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Since Azerbaijan is located primarily in a semi-arid zone, water shortages have always
been a problem. Beginning from the second half of the 20th century, rapid population
expansion and economic growth have further increased water demand. The geophysical
survey in the Garachay river basin using the Vertical Electrical Sounding aimed to provide
high-quality fresh groundwater for the nearby settlements. The geological section was
dissected in detail. It consists of 8—10 layers of alternating boulder-pebble rocks with
thin clay layers. The geological section of the study area is plicatively differentiated. Each
identified aquifer is underlain by an impermeable layer, in which rocks are mostly com-
posed of clay. The thickness of the alluvial deposits changes between 1—12 m and their
specific electrical resistivity were determined to be 50—450 Ohm-m. The resulting map
shows an increase in the thickness of alluvial deposits from the northwest to the south-
east. The main physical parameters, such as natural moisture content, density, the density
of rocks under water, and filtration coefficient have also been determined. In the right-
bank part of the study area, the sediment filtration coefficient varies between 1—3 m/day,
while in the left-bank part, it ranges from 6 to 12 m/day. The constructed 3D models clearly
demonstrate how the electrical resistivity of the rocks that make up the geological section
decreases from the surface down. This is presumably due to an increase in natural rock
moisture with depth or an increase in clay particles content in the deeper layers. All of this
suggests that the study area is promising for fresh groundwater exploration.
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Introduction. The geophysical study area
islocated in the Gabala district of the Azerbai-
jan Republic, on the left bank of the Garachay
river, which practically dries up during the
summer. The floodplain consists of gravel and
pebble deposits with clay-sand aggregates
and boulder inclusions. The maximum width
of the floodplain in the study area is 135 m,
and the minimum is 42 m.

It should be noted that geophysical and
electrical exploration surveys were conduct-
ed for the first time in this area.

Based on the geostructural conditions, the

study area belongs to the Greater Caucasus
mountain-fold zone hydrogeological region
of the pore-fracture water.

This area has a moderately warm climate
with dry winters. The average annual air tem-
perature is approximately 12 °C, and the an-
nual precipitation is 550 mm, maximum dur-
ing the warmer months. Evaporation potential
is approximately 860 mm per year. Snowfall
is limited to 25 days per year. The prevailing
wind directions are northerly and northeast-
erly, with an average annual wind speed of
approximately 1.4 m/s.
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As is well known, water on our planet
consists of surface and groundwater, which
form an inseparable single shell — the hy-
drosphere. Water consumption primarily
requires freshwater with a soluble salt con-
tent of preferably no more than 1 g/1. Earth's
reserves are estimated at approximately 35
million cubic kilometers, or more than 4 mil-
lion cubic meters per person, 70 % of which
is in solid form.

Fresh groundwater, which generally has
high quality, accounts for approximately 10.5
million km?, i.e. approximately 1/3 of the to-
tal fresh water reserve, but its exploitation is
limited by its uneven distribution in the crust.

According to the Food and Agriculture
Organization of the United Nations, the total
annual water consumption is 4000 km?. About
70—72 % of all freshwater withdrawals world-
wide is used by agriculture. Roughly 12 % is
consumed for municipal and about 16—20 %
for industrial water supply worldwide. Rivers
and lakes provide a major share of this wa-
ter, though groundwater supplies about 25 %
of all irrigation water [Richard, Engin, 2014;
AQUASTAT, 2025]. Part of the water is in the
lithosphere. Underground water should be
considered an independent physical body in
a vaporous, solid, and liquid-drop state [His-
cock, Bense, 2014].

By all accounts, water is the most valuable
mineral in the world. Today water shortages
are a major global problem. According to the
United Nations World Water Development
Reports, global water demand is projected
to increase by 20 to 30 % by 2050 [Richard,
Engin, 2014]. Therefore, the efficient use and
exploration of fresh groundwater are highly
relevant.

Since Azerbaijan is located primarily in a
semi-arid zone, water shortages have always
been a problem. Beginning from the second
half of the 20th century, rapid population ex-
pansion and economic growth have further
increased water demand. Therefore, hydro-
geological and geophysical methods are used
to search for underground water sources in
various regions of the country. Geophysical
exploration in the Garachay river basin is also
related to this issue.
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The purpose of conducting geophysical
survey in the study area using the Vertical
Electrical Sounding (VES) was to search for
fresh groundwater for the nearby settlements.

The survey had the following objectives:

— detailed dissection of the lithological
composition to a depth of 50 m;

—determination of the estimated thickness
of the aquifer and alluvial deposits down to
the first impermeable layer;

— identification of the probable thickness
of the impermeable layer and its distribution
across the study area.

To accomplish the objectives, the geo-
physical electrical survey method (four-
electrode AMNB) VES was selected [Telford
et al., 1990]. Fieldwork was conducted using
ERA-MAX electrical survey equipment oper-
ating at alternating current (4.88 Hz).

In terms of seismicity, the degree of seismic
intensity in the region is 8 based on the Med-
vedev-Sponheuer-Karnik scale. The current
horizontal crustal movement is approximately
10 mm per year northward, with almost no
vertical movement.

The natural radioactivity of rocks is very
low, ranging from 6 to 8 uR/hour [Geological
..., 2014].

Research methodology. Geophysical sur-
veys were conducted in the floodplain of
the Garachay river (a left-bank tributary of
the Turyanchay river) along four profiles.
The profiles were oriented from northeast to
southwest. The coordinates of the VES ob-
servation points were determined using the
global positioning system GPS. The locations
of the profiles and VES points are shown in
Fig. 1.

Since the survey studied the crust down
to a depth of up to 50 m using the VES meth-
od, the distance between the current elec-
trodes AB was 100 m, fulfilling the condition
MN<<AB several times — a more frequent
measuring setup [Vyzhva et al., 2013].

Earlier experimental surveys [Telford et
al., 1990; Vyzhva et al., 2013] used the VES
method to obtain a detailed geological sec-
tion of the area and to determine more ac-
curately the depths of individual lithological
varieties. As a result, efficient dimensions
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Fig. 1. Satellite image of the study area and the location of geophysical profiles in the floodplain of the Garachay
river: 1 — geophysical profile lines, 2 — VES points with their numbers.

of the current line AB and the potential line
MN/2 were adopted.

For the purpose of grounding the AB cur-
rent line, metal electrodes (length 1.0 m, di-
ameter 0.02 m) were used, while brass elec-
trodes were used on the MN potential line.
The current electrodes were connected to
each other with GCSCPL (G — geophysical,
C — cable, SC — steel-copper conductive,
P— polyethylene insulation, L—lightweight)
wire, and the potential electrodes were con-
nected with GSP-2 (Geophysical Signal and
Power Cable with two wires) wire [Salamov
et al., 2025].

During field measurements, an alternating
current source was used for the AB current
line. To obtain high-quality measurements
in the current line, an alternating current in-
tensity of 100 mA was achieved, resulting in
measured potential values AU varying in the
range of 0.1 to 1000 mV. The measurements
indicated that the quality of the fieldwork
complied with the current instructions for the
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electrical exploration method [Telford et al.,
1990; Vyzhva et al., 2013],

AU

Paer ZKVEST' ()

The values of apparent electrical resistance
(P4.e.p) Of rocks comprising the geological sec-
tion of the study area were calculated using
formula (1), where K is the correction factor
of the VES survey setup, AU (mV) is the mea-
sured values of the potential difference, and I
(mA) is the intensity of the current density in
the current line [Telford et al., 1990].

Overall quality control of fieldwork is achi-
eved through independent control soundings,
comprising 5 % of the total number of VESs.
The quality of measurements at the i-th spac-
ing of AB/2 is determined by the discrepancy
g (in %) between the primary p_; and control

p'? measurements, where:

Pai _(pai + Pai )/2
(pai +Pai )/2

€= 100% .
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The uncertainty between the main and
control measurements should not exceed 5 %,
which is acceptable [Salamov et al., 2025].

Based on the calculated apparent electri-
cal resistivity values of the rocks, p, curves
were constructed and interpreted, and the
specific electrical resistivity (pg.,) of the
rocks was determined.

Based on the data, the predicted verti-
cal p, ., sections of rocks were constructed.
Geoelectric sections were constructed based
on the pg . values, converted into predicted
lithological-geophysical sections.

We have conducted similar studies in other
regions of the Republic [Salamov et al., 2020,
2023, 2025; Gasimov et al., 2025].
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Surfer 15, CorelDRAWX6, and ZOND-2
software packages were used to process the
field geophysical data.

Discussion. On the left bank of the Gara-
chay river, gravel and pebble deposits with
inclusions of sand and boulders are wide-
spread. The right bank portion of the site is
dominated by clay deposits with inclusions
of gravel and sand.

Vertical sections of p,,, and geoelectric
sections based on pg , , were compiled, and
the latter were converted into expected lith-
ological-geophysical sections (Fig. 2).

Some expected physical parameters were
also determined, and maps of the apparent
and specific resistivity, rock density, under-
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Fig. 2. Sections of the apparent (a) and specific (b) electrical resistivity of the study area:  — VES points and their
numbers; 2 — p_ ., isolines; 3 — pg . . values; 4 — alluvial deposits; 5 — rocks with inclusions of boulders and
pebbles with sand filler; 6 — clayey interlayers.
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water rock density, natural moisture content,
and filtration coefficient of rocks of the study
area were compiled.

In the compiled probable lithological-geo-
physical sections, 8 to 10 layers can be traced
consisting of clays and boulder-pebble depos-
its with sand filler, with a specific electrical
resistivity of 1—1.5 and 40—180 Ohm'm, re-
spectively.

The proposed lithological-geophysical
sections clearly demonstrate the process of
sediment accumulation. That is, each boul-
der-pebble layer alternates with thin clay lay-
ers that act as water-resistant barriers — aq-
uicludes. This means the geological section
is potentially promising for the exploration
of fresh groundwater.

Thus, the geological section has been thor-
oughly dissected. The identified layers are
plicatively dislocated, and no clearly defined
faults were detected.

In all lithological-geophysical sections
with increasing depth of layers, a decrea-

se of pg., is observed, which is normal.

The compiled map shows an increase in
the average value of p_ , . at the northeastern
edge of the survey area.

In some parts of the territory, p, ., varies
between 60—76 Ohm-m, while in the central
and southwestern parts, it ranges from 40 to
60 Ohm'm (Fig. 3, a). This is presumably re-
lated to the presence of fine-grained rocks in
the section and an increase in their natural
moisture content.

A map compiled using the average p, . .
shows a similar situation (Fig. 3, b).

Asnoted above, the compiled maps based
on the estimated rock density and the density
of rocks under water will most reliably locate
fresh groundwater (Fig. 3, c, d).

The survey area is relatively flat. On the
southwestern edge, the absolute elevation
ranges from 213 to 215 m, increasing to 223—
225 m to the northeast.

One of the objectives of the geophysical
survey was to determine the thickness of the
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Fig. 3. Maps of the average apparent (a) and specific (b) rock resistivity, predicted rock density (c) and underwater

rock density (d) of the study area.
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Fig. 4. Maps of relief in meters (a), thickness of alluvial deposits in meters (b), natural moisture in % (c), filtration

coefficient (d).

alluvial deposits. The resulting map of alluvial
deposit thickness across the area shows an
increase from the northwest to the southeast.

On the right bank of the Garachay river
the thickness of alluvial deposits varies in the
range of 1—5 m, and on the left bank of the
river, itis 7—12m, and pg , , 50—450 Ohm-m.

To locate fresh groundwater as accurately
as possible, amap of the probable natural mois-
ture content (W,, %) was compiled (Fig. 4, c).

In the southwestern part of the study area,
the natural moisture content of the sediments
varies within the range of 1—6 %, and in the
northeastern part, 10—12 %, which is a regu-
larity, since boulder-pebble deposits are wide-
ly developed in the left-bank part.

In the right-bank part of the study area,
the sediment filtration coefficient (Ky) varies
between 1 to 3 m/day, while in the left-bank
part, it ranges from 6 to 12 m/day.

This situation is explained by the fact that
the floodplain on the left bank is dominated
by gravel and pebble deposits with boulders.
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However, in the right-bank part of the area,
clay deposits are predominantly formed with
occasional gravel inclusions.

Based on the apparent electrical resistiv-
ity values of the rocks in the study area, 3D
models were constructed along the X, ¥, and
Z axes.

The models clearly demonstrate how the
electrical resistivity of the rocks that make
up the geological section decreases from the
surface down. We believe this is primarily due
to the lithological composition of the rocks
and the underlying waters.

Given the above, it can be assumed that
the study area is promising for the search for
fresh groundwater.

Conclusion. The main results of the geo-
physical survey using the VES method are as
follows:

— the geological section of the study area
was detailed, and six to eight layers of vary-
ing thickness and specific electrical resistivity
were identified;
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Fig. 5. 3D models of the study area: 3D model (a), randomly selected 3D model section (b), 3D model along the Y
axis (c), 3D model along the X depth axis (d), and 3D model along the Z axis (e).

— the identified layers are plicatively dis-
located,;

— the identified layers are primarily com-
posed of gravel and pebble deposits, includ-
ing boulders and sand, alternating with thin
clay interlayers;

—on the left-bank part of the river flood-
plain, the natural moisture content of the geo-
logical section increases, while in the right-
bank part, it decreases. A similar pattern is
observed with the filtration coefficient;

— the thickness of the alluvial deposits in
the study area is uneven;
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AOCAIAKeHHS MTiA3eMHUX BOA Y OacenHi piuku 'apauan
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METOAOM BEPTUKAABHOTO EACKTPUYHOI'O 30HAYBAHHSA

A.M. Caaramos, A.Ill. MyxrtapoB, B.A. MammeaoB, P.T. Cagapos,
A.T. 3amanoBa, I.P. CapuroBa, 2026

[uCcTHTYT Teonorii Ta reodiznky, MIiHICTEPCTBO HAYKU
Ta ocBiTH A3epOaripkany, baky, AszepOaripKad

Ockinbku A3epOalipyKaH PO3TAIIOBAHUM IIEePEBa’XHO B HAIIBIIOCYIIAWBIN 30HI, pAe-
(inuT BoAU 3aBXXAU OyB IpodAeMoro. [TounHaroun 3 Apyroi MOAOBUHU XX CT., HIBUAKE
3pPOCTAaHHS HACEAECHHS Ta EKOHOMIKH I11e OiAbIile 30IABIIUAO TOTPeO0y y BOAL. MeToto mpo-
BeAEHH4 reo(di3sMUHUX AOCAIAKEHB Y OacelHi piuku ['apauait METOAOM BEPTHUKAABHOIO
E€AEeKTPUYHOTrO 30HAYBAHHA OYAO 3a0e3leueHHs IPUAETANX HAaCEAEHUX ITyHKTIB BUCOKO-
SKICHUMU NPICHUMHU IIA3EMHUMU BopaMuU. ['eororiuHnid po3pi3 OyB A€TaABHO BUBUYEHUIM.
Bin cknaapaeTbeca 3 8—10 mapiB BAaAYHHO-TaABKOBUX MOPIA, IO YEPTyIOThCS 3 TOHKUMU
TAMHAHUMM IpOIIapKaMu. ['eOAOriuHUN pO3pi3 AOCAIAKYBAHOI TEPUTOPIl MAIKATUBHO
AndepennivioBannii. KoskeH iAeHTHU(IKOBAaHUINT BOAOHOCHUN TOPU3OHT IIIACTUAAETHCS
BOAOHEIIPOHUKHUM IIapOM, HOPOAU SIKOT'O IIEPEBa’KHO CKAAAQIOTHCS 3 TAMHU. TOBLIWHA
AAIOBIAABHUX BIAKAGAIB KOAUBAETHCS B MeKax 1—12 M, a IXHIU OUTOMUN eAeKTPUIHUN
onip — B Mexkax 50—450 Om-m. OTpuMaHa KapTa TOBIIWHU aAIOBIAABHUX BIAKAQAIB 11O
BCIM TEPUTOPII ITOKa3ye 30iAbIIIEHHS TOBIIUHU aAIOBIaABHUX BIAKAAGAIB 3 MIBHIYHOIO 3a-
XOAY Ha MiBAeHHHMU cxip. TakoK OyAaM BU3HAYeHI OCHOBHI (Di3WYHI MapaMeTpH, TaKi K
IIPUPOAHA BOAOTICTB, TYCTUHA, I'yCTHUHA ITOPIA MiA BOAOIO Ta KoedirieHT iabTpanii. Caip,
3a3HAYUTH, 1110 Ha IPaBoOMy Oepesi AOCAIAKYBAHOI TePUTOPIl KoeiieHT PIiAbTpaLiil ocapy
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KOAMBAETHCS B MeyKax 1—3 M/AeHB, TOAI SIK Ha AiBOOepeskKi — B Mekax 6—12 M/AeHb.
IToOyaoBani 3D MOAEAL 4iTKO AeMOHCTPYIOTE, 9K IIMTOMUM eAeKTPUYHUN OIIip IIOPiA, 110
CKAQAQIOTH T€OAOTIYHMY pO3Pi3, 3MEHIIIYEThCS Bia IOBEPXHI A0 TAMOuHU. Lle, IMOBIipHO,
MTOB'93aHO 3i 30IABIIIEHHSIM IIPUPOAHOI BOAOTOCTI MOPiA 3 TAUOUHOIO ab0 30iAbIIIEHHIM
BMICTY TAMHUCTHX YaCTUHOK Y TAMOIINX IIapax. Bee 11e CBIAUMTE IIPO Te, 110 AOCAIAKYBaHa
TEPUTOPIisI € IEPCIEKTUBHOIO AN BUAOOYBAHHS IIPiCHUX MA3EMHUX BOA.

KA1040Bi cAOBa: eA€KTPOPO3BIAKA, re0di3UUHI AOCAIAKEHHST, MTUTOMUMN eAeKTPUIHUMN
omuip, WIABHICTB IiPCBKUX IIOPIiA, IPUPOAHA BOAOTICTE.
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