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1. Introduction

Now that the world has well and truly crossed the threshold to the
21st century, it seems timely to review the progress of lithospheric
seismic imaging and comment on recent developments in the field.
In the context of this special issue, lithospheric seismic imaging refers
to any kind of seismic study that gives rise to multidimensional (2-D
or 3-D) views of the Earth's interior, from the shallow crust to the
base of tectonic plates. For active sources, the primary tools for delin-
eating Earth structure include reflection seismic imaging, reflection
tomography, wide-angle reflection and refraction tomography and
cross-hole tomography. In cases involving modest numbers of un-
knowns (e.g. in 2-D), forward modelling approaches are often also
used with reflection and wide-angle data. In the case of passive
sources, local earthquake tomography, teleseismic tomography, am-
bient noise tomography, and receiver function migration are all capa-
ble of retrieving lithospheric structure.

With the notable exception of Peaceful Nuclear Explosions
(Nielsen et al., 1999; Priestley et al., 1994; Ryberg et al., 1996), active
source imaging is largely confined to the crust and mantle litho-
sphere. Its use is widespread in the exploration industry, particularly
in delineating sedimentary structures favourable to hydrocarbon en-
trapment (e.g. Sheriff and Geldart, 1995). On a broader scale, active
source imaging has been widely used to vastly improve our under-
standing of crustal and uppermost mantle structure and processes,
and enjoys a history over many decades involving hundreds of exper-
iments around the globe (Prodehl and Mooney, 2012; Thybo et al.,
2011).

Passive source imaging, which historically has exploited seismic
energy from earthquakes, is capable of elucidating structure at a vari-
ety of scales, from the shallow crust to the whole Earth (Rawlinson et
al., 2010a). Compared to active source imaging, the cost of data acqui-
sition is generally much lower, but this advantage is offset by the
spatial and temporal irregularities of natural seismicity, which have
a profound effect on data coverage. Although active and passive
source studies are often carried out independently, it has long been
recognised that potential overlaps exist, and a joint treatment of
both classes of data may yield improved results compared to separate
analyses. For example, both Ankeny et al. (1986) and Thurber (1983)
include refraction traveltimes from explosive sources in a local
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earthquake tomography study. Others have combined marine airgun
traveltimes and local earthquake data (Parsons and Zoback, 1997;
Wagner et al., 2007) and marine airgun traveltimes and teleseismic
traveltime residuals (Rawlinson et al., 2010b). In the latter case,
wide-angle reflections and refractions provide good coverage of the
crust, but poorer coverage beneath the Moho, whereas the teleseismic
data optimally constrain the lithospheric mantle and lowermost crust,
but poorly constrain the mid-upper crust. A joint inversion therefore
takes full advantage of their complementary strengths.

The idea of overlap between passive and active source datasets is
examined in more detail below, and is a theme that has gradually
grown in prominence over the last few years at the Seismix confer-
ence series on which this special issue is based. With the advent of
new theory and techniques, passive source imaging appears to be
gradually encroaching on territory that has traditionally been the ex-
clusive domain of active source seismology.
2. The rise of passive seismic imaging

The roots of modern passive seismic imaging of the lithosphere
can be traced back to the pioneering work of Keitti Aki, who pub-
lished two seminal papers in consecutive years: the first describes
and implements a method for imaging 3-D structure using local
earthquakes recorded in California (Aki and Lee, 1976), and the sec-
ond introduces a means of exploiting relative arrival times recorded
across an array from distant earthquakes to image the underlying
lithosphere (Aki et al., 1977) — a technique now commonly known
as teleseismic tomography. Since these pioneering studies, rapid ad-
vances in instrument technology, computing power and theoretical
developments have allowed the crust and mantle to be imaged with
increasing precision. In local earthquake tomography, advances over
the last few decades include the use of full 3-D ray tracing accompa-
nied by iterative non-linear inversion (Eberhart-Phillips, 1990), direct
inversion for anisotropy and attenuation (Eberhart-Phillips and
Henderson, 2004; Hirahara, 1988; Sanders, 1993; Shito et al., 2006),
and the use of adaptive grid parameterizations (Zhang and Thurber,
2005). In regions like subduction zones, local earthquake tomography
can image deep into the upper mantle (Graeber and Asch, 1999) by
virtue of the favourable distribution of sources at depth. High resolu-
tion near surface imaging is also possible provided numerous sources
clustered at shallow depths are available. One example of this is vol-
cano tomography (e.g. Aloisi et al., 2002; Patane et al., 2002; Toomey
and Foulger, 1989), which uses earthquakes associated with mass
movement beneath active volcanoes to image shallow structures
such as magma chambers and associated plumbing systems. Using
this approach, resolutions of the order of a km or less are sometimes
possible. Therefore, local earthquake tomography can offer similar
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structural constraints to those obtained by some wide-angle active
source imaging experiments. However, given the irregular nature of
earthquake source distribution, the need to relocate events simulta-
neously with structural recovery, and a lack of control on the source
waveform, seismic imaging of the shallow-mid crust using local
earthquakes could only ever complement, and not replace, the class
of results that can be achieved using active sources.

Since its development by Aki et al. (1977), teleseismic tomogra-
phy has undergone a number of advancements, including full 3-D
ray tracing and iterative non-linear inversion (Rawlinson et al.,
2006; Steck et al., 1998; VanDecar and Snieder, 1994), the recovery
of anisotropy (Grésillaud and Cara, 1996; Plomerová et al., 2008)
and attenuation (Young and Ward, 1980), the inclusion of finite fre-
quency constraints (Ren and Shen, 2008; Yang et al., 2009) and full
waveform inversion (Roecker et al., 2010). Teleseismic tomography
can be performed successfully in most regions of the Earth because
earthquakes are not required to be nearby. However, the near vertical
incidence of impinging seismic energy and the lack of high frequen-
cies limit the resolution that can be achieved. Furthermore, the base
assumption of a good prior knowledge of the wavefront that impinges
on the local model volume (e.g. by assuming a global reference model
outside the model region) essentially means that as the base of the
model becomes shallower, there is an increased tendency for arte-
facts to be mapped as 3-D structure. Nevertheless, relatively high res-
olution teleseismic tomography has been carried out — for example,
Steck et al. (1998) achieve resolutions of the order of only a few km
using data collected in New Mexico, and Xu et al. (2009) attempt to
recover structure beneath the western Qaidam basin using, in some
cases, station spacings of less than a km.

The extremely high levels of detail that can be obtained using re-
flection seismic profiling is due to very dense sampling coupled
with the rich information content of near vertical incident reflected
waves, which are highly sensitive to vertical contrasts in structure.
As early as the mid 1970s, it was recognised that teleseismic waves,
which travel nearly vertically upwards through the lithosphere, are
also sensitive to strong vertical variations in structure, such as the
Moho. Teleseismic receiver functions (Langston, 1977; Owens et al.,
1984; Vinnik, 1977; Zhu and Kanamori, 2000) exploit this fact by re-
moving the source time function from the recorded teleseism to
reveal a waveform that is dominated by impulses caused by reflec-
tions and mode conversions through structure beneath a receiver.
Structural information can be retrieved from receiver functions in
various ways, including direct inversion for 1-D shear wavespeed
(e.g. Reading and Kennett, 2003) or migration of the receiver func-
tions (Sheehan et al., 2000; Wilson et al., 2005) into model space to
create a 2-D profile akin to a seismic reflection section (although
not interpreted in quite the same way). The level of detail achiev-
able is limited largely by the frequency content of teleseisms and
the station spacing used, although many studies are able to image
subtle small-scale variations in crustal structure (e.g. Yamauchi,
2003).

Another approach for imaging the lithosphere with teleseismic
waves makes use of secondary scattered waves in the P-wave coda
(Bostock et al., 2001; Revenaugh, 1995; Ryberg and Weber, 2000).
Teleseismic waves which transmit through the lithosphere will even-
tually reflect off the free surface; these reflections can be regarded as
plane wave sources that emanate energy from the surface, which will
ultimately produce back-scattered energy that will be recorded. Pro-
vided sufficiently dense recording arrays are in place, the back-
scattered wavefield can be directly migrated into model space, in a
similar manner to conventional active source reflection seismic. For-
ward scattered energy, as exploited in receiver functions, can also
be included in such a migration process. By using dense linear arrays,
it is possible to achieve high resolution images of the crust and upper-
most mantle (e.g. Rondenay et al., 2001; Snyder et al., 2004; Suckale
et al., 2009), although again, the frequency content of the teleseismic
waves means that resolutions on-par with active source reflection
profiling are not possible.

During the last decade, the advent and rapid development of
virtual-source seismology – or seismic interferometry – has brought
passive source imaging a step closer to being able to match active
source imaging in delineating fine-scale crustal structure. Although
the roots of this field were first put in place by Claerbout (1968)
and others (e.g. Scherbaum, 1987), it is the more recent demonstra-
tion (Campillo and Paul, 2003; Lobkis and Weaver, 2001; Shapiro
and Campillo, 2004; Wapenaar et al., 2005) of inter-station structure
extracted from the cross-correlation of random or diffuse wavefields
recorded by receiver pairs that has lead to such widespread applica-
tion. The so-called empirical Green's function that comes from the
cross-correlation is similar to what would be recorded at one receiver
if the other were a source that generated a delta function signal (pro-
vided that the noise field is homogeneous about the receivers). From
an imaging perspective, the deployment of a large number of re-
ceivers provides the possibility of achieving excellent data coverage
that is controlled almost entirely by the array geometry. With N re-
ceivers, a total of N(N−1)/2 empirical Green's functions are poten-
tially available, which means that a single large array is generally
more profitable than several smaller ones.

An almost ubiquitous natural source of ambient noise that can be
readily detected by seismometers comes from oceanic microseisms and
atmospheric disturbances. As a result, historic seismic datasets recorded
by arrays deployed to record natural seismicity have become the focus
of much recent attention, because they contain previously untapped in-
formation on the Earth's lithospheric structure. The ambient noise infor-
mation extracted from these datasets generally comes in the form of
surface wave empirical Green's functions, and standard dispersion analy-
sis followed by inversion for group, phase and/or shear wave velocity
can be carried out to produce two and three dimensional models of the
subsurface (Arroucau et al., 2010; Kang and Shin, 2006; Shapiro et al.,
2005; Yang et al., 2007; Yao et al., 2006; Young et al., 2011; Zheng et al.,
2008). The resolution limit of these studies is controlled by both station
spacing and frequency content of the ambient noise. For oceanic noise,
the highest frequencies that can be exploited are around 1 Hz (Huang
et al., 2010; Young et al., 2011) whichmeans that near-surface structures
with scale lengths in the km range can be detected. As a result, imaging of
economically prospective regions like sedimentary basins and geother-
mal fields is possible (e.g. Huang et al., 2010; Yang et al., 2011).

The use of anthropogenic noise sources such as traffic noise or vi-
brations from heavy machinery open up the prospect of extremely
high resolution imaging owing to the availability of much higher fre-
quencies (Curtis et al., 2006). Although it could be argued that these
are in fact active sources of noise, in most cases they are pre-
existing and not introduced for the purposes of an imaging experi-
ment. As such, deployments in these environments would merely
take advantage of existing seismic energy, which is the default ap-
proach of passive seismic studies. By using a linear array of geo-
phones, Nakata et al. (2011) show that it is possible to extract both
body and surface waves from traffic noise in Gunma, Japan with fre-
quencies up to 25 Hz. From the body wave data, they are able to cre-
ate a migrated reflection section with vertical resolution of the order
of 10 m. By inverting surface wave dispersion for shear wave velocity,
layers less than 50 m thick can be discriminated. Applications of seis-
mic interferometry for imaging in exploration is one of the new fron-
tiers of passive seismology in the 21st century, where economic,
social and environmental impacts associated with the exploration
for and extraction of deep Earth resources are of great concern.

3. New horizons in active seismic imaging

Active source seismic imaging is a diverse field withmany classes of
application. It has been the progenitor of numerous developments in
seismology, with a recent example being full waveform tomography



3Editorial
(Pratt, 1999; Pratt and Shipp, 1999; Pratt andWorthington, 1988; Pratt
et al., 1996; Sirgue and Pratt, 2004). Although in this short introductory
paperwe cannot hope to cover all directions that are being taken in this
field, we will briefly discuss several intriguing developments that are
particularly relevant to the symposium upon which this special volume
is based. This includes time-lapsemonitoring at CO2 storage sites, direct
imaging of mineralization and the delineation of dynamic structures in
the ocean using marine seismic reflection data.

In many countries throughout the world, the need for dramatic
reductions in the aerial dispersion of greenhouse gas emissions
from energy production facilities has been recognised. One ap-
proach to this reduction is geosequestration, in which CO2 emis-
sions are stored below ground in geologically favourable areas,
such as depleted hydrocarbon reservoirs and saline aquifers. In
many regions of the world, large projects have been started to lo-
cate and rank subsurface reservoir candidates for CO2 sequestra-
tion (Lumley, 2010). Close monitoring of the subsurface during
and following injection of CO2 is essential to ensure correct em-
placement of fluids and no leakage to surrounding uncontained re-
gions, which may result in undesirable effects like groundwater
contamination.

The process of time-lapse seismic reservoir monitoring involves
carrying out multiple repeat surveys (usually reflection profiling)
using identical sources and acquisition geometries on each occasion.
The issue of repeatability is crucial, with marine surveys generally
considered to be more repeatable than land surveys; in the latter
case, weather related and anthropogenic noise, plus velocity varia-
tions in the near surface, variations in source parameters and geo-
phone coupling are all important factors (Pevzner et al., 2011). The
challenge is then to extract the differences in the resulting images —
in essence to subtract the geology, remove noise effects, and illumi-
nate the time-varying fluid flow changes in the reservoir. This is gen-
erally done using a cross-equalisation approach (Rickett and Lumley,
2001), that can involve data regridding, matched filter corrections,
phase and static shifts and so forth.

Spatial imaging is often done in 2-D or 3-D, with the latter some-
times referred to as 4-D seismic to imply the time varying component
(Lumley, 2001). As well as requiring accurate prior knowledge of the
reflection properties of CO2, rock physics measurements of the host
structure are required in order to ascertain pressure and temperature
conditions and other physical variables that can affect seismic veloc-
ity and density (Lumley, 2001). The use of time-lapse seismic
methods to monitor subsurface CO2 storage is on the rise, as more fa-
cilities gradually come on-line. Examples include the Otway Basin
Pilot project in Australia (Urosevic et al., 2011), the Sleipner project
beneath the North Sea, which began in 1996 (Chadwick et al.,
2009), and the Weyburn CO2 monitoring and storage project in Can-
ada (Preston et al., 2005).

Another active area of research involves 3D seismic reflection im-
aging of ore deposits in hard rock environments (e.g. Drummond et
al., 1998; Eaton et al., 2003) — for example volcanic-hosted massive
sulphide (VMS) deposits (Malehmir and Bellefleur, 2009), which
can generate high acoustic impedance values in typical volcano-
sedimentary settings (Salisbury et al., 2000), or alteration zones asso-
ciated with gold mineralization where crustal-penetrating shear
zones intersect the surface (Goleby et al., 2004). This is a departure
from the normal geophysical methods – such as electromagnetic –

used to delineate these structures. The processing of seismic data col-
lected in crystalline environments is somewhat different to what is
applied to data collected in regions that host hydrocarbon deposits
(Milkereit et al., 1996). This is largely due to the presence of complex
and heavily deformed lithological contacts which tend to behave as
scatterers rather than continuous reflectors. Following prestack filtering
and static corrections, typical workflows involve a prestack DMO (dip
move out) correction and postack migration (Malehmir and Bellefleur,
2009). Simply applying NMO (normal move out) corrections without
DMO corrections tends not to be effective owing to the various dip ge-
ometries that are present.

VMS deposits imaged by 3D reflection seismic tend to be revealed
by a diagnostic diffraction response. Milkereit et al. (2000) demon-
strate via a numerical experiment that a high impedance localised
ore body will produce a scattered response that varies according to
its prevailing strike and dip. This finding was verified in a practical
test using high frequency 3-D reflection data from the Sudbury
Basin in Canada, where it was shown that massive sulphide bodies
produce a diagnostic scattering response. Ongoing research into this
area includes the use of P–S converted waves (Malinowski and
White, 2011) to complement the conventional P reflections; early in-
dications are that while PS reflections from the main lithological units
have a lower signal to noise ratio than their PP counterparts, the PS
signal is enhanced when it encounters the ore zone.

In 2003, Steven Holbrook published a paper (Holbrook et al., 2003)
that heralded the dawn of what is now commonly referred to as
“seismic oceanography”. In this paper, they show that fine scale ocean
phenomena, including thermohaline intrusions, internal waves and
eddies can be successfully extracted from conventional marine reflec-
tion profiles that typically target sedimentary structures beneath the
ocean floor. Previously, precursory arrivals from the ocean column
that precede the primary reflection from the ocean floor were ignored,
but it turns out that once the effects of the direct arrival are removed
and amplitudes enhanced, a wealth of reflections related to ocean dy-
namics is revealed. Although marine reflection surveys are relatively
expensive, many regions of the oceans — particularly continental
shelves and slopes, are covered by extensive swaths of reflection lines
thanks principally to the efforts of the exploration industry. In their
seminal paper, Holbrook et al. (2003) exploit reflection profiles taken
across the oceanographic front between the Labrador Current and the
North Atlantic Current, and show that the transition between warm
and cold currents is characterised by east-dipping reflectors generated
by thermohaline intrusions. Since the first appearance of seismic
oceanography almost a decade ago, the field has gradually expanded,
with numerous applications of the technique in various parts of the
world (e.g. Holbrook et al., 2009; Koenitz et al., 2008; Sheen et al.,
2011).

4. The symposium: deep seismic profiling of continents and
their margins

The 14th international symposium on “Deep seismic profiling of
the continents and their margins” (aka. Seismix 2010) was held be-
tween August 29 and September 3 at Rydges Esplanade Resort Hotel
in Cairns, northeast Australia. Seismix is a biennial event that pro-
vides an opportunity for seismologists and related specialists from
all continents to meet and discuss advances in various forms of seis-
mic imaging. Traditionally, the focus has been on seismic profiling ac-
quisition, processing and interpretation, but in recent years, the
conference has branched out to include various other forms of seismic
imaging that can probe the crust and uppermost mantle. A total of 93
registered participants attended the conference, with a subset of
these going on to the four day post-symposium field trip that exam-
ined the Palaeozoic and Proterozoic terranes traversed by a deep seis-
mic transect acquired in 2007.

As at previous Seismix symposia, the scientific programme involved
a single schedule of oral presentations and poster presentations. The
main themes into which all talks and posters were divided are as
follows:

• Continental evolution
• Crust and mantle
• Continental margins
• Mineral, geothermal and CO2 systems
• Seismic methods, data acquisition and modelling.
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Each of these themes was subjected to a thorough workout at the
symposium. The Continental evolution theme contained a geographi-
cally diverse range of presentations, that focused on regions including
south Australia, Russia, Fennoscandia, Canada, Tibet and northern Afri-
ca. Reflection seismic profiling and wide-angle tomography were the
principal tools of analysis, although several multidisciplinary studies
that used a number of datasetswere also presented. The Crust andman-
tle theme tended to focus on the nature of the Moho and lithospheric
mantle, and had a more even division between active and passive
source studies. The Continental margins theme was very popular this
year, with oral presentations spanning two days. Active margins re-
ceivedmuchmore attention than passive margins, with talks and post-
ers given on topics such as the Alpine Fault in New Zealand, the Japan
subduction zone, and the San Andreas Fault system.

The Mineral, Geothermal and CO2 Systems theme attracted a
number of presentations on 3D seismic reflection imaging in hard
rock areas, with the focus being the detection of economically viable
ore bodies. Both field examples and technical developments were
discussed. There were also several papers on the monitoring of CO2

geosequestration sites and geothermal exploration. In the final theme
– Seismic methods, data acquisition and modelling – the audience was
treated to a variety of talks and posters which included topics such as
seismic oceanography and ambient noise tomography. Two presenta-
tions were given on extracting body wave information from ambient
noise, which reflects the growing potential of virtual source seismology
to impinge on areas traditionally occupied by active source imaging,
such as deep seismic profiling.

The Seismix 2010 symposium also featured four invited speakers
who each gave 40 minute presentations. Ramon Carbonell spoke
about crustal seismic studies in the Iberian Peninsula, Brian Kennett de-
scribed the structure of the Australian lithosphere from a seismic
perspective, Takaya Iwasaki summarised recent active and passive seis-
mic imaging studies in the Japan region, and Richard Hobbs introduced
the audience to the relatively new field of seismic oceanography.

5. In this volume

This volume is based on presentations given at the Seismix 2010
symposium, and follows in the tradition of special volumes produced
from previous Seismix symposia (Barazangi and Brown, 1986a,
1986b; Carbonell et al., 2000; Clowes and Green, 1994; Davey and
Jones, 2004; Ito et al., 2009; Klemperer and Mooney, 1998a, 1998b;
Leven et al., 1990; Matthews and Smith, 1987; Meissner et al., 1991;
Snyder et al., 2006; Thybo et al., 2011; White et al., 1996). It does
not purport to provide a comprehensive sampling of all topics that
were covered, but instead presents a relatively small selection of in-
teresting papers in several different subject areas. A number of prom-
ised contributions from colleagues in Japan did not materialise due to
the very destructive earthquake and resulting tsunami that struck
near the east coast of Honshu in March 2011, which naturally focused
their attention elsewhere. We wish them well as their country grad-
ually recovers from this traumatic event.

Of the 10 papers contained in this volume, three examine various
aspects of reflection seismic data processing and interpretation, two
deal with new imaging techniques, and the remaining five focus on
observational studies of the crust and mantle using a range of seismic
data. Bongajum et al. (this volume) investigate seismic wave propa-
gation in hard rock environments that exhibit an effective anisotropy
due to small scale heterogeneity with a preferred orientation. They
use numerical simulations of wave propagation to show that reverse
time migration using mean P-wave velocities will adequately migrate
target reflections/diffractions to their correct location provided small
scale velocity fluctuations do not exceed 5%. Von Hartmann et al. (this
volume) present a refined sequence-stratigraphic method that allows
a selection of seismic attributes to be related to different depositional
conditions when interpreting 3-D reflection seismic images of
carbonate platforms. They apply the new scheme to data collected
from the Molasse Basin in southern Germany, and show that they
are able to discriminate between various carbonate facies within the
platform. Goncharov and Nelson (this volume) examine the effects
of water loading on seismic velocities obtained by marine reflection
surveys. In particular they investigate the validity of using seismic in-
terval velocities derived from stacking velocities for interpreting rock
lithology, when these velocities can vary by as much as 1 km/s due to
water-induced compaction effects. They conclude that with appropri-
ate processing and data selection procedures, seismic interval veloci-
ties can correlate reasonably closely with well measurements. They
apply their approach to data collected from the Wallaby Plateau,
Western Australia, and show that water loading effects make it diffi-
cult to discriminate between volcanic and sedimentary compositions
in the substrate. This is in contrast to previous analyses which in-
ferred a dominantly volcanic composition.

As noted previously in Section 2 there has been increased interest
in the use of ambient noise sources for seismic imaging. The paper
of Ito et al. (this volume) is one of the first to be published that
demonstrates that body waves extracted from ambient noise can be
used for structural imaging. In this case, autocorrelation of back-
ground noise is used to construct seismic reflection images in
the northeastern Japan subduction zone. Depth migration of the
autocorrelated signals show that the subducting Pacific slab is seismi-
cally transparent, whereas the mantle wedge is characterised by a re-
flective structure.

Many seismic images that are published today result from the so-
lution of a large, under-determined and often highly non-linear in-
verse problem, and efficient yet robust solution techniques are in
short supply. Roberts et al. (this volume) demonstrate the feasibility
of replacing the forward solver needed by the inverse problem with
a so-called “emulator” or mathematical function that mimics the out-
put of the forward solver. This can potentially result in vastly
improved compute times. The authors demonstrate the emulator ap-
proach on a joint data set comprising first-arrival seismic refraction,
MT and gravity data over a diapiric salt body.

Thybo and Nielsen (this volume) present the results of a refraction
and wide-angle reflection study in the Danish Basin. They successfully
image a 110 km long E–W trending high velocity zone which they in-
terpret to be an intrusive body of gabbroic composition, with a vol-
ume of at least 60,000 km3. 2D full-waveform inversion is also used
to infer the presence of a layered transition zone around the Moho
from PmP reverberations, which may be explained by magmatic in-
trusion along the Moho over a lateral distance of 130 km away from
the magmatic source. They conclude that the large intrusive body
must have had a substantial impact on the temperature field and
may have initiated post-Permian subsidence of the Danish Basin.

Using deep crustal seismic reflection profiling, Korsch et al. (this vol-
ume) examine the structure and geodynamic framework of north
Queensland, Australia. They find evidence, in the form of west dipping
reflectors that offset the Moho, of a fossil subduction zone to the east
of the Mount Isa Province. Another important finding is that the
Greenvale and Charters Towers provinces, previously thought to be dis-
crete provinces,may in fact be continuous in the subsurface. Kanao et al.
(this volume) use both gravity data and broadband seismic data to
probe the structure of the crust in East Antarctica. They find that the
crustal thickness beneath the Gambursev Subglacial Mountains is be-
tween 55 and 58 km, which contrasts with the 40–47 km of the sur-
rounding region, implying that the mountain range is isostatically
compensated.

Rawlinson and Fishwick (this volume) use teleseismic body waves
and surface waves recorded by the WOMBAT transportable array ex-
periment to constrain the 3-D structure of the lithospheric mantle be-
neath southeast Australia. They identify a major N–S oriented
transition zone associated with the boundary between Proterozoic
and Palaeozoic terranes at depth, and a low velocity zone extending
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to a depth of approximately 200 km that appears to be associated
with recent Quaternary hot spot volcanism in western Victoria.
Hong et al. (this volume) use a variety of seismic techniques to exam-
ine evidence for reverse activation of a paleo-rifting system in the Sea
of Japan. This includes the distribution of recent seismicity, crustal an-
isotropy measurements from shear wave splitting, moment tensor
solutions from long-period waveform inversion and the ambient
stress field derived from focal mechanisms. They find that the com-
pressional stress field and occurrence of active thrust events suggest
reverse activation of palaeo-normal faults originally formed during
the opening of the Sea of Japan.
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