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Geophysics

Automated Interpretation and Machine 

Learning in Mineral and Energy Resource 

Exploration 

 Stuart Clark1 

1UNSW, Sydney 

Interpretation is one of the most labour intensive 

tasks in the exploration of new resources. While 

computers have long been used to aid and guide 

users in their interpretation, geological and 

geophysical knowledge have been essential in 

developing interpretations of complex geological 

structures. With reference to seismic exploration 

in the Arctic, I will show how new techniques in 

machine learning are able to achieve seismic 

interpretations without requiring user interaction. 

This has the potential of maximising the 

extraction of information from the seismic data, 

including making large-scale geological 

reconstructions possible as well as along 

companies to perform extensive risk assessment 

before drilling additional wells in sensitive areas, 

like in the Arctic. 

The interplay of tectonics, eustasy and surface 

processes on the North Slope of Alaska since 

the Jurassic 

Cian Clinton-Gray1*, Sabin Zahirovic1, Tristan 

Salles1, Claire Mallard1, Daniela Garrad2 

1University of Sydney; 2Oil Search LTD 

*gray.cian4@gmail.com 

The North Slope of Alaska is a resource-rich 

region located within the Circum-Arctic. Since 

the Jurassic, the landscape of the region has been 

influenced by its complex tectonic and 

geodynamic history. Although regional 

paleogeographic reconstructions for the North 

Slope of Alaska have been interpreted from the 

geological record, a numerical model showing 

the evolution of the landscape remains elusive. 

Additionally, the influence of complex tectonic 

(including deep mantle flow and crustal flexure) 

and climatic (including sea level) forces on the 

evolution of sedimentary basins has not yet been 

explored through numerical modelling. This 

study presents a quantitative approach to explore 

surface processes on the North Slope of Alaska 

by using the surface process numerical modelling 

code, pyBadlands. It aims to investigate the 

effects of tectonics (including deep mantle flow), 

eustasy and isostasy (including flexure) on the 

landscape development of the North Slope to 

better understand its evolution since the Jurassic. 

This was achieved by linking plate tectonic 

reconstructions to numerical mantle flow models 

to compute time-evolving dynamic topography 

estimates. These estimates were combined with a 

series of temporally and spatially evolving 

tectonic events as well as other tectonic 

parameters including crustal flexure to obtain 

model inputs for vertical plate motions. 

Horizontal displacements were also integrated 

into the models by incorporating plate velocities 

derived from the tectonic reconstructions. The 

models reproduce the sediment depositional 

trends and main provenance areas on the North 

Slope of Alaska as observed from the 

sedimentological record. It was found that both 

deep mantle flow as well as changes in eustatic 

sea level significantly impact the depositional 

patterns observed in sedimentary basins. This 

study presents a transferable workflow that can 

be applied to any region of interest and provides 

valuable insight into understanding the erosional 

and depositional patterns observed in 

sedimentary basins as well as the mechanisms 

which drive their deep-time evolution. 

An improved inversion method of gravity and 

magnetic data for orebody delineation 

Xueyu zhao1*, Zhaofa Zeng2, John Triantafilis1 

1University of New South Wales; 2Jilin 

Univeristy, China 

* xueyu.zhao@student.unsw.edu.au 

Geological structure delineation for orebody 

delineation is vital in energy prospecting. For 

example, within a host rock, a smaller anomalous 

source might exist, which would be the target 

resource. To this end, gravity and magnetic field 

inversions are widely used. However, there are 

problems with existing inversion methods, 

namely unrealistic images from the smooth 

inversion and underestimation of density and 

susceptibility during conventional compact 

inversion. To overcome these issues, we applied 

the l0 to improve the image upon the calculation 

mailto:gray.cian4@gmail.com
mailto:xueyu.zhao@student.unsw.edu.au
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of gravity density and magnetic susceptibility. 

We compare these using 2D numerical modelling 

of small theoretical anomalies in a larger body. 

The results suggested that the improved 

inversion could help to generate more focused 

images of smaller geological structures, with a 

better estimation of density than the two other 

methods. Similar results were achieved when 

considering the improved inversion with 

magnetic susceptibility data. We also applied the 

SL0-MS to real gravity data from Qian’an, 

China, with the results indicating the potential for 

the new inversion approach to provide useful 

data for interpreting real-world iron-ore 

anomalies in sedimentary environments. Our 

work could also be applied for the ore body 

exploration in local areas of Australia. 

Geological reconstruction of the Sydney basin 

using Leapfrog 

Sizah Nawzad1* & Stuart Clark1 

1University of New South Wales 

*sizah.nawzad@gmail.com 

Plate reconstructions are considered key in 

understanding past tectonic activities, mantle 

morphology, hotspot drifting, true polar 

wondering (Gurnis et al., 2012) formation and 

evolution of basins, mineralogical studies and 

orogeny’s. Previously, reconstructions have been 

used for several applications - the role of 

subduction in continental margin development 

(Conrad and Lithgow-Bertelloni, 2002), 

hydrocarbon accumulation (Wang et al., 2018) 

and continental development (Lal et al., 2009). 

Furthermore, tectonic reconstructions can be 

used to answer a myriad of questions that have 

been sparsely looked at in previous studies, 

particularly, how tectonic based basin 

development has influenced past fluid migration 

pathways which have led to large mineral 

deposits within basins. Even though Australia is 

covered by sedimentary basins, there have been 

little studies involving Eastern Australia and 

tectonic based basin formation processes such as 

inversions which may provide the impetus for 

fluid flow. By analysing previous studies, we can 

begin to understand the importance of basin 

genesis and resulting mineralisation, the current 

holes in understanding and how previous 

reconstruction ideas/methods can be used in this 

project. By having a reconstruction of past 

pathways and mineral zones, we can begin to 

understand how tectonic processes have led to 

current mineral deposits, where they are located 

and how we can use this information to study 

potential future deposits by comparing it to 

similar tectonism that exists today. Therefore, 

this study will be focused on recreating the 

geology of Eastern Australia in the form of a 

dynamically evolving feature to capture the 

movement along fault lines, how this has 

influenced basin genesis and accumulated our 

understanding of fluid migration leading to 

mineralisation.  

The project is in collaboration with the 

Geological Survey of NSW and involves a 3D 

animation of NSW, Victoria and Queensland 

geologies from the Devonian until present time, 

utilising Leapfrog and GPlates software. Data 

was acquired from the Geological Survey of 

NSW and involved hierarchical fault attribute - 

with first order faults representing large 

deformation, contraction and extension events -, 

gravity and magnetic resonance data. The fault, 

gravity and magnetic (grav/mag) data was 

imported into Leapfrog to create a static 3D 

model representing major fault systems. Using 

this model, the fault extension and potential 

direction of movement were estimated before 

loading into GPlates. Upon loading into GPlates, 

the animation was created using a series of time 

slices with a time period of the Devonian till 

present. By creating this visualisation, we can 

place Eastern Australia into the global context of 

movement and how the geological processes here 

have affected mineralisation. 

Geochemistry 

What can the occurrence of cheilanthanes in 

the geological record reveal about their 

biological origin? 

Tharika Liyanage1*, Lennart van Maldegem1, 

Dianne Edwards2, Christopher Boreham2, Janet 

Hope1, Jochen Brocks1 

1The Australian National University, Canberra; 
2Geoscience Australia, Canberra  

* tharika.liyanage@anu.edu.au 

The cheilanthanes are ubiquitous in oils and 

bitumens from a range of depositional 

environments and throughout the geological 

mailto:*sizah.nawzad@gmail.com
mailto:*sizah.nawzad@gmail.com
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record. The precursor molecule and biological 

source of this series of biomarkers is unknown 

but, they constitute a large proportion of organic 

matter, highlighting the biological sources’ 

ecological significance. Ratios of particular 

homologs are utilized to distinguish source rocks, 

assess post-depositional microbial degradation 

and to reconstruct paleo-environmental 

conditions. Although the C19-C26 cheilanthanes 

are frequently described in the literature, there is 

little known about the occurrence of long chain 

cheilanthanes (C27-C54) throughout the 

geological record. Studies that have discussed the 

long chained pseudohomologues are biased to 

the Phanerozoic Eon, and there are ongoing 

debates about their paleoenvironmental and 

biological interpretation. To better understand 

the underlying biological system controlling the 

cheilanthane parameters, we examined the 

occurrence and distribution of cheilanthanes 

throughout the geological record. Here we 

present the first compilation of clearly 

indigenous cheilanthanes ranging from the 

Paleoproterozoic and through the Phanerozoic. 

We analysed bitumens and oils from a range of 

depositional environment. We discovered 

patterns that allowed us to test several hypotheses 

relating to the biological origin of cheilanthanes. 

Cheilanthanes are detected in relatively high 

abundances throughout the Proterozoic, thereby 

excluding eukaryotes as the biological origin of 

the precursor molecule. The relative abundance 

of the cheilanthane pseudohomologues has a 

distinct pattern, providing new insights towards 

the enigmatic source of these orphan biomarkers. 

Investigation of uranium isotopes to 

determine their ability to re-construct past 

links between catchment erosion and climate 

change 

Maude Thollon1, Anthony Dosseto1, Samuel 

Toucanne2, Germain Bayon3 

1University of Wollongong; 2 IFREMER 

* malt273@uowmail.edu.au 

In the context of climate variability, it is 

important to understand the change of the 

landscape dynamic. One of the keys to better 

estimate the evolution of sedimentary system is 

to quantify the residence time of sediments in the 

catchment (i.e. the time elapsed since the 

formation of fine grains until final deposition). 

Uranium isotopes, through the uranium activity 

ratio have been used as a tool to quantify the time 

elapse since sediment production in various large 

catchments. However, it is important to 

determine the factors controlling the 

fractionation of uranium isotopes to determine 

whether the uranium activity ratio only reflects 

the time elapsed between the production of 

sediments at the soil interface and their 

deposition at the end of the sedimentary system. 

 A large-scale study of modern river sediments 

worldwide was carried out to determine the 

extent to which parameters such as grain size, 

lithology, elevation and climatic conditions can 

influence the distribution of uranium isotopes in 

fine-grained sediments. While no relationships 

were identified between sediment uranium 

activity ratios and weathering intensity, climatic 

and elevation parameters in corresponding river 

basins, we emphasize on the importance of the 

grain size and the size of the draining area on the 

sedimentary transfer time for river draining 

mostly igneous, metamorphic or volcanic rocks. 

However, in sedimentary basins, we propose that 

erosion of recycled sediments having 

experienced several cycles of weathering could 

mask the influence of the draining area and the 

grain size on the sedimentary transfer time. 

Taken together, the results suggest that the 

fractionation of uranium isotopes mainly reflect 

the time scale of the processes to which the 

sediments have been subjected from weathering 

processes to transport according to their 

lithology. 

Marsupial Menus. δ44Ca variability in 

modern wombats as an exploration of a new 

trophic level proxy for palaeontological 

assemblages 

Dafne Koutamanis1*, Anthony Dosseto1, Gert 

van den Bergh 2, Richard 'Bert' Roberts3 

1Wollongong Isotope Geochronology 

Laboratory School of Earth, Atmospheric and 

Life Sciences Faculty of Science, Medicine and 

Health, University of Wollongong; 2Centre for 

Archaeological Science (CAS), University of 

mailto:malt273@uowmail.edu.au
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Wollongong; 3Australian Research Council 

(ARC) Centre of Excellence for Australian 

Biodiversity and Heritage (CABAH); Centre for 

Archaeological Science (CAS), University of 

Wollongong 

*dsk996@uowmail.edu.au 

During the late Quaternary large vertebrates 

(megafauna) roamed Sahul: mega marsupials, 

large, carnivorous birds and giant, venomous 

lizards paint the picture of a competitive 

environment. While most research focuses on the 

interaction of Late Pleistocene humans with 

megafauna as a group, only few studies regard 

the co-existence and competition between the 

megafauna taxa. Reconstructing food web 

dynamics of extinct Australian megafauna is 

fundamental for understanding their evolution. 

Dietary reconstructions are increasingly made 

through isotope geochemistry, as these methods 

allows for direct evidence of food resource intake 

and, when applied to multiple species of an 

ecological community, provide direct 

information on nutrient flows in ecosystem of the 

past. A novel tool in this is calcium isotope 

analysis (δ44Ca): a proxy for trophic level, or 

food chain. While its applicability has been 

proven in a range of past and present ecological 

communities, it has not yet been studied in 

marsupials. Testing δ44Ca in modern marsupials 

is essential, as there are still uncertainties 

regarding the physiological aspects behind 

calcium isotope fractionation. We applied 

calcium isotope analysis to a modern wombat 

assemblage from Tasmania in order to explore 

the variability of δ44Ca signatures in modern 

marsupial species with known location, 

environment and diet. Dental enamel was 

sampled by drilling along the incremental growth 

lines of teeth at intervals that reflect only weeks 

of the individual wombat’s life. δ44Ca analysis 

was complemented with strontium isotope 

analysis (87Sr/86Sr) as a proxy to roaming 

ranges. The results were further related to 

previously published δ13C and δ18O data 

(Roberts et al. 2019), allowing for direct 

comparison of inter- and intra-individual 

variation in each isotopic system. This multi 

isotope approach indicated the stability of δ44C 

within marsupial herbivores, similar to 

previously published variation for placental 

mammals. The lack of correlation between δ44C 

and 87Sr/86Sr verified the independency of 

geological substrate. In addition, the slight 

variation in δ44Ca compared to the variation in 

δ13C strongly suggested the potential to 

distinguish between grazers and browsers. 

Overall this study shows the potential of δ44C for 

reconstructing food webs of extinct marsupials. 

In the future, a complementary dataset of 

marsupial carnivores from Tasmania will be used 

to investigate the expected trophic level effect. In 

addition, δ44C analysis will be applied to 

megafauna from several sites in NSW in order to 

reconstruct the niches that these species occupied 

and to explore the food web dynamics. 

Geology 

The search for life on Mars: A geological 

perspective from Earth 

Martin Van Kranendonk1 

1Australian Centre for Astrobiology, School of 

Biological, Earth, and Environmental Sciences, 

University of New South Wales Sydney, 

Kensington, NSW 2052 Australia 

“Are We Alone”? and “How Did Life 

Originate?” are the Big Questions that relate to 

understanding our place in the Universe. The 

Australian Centre for Astrobiology, in 

collaboration with research colleagues from the 

University of Auckland and around the world, is 

actively engaged in pursuing these questions 

through investigations of the Deep Time record 

of life on Earth and using this to inform our 

understanding of the setting for the Origin of Life 

and our pursuit in the search for life elsewhere in 

the Solar System. 

The remote Pilbara region of northwestern 

Australia contains the best-preserved, oldest 

record of life on our planet, stretching back to 3.5 

billion years old. This signature of life is manifest 

as the fossilised remnants of microbial 

communities and as chemical traces of past 

metabolic activity. Critically, the results of a 

broad research program show that life was 

already diverse at this time and employed a 

variety of metabolisms to gain energy using a 

range of elements (S, Zn, Ni, H+) and even, 

possibly, sunlight. This supports suggestions that 

mailto:dsk996@uowmail.edu.au
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life originated and evolved rapidly on early 

Earth. 

One of the habitats occupied by this ancient life 

was a terrestrial hot spring field, characterised by 

alternating pH and silica/carbonate effluents. A 

recreation of this setting shows that it contains all 

of the elements required to support a diverse 

microbial community. More importantly, 

however, this ancient setting contains all of the 

critical elements and geochemical and physical 

parameters for complex prebiotic chemistry 

leading to RNA and DNA and thus an Origin of 

Life On Land. 

This new model for the Origin of Life has far-

reaching implications for Astrobiology and the 

search for life in the Solar System; specifically, a 

rocky planet with liquid water and exposed land. 

Such a setting would presumably exclude the 

possibility of life developing on the water-ice 

covered moons of Jupiter and Saturn, but 

promote the chances of life having developed on 

our nearest neighbor, Mars. 

In this talk, I will show how the discovery of 

life’s traces and concentrations of prebiotically 

important elements in a 3.5 billion-year-old hot 

spring setting is transforming the way we think 

about our origins and our thinking about how and 

where to search for life on Mars. 

Distinguishing depositional from post-

depositional phases in fine-grained 

sedimentary rocks; an implication for soil 

formation  

Mehrnoush Rafiei1*, Stefan Lӧhr, Martin 

Kennedy 

1Macquarie University 
*mehrnoush.rafiei@hdr.mq.edu.au 

Clays are the most abundant mineral class in the 

most abundant sedimentary rocks on Earth, 

shales and mudstones. Clay minerals form 

primarily via chemical weathering in 

biologically active soils, and are widely used as 

palaeoweathering proxies. However, clays are 

highly susceptible to post-depositional 

diagenetic alteration, so that it can be difficult to 

distinguish primary vs authigenic/diagenetic 

clays using conventional techniques. The 

development of automated, electron-imaging 

based mineral mapping tools promises to 

revolutionize shale and mudstone petrography. 

What is missing to date is the basic petrographic 

understanding and workflows required to make 

full use of this new technology. In this study, we 

address this gap by defining micron-scale criteria 

to distinguish detrital from diagenetic phases 

within 10 outcrop samples from the Enorama 

Shale, the Brachina Formation, and the Bunyeroo 

Formation in the Adelaide Rift Complex, South 

Australia using an FEI Teneo Field-Emission 

Scanning Electron Microscope system which has 

been custom built to look at clay minerals by 

pairing it with the Nanomin mineral mapping 

system. 

We differentiated the diagenetic vs detrital 

phases based on the mineral’s crystal shape, size, 

orientation, and their relationship with other 

minerals. Grains larger than 5µm with discrete 

and abraded boundaries, subparallel to 

lamination, affected by compaction or cross-cut 

by secondary phases are considered as detrital. 

Diagenetic clay components, by contrast, are 

identified on the basis of hairy crystal 

morphology, random orientation with respect to 

bedding, or radial orientation filling intergranular 

and moldic porosities. Diagenetic phases also 

appear as cement or pseudomorph replacement 

of primary phases where, in some cases, the 

remnant of the primary mineral is still preserved. 

Our results show a different diagenetic history 

for each formation caused by mineralogically 

immature to mature depositional sediments as the 

starting point which resulted from variable 

environmental conditions. The Enorama Shale 

with the highest unstable detrital components 

including feldspar and muscovite was more 

susceptible to diagenesis and shows a high 

amount of pseudomorph replacement of feldspar 

by illite, kaolinite and chlorite. The Brachina 

Formation is mostly affected by chloritization 

appearing as pore-filling and pseudomorph 

replacement of feldspar and mica. The trace 

amount of detrital feldspar and great percentage 

of detrital illite in the Bunyeroo Formation 

strengthened it against diagenesis. Only a minor 

pseudomorph replacement of feldspar by 

kaolinite can be seen where feldspar appears as 

detrital lithic clasts. 
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Our results show a decrease in the quantity of 

unstable detrital minerals and an increase in the 

abundance detrital clay minerals presumably 

formed through a biologically active soil from 

the Enorama to the Bunyeroo. This is consistent 

with previous evidence for the spread of 

terrestrial life during the Ediacaran. 

Geochronology & Hotspots: Focus on East-

Coast Australian Volcanism: With particular 

relevance to the Hoy Basalt, Central 

Queensland  

Nick Raffan1* & Ian Graham1 

1University of New South Wales 

* z8377960@ad.unsw.edu.au 

The generally accepted theory of hotspot 

volcanism is that in terms of plate tectonics, 

hotspots remain stationary with respect to the 

mantle. Lithospheric plates mover over the 

hotspots and from dating the volcanic centers and 

measuring the distance between them, the rate of 

plate movement in centimeters per year can be 

calculated. There are several ways to consider 

geochronology concerning eastern Australian 

volcanoes and lava fields. For instance, age can 

be plotted against northings or eastings. 

Volcanoes may be divided into complex 

volcanoes and lava fields and considered 

separately. Plotting age against northings has 

been particularly revealing. There are many 

anomalies in the data that raise questions 

concerning the validity of fixed hotspots. The 

Hoy Basalt Province in Central Queensland is of 

particular interest to the author. Some volcanic 

plugs contain xenocrysts of corundum, spinel and 

zircon. Some plugs contain large xenoliths of 

mantle rocks. 

Old Rocks Tell Tales: A New Subduction 

Story for the NW Yilgarn  

Irene Koutsoumbis1* & Derek Wyman1 

1University of Sydney 

* irene.koutsoumbis@gmail.com 

Studies of Australia’s Yilgarn craton have 

disproportionately focussed on the resource-rich 

Eastern Goldfields Superterrane. The few studies 

of the western Yilgarn have, until recently, 

overwhelmingly favoured a Mesoarchean to 

Neoarchean mantle plume scenario. 

Increasingly, however, new field studies from the 

NW Yilgarn report subduction-style 

magmatism.The present study investigates 

similarly aged volcanic sequences further south 

in the craton to determine the extent of the 

subduction-style rocks and critically re-evaluate 

the standard plume model. Subduction-style 

rocks are confirmed in the south through the 

presence of boninite rocks. All spinifex textures 

reported are pyroxene spinifex or acicular 

pyroxene found in boninites or Siliceous High 

Magnesium Basalts or High Magnesium 

Andesites. Previously reported komatiites were, 

in all cases, misidentified due to their traditional 

association with spinifex texture. Some basalts 

and andesites, or shallow intrusive counterparts, 

display negative Zr-Hf anomalies that are 

difficult to generate via crustal contamination. 

Trace elements display fluid- and sediment-

derived metasomatic trends consistent with a 

subduction setting. There is no evidence of 

progressive contamination within the data sets 

for study localities, indicating that the 

subduction-style signatures are primary 

magmatic features and not the result of crustal 

contamination. With these findings, we 

determine that subduction plays a key role in the 

Mesoarchean to Neoarchean evolution of the 

Yilgarn craton whereas there is no strong 

evidence for mantle plume processes at this time 

in the Western Yilgarn craton. 

Texture-specific trends in stable isotope data 

from a microbialite reef complex in the c. 2.4 

Ga Turee Creek Group, Western Australia 

Brendan Nomchong1* & Martin Van 

Kranendonk1, 2 

1Australian Centre for Astrobiology and 

PANGEA Research Centre, School of Biological 

Earth and Environmental Sciences, University of 

New South Wales, Kensington, NSW 2052, 

Australia; 2Australian Research Council Centre 

of Excellence for Core to Crust Fluid Systems 

(CCFS), Macquarie University, Sydney, NSW 

2109, Australia 

* b.nomchong@unsw.edu.au 

At c. 2.4 Ga during the Great Oxidation Event, 

the Earth was undergoing great biological and 

environmental change. A dolomite microbialite 

reef complex from the Turee Creek Group 
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(TCG), Western Australia, preserves examples 

of these changes, including the earliest recorded 

occurrences of: complex branching stromatolites 

and thrombolites (Barlow et al., 2016; 

Nomchong and Van Kranendonk, in review); a 

diverse, benthic microbial community in deep 

water black cherts (Barlow and Van Kranendonk, 

2018); and the oldest known phosphorites 

(Soares et al., 2019). 

 Here, we present new stable isotope (δ13C + 

δ18O) data from the TCG microbialite reef 

complex from samples of microbialite, early 

dolomite cements, and dolomitic sedimentary 

rocks (Fig.1). Data analysis reveals the following 

texture-specific trends:  

 1) Samples from stromatolite laminae and 

thrombolite clots have δ13C and δ18O values that 

are statistically similar, reflecting congruent 

depositional and diagenetic histories.  

 2) Early cements that fill primary pore space are, 

on average, more enriched in 13C and 18O than the 

microbialites, whereas herringbone cements that 

fill cavities formed from reef instability are more 

depleted. These differences are interpreted to be 

due to their having precipitated from isotopically 

different waters at respectively earlier and later 

stages of reef formation and burial.  

 3) Dolomitic sedimentary rock samples display 

relatively strong covariance in δ18O and δ13C, a 

trend which is weak or absent in microbialites 

and cements, but that dominates the dataset when 

viewed as a whole. 

 The focus on texture-specific sampling in this 

study allows us to make inferences about the 

environmental conditions during deposition and 

of changing diagenetic fluid compositions that 

would not have been possible using whole-rock 

sampling methods. This data will allow for 

construction of the best model for the formation 

and diagenesis of the reef complex yet, providing 

important paleoenvironmental context for the 

diversity in microbialite and microbial 

communities that have been reported from this 

locality. 

Origin of vein carbonates in a low-

sulphidation epithermal system: a case study 

of the Drake Goldfield, north-east NSW 

Hongyan Quan1* & Ian Graham1 

1School of BEES, UNSW Australia, Kensington, 

NSW 2052 

*hongyan.quan@unsw.edu.au 

The Drake Goldfield, also known as Mount 

Carrington, is located in north-eastern New 

South Wales (NSW), about 5km north-east of 

Drake Village, and about 800km north of 

Sydney, NSW. It contains a number of low 

sulfidation epithermal precious metal deposits, 

containing a current total resource of 23.2 Moz 

of Ag and 341 Koz of Au. These deposits occur 

exclusively within the Drake Volcanics, a 60 × 

20 km NW-SE trending sequence of Late 

Permian shallow volcanics and related 

epiclastics. Drilling of the copper deeps anomaly 

suggest that the volcanics are at least 600 metres 

thick. Although being known and mined for over 

100 years, there have been few detailed studies 

on the deposits associated with the Drake 

Volcanics, with the only comprehensive study 

being that on the Red Rock Field, one of the 

smallest within the larger Drake Goldfield. The 

Drake Volcanics are centred upon a geophysical 

anomaly called “the Drake Quite Zone”, 

interpreted to be a collapsed volcanic caldera 

structure. A total of 92 fresh carbonate samples 

were selected from across the field and at various 

depths. pXRD analysis of these carbonates 

identified five species as follows: ankerite (5), 

calcite (62), dolomite (14), magnesite (8) and 

siderite (2). Overall, δ13CPDB distribution does 

not vary too much, while δ 18Osmow variation 

is highly variable. Carbon and oxygen isotope 

analysis shows that the range of C and O 

compositions for the carbonates are: I ) ankerite: 

δ13CPDB from -9.33‰ to -5.92‰ and δ 18Osmow 

from +5.81‰ to +7.99 ‰; II) calcite: δ13CPDB 

from -21.32‰ to -1.42‰ and δ 18Osmow from -

0.92‰ to +17.94 ‰; III) Dolomite: δ13CPDB 

from -13.02‰ to -5.15‰ and δ 18Osmow 

from+3.40‰ to +10.59 ‰; IV) magnesite: 

δ13CPDB from –8.94‰ to -5.37‰ and δ 18Osmow 

from+8.15‰ to +15.84 ‰; and V) siderite: 

δ13CPDB from -13.71‰ to -10.44‰ and δ 
18Osmow from +14.12‰ to +17.11 ‰. The 

results indicate that the carbon is mainly of 

magmatic origin and little affected by low 

temperature alteration and atmospheric 

precipitation. Calcite shows a widespread near 

horizontal distribution in oxygen isotope values 

suggesting derivation of oxygen from a large 
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range of sources including meteoric, low 

temperature hydrothermal and possibly 

magmatic. For magnesite, the spread in oxygen 

isotope values once again forms a linear array 

towards more positive δ18O values suggesting 

derivation from low-temperature alteration 

fluids. Dolomite and ankerite have similar trends, 

both opposite to that for magnesite trending 

towards more negative oxygen isotope values 

and with much less variation. 

 

 

Impact of Seafloor Diagenetic Alteration on 

Sea Surface Temperature Reconstructions 

fromCoral Skeletons 

Lauren Todorov1*, Mayandi Sivaguru1, Kyle W. 

Fouke, Michael J. Kingsford, Kaitlyn E. Fouke, 

Jeffrey M. Trop, Lee X. DeVille and Bruce W. 

Fouke 

1University of Illinois at Urbana-Champaign, 

Urbana, IL, USA; 2Woese Institute for Genomic 

Biology University of Illinois at Urbana-

Champaign, Urbana, IL, USA; 3Bucknell 

University,Lewisburg, PA, USA; 4University of 

Illinois at Urbana-Champaign, Urbana, IL, 

USA; 5James Cook University; 6Denison 

University, Granville,OH, USA; 7University of 

Illinois at Urbana-Champaign, Urbana, IL, USA 

* laurentodorov@yahoo.com 

Reconstruction of sea surface temperature (SST) 

from the d18O and Sr/Ca composition of coral 

skeletal density banding (CSDB) provides 

invaluable centuries-long records of ocean 

circulation and climate change. Comparison with 

instrument measurements over the last 125 years 

has proven CSDB-derived SST to be reliable. 

However, some CSDB intervals yield SST 

underestimates of as much as 9oC with respect to 

instrument-based SST, while the accuracy of 

SST reconstructions from older and deeper water 

coral skeletons is uncertain. Here we apply high-

resolution optical and electron microscopy to 

determine the impact of sea floor physical, 

chemical, and biological alteration (diagenesis) 

on causing anomalies in CSDB-derived SST. 

Diagenetic aragonite cementation of coral 

skeleton pore spaces in high-and low-density 

bands serves to modify skeletal density and 

CSDB stratigraphy, as well as structurally 

reinforce the coral skeletons. Here we establish 

reliable correction factors for CSDB-

derivedSSTbyapplyingthepercentmixingofdiage

neticaragonitecementwith original skeleton (as 

determined from microscopy) to binary mixing 

models and testing this model with existing 

globally distributed coral d18O and Sr/Ca data 

sets. This new approach will accurately restore 

modern and fossil CSDB-derived SST records 

and indicates that as little as 5% mixing with 

diagenetic aragonite cement will cause SST 

anomalies of 0.9oC. 

Mineralogy, geochemistry and genesis of 

ophiolites and associated economic minerals 

in Waziristan, north-west Pakistan - 

implications for mineral exploration models 

Raham Jalil1*, Bruce Schaefer1, Olivier Alard1, 

Liaqat Ali2, Muhammad Sajid3 

1Macquarie University; 2National Centre of 

Excellence in Geology University of Peshawar; 
3Department of Geology University of Peshawar 

* rahamjalil123@gmail.com 

Collision between the Indian and the Eurasian 

plates in the Early Tertiary, causing the 

Himalayan orogeny has resulted in subsequent 

exposure of ophiolitic sequences in south-central 

Asia. Ophiolites generally occur along the suture 

zones between two plates (Shah, 1984) and 

commonly act as potential hosts for the 

significant ore mineralisation (Prichard, Neary, 

Fisher, & O’hara, 2008; Singh, Tewari, Sial, 

Khanna, & Singh, 2016). The “Waziristan 

Ophiolite” represents the suture zone between 

Indo-Pakistan plate to the South-East and Afghan 

microplate to the North-West. This study aims to 

explore the origin and nature of these ophiolites 

and assess the economic prospectivity of the 

region. Extensive field work was conducted in 

part of the Waziristan Ophiolite near Shinkai area 

and extensive sampling (including eighteen bore 
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hole samples) were collected and returned to 

Macquarie University.  

Petrographic investigations through transmitted 

light microscopy of forty-nine thin sections 

reveal that the area is dominated by mafic to 

ultramafic lithologies. Major lithologies include 

meta-basalt, serpentinite, diorite, meta-gabbro, 

amphibolite, pelagic sediments and less abundant 

felsic rocks (plagiogranite). Reflected light 

microscopy confirms the presence of 

chalcopyrite, pyrite and oxide mineralization 

within various zones of the complex. Elemental 

mapping through µXRF spectrometry has been 

undertaken in order to identify the paragenetic 

sequence of the sulphide mineralisation. This is 

dominantly in the form of calcite±sulphide veins 

which are cross cutting the silicate phases. 

Chalcopyrite with subordinate amount of pyrite 

are the major ore phases associated with calcite. 

These veins are concentrated within the basic 

portions of the ophiolite sequence i.e. meta-

basalts. The restriction of ore minerals to vein 

systems indicates that the mineralisation is 

controlled by low temperature fluids. They could 

represent either remobilisation of crustal 

sulphide from the surrounding terranes or 

derived from mantle related sulphides. Future 

geochemical investigation of these sulphides will 

help us to decipher between these two end-

member’s hypotheses. 
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Phosphogenesis during the Great Oxidation 

Event 

Georgia Soares1*, M. J. Van Kranendonk1,2, E. 

Belousova1 and S. Thomson3 

1Australian Research Council Centre of 

Excellence for Core to Crust Fluid Systems 

(CCFS), Macquarie University, Sydney, NSW 

2109, Australia; 2Australian Centre for 

Astrobiology and PANGEA Research Centre, 

School of Biological, Earth and Environmental 

Sciences, University of New South Wales, 
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of Geosciences, University of Arizona, Gould-
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85721-0077, USA 

* georgia.soares1@gmail.com 

The 2.4-2.3 Ga Turee Creek Group (TCG) in 

Western Australia contains a rare, well-preserved 

stromtolite-thrombolite reef assemblage 

deposited in the immediate aftermath of the Great 

Oxidation Event (GOE). We report here on the 

discovery of sand-sized peloids and pebble-sized 

microbial mat fragments between centimetric 

columnar stromatolites. Petrographic 

examination reveals complex internal textures 

that are defined by mixtures of fine-grained 

apatite, medium-grained dolomite, quartz 

crystals, fine-grained illite and carbonaceous 

matter. These clasts are interpreted to represent 

fragments of a peritidal phosphorite, redeposited 

in an offshore setting during a high energy event. 

Euhedral apatite crystals that line the insides of 

peloids were dated at 2104 ± 70 Ma and 2041 ± 

33 Ma, using two different methods [1]. These 

ages are interpreted to represent the time of 

metamorphic fluid circulation during the 

regional Ophthalmian Orogeny and provide a 

minimum age of the reef complex. Sedimentary 

phosphorites have previously only been recorded 

well after the onset of the Great Oxidation Event 

2.2-2.0 Ga [2, 3]. The presence of a phosphorous-

rich deposit in the TCG, confirms that the 

shallow waters of the stromatolite reef were 

oxygenated in the immediate aftermath of the 

GOE. 

The Influence of Mechanical Stratigraphy on 

the Evolution and Structural Style of Fold and 

Thrust Belts 

Joe Ibrahim1*, Patrice Rey1, Luke Mahoney2 
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Fold and thrust belts (FTB) form as the crust 

accommodates shortening due to compressional 

tectonic forces. They are ubiquitous in orogenic 

systems and have formed throughout geological 

times. FTB are studied extensively due to their 

significance in both hydrocarbon and mineral 

exploration. The structural architecture of FTB 

varies widely and is influenced by a multitude of 

factors including the driving boundary 

conditions, the amount of shortening and the 

level of basement involvement (i.e. thin-skinned 

vs thick-skinned tectonics). 

Here, we focus on understanding the role 

mechanical stratigraphy plays in controlling the 

structural style of FTB. Mechanical stratigraphy 

refers to the mechanical layering, involving the 

succession of competent and less competent 

lithologies, present in a stratigraphic column. 

The mechanical stratigraphy is influenced by the 

thickness, the competence contrast and the 

degree of coupling between sedimentary layers. 

We aim to understand to what extent the position 

and depth of the competent layers within a 

multilayer system controls the overall structural 

style of FTB. We also investigate how 

décollement horizons control the 

accommodation of convergence via strain 

partitioning between décollement and 

detachment faults. We run two-dimensional, 

coupled thermal and mechanical, numerical 

experiments using the Underworld framework to 

explore the effects of mechanical stratigraphy on 

the structural evolution of FTBs. The numerical 

domain is 192 km in length and 38 km in depth, 

with a grid resolution of 500 m. Boundary 

conditions involve pushing a rigid wedge into a 

stack of layers with contrasting mechanical 

properties. The insights from this preliminary 

study are then used to run numerical simulations 

of the Papua New Guinea (PNG) Fold and Thrust 

belt. 

Our models demonstrate the control mechanical 

stratigraphy has on multi-wavelength 

deformation of the PNG-FTB. The effect of 

mechanical stratigraphy is seen at both the 

outcrop and landscape scale. At the outcrop 

scale, deformation of the competent units 

contrasts from the deformation style of the 

incompetent units, creating a set of small-scale 

structures comparable to those seen at the 

landscape scale. The competent units, such as the 

Darai limestone deform via faulting, whereas the 

incompetent Mesozoic sediments tend to fold. 

Models with a calibrated mechanical stratigraphy 

can reproduce structures similar to those found in 

the New Guinea Fold Belt, reveal the structure of 

the lesser constrained areas of the FTB, and 

illuminate subsurface geometry. 

Environmental science 

All models are wrong: testing your 

assumptions 

Ben Mather1* 

1University of Sydney 

With the rapid explosion in big data comes an 

entourage of tools to help interrogate those data 

– however these methods are often shrouded in 

mystery. As scientists we often use models to 

explain our observations, but what if we flip that 

around and we use the data to inform our models? 

Bayes’ theorem formally describes the 

intersection of our observations, the model we 

are solving, and any prior knowledge we have 

about the problem. Simply approaching earth 

science problems in a “data-driven” philosophy 

can help glean new insights into our problem and 

quantify uncertainty and internal relationships 

within our dataset or model. Often it is not just a 

single “optimal” model we are searching for, 

rather to quantify its uncertainty is much more 

desirable. In this talk, I will draw on case studies 

from thermal modelling and tectonic plate 

reconstructions to demonstrate how inference 

can be useful. 

Establishing a spectral library to predict soil 

clay content in cotton growing soils 

Dongxue Zhao1* & John Triantafilis1 

1University of New South Wales 

* dongxue.zhao@unsw.edu.au 

To maintain profitability of cotton growing areas 

of Australia, information of nutrient management 

and water-use efficiency are needed. In this 

regard, information about clay is required. This 

is a time-consuming and expensive laboratory 

analysis to undertake. An alternative is to use 

visible-near infrared (vis-NIR) spectroscopy, 

mailto:joeibrahimgeo@gmail.com
mailto:dongxue.zhao@unsw.edu.au


11 
 

which has shown potential at different scales 

(e.g. local and global). Here, we predicted clay 

using a machine learning algorithm (Cubist) 

from vis-NIR acquired from topsoil (0–0.3 m) 

and subsurface (0.3–0.6 m) in seven cotton 

growing areas. The first aim was to assess the 

ability of soil samples from each area to predict 

clay independently. The second aim was to 

determine the ability of the samples of six areas 

to predict clay in an area withheld from the 

calibration. The third aim was to explore the 

potential to improve prediction using “spiking”. 

The fourth was to determine how much data was 

necessary to establish a suitable library. We 

conclude that establishing a calibration from 

each area independently was more accurate than 

making a calibration from six areas and 

predicting clay from the area withheld from the 

calibration. We also found that improvements in 

model performance were possible using spiking. 

When using samples from topsoil or subsurface 

only, over 93 samples were required to obtain an 

accurate library. We also conclude that a 

combined dataset from topsoil and subsurface 

samples enabled a more consistent set of data 

with no loss of calibration and prediction 

accuracy, especially when considering the 

availability of calibration samples. 

Comparing management zone maps to 

address infertility and sodicity in sugarcane 

fields 

Maryem Arshad1*, Nan Li1, Dongxue Zhao1, 

Michael Sefton2 and John Triantafilis1 

1University of New South Wales; 2Herbert Cane 

Productivity Services Pty Ltd, Ingham Qld 4850, 

Australia 

* maryem.arshad@student.unsw.edu.au 

In the sugarcane growing area of the Herbert 

Valley the soil is inherently infertile with low 

cation exchange capacity (CEC – cmol(+)/kg). It 

is also characteristically high in exchangeable 

sodium percentage (ESP %); moderately sodic 

(6-10 %). To manage these issues, the industry 

developed the Six-Easy-Steps nutrient 

management guidelines to assist farmers 

determine suitable rates of fertilisers (e.g. lime) 

and ameliorants (e.g. gypsum). In this research, 

we explore the use of proximal sensed data from 

a digital elevation model, g-ray (RS-700 

spectrometer) and electromagnetic induction 

(DUALEM-421) instruments to delineate 

management zones (2, 3 and 4) by numerical 

clustering (k-means). We test these digital soil 

map (DSM) derived zones by calculating mean 

square prediction error (MSPE) relative to 

topsoil (0 – 0.3 m) CEC and ESP using restricted 

maximum likelihood (REML). These maps were 

compared with zones based on a traditional soil 

texture map (k = 3) and field-based delineation 

(k = 3). The DSM approach delineated maps of 

zones were more precise given they minimised 

the within field MSPE for predicting CEC and 

ESP as compared to either the traditional soil 

texture map or field-based delineations (k = 3). 

This was especially the case for the DSM of k = 

2 and for CEC (MSPE = 2.20) and the DSM of k 

= 3 for ESP (5.60). Results also showed that 

although various proximal sensed data could be 

used independently, DSM of management zones 

generated using all sources of proximal sensed 

data were most accurate. Differential application 

rates for lime and gypsum could also be 

recommended using the Six-Easy-Steps nutrient 

management guidelines with implications with 

respect to cost discussed. 

Determining an optimal mathematical model, 

sample size and ancillary data to map 

exchangeable calcium and magnesium at the 

field level  

Nan Li1* 

1University of New South Wales 

* nanli404x@gmail.com 

Understanding the spatial distribution of 

exchangeable calcium (Exch. Ca) and 

magnesium (Exch. Mg) at field level is a 

fundamental component in managing fertilizer 

application for sugarcane farming. This 

information can potentially be created by digital 

soil mapping (DSM) protocols; using 

mathematical models to couple soil properties 

and ancillary data (i.e., gamma-ray ( -ray) and 

apparent soil electrical conductivity (ECa)). In 

this research, we aim to show which 

mathematical model (i.e. linear mixed model 

(LMM), regression kriging (RK), random forests 

(RF) and supportive vector machine (SVM)) was 

best, how many samples were required to 

generate an accurate DSM and which ancillary 
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data is most useful. To do this, we collected 182 

soil samples across an irrigated sugarcane field 

(Burdekin valley) with 42 samples removed for 

validation. The remaining 140 calibration 

samples were used along with a Conditioned 

Latin Hypercube Sampling (cLHS) method to 

generate nine groups of calibration data (i.e. 

n=10 – 140) based on ancillary data. The 

comparisons between different models and 

sample sizes were based on calculating Lin’s 

concordance correlation coefficient (LCCC) and 

mean square prediction error (MSPE). Result 

indicate that to predict Exch. Ca and Mg the best 

model in terms of strongest LCCC and smallest 

MSPE was LMM followed by RK, RF and SVM. 

In terms of the number of samples, n = 60 

samples were enough to permit the development 

of accurate predictions of Exch. Ca given all 

models reached large LCCC (> 0.8) and small 

MSPE (< 0.01). In the case of Exch. Mg, a 

minimum of 80 samples were required. 

However, from a farm management perspective, 

30 samples with LMM was satisfactory for 

prediction of Exch. Ca (LCCC = 0.83) and in the 

case of Exch. Mg, 40 samples with were 

sufficient (0.84). With respect to the ancillary 

data sources, ECa data (with LMM and n = 60) 

was more accurate (RMSE = 0.06), less biased 

(ME = 0.003) and had strong concordance (0.85) 

as compared to the use of -ray data alone. 

However, using both ancillary data in 

combination was most accurate (0.05) and had 

strongest concordance (0.87). Similar findings 

were observed for Exch. Mg. 

Oceanography 

El Niño-Southern Oscillation at the mid- to 

late Holocene boundary 

Patrick Wilcox1* & Helen McGregor1 

1University of Wollongong 

* patrick.wilcox96@gmail.com 

El Niño-Southern Oscillation (ENSO) is the 

strongest mode of interannual climate variability 

globally and has significant impacts on global 

climatology, ecology and human livelihoods. 

ENSO events can dramatically re-organise the 

distribution of sea surface temperature (SST) and 

rainfall in the tropical Pacific and teleconnected 

regions and can have significant impacts on 

upwelling, atmospheric circulation and the 

occurrence of extreme weather events (Cane 

2005). Characterising ENSO variability under 

past climate states through paleoclimate records 

can assist in reducing uncertainties in modelling 

ENSO under future climate change scenarios. A 

time period of focus for paleo-ENSO 

reconstruction is the mid-Holocene (8.2-4.2 kyr 

BP). During the mid-Holocene, insolation 

seasonality was enhanced in the northern 

hemisphere due to precessional forcing and 

paleoclimate records indicate substantially 

reduced ENSO variability, although models do 

not replicate this (Tian et al. 2017, Walker et al. 

2012). However, there are limited high-

resolution paleo-ENSO records available from 

the equatorial central Pacific, a key region for 

studying ENSO event development and 

calculation of ENSO indices.  

 This Honours project generated a Sr/Ca record 

from XM35, a fossil coral from Kiritimati Island 

in the equatorial central Pacific that lived for 

175-years between 4.4-4.2 kyr BP from which a 

δ18O record has previously been generated 

(McGregor et al. 2013). Sr/Ca is a proxy for SST, 

while δ18O is a proxy influenced by both SST 

and hydrological variability. Paired 

measurement of these proxies allows a 

deconvolution of hydrological variability 

impacting δ18O and calculation of seawater 

δ18O (Cahyarini et al. 2008). The XM35 Sr/Ca-

SST record indicates a 60% reduction in ENSO 

variance compared to the present-day, consistent 

with other paleo-ENSO records of the mid-

Holocene. Analysis of the temporal structure of 

El Niño events at 4.4-4.2 kyr BP indicates a later 

El Niño peak of February-March compared to the 

present-day peak of November-December, with 

reduced event amplitude. The XM35 Sr/Ca-SST 

record also indicates possible expression of the 

‘4.2ka event’ megadrought in the equatorial 

central Pacific, an abrupt global climate event 

that spanned approximately 4.3-3.8 kyr BP and 

featured significant hydroclimate change in 

tropical/subtropical regions and caused 

somewhat synchronous civilisation collapse 

across several different regions (Walker et al. 

2012). 
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Physical geography 

Reconstructing extreme flood events at 

Nitmiluk Gorge, northern Australia 

Pana Panaretos1*, Chris Turney 1,2, Tim Cohen 
2,3, Geraldine Jacobsen 4, Zoë Thomas 1,2, Matt 

Forbes 2,3, Michael Bird 2,5 

1Palaeontology, Geobiology and Earth Archives 

Research Centre, School of Biological Earth and 

Environmental Sciences, UNSW Australia, 

Sydney, NSW 2052, Australia; 2ARC Centre of 

Excellence in Australian Biodiversity and 

Heritage; 3GeoQuEST Research Centre, School 

of Earth and Environmental Sciences, University 

of Wollongong, Wollongong, NSW 2522, 

Australia; 4Institute for Environmental 

Research, The Australian Nuclear Science and 

Technology Organisation, Locked Bag 2001, 

Kirrawee DC, NSW 2232, Australia; 5Centre for 

Tropical Environmental and Sustainability 

Science, College of Science, Technology and 

Engineering, James Cook University, Cairns, 

Australia 

pana.panaretos@gmail.com 

Reconstructing past floods beyond the 

instrumental record is important to better 

understand the frequency, magnitudes and 

drivers of hydroclimate extremes. The 

radiocarbon (14C) age of fluvial charcoal is 

widely used to constrain the timing of pre-

instrumental flood events. The incorporation of 

detrital or allochthonous charcoal, however, 

means that there is often an offset between the 

14C age of charcoal and the time of deposition. 

This study investigates the sources and 14C ages 

of charcoal preserved in the slackwater deposits 

of Nitmiluk Gorge (14°18’57”S, 132°27’24”E), 

a mixed-fuel tropical ecosystem in northern 

Australia. We utilized the contrasting stable 

carbon isotope composition of grasses (C4; 

δ13C > -16‰) and woody vegetation (C3; δ13C 

< -24‰) to assess differences in the source 

vegetation of size-fractionated charcoal samples. 

The results suggest that most charcoal is wood in 

origin but within individual assemblages, there is 

evidence of mixed fuel sources including a minor 

grass component. Using hydrogen pyrolysis, a 

novel pre-treatment method for charcoal, we also 

explored the 14C age of paired microscopic and 

coarse charcoal size-fractions (n=6) to derive a 

flood chronology. There was no clear evidence of 

systematic 14C age offsets between size-

fractions. Microcharcoal was older than the 

corresponding coarse fraction by up to 400 14C 

years but appeared to provide precise age 

estimates of the historic 1957 and 1998 flood 

events. Our comparative approach of dating 

paired charcoal size-fractions, suggests that 

when there are clear differences in vegetation 

source, microcharcoal containing short-lived 

grass (δ13C > -19‰), may be a more reliable 

target fraction for 14C dating. The 14C flood 

chronology developed in this study suggests the 

occurrence of at least four large magnitude flood 

events over the last 2500 years. These events, 

occurring at approximately 2500, 1100, 600 and 

475 cal BP are comparable to the January 1998 

flood, the largest historical flood event in the 

Katherine River. The Nitmiluk palaeoflood 

record confirms that large magnitude floods have 

occurred at various times in the late Holocene 

and has important implications for future flood 

management and hazard assessment. 

The impact of the Great Barrier Reef 

structure on margin geomorphology and 

sediment transport 

Amanda Thran1, Jody M. Webster 1, Tristan 

Salles1, Adriana Dutkiewicz1, Dietmar Müller1 

1University of Sydney 

* amanda.thran@sydney.edu.au 

The Great Barrier Reef is an iconic feature of 

northeastern Australia’s continental margin. 

Interestingly, the margin appears to contradict 

accepted stratigraphic models for mixed 

carbonate-siliciclastic sedimentation in 

numerous ways, and the reef structure is deemed 

to play a central role. To test the reef’s impact on 

regional sedimentation patterns, we numerically 

simulate the central Great Barrier Reef margin 

over one sea level cycle (~125 ka) using the 

pyBadlands, a surface processes code that 

simulates sediment transport by rivers, hillslope 

processes, wave-driven longshore currents, and 

turbidity currents. Additionally, it incorporates a 

fuzzy logic-based carbonate sedimentation 

component to account for both reef accretion on 

carbonate platforms and in situ pelagic 

sedimentation.  
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We find that in certain places along the shelf, the 

Great Barrier Reef platforms significantly alter 

the trajectories of fluvial sediments over the 

course of a sea level cycle, both halting and re-

routing them. Additionally, we find that the 

transgressive influx of siliciclastic sediments to 

the continental slope and basin can be partially 

explained by 1) longshore drift transport of 

material into shelf-edge channel heads 2) wave 

triggering of turbidity currents. Finally, the reef 

platforms exert significant control on the 

morphology of nearby submarine canyons. 

Through the use of numerical modelling, we 

reaffirm that the reef structure significantly  

affects the sedimentological and 

geomorphological development of the margin in 

its entirety, from the coastal plain to the deep sea. 

130,000 years of climate change in northern 

Australia 

Will Reynolds1*, Tim Cohen, Sam Marx, 

Michael Bird 

1University of Wollongong; 2Centre of 

Excellence for Australian Biodiversity and 

Heritage 

* wgr299@uowmail.edu.au 

Recent research suggests humans rapidly filled 

continental Australia after arrival at 65,000 years 

ago. This raised new questions about the pattern 

of human migration and human impacts on 

megafauna and fire regimes. Resolving these 

questions is the aim of the Centre of Excellence 

for Australian Biodiversity and Heritage 

(CABAH). My research is an integral component 

of the CABAH project because variations in 

climate played a major role in shaping human 

impacts. Existing records of past change in 

Northern Australia are sparse and the pattern of 

change which has emerged is poorly resolved and 

often contradictory. By applying novel 

techniques at little studied sites I aim to derive a 

more nuanced history of climate and 

environmental change than has previously been 

possible. Lake sediments will be interrogated 

with radiocarbon and OSL dating, stable isotope 

analysis and geochemical analysis to derive 

changes in the representation of C3 and C4 

vegetation, phases of lake drying and changes in 

biological productivity.  

By reconstructing changes in climate and 

vegetation in northern Australia over the last 

130,000 years I aim to identify: 1. Evidence of 

changes in the distribution of the major biomes 

of northern Australia driven by changes in 

climate. 2. Changes in temperature and 

precipitation over time along a transect between 

Darwin and Alice Springs. which will help 

answer these questions: 1. Why were the dry 

lakes of Australia's arid zone previously full and 

are they likely to fill under future climate change 

conditions? 2. What was the Australian 

environment like when humans arrived? 3. How 

did humans change the fire regime of northern 

Australia? 4. Which caused the extinction of 

Australia's megafauna, climate change or hunting 

by humans? 5. How has the balance between the 

two main climate systems contributing moisture 

to Australia, the monsoon and the south-westerly 

winds changed over time? 

 

Biogeography 

Devonian Biogeography: maps from overlaps 

Elizabeth Dowding1* & Ebach, M. C.1 

1University of New South Wales 

*e.dowding@unsw.edu.au 

The work of Arthur J. Boucot (1924-2017) is 

foundational to Devonian biogeography. Cited 

over 1000 times and mentioned over 105, 000 

times, his classification of the Old World, 

Eastern Americas, Malvinokaffric realms and 

constituent units have become the framework for 

Devonian biogeographic and faunal studies. This 

study is the first to test and quantify the area 

classification using the distributional data of 

trilobite, brachiopod, and fish taxa across the 

Lower, Middle, and Late Devonian. The biotic 

mailto:wgr299@uowmail.edu.au
mailto:e.dowding@unsw.edu.au


15 
 

similarity analysis of 676 genera (ca. 30, 000 

occurrences) of Late Silurian (Ludlow-Pridoli) 

and Devonian taxa represents the largest 

quantification of distributional data undertaken 

in Devonian biogeography. The Temporal Area 

Approach (TAAp), applied here for the first time, 

failed to recover in the areagram many of the 

realms and regions used by Devonian 

biogeographers, excepting the Mavinokaffric, 

across the entirety of the Devonian. The 

consideration of changing area relationships 

through time offers insight into the contentious 

timing of the closure of the Rheic Ocean. The 

pinpointing of the closure of the Rheic ocean is 

key to the creation of Middle and Late Devonian 

tectonic reconstructions. Additionally, with the 

Submission on Devonian Stratigraphy (SDS) 

reassessing the temporal partitions of the Early 

and Late Devonian, the mapping, stratigraphy, 

and area relationships of the Rheic ocean is 

crucial to reaffirming or challenging current 

designations. 

The Early Devonian Palaeobiogeography of 

Eastern Australasia 

Elizabeth Dowding 

UNSW 

Biogeographical analyses of Devonian 

Australasia (Australia and New Zealand) have 

previously presented a narrative approach to the 

interrelationships of continental faunal 

provinces. Useful for the creation of biotic 

hypotheses, similarities and differences between 

biotic provinces remains untested. This study 

seeks to propose the first regional faunal 

provinces allowing a test of geological and biotic 

hypotheses using Parsimony Analysis of 

Endemicity. The relationships of eastern 

Australasian terranes were tested through the 

hierarchical analysis of faunal composition. 

Biochorologic sub-provinces were proposed 

using geo-spatial computer software and 

analysed through phylogenetic software that 

resulted in the formalisation of 20 biochorologic 

sub-provinces. The relationships between these 

units show a significant holdover of Silurian 

species, the interactions between convergent 

terranes and the continental margin, the distinct 

history of the Lachlan Fold Belt terranes, and 

offers biotic support for the existence of the 

Tasmanian microcontinent Vandieland. 

Palaeontology 

In the footsteps of tyrants: Fossil tracks 

support growth-related gait shifts in 

tyrannosaurid dinosaurs 

Nathan Enriquez1*, Nicolás Campione1, Matt 

White1, Federico Fanti2, Corwin Sullivan3, 

Matthew Vavrek4, Tom Brougham1, Robin 

Sissons3, Phil Bell1 

1University of New England, Armidale, NSW, 

Australia; 2University of Bologna, Bologna, 

Italy; 3University of Alberta, Edmonton, Alberta, 

Canada; 4Cutbank Palaeontological Consulting, 

Grande Praire, Alberta, Canada 

*sizah.nawzad@gmail.com 

Determining the growth patterns of 

tyrannosaurid dinosaurs is a controversial area of 

study within vertebrate palaeontology. Small and 

relatively slender-bodied tyrannosaurids, such as 

Nanotyrannus, have been interpreted as juveniles 

of Tyrannosaurus rex or as a separate taxon. 

Additionally, competing hypotheses argue for 

and against reductions in tyrannosaurid running 

ability with increased age. For the first time, 

footprint data is here used to independently test 

these hypotheses and offers a new perspective on 

the debates. In order to assess how footprint 

shape relates to track size, seven large 

carnivorous dinosaur tracks of different sizes 

from the Late Cretaceous Wapiti Formation in 

western Canada were analysed using 2D 

geometric morphometrics and principal 

components analysis (PCA). Absence of any 

other large carnivorous dinosaurs from the Late 

Cretaceous of western North America indicates 

that the tracks most likely belong to 

tyrannosaurids, and their highly constrained 

spatiotemporal occurrence suggests that they can 

be attributed to either the same or a closely 

related tyrannosaurid species. A significant 

positive relationship between track size and 

footprint robusticity was found. Small tracks tend 

to possess relatively longer toes and smaller heel 

areas, whereas the opposite is observed in larger 

tracks.  
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It is suggested that, for this particular 

tyrannosaurid, there is a shift from relatively 

slender feet in smaller (and presumably younger) 

individuals to relatively bulkier and broader 

adult-sized feet. Such size-dependent differences 

in foot shape are consistent with arguments that 

the more lightly-built Nanotyrannus is a juvenile 

Tyrannosaurus rex and also indicate that juvenile 

tyrannosaurids probably had greater agility 

and/or running abilities than their parents. More 

broadly, these findings ultimately highlight the 

utility of fossil footprints for independently 

testing a range of skeletal- and biomechanical-

based hypotheses within vertebrate 

palaeontology. 

The role of Wet/Dry cycles in the Origin of 

Life 

Luke Steller1*1, M. J. Van Kranendonk1, pall 

thordarson1, Albert Fahrenbach1 and Anna 

Wang1 

1Australian Centre for Astrobiology, and School 

of Biological, Earth and Environmental 

Sciences, University of New South Wales, 

Kensington, NSW 2052, Australia 

* lukesteller@hotmail.com 

Any real certainty about the exact conditions in 

which life formed on Earth can never truly be 

known. However, certain constraints or 

environmental criteria can be established, either 

through ruling out highly improbable Archean 

environments, or through constraining certain 

pre-biotic process to specific conditions. One 

such specific condition that may be vital to the 

origin of life on Earth is the presence of wet and 

dry cycles. These cycles (found in lakes, dew 

drops, deliquescent salts or hot spring pools) 

have been shown to exist on an Earth (Djokic et 

al., 2017) and potentially play a major role in the 

origin of life.  

The first major role wet/dry cycles could play in 

the origin of life is in the polymerization of RNA. 

RNA is considered one of the vital first steps in 

forming a reproducing organism, as it has the 

ability to both carry genetic code (as DNA does 

today) as well as act as an enzyme to make more 

of itself, filling the role of both the instruction 

manual and the tool. One of the most difficult 

steps in the formation of RNA is finding a 

process that can link individual monomers into 

long chains (polymers). Wet/dry cycles have the 

ability to polymerize RNA building blocks, as 

the dry down phase allows for the removal of 

water from the system (which acts as a leaving 

group), then the wet cycle allows for mixing and 

interactions between molecules to promote 

reactions.  

Once the RNA has formed into long chains, 

wet/dry cycles can also play a role in 

encapsulating RNA into lipid vesicles, to form 

the first “proto-cells”. Fatty acids (which have 

been found on the Murchison meteorite) 

spontaneously form cell sized vesicles. These 

vesicles encapsulate any particles dissolved into 

the surrounding fluid, making them a great first 

step towards forming individual units (or cells) 

that can undergo darwinian evolution. However, 

if the RNA is dilute in the solution, how do you 

go about concentrating RNA within these 

vesicles. When a system containing RNA, fatty 

acids and hot spring fluids are dried down and 

then rehydrated, the resulting vesicles can greatly 

concentrate RNA, which can allow further 

interactions and polymerization to take place.  

So, even though our understanding of the Origin 

of Life is still murky, this research is starting to 

narrow down the types of conditions that may be 

crucial to some of the pivotal stages in forming 

cells.  This has massive significance on the way 

we view pre-biotic environments (both on Earth 

and on other planets), as the number of 

“habitable” planets discovered is growing, we, as 

Earth Scientists, need to start working to narrow 

down the environments needed for the formation 

of life. 
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A Juvenile Lambeosaurine (Hadrosauridae) 

Bonebed from the Late Cretaceous of 

Northern Alberta, Canada 

Brayden Holland1*, Nicolás Campione1, Phil 

Bell1, Corwin Sullivan2, Federico Fanti3, 

Matthew J. Vavrek4, Robin Sissons2 
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Alberta; 3Università di Bologna; 4Cutbank 
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A bonebed is an accumulation of vertebrate hard 

parts (bones, teeth, etc.) from at least two 

individuals, preserved within a limited area or 

stratigraphic unit. Of the various types of 

bonebeds, macrofossil bonebeds are dominated 

by specimens greater than 5cm in total length, 

which frequently preserve identifiable 

morphologies that allow detailed assessments of 

anatomy, growth, ecological interactions, and 

overall population-level dynamics. Hadrosaurid 

(duck-billed) dinosaur bonebeds are exceedingly 

prevalent in upper Cretaceous (Campanian-

Maastrichtian) strata from the Midwest of North 

America (especially Alberta, Canada, and 

Montana, U.S.A), but are less frequently 

documented from more northern regions. In 

2018, the Boreal Alberta Dinosaur Project 

rediscovered the Spring Creek Bonebed along 

the northern bank of the Wapiti River, southwest 

of Grande Prairie, Alberta, Canada, which had 

been lost since 1991. Earlier excavations and 

observations of the Spring Creek Bonebed 

suggested that the site was the result of a mass 

mortality event that entombed a group of young 

hadrosaurids. Continued work in 2018 and 2019 

recovered ~300 specimens that include a 

minimum of seven individuals, based on the co-

occurrence of left metatarsal III bones. The 

recovery of cranial elements allows for the first 

definite assignment of the Spring Creek 

hadrosaurids to the subfamily Lambeosaurinae 

(hollow-crested hadrosaurids). The overall sizes 

of the bones found at the site and the lack of 

skeletal fusion support a late juvenile status for 

these animals (<3.5 m in total length), although 

some minor age variation was likely present. The 

exclusive preservation of juvenile 

lambeosaurines suggests that age segregation 

was a viable life history trait utilised by 

hadrosaurids. Diet and physical ability often 

differ between younger and older individuals, 

and the segregation of at-risk members of the 

population can lead to increased overall fitness of 

the main herd. The implementation of dynamic 

life histories, such as age segregation, may well 

have contributed to the highly diverse and 

cosmopolitan nature of hadrosaurids during the 

Late Cretaceous. 

High-latitude neonate and perinate 

ornithopods from the mid-Cretaceous of 

south-eastern Australia 

Justin Kitchener1*, Nicolás E. Campione1, 

Elizabeth T. Smith1, Phil R. Bell1 

1University of New England 

* justinkitchener@gmail.com 

High-latitude neonate and perinate ornithopods 

from the mid-Cretaceous of southeastern 

Australia. Dinosaurs were remarkably climate-

tolerant, thriving from equatorial to polar 

latitudes. In the Northern Hemisphere, eggshells 

and hatchling material confirm that hadrosaurid 

ornithopods were capable of reproducing in polar 

regions and remained resident throughout the 

winter season. However, similar examples and 

interpretations are lacking from Gondwanan 

landmasses. Here we present on two hatchling-

sized non-iguanodontian ornithopod femora 

from the Griman Creek Formation (Cenomanian) 

in New South Wales, Australia. These two 

incomplete proximal femora represent the first 

perinatal ornithopods described from Australia, 

supplementing examples of neonatals and 

slightly older ‘yearlings’ from the Aptian–Albian 

Eumeralla and Wonthaggi formations in 

Victoria. Although histological examination of 

these femora is obviated by opalization (i.e., 

pseudomorphic preservation), gross anatomical 

and size comparisons with Victorian specimens, 

which underwent previous histological work, 

support a perinatal interpretation for the Griman 

Creek Formation specimens. Both Griman Creek 

Formation specimens (reconstructed femoral 

lengths = 37 mm and 45 mm) are estimated to 

have been shorter in length than those from the 

Eumeralla and Wonthaggi formations (minimum 

length = 47 mm). Mass estimations for the two 

femora were 148–252 g, and 209–353 g based on 

their respective femoral circumferences. The 

small size and limited development of features 
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(e.g., a low, crescentic fourth trochanter; absence 

of a distinct fossa trochanteris; absence of 

insertion scars for the M. iliotrochantericus and 

M. caudofemoralis brevis) in the smallest femur 

suggests that it may have been embryonic. 

Despite a period of rapid growth during the first 

few years of life, low body masses (<1 kg for 

‘yearlings’ and ~20 kg at skeletal maturity) 

would have precluded such small-bodied 

ornithopods from undertaking long-distance 

migrations, even as adults. As a result, these 

specimens support high-latitudinal breeding in a 

non-iguanodontian ornithopod in Gondwana 

during the early Late Cretaceous. High-

palaeolatitude ornithopod nesting sites from both 

hemispheres reveals an apparent preference for 

wet, lowland settings suggesting the presence of 

constraints on egg incubation temperatures at 

high palaeolatitudes, although preservational 

biases must also be considered. 

 

 

Diversity and feeding ecology of Australia’s 

southern-mostsauropods 

(Titanosauriformes), Griman Creek 

Formation (Cenomanian), NSW 

Timothy Frauenfelder1*, Phil Bell1, Nic 

Campione1, Elizabeth Smith2 

1School of environmental science, University of 

New England, Armidale, Australia; 2Australian 

Opal Centre, Lightning Ridge, NSW, Australia 

* timothy.frauenfelder@gmail.com  

Almost the entire record of Australian sauropods 

comes from the Early to mid-Cretaceous of 

Queensland and Western Australia, which lay 

between ~45–55°S palaeolatitude. The 

Cenomanian Griman Creek Formation, which 

straddles the New South Wales–Queensland 

border, preserves arguably one of the richest 

Cretaceous terrestrial faunas in the country. 

Although sauropod postcranial elements are 

notably absent, isolated sauropod teeth are 

relatively well represented from exposures near 

Lightning Ridge (New South Wales), offering 

insights into the diversity and palaeoecology of 

these animals at ~60°S palaeolatitude. From a 

sample of 25 teeth, five dental morphotypes were 

identified. Some of this variation we attribute to 

inter- and intrajaw position although other 

distinctive morphologies agree (in part) with 

previous work that indicate the presence of at 

least two taxa of non-titanosaur titanosauriforms 

together with a third taxon of possible 

titanosaurid in the Griman Creek Formation. An 

investigation of dental microwear found only two 

teeth—an artifact of their unusual preservation as 

opal pseudomorphs—with identifiable wear 

features. Differing proportions and arrangements 

of pitting and scratches suggest separate feeding 

strategies, consistent with the hypothesis of 

ecological tiering between sympatric species. 

However, whether or not these findings can be 

generalized to the entire morphotype(s) is 

equivocal because of the limited sample size. 

Nevertheless, the presence of at least two non-

titanosaurid titanosauriforms and a third species 

of titanosaurid in the Griman Creek Formation is 

reminiscent of the roughly coeval Winton 

Formation in central Queensland and implies 

diverse sauropod communities persisted during 

this interval at their most southern recorded range 

in Australia. 

New snail-eating dasyuromorphian from the 

Middle-Miocene deposits of Riversleigh 

Timothy Churchill1*, Michael Archer1, Suzanne 

Hand1, Troy Myers1, Anna Gillespie1  

1University of New South Wales 

* timothy.churchill@student.unsw.edu.au 

Malleodectes nov sp3 is a new highly specialised 

durophagous malleodectid dasyuromorphian 

from Jim’s Carousel Site, a middle or late 

Miocene limestone deposit located within the 

Riversleigh World Heritage Area in 

northwestern Queensland. Here, we present two 

dentary specimens that represent the first 

example of a lower dentition belonging to the 

newly erected dasyuromorphian family 

Malleodectidae. M. nov sp3 possess a 

hypertrophied, dome-like premolar lower 

dentition closely resembling the upper premolars 

of larger malleodectids known from Riversleigh 

deposits of similar age. Comparison with 

previously known malleodectids, dasyurids, 
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thylacinids and family incertae sedis 

dasyuromorphians suggests this taxon and other 

malleodectids are most closely related to 

plesiomorphic dasyurids. Phylogenetic analysis 

using the most up to date morphological matrix 

for Dasyuromorphia weakly supports a 

relationship of M. nov sp3 with plesiomorphic 

dasyurids from Papua New Guinea. Further 

phylogenetic analysis of Malleodectidae 

suggests this group is sister to the monophyly 

inclusive of Dasyuridae, Barinya and the putative 

thylacinid Mutpuracinus archibaldi. Patterns of 

dental attrition via occlusion of a large crushing 

upper premolar hints at a relationship between 

Malleodectidae and Barinya. The dietary 

hypothesis of Arena et al. (2011) is supported by 

morphological comparison to modern snail-

eating lizards from Australia and South America, 

including a proposed mechanism for dietary 

premolar function. The addition of another, 

smaller malleodectid marsupicarnivoran to the 

Australian fossil record adds to the current 

understanding of malleodectid evolution and 

diversity and provides much needed resolution to 

the history of dasyuromorphian evolution during 

the Oligo-Miocene. 

Taphonomy and palaeocommunity analysis of 

LD94 Site, Riversleigh World Heritage Area, 

northwestern Queensland 

Antonia Parker1*, Michael Archer1, Suzanne 

Hand1, Troy Myers1, Anna Gillespie1 

1University of New South Wales 

* antoniaparker296@gmail.com 

Australia has a diverse and unique modern fauna, 

and the Riversleigh World Heritage Area 

provides much of our knowledge about its 

evolutionary history. However, there has been 

less study of how specific taphonomic agents 

have shaped fossil preservation at Riversleigh. 

Focusing on Riversleigh’s relatively unstudied 

LD94 Site, this study describes the LD94 Local 

Fauna (LF), determines LD94’s biostratigraphic 

placement and possible membership within 

recognised palaeocommunities, and identifies 

potential taphonomic agents involved in 

fossilisation of the LD94 assemblage. This adds 

to the deep-time history of Australian fauna 

through enhanced understanding of the 

taphonomic processes operating at one of 

Riversleigh’s richest fossil sites, describes a new, 

highly-diverse local fauna and links it to existing 

palaeocommunities, and highlights areas of 

future research potential including one putative 

new species. 

Paleoclimate/ climate 

Tipping points in the geological past 

Zoë Thomas1 

1The Centre of Excellence for Australian 

Biodiversity, School of Biological Earth and 

Environmental Sciences, UNSW Sydney  

The Centre of Excellence for Australian 

Biodiversity aims to transform our understanding 

of Australia’s natural and human history, and to 

train transdisciplinary researchers. This talk will 

briefly introduce CABAH, before focusing on 

one aspect of the Centre’s research into Earth 

System tipping points. Many sub-systems (such 

as the Antarctic Ice Sheet, high latitude 

permafrost, and ocean circulation) are vulnerable 

to abrupt change through non-linear responses to 

gradual forcing, as a result of underlying system 

dynamics. One of the best ways to identify and 

potentially predict threshold behaviour in the 

Earth system is through analysis of natural 

(‘palaeo’) archives. Specifically, on the approach 

to a tipping point, early warning signals can be 

detected as characteristic fluctuations in a time 

series as a system loses stability. Testing whether 

these early warning signals can be detected in 

highly complex real systems is a key challenge, 

since much work is either theoretical or only 

tested with simple models. This is particularly 

problematic in palaeoclimate and 

palaeoenvironmental records with low 

resolution, non-equidistant data, which can limit 

accurate analysis. Positive feedbacks within the 

Earth system can also amplify global change 

through a ‘tipping cascade’ where the tipping of 

one sub-system may trigger the collapse of an 

inter-connected sub-system. A range of datasets 

are examined here to explore generic rules that 

can be used to detect such dramatic events, 

focusing particularly on the warmer periods in 

the geological past.  

Holocene delta progradation into an epeiric 

sea in north-eastern Australia 

Erin L. Porritt1*, Brian G. Jones1, David M. 

Price1 and Rafael C. Carvalho1,2 
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1School of Earth, Atmospheric and Life Sciences, 

University of Wollongong, New South Wales, 

Australia; 2School of Life and Environmental 

Sciences, Deakin University, Victoria, Australia 

* elp999@uowmail.edu.au 

Progradation of the Quaternary Gilbert River 

megafan and Holocene delta, located in the low 

gradient intracratonic basin and epeiric sea of the 

Gulf of Carpentaria, Australia, has been 

enhanced by the slight fall in sea level during the 

late Holocene. The monsoonal floods and 

channel avulsions on the megafan have 

controlled the rate of progradation and supply of 

sediment to the delta front. The mixed-influence 

delta can be classified as a tide dominated, 

fluvially influenced and wave affected (Tfw) 

delta. Palaeogeographic reconstruction of the 

Gilbert River megafan, delta and 

palaeoshorelines was created through GIS 

analysis of beach and chenier ridges combined 

with field observations, previous cross-section 

data, and radiocarbon and thermoluminescence 

dating. Progradation rates on the Gilbert River 

delta are about 0.9 m/yr in the northern and 

central parts of the delta and increase to 1.8 m/yr 

in the southern part of the delta. Sedimentation 

rates vary from 0.2 to 1.0 mm/yr with a total 

Holocene delta volume of about 9.4 x 109 m3 

and a sediment supply rate of ~1 Mm3/yr. The 

low sediment supply rate is characteristic of most 

Australian river systems but is about two orders 

of magnitude less than on many of the larger 

Southeast Asian deltas. The low onshore and 

offshore accommodation space on the Gilbert 

and Mitchell River deltas is a function of the 

epeiric sea setting of these deltas, and hence the 

thin succession of Holocene sediments on these 

deltas also represent a significant difference from 

most Southeast Asian deltas. 

Paleoanthropology 

How geology underpins archaeology: a case 

study of the Late Pleistocene site of the 

Trader’s Cave, Borneo (East Malaysia) 

Darren Curnoe1* 

1School of Biological, Earth, and Environmental 

Sciences, University of New South Wales 

Sydney, Kensington, NSW 2052 Australia 

*d.curnoe@unsw.edu.au 

The Niah Great Cave located in Niah National 

Park, northeast Borneo, is one of the most 

iconic archaeological areas in Southeast Asia. 

While the history of archaeological research 

there stretches back to the 19th Century, over 

the last 60 years it has played a pivotal role 

internationally in understanding the earliest 

settlement of Southeast Asia by anatomically 

modern humans. Beginning in 2011, a joint 

project between the University of New South 

Wales, Sarawak Museum Department and 

Sarawak Forestry Corporation has been focused 

on extending our understanding of the 

archaeology, geology and cultural heritage of 

neglected areas of the National Park. So far, 

over three field seasons of research at the 

Trader’s Cave, we have extended the 

archaeological and sedimentary record of the 

area beyond 115,000 years ago to include first 

evidence for archaic humans, hundreds of faunal 

remains and more than 1500 pieces of 

artefactual stone. In this talk, I will show how 

geological techniques applied to tropical cave 

sites—through the disciplinary lens of 

geoarchaeology—can provide a rich body of 

data to help address many fundamental 

questions at the core of archaeological research. 
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Panel 

Resourcing a Sustainable Future 

Action on climate change and industry are 

viewed with mixed perception. Given that 

climate change is one of the defining issues of 

our time, how can Earth Scientists, industry, and 

the public come together to change policy? 

Panel Members: 

Ankita Singh: UNSW, Minerals and Energy 

Resources Engineering (MEREs) 

Takwa Tissaoui: USYD, Sustainability 

Infrastructure 

Dr Oliver Kunz: UNSW, Photovoltaics and 

Energy Resourcing 

Dr Zoë Thomas: UNSW, Palaeoclimatology 

 

Mapping the future of Earth Science: 

diversity of practice and practitioners 

Diversity is not the enemy of quality – it is the 

realisation of it. How can Earth Scientists 

encourage a community where everyone feels 

welcome and interdisciplinary endeavours are 

encouraged from school to emeritus professor or 

hobbyist fossil collector? 

Panel Members: 

Karina Judd: ANU, Events and Outreach 

Dr. Sarah Jane Moore: UNSW, Art meets 

Science 

Dr. Joanna Parr: CSIRO, Marine Geoscience 

Dr. Peter Betts: Monash University, Structural 

Geophysics 

 

 


