented aeolian clasts now

preserved as red sand 1lls in a grey/brown palcoflood sand matrix.

The third source of sediment for the paleofloods is the pre-existing
paleoflood deposits. As successive paleoflocd tracts were repeatedly inuncated
or younger paleoflood routes abutted against older routes the contact was

erosional and the loosely  'ad sediment easily entrained.

7.3.4, Summary of geomorphology of paleofloods

Large paleoflood complexes containing a network of bra:. 4 channels,
longitudinal and expansion bars can be traced in relatively straight paths
from the MacDonnell Ranges to the Northern Simpson Desert, 100 ki
Aownstream where avulsion has facilitated the erosion of wide tracts of
a -1in dunes and the paleofioods have iaid down extensive mud and sand
Jeposits with some gravel (e.g. south of Wallaby Gap). A 500 m long swirl pit
train along the No. 5 paleochannel indicates the turbulen: nature of the flow
and where the flow path was deflected by bedrock ridges, lee side remnants
of the pre-flood topugraphy are preserved. Winnowing of the pa..oflood
deposits nourished adjacent climbing dunes. These floods caused the pattern
of landform assemblages to shift and reform throughout the landscape.

In addition to the immediate geomorphic effects of extr:.2 floods, the degree
to which paleofloods generated the modern drainage systems is of relevance
as the channel planform and gradient are still recovering from the
geomorphic impacts of events that occurred over vue tiwousand years ago.
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Chapter § plores soj
pter § plores some of the flood-forced changes and adaptations of the

modern river.

There are twx cpted approaches i
e WO accepted approaches to reconstructing the palechydrology of
rgo . - . P e T o . )
(M_gwl oods_._One IS 10 estifnate flow velocity from sediment transport
( lalz::*1 s; 1983, Williams, 1983; Costa, 1083) and then to apply this over the
paleoflocd cross section. The results ar : |
. results are conservative. The secot
pateotlood cross se . € second apr h
u. § paleochannel width in bedfock pas it
. edrock passages, where flow depth is i
o - preociannel width in bedfock p e fiow depth is identified
r paleostage indicators (PSI). The PSI can be biological, including
vegetation damage and regrowth pattef ’
v g . ln damage and regrowth patterns and/or sedimentological including
erosional and depositional floog f '
‘ ional and depositional flood features. While the sampling of flood
eposits in unconfined reach s of the ¢ .
ré? ; f un;onfzned réaches of the catchment iimproves the chronological
Cor , x . RN T ot - - P L. . s e man = = 3 1 -
. 1 it is difficult 1o estimate accurately the palechydrology of the flows
‘ew slack water deposits were located i - : "
2 ocated in confined areas and cross se
rew slack s and cros “tioha
morphology wias tho variable. o eeton®

7.4.1, Discharge and veloeity

The slope area method was applied to ¢
o Thpeu‘are? inethod was applied to five sites 1o calculate peak discharge
Ct | e meth?d involves the estimation of peak flood levels in the fiold
I- -” - . _ Y I s P _ ) )
Wlﬂe_na 10 be fulfilled for the accurate application of the method include. 2
ﬂ(—j bﬁ.—.'.., e P T = P P "
i bad\:;mr effects, no erosion or deposition during the flood and no
erbank flow. While it is difficult to fulfil the - ’
ulfil these criteria in the Todd Ri
this method was applied in order t e pont et
L pplied in order to ge: a best estimate of
this metho h stimare of the peak discharg
o ¥as apphied in order t peéak discharge.
X 2_;?§r'a\mete.rs toube determined include the ross scctional area (A; X
cgéf?t?li: rafilus (R {A/P where P is the wetted perimeter]), Manning's
“ 1cxentoi fﬁ)ughness () and the siope of the water surface (S) at the
ross section. These are iniput to the following equatisn:

, the

Q':A'R;.’/SSI/I/ A

There wete not inany locations ivi

ere fe not inany locations where there were well defined flow

Ot 1 reasoiiab P ¢ - |
es and reasorniable peak flow levels preserved. At the Todd A flood

distributary, channel slope and ¢

o 3tar).. channel slopé and cross section data were available (Fig. 6.37
n ~ . . - = A = . - - o L . - - ) '

e ° _8_) and as some vegetation currently grows in
anning's n value or .035 was assigned {Goudie

w '

ithe channel a

ant 1981). The second locati
a channel cross section on Giles Creek J (Fig. 6.32) where a high energy




paleoflood infilled an incised channel approximately 3000 BP with coarse
cobvles and gravel. The dimensions of the entrenched channel were
estimated from the remnants of the fill, which was about 4 m (Table 6.5) and
a Manning's roughness coefficient for mountain streams was used. The
modern channe! slope was used as an approximation of the water surface
slope. Peak stage was assumes to be tankfull height at the Giles ] site and the

Todd B site but could have been higher.

For the cross section at Wallaby Gap (Fig. 6.43), the channel slope was
measured from orthophote maps for the reach immediately upstream
between Mt. Capitor Bore and Wallaby Gap (reach 2, Table 6.7) and was
assumed to represent the water surface slope. The channel cross sectional
area was surveyed in at the gap and an erosional step in a sand deposit
downstreain from the constrictior was used to estimate the paak stage {Fig.
6.44). A Manning's roughness coefficient for a clean winding channel with
some pools and shoals was used (Goudie, 1981).

At Stud Tore 1 the cross sectional area of paleofloods was reconstructed using
the morphostratigraphic remnants of former channel widening events (Fig.
5.6) At Mosquito Bore 1 flow width was estimated in the same manner and
flow depth was estimated from the height of the cave slack water deposit. A
neak velocity of 2.5 ms'! was assumed for both sites.

It is assumed that the resultant discharge valucs (Tabie 7.2) greatly’
underestimate peak discharge at the first three sites {Todd A, Giles ] and
Wallaby Gap) as flows were overbank upstream anc downstream of ihe
reconstructed cross sections. In addition, the siznasured discharges for the
largest flows in the gauged record at the Wiils Terruce gauge in Alice
Springs (catchment area of 450 km?, 1190 m3s! in 1988 and 900 m3s’l in 1982)
are known to have had a very limited impact ou the paleoflood forms on the
Heavitree Fan. Additionally, the scale of the recent flood forms does not
match those of the paleoflood forms. It is concluded therefore that the
application of these methods is unsuitable in this instance.

Cross | R#3 | §12 | g ‘ Q | v ' o
C
sectional (M3 51y | (Ms'1) + (ms51)
area 1 ‘
; [iA cm
{m?) | i ’ ! ]
‘ " : |
Todd A 60 | 2231 .05 1.035! 191 - 319 | o020
[25x2 4] . | | r(;-1 )
Giles ] 1560 | 261 | 07 | 04 | 7125 | 261 <
[390x4] | ' | [.9]
Wallaby Gap| 1225 | 213 | 04 .04 ,‘ 2610 2.3 0.27 |
[350x3.5] ] | J vy |
Stud Bore 1 825 | 2062 | 25 .
event B [250x3.3] | . o J (_.J |
(Fig. 5.6) | ! | - |
StudBore1 | 1650 | | 125 . 2 —:
event A [375x4.4] | | (-o |
Fig. 5.6) | . ‘ | - ‘1
Mosquito 1350 | ’ ‘I 3375 | 2.5 ;
7 ’ ‘ L.D ) i
Bore 1 | [270x5] | J | {e) |
! | |

Table 7.2 Discharge and ity esti '
velocities of 2.5 m3sg'1 an a::d(r)rfég t_esumates for paleoflood flows. Flow

pogoies of 2.5 m : 7 1 for Stud Bore 1 and Mosqui I :
PR, g ovgincs couficint G Nl
lA: intermediate axis, (e) estimalt)ed. velocity. et mean velocity (Costa, 1983),

Two {
. methods were used to calculate the mean velocity of the pale . floods. The
anning' i ! i i ' : .
a ngs‘ uniform flow equation requires the calculation of R, 7 and n
which are input into the following equation. |

V=R¥3S112/

Th i

iy e secon-d method is based on the calculation of the velocity threshold for
¢ entrainment of sediment. The largest particle moved at each site w

measured and input into the following equation (Costa, 1983)

as

Uc = 57D0455

where i i
Uc is the mean flow velocity (m s!) and D is the intermediate axis

equati 2

Q on probably because the largest size sediment capalb:lz of being
2 4

transporte” was not avaiable in the downstream reaches




The conservative peak discharges (e.g. at Giles ], 7125 m3s! and Stud Bore i,
4125 m3s1) are still large for the Todd catchment (9,300 km?) and are the
equivalent of the eight year flood on the Daly River (49,000 kin?} in
monsoonal northern Australia (Chappell and Bardsley, 1985).

7.4.2. Flow depths

The s.ze of sediment in transverse bars on the Ross River piedmont plain
(Ross C) as used to estimate the depth of sheet flow. Wells and Dohren . :n¢
(1985) have attempted to calculate the mean flow depth (D) from transvers.
rib sedimentology (bma,) and paleoslope (S) using the equation devzloped by

Koster (1978):

D=0.15 (bma.\‘)o‘ﬁr/s

..here b,y is the intermediate axis {cm) of the ten iargest clasts. The mean
depth of ticw over the Ross River C plain using a paleoslope of .0034 m/m and
a particle size of .1 «m (Pation et al, 1993} is 0.093 m. This is clearly an
underestimate as the height of the transverse bars average at 0.22 ru.

7.4,3. Criteria for estimating flood magnitude rank

The high magnitude of paleofloods is testified by the erosion of pre-existing
landforms, the scale and spatial extent of the flood forms, the coarse textuie
of the deposits, the distance the fiood effects exterid from the ranges, the
avulsive nature of the flows and the fact that no floods sin¢e European
settlement of the region have inundated the higher paleoflood sutfaces.

Paleoflood dis-harge estimates based on channel sections above are very
likely to be too low. In order to assess the fiow magnitudes four criteria were
chosen (Table 7.3). Firstly if the paleoflood channel has been inundated by
historical floods (A) it is assumed to be formed by a low magnitude paleoflood
(category 1) as the historical floods are reported to have had little effect on
the paleoflood forms (Pickup, 1991). Secondly, if a paleoflood is traced >50 km
from the ranges (B), particularly if flow was unconfined, it is assumed to
have been a high magnitude flow (category 3). Thirdly, if the flood deposits
cover a large area ({7) it is assumed to have been a high magnitude flood
(category 2 or 3). Fourthly, is the scale of the flood forms (D), as large bars
(>2 km long) and wide channels indicate a significant flow magnitude
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(category 2 or 3). Floods were assigned a flood magnitude we

> or 3. ighting betw
1 and 3. 1 indicating the smallest events, ’ s

Ca ' i
tegory 1 and 3 events were easier to distinguish than category 2 and 3. A

combinati . Lo
ination of the magnitude criteria improves the flood magnitude

ranking. For example, unconfined flows which extended over 50 km from the

ranges were rank . ’ if ti
g ¢ ranked as category 3 events if they were associated with

traction deposits and if the flow was unconfined for the 50 km, but if the flcw
had a‘vulsed from confined to unconfined in the latter part of ;he flow ;aathcz\t
was given category 2 status. Thus, category 1 = A; category 2 = C-D: category 3
= B+C+D. The size of sediment was not used as there rended 0 be li;tI;e

difference between flood deposits on that basis (Table 6.2).

F Flood Magnitude Criteria
. A) Inundated by historicai floods May not be inundated due tc
o

| 7 . . . avulsion or channel incision.
| B) Unconfined flood channel >50 km
| from Ranges.

Problems

Transmission losses iato thef

channel bed may increase between
e . Ifloods. 1‘
C) Large areal coverage of event ccess

| Erosion of evidence by successi\'eﬁg
— e oo | floods. |
D) Large scale of flood features, e.g.
+ km wide coiaplexes, 2 km long bars.

May be dependent on sediment!
supply or degree of flow!
confinement. l

T. "' - - P .
able 7.3. Criteria for Flood Magnitude ranking: categorv 1 = lowest

magnitude. category 1 = A; category 2 = C+D; category 3 = B+C+D

7.4.3.1. Category 1 paleafloods

These ai ‘est | ni
. se; a.rg t_lr.xe lowest magnitude paleofloods, identified by their proximity to
¢ mdin channel and mapped in Figure 6.1 as the Todd A and Tod-d C

<omplexas . i
mplexas, Although formed by high magnitude floods they have been

odcupi i1 i i i
pied during historical times, as shown by the lack of pedogenesis

mod i
ern radiocarbon ages and the presence of young River Red Gums and

C.oolabahs. Flood distributaries extend from the channel and channel
dimensions decrease rapidly. e

The T ' i
: ed odd A paleoflood complex is a typical category 1 example (Fig. 6.1d). The
ood record at this site extends from the underlying bedrock and the




chronnlnoy begins clore to that boundary (Fig. 6.38). Preserration of
sestiinents ~na morphology since 400 BP suggest that no events of magnitude
cawgorv . > 3 have occurred in the last 400 years in this reach of the basin.

7.4.3.2. Caterory z paieofloods

Catego.y 2 eve.nis ave greater in magnitude than category 1 events but are
smaller than categor” 3. At the higher end of this categoiy are the floods in
the Mosquite Bore A, and Mosquito Bore B channels {Table 7.4). These
paleoflood complexes diverge strongly from the channel and are interpreted
as part of a wider flow path whict: is no longer visible, draining across the
modern chanrel. They inundated wide areas, and deposited gravelly sand.
They terminate in sump basins downstream controlled by the location of

outcropping ridges (Fig. 6.1d}.

Others flows in this category were soniewhat smaller than Mosquito Bore A
and B, as they deposited principally suspended loads (Allua B). The traction
deposits are mainly limited to confinied reaches (Ross A, No. 5 bore, Giles J)
and evidence suggests rapid dissipation of flood effects downstream (é&:.g.

Heavitree transverse bedform field),

7.4.3.3. Category 3 paleofloods

Category 3 floods are identified on the basis of three criteria. (i) they
travelled the maximum distance downstream, (ii} their flow path was
essentially unconfined, except at bedrock passages and (iii) they deposited
raction deposits the entire length of the flood complex (Table 7.4). Two
paleoflood complexes stand apart from the rést in this regard: the Mosquito
Bore Distributary (Fig. 6.1d) and the Rodinga Gap paleoflood complex (6.46).
Both maintained unconfined flow paths depositing traction deposits
including gravel over 50 km downstream from the ranges and eroded
surrounding aeolian landforms.

When the ages of paleofloods are plotted against their respective flood
magnitude category (Fig. 7.8) it appea.: <.ar the highest magnitude flows
occurred during the late Pleistocene and ezrly to mid Holocene. Category 2
floods occur from the mid Holocene and the lowest magnitude floods occur
during the last 400 years. The youngest events in category 3 are the smallest
events in that group and the oldest events in category 2 are the largest in
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hat group. The plot suggests that the m | Holocene events may
separate category. ‘
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Figure 7.8. Scatter

chrotiology. plot of flovd magnitude category and paleoflood

Thlsldecrease in flood magniinde over time agrees with the findings of Nott
;its:h.ai;::z,urlii96) for 1he north of Austraiia. At Waterfall Creek flood
5 ! g the early 0 mid Holocene were 2-3 times gtreater than
thg;e c{c“currmg over the last 5 ka. The extreme floods recorded at Wangi
Cree_k rc_zp'resent the likely maximum possible discharge achievable for ga
;Zic};;en; olt:1 that‘si?g (55 km?). Other paleoflood work in tropical Australia
rd the Laie Holocene floods to be relatively low magnitude events
Although the paleoflood records from Katherine Gorge and Finke Gorge onl\:
exte.nd back 2 ka (Baker and Pickup, 1987; Baker et al, 1983) the esrimate;i
maximum discharges for this period were only one fifth that of the p-ossible

maxi i ' i i
mum discharges for their respective catchment sizes (Nott er al.,, 1996)

Simil ork of
ilarly, the work of Woh! (1992a and b) in tropical Queensland indicates

th i i
d.ath the floods recorded during the last 1200 yr show maximum peak
Ischarges less than half that of the likely possible maximum discharge (Nott
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1996). It is only in the Kimberley region of Western Australia
(Gillieson et al,, 1991; Wohl, 1994a), that discharges close to maximum possible
discharges been recorded since the mid Holocene (Nott et al., 1996).

et al.,

7.5. Paleoflood Chronology

7.5.1. Introduction

Radiocarbon and OSL were used to estimate the absolute age of the
paleofloods. The methods and data are discussed in Appendix 1. The following

section will present the paleoflood ages and discuss them in the context of

other Australian and tropical paleoflood chronologies.
= §.2. Results and interpretation of dating program

Fourteen OSL and thirteen radiocarbon age estimates are used in the ahalysis
of the chronology of the palcofloods. Given the latge error bats . ~the OSL
ages it is not possible 10 separate individual floods accurately vased on

chronological data alone, but separation was achieved by combining the
stratigrapi.dc and chronological data (Table 7.3). Figure 7.9 is a scauer plot of

the OSL and radiocarbon ages for each of tha palecflood crmplexes.

The dated flood deposits fall within the last 13000 years, with ofie outliér at
26800243000 BP (Fig. 7.9). The resolution of the dating techniques and the use
of two methods makes it difficnlt to identify whether events were inore
common in some periods than others, but it was of interest to see if phases of
floods could be identified and this was undertaken qualitatively (Fig. 7.10),
firstly and conservatively by including the error bars associated with the

zges and secondly by ignoring the error bars.
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g similar age data incorporating

A phase of activity was identified by groupin
hase should be

the values of each of the error bars. In principle, each p
m the next on the basis that the mean age of the sample does not
fall within the error margin of a sample in the next phase. It is imporiant o
note that because the error bars are larger for the OSL ages than for vhz
this extends the range of flood phases for the older events
dated using OSL (see Figure 7.10). Four phases of
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Results for the 2000 year interval (Fig. 7.11a) suggest three phases of
flooding: >26 ka, 12 - 14 ka and <10 ka, v "1 gaps that imay indicate periods of
quiescence between 26-14 ka and 12-10 ka. The same data set grouped 500
year intervals indicates some possible patterns in the Holocene data (Fig.
7.11b). Six periods with no duted flood deposits and possibly no floods are
identified at around 1500, 3000, 4000, 5500, 7000, 9000. The time séfies sugigests
that floods in central Australia are randomy spaced.
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7.5.3. Australian paleoflood chronolsgies

The age estimates of the Todd paleofloods were plotted against data from other
paleoflood studies in Australia (Fig. 7.12). While the research covers a
relatively good spread of river systems in north west, north, north east ahd
central Aus® -alia, few records extend past 4000 yr BP and the majority of
flood ages are younger than 2000 yr BP. The more extensive flood records are
from the odd River and Waterfall Creek and indicate that the otier flood
records are incomplete. Poss. le explanations for why records are limited are

explored in Appendix 1.

As the monsoon-driven weather systems which cause flooding in central
Australia originate in the north west, north and north east it is possible that
the flood record from these regions may be similar o that of the Todd River.
Figure ;.. 3 was plotted to asceriain if some of the iarge floods were coeval in

central Australia and across the north of the continent.

A flood phase centred on 400 BP is recorded in all four regions, and a phase at
600 8P is recorded in central Australia and the Burdekin River in
Quecnsland. Evidence of a phase at 1000 BP is also fcund .n all four régions
and the phase at 2100 is found in the centre aiid the noith west Phases with
evidence reported from all four regions may indicatée a stronger monsoor,
with extreme rainfall events occurring more widely or more frequently
than at present across the top half of the continent. Dating of floods in the
Finke River (Pickup et al., 1988) and the Todd River indicate that some events
which appear to have extended throughout the Todd (Fig. 6.56) may aiso
have been coeval in the Finke Rivetr. This would suggest that the high
rainfall weather systems were regional and future investigations should find
evidence of these floods in other central Australian catchmeiits.

Over a longer period Figure 7.14 shows that the two longest paleoflood
records from Australia are similar and suggest enhanced fluvial activity
beyond the 1.2 ka episode (as noted from Fig. 7.13) occurred at 5,000, 6700,
8300 and 12500 BP. However the Waterfall Creek record (Nott et al, 1996) does
not appear to record the strong 10 ka signal found in the Todd.
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There is growing consensus that in the tropics and in extra tropical regions
impacted by tropica: flood-generating storms, the largest floods have
occurred in the last century (Baker, 19935). This hypothesis is proposed on the
basis of data gathered in many places including sites in the US (Ely et al.,
1993), India (Kalc et al,, 1994; Ely er al, 1996), and northern ar.l central
Australia (Pickup et al,, 1988; Wohl et al,, 1994c).

In monsoonal Australia, Wohl et al., (1994¢) reviewed all dated paleofloods
that occurred during the last 2 ka BP but they ignored the age error terms in
the analysis and could only tentatively suggest that there has been a higher
frequency of floods during the last 150 years. Pickup et al. (1988) considered
that three of the four largest floods in the Finke Gorge occurred in the last
100 years (1921, 1974, 1988) and Gale and Bainbridge (1994) suggest that the
1990 floods of inland Australia which inundated more than 22000 km?2 of
southern Queensland and northern New South Wales were possibly the
la~gest since European settlement of the region 200 years ago. This does not
match the flood data of the Todd catchment as the 10 ka flood that is
represented by the Giles B splay and longitudinal bar deposit, the expansion
bar deposit at the end of the Mosquito Bore Distributary and the Expansion
Scour deposit which is estimated to have deposited 8.6°m3? of sediment, far
exceeds any historical flood. Indeed no categury 3 paleofloods have occurred
historically.

Three reasons have been suggested to explain the apparent clustering of
exceptionally large floods in the last century (Pickup :r al,, 1988; Wohl et al.,
1994c. Firstly, a climatic shift that increased the frequency of large flood
generating storms is a popular assumption but one which has been
impossible to prove. Such a climatic shift might be natural or the result of
atmospheric warming induced by the atmospheric
concentrations of radiatively active gasses such as carbon dioxide. As these
flood patterns have been linked to global hydro-climatic phenomena
associated with tropical storms, clearly the delineation and understanding of
the caus.s of change are important Secondly, in the Finke, a recent
combination of drought and overgrazir.g has enhanced runoff production in
the drainage system. While it is likely that land use, both pastoral and
traditional aboriginal fire-stick-farming, will increase sediment yield, high
magnitude floods in large catchments such as the Finke are far less
influenced by drainage basin properties than the more frequent lower
magnitude events (Picku}. er al., 1988). The third factor may be that the small

increases in




ibili ! vents are
sample size increases the possibility that only the most recent eve

recorded.

While an analysis of the flood data frona the shorter flood recorcl.is (<2 k'a) does
seem to indicate that the recent floods are the largest floods in .m'.m}- of thz
catchmeats it is not as yet a consistent record across _the tropl?al andﬂsm;

tropical region. Certainly, the high magnitude of the 1970 floods in the Fin Z
were not as large across the eastern MacDonnell Ranges and Nanson an

Tooth (in press) report that there has been little change to the S'fmdover
River since 1950. The lack of synchronicity in terms of the magnitude of
events within and between regions indicates that more field research needs
to be undertaken in locations where a longer temporal reccrd can be assured
before we can invoke atmospheric scale climatic change due to the

greenhouse effect or any other mecharism.
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CHAPTER 8

Second Order Geomorphic ™ :sponse to Paleoflvods

8.1, Introduction

This chapter describes the second order response of the catchment to the
paleofloods (Fig. 8.1). This is the first study to assess the recovery and long-
term geomorphic effects of a sequence of high magnitude floods that
occurred beyond the historical record in an arid zone catchment. The first
section of the chapier describes the adjustment of small-scale catchment
drainage patterns, the formation of aeolian dunes, and the change in
vegetation: This is followed by a discussion of the modern channel
adjustments to and recovery from changes in local base level and sediment
supply. The chapter finishes by examining the impact of the paleofioods on
the Aboriginal occupants of central Australia and the implications for the
archaeological record.

During recovery from & flood, all parts of the catchment do not exhibit the
same trends at the same time nor will any part of the stream necessarily
exh.i1t the same tendency at different times. This spatial and temporal
variability in behaviour has been labelled by Schumm (1977) as a complex
response. While the length of the interval between catastrophic events will
influence the degree to which chaniels are changed (Gupta and Fox, 1974,
Wolman and Gerson, 1978), in humid regions moderate events can rapidly
return a channel to its pre-flood condition (Costa, 1974), whereas recovery in
arid and semi-arid environments generally takes much longer (Wolman and
Gerson, 1978; Harvey, 1984). However, the ability of the river to recover is
dependent on ihe magnitude of change wrought by the flood. For e.ample, if
the tloods have eroded adjacent longitudinal dunes which were built during
extended arid phases this landscape will not be repaired by intervening
floods; similarly if the channel avulsed during the flow, repositioning of the
channel may never be achieved. Sequences af large floods may be an
important factor in major channel changes and geomorphic effectiveness
(Burkham, 1972) as the catchment may have been unable to recover recover
in the short period between two large floods.
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8.2, Small-scale drajnage systems

Small (<20 kmZ2) systems drain the piedmont ranges and outlying ridges south
of the MacDonnell Ranges. These channels drain steep bedrock gullies and
flow onto the piedmont area, aeolian dune fields (Appendix 4, Image 9) and
trunk-stream alluvium (Appendix 4, Image 5) forming small piedmont fans.
Thea drainage eventually disintegrates in a system of distributary channels
where channel dimensions decrease cownstream 10 a terminal floodout,
Observations in the field and from satellite photographs indicate that where
these small channels intersect with paleoflood alluvium the drainage pattern
may disintegrate or it may be diverted. The following examples are selected to
illustrate the paleoflood-induced adjustment of small drainage patterns.

Drainage disintegration is a common effect in the Todd catchment where the
small channels intersect paleoflood alluvium. This can be seen in the
channel at Camel Flat which drains from the high bedrock ridge east of
Wallaby Gap (Appendix 4, Image 9; Fig. 8.2a). The channel flows into the
swales of a longitudinal dune field and naintains a single thread channel
pattern until it meets the Mosquito Bore Distributary deposit. At the point of
change from the inter-dune swale to paleoflood sediments the drainage
system rapidly disintegrates (Fig. 8.2a) 10 form a densely vegetated terminal
floodout. The disintegration of channel form is related to the rapid increase
in transmission loss into the channel bed once it flows over the imore

permeable paleoflood sediments.

Where small-scale channels intersect larger paleoflood channels theéy may
occupy topographic lows in the paleoflood deposit. An example of tiir is seen
along the Mosquito Bore Distributary where a small channel wh'.. drains$
from the west south of Mosquito Bore (Appendix 4, Image 8a) flows along the
marginal paleoflood channel of reach 2 (Fig. 8.2b, Plate 6.19). Another
example can be seen upstream of the Wallaby Gap constriction (Appendix 4,
Image 9a) where a small westerly-draining channe! is abruptly diverted
south along a paleoflood braid channel. In this way the paleoflood b: .d
network diverts the smailer channel network and dictates the location of the
channel and the direction of flow.

138

g
=

nws =

582

T

sEo

5%k

m?—ﬂ.
3 E3c¢c
=t ga.g
™ ocwm
o =23
i T oM
=l ]
< L >
o L ]

Depositional: |

Ephemcrél Flow-s .

‘Macroturbulent scours |
' Remnant Istands

Suspension- |

Traction deposits

>
— =
- =Y
E i
=] -
g g
Q 7]
€ £
— ' g E
o @
g E 5
c £ =
] T O
£ = 2
° :l
k5 T 8§
° c ©
1]
@
o
-
[=3
L —_ @
E
o L - 5
w5 O £ c
o 2 Q &
[77] lP =T =
6 5 X c
o q L D
s 9 S ]
= T ., £
i \ e g
e £
2 O
@ —_—
=]
5
<
§
=
c
| E:E
a2 e [Chx=]
[ o ©
£ 2 38
uf =
G & 2e
n @ 3 3
= [aNal
o
£ £ &
LD 5
w 3
L) c E 3
[+] m o e
£ 258
mem-]l—
c o
O o

Channel morphology
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?m‘ql: of Figure 8.4, Schematic model of an erosion cell (Pickup, 1985}, The scour zone is an
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temporary storage. The fill zone lies downslope and is an area of sediment deposition.
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8.3. Avulsion and channel entrenchment induced by paleofloods.
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o The surfaces of all paleoflood deposits have been reworked to some degree by
21 aeolian processes. This is indicated by winnowed surfaces, small aeolian
T = sat P o ra fad mounds trapped around vegetation and low dunes on paleoflood surfaces.
, : Most impressive are source-bordering climbing dunes located close to
4 2 ) paleoflood channels where adjacent high bedrock ridges trap the mobile

sand fraction. ¢

Large source-bordéring dunes were investizated adjacent to Je=sie Gap, (see

section 6.2.4, Plate 6.2} and No. 5 Bore paleoflood channel, (see section 6.6.5 2.,
Plate 6.27°. The dui it Nu. 5 Bore are believed to postdate deposition of i
sediment in the adjacent paleoflood channel (Fig. 6.61) and are related 10
fluvial events which introduce sediment rather than signalling a period of

increased aridity or windiness. Radiocarbon dates from the Jessie Quarry .

o dune which has its source in Jessie Creek, indicate that it was forming at
- o = 3087-2,75 cal BP and 1874-886 cal BP. Source-bordering dune sedimerit varies
betiveen fine and coarse moderately and poorly sorted sand (Table 8.1). The
* o sand in the Holocene dune close to Jessie Gap is coarser than that of the

E : underlying Pleistocene dune owing to the proximity of the Holocene dune to J,

, % ::\f/ its sediment source. Tlie Pleistocene dune is part of the larger Simpson Desert -

. e T T T dune field, nourished from a more regional! source, The Holocene dunes are

reworked by small runoff gullies which transport the higher elevation

N aeolian deposits into small fan platforms on the lower climbing dune flank,
'J\ . = enhancing its complex slope morphology.
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On the ridge to the east of reach 1 on the Mosquito Bore Distriburary is a
series of steep fans {Appendix 4, Image 8). The sediment in these fans is
derived from two locations: the angular coarse gravel fraction from the
weathered rubble scatiered across the ridge and a {ine to medium aeolian
sand matrix from the adjacent paleoflood alluvium whici OSL age estimaies
show was deposited between 10 and 6 ka BP. Runoff has reworked the a=zciian
sediment into a series of piedmont fans which now abut the paleoflood
channe! ther descriptions of alluvial fi ns novrished by acoiian processas

were not found in the literature,
8.4, Yegetation

The relatively nutrient- and seed- rich, permeable paleoflood sediments
{Bourke and Pickup. in press) support vegetation which differs from that of
the surrounding older landforms. For example the older Pleistocene alluvial
surfaces support Hakea eyreana and soine Acacia estrophiclata and the
aeolian surfaces Micromyrtus flaviflora, Duboisia hopwoodii, Plec¢trachite
schinzii. The paleoflood surfaces support Acacia murrayahna, Acacia
victcriae, Hakea eyreana, Acacia estrophiolata, Eucalyptus camaldulerisis and
Eucalvptus microtheca. The effect on Aboriginal setticment of the arid
interior of the change in vegetation distribution in the last 15,C00 years,
owing to an increase in flood frequency and magnitude, ¢ discussed in
section 8.6.

8,5. Manifestations of

Downstream changes of channel morphology, planform and sediments are
step-like in the Todd River. The channel bed is downcutting where it flows
over bedrock or cemented Pleistocene alluvium, while elsewhere it ic locally
aggrading, with inetre-scale thick sequences of sandy tabular bars, and
channel width tends to increase and decrease abrupty. Factors affecting this
variability include sediment transport, local sediment supply, bedrock
outcrops and entrenchment.

ae following sections focus on thri: aspects of channel disequilibrium in
the Todd and discusses the way in which the channel changes between high
magnitude events. The first tepic is channel entrenchiment, second is the
respense to sediment injected by paleofloods and the third concerns the
cownplex response at tributary confluences,
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8.5.1. Channel entrenchment.

Channel entrenchment can be associated with an increase in flnod
frequency. For exampli Warner (198/) inferted that recent channel incision
in some New South Wales coastal valleys retlects the influence of iarge floods
gince the 194C's. However, channel response in semi-arid regions may be
different: for example, Pickup (1¢91) inferred from sedimantary evidence in
dams in central Australia thai entrenchment ozcuis up.tream and deposits
downstream in dry phases. Sediment rrapped in the dams includes a lower
layer of compacted mud heavily trampled and mixed by cattle, whick
accumulated during a relatively dry interval prior to 1967. This is overlain
by stratified sand. Pickup inferfed that durinyg the dro.ght prior to 1967,
there was less vegetation and grazing enhanced :rosich so that charnnels
became choked with sediment and only silt and cle. were transporied.
During the 1970's, Alice Springs experienced two ¢ threé times its average
annuat rainfall for several consecutive vears and the landscape became
revegetated. Erosion was reduced, sediment delivers: to channels decreased
and channel :our commenced releasing sand which was transpori=d to the
dam. Simiiarly, but at a larger scale, the first order effects of the Todd River
paleofloods were aggradation of flood plains and channels rs:her than
incision, which developed later.

Entrenched reaches are identified wliere the channei and recent {lood
plainis are inset within high (>3 m), vsually verticallv walled, terruces
composed of cemented Pleistocene or paleoflood < liments. Three
r.echanisms of entrenchment and nick point retreat are identified:
avulsion-induced entrenchment, arroyo-style entrenc. . 2nt and the
incision of inherited steeper Pleistocene surfaces. Channel entrenchment
releases large volumes of sediment to the system, which when transported
downstream has a profound effect on channel {orm.

8.5.1.1. Avulsion induced channel changes

One of the major geornor, ‘¢ effects of paleofloods was avulsion. Reach-scale
avulsion has already been discussed for the Giles Creek paleoflood chaniel
fill and the No. 5 bore section (section 7.3.3.1.1). Large scale avulsion
changed the flow path position from event to ever.t. In addition to relocating
the channel, avulsion sometimes changed the d' Lositional end point of the
system to a point of lower elevation (see Chapter 7). It is inferred that this
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process would have triggered widespread channel entrenchment in a
manner similar to that shown in Figure 8.3 but specific examles are

difficult to identify in the field.
8.5.1.2. Arroyo-style entrenchment

Working in eastern Wyoming and New Mexico, Schuinm and Hadley (1957)
observed the coexistence of both aggrading and entrenched channels. They
proposed that the formation of a discontinuous gully was a semicyclic
phenomenon, whereby an initial gully migrates headwards so that
tributaries become entrenched and the rate of sediment removal is
increased. When the supply of sediment fromn retreating headcuts exceeds
the capacity of flows ro remove it, deposition occurs in the lower reaches of
the gully. The alluviating valley floor develops a local steep gradient at the
downstream end which subsequently erodes, forming a trench which may
eventually unite with the upper channel to form a continuous channel

dissecting the channel fill.

Aggradation and entrenching are related to sediment supp which in arid
fluvial systems is episodic and spatially variable, and is strongly linked to
patterns of vegetation cover. Pickup (1985, 1988) proposed that the
principles derived from arroyos and discontinuous gully systems by Schumm
and Hadley (1957) apply in the larger, lower gradient fluvial systems of
central Australia. Pickup's mode!, shown in Figure 8.4, uses the three - nes
identified by Schumm (1977), a sediment production zone where scour or
stripping injects sediment, a sediment transfer zone and a sediment fill zone
or sink. Newly deposited sediment in the fill zone is uncompacted and
theretore can hold more moisture than older deposits; it may also contain
seeds and a higher prop._rtion of sediment-bound nutrients, and providre a
favourable environment for vegetation which tends o stabilise the surface.
The vegetated surface is also hydraulically r.ugh which disperses
subsequent ficivs and promotes further deposition (Fig. 8.4).

Eroded areas (scour zones) provide unstavle surfaces for pla. 's, are often
hydraulically smooth and have limited capacity to capture and retain low
density plant matter such as seeds. Taken together, the tendency for
sediment to be transported and deposited in slugs, and the effect of
stabilisatior: by plants, lead to alternating patterns of erosion and deposition
of varying persistence in the landscape. These patterns may develop at a
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variety of scales with the larger elements in the patiern becoming more
pronounced as erosion intensifies.

The operation of scour-transport-fill (STF) sequences in arid zone rivers
differs from perennial rivers in both the scale of operation and the
complexity of spatial patterning. In perennial systems, the STF sequence is
generally manifest as chains of ponds within unchanneled swampy meadows
(Eyles, 1977), and by within-channe] but vegeiated ephemeral sediment
islands, whereas in arid systems it gperates across a number of scales, from
the gully network to the large-scale floodout system. These scales are not
exclusive and may have complex spatal relationships, for example, the distal
zone of one floodout may be the production zone for another erosion cell
sequence or smaller cells may be embedded within larger ones (Fig. &.5).
Erosion cells may not be fully developed or may represent latent features in
the landscape (Pickup, 1988). The transition between linked cells tends to be
morphologically abrup:. This patterning of arid zone sediment trensport and
deposition produces a shifting mosaic of ground surface sediments known as
an erosion cell mosaic (Pickup, 1985, Fig. 8.5).

This model is useful in understanding floodout formation. Intermediate
flocdouts are located in the piedmont zone of the MacDonnell Ranges. The
channel sequernice tlirough the headwaters - piedmont fan - floodout, close to
the MacDonnell Ranges represents a physical expression of Pickup’s (1988)
STF model (see Fig. 6.1b). The bare granitic rock surfaces in the steep
gradient headwaters of the Todd River upstreain of Alice Springs, comprise
the scour zone and supply coarse weathered sediment to the channel
through a series of small-scale fans feeding into a newwork of gullies. This,
in itself, is a small-scale version of the STF sequence. The main channel of
the Todd River transports this sediment, along with some locally reworked
alluvium contained in temporary storage in the transport 7one. Once the
channel emerges from the ranges it crosses the broad piedmont zone over a
deep alluvial fill. Transmission losses are sirnifizant and deposition occurs
in the fill zone. The intermediate floodouts of the Todd catchment are noted
for their dense distribution of Coolabah vegetaticn (Eucalyptus microtheca),
decreasing channel capacities, distributary channel patterns and extensive
aggrading silty sand deposits.

The f. Jwing is an example of the geom:rphic impact of channel
entrenchment downstream of a zone of aggrada:ion in the Todd River. The
Anabranching site is located in the entrenched channel formed as a result of




the reach scale avulsion at the No. 5 paleochannel approximatelv one
thousand years ago (section 7.3.1.1.), The channel width increases abruptly
in this reach and contains a series of large islands separated by smaller
channels (Plate 8.1}. The cross section indicates a narrow channel incised
into the underlying Pleistocene sediment (Fig. 4.22). This cross section
identifies the way in which channel beads act as stores for sediments that
are transported in pulses downstream and the importance of entrenchment
in remobilising those stores. There is a nick point developed not only in the
channel thalweg but also on the higher flood plain surfaces that are
activated during the larger magnitude events (Plate 8.2). The planform of the
bead suggests that channel widening is along the left bank as a result of
aggradation and flow deflection most probably during subsequent lower
magnitude events. The exploitation of the surface channels is effective in
remobilising the sedimu:: re and leaving an assemblage of remnant
islands. The rate of nick point incision appears rapid (Plate 8.2) and if not
reworked, these islands may remain as perched terrace deposits or perhaps
be infilled by finer textured sediments until the next pulse of sediment is
moved downstream to be siired preferentially in this location.

8.5.1.3. The incision of inherited Pleis*ocene surfaces

The third mechanism of channei entrenchment is evident in the entrenched
reach downstream from the Heavitree floodout (Fig. 6.4). Figure 8.6 shows
the current location of a series of nick points close to the catchment
headwaters. Figure 8.7 indicates the . hanging channel morphology as the
nick point moves upstream. Cross section 1 is through the Heavitree floodout
and indicate a multiple shallow channel network. Cross sections 2 to 4
indicates arrovo-style channel entrenchment in the indurated Pleistocene
sediments. Cross sections 5 to 7 are incised in bedrock. Two well-developed
ﬁick points are visible in the long profile (Fig. 8.6); the upper one is at the
junction between the Holocene floodout sediments and the Pleistocene
alluvium and the lower one is incised in Pleistocene alluvium. A third nick
point, not measured in the long profile, is located 500 m downstream of cross
section 6 in the Merinee sandstone. Cross section 7 is not shown in Figure 8.6.
The entrenchment of the channel along this 5 km reach is probably related
to the difference in gradient between the steeper underlying Pleistocene
surface fan surface and the overlying Holocene intermediate floodout
terminus (Fig. 8.6).

144

8.5.2. Paleoflood sediment texture, supply and reworking

The: second example of channel disequilibrium is the geomorphic response to
the injection of large volumes of paleoflood sediment.

8.5.2.1. The Influence of paleoflood sediments on channel
morphology

The weathering history and textural composition of the sediments through
which the channel passes profoundly influence the channei morphology,
planform and parttern. Where the boundary is composed of resistant sediment
such as cemented Pleistocene alluvium, and at some sites coarse paleoflood
sediments and bedrock, te channel is relatively narrow and the banks are
high. Coarse paleoflood deposits provide an abundant source of sediments,
but have variable boundary resistence. Because lesser flows have
insufficient energy to transport ccarse sedimernits easily, paleoflood deposits
are a major influence o modern channel and flood plain morpho-
stratigraphy. Two sites illustrate the offect of the coarse textured sediment:
Giles Creek 3 (Fig. 8.8a) and Mosqui-o Bore 2 (Fig. 8.8b) where the present
channel! has incised paleoflood fill emplaced approxitnately 3 thousand vears
ago. The paleoflood sediments at both sites, composed of cobbles and coarse
gravel, reflect their proximity to the ranges. Large remnant islands
composed of in situ paleoflood ccbbles and gravel remain 3 m above the
thalweg (Fig. 8.8a (i)) and deflect the modern channel flow into an
anastomosing pattern (Fig. 8.a (ii)). In these locations the present flood plain
is often a thin smear (Fig. 8.8a (iif) and b (i)) over a laterally more extensive
paleoflood core (Fig 8.8a (iv} and b (ii}). The morphology of exposed
paleoflood sediment is often step-like (Fig. 8.8a (v) and b (iii}) due to the
relative resistance of individual sedimentary layers. In these reaches active
channel bars tend to be coarser in textural composition than further
downstream due to the local source of coarse paleoflood sediments (Fig. 8.8b
(iv, Plate 8.3).

Further downstream, the channel incises finer textured paleofiood sediments
which are easier to erode and transport. Many of these locations are
associated with channel aggradation and channel widening which are
discussed further below. In these reaches the channel typically includes a
series of braid bars or stable islands separated by smaller channels. Channel
banks may show a series of cliiptical notches resulting from flow deflection
at the downstream end of these bars. Plate 8.1 shows an aerial view of a
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narrow channel entrenched in Pleistocene sediments; Plate 8.7 and 8.8 show
wide reaches set in paleoflood sediments.

8.5.2.2, Channel width varjability

One of the notable features of the Todd River is the variation of channel
width, particularly downstream of the Ross River junction. This variavility is
linked to the distribution of paleoflood sediments. Channel width was
measured from the headwaters upstream of Alice Springs to 170 Kkm
downstream at 500 m intervals (Fig 8.9) from 1:50,000 orthophoto maps. The
foliowing section explores the relationship between channel width
variation, sediment characteristics and channel boundary resistance,
particularly at 1ocations where width increases dramatically. Factors which
influence channe! narrowing include resistant boundary sediments such as
bedrock, cemented Pleistocene sediments and coarse compacted paleoflood
sediments, and the development of incised channels due to reach avulsion or
local steepening of channel gradient due 10 aggradation upstream. Factors
which influence channel widening are the location of erodable channel
banks and the temporary storage of sediment waves.

Channel beads

Of particular interest in the Todd River is the occurrence of reaches of
abrupt widening and narrowing (Plate 8.4, Fig. 8.10b), here referred to as
'beads', a term adopted from the fluvioglacial literature which describes
similar sudden expansions in subglacial channel widths as beaded eskers.
Plates 8.4-8.8 illustrate the planform of some Todd River channel beads. By
way of example the Allora Bore bead increases from a width of 120 m to 400 m
and maintains this width for 1,000 m downstreain where it abruptly narrows
again to 120 m (Plate 8.4). Typical dimension relationships are as follows:
Wn/Wp = 0.25 and Wp/Lp = 0.4, (Wp = width ot narrow reach, Wp = width of
bead Lp = length of bead; see Fig. 8.10Qa). These reaches are associated with

alluviation in the form of bars and islands, braided channel patterns (Plate

8.1, 8.6) and a decrease in charnel slope. Similar sharp increases in width
were observed in Spanish rivers Ly Thornes (1974, 1976a, b, 1977, 1980} who
noted an association with high sediment discharges, transmission losses and
high magnitude floods, all of which are found in the T'odd River. The wide
beads in the Todd River typically show evidence of lateral erosion, channel
deflection and channel aggradation. Low magnitude channel widening




até 8.1, An obligué view of the Anabranching ite. A beaded channal located upstream
rom a bedréck constriction. Daghad liné indicates the approximate location af the ¢ross-
section. Flow is towards the 1op of thé plate. Arrow indicatas location of Plate 8.2,

Plate 8.2, View locking upstream at a nick poift irfcision into gravelly Plaistocena alluvium at
the Anabranching site. The streamlined remnant downstieam fromm the younRg (=510 yf)
eucalyptus tree indicates the rapid raté at which the nick point incision is OCeurfing in this réach,
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Figure 8.8. Morphostratigraphy indicating the impact of resistant paleoflood sediments on
contemporary channel morphology and morphostratigraphy.

a) Giles Creek 3. (i) Island composed of remnant paleoflood sediments. {ii) locally anastomosing
channel pattern. (iii) Modern flood plain smear. (iv) Flood plain core composed of remnant
paleoficod sediments. {v) Stripped surfaces with step morphology (surface flood plain remnant).

b} Mosquito Bore 2. (i) Modern flood ple’~ smear. (ii) Flood plain core composed of remnant
paleoflood sediments. (iii) Stripped surfa. s with step morphology, (surface flood plain remnant}.

(iv) Remobilised paleotiood gravels forming large channel bar.
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processes which include charnel diversion, notching and undercutiing also
contribute to the development of beads.
The location of reaches of channel beads in the Todd is controiled by the
following three factors: bedrock constrictions, sediment supply from
tributaries and the inferred loss of flow energy (Fig, 8.11}.
_ L
o5 GoueiaEy m.:; Zuer———E;P__________—_-_—-_:- | - Upstream of the constriction at the head of the Ross River Gorge (P_lates 8.5
@ — = and 8.6) channel width increases from 60 m to a maximum of 300 m
. __..—-____,———5 ‘.-8 presumably because the bedrock constriction has ponded the river and
= —_— T caused local channel aggradation. Beschta (1983a, b) reported a similar effect
1noos uoisuedxy 8 - T on the Kowai River in New Zealand where sites above constrictions such as
J— } -8 .‘_-:, pridges and gorges were sites of major aggradation and channel widening.
. N — B L—S % In the Ross River, bedrock constrains the right_ side of the bead and the
P S - thalweg channel is deflected along the left bank (Plate 8.5) where it cuts into
weDEAS W —-=—-_-_:____='"’_:——"_ -2 o Holocene alluvium. Channel bars and a tendency to braiding can be seen in
Wa017) ‘?u!r-—-——-’ 4 = ;-‘8_ E Plate 8.0.
—_—_— ] =
lomg sy ———# FE -8 § ) Downstream of major tributaries, the Todd River is prone to aggradation and
i_:—:. Lw ‘E :E the development of braided beads with large bars or islands followed
’ gﬁ_ [ z £ downstream by an abrupt narrowing of the channel. This can be seen on the
- ‘E ?‘3 E satellite images where aggradation is evident downstreamn from the Ross
5 E River (Appendix 4, Image 5a) Jinker Creek (Appendix 4, Image 5a) and Giles
-g 2 Creek (Appendix 4, Image 7a). Similarly, Beschta (1983a, b) found sediment
E input from tributaries of the Kowai River caused downstream channel
1nopooy saleal —_—__:___dp:. o ﬁ: widening of the trunk stream and Mabbutt (1977) found the decline in
f-‘:: _ o ,::; channel width on the Fifike River was reversed at major river junctions.
B degy 3aAesH ——-——m——p» ————" g
o s6uuds 8oy == ‘r & 5 Channel beads not associated with constrictions or tributaries are inferred to
E % Lo & form as a result of a decrease in transport energy downstream, in particular
S A g . where aggradation coincides with erodable channel boundaries (Plate 8.7).
. T u T : : i A e ::g , Channel bar formavion and the lateral diversion of flow important in
2 g g g g & 2 g ? i} widening the Todd channel where the banks are composed of erodable
. (W) yIpM JouuEYD l paleoflood sediments (Plate 8.5). Because an increase in sediment derived
3 from local bank erosion augments the supply from upstream, braiding
| occurs and longitudinal bars develop, which enhance the lateral migration
and widening of the channel. Such mid channel bars may continue to
N enlarge either by supply of sediment from upstream or locally from the
eroded channel banks, thereby enhancing the lateral erosion. Coalescing
bars may develop resulting in asymmetrical expansion of a portion of the
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channel, as is found on the Rnss River channel bar (Plate 8.8). Similarly,
Beschta (1983a, b) noted the ;ositive feedback whereby in locations of
channel aggradation additional sediment became available as the river cut

laterally into formerly inaccessible sediments. In locations of channel
aggradation where flow is diverted around large channel bars low
magnitude flews diverted into side channels can effect signilicant erosion
(Plate 8.7). Pickup (1988) described the process of 'buffering' for flat arid
and semi-arid landscapes, which can be applied to reaches of extreme

channel width increase or 'beads' on the Todd River. Sediment pulses tend to Lb

travel a short distance downstream and, in order to compensate for the

increase in local sediment supply, the channel adjusts its patterni from a
dominantly single thread to one of extended braiding sections; sediments are

placed in stores such as islands, tlood plains and large central bar systems b)
{Pickup, 1985). Buffering occurs once depositional or fill areas become
vegetated as they act as a bottle neck which eventually restricts the sediment
volume and transport distance. It is common to find deposits building up so
much that flow is diverted around them (Pickup. 1983, 1988) eroding the

channel boundary and forming abrupt increases in channel width described 7 )
as channel 'beads’.

8.5.2.3. Residence time of sediment in stores

in arid regions transmission losses tend to cause lobes of sieve deposits to
form in the main channel. Their position and perizhnency relate to the
frequency and magnitude of flows (Thornes, 1977; Finley and Gustaven,
,‘)w 1983). Similarly, mid-channel bars, sediment splays and aggraded channel
beads are ephemeral sediment stores in the Todd channel. Paleoflood deposits

Pa%_r
. %i’e,

comprise large sediment stores, which are reactivated by lateral channel
erosion, channel avulsions and/or flood plain stripping events. 0 vz >

Channel aggradation deposits are initially reworked by the succeeding low Uplan g [ Channel \Paleo:lood

. o ) 3 Bar b Bead channel
magnitude flows which incise a narrow channel in the former channel bed £ Fisodplain

thus indicating a low residence time at this scale. Once colonised by
vegetation or incorporated into a more stable form such as an island,
residence time increases. A radiocarbon age of ~300 BP was estimated for a
sample from the channel fill at the base of an island in the Anabranching
bead (sample '95 C1. Table 4.4b) indicating at least 3 m of incision since that
time and an inferred residence time of ~300 years in these bead stores. It also
suggests that this pulse of sediment may have been mobilised by the series of
high magnitude floods which occurred approximately 400 BP. The tendency
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Figure 8.10. Channel beads.

a) Bead planform: Width of narrow reach(Wn), width of bead (Wb),
length of bead (Lb)

b) Channel beads downstream from Mosquito Bore.
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Figure 8.11. Factors influencing channel width variability in the Todd River.

for channel avulsion leads to long residence time for paleoflood sediments.
Where inset by the modern channel the paleuflood stores are reworked
principally by channel entrenchment and deflection. At the three Giles
Creek sites the modern channel has reworked 8%, 30% and 3% respectively
of the 3,000 year cold Giles Creek paleoflood fill (Giles ]), indicating a long
residence time.

In the Todd River, reaches that are alternately constrained and
unconstrained by channel banks may operate as series of reservoirs of
intermittently stofed sediment. In a study of the Kowai River in New Zealand,
Beschta (1983a, b) comnsidered that the ability of each reservoir to store
sediment depends on the primary dimensions and morphology of potential
storage locations, the amount of sediment in storage, the rate of sediment
influx, the stream flow regime and the characteristics of the constricted
channel/valley,

S!!m m’ aD- r

The southerly incursion of monsoonal depressions has generated large floods
in the MacDonnell Ranges. These floods inundated vast areas of the landscape
eroding large tracts of the dune fields and spreading floodwaters and
sedimeiits across the catchmerit. In addition to the immediaté geomorphic
effects the channel and floodplain systém has continued to adjust to pulses of
floods and sediment supply (Fig. 8.1). Large dunes aggraded adjacent to some
paleoflood chaniels, smaller drainages have adjusted their planforms to the
mote permeable paleoflood sedimeftits and preexisting channel networks.
Vegetation patterns have been altefed as relatively fertile seed-rich
alluvium was emplaced in the desert margins. Once adjustments are initiated
the system complexity ensures that they will be propagated throughout the
drainage network, but because fluvial processes are intermittent in arid
regions the responses are also discontinuous and the system may adjust only
partially (Graf, 1988a).

The modern channel continues to adjust to the most recent pulse in sediment
supply as it transports the paleoflood sediment in waves down the catchment
forming channel beads and entrenchment, mobilising the sediment stores
and enhancing the width variability. Channel planform is locally controlled
by the nature of the paleoflood boundary sediments which are resistant to
erosion or easily eroded. As the recovery time from paleofloods most




probably exceeds their recurrence interval the Todd River remains in
disequilibrium.

Given the sum of the first order geomorphic efrects in combination with the
second order effects and adjustments, it is proposed that it is catastrophic
events that have dictated the late Quaternary geomorphology in this arid
environment.

n ntral ralian
Aboriginal occupants and im he archaeological
record

In addition to the geomorphic effects it is worth noting the impact of these
events on the Aboriginal people of the central desert region and the
implications for the archaeological record. The high magnitude floods
increased the resource area in the Todd catchment by transforming the
desert margin composed of longitudinal dunes to alluvial plains dotted with
small ephemeral lakes. Two effects will be discussed here: the formation of
new ephemeral surface water bodics and the extension of resource pathis into
previcusly relatively uninhabitable terrain.

The floods avulsed and changed the path of the flow during events thereby
spreading flood water and sediment over a new area during éach flood. This
coupled with the distance downstreamn that these floods travelled exténded
resources relatively far into the harsh dune system of the Simpson Desert,
This immediately brought ephemeral water resources ifito remote areas and
deposited fertile soils which has had long-term beneficial effects.

As the flood channels carved fresh paths through dune fields, they emplaced
tongues of coarse gravelly sand over the eroded aeolian landscape. Marginal
to these flood channels, the swales between longitudinal duties were back
filled with flood waters and numerous ephermeral small lakes were formed in
topographic lows (Fig 6.20). Today these lake beds are still apparent as small
(<300 m?) dry clay pans. The stratigraphy of one of these paleolakes has been
described in Chapter 6 (section 6.6.3.). There is evidence to suggest that these
resources were utilised by Aborigines, as stone artefacts are located on the
crest of a flood-truncated dune adjacent to one of these small lakes.

Therefore, the paleoflocds constructed a series of surface water bodies which
were repeatedly occupied by flood waters and provided a valuable but short-
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lived utilised resource. These flows transported river gravel, sand and mud
into the swales of the longitudinal dune systems, depositing nutrient- and
seed-rich alluvium in a relatively nutrient-poor environment. Soils in arid
Australia are highly weathered and poor in autrients with less than half the
mean levels of phosphorus and nitrogen observed in other similarly arid
regions (Stafford-Smith and Morton, 1990}, Within Australia there is a
marked differentiation in soil nutrients between sub-environments such as
aeolian dune fields and alluvial soils (Table B8.2). This has resource
significance as soil nutrients which are more abundant in the upper 10 cm
of soil {Charley and Cowling, 1968; West 1981) are susceptible to wind and
water transport (Noy-Meir, 1981), so that alluvial deposits and nutrients tend
10 move together (Pickup, 1985). This results in abrupt ecological boundaries
(Stafford-Smith and Morton, 1990) which match the different geomorphic
environients.

Environment Nitrogen | Phosphorus | Nitrogen : Phosphorus

grasslands)

_(Vegetation)  10-1cm | Q-lem :5-10em ‘@ 5-10c¢m
Sand dunes 15.0 9.5 6.8 2.8
{spinifex '

woodland)

River floodout 444 13.4

(ttiixed opén

|
|
|

Table 8.2. Nitrogen and phosporus levels in Australian arid soils. From
Table 2, Stafford-Smith and Morton (1990).

The relationship beiween vegetation zonation and areas of inundation is well
established (Hughes, 1994)., Riparian and f{lood plain vegetation are
influenced by the magnitude, frequency and duration of stream flows. Hupp
and Osterkamp (1996) state two reasons for a given species growing on a
particular landform. First,that the site is suitable for germination and
establisiment and secondly; that the ambient environmental conditions are
suitable for growth until reproductive age. In arid and semi-arid fluvial
systems which are at the severe end of the stress-equilibrium gradient,
vegetation distribution may be driven largely by tiie tolerance of species to
specific geomorphic processes (Hupp and Osterkamp, 1996).

Therefore the injection of tongues of relatively nutrient-rich alluvial soils
into aeolian dune fields has had a major ecological effect by increasing the
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local biodiversity. A singular important effect of large floods is the changing
vegetation patterns which emerge and are sustained over long time periods,
perhaps for several hundred years or more owing to the nutrient-rich

alluvium.

These event-based changes in plant diversity result in the emergence of
productive puckets of food resources. Stafford-Smith and Morton (1990)
suggest that the dearth of nutrients has cascading effects throughout the
food-webs. They predict that there is an increasing diversity of birds and
leaf-cating insects in a transect from spinifex grasslands to riverine flood
plains. In addition, as very few desert animals are dependent on free water,
these pockets would have sustained this diversity after the replenished and
new surface water bodies had disappeared. The longer term impact of these

pulsed changes will now be discussed.
8.6.1. The Duration of Enhanced Resources

By examining the vegetation introduced into the dune fields along the older
flood paths we can estimate the survival tiine of colonising species such as
the Coolabah (Fucalyptus microtheca). Flood tracks older than <4 ka have
undergone minor aeolian reworking which is reflected in the spatse, low,
shrubby vegetation. These reworked paleochannels are located tens of
kilometres from the modern channel and have not been subjected to
inundation for several thousand years. Plant life in these locations is
supported by periodic rainfalls. In other locations there is evidence to
suggest that even on abandoned flood channels, species survival times are
long. Evidence from recent floods indicates that Coolabah trees coloiise
distributary flood paths throughout the catchment. This species is commonly
found on heavy soils and floodouts and on seasonally flooded areas around
swamps and lagoons, and less commonly along watercourses. They are used as
food, the bark is used medicinally and waier is obtained from the roots. In
addition the hollow trunks are favoured sites for native bee colonies and
birds' nests (Latz, 1995; Urban, 1993). Once established, the fire and drought
tolerant Coolabah is almost indestructible in its natural habitat (Latz, 1995).
Their presence today along the No. 5 Bore paleoflood channel suggests that
Coolaban communities have survived since at least the last major inundation

which, on the basis of geomorphic and chronological, data occurred
approximately 1,000 years BP. The paleochannel vegetation contrasts
markedly with the vegetation growing on the surrounding Pleistocene
aeolian dunes. As it is unlikely that the trees are 1000 vears old, it is
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suggested that Coolabah community has been maintained by the seed stock,
relatively nutrient-rich so.s, periodic rains, local runoff and the ability of
perenniais to tap rapidly into ground water resources. The soil moisture
extremes are crucial in defining the diversity of plant life histories on
different soil: While germination and establishment are maintainea by
periods of high soil moisture, persistence is controlled by adaptation to
moisture deficiency (Stafford-Smith and Morton, 1990). River channels in
particular have a relatively continuous supply of subterranean water which
is tapped by perennial plants. These plants are not dependent on short-term
rainfall for their moisture and sustain growth for long periods after ground
water recharge; they are important in stabilising production for some types
of consumers and, despite the variable climate, many animals and plants do
not vary in a linear way with rainfali (Stafford-Smith and Morton, 1990).

At preseni, there is no evidence of sapling grown around the base of these
Coolabah trees along the No. 5 paleochannel, probably owing tc grazing. This
is unlike other speciés in the area such as Ironwood (Acacia estrophiolata)
and Gidgee (Acacia georginde), both of which are unpalatable to browsing
cattle and responded to the rains of the 1980's. It is assumed, therefore, that
uiiless land use changes, this stand of Coolabah will stop propagating. It is
proposed that in favourable conditions, without introduced domesticates, the
Coolabah stands may survive naturally for 1000 vears.

8.5.2. Implications for the archaeological record

Otliers have commented ofi the relationship between geomorphic processes
and preservation of archaeological sites. Head (1983) described the effect of
sea level stabilisation in the Discovery Bay region, Victoria, up to 3,000 BP as
ininating a period of major sedimeiit miovement and shell midden ereosion.
Ross (1989) noted that the nature of surface camps, i.e. having little or no
stratigraphic context, made them sensitive to destruction by changes in
sedimentological regimes.

Theé preservation of sites for central Australian archaeology is affected by
the destructive flood processes. During the very arid period in central
Australia 15,000-25,000 years ago, people in the central desert regions
retreated to the range country . wre springs and permanent water holes
and associated resources would have remained accessible (Smith, 1989). Many
of these archaeological sites are in gorge reaches, and are subjected to
erosion duting large floods. The large floods were equally destructive bevond
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the confined gorge reaches. They carved fresh paths through dune fields
and formed distributary channels across existing flood deposits. During tiwese
events evidence of all sites that exisved on the fluvial plains in the path of
the flood would have beern destcved. The sequence of lari2 floods which
have affected the Todd catchmert would have systematically destroyved
evidence of occupatinn that mav nave accumulated prior to and between
floods during the la“e T:-istocene a1. | Holocne

Although the destr:ctive effects of smaller floods rapidly diminish with
distance from the channel (Bourke and Pickup, in press), there are
implications for occupation sites located adjacent to confined channels.
Bourke (1994) has modelled the effects of medium magnitude floods on {lood
plain processes in the Todd catchment and {>und them to accrete and erode
rapidly. There are two implications for the preservation of occupation sites.
Firstly, young sites along the riverine corridors which are subject to this
rapid accreting process are now likely to be buried under several meters of
sediment, as was found at the Mosquito Bore site (Bourke, 1997). Secondly, the
length of preservation of these sites is a function of the spacing between
large floods, as a relatively high magnitude event may completely retnove
the aggrading sediment down to the resistant underlving sedimefit,
generally bedrock or cemernted Pleistocené sedimefits (Bourke, 1994),
removing evidence of both the buried and suiface occupation sites.

Ross et al (1992) proposed that invisible occupatiofi may account for the
dearth of postglacial sites; 1 agree that the absence of evidence of occupation
is not evidence for the absence of people and suggest that an additional
hypothesis is the destructive nature of natural climatic events which are
known to have occurred during the late Pleistocene and Holocene in central
Australia on the Todd (Bourke, in press a), Finke (Pickup et al, 1988),
Dashwent, Derwent (Pickup, pers. comm.) and Sandover (Tooth, in press)
River systems.

8.6.3. Suminiary

The occurrence of high magnitude rainfalls and floods during the late
Pleistocene and Holocene increased the distribution of water, plant and

animal foods. These events extena..d resource pathways into the dune ficids
of the northern Simpson Desert. The survival time of many of the enhanced
natural resources was close to, if not longer thar, the recurrence interval of
the floods and therefore presented quasi-dependable resouices, The flood
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record for central Australia illustrates that large floods were more frequent
than has previously been recognised uand would have assisted the survival of
central Avu.tralian occupants. Certainly, the effect was w0 dampen the

variability of resource availability.

The destructive nature of floods which rework large tracts of the channel
and flood plain has implications for the preservation of Aboriginal riverine
occupation sites. The understanding of the broad scale implications of
climatic variability and occurrence of floods nay have implications in otlier
areas of Australia. Indeed, the occurrence of large rainfall - wents in central
Australia, sourced frouy North Australia, would undoubtedly rave had sister
events in the Western Australian region.




CHAPTER 9

Conclusion
9,1, Introduction

This thesis investigates the fluvial geomorphology of the arid Todd River in
central Australia and contributes to the discipline by describing the
structure and behaviour of arid zone flood plains, which is a neglected area
of fluvial geomorphology. It is also one of fewv studies to describe the
geomorphic effects of large scale paleofloods beyond confined gorge
reaches.

9.2, Todd River Arid Zone Flood Plains

Aim 1. To describe the morphology, morvhostratigraphy, sedimentary characteristics
and morphodynamics of the Todd Riv.r int arid central Australia,

Chapter 4 describes two types of flood plains recognised in the Todd River
svstem: confined and relatively unconfined. Confined flood plains occur
where lateral movement of the channel is impeded by resistant channel
bou. 1iries, so that a single thread, generally straight channel is flanked by
a narrow stepped flood piain which may have well developed benches within
the channel. Relatively unconfined flood plains are associated with
channels which are laterally unstable and often occur downstream of
confluences and at areas of increased channel width; multiple channels are
separated by high, well vegetated, stable islands and braid bars. Both
confined and relatively unconfined flood plains are stepped and the surface
reworked by back channels, flood channels and swirl pits.

Flood piain morphostratigraphic units include small and large scale channel
fills, channel insets (bench and oblique) and flood plain insets, buried
paleoflood deposits, flood plain remnants, veneers and swirl pit fills. Two
merphostratigraphic models are *ed which summarise the main
characteristics of the confined and ... . .iaed Todd River flood plains. The
sedimentary characteristics of confined and relatively unconfined flood
plain profiles are similar however and are summarised in a single profile
model. Composed prindi: Jdly of vertically accreted lavers emplaced during
floods, boundaries between layers often are erosional as indicated‘by
truncated bedding. Sediment textures vary from coarse gravel through to
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mud, with sand and gravel beds occurring in any order vertically through
the profile. Flood couplets are fairly common and mud balls are preserved in
sandy deposits. Bioturbation often disrupts layer boundaries, and laminations
and horizontal bedding are prominent. Dipping parallel and trough cross
bedding occur in fill deposits and veneers, although structureless sediments

also are common.

The age of flood plain deposits in both confined and uncontined -eaches, was
determined by radiocarbon analysis and 137Cs ?!9Pb concentrations, and is
predominantly modern but ranges to 400 vears. The mean residence time of
sediment before remobilisation in the active flood plain thus is estimated as
100-300 years.

Morphodynamics are described in Chapter 5. Flood plain destruction is by
channel widening, flood plain stripping, swirl pit scour and flood channel
scour. Channel wicening occurs during floods, as do lateral channel
migration, removal of stable islands and bars, exploitation of prior surface
channels and notching. Remnants of laterally eroded flood plains appear as
steps on the flood plain after its partial reconstruction, Multirle flood plain
remnants indicate repeated channel widening and/or flood plain stripping
which operates from the micro (<20 ¢m) to the meso (<5 m) to the mega scale
(valley bottom sequences). Alluvial morphostratigraphy shows that the
valley bottom alluvial fill has been stripped and rcbuiic repeatedly. Swirl pit
scours from macroturbulent vortices contribute to flood plain erosion. Flood
channels scour the flood plain to depths of 1 m but confined back channels
are more effective agents of both lateral and vertical erosjon.

Mechanisms of flood plain construction include the deposition of insets,
flood plain veneer, channel and swirl pit fill, and bar and island formation.
Channel insets are remnants of lateral bars whereas flood plain insets are
deposited on partly or completely stripped flood plain and terraces. A flood
plain may be composed of several flocd plain and channel insets and veneer
deposits. Surface chann:l and swirl pit fills often are blanketed by more
extensive saud sheets. The "Hling of abandoned channels is important in the
construction of relatively unconfined flood plains.

Two models of fluod plain furmation are proposed in Chapter 5. Both involve
catastrophic erosion, foliowed by the formation of new channeis and flood
plain reconstruction, but channel switching, and exparsion and wider-
reaciing fill processes characterise unconfined reaches. The complex
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morphostratigraphy of flood plains is related to the liming, magnitude and
downstream changes by transmission losses and tributary inflows.

9.3, Todd River Paleoflood Geomorphology

Aim 2: To describe the morphology, morphostratigraphy, sedimentary characteristics
and morphodynamics of the Todd Rever paleofloods and their deposits.

The central Australian landscape provides one of only a few examples so far
described of large-scale assemblages of fluvial landforms of the arid zone
resuiting from extreme rainfall events, Depositional landforms include large
aprons associated with braiding or anastomosing channels which extend
from the ranges to the northern fringe of the Simpson Desert in relatively
straight paths. Flow was diverted around outlying bedrock ridges and clder
higher Quaternary deposits. Smaller scale splay channels {~6~12 km long)
are superimposed by longitudinal bars. Unconfined ~4 km wide braided
aprons ificlude expansion bars downstream of confined passages,
longirudinal bars and :ransverse bar fields. Marginal channels occur at
paleoflood complex boundaries. Well sorted fine sand slack water deposits are
located in caves and within the mouths of small tributaries; silty backwater
deposits occur in dune swales adjacent to floodout channels.

Eroded remnants of landforms adjacent to paleofloed channels include
truncated coarse textured colluvial fans and older flood channels and
longitudinal dunes and dune fields, Dune swales in the northern Simpson
Desert were inundated by ~5 m deep floodwaters which flowed as highas 1 m
below the dune crest. However, remnant Pleistocene 'islands' standing above
the paleoflood plains, generally were not inundated by later paleofloods and

survive downstream of bedrock ridges and on topographic highs throughout
the catchment,

Paleoflood channel avulsion has had three effects: firstly, the paleoflood
plains of Todd carry a mosaic of abandoned distributary channels; secondly
the floods inundatec a larger area than if the flow path: had remained fixed;
and thirdly, channel entrenchment has been widespread. Avulsion occurred
at wo scales; reach-scale and large scule, and the latter resulted in three
different locations of the terminal floodout during the Late Quaternary.

The sources of paleoflood sediment were slope deposits in the headwzrers and
Pleisiocene alluvial, aeolian and paleoflood deposits. Paleoflood sediment
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texture is coarse gravel! and cobble in the headwaters and parts of the
piedmont zone and medium and small gravel in a coarse 10 fine sand matrix

further downstream. However comparatively little sedimant reached the

Simpson Desert.

9 4, Central Australian Flood Record

Aim 3: To determine the age of the Todd River paleofloods in order to infer patterns of
Late Pleistocene and Holocene extreme rainfall variability from the Todd River

paleoflood record,

Fourteen OSI and thirteen radiocarbor. age estimates were used to date the
paleofloods. The paleoflood record for the Todd River now extends back 12
2680023000 BP although no events between 24,00v and 15,000 BP were
recognised. Extreme floods have occurred repeatedly since 15000 BP with
little clear evidence at present to suggest a clusteri; g of events.

The higiiest magnitude flows occurred between 14,000 and 4,000 BP and
paleofloods since then have been smaller. Some paleofloods may be coeval
with events in northern Australia but dating is not sufficiently precise 1o

prove this.

Aim 4: To describe the geumoryhic resvonses and adjustments of an event-driven arid
zone river to impacts of high n.agnitude floods.

Where small-scale drainage systems intersect with the paleoflood alluvium
the drainage pattern may disintegrate or it may be diverted. The surface of
all ~aleoflood deposits have been reworked to some degree by aeolian
processes and most impressive are the source bordering, clirubing dunes
nourished by paleoflood sediments.

Channel width is highly variable in the Todd catchment. Factors which have
influenced the narrow channel reaches include resistant boundaries.
Factors which have influenced channel widening are the presence of
erodable channel banks (generally paleoflood sediments) and the temporary
storage of sediment waves. Reaches where there is a sudden and large
increase in channel width {~200 to 450 m), are termed channel beads and an

increase in the frequency of beads coincides with the input of high
sediment loads from the Ross River and Giles Creek tribularies which rework
paleoflood sediments. Channel beads form by lateral erosion during extreme
floods and during lower magnitude flows where channel bed aggradation
causes channel deflection. The location ¢f reaches of channel aggradation is
controlled by the loss of energy to transport sediment downstream, the
ability of constrictions to promote aggradation upstream and sediment
supply from tributaries,

Large-scale Late Pleistocene and Holocene floods have dominated the fluvial
processes of the Todd catchment since the Late Pleistocene arid phase. These
events transformed large sections of an aeolian landscape to a fluvial
landscape. The adjustment and recovery of the Tod¢ -'iver is ongoing and as
the recovery time most probably exceeds the recurrence interval of these
high magnitude floods, the chauuel is in a constant state of disequilibrium.

Given the sum of the first order geomorphic effects in combination with the

second order effects and adjustments, it is proposed that it is the catastrophic
event that has dictated the Late Pleistocene geomorphology in this arid
environment.

Fluvial landforms assembled under variable flow regimes are best described
using a multi-scale approach (Gupta, 1988; Pickup, 1991; Gupta, 1995). In
these environments, landform assemblages are associated with discrete flow
magnitudes, Examples include the compound channe! systems described by
Graf (1988b), the large scale boulder bar sequences in the Burdekin gorge,
north east Australia (Wohl, 1992), and the fluvial forms of the Auranga
River, India (Gupta, 1995). Under the present climatic regime, the Todd River
is subject to flows at extremes of the magnitude/frequency spectrum, i.e.,
t'iere are periods with no flow in the channel and periods when the
catchment is inundated by paleofloods. Resultant fluvial landforms evolve

episodically rather than continuously and occur at relatively discrete spatial
scales,

The fluvial landforms are subdivided for convenience into three categories
based primarily on landform scale and inferred flow magnitude: landforms
generated by within-channel flows (small-scale); flows which extend across
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flood plains (medium-scale); and paleoflood flows (large-scale). Form
dimensions across this three-scale hierarchy of flows and landforms vary by
an order of magnitude, For exampte, longitudinal bars measure 10 m, 100 m,
and up to 2,000 m for the respective categories. The resultant landforms are
identified as small, medium and large-scale fluvial landforms. It is the
geomorphic impact of these different scale flows that results in the complex
assemblage and variable scales of fluvial landforms in the Todd River

catchment,

In central Australia, and other arid and semi-arid regions, the extreme
event is the most geomorphically important event (Schick, 1974; Thornes,
1976; Wolman and Gerson, 1978: Patton and Baker, 1977; Harvey, 1984; Pickup,
1991; Patton et al., 1993; Schick, 1995). The largest-scale fluvial landforms in
the Todd River are formed by extreme flows. These events occur rarely and
inundate vast tracts of the landscape including aeolian dune fields. These
large scale landforms evolve episodically, remain inactive for long periods
of time (Baker, 1977; Pickup, 1991) and may appear to be in disequilibrium
with the modern channel,

The assemblage of small, mec'um and large scale fluvial forms in the Todd
catchment displays a complex range of landforms. In this nested landform
hierarchy, high magnitude events influence lower magnitude flows and
forms. The persistent erosion and depositional patterns generated by
paleofloods modulate the landscape response to subsequent and smaller
events. This is especially the case where the active channel is flowing
through or adjacent to paleoflood deposits. The higher paleoflood surfaces
direct the path of medium scale flows and store a large volume of gravelly
sand available for transportation by medium and small scale flows. This
sediment supply affects channel pattern, planform and flood plain
morphostratigraphy in the modern channel.

In addition to the geomorphological imprint of a variable discharge regime
it is important to note that the scale of flows affects the frequency of
reworking of alluvial deposits. The headwaters and piedmont reaches of the
system are more frequently reworked by small and medium scaled flows than
downstream reaches. This is related to the decrease in flow magnitudes
downstream due to transmission losses. In this way the distance decay of flow
magnitude in ephemeral streams influences the spatial and temporal
variability of landforms in the catchment.
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APPENDIX 1

Chronology

Field Sampling Strategies

The sedimentary paleoflood record is incomplete because high magnitude
floods often remove the alluvial record of previous everts. Nanson and Tooth
(in press) found that the number of samples decreases cxponentially with
age within the flood plain deposits in confined reaches in river systems
nortin of Alice Springs. However they also found that within unconfined
distal reaches the tendency for the channels to change course during the
Hclocene resulted in the extensive preservation of older Holocene alluvium.

Of the ten studies portrayed in Figure 7.12, the records from eight do not
extend past 4 Ka. In paleoflood studies the incompleteness of records may lead
o erroneous coficlusions regarding the magnitude and frequency of floods
over time. In particular there are problems associated with the limited
preservation of flood deposits in confined gorge reaches where most of the
paleoflood research has been undertaken. Erosion of prior sediments by
floods makes it most unlikely that completé records can be obtained. The
research in northern Australia at Waterfall Creek (Nott and Price, 1994) and
in the Todd River in central Australia (this study) have produced the longest
paleoflood records for Australian rivers and indeed globally.

The longer records were achieved by sampling in relatively unconfined
reaches, being plunge pool levees near the base of waterfalls in the
Northern Territory (Nott and Price, 1994) and in unconfined flood
distributaries in the Todd River, These are locations where the sediment
record has a higher probability of being preserved than in the gorge
reaches, where slack water records in Australia so far have been proven to
be more sparse than has been found elsewhere (Wohl et al,, 1994).

Hence, this study is based on samples from paleoflood deposits in downstream,
unconfined sites which are spatially extensive and preserve the deposits of
alternative channels followed by different floods. However

morphostratigraphic continuity is sometimes difficult to demonstrate, as
described in Chapter 6.
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In contrast with many previous studies, two dating methods, optically
stimulated luminescence (OSL} and radiocarbon, were utilised systematically.

Luminescence Dating

Luminescence dating is a radiogenic dating method which measures
cumulative non isctopic effects of radioactive decay in electron energy traps
and produces numerical ages (Colman et al, 1987). Luminescence is an
‘umbrella’ term covering the thermoluminescence (TL) dating technique
and the various methods of optical dating. When applied to sediments, these
methods give the age of the last time that the mineral grains were exposed to
sunlight. Optical dating was introduced by Huntley et al. {1985) as a means of
dating unburnt sediment and sedimentary quartz is well suited for OSL dating
(Spoomner et al., in review). The Todd River OSL data is presented in Tables

Al.l and 1.2)

All luminescence dating methods rely upon measuring the time-dependent
accumulation of charged electrons and holes trapyp :d at defects within
mineral grains, such as quartz and feldspar. The trapped charges are rapidly
reset by exposure to sunlight, and slowly regrow after burial, with exposure
to ionising radiation emitted by the decay of the radicactive elements in soil
and rock, plus a small contribution from costnic rays. When the mineral
grains are exposed to heat or light, the electrons are released from their
traps, then subsequently recombine with trapped holes, producing photons.
In the natural environment exposure to sunlight zeroes the luminescence
signal which then begins to accumulate once the mineral grains are buried.
Samples must be collected in the field withcut exposing them to light and
processed in the laboratory under safe light conditions.

Luminescence dating involves measuring the trapped charge accuimulated
since the reserting event (the 'natural' luminescence) by detecting the light
emitied by electron and hole pairs as they recombine. The absolute number
of trapped electrons cannot be measured directly; inistead the dose of
radiation received by a sample is measured by exposing separate aliquots of
the sample to laboratory-administered radiation doses either incrementally
added to the natural luminescence (additive dose method), or by rebuilding
the luminescence after the natural luminescence has been measured and the
sample reset to zero (regeneration 1’ :thod) (Aitken, 1985; Prescott er al.,
1993). These methods provide a measurement of the total radiation dose
absorbed during burial, rermed the 'paleodose' (P). Age calculation require:
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the measurement of P, and also the measurement of the environmental
radiation dose rececived by the sample which is determined by field and
laboratory assays of radioisotope concentrations (238U, 232Th, 4CK, 87Rb). The
water content aifects the effective environmental dose rate and must be

measured; the depth of burial affects the dose from cosmic rays (Aitken,
1983).

In choosing a luminescefice dating techhique, OSL is more suited to the
dating of fluvial sediments than TL. It was discovered that the 325°C TL peak
in quartz is very readily bleached by both visible and ultra-violet
wavelengths of light and corresponds to the signal used in conventional
'green light' OSL dating (Spooner et al., 1988; Spooner 1994). Thus reliable
optical dates can be calculated for sediments that were exposed only briefly
to sunlight prior to burial ;n antiquity; such conditions prevail during flood
flows. On the other hand, TL dating rclies on a major peak at 375°C which is
much less sensitive to light, and is less reliab “»r dating wter-lain
sediments. Furthermore, from a technical standpc , the signul-to-noise
ratio is more favourable for OSL than TL and optical dates canh be obtrined
with more precision, and for vounger sediments, t.:an is possible using TL.

TL was applied with only limited success to the dating of yvoung paleoflood
slack water sediinents in northern Australia (Murray et al., 1992) and central
Australia (G. Pickup, pers. cofim.) where age errors were as much as 24-46%
owing to uncefrtainty about the degree of initial resetting. Similar
uncertainties were reported by Gilliesont et al, (1991) in dating slack water
sediments in Windjana Gorge in the Kimberley, and Patton et 4l, (1993) in
attenipting to daté recent flood plain sediments in the Ross River found
insufficient accumulated TL dose to allow for differentiation from the
modern surface sediments. These limitations affect OSL to a much lesser
degree than TL, Thus OSL is mote suitable for sediments transported and
deposited in turbid floodwater under low ultraviolet conditions.

Luminescericé Methods

¢ Field sampling; The OSL sampies were taken in stainless steel tubes of 50
mm diameter by 160 mm long, from vertical faces of exposed pits. In each
case there was at least 30 cm separation of the sample from the
sedimentary layer boundary, or any isolated stones except for sample 42,
which was augured. The OSL samples were sealed in light proof black
plastic, labelled and stered in light proof bins. Samples for dosimetry (1
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kg) and moisture samples (200 gm) were taken adjacent (¢ the core,
Modern analogue samples (2 tubes of 25 mm diumeter, 200 mm long) were
taken from a recently active fluvial deposit located close by at 5 cm depth.

¢ Laboratorv_methods: The field samples were opened in safe lieht

conditions and 20 mm at each end of the sample cylinder was ren:oved.
The sample was weighed and oven dried at 70:C for 24 hours and the

moisture content was calculated.

Chemical preparation and loading of sample aliquot on stainless steel
discs was done under the supervision of Dr. N. Spooner and guidance of
Mr. N. Hill. All steps in the sample pretreatment and luminescence dating
were carried out in the dark with red safe light illumination.

The following sample pretreatment procedure was applied to the 14 COSL
samples and the 7 modern analogue samples:

» Remove carbonates with 10-20% HC), soak for 24-48 hours.

» Remove acid with 5 distilled water washings in an ultrasonic bath.

e Wash in alcohol and acetone twice in the ultra-sonic bath.

» Disaggregate clays with NaOH in the ultra-sonic bath.

¢ Remove alkaline with 5 distilled watet washings in the ultra-sonic bath,

e Wash in alcohol and acetone twice in the ultra-sonic bath.

¢ Leave 10 dry (24-48 hours).

» Sieve to isolate the 90-125um and 180-212pm fraction. Keep all fractions.

The following procedures were undertaken by Mr. N. Hill:

s Heavy liquid separation (sodium poly-tingstate) to remove heavy
minerals.

e HF etching to remove a thin surface layer affected by external alpha
particles,

s  Wash in HCl 1o remove {lworides,

= Wash in alcohol and acetone,

The clean quartz grains of 40 -125 microns from each sample are divided into
64 aliquots and loaded onto 7 1in diameter disks which ha.*. “een s>rayed

with adhesive and placed in the tray for loading into the irrad:ator.

¢ The OSL methods used in the ANU luminescence dating laboratory are
described by Spooner et al., (in review) as follows: The OSL is detected
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when blue/green light is shone onto the quartz. An Elsec Fype 9010
automated reader provides visible light stimulation for OSL measur-:ments
using a filtered halogen lamp light source (50040 nm), with detection of
UV eraissions from quartz by an EMI 9235QA photonwltiplier shielded with
Hoya U-340 and Schott UG 11 colour glass filters. Laboratory irradiations
were administered from an Elsec tvpe 9022 irradiator with a 100 mCi
ceramic ?20Sr/%0Y (beta) and 24!Am (alpha) source. Preheats of 300 s at
220°C were given prior to OSL measurement.

* OSL growth curves were produced by Dr. N. Spooner using the multiple
disc additive dose method. The data were fitted using single saturating
exponentials for young samples and combined with data collected by the
regeneration method for older samples using the 'Australian slide’
method introduced by Prescott et al. (1993).

¢ Environmental radioisotope concentrations were assessed by laboratory
assays at CSIRO Division of Water Resources, Canberra, using Ge-gamma
spectrometry. The samples were prepared and cast under the supervision
of Ms. J. Olley and doses measured by Dr. P. Wallbrink.

The radioisotope data were combined with measured soil water content
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and calculated cosmic ray dose by Ms. L. Questiaux in ordey to calculate the
environimental dose rate.

Radiocarbon Datine

Radiocarbon is an itotopic dating method which measures changes in
isotopic composition due to radiocactive decay and produces numerical ages
(Colman et al., 1987). All 14C ages were obtained as conventional radiocarbon
ages using the 5568+30 year half-life (Libby et al., 1946; Stuiver and Po! .
1977). The dating of the radiocarbon s.mples was carried out by labora v
staff in the Quaternary Dating Research Ce JDRCY, ANTJ,

All samples were wood, charcoal, or fine organic particles except for one
shell sample. Organic samples were pretreated in the QDRC using standard
methods. Inorganic carbonate was removed t..ng hot HCl, and soluktle humic
acids were leached from the samples using hot NaOH. Activity of 'C was
determined for seventzen samples using liquid scintillation counters. '3 for
age normalisation was measured mass sp- :trometrically in the QDRC.
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Calibration of conventional radiocarbon ages greater than 300 yr b.p. was
done using the CALIB 3.0 program (Stuiver and Reimer, 1993). Radiocarbon
ages between 0 and 300 years are not commonly calibrated because of
industrial injection of CO, into the atmosphere which is not uniform
g.obally. Ages younger than AD 1950 are represented by anomalously high
14C activity owing to above-ground nuclear testing but are not resolved other
than being stated as >modern. In this thesis conventional radiocarvon age

errors are presented at the 2 sigma level.
Problematic Samples:

There are three factors which may result in an erroneous radiocarbon age.
The first is that the movement of small charcoal pieces downwards through
the sedimeniary deposit may result in a sample which is younger than the
sediment and downwards transport by ants and termites is highly likely in
central Australia. Secondly, samples may be contaminared by younger
carbon from rootlets ¢ humic acids (Williams et al, 1993). Thirdly, the
sample may be reworked from an older deposit which is particularly likely
in fluvial environments (Blong and Gillespie, 1978).

137 Cs and 210 Pb Dating

Caesium-137 (137Cs) and lead-210 (219Pb) have half-lives of 30 and 22 Vears
respectively (Pennington et al, 1973, 1976) and are useful for dating recent
sediments where they tend 1o be adsorbed onto clay particles (Wise, 1980).

137Cs is an artificially generated isotope distributed by atmospheric
thermnnuclear weapon tests since 1954 (Wise, 1980); 219Pb is a natural
radioisotope within the 238U decay series (Krishnaswamy 2t al, 1971), and is
distributed through diffusion of 222Rn gas, a predecessor in the 238U decay
series. Both 210Pb and !37Cs are washed out of the atmosphere by precipitation
(Koide et al,, 1973} and are adsorbed by clays and organic co..2ids within the
soil where they are found largely within the top 20 cm of the prufile (Davis,
1963; McHenry et al., 1973).

Silt and clay were separated with a 63 micron sieve. The fine fraction {<63
mizrons) was siever' ‘rom nine flood plain samples in order to nieasure levels
of 210Pb, 137Csanc  K; the latter indicates the presence of 2!°Pb derived not
from 222Rn but 2380 within the sample. The samples were processed in CSIRO
under the supervision of Dr. Wallbrink. The presence of sig.aificant
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- Zentrations of racionuclides that would indicate post 1930 AD ey Was
ascertained if radiometric concentrate was three times greater than the
instrumental background (Wallbrink, pers. conun,)

The Paleoflood Dating Program

Both OSL ages and calibrated radiscarbon ages are combined in the
chronology data set (Figure 7.9). Although the '4C ages a’dpear nmior nrecise
they may be less accurate as the charcoal may be reworked [rom older
deposits (Blong and Gillespie, 1978). However, in central Ausiralia small
1 wces of flood-transported wood probably date fromi within a few years
before the flood because termites, which are pervasive in central Australia,
rapidly consume detrital wood (Pickup, pers. comnu.).

Three radiocarbon ages from pa'eoflood deposits wer: ~iscarded in (he final

analysis. They are samples ANU 10059, 8834 and 9649.

¢ ANU 10059 (673-248 Cal BP) conflicts with the OSL -date 112900=1800,
ANUgpl61) from the same sedimentary laver and is consideéc to be false.
The soil profile of the deposit is red, rich ir <5il carsenate -id is similar
to other profiles with assigned Late Pleistocene ages.

¢ ANU 883+ returned a modern age (339-0 cal BP) whici conflicis with two
other samples from the same stratigraphic laver; 1196-691 al B? (ANU
8833} and 1030+420 BP (ANUqp170) and is cosnsidered to be false,

* ANU 9649 (3712-3.42 cal BP) conflicts with an overly ing sample cf 9883-
8429 cal BP (ANU 9%50) and an OSL sample from the same aijuvial uni.
(9780+1510 BF, ANUqp163) 600 m away and is considered 0 be false.

Where possible, both OSL and radiocarbon saniples were aken from the Saine
stratigraphic layer. However charcoal, wood and ocrgani¢ material were
rarely found in the older deposit, and in many instances the radincarbon
laboratory was unable to date the radiocarbo:n sample tuken adjacent to the
OSL sample because the quantity of r~:bon was too small. Hence, paired OSL
and radiocarbon ages were obtained from only two sites.

* Paired samples were obtained from a transverse bar on the Heavitree
~ennont fan (Fig. 6.3). The OSL sawple returned an age of 10304420 BP
(AMUop170) and the radiocarbon sample returned an age of 1196-6%1 cal
BP (ANU 8833): thus the results are in good agresr-ent.
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¢ Paired samples from the Todd B paleoflood complex (Fig. 6.47), an OSL and
a radiocarbon sample, coilected from the sume stratigraphic unit 600 m
apart, returned similar ages: 98R1-8429 cal B? {ANU 9650) and 97801510

{ANUgpl63).

Testing the Age Estimates

In order to test tae individual age estimates multiple samples from a single

profile at four sites were dated.

e At the site on the Ross A paleofiond complex (Figs. 6.6, 6.25) the four
radiocarbon age estimates were in the correct age sequence.

e At the site on the Todd B flood distributary, charcoal in a hearth provided
a radiocarbon age of 463-340 cal BP (ANU 10065) which statistically
overlaps the age of an overlying flood plain sand sheet with an age of
511-312 cal BP (ANU 100A4}.

o The ages of the 4 radiocarbon samples in the Mosquito Bore cave SWD (Fig.
6.40) are in stratigraphic order.

o The two OSL samples taken from a stratigraphic profile in the Giles B an
A paleoflood complex (Fig. 6.34) returned stratigraphically consistent
ages i.e., 97001500 BP (ANUgpl 60a) overlies 26800=3000 BP (ANUgpl1060b).

e Two radiocarbon samples taken from paleochannel deposits at different
No. 5 paleoflood complex (Fig. 6. 14, 6.15)
, cal BP (ANU 9655) and 1405-1135 cal BP

.~cations downstream along
returned similar ages of 106
(ANU 10058).
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Table Al.1. OSL sampie data

Sample [ANUgp | Figure |Latitude |Longitude |Altitude |Present
(m) Deptl
{m)
Ex .11 1600 0.29 | 23050'40"] 13403430 390 0.30
Ex 5.1 161 6.27 23048'30" 134937 410 2.00
MBD7 162 0.41 24001’ 134242'56" 360 0.30)
CF (ii) 163 6.47b | 24°01'40"] 134945°10" 350 0.37
LsCh 1.1 164 6,12 2400320 13494355 350 0.35
CLE{1) 165 0.47b 24002’ 134945 350 0.30
| AB L1 166 0.13 24°08°40"] 134°50'30° 330 0.30
I3 167 6.16 24020 135202’ 285 0.25
Ex 1.1 168 6.45 ] 24019°35") 134047'45" 316 (.80
Dpc 1.3 159 0.534  [23011'30”] 135900'30" 300 (.80
B3 170 0.3 23050y 133053’ 535 _0.20
42 171 0.21 23°941°55"] 13402935 460 2.00
Rg 1.2 172 6.1¢ ' 24025 1335009’ 265 0.40
Ex413 | 160b | . 9 23050407 1340a43c7| 390 1.10
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r.;lmple I Palaeodusc | Error | Modern I Error | Dose Rate| Age BP 1Erro.r
. Name | (P} (+) | Analogue ' (%) (d) F (P- f+)
". (Gy) (6, | Paleodose (Gv/ka) \ MAP/d)
| | (MAP) |
Heavitree/Undoolya | : ‘ -
' B3 4.7 165 2000 540 438 1,030, 420
?Ross River { — -
42 41.4] 23 5,500 1,700 4300 8,350 950
2 1 _
b 5.1 57.6] 3.5 5,500 1,700 4.05 12,900 1,800
' Giles Creek Piedmont . —— ]I|
Ex 411 31.8 1.4 820 -300 3210 9,700 1500
i +1,560 | ‘ !
| : 820l 930 585l 26,800 3, 0
Ex4.13 | 7720 44! 2, o
| Southern Plains i } ——-
ES Ch 20.1] 2.5 2260 850 3.45] ::.160‘ 1,340
CLB(1) 10.8  1.87 2,260 850 3620 2,370 900|
'f Mosquito Bore Distributary : .‘ "
1‘ wr 5 230 1,370
. MBD7 251 1.4 2,39r"|_ 2,530 3.6:: 6, 30! ;
EX 1.1 28.4 2.9 1000 200 > &5 9920 1.840
T.Eastem Systems L — —
CF (i}) 345 1.75 2,260 850 3.29) 9.:80L 1.510
AB 1.1 100, 1.3 2260 850 3.67] 2.110i 760
. - \ - i , =
DPc | 258 5.4 2.260‘ 850 346 6800 1850
1.3.1 _ _ ! ~
' E3 15.0, 2.5 2260 830 3.26. 3,900 1,2fo,l
R 1.2 46.0 3.3 2260 850] 3550 12310 1,40@}
i Modern Analogues |
i ‘ | ' 1700 !
16 . i 550017 L
Losi1) | 2260 800 1 |
lg9s5¢2) | 200 540 ‘ B
CFMA | 2,260 850
GCRMA | 820 930
| MBDMA| ) 2,.90_ 2,530
iEv | 100“ 200 |
| LIMA | l |

Table Al.2. OSL age estimates
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Sample | ANU | Figure IMaterial ; 14C Age 95% \ Relative
Name ID | Dated BP probability \ area
3 ! | distribution i under
‘ | i window | 95%
| 5 ; | window
Heavitree/Undoolya, Paleorlood Complex
Bar3 | 8833| 63 | Charcoal | 10402140, 1196691 | .97
913 | i i | |
Bar3 | 88341 6.3 | Charcoal 12521741 3390 87
9-30__| ; | ' ‘
Alii) @ 86| 8835| 6.4 Charcoal | 14302270  1874-886 98
A2 75-88.| 8836, 64  Charcoal | 2830:70 | 3087-2775 98
Ross River, Paievi.od Coriplex _
XL {10060 625 & Charcoal | 48060 | 639-598 06
i | 564-430 86 ,
| ; 381-323 08
XM 10061 6.25 | Charcoal | 60070 |  636-522 1
XNi 110062 6.25_: Charcoal | 970:70 | _985-724 1
X0 10063 6.25 | Charcoal | 990:60 987-740 1 |
XK 10059 _ 6.6 | Charcoal | 450-160 |  673-248 91 |
Giles Creek Piedmont, Paleoflood Comiplex _ _ __q
_ XD-XB_ 10068 6.35 . Charcoal ' 2710:380) _3646-1933 !
Mosquito Bore Distributary, Paleoflood Comiplex o
12 1 9285! 640 | Charcoal | 320260 | 493-286 1
Cl._ | 9657| 6.40 | Cnarcoal | 380260 507-313 1
X 110064 6.39 | Charcoal | 390:60 |  511-312 1
X/ 10065 639 | Charcoal | 210:140 |  463-340 21
| . l g 340-0 79
CB_ | 9650| 6.47b _Shell _|8200:340| 9883-8429 1
_CA__ | 9649] 6.47b | Charcoal | 32205120] 3712-3142 99
Eastern Systems, Paleoflood Complex
" CH_ | 9655] 6.14 | Charcoal | 1027490 |  1083-726 1
| xP+x0 110058 655 | Charcoal | 1380:70 | 1405-1135 !

Table Al.3. Calibrated radiocarbon age of paleoflood samples.




APPENDIX 2

Site Descriptions

The following is a description of the confined and relatively unconfined
flood plain sites Jescribed in Chapier 4. They are presented in order of
distance downstream along the Todd, then the Ross River sites and finally
Giles Creek sites.

Todd River
Todd/Ross Confluence

This site lies at the confluence of the Todd and Ross Rivers (Fig. 4.2}). The
flood plains are confined on the right bank by cemented Pleistocene
alluvium and on the left bank by paleoflood sediments and a ceme :d
Pleistocene terrace. The Ross River is the hydrologic, geomorphic and
sedimentologic dominant system in this reach. Many of the flows from Alice
Springs fail to reach this junction. Channel pattern is essentially straight
with local braiding. The site is located on a large meander bend of the Ross
River imposed by the ridge of fossiliferous siltstone and mihor dolomite of
the Arumba Sandstone formation. Channel gradient downstream of the
confluence is .0032 m/m and the flood plaiii to chaninel ratio is 1.7:1.

Stud Bore 2

The channel boundary at this site is composed of loosely packed gravelly
sand which facilitates the local lateral movement of theé channel in addition
to providing a large supply of sediment. This relatively unconfined site has a
total channel width of 177 m and a flood plain to channel ratio of 3.4:1, the
total flood plain is 607 m wide (Fig. 4.2).

Stud Bore 1

Located 3.6 km downstream of St..d Bore 2 (Fig. 4.2), the chanriel pattern in
this confined flood plain reacn is relatively straight. Channel width
measures 70 m and the flood plain to channel ratio is 4.75:1, Gradient is steep
measuring .0023 m/m, The tntal active width of the channel and flood piain
susfaces is 400 m,




Mosquito Bore 1

‘The channel at this confined flood plain site flows through a gap in an
outcrop of the Proterozoic Bitter Springs formation composed of dolomite,
limestone, siltstone and sandstone (Fig. 4.4). The channel pattern is
essentially straight with changes in channel direction dominated by the
location of outcropping bedrock ridges. Channel width is 102.2 m with a flood
ol «in to channel ratio of 2.07:1. The local channel gradient measured along a
channel distance of 279 v is .00063 m/m.

Mosquito Bore 2

The right bank of this confined flood plain site abuts a high stage slackwater
deposit overlying bedrock (Fig. 4.4). The left bank is confined by coarse
textured paleoflood deposit. Channel pattern continues to be dominated by
outcropping ridges. Channel width is 160 m and splits around a large
longitudinal bar. Flood plain to channel ratio is 0.6:1.

Expansion Scour

This relatively unconfined flood plain site is inset into extensive
sandy/gravel deposits of the Todd B paleofiood complex. It is located at the
beginning of a reach where there is an increase in channel width from 50 m
to a maximum of 450 m (Fig. 4.5). Channel width is narrow measuring 50 m
and the flood plain to channel ratio measures 8.4:1. Channel gradient is low
measuring .00087 m/m.

No. 5 Bore

The channel is confined in an eroded gap in the Ps>terozoic Limbla
formation, which is composed of sandstone, calcarenite and siltstone. The
channel pattern is predominantly straight (Fig. 4.6) with changes in
channel direction dominated by the location of outcropping ridges. Channel
width at this site is 84 m, and the limited flood plain development is indicated
by a flood plain to channel ratio of .06:1.

Anabranching Site

This relatively unconfined flood plain site is an area of localised channel
widening and the channel splits around large stable islands (Fig. 4.6). Total
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active channel and flood plain width measures 1337.6 m. Channel width
measures 153.6 m and flood plain to channel ratio is 9:1.

Site 'A’

The left bank confined flood plain is insec against colluvial depoesits from the
outcropping ridge of the Cambrian Giles Creck Dolomite (Fig. 4.6). Further
downstream it flows between this formation and an outcropping ridge of
Arumba Sandastone, It is a straight, narrow (62 m wide) section of channel
located downstream from a wide braiding reach. The local channel gradient
is .0016 and flood plain to channel ratio is 4:1.

Once the Todd River passés through the Rodinga floodout and turns south
towards the Simpson Desert, charnelled flow ceases. The niultiple channel
morphology of the floodout is replaced by a broad flat featureless plain. As
the system drains south it abuts against an outcrop of the Brewers
conglomerate (Fig. 4.7) and channelled flow is -formed. Further
downstream, the chan..el occupies the inter-dune corridors of the
longitudinal north-west trending dunes of the northern Simpson Desert. It
maintains a well defined channel then bifurcates and ponds in the terminal
floodout of the dune swales. The spatial pattern of the longitudinal dunes
¢atrols the prevaihing trellised channel pattern ifi this reaci. Incipient
flocd plains form spatially discontinuous, bench-like insets composed of fine
sandy material, lying unconformably on the underlying aeolian unit,

Atoota Dam 2

This confined flood plain site i$ 4 natusal scour hole located downstream of a
bedrock constriction in the Brewers conglomerate. This conglomerate
provides a source of coarse gravels and cobbles for entrainment bty the
higher energy flows. Earlier this century a retaining earthen w-'l was built
at the downstream end of the waterhole (Fig. 4.7) to improve water retention
at this remote site for catile. However the 1974 flood restored the chanuel to
its former dimensions (pers. comm., K. Pick).
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Atoota Dam 1

In this confined flood plain reach (Fig. 4.7) the channel flows between
Pleistocene longitudinal dunes. Channel width is 28 m, the flood plain o
channel ratio is 9.4:1. Channel gradient along this reach measures .0005

m/m.
Desert Reach

Here the channel is confined in the 300 m wide swale betweéen two
longitudinal aeolian dunes (Fig. 4.7). Flood plain to channel width is
approximately 1:1. The channel is actively incising the underlying cemented
acolian/alluvium sediment. There is little human impact in this teach as no

palatable water sources exist.
The Ross River

In the headwaters, the Ross River and its tributaries flow through narrow
and sometimes meandering gorges. Further south, folding of the Pre
Cambrian quartzite, sandstore and accessory carbonate rocks has formed
low, sharp crested, east-west trending ranges separated by narrow plains.
Trellised rivers drain these parallel strike ridges and tfibutary gorges,
passing through short gorges superimposed o the strike ridges and alluvial
or sand plain reaches in the strike valleys. Two sites were examined in
locations where the gorge width was less confined.

Ross River Striped site

The Ross River meander pattern i controlled by bedrock outcrops (Fig. +:1)
Gorge width at this site is 1.2 km. Chanriel gradient is steep (.0023 m/m) and
total channel width measures 112 m and the flood plain to channel ratio is
4.3:1. Flood plains support a relatively dense stand of partially buried River
Red Gums absent from the main channel.

Shannon Bore

Located 5.3 km downstream from the Striped Site (Fig. 4.1). Immediately
upstream of the site, the channel passes through a narrow gorge reach and
at the site locally widens at a small strike valley further downstream the
channel is once again confined and eventually flows into the piedmont
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reach. Channel width is 114 m and fiood plain width is 260 m. The resultant
flood plain 1o channel ratio is 2.3:1. The flood plain supports a stand of
mature River Red Gums and the vegetation changes to Mulga on the higher
terraces.

Glles Creek

Many of the streams flowing from the ranges onto the piedmont plains drain
through paleoflood depcsits, In Giles Creek these paleoflood deposits are
composed of very coarse gravels and cobbles and provide a resistaat
boundary to the channel. The morphoingy of three sites was exainined along
Giles Creek over a distance of 2 km (Fig. 4.3). Channel gradient increases
downstream along this reach (Table 4.1). A long profile was surveyved a
distance of 2.8 km downstream from cross sectionn 1. The channel is confined
by coarse palecilood deposits.

Giles Creek 1

This site is located 2.5 km downstreairi from Allua gap in the ranges (Fig. 4.3).
The single thread channel transports medium/coarse gravel and coarse sand.
Channel width is 62 m1 and floed plain to channel width ratio is 0.7:1. Channel
gradient in (hi$ réach is steep, measuring .00122 mm/m. The flood plain
surfaces have thick stands of young Eucalyptus camaldulensis probably
seeded during the floods of the 1970's and 1980's.

Giles Creek 2

This site is located 900 m down trear.: of Giles Creek 1. At this site the channel
width has narrowed to 30.5 m with no flood plain development. Along this
reach coarse textured paleoflood sediment is exposed in channel banks and
reworked in thie channel bed. T'vau . =l gradient steepens to .00295 m/m. This
site is located immediately downstrean. of a prominent nick point in the
channel long profile.

Giles Creek 3

This site is located 1.12 km downsiream from Giles Creek 1. wuanne: width
measures 54 m and the flood plain to channel ratio is Z.6:1. This site is located
upstream of a nick point where Pleistocene sedimeat is exposed in the




It -
channel banks. The reach gradient is steeper than the pyevious two reaches APPENDIX 3
{.0048 m/m). ,
’ Statistical Parameters of sediment size
Graphical Method (Folk and Ward, 1957).
" on is the particle size {phi-units) at which 2% by mass of the distribution is
coarser.
f
' 1. Graphic¢ Mean: (AMz)
Mz = (016 + 050 + 084)/3
2. [nclusive Graphic Standard Daviation (0 1)
:‘L .
| O = [(084 - 61574] + [{095 - 653) / 6.6} '
i
]L
;'
iy :
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nPPENDIX 4

Satellite images

Enhanced satellite image. of the Todd Catchment from February and June
1988. The largest flow on the gauged record at Alice Springs occuiied in
March 1988 and the red areas indicate vegetaticn gerowth folloviing Jie
March 1988 rains. The images were ¢ unated by Dr. G. Pickup and enhanced
by Mr. G. Pearse, CSIRO, Alice Springs.
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