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Abstract  we used teleseismic Rayleigh waves recorded by three recent broadband seismic arrays in
southern Australia to develop a shear wave velocity model of the South Australian Craton from the lower crust
to 250 km depth and compare this with isotope data, xenolith data, and 3D mantle resistivity structure. At
~T75-150 km depth, the seismic expression of cratonic core lithosphere encompasses the eastern Gawler Cra-

ton, Curnamona Province, and intervening Adelaide Superbasin north of ~33°S. The inference of contigu- Tara Nye

ous cratonic lithospheric mantle between the Gawler Craton and Curnamona Province may have implications i

for models of Rodinia breakup. Cratonic core lithospheric mantle is modelled as terminating substantially | ~4~\25<25
une4,

inboard of the conventionally-defined western margin of the Gawler Craton, but extending southward and
northeastward beyond the conventionally-defined Curnamona Province boundary. Geophysical signatures
of cratonic core lithospheric mantle are absent under the southern Eyre Peninsula, possibly related to the
Jurassic-Cretaceous separation of Australia and Antarctica. At depths >150 km, the deep cratonic keel is re-
stricted to the eastern Gawler Craton and southern Curnamona Province. Major iron oxide-copper-gold (I0CG)
deposits of the eastern Gawler Craton (e.g., Olympic Dam) and Curnamona Province reside above the seismi-
cally fastest lithospheric mantle in the region. This seismic signature might provide a useful precompetitive
vector for I0CG prospectivity mapping.
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1 Introduction ern Australia (e.g., Fichtner et al., 2010; Fishwick and

Rawlinson, 2012; Kennett et al., 2012; Yoshizawa, 2014;

The South Australian lithosphere serves as an archive
for over three billion years of Earth’s evolution (e.g.,
Myers et al., 1996; Huston et al., 2012). This his-
tory includes the formation of an Archean cratonic
core, lithospheric-scale Proterozoic reworking, a ma-
jor mineralising event that produced world-class iron
oxide-copper-gold (IOCG) deposits, Neoproterozoic rift-
ing that produced basins in excess of 10 km thick, and
most recently the Mesozoic rifting of Australia from
Antarctica (e.g., Hand et al., 2007; Reid and Hand, 2012).

Seismic velocity is sensitive to temperature and bulk
composition, thus velocity variations can be used to
map lithospheric architecture (e.g., older, depleted ver-
sus younger, fertile domains in the lithospheric man-
tle). Continental-scale seismic tomography models
of the Australian lithosphere have thus illuminated
the contrast between the thick, seismically fast litho-
sphere of Precambrian western Australia and the thin-
ner, seismically slower lithosphere of Phanerozoic east-
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Yoshizawa and Kennett, 2015; Sun and Kennett, 2016;
Weietal., 2018; de Laat et al., 2023; Magrini et al., 2023).
However, the hitherto sparse and uneven distribution
of broadband seismic stations across southern Australia
means thatlithospheric mantle structure is reliably con-
strained only at a length scale of ~3° and greater (e.g.,
Kennett et al., 2012). Higher resolution regional tomog-
raphy models are key to progressing understanding of
the detailed internal configuration of both Precambrian
and Phanerozoic Australia, and hence continental evo-
lution and corollaries such as mineral potential.

In this study, we used teleseismic surface waves
recorded on three recently deployed temporary dense
broadband seismic arrays to develop Rayleigh wave
phase velocity maps of southern Australia at periods
20-167 s, and in turn, a vertically-polarised shear wave
velocity (Vsy) model of the South Australian Craton
from the lower crust to 250 km depth. Using the proxy
of anomalously elevated Vsy values in the lithospheric
mantle, we map the deep core of the South Australian
Craton and compare our model with isotope data, xeno-
lith data, and 3D mantle resistivity structure from mag-
netotelluric (MT) data.
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2 Tectonic Framework

The North, West, and South Australian cratons are
the nuclei of Precambrian Australia. In turn, the
Gawler Craton and Curnamona Province are the nu-
clei of the South Australian Craton (e.g., Myers et al.,
1996). The Gawler Craton is largely comprised of Paleo-
to-Mesoproterozoic rocks encasing a late Archean core
(e.g., Hand et al., 2007; Reid and Hand, 2012). The
southern edge of the Gawler Craton is defined by
the continental margin developed during the Jurassic-
Cretaceous separation of Australia and Antarctica, but
the craton’s western margin (which abuts the mid-
Neoproterozoic-Early Paleozoic Officer Basin), north-
ern margin (which abuts the Meso-Neoproterozoic Mus-
grave Province), and eastern margin (which abuts
the Neoproterozoic-Middle-Cambrian Adelaide Super-
basin) are obscured by sedimentary cover and are less
defined (e.g., Preiss et al., 1993; Preiss, 2000; Wade et al.,
2008; Reid and Hand, 2012; Lloyd et al., 2020b; Agrawal
et al., 2022). The Paleo-Mesoproterozoic Curnamona
Province, which protrudes into the Phanerozoic ter-
ranes of eastern Australia, is distinguished by its near-
circular expression in aeromagnetic data (e.g., Williams
et al., 2009). Intermittent exposures of the crystalline
basement underlying the Adelaide Superbasin show ge-
ological affinities to parts of the Gawler Craton and Cur-
namona Province, supporting their former juxtaposi-
tion (e.g., Szpunar et al., 2007; Morrissey et al., 2013).

2.1 Mineralisation

The major mineralising interval in the Gawler Craton
occurred at ca. 1595-1575 Ma and involved the for-
mation of the IOCG deposits of the Olympic Cu-Au
Province, including the namesake Olympic Dam de-
posit, as well as related IOCG deposits in the Curnamona
Province (e.g., Skirrow et al., 2007; Hand et al., 2007,
Reid, 2019), and some gold-dominated mesothermal de-
posits of the Central Gawler Gold Province (e.g., Budd
and Skirrow, 2007; Skirrow et al., 2007; Hand et al., 2007,
Reid, 2019). IOCG mineralisation was contemporane-
ous with the widespread bimodal volcanic and intru-
sive activity associated with the Gawler Range Volcanics
and Hiltaba Suite. Geological and temporal similari-
ties between the Gawler Range Volcanics and Hiltaba
Suite in the Gawler Craton, and the Benagerie Volcanic
Suite and Ninnerie Supersuite granites in the Curna-
mona Province, respectively, suggest that the igneous
suites comprise a formerly contiguous large igneous
province, linking Cu-Au mineralisation in the Curna-
mona Province with the Olympic Cu-Au Province (e.g.,
Wade, 2011; Wade et al., 2012; Armistead et al., 2018;
Jagodzinski et al., 2023).

3 Lithospheric Architecture and 10CG
Formation

IOCG deposits were recognised as a new deposit type
in the mid 1980s to early 1990s, but the extreme di-
versity of deposits has hindered formalisation of an
agreed set of defining characteristics (e.g., Groves et al.,
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2010; Skirrow, 2022; Groves and Santosh, 2023). In
terms of lithospheric architecture, Groves et al. (2010)
note that world-class to giant Precambrian IOCG de-
posits are located close to the margins of Archean
or Palaeoproterozoic cratons and suggest that partial
melting of previously metasomatised subcontinental
lithospheric mantle provides a magmatic-hydrothermal
fluid source. Others have similarly commented on the
role of a primed, metasomatised subcontinental litho-
spheric mantle, but differed in inferences of geody-
namic context. For instance, Hitzman et al. (1992) refer-
ence spatial and temporal association with extensional
tectonics for Precambrian IOCG formation, and Groves
et al. (2010) suggest that mantle plumes might play a
role. In the case of the Gawler Craton, Betts et al.
(2009) suggest that migration of the craton and adja-
cent subduction zone over a mantle plume ultimately
facilitated Mesoproterozoic IOCG formation, while Skir-
row et al. (2018) suggest foundering of thickened, pre-
viously metasomatised lithospheric mantle to be the
driver. Skirrow (2022) recently proposed an enhanced
classification of IOCG deposits, but in terms of set-
ting, again cites the role of previously metasomatised
lithospheric mantle and emphasises that major IOCG
provinces globally are preferentially located at or near
craton margins. Constraining the lithospheric structure
of the South Australian Craton provides essential con-
text for interpreting the tectonic and metallogenic evo-
lution of the Gawler Craton and Curnamona Province.

4 Seismic Arrays

The transportable SKIPPY broadband seismic array,
which moved across Australia in the mid 1990s with a
station spacing of ~400 km, represented the first de-
liberate, systematic effort to unveil the 3D lithospheric
seismic architecture of an entire continent (van der
Hilst et al., 1994; Zielhuis and Hilst, 1996). Since then,
various temporary seismic arrays have offered progres-
sive enhancements in resolution. With regard to south-
ern Australia, these have included linear broadband
transects (e.g., BILBY, MARLA; Sippl, 2016; Liang and
Kennett, 2020), sparse broadband arrays (e.g., SOC, TAS-
MAL, ASR) and the patchwork of dense, regular arrays
of short-period instruments comprising the WOMBAT
experiment (e.g., Rawlinson et al., 2014). The tempo-
rary arrays have been supplemented by backbone per-
manent stations of the Australian National Seismic Net-
work and Australian Seismometers in Schools program.

Seismic coverage across South Australia has been en-
hanced in recent years by the Lake Eyre Basin, AusAr-
ray SA, and SNAKEY seismic arrays (Figure 1). The
2018-2022 Lake Eyre Basin array (Eakin, 2019) consisted
of 22 Nanometrics Trillium Compact 120 s broadband
sensors and 18 Lennartz Electronic LE-3Dlite 1 Hz short-
period sensors arranged in a triangular configuration
around Kati Thanda-Lake Eyre. The 2020-2022 AusAr-
ray SA seismic array (O’'Donnell et al., 2020) consisted
of 28 Trillium Compact 120 s sensors and 10 Trillium
Compact 20 s sensors arranged in a regular grid with
~0.5° spacing across the eastern-central Gawler Craton.
The 2023-2025 Seismic Network Around Kangaroo Eyre
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Figurel Simplifiedsolid geology map of the Gawler Craton and Curnamona Province, the nuclei of the South Australian Cra-
ton. Lime green dots show the locations of significant iron oxide-copper-gold (I0CG) deposits of the Olympic Cu-Au Province
(OP); olive green dots show the locations of significant IOCG deposits of the Curnamona Province (CP); yellow dots show the
locations of significant gold deposits of the Central Gawler Gold Province (CGGP). Diamond symbols show the locations of
the permanent and temporary broadband seismic stations used in this study.

Yorke (SNAKEY; Caroline M. Eakin and Robert Pickle,
2023) uses 12 Trillium Compact 120 s and eight Trillium
Compact Posthole 120 s sensors. These three arrays all
record three-component data at 100 samples per sec-
ond.

ing high-fidelity seismological Earth models (e.g., Ev-
ernden, 1953; Capon, 1970; Lay and Kanamori, 1985;
Woodhouse and Wong, 1986; Friederich et al., 1994;
Laske, 1995; Spetzler et al., 2001; Forsyth and Li, 2005).
Motivated by observations reminiscent of wave interfer-
ence across regional seismic arrays, Forsyth et al. (1998)
cast the wavefield as the superposition of two interfer-
ing plane waves. With the caveat that the validity of
the plane wave assumption depends on the array aper-
ture, this modelling approach demonstrably improved

5 Two-Plane-Wave Tomography

Accounting for off-great-circle path propagation and
multipathing of surface waves is necessary in develop-
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Figure 2 (a) Geographic distribution of the 142 earthquakes used in this study; (b) raw vertical-component seismogram
from AusArray SA seismic station DOGFM (top) capturing a February 4th 2022 magnitude 6.3 Southeast Indian Ridge earth-
quake (starin (a)). Predicted arrival times of compressional (P) and shear (S) body waves according to the AK135 Earth model
(Kennett et al., 1995) are marked, after which follows the larger amplitude Rayleigh wave. The dispersive nature of Rayleigh
waves - the dependence of wave velocity on frequency - is made explicit by filtering the raw seismogram into 13 x 10 mHz
wide frequency bands with centre periods ranging from 20 to 167 s; (c) sensitivity kernels of fundamental mode Rayleigh
wave phase velocities to shear wave velocity structure at periods 20, 29, 40, 67, 100 and 143 s calculated for the AK135 Earth
model; the sensitivity kernels peak deeper, are broader and heavier tailed as the period increases; (d) Number of seismo-
grams yielding viable Rayleigh wave phase velocity measurements as a function of period to constrain the tomography; (e)
Reference Rayleigh wave phase velocity dispersion curve for southern Australia derived by merging 1D average curves for
southern Australia (3-20 s; O’Donnell et al., 2023) and continental Australia (4-200 s; Magrini et al., 2023); (f) trade-off curves
illustrating the selection of optimal smoothing and damping regularisation for the 25 s period Rayleigh wave phase velocity
tomography. Each curve represents the trade-off between model damping - the permitted deviation from a starting model -
and data fitting for a given model smoothing length scale. We concluded that a damping value of 0.4 and smoothing length
scale of 70 km (blue star) represented a good compromise between data fitting and model complexity. All phase velocity
models subsequently displayed were determined using this regularisation.
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data fitting relative to single plane wave representations
(e.g., Li et al., 2003). So-called two-plane-wave tomog-
raphy has since usefully illuminated lithospheric struc-
ture across diverse tectonic settings (e.g., Weeraratne
et al., 2003; Yang and Forsyth, 2006b; Harmon et al.,
2009; O’Donnell et al., 2019).

We applied the two-plane-wave method to fundamen-
tal mode Rayleigh waves recorded on the Lake Eyre
Basin, AusArray SA, SNAKEY, Australian National Seis-
mic Network, and Australian Seismometers in Schools
arrays over the period August 2019 to September 2023.
To garner good quality waveforms for analysis, we
screened earthquakes with magnitudes > 6.0 occurring
within the epicentral distance range 25° < A < 60° of
the composite seismic array. If multiple earthquakes
clustered in space and time (i.e., a mainshock and af-
tershocks), we screened only the mainshock. Following
instrument response deconvolution, a visual perusal of
vertical-component record sections in four filter bands
(full bandwidth; 25-50 s; 50-100 s; 100-125 s) was used
to identify candidate earthquakes yielding high signal-
to-noise ratio Rayleigh waves. The lower magnitude
threshold was subsequently iteratively reduced to 5.1
to secure improved azimuthal earthquake illumination
from the spreading ridges west and south of Australia.
Of many hundreds of earthquakes screened, 142 were
ultimately earmarked for tomography (Figure 2a).

For each of these earthquakes, the vertical-
component seismograms were filtered into 13 x 10
mHz wide frequency bands with centre periods rang-
ing from 20 to 167 s using a zero-phase-shift, four-pole
Butterworth filter centred at the period of interest
(Figure 2b). For each earthquake, a window was then
manually defined at each period to isolate the fun-
damental mode Rayleigh waves from other seismic
phases. The morphological similarity of teleseismic
waveforms across an array was exploited to remove
from consideration poor quality Rayleigh waves: at
each period, only those Rayleigh waves from stations
yielding cross correlation coefficients > 0.8 against a
‘template’ Rayleigh wave from a high-quality station
- typically a permanent Australian National Seismic
Network station — were selected for further analysis. A
final visual screening of all individual Rayleigh waves
rectified a small percentage of waveforms we consid-
ered to have been erroneously included or discarded
by the cross-correlation analysis.

Being predicated on the assumption of planar wave
fronts, the validity of two-plane-wave tomography
varies inversely with the geographic extent of a seismic
array. As circumvention, we subdivided the expansive
composite array into two sub-arrays approximately en-
compassing the northern and southern portions of the
state of South Australia. In this scheme, a given earth-
quake is effectively treated as two separate earthquakes,
both incident on the individual sub-arrays. A reference
1D Rayleigh wave phase velocity dispersion curve for
southern Australia (Figure 2e) derived by merging 1D
average curves for southern Australia (periods 3-20 s;
O’Donnell et al., 2023) and continental Australia (pe-
riods 4-200 s; Magrini et al., 2023) provided starting
values for the 2D two-plane-wave phase velocity inver-

5

sions. Following Yang and Forsyth (2006a), finite fre-
quency sensitivity kernels were used to represent the
sensitivities of Rayleigh wave phases and amplitudes
to structure. Trade-off analysis was used in the selec-
tion of optimal regularisation for the tomography; we
concluded that a damping value of 0.4 and smoothing
length scale of 70 km represented a good compromise
between data fitting and model complexity (Figure 2f).

6 Rayleigh Wave Phase Velocity Maps

In the 2D two-plane-wave tomography, at each period
the isotropic Rayleigh wave phase velocity variations
best explaining the observed phase and amplitude vari-
ations between stations were inferred on a grid with a
node spacing of 0.25° spanning southern Australia.

Figure 3 shows the inferred 2D Rayleigh wave phase
velocity uncertainty, calculated from the covariance
matrix, at a selection of periods. As expected, the un-
certainty is least where the concentration of seismic sta-
tions is greatest and increases toward the model periph-
ery. Superimposed is a trend of increasing uncertainty
with increasing period because the lengthening wave-
length of the Rayleigh waves decreases spatial resolu-
tion. Given the difficulty in quantifying the uncertainty
of the antecedent seismograms, coupled with our adop-
tion of a particular starting model and regularisation in
the tomography, we emphasise that the inferred uncer-
tainty has more meaning in a relative rather than abso-
lute sense.

Companion Figure 4 shows the resolving capability of
the inversion. As expected, the patterns mirror that of
the phase velocity uncertainty maps: resolution is best
where the concentration of seismic stations is greatest,
and naturally degrades with increasing period as wave-
lengths lengthen. The latter is hastened by the progres-
sively decreasing number of seismograms constraining
the two-plane-wave tomography at periods >100 s (Fig-
ure 2d). Within the region enclosed by the red polygon,
the resolution matrix indicates that the morphology and
amplitude of velocity anomalies of length scale 1.5° and
greater are faithfully imaged at 25 s period. At 125 s
period, meanwhile, structure of length scale > 2° is re-
solved, albeit with more anomaly amplitude diminution
and smearing relative to shorter periods.

Figure 5 shows the Rayleigh wave phase velocity maps
inferred by two-plane wave tomography for a selection
of periods. We defer discussion of structure to the more
readily-interpretable shear wave velocity model.

7 Shear Wave Velocity Model

We next inverted the phase velocity maps to derive a
pseudo 3D shear wave velocity model of southern Aus-
tralia. The sensitivity of fundamental mode Rayleigh
wave phase velocities to shear wave velocity structure
(e.g., Figure 2c) facilitates the development of shear
wave velocity models. To this end, we extracted a suite
of 2253 ‘local’ Rayleigh wave phase velocity dispersion
curves from the 2D Rayleigh wave phase velocity maps
by sampling the maps at regular geographic 0.2° grid in-
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Figure 3 Rayleigh wave phase velocity model uncertainty at a selection of periods. The tomography grid node locations
are superimposed on the 25 s map. Seismic station locations are shown as triangles on all other maps.

tervals. Each local dispersion curve was then inverted algorithm Bayhunter (Dreiling and Tilmann, 2019; Dreil-
for 1D vertically-polarised shear wave velocity (Vsy) ing et al., 2020) to obtain a distribution of 1D Vgy pro-
structure at the grid location, and the ensemble of 1D files consistent with the dispersion data. The search
Vsy profiles combined to yield a pseudo 3D Vgy model space encompassed the depth range 0-400 km, a Vgy
of southern Australia to 250 km depth. range of 2.8-5.5 km/s and a Vp/Vs range of 1.7-1.8,

with the number of layers invoked to explain the dis-

For each local dispersion curve, we used the Markov . . .
persion data permitted to vary from 1-30, subject to a

chain Monte Carlo transdimensional Bayesian search
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Figure 4 Rayleigh wave phase velocity model resolution at representative periods of 25 s (top row), 50 s (middle row) and
125 s (bottom row). We present the resolution matrix multiplied by checkerboard patterns of phase velocity anomalies of
wavelength 1.5°, 2.0°, 2.5° and 3.0° plus random gaussian noise. 100% represents complete amplitude recovery of posi-
tive/negative velocity anomalies. Seismic station locations are shown as triangles. We confine our subsequent discussion of

imaged structure to the region enclosed by the red polygon.

minimum layer thickness of 1 km. Moho depths were
initialised to be within + 5 km of the Australian Moho
model (Kennett et al., 2023), but the algorithm was free
to subsequently explore values outside this range. For
each proposed 1D Vg model, the corresponding dis-

persion curve was calculated using the Computer Pro-
grams in Seismology routine SURF96 (Herrmann, 2013).

To ensure broad exploration of the model space, we
ran the Monte Carlo search for 300,000 iterations and
100 independent chains. The first 200,000 iterations
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Figure5 Rayleigh wave phase velocity model at a range of periods. Tailored scale bars are used at each period to emphasise
lateral velocity variations. Regions of higher uncertainty and lower resolution are masked. Seismic station locations are

shown as triangles.

were discarded as burn-in with the remaining 100,000
constituting the exploration phase. Chains which failed
to converge were declared outliers and discarded. Each
final 1D posterior Vgy distribution was built from 10,000
models of the exploration phase sub-sampled from all
non-outlier chains. Figure 6 shows inferred Vgsy pro-

files for grid node locations in the vicinity of Tunkillia
gold deposit in the central Gawler Craton; Olympic Dam
IOCG-deposit in the Olympic Cu-Au Province along the
eastern Gawler Graton; Hillside IOCG-deposit at the
southern end of the Olympic Cu-Au Province; and Bro-
ken Hill in the Curnamona Province.
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Figure 6 Observed and modelled Rayleigh wave phase velocity dispersion curves (top) and corresponding inferred
vertically-polarised shear wave velocity Vgy profiles (bottom) for Tunkillia gold deposit in the Central Gawler Craton Gold
Province; Olympic Dam IOCG-deposit in the Olympic Cu-Au Province at the eastern Gawler Graton margin; Hillside 10CG-
deposit at the southern end of the Olympic Cu-Au Province; and Broken Hill in the Curnamona Province (see Figures 1, 7
and 8 for locations). In the Vgy profiles, the solid green line is the mean of the posterior Vgy distribution; the dashed blue
line is the median; and the grey area outlines lower and upper standard deviation bounds. Note the slight perturbation in
uppermost mantle Vgy structure for the node in the vicinity of Olympic Dam. Upper-to-mid crustal structure is not well con-
strained by our phase velocity period range and should not be interpreted.

Of the 2253 grid nodes, we discarded 12 for which
the search failed to converge. The ensemble of 2241
inferred 1D Vgsy profiles were gridded to generate a
pseudo 3D Vg model of southern Australia to 250 km
depth. Figures 7 and 8 show horizontal slices through
the model at a range of depths from 30 to 225 km. Fig-
ure 9 shows vertical slices along six profiles.

8 Discussion

8.1 The Moho

Accurately mapping the Moho using surface waves
alone can be challenging because of the trade-off be-
tween Moho depth and crust and mantle shear wave ve-
locities, especially in the absence of prior and/or inde-
pendent constraining information (e.g., Lebedev et al.,
2013). We determined that our iso-velocity Vg, = 4.1
km/s surface yielded a maximum concordance with the
ensemble of data contributing to the latest iteration of
the Australian Moho model (Kennett et al., 2023), and
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hence adopted this iso-velocity surface as diagnostic of
the Moho (Figure 7). The Moho model is characterised
by depths in the ~40-45 km range, with ~40 km thick
crust underlying the inferred core of the South Aus-
tralian Craton. However, we acknowledge some signifi-
cant deviations from, for instance, individual receiver
function inferences, and refer the reader to Agrawal
et al. (2023) and Kennett et al. (2023) for more detailed
consideration of crustal thickness across South Aus-
tralia. We next examine lithospheric mantle structure.

8.2 The lithospheric mantle seismic struc-
ture of the South Australian Craton

AK135 Earth model (Kennett et al., 1995) isotropic shear
wave velocities are ~4.5 km/s at lithospheric mantle
depths. Shear wave velocities elevated beyond this are
considered characteristic of geochemically-depleted,
cold cratonic lithosphere (e.g., Eaton et al., 2009, and
references therein), with iso-velocity surfaces defined
by percentage perturbations above reference models
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Figure7 Horizontalslicesthrough the pseudo 3D vertically-polarised shear wave velocity (Vsy) model of southern Australia
at depths 30-90 km. Lime green dots show the locations of significant I0CG deposits of the Olympic Cu-Au Province (OP); olive
green dots show the locations of significant IOCG deposits of the Curnamona Province (CP); yellow dots show the locations of
significant gold deposits of the Central Gawler Gold Province (CGGP). A reduced Vgy scale bar at 30 km depth captures subtle
intra-crustal velocity variations. We use the iso-velocity Vgy = 4.1 km/s surface as diagnostic of the Moho because this value
yields a maximum concordance with the ensemble of data (superimposed symbols) contributing to the latest iteration of the
Australian Moho model (Kennett et al., 2023). We interpret Vsy > 4.6 km/s as characterising cratonic core lithosphere. White
lines show fast polarisation directions of inferred upper mantle seismic anisotropy deduced by shear wave splitting analyses
(Eakin et al., 2021, 2023). The locations of the vertical profiles of Figure 9 are superimposed on the 60 km depth slice. As in
the antecedent Rayleigh wave phase velocity maps, regions of higher uncertainty and lower resolution are masked.

(e.g., +1-2%; Simons and van der Hilst, 2002) or absolute
velocity values (e.g., 4.6 km/s; Li and Burke, 2006) often
invoked as seismic proxies of cratonic lithosphere.

Given the suite of parameterisation and regularisa-
tion choices that cumulatively influence the two-plane-
wave tomography and subsequent Vg model develop-
ment (described as “all the little choices” by Fichtner
et al., 2025), we emphasise that relative velocity varia-
tions are better constrained than are absolute values.
Accordingly, while we here interpret Vsy of ~4.6 km/s
(equivalent to ~2% above isotropic AK135 values) and
higher as characterising cratonic core lithosphere, and
Vsv of ~4.55-4.60 km/s (equivalent to ~AK135 +1% <
Vsy < ~AK135 +2%) as characterising cratonic margin
lithosphere, it is the relative Vg variations and spatial
patterns that primarily inform our interpretation.
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Using this proxy of elevated shear wave velocities,
the core of the South Australian Craton begins to re-
veal itself from ~60 km depth in Figures 7, 8 and 9. Be-
tween 80 and 150 km depth, the core evidently com-
prises the lithosphere underlying the eastern Gawler
Craton, Curnamona Province, and intervening North-
ern Flinders Ranges/Adelaide Superbasin. The Vgsy
model suggests that at these depths, cratonic litho-
sphere extends southward and northeastward well be-
yond the conventionally-defined boundary of the Cur-
namona Province. Admittedly, this may be partially at-
tributable to anomaly smearing (see Figure 4). Atdepths
greater than 150 km, the cratonic keel is restricted to
the eastern Gawler Craton and southern Curnamona
Province, with a diminishing but lingering hint of el-
evated Vgy in the vicinity of Adelaide and the Barossa
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Figure 8 Horizontal slices through the pseudo 3D vertically-polarised shear wave velocity (Vsy) model of southern Aus-
tralia at depths 100-225 km. Lime green dots show the locations of significant I0CG deposits of the Olympic Cu-Au Province
(OP); olive green dots show the locations of significant IOCG deposits of the Curnamona Province (CP); yellow dots show the
locations of significant gold deposits of the Central Gawler Gold Province (CGGP). Colour-coded triangles show lithosphere-
asthenosphere boundary (LAB) depths as inferred by xenocryst analyses (Sudholz et al., 2022, and references therein). White
lines show fast polarisation directions of inferred upper mantle seismic anisotropy deduced by shear wave splitting analyses
(Eakin et al., 2021, 2023). We interpret Vs > 4.6 km/s as characterising cratonic core lithosphere. The locations of the verti-
cal profiles of Figure 9 are superimposed on the 150 km depth slice. Regions of higher uncertainty and lower resolution are

masked.

Complex at the southeastern margin of the Gawler Cra-
ton (see Figure 1 for Barossa Complex location).

The tomographically-inferred lithospheric mantle
‘footprint’ of the South Australian Craton is generally
consistent with fast polarisation directions (white lines
in Figures 7 and 8) inferred by shear wave splitting anal-
yses (Eakin et al., 2021, 2023). The pervasive ENE-WSW
aligned fast directions have been interpreted as the pre-
served fossil signature of lithospheric mantle deforma-
tion developed during cratonisation of the South Aus-
tralian Craton (Eakin et al., 2023). A notable devia-
tion from the predominant ENE-WSW aligned fast di-
rections occurs for the Kati Thanda-Lake Eyre Basin
in northeastern South Australia, where fast directions
are more aligned with NNE-directed absolute plate mo-
tion. Eakin et al. (2023) suggest that this is rooted in an
enhanced contribution from asthenospheric anisotropy
and, by implication, younger, thinner lithosphere. This
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inference is consistent with the contrasting shear wave
velocity structure we image between the eastern Gawler
Craton and adjacent Kati Thanda-Lake Eyre Basin (Fig-
ures 7, 8 and 9).

8.3 Comparison with mantle xenolith, elec-
trical resistivity and Sm-Nd isotope data

Figure 10 compares our mantle Vsy structure with
(i) mantle electrical resistivity structure inferred from
MT data (Thiel et al., 2016) and (ii) two-stage depleted
mantle model ages (Tpps2) for felsic and mafic-to-
intermediate rocks inferred from Sm-Nd isotopic data
(Wade et al., 2024). The two-stage depleted mantle
model age marks the time at which crustal material -
in this case felsic and mafic-to-intermediate rock - was
extracted from the mantle. For instance, an Archean
mantle model age implies that the lithosphere has ex-
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Figure 9 Vertical slices through the pseudo 3D vertically-polarised shear wave velocity (V1) model of southern Australia
along the profiles shown in Figures 7 and 8. Lime green dots show the locations of significant I0OCG deposits of the Olympic
Cu-Au Province (OP); olive green dots show the locations of significant IOCG deposits of the Curnamona Province (CP); yellow
dots show the locations of significant gold deposits of the Central Gawler Gold Province (CGGP). Colour-coded triangles show
lithosphere-asthenosphere boundary (LAB) depths as inferred by xenocryst analyses (Sudholz et al., 2022, and references
therein). Even though seismically- and petrologically-defined lithospheric thicknesses need not coincide (e.g., Eaton et al.,
2009), spatial variations in the petrologically-defined lithospheric thickness across the South Australian Craton are generally
coherent with our Vs model, with the petrologically-defined lithosphere-asthenosphere boundary approximately coincid-

ing with the deepest occurrence of the 4.6 km/s Vs, contour across most data points.

isted since the Archean and that the dominant events
that extracted melts from the mantle occurred in the
Archean. MT is a passive electromagnetic technique
that images Earth electrical resistivity and is a comple-
mentary technique to seismic tomography for investi-
gating the lithospheric mantle. Both methods are sen-
sitive to temperature, but in terms of composition, seis-
mic velocities are more sensitive to bulk rock chemistry,
and particularly the Fe/Mg ratio, while MT resistivities
are more sensitive to minor conductive phases such as
graphite, sulfides, or phlogopite and the water content
of nominally anhydrous minerals like olivine and py-
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roxene (e.g., Selway, 2013). MT is therefore more sensi-
tive to rocks that have experienced small degrees of par-
tial melting and fluid-rich metasomatism, while seismic
models are more reflective of mantle age and bulk melt-
ing.

8.3.1 The Gawler Craton core

The central core of the Gawler Craton, from approxi-
mately the northern Eyre Peninsula to the Karari Shear
Zone (see Figure 1 for locations), displays characteris-
tics typical of thick, depleted, Archean lithosphere in all
datasets (Figure 10). Shear wave velocities are high (Vsy
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Figure 10 (a) and (b) Horizontal slices through the vertically-polarised shear wave velocity (Vsy) model of southern Aus-
tralia at depths 70 and 100 km. We interpret Vs, > 4.6 km/s as characterising cratonic core lithosphere; (c) and (d) horizontal
slices through the electrical resistivity model of southern Australia developed from MT data (Thiel et al., 2016) at depths 70
and 100 km; (e) and (f) two-stage depleted mantle model ages (Tpas2) for felsic and mafic-to-intermediate rocks, respec-
tively, inferred from Sm-Nd isotopic data (Wade et al., 2024). White lines show fast polarisation directions of inferred upper
mantle seismic anisotropy deduced by shear wave splitting analyses (Eakin et al., 2021, 2023). The dashed line is the Karari
Shear Zone. Lime green dots show the locations of significant IOCG deposits of the Olympic Cu-Au Province (OP); olive green
dots show the locations of significant I0CG deposits of the Curnamona Province (CP); yellow dots show the locations of sig-
nificant gold deposits of the Central Gawler Gold Province (CGGP). Colour-coded triangles show lithosphere-asthenosphere
boundary (LAB) depths as inferred by xenocryst analyses (Sudholz et al., 2022, and references therein).
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> ~4.6 km/s), consistent with cool lithospheric man-
tle temperatures and compositions that are depleted in
Fe. Lithospheric thicknesses from petrological anal-
ysis of kimberlite-hosted mantle xenocrysts (Sudholz
et al., 2022, and references therein) approach and ex-
ceed 200 km and are coherent with our Vs model (Fig-
ures 8 and 9). Electrical resistivities are high, consis-
tent with thick lithosphere, cool temperatures, and de-
hydrated and depleted compositions. Both felsic and
mafic-to-intermediate two-stage depleted mantle model
ages are dominantly > 2500 Ma, consistent with litho-
spheric mantle that experienced major melting events
in the Palaeoproterozoic to Archean and has been stable
since that time. There is a much younger (~1000 Ma)
band of mafic-to-intermediate mantle model ages just
southwest of the Olympic Dam and Carrapateena IOCG
deposits, which may be associated with the ca. 820-830
Ma Gairdner Dolerite, and both felsic and mafic-to-
intermediate mantle model ages are ~2000 Ma on the
northwest Eyre Peninsula coast, coincident with the ca.
1608-1633 Ma St Peter Suite, with potentially correlative
lower velocities in the Vg model.

8.3.2 The Curnamona Province

The Curnamona Province likewise displays relatively
consistent patterns between the datasets. Shear wave
velocities are high and consistent with thick, depleted
lithosphere through most of the province, except for
lower velocities that extend from the northernmost tip
of the province northward beneath the Lake Eyre Basin.
Electrical resistivity is moderate to high through most
of the province except for a low resistivity zone in the
northwest. There is an offset between the low resistiv-
ity zone and the low shear wave velocity zone, which
could be a function of model resolution. The felsic
mantle model ages show a very similar pattern to the
Curnamona Province Vg, model, with elevated shear
wave velocities tracking older (> 2500 Ma) ages through
most of the province, and lower velocities at the north-
ern tip of the province and underlying the Lake Eyre
Basin corresponding with younger (< 2000 Ma) ages.
The mafic-to-intermediate model age map in the Curna-
mona Province suffers from the difficulties of gridding
sparse data.

8.3.3 The western and northern Gawler Craton
margins

At the western and northern margins of the Gawler Cra-
ton, all datasets suggest a transition away from thick,
cratonic core lithosphere, although the location of this
transition differs slightly between datasets. In the seis-
mic Vsy model, from depths of 70 to > 200 km, veloci-
ties show a marked decrease from the central core of the
craton to the west and northwestern parts of the model.
This decrease is approximately parallel to, but substan-
tially inboard of, the conventionally-defined margin of
the Gawler Craton (Figure 8). In the MT model, resistiv-
ities sharply decrease along a trend approximately co-
incident with the Karari Shear Zone, which separates
Archean rocks of the Mulgathing Complex to the south
from Palaeoproterozoic rocks to the north, and bulk
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lithospheric mantle resistivities are lower to the north
and west of this margin than in the central core of
the craton (Figure 10). Pollett et al. (2019) jointly in-
terpreted heat flow measurements and a 2D MT pro-
file to place the northern margin of the Gawler Craton
inboard of, but relatively close to, the conventionally-
defined margin. Both mafic and felsic model ages show
a distinct transition from ages > 2000 Ma on the cra-
ton to ages < 2000 Ma to the north and west of the cra-
ton, with the boundary approximately coincident with
the conventionally-defined margin of the craton. Com-
bined, these datasets all suggest a transition from cra-
tonic core to cratonic margin lithospheric mantle. Hart-
nady et al. (2020) use Hf isotope compositions of zir-
cons to suggest that the Coompana Province represents
part of a Palaeoproterozoic-Mesoproterozoic arc system
formed through hyper-extension of the western margin
of the Archean Gawler Craton. This could conceivably
explain the transition to lower seismic velocities, and
by inference, thinner lithosphere, that we model in the
western Gawler Craton. The offset between the isotopic
edge of the craton and the gradient in seismic veloci-
ties should be a topic of further analysis. It is possible
that the signature of the Proterozoic tectonism extends
further east in the mantle than in the crust. However,
given that the seismic coverage does not extend to the
western margin of the craton and that there is likely
to be northwest trending smearing of seismic features
at these depths (Figure 4), this apparent discrepancy
would be best investigated by the collection of more
seismic data.

8.3.4 Thinner lithosphere beneath the southern
Eyre Peninsula

The southern Eyre Peninsula has distinctly different
characteristics in the geophysical and isotopic models.
In the seismic Vgy model, velocities are lower than in
the cratonic core from depths of 70 km to the base of
the model. This notable absence of elevated shear wave
velocities - and by inference, cratonic core lithosphere
- at lithospheric mantle depths beneath the southern
Eyre Peninsula (Figures 7 and 8) was similarly com-
mented upon by de Laat et al. (2023) in their recently
published tomography model of the Australian plate.
The MT model likewise displays anomalously low resis-
tivities in the lithospheric mantle of the southern Eyre
Peninsula, although the low resistivities do not extend
as far inland as the lower seismic velocities. Resistive
mantle lithosphere beneath the northern Eyre penin-
sula is also suggested by a 200 km high-resolution MT
profile (Curtis and Thiel, 2019). In contrast, both the fel-
sic and mafic model ages are > 2500 Ma in the southern
Eyre Peninsula. Mantle xenocrysts, meanwhile, from
the central Eyre Peninsula suggest a petrological litho-
spheric thickness of ~190-205 km (Sudholz et al., 2022),
seemingly at odds with the spatially coincident low Vgy
zone (Figures 8 and 10). A possible explanation might be
stretching and metasomatism of the now southern Eyre
Peninsula lithosphere during the Jurassic-Cretaceous
separation of Australia and Antarctica, with the man-
tle xenocrysts hosted in the Jurassic kimberlites captur-
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ing the pre-separation state of the lithosphere. The rift-
ing event did not generate any magmatism in the Eyre
Peninsula, so the model ages are unaffected by it, but it
thinned and possibly metasomatised the mantle litho-
sphere, leading to the present-day seismically slower
and electrically conductive mantle geophysical charac-
teristics. Thinned lithosphere beneath coastal tracts of
Wilkes Land in East Antarctica - the conjugate Gond-
wana margin - has been inferred in recent Antarctic
seismic tomography studies (Chua and Lebedev, 2025;
Hansen and Emry, 2025; Lloyd et al., 2020a).

8.3.5 Thelithosphere between the Gawler Craton
and Curnamona Province

The section of lithosphere between the Gawler Cra-
ton and Curnamona Province is seismically fast with
characteristics indistinguishable from the cores of the
Gawler Craton and Curnamona Province. Although a
narrow region, our phase velocity resolution analysis
at 50 s (primarily sensitive to upper lithospheric mantle
depths) indicates that structure of wavelength compara-
ble to the dimension of the separation can be resolved
(Figure 4). The electrical resistivities are also moderate
to high, and mantle model ages are generally > 2500 Ma,
although the latter are not well constrained in this re-
gion (Wade et al., 2024). On the other hand, Rawlinson
etal. (2016) suggest that there is no evidence in the litho-
spheric mantle that the Gawler Craton and Curnamona
Province are currently connected based on a teleseis-
mic relative arrival time body wave tomography devel-
oped using the WOMBAT data.

The seismic velocities characteristic of cratonic litho-
sphere that we infer are perhaps geologically surpris-
ing given that this section of lithosphere rifted dur-
ing the breakup of Rodinia and therefore may be ex-
pected to have been thinned and metasomatised lead-
ing to lower velocities. The rifting was significant; the
present-day total thickness of Adelaide Superbasin sed-
iments that were deposited in the rift basin between the
Gawler Craton and Curnamona Province exceeds 10 km
in places, in addition to several kilometers of underly-
ing rift-related mafic volcanics (Preiss et al., 2010). Fur-
ther south, at the present-day southeastern margin of
the Gawler Craton, the rifting proceeded to passive mar-
gin stage (Preiss, 2000), and in this location the seis-
mic velocities are much lower and consistent with thin-
ner lithosphere. Lithospheric thicknesses from mantle
xenocrysts (Sudholz et al., 2022) show a pattern remark-
ably similar to the seismic Vsy model (Figures 8 and 9).
The petrological lithospheric thickness at Eurelia, in
the Adelaide Superbasin between the Gawler and Cur-
namona cratons, is estimated to be 210-220 km, while
less than 100 km to the southeast in the Terowie clus-
ter, petrological lithospheric thicknesses are estimated
at 140-190 km (Figure 9). These datasets therefore sug-
gest that the lithosphere did not thin significantly be-
tween the Gawler Craton and Curnamona Craton, even
though the rifting event was significant, and that there
is a steep gradient in lithospheric thickness at latitude
~33°S.
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8.4 A lithospheric seismic signature of 10CG
deposits

Skirrow et al. (2018) concluded that IOCG deposits in
the Olympic Dam region reside above the margin of a
fertile and metasomatised lithospheric mantle zone lo-
cated at depths exceeding 100 km. Inference of this
zone was partially based on the mantle component
of the Australian Seismological Reference Model (AuS-
REM; Kennett et al., 2012) that Skirrow et al. (2018) re-
lied upon to constrain the regional lithospheric man-
tle seismic structure. However, the AuUSREM model has
since been superseded by higher resolution models de-
veloped using newly acquired data. This likely explains
our contrasting conclusion, that the most significant
known IOCG deposits of the Olympic Cu-Au metallo-
genic Province (e.g., Olympic Dam, Carrapateena, Hill-
side) reside above, or proximal to, a seismically slow
uppermost lithospheric mantle layer (depths shallower
than ~75 km) underlain by the electrically resistive and
seismically fastest lithospheric mantle in the region
(Figures 7, 8 and 9).

The eastern Gawler Craton margin has long been as-
sociated with an adjacent band of anomalously electri-
cally conductive lithospheric mantle inferred by mag-
netotelluric data (Thiel et al., 2016; Selway et al., 2024).
Magnetotelluric (Heinson et al., 2006), seismic reflec-
tion (e.g., Heinson et al., 2018; Wise and Thiel, 2020),
and seismic ambient noise data (O’'Donnell et al., 2023)
image zones of coincident low electrical resistivity, low
seismic reflectivity, and low shear wave velocities in the
mid-to-lower crust underlying or adjacent to Olympic
Province IOCG deposits. Our 30 km depth slice in Fig-
ure 7 is similarly consistent with the inference that the
Olympic Dam and Carrapateena IOCG deposits reside
above the western margin of a low shear wave velocity
zone in the mid-crust (O’'Donnell et al., 2023). Previous
authors have suggested these various geophysical data
express metalliferous fluid pathways from mantle and
lower-crustal reservoirs through the mid-to-upper crust
(e.g., Heinson et al., 2006, 2018; Wise and Thiel, 2020;
O’Donnell et al., 2023). The North Portia and Kalkaroo
IOCG deposits of the Curnamona Province similarly re-
side above, or are proximal to, notably seismically fast
lithospheric mantle (Figures 7, 8 and 9). While a seis-
mically slow uppermost lithospheric mantle layer is not
apparent beneath North Portia and Kalkaroo, they do,
like Olympic Domain counterparts, overlie a low shear
wave velocity zone in the mid-to-lower crust (see 30 km
depth slice in Figure 7 and O’Donnell et al., 2023).

IOCG-formation models reference melting of primed,
metal-enriched metasomatised lithospheric mantle
(e.g., Groves et al., 2010; Skirrow, 2022; Groves and
Santosh, 2023). Based on the geochemical and isotopic
composition of mafic intrusive rocks of the Gawler
Range Volcanics and Hiltaba Suite, Wade et al. (2019)
argue that the Gawler Craton lithospheric mantle
was metasomatised and primed by earlier subduction
events, possibly as early as the Neoarchean. Our
seismic Vsy model points to particularly cool, thick,
iron-depleted lithospheric mantle underlying major
IOCG deposits of the Olympic Cu-Au Province and
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Curnamona Province. This in turn suggests partial
melting of the precursor lithospheric mantle - leaving
the iron-depleted husk - with the melt products migrat-
ing upward to fertilise the uppermost mantle and/or
lower crust according to accessible fluid pathways.
While our seismic model cannot discriminate between
candidate geodynamic triggers, recent geochemical
and geochronological analyses suggest that the mag-
matism and hydrothermal activity associated with the
1.6 Ga Olympic mineralisation event is best explained
by plume impact (e.g., Wade et al., 2022h,a; Jagodzinski
et al., 2023). As suggested by Groves et al. (2010) and
evidenced here, preservation of the IOCG deposits
was facilitated by their formation above buoyant,
iron-depleted lithospheric mantle.

9 Conclusions

Using teleseismic Rayleigh waves from 142 earthquakes
recorded on three recent temporary broadband seis-
mic arrays in southern Australia, we have developed a
vertically-polarised shear wave velocity (Vsy) model of
the South Australian Craton from the lower crust to 250
km depth.

Adopting Vgy > 4.6 km/s (equivalent to ~AK135 +2%)
as a proxy for cratonic core lithospheric mantle, and
Vsy of ~4.55-4.60 km/s (equivalent to ~AK135 +1% <
Vsy < ~AK135 +2%) as characterising cratonic margin
lithosphere, for depths ~75-150 km, our model sug-
gests that the “footprint’ of cratonic core lithosphere (i)
encompasses the eastern Gawler Craton, Curnamona
Province - plus southward and northeastward beyond
the conventionally-defined province boundary - and in-
tervening Adelaide Superbasin north of ~33°S; (ii) ter-
minates approximately parallel to, but substantially in-
board of, the conventionally-defined western margin of
the Gawler Craton; and (iii) is absent for the southern
Eyre Peninsula. At depths exceeding 150 km, the seis-
mic expression of the cratonic keel becomes ever more
restricted to the eastern Gawler Craton - including a
signature in the vicinity of the Barossa Complex at the
southeastern Gawler Craton margin - and southern Cur-
namona Province.

We glean further insight by comparing the seismic
model with mantle xenocryst data, two-stage depleted
mantle model ages for felsic and mafic-to-intermediate
rocks inferred from Sm-Nd isotopic data, and 3D man-
tle resistivity structure modelled using magnetotelluric
data.

The central core of the Gawler Craton, from approx-
imately northern Eyre Peninsula to the Karari Shear
Zone, displays characteristics typical of thick, depleted,
Archean lithosphere in all data sets: high shear wave
velocities, high electrical resistivities, two-stage de-
pleted mantle model ages that are dominantly > 2500
Ma, and lithospheric thickness estimates approaching
and exceeding 200 km from petrological analysis of
kimberlite-hosted mantle xenocrysts.

At the western and northern margins of the Gawler
Craton, all data sets suggest a transition from cratonic
core lithosphere to cratonic margin lithosphere, al-
though the location of this transition differs slightly be-
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tween data sets: in the Vgy model, the transition occurs
approximately parallel to, but substantially inboard of,
the conventionally-defined margin of the Gawler Cra-
ton; in the resistivity model, the transition approxi-
mately coincides with the trend of the Karari Shear
Zone which separates Archean rocks to the south from
Palaeoproterozoic rocks to the north; while the tran-
sition in the felsic and intermediate-to-mafic mantle
model ages occurs approximately coincident with the
conventionally-defined margin of the craton.

The southern Eyre Peninsula has distinctly different
characteristics in the geophysical and isotopic mod-
els: lithospheric mantle Vg velocities and resistivi-
ties are lower than they are in the cratonic core to
the north, seemingly at odds with mantle model ages
> 2500 Ma and an inferred petrological lithospheric
thickness of ~190-205 km in the central Eyre Penin-
sula. We suggest that stretching and metasomatism
of the now southern Eyre Peninsula lithosphere dur-
ing the Jurassic-Cretaceous separation of Australia and
Antarctica might explain the conundrum: the mantle
xenocrysts hosted in the Jurassic kimberlites and man-
tle model ages capture the pre-separation state of the
lithosphere, in contrast to the geophysical techniques
which ‘see’ the present-day Eyre Peninsula lithosphere.

The Curnamona Province displays relatively consis-
tent patterns between the data sets largely suggestive
of thick, depleted, Archean lithosphere. Intriguingly,
the lithospheric mantle between the Gawler Craton and
Curnamona Craton has characteristics indistinguish-
able from the cores of the Gawler Craton and Curna-
mona Province. This is surprising given the consid-
erable thickness of Adelaide Superbasin sediments de-
posited in the rift basin between the Gawler Craton and
Curnamona Province during Rodinia breakup. The data
sets suggest that the lithosphere did not thin signifi-
cantly between the Gawler Craton and Curnamona Cra-
ton, even though the rifting event was significant, and
that there is a steep gradient in lithospheric thickness
at latitude ~33°S.

We observe that major IOCG deposits of the eastern
Gawler Craton (e.g., Olympic Dam, Carrapateena, Hill-
side) reside above, or proximal to, a seismically slow up-
permostlithospheric mantle layer underlain by the seis-
mically fastest lithospheric mantle in the region. Major
IOCG deposits of the Curnamona Province (e.g., North
Portia, Kalkaroo) likewise reside above the seismically
fastest lithospheric mantle in the region, albeit with-
out the seismically slow uppermost lithospheric mantle
layer. The inference of cool, thick, iron-depleted litho-
spheric mantle underlying major IOCG deposits of the
Olympic Cu-Au Province, and Curnamona Province is
consistent with partial melting of a precursor primed,
metasomatised lithospheric mantle, with the melt prod-
ucts migrating upward to fertilise the uppermost man-
tle and/or lower crust according to accessible fluid path-
ways. The remnant seismic signatures of these pro-
cesses might provide a useful precompetitive vector for
IOCG prospectivity mapping.
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Data and code availability

The Rayleigh wave phase velocity maps and shear ve-
locity model described here are available on the South
Australian Resources Information Gateway (https://
map.sarig.sa.gov.au). The AusArray SA (https://doi.org/
10.7914/sn/6k_2020) and Lake Eyre Basin array (https:
//doi.org/10.7914/sn/5g_2018) data are available on the
Australian passive seismic server (AusPass; http://
auspass.edu.au). SNAKEY ( https://doi.org/10.7914/9j20-
yq91) data will be available on AusPass from April 2028.
Data from the ensuing list (experiment/network, net-
work code, DOI - if any) of telemetered permanent seis-
mic networks are available through AusPass and/or the
Incorporated Research Institutions for Seismology Data
Management Center (IRIS DMC; https://ds.iris.edu/ds/
nodes/dmc): ANSN, AU; SAA, DU, 10.7914/SN/DU; AU-
SIS, S1, 10.7914/SN/ S1.
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