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Annomauyus: Teppuropus ['eraMckoro ropHoro xpe6ta xapakTepusyeTcsl TYCThIMU HEPOB-
HOCTSIMU Tuaporpadudeckont cetu. bomee 70% moepxHOoCcTM [eramckoro xpe6ra MOKPHITO
TpelHaMM aHIe3UTOBOTO, aHIe3UTO-0a3a/IbTOBOTO, aHAE3UTO-JAllUTOBOTO cOocTaBa. B pe-
3yJIbTaTe TUIPOTeOJOTUUeCKUX U reodu3nueckux MCCaeqOBaHMIi BbISIBJIEHO HECOOTBETCTBIME
MKy JaHHBIMY BOIHOTO GajiaHca Ha Tepputopuy ['eramckoro Xxpe6Ta 1 HOBbIMU, U CTapbIMM
(morpebGeHHBIMM) BOmOpasaenamMn. B pesynbrare reo@usmyeckux M ruaporeoiorTuIecKmnx mUc-
CJIeOBaHMIT BOOHBIX PECYPCOB B BOJOCOOpHOM GacceriHe o3epa CeBaH BbIsBIEHA U YTOYHEHA
B3aMMOCBSI3b MEXKIY HOBENMIIIMM M CTapbIM BOZOpasfesaMi TOPHOTO Xpe6Ta, OlleHeHO Hau-
yie OTKJIOHEHMI MKy CTapbIM M HOBBIM BomopasaeiaMu. [1pu mpoBemeHnn reodmsnueckmx
MCCeoBaHUI Ha Tepputopuu I'eramckoro xpebra ObUla MpUYMEHEHa YeThIPeX3JIeKTPOIHO-
CUMMeTpUYHast MOAU(UKALIMS METOA BEPTUKAIBHOTO JIEKTPUUYECKOro 30HaAMpoBaHus (B33).
B pesynbraTe MpoBegeHHbIX MCC/IENOBaHMI Oblla COCTaB/IeHa KapTa IMajeopesibeHoro cjios
Bceii Tepputopuu ['eramckoro xpe6ta. B COOTBETCTBUM C COCTABIEHHOM KapTOM BbIIEIEHbBI
OTKJIOHEHMSI PErIOHA/IBHOTO BOJHOI'O CJIOSI OT Bofopaszea kK o3epy CeBaH, K 3arazy 1 ro-3a-
nany. B ceBepHOII yacTy BBICOKOTOPBSI TIPOUCXOAMUT CMEIeHNE COBPEMEHHBIX ¥ MOTPeGeHHBIX
BOIOpasnesoB. B pesysibTare KOMIUIEKCHBIX MCC/IeNOBaHMIA ObUM ONpenesieHbl (B HEKOTOPhIX
CTy4asiX OLIEHEHbI) 3HAUEHUST TTOI3eMHOro (ITyGMHHOTIO) CTOKAa PeUHbIX 6GacceitHOB pek Bemu
1 Asart. BeigesieHbl OCHOBHbIE HAIIPaBJIEHMs IBVKEHVSI TIOA3EMHbIX BOJOTOKOB, a TAKXKE pac-
TpefieJieH1e HOBEMIIIX U CTapbIX (MOrpeGeHHbIX) BOMOPA3/Ee/IOB 10 OTHOLIEHUIO IPYT K APYTY.
Wcxonst 13 3aKOHOMEepHOCTH (hOpPMMUPOBaHMS TOA3EMHOT0 MTOTOKA, HEOOXOAMMOCTH JIOKaJIM3a-
LMY U TIOVCKA TOTIOTHUTENIbHBIX MCTOYHUKOB BOIOCHAOKEHNSI, aKTyaIbHO YTOUHEHME I'PAHMAIL
3amTy0JIEHHbIX BOIOPAa3/IesioB, TPEOYIOUINX TOMOJHUTEIbHBIX VCCIeTOBAHMIA.
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Abstract: The territory of the Geghama mountain range is characterized by dense irregularities
of the hydrographic network. More than 70% of the surface of the Geghama ridge is covered
with cracks of andesite, andesite-basalt, andesite-dacite composition. As a result of hydrogeo-
logical and geophysical studies, a discrepancy was revealed between the data of the water
balance on the territory of the Geghama Ridge and the new and old (buried) watersheds. As a
result of geophysical and hydrogeological studies of water resources in the drainage basin of
Lake Sevan, the relationship between the newest and old watersheds of the mountain range
was identified and clarified, the presence of deviations between the old and new watersheds
was estimated. A four-electrode symmetric modification of the vertical electric sounding (VES)
method was applied during geophysical studies on the territory of the Geghama Ridge. As a
result of the conducted research, a map of the paleo relief layer of the entire territory of the
Geghama ridge was compiled. In accordance with the compiled map, deviations of the regional
water layer from the watershed to Lake Sevan, to the west and southwest are highlighted. In the
northern part of the highlands, there is a mixture of modern and buried watersheds. As a result
of complex studies, the values of the underground (deep) flow of the river basins of the Vedi
and Azat rivers were determined (in some cases estimated). The main directions of movement
of underground watercourses are highlighted, as well as the distribution of the newest and old
(buried) watersheds in relation to each other. Based on the regularity of the formation of an
underground stream, the need to localize and search for additional sources of water supply, it is
important to clarify the boundaries of buried watersheds that require additional research.

Key words: mountain range, underground watercourse, underground basin, watershed, geoelec-
tric section, paleorelief, borehole, measuring points of electro-sounding.
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Introduction
Groundwater is the best alternative wa-

surface by DC (direct current) electric
geophysical method, applied especially

ter resources to supply the water needed
for agriculture, industrial and domestic
purpose [1]. Though surface water is clai-
med to be the principal supply of freshwa-
ter, groundwater is relied upon globally to
meet human needs and agricultural pur-
poses [2]. Geophysics survey especially
geo-electrical survey is widely used in
order to locate the groundwater resources
[3—7]. Strong correlation between estima-
ted and pumped aquifer parameters sug-
gest that, in case of sparse well data, geo-
physical technique is useful to estimate
the hydraulic potential of the aquifer with
varying lithology [8]. As an alternative,
geoelectric measurements from the soil

through the vertical electrical sounding
(VES) technique, enable a non-invasive
and relatively inexpensive hydrogeologi-
cal characterization [9—11].

The article presents the results of hyd-
rogeological and geophysical studies along
the western slope of the drainage basin of
Lake Sevan and the Geghama mountain
range. The purpose of the research was to
identify the discrepancy between the wa-
ter balance data on the territory of the
Geghama range and new and old (buried)
watersheds. In the course of the research,
about 1100 field curves were measured
and processed by the method of VES pro-
duced earlier, as a result of which a map of
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the generalized paleorelief layer of the re-
gional mountain range was compiled, un-
derground watercourses and buried (old)
regional watersheds were identified. The
power of the watersheds of the mountain
range has also been studied, and the cen-
tral watercourses have been identified.

Geological characteristics

of the region

Sevan basin, which is located between
the Lesser Caucasus and the Armenian vol-
canic highlands, has a complex geological
structure, different relief forms with var-
iegated reworked forms. By features geo-
logical structure, the lake basin is divided
into two parts: the northern and eastern
(which belong to the folded-clumpy re-
gions of Armenia) and southern and west-
ern (which form part of the Armenian vol-
canic highlands). In the southwestern part,
they are widespread strongly porous and
permeable rocks with cracks, and in high
mountain areas — chingils, which act as
a regulator to feed rivers. Unlike from the
southwestern part, the northeastern part of
the basin stands out the absence of more
or less large sources, the presence of many
small tributaries, mudflows are character-
istic. Almost all dropped here precipita-
tion flows down the slope into streams or
directly into the lake. Many of the rivers
in the period of low water does not reach
the lake. Basin rivers Lake Sevan are
mainly fed with mixed water: melt water,
rainfall and underground. The feeding of
the rivers originating from the Geghama
and Vardenis mountains, which are of vol-
canic origin, predominantly underground
(60—80%). Mainly underground power
have the rivers Gavaraget, exclusively
underground — Lichk [12—13]. At work
[14] discussed some issues of regulation
and management of river runoff associa-
ted with the feature of the geological and
hydrogeological structure of the river ba-
sin and the composition of soil.
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The geological structure of the Gegha-
marange mainly involves Miocene volcan-
ic formations, as well as Pliocene-Fourth
lavas, and in the gorges, there are exits
from Eocene tuffs and andesite-basalt la-
vas. Clay deposits are located in the center,
and their carbonate composition is higher
along the length of the eastern coast, where
there are microliths of the late Senon and
Paleogene and organogenic-detritus lime-
stone.

From a tectonic point of view, the
Sevanhorstantiklinal of Cretaceous-Paleo-
zene growth, which is part of the Ophio-
lithic zone of Sevan-Amasia, is considered
the oldest in the studied territory of the
Geghama mountain range. Wells were dug
in the foothills of the Geghama mountain
range, where the remains of Santon were
found.

This mass is disturbed by a displace-
ment of 150 m, observed when placing im-
pression horizons of slag tuffs. Eocene and
Late Cretaceous sediments extend beneath
Neogene sediments.

Larger than the southeastern corrugat-
ed structures of the Gegham Ridge is the
syncline of the enamel stone, consisting of
Neogene (Sarmatian) deposits. The next
asymmetric Horst-anticline rise extends bet-
ween the valley of the Gegharkunik River
and the Western shore of Lake Sevan,
known as the Dashkend rise [15].

The Geghama Mountain Range is a hu-
ge thyroid ridge with an area of 2800 km?.
The watershed part is located at an altitude
of about 2800— 3600 m and is a plateau
with a separate cover and lava flows, on
which separate volcanic peaks and extru-
sion domes rise.

The territory of the Geghama moun-
tain range is characterized by dense ir-
regularities in the hydrographic network.
If the northern part of the mountain range
is devoid of surface flow and from a hyd-
rographic point of view is a deserted ter-
ritory, then the southern part is separated



by numerous river valleys — Azat, Vedi,
Gavar, etc.

A large role in the formation and distri-
bution of groundwater belongs to the lith-
ological composition of water-saving and
water-repellent layers. More than 70% of
the surface of the Geghamarange is cov-
ered with cracks of andesite, andesite-
basalt, andesite-dacite composition. Here,
in the lava section, there is a change of
several floods, which are divided into
removed residual species or mixtures of
slag and slag. These mixtures act in the
form of waterproof. All lava on the ridge
is characterized by high water permeabil-
ity and water catchment. Lava formations
of high power (according to geophysical
data more than 700 —800 m) are distribu-
ted among volcanic, metaform and intru-
sive types of decomposed surfaces. Under
the buried lava, the old relief is almost
everywhere widespread and is a regional
waterproofing layer.

Hydrogeological and geophysical re-
search of the region. Within the Lake Sevan
basin, large-scale water, geophysical, and
exploration works were carried out at
the Scientific Research Institute of Water
Problems and Hydraulic Engineering of
Armenia and by the Armenian Studies De-
partment.

V.K. Davydov first studied the medi-
um-long-term water balance of the lake in

Table 1

natural conditions in 1927 —1934. The re-
sults of the study were used in the develop-
ment of a preliminary scheme for the use
of lake water resources. Then B.D. Zaikov
(1925 —1945) and the Academy of Scien-
ces of the Republic of Armenia (1947) as
a result of their research in 1961 —1962,
a three-volume work entitled "Results of
complex studies of the Sevan problem” was
published.

Table 1 below shows a comparative
table of the values of the components of
the lake's water balance.

Gavaraget river starts from the southern
slopes of the Geghama mountain shield
at an altitude of 3130 m (it is the source
of the Gegharkunik tributary). Gavaraget
flows into Lake Sevan at the border be-
tween Small and Big Sevan at an altitude
of 1900.6 m, the average slope is 24.6 %o.
Several tributaries, many of which have a
temporary flow, flow into Gavaraget, orig-
inating from the top zone of the Geghama
mountain range. The length of Gavaraget
along with the Gegharkunik tributary is
about 50 km, the catchment area is 480 km?
(that is, the second in the Sevan Lake ba-
sin) [16].

The table shows that the values of the
components of the lake's water balance
(according to different authors) differ lit-
tle from each other and do not exceed 5%,
so we can admit that the water balance of

Average long-term water balance of Lake Sevan in natural conditions
CpenHuii MHOroneTHUi BOAHbIN 6anaHc ozepa CeBaH B eCTeCTBEHHbIX YC/10BUAX

Authors Unit of Inflow

measure-| tripy- | precipi-| all | evapo- | the flow of | under- | all

ment tary | tation ration |the Hrazdan| ground

river stream
V.K. Davidov mln m? 770 550 1933 1210 50 60 1320
mm 540 388 855 35 42 932
B.D. Zaikov mln m? 765 552 1317 1203 43 71 1317
mm 540 390 930 850 30 50 930
A.M. Mkhitaryan| mln m? 730 524 1254 1117 52 85 1254
and others mm 516 370 886 790 36 60 886
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Table 2

Average monthly values of atmospheric precipitation (mm) and water flow m3/s
CpenHeMecsiyHble 3Ha4eHMs1 aTMocepHbIX 0CagKoB (MM) u pacxoaa Boabl, M*/c

Atmospheric precipitations, mm

Meteorologi- | Observation | I II | III V | VI |VII |VIII| IX | X | XI | XII
cal stations period
Gavar 1891-1915,
1923-2021 17.4119.432.7 |44.3|167.070.3|59.4|43.1|36.1|37.0|26.9|17.1
Urtsadzor | 1949-2021 |27.0|29.5|41.9|52.1|53.6/29.7 |16.3|10.712.7|30.1 | 31.6 | 24.2

The flow of water, m3/s

River - obser-| Observation | I II | III V | VI |VII |\VIII| IX | X | XI | XII
vation point period
Gavaraget - | 1926-1945,
Noratus 1946,
1948-1950, | 2.972.95|3.31 |5.01 | 6.55|4.422.91|2.39|2.68|2.93|3.00 | 2.97
1952-1992,
1997-2021
Azat - Garni | 1936-1994,
2000-2021 3.01/3.07|3.51/7.6712.3|8.96|3.17|2.55/2.61|2.91|3.043.01
Vedi - 2001-2021 /0.83/0.94|1.49/4.11 |5.65|1.19/0.41/0.29/0.28|0.45|0.61 |0.75
Urtsadzor

Lake Sevan is given with great accuracy.
Table 2 presents the average monthly valu-
es of atmospheric precipitation (mm) and
water flow.

The relationship between the newest
and old watersheds of the mountain range
was identified and clarified as a result of
geophysical and hydrogeological studies
of water resources in the catchment basin
of Lake Sevan. The presence of deviations
between the old and new watersheds was
assessed, which has a certain impact on
the catchment balance of the catchment
basin, to the detriment of Lake Sevan [17].

Methodology

VES method is one of many methods
in geophysics [18]. Electrical resistivity
method and RS & GIS techniques are very
much useful in identification of potential
aquifer zones for exploitation, manage-
ment and recharge of groundwater [19].
VES as a geoelectrical method has proven
its effectiveness throughout the history
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of groundwater geophysical investiga-
tion [20]. In study, the results showed
that geo-electrical resistivity was proven
as a successful method as it is widely ap-
plied in finding the potential groundwater
zone [21], besides the rapid sampling and
low cost of performing vertical electrical
sounding (VES), may justify the use of
this geophysical technique for preliminary
porous aquifer characterization, especially
in regions absent of or with insufficient
monitoring wells [22]. Discovering of gro-
undwater aquifer, adds to determine the
main lithology, shaly sandstone, sandstone
and sandstone to limestone, of the aquifer
and the complicated structural setting at
form of inferred faults by using VESs [23].

From the various kinds geophysical
studies of conducted on the territory of the
Geghama ridge, the article presents the
method of VES. A four-electrode-sym-
metric modification of the VES method
was applied, and the largest hole size of
the electrodes feedin. A and B was chosen



1500 m, based on the depth of the study
(up to 500 m). Measurements were carried
out at wells dug mainly or at previously
measured VES points.

The application of VES in prospect-
ing for groundwater within the fractured
terrain is relatively inefficient. Therefore,
at work [6] this research aimed at using
integrated resistivity methods (azimuthal
resistivity survey (ARS) and VES) to de-
fined the structures and porosity parame-
ters in the area to overcome the lapses ex-
perienced in applying VES method alone.
Integrated geoelectrical and hydrochemi-
cal surveys were used to investigate and
delineate different types of groundwater in
the Kuala Selangor alluvial aquifer [24].

VES is a method to generate one di-
mensional of resistivity distribution in ver-
tical section. The vertical electrical sound-

S[E3)] o] 7[PPT] 8[_E]

ing (VES) method was employed to study
and map the subsurface variation of resis-
tivity in the numerous area [25—27]. The
MRS together with VES has been shown
to be a useful and important tool for iden-
tifying and distinguishing freshwater from
possible salt-affected water [28].

Research results

New measurements were made to de-
termine the spatial position of the water-
shed buried in the mountain range and the
absolute elevation of the relief of the re-
gional watershed. More than 1100 new and
previously constructed electrical-sounding
graphs were developed and interpreted,
and sections of about 30 wells were studi-
ed. Because of the research, a map of the
paleorelief layer of the entire territory of the
Geghama Ridge was compiled (Figure 1).

1 - regional waterproof relief curves
with absolute figures, meters

2 - main ways of development of
central watercourses (paleohivites)

3 — newest surface watershed
4 - regional buried watershed
5 — the drainage basin is buried

6 — extended contact of submerged
water

7 - outlets from natural sources

8 - direction of the geophysical and
hydrogeological section

9 - inversion zone of the newest and
buried reliefs

Fig. 1. Map of the regional waterproof relief of the Geghama mountain range
Puc. 1. Kapta permoHanbHoro BogoHenpoHuLaemoro pensega leramckoro ropHoro xpebra
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The deviation of the general watershed
from the watershed to Lake Sevan is high-
lighted on the compiled map. In our opin-
ion, as a result, the northern water flows
are directed towards the Hrazdan River
basin, and the central and southern water
flows of the eastern slopes of the mountain
range are unloaded in underground reser-
voirs on the territory of Sarukhan-Gavar.

Studying the map of the presented paleo-
relief shows that there is a deviation from
the newest and buried watersheds along
the entire perimeter of the mountain range,
because of which part of the groundwater
formed on the deflected southern slopes of
the intake reliefs participates in the forma-
tion of groundwater on the western slopes.

This is seen in the geological and geo-
physical section in Figure 2. This explains
the cost of a relatively high module of un-
derground sources of the western slopes.
According to the project presented by
us, the widest part of the deviation of the
newest and old watersheds reaches up to
5 km, and the area of the entire rejected
watershed is 150 km?,

According to the data of vertical elec-
tric sounding curves, within the depres-

a) s

e LU s7) 378
20
240

sion under high-resistance lavas with p =
= 500—2000 ohms m, their relatively
low-resistance aquifers with p = 250—
450 ohms m lie everywhere. Of particu-
lar interest is the geoelectric contact es-
tablished here under the lava rocks. The
contact in question plays a controlling ro-
le in the distribution of the underground
runoff of the area. Analysis of the paleo-
relief map shows that in the northern part
of the highlands, there is a displacement of
modern and buried watersheds, as a result
of which part of the surface waters of the
eastern slopes takes part in the formation
of groundwater of the western slopes of
the highlands (basins of the Hrazdan, Azat,
Vedi rivers).

Taking into account the results of
complex studies, the values of the under-
ground (deep) runoff of the river basins of
the Vedi and Azat rivers were determined
(in some cases estimated).

The amount of underground runoff for-
med within the modern basin of the Azat
River increases due to underground run-
off coming from the western slopes of the
Gegham Highlands. The mixing of mo-
dern and underground watersheds has been

rP-8-B’

= BN R T

A A )
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1 - volcanic formations; 2 - Pliocene-Quaternary lavas; 3 — andesite basalts; 4 - cover;
5 - VES points; 6 — iso-ohmer lines; 7 — values of the electrical resistivity of rocks

Fig. 2. An example of the deviation of the newest and buried watersheds of the Geghama mountain range
Puc. 2. ObpaseL; OTK/IOHEHMS HOBEVNLLMX M OrpebeHHbIX Bogopazaenos 'eramckoro ropHoro xpebra
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established. This area is about 50 km?2 With
an underground flow modulus of 8 |/s-km?,
a flow of 0.4 m%s (0.013 million m*/year)
is formed here. Taking into account this
additional flow coming from the Geghama
Highlands, the total underground flow with-
in the catchment basin of the Azat River is
about 1 m%/s.

To the west of the modern bed of the
Vedi River, its ancient bed has been deter-
mined. Here, according to hydrodynamic
calculations (according to the Darcy for-
mula using the results of geophysical stud-
ies), the underground flow in the paleorusl
of R. The lead is estimated at ~1 m?%s.
According to water balance calculations,
an underground runoff of about 1.9 m%/s is
formed within the catchment basin of the
Vedi River [29].

On the map of the regional waterproof
relief presented by us, one of the main
streams located on the eastern slopes of
the Geghama mountain range is the Cent-
ral Water Stream. It is formed at 2500 —
2300 m and has a direction from south to
North, which flows into Lake Sevan near
the village of Chkalovka. In the West, it
is bounded by the main watershed of the
mountain range, and in the east by a lo-
cal watershed with a south-west-northeast
orientation. Both deeply penetrating at-
mospheric media and infiltration waters
participate in the formation of central wa-
ter flows. To estimate the flow rate of water
flows, we used the hydrodynamic method,
using the Darcy formula. For the paleo
hot of the Central Watercourse, accord-
ing to our data, the following picture was
obtained: the width of the antiquity of the
water flow is over 750 m, at the bottom
is 250 m, the thickness of the water ho-

CITNCOK JINTEPATYPbI

rizon is 100 m, the filtration coefficient
is KF = 25 m/day, the hydraulic slope-
according to the paleorelief — 0.080. The
flow rate of water flows is expected to be
1.15 m¥s [30].

Conclusion

In the western part of the drainage ba-
sin of Lake Sevan, throughout the Gegham
ridge, taking into account the pace and
volume of population growth and further
development of the national economy,
a significant water shortage is expected.
There is a great need for drinking and ir-
rigation water, especially in settlements
located at higher elevations. Based on the
regularity of the formation of an under-
ground stream, and the need to locate and
search for additional sources of water sup-
ply, it became urgent to clarify the bounda-
ries of buried watersheds that require ad-
ditional research. Because of the research,
we came to the following conclusions:

 To identify local and regional water-
sheds of the distribution of underground
flows, in volcanic structures, the method
of VES is effectively used.

e The dispersion of the newest and old
(buried) watersheds in relation to each oth-
er was highlighted on the presented map.

e The main directions of movement of
underground watercourses are highlighted.

e To obtain new water intakes based
on the research data, a drilling site of water
wells will be proposed.

It was necessary to build a final re-
lief map of the regional waterproofing of
the studied area on a scale of 1:100,000,
where the distribution of the underground
flow for the eastern and western slopes of
the Geghama Range will be allocated.
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