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Isotopic composition of potassium
Yuri Amelin1* and Renaud Merle1
1

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

Using accurate isotopic composition of parent and daughter elements in geochronology is important for two reasons.
First, it is necessary to assure the absence of systematic bias between the dates calculated with different decay schemes.
Second, it is necessary to account for fractionation-induced variation in natural isotopic abundances that has recently
been detected in many elements, including parent elements of widely used isotope chronometers such as K [1-3] and Rb
[4,5].
Potassium is the parent element of widely used 40K-40Ar (in the form of 40Ar-39Ar) chronometer and of exotic 40K-40Ca
chronometer. Relative abundance of 40K has been determined in several recent studies [6,7], but as far as we know, all
modern studies of K isotope composition use the 41K/39K ratio determined by [8] as a reference. As a part of ongoing
project aimed at accurate calibration of the 40K-40Ar method using as few assumptions as possible, we have determined
isotope composition of potassium in minerals suitable for K-Ar vs. Rb-Sr age comparison (biotite, sanidine) and in standard
materials (feldspar NIST SRM 70a, seawater) using two methods: total evaporation TIMS, and cold plasma, high resolution
MC-ICPMS (following the pioneering development of [1]) using synthetic 39K-41K mixtures prepared gravimetrically from
enriched 39K and 41K in the form of KCl. The results from both methods agree within 0.05%, but MC-ICPMS is 3-4 times
more precise and much faster. The method for K separation from rocks and minerals is modified from the procedure for
Rb separation by [5] and uses columns (d=3.5 mm, l=60 mm) packed with Eichrom Sr.spec resin, and 3M HNO3 as an
eluant. Rb, Ba and Sr can be also separated from the same column pass if desired.
Our results show that three individual crystals of Itrongay sanidine (from the same pegmatite as the sanidine analysed
for 40K-40Ca and 40K-40Ar by [9]) have variability in 39K/41K over 1 permil, in agreement with the finding by [1] that K-bearing
minerals from pegmatites tend to have widely variable 39K/41K ratios. The K isotope composition of Mt. Dromedary biotite
and NIST SRM 70a feldspar is in good agreement with the results of [1].
[1] Morgan L.E. et al. (2018) Journal of Analytical Atomic Spectrometry 33, 175-186. [2] Wang K., Jacobsen S.B. (2016) Geochimica et Cosmochimica
Acta 178, 223-232. [3] Li et al. (2016) Journal of Analytical Atomic Spectrometry 31, 1023-1029. [4] Pringle E.A., Moynier F. (2017) Earth and Planetary
Science Letters 473, 62-70. [5] Zhang Z. et al. (2018) Journal of Analytical Atomic Spectrometry 33, 322-328. [6] Wielandt D., Bizzarro M. (2011) Journal
of Analytical Atomic Spectrometry 26, 366-377. [7] Naumenko M.O. et al. (2013) Geochimica et Cosmochimica Acta 122, 353-362. [8] Garner E.L. et al.
(1975) Journal of Research of the National Bureau of Standards, v. 79a, 713-725. [9] Nägler T.F., Villa I.M. (2000) Chemical Geology 169, 5-16.
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Ar/39Ar Dating of the eastern Saldania Belt, South Africa
Scarlett Blewett1*, David Phillips1 & Erin Matchan1
1

School of Earth Sciences, University of Melbourne, Victoria; *presenting author.

The Neoproterozoic-Cambrian Saldania Belt outcrops within the Permian Cape Fold Belt, and is considered to be one of
the many Pan-African/Brasilliano terranes developed during the amalgamation of west Gondwana. Investigation of PanAfrican events in South Africa has largely focused on the western portion of the Saldania Belt, due to its proximity to welldocumented equivalent terranes to the north. However, correlation of the western Saldania Belt to its eastern
counterparts has been hindered by the lack of robust age constraints for sediment provenance, deposition and
orogenesis. In this study, high-precision 40Ar/39Ar ages for detrital mica grains from the eastern Saldania Belt corroborate
previous zircon provenance studies indicating sediments were initially sourced from the Mesoproterozoic NamaquaNatal Metamorphic Belt. Detrital mica ages of 580-550 Ma from Late Ediacaran sediments record a shift in provenance
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to the emerging East African-Antarctic Orogen. Conglomeratic post-Saldanian orogenic sediments reveal a tightly
constrained detrital mica population of 510-500 Ma, and were probably sourced locally from portions of the Saldania Belt
that experienced cooling/exhumation during the late stages of Pan-African tectonism or a younger tectonic/thermal
pulse. Detailed 40Ar/39Ar dating of metamorphic mica grains confirm the Saldania belt was affected by peak Cape
Orogenesis (257-246 Ma), and possibly experienced earlier onset metamorphism at 273-270 Ma.

Low temperature thermochronology of Tasmanian onshore dolerites and offshore
dredge samples: new insights into post rift thermal evolution of a complex rifted
transform margin
Ling Chung1*, Barry Kohn1, Andrew Gleadow1
1

School of Earth Sciences, University of Melbourne, Victoria; *presenting author.

We report integrated low-temperature thermochronology (apatite fission-track and U-Th-Sm/He, AFT and AHe) data of
samples collected from onshore Tasmania and the offshore South Tasman Rise (STR). Results reveal that the Tasmanian
region records a multi-stage thermal history since the Devonian. (1) Rapid cooling post-Devonian igneous emplacement
followed by subsidence from at least early Triassic to mid Jurassic marking the onset of the Tasman Basin. (2) Early
Cretaceous cooling attributed to far-field stresses in response to the initiation of the Southern Rift System (SRS). (3) MidCretaceous cooling (>3.5°C/Myr) related to continental extension prior to the onset of seafloor spreading in the Tasman
Sea. (4) Late Cretaceous-early Tertiary cooling restricted to the west margin of Tasmania and the western STR, is
interpreted as a response to transform margin tectonism. (5) Eocene to Oligocene cooling related to the final stage of
continental breakup between Australia and Antarctica and onset of opening of the Tasman Gateway.

High-precision mineral separation: How to date the undatable of the Southern
Thomson Orogen, NSW
R. C. Dwyer1*, A. C. Hack1, W. J. Collins1,2 and H.-Q. Huang1,3
1

School of Environmental and life Sciences, Faculty of Science, University of Newcastle, NSW, 2Earth Dynamics Research
Group, Department of Applied Geology, Curtin University, Western Australia, 3Division of Tropical Environments and
Societies, James Cook University, Townsville, QLD; *presenting author.

We present refined mineral separation techniques for targeting magmatic zircons within mafic to intermediate volcanic
and sub-volcanic rocks. These techniques can be applied to compositionally equivalent plutonic rock types, but coarser
grained rocks often have an added layer of complexity due to the higher abundance of coarse grained magnetic and paramagnetic minerals. Our techniques have also been applied to mineral separation from fine grained silicic volcanic rocks
that often yield limited datable material using standard procedures. Our methods were developed through successive
refinement of standard mineral separation techniques and have proven invaluable for obtaining age data for rock types
that are often overlooked or disregarded in geochronological studies. Key aspects of high-precision mineral separation
include the importance of correct milling methods, sample size and selection, motive traction and magnetic separation
and the use of acid digestion on unwanted heavy mineral sulphide fractions. The effectiveness of these refinements will
be demonstrated through examples of separates obtained from the same samples using both the traditional methods
and the more refined ones.
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Our techniques were used successfully applied to covered basement rocks of highly uncertain age in previously poorly
understood Southern Thomson Orogen [1,2]. Magmatic-textured zircon from medium- to high-K calc-alkaline
Warraweena volcanics (WV) in two drill holes have yielded concordant U–Pb dates of 417 ± 3.5 and 414 ± 4.0 Ma and are
interpreted as maximum emplacement ages. The Warraweena volcanics were previously considered to be either
Neoproterozoic or Macquarie arc equivalents. Along strike of the drill holes, Devonian zircon U–Pb ages (411 ± 5.5 Ma)
were obtained from coherent S-type rhyolite flows of the Oxley volcanics. This work has resulted in completely revised
tectonic framework with significant implications for mineral exploration in this region of deeply covered prospective
underexplored basement.
[1] Dwyer R. C., W. J. Collins, A. C. Hack, R. Hegarty & H.-Q. Huang (2018) Age and tectonic significance of the Louth Volcanics: implications for the
evolution of the Tasmanides of eastern Australia, Australian Journal of Earth Sciences, 65:7-8, 1049-1069, DOI: 10.1080/08120099.2018.1469392 [2]
Hack A. C., R. C. Dwyer, G. Phillips, S. Whalan & H.-Q. Huang (2018) The age and tectonic significance of the Warraweena Volcanics and related rocks,
southern Thomson Orogen, Australian Journal of Earth Sciences, 65:7-8, 1071-1096, DOI: 10.1080/08120099.2018.1520147

An Isotopic Atlas of Australia: Progress and Opportunities
Geoff Fraser1*, Kathryn Waltenberg1, Sharon Jones1, Chris Lewis1, Simon Bodorkos1, David Huston1, David
Champion1, Marnie Forster2, Davood Vasegh2
1
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Geological maps and geophysical models provide increasingly high resolution images of the current configuration of the
Australian continent, revealing a range of features from the shallow crust to the base of the lithosphere. These modernday features are a result of ~4 billion years of continental evolution and appropriate interpretation of their origin requires
additional constraints, some of which can be provided by radiogenic isotopes. In general, however, the collation and
visualisation of age and isotopic data has not kept pace with the development of images and maps based on geophysical
datasets, limiting the systematic spatial integration of geochemical and geophysical observations. There is an opportunity
for the geochemical and isotopic community to address these limitations by providing regional and national-scale
datasets and derivative maps.
At Geoscience Australia we have embarked on this path by developing an “isotopic atlas” utilising five different isotopic
systems (Sm-Nd, Lu-Hf, U-Pb, K-Ar, Pb-Pb). Over the past year we have worked to: (i) expand the geographic coverage of
these data, and (ii) upgrade the underlying data infrastructure to allow more flexible and powerful visualisation and data
delivery (e.g. via web services).
We recognise that the scope and interest in this style of work extends well beyond Geoscience Australia. Indeed, recent
proposals to AuScope revealed broad community support for a more coordinated and integrated approach to
geochemistry and isotopic studies. There is opportunity across the geochemistry community to maximise the value of
our legacy data, and to garner support for additional data and geochemical tools, by demonstrating how those data
provide unique insights into the meaning of modern geophysical imaging.
Here we show recent progress at Geoscience Australia, and point to future opportunities to broaden the range of
chemical and isotopic maps, for a range of geoscience applications.
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The Agilent 8900 ICP-MS
Fred Fryer
Agilent Technologies, Sydney, Australia
The presentation is a short overview of operation of the 8900 ICP-MS QQQ including some data using laser hyphenation.
The main strength of the Agilent 8900 is the ability to chemically alter isobaric overlaps and hence mass shift either the
analyte or interference. This can be useful for separating such isotope pairs as 86Sr/86Rb or 176Lu/176Yb insitu, however the
model 8900 is also Agilent’s most sensitive quadrupole ICP-MS. Some figures of merit will be shown for laser ablation
use.

Removal of Hg interferences for common Pb correction when dating minerals by
LA-ICP-MS/MS
Sarah Gilbert1*, Ben Wade1, Stijn Glorie2, Mitchell Bockmann2
1

Adelaide Microscopy, University of Adelaide, South Australia, 2Department of Earth Sciences, School of Physical
Sciences, University of Adelaide, South Australia; *presenting author.

In-situ U-Pb dating by LA-ICP-MS of zircons and other accessory minerals such apatite, rutile and titanites is often
complicated by the presence of non-radiogenic Pb. One method for common Pb is using the non-radiogenic 204Pb isotope,
however the isobaric overlap of 204Hg must be corrected via the analysis of 202Hg. High Hg is common as a contaminant
in many LA-ICP-MS systems where the measured 204 amu signal is predominantly 204Hg, which can limit the applicability
and accuracy of the 204Pb corrections due to uncertainty in the mass bias correction. The recent development of ICPMS/MS instruments provides a means of interference free measurement of 204Pb and subsequently more accurate
common Pb corrections. Hg is highly reactive with HN3 via the charge transfer reaction: Hg+ + NH3  Hg0 + (NH3)+, whereas
Pb does not react. This method removes more than 99.98% of the Hg signal, enabling interference free common Pb
correction with the equivalent of 10,000 cps 202Hg as measured by conventional single quadrupole ICP-MS. This method
was tested with a range of common Pb bearing apatite and titanite. Correction was achievable using 204Pb at much lower
levels than previously possible with a single quadrupole ICP-MS.

Carboniferous exhumation at the northern margin of the
Gawler Craton constrained by apatite fission track thermochronology:
implications for mineral exploration
Stijn Glorie1*, James Hall1, Angus Nixon1, Anthony Reid2
1

Adelaide Thermochronology Laboratory and Study group(ATLaS), The University of Adelaide, South Australia,
2
Geological Survey of South Australia (GSSA); *presenting author.

The formation of major Palaeoproterozoic and Mesoproterozoic (Cu)-Au deposits at the metal-rich margins of the Gawler
Craton, South Australia, has received a lot of attention, however, the relationship between metal occurrences, the
exhumation level of the crust and the structural architecture of the craton margins is less clear. Here, we present results
from apatite fission track thermochronology applied to basement rocks at the northern margin of the Gawler Craton,
revealing a differential cooling history with respect to the Karari shear zone (KSZ), a major shear zone that broadly divides
low metamorphic grade rocks of the central Gawler Craton from higher metamorphic grade rocks in the north. In contrast
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to the Phanerozoic monotonic slow cooling models obtained for the area just south of the KSZ, samples taken to the
north of the KSZ record a significant pulse of Carboniferous cooling. This Carboniferous cooling signal coincides with a
sedimentary hiatus between the Neoproterozoic – Devonian Officer Basin and the late Carboniferous to Early Permian
Arckaringa Basin, to the north of the KSZ. Therefore, Carboniferous cooling can be linked with exhumation and fault
reactivation of the KSZ at that time, which is interpreted to be associated with far-field compression caused by the Alice
Springs Orogeny (~450-300 Ma) of central Australia. Following Carboniferous exhumation, a localized thermal overprint
was observed in locations associated with Palaeogene palaeochannels.
The extent of Phanerozoic exhumation shows a spatial relation with the location of Au (and/or Cu, Fe) mineralization in
the northern Gawler Craton. Areas that were significantly modified by Mesoproterozoic mineralizing events, such as the
Olympic IOCG province and the Central Gawler gold fields, record post-Silurian exhumation histories related to the Alice
Springs Orogeny. To the west of these two major mineral provinces, Archaean – early Palaeoproterozoic terranes in the
northwestern Gawler Craton with abundant Au (and Cu, Fe) mineral occurrences were not affected by Phanerozoic
exhumation and denudation. These relations suggest that the Mesoproterozoic mineralized terranes were more
susceptible to Phanerozoic deformation compared to the Archaean – Palaeoproterozoic terranes within the stronger
parts of the Gawler Craton. Hence, understanding the timing of fault reactivation and the associated relative exhumation
level may provide constraints for ore deposit preservation, which is paramount for mineral exploration within the Gawler
Craton.

Assessing the effects of acid-etching whole-rock basalts for 40Ar/39Ar geochronology
Allan Silva Gomes1*, Paulo M. Vasconcelos1
1

School of Earth and Environmental Sciences, University of Queensland; *presenting author.
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Ar/39Ar geochronology is a relatively expensive and sophisticated technique, and results obtained by this method
provide useful constraints on geological processes. Similarly, to other geochronological methods, the 40Ar/39Ar technique
spans a broad range of sample preparation (e.g. single crystals or whole-rock, acid treatment) and analytical approaches
(incremental-heating, total fusion, in situ laser fusion, resistance furnace analysis, etc.) that often reflects the analyst’s
preference. Sometimes, discrepancy of results between distinct analytical approaches occurs and these discrepancies
must be tested and explained if a true age is to be obtained for a given sample. However, some analysts are inclined to
discredit investigations that do not follow their preferred approach and reject valuable data. Recently, a researcher
proposed that results on whole-rock volcanic rocks produced at UQ-AGES should be ignored because the samples
analysed had not undergone acid treatment. Therefore, to assess whether acid treatment is indeed an indispensable step
in the analysis of basaltic whole-rock grains, we re-irradiated and redated the same samples. Each sample was crushed
and divided into two aliquots, where one aliquot was sequentially sonicated with dilute HCl, HNO3, distilled water,
acetone and absolute ethanol and the other was sequentially sonicated in distilled water, acetone, and absolute ethanol
only. Both aliquots were irradiated together in the same irradiation disk, and two grains from each sample were analysed
by the laser incremental-heating method within seven months after irradiation. The results demonstrate that the
40
Ar/39Ar ages are statistically indistinguishable between the acid-treated and the untreated aliquots. Two of the acidtreated aliquots showed only marginal (<0.1%) improvement in precision, while the untreated aliquot from one sample
yielded more precise results than the respective acid-treated aliquot. Therefore, the experiments demonstrate that acid
treatment is not a pre-requisite for reliable 40Ar/39Ar geochronology.
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Noble Gas Mass Spectrometry – an update
1

Doug Hamilton1

Thermo Fisher Scientific, Bremen, Germany.

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 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.

Geochronological method comparisons: case study from the Bryah Basin,
Western Australia
Margaret L. Hawke1*, Sebastien Meffre1
1

Centre for Ore Deposit and Earth Sciences, (CODES), University of Tasmania; *presenting author.

The Palaeoproterozoic Yerrida, Bryah and Padbury Group volcano-sedimentary rocks are located on the northern margin
of the Archaean Yilgarn Craton and are host to epigenetic gold (Peak Hill, Fortnum and Horseshoe), volcanic-hosted
massive sulfide (VHMS; Horseshoe Lights, Red Bore and DeGrussa) and epithermal copper deposits (Thaduna).
The DeGrussa Cu–Au–Ag VHMS deposit comprises four lenses and is hosted in turbiditic sedimentary rocks and basalts
of the Karalundi Formation, the lowest mafic volcano-sedimentary unit of the Bryah Group, and crosscut by intrusive
dolerite of Narracoota Formation age. A number of geochronological techniques were employed to date mineralisation
in the DeGrussa deposit [1]. Re–Os geochronology of molybdenite resulted in ages of 2027 ± 7 Ma and 2011 ± 7 Ma and
2013 ± 7 Ma for mineralisation, similar to Pb–Pb model ages for galena of 2060 ± 50 Ma and 2075 ± 50 Ma. U–Pb for
magmatic zircons from intrusive dolerite within the mine sequence provided ages of 1991 ± 7 Ma, 1999 ± 7 Ma and 2003
± 7 Ma with granodioritic rocks providing ages of 2014 ± 7 Ma and 2018 ± 9 Ma. Remobilisation of DeGrussa sulfides
occurred at approximately 1980 Ma given Re–Os ages of pyrrhotite (1982 ± 7 Ma and 1984 ± 8 Ma) and Pb–Pb pyrite ages
of 1980 ± 30 Ma.
Many of the deposits in the district had previously been dated using the Cumming and Richards [2] growth curve. Reexamination of the Pb isotopic evolution models for this area indicated that the geochronology of DeGrussa was
inconsistent with the age of other mineralisation and the known stratigraphic relationships. The model of Stacey and
Kramers [3] is more appropriate than Cumming and Richards [2] with use of the latter producing a 150 million year offset
in ages. All sulfide mineralisation from deposits across the Bryah and Yerrida Basin were re-analysed using the Stacey
and Kramers [3] growth curve. This also involved re-analysis via LA-ICPMS of samples from some of the deposits to
provide more accurate age dates. This led to revised model ages which coincided with major regional orogenic events.

6

TANG3O: Thermochronology and Noble Gas Geochronology and Geochemistry Organisation, Australia
Earth Sciences, University of Tasmania, November 6-7th, 2019
These new ages assist in constraining stratigraphic and mineralising events of the Palaeoproterozoic Yerrida, Bryah and
Padbury Group with regional orogenic events.
The Pb isotopic compositions of the DeGrussa mineralization plot above the average growth curve of Stacey and Kramers
[3] implying higher 238U/204Pb (µ) in the source of the mineralizing fluids. High µ values such as these are typically
interpreted to represent Pb source from upper crustal sedimentary rocks rather than the average crust in the models
discussed above [4].
Deposits within the Bryah-Yerrida and Earaheedy Basins which also conform to the high µ = 10.8 growth curve include
Magellan Pb deposit [5], Pb in carbonates from the Sweetwaters Well Member [6], gold deposits of Nathans, Peak Hill
and Labouchere [7,8]. This indicates high μ is a regional characteristic to mineralisation. The high µ value of ~10.8 also
appears in older deposits around WA including Panorama [9,10], Golden Grove [11], Kalgoorlie Super Pit [12] and the
Patterson Orogen [13]. The similar Pb isotopes across Western Australia are likely to represent the same Archean source
of sulfur, and the comparison with deposits of the Bryah group suggest that a similar Archean Pb source was active during
formation of the DeGrussa deposit. The high µ value indicates a crustal component in the source of the mineralising
fluids.
[1] Hawke, M.L., Meffre S., Stein, H., Hilliard P., Large R.R., Gemmell J.B. 2015. Geochronology of the DeGrussa volcanic- hosted massive sulphide
deposit and associated mineralisation of the Yerrida, Bryah and Padbury Basins, Western Australia. Precambrian Research 267: 250-287. [2] Cumming,
G. L. & Richards, J. R. 1975. Ore lead isotope ratios in a continuous changing earth. Earth and Planetary Science Letters, 28, 155-171. [3] Stacey, J. S. &
Kramers, J. D. 1975. Approximation of Terrestrial Lead Isotope Evolution by a Two-stage model. Earth and Planetary Science Letters, 26, 207-221.
JEFFERY, R. G. 2013. Addendum to geological mapping report - Doolgunna Project. Sandfire Resources NL Internal Report. [4] Hawke, M.L. 2017. The
Geological Evolution of the DeGrussa volcanic-hosted massive sulfide deposit and the Eastern Capricorn Orogen, Western Australia. PhD Thesis,
University of Tasmania. [5] Pirajno, F. and Burlow, R.A. 2009. The magellan non-sulphide Pb deposit, Yerrida and Earaheedy Basins, Western Australia.
Geological Survey of Western Australia Record 2009/4. [6] Richards, J.R. and Gee, R.D. 1985. Galena lead isotopes from the eastern part of the Nabberu
Basin, Western Australia. Australian Journal of Earth Sciences, V. 32 p. 47-54. [7] Dyer, F. L. 1991. The nature and origin of gold mineralization at the
Fortnum, Nathan's and Labouchere Deposits, Glengarry Basin, Western Australia. Thesis (Honours), University of Western Australia. [8] Thornett, S.
1995. The nature, origin and timing of gold mineralisation in Proterozoic rocks of the Peak Hill District, Western Australia. Thesis (M.Sc.) University of
Western Australia. [9] Vearncombe, S., Barley, M. E., Groves, D. I., McNaughton, N. J., Mikucki, E. J. & Vearncombe, J. R. 1995. 3.26 Ga black smokertype mineralization in the Strelley Belt, Pilbara Craton, Western Australia. Journal of the Geological Society, London, 152, 587-590. [10] Brauhart, C.
W. 1999. Regional alteration systems associated with Archean volcanogenic massive sulphide deposits at Panorama, Pilbara, Western Australia. PhD
thesis, University of Western Australia. [11] Browning, P., Groves, D. I., Blockley, J. G. & Rosman, K. J. R. 1987. Lead isotopes on the Age and Source of
Gold Mineralization in the Archean Yilgarn Block, Western Australia. Economic Geology, 82, 971- 986. [12] Steadman, J. A., Large, R. R., Meffre, S., Olin,
P. H., Danyushevsky, L., Gregory, D. D., Belousov, E., Ireland, T. R. & Holden, P. 2015. Syn-sedimentary to early diagenetic gold in black shale-hosted
pyrite nodules at the Golden Mile Deposit, Kalgoorlie, Western Australia. Economic Geology, 110, 1-35. [13] Anderson, B.R., Gemmell, J.B. and Nelson,
D.R. 2002. Lead Isotope Evolution of Mineral Deposits in the Proterozoic Throssell Group, Western Australia. Economic Geology v. 97 p 897-911.

K-Ar dating of underwater lava samples from the Subsaintes cruise (April 2017)
using the Cassignol-Gillot method – new insights into the volcanic history of the
region between Guadeloupe and Dominica, Lesser Antilles
M. Henri1*, X. Quidelleur2, A. Le Friant1, J-C. Komorowski1
Collaborations with J. Escartin1, C. Deplus1, N. Feuillet1, F. Leclerc1
1

Institut de Physique du Globe de Paris, 1 rue Jussieu, 75001 Paris, France, 2GEOPS, Université Paris Sud, Rue du
Belvédère Bâtiment 504, 91400 Orsay, France; *presenting author.

Radiometric dating techniques for subaerial volcanic rocks are well-established, the K-Ar method in particular has been
widely used to date Quaternary arc lavas with high precision, when applied to fresh groundmass. Underwater volcanic
rocks, however, are more challenging to date depending on their level of alteration and contamination from seawater.
The unspiked K-Ar Cassignol-Gillot method was applied here on a selection of underwater lava samples from the Lesser
Antilles volcanic arc, gathered using a deep-sea remotely operated vehicle during the Subsaintes cruise (April 2017)
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between the islands of Guadeloupe and Dominica. Measurements were made on volcanic groundmass or amphibole
crystals when groundmass alteration prevented the acquisition of a reliable age. In addition, due to a high argon
contamination acquired from prolonged exposure to seawater, a predegassing protocol was put in place after its
validation based on MDO-G standard analyses. It allowed to remove superficial Ar amounting up to 98%, and to obtain
highly precise ages duplicated at each site.
Following this method, twelve new K-Ar ages were measured over the area, ranging from 4 Ma to 274 ka with a relative
uncertainty of about only 1.5%. For each volcanic structure, the ages obtained are highly homogeneous, implying that
the different episodes of volcanic activity during which they formed occurred over relatively short periods of time. Some
of these ages also show similarities with subaerial volcanic deposits from the surrounding islands of Les Saintes and BasseTerre (Guadeloupe), showing that some episodes of subaerial and underwater volcanic activity were contemporary and
giving some valuable insight into the volcanic history of the submarine area of study and of the region.

The long-lived Kerguelen large igneous province
Q. Jiang1*, F. Jourdan1, H.K.H. Olierook1, R.E. Merle2, M.F. Coffin3, J.A. Halpin3, J.M. Whittaker3
1

Curtin University, Western Australia, 2Swedish Museum of Natural History, S-104 05 Stockholm, Sweden, 3University of
Tasmania; *presenting author.

The Kerguelen Plateau and the once-contiguous Broken Ridge altogether cover an area approximately one-third the size
of Australia. They are part of the Greater Kerguelen large igneous province (LIP; [1]), which is the second most voluminous
LIP of the Phanerozoic. LIPs are typically emplaced in one main pulse over relatively short periods of time (1–5 Ma) and
are usually associated with mass extinction events. The Kerguelen LIP, however, was formed over a relatively long period
of time. The phase of volcanism which led to the construction of the plateau and the Broken Ridge lasted for at least ~
25 Ma, with all subsequent magmatic activity being relatively minor. The oldest 40Ar/39Ar age obtained so far on the
Kerguelen Plateau suggested an onset of the plateau-building phase at ~ 119 Ma [2] and thus, led people to propose that
the emplacement of the Kerguelen LIP did not trigger the Oceanic Anoxia Event 1a at ~123 Ma. Despite more than 40
years’ worth of expeditions and geochronological studies, most of our understanding of the timing of the emplacement
of the Kerguelen Plateau is based on only six reliable 40Ar/39Ar plateau ages [2–3].
In this study, we present 23 new plagioclase 40Ar/39Ar geochronology data for basalt samples from 11 ODP drill holes and
dredge sites on the Kerguelen Plateau and Broken Ridge. Plateau ages range from 125.5 ± 2.1 Ma to 87.6 ± 1.0 Ma for
the central and southern Kerguelen Plateau and Broken Ridge, indicating that the main portion of the Kerguelen LIP
volcanism was built over at least ~38 Ma. The relatively continuous distribution of the 40Ar/39Ar ages suggests that rather
than erupted in several distinct pulses, the rate of eruptions of the Kerguelen Plateau was relatively continuous, at least
for the upper part of the volcanic sequences, from where we have samples. The long-lived and continuous nature of the
Kerguelen LIP volcanism makes it a unique case that is divergent from the majority of LIPs, which are typically emplaced
in one main, or several distinct pulses of 1–5 Ma. The oldest 40Ar/39Ar ages obtained from flows from the upper
stratigraphic level of the Kerguelen Plateau occurred at 125–123 Ma, which are coeval with Oceanic Anoxia Event 1a. This
implies that the bulk of the plateau was emplaced slightly before or at 125–123 Ma and that the Kerguelen LIP volcanism
may have played a significant role in the global anoxia event and greatly impacted the environment at the time.
[1] Olierook et al, (2016). EPSL 440, 20–32. [2] Duncan, (2002). JPet 43, 1109–1119. [3] Coffin et al, (2002). JPet 43, 1121–1139.
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Geochronology of the Magmatic Hydrothermal Transition
at Bluestone Bay, Tasmania
Colin L. Jones1*, Evan A. Orovan2, Sebastien Meffre1, Michael Roach1, David R. Cooke2
1

Centre for Ore Deposit and Earth Sciences, (CODES), University of Tasmania, 2Transforming the Mining Value Chain
(TMVC), University of Tasmania; *presenting author.

The Bluestone Bay Devonian granites host a concentration of magmatic hydrothermal transition textures of rare
exposure. LA-ICP-MS U–Pb ages were determined on samples from a variety of magmatic and magmatic-hydrothermal
features. Where appropriate, zircon was targeted after cathodoluminescence imaging, or monazite and xenotime after
backscattered electron imaging. The oldest orthomagmatic intrusion at Bluestone Bay is an unfractionated hornblendebiotite granodiorite that was dated at 402.3 ± 3.2 Ma (zircon, MSWD = 1.0). This granodiorite had been intruded by a
plagioclase-phyric diorite aged 403.7 ± 6.0 Ma (zircon, MSWD = 1.5), forming localized enclaves. Much younger, felsic and
highly fractionated intrusions were emplaced into the granodiorite, including a coarse-grained alkali feldspar granite
(zircon, 384.0 ± 2.5 Ma, MSWD = 1.1), which was crosscut by a fine-grained alkali feldspar granite (monazite, 382.7 ± 1.7
Ma, MSWD = 1.4). The fine-grained granite was fluid- and F-rich and exclusively hosts the magmatic hydrothermal
transition textures. These textures are most apparent in the central area of the eastern headland of Bluestone Bay and
present as a progressively deroofed structure comprising an uppermost eroded roof of granodiorite, above the outermost
layers of unidirectional solidification textures, which have in turn been eroded, locally exposing the uppermost portion
of the apex of a pluton. The exposed textures include channels of interconnected miarolitic cavities and pegmatites that
are surrounded by, and crisscross, aplite. Six ages of these features were obtained (all within uncertainty), with the most
technically precise age of 388.0 ± 2.1 Ma (xenotime, MSWD = 1.5).

Itokawa, a >4.2 Ga old rubble pile asteroid
F. Jourdan1*, N.E. Timms1, T. Nakamura2, W.D.A. Rickard1, E. Eroglu1, C. Mayers1, P.A. Bland1, R. Oike2 and
T. Yada3
1

Curtin University, Western Australia, 2Tohoku University, Aoba, Sendai, Miyagi 980-8578, Japan, 3 Institute of Space and
Astronautical Science, JAXA, Sagamihara, Kanagawa 252-5210, Japan; *presenting author.

Asteroid 25143 Itokawa is a rubble pile asteroid consisting of reaccumulated fragments from a catastrophically disrupted
monolithic parent asteroid, and from which regolith dust particles have been recovered by the Hayabusa space probe.
When and how did the collision that resulted in the initial breakup of Itokawa’s parent body occur? In a previous study
[1], we obtained an age of 2291 ± 139 Ma on a single particle (#0013) and combing this age with EBSD and diffusion
modelling results, we concluded that asteroid Itokawa was already formed at 2.3 Ga thereby providing a minimum age
for catastrophic asteroid breakup.
In this study, we present SEM, EBSD, ToF-SIMS, APT and 40Ar/39Ar dating results from four more particles (RA-QD02-0010,
RA-QD02-0288, RB-CV-0082 and RB-QD04-1159). Unlike Particle #0013 [1], EBSD analyses show that none of these
particles exhibit any noticeable sign of shock deformation, except perhaps one grain of troilite in particle #1159 which
shows evidence of crystal-plastic deformation. Yet, 40Ar/39Ar analyses show the K/Ar system in all these particles has been
reset at various ages with Particle #0288 and #1159 yielded two well-defined plateau ages of 4219 ± 35 Ma (P=0.58) and
4149 ± 41 Ma (P=0.27), respectively best interpreted as recording a high temperature, yet very low shock impact event.
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Plagioclase-bearing equilibrated particles have recorded a series of impact events {~500 Ma, 1350 ± 250 Ma (multiparticles, [2]), 2291 ± 139 Ma [1], 4149 ± 41 Ma and 4219 ± 35 Ma} best interpreted as occurring at / or near the surface
of Itokawa, which implies a larger version of the rubble pile was already formed by at least ~4.2 Ga. This suggests that
rubble pile asteroids can survive ambient solar system bombardment for extremely long periods.
[1] Jourdan et al. (2017). Geology 45, 819-822. [2] Park et al. (2015) Met. & Planet. Sci. 50, 2087-2098.

Modernising the way thermochronologists and
geochronologists access data in the cloud
F. Kohlmann1*, W.P. Noble1 and M. Theile1
1

Lithodat Pty Ltd, Melbourne, Australia; *presenting author

Well managed, standardized data is vital for the geoscience sector as it currently undergoes an intense digitalization
phase. As most available geoscientific datasets are usually bound by regional extends and have their own attributes and
requirements, it is often challenging to merge all data into a consistent global framework which can then be used across
boundaries without limits. Lithodat’s vision is to provide geoscientists with global geoscientific databases and built-in
analytics to gain fast new insights about regions of interest. To achieve that goal, a team of experts extract, validate and
integrate data in our cloud-hosted relational database. Rather than storing data from many different research projects
in separate spreadsheets and folders, Lithodat’s consolidation of data opens up the full potential that spatial geoscience
data has to offer. Using the right tools means that spatial relationships can be analysed on the fly, helping to solve
scientific questions and industrial demands alike. For that purpose, we have developed LithoSurfer, our online platform
for data viewing, analytics and extraction. LithoSurfer gives quick access to regions of interest or dive into the wealth of
additional information (analytical details, lab information, literature etc.) for each datapoint. All data can then be
extracted in multiple formats. This ensures that new techniques such as machine learning (ML) and artificial intelligence
(AI) can take full advantage of Lithodat's databases.
Lithodat offers the only global, standardised thermochronology or geochronology repository available which contains
detailed raw analytical data and advanced analytical tools with the option to query data and thermal histories through
time. In this database we capture all the details needed for rerunning thermal history models if desired. In addition, we
also detail the analytical origin and techniques to enable users to filter the data they want and trust. On this basis users
are enabled to visualize, combine and export data from areas of interest including diagrams, graphs and auto generated
reports.
Lithodat's strong links with academia and industry help both sides to make the most of data and act as a mediator
between both sides. Our aim is to bring the geoscience community together and to supply them with a fast and reliable
cloud hosted platform for their global geospatial research data. LithoSurfer is a platform for academic communities to
enter, organize and analyse their data in collaboration with researchers and industry. Further Lithodat makes disperse
and complicated research datasets understandable and usable for the wider geoscience community so that all sides
benefit from research outcomes. For better collaboration and data sovereignty, Lithodat offers researchers the
opportunity to share and upload all their published data with the global research community or with just a selected coresearcher. Data which has not been published yet, and which the author of the study wants to keep private until
publication will be kept confidential and only be accessible to authorized researchers. Moreover, even if the author
decides not to share their data, they can still use the full power of LithoSurfer to integrate their data with other already
published data in the database.
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Phanerozoic unroofing history of the Pilbara Craton, Australia: constraints from low
temperature thermochronometry
Barry Kohn1*, Sara Morón1,2
1

School of Earth Sciences, University of Melbourne, Victoria, 2EarthByte Group, School of Geosciences, University of
Sydney, NSW; *presenting author.

Inverse thermal history modeling based on a spatially extensive low-temperature thermochronology dataset across the
classic Archean Pilbara Craton and adjacent terranes reveals a regionally extensive cooling episode from 450 to 350 Ma.
We interpret this event, typically involving ~50-70°C of cooling, to be related to the unroofing of more readily erodible
strata overlying the crystalline cratonic rocks. The scarcity of Archean-Paleoproterozoic age zircons in Paleozoic strata
from onshore Canning and Officer Basins adjacent to the Pilbara Craton and lack of agreement of cooling ages between
the shield and nearby offshore Mesozoic units in the Northern Carnavon Basin supports this interpretation. Temporally,
the onset of the Paleozoic cooling episode coincides with the timing of the Alice Springs Orogeny (ASO), an intraplate
tectonic event, thought to be related to a combination of far-field stresses related to plate motions and localisation of
deformation associated with thermal weakening or with regions of contrasting strengths. Based on temporal
relationships, we propose that the regionally extensive ASO could have provided a trigger for denudation of such a
sedimentary cover from the Pilbara Craton.

U-Pb systematics of apatite – search for better standards for in-situ analysis
Evgenii Krestianinov1, Yuri Amelin1*, Leonid Neymark2, John Aleinikoff2
1

Research School of Earth Sciences, The Australian National University, 2U.S. Geological Survey, Denver CO, USA;
*presenting author.

Apatite is a common accessory mineral in a wide variety of rocks and a widely used U-Pb geochronometer. It is most
commonly dated by in-situ methods: LA-ICPMS and SIMS, due to their large throughput that is far superior to the
throughput of isotope dilution TIMS. Accurate age determinations by LA-ICPMS and SIMS require matrix-matched
standards of the same mineral with similar range of U and Th concentrations and precisely and accurately known age
that is preferably in the similar range to the ages of the unknowns.
We have dated by isotope dilution TIMS three apatite samples that are currently used as standards for LA-ICPMS dating.
Our procedures were similar to those of Amelin and Zaitsev [1] and Amelin et al. [2]. Two of these apatite samples,
Cheever Mine and Old Bed Mine, are high-U fluorapatite samples from iron oxide-apatite deposits of the eastern
Adirondack Mountains, New York, USA [3]. Their age was previously estimated in the range of 990-1070 Ma (referred to
as Mineville apatite by Chew et al. [4]. The third sample is apatite from McClure Mountain syenite, which is also a source
of the widely used hornblende standard for 40Ar/39Ar dating. The previously reported ID-TIMS U-Pb age of McClure
mountain apatite is between 524-533 Ma [5] and the authors discussed issues with an appropriate common-Pb
correction.
Fourteen analyses of grains and fragments of Cheever Mine apatite containing 93-275 ppm U and highly radiogenic Pb
(206Pb/204Pb between 2400-4300) yielded 206Pb/204Pb vs. 238U/204Pb errorchron age of 908±23 Ma and 207Pb/204Pb vs.
235
U/204Pb errorchron age of 908±24 Ma. These regressions show considerable data dispersion (MSWD 35-36) and
imprecise and high initial 206Pb/204Pb=333±78 and 207Pb/204Pb=48.7±8.3, indicating an open system behaviour. The total
Pb/U isochron [6] yielded the age of 907±14 Ma. A 207Pb/206Pb vs. 238U/206Pb Tera-Wasserburg isochron with the slope of
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-0.0121±0.0017 and y-intercept of 0.1491±0.0099 yielded lower intercept age of 912±17 Ma and upper intercept “age”
of 1839±120 Ma.
Sixteen apatite grains and fragments of Old Bed Mine apatite containing 64-342 ppm U and Pb with 206Pb/204Pb of 13003600 yielded the results broadly similar of those from Cheever mine apatite but with substantially greater scattering in
the isochron arrays. Fourteen analyses (all except two extreme outliers) yielded 206Pb/204Pb vs. 238U/204Pb errorchron age
of 923±20 Ma and 207Pb/204Pb vs. 235U/204Pb errorchron age of 924±21 Ma. These regressions also show considerable data
dispersion (MSWD 1078-1093) and high initial 206Pb/204Pb=162±39 and 207Pb/204Pb=30.5±4.4, only slightly lower than in
the Cheever Mine apatite. The total Pb/U isochron yields the age of 924±13 Ma. A 207Pb/206Pb vs. 238U/206Pb isochron with
the slope of -0.0178±0.0031 and y-intercept of 0.186±0.018 yielded lower intercept age of 920±19 Ma and upper
intercept “age” at 2272±180 Ma.
The apatite grains from McClure Mountain are smaller and have much lower U concentrations (6-15 ppm) and less
radiogenic Pb (206Pb/204Pb between 48-167), which are, however, more radiogenic than the data of Schoene and Bowring
(206Pb/204Pb of 44-60)[5]. Six fractions of three grains each and 14 analyses of individual grains yielded a total Pb/U
isochron age of 524.3±1.9 Ma. Combining our analyses with the data from Schoene and Bowring [5] yielded a 27-point
total Pb/U isochron corresponding to the age of 525.1±1.8 Ma and yielding “normal” initial 206Pb/204Pb=17.79±0.40 and
207
Pb/204Pb=15.49±0.05. The same 27 points yielded a 207Pb/206Pb vs. 238U/206Pb regression with the slope of 0.0690±0.0013 and y-intercept of 0.872±0.012 yielded lower intercept age of 525±2.5 Ma and upper intercept at 4943±19
Ma.
The data reported here provide more reliable reference values for using these apatites as standards for in situ U-Pb
dating. They also reveal variability of U-Pb ratios in Cheever Mine and Old Bed Mine apatites that appeared homogeneous
in LA-ICPMS and SIMS analyses because of larger analytical uncertainties.
[1] Amelin and Zaitsev (2019) Geochimica et Cosmochimica Acta 66, 2399–2419.[2] Amelin et al. (2019) Geochimica et Cosmochimica 245, 628–642.
[3] Lupulescu et al. (2017), Canadian Mineralogist 55, 399-417. [4] Chew et al. (2011) Chemical Geology 280, 200-216. [5] Schoene and Bowring
(2006) Contributions to Mineralogy and Petrology 151, 615–630. [6] Ludwig (1998) Geochimica et Cosmochimica Acta 62, 665–676.

The importance of LA ICP-MS imaging for zircon based fertility studies; Insights
from the Cowal District, NSW
C.D. Leslie1*, S. Meffre1, D.R. Cooke2, J. Thompson1, and N. Howard3
1
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Porphyry deposits, a significant source of global copper, molybdenum and gold resources, are associated with hydrous
and oxidized (e.g., fertile) primary magmas that commonly occur in multi-stage intrusive complexes [1] . Rigorous wholerock lithogeochemical and isotopic characterization of these primary magmas is invariably affected by related and often
pervasive hydrothermal alteration and mineralization. Zircons, ubiquitous in most felsic magmas, are excellent
petrochronological tools, especially in altered rocks, due to their protracted growth histories, refractory nature and their
unique ability to retain their compositional zoning throughout the genesis of a magmatic system (e.g.[2]). Because zircon,
together with other accessory phases such as titanite, apatite and monazite, dominantly control the trace element
budgets of magmas, the chemistry of these minerals reflect the chemistry of the magma at the time they crystalized
[3,4,5].
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In this study, we investigate zircon textures and the spatial and temporal distribution of trace element ratios in zircons
from a series of porphyry-related calc-alkaline to alkaline intrusions in the Cowal District, central New South Wales. The
approximately 40 by 15 kilometre Cowal District is underlain by Ordovician volcanic, volcaniclastic and intrusive rocks of
the Macquarie Arc. These rocks locally host calc-alkalic porphyry and low sulfidation alkalic-type epithermal prospects
and deposits. This district represents a unique study site because porphyry-related mineralization spans >10 million years
and is related to, and hosted in, many phases of intrusions with distinct mineralogical and geochemical compositions.
LA ICP-MS Trace Element Mapping Applied to Complex Zircons: Significant new advances in LA ICP-MS trace element
mapping of ~50 micron zircons at CODES, University of Tasmania, permits investigation of intra-grain trace element
variability and also a way to rigorously test zircon as a useful proxy for primary magma conditions. These data, coupled
with single grain cathodoluminescence images, are therefore used to fingerprint fertile intrusions and to speculate on
magmatic processes unique to porphyry related magmas. For this study, we acquired numerous LA ICP-MS maps of
zircons from pre-, syn-, and post-mineralization intrusions from throughout the Cowal District. We show that intricate
trace element zoning in zircons correlate directly with complex textural zoning (e.g., sector and oscillatory) observed in
single grain cathodoluminescence imagery. In fact, zircons from syn-mineral intrusions are often texturally more complex
than zircons from pre- or post-mineral intrusions. These complex textures are likely due to a prolonged magmatic history
consisting of magma recharge (trace element rejuvenation) and magma recycling (e.g. [5]). Mapping of key fractionation
indices (e.g., Th/U, Gd/Yb, and Hf) demonstrate that in many cases, multiple fractionation signatures are evident in one
zircon grain supported by complex core to rim relationships, providing temporal evidence of magma mixing. Furthermore,
the highest oxidation signature (e.g., high Eu/Eu*, Ce/Nd) recorded in zoned zircons is often concentrated near the crystal
rims. Together, these observations imply that magmatic oxidation state varies and/or increases during the evolution of
porphyry-related magmas that have also endured multiple, pre-crystallization events deemed prerequisites for fertile
magma genesis.
This detailed investigation into the spatial and temporal distribution of key trace element ratios in zircon was permitted
because of new LA ICPMS imaging methods. Single-spot LA ICPMS or SHRIMP zircon analyses lack the resolution required
to resolve these important fractionation trends and thus the rigorous characterisation of fertile magmas. In summary,
our data demonstrates that fertile, syn-mineral intrusions contain zircons that record a prolonged petrogenesis which is
shown by complex intra-grain distribution of key magma fractionation indices. The single grain variability of common
oxybarometer proxies fundamentally explains the common variability observed in many single-spot data-sets (e.g. [4]).
[1] Cooke, D. R., Hollings, P., Wilkinson, J. J., and Tosdal, R. M., 2014, Geochemistry of Porphyry Deposits: Treatise on Geochemistry 2nd Edition, p.
357-381. [2] Buret, Y., Wotzlaw, J.-F., Roozen, S., Guillong, M., von Quadt, A., and Heinrich, C. A., 2017, Zircon petrochronological evidence for a
plutonic-volcanic connection in porphyry copper deposits: Geology, v. 45, p. 623-626. [3] Ballard, J. R., Palin, J. M., and Campbell, I. H., 2002, Relative
oxidation states of magmas inferred from Ce(IV)/Ce(III) in zircon: application to porphyry copper deposits of northern Chile: Contributions to Mineralogy
and Petrology, v. 144, p. 347-364. [4] Dilles, J. H., Kent, A. J. R., Wooden, J. L., Tosdal, R. M., Koleszar, A., Lee, R. G., and Farmer, L. P., 2015, Zircon
Compositional Evidence for Sulfur-Degassing from Ore-Forming Arc Magmas: Economic Geology, v. 110, p. 241-251. [5] Lee, R. G., Dilles, J. H., Tosdal,
R. M., Wooden, J. L., and Mazdab, F. K., 2017, Magmatic Evolution of Granodiorite Intrusions at the El Salvador Porphyry Copper Deposit, Chile, Based
on Trace Element Composition and U/Pb Age of Zircons: Economic Geology, v. 112, p. 245-273.
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Geochronology, Pb isotopic composition and Genesis of the Gold Deposits in
Central Malaysia
Charles Makoundi1*, Sebastien Meffre1, Khin Zaw1, Ross Large1
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Peninsular Malaysia is enriched in several mesothermal/orogenic gold deposits (e.g. Selinsing, Penjom, Tersang, Raub)
located in the central gold belt [1]. Our recent U-Pb zircon dating provided maximum depositional ages of the host rocks.
Selinsing host rock age is 324.1±3.5 Ma. In addition, Tersang host rock ages span from 319.3±5.9 to 333.7±2.6 Ma.
Furthermore, Penjom host rock ages range from 259.8±4.9 Ma to 264.9±2.6 Ma [2,3,4]. The associated S type/ilmenite
series granitoids within the deposits or far away from them have crystallisation ages ranging from 204.1±4.7 to 223±3.2
Ma. These ages conform to the 200-250 Ma model ages from the Pb isotopic composition of the K-feldspars implying a
reliable age range.
Early researchers speculated that the gold mineralisation in central Malaysia may be associated with volcanism [5,6]. UPb dating of tuffaceous sediments from the Semantan Formation, which crops out south of these orogenic deposits
indicates an age of 233.1 ± 1.6 Ma (Middle Triassic-Ladinian). Contrary to previous works, current studies reveal that
there is no direct temporal relationship between gold mineralisation and volcanism in the central gold belt. This
interpretation is based on the age difference between the age of Au mineralisation (200 Ma) and the age of volcaniclastic
rocks (233 Ma) which is 33 Ma difference.
LA-ICP MS mapping of pyrite from both at the Selinsing and Tersang deposits showed remarkable zoning patterns of Au
and Pb in pyrite cores and rims [2]. The Pb isotope composition of the cores of pyrite at the Selinsing and Tersang deposits
indicate an approximate age of Au mineralisation around 200 Ma (Early Jurassic). This age coincides with the age of 197199 Ma (Early Jurassic), using K-Ar dating of sericite, which is likely the age of mineralisation [2].
There are small differences in the Pb isotopic composition of the pyrite ores, relative to the granite K-feldspar crystals
and sedimentary pyrite from black shales cropping out far from the deposits. The sedimentary pyrite and granite Kfeldspar plot on a high µ (high U/Pb) growth curve typical of S-type granites and sediments but the pyrite ores tend to
plot on the bulk crustal growth curve suggesting a greater proportion of mantle Pb relative to upper crustal Pb. This
mantle Pb could be partly sourced from I-type granitoids, mafic rocks or arc-related volcanic rocks [7].
A two-stage model for the genesis of the Selinsing Au deposit has been proposed [3]. This model suggests that gold
together with other trace elements have been attached to clays or organic matter and then introduced into the
sedimentary basin through the processes of erosion, transport and deposition. After lithification, the sedimentary rocks
were folded, faulted and underwent low-grade metamorphism. The metamorphic fluids may have remobilised metals
from the country rocks and precipitated metals in favourable structural traps [8].
[1] Khin Zaw., Meffre, S., Lai, C.K., Burrett, C., Santosh, M., Graham, I., Manaka, T., Salam, A., Kamvong, T. and Cromie, P., 2014. Tectonics and
metallogeny of mainland Southeast Asia -A review and contribution. Gondwana Research., vol. 26, 5-30. [2] Makoundi, C., 2012. Geology, Geochemistry
and Metallogenesis of Selected Sediment-hosted Gold Deposits in the Central Gold Belt, Peninsular Malaysia, Unpublished M.Sc Thesis, University of
Tasmania, 212p. [3] Makoundi, C., Large, R.R., Khin Zaw., Meffre, S., Teh Gua Hoe., 2014. Geology, geochemistry and metallogenesis of the Selinsing
gold deposit, Central Malaysia. Gondwana Research, 26, 241-261. [4] Makoundi, C., Khin Zaw and Large, R.R., 2017. Laser Ablation ICPMS Analysis of
Pyrite and U-Pb Zircon Dating of Host Rocks from the Tersang Gold Deposit, Malaysia. AIMS Geosciences, 3 (3): 396-437, doi: 10.3934/geosci.2017.3.396.
[5] Richardson, J.A., 1939. Geology and mineral resources of the neighbourhood of Raub, Pahang with an account of the Geology of the Raub Australian
Gold Mine. Geological Survey of Malaysia, Kuala Lumpur, 3, 166p. [6] Yeap, E. B., 1993. Tin and gold mineralization in Peninsular Malaysia and their
relationships to the tectonic development. J. SE Asian Earth Sci., 8, 329-348. [7] Makoundi, C., 2016. Geochemistry of Phanerozoic carbonaceous black
shales, sandstones and cherts in Malaysia: insights into gold source rock potential, PhD Thesis. Centre of Ore Deposit and Earth Sciences, University of
Tasmania, 383p. [8] Makoundi, C., Khin Zaw, Zakaria Endut., 2019. Characteristics of ore-forming fluids for the Penjom, Tersang, and Selinsing orogenic
gold deposits, Peninsular Malaysia. Paper in preparation. Special Issue; Journal: Minerals.
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New constraints on the timing of Quaternary magmatism, Jeju Island, S. Korea:
zircon geo-thermochronology of trachytes
Ruby Marsden1*, Martin Danišík1, Ung-San Ahn2, Axel Schmitt3, Noreen Evans1, Chris Kirkland1
1
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Combining zircon (U-Th)/He dating with U-Pb or U-Th disequilibrium dating (also known as zircon double dating – ZDD)
of Quaternary volcanic rocks can elucidate the timing of zircon crystallization and eruption. This information can be used
not only to understand the eruption history of volcanic regions, but also to constrain the magma residence time. Both of
these narratives can improve our understanding of modern volcanic eruptions and melt evolution, and inform hazard
awareness and mitigation.
Jeju Island is an intraplate volcano and historical eruption records indicate activity within the past 1000 years. While
volcanism on Jeju has predominantly been basaltic, there were multiple evolved trachytic eruptions. These trachytes are
found throughout the island, with the majority located in the largest single volcanic edifice, Mt Halla, a 1950m high
mountain in the centre of the island.
Previous work on Jeju Island has included whole rock Ar-Ar dating of multiple basaltic eruptions and the trachytes distal
from Mt Halla. This study uses ZDD to date trachytes both distal and proximal to Mt Halla, in order to verify the Ar-Ar
data, confirm field relationships and evaluate the existing model of Jeju evolution. In addition, this study calculates
magma residence time for Jeju Island trachytes, further constraining the timing of trachyte evolution.
Results indicate that previous young whole rock Ar-Ar ages cannot always be replicated via ZDD. The ZDD eruption ages
for trachytes on Mt Halla range from 27.7 ± 1.2 to 910.5 ± 29.2 ka and some are younger than Ar-Ar dates determined on
trachytes distal to Mt Halla. In addition, we find that zircon crystallisation and eruption events were occurring almost
coevally implying a very short magma residence time for trachytes on Jeju Island.

Some approaches to grain population analysis in high-precision Ar-Ar
geochronology datasets
Erin Matchan1, David Phillips1, Jeremy Silver1
1
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Within individual pumice samples, identifying different crystal populations and defining an eruption age can be a nontrivial and subjective task. In the age of 0.1% analytical precision, Ar-Ar age data can be more deeply interrogated than
previously possible, enabling testing of a variety of new approaches to defining grain populations. This study explores
some different approaches to outlier analysis using Ar-Ar feldspar data from individual Pleistocene pumices from the
Omo-Turkana Basin as preliminary case studies.
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The AuScope Geochemistry Laboratory Network
Brent I.A. McInnes1*, Andrew Gleadow2 and Suzanne Y. O’Reilly3
1

John de Laeter Centre, Curtin University, Western Australia, 2 School of Earth Sciences, University of Melbourne,
Victoria, 3 GEMOC, Department of Earth and Planetary Sciences, Macquarie University NSW; *presenting author.
In 2019, the AuScope Board agreed to provide funding for the creation of a national collaborative network of
geochemistry laboratories, with the mission to:
 Promote existing geochemical capability across the nation
 Promote capital and operational investments in new, advanced geochemical infrastructure
 Develop a central repository for multiple isotopic data sets using the AuScope Discovery Portal
 Support Australian participation in national and international open data initiatives
 Support professional development via online tools, training courses and workshops
 Support increased end user access to laboratory facilities
An AuScope Geochemical Network (AGN) Project Office has been established at Curtin University to initiate and develop
the network.
Project activities will initially focus on the development of a data repository in the form of an Isotopic Atlas eResearch
Platform built in collaboration with the CSIRO AVRE team responsible for the AuScope Discovery Portal. The platform
will initially host major data collections held at Curtin (SHRIMP U-Pb), Macquarie (Hf isotopes) and Melbourne (Fissiontrack/U-He).
There are plans to expand the activity to include additional datasets from other institutions wishing to collaborate within
the AGN framework.
A secondary benefit of the project is that it will also allow individual researchers to upload geochemical datasets related
to their publications, a requirement of many leading academic journals.
It is anticipated that, over time, this new repository will aggregate a large volume of publicly funded geochemical data,
and will be a key resource useful in quantitatively understanding Earth system processes that have shaped the formation
and evolution of the Australian continent and its resources.

Post Gondwana break-up evolution of the SE Australia rifted margin revisited
Malcolm McMillan1*, Andrew Gleadow1, Barry Kohn1, Christian Seiler1
1

School of Earth Sciences, University of Melbourne, Victoria; *presenting author.

Earlier thermochronology studies on the elevated rifted margin of SE Australia have largely been interpreted to reflect
denudation leading to the formation of a major erosional escarpment inland from the coast. New apatite fission track
and (U-Th-Sm)/He data along a transect across the escarpment to the coast show a classic ‘boomerang’ trend in a plot of
mean track length against fission track age, indicating variable overprinting of older late-Palaeozoic cooling ages by a
younger, mid-Cretaceous, rapid cooling event at ~90Ma, approximately coinciding with rifting prior to seafloor spreading
in the Tasman Sea. However, the NNW path of the boomerang trend away from the coast implies the underlying thermal
history is less associated with escarpment evolution than previously thought, and must pre-date the formation of the
escarpment itself.
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Ultra-fast, High Resolution 3D LA ICP-MS Imaging and Microvolume Sampling of
Zircon Crystals as Improved Analytical Tools for Geochronology
C. Stremtan1, S. J.M van Malderen2, D. Green1, G. Săbău3, W Mozer1*
1

Teledyne Cetac, 2University of Ghent, Belgium, 3Geological Survey Romania; *presenting author.

Higher repetition rate lasers and faster sample cell washout times are enabling acquisition of higher density, large array
elemental images of geological samples with laser ablation-inductively coupled plasma-mass spectrometry (LA-ICP-MS)
in minutes, not hours. The resulting images permit the researcher to better identify regions of interest for additional
study, such as U/Pb and U/Th dating of a specific growth zones. In tandem with LA-ICP-MS is the ability to use a m-volume
workstation (MVX-7100µL Workstation) to quantify nanogram levels of uranium in a geological sample, such as within a
single zircon grain, when coupled to a multi collector mass spectrometer (MC-ICP-MS).
Laser ablation-inductively coupled plasma-mass spectrometry (LA-ICP-MS) has become a routine analytical technique for
unidimensional (i.e., single spot) or bidimensional (i.e., continuous lateral scanning, one of the approaches most widely
used in elemental mapping) elemental and isotopic analysis. Due to the complexities of experiment setup and data
reduction, in-depth three-dimensional LA ICP MS [1] has received less attention as 3D imaging requires the assembling
of multiple image layers into a 3D volume representing the volumetric distribution of analytes, and generally takes an
exorbitant amount of measurement time. We present new developments in ultra-rapid response laser ablation cell
technology coupled to innovative state-of-the-art data reduction software. This enables the generation of high-resolution
images assembled automatically and seamlessly to create 3D distribution maps of elemental, isotopic and even
geochronological information. The use of rapid-response technology enabled the acquisition of full pulse signals of less
than 3ms (FW0.1M), which allowed the increase of the laser’s repetition rate and scanning speed, in order to decrease
scanning time without compromising data quality. Furthermore, due to the increased mass flux in the setup, sensitivity
is also increased, allowing for a higher lateral image resolution to be achieved.
Additionally, there is a need to determine precise and accurate isotope ratio measurements in smaller and smaller
quantities of geological samples to better understand geological models. When using conventional approaches to the
introduction of liquid samples to MC-ICP-MS instrumentation, analytical precision and accuracy is limited at low
concentration of elements of interest. A new low volume methodology has been developed, based on a syringe driven
automation platform the MVX-7100 µL Workstation, allows specific sample volumes to be introduced at operator
specified flow rates. This new methodology delivers superior analytical precision whilst using less material, as shown
through uranium isotope ratio measurements. Using this methodology there is potential to improve measurements,
spatial and temporal resolution of geological study and the ability to analyse novel minerals or mineral components,
faster whilst generating less waste.

17

TANG3O: Thermochronology and Noble Gas Geochronology and Geochemistry Organisation, Australia
Earth Sciences, University of Tasmania, November 6-7th, 2019

Thermal history modelling using different kinetic parameters: a comparison study
of EMPA and LA-ICP-MS data
Angus Nixon1*, Stijn Glorie1
1
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A number of kinetic parameters are widely used in thermal history modelling of apatite fission track (AFT) data, such as
chlorine content and Dpar (mean fission track etch-pit diameter parallel to c-axis). Both parameters serve as proxies for
fission track retentivity within apatite crystals. Fission tracks within apatite of higher Cl and/or larger Dpar values have
been demonstrated to anneal at slower rates [1,2], thus apatite samples of differing chemistry can potentially preserve
differing fission track populations, despite sharing a common thermal history. This is particularly relevant for detrital AFT
studies, in which apatite has been sourced from multiple terranes with varying chemical compositions. Despite this
widespread use, however, neither chlorine nor Dpar are faultless indicators of apatite track retentively. It has been
suggested that a number of other elements can significantly impact fission track annealing within apatite and therefore
a multi-kinetic rmr0 parameter has been proposed to quantify the effect of apatite chemistry on fission track retentivity
[3], which is based on the concentrations of F, Cl, OH, Fe, Mn, Sr, Ce, La and Na in apatite. rmr0 has remained underutilised
within the AFT community as the measurement of many of these required elemental concentrations requires an extra
step in data acquisition through EMPA (Electron Micro Probe Analysis). The more recent use of LA-ICP-MS (laser ablation
- inductively coupled plasma - mass spectrometry) techniques introduced a workflow allowing for some elemental
concentrations, such as Chlorine [4], to be measured simultaneously with Uranium. However, Fluorine and particularly
OH cannot be measured with common LA-ICP-MS equipment. This study explores the necessity of EMPA analysis for
robust thermal history modelling using samples from the Pine Creek Orogen (Northern Territory). In more detail, we
compare thermal history models for identical samples but based on different kinetic parameters of (1) Dpar, (2) LA-ICPMS derived Cl concentration, (3) EPMA derived Cl concentration, (4) rmr0 multi-kinetic parameter derived from EMPA
measurements and (5) a ‘simplified rmr0’ derived only from elements measured by LA-ICP-MS.
[1] Green, P. F., Duddy, I. R., Gleadow, A. J. W., Tingate, P. R., & Laslett, G. M. (1986). Thermal annealing of fission tracks in apatite: 1. A qualitative
description. Chemical Geology, 59, 237-253. doi: https://doi.org/10.1016/0168-9622(86)90074-6. [2] Donelick, R. A., O'Sullivan, P. B., & Ketcham, R. A.
(2005). Apatite fission-track analysis. Reviews in Mineralogy and Geochemistry, 58, 49-94. doi: 10.2138/rmg.2005.58.3. [3] Ketcham, R. A., Donelick, R.
A., & Carlson, W. D. (1999). Variability of apatite fission-track annealing kinetics: III. Extrapolation to geological time scales. American Mineralogist,
84(9), 1235-1255. doi: 10.2138/am-1999-0903. [4]Chew, D. M., Donelick, R. A., Donelick, M. B., Kamber, B. S., & Stock, M. J. (2014). Apatite chlorine
concentration measurements by LA-ICP-MS. Geostandards and Geoanalytical Research, 38(1), 23-35. doi: 10.1111/j.1751-908X.2013.00246.x
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LADR data reduction for Laser Ablation ICP-MS data sets
Ashley Norris
Norris Scientific, Australia
LADR is the premium choice for data reduction of laser ablation ICP–MS data sets. LADR is a stand-alone program,
developed in .NET for Windows 7, 8, and 10, that is also compatible with Linux and macOS under Mono (full support to
be announced in late 2019). The software is able to load data files from all makes and models of ICP–MS instruments,
and is compatible with all laser ablation platforms.
As well as performing basic data reduction calculations, LADR can:
 identify and remove transient spikes;
 correct for interferences;
 model variations in gas blank intensity;
 synchronise analysis intervals with laser firing time;
 model and correct for down hole fractionation;
 model calibration drift;
 use secondary standards to correct for matrix effects;
 add unmeasured elements by stoichiometry;
 quantify to an analytical total;
 support mixed quantification routines within a data set;
 and most importantly, apply a robust error propagation from all sources of uncertainty. The software estimates
the total uncertainty budget for the calculation, and reports uncertainty values for various applications, such as
intra-run, intra-laboratory, or inter-laboratory comparison.

The KBS Tuff Controversy fifty years on: new astronomically calibrated 40Ar/39Ar
ages for the KBS tuff and correlates, Omo-Turkana Basin, Kenya
D. Phillips1*, E.L. Matchan1 and A.J.W. Gleadow1.
1

School of Earth Sciences, The University of Melbourne, Victoria, *presenting author.

Archaeological expeditions by the National Museum of Kenya to the east side of Lake Turkana (formerly Lake Rudolf) in
1968 and 1969 led to the discovery of a remarkable suite of stone artefacts and hominin fossils, associated with a volcanic
tuff named the KBS (Kay Behrensmeyer Site) tuff. Initial attempts to date the KBS tuff itself were unsuccessful due to the
fluvially deposited nature of most Omo-Turkana Basin tuffs and contamination by older material. Subsequent 40Ar/39Ar
dating of pumice feldspar grains from the KBS tuff by the Cambridge K-Ar laboratory yielded a reported age of 2.61 ± 0.26
Ma [1]. However, this age was soon questioned on the basis of faunal correlations, thereby precipitating a controversy
that played out in Nature publications for the next decade. In 1975, the Berkeley laboratory published K-Ar ages of 1.60
and 1.8 Ma for two KBS localities, with the former age later attributed to laboratory error. The Cambridge laboratory
then reported a range of 40Ar/39Ar ages (0.52 – 2.61 Ma) and revised the age of the KBS tuff to 2.42 ± 0.02 Ma, in accord
with preliminary zircon fission track ages. Subsequent geochemical correlations with the H2 (=KBS) tuff in Ethiopia, dated
at ca. 1.8 Ma [2], heightened the controversy. Later K-Ar and 40Ar/39Ar dating analyses by Ian McDougall appeared to
resolve the debate, with reported ages of 1.89 ± 0.01 Ma and 1.88 ± 0.02 Ma (e.g. [3]), coincident with a revised fission
track age of 1.87 ± 0.04 Ma [4]. Until this time, all dating analyses had been performed on bulk feldspar samples.
Eventually, McDougall & Brown [5] published single crystal feldspar ages for KBS pumice clasts from two localities, giving
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a weighted mean age of 1.868 ± 0.014 Ma – but with significant scatter (MSWD values up to 12.1) – thus extending the
controversy. In the current study, we carried out high precision 40Ar/39Ar analyses of single feldspar crystals from eight
KBS pumice clasts from localities across the Omo-Turkana Basin. These data exhibit minimal scatter and give an
astronomically calibrated, weighted mean age of 1.87779 ± 0.00041 Ma (2s; MSWD = 1.6), indicating a single, eruption
event that resulted in the widespread fluvial deposition of the KBS tuff across the Basin.
[1] Fitch, F.J. & Miller, J.A. (1970). Nature 226, 226-228. [2] Brown, F.H. & Nash, W.P. (1976). Earliest Man and environments in the Lake Rudolf Basin.
[3] McDougall, I., Maier, R., Sutherland-Hawkes, P. & Gleadow, A.J.W. (1980). Nature 284, 230-234. [4] Gleadow, A.J.W. (1980). Nature 284, 225-230.
[5] McDougall, I. & Brown, F.H. (2006). J. Geol. Soc. Lond. 163, 205-220.

Deformation and retrogression initiated by hydration along pre-existing fabrics;
using monazite and apatite to track and time geological events.
Alexander M. Prent1*, Andreas Beinlich1, Tom Raimondo23, Chris Kirkland1, Noreen Evans1, Andrew Putnis1
1

The Institute for Geoscience Research (TIGeR), School of Earth and Planetary Sciences, Curtin University, Western
Australia, 2School of Natural and Built Environments, University of South Australia, South Australia, 3Future Industries
Institute, University of South Australia, South Australia; *presenting author.
Timing the activity of shear zones can be challenging. Here we investigated the potential of monazite and apatite as a
pair to date shear zone activity in the central Australian Reynolds Range. At Mt Boothby granulite facies orthogneisses
are crosscut by a north south oriented shear zone, up to 70m wide. This site is an excellent natural laboratory to
investigate the large scale effects of deformation, fluid flow and mass transport. The shear zone at Mt Boothby, is at high
angle to the regional grain. To resolve when it was formed and or reactivated, samples were studied using petrological,
geochemical and chronological methods. With increased strain the grain size is reduced, mode of biotite decreases,
albitisation of plagioclase is more pronounced and monazite disappears. Deformation results in a well-developed fabric
that in place is mylonitic, includes muscovite and an increased mode of apatite, compared to the wall rock. Laser ablation
ICP-MS, U-Pb isotope analyses of monazite results in a c. 1560 Ma closure age. These monazites are found within the
gneissic fabric which is interpreted to show the orthogneiss fabric has developed during the Chewings Orogeny. This
fabric is cut at high angle by the shear zone and asymmetric perthite porphyroclasts indicate a top to the south sense of
shear. Structural mapping suggests the shear zone represents a Riedel branch of larger structures that were reactivated
during the Alice Springs Orogeny at c. 360 Ma. Apatite U-Pb isotope analyses, after modelled common Pb correction,
resulted in two age peaks at c. 1500 Ma and 400 Ma. These ages are interpreted to show the activity of the shear zone
and retention of age information within the grains from an older event. This study shows that apatite is a potential
chronometer to be used in dating the activity of shear zones that have been affected by multiple deformation events and
large amounts of fluid flow.

20

TANG3O: Thermochronology and Noble Gas Geochronology and Geochemistry Organisation, Australia
Earth Sciences, University of Tasmania, November 6-7th, 2019

Comparison between CAMECA SIMS instruments
(IMS 1300-HR3, NanoSIMS50L, IMS 7f-Auto)
Philippe Saliot1*; Francois Horréard1, Paula Peres1
1
CAMECA, France; *presenting author
Magnetic Sector SIMS (Secondary Ion Mass Spectrometry) is applied to a variety of applications in Geosciences, Materials
Sciences, IC and Semiconductors development and process control; Solar Photovoltaic (PV) cell technology, Microbiology
and Cell Biology.
The analytical advantages of the Magnetic Sector SIMS are well established: extreme sensitivity, high mass resolution,
high dynamic range and low detection limits while keeping high analysis throughput. It provides in situ measurement of
elemental and isotopic composition in selected areas of the sample with spatial resolution varying between 50nm to
mms. Combining SIMS capabilities for both in-depth analysis and 2D-ion mapping offers a unique three-dimensional
investigation method.
CAMECA has developed different high-end Magnetic Sector SIMS instruments to achieve the highest specific performance
for these different applications:
-

The CAMECA IMS 1300-HR3 delivers unmatched analytical performance for a wide range of applications (stable
isotopes, geochronology, trace elements, nuclear safeguards and environmental studies…). It is equipped with
a field-proven multicollection system for high precision isotopic ratio measurements and with a motorized
storage chamber for unattended analysis of multiple sample mounts and optimized productivity.

-

The CAMECA NanoSIMS50L is an original ion microprobe with a lateral resolution of 50nm, optimized for trace
element and isotopic analysis and mapping. It incorporates a multicollection with seven detectors in parallel and
can work in continuous mode with a small beam of reactive primary species (microbeam Cs+ source and RFplasma O- source) together with high mass resolving power and high transmission.

-

The CAMECA IMS 7f-Auto is a versatile magnetic sector SIMS well suited for a large field of applications. It offers
depth profiling with excellent detection limits (ppb to ppm) and high depth resolution; elemental as well as
isotopic information ranging from low mass (H) to high mass species (Pu and above); unique sub-μm resolution
2D and 3D imaging capabilities; as well as high throughput and automation.

A short introduction to each SIMS instrument will be given and a comparison between the different instruments and
fields of applications will be presented
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Preliminary U-Pb dates for mineralised veins from the buried Curnamona Province
(Benagerie ridge), South Australia: constraints from LA-ICP-MS age mapping
combined with fluorescence microscopy
Alexander Simpson1*, Stijn Glorie1, Anthony Reid2, Martin Hand3
1
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2

LA-ICP-MS mapping allows for the simultaneous acquisition of isotopic abundances with relatively high spatial resolution.
This is particularly useful when aiming to date calcite or other low-U materials from tectonic veins that may display
complex growth histories that are not easily optically visible. Resulting maps for trace element compositions reveal
different zones of vein growth and highlight zones with sufficiently high U/Pb ratios in the veins to produce useful U-Pb
dates. Furthermore, recent studies have demonstrated the usability of the Iolite plugin ‘Monocle’ to produce spatially
resolved geochronological data from laser-mapped images [1,2]. Most LA ICP MS mapping utilises shallow (~1 micron
deep) ablation rastering, and therefore, the effects of down-hole element fractionation are reduced, opening up the
possibility to gain accurate data without matrix-matched primary standards [3]. Furthermore, zones of particular interest
(e.g. high U, different growth zones based on trace element chemistry) can be revisited for traditional spot-ablation. In
this study, we use UV fluorescence microscopy, combined with laser mapping to identify different generations of veining,
associated with mineralisation, for drill core samples of the buried Curnamona Province. From those maps, U-Pb dates
were obtained for calcite and authigenic apatite with comparable precision to conventional spot laser-ablation
geochronology. The results from this study represent the first record of late Cryogenian – early Cambrian (Delamerian)
deformation and fluid alteration in the Benagerie ridge. Hence, our results suggest that combined UV fluorescence and
LA-ICP-MS age mapping provides a promising cost-effective tool for constraining different phases of alteration.
[1] Drost, K., D. Chew, J. A. Petrus, F. Scholze, J. D. Woodhead, J. W. Schneider, and D. A. T. Harper, 2018, An Image Mapping Approach to U-Pb LA-ICPMS Carbonate Dating and Applications to Direct Dating of Carbonate Sedimentation: Geochemistry, Geophysics, Geosystems, v. 19, p. 4631-4648. [2]
Petrus, J. A., D. M. Chew, M. I. Leybourne, and B. S. Kamber, 2017, A new approach to laser-ablation inductively-coupled-plasma mass-spectrometry
(LA-ICP-MS) using the flexible map interrogation tool ‘Monocle’: Chemical Geology, v. 463, p. 76-93. [3] Mcfarlane, C. R. M., and Y. Luo, 2012, U-Pb
Geochronology Using 193 nm Excimer LA-ICP-MS for In Situ Accessory Mineral Dating in Thin Sections: Geoscience Canada, v. 39, p. 158-172.

New U-Pb age dates for apatite, titanite, and allanite in the Cloncurry IOCG district,
NW Queensland: Constraints on Cu-Au mineralization, metamorphism, magmatism,
sedimentation, or all the above?
Jeffrey A. Steadman1*, Jay Thompson1, Leonid Danyushevsky1
1
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Apatite, titanite, and allanite are common accessory minerals in the Cu-Au deposits of the Cloncurry district, Mount Isa
Inlier. These minerals can be used as geochronometers due to their incorporation of U and Th at the ppm level. LA-ICPMS U-Pb age dating of apatite, titanite, and allanite from four deposits (SWAN, Trekelano, Ernest Henry, and Cormorant)
yield a variety of ages spanning more than 400 million years, from ~1750 to ~1330 Ma. Such diversity in age dates
indicates a high degree of complexity involving multiple geological processes, including deposition, metamorphism, and
hydrothermal alteration. Depositional and/or crystallization ages of the host sequences at each of the deposits range
between 1740-1650 Ma. Copper-Au mineralization in the Cloncurry district is known to have occurred over a protracted
period, but the major pulse was between 1550-1500 Ma. This age range partially overlaps with metamorphism and
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granite intrusion. Ages younger than 1500 Ma are less common in the Cloncurry district, and may reflect resetting of UPb ratios in some instances. However, in other instances there is no evidence for resetting. These results underscore the
need for integrated petrographic, trace element, and geochronological datasets in order to correctly interpret age dates
of U-bearing minerals.

Scratching the surface: a new marine sediment provenance record from the
continental slope of central Wilkes Land, East Antarctica
Sian Tooze
Institute of Marine and Antarctic Science (IMAS), University of Tasmania
The subglacial geology of Wilkes Land, East Antarctica remains one of the vastest unexplored frontiers on Earth. Yet the
underlying crustal architecture records evidence of repeated supercontinent cycles and provides the geological template
for the configuration and evolution of the Antarctic Ice Sheet. We employ a multidisciplinary approach, combining
analysis of detrital grain sedimentology, morphology, geochemistry and isotopic data from a kasten core to construct a
new marine sediment provenance record for the continental slope adjacent to central Wilkes Land and provide new
isotopic signatures from rare proximal coastal outcrops for comparison. In doing so, we establish the source rock type,
age and provenance regions and the associated transport pathways and mechanisms responsible for detrital sediment
flux from 23.5 ka to the present day. The results reveal a principally igneous source with dominant age populations
between c. 1200-1100 Ma and c. 1600-1300 Ma, characteristic of the proximal Banzare, Nuyina and Wilkes Provinces.
The detrital geochronology advocates a stable sediment provenance spanning the last 23.5 ka, despite major ice sheet
retreat during this time. A minor c. 700-500 Ma detrital age population unknown from the central Wilkes region was likely
transported westward via icebergs to the core site. These findings broadly correspond with former interpretations of the
subglacial geology of central Wilkes Land and predicted erosion at the base of the ice sheet from two ice sheet models,
endorsing the value of sediment provenance studies as proxies for proximal subglacial geology and for reconstructing
past ice sheet and ocean states.

Cryptomelane 40Ar/39Ar Thermochronology
Paulo M. Vasconcelos1* and Zhe Ren2
1

University of Queensland, 2China University of Geosciences, Wuhan; *presenting author.

40

Ar/39Ar incremental-heating analysis of metasedimentary cryptomelane from the Urucum Neoproterozoic banded ironmanganese-formation, Brazil, yields rounded incremental-heating spectra suggestive of partial argon loss by volume
diffusion. The incremental-heating results reveal that the Mn oxides precipitated in a Neoproterozoic ocean floor before
575 Ma, were buried into the Ar partial retention zone, and were re-exhumed. Prograde-retrograde temperaturecontrolled 40Ar/39Ar incremental-heating analyses of two representative grains from two distinct cryptomelane samples
from Urucum yield diffusion parameters (activation energy and frequency factors) for the two samples. Scanning electron
microscopy reveals that the cryptomelane grains are composed of intimately intertwined micro-crystals of various
dimensions, and that one sample contains primarily three grain-size clusters, while the other sample contains four
different sizes of microcrystal populations. Three- and a four-domain multi-diffusion domain modelling for each of these
samples reveals compatible cooling histories for the two grains, suggesting a two-stage exhumation history after initial
burial. This burial-exhumation history is consistent with independent geochronological and geological constraints,
suggesting that cryptomelane thermochronology is a reliable new tool in the study of the thermo-tectonic evolution of
the Earth’s surface.
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Expanding the Understanding of the 40Ar/39Ar Geochronology of Pyroxene
Bryant Ware1,2* Michael T.D. Wingate3 and Fred Jourdan1 and Brent McInnes2
1

Curtin University, Western Australian Argon Isotope Facility, Earth and Planetary Sciences, Western Australia, 2 John de
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Advancing the application and development of the 40Ar/39Ar geochronology technique to the mineral pyroxene continues,
with completion of a large-scale project to attempt to date a variety of mostly mafic intrusive rocks (dolerite sills and
dykes) of different ages (some known independently and others unknown) from across Western Australia. The results
augment the evidence for differing degassing behaviour of different phases of clinopyroxene. During routine step-heating
experiments, we observed that low-Ca clinopyroxene (pigeonite) degasses during earlier heating steps, whereas high-Ca
clinopyroxene (augite) degasses during later heating steps. In contrast, single-phase pyroxenes, such as our spodumene
(Li-pyroxene) sample (and pyroxene in rapidly cooled volcanic rocks, e.g. [1,2]), appear to exhibit simple degassing
patterns and robust plateaus. Our studies of mafic rocks that range in age from about 0.7 to 2.9 Ga show two distinct
trends in the 36Ar/40Ar vs 39Ar/40Ar diagram, providing the ability to confirm the presence of excess Ar in the system. For
each sample, the inverse isochron age calculated from the initial heating steps (directly correlated with high K/Ca ratios
and interpreted to represent low-Ca clinopyroxenes) is similar to the known or estimated age of the sample. Subsequent
degassing steps, which yield horizontal or positive slopes, produce erroneous inverse isochron ages, consistent with
excess Ar in high-Ca clinopyroxene. This study shows that semi-quantitative ages can be calculated for the low-Ca
clinopyroxene portion of the heating schedule (identified via the K/Ca ratio and two trends observed in a 36Ar/40Ar vs
39
Ar/40Ar diagram) even though the overall results do not produce robust plateau ages.
[1] Zi, J.-W., Haines, P. W., Wang, X.-C., Jourdan, F., Rasmussen, B., Halverson, G. P., et al. (2019). Pyroxene 40Ar/39Ar dating of basalt and applications
to large igneous provinces and Precambrian stratigraphic correlations. Journal of Geophysical Research: Solid Earth, 124, 8313–8330. [2] Konrad, K.,
Koppers, A. A. P., Balbas, A. M., Miggins, D. P., & Heaton, D. E. (2019). Dating clinopyroxene phenocrysts in submarine basalts using 40Ar/39Ar
geochronology. Geochemistry, Geophysics, Geosystems, 20, 1041–1053.

Geochronology and Geodynamics of Volcanic-Hosted Massive Sulphide
Deposits in Mainland SE Asia
Khin Zaw1 Mohd Basril Iswadi Basori2 Sebastien Meffre1 Ross R. Large1 Charles Makoundi1, Chun Kit Lai3
1

2

CO DES Centre of Ore Deposits and Earth Sciences, University of Tasmania, Geology Program, Faculty of Science and
Technology, National University of Malaysia (UKM), 3Universiti Brunei Darussalam, Brunei Darussalam; *presenting
author.

Volcanic-hosted massive sulphide (VHMS) deposits are formed during the rifting of oceanic ridges or back-arc
basins. The SE Asia region is characterised by an assembly of crustal plates or microcontinents that rifted off from
northern margin of Gondwana during the Phanerozoic. These microplates or terranes drifted northwards on the
Tethyan Oceans and accreted or collided with the Eurasian margin. Throughout the long history of Gondwana
supercontinent break-up and subsequent accretion of these crustal terranes, amalgamation and assembly phases
of mainland SE Asia, various rifting, subduction, opening and closure of backarc basins, ophiolitic obduction and
arc-continent/continent-continent collisions have occurred [1]. The associated complex and multiple tectonomagmatic-metamorphic-hydrothermal interactions among the SE Asia continental fragments have generated
several VHMS deposits (e.g., Duc Bo deposit in Vietnam, Tasik Chini deposit in central Malaysia and Leymyetna and
Mahar San and Bawdwin deposit in Myanmar and Wetar in Indonesia) [1,2]. The Cu-Pb-Zn Duc Bo deposit is located
about 10km from the Coast and 9km south of Tam Ky, the Capital City of Quang Nam Province in central Vietnam.
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The deposit is hosted in Ordovician-Silurian mafic-felsic volcanic and metavolcanic rocks, such as metadacite and
metabasalt, and strongly deformed and metamorphosed to Amphibolite facies. The Tasik Chini district in central
Malaysia has a long history of iron-manganese-barite mining and hosts the Bukit Botol and Bukit Ketaya VHMS ore
lenses [3,4]. These ore lenses were formed within weakly deformed felsic-dominated Permian volcanics that are
part of a mixed volcano-sedimentary rock succession. Four mineralization zones were identified in both deposits:
(1) stringer sulphide/zone; (2) massive sulphide zone; (3) barite zone; and (4) Fe-Mn zones. The stringer and massive
sulphide generally define the lower mineralized zones, whereas the barite, Fe-Mn layers define the stratigraphically
upper mineralized zones. The main sulphide phases are pyrite, chalcopyrite, sphalerite, rare galena, and trace Sn-,
Au-, and Ag-bearing minerals, with the latter two confined to the massive sulphide and barite zones. LAICP- MS U–
Pb zircon dating of rhyolites from the Bukit Botol deposit yields Early Permian (286 ± 4 to 292 ± 3 Ma) ages. Similarly,
the zircon U–Pb age results for the Bukit Ketaya rhyolites reveal Early Permian (286 ± 2 to 288 ± 4 Ma) ages [3]. The
Bawdwin deposit in northern Myanmar is the largest producing Pb-Zn-Ag VHMS deposit in SE Asia and occurs in
Cambro-Ordovician volcaniclastic pile, Numtu Township, northeastern Myanmar and the deposit is relatively
undeformed and least metamorphosed. Formation of these VHMS deposits in SE Asia is related to the protracted
history and development of Paleo- to Meso-Tethyan Oceans and there is a significant potential for future discovery
of these deposit types in SE Asia. Further research is required to improve understanding of the basic geology
(particularly to establish time-space relations of magmatic, tectonic and hydrothermal alteration history) for better
targeting of the potentials and prospective grounds in the region for mineral exploration.
[1] Khin Zaw et al. (2014). Gondwana Research 26, 5–30. [2] Khin Zaw (2017). Chapter 24 In: Barber, A.J., Khin Zaw & Crow, M.J. (eds) Myanmar:
Geology, Resources and Tectonics. Geological Society, London, Memoirs, 48, 531–556. [3] Mohd Basril Iswadi Basori et al. (2016). International Geology
Review, 58, 929–948. [4] Mohd Basril Iswadi Basori et al. (2019). Ore Geology Reviews, https://doi.org/10.1016/j.oregeorev.2019.102947.
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The Ordovician intra-oceanic Macquarie Arc of eastern Australia was assembled with the eastern Gondwanan margin at
~440 Ma. However, the deep crustal architecture resulting from this assembly is poorly known. This is addressed here by
a zircon U-Pb-Hf study of the post-assembly Silurian Browns Creek Intrusive Complex and Davies Creek Granite that
intrude entirely into the arc. Zircon U-Pb dating integrated with CL imagery indicate two igneous phases at 430-437 Ma
and 420-426 Ma and a zircon recrystallisation phase at 395-396 Ma attributed to a hydrothermal event. The magmatic
zircon initial ɛHf values vary from -5.1 to +4.7. These signatures indicate the source of these granitic rocks are strongly
influenced by typical pre-Silurian Gondwanan material. If these intrusions were sourced by melting the deep root of the
Ordovician Macquarie Arc, the zircon initial ɛHf values would be much higher at about +8 to +15 due to the juvenile
nature of the arc. This interpretation is corroborated by rare inherited pre-Ordovician zircons in a previous study of a
Browns Creek dyke [1]. Granitic rock and zircon compositions demonstrate that at the likely temperature of the Silurian
granitic magma, especially the Davies Creek Granite, inherited source zircons were mostly dissolved, explaining the
absence of xenocrysts within the zircon population. The unradiogenic Hf isotopic signatures preserved in the Silurian
zircons demonstrate the contribution of Gondwanan crustal material to the magma source region. These results support
the interpretation of the Macquarie Arc as an intra-Panthalassa ocean allochthon, emplaced and resting over the edge
of Gondwanan crystalline basement possibly including the continent-derived sedimentary rocks of the Adaminaby Group.
[1] Kovacs, N.J., 2000. Magmatic and hydrothermal evolution of the Browns Creek intrusive complex and associated gold mineralisation. Master of
Science Thesis, Australian National University.
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