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Abstract. The features of aftershock manifestations of the 1988 Spitak earthquake have been studied in sufficient detail,
but based on data for the first 2-3 years. The aftershock process is divided into highly active (1988-1991) and weakly
active (1992 — present) periods. The overwhelming majority of 14,000 aftershocks (95%) and the predominant part of
their energy (98%) were released during the active period. During the weakly active period, relative activation is ob-
served in all the identified segments. Against the general background of attenuation of the number and strength of after-
shocks, no patternsin their manifestation are observed.
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Introduction

The 1988 Spitak earthquake (¢ = 40.90; A = 44.20, M = 7.0, I = 9-10 unit by EMS-98, depth — 10 km,
main shock duration — 35-40 sec) is one of the most multilaterally and detailed studied earthquakes in the
world [6]. The processes of aftershock activity have also been studied in detail: their spatio-temporal distri-
bution, connection with tectonic structures, internal structure of the aftershock zone, periods of activity, etc.
However, all this was considered for 07.12.1988-01.01.1992 [1-3, 5]. Little attention was paid to the events
after 1992. The main objective of this paper is to identify the features of the internal structure and dynamics
of the aftershock zone of the 1988 Spitak earthquake over a long period of time (35 years) depending on in-
dividual shocks of the main event and the structure of the aftershock zone. To achieve this goal, it is neces-
sary to solve the following main tasks: a) identification of the structural features of the aftershock zone and
allocation of the main segments based on the characteristics of the main event, distribution of aftershock epi-
centers, parameters of the aftershock focal mechanism; b) connection of segments with geological structures
formed on the earth's surface as a result of the earthquake; c) presentation of the main features of the dynam-
ics of the aftershock zone development during the weakly active period of development; d) features of the
attenuation of the aftershock process in individual segments; e) identification of patterns of occurrence of
strong aftershocks, etc.

Main results

As many researchers, as well as the authors of this article, believe that the spatial-temporal distribution of
aftershocks is closely related to the main event, more specifically to the parameters of 3 separate shocks of the
main event and large structures formed on the day surface — regional faults and seismogravitational structures
[6,7]. As will be shown below, the dynamics of aftershock development also depend on these features.

Location of the three shocks of the main event of the 1988 Spitak earthquake

The 1988 Spitak earthquake began under the city of Spitak, at a depth of about 10 km. The population felt
a strong vertical shock. Almost all apartment buildings and private 1-2 story stone houses immediately colla-
psed. The majority of victims were at that moment. The main material and social losses were in the city of
Vanadzor as a result of this shock. In the city of Gyumri, as a result of this shock, the losses, in comparison
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with the total losses of the Spitak earthquake, were relatively small. On the outskirts of the city of Spitak, a
fault 11 km long was formed. According to all calculations, this first shock had a magnitude of about 7.0.

5 seconds after the first shock, the second, weakest, and most superficial (depth about 5 km) shock of all
three main events occurred near the village of Alavar. A fault 10 km long was formed. This shock caused
minor destruction in the city of Vanadzor. Experts assume that this second shock did not cause any signifi-
cant damage in Gyumri.

The third, the strongest and deepest (10-15 km) shock of the main event of the 1988 Spitak earthquake,
occurred 14 s. after the second, near the village of Dzorashen. As a result of this shock, a continuous, long
fault did not form on the earth's surface, but two large seismogravitational dislocations did. Rock masses
weighing 2 million tons or more moved along the slope at an angle of about 20°, forming a 7 m high "wall"
in front and a 25 m deep ravine in the rear. The villages located nearby were completely destroyed. The main
destruction of buildings and human casualties in Gyumri were precisely due to this third shock, since its epi-
center was 20 km from the city. After the first shock of the main event, the population of Gyumri, who were
in high-rise buildings, had about 30 seconds to leave the buildings [7]. Quite a few people, during this time,
managed to get out from the 3rd floor into the open space and save themselves.

Segmentation of the aftershock zone

The segmentation (division into subzones) of the aftershock zone was based on: a) three separate shocks
of the main event of the 1988 Spitak earthquake, occurring within 35-40 seconds; b) the main tectonic struc-
tures formed on the earth's surface as a consequence of these shocks. Analysis of the main parameters of the
aftershocks showed that different fragments of the aftershock zone have almost the same parameters and fo-
cal mechanism, which coincide with similar parameters of a specific shock of the main event. Thus, such a
genetic connection can serve as an argument for identifying individual segments of the aftershock zone [6].

In Fig. 1. the aftershock zone is divided into 4 segments, which differ from each other in important after-
shock parameters. The 3 segments (No 1, 2 and 3) correspond to the three shocks of the main event, and the 4th
segment is a consequence of the influence of the fault junction. If there were no fault node (the intersection of
the Sarikamish and Pambak-Sevan regional faults), then this segment probably would not exist. Despite the fact
that the 3 separate shocks of the main event are elements of a single fault formation process (upthrust-slip),
their consequences, i.e. aftershocks and their segments, differ from each other. Segmentation of the aftershock
zone is important for considering the features of the aftershock process development.

1 shock

Fig. 1. Map of the aftershock zone segments of the 1988 Spitak earthquake and the distribution of
about 14,000 aftershock epicenters for 09.12.1988-01.01.2025 with M>1.0 [5,6].
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Periods of the aftershock process

Usually, experts divide the aftershock process into two periods: highly active and weakly active. For the
1988 Spitak earthquake, the active period ends in early 1992, when the number of aftershocks sharply de-
creases (Fig. 2 and Fig. 3). The processes of this period have been studied by experts in sufficient detail and
from many sides based on a rich database. The vast majority of the 14,000 aftershocks (95%) and the bulk of
the total energy released by them (98%) occurred during the highly active period [1,2,6].
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Fig. 2. Distribution of aftershocks of the 1988 Spitak earthquake from 1988 to 2016 [5].
It is obvious that most of the aftershocks occurred in the first three years after the earthquake,
in 1988-1991. Aftershocks with magnitude 1.0<M<5.0 continue to this day.

Fig. 3. Map of regional faults [4, 8], 4 segments of aftershock zone of 1988 Spitak
earthquake, and epicenters of earthquakes with M>2.5 for 01.01.2018-01.01.2025.
The map shows the epicenter of the Spitak earthquake of 12/07/1988 as a star.
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Conclusion

During the weakly active period, i.e. from 01.01.1992 to 01.01.2025, the following patterns of aftershock

dynamics are observed:

The activity of the aftershock process is still observed.

The number and released energy of aftershocks during the weakly active period in the aftershock zone is
significantly higher than in the adjacent areas.

In the period 1995-2005, a certain activation (in terms of the number and energy of aftershocks) was ob-
served in all 4 segments of the zone (Fig. 3).

It is assumed that the 2nd segment, which corresponds to the weakest and most superficial shock of the
main event of 07.12.1988, has already ceased to show aftershock activity in 2018 (Fig. 3).

Against the general background of the attenuation of the number of aftershocks and their strength, no
pattern in the manifestation of strong aftershocks is observed.
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