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The Earth Environment Stable Isotope Laboratory contributed to advances 
along several fronts in 2005 to improve our understanding of the late 
Quaternary history of the Australasian monsoon, palaeo-environmental shifts, 
and early human impacts in southern Australasia.  Two papers describing new 
coral geochemical records were published in Earth and Planetary Science 
Letters (Sun et al., 2005) and Science (Pelejero et al., 2005).  Sun et al. 
(2005) developed a 54-year long, high-resolution skeletal δ18O record for a 
massive Porites sp. coral from Hainan Island, South China Sea, to investigate 
East Asian monsoon variability during summer and winter ~4,400 calendar 
years ago.  The East Asian monsoon is a prominent feature of the tropical 
general circulation that impacts the lives of ~25% of the world’s population, 
yet its year-to-year variability is still difficult to predict.  The coral record 
shows that ENSO-related sea-surface temperature anomalies were well 
established in the South China Sea by ~4,400 years ago, despite ENSO 
variability being significantly weaker in the Pacific region at that time.  Our 
findings indicate that the monsoon is sensitive to forces, other than ENSO, 
that could act as alternative drivers of interannual monsoon variability.  If this 
is the case, greater interannual climate variability could accompany the 
strengthening of the Asian monsoon predicted to occur during the 21st 
century as transient greenhouse warming preferentially warms Eurasia, even if 
ENSO perturbations remain relatively stable. 

Pelejero et al. (2005) reported on a new coral record for a Porites sp. from 
Flinders Reef in the Coral Sea, which provides a continuous time-series of 
seawater δ13C and pH commencing in 1708 AD, well before the start of the 
industrial revolution.  The most striking feature of the coral δ13C curve is the 
trend towards lower values commencing in 1800 AD.  The secular decrease in 
coral δ13C can be ascribed to the Suess effect, which is due to uptake by the 
oceans of atmospheric CO2 that has been progressively depleted in 13C by the 
combustion of fossil fuels.  The likely consequence of this absorption of 
anthropogenic CO2 is that the surface-ocean will become progressively acidic.  
The impact of progressive ocean acidification on marine ecosystems is 
unclear, but will likely depend on species adaptability and the rate of change 
in seawater pH relative to its natural variability.  To address this issue, coral 
δ11B was used as a “palaeo-pH meter” to show that Flinders Reef seawater pH 
has varied over ~50 year cycles in tandem with the Interdecadal Pacific 

 



Oscillation.  The results suggest that natural cycles in reef-water pH will 
modulate the impact of future ocean acidification on coral reef ecosystems. 

 
In 2005, the Earth Environment Group’s progress and potential in the area of 
high-resolution coral-based palaeoclimatology was rewarded through new 
research funding for the next five years (2006-2010) from the Australian 
Research Council Discovery grants scheme.  This stream of research, The 
Indian Ocean Dipole, Australasian drought, and the great-earthquake cycle: 
Long-term perspectives for improved prediction, will be driven by team-
members from RSES, Indonesian Institute of Sciences, Australian Institute of 
Marine Science, CSIRO, University of Wisconsin, and Caltech.  The team will 
combine cutting-edge geochemical microanalysis of recently discovered corals 
with world-leading palaeoclimate modelling to quantify the Indian Ocean 
Dipole system, and mechanistic links with Australasian drought, over the past 
130,000 years.  Our other primary goal is to develop an innovative submarine 
earthquake hindcasting technique that will improve understanding of the 
recurrence intervals of great-earthquakes and tsunamis in Australasia. 
 
In addition to our contributions to the new ANU Marine Science Initiative, the 
Earth Environment Stable Isotope Laboratory also contributed to the 
production of novel terrestrial palaeoclimate records.  The highlight of these 
was the paper published by Miller et al. (2005) in Science describing a unique 
140,000-year time-series of dietary δ13C in fossil eggshells of the Australian 
emu and extinct Genyornis newtoni.  This comprehensive data set represents 
the culmination of 15 years of field collecting by John Magee (DEMS, ANU) 
and Gifford Miller (U. Colorado) and more than 1,400 δ13C analyses on a 
subset of over 100,000 eggshell fragments.  The 140,000-year record of 
dietary δ13C documents a permanent reduction in food sources available to the 
Australian emu beginning about the time of human colonisation of Australia 
(55-45 ka).  The unprecedented shift in dietary δ13C is best explained by 
human firing of landscapes and rapid conversion of a drought-adapted mosaic 
of trees, shrubs, and nutritious grasslands to the modern fire-adapted desert 
scrub.  Given this profound ecosystem shift, animals that could adapt 
survived, while those that could not became extinct. 
 
Johnson et al. (2005) analysed the Holocene portion of the emu eggshell δ13C 
record from Lake Eyre, South Australia, and found that the proportion of C4 
plants in emu diets has been reduced by ~20% over the last 200 years at 
Lake Eyre.  Probable causes of the recent reduction in C4 plants at Lake Eyre 
include overgrazing by both introduced and native animals, increasing 
drought, and a change in fire regime beginning in the late 1890s.  The 
eggshell δ13C record provides the first evidence for major environmental 
change at Lake Eyre soon after Europeans settled the arid zone. 
 

 



Treble et al. (2005) made significant progress in understanding the nature of 
seasonal-scale δ18O and δ13C variations in speleothems via high-resolution 
analysis of an 81-year old stalagmite from Moondyne Cave, southwest 
Australia.  For this study, seasonal variations in calcite δ18O were measured in 
situ by ion microprobe at UCLA, whilst interannual variations of δ18O and δ13C 
were measured by gas-source mass spectrometry at RSES.  The key point is 
that the seasonal range in speleothem δ18O at Moondyne Cave is larger than 
any interannual-decadal variation in δ18O observed in the record.  This finding 
raises the possibility that even small changes in the relative masses of 
speleothem calcite deposited in winter and summer could produce significant 
shifts in mean (18O and (13C determined by “bulk sampling” of speleothems.  
Therefore, long-term trends in speleothem records may have a complex 
relation to climate, particularly those for shallow cave sites where seasonal 
variations in geochemical tracers are large, including most of the sub-tropical 
monsoon belts and mid- to high-latitudes with distinctly seasonal rainfall. 
 
In 2005, the Earth Environment Group was awarded a 3-year Australian 
Research Council Discovery grant (2006-2008) to pursue the production of 
novel speleothem records in Indonesia.  This new stream of research, 
Monsoon extremes, environmental shifts, and catastrophic volcanic eruptions: 
Quantifying impacts on the early human history of southern Australasia, will 
be pursued by team-members from RSES, Indonesian Institute of Sciences, 
University of Queensland, University of Newcastle, and NASA.  The team will 
use novel geochemical microanalysis of precisely dated speleothems from 
southern Indonesia and state-of-the-art palaeoclimate modelling to document, 
for the first time, millennial to seasonal extremes in monsoonal rainfall, 
environmental shifts, and catastrophic volcanic eruptions over the past 
150,000 years.  These new records will provide the basis for evaluating the 
relative influence of natural and human-induced environmental change on 
early human dispersal in Australasia, including the surprisingly recent 
extinction of Homo floresiensis (“the Hobbit”). 
 
In summary, palaeo-records provide valuable insights into how climate 
variability and change has and could affect our marine and terrestrial 
environments.  Readers who are interested in what Quaternary palaeo-science 
can reveal about climate change and its potential impacts in Australia should 
refer to the comprehensive report compiled by Harle et al. (2005) for the 
Australian Greenhouse Office. 
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