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Background. Hydrogeochemical changes in groundwater are increasingly recognized as potential indicators of stress
accumulation preceding earthquakes. However, reliable identification of short-term precursors requires long-term, instrument-
based observations and integration of multiple datasets adapted to local geological and hydrogeological conditions. The
Shamakhi-Ismayilli seismogenic zone in Azerbaijan, situated at the convergence of the Eurasian and Arabian plates, offers an
excellent natural laboratory for studying hydrogeochemical manifestations of geodynamic activity. This research aims to identify
groundwater anomalies that precede seismic events, quantify their temporal relationships to earthquake occurrence, and evaluate
the effectiveness of integrated geochemical monitoring for early warning applications in the Caucasus region.

Methods. A multi-parameter observation network of seven self-flowing wells and springs was established across
contrasting litho-hydrogeological environments. Systematic, time-stamped measurements were performed for pH, Eh, CO3*;,
HCOg3 7, 5(Cl,Br,l) 5, SO4*;, total hardness, Ca**, Mg?*, Y (Na,K)”, total mineralization, and ) (Fe?**,Fe*”). Hydrogeodynamic parameters
such as water level, temperature, discharge, and color were continuously recorded. Gas-geochemical monitoring focused on dissolved
helium, while radiogeochemical control involved a-field measurements at reference sites. An anomaly index (A_an = K x X x 2) was applied
to identify significant deviations from seasonal background levels, enabling automated recognition of abnormal trends.

Results. Prior to the 18 January 2023 Shamakhi earthquake (Mpv 3.0; h=18 km), synchronous short-lived hydrogeochemical
anomalies were observed. Sulfate concentrations (SO,4?7) increased from 440-480 to 640 mg/L, 5 (Na,K) *decreased from 700-750 to
450 mg/L, and ) (Cl, Br, )~ dropped sharply from 630-660 to 60 mg/L. Total iron (3 (Fe**,Fe’**)) rose from 6-15 to 48 mg/L, while
carbonate (CO3?") levels in the Chukhuryurd-49 well increased from 0 to 220 mg/L. Helium concentrations near the epicentral zone
rose by almost an order of magnitude, later spreading throughout the network. In the Shamakhi-8 well, water level rose eight days
before the shock and sharply declined three days prior, coinciding with darkening of the water.

Conclusions. Theresults confirm that site-specific, multi-parameter hydrogeochemical monitoring significantly improves
the detection and interpretation of earthquake precursors. The nature and amplitude of anomalies are governed by structural
position, hydrogeological regime, and focal depth. Integration of hydrogeochemical, hydrogeodynamic, gas, and radiogeochemical
data with geodetic and microseismic observations enhances precursor reliability and reduces false-alarm rates. Such
interdisciplinary monitoring frameworks can strengthen regional seismic hazard assessment and contribute to the development of

an operational early-warning system for the broader Caucasus region.
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Background

Hydrogeochemical variations — such as changes in water
level, temperature, electrical conductivity, ion composition,
redox potential (Eh), and dissolved gases — are widely
reported in tectonically active regions and are valuable
indicators for short- to medium-term earthquake forecasting.
Since single-parameter observations rarely yield decisive
results, the integration of hydrogeochemical,
hydrogeodynamic, gas-geochemical, and radiogeochemical
data is required to enhance the reliability of precursor
identification under complex geological conditions.

The Shamakhi—Ismayilli seismogenic zone of Azerbaijan,
characterized by a centuries-long history of earthquakes and
mud-volcano eruptions, provides a natural testing ground for
assessing integrated precursor frameworks.

Objectives. (i) To identify and characterize short-term
groundwater anomalies in the Shamakhi—Ismayilli
seismogenic zone; (i) To correlate seismic activity with
variations in major ions, Eh, helium, and total mineralization;
(iii) To propose an operational, multi-parameter monitoring
framework for seismic hazard mitigation in Azerbaijan.

Methods

Study area and geological setting. The Shamakhi—
Ismayilli seismogenic zone is located on the southern slope of
the Greater Caucasus meganticlinorium and is characterized by
a complex geological, tectonic, hydrogeological, and
hydrogeochemical structure, combined with high seismic
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activity. The zone is controlled by major deep-seated faults,
including the Vandam and Adzhichay—Agrichay—Alat fault
systems, which extend from western Azerbaijan toward the
Caspian shelf. Within this tectonically active setting, two
principal groundwater groups are distinguished: (i) fissure and
fissure-vein waters hosted in fractured and faulted rocks of the
Greater Caucasus mountain-fold system, where groundwater
circulates through interconnected fractures and mineralized
veins formed by intense deformation; and (ii) pore waters
occurring in the sedimentary sequences of the Shamakhi—
Gobustan basin. The dominance of fissure-vein waters in the
mountain-fold zone reflects the strong structural control of deep
faults and fracture networks, making these aquifers particularly
sensitive  to  geodynamic  processes and related
hydrogeochemical anomalies.

Quaternary aquifers, recharged mainly by river underflows
(Pirsaat, Gozluchay, Chigilchay, Zogalovaychay), contain
predominantly fresh Ca—Na—HCO; or mixed sulfate-chloride-
bicarbonate waters (0.5—-1.0 g/L). Slightly brackish chloride-
sulfate-sodium waters (1.3-1.4 g/L) occur along valley
margins. This structural and hydrogeological heterogeneity
largely governs the detectability and magnitude of pre-
seismic hydrogeochemical anomalies.

Monitoring network and measurements. Observation
sites were selected based on fault proximity,
hydrogeological contrast, and accessibility. Wells and
springs were equipped for continuous or semi-continuous
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data collection, with centralized time-stamped archiving to
ensure temporal precision.

"
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Groundwater from seven observation wells displayed
distinct hydrochemical types (Table 2).

Fig. 1. Tectonic map of deep faults in Azerbaijan (after Shikhalibeyli, 1996)
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Fig. 2. Deep faults of the pre-Alpine basement in Azerbaijan (after Kangarli, 2005)

Table 1

Instrumentation of the Shamakhi geochemical station

hardness;Ca; Mg, £(Na,K);
Mineralization.
Microelements: sum of
iron ions X(Fe* Fe®)

Photocolorimeter

Geochemical Hydrogeochemistry Gasgeochemistry Radiogeochemistry
station Equipment type Parameters Equipment type | Parameters Equipment type Parameters

Geochem/ lonomer pH, Eh, macronutrients: |Ingem-1 Helium 1) BDZA 2-01 alpha (a) field

station EB-74 (ions: pH; Eh; CO3; HCOs;

"Shamakh" SO4; 2(Cl,Br,l)); general

Data processing and anomaly detection. Data analysis
comprised four stages: (i) compilation of earlier observations
and geological maps; (ii) calibrated field measurements; (iii)
selection of analytical approaches (hydrogeodynamic,
hydrogeochemical, gas-geochemical, and GIS-assisted); and
(iv) statistical evaluation of time series relative to seasonal
background levels.
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An anomaly index was computed as
Agn =K XX X3,
where K denotes the stress-strain coefficient, X the seasonal
background of the parameter, and ¥ the amplitude of
fluctuations  (max-min). This enabled automated
identification of positive and negative anomalies (Table 3).
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Table 2
lonic-salt composition of groundwater at Shamakhi wells
Object Kurlovs formula
well. "Shamakha 8" pH = 7.6; Eh = 4+110; M = 0.6; S0,46; HCO5 35; XCl; X(Na,K) 82; Mg 10
well. "Shamakha 9" pH = 84; Eh = +45; M = 1.5; HCO5 28; X(Na,K) 91
well. "Shamakha 10" pH = 8.7, Eh = +90; M = 1.2; HC03 40; XCl 36; S04 24; ¥(Na,K) 93
well. "Shamakha 11" pH = 8.0; Eh = +30; M = 1.3; S0, 48; 5Cl 32; HCO;20; X(Na,K) 81; Mg 12
well. "Shamakha 1" pH = 5.0; Eh = +15; M = 0.8; HCO3 67; XCl 26; X(Na,K) 43; Mg 34; Ca 23
well. "Shamakha 2" pH = 6.5; Eh = +30; M = 1.2; HCO3 80; XCl 20; ¥(Na,K) 47, Ca 37; Mg 17
well. "Shamakha 12" pH = 53; Eh = +45; M = 0.6; HCO3 74; XCl 26; Ca 53; Mg 22
Table 3
Conditional calculation and detection of anomalous parameters for December 2024 (2o threshold).
(Provide editable text; highlight positive and negative deviations accordingly.)
Name of parameters
background boundaries min+fmax
Sa?a'zg"g pH | En |HCOs |cO| yCI | SO h%?:ﬁ::s ca® | Mg? | T(Na,K)* M'"e(fra[',';?tw" SFe | He |a-field
month day |7,0 |80 300 0 700 |450 |1,0 20 |10 |900 2400 0,036 0 0,2
8,0 |120 [400 20 800 [500 0,5 30 |10 |100 2600 0,045 0,001 /0,6
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
12|01 84 |75 256 715 |355 0,65 16 |6 820 2324 0 0,2
12 |02 78 |95 |[567 609 1,8 18 [33 873 2826 0 0,4
12|03 85 |80 305 727 346 [0,6 16 |5 817 2335 0 0,4
12|04 8 90 525 0 702 |355 0,65 16 |6 793 2397 0 0,4
12|05 6,3 |10 488 0 517 [336 (0,6 18 |4 653 2015 0 0
12|07 7,8 [45 !o 507 1,4 32 [15 915 3008 0,061 |0 0
12|10 7,7 190 0 504 672 |1 24 110|911 2938 0,066 0 0,6
12 |11 8 40 714 0 568 1 26 |9 674 2163 0 0,6
12 |12 7,9 120 610 0 721 |638 |[1,55 14 |29 |932 2945 0 0,6

(Background: Sept 23 — Dec 21, 2024) Program for conditional calculation and detection of anomalous parameters for December 2024

Calculation legend:

for all parameters, An = 2.00;

positive anomaly

- negative anomaly

Results

Short-term anomalies before the 18 January 2023
event. Prior to the Shamakhi event (Mpv=3.0; depth=18 km), a
series of short-lived hydrogeochemical anomalies were detected
across several monitoring stations. Sulfate (50,%") concentrations
increased from 440-480 mg/L to 640 mg/L, while total iron
(5(Fe?*, Fe3*)) rose from 6—15 mg/L to 48 mg/L. In contrast, S(Na,
K)* decreased from 700-750 mg/L to 450 mg/L, and 3(Cl, Br, 1)~
fell sharply from 630-660 mg/L to 60 mg/L. Carbonate (COs?")
concentrations in the Chukhuryurd-49 well increased from 0 to
220 mg/L. Dissolved helium in the vicinity of the epicentral area
rose by nearly one order of magnitude and subsequently
propagated across the monitoring network. In the Shamakhi-8
well, the groundwater level rose eight days before the main shock
and dropped sharply three days prior, accompanied by visible
darkening of the water.

Figure 3  presents  so-called identification  graphs,
illustrating an example of a geochemical "portrait" of a
specific stress—strain zone formed during seismic activation
within the Shamakhi seismogenic zone. The ordinate axis
represents the anomalous geochemical parameter and the
phase of its variation. The "maximum—minimum" indication
along the Y-axis reflects whether a positive or negative
phase anomaly of a given geochemical component is
observed; this anomaly is graphically represented by a
parabolic curve. The abscissa axis corresponds to the time
remaining before the occurrence of a specific seismic event.
This temporal interval was determined empirically and
ranges from 1 to 16 days, indicating that geochemical
anomalies manifest as transient variations exclusively within
this pre-seismic time window.
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Figure 4 illustrates short-period geochemical anomalies
corresponding to the final stage of earthquake preparation
within the given focal zone. The variations of the most
informative parameters — chloride (CI~) and sulfide (S?7)—in
the monitored groundwater systems are clearly
distinguishable in the figure.

The observed hydrogeochemical variations demonstrate a
clear temporal association with the seismic event, as the most
pronounced anomalies in major ions, redox conditions (Eh),
and dissolved gases occurred within a limited pre-seismic
interval and decayed after the main shock. The synchronous
increase in SO,%", CO3*", YFe, and helium, combined with a
sharp decrease in (CI, Br, 1) and }(Na, K)*, indicates a
coupled response of the groundwater system to stress
accumulation and fluid redistribution in the seismogenic zone.
These correlations confirm that variations in groundwater
chemistry are directly linked to seismic activation rather than
random hydrogeochemical fluctuations.

Discussion and conclusions

The integration of geochemical data enabled a
comprehensive assessment of groundwater responses to
geodynamic processes preceding seismic events, rather
than merely describing isolated chemical variations. The
results demonstrate that the recorded hydrogeochemical
anomalies represent a systematic response of groundwater
systems to stress accumulation, fault activation, and deep
fluid migration within the geological environment, and are
closely related to lithological composition, tectonic
disturbance, and deep fluid-dynamic conditions.

A combined analysis of macro- and microelement
composition, ionic ratios, and geochemical indicators
confirmed the high sensitivity of groundwater to variations in
the physicochemical conditions of its formation environment.
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Variations in the concentrations of major ions (SO,*7, CO5*",
and the influx of deep-seated fluids.
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Fig. 4. Geochemical anomalies of groundwater during earthquakes. Spatial-temporal variations of the geochemical
field prior to seismic events (using CI~ and S*" ions as examples)

The obtained results emphasize the effectiveness of an
integrated geochemical approach for the study of natural
mineral waters, monitoring of the geodynamic environment,
and forecasting changes in hydrogeochemical conditions.
Thus, geochemical data integration represents a reliable
scientific basis for further regional investigations.

Importantly, the combined use of hydrochemical
parameters, redox indicators, gas-geochemical data
(helium), radiogeochemical measurements, and automated
anomaly detection provides the basis for an operational
multi-parameter monitoring framework. This framework
allows the identification of short-term, pre-seismic
hydrogeochemical signals and their discrimination from
seasonal or hydrometeorological effects, thereby offering
practical applicability for seismic hazard monitoring in
tectonically active regions of Azerbaijan.

Key Findings. The following key findings summarize
the results of the study in direct relation to the stated
objectives of identifying groundwater anomalies,
correlating them with seismic activity, and developing an
operational monitoring approach.

1. The influence of the stress—strain field on the year-
round geochemical monitoring regime of fluids during
periods of seismic activation in Azerbaijan was investigated.

2. Characteristic patterns in the temporal dynamics of
fluid geochemical fields during seismic activation in the
Shamakhi seismogenic zone were identified.

3. Rapid methods for identifying different seismic
sources were developed based on data from continuous
geochemical monitoring of fluids.

4. Anomalies in fluid geochemical fields were shown to
occur predominantly during the final stage of earthquake
preparation, with a characteristic lead time predominantly
ranging from 1 to 16 days.

5. Hydrogeochemical maps and temporal variation
graphs were compiled for monitoring sites within the year-
round geochemical observation network.

6. Fluid geochemical monitoring data were correlated
with seismological parameters for all recorded earthquakes
within the Shamakhi seismogenic zone.
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7. Short-period geochemical anomalies exceeding
background levels by 50-100 % were identified during
continuous fluid monitoring. These anomalies are
independent of seasonal and hydrometeorological
influences and occur only during periods of increased
seismicity and mud volcanic activity.

8. A method was developed to differentiate the
azimuthal orientation of the stress—hydrodeformation field in
the mountainous Shamakhi-Ismayilli zone based on
geochemical fluid monitoring data.

Sources of funding. The authors declare the absence
of external funding for the conduct of this study and preparation
of the manuscript for publication.

References

Agamirzoev, R. A. (1989). Seismotectonics of the Azerbaijani part of the
Greater Caucasus. Elm [in Russian). [Aramup3oeB, P. A. CelicMomekmoHuka
AsepbatidxaHckol Yyacmu bonbwozo Kaskasa. dnm, 1989].

Akhmedbeyli, F. S., & Gasanov, A. G. (2004). Tectonic types of seismic
foci in Azerbaijan. EIm [in Russian]. [Axmen6eiinu, ®. C., & l'acaHos, A. T.
(2004). TekmoHuyYeckue muribl celicMu4eckux o4yaeos AsepbatioxaHa. dnm].

Andrén, M., Stockmann, G., Skelton, A., Sturkell, E., Moérth, C.-M.,
Gudrunardéttir, H. R., Keller, N. S., Odling, N., Dahrén, B., Broman, C., Bali¢-
Zuni¢, T., Hjartarson, H., Siegmund, H., Freund, F., & Kockum, I. (2016).
Coupling between mineral reactions, chemical changes in groundwater, and
earthquakes in Iceland. Journal of Geophysical Research: Solid Earth, 121,
2315-2337. https://doi.org/10.1002/2015JB012614

Barsukov, V. L. (Ed.). (1992). Geochemical methods for earthquake
forecasting. Nauka [in Russian]. [bapcykos, B. I1. (Pen.). (1992). Neoxumuye-
cKue MemoOhb! NpoeHo3a 3emnempsiceHull. Haykal.

Barsukov, V. L., Serebrennikov, V. S., Varshal, G. M., & Garanin, A. V.
(1979). Geochemical methods for earthquake prediction. Geochemistry, (3),
323-337 [in Russian]. [bapcykos, B. I1., CepebpeHHukos, B. C., Bapwas, . M., &
[apanuH, A. B. (1979). Meoxvmuyeckue MeToAbl NMPOrHO3a 3eMNeTPSICEHUIA.
[eoxumus, 3, 323-337].

Biagi, P. F., Ermini, A., Kingsley, S. P., Khatkevich, Y. M., & Gordeey, E. I.
(2000). Groundwater ion content precursors of strong earthquakes in
Kamchatka (Russia). Pure and Applied Geophysics, 157, 1359-1377.
https://doi.org/10.1007/PL0O0001123

Chiodini, G., Cardellini, C., Di Luccio, F., Selva, J., & Ventura, G. (2020).
Correlation between tectonic CO, earth degassing and seismicity in the
Apennines, Italy. Science Advances, 6, eabc2938.
https://doi.org/10.1126/sciadv.abc2938

Chiodini, G., Frondini, F., Cardellini, C., Granieri, D., Marini, L., &
Ventura, G. (2004). Carbon dioxide earth degassing and seismogenesis in
central and southern ltaly. Geophysical Research Letters, 31, L07615.
https://doi.org/10.1029/2004GL019480



~70 ~

B 1 C H U K KuiBcbkoro HauioHanbHoro yHisepcurety imeHi Tapaca LlleBueHka

Igarashi, G., Saeki, S., Takahata, N., Sumikawa, K., Tasaka, S., Sasaki, Y.,
Takahashi, M., & Sano, Y. (1995). Ground-water radon anomaly before the
Kobe  earthquake in Japan. Science, 269(5220), 60-61.
https://doi.org/10.1126/science.269.5220.60

Ingebritsen, S. E., Sanford, W. E., & Neuzil, C. E. (2006). Groundwater
in geologic processes (2nd ed.). Cambridge University Press.
https://doi.org/10.1017/9780511807855

Kangarli, T. (2005). Greater Caucasus. In V. E. Khain & A. A. Ak.
Alizadeh (Eds.), Geology of Azerbaijan: Tectonics (pp. 43—-213). Nafta-Press.

Keramova, R. A. (2004). Seismicity and geochemical fields of fluids of
Azerbaijan [Doctoral dissertation, Institute of Physics of the Earth, Russian
Academy of Sciences]. [in Russian]. [KepamoBa, P. A. CelicMmuyHocmb u 2e-
oxumuyeckue rnornsi ¢proudos Asepbatioxara. (2004). Auc. ... A-pa reon.-mu-

Roeloffs, E. (1988). Hydrologic precursors to earthquakes: A review.
Pure and Applied Geophysics, 126, 177-209. https://doi.org/10.1007/
BF00878996

Shikhalibeyli, E. Sh. (1996). Some aspects of geological structures and
tectonics of Azerbaijan. Elm [in Russian). [lUuxanu6eiinu, 3. LW. (1996). He-
Komopble 80MPOChI 2e0/102UYECK020 CMPOEHUsT U MeKMOHUKU Asepbali-
OxaHa. Anwm].

Skelton, A., Liliedahl-Claesson, L., Wasteby, N., Andrén, M., Stockmann, G.,
Sturkell, E., Mérth, C.-M., Stefansson, A., Tollefsen, E., Siegmund, H., Keller, N.,
Kjartansdottir, R., Hjartarson, H., & Kockum, I. (2019). Hydrochemical
changes before and after earthquakes: Long-term measurements at two sites
in northern Iceland. Journal of Geophysical Research: Solid Earth, 124, 2702—
2720. https://doi.org/10.1029/2018JB016757

Hepan. Hayk. M®3 PAH].

Kissin, I. G., & Grinevsky, A. O. (1990). Main features of
hydrogeodynamic earthquake precursors. Tectonophysics, 178, 277-286.
https://doi.org/10.1016/0040-1951(90)90154-Z

Matsumoto, N., & Koizumi, N. (2011). Recent hydrological and
geochemical research for earthquake prediction in Japan. Natural Hazards,
69, 1247-1260. https://doi.org/10.1007/s11069-011-9980-8

OTpumaHo pepakuicto xypHany / Received: 21.01.26
NMpopeueHsoBaHo /| Revised: 22.04.26

CxsaneHo go apyky / Accepted: 13.05.26
Ony6nikoBaHo / Published: 29.05.26

NapBaHa ABAYJIPA3AIOBA, kaHA. reon. HaykK, AoL.

ORCID ID: 0009-0002-0730-2901

e-mail: parvana.geo@gmail.com

Asepb6anaxaHcbkuin AepxxaBHUW YHiBepcuteT HadTh i npommucnoBocTi, Baky, Asep6anmxaH

IHTErPALIA FTEOXIMIYHUX JAHUX ONA BUABNEHHSA PEAKLIN NMNIASEMHUX BOA
HA TEOOUHAMIYHI NPOLIECU: OOCHNIMKXEHHA HA NMPUKIALI ASEPBAUKAHY

B c Ty n. lidpozeoximi4Hi 3mMiHuU y nid3eMHux eodax dedasi yacmiwe po32s1510arombCs sik NomeHyiliHi iHOukamopu akyMynsiyii HanpyxeHb, W0
nepedyromsb 3emnempycam. [[pome HadiliHa ideHmudbikayiss KopomkoyacHuUx nonepedHUKi8 MOoXiuea sluwe 3a ymosu dogzompueasnux iHcmpymMeH-
masnbHUX crnocmepexeHb ma iHmezpayii 6acambox munie daHux, adanmoeaHux 00 Micyeeux 2eos102i4HuUX i 2idpozeosno2iyHux ymoes. LllamaxuHcbKo-
IcmainnuHcbka celicMozeHHa 30Ha 8 A3epbalidxaHi, po3mawosaHa Ha Mexi €epasilicbkoi ma ApasilicbKoi nnum, € yHikasbHO NPUPOOHOHo abo-
pamopieto 0nsi eue4yeHHs1 2idpoz2eoximMiyHuX nposieie 2eoduHamiyHoi akmueHocmi. Memoto docnidxeHHs1 € ausiesieHHs1 Ni03eMHO800HUX aHOManil,
wo nepedyroms celicMi4YHUM rodisiM, BU3Ha4YeHHS iX 4acoeuX 3aKOHOMipHOocmel w000 MOMeHmMy 3emsiempycy ma oyiHka egpekmueHocmi iHmeapo-
8aHO20 2e0XiMi4HO20 MOHIMoOpuUH2y Onsi cucmeM paHHbO20 rnonepedxeHHs1 y Kaskazbkomy pezioHi.

MeToaun. CmeopeHo 6acamonapaMempuyHy Mepexy CrlocmepexeHb i3 ceMu caMogUIUBHUX c8epdsI08UH i Oepes, po3mauwo8aHux y KOH-
mpacmHux nimosoeo-2idpozeosnio2iyHux ymoeax. BukoHyeanucsi cucmemamuyHi, npue'sa3aHi 0o yacy eumiproeaHHsi nokasHukie pH, Eh, CO3;*;
HCO;3;", Y(Cl,Br,l) -, SO.*7, 3a2anbHoi meepdocmi, Ca?* Mg?* Y (Na,K)*, miHepanizayii ma ) (Fe?**Fe’”). ldpozeoduHamiyHi napamempu — pieeHb, mem-
nepamypa, eumpama i Konip 8oou — gikcyeanucsi 6esnepepeHo. a3o2eoxiMi4HUli MOHIiMOpPUH2 0X0MN/08a8 8U3Ha4YE€HHSI PO34UHEHO20 2eflito, a pa-
dio2eoxiMiyHUli KOHMPOIIb — BUMIPIOBAHHS A-M0J1A Ha penepHux dinsiHkax. [Jns eusienieHHs1 cymmeesux eidxusneHb 8id ce30HHUX ¢hoHie 3acmocoeaHo
iHOekc aHomanbHocmi (A_an = K x X x £), ujo 0o380J155€ a8MoMamuy4HoO po3rizHagamu HeHopMasbHi meHOAeHUil.

PesynbTaTtu. leped zemnempycom y Lllamaxi 18 ciuHss 2023 poky (Mpv 3.0; h = 18 km) 6yno 3aghikcoeaHO CUHXPOHHI KOpOmMKo4YacHi 2iopo-
2eoximiyHi aHomanii. KoHyenmpauis cynbghamie (SO427) 3pocna 3 440-480 do 640 m2/n, Y (Na,K) * smeHwunacs 3 700-750 do 450 ma/n, a 3(Cl, Br, I) -
pi3ko 3Hu3unacs 3 630-660 do 60 m2/n. Bmicm 3a2anbHozo0 3ani3a (Y (Fe?*Fe*%) nideuwuecs 3 6—-15 do 48 m2/n, modi sik KOHUeHmpauis kap6oHamie
(CO3*") y ceepdnosuHi Yyxypropd-49 3pocna 3 0 do 220 ma/n. Bmicm 2enito 8 nidozeMHux eodax 6insa eniyeHmpy 36inbwuecs Malxe Ha Nopsidok, a
32000M nowupuecs no ecili mepexi. Y ceepdnoeuHi "Lllamaxu-8" pieeHb eodu nidHsAecs 3a eicim AHie do nowmoexy, a 3a mpu OHi 00 Hb020 Pi3KO
3HU3UECs, Cynpo8oOdXKYYUCh MOMEeMHIHHSIM 800u.

B ucHoOBKW. OmpumaHri pesynbmamu niomeepdxyoms, Wo JIokanbHUl 6aezamonapamempu4Hull 2idpo2eoxiMi4Huli MOHimopuHa icmomHo
nidsuwye egpekmueHicmb susiesieHHs1 ma iHmepnpemauii nonepedHukie 3emnempycie. Xapakmep i amniimyda aHomanili euzHa4arombCcsi cmpyKkmy-
PHUM [OJIOXEHHSIM, 2i0po2e0osi02iYyHUM pexXxuMom ma 2nubuHotro ocepedky. Inmezpayis 2idpozaeoximiyHux, 2idpoduHamMi4Hux, 2azoeux i padiozeoxi-
MiYHux daHux i3 2e00e3uYHUMU mMa MiKpocelCMiYHUMU criocmepexeHHsMuU nideuujye HadiliHicmb MPO2HO3y ma 3MeHWYye KinbKicmb Xu6GHUX
cnpaybosyeaHb. Takull MixAucyunniHapHul nioxio Moxe 3MiyHUMU cucmemy ouyiHKuU celicMi4YHOT Heb6e3neKku pe2ioHy ma crpusimu cIMeopPeHH!o ore-
pamueHoi cucmemMu paHHbO20 ronepedxeHHs1 Onsi ecbo2o Kaska3bko20 pe2ioHy.

KnwuyoBi cnoBa: AsepbalidxaH; nonepedHuku 3emaempycie; 2eo0uHamiyHi npouyecu; niolemMHi eodu; 2eniti; 2idpozeoximiyHuli MOHImMo-
PUH2; cynbghamu.

ABTOp 3asiBnsie Npo BiACYTHICTb KOHMIKTY iHTepeciB. CnoHcopu He Gpanu y4yacTi B po3pobneHHi JocnigkeHHs; y 36opi, aHanisi un
iHTepnpeTauii AaHWX; Y HanMCcaHHI pykonucy; B pilleHHi Npo nybnikauito pe3ynbTarTis.

The author declares no conflicts of interest. The funders had no role in the design of the study; in the collection, analyses or interpretation
of data; in the writing of the manuscript; in the decision to publish the results.

ISSN 1728-3817





