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Summary. The paper presents the results of the analysis of seismicity, tectonics and the mani-
festations of induced seismicity in the area of the Mingachevir reservoir for the period 2008-2017.
Local earthquakes that occur when the Mingachevir reservoir is filled have insignificant magni-
tudes — less than 2-2.5, tremors with a magnitude of 3.5 are less common. Epicenters are located
mainly at a distance of no more than 5-10 km. Data analysis showed that seismic activity increases
when the pressure reaches 78 m or more. Based on the mechanisms of the earthquake source, maps
of the distribution of compressive and extension stresses in the horizontal plane and in depth were
constructed. It was found that the northwestern part of the study area is characterized by extension
and compression in the south and southeast. Analysis of seismic activity observation data showed
the dependence of the rate of change of the water level in the reservoir with the seismic activity of
weak earthquakes, which is non-linear. The rise in water level lasts 5 months, from March to June.
In August the water level at the beginning drops gradually and then sharply (from 80-78 m to 74-
73 m). As a result of the drop in water level in this area the induced seismicity increased. In 2010
the water level in the Mingachevir reservoir increased from 78-79 meters in March to 82-83 meters
in May, caused an increase in the water level in the Kura River and attracted flooding. An analysis
of seismicity for this period showed that in February, March, April, July and August 21 earth-

quakes with magnitudes of 1.2-3.0 occurred in this region
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Introduction

As it is known the territory of Azerbaijan is un-
der influence of natural disasters which occur occa-
sionally, they are: landslides, earthquakes, mud-
flows, floods, etc., the most dangerous and unpre-
dictable among them are earthquakes.

Water is an efficient instrument in man’s impact
on seismicity and seismic conditions in seismic ac-
tive regions. The construction of large reservoirs and
other hydraulic structures causes an increase of
seismic activity.

Filling large dams could change the stress state
of active seismic regions, causing the occurrence of
earthquakes. This problem is urgent for our republic
as the country is one of the active seismic regions in
the Caucasus.

Several water reservoirs are functioning in the
Azerbaijan territory including Mingachevir water
reservoir and they are able to change seismic condi-
tions of region.

Study of earthquake prone factors of Minga-
chevir water reservoir is of practical and theoretic
importance, it allows studying both tectonic struc-

ture and seismicity of region in details. Moreover
research of these factors permits to withstand unde-
sirable consequences during natural disasters and
optimally exploit hydrotechnical constructions.

This article mainly focuses on studying earth-
quake-prone factors in the territory of Mingachevir
water reservoir, definition of connection between
seismicity and water conditions in reservoir and de-
termination of hydrostatic impact nature on landslide
activization within studied region.

General description of Mingachevir

water reservoir

Mingachevir water reservoir is located in natural
tectonic mouldlike depression of Kura valley passing
into thick anticlinal uplifts framing Bozdag ridges in
the south and Kojashen in the north (Fig. 1).

Water reservoir extends from NW to SE along
Kura r. valley approximately 75 km including par-
tially Alazani r. valley. The area of water reservoir
aquatorium is about 625 km?, and average width is
6-8 km. Length of coastline is 215 km. Volume of
water reservoir is 16 km®. Mingachevir water reser-
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voir surrounded by high ridges is located in favora-
ble conditions and represents natural tectonic bowl
having the same morphological surface. Khanabad
valley is the only low area where saddle connects
Bozdag and Kojashen ridges with the higher mark
(Islamov, 1963).

Mingachevir water reservoir was filled in 1953
when Mingachevir hydraulic complex appeared cov-
ering Kura r. in area of Mingachevir throat.

Relief of Mingachevir water reservoir area can
be characterized by complexity and diversity. The
main geomorphological structure of studied region is
Bozdag ridge represented by anticlinal fold of flat-
topper type. Bozdag consists chiefly of Absheron
sandy-clayey rocks and only in the crystalline part
akchagyl dark-grey, almostly black clays can be
found as sports (Suleimanov, 1961).

This main geomorphological structure is added
by inclined piedmont foreslopes overlapping two
large erosion steps.

North-eastern slope of Bozdag ridge is of typi-
cal landslide structure.

North-eastern slope of Bozdag coinciding with
arc part of anticline gradually passes into the area of
hilly relief development on flattened Bozdag top.
South-western slope of Bozdag ridge is represented
by bush relief area.

Relief is formed in relatively dry climate. Sea
transgressions from south-east abraded south slopes
of Bozdag and eliminated southern slope of the main
fold.

Mingachervir water reservoir silting

Building of Mingachevir dam and construction
of large water reservoir provided the change of Kura
r. rate regime. This disturbed recorded regime of
sediments movement and created conditions for their
bedding in water reservoir. In practice of hydraulic
structures there were situations when newly built
water reservoirs became silty fast. So, study of con-
ditions of sediments accumulation and definition of
silting duration of Mingachevir water reservoir is of
great importance.
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Fig 1. Schematic map of Mingachevir water reservoir region
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Within water reservoir one can determine mor-
phologically the area of piedmonts and mountains of
surrounded ridges, average height of which is 200-
250 m. The higher water levels in water reservoir
can be found in summer months and this is connect-
ed with hydrometeorological phenomena in area of
water reservoir. Increase of water level in water res-
ervoir continues usually 5 months — from March till
July and maximum intensity is in May-June. In Au-
gust fall of water occurs; at the beginning — slowly
and then — rapidly. In January-March level fluctua-
tions are insignificant. Spring and summer increase
of water level is caused both by water coming from
Kura, lori and Alazan rivers and by sediments in
water reservoir. Reduction of water level in water
reservoir during autumn-winter period is caused on
the one hand — by drought type of supply, and on the
other hand — by regime of water reservoir work on
energetic schedule.

Spring overflow in Mingachevir water reservoir
is the consequence of two factors relationship —
melting of snow gathered in mountains and spring
sediments. Gradual coming of spring water starts in
March. Average duration of overflow is from 2.5 till
3 months. Start and finish terms of overflow on three
rivers coincide. Moreover, artificial distribution of
water irrigation influences greatly on flow regime.
Correspondingly expenditure of suspended sedi-
ments depends on change of water expenditure.

Ground waters of Absheron and Akchagyl de-
posits are confined to root sandstones but as a result
of strong and deep erosion of ridges components
they are heavily drained and aquifers of Absheron —
more drained.

Seismicity of studied region

At present RCSS of ANAS includes 35 seis-
motelemetric stations, seven of which are located in
the territory of Middle Kura depression.
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Owing to improvement of monitoring system
now it is possible to register earthquakes with
ml>0.1 without interruption. According to map of
earthquakes epicenters for three periods 427-1953,
1954-2017 and 2003-2017 yrs. the Mingachevir fo-
cal area can be defined as zone with 6-7 M (Fig. 2,
3) (Report on the work of the experimental batch
processing, 1981-2007).

These periods were chosen because the exploi-
tation of the reservoir was started in 1954, and it was
interesting to see how the seismic situation in this
region changed. The period from 2003 to 2017 was
shown in order to understand whether the impact of
new open digital stations in Azerbaijan affected the
number of recorded earthquakes in the Mingachevir
reservoir area. An increase in the network of digital
stations made it possible to record weaker seismic
events. But despite this, it can be concluded that
seismic activity in this region has increased com-
pared to the period when the reservoir was not built,
i.e. induced seismicity appeared.

On the basis of the macroseismic and instrumen-
tal data analysis collected in the Azerbaijan territory
for the period of the last 400 years, it has been deter-
mined that the strong and weak earthquakes foci in
Azerbaijan are mainly situated within the crust and
correspond to 10-30 km depths. Thereby relatively
small amount of these events is connected with deep
depths (Fig. 4) (Geology of Azerbaijan, 1951).

On the basis of the macroseismic and instru-
mental data analysis it was determined that both
strong and weak earthquakes occurred in Minga-
chevir water reservoir. But small earthquakes hap-
pen most often. In spite of this there is a necessity
for seismicity monitoring in this territory because
these small earthquakes eventually form small frac-
tures in Mingachevir water reservoir. This can not
only cause strong earthquakes but also lead to envi-
ronmental hazards of Mingachevir water reservoir
(Javakhishvili, 2002).
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Fig. 2. Map of Mingachevir region epicenters and adjacent areas for the period 427-1953 and 1954-2017 yrs.
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Fig. 4. Depth section of earthquakes hypocenters in Mingachevir water reservoir zone
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Based on these data it can be concluded either
about supposed fault or about existence of medium in-
homogeneity of stress fields at this depth and that earth-
quakes of this focal area can be coincided with them.

Scientists investigating the seismicity of this fo-
cal zone made a conclusion that both shallow earth-
quakes connected with the sedimentary cover and
enough deep ones related to the "basaltic" layer and
even to the transient formations from crust to mantle
are characteristic of Mingachevir focal area.

The hypocentres distribution within investigated
area for the period of 1980-2010 indicates an in-
crease of seismic activity in 1980-1986, 1999-2004.

The studies show that the seismic activity has
associated with the water reservoir level change.
Maximum seismic activity and a large number of
shocks occurred in 1982. The earthquake with M = 6
magnitude happened on 3 May of the same year.
Time shift between the water level peaks and seis-
mic activity was several months.

The great repetition frequency of local earth-
guakes in Mingachevir region and its geological
conditions taking into account modern tectonic
movements create a real threat for construction sites.

A comparative analysis of reservoir water level
changes against the energy released during earth-
guakes has been conducted by us for background
seismicity research and seismic hazard determination.

The graphics for the period of 2008-2017 are
presented as an example (Fig. 5).

Observational data analysis for seismic activity
showed in the water reservoir existence of water
level dependence on the seismic activity of small
earthquakes which is non-linear. Seismic energy in-
crease is observed in the interval of 1-3 months after
reaching of maximum water level.

The seismic activity increase can also be con-
nected with other influencing factors: additional
load, tectonic faults existence, flooding, pore pres-
sure change and etc. (Veliyev, 2001).

Earthquakes area influence on Mingachevir wa-
ter reservoir zone was estimated according to the
happened earthquakes magnitude within investigated
region.

Stress orientation distribution by Lode-Nadai

method

Methods of analysis of seismological data about
earthquake source mechanisms and geological in-
formation of orientation of slip fault sets are well-
known in inverse problem of tectonophysics. These
methods of stress inverse problem make it possible
to calculate four out six components of tectonic
stress tensor based on data on discontinuous disloca-
tion: orientation of three principal stress axis (o,
k=1,2,3), determined by three Euler's angles and

Lode-Nadai or ratio coefficient characterizing shape
of stress tensor. A high value of the Lode-Nadai s
coefficient indicates tension, a low value indicates
compression. The Lode-Nadai i, coefficient within
the study area almost everywhere corresponds to a
stress tensor of pure shearing (deviatoric stresses of
maximum compression and tension have almost
equal absolute values). In the transition zone from
Kur basin toward NE zone of Greater Caucasus the
stress tensor type corresponds to uniaxial compres-
sion (absolute value of deviatoric compression is
two times larger than the other two principal stress-
es, which have almost the same value) (fig 6.).

Physical and geological conditions on the

Mingachevir reservoir banks

Periodically horizons fluctuations of the Minga-
chevir reservoir while in service create the condi-
tions for the change of existing physical-geological
conditions of the water reservoir bowl slopes.

The wave-cut processes, storm flows having ar-
gillaceous karst on the slopes contribute to the
slopes dissection intensification of the water reser-
voir basin bowl, which in its turn causes the land-
slides during periodic fluctuations of water line
(Yetirmisli, 2006).

The numerous wave-cut notches of different
sizes are formed under the waves slaps in the basis
of coastal cliffs. These wave-cut notches in large
guantities are observed above the dam on the south
slope of the water reservoir. During high water level
these positions are injected by water forming small
inlets with vertical walls.

As a result of conducted surveys the following
banks types are distinguished in the coastal zone of
Mingachevir water reservoir: 1) accumulative areas;
2) abrasion bank: a) abrasion-collapse bank; b)
abrasion-landslide bank, c) low level flood bank
(Suleimanov, 1961).

Accumulative areas are essentially developed in
the piedmont plain region, between ridge branches,
downward to the water reservoir. In particular, they are
occurred in the south-eastern and south-western areas.

Abrasion-collapse bank type is typical for the
south-south-eastern bank of the water reservoir
where the branch tips of the Bozdagh ridge, jutting
out deeply into the sea, are exposed to the intense
undercutting and caving.

Abrasion-landslide bank type is developed on
the south bank of the water reservoir, directly at the
HPS neck.

In the studied region the collapses play role of
constant factor of the slopes formation. In addition, the
ridges slopes, bordering the water reservoir, are cov-
ered by landslides. Landslides represented a complex
phenomenon, conditioned by cohesion forces change.
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Fig. 5. Graphic of the reservoir water level change against energy released during earthquakes in 2008-2017
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Fig. 6. Stress orientation by Lode-Nadai coefficient for the Mingachevir reservoir

It is known that the landslides occurred on the
right bank of Mingachevir water reservoir, within
Bozdag ridge in 1985, 1987, 1989, 1996, 2000, 2006
and 2012.

In order to study the hydrostatic impact effect
on landslides activation within the studied region we

have been conducted a comparative analysis of wa-
ter level changes in water reservoir with the energy
released during earthquakes and landslides processes
in 1985, 1989, 1996, 2000 and 2006 (Fig. 7, 8).

100 : ¥ ] X ¥ 772
123 pEad ; 7
g 71.00 7100 4044 71.00 327g
: F——
10
o
©
<
o 14
s
w
0.1 1
0.01
1 2 3 4 5 6 7 8 9 10 1" 12
month

Fig. 7. Dependence diagram of the water level change of water reservoir with energy released during earth-

quakes by landslides activation for 2000
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Fig. 8. Dependence diagram of the water level change of water reservoir with energy released during earth-

quakes by landslides activation for 2006

Seismic energy was calculated by the empirical
method through the magnitude of earthquakes (1, 2):

K=4.58+1.46ml r=0.8871, n=1149 (1)

E(enrg)zloK (2)

The analysis showed that the landslides oc-
curred mainly in summer-time during the fall in wa-
ter level on 5-10 m, which is associated with the hy-
drostatic pressure decrease, change of argillaceous
rocks plasticity, heavy rains and water seepage
through water reservoir cracks.
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Conclusion

Reservoir filling influences the small earth-
quakes appearance directly in the Mingachevir
water reservoir region and in the adjacent terri-
tories. During plain flooding the underground
waters level rises in the soil foundation that in-
duces the landslides formation. Moreover the
right bank of water reservoir is the most proba-
ble place where one would expect the landslide
phenomena. In addition, it should be noted that
the high terraces in the cliffs areas and on the
mountain slopes will collapse and adapt to the
new conditions, which will cause the local
origin drifts accumulation in the water reservoir.
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OLHEHKA TrEOJUHAMMYECKOI'O PUCKA MUHIT'TYHEBUPCKOI'O BOJOXPAHUWINILNA

Hcaamona LK., KazeimoBa C.9J., Ucmaniosa C.C.
Pecnybonuxanckuii Llenmp Ceticmonoeuueckoti Cyscovr HAH Azepbaiioscana
AZ1001, 2. Baxy, yn. H. Pagubeinu, 25: shirin.i@inbox.ru, sabina.k@mail.ru

Pe3ztome. B paboTte MpUBOAATCS pe3yNbTaThl aHAIM3a CEHCMUYHOCTH, TEKTOHUKH U TIPOSIBICHUS HaBEACHHOW CEHCMHUYHOCTH B
paifone MuHrs4eBupckoro Bogoxpanminiia 3a nepuon 2008-2017 rr. JlokanbHble 3eMIICTPSICCHUS, BOSHUKAIOIIUE TIPU 3aII0THEHUH
MUHITY€BUPCKOTO BOAOXPAHWIIHIIA, HMEIOT He3HAUUTEIbHbIE MATHUTY Il — MeHee 2-2.5, pexe NPOSABIAIOTCS TONYKU ¢ MArHUTYION
3.5. DOuIeHTphI pacmonaraloTcss B OCHOBHOM Ha paccTosiHUM He 6osee 5-10 kM. AHanU3 JaHHBIX MMOKa3all, 9TO CeHCMHYEcKas ak-
TUBHOCTH BO3pPAcCTaeT MPH AOCTHKEHUH Haropa 78 M u GoJee.

Ha ocHOBaHMM JaHHBIX MEXaHH3MOB OYaroB 3eMJICTPSICEHUI OBUIM IOCTPOSHBI KapThl pacHpeNeNIeHUs] HANPsDKSHUH CKaTus 1
PACTSDKEHUS B IPOCTPAHCTBE U 10 ITyOHHE. BbIIo ycTaHOBIIEHO, UTO ceBEpO-3alaiHas 4acTh HCCIEAYeMOro pailoHa XapaKTepu3yeT-
sl pacTsDKCHHEM U C)KaTHEeM Ha IoTe U For0-BOCTOKE.

AHanm3 TaHHBIX HAaOJIIOJICHNUIT 32 CeHCMUYECKOH aKTHBHOCTBIO ITOKA3aJl HAJIMYUE 3aBUCHMOCTH CKOPOCTH M3MEHEHUs YPOBHSI BO-
IIbI B BOJOXPAHWINIIE OT CEHCMUYECKONW aKTUBHOCTHU CIAa0bIX 3eMIIETPSACEHHH, KOTOpas MIMEET HEeIMHEHHBIN xapaktep. [loBpieHne
YPOBHSI BOJBI AJHUTCSA 5 MECAIEB, HAUMHAs C MapTa 110 HIOHb. B aBrycTe MecsIie ypoBeHb BOABI CHadada MOCTEIIEHHO, a 3aTeM PE3KO
nangaet (¢ 80-78 m 10 74-73 m). B pesynbraTe mageHust ypoBHS BOJBI B TOM paifOHE yBEINYMIACH HABEACHHAS CEHCMUYIHOCTD.

B 2010 roxgy ypoBeHb BoAbsl B MUHTSIUEBUPCKOM BOJOXPAHIIIHIIE TOBBICHICS ¢ 78-79 MeTpoB B MapTe 10 82-83 MeTpoB B Mae,
YTO BBI3BAJIO MOBBIMICHUE YPOBHS BOJBI B peke Kype m moBnekio 3a co0oi HaBoJHEHHE. AHAIN3 CEHCMHYHOCTH 3a ATOT IEPUOJ
HoKa3all, 4To B (heBpaje, MapTe, anpele, MIoJIe U aBrycTe MecsllaxX B JAaHHOM PErHOHE IPOM30LLIO 21 3eMIICTpSCEHUE C MarHUTYOH
1.2-3.0.

Knroueswvie cnosa: Muneauesupckoe 6000xpanunuiye, CeicMuvecKkas akmusHoCmb, 3eMIempscerus, Onoa3Hu

MINGOCEVIR SU HOVZOSiNIN GEODINAMIK RiSKININ QiYMOTLONDIiRILMOSi

islamova S.K., Kazimova S.E., ismayilova S.S.
AMEA nazlinda Respublika Seysmoloji Xidmat Markazi
AZ1001, Baki, N.Rafibeyli, 25: shirin.i@inbox.ru, sabina.k@mail.ru

Xiilasa. Magalads Mingagevir su anbari orazisindo 2008-2017-ci illar {igiin meydana golon seysmikliyin, tektonikanin tshlili vo
suni zalzalolarin oamoals golmasi prosesi analiz olunur. Mingagevir su anbart dolduruldugda bas veran yerli zolzalslorin magnitudalart
asasen 2.0-2.5 araliqda doyisir, 3.5 bal giictinds zalzalslors ise daha az rast gslinir. Episentrlor asason 5-10 km dorinliklords yerlosir.
Molumatlarin tohlili gostardi ki, suyun saviyyssi 78 m vo ya daha gox oldugda seysmik aktivlik artir.

Zslzals ocaq mexanizmlorinin alinmig molumatlar ssasinda sixilma va garilms zonalarimin sxemi va darinliys gors kasilislor qu-
rulmusdur. Miisyyan olunub ki, tadgig olunan srazinin simal-gorb hissasi gorilms ilo saciyslonir, orta hissslorinds horizontal yerdo-
yisma, canub vo conub-sarg hissalorinds ise sixilma miisahids olunur. Su anbarinin doldurulmas: birbasa Mingagevir su anbari rayo-
nunda vs bitisik orazilords zaif zolzalalorin meydana golmosins tasir gostorir.

Su anbarinda suyun saviyyesinin galxmasi adoton 5 ay — mart ayindan iyul ayina godar davam edir. Avqustda suyun saviyyasinin
diismosi baglayir: avvalce yavas-yavas, sonra ise daha siirotlo (80-78 m-don 74-73m-o gadar). Yanvar-mart aylarinda suyun saviyys-
sinin dalgalanmasi az miqdarda olur.

2010-cu ilds Mingagevir su hovzasinds suyun saviyyasi mart aymda 78-79 m-don may ayinda 82-83 m-o godor yiiksalmisdir ki,
bu da Kiir ¢aymnda suyun saviyyasinin artmasina vo dasqina sebob olmusdur. Homin vaxt orzinds seysmikliyin analizi gostordi ki,
fevral, mart, aprel, iyul vo avqust aylarinda bu bélgods 1.2-3.0 bal giiciindos 21 zolzslo bag vermisdi.

Acar sézlar: Mingagevir su anbari, seysmik aktivlik, zalzala, siiriisma
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