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High-precision 40Ar/39Ar dating of Turkana Basin volcanic tuffs – a
tribute to Ian McDougall
David Phillips*, Erin Matchan
School of Earth Sciences, The University of Melbourne; *presenting author.
The Omo-Turkana Basin in northern Kenya is unique, due to a combination of extraordinary fossil-rich
sedimentary sequences that record much of hominin evolution (>500 fossils), and an abundance of interbedded
volcanic ash-beds (tuffs) that provide critical time markers. The stratigraphy and geochronology of the Basin
are now reasonably well-established after decades of careful work by the late Frank Brown (University of
Utah) and Ian McDougall (RSES, ANU). These data provide the basis for current interpretations of hominin
phylogeny, species migration and environmental adaptation. However, many key questions on hominin
evolution remain unresolved – such as the relationships between specific hominin genera/species, regional
migration patterns and the impact of environmental changes on hominin evolution. The key to addressing these
questions is enhanced high precision geochronology of the Basin.
The ARGUSVI multi-collector mass spectrometer at the University of Melbourne provides significantly
improved levels of analytical precision (>10×) compared to earlier generation instruments. The ARGUSVI
system has enabled ultra-precise calibration of 40Ar/39Ar standards against the astronomically tuned A1 Tephra
unit from the Faneromeni section, Crete (6.943 ± 0.005 Ma). These analyses have yielded precise (and arguably
accurate) determinations of key reference mineral ages: Fish Canyon Tuff sanidine – 28.126 ± 0.019 (2s) Ma;
Alder Creek Rhyolite sanidine – 1.18404 ± 0.00068 Ma. In turn, this has enabled high resolution 40Ar/39Ar
dating of key marker tuffs in the Turkana Basin. In this presentation, I will discuss recent 40Ar/39Ar
geochronology results obtained on selected 40Ar/39Ar samples, for comparison with earlier work by Ian
McDougall and co-workers.

Revised closure temperatures for common rock-forming minerals
Marnie Forster*, Gordon Lister
Research School of Earth Sciences, Australian National University; *presenting author.
Samples irradiated for 40Ar/39Ar geochronology can be step-heated in an ultra-high-vacuum resistance furnace
attached to a mass spectrometer, thus allowing 40Ar/39Ar geochronology simultaneously in conjunction with
precise 39Ar diffusion experiments. Conjoint inversion of these datasets allows estimation of the relevant
diffusion parameters, which can then be used to forward model the effect of arbitrary temperature-time
histories. In this way quantitative 40Ar/39Ar thermochronology can be utilized to provide quantitative constraint
on temperature history, thus allowing an informed choice between competing hypotheses. For example, when
multiple diffusion domains (MDD) models are appropriate, it is possible to distinguish times of rapid cooling,
or slow heating, as well as a pulse of temperature to which a rock has been subjected. However, quantitative

2

TANG3O_2018
Session 1: Ar-Ar geochronology and thermochronology
40

Ar/39Ar thermochronology is not possible unless the diffusion parameters have first been determined, and
there have been relatively few determinations of these parameters in hydrothermal laboratory diffusion
experiments. Ultra-High-Vacuum (UHV) resistance-furnace step-heating 39Ar diffusion experiments provide
an alternative method, and these experiments are now providing consistent and reliable estimates of activation
energy and frequency factor for various minerals. This contribution will review progress, for the determination
of diffusion parameters (and associated closure temperatures) for biotite, white mica, and potassium feldspar.
UHV 39Ar diffusion experiments require temperature to be calibrated accurately, using the melting point of
several different metals. The ramping up and ramping down of temperature needs also to be abrupt, so that the
equations used to calculate percentage loss produce reasonable approximations. Further, the step-heating
schedules utilized need to be carefully designed so as to allow uniform population of the Arrhenius plot.
Uncertainty analysis is difficult because each step-heating experiment produces one 40Ar/39Ar age
measurement, corrected for interference from Ca and Cl contaminants, and in retrospect (after backcalculation) the percentage release of the 39Ar isotope. Based on the assumption of an initial geometry, these
data can be converted into D/r2 measurements, where D is diffusivity, and r the radius of the diffusion domain.
The parameters for biotite vary considerably, and some lepidomelane is highly retentive. MDD analysis allows
inference of cooling rates, even from well-defined flat plateau. We show that muscovite data from
hydrothermal experiments are consistent, but only as long as the results from experiments at different confining
pressures are normalized with the appropriately calculated activation volume. The extraction of diffusion
parameters from phengitic white mica is more problematic, because the rocks we have worked on have
abundant evidence for disequilibrium between Variscan (Permian) muscovite and Alpine (Tertiary) phengite,
raising critical questions about nanoscale processes that may take place in these micas.

Highly retentive alunite allows direct dating of overprinting fluid
systems in the Martabe epithermal gold deposit
Jack Muston1*, Marnie Forster1, Conrad Alderton2, Shawn Crispin2, Gordon Lister1
1 Research

School of Earth Sciences, Australian National University; 2 PT Agincourt Resources,
Martabe, Sumatra; *presenting author.

Alunite [KAl2(SO4)2(OH)6] is a potassium bearing mineral which has been shown to be a useful 40Ar/39Ar
geochronometer for dating alteration systems. It is commonly developed in porphyry and epithermal gold
systems by acid sulphate alteration, a subset of advanced argyllic alteration distinguished by the formation of
alunite. Acid sulphate alteration of wall-rock occurs in supergene environments, often in steam-heated
pathways of magmatic hydrothermal systems. In particular, magmatic-hydrothermal alunite is characteristic
of high-sulphidation epithermal deposits, such as the Martabe gold mine, the largest deposit of gold in Sumatra.
Martabe formed in a shallow crustal epithermal environment associated with active mafic intrusions, usually
recognised as domes, adjacent to an active right-lateral wrench system. Samples containing alunite were
collected to allow distinction of different overprinting fluid systems using high-resolution 40Ar/39Ar
geochronology (usually better than ± 30ka). Three fluid systems could be distinguished, but this result assumes
a priori that 40Ar/39Ar ages obtained using alunite are capable of directly dating the time of growth of the host
mineral. This is not consistent with previous research that concluded that alunite is not particularly retentive
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of argon, with closure temperatures ranging from ~240-300°C. In addition, during step-heating, these authors
found that alunite degassed before ~500°C.
While some of the samples measured at ANU exhibited similar behaviour, many did not, and these samples
could be used to conduct ultra-high-vacuum (UHV) diffusion experiments using the release of 39Ar to estimate
the diffusion parameters. Irradiated samples were step-heated in an ultra-high-vacuum resistance furnace
attached to a mass spectrometer, thus allowing simultaneous 40Ar/39Ar geochronology. Acid (HNO3) was not
used to clean samples. Instead, samples were warmed for protracted periods to rid them of volatiles. Silver
wool and copper wool was used in the extraction lines to ensure removal of noxious gases, and long cleaning
times were applied during each step. Resistance-furnace step-heating schedules were developed interactively
to ensure that the Arrhenius Plots uniformly populated the inverse temperature axis with sufficient data to
allow application of the Fundamental Asymmetry Principle (FAP) used in interpreting multi-diffusion domain
(MDD) data. Conjoint inversion of these datasets allowed estimation of the diffusion parameters, namely
activation energy and frequency factor. Results indicate an activation energy exceeding 98 kcal/mol with
closure temperatures above 580°C for cooling rates exceeding 20°C per million years.

40Ar/39Ar

dating of basaltic rocks and the applicability of multi-isochron
regression ages
Michael Heath*, David Phillips, Erin Matchan

School of Earth Sciences, The University of Melbourne; *presenting author.
As instrumental precision increases, subtle disturbances to Ar isotope ratios are becoming resolvable. In the
past, discordant 40Ar/39Ar data from young basalt samples has been either ignored or explained away, often
unconvincingly, as the result of either Ar-loss, extraneous Ar or recoil. By comparing the results of concordant
and discordant samples of identical age, we investigate the true nature of this discordance, and how Ar isotope
ratios are affected across a step-heating spectrum. We aim to demonstrate that the (40Ar/36Ar)i ratio from an
inverse isochron is not equivalent to a sample’s trapped argon composition, and that there is an inverse
relationship between (40Ar/36Ar)i and apparent isochron age. Utilising this relationship, we introduce the
concept of a multi-isochron regression; a new method of extracting a crystallisation/eruption age from
discordant data.
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40Ar/39Ar

dating of the Cape Fold Belt, South Africa

Scarlett Blewett*, David Phillips, Erin Matchan
School of Earth Sciences, The University of Melbourne; *presenting author.
The Cape Fold Belt (CFB) of South Africa is considered a central component of the Permian Gondwanide
Orogen that extended from South America, across southern Africa and into Antarctica; however, the
provenance of CFB sediments (the Cape Supergroup) and the timing of deformation is poorly constrained. In
this study, detailed textural and mineral chemistry analyses identified multiple muscovite populations,
commonly with complex intergrowth features. High precision 40Ar/39Ar analyses reveal a dominant 490-465
Ma detrital muscovite population, lending support to a largely South American provenance for the Cape
Supergroup. Lesser detrital muscovite populations in the range 650-500 Ma and >730 Ma, corroborate previous
zircon provenance studies suggesting Pan-African/Brasiliano terranes and the Namaqua-Natal Metamorphic
Belt as significant sediment sources, respectively. Detailed 40Ar/39Ar analyses of multiple neo-crystallised
muscovite samples are consistent with a single major phase of CFB deformation occurring between 253.4 and
249.6 Ma. This age is interpreted to represent either the peak or final dominant phase of CFB deformation.

Potassium feldspar in the Mount Isa Mine reveals the imprint of
Rodinian tectonism on tuff marker beds in a Pb-Zn-Ag orebody
Kristen Marris1*, Peter Rea2, Marnie Forster1, William Perkins3, and Gordon Lister1
1 Research

School of Earth Sciences, Australian National University; 2 MIM Glencore; 3 Geological
Survey of Queensland, Department of Natural Resources and Mines; *presenting author.

Tuffaceous marker beds are located throughout the Urquhart Shale mine sequence at Mount Isa, Queensland.
They have been historically beneficial to mining operations, allowing for the correlation of orebodies,
particularly those within Pb-Zn-Ag operations. These beds occur frequently throughout the mine sequence,
vary in thickness, colour, and veining, and are unique in their tendency to cross-fracture normal to bedding.
The origin of some beds remains ambiguous with no clear evidence of volcanic textures, and just as mysterious
is their abnormal enrichment in potassium when compared with their host rocks.
This potassic metasomatism is reflected in the presence of potassium feldspar, which here was utilized for
40
Ar/39Ar geochronology and 39Ar ultra-high-vacuum diffusion experiments at the Australian National
University. Modelling based on the inversion of Arrhenius parameters by iterative forward modelling indicates
cooling during Elzeverian time. The models require growth of up to 40% by weight of retentive potassium
feldspar in Grenvillian time, from fluids, at relatively low temperatures. Detailed SEM analysis shows that
some potassium feldspar has grown in the cross-veins/fractures, which could potentially constrain the timing
of vein formation. The fractures in these beds may have acted as fluid conduits.
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The new data suggests tectonic activity to have occurred more recently than previously understood, and
potentially constrains the timing of copper deposition at Mount Isa, and the timing of movement on the Mount
Isa Fault System.

Emplacement ages of shallow Late Devonian granites in central
Victoria, Australia: constraints from high-precision U-Pb and 40Ar/39Ar
geochronology
Yue (Frank) Liu1*, David Phillips1, Barry Kohn1, Roland Maas1, Erin Matchan1, Steven
Denyszyn2, Andy Tulloch3
1School

of Earth Sciences, The University of Melbourne; 2School of Earth and Environment, The
University of Western Australia; 3GNS Science, Dunedin Research Centre, New Zealand;
*presenting author.

Previous U-Pb and 40Ar/39Ar dating of shallow-level granites in central Victoria has suggested an age range of
354 – 376 Ma. High-precision dating is sparse and precludes assessment of whether the magmatism occurred
over one or more short pulses, or was intermittent over 15–20 million years. This lack of age resolution hinders
evaluation of the potential tectonic controls on granite emplacement and meaningful comparisons with possible
co-genetic granite complexes in Tasmania and New Zealand. In this study, a combination of high-precision
CA-IDTIMS zircon U-Pb and 40Ar/39Ar step-heating analysis were utilised to reveal emplacement ages of three
large, east-west oriented shallow-level granitic complexes. New CA-IDTIMS zircon U-Pb dating of the
Harcourt and Cobaw complexes provide emplacement ages of 370.0 ± 0.5 and 367.5 ± 0.5 Ma, respectively–
slightly younger than the voluminous S-type magmatism at Strathbogie (373 – 374 Ma). High-precision
40
Ar/39Ar dating using a multi-collector ARGUSVI mass spectrometer constrains biotite/muscovite/hornblende
ages consistent with, or within ~2 – 3 million years of, their respective CA-IDTIMS ages. High-precision UPb and 40Ar/39Ar dating suggest that central Victoria granites were emplaced at 367 – 374 Ma. These granites
were likely emplaced in a similar tectonic setting to the large Karamea Batholith (368 – 371 Ma) of the South
Island of New Zealand.

Aquifer systems across Australia characterised with CSIRO noble gas
facilities
Alec Deslandes*, Christoph Gerber, Punjehl Crane, Dirk Mallants, Axel Suckow
CSIRO, Land and Water, Waite Campus, Urrbrae, South Australia; *presenting author.
CSIRO Environmental Tracer Laboratories at Waite Campus has since 2017 operated a stable noble gas facility
for measuring He, Ne, Ar, Kr and Xe on water samples. An update on our operations to-date will be shown. A
few hundred samples have been measured for a dozen projects across the continent, providing information on
dating old groundwater (He), recharge temperatures (heavy noble gases) and infiltration conditions (Ne). Some
examples of these recent noble gas results will be described, such as how they have informed studies of
groundwater flow velocities, recharge mechanisms, inter-aquifer connectivity, and groundwater - surface water
interaction.
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U-Pb geochronology of carbonates
Jon Woodhead
School of Earth Sciences, The University of Melbourne
Over the past decade the University of Melbourne laboratory has been working to further develop the isotope
dilution carbonate U-Pb chronometer to the point where the methodology is now both robust and routine. Rates
of sample processing are unlikely ever to surpass U-Th dating methods but, with dedicated equipment,
personnel and streamlined protocols, it is quite feasible to produce hundreds of isochron ages per year. As with
U-Th, the primary prerequisite to successful geochronology lies in the requirement for clean samples with low
‘common Pb’ content; pre-screening of some form (e.g. by LA-ICP-MS) is thus highly recommended. Lowlevel clean-room protocols and U-Pb isotope dilution experience are also a necessity. Corrections for initial
disequilibrium in the 238U-206Pb decay chain remain a major source of uncertainty although there is potential
to utilize the 235U-207Pb decay in order to minimise the problem.
The method has widespread application: our current research programs encompass several major themes,
predominantly employing speleothems: (1) developing high-resolution chronologies of glacial terminations to
‘anchor’ ice-core and sediment proxy records, (2) using probability density distributions of speleothem growth
as proxies for effective precipitation throughout the Neogene, (3) using speleothems to provide age constraints
in studies of hominin evolution and vertebrate palaeontology, (4) using speleothem ages to constrain rates of
karst evolution, (5) combining U-Pb ages with speleothem palynology to monitor changing landscapes across
space and time.
In an exciting new development, initial results from a number of labs experimenting with laser ablation U-Pb
dating of carbonates (including our own) suggest the enormous potential offered by extending the technique
to the micron scale.

Calcite U-Pb age constraints on brittle deformation in central Thailand
Alex Simpson*, Stijn Glorie, Chris Morley, Jack Gillespie
Centre for Tectonics, Resources, and Exploration (TRaX), School of Physical Sciences,
Department of Earth Sciences, The University of Adelaide; *presenting author.
Given the absence of suitable dating methods, the timing of low-temperature crustal deformation is usually
established by indirect methods (such as apatite fission track (AFT) thermochronology). Only few studies have
previously ventured into directly constraining the absolute timing of brittle deformation (such as authigenic
illite dating). U-Pb dating of calcite in tectonic veins represents a new method to potentially directly date brittle
deformation events [1]. By utilising this method, this study sheds new light on the upper crustal deformation
history of Thailand. U-Pb calcite ages demonstrate tectonic activity at ~216-209 Ma in the Khao Kwang Fold
and Thrust Belt associated with the Indosinian stage 2 collision between the Sibumasu Block and the Indochina
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Block. Brittle deformation along the Three Pagodas Fault Zone (TPFZ) was dated at ~45 Ma and ~24 Ma.
These dates are in agreement with previous regional AFT studies in Thailand, suggesting fault reactivation in
response to the India-Eurasia collision and rifting in the Andaman Sea. This work further demonstrates that
calcite elemental mapping, in combination with U-Pb dating, can be used to distinguish different calcite growth
events. Particularly enrichments in Mn or depletions in LREE concentrations in calcite seem useful in this
study to distinguish different calcite (re)crystallisation events. Although further work is required to enhance
our understanding of both Pb diffusion in calcite as well as geochemical tracers for calcite recrystallization,
the combination of calcite U-Pb dating with apatite fission track thermochronology is a promising novel tool
to enhance our understanding of the timing of brittle deformation.
[1] Roberts, N. M. W. and Walker, R. J., Geology, vol. 44 (no. 7), pp. 531-534, (2016).

High-Resolution CA-ID-TIMS U-Pb geochronology in the lower
continental crust
Steven Denyszyn
School of Earth and Environment, The University of Western Australia.
Providing high-temperature (magmatic) age constraints on the crystallization of geochronometers like zircon
and baddeleyite is essential for determining the absolute and relative timing of essentially igneous events that
build the continental crust from below, and that dictate the location of, and drive the formation of, magmatic
sulphide ore deposits. More generally, use of the ID-TIMS U-Pb methodology is the only way to determine
accurate and precise ages of young (< ca. 1.5 Ga) geological samples via 206Pb/238U measurements (as opposed
to in situ methods), and can dramatically improve precision on older samples with ages determined through
207
Pb/206Pb measurements, with sub-permil or better precision (commonly <1 Ma uncertainty on rocks with
ages > 1 Ga)
The UWA CA-ID-TIMS facility (fun acronym pending) makes use of in-house U+Pb tracers and a Thermo
Triton Plus thermal-ionization mass spectrometer to allow isotope dilution measurements of single-crystal
samples, and in the case of zircon, the chemical-abrasion pre-treatment procedure to mitigate the effects of
potential Pb loss. Baddeleyite is difficult to isolate with mineral-separation procedures typically used for
zircon, but with a refined methodology using the Wilfley water-shaking table is reliably found in silicaundersaturated rocks (particularly mafic dykes) and is also frequently analyzed.
While the UWA facility contributes high-precision geochronology to a variety of research projects, with
studies ranging from Precambrian mafic dyke swarms to Paleozoic and younger pluton emplacement to
sedimentation rates and chronostratigraphy of sedimentary basins through the dating of intercalated ash beds,
this presentation will focus on recent work exploring the timing of magmatic processes in the lower continental
crust. Two case studies are those of the Ivrea Zone of NW Italy, and the Kohistan Arc Complex of NE Pakistan
– both rare examples of excellent exposures representing cross-sections through the lower continental crust.
Geochronology of the Ivrea Zone reveals previously-unknown complexity in the magmatic history (including
a hidden LIP), and a sequence of emplacement of mafic rocks that explain why the region hosts extensive
mineralization. The Kohistan Arc Complex permits the unusual opportunity to test models for growth and
development of continental crust at arcs, and the new geochronology from this region establishes a youngingdownward sequence of progressive underplating and partial delamination that has built up the crust from
8
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below. In both examples, high-precision U-Pb geochronology is combined with other isotope-geochemistry
methods to more fully define and explain geological processes that are frequently inferred but rarely observed.

Strategies for improving LA-ICPMS U-Pb and trace element zircon
data quality
Sebastien Meffre*, J. Thompson, L. Danyushevsky, C. Leslie
CODES, University of Tasmania; *presenting author.
Laser ablation mass spectrometers are widely used to measure the age and chemistry of zircons in laboratories
throughout the world. As this technique matures, it is important to ensure that the data produced by the various
laboratories is as accurate as possible. At the previous two TANG3O meetings we have presented on the
“matrix” effect (age offsets from true age due to laser drilling faster in radiation damaged zircons relative to
the standard zircons) and the effects of air in the ablation cell on the U-Pb age. In this talk we will present the
results of two small experiments: one investigating what happens when ablation spots overlap with edge of the
crystals and the other to investigate the best way to acquire chemical data in strongly zoned zircons.
The results of the first experiment show that the U-Pb ages from spots that are too close to the edge of the
crystals and ablate a little epoxy beyond the edge of the crystals are mostly too young relative to the age
analysed in the centre of the same crystals. The second experiment involved testing the best analytical protocols
to acquire trace element data in zoned zircons. In this case we show that edges of the crystals can be extremely
important for gaining information about the magmas in which the zircon crystallised.

Dating mineral accretions at rock art sites in the Kimberley, North West
Australia
Helen Green1*, Andrew Gleadow2, Peter Veth2, Damien Finch1
1School

of Earth Sciences, The University of Melbourne; 2The Centre for Rock Art Research and
Management, The University of Western Australia; *presenting author.

Mineral coatings, fringes, glazes and skins forming at the interface between the atmosphere and host rock on
the surfaces of sandstone rock shelters in Western Australia's Kimberley region, offer the potential to provide
datable materials to bracket ages of rock art motifs with which they are often spatially associated. An increased
understanding of complex processes behind the formation and long-term preservation potential of these
mineral deposition systems has been achieved by combining detailed wet and dry season field observations
with multiple mineralogical and geochemical characterisation techniques. In turn, the different characteristics
of each deposition system have been used to assess their suitability for the application of radiometric dating
methods. Coherent internal stratigraphies are identified in several of the depositional systems, essential for the
reliable application of uranium-series dating techniques, whilst floor glaze mineralogy, identified as dominated
by carbon-bearing calcium oxalate minerals, provides radiocarbon dating opportunities. Trace element prescreening maps are used to identify areas of high uranium and layers likely to contain oxalate within the
9

TANG3O_2018
Session 3: U-Pb and U-series geochronology/thermochronology

accretion stratigraphies, allowing suitable material to be identified and targeted for the application of different
dating techniques. This study provides a rigorous basis for establishing targeted sampling and analysis
strategies essential for reliable and replicable rock art dating as well as having implications for rock art
conservation.
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Monash ISOTOPIA– a new Australian isotope facility, and some
applications in Rb-Sr geochronology
Oliver Nebel
ISOTOPIA laboratory, School of Earth, Atmosphere and Environment, Monash University.
In this talk, I aim to feature two exciting new aspects of Earth Sciences. The first is the introduction of the new
isotope facility at Monash, and the second circles around the potential of state-of-the-art Rb-Sr dating.
Firstly, I will give a brief overview about the Monash ISOTOPIA lab, its instruments and established methods,
and will highlight recent research outcomes. The laboratory was established in 2017 with the installation of
four new Thermo Fisher mass spectrometers. A single quadrupole (ICapQ) and a triple quadrupole single
collector (ICapTQ) mass spectrometer are complemented by a thermal ionization mass spectrometer (Triton+)
and a multi-collector magnetic sector mass spectrometer (Netpune+). Among the radiogenic isotope systems,
Hf, Nd, Sr and Pb are routinely analysed in recent and ancient silicates. These can be complemented by stable
Fe, Zn or Cu isotope analyses. New Ag isotope analyses show excellent precision and accuracy.
In the second part I will highlight the potential of isotope dilution Rb-Sr dating, using the Neptune+ for Rb
isotope analysis and the Triton+ for Sr isotope analyses. The ICapTQ is used for in-situ Rb-Sr dating of micas.
Isotope dilution ages can be as good as ±0.2 %, approaching precisions of ID-TIMS and Ar-Ar analyses. Whilst
the lower closure temperature of the system has long been seen as a disadvantage, it can, if used in the correct
geologic context, provide crucial information on the thermal history of igneous bodies. The in-situ dating is,
at present, far behind in precision but has the obvious advantage of fast and spatially controlled dating.

Towards an Isotopic Atlas of Australia
Geoff Fraser1*, Marnie Forster2, Davood Vasegh2, Chris Lewis1, Sharon Jones1, Kathryn
Waltenberg1, David Champion1, David Huston1
1

Geoscience Australia, 2 Research School of Earth Sciences, Australian National University;
*presenting author.

As a basic “currency” of geology, maps provide an ideal format for conveying first-order meaning to a wide
audience of specialists and non-specialists alike. With some exceptions, however, isotope geochronology data
are generally not widely available in map view. Making such data available in map view allows convenient
comparison and integration with other geological, geophysical and geochemical datasets and images,
unlocking the collective value of the isotopic data and facilitating wide applications in earth evolution studies
and mineral exploration.
In this context, recent effort at Geoscience Australia has focussed on compiling new and legacy geochronology
and isotopic data from Australia for visualisation in map form. Data layers in various stages of development
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include: Sm-Nd, Lu-Hf, U-Pb, Ar-Ar, Pb-Pb, and together comprise an “isotopic atlas”. Although initial focus
has been on northern Australia, we are well-advanced towards the goal of continental-scale coverage.
In this presentation we will provide a progress report on this work, illustrating the power of the collective data
sets. We will focus particularly on the development of an Argon geochronology layer as a complement to other
isotopic systems. The emerging spatial coverage provides insight into the thermal and structural history of the
Australian continent, and may be used as a guide to future 40Ar/39Ar data acquisition by drawing attention to
major data gaps, or regions of particular complexity.

From snowball to fuzz ball: environmental changes in the wake of
animal emergence
Anthony Dosseto
Wollongong Isotope Geochronology Laboratory, School of Earth and Environmental Sciences,
University of Wollongong
Life is easy, i.e. making the building blocks of life is relatively unchallenging and probably occurred very early
in Earth's history [1]. However, how life took it to the next level and started making much more complex
organisms, is puzzling. The emergence of eukaryotic cell (probably in the Palaeo- or Mesoproterozoic) was
certainly a great innovation, but at this stage every cell was in contact with the environment, either by itself or
as a colony.
Later in the Neoproterozoic (1000-541 Ma), more complex lifeforms emerged, i.e. organisms featuring tissue
differentiation and 3D organisation. What were the environmental changes that could have facilitated such step
in evolution? This period of Earth's history was certainly a time of dramatic changes (cf. Snowball Earth
events; [2]) but how did they impact ocean's chemistry? Lithium (Li) isotopes in carbonates can be used to
decipher how continental nutrient inputs to the oceans have varied over time. In the Cenozoic, they showed
how weathering regimes on continents changed with the rise of the Himalayas [3]. We applied this tool to cap
carbonates of the early Ediacaran, which record the aftermath of the Marinoan glaciation (650-635 Ma), the
last major Snowball Earth event [2]. Results show that following deglaciation, there was a short-lived (<1 Myr)
pulse in element supply from continents, up to 30 times the modern flux of Li [4]. Interestingly, for the rest of
cap carbonate deposition, the continental Li flux and isotope ratio were similar to modern values. Ediacaran
oceans, which hosted the first animals, could have resembled geochemically oceans of the last few million
years of Earth's history. These results give some insights on the conditions that were required for the emergence
of complex life.
[1] Nutman, A.P. et al., Nature, vol. 537, no. 7621, pp. 535–538 (2016).
[2] Hoffman, P.F. et al., Science Advances, vol. 3, no. 11, e1600983 (2017).
[3] Misra, S and Froelich, P. N., Science, vol. 335, no. 6070, pp. 818–823 (2012).
[4] Dosseto, A et al., Climate of the Past Discussions, vol. 2018, pp. 1–46 (2018).
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Long-term Uplift-denudation of the Japan Arc revealed by lowtemperature thermochronology
Takahiro Tagami1, Shigeru Sueoka2
1Division

of Earth and Planetary Sciences, Kyoto University, Kyoto, Japan; 2 Tono Geoscience
Center, Japan Atomic Energy Agency, Toki, Japan; *presenting author.

Recent progress of low-temperature thermochronology, e.g., developments of (U-Th-Sm)/He method and
fission-track inversion modeling, enables to analyze uplift-denudation-cooling histories of the island-arc
mountains with good confidence. This is particularly fruitful for studying the topographic evolution of the
Japan Arc, because many of the Japanese mountains are started to uplift in recent time (e.g., late Pliocene to
Quaternary) after an extended period of relative tectonic quiescence, and hence the resultant smaller amount
of total denudation is only resolvable by low-temperature thermochronology. This was first demonstrated by
elucidating the uplift-denudation-cooling process of the Kiso and Akaishi Mountains, in which average
topographic changes of the tilted mountain block were quantitatively reconstructed [1,2]. Such analyses also
allow to estimate the background paleo-temperature (depth) of neo-tectonic faulting episodes.
In this presentation, we give a brief overview of thermochronology and tectonic background of the Japan Arc,
and then highlight some of the ongoing thermochronologic research projects, such as:
(1) Compilation of previously reported thermochronologic data from the Japan Arc,
(2) (U-Th-Sm)/He and fission-track analyses of the NE Japan Arc [3], which is well-known example of the
island arc and forms a main subaerial part of the overriding plate of the 2011.3.11 Mega-earthquake
epicenter,
(3) (U-Th-Sm)/He, fission-track and U-Pb analyses of the Hida Mountain, which is a part of central mountain
ranges that are formed by recent collisional convergence between the NE and SW Japan Arcs, and may
have suffered widespread deformations with rapid exhumation, as deduced from the exposure of youngest
granites on the Earth [4,5].
[1] Sueoka, S. et al. Island Arc 21, 32-52 (2012).
[2] Sueoka, S. et al. Journal of Geophysical Research: Solid Earth 122, 6787-6810 (2017).
[3] Sueoka, S. et al. Earth, Planets and Space 69, 79 (2017).
[4] Ito, H. et al. Scientific Reports 3, 1306 (2013).
[5] Ito, H. et al. Scientific Reports 7, 12457 (2017).
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Apatite U-Pb systematics: case studies in the Reynolds Ranges and the
Uzbek Tian Shan with implications for mineral exploration
Stijn Glorie1*, Nicholas Fernie1, Martin Hand1, Gilby Jepson1, Dmitry Konopelko2
¹Centre for Tectonics, Resources, and Exploration (TRaX), School of Physical Sciences,
Department of Earth Sciences, The University of Adelaide; 2 Geological Faculty, St. Petersburg
State University; *presenting author.

The apatite U-Pb method has a closure temperature estimated at ~550-350°C (e.g. [1]), making it a
viable tool to constrain the timing of low- to mid-temperature metamorphism. Furthermore, apatite is
susceptible to recrystallization during fluid alteration (e.g. [2]) and, therefore, the apatite U-Pb
method can also be used to constrain the timing of metasomatism. Two case studies will be presented
that explore the apatite U-Pb and trace element systematics associated with both processes, in a
natural laboratory. Within the Reynolds Ranges (Northern Territory), samples were taken across
metamorphic grade (from upper greenshist to upper amphibolite facies) from a single grantoid pluton
to evaluate the diffusion characteristics of Pb, Sr, Mn and REEs during progressive metamorphism.
Within the Uzbek Tian Shan (Central Asia), samples were taken from granitoids in a metal-rich zone
(orogenic Au deposits) to evaluate the REE and U-Pb behaviour during low-temperature
metasomatism (epidote/allanite alteration). The combined data-sets reveal implications for the
interpretation of apatite U-Pb dates in different settings. In addition, the combination of apatite U-Pb,
trace element geochemistry and fission track thermochronology is used to provide temporal
constraints on mineralisation (fluid alteration) and mineral preservation (exhumation) within
Uzbekistan, with important implications for mineral exploration in this region.
[1] Chew, D.M. and Spikings, R.A., Elements, vol. 11 (no. 3), pp. 189-194 (2015).
[2] Kusebach, C. et al., Geochimica et Cosmochimica Acta, vol. 170, pp. 225–246 (2015).

Exhumation of the Ladakh batholith, NW India
Renjie Zhou
School of Earth and Environmental Sciences, The University of Queensland.

The trans-Himalayan magmatic belt is a 2500 km long zone that hosts melts generated along plate
boundaries in the course of Tethys Ocean closure and India-Eurasia collision. During the ongoing
collision, the trans-Himalayan batholiths were uplifted and exhumed to the surface as multiple stages
of dike intrusion took place. This study focuses on the Ladakh batholith of NW India, one of the most
prominent mountain ranges in the western Himalaya. To the west, the Kohistan intra-oceanic arc
developed during the Early to Late Cretaceous. To the east, the Gangdese arc is dominantly
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continental and dated to as young as the Eocene. We report results zircon and apatite fission-track
thermochronology, and apatite U-Th/He thermochronology from granodiorites and intruding dikes
from the southern Ladakh range. Zircon fission-track ages of ~ 50-55 Ma and ~30-40 Ma were
obtained for plutonic rocks and intruding dikes, respectively. ~25-30 Ma apatite fission-track ages
were obtained with bimodal track length distribution, implying a phase of re-heating to the ~120-60
°C temperature range. Modelling with thermochronologic data and geologic constraints suggest a
phase of burial and exhumation in the Miocene, after the initial exhumation of the batholith.

A rift basin in the External Pamir – paleogeographic implications for
reconstructing the Cenozoic deformation history
Edward R. Sobel1*, Jonas Kley2, Johannes Rembe1, Baiansuluu Terbishalieva1, Chen Jie3,
Renjie Zhou4
1Universität

Potsdam, Inst. Erd- und Umweltwissenschaften, Potsdam, Germany; 2Georg-August
Universität Göttingen, Abt. Strukturgeologie/Geodynamik, Göttingen, Germany; 3China Earthquake
Administration, Institute of Geology, State Key Laboratory of Earthquake Dynamics, Beijing, China;
4The University of Queensland, School of Earth and Environmental Sciences, Brisbane, Australia;
*presenting author.
The Cenozoic Pamir consists of earlier accreted, east-west trending Mesozoic-Paleozoic terranes and
intervening sutures broadly correlative with units exposed to the east, in Tibet, and to the west. The lateral
offsets of sutures and the West Kunlun - North Pamir belt are thought to constrain the magnitude of Cenozoic
Pamir indentation, which is typically assumed to be 300 km. South of the narrow Alai foreland basin, the
External Pamir (Trans-Alai range) comprises a thrust stack of Carboniferous to Neogene sedimentary rocks
detached from the underthrusting Tien Shan-Alai crust, forming the Pamir Frontal Thrust system (PFT). The
Northern Pamir is emplaced northwards over the External Pamir along the Main Pamir Thrust (MPT). The
Northern Pamir comprises two major tectonic units separated by the Kunlun suture: (1) Paleozoic
metasedimentary and (ultra)mafic igneous rocks equivalent to the Kunlun terrane (in the north) and (2) the
Karakul-Mazar paleogeographic domain of Paleozoic metamorphic rocks intruded by Permian-Triassic
plutons (in the south). The Karakul-Mazar terrane is bounded on the south by the Tanymas (Jinsha) suture,
which represents the Triassic closure of the Paleo-Tethys ocean following north-dipping subduction.
We have studied Paleozoic - Mesozoic sections of the External Pamir in the Qimgen valley, in NW China, and
the Altyn Darya valley, in the Kyrgyz republic. Both localities expose a clastic sequence with red sandstones
that are offset by normal faults, pyroxene-bearing basalt dikes and flows, and rhyolites. Similar basalts can be
found along-strike in Tajikistan. Both the structures and the bimodal volcanism suggests a rift setting; the size
of the basin is not yet clear. We have constrained the Triassic age of both the volcanics and sedimentary
deposits using Ar/Ar and zircon U/Pb dating. In turn, the Triassic ages suggest that the basin formed in the
back-arc of the Tanymas suture. We suggest that this extensional basin stretched along the rim of the entire
Pamir; however, there is no evidence that this belt continued eastward into the Kunlun. It is not yet clear
whether this basin closed during the Mesozoic or the Cenozoic.

15

TANG3O_2018
Session 5: Thermochronology (cont.)

The existence of this basin has important implications for the paleogeographic evolution of the Pamir region.
When the basin opened, it would have offset the North Pamir southward with respect to Tarim, north of the
Kunlun. In turn, this suggests that the North Pamir and the Kunlun may not have formed a linear belt in
Mesozoic time or at the beginning of the Cenozoic. Since this alignment forms the basis for calculating the
amount of northward indentation of the Pamir with respect to the Kunlun, existing geodynamic models may
need to be reconsidered. Furthermore, if the rift basin only represents the margin of a broad oceanic basin
which closed in the Cenozoic, the seismically-imaged south dipping slab beneath the Pamir could represent
oceanic material being subducted. Therefore, understanding the geodynamic evolution of this rift basin will
help to constrain how the Pamir has deformed during the Cenozoic.

The potential of sintered apatite as a matrix-matched uranium reference
material for AFT LA-ICP-MS dating
Ling Chung1*, Andrew Gleadow1, Hugh O’Neill2, Barry, P. Kohn1, and Alan Greig1
1School

of Earth Sciences, University of Melbourne; 2Research School of Earth Sciences,
Australian National University; *presenting author.

Using laser ablation (LA)-ICP-MS to determine 238U concentrations directly for apatite fission-track (AFT)
dating eliminates the handling of radioactive material, allows more rapid data acquisition and simultaneous
dating of the same grains. As for other LA applications, a well-characterised matrix-matched standard with a
homogeneous composition is desirable for monitoring elemental fractionation and for accurate calibration.
However, such standards are still not available for apatite LA-ICP-MS dating. Here we report composition and
homogeneity results on a sintered polycrystalline samples of Mud Tank apatite (MT9) to evaluate the potential
of using such material as a matrix-matched U reference for AFT LA-ICP-MS dating.
X-ray diffraction analysis of the sintered material showed that only apatite was present demonstrating that no
mineral breakdown had occurred during sintering process. Analysis of both non-sintered powder and the
sintered material by solution nebulisation (SN)-ICP-MS also showed essentially identical compositions. In our
routine SN and LA experiments, calibrated by SRM NIST612, MT9 (performs as a secondary reference) has
yielded an average U of 3.04 ± 0.012 ppm (RSD = 0.39%) from ~100 SN analyses and 3.03 ± 0.12 ppm (RSD
= 4.0%) from > 250 spot analyses. This result indicates that this polycrystalline sintered apatite material has a
homogeneous U content and consistent ablation characteristics. The sintering approach may also provide a
solution towards preparing various ranges of U content matrix-matched standards for other LA applications.
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Nu Instruments detector developments for the measurement of small
beams
Ye Zhao, Andrew Burrows, Ian Bowen*
Nu Instruments Ltd, Unit 74, Clywedog Road South, Wrexham Industrial Estate, LL13 9XS, United
Kingdom; *presenter
(Correspondence: ian.bowen@ametek.com – Product Sales Leader Asia Pacific Region)
In recent years, the demand for high precision measurements of small ion signals has increased significantly
in Earth Sciences and Nuclear applications.
For the determination of small ion beams, several detector options are currently available on the Nu
Instruments range of mass spectrometers each suited to a certain range of ion beam sizes. A high-gain resistor
(1012 ohm W or 1013 ohm) pre-amplifier equiped on a Faraday detector can be used for ion beam smaller than
1pA. Comparing to the 1011 ohm resistor, the lower signal-to-noise ratio on the high-gain Faraday detector will
yield better measurement precision. The other option for small ion beam measurement is the ion counting
detector (SEM detector or Daly detetor). The faster response of these types of detector is an advantage in
comparison with the Faraday cups particularly for transient signal measurements. The ion counting detectors
also benefit from the lack of resistor noise (Johnson noise), the beam size may therefore go down to 1aA. The
ion-counting detectors, however, display less gain stability and linearity in comparison with the Faraday
detectors.
The performance of different types of detector vary widely in terms of dynamic range, gain stability, linearity,
response time and life time. Choosing the optimal detector type for measurement of an ion beam is crucial to
achieving the best precision possible. This study investigates the suitability of several types of detectors for
small ion beams and demonstrates their typical performance using several isotope systems. The aim of the
study is to identify and demonstarte the ideal application range of each detector type in order to facilitate the
selection of detectors to achieve optimal analytical performance.
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A high sensitivity Nier-type gas source for noble gas mass
spectrometry
Damian Tootell*, Tony Jones, Zenon Palacz, David Rousell
Isotopx, Dalton House, Middlewich, Cheshire, UK; *presenter.
(Correspondence: damian.tootell@isotopx.com – Noble Gas Product Manager)
The ultimate precision of isotope ratio mass spectrometry is governed by the signal/noise ratio of a
measurement. This is of particular significance in applications of static vacuum noble gas mass spectrometry
where sample size is often limited and thus, the signal size is constrained by the sensitivity of the source. A
Nier-type gas source uses thermionic electrons from a heated filament to cause ionisation by electron
bombardment. This electron beam is often referred to as the trap current and the probability of ionisation
increases with increasing trap current.
When using a standard filament, sensitivity generally increases with increasing trap current but at a cost; the
filament lifetime is severely reduced and the ambient temperature of the source increases. In a static vacuum
environment, this increase in temperature promotes the formation of hydrocarbon volatiles which interfere
with the gas species under study.
To counter these limitations, we have developed a new Nier-type source that offers unique sensitivity
performance without compromising the lifetime of the filament. Operating at 1/10th of the electrical power of
traditional sources, the temperature of the source runs much lower so interfering hydrocarbon volatile species
are less prevalent in the vacuum. Our new source can comfortably achieve sensitivities of 7mA/Torr which is
7 times the specification of standard sources, whilst maintaining comparable filament lifetimes. Furthermore,
as this performance is attained at lower emission temperatures, measured mass 36 backgrounds of 8E-15 ccSTP
show a six-fold improvement on the standard specification.

Noble gas mass spectrometry – an update
Doug Hamilton –
Thermo Fisher Scientific, Bremen, Germany.
(Correspondence: Doug.Hamilton@ThermoFisher.com – Product Manager Noble Gas Mass
Spectrometry)
In the last decade there has been a revolution in static vacuum mass spectrometry. The emergence of a variety
of new instruments with advances in ion optics, electronic design and materials development have resulted in
a range of high performance instruments that have enabled the scientific community to resolve a number of
long standing analytical issues.
The first of these systems, the ARGUS VI, is a low volume, therefore high sensitivity system. Its internal
volume of less than 700cc’s makes it extremely sensitive and its electronically cross calibrated flexible
multicollector array make it very precise. The second system is the HELIX SFT. This system is designed as a
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high resolution multicollector platform for the analysis of helium 3 & 4 as well as a high resolution peak
jumping system. The final instrument in this product portfolio is a high resolution variable multicollector mass
spectrometer for the Noble gas community. The HELIX MC Plus is a 35cm 120 degree extended geometry
platform that has been developed with both multicollector and high resolution in mind. The design goal with
regard to resolution was to enable the end user to deal with certain isotopic interferences that historically
hampered the scientific community.
In my talk I will outline the status of these systems and present some new developments applicable to these
three platforms.

Pushing the limits of laser ablation ICP-MS – how collaborative research
is driving innovation
Wayne Mozer*, D. Green
Teledyne Advanced Chemistry Systems, Teledyne CETAC Technologies; *presenter.
(Correspondence: Wmozer@Teledyne.com – Asia Director of Business Development)
Collaboration is key to recent developments in laser ablation (LA) technology. Partnering with universities
and research centers has led to the introduction of products that improve wash-out times. The subsequent
improvements in throughput have led to larger, high resolution elemental images. As a result, improved
software packages have been introduced to improve ease of acquisition, experimental setup and visualization
of results. The presentation will focus on these new developments and resulting cost saving realized by
improved throughput.
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Working towards the foundation for a National Argon Map – a trusted
argon data repository
Marnie Forster1*, Davood Vasegh1, Geoff Fraser2
1

Research School of Earth Sciences, Australian National University; 2 Geoscience Australia.
*presenting author.

Setting up a National Argon Map has many different facets, all interlinked and all needing to be addressed to
produce a single but multicomponent tool. The first issues to be addressed are the data isotopic system and the
source of the data: for this National Argon Map the isotopic system is both 40Ar/39Ar and K-Ar; the source of
the data can be 1) legacy data, being published data, and 2) unpublished data which can be data that is
completed and being stored at different locations either with individual researchers or in laboratories, or new
data as it comes off the mass spectrometer. Unpublished data is divided into these two categories because the
way these data are regarded and dealt with is quite distinct. The eventual aim proposed is to capture uniquely
identified age data to agreed International Standards.
Consistency across the information needed for each point on the Argon Map is vital due to the need to
undertake searches and to vary to way in which data is presented to suit the user. Thus, setting up the National
Argon Data Repository has been dynamic, with different levels of detailing, and only the vital fields as
mandatory.
We, at Geoscience Australia and ANU, have been collaboratively working on this task. In this presentation I
will show you our progress, what has been contributed to the National Data Repository (currently accessible
at http://tectonics.anu.edu.au/ArgonMap/) and the complexities associated with different aspects of the
compilation as it has progressed.
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The AuScope Laboratory Network Initiative
Brent McInnes1,2,3
1AuScope

Earth Composition and Evolution Program; 2John de Laeter Centre, Curtin
University; 3TANG3O

On October 19th of 2018, AuScope held an open workshop to engage with the geoscience community on the
development of a future research infrastructure strategy.
A slice group of geochemists from Macquarie University, University of Queensland, Australian National
University, Curtin University, Geoscience Australia and University of Tasmania participated in a workshop to
develop ideas and future priorities in the “Earth Composition and Evolution” space. Both established and earlyto mid-career researchers (EMCRs) participated.
The group put forward the following unifying themes for the geochemistry community:
•
•
•
•
•

Desire for a unified vision for a cooperative research environment
Maintain global leadership in geochemical research facilities
Creation of open access facilities and data repositories
Need for operational and travel support for the end-user community
Development of EMCRs for future leadership roles

The group proposed two nested initiatives that could be developed by the community with AuScope support:
1. Laboratories Australia, and
2. Nationally Significant Geochemical Maps.
The TANG3O community is asked to provide feedback on these proposed initiatives. Given sufficient interest
and alignment a new consortium will be developed to create a collaborative proposal to AuScope as a coinvestment opportunity.
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Thermal evolution and sediment provenance of the Cooper-Eromanga
Basin: Insights from detrital apatite
Angus Nixon*, Nicholas Fernie, Stijn Glorie, Martin Hand
Centre for Tectonics, Resources, and Exploration (TRaX), School of Physical Sciences,
Department of Earth Sciences, The University of Adelaide; *presenting author.
Despite the prolific hydrocarbon and geothermal potential within the central Australian Cooper-Eromanga
Basin, the provenance and thermal history of the region remains rather elusive. This study presents new fission
track, U-Pb and rare earth geochemical data for apatite samples from eight wells within the Cooper-Eromanga
Basin. Based on these data, thermal history models were constructed and an apatite provenance study was
carried out. The apatite samples taken from the upper Eromanga Basin sediments (Winton, Mackunda and
Cadna Owie Formations) yielded a dominant population of early Cretaceous and minor population of late
Permian – Triassic apatite ages that are (within error) equivalent to corresponding fission track age populations.
Furthermore, the obtained Cretaceous apatite ages correlate well with the stratigraphic ages for each analysed
formation, suggesting (1) little time lag between apatite exposure in the source region and sediment deposition,
and (2) that no significant (>~100oC) reheating occurred after deposition. The apatites were likely distally
sourced primarily from an eastern Australian volcanic arc (e.g. the Whitsunday Igneous Association), with
minor sediment input from the New England and/or Mossman Orogens. Deeper samples (>2000 m) from
within the Cooper Basin (Toolachee Formation) yielded (partial) reset fission track ages, indicating heating to
temperatures exceeding ~80-100oC after deposition. The associated thermal history models are broadly
consistent with previous studies, and suggest that maximum temperatures were reached at ~95-70 Ma as a
result of progressive heating by sedimentary burial and/or radiogenic basement heat loss. Subsequent late
Cretaceous – Palaeogene cooling was evident in wells from the central and western Cooper Basin, but absent
in wells from the shallower eastern margins. Such a cooling event remains enigmatic, and may be related with
enhanced thermal conductivity as a response to aquifer flow and/or cementation. Similarly, only wells from
the deeper central and western basin recorded a Neogene heating event, however, more data would be required
to assess the significance of this more recent thermal perturbation.
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Preliminary apatite fission track results for the Pine Creek Orogen and
evidence for discrete Palaeozoic and earliest Mesozoic thermal
signatures
Angus Nixon*, Stijn Glorie, Alan Collins
Centre for Tectonics, Resources, and Exploration (TRaX), School of Physical Sciences,
Department of Earth Sciences, The University of Adelaide; *presenting author.
The Pine Creek Orogen, Northern Territory, is one of the few remaining basement terranes in Australia for
which there is no available apatite fission track (AFT) data. High- to medium-temperature constraints for preorogenic sedimentation, peak orogenisis and metamorphism in the Paleoproterozoic are reasonably well
established, however, subsequent evolution of the orogen remains poorly understood. This study presents the
first AFT data for the Pine Creek Orogen, using samples from the Cullen Supersuite granite and Plum Tree
Volcanics in the Central Domain of the orogen, focussed around the NW striking Pine Creek Shear-Zone.
Preliminary AFT results show evidence of two separate age peaks preserved across the study area; a
Carboniferous peak at ~350 Ma and late-Permian – early-Triassic peak at ~250 Ma. Given the observed
unimodal (although negatively skewed) confined track length distribution across all samples, and strong
correlation between AFT age and both Cl and eU concentration, it is proposed that samples have experienced
no (significant) reheating since the Carboniferous, rather the occurrence of multiple AFT age peaks reflects
protracted residence within the APAZ, punctuated by two distinct thermal events. Central AFT ages notably
decrease towards the Pine Creek Shear-Zone, and Permian – Triassic ages are absent in samples furthest from
this structure. It is proposed the Central Domain of the Pine Creek Orogen experienced two thermal events in
Palaeozoic to earliest Triassic, of (1) regional uplift associated with the distal Alice Springs Orogeny during
Carboniferous, facilitating significant exhumation within the orogen, and (2) reactivation of the Pine Creek
Shear-Zone in the late-Permian – early-Triassic, where this age reflects an uppermost constraint on activity
along the shear-zone.

Release of low-T thermochronological database of bedrock in the
Japanese Islands
Shigeru Sueoka1*, Takahiro Tagami2
1Japan

Atomic Energy Agency, Toki, Japan; 2Kyoto University, Kyoto, Japan.

To provide better access to thermochronological data and understand the long-term denudation history of the
Japanese Islands, we compiled a low-temperature thermochronological dataset of fission-track (FT) and (U–
Th)/He (He) ages for apatite and zircon in bedrocks. These thermochronometric ages are compiled from 90
literature sources and 1,096 localities and include 418 apatite FT ages, 851 zircon FT ages, 42 apatite He ages,
and 30 zircon He ages. A substantial number of FT ages have been reported previously; however, the number
of He ages is still limited in the Japanese Islands. The compiled data are spatially biased; for instance, more
data are reported for the Chubu and Kinki districts and the Pacific coast of the Shikoku Island, whereas less
data were available for the Tohoku and Chugoku districts. For better understanding arc-scale uplift-denudation
history, further thermochronological research in the lesser-studied regions and more He thermochronometric
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measurements are desired. This compilation is provided as an Excel file containing the data tabs in Japanese
and in English as well as the reference list tab. The file will be updated and provided on the website of the
Fission-Track Research Group in Japan (http://ftrgj.org/index.html) once the submitted manuscript is accepted
and published.

Tectono-thermal evolution of the western Kuqa Depression and South
Tienshan: Constraints from low-temperature thermochronology
Yao Xiao1,2,3 *, Nansheng Qiu1,2, Jian Chang1,2
State Key Laboratory of Petroleum Resources and Prospecting, China University of Petroleum,
Beijing, China; 2 College of Geosciences, China University of Petroleum, Beijing, China; 3 School of
Earth and Environmental Sciences, The University of Queensland, Australia; *presenting author.
1

The tectono-thermal history of the Tarim Basin and Tienshan provides insights in understanding the timing of
orogeny and hydrocarbon resources in central Asia. This study focuses on the Kuqa Depression in the northern
Tarim basin and investigated its tectono-thermal history using low-temperature thermochronology. 11
Mesozoic-Cenozoic sandstones from the Kapushaliang section were collected and analysed with apatite
fission-track and (U-Th-Sm)/He methods. Apatite (U-Th-Sm)/He (AHe) analysis was performed at the (U-ThSm)/He lab at University of Florida. 42 apatite AHe data from nine samples, ranging from 4.6-9.9 Ma, indicate
an exhumation event in the late Miocene to early Pliocene. AHe dates have a positive relationship with their
grain radii and effective uranium concentrations (eU). AFT analysis was conducted at the fission track lab at
China University of Petroleum, Beijing. Six apatite fission track ages, which are younger than depositional
ages, were used to model the post-depositional thermal history. The thermal modeling revealed a rapid cooling
event during the Miocene. The estimated erosion was 2.5 km assuming a paleo-thermal gradient of 24 °C/km.
The difference in AHe ages between the western and eastern Kuqa Depression may indicate differential
unroofing between these areas that might be a result of the clockwise rotation of the Tarim terrane.
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