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ENVIRONMENTAL PROCESSES GROUP

Research in the Environmental Processes Group is concerned with landscape processes
and climate change, and aims to establish detailed chronologies and rates of past changes at the
earth’s surface, including appropriate contributions to the chronology and impacts of prehistoric
humans.  Work of the Group in 1999 was focussed on high-resolution climatic variation in the
last 7000 years, as well as on aspects of the global carbon cycle, and the chronology of
landscape evolution and the regolith.  Research is underpinned by laboratory facilities,
particularly stable isotope mass spectrometry and various methods of dating surficial deposits,
including 14C, 10Be and 36Cl.  The latter are measured by accelerator mass spectrometry (AMS),
as a collaborative program with the Department of Nuclear Physics Department (RSPhysSE).
There are close links with the Environmental Geochemistry Group, particularly where
luminescence and trace element methods are required for dating and analysing past variations of
hydrologic, climatic and geomorphic processes.  Palaeomagnetic measurements of the age of
ancient regolith continued in conjunction with the Cooperative Research centre for Landscape
Evolution and Mineral Exploration (CRC LEME), and are made in the RSES-AGSO
palaeomagnetic facility.  The Radiocarbon Dating Laboratory became a adjunct member of the
new cross-campus Centre for Archaeologic Research.

All research projects progressed well in 1999, with major topics being high-resolution
palaeoclimatology, assessment of the role of soil as a carbon store, and measurement of rates of
soil formation and erosion.  The dual questions of past climatic changes and human impacts
upon on earth surface systems are basic to much of the Group’s research. Dr Bird extended his
sample array for determining fluxes and residence times of carbon in soil, with new sites in
Africa and elsewhere.  The coral-based palaeoclimatology project deepened its study of the role
of the western Pacific warm pool in El Niño patterns over the last 6000 years, and Dr Gagan and
Ms Lynch extended the sample base with a major field trip in eastern Indonesia, in the region of
the Pacific-Indian Ocean throughflow.  Applying new methods of sample preparation in AMS
radiocarbon, Dr Turney and Dr Bird extended the radiocarbon chronology of human occupation
of Australia to beyond 47,000 years. Knowledge of late Pleistocene changes from sclerophyll to
rainforest in Queensland was advanced by radiocarbon dating soil charcoal by  Mr Alimanovic
and Professor Chappell in collaboration with members of the CRC for Tropical Rainforest.
Measurement of rates of erosion and landscape evolution across semi-arid Australia using
cosmogenic nuclides, a project initiated in 1998, was strengthed in 1999 by arrival of Dr
Heimsath, while measurements of processes of erosion and soil transport have been integrated
into numerical models of landscape evolution by Dr Braun, in the Geodynamics Group.

The Group’s support staff are vital to its research, who continue to devote effort beyond
the call of duty to ensure continued operation of equipment and sample handling. Scientific
advances by our PhD scholars make a major contribution; and in 1999 our two new scholars,
Ms Treble and Mr Rustomji, are engaged with problems central to our major themes of climatic
change and landscape evolution.

10Be determination of erosion rates in semi-arid Australia

J. Chappell, A. Alimanovic, A. Heimsath, K. Fifield1 and R. Cresswell1

As the first phase of a new project to determine rates of long-term erosion, soil production
and landscape changes throughout Australia, rates of erosion in selected semi-arid catchments
were assayed using measurements of 10Be, which is produced in rock outcrops by cosmic rays.
Samples came from sites in the Flinders Ranges, the gibber plains and table-top hills west of the
Simpson Desert, the Macdonnell Ranges west of Alice Springs, the east Kimberly Ranges, the
Mt Isa region and the great dividing ranges. Based on some sixty samples, erosion rates were
found to vary from an extremely low value of 0.1 metres per million years in the silcrete gibber
                                                
1 Nuclear Physics, RSPhysSE, ANU
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plains, up to about 10 metres per million years in the Flinders and Macdonnell Ranges.  Even
the latter figure is low by world standards and up to 1000 times less than in the mountains of
Papua New Guinea and New Zealand, where extreme values range up to 10 kilometres per
million years.  These very low rates in semi-arid Australia show that the production of soil and
sediment by rock weathering is also very slow.

In the second phase of the project, detailed sampling has been conducted in the same
regions, both of bedrock sites and of sediments from streams of different catchment sizes in
order to measure the rates of erosion on different landforms and slopes, as well as residence
times of the derived sediments in different landscape compartments.  Pilot results from
catchments east of Hall’s Creek indicate that downstream passage of sediment grains can be as
slow as 1 km per thousand years; early results from the Macdonnell Ranges suggest that
sediments are trapped for periods exceeding 100,000 years and episodically released, in
response to Quaternary climatic changes.

Determination of rates of soil production and mixing, using cosmogenic nuclides and
optically stimulated luminescence

A. Heimsath, J. Chappell, N. Spooner and D. Questiaux

The downhill movement of soil is assisted by natural “stirring”, caused by treefall and by
burrowing animals including ants, worms, and (in southeast Australia) wombats.  We are
evaluating the process and rate of stirring at sites on soil-mantled hillsides in the Bega Valley,
NSW, from optically stimulated luminescence (OSL) ages of individual mineral grains, sampled
from difference soil depths.  The OSL age indicates the time elapsed since a grain was last
exposed to sunlight, which we assume happened when the grain last visited the ground surface.
We refer to this as the mixing time. A estimate of the particle mixing “velocity” is given by
dividing the sample depth by the mixing time.  Determinations were made for samples ranging
from 5 to 85 cm depth, with 48 individual OSL ages per depth sampled.

Results show that the average mixing velocity decreases with depth, from about 0.3 m.ky–1

at 0.1 m down to 0.08 m.ky–1 at 0.8 m depth (the average mixing time increases from about 0.3
ky to around 11 ky).  Combined OSL and thermoluminescence (TL) measurements also show
that some grains at all depths have never been exposed to sunlight, but remain fully within the
soil during its transport downhill by soil creep and slopewash.  The percentage of unexposed
grains increases with depth, from 25% at 0.1 m to 60% at 0.8 m.

We found that the mixing time is substantially shorter than the residence time of soil at a
point, which can be assessed as the soil thickness multiplied by the rate at which soil is produced
from bedrock weathering.  At our Bega Valley site, the rate of soil production under different
depths of soil cover was previously measured by A.H., using 10Be and 26Al produced in quartz
grains by cosmic rays.  The rate of soil production P was found to decrease with increasing soil
thickness H, fitting the equation P = 0.053 e–2H m.ky–1.  Thus, where the soil depth is 0.1 m, the
mean residence time is about 2.3 ky, and is about 73 ky where soil depth is 0.8 m thick.  Results
so far indicate that the residence time is about 6–8 times greater than the mixing time, at our
Bega Valley site, implying that most grains visit the surface many times before they are removed
by erosion, irrespective of soil depth.  Noting that mixing velocity and soil production rate both
decrease with increasing soil depth, we speculate that bioturbation has a strong influence on sub-
soil rock weathering.
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Holocene environmental and cultural changes in northern Arnhem Land

J. Chappell and R. Jones2

Landscapes and habitats have changed greatly in coastal regions of northern Australia in
the last 10,000 years, owing partly to the invasion of prior valleys by rising sea level – at least
until 6000 years ago.  Climatic changes and coastal sedimentation account for the rest.  The
patterns are broadly known from previous studies in the South Alligator and other estuarine
plains of Northern Territory, but the environmental histories of each particular area, being
governed by tides, sediments and local features of the drowned topography, differ considerably,
affecting aspects of cultural prehistory and land inheritance.  Furthermore, the responses to any
future rise of sea level will vary from place to place.

Coastal and estuarine lowlands of the Blyth and Glyde Rivers in northern Arnhem Land,
together with the Arafura Swamp, comprise some of the largest and most diverse wetlands of
northern Australia, not only of continuing importance to the Aboriginal residents but also,
arguably, a centrepoint of prehistoric cultural changes and dispersion.

Based on field work in 1997–1999, the environmental prehistory of the Lower Glyde,
Blyth and associated freshwater wetlands over the last 8000 years has largely been established.
A good radiocarbon-dated chronology shows that the coastline advanced seaward at up to 50 m
per century in the last 5000 years and that large mangrove swamps changed into freshwater
wetlands, as recently as 2000 years ago in some areas.  Measurements of tidal and sedimentary
processes are being used to predict the effects of any future rise of sea level, which is likely to
reverse the recent trends.  Results in progress are periodically communicated to people of the
region, through public meetings and the Northern Land Council.

Paleomagnetism of early to mid Pleistocene paleosols, and evidence for diachronous arid
climate shifts in northern and southern Australia

B. Pillans

In South Australia, in coastal sections near Adelaide, and on Kangaroo Island, the
Brunhes/Matuyama (B/M) polarity transition (0.78 Ma) is identified in the strongly oxide-
mottled Ochre Cove Formation.  The Ochre Cove Formation is overlain by a calcareous grey-
green aeolian clay, called Ngaltinga Clay, which in turn is overlain by calcareous sediments of
the Christies Beach and Taringa Formations.  The marked change from an oxide-dominated
weathering regime to a carbonate weathering regime is estimated to have occurred at about 500
to 600 ka, and is interpreted as a major arid shift in regional climates.  Similar arid shifts are
inferred from the Murray Basin in southeastern Australia and Lake Lefroy in southern Western
Australia, where changes from lacustrine clays to evaporites and dune sediments are estimated to
have occurred between 400 and 700 ka, and about 500 ka, respectively.  An increase in aeolian
dust input to Tasman Sea sediments also occurs in the last 400 ka.

In northeast Queensland soils developed on basaltic lava flows with ages up to 5.6 Ma
show a trend of increasing soil thickness of ca. 0.3 m/Ma.  Reverse polarity magnetisation of
pedogenic hematite in the lower B horizons of the soils on the four oldest flows indicates
acquisition of the remanence prior to the B/M transition at 0.78 Ma. Preservation of reverse
polarity implies that the pedogenic hematite has been unchanged by chemical weathering or
physical disturbance by soil biota for at least 0.78 Ma.  It is inferred that prior to 0.78 Ma soil
weathering may have occurred to greater depth because summer rainfall was significantly higher
than present, which is consistent with evidence from Lake Amadeus in central Australia
indicating a change from lacustrine clays to evaporites and dunes at about 1 Ma.

                                                
2 Research School of Pacific and Asian Studies, ANU
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Between 600 and 900 ka, oxygen isotope fluctuations in deep sea cores show a
pronounced change in frequency, from a 40 ka (obliquity dominated) to a 100 ka (eccentricity
dominated) pattern.  At the same time, glacial-interglacial amplitudes increased, with a marked
enrichment of glacial 18O values consistent with larger continental based ice-sheets. Climatic
responses to these global changes were not synchronous across the Australian continent.

Figure 1:  Comparison of paleoclimatic records in southern Australia showing a mid-
Pleistocene arid shift, with oxygen isotopic record in deep sea cores.

Diagenesis limits to radiocarbon dating of the Nauwalabila archaeological site, Northern
Territory

M.I. Bird, C.S.M. Turney3, L.K. Fifield1, R. Jones2, L.K. Ayliffe4 and R.G. Cresswell1

The Nauwalabila 1 site in Kakadu National Park, Northern Territory is a sandstone rock
shelter with a sequence of ~3 m of sandy sediments.  Artefacts are distributed almost to the base
of the sequence, and occupation of the site has previously been dated to between ~55 and ~60 ka
before present using optically stimulated luminescence (OSL) dating.  The reliability of the OSL
dates has been questioned in part because published radiocarbon dates from the site have
suggested a coherent age-depth relationship down to about 1.3 m, but below this point there is
little coherence in the dates, suggesting the possibility that the profile has been disturbed and
therefore the artefacts close to the base of the profile are not in situ.

In order to attempt to understand the radiocarbon chronology at Nauwalabila, 18 new
measurements were made from the lower half of the sequence, using a variety of pretreatment
protocols on a charcoal of a variety of sizes from 1cm down to <150µm.  Results presented in
Figure 2 confirm that there is no coherent age-depth relationship below ~1.3 m in the sequence,
with most ages below ~1.5 m depth being in the range 7–12 ka B.P. regardless of size or
pretreatment.  An analysis of the profile indicates that the coherent age-depth relationship breaks
down at the level of first appearance of the authigenic iron pisolites, which normally indicate the
existence of a fluctuating water table.  Scanning electron microscope imaging and element
mapping and elemental analysis indicate that large original charcoal  fragments from below
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~1.3 m have been substantially replaced by iron, and now contain only 4–14% carbon.  This is
interpreted as having been introduced during the alteration of the charcoal, and not the original
carbon present in the charcoal.  The alteration must have occurred after 12 ka B.P., which is the
oldest charcoal age obtained from above the level of the authigenic iron pisolites.

Small (<500µm) handpicked and apparently unaltered charcoal fragments from the
deepest levels of the deposit also have ages of <10 ka B.P. suggesting that there has been some
post-depositional redistribution of fine grains in the deposit, probably as a result of ant or
termite activity.  The coherence of the radiocarbon stratigraphy above 1.3 m suggests that there
has been little, if any, post-depositional movement of large charcoal fragements (and hence
artefacts) in the deposit.  The radiocarbon chronology below 1.3 m is therefore not considered to
be reliable, due to the pervasive alteration of original charcoal and the post-depositional
movement of small charcoal fragments.  The radiocarbon stratigraphy above 1.3 m is considered
to be reliable and a decrease in apparent sedimentation rate inferred from a break in slope of the
radiocarbon age-depth relationship at 1.1 m suggests that the inferred depositional age of the
bottom-most sediments in the deposit is consistent with the OSL ages of 55–60 ka.
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Figure 2:  Radiocarbon and OSL ages obtained from the Nauwalabila site, and the
distribution of pisolites in the deposit.  Note: Radiocarbon ages are not calibrated
(calibration to calendar years would make the ages 2–3ka older in the 15–25 ka BP time
range).
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Breaking the radiocarbon barrier and early human occupation at Devil’s Lair,
southwestern Australia

C.S.M. Turney3, M.I. Bird, L.K. Fifield1, R.G. Roberts5, M.A. Smith6, C.E. Dortch7, R. Grün, E. Lawson8,
G.H. Miller9, J. Dortch10, R.G. Cresswell1, L.K. Ayliffe4

Devil’s Lair (30°9’S. 115°4’E.) is a single chamber cave (~75 m2) on the Leeuwin-
Naturaliste Ridge, 5 km from the modern coastline7–9. The stratigraphic sequence consists of
660 cm of sandy sediments, with >100 distinct layers, intercalated with flowstone and bands of
indurated sediment.  There is archaeological evidence for intermittent human occupation down to
layer 30 (~350 cm depth ), with hearths, bone and stone artefacts found throughout.  Layer 30
represents a fan of topsoil that accumulated rapidly following widening of the cave mouth, and
contains the earliest evidence for occupation of the cave itself.  In situ artefacts below layer 30
are sparse and none have been found below layer 37.  The three artefacts in layer 34 and one
small flake in layer 37 were washed into the cave with the sediments, and indicate human activity
in the surrounding area sometime before the deposition of layer 37.

Initial occupation of this site has previously been dated by conventional 14C techniques to
30–35 ka BP.  The redating program reported here included radiocarbon dating of charcoal and
Emu eggshell, optical dating of quartz grains, and ESR dating of marsupial teeth.  Accelerator
mass spectrometry (AMS) was used to measure the 14C activity of charcoal using both the
conventional ABA-BC (acid-base-acid bulk combustion) technique and a newly developed
ABOX-SC (acid-base-oxidation stepped combustion) technique.  While the ABA-BC ages are
indistinguishable from background beyond 42 ka BP, the ABOX-SC ages form a coherent 14C
stratigraphy to ~55 ka BP.  The ABOX-SC chronology suggests that people were in the area by
at least 47–48 ka BP and occupied the cave itself, after widening of the mouth, at ~46 ka BP.
Optically stimulated luminescence (OSL), electron spin resonance (ESR) ages and Emu eggshell
carbonate 14C dating are in agreement with the ABOX-SC 14C chronology.  These results, based
on four independent techniques, reinforce arguments for an earlier colonisation of the Australian
continent.

Coral seismochemistry and the great Tambora eruption of 1815

M.K. Gagan, K. Sieh11, W.S. Hantoro12, H.S. Lynch and R.L. Edwards13 and J. Zachariasen11

The April 1815 eruption of Mt Tambora in Sumbawa, Indonesia was the largest volcanic
eruption in modern history.  The year 1816 in the northern hemisphere was so cold and wet that
it is known as the “year without a summer”, yet little is known about the climatic impact of the
Tambora stratospheric aerosol cloud in the tropics where systematic meteorology did not exist.
Reconstructing the impact of low-latitude volcanic eruptions on tropical climate is important for
predicting their global climatic effect via teleconnections from the tropics.

We present a new method for reconstructing the volcanic aerosol-induced reduction in
solar irradiance in the tropics using carbon isotope ratios (δ13C) in Porites microatolls.  The
living edge of a coral microatoll grows horizontally because upward growth is limited by the
lowest tide level.  We tested the hypothesis that δ13C in Porites skeletons is sensitive to light
intensity by sampling a slab cut horizontally into a large, dead Porites microatoll from southwest
                                                
5 Department of Earth Sciences, La Trobe University, VIC
6 National Museum of Australia, ACT
7 Anthropology Department, Western Australian Museum, WA
8 Australian Nuclear Science and Technology Organisation, NSW
9 Department of Geological Sciences, University of Colorado, Boulder, CO, USA
10 Centre for Archaeology, University of Western Australia, WA
11 Seismological Laboratory, California Institute of Technology, USA
12 Research and Development Center for Geotechnology, Indonesian Institute of Sciences
13 Department of Geology and Geophysics, University of Minnesota, USA
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Sumatra, Indonesia, in the equatorial eastern Indian Ocean.  The sampling protocol allows us to
compare coral data for one depth within the water column, which helps to ensure that there is no
bias when reconstructing light intensity through time.

Three methods were employed to establish exact time-control for the reconstruction.  First,
the age of death of the microatoll was determined to be 1824 ± 5 AD using high-precision
TIMS 230Th geochronology.  Second, the δ13C-response to the magnitude 8 earthquake that
rocked southwest Sumatra on 10 February 1797 provides an additional exact time-marker
(Figure 3a).
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Figure 3:  (A)  Plot of coral δ13C as a function of horizontal distance within a Porites
microatoll (230Th age of death = 1824 ± 5 AD) from Sipora Island, southwest Sumatra,
Indonesia (2.36°S, 99.75°E).  The abrupt shift in δ13C marks co-seismic uplift during the
major earthquake on 10 February 1797.  (B) Time-series of coral δ13C assuming the highest
δ13C value in each annual cycle (marked “S”) coincides with maximum irradiance during the
austral winter solstice (21 June).  The vertical line marks the timing of the Tambora
eruption.  The stippling spans the period of lower than expected δ13C values in response to
the aerosol-induced reduction in solar irradiance following the eruption.
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The enrichment in coral δ13C immediately following co-seismic uplift of 0.7 m is a response to
higher light intensity in the shallow water where the coral continued to grow.  We then
established an annual chronology using the clear annual cycle in the coral δ13C record following
uplift to shallow water.  In equatorial settings, such as this one, the northern growth surfaces of
microatolls are shaded during the austral summer and exposed to direct sunlight in the austral
winter, resulting in an annual cycle in δ13C.

Having established an annual chronology, and that the timing of the 1797 earthquake
agrees within error with that predicted by the 230Th age determination, the timing of the Tambora
eruption could be established.  The vertical line in Figure 3b marks the position the of the 20
April 1815 eruption, which is followed by sharply lower δ13C values for ~15 months.  The peak
in δ13C associated with maximum seasonal irradiance is absent following the Tambora eruption.
Moreover, the level of irradiance appears to be lower than that observed during a typical cloudy
monsoon season.  The result suggests that the reduction in solar irradiance produced by the
stratospheric aerosol was strong and, in equatorial latitudes, may have been restricted primarily
to the year following the eruption.  The optical effects of the Tambora aerosols were observed
for 2–3 years in the mid-high northern latitudes, which suggests that there may have been
significant differences in the timing of aerosol-induced irradiance changes with latitude.

Microatolls appear to be exceptional natural instruments for extending the record of
earthquakes and volcanic eruptions into the pre-instrumental past.  Work is underway to
establish a baseline of earthquake recurrence intervals, equatorial sea-surface temperature, and
solar irradiance changes for key time-slices during the past several millennia.

Late Pleistocene glaciation in southeastern Australia

T.T. Barrows, J.O. Stone14, L.K. Fifield1 and R.G. Cresswell1

Despite being one of the hottest and driest continents on Earth, Australia experienced
considerable expansion of cold-climates during the last glaciation.  Most of southeastern
Australia over 600 m in altitude was periglacial and many mountains above 1850 m held
permanent snow or ice.  The Kosciuszko Massif is the only area of irrefutable glaciation on the
Australia mainland and remapping of the glacial extent on the Massif shows that glaciers
covered no more than 15–20 km2, even less than previously believed. Glaciation was far more
widespread in Tasmania however.

Our dating program over the last 4 years has focussed on improving the stratigraphy and
chronology of the last glaciation in the Snowy Mountains and Tasmania.  Nearly 100 new dates
based on the cosmogenic isotopes 10Be and 36Cl provide chronologies for 8 regions of glaciation
and 4 periglacial deposits.  Among the most surprising findings was evidence for 4 separate
glacial advances during the last glacial-interglacial cycle at Blue Lake and Lake Cootapatamba
(Kosciuszko Massif).  Grouped within the Kosciuszko Glaciation, the earliest of these advances
occurred during the Early Kosciuszko at ~60 ka and the latest three advances occurred during
the Late Kosciuszko at ~32 ka, ~19 ka and ~17 ka.  The last 3 advances occur at very similar
times to lake level highs at Lake George (Canberra) and to increased discharge into the Riverine
Plain, indicating considerable changes in regional climate.

The dating of Late Kosciuszko Glaciation in Tasmania has shown conclusive evidence that
the timing of the Last Glacial Maximum was synchronous across southeastern Australia.
Additional dates from North America and France hint that the LGM was probably synchronous
in both polar hemispheres, an observation which should shed light on the mechanisms of climate
change.  The dating of periglacial deposits shows considerable promise and preliminary results
indicate that it is possible to derive good chronologies for these landforms.  In particular we have
shown that low altitude blockstreams were active during the Late Kosciuszko providing
convincing evidence that temperatures in the Snowy Mountains were at least 8–9°C colder than
                                                
14 Department of Geological Sciences/Quaternary Research Centre, University of Washington, WA, USA
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present during the Last Glacial Maximum.  In northeastern Tasmania, our dates on dolerite
blockslopes show that block production was persistent throughout the last glaciation and that the
base of the slopes are of considerable antiquity, near the limit of the dating technique.

Channel geometry relationships and palaeochannels, Lachlan River, NSW

J. Kemp

Regional channel geometry relationships for inland flowing rivers of the Murray-Darling
basin have been established, as a basis for estimating past discharges for a complex network of
palaeochannels in the middle Lachlan Valley, central western New South Wales.  The nature of
channels which existed around the Last Glacial Maximum, in particular, are a conundrum in the
regional environmental record, because the largest meandering palaeochannels on the
Murrumbidgee and Murray rivers feature meander wavelengths 5–8 times greater than the
modern stream, from a time which most other environmental records point to as the coldest,
windiest and driest during the last glacial cycle.  On the Lachlan River, in the northern Murray
Basin, the apparent disparity is greater, similar channels having meander wavelengths 12–15
times the modern river.  

A data set comprising 46 sites from 9 rivers in the Murray-Darling Basin was compiled.
Regional investigation showed a great variability in bankfull frequencies, reflecting different
flood regimes, degree of floodplain confinement, a diversity of channel patterns as well as widely
different methods of calculating bankfull stage.  This precluded the use of standard flood
indicators, and all relationships were based on natural bankfull stage.  Regional relationships
between channel bankfull width, depth and meander wavelength were quite poor but the
relationship between width and discharge was improved by including a sediment size parameter.
Reconstructions indicate that the largest Pleistocene bankfull discharge was 6–12 times that of
the present river, which is significantly lower than estimates based on meander wavelength alone.

A chronology of palaeochannel ages on the Lachlan is being developed using optically
stimulated luminescence (OSL) techniques for the older, organically impoverished Pleistocene
channels.  A younger palaeochannel system with larger discharge than today is recognised in the
upper reaches of the Valley, which does not appear to be represented on other Murray-Darling
rivers, and radiocarbon ages indicate this phase terminated between 3–5,000 years BP.  

Coral reconstructions of mid-Holocene ocean-atmosphere variability in the central Western
Pacific Warm Pool

H.V. McGregor, M.K. Gagan and M.T. McCulloch

The ocean water off the north coast of Papua New Guinea is part of the Western Pacific
Warm Pool (WPWP).  The WPWP plays a key role in modulating tropical climate and in the
initiation of El Niño - Southern Oscillation (ENSO) events, however it is not known how the
Warm Pool and ENSO will respond to future greenhouse warming.  This study uses records of
sea surface temperature (SST) and rainfall from mid-Holocene fossil corals to examine ENSO
when SSTs appear to have been warmer than present.  We drilled several cores from modern
and fossil Porites sp. and Diploastrea heliopora corals from Blup Blup, Koil and Muschu
Islands, located within the flood plume of the Sepik River, Papua New Guinea, which is sensitive
to ENSO.

Oxygen isotope and Sr/Ca ratio analyses of two fossil corals from Muschu Island,
radiocarbon dated to 5090 and 5400 yBP, and a third coral from Koil Island (7470 yBP) are
used to examine changes in sea surface temperature and rainfall.  Oxygen isotopes (δ18O) for
two modern corals from Koil and Muschu Islands agree to within 0.06‰ for the years
1981–1997; ENSO events are clearly marked by high δ18O values driven by cool SST and
reduced monsoonal rainfall.  Fossil coral oxygen isotope results show decrease in δ18O values
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from 7470 to 5090 yBP followed by a small increase to present δ18O values: together with
Sr/Ca, the isotopic data indicate SST was ~1°C warmer than today, about 5400 years ago.  The
5090 and 5400 BP corals show a reduced interannual range in δ18O values compared to the
modern corals, suggesting that ENSO was weaker during the mid-Holocene (Figure 4 a, b).
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Figure 4:  (A) Summary of δ18O results for the modern and mid-Holocene corals from Koil
and Muschu Islands.  (B, C) Summary of mean Sr/Ca SST and ∆δ18O values calculated for
modern and fossil corals.  Bars indicate the spread about the mean (2σ) annual temperatures
and oxygen isotope residuals for each coral.  All ∆δ18O values are calculated relative to the
∆δ18O of the central Great Barrier Reef.
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Reconstructing palaeoclimates of Tasmania using stable isotope proxy records from
speleothems.

P.C. Treble

Speleothems (cave calcite formations) have the potential to provide a continuous well dated
record of palaeoclimate conditions.  Preserved in the calcite is the isotopic chemistry of past
precipitation which may be used to reconstruct past climates.  Despite the potential of
speleothems to be effective palaeoclimate recorders, some of the processes influencing the
palaeoclimatic signals are complex and have not always been dealt with appropriately.  This
research aims to address this problem by investigating the isotopic record of very young
speleothems (which formed while our climate was not very different from the present) and by
collecting and analysing modern precipitation and stalactite drip samples at the sites where the
speleothems were collected.

Stalagmites from north, central and south Tasmania have been obtained for this study, and
collectively amount to a near continuous record since the last glacial maximum (LGM) (as
determined by uranium series disequilibrium dating).  Stable isotope analysis (oxygen and
carbon) will be performed on sections of the stalagmites thought to represent key climatic
periods since our emergence from the LGM and similarly for the purpose of calibration, the
analysis of modern precipitation and drip samples will involve the measurement of oxygen,
carbon and deuterium stable isotopes.

Understanding the Bemboka Valley landscape

P. Rustomji

Knowledge of baseline environmental data for landscapes, such as long term rates of soil
formation, catchment wide erosion rates and landscape denudation rates are of vital importance
when managing natural resources.  They provide a quantitative base against which current
patterns and rates of human-induced landscape change can be assessed in terms of their long
term sustainability, and can also be used to constrain and better understand landscape process.
Despite the importance of such data, they have traditionally been difficult to determine in
landscapes without dateable stratigraphic features such as lava flows.  The use of cosmogenic
isotopes, such as 10Be, which is a naturally occurring radioactive isotope (t1/2 = 1.5 Ma)
produced in quartz crystals in soil and rock profiles, enables determination of such rates.

Current research involves measuring 10Be concentrations at field sites near Bemboka in
the Bega Valley, a landscape that has evolved on the Bega Batholith, to determine rates of soil
formation and landscape denudation at and beneath the Great Escarpment.  Detailed topographic
surveying of the headwaters of Three Mile Creek, a tributary to the Bemboka River in the Bega
Valley has been completed using high precision Global Positioning System equipment, to
calculate topographic attributes for the catchment which will be used with the cosmogenic
isotope data to examine hillslope soil transport, for modelling evolution of this landscape.
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