
Second Australian Stream Management Conference
8-11 February 1999, Adelaide, South Australia

Secrets in the Sediments: a History of Sediment and Pollution Loads in the
Lower Torrens River, S.A.

Peter Gell,1 Peter Wallbrink,2 Glenn Tassicker1 & Marie Illman.1

SUMMARY: Analyses of sediment sequences can improve stream management by placing present catchment
conditions in a temporal context, by tracing the principle sources of sediments and nutrients and by identifying
achievable levels of rehabilitation based on the past. Analysis of caesium-137 from sediment cores extracted from
impoundments along the River Torrens, revealed that nearly all sediment post-dated 1958 and that deposition rates were
potentially high. The low activity levels suggested that most (75-95%) of the sediment was derived from sub-surface
material ie. not that transported from surface soil but from gullying and stream bank collapse. Modern diatom and water
analyses revealed that the River is presently hypereutrophic, at times exceeding national guidelines for nitrate &
phosphate. Analyses of fossil diatoms in a sediment core demonstrated that nutrient levels have been increasing towards
the present but have been as high in the past. Phosphorous can attach to clay particles and so bank collapse and gully
erosion constitutes major sources of phosphorous in some systems. As algae have the capacity to extract sediment-bound
phosphorous it is conceivable that sediment input to the River Torrens is the main source of nutrients to stream water.
The dual issues of high sedimentation rates and excessive nutrients in the River may be best addressed by focusing
management effort on buffering the riparian zone from erosion. A practical way to achieve this would be to employ
baffles or to retain a broader riparian strip than at present. Accumulated evidence suggests that this may be a prudent
approach in most systems.

THE MAIN POINTS OF THIS PAPER

• Analysis of sediments can reveal erosional, nutrient and pollutant histories of catchments
• Sediment accumulation rates in the Torrens are potentially high; material is derived from gully and channel

erosion
• Torrens River becomes hypereutrophic at times, can exceed national guidelines
• It is likely that subsoil derived native phosphorus is the main contributor to river nutrient P status
• Management of this issue should focus on stabilising riparian buffers to reduce P and N.
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1. INTRODUCTION

Sediments are generated within catchments as a function
of their erosional history. It is also known that many
nutrient, pollutant, inorganic and organic compounds are
sorbed to sediments, and so they are important vectors
for these compounds. Thus by analysing sediments that
accumulate in reservoirs an attempt can be made to
reconstruct a history of erosion, as well as  nutrient and
pollutant delivery, within catchments.  If a chronology
can also be constructed for the sediments, then
contemporary catchment condition can be evaluated
with respect to catchment behaviour in the past. This can
aid catchment managers who aim to set remediation
targets by providing them with an assessment of prior
catchment condition, thus identifying those parts of the
system that have changed.  In this way it is then possible
to outline the steps necessary to rehabilitate a catchment,

or at the least provide a framework to evaluate the
benefits of management efforts.

The best environment in which to utilise these ‘secrets in
the sediments’ is in situations where the sediment record
is long.  In this respect old reservoirs may provide a
good record of catchment sedimentation.  The Torrens
River, S.A. (Figure 1) has three such reservoirs of
considerable age. The purpose of our study is to attempt
a reconstruction of pollutant and nutrient delivery in this
catchment, utilising the sediments contained within these
reservoirs. In this way some implications for future
improvements in catchment condition can be made.  The
Torrens catchment itself is a good environment in which
to attempt such a process, as it has been degraded for
some time, and remains an important water supply
source for the city of Adelaide.
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Figure 1. The Torrens River catchment and the location of modern sampling sites (based on E&WS, 1981).

2. THE RIVER TORRENS

The River Torrens catchment has a total area of 490
km2, of which 70% lies in the rural environment of the
western slopes of the Mount Lofty Ranges, and the
remaining area is urban  (E&WS, 1981; Torrens
Catchment Water Management Board, 1996). The
climate is Mediterranean, with characteristically warm,
dry summers and cool, wet winters. Precipitation is
augmented by orographic uplift caused by the Ranges
(see Fisher, this volume for a more detailed description).

3. SEDIMENT CORES

A series of sediment cores were collected from
reservoirs within the catchment in February and March
1996 to document changes through time using
radionuclide, sediment and/or fossil diatom analysis.
The longest core (TL-3), was extracted from the centre
of Torrens Lake. A core from Gorge Weir (GO-3), was
taken from the surface of an exposed lateral bench, that
ran for approximately 100m above the southern
waterline. The core itself was located approximately 80
m from the dam wall within this deposit which appeared
not to be disturbed by recent dredging (site I). At
Gumeracha Weir (Site G), a core (GU-2) was taken
from the middle of a submerged sediment deposit, ~35
m upstream of the dam wall, and about 15 m from the
eastern edge. The depth of water overlaying the
sediments was measured at about 40 cm.

4. METHODS & ANALYSES

4.1 Sediments

The three sediment cores were cut into one cm sections
for the determination of bulk density, moisture content,

loss-on-ignition (organic content) and, in the case of
cores GO3 and GU2, for radionuclide analysis. In the
latter case, sections below 10 cm were bulked towards
the base of each core. Increments are given as the actual
core depths. ie. compaction has not been taken into
account.

4.2 Fallout Caesium-137

Anthropogenic 137Cs (half-life 30.2 yr) is the product of
above-ground nuclear weapons testing during the 1950s-
70s (Longmore et al., 1983). It is deposited to earth
primarily by rainfall, and thus labels exposed surface
soils (Wallbrink and Murray, 1993). Studies in
undisturbed Australian soils have found that the majority
of this nuclide (> 90%) is retained within the top 100
mm of the soil (Wallbrink and Murray, 1993). The
subsoil beneath them is unlabelled.  In this way, it is an
ideal tracer to quantify the contributions from surface
and subsurface soils to suspended sediments.  The
retrospective contributions from both these sources can
also be determined by analysing its concentration within
sediment cores. The Caesium-137 (that is now
detectable) in Australia was deposited since 1958. In
this way, the first appearance of 137Cs can also be used
to date sediment horizons to this time (Olley et al.,
1990). An average accumulation rate can then be
calculated from (i) the elapsed time in years from 1958
to the present day and (ii) the overlaying depth of
deposits to the surface.  This assumes that sediment
accumulation has been progressive to the present day,
and that no major scour or degradation of core material
has occurred. Analyses of 137Cs were undertaken by high
resolution, low background gamma spectrometry using a
germanium well detector following Murray et al. (1987).
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The peaks in the eutraphentic diatom Cyclotella
meneghiniana Kützing in the Torrens Lake fossil record
(Figure 4) suggest that pollution levels have been high in
the past. Increases in this species, and other pollution
indicators such as Gomphonema parvulum Kützing and
Nitzschia palea W. Smith in the uppermost sediments
suggest that the recent trend is for declining water
quality. Such a trend may have been a trigger for the
cyanobacterial blooms of late last summer.

The 137Cs analysis undertaken on cores GU-2 and GO-3
revealed that the Gumeracha and Gorge Weirs are
located in catchments which have experienced
potentially high rates of erosion since 1958.
Accumulation rates for these two cores are estimated at
3.15 cm/yr and 2.6 cm/yr respectively in nearly 40
years. However, further work regarding compaction, and
potential slumping and or mixing of sediments in the
reservoirs themselves needs to be undertaken to confirm
these rates. Nonetheless, these sediments are inevitably
contributing to the overall phosphate load of the system
and are likely to be a major factor driving the River’s
hypereutrophic status and perhaps also its recent
cyanobacterial blooms. The sediment sourcing analyses
demonstrate that this sediment is largely derived from
subsoil rather than from surface erosion. Considerable
improvement in the trophic status of the system could be
achieved by targeting rehabilitation efforts at stabilising
river banks and drainage lines to restrict the input of this
sediment. This could be achieved by physical barriers
such as baffles or more simply by retaining a broader
riparian strip than at present. Given the high autumn
NH4 values recorded in autumn 1996 the riparian strip is
best vegetated by indigenous species. These measures
are likely to provide the additional benefits of extending
the recurrence interval of expensive dredging episodes
and to enhance rural and urban biodiversity values by
providing crucial habitat for a variety of species.
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