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AkmyanbHocmb. [Tpu nocmMpoeHuUU pasfuyHbIX 2udpoaeoxumudeckux modenell bacceliHos HeobXxoduMbl MoYHble OaHHble N0 memne-
pamype niacmogbix 800. B crydae mepmarbHbix 800, 20e 3amepbl memnepamyp Ha afybuHe 3ampyoHeHbl, 0agHO UCnomb3ylomces pac-
YemHble Unu SMNUPUYECKUE BbipaxKeHue — aeomepmomempsl. [ns nnacmogbix 600 0cadoyHbix 6acceliHog OHU pedKO UCNOsb3ymCs,
NoCcKosbKy 30ecb meMnepamypbi HUXe, coneHocms 800 u OagneHue bonbuie. O0Hako u 30ecb Heobxodumo npogepsimb daHHbIe 2TybuH-
HbIX MEPMOMEMPOB, MOYHOCMb KOMOPbIX CUMbHO 8apbupyem, U, 8 criydae omcymemeusi OaHHbIX N0 memnepamype Unu He803MOXHO-
cmu ee nomepsmb, A0CMOBEPHO UX paccyumbigams. [ns amozo Heobxodumo nodobpamsb Haubonee nodxodsawjue 8 0aHHbIX yCIo8usX
2eomepmomempb.

Lenb: ouyeHumb npuMeHUMOCMb 2e0XUMUYECKUX 2eomepMomMempos On1si nnacmosbix 800 Tomckol obacmu npu NOMOWU peweHust
cnedyrowjux 3aday: aHanusa Wupoko2o Habopa npuMeHsIieMbIX 260mepMoMempos, pacyéma no umetowielics 6ase 0aHHbIX XUMUYECKO20
cocmasa 800 HECKOMBKO pa3HoBUOHOCMeU, conocmaesieHusi amux pacyemos Mexdy cobol u Mexdy peanbHO USMEPeHHbIMU OaHHbIMU
2nybUHHbIX MepMoMempos, ebideneHue u 060cHo8aHue Hauboee NoAXodwux A1 KOHKPEMHBbIX ycrosudl.

06BexkmbI: nnacmosbie 800bi ToMckol 0bracmu, omobpaHHble 8 npouecce paspabomku HehmsHbIX MECMOPOXOeHU(, 8 0CHOBHOM 80-
Obl MEOBbIX U OPCKUX OMIIoxKeHUU, 2y6uHol om 613 NO8EPXHOCMHbIX ycnosuli o 4,5 km.

Memods.. Mpu 0bpabomke 6asbi OaHHbIX NO XUMUYECKOMY COCMagy niacmosbIx 800 UCNOb308anucy 6a3oeble cmamucmuyeckue Me-
modkl, 8 pesynbmame bbinu ombpakogaHb! NPobbi ¢ aHOMasbHO 8bICOKUMU U @aHOMasTbHO HUSKUMU KOHUEHmPayusMu KOMNOHEHMos, a
makxe He coomeemcmeyroujue 3aKoHy anekmpoHelimpansHocmu. @opmyssI pacyemos 2e0MepMOMeEMPO8 835iMbl U3 MHO204UCTEHHbIX
JiumepamypHbIX UCMOYHUKOB. Pe3ynbmambi pacyemos cpasHUBanUCh C UMeoWwuMu 0aHHbIMU NO pearnbHO U3MEPEHHbIM memnepamy-
pam, mexdy cobol, ¢ amybuHamu YupKynayuu 800 U 2e0mepMuyeckum 2padueHmomM peauoHa.

Pesynsmambl. [JemanbHo N0 MHO204UCTEHHbIM SIUMEPaMyPHbIM UCMOYHUKaM U3yYeHbl Pa3HOBUOHOCMU 2e0MepMOMempPO8 U ycriosust
ux npumeHeHus. [NodobpaHb! Haubonee nodxodaujue 8 daHHbIX ycrosusix. B pe3ynbmame enepabie paccyumabi 9 pasnudHbIX Xumuye-
CKUX 2e0mepmoMempos no umerowelics 6aze OaHHbIX XUMUYecKkoeo cocmasa ninacmossix 800 Tomckoli obnacmu. [TokasaHo, Ymo Knac-
cuyeckue ezeomepmomempsi (Si, Na-K, Na-K-Ca, K-Mg) 8 daHHbIx 800ax He pabomarom, Noxo Koppenupyrom ¢ peanbHO NOMyYeHHbIMU
OaHHbIMU 211yBUHHBIX mepmomempos. PekomeHdogaHbl Mg-Li u Na-Li 2eomepmomempsl, a makxe Na-K-Ca eeomepmomemp ¢ Koppek-
muposkoli no Mg. bnacodaps samum 2eomepmomempanm 3anonHeHb! npobensi 8 6ase 0aHHbIX no 650 omcymemeyrowum memnepamy-
pam. [enaemcs 861800 0 Heobxodumocmu 6 danbHeliwem dopabamsigamb eeomepmomempsi O NIacmogbix 800 HEhMSHbIX MECMO-
pOoxdeHull ¢ yyemom 6oriee CoBPeMEHHbIX U MOYHbIX OaHHbIX. B kayecmee npakmu4ecko2o pesynbmama daHHol paboms| yka3bieaemcs
803MOXHOCTb LUCNOSB308aHUST NOMTYYEHHbIX MeMnepamyp npu pacyemax pasHogeculi 8 cucmeme «8oda—nopoda» u dpyaux pacyemax.

Knroyesnie crnosa:
Xumudeckue 2eomepMomMempbI, memnepamypa ninacmoebix 800, HeghmsHble 800bI, Tomckasi obiacmb, cucmema «8o0a—nopoday.

BeeneHue HaJIeKHBIMU SIBIISIOTCS TEMIIEPaTyphl, TOMyYeHHbIE B pe-
3yIbTaTe CTATHYECKHMX HCCIENOBAHMI, OOBIYHO MPOBOIH-

MBIX B SKCIUTyaTallMOHHBIX cKBakuHax [11], HO He Bcerja

Temnepatypa M1acToBbIX BOJ SABIAETCS BAXKHBIM HHIH-
KaTopoM TpH M3y4eHHH (OPMHUPOBAHKS 3anexeil HeTH U

raza [1-8]. B rumporeonormyeckux padotax ocobas Tou-
HOCTb 3HAYCHHIT TEMIIEpaTyphl HEOOXOMMA TIPH HCCIIE0-
BaHMN (DU3HKO-XMMHUYECKOTO B3aMMOJCHCTBUA B CHCTEME
«IUTACTOBAs BOJA — MOPOJA», U B IENOM MPH MOCTPOCHUH
Pa3INYHBIX UPPOBBIX THAPOreOXMMHUYECKIX MOJIENeH Oac-
ceitHoB. B 3amayHoit Cubupy, Kak 1 BO MHOTHX JPYTUX pe-
THOHAX, OCHOBHBIMH HCTOYHNKAMH JAHHBIX O TEMITEpaTypax
B OCAJIOYHBIX 0acceiHax SIBISIOTCS HE(TSHBIC M Ta30BbIC
CKB&KHUHBI, TJIE HCIONB3YIOTCS TIIYOMHHBIC TEPMOMETPEL
K coxanennto, TOYHOCTb TEMIEPATyp, IMOTYYCHHBIX HMH,
cwibHO Bapwupyercs [9, 10]. Kpome Toro, G0mbIIMHCTBO
TEMIIEpaTyp MOMY4aloT U3 CKBAKWHBI BO BpeMs OypeHm,
KOTJIa PacrpeIesiecHue TeMITEPaTyphl B CKBOXKHHE HAXOIUTCS
T0J] MAKCHUMAaNbHBIM TEIUIOBBIM Bo3MymieHHeM. Hambomee

208

MMEIOTCS TaKUe JaHHbIE.

Jlnist OBBIIIEHHS. HAZIEKHOCTH TaHHBIX O TEMIIEpaType,
WIH B CTy4ae OTCYTCTBHS TaKOBBIX, PEKOMEHIYETCS HC-
TIONB30BaTh I'€OTEPMOMETPHI — IMIMPUUYECKHE WIH pac-
YETHBIE BBIPAXKEHHUS, CBA3BIBAIOIIME [IACTOBBIE TEMIIEpa-
TYpbl ¥ COOTHOLICHHE KOHILEHTPALUil HEKOTOPHIX KOM-
TIOHEHTOB XMMIIECKOTO COCTaBa BOJI, TyBCTBUTEIBHBIX K
TEMIIEPATypPHBIM  yCIoBUAM. JIF000H KOMIIOHEHT, KOH-
IIEHTPAIHs KOTOPOTO KOHTPONHPYETCS C MOMOIIBIO pe-
aKIMK, 3aBUCALICH OT TEMIEPATYphbl, TEOPETUUECKH MO-
’KeT ObITh HCIONBb30BAH B KAauyecTBE TEOTEPMOMETpA.
BoBIIMHCTBO TEOTEPMOMETPOB OCHOBAHBI HA KOHKPET-
HBIX PEaKIMIX XUMHYECKOTO PABHOBECHS B CHCTEME «BO-
Ja-MUHEPAI».
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JlanHas paboTta MpecTaBiseT UTOTH HAYaTbHOTO 3Ta-
Na MO H3YyYEHHIO NPUMEHHUMOCTH T'€OXHMMHYECKHX I'€0-
TEPMOMETPOB ISl IUIACTOBBIX BOJ TOMCKOH oOnacTu,
M3YYCHHBIX B Tpolecce pa3pabOTKH HEPTIHBIX MECTO-
poxeHuit. [l 3TOro mepes aBTOpamu CTOSUTH CIEMyFo-
I[Me 33/[aui: MPOAHAIN3UPOBATH IIMPOKUH HAOOp TpH-
MEHSEMBIX T€0TEPMOMETPOB, PACCUUTATH 10 HMEIOIIEHCS
0ase MOAHHBIX XMMHYECKOTO COCTAaBa INIACTOBEIX BOJI
Tomcko# 00macTi HECKOJIBKO Pa3HOBUIHOCTEH, COTIOCTa-
BUTB 3TH PACUETHI MEXKIY CO00M 1 MEXKJTY PeabHO U3Me-
PCHHBIMU JTAHHBIMH TP IIOMOIIU TTYOHHHBIX TEPMOMET-
OB, BBIICTUTH  000CHOBATH HAMOOJIEE MOIXOIANINE TS
KOHKPETHBIX YCJIOBHH. 3a1a4i 3TH OCIOKHSIFOTCS OTCYT-
CTBHEM COBPEMCHHBIX JIAHHBIX [0 COCTaBY BOJ, HE BCE-
rla UMCIONIMMHUCS TAaHHBIMU 10 MOHHOMY COCTaBY, HE

Taonuya 1. O630p 2eoxumuueckux 2e0mepmomMempos

Table 1. Overview of geochemical geothermometers

TOBOPS YK€ 0 MUKPOKOMIIOHEHTaX, JaHHBIX [0 TeMIepa-
Type U HEKOTOPBIX IPYTUX TOKa3aTesX.

Pa3HOBMAHOCTM reOXMMUYECKUX re0TePMOMETPOB

B Tabn. 1 cobpaH W cucTeMaTH3MpOBAH JIUTEPATYyp-
HBI MaTepraln 1o Pa3IHIHbIM BHIAM I€0TePMOMETPOB €
KpaTKUM OMHCaHHEM 0COOEHHOCTEH Kaxaoro. Ilepedyens
3TOT JaNleKo He TOJHBII, BO3MOKHO HE BCErJa KOPpPeKT-
HbIi. Heo0X0IMMO OTMETHTB, YTO pa3HbIC aBTOPHI H3Me-
HSIOT PacueThl C YIETOM PETHOHANBHBIX YCIOBHH, HHO-
IJ1a, K COXKAJICHUIO, C ONIMOKAMH TIEPENUCHIBAIOT (HOpPMY-
JIbI IPEABIYIINX aBTOPOB. [103TOMY Hepenko OJMH U TOT
e Te0TEPMOMETP B Pa3HBIX CTAThAX PACCUUTHIBAETCS MO-
pasHOMy, W JIETKO 3amyTaThCs B JTOH HH(POPMAIUH.
HeobxommMo 0YeHp TIMATENHHO MOIXOAHUTH K pacyeram,
TepENnpoBepPsTh 1 0TOPAKOBBIBATH JIUIIHEE.

Ccplika

T'eorepmomerp

Geothermometr Reference

Dopmyna
Equation

ITpumeuanus
Note

Xumnueckne reorepmomerpbl/Chemical geothermometers

[12]

B peKoMeHayeMoM unTepsaie 100-275 °C:
in the recommended range of 100-275 °C:

o 1535 ~
T,°C= 0,989 — log (Si0,) 273

[13]

Si reorepmomerp
Si geothermometr

NpH aAnabaTHIECKOM OXJIaXKICHUHN PacTBOpPA, B PEKO-
MeHntyemoM unrepaaine 0-250 °C:
adiabatic (maximum steam loss), in the recommended
range of 0-250 °C:
1522

L°C= 595 T 10g(Si00)

273

IIPY KOHYKTHBHOM OXJIAXKJCHHU PAacTBOPA, B PEKOMEH-
nyemom unTtepBaine 70-250 °C:
conductive (no steam loss), in the recommended range
of 70-250 °C:
1309

1.°C= 7519 " 1og (Si0)

273

ecau paccuntannag T<100 °C, iydie npoBepuTh
aMOp(HBII KpeMHE3eM:
amorphous silica, T<100 °C:

o 731
T.°C= 4,52 — log (Si0,) 273

[14]

ecau paccuutanHas T B unTepsane 120180 °C, myume
MIPOBEPHUTH XaJIEAOHOBBI TEOTEPMOMETP:
chalcedony geothermometer, T in the interval of 120-180 °C:

o 1122 B
T,°C= 4,91 — log (Si0,) 273

[15]

MOJIMHOMHAJILHOE YpaBHEHHE B HHTEPBAJIC TEMIIEpaTyp
0-374 °C:
polynomial equation in the temperature range of 0-374 °C:
o 1175,7 (= 31,7) B
T.°C= 4 8R(20,08) log(Si0n) 2"

OcHOBaH Ha U3MEHCHUHU PAaCTBOPHMOCTH
Pa3IMYHBIX BUJIOB KpeMHe3eMa (KBapll,
KPUCTOOAIIHUT, XaJILEI0H, aMOPhHBIH
KPEMHE3EM) B 3aBUCHMOCTH OT TeMIIe-
patypsl.

HepoctaTok: BEpOSITHO HCKAaXCHHE B
Cllydae CMEIICHHS C BBIIIE3aIeratolin-
MH 00J1ee XOJIOHBIMH BOJIAMH.
Based on the change in the solubility of
various types of silica (quartz, cristobal-
ite, chalcedony, amorphous silica) de-
pending on temperature.
Disadvantage: likely to be distorted if
mixed with overlying colder waters.

Si reorepmomMeTp, MOANU-
(UIHPOBAHHBIIN ISt
HEeDTSHBIX BOJ
Si geothermometer modi-
fied for oil waters

(1]

B HHTepBaie Temuepatyp 70-250 °C:
in the temperature range of 70-250 °C:

o 1309 .
T°C= 0,41 —log (K*pf) 273

B uHTepBaje Temmeparyp 3070 °C (xase10HOBbI ):
in the temperature range 30—70 °C (chalcedony):

o 1032
Tot= —0,09 — log (K*pf) —273

MoanduuupoBaH ¢ y4eToM MOBBILICH-
HOI pacTBOPUMOCTH KpEMHE3eMa B
YCIIOBHSIX BBICOKHX JIaBJICHHIA.

K — KOHCTaHTa peaKiun
Si0,+2H,0=H.SiO,’

Pf— nonpaBo4HbIi (akTOp Ha JaBIe-
Hre. POpMyIIbI pacueTa IPOMO3IKH,
npuBesieHsl B [11].

Modified to take into account the
increased solubility of silica under high
pressure conditions.

K is the reaction constant
Si0,+2H,0=H,Si0,’

Pfis the correction factor for pressure.
The cumbersome calculation formulas
are given in [11].
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B pekoMeHayeMoM uatepBaie 100-275 °C:
in the recommended range of 100-275 °C:

Bce KaTHOHHBIE Te0TePMOMETPHI OCHOBA-
HbI HA PEAKIMAX HOHHOTO OOMEH, B JIaH-
HoM citydae noHos K u Na'. IToaxonst

(12] T °oC= 856 73 U1t Goriee BBICOKHX TEMIIEpaTyp, 4eM
’ 8,857 + log (Na/K) kpemuressie >100 °C, u gaxe >200 °C.
IpenmyIiecTBO: MEHbIIIE BIHMAIOT HA
pas0aBiieHIE WX [IOTEPH Hapa.
B pexomentyemom uureppaie 0-250 °C: HetocTaTki KaTHOHHBIX TEOTEPMOMET-
in the recommended range of 0-250 °C: poB: 00BIYHO TIPOTUBOPEYMBBI U3-3a
Na-K reorepmomeTp [16] 1217(+93,9) 6 6 _
Na-K geothermometer o , 973 omMOOK B KAJIMOPOBKAX, KO duumeH
T,°C= 1,483 + log (Na/K) Tax U XMMHUYECKUX aHAJIN3ax.
All cationic geothermometers are based on
ion exchange reactions, in this case K™ and
- Lo 1390 - N};li+ ionls. Suitalb(:(e) fcg hi%her temp;(g?)ulées
L °C= - than silicon > °C and even > °C.
1.75+og([Na}/[K]) Benefit: less effect of dilution or steam loss.
Disadvantages of cationic geothermometers:
(18] 876,3 (£26,26) 73 usually controversial due to errors in calibra-
T,°C= log(Na/K)+0,8775(x0,0508) tions, coefficients, and chemical analyses.
T °C = 16470 73 B BoJax ¢ NOBBIIEHHBIM COAEPHKAHUEM
[19] ’ﬁ A lg((tnNe;/I;)J;%I()g(%a 5(/N 3);(2:20‘!/1\] 1 Ca”, KOTOPBIH JJaeT aHOMAJILHO BBICO-
=4/3 s (for) T< °Cu (an a"/Na> KYIO pacueTHyo Temnepatypy uist Na-K]|
T\II\; a_lié -C(zjaagreeoot:lzgrlﬁgrnzg . B=1/3 s (for) T>100 °C u (and) Ca™*/Na<l1 reoTepMoMeTpa.
Uit TepMaibHBIX Boz/for thermal waters: In waters with a high content of Ca*,
[11] T oC= 699 73 which gives an abnormally high design
’ 1g(Na/K)+B(1g(Ca”*/Na)+2,06)+0,489 temperature for the Na-K geothermometer.
Na-K-Ca reorepmomerp ¢ TIpumMensieTcs: 0OBIYHO IS COJICHBIX BOJ|
KOPPEKTHPOBKOH 110 M ¢ Temneparypoit <180 °C.
1\5)11; corrgction for theg (20] oM. Texer/see text It is usually usl;deOYI; saline waters with
Na-K-Ca geothermometer temperature of <180 °C.
HWcnonb3yercst 11 TepM ¢ HU3KOH U
K-Mg reorepmomerp [17] T oc= 4410 73 cpenneii Temneparypoit 50-300 °C.
K-Mg geothermometer ’ 14 — log (K*/Mg) Used for therms with low and medium
temperature of 50-300 °C.
JUISL TUTACTOBBIX €100 M YMEPEHHO MUHEPaIN30BaHHbIX
BOJ] 0OCaJIOYHBIX OacceiiHOB B quarnasone ot 20 1o 340
°C:
for reservoir weakly and moderately mineralized waters
of sedimentary basins in the range from 20 to 340 °C:
[21] T, o= _ 1o 5o
log (Na/Li)-0,14 B ocHoBe peakinn KaTHOHOOOMEHa BOJ[
Na-Li reorepmomerp JUT MOPCKHX Boa 1 paccoioB (C1>0,3 monb/kr): C TJIMHAMH U [IEOJIUTAMH.
Na-Li geothermometer for sea waters and brines (C1 >0,3 mol/kg): Based on the reaction of cation exchange
o 1195 of water with clays and zeolites.
T,°C= log (Na/Li)-0,13 —273
JULSI TOPSTYMX COJIEHBIX (MIIOMIOB M3 OCATOYHBIX Oacceii-
HOB HE(TSIHBIX MECTOPOXKICHHUIA:
[11] for hot saline fluids from sedimentary basins of oil fields:
o 1590
L= g MNaLiyr0779 273
JUi1s O/I3eMHBIX BOJ OCAJJOYHBIX Oac-
T oC= 2200 97315 CeHHOB ¢ TEMIEPATYPaMH 10 100 f’C.
Mg-Li reorepmomerp (1] ’ log (Mg™/Li)+5,47 ’ For groundwater sedimentary basins
Mg-Li geothermometer with temperatures up to 100 °C.
o 1910 Tonbko 1 HETIHBIX BOI
T,°C= log (Mg"*/Li)+4,63 273,15 Only for petroleum waters
CI105KHBIE BBIYUCIICHHS [IPH TOMOIIH PA3IHYHBIX KOM-
MBIOTEPHBIX [IPOIPAMM HHJICKCOB HACBIILICHHUSI pa3iind- OLEHNBAIOT PaBHOBECHE HECKOJIBKUX
My THTHKOMIOHEHTHEIS HBIX MUHEPAJIbHBIX (ha3 C IPUBICUCHHEM CTATHCTHYE- | MHHEPAIbHBIX (a3, 4TO MPUBOAKT CTa-
FeOTEPMOMETPI CKHX PacyeTOB, TOJHBIX JJAHHBIX [0 XUMUYECKOMY CO- THCTHYECKH K OoJiee HaJIGKHOMY pe-
Multicomponent geo- [22-24] _ CTaBy BOL M TIp. 3YJIbTATY. .
thermometers Complex calculations using various computer programs |Evaluate the equilibrium of several min-
of saturation indices of various mineral phases with the |eral phases, which leads to a statistically
involvement of statistical calculations, complete data on more reliable result.
the chemical composition of water, etc.
I"a3oBble reotepmometpbl/Gas geothermometers
T, °C=44,1-269,25 CO,-76,88(C0,)*+9,52(CO,)’
o T, °C=246,7+44.8 H,S
Hz T, °C=277,2+20,99 H, Korza HeT BO3MOKHOCTH 0TOOpATh HPO-
COz;Hz [25-27] T, °C=341,7-28,57 (CO,/Hz) - OBl BOJIBL.
H,S/H, T, °C:304,1:‘3692,;18 (H,S/H,) When it is not possible to take water
o samples.
CH./CO, T, °C= 104 7 Tog (CHJ/CO,) —273

CO,, H,S, H,, CH4 B MMonb/kr/in mmol/kg
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HW3oronuele reorepMomMetpbl/Isotope geothermometers

Hcnonb3yroTest U30TOIbI
BogbI (6D, 8'%0), Bozmo-
PaCcTBOPEHHBIX BEIIECTB
(8*S(S0,%)), rasos
(8C(CO,)-(CH,), *He/ *He)
Isotopes of water (6D,
5'%0), water-soluble
substances (5*S(S0.%)),
gases (8"°C(CO,)-(CH,),
*He/ *He) are used

T, °C=

[28]

Hanpumep, peaxiust u3orornHoro oomena mesxny CO,-CHy:
For example, the isotope exchange reaction CO,-CHy:
]2C02+]3CH4:'3C02+12CH4
15790
1000Ina + 9,0
(B nmuamnazone 150-500 °C)

0 — KO3 (PULUEHT N30TOHOTO (PPaKIIMOHHUPOBAHUS, 38~
BUCSILMNA OT TeMIEPaTyphl:

(in the range of 150-500 °C)

o — isotope fractionation coefficient depending on
temperature:
1000In0=15,25*10%/7+2,432*10°/7°-9,56

OCHOBaHBI Ha PEAKIHUsIX H30TOITHOTO
273 obmeHa. TemrepaTypy HOJIy4aroT yepes
K03 GUIHEHT H30TOMHOTrO (HPAKIIHOHHU-
POBaHUS 0.
Based on isotope exchange reactions.
The temperature is obtained through the
isotopic fractionation factor .

Ipumeuanue. Eounuywl usmepenus é me/a, [| — monw/n.
Note. Units of measure in mg/l, [] —mol/l.

[eoTepMoMeTpbl MOTYT OBITH XUMHYECKAMH, U30TOII-
HBIMU MJIM Ta30BbIMU. JIBe mocnenHue pasHOBUIHOCTH
ACTIONB3YIOTCS JOCTATOYHO PEIKO H3-3a OTCYTCTBHUS BXO-
ISIIUX JAHHBIX U CTIOKHOCTEH B MX MPUMEHCHIN. XHUMU-
YeCKUE TOCTATOYHO MPOCTHI B UCTIONB30BAHAN U IKOHO-
MUYHBIL. M3 HUX MOXHO BBIJENHUTH KIACCHYECKHE U CO-
BpEMEHHbIE (MHOTOKOMIIOHEHTHbIE). K KiaccHdeckuM,
TPEeXkEe BCEr0, OTHOCATCS KBApPIECBBIC M KPEMHUEBBIC
(Si) m warpmii-kamueBsle (Na-K) reoTepmomerpr
[12, 13, 16], mpu yCOBEpPIICHCTBOBAHUM MOCIEIHUX IO-
ABUIMCH TaKxke HaTpuii-kanmii-kanprueBbie (Na-K-Ca)
[19], narpuii-kannii-maraueBbie (Na-K-Mg) [29], xamuii-
marnueBbie (K-Mg) [17]. Ouu Takxke Ha3bIBAlOTCS KaTH-
OHHBIMH T'€0TEPMOMETPAMH, B MPOTHBOBEC KPEMHIECBEIM.
3ateM MOSABIINCH U 0oJee PelKue Pa3HOBHAHOCTU C HC-
TIOJIb30BAaHUEM MHKPOKOMIMOHEHTa — nutui: Na-Li u
Mg-Li reorepmomerps [21, 11].

Bri0op B momb3y OmpeeneHHBIX Te0TePMOMETPOB 3a-
BHCHT, IPEXKIE BCEro, OT COCTaBa BMEMIAOMIHUX TOPO] H
cOCTaBa MCXOJHBIX BOA pe3epByapa. Kak mpasuio, Si,
Na-K, Na-K-Ca, K-Mg reotepmMoMeTpbl pa3paboTaHbl
A7 THAPOTEPMATBHBIX CHCTEM 00JacTell COBPEMEHHOTO
BYJKaHU3Ma, T/Ie THAPOTEPMAIBHBIEC BOIBI (hOPMUPYIOTCS
B TOJILIE BYJKAaHOTEHHBIX NOPOJ, COAEPMKAIIUX 0OJIbIIOE
KOJIMYECTBO BYJIKAHMYECKOTO CTEKNIA U MOJIEBBIX IIMATOB
[30]. Mo>xHO B Li€NOM OTMETHTb, YTO TEOTEPMOMETPLI B
OCHOBHOM HCIIONB3YIOTCS B paboTax mo ycnoBusM ¢op-
MHpOBAHHSI TEPMATbHBIX BOJ [u3 nociednux: 31-43].
3HAUATENBHO PEeXKE OHH MPUMEHSIOTCS JUIS HE(TIHBIX
BOJI 0CaJI0YHBIX 0AaCCEHHOB, T. €. MPU OoNee HU3KKX TLIa-
CTOBBIX TeMmIepaTypax. B aTom ciywae Hambonee Hasex-
HeIME cynraiotest Na—Li u Mg-Li reotepmomerpsr [11],
KaK ¥ sl [UTaCTOBBIX IPA3EBYJIKAHMYECKHX BOJ, UMEIO-
IUX CXOICTBO ¢ HeTsHBIMU Bogamu [44—46]. OxHako B
K&K/IOM KOHKPETHOM CIydae HEOOXOAMMO TIIATEIBHO
TPOBEPATH NPHMEHUMOCTh TEOTEPMOMETPOB: PACCUUTHI-
BATh IIMPOKUHA HAOOP Pa3NUUHBIX FEOTEPMOMETPOB, MPO-
BOJMTh MX CTATHCTHYECKYI0 00pabOTKy, CPaBHUTH C pe-
aITbHO M3MEPEHHBIMU TEMIIEpaTypaMu, IpH HEOOX0UMO-
CTH pa3pabaThiBaTh HOBBIC.

B mocnenHee Bpems 3a py0ekoM aKTHBHO paspadarsi-
BAETCH MHOTOKOMIIOHEHTHAs T€0TEPMOMETpHS, KOTOpas
OLIEHMBAET PABHOBECHE HECKOJBKUX MHUHEPAIbHBIX (a3
ofiHOBpeMeHHO [22-24]. CioxHble BBIYMCICHUS WHJICK-
COB HACBHIIICHHUS Pa3NUYHBIX MHHEPATBHBIX (a3 ¢ mpu-
BIICUCHHEM CTaTHCTHYCCKUX PACUCTOB, MONHBIX TAHHBIX
10 XMMHMYECKOMY COCTaBy BOJ, COCTaBY BMEIIAIOIIMX

TOPOJI, Ta30B U Jaxe MUKPOOHOIOrHIECKOil aKTUBHOCTH,
TPOU3BOJATCS TPU TOMOIIH PA3TMYHBIX KOMIBIOTEPHBIX
nporpamM, Takux kak: GeoT (CIIA), PHREEQC, co-
npsokeaHorr ¢ AquaChem (CILIA), RTEst (CILIA),
SolGeo (Mramms), GEOTHERM (CLIA) u mpyrue, B K0-
TOPBIX 3alOJKEHBl PA3MMUHBIC TEOTEPMOMETPHUCCKIE
ypaBHeHUS. MHOTOKOMIIOHEHTHAas — Te0TePMOMETpHS,
OYEBH/IHO, OOJIee HATEKHA U HE 3aBUCHT OT COCTaBa rop-
HBIX TOPOJ, YTO HPUBOJWUT K 3HAYMTEIHLHO MEHBIIHM
TeMIepaTypHbIM pasopocam. OHaKO, OTATH XKe, TPYAHO-
CTH B €¢ MCIONb30BAHWH CBS3aHBI ¢ OTCYTCTBUEM MOJ-
HBIX JAHHBIX 00 00BEKTE UCCIIENOBAHNI.

McxogHble fgaHHble U MeToAbl UCCeaoBaHNA

s wmccnmemoBaHMA TpeROCTaBleHa 0a3a JTAHHBIX
HWHIT CO PAH mo Tomckoil 00iacTH, BKIIOYArOMIas
3359 ananu3oB MpoO XMMUYECKOTO COCTaBa TOA3EMHBIX
BOJI, 0TOOpaHHBIX B TIporiecce pa3paboTKi HEPTIHBIX Me-
cropoxaeHuil. He mo Bcem mpoOam ecTh MONHBIH XUMH-
YeCKMil aHanu3, TeMreparypa u npouue nokasarend. [Ipu
3TOM peainbHas TeMIepaTypa H3MepeHa TONbKO JJIf
769 npo6 B mnTepBane 14-140 °C. B nanHO# padoTe MbI
HE CTany Pa3HOCHTH BOABI MO Pa3HBIM TOPU30HTAM, TI0-
CKOJIBKY BBIOOpKA OUYEHB OONBINAS, M TP 3TOM KpaifHe
HepaBHOMEpHas. B Hamy 3agady BXOJWJIO MOCMOTPETH
paboTaer Ju pacueTHas re0TePMOMETPHS BOJ B YCIOBUSAX
OCAJI0YHBIX OTIOKEHWH, 0e3 KOHKpEeTH3alUH T'CONOTHH.
B 0a3y JaHHBIX BOIIM B OCHOBHOM BOJIbI METOBBIX U
IOPCKUX OTJIOXEHHUH, TTyOUHOH 0T OJ1M3 MOBEPXHOCTHBIX
yerouid 10 4,5 xM. [lpu pacderax ObuH OTOpaKOBaHEI
npoOBI ¢ AHOMAJTBHO BBICOKAMH M aHOMAIIbHO HU3KHMU
KOHIICHTPALMSMI KOMIIOHEHTOB, a TAKXKE HE COOTBET-
CTBYIOIIHME 3aKOHY SIEKTPOHEHTPanbHOCTH (CymMMa TIO-
JIOXKUTENBHBIX 3apsA/I0B BO BCEX BOJHBIX MPOCTPAHCTBAX
paBHa CyMMe OTPHIATEebHBIX 3aps/I0B).

@opMynbl  pacyeTOB PA3IUYHBIX TEOTEPMOMETPOB
TnpencTaBieHbl B Ta0. 1. B cBoeil paboTe Mbl onMpanuch
Ha KOMIUICKCHBIH TPY[ 10 HE(TAHBIM BOJAM OCAJ0YHBIX
OacceiinoB Muccucumu, Jlymsuausl u Texaca [11]. Xu-
MHYECKUE TE€OTEPMOMETPbI, HCIOb3yeMblE IS IeoTep-
MAJIbHBIX CHCTEM aBTOPAMH . Kapakoii u P. Mapunbe-
pPOM, MOJM(UIMPOBAHBI [T MPUMEHEHUS B HE(TENpo-
MBICJIOBBIX BOJIax (TaKke MpejcTaBieHbl B Tabm. 1). Bo-
OBl HE(TSHBIX MECTOPOXKICHHH OTIIMYAIOTCS OT TeoTep-
MalbHbIX BOJl 00Jiee BHICOKUMH JaBIEHUSAMH, Oojiee HU3-
KHMH TeMIepaTypaMid u 0Oonee BBICOKOH CONEHOCTBHIO
BoJ. Taxoke creruanbHO TS JAaHHBIX BOJ BBEICH HOBBIH
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reotepmomerp — Mg-Li. B pesynbrate uccnenoBatenu
TPUILTA K BEIBOAY, 9TO HAOONEe IPUMEHHM T He(TSI-
HBIX BO Mg-Li reotepmomerp, uyth MeHbine — Na-Li u
Na-K-Ca ¢ xoppektupoBkoit mo Mg. Ilo mocnemnemy
IPUBEEM PACUEThl B TEKCTE, HOCKOIBKY OHH JIOCTATOYHO
rpoMo3akd. OcHoBan Na-K-Ca-Mg reotepmomerp Ha
TemIeparype, onenennoi ¢ nmomoirpio Na-K-Ca reorep-
MOMETpa, U IEPEMEHHOH R, OnpeenseMoi Kak:

R= Mg
Mg+0,61Ca+0,31K’

T/Ie KOHLIEHTPALUK BbIpaxkeHsl B MI/11. [1pu 3HaYeHusIX R
B MHTepBale oT 5 10 50 momnpaBka Mo MarHui ONpeJiens-
€TCs BRIPAKCHHEM:
Atyg=10,66-4,7415R+325,87(logR)*~1,032*10°(logR)*/ T~
~1,968*107(logR)*/T*+1,605*10"(logR)*/ T,
a B ciydae, ecn R nomajaet B uHtepsan ot 0,5 o 5, mo-
npaBka OyJeT:
Atyg=1,03+59,971 logR+145,05(logR)*~
-36711(logR)*/T-1,67*10 logR/T,

rae Aty m3mepserca B °C; T — TemmepaTypa, paccuuTan-
Has 1o Na-K-Ca-reorepmomerpy B °K (B KenbBHHAX).

TemneparypHyIo HOMPaBKY CIEAYET BBIUECTh M3 TEM-
nepatypsl, nonyderHoi no Na-K-Ca reotepmomerpy, u
paccUnTaTh HCKOMYIO TEMIIEPATYPY:

*100,

Ta-k-CaMg™ I Na-k-Ca—Dutg-
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Temneparypa pacyeTHas (Si-reotepmomeTpsl), °C
Si temperature, °C

B cinyuae, ecniu R<0,5, monpaBka no Mg He3Hauu-
TeNbHA U €0 MOXHO NpeHeopeub. Ecim R>50, To K 3THM
BOzIaM He crenyem npumensth Na-K-Ca reotepmomerp.

Pesyn bTaTbl UCCNegoBaHUA

Ksapyesvie 2ceomepmomempeor. B Tadn. 1 npencraBnena
JUIIb YacTh OONBIIOr0 pasHooOpa3us KBapIEBBIX Te0Tep-
MOMETPOB, OCHOBAaHHBIX Ha HM3MEHEHHH PacTBOPUMOCTH

Q3MMYHBIX BAIOB KpeMHeseMa. [l Hedrsasix Box CLLA
W. Kapaxa u P. Mapunbep [11] MomudumpoBamm ux ¢
y4eTOM TIOBBINICHHOW pACTBOPHMOCTH KpPEMHE3eMa B
YCIOBUAX BBICOKHMX JABIECHUH, a TakKe C TOMpPAaBKOM Ha
BBICOKYIO COJIGHOCTB BOJI, KOTOpas BIHsET Ha KOd(uiy-
SHTBI aKTUBHOCTEH coetHennit. OfHAKO 3TH PacyeThl Mo-
JTYYHINCH O9CHb TPOMO3IKIMH M TSDKENBIMI B TIPHMEHE-
Huu. B Hammewm ciydae He XBAaTWJIO HEOOXOIMMOW BXOJIs-
et uadopmarmu. Kak, Bpouem, u B pabote [11] nannbix
Obw10 Mano. [ToaToMy MBI paccUuTalIn BCe IPYTHE pasHo-
BUIHOCTH, MMetomuecs B Tabi. 1. KoHieHTparmu kpem-
HUS ecTh B 2489 nmpoOax, COOCTBEHHO CTOJIBKO TEMIIEPaTyp
MBI U paccunTany. Ilpasma m3 stux mpob Tomsko B 290
€CTh JaHHBIC IO TEMIEPATYPE, C KOTOPBIMH MOKHO OBIIO
CpaBHUTb. Pe3ynbTaThl cpady Mokasaqm HEKOPPEeKTHOCTh
HCTIONB30BAHMS KBAPIEBBIX T'€OTEPMOMETPOB IS HETS-
HbIX BOJI. Hanbonee OM3KMMK MOXHO CUMTaTh Si reotep-
mometp 1o [15] u mpu aguabaTuyecKoM OXITaKICHUH TI0
[13] (puc. 1, a), x0T KO3(YGUIHEHT KOPPETALUH C pearb-
HBIMU TEMIIEpaTypaMy COCTaBII 4yTh Goubie 0,4.

150
b
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® 3
e 4
09 50 100 150 200

Temneparypa pacyeTtHas (Na-K reotepmometpsl), 'C
Na-K temperature, °C

Puc. 1. Cpasnenue pacuemnoix memnepamyp no Si (a) u Na-K ceomepmomempy (b) ¢ peanvho usmepennbimu Ha CKEAHCUHAX:
1 — Si eceomepmomemp npu aouabamuveckom oxaaxcoenuu [13], 2 — Si ceomepmomemp [15], 3 — Na-K ceomepmo-

memp [17], 4 — Na-K eceomepmomemp [16]

Fig. 1. Comparison of calculated temperatures according to Si (a) and Na-K geothermometer (b) with those actually
measured on wells: 1 — Si geothermometer maximum steam loss [13], 2 — Si geothermometer [15], 3 — Na-K

geothermometer [17], 4 — Na-K geothermometer [16]

Na-K ceomepmomempuor. Tax xe, kak U ¢ Si reorep-
MOMETpaMH, CYIIECTBYET OOJbIIOE HX pasHOOOpaswe.
B pabote [11] aBTOpBI JOKA3BIBAIOT, YTO OHHM HE MPUME-
HUMBI T He(TSIHBIX BOJ. MBI PENIIITN IPOBEPHUTH 3TO U
paccuntany 1Ba cornacHo [16, 17]. Beero Obun momyue-
HBl TemmepaTypsl mo 3160 mpobam, W3 HUX TONBKO B
230 mpobax ecTh peaNbHO H3MEPEHHBIC TEMIIEPAaTypPHI.
[Ipu cpaBHEeHNH ¢ HUMH (pUC. 1, b) KOppENsIHs HE BbISB-
JieHa: koapdurment xoppensius cocraBun <0,2.
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Na-K-Ca u Na-K-Ca-Mg eeomepmomempul. [l
uedrsaubix Bog CIIA Na-K-Ca reorepmomerp nain co-
BEPIICHHO CTyYailHbIe Pe3yJbTaThl MPU KOI(PUIUCH-
te Koppensuuu paBHoM 0 [11], mockonbKy pexoMeH-
IyIOT ero MPHMEHEHHE B BOAAX C BHICOKMMHU KOHICH-
TpauuAMM KajJbUus. 3aTO XOPOLIO 3apEeKOMEH0BAN
cebs Na-K-Ca reorepmoMeTp ¢ KOPPEKTHPOBKOH MO
Mg. beumn paccumransl 00a TeoTepMOMETpa MO
650 mpobam, CpaBHUTH C pPeaTbHO M3MEPEHHBIMH TEM-



V13BecTis TomMckoro nonuTexHuYeckoro yHneepeuteta. HxXuHUpHHT reopecypcos. 2022. T. 333. Ne 12. 208-218
Jlenokyposa O.E., Tpucoros H.C. OueHka NpUMEHNMOCTM FeOXMMUYECKX rTe0TEPMOMETPOB A1151 NNACcTOBbIX BOA TOMCKOM obnacTu

nepaTypaMu MOkHO Obuto Tonbko B ~180 mpobax. Pe-
3yJbTAaThl TPEACTaBICHB Ha puc. 2. Kosddumuent

KOppensuuu B mepBoM ciyyae cocrtasun 0,4, BO BTO-
pom — 0,6.
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Na-K-Ca temperature, °C

Na-K-Ca-Mg temperature, °C

Puc. 2. Cpasuenue pacuemmnvix memnepamyp no Na-K-Ca (a) u Na-K-Ca ¢ nonpasxoui na Mg eeomepmomempam (b) ¢ pe-

AJIbHO USMEPEHHbIMU HA CKBANCUHAX

Fig. 2. Comparison of calculated temperatures according to Na-K-Ca (a) and Na-K-Ca-Mg geothermometer (b) with those

actually measured on wells

K-Mg eeomepmomemp B pabdote [11] maxe He pac-
CMaTpHBAJICS, XOTS OH PHMEHAM IS BOX ¢ Oolee HH3-
KUMH TeMreparypamn. Takke OH OTIHYaeTCs OBICTPHIM
BIMSHAEM HAa M3MCHEHHE TEMIIEpaTyphl W OTpaxkaeT ca-
MBIE TIOCTIE[IHHE 3HAYCHUS TEeOTEPMATbHOH IKUIKOCTH
[31]. B pesynbrate Obin paccuutan s 650 mpoo. [pu
CPaBHCHMH C MMEIONIMMHCS NAHHBIMU TI0 TEMIEpaType
ko3 durmeHT Koppensiuu coctapui 0,4,

Mg-Li u Na-Li eeomepmomempui. TIockonbKy ObLTH
pa3paboTaHbl CHICIUANBHO [T BOJ HEPTAHBIX OacceiiHOB
TPEJICTABIISTM HAMOOJIBIINKA HHTEpeC B pacuerax. OpHa-

Ko mpoOieMa Oblia B TOM, 4TO COJEPKAHUE JIUTHS U3-
BECTHO OBLITO TOJBKO MO 81 Tpo0e, mpy 3TOM HH B OJTHOH
U3 3THX Npo0 He ObLIO JaHHBIX MO TeMIepaType. PenieHo
OBUTO KOCBEHHBIMH METOJ[AMH TIPOBEPUTH KOPPEKTHOCTD
UCIIOJIb30BAHUA JIAHHBIX reoTepMoMeTpoB. [lepBrlii crio-
c00: TOCMOTPETh pactpe/ieieHIe TEMNEPATyp (PeanbHbIX
M PACUETHBIX) MO TTyOMHE U COTIOCTABUTH UX W3MEHEHHUS
(puc. 3). Kak Buaum, TUHUN TpeHAA MEXKIY M3MEPEHHBI-
MHI ¥ PacyCTHBIMH TEMIIEPATypaMi MPAKTHYCCKH HICH-
TAYHBI, YTO, XOTSA U KOCBECHHO, YKa3bIBACT Ha XOPOIIYIO
KOPPETALHIO.

TemnepaTtypa nnactosbkix Bod, 'C / Temperature oil-field water, °C

0 50 100 150

500 1
1000 1
1500 1
2000 1
2500 4
3000 1
3500 1
4000 1
4500 A

100 150

Puc. 3. Pacnpedenenue memnepamyp niacmogsix 600 no 21yOuHe: UsMEPEHHbIX HA CKEANCUHAX U paccuumannsix no Mg-Li
(a) u Na-Li (6) ceomepmomempanm. 1 — usmepenuvie memnepamypwl, 2 — Mg-Li ceomepmomemp 015 HehmsHvIx 800,

3 — Na-Li zeomepmomemp [11]
Fig. 3.

Distribution of oil-field water temperatures over depth: measured at wells and calculated using Mg-Li (a) and Na-Li

(b) geothermometers. 1 — measured temperatures, 2 — Mg-Li geothermometer for oil waters, 3 — Na-Li

geothermometer [11]

Bropoii crioco0 mpoBepkH Takxe CBS3aH ¢ TIYOMHON
3aleranus BOA. 3Has TEMIEPaTypy M TeoTepMHYECKHI
TPaJieHT () B peruoHe, MOXKHO HAUTH TIyOHHY (OpMU-

POBAHHMS BOJ PACYETHBIM METOJOM W 3aTeM CPaBHUTH C
M3BECTHBIME JTaHHBIME. CornacHo pabote [6], uTo Takxke
TOJTBEPXKIAACTCS TIPU PACUETE CPEHETO 110 UMEIOIIMMCS
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Temrepatypam, B ToMckoil 00macTd reoTepMHUYEcKHil
rpaguent paseH 0,035. Iloxcrapisem B Qopmyny it
nojicueTa rryOuHb hopMupoBanus Boj (£):

h=Tly. 5).

mybwHa pac4yeTtHasa no Mg-Li reotepmomeTpy, m
Depth calculated by Mg-Li geothermometer, m
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W3BecTHbIC U pacyeTHbIC TIIyOUHBI HAHECITH HA rpadu-
K (puc. 4), ¥ TOTYYMIH JIOCTATOYHO XOPOIIYH) CXOJIH-
MOCTb TIpH Koadpuimentax koppernsimn 0,87 (s Mg-Li
reotepmomerpa) u 0,86 (mis Na-Li reorepmomerpa).

MyBuHa pacyeTHas no Na-Li reotepmomeTpy, M
Depth calculated by Na-Li geothermometer, m
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Puc. 4. Cpasnenue pacuemmnovix enyoun no Mg-Li (a) u Na-Li ceomepmomempam (b) ¢ uzsecmuvimu enyounamu
Fig. 4. Comparison of calculated depths by Mg-Li (a) and Na-Li geothermometers (b) with known depths

O6cyxaeHne pe3ynbTaToB U PeKOMeHAaLMm

B Tabn. 2 npusenens! o600maomue pe3yabTaThl uc-
CNEIOBAHUI TI0 BCEM DACCUMTAHHBIM T€0TEPMOMETpPAM.
Kak yxe Obu1o yKasaHo, 3TO HAYaJbHBIN 3Tal OLEHKH
NPUMEHUMOCTU TCOTCPMOMETPOB B YCJIIOBUAX IIACTOBBLIX
BOJl PErHOHA, KOTOPBIH IMO3BOJNMI BBIIEIUTH Haubojiee

HOAXoAIIHNe. 3aTeM UX MOXHO KOPPEKTHPOBAaTh M YCO-
BEPILEHCTBOBATh C YYETOM HOBBIX COBPEMEHHBIX JIaHHBIX
TI0 COCTaBY BOJ M IIACTOBOM Temueparype. Hecmorps Ha
yKa3aHHbIC B Ha4ale HECOBEPIIEHCTBA MMEIOIIeHCs 0a3bl
JaHHBIX, 00BEM HCCIEN0BAHHOH BBIOOPKH MO3BOIMI TO-
BOPUTH O JOCTOBEPHOCTH PE€3yJIbTaTOB.

Tabnuya 2. O606warowue pe3yabmamsl o paciemam

Table 2.  Summarizing the results of the calculations
Komgecto TIpuMeHNMOCTB K BOJaM He(TSHBIX
r 5 Koppesiius ¢ i3MepeHHBIMHI TeMIepa- .
€OTepPMOMETp po VDAMH OTJIOXKEHUH
Geothermometr Number of . P Applicability to the waters of oil de-
Correlation with measured temperatures ;
samples posits
Si reorepmomeTp (aauadaTHYecKuii) _ _ He koppekTHO
Si geothermometer (adiabatic) [13] 2489 r=0,42 (n=290) Not correct
Si reotepmomeTp _ _ He xoppekTHO
Si geothermometer [15] 2489 =041 (1=290) Not correct
Na-K reorepmomeTp _ _ He xoppekTHO
Na-K geothermometer [16] 3160 7=0,18 (n=230) Not correct
Na-K reorepmomerp _ _ He xoppextHo
Na-K geothermometer [17] 3160 r=0,17 (n=230) Not correct
Na-K-Ca reorepmomerp _ _ He xoppextHo
Na-K-Ca geothermometer [19] 650 7=0,40 (n=180) Not correct
Na-K-Ca reorepMoMeTp ¢ KOPPEKTH-
poBkoii mo Mg _ _ IIpumenum, Ho TpeOyeT gopaboTKH
Mg correction for the Na-K-Ca geo- 630 7=0,60 (n=180) Applicable but needs improvement
thermometer [20]
K-Mg reorepmomerp 650 1=0,42 (n=246) He koppekTHO
K-Mg geothermometer [17] ’ Not correct
. KOCBEHHO MOXHO OIICHUTh KOPPEIAIIHIO
M ﬁ%i{;izgxg:% 1] 81 It is possible to estimate indirectly the X(ii)/?llllz H%?CBZET:M
g1e correlation r=0,87 PP
. KOCBEHHO MOXHO OIICHUTh KOPPEIAIIHIO
Na-Li reorepmontetp 81 It is possible to estimate indirectly the Xopomo mpuverim

Na-Li geothermometer [11]

correlation r=0,86

Well applicable

Tpumeuanue. r — Ko3pPuyuenm Koppenayuul, n — KOIULECmME0 NPOd ¢ USMEPEHHBLMU MEMNEPAMYPAMU.
Note. r — correlation coefficients, n — number of samples with measured temperatures.

Taxnm 00pasoMm, JUIsl OLIEHKH TEMIIEPATyphl ITACTOBBIX
BOJ He()TAHBIX MeCTOPOXIeHHI ToMCKOI 001acTH MOKHO
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(r=0,86-0,87) u Na-K-Ca reorepMOMeTp ¢ KOPpEKTHPOB-
Kkoi o Mg (r=0,60) npu HEBO3MOXXHOCTH HCTIOJIb30BAHHUS
JUTHEBBIX. DTH K€ TEOTEPMOMETpPHI OBLTH yKa3aHBI KakK
PEKOMEH/yeMbIe B padoTe 10 HEQTIHBIM MECTOPOXKICHH-
sm CIIA [11], HO ¢ HEMHOTO MHBIMH K03(dUIMEHTAMH
koppemnsuuu (0,9, 0,8 1 0,83 cooTBETCTBEHHO).

He xoppekTHO MCTONTB30BaTh IS TAaHHBIX BOJ KIac-
cndeckue reorepmomerpsl: Si, Na-K, Na-K-Ca, K-Mg,
TPUMEHUMBIC [T YCIIOBHIA ¢ Oonee BRICOKUMH TeMIIepa-
TypaMu U MeHbIIeH coleHocThio BOA. [Ipu 3ToM paccun-
tanHblil Na-K-Ca reotepmomerp moxazan OONIbIIyIO KOp-
PEISIINIO TI0 CPABHEHHUIO ¢ aHanorudHbMu Bojamu CIITA
(0,4 mpotus 0), a Na-K reorepmomerp, Ha000pOT, MEHb-
uryto (0,18 mporus 0,4).

B pesynbrate ObLla MpOBEJEHA HE TONBKO OLEHKA
HPUMEHIMOCTH T€OTEPMOMETPOB, HO U TOTYYEHBI TEMIIE-
paTyphl IIACTOBBIX BOJ, KOTOPBIE OTCYTCTBOBANH B 0ase
namaex. C ydetoMm Mg-Li- u Na-Li reorepmomerpos
ompezieneHa 81 temmeparypa, ¢ yuetom Na-K-Ca reorep-
MOMETpa ¢ KOppeKTUpoBKoil mo Mg — 569 temneparyp.
Beero nocroepHo ompenenensl 650 Temmeparyp. Otu
JaHHBIE 3aTeM OYIyT HCIONB30BAHBI TIPU MOJICTHPOBAHII
THAPOreOXUMHUYCCKHX MPOLECCOB, HATIPAMED, TIPU pacde-
Tax PaBHOBECUH B CHCTEME IUTACTOBAS BOJIA — TOPOAY.
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Ha HavyanbHOM 3Tame mo oleHKe NPUMEHUMOCTH Te0-
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JI TIOTTYYCHBI CIEIYIOMHE PE3yTbTaThI:
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The relevance. When constructing various hydrogeochemical models of basins, accurate data on the temperature of formation waters are
required. In the case of thermal waters, where it is difficult to measure temperatures at depth, calculated or empirical expressions — geo-
thermometers — have long been used. For formation waters of sedimentary basins, they are rarely used, since temperatures are lower here,
water salinity and pressure are higher. However, even here it is necessary to check the data of deep-seated thermometers, the accuracy of
which varies greatly, and, in the absence of data on temperature or the impossibility of measuring it, to reliably calculate them. To do this,
it is necessary to select the most suitable geothermometers in these conditions.

The main aim: get acquainted with a wide range of geothermometers used, calculate several varieties from the available database of the
chemical composition of formation waters in the Tomsk region, compare these calculations with each other and between actually meas-
ured data from deep thermometers, identify and justify the most suitable for specific conditions.

Objects: formation waters taken during the development of oil fields, mainly waters of Cretaceous and Jurassic deposits, with a depth from
near surface conditions to 4,5 km.

Methods. When processing the database on the chemical composition of formation waters, basic statistical methods were used; as a re-
sult, samples with abnormally high and abnormally low concentrations of components were rejected, as well as those that did not comply
with the law of electrical neutrality. The formulas for calculating geothermometers are taken from numerous literary sources. The calcula-
tion results were compared with the available data on actually measured temperatures, among themselves, with the depths of water circu-
lation and the geothermal gradient of the region.

Results. The types of geothermometers and the conditions for their use were studied in detail according to numerous literary sources. The
most suitable in these conditions were selected. As a result, nine different chemical geothermometers were calculated for the first time us-
ing the available database of the chemical composition of formation waters in the Tomsk region. It is shown that classical geothermome-
ters (Si, Na-K, Na-K-Ca, K-Mg) do not work in these waters, they do not correlate well with the actually measured data of deep thermome-
ters. Mg-Li and Na-Li geothermometers are recommended, as well as Na-K-Ca geothermometer with Mg correction. These geothermome-
ters filled in the gaps in the database of 650 missing temperatures. It is concluded that it is necessary to further develop geothermometers
for formation waters of oil fields, taking into account more modern and accurate data. As a practical result of this work, the possibility of us-
ing the obtained temperatures in calculating equilibria in the water-rock system and other calculations is indicated.

Key words:
Chemical geothermometers, formation water temperature, oil waters, Tomsk region, «water-rock» system.

The study was carried out within the framework of the project of fundamental scientific research of the Russian Academy of Sci-
ences no. 0266-2022-0016 «Digital hydrogeological and hydrogeochemical models of oil and gas bearing basins in the central and
southern territories of Western Siberiay.
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