
S
P
s

A
a

b

c

d

a

A
R
R
A
A

K
C
P
P
C
P
R

1

t
i
a
s
n
a
t
s

l
T

0
d

Precambrian Research 196– 197 (2012) 295– 308

Contents lists available at ScienceDirect

Precambrian  Research

journa l h omepa g e: www.elsev ier .com/ locate /precamres

eismic  structure  of  the  crust  and  uppermost  mantle  of  the  Capricorn  and
aterson  Orogens  and  adjacent  cratons,  Western  Australia,  from  passive
eismic  transects
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a  b  s  t  r  a  c  t

The  seismic  structure  of the  Proterozoic  Capricorn  and  Paterson  Orogens  and  adjacent  Archaean  Yil-
garn  and Pilbara  Cratons,  Western  Australia,  is  determined  using  a passive  seismic  approach.  We  use
recordings  of  distant  earthquakes  made  along  two  transects  of 3-component  broadband  stations.  The
stations  were  deployed  for approximately  1  year  (mid  2006–2007)  during  which  time  70  earthquakes
were  recorded  at each  station  with  a  suitable  signal  to noise  ratio  for  receiver  function  analysis  and  hence
the  S wavespeed  profiles  of the  crust  and  uppermost  mantle  beneath  each  recording  station  are  deter-
mined.  We  investigate  the  deep  crustal  constraints  on  terrane  boundary  locations,  the  patterns  of seismic
discontinuities  in  the  crust,  and  the variations  in  the  depth  and  character  of  the  Moho.  This  broad-scale
information  regarding  the present  day  crustal  architecture,  and  hence  the  crustal  evolution,  of  Western
Australia,  complements  previous  surface  geological  and  other  geophysical  studies.  Western  Australia  is
an  exceptionally  large, well  preserved  region  of ancient  crust  and hence  this  work  also  adds  to the  body
of knowledge  regarding  Proterozoic  orogenic  processes  in general.  The  new  passive  seismic  work  shows
a region  of  double  crust  or upper  mantle  discontinuities  beneath  the  Glenburgh  Terrane,  adjacent  to  the

northwest  Yilgarn  Craton.  The  upper crust  of the  orogens  is  always  layered  whereas  the cratons  have  a
simple upper  crust.  Both  the  Capricorn  and  Paterson  Orogens  are  characterised  by  deeper  Moho  disconti-
nuities with  a lesser  wavespeed  contrast  than  the  very  sharp  discontinuity  observed  beneath  the  adjacent
Pilbara  and  Yilgarn  Cratons.  This  is  consistent  with  the  weaker  orogenic  crust  of  the  Capricorn  and  Pater-
son Orogens  accommodating  most  of the  horizontal  deformation  during  assembly  and  reworking  of  the
West  Australian  Craton  while  the Pilbara  and  Yilgarn  Cratons  acted  as  rigid  crustal  blocks.
. Introduction

Passive seismic techniques provide a complementary approach
o active seismic, and surface geological and geochemical methods,
n determining the architecture of the continental lithosphere. If
ctive seismic (reflection/refraction) data are not available, passive
eismic methods provide a relatively easy and cost-effective recon-
aissance determination of Moho depth and character, the depth

nd character of other discontinuities, and seismic wavespeed fea-
ures within the crust (Darbyshire, 2003; Reading, 2006). In better
tudied regions, passive techniques, such as receiver function anal-
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ysis, reveal broad-scale variations in the character of the crust and
uppermost mantle which may  not be apparent from active seismic
lines (Reading et al., 2007).

This paper presents new data from more closely spaced sta-
tions than previous passive seismic work carried out in Western
Australia (Reading and Kennett, 2003; Reading et al., 2003, 2007) in
the form of receiver function determinations of S wavespeed struc-
ture along two  new passive seismic transects through the Capricorn
and Paterson Orogens of the West Australian Craton (Fig. 1). We
aim to (1) re-examine the location of terrane boundaries comparing
new constraints from deep seismic structure to existing determi-
nations based on surface geology; (2) identify relict structures at
depth, with implications for tectonic history, through the pres-

ence and depth of major seismic discontinuities, and the variation
and/or absence of such discontinuities along the transects; and (3)
infer variations in tectonic history through the change in depth and
character of the Moho along the transects. Our investigations and

dx.doi.org/10.1016/j.precamres.2011.07.001
http://www.sciencedirect.com/science/journal/03019268
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Fig. 1. Location map of northwest Western Australia. Geological provinces are shown by age (modified from Sheppard et al., 2010a).  Temporary broadband seismic stations
of  the CAPRA deployment (mid 2006–mid 2007) are indicated by solid stars. The permanent Global Seismic Network station located near Marble Bar (MBWA) is indicated by
a  solid circle. Other stations discussed by name in the text are shown as open circles. Thick lines show the limits of the Capricorn and Paterson Orogens (dashed under cover).
ESZ  = Errabiddy Shear Zone, YGC = Yarlarweelor Gneiss Complex, T = Telfer, M = Meekathara. Location map  (top right) shows the extent of the main map  as a red rectangle
a nits. 
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nferences based on deep seismic structure build on an evolving
ody of knowledge on the geology and tectonic history of Western
ustralia which is summarised in the following sections.

.1. The Capricorn Orogen

The Capricorn Orogen in central Western Australia (Fig. 1)
ecords the joining of the Archaean Pilbara and Yilgarn Cratons
o form the West Australia Craton (Cawood and Korsch, 2008;
yler and Thorne, 1990). It is traversed by the longer of the two
assive seismic transects in this study. The orogen includes the
eformed craton margins and a wedge of exotic crust termed the
lenburgh Terrane which forms the oldest part of the Palaeo-to-
eoproterozoic Gascoyne Province (Johnson et al., 2010, 2011;
heppard et al., 2010b).  The West Australian Craton was assem-
led from three tectonic blocks during two discrete orogenies. First,
ccretion or collision of the Glenburgh Terrane with the Pilbara
raton occurred during the 2.21–2.14 Ga Ophthalmian Orogeny
Johnson et al., 2010, 2011; Martin and Morris, 2010; Occhipinti
t al., 2004). The suture is buried by the Proterozoic Wyloo (Ash-
urton Basin), Edmund and Collier Groups but is interpreted
rom magnetotelluric (MT) and tomography data (Abdullah, 2007;
ennett and Abdullah, 2011; Selway, 2008; Selway et al., 2009) to
oughly coincide with the Talga Fault (Fig. 1). Second, the combined
ilbara Craton–Glenburgh Terrane collided with the Yilgarn Craton
uring the 2.00–1.95 Ga Glenburgh Orogeny along the Errabiddy
hear Zone (Johnson et al., 2010; Occhipinti et al., 2004; Sheppard

t al., 2010b).  Following the final suturing of the craton, the history
f the Capricorn Orogen was dominated by more than one bil-
ion years of episodic intracontinental reworking and reactivation
Sheppard et al., 2010a).
NAC = North Australian Craton, SAC = South Australian Craton, PC = Pilbara Craton,
roterozoic rocks of eastern Australia. (For interpretation of the references to color

1.2. The Paterson Orogen

The Paterson Orogen is located on the northeastern fringe of
the West Australian Craton and is interpreted to record the col-
lision of the West and North Australian Cratons at approximately
1.78 Ga (Smithies and Bagas, 1997). It is crossed by the shorter of the
two passive seismic transects in this study. The orogen comprises
Palaeoproterozic to Mesoproterozoic metasedimentary and meta-
igneous rocks of the Rudall Province, and unconformably overlying
Neoproterozoic sedimentary successions deposited after 1.07 Ga
and before 0.65 Ga (Bagas, 2004; Cassidy et al., 2006b). The Rudall
Province, which outcrops to the south of the transect comprises
multiply deformed and metamorphosed sedimentary and igneous
rocks with maximum ages of 2.02 Ga. The Rudall Province records
deformation associated with a major orogenic event that occurred
at 1.6–1.5 Ga, after the amalgamation of the Pilbara and Yilgarn
Cratons through the orogenic activity encompassing the margins
of the North and South Australian Cratons. Alternative models for
the nature and timing of these major events exist, e.g. Betts et al.
(2002) and Payne et al. (2009).

1.3. Tectonic units of the West Australian Craton

The following is a summary of the tectonic units that make up
the West Australian Craton that are traversed by the lines of the
CAPRA passive seismic array (Fig. 1).

The Pilbara Craton is composed of numerous geologically dis-

tinct terranes, the oldest of which is the East Pilbara Terrane,
which is dominated by granite-greenstones with ages ranging from
3.70–2.83 Ga (Van Kranendonk et al., 2007). The terrane was con-
structed between 3.53 and 3.24 Ga through a series of mantle plume
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vents and accreted with other terranes, the Sholl, Karratha and
egal Terranes (not shown in Fig. 1, see Van Kranendonk et al., 2007)
uring the 3.07 Ga Prinsep Orogeny. During orogenic relaxation and
lab break off, intracontinental rifting allowed the deposition of the
.99–2.93 Ga De Grey Superbasin (not shown). Final cratonization
as complete by 2.83 Ga (Van Kranendonk et al., 2007).

The southern margin of the Pilbara Craton is unconformably
verlain by the late Archaean to Palaeoproterozoic 2.78–2.43 Ga
ortescue, Hamersley and Turee Creek Basins. The 2.78–2.63 Ga
ortescue Basin contains a thick sequence of mafic and felsic vol-
anic rocks and associated siliciclastic sedimentary rocks (The
ortescue Group) that are interpreted to have been deposited dur-
ng continental rifting (Thorne and Trendall, 2001). Evolution of
he rifted margin to a passive margin was marked by the deposi-
ion of the 2.60–2.45 Ga Hamersley Group within the Hamersley
asin, which is dominated by chemical iron formations with sub-
idiary siliciclastic sedimentary and volcaniclastic rocks (Blake and
arley, 1992; Morris and Horwitz, 1983; Trendall et al., 2004). The
verlying Turee Creek Basin, aged between 2.45 and 2.20 Ga, com-
rises turbidites, shallow marine carbonates, and fluvial to marine
iliciclastic rocks of the Turee Creek Group.

The Ashburton Basin contains siliciclastic sedimentary and vol-
anic rocks of the Palaeoproterozoic lower and upper Wyloo
roups. The lower Wyloo Group rests unconformably on the Turee
reek Group and contains thick basalt sills and volcanic rocks as
ell as shallow marine conglomerates and quartzites (Martin and
orris, 2010; Thorne and Seymour, 1991). Eruption and intrusion

f the Cheela Springs Basalt, dated at 2.21 Ga (Martin et al., 1998), is
nterpreted to result from northward subduction of oceanic crust
nder the Fortescue, Hamersley and Turee Creek Basins (Martin
nd Morris, 2010). Collision and accretion of the Glenburgh Terrane
ith this margin during the 2.21–2.14 Ga Ophthalmian Orogeny

Johnson et al., 2010, 2011; Martin and Morris, 2010) resulted in
he deposition of conglomerates and quartzites in a foreland basin
o the orogeny (Martin and Morris, 2010). The 2.03–1.80 Ga upper

yloo Group contains extensive siliciclastic and carbonate sedi-
entary rocks and volcanic rocks. The youngest part of the upper
yloo Group (approximately 1.83–1.80 Ga) is synchronous with

he intracontinental 1.82–1.77 Capricorn Orogeny (Sheppard et al.,
010a; Thorne and Seymour, 1991).

The Edmund and Collier Basins are the youngest units in the
apricorn Orogen. These Mesoproterozoic basins contain between

 and 10 km of fine-grained siliciclastic and carbonate sedimentary
ocks that were deposited in response to intracratonic exten-
ional reactivation (Martin et al., 2008; Martin and Thorne, 2004).
he Edmund Group sediments were deposited unconformably on
ocks of the Gascoyne Province sometime after 1.62 Ga but before
ntrusion of voluminous mafic sills at 1.46 Ga (Wingate, 2002).
eposition was controlled principally by extensional movements
n the Talga Fault (Martin and Thorne, 2004) that has been iden-
ified in an MT  survey to be roughly coincident with the suture
etween the Pilbara Craton and Glenburgh Terrane (Selway, 2008;
elway et al., 2009; Sheppard et al., 2010b). The younger Collier
roup, which lies to the east of this study, was deposited sometime
etween 1.40 and 1.07 Ga (Martin and Thorne, 2004).

The Gascoyne Province comprises granitic and medium- to high-
rade metamorphic rocks at the western end of the Capricorn
rogen (Fig. 1). The province records evidence for both collisions
ssociated with the amalgamation of the West Australian Craton
Johnson et al., 2010, 2011; Occhipinti et al., 2004) and the numer-
us intracontinental reworking events that affected the province
or nearly one billion years afterwards (Sheppard et al., 2010a,b,

005, 2007). The oldest crust in the Gascoyne Province is the Glen-
urgh Terrane which consists of (1) heterogenous granitic gneisses,
hich have igneous protoliths with crystallization ages between

.55 and 2.43 Ga (Johnson et al., 2011; Kinny, 2004), known as the
earch 196– 197 (2012) 295– 308 297

Halfway Gneiss, (2) an overlying package of siliciclastic metased-
imentary rocks that represent part of the foreland basin to the
Ophthalmian Orogeny (Johnson et al., 2010), (3) a belt of 2.00 Ga
meta-granitic rocks that are interpreted to have formed in a con-
tinental margin arc leading up to the collision of the Glenburgh
Terrane with the Yilgarn Craton (Sheppard et al., 2004) and, (4)
arc-related metasedimentary rocks that are now tectonically dis-
rupted within the suture zone between the Glenburgh Terrane and
Yilgarn Craton (the Errabiddy Shear Zone). Although not exposed in
the northern part of the province, a recent MT  survey (Selway, 2008;
Selway et al., 2009) has demonstrated that the Glenburgh Terrane
is continuous at depth as basement to the younger magmatic and
metamorphic rocks.

Following the final suturing of the West Australian Craton dur-
ing the 2.00–1.95 Ga Glenburgh Orogeny, the province underwent
numerous low- to medium-grade tectonothermal intracontinen-
tal reworking events, many of which were accompanied by
the intrusion of voluminous granitic batholiths (Sheppard et al.,
2010b). The main reworking events were the 1.82–1.77 Capricorn
Orogeny and associated Moorarie Supersuite intrusions (Sheppard
et al., 2010a),  the 1.68–1.62 Ga Mangaroon Orogeny and associ-
ated Durlacher Supersuite intrusions (Sheppard et al., 2005), the
1.28–1.25 Ga Mutherbukin Tectonic Event (Sheppard et al., 2010b),
the 1.03–0.95 Ga Edmundian Orogeny and associated Thirty Three
Supersuite intrusions (Sheppard et al., 2010b, 2007), and the
0.57 Ga Mulka Tectonic Event (Sheppard et al., 2010b).

The Yilgarn Craton is an extensive region of Archaean conti-
nental crust, the northern part of which lies at the southern end
of the longer of the two  transects in this study. On the basis
of recent geological mapping and a re-evaluation of geological
data at all scales, this craton has been divided into several ter-
ranes and domains (Cassidy et al., 2006a). In the area traversed
in this study, these include the Narryer Terrane, the Youanmi Ter-
rane (consisting of the Murchison and Southern Cross Domains)
and the Eastern Goldfields Superterrane. The oldest and most
distinct terrane is the Narryer Terrane that consists of early to
middle Archaean granitic gneisses and metasedimentary and mafic
to anorthositic meta-igneous rocks. It contains crust as old as
3.73 Ga (the Manfred Complex) and detrital zircons as old as
4.4 Ga (Compston and Pidgeon, 1986; Froude et al., 1983; Wilde
et al., 2001). Part of the Narryer Terrane was  subject to extensive
metamorphism and reworking during the 1.82–1.77 Ga Capricorn
Orogeny, these strongly deformed parts have been termed the
Yarlarweelor Gneiss Complex (Sheppard et al., 2003). The Murchi-
son Domain consists of granite-greenstones and contains rocks as
old as 3.00 Ga. All of the northern Yilgarn Craton terranes were
intruded by granitic rocks between 2.80 and 2.60 Ga (Cassidy
et al., 2006a; Champion and Cassidy, 2001; Ivanic et al., 2010; Van
Kranendonk et al., 2010).

The Rudall Province consists of three terranes, the Talbot, Con-
naughton and Tabletop Terranes (not shown in Fig. 1, see Bagas,
2004). The Talbot and Connaughton Terranes mainly comprise
strongly deformed, Palaeoproterozoic meta-igneous and metased-
imentary rocks that record metamorphism at pressures up to
1200 MPa  during the c. 1.78 Yapungku Orogeny (Bagas, 2004). This
orogenic event is interpreted to record the collision of the West
Australian Craton with the North Australian Craton (Smithies and
Bagas, 1997). The Tabletop Terrane to the northeast mainly consists
of Mesoproterozoic granites, and is much less deformed that the
other two terranes. The Yeneena and Officer Basins unconformably
overlie the Rudall Province and comprise the Neoproterozoic flu-
vial to marine siliciclastic and carbonate rocks (Bagas, 2004).
These rocks were folded, faulted and metamorphosed at low
grade during the Miles Orogeny between 1.07 and 0.68 Ga and

the Paterson Orogeny after c. 0.61 Ga (Bagas, 2004; Cassidy et al.,
2006b).
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.4. Previous geophysical investigations

Previous passive seismic investigations of Western Australia
nclude a continent-wide study by Clitheroe et al. (2000) which
rovided a very broad overview of Moho depth across Australia.
his study used data from the early SKIPPY stations: the first passive
eismic data-gathering initiative that covered the whole Australian
ontinent by means of successive re-deployment of stand-alone,
ortable, high-fidelity seismic recording stations (carried out by
he Seismology Group at Research School of Earth Sciences, Aus-
ralian National University: van der Hilst et al., 1994; Kennett,
003). Seismic deployments continued with the WACRATON pro-
ram, focussing on the West Australian Craton at the scale of a
econnaissance of the main terranes (Clitheroe et al., 2000; Reading
nd Kennett, 2003; Reading et al., 2003, 2007). Receiver functions,
nd determinations of structure so obtained, were found to be
haracteristic of the main architectural subdivisions of the West
ustralian Craton. Typical depths obtained for the central Pilbara
raton were 32 km (±2 km)  with a sharp wavespeed discontinu-

ty. Depths obtained for the Capricorn Orogen and from a small
umber of stations in the Collier Basin, were around 44 km with

 gradational Moho. These station locations lie farther east than
he Capricorn transect reported in the present study. Moho depths
or the Murchison Domain (regarded as a terrane at the time of
he earlier work) were typically 34 km with a sharp wavespeed
iscontinuity at the Moho (Reading et al., 2007).

Active seismic investigations are reported by Drummond (1988,
000) who concluded that the crust beneath the Yilgarn and Pil-
ara Cratons was 25–35 km thick with a sharp Moho while the
rust within the orogens was 45–50 km thick with a much less dis-
inct Moho. Crustal thickness determinations from both passive and
ctive seismic work are summarised by Collins et al. (2003).

Gravity anomaly and total magnetic intensity map  data are
vailable for Western Australia (2001, 2005).  The gravity anomaly
ap  shows a pronounced ‘low’ in the Simple Bouguer Anomaly

ver the southern part of the greater Capricorn Orogen (GSWA,
001). This feature is not explained by elevated topography, and
oes not correlate with surface geology. It was interpreted as over-
hickened crust associated with the collision of the Pilbara and
ilgarn Cratons, where the Pilbara Craton crust may  have been
artly subducted beneath the northern edge of the Yilgarn Craton
Hackney, 2004). The thickened crust of the Capricorn Orogen is
ot in isostatic equilibrium: being over-compensated by the resis-
ance of the rigid lithosphere to rebound following Mezozoic or
ainozoic erosion (Hackney, 2004). The total magnetic intensity
ap  (GSWA, 2005) is dominated by lineations that correspond to

arying magnetisation in the upper 2 km of the crust: beyond the
esolution of the current passive seismic study. Some longer wave-
ength anomalies are visible which would correspond to features
n the upper crust between 2 and 10 km deep, e.g. a magnetic ‘high’
n the Ashburton Basin.

A recent magnetotelluric (MT) traverse (Selway, 2008; Selway
t al., 2009) provides conductivity information in the deep crust of
ome of the tectonic units covered by the passive seismic traverse.
ravity and magnetic anomalies, and results from the MT  analysis
re discussed (see Section 4) in the context of the deep structure
erived from this passive seismic work.

At the time of writing a compilation is in progress which aims
o bring together all appropriate crustal thickness data for the
ustralian continent (AusMoho; Salmon et al., 2009). In addition,
ew MT  and active seismic field data acquisition have been com-
leted. The active seismic transects cross the entire West Australian

raton, including the Capricorn Orogen and promise to provide a
omplementary, reflection seismic, dataset to the passive seismic
tudy herein. We  present new broad-scale determinations of seis-
ic  structure across the Capricorn and Paterson Orogens in regions
earch 196– 197 (2012) 295– 308

between the sparsely deployed stations of previous passive seis-
mic  studies with a view to investigating the structural constraints
on tectonic history across wide areas. These investigations focus
on terrane characteristics and boundaries, deep seismic disconti-
nuities, and the depth and character of the seismic Moho.

2. Data and methods

2.1. CAPRA deployment and recorded events

The CAPRA seismic deployment took place between mid-June
2006 and the end of May  2007. Two lines of stations were installed
(Fig. 1): the first comprises 14 stations in a roughly north–south
transect from north of the Pilbara region to a point approximately
100 km southwest of the town of Meekatharra. This transect crosses
the Pilbara Craton, the Capricorn Orogen, and the Narryer Terrane
and Murchison Domain of the Yilgarn Craton. A second, shorter
transect runs eastwards from Marble Bar to a point approximately
50 km east of Telfer, to the north of the Rudall Complex and
crossing the Paterson Orogen. Station separation on both tran-
sects was nominally 40–45 km (field deployment details given in
Supplement: S1).  Data from the Global Seismic Network (GSN) sta-
tion at Marble Bar, MBWA,  were also analysed.

During the year-long deployment, 117 events occurred of
suitable seismic moment magnitudes (Mw) and epicentral dis-
tances (�)  from the CAPRA stations for receiver function analysis:
Mw ≥ 6.0, 30◦ ≤ � ≤ 85◦ (values are quoted as seismic moment mag-
nitude, and distance in degrees of arc). This epicentral distance
range corresponds to ray paths that travel through the mantle,
bottoming either below the region of seismic complexity in the
uppermost mantle, or above the seismic heterogeneity in the low-
ermost mantle. Within this range, moreover, raypaths are such that
energy arrives at the receiver at a steep incidence angle (Fig. 2).
The potentially suitable events were viewed to assess the signal to
noise ratio. We  found that 70 events were recorded with a suffi-
cient signal to noise ratio for receiver function analysis (map given
in Fig. 3: event details given in Supplement: S2). These 70 events
constitute the new dataset that is used to constrain the structure
presented in this work. The azimuthal distribution of earthquake
sources, with respect to the CAPRA stations, is non-uniform. Incom-
ing energy is dominant in the northeast quadrant, with some events
in the northwest and southeast quadrants. The southwest quadrant
is very poorly sampled. At all stations, receiver functions calculated
according to the method below, with suitable signal to noise ratios,
are stacked at all available azimuths. The implicit assumptions in
the receiver function analysis are hence that the wavespeeds deter-
mined can be usefully approximated by an isotropic value and that
discontinuities in the crust under investigation are horizontal or
gently dipping (Cassidy, 1992).

2.2. Receiver function method

A receiver function is the waveform that is produced through
the interaction of upward travelling energy, as recorded on 3-
component seismographs, and the structure in the crust and upper
mantle beneath the receiving station. The receiver function method
consists of 2 stages: (1) extracting this receiver waveform and (2)
modelling to obtain the crust and upper mantle structures that are
likely to have given rise to the observed receiver waveform.

The receiver waveform is extracted as in the following sum-
mary. Variations in ground displacement or velocity are recorded

in 3 mutually orthogonal components (east-west, north-south and
vertical). For earthquakes at teleseismic distances, the steep inci-
dence angle of the incoming wave results in the direct P-wave
energy from the earthquake being recorded dominantly on the
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Fig. 2. Diagrammatic representation of how a 1D receiver function is derived from
incoming energy from a teleseismic earthquake. (A) Simplified structure and incom-
ing  teleseismic (distant earthquake) energy. (B) Simplified radial receiver function.
(C)  The corresponding derived S wavespeed profile beneath the receiving station.
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ertical component. When the energy passes through wavespeed
iscontinuities in the upper mantle and crust beneath the receiving
tation, a proportion of that energy converts from P-wave to S-
ave, arriving later than the initial P-wave (Fig. 2). This converted

nergy is recorded mostly on the horizontal components which

re transformed to a coordinate system depending on the loca-
ion of the earthquake and station. The great-circle path between
arthquake and station is the ‘radial’ horizontal direction while at
Fig. 3. Earthquake seismic events recorded by the stations of the CAPRA deployment
with appropriate signal to noise ratio for receiver function analysis.

right angles to this path is the ‘transverse’ horizontal direction.
The radial component signal is deconvolved with the vertical com-
ponent signal which isolates a waveform containing the effects
of the near-receiver structure (Fig. 2B). This waveform is termed
the radial receiver function and is used in subsequent modelling
for structure (Fig. 2C). The transverse receiver function is also cal-
culated and provides information on the potential influence of
non-layer cake structure, which could violate the assumptions of
the method. A full description is given in standard geophysical
texts (e.g. Kennett, 2002; Stein and Wysession, 2003). In this work
we compute observed receiver functions for each recording sta-
tion using the method of Shibutani et al. (1996) as implemented by
Clitheroe et al. (2000).  At each station, all receiver functions with a
usable signal to noise ratio (approximately 4:1) are stacked to form
the receiver function for that station.

In the second stage of the receiver function method, the stacked
observed receiver function waveforms are used to deduce the crust
and upper mantle structure beneath the recording station. The aim
is to find an S-wavespeed model, from which a synthetic receiver
function can be calculated which provides a good match to the cal-
culated receiver function. The solution of this particular inverse
problem is highly non-linear. We  therefore use an adaptive direct
search method developed by Sambridge (1999),  known as the
Neighbourhood Algorithm (NA), which searches widely through-
out the possible solution space. The wavespeed models searched
by the NA are parameterised in terms of S wavespeeds and layer
thicknesses (Shibutani et al., 1996). The best-fit model is presented
in the context of an ensemble of possible models which allows an
appraisal of each deduced model to be made.

3. Results and interpretation

3.1. Observed receiver functions

The stacked (radial) receiver functions obtained from the earth-
quakes recorded during the CAPRA deployment are shown for each
station (Figs. 4 and 5). In this work, which focuses on a large scale
overview of structure, receiver functions are stacked across all
available azimuths for similar ray parameters (Stein and Wysession,
2003). The character of the receiver function provides clues to the
nature of the tectonic structure beneath the station even before
modelling is carried out. For example (compare with Fig. 2B and
C) a sharp Moho will be evident from a high amplitude PS con-
Figs. 4 and 5), and upper crustal discontinuities will show as evident
PS converted arrivals before the Moho arrival. A detailed illustration
for a similar study was  provided by Zheng et al. (2008).
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time (seconds)

Fig. 4. Observed radial receiver function (RF) stacks for stations of the CAPRA
deployment, Capricorn Orogen transect, as determined by deconvolving the hor-
izontal radial component with the vertical component (Shibutani et al., 1996). The
y-scale is a ratio of instrumental units which are approximately proportional to
ground velocity. The peak observed at approximately 4 s (indicated with an arrow
for CP02) corresponds to a conversion from P to S wave propagation at the Moho.

time (seconds)

MBWA

RP07

RP06

RP04

RP03

Fig. 5. Observed radial receiver function (RF) stacks for stations of the CAPRA

deployment, Paterson Orogen transect. Details as in the previous caption (Fig. 4).
The conversion from P to S wave propagation at the Moho is indicated with an
arrow (for RP03).

Receiver functions from stations in locations outboard of the
West Australian Craton (CP01, RP06, RP07) are notable for the high
amplitude of the signal and lack of clear converted arrivals. Receiver
functions from the northeast Pilbara and northern Yilgarn Cratons
are relatively simple in form showing a very clear Moho phase con-
version (CP02, MBWA,  CP03, CP13, CP14, RP03) and those from
locations in the southern Pilbara Craton, and the Capricorn and
Paterson Orogens show a discernable Moho as part of a slightly
more complex, or much more complex, receiver function (CP04,
CP05, CP06, CP08, CP09, CP10, CP11, CP12, RP04).

3.2. Modelling of crust and upper mantle structure

Best-fit crust and upper mantle models deduced for each station
are shown (red line) against a background of more successful mod-
els searched (yellow/green superimposed lines) in Figs. 6 and 7.
The grey regions indicate less successful models also searched.
Also shown (blue line) is a crustal S-wavespeed model for an arbi-
trary, but typical, continental crust to aid comparison between
stations (Meissner, 1986; Shibutani et al., 1996). The plots for indi-
vidual stations are grouped according to their tectonic setting. A
summary of the main structural features and an appraisal of the
overall confidence of the deduced models are also given (Table 1).
Moho character, where a significant wavespeed contrast exists, is
sub-divided as a sharp, intermediate or gradational style Moho dis-
continuity. If a significant wavespeed contrast is not likely from
the Neighbourhood Algorithm (NA) search of the parameter space,
the character is given as low contrast. Confidence levels refer to
the features identified, by an experienced user of the NA inversion
code, and the structure obtained from the modelling. The levels
run from A to D: A = excellent, B = good, C = fair, D = poor. At levels A
and B, both the features noted in Table 1 and the main features of
the S wavespeed profile are likely to be robust, with the following
caveats: exact wavespeeds are not uniquely determined although

relative wavespeeds should be representative, and strong disconti-
nuities can appear as low velocity layers when this may  or may not
be the case. This is related to the approximate parameterisation, in
particular layering at a scale beyond the resolution of the model
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Fig. 6. Crustal and uppermost mantle S wavespeed structures for stations of the CAPRA deployment, located on the Pilbara Craton and across the Capricorn Orogen, determined
by  inversion using the Neighbourhood Algorithm (Sambridge, 1999). The observed (dark blue) and simulated (black) receiver functions are shown in the upper part of the
display  for each station. The lower plot shows the families of wavespeed models searched by the adaptive non-linear inversion scheme, with green colours showing the S
wavespeed structures for which better fits to the observed waveform were obtained, and hence the regions of model space most thoroughly investigated. Best fit structures
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red  line) are shown together with a ‘typical’ S wavespeed structure for continental c
his  comparison line is arbitrary but has been constructed from seismic velocities a
hibutani et al., 1996). (For interpretation of the references to color in this figure le

hich enhances the amplitude of the converted energy (Helffrich
nd Stein, 1993). At level B, the details of the S wavespeed struc-

ures are less robust than at level A. At level C, the features noted in
able 1 are likely to be robust determinations but the fine details
f the S wavespeed profiles for level C crustal structures are not
obust.
lue line) plotted in order to aid comparison between the plots for different stations.
riate for a continental crust with the Moho set at a depth of 38 km (Meissner, 1986;
the reader is referred to the web version of the article.)

The summary structural features are displayed as cross sections
(Figs. 8 and 9) with station locations given in Supplement S1 to

facilitate inclusion of this information in future compilations. The
CP transect (Fig. 8) is split into three sections according to the off-
sets in the general trend of the main line (owing to road access
restrictions) while the shorter RP transect (Fig. 9) is displayed as a
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ig. 7. Crustal and uppermost mantle S wavespeed structures for stations of the CA
n  the northern and eastern margins of the Pilbara Craton and adjacent orogens. De

ingle section. Section locations are shown in the Fig. 8 inset map.
e first describe the trend in Moho depth and character along the

wo lines; the most robust result of this receiver function investi-
ation. If the interval of changing wavespeed associated with the
oho extends over a depth interval of several kilometres, then
he Moho depth given in this work is the top of this zone of high
avespeed gradient. We  then describe upper crustal and mantle
avespeed features that are also suggested by the receiver function

nalysis.
deployment located in the southern most Capricorn Orogen, northern Yilgarn, and
s in the previous caption (Fig. 6).

At the northern end of the CP transect (Fig. 8A) at station CP01,
in comparison with a typical value for continental crust, the Moho
is shallow, at 32 km,  and sharp in character. Moving southwards
along the CP transect, the Moho beneath CP02, MBWA  and CP03
in the northeastern Pilbara Craton is shallow at 30 km,  and charac-

terised by a very sharp wavespeed contrast. CP04 at the northern
margin of the Fortescue, Hamersley and Turee Creek Basins also
shows a 30 km Moho and sharp wavespeed contrast. At the begin-
ning of the second section (Fig. 8B) at CP05 in the centre of this
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Fig. 8. Summary structure across the Capricorn Orogen. The major features identified from receiver function analysis, and listed in Table 1, are shown with the correct spatial
relationship between adjacent stations and the (surface) boundaries of major geological provinces. Ham–Fort–TC = Hamersley, Fortescue and Turee Creek. No u.c. discon. = no
upper  crustal (wavespeed) discontinuities.
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Table  1
A summary of conclusions drawn from the receiver function analysis together with a qualitative appraisal of the confidence in those conclusions. See text for an explanation
of  letters (which run A–D) and notes on Moho characterisation. Mantle wavespeeds are given in comparison to the continental crust S wavespeed vs depth profile shown in
pale  blue on the output plots for each station in Figs. 6 and 7 (see Fig. 6 caption).

Moho character +
depth (km)

Mid-crust
character + discon.
depths (km)

Mantle
wavespeed + discon.
(km) if observed

Qual. appraisal Remark

CP01 Sharp Complex Average C Craton edge
32  14, 24

CP02 Sharp Simple av-High A Thin craton
29

MBWA Sharp Simple Average A Thin craton
30

CP03  Sharp Simple Low-av A Thin craton
30

CP04  Sharp Layered Low A Craton basin
30 8

CP05  Sharp Layered Average B Craton basin
34 5

CP06  Gradational Complex Average B
34 4, 16

CP08 Intermediate Layered Low-av B Orogen
36 6

CP09  Intermediate Layered Low-av B Orogen
42  10

CP10 Intermediate Layered Low-av B Orogen
38  10

CP11 Low contrast Complex Low-av C ? Double crust
44  12, 30

CP12 Sharp Simple Low-av B Thin craton
29  44

CP13 Sharp Simple av-High A Medium thick craton
36

CP14  Sharp Simple av-High A Medium thick craton
36

RP03  Sharp Complex av-High A Craton edge
30 7,  20

RP04 Sharp Complex av-High A Craton basin
36  4, 20

RP06 Low contrast Complex Low C Orogen
41  4, 24

RP07 Low contrast Complex Low B Orogen
40  4, 26

r
t
B
a
i
a

egion, the Moho is a little deeper, at 34 km,  but remains sharp. At
he southern margin of the Fortescue, Hamersley and Turee Creek
asins, near the boundary with the Ashburton Basin, station CP06

lso shows the Moho at a depth of 34 km but a gradational change
n wavespeed at this location. Across the large interstation distance
long this section to the southern margin of the Ashburton Basin,
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Fig. 9. Summary structure across the Paterson Orog
close to the Edmund Basin, CP08 shows a slightly deeper Moho
at 36 km and a less sharp, intermediate, wavespeed contrast. The
third section (Fig. 8C) begins, offset from the second section, in

the Edmund Basin. Here, at CP09, the Moho is relatively deep at
42 km with an intermediate wavespeed contrast. Station CP10, at
the northeast edge of the Gascoyne Province, shows a similar Moho
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mantle 
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 contrast x 2 vertical exag.
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en. Details as in the previous caption (Fig. 8).
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epth at 38 km and intermediate wavespeed contrast. CP11, at the
outhern edge of the Gascoyne Province, shows complex structure
hich could be interpreted as a double Moho: low contrast dis-

ontinuities or changes in wavespeed gradient at 30 km deep and
4 km deep (see the discussion section). CP12, on the Narryer Ter-
ane, shows a high contrast Moho at 29 km deep, and also a low
ontrast discontinuity at 44 km,  while stations CP13 and CP14 in
he Murchison Domain of the Yilgarn Craton show a sharp Moho at

 depth of 36 km.
The shorter transect (station codes ‘RP’), beginning at MBWA

Fig. 9), shows a Moho at a depth of 30 km with a sharp wavespeed
ontrast. Moving along the transect in a westward direction, this
tructure extends to RP03. At RP04, the Moho is 36 km deep, and
emains sharp. By RP06 and RP07, across the Paterson Orogen, close
o Telfer, the Moho is again deeper, at 41 and 40 km respectively,
nd with a low wavespeed contrast.

The character of the upper crust as indicated by the receiver
unction analysis for the stations in the northeast Pilbara Craton
CP02, MBWA,  CP03: Fig. 8A) and the northwest Yilgarn Craton
CP12, CP13 and CP14: Fig. 8C) is simple showing no sharp discon-
inuities. In the orogens surrounding the two Archaean Cratons,
he crust is generally more complex, showing wavespeed disconti-
uities at various depths (CP01, RP06 and RP07, Figs. 8A and 9).
lthough the general character is clear, the depths of the dis-
ontinuities inferred are not robust determinations for these
tations. Across the Fortescue, Hamersley and Turee Creek Basins,
he Ashburton Basin and the northern part of the Capricorn
rogen, upper crustal discontinuities occur at various depths
etween 4 and 8 km (CP04, CP05, CP06, CP08). Across the
outhern part of the greater Capricorn Orogen, uppercrust dis-
ontinuities at depths of between 10 and 12 km are inferred
CP09, CP10, CP11).

Receiver function analysis does not provide strong constraints
n the wavespeed of the upper mantle, however, the following
rends were observed in the wavespeed profiles for the two  tran-
ects in this work. Higher than average mantle wavespeeds were
nferred for stations in, or adjacent to, the northeastern Pilbara
raton (CP02, RP03, RP04). Lower than average wavespeeds were

nferred for stations in the central and southern parts of the greater
apricorn Orogen and Narryer Terrane (CP08, CP09, CP10, CP11,
P12) and also for stations associated with the Paterson Orogen
RP06, RP07).

. Discussion

In the previous section, crustal and uppermost mantle features
nherent in the CAPRA passive seismic dataset, according to the con-
dence appraisal given in Table 1, were identified systematically.
ere, we compare the Capricorn and Paterson Orogens to other
roterozoic mobile belts in other locations. We  then discuss the
mplications of the most notable features identified in this passive
eismic study in the light of previous geophysical investigations
nd the current understanding of surface geology summarised in
he introduction (Section 1).

An early compilation of the seismological and geochemical char-
cteristics of Precambrian lithosphere was presented by Durrheim
nd Mooney (1994).  They made the generalisation that Archaean
rust is usually 27–40 km thick whereas Proterozoic crust is in the
ange 40–55 km with a substantial high velocity layer at its base.

e find that the Archaean Pilbara Craton and Yilgarn Crust crust
oth fall into the range expected for Archaean crust and the crustal

hickness values for the Capricorn and Paterson Orogens fall into
he lower range of the thickness values expected for Proterozoic
rust. The dominant controls on crustal thickness are the tectonic
rocesses behind its formation and evolution. Crustal depth may
earch 196– 197 (2012) 295– 308 305

be indicative of age only in the case where different tectonic pro-
cesses dominate during different ages within in a group of terranes.
Further generalisation of the thickness and seismic velocity char-
acteristics of Proterozoic crust, and in particular, craton–orogen
margins does not reveal any obvious trends. For example, the Pro-
terozoic Namaqua-Natal Belt of southern Africa shows a much
higher seismic wavespeed contrast across the Moho, and a much
sharper Moho, than the crustal structures inferred in this study
(Nair et al., 2006; Yang et al., 2008). Also the crustal thicknesses
inferred for the Namaqua-Natal Belt covers a much greater range
(40 km to >50 km)  than the thicknesses that we  infer for the Capri-
corn Orogen and Paterson Orogen. A further example is provided
for the Canadian Shield (Thompson et al., 2010) which exhibits a
range of crustal thicknesses and characters.

We suggest that each craton–orogen margin has an individual
set of structures according to the plate convergence geometries,
the presence or absence of allochthonous terranes and the tectonic,
volcanic and mantle processes that were operating in that region
at the time of formation.

The data recorded at CP01 (Fig. 4) were very noisy, as is common
with basin (margin) locations in near-coastal locations. Cautiously,
given the moderate quality appraisal, we note that the best-fit S
wavespeed structures for this station feature a sharp, shallow Moho
(Fig. 8A and Table 1), similar to that seen for the Pilbara Craton
stations. This indicates that Archaean crust extends beneath CP01
at depth.

The crust above the Moho at CP01 shows two  significant discon-
tinuities in structure and is consistent with features seen in layered,
younger crust, and hence with the Palaeozoic surface geology. The
crustal structure from the receiver function analysis therefore sug-
gests that Archaean crust lies beneath the Palaeozoic surface rocks
in this location. This inference is supported by the broadscale pat-
terns shown in the Simple Bouguer Anomaly (SBA) gravity map
(GSWA, 2001) and also the low-wavelength components of the
Total Magnetic Intensity (TMI) map  (GSWA, 2005). In both cases,
the potential field character associated with the Archaean crust of
the Pilbara Craton continues to the coast to the north of the location
of CP01. In contrast, the surface geology changes from Archaean to
Mesozoic (or later) between CP02 and CP01.

Stations located within the Pilbara or Yilgarn Cratons are char-
acterised by receiver functions of simple form, with little or no
obvious layering in the upper crust. We  suggest that this is a gen-
uine rendition of the crustal structure, and that vertical tectonics
within the Archaean cratons have largely removed the horizontal
wavespeed discontinuities that are often associated with continen-
tal crust. We  recognise the possibility that energy conversion at
any extremely sharp Moho discontinuity could be of significantly
higher amplitude than conversions due to discontinuities in the
upper crust. In this case, the simple upper crustal structure inferred
from the receiver functions from within the craton interiors could
be an apparent character, albeit a very recognisable one. Stations
in the passive seismic study located over intracontinental basins
characteristically show a single layer in the upper crust, while sta-
tions associated with collisional margins, such as the southern edge
of the Pilbara Craton and the northern edge of the Yilgarn Craton
show complex (i.e. multiply layered) structures of various kinds.

Stations CP02, CP03 and RP03 with a sharp Moho, at an inferred
depth of 30 km,  provide an improved station density in the north-
east Pilbara Craton compared with previous work. There may  be a
slight gradient in crustal thickness to station CP04 (32 km)  although
this is at the limit of uncertainty in Moho depth (±2 km). The crustal
thickness is in agreement with determinations from previous work

for locations in the northern parts of the Fortescue, Hamersley and
Turee Creek Basins reviewed by Salmon et al. (2009): station WS09
(Reading et al., 2007) and station SF06 (Clitheroe et al., 2000). Both
studies inferred Moho depths of 32 km.
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The surface transition from the exposed granite-greenstones
f the northeastern Pilbara Craton into the sedimentary rocks of
he Fortescue, Hamersley and Turee Creek Basins occurs between
P03 and CP04. The upper crust is characterised by a simple seis-
ic  wavespeed structure beneath CP02 and CP03, while seismic
avespeed discontinuities in the top 10 km occur from CP04 south-
ard. The location of this change in character matches the change

n surface geology, suggesting that the crustal character can be
elated to tectonic processes indicated by granite-greenstone belts
nd sedimentary basins respectively. Stepping to the second sum-
ary cross section (Fig. 8B) which continues south beneath the

ortescue, Hamersley and Turee Creek Basins, the Moho remains
harp, at 34 km deep, becoming gradational in character beneath
P06 which indicates significant influence on the lower crust and
oho transition from the events that formed the Ashburton Basin.

he southern extent of Pilbara Craton crust suggested by the recent
T  survey (Selway, 2008; Selway et al., 2009) coincides with the

ocation of the Talga Fault (Fig. 8B).
Farther south, the stations located in the Ashburton Basin,

dmund Basin and Gascoyne Province CP08, CP09, CP10 (Fig. 8B and
, Table 1) are characterised by an intermediate, rather than sharp
oho, together with a layered upper crust. Orogenic crust, in com-

arison with cratonic crust, is characterised in this passive seismic
tudy by a lesser wavespeed contrast across the Moho and also a
ess sharp transition. This may  be caused by the orogenic crust being
uilt through the accretion of previously formed terranes, rather
han the crustal material amalgamating and then being allowed to
ifferentiate, as with cratonic crust. Clitheroe et al. (2000) report a
epth of 36 km for station SE01, located on the westernmost edge of
he Gascoyne Province, which is in broad agreement with the depth
f 38 km obtained in this work for CP10, located further inland in
he Gascoyne Province.

The transition between the Gascoyne Province and the Narryer
errane of the Yilgarn Craton (Fig. 8C) represents a highly com-
lex part of the continental crust. The wavespeed structure derived
rom the receiver function analysis at CP11 (Glenburgh Terrane
f the Gascoyne Province) shows a number of ill-defined discon-
inuities: layer interfaces at 12 and 30 km deep and a low contrast

oho at 44 km.  The quality appraisal for this station (C) indicates
hat the exact form of the wavespeed structure may  change with
mproved data but the main features are likely to be robust. A deep
mantle) discontinuity is inferred beneath CP12 at 44 km,  with a
lear Moho at 32 km.  A possible interpretation of these features is

 partial double crust, or at least at double Moho, brought about
y the partial subduction of the Glenburgh Terrane under the Yil-
arn Craton (specifically the Narryer Terrane) during the Glenburgh
rogeny. This interpretation is supported by the MT  survey that

hows highly conductive crust that is representative of the Glen-
urgh Terrane, dipping moderately beneath the Yilgarn Craton to a
epth of at least 60 km (Selway, 2008; Selway et al., 2009). The Sim-
le Bouguer Anomaly gravity map  shows low values at this location
ith a large-scale fabric trending northeast–southwest, hence it is

ikely that any underthrust material is oblique in orientation to the
verall east–west trending (northern) edge of the Yilgarn Craton at
his location.

The CP line crosses crust that was reworked several times
etween 1.82 and 0.95 Ga (Sheppard et al., 2010a)  whereas previ-
us passive seismic deployment line (Reading et al., 2007), crossed
he Capricorn Orogen further east where the metamorphic grades
bserved in the surface geology are lower (Sheppard et al., 2010a). A
omparison between the results of this passive seismic study and
revious work (Reading and Kennett, 2003; Reading et al., 2007)

nables the following tentative comment to be made regarding
ontrasting the deep crust in the west with the central Capri-
orn Orogen at the resolution of the receiver function analysis. The
eworked crust has a more obviously complex structure with more
earch 196– 197 (2012) 295– 308

discontinuities in the mid-crust. The Pilbara and Yilgarn Cratons
were joined through a lengthy sequence of orogenic episodes and
it appears that the presence of the Glenburgh Terrane in the west of
the orogen has left a legacy of more complex crust than further east
in the Capricorn Orogen. Wavespeed gradients in the lower crust
are more variable for the reworked crust in the west (this study)
whereas the structure for the central Capricorn Orogen follows a
more regular pattern (Reading et al., 2007).

The Moho depth for the eastern Narryer Terrane station in this
work, 29 km at CP12, is somewhat shallower than previously found
in the west of the Narryer Terrane, 35 km at SE03 (Salmon et al.,
2009). The stations are some distance apart and the complex his-
tory of collision and accretion at this location is likely to have given
rise to this difference. There is a clear contrast in crustal depth
and receiver function character between the Narryer Terrane the
Glenburgh Terrane (CP11).

The structure determined for stations at CP13 and CP14, in the
Murchison Domain (Youanmi Terrane, Yilgarn Craton) is charac-
terised by a simple upper crust and a sharp Moho at 36 km.  These
results are similar to previous investigations (Reading et al., 2007)
which showed a Moho depth of 34 km (±2 km).

The Paterson Orogen transect (Fig. 9) shows an upper crust char-
acteristic of an orogen/cratonic margin. The two stations located in
the Paterson Orogen itself, RP06 and RP07, show a low-contrast
Moho and complex upper crust in accord with the accretionary
structures likely in this tectonic setting. Stations RP03 and RP04,
which are located on the margin of the Pilbara Craton, show a
sharp Moho at 30 and 36 km depth respectively, with upper and
mid  crustal discontinuities at 4–7 and 20 km.  This contrasts with
the simple upper crust inferred for station MBWA,  which is located
well inside the craton margin. This suggests that either (1) the influ-
ence of activity of the Paterson Orogen on the margin of the Pilbara
Craton extends well inside the craton margin, or (2) that the east-
ern Pilbara Craton is less affected by vertical tectonic processes,
hence experiencing less disruption to the horizontal wavespeed
interfaces. However, considering the geological history of the East
Pilbara Terrane (e.g. Van Kranendonk et al., 2007) which is dom-
inated by nearly 500 million years of vertical tectonics, the latter
scenario is not favoured. The SBA gravity map  and the TMI  map
imply that both of the above tectonic factors may  be significant:
less pronounced gravity anomalies (in comparison to the northeast
Pilbara) imply less vertical tectonic activity and significant mag-
netic anomalies, probably from the upper crust, imply extensive
orogenic emplacement immediately adjacent to the craton, which
could certainly have deepened the Moho and given rise to crustal
complexity at this margin. The two  stations located in the Paterson
Orogen itself (RP06 and RP07) show a low-contrast Moho and com-
plex upper crust in accord with the accretionary structures likely
in this tectonic setting.

Lower than average mantle wavespeeds observed for stations
of the central Capricorn Orogen and Narryer Terrane (CP08, CP09,
CP10, CP11, CP12) and the Paterson Orogen (RP06, RP07) could be
associated with mantle refertilization, related to the subduction
processes that were occurring during the formation or reacti-
vation of these locations, with the mobile belt being developed
between the Pilbara and Yilgarn Cratons. Mantle refertilization is
likely to enhance the proportion of minerals with lower seismic
wavespeeds in the uppermost mantle, hence, slightly reducing the
overall observed wavespeeds in the region just below the Moho.

To summarise our findings with regard to terrane boundaries
in the deep crust, the northeast margin of the East Pilbara Terrane,
Pilbara Craton, extends northeast, beyond CP01, i.e. further than

implied by the surface geology. In contrast, the terrane boundaries
in the southwest (between CP03 and CP04) and east (between RP03
and RP04) coincide with the surface determination. The deep struc-
ture character change between CP11 and CP12 is consistent with a
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ajor terrane boundary, and matches the surface expression of the
orthern margin of the Narryer Terrane. Stations CP13 and CP14
how structures consistent with their common terrane associa-
ion in the Youanmi Terrane and contrast notably with the Narryer
errane to the north, again the lower crustal structure constraints
atch those of the surface geology.
The crustal structures observed in this study may  be logically

rouped according to their structural features as inferred by the
eceiver function analysis (Table 1). CP02, CP03 and MBWA  are very
imilar with a ∼30 km deep Moho and a simple crust and may  be
ermed ‘thin craton’ structures. CP01 and RP03 are similar and may
e termed ‘craton edge’ structures with a ∼30 km deep Moho and

 complex (i.e. multiply layered) mid-crust. CP04, CP05 and RP04
how a single significant layer in the mid-crust, CP04 is somewhat
ransitional in depth, but CP05 and RP06 are similar and all may  be
ermed ‘craton basin’ structures. CP08, CP09, CP10, RP06 and RP08
how a deeper, lower or intermediate contrast Moho at 40 km deep,
nd layered or complex crustal character. They may  be termed ‘oro-
en’ structures. CP13 and CP14 are similar with a simple upper crust
nd sharp Moho at 36 km and may  be termed ‘medium thick cra-
on’ in structure. CP06 and CP11 seem to defy classification and
heir orogen edge locations are notable in this regard.

The thin craton and medium thick craton structures (as dis-
ussed previously) with simple upper crustal characters, imply a
ignificant history of vertical tectonic processes which has either
emoved, or prevented any crustal layering from developing during
tages of active tectonics. The complexity seen in the craton-edge
tructures could be a relict feature, implying that vertical tectonic
rocesses were less active in these locations (although there is no
uarantee that these locations were at the edge of the craton at
ges significantly older than the date of the adjacent orogen). It
ould also be related to the formation of the adjacent orogen or
ssociated basins, or a combination of both. The layering of the cra-
on basin structures could have developed in response to the basin
oading, or alternatively basin development was favoured in craton
ocations that had less vertical tectonic history. The layering in the
pper crust in the orogen locations could similarly be related to the
verlying basins. It is certain in this case that the presence of the
rogen was a significant control on basin development.

The variations in Moho character and depth can also be related
n the same groupings. The sharp Moho characteristic of Archaean
rust in Western Australia is likely to date from the time of crust
ormation and may  in some cases be related to the preservation of
he crust. This seems most likely if it is associated with low velocity
pper mantle immediately beneath. The Moho beneath the orogens

s a lower contrast discontinuity (intermediate contrast beneath
he Capricorn and low contrast beneath the Paterson). The crustal
uilding processes associated with orogenesis resulting in a lower
rust with faster seismic wavespeeds than its Archaean counter-
art and hence, a lesser contrast between mantle and lower crust.
radational and/or double Mohos make sense in terms of tectonic

ocations with unusual tectonic history where underplating or large
cale thrusts are relict structures in the crust.

. Conclusions

This work places new constraints on the broad scale architecture
f the crust and uppermost mantle associated with the Capricorn
nd Paterson Orogens, the Pilbara Craton, and the northwest Yil-
arn Craton. In particular we find: (1) a complex ‘double Moho’
eneath the station in the southern Gascoyne Province, close to

he suture with northern edge of the Yilgarn Craton; (2) a consis-
ent pattern of upper crustal wavespeed discontinuities in orogenic
rust in contrast to the relatively simple upper crust of the Archaean
ratons and (3) a consistent pattern of a deepened Moho and
earch 196– 197 (2012) 295– 308 307

intermediate discontinuity sharpness, or low contrast at the Moho
beneath the orogens in comparison with the shallower, sharp, pro-
nounced Moho of the Archaean cratons. The results are consistent
with a tectonic history whereby the orogens accommodated most
of the horizontal deformation while the cratons acted a rigid blocks.
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