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PROSPECTS FOR RATIONAL USE OF MINERAL RESOURCES
OF THE DZHAKSY-KLYCH DEPOSIT, THE ARAL REGION

Abstract. Rational use of mineral resources is becoming an important task for the development and economic
growth of Kazakhstan. The purpose of the resecarch was to study the state of salt-containing raw materials to
determine the prospects for rational use of mineral resources of the Dzhaksy-Klych Deposit, one of the salty halite
lakes of the Aral region. Exploration studies have shown that the Deposit is layered, where the halite layer is
underlain by a sulfate layer: astrakhanite, mirabilite, tenardite, located on a layer of silt, the bed of salt deposits is
dark brown clays, less often - clay Sands. Mineralogically, the halite formation is represented by, %: halite —
90-96, epsomite -1,2-2,6, mirabilite -0,2-1,9, gypsum-0,2-1,4. The production of table salt results in waste containing
65.5% chlorides, 24.5% sulfates, 6.5% sodium carbonates, and 3.5% sodium silicates, which can be used for
pharmaceutical and medical purposes. Bottom silty mud by its origin and chemical composition belongs to the
mainland silt-sulfide type and can be used for Spa and balneological treatment. The reserves of sulphate salts in the
field are significant, with the average thickness of the sulphate reservoir in the southern basin being 0.87 m, and in
the Northern basin 0.91 m. Intergranular and surface brine containing sodium and magnesium chloride-sulfate salts is
of particular interest. Analysis of the state of mineral resources of the Dzhaksy-Klych Deposit revealed prerequisites
for expanding the range of opportunities for using salt-containing raw materials. A promising direction for the
development of the mineral resource base is the production of soda based on sodium chloride, as well as the
production of a commercial product based on sodium sulfate and magnesium chloride. Microbiological examination
showed the presence of non-pathogenic forms of halophilic bacteria in the salt-containing raw materials, which
indicates safety for use in pharmaceutical and medical practice. In the Aral sea region, there is every reason for the
development of the cosmetology industry, where a wide range of cosmetology and pharmaceutical products can be
produced based on a combination of salt-containing and local vegetable raw materials.

Key words: Dzhaksy-Klych Deposit, salt-containing raw materials, halite salt, sulfate salt, brine, natural
resources.

Introduction. One of the main riches of the Republic of Kazakhstan is the mineral resource base.
Assessment of natural resources, their reserves, extraction and rational use is becoming an important task
for the development and economic growth of our state. It should be noted that the rational use of natural
resources, including the mineral resource base, implies the most complete extraction of all valuable
components with the least change in the resource potential and the state of the environment (Luneva E. V|
2017). Kazakhstan has a developed mineral resource base, while the Republic ranks sixth in the world in
terms of mineral reserves. According to international experts, the value of the proven balance reserves of
the main types of minerals is 10 trillion us dollars. According to E. G. Karibayev (2014) the Republic of
Kazakhstan has significant forecast resources of oil — 17 billion tons, iron — 148 billion tons, manganese —
4.7 billion tons and chromite ores — about 3 billion tons, copper — 182 million tons, lead — 108 million
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Drilling was carried out by UKB-12/25 "Pombur" and "Strong Hydro 21PU" drilling rigs using the
core method with graphite crowns without flushing. The drilling diameter of ordinary wells is 93mm. The
representativeness of the main core testing for exploration wells with a drilling diameter of 93mm is
controlled by sampling core samples from control wells with a larger diameter of 15 1mm.

The volumetric weight was determined from the surface by excavating the salt pillars by clogging a
pipe with a diameter of 219mm with an internal diameter of 201mm, a length of 400mm and a massive
square head. A total of 126 volume mass determinations were made during the exploration period,
including 72 determinations in the Southern basin and 54 in the Northern basin.

Methods of differential thermal analysis and differential scanning calorimetry were used to study the
chemical, mineral, and mineralogical compositions of salt-containing raw materials. The analyses were
carried out at the A. Mickiewicz state University of Poznan (Poland).

Microbiological examination was carried out according to the methods accepted in Microbiology
with isolation of microorganisms on the nutrient media with a content of 1.0% NaCL: heterotrophs —on
MPA, enterobacteria —on Endo-Ploskirev medium, micromycetes-on Chapek medium.

Statistical processing. Experiments were carried out five times in repetition, calculate the standard
deviation at 0.95> P> 0.80. Statistical processing was performed using the statistical software package
Microsoft Excel on a PC «Pentium-1V». By the number of measurements and in general diagnostic group
determined the arithmetic mean (Schabenberger O. and Pierce F.J., 2002). In some cases, statistical
processing of results to represent averaged data does not show the entire range of primary data obtained,
so the data series is shown in the "from" and "to" variants.

Research results. The Dzhaksy-Klych Deposit is confined to modern lake deposits. All salt lakes of
the Deposit are divided into three main types according to their regime, composition of salt deposits and
genesis features: mirabilite, tenardite and halite. The Southern and Northern basins of the Dzhaksy-Klych
Deposit are considered to be halite lakes. The salt deposit has a plast-like shape and is surrounded by a silt
"pillow"on all sides. The top layer is always represented by halite. The halite layer is mainly underlain by
a sulfate layer: astrakhanite, mirabilite, tenardite, and less often others, which is underlain by a layer of silt
below. The bed of salt deposits is dark brown clay, less often- clay sands. Measurements and calculations
showed that the volume weight of halite is 1.28+0.10 t/m’. Averaged data on the component composition
of the Northern/Southern basins are as follows, %: NaCl - 92.23/92.27; Ca -0.46/0.74; Mg - 0.64/0.40;
SO, -2.4/2.4. mineralogical characteristics of the halite formation are presented, %: halite -
90-96, epsomite -1.2-2.6, mirabilite -0.2-1.9, gypsum-0.2-1 4.

Using differential thermal analysis and differential scanning calorimetry, it was found that the initial
salt-containing raw materials of the Dzhaksy-Klych Deposit contain NaCl , Na,CO;, CaSO,x2H,0,
Na,S0,, NaySi0,. Some samples contain minerals of a more complex structure such as astrakhanite
(Na;Mg(S0,), x4H,0). Some salt samples are a mixture of halite (NaCl), astrahanite, magnesium sulfate
hexahydride (MgSO, x6H,0), gypsum (CaS0,x2H,0), and sodium sulfate (Na,SO,), presumably in the
form of mirabilite (Na,SO, x4H,0).

Microbiological examination showed the presence of mobile halophilic heterotrophic rod-shaped and
coccoid bacteria in samples of halite salts taken from depths of 0-10 cm. The largest number of bacteria
(103 CFU/g) was found in samples taken along the coastline, and a pattern was observed for reducing the
number of bacteria to 10-10° CFU/g as the distance from the coast to 10-12 m.

Of interest are the waste products of table salt production from this deposit, which contain 65.5%
chlorides (NaCl), 24.5% sulfates (CaSO,x2H,0 and Na,SQO,), 6.5% sodium carbonates (Na,CO;), and
3.5% sodium silicates (Na,Si10,).

In addition, the deposit has a large reserve of bottom silty mud, which by origin and chemical
composition belongs to the continental silt-sulfide type, which includes sand, clay, iron sulfurous
compounds, colloidal substances of mineral and organic origin. The amount of water varies between
37.5£3.5%. The ionic composition of the mud liquid phase solution is: sodium — from 1.99 to 18.12%;
sulfate - ion from 25.7 to 44.23%.; calcium - from 1.11 to 2.16%.; magnesium — from 3.89 to 4.24%.;
potassium — from 0.78 to 1.11%.; carbonate-ion— from 0.22 to 0.57%.; chlorine— from 1.89 to 3.11%. In
addition, it contains a large number of trace elements.

The average thickness of the sulphate reservoir in the Southern basin is 0.87+0.05 m, and in the
Northern basin 0.91+0.06 m. The mineralogical composition is represented by,%: halite (from 0.7 to 70),
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astrakhanite (from 10 to 50), epsomite (from 1 to 30), kizerite(from 0.9 to 30), mirabilite (from 0.2 to 30),
tenardite (from 0.3 to 65) and gypsum (from 0.2 to 10). The ionic composition is represented by chlorides,
sulfates, bicarbonates, potassium, sodium, magnesium and calcium with a predominance in the
Southern/In the Northern basin, sulfate ions 36.58/37.21 %; chloride ions -20.95/19.09%; sodium -
19.38/18.49%. In the mineral composition of a sulfate formation consisting of Ca(HCOs;),, KCI, NaCl,
MgCl,, CaSOQ4 MgSO0,, K,S0, Na,SO, dominate, respectively, Southern/Northern basins - NaCl
(34.19/30.89 %), MgS0O, (25.28/25.49%); Na,S0, (19.35/18.8%). Of particular interest is brine, a
concentrated salt solution that permeates salt deposits. Brine density: 1.15-1.40 g/cm’ at temperatures
from +7°C to -16°C. Hydrogen indicator (pH) — of 6.79 and 7.33. The salinity of the brine — 299,29-428,18
g/dm’. To study the amount of brine evaporation, two evaporators for brine and fresh water were installed
in each of the pools (Northern and Southern). Measurements and calculations showed that in the Northern
basin , the volume of brine evaporation per day is 3.343 1/m?, in the Southern basin - 4.020 1/m*, while the
annual volume of brine evaporation in the basins is, mIn.m*: Northern basin — 20.26; Southern basin -
5341 (table).

Chemical composition of intercrystal brine of the Dzhaksy-Klych Deposit

Content
Ne Components Southern basin Northern basin
from to average from to average
Tons, mg/dm?

1 Na' 57000 81250 54446 49500 79700 61176
2 K* 668 8830 6695 2680 13060 49500
3 Ca’ <2 <2 <2 <2 <2 <2

4 Mg* 23104 52288 42020 11552 51072 37088
5 CO%" <8 <8 <8 <8 <8 <8

6 HCOy 439 1025 787 275 1495 859.,8
7 Cr 163102 207423 184598 161329 187922 172897
8 SO~ 3787 80097 37613 13994 67914 45208

The mineral composition of both types of brine differs only in the magnesium component and is
represented by the following characteristics of intercrystal/surface brine in the Southern basin, %: KCI -
1.28/0.8; NaCl - 13.92/18.61; MgCl, - 12.3/7.48; MgSO, - 5.26/2.99. In the Northern basin,%: KCl -
1.49/0.99; NaCl - 15.51/18.97, MgCl, - 10.85/6.97; MgSO, - 4.65/3.0. The absence of Ca(HCO3),,
K, SO,, Na,S0., and CaSQ, in all samples. In the brine selected from the halite formation from a depth of
0.3 m, bacterial microflora was observed, represented by small halophilic coccoid and rod-shaped mobile
bacteria.

Halite reserves were calculated for the Northern basin in categories B+C; — 17520. 87 thousand tons
(NaCl-92.19%), for the Southern basin these indicators are higher — 30239. 75 thousand tons (NaCl-
92.26%). In the Northern basin, the bottom layer halite reserves are classified as off — balance sheet in
categories C;-3 687.17 thousand tons (NaCl-83.44%). Established reserves for brine: for the Northern
basin in categories C; — 11,822,0 thousand m3 with a NaCl content of 15.51% and for the southern basin
in categories C; - 21,899,1 thousand m’ with a NaCl content of 13.92%. Stocks taken as off-balance - it
supplies the mixed sulfate salts - the Northern pool C; — 17 520.87 thousand tons, for the Southern pool
C; — 39567.88 thousand tons. Revealed that the reserves of halite resume number: for the Northern basin —
343.4+30.3 thousand tons per year, for the Southern basin - 393.59+35.3 thousand tons per year.

Discussion. Currently, only halite salt is widely used, while “Araltuz” JSC produces a wide range of
products of more than 39 names that meet regulatory requirements (SanPiN 2.3.2.560-96 (4.01.047-97),
ST RK GOST R 51574-2003, Iskakov T. U. et al., 2020). However, rational use of the mineral resource
base of the Dzhaksy-Klych Deposit implies expanding the range of possibilities for using salt-containing
raw materials in addition to obtaining an assortment of sodium chloride products. A promising direction
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for the development of the mineral resource base is the production of soda based on sodium and
magnesium sulfates, chloride and mixed salts (Yuan F., et al., 2020). Unfortunately, such a resource as
salt-containing raw materials: salt, silt, brine is not used by any of the Kazakh companies that produce
cosmetology products. Despite the well-known antiseptic and bleaching properties of salt, saturation of the
skin with minerals, macro and microelements, acceleration of regeneration of damaged integuments and
stimulation of the autonomic nervous system, this component is undeservedly overlooked (Panova O.,
2012). The use of salts and mud from the Dead sea, lakes in France and Gabon for cosmetic purposes is
known (Portugal-Cohen, M. et al., 2009, Eba, F et al., 2010), studies have been conducted related to the
use of Dead sea mineral water to protect the skin from air-polluting ingredients (Portugal-Cohen, M., et
al.,2017). Laboratory experiments have shown that the salts, brine, and clay of lake Dzhaksy-Klych have a
detrimental effect on hydrobiont organisms, including pathogenic microflora (Issayeva et al., 2018).
According to the results of microbiological studies conducted on various salt-containing sources, the
microflora is characterized by a wide variety of halophilic forms of viruses(Emerson J. B. ¢t al., 2013),
bacteria (Jioang H. et al., 2007; Lee and Lee, 2014, Kemp B. L. et al., 2018), micromycetes and protozoa
(Haner G. and Rogerson A, 2005).

Despite the revealed heterotrophic microflora in salt-containing raw materials, according to numerous
studies (Litshfield, 2011; Canfora L. et al, 2017). Research is continuing on the effect of salt-containing
raw materials on various parameters of age-related skin. The interfacial distribution of boric acid between
aqueous solutions and modified cellulose was studied (Sarsenov et al., 2018). For rational use of the entire
potential of the mineral resource base, it is necessary to take into account the plant resources of the region.
Currently, 342 species of vascular plants belonging to 43 families and 170 genera have been registered in
the Aralkum desert in Kazakhstan. The leading families are: Chenopodiaceac (83 species), Asteraceae
(45), Brassicaceac (32), Fabaceae (22), Roaceac (19), Boraginaceae (13), Suregaseae (5), Ariaceae (5).
Among the life forms, annuals (41.5%), herbaceous perennials (31.9%) and shrubs (16.7%) predominate.
Studies by L. A. Dimeeva and 1. Pankratova (2011) showed that the flora of the Aral sea coast includes
414 species belonging to 43 families and 192 genera. We have compiled a summary of the flora of
medicinal plants of the Aral sea region, represented by 56 plant species of which 25% belong to the
families Asteraceae, Poaceae 32%, Amaranthaceae 22%, Tamaricaceae 21%. The complete composition
of phenolic compounds of a number of medicinal plants, including a list of about 200 compounds, was
studied. More than 10 prototypes of cosmetic products have been developed, including bath salts, scrubs,
masks, soaps, etc., and their effect on the condition of different skin types has been studied. The
preliminary results show the prospects of using domestic salt-containing and plant raw materials and the
need for further research in the rational use of the entire potential of the mineral resource base of the
Dzhaksy-Klych Deposit and the surrounding area. The combination of plant and salt resources will allow
you to develop a wide range of cosmetic products for baths, lotions and rinses. The obtained information
provides a basis for predicting the prospects for the use of salt-containing and plant resources in Spa and
balneological treatment and the creation of cosmetology production for the innovative and industrial
development of the Aral sea region.

Conclusion. As a result of geological exploration studies, it was revealed that the halite layer in the
Northern and southern basins of the field is underlain by a sulfate layer: astrakhanite, mirabilite, tenardite,
and less often others, which is underlain by a layer of silt below. The bed of salt deposits is dark brown
clay, less often- clay sands. Mineralogical characteristics of the halite formation are represented by halite,
epsomite, mirabilite, and gypsum. Waste from the production of table salt contains 65.5% chlorides,
24.5% sulfates, 6.5% sodium carbonates, 3.5% sodium silicates, which can be used for pharmaceutical and
medical purposes. The Deposit has a large reserve of bottom silty mud, which by origin and chemical
composition belongs to the mainland silt-sulfide type and is applicable for Spa and balneological use. The
Dzhaksy-Klych Deposit has significant reserves of sulfate salts, intercrystal and surface brine. The
analysis of the state of the mineral resource base of the Dzhaksy-Klych Deposit showed a wide range of
possibilities for using salt-containing raw materials. A promising direction for the development of the
mineral resource base is the production of soda based on sodium chloride, as well as the production of a
commercial product based on sodium sulfate and magnesium chloride. Microbiological examination
showed the presence of non-pathogenic forms of halophilic bacteria in the salt-containing raw materials,
which indicates safety for use in pharmaceutical and medical practice.
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In the Aral sea region, there are all prerequisites for the development of the cosmetology industry,
where a wide range of cosmetology products can be produced on the basis of salt-containing and local
plant raw materials, which will not only make rational use of the mineral resource base of the Dzhaksy-
Klych Deposit, but will also help reduce social tension in the region by creating additional jobs.
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APAJT OHIPIHJAEI'T 2KAKCBI KbLIBIII KEH OPHBIHBIH MUHEPAJIIBI HIUKI3AT
PECYPCTAPBIH ¥YTHIM/bl NAUJAJAHY IIEPCIIEKTUBAJIAPBI

AnHoTamus. MmuHEpamapl IMUKI3aT PECypcTapblH YThIMABI maiigamany Ka3akcTaHHBIH JaMybl MEH
SKOHOMHKAIIBIK 6CY1 VIIH MAaHBI3AbI MIHACTKE alHATIYAA. 3ePTTEYAiH MaKcaThl — Apal eHipiHIeTI TY3Abl TATUT Kot
— JKakchl KbUTBIII KCH OPHBIHBIH MHHEPAJIBl HIMKI3aT PECYPCTAPBIH YTHIMIBI MAHIANAHY TNEPCHCKTHBANAPHIH
AHBIKTAy YIIIH KYpaMbIHAA TY3bl Oap IMMKI3aTTBIH >KaH-KYHiH 3eprrey. ['eonmormsambik Oapnay 3eprreynepi KeH
OPHBIHBIH Ka0aTThI OOIBIN KEJIETIHIH KOPCETTI, OHJA TaIUT KabaTsl Cynb(ar KAOATHIHBIH: aCTPAXAHUT, MHPAOHIIHT,
TyHOa KabaTBIHAA OPHAJACKAH TCHAPAWT, Kapa KOHBIP Ca3, CHPCK Ca3dbl KYM TY3Ibl INOTiHTIACPAIH aCTHIHIA
JkaTaael. MUHCPANOTHAIBIK TYPFBIIAH TaauT Kadatel, %: ramar 90-96, sncomut 1,2-2.6, Mmupadbumt 0,2-1,9, rumc
0,2-1,4. Ac Ty3BIH 6HIIPY HOTHKECIHAC KypaMbIiHAa 65,5% xmopuz, 24,5% cymsdar, 6,5% Hatpuii kapOboHATTapBHI,
3.5% HaTtpuii cHiHKAaTTaphl Oap KanabIKTap makima Oomamel, oJapAsl (PapMAICBTHKAIBIK JKOHC MCIHIHHAIBIK
MakcarTapaa maiigamanyra Oonambl. TeMeHri ca3apl OaNmIbIK OIBIFY TETl MEH XHMIDUIBIK KypamMbl OOHBIHINIA
MATEPHKTIK TYHOA — CyIb(HUI TYpiHE KATaxbl SKOHE OHBI KYPOPTTHIK-OATbHCONOTHSIIBIK EM/CY YIIIH KOJAAHAIBL
Ken opHbHZars! cymb(ar TY3BIHBIH KOPHI ¢a0yip kesaeceni, Oym perre OHTYCTIK OacceliHi OoMbIHIIA Cynb(ar
KabaremHbIH oprama Kyarsl 0,87 M, an Conrycrik 6acceit OofibiHma 0,91 M Kypaimel. Harpuit MeH MarHmiinig
XJOPHATI-CY Tb(ATTHI TY3BI 0ap KPHCTANAPANBIK >KOHE OCTTIK Panc EpeKIie KbI3BFYINBUIBIK TYAbIpambl. Kakcel
KbLIBII KCH OPHBIHBIH MHUHEPAJIBI IIHKI3AT PECYPCTAPBIHBIH KaH-KYHIH Tangay KypaMbIHAA TY3bI Oap IMHKI3aTThI
maifjanany MYMKIHZITIHIH ayKbIMBIH KCHEHTY VIIIH anFbINIApTTApAbl aHBIKTAABL. MuHEpanabl MuKi3aT 06a3achklH
JAMBITY IbIH EPCIICKTUBAIBI OaFBITHI — HATPHH XJTOPHI HETI3IHAC COA OHIIPY, COHIAW-aK HATPHH CyJIb()aThl MCH
MarHHH XJOPWAI HETI3IHIAC TayapiblK eHIM aay. MHKpOOHOIOTHAIBIK TEKCEPY KypaMblHIA TY3bI Oap ImuKizarra
rano(uabai OaKTEpUANAPABIH MATOTCHII €MEC TYPJCPIHIH KE3ACCETiHIH aWKbIHAAABI opi Oy (papMaleBTHKAIBIK
JKOHE MEIUIMHAIBIK MPAKTHKAAA KOJAAHYABIH Kayincizairin Oimmipeni. Apan eHipiHIE KOCMETOIOTHSIIBIK CaJaHbI
JAMBITY VIOIH OapibIK HEri3 Oap, OHZA KYPAMBIHAA TY3bl JKOHE JKCPTLMIKTI 6CIMAIK NIMKI3aTBIHBIH YHICCIMI
HETI3IHIEe KOCMETOIOTHSUIBIK XKaHE (DapMaLIEBTHKAIBIK 6HIMIACPIIH ACCOPTUMEHTIH 6HAIpyTe OOIabL.

Tyiiin ce3aep: ’Kakchl KbUIBIII KEH OPHBI, KypPaMbIHIAA TY3bl 0ap MIMKI3aT, TAIUT TY3bL, CyJab(ar Ty3bl, pama,
MHHCPAJIIBI MIHKI3AT PeCYPCTaphL
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