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Abstract

This article analyzes the natural geographic features of mountainous regions, with a
particular focus on the geological, hydrogeological, stratigraphic, and engineering-
geological conditions of the Tubegatan deposit located in the southwestern part of
the Qashgadaryo region. The study examines the relief of the area, the composition
of geological strata, the distribution of underground waters and their influence on
mining operations, as well as karst-related risk factors. The article highlights the
technological and ecological challenges associated with the exploitation of mineral
resources in mountainous areas and addresses geodynamic conditions encountered
during underground mining. The findings contribute valuable scientific and practical
insights for the sustainable and safe development of mineral deposits in mountainous
terrains.
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Annotatsiya

Mazkur maqolada tog‘li hududlarning tabiiy-geografik xususiyatlari, xususan,
Qashgadaryo viloyatining janubi-g‘arbiy qismida joylashgan Tyubegatan konining
geologik, gidrogeologik, stratigrafik va texnik-geologik shart-sharoitlari tahlil
gilinadi. Tadgigot davomida kon maydonining relyefi, geologik gatlamlar tarkibi,
yer osti suvlarining tarqalishi va ularning kon ishlanmalariga ta’siri, shuningdek,
karst jarayonlari kabi xavf omillari o‘rganildi. Maqgolada tog‘li hududlarda foydali
gazilmalardan foydalanishning texnologik va ekologik jihatdan murakkabligi, yer
osti kon ishlari jarayonida yuzaga keladigan geodinamik holatlar va ularni
boshqarish mexanizmlari ko‘rib chiqilgan. Olingan natijalar tog‘li hududlardagi
konlarni barqgaror va xavfsiz o‘zlashtirish bo‘yicha ilmiy-amaliy tavsiyalarni ishlab
chigishda muhim ahamiyat kasb etadi.

Kalit so‘zlar: Tog‘li hudud, geologik tuzilish, Qashqadaryo viloyati, foydali
gazilmalar, kuchlanish zonalari, karst, gidrogeologiya, Tyubegatan koni.

57| Page



+%; ECONFSERIES f.

E CONF SERIES

International Conference on Multidisciplinary Sciences and Educational Practices
Hosted online from Rome, Italy
Website: econfseries.com 27 April, 2025

MPUPOJJHO-TEOT'PA®UYECKHUE OCOBEHHOCTHU 'OPHbIX
PAMOHOB IOI'0O-3AIIATHONU YACTHU KAIIIKAJIAPBUMHCKOM
OBJIACTH U CHEIIU®UKA UCTTIOJIb30BAHUS MTOJIE3HBIX
HNCKOIMAEMBIX
daiizynnaeB Makcya AO6ayiiaeBuy - JOIEHT Kadeapsl reorpaduu
]_HaXpI/Ica63CKOFO rocy1apCTBCHHOI'O IICAAIOTHYCCKOT'0 HHCTUTYTA

XyxaKynoB AMHpP»)OH MypoioBHY - TOUEHT Kadeapsl ['eosiorust 1 ropHoro Aena,
KapmmHCcKoro rocy 1apCTBEHHOIO TEXHUYECKOTO YHUBEPCUTETA

Cynaronos lllyxpatr AnxamoBud - fo1eHT Kadeapsl ['eosorus u ropHoOro nena,
KapimmHCcKoro rocy 1apcTBEHHOIO TEXHUYECKOTO YHUBEPCUTETA

AHHOTALIUSA

B cratee aHanmu3upyroTcs MNpUpoAHO-reorpaduyeckue OCOOCHHOCTH TOPHBIX
pPErHOHOB, 0CO00€ BHUMAHUE YACISIETCS T'€OJOTMUECKUM, THAPOTCOJOTMYECKUM,
CTpaTUTpaPUUYECKUM U HWHXKEHEPHO-TEOJIOTHYECKUM YCJIOBUSIM MECTOPOKIACHUS
Tro0eratan, pacrojioXKeHHOTO B FOT0O-3armaiHoM yactu KamkagapbuHCKOM 001acTH.
B uccnenoBanuu paccmaTpuBaroTcs penbed MECTHOCTH, COCTaB T'€OJOTHYECKHUX
IJIACTOB, PACIpPOCTPAaHEHUE MOA3EMHBIX BOJl M UX BIUSHUE HA TOpPHBIE palbOTHI, a
Takke (aKTOpbl pHUCKA, CBA3aHHBIE C KapcToM. B cratbe ocBeniaroTcs
TEXHOJIOTUYECKUE U DKOJIOTHYECKHE MPOOJIEMbl, CBA3aHHBIE C DKCIUTyaTallden
MOJIE3HBIX UCKOMIAEMBIX B TOPHBIX paiiOHAX, U PACCMATPUBAIOTCS T€OJUHAMUYECKUE
YCJIOBUS, BO3HHUKAIONIUME TIPU TMOJ3EMHOM J0ObIYE TMOJE3HBIX HCKOMAEMBIX.
[TonydeHHble pe3yJbTaTbl BHOCAT I1EHHYIO HAy4YHYH) M MPaKTHUYECKYIO
uHOpPMAITUIO JUISI YCTOMYMBOTO H OE€30MaCHOTO OCBOCHHS MECTOPOXKICHUMN
MOJIE3HBIX UCKOIAEMbIX B TOPHBIX pailoHax.

KuroueBblie ciioBa: ['OpHBII permoH, reoorndeckoe crpoenne, KamkanapbuHekas

001acTh, TMOJIE3HBIE MCKOIMAeMbIe, 30HBI HAMpPSDKEHHWS, KapCT, THIPOTEOJIOTHS,
MecTopoxaeHue Troberaras.
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Introduction

Mountainous regions differ sharply from other geographical zones with their
complex relief, geological structure, climatic conditions and diversity of natural
resources. In these regions, an uneven arrangement of geological layers, strong
tectonic activity, erosion processes and karst phenomena are observed. The process
of developing deposits in mountainous regions, especially rich in minerals, requires
a unigue approach.

The Tyubegatan deposit, located in the southwestern part of the Kashkadarya region,
is one of such complex mountainous geological regions. This deposit contains
potash salts (sylvinites) of high industrial importance, and their geological-
stratigraphic location, hydrogeological conditions and technical-geological factors
are of great scientific importance.

This article, along with the general natural-geographical characteristics of
mountainous regions, provides an in-depth analysis of the technological and
environmental aspects of the use of minerals in the Kashkadarya region using the
example of the Tyubegatan deposit. At the same time, it is studied how factors such
as karst, groundwater movement, and stress zones affect the safety and efficiency of
mining operations.

Natural geographical features of mountainous areas. The Tyubegatan deposit is
located in the southwest of the Kashkadarya region, on the border of the Republic
of Uzbekistan and the Chardjou region of Turkmenistan, the territory is naturally
divided into two by the Shordarya (or Darya) River. The deposit occupies a distance
of 24 km from southwest to northeast, of which 14 km falls on the territory of
Uzbekistan. The relief of the region is complex, the highest point is 1200 meters,
and the lowest point is 930 meters (Tuyasoy River Valley).

The morphology of the mountainous area is represented by the Gaurdak-Tyubegatan
mountain ranges, which have formed cuesta formations as a result of varying degrees
of erosion of monoclinal deposits. This mountainous relief is not only an important
geological factor in the development of underground minerals, but also creates
technological complexity.

The hydrographic network is poorly developed and consists mainly of temporary
water flows of a seasonal nature. The most important water source in the area of the
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Tyubegatan deposit is the Tuyasoy River, which is the right tributary of the Shor
Daryo. The river's waters are formed mainly as a result of melting snow and glaciers,
and rainfall plays a secondary role. In the spring months, floods and mudflows occur
in the river, which poses a serious hydrogeological threat to the deposit area.

The natural geographical features of the territory - susceptibility to geological
disturbances, the possibility of karst processes, and the seasonality of the water
balance - require special attention when developing mineral deposits. It is these
features that are the decisive factor in choosing mining technology and ensuring
environmental safety.

Geological structure. The geological structure of the Tyubegatan deposit is
characterized by Upper Jurassic, Lower Cretaceous and Quaternary deposits. These
layers have complex stratigraphic and lithological characteristics, which play an
important role in determining and assessing the mineral reserves of the deposit.
The Jurassic Gaurdak suite consists of three main sections: anhydrite, transitional
(anhydrite-halite) and halite (salt) layers. Among these layers, especially halite (KCI
and NaCl) deposits are the most important from an industrial point of view. The
main mineral discovered at the Tyubegatan deposit is sylvinite (a mixture of KCI
and NaCl), which has a high concentration (average 33.5%) and is being mined on
a large scale.

Other rocks widely distributed in the area include:

Halite (NaCl): is mainly a rare mineral, occurring in many layers together with
sylvinite.

Anhydrite (CaSOa): has high mechanical strength and acts as a reinforcing layer in
some layers.

Dolomite and limestone: occur at stratigraphic boundaries and as hydrogeological
barrier layers.

Lower Cretaceous deposits are represented by sandstones, siltstones and carbonate
rocks. Their geological significance is mainly determined by their permeability
properties, which is important in assessing hydrogeological conditions.

Quaternary deposits are located in the surface parts of the mining area and consist
mainly of clay, sand and gypsum mixtures. These layers were formed as a result of
karst processes and pose certain risks to mining operations.
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The geological complexity of the area - monoclinal arrangement of layers, variable
pipeability and different concentrations of minerals - requires an integrated approach
to the development of deposits. Therefore, geological modeling of the deposit, the
accuracy of interlayer differences and structural-geological faults ensure a reliable
assessment of mineral reserves.

Hydrogeological conditions. The hydrogeological conditions of the Tyubegatan
deposit are relatively favorable and vary depending on the composition of the
geological layers and the degree of water permeability. Although water-permeable
horizons of the Quaternary and Lower Cretaceous periods have been identified in
the area, groundwater outflow is practically not observed in the main deposit zone -
that is, in the layers where deposits of potassium salts are developed.

Quaternary water horizons are located mainly along river valleys, in particular, along
the Tuyasoy River, and their water content is seasonal. These horizons contain clay,
sand, gypsum and stone fragments, and their water capacity and flow are very low.
These layers are mainly filled with surface water in the deposit area, as a result of
which there is a risk of flooding in the spring months.

Cretaceous aquifers are usually associated with carbonate rocks - dolomites and
limestones, which are strongly fractured, but in some places act as barriers. These
layers may be under water pressure in some geological zones.

The hydrogeological situation in some places deserves special attention. For
example, in well 2-G (around the Lyalmkan anticline), groundwater under pressure
was detected, which is not usually observed in the mining zone. The emergence of
aquifers under pressure indicates the presence of fracture zones and tectonic faults
in the mine from a geological point of view. Of particular importance in this regard
are the fault zones located in the southeastern part of the mine, along which water
can flow from the upper layers to deeper salt layers.

In general, the salt layers in the mine have strong waterproofing properties, which
plays an important role in ensuring the safety of mining operations. However, due
to the possibility of water seepage in some local areas, hydrogeological monitoring
within the mine is necessary.

Karst and environmental hazards. The presence of widespread sulfate (mainly
anhydrite and gypsum) and chloride (halite and sylvinite) rocks in the area of the
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Tyubegatan deposit creates favorable geological conditions for the development of
karst processes. Especially in hydroactive zones, these rocks interact with water and
dissolve, forming underground cavities - caves, caverns and emerging Kkarst
formations.

The karst processes observed in the area manifest themselves in two forms:
Covered (closed) karst: this condition often develops on the upper part of salt layers,
where caverns filled with clay and gypsum mixtures are formed. They are often not
discovered, but are detected using geophysical surveys.

Open Kkarst: in some parts of the deposit, especially in the slope areas, as a result of
the approach of salt layers to the surface of the earth, melting and the formation of
caverns are observed under the direct influence of surface waters.

Karst processes create a number of environmental and technological risks in mining.
The presence of underground voids:

increases the instability of rocks;

increases the risk of spontaneous subsidence in mining roads;

as a result of dissolved rocks, water passages open up, causing groundwater to move
in new directions.

In addition, due to geodynamics associated with karst processes, the chemical
composition of groundwater changes - they contain high amounts of chloride and
sulfate ions. This has a negative impact on the environment, in particular, increases
the risk of contamination of groundwater and surface water.

Therefore, the level of development of karst phenomena should be constantly
monitored, their impact on mining operations should be assessed, and, if necessary,
geotechnical measures should be taken to prevent them.

Specific aspects of mineral exploitation. In the mountainous regions of the
Kashkadarya region, in particular, at the Tyubegatan deposit, mineral exploitation is
complicated by a number of geological, hydrogeological and technological factors.
These factors create certain limitations, risks and technological problems in the
process of mining.

1. Geological complexity. The layers in the region are mainly located in a
monoclinic state, and their dip is reduced by an angle of up to 10-15°. However,
structural-destruction zones (especially strong fractures and interblock shifts)
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formed as a result of tectonic activity directly affect the strength and stability of the
deposit mass. This is an important factor in planning safe routes within the deposit
and developing technological schemes.

2. Risk of water leakage and hydrogeological uncertainties. Although the main
production layers of the deposit — potash salts — are covered with impermeable
saline rocks, groundwater leakage under pressure has been recorded in some tectonic
zones. This situation poses a threat to mining safety, especially in areas where water
flow may occur in fracture zones or through karst cavities. Therefore, it is necessary
to conduct preliminary hydrogeological monitoring and geophysical surveys.

3. Technological difficulties. The ore mass of the Tyubegatan deposit is
heterogeneous, and the concentration of KCI in different layers varies significantly
(from 25% to 41%). This situation leads to instability in the quality of the mined ore.
Also, stress zones, interlayer changes, and cavities exposed to karst can lead to
technological disruptions in mining operations. For optimal mining of the mineral,
it is necessary to model it taking into account structural changes in the layers.
Comprehensive consideration of the above factors is a key condition for ensuring
the safety, efficiency and environmental sustainability of the mining process. In this
regard, the use of modern geotechnical and digital monitoring technologies is
relevant.

Conclusion

The mountainous regions of the Kashkadarya region, in particular the Tyubegatan
deposit, are characterized by their complex geological structure, uncertain
hydrogeological conditions and active geodynamic processes. This limits the use of
minerals in this area with a simple technological approach. In-depth scientific
analysis, the participation of highly qualified specialists and the use of modern
technologies are of great importance in conducting mining operations.

Potassium salts in the Tyubegatan deposit are of high industrial importance, and their
extraction requires in-depth study of factors such as the heterogeneity of the
composition of the layers, karst and fracture zones, the risk of water seepage and
variability of KCI concentration. In such conditions, the following approaches are
important for the sustainable and effective development of deposits:
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- geological models refined on the basis of modern geophysical surveys;

- three-dimensional (3D) geostructural maps;

- groundwater monitoring and identification of hydrogeological hazard zones;

- assessment of the efficiency of mining through technological modeling;

- development and implementation of environmental safety measures.

On this basis, it can be said that the development of minerals in mountainous regions
iIs a complex, but strategically important process in many respects, requiring a
scientific approach, advanced technologies, and sustainable resource management.
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