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This study reports the nature and timing of Quaternary fluvial activity in the Fitzroy River basin, which
drains a diverse 143,000 km? area in northeastern Queensland, before discharging into the Great Barrier
Reef Marine Park. The catchment consists of an extensive array of channel and floodplain types that we
show have undergone large-scale fluvial adjustment in-channel planform, geometry and sinuosity.
Optically stimulated luminescence (OSL) dating of quartz sediments from fifteen (3—18 m) floodplain
cores throughout the basin indicates several discrete phases of active bedload activity: at ~105—85 ka in
Marine Isotope Stage (MIS) 5, at ~50—40 ka (MIS 3), and at ~30—10 ka (MIS 3/2). The overall timing of
late Quaternary fluvial activity correlates well with previous accounts from across Australia with rivers
being primarily active during interstadials. Fluvial activity, however, does not appear to have been
synchronous throughout the basin’s major sub-catchments. Fluvial activity throughout MIS 2 (i.e. across
the Last Glacial Maximum) in the meandering channels of the Fitzroy correlates well with regional data
in tropical northeastern Queensland, and casts new light on the river response to reduced rainfall and
vegetation cover suggested by regional palaeoclimate indicators. Moreover, the absence of a strong
Holocene signal is at odds with previous accounts from elsewhere throughout Australia. The latitudinal
position of the Fitzroy across the Tropic of Capricorn places this catchment at a key location for eluci-
dating the main hydrological drivers of Quaternary fluvial activity in northeastern Australia, and espe-
cially for determining tropical moisture sources feeding into the headwaters of Cooper Creek, a major
river system of the continental interior.

© 2011 Elsevier Ltd. All rights reserved.

1. Introduction

and southeastern Australia during interglacial periods over the last
300 ka. Magee et al. (2004) provide a continuous moisture record

The value of reconstructing alluvial sequences for our under-
standing of global Quaternary climate change and fluvial dynamics
is widely acknowledged (Bridgland et al., 2007; Bridgland and
Westaway, 2008a, 2008b; Westaway et al., 2009). In Australia,
palaeoenvironmental reconstructions of Quaternary fluvial, lacus-
trine and aeolian activity provide a picture of marked climatic
oscillation spanning the last two glacial cycles (Nanson et al., 1992,
1995, 2008; Kershaw and Nanson, 1993; Magee et al., 1995; Magee
and Miller, 1998). Nanson et al. (1992) noted the persistence of
substantially increased fluvial activity throughout northern, central
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from inland Lake Eyre, which suggests that during the last inter-
glacial the basin was wetter than any other time in the past 150 ka.
They also note the failure of the Holocene monsoon to establish
a deep-water lake as occurred between 65—60 ka leading to
suggestions of altered boundary conditions linked to human
activities such as burning (Miller et al., 2005).

Much of this existing work has taken place in two key regions of
the continent: the interior arid landscapes of the Lake Eyre Basin
(Nanson et al., 1992,1995; Magee et al., 1995; Croke et al., 1996, 1998),
and the extensive meandering river systems of southeastern Australia
(Page et al., 1996; Bowler, 1978; Yonge and Hesse, 2009; Kemp and
Rhodes, 2010). Fluvial and lacustrine activity in the former has, until
recently, been seen to reflect variations in the intensity and landward
extension of the Indo-Australian monsoon (Magee et al., 1995, 2004;
Croke et al., 1999). Fluvial activity in southeastern Australia, recently
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Fig. 1. Location of the Fitzroy River Basin (FRB) in eastern Queensland and location of
its six major sub-catchments; Isaacs, Comet, Nogoa, McKenzie, Dawson and Fitzroy.
The location of sampled sites in four of these sub-catchments is also identified.

reviewed in Kemp and Rhodes (2010), is considered to be a response
tovariations in the intensity of the westerly circulation system. Recent
palaeoenvironmental reconstruction in the Lachlan River has greatly
refined our understanding of Murray-Darling Basin palaeohydrology
(Kemp and Spooner, 2007; Kemp and Rhodes, 2010).

Most regions investigated have evidence of enhanced fluvial
activity during some period of MIS 5, but important regional
differences emerge after this time. In northern Australia higher
discharges occurred during the Last Glacial Maximum (LGM)
(23—20 ka) and the Holocene climatic optimum (8—5 ka) (Nott
et al., 1996; Nanson et al., 2008), but in the southeast, enhanced
fluvial activity was split into two phases: 30—25 ka and 20—15 ka,
with evidence for a short dry interval around 20—22 ka, preceded
and followed by periods of greatly enhanced discharge relative to
the present (Page et al., 1991, 1996; Nanson et al., 1992; Nanson
et al., 2008; Kemp and Rhodes, 2010).

As a result of this earlier work, research is now moving on from
defining broad spatial and temporal patterns to investigating more
detailed hypotheses regarding the distribution, intensity and timing
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of palaeo-precipitation sources. Regional synchroneity between
northern and southeastern Australia, for example, is used as key
evidence of the likely climatic drivers of fluvial activity across the
continent (Nanson et al., 2008). The debate on the relative impor-
tance of the Indo-Australian monsoon continues (Miller et al., 2010).

Catchment location has a profound influence on both the length
and nature of the alluvial record (Lewin and Macklin, 2003; Lewin
et al., 2005). In Australia major differences in the preservation of
fluvial units both geographically and over time are evident in the most
recent synthesis of luminescence dates of fluvial activity in northern
and central Australia (see Nanson et al., 2008). Regional aggregation of
fluvial sedimentary records is considered essential, therefore, to
ensure that sampling biases can be systematically assessed (Macklin
et al., 2010). Key regional gaps exist in the palaeoenvironmental
database in Australia. For example, little is known of fluvial systems in
the northeast of the continent, which lie in latitudinal positions that
may prove relevant to determining the key sources, and variations in
the intensity of precipitation both for inland central Australia and
systems further south in the Murray-Darling Basin.

The aim of this paper is, firstly, to provide a preliminary
Quaternary chronology of fluvial behaviour in one of Australia’s
largest, coastal catchments: the Fitzroy River Basin (FRB) of eastern
Queensland. Little is known of the fluvial geomorphology of sub-
tropical Australia, yet it straddles a key transitional zone influ-
enced by both the southern Trade Winds and tropical moisture
sources to the north (Lough, 1997, 2007). The chronology of fluvial
activity in the FRB will provide further information on continental
and regional differences in river response to Quaternary climate
change in Australia. Secondly, the substantial size of this catchment
(>140,000 km?) provides the opportunity to explore intra-
catchment variations in fluvial activity. A supplementary aim is to
provide a meaningful temporal framework with which to assess
perceived rapid environmental changes that are hypothesized to
have occurred in the catchment since European settlement (Prosser
et al., 2001; McKergow et al., 2005).

2. Regional setting

The FRB, (~ 143,000 km?) is the second largest exoreic catch-
ment in Australia and the main drainage into the Great Barrier Reef
lagoon (Fig. 1). The basin contains large areas of low gradients
(~65% of the catchment is <300 m ASL), studded with isolated
ranges up to 700 m ASL (Fig. 1).

2.1. Channels and floodplains
The FRB consists of five sub-catchments: Isaac/Connor, Nogoa,

Comet, Mackenzie and Dawson (Table 1), and a range of river
patterns including anabranching, single-channel meandering and

Table 1

Characteristics of the six sub-catchments within the Fitzroy River Basin.
Attribute Issac Comet Dawson McKenzie Nogoa Fitzroy

Sub-catchment Sub-catchment Sub-catchment Sub-catchment Sub-catchment Sub-catchment
Catchment Area (km?) 22,446 17,253 50,864 13,078 27,989 10,005
Minimum Altitude (m ASL) 72.8 136.6 415 41.3 136.7 0
Maximum Altitude (m ASL) 1049.3 1231.3 943.4 943 1156.7 737.8
Mean Annual Discharge (ML) 1,960,000 448,000 1,066,000 4,470,000 614,000 5,160,000
Predominant Contemporary Anabranching Anabranching Anabranching Meandering Anabranching/meandering Meandering
channel pattern

Sinuosity? (P) 1.07 1.10 n/a 1.5 “r 1.8
Total Channel Length (km) 13,300 9380 29900 6020 20400 6530
Mean Slope® (m/m) 0.031-0.09 0.011 “r “r 0.043 0.0006

ASL = Australian sea level.

2 Sub-catchment sinuosity estimate is derived from data presented in the National land and Water Resources Audit (NLWRA, 2001).

b

channel slope estimate is derived from data presented in the National land and Water Resources Audit (NLWRA, 2001).
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confined meandering (Amos et al., 2008). Anabranching reaches
occur in all sub-catchments, though less so in the Fitzroy segments
of the main stem (Amos et al., 2008). The Isaac and Comet are
predominantly anabranching systems, and based on morpho-
metric analyses, such systems were found to have lower valley
slopes as a function of drainage area relative to single-channels
(Amos et al., 2008). The Mackenzie and Fitzroy main stems are
predominantly unconfined meandering rivers with locally dis-
continuous floodplain segments reflecting structural influences.
Detailed accounts of the basin’s channel and floodplain mor-
phologies and changes in recent (post 1960) floodplain sedimen-
tation rates and sediment sources are documented elsewhere
(Amos et al., 2008, 2009; Croke et al., 2008; Hughes et al., 2008a,
2008b, 2009, 2010; Thompson et al., 2011; Hughes and Croke, in
press).

Initial large-scale process modelling (SedNet) in the catchment
predicted a total annual input of 7.3 million tonnes of sediment to
the river system from predominantly hillslope sources (Prosser
et al., 2001), of which, 62% is predicted to be delivered to the
estuary (Dougall et al., 2005). Measured floodplain deposition rates
over the past 60 yrs ranged from 0 (net erosion) to 15 mm yr—! in
low-lying floodplain areas subject to backwater inundation (Amos
et al., 2009; Thompson et al., 2011). A comparison between Sed-
Net predictions, sediment tracing and floodplain accretion data
suggests that end-of-catchment sediment delivery predictions are
likely to be over-estimated due to poor conceptualisation, and
quantification, of key sediment storage processes within the main
channel boundary and floodplain (Hughes et al., 2010; Hughes and
Croke, in press).

2.2. Climate

The FRB experiences a humid sub-tropical climate influenced by
the southeast Trade Winds and occasional incursions of tropical
moisture from the north. Across most of the FRB, mean rainfall
is 600—700 mm/y, and mean potential evapotranspiration is
1500—1700 mm/y (BoM, 2007). A small area close to the coast, within
the Isaac sub-catchment, receives heavier rainfall (700—1600 mm/y),
thus the Isaac River provides a disproportionately large contribution
to the Fitzroy's discharge (Table 1). Rainfall and streamflow are
summer dominant and highly variable, both on an inter- and intra-
annual timescale. Many channels throughout the FRB are ephem-
eral, with high flow events and floods mostly resulting from intense
cyclonic or monsoonal depressions (Lough, 2007).

2.3. Geology

Rocks outcropping in the FRB are predominantly Permian to
Palaeogene in age (Jones, 2006). Widespread Permo-Triassic sedi-
mentary and volcanic deposits of the Bowen Basin are overlain in
the south by Surat Basin Triassic and Jurassic sedimentary rocks,
and small areas of Palaeozoic granitic basement in the east. Upland
erosion during the Palaeogene resulted in extensive fluvial and
lacustrine deposition, the remnants of which are now widespread.
These materials were later reworked resulting in a series of
dissected tablelands, terraces and extensive areas of subdued relief
(Jones, 2006).

2.4. Landuse

Prior to the expansion of European pastoralism much of the
catchment was covered by Acacia-dominated woodland, which was
effectively destroyed during two episodes of intensive land clearing
in the 1960s and 1970s under the Brigalow Development Scheme
(Dougall et al., 2005). More recently, between 1991 and 2001 an

average of ~270 km?/y of woodland was cleared, primarily for
grazing (Anon, 2006). As of 2000, over 80% of the catchment was
classified as grazing, 7% as cropping and less than 4% reserved for
conservation purposes (Calvert et al., 2000).

3. Methods
3.1. Spatial analysis of fluvial change

Based on the range of channel types previously described (Amos
et al,, 2008), four sites were selected representing each type of
modern channel in four sub-catchments: Isaac, Comet, Nogoa and
Fitzroy (Fig. 1). Depositional units within these sites were selected
for drilling and dating (Fig. 2). Detailed information on channel
form and floodplain topography was obtained using a Real-Time
Kinematic Global Positioning System (RTK-GPS) which yielded x,
y, z data to £2 cm accuracy, and from visual analysis of air photo-
graphs and satellite images.

3.2. Alluvial sediments

Fifteen sediment cores from floodplain and channel environ-
ments ranging in depth from ~3—18 m (total core-length ~ 152 m)
were obtained using an Edson Rotary 350 drill rig. Due to the highly
compacted nature of many of the fine-grained cohesive units, open-
head auguring was conducted until a target interval for OSL
sampling was reached, and the core was then extracted in stainless
steel barrels. Cores were described in terms of colour, paedogenic
alteration, grain size, sedimentary structures, and the nature of unit
boundaries.

Particle size analysis was conducted on selected units by dry
sieving at 0.5® intervals (2 mm to 63 um) and particle settling
techniques (Folk, 1954). Interpretations of depositional environ-
ments are based on sediment calibre and stratigraphic position. The
terminology used (e.g. coarse-grained channel and fine-grained
vertical accretion) broadly differentiates major depositional envi-
ronments into coarse bedload and fine, suspended sediment load
transport.

3.3. Timing of fluvial change

Floodplain and within-channel depositional environments
reflecting past and present flow regimes were sampled to deter-
mine the timing of fluvial activity using OSL dating (Huntley et al.,
1993; Aitken, 1998; Murray and Wintle, 2000; Olley et al., 2004a).
OSL analyses were conducted on quartz grains from a total of 42
samples collected from 18 identifiable units (Tables 2 and 3).
Sample preparation was designed to isolate pure extracts of
180—212 pum light-safe quartz grains, collected from the centre of
the cores, following standard procedures (e.g. Aitken, 1998).
Treatments were applied to remove contaminant carbonates,
feldspars, organics, heavy minerals and acid soluble fluorides. The
outer ~ 10 pm alpha-irradiated rind of each grain was removed by
double etching each sample in 48% hydrofluoric acid. Radiation
doses were determined from measurement of the OSL signals
emitted by large (5 mm disc) aliquots of quartz using Risoe TL-DA-
12 instrumentation and the modified single-aliquot regenerative
dose protocol described in Olley et al. (2004b). The reported OSL
palaeodose is the weighted average, estimated using the equations
of Drosg (2009), of a sub-set of 24—48 individual aliquot determi-
nations. This sub-set is identified using a radial plot (Galbraith,
1990), and is defined as those single-aliquot palaeodose measure-
ments observed to fall within the 2-c uncertainty band encom-
passing the lowest palaeodose aliquot. This approach approximates
the ‘minimum age model’ results of Galbraith et al. (1999), and is
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Fig. 2. Satellite images of the selected cross-sections and drill-core locations on the (A) Funnel/Isaac, (B) Nogoa, (C) Comet and (D) Fitzroy River sites.

based on the assumption that the lowest dose aliquots have the
lowest proportion of emitted luminescence derived from
unbleached grains. It is possible that this approach will provide
over-estimates of the true age for samples consisting of poorly
bleached grains, but two experimental procedures were used to
anticipate this possibility. Firstly, sedimentary cores were sampled
multiple times where possible, to allow investigation of geochro-
nological consistency. The age for each unit is represented by the
weighted average of all the OSL dates (up to four) from that unit.
Secondly, two samples (F2-8.15, F1-6.15) were analysed using
single-grain OSL, allowing the extent of partial bleaching to be
identified.

Lithogenic radionuclide activity concentrations were determined
using high-resolution gamma spectrometry (Murray et al., 1987),
with dose rates calculated using the conversion factors of Stokes et al.
(2003). B-attenuation factors were taken from Mejdahl (1979), and
cosmic dose rates were calculated from Prescott and Hutton (1994).
Concentrations of 238U, 22°Ra and 2'°Pb are consistent with secular
equilibrium in most samples (Table 2). The minor secular

disequilibrium observed in some samples is not sufficient to appre-
ciably offset ages derived by assuming equilibrium persistent condi-
tions. Hence, the ages reported here reflect the radionuclide contents
‘as-measured’.

4. Results and analysis
4.1. Funnel ck-Isaac

Funnel Creek, in the Isaac sub-catchment (Fig. 1), was selected to
represent the long, linear anabranching river pattern (Amos et al.,
2008). Numerous (3—7) low-sinuosity channels occupy wide
valley floors, frequently with no dominant channel (Fig. 2A). The
selected transect has a drainage area of 6500 km?, and the 7 km-
wide alluvial valley floor is occupied by six low-sinuosity channels
that range in width from 30 to 110 m, and 5 to 10 m in depth (Fig. 3).
Channel banks are generally steep sided, owing to their cohesive
mud composition and tree-lined vegetation cover, and natural
levees stand ~1.5 m above the surrounding floodplain. Channel
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Table 2

OSL ages and radionuclide concentrations for the 42 fluvial samples analysed in this study. All radionuclide values are in Bq kg~". Values less than 10 (and their uncertainties)
reported to 2 decimal places. Values between 10 and 30 (and their uncertainties) rounded to 1 decimal place. Values above 30 (and their uncertainties) rounded to nearest

integer.
Sub-Catchment Core #/depth (m) 238y 226Ra 210pp 232Th 40K D.R. (Gy ka™ 1) De (Gy) Age (ka)
Funnel F4/3.0 166 + 1.4 15.0 + 0.2 152+ 1.9 26.1 + 0.3 706 + 6 2.88 + 034 38+3 132+ 19
Funnel F4/4.65 198+ 1.5 25.0 + 0.3 239+ 1.9 38+0 348 + 5 215+ 0.28 240 + 30 112 + 20
Funnel F4/5.35 212 +29 215+ 0.6 24.5 + 36 37+1 346+ 13 213 +028 260 + 15 122+ 18
Funnel F4/6.15 225+ 14 153 £ 0.2 169 + 1.7 32+1 319 + 4 1.87 £ 0.24 160 + 20 86 + 16
Funnel F2/3.0 163 +2.8 20.6 + 0.5 19.1 + 3.8 299 + 0.8 446 +12 224 +0.28 140 + 10 63+9
Funnel F2/5.0 27.2+23 24.8 + 0.4 211426 35+1 444 + 8 236 + 030 165 + 10 70+ 10
Funnel F2/6.2 35+3 25.7 + 0.6 26.0 + 4.2 35+1 411+14  235+031 135+ 10 57+9
Funnel F2/8.15 23.9+22 211 + 04 202 +25 39+1 399 + 8 2244029 105 + 10 47+38
Funnel F2/8.2 22.7 + 3.1 28.5 + 0.7 244+ 37 39+1 400+ 13 2.29+0.30 100 + 10 4447
Funnel F3/2.9 35+£2 31+£0 294+ 28 44 +1 403 + 8 2.57 + 033 100 + 5 39+6
Funnel F3/5.9 13.9 + 2.0 23.0 + 0.4 17.8 +2.5 26.6 + 0.5 400 + 8 1.99 + 0.25 200 + 15 101 £ 15
Funnel F3/7.9 113 +£15 115+ 0.2 108 £ 1.9 184 + 0.6 468 + 8 1.93 £0.23 150 + 10 78 £ 11
Funnel F3/10.35 508+160 872+025 508+228  13.7+03 497 + 11 1.82 + 0.21 175+ 10 96 + 13
Nogoa N1/5.24 165+ 1.2 14.7 £ 0.2 142+ 1.6 220+ 03 270 + 4 1.51 +0.19 18+2 119+ 20
Nogoa N1/8.00 16.0 + 2.1 162 + 04 14.8 + 2.8 262 + 05 272+ 9 1.56 + 0.20 15+2 9.62 + 1.82
Nogoa N2/7.70 284424 35+1 35+3 45+ 1 484+10  2.81+0.37 33+2 117+ 1.7
Nogoa N2/8.20 28.2 + 26 31+1 284+ 34 46 £ 1 509+ 13  2.80 +0.37 30 +3 107 £ 1.8
Nogoa N3/5.95 122+ 14 13.7 £ 0.3 159+ 1.6 203 + 05 366 + 8 1.76 + 0.21 40 +3 227 +33
Nogoa N3/6.10 128+ 14 15.7 + 0.3 198+ 1.9 223+ 08 415+ 9 1.99 + 0.24 35+3 17.6 + 2.7
Nogoa N3/7.25 153+ 1.7 153 + 04 19.9 + 22 223+ 0.7 375+10  1.87 +0.23 40 +2 214+ 3.0
Nogoa N3/8.75 194+ 1.7 20.7 + 04 209+ 138 28.1 + 04 379+8 1.99 + 0.25 382 19.1 £ 2.7
Nogoa N4/3.20 210+ 1.6 20.5 + 0.4 22.8+2.0 30+0 385+9 214 4+ 027 24 +2 112+ 17
Nogoa N4/5.8 6.16+1.05 722+020 663+143 957+034 175+5 0.88 + 0.10 20+2 22.7 + 36
Nogoa N4/7.25 614+152  832+026 867+210 11.9+03 195+ 7 0.99 + 0.12 24 +£2 242 +3.7
Nogoa N4/8.75 686+1.07 735+019 698+134 106+0.3 176 + 5 0.88 + 0.11 20+2 227 + 36
Nogoa N4/10.40 436+135 640+020 601+155  7.64+024 63+3 0.47 + 0.06 1342 27.7 +56
Nogoa N-P/5.85 119+ 1.0 11.7 £ 0.2 140 + 1.2 175+ 04 246 +5 1.34 + 0.16 40 +3 299 + 44
Nogoa N-P/6.05 171+ 1.1 204+ 03 165+ 1.3 331 194+ 4 1.49 +0.20 160 + 5 107 £ 15
Comet C1/4.00 34+2 284+ 04 32+3 40 +1 469 + 8 2.71 + 035 120 £ 10 4447
Comet C1/7.25 20.6 + 2.4 23.7+ 05 18.7 + 2.6 33+1 347+10  1.97 +0.26 100 + 5 51+7
Comet C1/10.40 256+ 1.5 269+ 03 274+15 39+1 319+6 2.10 +£ 0.28 100 + 5 48 +7
Comet C1/11.85 120 + 1.0 121+ 0.2 141+ 1.1 16.0 + 0.3 177 + 4 1.07 + 0.14 55+5 51+8
Comet C1/15.28 32+2 29.3 + 04 263+ 1.6 39+0 427 +8 240 + 032 250 + 30 104 + 19
Comet C1/17.70 13.8 £2.0 133 +03 135+ 2.8 15.7 £ 0.7 133+4 0.92 +0.13 180 £ 10 196 + 30
Comet C2/4.75 26.1 +25 264+ 05 27.1 +33 37+1 397+10 235+ 031 100 + 5 43+6
Comet €2/8.00 16.7 + 2.6 239+ 0.6 20.6 + 3.3 28.5 + 0.7 305+12 1.78 + 0.24 135+ 5 76 + 11
Comet C2/10.45 17.5 + 3.0 19.8 + 0.6 21.7 +£ 4.1 301 286+ 12  1.76 +0.24 80+ 5 45+ 7
Comet C2/13.33 13.6 +2.3 121+ 04 149 + 3.2 16.8 + 0.6 186 + 7 112 +0.15 50+5 45+8
Comet C3/13.5 121+ 1.1 13.0 + 0.2 159+ 14 165 + 0.5 166 + 3 1.07 + 0.14 46 +3 43+6
Fitzroy Z1/3.55 9.06+137  763+025 983+183 11.6+03 241+8 1.19 + 0.14 20+2 16.8 + 2.7
Fitzroy 72/4.14 526 +284  558+026 971+ 251 700 £+ 034  125+6 0.75 + 0.09 20+5 267 +75
Fitzroy 73/11.00 257 +1.3 26.8 + 0.3 262+ 1.6 37+1 408 + 7 2314030 55+5 238 +39
bed sediment varies between channels and is mainly medium to
coarse sand and gravel.
Table 3

OSL ages with uncertainties rounded to nearest 1 ka for active bedload units.
Weighted average ages are reported where n > 1.

Active Bedload Samples N Age (ka)
Funnel F1/3.0 1 13+£2
Funnel F1 Lower 3 105 + 15
Funnel F2 2 45+ 5
Funnel F3 3 89 + 10
Nogoa N1 2 11+2
Nogoa N2 2 11+1
Nogoa N3 4 20+ 2
Nogoa N4 4 24 +2
Nogoa N-P/ 1 30+ 4
Comet C1 upper 3 50 +4
Comet C1/153 m 1 104 + 19
Comet C1/17.7 m 1 196 + 30
Comet C2 2 45+ 5
Comet C3 1 43+ 6
Fitzroy Z1 16.8 £ 2.7
Fitzroy Z2 267 +75
Fitzroy Z3 1 238 £ 3.9

4.1.1. Isaac alluvial sediments

Four cores were extracted across the valley floor (Fig. 3). Core F1
was taken to a depth of ~10m and consists almost entirely of fine-
grained silts and mud which proved unsuitable for dating. Core F4
was augered to a depth of ~7.5 m from a within-channel envi-
ronment on the eastern valley margin (Fig. 2A) and is characterized
predominantly by coarse sands and gravels within a muddy matrix.

The F2 drill site was located on the floodplain, between anab-
ranching channels 1.8 km wide and 6 km long (Fig. 3). The core
penetrated 10m, and contains two sets of alternating coarse and
fine-grained units. The basal unit consists of some gravel and
pebbles (~4 ¢cm) within a ~2 m thick unit of silty coarse, to very
coarse, sands. This is overlain by a ~2.5 m unit of brown cohesive
fine-very fine sandy silt and clay (Fig. 3). This fine-grained unit is
overlain by a ~ 1.5 m unit of silty medium sands with rare pebbles,
which fines upwards to cohesive fine-medium sandy mud present
in the top 3m of the core. Core F3 was located on a within-channel
bench and was augered to a depth of 16m (Fig. 3). Channel bed
material at this location is very-coarse-to coarse sand with abun-
dant gravel (5—20 mm axis length). The basal ~10 m of the
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Fig. 3. Surveyed floodplain transect, core log stratigraphy and OSL data for the Isaac/Funnel site (Fig. 2A). Percentage sand is indicated in the circle adjacent to each sample unit.
Core elevation is denoted in metres above Australian Height Datum = Australian Sea Level (ASL).

sequence is sandy, and fines upwards from dominantly very-coarse
sand at the base to dominantly medium sand at 7 m depth. The
upper ~5.5 m of core is fine-grained. There is sandy mud from
~6.5 m to 3 m, the sand grain sizes fining upwards from medium to
very fine, and sand proportion decreasing upwards from 41% to
12%. There is a clay-rich cohesive mud deposit from 3 to 1 m,
overlain by a metre of siltier mud.

4.1.2. Dating and interpretation of fluvial deposits in the Isaac sub-
catchment

OSL estimated ages for the selected samples in these cores are
outlined in Fig. 3 and Table 2. Specific consideration of OSL reversals
is given in more detail in Section 5, but in general, three dates from
this site appear to be unreliable due to partial bleaching. Some
apparent stratigraphic reversals occur in the upper samples of Core
F2, where upper units are dated as older than the underlying
coarse-grained channel facies, but all samples within this core date
to within uncertainties of each other. In addition, sample F2/8.2,

which returned an age of 44 4 7 ka was dated using single-grain
OSL techniques and compares very favourably to the overlying F2/
8.15 sample yielding a date of 47 + 8 ka.

In Core F4, the OSL date for the coarse-grained deposits at 3m
below the modern channel bed returned a relatively young age of
13.2 £+ 1.9 ka, suggesting that bedload channel activity has
continued from at least this time period to present. Although no
distinct change in grain size occurred from the surface (modern
channel bed material) to >5 m, a diffuse unit boundary is marked
by mottling at ~3.8 m. Three samples collected at depth in Core F4
yield ages an order of magnitude greater than that at 3 m. These
dates overlap within uncertainties and taken together, produce
a weighted average age of 105 =+ 15 ka.

The coarse-grained unit at the base of Core F2, likely to be
within-channel bedload deposits, was sampled twice for OSL
dating, yielding ages of 47 + 8 ka and 44 + 7 ka, the latter age via
single-grain analysis. The weighted average age for this unit is
45 4 5 ka (Table 3). The sample at 6.2 m, within finer sediments
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interpreted as either channel bench accretion, channel-fill
(following channel abandonment) or vertical floodplain accretion,
yielded an age of 57 4+ 9 ka (Fig. 3). Two samples, higher in the
sequence, yielded ages of 70 + 10 ka and 63 + 9 ka, which we
interpret as over-estimates due to partial bleaching. Dates from the
basal coarse unit in this core suggest that the channel was trans-
porting bedload material in its current location by approximately
50 ka and, while acknowledging associated dating errors, the
persistence of an anabranching channel throughout this time
seems probable.

The fine-grained upper ~6 m of Core F3 represents the in-
channel bench deposit and the thick sand unit below is inter-
preted to be channel bed material deposits. As in Core F4, a change
in sediment colour and the appearance of mottling and oxidation
was noted at a depth of ~4 m below the surface. The OSL sample at
2.9 m, within the upper unit of core F3 returned an age of 39+6 ka,
while three samples from depths 59 m, 79 m and 10.35 m
produced ages which were equivalent within uncertainties,
together having a weighted average age of 89 + 10 ka (Table 3).
Interestingly, both cores F3 and F4 returned basal ages of much
older alluvial material: between 70 and 110 ka. Unfortunately, the
augering technique did not enable detailed description of the
boundary or contact between the older and the overlying younger
channel facies, evident in cores F3 and F4.

4.2. Nogoa

The Nogoa site has a drainage area of ~ 16,000 km? and consists
of an anabranching pattern with two to three channels of 30—50 m
width that appears to be inset within an older meandering river
pattern (Fig. 2B). Islands separating the anabranches lie 4—6 m
below a broad floodplain up to 5 km in width, displaying a well-
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preserved single amplitude, palaeomeander assemblage including
cutoffs, scroll bars and abandoned channels (Fig. 2B). Although the
present Nogoa at this location occupies an anabranching pattern,
there is no evidence to suggest that the adjacent palaeomeanders
were multi-thread channels.

4.2.1. Alluvial sediments in the Nogoa sub-catchment

Five cores (N1—N4 and N-P in Fig. 4) were augered from this site
to a depth of 10-11m. Approximately 5 m of basal coarse sand are
preserved in core N1, located on a contemporary mid-island ridge
between anabranching channels. This is overlain by 3.75 m of fine-
grained sediments, which display decreasing sand content with
height, from sandy mud at the base of the unit to mud at the top.

Cores N2, N3 and N4 are located on the palaeofloodplain
surface at an average elevation of 4—6 m higher than the mid-
island core at N1. Core N2 was extracted from the centre of the
palaeomeander and contains an 8m thick fine-mud deposit
overlying a gravelly and muddy very-coarse sand deposit. Gravel
clasts of up to 2.5 cm were recorded in this unit. The upper facies
consists of cohesive muds with some sand and gravel clasts in the
basal 1.3 m of the unit. Cores N3 and N4 were taken from remnant
scroll bars on the inside bend of the palaeomeander and display
upper units of very fine sand and silt overlying coarser deposits
(Fig. 4). In Core N3, the basal deposit is comprised of slightly
gravelly fine sand. In Core N4, the basal deposit is composed of
medium-coarse sand and gravel.

Core N-P was collected from the scroll bar of another adjacent
palaeomeander, and comprises a similar sequence of mud overlying
a sand deposit, although this core also penetrated an underlying
fine-grained deposit, at ~6 m depth. The sand deposit in Core N-P
contained thin muddy drapes between 1 and 4.5 m that were mostly
between 10 and 50 mm thick, but with some up to 100 mm thick.
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4.2.2. Dating and interpretation of fluvial deposits in the Nogoa
sub-catchment

The OSL ages for the dated fluvial deposits at this site are indi-
cated in Fig. 4. The ~5 m thick basal channel facies identified in N1
is considered typical of a fining upward sequence with coarse
channel facies overlain by fine-grained vertical accretion deposits
and is likely to reflect island aggradation through coarse bedload
transport and progressive fining upwards with increasing island
height. Two OSL samples from these deposits returned a weighted
average age of 11 & 2 ka (Table 3). Interestingly, the basal coarse-
grained unit from core N1 is essentially coeval with the channel-
fill deposit of the mid-palaeomeander core N2, which yielded two
ages of 11.7 + 1.7 ka and 10.7 £ 1.8 ka (weighted average: 11 -1 ka).
Sediment calibre and stratigraphy in both N3 and N4 cores are
considered typical of a meandering channel sequence with coarse
channel facies indicative of point-bar accretion deposits, which fine
upwards to vertical-accretion floodplain sediments. Coarse-grained
units from cores N3 and N4 have each been sampled four times for
OSL dating, and in both cores, all four ages are equivalent within
uncertainties. Weighted average ages of 20 4+ 2 ka and 24 + 2 ka
have been calculated for coarse-grained units in N3 and N4
respectively (Table 3). The fine-grained facies from N4 has a single
OSL date of 11.2 + 1.7 ka suggesting that deposition of fine-grained
sediment in this location was broadly coincident with coarse-
grained in-channel deposition in both the contemporary anab-
ranching channel and the palaeomeander.

The sample from the channel sands from 5.8 m depth in the
outer palaeomeander site (N-P) produced an age of 29.9 + 4.4 ka,
suggesting deposition occurred coeval with, or just before, depo-
sition of the coarse scroll-bar facies dated from N3 and N4. The
sample taken from the fine-grained unit at the base of core N-P
produced an age of 107 £ 15 ka, suggesting an old floodplain
deposit, overtopped by a later episode of channel deposition
probably following channel avulsion.

Collectively, OSL dates from this site suggest that the palae-
omeander was laterally migrating between 29.9 + 4.4 ka and
19.9 + 1.8 ka and appear to have been abandoned between
10—12.5 ka. The present Nogoa anabranching system was active
around 9.9 to 11.4 ka which is roughly coincident with palae-
omeander abandonment. It is possible both channels may have
remained active during this time and the core at N1 reflects sedi-
ment transport of coarse sands within a flood chute channel in he
palaeomeander. Alternatively, abandonment of the meandering
channel system occurred between 11.4—12.5 ka and subsequent
island aggradation within the current anabranching system
commenced from 11.4 ka. Under either scenario, a change in-
channel planform from laterally active meandering to contempo-
rary anabranching had commenced by ~11 ka.

4.3. Comet

The Comet site has a drainage area of ~4000 km? and is
representative of an anabranching pattern with more sinuous
anabranches (relative to the Funnel-Isaac site) and one to two
dominant channels (Amos et al.,, 2008) (Fig. 2C). The transect
consists of five channels, each 30—50 m in width, and a 6 km-wide
floodplain (Fig. 5). Channel cross-sections are typically U-shaped,
and densely tree-lined with in-channel islands. No evidence of
lateral activity or erosion was observed at the site, though satellite
images reveal evidence of a relict meandering system elsewhere in
the Comet sub-catchment.

4.3.1. Alluvial sediments in the Comet sub-catchment
Three cores were extracted across the main channels of the
Comet at this site (Fig. 5). Core C1 was extracted within the channel

boundary of one of the main anabranch channels to a total depth of
~18 m. The basal ~1 m of the core consists of coarse sand, with
pebbles (>2 cm) in the lowermost 40 cm. This is overlain by
approximately 12 m of dominantly orange-brown muddy fine-
grained sand. The sand:mud ratio varies through this unit, with
sandier and muddier intervals. The upper facies is a brown cohesive
mud unit that occupies the upper 4m of the core and contains
occasional slightly sandier beds up to 100 mm thick. Cores C2 and
C3 were collected from the floodplain to a depth of 13 m. These
display similar sedimentary sequences with basal sand units (fine
to very coarse) overlain by cohesive muds (Fig. 5).

4.3.2. Dating and interpretation of fluvial activity in the Comet sub-
catchment

The coarse-grained sediments are interpreted as channel facies
and the two finer grained units as vertical accretion on islands and/
or floodplain environments. Although they cannot be easily divided
on the basis of the core log data, the OSL-derived ages of samples
from the basal 14 m sandy unit from Core C1 are assumed to
represent at least two distinct periods of deposition, possibly rep-
resented by two fining-upwards units. The basal channel facies
yields OSL ages of 196 + 30 ka at 17.7 m, and 104 + 19 ka at 15.3 m,
topped by four statistically equivalent ages from 11.85 m up to
4.00 m that taken together yield a weighted average of 50 + 4 ka.
The uppermost OSL age from sands at 4.00 m indicates fine-grained
deposition was dominant after 44 + 7 ka. The age for the upper
coarse unit in C1 compares well to the dates obtained from coarse-
grained facies in Cores C2 and C3. Four OSL dates were obtained
from the coarse-grained unit in Core C2, with a clear age reversal
present. The sample at 8 m produced an age of 76 + 11 ka, in
contrast to the two lower samples which are equal within uncer-
tainties and together provide a weighted average age of 45 + 5 ka
(Table 3). This younger age is clearly the correct one, as it is unlikely
that two separate samples could provide the same incorrect age.
Furthermore, the age calculated for the fine-grained unit capping
these coarse bedload deposits is 43 + 6 ka, providing further
support for a mid MIS 3 age for the underlying coarse-grained unit,
and a single OSL age from the stratigraphically equivalent coarse-
grained unit in Core C3 returned an age of 43 & 6 ka.

Overall at this site, OSL dates provide evidence for mid MIS 3
coarse-grained fluvial transport in the main anabranching chan-
nels, with evidence for fine-grained vertical accretion deposition in
upper parts of islands or floodplains broadly synchronous with this
time period.

4.4. Fitzroy

The Fitzroy (main stem) site is located ~60 km upstream of the
tidal limit and has a drainage area of ~ 136,000 km?. This site is
representative of the large, unconfined meandering river pattern
and consists of a single, sinuous (P = 1.8) meandering channel
~250 m wide and ~10 m deep (Amos et al., 2008) (Fig. 2D).
Channel banks are typically well-vegetated, and a 3 to 5 km-wide
floodplain preserves evidence of lateral channel migration in the
form of scroll bars on the inside of the meander bend (Fig. 2D).
Eight major scroll bars range in height from ~17 to 20 m above the
present channel bed, and these lie inset within an older alluvial
surface standing 5—6 m above the scroll crests (Fig. 6).

4.4.1. Alluvial sediments in the Fitzroy sub-catchment

Three cores were taken across the scroll ridges and swales at this
site. Core Z1 is located proximal to the main channel and consists of
basal medium to very coarse sand overlain by 2.2 m of very fine to
fine-grained sandy mud. Core Z2 is located on a central scroll-bar
ridge, and comprises basal very coarse sand overlain by 2.2 m of
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mud. Core Z3 is located on the terrace and penetrated 11 m. It has
silty, fine sand at its base, overlain by a ~5.5 m thick sandy mud
unit containing interbedded sandier and muddier units with
occasional sandy beds of 20—30 cm thick. An upper unit comprised
of red-brown cohesive mud overlies this.

4.4.2. Dating and interpretation of fluvial activity in the Fitzroy
Samples for age dating from these cores were collected from the
basal sand units, within 1-2m of the sand—mud transition (Fig. 6).
Core Z1 returned the youngest age, of 16.8 + 2.7 ka, Core Z2
returned an age of 26.7 4 7.5 ka, and Core Z3 returned an age of
23.8 &+ 3.9 ka. The resolution of these ages is not sufficient to allow

us to determine the period over which this channel migration
occurred, however we can say that the most recent migration of the
Fitzroy River to its current position in this location had been
completed by 16.8 + 2.7 ka.

5. The Fitzroy river basin OSL chronology

As anticipated, the large aliquot technique used in this study
resulted in the determination of some OSL ages that are strati-
graphically inconsistent (<10% of all determinations). In four
samples (i.e. F4/5.35, F2/3.0, F3/5.0, and C2/8.0) partial bleaching
produced age over-estimates, though in two of those cases the ages
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fail to overlap (at 2-c) by a very small margin. These four results are
excluded from further consideration.

A frequency histogram of the 38 OSL ages (Fig. 7) was devised to
broadly identify patterns in fluvial activity as done in previous
studies (Nanson et al., 1992, 2008; Cheetham et al., 2010). This
method provides an approximate estimation of fluvial age distri-
butions which may be affected by preservation (Lewin and Macklin,
2003; Bridgland and Westaway, 2008b), accessibility (Cheetham
et al., 2010) and dating precision (Nanson et al., 2008). All of
these factors are likely to have contributed to the distribution of

ages presented in Fig. 7. The histogram approach also has the
associated risk of directly linking changes in the scale of frequency
peaks with changing magnitude of fluvial activity. In addition, the
inclusion of all OSL ‘depositional’ ages in such histograms ignores
any of the information linking each age to particular fluvial envi-
ronment or process. In order to utilise such potentially valuable
‘process’ information, OSL ages determined from bedload-
dominated (sandy or gravelly) channel-fill units are taken to indi-
cate ‘fluvial activity’, or more precisely, the bedload depositional
age and cessation of fluvial re-working; conversely OSL ages from

Frequency

10 |

daf

Fig. 7. Frequency histogram of all depositional OSL ages obtained in this study. Bin size 5 ka.
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fine-grained units (i.e. suspended/wash-load environments) over-
lying channel-fills are taken to indicate vertical accretion on point-
bars, floodplains, channel contraction or abandonment.

Fig. 8 shows the ages of bedload channel units, weighted
according to uncertainty using a probability density function to
illustrate concentrations in our data. The differences in peak height
do not indicate differences in the magnitude of fluvial activity but
rather our confidence in the integrity of the age intervals assigned
to different deposits.

6. Discussion

The reconstruction of fluvial dynamics from preserved sedi-
mentary sequences and river terraces has contributed to our
understanding of global Quaternary climate change (Bridgland
et al,, 2007). Detailed reconstructions throughout many parts of
Europe (Vandenberghe et al., 1994; Kasse et al., 1995; Fuller et al.,
1998; Starkel, 2003; Macklin et al., 2006, 2010) and Australia (see
Nanson et al., 2008 for review) demonstrate the potential for such
studies to infer the nature and extent of past hydrological events.
The absence of extensive river terrace sequences in many of Aus-
tralia’s low-lying, tectonically stable regions, however, has meant
that issues of preservation potential as a result of fluvial re-working
(Lewin and Macklin, 2003; Bridgland and Westaway, 2008b;
Macklin et al, 2010) and systematic regional biases (Macklin
et al., 2010) are important to address in the accurate interpreta-
tion of fluvial archives. Widespread sampling of sedimentary
sequences across a range of physiographic, climatic and geomor-
phic environments is essential. Within the context of Australian
studies, this study presents the first alluvial chronology that
outlines the timing of fluvial activity over the last glacial cycle
(~110 ka) from the tropical northeast of the continent. The FRB’s
geographic position in the pathway of tropical air masses that
potentially influence the inland Cooper Creek (Lake Eyre Basin),
and the Murray-Darling and coastal river systems to the southeast,
makes this an important, yet hitherto unexplored, palae-
oenvironmental record. Published data from other well-studied
regions (e.g. Bowler, 1978; Page et al., 1996, 2009; Magee et al.,
1995; Magee and Miller, 1998, Nanson et al., 2008; Kemp and
Rhodes, 2010) provide a useful framework for comparison with
our new OSL chronology.
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6.1. Basin-wide fluvial activity

Data presented in Fig. 8 allows some commentary on the timing
of fluvial activity throughout the Fitzroy Basin as a whole. The
channel pattern in both the Isaac and the Comet sub-catchments is
anabranching and, interestingly, both catchments contain evidence
(at F2, C1, C2 and C3) of a significant fluvial episode occurring near
45 ka. Channel facies dated to this time are overlying an older
fluvial unit dated to between 99 + 26 and 104 + 19 ka. These ages
are quite different to those obtained for the Nogoa and Fitzroy sub-
catchments which preserve evidence of more recent episodes of
fluvial activity spanning a time period from 30 + 4.4 ka to 11 +1 ka.
Limited evidence, in the form of a single dated deposit for such an
episode was found in the Isaac (F4/3.0 m) and Comet catchments
for the period immediately before, and including the LGM.

It is possible that such an episode did occur in these catchments
and that the most likely fluvial response to changes in sediment
load and discharge was increased frequency of channel avulsion
and subsequent infilling within an anabranching system. To detect
this within the wide alluvial valleys present in these sub-
catchments would require a more spatially dense sampling
design. However, it is also possible that fluvial response to late
Quaternary climate changes in the basin were diachronous and that
the Isaac and Comet sub-catchments may not have responded
dramatically to changes in flow and sediment load at this time for
reasons which relate primarily to aspects of ‘landscape sensitivity’
(Thomas, 2004). For example, one obvious feature of these two
anabranching sub-catchments is the extent of hillslope-channel
decoupling with both river systems occupying very broad alluvial
valley floors with long distances between channels and the adja-
cent hillslopes. Climate-induced changes to sediment loads via
reduced vegetation cover on hillslopes (Kershaw, 1992; Moss and
Kershaw, 2000) may have increased delivery of sediment to foot-
slopes and valley margins, but is unlikely to have significantly
increased sediment flux along major drainage lines. Further
exploration of the nature and chronology of sediment stores along
the piedmont zone in this region is warranted.

Complexities induced by spatial variability in sources and
intensities of rainfall are also likely to contribute to variations in
sub-basin responses. Under present climatic conditions, the Isaac
sub-catchment is the main hydrological driver of the basin,
contributing 50% of the Fitzroy’s discharge (Dougall et al., 2005;
Amos et al., 2008). Its headwaters rise ~200 km north of Rock-
hampton (Fig. 1) and the catchment’s proximity to the coast
ensures higher precipitation from warm air masses off the Coral
Sea. Reductions in precipitation due to changes in climate and
vegetation dynamics in tropical areas at the LGM are likely to have
registered within this sub-catchment. In contrast, the Nogoa rises
in the higher relief of the Carnarvon Ranges (~250 km inland)
where the effects of local, spatially discrete high intensity rainfall
events from the adjacent uplands on flood hydrology and flood-
plain sedimentation have been noted (Ciesiolka, 1987; Croke et al.,
2008; Thompson et al., 2011). These aspects will also affect the
preservation of fluvial sequences throughout the basin, as the
higher intensity, ‘flashier’ nature of rainfall in the Nogoa is likely to
lead to enhanced fluvial re-working of older alluvial deposits.

Further stratigraphic investigation is required in both sub-
catchments, but it is possible that the basin may have responded to
varying sources and intensities of moisture at this time. The data
certainly advise caution when assuming that site-specific data from
one part of a basin may be indicative of environmental responses
throughout the basin as a whole. Such was also the case in the
detailed study of post European floodplain deposition rates across
a similar range of sites in the basin (Amos et al., 2009). Floodplain
deposition rates based on the distribution of radionuclide’s caesium
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€37 was found to be extremely low, to non-existent, in the anab-
ranching site on the Isaacs, compared to higher rates of deposition
in both the Nogoa and the lower Fitzroy sites (Amos et al., 2009).

6.2. Tropical Queensland

The preliminary chronology for the FRB also has important
implications for our understanding of fluvial behaviour within
regional sub-tropical and tropical Queensland. The region contains
well-known proxy data sets from Lynch’s Crater (Kershaw, 1994;
Moss and Kershaw, 2000), and the ODP drill-core 820 extracted
offshore from Cairns (Moss and Kershaw, 2000, 2007). Indications
of river and slope response to late Quaternary environmental
change are provided by thermoluminescence (TL) and C dating of
alluvial fan sequences in the Cairns region 800 km to the north
(Fig. 1) (Nott et al., 2001; Thomas et al., 2001). Alluvial fan aggra-
dation coincided with substantial changes in vegetation cover as
inferred from Lynch’s Crater and the ODP drill-core 820 (Kershaw
et al,, 1993; Moss and Kershaw, 2000, 2007). Specifically, proxy
data suggest that increasing aridity caused a regional development
of grassland or very open woodland between 24 and 12 ka. The
Lynch’s Crater record indicates a reduction in rainfall by more than
60%, making this period the driest in the region over the last glacial
cycle (Kershaw et al., 1993; Moss and Kershaw, 2000). Nott et al.
(2001) argued that alluvial fan aggradation reflects a climate-
driven increase in sediment yield.

We note that enhanced fluvial activity in the Fitzroy Basin is
roughly coincident with this same time period before, during and
after the LGM. Bedload-dominated channels are actively laterally
migrating at the Fitzroy site during the period 23.8 + 3.9 ka to
16.8 + 2.7 ka. Likewise, lateral migration is active on the Nogoa River
during 30.1 4.4 to 11.2 + 2.5 ka, and we note that morphologically
similar large palaeomeanders and abandoned cutoffs are spatially
widespread on satellite images throughout the Fitzroy main stem,
McKenzie and Dawson Rivers. A summary of meander wavelength
and amplitude measurements for representative (n = 17) palaeo and
modern channel reaches is presented in Fig. 9. Whilst displaying
some scatter, an overall reduction in meander wavelength is
apparent between the two sets of channels. Part of the explanation
for the observed variability is also that, in many locations, the
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contemporary river occupies a palaeochannel of enlarged dimen-
sions, as is currently exemplified by the meander at the Fitzroy River
site (Z1—Z3). Bankfull discharge (Qpr) for this site, estimated from
gauging records at the Gap (Gauging Station number 130005 A)
which has a similar sinuosity and wavelength to those now
preserved across the valley floor, is 9000 m> s™! with a recurrence
interval of 20 years (Dougall et al., 2005; Joo et al., 2005).

The prevalence of bedload sedimentation during this period of
presumed low rainfall suggests that these rivers had sufficient
transport capacity to remain laterally active and progressively build
floodplains. The common occurrence of gravels within the MIS 2
bedload units also suggests a sediment transport capacity which is
greater than that observed in the basin today (Douglas et al., 2006).
These findings challenge the widely held expectations of drier
conditions inferred throughout the region at this time.

6.3. Continental Australia

Fluvial activity within the Fitzroy, as defined by bedload channel
deposits, occurred within three fairly well defined and discrete
phases over the last glacial cycle (Fig. 8): ~110—90 ka (MIS-5),
~50—40 ka (MIS-3), ~30—10 ka (MIS-2/3). This pattern is broadly
consistent with that described from the Lake Eyre Basin (Nanson
et al,, 2008) and southeastern Australia (Bowler, 1978; Page et al,,
1991, 1996; Kemp, 2001; Kemp and Rhodes, 2010). Much of the
recent debate, however, is concerned with what drives regional
differences in fluvial activity. Nanson et al. (2008) recently sug-
gested that the apparent synchroneity of fluvial activity between
northern and southeastern Australia during the mid to late MIS 5
casts doubt upon the notion of an enhanced monsoon being the
main driver. Nanson et al. propose the existence of a semi-
permanent “La Nifia” with Trade Winds crossing the Coral Sea
and Queensland, thereby carrying moisture into the Lake Eyre
Basin. The FRB lies at a pivotal position with respect to this argu-
ment, because any monsoon-related MIS-5 moisture recorded in
the Lake Eyre Basin should likewise be recorded here as well.

6.3.1. MIS-5
Fluvial activity during MIS 5, as evidenced by bedload depo-
sition, is recorded in three units. Alluvial sediments present in
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Fig. 9. Meander wavelength and amplitude for a representative array of palaeo and modern channels measured from 17 reaches in the Dawson, Mackenzie and Nogoa. The data
represent a total of 59 measurements of meander wavelength and amplitude, each obtained from a section of channel comprising 2 bend apexes and 3 inflection points.
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both anabranching reaches of the Isaac and Comet sub-
catchments were dated to MIS 5 together with a single fine-
grained unit in the Nogoa reach. It is likely, therefore, that more
fluvial units of MIS 5 age are present in the valley-fills at depths
exceeding those reached by the drill rig. For reasons due primarily
to preservation potential and alluvial re-working, the absence of
fluvial deposits from older stages is not interpreted here as
indicative of causal climatic variability. Further dating within the
basin is required, therefore, to advance the hypothesis that
a western Pacific warm pool off the coast of Queensland is the
dominant source of enhanced moisture in the Lake Eyre Basin
(Nanson et al., 2008).

6.3.2. MIS 3

The FRB data concur with the dominance of a MIS 3 fluvial
episode noted previously in southeastern Australia and corre-
lates very well with dated episodes on the Riverine Plain (Page
et al., 1991, 1996; Nanson et al, 2003) and in the Lachlan
catchment (Kemp and Spooner, 2007; Kemp and Rhodes, 2010).
Little comment can be made here of the relative magnitude of
fluvial activity between MIS 5 and 3 based on our data. However,
the presence of ~10 m thick MIS 3 bedload units of coarse
gravels suggests that bedload transport during later phases of
MIS 3 was of sufficient magnitude presumably to overtop, and
erode, fine-grained MIS 5 floodplain deposits. Likewise, the
occurrence of coarse gravels within these MIS 3 units implies
either conditions of enhanced sediment transport capacity
relative to those experienced in later phases up to today or,
changes in sediment source supply,. Further stratigraphic work
is required to elucidate the relative role of sediment transport
and supply conditions.

6.3.3. MIS 2

The presence of sandy bedload fluvial transport in large
meandering channels in the Nogoa and Fitzroy catchments
immediately before, during and after the LGM in MIS 2 is an
anomaly within the context of existing studies in Australia where
fluvial, lacustrine and aeolian records indicate a relatively dry LGM
(Nanson et al., 2008). Further dating is required but it seems likely
that basin-wide responses to the proposed reduction in precipita-
tion were not uniform or synchronous.

6.34. MIS 1

A notable difference between the FRB chronology and that
described previously is the absence of a notable Holocen fluvial
signal. Alluvial chronologies throughout the Lake Eyre Basin and
southeastern Australia suggest that the Holocene saw a return to
wetter conditions during MIS 1 (see Nanson et al.,, 2008 for
summary). Significant valley floor aggradation and floodplain
construction is not evident in our sites for this time period. At the
Nogoa site, the late Pleistocene—early Holocene marked a change
in-channel planform from meandering to anabranching. Channel
infilling and abandonment is indicative of a decline in system
energy and a change to anabranching channels, which return the
few post-14 ka ages recorded in this study, may also be indicative
of a reduction in stream power (e.g. Nanson and Knighton, 1996).
It is possible that much of the alluvial material transported
during later episodes of the Holocene is stored elsewhere on un-
sampled parts of the floodplain or within the confines of the
main channel boundary on islands or within-channel benches.
Inset benches formed within the main channels are widely
observed throughout the catchment and in the upper, headwater
catchments, are believed to be the primary store for sediments
derived from Post European landuse changes (Hughes et al.,
2010).

6.4. Future work

In terms of future work, the Fitzroy Basin preserves an excellent
record of fluvial change by way of extensive palaeomeanders and
channel cutoffs that, due largely to basin size, have only been
selectively dated and partially described in this study. Likewise, the
hypothesis that much of the basin’s Holocene fluvial record is stored
within the main boundary of enlarged channel systems is worthy of
further pursuit. It may lead to a new conceptual understanding of
how Australia’s rivers and floodplains have adjusted to a pattern of
declining discharges over an extended timescale. Further investiga-
tion of the diachronous behaviour of the basin throughout the late
Quaternary period could also elucidate important detail on the role
of variable sources of rainfall throughout the period of MIS 2.
Together with the chronology and interpretation presented here,
these aspects are likely to improve existing understanding of the key
hydrological drivers in Quaternary fluvial activity in Australia.

7. Conclusion

This study provides an alluvial chronology for fluvial activity in
a large river basin in northeast Queensland over the last glacial cycle.
The latitudinal position of the Fitzroy across the Tropic of Capricorn
places this catchment at a key location for elucidating the main
hydrological drivers of Quaternary fluvial activity in northeastern
Australia and the headwaters of Cooper Creek, a major river system of
the Lake Eyre Basin. OSL dating indicates several discrete phases of
active bedload sedimentation: at ~ 105—85kain MIS 5,at ~50—40ka
MIS 3, and at ~30—10 ka MIS 3/2. The overall timing of late Quater-
nary fluvial activity correlates well with previous accounts from
across Australia. Fluvial activity, however, does not appear to have
been synchronous throughout the basin’s major sub-catchments.
Fluvial activity in the meandering channels of the Fitzroy during the
period immediately before, during and after the LGM, presents
preliminary evidence on fluvial response to reduced rainfall and
vegetation cover suggested by regional palaeoclimate indicators. The
absence of a strong Holocene signal is at odds with previous accounts
from elsewhere throughout Australia. The alluvial sequences of the
FRB indicate a decline in system energy and floodplain re-
organisation since at least MIS 3, and possibly the past 100 ka.
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