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INTRODUCTION — 1999 IN REVIEW

Professor David H. Green
Director, RSES

The Research School of Earth Sciences (RSES) has a national role to achieve
excellence in basic and strategic research in earth sciences, emphasising the subdisciplines of
geophysics and geochemistry and their interfaces with geology.  The School has a significant
research training role in relation to graduate students and particularly for postdoctoral
research training emphasising facilities and equipment for research which are unique, within
Australia, to ANU.  The RSES undertakes research on issues which have long-term relevance
to Australian needs or which exploit the unique geographic location of Australia.  In recent
years, RSES has increased its research activities in geological, geophysical and geochemical
processes and on issues of global change and environmental processes.

Through 1999, there was major Government examination of the basis for funding
research in the higher education sector.  This led to publication (December 1999) of a
Government White Paper entitled “Knowledge and Innovation” on research and training in
the higher education sector.  The paper sets out the Government’s policy for higher education
research and research training and is a significant re-organisation of the nature and roles of
the Australian Research Council and of the DETYA programs for funding for research and
training was identified.

The White Paper’s impact on the Institute of Advanced Studies at ANU, and thus on
RSES is considerable.  The negotiations and discussions which followed the earlier discussion
paper released in mid-1999 resulted in the IAS entering the ARC and DETYA-funded
research system along with all other universities.  The price of this entry is 20% of the IAS
research budget and it is expected that the IAS will access:

a) ARC-funded research schemes — large grants, small grants, REIF and fellowships
b) DETYA program including:

Institutional Grant Scheme (IGS)
Research Training Scheme (RTS)
Research Infrastructure Block Grant.

The DETYA program will return funds to IAS on a formula-driven basis with funds from IGS
earnt by “external research income (60%)”, “Higher Degree Research Load (30%)”, and
Publications (10%).  The RTS component is calculated on External Income (40%), Higher
Degree Research Completions (50%), and Publications (10%).

It is expected that approximately 10% of the RSES recurrent budget will be ‘lost’ and a
greater or smaller sum will be returned to RSES by the DETYA program funding.  RSES will
compete for large grants, SPIRT grants, Fellowships, etc. (we already compete for REIF) in
the 2001 round of submissions — for funds to be distributed in 2002.  The first loss of
approximately 3.3% of our recurrent budget to fund this entry is expected to occur in 2002 —
i.e. the approximately 10% contribution to ARC will be phased in over three years beginning
in 2002.

The changes to the role of the Australian Research Council and to the place of the
Institute of Advanced Studies (IAS) within the research funding mechanisms for Australian
universities will have a very significant effect on the way RSES plans its future.  Firstly, the
manifest benefits of the continuation of 80% of the block grant in terms of long-term planning
of research programs and facilities must remain evident in terms of ‘high risk’ research,
reward of excellent staff performance, and maintenance of the unique (in Australia) ability to
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design and construct prototype research equipment.  However, there must be an increasing
effort to attract to RSES high quality applicants for ARC-funded research projects.
Applications for ARC-funded large grants, Special Research Centres, etc. will be required
from RSES staff and collaborative research grant applications from RSES staff and those at
other universities should now be encouraged by ARC.

The model used in the White Paper suggests that RSES should enroll additional PhD
students.  This must be achieved without loss of quality and in a recruiting environment of
diminishing undergraduate enrolments in science.  The current recruitment context is also one
in which employment prospects for earth scientists in major Australian government
organisations or in major minerals and energy exploration companies have decreased, coupled
to increased expectations of specialised consultants.  It is expected that RSES will need to
seek to attract high quality overseas students and will necessarily seek funding for this.  These
significant changes to the way RSES is funded, and competes for growth funding, will be
clarified through 2000.

RSES enters this period of change with the benefit of additional purpose-built
laboratories within a new building (Jaeger 7) completed during 1999.  The building is a direct
outcome of a recommendation of the 1995 ARC/ANU Review of RSES, which recommended
that there should be a purpose-built laboratory for Geophysical Fluid Dynamics (GFD)
research.  This has been achieved, including a large, high ceiling laboratory and a constant
temperature, cool room for multiple fluid mechanics experiments together with attached
workshop and technical support.  The GFD Group staff and the Environmental Geochemistry
& Geochronology staff now occupy the new building, including new purpose-built
laboratories to house two new mass spectrometers for radiogenic isotope and trace element
analyses and associated ‘clean’ chemical laboratories.  A small seminar room in the new
building has been named the A.L. Hales seminar room in honour of the School’s first
Director, Professor Anton Hales.

In 1994, RSES prepared a 10-year Strategic Plan (1995–2004) (published in the 1994
Annual Report) and in that process committed to a review and revision of the Plan in mid-
1999.  The need for revision if the 1995–2004 Plan was emphasised by necessary staff
reductions, and limitations on change, through 1997/98 due to the absence of salary
supplementation to match agreed salary increases for all University staff.

In terms of achievements against its Strategic Plan, the 1999–2000 analysis of the
impact and visibility of published research through analysis of ISI citations, continue to
demonstrate the international recognition of RSES research.  RSES has also increased its
external funding in diverse ways, including successful competition for RIEF funding for
major equipment and contract or collaborative research for external agencies.  The operation
of  Precise Radiogenic Isotope Services (PRISE) as a means of external access to RSES
specialised research facilities particularly for isotope geochemistry, has proved very effective
with, in 2000, four research positions being funded by this means.  The collaboration with
Department of Geology in the area of Economic Geology and Ore Genesis in particular has
been mutually beneficial and has been the means of achieving the Strategic Plan objective of
growth in research related to the understanding of the formation of metalliferous ore deposits.
Similarly, the plan for growth in research activities focussed on global change has been met
by the research efforts in the Environmental Geochemistry, Geodynamics and Geophysical
Fluid Dynamics Groups and by the transfer to RSES from Research School of Pacific and
Asian Studies (RSPAS) of the activities in quaternary research, including 14C and
spectroscopic dating techniques.  This resulted in reorganisation of RSES group structure to
form an Environmental Processes Group led by Professor John Chappell and an
Environmental Geochemistry and Geochronology Group led by Professors M. McCulloch and
R. Grün.

Of the activities which were ‘new’ at the beginning of the 1995-2004 planning period,
the School has enhanced its capacities in the area of dating of recent geological materials to
become the most prominent and diverse national centre for dating of Quaternary to Recent
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materials.  These techniques are absolutely necessary for quantification of global change
processes including climate change, sea-level change and human impacts on the
environment.

The new (in 1994) initiative on ‘Crustal Fluids’ has developed techniques for chemical
analysis of fluid inclusions by laser-ablation ICPMS and for in situ spectroscopic studies of
glasses and fluids using synchrotron beams in Tsukuba, Japan and Chicago, USA.  The
initiative has also progressed with studies of porosity and permeability of fluids and melts
under static high pressure conditions and with additional non-hydrostatic stress.

The acquisition of modern Global Positioning System (GPS) equipment of research
quality has led to field observation programs in Papua New Guinea and in Antarctica.
Observations in Papua New Guinea have defined the kinematics of movements of small
continental blocks and of subduction of oceanic crust.  This information is necessary for risk
assessment and regional planning in this region of high earthquake and volcanic activity.

The acquisition of broad band seismic equipment by RSES was followed by a
successful bid by Australian Geological Survey Organisation (AGSO) and RSES jointly for a
Major National Facility (Australian National Seismic Imaging Resource (ANSIR)) in
1997/98.  The continental scale mapping of the sub-crustal lithosphere and asthenosphere by
seismic tomographic techniques has been completed and more detailed studies, past funded
by the mineral exploration industry, have also been completed or are in progress.

Within the planning period, an initial increase in research support by minerals industry
was followed by a downturn, directly applicable to the closing down of in-house exploration
divisions and scientific expertise by most of the major mineral exploration and development
companies operating in Australia.  However, commercialization of RSES-developed
intellectual property has continued through Australian Scientific Instruments Pty Ltd (ASI),
particularly noting the sales of Sensitive High Resolution Microprobes (SHRIMPs) to
Canada, Japan (2), USA and China.

In revising the 1995-2004 Strategic Plan, a subcommittee of Faculty met in late 1998 to
review the current RSES facilities and research activities and plan for the future, emphasising
both continuity of research strengths and identification of new research opportunities or
priorities.  Through 1999, the document was refined through consultation culminating in a
Planning Retreat, together with members of the RSES Advisory Committee, in November
1999.  The Strategic Plan, 2000-2005, which resulted from this consultation is presented
immediately following this introduction.

With respect to staffing matters, Dr R.W. Griffiths was promoted to Professor during
1999 and Dr V. Bennett was appointed to a continuing level C (Fellow) position.  This
advertisement and appointment was in response to the 1995 Review recommendation on the
need for RSES to address the absence of tenured, senior female staff.  Gender equity issues
were also addressed through adoption of a mentoring scheme for junior academic staff.
Dr Daniela Rubatto was awarded one of five IAS Postdoctoral Fellowships following an
initiative by the Institute Planning Committee (IPC) in 1999.

The PROGRESS IN RESEARCH in RSES in 1999 is summarised within the group and
thematic (Centre for Advanced Studies of Ore Deposits) structure of the School, following the
presentation of the 2000–2005 Strategic Plan.
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RESEARCH SCHOOL OF EARTH SCIENCES - STRATEGIC PLAN

OVERVIEW

The School’s goal is to carry out fundamental research in earth sciences, at the leading
edge and at the highest international levels of achievement, with particular focus on issues
that have long-term relevance to Australian needs and which exploit the unique geographic
location of the continent and adjacent parts of the southern hemisphere.

The School’s research into the structure, origin and evolution of the Earth (solid Earth,
hydrosphere and atmosphere) draws upon strength, established and nurtured through block
funding, in each of the following broad disciplinary fields:

Earth Physics:  physical measurements and mathematical analysis of the structure of the
Earth and of the physical processes operating within the Earth system.

Earth Chemistry:  investigation of the chemical structure and evolution of the Earth and
the nature and timing of terrestrial processes.

Earth Materials:  study of the chemical and physical properties of earth materials under
the conditions of temperature, pressure and stress of the Earth’s interior.

Earth Environment:  elucidation of the chemical and physical processes that operate
within and between the Earth’s hydrosphere, atmosphere and upper crust, and the
establishment of the palaeoclimatic and longer term environmental record.

The School’s expertise in each of these broad fields is described in Appendix II, which forms
an integral part of this Strategic Plan.

When most recently reviewed by an international panel, RSES was described as one of the
leading half-dozen institutions in the world for research in earth sciences (ARC Review, May
1996).  The review also emphasized the complementarity of RSES research strengths to the
more traditional geological research carried out in most other Australian universities.  RSES
intends to remain a world leader in its chosen research activities.  It will also ensure that its
research remains distinctive - complementing rather than duplicating the research strengths in
earth sciences in other Australian universities and scientific institutions.  In particular, RSES
will seek to maintain and enhance its reputation for innovation in instrumentation,
experimental techniques and geophysical modelling.

The 2000–2005 Research Program for RSES draws upon the expertise within the four
disciplinary fields to define the following high-priority research objectives:

Origin and Evolution of the Earth: Mantle, Crust and Hydrosphere — emphasis on
understanding the characteristics of the early Earth, the evolution of the Earth’s
Mantle through time, and the orogenic (mountain-building/erosional/depositional)
cycle — Earth Chemistry focus with contributions from Earth Physics and Earth
Materials.

Structure and Deformation of the Crust and Mantle — seismic imaging of deep crustal
and mantle heterogeneity and complementary laboratory measurement of seismic
properties, precise geodetic monitoring of crustal movements, and 3-D modelling of
geophysical, geological and geochemical processes — Earth Physics focus with
contributions from Earth Environment and Earth Materials.

Fluids, Melts and Mineralisation — studies of the generation and transport of fluids
(including melts) particularly under experimental conditions simulating those in the
deep crust and mantle with implications for the chemical evolution and extraction of
magmas and the formation of metalliferous ore deposits — an Earth Materials and
Earth Physics focus with contributions from Earth Chemistry.
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  Climates, Landforms and Ocean/Atmosphere Dynamics — investigation of dynamical
processes in the ocean-atmosphere system related to climate change, determination
of the historical record of global change, including both human impacts and climate
variability, studies of uplift, erosion and soil production based on isotopic methods
and modelling — an Earth Environment and Earth Physics focus with contributions
from Earth Chemistry.

RSES draws its staff and students from diverse backgrounds notably mathematics, physics,
chemistry and geology, and consequently, the activities within each of the major research
objectives already have a strongly interdisciplinary character.  In order to sustain this
diversity and also achieve a greater degree of integration of these activities, the School is
seeking support from the ANU’s Institute Planning Committee for a new initiative Earth
Dynamics and Global Change  intended to draw together and build upon existing expertise
with a focus on processes affecting the Australian lithospheric plate and its margins.  This
new theme for the School’s research will link tectonic processes and environmental outcomes
and provide a regional focus appropriate for Australia.  Rapid tectonic uplift can result in a
dramatic increase in the rate of erosion, and the profound climatic implications of major
volcanic eruptions in our region were indicated most dramatically in 1816 (“the year without
a summer”) when Tamboura erupted in Indonesia.  The new theme will also provide
distinctive perspectives on current and future climate variability and landscape evolution
through interpretation of the long geological record.  Importantly, adequate resourcing of the
development of the linking theme will integrate the environmentally oriented research
program recently transferred from RSPAS within the mainstream activities of the School.

THE RESEARCH PROGRAM 2000-2005

The School’s assessment of the external context for its Strategic Planning is outlined in
Appendix I.  Following a protracted and widely inclusive planning exercise, the School
wishes to pursue the research priorities identified in the preceding Overview under the
broadly integrative theme of Earth Dynamics and Global Change — thus seeking to take
timely advantage of a combination of new capabilities to

♦ image and interpret the deeper structure of the crust and mantle, principally through
seismic tomography and complementary laboratory data;

♦ obtain high-precision measurements of displacements across faults and strain fields using
Global Positioning Satellite systems;

♦ measure uplift and erosion and sedimentation rates, using cosmogenic and radiogenic
isotopes and a variety of physical techniques to obtain rates of change in surface
environments on timescales of hundreds to millions of years;

♦ use proxy-climatic records provided by natural growth or depositional cycles with annual
periodicity to interpret past climate and environmental conditions, combined with
improved dating precision over the past one million years;

♦ link solid-earth behaviour and surface environments, over short (10–100 years) to long
(105 to 107 years) time scales by development of high-resolution numerical models of
crustal deformation which include landscape evolution and interaction with hydrosphere
and atmosphere.

In this way, the School proposes to maintain the strong tradition of applying the quantitative
methods of the physical sciences to the study of the Earth, that has underpinned its influential
research into the origin, deep internal structure and long-term evolution of the Earth.  This
approach is distinctive within Australia, and the RSES work in geochronology and
seismology in particular has provided the space-time framework within which the geology of
the continent is understood.  Now, building upon existing strengths, the School intends to
focus a progressively greater proportion of its research effort upon the dynamics of the crust
and upper mantle and their coupling with the processes of uplift, erosion, and soil production
that shape the Earth’s surface and its environment.  In so doing RSES seeks to integrate
research activities recently transferred from RSPAS into a coherent environmental geoscience
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program to study related aspects of ocean circulation, long-term climate variability, landscape
evolution, and sustainable land use.

This evolutionary reshaping of the School’s research profile will maintain and enhance its
capacity for basic and strategic research in the earth sciences - a development clearly
consistent with the long-term national interest in a country like Australia whose economic
well-being is authoritatively considered to remain dependent for the foreseeable future, on
minerals, energy and primary resources (land, soil and water-based).  Furthermore, adoption
by the School of the Earth Dynamics and Global Change theme would be an appropriate and
timely response to community concerns with environmental issues, sustainable land use, and
geological hazards in the Australasian region.

The Research Program 2000-2005 is focussed on four high-priority research objectives, each
of which is an important area of investigation in terms of research impact and each of which
is an existing research strength in RSES.  Each of the four research objectives identified in the
preceding Overview, draws on the expertise of several of the School’s four disciplinary fields
and each objective has achievable outcomes within a five-year time frame.  In a later section,
a brief statement describes each of the research objectives more fully.  Current staffing and
funding arrangements although closely targetted are barely sufficient to sustain these core
activities.  Additional funding is required to develop research opportunities with reasonable
speed in a competitive environment and particularly to achieve the synergies which are
implied in the regional and thematic integration, i.e. Earth Dynamics and Global Change in
the Australasian region.

In developing priority objectives for 2000-2005, it is emphasized that the major changes are
necessarily evolutionary in nature.  The School’s expertise in the core disciplines, and its
state-of-the-art research facilities are major assets, built progressively over many years of
relatively secure block funding.  The strategic planning has identified research priorities
which also meet the tests of competitive advantage in terms of capability and responsible use
of prior investments.  For example, the petrophysics facilities used in the past mainly for work
on the high-temperature rheology of crustal minerals have been adapted for studies of the
complex interaction between fluids and deforming rocks and for measurements of high-
temperature seismic properties.  The latter are directly relevant to interpretations of seismic
tomographic images of the mantle beneath the rigid Australian plate and its volcanically
active margins.  Similarly, isotope geochemists and mass spectrometers which in past years
focussed on the ‘First billion years’ of Earth history are currently also providing vital
information concerning natural and anthropogenic factors influencing the Earth’s climate,
landscapes and biosphere during the past 100,000 years.

Strategic Planning in RSES has emphasized the need to maintain and enhance its core
strengths.  The declining budget has required that RSES also identify research activities in
which it is currently or has recently been engaged, often with high visibility, but which must
have low priority for 2000-2005.  Support is being withdrawn from the following research
programs:

• Diamond anvil research at extremely high pressures, directed towards the Earth’s
Transition Zone and lower Mantle.  Staff have been redeployed to higher priority
activities.

• Geomagnetism and palaeomagnetism.  Responsibility for operation of the palaeomagnetic
laboratory, which is the best equipped and most centrally located of three such
laboratories in Australia, has been progressively transferred to AGSO.  In response to
changing priorities both in AGSO and RSES, it has been decided that the laboratory will
simply be maintained in an operational state and monitored over a transition period to
ascertain its viability as a fee-for-service facility.  A small RSES usage, in part with CRC
LEME (Landscape Evolution and Mineral Exploration) will continue on the new basis.
The remaining activities in geomagnetism in RSES will be managed by due process and
consultation with staff concerned.
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• Geochronological research aimed at calibration of the palaeontological/stratigraphic time
scale — this has been a major focus as RSES built up its geochronological facilities but
responsibility for principal carriage of this research theme now resides with AGSO.

• Isotopic, trace-element and geochronological studies of Palaeozoic and Mesozoic granites
in Eastern Gondwana — there is a very large body of work in preparation for publication.
There are significant implications for mineral exploration in Eastern Australia and
research in these directions may be externally funded, particularly through PRISE (Precise
Radiogenic Isotope Services) for isotopic and geochronological data.  Staff in this area
will move their research interests into priority themes.

• Atmospheric physics with emphasis on phenomena observed by infrasonic arrays.
Pioneering work at RSES led to incorporation of infrasound arrays as a major monitoring
component in the Comprehensive Nuclear-Test-Ban Treaty (CTBT).  The key RSES staff
member is seconded to the scientific arm of the CTBT in Vienna.  RSES will discontinue
research in this area leaving the scientific monitoring role to Australian government
agencies.

RSES STRUCTURE AND PROGRAM IMPLEMENTATION

RSES will continue with a non-departmental organisational structure based upon research
groups (currently nine in number), supported by administration, mechanical workshops,
electronics workshop, lapidary and sample preparation staff, and a School IT officer.  The
group structure is based on sub-disciplinary coherence around particular experimental, field
or analytical equipment, dedicated technical support staff and supervision of staff and
students by Group Leaders.  During the period 1997-99 RSES has restructured Groups in
Geochronology and Isotope Geochemistry, Environmental Geochemistry and Environmental
Processes, and appointed staff jointly to several groups.  RSES has also created, with the
Department of Geology, a Centre for Advanced Studies of Ore Deposits (CASOS) led by
Professor Stephen Cox (joint appointment in Department of Geology and RSES).

The implementation of the Strategic Plan is monitored by the Director and Faculty Board with
a program coordinator appointed for each of the four research objectives and a further
coordinator for the integrating theme of Earth Dynamics and Global Change.  A major role
for the coordinators will be to organize at least one workshop each year on each research
objective.  Similarly, the RSES Annual Report will be restructured to include reports on
progress towards each of the four research objectives.

The RSES structure is intended to create a rather fluid matrix in which the desirable attributes
of sub-discipline coherence, peer review, and formal academic supervision are retained in the
Group structure but the imperative for multidisciplinary research to address major earth
science issues is met through more coordination to meet the shared research objectives.

RESEARCH OBJECTIVES

The following four research objectives together encompass much of the work planned by the
School, each drawing upon several of its four areas of broad disciplinary expertise identified
in the Overview.

Origin and Evolution of the Earth - Mantle, Crust and Hydrosphere

• The Search for Origins: Characteristics of the Early Earth and Extraterrestrial
Materials

Focused field, petrological and geochemical studies of ancient (>3.6 billion-year old) rocks
from Greenland, and potentially from Australia, the other southern continents and Canada,
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will be aimed at identifying the best preserved remnants of the early Earth, and addressing the
nature and timing of processes by which the core, mantle, crust, hydrosphere and atmosphere
have evolved.  Additional major questions concerning the temperature of the mantle, global
geochemical budgets, and the origins of life, can be examined through study of these very old
rocks along with selected extraterrestrial samples.

• Evolution of the Mantle and its Dynamical Regime

The evolution of the mantle will be constrained through the integrated interpretation of
isotopic and geological constraints using dynamical models of mantle stirring and chemical
evolution.  The isotopes of the noble gases and of refractory elements provide fundamental
information on the existence, nature, and development of distinct reservoirs in the mantle and
crust.  The modes of convective heat and mass transport in the mantle are the fundamental
drivers of the geological processes that shape, and continually reshape, the Earth’s surface.
The intimate coupling between mantle dynamics, mantle chemistry and convective styles and
transitions will be exploited to determine the nature of the regime responsible for the
formation of ancient mineral-hosting crust.

• The Orogenic Cycle:  Pressure/Temperature/Time Paths for Crustal Rocks

Orogenesis, the process of mountain building and consequent erosion and sedimentation,
results from collisions between lithospheric plates, and plays a major role in the development
and evolution of the continental crust.  The combined research capabilities in experimental
petrology, geochronology and isotope geochemistry, will be utilized to accurately define
pressure-temperature-time paths for crustal rocks from particular, carefully chosen, orogenic
provinces.  The techniques of isotope thermochronology, with measurements that can be
related to rates of uplift, erosion and to the thermal histories of particular metamorphic
terranes, coupled with those of thermometry and barometry based on mineral equilibria, are a
particularly powerful means of studying crustal evolution, which RSES is well placed to
further develop.

Structure and Deformation of the Crust and Mantle

• Imaging and Interpretation of Crustal and Mantle Heterogeneity

Seismic experiments conducted by RSES staff and students, along with   work performed
collaboratively with others using the Australian National Seismic Imaging Resource
(ANSIR), will establish the variations in seismic properties of the deep crust and upper mantle
of the Australian plate and its margins.  RSES will provide particular strength in theoretical
seismology to remove ambiguities in the translation of seismic velocity and anisotropy results
to crustal and mantle models.  The RSES Earth Materials expertise will provide laboratory
characterization of elastic properties, phase assemblages (including partial melt and fluid) and
microstructure which will help to distinguish between thermal and
compositional/mineralogical causes of seismic heterogeneity.

• Precise and Predictive Crustal Dynamics

The GPS methodologies developed in 1995-1999 will be exploited to address problems in
crustal motion and deformation in two distinctly different environments: the deformation zone
between the Pacific and Australian plates, and in eastern Antarctica.  The measurements of
deformation will be integrated with geological and geophysical data and modelling to provide
(i) a predictive model for crustal deformation in Papua New Guinea and the Solomon Islands,
and (ii) constraints on the evolution of the Antarctic ice mass.
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• Dynamic Modelling and Geophysical Inference

RSES will continue to develop mathematical and computational methods for modelling of
Earth processes and for data analysis in 3-D and expand this work to address a variety of earth
science problems at a range of scales.  The recognition of coupling between various
geophysical, geological and geochemical processes requires adaptation of mathematical tools
and of computational methods, calling upon mathematical, physical and geological
knowledge and insights.  The development of “inverse methods” for finding models
compatible with observations will continue to be a major focus of IT efforts in the Earth
sciences.  Similarly, fully 3-D modelling specifically adapted to the constraints and boundary
conditions of the Earth represents the interface between mathematics, computational methods
(IT) and earth models.

Fluids, Melts and Mineralisation

• Petrological and Related Studies

RSES is building upon its expertise in the experimental study of mantle melting with
innovative studies of fluid (including melt) distribution and movement through a reactive
crystalline matrix.  The planned research includes the construction of a comprehensive
thermodynamic model of mantle melting, and the development of an understanding of
porosity/permeability relationships for partially molten upper mantle mineral assemblages,
and of similar relationships for aqueous fluids in deforming crustal materials.  This research
will require the combined facilities of the petrophysics and experimental petrology groups
and involve the development of a new experimental technique, whereby spectroscopy of
individual synthetic fluid inclusions in quartz will be used to determine the speciation of
metallic ions in aqueous fluid at high pressures and temperatures, previously inaccessible to
experimental study.  Further development of fluid dynamical models of magma segregation,
ascent and emplacement is planned.  There is also potential for collaboration with geophysical
fluid dynamicists in modelling of flow through porous media and of the dynamics of melting
and melt extraction.

• Processes Leading to Metalliferous Ore Deposits

The chemical studies of fluids described in the preceding paragraph will provide new insight
into the transport and deposition of copper/gold and other metalliferous ore-forming elements
especially in volcanic environments at active plate margins.  In parallel, the nature of the
coupling between fluid flow and active deformation in the crust will be explored.  In
particular, the relationships between permeability, porosity, deformation, reaction and rock
strength will be quantified with new techniques developed for investigation of chemically
reactive mineral (rock)-fluid systems in the petrophysics high-pressure laboratories.  These
objectives will complement other studies in which the School’s expertise in stable isotopes,
radiogenic isotopes, geochronology and trace elements are being applied to the study of
world-class ore deposits.  These studies of ore genesis are being pursued by staff and students
in both RSES and the Department of Geology within the framework provided by the newly
formed Centre for Advanced Studies of Ore Systems (CASOS).

Climates, Landforms and Ocean/Atmosphere Dynamics

RSES will build upon its existing expertise in fluid dynamics to understand dynamical
processes that govern the Earth’s climate system using theoretical, computational and
experimental techniques.  RSES research effort will also be directed towards identifying and
analyzing past records of climate-related parameters (sea surface temperature, Antarctic ice
cover, regional precipitation, ENSO events, relative sea level) that may quantify variability on
the annual, decadal or hundred year time-scale.  Aspects which are particularly within the
RSES research profile include:
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• the identification and understanding of dynamical processes in oceans and atmosphere
that govern the Earth’s climate system with emphasis on laboratory modelling of ocean
processes at all scales.

• use of various complementary dating techniques to assign ages to significant events,
including human impacts and biological extinctions, and to determine rates of geological
processes.

• development and application of methods to determine rates of soil formation and
denudation, as a component of the quantification of landscape evolution, essential for
progress towards sustainability of land use patterns.

• study of the carbon cycle, including particular attention to carbon retention in soil, and
carbon precipitation and solution in aqueous environments.

• establishment of regional proxy-climate records, especially for the last million years.

• quantification of the roles of tectonics, climate and human activity on landscape
evolution, through the application of modelling techniques in conjunction with field
observations and application of dating techniques.

APPENDIX I:  THE CONTEXT FOR STRATEGIC PLANNING

The forward planning for RSES seeks to integrate two imperatives, excellence and leadership
in basic research in significant disciplines within Earth Sciences, and societal expectations of
earth science research in terms of global and national needs and priorities.

The major societal expectations of earth sciences research in its broadest sense over the
next 20-30 years will include:

✿ Further development of basic knowledge and understanding of the origin and evolution of
the Earth, including the biosphere, recognizing that the Earth is the cradle of life and of all
human activities.

✿  Understanding of complex Earth systems at levels adequate for monitoring, prediction,
and response to environmental change, including global effects (e.g. climate change) and
local impacts.

✿  Understanding of Earth processes and behaviour at levels appropriate for improved
identification, prediction and response to natural hazards and potential natural catastrophic
events.

✿ Providing the scientific knowledge which underpins the maintenance of supply of natural
resources, including hydrocarbons and minerals, and the development of innovative
minerals-based materials for industrial, domestic and civic purposes.

Particular responsibilities for RSES lie in basic and strategic research and relate to:

❖ The Australian continent, its geophysics and geochemistry

❖ Australia in the global context of earth sciences, but particularly in relation to its regional
setting, including Antarctica and Southwest Pacific.

❖ The Australian environment and the dating of its prehistory.
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THE RSES ROLE

Basic research in the Earth Sciences in RSES will continue to be centred on

• Applications of physics, chemistry and mathematics to the study of Earth materials, Earth
processes and Earth history, in concert with geological studies.

• Observations and measurements using sophisticated techniques, often newly developed
within RSES, to establish the three-dimensional and time-varying character of the Earth.

• Experimental studies and modelling of Earth processes.

As a block-funded and program-oriented institution within the Australian Higher Education
sector, and with a heritage of investments in particular facilities and subdisciplines, RSES has
the obligation to achieve:

✳  Optimal use of facilities for basic research purposes, but also ensuring that research
collaborations between Research Schools and Centres within the University continue to be
fostered.

✳  A collaborative support role for earth science departments in other universities, where
appropriate.

✳  Close collaboration with the Australian Geological Survey Organisation (AGSO), and
other Government Institutions with interests in the earth sciences.

✳  Appropriate cooperation in the use of research facilities and programs with the
Department of Geology and other departments in The Faculties at ANU, including shared
responsibility for some specialist teaching and Honours supervision.

✳  Maintenance of the focus of the block-grant funding on basic research, together with
enhancement of co-located and externally funded strategic and applied research.

✳  Maintenance of international links, including encouragement of visitors to RSES to
include visits to other universities.

✳  Enhancement of short term exchange programs with other universities and scientific
institutions.


