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Abstract. The article is devoted to the investigation of nitrogen terms located within the Alakol basin. There
are two parts of the manifestation of thermo-mineral waters - Barlyk-arasan and Aynabulak sources. Laboratory
investigations of the chemical, gas and isotopic composition of nitrogen nitrogen data were carried out. The chemical
composition of mineral sources is analyzed and the amounts of dissolved salts are determined. Special attention is
given to the genesis of hydrotherms, the geologic and geomorphologic conditions of their recharge. It is established,
that most of the chemical elements taken from the rocks. Thus, the so-called redundant elements appear, which were
earlier considered to be of mantle origin. The isotopic composition of the water term generally indicates their meteo-
ric origin. Infiltration oxygen-nitrogen waters, penetrating through the cracks to a depth of the order of up to 2-3 km,
are gradually heated and begin to interact actively with the enclosing crystalline rocks.

Keywords: Alakol basin, nitric thermal waters, the formation of chemical composition, hydrogen and oxygen
isotope compositions of water.

Introduction. Nitrogen terms, as well as in general thermal waters of areas with tectonic activation,
attract the attention of many scientists around the world. Actual problems are formation of the resources
and chemical composition [1, 2, 6, 13], microcomponental [17] and isotopic [9] compositions, hydrogeo-
logical conditions of their manifestation [4, 16], circulation depths [12, 20], mechanisms of hydrotherms
associated with mineralization [11, 14], the scale of their interaction with water-bearing rocks and the
character of the thermodynamic equilibrium [2, 11, 18], formation of the gas composition [10], the genesis
of secondary minerals, hydrogeological model of their formation [19] and many other problems.

Nitrogen terms are thermo-mineral waters, in with gas phase nitrogen predominates. Spatially, the
nitrogen terms are close to the areas of Alpine folding and the adjacent areas of platforms, renewed in the
modern era of orogenesis, in which limits there are anomaly high heat flux density of the earth crust.

The Alakol basin, in which nitrogen terms appear, - geologically associated with the eponymous
intermountain depression, bounded in the north with ridge of Tarbagatay, in the southwest with Zhetysu
Alatau and in the south-east with ridge Birlik and Mayli. Area of depression is approximately 20 km2. On
the surface of the basement Alakol basin is an extensive asymmetrical depression (Figure 1).

Modern tectonic structures of Balhash-Alakol area and adjacent territory of China are the result of a
very active manifestation of Alpine orogenesis era (pliocene-anthropogenic) of folding.

A characteristic feature of it may be considered, first of all, activation of explosive infringements of
the Paleozoic substrate with a sharp predominance of vertical movements in substrate and in the coating
Meso-Cenozoic cover. The significant southern part of the Alakol Meso-Cenozoic depression experienced
uplifting and conversion to a solid system of grabens and horsts.

Tectonic structure of the Alakol basin was characterized on the basis of maps on the surface of the
Paleozoic, generated by seismic data. The structure of the basin is asymmetric. Southwestern board is
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Figure 1- The overview map of Alakol besin: 1- state boundary; 2 - cities; 3- rivers and lakes;
4 - tectonic faults; 5 -outputs of basement on the surface; 6 - deposits of mineral waters

steep and limited with Zhetysu fault. Northeast board is flatter. On the center lines of Alakol and Sasykkol
lakes are located shaft shaped ledge of the surface of the Paleozoic, that divides the basin into two parts -
not deep sloping northeast and deep south-west. In the open fractures were formed convective
hydrothermal cells, that led to an intense heating of the rocks in their ascending branches.

In Alakol basin on the gas composition nitrogen terms exists. Nitrogen terms are located generally in
the eastern of Alakol basin. There are two known areas of manifestation of mineral and thermal waters:
Barlyk-arasan and Aynabulak sources.

Chemical and gas composition and temperature of nitrogen terms. First of all, attracts attention
exceptionally low total salinity of terms, that exceeds 2.7 g / dm3in Aynabulak sources, a B Barlyk-arasan
is less than 1.7 g / dm3 (Table 1). This low mineralization of nitrogen thermal waters may be associated
with the fact, that their resources are formed in the range of hydrogeological arrays in the field of
distribution of the intrusive rocks. Alpine landscape in the field of feeding are favorable for the spread of
ultrafresh waters, and the movement in the transit area takes place in the zones of fracturing in rocks,
which are resistant to weathering [2, 9].

Another feature of the studied water is an unusual ratio of cations, among which is sharply dominated
Na. The content of Ca, Mg and K, as a rule, is low. Low concentrations of Ca and Mg in terms are asso-
ciated with deposition of carbonates and possibly secondary silicates of a laumontite type [9].

It is quite logical, that the total mineralization of the term depends on their temperature: with
increasing of temperature the amount of salt must be increased (Table 1). For sodium sulfate terms this
relationship is ambiguous, since sharply diverge from the general trend of water of thermoexhibitings of
Barlyk-arasan and Aynabulak. For sulphate sodium type of water regularities in the change of content of
carbonate and sulfate anions under the influence of temperature is not established. In Alakol terms
nitrogen is the main gas, therefore they are called nitrogen (Table 2).

Second place by volume of in the gas the composition takes oxygen. However, it should be kept
in mind, that testing of the term was carried out in places of their discharge, and at the approach to a
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Teble 1- Chemical composition of groundwater of Barlyk-Arasan and Aynabulak sources of Alakol basin (2015)

Barlyk-arasan mineral sources Aynabulak
lons well NeL well “a” well “p” mineral source
mg/dm3
HCO3 - - - 6.1
a 3191 287.2 3049 719.8
759.1 748.3 7425 1009.2
g%? 376 376 36.4 376
Sr 345 328 4.08
Mo 0.07 0.04 0.03
Ca 1331 149.3 271 170.2
Mg 12 36 12 12
K 79 7 7.7 19.2
Na 420 400 420 750
Mn 0.01 001 0.098
F 552 5.09 53 5.74
Br 031 031 0.78
B 0.82 0.85 376
The dry residue 1694 1660 1660 2660
Temperature 44 2 29 23
pH 8,03 72 752 8.24

Table 2 - Gas content of nitrogen ters of Barlyk-Arasan and Aynabulak sources of Alakol basin [3, 7]

Gas composition, vol. %

Sg?:)e“%g Mineral source laboratory Overall analysis Analysis of rare gases
07 CO2 "™+peg Ar+Kr+Xe He+Ne
1933 CNIGRI 2 09 971 1,545 Heightened
Barlyk-arasan .
1940 Geliogasrazvedka 07 - 9,3 1,126
1931 CNIGRI - - 100 1,06 Heightened
Aynabulak _ d
1940 Geliogasrazvedka 01 03 99,6 1,096

terrestrial surface in which the air can get into. We believe, that at great depths nitrogen terms do not
contain free oxygen, but in the transit areas oxygen in hydrothermal systems may be provided with fresh
portions of water. Third place among the dissolved gases in these therms takes carbon dioxide, then argon,
helium, neon. In some sources methane, hydrogen sulfide, hydrogen occurs. In places of discharge of
terms gases sometimes release in the free form.

The overwhelming majority of researchers believe that the gases of nitrogen terms, as well as the
water itself, have atmospheric origin. With the penetration of atmospheric precipitation with dissolved
gases in the depths of the earth in zones tectonic faults oxygen is expended on the oxidation of organic
matter generally of soil and mountain rocks to form carbon dioxide of biochemical genesis. Also, along
with entrapped oxygen from the atmosphere is also is expended on the hydrolysis reaction of alumino-
silicates in all the way from the movement of water feeding to the exit areas of thermal water on the
surface. In discharge places, as already noted, again in the water may appear free oxygen. Nitrogen and
other inert gases in large scale in reactions are not involved and therefore not only remain in the water in
all the way of its movement, but their relative fraction increases, since the content of O2and CO2decrease.
The relative volume of inert gases increases and for another reason due to a decrease of the volume of
water in the system, since the water, as CO2, is involved in the hydrolysis reactions of aluminosilicates
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[19]. Gas composition of thermal waters of Alakol basin is not experiencing severe exposure, emanations
from the mantle, and it is formed mainly due to the transformation of the components of air. This is
evidenced by the ratio of argon to nitrogen.

Isotopic composition of water. The isotopic composition of H and O water is a reliable criterion for
establishing its genesis. Therefore, the isotopic composition of H, O of Barlyk-arasan and Aynabulak
springs of fracture-veins waters discharged into the Alakol basin was investigated. The analysis of the
isotope composition (deuterium and oxygen-18 contents) of water samples was carried out in the Resource
Center ""Geomodel™ of the Science Park of the St. Petersburg University on a laser infrared spectrometer
Picarro L-2120i. As reference standards was used V-SMOW?2, GISP and SLAP (IAEA), uSgS-45 and
USGS-46 (US Geological Agency). The measurement error was +0.1 %o for S180 and +1 %@ for S2H.

The obtained data (Table 3) shows that the isotopic composition of the water term generally indicates
their meteoric origin, since the majority of points pass along the Global Meteoric Water Line.

Table 3- Isotopic composition of hydrogen and oxygen of water of nitrogen term of Alakol basin, 96

Name of the sample Laboratory Ne SO, %6 SMOW SH, 96 SMOW
Nol (Barlyk-arasan) P-22772 -17,6 -1321
N2 (Aynabulak) P-22773 -181 -1381

Thermomineral waters in both tested areas have the initial feeding by atmospheric precipitation. This
circumstance is indicated by the complete correspondence of the tested sources to atmospheric
precipitation in the proposed feeding areas (Figure 2).

¢ - thermomineral water samples

Calculation of the isotopic composition of atmo-
spheric precipitation by OIPC:

A - the southern watershed (height 3200 m)
X - the northern watershed (height 2950 m)

0 - the average of sampling points for the year

0 - average at the top of the northern

Watershed for the year

0 - average at the top of the southern
Watershed for the year

/- local line of meteoric water

Fgure 2 - Position of nitrogen terms in the diagram SH - SI8D

Despite the elevated temperature, no significant interaction with the host rocks was observed during
the water movement, since there are no isotopic shifts that are characteristic for the interaction of water
with carbonate and silicate minerals at elevated temperatures. It is possible that the heating of water occurs
already at the final sections of the filtration path that are directly near the unloading sites Actually the
mechanism of unloading can be caused by the appearance of decompression of water during heating.

Most likely, interaction in the water-rock system was limited by the dissolution of evaporites. In
addition to the general mineralization, this is also indicated by a significantly increased CI / Br ratio, a low
content of hydrocarbons and an increased concentration of sulfates. Saline deposits, at least in the case of
the Ainabulak mineral spring, are, most likely, lake sediments. The source of evaporite formation was a
drying ephemeris lake, filled with water during periods of climatic cooling and drying out during warming
periods accompanied by climate aridization.
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It should be noted that the isotopic composition of water of thermomineral sources is much easier
than the average annual isotopic composition of the precipitation at sampling sites. Therefore local
precipitation cannot be a source of thermomineral water resources.

The probable area of supply for thermomineral waters for the Ainabulak mineral spring is the
Tarbagatay ridge located at the north of the Alakol basin with elevation marks of the watersheds till 2950
m and for the Barlyk-Arasan thermomineral springs group - Zhetysu Alatau mountains located at the south
ofthe Alakol basin with elevations marks of watersheds up to 3200 m.

Formation of nitrogen terms of Alakol basin. The outputs of nitrogen terms of Alakol basin
confined to zones of major tectonic faults, elongated in the latitudinal and sub-latitudinal direction and
characterized by straightforwardness strike and steep a fall of diverter surfaces. The length of the fault
reaches up to 100-500 km and are accompanied by a powerful crushing zones, quartzification and
ironation.

Infiltration oxygen-nitrogen waters penetrating the available numerous cracks on the order of 2-3 km
depth to gradually heat up and begin to actively interact with enclosing crystalline rocks. As part of the
latest a variety of components (Table 4) contains, that, obviously, in the interaction and presence of
favorable conditions can be transformed into soluble condition and transported by groundwater.

Table 4 - The average content of chemical elements in magmatic rocks with acid composition [3]

Element mg/kg Elerment mg/kg Elerment mg/kg
K 33400 Co 5 zr 200
Na 27700 Ti 2300 Sn 45
My 5600 w 40 As 15
Ca 15800 c 25 Za 46
C 240 Zn 60 Ge 3
F 800 Mo 19 Ga K1)
S 400 Qu 20 Jdn 012
Si 323000 Be 55 S 300
Al 77000 Pb 2323 Ba 830
Fe 27000 Sb 04 B 15
Mn 600 Ag 0,15 Ni 8

Oxygen-nitrogen composition of dissolved gases as they move from groundwater areas of feeding to
the of discharge zones changes to nitrogen, since oxygen is consumed during various oxidation processes.
As a result of leaching of enclosing crystalline rocks with hot infiltration water they accumulate various
elements and compounds. From the Table it is shown, that finally in the terms there is an accumulation
of ions SO42 (until 1009,2 mg/dm3, 4" (until 319-719), F' (until 5,74), Na+K (until 428-769),
Ca (until 127-170) Mg (until 1,2-3,6), H2SiO3(until 37,6 mg/dm3).

The content of ions HCO3, Ca2y, Mg2+in nitrogen terms is very close to their content in the district
with fractured groundwater, which are the main sources of feeding nitrogen terms along with atmospheric
precipitations.

The accumulation of sulphate ions in nitrogen terms is associated by the majority of researchers with
oxidation processes of different sulfide minerals, containing in igneous rocks. This position is admitted by
researchers, that allow participation of juvenile waters in the formation of nitrogen term. However, they
point out the possibility of formation of sulfates ""by ancient magma chambers exhalations'. Oxidation of
sulfides with oxygen-nitrogen groundwater leads to the formation of sulfates of iron, copper and other
metals, as well as free sulfuric acid. There are reactions of iron sulfide oxidation leading to the formation
of ferrous sulfate, ferric sulfate and ferric hydroxide sequentially in the presence of free oxygen and low
acidity of the solution. This reactions are shown below:

2FeS2+ 202+ 2H20 = FeSO4+ 2H2S04
AFeSO4+ 2H2S04+ 02= 2FeXSO43+ 2H20
FeAS0O4)3 + 6H20 = 2Fe(OH)3 + 3H2504
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Iron sulfate Fe2(SO4)3 has a very strong oxidizing and dissolving effect on the sulfides and plays an
important role in the processing of sulfide minerals in the oxidation zone. Iron hydroxide Fe(OH)3 easily
coagulated and precipitates. Sulfates of other metals (Pb, Cu) are gradually oxidized with nitrogen-oxygen
waters and form different water insoluble compounds. After metal deposition released free sulfuric acid
reacts with enclosing crystalline rocks and leaches from them SiO2, Al, Na, K, F, and other components.
The formed aluminum sulfate is easily hydrolyzed and precipitate as a gel AI(OH)3. Thus, generally the
accumulation of SO4, Na, F and H2SiO2 in nitrogen terms of Alakol basin occurs, which are the main
macro components of composition of nitrogen term.

Conclusions. In the eastern part of Alakol basin favorable geological conditions for the discharge of
thermal waters to the surface were formed. This is mainly due to the wide spread of fault-type explosive
infringements. In hydrothermal systems with short transit zone are formed thermal waters generally of
chloride-sulphate-sodium-calcium type.

The main factors in the formation of the chemical composition of the terms of Alakol basin are
intensity of water exchange, subsurface temperature and geochemical characteristics of rocks that drained
with terms. These factors affect the geochemical appearance.

Given in the work actual data clearly show, that hydrotherms are the result of interaction of ancient
water infiltration from the enclosing mountain rocks and large-scale redistribution of chemical elements
between aqueous solutions and forming in these conditions the secondary mineral formations. Penetrating
into the deep layers of the Earth (2-5 km) favorable for it geomorphological and structural-tectonic
conditions of atmospheric precipitation in power of equilibrium-nonequilibrium state of the system water -
rock continuously dissolved the host rocks and selectively concentrated chemical elements in solution.

Most of the chemical elements in the terms taken from the aluminosilicate minerals as a result of
hydrolysis reactions. Due to this under low partial pressures of CO2growth of investigated pH-terms occurs.
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MAPOIEOXMUWHECKUWE OCOBEHHOCTW ASOTHbBIX TEPM
ANAKOJ/IbCKOW BMNAAVNHBI (BOCTOYHbIN KASAXCTAH)

AHHoTaumsi. Crarbsi MOCBSILLEHA MCCIENOBAHMIO a30THBIX TEPM, PAaCMosIOXKeHHbIX B Npedenax AaKosbCKOi
BMafVHbIL. 3eCh M3BECTHbI ABA yHacTKa NPOSIB/IEHNS TEPMO-MUHEP/TbHBIX BOA - Bapribik-apacaHckue 1 AliHabynak-
CKVie UCTOUHMKM. [poBeaeHbl NabopaTopHbIe MCCNEA0BAHUA XUMUYECKOTO, Fa30BOr0 1 M30TOMHOIO COCTaBa JaHHbIX
a30THbIX TepM. [MpoaHa/M3MPOBaH XUMWUECKUIA COCTAB MUHepPasbHbIX WMCTOUHWMKOB W OMpefesieHbl UCTOUHUKM
PacTBOPEHHbIX comneil. Oco60e BHUMaHWE YAENEHO reHe3ncy TepM, reoslorMyecKM 1 FeoMopadoiorMyecKnm ycno-
BVSIM UX MATaHUS. YCTaHOB/IEHO, UTO GO/bLLIAS YaCTb XUMWNYECKIX 3IEMEHTOB 3aMMCTBOBaHA M3 rOpHbIX NMOpog. Tem
caMbIM B TEpMax MOSIB/ISIOTCA TaK Ha3bIBaEMble U3BLITOUHBIE 3IEMEHTbI, UCTOUHMKU KOTOPbIX PaHEe CUMT/IN MaH-
TURHBIMW. V30TOMHbIV COCTaB BOAbl TEPM B LIEJIOM YKa3bIBAaeT Ha MX METEOPHOE MPOUCXOXAEHWE. VHGMIbTpa-
LIMOHHbIE KMC/IOPOAHO-a30THbIE BOAbI, MPOHMKAsA MO TPELLMHAMM Ha ry61HY Mopsiaka 4o 2-3 KM MOCTeneHHO Harpe-
BAOTCH U HAUMHAIOT aKTVIBHO B3aMMO/E/ICTBOBATb C BMELLIAIOLLIMM KPUCT/UIMHECKUMIA MOPOAAMA.

KntoueBble CioBa: ANaKo/bCKas BMafyHa, asoTHble TEPMbI, (hHOPMUPOBaHME XMMMYECKOTO COCTaBa, M30TOM-
HbIi COCTaB BOAOPOZA M KUC/IOPOAA.

BBefeHMe. A30THble TepMbl, KaK U B LE/OM TepMasibHble BOAbl 06n1acTeil TEKTOHWYECKON aKTu-
BM3aUMKW, MPUBMEKAIOT BHUMaHME MHOIMMX Y4YeHbIX BCEro Mupa. AKTyasibHbIMW Npobrnemamy SBASKOTCA:
(hopMmMpoBaHMe PecypcoB M XMMUYECKoro coctasa [1, 2, 6, 13], MUKPOKOMMOHEHTHbIM [17] 1 U30TOMHbIN
[9] cocTaBbl, rugporeosiornyeckme ycrioBus Ux nposieneHvs [4, 16], rnybuHbl umpkynauumn [12, 20],
MeXaHM3Mbl CBA3AHHOIO C rmagpoTepmaMy pypoobpasoBaHms [11, 14], macwwitabbl B3aMMOLENCTBUSA UX C
BOJOBMELLAIOLLMMUN NOPOLAMU U XapaKTep TepMOLMHAMUYECKOro paBHoBecus [2, 11, 18], coopmmpoBaHue
rasosoro coctasa [10], reHe3nc BTOPUYHbIX MUHEPANOB, MMAPOreonormyeckas mMogesb ux GopmMmnpoBaHus
[19] n mHorme gpyrve npobnemsbl.

A30THbIMW TepMaMy Ha3blBatOT TEPMOMMHEPasibHble BOAbI, B rasoBoi (hase KOTOPbIX AOMUHUPYeT
a3oT. B npocTpaHCTBEHHOM OTHOLLEHMM a30THble TEPMbl TATOTEIOT K 06M1acTAM afbNUACKON CKnagya-
TOCTM W NpuUNerawowmm nnaT@opmMeHHbIM TEPPUTOPUAM, OOHOBMEHHBLIM B COBPEMEHHYIO 3MOXY Opo-
reHesa, B npegenax KOTOpbIX Habn0falTCA aHOMasIbHO BbICOKME MAIOTHOCTM TernsioBOro noToka 3eMHoi
KOpbL.

AnakonbCKas BnaguHa, B KOTOPOW MPOABASAOTCA a30THble TEPMbl, - B Fe0/I0FMYECKOM OTHOLLEHUU
CBsi3aHa C OJHOMMEHHOW MeXrOpHOWN BMajuMHON, orpaHNYeHHON ¢ ceBepa Xp. Tapbarataii, ¢ oro-3anaga
XKeTbicyckum AnaTay, C HOro-BocToka xp. bupnnk n Maiinbl. Mnowage BNagnHbl COCTaBAseT nopsgka
20 Tbic.KM2. [0 noBepxHOCTW (PyHAaMeHTa ANakonbCKasa BraguvHa npeacTaBnseT 06LUMPHY0 acMMeT-
pUYHYtO fenpeccuio (PUCYHOK 1).

CoBpeMeHHbIe TEKTOHUYECKUE CTPYKTYpbl Banxalu-AnakonbCKOro pernmoHa u CMeXXHol Tepputopun
KHP saBnstoTca cneAcTBMeM BeCbMa aKTMBHO MPOSIBIEHHOrO OporeHesa aibMnUMACKOM 3Moxu (NANOLEH-
aHTPOMOreH) CKNAfyaToCTN. XapaKTepHOW 0CO6EHHOCTbK ero MOXHO CUMTaTb, NPexjie BCEro, akTuBU-
3aUM0 pa3pbIBHbIX HapyLUeHWUI Naneo3oiickoro cybcrpara ¢ peskum LOMWHUPOBAHWEM BepTUKasIbHbIX
OBVDKEHUI, KaK B caMOM cy6cTpaTe, Tak M B MOKPOBHOM Me30-KaliHO30MCKOM 4exsie. 3HaumTeslbHas X-
Has 4YacTb AJaKO/IbCKOW Me30-KaHO30MCKOM AenpeccuMy McMbiTasa BO3AblMaHMe W MpeBpalleHue B
CMNJIOLLHYIO CUCTEMY rpabeHOB 1 ropcToB.

TeKTOHMYEeCKOe CTpoeHMe AJaKo/IbCKOW BMNafuHbl 0XapakTepu3oBaHO Ha OCHOBaHWWM KapTbl MO
NMOBEPXHOCTM Naneo30sl, COCTaBMNEHHON N0 CeMCMUYECKMM JaHHbIM. CTpoeHWe 6acceliHa acCUMeTPUYHOE.
FOro-3anagHblii 60pT KPyTON M orpaHnyeH >KeTbICYCKMM passioMoM. CeBepo-BOCTOYUHbLIA 60pT 6osee
nonorvid. Mo oceBbIM IMHUAM 03. Anakofib U CacbIKKOMb PacrnonoXeH BasoobpasHbIii BbICTYN MOBEPX-
HOCTM Naneos3os, KOTOPbIl fenNnT 6acceiiH Ha fABe 4acTu - Herny6oKas Mosioryl0 CeBepo-BOCTOUHYHO U
rny6oKy 1ro-sanagHyto. B OTKpbITbIX pasnoMax CopMMpPOBasIUCL KOHBEKTUBHbIE TMApPOTepMasibHbIe
AYENKM, YTO MPUBENO K UHTEHCMBHOMY MPOrpeBYy NOPOL B X BOCXOAALLNX BETBAX.
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PuvicyHok 1- O630pHas KapTa Anako/bCKOM BrigiHbL 1 - roCyAapCTBeHHas MpaHnLg; 2 - ropodg; 3- PeKv 1 038pa;
4 - TEKTOHVYECKVe Pas/iovbl; 5 - BbIXObI! (lyHIaMEHTa Ha MOBEPXHOCTD; 6 - MECTOPOXIEHWS MHEPATLHBIX B

B npegenax AnakonbCKoi BMafvHbl MO rasoBOMY COCTaBY BblAeNseTcs a30THble TepMbl. A30THbIe
TepMbl pacrnonaralTcs B OCHOBHOM B BOCTOYHOM 4acTu ANakonbKol BnaguHbl. Tam M3BECTHbI ABa
yyacTKa rnposiBfieHUst TepMo-MUHepasbHbIX Bog. 3T0 Bapnbik-apacaHckme 1 AHabynakCcKme UCTOUYHUKM.

XVMMWYECKWIA, ra3oBblii COCTaB U TeMMnepaTypa a3oTHbIX TepM. Npexae Bcero, obpalaeT Ha cebs
BH/MaHWe WCKIIOYNTENIbHO HM3Kas 060Wasd MWHepasvM3auus TepM, KOTopas Mpesblwaet 2,7 r/am3 B
AliHabynaKCKOM UCTOYHUKE, a B Bapribik-apacaHCKoM cocTaBsisieT MeHee 1,7 r/am3 (Tabnmua 1).

Tabmua 1- XvMMHeCKW COCTaB Mog3eMHbIX BOf BajibIk-apacaHCcKuX 1
AVHaBYTaKCKVIX MCTOHHKOB ANaKosCKoM BrigayHbl 2015 .

Bap/ib IK-apacaHCKVie MHEPaIbHBE VICTOUHMKA AliHabynaKCKuii
MoHbI ckB Ndl VICTOUHWK «@» VICTOUHVIK «0» MVH. UCTOYHVK
mr/av3
HCO8 - - - 61
d 3191 287,2 3049 7198
O, 759, 7483 7425 1009,2
Sio2 37,6 37,6 364 37,6
S 345 3,28 4,08
Mo 0,07 0,04 0,03
Ca 1331 149,3 1271 170,2
Mg 12 3,6 12 12
K 79 7 77 192
Na 420 400 420 750
Mn 0,01 0,01 0,098
F 5,52 5,09 53 5,74
Br 0,31 0,31 0,78
B 0,82 0,85 3,76
Cyxoii ocTarok 1694 1660 1660 2660
Temneparya 4 2 29 23
pH 8,03 72 752 8,24
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Takas HM3Kasd MUHepasiM3aums asoTHbIX TepMasibHbIX BOA MOXET ObITb CBA3aHa C TeM, YTO UX pecyp-
Cbl (hOPMUPYIOTCA B Mpegenax rugporeosiormyecKMX MacCcuBOB B M0Jie PacrnpocTpaHeHUss MHTPY3UBHbLIX
nopof. BbicOKOropHble naHAwadTbl B 06/1aCTU NMUTAHUA 61aronpuAaTHBLI A1 PacrnpocTpPaHeHus yrbTpa-
NPecHbIX BOJ4, a ABMXeHWe B 00M1acTu TpaH3uTa NPOMCXOAWUT MO 30HaM TPELLMHOBATOCTM B NOPOAAx,
YCTOMYMBBIX K BbIBETPMBaHMIO [2, 9].

Euwe ofHa 0C0O6EHHOCTb M3y4yaeMbIX BOJ COCTOUT B HEOObIYHOM COOTHOLLEHWW KAaTUOHOB, CpPeau
KOTOpPbIX pesko fomuHupyeT Na, cogepxxaHus xe Ca, Mg n K, Kak npasuno, HU3KU. H1skune cogep>xaHus
Ca n Mg B Tepmax CBA3aHbl C BblMafeHNWemM KapboHaTOB W, BO3MOXHO, BTOPUYHBLIX CUNKATOB TuMa
nomMmoHTUTAa [9].

BnosiHe 3aKOHOMEPHO, 4TO 06Laa MUHepanu3aumsa TepM 3aBUCUT U OT UX TeMMepaTypbl: C POCTOM
TemnepaTypbl CymMMa COMei fo/mKHa yBenuumeaTbes (Tabnuual). Ana cynbdaTHbIX HATPUEBLIX TEPM 3Ta
CBSI3b HEOAHO3HAYHA, TaK KaK pPe3K0o OTK/IOHAKTCA OT 06Liei TeHAeHUMN BoAbl Baprnblk-apacaHCKoro u
AliHabynakckoro TepmonposiBneHuii. [na cynbaTHOro HaTpyveBOro Twna BOL 3aKOHOMEePHOCTed B
N3MEHEHUWN cofep>KaHns KapboHaTHbIX M Cynb(aTHbIX aHWOHOB MOf BO3Ae/iCTBMEM TemrepaTypbl He
YCTaHOBJIEHO.

B ANakoNbCKMX TepMax OCHOBHbIM rasoM SIBMISETCA a30T, MOTOMY OHW U Ha3blBAlOTCA a30THbIMU
(Tabnuua 2). BTtopoe no 06bLeMy MeCTO B ra3oBoM COCTaBe 3aHMMaeT Kucropof. OfHako Heob6XxoAnmo
UMeTb B BMAY, YTO ONpo60BaHMEe TepPM BENOCb B MeCTax WX pasrpysku, a npu noaxoge MUX K 3eMHON
NMOBEPXHOCTM B HUX MOr Mnonagatb BO3AyX. Mbl cumMTaem, 4TO Ha 60NbLUOWA ry6uHe a3oTHble TepMbl
CBOOOAHbIV KUCIOPOS, He cofep)kaT, HO B 00M1aCTV TpaH3uTa KUC/O0POA B rnapoTepmasibHble CUCTEMBbI
MOXET MOCTYMNaTb CO CBEXUMW NOPLUAMN BOAbI. TPeTbe MECTO Cpefy PacTBOPEHHbIX rasoB B paccMaTpu-
BaeMbIX TepMax 3aHUMaeT YIrNeKWC/blA ras, 3aTem aproH, refmin + HeoH, B OTAE/bHbIX POAHUKAX
BCTpeyaloTcA MeTaH, CepoBOLOPOJ, BOAOPOL. B mecTax pasrpysku TepM rasbl MHOrja BblAeNAwTCA B
cB0O60AHOM BUSE.

Tabmmua 2 - Ma30BbIA COCTaB a30THLIX TepM Bapib IK-apacaHCKIX
1 AViHa0YMaKCKIX UCTOHHUKOB ANaKO/bCKOM BriaivHb [3, 7]

CocTaB rasa, 06Lem. %

oﬂngSa MVH. VCTOHHUK Jlaboparopyia OBy aHarvB AHanvs peg,ras
o2 — CO2 “+pen ArtKriXe He+Ne
1933 LHAPU 2 09 971 1,545 MOBbLLEH.
Baprbk-apacaH
1940 enwvoraspaseeaxa 0,7 - 99,3 1,126
1931 . LIHAPU - - 100 1,06 MoBbLLEH.
AliHabyrnak
1940 "envioraspasseeaxa 01 03 99,6 1,09%

MopasnstoLlee 60/bLWINHCTBO MUCCeA0BaTENe CUMTAIOT, YTO rasbl a30THbIX TepPM, Kak 1 caMa Boja,
UMetoT aTMoctepHoe MpomncxoxaeHue. Mo Mepe MPOHUKHOBEHUA aTMOCHepHbIX 0CafKOB C PacTBOPEH-
HbIMW rasaMy B Hegpa 3eM/M MO 30HaM TEKTOHWUYECKUX HapYLUEHW KUCMOPOJ PacxofyeTcs Ha OKMC-
NleHne B OCHOBHOM OpraHM4ecKoro BeLLEecTBa MOYB U FOPHbIX Mopos ¢ obpasoBaHMeM Yr/IeKUCIOoro rasa
6roxmmmyeckoro reHesuca. MNocnegHunii, Hapsagy ¢ 3axBadeHHbIM M3 aTMOC(epbl, Takke pacxogyeTcs Ha
peakuun rmgponmsa aJitoMOCUINKATOB Ha BCEM MyTW ABVIKEHMS BOAbl OT o6nacTeil NMTaHUs 4O BbIXoAa
TepMasibHbIX BOJ Ha MOBEPXHOCTb. B MecTax pasrpys3ku, Kak y>Ke 0TMedasioCb, CHOBa B BOLe MOXET
NnosIBASATLCA CBOBGOAHBLIN KUC/IOPOA. A30T M LpPYrMe WHEPTHbIE rasbl LUMPOKOMACLLITAbHO B peakuusx He
y4yacTBYIOT 1 MO3TOMY He TONIbKO COXPaHAKTCA B BOJe Ha BCEM MYTU ee ABMKEHUSA, HO MX OTHOCUTE/IbHAA
[0N1s BO3pacTaeT, MOCKOJbKY cogepaHus O2 n CO2 ymeHbLakTcAa. OTHOCUTENbHBIA 06BbEM MHEPTHbIX
rasoB BO3pacTaeT W MO elLle OAHOM MPUYMHE - YMeHbLLEHMS 06bema BOAbl B CUCTeMeE, MOCKO/IbKY BOAa,
Kak n CO2, y4yacTBYeT B peakuMsax rmaponusa ajtomocunnkatoB [19]. Ma3oBbiii cocTaB TepMasibHbIX BOJ
AnaKonbCKOM BraguHbl He MCMbITbIBAET MHTEHCUBHOIO BO3AEWCTBMS 3MaHauuii U3 MaHTuM, a hopmu-
pyeTcsi B OCHOBHOM 3a CYeT TpaHcjopmaunn KOMMOHeHTOB Bo3gyxa. O6 3TOM roBopUTb OTHOLLEHUE
aproHa K asory.

M30TonHbIM cocTaB BoAbl. VI30TOMHbLIN cocTaB BOLOPOAA M KMCI0POAa BOAbl SABMASETCA HaLEXHbIM
KpUTEpMEM AN1s1 YCTaHOB/IEHUA ee reHesuca. Mo3ToMy Hamu uccrefoBaH M30TOMHbIA cocTaB bapbik-
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apacaHCKMxX 1 AMHabynakCKnX POAHWKOB TPELUMHHO-XWUIbHBIX BOfA, pasrpy>katwLmxcsa B ANakobCKOn
BrnagunHe. AHanM3 N30TOMHOMO cocTaBa (cofep>kaHuin fgeitepns n Knucnopoga-18) npob Bogbl BbIMOMAHANCA
B PecypcHom ueHTpe «IMeomogenb» Hay4vHoro napka CaHKT-INeTepbyprckKoro yHMBepcuTeTa Ha asepHoMm
MH(ppakpacHoM cnekTpomeTpe Picarro L-2120i. B KayecTBe 3Ta/IOHOB WCMNO/b30BA/IUCL CTaHAAPThI
V-SMOW?2, GISP n SLAP (MATFAT3), USGS-45 n USGS-46 (Ieonoruyeckasa cnyxb6a CLLA).
MorpelwHocTb M3MepeHusa coctasnsana 0.1 Yo ana 5180 n +1 Yo ana SH.

MonyyeHHble faHHble (Tabnmua 3) NoKasblBaKT, YTO M30TOMHbIV COCTaB BOAbl TEPM B Lie/IOM YKasbl-
BaeT Ha UX MeTEOPHOEe MPOUCXOXAEHWEe, NOCKONbKY OCHOBHAsA Macca TOYeK /IOXUTCA BAONb [MnobanbHoi
JINHUN MeTeOoPHbIX BOJ,

Tabrmua 3 - /BOTONHbIA COCTaB BOAOPOLA 1 KVCMOPOLA BOAb! 830THbIX TepM AMaKo/sCKOM BriaayHbl, %o

HazsaHvie Mpodb Ne fiabopaTopHb I S180, %6 SMOW SH, 99 SMOW
Ne 1 (Bapribik-apacaH) p-22772 -17,6 -1321
Ne 2 (AVHabyriaK) P-22773 -181 -1381

TepMoOMUHepasibHble BOfbl Ha 060MX OMPO6OBaHHBLIX y4YacTKax WUMEKT MCXOAHOE MWUTaHWe aTmo-
chepHbIMM Ocafkamui. Ha 3TO O06CTOATENbCTBO YKasblBAeT MOJSIHOE COOTBETCTBME OMPOGOBaHHbIX
MCTOYHUKOB aTMOC(epPHbIM OcaZKam B MPeAnosiaraemMbix 061acTAX NUTaHNs (PUCYHOK 2).

¢ - Npobbl TEPMOMMHEPA/TBHBLIX BOA

PacyeT 130TOMHOro cocTaBa aTMOCHEPHbLIX
ocagkos no OIPC:

A - HOXHbI Bogopasgen (Bbicota 3200 m)
X - ceBepHblii Bogopasgen (Bbicota 2950 m)

0 - cpefHee 3a rof B ToUKax 0T6opa Npo6

0 - cpegHee 3a rog Ha BepLUMHE CEBEPHOMO
BofOpasaena

0 - cpeaHee 3a rof Ha BEPLUMHE OXKHOMO
BoZOpasaena

/' —JoKa/bHasA JIMHVS METEOPHBIX BO

PyicyHoK 2 - TMonoykeHvie a3oTHbIX TepM Ha aviarpamve SH - S180

HecmoTps Ha MOBbILIEHHYK TemMnepaTypy, N0 XO04Yy ABMXEHWS BOLbl He WCMbITbIBAIN CYLLEeCT-
BEHHOI0 B3aUMOECTBMSA C BMELLAOLMMU NOPOfaMMu, TaK Kak OTCYTCTBYHT M30TOMHbIE CABWTMK, Xa-
paKTepHble 4715 B3aMMOAECTBUS BOAbl KaK C KapboHATHbIMW, TaK U C CWIMKATHbIMW MUHepanamu npu
MOBbILLEHHOM TemnepaType. BO3MOXHO, 4TO HarpeB BOfbl MPOMCXOAUT YXe Ha 3aKIHYUTeNbHbIX
0Tpe3Kax NyTu GpuAbTpaLn, HEMOCPeACTBEHHO BO/IM3M YHacTKOB pasrpy3ku. Co6CTBEHHO caM MexaHW3M
pasrpysKu, CKopee BCero, 06ycfioB/fieH BO3HUKHOBEHNEM TepMonngTa.

BepoATHee BCero, B3aMMOfeliCTBME B CUCTEME «BOAa-nopofa» 6blI0 OrpaHMYeHO PacTBOPEHMEM
3BanopunToB. Kpome 06LLeil MUHepann3aLum Ha 3TO YKasbIBaeT CYyLLECTBEHHO MOBbILeHHbIA CI/Br koag-
(MLMEHT, HU3KOe coAepXKaHne rmapokapboHaToOB U NOBbILLEHHbIE KOHUEHTpauumn cynbdatos. ConeHoc-
HbIMU OT/IOKEHMSIMU, NO KPaiHel mepe, B ciydae AliHaby1aKCKOro MMHEPasIbHOrO UCTOYHNKA ABSAKTCS,
CKOpee BCEro, 03epHble OT/IOXKEHUSA. VICTOUHUKOM (DOpPMMPOBaHWS 3BanopuToB ObI/I0 MepecbixaloLlee
ahemeprgHOe 03epo, 3arosiHABLLEECH BOAOW B Mepuofbl KIMMATUYECKOro MOX004aHNA U Mepecbixato-
LLlee B Nepmofbl NOTEM/IEHUS, CONMPOBOXKAABLLMXCA apuan3aumnein Kammara.
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OTMeTVM, YTO M30TOMHbIM COCTaB BOAbI TEPMOMUHEPA/IbHBIX UCTOYHUKOB CYLLLECTBEHHO Jlerye, Yem
CpefHerofoBoii N30TOMHbIM COCTaB 0CafKOB Ha ydacTKax oT6opa npob6. To ecTb MeCTHble OCafKu HUKaK
He MOryT 6bITb UCTOYHMKOM (DOPMMPOBAHUSA PECYPCOB TEPMOMUHEPASIbHbIX BOS,

BeposATHO 06n1acTbl0 NUTaHWA ANs TepMOMUHEPa/bHbIX BOA ABAAOTCA Ans  AlHabynakcKoro
MUHEPa/IbHOIO MCTOYHMKA - Tapbarataickuii xpebeT K ceBepy 0T Anako/bCKOW BNagvHbl C BbICOTHbIMU
OTMeTKaMu Bogopasfenos fo 2950 m, ona rpynnel baprbik-apacaHCKMX TEPMOMUHEPasibHbIX UCTOYHMU-
KOB - >KeTbICyCKWii Anatay ropbl K HOry 0T ANako/bCKOW BNafuHbl C BbICOTHbIMW OTMETKaMu BOJO-
pasgenos fo 3200 m.

dopmmpoBaHuMe a3oTHbIX TepM ATaKONIbCKON BMajnHbl. BbIXoAbl a30THbIX TepM ANaKo/IbCKOM
BMagvHbl MPUYPOYeHbl K 30HAM KPYMHbIX TEKTOHUYECKMX PasfioMOB, BbITAHYTbIX B LUMPOTHOM WU
CYOLUMPOTHOM HampaBfeHUN WU XapaKTepusyLWMXCA MNPAMOMNHEAHOCTBIO NPOCTMPAHUA U KPYTbIM
najgeHneM MJ0CKOCTel copacbiBaTens. MpoTsHXKeHHOCTb pasnoMoB gocturaeT go 100-500 km m conpo-
BOXJAKOTCA MOLUHBbIMU 30HaMW Ap06/eHMS, OKBAPLLOBAHUA N OXKeNle3HEHNS.

MHMNbTPALNOHHBIE KUCMOPOAHO-a30THbIe BOAbl, MPOHWKAsA MO0 MMeKLWMMCA 34eCb MHOrovmc-
NEeHHbIM TpeLwMHaM1 Ha rnybuHy nopsigka Ao 2-3 KM MOCTEMNeHHO HarpeBalTCA M HAaUMHAOT aKTUBHO
B3aMMOfENCTBOBaTb C BMELLAILWNMN KPUCTA/IMYECKMMU nopogamu. B cocTaBe nocnefHuMX NpucyT-
CTBYIOT camble pasHoobpasHble KOMMOHeHTbI (Tabnuua 4), KoTopble 04eBWAHO, NPWU B3aUMOAEACTBUN U
HanMummn 61aronpuATHBIX YC/I0BMIA MOTYT NepexoauTb B BOAHOPACTBOPUMOE COCTOSIHUE U MEPEHOCUTLCSA
noA3eMHbIMM BOAaMM.

Tabrmua4 - CpenHee coepKaHne XVIMMHECKVIX 3MEMEHTOB B MarMaTyHeECK/X NMOPoAax KCIoro coctasa [3]

DneveHT MI/KT OnemeHT MI/KT OnemeHT MI/KT
K 33400 Co 5 zr 200
Ne 27700 Ti 2300 Sn 45
Mg 5600 w 40 As 15
Ca 15800 C 25 Za 46
C 240 Zn 60 Ge 3
F 800 Mo 19 Ga 0
S 400 Cu 20 Jn 0,12
Si 323000 Be 55 Sr 300
Al 77000 Pb 2323 Ba 830
Fe 27000 Sb 04 B 15
Mn 600 Ag 0,15 Ni 8

KuncnopogHo-a30THbIN COCTaB PacTBOPEHHbIX rasoB MO Mepe MNPOABMXEHWUS MOA3EMHbIX BOL OT
obnacTeil NUTaHNA K 30HaM pPasrpy3Ky CMEHSIETCS Ha a30THbIW, TaK Kak KMC/0pog npu 3TOM pacxogyeTcs
Ha pas3/IMyHble OKUCAMTENbHble Mnpoueccbl. B pesynbTaTe BbillenavyvBaHWs BMELLAKOLWLUX KPUCTaNIu-
YeCKMX MOpoA ropAYMMU UHPUALTPALMOHHBIMW BOZaMW B NOCAEAHMX HaKanInBarTca pasHoobpasHble
3/IEMEHTbl U COeAuHeHUsA. M3 Tabnuubl Nel BWAHO, YTO B KOHEUYHOM WTOre B Tepmax MpOUCXOAUT
HakonseHne noHos SO4 (o 1009,2 mr/gm3), Cl (go 319-719), F (go 5,74), Na+K (go 428-769), Ca (go
127-170) Mg (mo 1,2-3,6), H2SiO3 (go 37,6 mr/gm3).

CogepxxaHue noHos HCO3, Ca, Mg B a30THbIX Tepmax BecbMa O/IM3KM K UX COLEPXaHUSAM B Tpe-
LWMHHO-TPYHTOBbIX BOAax pauoHa, ABMAOLWMXCA Hapsagy C armocdepHbIMU 0CafKamu OCHOBHbIMU
NUCTOYHUKAMW NUTaHNA a30THbIX TEPM.

HakonneHve B a30THbIX TepMmax Cy/nb(aT-MOHOB CBA3bIBAeTCA OOMbLUMHCTBOM uUccnegoBaTeneli c
npoLeccamn OKUCNEHNS Pa3/IMUHbIX CY/TbOUAHLIX MUHEPAUIOB, COAEPXKALLLUXCA B U3BEPXEHHbIX Mopojax.
3T0 NosIoXKeHWe MPU3HAKOT UCCefoBaTeNun, AONYCKalLWMe yyacThe IOBEHWU/IbHBIX BOS B hOpMUpPOBaHUN
a30THbIX TepM, 0TMeYasi, 0HAKO, BO3MOXHOCTb 00pa3oBaHMsA Cynb(aToB «3a CUET APEBHUX IKCransauui
MarMaTUyecKMx o4aroB».

OkucneHue cynbraoB KMCMOPOLHO-a30THbIMM MOA3EMHbIMM BOZaMW MPUBOAMT K 06pazoBaHuio
CynbhaToB >Kenesa, Meau U Apyrux MeTansioB, a Takxe CBOOOLHOM CEPHON KMCNOTbI. 3BeCTHbI peakLumm
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OKMCIEHUS CYNbOUAOB XKene3a, BeayLive Mpu Hamumy CBOGOAHOI0 KWUC/MOPOAA M HEBBLICOKOM KWCMOT-
HOCTM pacTBopa K 06pa3oBaHWI0 MOC/EA0BATE/IbHO 3aKMCHOMO Cy/b(arta, OKUCHOro cy/nbgara u rug-
POOKMCY Xenesa.

2FeS2+ 202+ 2H20 = FeSO4+ 2H2504
AFeSO4+ 2H2S04+ 02= 2FeXSO43+ 2H20
FeAS0O4)3 + 6H20 = 2Fe(OH)3 + 3H2504

CynbthaT okncn xenesa Fe2(SO43 obnafaeT BecbMa CW/IbHbIM OKUCASIOWMM U PacTBOPSOLLMM
JecTBMEM Ha cynb(huibl M urpaeT 60MbLUYy0 ponb B NepepaboTke CybPUAHLIX MUHEPasOB B 30HE
okucneHns. 'napookucek xxenesa Fe(OH)3 nerko koarynupyeTtca 1 BbinagaeT B ocafok. Cynbgatbl 4pyrmnx
MeTannoB (CBUHUA, Mein) TakKe MOCTeNeHHO OKUCNAITCA KUCMOPOLHO-a30THbIMU BOofaMu 1 06pasytoT
pasnnyHble HepacTBOPMMble COeAMHEHMA. BbicBO6OXatOLAACA NOCe OCaXAeHUA MeTannos csobogHas
CepHas KucnoTa B3aMMOAENCTBYET C BMELLAOLWMMU KPUCTAIMHECKUMI NOPOSAMU W BbilLeaunBaeT u3
HMx SiO2 Al, Na, K, F n gpyrme KomnoHeHTbl. O6pasyrowuniics npu 3ToOM Cy/sbgaTt alloMUHUA NEFKK
rnaponusyeTca B ocafok B Buge rend Al(OH)3. Takum 06pa3om v NpoucxoguT B 06LWEM BUAe Hakon-
fleHMe B as0THbIX TepMax AakonbCKoW BragnHbl SO4, Na, F n H2SiO2 saBaswwmxcs raaBHbIMA
MaKpPOKOMMOHEHTaMW COCTaBa a30THbIX TEPM.

BbiBOoAbl. B BOCTOYHOW 4YacTy ANakosbCKOW BraguHbl CHOPMUPOBaINCL GNaronpusTHbIE reono-
rMYecKue ycroBusl ois pasrpyskn TepMasibHbIX BOJ Ha NMOBEPXHOCTb. 3TO CBSA3aHO B OCHOBHOM C LLINPO-
KMM pacnpocTpaHeHneM paspbiBHbIX HapylleHWii c6pocoBoro Tuna. B npegenax rugpotepmanbHbIX
CUCTEM C KOPOTKOI 30HOI TpaH3uTa (POPMUPYHOTCA TepMa/ibHble BOfAbl B OCHOBHOM X/I0PUAHO-CY/lb-
(haTHO-HaTPUEBO-Ka/bLIMEBOI0O THMA.

B kauecTBe OCHOBHbIX (PAKTOPOB (POPMMPOBAHWUS XMMWYECKOro cocTaBa TepM AaKoNbCKOM Bna-
OWHBI BbICTYMalT WMHTEHCMBHOCTL BOLOOOMEHa, Temrepartypa Heap W TeOXMMUYECKMe 0COO6eHHOCTU
OpeHnpyeMblX TepMamu Nopoj. 3TU (PakTopbl BO3LENCTBYIOT HA FEOXMMUYECKNIA 0BNNK.

MpuBegeHHble B paboTe (pakTMYecKMe JaHHble O04HO3HAYHO MOKa3blBalOT, YTO TMAPOTEPMbl Mpes-
CTaBNAT CO60M pesynbTaT B3aUMOAENCTBUA LPEBHUX MHMWUAbTPALMOHHbIX BOA C BMELLAOLWWUMW Fop-
HbIMW MopojamMun M MacliTabHOro repepacnpeieneHna XMMUYECKNX 3M1eMEHTOB MeXAY BOAHbIM pac-
TBOPOM W  (POPMUPYOLLUMUCA B 3TUX YC/IOBUAX BTOPUYHBLIMKW MUHEpPasibHbIMK  06pa3oBaHUAMM.
MpoHuKatowme B rnybokne cnon 3emnm (2-5 Km) B 6/1aronpuaTHbIX 418 3TOr0 reoMopgoIorMyecKmx u
CTPYKTYPHO-TEKTOHUYECKUX YCNOBUAX aTMOCHepHble 0CaKu B CWU/y pPaBHOBECHO-HepaBHOBECHOIO
COCTOSIHWA CUCTEMbl BOfa - MOPOoAa HEMPEPbIBHO PacTBOPSAKOT BMeLLAoLmMe Nopoabl U M3bMpaTenbHO
KOHLIeHTPUPYIOT B PacTBOPE XUMUYECKUE 3/IEMEHTBI.

BonbLiaa yactb XMMMUYECKUX 3/1IEMEHTOB B TepMax 3aMMCTBOBaHa 13 a/IlOMOCUINKATHLIX MUHepanos
B pe3yfibTaTe peakuuid ruaponmnsa, KOTopblii B YCAOBUSAX HU3KMX NapuvasibHbIX gaBneHuin CO2 obecne-
UYMBaeT PocT pH M3yvaembIX TEPM.
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E. LLI. >KekcembaeB], E. XK. MypTtasuHl W. B. Tokapes2 A. T. Kabues3

IY.M. AxmescadmH aTbIHAArb! rMAPOreosiornst XaHe reo3koIorna UHCTUTYTbI, Anvatbl, KazakcTaH,
2CaHKT-MMeTepbypr MmeMeKeTNK yHuBepeuTeT” CaHKT-NeTepbypr, Peceil,
K.W. CatbaeB aTbiHaarbl Kasak TTTbL TEXHUKASbLL, 3epTTeY YHMUBEPCUTET AnMaThbl, KaszaxcTaH

ANAKO/ OMNATbIHOAMbI A30T TEPMO-MUHEPA/ bl CY/IAPbIHbILL
MAPOIrEOXMUNAIbLL, EPEKLUEJTIKTEPL (LUbIMTbIC KASAXCTAH)

AHHoTaums. Makana Anaken olinaTbiHAa OpHasIackaH asoT TepMO-MUHePasabl CynapbIiH 3epTTeyre apHa/iraH.
Anaken oiinaTtblHAa €KW aiMakTa TepMo-MUHepasigbl cynap Kesgecear Onap Baprbik-apacaH sHe AlHa6\ak
T™anapbl. Anaken o/inaTbiHgarbl a3oT TepMAEPLULL, ChbiHAMaapbiHa ras, M30TOM XK3He XMMUSIbIK caparTamasiap
Kacasigbl. MuHepangbl T Manapibil, XMMUS/bIK K¥paMbiHa Taulfay Xacasibin XsHe epTeH Ty3fapAbil, MesLuepi
aHbIKTasgbl. A30T TepMepLull, LWibINy TerHe, OfapAbiH TFeoNorUANbIK X3He reoMopdo/iorMANbIK KOPEKTEHY
XarfaliblHa TofbIK TOKTangbIK. V30TONTbIK 3epTTeyALll, HaTWXKea, Anaken olnaTbiHbIH a30T TepiMaepi xep Ydi
CynapbHaH Ka/bINTacaTbiHbIH KepceTn. XUMUS/bIK 31EMEHTTEPALL, KEeNWLLUM Tay >KbIHbICTApAaH a/bIHraHbI
aHbIKTaNdb!.

TyLwH ce3aep: Anaken oinarbl, a30T TepMaep” CyablH XUMUSTbIK K¥PaMbIHbLLL Ka/bINTacybl, CyTen MeH OTTeri
N30TOMTbIK K¥pambl.
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