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ABSTRACT: The Australian cities of Adelaide and Perth lie in or adjacent to regions of
relatively high seismicity, by Australian standards. The seismicity of both areas has had
significant temporal and spatial variation over the last century. Despite similar levels of
seismic activity the two areas have very different topography, with the Adelaide region
being hilly and the Perth region being essentially flat. Knowledge of the deformation rate
in these regions will improve our understanding of their long-term seismicity and so an
improved estimate of their seismic hazard. To this end, 50 station, GPS geodetic networks
have been established in both regions. By global standards the velocities expected are
very small (0.2-1.0mm/yr) and are near the limit of current GPS technology. In designing
the survey minimising errors was a major focus, with all sites being monuments on hard
rock and the occupation period being 7 days. The epoch one data for the Perth network
was obtained in May 2002 and the Adelaide network in May 2003. The typical internally
estimated precision obtained, for each station in the networks, was 1mm (1σ). Repeat
occupations are planned to be at three to four year intervals.

1 INTRODUCTION

The Adelaide Fold Belt, is a 500 kilometre long by 250 kilometre wide area which, encompasses the
Mt Lofty and Flinders Ranges. For the purposes of this study we also include the York Peninsular and
the eastern part of Eyre Peninsular. In the AFB, the earthquake record for events larger than 4.5 goes
back 150 years, which is one of the best records in Australia. Within this period the activity rate and
the focus of activity have both varied.  This variability means that earthquakes could easily be several
times more or less common in the next century than the last. During the last century there has been one
magnitude 6 earthquake and 10 earthquakes of magnitude 5 or higher in the AFB, which includes the
M5.4 event in Adelaide in 1954. This level of seismic activity in the AFB suggests that it has
deformed by 10-25mm in the last 100 years. This equates to a deformation rate of 0.1-0.25mm/year.
Measures of strain orientation, such as fault plane solutions (Clark and Leonard 2003), suggest that the
deformation is most likely to be east - west compression across the AFB.

The Mt Lofty and Flinders Ranges are a belt of north-south trending mountains with a peaks of
between 600 and 1200 metres. The ranges are bordered by low lying regions with typical elevations of
50m above sea level and several regions below sea level. The ranges are bounded by curvilinear scarps
resulting in a dramatic, for Australia, fault-bound landscape (Sandiford 2003). Early studies of the Mt
Lofty and Flinders Ranges emphasised the youthfulness of the landscape (Sprigg 1945, 1946). Most
geomorphological literature in the last 50 years has emphasised the antiquity of the region at the
expense of more youthful features. Recently there has been a renewed interest in the Tertiary activity
of the Flinders Ranges. Sandiford (2003) gives an overview of the all known tertiary features, and for
four faults, of the approximately dozen major faults, derives slip rates of the order of 20-70 m/106 y.
This slip rate is consistent with slip rates inferred from seismicity above.

In the southwest corner of Western Australia there is a belt of high seismic activity known as the south
west seismic zone (SWSZ), bounded by 30.5°S to 32.5°S and 115.5°E to 118°E.  It is one of the most
seismically active areas in Australia and has been host to several large earthquakes including the 1968
Meckering (MS 6.8), 1970 Calingiri (ML 5.7), 1979 Cadoux (MS 6.0), 2001 Burakin (ML 5.1) and 2002
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Burakin (ML 5.2) earthquakes.  The seismic activity over the last 40 years suggests that the SWSZ
could be deforming by 0.5-5 mm/year. As earthquake occurrence is a random phenomenon from such
a short record we have no way of knowing if the last 40 years is typical. Michael-Leiba (1987)
concluded that there was a five fold increase in activity during the period 1949-1983 compared to
1923-1948.  Earthquakes could easily be several times more or less common in the next 50 years than
the last. Since the SWSZ lies within 100 km from the 1.4 million people living in the Perth
metropolitan region, it poses a distinct seismic hazard. Better quantifying the earthquake hazard is the
aim of this research.

The SWSZ is an area of low topographic relief with little topological expression of the earthquake
activity. In contrast with the AFB the seismic activity in the SWSZ appears to be inconsistent with the
topography. This inconsistency is yet to be explained. However, the SWSZ does contain significant
paleo-seismic indicators such as fault scarps and paleo-liquifaction events. Preliminary evidence from
these sources indicated that the large earthquake activity in the SWSZ dates back at least 20000 years
(Cummins et al 2003, Clark and McCue 2003).

Knowledge of contemporary crustal deformation is potentially an important component in
understanding the earthquake activity in the SWSZ and AFB.  However, little is currently known
about the distribution of the deformation in these areas. In the SWSZ, if the actual strain rate is much
less than the estimated 0.5-5mm/yr, then this would suggest that the recent seismicity is atypical. In
the AFB knowing the current stain rate, particularly if it is consistent with the seismic and neotectonic
derived stain rates, will further constrain the estimates of the level of seismic activity and therefore
improve the reliability of the earthquake hazard model of the region. The most efficient means of
quantifying contemporary crustal deformation over large areas is through repeat GPS-geodetic
measurements. To this end GPS campaigns have been undertaken in both the SWSZ and the AFB
(Figure 1).

Figure 1 Location map of the AFB and SWSZ GPS networks. Large circles are the GPS
sites, the small grey dots are earthquakes and the small stars are earthquakes larger than
magnitude 5.
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2 THE GPS CAMPAIGNS

GPS geodetic monitoring of tectonically active areas has become common in recent years. The
common practice has been to install a network of permanent GPS stations and such networks have
been set up California (Zhang et al 1997), Japan (Takeshi S. 1997) and the European Alps (Vigney et
al 2002). Such networks are very costly and involve set up costs of at least $50000 per site and
ongoing cost of $5000 - $10000 per site. In areas of relatively low seismic risk such as the SWSZ and
AFB such expenditure cannot be justified. An alternative is to undertake periodic campaigns, where
sites are occupied, for a day to a week, every year or so. Such an approach has been undertaken in
Greece (Clark et al 1998), Sweden (Pan et al 2001) New Zealand (Darby and Beven 2001), New
Madrid (Weber et al 1998), and Iran ( IRAN ). This was the approach taken for both the SWSZ and
AFB GPS surveys. Except for the New Madrid area, all the above mentioned areas have stains greater
than 1cm/yr which are readily measured by GPS over a few years. Velocities <2mm/yr are a challenge
to measure, with current estimates for the New Madrid region of the USA being 0.2mm/y ±5mm/yr.

During May 2002, a collaborative survey, involving staff from Geoscience Australia (GA), WA
Department of Land Administration (DOLA), New Zealand Institute of Geological and Nuclear
Sciences (GNS), Curtin University of Technology (CUT) and University of Western Australia
(UWA)., was undertaken in the SWSZ. Due to the extremely small strains expected the key criteria in
designing the network was to minimise systematic errors. Sites were carefully selected such that they
were all on hard rock, they all had clear views of the horizon and there were no significant reflectors
present. At each site a low (100mm) monument was constructed using solid stainless steel base-plates
with a standard 5/8 Whitworth tread. Each baseplate was secured to the bedrock with three 10mm
stainless steel rods fixed into drill holes, at least 100mm deep, with epoxy resin. Concrete was then
used to fill under the plate to minimise potential damage to the monument. Leonard et al (2002) and
Featherstone et al (2003) give a detailed description of the scientific rational, network, field campaign
and results for the SWSZ survey.

 48 sites were occupied using forced centred antenna mounted directly onto the base plate. A variety of
geodetic GPS receivers were used including Ashtech Z Surveyor and Z12, Trimble 5700 and Leica
CRS 1000. Antennas used were Ashtech choke-ring, Trimble Zephyr and Leica choke-ring. The
limited availability of equipment in Australia precluded the use of identical GPS receivers and
antennas at all sites. To overcome this potential source of error, Geoscience Australia intends to test
the antennas used in the campaign at a GPS antenna test site which is currently under construction.
Five sites were occupied by GPS for the entire three weeks of the campaign and these provided the
"backbone" of stations in order to precisely link the three one week surveys. The other 43 sites were
occupied, typically for one week, in three phases with three teams moving and maintaining five
stations each.

During May 2003, a collaborative survey, involving staff from Geoscience Australia (GA),
Department of Administrative and Information survey - Surveyors General's Office (DIAS), Primary
Industry and Resources South Australia (PIRSA) , Australian National University - Research School
of Earth Sciences (ANU) and New Zealand Institute of Geological and Nuclear Sciences (GNS), was
undertaken in the AFB. The site selection and construction of the sites was very similar to the SWSZ
campaign. As was the survey approach, with 5 backbone stations and 44 sites occupied for 7 days,
over a period of four weeks.

3 RESULTS AND FUTURE WORK

The epoch one data from the SWSZ survey was processed by the National Mapping Division of GA
(Dawson 2002). The typical internally estimated precision obtained was 1mm (1σ), with the backbone
stations being 0.6mm. Due to equipment problems, two stations had errors significantly larger than
1mm. For the AFB survey typical precisions obtained were 1mm (1σ), with the backbone stations
being 0.6mm. No stations had errors significantly larger than 1mm.

The intention is to re-occupy the backbone stations every one to two years and to do a full re-
occupation every three to four years. Even with the small errors achieved and the negligible re-
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centring error expected measuring the expected strain rates remains a challenge, and pushes the limit
of GPS geodetic monitoring and data processing. Both networks were designed to maximise the
number of sites on either side of the zone of expected deformation, whilst minimising station
separation. Even so it is expected that at least two reoccupations will be required before any
deformation is detected. Even then the errors will be too large for straight forward line pair approach
to show any results. More sophisticated methods, such as inversion, are expected to be required to
measure the very small deformations expected.
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