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Exploding	  stars,	  colliding	  comets,	  DNA	  based	  life	  on	  Earth	  –	  they	  all	  connect	  in	  
the	  search	  for	  extra-terrestrial	  life.	  
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Earth Environment 
 
Introduction 
 
The year proved quite challenging for us all, especially with the Geochemistry, Mineralogy and 
Petrology Review. This forced us to examine our research directions and priorities including also our 
performance. Basically, Earth Environment's research is on the response of the Australian landscape and 
the oceans in our region to past, present and future climate change and human impacts, with four 
broad specific themes focussing on: 
 

• Ocean chemistry and climate change 

• Coral reefs and global change 

• Landscape evolution and terrestrial impacts of climate change 

• Human evolution, linked to the environment, both in Australia and abroad. 
 

These research themes reflect strengths that are based around a combination of leading expertise and 
analytical technologies, the latter predominantly developed or enhanced in-house. The recent addition 
of the new radiocarbon facility, a joint RSES-RSPhysE project funded through an ARC LIEF and ANU 
MEC grants, stands to play a vital role in understanding processes that operate in the oceans and in 
particular changes in carbon cycling within the Southern Ocean. Earth Environment houses outstanding 
analytical facilities, spanning multi-collector ICP-MS for high precision U-series dating and stable 
isotope geochemistry, laser ablation ICP-MS, TIMS, and oxygen/carbon-isotope mass spectrometry, to 
cosmogenic isotope, OSL, ESR and palaeomagnetic dating. All are vital for achieving current and new 
goals set by the Earth Environment. To further enhance our capabilities for environmental 
reconstruction and fundamental research into ocean processes, we are in the process of purchasing a 
new oxygen/carbon isotope mass spectrometer through the MEC and new state-of-the-art MC-ICPMS 
through the ARC LIEF grant scheme. 
 
A new focus for Earth Environment is on culturing marine organisms [from microscopic calcareous and 
siliceous plankton to sponges, and perhaps corals] in controlled conditions to develop new and validate 
existing chemical proxies for the reconstruction of past environmental conditions. In combination with 
the development of new B isotope and trace metal proxies to link past changes in ocean carbonate 
chemistry and pCO2, these are providing new insights into the threat of oceanic acidification from 
anthropogenic CO2 under different emission scenarios. 
 
Changes also occurred among our group with the departure of Professor Malcolm McCullogh who 
accepted the prestigious position of Premier's Fellow at the University of Western Australia. He is 
accompanied by Dr Julie Trotter. Several of his PhD students and Dr J-A. Mallela (Postdoctoral Fellow), 
appointed by Malcolm, remain at RSES. Dr Tim Barrows also left for a position at the University of 
Exeter and Dr K. Fitzsimmons is about to depart for a position in Germany. Dr B. Walther left for a 
position in Texas and was replaced by Dr Mallela. Dr Alibert recently rejoined our group to work with Dr 
Eggins. 
 
Several PhD students submitted their thesis this year, and many have now been awarded their degrees. 
 
With respect to teaching, Earth Environment provides a core component to the Marine Science 
undergraduate teaching program and to the BGOS degree, which is attracting high-performance 
undergraduate students. Other EE staff are involved in teaching and supervision of the newly 
established Master's course on Archaeological Science. 
 
We are keen to investigate the possibility of developing a new MSc program in "Environmental 
Geoscience". This program would draw on the large pool of expertise within Earth Environment and 
provide the basis for pedagogic training for postdoctoral fellows and postgraduate students, and has 
the potential to attract significant numbers of full-fee paying students. 

 



Figure 1. Impression of the body of a Devonian lobe-finned
fish preserved in red mudstones of the coastal cliffs in the

Eden-Merimbula area of SE NSW.

Figure 2. Using a demolition saw to cut out a block
containing fossil bones from the Devonian rocks of the coast

cliffs south of Eden, NSW [December 2008]

360 million-year-old giant predator
discovered on the South Coast
Ben Young1, Bob Dunstone1, Tim Senden2 and Gavin
Young1

1 Research School of Earth Sciences, Australian
National University, Canberra, ACT 0200, Australia
2 Research School of Physics, Australian National
University, Canberra, ACT 0200, Australia

Sedimentary rocks of Devonian age (~416-360 million
years ago) are well exposed along the south coast
from near Bermagui to the Victorian border. This
geological period has been called the ‘Age of Fishes’,
because fossil vertebrate remains became abundant
for the first time. During that period the first forests
evolved, and our fish-like vertebrate ancestors moved
onto the land. Reconstructions of ancient atmosphere
indicates a dramatic drop in concentrations of CO2
during the Devonian Period, as diverse terrestrial
ecosystems became established.

            Fossil fish and plant remains, and preserved
trackways of unknown amphibians, have been
discovered at a number of localities in SE Australia and
adjacent Victoria (summarised by Young, 2007). The
trackways represent the oldest definite evidence for
land animals in the Southern Hemisphere. Under an
Australian Research Council Discovery Grant (DP
0558499: ‘Australia's exceptional Palaeozoic fossil
fishes, and a Gondwana origin for land vertebrates’)
we conducted new field investigations along the coastal
outcrops, some of which were covered by scientific
permits when within the area of Ben Boyd National
Park.

            In 2008 we excavated a near-complete
specimen of a placoderm (armoured) fish from the
coastal outcrop south of Eden, NSW.  At the same
time we exposed a large tooth about 45 mm long
associated with adjacent large bones that extended
deeper into the rock. In April, October, and December,
2008 we used rock saws and drills to remove
numerous blocks and pieces. Over 100 collected
samples and larger blocks were brought back to the
laboratory, prepared mechanically, then glued together
and reassembled into about 30 larger blocks. Where
the bone was very weathered it was removed by
treating with acid so impressions could be cast with
rubber latex. Many hundred or hours work in the
laboratory during 2009 demonstrated that we have
collected the front half of a very large predatory lobe-
finned fish, including most of the skull, palate, cheek,
jaws, and shoulder girdle. The lobe-fins were the fish
group that gave rise to the first land animals, the
fleshy lobes in the fins being modified into limbs.
Reassembly of the new specimen shows that the two
jaws meet at the front in the midline, with other bones
of the skull and cheek slightly displaced.

            A total jaw length of 45-50 cm for these associated skull remains makes this the biggest such
bony fish ever found in Devonian rocks from anywhere in the world. With fangs nearly 50 millimetres



long, the fish was perhaps up to four metres in total length; it would have been the top predator in the
big river system that deposited the red mudstones forming the coastal cliffs between Eden and
Merimbula. It will be described as a new genus and species of lobe-finned fish.
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Figure 3. Blocks containing the lower jaws of the giant predator reassembled on a table, with some of the surrounding bones labelled.

http://dx.doi.org/10.1080/08120090701488313


Higher silicon concentrations in the Pacific sector the Southern Ocean during
glacial times
Michael J. Ellwood1, Martin Wille1, William Maher2 and Patrick De Deckker1
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Fundamental to understanding changes in CO2 variability across the last glacial-interglacial transition is
the reconstruction nutrient concentrations in the deep Southern Ocean. Such reconstructions have
typically been based on nutrient proxies such as d13C, Nd isotopes, Cd/Ca, Ba/Ca, 231Pa/230Th, but with
conflicting results. Glacial Cd/Ca and Ba/Ca benthic foraminiferal results suggest that there was little
change palaeo-nutrient concentrations, whereas the d13C and Nd isotope results suggest palaeo-nutrient
concentrations were higher as a result of a reduction in Northern Component deep water feeding into the
Southern Ocean. In our study we determined the silicon isotope (d30Si) composition of sponge spicule
and found that the distribution of silicon within the deep Southern Ocean not homogeneous during the
last glacial period; rather the glacial concentration of silicon in the Pacific sector was higher compared to
the Atlantic sector. At face value, this result suggests that the Antarctic Circumpolar Current (ACC) was
less efficient in mixing Pacific and Atlantic deep and bottom waters. Possible scenarios leading to such
heterogeneities may be linked to changes in the position and intensity of the ACC. A change in the
position of the westerly winds may lead to increased stratification which would increase the invasion of
nutrient-rich deep Pacific water into this region.



Polar forests on the edge of extinction
What does the fossil spore and pollen evidence from East Antarctica say?
E. M. Truswell 1 and M. K. Macphail 2
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Diverse pollen and spore assemblages, spanning the Late Eocene preglacial–glacial transition, have been
recovered from Ocean Drilling Program cores from Prydz Bay, East Antarctica. These microfloras are
mostly in situ and provide an unparalleled record of terrestrial plant communities growing in Antarctica
during the earliest stages of ice-cap formation. The evidence provides a basis for assessing the
phytogeographic relationships of the Antarctic floras with other high-latitude floras in the southern
hemisphere, including possible migration routes for some taxa. Preliminary studies (Macphail and
Truswell 2004a) suggested the Late Eocene vegetation at Prydz Bay was floristically impoverished
rainforest scrub, similar to Nothofagus–gymnosperm communities found near the climatic treeline in
Patagonia and Tasmania. Re-evaluation of the microfloras indicates the diversity of shrubs, especially
Proteaceae, was underestimated and the Late Eocene vegetation was a mosaic of dwarfed (krumholtz)
trees, scleromorphic shrubs and wetland herbs, analogous to the taiga found in the transition zone
between the boreal conifer forest and tundra biomes across the Arctic Circle. Microfloras similar to
although much less diverse than the Prydz Bay assemblages occur in coreholes from the Ross Sea region
on the opposite side of Antarctica. Interpretation of the latter is complicated by reworking and low yields
but the combined evidence points to the collapse of taller woody ecosystems during the Eocene–
Oligocene transition and their replacement by tundra-like or fell-field vegetation during the Oligocene
and Neogene. This temperature-forced regression seems to have been broadly synchronous across the
continent. The high-palaeolatitude location (~70°S) means that the Prydz Bay flora was adapted to
several months of winter darkness and short-summer growing seasons. The nearest living relatives of
identifiable woody taxa suggest year-round high humidity, with an annual precipitation between ~1200
and 1500 mm. Palaeotemperatures are more difficult to quantify although the inferred humid microtherm
climate is consistent with mean annual temperatures less than 12°C and freezing winters.



Figure 1. Plot of the 208Pb/207Pb versus 206Pb/207Pb values
obtained from the fluvial clay fraction samples from 30 sites
in the Murray Darling Basin [black dots represent Murray-
sub-basin samples and black squares Darling sub-basin
ones] and the same ratios obtained by Vallelonga et al.

(2005; GRL32, L01706, doi:10.1029/2004GL021449) from
dust in the Antarctic ice core from EPICA Dome C [open
circles].  Note the large error bars for the EPICA samples

due to their extremely small sizes.

Lead isotopic evidence for an Australian
source of aeolian dust to Antarctica at
times over the last 170,000 years
Patrick De Deckker 1, Marc Norman 1, Ian D. Goodwin
b, 2, Alan Wain c, 3 and Franz X. Gingele 1
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Systematic analysis of Pb, Sr and Nd isotopes of 23
fluvial clay samples (<2µm fraction) from many of the
major tributaries of the vast (1.106 km2) Murray
Darling Basin (MDB), located in semiarid southeastern
Australia, display similar isotopic values between some
MDB clays and dust from several ice core samples
from the EPICA Dome C in Antarctica. Close scrutiny of
several ratios of the four Pb isotopes, and in particular
208Pb/207Pb versus 206Pb/207Pb, show that several
samples from the Darling-sub-basin of the MDB display
similar values for the same isotopes for Dome C samples [see figure1] from different ages, and more
particularly during wet phases in Australia [Marine Isotopic Stages 5e, 3 and 1]. The combination of Nd
and Sr isotopic ratios from the same MDB fluvial clays clearly eliminates the Murraysub-basin, and
supports the Darling sub-basin as a potential source of aeolian material to Antarctica. Overall, the
Australian dust supply to Antarctica predominantly occurred during interglacial periods. 

Our work shows that aerosols generated in southeastern Australia can travel to parts of West Antarctica
and this is supported by atmospheric observations and models using the HYPLIT program. In addition,
evidence of Australian dust in Antarctic ice cores further implies dust deposition in the Southern Ocean
would have occurred in the past. Current meteorological observations also imply that the east Antarctic
sector of the Southern Ocean would frequently receive aeolian dust components originating from
southeastern Australia.



Figure 1. Detailed view, tilted by approximately 15 degrees,
of the western side of Sprigg Canyon offshore Kangaroo

Island, showing the entrenched underwater ‘fluvial’ channels
that display evidence of erosion and underwater transport
which therefore must still be effective today, otherwise the
channels would have filled up. The Sprigg Canyon is named
after Reginald Sprigg who was the first to document those
under water features We studied a multicore taken on the

“peninsula” on the western side of the canyon. On the
image, the red colour indicates depths < 200 m, yellow

>200 m and <1,000 m, green >1,000 m and <4,000 m, and
blue >4,000 m.

Sediment transport in the Murray Canyons
offshore South Australia
S. Schmidt1,2, P. De Deckker3, H. Etcheber1,2 and S.
Caradec2
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3 Research School of Earth Sciences, Australian
National University, Canberra, ACT 0200, Australia

We have examined some of the most spectacular
canyons that are located offshore Kangaroo Island,
and these are linked to ancient courses of the River
Murray which would have flowed across the very wide
Lacepede Shelf during periods of low sea level. During
the AUSCAN-1 project held in 2003, modern
sedimentation was assessed using a multi-tracer
approach on interface sediments from 350 to 2,500 m
water depth.

The presence of freshly deposited particles, tagged by
234Th in excess, 210Pb-based sediment accumulation
(0.03 - 0.13 cm y-1) and 230Th-based focusing ratios support the occurrence of significant advection of
marine sediments within these canyons. In the absence of direct riverine inputs, the shelf, being the site
of intensive carbonate production, is the main supplier of material.

The presence of incised channels in the eastern portion of the Murray Canyons Group [MCG] [see figure
1] indicates recent to sub-recent activity along the courses. The presence of underwater slides in the
western side of the MCG confirms that sediment transport to the abyssal plain does occur.

Based on our preliminary investigation and by synthesizing previous work on other canyons, we provide
a conceptual model for sediment focusing and transfer within the canyons offshore Australia.



Figure 1. Stromatolite in oolitic limestone, Buntsandstein,
Heeseberg, Germany.

Figure 2. Photomontage combining (a) stromatolites growing
in ooid sands, Hamelin Pool, Australia (lower half) and (b)

stromatolites in oolitic limestone, Buntsandstein,  Heeseberg,
Germany (upper half).

Kalkowsky's association of stromatolites
and oolites - re-evaluation and geological
significance
Robert V. Burne1, Josef Paul2 and Tadeusz M. Peryt3
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Three world-wide used geologic terms derived from the
area around the north German Harz Mountains:
“Oolithi” [1] and nearly two hundred years later “Ooid”
and ”Stromatolith” [2]. These terms all describe
carbonate grains and rocks of the Lower Triassic
Buntsandstein Group. The widespread Buntsandstein
Group of cebtral Europe consists of red and variegated
sandstones and mudstones which stretch from Lorraine
in France to the Holy Cross Mountains in eastern
Poland. It is a typical dominated by red beds 
deposited in a large inland basin, the Central European
Basin. Braided and meandering rivers brought siliceous
grains and mud from the hinterland towards the centre
of the basin. At times the inflow of water led to large
but shallow lakes at the centre of the basin. When the
rainy seasons vanished, the water of the lake
evaporated. Microbial calcite-producing communities
flourished in the absence of higher organisms. Calcite
ooids formed in the shallow environment under the
impact of wind and wave action bars or shoals which
are now preserved at the margin of the basin and
palaeohighs from the Netherlands to Poland. Eventually
the lakes vanished and small ephemeral rivers reached
the centre and brought only mud with them.

 
The sediments of the Lower Buntsandstein, are nearly
devoid of fossils, body fossils as well as trace fossils.
The reason of this scarceness may be not abnormal
salinity, but rapidly changing environmental conditions
as the shallow playa lake has no buffer capacity
against fluctuations of various environmental
parameters. The etched surfaces of stromatolites are
because of the decay of organic matter under a cover
of clay or living mat led to formation of CO2, lowering
the pH and consequently to acidification of the water
and dissolution of carbonate. 
Some prerequisites of stromatolitic growth can be
deduced from observations in the field. Muddy water
or mud layers excluded stromatolites or terminated
their growth. The microbial community did not survive a mud cover or muddy water. This effect may be
the reason for their restriction to the Eichsfeld Palaeohigh. Here, the sandy and muddy sediments were
diverted west and east of the high on their way towards the basin. The more extended areas of oolites
indicate that the ooid producing microbes are not so sensitive. The position of stromatolites at top of
oolite beds seems to reflect a directional evolution, most likely of the water chemistry, e.g. alkalinity or
supersaturation in respect of calcium carbonate.



The observed photoautotrophy points to cyanobacteria, at least as a component of the microbial
community. There is a high potential of preservation by the absence of grazers and browsers and an
early lithification, although the latter cannot be proved. 
There was a long-lasting discussion in the scientific community about the formation of ooids. During the
19th and 20th century most scientists thought of inorganic origin, a precipitation due to supersaturation
in regard of calcium and carbonate. Calcite or aragonite may precipitate around a nucleus of a quartz or
carbonate grain. Only Kalkowsky (1908) thought of an organic origin produced by colonies of lime
secreting phyto-organisms. During the last twenty years an increasing number of indications arewere
found that organic biofilms are involved in the formation of ooids. 
To summarize, Kalkowsky (1908) stated that 
p. 100 § 64 Regarding the environment of the oolites in the north German Bunter Sandstone, it is
generally assumed that they have formed in a shore facies.
One could easily be tempted to think already now of salt lakes as area of their formation.
p. 118 § 88 Stromatolites were always associated with oolites.
p. 123 § 94 Ooids resemble growing bacterial colonies as observed in a Petri dish. Ooids are therefore
probably produced by colonies of lime secreting phyto-organisms.
p.124 § 96 We have to assume that simple plants gave rise to limestone precipitation.

My aim has been to show that the oolites and stromatolites of the north German Bunter Sandstone are
inherently  of organic origin.

Fifty years after Kalkowsky published the classic paper Richard Chase recognized the first convincing
modern analogues of  “stromatoliths” around the shores of Hamelin Pool, Western Australia [6]. Recent
investigations of both localities reveal a number of interesting parallels between the environment of
Hamelin Pool and that of the Basin in which the association described by Kalkowsky. In both cases
stromatolites grow on stable or firm ground in turbulent environments characterized by low
sedimentation rates, little fine grained sediment, virtually no terrigenous input, rapid cementation and
abnormal or fluctuating salinity.
Kalkowsky’s stromatolites occur on the surface of oolite beds. Laminated crusts (called stromatoid by
Kalkowsky and interpreted as being formed by syndepositional cementation) also occur in these rocks.
Both stromatolites and laminated crusts are concentrated in specific layers traceable throughout quarry
faces. In places the stromatolites are clearly syndepositional with rippled ooid sand. Spongy-fenestrate
and fan-like stromatolitic microstructures can be distinguished, and both have undergone intense
sparitization. The upper surfaces of some stromatolites are pitted due to syndepositional dissolution. The
stromatolites may incorporate variable amounts of ooids, quartz grains and other material.
Hamelin Pool stromatolites also occur associated with ooid sands [3,8]. Subtidal stromatolites grow on
rock substrate or crusts formed by penecontemporaneous cementation of marine sands, and are
surrounded by mobile oolitic rippled sands and sand waves. The subtidal stromatolites have a laminoid
fenestral fabric consisting of ooid and other carbonate sand grains cemented by micritic cements [3].
Micritisation of sand grains begins soon after deposition and gradually destroys the original structure of
the incorporated ooids and other grains [9,10]. Stromatolites in the intertidal zone are thought to be
subtidal forms stranded by sea-level fall and modified by intertidal microbial communities [11]. While the
Buntsandstein stromatolites originated in a hyposaline and alkaline lake environment during the high
stand of water level, and the Hamelin Pool stromatolites a forming in a hypersaline marine embayment
during a period of regression, there are many environmental similarities. In both cases conditions
favourable for ooid formation precedes the initiation of stromatolite growth, but the stromatolites co-exist
with ooid sands, and incorporate ooid grains into their structures. The morphology of the many of the
subtidal Shark Bay stromatolites is clearly influenced by the erosive effects of ooid sand waves migrating
around them. Once formed, early diagenesis progressively obliterates the structure of ooid grains
incorporated into the stromatolites. The association of stromatolites and ooid sands is of considerable
geological significance. In another present-day environment the stromatolites of Lee Stocking Island in
the Bahamas show a similar association with migrating ooid sand waves to that found in Hamelin Pool
[12]. The association of stromatolites and oolites dates back to the Archean. One of the oldest 
occurrences of the  association is known from the 2, 72 Ga. Tumbiana Fm., Fortescue Gr. Pilbara Block
in Western Australia. 
Even the first stromatolites known to science are associated with oolitic limestones, for, 25 years before
Kalkowsky’s work was published, James Hall had formally named Cryptozoon proliferum, from the oolitic
Cambrian Hoyt Formation of Saratoga Springs, New York State [13].
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Figure 1. Area of interest within the Molonglo Catchment for
environmental sampling.  The location of the Lower Molonglo

Water Quality Control Centre is highlighted in orange.
 Original image supplied by Molonglo Catchment Group,

2009.

Fate and transport of chemicals in an ACT
municipal wastewater treatment plant, its
effluent, and receiving waters
An Actew/ANU initiative
Jenna Roberts

Research School of Earth Sciences, Australian National
University, Canberra, ACT 0200, Australia

In times of changing climate, increased urbanization,
industrial development, and changes in land use
practices, the Australian Water Industry faces a
significant challenge to maintain a safe and sustainable
water supply in the midst of an overall reduction of
water quality via anthropogenic contamination. 
Aquatic wildlife is particularly at risk, as the aquatic
environment is a natural sink for waterborne
contaminants derived from human activity. These can
enter waterways via several sources, however
wastewater treatment plant (WTP) effluents are
thought to be a major contributor of contaminants to
riverine systems.  Most conventional WTP's are not
specifically designed to remove EDC's and
pharmaceuticals from wastewater.  Detailed chemical
characterization of WTP effluents is especially
important for inland systems, as they are often a
primary source of water for downstream users,
especially in low-flow scenarios; aquatic wildlife and
population centres down-catchment are directly
impacted by WTP effluent quality.

Contaminants of concern include a wide range of
endocrine disruptive compounds (EDC’s) such as
industrial chemicals, pharmaceutical and personal care products, pesticides, natural and synthetic
estrogens and organochlorine compounds.  Endocrine Disrupting Compounds have been formally defined
by the World Health Organisation as ‘exogenous substances that alter function(s) of the endocrine
system and consequently cause adverse health effects in an intact organism, or it’s progeny, or
subpopulation(s)’.  The detection and removal of these potentially harmful substances is essential for the
water industry to maintain an adequate supply of potable water to Australian communities; the major
concern associated with the presence of EDC’s in surface waters is not necessarily acute effects on
human health, but imperceptible effects on aquatic life and humans resulting from chronic, low-dose
exposure.  Ultimately, these endocrine effects effects can accumulate to induce profound changes.

This work will investigate a representative set of EDC’s (and their metabolites) that contribute to the
total estrogenic activity of LMWQCC effluent measured by previous researchers, and the movement and
fate of these compounds through the sewage treatment works and in the Molonglo catchment (see Fig
1).  Chemical analysis of wastewater and biosolids using novel, advanced mass spectrometric methods
will be undertaken with the aim of ultimately constructing a detailed mass balance for target analytes
around the STP.  It is anticipated that more specific information on the chemical signature of LMWQCC
effluent, as well as the concentration, movement, transformation and sorption characteristics of priority
compounds will be of value to Actew Corporation water quality officials, ecotoxicologists, engineers and
policymakers alike, and may assist in decision making regarding the need to modify current treatment
practices. 

Currently, laboratory training for complex pre-analysis sample treatment is underway, and a full 12
month sampling program is being assembled to begin in 2010.  From the beginning of the project in
March 2009 to present (nine months), much reading and research has been undertaken to establish the
research direction, alongside detailed planning of laboratory work.  This has been accompanied by
conference attendance, Actew workshops and the organisation of ANU National Water Week.



Figure 1. Boron isotope (!11B) vs silicon isotope (!30Si)
signatures of siliceous sponges from Southern Tasmania and

George V Land, Antarctica.  Si isotope fractionation
corresponds with the uptake and deposition of silica; the

correlation between !11B and !30Si suggests that B uptake is
related to these silica formation processes in sponges.

The boron geochemistry of
biogenic silica
Andrea de Leon, Martin Wille, Steve Eggins
and Michael Ellwood

Research School of Earth Sciences, Australian
National University, Canberra, ACT 0200,
Australia

The boron content and isotopic composition
(!11B) of marine carbonate organisms can be
linked to the pH of the seawater in which
they have grown, making carbonates a useful
tool for palaeo-seawater pH reconstruction. A
study by Furst (1981) documented unusually
high boron concentrations in siliceous sponge
spicules, in range from hundreds to a
thousand ppm. This observation and the
potential for preferential incorporation of the
tetrahedral borate species into biogenic silica
raises the question as to whether the boron
chemistry of biogenic silica might also be
influenced by seawater pH. We have
measured the boron concentration and isotopic composition of siliceous sponges from the
Southern Ocean region, with a view to (1) confirming the observations of Furst (1981), (2)
assessing the factors that control boron incorporation and isotopic compositions of sponge silica,
and (3) investigating the potentially significant role of siliceous sponges in the marine boron
cycle. The measured boron concentrations in a diverse range of both demosponge and
hexactinellid sponges confirm the high boron concentrations previously reported. The boron
isotope compositions of these sponges vary from around +2‰ to +25‰ and greatly exceed the
range in marine carbonates. This isotopic variation is inconsistent with seawater pH control but is
correlated with ambient seawater silicon concentration, in a manner that suggests a link to
silicon uptake kinetics and demand by sponges.



Direct dating of fossil human remains
Renaud Joannes-Boyau and Rainer Grün

Research School of Earth Sciences, Australian National University, Canberra, ACT 0200, Australia

Our research focuses on decomposing the ESR spectra observe in fragments of human tooth enamel crystal from
the CO2- radicals defect. Studies on tooth enamel fragments have shown that the ESR spectra are significantly
more complex than previously assumed (Figure 1A, Joannes-Boyau et al. in press).The ESR signal of the CO2-
radical in hydroxyapatite has been used for the assessment of the past radiation dose, which in turn is converted
into numerical age estimates, once the dose rate parameters are assessed. ESR dating studies are conventionally
carried out on powdered samples, and it has repeatedly been demonstrated that the ESR spectra recorded from
fossil samples are qualitatively similar to those generated by laboratory irradiation.

However, when attempting non-destructive ESR analysis, which is essential when working on fossil human
remains, measurements are carried out repeatedly on tooth enamel fragments. Because of the anisotropic nature
of hydroxyapatite, the ESR spectra show strong angular dependencies (Figure 1B Joannes-Boyau et al. 2009). In
contrast to powders, the ESR spectra of fossil samples are significantly different to those generated by
laboratory irradiation. Because of unstable components, it was initially suspected that all ESR age estimations
could be underestimated (Joannes-Boyau et al. 2009). At the present point, the study focuses on the enamel
structure to understand where the different components are located within the crystal.

The enamel structure is exceptionally complex. Our studies have so far revealed a composite organisation of
crystal clusters, in prismatic and inter-prismatic configurations, both having different ESR responses (Figure 1C).
At the same time Kinetics studies undertaken are showing complex transfer process and radicals disappearance
that could threaten the fundamentals of ESR dating of tooth enamel (Grün et al., 2008).

____________________________________________________________________________________________

Grün, R., Joannes-Boyau, R., Stringer, C. 2008. Two types of CO2- radicals threaten the fundamentals of ESR
dating of tooth enamel. Quaternary Geochronology 3, 150-172.

Joannes-Boyau, R., Grün, R. 2009. Thermal behavior of orientated and non-orientated CO2- radicals in tooth
enamel. Radiation Measurements 44, 505-511.

Joannes-Boyau, R., Bodin, T., Grün, R. submitted. Decomposition of the angular ESR spectra of fossil tooth
enamel fragments. Radiation Measurements.

Figure 1. (A) ESR Spectra of human tooth enamel fragment; (B) Angular dependency of ESR spectra; (C) Differing ESR responses based
on crystal structure.



Figure 1. Skull of Procoptodon goliah showing anatomical
features consistent with that of a browser.

Figure 2. Carbon-isotope data for Pleistocene kangaroos from
souteastern Australia. (A-C) Frequency histograms of enamel

δ13C values of Procoptodon goliah, grazing kangaroos
(Macropus species), browsing / mixed-feeding kangaroos and
modern chenopods (e.g., Atriplex, Maireana) from Arid, Ss
and Tw climate zones. Chenopod vegetation samples are

expressed as equivalent enamel δ13C values and have been
corrected by +1.5‰ for the effects of fossil fuel burning

over the past century. (D) Enamel δ13C vs δ18O for
Menindee fossil grazing kangaroos. Note markedly depleted

δ18O values for P. goliah compared to contemporary grazing
kangaroos.

Extinction implications of a chenopod
browse diet for a giant Pleistocene
kangaroo
Gavin J. Prideaux1, Linda K. Ayliffe2,3, Larisa R. G.
DeSantis4, Peter F. Murray5, Michael K. Gagan3 and
Thure E. Cerling2

1 School of Biological Sciences, Flinders University,
Bedford Park, South Australia 5042, Australia
2 Department of Geology and Geophysics, University of
Utah, Salt Lake City, Utah 84112, USA
3 Research School of Earth Sciences, Australian
National University, Canberra, ACT 0200, Australia
4 Department of Zoology and Florida Museum of
Natural History, University of Florida, Gainesville,
Florida 32611, USA
5 Museum of Central Australia, Alice Springs, Northern
Territory 0871, Australia

Kangaroos are the world’s most diverse group of
herbivorous marsupials. Following late-Miocene
intensification of aridity and seasonality, they radiated
across Australia, becoming the continent’s ecological
equivalents of the artiodactyl ungulates elsewhere.
Their diversity peaked during the Pleistocene, but by
~45,000 years ago, 90% of larger kangaroos were
extinct, along with a range of other giant species.
Resolving whether climate change or human arrival
was the principal extinction cause remains highly
contentious.

In this study we combine craniodental morphology,
stable-isotopic and dental microwear data to reveal
that the largest-ever kangaroo, Procoptodon goliah,
was a chenopod browse specialist, which may have
had a preference for Atriplex (saltbushes), one of a
few dicots utilizing the C4 photosynthetic pathway.
Furthermore, oxygen isotope signatures of P. goliah
tooth enamel show that it drank more in low-rainfall
areas than its grazing contemporaries, similar to
modern saltbush feeders. Saltbushes and chenopod
shrublands in general are poorly flammable, so
landscape burning by humans is unlikely to have
caused a reduction in fodder driving the species to
extinction. Aridity is discounted as a primary cause
because P. goliah evolved in response to increased
aridity and disappeared during an interval wetter than
many it survived earlier. We suggest that hunting by humans, who were also bound to water, may have
been the more decisive factor in the extinction of this giant marsupial.

PNAS, Vol 106:11646-11650.
www.pnas/cgi/doi/10.1073/pnas.0900956106

http://rses.anu.edu.au/highlights/www.pnas/cgi/doi/10.1073/pnas.0900956106


Figure 1. Global oceanic relationship of inorganic germanium
vs. silicon concentration. A. Oceanic germanium versus

silicon concentration (Ge = 0.760 x10-6 ±0.004[Si] + 1.27
±0.24, p<0.001, r2 = 0.993). B. Ge/Si x10-6 versus depth.

C. Ge/Si x10-6 versus silicon concentration. D. Oceanic
germanium versus siliconconcentration less than 25 pmol L-1
and 30 μmol L-1, respectively. Curve is fitted using a second

order polynomial (r2 = 0.99, p<0.001).

Biological Germanium Discrimination in
Diatoms
Jill Sutton1, Michael J. Ellwood1, William A. Maher2 and
Peter Croot3

1 Research School of Earth Sciences, Australian
National University, Canberra, ACT 0200, Australia
2 Ecochemistry Lab, Applied Science & Institute for
Applied Ecology, University of Canberra
3 FB2: Marine Biogeochemistry, Leibniz-Institut für
Meereswissenschaften (IFMGEOMAR)

Seventeen inorganic germanium and silicon
concentration profiles from the Atlantic, the Southwest
Pacific and the Southern Oceans were collected. A plot
of germanium concentration versus silicon
concentration produced a near-linear line with a slope
of 0.760 x10-6 (± 0.004) and an intercept of 1.27 (±
0.24) pmol/L (r2=0.993, p<0.001). When the
germanium to silicon ratios (Ge/Si) were plotted versus
depth and/or silicon concentrations, higher values are
observed in surface waters (low in silicon) and the
ratio decreased with depth (high in silicon).
Germanium to silicon ratios in diatoms (0.608-1.03
x10-6) and coupled seawater samples (0.471-7.46
x10-6 ) collected from the Southern Ocean show clear
evidence for Ge/Si fractionation between the water
and opal phases. Using a 10-box model (based on PANDORA) Ge/Si fractionation was modelled using
three assumptions: (1) no fractionation, (2) fractionation using a constant distribution coefficient (KD)
between the water and solid phase and (3) fractionation simulated using Michaelis-Menten uptake
kinetics for germanium and silicon via the silicon uptake system. Model runs indicated that only Ge/Si
fractionation based on differences in the Michaelis-Menten uptake kinetics for germanium and silicon can
adequately describe the data. The model output using this fractionation process produced a linear line
with a slope of 0.76 x10-6 and an intercept of 0.92 (± 0.28) pmol/L thus, reflecting the oceanic dataset.
This result indicates that Ge/Si fractionation in the global ocean occurs as a result of subtle differences in
the uptake of germanium and silicon via diatoms in surface waters.



Coral calcification and ocean acidification in the central region of the Great
Barrier Reef
Juan-Pablo D’Olivo1, Malcolm McCulloch2, Stephen Eggins1, Patrick De Deckker1, Michael Ellwood1 and
Bradley Opdyke1

1 Research School of Earth Sciences, Australian National University, Canberra, ACT 0200, Australia
2 School of Earth and Environment, The University of Western Australia, 35 Stirling Highway, Crawley WA
6009, Perth, Australia

Coral reefs are exceptional rich environments of great commercial and natural value. The construction of
these reefs relies on the accumulation of limestone skeletons from corals and other organism. Coral reefs
are at risk to climate change and human imposed stresses including increased nutrient and sediment
loading, direct destruction, overfishing, habitat modification, and contamination. In addition, ocean
acidification, caused by the increase in atmospheric CO2, has recently been added as a possible coral
stressor. Laboratory experiments have shown that a decrease in pH causes a decrease in calcification
rates.

This project aims to analyze the effects of ocean acidification during the last ~50 yrs in coral calcification
across a transect from inshore to offshore in the central section of the Great Barrier Reef.  Emphasis will
be placed on the possible effects of the “acidic” flood plume from the Burdekin River in inshore corals.

Changes in coral calcification, will be obtained from three growth parameters including; (1) skeletal
density (gr cm-3), (2) annual extension rate (cm yr-1), and (3) calcification rates (gr cm-2 yr-1). The
boron isotopic composition (δ11B) will also be measured in selected coral samples along the growth axis
and can be used as a proxy for pH changes. This information will be complemented with trace elements
analyses by LA-ICP-MS of some coral samples.



Figure 1. Black and white images of five corals from the inshore reefs of Havannah and Pandora showing the luminescent bands used to
measure the linear extension rates. Some high intensity bands related to high river discharge episodes are highlighted.
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Late Quaternary radiolarians as proxies for past environmental conditions in the
eastern and southern sectors of the Indian Ocean
John Rogers and Patrick De Deckker

Research School of Earth Sciences, Australian National University, Canberra, ACT 0200, Australia

I examined the silica tests (the hard parts or "skeletons") of a group of plankton called Radiolaria. 
Firstly, I counted the tests appearing in the tops of sediment cores taken from 100 sites in the eastern
and southern sectors of the Indian Ocean - around 600 tests per core-top and about 400 species in all. 
I was able to relate the distributions of the species to the currents in the eastern Indian Ocean (EIO)
and to the inter-frontal zones of the southern Indian Ocean (SIO).  I was also able to establish
statistical relationships between the radiolarian counts and a number of physico-chemical oceanic
variables (temperature, salinity, etc) over a range of depths from the surface to around 500 metres
below sea level.

Next, I performed census counts on samples taken from four SIO sediment cores from between the
Kerguelen Plateau and the Southeast Indian Ridge.  From these data and the relationships established
with the present-day physico-chemical environment, I was able to reconstruct the palaeoceanic
conditions at the core sites over approximately the last 40,000 years and, hence, an indication of how
the ocean fronts moved over that period.  In addition, I attempt to find reflections of interactions
between the Southern Ocean and the North Atlantic as reported by Sicre et al. (2005).  There was some
evidence in the radiolarian-based reconstructions of sea-surface temperature that warming in the SIO
coincided with Heinrich Events H1 and H2 but the possible associations with earlier Heinrich Events were
tenuous.

I also examined the statistical techniques commonly used for the analysis of plankton census counts and
concluded that a number of the traditional methods are unsuitable for regions as complex as the Indian
Ocean and that Weighted-Averaging - Partial Least Squares (ter Braak and Juggins, 1993; ter Braak et
al., 1993) was the most efficient technique available given the number of core-tops I investigated.

Sicre, M.-A., Labeyrie, L., Ezat, U., Duprat, J., Turon, J.-L., Schmidt, S., Michel, E., and Mazaud, A.,
2005. Mid-latitude Southern Indian Ocean response to Northern Hemisphere Heinrich events. Earth and
Planetary Science Letters, 240:724-731.

ter Braak, C. and Juggins, S., 1993. Weighted averaging partial least squares regression (WA-PLS): an
improved method for reconstructing environmental variables from species assemblages. Hydrobiologia,
269/270:485-502.

ter Braak, C., Juggins, S., Birks, H., and van der Voet, H., 1993. Weighted averaging partial least
squares regression (WA-PLS): definition and comparison with other methods for species-environment
calibration, in Multivariate Environmental Statistics, 6, G. Patil and C. Rao (eds), pp. 525-560.
Amsterdam: Elsevier Science Publishers.

doi:10.1016/j.marmicro.2007.07.001 

doi:10.1016/j.marmicro.2007.07.001


Figure 1. Depth profiles of Si concentration in seawater,
d^30 Si in seawater (d^29 Si values from Cardinal et al.

(2005) for Stations CTD17 and CTD124,64 were divided by
0.5092 to obtain d^30 Si values) and d^30 Si in sponges

from 3 locations in the Southern Ocean; Tasmania (a -
circles), Antarctica (b - squares), and New Zealand (c -

diamonds). Si concentration in the New Zealand profile were
obtained from the   WOCE database for location 173.49E,

30.086S

Silicon isotopic fractionation in marine
sponges: A new paradigm and model for
understanding silicon isotopic variations
in sponges
Martin Wille1, Jill Sutton1, Michael Ellwood1, Steve
Eggins1, William Maher2 and Michelle Kelly3

1 Research School of Earth Sciences, Australian
National University, Canberra, ACT 0200, Australia
2 Insitute for Applied Ecology, University of Canberra,
ACT 0200, Australia
3 National Centre for Aquatic Biodiversity &
Biosecurity, NIWA, New Zealand

The modern Southern Ocean plays a pivotal role in
determine the air-sea balance of CO2 and global
biological production. However, there is debate
regarding nutrient utilisation in Southern Ocean surface
waters and how this transfers through to the deeper
Southern Ocean, especially during the past. To fill this
gap we have determined the silicon isotope
composition of deep-sea sponges collected from near
Antartica, subantarctic waters (Tasmania Seamounts)
and subtropical waters north of New Zealand with the
aim of developing a new paleo-nutrient proxy. For deep-sea sponges, δ30Si values widely between 0.87
‰ and -3.40 ‰ (vs NBS). Depth profiles show that sponge δ30Si compositions trend to lighter values
with increasing depth. This is exemplified by sponges from the Tasmanian Seamounts which vary from
0.87 ‰ to -3.13 ‰ over a depth range from 100 to 1200 m. We find that silicon isotope fractionaion
(δ30Si sponge - δ30Si seawater) varies with seawater silicon concentration with more fractionated
(lighter) isotope values being associated with specimens collected from water high in silicon. A mass-
balance based model for silicon isotope fractionation is consistent with δ30Si fractionation driven by
changes in the difference between the silicon influx and efflux from the sponge. At higher seawater
silicon concentrations efflux is correspondingly higher, and with δ30Si having an apperant greater internal
fractionation, this results in lighter δ30Si spicule values. This model can also explain δ30Si fractionation in
diatoms and be used to reconstruct past seawater silicon concentraions from the δ30Si signature of fossil
sponges and diatoms.



Figure 1. Brad Pillans with Pleistocene woolly mammoth tusk
recovered during alluvial gold mining at Bonanza Creek,

Yukon, northern Canada

The Quaternary comes in from the cold
Brad Pillans

Research School of Earth Sciences, Australian National
University, Canberra, ACT 0200, Australia

Although the name “Quaternary” has long been used
by geologists to describe the period of time known as
the Ice Ages, it was only in 2009 that the Quaternary
Period was finally ratified as a formal subdivision of
geological time by the International Union of
Geological Sciences (IUGS).

The Quaternary Period, comprising the Pleistocene and
Holocene Epochs, is marked by the waxing and waning
of large continental ice sheets in the Northern
Hemisphere during the last 2.6 million years. At the
height of the most recent glacial period, about 20,000
years ago, large ice sheets covered Canada and
northern USA, Scandinavia and northern Europe
(including most of Britain) and Siberia - the Greenland
Ice Sheet is the last remaining remnant of these once
extensive Northern Hemisphere ice sheets. Small
mountain glaciers also existed in the highest parts of
Kosciuszko National Park and over large areas of
central and western Tasmania, and with world sea
levels up to 150 m lower than present, it would have
been possible to walk across Bass Strait, Bering Strait
and across the English Channel. Some 50 such
glaciations, and subsequent interglaciations (such as
the present, or Holocene interglaciation) occurred
during the Quaternary, the period of time which also saw the rise and spread of the human species.
During the last glaciation, iconic animal species, such as woolly mammoths, roamed across vast areas of
the northern continents (Fig 1).

Ratification of the Quaternary came after intense lobbying by the International Union for Quaternary
Research (INQUA), particularly over the last 5 years, and prolonged negotiations between INQUA and
the IUGS commission that is responsible for managing the geological timescale, the International
Commission for Stratigraphy (ICS) – see Pillans & Naish (2004), Aubry et al. (2005), Pillans (2007) and
Ogg & Pillans (2008).

A paper describing the formal ratification of the Quaternary is about to be published (Gibbard et al. in
press).
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Figure 1. Similarities in length and strength of the 8.2 ka
climatic event in the stalagmite δ18O and δ13C records from

Flores and coral δ18O from Alor, Indonesia.

Coral and Speleothem Reconstructions of
Ocean-Atmosphere Dynamics in Southern
Indonesia during the 8.2 ka event
J. Mazerat1, M.K. Gagan1, H. Scott-Gagan1, G.B.
Dunbar2, L.K. Ayliffe1, L. Edwards3, J.-x. Zhao4, W.S.
Hantoro5 and B.W. Suwargadi5
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A variety of natural archives have been interpreted as
indicating major changes in the strength of the
Australasian monsoon and El Niño-Southern Oscillation
(ENSO) through the Holocene. Geochemical tracers in
coral skeletons are particularly well suited for
reconstructing coupled ocean-atmosphere climate
systems at seasonal to interannual timescales.  The
high temporal resolution offered by corals is especially
important to study the variability of parameters such
as sea surface temperature (SST) and the hydrological
cycle on ENSO-monsoon timescales. However, most coral studies have focussed on the past millennium
because coral aragonite is prone to diagenesis, and it is difficult to find pristine corals in the early to
middle Holocene when the monsoon and ENSO may have been quite different from what we know today.

In the first instance, we performed stable isotope (δ18O, δ13C) analysis of the corals at 5-year resolution
to detect any changes in the mean climate state. Our preliminary results, from the analysis of several
well-preserved massive Porites corals from Alor (southern Indonesia), with U-series ages of 8.5 to 7.9 ka
(thousand years ago), show a double cool/dry-snap with SSTs reaching minima at 8.3 and 8.0 ka. These
rapid coolings (2-3°C in 30 years)  are synchronous in time, length and strength, with sharp increases in
the δ18O of speleothems from the nearby island of Flores.

Based on this result, specific periods have been targeted for high-resolution isotope analysis to document
how ENSO and monsoonal rainfall change in response to abrupt changes in the mean climate state. With
these high-resolution analysis, we were able to reconstruct the annual δ18O cycle for several time
periods during the modern time and the early Holocene (mean climate state, onset of the cold snap and
the cold snap). These results show that during the early Holocene, the australasian monsoon was weaker
than today, but there is no real evidence for a weaker monsoon during the 8.2 ka event.

Thus, it appears that the 8.2 ka event in the Australasian region would have been only a cold event and
not a dry one as suggested by previous studies.

 

 

 

 



Figure 1. (a) Coral recruits (scale bar 5 mm); (b) 2005 coral
bleaching in Tobago

Climate change and coral reefs
Hurricanes and bleaching
Mallela, J1 and Crabbe MJC2
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Knowledge of coral recruitment patterns helps us understand how reefs react following major
disturbances and provides us with an early warning system for predicting future reef health problems.
We have reconstructed and interpreted historical and modern-day recruitment patterns, using a
combination of growth modelling and in situ recruitment experiments, in order to understand how
hurricanes, storms and bleaching events have influenced coral recruitment on the Caribbean coastline of
Tobago.

Whilst Tobago does not lie within the main hurricane belt results indicate that regional hurricane events
negatively impact coral recruitment patterns in the Southern Caribbean. In years following hurricanes,
tropical storms and bleaching events, coral recruitment was reduced when compared to normal years (p
= 0.016). Following Hurricane Ivan in 2004 and the 2005–2006 bleaching event, coral recruitment was
markedly limited with only 2% (n = 6) of colonies estimated to have recruited during 2006 and 2007.
Our experimental results indicate that despite multiple large-scale disturbances corals are still recruiting
on Tobago’s marginal reef systems, albeit in low numbers.

CofE research page
http://www.coralcoe.org.au/people-postfellows.html

ANU research page
http://rses.anu.edu.au/people/mallela_j/

Figure 2.
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Figure 1. Photo of the Neanderthal tooth from Payre and
position of the area that was scanned for Sr (88Sr)

elemental concentrations with a quadrupole ICP-MS and
87Sr/86Sr isotopic composition with a multi-collector ICP-

MS.

High resolution Sr concentration and
isotope distributions in a Neanderthal
tooth from Payre (Ardèche, France) using
laser ablation ICP-MS
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Richard Armstrong1, Ian Moffat1, Tegan Kelly1,
Manfred Thönnessen3 and Ulrich Radtke3

1 Research School of Earth Sciences, Australian
National University, Canberra, ACT 0200, Australia
2 Département de Préhistoire, Muséum National
d'Histoire Naturelle, 1 Rue René Panhard 75013 Paris,
France
3 Geographisches Institut, Universität zu Köln,
Albertus-Magnus-Platz, 50923 Köln, Germany

We have mapped Sr elemental concentrations as well
as 87Sr/86Sr isotope distributions in a Neanderthal
tooth from the Middle Palaeolithic site of Payre using
laser ablation ICP-MS. The tooth is an unerupted
molar of a three year old child. The dentine shows a
clear overprint of Sr with the isotopic composition of
the Jurassic bedrock in which the site is located. In enamel we observe a relationship between Sr
concentration and isotopic composition that also indicates a secondary overprint.  Nevertheless, certain
domains in the enamel seem to preserve the original isotopic signature. These results indicate that the
individual grew up in a significantly different geochemical rock province to where it was found. Analyses
of the bioavailable Sr in the surrounding areas of the site point to a metamorphic province, some 50 km
to the SW of Payre, as possible origin of this Neanderthal individual who must have moved to the to the
site shortly before its premature death.



Figure 2. A: 87Sr/86Sr isotopic composition. B: Relationship between Sr concentration and 87Sr/86Sr isotopic composition. The general
trend of lower 87Sr/86Sr ratios with increasing Sr concentration can be explained through a diagenetic overprint of soluble Sr with an
87Sr/86Sr composition close to the bedrock.C: Results of Sr analysis of plants of the rock provinces in the vicinity of Payre (circled).

Abbreviations: Alluv: Alluvium, Cret: Cretaceous, Jur: Jurassic, Mioc: Miocene, Olig: Oligocene, Volc S: volcanic sediment. The dotted lines
mark the approximate boundary between metamorphic rocks (Massif Central and Alps) and Triassic to Quaternary sediments. Areas of

possible origin are coloured.



Figure 1. Fabrizio Antonioli discovers submerged stalagmites
in Argentarola Cave, Italy.

A new chronology for sea level highstands
during the penultimate interglacial
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Understanding the precise phase relationships of
changes in sea level, temperature, and greenhouse
gas concentrations during previous interglacial periods
provides us with critical knowledge to evaluate the
future response of the climate system to
anthropogenic forcing.  Absolutely-dated sea level
archives that document the response of ice sheets to
changes in temperature and atmospheric CO2 become
increasingly rare as we look beyond the last
interglacial due to the combined effects of alteration,
physical superposition of multiple sea level oscillations,
and challenges related to temporal limitations of
geochronometers.

We have studied a suite of submerged stalagmites
from Argentarola Cave, Italy collected across a depth
range of -18 to -21 m to improve the absolute
chronology of several sea level highstands during MIS
7, also referred to as the penultimate interglacial (Fig.
1).  The spectacular feature of speleothems recovered
from Argentarola Cave is the occurrence of alternating
layers of biogenic calcite and spelean calcite that result
from multiple sea level oscillations in the past.  The biogenic layers are composed of serpulid calcite
secretions that encase the speleothems during seawater submergence while the spelean calcite growth
only occurs when the cave is emergent, or above sea level.  We have used U-series dating techniques to
determine the precise timing of speleothem growth that brackets each serpulid calcite layer to ascribe a
chronology to three sea level highstands during the penultimate interglacial.  The second highstand, also
known as marine isotope stage (MIS) 7.3, is observed to peak at a lower elevation than the other two
highstands and appears delayed in timing relative to peak northern hemisphere insolation. We postulate
that this behaviour results from the intense cold period preceding MIS 7.3 that was associated with
significant development of ice sheets in the northern hemisphere.

Our findings underpin the importance of cryosphere state as a critical factor determining the sensitivity
of sea level response to insolation forcing.  While records from submerged speleothems such as this are
rare, they are archives that have enormous potential to shed light on the dynamics of climate and sea
level in the past, and also to inform us about the interplay of these variables as we head into the future.

More details can be found at Nature Geoscience.

Dutton et al (2009) Nature Geoscience
http://dx.doi.org/10.1038/NGEO470
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Figure 1. Rhodolith bed covering the seafloor. Point Addis
Marine National Park (Victoria). Image courtesy of Parks

Victoria.

Rhodoliths as environmental proxies in
the marine realm,
or how red algae could help fill the climatic gap
between the tropics and the poles.
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  Rhodoliths are free-living forms of calcareous,
coralline red algae that can be found worldwide, from
low to high latitudes, in relatively shallow (0->250m)
waters. They can live hundreds of years and form a
high-Mg calcite skeleton that presents periodical growth bands.

  Recent studies on rhodoliths-forming coralline red algae show that the variation of specific trace
elements along these periodical growth bands appear to reflect, through time, the variations of ambient
seawater temperature and river discharges. This project aims to assess this reliability of rhodoliths as a
new proxy to record past environmental changes for subtropical to temperate waters. Two study sites
were chosen, one in the lagoon of New Caledonia (subtropic) and one offshore Victoria (temperate) for
comparison of environmental parameters. Trace elements analyses by Laser Ablation Inductively Coupled
Plasma Mass Spectrometer (LA.ICPMS) and δ18O by Sensitive High Resolution Ion MicroProbe (SHRIMP)
will be performed across growth transects on selected rhodoliths to obtain this high-resolution record of
past environmental conditions.

Figure 2. Preliminary results from LA.ICPMS, showing variations of Mg/Ca (orange) and Sr/Ca (blue) ratios along a rhodolith section of
28.5 mm, collected in New Caledonia. 24 points smoothed data are presented in plain lines.



Reconstructing the history of hydrologic change and drought in Australia
Evidence from Lake George, New South Wales
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Temperate southeastern Australia is one of the regions hardest hit by the drought which has
prevailed on the continent for more than ten years from 1997-2009. It is unclear how the
present relatively arid, warm conditions relate to the cold, dry climate responsible for desert
expansion during the late Quaternary period, or to the current severe droughts. This knowledge
gap is primarily due to the fact that there are few systematic records of regional aridity and
drought in Australia. The key to understanding the development of aridity is to produce a
chronological framework for terrestrial aridification. Recent and continuing work at the
luminescence dating laboratory in the Research School of Earth Sciences aims to produce such a
chronological framework, focusing on key sites which preserve landscape features responsive to
aridity, such as dunes and lake shorelines.

The Canberra region, in particular, has experienced record low precipitation in response to the
current drought. Lake George, a closed basin located approximately 50 km from Canberra and
once mainland Australia’s largest freshwater lake, has completely dried in response to this recent
drought. The lake has intermittently filled to a shallow depth, and dried out, eight times during
the period since European arrival 200 years ago. The timing of these events matches that of
historically documented droughts. The lake acts as a palaeo-rain gauge for the region, providing
past context for present and future potential climatic conditions. Lake George therefore
represents one of the most complete and valuable records of hydrologic variability as a response
to drought and potentially increasingly dry conditions in southeastern Australia. However,
regional hydrologic and environmental change over longer timescales - throughout the Holocene
and Pleistocene - remains poorly resolved, lacking a comprehensively dated stratigraphic
sequence. Consequently, it is difficult to identify how the present drought relates to past
conditions.

At Lake George, hydrologic change brought about by climatic variability is expressed in lake
shorelines. The lake has intermittently dried and filled to depths of up to 37 m several times
during the late Quaternary period. Chronologies for lake level change fundamentally underpin
interpretations of palaeoclimate. Our work addresses the existing limitations to reconstructing
Holocene palaeoenvironmental change at Lake George by applying optically stimulated
luminescence (OSL) dating to stratigraphic sequences along previously occupied shorelines.
These represent the last phases of significantly high lake levels prior to present conditions and
document changing hydrologic conditions through the Holocene. OSL dating circumvents many
of the issues associated with earlier radiocarbon chronologies by directly dating when sediments
were deposited. We construct a chronologic framework using OSL for hydrologic variability in
southeastern Australia throughout the Holocene, and place the 1997-2009 drought conditions in
the context of climate change (Fitzsimmons and Barrows, in press). We have assessed the
luminescence behaviour of the samples with respect to depositional context and age
(Fitzsimmons et al., in press). We are also presently seeking to extend the chronology beyond
the limits of conventional SAR OSL dating through the use of thermally-transferred OSL
(Tsukamoto et al. 2008), and are contributing to the development of this new technique.

The OSL chronology indicates three distinct periods of permanent lake conditions up to 15-18 m
depth over the Holocene period, at approximately 10-8, 6-2.4 and 0.7-0.3 ka, with lower lake
levels occurring in between those events (Fitzsimmons and Barrows, in press) (Figure 1). There
appears to be a trend towards lake regression over this period despite relatively recent high lake



levels. The chronology is broadly synchronous with comparable records of Holocene climatic
variability across southeastern Australia. The preliminary OSL chronology for events older than
the Holocene period shows a striking correlation between lake filling at Lake George and
permanent lake conditions/ high water tables across humid, semi-arid and arid Australia. The
Holocene and oxygen-isotope stage 5 filling events at Lake George correspond to warm
sea-surface temperatures. Lake filling events also appear to correspond to relatively humid
periods between major arid episodes in the desert dunefields of central Australia, also identified
by OSL dating in the luminescence laboratory at the Research School of Earth Sciences
(Fitzsimmons et al. 2007).

Fitzsimmons, K.E., Barrows, T.T. (in press) Holocene hydrologic variability in temperate
southeastern Australia: An example from Lake George, New South Wales, The Holocene.

Fitzsimmons, K.E., Rhodes, E.J., Barrows, T.T. (in press, 2009) OSL dating of southeast
Australian quartz: A preliminary assessment of luminescence characteristics and behaviour,
Quaternary Geochronology.

 

Fitzsimmons, K.E., Rhodes, E.J., Magee, J.W., Barrows, T.T. (2007) The timing of linear dune
activity in the Strzelecki and Tirari Deserts, Australia. Quaternary Science Reviews 26:
2598-2616.

Tsukamoto, S., Duller, G.A.T., Wintle, A.G. (2008) Characteristics of thermally transferred
optically stimulated luminescence (TT-OSL) in quartz and its potential for dating sediments.
Radiation Measurements 43: 1204-1218.
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Figure 1. Holocene hydrological variability at Lake George.



Figure 1. Changes in precipitation (mm/day) and δ18O (per
mil) during the Heinrich-like simulation
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Speleothems are calcium carbonate cave deposits,
such as stalagmites, which potentially yield annual to
decadal records of past climate change.  In the tropics,
changes in the oxygen isotopic composition (δ18O) in
speleothems, which is related to the composition of
local rainfall, indicate that rapid shifts occur in tropical
hydrology during the so-called “Heinrich events.”  The
last glacial period (between 100 and 200 thousand
years ago) was punctuated by these abrupt cool
periods that result from massive iceberg discharges
into the North Atlantic.  Changes in oxygen isotopic
ratios in speleothems are often interpreted in terms of
changes in rainfall amount. Throughout the monsoon
regions, isotopic shifts in speleothems during these
climatic excursions have been interpreted as a
widespread drying though the Northern Hemisphere
and a wetting in the south.

We examine the climatic controls of oxygen isotopes in
tropical precipitation using the GISS ModelE general
circulation model.  Using this climate model, we
simulate a collapse of the North Atlantic overturning circulation as an analogue to a Heinrich event.
Figure 1 shows the changes in precipitation amount and isotopic composition of rainfall during this
simulation.  A decrease in monsoon intensity is simulated over East Asia and India and an increase in
intensity is simulated over South America and Australia.  The drivers of variability in isotopic
compositions are found to be complex and dynamic, linked to large-scale changes in monsoon strength,
water vapour transport, atmospheric mixing and changes in the source of precipitation to a site, and do
not simply reflect local precipitation amount and temperature effects. Ultimately, oxygen isotopes are a
useful recorder of tropical hydrological changes, which can be understood in more detail using climate
models that include water isotope tracers.  




