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ON THE AFTERSHOCKS OF SOME STRONG EARTHQUAKES
IN THE SOUTH-EAST OF KAZAKHSTAN

The proposed article presents the results of a comprehensive study of the aftershocks of some strong
earthquakes in the south-east of Kazakhstan during the period 1960-2023.

Strong earthquakes in the studied region are accompanied by numerous aftershocks, therefore it is
very important to consider the behavior of aftershock attenuation processes in more detail. The relevance
of this topic determines the subject, the object, as well as the choice of the method of research. Special
attention was paid to the spatial and temporal distribution of aftershocks relative to the epicenters of
strong earthquakes during the period 2016-2023. For the research, an earthquake catalog was used for
the territory of 39-47°N, 70-85°E with an energy class K>7.

The results of the research are schematic maps of strong earthquakes and their aftershocks that oc-
curred in the last few years in the selected study area. The statistics of the number of aftershocks after
strong earthquakes have occurred are presented, the time dependence of strong earthquakes (main af-
tershocks) and their aftershocks in the time interval 2016-2023, which occurred on the territory of 39-
46°N, 70-85°E is constructed. A qualitative analysis of the results obtained makes it possible to more
clearly understand the physical and mechanical conditions of the occurrence of aftershocks after strong
earthquakes and to understand in detail the law of attenuation of aftershocks.

Key words: seismicity, strong earthquakes, aftershocks, geological structures, the law of attenuation
of aftershocks.
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Ka3akCTaHHbIH, OHTYCTiK-LIbIFbICBIHAAFbI
Kenbip KyLUTi )Kep CiAKIHICiHIH, carAapbl TypaAbl

YCbIHbIAFAH MakaAaaa 1960-2023 xbiapap ke3eHiHAe KazakCTaHHbIH OHTYCTIK-LbIFbICBIHAAF bl
Kenbip KywTi XXep CiAKiHICTepiHiH adpTepLLIOKTapPbIH KELLEHA| 3epTTey HaTUXKeAepi BepiAreH.

3epTTeAeTiH anMakTarbl KYLITI >Xep CiAKiHiCTepi kenTereH >kep CiAKiHicTepimeH Gipre >Xypeai,
COHABIKTAH >Xep CiAKIHICIHIH 8Acipey npouecTepiHiH 8peKeTiH TOAbIFbIpak, KapacTbipFaH »KeH. bya
TaKbIPbIMTbIH, ©3EKTIAIr TakblpbINTbl, 0ObEKTIHI, COHAAM-aK, XXYPri3iAeTiH 3epTTey 9AiICiH TaHAAYAbI
aHbikTanAbl. 2016-2023 XbIAAAp Ke3eHiHAe OOAFaH KaTTbl XXep CiAKIHICTEpiHiH, 3NMUeHTpAepiHe
KATbICTbI XKep CiAKIHICTePiHiH KEHICTIKTIK >k&He yakbITLLA TApaAyblHa epeklUe Ha3ap ayAapblAAbL. 3epTTey
yuwiH K>7 3HepreTukanbik, kaacbl 6ap 39-46°Ch, 70-85°LLB, aymakTapbl yiliH XXep CiAKiHiCTepiHiH,
KaTaAorbl KOAAAHbBIAABI.

3epTTey HOTWMXEAEpi COHFbl OipHewe >blIAAQ TaHAAAFaH 3epTTey aymarblHAQ OOAFaH KaTTbl
Kep CiAKIHICI MeH OAapAbIH >Kep CiAKiHICTepiHiH Auarpammasapbl 00Abin Tabbiraabl. KywTi xep
CiAKIHICTEpIHEH KEeWiHri »Kep CiAKiHICTepiHiH CaHbl TypaAbl CTaTUCTUKA YCbIHbIAFAH, 39-46°Ch, 70-
85°LLB aymarbiHAQ 60AFaH 2016-2023 >KbIAAAP apPaAbIFbIHAAFbI KYLUTI XXep CIAKIHICTepiHiH, (Heri3ri
AYMIYAEPAIH) >KBHEe OAapAblH >Kep CiAKIHICTEPIHIH, YaKbITLIA TOYEAAIAIri CaAblHFAH. AAbIHFaH
HOTMXKEAEPA] CanaAbl TAAAQY YAKEH >Xep CIAKIHICTEpIHEH KEMiH Xep CiAKiHICTepiHiH nanaa 60AybIHbIH
(PU3MKAABIK-MEXAHWMKAABIK, XKaFAAMAAPbIH HEFYPABbIM HaK Tbl TYCiHYre YKaHe >XXep CIAKiHICTepiHiH aAcipey
3aHbIH erKen-TerkenAi TyCiHyre MyMKiHAIK 6epeai.

TyiiH ce3aep: ceiCMMKaAbIK, KYLUTI Xep CIAKiHICTepi, AYMMyAep, FeOAOTUSIAbIK, KYPbIAbIMAAD,
AYMIMYAEPAIH BACIpey 3aHpbl.
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(0] MOCACACTBUSAX HEKOTOPbIX CUAbHbIX 3EMAETpﬂCEHMﬁ
Ha toro-Boctoke KasaxcraHa

[peaaaraemasi CTaTbsi NIPEACTaBASET COBOM PE3YABTATHI KOMIMAEKCHOMO MCCAEAOBaHMS A TEPLLOKOB
HEKOTOPbIX CUAbHbIX 3EMAETPSICEHUI oro-BocTtoka KasaxcraHa 3a nepuoa 1960-2023 rr.

CUAbHbIE  3EMAETPSICEHMS B UCCAEAYEMOM PErvMoHe COMPOBOXAQIOTCS  MHOrOUMCAEHHBIMU
apTepwiokamr, MO3TOMY BeCbMa aKTyaAbHO pPacCMOTPETb MOBEAEHME MPOLLECCOB  3aTyXaHWs
apTeplIoKoB 6oAee MOAPOOHO. AKTYaAbHOCTb AQHHOM TEMbI OMPEAEASIET NMPEAMET, 06bEKT, a TakxkKe
BbIGOP METOAQ MPOBOAMMBIX MCCAeA0BaHMIA. Ocob0e BHMMaHKUE BbIAO 06PaLLIEHO Ha MTPOCTPAHCTBEHHOE
M BpEMEHHOe pacrnpepeAeHne aTepLloKOB OTHOCUTEABHO 3MMLUEHTPOB MPOU3OLLIEALLIMX CUAbHbIX
3emaeTpsaceHnit 3a nepuoa 2016-2023 rr. AAS MCCAEAOBAHUI MPUMEHSIACS KATAAOl 3EMAETPACEHUI
A TeppuTopun 39-46°CLLI, 70-85°BA, ¢ 3HepreTnyeckMm Kaaccom K>7.

Pe3yAbTaTamm nccaeA0OBaHMI IBASIOTCS KapTbI-CXeMbl CUAbHbIX 3eMAETPSICEHUIA U UX apTEPLLIOKOB,
NMPOU30LLEALIVX B MOCAEAHNE HECKOABKO AET Ha BbIOPAHHOM TEPPUTOPUU MCCAeAOBaHUS. [1peacTaBAeHa
CTaTUCTMKA KOAMYECTBA apTEepPLUOKOB MOCAE MPOM3OLUEALLMX CUAbHbIX 3EMAETPSICEHMI, MOCTPOeHa
BpEMEHHas 3aBUCMMOCTb CUAbHbIX 3EMAETPSCEHMNI (OCHOBHbIX TOAYKOB) M MX apTePLIOKOB B MHTEPBAAE
BpeMmeHn 2016-2023 rr., npousowealunx Ha Tepputopum 39-46°CLLU, 70-85°BA. KauecTBeHHbIN
aHaAM3 MOAYYEHHbIX PE3yALTATOB MO3BOASET GOAEE YETKO MOHATb (PM3MKO-MEXAHUYECKME YCAOBUS
BO3HMKHOBEHUS ahTEPLLUOKOB MOCAE CUAbHbIX 3EMAETPSCEHUI M AETAaAbHO MOHATH 3aKOH 3aTyxaHWs

acprepuiokos.
KAloueBble cAOBa: CEMCMUYHOCTD,
CTPYKTYpPbl, 3aKOH 3aTyXaHWsl adhTepPLIOKOB.

Introduction

The current stage of activation of the Earth’s
seismicity dictates the need to conduct research
on the processes of occurrence and attenuation of
aftershocks after strong earthquakes. Strong earth-
quakes (two strong earthquakes with a magnitude
of more than 7.8) that occurred in Turkey on Feb-
ruary 6, 2023, after which many aftershocks were
recorded, can serve as a vivid confirmation and
example. So [1,3]: “On February 6, 2023, with an
interval of nine hours, two powerful earthquakes oc-
curred in southeastern Turkey. The epicenter of the
first with a magnitude of 7.8 (+ 0.1) was located in
the Shehitkamil area in Gaziantep (Turkey), the epi-
center of the second with a magnitude of 7.5 (£ 0.1)
was located in the Ekinozu area in Kahramanmaras
(Turkey).” Therefore, modern studies of aftershocks
after strong earthquakes have occurred are becom-
ing very relevant. On September 9, 2023, a strong
carthquake with M=7 occurred for the first time in
Morocco.2. Aftershocks with a magnitude of M =
4.5 occurred after it. According to the US Geologi-
cal Survey, the earthquake occurred about 72 kilo-
meters east of the Moroccan city of Marrakech. The
second aftershock, magnitude 3.9, was recorded at a
depth of 10 km also near the city of Marrakech [1,3].

Strong earthquakes are always accompanied by
numerous aftershocks. Their number and intensity
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decrease over time, and the duration of manifesta-
tion can last for months. The probability of strong
aftershocks is especially high in the first hours after
the main shock. There are many cases when build-
ings damaged by the main impact were destroyed
precisely by repeated, less violent tremors. After-
shocks pose a threat during rescue operations. An
aftershock is a repeated seismic shock of lower in-
tensity compared to the main seismic event.

Therefore, special attention in this study was
paid to the aftershocks of strong earthquakes
in the South-East of Kazakhstan, in order to
comprehensively study the spatial and temporal
distribution of aftershocks after strong earthquakes
and the law of their attenuation.

Materials and methods

The materials of the research and analysis were
scientific sources [1-12]. A catalog of earthquakes
for the period 1960-2023 was used for the territory
0f 39-46°N, 70-85°E, [4]. Special attention was paid
to the current stage of activation of the seismicity of
the region for the period 2016-2023.

In order to understand the physico-mechanical
meaning of the process and the nature of the
occurrence of aftershocks, some strong earthquakes
in the region and their aftershocks have been studied.
The whole process can be described as follows. The



V.S. Lyutikova, I.N. Litovchenko

presence of aftershocks is associated not so much
with residual stresses directly in the hearth, as with
a rapid (during the main shock of the earthquake)
increase in stresses in the vicinity of the hearth of
the earthquake, due to the redistribution of stresses.
When the main impact of an earthquake is plastic
(and brittle) deformation of the earth’s crust in
the earthquake site, the hard surface of the earth’s
crust shifts in general from tens of centimeters to
several meters. At the same time, the mechanical
stresses in the hearth decrease from the maximum
(from the level of ultimate strength) to the minimum
residual ones. On the other hand, stresses in the
vicinity of the hearth (source of rupture) increase
significantly (as a result of displacement of the
Earth’s crust), sometimes bringing this stress closer
to the ultimate strength. When the strength limit
is exceeded (near the source of the main shock),
aftershocks occur. With this displacement of the
earth’s surface, mechanical stresses increase at a
great distance from the epicenter (source) (similar to
how it happens near the epicenter). The essence of
the concept of aftershocks is always associated with
major aftershocks (strong earthquakes). After the
main shock, not only residual stresses arise directly
in the hearth, but also quickly (during the main
earthquake) stresses increase in the vicinity of the
hearth of the earthquake due to the redistribution of
stresses. During the main shock (strong earthquake)
— plastic (and brittle) deformation of the earth’s
crust in the earthquake site, the hard surface of the
earth’s crust shifts, from several tens of centimeters
to several meters.

A comprehensive study of the processes of
occurrence and attenuation of aftershocks, and the
application of the law and the Omori method [2]
revealed some statistical patterns. According to the
law proposed by Swedish seismologist M. Bot, the
magnitude of the strongest aftershock is less than the
magnitude of the main shock by one. Aftershocks can
occur over a long period of time (months and years).
A statistical pattern is also found in the time sequence
of their occurrence [3]. The mechanical stresses in
the hearth decrease from the maximum (from the
level of ultimate strength) to the minimum residual
stresses. Stresses in the epicenter area increase
significantly, sometimes approaching the ultimate
strength. When the strength limit is exceeded (near
the focus of the main shock), repeated aftershocks
occur. Mechanical stresses also increase at a great
distance from the epicenter. Stress increases at the
plate boundaries may approach the limit of strength
of the earth’s crust along its perimeter, then after
strong earthquakes — displacements along the plate

boundary, a series of man-made earthquakes may
occur. Thus, in [5], the time statistics of the strongest
aftershocks were considered relative to the moments
of the corresponding main shocks. It follows from
the considered material that the occurrence of the
strongest aftershocks in time obeys the power law
of distribution. This is similar to Omori’s law [2]
for the sequence of all aftershocks (see Fig. 1).
As the authors note [6]: “the hypothesis of the
independence of times and magnitudes in aftershock
sequences has been confirmed.” After strong
earthquakes, aftershocks usually occur, which can
cause significant additional damage, sometimes
even exceeding the damage from the main shock.
Strong aftershocks are often accompanied by a
temporary increase in the number of events per unit
of time. Presumably, a strong aftershock is likely
to occur at the beginning of a series of events. A
more likely scheme is the occurrence of aftershocks
due to stresses accumulated before the main
shock [6]. Figure 1 shows the time dependence of
aftershocks on the main shock, which occur in the
time interval 2017-2023. Taking into account all
the features of the occurrence of aftershocks after
strong aftershocks, special attention was paid to
their spatial distribution.

Results and discussion

According to the catalog of aftershocks, major
aftershocks (SOMS) [4], it can be concluded that
aftershocks do not occur instantly, but with some
delay after the main (main) shock. It is obvious that
small impacts similar in strength to direct impacts
from seismic events, for example, tides or even
surface waves from the main shock that rounded
the Earth, can also act as triggers that increase
the likelihood of aftershocks [6]. At the same
time, a trigger is understood as a specific cause
of events, conditions under which a prescribed
action should occur-an event, an event that sets
in motion, a provoking factor, a signal that causes
predetermined conditions. Let’s take a closer look
at the analysis of the occurrence of a sequence
of aftershocks. For this purpose, the temporal
sequence of major aftershocks (strong earthquakes)
and their aftershocks is considered (see Fig. 1) for
the period 2017-2023. Figure 1 shows how the
sequence of aftershocks is distributed over time
after the main shock.

According to the accumulated data on the
aftershocks of the earthquake catalog (SOME) [4]
for 1960-2023, it can be assumed that the assessment
of the probability of subsequent aftershocks is based
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on the assumption that the magnitude of aftershocks
does not depend on time; under this assumption, the
maximum magnitudes depend only on the intensity
of the aftershock flow (the number of events per
unit of time) or do not depend directly on the time
elapsed since the main shock [6]. Each aftershock
can be characterized by a pair of quantities: time
relative to the main shock and magnitude, which
can be considered as a two-dimensional random
variable. It can be assumed that if the magnitudes
are independent of time, any of the aftershocks
may be equally likely to be the strongest. There
are 34 main aftershocks in the catalog of strong
earthquakes, each of which may or may not have its
own sequence of aftershocks (see Table 1). Provided
reliable estimates of parameters based on data on the
interval from the main (main) shock, it is possible
to estimate such characteristics as the maximum
magnitude, the waiting time for shocks of a given
force, the occurrence of events of a given force in
a given interval. The corresponding parameters

RARCESD- -

were identified in the sequence of aftershocks of
cach of the 34 main aftershocks. In the earthquake
catalog, the main (main) tremors are marked -3, the
corresponding aftershocks are marked — 40-41 [4].
Table 1 shows the sequences of the main aftershocks
and the number of their aftershocks for 1970-2023.
Some strong carthquakes in the studied region,
their coordinates, magnitude, depth and number of
aftershocks are given. For the spatial representation
of aftershocks, the main aftershocks with K>14.0 and
the number of their aftershocks were taken from the
indicated table. 1. K is the energy class. For example,
some strong earthquakes (major aftershocks and
their aftershocks) were considered starting from
2016-2023. The results of the spatial distribution
of aftershocks of some strong earthquakes in the
studied region are shown in Figures 2-5. In the
sequence of aftershocks of each strong earthquake,
there are sufficiently strong events of class K =9.7,
9.2, they are timed to the main shock and obey the
law of attenuation of aftershocks.

01.01.2017 01072017 01.01.2018 01072018 01.01.2019 01072019 01.01.2020 01072020 01.01.2021 01.07.2021 01.01.2022 01.07.2022 01.01.2023 01.07.2023 01.01.2024

[ata

Figure 1 — Time dependence of the main aftershocks and their aftershocks in the time interval 2017-2023,
which occurred on the territory of 39-46°N, 70-85°E
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Table 1 — List of strong earthquakes (K>14) and the number of their aftershocks in the south-east of Kazakhstan in 1970-2023.

(compiled from materials [4])

Na Jara, KoopmimaTes Smeprevmeciont | Marmmypa, | Taybmse | Konwtecteo
Epentt lnpota | Jdoarora Kaace, & M nm;;:empa. ad epIIoKoE
| B
1] 05.06.704:33 1247 78.80 15.46 6.3 15 4
2| 10.05.7114:51 $3.00 7120 142 - - 4
3| 15.06.7122:04 41,32 79.12 142 6 119 71
4 | 15.01.7220:21 4028 71938 144 62 102 ]
3| 24037821:03 4287 7858 16.0 71 EE g3
6| 25.00.7913:05 1300 17.00 140 i9 40 0
7] 130285 1:40 40.13 7315 148 61 6.1 401
§|23.088512:42 39.13 13.30 173 1 63 271
9| 2408.8520:46 3945 75.80 149 - - 181
10 24.01 87 8:09 4140 917 153 6.2 289 £
11]12.119012:28 4293 1793 146 64 19.1 87
12 25029114:30 4033 7392 144 6 206 23
13| 15.05928:07 41.10 1241 130 6.2 49.3 43
14| 19.08522:04 207 73683 17.0 13 274 141
15] 301293 14:24 44 82 78.77 13.0 i3 149 6l
16| 19.03.96 15:00 4022 16.38 1446 6.3 182 5
17 09019713:43 41.17 7420 142 i3 223 3
18 | 21.01.97 147 3043 76938 144 ig 3 3
19 | 01.03.976:04 39.12 76.82 142 b 124 bl
20| 11.04.975:34 38.60 7693 118 2 13 1
| 140200435 4180 1918 145 b.1 2l 143
12| 130409408 4132 75.1% 140 j4 39 11
23| 1907 1119:33 3002 145 143 6.1 a0 3
24 28.001.1516:38 4235 967 14.7 6.1 3 836
25| 2606.1611:17 3875 73.73 142 6.4 13 43
26| 22.11.1614:24 L Je 417 144 oo 17 ]
27 30317447 3945 7158 143 f 11 42
28| 08.08.1723:27 44.40 8148 167 63 20 150

To analyze the number of strong aftershocks,
a series of aftershocks that occurred in 2016-
2023 was taken. Figures 2-5 show the spatial
and temporal distributions of aftershocks after
strong earthquakes. As you can see, in space,
aftershocks are grouped in the epicentral region
of the main shock. The number of aftershocks

for each strong earthquake is different. There are
single aftershocks after a strong earthquake, and
there are numerous aftershocks, up to 100 and
more.

Thus, the aftershocks of some strong earthquakes
in the south-east of Kazakhstan that occurred during
the observation period were considered.
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Figure 2 — Aftershocks of a strong earthquake
on June 26, 2016, K = 14.2 [4]
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Figure 4 — Aftershocks of a strong earthquake
on May 03,2017, K= 14.3 [4]

Conclusion

The following conclusion can be drawn as
conclusions. During the period of intensification
of seismicity in the Southeastern Kazakhstan
research region for 2016-2023, maps-diagrams
of the spatial and temporal distribution of
aftershocks after strong earthquakes (K>14)
were obtained. The time dependence of the
main aftershocks and their aftershocks in the
time interval 2016-2023, which occurred on the
territory of 39-46 °N, 70-85°E, showed graphs
of curves that obey the law of attenuation of
Omori aftershocks. The obtained research
results made it possible to better understand the
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Figure 3 — Aftershocks of a strong earthquake
on November 25, 2016, K = 14.4 [4]
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Figure 5 — Aftershocks of a strong earthquake
on 08.08.2017, K=16.7 [4]

physico-mechanical conditions of the occurrence
and attenuation of aftershocks after strong
carthquakes and showed the need for timely
study of aftershocks after strong earthquakes
in connection with recent strong earthquakes in
different parts of the globe.

The work was performed in the laboratory of
Physics of geodynamic and seismic processes within
the framework of the “Assessment of seismic hazard
of territories of regions and cities of Kazakhstan
on a modern scientific and methodological basis”,
program code F.0980. The source of funding is the
Ministry of Education and Science of the Republic
of Kazakhstan.
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