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INTRODUCTION — 1999 IN REVIEW

Profescor David M. Gereen
Director, RSES

The Research School of Eanh Sciences (RSES) has a pational role 1o achieve
excellence in basic and strategic research in earth sciences, emphasising the subwlisciplines of
geophysics and geochemisiry and their interfaces with geclogy. The School has a significant
rescarch training role in relation to graduate siudents and particularly for posidoctoral
research training emphasising focilities and equipment for research which are unigue, within
Australia, 1o ANU. The RSES undertakes research on issues which have long-term relevance
1 Australian needs or which exploit the unique geogruphic location of Australia. In recent
vears, RSES has increased its rescarch activities wn sgical, 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
rescarch in the higher education sector. This led 1o publication (December 1999) of a
Government White Paper entitled “Knowledge and Innovation™ on research and training in
the higher education sector. The paper sets oul the Government's policy for higher education
research and rescarch training and is a significant re-organisation of the nature and roles of
the Australian Research Council and of the DETY A programs for funding for research and
traimimg was identified.

The White Paper's impact on the Institvle of Advanced Studies st ANU. and thus on
RSES is considernble. The negotiations and discussions which followed the earlier discussion
paper rebeased in mid-1999 resulied in the TAS entering the ARC and DETY A-funded
research system abong with all other universities. The price of this entry is 20% of the IAS
rescarch budget und it is expected that the LAS will acoess:

a) ARC-funded research schemes — large grams, small grants, REIF and fellowships
b DMETY A progrom inchedimg:

Instiational Grant Scheme (1G5]

Research Training Scheme (RTS)

Research Infrustructure Block Grand,

The DETYA program will return funds 10 IAS on a formula-driven basis with funds from 1G5
earmt by “external research income (60%)°, “Higher Degree Research Looad (300", amd
Publications {10%), The RTS component is calculated on External Income (400%). Higher
Degree Research Completions {50% ), and Publications (10%).

It is expected that approximately 10% of the RSES recurrent budget will be ‘lost’ and 3
greater or smaller sum will be retumed to RSES by the DETYA program funding, RSES will
compete Tor large grants, SPIRT grants, Fellowships, etc. (we already compete for REIF) in
the 20001 round nlgnuhmiﬁsiuns — For funds w be distribuied in 2002, e first Ioss of
approximately 3.3% of our recarrent budget 1o fund this eniry is expected to occur in 2002 —
i.caﬁnwmlhﬂﬂlﬂ}' 10% comtribution to ARC will be phased in over thiee years beginmng
im 2002,

The changes 1o the role of the Ausirmlian Research Council and 1o 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 lerms of long-term planning
of research progroms and facilities muast remain evident in terms of “high risk” re
reward of excelient staff performance. and maintenance of the unique (in Australia) sbility o

A
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design and construct prototype research equipment, However, there must be an increasing
effort 1o atrect to RSES high quality applicants for ARC-funded research projecis,
Applications for ARC-funded large grants, Special Research Centres, ete. will be required
from RSES staff and collaborative research grant applications from RSES staff and those ad
other universities should now be encouraged by ARC.

The model used in the White Paper suggests that RSES should enroll adsditional PhiD
students, This must be achieved without loss of quality and in a recruiting environment of
diminishing undergraduste enrolments in science, carenl recruitment comest is abso one
in which employment prospects for carth scientists in major Ausiralian governmeni
organisations of in major minerals and energy exploration companies have decreased, coupled
1o increased expectations of specialised consultants. 1t is expected that RSES will peed 10
seek 1o attrace high quality overscas siudents and will necessarily seck funding for this. These
significant changes 1o the way RSES is funded, and competes for growth Tunding, will be
clarified through 2000,

BSES enteérs this period of L‘hﬂﬂﬁc with the benefit of additional purpose-hailt
taboritorics within a new building (Jaeger 7) completed during 1999, The building is u direct
come of o recommendation ur;glh: 15995 ARCAAND Beview of RSES, which recommended
that there should be a purpose-built laboratory for Geophysical Fluid Dynamics (GFD)
research. This has been achieved, including o large, high cetling Inboratory and a constant
temperature, cool room for multiple Nuid mechanics experiments together with atached
warkshop and 1echnical support. GFD Growp staff and the Environmental Geochemisiry
& Ceochronology stall now occupy the pew building. including new purpose-built
laboratories 1o house two new mass specirometers for radiogenic isoiope and trace element
analyses and associated “clean’ chemical laboratories. A small seminar room in the new
building has been named the AL, Hales seminar room in honour of the School's (it
Directsr, Professor Anion Hales.

In 1994, RSES prepared a 10-year Strategic Plan (1995-2004) (published in the 1954
Annual Report) and in that process committed 1o a review and revision of the Flan in mid-
1999, The need for revision if the 1995-2004 Plan was emphasised by necessary siaff
reductions, and limitations on change, through 199798 due to the absence of silary
supplementation to match agreed salary increases for all University staff.

In terms of schievements against its Strategic Plan, the 19992000 analysis of the
impact and visibility of published research analvsis of 15] cirations, continse to
demanstrate the international recognition of RSES research.  RSES has also increased its
cxternal funding in diverse ways, including successful competition for RIEF funding for
mjor equipment and contract or collaborative research for external agencies. The operalion
of Precise Radinim:': Isotope Services (PRISE) as o means of external sccess o RSES
specialised research facilities particularly for ispope hemiistry, has proved very effective
with, in 206000, four research positions being funded by this means. The collaboration with
Depanment of Geology in the ares of Economic Geology and Ore Genesis in particular has
been mutually beneficial and has been the means of achieving the Strategic Plan objective of

rowth in research reluted 1o the understanding of the formation of metalliferous ore deposits.

imilarly, the plan for growih in research activities focussed on global change has been met
by the research effons in the Environmental Geochemistry, Geodvnamics and Creophysical
F;u'ul mics Groups and by the transfer 1o RSES from Research School of Pacific and
Asian Swdics (RSPAS) of the activities in quaternary research, including "“C und
spe:mcuEh: dating techniques. This resulied in reorganisation of RSES group structure o
form an Environmental Processes Group led by Professor John Chappell and an
?mmmm Geochemistry and Geochronology Group led by Professors M. McCulloch and

. Cirilim,

OfF 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 recen cgical materials 1o
become the most prominent and diverse national centre for dating of Quatemary to Recent

xi
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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
envirnnment

The new {in 1994) inifistive on "Crusial Fluids' has developed techniques for chemical
analysis of Nuid inclusions by laser-ablation ICPMS and for fa site spectroscopic studies of
glasses and fluids using synchrotron beams in Tsukuba, Japan and Chicage, USA. The
initintive has also progressed with studies of porosity and permeability of fuids and melis
under static high pressure conditions and with additional non-hydrostatic stress.

The scquisition of modern Global Positioning System (GPS) equipment of research
wality has bed 1o field observation programs in g‘:pun Mew Guinea and in Antaretica.
bservations in Papua New Guinen have defined the kinematics of movements of small

cominental Blocks and of subduction of oceanic crast. This information 1s necesaary for nsk

wssessment and regional planning in thas region of high carthquake and volcande sctivity.

The scquisition of broad band scismic equipment by RSES was followed by a
suceessful bid by Ausralian Geological Survey %ﬂlnii:}q {AGSD) and RSES joinily for a
Major National Facility {Australian Nasonal Seismic Imaging Resource (ANSIR)) in
1997198, The continenial scale mapping of the sub-crustal lithosphere and asthenosphere by
seismic tomogrphic techniques has been completed and more detailed studies. past funded
by the mineral exploration indusiry, have also been completed or are in progress.

Within the plannking period, an initial incresse i research support by minerals industry
was followed by a downiurn, direcily applicable to the closing down of in-house explortion
divisions and sclentific expertise by most of the major minernl explosation and development
companies operating in Australia.  However, commercialization of RSES-developed
intellectual property has continued through Australian Scientific Instruments Py Lid (ASD),
Efmiu,:ulqu:j- noting the sales of Sensitive High Resolution Microprobes (SHRIMPs) 10

anada, Japan (2), USA and China

In revising the 1995-2004 Strategic Plan, o subcomminse of Faculty met in late 1959 1o
review the current RSES facilities and research activities and plan for the fulure, emphasising
both continuity of research strengths and identification of new research opportunities of

forities. Throagh 1999, the document was refined through consuliation culminating in a

anning Retreal, together with members of the RSES Advisory Committee, in November
1999, The Strategic Plan, 2000-20035, which resulied from this consuliation is presented
immedintely following this inrodection.

With respect 1o staffing matiers, Dr R.W. Griffiths was promoted 1o Professor during
1999 and Dr V. Bennett was appointed 1o a continuing level C (Fellow) position.  This
advertisement and appointment wis in response o the 1995 Review recommendation on the
peed for RSES 10 address the absence of tenured, senior female siafi, Gender equity issues
were also addressed through adoption of a mentoring scheme for junior academic staff,
D Dramiels Bubatig was awarded one of five 1AS Postdoctoral Fellowships following an
initizive by the Institute Planning Commities (IPC) in 1999,

The PROGRESS TN RESEARCH in RSES in 1999 is summarised within the group and

thematic (Centre for Advanced Studies of Ore Depositsd struciure of the School. following the
presemation of the 20002003 Strategic Plan.

xiii
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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 #t the highest international levels of achievement, with particular focus on issues
that have long-term relevance to Australinn needs and which exploit the unigue geographic
location of the continent and adjacent paris of the southemn hemisphere,

The School’s research into the structure, origin and evolution of the Earth (solid Earih,
hvdrosphere nd n:mmrp‘rl-:mi draws upon strength, established and nurmosed through hlock
funding. in each of (he following broad disciplinary Gelds:

Earth Plysics: physical measurements and mathematical analysis of the structure of the
Earth and of the physical processes operating within the Exrth system,

Earth Chemistry; investigation of the chemical structure and evolution of the Earth and
the mature and timing of termestrial processes.

Earth Materfals: study of the chemacal and physical properties of eanh materials under
the conditions of temperature, pressure and stress of the Esrth's interior,

Earsh Environmens: elucidation of the chemical and physical processes that operate

within and between the Eanh’s hydmf.flum. almasphere and upper crust, and the
establishment of the palacoclimatic and longer term environmental record.

The School’s expertise in cach of these broad fichds is described in Appendix 11, which forms
an integral panl of this Strutegic Plan.

When most recently reviewed by an inernational panel, RSES was described as one ol 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
mre traditional geological research carmed oul in most other Ausizalian universities. ESES
intends to remin a world leader in its chosen research activities. 1 will also ensure that its
research remains distinctive - complementing rather than duplicating the research strengths in
earth sciences in other Australian universitics and scientific institutions. In pamicular, RSES
will seck to maintain and enhance its reputation for innowvation in instrumentation,
experimental technigques and geophysical modelling.

The 20(0-2005 Research Program for RSES draws upon the expertise within the four
disciplinary fields to define the following high-prionity research ohjectives:

Exrigin and Evoliwtion of the Earth: Mantle, Crust and Hydroxphere — emphasis on
understanding the characteristics of the carly Eanh, the evolution of the Earih's
Manth through time, and the orogenic (mountain-building/erosionalidepositional)
H‘ule T.j_,.,, Eurth Chemistry focus with contributions from Earth Physics and Earth
slatenads,

Structure and Deformation of the Crust and Manile — seismic imaging of crustal
and mantle heterogeneity and complementary laboralory measurement of scismic
properties, Eru:iﬂ: geodetic monionng of crustal movements, and 3-D modelling of
geophysical, geological and geochemical provesses — Eanh Physics focus with
contributions rom Earth Environment and l£u-r.h Materzals,

Fluids, Melts and Mineralisation — studies of the generation and transpon of Muids
(including mehs) particularly under experimental conditions simulating those in the
deep crust and mantle with implications for the chemical evolution and extraction of
mirgmas and the formation of mealliferous ofe its — an Eanh Matermals and
Earth Physics focus with contributions from Earth Chemistry,
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Climates, Landforms and OceanArmosphere Dynamics — investigation of dynamical
processes in the mun-ahﬂwﬁahfm system related 1o climate change, determination
of the historical record of global change. incloding both human impacts and climale
variahility, studies of uplift, erosion and soil ctaon based on isotopic methods
and modelling — an Earth Environment and Eanh Physics focus with contributions
from Earth Chemisry.

RSES draws its 9aff 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¢r¢mer degree of integration of these activities, the School is
secking support from the ANU's Instinte Planning Committee for a new initiative Earth
Dynamics and Global Change inended 1o draw together and build upon existing expertise
with a focus on processes affecting the Avstralian hthosphenic plate and its margins, This
new theme for the School’s pesearch will link tectonic processes and environmental Gulcomes
and provide a regional focus n]ifwm'im:t for Australin. Rapid tectonic uplift can result in a
dramatic increase in the rate of erosion, and the profound climatic implications of major
voleanic cruptions in our region were indscated most dramatically in 1816 ("the year withoat
a summer’) when Tamboura erupted in Indonesia. The new theme will also provide
distinctive perspectives on current and future climate varability and landscape evolution
through interpretation of the long geological record. Imponantly, adequate resourcing of the
development of the linking theme wﬁ integrate the environmentally onented research
program recently transferred from RSPAS within the mainstream activities of the School,

THE RESEARCH PROGRAM 2000-2005

The School’s pssessment of ihe external comest for s Swrategic Planning is cuthined in
Ap nkix 1, Following o protracied and widely inclusive planming exercise, the School
wishes 1o pursue the research priorities identified in I:h-:(?rcl:cding Overview under the
broadly integrative theme of Earth Dvnaniics and Global Change — thus seeking 1o take
imely advanizge of a combination of pew capabilities 1o

+ image and interpret the decper structure of the crust and mantle, principally through
seismic fomography and Lwnpi:n'-rnml}' laboratory data; : ;

« obtain high-precision measurements of displacements across faults and strain Gelds using
CHaobal Posiuoning Soiellile svatems;

o  measure uplift and erosion and sedimentation rales, using cosmogenic and radiogenic
isotopes and a variety of physical technigues 1o obtain rates of change in surfuce
envirenments on Umescales of hundreds o million of yess:

s use proxy-climatic records provided by natural growth or depositional cycles with annual

riodicity o interpret past climate and environmental conditions, combined with
iproved dating precision over the past one million years;

» link solid-carth behaviour and surface environments, over shor { 101080 years) 1o lomg
(10 1o 107 years) time scales by development of high-resolution numerical madels of
crustal deformation which inc landscape evoluion and ineraction with hydrosphere
anad stmosphere.

In this way, the School propeses to maintain the strong tradition of applying the quantiative
mithods of the physical sciences 10 the study of the Earth, that has underpinned its inflaential
rescarch into the ongin, deep imternal structure and ngﬁaln‘m evolution of the Exnth, This
approach is distinctive within Auvstralio, and the RSES work in geochronology and
seismology in particalar has provided the space-time framewaork within which the ﬂ"“ﬁ yoof
the continent is understood. Now, building upon existing strengihs, the School intends 1o
focus a progressively greater proportion of its research effon upan the dyvaamics of the crust
anid uﬁrr manthe and their coupling with the processes of uplift, erosion, and sofl production
that shape the Eanh’s surface and its environment. In so doing RSES seeks 1o integrate
research pctivities recently transferred from RSPAS o a coherent environmental geosciente
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m 10 study related aspects of ocean cireulation, longderm climaie variability, landscape
evolution, and susidinable lond use,

This evolutionary reshaping of the School’s research profile will maintain and enhance its
capacity for basic and strategic research in the carth scicnces - 4 development clearly
consistent with the long-term national interest in a country fike Austrolia whose sconomic
well-being is authoritatively considered (0 remain :lncrcmkm for the foreseeable futere, on
minerals, cm:.rg}i and primary resources (land, soil and waler-based ). Furhermore, adoption
by the School of the Earth Dhvmamics and Glabal Change theme would be an nbe mwd
timcly nse [ community concerns with environmental isswes, sustainable land use, and
geological hazards in the Australasian region,

The Research Program 2000-2005 is focwssed on four high-priority research objectives, each
of which is an important ares of investigation in terms of research mpact and cach of which
is an existing rescanch strength in RSES. Each of the four research obpectives identified in the
preceding Overview, draws on the expentise of several of the School's four disciplinary fields
and cach objective has achievable outcomes within a five-vear time frame. In a later section,
a bricf statement describes cach of the research objectives more fully. Current staffing and
funding arrangements although closely targeited are barely sulficient 1o sustain these core
activities. Additional funding is required 10 develop research opportunities with reasonable
speed in b competitive environment and particularly w achieve the synergies which are
implied in the regional and thematic integration, i.e. Earth Dynanics and Glebal Change in
the Austrilasian region,

In developing priority objectives for 2000-2005, it is emphasized that the major changes are
necessanly evolutionary in pature, The School’s expertise in the core disciplines, and its
state-of-the-an research facilities are major assets. buill progressively over many years of
relatively secisre block funding. The sirategic planning has identified research priorities
which also meet the tests of competitive advantage in texms of capability and responsible nse
of prior inveaments. For example, the pcuglllmm Facilities used in the past mainly for work
on the high-temperature rheology of crusial minerals have been sdapted for studies of the
complex interaction between fluids and deforming rocks and for measerements of high-
temperaiure seismic properties, The latter are directly rebevant 1o interpretations of seismic
wmographic images of the mantle beneath the riﬁi.d Australian plate and its volcanically
active margins. Similarly, isotope eochemists and mass spectrometers which in past years
focussed on the ‘First billion years” of Earth history are currently also nwiSit:T vital
information concerming natural and anthropogenic fuctors influencing the s chimale,
landlscapes and hinsphere during the past 100000 years,

Strategic Planning in RSES has emphasized the need to maintain and enhance its core

8. The declining budget has required that RSES nlso identifv research activities in
which it is currently or has recently been engaged, often with high visibility, but which must
have low priorty for 2000-2005. Suppor is being withdrawn from the following ressarch
Progrums:

* Dvamond anvil research at extremely hirh pressures, directed towards the Earth's
Transition Zone and lower Mantle. S1afl have been redeploved o higher priority
activities.

®  Geomagnetism and palacomagnetism. Responsibility for operation of the palasomagnetic
laboratory. which is the best equipped and most centrally bocated of three such
laboratories in Australia, has been yﬁiwly transferred 10 AGS0, In response o
rhunging!pﬂmiliu bath in AGSCH and . it has been decided that the laboratory will
simply be maintained in an operational siate and monitored over o transition period 1o
asceriain its viability as a fee-for-service facility, A small RSES usage, in pan 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
consultaison with stafl concerned.
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»  Geochronological resenrch aimed a1 calibrabion of the palasoniological/strati phic time
seale — this has been o major focus as RSES built up its geochronological facilities but
responsibility for principal corriage of this research theme now resides wath AGSO,

¢ lsotopic, irace-element pnd geochronobogical studies of Palacozoic and Mesozoic granites
in Enstern Gondwann — there is o w.-? large bosdy of work in preparation for publication.
There are significam implications for mineral exploration in Eastern Australia and
research in these directions muy be externally Funded, particularly through PRISE (Precise
Radiogenic lsotope Services) for isotopic and geochronodogical dato.  Staff in this ares
will move their research interests into profity themes.

*  Atmospheric physics with emphasis on phenomena observed by infrasonic arrays.
Pioneering work at RSES led 1o iworporation of infrasound arroys as o major nmi:mz%
component in the Comprehensive Nuclear-Test-Ban Treaty (CTBTY The key RSES st
member is soconded o the scientific orm of the CTBT in Vienna, RSES will discomtinue
r::l-e.n:;:h in this area leaving the scientific mopitoring role o0 Ausiralian government
agencies

RSES STRUCTURE AND PROGRAM IMPLEMENTATION

RSES will continue with o non-departmental organisational struciure based upon research
groups {cwrrently mine in number), suppored by adminisiration, mechanical workshops,
electromics. workshop, lnpidary and sample preparation staff, and & School IT officer,
group struciure is based on sub-disciplinary coherence around particular experimental, field
or analytical equipment, dedicated technical suppon staff and supervision of stafl and
students by Group Leaders. Duning the period [997-99 RSES has ressructured Groups in
Creochronology amd Isoiope Geochemisiry, Environmental Geochemistry and Environmemial
Processes, and appointed staff jointly 1o several Emu:ﬂ:p. RSES has also created. with the
Department of Geology, & Centre for Advanced Studies of Ore Deposits (CASOS) led by
Professor Stephen Cox (joint appointment in Department of Geology and RSES).

The implementstion of the Sirstegic Plan is monitoned by the Director and Faculty Baard 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
lor the coordinators will be 10 organize o least one workshop each year on each research
objective, Similarly, the RSES Annual Report will be restructured 1o inclode reports on
progress townnds each of the Tour research objectives.

The RSES structure is intended 1o create a rather Moid matnis in which the desirable annbutes
of sub-discipline coherence, peer review, aml [ormal scwbemic supervision are reained in the

Groap structure but the imperutive for multidisciplinary research to address major eanth
science issues is met through more coondination to meet the shared resesrch objectives.

RESEARCH OBJECTIVES

The following four reseorch objectives to%nlher encompass much of the work planned by the
School, each drawing upon severl of its four arens nm disciplinary expertise identified
in the Overview.,

Chrigin awd Evolitton of the Earth « Mantle, Crast and Hydrosphere

- The Search for Originsg: Characiedatics of the Early Earth anid Exiraterrestiial
Muaterinix

Focused field, petrabogical and peochemical studies of ancient (=36 billion-year ald) rocks
from Greenlond, snd potentially from Australia, the other southern continents and Canada,
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will be pimmed at identifying the best preserved remnants of the carly Eanth, and addressing the
nature and timing of processes by which the core. mantle, crust, hydrosphere and anmosphers
have evolved. Additional major questions concerming the fure of the mantle, global
peochemical budgets, and the origins of life, can be éxamined 1 srdy of these very old
rocks alomg with selected extruterrestrial samples.

o Evelution of the Mantle and its Dynamitcal Regime

The evolution of the mantle will be constrained ﬂlmugh the mtegrated nterpretation of
isotopic and geobogical constraints using dynamical 15 of mantle strring and chemdcal
evodution. The isotopes of the noble gases and of refractory elemenis provide fundamentil
inlormnation on the exedente, naare, and development of distinet reservoirs in the mantle and
crust, The modes of convective heat and mass transport in the mantle dre the Tundamental
drivers of the geological processes thal shape, and continually reshape, the Earth's susface.
The intimate coupling between mantle dynamics, mantle chemistry and convective styles and
transitions will be exploiied (o determine the naiure of the regime responsible for the
formation of ancient mimernl-hostng crust.

- Tihe Orogente Cyvele: Pressure/Temperature/Time Paths for Crustal Bocks

Orogenesis, the process of mounain building and consequent erosion and sedimentation,
results from collisions between lithospheric plates, and plays a major roke in the development
and evedution of the continemal crast. The combined research capabilities in experimental
petrology, geochronology und isotope geochemistry, will be utilized 1o accurately define
pressure-temperaiune-time paths for crustal rocks from perticelar. carefully chasen, DrogeEnic
provinces. techniques of isotope thermochronology, with measurements that can be
reloted to rates of uplift. erosion and 10 the thermal histories of particular metamorphic
terrancs, coupled with those of thermometry and barometry based on mineral equilibria, are a
Fan:jqu:rI;.- powerful means of studying crustal evolution, which RSES is well placed 1o
urher develap,

Structure and Deformation of the Crust and Mantle
¢ fmaping and Interpretation of Creial and Mantle Heterogeneity

Seismic experiments conducted by RSES sinfl and students, along with  work performed
collaboratively with others using the Austrolion Motional Seismic Imaging Resource
(AMSIRY, will establish the voriations in seismic properies of the deep crust and upper mantle
of the Australian plate and its margins. RSES will provide paricular strength in theoretical
seismiology to remove ambi uitmﬂﬁ the translation of seismic velbocity and unim:qmulu
to crustal and mantle models. The RSES Eanh Materials expertise will provede |a ary
charscterization of elostic properties, phase assemblages (including partia] melt wnd Auisd) and
microstructure  which will help to  distinguish  beiween  thermal  and
compositionalfmincrulogical causes of scismic helerogenety,

#  Precize gnd Predictive Crstal Dvnaories

The GPS methodologics developed in 1995-1999 will be exploited o wddress problems in
crustal motion amd tiom in rovo distinctly different environments: the deformntbon aomne
between the Pacific and Australian plates, and in eastern Antarctica, The measurements of
deformation will be imegrated with [FL ical and geophysical data and modelling to provide
{1} a predictive model for cruaal deformation in Papua New Guinea and the Solomon Islands,
gl (3] constraints on the evolution of the Antarctic ice moss,
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®  Dynoamic Modeiling and Geophysical fference

RSES will comtinue 10 develop mathematical and compatational methods for modelling of
Eanth processes and for dota anadysis in 3-D and expand this work o address o varety of carth
sgience problems ot a range of scales. The recognition of coupling between vorious
geophysical, gmlu;icu] and geochemical processes requires adapitation of mahematical 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 conunue 10 be a major focus of IT efforts in the Egrth
sciences, Similarly, fully 3-D modelling specifically adapted ro the constrames and boundary
comditions of the Eanh represents the interface between mathematics, computational methods
(IT}and earth maodels,

Flutds, Melts and Mineralizsation
- Petralopical and Related Srudies

RSES is building upon its expertise in the experimental stmudy of mantle melting with
innovative studies of Mod (incloding meltd disiribution and movement through & reactive
crysialline matriy, ﬂwnj?hnnﬂl research includes the construction of a comprehensive
thermodynamic model of mantle melting, and the development of an understanding of
porosity/permcability relationships for pamally molten upper mamle mineral assemblages,
and of similar relationships for squeous Auids in deforming crustal matérials. This research
will require the combined facilitics of the pewrophysics and experimental petrolo Ol
and fnvolve the development of a new experimentl b:thrliquI: whereby mmgrchmpy of
individual synthetic flusd inclusions in quantz will be used 10 determine the speciation of
miciallic ions in squeoas Maid af high pressures and iemperatures, previoasly inaceessible 1o
experimental siudy. Funher development of Muid dynamical models of magma segregation,
ascent and emplacement is planned. Thire i3 also potential for colluborstion with geophysical
Muid dynamicists in modelling of fow theough porows media and of the dynamics of melting
anwd meeli extraction.

®  Processes Leading o Metalliferows Ore Deposin

The chemical siudies of Muids described m the preceding paragraph will provide new insight
into the transpost and deposition of copperfgold and other metalliferous ore-forming elements
especially in voleanic 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 technigues developed for investigation of chemically
renctive mineral (rock)-Muid systems in the petrophysics high-pressure laboratories.  These
objectives will complement other studies in which the School’s expertise in stable isolopes,
radiogenic isotopes, geochronology and trace elements are being applicd 1o the study of
world-class ore deposits. These studies of ore genesis are being pursued by stalT and students
in both RSES and the Department of Geology within the framework provided by the newly
formed Centre for Advanced Studies of Ore Systens (CASDS )

Climates, Landforms and (eeaniAtmosphere Dyaamics

RSES will build upon its existing expertise in Muid dynamics 10 undersiand dynamical
processes that govern the Earth's climate system wsing theoretical, computational and
experimentil techniques. RSES research effort will also be directed towards identifying and
analyzing past records of climate-related parameters (sen surface tempermiure, Antarctic ice
cover, regional precipitation, ENSO0 events, relative sea level) that may quantify sariability on
the annual, decadal or hundred year time-scale.  Aspects which are particolordy within the
RSES research profile include:
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o the ientification and understanding of dynamical processes in ocesns und aimasphere
that govern the Earth's climate system with emphasis on laboratory modelling of ocean
processes ar all scales.

o use of various complementary diting techniques to assign ages to significant cvents,
including human impacts and biodogical extinctions, and to determine rates of geological
PrOCESses.,

o development and application of methods w determine rates of soil formation and
denudation, as a component of the quantification of landscape evolution, essential for
priegress towards susiainability of land use patenms.

s study of the carbon cycle, incloding particular attention to carbon retention in saql, and
carbon precipitation and solution in squeous environmenis.

#  estahlishment of regional proxy-climate reconds, especially for the st millson years.

o quantification of the roles of teclonics, climate and human activity on landscape
evolution, throogh 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 secks 10 integrate two imperatives. excellence and leadership
b basie research in significant disciplines within Ezrth Sciences, and societal expectations of
ganh science rescarch in terms of ghobal and national nesids and prioties,

The m%r sovielnl expectations of earth sciences research in its broadest sense over the
next 2030 years will include:

& Furher development of basic knowledge and undmurrddnghﬂr the ongin and evolution of
the Eanh, incheding the biosphere, recognizing that the Earth is the cradle of life and of all
humun sctivities.

& Umnderstanding of comples Earth sysiems at levels adeguate for monitoring, prediction,
and response to environmental change, including global effecis (e.g. chimate chungeh and
local impacts.

& Understanding of Eanh processes amd behaviour al levels appropriate for improved
identification, prediction and response 1o natoral hazasds and potential natoral catsstrophie
EVETILS.

& Providing the scientific knowledge which underpins the maintenance of supply of naral

resources, including hydrocarbons and minerals, and the development of innovative
minerabs-based materials for industrial, domestic and civic purposes.

Particular responsibilitics for RSES lic in basic and strategic research und relate to;

& The Austrulion continent, ils peophysics and geochemistry

& Auxiralia in the global conteat of eanh sciences, but particularly in relation 1o its regronil
setling, including Antarctica and Southwest Pacific.

% The Australion environment and the dating of its prehistory.

L1



INTRODUCTION

_—rr———

THE RSES ROLE

Husic research in the Earih Schences in BSES will continue to be centred on

Applications of physics, chemistry and mathematics to the sudy of Earth muerials, Eanth
processes and Earth history, in concen with geological studies,

Observations and mensurements using sophisticmed 1echniques, often newly developed
within BSES, to establish the three-dimensional and time-varying character of the Eanth.

Experimental studies and modelling of Earth processes,

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

-

Optimal use of focilities for basic mmnﬂ'ﬁl&mrpm::‘ but also ensuring thal research
collaboraticons between Research Schools and Centres within the University continse 1o be
fostered.

A collsborative support role for earth science departments in other universities. where
EPPIOpriiEe.

Close collaboration with the Auvstralian Geological Swvey Organisation (AGSD), and
other Govermanem Instinmions with intenests in the eanh wiences,

Appropriate cooperation in the use of research facilities and programs with the
Depanment of Geology and other mens in The Faculues st ANU, including shared
respensibility for some spectalist weaching and Honours superdsion.

Maintenance of the focus of the block-grant funding on basic research, together with
enhancement of co-located and extemally funded urategic and applicd research.

Maintenance of internotional links, including encouragement of visitors 1o RSES o
mchede visits 1o other universithes.

Enhancement of shom term exchange programs with other universities and sciemific
mstiutions,
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GEOPHYSICAL FLUID DYNAMICS

Fluids ond fluid flosy are pervasive on and within the sirth. The motion of flokds =
responsible for shaping many aspects of the planet and the environment in which human activity
is conducted, and it plays o central role in many industrial processes ond ther impact on the
enviromement,  The ing ami prediction of flow, of the forces crented and of the
wssociated heat and mass tamsport in the earth’s hydrosphere, smosphere, crust or deep interior,
rely on extensive dynamical modelling of the phenomena and o rigorous. understanding of the
underlying dynamical principles. The research in the Geophysical Fluid Dwvnamics {GED)
Group is currently focussed on those processes of imponance in governing (1) the circulution of
the oceans, (1) magmatic and volcanic such as the Mow of mells in and on the eunth's
crust and (3) the convection of the solid silicate mantle with its implications for plate 1ecionics.
These phenomenn come together in a coherent research program based on expertise in Muid
dynarmics and involving the dominant fluid dynamics themes of mixing, density-stratified flows,
convection and the dynamics of flow with melting or solidification. Exchange of expertise and
knowledge between research subjects has been a vital pant of the work and the Group has
mitiated novel inter-disciplinary investigations of nﬂml topics, The research is aimed m
ideptafying the most imporiant processes, s relating 10 the observed beheviour of the Eanth
. where possible, at developing predictive undersanding of the naural phenomena.

Experimental fluid dynamics continues @0 be an essential component of the Group's
rescarch. The oceanic processes under investigation this year mnge across o very broad
spectrum of length scales. The interaction of two phenomena responsible for occan micro-
structure, diffusion-driven salt finger convection and iwemal wave-dnven infermitient urbulence,
is being swdied for its significance in the sub-tropical ocean thermocline, where these
mechanisms cause o downward flux of heat and salt and thereby contribute 10 the overall balance
of Muxes that governs the circulation patiems and waler properties in the ocenns, Experiments
have also shown some surprising thermohaline effects on large-scale circulation caused by
horizomal gradients of heal and salt fluxes. Basin-scale ocean circulation driven by mrfoce
wind stress cominues as an important wopsc i which the combined laborstory and numerical
madelling in RSES is making unique contributions o the umderstanding of the effects of the
choice of side boundary conditions employed in modelling and of complications such as
continemal slope topography and density stratification. 'Work on crusial sses has inchaded
the modelling of meltmg af the base of lorge komatiite lova Mows, the dynamics of wo-phase
loam flow in volcanic vents and the aleration of mcks by deposition from two-phase (ow
through fractures. A substantial review of the stase of lava flow modelling was written (his year.

The Growp includes rescarchers having a specilic interest in understanding past and
present tectomic regimes through the study of mamle dynamics and mehing. This work has o
somsewhat different emphasis, being concerned with modeling of the mantleffithosphere sysem,
the evolution of the mantle and convective processes that drive plate tectonics.  There are strong
mberactions with geochemists and geologists sudying the evolution of the mantle and crust, and
wilh geophysicists ond geochemists ssdying eanth structure and composition. A key
schsevement this vear was the completion and appearance i the bookstores of an suthoritative
teat on the dynumics and evolution of the mantle by Dr G.F. Davies,

A mapor development this year has been the construction of a new building inclsting o
purpose-built fluid dynomics tory and the remowval of the GFD laboratory 1o the new
premises. The odd labormory and photographic darroom haove been closed down sinee June fior
relocation of fittings and construction of a link berween budldings, thus strongly Limiting
progress 0 our expenmental program.  However, the new laboratory, which provides o longer
space and specialised facilities for experimental fuid dynamics (Figure 1) and o suppon area for
the construction of equipment. wis completed in November in time for occupation before the
end of the year. A period of setup of the new premises will contimue inlo the ew year, whin a
e pnge of projects will begin, A significant amount of ime has again been devoded
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(k)

Figwre | The sewly comstnocted extenxion {2) to RSES housing the GFD Eboratory and o
wiew of the labarauery (B dunsg nsesllstios of eguipment,

b collaboration with Australian Scientific Instruments who ane manufactunng rotating tables o
the RSES design io fill orders from three North Amenican geophysical fluid dynamics
faboratories.

The Group this year hosted three long-stay visitorss Dr 5. Vergniolle de Chantal
contimied for six months a5 a Visiting Fellow from CNRS, Frnce, after completion of an
International Research Fellowship (ARC, France), studying the dynamics of foam [low in
magmaitic systems; Dr U Willlner confinued as a Schoal visior working on modelling of

-
-
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mantle comvection; and Professor G. Veronis of Yale University, USA, spent five months as a
Visiting Fellow working on Isborstory models of ocean circulation processes.  The Group
comlinued 1o host Emenitus Professor 15, Turmer who this year was awnrded o University
Fellowship. 1t was & particular re thai @ Phd student, Tl Osmond. won a Pre-docioral
Fellowship from the Woods Hole Oceanogrophic Institution, USA, 10 atterd the Summer
Program in Geophysical Flukd Dynamics, and that another PhD sudem MG, Wells was
awnrded o scholarship from the Universaty of ‘Washington 10 attend the Friday Harbor summer
schoal m Oceanography. A, Jellinek completed s PhD in the G amd was awarded
Miller and NSF Poudocror! Fellowships at University of Califormda, v, The saff,
studens and visitors all acknowledge the vital comnbutions of our techmical swppoen staff,
R. Wylde-Browne. A R. Beaskey msd DL, Comigan, 1o our research progrm.,

OCEAN PROCESSES
Shear layers driven by turbalens plicnres
e fF, Wuphes, W, Gryffiiio amd A B Weag

Laborutory experiments reported last year have dhown that o continsous torbulent plume
falling into an enclosed volume gives rise 10 o more complex flow in the Moid imerior than
Frre'nm::lj- thmight, A seres of strong homeontal counterfhowing “shear loyers” are observed
supported by the stable density sirafification et up by ihe plume. These lavers are superposed
on both ihe slow vertical fow and the horizonial entrimment fow inio the plume known as the
Tilling-bon” circulntion.

Shear layers are likely 1o have very significant consequences for the horzontal transpor
und subsequent vertical mixing of tracers i confined volumes such ax ooean basing, We have
developed o theory that expluns the observed shear laver strecture in terms of internal wave
micdes 1 viscous smatifed Nukd. The inernal save modes are excited in our capeniments by
the hodzontal cwiflow of dense plume Muid upon reaching the tank botiom. In 4 long channel
and im the absence of viscosity, the omizontal flow velocities in the shear layers were predicied o
increase with height, contrary 0 observations, However, when the motion i amensited with
height by including viscosity i our model, pood agreement with experimental observations is
obtained, A recent improvement in the understanding of the shear layer  phenomenon
incorporates the role of vertical sdvection throughout imicrior.  The system selects fior
intensifbcation an mdemal wave mode whose downward phase speed i close o the upwand
adviection speed reguared fo miich the plume voheme us.  This esplains the venical wave
munber observed.

Properiies of highly sonliiear waees

B Brighe, B.W, Griffidhs amed LN Keanerd

Large amplitucle waves eocur regulary in the lower atmosphere, These waves are usually
chear air disturbances and may be formed as the resull of a vanery of amosphenc events where
santable waveguide condiions exist. Waveguide bayers are generally a stubbe laver of themmally
siratifved afr sech as the oclumal inversion Lover, A nemerical (mesescale) model has boen
construcied for the study of highly nonlinear wives and thedr radictive decoy owing o vertically-

propagating gravity waves in an overlying stratificotion.  The model has also been desi L[]
Luﬁ}lwgnmﬁmﬂfuminhmﬂuﬂmn: downdralt impacting on a « sl
¢ layer,

In our numenical expeniments with downidrafts there are three rypes of evenl.  These are
classificd as non-penetrating. where the downdrft does not pepetrie 0 the ground; non-
diverging. in cases whene the downdmfi penetrtes 10 the ground bt does not produce a
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Herinantal Disfirce (kmi

Figwre 20 Mesulis of a compuier model for highly sonlisear waves on o ground-hased
mmiphoi myonson laver,

srong horzontal cutflow; and diverging, il a strong outflow is produced. This last case can lead
o the Formation of very large amplitade solitary waves with closed circulation, From the model
resulis we have related the s mdarrqrhlmﬂ-r.m' waves that are rated 1o the parameters of
the initial forcing dow We have aleo examined the evolution of the properties of ihe
waves as ihey propagate well away from their formaton sile, Tocussing particidarly on the
radiative decay of such waves when there is suitable overlying straification and whether the cone
of closed recirculation (hepce 5 bulk mass transport) persists.

A complementary sel of numerical expedments on the evolution of highly ponliness waves
has boen camied ot using quite different siaming conditions.  In place of the compuied
downdraft flow, we used initial conditions taken from solitary wave solutions 10 the Dubneil-
Jacotin-Long (or DIL) equation. Solutions for the DIL squation, with ambient density profile
Hmuhr h"ﬁm used for the downdroft experiments, are first colculmied s cigenvalue

irs wsing a program designed by Brown (1990). These eigenfunctions are then
um&fermd to the mesoscale flow model using o mupping algorithm developed for (his purposs
] the subscquent wave properties are analysed afier a short scdjustment period (Figure 21, A
detailed examinaion of the radiative decay of the mapped DJL solutions i currently being
completed for o mnge of mtios of the beoyancy frequency in the waveguide Laver to that in |}-:

overlying atmosphene.

Dyoamiies of upper ocean efrenlntion deiven by surfoce wind siress
A Kise, BW, Grffiehs omd G0 Vieronin

Progress has been made in a conlinuing program o investigate the dynamics of wind-
driven circulation on the scale of ocean basing by making use of Ea hmmp:nmm
and associnted compuotstional modelling. 1o recent years the wind-driven circulation in md-
Inhtndﬂ!nﬂunl]yfmmjmmtlamw}' by o horizontal stress imposed by a differentially-
rll..ll higl) has been modelled in ‘sliced-cylinder” amsd *sliced-cone’ geometrics of small aspect

lanter mvedves o slopang topography along the boundaries of the basin, somewhal like

! Deparent of Geology and Geoplvsics, Yale Universty, LISA
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o continental shope, making the side boundary conditions quite different from those on the
vertical wall af the “sliced-cylinder’, Topographic steering is also mmpomtant &in the “sliced-
cone’, Thus we have been able o study the roles of different side boundary conditions and
topographic steering on the large-scale flow forced by o uniform wind-stress Gl on a beta-
plane.

Figww J;  Compuoied model streamlioes sepenmpossd on labocstony e streaks o e
iliped come nder cyclonic foring.

Mr A Kiss has continued his nomerical smulitions of flow m the “sliced cone’
labogatory model. A vorticity equation governing low in the labosatory apparatus wis derived.
ithas ¢q:||||:|m 1% I gene rud than the stamdand I;.II,TI...I."EIFI'."I'IHI'I i \'l;lr'lil:il:'_-' -|:1:||H1.||.'|1't.|.u‘.|d 5 valid in
the cose of vamshang Muid depth, as in the “shiced cone” laboratory model, A compatational
Muid dynamics code supplicd by Dr M. Page (Moenash University) was modified 10 solve this
equation, and detailed comparisons of the numenical results with those from the Inbamtory work
of Griffiths and Veronis {19971 have shown remarkably close agreement (se¢e Figure 3). The
numerical mode] has revealed pspects of the Mow (such &5 the potential vonicity structure) which
e craciyd 1o an ||.|1-|;|..1'.qu|1|.1i|13 af the Now dynamics bl impossible o messune in e
Inbortory. Analysis of the numerical results has therefore provided many valusbie insights into
the dynamics which operaie in the laboratory model. Among the most imporiani of these i= an
explanation of the remarkable stability of the Mow under strong cyclonic forcing. which was
shiowis o be dwe tp resopance with a free inedial mode,  In comtrast, the wrticaty siruciure
presem under anticyclonic forcing prohibils excikation of this mede, and n this case the fow
becomes unstable under strong forcing. 115 expected that these results ane quite general, and
not dependent on the details of the opegraphy wsed.  Analysis of the mmmerical resulis has
confimmied most aspects of the vorticity balanee assumed in the linear theory of Griffiths and
Yieronds (1998, but also revealed some miner shomcomings of this theory.

Another development this year was a move 1o studying the effects of densaty strification
i the “sliced-cone’ mudel, thus melucking the pew side boundary conditions, comlinsemal 5h:l|'|-|.'
:npup;mp:h and stratification, Professor G, Veronis retumed 10 RSES for another 5 month visil
Drining tiis time Yeronks amd Griffiths |..|1mtd ourt an inbensive experimental program with tao-
luver ity sraification, including new comparative nans with the vertscal walls of the “sliced-
come’. The results awadt analysis in 2004,
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Larbwratony models of infermitient inrbulence awd sali fingers
MG Weily amal B.W, Ginifiihr

[neermivient turbulence ond salt finger convection have both been proposed as insportant
mechanisms producing diapyenal buoyancy flux in oceanic central waters. Because mative
murbulence dismapts sali fi convection, ocean models have ofien assumed that the wal
buoyancy Mux can be dercri by a simple addivion of the buovancy Muxes due o the o
processes weighied by the percentage of ime active urbulence is of ahsent, The twe

- - produce diapyenal buovancy fluxes of opposite sign iberefore the pel buoyamcy

Ux % semsitive o the inlenmilte of the wrbulence, Despite many  oocanographic

measuressems of the hest, salt and nﬂm'anc fluses, nelatively laboritery expenments
have been designed 10 examine the interaction of A PIOCEssEs,

In & series of expenimends vsing segar/salt and heat'sali systems, o grid of vertical bars
wie tovwed throaigh a stable density groddient in sisch o way as [0 penerate iniermittent urbulenoe,
with salt finger convection also present, Mensurements of the vertical ancy flux for & rnge
of "imermitencies” of the strring show that the resubting buovancy flux is o strong Tenciien of
the intermittency.  Salt fingers provided significant buovancy ux when the nme between
stiming events was bonger than the time scale for exponential growth of saly figers,

Stratification produced by a desiabilizing surfoce buoyancy flux in lokes of varizhle
barlrymenry

MG Wells ainl B Sherman’

In collnborption with CSIRD Land and Waer, we have applicd theoretical and lubortory
results to understand o 3 -year data set collected in the Chaffey reservoir, located near Tamworth,
This resesrch comtinees provious work 10 RSES on the competition between distributed and
localised surface buoyancy fluxes n confined volumes of water,

Winhrr-:m]ir!,g off lnkes 15 uswally assumed to resull in complete ovemurmning of twe waler
columin, However, it hos become apparent that, when there is 4 large fraction of the lake that is
rl!lﬂin'r:r shallow, cold gravity currents (Tow from the shallow parts into the deeper pants of the
lake can resull in ihe panial stratification of the lake. This strataification is constantly epoded,
in the deep regions. by surface convection, However, if the ansa of the shallow region
15 suffeciently lnnge, o steady mixed depth can resuls with the convecting layer the underlyving
stoble region changing temperntune of the snme e, A simple laboratory model (Figure 4)
illustraes the hasic dlﬂmﬂicl-uﬂhr flow. From theoretscal argumenls ami experimental resalis,
wi have shown that the depth of the mixed surface layer in steady state is o simple function of
the acrial ratio of shallow and deep regions. When the shallow area is large in comparison o the
deep region, ihe surface mixed lover is shallow and deep seratification can form.

Using hathymetry data from Chaffey Reservoir serial ratios of shallow snd deep regions
were evalisted for the winters of 1995 and 1996, The ohserved strtification was as prodicted
for 1995 but for 1996 we found that there were significant differences due 10 the diumnl
variability of the de-siabilizing thermal forcing. The theoretical model sssumes constant forcing,
whenens under the conditions of 19596 the time the system would take 1o reach this equilbrum s
predicted o be ki than the diumal variation. Hence, the circulation mever resched tse steady
stale, We predict for lukes of order 1-2 km length strutification can resubt from a period of
one week cooling ot 30 Wim', o common situation in winter, The stratification and convection
hurs imgportant implications for nutrien iranspon and de-oxygenation in reservoirs and the
shamild serve as a goide &5 10 when one can expect artfication to develop, It also emphisises
that circulation is present in winter, even when the water colum is strongly stratified.

Y CEIROY Dhvision of Lamd and Water, Canberra
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Figune 4: The patiers of wister comvection in o lake havang a large shaflow regios

Doyl -diffusive lnyvers and intrusions produced by horizontal property gradients
(LA, Philles', AR, Rddick”, 15, Turaer ingd GG Veromdy'

Tww sets of Eaboratory ummn n:kplmm; the r.-n‘-.-.n of horizeolal vanations of sl
and sugar concenirations have completed and accepted for publication d the yeur,
Using differcnt geometnies, they have bath provided simple analogoes of the doable-diffusive
processes that can affect the stratification and circulstion in ocean basins.  For exumple,
ohservations over lhe pist en years have shown that the Arctic océan has been warming because
of an iniMhix of warm waler in the form of persistent :m“|m froen the Adlantic. There are also
many messurements of bivers developing across oceanic fromts, and m}m oeeanogrphers
have speculated that these are produced and seli-propelled by double-dilfusive Muses.

I the first study, & sharp front was seil up by placing a vertical bamier at the centre of the
tank and stratifying the two ends with identical density gradients, but osing sugar solution on the
left arlllﬂll-nll ﬂl]lymm 1uln l? ighl., Eh resnival w barrier led 1o Ill_h: formation of an
organized set of lakermlly ntruding sloping layers, contaaning sall fingers separated by
difTusive interfices. The depth of the lavers and the velociy of extenseom were proportiomal 1o
the local horieomal property differences, amd the stneciune speead bn a seli-similas manner o the

layers extendied.  The rl_l,. Muxes neross the froml were messomed. and foand o he
proporticna o the squane lh: leral sugar contmst, and independent of the frontal widih, A
theory has been deve 1o explain the n3ain stroctural features of the lsboraory results. This

I= hased on the assumption that the fow is in o Qote of cominems lydrostatic adjustment,
always close 1equalibrium with the ambient araiiicann.

The secomd sl of experiments stored with homogencoss Muid inoa long sk, wil
sopes of st solution ot one end ond sugoar ot the other, and withdrowal a1 the centne 10 keep the
volume constant,  We monbored the development of the vertienl stratification as well as the
mtions.  Starting with the densities of the tank (had and the two sources all the same, the
vertical density gradients increased markedly over fime; this s not possible with o single
siratifying property, such as sall alome.  The asviygsotc overall vemical sugar and sal
differemees, obtmined sfter about 10 br, comesponded 10 & mn-down ‘diffasive’ stratification

* Departmwent of Earih and Planetary Soences. Johna Hopkins Univenity, USA
" Depanient of D¢canography, Dalhousts Universsty, Canada
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{with o weskly unsable saly, and & very stable sugar decribution), even when the gradients in the
early stages of an experiment were in the ‘finger’ sense. This final state was ymumdy.
simce fluctuntions comesponding o the passage of iMrusions alomg the tonk pemsivied
indefmitely, driven by the small residoal potentinl energy i the salt feld,

A aralysis af & tee dimensiomal double-diffusive experiment
3L o ol (2 Veromiy'

An experiment repored above by Phillips, Rudbick, Tumer and Veronis provided the
motivation for this work, which wis undentaken as part of Osmwond's fellowship b the GFD
Summer program al the Woods Hole Oceandgraphic Insibution. The experiment invelved an
initially homogenous faid in a beng tank which subseguently became srotilied through doude-
diffusive o A soarce of salt solution was introduced ot one end of the ok, axl a
source of sugar soluthon was introdisced at the other end, with an outflow in the centre of the
tank 50 08 W maintiin o conseanl valume of water in the tank, (The use of sall and sugar models
heat and salt in the oceans. ) After a couple of days, o steady state sall and sugar stratificaton
wis approached, while convection continued indefinitely. Sal fingering was active above the sub
sorce and below the sugar source throughouat the experiment, as were diffusive layers below the
salt source and above the r sree, 1t was thus apparend that =ome of the introdisced salt was
travelling up through the Angers, and then crossing o the other side of the wnk, where it
descended down through the diffusive layers, Some sall was travelling down from (he sownce
through the diffusive layers. whese i crossed o the other side of te tank and ascended up
through the fingers present there, Flux measurements wene mnalysed g detcamine the salt (and
sugar) Muxes upwands throogh the fingers. downwarnds through the kayers, and horizontally
aoross (he tank bo the outfloo

one-dimensionil theormes icted fixes thio the fingers and r.hl'ﬁl-*l'ﬂ: quu-s
tha um“w:uh larges than the lupulmﬂms., and were dismuzsed a5 bein
Horizomal Muxes cannod be neglecied and it mw ¢ for the coupled system ui;ai:r.m
zalt fingers and diffusive livers to be sustnined another driving mechanism o transpon
either salt or sugar i the top of the tank. We evalusied an hyvpolhiesis that this sdditicnal
mechandsm s the action of tbed gquasi-horzental infrusions and showed that the el
vertscal fluxes through the fingers and layers could be up to twice as lasge as those through o
simple one-dimensional system. We also approximated the experiment with o simple box maodel,
the resulis of which indicated that the most of the salt and sugar ininoduced indo the tank is pod
involyed in the doehle diffusive process bt is simply camied honzonially across the box o the
oo,

The formaton of ‘epimal’ vortex rings, and the efficiency of propalaon devices
PoF, Linden® ovd L5 Tirwer

The formution of o vonex ring using the mrmmn u:u.im of forcing fuid impulsively
through a pipe has been examined theoretically. consisis of the
clrewlaton, impulie and kinétic energy in the injﬁ:lud plug of fluid 1w the mmpmdmg
propertics of o family of rings with finite cores, as calculated by MNoshury. When ihe kength io
dinmeter ratic L/D of the plug is increased, the size of the core invreases relative o the
vidume of Muid cormied along with the ring, and a unique member of the fumily is idenifisd for
each L/, This is found 1w be the limiting factor;, for aspect rathos farger than a centadn value it is

i possible o produce a single vonex nnf while conserving circulation, impalse, wolume and
mg_l.r and further rings form behind the leading vortex. This result implies that the limiting
viriex ring is ‘optimal” in the sense that ¥ has maamuom impalse, circalation and volume for o

! Dieparment of Mechamicsl and Acospace Engincezing, Universay of Califormia, Ses [hego, LSA
#
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given energy input, Our Hmiting aspect ratio LD = 4 s close 1o the value obaned in recent
experiments by Gharib and colleagues af Caliech.

These deas have been applied in two condexts whene a senes of vorieces e formed, both of
which have previowsly been discussed i terms of a Strouhal mumber (the frequency of vorex
formation), In the breakup of a circular jei, the observed frequency of vones. prosduction iniplies
that the individual vonices are close 10 the ‘optimal’ form. The same 15 e of vortices
produced by the tails of a wide variety of swimming fish, which ane very efficient in the sense
they give maximum thrust for a given encrgy input. The implication of our results for the design
of propulsion devices fo drive ocean vehicles is clear: imndividual vortices could be effective even
when they are produced with arbitrary inlervals between them, rather than continuously.  Devices
moidelled on the ‘jet propulsion’ mechamsm of hkirllran&mwd by squid and salps, and
desgned 10 prodhice “optimal” vortices, could be particularly elfective.

The influence of lnboratory experimenis on the developrrent of geopliysical Teid dynawmics
LS. Turmer

A invitation 1o wite o "Hetrospective” amicle for the journal Appdied Mechunics Reviews
provided e incentive w irsce the development of this field over the fory vears sinee it was first
recognised as a distinet discipline, and in iculor 10 gssess the pan that members of the GFD
group in RSES have played. The carly experimenis were motivated by atmosphenc
phenomena, particularly convection in the form -:rl'phm and the need o understand the
mechanism of mrbulent entrminment,  This Jed on w stedies of plumes n o ':Il:lll'lﬂ]
environment and in confined regions, and turbulent gravity currents; these can
plumes on a shope, with the eatra feature that maxing is inhibited by the component of grn ri:r
nermal to the dope, Group members lave made significam comributions w all of these, und the
concepts are still nemm! o much of thelr current feseanch.

Many oceanic progesses oo have been studied usin Iahnmluq.' £x senis. The lurngest
scnke a such as ocean cuments are stronghy ||1lﬁu:mnil E:I.h!i rolation, snd s
experiments neesd 0o be carried out on a rolating table, A H.Hi'll'“lml."l-l design for a table with a
Im dinmeter top was developed and buill in house. and it has now been reproduced and sold o
overseas loboratories.  Using this, misdels of the wind-doven ciculstion in ocean basins,
cumends driven by horronaal density grodients, the insiability of coasial cuments (soch as the
Leeuwin Current off Western Awstralioh and the interactions between ocean eddies have all been
scessiully studied in the GFD loboratory, For smaller scades of motion, our experiments. have
leed 10r i Better underganding of surface mixed layers, and the interaction between distnbuted and
Iocalised sources of Iturzk The group has been ot the forefront of research into double-
diffugive + are now recognised 1o play a significant mole in mixing in the
interior of the ocean, whenever lemperatune and salinity have opposing effects on the density of
wiler pancels.

It was first suggested by experiments cartied out in BSES that dowble-liffusive processes
will also be important i likpid rocks, in which there are many componcnts wﬂhTﬂ'mrﬂ
diffusivithes as well as temiperature varisions. This has led w a whole new range of experiments,
exterding beyond double diffusion, and w the development and recognition of the mew sub-
discipline now called geolegscal Muisd mechamcs. We have studied analogues of the

stallization process in magma chumbers using agqueous solstions in vanous geometnes, the
cﬁl of slow or rapid replenshment, and the formation of “black smoker” chimneys and
rehared anenie Lova Mows hove abso been modelled, e I:I.'urum- nnubiogues being Bouid
WHLES alidily to produce a surface crus. Convection in the Earth's mantle has alio been
addressed, in experiments modelling subducting plates and mantle plumes, using fluids having o
large varistion of viscosity with temiperature.

These most recend extensions imlo a new feld hi;h1iﬁ:ﬂw:ﬁwﬁ\'mﬂ doing research
in & broal-based GFD group such as that in RSES. ° aim has alwoys been io identify

e
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fundamental physical processes, and 1o achieve a deep understanding of thein, mther dian
focussing on the immesdinte applications, Looking back, we find many expmples of experiments
thait have later been found 1o be very widely applicable, in fields which of first sight seem tomlly
unrelated w the earlber work.

GEOLOGICAL FLOWS
‘Fxcess heat” effects in the formation of precious metal veins
.08 Mupher omd LW MHemley

The évolution of Now n a (mctured hydmothenmal system following the swdden dilaiion of
fractures in the host rock has been analysed. If Muid in the system is close 0 vapour saturation,
the sudden dilstion 15 adisbane and proddisces r.ll'llll.l drop of both the (lad pressure anid
temperature. The depressunisation is accompanied by separation of the liguid and vapour phases,
and a two-phase compressibde flow will evolve theough the fraciune system. The 1emperalure
difference between the host rock and the two-phase fluid drives heat from the reck ime the Auid
This “excess heat” evaporaies addibonall lgusd in the two-phase flow o develop substantially
larger vapour fractions than those due only 10 the matind adinbatic depressurisation of the fid
The additional vapour separation is potentially imporiand for vein formation since high sobue
concentrabons can be prodoced in the residual laguoad phase, resulting in faster mineral

Figure 5:  Oscillstory banding and laminmion fabrics in a silica vein from the MeLasghlin
pokd-silver epithermal deposit, Californin. The photograph shows & seciion aboui ) mm
an lengeh: the ilarkesr grey bands afe oryanalline Quams, olhed giey scale lafiansgiohs W
inclicative of other silsta palymaonphs, and the lightes lamenations which show the least
micrial stnectane may b mierpreled o amorplous dlica now inverted o quarke.

deposition i the fractune system and i potentially econonnic veins conlaning golil, silver and
bose metals. A simple model of this complex flow has been deveboped oo show that “excess
heat” effects are likely 0 result in deposition  within tens 0 hundreds of metes of
actively forming veans, and ane o prngipal cause of oscillatory banding and lamination fabrcs
(see Figure 5).

L]



GEOPHYSICAL FLUID DYNAMICS

A Theoretical Madel of @ Turkuwlent Fountain
L 4 Bivomeld aod B.C. Kerr

Turbulent fountains are produced whenever a heavy uid is rapidly injected upwand into a lighter
environment. [n the last few years, our Inboratory experiments have shown that the dynamical
structure of the fountain, as well as macroscopic  propenies such as s wind beight, depends
critically on the ambient density profile. In this study, we have used a theoretical approach 10
provide a new model of asisymmetnic and two-dimensional fountains in an arbitrary ambient
density gradient.
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A sel of enfrainment equaions were developed 1o guantify the fluxes of volume,
momentum and buovancy i the uplflow and downflow of the founsain, Fowr different
Formulations were comsidered, comprising two formulations of the mbe of entrainment between
twr lurbulent Mows, and two formulations of the body forces acting on the centrad upflow, These
equations were integrated numerically t© obtain predictions for the fountain height, the width of
the upflow and downflow, the epllow and downflow veloony and the upflow and downflow
bugyancy, The numerical calculations were then compared with previous expenmentid
measurements in a homogensoes uid, showing excellent agreement (Figuore 6),

This thearetical made] of a terbulent founsain is particularly important in a confined
enviroament, where the density profile evolves with time as a result of the continued addition of
dense source fluid. The model can be used 1o analyse the dymamics of fountains that anse in
diverse applications such as: the replenishment of magma chambers, the heating or eooling of
buildings, the collapse of volcanic enuption columns, the forced mixing of reservoirs, hirbors
and small lakes to mprove water ty, and the disposal of brincs, sewernge and mdustrial
wisle o the oo

Numerical models of kematitte lava flows in the Cape Smith Beli, Canode
B Kerr, (A, Willkoms® and C M Lesher”

Komatiite-associated magmatic Fe-Ni-Co-{PGE) sulfide deposits are hosted by thick
uniss of komatiitic persdotite or dunite, which bave been inte to mepresent crysiallised kva
channels, The ores are lacalised in footwall embaymens, which have been interpreled o have
formed, ot least in part, by thermal or thermo-mechonical erosion.  As emosaon of S-rich
substrates by hot, metal-rich komatifie Tavas is considered o be a fundamental egs i the
genesis of many magmatie Fe-Ni-Cu-(PGE) sulfide deposits, evalusting the of thermio-
mechanical erosion in the emplacement of komutiic lavas is an imponant aspect of
understanding the genesis of magmatic sulfide deposits,

To help understand the enmpnal potential and mineralisation of komatiite livis, we
developad List vear a mathemutical model that quantifies the thermal, rheological. fluid
dynamical, and geochemical evohition of channelised komatiite lova flows, This year, we have

ied the maodel bo the thick uliremafic complexes in the R Formuation of the Prolerozoke
‘hukosal Group in the Cope Smith Belt, Canuda, typafeed by the Katinniq Ulramafic Complex,
These complexes transgress underlving gabbros and metasediments, forming lange, broad first-
order embayments thal localised komatitic persdotites, with small, reentrant second-order
embayments that hast Mi-Cu-{PFGE) sulfide deposiis. The host unils are interpreted o represent
a senes of lava channels and chanmelised sheet flows, and W’t}'ii-l.-';t geological. and
mathematical modeks suggest thig the they are thie aroded remnants of one or more simeus ba
chanmels, extending for at least 200 km, possibly up o 50 km or move. 1T this interpretation is
comrect, then this system represents the firt evidence of loag, sinuous komatiitic bva channels
on Earthe I the broad, concave embavment & Katinniq formed by thermal erosion, then our
models suggest that it formed from a thick (~100m) flow crupted at high flow mbes (~10° m'/s)
OVET Imgﬂdut—mun {of moaths), producing volumes aboeot an order of magnitsde lower than the
Codumbia River Mood basalts (=100 km"), Owr modeling shows that it 15 easser 1o erode a wann
gabbro than a cold gebbro, and that it 15 essber to erode a gabbro than a basalt of the same
composition, if the gabbeo melts af o eulectic emperafune lower than the solidus temperaine of
the basalt. The amount of contamination resulting from thermal erosion of gabbro by komagie
hasalt liquis is neghigible (~1-2%), indicating that the observed contamination in the Katinnig
Uhmnﬂnc Complex (~10%) must be attributable 10 thermo-mechanical erosion of sediment
upstream during the late stages of erosion. The modeled flow distance, surface crust thickness,
and degree of condamination are consistent with geophysical and geclogical dats.  Thermio-
mechamscal erosion of unconsolidated, sulfidic semi-pelitic sediments and decoupling of the

* Depariment of Geodogy, Arieons Stase Univenbty, USA
" Mineral Exploraton Research Centre, Lasrentian Universiby, Sudbury, Canada
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miscible silicate and immiscible sulfide components is the preferred model for the generation of
the Mi-Cu-{PGE) sulfide ores in the Katinnig Ultramafic Complex and in other complexes in the
Ragzban Formatson.

The dymamics of bava flows
R.W, Cierffitha

Previous laboratory and theoretical masdelling in RSES of bva flow morphologies and the
dynarmics of Mow emplacermem has this year led oo the ntﬂ::nlitm of on extensive meview paper
invited For the Annual Review of Fluid Mechanics, Lova flows are gravity cumrends of pantially
maslten rock which cool as they flow, in some cases melting the surface over which they flow bat
in bl cises graddanlly solidifying until they come o rest.  They present a wide mnge of flow
regimes from turbulent channel flows of moderate Reynolds numbers o exremely viscous or
plastic creeping flows. and even brittle rheology may play a role once solid has formed.  The
cooling is governed by the couphing of heat transpont o the Aowing lava with transfer from the
lava surface ino the surmounding alimosphere or water, or into the underbying sofid, and it beads
io lorge changes of rheology.  Insiabilities, mwstly rewilung from cooling, lead to Mow
branching, surface folding, rifting and fracuring, comribute to the distinctive styles and
surfuce appearance of different classes of flows. Theoretical and laboratory models, inclusking
those camed out in RSES, have complemented field swdies in developing the current
understanding of kbava Mows, motivated by the extensive roles lavas play in the of
planetary crusts, landscapes, sea-Noor wpogrphy and mickel-copper sulphide ore deposits, and
by the immedine posed 10 people pmlﬁ:rty active Mlows, However, the noview
conclodes that much remaing to be be slsinl KR povering creeping, ferbulent
and transitional flows in the presence of large rheology change on coolmg, and paricularty
about the advance of flow froats, flow instabilities and 1be development of flow morphology,

MANTLE DYNAMICS AND TECTONIC EVOLUTION

Et-t::'}p‘ﬁ;fhﬂ'j cotsiraivmed manile mass fows and the “Ar budget; o degassed fower
martle;

L . Ihavaa

It hass been infermed previously that the lower mantle is much less degassed than the upper
manile, by abowt two orders of magmnsde, based on estimates of the amount of *'Ar expected 1w
have been peneraied during eanh history. Such o gas-rich lower mantle would severely Bmit the
permissibde mass Oow mibe into the upper mantle.  However o gas-nch lower mantle conflics
with evidence from refractory race elements and their Botopes that most of the mantle has been
procezsed, and with increasingly strong peoplysical evidence for o large mass flow between the
upper and lower mantle, Neither s o gos-rich lower mantle implied any longer by isolopsc
compositions of He, Ne and Ar from oceanic iskind basalts, which are nearly 35 midiogenic
(within factors of 2-4) as those from mid-ocean ridge basalis. The budgets for mandle He, Me
anad Ar have been renssessed from geophysical and other geochemical constraimts, but without
sssuming the wtal Ar content of the silicate earth 10 be known,  These budgets permit the
kawer mantle (© be only slightly less degassed than the wpper mantle, though they show that the
degree of bower mantle degassing inferred in this way depends strongly vn poory-consirained
entrainment and degassing effliciencies of mantle plumes. A degassed lower mantle requires
either (1) that the Earth has 50% less 47K than is usually :ﬂim:t.ﬁ}lhn"":'m i sequestened
in the core, or (3) that *YAr has been lost from the canth entirely. *YAr i the core is hard 1o
reconcibe with chemical syssematics. A small amount of argon loss from the earth during the e
heavy meteonte bombardment is plausible, but 505 loss is Eifficolt o justify af this suge. A
0% lower KL ratio in the earth would remove the discrepaney and may not be owside e
range of uncenainties. All three hypotheses need 10 be considered, and some combination of
them may apply.
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Effecis of plate and slab viscosities on the Geoid
5, Fhong', GF, Dyvies

The effects of realistic plate rheology (strong plate mdenors and w margins) and
ST subsducied lithosphere (slabs) on the geoid and plate motbons, cons Jodnily, have been
examined with three dimensionad spherical models of mantle flow, Buovancy forces are based
on the inlemal distibuton of subducted lithosphere estimated from the last 160 Ma of
subduction history, While the ratio of e kwer mantlefupper muntle wmuel'wh.m u strong
effect on the long-wavelength geoid, as has been shown before, we find that plate rheology s
also significam and that its inclusion vields a bewer geoid model while simultaneously
reproducing basic features of observed plite motion, withow the need for amificaal velocity or
stress boundary conditions. Slab viscosiy can strongly affect the geobd, and the sign of the
effect depends whether o slab is coupled w the swrface. In panicular, deep, high-viscosity slibs
that are disconnected from te surface as a result of subduction history can produce aficund
long-wavelength goosd highs. Because of these effects, high-viscosity slabs denved ¥ [he
observed subduction history lead to significamtly different geosd that observed. This
suggests that slabs in the bower mantle ane ot s seifl as predicied from a simple thermally
activated rheology,

! Depastmend of Bargh, Atsospheric and Planetary Sciesces, Massachu=etis Instiluie of Techaology, Cambrdge.
LI5A
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SEISMOLOGY AND GEOMAGNETISM

The Seismobogy amd Geom istn CGroup is engaged in o varkety of studies in
seismlogy, and eleciromagnetic ndoction.  The cument research activities have o commen
thread of using wave propagation w2y 1 iy the mature of the Eonh. The work combines
ficld observations, theoretical wrrfmwrtr ling and extensive data analysis to exploi
the: Fuvourable geographic location of Australis for seismic and electromagnetic studies.

SEISMOLOGY

The major aren of reseanch in Setsmology 15 the investipstion of the internal structure of
the Eanth using the seismic waves generated by both nafural and man-made sources as ;
Much of the work is directed towands improving our understanding of the three-dimensional
variation in the seismic propertics of the Eanh's interior, and invedves o number of activitics
i buding observation, interpretation and theoretical developments.

The group mmntains un active observational program bosed on the use of arrays of
portable recorders, with deployments this year in southeastermn Australia and the Transantarctic
mouniping  The data from the ponable insrumem sudies, complemented with data from
permanent stations, is used in many ways. A major effort contimees on the delincation and
characterisation of the mantle structure and heserogensity beneath the Awstrulasion region asing
a varety of technigues for the analysis of both body and surface waves. This year anention has
been focused wwands the miluence off anisotropy in scismic propertics on serface waves, and the
narure of the distribution of ssismic anenuation, The observational studies one complemented by
the developmem of fechniques for studying seismic wave gation in complex structures,
with n focus on the propagation of anface waves scross 1 memsaonally varying stireciines.
Research is also comducted into goophysical nverse i.:l:}mnrmt- with the object of improving
both the algonithms used 10 infer seismic structure and the rebabality of the estimates of seismic

. ﬁ:mkgﬁuuummmmhmdﬂdmdhﬂnﬂmwhnmﬂﬂhnhm
effective in a vasiety of apphcations, particalarly in source characterisation, both though event
location wsing e armval oines of sesmiic phases and deiermination of sosrce mechanism and
depth by matching the onsets of the P and § phases of distont evens.

The RELACS experimenl designed (0 stucy the structure beneath the Rabaul volcano in
New Britain has been able 1o provide impressive images of the structure in the neighbourhood of
the calders with indications of o <ignificand mogma chamber beneath the zone of recend
seismicity. The successful conduoct of the observational and interpretational program for
RELACS oowes much 1o the effons and dedication of Dr 0. Gudmundsson and we wish him well
in his new position with the Danish Lihosphene Centre in Copenhagen.

From March to October this year the groop was mvolved in a mujor ohservational
program in southeastern Australio using broad band recorders.  Thix experiment, designuted
QUOLL, commsbiimed the use of the full sei of RSES broadband equipment with 1 Oron reconders
from the ANSIE national Facility, This cnabled an experiment in which o brosd array of
instruments wias deploved across New South Wales and Victoria Tor the full duraiion u;ﬂn
experiment with two lines of denser spaced instrumenms deploved for o shorer period.  The
mainienance of this instrumental deployment has involved many members of the group, The
object of the experiment is o examine the gradation of strucnene i the crust and mantle through
the Lachlan fold belt iowands the ancient core of the cominent. The images of mantle structure
from analysis of the resulis of the SKIPPY experimen imdicate the presence of slow seismic
wuvespeeds in the muntle beneath the Eastern seabourd  and higher wavespeods in the west
exlending bo depihs in excess of 130 km but not connected to the cratens, 1t is hoped that the
higher density of data im the QUOLL experiment will belp 1o provide o geophysical framework
fior the relatbon of the eastern loghlands 1o mantle stracture.
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Figure J: The coafigurstion of broad-bed seismic moonder vymeis in the (L
ciperiment in sotitheastein Assiralia Fncludisg SKIFPY stalbons (SA, SB)

In November & joint experiment with the Institute of Geological and Nuclear Sciences of
Mew Zealand was commenced in the Transantanctic Mountains working from Scott Base using a
copbination of ANSIR and RSES syuipnient with logistse support from Antarctic New Zealand.
Ten stations will be maintained over the Antarclic summer and will be remeved in March next
vear, 5. Sirodjuk and T, Percival have been involved with the field work in Anlarctica.

Strvcture and deformation af the Australian upper mantle as inferred from surface wave
dlindea
E. Dabayle, ¥, Hipochi and BN, Kennelr

The amalysis of surface waves analysis has proven w be very effective means of
determining the 3D struciure of the u muntle beneoth Anstrulia. Using this class of dai. o

JDWmdclmhchuh lwﬁmimmﬂaplu:prnmdwﬂmrmmpmn
wavefom inversion fora 1D path- ::l?euim:mm This wuveform malching
mmmhmmmmm that uswally represents the dominant part of & surface

wive selsmogram, and also include long period body woves ansing from  consiructive
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interfenence berween the first few hisher modes of the surface waves, This non-linenr inversion
step produces a model varying only with depth which should represent the average of the
structhares encounbered dlong the path, By this mears. good vemical resolution & obtammed for the
uppermiost 500 km of the mantle. The second sicp, consisss of combining the path sverage
madels in a tomographic inversion to retieve the bocal structure. At this stage, laeral resolution
of Few hundred kilometres can be achieved when o dense path covernge is available in the srea
umder sindy. This is the ciuse for Anstralen, thanks to the various Beld deployvments of porable
seismomseters acnoss the continent by the RSES seismology group,

In the carly mversions exploiting the data from the SKIPPY eaperoncnl, wavelomms for
Royleigh waves from veriical component reconds were analvsed individuslly and then conibined
in o iomographe mode] for sotropec struciire,  Last vear we introduced an efficient sutomabed
procedure for wavefonm inversion of surface waves using sevondary observables denved from
e waveforms prior o inversion,  With the awomaton, a larger volume of datn could be
processed which allowed resolation of both wavespeed Betcrogeneity and azimuihal anisotropy
for bonzontally propagating 8Y woves, il o scale of few hundred kibomewres, This inversion
revealsd @ bwa | ered anisotropc structure which has been confirmed with luer sudies. In the
pper Lﬂlkm uﬁh: rrimﬂr unisotropy is likely 1o be relsted 10 past deformeation frozen in the
lithissphere. a smoother pallem of anisotropy is found which appears io
wnpm:l lupmwllh:r formanon due 1o ll'rr.- norttrward motion of the Australion plote. In

addition, compared (o previous Inversion, we observed o somewhat thinner high selocity hid
bencath Proteroenic Australin. These results have strong implication for the struciure of
continents. They suggest that at Jeast for Australin, most of the Proterozoic mantke exper
presént day deformation o relatively shallow depth. making the development of large scale deep
continental root difficult,

The mvestigntion of mpper mantle anisotropy beneath Australia has now been extended by
inchicdlimg the horzontal componems of te seismogmms in the inversion.  From the companent
of the scismogrum transverse o the path we can extract information on the wavespeeds
honzontally polarized shear waves (SH) while the verical compotents costrain the 5V waves
wul};\mip:lﬁmwrlnuﬂ ISOtnopic m:cﬁu:r}:ﬁ"n" and SH up':]m m&:pn':.ed 0 propagane
al the surme velocity, bat il on is present the two seismic phases w gﬂmﬂlrp-npagqu'
with different wav mmﬂa: i ofien referred as “polanzation” or “rodial”
anisoropy and can be included in Ih: winvedorm inverskon through an additional parameter 5o
nepresent the anisotropy of the model, and thereby provide independent information to constrain
beth the depth extent and the strength of anisotropy. The sutomated procedure has allowed us
foy perform o wide vanety of wess o assess the presence of polurization anistropy in the upper
mandle. These inclisde the waveform mnalysis of the horizontal composen alone, the
smultaneoss wavelfonm imversion of both horzontal and verical components and the wavefom
imversson of all the data using different starung models and parnmeterization. In additon, a
detailed analysis of the wavelmms for seleciad epicenter-stion paths has been carried oul 15 a
croas-check of the omographic results,

For msi of the sumipling the Ausiralian continent, we found that it is no possible
explain bolh horicomal and vemtical component within & smple isolropic structure (Figures 2.3}
For most of Australia, the patierns of wavespeed variation for SV and SH are clearly different
(Figure 2j. Polarisation ani is required in the sppermost 200-250 km of the mantle
{Figure 3). The zone of [osier wivespeeds seem o ouiling the shape of the Proterogoic
craton, bt high 5H wovespesds exiend further East under Palacosoic Australin in the part of the
migede] where the strongest azimuthal anisotropy is chserved. The observed SH perturbations are
Iarge, mmﬂhl‘lg i amiplitides of polanisstion anotropy that are difficult fo neconcile with curment
manerabigical hhwbhﬂmmmmnmwwtmpum:&wﬂt
individual path models may influcnce thas resabl, but the size of the discrepancy between SV and
SH poses many questions on ibe osigin of continental anisouropy.
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Polarisation anisotropy (Vi/Vs P
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Figaire J; f"rm-l. sextion af -5 sed M5 (ees [u.lih coverge on Figere 20 i the
polarssicn misceropy model. SH waves propagsse sigeificasly fmacs than 5% waves in
e uppermoat 200- 750 km ol the model

Surface wave tnography sl irregular cells

E Delsrvle and & Sawibridpe

The appearance of o omographic image is strongly affected by the limitations of sampling
of the region of mierest. The charocier of the results, particularty with regand io lateral resolution
in the model, is imposed by the physics of the m (e.g. the wavelength of the seismic
wirves) ond the density of seismic roys sampling the streciare. AL the surface of the Eanh, the
distribution of ray path is conrolled by the positions. of availsble eventy ane senthons and i
alrmoed always aneven. Improved tomaographse imnges should be availabie if the parammetrzatiion
ol the mode] can be adapeed o the densily of ray paths.

Computational tools that allew arbirary parametnzation of o geophysical masdel have been
awm the Schoal over the lay few F:Tr: These 10als hrEr.' piw bBeen applied 1w the
probdem of surface wave omography, Staming from a given sef of ohserved my paths, o set of
Voronod cells on the Eanh's surface can be defined about the poamts where two o mone raypaths
cross,  Such VYoronoi cells ore “nearcst neighboor’ regions around the crossing points, An
example is shown in Figene 4. Noie that the sioe and shape of the cells is adapted o the paih
density, with large celb i regions poorly sampled by the data and smaller cells where the dogn
allow resabution. The cellular struciure has been refined by :::T a quality enteriomn
which enswres resolution of anisotropic structure in each of the fi nﬁl The resubing
Vioronod diagram meay theen be used as cither o messupe of resolistion availsble B diffeenl pans
ioff the: Earth, or as the basts of a new pammetrization in Sarface wave inmography.

Our preferred approsch is o e te Vorono dizgram w provide improved controls on the
izl E:!:uh'ul.g imapmed on the |uﬂk.|gr.qiﬂciqvﬂm. meill allow the inverssm 1o be
e o the availaoble desan and so schieve o betier exirsction of structural information. The am 15
to be able 1o combine very heferogencous data sets, 0s for example when studying o region that
covers both oceanic and continetal areas.  In the oceamic zones few scismic stalions are
available so paths are sparse, bt in continental areas the tumber of messurements and the path
density comtinously increases with the deployment of porable seismomelers (see Figune 4).
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The adaptive model represéntation wall accept different levels of honzoatal resalution v the
two regions, At o regional seale the approach may also be used 1o increase the resolution in one
particular region of a msdel, following further deplovment of stations in the area.

Prapagation af surface waves oo 3-00 global mrodel

K. Yoshizaws and F.LV. Kemoeir

Surface waves are the st nenl phase in an observed seismogram. Albough
surfsce woves ] mr:.n-rlhmmurmull:.- along the Earth's free surface, their energy reaches
into decper part of the upper mantle, resulting in the dispersive character of surface waves, Crst
vl upper mantle structures have been extensively investigated by many researchers exploiting
dispersion directly or through the charncter of seismic wiveforms.  However. plobal-seale
numerical modelling specifically for surfoce waves, has been musch less comimon than for body
wWaves,

Love

T sep i ) mec !

Rayleigh

T mec i M) sec l

Figare 5: 8 s of fundamemal-mode Love Oop) and Ha.;t':'rh {boilim)  wakes
paaxing through the Austmluan continent. The source hocatios is marked with 8 oas,

In order o wisuabise and understand the noture of surface wave wn in 30
siructiene, Jong-period surface wavelields Tor the whole the surface of 3 lave bheen
compuied by using WEKB] theory in whech surface wives ane represented by summation of
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narral- s at ﬂ:’ig:hu on the my path. The 3-D strsctune employed for the surfoce-wave
inodelling ks the 35MAC model of Natal and Ricand 1996 which was ailrﬂqud by assembling

a vancty of geophysical and geobegical infornsation.

The development of the waveleld away from a source in Indonesia is ilustrated in Figure
5 with snapshots of fundamental-mode i?l,gh and Love waves at 700 and 900 seconds afier
the orgin time. The amplitade is indi by the intensity of shading. The black and while
stripes, which sugpest phases of surface wave, are cleasly dastorted in amd arousd e Australian
continent compared 1o sumounding oceanic regions. Unfortunately the Love and Rayleigh waves
do not sample regions with the same sensitivity because of the differences in rudiation paiierns
from the source. Baoth waeves, however, wre strongly affecied by lateml heterogeneities anoand
ihe Austrabian continent. For example, phase advances in western past of Austrlia compared to
eastern part are apparcat for Love wave, and sirong effects from the continent-ooesn boundary
are clearly seen on the westerm margin of the inn continent for Rayvledgh waves.

Such memerical simulation of the swrface waveficld provides & vanety of insights o the
nafure of surfoce wavefickl in g 3-0 laterlly heterogeneous medivm which canned readily be
obiained in other ways.

Seiznic wave altenuation and s freqrency dependence in the wpper mantle beneatl
!hrdmnﬁnmﬁnm

X Cheag and BL N, Keanetr

Bevuuse the Eanh is not perfectly claste, propagating seismic woves abenuate with Gme
dise b0 vaniows energy-loss mechanisms, such is movements along miseral dislocations or shear
beating af grain boundanes. The atenustion can be charactensed by a ) which generlly has
wenk Eﬂqu:nq' dependence below | He

The dense set of observations of body waves twming in the upper mantle which have
previously been exploited in studying the velocity disribution provide o good coverage for
studying attenuation, purticularly under norbem Australin. A significant challenge in attenuation
sudies s the separation of anelastic effects from both propagation and source effects. The
speciral mfbo between the P and § wave amival provides o mieans of cancelling the frequency
dependent lectors commen (o the wo wave [ypes,

Owver o narrow band in frequency the O cam be reated as neasly frequency independem
and then the slope of the loganthm of the spectral matio is then direcily related o the difference in
nttenution between Fand 5 in the passage from source 10 receiver, The sysiematsc applicati
of this spectral mh 1o the estmution of the differential atenaaton between P and 5
(0" _P5) 1w the dots recorded s portable stations in Austrahis stations provide
measurements along nearly 2000 refracted rayvpaths mostly sampling s nonhemn pan of the
continent for frequencics centred around (L5 He. The measunements cleardy delineste mapor
vanutions in stenetion between the cralonic struciunes in the centre and west and the castem
et f Austradia, with much stronger attenuation in the east.

The differential atenuation correlaies well with the vebocity strcture. In the aneas of lngh
5 wovespeeds. the ablenaation is weak. Whereas, the strong arenuation comesponds 1o zones of
low wavespeed. Weak attenuntion of § waves was found m central and western Austrabin when:
ihe 5 velocity is hl@]. But strong attenmation of 5 woves was found in eastern Australia and
Caval Sea with Jow 5 wave velocity,

The brogd-band seismic observations also sllow the examination of o wider frequency
range (up to 4.5 Ha) (o look for frequency dependence of attenuation. With the assumption of a
simple power Loy depenidence of frequency (0

Q=0 ™
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ihe specal rtie informabon can again be used and o can be exiracted from the mbe of change
of the loganthmic slope of the speciral ratio with frequency.  There tums out §o be o strong
correlation between alpha and the differeniial sifenuation ((*pg)

When the differentinl attenuation is low so the spectral content of P and 5§ wives are
simnilar, the exponent @ is chose fo rero.  The sbope of the logarithmic spectral ratio depans
further from lineor as the differentiol amenumion increases and o depans from zero. For the
strongest differential atemiation where the [requency content of 5 is much lower than that for P,
£ devintes noticestly from sero wnd the logarithmic speciral o shows disinct curature over
the frequency range from 0025 w0 2-3 He, although there is ofien lntle high frequency content,
Mormally alpha is not oo large and 50 o linear approximation o te logarthmic mtio is 4 good
represemiotion over the inlerval less than | He.

LLLL]

Fipsoe i Pauths b pomsble staljom coded by e coefficien of frequency dependence oo

Figure & sumsmarises the geographic behoviowr of the expenent @ over the full set of path
coverage. The lines are displayed with a thickness mveriely proportional 1o the ermor in the
cstimation of . Thus thick lines represent rulhn for whach @ has on small error and thin paths
have large ermors, Smaller values of o one also posmally ssocisted with smaller errors. There is
significant variation in o The ravpaths covering the nonh-west part of Ausiralion cominen
show @ ¢hise to gero with a small ermor in alphea; so that the fregquency dependence of 0} in this
area ks relatively weak., Tn castern pant of Avstralio and Coral Sea arca, there is o misiure of paths
with small and larger o so that the frequency dependence in those wrea are more comples axd
depends on the depth of penetratson of the waves,

The wide range of dafferenmial anenuation measaremments SEIPFY data set can be exploiied
to uyvent for amenoation stucture, by making use of the vebocity information extracted from
stacked body wave amivals. A set of ffieen 1-1 velocity models have been constrscted for
different arimuthal comidors across the continent by combining data from differemt evients and
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stations {see Imw! These models provide a suitable framewodk Tor sttensstion
inversion. The di sitenaation data has been organised indo the same aximuthal corridors
as used for the velocity suady and have been inverted to produce a set of 1-D Q profiles.
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Figure 7> The wt of () models samgled inthe WA mverxion process omdad by miafin.  The
darker bones imbicaie the hesi i

The inversion has been accomplished using the neighbourbood algorithm approach for
Ilﬂer srm: exphorstion, which allows an assessmient of the properies of & g rcudels
o data as well as just the best Arting model. Figure 7 shows an example of the

In'-'mhun for & 1-D 0} profile.

The next step will be to synthesise a 3-D representation of the sttenuation structure
beneath the Australian region. The initiol stage will be to combine the vasious 1-IF modeks.

Selzmricity parferns
T Mt M. Samividee asd O, Gralmundres

Earthepuake distributions are used to infer mformation abowt canh processes and structure.
The degree of clustering ar nn.h'tgig within any earthyquoke distribution can vary significamly
between tochonic regimes, o.2., @ ocean ndge and a4 subduction zone. Mislocation of svens
can oocur for 8 nomber of reasons including pecking esrors, misidentification of phases il
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|spcral heterogensity within the eanth, These errors teml 0 increase the sentler of hypocentre
distributions and blur underlying streciure in the seismicity.
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Figwre & Earthaquakes is the Hengill of Southern loeland ) The original lecatons.
b]'l'l:tluuﬁmuaﬂur!;nmm ﬁmmﬂmwwuﬂ.

Waork over the past year has led 10 & new concept which we call “earthquake entropy”.
This is o new measure which makes it possible fo quantittively compare scatter within
eanhguake dustributions occaming over different lengths of time and in contrasting regions of
U earth.

We have developed a new method which reduces entropy while comserang the it ta the
doia of the originnl events, Classically, entropy is used ns 0 measure of disorder or scotter. This
suggests (hat by changing a distribution of h ntres 10 sueh g way thet entropy s reduced,
then unnecessary scaner might be removed from the seismicity. By reducing entropy we are
erhancing the ‘image” of underlying structure thot eartheguike distrbutions provide us The tme
sequence of canthquakes can also be wsed w fumber enhance (e method and allow ihe
identification of earthouake clusters.
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Figure & shows an example of earthgquake kocations in the region arsund Hengill, loeland
{panel ¢). Panel a shows the original locations while panel b shows the resulis of the new
methad. Lineations are particularly clear in panel b, NTOE trends become and
imividual swarms line up along similar directions as estimated by Rogavaldsson (1998), The
centre of the domain has some nearly north striking features. but also lineations striking N30E.
This direction comelates well with the dominant surface faulting in the area. An interesting
limeation in the western half of the domain with a direction close to N2OW stretches from the
centre south tor the nonh east comer of the domain.

Seismrie Location using & Nefghbourhood Algerithm

b, Samibeeidpe amad LN Keaert

The neighbourhood algonthm (NA) lmu‘:h o parameter space exploration has been
Bil:lpln:ltnlh:h of estimating the Wy of scismic events. The algocithm uses
stochastic samipling of o 4-dimensional hypocentral parameter space, 10 search for solutions with
acceplable dota . No derivatives of tavel tmes need W be culculmed which allows
conmsuderable flexibility in the choice of misfit measure.

At each suage of the inversion procedure, the hypocentral parameter space 15 partilned
into o series of convex polygons calied Voronoi cells. Each cell sumounds a previously
genersted hypocentre for which the fit 1o the data has been determined. As the siporithm
proceeds new hypocentres are mndomly genersted in the neighbsourbood of those hypocentres
with smaller data masfic In this way all previous hypocentres guide the search, and the more
promsing regions of pammeter space are preferentially sampled.

The NA procedure makes use of just two luning parameters. 10 is possible 1o chooss their
values zo that the behaviour of the algosithm is similar to that of a comtracting imegular grid in
d-10, This is the feature of the algorithm that we exploit for hypocentre location.

In experiments with different events and dats sources, the NA approach has been shown 10
achicve comparable or beter bevels of duta At than 1 range of altemative methods;  Jinearised
least-squanes, genetic algonthms, simulated snnepling and 4 contracting grid scheme.  Moreover,
convergence was achieved with a subsuntially reduced number of travel-time/slowness
calculations com with other nonlinear inversion techniques.  Even when initial pammeter
ﬂ?wxm s the NA procedure produced robust convergence with acoepiable kevels of

L

The NA location scheme s illustrsed for an event in Sulawesi in June 1999 a3 recorded
stations repowiing to the Prototype International Data Centre of the Comprehensive Nuclear-
est-Ban treaty. The micrmedinte depth evemt is reasonably well controlled with a sparse
network of stations (see i . The KA location procedure is applied for a region 2 degrees
across in both mm&:wmm with a depth imerval of 60 km and a time interval of 40 s
ceptred on the PIDC location. Fiiirurl: 9 illustrates the progress of the NA procedure with points
coded by the misfit o ihe data using an L1 pomm e, ﬂioﬁum of the absolute values of the time
respduals scaled by the estinaies of picking emor.
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Figtore ¥ The distribotion of stafions used in the hypoceniral eutisales fon the Sulawes
evenl. Polar peojection centred on the hypocengre,

The neighbourhood algonthm matiadly explones much of the allowed domain but guite
queickly shifis utlention o & one with impro meisfis. The convergence townrds a chester of
well-fiing location estimutes i rapid.  Each of the symbols in Figure 9 represents one of the
locntion estimales which his been assessed in the progress of the NA imversion. The symbols
are coded in greyione by the level of misfit with darker wones indicating better fit. The display in
Figure 10 shows only a portion of the origingd search region and so shows the nature of the
misfit function in the neighbourhood of the best fining model. The lightest symbols have a
misfit approximately twice that of the best.  The immediale neighbourhood of the best Iocations
shows relatively show vamation but wway from thas region the misfit m amival times grows quite
rapidly. The distribution of misfit in hypocentral space can be used direcily as an indication of
the relmbility of dl:fpmru]ucd hypocentre ¢.g. in Figure 10 the chuster of the darkest symbols
tindicating least misfit) occupy a moni about 7 km EAW by 8 km NS,

The sampling of the misfil function in the course of the NA inversion can atso be pul 1o
use in o retrospective assessment of the probabiliny distribution for the hypocenine parmeters.

7
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Figowe {1 The oentmal portion of the pammeter wpoce showing the sampling of moded
masfif in the NA p . The darker symbols isdicate bemer i and their distribution
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e well explored this informalion 18 svsilable fir aowsoment of the Elity
dissribution of the hypoconiral parametens.

Sonrce frversion ai ieleseiomic distances using a Neighbouwrkood Alporithm

K. Marsom-Pédgeon, BN, Kenmere and M. Sawshiifer

The neighbourhood algorithm (NA) is a new direct search method for inversion (see
of source nversion
ithim preferentindly samples those regions of o multidimenssonal
dhatn masfin, Any suitable definition of misfit can be emplwved,

previous annual repons), and has recently been applied 1o the problem
tedeseiamic distances. The

parameter space which have
and the algorithm is based on the rmnk of te misht funciion,
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The first scution of the NA approach is 1o event location using arrival time, showness,
and azimuth information. The resuling hypocentre information is then linked o a waveform
inversion of short period or broadband records, which uses the NA approach to inven for source
depth and mechanism. The depth estimate obiained from the location inversion s used 10 initihe
dmhbmmﬁfmﬂuwmﬂmmmmﬁmmﬁmhminnhq:cﬂ‘mdhyamu
and we invert for the rise tme parameter. The source mechanism bs represented via the
superposation of a douhle ad an isotropic component (giving 0 six dimensional
parameler space), or allematively, in terms of a general momend itensor (giving an cight
dimensional pammeter space).

Figune 11D Source radisGon paisern amd senmopmm comparison for Honshu evem, (st
CMT sudotion. (middie) I-:umhhmume radiation paliers from inversion.  (right)

ison hetueen the ‘chearved’ | traces) and * Aol igrey Mnces] seisitigrama,
for the yendeal compment of P,

Synithetic tests with sources ar crustal depths, using few stations, have recovered good
estimues of the source parameders, i particular the source depth. With good arzimuthal
ambiguities in source mechanism can be resolved. For smaller events, which will not be recorded
o DAY Stathons, i is importam w exploit oll the availsble information, and make use of both 5V
and SH wave datn in addition to P wave data.

The waveform inversion has been applied to on evem which occurred off the east coast of
Honsho, Japan. This event has an estimated source of 19 Kilometres, obtaimed from the
centrodd moment lensor (CMTh solution, Initial invers resulted in poor fits 1o the observed
mwww mhw:ud’ii! Hhm:lmﬁiis.ﬂcu mwrﬂﬁm'ﬁ’iﬂﬂ“h'
waler lnver above source, the seismogram fit is much improved (Figure 11), 4 depth
estimate of 18 kilometres is obiained. Thus it seems that the source depih % Giirly insensitive 1o
other fiuctors, such as the velocity model, which allows us to achieve good depth resolution.
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RELACS = Imaging e Rabaul voleans
T, Crasctamsianls som

The RELACS project was completed during the year. Amiong the project’s results are
detailed two-dimensional vetocity models along two profiles crossing the northwest Garelle
Peninsula, one crossing the Raban) calden complex, the other crossing the Tavui caldera to the
northwest of Rabaul, ‘Fh:;rujm:lahn resulied in a detailed three-dimensional velocity niodel for
the top 15 km and an anca within 25 km from Rabaul. The distribution of seiemicity within the
Rahat] volemno was also re-examined waing the three-dimensional velocity model.

A clear low-velocity anomaly was found o e m 3-5 km depth directly bencath the
Blanche Bay caklera, the youngest and scismmically active collapse structure of the volcanic
complex.  This low-velocily zone is about § km across and ibs marging underlie o nng ol
volemnic vents which have been nctive afier the [ormation of the collapse structure. The data
cannot resodve e velocity within this low-velocity zone clearly, but do constrin it o be in the
ranige from 3.0 10 4.5 km/s. This represenis a major anomaly compared to adjcent velncities of
5 56 ks al the same depths. This anomaly lies beneath the seismicity of the Rabaul vobcano
and is interpreted (o be a shallow magma reservodr,

The sisrface velocities sbove the magma reservoir, within the caldera structure are fousd w
be very low, berween 1.5 and 2 km/s, These low velosities may be explained by the Iractoring of
shallow rocks caused by the collapse evenl and by sodt sedimentary infill.

Tavui caldern is not underlain by a shallow crisstal magma reservoir. AL depths comparable
o the magma reservoir beneath Blanche Bay the Tavai calder is underfain by fast velocilies,
These may be the cumulates of 4 crystaflised magma reservoir which then would have 1o be
interpreted os being very old (more than one hundred thousand years). The implications for risk
associaled with this voleanic structure are clear, however, a deeper (> 10 km) crastal magma
reservoir beneath Tavui cannat be ruded oul

The seismicity of the 25 years leading up to Rabaul's kast eruption in 1994 is amaged in
a roughly oval underlying the Bl Bay collapse strscture.  This seismicity hadd been
determined to he in the top four km, but considerable unceriainty had 0 be assigned o tha
estimate due to the uncerin velocity structure around the volcano. The RELACS progect has
significantly constrained this velocity stroctare and thus tightened the constraint on the depth
extent of seismicity, The resull s that the scismicity extends 1o 34 km depth and that while the
oval patern stoys largely imact it has slightly shrunk and shifted These changes of patiem of
seismicity are verified by comected muslocation of explosions conducted by the RELACS
project.

Figure 12 highlights the main results from the REIACS project on the velocily structure
sroamd the Rahaul volcano., The wop panel shows a depth slice a1 4 km depth dominsted by the
central low velocity anomaly beneath Blanche Bay. The lower panel shows a cross section to 10
km depth along the profile indicated i the map view above, Again the model is dominaied by
the confined low-velocity anomaly beneath Blanche Bay and other structures associabed with the
volkcanss, The shallow fast velocities to the northwest of the caldera (beneath point A) e
probably due to shallow lying carbonates (limestone ouicrops in the area). The shallow st
velocities around the western fim of the caklern may be due to a high volume Ffraction of
InLrusives,
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Figure 12 lmagey from the 3-D inoded of the velosity strugtune in the Ralsul region. The
v panee] abworos & depeh alice 3 4 kon depth desnimated By the contral low velocity ancanady
beneath Blanchs Bay, The lower 1 shows a cross section io 10 km depth sbong ihe
profile indicated m ke map view of the panel above.

Characrerising and enlaneing selvmic phases
=T, B caef BLLN. Kenwerd

The detection and identification of seismic phases contioses to be o sipnificant issue m
seismogram analysis. Any individual method of phase detection is based on sepamtion of signal

L]



RESEARCH SCHOOL OF EARTH SCIENCES — ANNUAL REPORT 1999

and poise in o particular domain and cannol ensure consistent onset Gme picking ender all
sokirce, recehver, path and neise conditions,  However a combination of three methods based on
differing aspects of seismograms con be wsed o provide atomated and consistent  phase
deiection and inferprelation wsing o sngle thrée-component record,  An epergy  analysis
approach based on the retative on the vertical and horizomal components with respect 0
the totad energy is used as means of exploiting changes in amplitude. Changes in the nature of
armvals ane detected using a number of different definitions of instananeous frequency and also
via changes in the comelation properties of the seismogram as expressed through the charscier
of the coefficients in an auioregressive representation of the sssmic e,
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Figure [3: The use of muliiple technigues 10 deiect and charsfiorne schamic phases (s
nexl for explanation of moes)

The combination of energy analyss, differences in instantaneous (requency and an aulo-
regressive representitbon of the seismic recond is used 0 develop an algorithm for robost phase
detection. A detector based on the ratios of shon term averages o long ferm averages is applicd
b each of the measures derived from the seismograms. When severn] methaods indicate a ngger
within a short time gaie a phase detection is flagged. The character of the phases i extracied
using polarization analysis using complex traces 1o separate 5 and P vave phases,

Anilhmhmﬂﬂupappprrwhis shown in Figure 13 for an event at 79 km depth in Fiji
recorded al one of e SKIPPY stations in South Australia (5009 at a dismnce of 3].4 degress,

The shori-term window wsed for the three different methods is 2 s; the long-term window
for encrgy analysis is 62 & and Tor frequency and puioregressive coelficient analysis is 31 s,

n
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The upper three tmces represent the 3-component seismic reconds without rolation, with the
superimposition of the predicted times of amivals using the fasp9] travel tme tables for the cvent

E3, Ze, He are the total, vertical and horizonial s roties of current vadue io lomg-
term wrendl. PO, PO and FO3 represent frequency matios of the kocal value to the long-term
wend. AR AR and AR are the low-order, medium-onder and high-onder comelation
coefficient ratio of termporil behaviour (o long-1erm tend. We note thst we would miss the firs
amvival of the P wave and the depth phase 55 if we just relied on the smplinde behaviour,

Two different approsches 10 combining the different detection measures are employved,
CM where each of the measures has aqunl weight and COM when we require af least of ihe
different styles of messures to be triggered. The long ventical bar reaching 1o the botom of the
frame represemts the case where the wasp®] wravel times and the consbination algonthm bath
indicate o phase, denoted as phases |20 A shorer verscal bar in grey indicates where only
the coambination aiporithm indicates o detection, denoted as arvais 1.2, .0

The polanisation analysis resubs divide into theee classes:  AZ] and BWP combined form
a separation of body wave from background naize vin the lineanty of the polonsation; PWDI
and PWD2 are deteciors for P phases, and SWD1 amt SWD2 are the detectors for 5 phases,
Phases 1,23 and 5 can be distinguished as P phases and plases 6,7 and 9 a5 § phases,

This event provides a good example of the way in which the individual methods reinforoe
ench other when used in combinaiion, The energy anolvsis pick only the P, sP and § phase,
Frequency analysis and AR coeflicient analyaas peck P, pP, sP, PnPn, 5. 5. 35, 5cP and Pc5 b
the significance of the picks are reinforced by the coincidence of the two methods,

Warramnnga Seiswric Array
I firand e BLLY, Keswer!

The setsmic and infrasownd amays a1 the Warramunga Amay Station (WRA) near Tennamt
Creek have been designated as major components of the Imemational Moaitoring System of the
Comprehensive Nuckear-Test-Ban Treaty (CTHT). The seismic array is a primary station which
will prowvide data directly in real-timie 10 the Imemational Daa Centre i Vienma, A major
hardware spgrade wis completed in May o bring the scismic armay up o reaty standards: the
e comiiguration retwins the onginal twenty seismic sites im along two 25 kong arms. (B1-B 10,
R1-R10) and adds 4 new sites (C1-C4) to improve analysis copability for cvents ot regional
distanees (fgue 141 Sarellite connectivity to Vienna was completed in early December,

Curmently work s underway on sile prepasation for the installation of o new indrasoand
amay which will have four bong-peniosd sensors in o riangalar configurtion with an additional
set of three high-frequency sensors sumounding ihe central site. In onder to reduce the inflluence
of wind nodse, each sensor will have a mdisting pipe amay from the sensor vault with distributed
inlets,
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GEMMAGNETISM
F.EM. Liley amd A, Hitchman

The magnetic feld of the Earth changes on o very umkmnp{d'nnuﬁcm Admaost all
r:ﬂmmmmﬂ:[:mumymmh:dmmm place. These processes may be doe cither
mglgnn,mnpm imduction m a mﬂ.mm i eniemal source felds which vary with
tirme: of 1o otiona] lectromagnetic induction, as in the oceans, and (oo a much stronger scale)
in Eurth’s core.  The work sl RSES during 199 s concentrated on various ts hased on
observations of the me-varving magnetic Oeld observed o Earb’s mﬂl:l::uﬁuul on the
information which may muﬁnm about processes in the Eanth and oceans,

Such projects involve an observational component which may fake some years o develop
and follow through. During 1999 attention concentraied on a number of projects which wene
brought 10 i <age of conclusion by the completion of the PhD thesis of Adrnan Hichman, Dy
Hitchman presenied his research results at the IUGG meeting in Birmangham., Englasd. and this
meching was well-timed for his pam:mum il the: end of hu research scholarship, Dr Lilkey
ook by raoniths of outside studies beave lowands the end of the venr, which enabled him o
contimee collaborations in Morth America. and to present recent Awstralian resulis there. He

participated in a workshop on electromagnetic induction held in Salt Lake City,
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Marine Tnvestigation of the Evre Peninsnln Conduetivity Anowaly
FEM. Lilley, A Whire', G5 Meinsow', L Popdov’, L0 Comatadle and PR, M past’

Dunng 1999, reduction and analysis of the large data-set obtained during the SWAGGIE
experiment of the previous year was advanced at both Flinders University and ANLL  The
of the manne electro investigation is 10 investigate the conjectured extension
offshore of the Evre Peninsula © ivity Anomaly (EPA), which is & major linear clectrical
conductivity structure found in e Eyre Peninsula, South Australin.  The morine investigation
was supporied by twor cruises of the rescarch vessel Fromblin, and was notable for involving,
through both national and inbernational collaboration, the largest wray of seafloor EM
mstrmeniation vet asemblod for an expeniment in Ausiralian walers.  On land, recording
magnetametens were deploved in an amay across the southermmost part of Eyne Peninsula,

Inchaction armows computed from data observed on seafloor, seasurface, and nearby Lad
show the conductivity snomaly contineing from the Sowh Avsralin coast-line scross the
continental shelf as far as the continental slope. Thas result is very pleasing, o5 examples of such
electrical conductivity structures being mapped |n1l1rprtstmt-ﬂ!"m1 owverlving sheet of scawaler
of depth of order Illg m are rore.  Modelling and inversion of the observed daga cartied oud 30
far indicare that the conductive structure, in section, must have a near-vertical ofentation, and Te
in the muiddle 1o lower cruss,

Electrical conductivity structure af the easiern edge of the Mt Isa Black
FEM. Liltey, Ld, Wang', F .M. Chomalaun and L. Fergasm®

A period of ouside studies leave spent by FEM. Lilley st the University of Munioha
enabled subduntial progress o be made on completing the interpretation of data from the lise of
magnetotelbune satbons occupied i 1997 between Jubia Creck and Cloncwry in westem
Cueensland.  The major clectrical conductivity structure (lermed the Corpentoria conductivity
mmuﬂﬂmdl;-}'ﬂwlhmufﬂmumishﬂlu mpa:mh:-mnmml:m:dnnh
tzlhb-:rwd data, in “stitched- 11 conductivity sections, in condictivity sections resulting fnom

=L} INYEeTRON.

_ The conductor lies in the Mi Isa Block where it is covered by sediments of the Eromanga
Buasin. A pheasing test of the application of the magnetotellunc method 1o the present problem is
EI the knavan depth of the Basin (order 200 m. determined from drilling ) 15 well resolved in the

i Iversions.

Dretection aird wve af a dally-variation sigeal in aeromagnetic doin
AP Mivcheen, F.EM. Lilfev ol P8 Millgow"

An seromagnetic 15 generally comprised of a series of parallel lines, and a st of
ties Mown o Aght angles o the lines,  This practice gives nise i crossover points. where thes
imersect lines, and where two independent measurements of the magnetic fickd have been made.
Commaonly these two measurenments are different and a ‘misiit” exisis.

Methods have been developed io analyse such misfits for evidence ol elecl i
inhuction in the Earth, The methods developed necover @ representative quiet daily-v
frivm erossover meshits i the arcmalft data, and @ similor vomaton derived from base-siation daa

! Flinders Undversizy

* Scripps Institwie of Oceancgraphy

" Awsiralian Geological Sarvey Orpanisation
* Universigy of Manstoba, Canada
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{usual netic procedure includes running o base-station observatory, perhaps ot the
airfield from which the aircraft is operating). Comparison reveals enhancement or reduction of
the adrcraft voriation nelative (o the base-station varation. Such enhancement or reduction is
interpreted in terms of contrusting electrical conductivity sructure between aircraft and base-
station locations,

The method has been tested for a range of Australion seromagnetic dafo-seis. Figure 15
shows sample resulis for an aeromagnetic data-set from South Australia, which covered o major
known inland electrical conductivity structure {the Flinders anomaly, named afier the Flinders
Ranges), As can be seen, the aircraft resulis give a clear indicanon of the presence of the
structure, demonstrating the pedemtial of the method for reconnaissance purposes.,
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pEfpEraes, Frome mrea, Sowth Aosiralin,  Noie that the conéour m highlights the
pematzon of il Flinders conduciivity stnucosre, kneam fom groand nﬂcn-m

Applications of the concepl of a magnelic amphidrome
AP, Hivcheman aud F.EM. Lilley

Figure 16 shows, by example, the concepl of a magnetic amphidrome. The data oniginabe
froem the Australin Wide Array of Geomagnetic Stations (AWAGS) of len years apo, ll'n!"-'

have been accessed from the PhD thesis (Flinders University) of J.M. Whellams. The figure
shows, as o snapshot in fme, the amplitude of the sudden commencemnent of a geomagnetic
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sorm, as it would be measured by toal-field magnetometers spaced over the comtinent of
Australia,

It can be seen that the signal is generally suhdued across the sowthern border of the
continerd. This effect is due o magnetic amphidrome conditions being created there by the
ocean-confinen elecirical conductivity contras,

The implications of this phepomenen wre both subde and widespread for magnetic
mappang activities.  Those which seek high-resolution resulis, and the removal of the lime-
varying pan of the field from the spatial variations. need © be aware of amphidrome patiems
where they are making measurements.
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Fﬁ"bﬁ“ﬂ"ﬁ.’”h nﬂ?m ks an ﬁ'ﬁ'ﬂﬁ&m:r simlion and shows the
artsgiil ot of & gramagnetic o genemlly sppeecsed pesponse pors
the somthers band of the contineni demonsirmes the magnetic smphideome conditions
prevailing ihere.

Results fromm foating smagnetoneters
AP, e b oo I ECAE Litley

Novel dota were obnined during 1998 by releasing a total-field ometer o foat on
the surface of the deep occan for several days, racking its position by satellite echnology. In an
associted experiment, o the more shallow water of the continendal shelf, a magnetomeler was
misored for several days ab each of i number of sites.

Analysis of these daia has proceeded during 1999 with severnl objectives in view, Firstly,
il has proved possible o combine the sca-surface wtal-field data with nearby tand data 10 give
induction arrows for the seo-surfoce sites, thus inroducing o new technique 0 manne
electromagnetic methisds, The sep-surface datn were obtained during the SWAGGIRGS
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experimient off the cosdl of Soulls Awstralin, and the induction armows thus obakned sugment the
inmnli-m available for the conductivity stmcture of the continental shelf.

Secondly, the area is one predicted 10 be of low mognetic amphidrome value (se¢ previoss
section), and the opportunity was taken o check this prediction.  [n the evenl, amphideome
vahues caloulted from the sea-surface magnelometer data were indoed typically 3 {a low value),
in agreement with the predictions of the model for the whole of Australin

Thirdly, occan swells generate magnetic signals by motional ehectromagnetic induction,
and the Greal Australizn Bight, with its exposure fo the Southern Ocean, was seen as 3 good
place to seck the magnetic signals of ocean swells, for companison with theory. Good data were
obtained, and Figore 17 shows an example of the power spectrum of the sea-surface signal,
super upon that of & nearby land station for the same perod. {The land sation recosded
datn =t B s intervals, snd so its specieal window is pot the same as the sea-surface instmoment, )
The peak in the sea-surface spoctrum at 14 s period, doe 10 the ocean swell. is cleasly evident,
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Figure I T mwrwmm tokal-fick] magnctometer. Moating on
liur:'&rduhmumﬁmﬂiﬂrl[ﬁﬂ:{;rﬂ.Mrl]'rrnruiiumiyal%md.lr
mlrumn,gn:uc:i:nmiﬁwdﬁmuﬂmﬁth ocean swell  The heavier
(rae 15 For am instrument on, aearky

Epecification of e invariants of the magnetoielluric impedance lensor
F.EM. Lillex, LT Weaver' and A.K. Aporwat’

For a particular frequency, & magnelselluric impedance tensor is complex amd consisis of
eight mumbers. 18 is of greal value 1o be able to cast these numbers inlo one value which relers o
the ic direction of measuremend, amd seven values which are independent of the
direction of messrement, and sre termed invamnts,

The seven invanants then summarise the ebectromagnetic mesponse of the Eath, and, as a
set, may be specified in various different ways. With the first two imvariants containing the 1-
dimetisrnnal seale of the ensor, ond the next two invannis s 2-dimensional charmclenstics,
thiree invariants sre lefi io express the 3-dimensional charscienistics of the tensar (and thus of the
Earih}.

* University of Wictoria Canada
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In 1955 callaborutive work continued on the best sq:-nuﬁcudm of the invariunts, especial
with a view 1o l:lm[j'ln Ill-rfmqunnl:.l-nv.'mmgtdm in sctual data of “galvanic disorion™.
Forwand culculations nF hypothetical situations have helped this process greatly. Ar present, all
magnetotellune inversions depend on 1-dimensional and 2-dimensional invirants - determined
from observed data, and, as mensional modelling and inversion advance, 3-dimensional
imvartants will nssume an increasing mportance,

Mognetommeter records from the [Toor of the Soutern Ocean
FEL Lilley and A, Wihite

The reduction of ometer data observed on the Noor of the Southern Ocean, near the
Australin-Antarctica 5 ing Ridge, commenced in 1999, An inleresting feature of the folal-
field time series for station Girardin, (51 deg 45.06 min 5, 143 deg 16.82 min E, depth 3500 m)
is is steady incrense over sin months, shown in Figure I8, The phenomenon is nt thought
Imlu: to either base-line dnft or catibration drift in the magnetometer, and may be a measine of

iﬁmmu secular variation at that point, which (on o global scale) is relatively near the
magnetic dip pole.
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Figure {8 Exampie of magneiometer doa moonded @ the stmion {Ereedin on the {loor of

e Secvoribeerm Ohcmn, 'l'h.e it off the magnetie leld veobs o b i as o ooampeesl

phol, for the full duwrmtion of meonding. “The wsizusneal v pesr Eand's metora] 2ooc il
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!:ll magnetoleljusic pnm: ol the clectical comductivity strocesme of the Auetrslis-
flarctica

While the variations i the data on short time-sealés (minutes 10 1 dayd ane suitble for
studying the electrical conductivity of the seafloor, these on time scales of | day - | monih will
be examined for evidence of ocean currents. The major ntermational seeanographic experiment
in the Sovthem Cocan in PRS- 19096, with which the ANU-Flinders n obeervations
werg imtended o be simultuneous, is now yiclding resulis, An sccount by Professor I3 Luther
ind colbeagues may be viewod b

hopffawwsisoest. hawai edw'-duberSAFDEWDUE_SAFDE_paster himl
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GEDDYRAMICS

GEODYNAMICS

Research within the Geodynamics Group of RSES covers three areas: (i) precise peodetic
monitoring, modelling and analvsis of erustal motion and defonmaison, {ii) gh:u.al rebound and
sed-bevel change and i) meodelling of tectonic processes, including sarface processes.

In the nrea of cnsinl motion ond deformation résearch bsing geodetic micthods the
principal outcomes have been in two grens: the construction of @ stand-nkone  Antinctic-
conditioned GRS ility, powered by o combination of solar cell and hydrogen fueld ol
Lu:hm-: 4 and data ransmission back 1o Canberm Al years end two ar e
Fenidle 1 Abci Tor installation &t Davis ond Beaver Lake, Thas development fodlows on from
vy mm[ﬂlup:mmmsmm: previous two years with salar powened systems for day-light
combitions, Two pdditional solar powened packages are also en-rare, one for insiallaton in the
Southern Prince Charles Mountains and the other on the Pryde Bay cosst.  The purpose of the
experiiment i o measire differential verical displacements between coastal and inkand sites that
mary resull from ice withdrrwal from the Lamben Glacier drainage bosin,  The other migor
Lnlﬂal displacement rescarch has been the on-going Global Positioning System (GPS) surveys

e Crmimea with the: survey of & detailed negwork in Mew Britnin and New Dreband asd
II.\'H}' recem survey in ihe porthwestem region. With the principal first-onder features of the
plate tectomes of the region now defined with the GPS survess, atention is now focussing on
the details of the deformution across the boundaries,  An important uspect of this work is the
very chose successful cooperation established with the National Mapping Bureau of Papua New
Guinea, the Papus New Guinea Mational University of Technology o1 Lae, and the Fabdiul
Vaoleano Observaony,

Ini the ares of glacial rebound, the work continues to focus on (i) new observational
evidence from cntbeal areas and times, such as porth westem Australia duning the Last Glaciol
Maximem and the Ross Coast of Antarctica, (1) the inference of ice sheet dimensions during the
deglaciation phase from the ses-level data of Ewrope, and (in) the inference of mantle rheology
iroem the same dale.  Panicalar awention is om whether an effective separation of ice-amd
earih-mexde] parameicrs can be achieved and the new inverse methods deveboped sugoest that this
is the case.

The third area of research is in lithospheric and erustal tectonic modelling which includes
studies of the defomation of the Ausiralian contine in carly Palseoroic time and mere
lurnln.xcd deformation in acoretionary  wedges and thrust belix,  The pemerical methods

imztzally for these Inlmp?mre—sm!e problems have also proved 1o be most applicable
md efficicnt {or sudying surface processes and 15 leading 1o new insights imo meters as
diverse as glacio-flovial erosion and kst aquifer evolution,

Dr Y. Yokoyama successfully defended his thesis this year and will join the Lawrence
Livermwore Laoboraory, Berkeley, ﬂh"}'ll'l 20061, My E-K. Potier joined the group as a PhDD
student. Two exchange sindents Ms 5. Frederiksen and Mr Y. van Brabant, respectively from
the Universities of Aarhus and Likge, joined the group for pan of this vear, Dr G, Kanfmonn
leaves the group o move to the University of Giitingen.
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GEODETIC MONITORING OF MOVEMENTS AND DEFORMATION OF THE
CRUST

Papug New Guinea
P. Tregoming, M, McQween , K, Lambeck, & Sackson' and & Littte

I 1%F} the RSES equipment which is oa long-term boan wo the University of Techrodomy,
Loe, was wsed by stafl and students o that University, and on our behalf, w0 make repesa
observations at key sites on the Hoon Peninsula in and around the Ramu-Markham Fouli zooe
andl ohservations were made ot Wewak by a student from RSES, We also ed s« at the
Rabhaul Volcano Observatory m their monitoring of actve voleanoes in tee Mew BrilminM™ew
Ireland region by supplying GPS eguipment for feldwork aml by analyvsing the data and
providing up-to-date coordinales of the sites monitonesd.

In addition, several sites i the porthwestem region of Papua New Guinea were observed
in late Movember at sites first observed with GPS 1993, data have allowed crustal
velocities 1o be estimated a1 sites surrounding the location of the July 19938 ganhgueake and
tsumami, which devastated the nosthem coastline near Adtape. The new information is lesding 1o o
better definition of the kinematics of this region ond, ultimadely, o e fecionic forces
responsable.

O 1 Apal, 1990, & M =62 carthquiake oocurmsd o the Weltin Fauh, New Ireland, The
carhiquake location is within the GFS network observed by RSES amd Unitech v Seplember
15928, Af ouir request. siall and students ol Unilech organised and execwied o repeat survey ok the
four siles closest 1o ihe epicenire of the sarthquake. Analysis of the dsta is underway;
prediminary estimates indicate thie the canhoguake caused fess than 20 mm displacement at the
GPS monuomng siles. This highlights the néed for long-term dotion ocoupation in onber 10
separale inter- and co-deismic deformation on and adypcem o the fauhs,

The dota collectsd in the New Ireland and New Bricain regions in 1998 have been
comhbined with other GPS and terresinial geodetic datn observed sinee 1975 to estineic o
prefiminary velocity feld for the Gueelle Peninsula and southern New Irelansd. The pattern of
mcdividual site velocities with respect 1o the South Bismarck Plate reveals o relatively unifosmm
velocity gradient across a 150 km region between the rigid South Bismarck and Pacific Plates,
indicative of o koked strike-slip houndary (Fizure 1) Anomalows velocities at two sites on the
west coast of New Ireland indicate that a M, =7.1 canhquake in 1985 may have caused co-
seismic deformation between the 1975 temestrinl survey and 1984—1998 GPS surveys.

We have developed o DOS-based  compuier program thal synthesizes the  corment
understanding of present-day tecionic motion 1o dlow users 10 estimate the velocily of a sie
aywhere in Papua Mew Guinea. From ingut comdinates of the sitefs), the program csleulates
on which plae the site resides, the sie velcaly and the site coordinastes o any other epoch. It
also allows wsers (o cileulste the distance (and rte of change of distance) between any two
podnts, ind 10 calculate the conmdimates of new siles whibe sccounting for the elfects of lectonic
motion, The program has been provided o the Papua New Guinea National H’ﬁiﬂﬂ Bureau
and interesied oniversity groups within Papen New Guines 1o provide them with a ool for
aceokmling for ibe active teclonir environment in their peodslic measunements.

! Deparimens of Serveying s Land Soudies. The Papun Wew Caines Universipy of Technology, Lae
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Figare | G5 site velooiies reluilve 1o the South Bismack Plate. The relative motim of
the rigid Pacilic Plaie i indicmed with a white anroes.

Antarciica = fuostatic Rebownd
F. Tregorming, M. MoQween, A, Weleh, N Srfrass amd £, Lasbeol

In January 199, the equipment insalled of Beaver Lake, Amarctica in January 1998 wis

rrmﬂln:l and found 1o luve servived the winler intact, Ten weeks of GPS datn were recoversd,

gh with dugmﬂ:l. iata which showedl that the solar-powered system operated undil 26 March

ch time solar energy was insufficient 1o power the system, This wes a major schisvement

urm! other inlemational m aflempling o operale remse GPS mstallations are sulfering

frem metjor couipmient failures whereas our simple, solar-powened system operated as ex :

A new' set of six soler panels hove been installed, along with a mew GPS recelbver. Ten days of

duta were recovered before (he system was left anatiended for the rest of the yeas, 1 will be

revisited in Jonwary 2000, ot which time we expest o necover sdditional data ebserved in
FebruaryMlarch 19,

There is currenily mo proven means of providing mp‘ul!'u,‘:;u power to remaole |
ﬂmgﬂtmﬁwﬂﬂm.ﬂﬂwﬂ%amwmuﬂnm mnm
enhanee the equpmen for the remote GPS imstallotions in Antenciien. A 1998 ANU Mapor
Eqisipoment I to purchase hydrogen fuel cells (manufsctured by Hydrogensces
Corporation) @nd a Sxicom-B satellite phone was successfal and these ilems were purchased this
vear, The fuel cells combine hydragen gas with oxyvgen from the surounding air 1o generate
electricity, heat and water. The electricity supplies the power 1o operate the nenl during the
winler peniods of darkness when there is isufficient sodar power available, will be the first
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tirme that fuel cells have been used 10 provide power to reniote equipment in Antarctica and will
represent o significant scientilic breakihrough if successiul,

The RSES Elecironics Group designed and bailt power controllers, compuaters and power
switching deviees 1o integrate the solar and fuel poeer and o0 provide power o penphenl
equipment when required. The power congroller runs continuously (consuming ~ 0.8 W) and
convantly maonilors the |.'1.|I!I¢'n. ".'I.ﬂl.tltﬂ!h and the inlernal Ieulpl.r.ﬂun’: ol the equipiment housing.
Diagnostic data is loeged, including information about the performance of the fuel cell. and is
iransferred o the computer each day. Once per day, the compuier is powered up (2.5 W} o
downlond the datn from the GPS receiver. to converl it ¢ @ more compact format, colkect the
diggnostic data froan the power controller, and transmit all the data back 10 RSES wvia satelline
plwma

Equipmeni housipngs and mouming siuctures are shown in Figures 2 and 3. All
equipment is raised above the ground o prevent snow drifts forming on the leswand side of the
structures. The insubation of ihe spupment was designed o be a passive syslem wilhout the
need for venting or any active, moving components, Knowledge of the expected lemperaline
rges Al 1.h||:1g|:||.]E power nsige in&icle the gl howusig has been weed e creale b
enchsure that will mantain an intemal wmperature of berween 3° and 30°C. In the event that the
olitside temperatinne falls below -40°C, heaters will muomatically swiich on inside the enclosune
tr ensure that the inside temperature remains above 5°C; otherwise, the heat of the operatng
cguipment will be sutficient to Keep iself warm

The equipment will be ins@lled 2 Beaver Loke in Janoary 2000 and it is expected o
operiite throvghout the whole of the vear, A sdlar system will be operated ot Davis, where the
pedommance of the foel cell can be moniored directly 1o provide fecdback on how the Aniarctic
environmen affects the operstion feg icing up of ihe exhaust oudet, mic of hydroegen
consumption). In sddition, two new solar-powered sites will be installed v January m the
Lambert Glacier region os part of a long-term expanston of the CGPS network

Figuere 2 Power controller, fuel cell, smiellite phone and asscciated electronics developed at
RSES for the remote Aniarctic GP3 insiad lwtioes,
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Figwre T: Pan of 1he oquipmend setup (o be deployved s Beaver Lake and Davis in January
20001 The sasedlive madome can be sfen on the keft An sddmions st of thiee solar
panels will be insialled further ta the left of the radome, resulting i sie panels 1o penerate
solar power m cach sie

Super-eravimelry
H. Molluren ., K, Liombeck and T, Sam®

MU Stromilo Ciravaty Stuson continues to operate sucoessfully and is proving 1o be one of
the miost sensitive of the worldwide Supercondocting Gravameler (501 sites, A major calibrition
with an FG3 Abwodimie Gravimeier was pl::ﬁ:lrhli:'d al the station m |'T¢hr|.1u.r:,' 1h|ring i VEISE h:,' i
Amalvict from BEOST o the Université Louis Pasteur in Strasbourg with suppont from AUSLIG,
These determinations provide the necessary calibration of the superconduciing instrement and
permit the memsurement of ils dnft chasctenstics and the secular change of gravity a1 the siee,
which is exsentinl for analysis of bong period processes

The 5G is curremly the most sensabve type of vty meler, built around o
supcrconducting niobiom sphere leviesed by o pugnetic fiell moan evicuated chamber and
coobed by a liquid Heliom bath, Gravity flectustions down 1o one part in 1002 of eanh’s surface
gravily ¢an be delermined by accurake monitoring of the sphere’s position,  Operation of the
Canberra site s a collaboration between the Geodynamics proup in RSES and the Japanese
Mutional Astromomical Observatory, Mizuswa, and data is regulurly archived st the duts centre
of the Global Geodyvaamics Project. N is pon of a workd-wide amy moking precise
observations of faint gravity signals in an ablempd o detect motions in the deep intemior, infer
details of Earth’s internal strocture, and provide information on a range of problems in global
geodynumics

The Canberra site is one of the few a1 which background free oscillations of the Earh,
apparently unrelated o major earthguake excitation, have recently been observed,  These faint
oucillstions constitute 4 :i[ll.'ﬂ.d}' hiarn of zubtle vibrations of the whole carth whose sarce s nol
yet been definitely identified.  The main suspect o this singe s exciation by amosphens
Lrn:xm.lrc fiectuations but longer and mare sensitive records at several sites ane peeded 10 test this

ypothesis, Becanse of it sensitivity, the Canberma site will provide one of the most impoemant
records in this study.

! Mational Aroosmizal Observstory of lwpan, Minmaun
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ICE SHEETS, SEA LEVEL AND MANTLE VISCOSITY

Sea-level constraints on the termination of Last Glacial Maximum and global fce volume
e

¥, ¥olboywe K. Losbeck P, Be Deckler, P fohres, LE Fifleld, A Paveell

Mew sea-level ohservations from the Bonaparte Gulll i morth western Austrlia Sonstrain
ihe magnitode and rutes of change of ice volumes during the Last Glacial Maximum (LGM} and
carly period of the Late Glacinl . The region is tectomically stoble and Far from the former
ice-covered regions, The glacio-hydro-isostatic adjustment of the coast is relatively small and the
corrections for this eflect are mol sersinive o details of the rebpund model, Microfossil analysis
anl AMS radipcarbon dating of a aumber of cores tken across (he shell and Bonaparte Gulf
demonstrade that (i) the LGM sea-levels were locally at -125 £ 4 m (i) the LGM fermumiled
shruptly ot 19,000 cal yr BP with a rapid rise in sea-level of about 15 m over the next 500 years,
(it} the onset of the manimum sea-levels oocumed before 22,000 cal yr BP, When cormected for
the glacio-bydro-isostate effects, the increase of LGM ice volumes over preseat day ice volume
ixﬁj,.ﬁr 0P k. The termination of the LGM is marked by a ropid ice discharge of 5.2 = W
km-.

Sea-fevel change along the French Mediterranean coast for the pasi 30 000 years
K Lambeck, & Bard' and A, Purcell

Observitionnl evideoce for sca-level change nlong the French-Meditermineon coast has
been cxamined and companed with placie-hydro-isosttic models o predict the spatial and
temiporal pattemns of change for about the past 30,000 14C vears. These predictions are pertinent
io discussions of chianging ocean volumes dunng this mterval, the tectonic stabality or otherwise
of the coastal areps, mantke rheology, and the timing of possible human oocupation of the pow-
sulwmerged coastal plain and caves, such as Cosquer Cave near Marseille. principal results
firom the analysis are: (i) Sea kevels slong this section of the vost have risen continually since
the time of the Last Glacial Maximum (LGM) and s no fime dering the Holocene has mean-
sei-bevel been higher than that of foday, (1) The ooest bas been lectomically stable berween
Murseille and Mice as well ps further to the west i Roussillon. Western Corsica may have
experienced a slow tectonic uplif of berween .15 (0 0.3 mmdyear For the past 3000 years but
northernmost Corsica appears 10 have beéen stable dunng this same inlerval. (i) During the
LGM sea levels along the const and immediste off-shore aneas stood af between 105<115 m
below present kevel, the reflecting the imporance of the zodaic contabutions, Durng
oaygen isMope stage 3 sea do not appear 1o have risen kocally pbove abowt 60 m,  {iv)
The rebound paramerers (describing the mantle theology and ice sheets) required 1o masch the
limited olservathonal evidence are consistenl with the results of similar nalyses camed o for
other parts of Burope. Because of its distance from the fonmer northern ice sheets the isostatic
factors are panicalurdy sensitive 1o the value of the lower mantle viscosity, (v) The madel
prediciions for sea-leved change ot the Cosquer Cove sife and for its immediate enviromments
indicate thal the cove was last readily acoesible belone aboul 10,700 £ 300 14C years (shout
12,500 £ 500 cal. vears) BIP and that the cive enlrance was camnpletely fiooded by SO0 £ 200
rabocarbon years BP (berween pbout BRO0 and 10,300 calibraied vears BP),  The cove was
above sea bevel theouphout the oxy pen isotope stnge 3,

! Deparment of Gealegy, AMNL
! Depariment of Muclear Physio, RSPhvaSE, ANU
*CEREGE. Universie d'Als-Marseille 1L CMES. Frasce
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Constraining late glacial e in the Ross Embayment
L, Db, K. Larmibeck and L3 Srowe®

A number of different dating methods have been ;-p-;;}sad 1 the isostatically-rnised
shorelines of McMurdo Sound, in the Ross Sea, Anorctica. AMS 14C dating of molluscs and
penguin egzshel] from within mased dels and beaches have been combined with o
published daiaset o Fform @ relative ses-devel corve for the Scort Coast of MeMurdo Sound,
OSL dating in progress, is indicating a Holocene age for the same beaches and is kn agreement
with the radiocirbon dating.

Surface exposure dating of the beach boulders. bedrock platforms and boulder pavements
using the iaotope chioring. 30 has also been camried oul. The results from this dating show n
ige progression with height from sea level but with o component of earfier exposure, These field
resulis have been combined with forward modelling of the Bostatie rebound of the coasi in
response 1o changes in ke hoading, 1w determine ible end members of ice volumes for
Antirctica in Late Glocaal tmes, specifically in the Ross dminage basin. The starting poim for
these models has been 0 wse o recognised maximum model (Denton and Hughes 1981) in
which ice extends owt 1o edge of the continental shelf, and a mintmum model with less ice from
Huybrechis, Maodification of these two models for the Ross. Embayvment areq nelakive
seq-bevel curves for MeMurde Sound which are compared o the field resubls 10 a miile
of possible ke models for the Ross drainage basin,  Toe melting from the area of Antarctica
aatsidhe of the Ross drinage basin his o minimal isostatic rebound eifect in MeMurdo Soand,
The results show the importance of knowing the timing of meliing as well as the regional ice
vidume. Sites at a distance from Antarctica can help constrain |rnr?r:i tmes, Using & meling
soenario similar 1w the Nosthern Hemisphere ice shests. only about of the maximum model
ice volume for the Ross draimage hasin area is requuired.

Inferemce of ice sheet history
. Fieferesres il K Lasiihacd

Sea-level observations from sites close to the jce sheets of the lea ice age contain
mformation on the glacial history of these regions and the Earth's response 1o glacinl koading.
If the Earth’s rheology & well known. the observations con be used o estimate the ice thickness
theough wme, However, many differen glacizmon somes are capable of ucing & given set
of observathons, so an extm criterion is reguired o select the best model from all possible
madels. Previously, the best fitting model has been selected from the population of sdequasely
fitting models.  But the best fting model is usually unrealistically rough and introduces
spunious details imo the inferred model not warmmied by the observations.  Instewd, we have
developed a method of selecting the smombhest model which adequately Gits the seadevel
ohaservations, Also, near the edge of large ice sheets, and for smaller ice shects, some mouains
protruched through the ice o the Laa Glacial Maximam as nunatoks,  Trimlines marking the
boundary between glocimed and unglociaied terroin can be  observed in the field and their
elevations ine used s constraints on the maximum elevation of ice during the bnst ice nge.

The above method has been applied 10 341 wea-level observations from the British Tules
clating back to 15,000 vears ago. The extent and fiming of the retreat of the British jce sheet ws
uunrghl from field data and digitised onto 2 50 km grd ot 1000 year intervals from 27 1w 13
thousand vears ago for a ol of 2077 model parnmseters.  The model with the smoothest
clevation which fits the sea level data with o rood meean square emor of 1,3 and Gts ol of the
trimiine observations is shown in Figure 4. The e heights are shown for every seoond time
step and the maximum elevation of ice in Sootland is abowt 1500 m. The fact that o rood mean
sguare error of | is mot possible with this eanh model ots thit it may be possible to infes
manthe viscosily with this method as well as the ice sheel history, Such an estimate would be

* Department of Geplogics) Seesoes snd Quaternary Research Center, Uiniversay off Washingion
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miare robest beeause it would pot necessarily on the asumed bee distribution os is tbe
case for previous inferences of earth ;

Figure 4 Mimimam rooghness e elovation meslel inferad (pom sea bevel and oo
elevatson chservasions in the Hritish lsles.

Mantle dynamics, posiglacial rebound and the radial viveasity profile
(3. Kanfmmann and K. Lok

W infer the radial viscosity structure of the Earth’s mantle from observations of the long-
wﬂw and glacially-induced sea-level changes, changes in the Eanh’s mdation and
gravitational field. We employ a combination of forward and formal inverse modelling of long-
ierm mantle circulation driven by lage-scale density differences deduced from seismic
womography, Based on the resulling unscaled mumle viscosity profiles. we model the time-
dependent glocial isostatic adjustment of the Earth related 1o past and changes in the ice-
ocein mass halance and we deduce scaled mantle viscosity profiles, h simuliancousty fit the
long-wivelength gooid constraint and ghacially-induced changes of the Eanth’s shape.

Two mantle viscosily profiles fit the observational data equally well {Figure 5). Both
profiles are characterised by a two order of magnitude variation of viscosity within the Earth’s
mantbe. ¥ariations of viscosity in the upper mantle are less than one order of magninsde. In the
lewwer mantle, the viscosity differs significantly with depth for both models. The first model is
characterised by g rather smooth variation in trimmig::msﬁlhn 660 km seismic discontinuity,
and viscosities incrense towands the central parts of the lower mamile, then they decrease
towards the core-mantle boundary. Average viscosities in the upper and lower manthe ane around
I % 107! amd 3 % 1072 Pa s, respectively. In the second model viscosity jumps by two orders of
magnitude across the 660 km scismic discontinuity, and values in the lower mantle oocur
arcind 1000 km depth. Below, viscosily decreises the central pars of the kawer mantke,
and increases again closer 10 the core-mantle boundary, Average viscosities in the upper and
lower mantle are around 5 % 1020 and 8 » 1082 Pa g, respectively.
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lines represt the 660 ki setsmic discontinuizy,

Cilacinl isostatic adfnstment in Fennoscandia on a laterally heterogemesus Farth
G, Kasfmann, P. W' and G, L7

Cilaciation and deglaciotion in Fennoscandia during the last glacial has significantly
perturtved the Eanh’s equilibrium figure. Changes in the Eanth's solid and geosdal surfaces due
1o extemnal and internol mases redistributions ure reconded in sequences of ancient coosthines, now
either submerged or uplified, and are still viable in ohservations of y motions of the
surfoce and glacially-induced anomalies in the Earth's it freld. These observatpons
MWW sophisticated with the avalabalny of GPS measurements and new satellite-
!fi\'it!l"m ns,

Observational evidence of the mass changes are widely used w o construin ihe radial
viscosity structune of the Earth's mantle. However, lateral changes in canh model properties. ane
wsually not taken into account, as most global models of glacial isostatic adjustment. asume
radial symmetry fow the earth madel.  This simplifying assumption contrsts with seismo
evidence of significont lacral variations in the Eanh’s crust and upper mantle throughom the
Fennoscandun region.  On the ossumption that the shor-term  seismologically-infermed
variations in Eanh properties are af beast in pant related w0 long-term viscosity vasinBons, we
deduce a three-dimension viscosity structiene for our maodel calculations.

We compare predictions of glacial Bostatic adjustment based oo o realistic i model over

Mqhhﬂtﬁﬂﬂﬁﬂmh'ﬂhﬂmﬁﬂhuﬂmﬁuﬂﬁﬂrm
dimensional earth models. Our resulis clearly reveal the importance of Jateral variations in
lithospheric ihickness and asthe ic viscosity for glacially-induced model predictions.
Relative sea-level predictions can di thtu]ﬂ—!ﬂnnpﬁﬂrﬂnpﬁﬁﬂimﬂl-im . ]
free-air gravity anomaly predictions by 2-4 mGal, when a nealistic i earih
structure as proposed by seismic modelling (s waken o account.

" Depantiment of Ceology s Geophysies, Univerity of Calpary. Cansds
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Last ice age millennial scale climate changes recorded in Huon Peninsula coral
¥ Fokeam, T.M Ear, K, Lamibeck and LK Fifekt

Uraniom series and mdiocurbon ages have been measuned in corals from the uplifted coral
terraces of Huon Peninsula, P-Ew" New Guinea, to provide a calibrtion For the radiocarbon
time-scale for (imes obder than 30,000 years BP (before present). Dingenetically aliered samples
were eliminated through impeoved analytical procedures and quantitative criteria for sample
selection. The base-line of the calibration curve follows the rend of increasing divergence of the
racliocarbon imescale from calendar ages esnblished by previous siudies. Superimposed i this
rend are four well defined peaks of excess atmospheric rdiocarbon level (>200% relative 1o
cumrent fevels). These peaks correlate with the timing of specific periods of reef growth & Huon
Peninsuln and appear 1o be synchronous with Heinrich events and concentrations of ice-rafied
debris found in Nonh Atlentic deep sea cores, Timing of these phenomena suggests the
following sequence of evends: An initial sea-level high I,htwﬂﬂlliﬂldp:ﬁﬁd] is followed by a large
increase in atmosphenic radiocarbon as the sea-level falls during the next phase of ice growth,
Orver =1800 years the atmosphenic radiocarbon drops 10 below present ambient bevels, This
cycle bears o close resemblance 1o ice-calving episodes of Dansganrd-Oeschper and Bond
cycles and the slow-down or complete interuption of the North  Adantic thenmohaline
circulation, The increases in the atmospheric mdiocarbon levels ane anributed b0 the cessation of
the Mpdth Adkantic cinculmion,
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Figuwee & Four discreie A™C peaks found in the present study (ki are coincident with
Heinrich eveats (M) found in the Narth Atanlic Sea Surfsce ramuge record (o afier
Lundd and Mix 996 and temperiure fluctustions. appeansd i the ke oo revond
{ak LT dared AMC peakes can defined exact timing of HY, H5, H4, and H3
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MODELLING OF TECTONIC PROCESSES AND LANDSCAPE EVOLUTION

The DZBLOCK project: a thin-plate model of Palacozoic deformuation of the Ausiralion
lithosphers.

. B wnil RO Shew”

We hiive deve a thin-plate model of the continental lithosphere in which deformation
is driven by in-plane forces originating along plate boundaries. The geometry of the midel, the
strength of cach lithosphenic block, and the wlary forces have been chosen 1o reprosluce the
mapor lecionic episodes experiencesd by the Australian continent during a 200 Myr time permad
starting in the Ordovician (ie 470 Ma). The model’s focus is on the renctivation andior
reworking of zones of weakness within the continent that have gither been set a prion or have
diev i respanse 1o previogs lectonic regimes.

‘The tectonc history of the Australian continem has been used as a naneal laborsary 1o
test hypotheses on the nature and style of inracratonic defomation. We demonstrated that
siracratonic deformation (e deformation that tkes place away from sctive plate bounckries)
resulis from the concentration of horizomtal stress originating a8 plate boundaries into regions of
decreased lithospheric strengih; these weak zones are often cussed by previows intrucratoeic
deformation andfor develop ot the interface between regions of contrmsting strength, We also
showed that repeated episodes of deformation meay tes strain localization, Concentration of
sirain in namow corrdons may also result from e constructive interaction between twio sets of
lecionic forces acting on separate margins. Our study also demonstrated thal there are
mechanizms that operme within the lithosphere (such a5 post-extensional mantle bealing) by
which deformation beads 10 local strengtheming.

Numerical modelling of sirain localisation in the mantle lthosphere
& Froderikaen”, J. Beoon and 38 Nielgen”

Deep seismic data from the Central Graben i the Norih Sea (see Figure 7) shows dipping
reflectors in the upper muntle. It has been debaied whether these features are taces from a
subduction aone or shear sones developed during extension. Joim inversion of seismic (IMONA
LISA) and pravimetric dsta gives a good constrain on the outline of the basin and the crust

Using numerscal models developed at RSES, we have shown that barge-scale shear rones
can develop in the mante lithosphere when sirain softening takes place during lithospheric
extension and rifting. The development and geometry of the shear zones depends on the valise af
mesle]l parameters such as the assumed geothermal gradient, the mie of extension and the
assumed pre-extension crusial thickness. Furthenmone results show that the deformation patern
in the lithosphere can be strongly affected by the strength of the syn-extensional sediments.

* Austratian Gevlogical Survey Orpasislion
" Depunment of Geophysics, University of Aarhus, Denmark
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Fleure T The mai tectonse mal stniciurl featiores in the Danish osd surounding aea
[zalines shows the depth in kilopssien i the pre-sechatein soface.

Numerical models of faulting during crustal compression
R Frrhidpe amd [ R

The long-term evolution of the mechanical behaviour of the crust under compression (e
in accretionary wedges and fold-and-thrust belis) has always been difficuli to model wi
waditional physical and numerical methods. This is primarnily due to the large amounts of strain
localization that characterizes the r britle crust (ie fanltingl A new type of numerical
method (the Distinct Element Crustal Model, or DECM) has been devieloped over the last few
wvears which allows us 1o study problems involving substantal amounts of strain localization,
even after large scoumamulated sirain,

Ah-%:mnpufmmimlnpuimu}nwhmmfdm:dm betber undersiond ihe
behavicur ol brinde-frictional crustal materal sccreting against o rigid backstop. This could (for
example) correspond to a sedimentary layer being sercled against stronger matenal (the
continental bagemend) of o subdoction pone. Two lﬂndhdw-iulummu]. which
depend mainly on the value of the basal friction cocfficient. For iy basal friction (=g a wepk Or
wet base), the deformation nccurs mainky by frontal accretion and the formation of so-called
""[:lup—u.il struchires” (Figure 8a). For high basal friction {strong base), the deformation is
primarily sccommedated by accretion vedr the back of the sedimentary pile Tollowi basal
underthnusting under o flat‘ramp G (Figure 8b). At imermediste values of the basal Inction.
the behavioar of the sccreting sedimentary wedge oscillates. between these two modes (Figure
8c). Both end-member behaviouss can be observed m subduction zones, and the oscillation
between the twi could explain observed changes in slope aloag the strike of some accretionary
wedges (eg the Alaskan accretionary prism),
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Figared 8 Thee madels illustrating the differem faulting behsviour for thiee
prisens with three diffieresa basal frictbons: (o) bow (ricison (basal eo-eificient of friction (p, )
off (.2, i) bigh hasal fricrion (g, = 008) and (<) imermedioie basad friction (g, = 0.5 A
hawve the saise clement-¢ 1 Eiction of 0.5 {a) is dominmed by Ayl
and the formation of pop-up structues, while (o) is dominssed by underdfnssing md uplift
near the mar of the prisme (b ascillales between the two mades (i is pictored during a
iod of fromial occretion), Duonmg pericds of fronial scosction (b o normal
autting: near b iop of the prism, Synamgenic exbceaing like This has been observed i the
Ao of wme secretjomary prassns (e Taivanh

! ing processes in o feclonically active region; a glacio-fluvial erosion model of the
o gy L5y

S0 Fowekia amd £, Frosn

The Southern Alps of New Zealand is 8 zone of tecionic activity, cawsed by the collizion
hetween the Pacific and Australian plates. For the Lt few million years, convergence dcross the
plate boundury has not led 10 substantial growth of the mountain bell, suggesting that, in the
South Island of MNew Jealwnd, rock wplifi is in equilibrium with surface erosion, Although
present-day surface erosion is dominated by landsliding of over-sieepened valley walls and
transport of debris by Muvial wansport, o is well documented that, duning the last vao million
years, the Southern Alps were affectsd by glacutions during which ghscial shrasion must have
played an important roke in setiing the equilibrium between uplift and erosion.

Previous geochronological studies hused on fission track, K-Ar and ArAr dating of
surface rocks from the region have led 10 the formulation of a range of scenarios W describe this
equilibrium. The distribution, amount and rate of uplift along and scross the srike of the orogen
are still matiers of debate. By using a surface processes model that incorporates Muvial, hil
and glacial erosion, we are abbe to test the vididity of proposed uplift regimes. We have simulated
a variety of uplifi scenarios and produced quantitative estimates of the resulting denodation for a
range of parameters of our surface processes model. In partculas, we tested the nelutive
imporisnce of cach land-sculpiing process, as well as the effect of the observed asymmetry in
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peecipitation. As an example, we show in Figure 9 the predicted wopography from a rewcle] un ot
lhﬂ:cr:k of an assumed placial meximum, with the overlying e thickness denoied by the
shading.
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Figure ¥ Two o virews of the sanwe simuliled lsedecspe, The shalnp represents
e thicioness (the Goe zalf s nod thown in the figureh Mole the differenee in opapraphy
hetaeen e foe covered snd ice free regions

Karst aguifer evolution in froctered, porogs rocks
G, Krsgfmunn and S, Heann

The evolution of Mow in a fractured, porous karst aquifer is stedied by means of the finile
element method on o two-dimensional mesh of imegutarly spaced modal poinis.  Flow within the
korst aquifer is drven by surface recharge from the emire region.  simulating a precipitabion
paitemn, and is direcied towands an entrenched rver os a base level. During the early phase of
knrstification, both the permeable rock matrix modeled as riangular elements and fractunes
within the rock matrin modeled os lincar clements gy the flow, As the fraciures are enlarged
with time by chemical dissolution within the system calcite—carbon-dioxide—water. flow
becomes mone confined to the (rmctures,  This selective enlargement of fractures increases the
fracture conductivity by several orders of magninude during the carly phase of karstification.
Thus, Mow chamcersiics chinge from more homogencous, pore-controfled Mow o sirongly
heterogensous, fracture-controlled Dow.

Severnl scenarios for pure fimestone aquifers, mixed sandstone-limestone aquifers are
stdied, and various surface recharge conditions as well as the effect of faulting on the aquifer
evalution, Chr resulls are semsitive o initigl (rscoune widih, foalling of the regeon., and o
mie,
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CHEET ), fissures
nmwuhlnhhm[luﬂmﬂm]whmhnﬂ{wmhm I'l:ru-r. (SR
it withan the mosdel donsin have a diameter of 2 mm alcag & Gal ad (62 mm
elamwhere. Shows are two lime shees For an sgmifer withi a feult rusming From (e casdstone
mhelomain 1o the rreer (top), and with & fonh ussing sppron. west-east @l not connected
w0 the buse feved {hotoen),
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PETROPHYSICS GROUP

PETROPHYSICS

The Group’s approach is essentially that of maerials scence. We observe and seek 10
understandd  the Wm hehaviour of geological materinks under comrolled laboralory
conditions, and apply such insights w the structure amd processes of the Eanh,
Measurements of macroscopic physical propemties (e.g., strengih, or scismic wave speeds and
:qlmmsnm} e u'm:fpﬂmd through microstrociural siudies centred around lighi and electnon

microscopy, OHien it is necessary l.-:r]m.-pum from either nadural or mﬂm:m sumpler
synthetic materials whose are amenable 10 mone detailed i ion than those of
complex natural rocks. imeresl in geobogical materials s sh by members of the

Petrochemistry and Experimental Petrology Group, who focus primarily upon the chemical
mepects of therr behaviour,

Creobogical and yeical obhservations of the response of the Earth to naturaliy ?:plrﬂl
stresses, which vary widely in magnitide and Gmescale, provide much of the miotivalion for
Group’s work, In the labomiory, ultmsonic wave ion and lower frequency forced-
oscillation methods ane wsed 1o probe the elasticlane which determines seramic
wive speeds and aflenuation, hqnmmmﬁuduhw“mwwﬂwﬂ
behavicar of synthetis faults and fault gouge is sudied with p.m'um}.i' interest in the complox
imeraction between chemical reaction, deformation and Muid flow, The fact that all but the
simplest elustic behaviowr of geological materials is controlled by microscopic defects such as
dislocations and processes operative o groin  boundanies, places o premium on the
complementary macrosimctural studies.

Major achievements for 199% include

# :x.phr.mw experimental studies of the inteplay berween metamorphic devolatilisagion
reactions, pore-Tuid pressure and permeability

¥ exiension 0 1 3KPC of copahality Tor sccumie measurement of elastic wave speeds by
ultrasonic imerferometry

* o advances in the study of seismic wave dispersion and afenuation in fine-grained
g:? stalline olivine

Members of the group collaborste widely within the School ond beyond,  Matural links
with the Seismology Group sre based on o common inlerest in the nterpretation of
seismalogicn] models for the Banh’s interor. Preparation of synthetc mck specimeins and ther
precursors and investigations of melt distribution within partially mohen upper mantle rocks
urvilve miensive collaboration berween the Petrophysics and Petrochemistry ond Experimental
Petrisligy Ciroaips.  The fiekl-based observations of the stroctures and microstmiciares. in
naturally deformed rocks, and Muid-chemical studies by members of the pew Centré for
Advanced Stadies of Ore Systems (RSES and Geology Depasiment, Faculty of Science).
comphement the experimental program in rock deformatson,

Within the wider ANL community, the Petrophysics group has been providing leadership
in the developenent of a higher profile for this university in matenials science and engineering.
Through their respective mles as Director of the Centre for the Science and Engineering of
Materials (until December 1999, and Matenals Science Coondinalor on the  Advisory
Commiiiee of the ANU Electron Microscope Unit, Drs |, Jackson and J, Fiee Gerald have been
secking (o improve opponunities for research and training in this mult-disciplinary field. A new
analytical TEM 1o serve the needs of the ANL materials science community was successiully
commissioned this vear. This instrument, housed within ihe School, 15 being operated by Dr 1.,
Fitz Gerald and Mr D, Llewellyn on behalf of the ANU Electron Microscope Unit,  In this
capacity, Dr 1. Fitz Gerald collaborates intensively m microstractural aspects of varous
science programs af the Research School of Physical Scences and Engineering, In 1999 the
Cirop meintained 18 strong commibment 1o the enrichment of undereraduse/sraduste 1caching.
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A Tounh-year course in Materialy Characierization was once again presented primarily by Dr 1.
Fitz Gerald and Dr Z.H. Stacharski of the Engineering Department of the r?mh;,- of
Enginecring and Information Technology.

The CGroaip has this vear substantially reshaped its staffing profile (o betier meet s curment
and future peeds for research suppon.. Following the departure of Senior Technical Odficers Mr
GR. Horwood and Mr ZB. Guziak, the Group recriited a Trainee Technical Officer {Mr J.
Carr) and a Research Assistant (Ms L), Weston) with complementary ihalities i
support of the Ciroup’s research activity, The sucoessful operation of novel prent, and the
development and exploitation of ssociated experimental techniques, depend heavily apon e
skill and commatmen of the these staff. along with Mr H. Kokkonen and the m.ﬂF(nr the
School’s Mechamical ond Electronics Workshops. Mre K. Provies provides  invabuble
adminisirative support for the activities of the group and of the Centre for the Science and
Engincering of Materials, now incloding responsibility for wehsie ., The Group
tukes this opportumity to thank Mr G, Horwaood for his many contribions dusing more than 200
wears of commitied service 1o the School.

HIGH-TEMPERATURE SEISMIC FROPERTIES OF EARTH MATERIALS

Inadequate Enowledge of the lemperaiure dependence of elastic wavespeads for key high-
pressure munerbs continees to be a miger bamier o the obust interpretation of seismoelogical
models for the Earth’s interor in terms of clemical composition, mineralogy usd tempersiure.
Coherent polyerysialline specimens of the major truasition-sone and lower-munile phases have
been successiully pn:p.nmrjm'r.n.g the past decade, and sccurate messurements of the pressure
dependence of their elastic wave speeds have been performed.  Despite considerable projress in
reeent  vears  with  dismond-anvil  based  opic-acoustic  echnbgoes  snd  with  ulrasonic
inferferometry in multi-anvil appanstus. much less is known aboul the temperature dependence of
elistic wavespeeds,

In nddithen, there are suhswnbial uancemunies associmted with extrupolstion  of
expenmenial dan pencrally obiained ot el fregrencres (MHz=GHz) imo the mealm of low
fi neY seiamic wive propagation imHz-He). Uncertainties in e bon are likely 1o be
particularty i mnk nl-':':fh femperitures owing o the thermally activated mobility of podm
defects and di ions wnd their ineractions with gram boundaries.

In order to address these issues, we are extending w0 very high temperaune {1 300°C) osr
capability for elastic wavespeed measurement through high-frequency (10=100 MHz) ulirasonic
interferometry, In paralle] with such shsdics, direct sccess 1o the realm of seismic freguencies is
accompished by an apparatus, designed and built in house, that measures shear modulus G and
the associated srain-energy dissipation Q' through torsonal forced oscillation and microcreep
lests,

High-temperature ulirasonic inlerferometry
KL Webd, I Jackww, [RA, Boness’ and LS, Westoan

Wie have developed a new experimental assembly for ulirasonic measurement of P- and 5-
wave speeds in polyerysialline samples al temperatures fo 1300°C o 300 MPa within an argon
gas-charged pressure vessel. A compound cylindrical buffer rod made of hardensd steel,
alming and molybdenum components 13 used fo isolate the picso-clectnic mnsducer Trom ihe
high-temperatire high-pretsure environment,  Intimale contact bebween successive sections of
the baffer rod and the sample, which are all enclosed within & thin-walled iron jacket. is ensured
by the application across each optically flat psterfice of & nonmal stress equal 1o the confining
pressure. This pressure also counteraces any lendency wavards thermal cracking of the sample
af high eempersture. The mechanical coupling across each imerface in the buffer rod assemibly is

! Seatide Univessaty
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improved by use of @ one-rmdcron '-'apnm'v{i:i’n-uﬂl.er.l layer of gold ab the ‘cold” sicelialamins
interface, and by three-micron thick iron foils &t the ‘hot’  alumina'medybdenum/=ample

imerfaces. The choice of the individuul ulTer rod muterinls was based both on the requirement
for sdegquate contrasi in scoustic impedance 1o ensene high smplitude reflections, and on thenmal
considerntions.  The sample mounted on the high-temperature end of the buffer rod is
surrounded by o cylindrical “cup’ made of weak, pressure tratsmining material (CaF;) located
within the ko jacket.
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Figure > Comprewssional (a) and shear (b)) wavisponds for pal m:-l.lﬂln-:' [1HS T
slamirs  determined by ultrasonic  intoforometry ?
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The P- and S-wave speeds in podyenystalline Lucalox® alumina have been measured o
I300°C. Motwithsianding the excellent consisiency befween ﬂ'r:l: resulls ond eéxpectations
hased on single-crysial datn across the entirg lempembune mnge re 1), the aluming specimsn
and the aluming component of the buffer rod were both nmfwhm-lymhdm
recovery ol pmbient presiure and temperature.  The damage is airributed o high devisoric
stresses cased By the contrast in thermal expansion befween Mo and ALO;, A possible
solation pow being explored involves elimination of the Mo section ot the high-temperature end
of the bulTer rod. The presence of the Fe fol along with e from “welded interface’
ww comditions has the polential o provide sufficient reflectivity o the buffer rodfsample
1 =,
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High-temperature viveoelpsticity in syrthetic polyerystalline olivine: towards a mechaenisiic
understanding of seismie wavespeeds and affenuation in the wpper mantle

L dackeony, O, Firz Geeekl U Faul, N, Kolbones, £, Carr and 8, Tew

Much of the vuri.nl;jnl:1 of seismic wavespoeds and afieneation in the Earth's upper mantle
1% plavsibly afirbated to high-temperature viscoelastic relacation in rocks composed mainly of
the mipernl olivine.  Quantitative 1 Wirk requires  theological dat ohtained  ander
controfled bborstory conditions on well-charctensed materials. In arder 10 build a mechanistic
wsderstunding of hizh-temperatane viscoelastse relaxation in such olirsmalie materals, we hove
confinued a program involving fabrication and chamcterisation of o swe of syathetic
polyervsialline olivine spgregaies and measurement of their mechamcal properties s high
tempendiere throsgh o combination of tosional  forced  oscillation and  macrocrisep  lesis.
Specimens of composiion Fow ([MiggeFes 050040 have been fabrcaied from peliets of
precursor powders by hot-isostatic pressing in an bdemmally heated mediam rafies
typically for 25 he af temperatures of | 200=1 3 C andl pressures of 300 MPa, iculir
cmphasis this vear has been placed on the use of NigFeyw comainers conducive 1o the
thenmodynamic stability of natural Ni-bearing olivines, and the use of synthetic (solgel) as well
a5 matural {San Corlos) precursars,

The hot-pressed specimens are typically iexrally well-equilibrated dense polverystalline
aggregates with average grainsizes in the range 2-60 pm.  They are gencrally of low dislocation
density ond comtain bow concemrations of mnpaurity. In the matenals of nabaral oniging wace
armounts of Cal and AlCh are detected i the grain boundanies. Small amounts of glass (o=
01 vol &) representing mebt formed @ high tempemture, are present mainly in grain-edge
mwboles. Local departures from ideal olivine stoichiometry are manifiest as VrOEene and
magnesiowiistite widely disiributed in the symhetic muberinl,  Measurement in the fomced
escillation tests of the amplitudes and relative phase of the applied sliernsting se amd the
resulting angular distortion of the cylindrical specimen vield determinations the  shear
modulus G and associated dissipation @', typically for oscillation periods of 1100 s
Cm‘rq:lnw.-:;rug mformiation concerning the materal response al longer periods and o measune
o ithe reco iliry of the mn-dnmi:-nimnnm'm are obtmined from torsions] microcreep lesis

o mactimum srsins of order 107,

Ad relatively low femperstures T the response is essentially elastic and GUT) is closely
consistent with expectations based on single-crysial elasticity data obtained ot MHz frequencies
with ultrssomc technbques (Figore 2k With increasing tempeniture beyond & threshold near
NPT, the behaviour becomes markedly viscoelasic with progressively lower and - maose
frequency-dependent modolus, and associated sirain energy dissipation, proportion of the
non-clastic sirxn that is recoversble (e, snelasticd decreases systematically wath incressing
temperstare.  The broadly  similar behaviour of mosersals of similar grainsize fabricated from
natural and synthetic onigin, and lested in Fe and NigFes containers respectively, stands in
miarked contrast 1o evidence for sirong grainsize sesifivity among the specimens of natwral
origin fabricated and tested in Fe contaners, 1t s tentabively conchuded thal trace element
imgirithes  and n:ﬂ fugacity have much less inflleence upon the hiﬂ-wrﬁemmu
viscoslasticity  thun the variation of grainsize — comsistent with controf by dilfusional
processes.  The (imecoverable) viscous deformation s probubly dominsted by diffusion-
accormmodabed grain-boundary sliding, whereas the reooverable anclastic behavioar is thought
originale in elastically pecomemodated movement (both normal migration and shidingh of grain-
boundary segments with dimensions typically musch smaller than the grainsize.

&l
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Frgwer 2; The varimtion of dsewr modulus ond meociaied stmals eneegy dissipation with
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High-temperature viscoelasiieily of polyervstalline Mg
S Wetsdvarmd 1 Jorkean
The lower mantle of the Earth 15 thought to be composed maimby of (Mg Fe)3i0;
wakite plus (Mg Fel) mapoesiowiistine, with CoSi0y perovskite next i abundance,
wrefore, the sudy of the velocity anal |.1|.'..1.|'|;1.1I!||:||.1 ol seismie waves I'I'I:qh_“:l'l:il‘lﬂ thiough
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|:|Iagrh.:5.|.-:'n.lr'i]hl.il-e {amd ra,tru'r:ili:lml 1% entical 100 our und-l':fsll‘qlﬂin;'_ ol x-c:imru:ll.u;l-gi.c.ql models m
terms of wemperaure and composition of the lower mantde. A comprehensive sudy of the
citlcivum and strontivm titonate analogues for the silicale perovskites was nepored last year, This
veur MeO) has heen studied a5 the end-member of the magnesiowilstite series.

A relatively fme-gramed polverystal was fabrcated by bot isostatic pressing Mg der
al 1 300°C and _"I?I:.I:P Har lisr -I:Pl'::III.Irla.n.:!‘I The mnml-u hm]hff“mhum daa.fnhul:ugrl 1:|IF rmrﬁ
ranging from 15-130 pem with @n average gramsize of 535 pm (Figure 30 TeUEney
dependence of the shear modulus ond dissipation for a cylindrical specimen [:ltp:lm] from the
hial-pressed bouke were determined m 201 300°C and 200 MPa confining pressure using the
previously deseribed torsional microcreep and seismic-frequency forced oscillstion techakques,
Mo change was observial mthe modialies (£2 GlPad or dissapation (£109%) determined firom the
forced oscillation dats ar 1 3XPC over the B hour wodal exposure 10 woperatures above [00°C,
This is taken to indicate that there was no significant microstmicasral :".'uwnllu:iuﬂ during the course
af the measurenmsnts.

The shear modulus G and dissipation 1/} were determined as functions of frequency (10
miz~1 Hz) aml iemperatene dunng saged coofing from 1300°C w moem ||,-_'||1£:=r.11‘u.|'r (Figisre
43, Several distinct regimes of mechanical behaviour ase readily identified, For 20 < T < TAC
(regime 1), G is essentially froguency independem wilh o temperature derivative consistent with
litermture vahees from ulimsomic (MHz frequeency | ineaseremends, and 1/0) is relatively low,

k-
R T !_:
Bt 0 R
'ﬁ_ - s

Figwre &1 SEM micrograph of polyerysialline. MgO sample revealing ibe distibotion of
graimsize and sigmificant residual porosity.

Withm regime 1T (70-SHKCC), the dissipation increases markedly with incrensing
temperatune accompanisd by progressively er moddulus dispersion.  The Lirgest values of
170 a least at shoa ﬁlmﬂx andd most strongly tes n}tnﬂur: dependent modulus sre messured in
regimae 1 (900§ 10EC), Within the uppe r half this lemperature range, a maximum in 170 is
observed ot short periods and G I:l-rn:me& less temperatne sensitive. ru]l_l.- in regime 1V, both
msdulus and dissipation again become markedly more strongly temperature dependent.
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Figure o Frogqueney depondem shear mmodulus snd associsted stmin energy dissipacian fog
polyerystalline MpO) as imctions of iemperatoe and oscillation penod G s) The fou
regimes of mechanicsl bebaviowr we micsiad  The dashed lime s Fit w0 the fregoeney

indieperden dats in the icmpermiune mnpe 0= T00C,

Torskmal mrcrocreep dain (Figure 5) provile key sditional insight imio tas relstively
complicated behavioar.  For temperntures <1100°C, the mon-elastic deformation is fully
recoverable (Le. onelastic ) following removal of the spphied torgque. A1 higher wmperatures, there
i an imecoverahle viscous component that becomes progrssively more importand o5 he
femperature increases.  The plabeay observed at [H00-1200°C in the GIT) date, ond the
peakishoulder seen in the tempersiure dependence of 1AQ result from the fmnsitien between
these wo distinet types of mechonical behaviour, which are bere more cleardy separsted
fréquency-lemperatare space than is the case for other muterials recently stwbied in our
Eabomatory.
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Figury 5: Torgonal micrscreep data for polycrynalline Mg, For iempeiabses 105070,
the mooonds shen complete recovery following remesnl of tse apphied somue, whereas at
highet tempertuwres, a progressively lager frcton of b stram is Eeovesble ol
thezefore viscous ih nalise,

High-temperature viseoelasicity of anvorphons K100y
S0 Webd

The same torsional forced oscillation/microcreep methods have been employved this vear in
the preliminary phase of & major stisdy wmed ol chamciensstion of the influence of volatiles on
Mgl . The frequency dependent shear modulus and hence effective viscosity of
urnorphus Silk, (Suprsil® containing I:!m%-m water) have been measured over the froquency
range 10 mHz w | Hz o semperntures to 1125°C under 200 MPa conlining pressure,

Two distinet regimes are sdentified for the shear-muxde properties of the specimen. Al
reladively low icmperatunes (20-700°C), the ht.ha'-'il:u.uE:is elastic with & room temperafure shear
modubus of 29 GPa and a positive o0/d0T of 4 MPa K m Bnn:d agreement with previous studies
of the temperature dependence of the shear modulus of Si0; glass o MHe frequencics. Al the
haghest lemperastures of thas study (8001 125°C), strongly viscous deformation 15 observed with
frequency-imdependent Newlonian viscosities of 107-10"" Pa s

If the relasation mechanism for silicate melis 15 viscous flow, the activation enerzy for
Mo can be determined From the position of the frequency dependenl peak in the imaginary past
of the shear modulus as o function of emperature.  The activation energy cabculmed in this
manner is 385 kJ mol”', This is slightly higher than the 309 kJ mol” calculated by Mills (1974)
i hiz study of the lrequency dependence of the viscoelasfic properties of Suprasil”, bul less
than that determined in Hethermgton o 2l 's (1964) fibee elongotion study of 510, viscosily
(548 kJ mol” for a S5}, mel containing 1400 ppm water, in the cmpersture rangc
SO 400 )

The frequency degendcnl viscosity data collectad &1 different temperatises can be ploted

01 & master curve as in Figure 6. The of lempertune is removed by plotiing the data as a
function of the ratio of forced oscillation period 1o structural relaxation time, The relaxation time

s
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is taken from the data at 1050°C and calculsted o higher and lower lemperatures using the
mctivation energy lor viscous Tow.

1o
M= 152190 " Pas
|n1lil -
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Figure f  Real component of the Froqusney dependen sacosity of Si0, calouated @
|00 From ibe activalion energy and for an asoemed relasstion wme of 1 s @ 10505

FLUID-ROCK INTERACTION: LAB- AND FIELD-BASED STUIMES

.‘,I?mx‘ permeahilicy during the water-infiliration-driven reaction Caleite + (uariz ->
wllaztonie + Carbon Dioxide

5. fhang, 8F. Cor ond S0 Fuiz Gerald

Competition hetween permeability reduction due 1o plastic deformation and permeability
increase due o decarbonatbon reaction was examined during hydrothermal hot-pressing of
caleite - quarte aggregates. The starting materials are mixtures of 90 wit calcise powder of 1-1
pm grainsize and 10 wi% quartz of gramsize either < 5 pm (mixiene A) or 30-50 gm (mixiune
Bl Mixtures were first cold-pressed in o copper jacket ol an uniaxial siress of 100 MPa and
then hot-pressed at 400°C and a coafining pressure of 25 MPa for three hoars.  Hydrothermal
experiments were oonducted o1 confining pressures of 225 and 300 MPa, o waler pore pressure
af 200 MP, and temperatures of S00°-E30°C.
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Figure T Formacion of wallasionite apircpates. 8t temperatures of (a) 6800°C and (hh
TWHFC, comiining pressure of T35 MPa, and pore waler presane of 200 MPa.

Under the experimental comditons, the release of catbon dioxide into the asquecus Muid
|I'I}--'g~--=1 is continuous. For mixture A, permeability remained at its initiad value of abouwt
™ m’ '!';_T".F M hours ot 25 MPa effective pressure and 600°C.  Radiaing wollasionite
aggregates LU wrregular-shaped pore spaces (Figure Tah, During 8 bours subsequem exposuane o
TOPC, permeability deeneased w abowt 1077 r.||":.F Almiost all quartz particles weré consumed and
willastonibe agoregates with tabular grain shapes ane present along mwst cokite’calcite interfaces

s
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|:Fl$:|.n-_ bl Al an effective pressure of 100 MPa, permeability decreased from 10" o abeout
1™ m” over 30 hours st G0°C, Fm:iulinn_nf willastonite s mm“funhumwa-fur
higher temperalares uces dense wollasiombe -hipl.‘-ﬂ-ﬂ-[ﬂ- on calcne i resulls n
rapid decrease of m;tnrnhﬂil}' o< 107 m', For mure B ot 25 MPa effective pressure and
BT, permeahility decressed by less than half an opder of magninsde over 30 hours.  Remmant

ieles are surroumded by wollasionie fibres.  Funber treatment of the specimen o
(ﬁ]lzé ased permeability by one order of magnitude with the removal of all quantz particles
and formation of poross wollastonite aggregates.

Our expenments demonsrde the importance of effective pressure in influencing reaction
progress and permeability evolution during metamorphic reactions.  The presenl cxperiments

clearly s L that many water-infilration decarbonniion reactions in silkeeous carbonates. mus
DOCLHF near-lithestate fluid pressure conditions where resction Kisstics can be very (a9
and the release of carbon dioaide,

Frictional slidimg of granitic gouge materiaf o lirge sirein under kydrochermal comdifions
N, Fheag, L0 Fiee Gerold and 8 F. Coax

Previows frictional sliding experiments on quartz and granitic gouge materials under

h ermal conditions have revealed the rode of dissolution-precipiation processes in reducing

nl coellicient of frection by locallsmg shear delformation along slides/gouge interfaces.

Therefore il remains unclesr how ds w-precipitation processes affect the bolk fctonal

behaviour of gouge meterial, We bave designed o double vertical shear pssembly capable of

shearing gouge naterial up to shear strains of § under hydrothermal conditions. Uniform shear
dleformatemn 10 this ass v occurs within the centrul third-so-hulF-widih of the gouge lover,

We used crushed Westerly gronite powder of grun size < 90 gm as starting materiol,
Two layers of gouge each (L5 mm thick are sssembled between three alumina sliders, Axial
compression of the: assembly poshes the ceniral aluming dab downward relative to the other two
outer ahuming sliders, thereby generating shear deformation within both gouge lovers. The gouge
material wies first b 'y hot-isostatically-pressed of @ temperature of GOCOC, a confinng
pressure of 300 MPa and o waler pore pressure of 200 MPa for about & hours,  Shear
deformation wos ot the same pressure and em are conditions and & shiding velocities of
0025025 pmlsee, The friction coefficien e i peak of (L85 af p shear stradn abowt | and
then gradually decreased 1o abow 0.7 with further sliding up 1o a shear sirain of 8. During
ideformatin, we measured permeability pardlel o the gouge layer. The permeability initindly
decreased by aboun hall an onder of magnitude and then remained constanl. Slide-hold-slide
tests were conducted af birge strains with hold period rnging from 32 sec o 10F sec,  Although
theere was significant permeability decrease duning bold periods, there s W frictionsl
strengihening with time for hold periods up to 10° sec. However, frctional strengthening with
time does occur with hold periods above 10X sec. Severe ﬂi" crushing and the development of
both ¥ oand B dhears s well as P folisfion imsBicate ion predeminanily by cainclastic
fow, Char results suggest that frictional swength of granite gouge under high-temperafure
hydaothermal comditions is dominoted by catnelastic flow,

a7
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Filuid=sdriven faulting processes in an infrasivesrelated  hydrothermad  system, Porgera,
Papua New Guinea

L F, Cox and 5.0 Mimoe

Fault zones which host hydrothermal mincralisation were typically active structures which
Focalised high fuid Mux during ore genesis. Extensive theee dimensional exposures provided by
mining operations commemly make such structures lar natwral laborstones in which w
mvestigibe deformation processes i faulls, e ¥ the rode of fhad in controlling these
proceises.

The Roamane Fault Zone (RFZ) formed withan an active hydrothermal system during
cooling of the & Ma Porgern Intrusive Complex in the westem highlands of PNG,  Faulting
ocourmed af temperatures around 2007°C, and at o depth of approximately 3 km. The fault and its
ssocimed fricture systems localived the deposition of more than 350 © of Au. The extent of
hydrothermal aheration associated with the RFZ indicates that the formation of this structure
dr the pre-existing, immusive-related hydrothermal flow regime and siroengly  localisad
uid above, and at the southern margins of the inmsive complex.

The steeply S5E-dipping RIFZ began with dextral stinike-slip movemenl, bul enderwent @
period of normal slip prios o reverting to o dexiral sirike-shp regime i the waning stages of the
hydrothermal system. The Faubt is continuous afong srike for o least one kilometre; the pet slip
has not been determaned,

The principal displocement zone (pdz) of the RFZ comprises o core, up 0 2 m widk,
containing maltiple generations of massive to banded cataclasite, wear breccan. and miner foliated
catsclnsite, injecton caoclase and vens, Localissd polished ship surfaces are also A
damage zone containing up o 15 m of coarse miplosson breccea is present i the Galt Footwall,
The intensaty of brecciation decreases progressively avway from the pde.  Repesied episodes of
brecciation and mulliple penerations of cataclasite indicate episodic, probably seismic slip in the
RFZ Foliaed cataclasites are inlerpreied w have fommed daring aseismic creep.

Early growih of the REEL was associated with formation of steeply-dippang, WHNW
trending breccia-veins which splay predominantly from the pde mio the faull footwall.  These
structures md:lmiumlnmn;ptmﬂmwnh lengths up 1o 200 m and net slips up to 30 cm.  They

are interpreted a8 wing crucks formed in msociation with dextral slip on RFZ. Intcrnal
:’d.l'l.k.."luh!'i- in brecoin-veirss indicabe formation by wall-rock implosion into dilsting fractunes,
driven gither by concurrent slip on the pdz. or by rupsd, afiershock-related fracture propagation
from ihe tip of slip patches on the pde.

Localised = yirostatic Musd pressures are interpreted 1o be a magor factor initating
growth of the within an active hydrothermal system (Figure &), Competition between
|. slip-induced porosity-crestion and interseismic hydmothenmal pore sealing promoted

uclsations in fault sone permeability throughout the ship history,  Assofisied repeaied
Muctuations in fiusd pressure and shear stress must hove influenced fault shear strength and
maptare nucleation, Co-seismic dilotmncy on the pde, and possibly within the farge footwall wing
cracks, waos potentially important in controlling ruptune amest

i SRK Cansulting
[
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ROAMANE FAULT ZONE, depth = 3 km
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METEQRITIC IMPACT RECORDS AND CRUSTAL EVOLUTION

Evidence is sccwmulating that terrestrial cnistal evolution has been severely perurbed by
post-3.8 Ga impact by lorge asteroids ond comets, as i from the cratenng flux in the
solar system and increasingly bome o by the geological record.  The research program
summartzed below includes (1) a search for distal impact fallout deposins in Archagan temrains,
identified by spherulitic condensates from impact-released silicate vapor. and sther mineralogical
and geochemical pelics these impacts in early Archacan sediments; (2} elucidation of possible
impact origin of the Pesmian-Triassic boundary extinctions, and (3} study of Australian impact
stnactares, notably the newly proven 120 km=dameter Woodleigh muli-ang empact struciung of
probable Late Devonian age, and the Late Eocene to pre-Miocene Carolyn strewn crater field,
possibly reflecting cometary fragmemtation or an asteroid breakup event

Arclhaean extraterresirial inpact sigmaiires
A Glhikran

Three 3.26-3.24 Ga-old units of spherulite condensotes identified s the base of the Fig
Tree Ciroup, Barbenton Mountain Land, castern Transvaal, are characterized by marked PGE
iplatinum group eclements) anomalies. quench-textured and octahedral resorbed MNi-rich
chromites, mdinm nane-nuggets. and negative 3300520 mtios dingnostic of C1 chondntes,
These units constitute the best-defined mega-impact cluder known in e Archacan recond,
Scannimg electron e -ng_.- coupled with energy dispersive specirometry of Ni-chromiles-
bearing spherules (with G.E. Byerly and DR, Lowe) indicate intermal Ni zonation of the

Ll
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chrombtes; a follow-up study of the PGE s planned. Mass balance caloulations of Ir and Cr,
based on an assumed global disiribwtion of fallout. can be used 1o eslimate projectile
compasition and dimensions. For spherule unit 54 the model suggests projectile diameter >30
km. consistent with estimades based on vapor-liquid equilibria by Melosh und by O Keefe and
Ahrens. Crater size scaling suggesis a kmi=diameter structures, likely w have formed in a
simalic erustal environment in view of the lack of shocked quane fragments, s constinuting an
Archaean werrestnal mare equivalent

3.26-3.24 Ga evenis are also well recorded i the Pilbara Craton of Westem Austrufin,
including the Strelley Group swhich consists of komntite, andesite, docite and chert interbeds.
This sequence is overlain by a vel-undited granitodd clast-bearing salisione-banded ironstons
sequence of the Gorge Creek Group, This break and the comemporaneous break between the
Ooverwacht Group  (komstiire- nbe-fetsac  vobeamic amnﬂrl.nﬁ:.taml Fig Tree Group
(wrbidite-felsic volcanic assemblage) m the Barbenon Mountain fundamentul
clhanges fiom simaic o sialie vobeanic-sedimentary facies. The onset of nifong ond exposure of

graniiods following the impacts suggest sirong vemiical teclonic movements, ibly related 1o
Archacan mega-impacts. Modelin hl: :ﬂn:ls of very large impacts on thin themlly active
oeanic crust overlying shalkow ast predices ﬂ:'l-!ln'pnml: al pmﬁ:mmng lishospheric
Faults nd rrpmn?lu global magmatic .u'rd Lr.-:,mL effects, The pos-3.8Ga impact flux

indicuted by lunar cralering datn and the modem ssterodd amd comer Ehn: umderpin  the
significance of these events [or cnastal evalution.

Womdlvigh impact sirncivwre of probeble Laie Devanin age
ALY, Gitlksow, AL Moy, BP fusty', F, Pirjaa’, anmd T, P, Alermagh’

The impact ongin of Woodleigh hoas been proved by dilling inio boih ihe <25 km-
dinemeter cemral granitosd uplift and the breccip-bearing =600 m-deep rim syncline.  Petrological,
SEM, EDS, ond Laser Reman studies of samples from the shocked gromitosd core demonstmte
planar deformation features in quartz and feldspar, microbreceistion, pseudolschylite vesmang,
and pervasive vitrification of feldspars.  Pseudotachytite veins contuin laghly refruciory mcron-
scale commianuied breccin and glass ennched in the refractory elements (Mg, AL Caj and
depleted in relatively volatile elements (K, Si) (Figure 9). Experimental laser fusionfvolmilizsion
siudies ankl systermalic relations between chemical fractsomaton and boiling poings suggest o mle
for shick-induced volaiilization. High Mg bevels (<4.0% MO} and Fe levels <2 Fell}
diaplectsc amonphows inclusions within MgO-free feldspars constituge a distingt anomaly.

ICPMS analvses of shocked ,ummm&-!npmd mitoid samples indicate that,
while the Iulhql:llz | chalcophibe trace metals {Ph, Sn Wn. Bi Az 3h, Zn, Cu, Au) vary
by fmctoes | range of =01 o =100 relative 10 average gronie (AGE the siderophile mace
metals are strongly enriched, including V (<390 ppmy; «6-20AG). Cr (<125 ppm), Co (<48
ppm, and Mi (< 66 ppmb. NiCr ratios fall in the 0.1 2-00.53, more similar 10 tvpical mantle
prrolite (NVCr ~ 0,75) than chendritic values (NSCr ~ 4.0), The evidence teniatively :ﬁﬂ:!lﬁ
introduction of & chondrite-contaminated component through volatle condensation
transport, represepted by the pseudotachylites, Selective volublization of the projectibe and
mising with grunitoid components may ol allow direct identification of onginal meteoritc
chemical pamimeiers.

Strufi i oge limits on the of impact are defined by overlying lower Jursssic
Woodleigh tiow circular basin sediments and by deformed middle ian sediments.
Core samples from the central graniukd uplift vielded cither Precambrion basement ages or
signify post-imgect alteradon, as follows: (1) biotie yiclded a Rb-5r model age of 835 Ma
determined by AL Amistrong, and K-Ar ages of BE-70F Ma determined by 5.P. Kelley; (2)
zircons vieldad a range of Precambrisn U-Ph ages determined by 1. Smith; (3) K-feldspars

! Grevlagical Supvey of Waslers Australa
! Ansiradisn Geological Survey Ovganizarim
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viekled ages meostly in the mnge of 180130 Ma, younger than the overlying Jurmssic
sadiments, representing alterntion; No K=Ar could be measured on (he hivlite
veins, due o loss of ﬁ aming other volailes ﬂmumd by S.P. Kellv, Diamactites from the
base of the immer ring syncling include clasts of shocked gramitodd amd siltsaone fragments
contaiming Sakmurian (Early Permian) palynomorphs,  The ductile deformation of class and
their inpection by flow-textured matrix suggests thermal alteration.  K-Ar isotopic analyses of
illie and smectite from the dimsctte vieldad ages of (1) 36428 Ma (5351.9 m; 0.3-2.0 micron
illite fraction); 35248 Ma (5852 m: <03 micron smectite fraction; (3) 342 Ma (586.9 m; <0.3
micron smectite fraction analysed by T. Uyssal. The apparent conflict between a Late Devonian
impact age and the Early Permion diamictiee clasts may be understond in terms of repested
verticnd isostatic movements of the central granitoid core, with o et enmion and e
depasition of the granitoid and overlying cruter lake sediments, resalting i sedimentary mixing
of differeni age components. The resuls comoborate the significance of the Late Drevonian
glohal i::jnn cluster, which also includes Chardevoix (Quebec), Siljan {Sweden), Ternevkn and
k

[lymets (Ukraine), Kalugs (Russia), and Elbow (Saskachewan).
Hl:l | ] 1 Tren T T
L 0y
proudcEactyln vk i s pasccimciiln veirs in biokio
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% oxida in pseudotachylite veins and diaplectic glass

Figure 9 Mots of psewiotachylibe veins (FTV) sl displociic glas compositions (DG
T A u;mdnh:hrnc{ﬁh'hmnwmi:- of shacload il pasnple W 49142

Troem & Jei¥l eore of GSWA 'i'ul'nndl:ig_h LA well. Mgl amd AlG, show s emrchme
in PT and DE5 refatsve 1 WH, Call i mosily eesiched i PT and im 3. 5ild, is
consistendly somewhat deplend in FT sl DG, KO is corsistently in PT osd

varishle in DG, sed Ma 00 is variable in PT and consstenily depleted in DG, The saong
pnrschenent of the refrecivgy Mg within leldspars ol the penoml o i e velaile
alkalics ia peseudotschylite and i meh spotu'sireaks segeedt a mde for vapos factinnation
and ksl
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The Caralyw crater fleld: SL8-type cometiary fragrentation or aeferoid breakdown?
A.Y. Glikson amdf JD. Govter'

The discovery of Fohn = a lste Eocene to pre-Langhian (37.5_24 Ma) impact struchon:,
northern Bonuparte Basin, Timor Sea, allows tests of the origin of an E:I'-J'E-alnln:mg, 12025 km
swathe of 43 analogous and smaller circular features excavated in the pre-Langhisn erosional
surface. Fohn forms 4 4.8 km-diameter ring strocture incloding a fauled -E'H1I.I'.l] updifi, a circular
rim syncline and 4 poorly defined mised owier nm. The rim syncline contains lower Mbooene
infill mi;GE" a 350 meter-thick lens of melt breccia, showing high gamma counts and near-

antmalies and metal element miios, The presence in the breccia of redeposited
Campandan and Maastrichtian microfossils suggess rebound of strata from bevels decper than
1250 m below the pre-Langhian unconformity and places upper limits on E.;ﬂ-mwn Crosiomn.
Larger craters of the strewn field are structurally similur o0 Fobin, circuler fepfures
(iinmeter < 2 km) include crater-form and bulge-form structures, and are interpreted as both
original and eroded remanants of lorger craters. Morphometric analysis of crater diameter-depth
and diameter-central wplift relafions indicate poor seismic definition of the crater floors und
sirong faulting of central struciural uplifis. It is suggesied the norh Bomaparte Basin strewn
crater fickl represents either a high impact flux of 3.8 % 109 impactors km2yr! (for craters
=20 ) during the period 37.5-24 Ma or, altematively, a ¢ fragmentation evend
ar o bow-angle asteniid breakdown cvent, possibly comemporaneous with knte Eocene global
bombardment episode. The minimum pre-disimegraiion dizmewer of the projectle is t."-limam!
I"rm11 Ir shundance as BM) meters. Platinum group elements and trace metal ratios i beeccia
% suggest a :hmmas; composition of the parcnl body.  An analogy with the
Ehmn:&ﬁ'icvyrﬁ] comel s suggested by the extensive fragmentation, the lincar-to-back-
seatiered shape of the array of crters, and the chondritic composition,

" British:Bomen Ausiralia | imited
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PETROCHEMISTRY AND EXPERIMENTAL PETROLOGY

The Petrochemistry and Experimental Petrology (P&EP) Group uses the experimental
imvestigation of chemical and physical processes (o study the Eanh, its origin, evolution and
mteral wealth, The proup operates 3 wide rnge of experimental apparatuses for generating the
high temperatures and pressures that are needed to reproduce the natural conditions within the
Earth. The equipment incluces: kigh em re furmaces le of reaching 1300°C, severml
of which ane equipped for precise of axygen and sulfur fogacities by gas mixing: nine
silicd-meddin p'ummﬂinkr devices for generating pressures to 6 GPa and lemperstares o
P, some of which are large-capacity devices capable of symthesising relotively large
vodumes of high pressure phases for desiled mineralogical swdics; 1 mult-anvl appuratus,
which can achieve pressures of 26 GPa; and, Ilmﬂ,;ﬂhm- with the Department of
Giealogy. the Fucultics, 8 well-sqpuipped hydrothermmal ory. These high-temperature, high-
pressure apparntuses are complimented by an amay of microbeam analytical t1echnigues,
including electron microprobe, won microprobe, lser-ablation ICP-MS, IR troscopy and
vigibbe- UV spectroscopy,  This year o Major Equipment grmi hos been aw io purchase o
new ICP-MS; this onalytical 1od has become increasingly imponant o the group over revem
vears, and curmendly plays a significant part in many of the group’s investigations. The group i
making increasing use of X-ray absorplion spectroscopy 1o characterise minerals and mels,
using synchmtron radintion of the Australion National Beamline Facility at Tsukuba, Japan.

Muost of the group's activities are concentred o five arcas: 1) Origin of the Earth and
core formation; 2) Phase equilibria in mantle sysiema; 3) Phase equiliban related 1o crustal
evolntion and ore deposits; 4) Physics of meliing and meh exiraction; and 3) Spectoscopy and
e rmsedynamic property messurements.

To comstrain better models of core formation. Dirs H. O'Neill and 5. Eggins have
investigated in detail the effects of silicate melt chemistry on siderophile clememt panitsoning.
These datn should also be wseful in evalusting the effects of melt composition om trace clement
partitioning behaviour. In the area of mantle studies, the group continues o focus on the role of
chrmmum. Mr L. Xi has begun an experimental propect imvestigating the effect of Cr on meliing
relstions in the simplificd mantle system CMAS-Cr,0,, while Dr A. Beory and sevemd co-
workers have wsed X-my a i spectroscopy 10 determine Cr'/Cr™ oxidation states in
silicate melts, and o search for CF* i terrestrinl minerals. Dr W, Taybor has osed the Raser-
shistbon DCP-MS o0 search for characteristic tace elemem pattlerms in dismond indicator
minerals, a5 aids 10 diamond explosation; Mr C, Magee and Dr W, Taylor have used o wide
varsety of analytical methods to understand the origin of diamonds from umssual cccurrences (ie,
frosm other than kimberlitesh. Mr W, Lus and [ Gireen continoe their investigation of
the mantle/crust contact exposed in the Papuan Ulramafic Belt. In the field of mels extraction.
Drs U, Fuul and 5. Zhang repont a pionecring permeability study using texurully equilibrmied
calcite as an analogue.

Dr J. Hermunn und Professor D, Green continie their investigation of phase reintions

icable 1o ultra-high-pressure metamorphic terrains. Dres J. Maveogenes and A, Berry and

A. Hack are employing innovative imental methods based on synthetic Muid inclusions

o investignte ore-forming fuids both  spectroscopically and  thermodynamically in the

supercritical regime. The experimental study of sulfur in sboate melts continues with & detailed

investigntion of the effects of meh composition on sulfide solubility. Dr 5. Kesson has

concentrated on developing expertise for the group in the Beld of powder X-ray diffraction using
the Ricrveld method.

The contuing five PhD studemts. Dr 5. Klemme defended hixs PhD Thesis
successfully earier in the vear, and Ms L. Hanley has completed her mid-term appradsal; her
project is a sludy of the Anirim Plateau flond I:'ln.wjhnfml: Morthern Temilory.

Thm':iéfcunh: group hosed three Honours students from the Departmemt of Ceeology. Mr
M. Richardson wsed the laser ablation ICP-MS (o study mece clements i diamond indicatos

[E



RESEARCH SCHOOL OF EARTH SCIENCES — ANNUAL REPORT 1999

mimerals, and Ms 5. Belfield vsed the same microanalytecal w=d 1o in chermical
wariability in melt inclusions in the Taoupo volcanic sequence, Ms N. Douglas b Au-Bi
phase relations in the hope of mmproving our understanding of gold deposits.

OFf the iechnbcal siafl, Mr M. mﬂnﬂshax constructed u high-temperature fumace for X-
iy ahsorplion spectroscopy in silicse ws 145000, M W, Hibberson has continued the
development of the 6-7 GPa piston-cylinder apparatus, and has been extensively engaged in
|m'ﬁ:ﬂm;d-= l-:.'nlhﬁh of high-pressure phases in the 30 mm piston-cylinder ux. Mr
P. Willis ﬂﬂlm?dii}'“ﬁ l_'r“ mmn:i:lliu:imwnf the dinmmnd and culbic miirde
COmposiles ril niversity,  Mr M. Ware maintoins and o5 the ‘5
CAMECA electron microprolse. ] - s

A spectrrscopie deferminasion of thee oxidation state of elhrominm in silicate melts
L Herep, JESRC, OF N, LMG, Sheller, DR Seon and WO Nitdberson

In order 1o understond the panitioning of Cr o igneous processes i 5 necessary 1o
identify the Cri+/Cr* ratio as a function of composition, tempersture, pressure, and oxygen
hagmcity. There is evidenoe 10 suggest that the solubility of Cr in silscae rocks incresses
dramatacally with tempemitore, possibly due 1o stabilisation of Cri+/Fe®* in preference o the
expected CriFel*.  We hove reconled K-edge X-my shsorption spectrn ot the Australian
Emmu! Beamline Faciliy, Tsukubi, Japan, to quantify Cra*/Cr* in Fe-free quenched silicane

sses.

The masl sensitive indicator of oxidation state was found o be the Is—eds pre-edge
transition. This transition is forbidden bot may gain intensity through orbitad maxing in low
syminetry environmenis. For the coordinmion freedom avalable in g glass, the high symmetry
octshedrl geometry favoured by Cr?* resulis in this mansition being wesk or absent,  The
ramsition becomes allowed in the Jahn-Teller distorted coondination common for Crit
Feansres in the absorption edge are most ensily sdentified in o derivative spectrum, with the Cri+
la—ds transition appearing as o peak near 3997 V. The imensity of this peak is directly
proportional to the smou of Cra+ in the sample,

ltesa ot that o positive cormelition existis bepween 50 content end the © ility of @
melt 10 sabilise Cr2*,  The glesses exhibiting the highest degree of sisbilisstion e
chamacterised by the most intense Is—+ds transitions indicating the lowest symmetry
coordinstion environmenl. Crd* is also Fvoured by increpsing temperture and decreasing
PrEssAINe.

The effect of Fe refstive o these resulis can only . be determined from measuneimems o
temperstures since on quenching Cri* oxidises in the presence of Fe** (Cr?* + Fe™ — O +

Fel*). Todo this we have designed and constriscted o spectroscopy furnace from which spectra
have been reconded St empersiares ap o 1000C,

This fumace has been tested with satisfactory realts using an inen atmosphere of N,
Futare work will use COMCCY, gas mixres to control 0, ace ¥,

The interpretation of hydroxyl siretching bands in the infrared speetra of mantle offvines

A Berry, SR OVNell, 5.5 Asbbroak®, 5. 'IFu:l,rrem' e M, Femmva

Nominally anlydrous minerals such ng olivine frequently exhibit infraned sbsorption
bands comespanding 1o structurally bound water, The amount of water is osually less than 206

L Pirysical Chemmistry Labosmiogy, University of Oxfead, LK
! Neutron Seaitering Group, ANSTO
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Em bust iy be suflficient 10 sccommaodate the expected water content of the upper mantle.  This
s implications for a range of mantle physical and chemical properties, The number, energy,
ad relofive infensity of the hydroxyl stnetching bemds, and the geological equilibranon
conditions they may represend, ane nlrlpu-l:lﬂjr pod.  Natural samples generally exhibi
broadly similar spectra although there is considerable varistion which does not appear comelated
with petrogenesis. To determine the chemical signaoare of these bands synthetic olivines are
being prepared under conditions of varying silica activity, oxygen fugacity, temperature, and
pressure,

In our experiments chamcteristically different mfrared spectra org observed Tor samples
symhesised in equilibrium with enstatite and nugnesiowustite, Punher, the specira of most
nutural samples are different o tese reconded Trom enstanie bufifered experiments. bt similar o
the spectra of samples equilibrated with magnesiowustite. It is also apparent in unbuffered
experiments that the olivine waler content increases with oxygen fugacity and that the resulung
spectra rescmible those of natural samples. Bands associated with mon have been lentified by
comparning specirn of synthetic olivine and forsterite,

The spectra of many nmural olivines contain infrared bands dal comrelate with those of
titipian clinohumile suggesting the possibelity of waler ipocrporsiion as a clinchumite fype
defiect. Similanties also exist baween the specira of clinohumite and synthetic forsterite that
indicate & possible generality of this defect stcture. Samples of 'O enniched clinobmite and
chondrodite have been prepancd and analysed by mulbiple-quantum migac angle spaiming i
spectroscopy. The expected nomber of oxygen sbes can be determined including the distinctive
hydroxyl resonnnce. Tt is hoped that the semilicaton of this resonance in symhetie forsierite
will help define the nomber and yvpe of hydrogen coordination environmenis.  MNewiron
diffraction paterns of clinohumite and deuerased clinohumine kave also been reconded 0 alkw
correlatton of the bivdrogen positions with polarissiion of the infrared speciri

Permeability of texturally equilibrated caleiie
L Fant aad X Fhaig

Proscesses fimpoitant for the chembsry ond dynamics of crest ond manile inadve the
mwement of Muids and medis. In conirast to the upper few kilmetres of the onsi,
msovement of Muids inke place b elevoied temperofunes, oo regime whene significant solubality
of the solid matrix in the Muid allows sirface energy rather than reandom grain shape of
compachion processes 1o defermine T“ geometry. Moat permeability messurements however
are e al oo e an macks chasscteriatbe of the shalkyw crust (ep sandstones) where
textural adjustmems diven by surface energy are minimal or absens and the pore geometry §s
highly brregular, Simple {sotropic) models of the pore geometry in h:n.mm]lr cqquilibrated rocks
predict a compleely regular pore space. and therefore much higher permeatalities than Tor upper
crustol rocks. Recent analysis of the geometry of basaltic melt inclusions in an obivine marx
shows thal the mel geometry is moch mose complex than predicied hF the isowopic model.
Permeabiliny measurements on lesturlly eyuilibroted samples are ore needed w mesalve
this discrepancy.

Simce direct bility measurements on partially molten systems are not possible ol
lhispnim“\:nquihmmduggmgnmﬂ!'hiﬂpwh  Mine grained caleite ot B00C and | GPa for
six days in o 30 mm piston cylinder u'-witzmin:mmmmnfwiﬂmgcmﬂw i range
of porosities, Alter quench the epds of the cvlindrical samples were cot off, the remaining plug
wrapped in shrink rubing and re-jacketed for the permesbility measurements in o mehified
Paterson apparasius. The measurcments were perfonmed w different effective pressures from 25
io 75 MPa io ensure that quench-crucks are closed and do ol conlribute i the mgasured
permcabality.

As the permesbility is direcdy relmed o pore struclure, chanicterisation of ihe pore
getametry is imponam for extrapsdaton of the measuremenis o partiolly molien systems, This
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is accomplished by processing backscattered electron images of vertical sections through the
samples. Individual pores are approximated by d:l'::““ which allows the overall porosity 1o be
described by aspect ratio distributions (the matio of the shon over the loag axis of @ ellipse)

Figure | indicates that for cabeite ai low pogosily the distributions are nearly Gaassian with
i mean sspect o near 04, and o renge from U1 o sbout 09, At higher porosities the
distributions are skewed o low aspect ratios with slightly lower means. In comparison the
oliving-mell sample has a distribotion whach is strongly peaked @t the lowes uﬁg.l,'l i
{round (005§ wils an exponential drop 1o the mazimum spect rlie wround 003, aerall the
pove geometry in the calcite semples is musch more regular than the mell geometry in olivine
L Sl

14% L8 A% BA% 14%
L el 7 A oy 1 18 Cai (1
rin I L I L
=i { 3 L 1
¥ " [ L]
B RIRALAEE § LR EEFE T R LR FETY TO] LR EE FTTE T B aiRipdnn |
Asprct Makin

Figare |- Aspect mto distribotions of feir caloile samples with pooostlies ranging (rom
1.4% v BV%, and of o parislly mobes olivine sggregale for compansen. The bins in e
hisjosgrnim sherw pore mea iy percestape of the overall porosity for @ given mspes) ratio,
imcicating which fype of pore shape comrbules sl B Be porsaly,  The pifostly de
shorwn above cach hastogram.

The resglix of our abiliny measurements &g well as meaairemems by Wark and
Watson amd the permeability predicted from modelling by von Bargen and Wall are shown in
Figure 2. One imponant difference between the caleulations amd the two sets of messurements
is the exponent n in the permeability-porosity relabionship,  While the mexde]l predicis an
caponenl of two, mesulting in relatively high permeabilities il bow porosities (< 15%). the
mepsuremenls vield an expopent of three or larger, which keads 10 0 much sizeper drop in
permeability & low porosity. This difference in exponent indicates that the pore geometry is bess
regular than predicied by the sowepie model. The low porosity behavioar is imponan Tor nel
segregation i the manbe, whene the porosity 5 somctimes infemed o be & low as 0. 1%,

As Figure 2 shows, our meéasured permeabilities are systematically lower by ahoat o
orders of magnitude than those of Wark and Watson, While our measurements were performed
under high confining En-'nurr.' using o steady state Now method with waler as pore fluid, the
mesurEimnciis by Wark and Watson were comducted a1 ambient conditions using a ransienl ag
fhrw mecthod. We ientaiively aitribute the higher penmeahilities messured by Wark and Watson
b mcoaniplete closure of cracks produced duning quench and the larger uncenainties of their
miethad.

Chir resalts indicate that -ln?lc the predictions of the isoropic model of disconnected
pofe space bebow porositses of 2.3% Tor the system caleie plus water the permeatality remaing
finite. Similar systems, whene the endency for the development of focets ks small and the pose
foirly regular, will therefore be permeable @ relatively ko porosities,  Partially molten
olivine aggrepates, where feeted cryvsial-melt inlefoces are much more predominant and the
space thencfore much bess , will have kower pormenhilities a1 Jow pormsities,
substontially lower than predicted by the isotropc model.
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Figunr 2 Comsparison of o sets of permeability measarements on cakione with the
permcabilitics proSciod froen modelling by von Hargen ond Wafl. The permesbilitics (k)
are all normalised B0 a grain sise (f) of | men, The eaponem o and commant C are olained
froen @ power law il to the data.  The equation relating permeabilily 1o porosity B shown
i ithe E:m'n right

Prienary snagmas and mantle potential lemiperatures beneath ridges” and hot-spas”
DH, Greem, SM, Epginy’, T.0, Falloor” aed (.M, Yoo

In volcanic centres, the identification of “primitive” magmas of mantle derivation relies on
the observation of he most magnesiun phenocrysis of olivine and, if possible, of coexiamg
spinel, and the determination of the liguid composition m equilibium with these phases.  For
primitive magmas derived from heroolitic upper mantle, the phenccrysial olivine should have
Mg 289 and the spinel should he on e ‘mantle avay’ from highly aluminous (Cr*<249) to

imel (Cr=T0), Recent data from Huwaiian tholeiitic volconoes demonstrates that
olivine phenocrysts of Mg'=8%9-91 occur in picrites from six volcinoes and are responsive to
host magma composition in Ca,5i0, solid solution, The Iilir.lil.hﬁ temperntures for these
peimitive magmuas average IBﬂ“d'Mhyd:m or 1318°C if the effects af the water present in the
magmas are included. A similar analysis of pramitive MORB olivine-rich glasses or picrites
with ofivine phenocryvsts of Mg"=91.5-92_1, and of both N-MORE and E-MORB type, gives
lsquidhus temperatures of 1345°C (anhydrous) or 1325°C if the effects of water present in the
glasses are included. The evidence from the primitive magmas of “hot-spots” and a1 mid-ocean
ridges, is thar there is no lirge scmgnmm anomaly associnled with “hot-spois’. A manile
geknﬁal temperabure of [430-1450°C pppears to be required for mid-ocean ridge, “hot-spot’,

-are hasins and convergent margin magomalism.

Although we do not lind any evidence for contrasting femperatures between “hot spol” and
ridge mugmatsm, the differences in major eclemenl compositions fand thus in phase
relatbonships in meling studies) ore very significant. MORB plerites are inferred o be prodiucts
of 15-20% melting leaving Theraolitic residues,  In contrist, Hawaiian picrites clearly define
horzburgite residoes (Kilaues, Mauna Lia, Hualala, Kohala and Koolay) or lherzofioe ©

* Departient of Goalapy, AMNLI
* Bchoud aff Earh Sciences, University of Tasmania
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hasrburgile (Loihi). Consistent wath this diiTerence, nmr-l'mim spinels from Hawaiiin
picrites have high Cr® (65-75) implying a refraciory i in oomerist W near-lkpedos
spinels from MORB picrites.

The new information on Hawaiion primitive magmas confinms  previoes  experimental
investigntions of Kilauean & which estsblished high pressure ligquides fields Tor
olivite+ mene, hut nol for coexisting gamet and clinopyroxene, These data argued for
a relatively high degree of melting and o hareburgite residoe, assuming & maxlel mantle of
Iherzdise (pyrolite) composition.  In comirast o the major element doin and 19 experimentul

equilibria studies, the ennchment in LILE and particulady the LREE-enrechment and

depletbon of Hawaiian ofivine tholeiites relative io MORB tholeiites has been consistently
mmierpreted a8 indicative of reswdual gomet, low degrees of melting and high pressures for mel
Exlmciion or segregalion,

The Hawakian “plome source” Is inferred 1o be a lherzolite o hareburgine  bulk
cormposition, mene refractory in major elements {Mg”®, Cr*) than the MORE source Tt wiih 4
pre-enmchment  (re-ferilisation) history peoducing the LILE and LREE enmichmensi.  The
pentinl temperatare of the plome sowce is [430-1450°C, which mniches the  potentin
lemperature for MORB sources, A possible model for the Howsiian "hot spot” volcanism has o
composition and busyancy amomaly a =100 km b farsang from old subducted fthosphere
with neutral buovancy relative to amblem mamle). Volatile -:fnl‘!jamced melting and extraction of
medt from re-fertilised residual Ihermolite 10 harsbargie con explain major elemwent, ce-clemen
uhn:_i isobopac fingerprints of Howadian pleme vobcamsme  The brosdly consirained niodel codls

. Refractory, subducted lithisphersc slabs suspended in the upper mantle becawse of lower
density than normal, fertile mantle (YMOREB ieh, These should record earlier mel
extraction events of => 10 million years and their emperatune, indually below enclosing
manibe, wouild slowly equilibrate with pormal (MORB) moatle.

B

Widhin the mdermed subducied skab and paricularly near 0 old eclogite (alered oceanic
crustWpendotite houndaries. melting of subducted oveanic crust v produce rhyadacitic
Hguids and reaction of such bquads with enchosing harrburgite would  produce

¢n1lmﬁmlmhmm.¢m:ﬂm¢[imp roxenc ) of harshurgne, with minor and (rece-
chement patterns relfecting thyodaciie kpodfeclogie residoe panitioning.  The protolith
approaches homogeneity in mineral compositions but remains very mhomogencous in
miineral proponions.,

3 Aredos conbrast s present between osidised, old subducted slab ond reduoced amisent
munitle (0. =IW+1 log unith. In the presence of a (CH,+H.0) fluid from deeper mantle,
incipicnt meling oocurs i this imferface region — the melt has the characier of oliving

limite 10 olivine melilicie and its ewbility may add funber LILE and HFSE
ennchment 1o the plume soume.

4, Upwelling from this plume source region leads o increased partind melting along the

what - mel segregation occurs o ~60-80 km in the main cone-building stage.  Mels

are Hyoleiiic piente, residues are hareburgite (O1-Mg, ) and the degree of m.nh':ng iy be

:rmmdj—gllll‘} i the mean souree composition is pendotite with 1-1.3% ALD,, U8-1.1%
Cay,, Mg'-91.
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A wmew SHEIMP sircon age for an Early Connbeian dolerite dvke from the West Kinberley -
an fanernsive phave af e Antrim Platean Toed bazalts of Nerthern Ausiralio

LAl Hanley and M. T, Wingiee'

The Antrim Plateay Volcanics are Australia’s largest Phanerozoie Tlood basalt province
and originally covered an wrea of & keast 300,000 km? across northem Australia. The Antrim
basalis are cenred in the East Kimberley and ¥ictoria River Region and include the strutigraphic
eguividents, Mutwood Downs, Helen Springs and Peaker Piker Volcanics which ore located in
the contrall and castern Northern Temitory.  Stratigruphic constraints su the Amrim Plateau
Volennics are of Neoproterorois or Early Cambaian age (=580 Ma = 508 Ma), however previous
attermpes 1o date the Antnm bagals by rdiometric methods have been unsuccessful, A pew
SHREIME zircon age of 513212 Ma hos been obtained for the -250km long Milliwindi dodeniie
in dhe West Kimberley. The dolenite is identical geochemically to Andrim Platean basalts and was
prcdably a fesder dyke for Antrim basalts that have since been eroded.

Geochemically the Antrim Platean Volcanics and the Milliwindi dederite exlabit depletion
in the high field strength elements (Ti, Nb, Ta and P relative to incompatible elements t["ﬁ!:l'c
and have elevawed Bb, Th and Ba relative o primitive mantle. This signature is similar,
wleanical to oiber low-Ti contingntal Nood basabes and dolerites.  Traoe element and rre earth
clement (REEp abundance pabiems for the Antnm Platesu Violounics basalts and stratigraphic
equivalents display remarknble homogeneily across miaihem Awstralia,
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Figuee 3:  Promitive-mantle clement shondanee disgreem  (normadising values  fnom
MeDonough mad Sen, F995) The shaled mva represents the mage between the mist
primative and (rsctionsted Anrim haalke,

Crenchemistry of the Antrim Platenn contirental flood basalts
LLAF. Manfey

ative sumples of the Antnm Platens Volcanics from across the brendth of

northern Australio and also from g ~T60m stirtigrophic section in the Bast Kimberley, Western

Australin, have been geochemically analysed by XRF (major elements)  and laser-ablation
ICPMS {irace efements).

The Antrim Plateau basalis have Sid; values mnging from 49 w 54 with o mean of

52wt T values are =1 wi% with TEY <3, clossifying them as kea=Ti thobeiiles. Mg

1 1:em'||'u|:-.| Special I-I!l:-.laﬂreh I'.'uere D of Geology and Geoplnysics, University of Westem Ausiralia
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values range from —4 1o 9 wi% and FeO), values are typically 7.6 1o 12 wifh. K20 contents are
hagher i the more altered rocks, m:ﬁl:alum mohility of this element. ".[TI:F:G., vilues ane low
compared with MORB and odher continentnl thobeittes, such as the Deccan and Siberian Traps,
sk e sirmilar 1o the Tosmandan Doderite,

The basalts display well defined fractionation trends on plots of major and irsce l.*ln:m-:nl.-:
pg.umm Mg0). However, tse effect of crysial fractionition on the geochemical signature of
Antnm Plateau Yolcanics is minimal & the sbundance mitios between ndjacent clements does nul
change significanily between the lenst and most frcionaied samples.

In contrast o other comtinentsl Nood hasalts, the Angring, the Tasmanian Dolerites and ithe
low-Ti tholerites of the Deccan Traps can be dustinguished by their ebevated ThiNb mlu:r
(Figure 4) rﬂ‘lu:tqgﬂmulmrm of o crustal cormponent similer 16 Post-Archasan T
Shale or PATS remarkable similanty of the geochemibcal panemn of the Antrim lw.-au
Volcanics compared 10 PATS soggests involvement of a recyeled crustal or sedimentary
conponent i the munile source region.  Alematively, the signuture may mvolve high-leyvel
crusdal contwmingtion of the basall via assimilation and fractional crvsiallisation (AFC)
processes, Tsotopic dudies to distinguish these possibititees sre curmently in progress,
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An inverse correlation between MO and Fedk is apparent.  Evidence for alteration is
represented lr‘a an merense in Mo, AI;{L and Mgl with accompanying decrense in Cald and
FeQ), in sample 99PL040. Overall, it q:ran that the first phise uljmp:we Belivity was
mire pﬂmmvrg (-200m).  Thiz was fin ml. by a peripd of fractionation in the magrma
chambser prior to cneption of an essentially homogeneons series of lavas (200-530m).  Thene is
more vafiability towards the top of the sequence ( 350-T60m ),

Geochermical vanatsm within & ~760m strat) i ucnm throwigh the Anmm Platens
basales ot Purnulule Mational Park in the East Ki ,'r has been investigated, In Figure 5
major elemental oxbdes are ploited agains stratigraphic heig
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Experinmenitnl constraints on comtinental rocks in ulira-hiph pressire melmmorphism
£ Hermceey ped DL, Tovee

Exhunwed ulira-high-pressure  (UHP) rocks permit insights in the
dynamics of subduction zones and are cracial for wnderstanding of converge plae
boundaries. Piston cylinder experimemts in the mnge 700-1100°C and 2045 GPa using
gneissic o pelitic compositions wene cured out in order 0 understand better the phase and
melting  refations i deeply  subducted comtinental  cmmst.  The  parmgenesis
cmum+hymm+gumﬂﬂllmpym:m+p1mngllr is stahle ot UHP conditons in vanous mock

of the continental crust. The simplest chemical system b0 produce this paragenesis consis

K O-Cal-MgO-Aly0,-500:-H0 (KCMASH). The proporiion of the elemens was chosen
'm. order to get saturation of kyanite and quartelcoesine,

Giepernlly, five phases plus Muidf/melt were presend in the experiments in agreement with
the phase rule indicating the absence of metastable phases. In the range 21.0-3.0 GFnimil
TO-900FC the paragenesis changed in small P-T intervals and is thus an excellent indscator for
conditions. A commen feature in all parageneses is the absence of feldspars which
may be used 1o define HP-metamorphism in gneissic o pelitic rocks. Al pressure ahove 3.2
CPa, Tet00- 10000, the divadam parageneses  coesile+kyanite+gamel+clinopyroxens+
phengite is stable over a significan P-T range.
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Hﬁtﬁihﬁﬂﬁfﬁdﬁﬂﬂmxeummltﬁ A aysterEilic © in oSt
with Pand T. The Si-content (plu) of phengite Lhanﬁimmr} Foal THC, 285 GiPa |uﬁlﬂ.55 il
THF, 3.5 GPa to 3.35 at 930°C, 3.5 GPa. The Si-content of biotite is also o pressune sensor and
changes from 2.9 at WKPC, 20 Gt 3.22 m 300°C, 3.5 GPa. The ALO-content of
umun@hnmpn:mdqjmdmlmdlmrcmﬁmlj wite at 7207 o 11 with ol 11 35
Gita, The ?‘l‘ﬂ-ﬁﬂm‘ eontent i gamet increnses with pressune ol TelOIC from 175 (2.0 GPa)
to 3% (4.5 GiPa) and with emperature af P=3,5 GPa from 18% (S00C") w0 29% (150°C).

The siabiliny of i very o i becaise their break-down liberaes MNuids
or nielts which mmhﬁmsmﬁm fwamemﬂu from the slab to the mantle wedge.
.hnmhlbuk was sioble ot T<THPC, P<3.0 GPa ond elinozoisite of T<R50°C, P<3.0) GPa. Below
'1 ﬂ CiPa bictite has the highes shermal stability up o temperahees of about 900-950°C. Al

hlmllrm_.?;‘ig([vln e which was stable ol 980°C, 3.5 GPa and 1000°C, 45
F ol wis observed o » 3.5 GFa, Mels resulting frien the breakdown of the hyilrous
phases were granite in compositonm.

White schisis from the Dora Maimi UHP-unit consist of quonz (ex cocsiic), kyvamie,
gm‘n: [ﬂ:ngn:md minor tale, The breakdown of tale w kyanite and gamet occurs st about
SrC above 3.5 GPa in the expenments, The measured 58 content of 3.6 (plu) in il
indicates a pressure of shout 3 840 GPa for the white schast formation. The Do Mo UHP-
unif represents thus o slice of continental erust which was subducied to gbow 120 km depth

Siability of allanite to high pressore awd temperature; implications for the LREE budgel in
subducted crist

X M roaimsy

Dehydrution and panial meling of subducted crusenl muleriad B an imporfant process for miss
transfier from the slab @ the mantle wedge. This mass tansfer 1s strongly E:pv_mlml o the
stable phases ai the time of dehydrtion or meltiing. Synthesis piston cylinder experiments in the
KCMASH svitem were carmied oul in the mnge T00-1 [50°C and 2.0-4.5 GPa. Rb, Sr. Bo Y,
7r, La, Ce, Bl Sm, En, Gd, b were added at a 100-300 ppm level. The addition of irace
elemems bed b the stabilisation of allanite ps an secessory mineral well ghove the delermned
stabifity of clinoesdisiie (Figure 6). Alloaie is an epidote ]i,ruup maneral which can mea

significant amounts of Hght e canh elemens (LREE)L Allomite wias sabde o 4.5 GPa, 1T
together with clinopyroxenc, gamet. coesite, kyanite and phengite. Even shove the fluid-sheent
melting due o phengite breakdown, allonite is present up o empemres of 1050°C (Figure 6},
However, the a nee of allanile decreases with increasing temperiure parallel 1o an increase
in mell volume. The patithoning of LREE between allanite and melt is in the order of
[Naltanite/mcit) = 300 demomstrating that the LREE are highly compatible in altanite, Allanie
has been found in several rock tvpes of the I}:rm-h'lnlm massif (Alps) which wene
metumirphosed at about TS3PC and 3.8 GPa. Allanite coexists with gamel. conphacite, phengine.
quartz (ex coestle) and rutibe in eclogites and wllh ansd g.nmﬂ kyanite, phengile, guart (ox
coesle) and agile i metbsedinents in agreement prodfuced in the experiments.
This indicates that at about 120k d-r!pr.'ll allanite 1!- !hllz rﬁh in rocks tﬂl'cruurll composition.

The stability of n]lnnillt.munm.rn:mdh high tempersiure and high pressure has imponant
conssguences for the compositon of flukds/imelts penerased i the presence of aflaniie because
allanite buffers the LEEE contents of these melts, Already an abundance of 0.5% of allanile can
Increase the bulk rockimel [mmm coefficient of an eclogite £MI a factor of showt 3,
Allanite is stable al higher tem wres than the dehydration of ike 61 which is an

WRECT MESErvdr iR el oocanic crust The iransfer o E_I?I.E.E roun the subdiscted
slab o the overlayving mamtle wedpe by melisflnids onginating from delydration of subducied
crust is thas restricted as bong as wllanite is stable,
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M sole af the Papuan Ultramafic Belt (PUB) aphiolite: Field mapping, petrology,
trace dind midjor elesrenl genchemistey, geoclrorology, amd experimental stwiies

Wb L, BLN Green, 1 Meflagell, £ Eppinr’ aedd I L Blavier

An ophiolite 1= a fragment of oceanic orust and upper mantle produced at & mid-ocean
ridge or a back-are speeading centre which is exposed o 2 continental margin or in an island arc.
The PUB ophiolite in southeastern Papun New Cuinen is o large ond well known section of
former oceanic crust und upper mantle emplaced in the wesemn Pacific marginal region at the
collisional boursdary between the Pacific and Indo-Austrlian plate. Detuiled wesl-eas! iransects
along crecks in the Musa-Kumusi divide area by Lus (1994 and 1999 showed that the Emo
Metamorphics grade into amphibolites which grade up into the granulites which grade up into or
gire in conact with the ultranafic base of the PUB ophsalite,

The wirsmafics al the base of the PUB are both massive hareburgites, amd banded
peridotites consisting of Ihereolite, pyroxenite and horzborgite lavers. The hareburgites in the
ultramafics have Fo,, olivine but there ane small and correlated differences in CrfAl mtio of both
spinel and orthopyroxene and in Cat) content. The pyroxenes m the Therzolite e very Ca-rich
diopaide and co-exist with onbopyroxene with kv Cal) conterst, bt higher than that of
L%};ﬂtﬂm in harzburgite. Temperaure of equilibration by mo pyrosene them is
Bl *C, at 3 kbhar, However, the AlO, content of both pyronenes, the absence of plagiockse
and the significant ALO, content of spinets in both the Thereolite and wehrlise suggest that the
masen sdallized ol pressures greater than olivine + plagioclase (ancrihite) stability, b
~f-8kb a 90°C. Hornblende is the dominant mineral phase in the gronulites and amphibolites
coexisting with olivine, orthopyroxene, clinopyroxene, iockase, ilmeniie and magnetite. The
homblende grains in this group of rocks are istecally reddish brown (£ & Y directions),
beut the intensity of colour 15 variahle from pale to very deeply colowred and the typical Z-colours

* Deparment of CGeology, University of Papus Mew Guinca
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may vary from orange brown to deep green.  The amphiboles in the granulites are ianium-rich
and range in composition from magnesio-homblende through pargasite 10 magnesio-hastingsite.
In the :mphlhuhm the amphibobes are magnesao-homblende and actinolite ot the amphibalite o
greenschisi .

Lower §i0)., Ca0), ALO, and higher MgO, TiO,, (Na,0+K.0), PO, contents of the
granulites amd the hi?h Hﬁﬂ conlend and normative oliving {.'all.'éll suggest that the sole
granulites are essentially picritic in composition amll are similar or transitional 10 the basic rocks
of the Emo Metamonphics, and  differ from the gabbroic rocks of the PUB ophiolite in lower
T, lower Mo,0, higher ALO, bower FeO and lower PO, of the PUB, o similar MgO
conlents, A conventional A K-Ar, “Ar-"Ar toial fusion and incremiental step-heating “Ar-"Ar
geochronlogical study on the metamorphic sole using amphiboles from emplacement-related
granulites and amphibolites has been concluded.  Currently meling expenments are being
comdiscted 10 understond the mechanism for genemtion of boninile mels within the mantle
widpe above subduction zone.  Eruplion of the Cape Vogel boainites and the emplacement of
the PLTB ophiolite and the formation of the metamonphic sole ocourmed m the Paleocene between
Bl %n 1o 55 Ma,

SHRIMP measurement of carbon isotopes in diamond
CH Magee. L5 Wil pod WA Tiadar
A 1echmigue hos been deve o kit i S0 mexsurements af e Solopc composition
of carbon in dismoml wsing the SHRIMP son probe with o spatial resolution ¢ %ﬂmi“mﬂf
Lo

M microns,  Although machine-induced fractionation can he severe (around careful
conirel of operating parameters achieves. reproducibility of approximately 1.5 %, close 1o the
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Flgure 7 beotopie gomposions of  iwe stasdands (GE. LCL) and eight [echine

mricreskaasnonds. The d diamonds are low Hl;ﬂllmur.lneﬂdlnmnh,qﬂl disrrei e

Eigher N [1(M-#0ppamn), type Ib dismond, where the nitrogen is panislly appregasd. N

confenis were mensured wsing FTIR, GE and UCL are sundssde- GE is synthetic, while

UCL is nmural, AH compesidons are somaadised o a GE value of -19.2%. PDB, ad

Eﬂ;'l';ﬂ;ﬂﬂ-hl:ﬂml drift, ‘The atanidsnd crrer of the drifi-cormected meavomensents of GE
.
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theoretical precision of | %« for 10° "'C counts per analysis. Primary O, lons were used 1o
sputter the sample, and the carbon was analysed ns C7,  Because a resolution of only 2679 is
wired 1o differentiate “C from “C'H, mass speciroeler resolution could be decreased from
by opening the collector and smirge shits ta 200 pm, thereby reducing varishility m
secondary ion (rctionpbon, By carcfully controlling secondary  Bon - steering. Ia.rl]i
measuring - standards, and paying carcful atention W sample preparation, peib
measurements o within 2%, precision have been achieved. Use of this technique shows that the
microphenocrysic diamonds in Brazilian corbonado ane | dcally Hghter than the manx
diamonds by 2 5%, Dinmonds from the Daching tale schist of French Guiana have alse been
insensied, revealing a range in istopic composition from -30 o -5 The stopic composition
does not comelate with the nitmgen content of these diamonds, a5 measuned by FTIR (Figurne 7).

Digmond and chromite geochenical constraint on the mature of the Dechine compler,
Freach Gitana

LW Magee e Wl Tirylor

The Daching i schas, bocaed in French Guincs, is of mleres becaase il comtains
numerous small diamonds, but it is geochemically unlike kimberhite or limproste. Capdevila er
al. (1999) suggesied on the basis of the geochemical signatures of the refractory, immobile
clements that 1 may be a komatiite, a high temperature magma which has never before been
associatied with diamond occurrences,  However, because the original rock chemistry has heen
pffecied by metamorphism and  hydrothermal alierstion, resulting in mobilization of many
characteristic elements, there are other plausible sliematives 1o o komatiitic affinity. A possible
candidaste for the Dachine rock is plerine shoshonite, the mignesion endmember of the
shoshonitic appinite-suite rocks, which are known intrasive rocks of the Guyana  Shiell
Appinite-suite miresions are generally associsted with post-collisional, arc-related magmatisim

A study of the diamonds and chromite from the Dachine body suggests that the komatiite
hypothesis is unlikely. The dinmonds in the Dachine are :hur::mhe.:?b}- highly varahle §"C
¥ {-30 to -3%a). Diamonds having a Bght carbon signatune, which suggest an origin from
recycled biogenic carbon, appear 10 be more abundant than those with a -5 per mil mambe
signature. The dismonds are all low in nitrogen (max. 400 ppm), and are classified on the basis

of their IR spectrn s either type 1 or tvpe I-TaA stones. The low ne aggregation state of
the r:rlpp Ib-laA dinmonds idicaies that these siones have been @ temperalunes for less
than | million years, and they caneot have been st komatiite semperatures ( 1700-1750 °Ch for

mitee than 248 howrs.

Detrital chromites oocur in @ireams directly drsining the Dachine body and becanse there
are ney other identified metasedimemary and volcanic sources of chromite in the area these can 2l
be assumed 1o have weathered from the Dachine rock.  There are two populations of Dachine
chromite. Ten percent of the chromites 2 1o be troditkonal diamond-indicator chromites
derived from sampling of muntle penidotite, remaining chromites are magmastic n origin bui
have higher Nb concentrations than twpical komatite chromites.  The chemistry of these
chromites is consistent with derivation from a shoshonitic magma.

If the Dachine body is of shoshonitic affinity, o subduction zone enviromment seems the
vt likely place in which o form diamonds with a biogenic signafure since it is af these zones
that recyeling of crusul matenal inlo the male occurs,  The N content of the diamonds
suggests they may have formed by transformation from graphise which was originally derived

mietamorphism of carbonaceons muatier. The low nitregen aggregation slate ﬂwﬁimmdx
suggests that the graphite 1o diamond ransformation was net followed by an extended diamond
storige period in the mantle, this may be possible if the fuids that catalysed diamond formation
were produced in the same event that led to formation of the shoshonitic magmu.
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Calibration of the {Co, Muj0+Co oxygen sensor
M5 GV Mol sl ALL Penoneehy’

Activities of Co0 in (Co,Mnrd solid salutions in contact with metallic Co have been
determined on 10 compositions ranging from 0,12 10 (084 X, in order (o calibrale the divanam
equilibrium between (Co, Mn 0 oxade solutions and Co metal as an oxygen fugscity sensor for
application in experiments] petrology.  Experiments were conducted over the lEmpeniure mnge
S-1300 K at 1 bor, using an electrochemical technigque with oxygen-specific cabeia-stbilired
rimconia (CSF) electrolvies. CosCo0 or FesFeQ wus used o the reference electrode,
Compaositions of the (CoMniD solid solutions wese measured afier each run by electron
microprobe, and these wene checked for islernal consasiency by measuring the biltice paramieter
hg H-ray diffmection. Activity-compuosition relatbons e fitled (o the Redlich-Kister fommlism
Ui, Mn)0 solid solutions exhibit skight positive devistbons from ideality which ine symmetrical
{corresponding 1o 3 regular sobwtion mixing model) scross the entire coonposition range with
ALG=36N24T) Jmod ', Excess entropies and enthalpécs were abso derived from the emil data
and pave 5% = QLTT=0.08) JE' med' and HY = 4558020 Jmol' respectively. The
experimental data from this stusdy have been wsed 10 formalate the (CoMnOCo oxygen
Megacity sensor to give an expressaon; (0, = MOUCe-Col) + 2RT In :%ﬂ 4 21-X 074558 -
OTT3T]  (900<T(K b1 300 where 10,{Co-Co0) = 492,186 + 509333 T 53283 TIn T +
02518 T°, taken from OF Neill and Pownceby (1993), The (Co, Mnp4+Co oxygen sensor has
been used 1o test the high tempersture fumace built for X-ray absorption spectroscopy (see
Berry ar all, this report),

The effect of melt composition on the acivity coefficients of some si ile element
components (Fet), Nif), Col), Mo, Moi}, and W) in silicate melts in the CMAS sysiem

FLSC PN awd 500 Exgims’

The partitioning of race elements between silicate melt and ervstalline phases is obe of the
main tools used by geochemists to unravel the ongin and evolution of igneous rocks. There s,
howewver, & complication: race element pariinon coefficiens are generily not constants, but vary
with the magor clement composition of both the silicare melt and the crvanlline phase, as well o
fcaperniure mngl pressang,

The reason why such an importint issue should remain controversial for so long i tat, i
direct studies of erystabmelt pantitoning, o is m possible w0 vary il'ldq]tl'li‘llljjr el
commposition, erysil composition, ismperafiine or pressore, soons W deconvolule the effects of
each of these variables, Comsequenty, experimental trace element fmn-i:iming b, with their
attendunt expérimental uncerinmities, cun penenlly be fited adequately (satisically speaking) o
several aliemative models, and so cannot be used 10 sebect which model is comect theoretically,
Chaly & theoretically corect maocdel is likely to be of much use for extrapolation.

Horwever, for cemain elements whose oxide components ine easily reduced o ihe metal (e,
siderophile elementsy, it 15 possible o measure the effect of mell composition on pctivity
coefficients dircctly, while keeping all other variables constant, using oxidation-reduction
reactions of the (ype:

M 4 xd 0, = MO,

il A meh
We have used this approach 1o determine the effects of ing ma:u' element mel
wofmposition on the activity coefficients (Y., -) of FeO), NiQ. Co), WO, and MoOQ, and Mo,
in simple system Ca0-MgO-ALO,-Si0,#(Ti0,) silicsle melis ot 14900°C and atmospheric

PressiEre

"CRIRA, Victora
i
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Bemts of each composition were loaded onto wire loops mode from the pure metal of
interest, and hung, six or seven al a time, in a ventical be fumace equipped for pas mixing.
Oxygen fugacity was imposed using CO-CO, gas mixtures, The 0, for cach metal was
selected froim previows work to produce concentrations of - 4000 ppmnf'bl’- Co and Ni in most
compositions.  Since Mo occurs in two oxidation states ot experimentally accessible 105
(Holzheid, A. er al., GCA, 1994), this element was siudied as a function of (0, over as wide 2
range of {00, as was experimentally feacible. For Fe, the CONCD, ratio that would be needed 1o
impose the 10, puﬂwhug—umtimumlhnnwu is 100 extreme for accurate work, and we
settied on o wwrget concentration of =3 wi% Fe, Time series experiments showed that ~four
hours was all that was needed Tor the samples o closely approach squalibriung, bl owst
experiments were run for ~ 40 hours, Samples were quenched by dropping into wises,

The major clement compositsons of all samples were checked by electron microprobe
analysis in the EDS mode. Concentrations of Fe, Ni, Co and, in o few mns, Mo, were ko
determined by electron microprobe using WS and the pure melals as standards. W is difficull
1o determine this way because of overdap of the L lines with the 5i K lines ond was not
ariempied. W was determined as well a5 Mo, Ni and Co by laser-nhlation ICP-MS, o relatively
mew analytical technigue which is ideally suited for this type of study. Analytical precision from
either method is about 3%, one standard deviation.

In deniving activity coclicients (¥,,...) from the mesured element solubilites, the only
other significant non-systematic experimental uncenainty is that in f0,, which is estimated to be
= (102 fog-bar units (1 s.d.). However, lor the gets of sax or seven samples hung in the fumace
in ome go, any emor in (0, is commen 1o 2l samples and may therefore be ignored in comparing
the relotive effects of mell composition. Hence activity coefficients are measured 10 2 relative
mecuracy of £ 3%.

For Mod),, Mo0), and WO,, solubilities o constant fO), (hence 17, o) vary with meh
compesition by nearly an order of magnitude, much of the varalon being ined by a strong
Fﬂhw: corrclation with [Ca0] in the melt, suggesting the imponance of CaMol),, CaMo(), and

AW, as melt species. For Fe), CoQd and MiD the vasiation with melt composition is much
more fimited, and, a5 o first approximation, Y., could be represented by a single value for all
CMAS compositions 1o within =305, and ¥, to within £20%, Temary CAS composilions
el 10 have lower solobilites (higher ¥} for all three elements, MAS samples high
solubilities. For the quatermary CMAS samples, when the small variations are considered, there
is ibmast B0 correlation betwsen T, and Y., and Yo, 0F Yo, and Yo, This implies that
Miempts 10 parmmetcnze valses anm for these ¢ s wsing simple grlntml meelt descriptors
such as NBOVT or melt basicity wall not be successful.

Laser-ablation analysis of wlobivm and zirconium o chromian spinel and the problem of
chrontiim argide inferference

Wk Taylor

Niohium and Frconium are present in trace quantitics in solid-solution in chromias spinel
i ~0,05 10 =15 ppm;, Zr ~0.1 o =30 ppm). Although in small amounts these elements
typically show large differences (up w0 Several onders of mngnitade) between chromite of high-
pressure, dismond-facies r:r'ublilh: orgin (Nb =05 ppm, Zr >| ppm) and chromite from crustal
magmatic sources (typically Nb <0L5 ppm, Z£r <1 ppm). Becanse chromian spinel is widely used
a5 an indicaior mineral m damosd explosation, the ability o distingaish diamond-isdicator
chromian spinel from other types, thal otherwise have identical moor and minor element
gomients, has become ncreasingly important in the explomtion mdustry, Wih the advent of
laser-ablation ICPMS technology it has hﬁmt:gm 1o analyse concentrations. of clements
such as Nb and Zr down 1o the tens of pans-per-hillion level enabling their use as peochemical
discriminators. However, o signaficant lem exists with analvsis of niobium and Arconmem in
Cr-rich substrates by laser-ablation ICPMS in which Ar is used as the camier gas. This ariees
from the Formation, in the plasma, of isobaric chromivm angide molecular spectes (O A |
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RCrAAr  BOPOAR) that interfere with the isotopes ", “Zr und "*Nb, respectively. In soane
particular laser and machine configurations the argide miederence may reach levels of 50% or
moge of the prmary isolope signal of the | PP level, In the cuse of miohium this presens
signifecant problems for low level trace analysis because *Nb &5 the only sotope of niobium,
Fortunately one isotope of diroonium, *Zr, is interference-free in chromian spinel (though of
relavely low abundince) and can be used b evalusie the exient of the Limnhum urgade
inlcrference problemn,
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Figrre & Analyvsed Enipgm) in cheveism spingl using different Fr isolopes. (A" v
i shawing strong effect of *Cr¥ Ar interference {equivabent 1o =2 @ 1 P Frk (B Y
versus “Fr showing mminimal imerference from 00" As

several hundred chromisn spinel graing containing >300 wa'e Cr0y from a range of upper
manike and crasinl ongins have been analysed for Nb and Zr wusing the RSES keer-ablabon
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facility. The fucility consists of an Arf Eximer ulraviolet laser (193 nm) coupled to a modified
V0 PO2+ quodrupole ICPMS, Ablation occurs in o comirolled &1 cell contaiking o
srrarified mixiare of He and Ar and ablation products are transported o the ICPMS via a signal
smocthing manifold. For chromian spinel, a laser repetition rate of 10 Hz and spot sizes of 170-
275 microns were used. Standandization wis against the NIST 612 glass standard with
vanadivum used o the imemal reference elensent,

Results are shown in Figure 8 as plots of Zr (ppm) determined using the "7, ™ and “Zr

{fior "Zr a corréction o acepunt for "o in the plass s was applied). In Ihrfﬂut
of ¥ Zr versus "*Zr (Figure 8A) it is clear that there is a interference from ¥Cri%Art (%*Cr
mukes up 83.8% of E‘immpi: composition of Cry that s pamicwlarly moticeable 0 grmns
containing <7 ppm Zr. The interference comesponds o a relatively constant amount of -2-3
pyn extra Zr and thix seems o be ly independent of the Cr content of the chromian spinel
{presumably because a saturation level of CrAr molecules is reached in the plasma). In the plot
af ¥ 7y versus *Zr (Figure 38) the effect of Cr argide interference is slight because *%Zr 15 a
major Botope of Zr (51.5%) and *Cr is o minor (4.3%) iso aof Or. The interference
corresponds o - 34-50 Zr which is near the detection lmit for Zr and therefore can be
neglected for all but the lowest Zr (<04 ppm) chromisn 2 spinels. For niobium. the Cr argide
interference is also small and comesponds 1o ~39-58 ppb Nb. As with Zr, this is near the
detection Himit for Wb (typically 30-50 for a 170 pm spot) and a small camection is
wirranted only for the most Nb poor [ ppm} chromian spinels,  Further evidence that Cr
argide imerference is small is provided by the excellent comelations found between Nb and Ta,
since Ta is interference-free, but shows geochemical behavioair essentially bdentical o that of Nb,
Nb and Ta show sirong linear comelations in chromun spinel with w=7 and only slight
deviatson from ihis value &t bow Nb levels, Funhermore, boninitic spinels, which contain the
highest known Cr of all termestrial spinels, regularly return Nb below detection limits.

In conclusion, ™¥b and Zr can be analvsed in Cr-rich matnces fo sub-ppm keviels using the
RSES laser shistion system. Compared 1o other laboratories, the Jow levels of Cr argide
interfercnoe may be due 10 o combination of the HefAr ot ancl Eximer ulravioked loser
used ol RSES. Analyses of Nb and Zr in chromian spinel from other laborstories should be
treated with cantion unbess rigorous testing of Cr angide mterference has been undertaken.

Tectonic classification af the felvic atkaline rocks and development of the “SYENDAT
prochemical dinabse

P Wallece and W.E. Tiylor

In miosl ersonic regions of the Fanh strong spatisl and temporal associtions exist
hetween alkaline rock complexes and decp-seated kimberlite or lamproite magnatism. However,
in Australia the deeply eroded and weathered natre of Precambrian cratons has erased or
obscured evidence of kKimberlise intrusion. A kimberhite or lumproite exploration straiegy 10 such
areas may be 1o identify prospective regions within the craton by kocating alkaline intrusive (eg
syenitic) complexss, However, Precambian cratons are geologically complex and have typically
been buill up by amalgamation of geologically distinct temranes by plate tecionic processes.
Therefore mt all alkalime rocks wEerW an appeopriale tectonomagmatic seeociatbon with
kimberlite and methods for geochemically discriminating “kimberlite favourable™ alkaline rocks
{ie those from continental intraplate settings) and “kimbertite unfavourable™ alkaline rocks from
odher settings aré required. With this aim in mind. a datahase (SYENDAT) of the
hasic to felsic afkaline rock compositions (46% < Si0 <72%) contnining over 2600 rock
samples froan workd-wide sources has been established.

Twelve varibles based mainly on ratios of commeonly analysed elemems to Zr (which
comects for erystil fractionation effects) were found 10 discriminaie with varying degrees of
success between samples Trom intraplore, arc and posteoflisional octonic sottings, Additional
cafepories were pssigned for olkaline rocks of lemproiic and albali metasomaric affinity.
Application of multigroup discriminant analyis methods prodeced three linear discriminant
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functeons which could be wsed 1w classily samples in the dasbase relative o their liemone
classification with an accuracy of % for irrmplate, 95% for amprritic, T4% for are, and 70%
fior postcollisional , For comparative purposes. the standard Pearce plots of Kb vy ¥ and Rb vs.
Y+ Mhj, '-"-'i-rir.'lgﬂuud in the lderaiure for fecionic discrimination of “granitic” rocks, was
applicd 1o 2 subset of SYENDAT fitting the “granitic™ classification. The Pearce plots show
considerable overlap between different rectonic groups and demonstrate the effectiveness of the
discriminand function approsch,

The geochermical classification has been applicd w Late Archaean- syenitic rocks of
unknown tecionic seting from the Yilgam block. resuibts show over of samples o
have are or posteolfivions) signailures consistent with the proposal of a number of suthors tht
ihe Yilgam cralon represents on ol of microcontinental and isbusd e complexes
younging toward the east. Only syemites iroamn the southern margin of the Yilgem block have an
urﬁlﬁ‘fqﬂm infraplate signature suggesting this area may wamand consideration for kimberlie
exploration.

Preliminary results of melting experiments of simplified herzolite in the system Call-Mgi)-
AL -5i0-Cr £ (CMASCr)

L X0 e B 800 O Neil!

How the wide compositional vanety of basaltic magmas may be generated from a
pu:lid‘liili-::;plﬁ mantle is one of the most fundamental problems in earth scieoces.  The
behavigar of the simplest model system, Cal-MpO-ALD-5i0,(CMAS), which contains all the
miaper phuses making up the upper manile, has been studied well. Future work will concenirale
on aclditsmnal mindss componems which are known 10 have sagnifican! elTects on phase relations
ubder upper manile conditiens. Cr.0, is arguably the most im mi ome of these, and indesd
there has been significant work on the effect of Cra0, on the su s transition from garmet
Iherpolite o spinel Therpolite. Chromium’s effect on mantle meling is, however, still poorly
understond. We have therefore begun an mvestigation on the effect of mehing relations in the
system CMASCr af upper mantle pressures (1,1 GPaj,

The defermination of iniial mell compositions in gssemblages which contain ll 5 phases
iolivine, orthopynoxene, clinopyroxena. spinel and mel(y in this S-component system is difficub
because the temperature interval between the femperaiure of the solidus (“meli-in™) and that of
the disappearance of clinopyroxene (Cpx-out) is exiremely small

To sddress this difficulty, we intally exploned the sandwich metbod.  However, the
experimental resulis demonstraie that this imroduces furher problems, in that the compositions
of the mincrals and mehs are mther inhomogencous, wnd therefore interpretation of  the
experimgntul results becomes difficull

This approach has therefore been abandoned, and experiments are now being conducted
using an intimate mixture of all four solid phises. Results obtained so far suggesy additiog
of Cr, 1o CMAS mises the solidus temperature slightly (by up 10 approximately 20°C in the
compositions sdied). The co inions of ofthopyrokenes m:g:.,:limp:.mm in eguilibnum
with spinels of different Crif Al+Cr) ratios have also been obiained.

Future work will focus on extending our sudy o higher pressure conditions and ulilisin
the: dagn extracted from our experiments (o model anmlynu.mim]I_'.l the mekting behavious o
this simplified therzolite system.
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ENVIRONMENTAL PROCESSES GROUP

Research in the Environmenial Processes Group is ooncermed with Jmﬁnpmt!ims
and elimute change, and aims to establish detailed chronologies and rates of past changes ot the
eanth's surface, including appropriate comtributions 1o the chronology and impacts of prehistoric
humans, Work of the Group in 1999 was focussed on high-resolution climatic varation in the
Basi TOOMD wears, as well o om as of the global carbon oycle, and the y of
landscape evolution and the regolith.  Rescarch s underpinned by laboratory facilities,
particularly stable isolope mass spectrometry and various methods of dating surficial deposits,
mchuding "'C, "Be and “CL The lutter are measured by accelerator mass spectrometry (AMS),
as o collabortive program with the Department of Muckear Physics Department {RSPhysSE).
There are close links with the Envionmental Geochemistry Group, paricularly where
lurtinescence and tm.:ld:]:rr:nl methods are mqulr;lﬂﬂd.ﬂmg and analysing past F-mu':lm g'{
hydrobogic, clinatic maorphic SRS, MAENClc Measirements o age
ancient regolith ::rn[inurut':. mmﬂ:-w'lm the Cooperabive Research centre Tor Landscape
Evolution and Mineral Exploration (CRC LEME), and are made in the RSES-AGSO
pataeomagnetic facility. The Radiocarbon Dating Laborsory became a adjunct member of the
new cross-campuas Centre for Archacologic Research.

Al resenrch projects progressed well in 1999, with major topics being high-resolution
paloeoclimatology, assessment of the role of soil as a carbon store, and measurement of rates of
soil formathon and erosfon. The dual questions of past climatic & aisil huiran it
wpon om garth surface systems are hasic w much of the Elmllr"ﬂ 1. Dr Bind extended his
sample array for determining fluxes and residence times of carbon in soil. with new sites in
Adrica and elsewhere., The coral-based paloeoclimatology project deepened iis study of the nole
of the western Pacific warm pool in El Nifio patierns over the last 6000 years. and Dr Gagan anc
Ms Lynch exiended the sample hase with a major Gield trip in casterm Indonesia, in the region of
the Pacific-Indian Ocean throughflow. Applving new methods of sample prepartion in AMS
radiocarbon, Dy Tumey and Dr Bird extended the mdiocarbon chronology of human occupation
of Australia 1o beyond 47,000 years. Knowledge of late Pleistocene changes from sclerophiyll to
radnforest in Queensland was advanced by mdiscarbon ddating soil charcoal by Mr Alimamsvic
upid Professor Chappell in collaboration with members of the CRC for Tropical Rainfosest,
Mensorement of rutes of eroson and evolulion across semi-arkd Austrabio wsing
cosmogenic noclides, a project initiated n | was strengthed in 1999 by amival of Dr
Heimsath, while mescurements of processes of erosion and sl trinsport hive heen integrated
into namericil models of Bandscape evolution by Dr Broan, in the Geodynamics Group.

The Group's support siaff are vital o its research, who costinue 1 devole effort beyond
the call of duty © ensure continued operation of cquipment and sample handling, Scientific
advances by oar PhIY scholars make a major contribution; and in 1999 our two new scholars,
Ms Treble and Mr Rustomji, are engaged with problems central 1o our major themes off climate
change nnd Lindscape evolution.

"B determmimation of erosion rates in semi-arid Ansiralia
A Chippeil, A, Adimsovie, A, Neimaol, K, Fifleld® and K Cresswell

A the first phase of & new progect to determine mtes of long-1erm erosion, soil production
and landscape changes throughou Austradia, rafes of erosion in schocted semi-arsd catchments
were assayed using mensuremnents of "Be, which is produced in rock outcrops by cosmic rays.
Samples came from sites in the Flinders Ranges, the gibber plains and table-top hills west of the
Simpson Desert, the Macdoanell Ranges west of Alice Springs, the east Kimberly Ranges, the
Mt Isa region and the great dividing ranges. Based on some sixty samples, erosion rates wene
found w vary from an extremely Jow value of 0.1 metres per million years in the sikerete gibber

! Muchear Physics. REPhy-SE, ANL
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plains, up o about 10 metres per million vears in the Flinders and Macdonnell Ranges. Even
the later figure 15 bow by workd standards and up to 1000 times less than in the mountaing of
Papua New Cuinea and New Zealand, where exireme values mange up o 10 kilometres per
million years. These very low rtes in semi-and Australin show tha the production of ol and
sediment by rock weathering s alus very slow.

In the second phase of the project, detailed sampling has been conducted in the sume
regions, both of bedrock sites and of sediments from streams of dilferent caichment sizes in
ofder o mexsure the rales of eroston on different kandforms and slopes, a5 well 55 residence
times of the derived sediments i differend landscape companiments.  Pilod resubis from
caichments east of Hall's Creek indicate that downstream passage of sediment orains can be as
show @ | km per thousand years; early resubis from the Moacdonnell Ronges suggest that
sediments are impped for periods exceeding 100,000 vesrs and episodically releassd, in
response bo Quaternary climatic changes.

Determination of rates of soil production and miving, wsing cosmogenic nuclides and
optically stimulated luminescence

My Wiy, J, Chappeefl, N Spooner awd 17, Qe

The dovwnhill movemem of soil is assisted by natural “stiring”, caused by weefall and by
burrowing animals including ants, worms, and (in southeast Austrafia) wombats, We are
evitlhuting the process and rate of stuming al ates on soil-mantled hillsides in the Bega Valbey,
NEW, from optically stimulated luminescence (0SL) ages of individual minerl grains, sampled
from difference sodl . The OSL age indicstes the ume elapsed since o grumn was last
expised Lo sunlight, which we assume happened when te grain |t sdsited the ground surfoce.
W refer fo this as the mixing time. A estimate of the particle mixing “velocity”™ = mven by
dividing the sample depth by the mixing time. Determinations were made for samples ranging
from 3 oo B3 cm depth, with 48 meividual OSL ages per depth sampled.

Results show that the average mixing velocity decrenses with depth, from abosurt 0.3 moky ™'
at 0.1 m down 10 0.08 mky ' at 0.8 m depth (the average mixing time increases from about .3
ky o around 11 ky). Combined OSL and themmoluminescence {TL) inessurements also show
thal sme grams at all Wﬁ‘: never been exposed 1o sunlight, i remain fully within the
wodl during its transpon i1 by soil creep and slopewash. The percentage of unexposed
grains increases with depeh, from 25% at 0.1 m to 60% at 0.8 m.

We found that the mixing time is substantially shorer than the residence time of soil o a
s, which can be assessed as the soil thickness mudtiplied by e rate at which soil is produced
m bedrock weathering. A1 our Begn Valley siie, the rate of sofl production under different
depths of sail cover was previously meawsured by AH., using "“Be and Al produced in quarts
grains by cosmic rays., The rate of soll production Poas found 1o decrease with increasing soil
thickness H. fitting the equation P = 0, 3¢"""rn-l:{ ', Thus, where the soil depth is 0.1 m, the
mean residence time is about 2.3 ky, and is abow 73 ky where soil depth is (0.8 m thick. Results
o far indicate that the residence ume is about 6-8 limes greater than the mixing time, ol our
Bega Valley site, implying that most grains visit the surface many times befors they are removed
by erosion, imespective of soil h. Moting that mixing velocity and soil production rate both
decrease with increasing soil we spectluie that biolurbiation has a strong influence on sub-
=0l rock weathering.
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Holoeene envicoummental and culral chaonges in northern Arnbem Land
I Chappel! and B. Jonex'

Landscapes and habitats have chanped greatly in coastal regions of northem Ausiralia in
the last 10,000 vears, owing panly w the invasion of prior valleys by rising sea level — a1 jeast
umtil 6006 years ago, Chmatic changes and coastal sedimentation account for the rest. The
patierns are broadly known from previous studies i the South Alligstor and other estuarine
plains of Northern Temitory, bt the envimonmental histories of each particular area. being
governed by tides, sediments and local features of the drowned topography. differ considerably,
affecting sspects of cultural prehistory and ksl inheritance.  Furthermore, the responsss (o any
fture rise of sea level will vary from place to place.

Coceetal pnd estuanne bowlands of the Blyvth and Glyde Rivers i nonthern Ambem Land,
together with the Arafura Swumg, comprise some of the largest and mast diverse wetlands of
northerm Australis. not only of continuing impartance w0 the Aboriginal resadents but also,
arguably. a centrepoint of prehistorc cultural changes and dispersion.

Based on field work in 1997-1999, he environmentnl prehistory of the Lower Glyde,
Bliyth and associated freshwater wetlands over the last 8000 years has Largely been established.
A good radiocarbon-dated chronology shows that the coastline advanced seaward at up to 5 m
per century in the lnst 5000 years and thal large rove swamps changed info freshwiscr
wetlands, as recently as 2000 years ago in some areas.  Measurements of tidal and sedimentary
processes are being used 1o predict the effects of any future rise of sea level, which is likely w0
reverse the recent trends.  Results in progress are periodically communicated 1o people of the
region, through public mectings and the Northem Land Council

Wmd:ﬁymmmm ard evidenice for diaehronous arid
climase shifts in norikers and southern Anstralin

R Pitlores

In South Australia, in cosstl sections ncar Adelaide, and on Kangaroo Tslund, the
BrunhesMatuyama (B/M) polarty transition (0,78 Ma) s identified m the sirongly oxide-
mioithed Ochre Cove Formmtion. The Ochre Cove Formution 15 overlain by a calcarcous grey-

n seolian clay, called Ngaltingn Clay, which in tumn is overlsin by calcareous sediments of
E:E‘hrimie-:. Beach und Taringn Formations. The marked change from an oxide-dominated
weathering regime 1o a carbonale weathering regime is estimated t0 have oecumed w about 500
to 0 ke, and is interpreted a5 & major and shift in regional climates.  Similar arid shifts ore
inferred from the Murrgy Basin in soatheastern Australia and Lake Lefroy in southern Wiesicm
Austrahia, where changes from lacustrine clays to evaponites apd dune sedimenis are estimaied 10
have occusmed between 400 and 700 ko, and about ﬁmhfﬁﬁtﬂvdj'. An increase in aeoltin
dust it g0 Tasman Sea sediments also occurs in the tast 4080 ka.

In northenst Ousenslannd soils developed om basaltic lova Nows with ages up w 5.6 Ma
show @ trend of increasing soil thickness of ca. 0.3 mMa  Revene poladty magnetisation of
pedogenic hematite in the lower B horizons of the soils on e four oldes fows indicates

wetom of the remanence prior (o the B/M ransiion af (.78 Mo, Preservalion of reverse
polarity implies that the pedogenic hematite has been by chemical weathering or
physical disturbance by soil biota for a least 0.78 Ma. 1 is inferved that prior 10 0.74 Ma soil
weathering may have oocumed 1o greater depth becawse summer minfall was significantly higher
than present, which is consistent with evidence from Lake Amodens in central Australia
indicuting a change from Lacustrine clays to evaporites and dunes at about | Ma.

m— e
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Between 600 and 900 ka oxygen isolope fluchusions in deep sea cores show a
pronounced change in fraquency, from a 40 ka {dﬂlwirlu dominated) 1o o 100 kn (sccentricity
dominated) pattern. At the same time, glacial-interglacial amphiudes mcrensed, with 2 marked
enmichment of glaciol "0 valses consistent with larger contmentad based iceshests. Climatic
respiinies o these global changes were not synchromous seross the Ausiralian continent,

Frpoae [5 L som of paleociimatic moonks in soiithern Awssiralia showing 8 med
Fleistocone anid with oaygen ismopic record in deep sa oores,

¥HE£H¢'II:I limts to radiocarbon dating of the Nowwalabila archaeclogical site, Northern

ML Bind CEM. Tureey', LK Fifield, & Jones’, LK Apliffe’ and 8.0, {Cpeanwell

The Nowwalabila | site in Kakadu National Park. Northern Territory is a sandstome rock
shelier with a seqieence of ~3 m of sandy sediments, Anefacts are distributed almost to the base
of the sequence, and occupation of the site has previously been dated o between =35 and -6 ka
hefore present using optically stimulsted luminescence (OSL) dating. The reliability of the OSL
dates has been questioned in pant because published radiocarbon dates from the site hove
] a eoherent age-depth relatenship doam to abow 1.3 ou bal below this point there is
linbe coherence i the dates, suggesting the possibility that the profile has been disturbed and
iherefone the amefacts close 1o the base of the profile ore not in siow

I order 1o s understund the radsocarbon chronology af Nauwalabils, 18 mew
MEasEe s were o the lowover hall of the , using a vanely of pretreatment
s on acharcoal of o vanety of sizes from Lem n bo <l Myon.  Resuls el in
mﬂmfm thit there is no coherent age-depth relationship below -1.3 m in SOUETICE,
with most ages below ~1.5 m depth being in the range 7-12 ka B.P, regardless of size or
pretreatment. An analvas of the profile indicaies that the coherent age-depih relationship breaks
down at the level of first appearance of the authigenic iron pisolites. which normally indicate the
expstence Of a Moctesting water able.  Scanmng electron mcroscope wmaging amd element
minpping and elemental analysis indicate that karge eriginad charcoal  fragments rom below

" Usiversity off London. Egham, Sarey, United Kizdom
* Lahoratoire des Selences du Cliomat et de 1" Environnemeant, Ulnlid Minge de Becherehe, Cedes, Franoe

o4



ExviROxaESTAL PROCESEES

~ 1.3 i1 have been substantially replaced by iron. and now conzin only 4-14% carbon. This is
interpreted as having been introduced during the alieration of the charcoal, and not the original
carbon present in the charcoal. The alteration must teve occurred afier 12 ka BP,, which is the
oldest charcoal age obtadned from above the level of the authigenic iron pisolites,

Sniall (<500 hm) lmujlpid:cd and ppparently umabiered charcosl fragments from the
abeepest levels of thie deposit also have ages of <l ka B.P. suggesting thal there has been some
pirst-depositional redistribution of fine grains in the deposit, probably as a result of ant o
lermiite activity, The coherence ol the radiotnrbon stratigraphy abowe 1.3 m suggests thar there
hos been linke, if any, posi-depositional oevement of charcoal fragements (amd hence
artefacts) in the deposit. The radiocarbon chronology below 1.3 m s therelone nol considercd 1o
be relinhle, doe o the pervasive sleration of omging charcoal amd the post-depositional
moverment of smiall charcoad fragments. The radiocarbon stratigraphy above 1.3 m is considered
b be reliahle and a decrease in g t sedimentation rate inferred from o break in sbope of the
radincarbon age-depth relationship st 1.1 m sugpests that the infemed i I age of ihe
botiom-ms sediments in the deposit is consistent with the O5L ages of 55-61 ka,
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Breaking the radiocarbon barrier and eorly human ocenpation af Dewil's Lo,
soutfwestern Ausiralia

C5M, Turmev', ML Bird, LK. Fifield’, B G. Roberi’, MA. Seeieh’, C.E Dorch”, §. Gelin, £ Lawsor”,
UM e, 1 Doenck™, RoG. Cresswell, 1K Aphiie®

Devil's Lair (M0°0'S. 115°4°E.) is a single chamber cave (=75 m') on the Lecuwin-
Maiuraliste Ridge, 5 km from the modem coastline’”, The stratigraphic sequence consists of
6l e of sancly sediments, with =B destinet kayers, imercalated with fowstone and bands of
mdurated sediment. There is archacological evidence for intermittent human eccupation down 1o
layer 30 =330 cm depih &, with heanhs, bonie and stonie anelacts Tound throughout, Laver 30
represents a4 fan of topsoil the sccumulated rapidly folkvwing widening of the cave 1 agil
comning the carliest evidenoe for eocupadion of the cave itself. fn st anefacts below baver 300
e and nome have been foand below layer 37, The three anefacts in liyer 34 and one

fake in layer 37 wene washed indo the cove with the sediments, and indicate haman activity
in the surrunding area sometime before the deposition of kayer 37.

Imatial occupation of this sie has previoasy been duted by conventional "C echniques 1o
30-35 ka BP. The redating program reported here included radiecarbon dating of chareos] amed
Emu ezgshell, optical dating of quarte grains, and ESE dating of marsupial teah.  Acoelerstor
mass spectrometry {AMS) was osed 0 measure the U pctivity of chorcoal using both the
conpventional ABA-BC {acul-base-acid bulk combustion) Lnl.tnthr wnd o pewly developed
AROX-3C (acid-hase-oxidatson H:ﬁd comnbustion ) 1echmique, While the ABA-BC ages are
indistinguishable from bhac aond 42 ku BF, the ABOX-5C ages form o coberent "C
siratigraphy 10 =55 ka BP. ABDX-5C :'hmmh:ﬁ'i;raums.l.ﬂh:] people were i the anea by
ol least 4748 ka BF and occupied the cave iself, widening of the mouth, & -6 ka BP.
Oiptically stimulnted luminescence (OSL ) electron spin resonance (ESR) nzes mnd Emo cogshell
carbomats "C dating are in agreemend with the ABOX-SC “C chronology, These results, based
on four independent iechnigues, reinforce argements for an enrlier colonisation of the Australion
CEHIlEneT,

Coral seismochemisivy and the greal Tambora eraption of 1815
MLE. Gagew. K. Stel’', WE Hantam™, BLE Lyack and RL. Edviverads™ ol 1. Zachariaw’

The Aprl 1815 eruption of Mt Tambora in Sumbaws, Indonesin was the lurgest volcunic
eruption in modern history, The vear 1816 in the nomhern hemi was w0 oold and wet tha
it i5 knowmn as the “vear without a summer, vet ke is known { the climatic imjsect of the
Tumbora siratospleeric serosel clowd in the ropics where systematic metecrology d5d nol exisg,
Beconstnscting the impact of low-latitude volcanic sruptions on ropical climate is impomant for
predicting their ghobal climatic effect via feleconnections from the rpics.

We 1o pew method for reconstructing the volcanse aerosol-induced reduction i
solar irradiance in the tropics using carbon ;‘:;ncﬁ-: ratbos (B} in Porites microstolls, The
living edge of a coral miroaodl grows |ssizonla ¥ because upwand growth (s lmited by the
lowest tide level. W tested the hypothesis that 8°C in Povires sheletons is sensitive 1o Bglhi
intensity by samipling a slab ¢ul hanzontally into o lerge, dead Porites microatll From southwesi
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Sumoira, Indonesia, in the equitonial eastern Indian Ocean.  The sampling protocol sllvws us o
compare cornl data for one depth within the water column, which helps o ensure that there is no
tias when reconstructing light imensity through tme.

Theee mecthods were emploved to establish exact ime-control for the reconstruction.  Firs,
the age of death of the microsoll wis determaned o be 1324 = 5 AD using high-precision
TIMS "Th geochronology, Second, the 8"'C-response to the magnitude 8 m;talhquake that
rocked southwest Sumairs on 10 February 1797 provides an additionnl exsct fime-marker
{Figure 3a}.
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Figure 4: (A} Plod of coml &'°C mx 3 funcnon of hovizonial distanoe within &3 Perfies
micrnaead] (“Th age of death = (B34 2 3 ALY from Ripors Diland, southwest Sematra,
Imdonesis (23675, FLTS°EL The abrupt shift ma &°C marks co-setsenic uplifi during the

} uake on 11 Febniary 1797, (7 Thies-scries ol coal & assmmisg the highes
ﬁ"%vu]u:hﬁdumnlt I i markoed "5 comcides with masimmum ircadiancs Ganisg the
sl winter solstice (21 Junel  The vertical line marfs the tmimg of the Tambora
eruptian, The stppling spans the pﬁiud.ul'l-:mulhm:l:prtud-ﬁ":l'_‘ valus in respons 1o
the aeroasl-imduced reduction is solsr irmadiance foflowing the eruplion.
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The enrichment in cord 8"'C immediately following co-seismic uplift of 0.7 m is a response 1o
higher light imensity in the shallow water where the coral continsed 1o grow. ¢ en
established an anmnual chronology using the clear asmsal eycle in the coral §"'C record following
uplifi 1o shallow woater. In equaional setings, such as this ooe. ihe norhern growth surfaces of
mucrosibolls are shaded dering the sustral summer and exposed o direc sunlight in the sustrl
winter, resulling in an anmual cycle in 8°C

Having extablished an annual chronology, and tha the timing of the 1797 eathquake
agrecs within error with that predicied by the age determination, the timing of the Tamlsra
cruption could be established. The vertical line in Figure 3b marks the position the of e 20
April 1815 eruption. which is fodlowed by sharply lower ™C valoes for =15 months.  The peak
in B0 associuted with maximum seasonal imahionce is absent following the Tumbora eruption.
Moreover, the kevel of mmdinnce appears 10 be lower than that observed during o tvpical cloudy
monsoon season, The result suggests that the reduction in solar irmudiance produced by the
stratospheric serosol was swong and, in equstonal laiudes, may have been resinicted primanily
o the year following the eruption.  The optical effects of the Tambora acroscls were observed
for 2-3 yesrs i the mid-hagh norhemn latiades, which suggests that there may have boen
significont differences in the timing of serosol-induced irrsfinnce changes with latitode.

Micreatolls appesr 10 be exceptional natural instrsments for extending the recond of

iikes and w ¢ enuptions inbs the pre-inanomental pass.  Work s enderway 1o
estahlish o baseline of carthquake recumence iMervals, equistorial sea-surface Iemperatung, and
solar imudiuince changes for key time-slices during ihe past several nillenmin

Late Plelstocens glactatton i sowihensiern Ansiralia
T.F Barrves, J 00, Siore”, LK. Fiflekd® and B.G. Crepsvet!!

Despile being one of the hotiest and drics continents on Eanh, Australin expersenced
considerable expansion of cold-climates during the last glaciation. Most of southeastern
Avsrdia over 6 monoaltifucke was penglacial and many moumiains sbosve 18500 m held
permanent snow or ice, The Kosciuseko Massal is the only area of ivefutable glacistion on the
Australin muinlond and remapping of the glacisl extent on the Massil shows tha ghiciers
covered mo neore than 1520 knc, cven less than previously believed, Glacsation was Far miore
widespread in Tasmunia however.

Chir dlating progrm over the last 4 years has focussed on improving the stmtigraphy and
chrisnolo ul'llf-tll:hﬂ glacintion in the &um‘zc?ln'lmrﬂnins and Tasmanin. Mearly 100 new daies
based on the cosmogenic isotopes "Be and “C1 provide chronologies for 8§ regions of glaciation
and 4 periglacial deposits,  Among the most ising Mndings was evidence for 4
elacinl advences duning the last placial-inrerglacial cvcle o Bloe Lake ond Loke Coolapatsmiba
{ Kosciuszko Massif). within the Kosciuseko Glaciation, the earliest of these advunces
oceurred during the Eardy Koscivseko af =60 ko and the latest three sdvances occumred during
the Lite Kosciuseko a1 =32 Ka, =19 ka and =17 ka. The kst 3 advances occar of very similir
times U lake bevel highs ot Lake Ceorge (Canberra) and o increased discharge o the Riverne
Plain. indicating considerable changes in reghonal climate.

The dating of Late Kosciuseko Glaciution in Tosmania has shown conclusive evidence th
the timing of Last Glosin] Moxinum was synchronous seross southeastern Australia,
Addational dutes from Nonh Amerca and France hint that the LGM was probably synchronous
in both polar hemispheres, an ohservation which should shed light on the mechanisme of climate
change. The dating of periglacial deposits shows considerable promise and prebiminary resulis
indicate that it is possible 1o derive good chronologies for these landforms. In pamicular we e
shown that low altinsde blockstreams were sctive dunng the Late Kosciszrko providing
comvancing evidence that iemperatures i the Snowy Mountnins were o beast 8-5°C coldér than

* Deparmeeni of Geologhnl ScenceaUnaemany Rescarch Cenere, University of Wasbingion, WA, U5A
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present during the Last Glacial Maximum. In northeastern Tasmania, our dates on doleriie
Blockslopes show that block peoduction was persistent tiroughout the Bt glaciation snd thal the
bz of the slopes are of consaderable antiquity, rear the fimit of the dating technigque.

Channel geometry relationships and palacochannels, Laclilan River, NSW

I, Keeop

Regional channel geometry relationships for inkand Mowing rivers of the Murray-Darling
basin have been essblished, 15 a basis for estimating past discharges for o comples network of
patzcochanmels ithe maddle Lachlan Valley, centrul westem Mew South Wales, The nature of
channels which existed around the Last Glacial Maximam, in particular, are a commdnim in the
regional environmental recond, because the largest mcandering  palacochanncls on  the
Murrumbadgee and Murray overs feature meander wavelengths nng B umes greater than the
v areim, From o Geee which most other uwlnmnml recands poim m as the coldest,
wimndiest and drest during de last glacial cycle, On the Lachban River, in the noathern Mumay
Basin, the apparent dispanty = gresier, similar chanpels having meander wavelengths 12-15
times the modem river.

A data st coniprising 46 sites from 9 rivers i the Murray-Darling Basin was compaled,
Regiomal investigation showed & greal varabdity in bankfull frequencies, reflecting differen
MNood regimes, degree of ﬂmdp]uin confimement, a diversaty of channel panerns as well as widely
differem methods of calculanng bankfull stage. This precluded the use of standard flood
indicodors, and all relationships were based on nabugal bankfull stage. Regional relationships
between channel bankfull width, depth and meander wovelengih wene quile poor but the
relstivnship between width amd discharge was improvesd by inchsding a sediment size parameder.
Reconstnuctions indicate that the Plerstocene bankfull deschange was 6-12 times that of
the present rivier, which i signaficantly kower than estimates based on meander wavelength alone.

A chronolegy of palseochamne] apes on the Lachlan {5 being developed usi E&q:l:.ajly
stimiulsed luminescence (OSL) technigques for the older, organically impoversished Pleistocsise
channels. A younger palacochanme| system with larger discharge than tosday is recognised in the

reaches of the Valley, which dogs nol appear 10 be répresented on other Murmoy-Darling
rivers. amd mdwocarbon ages indicate this phase enminnted between 3=5,000 vears BP,

Coral reconstrirciions af mid-Holocene aceain-atmosphere varability in the central Wesiern
FPacific Warm Pool

MV SfcCiregiar, MK, Gimgas gand ML T, MeCalioeh

The ocean water off the nonh coast of Papus New Guines is pant of the Western Pacific
Warm Pool (WPWF). The WFWFP plays a key robe in modulating oropécal climate and in the
initiation of El Nifio - Southern Oscillation {ENSO) events, however it is nol known how the
Wourm Pool and ENSC will respond (o fuiure greenhouse wirnming.  This study uses records of
seqt surface temperature (55T} and ruanfall from mid-Holocene fossil corals 10 examine ENSO
when 55Ts uppear 10 have been warmer than presenl. We drlled several cores from modem
ond fossil Porftes sp. and Dipleastrea heliopera corals from Blup Blup, Koil and Muschu
Islands, located within the flood plume of the Sepik River, Papua New Guinea, which s sensitive
b BRSO,

Oxypen olope and S0C8 rtio andlyses of two fossil corals from Muschu Island,
radiocarbon dated 1o 5090 and 5400 yBP, and a third coral from Kodl liland (7470 yBF)y are
used 10 cxamine changes in sea surface temperature and rainfall. Oxygen isotopes ( 00y For
twio modern corals from Koil and Muscha Islamds to within (L% for the years
1981-1997; ENSO events are clearly marked by high 6°'0 values driven by cool SST and
reduced monsoonal renfall, Fossil coral oxygen isolope results show decrease in 8™00 values

b
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from 7470 to 5090 yBP followed by & small increise 1o present 80 values: wgether with
SriCa, the isolopic data mdecate S5T was —1°C warmer than today, aboat 3400 years ago. The
S0 and 3400 BP corils show a reduced interannua] range im 60 waloes companed to the
moddern covals, suggesting that ENSO was weaker during the mid-Holocene (Figure 4 @, bj,
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Figure £ [A) Surnlm-E of &0 resialts For the mosdern and mid-Holocene comls from Kol
and Mumcha Islamds. (B, C) Semmary of mean 5e/Ca 55T anid A5"0 vabaes caboulatesd fior
maedern snd foasil comls. Bars indicale the gpresd abomt the mean (20} annual iempershores
and paygen entope resrduats for each corl. Al AG"0 valees are calculmed relative 1o the
&G0 ol 1he central Cireal Barrier Reel,
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Reconsiructing palavockmates of Tosmawla wsing stable lsolope proxy records from
speleathenis,

P Frehie

Speleothems (cave calcite formations | have the potentind to provide a continuous well dated
recond of palacoclimate conditions,  Preserved in the calcite is the isotopic chemisiry of past
precipitstion which may be used 10 reconstroct past climates.  Despiic the potertial of
speleothems w be elfictive pabseoclimale recorders, some of the processes imfluencing the
palseoclimatic zignals ane complex and have not always been dealt with appropnately.  This
rescarch aims o address Ehiw.ﬂ:m by investigating the isotopic record of very young
spebeothemns (which formed while our climate was not very different from ihe present) and by
collecting and analysing madler precipaistion and stalactite drp samples &t the sites whene the
speleothems were collected,

Stalagmites from north, ceniral and south Tasmania hivve been obtained for this study. and
collectively amount 10 a near continws record since the kst glacial maximom (LGM) (as
deicrmined by wranium series disequilibrium doating),  Stable Bsotope analvsis (oxXygen and
carbon) will be performed on sections of the stalagmiles thought to represent key climatic
periads since our emergence from the LGM and similarly Tor the purpose of calibeation, the
anilysiz of moden prec wm and drip samples wall involve the mcasereinem of oxygen,
cirbon amd deuterium stable isoopes.

Undersianding the Bemboka Valley landscape
. Rusdoerii

Hm\llcd,gtﬂhullrt environmental data for bindscapes, such as long enn mies of soil
formation, catchoment wide erosion rates and Landscape denudation rates ure of vital importance
when managing natural resources.  They provide o quantitative base agains which curmens
patierns and rates of hanan-induced landscape change can be assessed in torms of their long
term sustainability, and can also be used 1o constrain and better understand landscape process,
lﬂ‘u the importance of such daa, they hove wadinonally been difficolt 1w determine. in

apes without dateable strntigraphic features such as bova Mows. The use of cosmogenic

solopes, such a4 “Be, which iv a natwally occuring radioactive isotope (f,, = 1.5 Ma)
pmdl.u::d i qquartz crystals in =il and rock prodiles, enables determination of mtes,

Current research involves measuring " Be concentrations a1 field sires near Bemboks in
the Bega Valley. a landscape that has evolved on the Bega Batholith, 1o determine rakes of soil
Tormation and landscape denudation ai und beneath the Great Escarpment.  Dietailed Iq:-nglq}lm:
surveying of the headwaters of Three Mile Creek, a wibutary 10 the Bemboka River in the B‘-egu.
'u":lln:-y has been completed using high precision Gitobal Positioning System equipment,

attribubes h:r the catchiment whach wall be psed wath the
ﬁulup:d.nt.l o cxamine hillskope sml ransport, for modelling evoluton of this landscape.

10
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GEOCHRONOLOGY AND ISOTOPE GEOCHEMISTRY

Research in the Geochronedogy and tmll.:pr: Geochemistry Growp is focused on the study
of the origin and evolution of the Eanh using geochemical tracers and geachronological
technigires, the later 1o provide ime scales for geological processes and events. Progress i our
research is heavily dependent apon & ange of sophisticated instrumentation, mmech of which has
been developed within the School, incleding the SHRIMP ion microprobes, winch, wsgeather with
CIT o SAITeE s ??mmmmhlc us o wnderiake o wide vanty of relevant analyses on
geclogical simples, Geochemical dudies runge from i analyses on Meleorites and on the
cariies rocks known on Earth, as well as on samples that bewen derived from the mantle in
the necent past, enabling o beoad perspective 10 be obtained on the Eanth’s ongin and evolution,
Ohuir studies in geochronology principally uiilize the UiPh dating technique on sircon and other
suitble minerals, and the *““Ar " Ar isolopic dating methd on miperals cxhibiting a wide range
of closure temperatures for argon.  With these fechnsques we can obiain precise and pocurse
ages for imfivideal events o5 well @8 reconstructing cooling  histories, providing  betier
mﬂm‘laﬂﬁrﬁ of the evolution of the continents, hzﬁdjns their growth and their tecionc
history, and also providing impomant input snd consrdints for geodynamic modelling,

During the yvear two gradunte students, Corine Davids and Pawl Hoskin, completed and
submited their PhD theses, and Elesnor Dixon has made progress in writing op ber thesis,

The efforts of the SHRIMP subgroup have been direcied three ways, towards ) the
development of mew instramentation, 2) nx.lui:mmﬁm with new analyial techmigques and 3)
application of established echniguees o explore the behaviour of sotopic systems and 10 solve o
wide range of geological problems.

Afiter sevem vears” work by Thr ). Foster and the School’s engineering and electromc
wirkshops, an experimentil multiple collector for SHEIMEP 1 this vear was insalied and tesing
begun, Many problems of multiple collection remain o be solved, but the kens sysiem in the
new collector s working well, making it possible 10 stage the implementation of multiple
collector analysis in wndem with an acove analyiical program,  Substantial progress also was
miawibe om the SHEIMP RO, which las vet o operaie 1o oits design expectations.  Daring o three
miinth visit to the School, the nstrument’s engireering designer, By 8. Clemenl, in consublation
with Emerifis lermi:_'f Ciompsion, w closely with technical officer Mr B, Jenkins
companng ihe design ormancg with that predicied by o may-imcing  program smiben
h'lritmb.‘-:nll}' by Jenkins, The ability of the SHRIMP RG design to achieve high mass
resolution with high trunsmission was confirmeed, bal B abo was discovened thal such
a‘ﬁ:ﬂmm is particularly sensitive 1o the dimensions and potentialy of the vafdous benses,

iy that the Bens fringing fields are befter understood, elecineal amd mechanical solutions for
inproving the focws of SHREDMP BRG are being sought,

Severdl advances were made in analytienl lechniques.  Foremosi amongsl these were
Dr V. Bennett's successful measirements of Mi isolopke soning in Fe-Mi metal grains from
chrbonsceous chondrites, showing unexpectedly a mlnwnﬁm incomsistient with snple clsed
system condensation, Techniques developed by Mr C. Magee in his study of C isctopes from
diamonds (sce PXEP repon) proved very aseful in improving the reproducilbdlity of sobopic
anilyses of other light elements (L3, B ec). An algorithm for makrix comecting Pl analyses of
very hagh-U zircon, propased by D [ Williams following work on the Tasmanian Dolenites, has
miich inproved the docuracy of stch eeasurenmients,

Amongs the many gircon studies carmied out during the year, three are of particular nobe,
Dr . Rubatto showed by curefully ed studies of Zircon grown or recryelallised @ high
mlamophic grade that the Rire Earth Element (REE) composition of such @ircon reflects other
REE-bearing minerals that were growing at the same time, thereby reconding the mctamorphic
ernde at the tme and providing a ific wme poant in the metemorphic Ftl'}ﬁ-[ path, Professor
W.R. Van Schomus, who visited group for o 3-month sabbatical mid- year, made wveral
mmportant and inexpecied discoveries regording the ectonic history of NE Brazil by siwdying

13
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m: changing provenance of Prolerozoic sediments from the region.  Emeritus Frofessor W,
dmuurcd a formesly neglecied source of emror in zircon isotope dilution analyses,
nmelupﬁl new appeoaches wo the calibration of SHRIMP analyses. both of which ussist in
explaining supposed discrepancies between zircom ages messured by the isotope dilution and

5 VP echnigues.

Thn-,-mu;tmlngn,gj studres on the Victoria Range, South keland, New Zealand, utilizing
the “Ar™ Ar isotope dating technigque, have confirmed that the range is an exhumed lower plate
of a Late Cretaceous core comphex, with its formation linked to the opening of the Tasman Busin
as Mew Fealand separated from Australia

By means of “Ar " Ar dating of single feldspar crystals, and by step-heating experiments,
a detiled time framework has been established for a sequence exposed ul Lothagam, ponhemn
Kenya, in which a rich verebrite Faina has been recovered, including some hominoid. fossils,
The history extends from abous 14 0 2 Ma ago in the Meocene o lafest Pliocene, and the new
resatlts help provide constraints on the evolution of this part of the Kenya Rift,

The second edition of the book “Geochronalogy and ‘nmhmmlrrgbl? A" Ar
Method" by Tan McDougall and Mark Harnson was published mid year by Oxford Universin
Press,

Modahle acleevements during the year in noble gas peochemmistry  include  farther
consideration of the remarkably primitive neon isotope m:lrrq:mhinrl found in some youn
leelamdic busahis, the analysis m‘}lﬂ:wnj very old @rcons for their lssion semom < ? :Inﬁ
the measurement of cosmogenic neon ages on quarts, demonstrating the youthfol mature of
exhimation of an obd termane in nonhern .I’m.ﬁl:‘dﬂln-

We wizh o partcularly acknow the imponant role played by the technical swfT in
owr reséanch achievements. Mr R. Waterford and the staff of the mechanical workshop and Mr
M. Scheam and the =all of the electronics workshop were involved in the major developmenls
during the year as well as in the mainenance and refurbishment of laboraory Facilities as
required. In the noble gas arca, Mrs R. Maier effectivel maintained the K-Ar dﬂl‘l‘l;!j fory
and assisted with the “Ar™Ar 1hl1ng operations.  Dr ?.hin; brought the VG200 and its
extraction line io full ssomaied qmm as well us devek peng new code for oor majpor
acquisition and data handling Noble and KArDate, and sopporting the operation of
the “Ar™Ar geochromology IaEerry- Dir 1. lasevitch has designed and is cumrently hnldn:g
ail mitomited noble gas extraction system. and has mamtoined and assisted in the operition
the VG540 mass spectrometer and sssocisted faciliies,.  Mr N, Gabbitas very ably ook
responsibility for the operution of SHEIMP | and its supporting facibives. Mr 1. Myva and Mr
5. Paxton continued 1o provide excellent service in rock crushing ond mineral separation fior the
proup as well as for the School as a whaole.
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An experimental igh sensitivity multiple collector for SHRIMP 1Y
LF. Foaver, EW. Clemenr’, B Watenond, N Sehrom, P Lan” W Covwrputon mad LY, Wellvan

The widespread use, in thermal jonization mass spectrometry, of multiple collection in
ploce of a single collector with peak swilching. has resulied in major improvements in the
precision of isclope rtio measurements. Because of the high spatial resolution of the SHRIMP
jon micreprobes and thedr sensativity 1o small scale changes :ﬁﬂ composition during
analysis, il is expecied thar even greater benefits woukl be obiai through déveloping o
mibiphe collacior for thse instmumcnis.

In 1985 on experimental 1nu|ﬂp]|: collector, with a fixed array of eight multiplier chanpels
lk-ﬂﬁl‘hd particilarly for the Hud;.l Ti isotopic anomalics in mescoriies, was fitied 10 SHRIMP

I proved diffscull o obtamn muﬂdut:lﬂ: isolope rabios, bot there wos a subsiontial
improvement in shon-ierm analvtical precision, showmng that 0 was worth persisting  with
developmen of the concepl. Because the T anomalies su wently discovered were longe, and
reachily mensuned nsing single collection, experimentstion with the fixed-array multiple collector
wils discontimoed. When the decision was made o build a second pencration won mic
SHRIMP [I, the secondary mass analveer was redesigned with & multi-ckement. :ﬂ]usu'tﬂ:
mubtiple collector in mand

A progotype multiple collector for the ANLU SHEIMP 11 has now been manufactuned
RSES. Development of the multiple collecior has been directed mowards high precision
sirmultaneoes measarement of the relative intensities of on beams over 4 wide dynamie mnge.
The design therefore incorporites multiple electron multipliers in addition o multiple Faraday
-:pr!l.ll‘l-:tlnll-:rahlt to opense in etther cument or charge mode. providing the capability o
measure the wotopic composition of bath trace and major elements, and to measure very lange

ratios. urmu.l r_luﬁn feamres inclsde detector shielding, bow input capacitance for the
¥ Cupsa sapphire ln'h.tluhm all of which shaild optimare the charge-made
performance of the three low-pose Kelthley® 542 electrometer heads,

Thee multiphe coblector is designed 10 allow the simaltancoss collection of fve motopc
EPEcies in 108 counting mode wsing contimuoas dynode electron mubtipliers (CDEMs) which
will operite n paricle couming mode m -;Jm1|un|:llm with an Omec multichanne] counting
system confrolled by an REES-buil pulse nmn sysbens hﬁ:rl'nt (PCSI) Close packing of
the CDEMs is achieved by off-axis mounting the wee of converaon electrodes,  Provision
has been made for three of the COEMS 1o l'-r: m'l'mnﬂli.- imerchangeable with Furaday cups
umsder computer contrel. The beam defining slits for the five chamnels can be nested ogether
elosgly enough 1o enable simuRoneous measuremend of heavy isotopes such as H or Ph, The
coflectors immediately mdjacent 1o the central collector ame adjustable over o mnge of | mm. The
two outer collector sssembles can be moved over & of 10 e, In the extended position
they can be set for the measurement of light isotopes such as "0 and "0,

The entire multiple collector can be traversed parallel to the central ray trajectony 1o allow
the: beam defining shits 0 be pleced on the focal plane for any chosen mass mnge. In addition,
the outennod collector asemblies can be moved independently o compensate Tor any minos
curvature in that plane. A choice of four beam defining :lms of different widths has been
provided for cach collecoorn,

The centrml multiple collatior assembly can be withdrawn compleely o pass the beam o
an ETP electron multiphier for single collection using magnet field switching. A transfer lens
refocuses the centryd beam (o the eéntrance of an optionsd netandation kens thal enhances
abundance sensttivity.  All slins, maliiplier positioning motors and electrometers are under
compaier conirod,

! bon Cipptical Connnltiag, Crapaind, Prince Edward lsland, Canada
" Behldna Technologhes, Canberm
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The multiple collector has recemtly been fitted 1o the RSES SHRIMP L replacing s
single collecior, and & camently undergoimg testing and evaluation.  Very satisfactory focus wnd
sensitivity have been achieved in single collector, jon counting mesde, enabling analytical work
and muliple collector experimentation o be imerspersed os recquired.

SHRIMP |l Multiple Collector
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Figsrw £ Sketch of ihe main functional elemests of ibe SHRIMP |1 experimestal
multiple ool ki,

SHRIMP R(;
WL Clameny’, W Campsran, L Foster pud B Jealing

The RSES SHRIMP RG so far has fol operated bo i1s deslgn expectations. I8 achieves
high mass-resotutson only when the ongular divergence of the secondary on beam §s greatly
restricted, contrary e the ion optic design. The lost year was spent éxploring whether the effect
could be lessened by (1) sdjustment of the mass-analvser alignment and itz vanious guadnapole
lenses and (i) using a low-divergence bul wide cross-section beam through a wide source shil.
The lutier gave enough sensitivity for sieon U-Pb inalyzes but it does pol solve the basic
focusing problem.  Furher empincal experiments with the imstrumem. were suspended wntil o
betier teonetical undesstanding of the observed eifects could be obtained.

19949 was spent mainly on an in-house review of the ion opiscal theory for the SHRIMP

RG miss analyser. Using the LabView pliform, Jenking extended s first order ray-tracing
ireatment 10 second onder, producing & program (SO0 which iscorporates the second order
putoms mcluded W Marasla and Matsuo's thind oader program (TRIOS on which the
SHRIMP RO design s hased, Clement visiied RSES for three months from July fo imphement
m new version of TRIO. Using beam transport theory and hand calculstion, he checked each
operation and term in TRIOD up o second opder (Eme did neot permid checking all thind order
terms).  Ohne incomsistency in the TRIO fermulstion was Tound which, although it does not
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10 be sepous, will nesd clanfication by Matsuo and Masude, Chanent also changed
CY' 5 anpud progeron to make it easier 1 use, and wrode o new progrom that pleds the output a5
the imige ;:? al the collector slit, This suppleéments the onging nomencal Tising of
alserration ictents.  Clement and lenkins coi the matris outpuls from TRIO and
SCHO isem by Hem o wdeaify and eliminaie snanll imponant arthmetical emross.  The o
programs are now close o agreement st second order, and the effecis of third-order terms on the
image ¢an be distimguished.

Lisang the TRIC Clement confirmed that the focus of the SHRIMP BG s mouch
more sensitive o small changes in fens strengths thon teat of the SHEIMP FG. In addition,
comsiderable shifis of the image were observed for smuall changes in the assumed mngmet
fringing ficld, making it clear ihat the labier must be known acourately before the position, and
porsibly the quality, of the Tocus can be predicied.  There are other fringe fields, such as of the
entrance wnd exit of the ESA, which also may. shifi the focus substantinlly, Both progrims
agreed m showing that the beam should be al least two millimetres wide in the energy focal plane
de w0 second- and third-order abermations, This had been observed carlier by experiment, bul
hod been interpreied as allowing the possibiliny that the pole-edge curvatures on the magnet
might mat be crecl. The TRED program also answered & long-stinding question. conceming
the behaviour of the projectisn lens that folkows the ESAC it keops the encrgy- snd direciional-
Focuis superposed df all vislises of lens sirength,

Haoth the SO0 md modifed TRIO s et now be applied 10 examine whether de:
qualiry of the focus and its position ane strongly altered by the different shapes and sirengihs of
thee various fringe felds. In parsculis. the mass-analyser configuratbon procuced by Matsada,
with iis very high qualily image, sssomes effective lengihs for the quadnopole lenses thai s
diffeérent fronmm those thad we have bailt, s it possible o adjust the lens strengths andfor other
paranciers o achieve an inlﬁp: of comparable high suality, or must the lenses be mudified
phj-‘nit‘:lﬂ{ 1o approach the ofginal design? Using SOIO, Jenking has begun 10 answer this
question by searching systematically for & minimaum sum of selected second-order sherration
cacflicients, varying purameters such as quadrupobe lens voltages and dimensions, drift
lengths and mapse face curvatires. Using his modified TRIC program, Clement is fow
prepanng o prodhikee an independent, think-onder answer,

As staled Inst year, the SHRIMP BG would benefit from un extended period of use for
preslysis o shake oul any remmimng elecimoe and compating bugs in ils control, b st the
long-term stability of s relocissing, and w determine any mass and elemental bases peculiar o
the reverse-gommelny desi Armstrong and Fanaing of PRISE kimdly underiook several
zircon U-Fh and feldspar Pb isotope annlysis sessions early in the vear, bul wene discouraged
by vonations inomessared i ratios aitribaited 1o short wnm chunges in the secondary 1on
Tocusing. The matter could not be parsoed beciuse by then Foster's priovity was the SHRIMP
11 Multiple Collector, with which he has been ocoupied for most of the year,  Experimental work
using SHREIMP RG will pot be resumed unti] be is again pviilable,

N Botope compasitions in zomed metal graing within chondreific meteerites measired nsing
SHRIMP N = a record of early solar sysfem processes

Voo Mennem amd A, Eeibom®

Carbonaceous chonidrites are the meost pimitive meteoribe growp known. [0 as cenain that
they have mever been involved i planctary processes and as such they provide direa samples of
the chemical composition of the solar nebula and record processes operative during the earliest
histogy of our sobar ystem.  Most chondritic composients, however. have undergone significant
nehular and asteroidy)l processing, such os melungheating during chondrule formation and
parent body metamorphismisquesus abieration, tha have erased or significantly nwsdified the
original chemical and 1seiope signaiures imparted during condensation from the solar pebala,

! Himadl Insistuie of Geopnsics and Plasciology, University of Havail
o
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The exceptions are a few chondrites which contain compasationally soned Fe-Ni metal grains.
'ﬂmgmimnu’pmlﬁi}HM|n¢nm¢rmdmun in having well preserved core-rim
onation patiems, i Wi, O, Cr and S, the Mi q.unm:ntml:lun:'. varying from
10% in the cones o 4% in rires. The most straightforaand interpretation of these vanations
is that they represent & condensation sequence from the cooling nebular gas with the roning
paticms consistend with predicted alloy compositions, These mre, well preserved gruns B

o means of explaring and constramng the history of solar nebula regions where the n grins
Tormed,

0.0432 T T o Chondrite
0.0431 L m Henbury standard
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Figiee T+ M fuitapie ratsos from composstionally soned metal grains within a chondntic
mwkpdade. The hgh Ml coies of the Asied gradiis Nave low siope: ik l.ﬂﬂ'I'I-ll'ﬂl‘l Wil

the stancland {Henbury L This imay nellecl comploy fractionation processes within the solar
nehuls

W are investigating the origim of thes: metal grains l.l;i:rh*l'lh:: high spaial reschabon and
high isotopic precision mexsurement capabilities of the SHRTM he zoning represents o
vondensation sequence then itmuhlhcﬂniiwral Lo e aecompanied by otopic froctionation as
well s composational variahility. All of the isotopes of Ni are stable and any vanations in
comiposition will 1ikely nesubt from thermal frctionation effects.  Using SHRIMP 1T we hove
determined Ni isotopic (“Ni, “'Ni. “Ni. “Ni) profiles in meteorite thin seclions across the zoned
praire, The data were referenced to o standand (Henbairy mon meteome) as well as 1o syihetic
Fe-Ni mixtures. Ni isotopic composations wene constant between sandands with exiemal

cibility from o d0-munute analvsis being 2 1%e. The resulis for the zoned metal grains

2 shwvw that signaficant and ucible variatons were preseat betwaen the cores and
rmu. in oome cases with, for ex the cores being up o0 4 % isodopically lighd (low
*INiFNiG, and the fim compositions within emor of the standords.  No isolopic effecis were
found in the uneoned grains,

The ohserved fructonadon effects are opposite o those caloulapad for o simple . closed
wysiem. Predictions from condensation mu-tb:l:. are that the first condensed matenial would be
isolopically heavy, in this case having a YNNI, becoming isotopically lighter os
condensation procesds. We are cumently ciing skditionnl experiments 1o confirm these
date 08 validation of these resulis will demonsirate that this mmh can hove a significan
imipact on the level of our understanding of nebular processes, ible explanation is tha
the abserved isotopic effects represent the mixing between distinet d‘i.'m:'aj reservoirs in the
glar mebiils during the formation of these grains, reservoirs that requine separate early histories,
These types of lsotopic ohservations combingd with textural and cther chemical duta provide a
window onbo the corlsest events in our solar system more than 4.5 billion vesr sgo.

[k



GEOCHRONOLDMGY AND ISOTOPE GEOUCHEMISTRY

Further evidence for moirix offects in SHRIMEP measurements of PR on high-U' zircan
LY. Wilkioos awd F A Hergd

Recent work by several rescarch groups on high-precision dating of African and Anfarciic
segments of the Jurassic Kamoo-Femrar continenial Mood basalt provines, which once extended
over SO0 km along the proto-Pacific margin of Gondwana, has made it timely o look afresh s
the age of unother & 1 of that provinee, the Tasmonim Dolerites, Previous K-Ar stedies of
ihe doleriies have yie i range of apparent ages, suggesting problems with argon mobility, so
the present study utilized zivcon L-Pb e,

Blost of the Koroo-Ferrar doberiics are nod zircon bearing, b dilferentmpon i e
bnyered intruisions and some of the thicker sills has prodeced prunophyres in which there i a
sufficient concentration of Zr and 510, for mce rircon 0 have crysiallized.  One such
ﬁl}h‘lnphjrr:.ln the upper part of & large dyke rising from a thick dolerite sheet, is exposed a Red

ill near Hobart, Tasmama  This unil, ooe of the most strongly fructionated  compositions
known in Tasmania, conlains both zincon and baddeleyine,

Zircon ovears in the granophyre as highly elongaie praims charscienzad by very stmple
pirallel growth zoaing, such as is commaon in the zircon from nelatively rapidly cooled mafic
igneous rocks, Imitial SHRIMP analyses, however, reveaked o very wide range of PR ages,
Although it could be argued that the rnge is a consequence of Ph or L mobility, or that some of
the zircon is inherited from older mocks, o strong comeldition between measured PhA and U
content suggesis instead that these samples are displaying U-dependent bias in SHRIMP PRU
measureaents skmilar o that reporbed inoon eardier stdy of high-17 zircon from 50 Lanka. The
Lirge range in reon U content {=H0- 10,000 pom) and relative youthfulness of the granophyne
provide an opporiunity 1o quontify this bias,

Figure 3 shows the PR/ apparent ages for zivcon from ane af twe ophyre samphes
plodted against L. Below abour 250 ppm U e meosuremens of ml wre inlernally
consistent, e weighted mean mdiogenic ““Ph™"U viclding an age of =156 Ma, which is
siptilar o L-Ph sircon wnd baddeleyite ages measured by others elsewhere in the Kanoo-Ferrar
province. Above 2500 ppm L, the measured PR mereases as a function of U contend of a raie
of between 1.5 and 2.0% per thousand ppm U, The pattern is simalar in two other grancphyre
sumiples. and a briel survey of the REES daia base suggests that both the cut-off pont, and the
mingnitude of the effect, are simdlar for o wele mnge of Arcon ages. There 15 no evidence tht
high U biases the measurement of Phoiselopic composition, so that it has no effect on the
mzsurement of “PhI™Ph ages.

Recognition of this analytical bias has o nwmber of wider implications for SHRIMP
zarcon geochronology. First il belps 1o explain several published data sets in which the higher U
arcons inoa population were Tound o be consistently reverse discondant, This m lum weokens
the evidence that zircon bosing U in preference to Pb s other than o very rare phenomesm.
Secondly, it offers o means of, albeit ensdely, commecting SHEIMP analyses of high-U sircon,
E:‘r'ridih.ga e reliable test for concondince and increasing the mnge of zircon types that can

dated accurately by SHRIMP U-Pb, Thirdly, dand most rmporantly, i emphosises that the
miorst sccuraie SHRIMP PRU measurements e those made on warcon with relatively low U
contents. This is panicularly relevant 1o the sirtegy adopted in chomang the sircon o analyse
for calibration of the numerical time scale, and to the interpretation of PWU ages messured o
relatively young, high-U metamorphic vircon overgrowths.

* Schood of Eanh Scicoces, The Unaverssty of Melboume, Parkville
]
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Figure 3:  SHRIMP measurements of ""PBMU apparent sges ol slicon liom dokerie
e | 0L, In this and the ather grasopinm shiglicd, the il spes @ Foskly
cijual wathim amalstical uncerainty up o abos ppsn L, afier which they imcreass a1 o
rate of hetween 1.5 and 2,095 per thonsand ppon L

Lireon troce elemvent geochemistey: the link betweer U-Ph ages and metomiorphism
£ Rudwthr ang! L5 Wil

Zircon geachronolegy has long had difficuly i linking U-Pb ages w specific segments
of metamorphac P-T parhs.  Unlike other minerals used in geochromology, such as micas or
garmnet, the metamorphic resctions leading 1o zincon (reerysinllisation are largely unknown. This
makes the comect intr:rpn:i.nhun of #ircom U-Pb dating of metamorphic rocks extremely difFiculr,
We have shdem by masmying in-xim U-FPh dating of rircon with in-situ tmce
element analyses 1~I Ihl.' different gircon domsins, From the isoe clement composition of wincon
thi H:'lt'n' ar rp::;.hmal:wd dunng metamorphisim it 5 possible o obisin informarion on the

tioes st the time of wrcon formation.

Zircon formead in different ic setings has been analvsed for U-Th-Ph using the
SHRIMP ion mac r%:; (Y. HF, U, Th and REE) using bath :.ummr
(RSES) and LA-ICPMS H:'-rE.:S and ETH, ZLurich),

Lircon grains from granubite grode metnsedimems of the Revnolds Range Group, central
Austrailin. have melsmonphec nims thas have overgrown detritnl cores mostly of magmatic angin.
The zircon overgrowihs are present only m samples that crossed the melting reaction hictite +
sillimunifte = condierite £ K-feldspar + melt, This indicates thet new zircon growth occurmed o

white Factes and was triggensd by partial meelting, 3 conclusson that is confirmed by the Fircon
ﬁﬂ composition, Metamorphic Fircon overgrowths from both the leucosome and metapelitic
matlanosome have steep REE paticrns wyiih strong enfichmends in hegvy REE. moderabe negative
Euo anomalics and strong positive Ce aromalies (Figure 4al. The cores have more yamsble BEE
pattemns, ane rélatively flat in the heavy REE, and have a strong pegative Eo anomaly and positive
Ce anomaly. The metamosphic overgrowths differ from the detrital cores also i having
systematically lower ThU ranos (S (01} Similar REE concentrations. and patterns of the zircon
overgrowths from the kevcosomes and the melanosomes suggest thal both reached equilibrium
wilh the melt. The negative Bu armady seflocts the presence of feldspar during zircon

0
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formation, whereas the strong enrichment in HREE reflects the absence of gamet in the
assemblage. Therelone, the sircon overgrowths crysiallised afler the breakdown of white mica 1
form K-feldspar + sillimanite, Gamet-bearing granulites that had the same metamorphic history
abeo comtain wroon with metmmoshe n'r:ﬂpm:idhalu 'wu'l: Loy TIE"EEmim. Ilglr&:l t‘ﬂr: the
presence of i the paragenesis is reflecied in Finoon patierns by o sigmalecant
depletion in EREE iFigure 4a). Therefore, the ic rircon grew afier the breakdown
reaction of botite to form gamet £ cordierite + meht, which occurs st granulie-facies conditions.

An eckogite meies metnsedinment of the Sesin-Lanzo Zone, Westemn Alps, coniains zircon
with detrital magmatic ¢ores sumrounded by metamorphic fims with low Th'U raties (<00 The
detrital cores have higher U, Th and REE contents than the ams and steeper REE panens with
strong negative Eu anomalies (Figure 4b). On the other hand, the metomorphic sircon rims ane
characterised by extremely low contents of U, Th and BREE. Their REE paiterns show only a
mixderate enrichment in HREE, and no Eu anomaly. Flat REE patserns reflect the presence of
garnet, which competes for the HREE. The shsence of Eo snomalies indicates recrystullizathon
of the gircon rims after the high pressore breakdown of plagioclase. These data demonstrate that
l:'f; #ircom rims formed doring echopite fckes metumorphasin ab relstively low lemperatures of
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Figurr 4 REE patterns, aommalised o chomdrbes, of oo From ) granukics [rom e
Revnolds Range and b eclogite-facies rocks fram the Seua-Lanio Hona

Hydrothermal rircom from o metamorphic vein within the eclogitic micaschist of the Sesia-
Lanra Zone is rich in U and REE amd o i Th {TWU <015 Tis REE patiemms {Figure db)
indicate that the dreon grew i equibibnum with feldspar and in the absence of gamet.  This
implies that the sreon erysallised al low wemperanore, prior 1o the formation of the present
eclogite-facies mineal assemblage, probably  during greenschist faces.  This
conclusion is suppored by the U-Pb age of the zircon in the vein being 10 Ma older than that of
the zircon nims in the eclogitic micaschist. The eclogite-Tacses metamorphasm hat ot changed
the chemical and isodopic composition of the pre-existing #rcon. The formation of @mooen in the
bow-grade vein and ils reastance to higher mmmw the hiyvpothiesis that zrcon
crystallisation and 1waElopic resetling ohe nol mecessanly iy lemperatune abone, and can
be driven by Muids or melts.

Zircon grains from a diamond-focies pneiss of the Kokchetay  massif, porthemn
Karakhstan, have sector-soned cores that contain inclusions of vanows meamorphic manerals,
The minersl inclussons are stable @ o range of P-T conditions. from peak o retrogression,
suggesting that zircon grew throughout that pant of the P-T path. The ages of the zircen cones
wmiﬂ'mm mineral inckustons, and of the ircon rims, could oot be mubieally distinguished by
SHRIMP. However, the two zircon domains hove different REE compasitions. "ﬁ: e
cores have flas REE patierns indicating growth in equilibrivm with gamet, In contras, the steep
REE patterns and the marked negative Eu anomalies of the inclusion-free rims point 10
formotion s amphibolite Facies grade.  From the wrace element and isoiopic analyses of the

1
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Kokchetay zircon it is concluded thal the host rock was exhumed from great depth 1o
amiphibolie focies conditions in less than 10 M,

stinchve REE and low TWL mtos charactense metamorphic zrcon and make 1t
pssible 10 link #ircon fommation with particular metamorphic stages. This correlation 35 the key
to the precise dating of metumorphic evends and particularly important because it is now evident
that zircon fonmation can ocour over a wide mnge of P-T conditions in different metemorphac
settings.

Detrital zivcon studies of Neoproterozole supracristal sequences i the 600 Ma Borborema
Provirce, NE Brazil: Implications for tectonle assembly of western Gromdwana

W.E Van Sehour’, LS Willieee and B0 o Mrito Neved®

The Borborema Provinee in NE Bragil comprises pan of 2 mapor Pan-Afncan / Brasilno
orogenic collage tha formed as a consequence of the late Proterazoic (ca. 600 Ma) assembly of
western Condwoano.  The province consists of Paleoproterosowe w0 Anchean basement blocks
with mid 1o lste Proterozowe metasedimentnry and metavolcane sequences which lorm inagor
fodd belis wathan the central and sowthern part. Ten years of U-Ph, S5m-MNd and Geld studics by
ihe semior suthors, their students und colleagues hove rmised several questions thot might be
answered by SHREIMP analbyses of detnial zircon populatons. [n particw e

I. Why do maost of the metisedimentary sequetsces have Sm-Nd model (Todaf 1.2 0 14
fia.hynm though there are o mﬂigrﬁmm wits in the Bmhxtnuﬂgﬁnwl:#u with ages in
this range?

2. Why does one of the younger metasedimentury sequences, the Seridis Groap, have T, ages
of 1.2 1o 1.6 Ga, but detrital zircons {measured by IDVTIMS) as young as 740 Ma? Was this
unif really deposited abou 20 Ga ago as some local geologiets sugges?

3. Do the severnl metasedimentary sequences in basins flanking the Canns Velhos e
kel which also have oo, 1.3-16 Ga T, ages and jmmge-rﬂrsm. b0 Ga, MME';TMH
predate or postdate formation of that belt

SHEIMP anulyses of detmial zircon populations from teelve metassdimentary  units
within the Borborema Provinge both pnswered these questions and provided  unangicipated
insights into other aspects of the 1ectonic history of the Province. For example, a single o, 970
Ma rircon ation fromm o silickcbastie unil imerbedded wath 970 Ma mearhyolite in o basin
flanking the Cariris Velhos magmatic belt sugpests that the detriius was derived primarily from
proximal Caginis Velhos voleanice rocks and that the Ty, age of 1.51 Ga. which is similar to those
Foumd in the metavolcanic and metaplutonic unies, is inherited from that sounce.

A lowsgrade member in the Seridd G with a T, of 1.39 Ga, yiebded detrital
zircon ranging in age from <700 Ma to =2500 irnﬂ,-.nr.ur';;; ﬁiw:im frovn several sourres,
The Ty, age is significantly greater than the ages of most of the zircons, congsistent with most of
the igneous anits in the Borboremn Province having had a prior crusial history. The presence of
i detnital #ircon lation ca. 650 Ma old confirms that this rock was deposiied of or after tha
tirme, As the collisionnl phase of this Pan Afncon £ Brasiliano started aboul 620 Ma ago,
the itional age is noow comstrained o be within the mnterval 620-650 Ma, implying ﬂnlﬁ
Seridd basiniz) developed on extended continental crust as pre-collisional Tysch basing, This
unexpected finding contribates significanly o regional tectonic imerpretations.

Severnl metnsediment samples collected from basing on the east and wes flanks of the
Canns Velhos magmatic belt all comamed detrital #ircon from mulople sources,  There was o

! Departmest of Geelopy, Univensiy of Kassas, Lowmence, Ko
¥ Insmitute de Gencidneias, Ulniverddsds de S0 Paslo, S0 Paslo, Besei
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contrast between the ages of those mreons, however (Figure 51 Samples from east of a major
fault (Serma do Cabaclo Fault) all contiined detrtal zircon 2970 Ma old, consisient with those
basins being syn- o post-depositional with respect o the co. 970 Ma Cariris Velhos
magmatism.  Samnples west of the fauli, on the other hand, all also contsined younger
Zircons, down o eq, 630 Ma old, iebeating sedimentation much younger than the magmatssm,
This conclusion that there are two mujor metasedimentary sequences sepamted by as much =
340 million years in depositional ape was s anbics although it s consastent with nted
IDTIMS results for the region that had seemed anomalous poor 1o obtaining the SHRIMP
data, Independent ficld and geochemical sisbies had indicated the dushity of sequences. bui not

the large gap in age.

nan [T

“E o

B ad i fe
T N = vl

Ty , Ty

Figwre 5: Expmples of deinital sivcon pepulations from e (BR&-105) s ses (945

off the Serra do Cabocks Fault, represesting the two majos metmedimentary sequences now
recognisal i the eglon

Tdds stuely of detital zarcons from metasedimemary wis in the Borborema Provinge has
shown that the Sm-Nd T, model ages could be the product of o varety of scenarios, r.lr?u'nj;
from a single sounce having older crustal residence ages o multiple sSources ranging in u*e FEHTE
630 1o 2500 Ma, Each case has s own deposttional and lectonic mmphcations, all of which
coninbute 0 a moch better understanding of the pre-collisional (pre-600 Mad history of
Precambrinn crust mothis poovinee, The SHRIMP has provided data on the depositional ages
and provennnce of Precambrian sedimentary sequences unsbtuinsble in any reasonnble ime by
mawe conventional means. The data do ot solve all questions however; several of the age
populstions found in the detrital suites oo nod have recognized sources in NE Bredl, imgpdying
that much of the detritus may have heen derived from distant, and presently unknown. sources.

Problem-colving in defining the Palaeczoie Time Seale

W Cromprrion

Far the past ten years, SHRIMP ume-scale work using rircon Ph/lUl dating has endured
eriticisms by pracritioners of mass pectrometric wotope dilution (MSID) also working in this
fickl They are that the SHRIMP ages are *1-2%" low owing to an anabtical bias, and tha
SHRIMP errors are foo large for wseful time-resolution by present-day siandards, These issues
have been addressed pow in several papers this vear that eview and compare SHRIMP and
MSID dating from the easly 1990s, Boh of the above criicisms have been refited and
furthermore, several large errors in MSID dating have been discovered that arise from a
neghected ermor-source.
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The supposed bigs kas besn attributed 10 our use of the SL13 wircon as on age-refercnce,
Two known defects in SLI3 os o standard, micron-sized excesses of radiogenic Pb and an
1rn=|'mI variubility in PhU on a larger Hpmnud nm: e pow known 10 be related o each nuner
and imerpretable s caused by Pb redistribution some 10-20 Ma after onginal
crystalliznon,  However, the defects can be inlemied.  Age systemutics within 5113 combined
with & one-off exvermal calibrion provide a pommeter per asalyrical session that allows for the
intemeal varighility, und in ice, mdjustmeent 1o the apes for samples based on this parsmeter is
usindly less than 0.5% avernges around zero, Use of this procedure replaces an otherwise
unknonwn upcentpnly in SL13-related ages by o known and quite scceptable kevel of uncertainty,

In the carly 19590s, the errors we assagned o SHRIMP ages were oo big. It wis assumed
thai the precision per spot-age for any sample coubd never be beiter than thal of the concurment
SLA3 nges, and a5 o consegisence the intemal errors were deliberately sugmemed by the
abserved SL13 stundardd deviation, The lutter dominuted the ermors in mest cases, amd this in
tum Jeaed 10 the masking of small age differences hetween zircoms. The apparently single sircon
age that resulied for many rocks siited the dogrma of the times. The early 1990s was the e of
beliel in the perfecizhility of zircons as time-recorders, beliel tha -u:uy.um, Fircons 0 pocks
could be recognized by eve (sl others excluded), snd beliel diat the dircons from oo igneous
rock were predominantly formed during s magmatic precipitation.  Improved wreamment of
SHRIMP emors now shows thal single-age sircon populitions nne the excepiion, and that
inheribed sircons just @ liitle oller thom the liest magmatism are commonly present,  This
realization has eocurred independently in MSID dating with the adven of single-grun analysis,

The ariginal SHRIMP tme-scale work on the Ordovician and Silurian British stratotypes
has been revised and documenied in deinil using the above procedures and is now i press,
S ul'1lrmg‘mn!| pges heve gone up slightly and some down. There is agreement within

emor with ““Pb/*™ U ages by MSID for the same biostrati i soges, but generally the
MSID " Ph™Ph ages are a hitle obder. The laiter reflects a new E realized polential ﬁ:r bias 10
the MSID ages ru.unr.d by the common Ph comection, to which “"Pb/*Ph ages are especially

sengitive. This was first undersood by comparison between the SIEHIHP e an the early
Arenig and o surprisingly older MSID age for the adjacent late Tremadoc.

LR

ki

-5} k-1 [5:] |05
s rcrmiipraphis g #

Figwre b Compariscs of SHRIMP and MBI (open symibols) and pablished
“me fﬂgﬁm o IuI‘h.:H.E cr oo IT uH:
il e p:rml.'l. willi Or e

than the SHRIMP xpes, amd if older, it is due i the nse -n]""'"ﬁu“"‘lﬂu topether with
the chaice of conurnn Fh compositaon.
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Epoch

o a0 ddip Age 1Ma)

Figare 70 A Clincansad gme-seale basesd on SHRIMP and reisterpresed MSID ages rom
the mid-Salurion w0 the md af ke Devonian thsl emphasizes the unegual demlions. of
blostratipraphic wniis.

The dependence of the derivative ™ Phi™Ph age on the amouni and composition of the commeon
Pt i the processed MSID sample became evident by reconstructing the raw  ohservational dsta
then applying slightly differem values for the common Ph composition, 17 the Liner was aken
as 2% nwre radingenic than that given by the global mosdel traditonally used, the appasem single
age populstion with variable Ph loss changed o twi ap:\tmupﬂ. the younger of which agreed
very well with expectations from the SHRIMP age. hat first rend as o comclusive age
determination was transformed o an pmbiguous one. Serutiny of oiber MBIDY mrcon ajes
that confMicied aither with SHREIMP or well-documented ages by other ralioachve deciy
schemes showed that the seme ambiguaity was present, and the conflicn coull be removed by
acljusting the commson Pb correction and bllowing more than & single age arioa. This wis
eapecially so for recently published MSID ages fos the Devonian tha conflict with Rb-5r and
K-Ar detenminations for the Frasnian in NE Victori,

A large body of published and unpublished SHRIMP apes for biostrtigraphically-

ped vodcunics within the Cambrian and late Proterozole are pow being reassessed and

compared with recently published MSID ages. The main task is 10 make a comect and objective

identificasion of age-groups as being inherited, cogenetic with the volcanics, or & post-exinesive
Pb loss " group’
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NOBLE GAS GEOCHEMISTRY AND GEOUHRONOLOGY

The technigues of noble gas geochemistry and K-Ar and “Ar-"Ar gaxhrnnnliy have
chose: affinities. In all cuses, measurements are made on very small amounts of noble gases
extracied from geological samples, usually by heating in ubtrahigh vaouum systems, with motopic
ratios and amounts of the rh#!r:?a?ﬂ determined in gas-source muss spectrometers operated in
the stitic mode, that is Bolated from the ing systems. Particularly stringent requirements
must be met in relatton o cleanliness of the systems in order for the analyses 10 be made
suceessially.

Both the K-Ar and “Ar-"Ar techniques for dating rocks are based wpon the decay of the
maturally occurring rmboactive isole potassium. ~ K, which produces “Ar as one of its
daughter products.  Measurement of the sccoumulated and the amount of polassiuom i
appropriate minerals and rocks, wgether with knowledge of the rate of decay of “K. enables the
fime since the system became closed o argon diffusion o be defermined.  Ropidly cooled
igneous mcks commonly yield precise ages. accurately recording the time sinee eruption, Such
measrements are very helpful in stimtipraphic geochromology and For determining numerical
time seafes for o wide range of geological events and . The *&e-"Ar dating sechni
is eapecially useful in relation 10 deternining the hastories of peobogical termnes, providing
memerical conling rates asociated with the tectonic evolution of orogenic belts,

The K-Ar and “*Ar-"Ar loboratorics have been guise productive in the year under review
with more than 2600 wrgon isolopic analvses hnﬂmg been made.  Approximately T0 new K-Ar
pge measurenents were produced, about 60 “Ar-"Ar sau‘:nrr.. averaging some 28 per
spectrum. were measuned, and over §3) dngle crystal “Ar-"Ar iolal fusion uge m:-.'nsuﬂr:dgfwms.
wene msde. A summary of some of the work accomplished follows, Technically, the major
achisvement daning the year was the full commissioning of the msomation on the V61200 mass
speotromncter and its associated extraction system, mainly through the efforts of Dr X, Zhang.
Isoiope ratio measuremient of argon using the electmn muliiplier i the VG 1200 was underaken
successfully, enabling samples about one fiftieth of the size previously measured 10 be uilined
for zge mensurement on o rowine basis,

We weloome Dn 1. Phillips, whao is employed by PRISE, us a user of the facilities in the
K-Ar and “Ar-"Ar dating e, 'IL automation of the extruction lines and mass
spectnamicters is making the laboratories mone efficient and productive, and is particakarly
smportant in enobling a service 10 be offered 10 the wider geological community 21 a reasonable
ol

The nodiba s, bebum, neon, angon, kryplon and xenon, are useful geochemical tracers.
Studics of their abundances and isolopic compositions in peological samples provide important
copstraints on by potheses concemcd with the ongin and evolution of the Barth’s stmwsphere,
crust, miandbe and core. The identilication of the primsordial noble gas composition of the Earth s
ertically importan for understunding how and when the Eanh sequired its volailes smd how its
atmesphere evolved. In recent years we have found o remarkable cormelation between helium and
NEnn ISMOPE Syelematics o mantle-denved s These resulie have provided strong
evidence for primordial helium and neon within the Earth of solar composition. It is clearly
desiruble w0 asceriain whether the primordial heaveer noble gases, argon, krypton and xenon in
the Eanh were also solar in composition.  Imporant insights slso may be lound by studying
other volatiles in the mantle, including mitrogen ond carbon dioxide. To better constrain the
evalution of noble gus composations in the mantle we plan to undertake noble gas studies on ald
mantke-derived  materiak, mcluding Archaean komatites and diamonds,  Research projecis
relabed to cosmogenically-produced noble gases are being considered for the future.  Research
shadent Eleanor Dixon has completed her noble gas measurements on suites of basals from
Iceland mnd West Greenland, and she is currently writing her PhID thesis,

i dlf.'ée-nl we instndled a Balzers secondary electron multiplier with a pulse counting
system on the V' iﬂ]}muﬁwmm. The necessary source codes for operation of the
pulss coanting system and the acquisition wene wrillen. The detection lnit and precision of

i
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messurement of small ion beams of krypton and xenon have been significantly improved using
o g:wmir:i mmﬂd with the existing Daly measurement sysiem.  Cumently we are
modifyving ¢ mas extraction system for the sutomation of gas handling procedures,
When compleied, we hope that there will be a considerable increase in both productivity and
efficiency, allowing s 1o start some new projects.

In 199 a total of 14 somples were analysed for noble gases. These included a number of
very old magmatic #ircons from Greenland, with the noble gases measured follwing step-wise
heating from S00°C o 2000°C,  Addigonnl samples messured included guartz samples from

Australia and clinopyroxenes from the Alexandra Yolcanic Provinee, New Zealand, The
overall number of analyses on the VG500 mass spectrometer was. 177 during the year. About
two-thinds of thess analyses were related 10 measarement of blanks in the ultmhigh vacusm
(UHV) system and calibratioms of sensitivity and discrimination of the muass spectrometer.
Summuries of some ol the stusdies undemaken are given in the following sections.

Stratigraphic geachronology af Lothagam, northern Kenya

L Melboupal! and C8 Fribel

Lothagam, kcated west of Lake Turdana in northern Kenya, 15 an oplified fauli block
comprising a gently westward-dipping sequence of volcanic and sedimentary rocks, shout 9060 m
thisck. deposited n 3 half-graben basin within a zone of exiension in the northern part of the
Kenya Rift, A lower sequence of volcanke and volcansclastic rocks (the Nabwal Arangan beds)
is followed by o sedimentary 3 of sandstones, siltstones and mudsiones of the Nawata
Formation and the Nochukw Formation, deposited in fluvial, alluvial fan und lacusirine
environments (Figure 8. An expedition led by Dr M.G. Leakey of the National Museums of
Kenya has recoversd o very rich and diverse fmuna from this sequence, with a number of the
venchrubes new 10 science. This fauna documents a mwmover from Late Miocene forest
communties o the early inhabitants of the Plio-Pleistocene in mose open bush and woodland,
Becsuse of the remarkable faunal record, including the carlber discovery of a lragmentary
wminosd mandible from the Apak Member of the Nachukui Formation, we have undertaken a
detalled K-Ar and *Ar-" Ar dating program on the wquence.  The earty voleanism reconded in
the sequence exiended from about 14 Ma 10 9 Ma ago (Figure 8), A number of abered
tuffaceows horzons in the lower member of te Nowatn Formation contain smadl pumice clasts
from which crystals of alkali feldspar were recoversd, providang ideal maserial for sangle c?sul
“Ar-"Ar age measurements. Highly precise, concordant results werne found for feldspars from
any one level, and excellent concordancy with the siratigraphic onder also was found (Figure 5i
demosgruting that the lower member was ited over more than 1 Ma from >7.4 Ma 1o 6.5
Ma in the Late Miocene. In s mudsione just bebow the Lothagam Basalt in the Apak Member of
the Nachakui Formation, small (=10 mm) aliercd pumice clasis were found; single crysial age
measirements oo feldspars from this horizon yielded o very precise age of 422 = 003 Ma
i Figure H.}.mumud w give 4 good estimate for the age of deposition. The overlying

t proved very difficult o dete because of the surprising presence of excess
1, bur “Ar-"Ar age spectra on whole rock samples and plagioclase separtes yvielded a best
estimate age of 4,20 £ 003 Ma for the hasaly, consisient with the ather results. horinoid
mandible from the lower Apak Member could only be placed as older than 4.2 Ma and younger
than 5.0 Ma on the basis of these resulis. Mevertheless, the new age contrpl on the Lothagam
noe places the fosxl faunas in & much better time I'mﬂ:wl:lglhlll previously avalable,
I'ac#:uli also in relation to regional and global pattems of change in and around the Messiman
Swage @ the end of the Miocene, In sddiion, the sequence ot Lothagam provides
documenation of some of the esdier history of rift valley evolation in this part of the Renya
Rift.

| Rmgens Unbversity, New Jersey, LISA
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Figure & Schematic composite strtigraphic coluimn for Lothagam.  Bsolopic ages showa
at the approprisie simtigrapbioe kel Magnetostratigraphy, logether with BRI RN
polaniy tme scale, shown on the righi.

Victoria Range, Cretaceous core compler confirmed
W Pandag 3 Brone wad &, Tullerk”

Exploration of the Victoria Range, Westland, New Zealand, has confirmed suspictons that
this portion of the Paleozoic-Mesorome Karamea batholith is an exhumed kwer plate of a Lae
Cretaceous core comphex that formed @1 about the time of the initial opening of the Tasman Sea
anid ko manner simalar oo that documented for the Paparoa Range 10 the west, The geometry.,

*Inststuie of Gevbogacal and Muclenr Sceences, Dunedin, MNew Zealand
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fault kinematics and cooling history of the Victoria Range core complex have been explored
through reconnaissance field sudy, detailed *Ar-"Ar step heating experiments on K-feldspars.
and 31 numerical studies of hlock wplift, erosion and cooling. In stsdying the Late Cretaceous
crustal evolution, however, we have been able o place constrainis on subsequent Miocens
tecionism, just prior 1o formation of the adjacent Alpine Fault.

In the ficld it 15 observed that the dominant Late Cretsceous extension direction wis
essentially strike-parullel. We belicve that the complex was unroofed in a iranstensional negime
with a large component of strike slip. The sirike ship motion was accommodated on steeply
dipping faults in valleys ot the margins of the complex wheneas the cover rocks were removed
froem above the wpographically high granitic core on low-anghe detachments kinematically linked
to the bounding strike slip faults. 1 is not vet clear if the dominant regional kinemancs were
Fighd Lnternl or ket Tateral, Extensive sheets of gronitic i wene il during or shorly
befiore the onset of extension and relatively rapid cooling of the lower plate granitic rocks ensued
a5 the cover Wik nemoved,

Exidence for Cretaceous rapid cooling is preserved in both the fuult 2one microstruciunes
and the ape gradients of the K_mm Fault zome microstnyctures in the core of dwe complex
formed under kower amphibotite facics conditions. whereas those in the bounding fault sones
formed ot sub-greenschis focies temperatures, as indicated by deformation mechanisms of
quartz ond feldspars, sugpedting progressive unmoofing during fault zone evolution. The age
griclients preserved in the K-feldspars (Figure 9) have been used o track the lateral remival of
the cover rocks through time. In addition, the venical termal gradients that prevailed ot the end
of Creteceous tectopism are well resolved by the K-feldspar thermoc 2
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Subsequent Miocene block uplifi, possibly related w0 activation of the Alpine faull. or

precuror ranspression, is limited o a few Kilometres, The geomeiry of this block uplift is
relatively simiple, which allowed us 1o use o stroightforward 3D pumerical code w owxlel the
uplift as a rigid bpck advecting verticall a fixed topography, and track the thermal

response b uplifi amd exhumabion, umericil results for the Cretacesus o Miocene
exhumation show remarkable agreement with the thermochronologics] models from the K-
feldspars, suggesting that the thermal gradient from mountain op o volley floor can only be
preserved if the geothenm in the granitic core of the complex stabilized during teclonic
uigssence from about 90 Ma to less than 20 Ma. Renewed exhomation lafer in the Miocene

¢ coaling w below the lower closure temperatures of the K-feldspass, as indqﬂmnlly
confirmed by published apatie fession track dat. Moreover, we find no conflicn between mul-
diffusion-domain models of srgon diffusion in K-feldspars, the generl geologic history of the
E'ﬁm. the numerical model of exhumation and cooling, and the independent geochmonaclogic

la,

Preservation of selar neon izotopic ralios in feelandic basalts
ET. Divon, M, Howaa, §. McDovgall and [ Camgabell

Meon isotopic ratios mexsured in olivine and basaltic glass from loeland are the most
primative ever obwrved in temestrial mantle-derived samples.  Ratios wene measured in gas
released from olivine and basaltic glass from a total of ten yowthful samples from e Revkjanes
Peninsuba, Teeland, and include solar, mid-ocean ndge basalt (MORB)-like and an C
compositions. Meon Botopic ratios near the air-<olor mixing line were obiained from the tokal
gos neleased from olivine and gla.ﬁumi‘:Tannu from four samples, MORB-like neon isatopic
compositions were measured in the gas released from olivine and glass separstes from six
sarmgdes {(Figure 1),

14

13 4

12

“Ner~Ne

11 5

0.025 0.035 0.045 0.055
“Ne/“Ne

Fagoee 10 Neon theee iwotope plot, showing intal gas rapios (rom 6 wesd af 10 wamples
lor & alivine and i1 glass separaies. The sir-solar mixing mend, the mass frecuonstion line
from air (mfl}, the Lodhi read mad the MORB mord are shown o meference.  Inset plo
shows detsil of that lie nead e MOREB bead and e disfing from the neon
coenpoaigion in air within fwo sigmas uncertainly, Ooe sigana uncenainties shown,

Although there is clear evidence for & solar neon component in spme of the leelandic
samiples, there is no comesponding evidence for a solar helium o (320 Ra > ‘HeHe = 100
Ra). Instend, "He/"He rfios are between 12 = 2 and 30 = 3 Ba, similar 1o the mnge ohserved in
other ocean istand basalts, indicating that the He-Ne isotople systematics are decoupled.
Calculmions show that such decoupling can be achicved by mixing between noble gised from
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the leelondic plume with those from a MORB-like component, provided that the two
components have different 'He/“Ne ratios (Figare 11), The muantle source of loelandic basalts
is interpreted 1w be highly heterogeneous on a local scale w explain the range in observed helium
und neon solopi rEtios,

Identification of primitive solar peon sotopic miios in some leclondic samples implies that
solar neon trapped wi huh:EmhInsmmajmdﬁmnlIJ over the past 4.5 Ga.
Such preservalion requires a source with a high [Ne_ U + Th] rtio 0 that the concentrtion
of solar neon overwhelms the nucleogenic “Ne* produced as a result of decay of U and Th in
the mamle over time. High [Ne_, JTU + Th] ratios are unlikely to be preserved in the mantle if
it has experienced substantial melting. A primitive, undegassed mantle component is postulated
1y bee the host of the solar neon in the ic plume source. Relatively small amounts of the
primitive mantle component are likely 1o mix with more depleted and degassed manthe such that
the primitive mantle composition is not evident in ofher 1solopic systems (e.g., strontiam and
neodymium). The primitve, undegassed mantle in the Icelandic plume source can be companed
with the MORE mantle sowrce, which is known 1o have expericnced substantial meling and
degassing. The proportion of solar neom in the Jeeland plume soarce is estimated 1o be al lesst
13 times greater than that in the MORB source, In comparison, the Howaiian plume source,
with a bess primitive neon mantle endmember rxtio than the solar neon end-member in leelandic
plume source, hasa fraction of solar neon that is only about 6 times greater than in the MORB
source, The lower mantle plume source s infermed to be relatively helerogeneous owing 1o being
maore viscous and less well stimed than the upper mantle. This discovery of near-solar Ne
isolopic ratios is significant to our understunding mantle convection and degassing processes
because i sugpesis that relatively primitive mantle may be preserved in the leelandic plume
SAMICE.
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Figurr |l;  Calculaied mmizing curves beiecn solar noble goses in the loclamiic

with MORE.like nobile showing prodicted vadation in e He He and
ratios as a functios of K. e box 5" the Fesulty freom thes sudy with
sodar neos isolopic ratlos and "He/He ratios near 20-30 Ra, and ~“H™ the results
of an loelandic noble pas suily by Hurison et al, (1999, EPSL 170, 199-107) with
comparatively less primifive mantbe bebuns and scon mifos, Mivieres with e R value of
b3 can cxplaim che results from both the present stady willi solar neom ratios and those of
Harrson o al. {19995, Mixures with higher valas of R ﬁﬁmnﬁﬁﬁ!fﬁﬂl
from this study with MORB-Hke neon ratios and “HeHe ratios near 12 Ba (box labelled
"M") that are Bigher than the expected MORE mtio of B35 Ba. The o dliffemences in
the B values can be explained by varabbs degrees of elementl fractionation of heliu from
reon in the plume oo H-type magma peiar 1o maxisg.
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XNenon composition of magmatic giccons from 363 and 381 Ga granitolds from Greenland

M. Moade, A Mamon aad V. Bennen

Excesses of '“Xe relative 10 atmospherc xenon have been observed in mantle-derived
samples, inclading MORB glusses and ultramalfic xenoliths from Samoan ocean islund basals
and from ancient diamonds. The excess '“Xe has been attributed w0 radicactive decay of the
extinet nuclide "1 (half-life of 17 million years), present in the Eanh at s formation. The
difference between atmosphenc senon and that observed in mantle-denved samples generally 15
thought t be related to carly degassing of volatiles from the solid Earth, implying that degassing
maist have occurred before all the "1 decaved, that is within about 100 million vears afier the
formation of the Eanth. The excess in “"Xe in mantle-derived samples rs i be comelated
with excesses in """ Xe relative to atmospheric xenon. The magority of excesses in ' ™*Xe
are attribuied o tneows fission of U (hat-life of 4465 r:iEisun vears), alhough an
adifional il source is from another extinet nuclide, “‘Pu (half-life of 82 million yeurs),
If the had a chondritic *Pu"L ratio of 0L007, s ohserved in meteonites, sceumulation of
fission "“XNe derived from **Pu shoukl be 30 tmes more than “U-derived fission "“Xe. The
apparent lack of Pu-derived fission xenon, in the presence of ““l-derived mdiogenic "*Xe in
sampies from the manile, is o parsdox in relation o the eardy degossing of the Eanh, This is
because the hall fife of *“Pu is longer than that of ‘™1 so that we expect a significant]
greater fraction of *“Pu-derived fission xenon to remain in the mantle in comparison wi "'"'I>:
derived radbogenic '™ Xe.

In order 10 solve the fundamental problem b5 w0 whether some ““Pu was included in the
Earth when it formed, we have analysed magmatic zircons from three early Archacan granitoids
from Cireenland for xenon, Two samples, a granite and a ferrogabbroferodionite, are from the
same intrusive body abowl 3.63 Ga old. The thind sample is a well-preserved metsonalite with
an age of ¢a 381 Ga. The U-Pb ages of these zircons were determined by SHRIMP,  Xenon
from the 3,63 Ga magmatic zircons is dominated by the products of spontaneous fisston from
ML In comrast, the 381 Ga magmaltic zircons appear 1o hive some excess fission wenon
different from the “*Ll-derived fission xenon. This excess fission xenon is consistent with that
expected from “'Pu fission, so that this may indicate that these zircons incorported ““Pu when
L%?;ﬂﬂlﬁ“d al ca. 3.8 Ga: this would be expected if the primitive Eanth had the chondritic
% U ratio ot 4.55 Go. Reaching this provisional conclusion required that all zircons in the
3.8 Ga sample were consumed.  We plan o collect more of the sampée in 2000 in order 10
authenticate these exciting xenon results,

Cosmogenic *' Ne in a ceniral Australian quarizite
Lk Praverson', M, Mo, £, Belion®, B, Brovea” ool B Ko™

In sitw spallation resctions between silicon and cosmic rays produce  cosmogenic “'Ne in
neur-surfpce quan: samples. Under fovourabde conditions (high altiude, high geomagnetic
katitude, and surface exposure) production rates are sulficiently high w produce detectable
amounts of cosmogenic “'Ne in less than 10 ka of exposure, nic “Ne in natuml
samples can be used to estinuite exposure ages that constrain rases of uplifl and erosion.

O the basis of srstigraphic and geo ic evidence, Stewart ef al. (Science. 233, 758,
1986} suggested that the present daE fard - surface of parts of the Davenpon Province of the
Tennaent Creek areq in central A a may be remmins of a Cambnan or Precambrian surfmee.
If correct, this anca is one of the oldest landscapes on Eanth, and would be expected to have
extrsordinarily high cosmopenic exposure nges.  This view, however, is being challenged by
omgning apol ssion track and cosmogemic “Be siodics by investigaons al the School of
Earth Sciences, University of Melboune, who angue that this landscape is instead a relaively
recently exhumed paleosurface.  The Davenport Provinoe therefore provides an excellent

* Bckool of Earth Sciences, University of hMelbowsme
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unity 1o apply cosmogenic *'Ne exposure dating (o investigate whether the landscape
muight be an ancient one.

We analysed two quanz samples from quartsite al the surfsce from the Davenpon
Province (proveded by University of Melbourne) for all five noble gases: DROE-GC (363 m
altiede, 20746952 5, 134° 35969 E) and DR9S-16 (565 m altimde, 217 21.934 5, |35°
18.564 E). Both samples were collecied from within 5 cm of the present day surface.  The
samples are characterized by madiogenic “HeHe ratios of < 107 and non-stimospheric
INe/Ne, “ArAr and "*Xe/ ™ Xe miios (- 0037, - 10000, and - 2.3, respectively). The
high “Ar™Ar and ““Xe/'"Ne ratios indicale unambiguous crustal-derived radiogenic and
fissiogenic components, possibly irapped in fluid inclusions in the quartz. A significant fraction
of the non-atmespheric “'Ne is therefore mleogenic Me ("Ne ). produced by the
"Ocen)’ Me reaction, where o is genersted from uramiom and thorium decay in the crust, It is
necessary b0 estimate the amounl of "Ne,, in the samples before amempting 1o calculue
coxmogenic ~'Ne t“N:,rF__na Exposure ages. Tor the following calculations, we assume that all
‘He and non-atmospheric — Ar {7 Ar*} is radiogenic in origin, Combining observed ‘He and
“Uare with known crustal *'Ne,_fradingenic “He and 'Ne,,_/Ar* production ratios provides
an estimate of the 'Ne, preseni. Subiracting "'Ne, from the non-ammospheric INe yields
the shundance of 'Ne,, Based on this approach we estimute that only about 3096 of the
non-atmospheric Ne in DRIS-6C is cosmogenic. Similarly, for DROE-16, about 38% is
cosmopgenic. The amounts of estimated *Me,__ in DROE-6C and DRI8-16 are approximately
46% 10" and 6.1 % 10" cm'STP g, respectively.

To culeulike o 'c“Huu?mmngﬁwmmmmpmhmlmmul
cosmogenic * Ne in qumﬁ?’!i gioms g ' o' ot high geomagnetic latinades (> 60°) and sealevel
iven by Niedermann e al. (EPSL, 125, 341, 1994), n scaled for latitode and altine using
the equations of Lal (EPSL, 104, 424, 1991), we csiimate the local production raie in the
Diavenport Province o be 22 atoms ¢ 'a”’ or 8.2 x 10 cm'STP ¢ ' o', Using this production
ribe, we estimale quite young exposuse ages of 560 ka s 750 ka for DR and DRYE-16,
respectively.  These exposure ages are inconsistent with bong-term subaerial survival of the
Davenport landscape from Cambrian or Precambrian times, and support the suggestion of
relatively recent i,
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ENVIRONMENTAL GEOCHEMISTRY AND GEOCHRONOLOGY

Reésearch of the Environmental Geochemistry and Geochronolegy Group focuses on the
long-term imersction between mankind and its enviroament. Investigntions are directed towands
w0 mn aspects: firsily, determination of the iming and rate of change of migor environmental
and canh surface processes, and secondly utilising isolopic systems thal provide hasic
comstainis on past and present environments,  The Group e ies the sy of reconds
spanning o few 1ens to several hundred thousand years of the Eanh's recemt hswory, which senve
as 2 guide 1o the understanding of the past, present and future environments.

Clur studies of the modemn enviromment ane aimed & irscing the provenance and (Muxes of
sediments and associaed nutrients that are enlering waterways ond near-shore envirenments and
quamifying how these have changed since European settlement. These environmental changes
are compared with those thal occumed with the amival of Australia’s first human occupants,
somme GO vears earlier, Complementary research iopics include the dming of extinction of
Awstralin's  megafiuna, homingd evolution in Afncs amld Australaas, and climate and sea level
changes over the past severs] glacialfinterglacial cyeles. All these activities are underpinned by o
onigue combinaton of [alsratory facilities consisling of thermal ionisation mass specimanetry
(TIMS), lsser ablation ICP-MS, optically stimulsicd luminescence (O5L), eleciron spin
resonance (ESR), and gamma-ray counting equipinent,

A highlight of the year wiss the achicvement of fully quantitative clemental abundance
measurements on corbs by lxser ablation FCP-MS, which are in excellent sgreemem with procise
but more lnbour mtersive TIMS measurements. In addition 10 higher spatial resolution, laser
TCP-MS has the advantage of rapid, simultaneous measurement of elements such ax B, Mg, Sr,
LE, a5 well a5 Mn, Ba and P, the loner group being i tindicators of Mood phumes and
nuirient fuxes that are entening the Great Barrier Reel. This work formed o major pan of bath
Dr Simelair™s and Mr Fallon’s PhD theses, and was undertaken in collabortion with D Aliben,
Mr Kinsley and Professor MeCulloch. Following the initial developmemal work of Dr Sinclair,
which was besed on o synthetic wollastamte coral standard, & significan improvement has
resulied from the development Mr Fallon of a well characterised corsl powder stendard
together with the redhuction of other uncenuintics. Complementary studies of oxygen, carbon
SriCa and BaCa have been uilertaken by Ms Hendy for her PhD thesis in collaboration with
Dr Giagan and Dr Lough. This work has examined 5-year increments of ¢o 00443
vear Jong sections of coral cores colkected from the Great Bormier Reefl is admed ul
determimng e long-term robusiness of climake proxies in corals. For his PRD thesis, Mr
Marshall is examining the ieleconmections between the IBan and Pacific Oceans dunng El
MNino evenls, using oxygen and 5e/Ca records in coral cores from the Cocos-Keeling and
Chirstmas Iilancle

D Martin, D Canals, a School visitor in 1999, Ms Wnson and Professor MeCulboch
have been wsing Nd-Sr isolopic ‘fingerponts” for tracing the source of suspended sediments
and associated particle reactive nugrients that are entering the Great Barrier Reel as well as inland
walerways, This i% hased on the geochemical similarity of Nd and P and the relntively
wiell understood Nd-Srisctopic charoenstes of different geodogic enances. Investigutions
of the Chaffey Dam reservoir near Tamworh NSW (Martin and MeCulloch, 1999), and the
Tohnsone River caichment of morthem Cecensland, bave shown that the magor conlribaior of P
into rivers is from increased erosion of the basalt derived sodls which are the subject of indensive
agnculiune,

Angther highlight of 1999 was the publication of ages of beiween 56,000 and 0
years for the Munzo 111 skeleion now shown o be Aostralin’s obdast human remsins
I Thorme of al, 19991 In & reloed study Miller e al, (1999 showed that che extinction of the
large flightless bird Genvornis oocumed i sbout the same time: providing sirong circumstantial
evidence for human involvement in the demise of the megalauns, A distinctive feature of both of
these studies was the comprchensive, integrated chronological approach, using ESR and L-
serics (mnss spectrometric and gamma counting) dating of leeth, bones amd eggshells
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{Professors Griln, MeCulloch, Dy Monimer and Ms Taylor), wgether with O5L dating of the
surrsunding sedimems (Dr Spooner s

During his PhD stsdies, Mr Momanelli has completed a re-assessment of models of
OEYHEN IBobope atics in spebeothems as well as work on TIMS U-series dating of the
apectocular cave its of South-Wesern Australin, The work hos resulied in an unexpected
finding that the present-chay, imerglocial climate s much wetler than previous intergkacials:
probubly indicating shifts in the westerly wind systems. Work on sea-level changes focuses on
the Lust Inferglocial with collaboration between Dy Esal (ARC Senbor Fellow) and Profesas
McCulloch, A new prigect has been initisted on Barbados with Professor Badike (University of

Colognel,

Laboratony facilities e &wl:r%ad on seversl froms,  The solid state photon counting
imaging system mow being tested b ris showing extremely promising resulis and
will allow for the ﬁlnu:m::mwltarl:uui umly:e-m]’rulunh.-h- farge numbers (up 1o 525 of
imbividual grains.  This is in many ways analogous o the improvemem made by SHRIMP
simgle prain compared so conventional multi-grain U-Ph  zircon geochronology, The pew solid
slate detector for USL, together with the refurbishment of associaied laboratorics has now made
thes & world class facility with unigue capabilities.  Additional laboratory and office space has
alsor been obained in the new RSES extension. This will enable the TRITON thermal fonisation
miass spectrometer and NEFTUNE ICP-MC 1w be hoased in the same laboratory comples, both
pieces of equipmenti being supplied by Finmigan MAT 6 part of & next generation mstrsment
development program.

During 1999 there have been a pumber of personnel changes., Drs Daniel Sincluir and
John Hellstrom have both gradusted with Phy degrees, Dr Hellstrom has now taken up a Post-
Doctoral position at Royal Holloway University of London and Dr Sinclar at ANSTO, Dr
Sinclair is also o be mlated for his oward of the Boben Hill memonal
Unforunately, due o financial swringencies it his not been tmmt o replace the Research
Fdllm:f.hl.p post fommerly oceupied by Dr Alibent and the OSL iechnical occuphed I-| My
Hill has now been reduced 10 a poni-time, shom-term position. Tt is thrimm pumnnm
citn e restoned by o combination of extemnal sounces and new strategic devebopment funds.

Vartmions of trace metol concentrations (Ma and Py in seawater ax derived from Porites
coral records from the Greal Bareier Beef, Australia and the western egquatorial Warm
Finrl, PNG

. Atiberr, L Kimeley, 5.0 Fallon and M1, MeCulloch

Within the carbonate skeleions of corals an essentially continuows chemical record is
preserved of the ambienl mearine eavirommenl.  In orcder (o better wiclerstaiad how these
ical records are incorporsied into coral skeleons we repon e race element
sbunckances measured by laser ablation ICP-MS  for corals living i (wo  oonir
enviroamental regimes; the oligotrophic waters of North Papua New Guinea (Kavieng: |
2.55) i the westarm pacilic Warm Pool versis the turtid waiers of the inner shelf of the central
Greal Barrber Beel (GHBR)

In the central GBR, the UNCo and Mg/Ca matios in o coral from Pandora Reel (Fi 1)
track the sen surfiece temperature (55T seasonal variations of about 75C. For the cowal,
both the amplitude and average value for UACs voriations (and also So/Ca) are higher than those
expected based on the calibration denved from GBR corals. This indicates that processes olher
than 55T fe.g. trade winds) are te nain forcing mechanism for L and Sr variations in the PNG
coral. The second figure compares Mn and P al the owo sites, Both Mo and P are much higher
in the in-shore coral skeleton from the GBR (Mn = 0.2 ppm. P > 100 ppm), an expected
consequence of the lange plumes from the Burdekin River. Both Mn and P also exhabit seasonal
virations similar to those displaved by U and Mg, Seasonal fuctuations have also been
repomed for inorgante ﬂuHr:bl?in GRR rivers (Fumas of o, 1997) which has been imerpreied
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as being due to slow desorption of P from fine suspended sediments. In the GBR coral, Mn
shavws narrow positive spikes that ane Iy related to the re-suspension of sediments during
the passage of tropical cyclones (e.z. 1994 Tropical Cyclone “Sadie™ that occurs al a distance
aff =73 mm from top of the coral PAN 98-2),
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Figure 1: Mg/Ca. L¥Ca ratins and Min omd P concentrations in two Forines comls from
Kawicng (lefi) md Pandorn Reel (Aght. 2 nind for UATa and MgiCak. Nose the diffesest
scale fot Mn Berween ihe twi s,

For the Kavieng coml, P concentrations ane b (1030 pprt) and do not show seasonal
variations. In spite of its very kow content, Mn, dib]'l'l:li"a seaonal maxima in phase with those
indicated by UACa, suggesting a link o rade winds. [n the absence of any significant riverine
source, an aliemative source ummd such as liydrothermal foids and particulsies asociaied
with the under-wen smokers of anus back-arc basin. This hypothesis will be tested on other
corals from the same region.

Fine-scale chronology of major fleod ex froum the Burdekin River as deduced from
$ﬂhﬁh{ﬂﬂ-ﬁnﬁhﬂd-{f M) measaresments in o coral from the inner shelfl
IR,

£ Al 87 Follon, M.T. MeCmilloeh, L Kiweley oed B, Berkelsan’

A high-precision record of S5e/Ca (TIMS), has been obtained o nearly weekly resolution,
fior i large Porites coral hesd collected ot Pondors Reef in Oct 1998, The fop 5 years has been
calibrated sgainst in-sitn sea surface temperatures measured st the nearby Orpheus Iland, as
part of o GRRMPA long-ierm mondtoring program. The time-series shown in figure 2 I:mg:_l
was obtained by fitting <10 poiots per year of the SoCa record to fine structure in the 5
curve. This allows comections to be made ol a imately monthly scale 1o vasiations in the
coral extension rabe which ranges between SD-E;TWM ¥, with n minimuom in July-August
andd @ maximam in October, A Im-:qﬂm mﬁfﬁi{m provides the following relationship: SnCa
= A = BT, with A = 1023 (20001, 1 E[tﬂ.m’;} EIJ'C'IJ; in mmt aned il;l :E::
Bealistic emods are equivalent toa temperature uwncenmnty of $0025°C ENCTHII LSS
st This calibraiion is within ermors of on easlier colibrstion (Alibert and MeCulloch, 1907)
found for mid-shell corals of the GBR, suggesting that the Sp'Ca panitioning between coraline

! Gireat Barier Reel Magine Park Asthority
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aragonite and sepwater 15 nod significantly mflvenced by environmeninl parameters such as light
intensity or gvailability of nutrients, It is noted that Eﬂiﬁm peak in mid-Feb 1948,
responeable for o major bleaching event in the GBR, is recorded by 56T vanations.
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Figwee 20 {sop] Tame fit for & Pesdies corall from Pandora Beef, ceniral GRRE and easi-
syuare fit between TIMS SoCa and in-siiu mescored bereperaberes af Cipheos [sland Gk
grew) feom GHENPA: nlus peponisd = u:h-denwd 55T |'_ﬁ.l= w1 I DOOISS
correciod o in-sltu dat for winier. (mhidle) Laser ahlaios 1CF (hlsck and Mn
{grey) concrntralicss versus distance along a 500 4 wide track, meing the NIST ®l4 o
eviemal slandand. (hotinm) Burdekin River weekdy flow data (ML) from Qoeensiand Sansl

Ba wis measured by laser ablation ICP-MS (Figure 2, middie) along o irack close o that
used for TIMS measurements and shows an average concentration close o 5 ppm. Well defined
peaks are associstied with the fresh water plumes of the Burdekin River, 130 km 10 the south-
east, Depending on the path of the plume and the nver flow, salinity of surface waters i the
vacinity of Fandora Reel can drop from 33 {average) down o 28 (for the 1991 event), socording
i data and modelling developed af AIMS. As o0 example, during the 1994 event, the Burdekin
River disch (Fi 2. boltom) peaked pround the 15% March and the plume reached 1he
region of F':fr-m ﬂﬁn kate Har:hvem'tv April. The fine tme-fit derived from the 5¢/Ca TIMS
rocond was used o determine te date snd duratben of the coral Ba peak: the maximum of the Ba
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peak occurred in carly @0 mid Apnl for a duration of ~300 days, in excellent agreement with
observations, especially when ermors on the distance along the laser coral irack are considenad,
The Ba levels in the comls provide a semi-quantitative estimate for suspended sediment loads
reflecting the mile of Ba desorption from suspended sediments os the {lood plume enters the
merine environment. This is in contrast with Mn which generally shows o seasonal pattern with
only tropical cyclone “Sid™ in early January 1998 being in phase with the Ba peaks. From this
short record, it is soncluded that cor] Ba st Pandors Reef gives 4 precise timing for past majoc
flood events and provides a semi-quantitative proxy for the Burdekin River discharge and
suspended sediment fhax.

Testing the reproducibility of coral environmental proxy records
E.-d. Hendy, MK Gapaw M.T. McColloch, O, Althert and L. Lowply

The combination of a number of records over a wide arca s o basic technigue in
dendrochronslogy 1o enhance spatially significant environmental signal, while suppressing
ithowe that wre locakised or caosed by non-optimal chamcienstics of mdividual rees. Soch
compuosites are rare in other climate proxy rescarch, and vet the need 10 demonstrate replication
in corg proxy data is just as important. Physiological effects and the three-dimensional
architeciure of coral skeletons mean proxy records ane vulnerable o distortion through growih
effects.  In wddition, proxes often reflect more than one variable, complicating  thear
inberprettion,

The mast reliable environmental reconstractions should therefore be gained by combining
information from several independent reconds.  This approach has been applied o the stable
motope reconds from cight long Porites coml cores spanning the last 120 o 420 years and
analysed in 5 vear increments. The cores, selected from the Auwstralion Instinme of Marine
Science's collection, come from seven reefs in the cemtral Great Bamier Feel (bebween
17.78-18.51"5, 146,13-147.06"E), The combined records peesented in Figuere 3(A) and (B}
were eibeulated From the nonmalised 50 and 8"C core date. The number of cores contributing
to the curves are plotted a1 the base of the graphs.

Baoith sea surface lemperature (S5T) and seawater isotopc composition ane influencing the
coral 80 record. The Kaplan 35T chata set for the 5 grad comaiming the central Great Barrier
Reef correlates well with the coral record (r=0.52), however the instramental warming trend
meaxsured for the 20 century is half that suppesied by the 60 recond.
variations in 80 of up 10 (L3%. are clearly replicated between cores. and if inte i 1Erins
of temperatine, are equivalent o improbable 1.5°C shifis in 85T, The iotopic composition of
seawnter is fractionated through evaporation, precipitation and freshwater imput from river
discharge, Mm&mm%ﬂrhﬂlu&tﬁgwﬁ"ﬂ record.  Funher evidence is that
the offset between the 80 record and the Kaplan 55T data set occurs during the wet decodes
of the 158905, 1950 and 1970,

The complicated and poorly understood behaviour of 8"'C in corals has limited il use as
a reliable environmental indicator, Combining the eight 8'"C records (Figure 3) sirengthens the
coteman feature:; a depletion in values #-ﬂ% for  1540-1990), seepening wowiards present
The coral §"'C curve strangly mirrors the in atmospheric §"'C COy as recorded in ioe
cores (-1.03%. from 1540 to 1990), which is atrbuted to the release of COs depleted in "'C
the combustion of fossi] fuels and redoction of fonest and soil carbon reservoirs, This ne
has shown thal corals can resolve the atmospheric §'C C02 signal, a resull that has been
cliffeciuabt 1o dentify in previous coral records,

£ mosarabiss lnabiure of Marine Science, Towssyille (¥
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Porites corals ps environmentsl recorders of mining activities on Misima Iskand, PNG

4 Fallon M.T, MeCullach D0 Rarmer” and LM, Louglt'

In 1989 ppen pit gold mining commenced on the island of Misima im Popun New Guinea
Crpen pit mining by il= pafure couses o significam incrense i sediment transpored mio the
nearby coral reefs, In Misima this was exacerbated IILi.I'Lrﬁ:[ dumping of sofl mine waste Mo
the ocean. This increased sedimentation and affected the nearby fringing reef W varying degrees
andl in some areas cased ooral monality,  Sediment dumped into the reef consists of sofl mine
waste which is made up of quanz fe L greenstone and schist. These rocks have distinct
chemical constituents {rare carth elements [REE]. inc amd lead ete. ). that are enéering the near-
shore environment in conssderably higher thun normial concentrations. In this study we evaluate
whether Porifes corls can be utilized as o ool for reconding environmental ipal of race
elements into near-shore envirpnments.
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Figare 4: CeCa ratios from the tes kigh sedimentations cosale. Both show draomtic incoease of
erisn level miter minieg began im |98,

Coral demsity, extension and calcificaton has been examined by Dirs Bames and Lough
(AIMS) for the same Porites coral colonies as used in this study. These workers concluded,
that high sedimentation did not significantly perturh coral growth chamcieristics. However, they
did node: a positive comelation between decreasing coral tissue layer thickness anid proximity o
the highest sedimentation, which is consistent with corals under siress. Usang Easer ablation
inductively coupled plasma mass spectrometry (LA-ICP-MS) we analyzed four colomies (2 from
high sedimentation. 2 from control sites) for umnium, cerum (REE), zine, mangancse, lead and
barium. The two "severely™ affected corals show low sieady “background” levels prior to the
commencement of mining.  After 1988 they show dramatic increases of the cerium, wne,
manganese and o some degree lead. The CefCa ratios from the two high sedimentation ares
corals are chown in Figure 4. The control sites, which are distal from the mining tions, do
Tl shinw similar increases in these clements after mining commenced.  In mid 1993 dumping
ceased, and this study shows thai the cerium and other elemental concentrations may be
returning o pre-mining concentrations. This study indicates that trace element studies of Misima
Island corals clearly record the dramatic changes in the environmental conditions at this site and
pmngk 0 basis to evalusie whether sublle anhropogenic influences are ocouming on corals in
the GEE.

Aﬂﬂ]su'jn; a mew fechaigue: Measurements of Sn'Ca in corals nsing LA-TCP-MS and
Tl

51 Fallon, © Albers, MT. MeCulloch awd £ Marsiurll

Laser ablation inductively rmFlﬁ:l plasma mass spectrometry (LA-ICP-M3) is gaiming
wide acceptance as an analytical tool for the analysis of trace elements in diverse range of sample
materkals. Semi-quantitative and quantitative elemental concentrations using LA-ICP-M3. are
being reported wsing chemically and mairix matched standards. Recen investigntions using
NIST glasses have shown their value as calibration standards, but there are limaiations from
matrix dependent biases, In order for this technique to become fully quantitative, more lesting
and tson with other technigues (thermal ionization mass spectrometry (TIMS), solution
ICP-MS, ionfelectron microprobe etc) ane needed. Here we compare TIMS versus LA-ICP-MS5
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measurements of 5pCa in corals and LA versus isolope dilution ICP-MS messurements of
LA and Ba'Ca i corals and coralline sponges,

Using i in-howse standard prepared from a finely crushed and cleaned coral we ane able
o provide accurle messurements of the raties. SpCa, UCa and BaiCa in corals. To test our
pecuracy for 5rfCa we the TIMS 1o LA-ICP-MS measurement of four corals from the
Cireat Barrier Reef (Figure 5). The corals were from different locations and they have differem
growth rates, in order 1o test the spatial resolution charactenstics of the LA-ICP-M3, The annual
average and intra-anncal vanation sre reproduced by the LA-ICP-MS with the fine scale
variations having slightly higher amplinesds when measured by LA-ICP-MS (Figure 5). This
higher amplitude probably reflects the ~<1000 smaller sampling sire of the LA-ICP-MS
compared to0 TIMS, Whether these Gne scale Muciuations represent changes in 85T or growth
related phenomenon remuins 10 be ascenmained.
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Figure 5; TIMS andd LA-ICT-MS meassmements oF 5688 a2 o resalution of 0,25 me from
four comls collecied in the Greal Barrier Beel.

Figure 6 shows the comipanison between [D-1CP-MS und LA-ICP-MS estimates for UiCa
ardawf:l'mm:mﬂmHum.FHﬂ.manrgnﬂit:mllhmemg:mibhmﬁmﬁ GBR) amd a
calcite corallime sponge (North Direction [sland, GBR). All of these ratics are within ermor for
the two methods, This demonstrates the sccurscy of the method over o wide range (=0} of
Concemraions.
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Figure £ W00 () and BaCa ib) measured by LA-ICP-MS aml ID-ICP-M5 0 fwh
coamllEne sponges and one corml froem Hoon, PRG.

Decedal-scale, kigh resolution record of sea surface wre in the easiern fudian
fheean from proxy records of the strontinmdealeiuw ratio of massive Porifes corals

L F. Mewshal! amd AT MeCwlloch

Global climate has become a matter for imemational concem, mainly as a result of
progected warming brought about by the Greenhouse effect. While this hns focused workd
artention on the pobential problems of climale change, it is gl that nawral interunnuaal
climatic variations can have a profound impact on mankind. mist prominent of these
viristions 5 known 2= the El MioSouthern Oscillation (EMS00, Whle conred on e
equutorial Pacific Ocean, ENSO tends b perturh climates worldwide. Comparison of sea surface
temperaiure (55T anomalics between the Indian and Pacific Ocean st thal ENSO) does
affect Both, and it has been argued that the ENSO cycle cinnt be fully undersiood without
considering the effect of the Indian Ocean on 55T, and whether or nod the Indian mohsoon
midilates the ENSC) signal. Reconds of past 83T from te astern Indian Ocean could provide
clues 1o teleconnections between the Indsan and western Pacific Oceans.

The top 25 cm of a 148m core of modern Parifes corl, collected from Cocos (Beeling)
aoll (12 1275, 96" S4"E), was measurcd for S6Ca using isotope dilution thenmal mass

ﬁﬂu‘ meiry (TIMS), and stable isotopes (8"'C and 50 us1 SOUTCE Mass speclmomelry,
Sr/Ca ratio is considered 10 be a proxy for 55T, wheneas ﬁlif:!l BCLL 08 3 PrOX ?:icdh?%
ond salinity. A twenty two vear record of 88T is shown by the S6/Ca record b Fagure 7.
Boath the 56/ Ca ratio and &0 records show a mone vamiable 55T record compared with
satellite derived 55T for the negion {Ix1} degree grid) and air temermiure records af Cocos
iFeelingy Atoll. This suggests that much of this variation is contmlled by focal heatimg and
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The SrCa record shows summeswinter variations of 1°C 10 4°C, wheneas the §™0 record
shows evidence of increased summer raindfall during 1989-92 (Figure 7). Apart from these
anomalies, both Sr/Ca and 30 show s reasonably good correspondence, particaludy in 1994
whene summer 55Ty did o exceed 27°C. Measuremen of the S6/Ca ratio in mnother coral
alwws @ simitlar coaling at thas time. In general, the extension or growih mte of the cord is abowl
10 mm yr', but during some years only about half this growth is reconded, This o be o
resuli of bleaching of the coral during the onset of increasing S5T5 within the soll. onsel of
the bleaching has browght about o cesation or slowdown m corl ealeification. Bleaching has
ovcwrred during 198 [-83 and 1992-06, These periods coincide with brge-seale Bl Nifo events,
bt there s insulTicient evidence al this stage 1o associate the two phenomenn.

Rumnraging arcwnd in dve black box; fine seale trace element variations in coral skeletons
challenge caleification models

fid, Shichale and M T, WeCallmch

A coral skebeton has been analysed of high spatial resolution (70 pm spot) wsing laser-
ablation TCP-M5. The analysis reveals barge amphiude Muctizations 0 urnhimn and magnesium
over distances comresponding 1o days 1o months of coral growth. These Muctumions are strongly
negatively comelated, with a slope approaching -1 (see Figure 8).

The magnitude of the Mg and U vaniatiens are foo large io be coused by rapid vunation in
sea surface temperature o seawater chemistry, Contaminant= within the coral (such as cendres of
cakcification, microborings, and  derital ) may explain some of the varaion, b
contuminant phases make up only a small volume percent of the cord skeleton, and canmd
therzfore account for o strong pegative comelatbon with a 1:1 slope. This suggests that the Mg
and LY varintkons ane a fearere of the bulk skeleial argonite.
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[aily 1o monthly vardation in the rate ot which the corl calcifies might explain the large
and U fucuations. There is still much debate over the biochemical mechanism of corul
ificatiom. Ome of the leading models proposes that asagomite precipitates. freely from o

membrane bound pocket of supersatursted talcigelmz_ fuid. Thas Musd s essentially seawaker,

and the coml enhances calcification by rui!:inﬁ a0y superssturation, This is schieved
through an enzyme mediated exchange of two H* fons in the calcifying fluid for one Ca® jon,

This increases the Ca’ concestration in the flukd, while the raised pH resilts in an increased

OO+ concemsation.

A trce element substituting for & major sroctaral jon i CaO0y will be incorporated in
proportion 1o its miio o that structural don in the precipitating fluid. There remains some
uncertainty shboul the mechanism for Mg ond U coprecipitation with amgonite; however, the
literature tentatively concludes that Mg2* substitates for Co®, while UDRC03):2 substituies
for €O, The effect of Increasing calcification rate would be W0 increase the amount of Cal
and OOy ped into the calcifying fluad by the comal, The higher concentration of these two
foms woubd mutually diluse both Mg and U, leading to n pesitine (and sonlinear) comelation,
rafser than the negative relationship that i chserved,

The simple discussion presented above ignones many of the complexities of coml
calcification chemistry, [Inorgame partitioning of trace clements within a crystal is expected 10 he
reaction rite dependent. The poor understanding of the mechanisms controlling 1 and Mg
coprecipiEtion prevents us modelling this rate dependence. The masde] presented above assumes
that trsce clements are passively transporied to the caletlying surface in seavaler taken nom
outside the coral. In reality, imce wons can be o vi o number of independent
bicchemical pathways coch of which may be under a di i physiological control. We hope
that further analyses concentrating on o broader range of trace elements will allow s o dedwce
more of the physiological chemisiry underlying ooral calcification.
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Figure £ MpTa v, UACa in the Davies 8 ooral A nusvber of shon sections of the
“Dhavies B crwal were anahvusd for My and U by laser-shlsmon (CP-MS exing
diameier spat. The daia has been fliened o remove brod wends, leaving jed the fne-scale
waristions (« 1.25 mm: equivelent 1o less than § month of ool groath), Theee vadtalsoms
are graphed s peoporiional devigioss from the mean. The fine-scale vanaleom. asc X
whien conveniad inle Eeperatine cquivalangs, 1}:3 spam more than 20°C ooinpared with
cteerved daily o montkly waler lemperanse varigions of af mos 470,
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Tracing the source of sediments and nutelents (P)into the great barrier reef lagoon
ALT. McCuiloch, C Paitler’, Philip Moedy', . Moo ged G Wt

An enhanced level of nulrients, especially ptmrhums.. it one of the main factors
comabwing to the degradation of near-shore coral reefs.  In order 1o determine the sources amd
ey of P entering the central Great Bomer Reef (GBR) lngoon, P dynamics amd Nd-51 sotopic
swstemeatics have been investigaied in sadiments from the Jobnstone Biver calchment and m
several offshore transects inte the central GBR lagoon, The P flux ot ahe GBR s dominated
by the transport and dispersal of fine-grained basaltic solids which have high PO00-2000
ppml. I the Johmstone River caichment the soils are denved from alkali basalis wath Nd-5r
=olopic signatures fypical of plome basalis (e, - +3 1o +5 and *'8¢/™Sr - 0.705). In contrast
the more comawn Pa A ils mrl.umma'lu:' goils hive lower P 300500 ppm), negative
By ~ -8 und radiogenic “Se/5r =0.72 to .82, Using these distinctive isotopic charactenstic it
is shown that the coarse grained fovial sediments of the esuary and near-shore manine
environmenis (<35 km from the comst) are derived maanly from granitic derived detritis.  Funher
offshore (=20 km o 30 km), adjacent o the coral reefs, ine clay-sized basalt derived soils (g, =
<4 o -5) become increasing importand, comrbuting =00% of the P, slthough making up only
~i% of the ol terigenous component.  Phosphorus  shbandonces and  equilibrivm
measunements in the manne sediments, indicates that P eniers the GBR |lagoon by a two-siage
process.  Firstly, during episedic flood events, P i transported into the GRE lagoon via P
retenive fine-grained suspended sediments of predominantly basaltc ongin. Secondly, after
depasition of the Mood-plume sediments. desorption of P ocours maindy in regions of sediment
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anoxin, resulting in release of PO, via reduction of particulate ferric phosphates. Pho le
relense imie the scawater maybe enhanced dunng sediment me-suspension events assocised wath
cyclones, This study demonstrates thel conservition strubegics thal minimise Joss of Pach
besaltic soils into river systems s key ebement in the preservation of corul reefs in the GBE.

Stromtium Deotopes frace the supply of fertilizer to warerbodies

C.E Martin ged M.T. MoCailoch

The inkand witerways of Australia ane extremely semsitive (0 excess nutrients especially
from phosphote based fenilisers. In order w better consirain the influence of P fenilisers on
catchrsents, Srisol kave boen measured in storm waker samples from Bundella Creek in the
Liverpool Ramge. catchment is dominated by Tertiary basalt (<65 million vears age) and
includes o number of differem bind-utes inclading native vegetation lﬁur-rst:l.mgml.ure. and
cultivation, In addition, samples were colkected at the chunnel near the house of the famer
wideriaking the sample collection, p::rxnl:i::m and storage. The creek, upsream of the cultivared
site, drains predomenaitly the forested regions of the catchment but also some pastune regions
well Some samples were also tken ot the lower end off Bundelin Creck.

The range in “Se/™Sr in these samples is quite small, from aboat 0.70360 10 0.70395, bul
clearly distinguishable relative 1o the analvtical precision (000002 or beter),  These values ane
all quite similar W the Boopic composition of basalts ﬂr;ﬂ??‘isﬁm hasall sedls from Chaffey
Reservoir catchment to the east (Martin and McCulloch, 1994}, However, there is a significant
difference B issople composition of waters draiming areas of different land wse.  The S
opic comiposition incrcases  from the Fforested  site (07036070370 o dhe  pasimire
(OCTORT-0, 1038 1o the culitvated site (0.7039) Thene is greater scatter i the P concentmtions
of e waters from each site than in their Sroisclopic compesitions.  The varistion in P
concemrations mary be o seasonal effect, or it may reflect & vanohle dilution effect,  However, in
general, higher P concentrations are related (o higher St isotopic compositions,  The reason for
this i almaost certainly the application of fenilisers o the agriculural (eultvated and pasture)
lands, Phosphate fertilisers have "Se™Sr ratios of 0, T08-0.709 (Martin and McCulloch, 1999),
mach higher than the natoral basaliic sources in the catchiment.

e T T T T
B = - W ratien Foeanl
o L
E .ﬂ.i" & O pasturs guty
80 = & - A cetrwisd
i » "* »* B cubtierisd
gu-ﬂ = | O i chaes
CL & ceannsi
E i Foames
nf *© -
u_'.l. Iﬂl 1

0 500 1000 1800 G000 @800
toasl dissolved P {pgL)

Fignee /il Plot of wi'% femnliser P ooaleubued using Sr isotopic compositoons of the
ilisdueel higd.

137



RESEARCH SCHOOL OF EARTH SCIENCES = ANNUAL REFORT 1999
e —

The Sr isolopic composition of these waters may be used 1w esiimate the proporiion of
their dissolved load that is. denved from fertiliser, For the feriliser. we used the
elemnental and ksotopic <o ition of phosphate fertilisers from the Chaffey Reservoir ¥
TEr™Sr=0,70871 and for the natural cschment a value of 0.7036, which is close to the lowest
measured valved,  In order 1o relsie the wit % feniliser o the P oontribution, 1l 15 Becessary W
make the sume wum%liuus ahout proporional contributions ax for 7. This caloulation shows
that shout S05% of the P in the stonmwaters draining the pasture is derived from femilizer, and for
the cultivared Land it increnses o about 60%, Waters derived from different londuse arcas hove a
fatrly constant propontion of their P derived from fenilizer, despite large differences in absolute
concentration  There ore some uncenainiies in the caboulntions, particulardy i the ‘natural®
catchment endmember, but nevenheless these results ilhustrte the utility of this trscing approach.

Tracing the sowrce of contaminanis in the Llobregat River, Bareelona, Spain
A Cawals’ | C Martin e M7, MeCualloch

Surfnce and tiver witers pre 4 valuable resource thal needs to be proteciad. The processes
thit affect their contarmination are ¢ x. demansfing the use of new field and aboratory
methods. The study of the strontium and peodymium isotopie composition of the dissolved and
stspended boad of the Licbregnt River, Spain, 45 past of o project that links standard chemscal
parameters wsed in hydrological studies with isotope analyses. of light clemens such as sulfur,
oxygen, nitrogen. The stady aims ko trace ot only the source of chemical components of the
river bul also W betler undersiangd the geochemical processes (mixing, reduction-oxikiion,
uptake or release by precipitation or dissolution) occurning within the mver. The Liohregae River
is the main recharge source of an agquifer system, by means of infileration through the river bed
in the bower valley and deltn, and 15 an important pan of the water resource for the city of
Barceloma amd its metropolitan ans,

Strontium and neodymivm Botope measurements. ave been performed on suspended
segiment ard water from the Liobregat Aver. The Llohrepat. locoted in the NE of Spain, is o
typical Mediterranean siver with a drainage area of 49484 km' and a mean discharge of 100
m''s, The river crosses a number of distingt geological units, with 15 source situated i the
Exaem Pyrenees, about 150 km norh of Barcelona on Devonian limestones. In jts contral pan
the niver flows through o Paleogene Basin whene evapornites outcrop snd where potash-mining
sctivity hns uiken place since Neofithic times, The l.'hl.‘mj!-g? of the river clearly shows the
influence from the evaporties, with high concentrations of chloride (up w T8 1 aml
gﬂmﬁh:m {up 10 41 Ippm. Close o the Meditermanean sea, the river crosscats the Cataloaian

okl Ranges, up of Hercynian basement and Mesoeose o Cenozosc cover. The
Hercynian basement consisis of Paleozoic sedimentary mcks and lale Hercynian granites and
was completely peneplaned by o pre-Trimssic erosion surface, upon which the Mesozoic
sedimentary sequences wene deposited. The Quaternary delt is comprised of conglomerates,
sundstone and miarine marls,

All samples snalvzed in this study were collected m June 1997 and 1998, The month of
June was chosen because it has the lowest manfall and therefore results in the Jeast dilution of
any nfuhn:rpn%:rli: inpil.  The stromtium isolopic rtos of the suspended boad mnge from
(.T0784 10 0.71375. The observexd variation can be explained by variation in the proportion of
minerals as well os differences in the ages of the mineral provenance. Most of the data full in a
restricted band on a plot of “Se™Sr ratio versus illite content of the suspended load, with the
TSe™Sr ratio increasing with increasing ille content. Only three samples, ocaed in arcas
where the walers driin Pakeozaic age materials, plot o of the band. The homogeneity of the £,
values (-11.5, n=3) is consistent with a simple (wo component mixing for the suspen
sodimenss, as there is lithe influence on the Nd isotopic composition of the wnmdogenic
stromtivm end-member {carbonates and sullates).

" Umiversily of Barcelona, Spain
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The waters have @ high concentration of stromtium. in sceondance with o natural soarce
dominated by high solubifity chemical sediments, evaporites and corbonates.  Strontium
conceniraions mnge from 0 E in the hesdwalers o 7.7ppmi in one main ributary and
:'_Er."“'ﬂr Fatin vaies from (07 o 070916, Although nearly ofl the dam plot between the
'Sr/*Sr ratios for Devonlan and Paleogene sea water values, which could be imerpreted as a
resalt of a natural source for the strontium, most of them plot oaside of any mixing line that can
be generated from these two sources. A number of samples have o Tirmted range of
T u,l-.n% with highly vanable strontium concentrations. The similariry of the isotops
compisiion of these sumples to that of fenilizers used in ihe anea and de positive correlation
between the nitrogen content of the wisers and their strontivm concenratbon provide. stronzg
evidenoe of 4 feniliser inguil, O the other hund, the mos rliogenic samples, with vabues higher
10 the Devonian sea water value, corespond 0 the ones with highest phosphores content. In
miosd cases phosphorus ond nirogen  posdively cosrelate, bus for these particularly  high
concentrstsm samples mo clear correlation exists. This, wogether with the location of e s [
Ei' population centers, points (o an additional source for phosphorus, most likely from

erdenls.
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Covrelated Uraninm and Sea Level Fluctnations in Late (uatermary Cepans

T Evar aad ¥, Feloymooae

Residence time of Uranium in the oceans with 1o fiverine inflow is estimaled to be
dbout I00-60 thowsaisd years, 3 Ume span accessible (0 U-series disequilibrium dating of
cords which concenrate U from seawater in their skeletons. The principal supply of dissolved
L! 1o the ooeans is derived from chemical westhering of continents and is transported by rivers.,
Radsnactive decay and alpha recoil of “*U and  subsequent preferential leaching from damaged
sites resulls in excess of "U relative 10 equilibrium levels and ““U/™" activity ratios greater
than unity ore found i river waters. Current oceandc “UFP™L activity ratio measured in moders
coals is 1140800

13%
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Uraniom i= unigque among other dissolved chemical elements in the occans in several

ts, It carmies an mnebulll ddock in "ML, enabling high precision dating of corals that grew
during the kite Queternary. The *“UF*U mutio in seawnter, o1 the time of coml th, can be
dertved from coral age measurements and provides a precise chronology of U abundance in
seawnler a5 Botope mafios are less affected by vamabons m Jocal conditons compared
concentraiion messurements. Uraniom is highly soluble under oxidizing conditiens, in reducing
environments it can be pamicle resctive and insoluble, Therefore, global climatic changes
influencing the extent of oxic, anoxic 2ones in ocean sediments can influence U concentrations.
Varintions in the “PUFPU mio of conals, nm#lng in nge from B0 w0 200 ki have been
identified but wre mainly attributed 1o dingenctic eifects. Last ial corpl reefs i Weasm
Auistralia show a tight clustering of oges between 128 ka and 122 ka o elevations of +3m
relaiive to present sea-level.  When strict selection criterin ane nﬁnﬂud in schect samgeles
within a range of 4% in §“U they form a band that is displaced higher from the modem
[45%% ¢ vakue by abowl 4%, A several differem WA reefs have consistent disiribution of similar
LI ages, the data is best explained by ossuming a 4% difference in the 411 abundance of the
aceans between |25,000 vears ago and i present. In contrast 10 positive excursions in §'U,
syrlginatic megative varations have nt been clearly esinblishad,

We have measured “MUMU ratios of 30,000 wo 30000 year old cosals from the Huon
Peninsula termaces 11 and 11, including sub-terraces, that have systematically low &™'U.
Additional corad dats from the kst vwo mapor lermanations, from the Lt glacial o0 Holocene and
from the penwltimate glacial o Last Interglacial show significand and rapid fuctuations in 570
correlated with sea level change and require mechanismes 1o allow global variations in & 'L on
shoet, midbemmial tmescales.

Results from Huon Peninsula for the pereod from %0 ka io 140 ka, that includes the
tramsition from the penultimate glacial w last interglacinl and the 103 ka mterstadinl. are chown
Figure 12, The lower panel in Figure 12 reprsents the sea level curve, derived maindy from
considerstion of ages and location of corals in Aladdins Cave of Heon Peninsula, The upper
panel in Figure 12 shows the variation in 50U over the same time interval, There is a striking
resemblance between the varistions in ™0 and changes in sea-level that s unlikely w be
coincidental, All of the major features of the sea-Jevel curve are reprodluced b &1 and there s
4 25%e difference between the highest and fowest valwes or a | 7% variaon relaive (o te present
concentratbon, Comls foom Aladidin®s cave and vicinmity af reef wact Y1 record seveml snap-shots
ol - v as the sea level passed through the Cave location and susrounding area of
lezst four tarses fros 145 w0 90 koo Becawss of the uplift de of 1.6 miky ot this locatisn the
Cave kept up with sea-level rise for longer periods than would be the case for a sable sile.
Conversely, during periods of sea-level fall the time window for coral growth i a paricular
clevation would be shoner. Assuming that 51 was rapsdly changing, corals thal grew at the
Cave site during any one trarnsit be expected 10 recond variahle & U concentrations as
shown in Figure 12, Within the ﬁm precision of the data, there are po varitions in & U
diring mterglacial periods, when sea levels are relatively stable and §™'U s constant over
periu,&.nf 0000 veare. This Last observabion imposes sevene consirdints on any proposed
mechanism 1o explain the connection between sea-level change and & U, Just prioe 1o the stan
of the Last Interglacial at 130 ka, there 1% 1o be a significant overshoot in 0L well above
ihwe 153%0 steady state vabue, There i & fior o similar overshoot at the stan of the Holocene,
Clearly, a linear I':lilflmﬁhg} between sea-level change and U is not appropriate. However, the

between &' and sea-Sevel as depicted in Figure 12 moy give new
insights imto both the residence time and recycling of U within the oceans.
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A S0 Ea high resolufion effective precipiteniion record for South-Wesr Western Ausfralia
Sfrom spelecihem formation evenri

PAC Marianslll, LK Aviiffe and M.T. MeCilloch

High-resolution long-term reconds of climale are essential for our widersianding of the
evolution of Australinn terrestrial environments, as well as for the validation of climatc awodels.
Maost of the evidence for past changes in minfall, in particular, the balance between precipitation
and evaporation, comes from the south-caa of the continent, with companatively little informaton
avuilable from the western masgin, Some of the most significant changes in Australin’s climate
hus occurred beyond the limit of radiocarbon dating (30000-40,000 vears) with most of the
evidence being restricted 1o the last glacial cycle. Because the processes comrolbng speleathem
formation wre chosely linked o water availability, nnd becanse they can be accurately dated by the
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TIMS ™ Th/™ U method back to =30 ki, the tdming of speleothem deposition cun be used o
document long term Muctuations in regional water balance. High resolstion records can be
obtained by conuructing canmvalive Trequency distributions of speleothem N evenls
over time, The method was successfully applied to the Naracoorte reghon, in south-east SA, and
hexs o been applied o the Margaret River region, south-west WA, Results from 3 dsta set of
50 ““Th""U Iil'J'J'-'IS dated spelesthern samples (37 being shown in Figure 13 with the
SPECMAP normalised ™0 record) indicate that deposition occurred masily during stadials
ardl interstadials of the Inst 4 glacial-iniergkacial eyeles. Four principal depositional events ane
identifiahbe: O=16 ka; 22-38 ka; 170-200 ko and 280-360 ka, Deposition 15 mitisted sometime
after the interglacial, and in 3 of the last 4 cyches occurs right up fo the glacial maxima. Glacial
maxima appear as comparatively arid as do the previows 4 mterglacials. Significantly, the
Holocene is the only imergiacial that appears comparatively wet, record suggest that the
Holocene, st least for south-west Western Ausirlin, {3 a poot analogee for past interglaciols,
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Figereld:  Cummlative Frogqeeency listribstipn of spelesthem deposition in soashwesiem
WA aver the last 500 ka, wilh the SPECMAP pesmalised 890 recoml (salid hse). The
dasked bines represent the timing of previcoms 4 inserglacials

Border Cave revivited: reviced ESR clhromology and an updste on hominigds BCT fo BOY
&, i il . Reanmond

The Border Cave in South Africa is an important archacological site because i contains
gome of the esdiest modem human remmine. In 199 we pubbshed on elaborae ESR
chronology on tooth enamel samples recovered from the sedimentary sequence at Border Cinve,
Although spanning between 28 to 140 ka, the resulie were disputed because the ESR data were
somewhal younger than expected. The major points of coniention werg:

I the ESR results were significantly kower than tse rshocarbon data on the same tayers:;
2} the ESK results were significantly younger than the amino acid chronology;
3) the nge for the Howieson's Poort industry was (oo young and its duration too long.

" MeGregor Mesram. Kimherley, South Ay
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There are a pumber of reasons for re-assessing the 1990 data, Fiast of all, the dola s
represends the most detatled ESR sequence published so far. Furthermare. the site is ideally
suniad for ESR dating. because no somples contain significant amounis of uranium, s,
differences caused by modelling U-uptake are virually negligible, Border Cave is therefore an
bl 1est case for dating.

Since 19K}, the following has changed in ESE dsin evaluntion:

1. The fiting of the dose response curve is now carmied oot with a mone apprope iate
algorithm and ermes are cibeulated with an analytical method;

20 In 194, we carmied ol o detailed gamma survey of the cave, showing that the earlier
measurements were coect but some layers have & more conplex gamnm my distnbution
than origimally supposed.

A, In 1997, experiments and Monte Carlo simulations were carried om o MoMaster
Um'ur:'-i:}' for the assessment of beds nitenustion fsciors. These new aitengation facloss
are sigmificantly smaller than those previously used.

4. In 1995 new dose rae values were published by o research group o the University of
Orxford which are slighily different from previous valoes,

Figure 14 shows the revised chronology for Border Cave. 1 also mcludes somples 753
and 754 from 5WA which were anulysed after the original stisdy.

Samples from Border Cave were also analyvsed by & vanety of other dating technigues.
pamscularly radiocarbon amd amino acid m‘mﬁmﬂm:
Tabde 1: Comparison of ESR data with independent age estimates

LT " i Beaumond ) M iMillen) AAR (Maller  Revised ESK

| BS LEC Al-40 L L 33zl ka
WA 31-45 3840 15-42 kn
2 BS up 43240 =49 A5 412 ka
2 BS LRC dheh 48521 ka
IWaA G0a? 6323 ka
4 B34 WAL = 100) BO-122 ki

AAR = amino acid meemazsation

The comparison of the revised ESE data sel wilh independent chamadogies shivws mow
good agreement. A recend compibstion of amino scid meemisation data from other sies
conclisded that the age of the Howieson's Poort industry was centred on 66=5 ka. The revised
dana z2 confirms dis estimate with a thre span of between 60 and 79 ka,

The study demonsirates that ESR can provide precise and sccurale dases for of least the
kst 000000 years. The two modem hominid remains that were found in sedinmen T
conteéxts, BOS and BC3, have oges of abowl &6 ko and 34 1o 79 ka, respectively. BCL and BC2,
which were tentatively correloted with bayers 4 BS or 5BS muy be as old as WL vears,
However, the exact age of BCL and BCI can only be established by precise, dincet dating
analysis. possibly combined Thill - Pa'Ll dating,
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Flgre Id:  Revised ESR -tfnmhn' for Bewder Cave, Livvercme Betteos Tollewing the
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:I'“rn]_nun.l.l..'['h e brncketed mesulis wee ool wed for the caloulstion of the average age
the s,

The Photon-connting imaging svstem (PCES)

NA. Fpabiee

Oplical dating of sedimenis. has cooventsnally relied on the defection of composide
signals from multiple-grain aliqoots, and more recently on new singhe-aliquol (singhe-grain)
protocols relying on sequential messurements performed on the same aliquot. However these
approachis suffer disadvantages: uncertninty of complele reseiting when multiple-grain aliguots
are used; considerable laboratory time required 1o measure cach individual grain for single-grain
dafing. The latber means that statistically sound single-prain datn etz are in e awkowand i
collect. and furthemaome, properies of the quanz dose mesponiss curves SOTOE Cuare sl
amensble o dating by the regenerative methods which foms the basis of these techniques.

These handicaps, among others, presently inhabit single-grain dating from realizing s full
potential, but progress mwmwwmmmﬂawn dating
thmt:‘. with the PCIS, using simultaneous measurement of amrays of individual grains {see

igare 15} Observations of quartz single-grains have also revealed a mange of previously
unhmwnhulnppﬂ.lﬂﬂl{ ubiguatous lumminescence emissaon bands a0 wavelengths = G30nnk
mveshigation 1o deermune their polentinl for dating and  dosimetnc

[ 44
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The PCIS i |.'|.|r.rr.'|1ll:|. i umspue I:||.'|I|I!:-.. and while it mam purposs is simmulinncous |_1.|ring
ol arrays ol apdivicdoal maneral grams, the dunl sthvaniages of the PCIS over conventmonal
phosomultiplier-based luminescence readers, namely specingd respoime extending from the LY
imo the near-IR, and spatial resoluiion enabling identificatbon of the positbon of orgin o
detected photons, open up nemenous novel applications for this system in Quatemary scienee,
particularly to fluvial and marine environmenss, and the use of single quanz grains as smnll &s |
By ok tracers an shulies of =ml Processes Alun now possible are the .,I,,l;i||_c of slices of suitnble
stome nefacts, and proond-breakeng  mvestignseon of the wse of muon-mbde pl'm~.|'-'||-.|-r-._
particularly ALDC, for environmental dosimetry. The batter hus great value for iv-site gamna
ray and cosmic my dose-rate measorement for luminescence dating and, along with posoelasn,
for emospective nuclear acchdent dosimetry

Invesigntion of luminsscence mechanisms can nlso be undguely performed. For exampla
the phenomenion of short-tumescabe charge loss m I|.".:5-.p:|r Freaim ;||1p;|r|_'J1|I1. |.I|_'|:|'- irppng sifies
ix well known and has been widely studied previously but the mechanisms governing thiz ffect
rednain lidle-known, with debate ns w0 whether ey are themallyv-asseted or athermal quimum
mechanical wnneling processes, The PCLS permits divect observation of this fading by detection
af the red recombinaiion phosphorescence, and so is enabling bibomiory iesting of the
cormpeting theoretical models. The intemded benefits for optical dating of feldspathic matenals
are dsting protacols -:5.'~u|J_:|:||.'-.I 1o sscownd Tor this sersoes efect

100

400

Fuuil

Figwee 15 An mmay ol 52 gusstr prains of 350-4T75 gm dimmesier, from Lale Wioods,
HNorhern Territary, are imaged i their own thermodominescence following & 1 Gy test
oz, The emissions detected ranpe (rom SHE- 610 nme The brghtest gram ke fus g light
s ol approsEmstely S30000 pscions




RESEARCH SCHOOL OF EARTH SCIENCES — ANNUAL REMORT 1999

(Bl



ORE SYSTEM STUDIES

ORE SYSTEM STUDIES

The Centre for Advanced Studies of Ore Sysiems (CASOS) is o joint indiative between
RSES and the ANU Department of Geology (The Faculties). CASOS links together
researchers with a common reseanch and training focus on themes dealing with various aspects
of the formintion of ore systems.

The CASOS mission is:

= To sdvance fundamental wderstanding of processes involved in the genesis of large
aﬁ;mﬂ'nnimﬂr sgnificant maneral resource systems on a lithosphere and provinee
scale.

= o collaboration with the intermational minerals industry, 1o develop and apply new
echnigues and new models 10 drive the development of new minerals exploration
MPHEEM weell as ssregies to direct resource definition and mine development more
effectively.

* To provide high level training of gmduate audents and lE;u.mdu:nm-.-l fellows =0 thal
Australian scicnfists are al the imematdonal forefronl ol ore svstems nesearch and
minernls explorution echnology,

Expertize al ANU in the dev ni and application of pew microanalytical technigues,
high-pressurehigh-temperamire mmm l'-.-;':rﬁn. and modelling capabilitics, provide
unique oppomnities 10 explore some of the fundamental physical and chemical processes
involved i one genesis from metal source, through the transpont path, 1o resource accumulation
sies. Oire Sysiems research at ANU i3 conducted within six progrims:

Oire Flusds
Deformation and Fluid Pathways
Magmatic Processes

le 1: Susdies
Badiogenic lsotope Sysiems
Diamond Sysiems

IT.h.lring 19949 w RSES, Ore Systemns rescarch was conducted scross & number of the

School’s Groups, mcipally in Ore Genesis, Petrochemistry ond Experimental Petrology,
Petrophysics aml Fuqﬁuml Fluid Dymamics,

A mopwr focus of our activites continues 1w be the relqnimhhi;:r between gobd
miineeralisation wnd the evalution of Archsean, grnite-greensions werrains in the Yigam eraton of
Wm:m Austrafin. Dr M. Palin and Ms Y. Xu have been using stable isotopes to study the
s of the gold deposits in the Kalgoorlie-Kambakla area of Western Australic. It has been

novwn for some time that mesothermal gold deposits are commonly hossed by Fe-rich host
rmiaandmn¢hukﬂmhwa:Eﬂumdﬂﬂummmmmﬂﬁn:mmﬂ
desulphidation, when sulphuar in the ore Toid reacted with Fe tnothe wall focks.  However many
umpsoriand gobd deposits ane not hosted by Fe-mch wall rocks.  Palin amd Xu have Toumsd that the
sulphides associated with the highest gold grades st Kambalda have the lightest sulphar
iopes. They have shown thal this mlulmmh? resubis from oxidation of ihe one-forming Muid
which convents sulphur in U auriferous (usd from sulphide o sulphate, destabilising the gold-
carrying sulphide complexes inthe Muid and causing gold 10 precipitite, Destabilisstron of the
gold-camying complex and precipaiation of gold can therefomne oocur both as the consegquence of
reshuction or oxidation of sulphur in the ore fluid, ©T appears tha it is te second of these
neechanems that is the more importam, because many of the worlds giant gold deposiis.
ineluding the Golden Mike, Hemlo, Kirkiand Lake and Hollinger-Mclntyne, bave sulphides with
hght sulphur isotoges. mdicative of oxidised ore Mods. Oxygen have boen used o
show that formation of the gold deposits also mvolves maxing between a high-emperniune deep-
crustal fueid and a low-emperamre, presumably oxidised, Muid that s probably seawaler or
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migtenric water, The conclusions of Palin and Xu are being funher tested a the Golden Mile by
Mir C. Hesith as pant of a new PhD praject that is being funded through the SPIRT program with
Kalgooric Consolidated Gold Mines. Finally, Dr Loucks has found & relationship between
Archacan mesothermal gold deposits and anticlines which has lead o the suggestion that
anticlines sl as o focussing mechanism for metemorphic Moid How,

Profeswor 5. Cox, in collaboration with WMC Resoorces Lid and Unaversity of Newcastle
Phd sudent, Mr K. Buming, is ivestigating structural and deformatonal controds on Muad Oow
associated with gold minemlisation in foults, shewr zomes and pssociued frocture sysiems ol the
51 Ives Goldfield near Kombalda in Western Australia, Fh:idwm-ﬁiurl growth of foults
and reaction-weakening m ihe gold-hosting  struciures has found 1w influence 1heir
boculisanon,  Accordmgly, current work i focussing on understancing ow' the distribution of
vein-rich and vein-poor mineralisation across the 20 km bong, 3 km wide poldfield relates 1o the
distribution of (uid pressure regimes in the Folvshear coniredled hyvdmthermal system thal
generated gold mineralisation. A contractional jog on o mojor shear system is recognised as
playing a key role in muecleating fow displacement siniciures which host some off the magor
mineralisntion o 51 Ives,  The ore-hosting structores are being interpreted as aftershock
struchures sssocisted with major dip events on adjecent, crusial-scale shear sysiems.

A principal focus of reseanch in the Ore Genesis Group is the development of copper and
gold deposits al convergent plale mangins, This research program. myvidves three PhDs and Dr
R. Lowcks, Mr B, Rohrlach has been analysing u:ialgm isotopes i hydrothermally aliened
volvanie samples from the T on stratovelcano, which hosis a smaajor ¥y copper-pold
deposit in the Philipgrines, sotopic sudy examines the inersctson magimstic
hibrpthermal Pudds and meteonc water, as influenced by volcanic topogmphy on the hydrology
of the ore-forming sysiem, amd ihe relaonship of the Muid mixing 10 o depostion,  Mr B,
Setinhudi has analysed samples from Kelion gobd mine in Indonesia for major elements and fir
o wide runge of trace clements, The major elements and some of the rece elements have beén
uJTnl:I.ﬂliz the extrems hvidnothermal alertion of the mine area. 2o sanples roen the unaliensd
wnd petrdogical similar Magerang area o the nonbwest were also analysed for comparative

arposes,  Tesce clemen s, for elements that are normally regarded as immobile in
ydlrothanmal uids, are the same for the twe aress, suggesting that the Magerung dutn provice &
analog for the Kelian volcanics and can be used 0 study the :‘hrm'uﬁ evolution of the ore
ormning system without the complication of allerafion.  Mr I, Buallard hos been Hml_'p'irlgl the:
it i a copper deposit in Chile. This year he used the excimer laser (ELA) ICP-
5 1o dute igneous Frcons in the dwee wiies i the mine and showed that they span a
resolvable age mnge, consistent with the hypothesis that Chuguicamata owes s enommous sie
i three superimposed porphyry systems, He alse used variations in the Ce anomaly i zirooms
I show that the productive porphyries in the Chuquicamaty ares crvstallised from o more
oxidised magma than the bamen minsaons,

A leature of the Tampakan, Chuguicamala and Eelion studies is that Y asd the beavy rare

carnh ehements docrense with i magmatic differestiation in the felac soiles associated
with the ore deposits. This is unexpected because these elements are asually “incompatible” in
major igneous minerils, and so sccumwlate in the ressdual mell as magmatie i =

proceeds. The unusual depletion trend is attributed 0 extensive amphibole fractionation and
umplezs ihat the ore-producing sysiems are unusually water-rich.  The sddition of waler o o
magis expands the stability field of amphibode o8 the expense of plagiocluase; As a
consequence, it should be possible to wse vanatons o Sr.  which partitions strongly nid
plagioclase, and Y, which partitions into amphibole, © distnguish ore-bearing and barren felsc
systems. Dr Lowucks has shown that the 56 ratio in fertibe s of comvergent marging
inereases with fractionation but decreases in barren segments. wiithin one-hearieg
segmeniz, the productive soocks and porphyries have higher 567 ratios than barren infrusions.
This sindy suggests that 5oy mtios will be o virluahle aid 1o mining companies in the explomtion
for copper and pold deposiis al convergent plate mirgims.

Professor Cox, m colloboration with Dy S, Musroe (SRK Conalting), has been
examimng the coupling between siress states and flusd pressure regimes in generating the
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fauli'Tmcture sysiem which hosts. the intnisiye-related deposit af Porgera in PMG.
The development of suprabydrosiatic md pressures, and a ¢ in the stress regime during
the evodution of this imtrusive-relaied hydoothermal systen, is o Factor controlling a c
frorm distributed flutd Mow 1o highly kecalised, frociure-controlied flow, Early distriboted fasd
Now produced high-tonnage, low grade mincralisstion. whereas the laer Faubi-hosted Aow
regime produced extremely rich minerdisaion,

Activities in the Perochemi Group complement the field-based omad  analviical
-Eﬁp‘mrltt on convergent margin Cu-Au deposits.  FhD smdem, Mr A, Hack, and
I Mavrogenes sre conducting an experimental ¢ ign 10 explore Cu solubility m
supercritical and rwo-phase aquecus soblmtions, Cu solubility in silicase melts, and the criscal
isse of O partitioning between silicate mechis and co-existing vapour. Sigmificam advences ane
being made using high pressureigh tempersture labombosy facilities o RSES and the ANL
Geology Department, in conjunction with ELA-ICP-MS icchmiques.  The swady is providing
Fumdamental information on the processes Jeading 1o the formation of porphyry-type mineral
depiils bl convergent plale margins,

Using ibhe high baborabory  Facilities in the  Parochemisiry {‘.rn.'nqr.
Drs Mavrogenes and H, O'Neill are studying sslphur solubiliies in siticate mebs under
controdbed (0, and 15, conditions. The results indicaie that Fe(} has o stronger influence on
sulphide capacities in “haplobusaltic and basaltic melts than indicuted by previous work, The
resulis have implications for imderstanding the genests of magmatic Niand platinosd deposits,

High tenor mesothersral gold ares with low 548
JAL Poliw and ¥, X

Experimental stodees conducied previously al the REES show that pold is preseni in
sulphie-saturated hydrothermal solutions ai lemperstares above 3FC and 28 near neairal pH
P‘Irh.lpnllj' s .ﬁuH‘-?-lH 50,5 or AuHSY, Gaold solubiliy under such conditions is described by
the peneral femclion

Au+nHS = AuHSH,S) "+ 1121 H,

where nis | or 4, Variable and low %S of pyrite in high tenor ores of the Victory mesothermal
pold deposit of Western Avstralia inchicate progressive oxidation of initially reduced ore-forming
solutons, Lowering of the activity of dissolved hvdrogen gas, slH,), incneases scitubality
acconding o the sbove reaction leading 1w an apparent contradiction between ation amd
theory.,

in fluid chemistry and sulphur isotope values that accompany carbonation and
sulphistation of wall rock can be estimateéd for incremental resction of magnetite with CO, ansd
H2S in a pyrite-sanurated Muid acconding po:

Fe,0, + 3CO, + H, = 3 FeCO, + H,O
Fe, 0, +6 H5 = 3Fe5, 44 HO + IH,

Calculated reaction paths are shown in Figure 1 for two different fud stanting compositions.,
Solution pH is assumed to remain neutral {pear e quare-K-feldspar-mascovite bufTer) in this
simiplified model, which & consistent with ohserved mimeral assemblages, The stoichiometry of
the corbonation amd sulphidation renctions produces changes in H, that are the same onder of
those i OO, or HLS, although these two species one several onders of magnitude maone abundan
than H, in the Muids, ﬂmﬂﬂﬂamatﬂ ) are propotionadly much lerger than those in alH S}
or :EE‘IIZH for each increment of reaction r-:uu-re:u The resulting vertical reaction paths cross
contours of gold solubilicy s steep angles (Fi 1k Toothe cose of carbonation, gold sobubility
increases as the solution becomes increasingly oxidived uniil the HSO," predominance field for
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dissolved sulphur is encountered. From these to the pobnt whese the solution reaches hematiie or

te suturation. conversion of H,5 o HSO," causes 4 rapid decrease in afH,5) relative o
a(H, ), which results in Martening of the reaction paths and o precipitous drop in gold solubilty.
This is because the su lex that carries the pold is destabilised when sulphar in the ore
fluid is oxidised 1o sulphate. TEI.' largest decreases in wH,5) and a(LAu) occur arvand the
H,S/HS0, m:;ual-u:mnl:,- boundary and thus coincide with the point where sulphide sulphar
isolope compositions ane most strongly shifted 1o negative valoes (Figure 1L Wall-rock
carhonation thies provides a straightforwasd explanation for the negative comelation observed
between gold content and pyrite 75 in the Vidory deposit.  [n contrast, sulphidation of wall
rock resubls in a decrense m gold solubility as ibe fhed aslergoes ive reduciion il
pymhotite stability is reachad, whereupon Tusther changes in a(H.S) and a(H.) are buffered by
pyrite-pyrrhotite equilibrium up 10 magnente satursbon. No sulphir soope shifts oocar dusing
sulphadation because ithe Maids remain entircly within the H,5 predomanince fecbd for dissolved
sulphur.

log a(EAu) =7  «f -5 -4 -3

fe } CiHy
400°C -. —re
1000 b -
neutral pH |
1073 —
alt) .., |
HS50
108
13 12 13 1@
a(H; 5)
Figwrr [ Resction pahs shomwing changes nnru.m ond wlH.) 0 agecom solution dertng
will pock carbonation (solid lines) and datsind limind ai A0, DIKHD Baass el
neairal pHi Fram bwa inits] Ml o 1I-1I‘|1 :l'i'ih Mg =0l Aka shown ane
oo of iial pold mlubili.'l;l all; shifts of 58 H S relafive 1o bolk sl in

solotion; aqual setivily boundanes for HAHED,", L"l!,'.l.l'li'li‘ mnd AuHS AsHSH 5D,
stabiliny fiehds for magnetiie (M), Bematiie (Hr), povise (Py), and pymbcdig (Poi,  Und
stivily cocllicients asumed for all dissolved specics.

Ii 15 imievesting to note that o high pn:lp-uﬂimufgimﬂmﬂ supergiani mespthermal gold
deposits worldwide exhibit variably pegative sulphur i valoes and extensive carbonale
alseration. I the Golden Mile, Hembo (Cansda), Kirkland Lake (Canada). Hollinger (Cansda),
and Mclnyre (Canada) deposits, the sulphur isctope compositions have been inlerpreted as
rmecording  imvolverment of oxidized ore-forming fluids,  As shown here, Mdd oxidation
sccompanying carbonation of wall rock magnetiie can be an efficient means of  gold

precipitation.  We speculate that ot may play a key role in generating very large mesothermal
i,
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Crold Eapmmm miving of deep and surficial Tuids: fnferences from stable otope and
experimental e

S AL Patie, ¥, Xu, LM Comphell ond R Lowcks

The mescthermal gold deposits of Western Australia include some of the richest gold ores
in the world and sccount for a significant porion of total histonic production of Australia
The deposits were generaled by focused Mow of hydrothermal fuids within faoh and shear
zomes in the middle to upper crust. Determining the source and —scabe fow paths of these
hydrothermal fluids is vital 10 understanding the processes responsible for gold minemlisation
aned has important consegquences for developing successful exploration strtegies.

Oxyzen-isotope geochemistry af hydrothermal vein minerals from the Mt Charkitie
depusit ol Kalgoorlie and the Hunl..?lm.:liun. Revenge and Victory deposiis ot Kaombaldi suggest
that quarntz veins. and by inference their associaed gobd minerkisation, formed during influx and
mixing of coober surficial water with greenstone-buffered hydrothermal fluid  Experimendal
studies o the RSES mwbicate that sach a process would lesd 1o very eificient prﬁ';[m:llm of zold
nnij quanz, as both minerals exhibit strongly temperature-dependent solubility in aqueous
saaluithons,

Ecuaitibrum fractionation of oxygen-isotopes among  minernls solely wpon
temperuture, and this the tempersiure of vein formation can be calculated from oxygen-isolope
differences among coprecipitated minerals, The resulting emperature can be combined with the
mieasured &0 values for the vein minemls 1 calculae the oxygen Botopic composition of the
hvdrothermal fluid from which the minerals precipitated.  Using this method, we desermansd
temperatures and 60 H.O values of vein-forming Muids for alhite-, scheeliie- and magnetre-
bearing quanz veins from the Mt Charlote deposit at Kalgoorlie and the Hunt, Junction,
Revenge and Victory its ot Kambalda, The ¢ of oxygen-isslope tempemeures from
each deposit is very similar o those estimased from fluid inclusions, indicating that the oxygen-
isotope temperatures for the guanz veins e accurate. The relatively uniform quanz 60 values
require that the oxygen-isMope compositions of m‘n-rmu# Mudds vursed systematically with
lemperature.  When ibe data for the veins examinsd i this study are plotied, a positive
correlaiion between precipitation temperatunes and 60 H.O values is clearly evident (Figure 2),
Previoas investigntors noted the small spread of quarz §*0 values for veins m momy
mesothermal gold deposits, inchoding thise from Western Australia, and assumed that the
paremtal hydmthermal Muids muest have had constant oxygen isotopic compositions.  However,
sisch an interpretation is valid only if the veins were precipitated over @ nasmow lemperature
interval. More recent work has established that hydrothermal activity cocurred over a substantial
range of tempersiures (250-600°C), A wmperature spread of this magnitude requines a
significant variation in &0 values for the aurifenous Maid.

Further examinntion of Figure 2 reveals that above about 450°C, the data lie along a
greenstome-bufler curve; that is, the rend expected for equilibrium betwen a hydrothermal Toid
anl it variable iemperane and bow water g rock mtio (WR) Such o Moid could
have genersied by metnmorphic dehydration reactions within the greensione sequence o It
could have originated from an external source and exchanged oxygen-isotopes dunng fow
through the greenstones. In either case, this deep hydrothermal fluid maintamed thermal and
oxygen isotopic equilibrium with the enclosing greenstones due 1o o combination ol low Wi,
lomg residence times, and rapid oxygen-isotope exchange at high temperatares.

Below 450°C. the vein dain delincate a different rend, exiending away from the
nstone-baffer curve towand lower lemperatunes and oxygen isolopic compositions (Figure
ﬁtﬂmnnhﬁ tie o the left of the greenstone-buffer curve and suggesi mixing with a6
additionn! fluid with a low %0 value, Previous workers hove demonstrubed that hydrothermal
fluids in the Wikna and Racetrack deposits contained a magor component of sexwaier o low-
latinade meteonc water. The estimated fluid temperatures and oxygen-i compositions for
both Wiluna ond Rocetrack lie on the low lenperature extension of :ummrl'm-ﬁmhldn
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data array, allowing us to conclude that low %0 fluid was derived from the surface.  This fuid
probahly descended along normal or trans-tensional fmlts, flowed up the ambicnt e

graddienl im0 structures bosting the deposit, and mixed with deep, preenstone-buffened
hydrpthermal flusd,

T{°C)

T("C)

6180 H.0

Figure 20 (Topl- Ti upes and 60 H O valees of flukls ks the My Charlotie pold
i {riad | anal weverall deposits m ﬂ_u'u}ulhthqhwjmmr n-iw‘ﬁ
Erl.ilhrl.lng in quartz-albite and quanz-scheelie wins, Al shoun ae e:purlrschmi:
ing of & fuld by preensing: @l mc-contolled ciygen-issiope exchinge hefueen
water s rock mewuming as @ iew welocity of | and & peotermal gradient of

Skm for dows-T flow af a hﬂm fluid inmialy o equilibriem will
Hﬁﬂf:l:lrﬁ-iﬂtﬂm}t Same as (top) with expected wend for up-T flow al "O-deploied
#u waker,

Gold solubility in squeous solutions buffered by magnetite-pyrchotite-pyrite-K-febdspar-
muscivite-guarts and containing 0-1 m C1 has recently heen determined at elevased
angl pressure ot the RSES. The experiments mvolve tropping fuid s peak T and P in synibetic
inclusions in quanz and sehsequently mﬂmﬁni their compostions by ELA-ICP-MS.  The
results show that the solubility of gold in a kely greenstone-baffered hydrothenmal fuid
increases exponentially with temperature in 3 manner similar (o thal for quartz (Figure 3. As a
consequence, if a deep, greenstone-bulfered hydrothermal fluid encounters and mixes with much
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cooler waser, the resulting hybrid will be supersatusated with both gold and quarte, even if the
initial gold concentrations of the Muid end-members lie below ssmration,. Mixing between fluids
of contrasting lemperature therefore provides o simple explanation for the uhiquitows spaial
associntion between gold mineralizaton and quanz veins in mesothermal gold deposits and can
explain the occurrence of mesothermal gold ores in a wide variety of rock types.

2000 hars

U raE oty

fiuid mixing ling

*
1000 ungersaluraied

——Si0, (mg/kg fluid)
L1
%
~
=
Au (ng/kg fluid)

o
a 100 =0 300 400 500 )

T(°C)

Figuee I Iigimhmml sulubalisy of (binck) mad pold igrey) as Fanction of
wempeniure @ 2000 bars.  Hydeothormal fhad in equilibriom with aersd. quarte-hearing
preessaone ot AHFC will e on the quaste safurstion cuive. A 5 cosxeuence O the '-iﬂ
temperatune dependence af gold solubilidy in ‘hraring  mpuegsn soBalions,
comcestralion of goll n soeh o nwmmfy i be determined by the WK and labile goid
cumtent of the source negion. The walse shown v for | H-AD inleracting with a
reemaone contaiming 3 ppb (ngkg) extractable pold  Mixisg of (Bis decp hydrothenmal
il with A°C serficial waler will reswll @ vdebds thel are goony sepersiunmed
throuphout asd siroegly gobd soperaiursted below 350°C.

Greenstone-belt gold lodes localived by anticline focussing of metanorphic fluid fTow
KRR Livucks

Discussions of sructeral controls on localisation of hydrothermal gobd ore deposition in
Archeun greenstone belis, soch ns Western Austraha™s Eastern Goldfields: region, abmaost
imvariahly focus on larpe-scale faalts as the miin conduits for delivery of metalliferows i w
sites of gokd sccumulation. In the comext of the RSES Fluids in the Crust simiegic research
imitiative (19941999}, an effort has been made 10 bener chamacierise the evidence Tor, and the

mechanisms of, % MMuid migration through deep crustal regimes hotler than 350°C which
generally deform m o plastie fashion in response 1o moderale leclonic stresses applied on
geologic tine scales. prevailing view has been that, during heat-induced me

tamorphie
recryslallisation of hydrous minerals 1o form volatile-poor mineral assemblages, the liberated
buoyant Muids escape vin sub-vertical hydrailic fractures generated by intermittent build-up of
Nuiil overpressures,

Metnmorphic rocks hot enough w mdergo plastic deformation have generally been comsidersd
incapnble of sustaining the lng-range contimuity of WHL}I needed o conduct Kilometre-
scnle Mukd Now with o substantind Eleral component. iractinnenal view theat Now of boaoyant
Muids through metamorphic rocks s essentinlly vemical warrants reassessment i light of
improved understanding of how percolation networks. develop in deforming successions of
layered rocks that contmn contrasts in plasticity or brittleness.  Thick successions of layered
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volcanic and sedimentary rock were deposited in subsiding Archean greenstone trough-asins,
and were deformiad as comugntion-folds with Lilometre-scale amplitdes and tens of kilomeines
fold kength, OF special interest are layered rock successions conlmn extensive layers of
komatiite. which is convenied by Muids into serpentinite (soapstone), a rock type o i to
retain a percolation petwork of open pores and cracks essential 1o Tuid fow, e,
extensive, thick lavers of extremely plastic serpentinite shoubd be barmiers o fluid Now and diven
Muicls through more brittle, cracked bivers of basall and shale,
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Figure 4:  Ceologic map of part of the Morscman-Wilona greensione heli i Weserm
Australin’s Yilgem Cratos, showlng major emly “DI1™ fodds mnd coeval thrusts in relation
i foemthons of afl kescwn gold deposits contasning =10 tonnes of gold.  Production +
mllﬁtﬁuuﬂlmm . Fobd s Toull distribations im the
pohdficids and this logic base-misp are compiled from many published sources. Mearky
all published studies dscussing strictural contrody on are focalion in ks reglon have
postalaied thel formstion of major pold deposits requires major Tl ws idothermal
“plumshing”™. The Boshier and Lefroy Faulss o Iy suppesed po be b main fuid
conduits. akomg the Kalpoorlie-Kambalda wead. Semplified maps showing all major gokd
dieparits Froom \‘jclug:;dﬂadtlinm limedd up on the I":.uIE" may sericasly
miskad exploralion an assumied seructiral contrals. OF 23 deposiiz on e map,
20 lie on oo near the ceests of anticlines, inclading all four giam deposiss havieg =100
tomnes coetaited pold (Wictory-Defiance, Kanowsa Belle, Goldea Mile, mwl Mi Charloise],
el includang the larpest & of the 7 » Mo deposit is on the Lefroy Fasli; the
Beiil e Fault encombers only Mew Celebratioa and Jubsloo - where it inlencepts the orest
of ke [ anficline. [Except for thees sbesr-some deposits nof on anticlines (Cave Rocks,
Paddington, Panglo), the deposiis formed in minor fiubts on or near crests of early, majir
antickines genersied pescoomtemporancoisly wilh diapinc emplacemest of majar granitend
harhodithe. Ceval synetines ane conspiosomsly un.pmmu
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Chert is another common rock type that behaves more plastically than interlayered hasalt and
shale. Chen and komatiite wnits t@dly were deposited with |steral extents of hundreds or
thousands of square kilometres in subsiding Archean volcano-sedimentary mm.th-hmim. Thewr
broad extent and relatively plastic mechanical properties permit those rock types to [ll.nt
imponznt mles in focussing regional-scale fluid Now by diverting Muids inso permeable o
layers. The flow up both sides of a kilometre-scale fold converges in the crest of the fold, so
fodd crests should be sites of Muid accumulation, and sites of gold accumulation if the Muids
carry dissolved gobd,

A global survey  seeking field evidence in support of this conjecture has identified many
persuasive examples of fold-focussed Muid migranon in gold-producting granile-greenstone
terrains of Archean cratons, wherein the geochsonologic, gpeochemical and structoral data are
consistent with & predominanily metamorphic origin of the gold-mineralising hydrothermal
Muids. An example from the masin producing region of Ausaralia is shown here as Figure 4.

Oher magor producers from fold crests (anticlines) in Western Australia include the Norseman
and Mount Magnet goldfields. With =1800 wnnes of recoverable gold, the Porcupine gobdficld
in Ohianio is Canadn’s most importants its major producers - Hollinger-Melniyre Diagme-
Preston, as well as lesser mines ~ are Jocated along the crest of the Central and South Tisdale
wiclines. Tn Oniario’s other two | goldficlds, Hemlo (-630 tonnes gold) and Red Lake
(=600 tonnes), the main lodes are on k scale anticlines. Most gold prodisction from the
Zimbabwe craton has come from the Midlands belt. wherein the major producers —
the Cani and Motor, Golden Valley, Globe and nix, Caika, and others - lie along the - 100-
km-long Kadoma anticline, Most of Sowth Africa’s e godd production is from the
Barberton gobdfields (=250 wnnes gold), mainly from the Sheba and Fuirview mines, which Be
along a shear system following the axial trace of the Sheba-Barbrook anticline, In the Archean
Sa0 Francisco cralon, Brazil's most important gold deposits = Morro Velbo, Raposas, and
Cuibd (=630 tomnes of gold) lie atop the 30-km-long Rio das Velhas-Mariana antictine, and the
am}ﬂﬁm and Samia ﬁ:ﬂu mines (=100 tonnes pold) lie sop the pext antichine eastwand in
e ol series.

Structnral and deformation controls on flvid fow and ore genesis, St fves GoldfTeld,
Western Ansiralla

5 F. Cor and K Bumitag”

Ungoing structural, microstructural and hrulmhnml alterntion studies of o major group
off Archacan gold deponsats in the St Ives Goldfield {south of Kambalda, WA ) aim 10 advance our
funclamenial underaanding of the coupling between crustal deformation processes, crustal-scale
Muid flow and ore genesis, The project is also providing new understandings of the influence of
high flusd fluxes on mechanics of fawlts and shear zoncs gt depths @ which major eanhaquakes
nucleate in continental crust

Major developments in the past year include:

*  Recognition of kilometre-scole variations i itensty of veining associated with
mimeralised shear systems, These variations are interpreted 10 refllect vanaiions in the
pore: Mk factor (the rtio of pore Muid pressune o overburden pressure) in the gokd-
rrzfu:ing hydrothermal system in response to luteral and verieal varistion in Muid

' Mbes.

*  Inereasing recognition of the mle of competence contrast between rock units as a key
factor localising fraciure growth, permeability enhancement amd one deposition.

! Depanment of Giecdegy, The University of Newcasile, NSW
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»  The recognition of multiple styles and episodes of hydrothermal alierstion in some of
the mujor ore-hosting snscfures, together with documentation of  overprnting
relationships hetween alieration sssemblages, are providing insights aboot the
dynamics of Muwid flow and interactions between various fluid reservoirs during gold
ineralisation.

* A 3D visualisation of all the geological (owtcrop and drill cone) deta and gold assay
data for the Victory Complex has been completed amd will form the basis for
numerical modelling and analysis of Muid flow in this major gold system.

An important result has been the recognition that contractional jogs, and ot just dilational
joiu.&_mbr.- a key factor locakising fMaid Mow 1o restricted parts of faull systems. In the St Tves
gobdfield, low displacement imbricate thrust systems have developed around a contractional jog
on e moch larger d:ﬁpbctuﬁl. arrike-slip Playn Fault. Imtense shearing and associated
fracturing has penerated a gh permeabifity domage zone around the contractional jog and
Tocalised some of the major gold deposits in the St lves goldfield. The damage zone ol low
displacement reverse faulis and shear zones exiends up 1o several kilometres away from the jog
i the Playa Faali.

By analogy with the modern distribution of seismic activity around major fault sysicms,
low displacement structures which host gold mineralisation in the 5t Ives arca are in by
be afiershock struciures generated in association with major slip events on the Playa Faulr and
the nearty Boulder-Lefroy Fault. Modelling of stress ransfer associaled with seismogenic slip
on modem active foulis has recently been used successfully o predict the distribution of
aftershocks around langer seismogenic fanks (Stein, 1999), We are exploring the application of
stress transfer modelling in analysing the distribution of how dEsplacement, gold-hosting Bl
systems around crustal-scale shear zones.

Mcﬂmﬁm mmmmmmmmnmmm
Wesrern Au /

O, Mentk, JAL Plin asd LI Camphel!

Aschaean greenstone-hosted mesothermal deposits ore an important sowrce of gold
throgghoot the workd. The Yilgam crson in Western Australia is host 1o many significant
deposits of this style, with the giant Golden Mile deposit by far the Although the
Golden Mile i often refermad o a5 the type example for this style of mi ieation in Ausiralia,
it is fundamentally different in size, metal budget, minerabogy and structural control on lodes
from other Archazan mesothermal gold deposits,

The aim of this study is to acquire lmdamental scientific data from the giant Golden Mile
deposit and estnblish the ongin and composition of the aunferous ore forming fluids. Proposed
analytical techni include: Muid inclusion studies, mineral trace element geochemastry by
laser ablation I-Em.hydmgm oxygen, selphur stuble isotopes and lead radiogenic isolopes,
A peochronological study to determine absoluie age of gold mineralisation is also propossd.

Multiple mining leases hr:_lrn:l-i.nmty limited research @ the Gaolden Mile to areas
comrolled by se mm iis project will be the first o examine the Golden Mile in
its entirely. project s supported through the SPIRT program in collaborsteon with
Kalgoodie Consolidated Gold Mines,
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Figure 6 The upper disgrem shaws Twe conbrasting tnends of the SoY mitio in thee
segments of the TH-km-kong Ceénteal MindanaoSanpihe wland-are volcamic chain  The
el Mindanas and sonberly Sangihe islasd-wc TL‘ contain ne kedwn sigeificam
bysdrothormall pobd- one depoits, but they hrag B inlervening segimenl cosmprisig
sevieral voloume e in southern Mindanao thel coilatis sajor copper and pold o
deposiis prodeced by hydnahenmal ihsds cusolved from orvstallising magmes.  The
conerasting hefuvios of the SE7Y ratio in the prodoctive (Bilack diamondsh ond engeoductive
fotiehes Sl Ghokas ) ane Is mlicaies thai ihe ive magmas wene exceionally
rich im desolved waler the course of mugms crystallesation, (Mo ek
!-mhnhmwmhqﬂ.- valcans samples by lmzr-ablation 1CPMS by B
; ofher dain points are analyses. cosapiled from many lferature soorces.)  The
baien diagram ilhasimics a similar ¢ase in 1he Chilean Andei. where o rich mineral bel| -
wilh masy gold mines in the 26-30F8 [atitode inlerval and 3 glant FTY-COPPer Tises
af A2.5-14.5°8 - is bracketed b the nonls and soutls by bong chains of igneous cosnpleas
dthmhfumdmkpuwnmn&m&pmm the MHoveme epoch (24 10
§ millbon years agog. Al svailable Mu:lfﬁdr vakanic and sib- volcanic
pucks nlong ke Muccene s front witlin cach latitude interval are incloded in de plol.
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RK Loweky, 1. Bablard gnd LH. Camphell

Al scales on the onder of 100 kin or so encompassing several nearly volcano-pluonsc
Wm eruptive rocks often show similar trends in the behavior of the S6Y mtio during
cryvstallisabon-differentiation preceding eniption.  Bal contemporansais ialisaye

m: s in the same regions display much less coberence in their S8 trends, so attention o the
dlﬁtm among ndividual intrusions is required for discrimination of the Ve Ones,
The greater regional coherence of volcanic rocks, which simplifies e target sclection,
p-uhnhl.:.r reflects a tendency of volcanic eruptions 1o provide 3 sampling bias woward eruption of
witer-fich  magmas, Exsolution of hydrothermal Muid from 3 crysiallising magne 15
sccompanied by a substantial expansion of the magma’s volume as melt—+ meli+bubbles, which
ofien triggers volcanic eruptions, spewing the sulphur and metals into the atmosphere and across
the landscape, insiead of muking an ore deposit.  Infrequently. exsolution of magmatic
hydrothermal fuid occurs in a shallow mugma body that s sufficiently small, or in o larger
magma  body thut is buried sufficiently deep thut the magma’s volume  expansion is
secommodated by deformation of enclosing rocks, without triggering o voleanic erupthon. Such
boddies of un-erupied magma can genersie ore deposits that are nsually associnted regionadly and
temparally with arcally extensive voleanic rocks sharing the elevand S0 chemical signature of
are-productive magma in the same volcanic-plrsive composite igneous complexes. M?_gma
boudies can also fatl w erupt if they contain o linle dissolved water o exsolve a significant
volume of hydrothenmal Muid at any stage of crystallisation. These become burren intresives. In
ather cases, relatively HyO-poor magmatic differentiation series may eventually exselve a
wmmmwnumm:rmmmmm ipitted most of s r amd
precious metals as igneows sulphide crystals, in which case I:{:“ d Muigd exsolving lake
from metal-stripped silicate melt may be too impoverished in ore mﬂ: by ke wn ore deposil.
We show here that the 5o ratio in mensive granitobd rocks is useful in discriminsting those
bodizs m.,-_n.pa.bh aof |mk|niunr¢ from these that contained sufficient H2O over the course of

igneimis wallisation o have a high probability of relessing an one-producing  magmatic
hyuh:nhe:?ut fuid.

Figure 7 shows our ICPMS measurements of the whole-rock So7Y vatio in 19 samples
froim ore-productive and bamren intrusives spatially and & v associoied with the miant
Chuguicanits porphyry copper deposit in ponthemn Chile. three produclive stocks (hlack
sqquares ) are distinguished from unproductive intrusives af Choguicamata (open squares) by low
contents of whole-rock yitium and generally higher SoY rafios,  The Chuguicamaln dats e
compared with our compilation of data from mam:r published licrature sources describing
productive and harren intrusives associated with other porphyry copper-gold deposits in the
Andes and in Arzona and the South Pecific. Figure 7 shows that plots of S07Y against Y ane
remarkably successful in soring ore-productive intnusives from spatially associated mtmsives ol
similar age that fafled o gencrate ore.  Most productive ininisives (black symbols) have low
coatents of whobs-rock Y and SofY > 40, whereas unprodeciive intrusives (hlank symbola) pls
in the lower night-hand 5rd:| l:ll' the amay, Comparison of this plot with Figures 5 and 6 of the
previcus aricke indicates that in Figure 7 are composies of two oppesing magmetic
differentiation trends.  Parental bnnhgnwm with initidl 507 = 30 and relatively low initind
Hz0 evoldved toward lower Se7Y and higher Y as crvstallisstion-differentiation proceeded towand
derivative magmas of granitoid compositions.  Parental basaltic magmas with inital 567 also
around 30 but with relatively high initinl Hx0 contents evolved foward ifoidd derivatives with
bw ¥ and high 507, due fo the effects of dissolved magmatic H20 on homblende and
plagioclase stobility, as deseribed in the preceding anicle.

Having selected a prospective negion according 1o SoY criterin described i the previous
articke, the explorationist could consduet follow- r.|p mmg of thise regions ab higher spatial
resolution for chemseal inalysis of intrusive rocks sefect specilfic drilling targers using
the SrY indicator in the manmes shown in Figune 7.
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enpenditmres

16l



RESEARCH SCHOOL OF EARTH SCIENCES — ANNUAL REPORT 1909

Fluld flow within o voleawie-cenired, magmatle Ivdrothersmal syitem = A disivicl-seale
wilile-rock axygen-tsotmpe siuay

802 Rahelach, S, Fatis ped B8, Lowcly

The Tampakan porphyry-epihermal copper-gold deposit in  southern  Mindanauo
(Philippines) is hosted by s Pliocene age, erosionally muncated siraovolcano.  This andesitic
volcamic cemre wis the focus for o large magmatic hydrothermal system which formed both
porphyry and epithermal copper-gold mineralisation. Current models for formaition of high-
aﬂ:rid;u_iun epathermal copper-gold ores invalve condensation of metalliferous volcanic vapours

mixing of those magmatic Muids with m-n.:!gw shallow, meteoric ground-water flow
syatenis high in the supersiruciure of volcamic fices. Widespread imtensive allerstion of
vilcanae rocks by sulphuric-gcid-rich fluids accompankes silicification and metal deposition by
these shallow-level Auid mixing processes,

This study is utilising oxygen-isotope dutn from 137 whale-rock samiples collected over
an ures in excess of 2000 square kilometres, 1o investigate the imtermction between magmatic Nuids
and meteoric ground-water in o volcanic-centred  magmatic hydrothermal sysiem. Oxygen-
isotope (8'0) deta are being soguired on a4 conventional oxygen line using bromine
pentafluonde as the rn:u:lrl agent 1o extract (0, gmi The oxygen-isotope dala s being
ntegrated with r?wnmﬂ dita ac h{:lmmn microprobe analyses of
::]-.- -.;L-mamuhlmmfm aof the whele-rock powders, and with districi-scale

weralion mincralogy defined by Mlﬂlu: rock infra-red spectroscopic .I.Iﬁl_',ﬂ The sudy seeks
1o umderstamd the hvdrological struchure of o volcano-centred magmatic hydrothermal svsicm
though determination of %II.‘ relative influence of sotopically contrsting  magmatic VTS
meteoric water induced allemtion in different portions of the volcanic centre, by mapping of
regions where Muids are migrsting up or down a thermal temperature gradient, determination of
the wotil Puid Nux reguired o shift 570 vales 1w those observed. and by understanding the
spatial variation in time-ipegrated comulative ubd-rock ratios.

Whole-rock major-element compositional data for each sampde are being used (o cstimabe
an oxygen isolope fractionstion factor for  each whole-rock sample, thus allowing
mineralogicalfoxide compositional variability 16 be taken o account during o af
oxygen-isotope (5''0) vanation within the district.  Preliminary data at:qumnm icates there
is sufficient varability in the whole-rock data-set 1o enable a district-seale oxygen siable iotope
studv of the Tampakan hydrothermal system and the effects of palaco-topography on magmatic-
meteoric ground-waler inferaction.

Magmatic oxidation state fnferred from REE systematics in zireon
J. Baiiard, J.M. Palin and |, Compbell

The wesiern in of the South Amencan Plate hos been gssociated with continenial
sulsluction since the mi Jurassic, This lectonic semting has prodeced magnuatic bels of cale-
alkaline character in Chile. In the Chuguicamala apes, crustal seale structunes may have
acted as suitmble conduits for these magmses to reach shalbow levels an the erust where ey

This study sets out 1o understand the conditions that are favourable to the formation of
world class copper deposits und in particular, the rale of the oxidation state of the in o
formation. To achieve this, zircons were analysed by ELA-ICP-MS using NIST 612 as the
standand. Ten grains from ench sample were analysed the three mineralised Chuquicamata
mine porphyrees and six bamen regional inmosive units, The concentration of divalent, mivalent
ind tetravadent cations were measured in each of the zircons, The estimated Ce™ 1o Ce™ ratios
in zircons from the varous wnils” were caleulated from the obterved Ce concentrufion ﬂ,Frl:lm
ELA-ICP-MS) and the predicted concentration for Ce™ from the trivalent REE trend and Ce™
from the tetravalent hafnium-thorium-uranivm tend.  Similady, the BEo™:Ev™ ratio was
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calculated from the measured Eu concentration and the predicted concentrations of pure Ea™
aned Eu" based on the trivalent and divalent tremds respectively,

Initsal findings suppon a positive cormelation between the mineralised ore-bearing wnits in
the Chuguicamata ming and the oxidised magmas, as illustrated by Figure 8. Based on these
observanons, the oxidation state of the magma appears 1o exent a control on the fertility of cale-
alkaline magma systems, I s control proves 10 be oritical, it muy be possible o use ircmm
peochemistry b distinguish between ore-bearing and bammen systems,  This is potentially of
greal economic significance because #ircon is a resisisle mineral which servives weathering and
1% resistan 10 abrasion,
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Figure & Fivon Ce™-Ce™ ratios in dhwoe ore-hearing inirsives smd five wmiminembised

itrasives from the Chaquicemnats dapet of mofibern Chike,  Each pomi ihe
avernge of 11 replicare BLA-HCP-ME anatyses of dincon from ihe B anits st

High precision U-Ph gircom geochronology of multiple igneous evenis in the super-giani
Chuguicameta porplivey copper deposit, Chile, by ELA-NCEMS and SHRIMP nrmn‘r

L Hattard, 20 Palis, LH, Campbell aod | Willromn

The Chusquicamata mine is historically the waorld's lurgest copper producer and has been
in operstion for the last 83 years, The deposit is kocated in the Precordillers of nonh Chile o the
southern end of the 12 by 1-1.5 km northerly wending Chuguicamata Intnisive Complex. The
mineralised easterm section af the mine consists of three intrsives - the East, West and Bench

yries, Barren Foruna Complex is juxtaposed against the productive section of the deposit

y the West Fissure, a 37 km net simstral displacement sirike-skip fault.

Previcus “Ar-“Ar smdies suggest that more than one hydrothermal event may have
affected Chuguicamata, However, there ane o precise igneous ages on the three mineralised
pomphyries and therefore the time evolution of the igreous sysiem remains unclear, The purpose
of this study was o test an b si thal Chuguicimais is 3 super-giant deposil Beciuse two
of mode disciele igneois a gdrulhmnul evenls hove comtributed fo s formastion.  That s
Chisquicamati is two, and possibly three, superimposed porphyry copper deposits.

The technique wsed to dote the porphyries in this siudy was U-Pb doting of zircons by
ELA-ICP-MS, This method has three importam advamages over ghermnive iques. Firstly,

163



RESEARCH SCHOOL OF EARTH SCIENCES = ANNUAL REPORT 199%

U-Pb systemutics in young zircon ane hig;hLlesiﬂnnl i hydrothermal resetting. Secondly, the
ELA-ICP-MS i= o micro-beam lechnique allows grains with inherited cores. which have
been found in the Chugquicamata porphytics, 1 be identified and rejected. Finally, the ELA-ICP-
MS is a fast and low cost me for dating voung igneous rocks of high precision,

The reliability of the daa produced by this technsque are confirmed by comparison with
SHRIMP duting of the same samples, as illustrated in Figure @ The results for the tvo methads
are comparnble bt ELA-ICP-M35 consumes more material and more pnalyses are reguired io
achieve equivalent precision.
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Figure ¥ A Tera-Wasserburg ploi of Chugoicamain's Bench Porphyry.  SHEIMP ™'Fhb
:mmm&-nms‘!ﬁmmwwm
The identification of anciens manile plumes

LM Comphell

Ancient mandbe phanes can be recogmized from aplifi prior to volcanizm, the onentation of
dikes that leed the volcanism, the nature of the physical volcanism, age progressions along
voleanic chaing and the chemistry of the magmas they produce.  The thermal - anomaly
invtroduced by wrival of a plume head beneath continental croest leads to widespread oplift. A
plume head, with an average temperatune excess of 10T, will produce 500 1w 1000 m of wplifi
prior tix volcanism over an o wea shightly soaller than the Matcocd plume hesd.  During
volcanism, the surface onto which the livas erupt subsides doe o deflation of the underlying
manitbe as melt is removed o produce the haclts. However, this is balanced by the ensption of
basalt onto the surface so that the net additional change in the surface level due o volcamasm is
small, and may be positive or negative depending on geometric considerations.  Uplift is
followed by gradual subsidence as the mantle thermal anomaly decays over a period of =1 Ga

The domal uplift associated with emplacement of a plume head leads 1o extenson ariund
the circumiference of the dome and to the formation of radinl dyke swarms, wdel there is no
external force acting on the region. 1F there is a pre-existing extemal force, the dikes will wend o
partially reorientate perpendicular to that force 1o produce rediating dikes,

The physical volcanology of plume basalis is characienized by massive lows thad can be

correlated over large distance. contrast with istand are hasalts, which consist dominantly of
pyroclastics that are difficalt 1o cormelate over large distances, and with MORBs, which are found
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only i ophiolite sequences.  Chans of volcanoes, which are produced by melting plume mals,
shnw systematic age progressions that are disgnostic of mantle plumes,

The chemisiry of plume magmas reflects their ongin in anomalously hot zones in the
manike. High temperstun: magmas, sech as piories and komatsies, and high-pressoare magmas
sauch as alkali basaks, nephelinites and type- | kimbertites, are characteristic of plumes, The high
Higuichus temperatires also lends 1o high Cr inolivines and 1o high Ni &t @ given Mz0 content 10
plume basalts, Chondrite normalized trace element patiemns that ane strongly enrichment,
with no Nb, Ta or Ti anomaly, are found only in plume basalis, bat not all plume basalts shase
these features.

Erevctremistoy of the igneons swite associated with the Kelian gold deposic, Indenesta

B Sevinbady s M. Comipabsef]

The Kelinn gold deposit is an imrasive-related low sulphidation system, siuated within the
Centrnl Kalimantan Comtinental Arc which consisis of ic-trachyandesitic volcanics and
intrisives of Lase Oligocene — Middle Miocene age.  The hydmdytrml minernlisation is
hssed by o seres of miercalaled felsic wff and volcanickostic sediments inmruded by andestie
stocks. of the ams of the stady was 1o 1est a hypothesis that the auriferous Auid o Kelian
is the product of fractienal crystallisation of an igneous body at depth which is the parent 10 the
felsic mocks that host the ore,  Unfortunately it s not possible 1o make such o stedy of rocks
from the mine arca becouse they are highly alered so that many major elements, incloding i, Ma
and K, have been extensively mobilised.  However, uimilar rock sequences occur in the
southwestern area (Nakan) and the northwestern areas (Magerang and Imang) which show Enle
evidence of alteration and are suitable for a detailed geochemical swdy.

The Magerang-Imang intrusives are of low K 0 medium K andesite and have well-
defined. linear trends when major and trace elements ane plotted against 510, over an 5i0, rnge
of 56 o 64 wiT, sugpesting that chemical vasiations wlpl]in&u: sujbe ure controlled by erystal
fractionation, Mg0, Fe.0,, Ti0, and Ca0) decrease amd Na0, KO and P.0, increase with
increasing Sit),. Highly mcompatible elements such as La, Th, Pr and HP' abso increase with
increasang S0, bt weakly incompatible elements show no increase and some, such 2% Sm, Ho
and Y actually decrease.

Within the mime area, silica has boen mobalised by hydrothermal alteration o it can not be
usexd o moniior maetional crystallisstion, However, in the unabiered sanples from Magemng,
highly incompatible elements, such as Th comelote with $i0,. Beciuse Th is much less mobile
than Eiﬂr. during hydmhermul alieration it has been used 53 moniwr of fractuonation for the
altered mune samples. In the east abiened samples from Magerung immobile elements, such as
UL Zr, HEL Y, Wb, Ta and REE, increase with increasing Th concentration.  The plots for Kelin
sumples show similer mends for immobdle trece clements, suggesting that the two suites ane
closely refated. However. the dats are mmsch mone scattered in the altered andesite from the mine
area indicating that alteration has prodeced some mobility for clements thal are normally
regarded as immobile. The range of Th values is moch grester in the mine sequences and s
prohably a factor of 10 greater than that in the unaltered somgples. This suggests that the Kelian
rocks have undergone a much grester range of fractional crystallisation than the Mayerang
sumples, Crantitative modelling of the elfects of fractional crystallisstion on ihe irnce ckemens
15 i ProgEness,

Future loborutory works will inchede  geochemical snalvsis on the other least altened
samples from Magerang and Kelian ming aneas 1o exient ihe frctionation range in both areas
and 1o test ihe comelmbon between the regions. The comelation will be further tested by U-Ph

idating of zircons fromn both areas, PGE and gold analvsis will be caoried ol 1o study the effect
of fractional crystallisation in concentrating PGE and godd.
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The sulphide capacities (O, ) of haplobesalic and basalvic sificate melts at 14900°C and T bar
LA Moveopenes and S (PNl

Fincham and Richardson (1954) showed that sulphur dissolves in silicate melis @ low
oxygen fagacitics ([0, < QFM) as 5%, and does so by replacing O on the anion sublattice, as
described by the reaction: 07 + | ,_'-‘. =57+ 2 5., This suggests the relationship: [5] = C,
(15000, whens [SI 15 U sulphur u::rntn:m of the mell (conveniently in pni) and O s lhr
“sulphice capacity™ of te mell. which may be nght of o an :qulrhwm constant, and is &
function of meh composition as well as e mperaiune pressure. Fincham and Richanduwon
(1954) experimenially verified the (15/10.) T:!ullws-ihm for simplified metallurgical sing
compositions in the system CaD-ALO-SI0, (CAS) by varying IS, and [0, independently af
1 atm. Subsequent work has nepeatedly confirmed the vatidity of the Fincham and Richardson
mioudel for other simple metallurgical siag compositions, bat there is only lmused infommition oo
the soluhility of sulphar in silicade melis relevant o geology.

Obviously C, oaly has me if the (15,/10,)"" dependence shown by Fincham and
Richardson {1954) is obe IuE thiis n:lun:mﬂup kas been confirmed for an Hawadian
iholeiile: compositiv asurs and Magashima (1974), other studies (Hou LD e ool
Economic Geology, 1974; Buchanan, D.L. and Nolan, 1., Can. Minerul., 1979 have shown
disturhing deviations from the relationship, which, if real, would demand 1@ fundamesial
rethinking of the sulphide snluhltn} theory as d:-':kﬁ by the melallurgisis, Moreover, there
are apparen inconsisbeneies in 1 t:ll sudie presently preclude the development of
o quantitative model relating su uhlml o mell composition.

Accordingly we have embarked on o o stsdy ﬂ.p-:nm:nnll sulphur solubilities
in silicate mehs under controlled 1O, and 5., firsly to test the (f5 00,7 relationship over o
wide range of silicate melt compositions, and hence, if the relatsonship is confirmed, to detenmine
the compositional dependence of Cs. Initinlly experiments have been undertaken ot the rebatively
high remperaiire of 14000 10 access as wide a range of composations as possible.

Emnummnhmmlmwmmm] verical ube fumace equipped for gos
mixing, using C0,-CO-S0, mixtures 1o impose 0, and f5., delivered by commercial mass
flow coatrollers. The performance of the controllers was tesied v during the
ﬁu‘mﬂuulm paign by calibrating their flow rates using the moving method, and the

and CO Aows were funbher tested in siio um rifconin oxygen sensors. The oxygen
sensors deteriorate ra ielly in the § atmosphere @ | C and could nod be used 10 monitor gas
MixmEes |..'l;'||'||!|,l'|.|.|.|.'rl.i:i.|P ‘In fact. the major experimental problem in studies of this | ﬁe i5
comlensation of solid hulphurmﬂ'rcuml parts at the top of the fumace, which may then 1?51 off
into tse hot par of the fumsce, greatly increasing 75, over tat calcubaied from the gas: mixire.
To minimise this, we established for a range of compositions the time peeded 1w reach steady
cinfe 5 solubilities, amd ook care not 1o exceed this time o0 muoch. The fumace was cooled
donwn and the msdde of the muifle wbe cleaped between cach min

Four sirategies wene used for investigating the effect of melt composition on sulphur
solubllity. For the first strategy, we selected for siudy seven near-sulectic compositons in the
CMAS system, plus compositions along the join CaAl 50, -CaMgSi,0, (anorthite-diopside).
Secomdly, staring with _anorthite-chopsade eutectic as thi: composition, we  sdded lh-:
following components: S10,, MgSi0,, CaSi0,, Mg Si0,. FeO, Fe S0, Tild,, Hnﬁlhi,ﬂ..
compositional range of these psewdo-binary joins extended either 1o the pure component wi
this rvehis below 1400PC, or to the bevel af which the meh beoomes saturted 0 the component Bt
1400°C (eg ~15% for Mg 510, ~60M% for CaSi0y). Thindly, we swudied an asonment of
natural mell compositions b'F'Mﬂi-l'lﬁll range of FeQ) contents. Lastly, we hove attempted to
replicate some mesurements on mell compositions sidicd by previous investigators,

Samples were hung on Pi loops (or Re or Fe-Ir loops for Fe-bearing compositions), and

run generally six o a ime. Quenching was by dropping into water. Samples wene analysed by
electron nunn;:nh:uumgwﬂﬁmd a troflite standard for 5. EDS was used to confirm major

166



ORE SYSTEM STUDIES

element compositions,  As expecied, alkah loss and Fe loss into Pr loops wene pervasive
priylems.

The resubts were fitted by a ghobal mon-linear least squanes regression o an expression of
the form: [§] = cfﬂgmlm“"gA“l MO, | where MO, are the oxide components of the mell (in
wi ), and the coefMicients A, are used 10 describe the compositional dependence of C,. The fir
102 the distn shows that the {E"S: ™ relationship is followed by all compositions. ‘We find A,
= Ay, 23 Ay > Ay with the chems for other oxide com us (5i0h,. ALO,, Ma.0) being
effectively mem. 'Mhe magnitde of AM comeliles v with the magninsbe of the free
energics for the reactions: MO, + 1/2x 5, = M5+ [/Ix 5, for M = Fe. Co, Mz, Ti. Al and 54,
but this relationship breaks down completely for the alkalis, for which it would predict A or A,
b0 b barge, r:i]'lcrlinn negligible as obarved.

Our resulis ane oot in good agreement with e previows work of Buchanan and Nolan or
Haughon er af. | 1974), although allowance needs 1o be made for the different iemperanere of the
Intter siody. Meverheless, we find o moch higher value of A . indicating that Fed lias o stromger
influcnce on OS5 than hitherio thought, Our very high value of A, beips explam the empincal
ohservation thit the Sulphur Content at Sulphide Spturnthon (SC55) of natural melts inereases
with incrensing [FeO] in the melt, dﬂglc the s prediction From the law of mass action for
the resction: e + 5 e = FES e, + OF L thin increasing FeQ in the melt should
ciwrelaie with 1um"§{'55.

Experimental investigetions of Ui in magmatic-hydrothermal systems
AL Hel and S A Miwreopenrs
O eefubility (8 supereritical and fwo-phoie aqureny  soferiers
It has long been recoznised that supercritical hydrothermal Musds mast play a maps mle

in frectionnting and transponing metals in geolegicnl systens,  Unfortumately, the noture of the
high-temperature fuid is poorly understood.  This is primarily because of the difficulties in

constructing high-lempersture experi reaciion cells for in s analysis that can withstand
high wpumlim':smm MNew 1 <, siech os ELA-ICP-MS of fuid inclusions, now allow
this region of pressure-temperiure space o be invesigated (eg Lovcks and Mavrogenes 1999),

The bimited datn for Cu solubility in sepereritical fluids come from analysis of goenched
experimentnl solutions, The possibility of modification of these solutions during the  quenchi
process means that it is nod known if they truly are representative of the expenmenta
conditions.  Fluid inclusion synthesis gets around this problem by isolating the solution at the
run conditions (Figure 100 An experimentzl project i investigae solubiliny amd pantitoning
of Cu under a range of conditions by trapping itbeal, and coexisting vapor- and Fuid
inclusions, combingd with analysis by LA-ICPMS, is cumently being undertaken.
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Figere 100 Sysdhetic Mol anchissons apped in quarte of TNFC and 2.9 kb ender
supererilical conditicas

Cu partifivalng berween ailizate melf and co-existing vapor

COur understanding of hydrothermal systems  originating  from  magmatic  volatile
exsofution, such o= porphyry-type ore deposits, is limited by data for the intial melt-vapor
fracticnation of metals, A series of experiments 1o quantify meli-vapor paritioning is ourrently
in progress.  The method involves the synthesis of coexisting melt- and vapor inclusions of
various experimental conditions and  subsequent  analysis by ELA-ICP-MS and electron
microprobe. Examples of synthetic Mluid- and mel inclusions are shown in Figures 11 and 12

Camiroly om Co soluddiiny in silicare mefty

A large proportion of worldwide Cu production comes from o class of magmabic-
hydmthermal ore depodats known as porphyries,  In these systems, the entire: hydrothermal
retal is sourced from and thus ulimately condrolled by the quantity of Cu dissolved in
the melt. L Cu dissolution mechaniams in silicste melts are pod well wndersiood ond
synihetic melt inclusions are being used to investigate the relative effects of O, /8, M0, and
EC1 (Figure 11}

Figure 11: 8 i melt inclusions trapped in quare & T15°C and 3.0 kb under vapor-
saturaked itions.
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Speciation of oreformiug solations af kigh tenperature and presare
AL, Berrs, JA, Mavrogears, £8 Krurr' and RE. Lk

Hydrothermal ore deposits are the world's principal source of most metals. The deposits
fiorm as & result of ore-meial tran weows siulions o high lemperatures and pressures,
To understand the formation of :E.-pm it is pecessary to determine both the solubility
nndmhmnl'mhthﬂh]tﬁhlplﬂ;hﬂ:ﬂm grel.smlhu. area has been lmited by the
mabilay o ’-""‘"‘"ﬂ H: uhmi:] methodologies w0 sample  solutions @ su ilical

lemperatures.  This is being addressed by studving ore-beanng Mnd  inpped
i,!!l.[!ﬂ'l:l'l'l'lllﬂ]l\' as MMuk uu:!u.ul:m bW ez,

The importance of metal speciation ¢an h: llll.ulmlﬁl o Hmiled understanding of the
rﬂm:mhbpbrrnﬂnparphmnndﬂ{hﬂmud omes may derive from o single
mhmm iming of metals bebween a mdvu.ptum;i:dwuhulwrgﬁm
;.pa.:mlmn ned by ligand availability. For ::J:nmp'lt the porphyry one muy form from

opper transported as a chioride complex i a high-density brine and the epithermal from @
'-'npn-ur phase volatike sulphide species. The mechanism of itbon may wlso be linked 1o the
type of metal complex dissolved in solution; boiling (kss of H3S) or formation of pyrite
(Joss of dissolved 5) may be imponiant precipitation rrnhumuﬂi for sulphide complexes. while
conling or dilution moy nesal in the henl:duwn of chboride complexes,

Optical absorption  speciroscopy i 0 well-esiablished method lor determming  the
speciation of metal jons. The abdorption bomds e charmactenstic of each ¢ lex, or in the cose
of mixed specics may be deconvoluied by fiting procedures,  Variations in the atsorbonce daa
as a funstion of ligend conceptration snd wmpendure can be weed io derive thennodynamic
propertics such s the equilibium formation constants, We are consnacting o micro-optical
Imaging spectrameter W obipin absirption spectra from single Muid inclusions o elevated
fempersures.  This svitem scquines images of an inchsion of o series of llumination
wavelengths, An vilue can be determined o each wavelengih from the referenced
light imcasity pﬁ.ﬂl‘l%[ gh o region inskde the incluesion. Spectra have been acquired for
cobalt{ 1) and nickedi 1) solutions in glass capillanes with an intemal diameter of < 50 pim,

A reseurch program hins also been extoblished ot the Advanced Photon Source,
National Loboratory, USA, W investignte speciation in Muid inchusions by extended X-ray
ahiorption fine strscture (EXAFS) speciroscopy.  Specira have been recorded o1 room
icsnperatere [rom individood fluid inclwsions apd modelled o obioin bopd lengthe and
coorinmion mmbers. A heating sizge hos recently been commisseoned and preliminary spectra
recorded at emiperatumes wp o SI00C

! Bespanch Scheol of Chemistry, ANU
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Research stefl from the Aostralian Geological Survey isation | AGS0) work within
RSES to utilise U-Pb SHRIMP, and Ph-Pb and Sm-Nd TIMS techniques, This research is
based on the longstanding relationship between AGS0 and the Research School, in particular
within the Geochronology amd Isotope Geochemisiry Group. The scientific outcomes address
AGSDYs role in Mioerals Promotions under the MNational Geoscience Mapping  Accond
(MNGMA), Perroleum Promotons, and Ausralion Geodynaumics CRC (AGCRC) A selected
range of reseanch acivithes from these projects is described bedow,

Greochronology and provenance of sediments in the (hary Domatn, Seuth Awsiralia
AW .r"rl,gr'. [l TR I'r.iq.lr'l. £, Foaalnidly' o 5 -1, Yo'

It hos long been sn im objective o comelate  Palacoproteroroic Willyvama
Supergroup successions in the Olary Domain (eassern South Ausiralia) with those near Broken
Hill {western MEW)L The (Hory Domuain melodes o suecessionfs) of meta wosedll,
domananily qlmTzuF:klspm‘rlil: arenacens ind pelitic sediments. calesilicate-beasing , il
minor volcamc or sub-volcamc rocks, Our S5H P U-Ph zircon studics aim o impeove (a)
lithostratigraphic correlations within the Chary Domeain, ond {b) stratigraphic connection between
Willyama Supergroup rocks in the Olary Domain and Willvanm 5 rocks nenr Broken
Hill. Measurements of depositional and sircon provenance ages on a oo of Mhologies in
the Olary suceession {using SHREIMP), are being integrated with siratigraphic information and
with Sm-Nd isotopic studies,

Crigr amitial U=Ph zircom ages for metagrngoid and volcaniclustic rocks in the “lower

albite” wnit of the * sfeldspathac suite” show  that the oldest rocks exposed in one taverse
have a concordant U-Ph Freon age of 171122 Ma, mdistingoshable from an af 171242
Ma from o felsic valeamiclastic unit a1 the wp of the “‘guamzsolekbpathic suie’, =& these

rocks may be sub-volcunic intrusives, the ages are nigorously only minimum siesigraphic ages,
Felsic volconiclstic units in the easiem Weekeroo Inlier hove virally identical crvsallisation
ages (171362 Ma, 171043 Ma), Our SHRIMP results on o succession in the Redan Zone
(southeastern Broken Hill} suggest o magmatic evenl{s) of similor age {I700-1720 Ma),
although this same succession was recently advocated by others 1o be possibly late Archaean in
age (Nuinun amd Ehlers, 1998, AJES 45, 687694 ),

mformution on the  provemance  domainish and maximum  depositional - ageis),
endeavouring 1o combine such provenance information with the above ~1710 Ma
erystallisation nges across several siraligraphac sections in the Olary srea. For this purpose, it is
charly necessary 10 avold pew drcon growih gl ca. 1600 Ma - a product of regional
neetamorphism.

The clastic rocks in the Mulga Bore-Cathedal Rock and Moum Howden traverses inclisde
sirongly albitised medium-gridned psammites, psammaopelites, and pelites. Detrital zircon age
patterns are complex, indicating source terrams) composed of late Archacon and carlier
Palacoprolerozoic mocks. Some ecarly Archsean zircons (3700-3600 Ma) mne foamd. The
dominant Palssoprotenoroic wircon ages suggest strongly domainal provenance, from berrsins
aroand 1930 Ma, 1860 Ma, 1750 Ma, and 1730 Maold. This provenance signafure is common
b most of e sedimentary rocks in the successions 5o far analysed. 11 suggests o maxinmim
depositional age of around 1730 Ma, However, minor detrital zircon components in two
‘quartzofeldspathic suile” sediments show younger maximum depositional ages of ca.

Deetmtal U-Ph zircon ages from Odory Domain  meti-sedimentary  rocks ufmuk-
‘e e
L T

! Minerals Bvigion, Ausemitan Geologieal Survey Orpasisntion. Canberm
! Primary Indisiries sad Resurces, South Ausiralia
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17101715 Ma. If the presence of this so far very minor 1710=1715 Ma detrital sube s venfied
elsewhere in the “quartzoleldspathic suile’, the age of this swccession will become tghly
controfled. as s maxiowm (1710=171F Ma) and minimum (=1710 Ma) ages would be
elfectively comcident.

An economic focuss in the Dlary Domain is the *Bimba suite’ = a thin, base-metal

“tive pyritic succession of corbonscenus schists, cilesilicates, marbles, and tronstones
is truneitional into the wnderlying “calesibicane suite’, Because the “Bimba suine’ s widesproad
amd of such economic ineresd (cormelaled terms with the Eilewood Calesilicaie
Member, base of Broken Hill Group) the age of deposition of this unit is an objective we will
COminLIE 1o pirsue.

Rocks of the “pelite suile’ overlie the “Bimba suite” sediments, Our detrital rircon sges
for ‘pelite suite” metmediments i the Mulga Bore raverse are —1770 Ma and older —
effectively a mimic of the “quarizofeldspathic suite’ detivial sges. In the Mount Howden oz
however, "pelite suile” mocks up succession froem the Bimba mine mclude much younger detntal
zircons, They reveal ot only the same complex provenance seen in ithe older “quartzofeldspathic
suite”, but akso an additional younger component defined by a coherent armay of detrital xircon al
1648+6 Ma. This zircon componemt is possibly from o reworked wiT. This pant of the “peline
suile” wis thus deposited no carlier than 16480 Ma ago, indscating that there is either a
structuryd discontimeity, & significant uncoafonmity, or o lesst o =50 million year depositional
breal, between the “pelite suiie” and older rocks.

The fact that pant of the “pelite suile” in the Olary Dosnain s o ofder than 164826 Ma
inviles possible cormelatbon with the Sundown or | Ciroups near Broken Hill. The Olary
successson between this 1648 Mo positon m the “pelite suite” and “quarteofeldspathic suile”
woulld have been deposited i the interval 1700 w0 1650 Ma and bence may comain dineet
comelatives of the -1590 Ma Broken Hill Growp, This possibility, and the  wider
geochronnlogical connections that now emerge berween these 1650-1700 Mo sucoessons and
compempornry suecessions such ps the Mount Isn Group and MeAnhur Group in
Australia, provide an age famework aganst which more advanced basin analysis and
mictalbogenic models com be considersd.

Wit is the mature of the Tasmanion crast?
L Slacl’, #4, Korscl', 8.4 Drunosd’, MUP, MeClenoghan’, £ Varae® gud A M, Fioerd’

Thas i kmown as TASMAP (TASmaninn Mapping Accord Project), has evolved
[mTAQCE,OJ:;n}m that was completed several years age. TASGO was primearily hised on
the scquisition of large geophysical (seromognetic and seimic) dotasels, bt also had @ sirong

geochromobopgscn] component, Dits from both disciptines dentificd a mapr geological msue,
which TASMAP is mﬁwing.

Pre-Late Casbomiferous  Tasmmania hisd been divided by Minerd Resource Tasmanan
(MMET) i seven different stmio-tectonic elements, on the basis of pealogecal mapping and the

Aeromagnetic Map of Australia. Each element has a geological history and intermal structure that
is o4 least partly umsque, The defined elements are King Island, Rocky Cape, Dundas, Shefficld,
Tyennun, Adamsfickl-fubibee, and Northesst Tasmania This sub-divizion poses a serics of

uestions. First, is it justifishle 1o represem this region by distinet clemems?  If so, have they

ways boen in their present juxtaposition, do they represent the reassembled pants of whal once
was i single terrane, of are they the nggregation of what were originally unrelated terranes” The
resolution of these gquestions = fundamental 1o o comect inerpretation of the gealogical
evidution of Tasmania.

" Miseral Resouizes Tasimania, Hobam

* Uniwersity of Tasmasis, Hoban
* Centyo Swdi Geodiramica Alpina, Padova, laky
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Results produced during TASGO did not support the concepl of seven fundamentally
different geological elements, For example, the deep seismic reflection data fuled 1o identify any
significam differences berween the six western elements, e kvwer crust for all of which is of
nogmal thickness, Althoogh it demsonstroted that the lower omust of the Nonheas Tasmenia
clement &4 extended and thinned, this could have ocoured, af lesst in part. in- post-Palscorose
times, SHRIMP dating undertaken during TASGO was similarly unsuccessful in distinguishing
between the six wesern elements, which vielded relatively similar detrital gircon age patierns
(dumiiated by ~ 1700 10 - 1RO Ma grains) for widely-separated Froterozoic sedimentary rocks.
Recem TASMAP resulis have shown (not sorprisinglyy thal the Palacorosc -n.nh*rmnmq-
sequence of the Nonheast Tasmanin element has a dramatically different age pattern thai is
deminated by younger { Late Neoproteroeoic 10 Earfly Palasceoic) dreon,

TASMAP is examining the reality of the different elements in more defail. by the

production of a new e datwset, and through  the acquesition  of  further
geochronological and geochenical data. Granites are being specifically targeted, becase they
offes an indirect o unity b study the deep crusial regions from which they wene derived.

Late Dhevondan (o v Carboniferous granites have been selected, moonder fo simplify data
imerpretation, and becuose granites of that age are known i crop out in all bui one of ithe
elements. The chemistry of these racks will help constram the composition of the grinite source
regions, Thear inherded zircon, mostly occuming as discrete cores enclosed e Eha
nljradalllwl froam the Dievornian- Culhnllﬂmr- Ji:'.mml: magmis, is giving an indication of the
the rocks from which the granites were mehiel. Cheite clearly, SHRIMP is the only sui

mecans of sccomplishing this wsk So far, the inheriied component in the westem Tasmania
granites ks yielding broadly similsr age pattemns fo those af the detrital sedimentary rocks from
the same clements.

On compleson, this stedy  will have produced phvacal, chemical, and temporal
documentation of the deep crast below Tasmanka, which will allow the nature of, and the
relationship bepween, the dofferent geological elements 1o be mone Agonously msessed

The prodect is being extended 10 pwo other regions. First, it will examine the proposed
Justaposition of northern Victona Land (VL) Amtarctica, with Tasmania in the Gondwann
super comtinend. Two of the first NYL grnkes to be dated have yiebded ages that are
significontly younger (by up w0 100 m]llllm l:.'ur:;l than those denved from Bb-Sr whole-rock

anizlvees. This = 'l' ac ion of the e
n_hmhirlg in an il ;pmm-.-t e Ewmﬁm Eraniie megmes,

It hews allso been deduced that the rocks of the South Tasman Rise (5TR) migh be related
i bogh WL and Tasmonia, Caneful selection of previmsly collecied dredge samiples from ihe
ETR should allow this comparison io be tested

Time calibration af Cedwame gtraligraply and enviramments
L Clmond -Lowg'

An unrivalled ;mhmilt"llm stisdy o continuous recond of ition in the Crunky
Ciarner Busin of i 5W has been provided By the NEW el ol Mineral
Respurces, which drilled a simtigraphic hole and reteved o contineous core penctrating the
Permian coal measures and ibhe ving Lsie Corbonilerous sedimenis. The opportunity is
mmportant becazse. during the Inte Carboniferous und early Permian. Australia lay close o the
South Pole on the margin of Gm:hvm The bew diversity, cold-climate fossil faunas ane
endemic b polar Gondwing and difficilt w correlate, éven belween manne sediments and their
kcal eontinental glacigene aquivalents, More distant commelations 1o the equatorial siratigraphies
preserved in Europe and Russio are controversial, so comparisons between the nuajor continendal
masses of Gondwana and Lasrssian fsck precisien i the Gming of gecbogicn] events ond
processes,
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The 500m core records a complex clistic sequence m continental, deliase and shallow
Imarine environments, in which abundant volcaniclastic detritus indicates reworking of material
ot the margin of an active volcamic terrain. There are also 15 horizons whr:'h r:mr be primary

lastic deposits (o8 distinct from reworked  materials), t':ul'_l.rmF Iy-welded
igmirbrie o several unils less than lom thick, These offer or A e control,
beciuse the crysallisation wge of their components will uppmumbe sz age of depmh:im.
Many of them are very thin or loosely consolidated. and so unlikely ever 10 be found in surface
oytcrops, emphisizing the unique value of the cominuous record in the drilleore. Tn addition 1o

geochronology, & muy l-l.‘l'i‘-l.'lil?lﬂ-l: team has cooperated in samipling the core for palacontology.

I:In]_'rlhiﬂ I nelic - signiures, B il pecchenisiry, reflectance and
e Fﬁmﬂ? mnﬁu‘ﬂgwh;;;nuiﬂudlud 'duru]unvlfguunu_

All of the volcanics have suffered alieration processes, amd xincon is the only mincral
Emmﬂl that 15 suited to sotopic dating, The SHRIMP microbeam methosd of zincon analysis
been easential to danng the zmmooms because, with samples resimcted 10 half-core of units as
thin as lom, ihe qLﬂIlh’j of sircon crystals gvallable was small. Also, many of the sircon
populstions included gmins ivheried from previous magmatism, i addition (o the enuplon-age
erystaks, and @ wis vital to distinguish these with replicate within-gran probing. In preparation
for isotopic unaly=is, up to four spmeples were co-mounted on an individueal SHRIMP maunt, so
that they cowibd be probed topeiher ander the same operf |.|'u:5 conditions, By this means, reloive
ages at key bevels within the drllcore hive been establi independdently from the SHRIMP
zircon siandand (which is needed o link ages obtained in different probing sewswns),

The nel resuli of this effon is 9 ages measured in ihe range between 3GMa and 286Ma
linked in continemis sequence with detaibad gevlogical @nd palseomobopica information, ad
straddling the cold dinate deposiion from the late Carboniferous into the early Permian.
Relative ages within the core are independent from the labosatory standard. and be
jprecisions approach the 1% level. The sicigraphically lowest i for the M Durliam Tuff,
distinctive and ically widespread unit, and provides a direct age reference for a masker
i in mappang the glacipene Seaham Formation. Abeve that, the tdming of deposition is shown
i b sharply episoadic, with a 13Ma hisies intervening above Corboniferous shallow-muarine and
Mavial deposits, and before the onset of Permian delia sedimentation with coal swum Tl'rm:
Cronclwana envimnments and their aisocinted wology mow have a direct cali m
numerical time. The resoluton of these srstigraphic nrmni issues points up the Lmhp.u:
capabilities of SHRIMP in dating problemns mod & other dating lechnigues, and
the value of integrating SHRIMP geochsonology ml.'h wider ||1|.1Iu-dmu|:d|r|tpmgrm

Lead otope model ages and base-metal mrineralisation events in the Whim Creek and
Mellipg Basins of Western Pillvarn

S S, L Mustow® and &M, Smitkies®

The ca. MK Ma Whim Creek Beli lies in the cenirald in western pan of the gramibes

stone termane of the Archacan Pilhara Craton, norhwesiern Western Australia. This belr

= significant Cu-Zn=Pb  depositss of Whim Creck, Moas Cupei oand Sak Creek.

Lithostratigraphic studies and SHEIMP rircon U-Pb geochsonological data suppest that ihe

volcano-sedinwentany rocks of this belt either comelate directly with, or immediately underlic, ibe
sedimentury rocks of the adgacent and regionally extensive Malling Basin,

There are we absolie seobegical : for the mineralising events that formed bese metd
deposits in the Whim Creek and Mallina Basins, due 1o of o lack of suitzble materal for socurane
isedopic dating. We must necessarily rely on Pb isotope model ages of galena samples and Ph-
rich gossan From ihie base metal deposils,

¥ Geological Survey of Western Aoatralin, Perd
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Ph-isotope mode]l ages are panticulorly effective for the early Archoean because munile
convective mixing ses were more effective, and thene had been less time for the continental
criesd 1o periurh U-Fb sysiematics of the source regions, To “fine-mane”™ Ph mode] ages we have

the approach of using a “local control-point” for fine-tuming. In this case we have
used the Panorama VHMS deposits of the § Volcamics of the central Pilbara Craton,
which yicld a precise zircon U-Ph age of 3238 +4 Ma for the host rock. The single-stage Ph
evolution model of Thorpe { 1930) developed for the Archacan Western Superior Province of
Conada also works quite well for the Pilhar, For example, this model gives 3469 Ma for the Big
Stubby ore of the castern Pilbara Craton, which has a precise zircon U-Pb age of 336543 Ma
foor the st rock, and the model gives 3245 Ma for the ma YHMS deposit. Funhermore,
using the Panorama lead as o mnln:ll-?-uiri we have oblained very similar model ages using
Cumming and Richards ( 1975) model of progressive increass of i value in the source region.

The double-spike mwethod has been used 1o obtain very precise Ph isotope compositions.
New lend-isofope model ages of base-metal mineralisation in the Whim Creek and Mallina
Basins fail o rwo groups: (1) o sominally younger group (2920-2033 Ma) that includes a
senies ol guartz-galena vein deposis, the Mons Cupri it, amal the ACL prospect (near Sah
Creek); and (2) 8 nmirmi];{vnldﬂ group { 20421048 Ma) that includes the Sali Creek, Whim
Creek and Eging deposirs, We tentatively suggest that mireralisation in the Whim Creek Bel
relates 10 two separdle events thal cun be comelated with felsic magmatism throughout the
Mullina-Whim Creck Basin. The younger event chearly post-dates sedimentition and nominally
corresponds 1o the intrusion of the Bookingarra Granite (292524 Ma), the youngest phase of
the Canes Well Granitoid Complex. The obder eveni nominally commesponds 1o the intrusian of
the Portree Cranitond Complex (294626 Ma) and the Peawsh Granodiorite (29455 Ma), and
1o I, dieformagion,

Although the Thorpe model appenrs to vwork well in the east and ceniral Pilharn Craton, it
may not be fully agpropriate for the west Pilbora Craton, due w0 a different crusial evolution
history. In principle, a control point based on an independent dating techmgue in the west
Pilbarn Craton is required 1o sest the vilidity of Thorpe’s model. This uncenainty in model apges
has greatest significance for the Mons Cupri depusit whach, if a VHMS maodel is accepted.
wold be the same or slightly older than the nearby Whin Creek deposit, even though the
medel age for Mons Cupri (2921 Ma) is ca. 27 million years younger.

The Eging {2942 Maj deposit i the Malling Basin appears 0 oocur i g strati scally
equivalent position to the Whim Creek and Sal Creek deposits of the Whim Creek Basin. 17
such o correlation is valid the Mallina Basin should also be considered highly prospective for
Cu-ZnePb deposits, Numerous minor base metal deposits in the Mallina Basin ore similar 1o
deposits of the Whamn Creek Bell, which strongly suppors this view,

Some regional implications of wew geochronslogical constraints from the Tenmant Creek
ererdd Arveonte Inliers, central Awxiralin.

K4, Musyey, AR Swiiel' aingd N, Ponnelins”

NTGS and AGSO mtrlrlll:l pommenced o geochronology mﬁ:ﬂ to furher investignte
strscturml and sirstipraphic relationsdips and correlstions. within between the Amnla and
Tennant Creek Inliers. The first samples 10 be dated document @ newly recognised 1805 Ma
period of igneous activity in the northem-most Arantn Infier, This suggess thal rumi.m
Davenpon provinee is older than previously thought, broadly confirms comelations

units in the Davenpon province, and precludes previously suggested comelations between the
sinhem and northerm Tennam Creek Lalier,

The Streeleckie Volcanics were selected 1o test the simtigraphic link with the Waschope
Subgroap in the main part of the Davenport province. SHRIMP U-Ph dating of zircons from sn

" Moribern Termnary Geodogical Servey, Alice Sgrings
175



RESEARCH SCHOOL OF EARTH SCIENCES = ANNUAL REPORT 199%

ignimbrite near the base of the Sirzcleckie Volcanics indicates it erupted ut 1819 = 9 Ma. This
confirms the ignimbrite is broadly conte neous with other dated extrusive igneous rocks
within the Wouchope Subgroup, and high-level felsic sills in the Davenport provinee, although

the Tressure Valcanics, upper idgee Subgroup, is akso similar in oge. In the extreme north
of the Duven ince only volcaniclastic sedimentary rocks are present in this stratigraphic
interval. It appears that subaerial felsic igneous activity st around 13200 Ma was

concentrated in the southern parts of the Davenpon proviece. Another implication is that the
lithostratigraphic comelations between the Davenpont province and the northern-most Tennant
Creek Infier are not cormect, A maximum age of 1784 Ma for a basal unst of the Tomkinson
Creek Subgroap in the northern Tennant Creek Infier shows that this subgroup is moch younger
thin the FEX0 Ma Waschope Subgroup.

Two granite samples appear 10 constrain the nge of regional deformation in the Barrow
Creck Sheet area. The medium- to very coarsc-grained porphyrilic and enclave-bearing
ﬂnrulinig;iu.- Granhe shows a well developed subvertical foliation and is clearly intnaded by the
relatively unideformed Bean Tree Granite. These grinkios are pant of the Barrow Creek Graning
Complex which inirodes greenschist o lower amphibolite facies Bullion Schist. SHRIMP U-Pb
daning of rircons from the Besn Tree and Ooralingie Granites indicates magmatic ages of 1803
+ f Ma and 1809 = 5 Ma, respectively. The chosencss of these ages suggests that the Oocalingie
Granite was probably syniectonic, and the Bean Tree Grinite immediately post-tectonic. with
respect 10 the same tectono-magmatic event. The northwesi-irending foliation in the Oorlingic
Granite s pervasive, and of similar metamorphic grade 10 the country rocks, Further, the
folintion appears o parallel the rend of lirge-scale ﬁ'ﬂ‘h in the central-porthern Bamow Creek
Sheet area. It therefore seems plausible that the Ooralingie Granite, Bullion Schist and the
Ooradidgee and Wauchope Subgroups were deformied immediately prior 1o emplacement of the
Bean Tree Granite. Thus, lange-scale upright folding in the Davenport provinee appears 1o have
occumed around 1805 Ma,

Geochemical characteristics of ca 3.0-Ga Cleaverville greensiones and later mafic dykes,
west Pilbara: implication for Archaean crustal aceretion

Ehen-gi Sun’ and A8 Hickmom®

in the Cleavervlle area (west Pilbara) greenstones with mid-ocean-ndge basalt (MORB)
aifinities (Regal Formation), and ~3020-Ma Felsic volcanic rocks iCleaverville Formation) wilh
relatively young Nd T,,, model ages (31 10=-3210 Ma), apparcntly represend juvenile crust. These
rocks have depositional ages of 23020 Ma (Cleaverville Formation) and 23050 Ma (Regal
Formation), Within 20 km of the west Pilbara const, the Rega Formation swatigraphically
underties the Cleaverville Fommation (mostly chert-banlexd iron formatkon (BIF) chestac
rocks), B where faulied, as ot Cleaverville, the congact i conformable or disconformable, A
its bhase the Regal Formation is in wectonic contact with the 3260-Ma Nickol River Formition,
Ruth Well Formation, and Kamratha Grasodiorite. The age of the Regal Formation is loosely
constrained between 3020 and 3260 Mo

Mew geochemical datn confinm the MORRB-like features of the Cleaverville greenstones.

They show good consistency in Nh/Th (7-8), NhiLa ((.7-0.9) and slighly light REE depleled

All samples have slight Nb iom rekative 10 La and Th enfichmen relotive 1o Wb

is relative Th enrichment i% an atypical MORB character. It might be an allemtion effect. like

Ba, or the product of crustal contamination during extrusion through thin felsic crust.

Ahermatively, it might be due o quicker recycling of cnastal naterial through a subducted rone

hack imlo the hoiter convecting Archaean upper mamtle, which is the source region of MORB.

These MORB-like Cleaverville samples have initial €Nd values of +1.0 10 +2.5 at 3150 Ma,
similar to other early Archiean greensiooes.

A northeast-trending mafic dyke intruding the MORE-like basals s charscterised by
pronounced light REE and Th enrichment and Nb depletion. These features are identical with
-2 9%.Ca high-magnesion basalts of the Louden Volcanics and Mount Negri Volcanics, which
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crop out i the Whim Creek belt on the other side of the Sholl Shear Zone. One sample from the
mafic dyke has an initial N vidoe of -1.5 gt 295 Ga, This is similar 1o sarples nl'Flm Louden
angl Moont Negri Voleanics, which have initinl £Nd values of aboat -2.0 ot 29% Ga. These
values are considerably lower than that (—+3) of the depleted manide ai thai dme and the
Clezverville A reazonable explanation for this low initial €Nd, and for Nb depletion
and Th and Ba enrichment of the Cleaverville dolerite dyke and Looden and Mount Merri
Volcanics, is thal their mantle source was contaminased by sediments derived mainly from
=~J230-Ma source rocks in the region. However, an island-are or condilleran environment is not
essential for H;uﬁmtjm of these busalls; miher, many basalts originating in an intrplate
enviromment have had their mambe source regions modified by prior - subduction
processes. A closer examination of oll periinest geological information and an integraed
i om of the data of the Whim Creek Beh and Mallina Basin might reveal the evidence
fior such processes,

Chur new geochenical data suppont the siew that the Regal Formation represents MORB-
like occamic crust. Away from the verville-Karmitha srea, the B Formation is not as
sncturally complex, and evinces no strtigrphic repetition with overlying  BIF-chen
sugcession of the Cleaverville Formution, ¥ ol Clemverville is there sufficient struschural
complexity 1o make a case for some type of sccretionary complex produiced by sebduction of
the oeeamic cnst ot a continental margin, as so by Ohaa er af. (Lithos 37, 199-221,
!W&Lﬂmﬂmtﬂktmmmhcﬁﬂﬁdu&mwmmm this
imerpretation. Furher to the : the Regal Formation (with MORB-like basalts) has been
thrasi across the 3260-Ma units, indicating obduction rather than subduction. Moreover, the
Cleaverville Formmbon does nod appear to be an oceanic deposit. Sugitani o al {1996) presenied
chemical and sedimentological evidence that the BIF of the Cleaverville Formation was deposited
in a shallow-water 10 evaporitic environment, possibly a anm with nesrby felsic volcanic
CCTHres ing ash. Also, recognition that the Clesverville Formation occurs ab localities 30
kin and 100 km southeast of Cleaverville (Hickman, 1997), precludes this unil being regionally
allochalomous.
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Established in 1989, PRISE is the Research School of Eanh Sciences prefemmed vehicle
for commercial and “commercial collaborative™ work in the areas of geachronology. issope
gm:hf,-miurg.r and trace-clement geochemistry, PRISE is a joint venture between the Research

chool and ANUTECH Pry Lid. It provides access 1o the Research School’s wide range af
equipment and expertise in isolope geochemistry and geochronalogy. As Visiting Fellows,
PRISE scientific staff also carry out their own personal research projecs,

During 1999, Dr David Phillips joined PRISE from the De Beers Geoscience Centre
(lormerly Angle American Research Laboratories) Crown Mines, Johanneshurg, David is
prncipally involved with Ar-Ar and K-Ar studies, but has also andertaken LA-ICP-MS
projects,

The inaugural PRISE Visiting Fellow, Dr K. Ludwig from Berkeley Geochronology
Center, spent three weeks at the Research School during 1999, We thank Dr Ludwig for his
time with us, for the seminars he presented and for his continued interest and invelvement in
the School's activities.

PRISE congratulates Dr R. Armstrong on being the recipient of the Honours Award for
19499 from the Geological Society of South Africs for particularly meritonous contrbulions o
the Society or the geological fratemity of South Africa.

PRISE hosted the following visitors to the School during 1999;

br 1, Alemnikofl, Branch of luosope Geology, US Geolopical Surviey, Denver, USA

ir K. Pankhurst anid Dy 1 Millar, Brizish Antarciic Sarvey, Keywarth, Unitsd Kingdom

D C.W. Rapela, Centro de Tavestigackones Gealogices. Universidad de la Plst, Asgenting
Frofesice F. Hervdd, Depanmens of Gealogy, Usiversity ol Chile, Santiago, Chile

Profiessce T. Watanabe, Geology Department, Hikdaida University., Rspan

Professor 0, Gecbauer and Ms A, Listi, Departmen of Eanh Sciences. ETH Zirich, Switzerland
D A. Cocherie and Dr P!, Rossd, Burtan de Rocherche Géologique et Miniere, Orleans, France
D C. Diebor, Hureau e Recherche Gidalngique ef Minkere, Orléani, Prance

Prodesior WE vam Schinus, Departmess of Geadogy, Univembty of Tennessee, USA

Mr K. Kenyon, Anghogold Lid, Johannesbwang. Soush Adrics

M &, Porin, Department of Geology, Universéty of Natal (Derban), South Alrics

Dr M. Pligenine], Instiiubo de Geoscilncias, Universiay of Brasifie Brasi)

O . Teale, Werne Crold Lad, Prowpect. South Awsiradis

D T. Hiragima, Depantment of Geology and Mmeralogy, Kyato Ulniversity, Jagan

Mr 3. Boger. Schoal of Bsth Sciences, University of Mefbosrne, Vicoria
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A selection of projecis undertaken by PRISE staff during 1999 is included below,

New insights into the stratigraphy and tectonie evolution of the Cape Fold Beli, South
Africa - A SHRIMP U-Ph zircon perspective

KA. Armarony and M1, de Wir'

The Cape Fold Belt (CFB) of southern Africa preserves the producis of (wo srogenics,
viz. the Neoproterozoic Saldanian Orogeny (e 630-550 Ma ago) and the Late-Palacoroic
Early Mesozoic Cape Orogeny (e, 250Ma aga). The tectonic history is reconded in variably
deformed and metamorphosed rocks from the two branches of the CEB. The north-nobwest

' Depurimem of Geological Sckences, Universéty of Cape Town, Rondebaosch TT00, Sonth Alrics
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_ south-southess striking westem branch experienced predominantly beittle deformation and
here unconformable relationships between the Table Mountain Group (TMG, Cape
Supergroup) and the underlying Basement rocks are clear. Deformation in the east-wesl
striking southern branch, on the other hand, was ductile and penetrative, resulting in a
regional finite srain fabric. A number of east-west elongated Basement inliers occur within
this southern branch of the CFB, bui deformation is inlense along the contacts of the
Basement and overlying Table Mountain Group rocks, obscuring or complicating important
strmagrphical r:lu:'rnn.wE':pﬁ-

Clearly. the tectonic history and the stratigraphic relationships between :mﬂxmd
“hasement” and overlying sequences needs :ncgmmln ical control. Unfortunaiely the

neral lack of suitable dating material precludes the establishment of absolute time markers
in the CFB. and we have used the geochronological record preserved detrital zircons in order
to place maximum age constraints on the sediments from selected areas from the Pon
Elizabeth “basement” inlier 1o Table Mountain, An easlier integried ficld and SHREIMP
ctudy of sediments in one of the basement inliers (the Kango Inlierh by Bamnett o al. (1997)
identified sediments which previously had been coasidered as part of the basement, bt
contained detrital zircons with ages remarkably similar to those of the Table Moumain Groap
{ Armstrong e afl., 1998), We have now examined the detrital Fircon record from sediments,
inchuding deformed and undeformed clast components of the pre-TMG hasement, from acres
the CFB. This approach. together with SHRIMP U-Pb zircon dating of granites (rom
ilroughout the region and :nnﬁ gabbroic bodies in the Kango Inlier, has enabled us 1o refine
and redefine the geological history of the Cape Fold Beli, Clearly, many of the sediments
which were previously considered 10 be pant of the pre-TMG basement {and deformed by the
Saldanian Origeny) contain zircons similar in age (o those found in the TMG, indicating a
much younger age (<520 Ma) than previously thosght. As these sequences are deformed, it i
clear that it is the younger Cape Orogeny which has dominated in the region, This has
important implications for the ages of major structures in these sediments and also of
correlations not only within the Cape Fold Bely, but also for correlstions with sirmilar
sequences in other parts of Gondwana

Our combined cathodoluminescence and SHRIMP U-Ph studics of the inherited zircon
in the Cape Granites have shown that the Basement in the whole region is an extension of the
Mesoproterozoic Namaqua-Natal belt, rather than a Par-Alrican feature.

New evidence of polymetamorphic events of the Sor Rondane Mouiwiains, East Amtareticn
K. Shivninhi’, Cbf. Fauning, B Armarong aad ¥, Modoyahi’

The Ser Rondane Mountains (71.5-72.5 §; 12-28 E) are underiain by a medium- (0
high-grade metamorphic rocks together with vanous plutonic rocks asd minor mafic dykes.
An inferred suture line (Ser Rondane Suture; SRS) divides hasement rocks into two lerranes.
Morhesst (NE) terrane which consists mainly of granulite facies rocks of imlermediale and
pelitic compositions and Southwest (5W) termanc which consists of amphibolite facies rocks
mainly of intermediate o basic compositions. A SHRIMP U-Pb geochronelogical siudy of
gircon from eleven rocks (four nrll!;:.rbelﬂts, five paragneisscs, one migmatite and one
granite) and sphene from three rocks (iwo orthogneisses and one granite) covering a wide
runging area of the Sor Rondane Mountains reveals three stages of metamorphic and
magmatic events: 900-1000 Ma (M1 metamorphism, and tonakite and enderbite magmarism),
650-600 Ma (M2 metamorphism) and 570-530 Ma (M3 metamorphism. i gimatisation. ansd
granite magmatism). 1t is significant that inherited ages older than ca. 1 100 Ma are rare,
even wmong the p:lrltrmiﬂﬁ. Cnly one grain in 20 zircons from a pelitic goeiss from NE
terrane records an inherited component, at ¢a. 3000 Ma. The central parts of other grains of
this gneiss viehd uniformly ca 1100 Ma.

f pantsonal bnstitsie of Polar Research, 1-%- 10 Kaga, lahashi-be. Tokye 2515 Fapan
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Taking into account previous Sm-Nd and Rb-Sr data, the basement of the Sor Rondane
aren i seen to comprise Grenvillian age juvenile crust (oo | 100=1300 Ma) with minor
amoamis of Archacan marerizl from the hinterland of the Sar Rondane regions, Granulile
facies regional metamorphism (M) occurmed berween 9001000 Ma forming the NE terrane.
Subsequently the NE terrane is metamaorphosed at 630650 Ma under granulite 1o amphibolite
facies conditions (M2) In the enstern pant of the Sor Rondane Mountains, that is, the eastemn
part of the NE temrane, M2 occorred a1 ca. 600 Ma, younger than the age for M2 in the central
part of the mountains. Zircons from o paleosome in o pelitic gneiss from this region formed
ot a0 Ma whereas those from a lescosome segmem of the same mock sampling vield an

of 534 £ 7 Ma, coeval with the formation of granitoid bodies between 570=530 Ma, The

P data imply that Pan-African activity in this region staried @ cu, 630 Ma,  Previous

interpretations of the tming of the deformation history for the Ser Rendane Moumains should
now e revised on the bags of these new U-Pb zircon and sphene resulis.

Mevozoic volcanivm, plutonism and sedimentation fn Eaxtern FEllvworih Lond, West
Aumtarchica.

AL Favindng ang T.5, Laiicfon”

Eastern Ellsworth Land (EEL), West Amarctica s located at the southern end of the
Antarctic Peninsula, Despite itz geographical significance as the southern most outcrop of the
Mesozoke magmatic chain that forms the Cordillera of Monh and Sowh America, the ou
have rarely been visited and field constraints between the various rock units is poorly
understood, MNevertheless, we are in the process of camrying out SHRIMP U-Ph sircon and
Sm-Nd isotopic analyses of voleanic and plistonic rocks across this southenmost section of the
Condilleran magmatic are 1o provide constriints on the evolving Pacific margin of Gondwana,

The Mesozoie of EEL is dominated by subduction-related cale-alkaline volcanic and
Iutonkc rocks, and in pant cocval sedimentary rocks considensd 10 have been deposited i a
ck-are selting. The woleanic rocks are equivalent o the Antarctic Peninsuln Volcanic
ﬁrn[r?{.ﬁ.F"-’G] of Graham and Palmer Lands, arbitrarily named the Mount Poster Formation
(MPEY south of 74 deg. 30 mims latitede.  The sedimentory Latady Formation (LF) is a
sequence of thick, structurally complex, shale, silistone, sandsione and conglomerate, locally
imerbedded with volcanic rocks of the MPF, The MPF and LF are therefore considered
coeval, deformed prior o inrusion of the Cretaceous Lassiter Coast Intrusive Suite (LCIS)
Petrological and chemical sindies of the LF, aupﬁiﬂ:ﬂ by SHEIMP U-Pb detrital zircon
suggest that the rend of are migration duning the Mesorsic was the “mverse™ to commonly

scoepled models,

Zircons from the MPF volcanic samples are dominsted by simple prismatic gruins with
gas vapour irails imerpreted 1o represent volcanic parageneses, and lozenge shaped groins
with inherited cemiral areas also representing components from magmalic sources.
Cathadolumingscence (CL) images reveal comples internal structure in many grains with
inherited centres ohserved within simple magmatic zircon, Our Iransec! commences in e
cast, where a Pm'lm ritic rhyolite from the Sweeney Mountains records o magmarie age of
189 % 3 Ma, with inheritance ot =68} Ma, = 100K0=1 ) Mo, and <1600 Mo, Trecking west, a
porphiynitic rhyoline from Mount Rex records an inferpreted magmatic age of 167 = 3 Ma,
with an inherited mngmatic componem at - 185 M, and older inhenitonce at ~600 Wa and
= 1050-1070 Ma. At Mount Peterson, the magmatic age for a MPF porphyry is 188 £ 3 Mo,
The westernmaost sample analysed is from Fitzgerald Bluffs where a porphyritic dacite
assigned 1o the MPF has a natic age of 97 £ 1.5 Ma. Clearly this latter sample is related
1o the Cretaceous LCIS, and nghlights the necessily for more detailed mapping in this remote
area,

' University of Wisconsin (shlosh, Wl 5561, USA
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We had previously su ed that on the basie of the Moun Rex and Sweency
Mountains U-Fb zircon ages that the migration of MFPF magmatism follows the generally
agcepted westward trend,  Additiona] dita from Mount Pelerson indicates that this i= not a
simple migration and we are composing a more complete seclion of magmatic age
information in this study of the Mesozoic evolution of EEL, west Antarctici,

Laser Probe 40Ar/39Ar Step-Heating Aualyses of Single Clinopyrexene Inclusions
Exiracted from Jwaneng, Orapa and M Mayi Diamionds.

B Phittipe LW Harel', ond G.8. Khden!'

The development of micro-analytical “Ar/™Ar laer probe systems has generated a host of
new applications, including the analyses of single clinopyroxene inclusions in diamonds.
These mclusions may be less than 300 microns in size and contain potussiom levels below 0.3
wi.%, Initial attempts to determine diamond genesis ages from Bnilg'm of syn-genetic
clinopyroxene inclusions proved unsuccessful and yielded varjable apparent ages,
intermediate between the times of host kimberlite emplacement and diamond crystallisstion.
This effect was atiributed 1o partial diffusion of pre-eruption *“*Ar to the diamond/inclusion
interface during mantle residence.  Laser drilling o buried inclusions was considered as o
possible solution 10 the problem of measuring genesis ages. It was also suggested that
analyses of inclusions that have been totally extracted from their bost diamonds should yield
the age of host kimberlite eruption.  The Intter possibility has important implications for
construining the sources of detrial diamond populatdons worldwide. To test the latter
contention, clinopyroxene diamond inclusions, from the Jwaneng (Botswana), Orapa
i Botswana) and Mbuji Mayvi {Democratic Republic of Congo) Kimberlites, were analysed in
thee curment study,

Al some inclusions yickled ages within error of the time of host Kimberdite intmsion,
the majority vielded apparent ages significontly older than the time of host intrusion,
indicating that not all pre-erupion argon resides ot the diamond/inclusion interface as
ariginally thought, In addition, okder apparent ages were obtained from lower temperature
steps. Furthermore, age differences between fragments from the same inclusion indicate that
the argon is heterogencously distributed. The step-heating results suggest that the F:"
eruption argon is located in low retention sites andlor ot grain/domain boundanes, One
possible explanation for the anomalous argon distnbutions invelves inirial diffusion of pre-
eruplion argon o the diamond imerfoce region in response o mantle coaling afver diamiond
eryslallisation. This is followed by diffusion of some interface gas back inte the inclusion in
response 10 increased argon partial pressures caused by differential expansion during the
eruplion process. In cases where cracks develop around the inglusion, all pre-eruption argon
imny e bost from the inclusion.

The current study demonstrates that the interpeeiation of A Ar laser probe resulis from
extracted or pamally encapsulated inclusions is compies. While some inclusions many well
vield reliable host kimberlite/lamproite emplacemen ages, the partial retention of pre-
eruplion argon will often lesd to an over-estimation of the true result. The current data also
suggcst minimam genesis ages of 2.2 Ga and 2,8 Ga for two Jwaneng inclusions, which are
significantly older than inferred Sm-MNd dismond genesis ages obained for the same localiiy.
This este tant some portion of the pre-eruplion argon is extrancous, or that the Jwaneng
diamonds grew over o profonged time period.

* D nt of Creodogy and Applisd Geology, Uneversity of Glasgow, Glasgow, G112 800, UK
" De Beers (Genfcienve Cenive, MO Box 82202, Sonibdale, 2035, Sauith Alrca.
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ELECTRONICS GROUP

The proup enjoved another demanding and stimulating vear, which saw the SHRIMP
Multiple Collector bench tested, modified and fitted 1o SHRIMP 11 for beam tess, the design
and commissioning of two AntPAC2000 insrument packages for femipors] daia logging by
GPS in Amurctica, the fabrication of a thied such Electrosics Packnge' for Hl.@m the
University of Utrechi, the completion of an instrumentation package for the 4 kiloTonne press,
together with the completion of a range of smaller development projects.

Muinscnance (at system through 1o component level) acoounted for 21.5% of human
resources, the remadnder distributed between Instrument Design and Development (665 ).
personal and group resosiree development (0.9%) Group Administration (10 1% ) and School
Administration (1.5%]). Maintenance continued to receive the hizhest priority, and we believe we
achieved an adequate response rute and customer focus,

Staffing

There were no staffing changes during the vear, and the group comtinies 1o comprise five
Technical Officers and one Trainee Technical Officer. Following university requirements, group
salf reduced sccumulated recreation leave credits during the vear.

Major Tasks Undertaken
Antarctic GPS Instrument Package: (21 4% of 1otal manhours),

A complex remote 'Lmnurmmc?mhug: (ANPACION) was developed for deplovment in
Antarctica by the Geodynamics Group, Two packases were (abricsted for Cieodynamics, and a
}lﬁrdc for commercial sake. (A, Welsh, N. Schram, A. Forster, A. Latimore, 1. Amold amsd
- Lanc)

Hard Materials Project: (4.9% of 10l manhours). Modifications o data acquisin on the 4
kiloTonne press were designed, constructed and insalled. (A, Forsier and A Lutimore)

SHRIMP 11 Multiple Collector: (6.8% of wotal manhours). Integration of control electronics,
hardware and software continued. Bench testing was compleled, and the Multiple Collector
mownded on SHEIMP 1T for beam resting. (N, Schram),

NG61 Mass Spectrometer: (6.4% of total manhours). Design of a high performance Pulse
Counting System, suitable for single or muhiple collecior applications was well advanced,
(A, Latimore and 1. Lang),

Soil Sample Drier: (2.3% of wial manhours), A solarbattery/mains Hire powered oven was
developed for use by the Envionmental Processes Group for the ficld preservation of soil
samiples. (1. Amold, A. Welsh, A, Forster and N. Schrum),

tesla tamer® Magnetic Field Probes: (20% of wul manhoars).  Nine pribes  were
mamifactured and sold o AS]in support of SHRIMP sales, (1. Amald),
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Profected Outlook

2000 promises to be another demanding year, as we tum our attention 1o the NG61 Mass
Spectrometer, and ‘Charge Mode data acquisition developments for the new Finnigan Triton
instruments. The ageing SHRIMP 11 design {electronics) 15 becoming i ressingl icult for
the school's commencial parners (Australian Scientific Instruments) 10 icake due o
componem obsolescence, and we anticipate involvement i the re-design of significunl elemems
of that instrument.

The maintenonee worklosd of the remains high (currently 21.5% from 1% dan
1997} due 10 expansbon and ageing of the schools instrumentation base, e the aesimilation o
former RSPAS saff and operations, and this will be exacerbated as the commissioned
instrument base hroadens during 2000,

The bulk of mainlenance continues 1 be wndertaken by senior group members, who also
lead the devebopment effon, thus increased naintenance demnd has a dispropostsonste effect on
developmental activities. This trend will eontinue to limil the tmely delivery of development
projects during 2000,

WORKSHOP

1999 higs given us fime 10 reflect on and improve our solutionsftechniques o man of the
challenges and demands of recent times. Workshop training on new aq:]tpmmt and Mnﬁm i
now 4 permanent part of our lives. Again we have no mapr pecis being worked on al the
mement but many smaller ones with deadlines just to keep us Tocused. We are hecoming more
proficient with our medern equipment and software and our reputation for having a go al the
[t d'tfﬁ-.:ul:‘i:bi has spread beyond the school. In fact we are doing an involute curve for
Llnivcrsilyul_;ll‘ ollongong o the moment after they could find no one prepased to do i fior them
commerciby.

We finally saw the installation of the mubiicollector on Shrimp [, This was a major
undenaking moving the Shrimp offline for @ month while some minor and major problems wer:
soned out.

This year we purchasad a new Electrical Discharge Computer Control Wire Cut Machine
in partnership with RSPhysSE. This is u significant addition w the ANU enginecring capability
2 11 gives us twice the capacity with state of the an performsance in speed and accuracy. Tt wis
also the most ive purchase of engineening Enmﬁ:rm.ﬁmlmadtpm'ﬂ:]chu
RIEF grant of a %1 70,000. The balance ul'lhnﬂi;}: cost was made up from S60,000 RSES,
SR0.000 RSPhysSE and $10,000 ASL It compliments our existing machine at RSES.

There is enly one mujor project in planaing at this time, the 61CM TIMS that we expect o
fake a large amoum of our effer in ;

All of our usual customers kept us busy with equipment repairs and sample preparation.
Lah upgrades and system automation seems to be 4 continuing AAvily PequITing our sErVices.
We have appreciated the considerable support the school has given us in huLIdinm#_ up 1he
workshop (o a relatively high engineering capability in both terms of equipment and
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Aleinikoff, I, Muhs, DR, Sauer, RR, and FimlrlT,g_ CM. Late Quaternary boess in
norhenstern Colorado, 1 Pb isotopic evidence lor the variability of loess sources,
Gieological Soctery of America Bulletin, 111, 1876~ 1883, 1999,

Ashbrook, S.E, . AL and Wimperis, 3.” Three- and five- quantum 70 MAS NMR of
forsterite Mg, 510y, Amerfcan Mineralogy, B4, 1191-1194, 1999,

Ayress, MLA, Barrows, T.T., Passlow, V." and Whtley, R." Ne 1o recent species of
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description of five new species. Records of the Australian Museam, &1, 1-22, 1999.

Bangen, B.. Swollhofen, H.'. Lorenz, V. and Armstrong. R.  The geochronology and
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Marmibin and South Africa, Jowrmal African Earth Sciences, 291, 3349, 198,
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Bait, G.E™, Kohn, BP., Broun, 1. McDougall, 1. and Ireland, T.R.” New insight into the
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thermochrnological investigation of the M %c ematites. In; Exhumation
processes: normal fanlting, ductile flow and erosion. ted by Ring, U, Brandon, M.,
Liger, G. ond Willett, 5. Geological Society of London Specinl Publication, 154,
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TXT= 1.0, 15HHD,
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25167-25181, 19400,
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temiperature |-type granites. Resorce Geology, 48, T25-235, 1998
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2049, Thil-2164, 1999,
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De Deckker, .D.", Chivas, AR.™ and Shelley, J.M.G. Uptake of Mg and Sr in the curyhaline
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Palaeoclimarolagy, Paloeoecology, 148, 105-116, 1999,

Esat, TM.", McCulloch, MLT., Chappell. J., Pillans B. and Cnourn A.” Rapid flucteations in sen
level recorded @t Huon Peninsuln during the Penultimate Deglaciation, Siience, 283
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ﬁm created by Med S Ge and Sn implantation wn Silicon,  Jourral of Applied
VNICE,

Zhang, 5. Karuto, 5.7, Fitz Gerald, )., Fal, U, and Zhou, ¥, Simple shear deformation of
olivine aggregates,  Feclonoplyaics,
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ACADEMIC STAFF MATTERS

The following joined the academic stafl of the School in 1999 or took wp oew

appoiniments in 1999
Iy E. Dehayle
Professor B. Grifliths

[ J. Hermann

Dir 5. Ehang

Research Fellow ( Previously Postdoctoml Fellow, Seisminlogy. )

Professor  ipreviously  Senior  Fellow, Geophysical  Fluid
rnnimecs, )

ARC Postdoctoral Fellow {Perochemisairy and  Experimental
Petrolegy.)

Resemrch  Fellow  (Previously  ARC  Poswdoctornl  Fellow,
Petrophysics.)

The following left the academic stall of the School in 1994:

Cie . Audiben

Dr E. Debayle

D O, Cdmumdsson

D .5, Tamey

[ 5. Yergmolle de Chantal

D 5. Webh

Lefi ber position as Research Fellow o take wp o Yisiting
Fellowship in the Schoaol,

Left  hix Wuﬂm oy Rewarch Fellow o ke up an

.cnlfrpcqnmm i the Seismoleey Group, Institut de Physiguees du
French Mational Research Agency. Stmshoung, Framoe,

Lefi his appointmem as Resewrch Fellow w take up on
appointment in the Danish  Lithosphere Center, Copenhagen,
Denmark.

Left his posdtion as  Postdoctoral  Fellow  (Environmenial
Procesuesy il o take up an appointmsent o the Geology
Depanment, Roval Holloway, University of Lomdon,

Left her position as ARC Intermatiomal Fellow {France) o retum
w0 Institul de Physique du Globe, Paris France.  Dr Vergniolle
also ook up a Visiting Fellowship in the Schoal.

Left her position as Fellow (Petrophysics) 1o ke @ position s
ARC Senior Research Fellow in the Geology m, ANU,
Dr Webb also took up a fve-yvesr Yisiung Fellowship within
F5ES,

PHD STUDENTS - THESES SUBMITTEDD

bs L), Bloomficld

SupErvisors;
A

M= C. Davids

Supervisors:
Adlvignors:

The dynamics of trbulem fountnins in homogencous  and
sratified Nuids,

D BAZ, Kerr, Professor B, Griffiths

Professor 1.5, Turmer

A thermochroncdogical stedy of southern Flordlaml,  Mew
Professor | MeDoogall, Dy G, Gibson ( AGSO)

Dr T.R. lreland. (RSES/Sunford), Dr D. Ellis {Geology, The
Faculties)
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Mr PW.0, Hoskin
SupEriiors:
Advisera;

M G. Clitheroe
Sidpe Avtine
Adlviser:

M AP, Hitchman
S.lqmrmr'.m_r
Advivers:

Mir D, Sinelor

Supervisar:
Advisors:
Mr Y. Yokoyama

Superviaor:
Aalvitsays;

Wang, L.J. (Girad 95)
Supervitor
Aclvisers:

i L AT

Supervizor:
Aalverar:

Aspects of the chemiistry of mEreon

D 1.5, Williams, Dy H5LC, O Meill

Professor B.W. Chappell (Geology, The Faculies). Dr T.R.
Ircland (RSES/Sanion)

PFeceiver based stidies of the Australian continent
Professar B.L.M, Kenneti, Dr O, Gudmundsson
[ M. Sambridge

Interactions  between seromagnetic data and  electromagnetic
incisction in the Earth

D F.E.M. Lilley

Prifessor B.LN. Kenneti, Dr M. Sambridge (R5ES) and Dr
P Milligan (AGSO)

High spatial resolution analyas of race elements i ook using
hser ablation ICP-M5

Professor 8. McCullach

Professor B, Waszon (CRES) and Drs 5.G. Blake (NRIC,
Bureau of Rural Sciences) and LK. Ayliffe

Sedrlevel change in Australasia and the madiocarbon thime scale
calibrution during the Last 50,000 years

Professor K. Lambeck

Drs T.M, Esat and P, De Deckker {Department of Geology)

Electrical Conductivity Structure of the Ausiralian Continent

Dr FEM, Lilley

Cir ), Braun, Professor BN, Kemnen, Or CE. Bafon, (AGSCH,
Dr F.H. Chamalaon (Flinders Universioy

The siable motope und race clement peochemisiry of the Victory
Crold it, Western Australia

Dr LH. Campbell

D I Palin

POSTGRADUATE AWARDS AND SCHOLARSHIPS
AL, Hales Honours Year Scholarship:

The following wok up scholarships in 1999:

Full Time {Completed in 1999)

Mz 5. Belfeld
Thesis Tiete:

Sirpervisor:

M N, Douglas
Thesis Title:

SMpErET
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Mustrulian Mutional University
Cieochemistry of mell inclusions ond mainx class for 186 AD

Ta fon, Mew Zealond,
Fﬁm E Arculus (Geology, ANU) and Dy J, Mavrogenes

Australinn National Universiy

Anexperimental study of bismath (and gold) in the hydrothermul
ETviFOa s

Dr 1. Mavrovencs
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Part Tiose { To Complete in 2000}
Ms C. Farmer Australian National Universa
Projecr: Investigations of eanthquike location lechnigques
Suprervisiers: Professor B.LN, Kemmen, Dr M. Sambridge and Dr P, Chopra
(Geology, ANLT)

Jothn Conrad Jaeger Scholarsh
Ms EK. Pouer g ?

AGE. Ringwoed Memorial Scholarship:
Mr X, Lin
Mr K. Y cshizaawa

Australinn Postgraduste Award:
Ms E.K. Poner

Bs P Restomil

M5 P Trehle

Australion Postgraduate Award (Industry b
Mr C. Hemth

IPRS Schaolarship:
Mr W, Sun

Bfr X Lin

Mr K. Y oshizawn

Vice Chancelor™s Endowment for Excellence Supplementary Scholarship:
Ms E.-K.M. Poner
Mir AC. Hack

HONOURS AND AWARDS

{Academic Stall)

Professor K. Lambeck received the degree Doctor of Science homords cowse from The
University of New South Wales and was elecied Foreign Member of the Academia Europaea,
He received ihe Sir Kirby Laing Visiting Fellowship from the University of Wales (Bangor) snd
wits appoimded Yisiting Professor i Lund University, Sweden.

Professor 1 MceDougall was awarded o Godd Medal by the Ausiralion Instinate of Musclear
Science and Engineermg For excellence in research.

Dr [} Rubatio wos awarded the 1998 medal for an outstanding PRD ihesis o the Federsl
Instiute of Technology, ETH-Ziinch.

mﬁi‘ 1.5, Tumer (Emenimis) was appodmiesd a University Fellow for two years from Jamsary
iStudents)
Mr DL Osmond, a PhD stodenmt i the Geophysical Fluid Dynamics Group, was awarded a

highly competitive Pre-doctorl Fellowship by Woods Hole Oceanographic Institution, USA, 1o
attend the annual 10-week summer program in Geophysical Fluid Dynambcs (June=Asgust),
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Mr [, Sincluir was awarded the RSES Robert Hill Memorial Prize and was runner up for
the best student talk ot the Australian Corl Reel Society Mecting beld on South Mode [sland.

Mr M, Wells, a FhI) student in the sical Fluid Dynamics Group, was awarded a
scholarship by the University of Washingion, USA, 1o atend the G-week {Fuly-Sugust)
Friday Harbor Summer School in Oceanography. He also won the awand for the best shudent
preseniaiion 3t the anmeal Ausiralian Meteorology and Oceanography Society Meeting held in
Canberma in Febnaary.

VISITORS

Ms M. Abram of the University of Sydney worked with Dr M, Gagan, Environmentnl Processes
Crroup in Oclober, o measure stable 1sc ratios in mid-Holocene corls collectad T rudsed
reels in the Ryukyes Istands, Japan. work forms part of her Honours research in the
Departnsent of Geosclences.

Dar M. Amalvict of the Universite Louis Pastewr in Strashourg visited for two wecks in Febnzary
10 conduct ohservations using their FGS Absolule gravimeter ol the superconducting gravimeter
sile @i M Stroemilo,

MrC-Y. Bal visated frotn the Xinjiang Seismolbogical Buresu, China for a year, leaving in July,
and wiorked on techniques for chosscterising and recognising scismic phases on brosd-banil
reconds with Professor B.L.N, Kenneti.

Mr B. Boerher, UFZ Gewdsserforschung, Germany, visited the Geophiysical Flusd Dynamics
Giroup in December, [ present a seminar on convective coastal curnents.

Ms H. Brige, a graduate siudent from the University of Wilreburg, Germany, visited the lon
Probe group for three weeks in May io work with Dr L5, Williams on a colloborative siudy io
compane the resulis of SHREIMP and Kober peochronology applied 1o igoeous and metamrphee
rocks of the Rubka Crysalline Complex. Germany.

Dr 1. Buick, La Trobe Umiversity, and Ms 1, Miller, Monuash University, visited the fon Probe

for three weeks in January-Febwuary 0 work wah Dr LS. Williams on a collsbormbive
study of high prade memmorphism and Moid flow i the Limpopo Metanworphic Beli, Soath
Africa

Ms G, Burch, ANU Geodogy Department, visited the lon Probe group for a wesk in June i
work with Dr L5, Williams as pant of ber Honours project, dating intrusive and voleanic rocks
that provided a tight constroint on the age of gold minerslization sf Mt Mockensie, centrul
Clusensland.

Mr C. Butera. University of Melbourne, spent the theee months Novemnber 1998 w February
1954 visiting the lon Probe group as a Summer Research Scholar, where he worked with Dr LS.
Willingns oi an ion micropeobe siudy of the zircon age of magmatism in the vicinity of e
Gioonumia gold deposits near Parkes, MW,

Professor A. Canals of the University of Barcelona, visited the Ore Genesis Group (jointly with
Environmental Geochemistry) for six months.  She worked with Dr M. Palin en laser-1CPMS
analyses of Pb isolopes in galena and visied the Golden Mile with Drs | Camphbell and M.
Palin and Mr C. Heath,

Dr 5.W.J. Clemend from fon Optical Consulting, Cripawd, Pringe Edwand Island Canads, vissed
the Ton Probe group for three months July through Cctober 1o work with members of the group,
and Emeritus Professor W, Compston, on the jon optics of the SHRIMP RG,
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Dr T, Correge of ORSTOM, Mew Caledonia visited Dr M. Gagan, Environmenial Processes
Ciroaup, i Jamuary 1w measure stuble isotope ratios in laie Pleistooene corals collecied  from
submerzed reefs in Wamiu,

Ms K. DeCorie lmm the R-El}ll "-'Iu&:um of Central Africo, Belgiom visiad Dr W.E. Tavlor of
the Petrochemi ﬁ“m Parology  Group q.lmr-g March and Apdl | u‘;‘ﬂ 1o
undertake laser-ablation ICP 5 race element analyses of metamorphic microdipmonds from
the Kokchetay Wassaif, Kozakhsian,

Professor M. Dadson, Universiey of Leeds, visited the lom Probe group for three days in August
o wiork with Dy L5, Williams completing work on dating the early Archean Mushandike granite
from Zimbabawve,

Dr D, Frunk of the eides Corporation visited the Geodynamics G 1o deliver and
provide instruction on gl.rinsgd of two fuel eells 1o be installed in Anmn::i'r:-: |r:I|TﬁTum N,

Ms 5. Frederiksen, 0 PhI} sfudent af ibe University of Aarbs in Denmark, visited ihe
Geodynamics Group for 6 months, She collaborated with Dr J. Braun on modelling strain
Iocalization mn the lithespherie mantle during extension,

Pridessor E. Galmmov, Director of the Vemndsky Instinne, Moscow, visised the PEEP Group
churing April and presented a seminar on the katest research octivities of the Institwe.

Dr ). Goodge, Southern Methodist University, visited the lon Probe group for one week in early
July b work with Dr L5, Williams i a collaborative study of the provenance of Meoproterosoic
and enrly Palaeoroic sedimems rom the Bearndmore Group in the Transantarctic Mountiims.

Mr C. Gunton, ANL Geology Departnient, sisited the lon Probe for 3 days in August
work with Dr L5, Williams as pam of his Howours propact, dating b rutile from the
Ernest Henry Cu-Au deposit, Oueensland,

Dy P.J. Heamy, of MNossan, Boahames, wisited (he Envimnmental  Geochemistry  and
Geochronology Group in June,

Dr K. Helirich, Wonds Hole Ooeanographic Instimtion, visiied the Geophysical Fluid
Dynamics Grogp in July 0 discuss common inerests in wind-driven ocean circulation and

presented & seminar on this subject

Dr G. Holk of Queens University, visibed the Ore Genesis Group For o days to discuss the
application of stable isotopes to problems i ore genesis. He gave a @ik on “Crustal-scale
hydrogeology of a collapsed orogenic beli: a stable wotope study of the southern Omineca Bely,
Biritish Columbia, Canada”™.

DBr B. Honon, University of Durham, visited the Geodynamics Group o andertnke collabormtive
studies with [ P. Johnston on the palaécenvemmment reconstruction technigues for the
Hulocene,

Mr M. Huang, a graduate studem from Lo Trobe Undversity, vished the lon Probe group for o
week i Apnl o owork with Dr LS. Williams on a colliborsiive sudy of high gade
metanrorphism in the eastemn Tibetan Plabean.

Ms 1. Johnsion of the ANU Botany and Zoology Department worked with the Esvironmental
Processes Group 1o measure oxygen isolope ratios m sewwater collected from the Southermn
Oeean. The work forms pan of a collaborutive major ARC grant with Dy J. Kabish, aimed =
reconsinecting Australion palacoclimales.
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Dr T. Lee of the Cooperative Research Centre for Australinn Mineral Exploration Technologics
(CRCAMET) has been a visitor st RSES during the year, and has contributed 0 discussions in
the geomagneliso area.

Mr [ Lescinsky. n FhD) sindent in the Geology Depariment. Anzona Stote University, vissied
IEI: {i:mlphﬁiml Fluid Dhymamics Group in June, w discuss the dynomics and morphaslogy of
wa %,

JR, Lister, Depanmem of Applied Mahemaics and Theorethcal Phvsics, University of
Cambridge, was & Visiting Fellow the Geophysical Fluid Dynamics Group for four weeks,
commencing |0 December 1999 until 13 January 2000,

Professor B, Ligle of the Papua Mew Cuinep University of Technology, Lae, visited Drs
H. McQueen and P. Tregoning and Professor Lambeck 1o discuss future cooperation in the
iP5 sectonics program in Papua New Guinea

Professor [ Law, Chinese Academy of Geological Sciences, visited the [on Probe group for o
weeks in June w work with Dr 15, Williams on collaborative studies of the Su-Lu and Dabic
alira-high pressure metam termnes, newly discoversd r.url,l.- Archean rocks from cenirl
China, and early Archean from Enderby Land, Antarctica.

Dr ). Lough of the Austrlian Institute of Manne Scéence visied the Environmentnl Processcs
Growp from 20-22 October 10 0t o5 sdviser for o PhD mid-term appraisal and to discuss
collaborative coral reseanch for the AUSCORE progrm,

Dr B. Luck, Instinut de Physique du Globe, Strasbourg, visited the Geodynamics Groop o
calibruge the 5G instmument at Moum Stromio using their FGS Absobute Grovity Metes,

Professer Ma Keyang from the Linshow Institute of Geobogy, Chinese Acslemy of Sciences, is
visiting the Environmentsd Geochemastry and Geochnonodogy Group for o vear (o undertake
research and laboratory work.

Mr 5, Maisurmuri, Hesd of the Fira Ceodetic Division of the Geographical Survey Instiure of
Japan, visited the Geodvnamics groap in Febmsary 1w discuss collaboration on ahsolute gravity
msensumemsenls iy Australin

Ms 5. Mclaren, § gradusie student from the Department of Geology and Geoplivsics,
University of Adelade, visited RSES Tor abiil & month liate i the b umcleriake K-Ar ape
meeasurements on samples from e sorthern Flinders Ranges, South Austrabia, in relation oo
propect being underaken with D M. Sandifond of the University of Adelaide.

Dir K. Miswwa and Dr A, Yomaguchi, SNoteonal Institute of Polar Reseémrch, Tokoyo, visited the lon
Probe group for four weeks in May-June to upgrade their skills in SHREIMP anslysis and
mnimienmnce privedures,

D M. Makacda visited RSES as pan of the Australion Acslemy of Sciemce exchange program
with the Jopan Society for the Prometion of Science, During his vigii he collaborated with
Professor K. Lambeck and Dy P. Johnston of the Geodynamics Group.

A delegation from the People’s Republic of Ching visited the Ton Probe group in June o view
the RSES SHRIMP instruments as purt of pegotiations for the possible purchase of a SHRIMP
by thie Mini of Lamd and Resowrces, Beijing. The deleganon consisied of Professor 3. L,
Mr 5. Du Ms L. Song from the Minsiry of Land and Resources, Mr D, Lin from the
Ministry of Sceence and Technology, and Mr H. Li from the China MNational Zhenn Hua VE

Corporation.

Ms DUGL Questinuy (formerly Division ANH, R5PAS) visited the Environmental Geochemistry
and Ceochronology Group o investigate the vabdity of single-gruin quarte optical dating
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profocids, with means of dating which reduce relumee on U and Th disequiliberia in
envirpnmental dosimelry,

Professor W. Ranson, o visitor to the ANU Geology Depanment from Fusman  University,
Gireenville, spent one woek in March with the lon Probe growp o woeek with Dr 15, Wilkams on
o collsborutive swudy of the age and provenance of granite gneisses from the southern
Appalachiong.

Professor J. Richards visiied the Ore Genesie Group for two days o discuss problems
associated with the genesis of porphyry copper deposits and 1o give a wik entided “A single
late-Eocene porphyry Cu event, Lo Escondida district, Chile”™.

Dr T. Sao from the Fanthquake Research Institute, University of Tokyo, depaned in April afier

a year's visit working i the Seismwology Group, on the development of imagnnlinn and

E:ﬂmm fechnigues for manme seismic refraction daa m collaboranon with Professor BN,
el

Professor T. Sato from the National Astronomical Observatory of Tapan, Mizusaws, visited the
Creodynambes Group in November to work with the Superconducting Gravimeter ai M1 Stromba
and disciess analysis of observations,

Br B.IY Shaw (formerdy Australian Geological Survey Organizaion) wus o vigibor & the
Creodynamics Eirtu.l.F. He collsborted with Dr ). Braun on the OZBLOCK project, 4 palaso-
ject for the Australian continent in the loe Palacoroic based on o thin-sheet

i developed at RSES,

Professor K. Shibuya of the Japanese Najonal Instite of Polar Research visited the
;i:ﬂd}'nlmim group b discuss peodetic work i Antirctica and visic the Mt Seomlo Gravity
Lahion,

Mr D. Shont (formerly CSIRD Division of Land and Water) visited the Environmental
Geochemistry and Geochronobogy Group to develop o numerical model of luminescence
processes.

A contmact with Austrabion Scientific Instrumests Piy Lid o wppl_lilp a SHRIMP 1l w the
Ministry was signed in October by o visiting debegation consisting of H.E. Madan J. Shou, Viee
Minister of Land and Resources, Mr [0, Ye, Director-General, Department of Finance, Ministry
of Land ond Resources, Mr 2. L1, Deputy Director-General, Department of International
Cooperation, Science  and = Technology, Mimstry of Land and  Resources, Mr
F. Guan, Deputy Director-General, China i Rescarch Instbivte of Laml amil Resources,
Mr X. Kang. iy Depariment Director-Ceneral, Ministry of Finance, Mr G Lin, Depury
Division Chaef, Genernl Office, Ministry of Land and Resources, Ms W Yiem, Depanmem of
International Cooperation, Science and Technodogy. Ministry of Land and Resources, and Mr .
Sang, Oueanlun Resouroes.

Dr ). Strega, of Finnigan MAT, visited the Environmental Geochemsary and Geochronology
Ciroup in May o discuss varous instrumentation collaboraton,

Mr 1. True of Jomes Cook University worked with Dr M. Gagan, Environmenial Processes
Giroup, in November-December (0 measure stable isotope mtios in Greal Bomier Reel coruls
grown in controlled environmens. The work formes pan of his PhD research in the Department
of Binlogical Sciences.

Professor K. Trumble, Purdue University, visited the Petochemistry and  Experimenti
Etﬁh?u};rmp to sludy the pallasites in our meteorite collection and discuss their texiures with
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Mr %Y. van Brabant, a PhDD stodent ot ihe Unversity of Lige in Belgiom, wvisited the
Geodynamics Growp for 3 months. He collsborated with Dr J. Braun on modelling of the
tectonic development of the Variscan fold-and-thrust belt in south-central Belgim,

Professor W, Van Schmas, University of Kansag, Lawrence, visted the Ton Probe group for a
three-month sabbatical from February through May o work with Dr LS, Williams on a
collaborative stedy of shifts in the provenance of bate Proterozoic sediments from norihegsien
Brazil as n racer for the hreakup of the supercontinent Bodinii.

Mr R. Vieloso, Geophysies Institute, University of Bergen, Norway, was a School Visior in the
Creophysical Fluld Dynamics Group ﬁnmﬁy 1900, and comtimsed research imo wind-driven
circulstion of strasified waters over continental shelves, supervisad by Professor Griffiths,  This
wiinrk wiill Foam his PhD Thesis 10 be submitted o the University of Bergen

Dr 8. Vergniolle of the CNRS, Paris, Frunce, was o Visiting Fellow in the Geophysacal Fluid
Dynamics Group from January w0 July 1999 and continued experimental studies of foaming
Mows begun during her Infernational Fellowship (ARC) in the Group.

Profiessor G. Veronis, Yale University, spent five months from 10 January o 30 May 1999 a5 8
Visiting Fellow in the Creophysical Fluid Dynamics Group, and collaborted with Professor
Ginffiths on an expen imvestigntion of the fimdamental mechanics of wind-driven ocean
circ i o,

D B, Wit (University of Queensiand, Gatton Campus) visited Dr Bird in Ooiober in order to
unsberioke carbon-isolope unalyses of wool samples.

Associate  Professor C. Woodroffe of the De nl of Geosciences, Universy of
Wollongong, visated the Environmental Processes o dliscuss the resulls of coral suble
isodope analysis. The work forms pant of o collshorutive project with Ir M. Gagan o
reconstruct the late-Holocene climue of the equatorial central Pacific,

Professor H. ka;:'{:]pmlumn Univessity, visited the lon Probe group for & week in Febrowry
to learn heavy mi separation procedures and discuss with Dr LS. Willkams the resulis of
their colliborative study of zircon inheritance in Miocene igneots rocks from southem Spain.

Mr C. Zimmer, science journalist from Natonal Geographic Magazine, visited BSES for 2 days
in Aprl @ imerview members of the Geochronology and Isolope Geochemisiry Group about
thecir work.

Dy D, Zwarte, Urrech University, visited the Geodynamics Group o work  on severad rescarch
issues including the Lambert GPS project and Queensland. Bunger Hills research.

CONFERENCES AND OUTSIDE STUDMES

D¢ C. Abben anended the ELNG 10 conference in Strasbourg (28 March to | Apnl 1) and the
anmieal Australion Corl Beefl Soctery confercnos in the Whitsundays (3 to 6 Seplembser],

Dr C. Allen sitendied the Fourth Huton Conference on granites and relsed rocks in Sepieniber,
gl Clermont-Ferrund, France and presenied a entitled “How  batholiths  post-date
subduliction: application of Ward's {1995) uction cycle model 10 the norhern New
England orogen, Quecnsland”™,

Dr R.A. Armstrong attended the Buropean Union of Geosciences (ELC ) meeting in Sirashoury,
France in March, co-authoring three papers. Dr Armarong also atlendad a special meeting on
the K al Craion held in Vredefort, Souh Africa, snd convened by rescarchers in the
Kaapvasal Craton Project from MIT, Camegie and southem African instinstions.
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MrT.T, Bamows attended the Quaternary Long Records W held at the ANU Geology
Deepartment {2-3 February). Mr Barrows also attended the EP i workshop: "Global Ocean

Land Surfsce Temperatures during the Last loe Age' beld w0 the Hanse Tnstitute for
Acvanced Siudy i Delmenhorst, Germany {3-6 May), From May w October, Mr Bamows was
o Visiting al the Quatermary Research Center. University of Washingion, Seatile. During
this gime fekdwork was conducted in the Cascade Mountains snd the Sierra Mevada Mr
Bamrows also visited INSTAAR st the University of Colorado (LISA),

Dr V. Bennett atiended the Goldschmidi Conference st Harvand University, Boston,
Masanchusents, where she co-chaired two sessions and presented papers describing results from

bcal and isowopie studies of eorly Archean termanes of southwest Greenlond,  In October
she attended the SIMS workshop an Woods Hole Oceanographic Institution and presented a talk
entibed: New peochemical applications of the SHRIMP 1.  Dr Bennett was 4 visiting scientist
ut the Department of Temestrial Magnetism, Camegie Instinwtion, ‘Washingion DC from 9
Oictober 10 7 December, Her investigations included study of the Be-Os issope systematics of
the: Australian lthosphens mandle.

Dr AJ. Berry visited the Californin Institule of Technology to undemake spectroscopic
experiments on fuid inclusbons. He also visied the experimental petrology Iaborstories o the
Uiniversity of Arizona and Ehime University, Japan,

Dir Bird anended the XVih Iternational Union for Quaternary Research (INQLUA) Congress in
Durban, Sowth Afica from 3=11 August and presented o paper entithed “Million Yy records of
fire in sub-Saharan Africa’,

Dr 1, Braum was invited to participate in two wisrkshops of the Enrh System Evoluiion Program
of the Canadian Instingte for Advinced Research (CIAR), in Calgary (Mav) and Tosonto
{ December), During his stay in Toronto, Dy Braun was iovited 1o give o seminar at the Physics
Diepartment of the University of Toroato. He also wok pan in the all-progmm CIAR conference
held in Banfl m May, He was invited o give o presentation @t the 1999 Deformation
Mechanisms, Rheology and Microstructures Workshop held in Newstadi (Germany) in March.
Dr Braun was also invited © the Depanment of Eanh and Planetary Sciences of the
Muassachusens Instiute of Technology (MIT) 1o collaborste with Dr K. Whipple on
lnndforming processes in a glaciated environment. During his week-long visit in late Movernber,
he gave seminars at the MIT and in the Earth Sciences Department of Harvand University.

Dr LH. Campbell gaove a wik on "REE in scheelite: implications for saze-charge halnee
substitution of race elements in minerals” ina symposiam o honour Professor Perer Roeder ol
the hEﬂDIDgiHI Associntion of Canado-Minemlogical Assocition of Canada Meeting
Sudbury.

Mr H. Cheng atiended the General Assembly of the Inmemational Union of Geodesy and
Geophysics in July, where he gave o rrea-mlnlim entitled “Seismic Body Wave Attepustion In
the Upper Mantle Beneath the Avstralian Continent™”,

Professor 5.F, Cox presented an oral paper at the meeting of the indist Group in Teciomics
and Struciural Geology, held in Febroary o Hall's mtoria. He oo-authored pmother oral
wﬂﬂuﬂlmhimﬂrlﬁﬂmmﬂmuﬂnmmwﬁ:m 5. Profesor Cox also
presented @ paper on fault mechanics in the Roamane i:’lurm (Porgera, PNG) a1 the
December meeling of the Amenicen Geophysscal Union,

Fr GLF. Davies was an invited guest speaker @ the “Superplume”™ conference in Tokyo in
anuary.

Mr CM. anmﬁ;ﬂn:nmd a paper an the Mawson Continent o the Eighth International
Symposium on Antarctic Banh Sciences, Well; in July. He glso siwended the Annual
Meeting of the Geological Society of America, ver in Oclober and presented an invised
seminar on applications of the SHRIMP ion microprobe at Idaho State University, Pocatel] i
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Ociober. Mr Fanning spent two weeks in May-June o the Berkeley Geochronology Center
carrying oul {sotope dilution analyses of potentinl SHRIMP reference wircons with Dy K.R.
Ludwig and Dr B. Mundil. In June, he visited the new SHRIMP 11 faciliey st the Notional
Instnfe for Polar Research, Tokyo working with Professor K. Shirsishi on samples from the
Sur Rondane Mountains, Antarctica,

Dr J. Fitz Gerald presemted o paper on olivine aggregates to the conference Deformuation
Mechanisms, Rheology and Microstructures hebd ot Meustasdt an der Weinstrasse in March then
anended EUG D in Strashourg o present posters on flanstes and Mokl permseability. In Augus
he was an invited speaker on the subject of grain boundaries Tor the Gordon Rescarch
Conference on Rock Deformation beld in New Loadon, Dr J. Fiz Gerald is co-convenor of the
international conference micrieopy 2000 1w be held in Canberra next year.

Dr U, Faul presented a paper on deformation induced changes in texiures of pardally maolien
rocks ol the conference on “Deformotion Mechamisms, Eheolopy and Microstruciures™ m
Newstadi, Genmany with m—wulmn M. Coirl a.m]H.I.D. Fitz Gerald and a pu:[f:ﬂ EUG 10 in
Stras on grain growth in obvine aggregales, He was invited to present a keynole £
the bﬂ% m&:pﬂgﬂmms “Bildung. Transpord  und Eﬁl‘l‘miaﬂmm#\m
Silikaschmelzen™ in Hanoover, Germany and was a m—mmn of o workshop on melt
distribations and texteres in ocks @ the “Intemational con ' of lexres and physcal
propenies of rocks™ in Gitingen, Germany.

Dr M. Gagan presented an invied summarising coral-based reconstructions of Gireal
Burrier Reefl palasoclimmes ot the International Geosphere-Biosphere Program PAGES-
CLIVAR W, on “Climate Variations of the Last 300- 1000 Years™ beld in Venice, lialy.

Professor R, Griln was invitled 10 chair the session “ESR Dating” at 9% International
Conference on Luminescence and Electron Spin Resonance Deating. 6-10 September 1999 in
Rome. He gave the presentations: “Reconstruction of cooling and denudation rues of the
Eldrhurtinskiy Granite, Concasis, using paramagnelic centres in quartz”, “Methods ol dose
determimabon using ESR spectra of woth enamel™ ond “Dose  delermination on  wooth
fra ts". He was also co-author on the papers presented by . Koshebug. entitded “ESE
datkng of lava Mows of the Elbrs (Cascnsus)”  and “Thenmal stability of pummngnetic centres
in quanz in natursl environments”, Professor Ciriin {8 & member of the scientific comminee of
the Conferences on Luminescence and Electrom Spin Resonance Dating and ihe afitor for the

pers  on mﬁngm‘quﬂiuuhm which will be refersed and publithed in  Quatemary
Efmdmhﬂnﬂl- essor Griln was invited 10 give o talk on Eéeecd Darng of Homdaledi' sing
ESR and U-Series Duting at the 2 Quaternary Dating Workshop, 8-9 Apnl 1999, Luscas
Heights, Svdney. He was also invitest by the University of Aberdcen and presented o paper i
the “Duating of the Luke Mungo T Skeleton™. Professor Griin gave seminars of the Slichsische
Akademie der Wissenschaften, Freiberg and the Institut fir Geophysik and Geologie,
Universid Leapeig.

Professor D.H. Green mavelled 1o the UK from 8-14 June and visied Department of Eanh

Sciences m University of Ca : ment of Earth Sciences at Oxford, School of Ocean
and Enrth Science, Umiversity of . Department of Geology, Roval Hollway.
London, mel with colleagues and gave a seminar ol cach institution,  Professor gﬂﬂ: n alieisded

AMIRA's 40th binhday forum “Milestones o the fuure”™ in Melbourse on 18/19 August.
Professor Green participated in the International Schood on Eznh and Plosetary Sciences o
Siena, Imly from 24-29 ber 1999 and bectured on Crusi-Mantle  Inferachons:
Magmatism Originating in the Upper Mamtle. This was followed by an excursion (o the Alps
from 30 September to 3 October 1999, From 9 October until 7 November 1999 Profcssor
Cireen was o Japan on a JSPS Fellowship and visited NTPR, Tokyo: Instinste of Minermlogy,
Petrology and Economic Geology, Tohoku University: Instinute of Applied Earth Sciences. Akin
University; Eanh and Planciary Sciences, Tokyo Institute of Technology: Institute for Sofid
State Physics, University of Tokyo; Depaniment of Eanh Sciences, Kanazawa University;
Department of Earth Sciences, Elume University: Okayama University; ns well s continuing
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collaboration and fekdwork with Dr Niida ot Deportment of Earth and Planetury Sciences,
Hokkakdo University, A semingr was given o each institution,

Professor BW, Griflfiths atended the Auwstrlian Meteomlogy and Oceanography Society
Mecting held in Canbesra in Febraary.

Dr J. Hermann attended the Ninth Annunl V.M. Goldscheidi Conference, Harvard University,
Cambeoidge, MA, from 22-27 Avgust. Dr Hermann was an invited speaker of the Iniemationil
School of Earth and H-II'IHEI'F Sowences on Crust-Mantle Intemctions, Siena, laly, from 24-29
Seprember and the Leader of the fiekd trip of the Imemational School of Earth and Planctary
Sciences on Crst-Mantle Interactions, Val Mulenco, laly. from 30 Septembser to 2 Ociober. He
wis also imvited to a seminar @ Monash University, Melboumne on 19 Movember and 1o a
seminar of Adelaide University on 22 Movember,

Mr A Hilchman atended the Intemationnl Union of Geodesy and Geophysics, held in
Birmingharm, England in July where he presented two papers on aspects of magnetie mapping
and elecromagmetic induction in the Eath. He also e ted the Awstralian Sociely of
Explovation Geophysicists o the Fifth Intermetional Convention  of Geophysical-science
Societies. beld at Birmingham during the TLUGG,

Dr GA), Hoghes attended the 6% Austrafian Meteorological and Oceanographic Society
Mabonal Conference bheld v Canberm in February, and presented a talk emtitled “Interaction of
strafified Mow with wpography ™,

Dr L. Jackson co-convened two symposin and presented papers o the IUGEG General Assermbl
in Birmingham, UK, in July. [Jumgwhq:: same wip he visived and lecwred o de Universites n!!I'
Bristol and Cambnidge.

D G, Kaufmann wieended the UGG 1999 conference in Birmingham, UK from 19-24 July,

Ms J. Kemp presented o talk tGied “Late Pleisiocene aver metumorphesis in the Lochlan River
Valley, mﬂﬁ:ﬂm Australia” g the joint Briush Geonwephology Rescarch Group?
Commission on Geomorpholopy  and  Envimonmentnl  Change mecting in Hull, UK,
1614 Seplember.

Professor B.L.N. Kennen gave a seninar at the University of Quecnsland on rocent progress. in
determiming the seismic structure of the Auwstralian region.  He anlended the General Assembly
ol the Imemational Union of Gesdesy and Geophysics in July, where he guve one of four
Union Lectures on “The state of the mantle - reoonciling structune and processes”™ and also
presenied a paper on o synilesis of resulis on upper manike sructure beneathy the Ausirslian
region, In September he altended the US Research Svmposium on CTBT verilication in Las
Wegas, Mevady, where he ﬁ:ﬂ-‘ﬂhﬂ i poster on work on improving event location, depth and
souree mechanism using Neighbourbosd Algorthm inversion, At the beginning of Movember
e viisited the University of California, Sama and presented 1wo seminars,

Dr B.C. Kerr attended the Australosian Metearology and Oceanographic Society Conference in
Canberra in Febniary,

Mr A Bass presemed o paper emitled “Chaos mothe “shiced cone” model of wind-driven ocean
circubotion™ i the Siah Nationyd Awssimbion Meteorologscal and  Oceanographic  Society
Conference, ANLU, Canberra, 8o 1] Febmuary 19905

Prodessor K. Lambeck attended meetings, visited instinations and gave lectares and seminars in a
number of institotions including the Universities of Copenhagen. Lund, Uppsala, Oxford,
Cambriddge. Wales (Bangor and Aberystwythl, Paris, Papua New Guinca, as well as Imperial
College London, Ecole Monnale Supenear Paris, the Vinge Universiten Amsterdam, the Technical
University of Papua New Guinea and the Svensk Kiimbriinslehamering. He anended the [UGG
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conference n Bimmin the EPILOG conference in Deimenhorst, the Nordic PAGES
meeting in Hikie, and the CTAR meeting in Banfi.

Dr FEM. Lilley vissted the L‘ni'-trxila' of Victoma, BC, Canada for three weeks in Seplember,
where he collsbormted with Professor 1T, Weaver on the analysis of magnetotcliuric datn. He
then spent three weeks at the University of Munitoba, Winnipeg. where. with his host Associate
Professor 1), Ferguson, he worked on the interpretation of magnetotelluric data observed in
western Queensland.  He then afiendsd the Second Internitional  Symposiom oo Thaoe-
Dimensional Electromagnetics of the Univemsity of Uah, Salt Lake Caty, from 26-29 Ociober,
where he presented o paper on icnfbons 1o magnetic mapping. During this period of Cutside
Stuilies Leave he abw visieed colle: al the Universities of Hawaii, Alberta, Washinglon
(Seanbe), Colorado (Boakler), UCLA, and Victorin University of Wellington, ME at severul
places giving seminars on reseach results from Awstnla,

Mr W. Lus atiended the XIX Pacific Science Congress, in Sydney, al the Umiversity of New
South Wabes, from 4=9 July 1994 on the 1998 Sissano sunami ssabed investigations o1 the
northern coast of Papua Mew Guines. He alio atiended the Papus New Guinea und Region
Tsunami Conference (PARTIC) in Sepiember 1999 and the Australizn Dasaster Conference in
November 1999 in Canberra about the Bunami disaster ot Sissano, Papun New Guines entited:
“In_search of the cause and nssessing the nsk by mubibenm sopar and remoely opersied
vehicla™.

Professor M.T. MeCulloch presented o paper on U-Series wsing thermil ionialion  mass
speciromctry al & Cuaternary sciences warkshop held at AMSTO,

Professor 1. McDougall ofended the XV Inemational Congress of the International Uniom for
Quatemary Beseorch held in Durban, South Afnica in early Augus, where he presented a paper
on the numencal time framework for te hominid-bearing sequence in the Turkana Basin,
nowthern Kenya.

Ms H. MeGrepor presented a on coral-based palasoctimate reconstructions fior the Sepik
River region of Papua New Guoinea af the Coral Reef Society Anmil Scientific Conference,
South Molle Island, Grend Baorier Reell She also attended the 2nd Cheaternary Datimg
Work ar AMSTO, Lucas Heights and the Quatemary Long Records Workshop m the
Creology Anstralian National University.,

Mr J. Marshall atended the annual scientific conference of the Australian Coml Reef Sociery on
South Molle Istand, 3-6 Seplember and presented a poster on “Se'Ca-desived S5Ts of massive
Porites corals from Chrsimas and Cocps (Keeling) Islands, eastern Indizn Ocean™. He sl
aterhsl an inbernationsl f{l:q:mium on the Paleoceanolgy of Reefs and Carbonate Phatfonns,
Miccene v Modern & Aix-en-Provence, France, 27-30 Seplember, where he co-chaired a
sessaon on Paleoclimaiic and Paleoceanographic Signals in Reef Crganisms, and preseniod a
poster on “Decadal-scale. high nesolution records of sea surface emperatune in the castom
Instinn Ocean from proxy reconds of the SrfCa ratko of massive Porites corals™

In CE Martin attended the Amencan Geophysical Union 15999 Fall Meeting i San Fmt_-l:id-l:u.
where she presented o talk on the Os isotope geochemistny of rivenine and extuanne sedimenis
from Papua New Guinea and the Gulf of Papua,

Dy M. O Neill anended the 9* Goldscheich Conference, Harvard University, Cambridge, MA,
USA. where he gave two papers.  He also attended the 3™ Orogenic Lherzolite workshop in
Pavia, lualy.

Mr D.L. Osmand spent ten weeks (June-August) as a Predoctoral Fellow a the Woods Hole
Oceanographic  Institution, USA, auending the Summer Program in Geophysical Fhuxl
Dyvpanucs, At the conclusion of this program he presented o lecture on his research project on
thermobinling circuluion modeks.

I
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Dr 1M, Palin was an imviied paric at thee First Intemntional Conference on Golden Mile
Aleration sponsored by Kalgoorlie Consolidated Gold Mines in Kalgoorlic in carly June where
he presenied a talk enttbed “Gold transport and dqwhiun ot Knlgoordie: Inferences from siable
isotope, trace ebement, and experimental studies™. In December, Dr Palin attended the Fall
Meeting of the Amenican Geophysical Union in San Francisco and presented a poster co-
arwtheoret with Dhs ILH. E'm?h!l and C. Allen, and Ms K. Smith on “A Comparison of Ph-1
dating of zircon by excimer laser ablation ICPMS and SHRIMP™,

Dr D, Hulll-;lh sltended the “Orogenesis in the Outhack™ conference. held in Alice Springs
during July, 1999, Dr Phillips presented a paper entitled ““Ar/Ar approaches 1o dating shear
TORAEs T,

Dr B. Pillans atended the XVih Intemational Union for Quaternary Rescarch (INQUA)
[ in Durban, South Africa from 3<11 August, and also participated in a post-congress
field excursion to the western Kalahari and central Namib deserts in Mumibin, At the conference
he presented un oral paper entitled “Early 10 Middie Pleisiocene tephrochronology, Wanganui
Basin®™, and a poster paper entitled “Paleomagnetism of early w0 mid Pleistocene paleosals, and
evidence for diachronous arid climate shifis in northem and southen Australis™. He was also a
co=author of an oral paper by Dr T. Maish, entitled “A Southern Hemisphere Plio-
Pleistocene reference record of orbitally controlled shallow-marine sedimentary evelicity since
2.6 Ma, Wanganui Basin, New Zealand.

Ms LM. Quinn attended the Sth Inemational Symposium of Antaretic Farth Sciences in
Wellington, New Zealand, from 5-9 July. Ms Quinn abo aitended the AGU Fall meeting, San
Francisoo, 11-17 December,

Mr B.D. Rohrdach atended the PacRim "99 Intermational Congress on Earth Sihernce,
Exploration and Mining around the Pocific Rim in Bali, Indosesia from the 10-13" Ocrober
192 andl grave a talk presenting a paper entitled “Geology, Alieration and Mineralisation of the
Tampakan Copper Deposit™,

Dr D. Rubano antended the conference Orogenesis in the Cutback in Alice Springs, where she
presenied two papers, one on melamorphism in the Revaolds Ranpe, centrnl Auwstralia, and the
other on the migration of subduction in the Furopean Alps. She alse atended the Ninth
Goldschmidt Conference in Cambridge, Mussachusens, where she presented o paper on trace
element charsclerization of metamorphic zircon. Dr Rubatio was invited 10 give bectures on
SHRIMP L-Pb dating of metamorphism at the University of Padova. aly, La Trobe University
and The University of Adelnsde.

Professor R. Rutland anended the SGTSG Field Conference, “The Last Conference of the
Millennium’ in Halls Gap, Victoria, from 14 0 19 February and the sssocinied fiekd excursion,
“Cireit Southern Transect, 1. from 9-14 February, He also sended the intemational conference
on "Svecofennizn Migmatites” in Pori. Finland from 26-2% Augusi and presemied a paper on
the "Tectonic Seting of Svecofennion Migmatites”, Professor Rutland acied as eo-comvenor of
a 'Sr-cin] Symposium’ on Geosciences and Development to be held as pan of the program of
the 31" International Geological Congress o be held in August 2000 in Rio de Janciro, Bragil.
He also atiended 1999 Symposium of ATSE “The Spirit of the Snowy Fifty Years on® i
Costnimi from 23-24 Movember where be acled s Symposium Rapporigur o provide o summary
report on [ssoes aml Oulcomes.

Dr M. Sembridge sttended the General Assembly of the Inlemational Union of Geodesy and
.‘.Gruh;:h}'si:: in July ar the University of Birmingham, UK, where he gave a paper on Monle
“arla tiversion.

D N.A. Spooner attended the “Long Quaternary records in Ansiralasia; trends, cycles or
steady state™ conference held in the Department of Geology ANU on 2 and 3 Fe [
He also atiended the 9% Intemational Conference on Luminescence and Electron Spin
Resonance Dating” held in Rome, Ialy from 6-10 September 19949,
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Dr P. Tregoning attended the International Symposium on GPS held in Tsukuba in Ociober
where be presented two papers entitled “Present-day Crusial Motion in Papua New Guinea™
und “Postglacial Rebound near the Lambert Glacier, Antarctica™

Professor J.5. Tumer aftended the annsal conference of the Australion Metcorological and
l}cmmp-atmi.c Society, beld in Canberra in Febnury. In June he gpent a week ot the Liniversity
of Cambricire, discussing mutual research interests with members of the Depantment of Applied
Muthemiics and Theoretical Physics. He attended the Geophysical Fluid Dynamics Summier

on “Stiring and Mixing’. beld at the Woods Hole Oceanographic Tnstinution (WHOT,
Massachusetts, USA in July, and gave an inviled paper on “The neghect of two-dimensional
doable-diffusive processes in studies of ocean circulation” in 8 symposiom on Oceanic Mixing.
He also had stimulsting discussions with biologists and ocean engineers at WHOL on the
swimming of marine organisms, voriex fings, and their application to the design of propulsion
ievroes,

Mr N.G. Ware attended the 5 Biennial Symposium of the Australian Microprobe Anaytical
Sociery held in Sydn:'}- in February and presented o paper on “Analysis of Sulphur and Weak
X-Ray Messuremnent .

Dr S.L. Webb attended the American yaical Union Fall Meeting in San Francisco and
presented work on "High-Tl.‘nrﬁl‘mm icity, Anclosticity and Creep in MgO™  and
“Viscosity of Supercooled 5i0; Melt™.

Mr M.G. Wells presenicd a ik on “Laborstory models of intermitient erbulence and salt
fingers™ at the Awstralian Meteorological and Oceanography Socicty meeting hebd in Canberra
in Junwry. He also pamicipated in a six-week course run by the University of Washingion,
LIS A, on “Coastal and Estuarine Geophysical Fluid Dynamics™ from 19 July 1o 28 August.

Dr 1.5. Williams atiended 1he conference “Orogenesis in the Cutback™ held in Alice Springs in
luly, whene he Emmd a paper on the behaviour of zircon, monazite and their U-Pb isolopic
systems during Lgth grade metamorphism of sedimentary rocks. He also was a co-author with
colleagues from the University of New South Wales and La Trobe University who presented
papers on dating high grade shear sones in central Austrabia and high f:'k meinmorpdism i
the Limpopo Belt, South Africa respectively.  Afler the conference he attended the Amnta
Discussion Forum organised by the Northern Territory Geological Survey. In Seplember Dr
Williams spent two weeks on outside studies in France, the first week examining the grasites of
the Massil Central and the second at the Fouth Hutton Conference, beld ot the Université Blaise
Pascal, Clermont-Fermind, where he pregented o paper on inherited rcon as o iracer for the

of granitic magmas, He also joined with colleagues from Université Jean Monnet
and the Roval Museym for Central Adrica in 3 presentation aboat the geochronology of augen
gneiss and gronites from the Damaran Bell. weden Namibia.

D G, Yaxley beld an Alexander von Humbaoldt feflowship from March umtil November 1990 a
the Institute fiir Mineradogie. Universitit Frankfun, Germany, He performed an experimental
investigation af high pressures of the phase and melting relotions of carbonaled sclogite
compositions, in collaborathon with Professor Dr G, Brey, During this time he presented o
seminar ot the Universitit Frankfurt entithed “Carbonatite metasomatism of the lithosphere™.
He also presented two seminars entitled “The effects of eclogitic helerogeneilics oo upper
mantle melting” @ the Universitil Frankfurt and al the Max Planck Instimte {Abicilung
Gieochemie) in Mainz, Germany. Dr Yaxley attended the MinWien conference in Vienna in
August, 1999, and presented a paper entithed “Phase relations of carbonated eclogne under
upper mantle PT conditions — implications for carbonatite petrogenesis™. In Sepember he
antended the 3 Imemational Orogenic Lherzolite Conference in Pavia, Taly, and presented a ik
entitled “The effects of eclogilic l‘lcl.rl'l.'iE:rh,'.iﬂﬂ.-:- on upper mandke melting”. He then atiendad

<conference field rips 1o the peridotte bodies in the Ivrea-Verbano Zone and Val Malenco

thi lalion Alps.
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Mry.Y amma presented seminars at the Japan Eanh and Planetary Science Annual Meeti
il Tul-;i the AGU Fall meeting at San Francisco He also visited the Mational Immulinnl

esearch, Japan ai Tokyo, the Geological Survey of Jupan at Tsukuba, the School of
Geosciences, University of Wolloagong and also the Space Science Laboratory, University of
Cilifomia, Berkeley and the Lavwrence Livermone Mational Institution in Califomis

COOPERATION WITH GOVEENMENT AND INDUSTREY

AUSTRALIAN ACADEMY OF SCIEXCE
Dr J. Braun is a member of the National Committes for Solid Eanh Sciences.

Profecwr BN, Keanen 12 0 member of the Matsonal Commitiee on Solid Earth Sciences, and
Chaikrrmin of the Subcommitice on Seismology and Physics of the Enrth's Inferior. He 15 also

Deputy Chairman of the Intemational Commustes of the Ac amil mﬁd:d_num iburing
the illwess of the Foreign Secretary of the Academy (Dr M. Pimank  He i af the
Academy Commatiess for Postdocionl witkes in Japan and exchange orangements. with

NE Asii (China, Japan, Korea, Taiwan), easor Benment represents the Academy of Scienoes
on the MNational Comosittee for suppon of Inernational Conferences im Australia.

Professor K. Lambeck was the Secretury-Physical Sciences (il October), and is currently Yice
President ;md Foreign Secretary of the Awstralinn Acabzmy of Science and ako a member of its
Courl.

Dr FEM, Lilley 12 4 member of the Gesmagnetism and Agronomy Subcommitiee.
AUSTRALIAN GEODYNAMICS CODPERATIVE RESEARCH CEMTRE (AGCRC)

D 1. Braun has collaboraied with Dr B Shaw of the AGCRC on a tectonic meode] for the lse
Palseoeic tectonic history of the Australion continent ((EBLOCK project),

AUSTRALIAN GEGLOGICAL SURVEY DRGANIZATION (AGSO)

Professor J, Clappell continued to collaborate with Dy M. Hayne of AGS(, on reconstructions
ol e serves ol eyclones over the last G000 years, in northem Australu.

Professor D, Green is o member of the Board of Management of the Ausiralian National
Seizmic Imaging Resource (ANSIR).

M= LML Hanley collaboraed with AGSO who provided serial photos of ihe Kimberley regnon
for the 1990 fieldwork season.

Dy F.EEM, Lilkey and Mr A. Hitchman continued collaboration with Dr Peter Malligan of the
Awstralion Geological Survey aton in the measurement and interpretation of the
geomagnetic cosst effect ot micropalsation frequencies. A joani feld expedition ook place io the
coasthne of somb-castern Vichoma o retrieve instruments which had  observed dumng an
seromagnetic susvey there.

Mr W. Lus is collaborating with Dr P. Hill and Dr K. McCue of the Ausiralinn Geological
Survey Orgamisation on the study of the 1998 PNG Adtipe Tsunami.

Dr H. McQueen collaborated with stafif of the Ausiralian Geological Survey Organisation on
alwaslute ;[.r:ﬂu}- measuremens and insrument calibrations al the Mi Stromlo Grm'lty Sindiom i
support of the Superconducting Grovimeter instaklation .
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Ad.li;—at;].lu :i;ahhéisﬂtdh:y Dr L1 Wangﬂ.ﬁﬂ' FEMF Lilley TJ?:mg the former’s m;:m:h
scholarship ot 15 being expanded at wstralinn Creologica m*:'_-.rl:h'gnnmum v Dir
Wang and Dr C.E. Barton, & form a nathonal dais-base for observed e icr irahaction

The Ton Microprobe subgroup continues 0 maintain a close working relationship with AGSO
geochromologists, sharing expertise, standards. time. costs und maintenance responsabilities e
the SHRIMP [ and 11 ion microprobes.  In addition, Dr Willams was o member of a 1999
AGS0 Merit Promotions Committee.

AUSTRALIAN INSTITUTE OF MARINE SCIENCE

Ms E Hendy, Dr M. Gagan and Professor M. MeCulloch continissd collaborative wark wiih
D 1. Lough, P, Isdue, and 0 Bames of the Australion Insinote of Madne Science.  Ms
Hendy's PhD research is 2 ject of the AUSCORE (AUSmalian OOl REconds)
indtiative and aimes o document decﬁm-mmm climabe variability in the Great Bamier Reef
regiom over the kast 400 yeass.

!'-'lt E. Hendy amd Professor M.T. MeCuolloch are working in close collaboration with Drs

ng:l D Barnes and P, [sdabe. The collaboration imvedves multi-proxy analysis of long

i the ceniral Great Bamer Reel w demonsirate that different corals ml}' record

comimea climate signals, and to study decadal-to-centenniil climate varability in the region over
the: last SO0 yedrs,

Ms H, McGregor and Dr M, Gagan continued collabormive reseasch with Drs G Brussdill,
P. Tsdale, J, Luugl'tarrdl} Bames of the Australian Instinele of Marne Science, My
MeGregor®s PhDD research is pant of Project TROPICS (Tropical River-Ocean Processes in
Constal Settings) and asms w0 use corals 1 reconstruct the mid-Holocene climate of the Western
Pacific Warm Pool norh of Papua New Guines,

Dy CE. Martin collaborated with Dr Gregg Brunskill (AIMS) on studies of the geochemi
F‘- inm-gromip elements and O% isodopic systematics in riverine nd estuarine sediments tn-m

s Mew Ciuinea,

AUSTRALIAN NATIONAL SEISMIC IMAGING HESDURCE (ANSIR)

Professor B.L.N. Kennett is Deputy Dircctor of the Australian Nutional Scismic lmaging
Resource (ANSIR), 0 Major Matonal Research Facility operated as o poimt venture by |h:
Ausiralian Goological Survey Oirganisation and the .-'ulﬁl:mllun National University. The poriable
instramen focility of ANSIR is housed ai RSES and equipment is available vin o competiiive
proposal scheme,  [n 199 instnimentation has been provided io;

»  Monzsh University for broadband studies in Vicioria

s A consortium of CSIRO Exploration and Mining and BHP Coal for studies of seismicity in
the Appin Coal Field, NSW

& RSES lorihe [ experiment in southesstern Ausiralia

®»  The Institule of Geological und MNuaclear Sciences, New Fealand i sssociation with RSES
for work [n the Transanturetic moumluins,

AUSTRALIAN NUCLEAR SCIENCE AND TECHNOLOGY ORGANISATION (ANSTO)

Dr AJ. Berry is collaborating with Dr M. James o determiine the hydrogen positions in slicae
mianerals by neutron daffruction,

Dr C.E. Martin collsborated with Ron Syvemceak (ANSTO) on studies of the noble mesl
geochemistry of riverine and esmanine waters that were collecied m Papun New Guanea on
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cruises of the RY Franklin as pan of Project TROPICS {Tropical River-Cloean Processes in
Continental Setrings),

AUSTRALIAN SCIENTIFIC INSTRUMENTS PTY LTD

Dir 1.5, Willinms comntinued his longstanding collaboration with Australian Scientific Instuments
(w1 welary limited subsidiary of ANUTECH Pry Lady n the manyfactore and marketing
of SHRIMP won microprobes, Over o two-week period in February e worked with AST on the
fingl tuning and scceptance testing of the SHRIMP 11 purchased by the Natonal Instine of
Polar Research, Tokvo. In Apnl be spent o week ai NIPR helping retune the instrument afier
installation, and munning i throwgh is acceplance tests.  Iminedistely afterwands, two NIPR
research siaff, Dr K. Misawa ﬁh’u.'l’nm:rwln'rmmcﬂsmlmﬁub:gmupmf:
momth of trmining in SHRIMP analvsis and ssinlenance ures, D Williams  also
undertook analvses of test samples on ASL's behalf for potential SHEIMP customers.,

Emeritus Profesior W, Compsten continoed 1o ke a close iMeres in the rieel of the
prototype SHRIMP RG in collaboration with Australian Scientific Instraments Pry Lud

COMMONWEALTH SCIENTIFIC AKD  INDUSTRIAL RESEARCH ORGCANISATION
(CSTROY

Dr Bird continued 10 ondentake work for a Mational Greenhouse Gas Invent Developenem
Project entitled "Changes in soil carbon following land-use change in Ausralia’. The project
was funded by the Avstralian Greenhouse CiTice, amd was conducted in collsbomtion with
Dy R. Giffod (CSIRO Plant Industry) snd Professor G, Farguhar (RSBS).

Dr U, Faul collaborated with Dr B, Whittington, CSIRD Diviskn of Minerals in Perth in on
orsentudion contrast study of grain sizes and shapes in Gibbsiie agglomerates,

Dr C.E. Martin and Professor M. McCulloch continued their collsboration with Drs Cathy
Wilson, Peter Wallbrink, and Jon Ofley (CSIRO Land and Water, Canberra) on tracing the
sources and transpon of sediment and associated phosphons in Ausiralian rivers.

Dr M. Spooner has collabomted with Dr 1. Ofley, CSIRO Davisson of Lond and Waier,
ﬂﬂﬂ'mn.md:mﬂ:il:ﬁdmgd;mlmdﬂpmumwh{wnmm Moodplains, as a
companison between single and mudiple-grain dating in an investigation nl‘p:n'un] bleaching.

Mr N.G. Ware is collaborating with Mr B.W. Robinson. Division of Exploration and Mining,
on the AuioGeoSEM project which aims w asomatically sdentify sub-millimetre minerl grains
at rales up to 10 grans per second.

Mr M.G. Wells, a PhID student in the Geophwsical Fluid Dynamics Group, worked on the
Rescarch Vessel Franklin with !u:lmlm fromy CSTRO Dr:mm;mphv from | w238

camying ot an experiment on maxed laver dynamics in the tropical Imliagn Ocean.  He also
colluborated with Dr B, Sherman of CSIRO Land and Water in o study of convection in lakes

ansl woler reservioirs,
COOPERATIVE RESEARCH CENTHE FOR LANDSCAPE EVOLUTION i MINERAL
EXPLOBATION (CRCLEME)

D 1. Braun is an Associate of the Cooperative Research Centre for Landscape Evolution and
Mineral Exploration in the “Explomtion in areas of basin cover” theme,

Dr B. Pillans 15 leader of the dating progect in CRCLEME, and is primarily responsible for
dating regolith maserals by palcomagnetic lechnigues,

217



RESEARCH SCHOOL OF EARTH SCIENCES — ANMNUAL Iitr-:g:mT 1949

WML RESOURCES LTD

Professor 5.F. Cox is conducting collaborative research on structural aml deformational controls
on the penesis of Archacan lode gold deposits in the 51 Ives goldficld (Kambalda, WA
sponsoned by WMEC Resources Lid (51 Ives Gold) and the APA{Industry) scheme. He 15 also
collshorting with Dv 5, Munaroe (SRE Consulting) in the stsdy of filt mechanics and fluid
Mo @ Porgera in FNG,

Mr B.D. Rohrdach, Drs LH. Campbell, B.R. Loucks, J.M. Palin and Professor 1. MeDougall e
collsborating with WMC Resources Lid to understand the 1ecionic, hydrologic and physso-
chemical coptrals on Cu-Au mineralisation o the Tampaksn coupled ry-epithermal
deposit in soulhem Mindsnao  (Philippines) with emphasis on ishang the gpemsiic
relatbonship Between the two mineralisation styles,

Ms Y. Xu and Drs M. Palin and LH. Campbel] completed their detailed mineralogic. chemnical,
mnd sinhle i iz stusdies of | -.-,lwnl'l.crm:,]d_jmd mineralization in the Yictory mine complex of
Wiestern Australn with WhC .ﬁmm.rm (51 Ives Ciold Mines).

OTHER GOVERNMENT AND INDUSTRY

Dr B. Armstrong conlinues his extensive oollaboration with scientists from the Gealogical
Surveys of Bolswana, Namibia and has siaried a new collesborative programme with Dr
R Key and the Geological Survey of Zambia. He has also continued his work with scientists
{Dr B.E. Harmer, Dr B. Eglington, Dr G, Grantham and Dr B, Thomas) from the South
African Council for Geosciences and contributed 10 a feasibiliy study for the esablishment
of 8 new National Isotope Facility in that country. A number of geochronological projects for
Australion and imemational explomtion companes were completad during the year.

Mr J. Ballard and Drs LH. Campbell and 1 M. Palin are collsborating with CODELCO on 2
study of igneous and hydrothermal geochemistry in and sround the giant Chuguicamata

vy copper deposit in northern Chile. Drs € {1 amd Palin spent ten days as guests o
the mine in May during which they examined the mEy of the deposit amd surrounding region
and discussed aspests of the investigation with mine and explortion saff

Drs 1LH. Campbell, J. Mavrogenes and Mr B. Setiabudi are working with Rio Tinto Indoncsia
on o study of the Kelian Gold Mine in Kalimantan,

Drs Campbell and Palin, in collaboration with Placer Granny Smith Pty Lid. have obtained a
SPIRT grant for nn]zir@ ore-Tluid pathways around mesothenmol gold deposiis in the Laverton
region, WA using alkali elemsents and stable isotopes.

Professor 1. Chappell contined his collabortion with members of the Northern Land
Council, Darwin NT, and with Traditional Owner groups, in reseasch into the envirnmental
prebistony of north Amhem Land,

Mr C.M. Fanning continued collaborations with the Geo Surveys of South Australia,
Victoria, New South Wales, and Queenstind. He collaborstes with a number of mineral
and petroleum explombion companiss,

Professar [0, Green continaied 10 serve a8 Chairman of the Greenhouse Science Advasory
Commitiee in the Departmeni of the Environment. The major iask in 1999 was e
rtbon of “The Australian Greenhouse Scicnce Initinfive — Strategy amd Business Plan
b 20057, This document seeks to maintain the quality of greenhouse schence research in
Australia, the sirength of which has served Australin well in its imemational standing and
negotiations on Cireenhoise malben.
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Ms LM, Handey collaborated with the Northern Territory Geological Survey, who assisted
with hebicopter mnd vehicle field suppon for Geldwork during 1999,

Mr C. Heath has commenced o study of the “Crigan and composition of Cve-Forming Fluids in
the Giand Golden Mike Gold Deposit, Kalgoordie™ in collasborstion with halgoorlie
Consolidated Gold Mines. The project is being supponied by & grant o Drs | Campbell and
M. Palin through the SPIRT program.

Professor B.L.N. Kennett has continoed 10 provide i to the Comprehensive Nuclear-
Tesi-Ban Trealy Organisation in Yienna, With Mr 1. Granl in Tennant Creek be las been
heavily imvolved this vear in the process of the apgrade of the Warramunga Amay 10 moet the
requirements of the treaty for hﬂﬂ sersmic and infrsonic recording. The seismic upgrade wus
compbeted in June amd the new array conligurstion is working well.

Professor K. Lambeck is Chainman of the Antarclic Science Advisory Commiltee,
Department of the Environment. Member of the Technical Advisery Group South Pacific Sea
Level and Climuie Monitoring Project. Australion Agency for International Development,
Depariment of Foreign Affwrs, and alio a Member of the Geodesy Reference  Group,
Austratlian  Surveving and Land Information Group, Depanment of  Admindsimtive
Services. Professor Lambeck was a Member of the Auvsiralin Prize Commitiee.

Professor M.T. McCulloch is collsborating with Ms M, Deviin and Mr 1. Haynes, Great
Barrier Reel Marine Park Authority conducting research examining  salinidy and nice
element systematics during comal bleaching,

Dr H, MeQueen collaborated with 21alf of Avsiralian Sorveving and Land Information
Giroap on absolue E'_r.nui[g- measurements and instrument calibrations at the M Stombo Gravity
Station in suppon of the Superconducting Gravimeter installsion |

Dr ). Movrogenes collaborated with Mr ). Woikins, NSW Geological Survey, on the study of
fhids associpied with opal formetion,

Dir 1. Phillips hes participabed o collaborative siudics with the Australian (= cal Survey
Organisation o well ac the Geological Surveys of South Avstralia, Vicloria and
Western Australin. He also collaborated with a pumber of Australion explosation amd manimg
COMTIpAnies,

D B. Pillans is collaborating with Dr K. Bateman {Kalgoorlie Consolidated Gold Mines) in
paleomaignetis dating of regolith ai Mi Percy mane, Kalgoorlie.

[ WK, Taylor is continuing his eolkaborive research with Rio Tinte Exploration Lid on
digsmond indicator minerals from the Kimberey and Pilbirn regions. Further collaboration is
underway with Rio Tinto Zimbabwe on geochemical discriminstion of idicator chromines
and with Striker Resources ML on the composition of the nonh Kimberley lthosphere,
Westem Australi.

Dr P. Tregoning collsboraied with Mr B. Twilley. Mr J. Manning and Mr G. Luton of the
Australian Surveying and Land Information Group in deveboping and ?meing sl
powered GPS systems for remote installations in Amarctica and in organising GPS surveys in
the Southeasi Asian region for e purposes of ectome stadses and the densification of natioaal
geodetic dafums,

Dr LS. Willkims, in sssociition with stadems from the ANL Geology Department and with the
coeoperation of the companies involved. undenook geochronology sudies of the Emest Henry
deposit, Mount Isa Mines. and the Mt Muckenae Prospect, Coolgardie Gold NL and Terra
Search Pty Ltd. He also smndertook o stwby of magmatism associated with the Goonumibla
gold deposits, with Mr K, Butera, Melboume University, and the co-operution of Morih Lid
Exploration.
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COLLABORATION WITH AUSTRALIAN UNIVERSITIES

Dr RA. Ammsirong Sarted @ collaborsiive projecd on provenance of sediments from ihe
Centralizm Basin with Dr AL Camacho of the University of New South Wales, He also
continged his collabomtion with Professor A Ewart, University of Queensland on the
geochemistry and petrogenesis of the basalts of the Etendeka Province, Mamibia

D V. Benneu continues collaboration with Dr M. Norman, CODES, University of Tasmania.
on siderophile irace element and Bolople characieristics of plume-related magmas,

D¢ AL, Berry continued 1o work with Dr ER. Krausz of the Rescarch School of Chenistry,
ANL, on the development of an optical imaging spectromeier. He also collsboraed with D*r[rg.
Jor, Faculty of Engineering and Information Technology, Australian Natbonal University, on
infrared spectoscogy of polviners.

Dr M, Bird collaborated with Dr B, Win of the Gaton Campus of the University of
Queensland on carbon-issdope records of environmental change recorded Bnowonl  He also
collahorsied with Dr Brundg David (Monash University), Dr Bert Robens {La Trobe
University}, Dr J, Field (University of Sydney), Mr C, Dotch (University of Western
Australia) on the rudiocarbon dsting of erehsealogical sees b Australia,

Professor 5.F. Cox is continuing the supervision of University of Mewcasile PhD sodems,
Mr K. Ruming {Samictural and Deformational Controls on Gold Ore Genesis, Victory Complex,
5t Ives goldfield, WA) and Ms T, Wilson (Faulting Processes in the Morthemn Sydney Basing.
Professor Cox is also collaborunng with De M, Knackstedi, CRC for Petroleum Enginecri
{the University of New South Wales) and RSPhvsSE (ANU), in the developmeni
:qqﬂicul:i':m of percolation concepls o modelling Mow i hydrothermal svsiems. where flow is
localised i (racture’fault'shear networks. Work is also commencing on application of x-ray
tomagraphic stsdics w0 chamctensation of disordered pore and fraciure geometries in rocks.
This work seeks 10 develop understanding of permeability evolution in deforming roecks.

Mr C.M. Fanning continued cotlaborations with Dr 5, Johnson, Macquarie University, on the
age uind tectonic evolution of the Peninsula Ranges Bathaluh, Baja Mexico, with Professor C.J.

tizon and Mr 5. Boger, University of Melbourne, on the age and evolution of the sosthern
Prince Charles Mountains, Antarctica and with Dr G. Clarke and Mr N, Kelly, University of
Sydney, on the age and evolution of eastern Enderby Land, Antarctica

Dr U, Faul continsed his collaboration with Dr T, Falleon, University of Tasmania, on
compositions of bow degree melis of Iherzolies and their implications for MORB genesis,

Dir J. Fitz Gerald contimeed collaborations with Professor DULH. Cockayne and Dy J. Zoiu from
the Key Centre for Microscopy and Microanalysis at the University of Sydney as part of an
ongoing programme operating oul of the Electronic Matenals Department, RSPhysSE.

D M, Gingan continued collaboration with Dr J. Kalish, Department of Bofany and Foology,
Australian National University 1o meosure the stable isobope ratios of fossl fish otoliths,
Collaborative rescarch wath Ws A, Mucller and Dv B, Opdyke, Depariment of Geology,
Ausiralian Mational University, 15 underway 1o reconstrugt the palacoceanography of the
eastern Indian Ocean. Collaborations ouside tse ANU melude coral reconsractions of the nmid-
Holocene climale of the equatonal central Pacific with Assoclaie Professor ©, Woosdrofle,
Department of Geosciences, University of Wallongong and the measurement of stable isolope
ruteos i Cirewt Burrier Beef corals m in controlled environments with Mr J. Troe and Dy B
Willis. Depanment of Biological Sciences, Jumes Coak Universily.

Professor . Green contineed his collaboration with the Schon] of Emibh Scences, University
of Tasmania (Drs AJ, Crowford, TJ. Falloon and L, Danyusheviky), Professor Green
comnses o be a member of the Tectomics Special Research Centre Advisory Council at ihe
University af Western Aanstralia
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Professor B.W, Griffiths and Mr D1, Osmond of the Geophysical Fluid Dynamics Group
continaed i collaboration with Professor M, Tomczak of Finders University of South Australi
under an ARC Larpe Grani to study convective processes af ocean froms,

Professor Griin collshorutes with Professor A Cleadow, Depanmemt of Geology, La
University, to study the thermal stability of paramagnetic centnes from cores of the
basim; D P, White, Depanment of Anthropology, University of Sydney 1o date the site of
Cuddie Speings: Dr C. Mumuy-Wallsce, Department of Geosciences. University of
Waollongong to dee marine sequences in the Spencer Gulf, and Dr K, Morialy and Dy R
Wiells, University, to dote faunal remuins from Marscoore Cave,

D M. Honda collaboraied with D 13, Paterson of University of Melboorne on the study of
cosmogenic noble pases in surface exposed quanzite Trom cenirl Aunsirali

Dr F.EM. Lilley presented a seminar o1 the Australian Defence Foree Academy i March
emitled "Eanh’s magnetic field: ocean current contributions to vertical profiles in deep oceans”.
Dy Lilkey is also collsborating with Br A, White and Dr G, Heimson of Flinders University in
a mumber of marine electromagnetic stuches, Dr Lilley visited Flinders University for three days
in August 1o collnborate on dats reduction and w make calibration measurements,

D FEM. Lilley and Dy L.J. Wang (now of AGS0) are collaborating with Dr F.H. Chamalaus
of Flinders University on the study of a major electrical conductivity stnsciune, known as the
Carpentaria anomaly, in westem Queensland. Two of three planned papers on this work are
mivw pablished or in press; prepamtion of matenal for the third 15 a1 an sdvanced siage.

Professor MceCulloch is continuing collaborstion with Dr C. M. Wallace from the Queensland
Museum, on U-senies dating shallow waser carborator from the Spencer and St Vincent Gulls o
help constrm vertinry sea-levels, Stsdies are cominuing with Drs K. Wells and K. Monariy.,
University of New England, on Nd-Sr isotopic systematics of the Gympie voleonic bell m
southern land. Professor MeCulloch continued colloborgion with Dy G, Neef, The
Undversity of Mew South Wales on U-Th dating of Qualernary reefs from  Vanuai
Professor MeCulloch and Mr 5. Fallon confinue their collaboration with Dr V. Homiofi,
Southern Cross University. on corals living on extreme enyvinonments.

Professor 1. MceDougall comimesd o collaborgion with Dy G. Acion and T.J, Cobine, associnted
with the University of New England, on dating Cenoeoic voleamic rocks in relation o the
polar wander path for Ausralia. Professor I MceDougall is ok collabornting with Dy B
Wakins, Curtin University of Technology. on o project concerned with the earlier Cencenic
history of the nonhem Kenya Rift, east of Lake Turkana,

Professor |, MelDougall and Dy W1, Dunkap spent a week in the field mid-yeor o the porthemn
Flinders Banges with Dr M. Sandiford and Ms 5. McLanen of the Depariment of Geology and
Geophysics. University of Adelaide. in relation 1o o joint project on the thermal history of this
region, Continuation of this project mvodved o visin by Ms M n to RSES later n the wear 1o
umdertake K-Ar nge messurensents.

Dr CE, Martin 35 collsborating with Dr Dhia Al Bk snd M: Alma Joglekar, Orumge
Agricultural College, The Universitv of Sydmey, on clemenial aml isolopic tmcers of the
sorces of P in the Orange waker supply catchment. Dr Martin is acting as Associate Supervisor
for Ms loglekar's PhiD rescasch.

Dr b8, Palin provided stable isotope dstn for Mr C. Michell, Mr C. O'Neill, and
Ms M. Spandler of the Australian National University, Depanment of Geology.

D [ Phillips collaborated with Dy 1. Cartwright und Ms O, Reod, Monash University on the
geochronobogy of shear zones in the Arunta Block i central Austmalin.  He also collaboraned
with Dr C. Fergusson, University of Wallongong, on the geochronology of slutes from the
south const of New South Wabes,
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Dr B. Pillans continued his suedy of Plio-Pleistocene statigraphy of W wi Basing, Mew
Zealarl., in collsboration with Professor RM. Caner, James University, and Dr
B. Kohn, University of Melbourne. As leader of the Regolith Dating Proect with the CRC
for Land Evahition and Minerml Exploration. Dr Fillans collaborated wath Professor AR,
Chivas, University of Wollongong, Dr P, O Sullivan, University of Melbourne, and
Professor B, Bosirman, University of South Australia

P IV, Rubatto has continued to collaborate with Dr lan 5. Bukk from La Trobe University,
on the ﬁ.ﬂhmnlwiﬂl and peological evolution of the Revaolds Range, central Australia, with
particular focus on the behnviour of Us-bearing minerals during prograde metsmonphism and
anabexis

Dr P, Tregoning is o member of a2 GPS Consortium comprising five Awustralian Universities.
The Consortium was awarded an ARC mujor equipment grant 1o purclase 10 GPS receivers
which will be wed for o vanety of research applications.

Dr L5, Williams continued his collaborition with Professor B.W. Chappell, ANU Geology
Department, and Prodessor AJR. White, Victorian Instituie of Earth aod Planeiary
Sebenees, in o siudy of the evelution of the Lachlan Fold Belt as recorded in sireon preserved in
rgieous and sedimentory rocks; with Dr P. Blevin, ANU Geology Depariment, in the study of
magmatism ssocisted with Palssozodc mineralization in NSW; and with Dr 1. Bulck, La Trobe
Umniversity, and Ms 1. Miller, Mopash University, in the sindy of metamorphism in centl
Australia and South Africa. He also undenook collabortive work with Me G, Burch and Mr C.
Gunton, students st the ANU Geology Department, Mr M. Humng, a student o La Trobe
University, und Mr K. Buters, o stusdent ai Melbourne University. Dr Williams repewed his
collaboranon with Professor J. Hergt, Melbonrne University, in the study of the Tasmanian
Dolentes, and undertook a small collsborative study of the Marulan Baholith with T P, Car,
University of Wollonpong,

INTERMATIONAL COLLABORATION

D B. Armstrong has been involved in o number of joint intermnational research prijects with
sciemtias from Africa, South Amernica and the USA. These include Professor L. Robhb,
Professor U. Reimold, Dy B, Gibson and Ms C, Rainaud {University of the Witwatersrand);
Professor 5. McCourt and Dy, 8 Johnston (University of Durban-Westville),; in South
Africa and Zimbabwe with Professor A Wilson and Ms, 5 Permitt (University of Natal,
Durban): Professor M. de Wit (University of Cape Town ) Professor L. Adhwal and Mr M.
K {Rand Afrikaans University), Professor AB. Kampunzu and Dr R, Mapeo
(University of Bolswanal, Professor R, Jacob (Rhodes University), Dr P, Mendonidis
i ¥aal Triangle Technikon) Professor 5. de Wanl (University of Pretoria). Dr Armstrong
has also collaboruted with researchers from the following overseas universities and research
inetifukions: Professor V. Lorene and Mr B, Bangen {Universily of Wiirzgburg), Ms H.
Torealday (Colorado School of Mines), Dr A, Cocherie (BRGM, Francel, Professor ©
Koeberl (University of Vienna), Dv J. Koozeo (University of Innshruck) and Dr M,
Fimemel (Unbrersity af Brazilia).

Dr V. Benneti s working with Dr AL Kend, Lawrenee Livermore Mational Laboratories, on
determining the Fh isotopic and trace clement MHI‘?MDWI& of mel inchiswes m Baffin Islond
lwvas. She 15 also working with Dr A, Meibom, University of Hawaii. on the Ni isolopic
eompodations of zoned metallic graing from chondritic meteoriies 10 help understand processes
in the sotar nebula, and is also working with Professor M. Garcia, University of Hawabl, on
the FGE elememn chemistiey of Howaton loyvas.

D A, Berry continued his collaborstion with Dr 5.C. Wimperis and 5.E. Ashbrook of the

'I.F!:ht:fi'ﬂty afl Oxford on 'O muliple quantum nuclear magnetic resonance dudies of silicme
minerals,
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D M. Bird continued collabomtion with Dr H. Santreckova of the University of Southern
Bohemin, Crech Republic, on a studies of the fmcbonobion of carbon-isolopes by micro-
{I'fll'llim'i during soil carbon tion,  He continued 10 colloborate with Professor

bowd and stadl of the Max Planck Institute for Biogeochemisry and stafl of the Krasnoyarsk
Forest Institute aind University of Moscow on a sidy of soil carfbon o the Sherian boneal
forests, as part of the Burosiberian carbon (lux sisly. Dy Bind also collnborged with Dy E
Vieenendaal (Okavango Hesearch Cenire, Bolswana) on o stwdy of carbon invenionies in
Botswanan soils and with Dr C 5.M. Tumey (Roval Holloway, University of London) and
Dr L. Ayliffe (CNRS-CEA, Gif Sur Yvetie, France) on the radiocarbon dating of Australian
Archoeological sites, Dv Bird collaborated with Dr F, Vitali and Professor F. Longsiaife
iUniversity of Western Ontario, London, Canada) on a swdy of oxygen-ond hydrogen-
Esnbope sysiematics in gibbsiie.

D¢ 1. Broum is a member of the Eanh System Evolution Program of the Canadian  Institute
for Advanced Hescarch (CIAR). Within the program, Dr Braun collsborses closely with
Professor C, Beaumont of Dalliousie University, Canads; Dr Broun and Mr J, Tonikin are
collaborating with D K. Whipple of the Massachusetts Institute of Technology on problems
il ﬂ,l.'u::il.l ORI,

Profiessor J. Chappell coflaborated with Professor Y, Oka of Senshon University, on o mono-
eraph concermed with Chuakermary coral lermces al Huon Penansula. Papuan New Guime.

F'111F=W.1-r S F. Cox and Dy 5, Fhang collaborated with Dr K, Kanagawy l:l'.-hl-hl University,
i experimental :».wdu-x of the effects of pore fuids on the swength and mechanical
l i of quanz gouges in stmailsed faah zones.

Mr C.M. Fanming is eollaborating with Dr E_R. Ludwig and Dr B, Mundil of the Berkeley
Geochronology Center. San Frncisco, USA, Dr 1A Akeimkolf and Mr W.Y. Premo of the
US Geological Survey, Denver USA, Dy K. Shiraishi and Dr ¥, Molovoshi of the National
Institute Tor Polar Research, Tokyo, Japan, Dr 1.J, Pevcut of Geosciences Rennes, France,
Professor R.P. Menot, Universiié Jean ! L, S5t Etienne, Prance, Professor P, K, Link of
Idabho State University, [v T5. Loudon of Unbversity of 'Wisconsin Oshkosh, Dr 1. Jacobs
of University af Bremen, Gemmany, Professor F. Hervd of Undversity of Chile, Soantinge,
Chile, Professor . Gebauer and Dr AL Liati, ETH Fdirich. Sevizerland, Dr B.1. Punkhurst and
Dr 1. Millar of the British Antarctic Survey, UK, Dr C.W. Rapelo. Universidad de In Plata,
Argenting and Dy A, Monen, British Geological Survey, UK,

D J. Fie Geerald b collsborating with D H. Swnie, Geoleghesl and Palaeontological
Instimute, Undversity of Basel on the microsiructures of feldspar single crysials experimentally
deformed  in solid medis  spparags He is also  collaborating  with  Professor
J. Ui, University of Aachen in providing matenizl on mmalogus defosmution for o teaching
CD project o celebrate the work of Professor W, Means,

D M, Gagan contmued cooperiive rescarch with Dy W, Hamloro, Indonesian Institute of
Sctences, 1o exiract e Quatermary climate lnstories from raised coral werraces in Indonesin. A
mew collaboration with Professor K. Sich, Californka Institute of Technology, aims o
imegrate palacoclimatic ond palscoseismuological reconds denived from Indonesion comls, Work
continued with Drs T. Comege, G. Cabioch, and J. Recy, ODRSTOM: Drs W, Beck and G, Burr,
University of Arizona; and Professor B. Edwards, University of Minnesota to reconstmct
tropical  palseochimates of the sowthwestern Pucific during the Younger Dryas evem
Collaborative research on coral-hased palseoctimaology continued with Dr L. Avlifte, CNRS-
CEA, France. Dy Gagan is also working with Professor G, Miller, University of Colorado, 1o
reconstrect Australian palsecclimates using isotopic signatares inemu egpshell,

Professor Green contimusd his collabosation with Dy K, MNido, Universily of Hokkabdo anmd
Professor H, Davies, University of Popun New Guinea on the snsly of ultramalfic mocks,
Professor Divics 15 continusng a5 co-supervisor of a PhD sisdem in RSES, Mr W. Lus
Professor Gireen acied as Externol Exarviner for the Depariment of Eorth Science, Sulian
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Qaboos University, Oman and exsmined grodusung students during the first week of June.
Professor Green confineess o be a member of the Cambridge Commonwealth Trust

Dr 1, Hermann collaboruted wath Dr M. Wyss of the University of Lausinne, Switzerland, on
the charactenistics of mafic intrusions in the erysalling nappe. High Himalayan Rrﬁ:’mm:.ﬂt D
0. Mintener, Wonds Hole Deeanographie Instiiution, ISA, n stedies of the d o)
of mufic magma & the continental cnst-mantle boupdary and exhemastson of kwer crust
epper mantle during nifiing; with Professor R, Compagroni, Undversity of Torine, Haly, on
fegtures of UHP-metamorphism in the Dora-Maoira Massif; with K. De Cone, University of
Calen, B:Ig:lurn on chamond mclusions in metamorphic minerals of the Kokchetav Mussif,
Khazakhsian, with Professor Y, Shatsky, A, Korsakov, Geophysics and Mineralogy,
Movosibirsk, Russia, on age and exhuinstion rale of diamandiferois rocks from the Kokchetay
Massifl, Khizakhsian; with Professor V. Trommsdon T, A.C Risold, ETH Ziirlch, on waler in
odivine from wltrinuifie bodies in the Centrnd Alps; with Dr M. Scambelluri, University ol
Gemava, Ttaky, on subduction reloted stroctores in the Ero-Tobbio onit, Western Alps and wiih
Dr B, Cesare, University of Padova, laly, on metamorphism in mafic cumalates of the Tasem
window, Alps

Professor BLW. Griffiths coniined o study of the Amdamentals of wind-driven  ocean
circulation m collabormtion with Professor (5. Veronis, a Visiting Fellow from Yale University.
He also contimied colleboration with Professor K.Y, Cashman, Oregon State University, on
the dynamics and emplacement of long basaltie lava flows.

Professor Grin has developed a vinualy non-destreciive ESR dnr.higlrzouxul which allosws the
messurement of ennmel frapments withowl the pecessity of srmding Professor Girtkn has
coflected hominid samples from the anthropological sites Cave of Heanhs, Hutjiespunt and
Swartkrans, South Afnca (Professor VoA, Tobias, Dr L. Berger, Deparinent of Anatomy,
Medical School, University of the Witwatersrand, Professor 1. Parkingion, Dept of
ﬁmhm‘uh-ﬁv Cape Town University, [ F. Thakeray, Transvaal Musenm. Pretorial, Skhul,
lsrsel (Dr ). Pilbzam, Peabody Muoseum, Harvard Undversity and Professor 0, Bar-Yosef,
Department of Anthropelogy, Harvard University), Tabun (Professor C.B. Stnnger,
Mmtural History Museam, London) and Awmpeerca, Spain (Dr 1L Arssapa, Department of
Palseoniology, Universidud Compultense, Madrid and Dr ). Bermusdes de Castro, Museo
de Ciencias Naturales, Modnd), Professor Griln has contineed his collaboration with
Prafessor Bershov, D A Gurbanow, Institute af the Geolopy of Ove Deposits, Maoscow and
Dr [x Koshchug, Moscow State University, MNew samples were oollected [mom  ihe
Eldzhurtimskiv granite complex o sisdy which surface sampling technbques can be used for
ESR studies of cooling and denudaotion rates, Samples were also colleeied from the Blbims o
the recomstruction of the enuption history of Eorope's highest volcano.  Professor Grin has
ohtnined & frowm the Ceerman coptinental deep drilling project (KTB) to study the thermud
equilibricim of paramagnetic cenbres,

Dr M. Honda completed a colliborstive siudy wilh Dr A, Kent, Californla Instliote of
Techwology, on conlaminstion of ocean-island basall magness by scawnber-derived componenis
o Loihi Seamoun, Fliwaii,

Dr GO, Hughes continsed a collaboraton with v 5.8, Dalsdel, Depaniment of  Applicd

Mathenuitics and Theoretical Physics, Undverslty of Cambreldge, Dr PF. Linden, men|
of Mechanmical and Aerospace Engineenng, University of California San Diego, and E.R,
Sutherdand, ment of Mathematical Sciences, University of Alberta. They hove made

se o a new laboralory visuplisation technigue 1o examine the evolution of miemal gravity waves
in a siratified Muid, He bhas also cominued a collaboration with Professor LP. Castro of he
Environmemal Flow Research Laboratory, Undversity of Surrey, in which they have siudied the
inderaction of stratified flows with topography wsing mwug.l tnk experimenis,

Dr 1. Jackson is collaborating with Dr. 1. Kung of the Bayerisches Geolnstitul, Bayreuth,
Germany on the h:&h tempenibure clostioty of perovskites and implications for modelling the
rEimic propenses of the kower manibe,
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Dr P. Johnston continees to collaborate with Dy P. Wu, University of Calgary, on stresses
due 1o postglacial rebounsd.,

Dy G. Kaufrann continued his collaboration with Professor P. Wu and Dr G. 13, University
of Calgary, Canada on the influence of luerml heterogencitics in the upper mantle on
quantifying the effects of Eaeral vanations in hithosphere and asthenosphere undemeath
Fenmoscandin on rebound-related signntures as present-day uphifi velocities and gravity changes.
He is also collaborating on a project initiated lasi year in collaboration with D
F. Amelung, Stanford University, Califomin. on the resolving power of a series of geodetic
surveys in vicinity of Lake Mead, a reservoir in the Western United Sutes of Amenicn, for
erustal ond subcrustil struciare i the Basin and Range Province, has been completed.

Professor BUL.M, Kenoeit was elecied s President of the International Association for
Seismology and the Physics of the Earth’s Interior (IASPED) @ the Internationsl Union of
Geoddesy and Geophysics Genernl Assembly in Birmingham, UK in July, He was previousty
First Wice-Preudent of IASPEL  Professor BLN, Kenneti was o member of the extermal
Review Commites for the Departments of Earth and Planetury Sciences &t the University af
Tokyo in March, and combined the review with o visit and seminar & the Japanese Marine
Science and Technology Center (JAMSTEC) and o few days o the Earthgquake Research
Institute Tokyo working with the Ocean Hemisphere Project.

Dr R.C, Kerr comtinued & collaborution with Dr C_M. Lesher, Mineral Explortion Research
Centre, Laurentian University, and Dr DAL Willioms, Depanment of logy, Arizona
State University, in developing and applying numencal models of the submarine fhow of
komatiite lavas,

Professor K. Lambeck 15 0 member of the SPINOZA Commission of the Netherlands
Orgonisation for Research and also a member of the Conndisn Tnstitute for Advanced
Research, He is o Lend Avthor of the Intergovernmental Panel on Climate Change, He
haz  collabomiive with groups  in Scandinavia, UK, France, ].n:t'art The
Metherlands amd g::ﬁum concerned with aspects of glacial cycles and sea-level change over
the last 150,000 years, Professor Lambeck won Chairman,  Commites of the Internationad
Union of Geodesy and Geophysics o Study the Earth’s Deep Interior (SEDI).

D FEM, Lilley is colloborating with Professor 1T, Weaver of the Unive of Victoria,
RC, Canada, on methods for the snalysis of magnetowllaric data. D Lilley is collasborating with
Associae. Professor L), Ferguson of the University of Manitobs, Consds, on the
imerpretation of magnetotellune dotn from westemn Chssensland.

Mr W. Lus is collshorating with scientists from Japan Maring Science and Technology
Centre (JAMSTEC) on seabed studies of the 1998 PNG Aitape Tsunami using Remotely
Cyperated Vehicke (ROV), and manned submersible Shinkai 2000,

Professor M. MoCulloch has established o collsborative project with Professor U, Rodike from
the University of Keeln on time-scales for rapid changes in sea-level using procise U-series
nges of fossl coral reels from Barbados., Work is continuing on coral Meaching in the SW
Pacific with Dr L. Ingram and Mr B. Roark (FhDD student) from the University of California
af Berkeley. A magor instrument development program bas commenced with Finnigam MAT
on both the thermisation ion mass spectrometer (TRITON) and the multi-colbector 1CP
(NEFTUNEL  In conjunction with D B, an improved fon collection system is being
developed o5 well as movel applications of laser ablation.  Professor MeCulloch continued
collaboration with Dy A, Tudhope of the University of Edinburgh on coral 1emices s Huon
Peninsula, Papua Mew Guinen,

Professor 1. McDougall continoes to be mvolved in numerical time scale studies of stratigraphsc
spquences in relation 1o homimd evolutbon. This is being done in close collaboration with T
MG, Leakey of the National Musenms of Renya, D FH. Brown of the University of Utah
and Dr C.5. Feibel of Buigers University.
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Dr H, MoQueen and Professor K. Lambeck collsboruted with Professor T, Saio of the
Matlonal Astronomical Observatory of Jupun in operating and analysing a Superconducting
Grovimeter at Mt Strombo 10 monitor dynamic processes an the Eanh. Dr MoQuesn also
collaborated with Dr M. Amalvict of the Université Louis Pasteur in Strashourg on FGS
Absolute gravimeter calibrations at Mi Stromlo in support of the 50 installabion,

D C.E. Martin collaborated with Drs Bemnhard Pevcker-Ehrenbrink and Greg Ravieza, Woods

Hole Oceanographic Institotion, USA, m stedics of the Os dsoope and platingm-group

element geochemistry of sediments and natural waters. She is o member of the mternational

ﬂmt ROPICS working group, which is studying the physicad and chemicnl oceano ¥
sedimentology of the coastal margins of Pagua RMew Guinei.

Dr H. O°Neill is collsboruting with Tr 5.A. T, Redfern, Cambridge University, United
Kingdom, on the application of newtron diffraction w ofder-disorder problems in synthetic high
pressure minernls. He continsed his collsboration with Dr D. B, Dingwell, University of
Bayreuth, Germany, Dr W. Erel. University of Arizona. USA, and Dr PJ. Sylvester,
Memaorial University of Newfoundland, on the solubility of Platinum Group Elements and
Rhenium in silicate mels. He also worked with Professor H Polme and Dr A Holzbeid,
University of Cologne, Genmany, on siderophile element panitioning at very high pressunes,

Dr . Phillips panicipated in collaborative research projects with researchers i South African
universities, meluding Dr R, Gibson and Ms C. Rainaud (University of the Witwatersrand),
D C. Harris (University of Cape Town) and Dr L5, Marsh (Rhodes Undversity). During
the vear, he also participated in collaborative peochronological studies with Dr 1. Vry and Mr
M, Jackson of Victorin University, Wellington, New Zealand and Dr C. Delor of BRGM.
France.

Dr B, Pillans contzmsed his collaboratbon Drs B, Alloway, A. Bew and T, Naish, Institute of
Geological and Nuclear Sclences. on Plio-Pleistocene strmtigraphy of W i Basip, Mew
Zeuland, He also collaborsted with Dr G.W, . Desert Research tute, Rena, and
Dies P. Tonkin and P. Almosd, Lincoln University, on luminescence dating of New Zealund
loess,

Dr [, Rubateo conchuded, with a final publication on the age of high-pressune melmorphism in
the Western Alps, her curent collaboration with Professor D, Gebaver from the Institule For
lsastin and Mineral Resources, ETH, Fiirich. She staned 10 work with Professor
v, from the Institute for Mineralogy and Petrology, ETH, Ziirich, on ihe
geochronodogy of peridotite bodies from the Alps and South Spain.  Dr Rubaito’s interest in
Alpine geology led 10 o joint project with Tidian institutions. inclading Dr Marco Scambellun
from Genovi University, Dr B. Lembardo, Dy F. Colombo and Professor B, Compagnoni
from Torlno Unkversiiy, aod Dr B, Cesare from the University of Padova. Together with Dr
Cesare, Dr Rubatio started o SHRIMP-based project in the volcanic province of South Spam,
which also involves Dr M.T. Gemez-Pugnaire from the University of Granada, Spain.

Dr P. Tregoning hos continsed his cooperation with Drs B. King, T. Hermng and 5, MoClusky
of the Department of Earth, Atmospheric and Planetary Sciences, Massachusetts Institute of
Technobzy in the mainicnance and development of the GAMIT GPS analysis softwane.

D P. Tregoning has continued cooperation with e Papua New Guinea University of
Technology, Loe for the smdy of present-day tectonic motion in the region. Cooperation has
also continued with D E. Silver of Earth Sciences Department, Undversity of California,
Santa Cruz in studies of coavergence on the Ramu-Markham Faol in Papua New Guinea,
Cooperation with the Kabounl Voleano Observatory hes alzo continued, with staff al the
ohservatory using RSES equipment 1o momitor bocal deformation a8 Rabaul and in the
sumouneing regien,

Professor 1.5, Tumer continsed his collaborstions with (hree Morth Amencan colbeagses o
bring to completion two papers which ane now in press.  The frst, on the motion of double-
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diffusive intrusions across fronts, has been writen with Professor BR, Ruddick. Dalbousie
University, and Professor O.M, Phillips, Johns Hopkins University. Experiments on the
strtification and circulations pmlhll:al? two horizontally separated double-diffusive sources,
carried out while Professor G, Veronls, i'ih University, was & Visiting Fellow in RSES, have
also Jed 10 o joint publication. A longstanding collaboration with Professor P.F. Linden, who
mwoved during the year from the University of Cambridge 1o the University of California,
San Ddego, has led po the submission of & manuscript on the mechanism of formation of vorex
rings, with applications to the design of propulsion deviees.

Dir L5, Williams continsed his collaboration with Professor H. Zeck, Copenhagen University,
in the use of zircon inheritance in Miocene Em-wuu rocks from southem Spain o snsdy the
processes of magma is and with Dr W.E. Siephens, 5t Andrews University, in a study
of zircon inheritance Scottish granites. He also began collaborative projects with Professor
W.R, Van Schinus, University of Kansas, Lawrence, on the provenance of Lile Proterozosc
sediments from northeastern Brazil and with Dy J. Goodge, Southern Methodist University,
Dallas, on the provenance of ke Prterozoic and early Palacozoic sediments of the Beardmore
Group in the Transantarctic Mouniains, In addition he undertook small collaborative sudies
with leﬁm A. Zeh and Ms H. Brate, Undversit ﬂé‘-‘ﬁnhurg on the geochronology of
1 and retamorphic rocks of the Ruhla Crystalline Ca K. Germany; with Professor P,
Howden, Université Jran Monnet, Saint Etlenne. and D L. Tack. Koyal Museam for
Central Africa, Tervuren, on the age and metamorphic history of gneisses from the Central
Damaran orogenic belt, western Nomibin: with Professor D Lin, Chinese Acodemy of
Geological Sciences, Bedjing. on the Su-Lu and Dabie ulir-high pressure metumonphic
terrunes, newly discoversd early Archean rocks from central China, and early Archean rocks
from Enderby Land, Antarctica; with Dr W, Ranson, Furman University, Greenville. on the
age and provenance of granile gneisses from the southern Appalachians; and with Professor Y.
j!':‘ﬁm amaguchi University, on the age of glass spherules from the Takamatsu Crater,
pan.

Dr G. Yadey is collaborating with Professor G, Brey, Universitit Frankfurt, Germany on a
high pressure experimental study of the melting and phase relations of carbonate-bearing
eclopite assemblages.

EDITORIAL RESPOMNSIBILITIES

Dy RB.A. Armstrong is a member of the Edivonial Boand of the Sonnh African Joural of Geology.
Br V. Bennett is a member of the Bdiorial Board of Gealogy,

Dr ¥, Braun is member of the Editonal Board of Beviews of Geoplivaies.

Prof 5.F. Cox continsed as o member of the Editoral Advisory Board of Jowmal of Strctural
Crenlogy, and was appointed 1o the Editorial Advisory Board of the new joarnal Geofficdy.

Mr CM. Fanning is an Associate Editor ol the Bullettn of the Geologival Soctery of America,

D J Fite Geeradd and D 1. Jackson continuied on the advisory board for Plyaies and Chemixiry
i Mimerals,

Professor B, Gritn is Bditor of Quaternary Geachironology (Quatemary Science Reviews), o
memiber of the Editorial Boards of Ceaternary Taternarional and  Roadiation Measirensenis,
Associate Editor of Jowmal of Hwman Evolieion and Member of reviewers' panel of Ancien
TL.

Professor B.L.N. Kennett completed o 20-year term as an Editor for Geoplivsical Jourmal
Faternational in September, and continues an associate edisor for Physics of the Earth and
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Planetary Interiors, He has also acted as a gues editor for Pure and Applied Greopliysics for an
issie on Source Locaiion in relaiion o the Comprehensive Nuclear-Test-Ban Treaty.

Prodessor K. Lambeck is on the Editorial Boards of Quatermary Science Reviews and Earth o
Planetary Scierce Leliers.

Dr FEM. Lilley is a member of the Editorial Board of the Brazilion Journal of Geopliysics.
Prodessor M.T, MeCulloch is a member of the Editonal Boasd of Chemieal Gealogy.

Professor 1, MeDougall nr.tﬁ}:l:d terme as o member of the Editorial Boards of Gealogy and
Isotope Geoscience Section of Chemical Geology during the year, but continues on the Editorial
Boands of Qwarermary Geochroviodogy and Terra Mo,

D CE, Marin i an Associsie Editor for Americon Jonrmal of Science.
D H. O Meill is on the Editornal Boasd of Clremieal Ceolagy.

Dr B. Pillans i a member of the editial boards of Qatermary Science Reviews and Colena,
He was alwy a guest editor (with Professor .M, Carter, James Cook University, D T, Nash,
MNew Zealand Institte of Geolegical & Nuclear Sciemces, and Dr M. Tao, Chiba University) of a
special issuc of Sedimentary Geology entibed “Sequence Stratigraphy in the Plio-Pleistocene:
An Evaluation™,

Dr M. Eanﬂuidﬁjiim the editorial board of Geoplysical Joernal International in January.  He
handles papers gh the Pacific Region Office,

TEACHING ACTIVITIES

As part of his activities in the Geology Department (The Foculiies), Professor S.F. Cox taught a
ope semester course in Stucturs] Geology and Tectonics and contribuned io the Field Geology

and Economic Geology ieaching programs.

D U, Faul taught with Dr P, Chopra (Geology Department) the Geology 30005 “CGeophysics™
course (o third vear students in the Geology Department, ANLU,

[ ). Fitz Gerald again lectured for the ENGNAS1T course in the Faculty of Engineering amd
Infoemation Technology amd also tught in the workshop series of the University’s Electron
Microscope Linit.

Professor . Griin gave a lecture series on topics of Quaternary geochronology o students of
the Depanment of Archasology and Anthropology, The Faculties.

[ J. Hermann gave three bectures in thind year geology ot the ANU Gesdogy Department on
alpine metamorphism and tecionics and related three howrs of practicum on high pressure
metamorphic rocks from the Alps.

Dr J. Mavrogenes taaghi the third year Economic Geology cowrse in the Geology Department,
AMNLL

Professor L McDougall a lectuse 1o swdents in the Department of Mhmw
Anthropalogy, The Parukins, on utilizing the K-Ar and “Ar-"Ar methods for mumerical dati
il strali fC sequEnCes.

D J.M. Palin presented two leciures and practical class on the and use of stable solope
peochemistry fo the third vear Economic Geology counse in the ANL Department of Geology.

X8



THESES, VISITORS, COLLABORATION AND OTHER MATTERS

Dr D, Hubmmuﬁunﬂmhmm:mpﬂmﬁh v af high- re mctamarphic mocks
from the Alps for third year students an the Geolog) mmur..hi'ﬁ

Mr MN.G. Ware ught the Microanalysis component of the ANU Electron Microscope Unit's
15999 workshop serics.

HONOURS SUPERVISION

As pant of his activities i the Geol Department (The Faculties), Professor 5.F. Cox
supervised  three honours studenis in | All projects deah with deformational condrols on
the formatem or mnd'rrmuj:imufmdrpmru.

Dr J. Hermann supervised the honowurs research project of Ms 5, Williams, ANU Geology
Depanment, on the Himalayan eclogites from SWChi

Professor B.LN. Kennett, Dr M. Sambridge (RSES) and Dr P. Chopra (Geslogy Depaniment,
The Faculties, AN} co-supervised the Honours thesis work of Ms O, Farmer on lwvestigations

off eurthaguake location fechnigques.

Dr J, Max supervited the homours work of Ms M, Douglas on the role of Bi in gold
depaositg and Mr C, Gumton's work on the Ernest Heory Mine, Queensland and Ms G. Burch's
stidy of the Mt McKeneie prospect, Queenslaond.  He also co-supervisad {with Professor
R. Arculus, Geology Depariment, ANU) Ms 5. Belfield's propect on the Taopo volcanics and
&ir C. Mitchell’s study {with Professer 5. Cox) of the Adelong gokd fGeld.

Dy W.R. Taylor supervised the hopours research project of Mr M. Richardson on dismond
mehicator mingvals and hithosphere strocture of the Kimberley block, Western Australin. The

project was spoasorad by Rio Tinto Explortion Lid,

SUMMER RESEARCH SCHOLARSHIPS

Knstin Butera University of Melboume

Project: Zircon U-Pb dating of early Palseozoic monsonitic inmusives
from the Goonumbla area, NSW.

Supervicor Dr lan Williames, Geochronology and Isolope Geochemibsiry
{R5ES)

Maoimni Dowglas Australian Natonal University

Profect; Experimental investigathon ul' Fe-FeS melting relations at high

S5,

Supervisors: H O'Neill and Dr J, Mavogenes. Perochemisry and
Experimental Petrofogy (RSES)

Stuin Finlay University of South Austrilia

Project: ESR analysis of fluorescence hands in corals

Superiaiiones: Professor M.T. MoeCulloch and Dv O, Marin, Envirommental
Geochemisiry and Geochronslogy (RSES)

Il.c.r:?mﬂm ll.;r;:miry niw?km et :

ect: response of quartz from the Eldzhurtinskiy granise.
Supervisorn Professs B, Girin, Envirnnmental Geochemistry and  Geo-

chronalogy (RSES)
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Paulp Hahesy Flincers Universry of South Australia,

Progect: Inmzmm!.im seafloor  magnetonseter  daia  from  the
SWAGGIEY Experimen

Siirervisor: Dr F.EM. Lilley, Seismalogy and Geomagnetism (RSES)

OUTREACH AND WORKSHOPS

In Movember, Professor S F. Cox presentad threée dayvs of workshops st Leinster (WA on

stroctural geology and fuid Dow in ore svsiems 1o geological @l from the WMO Resoices

Lid Leinsier Mickel Operations and the Agrew Gold rations. In December he gave o
presentuiion on earthuakes o science students af Merici College, Canberra.

My W, Lus gave s seminar in Febquary 1999 gbown the "Understanding the 1998 PNG  Ajtnpe
Tsunami: results and modelling using geophysical and geological data from R/Y Kairei crusse
offshore from Aitape 21/99- 1212997, He also hosted a PNG public lecture in September on
“1998 PNG Aitape Tsunami: seabed investigations off the coast of PNG™. Mr Lus
was absor part of the expen team visiang saravor villages and alking o survivors of the 1993
PNG Adtape Tsumami omd abowi the resulis of the seabed survey indo the possible cawse of the
(ETTRRTHIEE

Professor B, Ruilund gove an invited address on “What it means o me o be a sclentist”™ 1o the
final session of the Mational Youth Science Forum held in Canberra on 29 January.

Dr 15 Williams was guest speaker af the NMovember meeting of the ACT branch of the
Creologeal Soceety of Australia, where be peesented a becture entitled “To see the world through
o grain of sand: SHRIMP geochronology 20 vears on™.  He alse hosted pwao visits 10 the jon
probe Liboratory by 50 high school students from the Rio Tinto National Youlh Science Forum

in January,

OTHER MATTERS

Or AJ. Berry amd Dy 1. Ma meceived grants from the Access o Mg Besearch
Facilities Program o investignle hiﬁ lenmiperalune mluhili?' and specintion of metals in
mﬂmﬂq;giﬁm the Advanced Photon Argonne National Laborstory. USA in February

D AJ. Berry, Dr H.S1C, O°Neill, and Mr D. Scoit investigoted the axidation stae of chromaum
in silicate glasses and melts of the Australion Nationa] Beamling Faciliy, Taikoba, Japan under 2
grant from the Austrulian Synchrotron Besearch Program.

D J. Brawn is a member of the IASPE] commission on Geodynamics and Tectonophyeics. He
is has also distibuted the computer software progmm CASCADE for | etz
modelling o researchers in seven institutions in Europe, the United States and C i

Dr LH. Campbell i a member of the Commissaon for lpneoas snd Metamorphis: Petrogenesas, a
subcormmission of the Internaiions] Union of Geological Sciences and a commcilor of ithe
Intemational Mineralogical Association.

Professor 8.F. Cox continsed as a member of the Austrulian Research Council’s Ressarch
Training and Emumfﬁlhwﬂﬁgs}{:‘mmim and continues a6 the Ausimlian representative of
the International Association of Suructural and Tectonic Geslogists,

D M. Gagan is a J-year member of the new Ooean Dmilling Progrum (ODF) “Scientific
Dwilling of Shallow-Water Systems” Plioning Group, He also continues as 0 member of the
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Intemational Geosphere-Biosphere Program and World Climme Research Program (PAGES-
CLIVAR) Joint Working Group.

Dr G.0. Hughes is co-inventor (with §.B. Dalriel and B.R. Sutherland) on 4 Provision Pateni
Application “Digital Schieren” filed in the USA.

Professor M.T, McCullach is collabornting with Ms M. Devlin and Mr D. Haynes, Gremt
Burrier Reef Marine Park Authority, conducting rescarch examining salinity and wrace clement
systematics during bleaching,  Collshorstive studics have been undertaken with Dr
. Mooy and Dr C, Pailles on wracing the source of suspended sediments that are entering the
Cireat Barrier Reel inom the Johnstone River.

Professor 1. McDougall was awarded a grant from the Australian Instinate of Muclear Science
and Engincering (o fociline iradiotion of peolosical san in HIFAR nuclear reactor,
operated by the Australian Nuclear Science and Technology nizition. in relaion to dating
by the “Ar-"Ar method.

Dr H. O'Neill is & member of the IASPEVIAVCEI Inier-Association Commission on Physical
and Chemical Properies of Muterials of the Eanb’s Ioterior,

Drs M. Sambridge and J. Braun have continued 1o distribute the computer sofiware
(NN_QUICK) for scatiered daa interpolation. In 1999 researchers from 15 instindsons
requested and received a copy of the progrum,

Dr 5.L. Webb was inted secretary to the IASPELIAVCED Commission on Physical and
Chemical Properiies of Materals of the Earth®s Inferior,

231



SCHOOL SEMINARS

SCHOOL SEMINARS

Ihatr

4 February

11 March
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18 March

25 Murch

31 March

% April
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22 April

29 April

6 Mlay

Fresesfed by

Mr W. Lus
R5ESs

Dr F. Tregoni
RSES s

Dr M. Worthington
Imprerial College, London

Professor [, Gebaser
ETH ZLiirich {Swiss Federal
Institute of Techmslogy )

Profewar E. Glinoy
Russion Academy of Scicnoe

Professor G.V. Gibbs
Virginia Technology. USA

I3 B, %an Schimues
University of Kunsas,
Lawrence, USA

D . Bames

Faculty of g and
Information Technology,
AMLT

Dy A. Oshome

Swdney University
Professor G, Miller
University of Coloraco

Professor B, Fuwtland
RSES

Dr K. Ludwig
Berkeley Geoch
Center, Berkeley, CA USA

Prodfessor G, Yeronie
Yale Unlversity

Dy U. Faul
RSES

Tapic

Undersanding the 9% PNG  Ailape
Taanamsi: results amd modelling  wsing
geophysical and geobogical datn from RV
Kairei cruise offshore fom  Anape
2149120009

In search of wectonic hazands in Papoa
Mew Guanea

Scismic ateaaation in the cust does
stondd [or questionable?

Rates of subduction-exhumation as well
&t heanng and codling i Alpine orogens

Dinmond isotope geochenistry

A maodelling of the strocture asd the
electron density distribution in low quanz
wiid coesate ol pressune

Tectonic  history of The Borbonema
Prowinee, NE Brasl: From Adlabica

Cromdwana via Rodinia?

Using notural envirenmentnl trocers @
meanage hydrological systems

ks, palsenkarst, and pest-

carbonifierous uplift of the WSW castem
highlands

Diisdppearing foama and vamshing lakes:
are humans or climate responsible?

The clessical  Palseoproleroeoic  of
Finland and  Swedben:  constraimts  on
midels  of  crustal  growih o oand
metallmgenesis

U-series dating of soil carbonatessilica in
different environmems

Open discussion aboul ghebal warmang
and globil change

Deformation of parally molien rocks:
From the lehoratory 1o the mantle
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13 May

20 May

27 May

3 Jumee

10 Junee

17 Juane

24 Jone

1 Jnly

8 July

15 Jaly

22 July

29 July

3 Aot

12 Augusi

19 August

L 1, Jackson
H5ES

Professor B, Trumble
Purdue University, LSA

D M. Spoomer
RSES

Frofessor M. McCulloch
RSES

Professor K. Arculus
Geology Department, ANU

Dr J. Braun
RSES

Professor B, Grtin
RSES

H'l 5- Nikll-‘m.'u.
Flinders University of South
Australia

D J. Strenl
Depariment of Geology, ANL

Dir 1. b1 Palin
RSES

Professor B, Simonson
Oberlin College, [¥hin, USA

Professnr [ Grecn
RSES

Mr A, Hitchman
RSES

Seismic properties of geological metenials
gi  high wempersture; The  irmsiton
between elastic and visoous behaviour

Wetting and microstructure developiment
in Pallasite meteorites natural ceramac-
metal composiles

Ciptical dating ond  thermoluminescence
dating: Some fundamentals and
applications

The mise and fall of Last Imerglacial sea
kvels  and  seaesurface  fen

AT
Implecations for o Greenhouse modified
Eanh

Radiocarbon  diting the hmaan
colonizotion  of  Australinc The  ever-

changing story

The infieence of Cr on phase relations in
ile Earih’s wpper muntke Experimems
and thesmodynamics

FErom mantle to contnenal cnest vio ancs

Fromi nfting 0 inversion:  charcter-
building episodes in the life of a passive
margin
Dating of the Loke Muongo 3 haman
sheleton

Armosphenc radintion modelling  under
broken clouds; Use of all-sky composiie
iMages

Conditions for canbguake surface ruplure
along the Son Andreas faolt  system.
Culiforian

Oxygen taMope fractionation in silicate

mielts: A penerl mode] and petmogenetic
applications
Evedence of lae Archeesn and early

Proderorsoie  aserolds  from Weslem
Ausaralia and South Afnca

Primary mugmas snd muntle temperatares

Magnetic mapping and  electromagneiic
incluction in the Earth
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26 At

16 Sepiember

23 Sepembet
) September
7 Ocrober

14 Dctober
21 October

28 Detorber

d MNovember

B Movember
11 SMovember
22 Movember

25 Mowember

2 December

Dr 5. Eggins
Department of Geology, ANU

Professor B. Kenneat
R5SES

Professor W, Compuon
RSES

Profess=or K. Lambeck
RSES

Dx ). Fitz Gerald
RSES

Dr P. lohnston
RSES

Dr 5. Fhang
RSES

Professor J. Chappell
R5E%

Lrr M. Bird
RSES

M Y. Y okoyamn
RSES

D . Sinclair
KRSES

Professor H. Woplner
University of Colugne

D B 0 Meill

R5ES

D 0. Gudmundsson

Danish Lithesphere Center

[ 1. Bareit
Department of Gesdogy, ANL

Dr W. Tavlor
R5ES

Towand understanding subduction zones
- evlence for meling o thousand times
faster than beneath mid-ocean-ridges

The stmiec of the monile reconabing
strsctune and processes

Strelching sotope dilinson. SHRIMP and
fircons fo the limi: Trying i bink
biostratigraphy with numbsers

Sen-level change wlong  the  French
Meditermnean coast: timing  af
oecupation of Cosquer Cave

Zooming 1o oa grain boundaries

Quatermary 1ce sheet history s an nverse
peodem

Coupled metamosphibe reactions and Ml
florw - A laboraony study

El Nino, social crises. and implications of
data from eanh sciences

Radsocorhon dating human occupation of
Aussrale more of 11

Calibration of the radiocarbon  time scale
from 0 o MK vears ngo: Direcl
evidence  for ocemnsc  mvolvement
millenmind =cale climale changes of The
Lust fee Age

Raberr Ml Memorial Prize Lecliure

Fels, Block Boxes, ond Sex on the Reel!
A mennder through the world of voml
ﬁﬁlﬁr‘m: anialysis by laserablation

Eoely Culierose  sileretes and  their
nHaphasectonkc control

Sihicute mell properties and rae clement
partitismiing

RELACSmg the Eabaul  vobeamo:
tomozmply and eanhquake locstion

Conditions for earthiquake surface rupiurne
wlong the San Andrens fouli sysiem,
Califomia

Kimberfites, dimmonds and the nature of
the mambe lithsphere of  Northem
Australia
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9 December

16 December

Dr E. Debayle
RSES

D P. De Dweckker
Department of Geology, ANLU

The Auvsralian eontinental upper manmle:
Stmcture and deformation infermed  from
surface waves

The history of the Warm Pool norh of
Auestralia - Two modes of operation over
the last 300000 vears
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