RESEARCH WITH THE GEOCOASTAL RESEARCH GROUP
This is a non-exhaustive list of possible research projects in the Geocoastal Research
Group (GRG). Please note that most projects can be tailored to suit your passion,
expertise and research program (i.e., Honours, Master’s, Phd), and that are happy to
supervise you on a different project if possible. Come and talk with us if you are
interested in any specific project or other broad research theme.
By undertaking a research project with us, you will become a member of the GRG,
while also interacting with other research groups within and outside of the school as
relevant to your project. Our research students participate in our numerous field
campaigns each year. Therefore, even if your project does not specifically include
fieldwork, you will have plenty of optional opportunities to go to the field. In the last few
years, we have had students participating in exciting fieldwork campaigns in temperate
and tropical coasts around Australia and the world.
Marine Science is a multidisciplinary research area, which at The University of Sydney
mostly comprises Marine Biology and Marine Geosciences. Many of our projects on
marine geosciences link directly with marine biology so your bio/geo background might
be a strength!
Come join us on our quest to undertake Marine Geoscience all around the world!
http://grgusyd.org/
https://www.facebook.com/GeocoastalResearchGroup

GRG’s fieldwork sites around the world
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CORAL REEF GEOMORPHOLOGY
Quantitative geomorphology of the modern Great Barrier Reef/Coral Sea
Supervisor: Jody Webster jody.webster@sydney.edu.au & Tristan Salles
tristan.salles@sydney.edu.au
The project will investigate new and existing high-resolution remote sensing data
(LADS & LADS & multibeam bathymetry data, aerial photographic imagery) to
understand the main processes controlling the geomorphic variation of reef and
associated environments in the Great Barrier Reef and Coral Sea. Using advanced
GIS and 3D visualization tools, we will develop a new quantitative morphologic
characterisation of the reef and inter-reef areas (ie. terraces, banks, sediment
wedges, channels, shoals, sand wave/dunes). We will also explore the relationships
between the benthic habitats/sedimentary facies, the quantitative geomorphic data
and physical processes operating in the GBR and Coral Sea. This project could also
incorporate sophisticated new numerical reef model tools (pyBadlands, pyReef) under
development by the GRG. The project will have implications for improving our
understanding modern reef environments and processes as well enhancing our
knowledge of ancient carbonate platforms.

High-resolution LADS bathymetry data from southern Great Barrier Reef showing
reef and inter-reef areas (data source
http://www.hydro.gov.au/aboutus/lads/lads.htm).
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CORAL REEF GEOMORPHOLOGY
Morphologic evolution of the rubble cays at One Tree Reef
Supervisor: Ana Vila-Concejo ana.vilaconcejo@sydney.edu.au
One Tree Reef in the Southern Great Barrier Reef has two rubble cays: One Tree
Island is located on its SE corner, and Two Tree Island is located on its NE flank. They
are both composed of unconsolidated sediment that is deposited under high energy
conditions. We have a collection of remotely sensed images that can be used to
determine the decadal evolution of the islands; we also have some annual
measurements taken over the last few years using state-of-art techniques such as
real time kinematic positioning systems and structure from movement remote sensing
using kites. This project encompasses analysing the decadal and annual evolution of
One Tree Island in relation with the wave climate and cyclonic events.

[Photo credit: Mosaic obtained using kite imagery S Duce (left) D. Kauffman (right)]

Page 3 of 13

CORAL REEF EVOLUTION
Controls on the evolution of the Great Barrier Reef: linking 4D numerical
modeling and observational data.
Supervisor: Jody Webster jody.webster@sydney.edu.au & Tristan Salles
tristan.salles@sydney.edu.au
This project will investigate the relationship between biological and geological
processes controlling
the evolution (stratigraphic ages, residence times
and
geometries (‘architecture’) of coral reef systems. We will construct new 4D
numerical models using state of the art software (eg.,pyBadlands, pyReef) and
compare them against observational reef data sets from the Great Barrier Reef. We
aim to assess the sensitivity of coral reef systems to various environmental stresses
(eg. sea-level rise, subsidence and sediment flux) acting on different timescales,
magnitudes and rates. The project may also involve field work to One Tree Reef in
the southern GBR to calibrate model parameters and processes against real world
sedimentary and biological examples.

Modelling of One Tree Reef using pyReef and pyReef core
(Salles et al., 2018).
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CORAL REEF EVOLUTION
Understanding the Holocene & Pleistocene evolution of the Southern Great
Barrier Reef
Supervisor: Jody Webster jody.webster@sydney.edu.au
As global climates change the modern Southern Great Barrier Reef (Capricorn Bunker
Group) will likely record the first and most marked biologic and geologic
changes. Therefore it is crucial, now more than ever, to develop a comprehensive
geological framework with which to interpret these possible changes. The project
will focus on a major event in the evolution of this sensitive region of the GBR – the
Holocene “turn-on” between 8-9 ka and the growth of the reef during the Last
Interglacial Period (~125 ka). We will investigate a suite of new and existing fossil
coral cores from the region to: (1) establish the precise timing of reef initiation and
early growth using new C14-AMS and U/Th ages; (2) assess the sedimentogic and
biologic composition (ie. corals, coralline algae) of the reefs; and (3) reconstruct the
paleoceanographic conditions during these important periods in Earth History. The
project may involve field work to One Tree Reef in the southern GBR in order compare
modern sedimentary and biological environments to those observed in the fossil reef
cores. This project is part of the Geocoastal Research Group’s r e c e n t ARC
Discovery project to investigate fossil reef cores from One Tree and Heron
Reef.
http://grgusyd.org/2015/09/01/core-on-deck

A representative massive fossil coral from the One Tree Reef
cores and below image of the “Jack-Up” platform used to
collect new fossil reef cores on Heron and One Tree Reef
(Photo credit: B Dechnik and J. Webster)
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Multi-core parallel tempering for extending BayesReef for modelling reef growth
on geological timescales
Supervisor: Rohitash Chandra rohitash.chandra@sydney.edu.au; Tristan
Salles tristan.salles@sydney.edu.au; Jody Webster
jody.webster@sydney.edu.au;
Estimating the impact of environmental processes on vertical reef development in geological
timescales is a very challenging task. This is due to complex models and data with missing
information. py-Reef Core is a vertical reef growth simulation model for geological
timescales. BayesReef has been proposed to estimate and provide uncertainty quantification
for py-Reef Core which features environmental condition parameters. BayesReef features
limitations when the size of the problem increases due to computational requirements in
sampling and hence only a few parameters were estimated. Parallel tempering (PT) is an
advanced MCMC method suited for irregular and multi-modal distributions. Moreover, PT is
more suitable for multi-core implementations that can speed up computationally expensive
geophysical models. The Honours research project extends Bayeslands using parallel
tempering to estimate dozens of parameters on a synthetic reef core dataset.

Modelling of One Tree Reef growth using pyReef core and
BayesReef (Salles et al., 2018; Pall et al., 2018).
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PHYSICAL PROCESSES AND SEDIMENT DYNAMICS ON REEFS
Wave climate and wave modelling in the Great Barrier Reef
Supervisors: Ana Vila-Concejo ana.vilaconcejo@sydney.edu.au; Tristan Salles
tristan.salles@sydney.edu.au
Historically there has been no offshore wave data acquired at the Great Barrier Reef
(GBR). We have had to rely on world models such as WW3 which use hindcastng
techniques to obtain wave data. Only recently, we have obtained the first wave
measurements offshore the GBR.
With this project, the student will extract and analyse wave data from WW3 and recent
measurements to characterise the wave climate for the GBR. The student will then
analyse historic cyclones and incorporate them to the wave climate. Using existing
bathymetric data from LADS, the student will then create a bathymetric grid that can
be used to propagate waves in the GBR and simulate high-energy events such as
cyclones using widely used models such as SWAN and Delft3D.

[Source: http://www.geog.ucl.ac.uk/admissions-and-teaching/postgraduates/mscenvironmental-modelling ]
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SHELF AND MARGIN EVOLUTION
Sediment architecture and evolution of the upper slope of the Great Barrier
Reef margin.
Supervisor: Jody Webster jody.webster@sydney.edu.au; Tristan Salles
tristan.salles@sydney.edu.au

The project will investigate the sediment architecture and evolution of the upper
slope (~- 150-500 m) of the Great Barrier Reef margin. The project will involve the
analysis of new high-resolution multibeam bathymetry and seismic data from several
sites along the GBR margin. Multibeam bathymetry data will used to generate highresolution 3D maps of the upper slope and investigate morphologic characteristics of
the margin. Seismic reflection data will be used to investigate the nature of the
subsurface including internal structure and geometry of subsurface reflectors and
large scale sediment slope architecture. We will use the state-of-the-art industry
KINGDOMtm software suite to fully integrate all bathymetry, seismic, and new and
existing sediment core data sets. This will provide the comprehensive 3D spatial
framework needed to build new models of the sediment architecture and evolution
of the upper slope in response to sea level variations. This project is part of the
Geocoastal Research Group’s recent RV Sonne (Germany Research vessel)
cruise to investigate the margin of the GBR.

A high resolution Topas seismic reflection profile showing a cross section through the
upper slope of the central Great Barrier Reef. Note the complex system of stacked
fluvial? channel systems [GRG: Unpublished data]
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SHELF AND MARGIN EVOLUTION
Architecture and evolution of the shelf edge reef and slope system in the
southern Great Barrier Reef
Supervisor: Jody Webster jody.webster@sydney.edu.au; Tristan Salles
tristan.salles@sydney.edu.au
The project will investigate the architecture and evolution of poorly studied shelf edge
reef system in the southern Great Barrier Reef. The project will involve the analysis of
new high-resolution multibeam bathymetry, seismic and sediment core data just
collected from shelf and slope off Heron and One Tree Reef in Southern GBR.
Multibeam bathymetry data will used to generate high-resolution 3D maps shelf and
slope. Seismic reflection data will be used to investigate the nature of the subsurface
including internal structure and geometry of subsurface reflectors and large scale
r e e f a n d sediment architecture. Sediment cores will be used to understand their
sedimentologic and chronologic evolution. We will use the state- of-the-art industry
KINGDOMtm software suite to fully integrate all bathymetry, seismic, and sediment
core data sets. This will provide the comprehensive 3D spatial framework that, when
combined with sophisticated numerical modeling (pyBandlands), will enable us to build
new sedimentary models of the evolution of the shelf and slope response to
environmental changes. This project is part of the Geocoastal Research Group’s
recent RV Sonne (Germany Research vessel) cruise to investigate the margin of
the GBR.

Scenes
from
the
recent
RV
Sonne
cruise along the entire
length of the GBR
[GRG:
Unpublished
data]
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MORPHODYNAMICS OF TEMPERATE COASTS
Morphodynamics of estuarine beaches
Supervisors: Ana Vila-Concejo ana.vilaconcejo@sydney.edu.au
Despite the ubiquitous distribution of estuarine beaches, little is known of the short to
long term morphodynamics of these systems when compared to open coast
environments. This is due to the fact that they are often taken as small-scale versions
of their oceanic counterparts. However, recent research shows that they behave in
complete different ways and that the key to their behaviour resides on the ratios of of
the different types of energy (swell waves; wind waves; infragravity energy; tidal
currents) that they receive. In this project, the student will survey the hydrodynamics
and topography of estuarine beaches in the Sydney region, including Botany Bay
and/or the Pittwater estuaries, and will determine the processes inciting geomorphic
change and evolution of these systems.

Fieldwork on estuarine beaches – Botany Bay June/July 2018
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MORPHODYNAMICS OF TEMPERATE COASTS
Morphodynamics of embayed beaches
Supervisors: Ana Vila-Concejo ana.vilaconcejo@sydney.edu.au
This project involves monitoring of beaches on selected Sydney Eastern suburbs
including Bondi Beach. The student will measure the topography of selected beaches
monthly and after storms. The student will use the video cameras located on Bondi
beach to assess daily morphodynamics and data from hydrodynamic deployments.
This project seeks to understand the morphodynamics and headland effects of openocean embayed beaches. Climate change will affect this beaches and in order to
adequately plan for both the short and long-term future, we need to understand the
morphodynamics of these beaches. Current models do not predict the behavior of this
type of beach.

a

b

Sun 19th April 2015, storm clouds gather

d

Wed 22nd April 2015
The clean-up

News.com.au

c

21st

Tue
April 2015
Extreme waves severely erode beach

DailyTelegraph.com.au

[Source: Jak McCarroll]
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MORPHODYNAMICS OF TEMPERATE COASTS
BIOMORPHODYNAMICS OF OYSTER REEFS
Supervisors: Ana Vila-Concejo ana.vilaconcejo@sydney.edu.au; Bree Morgan
bree.morgan@sydney.edu.au
Natural oyster reefs were extinct from NSW estuaries in the late 20th century. But
some of them survived and are still going. While scientists still don’t understand why
some reefs have survived, we suspect that the physical and sedimentary processes
exert some control in whether they survive or not. Oysters are being used all over the
world to remediate contaminated estuaries. With our research we want to understand
the following:
1. What ranges of physical and sedimentary processes, allow oyster reefs to
thrive
2. What are the effects that oyster reefs have on the sediments
3. What are the effects that oyster reefs have on physical processes such as
wave and current attenuation
This research is part of collaborative research with Marine Biology. This is a new,
interdisciplinary, line of research that started in 2018.
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PALEOENVIRONMENTAL CHANGE
Reconstructing paleoclimate variability using fossils corals in the western
tropical Pacific Ocean
Supervisor: Jody Webster (USYD) jody.webster@sydney.edu.au
The climate of the tropical Pacific has a far reaching influence on global climate,
delivering large amounts of heat to the atmosphere, playing a leading role in driving
global atmospheric circulation, and influencing climate far from the Pacific through the
El Niño- Southern Oscillation (ENSO). This project will involve reconstructing short,
seasonally resolved paleoclimate “windows” (eg., sea surface temperature and
salinity) from fossil corals during the last deglaciation (20-10 ka). The project will be
conducted jointly with Dr. Helen McGregor (UOW) at and the student will learn
advanced techniques in geochemistry (eg. paleo-climate proxies - stable
isotopes and trace elements) and paleoclimate data analysis.

Modern sea surface temperate in the Indo Pacifc [Mean annual
SSS/SST: Levitus, 1994].
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