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Research staff from the Australian Geological Survey Organisation (AGSO) work within
RSES to utilise U-Pb SHRIMP, and Pb-Pb and Sm-Nd TIMS techniques. This research is
based on the longstanding relationship between AGSO and the Research School, in particular
within the Geochronology and Isotope Geochemistry Group. The scientific outcomes address
AGSO’s role in Minerals Promotions under the National Geoscience Mapping Accord
(NGMA), Petroleum Promotions, and Australian Geodynamics CRC (AGCRC). A selected
range of research activities from these projects is described below.

Geochronology and provenance of sediments in the Olary Domain, South Australia

R.W. Page1, C.H.H. Conor2, C. Foudoulis1 and S.-s. Sun1

It has long been an important objective to correlate Palaeoproterozoic Willyama
Supergroup successions in the Olary Domain (eastern South Australia) with those near Broken
Hill (western NSW). The Olary Domain includes a succession(s) of metamorphosed,
dominantly quartzofeldspathic arenaceous and pelitic sediments, calcsilicate-bearing rocks, and
minor volcanic or sub-volcanic rocks. Our SHRIMP U-Pb zircon studies aim to improve (a)
lithostratigraphic correlations within the Olary Domain, and (b) stratigraphic connection between
Willyama Supergroup rocks in the Olary Domain and Willyama Supergroup rocks near Broken
Hill. Measurements of depositional and zircon provenance ages on a number of lithologies in
the Olary succession (using SHRIMP), are being integrated with stratigraphic information and
with Sm-Nd isotopic studies.

Our initial U-Pb zircon ages for metagranitoid and volcaniclastic rocks in the ‘lower
albite’ unit of the ‘quartzofeldspathic suite’ show  that the oldest rocks exposed in one traverse
have a concordant U-Pb zircon age of 1711±2 Ma, indistinguishable from an age of 1712±2
Ma from a felsic volcaniclastic unit at the top of the ‘quartzofeldspathic suite’. Because these
rocks may be sub-volcanic intrusives, the ages are rigorously only minimum stratigraphic ages.
Felsic volcaniclastic units in the eastern Weekeroo Inlier have virtually identical crystallisation
ages (1713±2 Ma, 1710±3 Ma). Our SHRIMP results on a succession in the Redan Zone
(southeastern Broken Hill) suggest a magmatic event(s) of similar age (1700–1720 Ma),
although this same succession was recently advocated by others to be possibly late Archaean in
age (Nutman and Ehlers, 1998. AJES 45, 687–694).

Detrital U-Pb zircon ages from Olary Domain meta-sedimentary rocks provide
information on the provenance domain(s) and maximum depositional age(s). We are
endeavouring to combine such provenance information with the above ~1710 Ma volcanic
crystallisation ages across several stratigraphic sections in the Olary area. For this purpose, it is
clearly necessary to avoid new zircon growth at ca. 1600 Ma – a product of regional
metamorphism.

The clastic rocks in the Mulga Bore-Cathedral Rock and Mount Howden traverses include
strongly albitised medium-grained psammites, psammopelites, and pelites. Detrital zircon age
patterns are complex, indicating source terrain(s) composed of late Archaean and earlier
Palaeoproterozoic rocks. Some early Archaean zircons (3700–3600 Ma) are found. The
dominant Palaeoproterozoic zircon ages suggest strongly domainal provenance, from terrains
around 1920 Ma, 1860 Ma, 1780 Ma, and 1730 Ma old.  This provenance signature is common
to most of the sedimentary rocks in the successions so far analysed. It suggests a maximum
depositional age of around 1730 Ma. However, minor detrital zircon components in two
‘quartzofeldspathic suite’ sediments show younger maximum depositional ages of ca.
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1710–1715 Ma. If the presence of this so far very minor 1710–1715 Ma detrital suite is verified
elsewhere in the ‘quartzofeldspathic suite’, the age of this succession will become tightly
controlled, as its maximum (1710–1715 Ma) and minimum (~1710 Ma) ages would be
effectively coincident.

An economic focus in the Olary Domain is the ‘Bimba suite’ – a thin, base-metal
prospective pyritic succession of carbonaceous schists, calcsilicates, marbles, and ironstones that
is transitional into the underlying ‘calcsilicate suite’. Because the ‘Bimba suite’ is widespread
and of such economic interest (correlated in general terms with the Ettlewood Calcsilicate
Member, base of Broken Hill Group) the age of deposition of this unit is an objective we will
continue to pursue.

Rocks of the ‘pelite suite’ overlie the ‘Bimba suite’ sediments. Our detrital zircon ages
for ‘pelite suite’ metasediments in the Mulga Bore traverse are ~1770 Ma and older –
effectively a mimic of the ‘quartzofeldspathic suite’ detrital ages. In the Mount Howden area,
however, ‘pelite suite’ rocks up succession from the Bimba mine include much younger detrital
zircons. They reveal not only the same complex provenance seen in the older ‘quartzofeldspathic
suite’, but also an additional younger component defined by a coherent array of detrital zircon at
1648±6 Ma. This zircon component is possibly from a reworked tuff. This part of the ‘pelite
suite’ was thus deposited no earlier than 1648±6 Ma ago, indicating that there is either a
structural discontinuity, a significant unconformity, or at least a ~50 million year depositional
break, between the ‘pelite suite’ and older rocks.

The fact that part of the ‘pelite suite’ in the Olary Domain is no older than 1648±6 Ma
invites possible correlation with the Sundown or Paragon Groups near Broken Hill. The Olary
succession between this 1648 Ma position in the ‘pelite suite’ and ‘quartzofeldspathic suite’
would have been deposited in the interval 1710 to 1650 Ma, and hence may contain direct
correlatives of the ~1690 Ma Broken Hill Group. This possibility, and the wider
geochronological connections that now emerge between these 1650-1700 Ma successions and
contemporary successions such as the Mount Isa Group and McArthur Group in northern
Australia, provide an age framework against which more advanced basin analysis and
metallogenic models can be considered.

What is the nature of the Tasmanian crust?

L.P. Black1, R.J. Korsch1, B.J. Drummond1, M.P. McClenaghan3, R. Varne4 and A.M. Fioretti5

This project, known as TASMAP (TASmanian Mapping Accord Project), has evolved
from TASGO, a project that was completed several years ago. TASGO was primarily based on
the acquisition of large geophysical (aeromagnetic and seismic) datasets, but also had a strong
geochronological component. Data from both disciplines identified a major geological issue,
which TASMAP is addressing.

Pre-Late Carboniferous Tasmania had been divided by Mineral Resource Tasmania
(MRT) into seven different strato-tectonic elements, on the basis of geological mapping and the
Aeromagnetic Map of Australia. Each element has a geological history and internal structure that
is at least partly unique. The defined elements are King Island, Rocky Cape, Dundas, Sheffield,
Tyennan, Adamsfield-Jubilee, and Northeast Tasmania. This sub-division poses a series of
questions. First, is it justifiable to represent this region by distinct elements?  If so, have they
always been in their present juxtaposition, do they represent the reassembled parts of what once
was a single terrane, or are they the aggregation of what were originally unrelated terranes? The
resolution of these questions is fundamental to a correct interpretation of the geological
evolution of Tasmania.
                                                
3 Mineral Resources Tasmania, Hobart
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Results produced during TASGO did not support the concept of seven fundamentally
different geological elements. For example, the deep seismic reflection data failed to identify any
significant differences between the six western elements, the lower crust for all of which is of
normal thickness. Although it demonstrated that the lower crust of the Northeast Tasmania
element is extended and thinned, this could have occurred, at least in part, in post-Palaeozoic
times. SHRIMP dating undertaken during TASGO was similarly unsuccessful in distinguishing
between the six western elements, which yielded relatively similar detrital zircon age patterns
(dominated by ~1700 to ~1800 Ma grains) for widely-separated Proterozoic sedimentary rocks.
Recent TASMAP results have shown (not surprisingly) that the Palaeozoic sedimentary
sequence of the Northeast Tasmania element has a dramatically different age pattern that is
dominated by younger (Late Neoproterozoic to Early Palaeozoic) zircon.

TASMAP is examining the reality of the different elements in more detail, by the
production of a new aeromagnetic dataset, and through the acquisition of further
geochronological and geochemical data. Granites are being specifically targeted, because they
offer an indirect opportunity to study the deep crustal regions from which they were derived.
Late Devonian to Early Carboniferous granites have been selected, in order to simplify data
interpretation, and because granites of that age are known to crop out in all but one of the
elements. The chemistry of these rocks will help constrain the composition of the granite source
regions. Their inherited zircon, mostly occurring as discrete cores enclosed by zircon that
crystallised from the Devonian-Carboniferous granitic magmas, is giving an indication of the age
of the rocks from which the granites were melted. Quite clearly, SHRIMP is the only suitable
means of accomplishing this task. So far, the inherited component in the western Tasmania
granites is yielding broadly similar age patterns to those of the detrital sedimentary rocks from
the same elements.

On completion, this study will have produced physical, chemical, and temporal
documentation of the deep crust below Tasmania, which will allow the nature of, and the
relationship between, the different geological elements to be more rigorously assessed.

The project is being extended to two other regions. First, it will examine the proposed
juxtaposition of northern Victoria Land (NVL), Antarctica, with Tasmania in the Gondwana
super continent. Two of the first NVL granites to be dated have yielded ages that are
significantly younger (by up to 100 million years) than those derived from Rb-Sr whole-rock
analyses. This is probably a consequence of incomplete homogenisation of the granite magmas,
resulting in an initial positive correlation between Rb/Sr and 87Sr/86Sr.

It has also been deduced that the rocks of the South Tasman Rise (STR) might be related
to both NVL and Tasmania. Careful selection of previously collected dredge samples from the
STR should allow this comparison to be tested.

Time calibration of Gondwana stratigraphy and environments

J.C. Claoué-Long1

An unrivalled opportunity to study a continuous record of deposition in the Cranky
Corner Basin of northern NSW has been provided by the NSW Department of Mineral
Resources, which drilled a stratigraphic hole and retrieved a continuous core penetrating the
Permian coal measures and the underlying late Carboniferous sediments. The opportunity is
important because, during the late Carboniferous and early Permian, Australia lay close to the
South Pole on the margin of Gondwana. The low diversity, cold-climate fossil faunas are
endemic to polar Gondwana and difficult to correlate, even between marine sediments and their
local continental glacigene equivalents. More distant correlations to the equatorial stratigraphies
preserved in Europe and Russia are controversial, so comparisons between the major continental
masses of Gondwana and Laurasia lack precision in the timing of geological events and
processes.
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The 500m core records a complex clastic sequence in continental, deltaic and shallow
marine environments, in which abundant volcaniclastic detritus indicates reworking of material
on the margin of an active volcanic terrain. There are also 15 horizons which may be primary
pyroclastic deposits (as distinct from reworked materials), varying from a partly-welded
ignimbrite to several units less than 1cm thick. These offer potential for numerical age control,
because the crystallisation age of their components will approximate the age of deposition.
Many of them are very thin or loosely consolidated, and so unlikely ever to be found in surface
outcrops, emphasising the unique value of the continuous record in the drillcore. In addition to
geochronology, a multi-discipline team has cooperated in sampling the core for palaeontology,
palynology, palaeomagnetic signatures, organic and inorganic geochemistry, reflectance and
fluorescence, heat conductivity, stratigraphy, and studies of depositional environments.

All of the volcanics have suffered alteration processes, and zircon is the only mineral
preserved that is suited to isotopic dating. The SHRIMP microbeam method of zircon analysis
has been essential to dating the zircons because, with samples restricted to half-core of units  as
thin as 1cm, the quantity of zircon crystals available was small. Also, many of the zircon
populations included grains inherited from previous magmatism, in addition to the eruption-age
crystals, and it was vital to distinguish these with replicate within-grain probing. In preparation
for isotopic analysis, up to four samples were co-mounted on an individual SHRIMP mount, so
that they could be probed together under the same operating conditions. By this means, relative
ages at key levels within the drillcore have been established independently from the SHRIMP
zircon standard (which is needed to link ages obtained in different probing sessions).

The net result of this effort is 9 ages measured in the range between 306Ma and 286Ma
linked in continuous sequence with detailed geological and palaeontological information, and
straddling the cold climate deposition from the late Carboniferous into the early Permian.
Relative ages within the core are independent from the laboratory standard, and absolute age
precisions approach the 1% level. The stratigraphically lowest age is for the Mt Durham Tuff, a
distinctive and geographically widespread unit, and provides a direct age reference for a marker
used in mapping the glacigene Seaham Formation. Above that, the timing of deposition is shown
to be sharply episodic, with a 13Ma hiatus intervening above Carboniferous shallow-marine and
fluvial deposits, and before the onset of Permian delta sedimentation with coal swamps. These
Gondwana environments and their associated palaeontology now have a direct calibration in
numerical time. The resolution of these stratigraphic timing issues points up the unique
capabilities of SHRIMP in dating problems not approachable by other dating techniques, and
the value of integrating SHRIMP geochronology with wider multi-discipline projects.

Lead isotope model ages and base-metal mineralisation events in the Whim Creek and
Mallina Basins of Western Pilbara

S-s. Sun1, D.L. Huston1  and R.H. Smithies6

The ca. 3000 Ma Whim Creek Belt lies in the central to western part of the granite-
greenstone terrane of the Archaean Pilbara Craton, northwestern Western Australia. This belt
hosts significant Cu-Zn±Pb deposits at Whim Creek, Mons Cupri and Salt Creek.
Lithostratigraphic studies and SHRIMP zircon U-Pb geochronological data suggest that the
volcano-sedimentary rocks of this belt either correlate directly with, or immediately underlie, the
sedimentary rocks of the adjacent and regionally extensive Mallina Basin.

There are no absolute geological ages for the mineralising events that formed base metal
deposits in the Whim Creek and Mallina Basins, due to of a lack of suitable material for accurate
isotopic dating. We must necessarily rely on Pb isotope model ages of galena samples and Pb-
rich gossan from the base metal deposits.
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Pb-isotope model ages are particularly effective for the early Archaean because mantle
convective mixing processes were more effective, and there had been less time for the continental
crust to perturb U-Pb systematics of the source regions. To “fine-tune” Pb model ages we have
adopted the approach of using a “local control-point” for fine-tuning.  In this case we have
used the Panorama VHMS deposits of the Strelley Volcanics of the central Pilbara Craton,
which yield a precise zircon U-Pb age of 3238 ±4 Ma for the host rock. The single-stage Pb
evolution model of Thorpe (1990) developed for the Archaean Western Superior Province of
Canada also works quite well for the Pilbara. For example, this model gives 3469 Ma for the Big
Stubby ore of the eastern Pilbara Craton, which has a precise zircon U-Pb age of 3465±3 Ma
for the host rock, and the model gives 3245 Ma for the Panorama VHMS deposit. Furthermore,
using the Panorama lead as a control-point we have obtained very similar model ages using
Cumming and Richards (1975) model of progressive increase of µ value in the source region.

The double-spike method has been used to obtain very precise Pb isotope compositions.
New lead-isotope model ages of base-metal mineralisation in the Whim Creek and Mallina
Basins fall into two groups: (1) a nominally younger group (2920–2933 Ma) that includes a
series of  quartz-galena vein deposits, the Mons Cupri deposit, and the ACL prospect (near Salt
Creek); and (2) a nominally older group (2942–2948 Ma) that includes the Salt Creek, Whim
Creek and Egina deposits. We tentatively suggest that mineralisation in the Whim Creek Belt
relates to two separate events that can be correlated with felsic magmatism throughout the
Mallina-Whim Creek Basin. The younger event clearly post-dates sedimentation and nominally
corresponds to the intrusion of the Bookingarra Granite (2925±4 Ma), the youngest phase of
the Caines Well Granitoid Complex. The older event nominally corresponds to the intrusion of
the Portree Granitoid Complex (2946±6 Ma) and the Peawah Granodiorite (2948±5 Ma), and
to D2 deformation.

Although the Thorpe model appears to work well in the east and central Pilbara Craton, it
may not be fully appropriate for the west Pilbara Craton, due to a different crustal evolution
history. In principle, a control point based on an independent dating technique in the west
Pilbara Craton is required to test the validity of Thorpe’s model. This uncertainty in model ages
has greatest significance for the Mons Cupri deposit which, if a VHMS model is accepted,
would be the same age or slightly older than the nearby Whim Creek deposit, even though the
model age for Mons Cupri (2921 Ma) is ca. 27 million years younger.

The Egina (2942 Ma) deposit in the Mallina Basin appears to occur in a stratigraphically
equivalent position to the Whim Creek and Salt Creek deposits of the Whim Creek Basin. If
such a correlation is valid the Mallina Basin should also be considered highly prospective for
Cu-Zn±Pb deposits. Numerous minor base metal deposits in the Mallina Basin are similar to
deposits of the Whim Creek Belt, which strongly supports this view.

Some regional implications of new geochronological constraints from the Tennant Creek
and Arunta Inliers, central Australia.

K.J. Hussey7, J.B. Smith1 and N. Donnellan7

NTGS and AGSO recently commenced a geochronology project to further investigate
structural and stratigraphic relationships and correlations within and between the Arunta and
Tennant Creek Inliers. The first samples to be dated document a newly recognised 1805 Ma
period of igneous activity in the northern-most Arunta Inlier. This suggests that folding in the
Davenport province is older than previously thought, broadly confirms correlations between
units in the Davenport province, and precludes previously suggested correlations between the
southern and northern Tennant Creek Inlier.

The Strzeleckie Volcanics were selected to test the stratigraphic link with the Wauchope
Subgroup in the main part of the Davenport province. SHRIMP U-Pb dating of zircons from an
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ignimbrite near the base of the Strzeleckie Volcanics indicates it erupted at 1819 ± 9 Ma. This
confirms the ignimbrite is broadly contemporaneous with other dated extrusive igneous rocks
within the Wauchope Subgroup, and high-level felsic sills in the Davenport province, although
the Treasure Volcanics, upper Ooradidgee Subgroup, is also similar in age. In the extreme north
of the Davenport province only volcaniclastic sedimentary rocks are present in this stratigraphic
interval. It therefore appears that subaerial felsic igneous activity at around 1820 Ma was
concentrated in the southern parts of the Davenport province. Another implication is that the
lithostratigraphic correlations between the Davenport province and the northern-most Tennant
Creek Inlier are not correct. A maximum age of ~1784 Ma for a basal unit of the Tomkinson
Creek Subgroup in the northern Tennant Creek Inlier shows that this subgroup is much younger
than the 1820 Ma Wauchope Subgroup.

Two granite samples appear to constrain the age of regional deformation in the Barrow
Creek Sheet area. The medium- to very coarse-grained porphyritic and enclave-bearing
Ooralingie Granite shows a well developed subvertical foliation and is clearly intruded by the
relatively undeformed Bean Tree Granite. These granites are part of the Barrow Creek Granitic
Complex which intrudes greenschist to lower amphibolite facies Bullion Schist. SHRIMP U-Pb
dating of zircons from the Bean Tree and Ooralingie Granites indicates magmatic ages of 1803
± 6 Ma and 1809 ± 5 Ma, respectively. The closeness of these ages suggests that the Ooralingie
Granite was probably syn-tectonic, and the Bean Tree Granite immediately post-tectonic, with
respect to the same tectono-magmatic event. The northwest-trending foliation in the Ooralingie
Granite is pervasive, and of similar metamorphic grade to the country rocks. Further, the
foliation appears to parallel the trend of large-scale folds in the central-northern Barrow Creek
Sheet area. It therefore seems plausible that the Ooralingie Granite, Bullion Schist and the
Ooradidgee and Wauchope Subgroups were deformed immediately prior to emplacement of the
Bean Tree Granite. Thus, large-scale upright folding in the Davenport province appears to have
occurred around 1805 Ma.

Geochemical characteristics of ca 3.0-Ga Cleaverville greenstones and later mafic dykes,
west Pilbara: implication for Archaean crustal accretion

Shen-su Sun1 and  A.H. Hickman6

In the Cleaverville area (west Pilbara) greenstones with mid-ocean-ridge basalt (MORB)
affinities (Regal Formation), and ~3020-Ma felsic volcanic rocks (Cleaverville Formation) with
relatively young Nd TDM model ages (3110–3210 Ma), apparently represent juvenile crust. These
rocks have depositional ages of ≥3020 Ma (Cleaverville Formation) and ≥3050 Ma (Regal
Formation). Within 20 km of the west Pilbara coast, the Regal Formation stratigraphically
underlies the Cleaverville Formation (mostly chert-banded iron formation (BIF) and clastic
rocks). Except where faulted, as at Cleaverville, the contact is conformable or disconformable. At
its base the Regal Formation is in tectonic contact with the 3260-Ma Nickol River Formation,
Ruth Well Formation, and Karratha Granodiorite. The age of the Regal Formation is loosely
constrained between 3020 and 3260 Ma.

New geochemical data confirm the MORB-like features of the Cleaverville greenstones.
They show good consistency in Nb/Th (7–8), Nb/La (0.7–0.9) and slightly light REE depleted
patterns. All samples have slight Nb depletion relative to La, and Th enrichment relative to Nb.
This relative Th enrichment is an atypical MORB character. It might be an alteration effect, like
Ba, or the product of crustal contamination during extrusion through thin felsic crust.
Alternatively, it might be due to quicker recycling of crustal material through a subducted zone
back into the hotter convecting Archaean upper mantle, which is the source region of MORB.
These MORB-like Cleaverville samples have initial εNd values of +1.0 to +2.5 at 3150 Ma,
similar to other early Archaean greenstones.

A northeast-trending mafic dyke intruding the MORB-like basalts is characterised by
pronounced light REE and Th enrichment and Nb depletion. These features are identical with
~2.95-Ga high-magnesian basalts of the Louden Volcanics and Mount Negri Volcanics, which
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crop out in the Whim Creek belt on the other side of the Sholl Shear Zone. One sample from the
mafic dyke has an initial εNd value of -1.5 at 2.95 Ga. This is similar to samples of the Louden
and Mount Negri Volcanics, which have initial εNd values of about -2.0 at 2.95 Ga. These
values are considerably lower than that (~+3) of the depleted mantle at that time and the
Cleaverville greenstones. A reasonable explanation for this low initial εNd, and for Nb depletion
and Th and Ba enrichment of the Cleaverville dolerite dyke and Louden and Mount Negri
Volcanics, is that their mantle source was contaminated by sediments derived mainly from
~3250-Ma source rocks in the region. However, an island-arc or cordilleran environment is not
essential for the generation of these basalts; rather, many basalts originating in an intraplate
environment could have had their mantle source regions modified by prior subduction
processes. A closer examination of all pertinent geological information and an integrated
interpretation of the data of the Whim Creek Belt and Mallina Basin might reveal the evidence
for such processes.

Our new geochemical data support the view that the Regal Formation represents MORB-
like oceanic crust. Away from the Cleaverville-Karratha area, the Regal Formation is not as
structurally complex, and evinces no stratigraphic repetition with the overlying BIF–chert
succession of the Cleaverville Formation. Only at Cleaverville is there sufficient structural
complexity to make a case for some type of accretionary complex produced by subduction of
the oceanic crust at a continental margin, as suggested by Ohta et al. (Lithos 37, 199–221,
1996). One of us (Hickman, in preparation) believes that there are regional problems with this
interpretation. Further to the southeast: the Regal Formation (with MORB-like basalts) has been
thrust across the 3260-Ma units, indicating obduction rather than subduction. Moreover, the
Cleaverville Formation does not appear to be an oceanic deposit. Sugitani et al (1996) presented
chemical and sedimentological evidence that the BIF of the Cleaverville Formation was deposited
in a shallow-water to evaporitic environment, possibly a marginal sea, with nearby felsic volcanic
centres supplying ash. Also, recognition that the Cleaverville Formation occurs at localities 30
km and 100 km southeast of Cleaverville (Hickman, 1997), precludes this unit being regionally
allochthonous.
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