Journal of Physics: Theories and Applications E-ISSN: 2549-7324 | P-ISSN: 2549-7316
J. Phys.: Theor. Appl. Vol. 7 No. 1 (2023) 65-74 doi: 10.20961/jphystheor-appl.v7i1.71609

Comparison of aftershock behavior of the flores sea 12
december 1992 and 14 december 2021

Adi Jufriansah!, Azmi Khusnani?, Yudhiakto Pramudya’, Mulya Afriyanto*

12Department of Physics Education, IKIP Muhammadiyah Maumere, J1. Jend. Sudirman,
Waioti, Maumere, NTT

SDepartment of Master of Physics Education, Universitas Ahmad Dahlan, J1. Pramuka,
Umbulharjo, Yogyakarta, DIY

“Stasiun Meteorologi Fransiskus Xaverius Seda Sikka, Meteorological, Climatological, and
Geophysical Agency, JI. Angkasa Waioti, Maumere, NTT

E-mail: saompu@gmail.com

Received 17 February, Revised 24 March, Published 27 March 2023

Abstract: Over 30 years, the Flores region experienced earthquakes with Mw
>7 twice, namely in 1992 and 2021 at shallow depths <60 km. However, the
behavior of the aftershocks accompanying the quake has yet to be studied in
detail. This research aims to compare the behavior of aftershocks after the
main earthquake. This research uses three-lifetime analysis functions, namely,
Wilber3, Mustang Web Browser, and comparison of Probability Density
Function Hazard. The data used comes from IRIS data and BMKG Online
Data. Through graphical analysis, it is known that the data for the time
difference for aftershocks follow the RMS distribution, indicating that the
Flores Sea aftershock on 12 December 1992 occurred with high intensity on
the 3™ and the 6™ day after the main earthquake. Meanwhile, the aftershocks
in the Flores Sea on 14 December 2021 tended to occur with a more even
intensity during the observation period, but the power returned to high on the
7% day.

Keywords: Aftershock, Wilber3, Mustang Web Browser, Probability
DensityFunction Hazard, Flores Sea

1. Introduction

The physiographic data of Indonesia's territory is divided into three regional zones,
including the Sunda Shelf, Sahul Shelf, and the Transitional Zone. The Sunda Shelf
consists of the Java Sea, the Malacca Strait, and the South China Sea. The Sahul Shelf
consists of the Aru Sea and the southern Banda Sea. Meanwhile, the transition zone
consists of parts of the Banda Sea, Maluku Sea, Sulawesi Sea, and Flores Sea (Maimuna
et al., 2022).

The Eurasian and Indo-Australian Plates traverse the Flores Sea with complex tectonic
arrangements (Aslamia & Supardi, 2022). It is influenced by the subduction zone and the
Mediterranean route with boundaries in the form of troughs, thus creating a seismic area
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with a relatively high frequency of seismicity (Miller & Zhang, 2021). Historically,
several major earthquakes have been recorded in the Flores Sea. The earthquake catalog
records for 30 years with magnitude Mw > 7, of which occurred in the Flores Sea in 1992
(Minoura et al., 1997; Handayani, 2019; Juliaus & Daryono, 2021; Felix et al., 2021;
Polet & Kanamori, 2022), and the last recorded in 2021 (Hakim et al., 2022; Rohadi et
al., 2022; Supendi et al., 2022). The complete condition of the large earthquake is
presented in Figure 1.
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Figure 1. Mainshock of 12 December 1992 and 14 December 2021 (Supendi et al.,
2022)

Several new findings have been obtained by seismotectonic experts, especially in the
Eastern Indonesia region, that the rising fault segment, which was thought to be isolated
from Flores Island and Wetar Island, was previously influenced by the Flores arc thrust
(Supendi et al., 2020; Felix et al., 2022). It is acknowledged that this will expand the area
along the boundary of the Java Sea strait from Alor Island to East Java in the Java Sea,
which will cause significant earthquakes (Pranantyo et al., 2021). Rini et al. (2017) state
that frequent large earthquakes are always followed by aftershocks (figure 2). This will
appear within a certain period with different variations of earthquake attributes (DeVries
et al., 2018; Jufriansah et al., 2021).
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Figure 2. Aftershock events or aftershocks on December 14, 2021 presented in clusters.
The color code shows the period of aftershock (Supendi et al., 2022)
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Actively, the Earth plates of Timor, Sumba, and Flores began to collide with the
Australian Continent starting from 9-10 Ma (Huang et al., 2000; Harris et al., 2009). As
a result, there will be fewer moderate earthquakes (Mw > 5.0) with a depth of <100 km.
Other facts also state that there have never been shallow earthquakes (depth <100 km)
with magnitude Mw > 7.0 in the region from 1963 to 2021 (Hall, 2002; Keep & Haig,
2010; Yeetal., 2021; Rahman et al., 2021). Due to the structural complexity of the Banda
Barat arc and lack of data, not all faults have been mapped correctly, including the one
that ruptured and resulted on December 14, 2021. Therefore, to identify aftershocks due
to the main earthquake by investigating the activity of the focal mechanism, this study
aims to assess earthquake behavior follow-up Flores Sea 12 December 1992 and 14
December 2021.

2. Experimental

The data sources in this study used online data accessed through BMKG (Meteorology,
Climatology, and Geophysics Agency) and IRIS (Incorporated Research Institution for
Seismology). The seismic data used is aftershock data on December 12, 1992, and
December 14, 2021, with a range of seven days after the main earthquake. The next step
is to carry out the data acquisition process using Wilber3 with station data from the
available networks, namely FDSN-ALL, GSN, and GFZ, with the location points
according to figure 3.

Figure 3. The location of the earthquake was taken 7 days after the main earthquake on
12 December 1992 (https://ds.iris.edu/wilber3/find event)

The following process analyzes the data using Mustang, based on Wilber3 picking data
to determine the RMS distribution as a comparison value for Probability Density Function
Hazard. In total, the research flow is presented in Figure 4.
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Figure 4. Research flow to analyze the aftershock of 12 December 1992 and 14
December 2021

3. Results and Discussion

Relocating the main earthquake on 12 December 1992 (figure 5) using the IRIS
database with a minimum magnitude sorting value of Mw 3.0 obtained a total of 102
aftershocks, while the main earthquake on 14 December 2021 (figure 6) obtained 24
events. Reducing the total number of events minimizes the possibility of data noise
resulting in errors in relocating events. It follows the BMKG catalog data regarding the
initial location and selection of the time of arrival of sources, usually using a fixed depth
for external events, which may be the reason for the inconsistency of the data obtained
by the sensor (Supendi et al., 2022).
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The main Flores Sea earthquake of 12 December 1992 occurred along a seismically
active part of the Indo-Australian plate. As reported by IRIS data, after the main
earthquake with a distribution of magnitudes of aftershocks occurring in the range 4 <
Mw < 6, while the Flores Sea aftershock on 14 December 2021, a distribution with an
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occurrence range of 4 < Mw < 5.8 was obtained. It shows an interesting pattern to study,
especially the pattern of aftershocks resulting from the main Flores Sea earthquake on 14
December 2021. If the duration of the observation is extended to 20 March 2022, at least
3 clusters will be grouped. It is confirmed by Jufriansah et al. (2021) and Supendi et al.
(2022) with the results obtained. Namely, the cluster 1 area is caused by the central east-
west fault slip along 100 km, which is the location point of the Mw 7.3 earthquake. Cluster
2 triggers a southeast fault along 40 km to the east, while cluster 3 is oriented to the
northwest along 50 km to the west. This analysis is then followed by a comparison of
amplitude values using the probability density function hazard following the RMS
distribution presented in Figure 7.
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Figure 7. The RMS distribution value is obtained by the Probability Spectral Density
Function (a) Amplitude of the aftershocks of 12 December 1992; (b) Aftershock
amplitude of 14 December 2021

Figure 7 is an analysis graph obtained from the aftershock time difference data
following the RMS distribution using Mustang. These results indicate that the Flores Sea
aftershocks on December 12, 1992, occurred with high intensity on the third and sixth
day after the main earthquake with an amplitude variance value < 500. Meanwhile, the
Flores Sea aftershocks on December 14, 2021, tended to occur with lower intensities.
More evenly distributed during the observation period, but the intensity returned high on
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the seventh day with an amplitude variance value of > 1500. This finding was reinforced
by Hakimi et al. (2022) that after aftershocks with a data length of one day (figure 8),
there was an increase in amplitude on the sixth day. These results were obtained using the
BMKG LRTT station.
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Figure 8. Probability Spectral Density Function of aftershocks (a) Amplitudeaftershock
(b) Noise seismogram (Hakim et al., 2022)

Shallow and deep earthquakes influenced the difference in the number of aftershocks
observed. Several studies have discussed this (Page, 1968; Kagan & Knopoff, 1980;
Frohlich, 1987). Only now much has yet to be discussed regarding aftershocks and the
dangers they pose in the future (Zhang et al., 2020; Liu et al., 2022). Identifying and
characterizing several substantial aftershocks still needs to be done to understand better
(Wiens, 1998; Myers et al., 1995; Wu & Chen, 1999; Becker et al., 2019; Shen et al.,
2019). A mainshock that occurs in a seismically active area will produce more
aftershocks, with an average size similar to the mainshock compared to the aseismic area.
However, this does not account for the difference in aftershock rates between deep and
shallow earthquakes.

4. Conclusion

The results of comparing the aftershock behavior of the earthquakes on 12 December
1992 and 14 December 2021 have been obtained. These results were obtained based on
the Wilber3 data acquisition process, followed by the graphical analysis method. It is
known that the time difference for aftershocks follows the RMS distribution, indicating
that aftershocks Flores 12 December 1992 occurred with high intensity on the third and
sixth day after the main earthquake. While the aftershocks in the Flores Sea on 14
December 1992 tended to occur with a more even intensity during the observation period,
the intensity returned to high on the seventh day. The aftershocks on the Flores Sea on 12
December 1992 with a distribution of magnitudes in the range of events 4 < Mw < 6,
while the aftershocks in the Flores Sea on 14 December 2021 obtained the distribution of
aftershocks in the range of events 4 < Mw < 5.8. These results are also strengthened based
on comparisons of previous studies using the cluster method and probabilistic power
spectral density.
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