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3-D structure of the Australian lithosphere from evolving
seismic datasets

S. FISHWICK1* AND N. RAWLINSON2

1Department of Geology, University of Leicester, University Road, Leicester LE1 7RH, UK.
2Research School of Earth Sciences, The Australian National University, Canberra, ACT 0200, Australia.

During the last 20 years, seismic tomography has frequently been used to provide information on the
structure of the lithosphere beneath the Australian continent. New tomographic models are presented
using two complementary seismological techniques in order to illustrate the current state-of-
knowledge. Surface wave tomography is the ideal method to obtain information of velocity variations
across the whole continent. The latest models use data from over 13 000 source–receiver paths,
allowing a higher resolution than in previous studies using the same technique. In Western Australia the
results at 100 km depth clearly reveal the contrast in structure between the Pilbara and Yilgarn Cratons
and the Capricorn Orogen. At greater depths, the Kimberley Block has a distinct fast velocity anomaly
in comparison with the surrounding mobile belts. In the east of the continent, strong horizontal gradients
in velocity indicate transitions in lithospheric structure, although the new high resolution models reveal a
complexity in the transitions through central Victoria and New South Wales. Complementing the
surface wave tomography, we also present the results from the inversion of over 25 000 relative arrival
times from body wave phases recorded in southeast Australia and Tasmania. The body wave
tomography uses the surface wave model to provide information on long-wavelength structure and
absolute velocities that would otherwise be lost. The new results indicate a distinct boundary between
the Delamerian and Lachlan orogens within the upper mantle, the location of which is consistent with
an east-dipping Moyston Fault, as observed by deep seismic reflection profiling. The new models also
confirm a distinct region of fast velocities beneath the central sub province of the Lachlan Orogen. A
significant new observation is that the inferred eastern edge of this central sub-province has a strong
correlation with the location of copper/gold deposits; a similar relationship is observed at a larger scale
in Western Australia where mineral deposits appear to flank the regions of fastest velocity within the
West Australian Craton.

KEY WORDS: tomography, mantle, lithosphere, body waves, surface waves, cratons.

INTRODUCTION

The geology of Australia (Figure 1) records a history

from the early Archean through to the present day (e.g.

Betts et al. 2002). In order to understand the tectonic

evolution of the continent over such a long period,

observations from the surface are not sufficient, and we

require approaches that allow us to image both the

crustal structure and the properties of the underlying

mantle. While a range of geophysical techniques have

been used for this class of sub-surface imaging, seismic

tomography offers the best approach for investigating

regional-to-continental scale variations in the proper-

ties of the upper mantle. However, the results from

tomographic studies do not remain static. As both

techniques and datasets evolve, so to do the resulting

models of upper mantle structure. This evolution of

models can make interpretations somewhat frustrating,

but is a natural aspect of tomographic studies—data

coverage is never complete, and new data can always

add new information. Ideally, as data are added, the

changes in appearance of the tomographic model will be

evolutionary rather than revolutionary, which can thus

give confidence in key features. Additionally as new

techniques are developed, such as full waveform tomo-

graphy, the models should represent Earth structure

even more realistically.

The focus of this manuscript is to present updated

surface wave and body wave tomography results for the

Australian continent, in the context of the evolutionary

progression of seismic tomography models over the last

two decades.

Previous Studies

A variety of seismological techniques have been per-

formed on data in order to recover the seismic velocity

structure in the crust and upper mantle beneath the

Australian continent (see e.g. Kennett 2003). Point

information can be obtained for the crust and upper

mantle from receiver function studies (e.g. Reading et al.

2007; Ford et al. 2010) and in northern Australia body
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wave information has been exploited to produce pseudo-

3D models of the velocity variation (e.g. Kaiho &

Kennett 2000). In this summary, we focus on the results

from tomographic studies that have been used to

construct velocity models of the upper mantle.

SURFACE WAVE TOMOGRAPHY

Owing to the location of seismic sources surrounding

the continent, and the temporary deployments of broad-

band seismometers—beginning with the SKIPPY experi-

ment in the mid 1990s (van der Hilst et al. 1994)—which

give continent-wide coverage of seismic stations, sur-

face wave tomography has been frequently used to

provide information at the continental-scale (Figure 2).

The majority of studies have used either a methodology

based on partitioned waveform inversion of the whole

seismogram (e.g. Zielhuis & van der Hilst 1996; Simons

et al. 1999, 2002) or a technique using secondary

observables derived from the seismogram within the

waveform inversion process (e.g. Debayle 1999; Debayle

& Kennett 2000; Yoshizawa & Kennett 2004; Fishwick

et al. 2005, 2008; Fishwick & Reading 2008). Both of these

approaches first calculate a 1D velocity model to

approximate the average velocity structure between

source and receiver. The full set of 1D models is then

combined within a tomographic inversion scheme to

reconstruct the regional velocity variations.

Alternative approaches to surface wave tomography

can be applied. Measurements of phase velocity may be

related directly to shear velocity structure within a

single inversion (e.g. Boschi & Ekström 2002; Schäfer

et al. 2011); however, this technique has not been applied

at a regional scale for Australia. Recently, Fichtner et al.

(2009, 2010) developed a method of full waveform

tomography, which uses spectral element simulations

of seismic wave propagation in combination with

adjoint techniques to construct a model of the 3D

velocity variations. The advantage of full waveform

tomography is that the waveforms are matched based on

the correct solution of the equations of motion in a

heterogeneous earth, and artefacts owing to simplifica-

tions of the wave propagation are avoided (Fichtner

et al. 2009). However, the computational demands of this

approach, means that in comparison with models using

approximations of wave propagation, less data can be

included in the inversion. This makes comparisons

between different approaches very difficult; while

resolution is predominately determined by data cover-

age and quality, resulting models should be more

realistic with the inclusion of the correct solution of

the equations of motion (Fichtner et al. 2009).

The surface wave studies described above have all

revealed a number of features in the upper mantle

related to the tectonic evolution of the Australian

continent. It has long been recognised that there is a

significant difference in sub-surface structure between

the Precambrian shield region of western and central

Australia and the younger Phanerozoic terranes in the

east (Figure 1). Travel times from nuclear explosions

Figure 1 Map showing the

large-scale geological features

of the Australian continent.

810 S. Fishwick and N. Rawlinson

D
ow

nl
oa

de
d 

by
 [

A
us

tr
al

ia
n 

N
at

io
na

l U
ni

ve
rs

ity
] 

at
 1

7:
46

 0
3 

Se
pt

em
be

r 
20

12
 



indicate fast anomalies within the shield areas, and slow

wavespeeds in southeast Australia and Tasmania

(Cleary 1967). The surface wave model of Simons et al.

(2002) has been used to investigate whether there is any

age-dependence of the fast velocities in the shield

region. Defining a vertical extent of the seismic litho-

sphere by the þ1% velocity contour, Simons & van der

Hilst (2002) found that at scale lengths of less than

1000 km, the relationship between the age of the over-

lying geology and the lithospheric thickness is more

complicated than had been suggested by global studies.

The potential economic importance of our understand-

ing of the location of cratonic lithosphere, has been

illustrated by Jaques & Milligan (2004) and O’Neill et al.

(2005) in relation to the location of kimberlite deposits

that appear to be found close to the edge of regions of

thicker lithosphere. Additionally, Begg et al. (2010) also

found that many worldwide Ni–Cu–PGE sulfide deposits

lie in close proximity to the boundaries of cratonic

blocks.

Within the Yilgarn Craton, the results from the

surface wave tomography of Fishwick et al. (2005) have

been integrated alongside seismic reflection and refrac-

tion data, and receiver functions to construct a 3D

geological/seismic model of the region (Goleby et al.

2006). This style of 3D model can yield important in-

formation on features such as crustal shear zones—

related to mineral rich regions, and the inclusion of the

passive-source seismic results can indicate whether

terrane boundaries at the surface extend into the

lithospheric mantle. Further analysis of the lithospheric

architecture of this region, and the associated relevance

to gold mineralisation, have included information from

the tomographic study. While this analysis includes a

wide range of geophysical, stratigraphic and geochem-

ical information, the main emphasis from surface wave

studies has been placed on the location of a high

(Vs4 4.8 km/s) wavespeed body, and the variation in

depth as to where this occurs (see e.g. Blewett et al. 2010;

Czarnota et al. 2010).

The nature of the transition from the cratonic blocks,

which make up the Precambrian shield region of central

and western Australia, to the Phanerozoic terranes in

the east (Figure 1) is another question that has been

addressed. Direen & Crawford (2003) discussed the

concept of the Tasman Line, and whether the interpreta-

tion of magnetic and gravity lineaments could be

attributed to a single event—the breakup of Rodinia.

The authors suggested that the idea of a single line was

misleading, and that the protracted geological history

from the Neoproterozoic to the Carboniferous gives rise

to a variety of geophysical responses (Direen & Crawford

2003). Following this work, Kennett et al. (2004a) des-

cribed the results from a range of seismic studies in

order to provide information on the nature of this

transition in the mantle. The results suggested that

there was not a simple relationship between the location

of transitions in mantle properties and the lineaments

defined at the surface. As the datasets, and models,

evolved, a more detailed analysis of the surface wave

tomography was undertaken highlighting a number of

‘steps’ in the upper mantle velocity structure. These

features were associated with variations in lithospheric

thickness beneath provinces of different ages (Fishwick

et al. 2008).

The easternmost step in lithospheric structure

marks a strong gradient in wavespeed inland of the

continent–ocean transition (Fishwick et al. 2008). The

very slow velocities on the eastern margin of the

continent were recognised in the early surface wave

study of Zielhuis & van der Hilst (1996), and have since

remained an integral part of all the tomographic

models. However, despite all surface wave models

showing slow wavespeeds in this region, at scale

lengths of less than 500 km the location of the strongest

velocity anomalies remains very variable between

three recent models (see Fichtner et al. 2012). There is

a broad correlation between the location of the slow

wavespeeds and the location of Cenozoic volcanism

along the east coast and in southern Australia. It is

plausible that a pre-existing lithospheric structure may

have controlled the location of the volcanism. In

southern Australia, the rapid change in lithospheric

thickness has been proposed as a driver for edge-driven

convection, which manifests at the surface as the

Newer Volcanics province (Demidjuk et al. 2007).

Figure 2 Map showing the path coverage, earthquake

sources and seismometers used in the surface wave studies.

(a) Fishwick et al. (2008) and (b) the present study. Earth-

quakes from the earlier study are in red, while locations of

additional epicentres used in the present study are in

purple. Similarly, the original networks of seismometers

used are shown as yellow triangles, the location of

additional seismometers used in the present study are

shown as slightly larger blue triangles.

3-D structure of the Australian lithosphere 811

D
ow

nl
oa

de
d 

by
 [

A
us

tr
al

ia
n 

N
at

io
na

l U
ni

ve
rs

ity
] 

at
 1

7:
46

 0
3 

Se
pt

em
be

r 
20

12
 



One of the fundamental limitations of surface wave

tomography is the lateral resolution of the technique.

Owing to the periods used to image structures in the

upper mantle, even in areas with an excellent distribu-

tion of stations and good azimuthal variation in path

coverage, the optimum horizontal resolution is likely to

be approximately 100–200 km. In order to provide more

detailed models, body waves need to be included in the

analysis.

BODY WAVE TOMOGRAPHY

Owing to the sub-vertical propagation paths of body

waves from distant earthquakes, and the sparse station

distribution, continental-scale body wave tomography of

the upper mantle beneath Australia has received less

attention than the continental-scale surface wave tomo-

graphy. However, the proximity of the Indonesian

subduction zones, has allowed first order variations in

structure on the northern margin of the continent to be

highlighted in work focusing on the nature of the

subducted slabs (e.g. Widiyantoro & van der Hilst

1996). Gorbatov & Kennett (2003) also produced models

of bulk-sound speed and shear wavespeed variations,

from the joint inversion of P and S wave arrival times.

These models were predominately used to investigate

variations in structure within the subduction zones,

with the results for the Australian region presented by

Kennett (2003) and Kennett et al. (2004b). The joint

tomography results indicate that the transition from

fast to slow wavespeeds associated with the Tasman

Line is particularly strong for shear wavespeed, but not

as apparent in the bulk-sound speed. Within the Yilgarn

and Pilbara Cratons there is also significant small-scale

variation in shear wavespeed; results that are compa-

tible with the type of features observed in the surface

wave models. More recently, Kennett & Abdullah (2011)

presented results from an attenuation study of the

Australian continent. Although this includes more data

than the earlier body wave studies, the nature of the

parameterisation (and focus of the study on attenuation)

means that the velocity structure is not recovered at the

same resolution as the earlier work.

In contrast to the results at the continental scale,

within southeast Australia body wave tomography has

been used to elucidate relatively detailed structure. This

has been made possible by the initiation of a different

class of passive seismic experiment in the late 1990s. The

first of these involved an array of 40 short-period

recorders that were deployed in western Victoria in

1998 with a station spacing of only 50 km, which allowed

finer-scale features such as the Moyston Fault and the

hot spot beneath the Newer Volcanics province to be

illuminated (Graeber et al. 2002). This array was then

moved twice in the subsequent two years to achieve

contiguous coverage of the southwest Lachlan Orogen

and Adelaide Fold Belt (Clifford et al. 2008).

These first three high-density passive array deploy-

ments in southeast Australia represent the beginnings

of what is now known as the WOMBAT project

(Rawlinson et al. 2011), which involves the use of a

transportable array of instruments to achieve high-

density passive seismic coverage of southeast Australia.

To date, there have been 15 array deployments through-

out Tasmania, Victoria, New South Wales and southern

South Australia that have resulted in a total of nearly

600 site locations with interstation spacings of 50 km on

the mainland and 15 km in Tasmania (see Figure 3).

Typically, each array is deployed for a period of 6–12

months before it is moved to a new location.

The natural seismicity recorded by the WOMBAT

arrays include P and S body waves from distant earth-

quakes, ambient noise from oceanic microseisms and

atmospheric disturbances, and local earthquakes. In the

latter case, the recording duration is generally not

sufficient to record enough events in the vicinity of the

array to usefully contribute to seismic imaging. The

principal technique used so far to image lithospheric

structure is teleseismic tomography, which exploits the

relative arrival times of distant earthquakes across an

array in order to recover lateral variations in velocity

throughout a 3-D volume beneath the array (see Raw-

linson et al. 2010b for a review of the technique). A

number of studies have been carried out on data

recorded by individual arrays (Graeber et al. 2002;

Rawlinson et al. 2006a, b; Rawlinson & Urvoy 2006;

Clifford et al. 2008; Rawlinson & Kennett 2008), but

recent efforts have focused on trying to combine data

from multiple arrays in order to generate unified models

of larger regions (Rawlinson et al. 2010a, 2011). The

results of these teleseismic tomography studies have

yielded new information on the structure and tectonic

evolution of southeast Australia. For instance, Graeber

et al. (2002) find that there is a *2% increase in P-wave

velocity across the Moyston Fault Zone from east to

west, and conclude that it represents a major litho-

spheric boundary. Graeber et al. (2002) also find

pronounced low velocities beneath the eastern part of

the Newer Volcanics province and suggest that these

results from reduced mantle velocities associated with a

hot-spot-related high temperature anomaly.

As the WOMBAT experiment has grown, more recent

teleseismic tomography results have expanded on the

early findings of Graeber et al. (2002). Rawlinson et al.

(2011) find that the velocity contrast across the Moyston

Fault Zone extends northwards into New South Wales,

and interpret it to be the boundary between Proterozoic

and Paleozoic lithosphere extending beneath the Wes-

tern Subprovince of the Lachlan Orogen. Other findings

include a large E–W-oriented region of elevated velocity

beneath northern Victoria in the uppermost mantle that

may be related to basaltic underplating associated with

the formation of the Bass Basin during initial rifting of

Australia and Antarctica (Rawlinson et al. 2011); ele-

vated velocities beneath the Omeo Zone that point to the

possibility that the Central Subprovince of the Lachlan

Orogen is underlain by a large Proterozoic continental

fragment of Rodinian origin (Rawlinson et al. 2011); and

that the transition from lithosphere of Proterozoic

continental origin to Phanerozoic oceanic origin occurs

some 50 km east of the Tamar River in Tasmania

(Rawlinson et al. 2010a).

One of the principal drawbacks of teleseismic tomo-

graphy is that relative arrival time residuals are used

instead of absolute arrival time residuals; this is

necessary because of origin time uncertainty (which

812 S. Fishwick and N. Rawlinson
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can be much larger than the arrival time residuals) and

variations in structure outside the 3-D model volume. As

a consequence, lateral perturbations in wavespeed that

are recovered are purely relative, and absolute wave-

speed information is lost. This means that it becomes

very difficult to compare models that are separately

derived from data recorded by adjacent arrays. Joint

inversion of multiple datasets for a single model

mitigates this problem to some extent (Rawlinson et al.

2011), but long wavelength features (greater than the

aperture of a single array) are lost. In a recent paper,

Rawlinson & Fishwick (2011) use a starting model

derived from surface wave tomography (Fishwick et al.

2008) in the inversion for P-wave velocity structure

beneath southeast Australia. The long-wavelength fea-

tures in the surface wave model in effect replace the

information lost by using relative arrival time resi-

duals. These new results provide a more complete

picture of the lithosphere, and allow effects such as

gradual lithospheric thinning towards the passive

margins to be observed (Rawlinson & Fishwick 2011).

EVOLVING DATASETS

Methodology

SURFACE WAVE TOMOGRAPHY

A full description of the method used in the surface

wave tomography is given in Fishwick et al. (2008), here

we present a brief summary of the key components. In

the present approach the construction of the shear

wavespeed model for the whole continent can be

considered in two parts. In the first stage a waveform

inversion procedure (Cara & Leveque 1987; Debayle

1999) is used to calculate a 1D path-average velocity

model (between source and receiver), which provides a

good fit to an individual surface waveform. Given the

non-linear dependence between the model parameters

and the data, it is important to provide a reliable

starting model for the inversion procedure. Within the

crust, lateral heterogeneity is incorporated by using

the global model 3SMAC (Nataf & Ricard 1996), and the

crustal model remains fixed throughout the inversion

process. For the mantle, we use multiple starting

models. We first construct a preliminary model, using

the data available from the work of Fishwick et al. (2008)

that constrains the long-wavelength (41000 km) varia-

tions in velocity throughout the study region. A

reference path-average velocity can then be computed

through this preliminary model; four different starting

models are chosen that vary between +3% from this

reference. The results from each starting model are

visually compared, and if all four models show similar

characteristics, a final path-specific 1D model is calcu-

lated as a weighted average of each of these four models.

The second stage is the construction of the tomo-

graphic model. In this process, the information from

all of the accepted path-specific 1D models is combined

to determine the lateral variations in shear wavespeed.

A series of depth slices are independently calcu-

lated at 25 km depth intervals; each 2D model is the

result of a tomographic inversion relating the velocity

Figure 3 Map showing location of all WOMBAT stations in southeast Australia. All body wave data used in this study was

recorded by the nine arrays that are enclosed by the thick red line.

3-D structure of the Australian lithosphere 813
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perturbation at a particular point to the set of path-

specific information at this depth. Variations in velocity

are parameterised using spherical B-splines, and the

tomographic problem is solved using a damped least-

squares inversion (see Fishwick et al. 2008 for full

details). Strongly damped models are forced to remain

close to an a priori reference model, whereas when no

damping is applied the inversion will simply minimise

the data misfit. Given the use of model norm damping,

an appropriate a priori reference model is needed. One

of the problems of using a radially averaged global

reference model is that in the upper mantle, strong

velocity contrasts exist between regions beneath the

oceans and old continents, and forcing the final model

back towards this mean velocity may not be meaningful.

We continue to use the approach of Fishwick et al.

(2005), where the tomographic inversion is carried out

in two steps. The long-wavelength features required by

the data are first recovered, and then a second tomo-

graphic inversion to obtain finer scale variations is

performed that involves damping back towards this

new, laterally heterogeneous reference model.

The dataset used in the present study consists of over

13 000 path-averaged models (compared with around

2600 in the previous studies). Given a fivefold increase

in data it is not surprising that path coverage is

significantly higher across the whole continent (see

Figure 2b). Although the earlier ANU Research School

of Earth Science temporary experiments (see Kennett

2003) had deployed many instruments within Western

Australia, there remained relatively little data on the

western margin of the continent. The inclusion of data

from permanent stations, which are part of the

Geoscience Australia network, has significantly in-

creased path density in this region. Outside the

continent, coverage is noticeably higher to the north-

northwest and south-southeast (Figure 2). Additionally,

the stations on islands to the east of Australia should

improve reliability of the model within the Tasman Sea

region. The eastern Indian Ocean remains the location

with the lowest path coverage, and, for a regional scale

study, this is unlikely to change without the deployment

of ocean bottom seismometers.

BODY WAVE TOMOGRAPHY

The body wave tomography method used is described in

Rawlinson et al. (2006a) and Rawlinson & Fishwick

(2011), so only a brief summary is provided here. Model

structure is represented using a regular grid of velocity

points in latitude, longitude and depth, with an average

spacing of *20 km. Cubic B-splines are then applied in

order to define a smooth continuous medium. An

iterative non-linear inversion method is used to adjust

the velocity grid values in an attempt to satisfy the

observations, subject to damping and smoothing reg-

ularisation. The initial model used for this study comes

from the latest surface wave model described in this

paper, which features much higher path density in

southeast Australia compared with previous studies

(see Figure 2).

Several assumptions have been made in order to

combine the surface and body wave information. The

surface wave model is described by absolute S-wave

velocity variations, whereas the body wave dataset

contains only P-wave arrival time residuals. The use of

short period sensors means that higher frequency body

waves from distant earthquakes are far more prevalent

than lower frequency S-waves, so it is not possible to use

the sparse S-wave dataset. As described previously,

continent-wide P-wave velocity models are available,

and in theory could provide an initial model for the

inversion, but regional body wave coverage in southeast

Australia is much poorer than surface wave coverage,

which is why we favour using the S-wave model. In

order to derive a P-wave model from the S-wave model,

we simply assume ak135 Vp/Vs ratios owing to a lack of

more detailed information. While this is an important

assumption, which needs to be acknowledged, we note

that in regions of similar spatial resolution in eastern

Australia, the broad scale body and surface wave

velocity models are in general agreement, so the

likelihood of major artefacts being introduced is low.

The dataset used in the inversion comprises 25,834

arrival time residuals from 713 distant earthquakes that

were cumulatively recorded by nine separate arrays—

seven on the mainland and two in Tasmania (see Figure

3). Most arrival times are associated with direct P-

waves, but PcP (reflections from the core–mantle

boundary), PKiKP (reflections from the inner core

boundary), PP (P-waves that reflect once from the

surface of the Earth) and other global phases are also

used. Relative arrival times are rapidly and accurately

picked using the adaptive stacking method of Rawlinson

& Kennett (2004), which exploits the coherency of

waveforms detected at an array from a distant earth-

quake. Compared with the previous generation of

combined body and surface wave results in southeast

Australia published in Rawlinson & Fishwick (2011), the

current study differs by including data from the two

Tasmanian arrays, and using a significantly higher

resolution surface wave model of the region.

RESOLUTION

Surface wave tomography

In order to illustrate the potential recovery of velocity

structure given the path coverage used in the current

study we present the results from a checkerboard

reconstruction test with a 3-degree separation between

minimum and maximum anomalies (Figure 4a). For

each source–receiver path used in the real inversion,

the average velocity is calculated through the synthetic

checkerboard model. Gaussian noise is added to repre-

sent the uncertainties in the waveform inversion

procedure, and the resulting dataset is inverted using

the same procedure as for the real data. Throughout the

continent the checkerboard structure is well recovered

(see Figure 4b). The amplitudes of the recovered

anomalies are slightly underestimated, which can be

expected given the noise in the data and the regularisa-

tion scheme used within the inversion procedure. On

the northwest margin of the continent, despite the

improved path coverage (see Figure 2b) there remains
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a tendency for anomalies to be smeared in a northwest–

southeast direction; the dominant azimuth of path

coverage in that region. To the west and south of the

continent, despite the improved path coverage, struc-

tures with spatial scales in the order of 300 km can be

difficult to resolve.

The result of the checkerboard test simply indicates

the potential to recover structure for a particular depth

slice. Given the two-stage nature of the surface wave

tomography (see methodology) it is not possible to

estimate the exact interdependence between the differ-

ent layers (see also Simons et al. 2002). The vertical

resolution of each 1D model is variable, as it is

dependent on the data, the periods used, and whether

higher mode information can be included in the wave-

form inversion. At this stage a full three dimensional

estimate of resolution is therefore not feasible. However,

previous surface wave studies have suggested that

where higher mode information can be included, the

vertical resolution will be in the order of 25–50 km in the

uppermost mantle (Priestley et al. 2008).

Body wave tomography

As with the surface wave resolution tests above, we use a

checkerboard reconstruction test to analyse the ability

of the WOMBAT dataset to recover structure. Important

differences to the above tests include: (1) only short scale

length structure is recovered here; structures larger

than the aperture of each array are only constrained

by the surface wave dataset, so refer to the surface wave

checkerboard test results when interpreting these fea-

tures; (2) the checkerboard varies in latitude, longitude

and depth, owing to the fact that 3-D structure is

recovered in a single inversion. In order to simulate

picking uncertainties associated with the observational

dataset, Gaussian noise with a standard deviation of

50 ms is added to the synthetic arrival time residuals.

Figure 4 Checkerboard resolution

test results for the surface wave

dataset at a nominal depth of

100 km. (a) Illustration of the in-

put model; (b) recovered velocity

structure using the same path

coverage as for the present study.

3-D structure of the Australian lithosphere 815

D
ow

nl
oa

de
d 

by
 [

A
us

tr
al

ia
n 

N
at

io
na

l U
ni

ve
rs

ity
] 

at
 1

7:
46

 0
3 

Se
pt

em
be

r 
20

12
 



Figure 5 shows horizontal sections through the input

and output checkerboard test model. The broad-scale

variations in velocity structure are due to the presence

of the laterally varying initial model. In general, the

checkerboard pattern is well recovered beneath the

region spanned by the arrays used in this study. Owing

to the fact that body wave energy from distant earth-

quakes probes deep into the Earth before returning to

the surface at a steep angle of incidence, there is little

data coverage beneath the oceans (Figure 5, 100 km

depth slice); that said, the gradual horizontal spread of

the recovered checkerboard with increasing depth (cf.

100 km and 260 km depth slice in Figure 5) reflects the

sub-vertical nature of the incoming rays.

Compared with the mainland, the quality of the

checkerboard recovery beneath Tasmania is not notice-

ably superior, despite the fact that data density is much

higher (owing to the smaller interstation spacing).

Moreover, below 100 km depth, the recovered pattern

becomes even less distinct. The reasons for these obser-

vations include the use of uniform regularisation

throughout the model, the addition of data noise, and

the fact that the aperture of the two Tasmanian arrays is

much smaller than their mainland counterparts. In

general, it can be shown for teleseismic tomography

studies that the maximum depth of good resolution is

approximately equal to two-thirds the aperture of an

array (Evans & Achauer 1993); in the case of TIGGER this

is around 170 km and in the case of SETA it is appro-

ximately 100 km. Thus, the accuracy of the checker-

board recovery at 180 km and 260 km depth (see Figure 5)

is somewhat less than at 100 km depth beneath these

two arrays.

One obvious feature of the recovered checkerboard

anomalies is that amplitudes are universally under-

estimated; this is a recognised feature of gradient-based

inversion methods that use damping and smoothing in

an attempt to filter out structures that are not strongly

constrained by the data (see Rawlinson et al. 2010b for

more details).

EVOLVING MODELS AND TECTONIC
IMPLICATIONS

Results

SURFACE WAVE TOMOGRAPHY

Figure 6 shows the results of the surface wave tomo-

graphy at four different depths (75 km, 150 km, 225 km

and 300 km). The results from the previous study of

Fishwick et al. (2008) are included to illustrate the

changes that have occurred owing to the increased data

coverage and more detailed parameterisation. The

variance reduction in the present study is – 75 km:

88.1%; 150 km: 91.1%; 225 km: 65.9%; 300 km: 21.1%. The

very low variance reduction for the inversion at 300 km

depth is due to two factors; first, the resolution of the

surface wave tomography decreases with depth and

there is likely to be a greater uncertainty in the path

average velocity, and second, there are smaller velocity

perturbations in the initial data, and as such a homo-

geneous starting model already provides a better fit to

the data than the equivalent starting model at shallower

depths. In comparison with the previous study there is a

Figure 5 Checkerboard resolution test results for the body wave dataset at three different depths.
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Figure 6 Surface wave inversion results at four different depths (75 km, 150 km, 225 km and 300 km). The left column (a–d)

shows the results from the previous study of Fishwick et al. (2008), and the right column (e–h) shows the present results.

Velocities are plotted as perturbations from the ak135 reference model, and the colour scale remains the same at all depths.
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significant improvement in data fit in all but the deepest

depth, for comparison the variance reduction in the

earlier work was 82.5% at 75 km depth and 84.6% at

150 km depth (Fishwick et al. 2008). Again, there are

likely to be two main reasons; first, the new data are

predominately from permanent stations, which are

inherently less noisy than temporary deployments of

seismometers and should provide data with lower

uncertainties, and second, the change in the parameter-

isation to a spline spacing with knot points at 1.5 degree

intervals allows more variation in structure, which

should enable a better fit to the data.

A visual comparison of the models (Figure 5)

indicates that the broad scale features have changed

very little. At the shallowest depths the slow velocities

in central continue to be a distinct feature of the tomo-

graphic models. These low velocities are only observed

in the uppermost mantle, and are underlain by faster

seismic velocities at depths of 150 and 225 km, which is

difficult to explain from simple models of constant

composition and cratonic geotherms (see Fishwick &

Reading 2008, for discussion). At 150 and 225 km depth

comparison of the previous models (Figure 6b–c) and the

new models (Figure 6f–g) indicates similar large-scale

features, although in the latest models the strength of

the velocity anomalies are more muted. This indicates

that there is a slightly stronger damping used in the

latest inversions. As the variance reduction remains

significantly higher than the previous study, there is a

trade-off between the lateral resolution of the parame-

terisation and the amplitudes of the velocity anomalies

when fitting the data. At 300 km depth we observe the

most significant variations between the old and new

models. The fast velocities in the southwest of the

continent (Figure 6d) are significantly reduced (Figure

6h); the extent to which this is the higher damping or the

increased data in that region is difficult to determine.

BODY WAVE TOMOGRAPHY

Figures 7 and 8 show the results—as a series of

horizontal depth slices—of the teleseismic body wave

tomography that uses an initial model derived from

surface wave tomography. Results from the previous

Figure 7 Body wave inversion results at three different depths (50 km, 100 km and 150 km). The top row shows the broad-scale

structure of the surface wave only model; the middle row shows the combined body and surface wave results; and the bottom

row presents the model from the previous study of Rawlinson & Fishwick (2011) for comparison. Note that in the latter case,

the two Tasmanian datasets were omitted, which is why the plots do not extend further south than 398.
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study of Rawlinson & Fishwick (2011), which use the

surface wave model of Fishwick et al. (2008) and no data

from Tasmania, are also included for comparison. Six

iterations of the inversion scheme are used to achieve a

68% variance reduction in the data fit from 245 ms to

138 ms; additional iterations did not significantly im-

prove the fit or change the visual appearance of the

solution model. The remaining misfit can be attributed

to data noise, limitations on permissible variations in

structure imposed by the parameterisation and regular-

isation, and the underlying theory, which assumes that

geometric ray theory is valid. The introduction of

teleseismic body wave constraint via traveltime inver-

sion clearly introduces short wavelength features, while

generally preserving the long-wavelength features pre-

sent in the initial model. It is important to view these

results in light of the checkerboard resolution tests

(Figure 5), which clearly show that the body waves offer

little constraint outboard of Tasmania and the main-

land, which is why the solution models tend to revert to

the starting model in areas submerged by oceans.

Furthermore, it is necessary to consider the resolution

of the surface wave models (see Figure 4) when

interpreting the final model, because the long-wave-

length features are not uniformly constrained; for

example, the triangular low-velocity zone between 50

and 100 km depth beneath northern Tasmania and Bass

Strait may partly be a function of crossing path

distribution.

The differences between the current results and

those of Rawlinson & Fishwick (2011) can be observed

largely in the longer wavelength structures, although

some variations in shorter wavelength features can be

detected owing to the use of slightly different regular-

isation. The main difference between the models occurs

near the east mainland coast at 200 km depth, where

the velocities in the current study are significantly

higher than the previous study. This attribute is largely

inherited from the updated surface wave model.

West Australian Cratons

The geological structure of western Australia is domi-

nated by the Yilgarn and Pilbara cratons (see Figure 1).

These two Archean cratons form the majority of the

West Australian Craton, and contain much of the oldest

preserved crustal material in the Australian continent.

The Capricorn Orogen records a series of Paleoproter-

Figure 8 Same as Figure 6, but the three horizontal slices are taken at greater depths (200 km, 250 km and 300 km).
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ozoic events related to the joining of the Pilbara and

Yilgarn cratons, and had subsequent reactivation

through into the Neoproterozoic (see Cawood & Korsch

2008). The West Australian Craton is bounded by a

number of Proterozoic orogens: the Albany-Fraser

Orogen to the southeast, the Paterson Orogen to the

northeast and Pinjarra Orogen to the west. The other

cratonic region that is discussed with respect to the

surface wave results is the Kimberley Block. Part of

the North Australian Craton, the majority of the

Kimberley is overlain by ancient sediments and little

of the original basement is exposed. Isotopic data from

diamondiferous kimberlites suggest that the Archean

lithospheric mantle existed beneath the Kimberley

Block (Graham et al. 1999; Downes et al. 2007). The

highest concentration of diamondiferous intrusions in

Australia is found on and at the margins of the

Kimberley Block (Jaques & Milligan 2004).

Figure 9 illustrates the absolute shear velocities from

the surface wave tomography throughout western

Australia at depths of 100 and 200 km. At the shallowest

depth slice, the West Australian Craton is clearly stands

out as a clear high velocity anomaly. Within this region,

there are also noticeable differences in velocity struc-

ture between the Yilgarn and Pilbara Cratons, and the

Capricorn Orogen. At 100 km depth velocities of *4.75

km/s are observed beneath both Archean cratonic

regions, whereas slower velocities of *4.65 km/s are

found beneath the Capricorn Orogen. Recent work,

using seismic receiver functions, has also indicated a

compatible variation in structure. Reading et al. (2012)

find that beneath the orogen, the transitions at the Moho

are much less distinct, mid-crustal character more

complex, and mantle wavespeed is generally slower

than at stations beneath the adjacent Cratons. The

results of the present surface wave study suggest that

this is a consistent feature beneath the Capricorn

Orogen, and not just associated with local structure

beneath a seismic station. The contrast in velocity of

*0.1 km/s could be caused by a number of factors such

as temperature, composition or grainsize. Composi-

tional variations could relate to the initial mantle

depletion or to mantle refertilisation through processes

that occurred during reactivation (Reading et al. 2012).

Unravelling the combination of different components of

the velocity anomaly is not possible from the tomo-

graphic study alone.

At 200 km depth, the Pilbara and Yilgarn Cratons

no longer have the same seismic velocity structure

(Figure 9). Beneath the Pilbara, a relatively low-velocity

zone (*4.55 km/s in comparison with 4.75 km/s at

depths around 100 km) is observed. This decrease in

velocity is expected through the continental lithosphere

as the effects of increasing temperature have a stronger

influence on velocity than the increasing pressure.

Beneath much of the Yilgarn, almost no low-velocity

zone is observed. The Kimberley Block is particularly

evident as a fast velocity anomaly at 200 km depth,

although somewhat to the south of the surface expres-

sion. Given the proximity of the diamondiferous kim-

berlites (Jaques & Milligan 2004), it would be expected to

see fast velocity anomalies representative of a region of

thicker lithosphere. Whether the slow velocities (4.47–

4.6 km/s) at 100 km are indicative of compositional

layering within the lithosphere is uncertain, but

they are not easily explained by simple cratonic

geotherms and constant composition (see e.g. Faul &

Jackson 2005).

Figure 9a includes additional information on the

location of gold deposits (historic mines and mineral

deposits) found in Western Australia. Given the interest

in using geophysical observations to help understand,

and predict, potential locations of mineralisation (e.g.

Blewett et al. 2010; Czarnota et al. 2010) it is worth

considering these broad-scale observations. The major-

ity of the deposits appear to be found close to the edge of

the high velocity foci within Western Australia; this

relationship is visible for deposits adjacent to both the

Pilbara and Yilgarn Craton. In contrast to the earlier

work looking specifically at the Eastern Goldfields

(Blewett et al. 2010; Czarnota et al. 2010), we do not

advocate using a particular velocity contour as a

predictive tool; it certainly would not be applicable from

one regional inversion to another. As the comparison of

the tomographic models shows (Figure 6), the absolute

velocities that are recovered are strongly dependent on

the parameterisation and regularisation used within the

inversion scheme. However, the visual correlation of the

location of the mineral deposits with the margins of the

fastest velocities, strongly suggests that a more detailed

comparison of mantle structure with respect to miner-

alisation would be very valuable in this region.

Tasman Line

Although the concept of the Tasman Line remains

linked to the transition from the Precambrian Shield

of central Australia to the Phanerozoic terranes in the

east, Direen & Crawford (2003) illustrated that the

geophysical anomalies that have been interpreted as a

single line have no clear relation to a Rodinian-rifted

margin. Instead the geophysical anomalies document a

protracted geological history, recording events from the

Neoproterozoic through to the Carboniferous (Direen &

Crawford 2003). The unravelling of any mantle seismic

signature, associated with the transition has been

discussed by Kennett et al. (2004b) and Fishwick et al.

(2008) and we use the latest results to describe how the

evolving dataset provides further information on the

deep structure. Figure 10 illustrates the horizontal

gradient in seismic velocity for a series of slices through

the surface wave model. Plotting the horizontal gradient

emphasises regions of strong lateral variations, and has

the distinct advantage over the tomographic model

itself; in that the results are independent to the choice

of reference model and colour scheme (see Fishwick

2006, for further discussion). For comparison, the results

from the present study have been overlain by four lines

indicating the regions of strongest horizontal gradients

in seismic velocity that were observed in the earlier

tomographic study of Fishwick et al. (2008).

In concurrence with the earlier results, the strongest

continuous velocity gradient is clearly observed on the

eastern margin of the continent, inland of the continent–

ocean transition. The significant increase in data, and

more detailed parameterisation, has made only minor
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changes to the location of this change in velocity. In fact,

at the shallowest depth (75 km) the strongest gradients

in northern Victoria and southern New South Wales

(32–358S) occur in an almost identical position in the

new tomography models (Figure 9a). The updated

tomography and fixed location of the velocity gradients

provide strong evidence that the link between the

Cenozoic volcanism on the eastern margin of Australia

and the lithospheric structure (see Fishwick et al. 2008)

is a robust one. The results at 125 km depth suggest that

this transition in lithospheric structure is not vertical

but in fact dips towards the west (Figure 10b). The

stronger velocity gradient follows a similar pattern but

is shifted by approximately 200 km further inland.

This westerly dip in structure is a distinct change to

the previous models, where a slight eastward dip had

been inferred from the velocity model.

The westernmost transition is associated with the

edge of the thick lithosphere beneath Mt Isa, central

Australia and the Curnamona province. In the study by

Kennett et al. (2004a) the transition from fast to slow

velocities was found to be in an approximately north–

south line close to 1408E. The addition of data from the

TASMAL experiment created a distinct change in shape

to the transition, with the strong gradients observed

further to the west in central Australia (Fishwick et al.

2008). In the latest models, the magnitude of the velocity

gradient is smaller; however, the location has remained

in approximately the same position. Given the different

regularisation used in the two inversions (see Results),

it is not surprising that the absolute values of the

horizontal gradient also change. While the present study

has incorporated data from very few new seismic

stations in the vicinity of this transition, the overall

path coverage has significantly increased (see Figure 2).

The stability of the large-scale structure between the

recent models is encouraging and suggests that in order

to gain a more detailed picture of the transition, new

stations would be required.

Fishwick et al. (2008) also inferred a central transi-

tion (marked by the dashed-dot line) on the basis of the

velocity gradients, changes in anisotropic structure,

and the absolute velocities within each region. In the

new models presented in Figure 10, this transition is

clearly less coherent. There are localised velocity

gradients, which trend from NNW–SSE to NNE–SSW,

observed at the various depths, but there is no

evidence of a single coherent transition. Based on

geochemical evidence in the south of the continent (e.g.

Handler & Bennett 2001), this transition had been

related to the margin of Proterozoic lithospheric

mantle. However, further north, the lack of outcrop

or geochemical information beneath the Thomson

Orogen provides no additional constraints. The latest

surface wave model suggests that this transition is

more complex than previously imaged. Given the

variations in velocity observed from the local body

wave studies, this is perhaps not surprising, and the

combined results (see following section) should eluci-

date the detailed structure of this region.

South East Australia

The southeast portion of the Australian plate comprises

the Phanerozoic Lachlan and Delamerian Orogens, the

latter commonly referred to as the Tyennan Orogen in

Figure 9 Absolute velocities determined from the surface wave inversion: (a) 100 km; white circles mark the location of all

known gold deposits. Locations are taken from the Australian Atlas of mineral resources, mines and processing centres

(5http://www.australianminesatlas.gov.au/4); (b) 200 km.
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Tasmania (e.g. Crawford et al. 2003). These orogens

formed outboard of the East Gondwana margin largely

through a process of subduction accretion, and are

thought to contain lithosphere of oceanic origin, and

reworked Precambrian continental lithosphere (see

Betts et al. 2002 and Glen 2005 for comprehensive

reviews and discussions). Subsequent to their forma-

tion, events such as the separation of Australia and

Antarctica and the opening of the Tasman Sea at

between 90–80 Ma, the formation of late Mesozoic and

Figure 10 Maps showing the magnitude of the horizontal gradient, G, as calculated using the approach of Fishwick (2006).

Lines indicate distinct regions of strong gradient as defined from the earlier surface wave study: solid line indicates region of

fast velocities associated with the Curnamona Block; dashed line indicates strong gradients at shallow mantle depths (75–

150 km); dot-dash line indicates gradients that were observed at 150–200 km depth; dotted line indicates gradients that were

observed at 200–250 km depth and associated with the margin of the Precambrian shield (Fishwick et al. 2008).
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Cenozoic basins (e.g. the Murray Basin), and the advent

of Cenozoic volcanism inboard of the east coast of

Australia, have conspired to make the task of unravel-

ling the Paleozoic evolution of the continent very

difficult (see Rawlinson & Fishwick 2011 for more

details). The latest results seek to provide new informa-

tion on the structure of the Paleozoic orogens at upper

mantle depths and examine whether there is any

correlation between features in the lithospheric mantle

and surface expressions of both recent volcanism and

zones of mineralisation.

Figure 11 shows a selection of depth sections from the

body wave tomography with inferred boundaries and

several types of data superimposed. Figure 11a super-

imposes topography, bathymetry and the locations of

Cenozoic volcanic remnants. Inboard of the east coast,

the N–S-trending zone of low velocity conforms quite

accurately with the elevated topography of the southern

Great Dividing Range. Owing to the vertical smearing

inherent in body wave tomography, some aspect of the

observed lower velocities is likely to be due to the deep

crustal root, needed for isostatic support, beneath the

mountain range. Another contributor is likely to be

lithospheric thinning in the neighbourhood of the

passive margin associated with the break-up of Austra-

lia and Antarctica and the opening of the Tasman Sea.

Figure 11 Depth slices with data and inferred boundaries superimposed. (a) 50 km depth slice with topography, bathymetry

and Cenozoic volcanic zones superimposed. Topography and bathymetry data are sourced from the Etopo2 global dataset,

and is contoured every 500 m. The volcanic province database is taken from Johnson (1989). (b) 50 km depth slice with the

location of all known copper/gold deposits superimposed. Locations are taken from the Australian Atlas of mineral

resources, mines & processing centres (5http://www.australianminesatlas.gov.au/4). (c) 150 km depth slice with copper–

gold deposits and inferred province boundaries marked. (d) 200 km depth slice with copper/gold deposits and inferred

province boundaries marked.
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The fact that almost all volcanic centres and lava fields

overlie low velocity regions is likely to be related to the

presence of a thin lithosphere. In the case of the

Quaternary Newer Volcanics province, which does not

overlie significantly elevated topography, the lower

velocities that can clearly be observed in the underlying

mantle are most likely due to the elevated temperatures

associated with a hot spot source. The fact that the lower

velocity anomalies cannot be observed below 150 km

depth could indicate that the hot spot is localised in the

uppermost mantle. If so, the presence of a thermal

anomaly of this magnitude may be explained by edge-

driven convection (e.g. Demidjuk et al. 2007; Farrington

et al. 2010). However, plumes have a propensity to

broaden on contact with the lithosphere (e.g. Moore

et al. 1998), so it is plausible that one is present, but

cannot be detected at depth owing to the resolution

limits of the body wave dataset.

Figure 11b shows the same depth slice as Figure 11a

but instead superimposes the locations of known

copper–gold deposits. The large region inboard of the

coast in which copper/gold deposits are absent corre-

sponds closely with the presence of the Murray Basin,

which masks the basement rocks. Figure 11c, d shows

slices at 150 km and 200 km depth with known copper–

gold deposits and inferred boundaries superimposed.

One of the main features of these images is a strong

west–east transition from higher to lower velocities

that we regard as a strong signature of the boundary

between the Delamerian and Lachlan orogens in the

upper mantle. The location of this boundary is

consistent with an east-dipping Moyston Fault, which

has been detected by seismic reflection profiling in the

deep crust (Korsch et al. 2002). There are two possible

reasons for the observed velocity contrast: (1) a

velocity contrast between Proterozoic mantle litho-

sphere in the west and Paleozoic mantle lithosphere

in the east; and (2) a velocity contrast between mantle

lithosphere in the west and sublithospheric mantle in

the east. We favour the latter explanation because the

lithosphere beneath the Lachlan Orogen is unlikely to

be much thicker than 100 km (Fishwick et al. 2008),

whereas the adjoining Proterozoic lithosphere could be

up to 200 km thick. Moreover, there is little evidence of

a strong velocity contrast in this location at depths

of 50 km and 100 km. However, the overprinting effects

of the Newer Volcanics province, separation of Aus-

tralia and Antarctica and opening of the Tasman Sea

on the velocity field are difficult to decouple from other

tectonic events. For instance, the elevated tempera-

tures associated with the Newer Volcanics province

may well obscure the presence of a lithospheric

boundary in Victoria, and mafic underplating asso-

ciated with the possible formation of asymmetric

passive margins during rifting in the Cretaceous (e.g.

Lister et al. 1986) may overprint Paleozoic velocity

variations.

Based on geological and geochemical data collected at

the surface, as well as potential field data, the Lachlan

Orogen has been divided into several subprovinces (e.g.

Foster & Gray 2000). Evidence for these subprovinces in

the upper mantle is rather tenuous, with the red dashed

lines superimposed in Figure 11c, d denoting possible

boundaries. Other features of interest include a distinct

velocity high beneath the paleo-Proterozoic Curnamona

Province (Conor & Preiss 2008), which suggests that the

lithosphere is thicker and faster in this region compared

with the younger lithosphere to the southeast. The

elevated velocities beneath eastern Victoria, Bass Strait

and northern Tasmania (Figure 11d) provides some

traction to the idea that Tasmania and Victoria are

joined by a Proterozoic micro-continent that was

embedded during the formation of the Tasmanides

(Cayley et al. 2002), but if so, it is not clear why a

positive velocity anomaly is not visible at shallower

depths.

It is interesting to note that at depths of 150–200 km,

the copper/gold deposits tend to occur near the edge of

velocity transition zones (see Figure 11); for instance the

Victoria gold province is located near the major inferred

boundary between the Lachlan and Delamerian oro-

gens, while deposits in the Macquarie Arc tend to be

concentrated along the inferred boundary between

the Central and Eastern subprovinces of the Lachlan

Orogen. In a previous study, Rawlinson et al. (2011)

suggested that a substantial fragment of Precambrian

lithosphere—possibly paleocratonic—may underlie the

Central Subprovince, which would explain the elevated

velocities that are observed. These results appear to be

consistent with the surface wave results discussed

above, which show a correlation between the edge of a

cratonic block in Western Australia and the distribution

of known gold deposits.

CONCLUSIONS

Despite the fivefold increase in data for the surface wave

model, the large-scale features remain very similar to

the earlier tomography models. The most noticeable

changes are in areas with additional 584 stations; for

example, the inclusion of data from the Geoscience

Australia network in Western Australia has altered the

velocity structure in the Yilgarn Craton. The new

models show slightly lower amplitude variations in

velocity—the results of the finer parameterisation and

different choices in damping. Therefore, the absolute

velocities that are recovered in the surface wave

tomography are very much dependent on the regular-

isation of the inversion. Although this does not sig-

nificantly alter the interpretations of the large-scale

features, care must be taken in assuming any direct

relationship between particular velocities and geologi-

cal features. The horizontal gradients in velocity con-

tinue to indicate a series of distinct changes in

lithospheric structure in the east of the continent. In

the present study, the central transition in Victoria–

New South Wales is considerably more complex than in

the previous lower-resolution models (Fishwick et al.

2008).

In Victoria, the region of this central transition is in

the middle of the WOMBAT array, and the detailed body

wave tomography indicates why any transition may be

difficult to image at a more regional scale. The results

(Figures 7, 10) clearly show significant small-scale

variations in structure. A change in velocity that
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correlates with the east-dipping Moyston fault is inter-

preted as the boundary between the Delamarian and

Lachlan Orogen, and a region of faster velocities may

demarcate the Central Subprovince of the Lachlan

Orogen. These variations in structure at scales of 50–

200 km will be very difficult to image with the present

surface wave methodology. In the uppermost mantle,

the latest body wave tomography does confirm very low

velocities beneath the Newer Volcanics province and on

the eastern margin of the continent.
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