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Abstract
A combination of single grain Optically Stimulated Luminescence (OSL) dating and historical records shows
that a major change in the channel morphology of Gilmore Creek occurred early in the period since
European settlement of its catchment. By about 1880 the late Holocene sinuous, small-capacity channel was
infilled with sand and abandoned and then replaced by a high capacity bedload-dominated system. Our
results demonstrate the value of single grain OSL methods for dating post-European settlement channel
change in southern Australia.
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Introduction
Historical records including parish maps, surveyor’s logs and anecdotal evidence indicate that the
morphology of many streams draining the highlands of southeastern Australia changed dramatically in the
late Holocene, probably as the result of European settlement and catchment modification (Rutherfurd, 2000;
Page et al., 2007). Many recent studies show that small capacity meandering channels with ‘chain-of-ponds’
or pool and riffle morphology and well-vegetated swampy Holocene floodplains (Brooks & Brierley, 2000;
Cohen & Nanson, 2007; Page & Carden, 1996; Page et al., 2007) were replaced by larger capacity bedloaddominated systems. However, the precise timing and cause of channel change remains the subject of debate.
Butzer & Helgren (2005) contend that channel change occurred throughout the late Holocene and that the
role of European settlement has been overstated. A recent survey of remote sensing imagery in southern
NSW which revealed the presence of extensive well-preserved palaeochannel reaches on the floodplain of
Gilmore Creek Figure 1 and 4) provided the opportunity to investigate the chronology of channel change.
A detailed description of the sequence of channel change on Gilmore Creek is provided in Page et al. (2007).
In summary, it was shown that:
1. In the late Holocene a small sinuous channel meandered across a well-vegetated swampy floodplain
that was inundated more than once a year (Figure 2).
2. By the late 1800s, in the upstream floodplain reach of Gilmore Creek, the sinuous channel had been
replaced by a large capacity, cobble bed system. The former channel had been filled with coarse
sands and the floodplain mantled with up to 1 metre of Post Settlement Alluvium (PSA). The
frequency of floodplain inundation was reduced greatly.
In this paper we used a combination of historical data and ‘state of the art’ OSL dating to establish the timing
of a major channel morphology change on Gilmore Creek. OSL provides an estimate of the time period since
quartz grains were last exposed to solar radiation during sediment transport before being incorporated into a
floodplain deposit.
Field area
Gilmore Creek is a major tributary of the Tumut River in southern NSW (Figure 1). It has a catchment area
of 310 km2, rises on the western side of Australia’s Eastern Highlands at an elevation of 1280 m and then
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flows generally northwards to its junction with the Tumut River. The upper catchment is in rugged terrain
with steep slopes and minimal floodplain development. At an elevation of about 400 m the confined bedrock
valley enters a floodplain reach that persists to the Tumut River confluence. Maximum floodplain width is
about 500 m.
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Figure 3. Trench section showing OSL
dates.
Figure 1. Location of Gilmore Creek, Elms
and Railway study sites.

Figure 2. Oblique view of palaeochannel and floodplain of Gilmore Creek at Elms.
Most of the upper catchment is forested with a combination of native eucalypts and post-1970 coniferous
plantations. In the floodplain reach the lower side slopes and riparian zone have been largely cleared of trees,
primarily for agriculture. Alluvial gold mining, which took place in the Batlow district in the 1850s (Batlow
– New South Wales, 2004), is thought to have contributed significantly to increased bedload transport
downstream at that time.
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Figure 4. Aerial photograph of Gilmore Creek and sinuous palaeochannel at Elms showing location of
sampling trench and active channel in 1986.

Methods
Optically Stimulated Luminescence dating
The chronology of palaeochannel abandonment was determined using optically stimulated luminescence
(Olley et al., 2004). Two samples were collected from a trench that exposed the palaeochannel infill
sediments (Figures 3 and 4). Sample preparation was designed to isolate pure extracts of 180-212 μm light
safe quartz grains. Treatments were applied to remove contaminant carbonates, feldspars, organics, heavy
minerals and acid soluble fluorides. The outer ~10 μm alpha-irradiated rind of each grain was removed by
double etching each sample in 48 % Hydrofluoric Acid.
Radiation doses (Dr) were determined from measurement of the OSL signals emitted by single grains of
quartz using instrumentation and techniques described in Olley et al. (2004). The ‘minimum age model’ of
Galbraith et al. (1999) was used to estimate a sample burial dose based on the ‘front edge’ of the single grain
dose distribution, following the recommendations of Olley et al. (2004).
Lithogenic radionuclide activity concentrations were determined using high-resolution gamma spectrometry,
with dose rates calculated using the conversion factors of Stokes et al. (2003). Concentrations of 238U, 226Ra
and 210Pb are consistent with secular equilibrium in both samples (Table 1). Cosmic dose rates were
calculated from Prescott and Hutton (1994).

Wilson, A.L., Dehaan, R.L., Watts, R.J., Page, K.J., Bowmer, K.H., & Curtis, A. (2007). Proceedings of the 5th Australian Stream
Management Conference. Australian rivers: making a difference. Charles Sturt University, Thurgoona, New South Wales.

302

Table 1. Radionuclide activity concentrations*
Sample
30 cm
90 cm

238

U
26.2±1.9
9.39±1.02

226

Ra
26.9±0.8
9.66±0.31

210

Pb
26.4±1.9
9.71±1.09

232

Th
56±2
16.5±0.5

40

K
172±9
171±9

* All radionuclide values are in Bq kg-1. 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.

Supporting historical data
Data for the post-European settlement evolution of Gilmore Creek are provided by a combination of aerial
photographs, topographic and parish maps (Table 2), historical records of the construction of the Gilmore to
Batlow railway line in 1923 and alluvial gold mining near Batlow (Figure 1) during the 1850s. These data
provide independent support for the OSL dates and demonstrate the continued evolution of channel
morphology.
Table 2. Historical records of channel planform: maps and aerial photographs
Description
Colour aerial photographs
Wondalga topographic map (8527-3-S)

Scale
1:25000
1:25000

Batlow topographic map (8526-4-N)

1:25000

Gilmore and Batlow parish maps

1:15840

Date
17/2/1998
Photographs – 1986
Printed – 1991
Photographs – 1972
Printed – 1978
1883 – 1928

Results
OSL dates of 130±14 and 155±21 years from the palaeochannel infill sediments at Elms (Table 3) are based
on radial plots of De populations (Figure 5). The measured De (equivalent dose in mGy) for a grain can be
read by tracing a line from the y-axis origin through the point until the line intersects the radial axis (log
scale) on the right-hand side. The corresponding standard error for this estimate can be read by extending a
line vertically to intersect the x-axis. The x-axis has two scales: one plots the relative standard error of the De
estimate (in %) and the other (‘Precision’) plots the reciprocal standard error. Therefore, values with the
highest precisions and the smallest relative errors plot closest to the radial axis on the right of the diagram,
and the least precise estimates plot furthest to the left. As can be seen from the data in Figure 4, the samples
are highly over-dispersed, indicating that an age based on the central tendency of the data is not appropriate.
Therefore, selection of some component of the data set on which to base an age becomes necessary. In
settings where there has been no post-depositional disturbance of the samples, use of the ‘front edge’ of the
De distribution is most appropriate (Lepper and McKeever, 2002). It is identified here using the ‘minimum
age model’ of Galbraith et al. (1999). The shaded regions in the plots of Figure 5 indicate those De values
that, at the 2σ confidence interval, are consistent with a single estimated burial dose as measured using the
minimum age model. The strong clustering of minimum De values over a wide precision range provides
strong support for the reliability of the age estimate of the 90 cm depth sample.
Table 3. OSL dates for palaeochannel infill sediments.
Sample
30 cm
90 cm

De (mGy)
275±13
180±20

Dr (mGy a-1)
2.15±0.20
1.16±0.09

Age (a)
130±14
155±21

The OSL dates indicate that infilling of the meandering palaeochannel at ‘Elms’ (Figure 1) and avulsion to a
straighter more energetic channel occurred in about 1880, early in the period of European settlement of the
Gilmore area (Batlow-New South Wales, 2004) and soon after the cessation of alluvial gold mining in the
upper catchment. The 1890 parish map of Batlow Shire which shows the location of Gilmore Creek about in
its present location on the western side of the valley floor, corroborates the pre 1880 OSL dates for avulsion.
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Downstream of ‘Elms’, at ‘Railway’ (Figure 1), parish maps suggest that infilling and abandonment of the
sinuous channel occurred after 1914 and before 1923 when the railway line was constructed directly over the
infilled palaeochannel. A comparison of the Wondalga 1:25,000 topographic map (based on 1986 air
photographs) with 1998 air photographs revealed further channel straightening in ‘Elms’ reach.

30 cm

90 cm

Figure 5. Radial plots of the De populations for the 30 cm and 90 cm samples.

Conclusion
Dating of palaeochannel infill sediments on Gilmore Creek at Elms shows that a sinuous, small-capacity late
Holocene channel was infilled and subsequently abandoned by avulsion in the period since European
settlement. The switch to a much straighter, large-capacity, bedload dominated system was encouraged by
the removal of riparian vegetation and a decline in sediment supply following the cessation of mining
upstream. The present results show that single grain OSL dating is now capable of providing high precision
dates for post-European settlement changes in channel pattern in southern Australia. On Gilmore Creek
historical maps and other records provide useful corroboration of the OSL chronology.
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