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Earthquake locations presented in this report are computed primarily from data from ES&S
operated seismic recorders with additional data contributed by Geoscience Australia, PIRSA
and the A.S.C.
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Introduction

ES&S endeavor to continually improve and expand the Eastern Australian Seismic Network.
Throughout 2009 ES&S installed seven new seismic sites, and made several upgrades to
existing sites.

For each of the eastern states this report includes a seismic network map, with information
on new seismic site installations during 2009. Also any seismic site upgrades or
improvements have been detailed.

For each state or territory covered by the ES&S seismic network there is map of all events
recorded throughout 2009. This is followed by a map depicting all earthquakes in the
historic ES&S earthquake catalogue from 1788 up to and including 2008.

A summary of the significant Korumburra earthquake sequence is included, as well as
seismograms from the closest ES&S sites, and an isoseismal map compiled for the March 6
Korumburra earthquake event.

Two earthquake lists are included listing events greater than ML 2.5. The first includes those
events recorded throughout 2009 within and around Northeast New South Wales and
Queesland. The second earthquake list includes 2009 earthquakes recorded in and around
Southern New South Wales, Victoria and Tasmania.

All maps and epicentral information has been based on the ES&S earthquake catalogue as
of August 2010. Event magnitudes and locations are subject to revision and any data
derived from this report must be attributed appropriately.
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Australian Capital Territory

Seismic Network

The ActewAGL seismic network operated by ES&S was installed throughout September of
2009, and is funded by ActewAGL Canberra. The network incorporates five new Kelunji
EchoPro seismic recording sites in and around the ACT;

Googong Dam (GOOG)
Googong dam Abutment site
comprises a 6-channel
EchoPro recorder and Guralp
CMG-6T-1 seismometer.

Googong Tower (GGT)
GGT site comprises an
EchoPro Strong Motion
Accelerograph (SMA).

Corin Abutment (CORA)
CORA site comprises a 6-
channel EchoPro recorder
recorder and Guralp CMG-6T-
1 seismometer.

Corin Tower (CORT)
CORT site comprises an
EchoPro SMA.

Cotter Tank (COTT)

A 6-channel EchoPro recorder
recorder and Guralp CMG-6T-
1 seismometer was installed
at COTT.

Figure 1: The new ES&S operated seismic network for ACT.
Funded by ActewAGL, Canberra.

Data from the ActewAGL seismic network is used in conjunction with data from the Hume,
Burrinjuck, Dartmouth, Snowy Mountains and Sydney networks to locate local earthquakes.

The strong motion accelerographs mounted at CORT and GTT contribute to our long-term
understanding of regional geology, attenuation functions and structural response to seismic
activity.

Since the network installation there has been an increase in the number of events being
recorded in this region. ES&S look forward to a more accurate representation of ACT
seismicity in the next report.
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Australian Capital Territory

2009 Earthquakes

There were seven earthquakes recorded in the region in and around ACT throughout 2009.

Figure 1: Earthquakes throughout 2009 were recorded primarily by the Burrinjuck, Dartmouth Hume,
Snowy Mountains and Sydney seismic networks. The new ACT network contributed from September to
December 2009.
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Australian Capital Territory

Historic Seismicity

With the combination of the ES&S operated Hume, Burrinjuck, Dartmouth, Snowy
Mountains and Sydney networks, ES&S has compiled a historic catalogue for the ACT and
surrounding region.

Figure 3: ES&S Earthquake Catalogue for ACT and surrounding region
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Victoria

Seismic Network

The Victorian seismic monitoring network operated by the ES&S Seismology Research
Centre now comprises 42 seismographs and accelerographs throughout Victoria.
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Figure 4: ES&S Victorian Seismic Network

Two new sites were installed during 2009. Both were in the vicinity of the March 6
Korumburra ML 4.7 earthquake. KORUM was installed on March 16", funded by the
Victorian Water Industry. The site has been installed directly above the March 6"
Korumburra ML 4.7 earthquake epicentre.

FBNK was installed at Fairbank, 9 kilometres east-northeast of the Korumburra Township.
The site was installed during March of 2009 also with the aim of capturing aftershock data.

At Inverness on the VIC-NSW border, the site IVSM was upgraded to a Kelunji EchoPro and
close by Hume Dam site HUMM Kelunji Classic Strong motion accelerograph was replaced
with two Echo SMAs.

Near Dartmouth Dam the site DTMM was upgraded to a Kelunji EchoPro, with continuous
telemetry changed from DDS to PSTN.

In Gippsland, the Thomson (TOMM) site recorder was upgraded to a Kelunji EchoPro, and
continuous telemetry was changed from a digital data line to spread-spectrum radio and
PSTN service.
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Victoria

2009 Earthquakes

Approximately 360 earthquakes were recorded in Victoria throughout 2009. This is an
unusually high occurrence of seismic activity in Victoria, including two medium earthquakes
at Korumburra.

A significant and extended sequence of earthquakes began in early January 2009 and is still
continuing. Two magnitude ML 4.7 earthquakes occurred within 12 days, and over

200 aftershocks have been recorded throughout 2009.

More information on the Korumburra event sequence, including the two sites installed by
ES&S to capture the aftershock sequence is included later in this report.

Other significant events for 2009 included a ML 3.7 off Mallacoota on June 10, also a
magnitude ML 3.5 on February 5% in Bass Strait.
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Figure 5: Earthquakes recorded thoughout Victoria during 2009
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Victoria

Historic Earthquakes

ES&S operate the most comprehensive Victorian seismic network. The network was
established in 1976 by the Seismology Research Centre. The network is primarily funded by
the Victorian Water Industry.

Below is a map of the earthquake catalogue of ES&S.
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Figure 6: ES&S Earthquake Catalogue for Victoria and surrounding region
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New South Wales

Seismic Network

The New South Wales seismic monitoring network operated by the ES&S Seismology
Research Centre now comprises 38 seismographs and accelerographs. The ES&S SCA
network was installed in 1992 followed firstly by the Burrinjuck seismic network in 1995 and
then the NE-NSW seismic network in 1996.

Figure 7: ES&S New South Wales Seismic Network

During 2009 the Copeton site COPM was relocated a short distance away due to a spillway
upgrade, and now has site code COPS.

The Pipehead site PHDM was relocated due to property ownership changes. The new site
THOR was installed at Thornleigh.
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New South Wales

2009 Earthquakes

Approximately 60 earthquakes were recorded within New South Wales throughout 2009.

The most significant events recorded were a ML 3.5 event near Dubbo on April 9, and a
magnitude ML 2.9 event recorded on June 25" near Grenfell.

Figure 8: Earthquakes recorded thoughout New South Wales during 2009
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New South Wales

Historic Earthquakes

ES&S have operated a seismic network throughout eastern New South Wales since 1992.

Below is a map of the historic earthquake catalogue of ES&S up to 2009.

Figure 9: ES&S Earthquake Catalogue for New South Wales
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Tasmania

Seismic Network

The Tasmanian seismic monitoring network operated by the ES&S Seismology Research
Centre now comprises 8 Kelunji Echo seismographs and accelerographs. All sites except
SCOT are continuously telemetered.

ES&S have been operating the Tasmanian seismic network since 1997. Prior to this the
network was run by University of Tasmania. The majority of the network is funded by Hydro
Tasmania, with further contributions from Southern Water and Cradle Mountain Water.

Figure 10: ES&S seismic network for Tasmania
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Tasmania

2009 Earthquakes
There were 42 earthquakes recorded within Tasmania throughout 2009.

The most significant event recorded in Tasmania throughout 2009 was a magnitude ML 3.9
event located near Swansea on December 7.

To the north of Tasmania, two magnitude ML 3.0 events were recorded in Bass Strait in
March and October.
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Figure 11: ES&S Earthquake Catalogue for Tasmania throughout 2009
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Tasmania

Historic Earthquakes

ES&S operate the Tasmanian seismic network. Below is a map of the historic earthquake
catalogue of Tasmania.
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Figure 12: ES&S Earthquake Catalogue for Tasmania region
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Queensland

Seismic Network

The Queensland network consists of 29 seismgraphs and accelerographs located from the
QLD-NSW border as far north as Cairns. The Queensland seismic network is primarily
funded by the state government with contributions from various other groups. ES&S have
been running the QLD network since 2001. South East Queensland Water fund a six site
network around Wivenhoe Dam from which ES&S analyse the seismic data.

Figure 13: ES&S and other seismic networks in Queensland
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Queensland
2009 Earthquakes

There were 58 earthquakes recorded within Queensland throughout 2009.

Two of the largest events for the year occurred off the coast near Townsville; the first was a
magnitude ML 4.0 earthquake recorded on April 26™. The second significant event recorded
off Townsville was a magnitude ML 3.6 event recorded on December 10",

A magnitude ML 3.1 earthquake occurred off Cooktown on April 16,

Figure 14: Earthquakes recorded thoughout Queensland during 2009
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Queensland

Historic Earthquakes

ES&S operate an East-Queensland seismic network. Below is a map of the historic
earthquake catalogue of ES&S up to and including 2008.

Figure 15: ES&S Earthquake Catalogue for Queensland region
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Korumburra

Earthquake Sequence

Throughout 2009 there was an exceptionally high occurrence of seismicity related to
significant earthquakes recorded in Gippsland, Victoria.

The fault ruptured along a region approximately five kilometres northeast of Korumburra, a
township 100 kilometres southeast of Melbourne. Activity in this area began on the 4™ of
January with a small earthquake of magnitude ML 1.5.

This was a precursory event for the magnitude ML 3.7 earthquake that occurred at
Korumburra on the 12% of January at 7:48 pm local time.

Ten intensity reports were sent in to ES&S from residents in Korumburra and Leongatha.
The main shock was followed by a series of approximately eight aftershocks, the largest of
which was a magnitude ML 2.0.

On March 6™ at 8:55pm local time the first magnitude ML 4.7 earthquake occurred 3.5
kilometres northeast of Korumburra. This earthquake produced severe shaking and over
1000 intensity reports were sent in from regions at distances up to 180 kilometres from
Korumburra.

The closest site to Korumburra at that stage was 40 kilometres to the south, at Fish Creek,
a non-funded legacy recorder operated by ES&S. Figure 16 is the seismogram recorded at
Fish Creek of the March 6" ML 4.7 earthquake.
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Figure 16: Seismogram of closest site, Fish Creek (FSHM), of 2009-03-06 0955 UT,
magnitude ML 4.7 Korumburra earthquake
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Korumburra

Earthquake Sequence

Following the March 6™ ML 4.7 earthquake there were more than 60 aftershocks, several of
which recorded magnitudes greater than ML 3.0. During this time ES&S recognised the
necessity for new sites to be installed to record further significant earthquakes, and
aftershock data.

The Victorian Water Industry funded the installation of a new site, Korumburra (KORUM)
which was positioned directly above the March 6™ ML 4.7 epicentre. The installation took
place on March 16™. A NextG telemetered six-channel Kelunji Echo was installed. A six-
channel Kelunji Echo Seismograph site was also installed by ES&S senior seismologist Gary
Gibson near Fairbank (FBNK). This site also contributed valuable aftershock data.

Data received from KORUM has constrained the depth of the Korumburra sequence
earthquakes to approximately 8 kilometres. All earthquake locations calculated since the
installation of KORUM have improved precision and greatly reduced uncertainties.

Pictured below are some images of KORUM; located approximately 3.6 kilometres northeast
of Korumburra.

Figure 18: KORUM six-channel Echo set up
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Korumburra

Aftershock Network

In addition to the ES&S KORUM and FBNK seismographs, Geoscience Australia (GA)
installed four temporary sites in the epicentral region. These four recorders were installed
on the 8™ of March and removed in early April.

The GA recorders were installed between 8-19 kilometres from KORUM in all four quadrants
surrounding the earthquake epicentre.

Figure 19 illustrates the site locations of KORUM, FBNK and the temporary GA sites.

Figure 19: Site location of KORUM, FBNK and the four temporary Kelunji Echos installed by GA.
The KORUM site location marks the earthquake epicentre.
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Korumburra

Aftershock Network

On March 18 at 4:28 pm local time a third significant earthquake occurred northeast of
Korumburra, with a magnitude of ML 4.7.

Over 1000 intensity reports were sent to ES&S following this second large earthquake, from
people up to 180 kilometres from Korumburra.

This time the closest site to the earthquake was KORUM, almost directly above the
epicentre. Figures 20 and 21 show the seismogram recorded at KORUM for the March 18
ML 4.7 Korumburra earthquake.

L —.

Figure 20: Seismogram from the closest site, Korumburra (KORUM), of the 2009-03-18 0528 UT,
magnitude ML 4.7 Korumburra earthquake
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Korumburra

Aftershock Network

A closer view of the earthquake recording is shown below;

Figure 21: Magnified view of Seismogram of closest site, Korumburra (KORUM), of the 2009-03-18
0528 UT, magnitude ML 4.7 Korumburra earthquake

The top three channels show the ground velocity on the East, North and Vertical channels as
recorded by the sensitive velocity seismometer. The bottom 3 channels show the ground
acceleration as recorded on the strong motion accelerometer. The horizontal scale is
seconds and all times are in UTC similar to GMT.

Shortly after the S wave arrival the top two horizontal channels are driven to full-scale
(saturated by the signal) and so do not record the peak motion. This is exactly why ES&S
installed a six-channel instrument as the bottom three channels have easily recorded the
maximum strong motion so we have a full recording of the peak accelerations.
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Korumburra

Aftershock Network

Peak Ground Acceleration recorded on the vertical channel is 0.36g but less on the
horizontal channels. This is at least partially due to the fact that the site is just about
directly above the epicentre. As is expected from a medium to small sized earthquake the
PGAs are quite high but the duration of strong motion is very short, at this distance most of
the shaking is over in less than a few seconds. The S-P time of 0.92 seconds gives us a
distance of around 8 kilometres from the instrument to the hypocentre. This essentially
constrains the depth of the rupture.

Following the March 18™ ML 4.7 earthquake there were more than 140 aftershocks, many of
which recorded magnitudes greater than ML 3.0.

Data from the intensity reports sent to in ES&S for the March 6™ Korumburra earthquake
was used to create an isoseismal map, a contour map plotting the intensity of the
earthquake as experienced in the varying locations across Gippsland and suburban
Melbourne.
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Korumburra

Isoseismal Map
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Figure 22: Isoseismal map of March 6™ ML 4.7 Korumburra Earthquake
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NE-NSW & QLD Earthquake List

Magnitude ML 2.5 or greater earthquakes

UT Date  Time Lat Long Dep Mag | Location
2009-01-12 0925 | -23.54 | 152.94 10 ML 2.8 | Bundaberg
2009-03-11 1325 | -32.54 | 150.74 12 ML 3.5 | Muswellbrook
2009-04-09 0304 | -32.42 | 148.73 10 ML 3.5 [ Dubbo
2009-04-16 1119 | -15.66 | 145.93 14 ML 3.1 [ Off Cooktown
2009-04-26 1253 | -18.27 | 147.48 5 ML 4.0 | Off Townsville
2009-05-23 1924 | -21.95 | 152.70 5 ML 3.1 [ Off Yeppoon
2009-07-21 0424 | -24.56 | 152.78 8 ML 2.6 [ Off Bundaberg
2009-08-08 0155 | -31.86 | 153.58 10 ML 3.9 [ Off Port Macquarie

2009-12-10 1136 -18.53 147.50 10 ML 3.6 [ Off Townsville
Table 1: Table of all 2009 events recorded between Cape York through to
the upper end of the Sydney Basin; 9 events listed.
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Southern NSW, VIC & TAS Earthquake List

Magnitude ML 2.5 or greater earthquakes

UT Date Time Lat Long Dep Mag Location
2009-01-12 0848 | -38.42 | 145.87 10 ML 3.7 | Korumburra
2009-02-05 0404 | -39.02 | 144.99 10 ML 3.5 | Bass Strait
2009-02-06 0820 | -38.94 | 144.95 18 ML 2.7 | Bass Strait
2009-03-06 0955 | -38.41 | 145.86 17 ML 4.7 | Korumburra
2009-03-06 1553 | -38.42 | 145.86 17 ML 3.2 | Korumburra
2009-03-06 2314 | -38.41 | 145.86 18 ML 3.0 | Korumburra
2009-03-09 0639 | -38.40 | 145.86 8 ML 3.4 | Korumburra
2009-03-10 1011 | -41.02 | 144.50 10 ML 3.0 | Off NW Tasmania
2009-03-18 0528 | -38.40 | 145.86 6 ML 4.6 | Korumburra
2009-03-18 0857 | -38.40 | 145.87 9 ML 2.9 | Korumburra
2009-03-18 1105 | -38.40 | 145.86 8 ML 3.4 | Korumburra
2009-03-20 1046 | -38.39 | 145.85 7 ML 2.7 | Korumburra
2009-03-31 1503 | -41.01 | 145.01 10 ML 2.6 | Smithton
2009-05-03 0304 | -38.38 | 145.86 10 ML 3.2 | Korumburra
2009-05-06 0933 | -38.39 | 145.86 9 ML 3.0 | Korumburra
2009-05-19 0616 | -38.45 | 145.87 10 ML 3.4 | Korumburra
2009-05-23 0748 | -39.13 | 144.75 10 ML 2.6 | Bass Strait
2009-06-10 0057 | -37.35 | 150.73 10 ML 3.7 | Off Mallacoota
2009-06-13 1436 | -36.72 | 147.79 11 ML 2.8 | Gibbo River Junction
2009-07-04 1824 -38.42 145.86 10 ML 2.9 | Korumburra
2009-07-12 1746 | -38.38 | 145.87 10 ML 2.5 | Korumburra
2009-08-24 0814 | -38.40 | 145.86 10 ML 2.9 | Korumburra
2009-09-22 0820 | -38.24 | 145.26 10 ML 2.7 | Pearcedale
2009-09-22 0820 | -38.20 | 145.23 5 ML 3.0 | Pearcedale
2009-10-08 0837 | -38.19 | 148.46 10 ML 3.2 | Off Marlo
2009-10-15 2318 | -39.39 | 145.29 10 ML 3.0 | Bass Strait

2009-12-07 1330 -42.16 | 147.84 9 ML 3.9 | Swansea
Table 2: List of all earthquakes recorded from southern Sydney Basin
through to south of Tasmania; 27 events listed.
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