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Unlike the Peninsular Malaysia which is classified as a

seismically stable, Sabah state in eastern Malaysia s MALAYSIA—|
characterized by common seismological activity. Generally an | ‘
earthquake of moderate magni.ttljde _is experienced at an interyal . et e
of roughly every 20 years, originating mainly from two major Q) Sandakan
sources, either a local source (Ranau and Lahad Dato) or a i%‘lin“; :ﬂ*:z:::de
regional source (Kalimantan and South Philippines subductions). Sea depth 10km

It was reported that from the 121 year record dating back = MALAYST:“WGK E
from 1897 until 2018, the first inland earthquake recorded with ‘ |
a magnitude of more than 6 Richter magnitude was in Lahad INDONESIA [ e

Kalimantan ( €

Datu back in 1923-08-11 with magnitude 6.3. The 2015 Ranau
earthquake was the 4% inland earthquake with very strong  source:UNITED STATES GEOLOGICAL SURVEY
intensity and had caused much damage especially to badly built ~ STRATS TIMES GRAPHIES

structures followed with over 250 aftershocks.* e

*source: https://www.astroawani.com/berita-malaysia/remembrance-2015-sabah-earthquake-learning-past-better-future-209418
Disclaimer: The views expressed on this poster are those of the author and do not necessarily reflect the view of the CTBTO
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= Seismicity record of Sabah shows the presence of two
distinctive seismic zones in the region, which are Ranau in Kota Major tectonic in Malaysia
Kinabalu and Lahad Datu. Ll

= The IMS network setup by the CTBTO has successfully detected
seismic events occurred in the region for the past decades.

= This study presents data analysis of earthquake events
occurred around the region from 2002 to 2020, which were
recorded by the IMS seismic network. The subsequent
preliminary analysis of earthquake hazard utilizing these IMS |5

@ sorong
@ Phillipines INDO-AUSTRALIAN PLATE

data have enabled the quantification of seismic hazard of the o
region in terms of recurrence periods and probabilities of [T ]
occurrence of earthquake at any given magnitude. [ oceanic crus

Terrain accreted or
formed since Late Cret.
Direction of relative

* The findings shows that the IMS data can be used for Aoaiea g Shagee Drecton ot i

D Marginal oceanic basin Source: Modifled from Hamilton, 1979; Holloway, 1981;

earthquake sequence analyses of the region and play an T L e e i e
important role in seismological research.

Disclaimer: The views expressed on this poster are those of the author and do not necessarily reflect the view of the CTBTO
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= The data recorded by a globally distributed network of IMS seismic stations could be
used to improve the accuracy and timeliness of analysis on potentially damaging
earthquake events.

= This study presents the results of data analysis of 19 years recent earthquakes in Sabah
from 2002 to 2020 recorded by the IMS seismic stations. We will discuss on the
important seismicity parameters, including the epicentral and magnitude distribution
that were obtained from the Reviewed Event Bulletin (REB). The IMS database that we
compiled also were compared with the databases of the U.S. Geological Survey (USGS)
and Incorporated Research Institutions for Seismology (IRIS).

= Finally, we present the preliminary assessment of earthquake hazard for Sabah using the
IMS database compiled earlier. The analysis was performed using statistic theory of
extreme values from Gumbel, where the results have enabled the quantification of
earthquake hazard in Sabah in terms of recurrence periods and probabilities of
occurrence at any given magnitude.

Disclaimer: The views expressed on this poster are those of the author and do not necessarily reflect the view of the CTBTO
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Analysis of Earthquake Events

= The seismic events occurred in Sabah region from 2002 to 2020 were obtained from the IDC REB,
where such events were screened to ensure the reported events correctly fall within study of region.

= This compiled IMS database and its seismicity parameters including location, depth and seismic
phases were compared with the databases of the USGS and IRIS.

= The deviation of epicenters of all events recorded by the USGS and IRIS networks relative to the
epicenter located by the CTBT IMS detection was also calculated.

Preliminary Analysis of Earthquake Hazard

= The preliminary analysis was performed using statistical theory of extreme values developed by
Gumbel.

= |f compared with other methods requiring the whole data set, and rarely completely reported, the
Gumbel’s need only part of the event data, such as, the largest (i.e. extremes) earthquakes.

= The IMS data represent a continuous and complete set of annual maximum magnitude events,
suitable for the application of such method to quantify earthquake hazard in terms of recurrence
periods and probabilities of occurrence at any given magnitude.

Disclaimer: The views expressed on this poster are those of the author and do not necessarily reflect the view of the CTBTO
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YEAR CTBT IMS Seismic Network U.5. Geological Survey (USGS)
Event ID Date Time Latitude |Longitude |Magnitude | Depth (KM) Year 2018 Date Time | latitude |Longitude |Magnitude | Depth
2020 18767431 | 14/04/2020 | 20:04:22 5.0212 | 118.9558 mb 3.6 0 e
. The |MS recorded 33 mOderate events 2019 | 17680942 | 03/08/2019 | 15:31:06 | 6.2831 | 117.2185 | mb3.6 0 L{ Ranau | 05/05/2016 |1306.13) 606 UBSE3| mww 52| 10
?
= 2 | Sandakan | 05/01/2018 | (:4033 | 59504 | 117.7198| mb43 | 10
. .. 15530461 | 08/03/2018 | 13:06:10 | 5.8856 | 116.5306 | mb4.4 0 : : -
ranging from 3.3 to 5.2 mb, Orlglnated 2018 | 15848813 | 27/05/2018 | 7:53:42 | 5.2794 | 119.0089 | mb 358 0 Gl | e || e |l e i
. . 15916404 | 16/06/2018 | 7:47:58 | 1.0666 | 111.3856 | mb3.8 0 1 | izhad Datu| 26/03/2017 | $:30:48 | 4933 | 1187791 | mb46 | 3.%
N the I"eglon Of Sa bah from Janual"y 017 14228945 [26/03/2017| 9:30:49 | 47966 | 118.7287 | mb37 53 Year 2016 Date Time | latitude |Longitude |Magnitude| Depth
14888716 | 24/09/2017 | 0:25:23 | 5.9464 | 1183581 | mb35 0 1 [Lahad Datu] 04/03/2016 | 0:4336 | 4918 [ 1184359 mbat [ 349
2002 to _]une 2020 2016 | 13497338 | 26/08/2016 | 1:39:32 | 6.4172 | 117.3407 | mb3.6 0 Year 2015 Date Time | latitude |Longitude|Magnitude| Depth
ﬁ;g;g‘g izgzggi i;i‘;g‘; i‘;iii ﬁg;;;; ’“‘;;-: g 1 [ Sendakan | 19/03/2015 [21:56:07| 5536 | 1186135 | mbel [ 507
. :25: . . mb 3. ey
L] 2015 haS I"ecordEd the hlghest number 12047012 | 04/06/2015 | 23:15:42 | 6.039 [ 1166377 mbs.2 0 2| Ranau | 04/06/2015 | 231544| 59867 | 1165409 | mww6 | 10
12048513 | 05/06/2015 | 13:12:14 | 6.6386 | 117.191 | mb3.7 0 3| Ranau | 05/06/2015|15113:36| 61402 | 1167228 | mbdd | 1823
Of ea rthqua ke occurrence, Where the 015 12048801 [ 05/06/2015 | 15:13:32 | 60524 | 1166861 | mb3.9 0 4| Ranau | 06/06/2015 | 5:45:15 | 6.1416 | 1165689| mbdb | 10
12050340 [ 06/06/2015 | 5:45:13 | 6.2528 | 116.8675 | mb4.1 0 5| Ranau | 12/06/2015 |18:25:37| 6.1504 | 116692 | mbdd | 15.01
”V|S recorded event on June 4 2015 12068968 | 12/06/2015 | 18:25:34 | 6.4085 | 117.3888 | mb3.4 0 6| Ranau | 12/06/2015|18:29:16| 6.2053 | 1166814 mb53 | 7.25
’ 12068970 | 12/06/2015 | 18:29:24 | 6.0878 | 116.8661 | mb4.4 75 7 Ranau | 23/06/2015 | 9:32:31 | 61277 | 1165537 | mb45 | 15.32
. . H H H 12098600 | 23/06/2015 | 9:32:34 | 5.9739 | 1165596 | mb3.7 49 8| PRanau | 26/07/205 | 1610:12| 62782 | 1168568 | mbas | 1%
231543 UTC Is consistent Wlth the 12199515 | 26/07/2015 | 10:049 | 6.2731 [ 117.0466 | mb3.9 0
’ 10715051 | 14/04/2014 | 20:42:03 | 4.5645 | 117.7927 [ mb3.4 0 Incorporated Research Institutions for Seismalogy (IRIS)
Ranau S mOderate earthquake on June 2014 oar1ast 01/02/2014 | 11:35:08 | 6.095 [ 1166187 | mba.1 0 Year 2018 Date Time | latitude |Longitude |Magnitude | Depth
. . 10099555 | 19/09/2013 | 21:50:37 | 5.6921 | 116223 | mb3.6 0 1] Bomeo | 3/8/28 [130613] 604 | 11661 | mb52 | 10
5, 2015 7:15 am local time as reported | 2% | [s0umi| soso | s |15 | mbao | 0 |Fieami T oae | fie [t Tonghoce agrine ent
. . 2012 | 8726575 | 28/05/2012 | 16:44:08 | 4.7371 | 1183378 | mb4.1 0 11 Bomeo | 3/2672007 | 93048 | 493 | 11878 bi6 | 1%
by the Malaysia’s local authority o : o B B ; | soneo | 37261 5 | 187 | mb.
Year 2016 Date Time | latitude |Longitude|Magnitude | Depth
. . i:)x];: 6607825 | 21/08/2010 | 19:43:27 5.4801 | 118.5899 mb 3.5 g 1 | Borneo 3/4/7016 | 0335 19 11844 mba1 1%
The paramEterS Of selsmic event 2008 | 4536681 | 10/01/2008 | 13:18:35 | 4.2583 [ 1165442 | mb 3.6 0 lvearB2015 3!1:‘;15 2;—'5'54 lash:l‘;; "fl"::g”:; "mb':"fe D:';“’
Orneo -0 . 3 mi 3
H 2007 4428540 | 23/10/2007 | 20:34:39 5.6865 | 119.2532 mb4.3 0
detected by USGS and IRIS networks in 3550325 | 06/02/2006 | 14:54:07 | 5.1248 | 1188151 | mb 36 o ; Bomeo :ﬁ;gls 2;:12:42 :.g:;:g 112:;:; nm;g.u 1361
Borneo /2015 [13:12:1 .29%7 | 116. mh 3.5 1
2006 | 3674353 | 22/04/2006 | 2:01:25 | 6.0392 | 117.5982 | mb3.7 0
Ranau on June 5, 2015 are also 3850855 | 28/09/2006| 15:11:34 | 6.4085 | 118.0916 | mb3.7 o 4| Bomeo | 6/3/2m5 [15:1335] 62153 | 116876 | mbas | 10
. . 2005 | 3249883 | 23/05/2005 | 19:58:12 | 6.2446 | 117.713 | mba43 0 5| Boneo | 5/3/2015 | 5:45:15| 6188 | 1167836| mb46 | 10
identical to the one recorded by the 2004 0 6 | Bomeo | 6/12/2015 [1825:38] 5.039 | 1165783| mb4d | 35
2003 | 1978643 [02/11/2003| 843:19 | 62718 | 117.5447 | mb35 0 7| Borneo | 6/12/2015 |18:29:18| 6.0674 | 116621 | Mw52 | 283
CTBT IMS network 1852956 | 22/08/2003 | 18:01:00 | 5.8225 | 119.2862 | mb3.3 0 8 | Borneo | 6/23/2015 | $:32:33 | £.0491 | 1165472 | mb45 35
2002 | 1328028 | 06/10/2002 | 21:03:24 | 5.9584 | 117.8815| mb38 0 9 | Borneo | 7/26/2015 |16:10:11| 6.0664 | 1168082 mb46 | 10
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= The mean line of expected extreme (LEE)
>3 . is drawn to study the mean return periods
5 of the largest possible earthquakes with
g e their probability of occurrence
é" 4 f_{_trr’i'; *e
TEPPR TS & v Magnitude Yearly Expected | Return Period
R Number (Nm) (Tm)
0000 0200 0400 0600 0800  1.000 3 6.53257 0.153
Strm) 3.5 1.86797 0.535
4 0.53414 1.872
4.5 0.15274 6.547
= The quantified earthquake vyearly 5 0.04367 52897
numbers and their return period for 55 0.01249 80.074
different magnitude indicates that as 6 0.00357 280.031
return period increases, frequency of 6.5 0.00102 979.312
earthquake occurrences decreases / 0.00023 3424.806
8 0.00002 41885.712

Disclaimer: The views expressed on this poster are those of the author and do not necessarily reflect the view of the CTBTO

CTBTO.ORG

PUTTING AN END TO NUCLEAR EXPLOSIONS



S nT Analysis on earthquake databases of the Sabah region and its application

for seismic hazard assessment using the IMS data of the CTBTO ‘\ ’ CTBTO

s 2 7 PREPARATORY COMMISSION
Poster No.: Muhammed Zulfakar Zolkaffly & Faisal Izwan Abdul Rashid, Malaysian Nuclear Agency

Variation of Probability With Year = The relation between of Earthquake Recurrence Period with
1 90% probability
calculated yearly

>08 —P5
£ i i i
E a6 — s numbers Of earthquakes, Magmt:de (m) | Return F['je;l:: (years) RecurrenceDPGeBrlod (years)
§ 04 - —P6 their return periods and 35 0.535 2.40
& 02 —r65 the quantified 4 1872 8.40
0 i 45 6.547 29.39
0 10 20 30 40 5 60 70 8 % 100 —" earthquake hazard is 5 22.897 10278
Years —P8 illustrated in these figures 555 28806%7341 13’25596-4926
] i i i 6.5 979.312 4395.77
Earthquake Hazard for Different Period Itis SUggeSte_d that within 7 3424.806 15372.71
100 year period the 8 41885712 18300973
Lo probability of occurrence = QOne can estimate expected period
§ 07 ——t=10 years of larger magnitude within which at least one earthquake
3 06 - . . .
S os e earthquakes decrease of any given magnitude will occur
0.4 —At=s0years ; ; . . ..
2 03 50 years with time with any specified probability
o .
50 ——t=75 years * For example, recurrence period for at
S oo . . . . eTi00years least one earthquake of magnitude m
Designed Magnitude Wlthln a prObablllty Of 90% is

summarized by above table

Disclaimer: The views expressed on this poster are those of the author and do not necessarily reflect the view of the CTBTO
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= During the period of 2002-2020, the IMS network had Epicenter of felt earthquakes in East Malaysia

11T 7 ANEN
detected 33 earthquakes in the region of Sabah, { 7 3
identical to those recorded by the USGS and IRIS. /,[ T \y
- 7 10
= The IMS earthquake data sets used in this study leads g/ B Am/a » J {I
. ol Y
to compatible results that demonstrate clear ML LT 1
consistency with the stability postulate from which r UL \
distributions of extremes are deduced. & 0ro o§ 4 oL
. . %ix . 15 ; 5__M2"
= The results of preliminary analysis has enabled i N ] °
earthquake hazard in Sabah to be quantified in terms %qbo | R ?‘“«( ' o
of recurrence periods and probabilities of occurrence - )
. . - -] S
of earthquake at any given magnitude. 2 i -
R "ﬁ\@‘ﬁ?" W2 e —
= Present work shows that IMS data can be used for LU L T S L
105°E 115°E 125°E

earthquake sequence analyses of the region and play
an important role in seismological research.

Disclaimer: The views expressed on this poster are those of the author and do not necessarily reflect the view of the CTBTO

Magnitude (Richter scale)

®30-39 040-49050-59 O 6.0-6.9 O 7.0-79

PUTTING AN END TO NUCLEAR EXPLOSIONS e CTBTO.ORG



