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Abstract. Acquisition of teleseismic data in south-western New South Wales during 2007 formed the latest stage of a rolling
deployment of seismometers over south-eastern Australia, and allowed a revised tomographic model to be constructed for the
lithospheric mantle under Victoria and southern NSW. Our aim here is to link the observed distribution of upper-mantle
P-wave velocity to the major geological features of the upper crust, which here comprise terranes of the Delamerian and
Lachlan orogens. We have extended the deﬁnition of the boundaries of these terranes under cover by the use of the tilt-ﬁlter of
total magnetic intensity, which provides an image with detailed resolution for sources at depths down to ~5 km. We proceed to
infer the distribution of deeper sources in the middle and lower crust by two approaches to the use of potential-ﬁeld images: we
exploit the relationship between wavenumber and source depth, through the application of a 20-km low-pass ﬁlter to the total
magnetic intensity grid; and we take advantage of the lower sensitivity of gravity anomalies to depth of source, compared to
magnetic anomalies with dipolar sources, by deﬁning broad features in the isostatic gravity grid. Our interpretation of the lowpass magnetic and isostatic gravity imagery conﬁrms the relationship between high mantle velocity and the Proterozoic
Delamerian Orogen, and indicates that a salient of high mantle velocity under the Palaeozoic Stawell Zone results from an
underthrust wedge of Delamerian basement. High mantle velocity under the Palaeozoic Wagga-Omeo Zone may be a result of
lithospheric thickening that is a corollary of mid- to lower crustal thrust faulting indicated by the potential ﬁeld data. Low
mantle velocity under part of the Melbourne Zone may result from thermochemical resetting of its Proterozoic
microcontinental basement by the thermal event responsible for the extensive Cainozoic volcanism in western Victoria;
low mantle velocity under the Hay-Booligal Zone, which also appears to be anomalous, may similarly be related to a heat pulse
that engendered the swarm of diatremes that is distributed across the zone.
Key words: depth-dependent imaging, isostatic gravity, layer ﬁltering, long-wavelength anomalies, teleseismics, tilt-ﬁlter,
tomography, total magnetic intensity.

Introduction
During 2007 the New South Wales (NSW) Department of
Primary Industries contracted the Australian National Research
Facility for Earth Sounding (ANSIR) to conduct the SEAL2
(South East Australia Linkage experiment, part 2) teleseismic
program in south-western NSW. SEAL2 formed the next step in a
rolling deployment of an array of short-period seismometers, with
the eventual aim of complete, closely spaced coverage of southeastern Australia. Earlier phases of the program spanned Victoria,
south-eastern South Australia, and part of the Murray Basin in
NSW, and data from ﬁve surveys – LF98, MB99, EVA, SEAL1
and SEAL2 – have been processed to the point where they are
ready for mantle velocity inversion (Figure 1). Central to this
program is the question of the age of the underlying mantle
lithosphere, and its relationship to tectonic terranes deﬁned by
surface geology and potential ﬁeld data. The progressive
eastwards decrease in basement age from Proterozoic to
Phanerozoic across South Australia, Victoria and NSW should
manifest either as an eastward decrease in P-wave velocity (vp)
in the lithospheric mantle driven mainly by compositional
 ASEG 2010

differences (Grifﬁn et al., 1998; Rawlinson et al., 2006a), or as
a stepwise decrease in lithospheric thickness (Fishwick et al.,
2008). Either scenario will result in a decrease in vp at depths of
~150 km. Complicating this simple pattern is the suggestion that
isolated Proterozoic microcontinental fragments may constitute a
deep crustal basement below parts of the Palaeozoic Lachlan
Orogen of Victoria and NSW (Glen et al., 1992; Scheibner and
Basden, 1998; VandenBerg et al., 2000; Betts et al., 2002; Cayley
et al., 2002; Gray and Foster, 2004; Glen, 2005; Korsch, 2008).
Results of the earlier SEAL1 program (Rawlinson et al.,
2006a), acquired with a seismic array in the southern Murray
Basin, generally supported the expected eastward decrease in
upper mantle vp from the Late Neoproterozoic to Cambrian
Delamerian Orogen to the younger Lachlan Orogen, but
appeared to conﬂict with recent interpretations of upper-crustal
tectonic trends inferred primarily from aeromagnetic surveys in
south-western NSW (Hallett et al., 2005), which suggest that
the Stawell Zone of western Victoria continues northwards into
NSW. Instead, the SEAL1 tomographic model suggested a break
in upper mantle velocities near the state border; the model implied
10.1071/EG09024
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Fig. 1. Teleseismic survey locations in south-eastern Australia, shown on a digital elevation model
for south-eastern Australia. Red circles – SEAL1; gold hexagons – SEAL2; white triangles – LF98; blue
triangles – MB99; green squares – EVA.

that the Stawell Zone in Victoria is underlain by high vp upper
mantle, consistent with lithospheric basement of Proterozoic age,
while the putative extension of the Stawell Zone into NSW
is underlain by low vp mantle, corresponding to Palaeozoic
basement. In addition, the SEAL 1 model revealed two lobes
of high vp upper mantle east of 145E that lack a clear relationship
to internal tectonic divisions within the Phanerozoic Lachlan
Orogen.
Analysis of the SEAL2 dataset (Rawlinson et al., 2008)
included a synthesis of all the processed south-east Australian
teleseismic data into a single tomographic model of the upper
mantle, which was both more extensive and better deﬁned than the
model inverted from the SEAL1 dataset alone (Figure 2). High vp
upper mantle is imaged as a continuous belt in the Delamerian
Orogen west of the Stawell Zone, and as an embayment under part
of the Stawell and Bendigo zones in Victoria. The model also
conﬁrms the existence of high vp lobes east of 145E.
Resolution of any tomographic model is limited to a scale
length equivalent to the station spacing, which for the south-east
Australian surveys has typically been 50 km. This limit precludes
the tomographic model from being smoothly continued to
the upper crust, where it could be directly compared with
mappable geology. Consequently, it remains unclear whether
inconsistencies between the distribution of mantle velocities
and the bounding geometry of crustal tectonic terranes
represent conﬂicts between crustal and mantle structure, or an
oversimpliﬁed understanding of the inﬂuence of tectonic history
on the temperature and composition of the upper mantle.
In this paper we investigate, and seek to resolve, the apparent
discrepancy between the tomographic upper mantle models on
the one hand, and the combination of mappable surface geology
and interpreted upper-crustal geophysics on the other, by
comparing both with geophysical and geological evidence that
arises from sources located in the middle to lower crust. Potential
ﬁeld anomalies with wavelengths greater than ~20 km should
reveal middle crustal features, although the ability to distinguish

them is compromised by the presence of broad anomalous
sources (granitoids) in the upper crust, and, for the magnetic
ﬁeld, by suppression or corruption of long wavelengths during
grid merging.
Data and methods
Teleseismic acquisition and processing
for the SEAL2 array
Data acquisition in the SEAL2 program comprised deployment
of 31 short-period (eigenfrequency = 1 Hz) seismograph stations
and ﬁve broadband seismograph stations between February and
November 2007. Records were obtained from 187 earthquakes,
mostly scattered around the seismogenic Asia-Paciﬁc rim and
with a few events from spreading centres in the South Atlantic and
Indian oceans. At this stage of processing, only P-wave arrival
times from the short-period stations have been considered.
Preliminary alignment of the traces followed the ak135 global
reference model (Kennett et al., 1995). An adaptive stacking
technique (Rawlinson and Kennett, 2004) allowed extraction of a
total of 5325 relative arrival-time residuals, which were inverted
using the Fast Marching Teleseismic Tomography (FMTT)
software package (Rawlinson et al., 2006b) to produce a
tomographic model of upper mantle velocity. As a starting
point for the inversion, a laterally invariant reference model
was constructed by combining refraction velocities for the
upper 50 km of the lithosphere (Collins, 1991) with the ak135
model for mantle velocities below 50 km depth. Inversion
produced a ﬁnal model with a root mean square deviation
from the data of 98 ms, exceeding the estimated standard
deviation of the noise by only 16 ms; this remaining misﬁt can
be attributed to unresolved variations in crustal structure, deep
mantle structure below the local model volume, and velocity
anisotropy. More detailed discussion of data acquisition,
inversion, and resolution analysis is available in Rawlinson
et al. (2006b, 2008).
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Fig. 2. Horizontal slice at 150 km depth through tomographic model generated as solution to the ﬁve processed teleseismic
surveys from south-eastern Australia. Colour scale indicates vp variation from reference ak135 model, shown as a proportion
(upper scale) and in absolute terms (lower scale, in m/s): brown tones indicate anomalously slow mantle, green tones indicate
anomalously fast mantle. State borders are shown in black. Boundaries of tectonic terranes deﬁned on the basis of outcropping
geology in Victoria are shown in purple: extensions of these boundaries below cover (largely based on interpretation of
magnetic ﬁrst vertical derivative images, after Hallett et al., 2005) are shown as continuous blue lines. Dashed blue lines indicate
further extensions of terrane boundaries inferred from tilt-ﬁltered total magnetic intensity (TMI) imagery (Musgrave et al.,
2008). Orange line indicates surface trace of fault network comprising the Gilmore Suture. Red line divides strongly magnetic
granites to the west from weakly magnetic granites to the east. Triangles are seismometer locations.

Potential ﬁelds and depth-dependent imaging
Wavelength ﬁlters, which exploit the inverse relationship
between depth of source and the frequency content of the
resulting potential ﬁeld anomaly, are a core component of the
geophysical support of geological mapping in areas of poor
outcrop, and the means by which surface mapping is extended
into three-dimensional inference. In particular, the ﬁrst vertical
derivative (1VD) of total magnetic intensity (TMI) is routinely
used to map structure where non-magnetic cover is limited,
typically less than 100 m (Boyd and Isles, 2007). Magnetic
1VD imagery, however, is of little help in extending mappable
geological structure into the middle or lower crust. Deeper
sources are more problematic to image, as the higher
frequency components that deﬁne the edges of a source
decline rapidly with increasing source-detector separation.
Recently, the Geological Survey of NSW has introduced the
use of the tilt ﬁlter applied to gridded TMI data, to generate
imagery in which structural elements down to a depth of a few
kilometres can be discerned (Miller and Singh, 1994; Cooper and
Cowan, 2006). The output of the tilt ﬁlter, applied to gridded TMI
data after reduction to the pole, takes the form
0
1
qT =qz
B
C
y ¼ tan1 @qﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃA;
2
2
ððqT =qxÞ þ ðqT =qyÞ Þ
where y is the tilt angle, over the domain p/2 < y < p/2, and T
is the intensity of the ﬁeld. The tilt angle has the advantages of a
wide dynamic range and a low sensitivity to source depth. Recent

interpretation of the extension of the Stawell Zone to its limit
where it abuts the Bootheragandra Fault (Figure 3) have been
based on tilt-ﬁlter imagery (Musgrave et al., 2008); this is
possible, even where the sedimentary cover exceeds 5 km, as it
does in the Yathong Trough (Hus et al., 2006).
Imaging structure in the middle to lower crust, below the
useful range of the magnetic tilt-ﬁlter imagery, is more
problematic. Layer ﬁltering methods involve attenuation of
wavenumbers corresponding to sources above or below the
depth range of interest (Cowan and Cowan, 1993). In the case
of gridded aeromagnetic data, where sub-crustal sources are
removed as part of the geomagnetic reference ﬁeld, this
reduces to some form of low-pass ﬁlter. For our purposes, we
ran a 20-km low pass ﬁlter over a 250-m grid merge of NSW and
Victorian TMI.
Gravity images offer an alternative representation of crustal
geology, which is inherently more focussed on the middle and
lower crust than are unﬁltered TMI images. In part, this is due to
the lower sampling frequency of gravity (most gravity stations in
NSW are spaced between 2 and 11 km, whereas most of the state is
covered by aeromagnetic data with an interline spacing of 400 m
or better). However, even at equivalent sample spacing, and with
an equivalent set of gravity and magnetic source bodies, deep
sources will inﬂuence the gravity image more than the magnetic
image. Broadly speaking, this is a result of the contrast in response
between gravity sources, which are monopolar, and magnetic
sources, which are dipolar if their z-dimension is ﬁnite. One
expression of this behaviour is the structural index (SI) of Euler’s
equation, which can be seen as the exponent of the power law
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Fig. 3. Tilt-ﬁltered total magnetic intensity (TMI), over same areas and with same symbols as Figure 2. Image comprises a pseudocolour TMI layer over a
greyscale intensity tilt-angle layer. The letter ‘A’ marks a broad anomaly resulting from a deep source east of the Bootheragandra Fault that appears to represent
a continuation of structure from the Hay-Booligal Zone.

expressing the rate of decline of ﬁeld strength with distance
from the source; for equivalent bodies, SIgravity = SImagnetic  1
(Stavrev, 1997; FitzGerald et al., 2004).
Isostatic reduction of Bouguer gravity removes the
contribution from isostatically-controlled variations in crustal
thickness, and the use of the ellipsoid as the elevation datum
reduces the inﬂuence on the Bouguer anomaly of geoid responses
to mantle mass excesses and deﬁcits. As was the case for the
magnetic data, the combination of isostatic reduction and the use
of the ellipsoid datum effectively sets the base of the crust as the
maximum limit to the depth of imaged sources.
Descriptive comparison of datasets
In order to trace the continuity – or lack thereof – of features
through the lithosphere, we prepared a series of coincident
images. Geological divisions in the upper crust are revealed by
the tilt ﬁlter of TMI; upper mantle features are imaged by a slice of
the vp tomographic model at 150 km; and structures in the middle
and lower crust which link these together should be visible in
images of TMI with a 20-km low-pass ﬁlter and of isostatic
gravity (Figures 4, 5).
Upper crust
Within Victoria, geological mapping can directly trace the extent
of the north-trending Stawell Zone up to the point where the preMesozoic geology is buried below sediments of the Murray
Basin. To the west, the Moyston Fault deﬁnes the boundary
with the Stavely Zone, and the Avoca Fault provides the boundary
between the Stawell Zone and the Bendigo Zone to the east.
Aeromagnetic 1VD has been used to deﬁne the limits of the
Stawell Zone north into NSW (Hallett et al., 2005), and the
magnetic tilt-ﬁlter image suggests that the trace of the Moyston

Fault within the upper few kilometres of the crust continues along
a broad curve to the east, eventually abutting the north-striking
Bootheragandra Fault (Musgrave et al., 2008). Further south,
the Bootheragandra Fault deﬁnes the eastern boundary of the
Hay-Booligal and Tabberabbera zones. Some deeply sourced
features in the tilt-ﬁlter image (for example, the roughly 40 km
wide, low amplitude high marked by ‘A’ on Figure 3), which
appear to be continuations of structures in the Hay-Booligal Zone,
lie up to 50 km east of the short-wavelength signal of the surface
trace of the Bootheragandra Fault, from which we infer a shallow
eastwards dip for the fault. East of the Bootheragandra Fault, the
Wagga-Omeo Zone extends from Victoria into NSW, where it is
bounded on the east by the fault system comprising the Gilmore
Suture (Stuart-Smith, 1991; Scheibner and Basden, 1996).
Between the Bendigo and Tabberabbera zones lies the wedgeshaped Melbourne Zone, considered to be a veneer of Ordovician
to Devonian upper crust underlain by a Proterozoic basement in
the middle crust referred to as the Selwyn Block (VandenBerg
et al., 2000).
Upper mantle
Low vp characterises most of the upper mantle between 142E and
146E in southern NSW and Victoria, and is ﬂanked to the west by
a north–south belt of higher vp, broadly corresponding to the
Delamerian Orogen (Figure 2). All of the Stawell Zone in NSW,
and most of the Hay-Booligal zone is ﬂoored by low vp mantle, as
is the southern part of the Stawell Zone and most of the Bendigo
Zone in Victoria. North of the NSW–Victoria border, the inferred
trace of the Moyston Fault in the upper crust forms the boundary
between low vp upper mantle under the Stawell Zone and mostly
high vp upper mantle to the north and west, although the deﬁnition
of mantle velocity becomes poor north of the limits of the SEAL2
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Fig. 4. Sun-shaded pseudocolour image of total magnetic intensity (TMI) after a 20-km low-pass ﬁlter, over same areas and with same symbols as Figure 2.
Contour line is arbitrary, but was chosen to correspond with a break in slope over both east and west ﬂanks of the central high in southern New South Wales. Green
shaded area encloses high vp salient under the Stawell and Bendigo zones seen in Figure 2. Pink line linking the southern end of the Menindee Trough to the
Moyston Fault marks apparent left-lateral transform offset between the northern end of the magnetic high running along the axis of the Stavely Zone and the high
in the Menindee Trough.

survey. South of the NSW–Victoria border, however, patches of
high vp upper mantle extend from the west to deﬁne a salient
below the Stawell zone; the leading edge of this feature cuts
obliquely to the south-west across the Stawell Zone.
Further east, the surface trace of the Bootheragandra Fault
roughly divides high vp upper mantle below the Wagga-Omeo
Zone from the low vp upper mantle below the Hay-Booligal and
Stawell zones, although the boundary is diffuse, and becomes
poorly deﬁned towards the north-eastern limit of the survey. High
vp upper mantle occupies the southern half of the Melbourne
Zone, as might be expected for mantle below the Proterozoic
Selwyn Block, but mantle velocity decreases in the northern half
of the zone, apparently at odds with the usual inference that the
Selwyn Block extends under the entire Melbourne Zone
(VandenBerg et al., 2000; Cayley et al., 2002).
Middle to lower crust
Total magnetic intensity shows a long-wavelength high
approximately correlating with the central low mantle vp zone.
To deﬁne the boundaries of this central magnetic high, we drew a
contour of low-pass-ﬁltered TMI set to a value which marks a
break in slope on traverses across the high. This contour follows
the trace of the northern extension of the Moyston Fault for
~150 km north of the NSW–Victoria border. Beyond this point,
the contour deﬁning the edge of the long-wavelength magnetic
high detaches from the boundary of the Stawell Zone and
continues northward, although concentric textures within the
broad magnetic high do follow the curving trend of the
Stawell Zone. South of the NSW–Victoria border, inliers of
lower TMI extend eastwards under the Stawell Zone, within
the area spanned by the salient of high vp upper mantle.

Long-wavelength gravity over the Stawell Zone is relatively
low between the Victoria–NSW border and ~37S, deﬁning an
area roughly corresponding to the high vp salient and the low TMI
inliers. North of the border, regional gravity within the Stawell
Zone increases by ~30 mms–2, the boundary marked by a wavelet
edge that roughly matches the northern limit of the high vp salient
and the northern edge of the low-TMI inliers.
On the eastern side of the central magnetic high, long
wavelength magnetic and gravity anomalies match the upper
mantle velocity distribution rather poorly. Both TMI and isostatic
gravity decline to regional lows along the axis of the WaggaOmeo Zone, but the western edges of both the magnetic and
gravity lows lie ~30–80 km to the east of the Bootheragandra
Fault, consistent with a shallow eastwards dip for the fault.
Likewise, the eastern edge of the Wagga-Omeo magnetic and
gravity lows lies ~30 km west of the Gilmore Suture: in fact,
magnetic and gravity anomalies representing mid-crustal
elements of the Macquarie Arc (Glen et al., 2002) extend
south-westwards across the surface trace of the Gilmore
Suture. Evidently, this fault system dips westwards, and
seismic reﬂection proﬁles support this (Glen et al., 2002).
Isostatic gravity appears to be higher over the high-vp mantle
in the southern part of the Melbourne Zone than over the low-vp
mantle in the northern part of the zone. There is no evidence of
structure in the low-pass TMI image corresponding to the division
between the high and low vp mantle under the southern
Melbourne Zone.
Interpretation
Deep crustal reﬂection seismic proﬁling across central Victoria
indicates that the Stavely Zone underthrusts the Stawell Zone on
an east-dipping Moyston Fault (Korsch, 2008). Rawlinson et al.
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Fig. 5. Sun-shaded pseudocolour image of isostatically-reduced Bouguer gravity, over same areas and with same symbols as Figure 4. Isostatic reduction
follows Spencer and Musgrave (2006), using an ellipsoid datum and spherical-cap version of the Bouguer correction (Bacchin et al., 2008). Inset map shows
gravity wavelet edges (‘worms’), shown as a series of white traces, derived from the same gravity data processed using the Intrepid WormE program package,
and decimated by removing edges in the lowest 10% of the amplitude range. A prominent edge set extending from the Avoca Fault to the Menindee Trough,
trending west-north-west across the locally dominant north-east trend, is shown in the inset map; a brown rectangle helps locate this feature. This same feature
is shown on the main map as a dashed brown line that passes near the northern edge of the high vp embayment.

(2006a) suggested that fast, Proterozoic basement extended
beneath the Stawell Zone. The geometry revealed by the
tomographic model for the combined teleseismic arrays, and
the correlating distribution of long-wavelength gravity and
magnetic lows, suggests that the underthrust crust and mantle
has a roughly triangular plan shape, with a sharp northern limit
accommodated by a major transform fault, and with the extent of
the thrust decreasing to the south, resulting in the oblique trend of
the eastern boundary of the high vp salient. Intriguingly, the
eastern boundary of the high vp region is paralleled, although
offset southwards by ~50 km, by a line (shown in red on
Figures 2–5) cutting obliquely across the Stawell and Bendigo
zones, which separates strongly magnetic I-type granites to the
west from weakly magnetic I-type and S-type granites to the east;
the contrast between the two sets of granites is visible in the tiltﬁltered TMI image. Granites are a feature of the upper crust whose
chemistry – and hence, petrophysical properties – is controlled by
their sources in the middle and lower crust (Chappell et al., 1988).
White and Chappell (1988) recognised this boundary between
magnetic and non-magnetic granite, which they ascribed to the
contrast between oxidised granites having magnetite as a
common accessory mineral in their ‘Stawell Basement
Terrane’ to the west, and highly reduced ilmenite-bearing
granites in their ‘Melbourne Basement Terrane’ to the east.
Like the long-wavelength lows in the magnetic and gravity
ﬁelds, the distribution of these magnetic granites presumably
attests to the wedge of underthrust crust overlying the high vp
mantle salient.
North of the high vp salient, the continuation of the Moyston
Fault forms the boundary between mantle vp domains and, for

part of its length, is also reﬂected in the magnetic signal
originating in the middle to lower crust. We infer that this
segment of the Moyston Fault is a steeply dipping, curved,
left-lateral strike-slip fault, and that the concentric features
within the northern part of the Stawell Zone reﬂect escape
tectonics around an indentor constituted by the basement of
the Hay-Booligal Zone (Figure 6). In this interpretation of the
events of the Late Cambrian Delamerian Orogeny, the Stawell
Zone was extruded when the Hay-Booligal microcontinent
collided with a Cambrian arc comprising the Mount Wright
arc and its southerly extension, which today is expressed as
the deep magnetic sources beneath the Stavely Zone and the
Menindee Trough (Musgrave et al., 2008). This geometry
requires accommodation between the part of the Stavely Zone
thrust under the Stawell Zone and its corresponding part which
abuts the northern, strike-slip segment of the Moyston Fault.
The accommodation zone is expressed as a 90-km left-lateral
offset between the prominent magnetic anomaly that occupies
the northern part of the Stavely Zone and the corresponding
deeply sourced anomaly under the Menindee Trough, and also
marks the southern limit of a broad gravity low west of the
northern part of the Moyston Fault.
High mantle velocity below the Wagga-Omeo Zone cannot
easily be reconciled with the Phanerozoic age of the upper
crust. Middle and lower crustal structure revealed by the lowpass TMI and isostatic gravity images suggest that the
boundaries of this zone – the Bootheragandra Fault and
Gilmore Suture – dip shallowly inwards towards the centre of
the zone, forming low-angle thrusts that bound a wedge of
metamorphosed, thrust-stacked marginal basin sediments
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zones. Only isostatic gravity appears to correlate with the
distribution of mantle velocity below the Melbourne Zone, and
the pattern of low vp corresponding to relatively lower gravity is
the opposite of the relationship seen over the Stawell and Bendigo
zones. Low mantle velocities under both the Melbourne and
Hay-Booligal zones are unexpected, given the evidence for a
Proterozoic basement below the Melbourne Zone (VandenBerg
et al., 2000; Cayley et al., 2002; Korsch, 2008) and the inference
that similar basement underlies the Hay-Booligal Zone (part of
the ‘Victorian Microcontinent’ of Scheibner and Basden, 1998).
Three possible mechanisms can be invoked to explain the
inconsistency. Shallow thrusts and decollements may have
stacked parts of these older crustal elements over younger
mantle lithosphere; late Neoproterozoic rifting of these
presumed microcontinental fragments may have reset their
thermal and geochemical character; or later thermal and
chemical modiﬁcation of the lithospheric mantle may have
been induced by rifting or mantle plume events. Evidence
exists for thermal events with the potential to reduce upper
mantle velocity under both the Melbourne and Hay-Booligal
zones. Extensive Cenozoic volcanism in Victoria has been
attributed to persistent after-effects of Tasman Sea and
Australia-Antarctica rifting (Price et al., 2003), and may be
responsible for the lower mantle velocity in the western part of
the Melbourne Zone. More than 500 diatremes, buried by Murray
Basin sediments and with a probable Late Permian age, form a
swarm across the western Hay-Booligal Zone and the Stawell
Zone near the NSW–Victoria border (Carlton, 2009); these
presumably reﬂect a broad thermal source, possibly induced
by a mantle plume.
Conclusions

(d)

Fig. 6. Sketch showing summary of interpreted tectonic history of the
Stawell Zone during the Delamerian Orogeny. Cut-outs of the tilt-ﬁlter
image of Figure 3 show the Hay-Booligal Zone, and elements of a
Cambrian volcanic arc comprising the Mount Wright arc, a series of deep
magnetic sources under the Menindee Trough, and the deep magnetic sources
under the Stavely Zone. Polygon marks former area of forearc in the Stavely
Zone, now underthrust below the Stawell Zone and marked by the high vp
salient. (a) Middle Cambrian subduction below Mount Wright–Menindee–
Stavely arc, continuing until (b) Hay-Booligal microcontinent collides
with the arc in the Late Cambrian. Menindee segment of arc bends, and
underthrusting of the Stavely Zone below the Stawell Zone commences.
A transform fault between the Stavely and Menindee segments of the arc is
initiated to accommodate the different responses to compression in the two
segments. As the Delamerian Orogeny progresses (c), movement of the
transform fault displaces the Stavely and Menindee segments of the arc,
and underthrusting of the Stavely Zone continues. Stawell Zone sediments,
caught between the Hay-Bolligal indentor and the arc segments, are expelled
clockwise. The Moyston Fault acts as a thrust fault in Victoria, and has an
increased component of left-lateral transcurrent motion in New South Wales.
(d) Simpliﬁed interpretation of seismic section across central Victoria
(Korsch, 2008), showing underthrust of Stavely Zone and the inferred
position of the Selwyn Block.

(Scheibner and Basden, 1998). Higher mantle velocity beneath
the zone may be indicative of localised lithospheric thickening
related to this thrust system.
There is relatively little systematic correlation between
structures imaged in the upper crust, middle to lower crust,
and upper mantle over the Melbourne and Hay-Booligal

Comparison of upper mantle seismic tomography with the
interpretation of long-wavelength components of the magnetic
and gravity ﬁelds allows us to examine the three-dimensional
structure of the lithosphere. In the Stawell Zone, where the
potential ﬁeld imagery and mantle velocity model show a
coherent spatial distribution, relatively simple thrust geometry
can be inferred, and shown to have observable corollaries in
seismic proﬁles and the distribution of magnetic granites. In other
parts of the Lachlan Orogen, inconsistencies between upper
crustal features, long-wavelength potential ﬁeld anomalies, and
the upper mantle velocity model, suggest a more complex
three-dimensional structure than can be inferred directly from
outcropping geology. High mantle velocity below the WaggaOmeo Zone may reﬂect lithospheric thickening associated with
the thrust geometry of the boundaries of the zone. Thermal events
may have modiﬁed Proterozoic basement below the Melbourne
and Hay-Booligal zones, reducing mantle velocity.
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