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7. Seismic Structure - Crust 
 

Active Source Seismology 

Australia has had an extensive involvement in active 

source seismology, with early experiments carried out 

in the 1930s. The Bureau of Mineral Resources 

conducted a number of major refraction experiments 

from the 1960s into the 1980s. These results still 

provide an important control on seismic wavespeeds 

across the continent. There has been little such 

refraction work since, except some offshore/onshore 

experiments, mostly in Western Australia.  In Figure 

7.1, the locations of the recording stations are shown 

with lilac triangles and shot points with purple circles. 

Experiments exploited quarry blasts in addition to 

explosive shots specifically for refraction work.   

Reflection studies of the whole crust have grown from 

short experimental spreads in the 1960s to large-scale 

transects.  A nearly 2000 km–long reflection transect 

with 20 s recording was built up across southern 

Queensland in the 1980s using explosive sources.  

Explosive sources continued to be used until 1997 and 

such lines are shown in orange in Figure 7.1. After 

1997, reflection work on land has relied on the use of 

three or four powerful vibrator sources used together 

as a source array.  Since 2004 there has been a major 

national investment in seismic reflection work, funded 

through investment from Geoscience Australia, State 

and Territory Geological surveys and, since 2007, the 

AuScope infrastructure initiative.  Over 16,000 km of 

full crustal reflection profiles have been acquired with 

recording to 20 s or more.  This very large effort in 

reflection profiling has covered many different parts of 

the continent and provides new insights into crustal 

structure, architecture and evolution. 

 

 
 
Figure 7.1:  Location of reflection and refraction experiments across Australia to the end of 2016. The 

refraction experiments were conducted with explosive sources up to the 1990s. Earlier reflection 
profiles also used explosive sources, but since 1997 vibrator sources have been employed. 
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Full Crustal Reflection Transects 

The following pages present a suite of full crustal 

reflection transects covering the entire width of the 

Australian continent, the main geological domains, and 

a wide range of styles of crustal architecture. The 

transects are built up from the results of a number of 

reflection lines collected at different times, so that 

there is some variation in the quality of the results. For 

each transect, the individual reflection surveys are 

identified by year and line code. Full displays of the 

results for each survey accompanied by geological 

strip maps are to be found in Kennett et al. (2016). 

Each of the reflection transects is presented as a 

record section to 20 s two-way reflection time at 

approximately true-scale (for crustal velocity of 

6 km/s).  In order to provide adequate resolution of the 

different character of crustal reflectivity and crustal 

architecture along the profiles, each transect is broken 

into panels approximately 550 km wide. Overlap is 

provided between successive panels.   

The transects are presented from west to east. 

Figure 7.3 displays the WA-EW transect that crosses 

the Yilgarn Craton and links to the Musgrave Province 

in Central Australia. The AF-EG transect (Figure 7.4) 

starts just at the edge of the Yilgarn Craton and 

crosses the Nullarbor Plain with almost no surface 

rock exposure. The next two transects, SN and V 

(Figure 7.5), stretch from the Gawler Craton through to 

the Phanerozoic Lachlan Orogen.  The final transect 

(Figure 7.6) is taken from the surveys in Northern 

Queensland and traverses the Proterozoic to 

Phanerozoic transition starting in the Mt Isa Province 

with very thick crust and ending near Charters Towers. 

 

 
 

Figure 7.2:  Location of west–east reflection transects superimposed on solid geological map. 
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Figure 7.3: WA-EW transect starting in the west near Shark Bay, crossing the Yilgarn Craton and ending in the Musgrave Province. 
 
The west–east transect across Western Australia (Figure 7.3) starts at the coast 

in the Pinjarra Orogen and crosses the edge of a potential meteorite impact 

feature on line 11-SC1.  The weaker crustal reflectivity lies in the zone associated 

with the impact. Line 11-SC1 ends in the Yilgarn Craton and nearly links to the 

end of the 10-YU1 line. Both the reflection lines 10-YU1 and 10-YU2 traverse the 

Youanmi Terrane of the Yilgarn Craton, and are notable for a very sharp 

reflection Moho.  Very distinct bands in shallow reflectivity on these two lines are 

likely to be extensive dolerite sills, which occasionally outcrop in the region.  This 

portion of the transect shows a very clear separation in the nature of upper and 

lower crustal reflectivity.  The deeper part of the crust on lines 10-YU1 and 10 

YU2 displays extended shallowly dipping features that appear to have a 

counterpart in the western end of line 01-NY1. 

  

Further east on line 01-NY1, the dips of reflectors through the whole crust 

steepen and link to the reflection character seen at the west of line 11-YOM to 

the north.  The first part of the 11-YOM line traverses the eastern portion of the 

Yilgarn Craton under cover, but relationships become more difficult to discern as 

the sediments of the Officer Basin thicken. At the far end of line 11-YOM, in the 

Musgrave Province, the crust has a rather deep Moho at around 48 km depth. 

This thick crust appears to underthrust the extended Yilgarn margin with crustal 

thicknesses exceeding 55 km in the central zone.  This distinctive imbricate Moho 

topography appears to be ancient, and is interpreted to be a result of the 

amalgamation of the main Australian cratonic elements at around 1200 Ma. This 

reflection profile has been interpreted by Korsch et al. (2014).  

 52 



The Australian Continent: A Geophysical Synthesis — Seismic Structure: Crust 

 
 

Figure 7.4: AF-EG transect from the Albany–Fraser Orogen at the edge of the Yilgarn Craton across the Nullarbor Plain through the  
Coompana Province (beneath the Eucla Basin) into the Gawler Craton. 

 

The transect from the Albany–Fraser Orogen to the Gawler craton (AF-EG, 

Figure 7.4) starts at the western edge of the Yilgarn Craton. Just beyond the 

craton margin, the crust thickens, and this may again be associated with material 

thrust from the east below the crust of the Yilgarn Craton.  Much of this long 

transect crosses a region with thin Miocene limestones and no basement outcrop. 

Fortunately, the quality of the reflection data obtained using powerful vibrator 

sources is generally high, though there are a few patches where surface coupling 

issues appear to have diminished the seismic energy penetration.  There are a 

number of changes in styles of crustal reflectivity that can be linked to major 

faults recognised in potential field data.  The Rodona shear zone crosses the 

transect near CDP 19000 on line 12-AF3, with braided east-dipping structures 

that continue into 13-EG1.   

An even more striking change occurs just beyond CDP 9000 on the line 13-EG1, 

where a distinctly different pattern of reflections occur on the west and east side 

of the near-vertical Munderabilla shear zone. This shear zone is a major feature 

that can be traced well to the north in both the magnetic and gravity fields.  These 

contrasting patterns of crustal reflectivity suggest the presence of distinct crustal 

blocks beneath the cover, rather than an extended margin of the South Australian 

Craton.  The crustal thickening at the western edge of the Gawler Craton (around 

CDP 28000 on 13-EG1) is comparable to that under the Albany–Fraser Orogen.  

However, the second zone of thickened crust (up to 55 km thick) within the 

Gawler Craton has no counterpart anywhere in the West Australian Craton.  

Initial interpretations of this transect are discussed in Dutch et al. (2015). 
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Figure 7.5: West–east transects (a) SN—across the Gawler Craton into the Curnamona Block and across the transition into the 

Phanerozoic through Broken Hill, NSW; (b) V—from the limestone belt of South Australia through to central Victoria. 

 

The two reflection transects displayed in Figure 7.5 link from the Precambrian 

domains of the South Australian craton across to the younger Phanerozoic 

terranes in the east.  The SN transect crosses the Eyre Peninsula through the 

Gawler Range Volcanics; the profile is then displaced to the north crossing the 

Curnamona Province through to Broken Hill and beyond.  The eastern end of the 

SN transect was collected with explosive sources, but careful reprocessing has 

produced record sections that match well with the vibrator lines to the west.  The 

visibility of the crust–mantle boundary varies noticeably along the transect: from a 

gentle fade in reflectivity at the base of the crust on lines 08-G1 and 08-A1, to a 

distinct reflection Moho on 03-CU1 and 96-BH1A. 

The V transect starts in South Australia, but most of the reflection profile lies in 

Victoria. An intriguing feature at the western end (09-SD1) is the relatively thick 

crust with what appears to be a duplication of the Moho.  The reflector at about 

14 s was captured in 3-D with a crossing profile and dips gently to the north. To 

the east, the crust thins quite rapidly and a characteristic lower crustal 

assemblage begins to appear without any distinct base. Most of the prominent 

fault zones have a reflection signature that can often be tracked well into the 

lower crust. 

 

(a) 

(b) 
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Figure 7.6: West–east transect NQ starting in the Mt Isa block with thick crust, linking to the Precambrian Georgetown Inlier and 

then crossing into the Phanerozoic, with line completion close to Charters Towers. 

The transition from the Proterozoic to the Phanerozoic in northern Queensland is 

covered by the NQ transect shown in Figure 7.6. The western portion of the 

transect crosses the Mt Isa Province on line 94-MTI1, where shallow reflections 

tend to be locally strong but without great spatial extent.  The diffuse lower crustal 

reflectivity makes it difficult to distinguish a base to the rather thick crust, but at 

the western end of line 07-IG1 the crustal thickness definitely exceeds 50 km in 

agreement with refraction results.  To the east, the crust thins steadily with the 

development of a distinct base to crustal reflections.  A jump in the reflection 

Moho at around CDP 17000 on line 07-IG1 can be linked to weak reflections 

extending into the mantle, and might be linked to ancient subduction.  In the 

crustal domain to the east on line 07-IG1 there is a prominent mid-crustal 

reflector that extends under the outcrop of the Precambrian Georgetown Inlier on 

line 07-IG2.  

The 07-GC1 segment of the transect has a northwest–southeast configuration 

starting in the Precambrian and ending in the northern part of the Paleozoic 

Thomson Orogen near Charters Towers.  Precambrian outcrop ceases at around 

CDP 8000 on line 07-GC1, but there is little indication of the transition into 

Phanerozoic crust in the character of the reflection record in the upper crust, 

even though the Lynd Mylonite zone presents a very clear feature at the surface 

(Korsch et al., 2012).  The distinct lower crust that can be tracked from 07-IG2 

through 07-IG2 into the northern end of 07-GC1 thins along this line, and finally 

appears to sole out on the Moho at about CDP 14000. On the southern portion of 

the line there is a redevelopment of a mid-crustal reflectivity band, but now with a 

somewhat undulating character. 
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Passive Seismology 

The configuration of earthquake belts around the 

margins of Australia provides a wealth of events at 

suitable distances to be used as probes into the 

seismic structure of the upper mantle.  There is also a 

relatively good distribution of events at teleseismic 

distances over a wide range of depths that can be 

exploited in receiver-based studies (Figure 7.7). The 

earthquake belts to the north and east are both more 

active and provide larger events than the mid-ocean 

ridges to the south and west. 

Until recently, there were only a few permanent high-

fidelity seismic stations on the continent. Much data 

collection has therefore been acquired through 

extensive deployments of portable broadband stations 

for periods of a few months at each site. This 

approach was pioneered with the SKIPPY experiment 

(van der Hilst et al., 1994) where a group of stations 

were progressively moved across the continent in a 

sequence of deployments.  This style of experiment 

has inspired many similar efforts worldwide (such as 

major deployments in South Africa, James et al., 2001; 

and the US Array, www.usarray.org).  

The combination of a long duration of recording at the 

permanent stations and the broad spatial coverage of 

the portable stations provides an excellent resource for 

studies of the lithosphere using recordings of both 

natural events and ambient noise. A wide range of 

techniques, which exploit different aspects of the 

seismic wavefield, can be used to gain information on 

the 3-D structure in the crust and mantle. 

After the initial reconnaissance survey of the continent 

in the SKIPPY experiment, a wide range of more 

localised deployments have been made across the 

continent using portable seismic recorders with high-

fidelity broadband seismometers (Figure 7.8). 

 

Figure 7.7: Configuration of earthquake belts relative to the Australian continent, illustrated by 

10-year energy release, colour-coded by depth and effective magnitude (Kennett, 2001). 
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A number of different experiments have built up a 

relatively dense coverage in Western Australia over 

the last 20 years. In a similar way, a combination of 

broad-scale and more closely spaced instrumental 

deployments have helped to provide good areal 

coverage in the east. However, the extensive areas of 

desert remain sparsely sampled by rather short-term 

deployments because of complex access and logistic 

issues.  The enhancement of the national network has 

provided a stronger base of permanent stations with 

long-term recording, which helps to tie together the 

results from the portable broadband station 

deployments.   

In southeastern Australia, a dense coverage of 

stations has been built up by a combination of modest 

deployments, with typically around 40 stations 

deployed at a time. Initially these studies used short-

period vertical component instruments, but later 

moved to 3-component seismometers with greater 

bandwidth.  This collective project (WOMBAT) has been 

built up with support from the Australian Research 

Council, The Australian National University and the 

AuScope infrastructure project so that now over 1000 

stations have been deployed in all, including a dense 

experiment in the Albany–Fraser Belt in Western 

Australia. 

The full range of seismic stations, both permanent and 

portable, deployed across Australia up to the end of 

2016 is shown in Figure 7.9.  Achieving full continental 

coverage with a comparable station density remains a 

considerable challenge.  Currently, coverage allows 

the broad features of the continent to be well 

delineated, such as the zone of generally thickened 

crust in central Australia. But the finer-scale features 

such as the details of sutures between the cratonic 

elements, which may well be of economic interest, 

cannot be resolved. 

 

Figure 7.8:  Portable broadband station deployments to end 2016.
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Most of the structural studies exploit seismograms 

from earthquakes, either from the regional belts of 

events to the north and east of Australia, or from more 

distant sources. The largest amplitude features of such 

seismograms are the surface waves with dominantly 

horizontal propagation. These surface waves have 

been extensively exploited to map out the large-scale 

variations in seismic wavespeed structure in the 

mantle beneath Australia (see, e.g. Kennett et al., 

2013). The arrival times of the body waves from the 

various events, which arrive relatively steeply at the 

seismic stations, are used in seismic tomography to 

provide considerable detail of variations within the 

lithosphere (e.g. Rawlinson et al., 2014).  Body wave 

arrivals can also be exploited in studies at individual 

stations, as for example in the use of receiver 

functions that exploit the conversions and 

reverberations associated with major seismic phases 

to extract information on the crust and the uppermost 

mantle (e.g. Reading et al., 2007). 

All of the different styles of seismic deployments 

provide continuous recording of ground motion, and 

this resource continues to be exploited in many 

different ways.  A relatively new technique, which is of 

particular value for crustal studies, exploits the 

ambient noise field, by working with the stacked 

correlation of records at pairs of stations. The resultant 

stacked traces are equivalent to having a virtual 

source at one of the stations with a receiver at the 

other.  The surface wave energy is the most prominent 

feature of the stacked correlation and has been 

exploited by Saygin and Kennett (2010, 2012) to map 

the upper and middle crust across the entire continent. 

The dense WOMBAT network has also been exploited 

by Young et al. (2011) and Pillia et al. (2015), to 

provide detailed images of structure in southeastern 

Australia. 

 

Figure 7.9:  Distribution of permanent and portable seismic stations to end 2016. 
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7.1 Crustal Structure 

Information on crustal structure comes from both active source and passive 

seismic methods.  We have already seen the details of crustal architecture 

revealed by seismic reflection profiling. Yet, except in the shallower part of the 

crust, particularly in the sediments, it is not possible to extract reliable seismic 

velocity information from even the 6 km spreads of geophones currently 

employed for full crustal work. Much larger offsets are needed to provide 

sufficient curvature on deep reflection trajectories to extract any detail of velocity 

structure.   

Seismic refraction experiments with sufficient density of shots can provide good 

control on the seismic wavespeeds both horizontally and vertically. However, 

many of the earlier experiments in Australia were carried out with limited shot 

control and results were presented as a 1-D velocity profile with depth.  A 

consequence is that the information available from seismic refraction studies is 

rather heterogeneous in character and, although carried out in a number of 

different parts of the continent, rather patchy in control on the P wavespeed (Vp). 

The results from the suite of deployments of portable seismic recorders have 

been extensively used in different studies of the structure in the neighbourhood of 

the seismic stations.  The primary approach has been the use of receiver 

functions from incident P waves from distant earthquakes.  The influence of the 

source is minimised by deconvolving the radial component (along the great-circle 

path to the source) by the vertical component of motion at the same station. This 

process isolates the conversions and reverberations following the main P wave 

arrival; many arrivals are stacked to stabilise the results at each station.  The 

principal sensitivity of the receiver function is to the presence of discontinuities, 

but the receiver function traces do contain wavespeed information that can be 

extracted with care. Inversion of the receiver functions in terms of 1-D wavespeed 

profile provides primary control on the S wavespeed (Vs) distribution with depth 

including major discontinuities, with some constraint on the Vp/Vs distribution in 

depth. An alternative approach exploits the relative timing on the primary 

conversion at the base of the crust and surface multiples; stacking provides a 

estimate of the depth to Moho and the average Vp/Vs for the whole crust.  The 

sampling achieved in receiver function studies with a good azimuthal distribution 

of events extends to about a 45 km radius around the station. 

The exploitation of ambient noise through stacked cross-correlations of the 

records at pairs of stations has made a major difference to determining the 

structure of the upper part of the crust on a broad scale.  Data mining of the 

archives of continuously recorded ground motion provides many pairs of stations 

within individual portable deployments and, with the aid of permanent stations, 

ties between different experiments enhance the coverage.  Many broadband 

stations were kept away from the coast to ensure good signal-to-noise for weaker 

earthquake sources. As a result, continental coverage tends to be limited in a 

zone about 100 km wide along the coasts. Nevertheless, a good pattern of 

crossing paths is achieved at the continental scale that enables tomography 

using the group velocity of surface waves, and then the extraction of the 3-D 

shear wavespeed distribution to at least 25 km depth (Saygin and Kennett, 2010, 

2012). 

For a single seismic station, the stacked autocorrelation of the seismic wavefield 

provides information on the structure beneath the site (Gorbatov et al., 2013). 

Such results give an estimate of P wave reflectivity rather than any velocity 

control.  With the dense deployments of stations in southeastern Australia, it has 

proved possible to use spatial stacking to provide control on the depth to Moho 

across a broad zone (Kennett et al., 2015). 

Crustal Seismic Model 

The construction of a suitable model for crustal seismic velocities at the 

continental scale requires the combination of the full range of classes of 

information. From seismic refraction experiments, we extract localised 

P wavespeed (Vp) profiles. The interpretation of P wave receiver functions gives 

constraints on the shear wavespeed (Vs) structure beneath a seismic station, 

together with some control on the Vp/Vs ratio.  

Fortunately, we are able to supplement the localised information from refraction 

experiments and receiver functions with the broader coverage from ambient-

noise tomography. However, we then need to convert the crustal shear 

wavespeed distribution to a P wavespeed result.  
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Figure 7.10: Construction of a continent-wide Vp field from ambient noise information and localised results from refraction and receiver function studies. Results from 

individual stations are superimposed on the interpolated distributions using the same colour scheme so that the controls can be identified. 
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The crustal component of the Australian Seismological 

Reference Model (AuSREM) (Salmon et al., 2013a) 

exploited the available sources of information to build 

a digital 3-D model of the crust. The P wavespeed is 

used as the primary control on seismic structure in the 

crust.  

In this work, one of the early steps was to construct a 

smooth rendering of the Vp/Vs ratio as a function of 

position and depth across the continent, exploiting the 

properties of the receiver functions. This allows the 

construction of a P wavespeed profile for each 

receiver function, and then a Vp field can be created 

from all of the local observations. In a similar way, a 

P wavespeed distribution can be constructed from the 

ambient noise Vs results that contain information for 

the gaps between the various recording stations. The 

combination of the two continent-wide fields provides a 

good constraint on the P wavespeed structure. The 

process is illustrated in Figure 7.10. Gaps in the P 

wavespeed distribution from refraction and receiver 

function results occur because extrapolation has only 

been carried out to 100 km from any observation point.  

Such gaps are filled by the ambient noise results down 

to 25 km depth. At greater depths, the ambient noise 

coverage is insufficient so that some gaps remain. 

In Figure 7.11 we display the P wavespeed from the 

AuSREM model as a number of depth slices through 

the crust across the Australian continent and into the 

near offshore regions.  The equivalent S wavespeed 

distribution is illustrated in Figure 7.12, and the Vp/Vs 

ratio used to convert between the wavespeeds is 

displayed in Figure 7.13.  The interpolation needed to 

produce the 3-D wavespeed model means that narrow 

features (<100 km wide) will only be represented if 

actually sampled by observations. 

  

Figure 7.11: P wavespeed distribution through the crust from the AuSREM model. 
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Figure 7.12: S wavespeed distribution through the crust from the AuSREM model. 

Because many different types of geological materials 

have rather similar seismic velocities, the patterns of 

seismic wavespeeds often do not have any direct 

correspondence with geological features.  Thus there 

is no obvious division in crustal properties between the 

older west and younger east. 

In each of the displays of the structure from the 

AuSREM crustal model, we plot the wavespeed or 

velocity ratio estimates from the refraction and receiver 

function controls on top of the representative field, 

using squares for refraction results and diamonds for 

receiver functions. In general, we see a strong 

correspondence between the AuSREM crustal model 

and the point constraints so that the symbols are often 

hardly visible. Nevertheless, a number of significant 

features in the depth slices down to 25 km can only be 

mapped because of the availability of the ambient 

noise tomography.  In the depth slices at 35 km in 

Figures 7.11–7.13 we rely solely on the point 

information from refraction and receiver functions and 

blank out areas which lie more than 250 km from any 

direct control. 

The S wavespeed distribution shown in Figure 7.12 

shows strong similarities with the patterns of 

P wavespeeds, because of the relatively gentle 

variations in the Vp/Vs ratio. However, we note 

differences such as higher relative S velocities at 5 km 

in the Pilbara and along the eastern seaboard. The 

largest differences between the patterns of the P and 

S wavespeeds arise in the depth slice at 35 km where, 

e.g. the upper mantle is being sampled beneath the 

thin crust of the Pilbara.  
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At 5 km depth we see influences from thick sediments 

(cf. Figure 2.9), and pick up lower wavespeeds in the 

Canning Basin, though the thick sediments in the 

narrow Fitzroy Trough are not adequately represented. 

Low wavespeeds are also seen beneath the Simpson 

Desert.  The wavespeeds across the continent are 

quite high even at 5 km depth, with P wavespeed 

approaching 6 km/s.   

Variations in both P and S wavespeed are more muted, 

at 15 and 25 km depth. A few strong local variations in 

wavespeed correlate with areas where the control is 

only provided by ambient noise tomography results. 

In the 35 km depth slice, we see a generally good 

correlation of the pattern of P wavespeed with the 

depth to Moho (Figure 7.15).  In a few areas, e.g. the 

Pilbara and to the north of Lake Eyre, we are already 

sampling the upper mantle at this depth.  Areas with 

thicker crust commonly have lower Vp at the base of 

the crust than where the crust is thinner. Nevertheless, 

relatively high wavespeeds are seen in the Lachlan 

Orogen, where it is likely that a thickened lower crust 

has been assembled by underplating.  Rather high 

velocities are found in the southern part of the Yilgarn 

Craton, where reflection profiling confirms that the 

35 km depth slice resides in the crust (see the western 

edge of Figure 7.4). 

The Vp/Vs ratio distribution shown in Figure 7.13 

shows a marked shift to higher values as a function of 

depth.  Vp/Vs ratios around 1.8 are characteristic of 

the uppermost mantle, but can be encountered 

towards the base of the crust in regions with a 

gradational transition from crust to mantle, as in the 

Northern Australian craton at around 20°S. 

 

Figure 7.13: Vp/Vs ratio distribution through the crust from the AuSREM model.
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The AuSREM crustal model does not include any specific separation into upper 

and lower crust, even though many of the data sources incorporate subdivisions 

of the crust.  As illustrated in the reflection transects in Figures 7.3‒7.6, there are 

a number of localities where there is a very clear distinction between the 

reflectivity at shallow levels and that at depth. Such differences in reflection 

character may persist for a hundred kilometres or so, but are by no means 

universal. 

Kennett et al. (2011) made an assessment of the different types of seismic 

discontinuities found in the various datasets across the continent and found few 

consistent patterns. Some areas show multiple discontinuities, whilst others show 

no obvious stratification. 

In Figures 7.11‒7.13 above, we have illustrated the character of the crustal model 

with depth slices for different physical properties (Vp, Vs and Vp/Vs), but this 

AuSREM crustal model is a full 3-D digital product. Figure 7.14 attempts to 

display the full 3-D character by combining slices at constant latitude and 

constant longitude with a depth slice taken at 21 km depth, on which a grey 

outline of the continent is repeated to allow orientation. 

The vertical sections in Figure 7.14 help to provide an indication of the significant 

contrasts in structure encountered across the continent. The vertical scale in 

Figure 7.14 is strongly exaggerated, but this is necessary if any detail is to be 

presented at the continental scale.  

 

 

Figure 7.14: Slices at constant latitude and constant longitude through the 3-D AuSREM crustal model, together with a depth slice at 21 km.
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7.2 Moho 

Direct information on the depth to the Moho is 

available from seismic refraction experiments and the 

analysis of receiver functions.  This information forms 

the backbone of the constraints on the Moho, but as 

we have seen in the discussion of crustal seismic 

wavespeeds the control is patchy across the continent. 

Refraction results provide most of the control offshore.  

For consistency with earlier results, the Moho depth 

values in Figure 7.15 define the base of the crust as 

the boundary where the velocities on the lower side 

are greater than 7.8 km/s for P waves and 4.4 km/s for 

shear waves. Where the transition from crust to mantle 

occurs through a velocity gradient the base of the 

transition is chosen as the Moho. 

To enhance continental coverage, we are also able to 

draw on the extensive network of full crustal reflection 

profiles.  Along the lines illustrated in Figure 7.1, Moho 

picks have been made at 20 or 40 km intervals, as the 

base of prominent crustal reflections using a 

consistent style of display (similar to that illustrated in 

Figures 7.3‒7.6). Conversion to depth has been made 

with the assumption of an average velocity of 6 km/s 

through the whole crust. Cross-calibrations of this 

Moho depth can be made with the results of other 

methods including refraction work in southern 

Queensland and receiver functions in Western 

Australia. Despite the simple approximation used for 

depth conversion of the reflection Moho picks, the 

crustal thickness estimates are in good agreement 

with those obtained from other methods (Figure 7.15). 

In southeastern Australia, the dense network of 

portable station deployments has been exploited to 

provide estimates of the P wave reflectivity across a 

network of stack points, with a reflection Moho picked 

at the base of crustal reflectivity.  

 

Figure 7.15: Estimates of the depth to Moho across the continent and the offshore region.  

  The different styles of symbols distinguish the methods employed. 
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The tie between the autocorrelation results and the 

reflection profiling results in southeast Australia is 

good.  The autocorrelation method can also provide 

Moho estimates in areas such as the Nullarbor Plain 

where reverberations from the complex near-surface 

structure overwhelm receiver function traces. 

The various seismic datasets provide multiple 

estimates of the depth to Moho in many regions. The 

consistency between the different techniques is high, 

as can be seen in Figure 7.15, where distinctive 

symbols are used for each data type. In a number of 

instances, differences in the estimates for Moho depth 

can be associated with the aspects of the structure 

highlighted by the particular methods. Thus, for 

example, receiver functions may see a discontinuity at 

the top of a reflection package, whilst the reflection 

Moho pick would be made at the base. 

The distribution of Moho picks in Figure 7.15 is based 

on the full range of available information at the end of 

2016, including many data points that were not 

available for the model produced by Salmon et al. 

(2013b). These new data include nearly 4000 km of 

additional reflection profiling, the autocorrelation 

results and many new results from portable instrument 

deployments in Western Australia. Data coverage still 

remains low in the Simpson and Great Sandy deserts 

The full Moho surface illustrated in Figure 7.16 is 

derived from the data points in Figure 7.15 using the 

interpolation tools from the GMT package (Wessel and 

Smith, 1998), with a conservative approach targeted at 

0.5° resolution across the continent.  In Figure 7.16 we 

show the individual data points with the colour code 

associated with their specific data value, overlain on 

the interpolated surface of Moho depth—in most cases 

they are barely visible, indicating a successful 

interpolation to produce the model.  

 

Figure 7.16: Moho surface across Australia utilising the full range of seismic information 
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Within each 0.5° x 0.5° cell the weighted, mean Moho depth from all relevant 

Moho depth estimates is extracted, with weighting of the individual data points 

based on estimates of the data reliability. The weighted means for each cell are 

then interpolated using an adjustable tension continuous curvature gridding 

algorithm (Smith and Wessel, 1990). The tension factor is set to 0.45 to allow for 

steep Moho topography. The resulting surface is displayed, allowing the influence 

of each cell to extend no further than 250 km. Even with this generous choice of 

data point influence there are still regions in the deserts of Western Australia 

without control on the Moho depth. The error associated with the representative 

surface can be expected to be less than 2 km where there is good data control 

and may perhaps reach 5 km in the least well-sampled areas, which are smaller 

than before. As noted by Kennett et al. (2011), the controls on the Moho are 

sufficient that the pattern of Moho depth is not sensitive to the particular 

interpolation scheme employed. 

There is evidence in a number of parts of Australia, e.g. Central Australia (Goleby 

et al., 1989) for localised jumps in the Moho of 10 km or more. Such features 

cannot be represented directly in a smooth model, but by allowing strong local 

gradients, the contrasts in Moho structure can be included. The control on the 

Moho depth is now better than for seismic wavespeeds, particularly where 

seismic reflection profiles cross regions with sparse velocity constraints. Future 

work will be aimed at improvng the concordance between the Moho and 

wavespeed structure. 

Patterns of Moho Depth 

The oldest portions of the West Australian Craton, the Pilbara Craton and the 

northern Yilgarn Craton have Moho depths ranging from 30 km to 35 km. The 

crust thickens slightly beneath the Neoarchean Hamersley Basin at the southern 

edge of the Pilbara, which has extensive banded iron formations. However, the 

main change in crustal thickness occurs in the Capricorn Orogen where the Moho 

depth exceeds 40 km. Control in the Capricorn region is strong from a 

combination of refraction experiments, receiver functions and recent reflection 

transects. The thickest crust with a rather indistinct base is found in the 

Glenburgh Terrane at the western edge of the Capricorn Orogen. In the Yilgarn 

Craton itself, Reading et al. (2007) have noted a progression in crustal structure 

with greater Moho depth associated with younger parts of the craton in the west. 

This trend can be seen very clearly in Figure 7.16, and in Figure 7.17 where the 

geological provinces are superimposed on the Moho surface.  

 

Figure 7.17: Moho surface with geological provinces. 

There is little control on the Moho in the very narrow strip of the Pinjarra Orogen 

along the western coastline of Australia; just a few receiver functions sit in this 

zone. Moho depth appears to be about 30–35 km, with thick sedimentary piles in 

places.  

In the Kimberley Block, the gravity field results exploited by Aitken et al. (2013) 

suggest that Moho depth greater than 40 km extends across the entire block, 

extending the zone of thickened crust seen in the seismic results (Figure 7.17). 

Reflection profiling across the Officer Basin from the eastern edge of the Yilgarn 

Craton to the Musgrave Province in 2011 (see Figure 7.3) revealed a zone of 

thick crust near 26°S, 126°E that was not expected from previous sparse receiver 

function sampling.  The thickening may be due to mantle underplating in the 
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suture zone between the Western and Northern Australia cratons. The 2012 

reflection profiling across the Albany–Fraser Belt indicates localised thickening of 

the crust at the edge of the Yilgarn Craton (Figure 7.4), and this has been 

confirmed with additional results from a portable seismic instrument deployment 

(Sippl et al., 2017), which indicates a continuous zone of thickened crust just at 

the craton margin. 

The major features of crustal thickness variation through Central Australia are 

well delineated from a combination of reflection profiles and receiver function 

studies, with some major early refraction experiments. The thickest crust in 

Australia occurs in this region, but is somewhat fragmented. On the reflection 

transects, distinct sharp jumps in the Moho of up to 20 km are associated with the 

major east–west gravity anomalies (e.g. Goleby et al., 1989; Korsch et al., 1998).  

In the north of the Central Australian zone, the crust appears to thin in the Pine 

Creek Inlier to less than 35 km thick, but we have currently no direct control in the 

structure in Arnhem Land to the east. In the Proterozoic MacArthur Basin, a little 

further south, refraction and reflection work indicates localised very thick crust. 

The Tennant Creek Inlier also has crust thickness up to 50 km, but the base of 

the crust shows an extended gradient from crust into mantle (Bowman and 

Kennett, 1991). Much of the Arunta Province also has rather thick crust (more 

than 50 km) with a gradational base and a weak reflection Moho (e.g. Korsch et 

al., 1998). A prominent feature of the southern part of Central Australia is the 

strong gradient in Moho depth close to 135°E that juxtaposes 30 km crust against 

much thicker material (45 km or more). The area with the thinnest crust is broadly 

coincident with a topographic low containing the Lake Eyre basin, which lies 

below sea level. 

Although the Gawler Craton in the south has Archean material, some as old as 

the Pilbara, the Moho depth is greater than for the older parts of the Western 

Australian cratons at more than 40 km, with good control from reflection profiling. 

The Curnamona Craton also appears as a distinct entity with thicker crust than its 

surroundings.  

In northern Queensland, the Mt Isa Province has rather thick crust (greater than 

40 km) with relatively sharp edges to the south and the northeast. There is a 

strong gradient in seismic velocities at the base of the crust and the Moho is only 

moderately distinct in reflection data. As seen in the reflection transect in 

Figure 7.6, towards the Georgetown Inlier, the crust thins rapidly to around 35 km 

with a very clear reflection Moho. Under the Georgetown Inlier distinct domains of 

consistent seismic character can be recognised and the transition between 

domains are marked by Moho steps of up to 8 km (Figure 7.6). 

Control on the Paleozoic structures in the east is mostly from refraction and 

receiver function studies, but extensive reflection and refraction work in the 1980s 

provides good control along a 1200 km transect from the Eromanga Basin to the 

coast. In the southern part of the Lachlan Orogen, the presence of thick crust with 

a basal crustal gradient is well established from refraction experiments. There is 

only modest seismic control on the New England Orogen, but this zone appears 

to have thinner crust (around 35 km thick) than the Lachlan Orogen. 

The patterns of Moho depth across the Australian continent do not display any 

clear dependence on surface or basement age, though Mesozoic–Cenozoic 

cover limits the available sampling. However, there is a tendency for thicker crust 

in the Proterozoic orogens, such as the Capricorn of Western Australia and the 

Arunta of Central Australia. Strong local contrasts in Moho thickness can be 

recognised in a number of places from the extensive reflection profiles, but 

cannot be readily represented in a continent-wide Moho surface as in Figure 7.15. 

The strong east–west gravity anomalies in the centre of the continent are 

associated with rapid changes in crustal thickness. The Arunta example is 

presented in Goleby et al. (1989), and an equally prominent change is seen in the 

Musgrave Province on the 2008 reflection profiling (Korsch and Kositcin, 2010). 

At the southern margin of the Capricorn Orogen it appears that the Moho from 

the Proterozoic domain is wedged beneath the Yilgarn Craton. A similar pattern is 

seen at the Yilgarn/Musgrave contact. 

We note also localised thickening at the Yilgarn Craton margin associated with 

the ~1390 Ma Albany–Fraser Orogeny, and at the western margin of the Gawler 

Craton. In northeastern Australia there is a rapid transition from the very thick 

Mt Isa Block (~1900 Ma) into thinner crust to the east that then thickens again 

into the Georgetown Inlier (of similar age to Mt Isa)—this zone may have been 

rifted and then inverted during compression to give the present-day configuration. 

The range and diversity of such Moho features in regions not subject to 

orogenesis since at least 500 Ma implies considerable longevity of Moho 

topography. Indeed, in the Australian environment, many features may well have 

survived from their time of formation. 
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7.3 Crustal Attenuation 

A prominent feature in the seismograms from continental earthquakes is the Lg 

phase, which can be described as either a superposition of multiply reflected 

S waves within the crust or as a combination of the higher modes of seismic 

surface waves.  The phase follows the S wave arrival with a group velocity 

around 3.5 km/s, and is usually the largest contribution to higher frequency 

seismograms at regional distances, out to 1500 km or more. 

The Lg phase samples the whole crust and provides valuable complementary 

information to other seismic probes. As frequency increases, the sensitivity of the 

phase tends to be focused towards the shallower zone.  

Wei et al. (2017) have used 469 events, recorded at 203 stations with source-

station separation from 200 km to 2000 km, in a tomographic study of the 

properties of the Australian crust.  The frequency dependence of the Lg phase 

was exploited to produce maps of seismic attenuation in the crust as a function of 

frequency.  We summarise this source of information on crustal properties in 

Figures 7.18–7.20. 

We display the average Lg Q in the frequency band 0.6–1.0 Hz in Figure 7.18, 

and the frequency exponent for the frequency dependence of attenuation in 

Figure 7.19.  For this frequency band, Lg waves provide a sample of the entire 

crust, with some modest emphasis on the shallower regions.  Figure 7.20 shows 

estimates of the spatial variation of the group velocity of the Lg waves   Each of 

these various aspects of Lg propagation has a strong correlation with the patterns 

of geological provinces across Australia, but in different ways.   

As we can see from Figure 7.18, much of the Australian continent has relatively 

high Lg Q values indicating low attenuation, though there are regions with quite 

low Q in the east. The Archean Yilgarn Craton has very high Q values, though 

the average Q is a little lower in the Archean Pilbara Craton with thinner crust 

(around 30 km thick). There is a tendency for Q to rise with the age of the crust. 

The tomographic images of Lg attenuation structure indicate a good tie between 

the patterns of variation in Lg-wave Q and the main tectonic features of the 

Australian continent, and the average Lg Q values increase with increasing 

frequency. The regions in central and western Australia show weak attenuation 

(high Q). At all frequencies, there is a distinctive anomaly with relatively high 

attenuation (low Q) in a north–south belt through the Tasman Orogen.  

 

Figure 7.18: Spatial variation of Lg-wave Q, with geological provinces. 

Much of the South Australian Craton displays low Lg attenuation (higher Q), 

though the Curnamona Craton shows only moderate Q (~600).  Large portions of 

eastern Australia are dominated by moderate Lg-wave attenuation, though areas 

with thinner crust tend to show lower Q. The Lachlan Orogen and New England 

Orogen have relatively high Q (>800), similar to the cratons in Western Australia. 

Tasmania is not adequately resolved with the available data. 

Lg-wave attenuation is sensitive to the presence of areas with locally higher 

temperature. The regions where geothermal effects are well recognised, such as 

the corner between Queensland and South Australia in the Eromanga Basin, 

show extremely strong Lg-wave attenuation whose Q values are even less than 

200. Variations in temperature are expected to play a large part in controlling 

attenuation behaviour, with a decrease in temperature leading to increased Q. 
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Figure 7.19: Spatial variation of the frequency exponent for attenuation (). 

The relation between seismic wave attenuation, seismic wavespeeds and 

temperature is highly nonlinear (e.g. Jackson and Faul, 2010), especially as the 

solidus is approached.  

The frequency dependence of Lg Q across the continent is quite complex, as can 

be seen in Figure 7.19. The Pinjarra Orogen along the southwestern coast of 

Australia shows a distinct stripe of lower Q (Figure 7.18), but this is too narrow to 

be fully resolved in the other images, though there is tendency to more rapid 

frequency variation in this area. The Canning Basin also stands out as a zone of 

lowered Q, with somewhat less frequency dependence and mildly reduced Lg 

group velocity (Figure 7.20). In the frequency dependence plot, the Kimberley 

Block has a notable difference from its surroundings with rapid frequency 

variation of Q, but this is not reflected in the other fields.  

Figure 7.20: Spatial variation of the group velocity of Lg. 

Similarly, the eastern part of the North Australian Craton shows strong frequency 

variation of Q with a sharp boundary to the south of Mt Isa.  The area to the south 

of this boundary, with low frequency variation of Q, also largely corresponds to a 

zone of rather low Lg group velocity. The eastern boundary in Q itself is closer to 

140ºE and the regions of lowered Q are more localised, most likely reflecting 

temperature variations at depth beneath the sedimentary basins.  The Albany–

Fraser Orogen, Eucla Basin and southern Officer Basin separating the West and 

South Australian cratons have more frequency variation in Q than the cratons, 

indicating a change in crustal character. A further prominent feature in the 

frequency variation of Q between 0.6 Hz and 1.0 Hz is the high exponent in the 

New England Orogen, which distinguishes it from the Lachlan Orogen to the 

west. The Lachlan Orogen shows relatively high Q, but the group velocities are 

rather slow towards the north, and faster in the south.   
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