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NAS RK is pleased to announce that News of NAS RK. Series of geology and technical
sciences scientific journal has been accepted for indexing in the Emerging Sources Citation
Index, a new edition of Web of Science. Content in this index is under consideration by
Clarivate Analytics to be accepted in the Science Citation Index Expanded, the Social
Sciences Citation Index, and the Arts & Humanities Citation Index. The quality and depth
of content Web of Science offers to researchers, authors, publishers, and institutions sets it
apart from other research databases. The inclusion of News of NAS RK. Series of geology
and technical sciences in the Emerging Sources Citation Index demonstrates our dedication
to providing the most relevant and influential content of geology and engineering sciences
to our community.

Kaszaxcman Pecnybnukacer ¥immuolx 2oiivim akademuscol « KP YA Xabapnapwr. ['eonocus
JICOHE MEXHUKANBIK RbLILIMOAD CepUsiColy &blibiMu dicypHanviubly Web of Science-min
arcayananean nycxacol Emerging Sources Citation Index-me unoexcmenyee KabulioanHeanwin
xabapaaiiovl. Byn unoexcmeny oapvicoinda Clarivate Analytics komnanuscol JHcypHAIOb
o0an api the Science Citation Index Expanded, the Social Sciences Citation Index scane the
Arts & Humanities Citation Index-xe kabuvinioay macenecin xapacmoipyoa. Webof Science
sepmmeywinep, agmopiap, 6acnawibliap MeH MeKemenepze KOHmeHnm mepenoici MeH
canacwin yeoinaowvl. KP YFA Xabapnapel. eonoeust scane mexHUKAIbIK 2bLIbIMOAP CEpUsicol
Emerging Sources Citation Index-xe enyi 0i30iy Koamoacmulx ywin ey 03eKmi dcone
6edendi eeonocus JHcoHe MEXHUKATIBIK bLILIMOAP OOUbIHULA KOHMEHMKe A0an0blebiMbI30bl

6in0ipeoi.

HAH PK coobwaem, umo nayunvii scypuan «Mseecmuss HAH PK. Cepusa ceonozuu u
MeXHUYecKux Hayk» ol npunsm 015 unoexcuposanusi 6 Emerging Sources Citation Index,
obnosnennol sepcuu Web of Science. Codeporcanue 6 3mom uHOEKCUPOBAHUL HAXOOUMCS
6 cmaouu paccmompenusi komnanuei Clarivate Analytics 0as Oanvbheuue2o npuHAmMUs
acypnana 6 the Science Citation Index Expanded, the Social Sciences Citation Index u
the Arts & Humanities Citation Index. Web of Science npednacaem xauecmeo u enyoumy
KOHmeHma O ucciedogamenell, asmopos, uzoameneii u yupedxcoeHull. Brmouenue
Uszeecmua HAH PK. Cepus ceonocuu u mexuuueckux Hayk ¢ Emerging Sources Citation
Index demoncmpupyem nauty npusepiceHHOCHb K Hauboiee akmyaibHOMY U GIUAMETbHOMY
KOHMEHMY NO 2e0102UU U MEeXHUYeCKUM HAYKAM 0I5l Haule2o coooujecmad.
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Abstract. Prospecting works are among the most important stages of geological
exploration campaigns. Hydrogeochemical features of 10 prospecting sites in the
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north-western regions of the Torgay depression are considered in the present work.
Results. The groundwaters of the region under investigation are diverse, both in
their salinity and in chemical composition. The occurrences of salt waters (TDS
more than 10 g/dm?) originate from continental salination, as the region under
study has arid climate. In general, the dominating chemical composition of the
waters is HCO,-Cl Ca-Mg-Na, SO,-HCO,-Cl Na-Ca-Mg and SO,-CI-HCO, Ca-
Mg-Na. The elements most frequently occurring in the waters are Cu, Zn, Bi, Sn,
Cr and Pb, the presence of Be, As, V, Co, Mo. Scientific novelty. — for the first
time, the characteristics of zonal and local hydrogeochemical were established. —
the greatest concentration of Bi, As, Mo, Cu and Zn was detected in the waters, the
most contrasting hydrogeochemical anomalies were recorded for Cu, Zn, Sn and
Bi; — for the first time, the parameters of the concentration coefficient (CF) of Be,
Pb, Sn, Bi, Mo, V, Cu, Zn, Co, Cr and the standardized contrast coefficient (SCF) of
Be, Pb, Sn, Mo, V, Cu, Zn, Ag, Co, Cr in the groundwater of the exploration areas
were calculated. Practical value. The results provide a significant contribution into
advancement of the fundamentals of hydrogeochemical methods for the search of
strategic metals in Kazakhstan.

Keywords: hydrogeochemical prospecting, background, anomaly, standardized
contrast factor, the Torgay depression
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AnHOTanus. [31ey KyMbICTaphl — TEOJIOTHSUIIBIK Oapiay >KYMBICTapbIHBIH €H
MaHbI3/1bI Ke3eH1epiHiH Oipi. by ke3enae 6apbIHIa MIBIHAKEI aKIapaT aixy KeHiHri
KYMBICTap/IbIH TaOBICTBI opi THIMII OomybiHa bIKnan ereni. JKymbicta Toprait
OWBICHIHBIH COJNTYCTIK-0aThIC aygaHAapblHAa opHanackan 10 i3mey ywyackeciHiy
THIPOTCOXUMISITBIK  €peKIIeiKTepl KapacTelpbuiran. Hotwmxkenep. 3eprremin
OTBIPFaH OHIP/IH KEPaCThI CyJaphl KaJbl MUHEPAAHY A3PEKECT MEH XHUMUSUIBIK
Kypambl XaFblHaH alfaHAa eAoyip SpTYpJUTKMIEH cunartananbl. EH angbpiMeH,
3epTTEiN OTBIPFaH OHIp apHITI KIMMATTHIK >Karnaijga OpHajJacKaHbl CeOerTi
Ty3nbl cynapasiy (10 r/nm3-men xorapbl) maina Oodybl KOHTHHEHTTIK TY3/aHy
yAepicTepiMeH ThIFbI3 OaimanbIcThl. XKanmsl anranaa, Kypamaslk xkarsiHan HCOs—
Cl Ca-Mg—Na, SO+—HCOs—Cl Na—Ca—Mg xone SO.+—CI-HCOs; Ca-Mg-Na
TUTIHJETI cynap 0achIMABIKKA Me. 3epTTENTeH JKepacThl CYIapbIHbIH KypaMbIHAA
*xwui ke3eceTin anementrepre Cu, Zn, Bi, Sn, Cr xone Pb sxatanbl. CoHbIMEH KaTap,
Be, As, V, Ag, Co, Mo aneMeHTTepiHiH Ji¢ 0ap eKeHIri aHBIKTaIbl. FhUTBIMU
KaHaNbIK: — OipiHON peT alMaKThIK KOHE MKEPriTiKTI THUAPOTeOXHMHUSIIBIK
¢oHHBIH cunarTamanapsl Oenrinenni; — cynapaa Bi, As, Mo, Cu xone Zn ey
KONl KOHLIEHTpalusachl aHblKTainael, Cu, Zn, Sn xoHe Bi ymiH eH Kapama-Kapchl
THJIPOTCOXUMUSUTBIK aHOMAJUsUIap Tipkenai; — amram petr Be, Pb, Sn, Bi, Mo,
V, Cu, Zn, Ag, Co, Cr xonnenrpamus kodpdunuentiniy (KK) sxone Be, Pb, Sn,
Bi, sxoHe T0., Kep acThl CylapblHBIH CTaHAApTTaJIFaH KOHTPACT KOA(QQHUIUEHTI
(CKK) mapameTpepi aHbIKTaNIbl. — Oapiay anaHaapbl ecenteni. [IpakTukanbix
KYHJIBUIBIK. [371€y THAPOXUMUSIIBIK DIIEMEHTTEPIHIH aCCOLMAMSCHIH CUIIATTAThIH
aHOMaNMsIapAblH 3 Typl aHBIKTainAbl. AJblHFaH HoTwkenep Kaszakcran
Pecny0nmkaceina cTpaTerusuiblK METanaap i37ey canachlHaa THAPOreOXMMUSITBIK
o/iCTEp/li JAMBITY/IBIH HETI31H KaJlayJa MaHbI3]IbI YJIeC KOCAIbI.

Tyiiin co3nep: ruApOreoXUMUSIIBIK 131eyaep, HOH, aHOMaNus, CTaHapTTaIFaH
KOHTPACTTHIK K03 dunuent, Topraii oHbICH
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AnHoramusi. [lowckoBbie pabOTBl — 3TO OJHA W3 BAKHEHIIMX CTaaUl
re0JIOropa3Be0uHbIX Pa0dOT, HAa KOTOPOH MOTY4YEHHE MAaKCHMAJIbHO AOCTOBEPHON
WHPOPMAIIMH MOXKET ONPEACTHTh ycreX U 3(P(eKTHUBHOCTh BCEX MOCIEIYIOIINX
pabot. B paboTe paccMOTpeHbI THAPOreoXUMUYECKUe 0CoO0eHHOCTH 10 OMCKOBBIX
YyYacTKOB B ceBepo-3amagHbiX paiionax Topraiickoro mnporuba. Pesymbrarsl.
[ToazemHbIe BOBI M3y4aeMOr0 pernoHa BechMa pa3Ho0Opa3Hbl, KaK M0 BEJIHMYHHE
o01eil MUHepanu3alyy, Tak U 10 UX XUMHUYECKOMY COCTaBy. B mepByro ouepennb
NposiBIICHUsT CoNieHbIX BOJ (Oonee 10 r/mm*) 00si3aHBI CBOMM MPOMCXOXKICHUEM
npoleccaM KOHTHHEHTaJIbHOTO 3aCOJICHUS, YUUTHIBAS HAXOXKICHUE UCCIIETyeMOTrO
paiiona B apugHoM Kiumare. B nenom, romunupyror soasl HCO,-Cl Ca-Mg-Na,
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SO,-HCO,-Cl Na-Ca-Mg, SO,-HCO,-Cl Mg-Ca-Na u SO -CI-HCO, Ca-Mg-Na
cocrapa. Hanbosee yacTo BcTpeyaroTcst B u3y4eHHbIX Bojax Cu, Zn, Bi, Sn, Cru Pb,
yctaHoBneHsl Be, As, V, Ag, Co, Mo. Hayunas HOBH3Ha. — BIIEPBBIC YCTAHOBICHBI
XapaKTEPUCTHKH 30HAIBHOTO U JIOKAJIBHOTO THIPOreOXMMHUYECKoro QGoHa; — B
HanOOJIbIIEH CTENEHN B BOAAX BISIBIICHO KOHIIeHTpupoBanue Bi, As, Mo, Cuu Zn,
HaunboJee KOHTPACTHBIE THAPOreOXUMHUECKUE aHOMaNNH pukcupytores o Cu, Zn,
Sn u Bi; — BriepBbIe paccunTaHbl MapaMeTpbl K03 PUIMEHTa KOHIEHTPUPOBAHUS
(KK) Be, Pb, Sn, Bi, Mo, V, Cu, Zn, Ag, Co, Cr u cTaHIapTU3UPOBAHHOI'O
ko3¢ dunmenra kourpacraoctu (CKK) Be, Pb, Sn, Bi, Mo, V, Cu, Zn, Ag, Co, Cr B
MOA3EMHBIX BOJIaX TTOMCKOBBIX y4acTKoB. [Ipakruueckas meHHOCTh. OnpeneneHbl
3 TUTa aHOMAJINU XapaKTEPU3YIOUIHE ACCOIMALIUH TTOMCKOBBIX THIPOXUMUYECKHX
aneMeHTOB. [lomyueHHbIe pe3ynbTaTbl, HECOMHEHHO, BHOCSAT 3HAYMMBIA BKJIAJ
B pa3BuTHE (YHAAMEHTAJIBHOTO HANpPABICHUS THIPOTCOXUMHUYECKUX METOIOB
MONCKOB CTpaTernieckux MeTauioB B Pecriyonuke Kazaxcran.

KioueBble cioBa: THUApPOreOXUMHYECKAas pas3Benka, (OH, aHOMaJHs,
CTaHIAPTU3UPOBAHHBIH KOAPPHUINEHT KOHTPACTHOCTH, Topraiickuii mporuod

Introduction. Geochemical survey over the object of investigation, in particular
rocks, soils, natural waters, plants, atmosphere, biosphere (the area in which living
organisms are developing, includes the lower layers of the atmosphere, a part of
the lithosphere, and the hydrosphere), is split into lithochemical search over the
primary and secondary dispersion halos, lithochemical search over dispersion
fluxes, hydrogeochemical search, biogeochemical and atmochemical search.
Unfortunately, there is currently a distinct separation in Earth science: mineralogists
and geochemists are engaged in developing the theoretical foundations and
substantiating lithochemical search, hydrogeochemical search is carried out by the
specialists in hydrogeochemistry, while experts in botany perform biogeochemical
search. The integrated geochemical studies in which these directions would proceed
on a united methodological basis are almost completely absent. In the present paper,
the first attempt is made to summarize all hydrogeochemical data over the north-
western regions of the Torgay depression (Fig. 1), where more than 20 deposits
of iron, bauxites, gold and polymetals have been discovered by present, which
will undeniably make a substantial contribution into the progress of fundamental
direction related to the hydrogeochemical methods for the search of strategic metals
in the Republic of Kazakhstan.
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Fig. 1. Location of the region under investigation (a) and prospecting sites (b) within the boundaries
of the north-western regions of the Torgay depression.
Boundaries: 1 — state, 2 — of hydrogeological regions; 3 — the area under investigation;
4 — prospecting sites: 1 — Milyutinsky, 2 — Shevchenkovsky, 3 — Kamyshinsky,
4 — Krasnooktyabrsky, 5 — Akkarginsky, 6 — Zhetigarinsky, 7 — Denisovsky, 8 — Shekubaevsky,
9 — Smirnovsky, 10 — Varvarinsky; 5 — hydrogeological section along the I — I line.

Materials and methods. The first generalization of listed data on the
groundwaters of the north-western regions of the Torgay depression was carried
out. The chemical types of water are indicated according to the formula proposed by
M.G. Kurlov, following the sequence from smaller to larger values. For the graphical
visualization of groundwater chemical composition, Piper diagramisused. Statistical
treatment of hydrogeochemical data was performed according to the instructions on
geochemical search methods (Ovchinnikov, 1983), as well as other methodological
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recommendations (Beus, et al., 1975; Kopylova, et al., 2013). A hydrogeochemical
field is understood as a kind of geological fields where the parameters of ion-salt,
trace component, gas and organic composition of groundwaters of the object under
investigation are considered as indices. The hydrogeochemical background is
understood as the average (over most frequently occurring ones) concentration of
a groundwater component, while a hydrogeochemical anomaly is a concentration
substantially exceeding the background level and characterized by the halo-type
behavior. The hydrogeochemical background and anomalies are also dependent on
survey scale and are divided into regional, zonal, and local.

The ability of certain elements to be accumulated in groundwaters can be assessed
using concentration factor (CF), which is the ratio of element concentration in water
to its average concentration in the Earth’s crust, according to V.I. Vernadsky and
AL Fersman (Rudnick, et al., 2003): the higher is excess of element concentration
in groundwater over its average concentration in the Earth’s crust, the higher is
hydrophilic ability of the element.

The contrast factor of the concentrations of chemical elements was determined
using the standardized contrast factor (SCF), which is the above-background value
normalized to the mean square deviation (for the normal distribution law) or a
standard multiplier factor (for the lognormal distribution law). SCF is analogous to
the contrast value used to characterize weak anomalies (Shvartsev, 1998):

SCF = (Ci — Cb)/o,

where Ci is element content in the sample, Cb is the background value, ¢ (g)
is the square mean deviation (standard multiplier factor). The SCF value can be
below zero, which means that element content is below the average value. SCF
equal to 1 is accepted as the upper boundary of the background. The contrast degree
is determined from SCF values as follows: less than 1 — below the background
and background level, from 1 to 2 — a minimal anomalous value, from 2 to 3 —
moderately anomalous value, more than 3 — sharply anomalous value. The use of
SCF allows tracing the additive and multiplicative complex anomalies.

Results. The region under study (see Fig. 1b) is situated within two
hydrogeological regions of Kazakhstan embracing the northern part of the Taymyr-
Ural region and the western areas of the West Siberian region (Atlas..., 2022).
The former region relates to the Hercynian folding areas, subjected to relatively
weak uplifts during the contemporary time, and composed mainly of substantially
metamorphosed Paleozoic rocks, among which a significant part is played by
intrusions. The underground and surface water runoffs are directed into the adjacent
reservoir water basins. At the territory of Kazakhstan, the region is represented by
the Bolsheuralsky basin of nonartesian and artesian groundwaters, related to the
Ural uplift (Smolyar, et al., 2002). Groundwater composition is broadly affected
by evaporative concentrating processes. The fresh waters, with their composition
formed due to the rock weathering processes, occur mainly in the western part of
the West Siberian region (Medeshova, et al., 2024) (Fig. 2).
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Fig. 2. Hydrogeological cross section along the I — I line.

Hydrogeological units — Aquifers and aquifer systems with groundwater salinity, g/dm*: 1 —up to

1-3; 2 —up to 3-10; 3 — water-bearing zones with fracturing and tectonic faults in the crystal rocks

of different ages, with different groundwater salinities; 4 — regional and local water-impermeable
layers, composed mainly of clay-mudstone-marl; 5 — prevailing salinity of the groundwaters of local

aquifers and groundwaters of fractured water-bearing zones in crystal rocks; 6 — the stratigraphic

boundaries of hydrogeological units; Hydrogeological parameters: 7 — numbers: numerator —

prevailing well yields, L/s; denominator — prevailing water-transmitting capability of water-bearing
rocks, m*/day; 8 — prevailing effective thickness of water-bearing rocks, m; 9 — prevailing thickness

of regional and local water-proof layers, m; 10 — piezometric level, m (in most cases, piezometric
level coincides with the level of groundwaters with free surface); 11 — the object of investigation; 12

— hydrogeological well, numbers: upper — well No., lower — well depth, m.

Groundwaters of the region under study are quite diverse, both in total salinity
and in chemical composition. First of all, the occurrences of salty waters (with TDS
more than 10 g/dm?®) are due to the continental salination processes, since the region
under investigation has arid climate. In general, the dominating water composition
is HCO,-Cl Ca-Mg-Na, SO,-HCO,-Cl Na-Ca-Mg, SO,-HCO,-Cl Mg-Ca-Na and
SO,-CI-HCO, Ca-Mg-Na (Fig. 3a, Table 1). The waters are characterized by pH
from weakly acidic (5,2) to weakly alkaline (8,2). The geochemical array under
consideration includes the waters from ultrafresh (84 mg/dm?®) to saline (28,4 g/
dm?®). The chemical composition of waters changes in the same direction from
hydrocarbonate calcium to chloride sodium, often with increased sulfate ion
content, which is evidence of continental salination processes.
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Fig. 3. Piper diagram of the chemical composition of groundwaters at the prospecting sites in the
north-western regions of the Torgay depression (a), dependence of Mg/Na on Ca/Na (b), mechanisms
of the formation of natural water chemical composition (according to Gibbs, 1970) (c-d).
Prospecting sites: 1 — Smirnovsky; 2 — Varvarinsky; 3 — Denisovsky; 4 — Shekubaevsky; 5 —
Krasnooktyabrsky; 6 — Kamyshinsky; 7 — Milyutinsky; 8 — Shevchenkovsky; 9 — Akkarginsky; 10 —
Zhetigarinsky. The processing forming the chemical composition of groundwaters: DE — dissolution
of evaporites; SD — silicate dissolution; CD — carbonate dissolution.

A two-dimensional plot shown in Fig. 3b depicts the ratios of Mg/Na to
Ca/Na, which are used to analyze the changes in ion concentrations during
such processes as the dissolution of carbonates, silicates, and evaporates
(Gaillardet, et al., 1999; Mukherjee, et al., 2012). A positive correlation
between the indicated ratios is observed, which may be evidence that the
major cations enter the solution during silicate rock weathering. Gibbs
diagrams (Gibbs, 1970) allowed us to reveal a contribution from atmospheric
precipitation into the chemical composition of groundwaters, the transition
of elements from water-bearing rocks during weathering, and the effect of
evaporative concentrating on water composition. The representative points
fall within the fields of rock weathering and evaporative concentrating,
which suggests a substantial contribution from both the water-bearing rocks
and evaporative concentrating processes into the chemical composition of
fresh HCO, Ca waters during the formation of saline groundwaters of CI Na
and CI-SO, Na composition (see Fig. 3. ¢, d).
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Discussion. The elements possessing the highest ability to accumulate in
groundwaters are the elements forming cations (Li, Na, K, Rb, Cs, Mg, Ca, etc.)
and anions (B, F, Cl, Br, Ge, As, Mo, etc.). As far as the complex-forming elements
are concerned (Be, Fe, Zn, Cu, La, Sn, Ta, etc.), their ability to get accumulated in
groundwaters is minimal. These elements only slightly accumulate in groundwaters,
the concentration factors of most of them are less than unity for groundwaters. Only
in some geochemical types of groundwaters some of these elements can undergo
concentrating. The aqueous dispersion halos of ore deposits may be classified as
the objects of this type.

At present, most of the published works deal with the studies of geological,
hydrogeological, and geochemical factors affecting the distribution of radioactive
and ore-forming elements in the waters of different isotope-geochemical types
(Ford, et al., 2010; Muhammad, et al., 2012; Degueldre, et al., 2014; Ogawa, et al.,
2019; El-Mezayen, et al., 2020; Novikov, et al., 2021; Novikov, et al., 2023; Zhang,
et al., 2024; Aleku, et al., 2024).

The data on the distribution of some metals in the groundwaters of prospecting
sites in the north-western regions of the Torgay depression are presented in Table
1. The elements occurring most frequently in the waters under study are Cu, Zn,
Bi, Sn, Cr and Pb. In addition, Be, As, V, Ag, Co and Mo were also detected. The
background (zonal) trace component composition of the groundwaters in the region
under investigation can be arranged in the following sequence from larger to smaller
concentrations (mg/dm?):

Zn3,,65>cul,43>V1,l5>Cr0,99>C00,39>Pb0,20>BiO,18>M00,l7>Sn0,14>AS0,12>B60,09>Ag0,05'
The characteristics of the local hydrogeochemical background are also presented
in Table 1. Summarizing the available factual information over all prospecting
sites, we were able to calculate the concentration factor (CF) and standardized
contrast ratio (SCF) (see Table 1, Fig. 4). It has been determined that the elements
concentrating to a higher extent in the groundwaters of the region under investigation
are bismuth, silver, molybdenum, copper, and zinc (Fig. 4a, 5). Among them, the
elements exhibiting the highest contrast of anomalies are copper, zinc, chromium,
molybdenum, tin, and bismuth (Fig. 4b). The distribution of trace components
in the groundwaters of prospecting sites changes substantially depending on
the mineralogical composition of ore deposits. Below some hydrogeochemical
anomalies over the main prospecting sites will be described in brief.

From the hydrochemical point of view, the groundwaters of the Akkarginsky
site are characterized by the broad occurrence of Cl Na waters, with their total
salinity varying within a broad range from 0,8 to 10 and more g/dm?. The formation
of chloride waters takes place under the conditions of continental salination, with
insufficient wetting and hindered water exchange. At the sites where Aral clay is
absent, fresh CI-HCO, Na-Mg waters appear. The presence of Cu, Zn, Cr, V, Bi,
Be, Mo and As was revealed in groundwaters. The maximal concentrations of Cu
(5,0 mg/dm?) were detectedd in well No. 2030, drilled through the granitoids of
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the Barambay massif. Other elements detected in these waters were (mg/dm®): Be
up to 0,02; Ga up to 0,05; Bi up to 0,35; Cr up to 0,75; Zn up to 0,5. The waters
from wells Nos. 2032, 2033 and 47, drilled through ancient shale rocks, were also
determined to contain (mg/dm?): Cu up to 5; Zn up to 15; Cr up to 2; Bi up to 0,4;
Be up to 0,05, and Mo up to 0,05. So, all the features characteristic of polymetallic
ore mineralization have been established in the groundwaters.

The groundwaters of the Varvarinsky site are distinguished by diverse chemical
composition. The prevailing waters are low-mineralized, with HCO, Na-Ca
composition and total salinity ranging from 0,15 to 0,85 g/dm* and neutral pH
= 7,0-7,1. In addition to widely occurring hydrocarbonate and chloride waters,
there are also local zones containing SO,-HCO, Na waters with acidic pH ranging
between 5,4 and 6,6. The salinity of these waters is not high, as a rule, not higher
than 1 g/dm?. The sulfate-hydrocarbonate waters are associated with bauxite and
chamoisite-hydrogoethite ores. The acidity and increased sulfate content of these
waters are likely explained by the oxidation of disseminated sulfides occurring in
bauxite ores.
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north-western regions of the Torgay depression.
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Fig. 5. Distribution of microelements in the groundwaters of the prospecting sites of the north-
western regions of the Torgay depression.

In addition to usual salt-forming components, some trace components were

detected in the waters associated with bauxite deposits; the maximal concentrations
of these components are (mg/dm?): Cuup to 15; Zn>25; Pbup to 1; Biup to 0,5; Sn

up to 0,02; Cr up to 4. in addition, the presence of molybdenum, arsenic, beryllium,

silver, and gallium was detected. The distances from ore deposits at which the
complex hydrogeochemical anomalies are detected, for copper (up to 4 km), zinc
(up to 4 km), bismuth (up to 4-5 km) and tin (up to 2,5 km) at the Varvarinsky site
are among the longest ones (Fig. 6).
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3000

In the hydrochemical respect, the Denisovsky site is characterized by the
occurrence of mixed HCO,-Cl Na-Mg and CI-HCO, Na-Mg waters. Total salinity
varies from 0,3 to 1,3 g/dm?, the average value being 0,7-0,8 g/dm’. The waters
are neutral or alkaline. In addition to widely occurring mixed waters, waters with
SO,-ClI Na and CI-SO - Na composition associated with greenstone and tuff were
revealed. The increased sulfate content in waters is due to sulfide mineralization,
detected in the core of wells (123,126) drilled through greenstone. Analysis of
copper distribution in the groundwaters allowed us to map five anomalous zones.
In the geological respect, the anomaly of the first type is associated with greenstone
and tuff in the greenstone rock mass of the Silurian age. The Silurian sediments
host small gabbro and diorite blocks. Densely disseminated pyrite in association
with chalcopyrite was detected in wells 123 and 126, located in the zone of the
anomaly. Copper content in some depth intervals reaches 1 %. There is a relatively
small gabbro massif in the central part of the anomalous zone, associated with
the zone of igneous rock contact with serpentinite. Taking into account the
favorable geological structure and positive data obtained in hydrogeochemical
studies providing the evidence of the possibility to detect the industrial-scale
mineralization, it is recommended to organize geological exploration work over
the detected anomalous zones.

With respect to the anion composition, the waters from the Zhetikarinskoye
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deposit are mainly HCO, Mg, with total salinity not higher than 0,7 g/dm’ and
weakly alkaline reaction (pH = 7.1-7,6). The composition of these waters is formed
under the effect of leaching of the ultrabasic rocks under the conditions of active
water exchange. The content of Cu in the waters varies from 0,75 to 5 mg/dm?, Zn
from 0,15 to 12,5 mg/dm?. Bismuth is detected almost in all samples, Cr is often
present, Mo occurs rather frequently, while he was detected only in one sample.
The high concentrations of Cu and Zn in waters, as well as the presence of such
elements as Bi, Cr, Mo and Be, provide evidence of the broad occurrence of ore
mineralization in the Zhetikarinsky ultrabasic and Milyutinsky granitoid massifs.

Hydrochemical studies over the wells of the Kamyshinsky site have shown
that highly mineralized CI Na waters are prevailing. Water salinity varies within
a broad range from 2 to 30 g/dm?, pH=7-8. The maximal concentrations of copper
and zinc were detected in water from well No. 49: Cu 0,75 mg/dm?®, Zn 1,25 mg/
dm3. The groundwaters from wells No. 49 and 51 depict the halo indices of ore
mineralization, associated with the Upper Paleozoic granites.

The Krasnooktyabrsky site is only poorly studied in the hydrochemical respect.
The waters in tested wells have mainly Cl Na composition. Increased concentrations
of Zn, Pb, Mo, Sn, Bi, V, Co were detected in the waters from the tested wells at
this site. These elements, detected in the waters associated with bauxite deposit, are
of interest in the hydrogeochemical respect because their aqueous dispersion halos
contain trace elements characteristic of polymetallic ores.

At the Milyutinsky site, prevailing waters have Cl Na composition with total
salinity 2 to 10 g/dm® and pH = 7-7,8. In most of the tested wells, the concentrations
of Cu, Zn and other elements do not exceed the background levels, only at the
contacts of granitoids with ancient metamorphic shale rocks and limestone copper
content increases to 4 mg/dm?, Zn to 15 mg/dm?, molybdenum to 0,1 mg/dm?. The
most interesting case is well No. 481, a water sample from which was determined
to contain, mg/dm*: Be 0,75; Mo up to 0,1; Cu 4; Zn 7. The high concentrations
of beryllium and molybdenum are a direct sign of the presence of rare metal ores,
so it is necessary to drill several boreholes 100-150 m deep in the near-contact
zone of wells No. 481 and 483, and to test the core thoroughly for the rare metal
mineralization.

Three hydrogeochemical anomalies were revealed at the Smirnovsky site. The
hydrogeochemical anomaly at the Northern site includes the aqueous halos of
Bi, Mo, Cu and Zn. Mineralization is observed mainly in the zone of exo-contact
with the Late Hercynian intrusion of leucocratic granites. The host effusive rocks,
represented by porphyrites of basic composition with subordinate quartz porphyrites,
are intensively metamorphised and in some sites transformed into hornfelsed shale.
The quartz and quartz-feldspar veinlets form a dense network in these rocks, thus
forming an ore stockwork. The aqueous halo of Bi, associated with greisenized
granites, is characterized by Bi content up to 0,13 mg/dm?® in groundwaters (well
No. 231). Bi content in the groundwaters directly associated with the ore zone
reaches 0,35 mg/dm? (well No. 516). At the region of halo waters occurring beside
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the ore zone in the direction of groundwater runoff, Bi content is 0,2 mg/dm* and
lower (wells No. 551, 552, etc.). The aqueous halo of Mo coincides with that of
Bi, but is smaller in size. The halo waters with anomalous Cu content widely occur
within the ore rare metal zone and in the effusive metamorphised rock mass. The
hydrogeochemical anomaly includes halo waters with Cu content up to 2 mg/dm?.

Judging from the results of tests over the wells at the Shevchenkovsky prospecting
site, waters mainly have Cl Na composition. Anomalous Mo, Bi, V concentrations
are associated with crystalline shale and the zones of contact with the serpentinite
massif. As suggested by the concentrations of Mo (up to 0,75 mg/dm?), Bi (up to
1,25 mg/dm?) and V (more than 5 mg/dm?), it may be concluded that rare metal
mineralization occurs at this site because vanadium and bismuth in association
with molybdenum are the direct hydrochemical prospecting signs of the indicated
type of mineralization. To reveal the industrial-scale rare metal mineralization, it is
necessary to arrange prospecting works in the area where the wells No. 17, 229, 16
and 317 are located, and to drill boreholes to a depth of 100 m.

Conclusion. Summing up all the aforesaid, the following conclusions can be
drawn:

1) The groundwaters of the region under investigation are diverse, either in total
salinity or in chemical composition. In general, prevailing waters have HCO,-Cl
Ca-Mg-Na, SO,-HCO,-Cl Na-Ca-Mg, SO,-HCO,-Cl Mg-Ca-Na and SO,-CI-HCO,
Ca-Mg-Na composition. These waters are characterized by pH from weakly acidic
(5,2) to weakly alkaline (8,2). The geochemical system under consideration contains
the waters ranging from ultrafresh (84 mg/dm?) to saline (28,4 g/dm?®). A regular
change of the chemical composition of groundwaters occurs in the same direction
from HCO, Ca to Cl Na, often with increased SO, content, which is evidence of
continental salination processes.

2) The elements most frequently occurring in the studied waters are Cu, Zn, Bi,
Sn, Cr and Pb. In addition, the presence of Be, As, V, Ag, Co and Mo was determined.
The background (zonal) trace component composition of the groundwaters in the
region under investigation can be represented as a sequence from higher to lower
content (mg/dm?): Zn, >Cu ,>V  >Cr  >Co, . >Pb  >Bi > Mo,  >Sn  >As

3,65 1,43 1,}5 0,99 . 0,39 0,?0 0,18 0,17 0,14
>Be, ,,.Ag, - It has been determined that bismuth, silver, molybdenum, copper

gilzd zirqggconcentrate to a higher extent in the groundwaters of the region under
investigation. The highest contrast of anomalies is characteristic of copper, zinc,
chromium, molybdenum, tin, and bismuth.

3) The first type of anomalies is characterized by the copper pyrite association
of the prospecting indicating hydrochemical elements: the increased concentrations
of Cu, Zn, Co, the presence of As and Sn. The second type of anomalies is
characterized by the polymetal group of hydrochemical prospecting indicators:
along with increased Cu, Zn content, also Bi, Pb, Ga, As, Ag, Crand V are detected.
The anomaly of the third type manifests itself in the increased Cu content, the
presence of Mo, Be and Bi, which are the elements characteristic of rare metal
mineralization.
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