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HYDROGEOCHEMICAL FEATURES OF NITROGEN THERMS
OF ALAKOL BASIN (EAST KAZAKHSTAN)

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 km®. 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 basin: 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 / dm’ in Aynabulak sources, a B Barlyk-arasan
is less than 1.7 g / dm’ (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
ITons well Nel well “a” well “b” mineral source
mg/dm’
HCO;4 - - - 6.1
Cl 319.1 287.2 304.9 719.8
SOy 759.1 748.3 742.5 1009.2
Si0, 37.6 37.6 36.4 37.6
Sr 3.45 3.28 4.08
Mo 0.07 0.04 0.03
Ca 133.1 149.3 127.1 170.2
Mg 12 3.6 1.2 1.2
K 7.9 7 7.7 19.2
Na 420 400 420 750
Mn 0.01 0.01 0.098
F 5.52 5.09 5.3 5.74
Br 0.31 0.31 0.78
B 0.82 0.85 3.76
The dry residue 1694 1660 1660 2660
Temperature 44 21 29 23
pH 8,03 7.2 7.52 8.24

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

Gas composition, vol. %
Date of . - -
. Mineral source laboratory Overall analysis Analysis of rare gases
sampling
0, CH, CO, Nytpen Ar+Kr+Xe He+Ne
1933 CNIGRI 2 0,9 97,1 1,545 Heightened
Barlyk-arasan -
1940 Geliogasrazvedka 0,7 - 99,3 1,126
1931 CNIGRI - - 100 1,06 Heightened
Aynabulak -
1940 Geliogasrazvedka 0,1 0,3 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 O, and CO, decrease.
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 CO,, 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 "0 and +1 %o for 8°H.

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, %o

Name of the sample Laboratory Ne 3'%0, %0 SMOW 8°H, %o SMOW
Nel (Barlyk-arasan) P-22772 -17,6 -132,1
Ne2 (Aynabulak) P-22773 -18,1 -138,1

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).

230 . '

>6%/ ¢ — thermomineral water samples

-50 y :R72’i5())( ;r 9?7’33 / 1 Calculation of the isotopic composition of atmo-
2 N4 spheric precipitation by OIPC:

] — the southern watershed (height 3200 m)
. X — the northern watershed (height 2950 m)

© - the average of sampling points for the year

© —average at the top of the northern
Watershed for the year

O —average at the top of the southern
Watershed for the year

/ — local line of meteoric water

Figure 2 — Position of nitrogen terms in the diagram &°H - 3'°0

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 Cl / 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
of the 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 Element mg/kg Element mg/kg
K 33400 Co 5 Zr 200
Na 27700 Ti 2300 Sn 45
Mg 5600 w 40 As 1,5
Ca 15800 C 25 Za 46
C 240 Zn 60 Ge 3
F 800 Mo 1,9 Ga 30
S 400 Cu 20 In 0,12
Si 323000 Be 5,5 Sr 300
Al 77000 Pb 2323 Ba 830
Fe 27000 Sb 0,4 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 SO~ (until 1009,2 mg/dm®), CI' (until 319-719), F~ (until 5,74), Na+K (until 428-769),
Ca (until 127-170) Mg (until 1,2-3,6), H,SiO; (until 37,6 mg/dm”).

The content of ions HCOy’, Ca%, 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:

2FeS, + 20, + 2H,0 = FeSO,+ 2H,S0,
4FeSO4+ 2H,SO4+ O, =2Fey(S04); + 2H,0
Fez(SO4)3 + 6H20 = 2FC(OH)3 + 3H2$O4
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Iron sulfate Fe,(SO,); 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); 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 SiO,, Al, Na, K, F, and other components.
The formed aluminum sulfate is easily hydrolyzed and precipitate as a gel AI(OH);. Thus, generally the
accumulation of SO4, Na, F and H,SiO, 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 CO, growth of investigated pH-terms occurs.
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1I/IHCTI/ITyT THIIPOTeOI0ruu u reodkonorun uMm. Y. M. Axmencadpuna MOH PK, Anmatel, Ka3zaxcras,
Canxkr-IleTepOyprekuit rocyaapcTenHslil yuupepeutet, Cankr-Ilerep6ypr, Poccus,
*Kazaxckuil HALMOHANBHEIN HCCIIEOBATETbCKHIT TeXHIUecK il yHIBepcuTeT uM. K. M. Catnaesa, AnMarsl, Kasaxcran

IT'NJIPOTEOXUMUYECKHUE OCOBEHHOCTHU A3OTHBIX TEPM
AJJAKOJIbCKOM BIIAJTUHBI (BOCTOYHBIN KA3AXCTAH)

AnHoTanus. CTaThs MOCBSIIEHA MCCIEJOBAHUIO a30THBIX TEPM, PACIOIOKEHHBIX B Ipeaenax AIakoiabCKon
BIIaJIMHBI. 371eCh U3BECTHBI [[BAa y4acTKa IPOSBICHHUS TEPMO-MUHEPAIBHBIX BOJ — bapibik-apacaHckue U AitHaOynak-
CKHEC NCTOYHUKH. HpOBeﬂeHbI na6opaT0pH1>1e HUCCICA0BAaHUA XUMHUYCCKOI'0, ra30BOro U U30TOIMMHOI'0 CoOCTaBa JaHHBIX
a30THbIX TepM. IIpoaHanu3upoBaH XMMUYECKHUN COCTaB MHHEPAIbHBIX HMCTOYHHKOB U ONPEAETECHbl MCTOUYHHUKH
pacTBOpeHHBbIX cosieil. Ocoboe BHUMaHHE Y/EIEHO T'€HE3NUCY TePM, I€OJIOTHUECKIM M reOMOP(POIOTHIECKIM yCIIo-
BUSIM UX IUTaHUsS. Y CTAHOBJIEHO, YTO OOJIbLIASl YACTh XUMHYECKUX 3JIEMEHTOB 3aMMCTBOBaHA U3 TOPHBIX 1opo. Tem
CcaMbIM B TEpMax MOSBIIAIOTCS TaK Ha3bIBAEMBIC N30BITOUHBIC JIEMEHTHI, HCTOYHUKH KOTOPBIX PaHEE CUMTAIN MaH-
TUHHBIMA. V30TONHEIN cOCTaB BOABI TEPM B IEJIOM YKa3blBaeT HA WX METCOpHOE IMpoucxoxkaeHue. UHpubTpa-
IIMOHHBIE KUCIIOPOIHO-a30THBIE BOJBI, IPOHMKAS 10 TPEIIMHAMH Ha MIyOHHY MOPSIIKa 10 2-3 KM IMOCTETIEHHO Harpe-
BAIOTCS M HAUMHAIOT aKTHBHO B3aMMO/IEHICTBOBATH C BMEIIAIOIINMH KPUCTATITNUYECKUMH TOPOAAMH.

KiroueBble c10Ba: ANakoibCcKas BIIQAWHA, a30THBIE TEPMBI, (JOPMHPOBAHHE XUMUYECKOTO COCTaBa, M30TOII-
HBII COCTaB BOJIOPOZIa M KUCIIOPOJA.

BBenenne. A30THBIE TEpMBI, KaK U B LIEJIOM TEepMalbHbIE BOABI 00NacTeil TEKTOHWYECKOH aKTu-
BU3ALMH, [IPUBJICKAIOT BHUMAHUE MHOT'MX YUYEHBIX BCEro MHpa. AKTyaJlbHBIMH IpPOOJIEMaMU SBIISIOTCA:
(hopMHUpOBaHHE PECYPCOB U XUMHUUIECKOTO cocTana [1, 2, 6, 13], MUKPOKOMITOHEHTHBIH [17] ¥ M30TOMHBIH
[9] cocTaBsl, ruaporeoJorHuecKrue yCIOBUS UX TposBieHus [4, 16], rayOouns! nupkynsmun [12, 20],
MEXaHU3MBI CBSI3aHHOTO C THApOTepMaMu pynooOpazoBanms [11, 14], MmacmTaObl B3aUMOJCHCTBHS HX C
BOJIOBMEIIAIOIIMMH ITOPOJIaMHU U XapaKTep TePMOINHAMHUIECKOTO paBHOBecus [2, 11, 18], hopmupoBanue
ra3oBoro cocrasa [10], reHe3uC BTOPHUHBIX MUHEPAJIOB, THIPOTreoJIornyecKasl MoJieNb UX (POPMUPOBAHUS
[19] u MHOTHE NpyTHE TPOOIEMBI.

ABOTHBIMU TE€pMaMH Ha3bIBAIOT TEPMOMHHEPAJIbHBIC BOIBI, B ra3oBOil (haze KOTOPHIX JOMUHHPYET
a30T. B mpocTpaHCTBEHHOM OTHOIIEHMM a30THBIE TEPMbI TATOTEIOT K O0JAcTAM aJbIMHCKOM CKiIagda-
TOCTH M TPWIETAIONIMM IIaT(GOPMEHHBIM TEPPUTOPHSAM, OOHOBICHHBIM B COBPEMEHHYIO 3IOXY OpO-
TeHe3a, B Ipeaeax KOTOPhIX HaOMI0JaroTCs aHOMAJIbHO BBICOKHE MJIOTHOCTH TEIUIOBOI'O MOTOKA 3€MHOM
KODBHI.

ATnakoJbCKasi BIaJuHa, B KOTOPOM MPOSBISIOTCA a30THBIE TEPMBI, - B T€OJOIMYECKOM OTHOLIECHUH
CBsI3aHa C OJHOMMEHHOIN MEXTOpPHOW BHAaIWHOH, OrpaHMUYEHHOH ¢ ceBepa xp. TapOaraTaii, ¢ roro-3amana
Kerbicyckum Anatay, ¢ 10ro-Boctoka xp. bupnuk u Maitnel. [lnomaas BnaJiuHbl COCTaBIsSET MOPSAKA
20 Thic.kM’. [To MOBEpXHOCTH (yHIAMEHTa AJIAKOJIbCKAs BIAJAMHA IIPEJCTABISET OOIIMPHYI0 ACHMMET-
PUUHYIO AeTpeccHio (PUCYHOK 1).

CoBpeMeHHBIE TEKTOHUYECKUE CTPYKTYpHl banxari-AnakoisCKOro pernoHa U CMEXHOW TEpPUTOPUHI
KHP sBnstoTcs cieACTBHEM BeChbMa aKTHBHO IPOSIBICHHOTO OPOTeHe3a albIIUHCKON 3MOXH (ILTHOIICH-
AHTPOIIOTeH) CKIIaU4aTOCTH. XapaKTepHOH OCOOEHHOCTBIO €0 MOKHO CUHTATh, MPEXKJIE BCETO, aKTHBU-
3alMI0 Pa3pbIBHBIX HApYLICHUI Maneo30HCKOro cybcTpara ¢ pe3KUM JOMHUHHMPOBAHHEM BEPTHKAIBHBIX
JBIDKEHHUH, KaK B caMOM cyOcTpaTe, Tak U B IOKPOBHOM ME30-KallHO30MCKOM 4exJyie. 3HauuTeIbHas FOXK-
Hasg 9acTb AJIAKOJIbCKOM Me30-KaifHO30MCKOW [empeccMy HWCIbITala BO3JIbIMAHHWE W TpPEBpaleHHE B
CIUIOLIHYIO CHCTEMY IPa0CHOB U TOPCTOB.

Texronnyeckoe CTpoeHHE AJaKOJIbCKOM BHNAJAWHBI OXapaKTEPU30BAHO HA OCHOBAHMM KapThl IO
MTOBEPXHOCTH Majie0304, COCTaBIECHHOM M0 ceficMuYecKuM AaHHbIM. CTpoeHHe OacceifHa acCHMEeTpUYHOE.
IOro-3amanueiii 60pT KpyTol M orpanumueH JKerpicyckum paznoMoM. CeBepo-BOCTOUHBIH OopT Ooiee
nojoruii. Ilo oceBbIM nMuHUAM 03. Anakoib 1 CachIKKOJIb PAacIOIOKEH BaJ0OOPa3HBIA BHICTYI MOBEPX-
HOCTH I1aJIe03051, KOTOPBIN AEIUT OacceiiH Ha ABE YacTH — HETIyOOKas IIOJIOIYI0 CEBEPO-BOCTOUHYIO U
rIyOOKyIO FOro-3amagHyto. B OTKPBITEIX pa3nomax c(OpMHPOBAINCH KOHBEKTHBHBIC THIPOTEPMAalIbHEIC
SUEKH, YTO MPUBEJIO K MNHTEHCUBHOMY IIPOTPEBY MOPOJ B UX BOCXOJALINX BETBAX.
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Pucynok 1 — O630pHast kapTa AJaKOIbCKOW BIAAMHEL | — roCyaapcTBEHHAs rpaHuIa; 2 — ropoja; 3 — peku u 03épa;
4 — TeKTOHUYECKUE PA3JIOMBL; 5 — BBIXO/IbI (PyHIaMEHTA Ha HOBEPXHOCTh; 6 — MECTOPOKIICHHSI MUHEPAIBHBIX BOJL

B mpenenax AnakonbCKOW BIAJAMHBI IO Ta30BOMY COCTABY BBIJICNSAETCS a30THBIE TEPMBI. A30THBIE
TEpPMBI PACIOJIAraloTCsi B OCHOBHOM B BOCTOYHOW 4YacTH AJIaKOJbKOW BHAaWHBI. TaM HW3BECTHBI JBa
ydJacTKa MPOsIBICHUS TEPMO-MUHEPAIBHBIX BOJ. DT0 bapibik-apacanckue U AifHaOyJIaKCKHE HCTOYHHKH.

XuMHYECKHii, Ta30BbIil COCTAB H TeMIepaTypa a30THbIX TepM. [Ipexe Bcero, oOpamaet Ha ceds
BHHMaHHE WMCKIIOUMTENBHO HHU3Kas OOmas MHUHEpaIM3alus TepM, KOTopas mpeBbimaeT 2,7 T/IM° B
AjiHaby1aKcKOM HCTOUHHMKE, a B Bapiiblk-apacaHckoM coctapisier Menee 1,7 r/am’ (tabmuia 1).

Tabmuna 1 — XumMudeckuii coctas oa3eMHbIX BoJ bapibik-apacaHckux
AitHa0yJIaKCKUX HCTOYHUKOB AJIaKOJIbCKOW BriaauHel. 2015 1.

bBaprbik-apacaHCKie MUHEPAJIbHbBIC HCTOYHUKU AliHaOynakcKui
Uonnt ckB Nel HCTOYHHK «a» HCTOYHHK «0» MHUH. HCTOYHHUK
mr/am’
HCO;, — — — 6,1
Cl 319,1 287,2 304,9 719,8
SO, 759, 7483 742,5 1009,2
Si0O, 37,6 37,6 36,4 37,6
Sr 3,45 3,28 4,08
Mo 0,07 0,04 0,03
Ca 133,1 149,3 127,1 170,2
Mg 1,2 3,6 1,2 1,2
K 7,9 7 7,7 19,2
Na 420 400 420 750
Mn 0,01 0,01 0,098
F 5,52 5,09 5,3 5,74
Br 0,31 0,31 0,78
B 0,82 0,85 3,76
Cyxoii ocTaTox 1694 1660 1660 2660
Temmeparya 44 21 29 23
pH 8,03 7,2 7,52 8,24
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Taxast HU3Kas MUHEpaIU3alys a30THRIX TEPMaJIbHBIX BOJ MOXET OBITh CBs3aHa C TE€M, YTO UX pecyp-
cbl (hOpPMHUPYIOTCS B Ipenesax THIPOreoJOrHYecKUX MAacCUBOB B IIOJI€ PAcIPOCTPAHEHUS] MHTPY3UBHBIX
nopoj. BeicokoropHslie naHAmadTel B 00JaCTH MUTaHUs OJIaronpUsATHBI AJS PacIpOCTPaHEHUs yIbTpa-
NPECHBIX BOJ, a JBM)KEHHE B 00JACTH TpaH3WTAa MPOHUCXOAUT IO 30HAM TPEIIMHOBATOCTH B MOPOAAX,
YCTOMUYUBHIX K BBIBETPUBAHUIO [2, 9].

Eme oaHa ocoOEHHOCTh M3Y4YaeMBIX BOJ COCTOMT B HEOOBIYHOM COOTHOIIEHHM KAaTHOHOB, CPEIH
KOTOpPBIX pe3ko noMuHupyeT Na, conepxkanus xxe Ca, Mg u K, kak npasuno, Husku. Huskue conepxaHus
Ca u Mg B TepMax CBf3aHBI C BbINAaJCHHEM KapOOHATOB M, BO3MOKHO, BTOPHYHBIX CHJIMKATOB THUIIA
JoMoHTHTA [9].

BrnionHe 3akoHOMeEpHO, YTO O0Ias MUHEpAIH3aIMs TePM 3aBUCHT U OT UX TEMIIEpPaTypbl: C pOCTOM
TEeMIIepaTyphl CyMMa coJIel TOJDKHA yBennunBaThes (Tabmumal). s cynbdaTHBIX HATPUEBBIX TEPM 3Ta
CBSI3b HEOJHO3HAYHA, TaK KaK PE3KO OTKIIOHSIOTCS OT OOIIed TeHICHLUH BOIbl bapiblk-apacaHCKOro u
AliHaOynakckoro TepMomnposiBieHui. s cynb(aTHOTO HATPHUEBOTO THMA BOJ 3aKOHOMEPHOCTEH B
W3MEHEHUH COJep)KaHUsl KapOOHATHBIX U CyNb(aTHBIX aHHOHOB IO/ BO3JCHCTBHEM TeMIEpaTypbl He
YCTaHOBJICHO.

B AnakosnbCkux TepMax OCHOBHBIM Ta30OM SIBJSIETCSI a30T, IOTOMY OHHM U HAa3bIBAIOTCS a30THBIMHU
(Tabmuua 2). Bropoe mo o0beMy MecTO B ra3oBOM COCTaBe 3aHHMMaeT Kuciopod. OaHako HE0OX0IUMO
UMETh B BHIY, YTO ONPOOOBAHME TEPM BEIOCH B MECTaX MX Pasrpy3KH, a IPHU MOAXOAE MX K 3€MHOU
MIOBEPXHOCTH B HUX MOI' IIONAAaTh BO3MyX. MBI cumTaeMm, 4yTO Ha OOJIBLION IIyOMHE a30THBIE TEPMBI
CBOOOJIHBIN KHCIIOPOJ HE COJIEpIKaT, HO B OOJIACTH TPaH3HMTA KUCIOPOA B THAPOTEPMAIBHBIC CHCTEMEI
MOJKET MOCTYMNAaTh CO CBEKUMH MOPIUSIMU BOABI. TpeThe MECTO Cpeay pACTBOPEHHBIX ra30B B paccMaTpHU-
BaGMBIX TEpPMax 3aHMMAET YTJIEKUCIBIM Ta3, 3aT€M aproH, reJuii + HEOH, B OTHENIBHBIX POJHUKAX
BCTPEYAIOTCSl METaH, CEPOBOAOPOA, BOAOPOA. B MecTtax pasrpy3ku TepM ra3bl MHOTJA BBIJIENISIOTCS B
CBOOOIHOM BUJIE.

Tab6umua 2 — 'a30BbIi cocTaB a30THBIX TepM bapibik-apacaHcKuX
1 AliHa0yJaKCKUX UCTOYHUKOB AJIaKOJIBCKOHM BaaAuHHI [3, 7]

CocraB rasa, oosem. %
ogg;;a MUuH. HCTOYHUK JlaGoparopust OO0uwmii aHanu3 Amnanus pen.ras
0O, CHy | CO, | Nytpen ArtKr+Xe He+Ne
1933 ITHUT'PA 2 0,9 97,1 1,545 [ToBbIiIcH.
bapnbik-apacan
1940 T'enuoraspaszsenka 0,7 — 99,3 1,126
1931 HHUTPU - - 100 1,06 [ToBbIIIeH.
Atinabynak
1940 T'enmoraspassenka 0,1 0,3 99,6 1,096

[Tomapnsromniee OONMBITMHCTBO HCCeIOBaTeNel CINTAIOT, YTO Ta3hl a30THBIX TEPM, Kak U caMa BOJa,
uMeroT atMochepHoe mpoucxoxaeHue. [lo Mepe MPOHUKHOBEHMSI aTMOC(HEPHBIX OCAIKOB C PacTBOPEH-
HBIMH Ta3aMH B Helpa 3eMIIU 10 30HaM TEKTOHWYECKHX HAPYIISHHWH KHUCIOPOJ PacxXxoayeTcs Ha OKHC-
JIeHWEe B OCHOBHOM OPTaHMYECKOTO BEIIECTBA MOYB M TOPHBIX MOPOJ C 00pa3oBaHMEM YTIIEKHCIOTOo ras3a
OMOXMMHYECKOTO TeHe3uca. [locnenuuil, Hapsy ¢ 3aXBaueHHBIM M3 aTMOC(Ephl, TAaKXKe PacxoIyeTcs Ha
peaKIuy TUAPOIU3a ATFOMOCHIINKATOB Ha BCEM IYTH JBIDKECHUS BOJBI OT 00JacTeld MUTaHUS JO BBIXOJ]a
TEPMalbHBIX BOJI Ha MOBEPXHOCTh. B MecTax pasrpy3ku, Kak yKe€ OTMEYalloch, CHOBA B BOJIE MOXET
MOSIBIIATHCS CBOOOIHBIN KHUCIOPOA. A30T M APYrHue WHEPTHBIE Ta3bl MIMPOKOMACIITA0HO B PEaKIUsiX He
YYacTBYIOT ¥ IIO3TOMY HE TOJIbKO COXPAaHSIOTCS B BOJIE HAa BCEM ITYTHU €€ ABUKCHUS, HO UX OTHOCUTEIbHAS
JIOJISL BO3pAcCTaeT, MOCKONbKY conepxkanus O, u CO, ymeHbmaroTcs. OTHOCUTENBHBIH 00beM WHEPTHBIX
ra30B BO3pPACTaeT W MO elle OAHON NMPUYMHE — YMEHBIIEHUSI 00heMa BOABI B CHCTEME, TIOCKOJIBKY BOAA,
kak 1 CO,, y9acTByeT B PEaKINIX THAPOIN3a alOMOCHINKATOB [19]. ['a30BBIN COCTaB TepMaIbHBIX BOJ
AnaKoibCKOM BIAJUHBI HE HCIIBITHIBACT MHTCHCHBHOTO BO3ICHCTBUS AMaHAMK W3 MaHTHU, a (popmu-
pyeTcss B OCHOBHOM 3a cYeT TpaHc(opMamuyd KOMITIOHEHTOB Bo3ayxa. OO0 3TOM TOBOPUTH OTHOIIECHWE
aproHa K asoTy.

H3oTonHbIi cocTaB BOAbI. MI30TONHEIN cOCTaB BOJOPOAA U KUCIOPOIA BOJBI SBJISETCS HAJCKHBIM
KpUTEpUEM ISl yCTAaHOBIICHUS ee TeHe3uca. [lodToMy Hamu mccienoBaH M3OTOMHBIN cocTaB bapibik-
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apacaHCKUX W AWHAOYIaKCKUX POJHUKOB TPEIIMHHO-KIIBHBIX BOJ, PasrpyKaroImuXcs B AJaKOILCKOM
BITaIHE. AHAIN3 U30TOITHOTO COCTaBa (Comep KaHmid TedTepus U Kuciaopoaa-18) mpod BOABI BBHITTOIHSIICS
B Pecypcuom nertpe «I'eomonensy Hayunoro mapka Cankt-IleTepOyprckoro yHuBepcuTeTa Ha Ja3epHOM
uH(ppakpacHoM crnektpomerpe Picarro L-2120i. B kadyecTBe 3TaJOHOB WCIOJIB30BATNCH CTaHAAPTHI
V-SMOW2, GISP u SLAP (MATATDO), USGS-45 u USGS-46 (I'eonmormueckas cmyx0a CIIA).
TorpemHocTs n3Mepenus coctapnsna £0.1 %o s 8'°0 u £1 %o ans 5°H.

[Monydennsie nanHbie (Tabnuia 3) MOKAa3bIBAIOT, YTO U3OTOIHBIN COCTAB BOJBI TEPM B IIEJIOM YKa3bl-
BaeT Ha X METEOPHOE MPOMCXOXKICHHE, IIOCKOJIBFKY OCHOBHAS Macca TOYEK JIOKHUTCA BIOJIb [ mobanpHOM
JIMHUY METEOPHBIX BOJ.

Tabmuma 3 — M30TomHBII cOCTaB BOAOPOAA U KHCIOPOAA BOJBI A30THBIX T€PM AJIAKOIBCKOI BIAaJHHBI, %0

HasBanue npo0sr Ne maGoparopHsIit 3'%0, %o SMOW 8%H, %o SMOW
Ne 1 (bapnbik-apacaH) P-22772 -17,6 -132,1
Ne 2 (AitnaGynak) P-22773 -18,1 -138,1

TepMoMmuHEpalbHBIE BOJB Ha OOOMX OMPOOOBAaHHBIX yYACTKaX HMMEIOT HCXOJHOE IMUTaHHWE aTMO-
chepapiMi  ocagkamMu. Ha 3T0 00CTOATENHCTBO YKAas3bIBAaeT TIOJHOE COOTBETCTBHE OIMPOOOBAHHBIX
HUCTOYHHUKOB aTMOC(EPHBIM 0CaKaM B MPEANOIaraeMbIX 00JacTIX MUTaHUs (PUCYHOK 2).

230 ; '
)&/ ® — poGbl TEPMOMHUHEPAIBLHBIX BOJL

] v =7.85x + 8,33 |
50 R2=0.997 e

Pacuer H30TOMHOrO cOcTaBa aTMOC(HEPHBIX
¥ ocaaxos 1o OIPC:

— I0KHBIN Bogopaszaen (BeicoTa 3200 M)
. X — CeBepHBI Boopaszen (Bbicota 2950 M)

© — cpemHee 3a rojl B TOYKax 0Toopa mpod

©® — cpenHee 3a roj| Ha BEPILIMHE CEBEPHOTO
BOJIOpa3jierna

O — cpenHee 3a roJ Ha BEPIIMHE FOXKHOTO
BOJIOpasena

-20,0 -15,0 -10,0 -5,0

880, %o / — JIOKaJbHas JIMHUS METEOPHBIX BOJ

Pucynok 2 — [1onoxeHue a30THBIX TEPM Ha JUarpamMme 8°H-38"%0

HecmoTpss Ha NOBBIIEHHYIO TEMIIEpPaTypy, MO XOAy ABIXKEHMSI BOJBI HE HCIBITBHIBAU CYIIECT-
BEHHOTO B3aUMOJICHCTBHSI C BMEINAIONIMMH ITOPOAAMH, TaK KaK OTCYTCTBYIOT M3OTOIHBIE C/IBHTH, Xa-
pakTepHbIE AJS B3aMMOJAEWCTBUS BOIBI KaK ¢ KapOOHATHBIMH, TaK W C CHIMKATHBIMH MUHEpaJaMH TpH
MOBBIIIIEHHOM TeEMIICpaType. BO3MO)KHO, YTO HAarpeB BOABI IMPOUCXOIUT YKC Ha 3aKITIOYUTCIbHBIX
OTpe3Kax MyTu (PUIBTpaIlUU, HETIOCPEACTBCHHO BOJIM3U YYaCTKOB pa3rpy3ku. COOCTBEHHO caM MEXaHH3M
pasrpy3KHd, CKopee Bcero, 00ycioBlieH BOSHUKHOBEHHUEM TEPMOIH(TA.

BeposiTHee Bcero, B3aMMOJCUCTBHE B CHCTEME «BOJa—TIOPOAa» OBUIO OTPAaHUYCHO PACTBOPECHUEM
sBanopuToB. Kpome o0mieit MuHepanu3auu Ha 3TO YKa3bIBaeT CyIlecTBeHHO moBbimeHHbIH Cl/Br ko3g-
(UIMEeHT, HU3KOe COJiepKaHue THAPOKApOOHATOB M MOBBINICHHBIE KOHIIEHTpanuu cyibhatoB. CoieHoc-
HBIMH OTJIOKCHUSMH, 10 KpaiHel Mepe, B ciiydae AWHAOYITaKCKOTO MUHEPATBHOTO HCTOTHHUKA SBIISIOTCS,
CKOpee BCEro, O3EpHBIC OTIIOKEHUS. MCTOUHMKOM (QOpPMHpPOBAHHS HBANIOPUTOB OBUIO IMEPECHIXANOIIECE
ademMepuIHOe 03epo, 3aIONHSABIICECS BOJIOW B MEPHOABI KIMMATHYECKOTO TOXOJOJaHMs U TepechiXaro-
1ee B IEPHO/IbI MTOTETICHISI, COTIPOBOXKIABIINXCS apUAN3aIiel KiImMara.
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OTMeTHM, 9TO U30TOIHBIA COCTaB BOABI TEPMOMHUHEPATHHBIX UCTOYHHKOB CYIIECTBEHHO JIeT4e, YeM
CPEIHET0/I0BOM M30TOMHBIA COCTaB OCA/JKOB Ha ydacTkax oTOopa mpol. To ecTh MecTHBIE OCaAKH HUKAK
HE MOT'YT ObITh HCTOYHHKOM (DOPMHUPOBAHUS PECYPCOB TEPMOMUHEPATHHBIX BOJ.

BeposiTHO#T 00nacThl0 TUTaHHUS JJII TEPMOMHHEPAIBHBIX BOJ SBISIOTCS JJIsi AWHA0YIaKCKOTO
MUHEpaJbHOTO HCTOUHNKA — Tapbararaiickuii XpeOeT K ceBepy OT AJIaKOIBCKOW BIAIUHBI C BEICOTHBIMHU
OTMETKaMHu BojiopazziesioB 10 2950 m, anig rpynmnbl bapibik-apacaHCKUX TEPMOMHUHEPaIbHbIX HUCTOYHH-
KoB — JKeTwicyckuil Anatay ropbl K IOTY OT ANAKOJIbCKON BIAIUHBI C BHICOTHBIMU OTMETKaMU BOJO-
paznenos 1o 3200 m.

®opMUpOBaHUE A30THBIX TEPM AJIAKOJIbLCKON BNaguHbI. BBIXOJBI a30THBIX TEPM AJIaKOJIbCKON
BIIaJIUHbBI TPUYPOUYCHBI K 30HAM KPYIIHBIX TCEKTOHHYCCKHUX pPA3JIOMOB, BBITAHYTBIX B HIMPOTHOM H
CyOIIMPOTHOM HANPAaBICHHH W XapaKTePU3YIOIIUXCS NPSIMOJIMHEHHOCTBIO TMPOCTUPAHUS U KPYTHIM
MajicHueM TUIOCKOCTeH cOpacwiBaTens. [IpoTsokeHHOCTH pazmomoB mocturaer g0 100-500 kM u compo-
BOXIAKOTCA MOIIHBIMH 30HAMHU Z[pO6J'IeHI/I$I, OKBapIoOBaHUA U OKCIIC3HCHUA.

WHpunpTpaliioHHbie  KUCIOPOAHO-a30THBIC BOJbI, MPOHUKAs 1O WMEIOIIUMCS 37€Ch MHOTOYUC-
JICHHBIM TpeIMHAMH Ha TIIyOWHY mopsaka M0 2-3 KM MOCTENeHHO HarpeBaloTCs W HAYWHAIOT aKTUBHO
B3aMMO/ICHICTBOBATh C BMEMNIAOIIMMHU KPHCTALUTMYECKMMH TopojgamMHu. B cocTaBe mocinegHWX MPUCYT-
CTBYIOT CaMbleé Pa3HOOOpa3HbIE KOMIIOHEHTHI (Tabiuia 4), KOTOpble OYEBUIHO, TIPU B3aUMOICHCTBUU U
HAIMYUY OJIATOMPHUATHBIX YCIOBUH MOTYT MEPEXOUTh B BOJHOPACTBOPHUMOE COCTOSHUE U TIEPEHOCUTHCS
MOJI3€MHBIMH BOJAMHU.

Tabmuna 4 — CpenHee cofepikaHie XUMHYECKHX JIEMEHTOB B MArMAaTHUECKHX ITOPOJaxX KMCIOro cocrara [3]

DneMeHT MT/KT OneMeHT MI/KT OneMeHT MT/KT
K 33400 Co 5 Zr 200
Na 27700 Ti 2300 Sn 45
Mg 5600 W 40 As 1,5
Ca 15800 C 25 Za 46
240 Zn 60 Ge 3
800 Mo 1,9 Ga 30
400 Cu 20 Jn 0,12
Si 323000 Be 5,5 Sr 300
Al 77000 Pb 2323 Ba 830
Fe 27000 Sb 0,4 B 15
Mn 600 Ag 0,15 Ni 8

KucnoponHo-a30THBII cOCTaB pacTBOPEHHBIX Ta3oB IO MEpE MPOABMKEHHUS MOA3EMHBIX BOJ OT
o0nacTel MUTaHUS K 30HAM Pa3rpy3KH CMEHSETCS Ha a30THBIH, TaKk KaK KUCIOPOJ IIPU 3TOM PacXoLyeTcCs
Ha pPa3INYHbIE OKHCIUTENIbHBIE IpollecChl. B pe3ynbraTe BBINIENAYMBAHMS BMELIAIOMINX KPHUCTAJUIU-
YEeCKUX TOPOJA TOPSYMMHU WHQHUIBTPALMOHHBIMU BOAAaMH B TOCIEIHUX HAKaIUIMBAIOTCA pa3HOOOpa3HbIC
JIEMEHTHl U coeauHeHus. M3 Tabmumpr Nel BHOHO, YTO B KOHEYHOM MTOre B TE€PMax IMPOUCXOIUT
Hakorurenne noHoB SOy (10 1009,2 mr/am’), Cl (mo 319-719), F (mo 5,74), Na+K (zo 428-769), Ca (10
127-170) Mg (o 1,2-3,6), H>Si0; (110 37,6 mr/am’).

Copepxxanne nonoB HCO;, Ca, Mg B a30THBIX TepMax BechMa OJIM3KH K WX COJIEPXKAHUSAM B Tpe-
IIMHHO-TPYHTOBBIX BOJAaX paiOHa, SBJLIOIIUXCS HapsAdy € aTMOC(GEpHBIMH OCaAKaM{d OCHOBHBIMU
WCTOYHHMKAMHU MTUTaHUsI a30THBIX TEPM.

Hakomnnenne B a30THBIX TepMax Cynb()aT-HOHOB CBSI3bIBACTCSI OOJIBIIMHCTBOM HCCIENOBaTeNeH ¢
IPOLIECCAMU OKUCIICHHS Pa3IMYHbIX CyJIb(HUIHBIX MUHEPATIOB, COACPIKALINXCA B U3BEPKEHHBIX MOPOIAX.
OT0 MON0KEHUE MPU3HAIOT UCCIIENOBATENH, IOMYCKAIONINE YYacTUe IOBEHIIBHBIX BOJl B (HOPMUPOBAHUH
A30THBIX TEPM, OTMeYas, OJJHAKO, BO3MOKHOCTb 00pa30BaHMs Cylb(aTOB «3a CUET IPEBHUX IKCTAISALUI
MarMaTH4eCKUX 04aroBy.

Oxucnenne cynbOUAOB KHCIOPOAHO-230THBIMHU TMOJ3€MHBIMH BOJAMH TPHUBOIHUT K 0OPa30BaHUIO
Cynb(aToB kene3a, MU U APYyTUX METAJUIOB, a TaKKe CBOOOAHOM CepHOI KUCIOTHL. M3BECTHBI peakiuu
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OKHCIICHUS CyNbGUIOB XKele3a, BeIylie MNPy HATUYAU CBOOOTHOTO KHCIOPOJAa W HEBBICOKOW KHCIOT-
HOCTH pacTBOpa K OOpa30BaHMIO ITOCIIECIOBATEIHHO 3aKHCHOTO Cylibdara, OKHCHOTO Cynbdara W THA-
POOKHCH Kenesa.

2FGSZ + 202 + 2H20 = FCSO4+ 2stO4
4FeSO4 + 2H2804 + 02 = 2F62(SO4)3 + 2H20
FCQ(SO4)3 + 6H20 = ZFC(OH)3 + 3HZSO4

Cynnsdar oxucu xene3a Fey(SO4); oOmamaeT BechbMa CHIBHBIM OKHCIISIONIAM W PaCTBOPSIONIAM
JeicTBUEM Ha cyJNb(UABl M UTpaeT OONBLIYIO pPOJib B MEpepadoTKe CYIb(QHIHBIX MUHEPAIOB B 30HE
okuciaenus. [ mapookucs xenesza Fe(OH); nerko koarynupyercs u BelnagaeT B ocagok. Cynbgarsl Ipyrux
MeTaJIOB (CBMHIIA, MEIH) TAaK)Ke TMOCTEIEHHO OKHCISIOTCS KHCIOPOJHO-a30THBIMH BOJAMH M 00pa3yroT
pa3iInyHbIe HEPACTBOPUMBIE CoeTUHEeHHs. BhICBOOOXKAarOmasncs mociae OCaXIeH!sI METaNIOB CBOOOTHAS
cepHasl KHCJIOTa B3aMMOJEHCTBYET ¢ BMEIIAIOIUMH KPUCTAIIMYECKIMU MOPOAaMHU M BBHIILEIAYNBACT W3
Hux Si0,, Al, Na, K, F u npyrue xomnoneHTsl. O0Opa3yroniuiics Ipyu 3TOM Cyib(haT aTFOMHHHS JIETKH
ruaponm3yercss B ocamok B Bume reis Al(OH);. Takum oOpa3oM M HPOHUCXOTUT B OOIEM BHE HAKOI-
JICHWEe B a30THBIX TepMmax Ajakonbckoil Bmaauubl SO4, Na, F u H,SiO,, sBistommxcs riaBHBIMU
MaKpPOKOMITOHEHTaMH COCTaBa a30THBIX TEPM.

BeiBoabl. B BocTOUHOH 4YacTh AJIAaKOIBCKON BIIAIWHBI C(HOPMHPOBATUCEH OJArONPHUATHBIC T'EOJIO-
THYECKUe YCIOBUS ISl pa3rpy3KHu TepPMAbHBIX BOJ HA MOBEPXHOCTh. JTO CBA3aHO B OCHOBHOM C IIHPO-
KAM paclpoCTpaHEeHHEeM pa3pbIBHBIX HapylleHWH cOpocoBoro Tuma. B mpenenax ruapoTepMalbHBIX
CHUCTEM C KOPOTKOHW 30HOW TpaH3WTa (OPMHUPYIOTCSH TepMalbHBIE BOABI B OCHOBHOM XJIOPHIHO-CYIIb-
(aTHO-HATPHEBO-KAJIBIIEBOTO THIIA.

B kauyecTtBe OCHOBHBIX (PaKTOpOB (POPMHUPOBAHUS XUMHUECKOTO COCTaBa TepM AJaKOJIbCKOH BMa-
JIUHBI BBICTYIIAIOT WHTEHCHBHOCTH BOJOOOMEHA, TEeMIlepaTypa HeIp W TeOXHMHUYECKHEe OCOOSHHOCTH
JIPEHUPYEMBIX TepMaMH MOpoa. OTH (PaKTOPHI BO3AEHCTBYIOT HA TEOXUMUIECKHHA OOJIHK.

[IpuBeneHuble B pabore pakTHYCCKHE AaHHBIE OJHO3HAYHO IMOKA3bIBAIOT, YTO THAPOTEPMBI IpEN-
CTaBIAIOT cO0O0M pe3ynbTaT B3aMMOACWCTBUS APEBHUX WHQOWIBTPAIIMOHHBIX BOJ C BMEIIAOIUMH TOp-
HBIMH TIOPOJAMH W MAacIITaOHOTO TepepaclpeneieHns XUMHUYECKHX DJIEMEHTOB MEXAy BOJIHBIM pac-
TBOPOM U (QOPMHUPYIOIIUMHCS B 3TUX YCIOBUSX BTOPUYHBIMH MHUHEPATBHBIME 0Opa30BaHHUIMHU.
[Mponukatoniue B Tay0oKue ciaou 3emiau (2-5 kM) B OJaronpusATHBIX AJISL 3TOTO TeOMOP(OIOTHYECKIX H
CTPYKTYpHO-TEKTOHUYECKUX VYCIOBUSIX aTMOC(epHbIe OCAaIKH B CHIy pPaBHOBECHO-HEPAaBHOBECHOTO
COCTOSIHHSI CHCTEMBI BOAA — IMOpPOJa HEMPEPHIBHO PACTBOPSIOT BMEIIAMONINE TOPOABI U HW30MpPATENHHO
KOHIIEHTPUPYIOT B PACTBOPE XUMHUECKHE JIEMEHTHI.

Bonpmias yacTh XUMUYECKMX 3JIEMEHTOB B Te€pMaX 3aUMCTBOBaHA M3 ATFOMOCHIMKATHBIX MUHEPAJIOB
B pe3yJibTaTe peaknuil THIPOJr3a, KOTOPHI B yCIOBHIX HU3KUX MapuuaibHbIX mapinerwnii CO, obecrre-
guBaeT pocT pH u3ydaemMbIX TepM.
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E. III. XKexcembaes', E. K. Mypraszun', . B. Tokapes’, A. T. KaGues®

'V.M. AxMe/ica¥iH aThIHIAFBI THAPOTEOIOTHS KOHE TE0IKOJIOTHS MHCTUTYTHI, Anvatsl, KasakcraH,
2CaHKT—HeTCp6pr MemiekerTik yausepcureti, Cankr-IletepOypr, Peceit,
KA. CorGaes atbinarsl Ka3ak yITThIK TeXHHKAIBIK 3€pTTEY yHHBepcHTeT], AnMathl, Kasakcran

AJIAKOJI OUTTATBIHJIATBI A30T TEPMO-MUHEPAJIJIBI CYJIAPBIHBIH,
I'MAPOTEOXUMMUAJIBIK EPEKIIEJIIKTEPI (IHBIFBIC KASAKCTAH)

AnHoTanmsa. Maxkana Anakesn olnaTblHAa OpHANACKaH a30T TEPMO-MHUHEPAJIBI CYJIapblH 3€PTTEYre apHaJIFaH.
Anaken OWIaTHIHAA €KW aiiMaKTa TepMO-MUHepannasl cymap kesgeceni. Omap baprpik-apacan skoHe AifHaOyIaK
TYMajapbl. AJlaKesl OMNaThIHIAFbI a30T TEPMICPIiHIH ChIHAMAalapblHa ra3, M30TOI JKOHE XMMHMSUIBIK caparraMaiap
’Kacaigsl. MuHepanasl TyMalapIblH XMMHSUIBIK KypaMblHa Tajiay JKacajblll )KOHE epireH Ty3IapiAblH MeJepi
aHBIKTaNABL. A30T TEpPMIEPIHIH WIBIFY TEriHe, OJapIblH T€OJOTHSJIBIK JKOHE TI'eOMOPQOJIOTHSIIBIK KOPEKTEHY
JKarJaiiblHa TOJBIK TOKTAIIBIK. V30TONTHIK 3epTTEYAiH HOTHXKeCl, AJlakes OWIATHIHBIH a30T TepiMaepi kep ycTi
CyJapblHaH KaJIbITACATBIHBIH KOPCETTI. XUMHUSUIBIK O3JIEMEHTTEPHIH KOIILUIrl Tay J>XbIHBICTApJaH aJIbIHFaHbI
AHBIKTAJIJIBL.

Tyiiin ce3nep: Anaken olnarsl, a30T TEPMIEPI, CYAbIH XUMHSJIBIK KYPaMBIHBIH KaJIBIITACYBI, CyTeri MEH OTTeri
M30TONTHIK KYPaMBbI.
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