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Abstract

This article examines the impact of earthquakes in the Sheki-Zagatala seismic zone on the
hydrogeochemical characteristics of groundwater. A comparative analysis of seismic events recorded
in different years and the results of geochemical monitoring is conducted. It is established that
anomalies in hydrogeochemical parameters are formed in conjunction with tectonic processes, and
their nature depends on the geological and hydrogeological features of the region. The results of the
study demonstrate that long-term and systematic groundwater monitoring is essential for studying
seismic processes and holds promise for identifying potential precursors.

Keywords: Greater Caucasus; seismicity; fluid geochemistry; geochemical anomalies; seismic
precursors; seismically active zones; stress-strain state.

SOKI-ZAQATALA ZONASINDA SEYSMIK AKTIVLIYIN YERALTI SULARIN
HIDROGEOKIMY®Vi REJIMINO TOSIRI (2018-2025)

9.L.Mammadov, S.A.Mammadzada, S.E.Kazimova, A.A.Karamova

Xiilaso

Mogalods Soki-Zagatala seysmik zonasinda zalzalolorin yeralt: sularin hidrogeokimyavi xii-
susiyyatlarina tasiri aragdirilmis, miixtalif illords geyds alinmis seysmik hadisslor geokimyavi mo-
nitoringin naticalori ilo miiqayisali sokilds tohlil edilmisdir. Miioyyan edilmisdir ki, hidrogeokim-
yavi parametrlards bas veran anomaliyalar tektonik proseslarlo garsiliqli slagads formalasir vo on-
larin xarakteri regionun geoloji-hidrogeoloji xiisusiyyatlorindon asilidir. Todgiqgat noticalori goste-
rir ki, yeralt1 sularin uzunmiiddatli vo sistemli monitoringi seysmik proseslorin 6yranilmoasinds mii-
hiim ohamiyyat kasb edir vo miimkiin xabarverici alamatlorin miioyyanlasdirilmosi baximindan
perspektivlidir.

Acar sozlar: Boyiik Qafqaz; seysmiklik; fliidogeokimya; geokimyavi anomaliyalar; seysmik
xobarvericilor; seysmoaktiv zonalar; gorginlik-deformasiya voziyyoti

3AKOHOMEPHOCTH BJIUSTHUSI CEICMUYECKOW AKTUBHOCTH INEKUHCKO-
3AKATAJILCKOM 30HBI HA T'HJIPOTEOXUMUYECKHU PEKAM MO3EMHBIX
BOJI (2018-2025IT.)

AJL. Mamenos, C.A. Mammenszaje, C.E. KazumoBa, A.A. Kepemona

AHHOTANUA

B cratbe nccnenoBano BnusHHE 3emieTpsicernil B [llekmHCKO—3aKkaTaIbCKON CEMCMUYECKOM
30HE Ha THAPOr€OXUMUYECKUE XAPAKTEPUCTHKHU MMOJ3EMHBIX BOJ, IPOBEAEH CPABHUTEIIbHBIN aHATU3
celicMHYeCKUX COOBITUH, 3apEruCTPUPOBAHHBIX B Pa3HbIE T'OJbl, U PE3YJbTATOB I'€OXHUMHUYECKOTO
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MOHHUTOPHHTA. Y CTAaHOBJIEHO, YTO AHOMAJIHH T'MIPOT€OXUMUYECKUX MapaMeTpoB (POPMHUPYIOTCS BO
B3aMMOCBSI3M C TEKTOHUYECKMMHU MpPOLECCaMH, a UX XapaKTep 3aBUCUT OT I'€0JOro-THApPOreosio-
IMYECKUX 0COOEHHOCTEN perroHa. Pe3ynbpTaThl Hccae10BaHus MOKa3bIBAIOT, YTO JOJITOBPEMEHHBIN
U CHCTEMAaTUYECKUI MOHUTOPUHI IOJ3EMHBIX BOJ HMMEET Ba)XHOE 3HAYCHHME U1 U3Y4ECHHUS
CEHCMMUYECKUX TMPOLIECCOB M SBJISETCS MEPCHEKTUBHBIM C TOYKU 3PEHMS BBISBICHUS BO3MOXHBIX
IIPEIBECTHUKOB.

KuroueBble cioBa: bonbmoit KaBkas; ceiicMHUHOCTD; (IIOMAOT€OXUMHUS; T€OXUMUYECKUE
aHOMAaJINH; CeHCMUYECKHe MPEIBECTHUKU; CEIICMOAKTUBHbBIE 30HbI; HANPsHKEHHO-1e(hOopMUpOBaHHOE
COCTOSIHHE.

Introduction

Due to its seismotectonic characteristics, the Azerbaijani part of the Greater Caucasus is
included in the list of areas with high seismic risk, and historical sources mention the occurrence of
earthquakes with a magnitude of M > 6 here (Yetirmishli, 2013). The Shamakhi earthquake that
occurred in 1902 is considered the beginning of instrumental seismological observations in
Azerbaijan (https://seismology.az).

Currently, seismic observations in Azerbaijan are carried out continuously and systematically
by the Republican Seismic Survey Center. The Center conducts operational registration of
earthquakes occurring in seismically active zones through a network of seismic stations operating
throughout the country and determines their main parameters (magnitude, epicenter, focal depth, etc.).

In the 1980s-1990s, a network of stationary geochemical and geophysical stations covering the
main seismogenic zones was formed in the territory of the Republic, and systematic research of
geophysical and geochemical parameters in areas close to the epicentral zones was initiated. During
this period, methodological approaches were developed to assess the stress-strain state of seismogenic
zones, as well as to determine the relationship between anomalous changes observed in geophysical
and geochemical field parameters and seismic processes (https://seismology.az).

The reflection of seismic processes not only in geophysical, but also in geochemical parameters
has necessitated special research in this direction. For this purpose, fluidogeochemical research has
been conducted within the center since 1979 in the “Complex Geochemical Research” department.
One of the most important issues of these studies is the search for earthquake precursors and the
assessment of seismic hazard. In solving the above issues, extensive observations conducted in
underground mineral and fresh water basins of self-flowing springs and wells in seismically active
regions of Azerbaijan - Absheron, Siyazan, Khachmaz, Shamakhi, Sheki - are of great importance
(Keramova, 2004).

During earthquakes, elastic waves arising in the earth's crust and water-saturated rocks affect
the stress-strain state, intensifying physicochemical processes, accelerating fluid flows and gas
migration. As a result, groundwater is enriched with micro- and macroelements and short-term
anomalous changes in geochemical fields are formed. The nature and scale of these changes are
closely related to the earthquake strength, focal depth, epicentral distance, focal mechanism, and
tectonic structure of the region (Kopylova, 2006; Skelton, 2014).

Fluidogeochemical observations conducted in recent years show that changes in the level,
temperature, flow volume, and color of groundwater before an earthquake serve as an important
source of information in assessing seismic hazard. In particular, changes in the permeability of rocks
during earthquakes, such as compression and expansion, cause fluctuations in the level of
groundwater, such as rises and falls, and such changes have been studied by many researchers as a
geochemical indicator (Kopylova, 2020; Yusupov, 2020).

Against the background of these general patterns, data for 2018-2025 were analyzed in order
to assess seismic activity on the southern slope of the Greater Caucasus and its possible impact on
groundwater.


https://seismology.az/
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Seismicity of the Sheki-Zagatala economic region

The Sheki-Zagatala economic region is located on the southern slope of the Greater Caucasus
and has a complex tectonic structure. The area is characterized by intense faulting and thrust-type
fault zones, which are characterized by moderate to high seismic activity. These types of faults, i.e.
thrust zones formed by the movement of rocks over each other, cause stress accumulation in the
region and, as a result, earthquakes. The region is also characterized by compressional processes and
active fault lines, as a result of which earthquakes of various magnitudes occur from time to time and
the seismic hazard remains high (Ismail Zadeh, 2020).

According to the data of the “Earthquake Research Bureau” of the RSSC, during the research
period, a total of 29 earthquakes with a magnitude of 3.0 and greater, with a focal depth ranging from
H=4-45 km, were recorded in the Sheki—Zagatala economic region - Balaken, Gakh, Gabala, Oghuz,
Sheki and Zagatala regions (Fig. 1, Table 1). Four of these seismic events had a magnitude of 3.0 or
greater, with a focal depth ranging from H=4-10 km, and the epicenters were located in the Zagatala
region. We have tried to show the analysis of changes in the composition of groundwater during these
earthquakes based on geochemical monitoring of fluids conducted in the “Complex Geochemical
Research” department during 2018-2025.

The Zagatala seismic zone is located on the northwestern edge of the part of the Greater
Caucasus that falls within the territory of Azerbaijan. In the north, west and south directions, this
zone comes into contact with areas of Southern Dagestan and Western Georgia characterized by high
seismic activity. The area of the Zagatala seismically active zone in Azerbaijan is approximately 3500
km?. The first historical data on earthquakes in this zone date back to 1853. The epicenters of seismic
events are mainly concentrated on three parallel lines extending in the transverse direction. Strong
earthquakes with a maximum intensity of 7 points are observed in the northernmost part of these
epicentral lines (Yetirmishli, 2023).
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Fig. 1. Earthquake sources with m1>3.0 in the Sheki-Zagatala economic region in 2018-2025
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Table 1.
Parameters of earthquakes with mI>3.0 in the Sheki-Zagatala economic region in 2018-2025
Years Day/Month 0 A ml H (km) Earthquake sources
21.04 40,96 47,39 3.4 28 Oguz district
03.05 41,20 46,98 3,0 18 Sheki district
05.06 41,50 46,64 55 10 Zagatala district
2018 22.06 41,11 47,42 3,3 6 Oguz district
24.06 41,10 47,32 3,2 12 Oguz district
23.10 41,10 47,98 3,1 9 Qabala district
26.10 41,08 47,98 3,1 13 Qabala district
05.06 41,66 46,69 3,0 25 Zagatala district
15.07 41,43 46,95 3,3 36 Qakh district
08.08 41,63 46,34 3,0 7 Balaken district
10.08 41,55 46,46 49 5 Zagatala district
2019 10.08 41,58 46,48 3,4 11 Zaqatala district
10.08 41,59 46,48 3,7 9 Zaqatala district
11.08 41,56 46,47 4.4 6 Zaqatala district
02.09 41,11 47,92 3,2 13 Qabala district
01.12 41,61 46,55 3,8 15 Zaqatala district
2021 28.09 41,64 46,61 3,1 11 Zaqatala district
07.12 41,71 46,79 3,5 42 Zagatala district
01.03 41.59 46.49 472 9 Zagatala district
2022 15.04 41.58 46.72 3,9 23 Zagatala district
23.07 41.76 46.45 3,1 7 Balaken district
24.04 41.56 46.50 3.8 7 Zagatala district
25.06 41.28 47.20 3.0 16 Sheki district
2023 21.07 41.08 47.77 3.3 7 Qabala district
30.07 41.19 47.41 3.0 18 Oguz district
31.08 41.07 47.29 3.0 26 Sheki district
19.12 41.12 47.37 3.0 25 Oguz district
2025 27.02 40.78 47.87 3.3 45 Ismayilli-Qabala border
27.06 41.47 46.86 3.3 19 Qakh-Zagatala border

During 2018, 7 earthquakes with ml > 3.0, H=6-28 km occurred in the territory of Sheki-
Zagatala regions. The strongest one was recorded on 05.06.2018 at 22:40 local time, with a magnitude
of 55 and a focal depth of H=10 km in Zagatala region. As a result of the conducted
hydrogeochemical monitoring, noticeable anomalies in the composition of groundwater were
identified at our observation sites before and after the earthquake. The recorded changes were mainly
manifested in the sites located in Shamakhi, Sheki and Absheron regions. Thus, an increase in the
concentration of HCO3™ ion was recorded at the “Shamakhi-8” site of Shamakhi region from the
beginning of May, and this increase continued until mid-July. Similar dynamics were observed in the
groundwater of the “Surakhani” site of Absheron region; here the concentration of Mg?* ion increased
by 14.05. An increase was observed starting from 12 July and was fluctuating until 12 July (Fig. 2).
According to the results of monitoring conducted at the “Food Combine” and “Heating” facilities of
the Sheki region, a decrease in the concentration of ¥ (Nat+ K+) and HCO3™ ions was recorded in
groundwater before the earthquake.
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Fig. 2. Variation in the concentration of Mg?* ions in the “Surakhani” well and HCO3™ ions
in the Shamakhi-8 well before the earthquake

Compared to 2018, an increase in the number of earthquakes with ml > 3.0 was observed in
2019. Thus, the most active year within the research years was 2019. The largest recorded earthquake
with a magnitude of ml = 4.9; focal depth H=5 km occurred on August 10 at 11:35 local time, 18 km
southwest of the Zagatala station, in the Zagatala region. On the same day, between 14:00 and 15:22,
weaker earthquakes were also recorded in the Zagatala region: the magnitude was around 3.4-3.7,
the focal depth was located at a depth of H=9-11 km, and the intensity near the epicenter was 3—4
points. 20 hours later, on August 11, 2019, at 07:29 local time, another earthquake occurred 16 km
southwest of the Zagatala station - a magnitude 4.4 earthquake with a focal depth of H=6 km. The
earthquake sources were mainly located in the impact zone of the Vandam and Sharur-Zagatala deep
faults. (Yetirmishli, 2019).

During these consecutive earthquakes, hydrogeochemical changes in the composition of
groundwater were recorded mainly at the “Arzag Kombinat” facility in Sheki region; “Shamakhi-8”,
“Chukhuryurd-49” in Shamakhi region; “Arik-baghi” facility in Khachmaz region; “Shikhov-2”
facility in Absheron region. Thus, a decrease in the concentration of X (Na+ K+) ions and the degree
of total mineralization was observed in the “Arzag Kombinat” well 25 days before the earthquake.
At the same time, 23 days before the earthquake, a decrease in the concentration of Mg?* ions and the
pH indicator characterizing acid-base balance was recorded in the “Shamakhi-8” well; 20 days before,
a decrease in the concentration of HCOz™ ions was recorded in the “Arik-baghi” well. A decrease in
the concentration of Ca?* ions and the total degree of mineralization was observed in the “Shikhov-
2” facility in the Absheron region, and an increase in the concentration of HCOs™ ions was recorded.

In 2022, weak seismicity was observed in the economic region. On March 1, 2022, at 14:34
local time, an earthquake with a magnitude of 4.2 and a focal depth of H = 9 km was recorded
approximately 14 km southwest of the epicenter in the Zagatala region. The value of the displacement
in the focus indicates that the left-lateral displacement of the fault-uplift type of movement
predominates and is consistent with the Kakheti transverse fault. Later, on April 15, 2022, at 17:02
local time, an earthquake with a magnitude of 3.9 and a focal depth of H = 23 km occurred in the
region. The value of the displacement in the focus indicates that the fault-uplift type of movement
predominates and is consistent with the Shambul-Ismayilli fault (Kazimova, 2022).

Since earthquakes differ in depth, mechanism of occurrence and fault lines, when considering
the spatial and temporal variations of hydrogeochemical parameters of groundwater, we will
encounter a similar picture. In other words, the anomalous changes in geochemical parameters during
both earthquakes were different. The changes in the water of the “Isitme” spring in the Sheki region
can be cited as an example of this difference (Fig. 3).
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Fig. 3. Variations in geochemical parameters before the 2022 Zagatala earthquakes

During the Zagatala earthquake of 15.04.2022, a stronger anomalous change was observed in
the spring water of the Sheki region. This may seem paradoxical at first glance, since the magnitude
of that earthquake was small and the depth of the focus was large. The explanation for this paradoxical
appearance may be related to several factors.

The effect of the type and direction of the fault: The earthquake that occurred on the Shambul-
Ismayilli fault favors uplift-type displacement and is consistent with longitudinal faulting. Vertical
movement can directly affect groundwater sources, causing sudden changes in water level and
intensification of geochemical anomalies.

Geographical proximity: The Sheki region is located closer to the Shambul-Ismayilli fault than
to the Kakheti fault. Proximity to the fault increases the transfer of earthquake energy to the
groundwater system, and therefore the amplitude of the observed anomalies may also increase.

Hydrogeological conditions: Since the springs and groundwater systems are located in areas
rich in cracks and porosity, the vertical tectonic stress caused by the earthquake directly affects the
hydrodynamics and chemical composition of water. This can lead to the intensification of water
anomalies even in deep-seated and relatively low-magnitude earthquakes.

It should be noted that during the study years of 2020 and 2024, no earthquakes with ml > 3.0

were recorded in the territory of the Sheki-Zagatala region. In other years, seismic activity did not
exceed the background level.

Conclusion

There is a mutual relationship between the behavior of groundwater and seismic activity.
Earthquakes cause changes in the level, temperature, chemical composition and amount of gas
components of groundwater; the dynamics of these hydrogeochemical parameters, in turn, can act as
an indicator of tectonic processes and seismic activity. The conducted studies show that the changes
recorded in the physicochemical properties of groundwater are closely related to the increase in
tectonic stress and are of great importance in assessing the geodynamic processes occurring in the
region.

Thus, systematic and continuous conduct of geochemical and hydrogeodynamic monitoring, as
well as expanding the scope of application of these methods, is considered necessary for more
accurate monitoring and assessment of seismic processes.
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