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Introduction

This report details earthquaketetected and located by the Central Queensland Seismology
Reseach Group([CQSRG) during the 20@8lendar year. Technicahd statisticasummaries of
earthquakes that occurred in Queensland are provided. The date and time of earthquakes noted in
this report are provided in Universal Coordinated Time (UTC).

Data and informatia provided in this report may supersede or supplement data and information
provided in previous CQSRG Annual Seismological Reports. This is due to ongoing CQSRG research
that may add to or revise data and information collected and analysed from previaws. ye

CQSRG was established in 2002, under the auspices of the Faculty of Informatics and Communication

of Central Queensland University (CQU), with Michael Turnbull (Lecturer, and later Adjunct Research
Fellow) and Kevin McCue (Visiting Professor, amal katljunct Professor) as the designated

researchers. This affiliation with CQU continued until February 2013, when, due to a divergence in
academic focus of CQU and CQSRG, the researchers allowed their Adjunct appointments to lapse.

From February 2013 uhDecember 2016, CQSRG operated independently of CQU, with the same

two people conducting the research. In r’E816 Dr Andrew Hammond, Senior Lecturer in Geology

Fad /v yA@SNAAGELZ 22AYSR /v{wD Fa I NBaSIkNOK O2f f
adjunct academic appointments with CQUniversity werestablished in October 2016.

During the 202@alendar year CQSRG operatee seismic monitoring statiomesignated FS03.
Details otthis station including location and equipment, are provided in Apgix A. This report
contains information relating toathquakes detected by the FS88ismic monitoring statiaras
well as earthquakes of significaniceatedwithin Queensland, but outside the CQSéREection
area,and reportedby Geoscience Austral{&A).

CQSRG locates and quantifies earthquakes using the methods detailed AppenBicePinE and
F.
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CQSRG Station Reports

FS03 Uptime 2020

FS03 2020 Monitoring Status

Figurel: Percentage Upie/Downtime of FS03 during
2020

The FSO03 station has been in continuous
operation since 20081-01 00:00:00.00 (UTC).
Technical details ohe station are found at
http://cqgsrg.org/network/FS03technical/

Throughout the 202@alendar year the FS03
station was actively monitoring fseismic
events greater than 9% of the year.

This high proportion of availability was due to
automation of the data download process, and
the provision of an RS232 serial data radio link
to the station in April 2015.

The down time wasvholly comprised of data
download time.
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The Continuing Bowen Earthquake Sequence

On 201608-18 at 04:30 UTC anlM.8 earthquak&occurred 63 km north east of Bowen in the
Whitsunday Passage. This was followed over the next three weeks by 77 aftershocks ranging from
ML 1.6 to ML4.2 that were located by CQSRG; however there were many more aftershocks of
magnitudes below M1.6 that have been identified by CQSRG in the Bowen Urban Monitoring (UM)
network site (BW1H) seismic records but have not been located due to insufficientiregs. This
sequence of events is known within CQSRG a2@té Boweror Whitsunday Passaggarthquake

and Aftershock Sequence (BW 2016).

During the 202@alendar yeaB8 aftershocls
ranging in magnitude from ML 5.0 down to ML
1.0weredetectedby CQRG;17 of whichwere
not locateddue to lack of sufficient instrumental
records.

Of those38 events that were detected, 21

provided sufficient recordings to be reliably

located. A map showing locations of aftershocks

that were located by CQSRG during 220

o) WhtsuncRylsapd g lang presented inFigure2. This figure also shows the
e location of the main ML 5.8 August 2016 event

as a red concentric ringed marker

Bowen'D

Figure2: Bowen aftershocks that pccurred in 2020, and A significant ML 5.0 earthquale@/ent occurred
were located by CQSRG, in relation to the August 2016

5.8 earthquake (shown aed concentric ring marker on Wednesday 20204-15 at 07:11 (UTC) (17:11
Local Time)This event was located only 5 km
south-west of the August 2016 main

earthquake; however, given the locational error
margins, the two events may well have occurred
at the same locatiorDue to the relatively large
magnitude of this event it is considered by
CQSRG as being a second main earthquake

shock, rather than an aftershock.

Bowen'O

Haok tsaia The second main shock is showrFigure2 and
Figure3 as an orange marker.

Whitsunday'Island
ltsunday lstagd yard island

Hamilton Island °

To provide an eerall context for the Bowen
Aftershock Sequence from the time of the initial
main shock to the end of the 2020 calendar
year, all of the events located by CQSRG are
shown inFigure3.

Figure3: Bowen main shock and all aftershocks located |
CQSRG through to the end of the 2020 calendar year.

! The magnitude assigned by CQSRG is #wgjaed by Geoscience Australia.
3
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The black grid lines shownhiigure2 and Figure3 are the £0.5WGS84 World Geodetic System
latitude and longitude square with the 2016 main earthquake location at its centre.

Figure4 shows a grapical plot of the 2016 Bowesequence up to the end of 2020

Whitsunday Passage 2016 ML 5.8 Time Line of Aftershocks and Reactivation Series
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Figure4: Events associated with the 2016 Bowen ML 5.8 earthoeiads detected and located by CQSRG.

During the 202@alendar year both the BW1H and BW2S monitoring stations in Bowen suffered
from equipment failures; and this resulted in much fewer earthquake detections than what was
expectedbased on previous observations.

Data from the BW2S station was available on and off for most of 2020; hove¥#rH, the more
sensitive of the two stations, failed completely on 29 June, 2019. Fdralaaceof 2019, and for
most of 202Qhe less sensiie BW2S station was used to detect events of ML 2.0 or gredien
data was availableDuring this period it was not possible to reliably detect events of lower
magnitude.

On 202012-15 at approximately 22:40 (UTC) Geoscience Australia upgraded theremuipt
BW1H and BW?2S, and both stations have been operating reliably since then.

It is clear fromFigure4 that the Bowen 2016 sequence is ongoargl has been strengthened by the
recent ML 5.0 event.|Aindications are that itvill continue into the future.

CQSRG has also inspected Bowen redig@ismic records going back to the beginning of 2015 to
detect any earthquake events that occurred in the area prior to the main August 2016 earthquake;
and these are also shown kigure4. Although there were a few (six) events detected and located
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(ranging in magnitude from ML 1.4 to ML 3.6) it is not clear whether these were precursor events, or
if they are simply representative of the pfaugust 2016 backgund seismicity.

Extending the investigation further back in time will prove difficult due to lack of reliable seismic
records.

A full listing of the 38owen earthquakevents detected by CQSRG in 2@2@iven inTablel. Due
to lack of available datanly 210of the listed events had mathematical locatadanalysis performed.

The method used talentify Bowen August 2016 IM5.8 $tershocksis detailed inAppendix F
Method Used to Identify Bowen August 2016 58 Aftershocks

Tablel: Earthquake events in the Whitsunday Passagrea detected by CQSRG in 2020

Assigned

Magnitude Date (UTC) Time (UTC) | Latitude | Longitude
(ML)
5.0 2020-04-15 07:11:04.32 -19.924 148.808
34 2020-12-24 07:57:52.28 -19.831 148.832
2.9 2020-04-13 21:51:40.96 -20.336 148.614
2.8 2020-02-14 14:04:22.24 -19.795 148.765
2.8 2020-04-15 07:53:59.01 -19.724 148.620
2.7 2020-04-15 12:21:50.07 -19.614 148.772
2.7 2020-04-18 13:53:02.27 -19.764 148.716
2.7 2020-04-30 10:19:25.95 -19.852 148.813
2.6 2020-02-25 10:37:14.90 -19.639 148.697
2.6 2020-04-25 17:08:22.01 -19.774 148.750
2.6 2020-05-01 05:09:14.47 -19.942 148.796
2.5 2020-04-02 01:31:23.15 -20.431 148.732
2.5 2020-04-30 23:37:36.19 -20.001 148.852
2.4 2020-04-15 07:36:03.21 -19.658 148.531
2.4 2020-04-15 07:57:56.27 -19.627 148.611
2.4 2020-04-15 09:59:36.47 -19.577 148.585
24 2020-04-15 12:28:55.79 -19.708 148.614
24 2020-06-16 04:46:03.55 -20.354 148.498
2.2 2020-04-16 09:46:32.75 -19.738 148.815
2.1 2020-06-11 13:18:34.49 -19.894 148.765
1.9 2020-03-01 01:18
1.9 2020-12-23 12:42:00.10 -19.812 148.685
1.8 2020-03-11 09:57
1.8 2020-04-15 12:31
1.8 2020-04-17 22:09
1.8 2020-12-30 22:06
1.7 2020-04-16 11:22:
1.7 2020-12-24 01:28
1.7 2020-12-24 08:12
1.7 2020-12-24 14:53
1.7 2020-12-28 11:29
1.6 2020-03-28 01:31
1.6 2020-12-22 16:47
1.5 2020-04-18 00:00
1.4 2020-04-15 09:43
1.4 2020-04-15 11:10
1.4 2020-06-11 05:12
1.0 2020-04-19 02:45
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The available evidence indicates that the BW 2016 aftershock sequence is continuing, and will
continue into he foreseeable future. Wat is currently being observed may well represent the
continuationof a new longierm seismicity regime for th&/hitsunday Passage area

Although thel7 unlocatedevents listed inrablel are not included in the Main CQSRG Earthquake
Catalogue, CQSRG has thersewata used to identify those events on record, and this data can be
made available to interested parties on request.
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CQSRG Main Earthquake @talogue 2020

During D20, 46earthquake events werdetected located andcataloguedoy CQSRG. Details of themvents are provided ifable2. The online full
version of the CQSRG catalogue can be access$etpatcqsrg.org/cataloguel/ The 46events listed inrable2 include the21 Bowen aftershock events
that were sufficiently well recorded to have been located

An additional 1Bowen aftershock events were identified, but insufficient recordings of those events were available to allow lite tediations. While

the methodology used to identify BW 2016 aftershoisksonsidered reliable, it is possible that a small number of them (less than 3%) have begstilycor
assgned. For this reasothese 17events have not been included in theain CQSRG Earthquake Catalagudt are included im CQSRG Supplementary
Catalogue, listed iffablel, and shown irFigure4.

It should also be noted that, although the main.B18 Bowen event and some of the listed aftershocks were well recorded on the CQSRG FS03 station,
numerous other aftershocks that are listed in the CQSRG main and supplemeattogues were not principally detected on the CQSRG network. Most of
those aftershock events were identified by manual inspection of the daily records obtained off the 8\WBW2%Jrban Monitoring (UM) statiomat

Bowen.

It is also noted that, wherthe EQLOCL algorithm could not calculate a depth due to lack of vertical resolution, the focal depths listed in the CQSRG
Earthquake Catalogue have been constrained to the local norm (10Tkis)is indicated ifable2inthe D&Ji K O2 f dzYy o6& WYmMnb Qo

Table2: Earthquake Events Detected, Located, a@dtalogued by CQSRG during 2020

Assigned

Date (UTC)| Time (UTC)| Latitude | Longitude | Depth | Magnitude Place Comment
(ML)

2020:04-15 | 07:11:04.32| -19.924 148.808 10N 5.0 Bowen 57 km E Bowen. Reviewed 26@2-05.
202008-23 | 03:00:51.29| -21.065 146.189 10N 4.9 Charters Towers | 110 km S Charters Towers. Reviewed 20223.
202010-14 | 14:44:01.79| -20.358 147.991 11 4.1 Colinsville 27 km NE Collinsville. Reviewed 2a20915.
202009-25 | 14:28:56.18| -30.673 150.799 10N 3.9 Manilla, NSW 11 km NE Manilla, NSW. Reviewed 202®6.
202002-14 | 14:04:22.24| -19.795 148.765 10N 2.8 Bowen 59 km NE Bowen. Reviewed 202525.

7
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Assigned

Date (UTC)| Time (UTC)| Latitude | Longitude | Depth | Magnitude Place Comment
(ML)

202004-30 | 10:19:25.95| -19.852 | 148.813 10N 2.7 Bowen 62 km NE Bowen. Reviewed 202802.
20200501 | 05:09:14.47| -19.942 | 148.796 10N 2.6 Bowen 58 km E Bowen. Reviewed 260@5-06.
202004-30 | 23:37:36.19| -20.001 | 148.852 10N 25 Bowen 63 km E Bowen. Reviewed 2025-02.
202006-16 | 04:46:03.55| -20.354 | 148.498 10N 2.4 Proserpine 10 km NW Proserpine. Reviewed 202®17.
202006-06 | 15:34:15.80| -22.882 | 153.996 10N 2.3 Yeppoon 334 km E Yeppoon. Reviewed 2a#p09.
202009-03 | 20:16:10.88| -24.978 | 150.009 10N 2.2 Theodore 8 km SW Theodore. Reviewed 202910.
2020-06-11 | 13:18:34.49| -19.894 | 148.765 10 2.1 Bowen 56 km E Bowen. Reviewed 2026-13.
202008-06 | 18:08:44.07| -24.899 | 150.891 10N 2.1 Monto 24 km W Monto. Reviewed 202I8-18.
20200906 | 14:20:45.03| -24.936 | 152.926 10N 2.1 Hervey Bay 40 km N Hervey Bayelsed 202609-10.
202009-06 | 14:23:31.31| -25.079 | 152.813 10N 1.9 Hervey Bay 24 km N Hervey Bay. Reviewed 2@#011.
202007-12 | 22:12:59.22| -25.262 | 151.405 10N 1.8 Mt Perry 25 km SW Mt Perry. Reviewed 262803.
202012-18 | 11:32:14.93| -20.539 | 148.479 10N 1.8 Bowen 63 km SE Bowen. Reviewed 2@pt31.
202008-31 | 10:05:22.32| -24.972 | 150.016 10N 1.7 Theodore 7 km SW Theodore. Reviewed 202910.
20200908 | 12:17:51.32| -24.973 | 152.879 10N 1.7 Hervey Bay 35 km N Hervey Bay. Reviewed 2@®12.
202001-28 | 14:45:03.99| -25.207 | 151.568 10N 1.6 Mt Perry 8 km SW Mt Perry. Reviewed 2000-30.
20200906 | 19:24:55.02| -24.941 | 152.782 10N 1.6 Hervey Bay 39 km N Hervey Bay. Reviewed 2@®11.
202012-22 | 19:16:21.63| -19.264 | 148.726 10N 1.6 Bowen 98 km NNE BowerReviewed 20201-31.
202006-19 | 12:59:25.71| -25.068 | 150.443 10N 15 Cracow 29 km NE Cracow. Reviewed 2a#926.
20200906 | 14:24:48.18| -24.953 | 152.773 10N 15 Hervey Bay 33 km N Hervey Bay. Reviewed 2@3911.
20201008 | 18:19:47.62| -24.765 | 150.548 10N 15 Thangool 31 km S Thangool. Reviewed 2aB12.
202002-16 | 18:45:49.94| -25.317 | 151.239 10N 14 Eidsvold 13 km NE Eidsvold. Reviewed 2@zZo21.
202001-10 | 23:31:02.96| -25.243 | 151.461 10N 1.3 Mt Perry 20 km SW MT Perry. Reviewed 2@r013.
202004-06 | 09:59:51.78| -25.430 | 151.843 10N 13 Biggenden 20 km NW Biggenden. Not felt at Biggenden Mines. Reviewed-Q4820.
202004-19 | 11:30:46.39| -25.153 | 151.731 10N 1.3 Mt Perry 9 km NE Mt Perry. Reviewed 26@8-01.
202007-14 | 11:16:36.03| -25.289 | 151.32 10N 13 Eidsvold 20 km NE Eidsvold. Reviewed 2418303.
202004-19 | 13:09:12.13] -25.153 | 151.731 10N 1.2 Mt Perry 9 km NE Mt Perry. Reviewed 26@6-01.

8
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Assigned

Date (UTC)| Time (UTC)| Latitude | Longitude | Depth | Magnitude Place Comment
(ML)

20200301 | 15:27:50.63| -24.960 | 151.848 10N 1.1 Gin Gin 12 km NW Gin Gin. Reviewed 202811.
20201015 | 16:57:07.40 -24.446 | 150.449 10N 11 Biloela 8km SW Biloela. Reviewed 2020-17.
20200513 | 10:47:12.20| -25.251 | 151.463 10N 1.0 Mt Perry 20 km SW Mt Perry. Reviewed 26028-14.
202001-22 | 10:25:25.67| -25.211 | 151.558 10N 0.9 Mt Perry 10 km SW Mt Pey. Reviewed 20201-26.
202004-07 | 18:50:10.87| -25.415 | 151.831 10N 0.9 Biggenden 20 km NW Biggenden. Not felt at Biggenden Mines. Reviewed-Q420J.
202007-10 | 13:50:24.77| -25.236 | 151.483 10N 0.9 Mt Perry 20 km SW Mt Perry. Reviewed 262803.
202007-02 | 13:12:11.02| -25.235 | 151.474 10N 0.8 Mt Perry 20 km SW Mt Perry. Reviewed 262803.
202007-12 | 20:14:23.49| -25.215 | 151.543 10N 0.8 Mt Perry 10 km SW Mt Perry. Reviewed 262803.
202007-17 | 06:10:07.95| -25.258 | 151.417 10N 0.7 Mt Perry 25 km SW MPerry. Reviewed 20208-03.
202004-22 | 01:33:59.08| -25.153 | 151.732 10N 0.6 Mt Perry 9 km NE Mt Perry. Reviewed 20@28-01.
20201001 | 10:56:30.47| -25.11 151.87 10N 0.6 FS03 14 km from FS03. Reviewed 26P0B:04.
20201001 | 15:48:00.12| -25.208 | 151.565 10N 0.4 Mt Perry 8 km SW Mt Perry. Reviewed 2020-04.
20200301 | 15:47:38.05| -24.934 | 151.872 10N 0.3 Gin Gin 11 km NW Gin Gin. Reviewed 202811.
202004-21 | 16:57:54.50| -25.153 | 151.730 10N 0.3 Mt Perry 9 km NE Mt Perry. Reviewed 20@8-01.
202004-20 | 14:56:18.08| -25.152 | 151.730 10N 0.2 Mt Perry 9 km NE Mt Perry. Reviewed 20@8-01.
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2020 Statistical Summary

2020 CQSRG Earthquake Catalogue Magnitude Frequency
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Figure5: Magnitude frequency count for edhquakes in the main CQSRG 202atalogue.

Figure5 provides a graphical representation of the frequency of magnisteadfor earthquake
events listed in tle mMain2020CQSRG Catalogu€able?).

2020 CQSRG Augmented Earthquake Catalogue Magnitude Frequency
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Figure6: Magnitude frequency count for earthquakein the augmented CQSRG 202ialogue, which includes the
unlocated Bowen earthquakes.

Figure6 provides a graphical representation of the frequency of magnitude spiicraghrthquake
events listed in both the main CQSRG Cataloglahle2) and the supplementary Catalogudgble

1). This shows the additiondl7 unlocated earthquake events that were detected in the Whitsunday
Passag, but omitted from the main CQSRG Earthquake Catalogue.

10
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CQSRG Yearly Detected Earthquake Count (including unlocated Bowen Earthquake Events)
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Figure7: The number of earthquake events detected and catalogued by CQSRG since(iz@sting unlocated Bowen
events).

Figure7 shows the number of earthquake events detected and catalogued by CQSRG since 2004. It
puts into context the extraordinary number of earthqualdetected during thepastfive yearswhen
compared to the numbers detected in previous yedisis increase in seismic activity is entirely due

to the large magnitude events and their dependent aftershocks that occurred in the Mt Perry,
Rainbow Beach, and Bowen areas duri6@g®2and 2016.

Thefive pastyears have each exhibited a significantly greater number of earthquake events than all
previous years, certainly since 2004, when CQSRG began monitoring201&ML5.8 Bowen

event is probably the second largest earthquaiénaive been recorded on the East coast of

Mainland Australia in modern times.

Examination ofigure7 suggests that the current Queensland seismicity is exponentially decaying to

a background level typical of the pB®15 periodput that a heightened seismicity level may be
expected to continue for the next decadgparticularly in the Bowen/Whitsunday Passage area.
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2020 Earthquake Maps
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QUEENSLAND
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Flgure8 Broad viev of earthquakes located in 202By CQSRG.
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Figure8is a broadview map of the46 earthquakedocated and entegd into itsMain Earthquake
catalogueby CQSRG in 2028n additional 1unlocated events were entered into the CQSRG
Supplementary Catalogue, and these are not showFfignres.

It shoud be noted that the earthquak®cated inSouthWestwasnot directly detectel by CQSRG
monitoring stations, butvasnotified by Geoscience Australibhis event washowever,
independently confirmed and located by CQSRG.

The events in the Nortast (in the Bowen area) were detected and locatgsgbart of the ongoing
CQSRG study of the Bowen 2016 aftershock and reactivation sequence; using the Geoscience
Australia stations BW1H and BW2S.

It should not be inferred from the clustering and distributed nature of the earthquake events shown
in Figure8 that small earthquake events did not occur in other parts of Queensland. However, no
other Queensland earthquake events other than those showkFignre8 were reported by

Geogience Australia during th2020calendar year.

Geoscience Australia usually only reports on earthquakes of Mir §feater,or lessemagnitude
events that have generated public interest.
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Figure9: Earthquékes located by CQSRG during 202@he Central Queensland Coastal Area.

Figure9 provides a focused view of elquakes located by CQSR&020in the Central
Queensland Coastal region.

None of these events are listed in@eOA Sy OS | dza i NI f A | (&vdilab® brhide &tlj dz- { S R
https://www.ga.gov.au/earthquakes/

The author regadsthe apparentlineationof earthquake events ithe confined regiorbetween
Eidsvold and Gin Gas being an artefact caused by the earthquake detection efforts of the Central
Queensland Seismology Research Group (CQiRGNcorporating data from th&idsvold (EIDS)

GA station, and the CQSRG FS03 station (a two station locatiwsge very small events have been
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detected and located only due to the presence of the CQSRG monitoring station FS03. If this
monitoring station was not present the earthquakvents shown ifrigure9 would undoubtedly not
have been detected and located.

The number and distal spread of the monitoring stations operated in Queensland by Geoscience
Australia (GA) are only capable of ensuring that any8Mlor greater event that occurs in
Queensland is detected; indeed, as openly acknowledged by GA, they onlgrhalskgation to

report on earthquakes of magnitude ML 3.5 or greater.

There is no known geological evidence that would indicate that sisntall events, such as those

indicated inFigure9, are not occurring throughout Queensland; or, at least, may be occurring in
discrete clusters throughout Queensland.
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Public Seismic Network (PSN)

Since 20118-05 CQSRG has hoste®SN seismograph station, known to the Australian PSN
community as the Gin Gin or the Horse Camp station. Vic Dent and Mike Turnbull originally installed
the station with a rudimentary setup consisting of a 3D geophone attached to a PSN A/D board, in a
vi OFyG oNARO]l &aKSR 2y aAlS ¢dz2N}Yyodz £ Qa LINR LISNI &
desktop computer onto which the PSN swdire was installed. The statioagularly uploading GIF
pictures of the daily seismogram traces to the Regl SeismitJsers web sit®perated by Dale

HardyT dzy G A f 51 f S Thatweksite has Boiv ®eerRdddoriinfissioned.

Since 2017 CQSRG has hosted a web site for the Australian Public Seismic Network at
http://cqgsrg.org/psn/stations/

TheHorse Campgtation also uploads continuous data to the Regional Seismic Network (RSN),
operated by the Australian Centre for Geomechanics (AGE)rmation at
https://acg.uwa.edu.auy

In 2013 the geophone was replaced with a Sprengnether S6000 seismometer, and the PSN A/D
board was housed in a respectable electronics housing, along with custom made adaptor electronics
to accommodate thesensor and GPS interface.

Since the PSN station is located only 300 m from FS03, data from the PSN station is not used in
locatingevents detected by CQSR@EIt is used to identify seismic events of interest to CQSRG

15
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Appendix A z Details of FS03

StationFS03 is registered with the International Registry of Seismograph Stations maintained jointly
by International Seismological Centre & World Data Centre for Seismology.

Latitude-25.1068, Longitude 151.8667, Height above sea level 180 m. Apatexyi6 km SW Gin
Gin, Queensland, Australia.

Sampling of ground velocity at 100 sample/sec, full scale 4194304 counts.
Ch Type Serial Name Direction  Gain Filters

1 L43D #1482 East 90 deg tbu@0 DC 50.0

2 L43D #1482 North Odegtrue 0.00 DC 50.0

3 L43D #1482 Up Positveup 0.00 DC 50.0

Kelunji Classic #153, GURIA V4.16A Operating System.

Sync every daytd400 UCT, using GPS. Wait for up to 80 seconds
Wait up to 120 seconds for a position
Auto-correct clock after sync

STA/LTA Channel 3, filter 1.00 to 7.50 Hz

Time const 0.20, 2.0, 20.0, 200.0 seconds

Ratios Fast 3.50, slow 1.7§uslch 5, 15 days

Length 100 to 200 secs, 80.00 sectpgger, 1.10 cutoff.
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Appendix B z CQSRG Method of Earthquake Location

In general, CQSRG only catalogues earthquake events that are detected by its seismic monitoring
station(s). However, in thevent of significant local events that, for reasons of station downtime, are
not recorded by CQSRG stations, locations are conducted by obtaining data from other agencies.

The general process for earthquake event location at CQSRG is as follows.
1. Identify local earthquake events from visual inspection of CQSRG network seismograms.

2. Download extra seismograms from other agencies; typically, University of Queensland,
Geoscience Australia, and the Australian National University (ANU) Australian Seismometers
in Schools (AuSIS) project.

3. Send email requests to other agencies; typically, the Seismology Research Centre (SRC), and
the South East Queensland Water Company (SeqWater).

4. Collect all available seismogram records and pick P and S phase arrival timgeSqisfave
(SRC sourced software).

5. Enter the picked P and S times into EQLOCL (SRC sourced software).

6. Use the location calculated by EQLOCL.

In the not so rare cases where the only record available is that from FS03, an attempt is made to
locate the evenusing first motion polarity and near field trigonometry. This can only be done when
the first motions are sufficiently impulsive to give an unambiguous indication of the arrival azimuth.
In cases where only two records are available (invariably FS03@8Y, Bnd the-B derived radial
distance circles meet, but do not over extend, the touch point is used as a seed to the EQLOCL
algorithm.

In cases where only two records are available (invariably FS03 and EIDS), aRddévgd radial
distance circle over extend, but the first motions are sufficiently impulsive to derive an
unambiguous azimuth, the radial touch point indicated by the azimuth direction is used as a seed to
the EQLOCL algorithm.

In cases where only two records are available (invayig8®03 and EIDS), and thé 8erived radial

distance circles over extend, but the first motions are insufficiently impulsive to derive an
unambiguous azimuth, the locations of both the radial touch points are used as seeds to the EQLOCL
algorithm, and theesulting ambiguous locations are noted in the catalogue entry comments.

In cases where the only information that can be gleaned is the radial distance from FS03, that
distance may be noted in the catalogue listing comments.
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Appendix C z CQSRG Method oMagnitude Quantification from FS03
Records

Calibration of FS03 Seismometer for Earthquake Magnitude Determination.
Mike Turnbull, 7 November, 2012.

Introduction
FSO03 is the designation of a seismic monitoring station operated by the Central Queensland
Sesmology Research Group (CQSRG). It is located about 16 kranasitbf Gin Gin.

When the FS03 station was first installed it had a Sprengnether S6000 seismometer attached to a
data logger manufactured by the Seismology Research Centre (SRC). The iisticacitthis

sensor and the amplification factors of the data logger section of the seismograph were used as
input to the SRC software used to locate and quantify earthquakes recorded on the seismograph.
When the S6000 sensor failed it was replaced witlark Products L43D seismometer sensor. By
comparison of the calibration waveform amplitudes of the S6000 against the L43D, a correction
factor of 1.7 was calculated and used to adjust the amplitude value input to the SRC software to
determine earthquakenagnitudes using the new senspand this provided a temporary solution.

In order for the SRC software to be able to calculate an earthquake magnitude, it first must be able

G2 OFtOdzZ 4GS GKS SINIKIdzZ {1 SQa Sisdlogaplyicreddrds 2 OF (G A 2
from at least three different stations are available. In situations where only one or two records are

available the software cannot locate the epicentre. Consequently, in cases where an earthquake

cannot be located, determination of itaagnitude using EQLOCL has always been problematic.

This appendix describes a method of extracting parametric information from past earthquake
magnitudes, located with the SRC software using FS03 seismograms, that can be used in a suitable
mathematical rmula to determine the magnitude of other earthquakes recorded on the FS03
seismograph, using information from the single station data. This allows the magnitude
determination to be done independent of the SRC software.

Background Information
The Richtefocal earthquake magnitudeW) is calculated using the formula given in Eq. 1.
0 aéE€Q a¢ "0 (Eq.1)
Where:
A is the maximum amplitude of the seismic record of the earthquake, and
Aqis the maximum amplitude that would be produced the same sensor by an earthquake
of magnitude zero, occurring at the same location as the earthquake under consideration.
The value ofog;0Aq is dependent only on the epicentral distance of the earthquake from the sensor,
and the response characteristiof the sensor itself. It is assumed that the relationship is as given in
Eq. 2(NOTE: This assumed relationship has yet to be confirmed as being valid)
aeé® @ o (Eq.2)
Where:
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uis the epicentral distance, and
aandb are parameters yet to be determined, characteristic of the sensor.

Method
It is clear that Eq.2 is linear. Therefore the sensor parametarglb can be determined from
slope and intercept, respectively, of the grapHax;oAq plotted againstl, providing that sufficient
data is available
The epicentral distancécan be expressed in any value that provides a valid determination of the
distance from the sensor to thepicentre. This could be (for example):

1 the difference in arrival times of the P and S waves (in seconds for example); or,

9 the surface distance from sensor to epicentre (in km for example); or,

1 the Earth centric angle of arc from sensor to epicentre @grdes for example).

The values folog;0A, can be calculated from past earthquake events, the magnitudes of which have
been determined with the SRC software using FS03 seismograms.
Transformation of Eq.1 gives Eq. 3.
aE a¢e® 0 (Eg.l3
Téable 3 presents the calculations &dg;0Ao based on nine past events that were quantified with the

SRC software, showing thé”Sime differences used to measure epicentral distances.
Table 3: Determination of loggA, from past events recorded on the FS03 seismograph.

Measured | Measured S Measured Z;?;ZE{‘:;
Earthquake Date Pr:[;/i(a/!;n ?g;;;i,lg SP(;;me Amplitude usling _EhS&S Clggil:(lzz)e d
seconds | seconds A ago,\;;t m
20120919 06:14 | 11.54 14.97 3.43 1900 1.6 1.6787536
20120520 17:58 | 42.23 45.79 3.56 1103 1.5 1.5425755
20120922 23:59 | 38.31 41.91 3.6 243 1.0 1.3856063
201204-10 01:51 | 37.54 42.57 5.03 473.2 14 1.2750447
201209-25 03:06 | 10.56 22.7 12.14 456 1.9 0.7589648
201208-19 22:37 | 29.38 41.82 12.44 215 15 0.8324385
20120903 15:04 | 10.86 26.84 15.98 1828 2.8 0.4619762
20120923 16:29 | 36.21 53.77 17.56 3620 3.2 0.3587086
201201-05 14:05 | 9.96 56.18 46.22 132 4.3 -1.1690233
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FigurelOshows the graph dbg;cA, plotted against the associatedFStime difference (extracted
from Table 3).

2

W

y =-0.0635x + 1.6382
R2=0.9724

0.5

log10A0

-0.5

-1.5 - -
SP time difference (s)

Figurel0: log10A0 Vs &.

FigurelOalso displays the line of best fitalculated using linear regression of the plotting data,
along with the slope, intercept, and correlation coefficierf) (Rhe R value of 0.97 confirms that
the assumed linear relationship is valid.
By substituting the slope and intercept values intolEapd Eq.2 we arrive at the formula for FS03
magnitudes given in Eqg.4.
0 aéo ety 0 p®HT (Eq.d)

Where:

Mesosis the Richter magnitude determined from an FS03 seismogram record;

A is the maximum amplitude of the unfiltered FSO3 seismogram record;

Sis the arrival time of the S wave in secondgj;an

Pis the arrival time of the P wave in seconds.

Important Note Concerning Accuracy and Precision

Teble 3, FigurelO, and Equation 4, show a shortened calculation using only 9 historical events, to
demonstiate the method. A consequence of using so few input values is that the resulting error
ranges will suffer. Consequently, in order to reduce the standard errors in magnitude calculations
based on this method, and extend the accuracy to at least one depiiv@ti many more input data
are required.

The calculations used to determine the actuakidgvalues for FS03, used in quantifying
earthquake magnitudes, used 34 historical events. This resulted in paraeateib values for
Equation 2, as shown ifable4.
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Table4: Equation 2, a and b Parameter values
and Standard Errors.

a b
Estimation -0.088 1.81
Standard Error | £0.004 | +£0.05
Correlation 0.94

This implies that magnitudes determined using thitmoe will be accurate to at least one decimal
place. The a and b values showiTable4 are those used at CQSRG to calculate local magnitudes of
events recorded by station FS03.

Example Usage
Figurell shows the seismogram of an earthquake that was recorded on station FS03 on 26 October

2012.
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File Edit Send Display Magnitude Channels

ala) - ==l clE= =] | 20O CEL) R L = o T
oo syme

I O O O | = | == I

o
480 ﬂ ;I

F503
uwel

P 25.69 52780

24 5 ] * 2 E3 a 3 a2 ] £ ] E3 a k4] ] 0 4 42 4 e 45 4 a7
20121026 0447 139 20121026 0f7 478 | x|

Listart| (O @ bR & corelatonCoeff..| g €@ L 4 EditPls-[C\se...| 9 |& eaWavevai-.. [W]calibrationoffs... | (A] [B] [B] @M\cmsﬂExcElmul (0] C:Wsavs\mmhul.‘.l 2 () of () o:24am BE

Figurell: FSO3 recoraf an earthquake.

FromFigurellwe can obtain the maximum amplitude (A = 460), the P wave arrival time (P = 25.69
s) and the S wave arrival time (S = 2&80rom which the time difference (P = 2.21 s) can be
determined.

Inserting these values into Eq.4 we calculate a Richter magnitude of 1.2 (rounded to one decimal
place).

Table5 shows the results of some other similar cddtions, for different earthquakes.
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Table5: Calculations of FS03 Richter magnitudes for some earthquakes.

I\/IIDlesrliszld I\/gezrsrtij\izld SP Measured | Calculated
Earthquake Date . . . . time | Amplitude Mesos
in relative | in relative ;
(s) A Magnitude

seconds | seconds
2012-09-28 16:38 10.56 22.7 12.14 304 1.6
201210-03 17:29 25.09 27.69 2.6 259 0.9
2012-10-18 14:48 23.43 25.91 2.48 911 1.5
2012-10-26 04:47 25.69 27.9 2.21 460 1.2

Student Resources

Figurel?2, Figurel3, Figureld, andFigurel5are images of earthquake seismograms recorded by
FS03. They are included here for the reader to use as practice on the CQSRG magnitude
determination method. They can also be used as a resource for High School science teachers who
may want to use the formulae presented here as walld examples of applied mathematics.
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Figurel2: Earthquake recorded on FS03 on 28 September 2012
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Figurel3: Earthquake recorded on FS03 on 3 October 2012
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Figurel4: Earthquake recorded on FSO03d8 October 2012
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Figurel5: Earthquake recorded on FS03 on 26 October 2012
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Appendix D - CQSRG Method of Magnitude Quantification from EIDS
Records

Relative Calibration of EIDS Seismometer for Earthquake Magnitude

Determination Based on FS03 Past events.
Mike Turnbull, 17 Feb, 2015.

Introduction

FS03 is the designation of a seismic monitoring station operated by the Central Queensland
Seismabgy Research Group (CQSRG). It is located about 24 kmvgesttiof Gin Gin.

EIDS is the Geoscience Australia station located near Eidsvold. The characteristics of the EIDS sensor
and associated equipment are unknown (to the author); however, it wouldskeéulito be able to

estimate event magnitudes using records from EIDS.

This paper describes a method of extracting parametric information from past earthquakes recorded
by both FS03 and EIDS, and quantified using the FS03 seismograms or some otheenrettadm,

that can be used in a suitable mathematical formula to determine the magnitude of earthquakes
recorded on the EIDS seismograph.

Background Information
The Richter local earthquake magnitudé)(is calculated using the formula given in Eqg. 1.

0 aé¢€Q a¢"Q (Eq.1)
Where:
A is the maximum amplitude of the seismic record of the earthquake on a given sensor, and
Aqis the maximum amplitude that would be produced on the same sensor by an earthquake
of magnitude zero, occurringt the same location as the earthquake under consideration.

The value ofog;0Aq is dependent only on the epicentral distance of the earthquake from the sensor,
and the response characteristics of the sensor itself. It is assumed that the relationgingaisas
given in Eq. 2ZNOTE: This assumed relationship has yet to be confirmed as being reasonable)

aEB O © (Eq.2)
Where:
tis the epicentral distance from the sensor under consideration, and
aandb are parameters yet to be determined, characteristic of the sensor under
consideration.

Method

Eq.2 is linear, therefore the sensor paret@rsaandb can be determined from the slope and
intercept, respectively, of the graph tufg,0A, plotted againstl, using linear regression, providing
that sufficient data is available for the sensor being considered.
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The epicentral distancécan beexpressed in any value that provides a valid determination of the
distance from the sensor to the epicentre. This could be (for example):

1 the difference in arrival times of the P and S waves (in seconds for example); or,
9 the surface distance from senstr epicentre (in km for example); or,
9 the Earth centric angle of arc from sensor to epicentre (in degrees for example).

The values folog;pAo, for the sensor under consideration, can be calculated from the amplitudes
and SP times of records of past eagbake events, the magnitudes of which events have been
determined by some other reliable methadn this case, from magnitudes determined from FS03
records, or as published by Geoscience Australia.

Transformation of Eq.1 gives Eq. 3.

aE a¢&Q 0 (Eg.l

Table6 presents the calculations &dg;0A values for EIDS based on past events that were

guantified with FS03 seismograms, showing tHe tBne differences used to measure epicentral
distances from the IBPS sensor. The EIDS seismograms were all similarly conditioned using a 2 Hz to

10 Hz bangpass filter.

Table6: Determination of logyA, from past events recorded on the EIDS seismograph.

Earthquake Date | Measured| Measured| EIDS | Measured | Magnitude | Calculated
EIDS EIDS SP EIDS Estimated EIDS
P arrival | S arrival Amplitude | using FS03 logio(Ao)
A M
14/06/2014 14:19 | 17.82 25.48 7.66 99198 3 1.996503
26/06/2014 11:02 | 17.63 45.34 27.71 | 678 2.4 0.43123
22/08/2014 08:34 | 37.56 43.62 6.06 6649 1.9 1.922756
22/08/2014 08:35 | 27.14 33.69 6.55 92100 2.7 2.26426
22/08/2014 08:38 | 21.63 28.42 6.79 137217 2.8 2.337408
03/01/2013 19:11 | 55.16 65.87 10.71 1422 1.6 1.5529
07/01/2013 18:41 | 60.16 71.28 11.12 | 822 1.3 1.614872
14/02/2013 23:03 | 15.7 34.76 19.06 | 3992 2.1 1.501191
05/01/2012 14:05 | 75.3 128.37 53.07 | 4691 4.3 -0.62873
10/04/2012 01:51 | 43.44 52.12 8.68 2440 1.4 1.98739
20/05/2012 17:58 | 50.12 59.56 9.44 3879 15 2.08872
19/08/2012 22:37 | 16.48 19.93 3.45 14340 15 2.656549
03/09/2012 15:03 | 15.13 34.44 19.31 14467 2.8 1.360378
19/09/2012 06:14 | 17.89 25.65 7.76 5905 1.6 2.17122
22/09/2012 23:59 | 40.45 46.17 5.72 1761 1 2.245759
23/09/2012 16:29 | 32.05 46.23 14.18 | 65547 3.2 1.616553
25/09/2012 03:05 | 22.88 44.51 21.63 | 2944 1.9 1.568938
03/12/2012 07:41 | 44.89 51.7 2447 9544 1.4 2.57973
04/12/2012 20:17 | 55.01 61.41 6.4 570212 3.2 2.556036
12/12/2012 10:36 | 53.69 60.33 6.64 20513 2.2 2.112029
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Figurel6 shows the graph dbg;(Aq plotted against the associatedPstime diference (extracted
from Table6: Determination of log”A, from past events recorded on the EIDS seismogrigure

16 also displays the line of best fit, calculated using linear regression of the plo#tiagalong with
the slope, intercept, and correlation coefficienf{Rhe B value of 0.91 confirms that the assumed
linear relationship is reasonably valid.
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Figurel6: 23: log oA Vs SP

By substituting the slope and intercept values into Eq.1 and Eq.2 we arrive at the formula$or E
magnitudes given in Eqg.4.

0 aé e el 0 c¢Ho (Eqd)
Where:
Mepsis the Richter magnitude determined from an EIDS seismogram record;
A is the maximum amplitude of the EIDS seismogram record;
Sis the arrival time of th S wave in seconds, and;
Pis the arrival time of the P wave in seconds.
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Example Usage
Figurel7 shows the seismogram of an earthquake that was recorded on station EIDS on 15 February
2015.

Figurel?: EIDS record of an earthquake.

FromFigurel?7we can obtain the maximum amplitude (AL879326), the P wave arrival time (P =
17.03 s) and the S wave arrival time (S = 22.93 s); from which the time differene<32.93 s)
can be determined.

Inserting these values into Eq.4 we calculate a Rightgnitude of 4.9 (rounded to one decimal
place).

Table7 shows the results of some other similar calculations, for different earthquakes, along with
the GA published magnitudes for the same events.

Table7: Calculations of EIDS Richter magnitudes for some earthquakes.

Earthquake Date | Measured P | Measured S SP EIDS Calculated GA
arrival arrival Amplitude Meps Published
A Magnitude Magnitude
15/02/2015 15:57 17.03 22.93 5.9 13793261 4.9 5.1
15/02/2015 15:58 | 12.58 18.56 5.98 869195 3.7
15/02/2015 16:40 43.7 49.25 5.55 278525 3.2 3.2
15/02/2015 17:37 13.18 19.15 5.97 907859 3.7 3.4
15/02/2015 18:06 14.56 20.54 5.98 125151 2.9 25
16/02/2015 05:56 58.18 64.14 5.96 1703875 4.0 4.0
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