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Abstract. This article analyzes the current
state of exploration of the tectonic structure
and seismotectonics of Armenia as well as the
results of seismological studies. Current
problems in this area are identified. The analysis
of seismotectonic maps created by various
researchers is carried out and the main
contradictions in their construction are
highlighted. The authors have estimated the
accuracy of the earthquake catalogs of Armenia
for the periods 1962–1990 and 1991–2018. The
main problems affecting reliable statistical
analysis of earthquake catalogs are identified.
The main causes of these uncertainties as well
as possible solutions are described in detail. The
article provides a review of seismotectonic
studies in Armenia. The results of previous
research are mainly aimed at establishing focal
zones of strong earthquakes and assessing the
seismotectonic potential of the main
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seismogenic structures. The article presents the
method used in those explorations. Consider-
ing existing problems in the fields of tectonics,
seismology and geodynamics, it is very relevant
to conduct new research, including the develop-
ment of GNSS observations, and application of
updated seismological data.

1. Introduction

The territory of the Republic of Armenia belongs to
the tectonically active and earthquake-prone zone of
the Caucasus. This is expressed in modern slow creep
movements of the earth’s surface and fast seismogenic
movements along faults and in their intersection nodes.
Throughout history, several catastrophic earthquakes
occurred in Armenia, including historical ones – Garni,
1679; Cilicia, 1268, etc. On 7 December 1988, near
the city of Spitak, an earthquake occurred (M = 7.0,
I0 = 9 − 10 points), which killed about 25 thousand
people.

Tectonics is probably the most multifaceted and hard
access for geophysicists and geologists of all the existing
fields of Earth Sciences. Most likely, this is the reason
for the enormous scientific interest that has existed in



this science for decades.
The relevance of explorations in the field of tecton-

ics and seismicity is especially growing when it comes
to geodynamically active regions of the Earth. One of
such territories is Armenia, occupying the southern part
of the Lesser Caucasus, located on the north-eastern
peripheral zone of the Armenian Highlands. The terri-
tory of Armenia is located in the collision zone between
the Arabian (from the south) and Eurasian (from the
north) lithospheric plates. This territory for millions of
years experiences the full power of this phenomenon in
the form of dynamic crustal movements and frequent
strong earthquakes. This is the reason for the great sci-
entific interest in tectonics and seismotectonics in this
region.

2. Tectonics of Armenia

A substantial number of studies conducted by K. Paf-
fengoltz, L. Vardanyants, E. Milanovsky, A. Gabrielyan,
A. Aslanyan, O. Sargsyan, G. Simonyan and others is
devoted to this problem. As a result, tectonic schemes
of Armenia with the identification of the main fault for-
mations were developed, tectonic units of the territory
were identified, geotectonic zoning was conducted, etc.



The geotectonic zoning scheme of Armenia, compiled
by Gabrielyan [1974], was widely used at that time and
a large number of seismotectonic problems were solved
on its basis. The research results were subsequently
systematized in [Gabrielyan et al., 1981].

Based on this map in 2015, the first large-scale (1 :
200, 000) tectonic map of the territory of Armenia was
compiled [Sarkisyan and Shakhbekyan, 2015]. This
map reflects the main tectonic structures (Figure 1).

In 1993, the scheme of active faults of the Armenian
Highlands was published [Karakhanyan, 1993], which
was then corrected in 2004 [Karakhanyan et al., 2004]
(Figure 2). In this scheme, the author refers to active
faults as faults that display tectonic activity in the last
100 thousand years.

As a result, they identified faults: Pambak-Sevan-
Syunik (PSSF), Garni (GF), Akhuryan (Af), Zheltore-
chensk-Sarykamysh (ESF), Parakar-Dvinsk (PDF), Sar-
darapat (SF), Nakhichevan (NF), Akerinsk (AF) faults.
A number of faults were also identified on the territory
of the Javakheti and Geghama volcanic massifs of pre-
dominantly strike fault nature.

Comparison of these schemes shows the presence of
a number of contradictions. First of all, this concerns
changes in schemes over time. So, in 2017, a refined



Figure 1. Fault scheme in the territory
of Armenia according to the data of geological
and geophysical explorations [Hovhannisyan et al.,
2008; Karakhanyan et al., 2017; Sarkisyan and
Shakhbekyan, 2015].



Figure 2. Schematic map of active faults in the
territory of Armenia, according to A.Karakhanyan
[Karakhanyan, 1993; Karakhanyan et al., 2004].



scheme of active tectonics was published [Karakhanyan
et al., 2017] (Figure 3). The absence of a number
of faults that were previously present in the works of
1993, 2004 is striking. First of all, these are Akerinsk
and Nakhichevan faults. However, there are no reasons
for this. The Nakhchivan Fault (NF), here appears as
the fourth segment of the Garni Fault (GF4). Other
faults have undergone significant changes in terms of
their extension. The Parakar-Dvinsk Fault (PDF) was
described by the author as the northwestern branch of
the Nakhichevan Fault, and in the new scheme, the
Parakar-Dvinsk Fault was renamed the Yerevan Fault
(YF) and appeared as a short segment that dramat-
ically changed its submeridian (NW–SE) direction to
sub-latitudinal one, extending east to the junction with
the Garni Fault.

The Zheltorechensk-Sarykamysh Fault has undergone
significant changes. It used to cross the first segment of
the Pambak-Sevan-Syunik Fault (PSSF1) in the form
of a left-side shift at an oblique angle and extended to
Turkey. In the last scheme, only the Zheltorechensk
Fault (JrF) is indicated, which has a northwestern ex-
tension to Lake Cildir.

It can be seen that the nameless strike fault of the
Javakheti Highlands, which is here referred to as the
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Javakheti Fault (JaF), has undergone changes. Instead
of a slip fault, here we already see a right-side slip
fault. This fault extends along the watershed of the
ridge in the submeridian direction from the northwest
to the southeast. Another nameless fault with left-
right shear kinematics stretches to the west of this fault
from the north-east to the south-west. The Javakheti
Fault from the south is joined with the Zheltorechensk
Fault, and the Abul-Samsar Fault with the North Amasi
(ANF) Fault, which together with the South Amasi
Fault (ASF) represent the northwest branches of the
Pambak-Sevan-Syunik Fault.

Considering the picture of faults of the same region
by other authors, for example, the scheme of Gamkre-
lidze et al. [1998], we can observe a different picture.
Gamkrelidze used a whole set of data, both geological-
morphological and geophysical, to draw up a diagram
of active faults in the territory of Georgia. He notes
that the Abul-Samsar and Javakheti faults are strike
faults. In addition, this entire region is surrounded by
the Loki-Agdam fault of sub-latitudinal strike, which
has an average seismic activity. However, as we see in
the 2017 map, this fault is absent and is not identified
as active. In addition, as early as in 1969, S. P. Balian
in his monograph [Balian, 1969] for the Javakheti High-



lands mentioned that there is no fault along the axial
zone of the Javakheti ridge, and the ridge is divided
into segments by sub-latitudinal faults, which is also
not outlined in the 2017 map.

There are many contradictions concerning the
Pambak-Sevan-Syunik Fault in the area of Lake Se-
van. Here in [Karakhanyan et al., 2017] (Figure 3),
as newly discovered, it is noted that in the light of
new data, the Pambak-Sevan-Syunik Fault, to which
the Giratakh (GirF) and Tashtun (TaF) faults were ge-
netically attributed, in fact do not have any structural
genetic connection between themselves and are com-
pletely different structural elements.

In this regard, it should be noted that, several decades
earlier, the authors identified the Ankavan-Zangezur
deep fault, crossing the lake Sevan from the west and
having NW–SE strike (see Figure 1). It extended east-
ward along the southern side of the Shirak basin in
the sub-latitudinal direction, then crossing the lintel
of the Tsakhkunyats and Pambak ranges diverged into
two branches. The first of them sharply turned south-
southeast, crossed the Geghama ridge at an oblique an-
gle, then crossed the entire Zangezur ridge from north
to south through the Vardenis ridge and the Syunik vol-
canic plateau, including the Tashtun Fault. The sec-



ond branch of the Ankavan-Zangezur Fault continued
through the valley of the Marmarik River and crossed
Sevan Lake from northwest to southeast, then skirting
the Vardenis ridge from the east, joined through the
Syunik volcanic plateau in a southern direction with the
Giratakh Fault. Authors who studied the tectonics of
Armenia have never noted any structural-genetic con-
nection between the Pambak-Sevan-Syunik, Tashtun
and Giratakh faults. At the same time, in [Karakhanyan
et al., 2017], the third segment of the Pambak-Sevan-
Syunik Fault (PSSF3) breaks off in the Syunik vol-
canic highlands. The question arises – what is its
continuation. It should be pointed out that the works
of Gabrielyan, Sargsyan and Simonyan, instead of the
Pambak-Sevan-Syunik Fault, mentioned the Sevan- Ak-
erin deep fault, which is also the boundary between the
two geotectonic zones of Armenia – the Sevan-Shirak
geosyncline and the Somkheto-Kafan geoanticline.

Concerning the data obtained on the basis of GPS
observations, the author emphasizes [Karakhanyan et
al., 2013] that they relate to the time interval 1998–
2009. Such a modest period can in no way demonstrate
the general kinematics of movements along faults, tak-
ing into account the cyclical effect of geodynamic move-
ments indicated in other known works.



Next, we will try to analyze the achievements and
uncertainties of seismological studies in Armenia at the
present time.

3. Results of Seismological Studies

Due to the high seismic activity of the territory of Ar-
menia, one of the most relevant areas of geodynamic
research is seismology. To study seismicity and obtain
reliable results, first of all, you need to have a unified
and representative catalog of seismic events. The re-
liability analysis of the source materials is one of the
main parts of seismological research. The accuracy
of the catalog includes the data representativeness of
earthquakes that occurred in the study area, as well as
the estimation of errors in determining the parameters
of earthquakes [Karapetyan, 2018; Karapetyan et al.,
2020].

Inhomogeneous data in the catalogs of earthquakes
arise due to the quantitative and spatial changes in
seismic networks over time. The fact is that with the
development of the seismological network, the repre-
sentativeness of earthquakes can change [Burmin et
al., 2014]. It should be noted that the catalogs pub-
lished in the collections “Earthquakes in the USSR”



since 1967 were limited by the energy class level K ≥ 9,
and were rounded off by the integer value of the class
for a number of years. After the 1988 Spitak earth-
quake, the number of seismic stations increased in the
Republic of Armenia and earthquakes were recorded al-
ready from K ≥ 8. When studying seismic activity, the
basis is the catalog of earthquakes in the territory: the
catalog of earthquakes in Armenia includes a catalog
of instrumental data and a catalog of historical earth-
quakes. In the process of creating earthquake catalogs,
data at different time intervals often have different lev-
els of reliability due to different collection procedures,
data analysis methods, available information, etc. For
earthquakes recorded during instrumental observations,
compiling seismic catalogs has different levels of in-
tegrity over time and space due to changes in network
density in the studied time interval. It is easy to verify
that the determination of the earthquake hypocenters
by different services and methods, according to differ-
ent hodographs and observation systems, gives mixed
results. Confirmation of this is Table 1 that is com-
piled according to the International Seismological Cen-
ter (ISC).

As it can be seen from Figure 4 when calculating the
epicenter of this earthquake by different seismological



Figure 4. Coordinates of the epicenter of the
08.11.2005 earthquake according to world seismolog-
ical services.

services, there are also large differences. For example,
the data presented by the NSSP seismic service, the co-
ordinates of the earthquake epicenter are about 300 km
away from other results.

To study the spatiotemporal distribution of earth-
quake hypocenters and analyze the reliability of data
from earthquake catalogs in the territory of Armenia,
the time interval was divided into two stages – 1962–
1990 and 1991–2018.
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The data from bulletins of seismic stations of the
Caucasus and the data from the funds of the GSRAS
were used as the source data (Seismological bulletin
of the Caucasus, 1973–1990. Tbilisi, “Metznireba”, in
Russian; Seismological Bulletin of Armenia. Founda-
tions of the National Seismic Protection Service of the
Republic of Armenia, 1987–2015, in Russian; Interna-
tional Seismological Center, 1962–2018, http://www.isc.ac.uk/).

Historical data on strong earthquakes were taken
from the database of the catalog of the Caucasus earth-
quakes from M ≥ 4.0 from ancient times to the instru-
mental period (Godzikovskaya, A. A., 2000, Database
“Earthquake catalogue for the Caucasus with M ≥ 4.0
(K ≥ 11.0) from ancient times to the year 2000”,
WDCB, Moscow, in Russian http://zeus.wdcb.ru/wdcb/sep/
caucasus/catrudat).

Figure 5 shows the spatial distribution of earthquake
epicenters in the territory of Armenia and adjacent
areas for the period 1962–1990 and historical strong
earthquakes.

As can be seen from Figure 5 earthquake epicenters
over the specified time period are evenly distributed
over almost the entire explored territory, with the ex-
ception of the northwestern part of Armenia and the
Javakheti Highlands. The use of such data in studying

http://www.isc.ac.uk/
http://zeus.wdcb.ru/wdcb/sep/caucasus/catrudat.html
http://zeus.wdcb.ru/wdcb/sep/caucasus/catrudat.html
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the confinement of earthquake focuses to certain geo-
logical structures and revealing the spatial patterns for
the distribution of earthquake epicenters will not yield
fundamental results. Based on this distribution of epi-
centers, one can assume the absence of block structures
in the territory of Armenia, which contradicts the re-
sults of numerous studies and the structure of the upper
part of the earth’s crust in this region. The existence
of accuracy problems in determining the coordinates of
earthquake hypocenters of the study area are described
in [Burmin et al., 2016, 2018].

The distribution of the epicenters of historical earth-
quakes also raises some questions. In particular, as can
be seen from the map from 851 to 893 in the central
part of Armenia the Dvina earthquakes with magni-
tudes from 5.2 to 6.4 occurred. The coordinates of the
earthquake epicenters were located at the same point
that is not possible both from the tectonic position
and when studying statistical data, and there are sev-
eral such examples. Consequently, the localization of
the epicenters of historical earthquakes was carried out
with large approximations.

Figure 6 shows the distribution of hypocenters in the
latitudinal direction for the period 1962–1990.

It can be seen that the depths of the earthquake



Figure 6. Distribution of earthquake hypocenters
in the territory of Armenia and surrounding areas for
the period 1962–1990.

sources in the study area were determined approxi-
mately, since they are expressed mainly by discrete val-
ues of 5, 10, 20, 25, and 50 km. This circumstance
is explained by the fact that the processing of seismo-
logical material was carried out using the Levitskaya–
Lebedeva hodograph built for earthquakes in the Tran-
scaucasia and the isochron pattern method of Ya. V. Riz-
nichenko, constructed according to the hodographs of
A. Saakyan for focal depths H = 5, 10, 15, 20, 25 km,
as well as [Levitskaya and Lebedeva, 1953]. Therefore,



these approximate values are given in the catalogs of
earthquakes.

Figure 7 shows the spatial distribution of the earth-
quake epicenters of the territory of Armenia and sur-
rounding areas for the period 1991–2018.

Having studied the catalog data for the specified pe-
riod, it should be noted that the artificial lattice type
of epicenters continues until the 2000s.

Since 2006, other problems have arisen that affect
the reliability of statistical analysis. As pointed out in
[Artemov and Mikhailova, 2014], industrial explosions
were identified in the catalogs of earthquakes in the ter-
ritory of Armenia. In this regard, the amount of infor-
mation in the catalogs of earthquakes sharply increased
and amounted to N = 1306, 1901 and 1667 seismic
events, respectively, in 2006–2008, while in 2004, 2005
were recorded respectively 560 and 546 earthquakes.
All events are presented by the catalog authors as earth-
quakes. Such a sharp increase in the number of events
deserves special consideration and it is important for
the correct assessment of the spatio-temporal dynam-
ics of seismic processes in Armenia.

Figure 8 shows the distribution of hypocenters for
the period 1991–2018.

As can be seen from the figure, the depths of the
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Figure 8. Distribution of earthquakes hypocenters
in the territory of Armenia and surrounding areas for
the period 1991–2018.

earthquake sources do not exceed 60 km and again
there are approximate values of 5, 10, 25 km.

4. Seismotectonics

It is known that the territory of Armenia covers the
North-Eastern peripheral part of the Armenian High-
lands and is located in the Alp-Himalayan seismically
active belt. Here, for historical and modern periods of
observations, earthquakes with M > 6.0 are known,
which belong to the category of destructive ones, and



earthquakes with magnitudes M > 4.5 are numerous.
This circumstance determines the urgency of the tasks
regarding the establishment of possible seismic sources
(hereinafter referred to as PSS) of strong earthquakes
and the assessment of the seismotectonic potential of
the main seismogenic zones of Armenia.

Despite the high seismic activity in Armenia, there
is a limited number of works devoted to the identifi-
cation of strong earthquakes PSS. Superiority among
them belongs to the work of Gabrielyan and Piruzyan
[1972], where the authors first put forward the most im-
portant idea of the spatial confinement of strong and
weak earthquakes to certain structural-tectonic zones.
The authors of the article wrote, “Areas characterized
by differentiated and contrasting types of recent move-
ments are more seismically active. The greater the
change in sign and speed of the latest and modern
movements along strike and in time, i.e. the larger
their gradient, the higher is the seismic activity”. In
the same work, the authors extend this conclusion to
the main five geotectonic zones in the territory of Ar-
menia.

In Gabrielyan et al. [1981], a review of strong his-
torical earthquakes from a structural-tectonic position
is made. However, it is known that each geotectonic



zone of Armenia has its own internal complex block
structure, and, therefore, the interpretation of seismic
activity at this level is largely generalized, which makes
it impossible to examine in more detail the patterns
of seismic activity within the geotectonic zones them-
selves.

Approximately the same conclusion can be drawn
from the thesis [Boynagryan, 2005], devoted to the
identification of seismically active structures of Arme-
nia according to morphostructural data. Here, the au-
thor notes that the epicenters of earthquakes are mainly
confined to those neotectonic structures that at the
latest stage underwent tectonic movements with dif-
ferent signs (upthrowns and downthrowns). However,
the specified detail of studies is also not provided in
this work.

A number of works on the establishment of PSS and
the seismotectonic potential assessment were carried
out in IGES NAS RA. Among them, one can note the
work [Gasparyan et al., 2019; Geodakyan et al., 2016;
Hovhannisyan et al., 2008]. In these works, the concept
of a seismically active stratum and its block structure
was first put forward. According to this study, the seis-
mically active stratum includes the top most part of the
earth’s crust in the territory of Armenia, with an aver-



age thickness of 20 km, in which the main part of the
recorded earthquakes sources are concentrated. Fur-
ther, the authors conducted gravity modeling in order
to identify the block structure of the seismically active
stratum. For this purpose, in relation to a convention-
ally accepted surface (20 km deep), the authors dis-
tinguish a number of blocks, some of which are down-
thrown, and the other part is upthrown (Figure 9).

As was noted in the seismology section, the choice of
the thickness of the seismically active stratum is due to
discrete depths values of the earthquake sources, since
catalogs and bulletins were used as sources of the initial
data. With such approximate and discrete values, it is
impossible to unambiguously state the main character-
istics of the seismically active stratum. The reliability
of such a study and the results obtained is generally
called into question when considering the spatial dis-
tribution of the earthquake sources in the territory of
Armenia (Figure 5).

Assessment of the seismotectonic potential of faults
was carried out mainly on the basis of previously recorded
seismic events. Of course, the authors pay some atten-
tion to the geological and tectonic characteristics of
seismogenic zones, in particular, to the extent of their
strike, to the sizes of interacting blocks, to the epi-



Figure 9. The structural-dynamic model of the
seismically active stratum for the territory of Armenia
and the possible seismotectonic potential according
to [Hovhannisyan et al., 2008]. Faults: 1 - Pambak-
Sevan, 2 - Yerevan, 3 - Ninotsminda-Metsavan,
4 - Vardaghbyur-Amasia, 5 - Arpi-Vardaghbyur, 6 -
Aragats-Javakheti, 7 - Transcaucasian suture, 8 -
Garni-Spitak, 9 - Ani-Bayandur-Alagez.



central distance of strong earthquakes, etc. However,
nevertheless, the main indicator for the seismotectonic
potential assessment is seismological data, in partic-
ular, the magnitude values of recorded strong earth-
quakes. As a result of this approach, fault segments
where no strong seismic events were recorded during
the instrumental period artificially obtained low values
of the seismotectonic potential, while those in which
strong earthquakes were observed, on the contrary are
high.

In the works [Gasparyan et al., 2019], the so-called
“source-volume” concept is used [Bath and Duda, 1964].
Based on this concept, the geometric characteristics
of the blocks, most importantly their volume, serve
as indicators for assessing the seismotectonic poten-
tial. The tectonic basis for this study was the same
structural-dynamic diagram of the seismically active
stratum, which has been discussed above. Its structural
elements were not changed, the depth of the blocks
remained the same, only the volume of blocks was cal-
culated, after which, using empirical dependences, a
transition was made from the volume of the block to
possible values of Mmax.

In recent years, in the world practice of seismolog-
ical studies aimed at studying the PSS and assessing



the seismotectonic potential of the territory, the study
of the stress-strain state of the earth’s crust is the most
relevant. Today, there is a variety of methods and
computer programs for solving this problem, through
local reconstruction of tectonic stresses [Delvaux and
Speerner, 2003; Imaev et al., 2015; Imaeva et al., 2017;
Lander, 2004; Morozov and Manevich, 2016; Morozov
et al., 2018a, 2018b; Rebetskiy et al., 2016]. Part of
the research is based on studying the mechanisms of
strong earthquakes, identifying on this basis the main
axes of compression and extension of the terrain, and
on further assessing the seismotectonic potential of the
terrain by introducing GPS observations [Guojie Meng
et al., 2019; Riaz et al., 2019; Xiaoning Su et al., 2019].
Another part of the work is based on a comprehen-
sive study of geological and geophysical data and on
the application of appropriate computer programs for
PSS identification [Dzeboev et al., 2019a, 2019b; Grig-
oryan et al., 2019; Karapetyan and Karapetyan, 2019;
Soloviev et al., 2013].

Summarizing the above, as well as taking into ac-
count all the gaps existing in the study of the structure,
tectonics and geodynamics of the territory of Armenia,
and the practical lack of modern GNSS observations
(since after the article [Karakhanyan et al., 2013] there



are no new data or works according to GNSS observa-
tions in the territory of Armenia), in our opinion, the
solution to the problem of detecting PSS for strong
earthquakes and the assessment of seismotectonic po-
tential are the most relevant areas of seismotectonic
research in Armenia.

5. Conclusions

Summing up the above, it should be noted that there
are many contradictions in the results of tectonic stud-
ies in Armenia. In this regard, the first priority should
be the compilation of a reasonable and accurate map
of the tectonic structure of the territory, with the iden-
tification of block structures and active faults. When
drawing up this scheme, all existing geological and geo-
physical materials and tectonic schemes should be taken
into account, as well as modern geographic information
technologies and Earth remote sensing materials should
be applied.

In the field of seismological research, it is necessary
to emphasize the importance of applying the most ac-
curate seismological data to obtain reliable results in
connection with the study of the confinement of earth-



quake focuses to certain tectonic structures and the
study of the deep structure.

Based on the solution of the aforementioned prob-
lems in the fields of tectonics and seismology, which
are essentially of primary importance, new prospects
will open up for studying the seismotectonic problems
of Armenia using a modern methodological approach
and reliable data.

Thus, the most urgent tasks are the following – the
study of spatial seismicity patterns, a comprehensive
assessment of the tectonic activity of blocks, the identi-
fication of focal zones of strong earthquakes, the study
of the stress-strain state of the earth’s crust, and as-
sessment of the seismotectonic potential.

All these areas for the solution of which active re-
search is currently underway are the most relevant and
strategic for IGES NAS RA.
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