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Abstract

Aceh earthquake occurred in 2004 with magnitude 8.8Mw, the epicenter was located at latitude 3.295 and
longitude 95.982 and Tohoku earthquake occurred in 2011 with magnitude 9.0Mw and located at latitude 38.29
and longitude 142.373. The both earthquakes have similar earthquake source mechanism such as the epicenter
located in subduction zone, plate movement type. The research aims to determine the distribution of earthquake
events before (foreshock) and after (aftershock) the main shock. Earthquake event datas were obtained from
several earthquake databases, such as USGS and BMKG. The earthquake events from database sources are
grouped based on the time of occurrence, radius, and magnitude. The result for foreshock shows that the number
of earthquake events for foreshock within two years at a radius of 150 km with a magnitude M> 4 as many as 12
earthquake events and 129 earthquake events for Aceh and Tohoku respectively, The result for aftershocks are 119
and 1576 for Aceh and Tohoku respectively.
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1. Introduction

Geographically, Indonesia is in the plate movement of the world (figure 1), in the west the plate
movement averages 70mm/year and 120mm/year in the eastern part of Indonesia [1-3]. This shows that
plate movement in Indonesia is very active. Several large earthquakes >4Mw often occur in the territory
of Indonesia, it is recorded almost 70,000 earthquake events from 1779-2021 (figure 2)[3]-5]. The big
earthquake that occurred in Aceh on December 26, 2004 with a magnitude of M > 9.0 caused a tsunami,
thus the impact of this earthquake was felt by several neighboring countries. The mechanism of the aceh
earthquake is the interlate movement which is in subduction [6].

Figure 1. Map of Indonesia and Active Plate [5]
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Figure 2. Map of Earthquake Occurrence 1779-2021

The Tohoku Earthquake occurred on March 11, 2011 at 14:46 JST (05:46 UTC). An earthquake
measures 9.0Mw with an epicenter off the coast of Sanriku. This is the strongest earthquake that Japan
has experienced since the earthquake in Japan. According to the Japan Meteorology Agency (JMA), the
earthquake's epicenter was at 130 km east-southeast of the Oshika Peninsula at 38°06.2' North Latitude
and 142°51.6' East Longitude and at a depth of 24 km. That is the mechanism of this earthquake is the
movement of the plate in subduction with the reverse fault direction [7]. The location of the main
earthquake epicenter, and the larger aftershock (moment magnitude M 6), are shown in Fig. 3. The
largest aftershock occurred on the same day at 15:15 in the off the coast of Ibaraki Prefecture. On March
9, two days before the main earthquake, the M 7.3 earthquake, which is considered an initial earthquake,
occurred off the coast of Sanriku; This is also shown in the figure. The aftershock activity was very
intense, which is in the three months between March 11 and June 11, there were five aftershocks with a
magnitude of M 7.0 or higher, 82 aftershocks of M 6.0 or higher, and 506 aftershocks with a magnitude
of M 5.0. or higher [8-10].

Figure 3. Map of Aftershocks after Mainshock Earthquake [10]

1.1 Foreshock

A foreshock earthquake is an earthquake that occurs before the main earthquake. Foreshocks are
usually followed by a main earthquake with an energy greater than a foreshock earthquake. Sometimes,
it is difficult to determine the foreshock which followed by the main earthquake due to it is influenced
by energy, distance and time of occurrence [11,12].
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1.2 Mainshock

Mainshock is also mentioned as the main earthquake which has a greater earthquake energy. The
condition in the mainshock is almost all of the energy from plate movement has occurred. There are
many examples of large earthquakes such as Padang earthquake in 2009, Palu earthquake in 2018 and
Bali earthquake in 2018. A major earthquake with a large energy and shallow depth will pose a greater
risk to buildings and people. This disaster risk reduction really needs to be undertaken such as building
construction following earthquake-safe building standards, having building locations that are zoning
including safe zones from the effects of earthquake shocks [11-13].

1.3 Aftershock

Aftershock is a small earthquake that occurs after a mainshock earthquake or commonly known
as aftershocks. Aftershock energy is usually smaller than the main earthquake. These earthquakes
appeared until conditions of movement stabilized again [11], several major earthquakes that were not
followed by aftershocks such as the earthquake that occurred in Mentawai in November 2020.

2. Research Method

Data for the occurrence of foreshock and aftershock earthquakes for the Aceh earthquake and the
Tohoku earthquake, Japan were gained from the USGS and BMKG databases which were grouped by
time 0-3 months, 3-6 months, 6-9 months, 9-12 months, 12-15 months 15-months. 18 months, 18-21
months and 21-24 months, based on a distance of 0-50 Km, 50-100 Km and 100-150 Km., and based on
the strength of the earthquake, namely 4-8Mw. The research flow is as described in Figure 4.
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Figure 4. Research flowchart
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3. Results

Results of Data Processing Research data is grouped based on the duration of time. The
occurrence with a period of two years before and after the main earthquake, based on a radius of 150
km from the main earthquake epicenter, and based on magnitude > 4.

3.1 Foreshock earthquake based on the occurrence of time
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Figure 5. Occurrence Distribution Based on Time
Table 1. Foreschock Earthquake Based on Time of Occurrence

Foreshock Based on Time of Occurrence

Time Aceh Tohoku
Total  Accumulative = Total = Accumulative
0-3 months 0 0 71 71
3-6 months 1 1 6 77
6-9 months 2 3 10 87
9-12 months 1 4 6 93
12-15 months 1 5 5 98
15-18 months 4 9 8 106
18-21 months 0 9 15 121
21-24 months 3 12 8 129

Based on table 1 and figure 5, the foreshock earthquake in a period of two years at a radius of 150
km with a strength of M > 4, which is 12 earthquake events, the result is lower than the foreshock
earthquake that occurred in Tohoku Japan, which is 129 earthquakes.

3.2 Aftershock earthquake based on the occurrence of time
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Figure 6. Occurrence Distribution of Aftershock Earthquake
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Table 2. Aftershock Earthquake Based on Time of Occurrence

Aftershock Based on Time of Occurrence

Time Aceh Tohoku
Total =~ Accumulative  Total = Accumulative
0-3 months 57 57 1086 1086
3-6 months 17 74 175 1261
6-9 months 10 84 75 1336
9-12 months 9 93 65 1401
12-15 months 9 102 48 1449
15-18 months 8 110 45 1494
18-21 months 8 118 45 1539
21-24 months 1 119 37 1576

Based on the table 2 and figure 6, the activity of the precursor earthquake after the main
earthquake for a duration of two years at a radius of 150 km with a strength is M>4. The results reveal
that in the Aceh region has 119 earthquakes, these results are compared with the results of the Tohoku
earthquake, which has more earthquakes with a total of 1576 earthquakes.

3.3 Foreshock earthquake based on distance (radius)
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Figure 7. Distribution of foreshock earthquake

Table 3. Foreshock Earthquake Based on Radius

Foreshock Based on Radius

Radius Aceh Tohoku

Total Accumulative Total Accumulative
0-50 km 3 3 14 14
50-100 km 4 7 59 73
100-1500 km 5 12 56 129

Table 3 and figure 7 show the occurrence of foreshock earthquakes based on distances at a radius
of 0-50 km from the main earthquake center are 3 earthquakes, 4 earthquakes are recorded at a radius
of 50-100 km, and 5 earthquakes at a radius of 100-150 km. Compared to the earthquakes in Aceh, the
Tohoku earthquake that is occurred more earthquakes, at a radius of 0-50 km experience 14 earthquakes,
59 earthquakes are recorded at a radius of 50-100 km, and 56 earthquakes have occurred at a radius of
100-150 km.
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3.4 Aftershock earthquake based on radius
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Figure 8. Distribution of aftershock earthquake

Table 4. Aftershock Earthquake Based on Radius
Aftershock Based on Radius

Radius Aceh Tohoku

Total Accumulative Total Accumulative
0-50 km 10 10 225 225
50-100 km 59 69 639

100-1500 km 50 119 712

Based on the table 4 and figure 8, 10 earthquakes are recorded at a radius of 0-50 km from the
main earthquake center, 59 earthquakes are recorded at a radius of 50-100 km, and 50 earthquakes occurs
at a radius of 100-150 km. Compared to the earthquake in Aceh, the Tohoku earthquake occurred are
more frequently, at a radius of 0-50 km occurs 225 earthquakes, at a radius of 50-100 km occurs 639

earthquakes, and at a radius of 100-150 km occurs 712 earthquakes.

3.5 Foreshock Earthquake based on magnitude
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Figure 9. Distribution of Foreshock Earthquake Based on Magnitude
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Table 5. Foreshock Earthquake Based on Magnitude

Foreshock Based on Magnitude

Radius Aceh Tohoku
Total Accumulative Total Accumulative
4 8 8 69 69
5 4 12 54 123
6 0 12 5 128
7 0 12 1 129
8 0 12 0 129

Figure 9 and table 5, foreshock earthquakes in the Aceh region with a duration of 2 years at a
radius of 150 km are recorded at M strength > 4, 8 earthquakes have occurred, and 4 earthquakes have
occurred in M > 5. The results of the earthquake in Tohoku are more common than the Aceh earthquake,
at magnitude M > 4 has occured 69 earthquakes, at the magnitude of M > 5 earthquakes has occurred
54 times, at the strength of M > 6 has occured 5 earthquakes, and M > 7 has occurred 1 earthquake.

3.6 Aftershock earthquake based on magnitude

Figure 10 and table 6 foreshock earthquakes in the Aceh region with a duration of 2 years at a
radius of 150 km recorded at strength M > 4 have occurred as many as 79 earthquakes, 39 have occurred
earthquakes at M > 5, and at M > 6 have occurred one earthquake. The results of the earthquake in
Tohoku are more common than the Aceh earthquake, at magnitude M > 4 has occured 867 earthquakes,
at strength M > 5 earthquakes has occurred 673 times, at strength M > 6 and it has occured 34
earthquakes, and M > 7 has occurred 2 earthquakes.
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Figure 10. Aftershock Earthquake Based on Magnitude

Table 6. Aftershock Earthquake Based on Magnitude
Aftershock Based on Magnitude

Radius Aceh Tohoku
Total Accumulative Total Accumulative
4 79 79 867 867
5 39 118 673 1540
6 1 119 34 1574
7 0 119 2 1576
8 0 119 0 1576
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3.7 Result of overall for foreshock and aftershock earthquakes with magnitude > 4

Based on the recapitulation results table 7 and figure 11, the foreshock earthquake in Aceh has
occurred 12 times, the number is less than the Tohoku earthquake which has occurred as many as 129
earthquakes. Aftershock earthquakes in Aceh accumulated are 119 earthquakes, this number is less than
the Tohoku earthquake which has occurred as many as 1576 earthquakes.

Table 7. Recapitulation result of foreshock dan aftershock earthquakes with magnitude > 4,

Radius 0-50 km Radius 50-100 km Radius 100-150 km
Magnitudo Aceh Tohoku Aceh Tohoku Aceh Tohoku
Foreshock | Aftershock| Foreshock |Aftershock| Foreshock | Aftershock | Foreshock | Aftershock | Foreshock | Aftershock| Foreshock | Atershock
4 2 1 8 196 2 4 18 325 4 R 4 402
5 1 3 3 % 2 19 3 296 1 18 1 299
6 0 0 3 4 0 0 | 7 0 0 1 10
7 0 0 0 0 0 0 1 1 0 0 0 1
8 0 0 0 0 0 0 0 0 0 0 0 0
9 0 0 0 0 0 0 0 0 0 0 0 0

The Recapitulation Result of Foreshock and Aftershock Earthquake
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Figure 11. Recapitulation Result of Foreshock and Aftershock Earthquake M> 4

4. Conclusion

Dealing with the results of the analysis of the characteristics of the foreshock and aftershock
earthquakes for the subduction earthquake of Aceh earthquake in 2004 and Tohoku earthquake in 2011,
it can be concluded that the characteristics of the predecessor earthquake with a duration of 2 years at a
radius of 150 km with a strength of M > 4 in Aceh occurred were 12 earthquakes and it was lower than
the earthquake in Tohoku which occurred as many as 129 earthquakes. From the results of the
characteristic aftershocks in Aceh within a period of 2 years at a radius of 150 km with a strength of M >
4 occurred 119, so then the result was lower than the earthquake in Tohoku which occurred as many as
1576 earthquakes.

References

[1] D. Lange, F. Tilmann, T. Henstock, A. Rietbrock, D. Natawidjaja, H. Kopp, Structure of the
central Sumatran subduction zone revealed by local earthquake travel-time tomography using an
amphibious network, Solid Earth. 9 (2018). https://doi.org/10.5194/se-9-1035-2018.

[2] L. Prawirodirdjo, Y. Bock, J.F. Genrich, S.S.0O. Puntodewo, J. Rais, C. Subarya, S. Sutisna, One

Tensile Foreshock and ..............(Rushardi Rahmat Putra) 210



I NV O_T E_K _ P-ISSN: 1411-3414
Jurnal Inovasi Vokasional dan Teknologi E-ISSN: 2549-9815

[3]

[4]
[5]
[6]

[7]
[8]
9]
[10]

[11]

[12]

[13]

211

century of tectonic deformation along the Sumatran fault from triangulation and Global
Positioning ~ System  surveys, J.  Geophys. Res. Solid Earth. (2000).
https://doi.org/10.1029/2000jb900150.

E. Juliafad, H. Gokon, R.R. Putra, U.N. Padang, DEFECT STUDY ON SINGLE STOREY
REINFORCED CONCRETE BUILDING IN WEST SUMATRA : BEFORE AND AFTER
2009 WEST, 20 (2021) 205-212.

L. HAMZAH, N.T. PUSPITO, F. IMAMURA, Tsunami Catalog and Zones in Indonesia., J. Nat.
Disaster Sci. 22 (2000). https://doi.org/10.2328/jnds.22.25.

H.R.P. Arajuli, SEISMIC HAZARD ANALYSIS FOR INDONESIA Rusnardi Rahmat P UTRA
*** Junji K IYONO *** Yusuke O NO **** Geophys. J. Int. (2012).

J. Geersen, L. McNeill, T.J. Henstock, C. Gaedicke, The 2004 Aceh-Andaman Earthquake: Early
clay dehydration controls shallow seismic rupture, Geochemistry, Geophys. Geosystems. 14
(2013). https://doi.org/10.1002/ggge.20193.

M. Kazama, T. Noda, Damage statistics (Summary of the 2011 off the Pacific Coast of Tohoku
Earthquake damage), Soils Found. 52 (2012). https://doi.org/10.1016/j.sandf.2012.11.003.

S. Unjoh, M. Kaneko, S. Kataoka, K. Nagaya, K. Matsuoka, Effect of earthquake ground motions
on soil liquefaction, Soils Found. (2012). https://doi.org/10.1016/j.sandf.2012.11.006.

Y. Sunasaka, K. Toki, A.S. Kiremidjian, Evaluation of Damage Potential of Ground Motions
during Great Earthquakes, Earthg. Spectra. (2003). https://doi.org/10.1193/1.1597876.

Badan Nasional Penanggulangan Bencana, Rencana Strategis Badan Nasional Penanggulangan
Bencana Tahun 2010-2014, 2010.

R. Shcherbakov, Statistics and Forecasting of Aftershocks During the 2019 Ridgecrest,
California, Earthquake Sequence, J. Geophys. Res. Solid Earth. 126 (2021).
https://doi.org/10.1029/2020JB020887.

Z. Zhan, Mechanisms and Implications of Deep Earthquakes, Annu. Rev. Earth Planet. Sci. 48
(2020). https://doi.org/10.1146/annurev-earth-053018-060314.

A.K. Tang, Padang, West Sumatra, Indonesia earthquake of 2009: Lifeline performance, 2013.
https://doi.org/10.1061/9780784412930

INVOTEK: Jurnal Inovasi, Vokasional dan Teknologi, Vol. 21 No. 3, 2021


https://doi.org/10.1061/9780784412930

I NV O_T E_K _ P-ISSN: 1411-3414
Jurnal Inovasi Vokasional dan Teknologi E-ISSN: 2549-9815

Tensile Foreshock and ..............(Rushardi Rahmat Putra) 212



