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TPYAHOU3BAEKAEMBIE 3ATIACbI H HETPAAULIMOHHBIE HCTOYHHKH YB

TEKTOHOI'NHAPOTEPMAADBHBIE INPOLIECCHI
B IOPCKHX OTAOXEHHAX 3ANNAAHOW CUBHUPHU

M.10.3y6k0B (OOO «3anaaHo-Cubupckul reororudeckull ueHmp»)

MpuBeneHbl NPUMEpPbI AMUrEHETUYECKUX MUHEPAJIbHBIX aCCOLMaLUMM rTMAPOTEPMA/IBHOIO NMPOUCXOXKAEHUS B COCTABE IOPCKMX OTNIO-
>Kenui 3anagHo-Cubupckoro HedpTerazoHocHoro bacceiHa. PekoHCTpyMpoBaH MexaHW3M (HDOPMUPOBaHWUS BTOPUYHON MOPHUCTOCTU M
KOJIIEKTOPOB B IOPCKWX OCafKax, a TakyKe NoC/efoBaTe/IbHOCTb MTMAPOTEPMAIbBHOrO MUHEpPanoobpa3osaHus, HadTHaoreHesa u obpa-
30BaHusa YB-3anexen. [peanoxeH opuriHanbHbli cnocob NOUCKOB BTOPHUUHbIX KOIEKTOPOB TEKTOHOMMAPOTEPMA/IbHOrO NPOUCXOXKAE-
HWUSI Ha OCHOBE KOMMJIEKCUPOBAHWS AaHHbIX CEUCMOpPa3BeAKU U TEKTOHOPU3UYECKOrO MOLENUPOBAHMUS.

KnioueBble cnoBa: rugpoTepMasibHble oM Ibl; 3MUreHETUYECKME MUHEpasibl; BTOPUYHAs MOPUCTOCTb; LENPECCUOHHbIE 30HbI;
TepMo- 1M BapoaHOManuu; celicMopa3BeaKa; TeKTOHOMM3WKa; nporHo3 YB-sanexei.

MpuMepbl yyacTUs TEKTOHOTrMAPOTEPMasbHbIX MPO-
LeCCOB B (DOPMHMPOBAHUW BTOPHUHbLIX KOJIIEKTOPOB M
YB-3anexen B nopofax KpOBeSbHOM 4YacTW [LOIOPCKOro
KoMmniekca paccmoTpeHbl B pabotax [1, 2]. MNpu atom
ObISI0 NOKa3aHo, UTO 3TH MPOLLECChl 3a4acTylo MPOUCXOLH-
NW CPaBHWUTENbHO HeAaBHo (B MaclwTabax reosorMueckoro
BPEMEHH), BeposITHEE BCEro B KAMHO30€, BO3MOXHO, fake
B MO34HEM, UTO NOATBEPXKAAETCS TEM, UTO B ITUX ydacTKax
COXPaHWJIMCb W MOBbILWEHHbIE MIACTOBblE TeMNepaTypbl, U
OueHb BbICOKasi BTOPUYHAS MOPUCTOCTb, MPUUEM Ha 3HAUM-
TeNbHoOM rnybuHe, Kak, Hanpumep, Ha Cesepo-BapberaHckom
MEeCTOPO>KAEHUH, Tae Ha oTMeTKe okoso 3500 m ee 3Haue-
nue pnocturaet 30-35 % [2]. Cronb BbicOKas NOPUCTOCTb
BPSA, 1M CMOr/ia Bbl COXPaHWUTLCA Ha NPOTSKEHUU [IECATKOB,
a TeM Bonee CoOTeH MUIJIMOHOB NeT. TakyKe UMEIOTCS CBH-
LeTeNbCTBa TOro, YTO rMApoTepMasibHble (oUabl NPOHH-
Ka/iM B NOLOLIBEHHYIO YacTb IOPCKUX BaszasibHbiX OT/IOXKe-
HWI, POPMHPYS B HUX 30HbI «OTOENUBAHUSA» WIIK OCBeT/e-
HUS M OKpeMHeHus 3Tux nopog, [1, 2]. 1u asneHus (ocobeH-
HO «OTOeNMBaHWe») Haubosiee ApKO NPOABAANUCH B cnabo-
NPOHMLIAEMDbIX YFJIUCTbIX aPrUIIUTax, a YTO NPOUCXOLMIO C
6asanbHbiMKM U Bosiee MOIOAbIMU NPOHWULIAEMbIMH IOPCKH-
MW OT/IOXKEHUSIMU, NPEACTABJEHHbIMU MECYAHbIMU PasHo-
BUAHOCTSIMMU, KOrAa B HUX BHELPSIUCb rMAapoTEpPMasibHble
ctonabl, noka AetanbHO He M3ydeHo. [loaTomy HacTos-
Was ctaTbs NOCBALEHA UCCNENOBaHUIO UMEHHO 3TOro BO-
npoca, T.e. BAMSHUIO TEKTOHOMMAPOTEPMAsIbHLIX NpoLec-
COB Ha BeLLEeCTBEHHbIH COCTaB M KOJIJIEKTOPCKUE CBOWCTBA
IOPCKHX OT/IOXKEHUH, a TaKkKe cnocobam nNporHo3upoBaHus!
YYacCTKOB, B NPeAesiax KOTOPbIX 3TH NPOLECChl NPOTEKasU.

PE3YAbTATbI HCCAEAOBAHU

B paHHOM cTaTbe nop TEPMUHOM «BbICOKO3HTasbMUM-
Hble cp/Ilonabl» NOHUMAETCS BbiICOKOTEMMEPATYpHas (BeposT-
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Ho, >1000 °C) cmecb oTaensoWmMXcs OT MarMaTHYeckoro
Tesa rasoB W NapoB BO[bl, HAXOASLIMXCA B HaAKpWUTHUUe-
cKoM cocTtoaHuu. o Mepe UX OBWXKEHUA MO TPeLLUHaMm
BBEPX OHW B3aUMOJIENCTBYIOT C BMELLAOLIMMK WX nopoja-
MM, BOBJIEKasi B CBOW COCTaB B MEPBYIO ouyepefb NMOPOBYIO
BOJly, COLIEP>KaLLLYIOCS B HUX, BC/IEACTBUE YEro (hOPMUPYIOT-
cs rugpoTepMasbHble dtonabl. MocteneHHo Temneparypa
U AaBfieHUe 3TUX o/IIOUA0B YMEHbLIAIOTCS U, NPU AOCTHKE-
HUW KPUTUUECKOW TOUKM, D/IIOUA, Pa3fenseTca Ha UILKYo
U razoobpasHyio casbl. XXuakyio a3y bynem HasbieaTb
rMapoTepMasnbHbiM PacTBOPOM, razoobpasHylo — rasom
WK NapoM, Tak Kak B cocTase razoobpasHoi pasbl npeob-
nagaet sogsaHon nap. OgHako, NOCKOJ/IbKY Mbl HaBepHsIKa
He 3HaeM, B Kakoi hopMe NPUCYTCTBOBA/IM FMAPOTEPMasib-
Hble (p/IOMAbI B TE€X W/IM WHbIX paccMaTpuBaeMbiX gasnee
OT/NIOXeHHUAX, OyIeM UX YC/IOBHO Ha3blBaTb rMApOTEPMaib-
HbIMK chionaamu. [na obosHaueHus Bcex npoussoaHbix OB
(HedbTb, BUTYMbI, reTepocoeiMHeHus), ucnonbayeMm 06o6-
LLIeHHbIM TepMUH HadTuabl no B.H.Mypartosy (1954).

Mp# Npounx paBHbIX YC/IOBUAX, MaKCUMaslbHO MHTEH-
CUBHbIM WM3MEHEHWUAM Mo AeHCTBUEM rUAPOTEPMasbHbIX
hOMA0B, OTAENAIOWMXCSA OT MarMaTMUeCcKoro Tesia u Mo-
OUNU30BAHHbBIX UMM U3 OKPYXKAIOLLIMX MOPO/, NOPOBbIX BOJ,
noABepralTCs camble HWHUe (Ha3anbHble) OTNOXKEHMS,
3aneratowme Ha nopogax gpyHaameHta. UmeHHo 6asanb-
Hble OT/IOXEHWS NePBbIMU WUCMbITbIBAIOT BO3[EUCTBUE ITHUX
arpeccuBHbIX (OIIOMA0B.

Ecnu 6azasbHble OTNOXeHUA NpefcTaB/eHbl cnabonpo-
HULAEeMbIMK NOPOJAMM THNA (haHTIOMEePaToB UM OCafKa-
MM, B COCTaBE KOTOPbIX NPeobiafaloT rIMHUCTO-a/1eBPUTOBbIE
uactuubl 1 OB, To noa aedcTereM ruapoTepMasibHbiX dhitor-
[lOB MPOMUCXOOMT X OCBET/IeHUe W okpeMHeHue. CofiepykaHue
KBapua B 3TUx nopogax pocrturaet 80-85 %, a octanbHble
MUHepasibl NpPeacTaB/ieHbl KaoJIMHUTOM W/WKU OUKKUTOM
(10-12 %), rugpocnionoii (6-8 %) v cupeputom (4-6 %).
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Mopopabl, cnoxeHHble NpakTUye-
CKW OOHWUM MEJIKOKPUCTa/IIMYECKUM
KBapLeM, MPUCYTCTBYIOT HE TOJIbKO B
GasanbHbiX OTNOXeHUsX. Takue no-
pofbl BCTpeyatloTcs B COCTaBe nacTa
100 (BepxHss opa) B npenenax Axta-
mapckoro v pubHoro mectopokae-
HUHW. B HUX oTMeuaroTCs MHOrouMc-
JIEHHbIe KaBepHbl U MNOJIOCTH, NOBEPX-
HOCTb KOTOPbIX MOKPbITa MPEKPaCcHO
OrpaHeHHbIMM KpWUCTa/laMu  KBapua
(puc. 1, A, B). OcHoBHas YacTb nop U
MUKPOMYCTOT ~3ajleueHa TeMHO-0y-
PbIM, MOUYTH YEPHbIM CU/IbHOMETaMOpP-
¢pu3oBaHHbIM BUTYMOM (cM. puc. 1, B,
B). Jlnwb B Haubonee KpynHbIX NycTo-
Tax MPUCYTCTBYET OTKPbITas €MKOCTb,
npokpacueLwascs ronybon unu Kpac-
How cmoson (cm. puc. 1, b, 7, /). B
paccmaTpuBaeMbIiX NOPOAaXx, YC/IOBHO
Ha3BaHHbIX aBTOPOM CTaTbW «MCEBLO-
KBapuuTamuy», WHOrAa MPUCYTCTBYIOT
yrneduuUpoBaHHbie OCTaTKW pPacTu-
TE/IbHOTO [eTpHUTa C COXPaHMBLUEWCS
KNETOUHOW  MWKPOCTPYKTYpour  (cm.
puc. 1, I, /), Ha KOTopbIX YacTo pac-
nonaraloTcs 3MUreHeTUYecKUe UYeTKo
orpaHeHHble KpUCTa//ibl KBapua (cm.
puc. 1, E). 3pecb e BcTpeyatoTcs
ncesgomMopdo3bl NUpMUTa Mo pacTu-
Te/IbHbIM OCTaTKaM.

Ecnu topckue oTnoxkenus npepn-
CTaBJieHbl fOCTATOYHO BbICOKOMPOHMU-
LLaeMbIMH, HanpuMep MnecyaHbiMH, OT-
JIOXKEHUSIMU, TO BbICOKO3TasIbMU/Ib-
Hble honabl JIerko MNPOHWKalT B
HWX, CMELLIMBAIOTCA C MOPOBbIMU BO-
JaMu U JaloT Hayasio rMapoTepMalib-
HbIM oovpaMm. B atom cnyuae Ha-

Puc. 1. [ICEBJAOKBAPLIUTHI II/IACTA I0OB?

61100aeTCA MHTEHCUBHOE BblLLEaum-
BaHWE HEYCTOMUMBbLIX B 3TUX YCOBUSAX
06NOMKOB MWHEPaNnoB U Nopoj KWc-
JIbIMW TUAPOTEPMAsIbHBIMK  honaa-
mu (puc. 2). B nepsyto ouepenb pac-
TBOPSAOTCS TEMHOLBETHbIE MWUHEpaJsibl
W nnaruoknasbl. B Tom ciyyae, Korga 3epHa niarMoknasos
UMeIOT HEOQHOPOAHbIA COCTaB, HanpUMep, eC/in UX BHeLU-
HAs yacTb oboraleHa anbOUTOBbIM MUHANIOM, TO COXPaHsi-
eTca anbbutoBas obonouka, a LeHTpanbHas, bonee HGora-
Tas aHOPTUTOBbIM KOMMOHEHTOM, YaCTb UHTEHCHBHO BblLLE-
JlauMBaETCA U BO3HUKAET JONOJIHUTENbHASA (BTOPUYHASA) eM-
KOCTb, KOTOpas NpoKpaluueaeTtcs cMmosion (cm. puc. 2, A).
Ecnv 0BNOMKM niarMoknasoB WM LLENOYHbIX MNOJEBbIX
LINaTOB NPeACcTaBisAu cobol NPoAyKTbl pacnafa TBepAbIxX

O6paszett: A — nonHopa3MepHiit, b — ero yBesmyeHHbI pparmeHT, B, E — dotorpaduu
POM, I, A - dotorpacpmu nerporpadprueckix LangoB, MPOKpallieHHbIX cMo7toit: [ —
rony6oi, /] — kpacHou; MecTtopoxaenusi: A-I"— [ pubtoe, /I-E — Axtamapckoe; 31ech U
nanee apabckre LUndpbl — MecTa, ¢ KOTOPBIX TIO/YUeHbl 3/1eMeHTHbIe CTIeKTPbI, TpHBe-
[IeHHbIe PAAOM CO CHUMKaMH

pacTBOpoB (04Ha M3 KOTOPbIX MPUCYTCTBOBaNa B APYrok B
BUAE NepTUTOB) Ha ABe (hasbl, HANPUMep MaarMoKiasbl —
Ha Gonee OCHOBHble U Bosiee KUC/IbIE, @ LWEeoYHble — Ha
Kanuesylo (opToknas) v HaTpoBylo (anbbut), TO MeHee
ycToiumBas hasa BbillesadmBanach, a bonee ycronumsas —
coxpaHsnacb. B pesynbrare Takoro usbuparesbHoro pac-
TBOPEHHS HEYCTOWUMBbIX (ha3 BO3HWKA/M NMOpUCTble cybna-
pannesbHO OpPWEeHTUPOBaHHble «CKeneTHbie» obpa3osa-
HUSl, UMelolLUe B C/lyyae Bbllle/lauMBaHUsl aHOPTUTOBOW
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Puc. 2. ®OTOI'PA®HH MPOKPAIIEHHOTO KPACHOH CMO/IO¥ IMETPOIPA®UYE-

CKOI'o II/TUPA (A) U CHUMKH POM (B-T) OB/IOMKOB PA3/THYHBIX MUHEPA/IOB,
BbIIIE/IOYEHHBIX THAPOTEPMA/IbHBIMH PACTBOPAMMH (1opcKkHe OT/I0KeHHs)

BaeT oOpa3oBaTb KpPWUCTaa/ibl U Bbina-
[NaeT U3 Hero B MHUKpOriobynspHoM
Buge (cm. puc. 3, B).

O6NOMKM  MarmMaTH4yecKux Mno-
pPOL, C/IOXKEHHble HEYCTOMUYMBbLIMU MO
OTHOLWEHUIO K KUCIbIM rugportepma-
NbHbIM  bNIlOMAAM  MUHEpanamMu U
BY/IKAHUYECKUM CTEK/IOM, NOA UX BO3-
neNCTBMEM NpeBpallaloTcs B Tak Ha-
3blBaeMble apruiu3uTbl, COCTosLLMUE
rnaBHbiM 00pPa3oM M3 KaoJIMHMTA,
ruapocniofbl ¢ Gonblued UAW MeHb-
Wwed nNpUMEcChbi0O MWKPOKPUCTaN/IoB
KBapua M anbbuta (cm. puc. 3, /).
AprunnusunTtbl AU apruianu3npoBaH-
Hble obnoMouHble 3epHa copepyKaTt
6ONbLIOE KOSMYECTBO OUYEHb MEKWUX
nop, 6naropapsa uemy obpasupl ¢
MHO>ECTBOM TaKMX OBNOMKOB Xa-
paKTepU3yloTC BbICOKOW OCTaTou-
HOM BOJOHACHILEHHOCTbIO.

BbicokoTemnepatypHble, cnabo-
MWUHEPaNU30BaHHble, WMEloLUe KWC-
NbIl coCTaB ruapoTepMasbHble thtou-
Ibl MFHTEHCHUBHO PacTBOPSIOT HEYCTOM-
uuBble MWHepasbl, PopMHUPYs 3a WX
CYeT BTOPHUHYIO EMKOCTb, 4TO 06s3a-

Mectopoxaenus: A, b — Kpactonenutckoe, B, I'— Y36ekckoe

KOMMOHEHTbl MPEUMYLLECTBEHHO aNbbUTOBbIM cocTas (cM.
puc. 2, b), a ecnu pacTBOPSUCb NEPTHTbI, CIOXEHHbIE
anbbutoMm, To coxpaHsnace bosee yctolunBas opToKIa3o-
Bad 4aCTb MCXOAHbIX 3€peH LWe/I04YHbIX NoJieBbIX LINATOB
(cm. puc. 2, B).

TeMHouBeTHbIE C/IIOABI U XJIOPUT TaKKe ABNAIOTCS He-
YCTOWUYMBBIMU B 3TUX YC/IOBUSX U MHTEHCUBHO BbILLE/IAuH-
BalOTCS, 3aMellascb rugpocogon (cm. puc. 2, /).

Mo Mepe HacblweHWs ruapoTepManbHbiX GIIOUL0B
KPEMHE3eMOM W MOCNEAYIOWErO UX OX/IaXKAEHUS OH nep-
BbIM BblAeNnAeTca U3 pactesopa B BUAE BTOPUYHOIO (FM,D,pO-
TepmanbHoro) keapua (puc. 3, A). Cnegom 3a HUM obpa-
3yeTcsi AMKKWUT (KAOSIMHWUT), KOTOPbIA 4acTo MPUCYTCTBYET
Ha ero nosepxHocTH (cM. puc. 3, A). HekoTopoe Bpems oHU
O[HOBPEMEHHO MPOLO/IKAIT KPUCTaNIM30BaTbCS M3 pac-
TBOpA, BCNEACTBUE YErO YellyWKW OUKKUTA U/UIK Kao/u-
HWTA OKa3blBAIOTCS YACTMUHO 3axBayeHHbIMU PACTYLLUMHU
rpaHamu kBapua (cm. puc. 3, B).

Muorpa, BcnencremMe pe3koro oxNaskaeHus rugporep-
MasibHbIX PIIOMIAOB WK MafeHUst NNacTOBOro AABJEHMS,
WKW U TOFO M [PYroro ofjHOBPEMEHHO, HanpuMep npu ob-
pa3oBaHWK B NOPOAE TPELLMH, PAaCTBOP OKa3blBaeTcs nepeHa-
CbILLLEHHbIM OTHOCHTE/IbHO KPEMHE3eMa, KOTOPbIW He ycne-
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TesIbHO AOJIXKHO NPUBOAMTD K yyuLue-

HUIO pUNBTPALMOHHO-EMKOCTHbIX

CBOWCTB MOPOJ, B KOTOPbIE OHW MoO-

crynaiot [1-5]. Ytobbl ybeautbcs B
3TOM, PaccMOTpWUM B KauyecTse npumepa HasanbHble npo-
LYKTUBHbIE OT/IOXKEHUS Ta/IMHCKOMW njiolanu.

JlefcTBUTENIbHO, ONS 3TUX OT/IOXKEHWH YCTaHOBJIEHDI
npsIMO NPOMOPLUOHa/IbHbIE 3AaBUCUMOCTH MEXAY OTHOCH-
TesIbHbIM COEepP>KaHUEeM B COCTaBE MX MIMHUCTOrO LieMeHTa
LUKKMUTA U KAOJIMHUTA, C OGHOM CTOPOHbI, U 3HAYEHUEM WX
nopuctoctu — c gpyrow (puc. 4, A) [4]. Mexxoy oTHoCUTENb-
HbIM COAep>KaHWeM TeX >Ke MIMHWUCTbIX MUHepasoB B obpas-
Uax U KOHUEHTpauuen B HUX OCTATOYHOM BOAbI MOJyyeHa
obpaTtHO NponopLuoHaibHas 3aBUCUMOCTb (cM. puc. 4, A).

Ecnim cyMMapHyto KOHLEHTPaLMIO AUKKHUTA U KaoIMHU-
Ta B [JIMHUCTOM LieMeHTe Pa3fe/inTb Ha BKIaAbl KaXKaoro
U3 3TUX MUHEPASIOB, TO CBA3b KOJIJIEKTOPCKUX CBOUCTB U3Y-
UeHHbIX 06Pa3LOB C WX CoAEepPIKaHWUAMU cTaHoBUTCA Bonee
opHo3HauHoW. Oka3blBaeTcsl, YTO MMEHHO OTHOCHUTE/IbHAs
KOHLEHTPpaLUusl AUKKWUTA B COCTaBe MIMHUCTOrO LeMeHTa SB-
nsetca onpegensiowed — uem Gosbwe ero Aons, Tem
Bbille (PUNbTPALUOHHO-EMKOCTHbIE CBOWCTBA 3TUX OT/IOXKE-
HUK (cMm. puc. 4, bB) [4].

UTo6bl NOHATb, KaKWe BTOPHYHbIE MUHEPaJbl U UX ac-
couMaLnu MOTYT BO3HWKHYTb MpH B3aUMOLENUCTBUU TMAPO-
TepMaJibHbIX (P/IIOMAOB C OKPYXKaloWHWMKU NopojamMu, pac-
CMOTPUM (pa30BylO LHUarpamMMy MUHEpasoB B CUCTeMe
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koopauHat K,0-Al,03-Si0,-H,0
Ig[K*]1/Ig[H*] npu Temneparype 250 °C
v pasnennn 100 MMa (puc. 5, A).
TepMoguHamuueckue pacyeTtbl MoKa-
3blBAIOT, 4YTO B paccMaTpUBaeMbIX
rMAPOTEPMasbHbIX  YC/IOBUSIX  BO3-
MOYHO CyLLeCTBOBaHWE MATU aslloMo-
CUNIMKaTHbIX MWHEpasnoB, He cuuTas
KBapua, a MMeHHO: Auvacrnopa, Kaoau-
HUTa (OMKKMUTA), rugpocnofdpl, cMe-
LIAHOC/IOMHbIX O0Bpa3oBaHWi Ha oOc-
HOBe TMAPOC/OAbl U MOHTMOPWIO-
HWTa, a TaK)Ke Ka/IMeBoro MoJjieBoro
wnata (cM. puc. 5, A). Oencteutenn-
HO, BCE 3TW MWHepasbl BCTPEYEHbI B
COCTaBe pacCMaTpuMBaeMbIX OPCKUX
oTnoXeHun (cm. puc. 5, 6- /).

O6pa3zosaHue rugpocioabl Bo3-
MO>KHO M3 HeJOHaCbILLEHHOro KpeMm-
He3eMoOM ruApoTEPMasbHbIX oioU-
AOB NMpPU AOCTATOYHO BbICOKOIji B HEM
KOHLEHTPpaLUK Kanus.

[uacnop B 1OPCKUX OTNOKEHUAX
BCTpeuaeTtcs KpavHe pepko. OH Mo-
XeT obpa3oBaTbCa KaK M3 KWUC/IOro
rugpoTepManbHoro aouaa, Hepo-
HaCbIL,EHHOro KPEMHE3EMOM, TaK W B
pe3ynbTate MeTacoMaTMyYecKoro 3a-
MELLEHUS TEPPUreHHOro MYyCKOBWTa

Puc. 3. CHUMKH POM MHHEPA/IOB 'HAPOTEPMA/IbHOI'O IMTPOHNCXO2KAEHUA

(HMKHAA H CpeaHsAS 0pa)

A, b —KkpucTasibl KBaplia C pacrioZioKeHHbIMH Ha MX TTOBEPXHOCTH arperataMu Kao/IMHH-
Ta U OVKKATa, B — MUKPOIIOBY/ISpHBIN KBapll, | — apri/iIM3upoBaHHOE OO/IOMOUHO.
3epHo; MectopoxaeHus: A-B — KpacHonenrHckoe, I — CnaBUHCKOe

Puc. 4. 3ABUCUMOCTH MMOPHUCTOCTH (1) U BOAOYAEP2KHUBAIOIIEH CITOCOBHOCTH (2) B COCTABE

ITTMHUCTOI'O LIEMEHTA (A) U /TMTO/IOTO-NETPOIrPA®UYECKHUH PA3PE3 IO CKB. 5269 TA/TMHCKO¥ I/IOIIAAU (B)

Hurnss opa, naact IOK? (o [4]); 1 - rauna; 2 — anesponur;

3 — necuaHuk; 4 — KapBOHATHOCTh; Ha Bpeske (A) — CHUMOK
POM c kpucrannamy avkkuta (/1K) u kaonuuuta (K)

OIL AND GAS GEOLOGY, 1'2017 é.
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Puc. 5. PA30BAH AUATPAMMA MHHEPA/IOB B CUCTEME K;0-Al;03-SiO2-H,0
npu 250 °C u 100 MITa (A) H CHUMKH POM MHHEPA/IOB

T'HAPOTEPMA/IBHOI'O IMTPOHUCXO2KAEHHUA (B-A)

(puc. 6, A, b, cm. puc. 2, A, b). bonee
LUMpOKas pacrnpoCTpaHeHHOCTb allb-
OUTa NO CPaBHEHWIO C KasIMeBbIM Mo-
NIEBbIM LUNATOM OODBACHAETCS, BO-Nep-
BbIX, ropa3fo 6osee BbICOKOW KOHLeH-
Tpauuern MoHa HaTpHs, NO CPaBHEHHIO
C Ka/iMeM, B ruapoTepMasibHbIX (sitom-
[ax, a BO-BTOpbIXx — 6onee WMPOKHUM
nofeM ero cTabuiibHOrO COCTOSHUS
3a CYET UCYE3HOBEHHUSI TAKOBOTrO, NPH-
Hag/1eXallero ruaponaparoHuTy.

B pesynbrate WMHKOHIPY3HTHOMO
PacTBOPEHWsI HeyCTOMuUMBbIX 060M-
KOB MWHEpasioB W Mopoj B COCTaB
rMapoTepMasbHbIX hIlOUA0B NEPEXo-
OAT He TOJIbKO «CaJIMieCcKue» WOHbI:
Na, K, Al, Si, koTopble 3aTeM cnaratoT
PacCMOTPEHHbIE BbilE 3MUreHeTUye-
CKWe a/IloMOCH/IMKaTHble MWHepasibl,
HO TaKXXe U «heMUYeCKHUe» KaTUOHbI:
Ca, Mg, Fe, Mn u pp., KoTopble no
TEPMOJMHAMHUYECKUM MPUUYMHAM He
MOFYT BXO[MTb B UX COCTaB. JTH 3/ie-
MEHTbl HaKanjIuBaloTCA B rMApoTep-

Mectopoxaenus: b-/] — Kpacnonenutckoe, B — CriaBUHCKOe

WKW Kao/IMHWTA (OMKKWTA) B pesysibTaTe MX MHKOHIPY3HT-
Horo pactBopetus. B niobom ciydae obszatesibHbIM ycio-
BUeM obpa3oBaHMA AMacnopa ABAAETCA He[OHAacCbILLeH-
HOCTb FMAPOTEPMA/IbHOTO (h/iloUAa KPeMHE3EeMOM, a npw
3aMelLeHn UM MYCKOBMTA — elle W KUcnas cpeja.

MpucyTcTBHE B NOPOBOM MPOCTPAHCTBE LOPCKUX OTO-
YKEHUM IMNUreHEeTUUECKOrO KaJIMEBOrO MOJIEBOrO LUMNaTa TakxKe
Habnogaetcs penko. Mockonbky oH BCTpeuaeTcs B chopme
UETKO OrpaHeHHbIX MeJIKUX KpucTannos (cMm. puc. 5, B), To
MO>HO JOMYCTHTb, YTO OH, B OT/IMUME OT AMacnopa, obpa-
3yeTcsi HENOCPEACTBEHHO U3 TMAPOTEPMAJIbHOIO pacTBopa.
Mpuuem ans ero obpasoBaHKs HEOOXOAUMO MPUCYTCTBHE B
cocTaBe pacTBOpa WOHOB Kasiusi, TPeBYIOTCA HU3Kas KOH-
LeHTpaLM1s B HEM MOHOB BOLOPOAA W, HaNPOTUB, BbICOKOE
cofepyKaHWe pacTBOPEHHOIO KpeMHeseMma.

Hapsagay ¢ kBapueM oyeHb pacnpocTpaHeHHbIMU MHUHe-
pafaMui B COCTaBe LOPCKUX OT/IOXKEHUN SBAAIOTCS Kaosu-
HUT U OWKKKT. CyZs No COBEpLUEHHbIM reoMeTpUYecKUM
opMam KpUCTaNIoB 3TUX MUHepanoB (cM. puc. 3, A, b, 4,
A, 5, /), oHn 0bpa3oBbiBaIUCh HENOCPEACTBEHHO U3 TUj-
poTepMasibHbIX (pIOUTOB.

AnureHeTHUecKUn (rMapoTepMabHbIi) anbbut, B OT-
/MuMe OT Ka/MeBOro MoJIEBOro LWnara, GOBOJIbHO 4YacTo
BCTPEUYaeTCs B MOPOBOM MPOCTPAHCTBE IOPCKUX OT/IOXKe-
HUM. Yale Bcero oH NnpucyTCTBYET MJIW B BUE PereHepalm-
OHHbIX KAeMOK Ha BbILLE/IOUEHHbIX 3epHAax NNarMoknasos,
nMbo B hopMe XOPOLLO OFpaHeHHbIX MENKUX KPUCTaNIoB
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MasbHbIX p/iloMaax U nosgHee, Kor-
Ja, HanpuMep, B HeM TMNOSBASIOTCS
KapboHaT-UOoHbI, BbigenaoTca B dop-
Me KPHUCTasI/IoB U X arperatoB pasHoobpasHbix kapOoHaT-
HbIX MWHEpPasoB, UMEIOLUX C/IOXHbIM COCTaB M3-3a BO3-
HUKHOBEHUS MX TBepAblX pacTBopoB. Cpeau HUX MOXKHO
BbIJENUTb ABa raBHbIX TMna. [lepebiii, B KOTOPOM npeob-
NafaeT KaibLMTOBbIM MUHa/, U BTOPOW, B KOTOPOM OCHOB-
HOW AIBNISIETCA CMAEpUTOBas KoMroHeHTa (cm. puc. 6, B, /).
KapboHaTHble MWHepasnbl NOABAAIOTCS B MNOPOBOM MNpO-
CTPaHCTBE OPCKUX OT/IOXKEHUH MOCAe HeWTpanusauuu
rugpoTepMasibHbiX (P/IOULOB, WMEBLUMX NepBOHAYaNbHO
KWUC/IbIA COCTaB B pe3ysibTaTe UX Nociefylowero ouiena-
UMBaHUS.

Cpefin M3ydYeHHbIX 3MUreHeTUYECKUX KapOoHaTHbIX
MWHEpanoB cnefyetr obpaTMTb BHMMaHWE Ha OueHb Heo-
ObIUHbIM TUN «CHOMOBMOHOrO» CUIEPUTA, BCTPEUEHHOro B
NMOPOBOM MPOCTPAHCTBE BEPXHEIOPCKUX OT/IOKEHUN Y3-
Bekckoro MmectopoxkaeHus (puc. 7, A, b). 3Tn «cHoONoBWA-
Hble» 3epHa CMAEPUTA HAXOLATCS B Nopax CPeau anureHe-
TUUYECKUX KPUCTaN/IOB KBapLa U arperatoB KaosiMHWTa (cMm.
puc. 7, A). MNockonbKy cHUMOK caenaH B pexkume KOMIIO,
TO HA HEM XOPOLLO BUAHbI AJIMHHbIE TOHKUE KPUCTaN bl CH-
[lepuTa, BbIAENAIOWMECs CBETI0-CEPbIM LBETOM Ha OKpY-
Xatowem mx bosnee TemHoM pone (cm. puc. 7, A). Cnegyert
0bpaTuTb BHUMAHWE, YTO KPOME CBET/I0-CEPbIX KPUCTaNIOB
CcupepvTa, B COCTaBe pacCMaTpUBAEMbIX arperatos Bblae-
NIAOTCA U TEMHO-Cepble, No4YTH YepHble yyacTku. Cyas no
pesysibTaTaM 3/1eMEHTHOIO aHa/M3a 3TUX 3ePEH U BbICOKO-
My DOHY CMEKTpa MO>KHO 3aKJIloUWTb, UTO, MOMUMO CUAe-
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pUTa, B UX COCTaB BXOAMT Cepocomep-
»awui 6utym (cm. puc. 7, A, b). Oei-
CTBWUTENIbHO, B neTporpagryeckux
Wwanchax XOpoLo BUAHO, YTO B HUX
NPUCYTCTBYET MeTaMop(U30BaHHbIM
OUTYM NOYTH YEpHOro LiBeTa, MHoraa
UMeloLWMH DOPMY MENKUX KPYI/bIX
kanenek (cm. puc. 7, B). 91 butymo-
cuiepuToBble 0Opa3oBaHUs HEPaBHO-
MepHO pacnpepesieHbl B MNOPOBOM
NPOCTPAHCTBE BEPXHEIOPCKUX necya-
HWKOB — TO B BU[€ €IWUHWUUHbIX BKJIO-
UEHWM, TO MOYTH MOJIHOCTBIO 3arosHAS
coboll UX nopoBoe MPOCTPAHCTBO
(cm. puc. 7, B, . MpuHumas Bo BHU-
MaHWe 4acTo KanjaeBuiaHylo ¢opMy
BK/IIOYUEHWH OUTYyMa B  «CHOMOBMA-
HbIX» arperatax CuepuTa, MOXKHO
NPeanooXK1Tb, YTO 3Ta pPa3HOBM.-
HOCTb CHAepWTa KpucTaniu3osanacb
Ha NOBEPXHOCTH Kanenek Gutyma, uc-
nosib3ys MUX B KauecTBe 3aTpaBoK A/1s
CBOEro pocTa, a Kane/ibku GuUTyma B
3TOT MOMEHT npeacTasnsnu cobom

Puc. 6. CHUMKH POM SINHUI'EHETHYECKHX (THAPOTEPMA/IbHBIX) A/IbBHTA (A, B),

MAIHE3HA/IbHO-2KE/IESBHUCTOI'O KA/IBLIMTA (B) U CUEPHUTA (I B ITIOPOBOM
IMPOCTPAHCTBE CPEJHEIOPCKHX OT/I0O2KEHHU

3MY/IbCHIO, MPUCYTCTBOBABLUYIO B MO-
POBOM MPOCTPAHCTBE NECYaHWUKOB.
MUspepka BcTpevatotcs u Bonee pea-
KWe pa3HOBMAHOCTH KapboHaToB, Hanpumep HapuTOKasb-
LMT, KOTOpbIM Obl1 0bHapy>eH B cocTaBe BayKeHOBCKOM W
abanakckoW cBUT MacnuxoBckoro mectopoxgenus [6].

Kpome kapboHaTOB «peMUUeCKHe» KaTUOHbI BXOAST B
cocTaB eLe 0gHON BObLLOK rpynnbl MUHEPANIOB — CY/bhu-
noe. CaMbIM pacnpocTpaHeHHbIM CPean HUX SBASIETCS TMa-
poTepMasibHbIH MUPUT, KOTOPbIK, B OT/IMYKE OT ayTUIreHHO-
ro (06bluHO hpamMbOUaANbHOro) NUPHTa, XapaKTepuayeTcs
XOPOLIO BbIPaXKEHHOW KPWUCTa/lIMUECKOM OrpaHKoM npeu-
MYLLLECTBEHHO OKTa3ApHUecKol unu BGonee cnoxkHon cop-
Mbl (puc. 8, A, B).

lopaspo pexxe BcTpedatoTcs Honiee aK30TUYECKHE CY-
NbpHAbl, HaNnpUMep akaHTUT (cM. puc. 8, B), ToOHKHUe AJIHH-
Hble KpucTanibl Munneputa (cm. puc. 8, I'). OTmevatoTcs
MeJIKO3epPHUCTbIe arperartbl Cy/ibpuL0OB Meau U ooBa (CM.
puc. 8, [, a Takxxe nannagus U megu (cm. puc. 8, E), cko-
pee Bcero, B hopMe TBEPAbIX PACTBOPOB.

B nopoBoM npocTpaHCcTBe IOPCKUX OCaAKOB MPUCYTCT-
BYIOT U Boniee 0ObluHble CyNbdMAbl, TAKME KaK XasbKOMW-
puT, cchaneput u ranenut (puc. 9, A-B).

B Ttex cnydasx, Korga B COCTaB ruapotepMasibHbiX
IonaoB BXOAAT CyNbgaT-uoHbI, BblaenseTtcs H6aput (cm.
puc. 9, /), KOTOPbIM YACTO NPUCYTCTBYET B BEPXHEIOPCKUX
oT/oXKeHusx [6].

OnureHeTMyeckue poccpatbl BCTPEUEHbl B HOPCKMX
ocajKkax B BMAE ABYX OCHOBHbIX MMHEPANOB — anaruta
(cm. puc. 9, /) v MOHaumMTa, NpUUYeM NOC/NEeLHUH YacTo ac-

Mectopoxaenus: A, B, I'— KpacHoneHutckoe, b — AXTaMapcKkoe MecTOpOKIASHHUS

coLuHpyeT ¢ MeTaMopdHU30BaHHbIM OUTYMOM (cM. puc. 9, E).
BcTpeueH Takxke pefkur gpocdat — TroUsiuUT, UMEOLLMH
dopmyny SrAls[PO4](PO3;0H)(OH)g (cm. puc. 9, ).

Conocraenss B3aMMopacnosiokeHue HoBoobpasosaH-
HbIX (FMAPOTEPMAasIbHbIX) MUHEPaoB Mexay coboi, MosK-
HO NPWOAU3UTENBHO BOCCTAHOBMTH MOC/IEL0BATE/IbHOCTD
ux obpa3oBaHus BO BpeMeHW. Tak, B MOPOBOM NPoCTpaH-
CTBe BEPXHEIOPCKUX MecyaHWKoB TaslbHUKOBOTO MecCTo-
POXXAEHUS BCMES 3a apruiIM3UTaMu OTNOXKUIUCb MOJH-
KPUCTa/lIMUeCcK1e arperatbl NMpWTa, a nociefHUMHU Bblae-
JIWJIMCb  MHOTOYMC/IEHHbIE POMBO3APUUECKME KpUCTabl
cupeputa byporo useta (puc. 10, A).

Mocne obpasoBaHWsi KPUCTaNOB KBapua, BCien 3a
LUKKWUTOM W KaoJIMHUTOM, CCDOPMUPOBAJIUCH NOJIMKPUCTA-
JIMYEeCKHe arperatbl MarHe3uasibHoOro KasbluTa, OT/IOXHWB-
LUMeCs: Ha NOBEPXHOCTH KpUcTaiios keapua (cm. puc. 10, b).
Kpuctannbl anatuta o6pasoBanuch paHblue goaoMuTa (Cm.
puc. 10, B), a GapuTOKaNbLMT OTIOXMKCA nocie obpaszo-
BaHWs KPUCTa/IJIOB MarHe3uasbHOro Kasbuuta (CM. puc.
10, /). Kpucrannbl 6aputa, B CBOIO ouepefp, Bbinaauv W3
pacteopa fnocse [OJIOMUTa M MarHe3uanbHOro KasbuuTa
(cm. puc. 10, A).

Cnepyet OTMeTUTb, UTO BblLe/IEHHE TeX MU UHbIX TH-
NOB rMAPOTEPMAaJIbHBIX MUHEPANOB MPOUCXOLUT He eAnHO-
BPEMEHHO, a MOXeT MOBTOPSATbCS HECKOJIbKO pas, 4To
onpegensieTcs TEPMOAUHAMHUUECKUMU YCIOBUSIMU U COCTa-
BOM rugpotepmanbHoro donga. Hanpumep, HU3KoTeM-
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Puc. 7. CHUMKH P3M (A, B) H $OTOIrPAPHUH INMETPOIrPAPHYECKHX

II/IUPOB (B, I «CHOINOBHUAHBIX» 3EPEH CUAEPHUTA.
Y3BEKCKOE MECTOPO2KAEHME (BepxHsas 10pa)

LUeHTpaLMu B pacTBope KpemHesema
BMECTO LUE/IOYHbIX MOJIEBbIX LUINATOB
obpasyloTcs rugpocnioaa, a noaHee
(no mMepe ymeHblUueHUs TeMnepaTypbl
rMapoTepMasibHoOro cpatonaa) U cMeLla-
HOC/IOMHble obpa3oBaHus (cM. puc. 5,
B). TMoatoMy KaonWHWUT (BUKKWT) W
rMAPOC/IIOAA YacTO BCTPEUAIOTCS BMeC-
Te, XOTH, CYAs NO UX NPOCTPAHCTBEH-
HbIM B3aMMOOTHOLLEHUAM, TMAPOC/IIO-
na obpasyetca nos)e nepBbiX ABYX
MWHepanos.

CnegoM 3a 3MMreHeTUYeCKUMM
FMUHUCTbIMU MUHEpPanaMKU U3 TUOPO-
TepManbHoro ditouga BblLENAoTCA
KapboHaTbl, NpPeAcTaBleHHble TBEp-
IObIMK pacTBopaMu Ha ocHoBe Ca, Mg,
Fe, Mn ¢ npeobnagaHueM Ka/ibLMTO-
BOrO W CMIEPWUTOBOrO MWHAaNOB (CM.
puc. 6, B, I, 10, 5-E).

OaHWMKU U3 nocniedHUX KpucTas-
NU3yloTcs  cynbdpatbl, MNpPenCTaBieH-
Hbl€ yalle Bcero GapuToM U aHrUapH-
Tom (cm. puc. 9, 7, 10, /). 3a HUMH 13
OCTbIBalOLLErO rMapoTepManbHOro
donaa B HeBONbLIOM KOMYecTBe
BbIAENSAIOTCA pa3HoobpasHble Cy/b-
duabl, copeprkalive LeNblt KoMmn-
NEKC  Xa/IbKOMHUIBbHBIX — 3/1EMEHTOB
(Zn, Cu, Pb, Sn, Ni, Ag u Pd), a Tak-
Xe penkue docdatbl TUNa ronsuuTa
u mMoHauuta (cm. puc. 9, 4, £).

nepaTypHbid KaoJIMHUT MOMKET BbIAENATbCA MPaKTUUYECKH
OfHOBpPeMeHHO ¢ KanbuutoMm (cm. puc. 10, £).

Tem He MeHee oblas nocnegosaTeNbHOCTb Bblene-
HWUS MUHEpPasoB B LieIoM coxpaHseTcs. Ha nepsom aTane B
npoLecce KWUCAOTHOrO BbillenaynBaHusa cnabomuHepanu-
30BaHHbIM KWUC/IbIM FMAPOTEPMAIbHBIM (DIIOUAOM NPOMC-
XO[MT OKpPEMHEHWe NofBepraemMbix ero BO34eUCTBUIO oca-
JIOYHbIX MOPOJ, B pe3y/bTaTe Yero nepsas no BpeMeHu o6-
pa3oBaHWsi MUHepasibHasi accolMauus npeacrassieHa npak-
TUYECKH ofAHMM KBapueMm (cm. puc. 1, 3, A-b).

3atem no Mepe olienayMBaHus pacTBopa W Mnepechl-
LLEHWS ero aJtoMMHUEM BO3MOXHO obpa3oBaHuWe auacno-
pa, HO Takas CUTyauus BO3HWKaeT pefko. Yawie Bcneg 3a
obpazoBaHWeM ruapoTepManbHOro Keapua Habnopaercs
BblJe/ieHue OUKKUTA U KaonuHuTa (cM. puc. 3, A, b). Ecnu
NPOUCXOAMT AasibHelllee olyenauMBaHWe pacTBopa W ero
nepecbllleHHe LWeoYaMu W KPEMHEKWUC/IOTOW, TO BO3-
MOXHO (DOPMUPOBAHWE MOJIEBbIX LUNATOB, NMPeACTaB/eH-
HbIX Yallle BCero anbbWUTOM, ropasfo pexke — agynspom
(cm. puc. 2, B, 5, B, 6, A, b). B cnyyae 6onee HU3KOM KOH-
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Heckosbko 0COBHSIKOM — CTOMT
rMApoTepMasbHbIA MUPHUT, KOTOPbIM,
Cyas no Bcemy, MoeT oBpa3oBbiBaTbCs B LUMPOKOM WH-
TepBane P-7-ycnosuit. [lockosbKy B cocTaBe rugpotepma-
nbHOro ch/lomaa NocTosHHO npucyTcTeyeT Fe?™, To onpe-
LeNnsioWwmM (hakTopoM BO3HWUKHOBEHUSI MUPHUTA SIBNISIETCA
Ha/WuMe B pacTBope Cy/b(HA-UOHA, KOTOpbIKH crnocobeH
CBA3bIBaTb MUHWMaJibHble ero KosudyecTsa B popme FeS,.
KpoMme BocCTaHOBUTE/IbHBIX YCNOBUMIH HEODXOAMMO TaKXKe,
uTo6bl pH pacteopa 6bi10 okono 4 u Bbiwe [7].

MppoTepmanbHble iloUAbl, NPOHUKatoLWKUe B Op-
CKWE OT/IOXKEHMS!, aKTUBHO B3aUMOAEMCTBYIOT HE TOJIbKO C
UX MUHEpaJibHOM cocTasnsowen, Ho 1 ¢ OB, Bxoasawmm mx
cocrtas [5, 6, 8]. Bo-nepBbIx, NPUCYTCTBYIOLLUI B UX COCTa-
BE BOJOPOJ, FTMAPHUPYET paccesiHHOe U KOHLEHTPUPOBAHHOE
B BMAe yraucTbix npocnoes OB, Bbi3biBas obpasosaHue W3
Hero HacbllweHHbIx U 6onee nerkux YB. Bo-BTopbix, npouc-
XO[WT aKTUBHOE TEPMHUYECKOE BO3JENUCTBUE Ha Hero (npwu-
POAHbIM MUPON3), YTO MPUBOLMT K MHTEHCHBHOW reHepa-
umu um YB u 6utymos.

IKCNepUMEHTbI, BbINOJIHEHHbIE KOJINIEKTMBOM aBTopoB [8],
NoKasasiu, YTo U3 UCXOLHOro 0bpa3ua HaskeHOBCKOM CBHTbI,
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B KOTOPOM MPaKTUUECKHU MOJSIHOCTbHIO
OTCYTCTBOBAJIM NOABHXKHbIE HedhTeNOo-
nobbie YB (nuk S4), Ho obnapasuie-
ro [OCTaTOYHO BbICOKMM HedpTereHepa-
LIMOHHbIM NoTeHuManom (nuk S,), noc-
ne ero 06paboTKH rugpoTepMasbHbIM
donpgom npu Temnepatype 350 °C
obpa3oBanoch HOMbLIOE KOMUYECTBO
pasHoobpasHbix YB, yBenuuusimx
BE/IMUMHY NKKa Sy, a MUK S,, oTBevalo-
LMK 3a ero OCTaTouHblid HedTereHe-
PaLMOHHbIM MoTeHuuan, HaoboporT,
3aMeTHO YMEHbLUM/ICSA U CMECTUCA B
0osiee BbICOKOTEMMEPATYPHYIO YacTb
nuporpammbl (puc. 11, A). A.2.Koh-
TopoBMY W ap. Bcnen 3a M.D.Lewan
(1985) penaloT BbIBOA O TOM, 4TO
«rugpotepmanbHbii - nuponns OB
naeT npoayKTbl... Haubonee 6GaU3KHe
K NnpupogHoMy HadpTuaoreHesy» [8].

MpoBeneHHble aBTOPOM CTaTbM
OfbITbI MO rMApPOTEPMasIbHON 06pPaboT-
K€ CPEeLHEIOPCKUX YFIUCTbIX apruiiu-
TOB MOKa3asiM, YTo, JENCTBUTENBHO, Yr-
JUCTbIN JETPUT Mof, AEUCTBUEM TMAPO-
TepMaJibHbIX (h/IIOUAO0B NpeBpaLLaeTcs
B Kanesibku butyma pasiMiHoro pasme-
pa, a Ha UX MecTe BO3HUKAOT BTOPHY-
Hble nycTtoTbl (cm. puc. 11, B) [5]. Ha-
NIYMe B JIOMHYBLUMX KanesibKax oBasib-
HbIX MYCTOT yBeauTeNbHO CBMAETENbCT-
BYeT O TOM, UTO B HUX MPUCYTCTBOBASIH,
obpasosasLurecs BMecTe ¢ GuUTyMoMm, ra-
3006pasHble YB (cm. puc. 11, b).

B o6pa3uax, oTOOpaHHbIX W3
HUXKHelopcKux oTnoxenun Cesepo-
BapberaHckoro MectopoXKpeHusi, oT-

Puc. 8. CHUMKH POM H S/IEMEHTHBIE CIIEKTPbI ITPHCYTCTBVIOIINX
HA HHUX CY/Ib®H/10B rHAPOTEPMA/IBHOI'O ITPOUCXO2KAEHHUA

(BepxHe- U CpeaHeIOPCKHE OT/I0KEeHHS)

MeyaloTCsi MHOro4YMC/IEHHble cybBep-
TUKa/ibHble TPELLMHbI, MOBEPXHOCTb
KOTOPbIX MOKPbITa YEPHbIMU CHJIbHO
MeTaMOpU30BaHHbIMK  BUTYyMaMmM,
KoTopble nog [OEeNUCTBUEM ruapoTep-
Ma/ibHbIX hloMa0B ObinU reHepupo-
BaHbl 3a/I€ralOLLMMMU Bblle Yr/IUCTbIMU
apruiMTaMm 1 3anoHKAn cobom 3Tu
TpeumHbl (cm. puc. 11, B). Mpu BonblueM yBeNUUYEHUH XO-
POLLO BHUAHO, UTO 3TH BUTYMbI YacTo 0BpasyloT oKpyrible
WK KOJIbLEBUAHbIE 0OPA30BaHHS, BIOXKEHHbIE APYr B ApY-
ra (cm. puc. 11, /). 91v okpyrnbie 0Opa3oBaHUs MeTaMop-
p130BaHHbIX BUTYMOB, BNIOMKEHHbIE APYr B ApYra, eCTb He
UTO MHOE, KaK cnefbl POCLWMX U HEOAHOKPATHO JIONAaBLUMX-
CS ra3oBbIX Ny3biPbKOB B Tejie GUTYMOB, 3aNO/IHABLUMX 3TH
TpeuwmHbl (cm. puc. 11, /). He ucknoueHo, uto obpasosa-
HUE 3THUX TPeLLUH BblIo 0BYCNOBNEHO HE TONIbKO TEKTOHU-

A — oKTasapuyeckue Kprctasasl nuputa, OxHo-T lapycoBas nnomans, Jp, b — cpocTok
KPUCTA/I/IOB TIMPUTa, Y36eKcKoe MecTopokaeHue, Js, B — MenKko3epHUCTBIN arperart
araHTHTa (AgsS), I — ToHRMe anuHHbIe KpucTazas munneputa (NiS), Cesepo-/laHnios-
CKOe MeCTOpOXeHye, Js, /] — MeKOKpUCTA/INTMUECKUM arperart cyribdria Mey 1 OfioBa,
fAmByprckrast riomans, Jg, E — MekKO3epHUCTBIN arperat cyribguaa Meau W Nasviaaus,
IOxuo-T Tapycosas mromazns, Jo, pekumst: A, /1, E — o6bunbi (criea) — KOMITO (cripasa)

YECKUMU HanpsiKeHUssMH, HO W hatonaopaspbiBaMu, BO3-
HUKaBLUMMHK B pe3y/ibTaTe obOpa3oBaHWs OUTYMOB U rasos
U3 PacCesHHOro B HUXXHEIOPCKUX OT/IOXKEHUAX KeporeHa.

Kak npaBuno HedpTb, cofeprKalascs B nopax necya-
HUKOB, pacTeKaeTcs Nno NoBepXHOCTH 0BNOMOUHbIX 3epeH,
a TaKXKe MMHUCTbIM MK KapBoHaTHbIM MUHEpanaMm, cnaraio-
MM LIeMEHT TOHKOM, NJIOXO Pa3/IMUUMON [asKe B INIEKTPOH-
HOM MHKpocKone nneHkon. OgHako, ec/iv B LieHTpaslbHOW Yac-
TW NOP MPUCYTCTBYET JOCTATOYHO BSAI3KAs ocTatouHas HedTb,
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Puc. 9. CHHMKH P5M CY/TbdH/IOB (A-B), CY/TbATOB (I H $OCPATOB (1, E),
BCTPEYEHHBIX B HU2KHE- H CPEAHEIOPCKHX OT/I0XKEHHUAX

KPACHO/IEHHHCKOI'O MECTOPO2KAEHHUA

Memoabl NporHosa 30H
pacnpocmpaHeHuUs
BMOPUYHBLIX KOAAEKMOPOB
MEeKMOHOruUApomepMaAbHOro
NMPOUCX OKAEHUSI
B IOPCKUX OMAOMKEHUsIX

Cyas no npuBefeHHbIM hakTam,
BTOPHUUYHbIE KOJIIEKTOPbI TEKTOHOTMA-
pPOTEPMAsIbHOrO MPOUCXOXAEHUS LLUK-
POKO pacnpocTpaHeHbl B IOPCKHUX OT-
noskeHusix 3anagHo-Cubupckoro Hed-
TerazoHocHoro 6acceiHa, noatomy
BO3HMKaeT 3ajada Bblbopa cnocoba
MX MOWCKOB W MPOTrHO3WPOBAHMWS Tep-
pPUTOPHM, B Npefenax KOTOPbIX OHW
pacnpocTpaHeHbl.

[Ona 3Tux uenen MOXKHO WCMoOJib-
30BaTb MeTOA KOMMJIEKCUPOBaHUS
JaHHbIX CEMCMOpPAa3BEaKU U peaysibTa-
TOB TEKTOHO(PU3UUECKOTO MOLENHUPO-
BaHus. JTOT cnocob nporHosa feTa-
NbHO ONWcCaH B psae nybivkauui as-
TOopa CTaTbWM U €ro Kosjer, no3tomy
PaccMOTPHUM CyTb 3TOr0 MeTofa OUYeHb
Kpatko. [loMcKK BbICOKONPOAYKTUB-
HbIX Y4aCTKOB B IOPCKUX FPaHyIsipHbIX
KO/INEKTOpax, BO3HUKLIMX B pe3ysib-
TaTe BO3AEMCTBUS Ha HWUX TEKTOHO-
rMapoTepPMasbHbIX MPOLECCOB, OCY-
LLECTBASIOTCS C MOMOLLbIO TOTO >Ke
cnocoba KOMMEeKCUPOBaHWA pe3y/ib-
TaToOB CENCMOpPAa3BeAKHU U TEKTOHO(H-
3MYECKOro MOLEIMPOBaHHMS, KOTOPbIN

A — xansrkoruput, b — cdaneput, B — ranenur, I — 6apur, /1 — anatur (C TOMsLIMTOM 1

cuaeputoM), E — MOHaLIMT B MeTaMOP(H30BaHHOM GUTYMe

TO MPH BbICbIXaHWK NOPOBOM BOAbI NePBOHAYaNIbHO ChepH-
yeckue (B NNacToBbIX YC/NOBUAX) Kamnjiu TakoW HedpTh pac-
TEKaloTCA MO MOBEPXHOCTU MOPOBbIX MWHEPasioB B BUie
cBoeobpazHoro 6/IMHOBUAHOMO «MokKpbiBasia» (cMm. puc. 11, ).
Brio/siHe BO3MOXHO, YTO 3TW MUKPOKAM/IM OCTaTOYHOM HedTH
NpeacTasnsiM cobom B NNacToBbIX YCIOBUSX MULENbI Hed-
TAHOW 3MYJIbCUH, OPHUEHTUPOBOYHbIE Pa3Mepbl KOTOPbIX CO-
crasnsaor okono 10 mkm (cm. puc. 11, Z).

OueHb BakHO, UTO MOJL OEWCTBUEM FMAPOTEPMAJIbHBIX
hNIOUA0B B NPUCYTCTBUM HADTHUIOB, NPOUCXOAUT HeobpaTH-
Masi ruapoobr3aLms NOBEPXHOCTH MUHEPaSIbHbIX 3€PEH, UTO
npuaaeT UM CBOEoDpasHylo ceTuaTylo MUKPOTEKCTYPY «YCbl-
XaHus», 3a CYET XUMMUYECKM afcopOUpPOBaHHbIX HadTUAOB,
U3 KOTOPbIX B pe3y/ibTaTe BbICOKOTEMMNEPATYPHOrO BO3AENCT-
BUA YNOMAHYTbIX Bbille rmapoTepmMalibHbiX Cb}'IIOH,D,OB, 6bIJ1M
ynaneHbl Haubonee netyure KoMnoHeHTbl (cM. puc. 11, E).

&
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ucnosb3oBascs npu nporHose YB-3a-
nexker B GaXKEHOBCKOM M abanakcKok
cBuTtax [6, 9]. EAUHCTBEHHBIM CyLLecT-
BEHHbIM OT/IMUMEM SIBNISIETCS TO, UTO B
BEPXHEIOPCKMUX OT/IOXKEHUsIX oOpasyiolimecs B HUX KO-
JIEKTOPbI SBNSKOTCS MOJIHOCTbIO BTOPUYHBIMM, T.€. UX OO
MOMEHTa BO3LEMCTBUS Ha 3TU OT/IOXKEHUS HE CyLLeCTBOBa-
/10 TEKTOHOrMAPOTEPMASIbHBIX MPOLECCOB, a B NeCHaHO-a/IeB-
PUTOBbIX OT/IOXEHHUAX IOPCKOro BO3pacTa, y>Ke UMMesIMCb
UCXOLHble rpaHyfisipHble KOJIIEKTOPbI, NO3TOMY 3TU NpPO-
LeCcCbl NWLb Yayylanu MX UAbTPALUOHHO-EMKOCTHbIE
CBOWCTBa B OAHMX ydyacTkax (rae npoucxomguno apobne-
HWe, Pa3ynJoTHEHUE W BblleNauMBaHWE HEYCTOWUMBBIX
MUHEpaJsibHbIX 3epeH) UK, HaobopoT, yxyawanu (rae Ha-
61104aN0Ch UX YNIOTHEHWE W OT/IOKEHWE M3 FMApoTEpMa-
NbHbIX P/IIOMTOB, PACTBOPEHHbIX B HWUX MHHEpPasibHbIX
KOMMOHEHTOB).

Hanbonee BaskHyto M MOJHYIO MH(IOPMALMIO O CTPOe-
HWW KPOBAM (PyHLAMEHTA U OCALOYHOro Yexsa AaloT pe-
3y/ibTaTbl CEMCMOPA3BELKH, ONUPAsiChb HA KOTOPbIE MOXKHO
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BblAE/IMTb OCHOBHbIE THMbl TEKTOHWUUE-
CKMX CTPYKTYp, HabsofaeMbix B WX
cocTaBe. AHanM3 CEMCMUYECKUX AaH-
HbIX MOKa3asj, 4YTO B MOAAB/SIOLEM
GONbLUIMHCTBE Ha BPEMEHHbIX paspe-
3ax BblgensoTcs bosee WM MeHee
CUMMETPHYHbIEe aHTUKIMHaNbHbIE
CTPYKTYpbI, HanoMuHatolue no dgop-
Me «MoA3eMHble» BY/IKaHWYECKUe no-
ctpovikn (puc. 12, A). Takue no-
CTpoWiKK Haubonee xapakTepHbl ANs
3anagHbiXx TeppuTopui  3anagHoM
CubupH, pacnoniosKeHHbIX No coceq-
ctey ¢ Ypanom (LLaumckuin u Kpac-
HOJIEHUHCKUK paKoHbl). Mcnonb3ys
cneuuanbHble Metofabl obpaboTku
CeMCMHUYECKUX [OaHHbIX, Ha BPEMEeH-
HbIX pa3pe3ax MOXHO yBUAETb cCie-
[bl BO3AENUCTBUS TEKTOHUUYECKUX Ha-
NPS>XEHUH OT pacTylUMX U3 yHAa-
MEHTa MOAHATUHM,  Bbi3bIBAIOLMX
(opMHUpOBaHME 30H TPELLUHHbIX
OWUC/IOKaLMKU MW BO3OEWUCTBUA Ha
ocagKku ruapoTepMasibHbIX toU-
[OB, MPOHWKAIOLWMKX MO ITUM 30HaM
B OCaJOuYHbli 4Yexos. ITU YyacTKM
BbIAENAIOTCA NOTepen ocel cUHgas-
HOCTH U HapyLIeHWeM rpaHuL, CaMmXx
CEeMCMHUUECKHUX OTpakeHun (cm.
puc. 12, A) [9].

O6bIYHO aHTHUK/IMHAJIbHBIE MOA-
HATUS UMEIOT «MJIMKATUBHbBIE» TafKHe
cbopMbl, CBUAETENLCTBYIOLLME O TOM,
UTO BHeApsBLUMECS B (DyHOAMEHT Mar-
MaTUYECKHE TeNa Bbi3bIBaJIM «MJIaBHbIE»
pecopmanmn KpoB/KM pyHOaMeHTa M
3asieralLLero Ha HeM 0Cafo4YHOro

Puc. 10. $OTOIrPAPHUH ®PATMEHTA TOBEPXHOCTH BEPXHEIOPCKOI'O
TIECYAHHKA (A) U CHUMKH P3M TPEIIHUH B [IOPOJAX BA})KEHOBCKOW CBUTbI

C 3/IEMEHTHBIMH CITEKTPAMH MHUKPOOBBEKTOB, OT/IO2KHBIIHNXCH
N3 THAPOTEPMA/IBHBIX PACTBOPOB HA HX ITOBEPXHOCTH (B-E)

uexna (cm. puc. 12, A). Cnenyet 0b6-
paTuTb BHUMaHWE Ha TOT HEMaIOBaXK-
HbIW paKT, UTO MOLHATHUSA, Bblaense-
Mble Ha CEUCMOBPEMEHHbIX pa3pe3ax,
yacto  LeopMHPYIOT  MPaKTUUECKH
BCIO TOJILLY OCaJKOB CHU3Y BBEPX, UTO CBUAETENbCTBYET 06
MX [OCTaTOYHO MOIOAOM (BEPOATHO, MO3LHEKaMHO30M-
CKOM) Bo3pacte hOpMHUPOBaHMUS.

YacTo Ha ceMCMOBpPEMEHHbIX pa3pes3ax Haf, aHTUKJIU-
Ha/IbHbIMW CTPYKTYpamMu B MepeKpbIBAIOWMX MNOLHSATHS
ocafikax oTMeyaloTcsi cBoeobpasHble 30Hbl NPOCafKH, KO-
Topble, Kak ByAeT nokasaHo, COOTBETCTBYIOT yuacTKam pa-
3YNJIOTHEHHUSA WK pacTsxkeHus (cMm. puc. 12, A, oTpakato-
LMH ropu3oHT M v Bbilwe), KOTopble Npu goctatouHo 6osb-
LUKX pasMepax U aMnanTyge NoAHATUA MOTYT «BbIXOAUTb»
W Ha NOBEPXHOCTb, UTO XOPOLIO BUAHO Ha KOCMO- U a’po-
cHumkax [6, 9].

Mecropoxaenus: A — TansHukoBoe, b-E — Macnnxosckoe; ['Ip — nupur, Ar — apruanu-
3urt, Ca — cuneput, KB — kBapit, Ku — kazbiint, /11 — nonomut, An — anatur, Bkit — 6apu-
TOKazbLMT, Bp — 6apur, Kr — kaonnxur

®DopMupoBaHUe aHTUK/IMHANbHBIX CTPYKTYpP Bbi3blBaeT
TEKTOHWUYECKHE Hanpsi>KeHWUsI B OCAJOYHOM Uexsie, KoTopble
MOYHO M3Y4YMTb, KOMMIEKCUPYS OaHHble CENCMOpPAa3BenKH
U pe3ynibTaTbl TEKTOHO(HU3UUECKOrO MoJenMpoBaHus (on-
TUKO-NO/IAPU3ALUOHHBIM U TEKTOHOCEAWMEHTaLUOHHbBIM
meTtomamu) [6, 9].

MpofeMoHCTpHUPYEM BO3MOXKHOCTH ONTUKO-NONAPHU3A-
LMOHHOTO MeTofAa Ha NpUMepe TPEXCNIOMHOW ONTUYECKOM
MOJe/IM B C/lydae pocTa B HEW CUMMETPUUYHOrO aHTUKJIMHA-
NbHOTO nogHATUA (cMm. puc. 12, B, B). ina atoro B KauecT-
BE OMTUYECKM aKTMBHOrO BELLECTBa MCMOJ/Ib30BAJICS XKena-
THWH € pasnuuHok nnotHocTtbio (10, 12 n 18 %) [9].
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Puc. 11. [IPUMEPbBI BO3IEFICTBHS] THAPOTEPMA/IbHbIX PACTBOPOB HA OB

BA)KEHOBCKOM CBHUTbI

A — nuporpamMma o6pa3LioB 6axkeHOBCKOM cBUTHI 710 (1) 1 noczie (2) ruapotepMarnbHOM
obpabotru (1o [8]), 5 — chumor POM yravcroro aprunavta, oaBeprHyToro ruapoTep-
Ma/IbHOMY BO3ZICVICTBUIO C OOPa3oBaBIIMMKCs Kariismu 6utyma (ro [5]), B — dotorpa-
dpuist TOBEPXHOCTH TPEIIHHbI B KDEMHHUCTOM apri/I/IM3UTe, TIOKPhITasi T7IeHKOM MeTaMop-
duzoBaHHOTO GHTYMa, I — ee yBenmueHHsIN dparMeHT, /] — Karuisi Bsskoi HedpTh (amy-
NbCUK?), pacTeKUascs M0 MMOBEepXHOCTH arperara AMKKUTa, £ — KpYcTazizibl IMKKUTA, TI0-
KPBITbIe TOHKOM [7IeHKOM CU/IBHOMETaMOP(U30BAHHOTO OGUTYMa C (llarpeHeBOM» MUKPO-
CTPYKTYPOW ee TIOBePXHOCTH

TOPOM yJa/ieHWH BBEPXy Ha rpaHuLe
HWUXXHErO U CPEAHEro C/I0EB U HUXKHEN
NoJIOBUHE CPefHero cnosi obpasytorcs
eLe ABe 30Hbl C JOBOJIbHO BbICOKMMH
YPOBHAIMW KacaTe/bHbIX Hanpsi>KeHWH,
LOCTUraloLWMMK nNaToro nopsgka (cm.
puc. 12, b). Hebonbwas no mouHo-
CTW 30Ha KacaTesibHbIX Hanpsi>KeHWM
cpefHero ypoBHsi (4O TpeTbero mno-
pagka) HabnofaeTcs B MOAOLWBE Ca-
MOrO BEpXHero c/iosl »kenatuHa (cm.
puc. 12, B). Ecnu HuWKHMM yuacTok
BbICOKMX KacaTeJlbHbIX Hanps>KeHUH —
3TO 30Ha CXKaTus, BO3HWUKLUAS BC/eA-
CTBME [aBJIeHUS| Ha HEro pacTyLlium
NOAHATUEM, TO BEPXHUE YUACTKM C MO~
BbILIEHHbIMW 3HAYeHWsSIMU KacaTeflb-
HbIX Hanps>XeHWH obycnoBieHbl Tak-
»Ke pacTsKeHWeM, BbI3BaHHbIM CMe-
LLEHWEM KeNlaTUHA BO34bIMAIOLLUMCS
MOAHATUEM He TOJIbKO B BepTHUKasib-
HOM, HO W JlaTepasibHOM HanpasfeHu-
ax (cm. puc. 12, B).

Mcnonb3ys nonyyeHHble AaHHble
O XapakTepe pacnpefeneHus Hanps-
>KEHUW B pacCcMaTpUBAeMOW MOJLENM,
a Tak)Ke OpPUEHTALMU U3OKJIMH, MOX-
HO CMPOrHO3UPOBaTb PaCMoJIOKEHUe
W NJIOTHOCTb TPELWMH B HEW, @ TaKxKe
nocnefoBaTe/lbHOCTb U Hanpae/eHUs
ux pocta (puc. 12, B). Tak, B 06cy*-
JaeMoW  MOAesu  nepBOHaYasnbHO
copmupyloTcs  cybBepTUKasbHO
OPHEHTUPOBAHHbIE TPELLWUHbI OTPbIBA,
KoTopble ByayT no Mepe pocra 610ka
nogHWMaTbcsi BBepX. Yepe3 HekoTo-
poe BpeMsi TpeluHbl OTpbiBa obpasy-
IOTCS U B CPELHEM, a elle No3XKe — B
nofoLlBe BepXHero cfos mMogenu (B
(POPMUPYIOLLLENCA 30HE PACTAXKEHUS)
[9]. Cnepyet obpaTuTb BHMMaHWe Ha
TO, uTOo obOpa3soBaBwMecs B MNOAJO-
LUBEHHOW YaCTU HWXKHEro cnos Tpe-
wuHbl, ByayT pactv BBepx, a cdop-
MWPOBaBLUKECS B ero KpoBie (B 30He
pacTsKeHUs)) — pacnpoCTpaHsaTbCs U
BBEPX W BHM3 W obpasyloT oaHy
CNJ/IOWHYIO 30HY APOOB/IEHUS B 3TOM
cnoe (cm. puc. 12, B). Ecnu 3a kpuTH-
UECKYIo BEJIMUMHY Hanpsi>KeHWH, He-

B cnyyae pocta 3Toro nogHATUS MakcuManbHas KOH-  0OX0AUMbIX 41s 0Opa3oBaHUs TPELMH, NPUHATD 3HaYeHWe
LeHTpaLMs KacaTe/lbHbIX Hanps>KeHWW BO3HWKAEeT HEeNo-  WM30XPOM, paBHOe TPEM, TO 30Ha TPELLMHOBATOCTH cdop-
CpeACTBEHHO Haj, ero BepLUMHOM, YTO COOTBETCTBYET 30HE  MUPYeTCs Haj pacCMaTpWBaeMbiM MOAHATUEM NpevMylle-
cXaThs ocafiKkoB B 3TOM MecTe (cM. puc. 12, B). Ha Heko-  cTBEHHO B HUXKHEM W CpefHeM C/oSAX, a B TPETbeM — JUllb
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B camowm ero nogouse (cm. puc. 12, B).
CnepyeT Tak>ke 06paTHTb BHUMaHUE Ha
TO, YTO BBEPX 30HA APODIEHUS yBeu-
uuBaeT CBOM (natepasibHble) pa3mepsbl,
JOCTUrasi MakCUMyMa Ha rpaHuLe HUXK-
HEro W cpefHero CJ/I0eB, a 3aTEM BHOBb
yMeHbLaetcsa (cm. puc. 12, 5, B).

Mpu paccMoTpeHun hparmeHTa
cercMonpoduns, NosyyeHHoOro Ha Ys-
GEKCKOM MECTOPOXKAEHMH, OTMEYaNoCh
NPUCYTCTBME Ha HeM (Hafd aHTMKIWHa-
JIbHOM CTPYKTYPOW) 30Hbl «MNPOCaAKU»
WNW  pa3ynyioTHEHUS] B OTpaXKatoLLEM
ropuzoHTe M u Bbiwe (cMm. puc. 12, A).

Utobbl pa3obpartbcs B MexaHW3-
Me BO3HWKHOBEHHWSI TaKUX TEKTOHWUE-
CKMX CTPYKTYP, BOCMOJIb3yeMcs pe3yJib-
TatTaMM  TEKTOHOCEAUMEHTaLMOHHOM
MOAE/IM POCTa aHTUK/IMHAIbHOrO BJ10-
Ka. Ha HekoTopoMm ypaaneHuu ot Bep-
LKHbI 3TOro 6/10Ka B CeaMMEHTaLMOH-
HoW Mogenu obpasoBanach 30Ha Npo-
cajKu, nogobHaa ToM, YTo Habmofanach
Ha PacCMOTPEHHOM BblilLle CEMCMOBpeE-
MeHHOM paspese (cM. puc. 12, A, /).
PaccmatpvBaemasi 3oHa npocafku
(pa3ynnoTHeHWs1) BO3HMWK/A BCNEACT-
BME TOro, YTO, MOMHWMO BEPTHKA/IbHOM
COCTaB/ISIlOLLEN NepeMeLLeHUs ocaj-
KOB, BbI3BAaHHOrO POCTOM MOAHSTHS,

Puc. 12. PPATMEHT CEHCMOBPEMEHHOTO PA3PE3A H ITOCTPOEHHBIE

HA Er'O OCHOBE TEKTOHO®PH3HUYECKHE MOE/IH (V36eKkcKoe MecTopoKaeHHe)

CYLLECTBYET TaK)Ke U CyOropu3oHTasIb-
Hasi COCTaBNsitoLLasl, OByC/IOB/IEHHAS TEM,
uTO B MPOLECCE €ro B3AbIMAHWS OHO
CBOWUMM KPbLIbSIMK CMELLAET OCaAKH B
NMPOTUBOMOJIOXKHbIE CTOPOHbI B Nare-
pasbHOM HanpasneHuu (cM. puc. 12, /).
Bnarofaps TakoMy cMelleHWO ocap-
KOB MX MOLLHOCTb Haf KyNnoJIOM NoAHsI-
TUSi HEMHOTO yMeHbluaeTcsi (POPMUPYETCS 30HA pacTsiKe-
HUS), @ HaZ KPbLIbSIMKU U Ha HEKOTOPOM PacCTOSIHUM OT HHX,
HanpoTue, yeenuumeaetcs (cMm. puc. 12, /). Boiweplwas Ha no-
BEPXHOCTb MOAE/IM 30Ha Pa3ymnoTHEHUS NPeAcTaB/sieT Co-
6ol MHoroctyneHuatbii Mukporpaben (cm. puc. 12, ).
Csepxy 3Ta 30Ha NPOCALKMU BbIMISAWT Kak rpabeHoobpas-
HbIM NPOBaJI, PACCEUEHHbIH MHOFOUUCIEHHBIMU TPELLUHAMMH,
UMEIOLLIUMHK Pa3/IiHYt0 OpUeHTUPOBKY. CaMble MpoTSXKEH-
Hble M3 HWX PaCrosIOXKeHbl MOMepPeK MOZEMU U SBASAIOTCA
6opTamu rpabeHa (cm. puc. 12, ).

B paccMoTpeHHON ONTHYECKOM MOAENU C CUMMETPHY-
HbIM @HTUKJ/IMHA/IbHBIM NOLHSATUEM TaKasi 30Ha PACTAXKEHUS
NPOrHo3uWpoBanacb Ha OCHOBE aHa/iu3a pacnpeneneHus
Hanps>KeHWM, BO3HWKABLUMX B HEM BCIEACTBUE ero pocTa, —
HauMHasi C KPOBJIM HUXKHEro C/Iosl U 3aKaHuMBasi NOLOLLBOM
BepxHero cnos (cM. puc. 12, b).

A — celicMOBpeMeHHOH pa3pes, b — pe3y/sraTsl 06pabOTKH ONTUKO-TIO/SAPUIALIMOHHOMN
Mozieny C YPOBHAMU HalpsizKeHUN, BOSHUKIINX B Hell BC/IeZICTBHe POCTa aHTHK/IMHAb-
HOTO pocTa 6/10Ka, B — paciipeserneHyrie NporHo3HOM TPelMHOBATOCTU B Helt, I — chpar-
MEHT TeKTOHOCEeAMMEeHTALIMOHHOM MO/Ie/d Moc/e pOCTa aHTHUK/IWHAIBHOTO 6/10Ka, /] —
BH/I CBEPXY Ha ee MOBEepXHOCT 110 [6, 9]; T — HopMasibHBIE Y KacaTe/lbHble HallpsiKeHHs;
1 — m3orurichl ; 2 — ypOBHU KacaTe/IbHbIX HAMPSKEHUI; 3 — UX OpHeHTalys; 4 — pOrHo-
3UpyeMble TPeIlrHbI

B saknioyeHue noguepkHeMm elle pas, uto obpasyto-
LMecs B pesynbTaTe pocTa NOAHATHH 30Hbl APOBNEHUs AB-
NAOTCA FNaBHbIMU MPOBOAALLUMHU NYTAMU ON1S BbICOKOIH-
Ta/IbMUUHBIX W TMAPOTEPMasbHbIX OIIOMLOB, MPOHMKALO-
LLMX B OCAJOYHbIA YEXOJ U3 (pyHOAMEHTa.

OBCY2KAEHHE PE3YABTATOB

Ha cocTtas obpasytolmnxcs MUHepasibHbIX accolmraumi
W npoueccbl HedpTEreHepaLuu OrpoMHOE B/IMSIHUE OKasbl-
BalOT He TOJIbKO COCTaB rMApoTEPMasibHbIX (h/IFOMAOB, HO U
aKTUMBHOCTb WJIM MOABHUXHOCTb BXOAALLMX B UX COCTaB Jie-
TYYUX KOMMOHEHTOB, ONPEAENSIOLUX UX KUCTIOTHO-LLLEI0Y-
Hble YU OKWUC/IUTE/IbHO-BOCCTAHOBUTE/IbHbIE CBOMCTBA. MoX-
HO NPeanoNoXuTb, YTo, Bnarogaps NPUCYTCTBUIO B BbICO-
KO3HTa/IbMUUHBIX WM TMAPOTEPMAsIbHbIX hyiloMaax Kuc-
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Puc. 13. P-T-IMATPAMMA, OITHCBIBAIOLIAA ITOBEJAEHHE
I[MOPOBOM BO/bI IMTPH EE HATPEBE ITTYBUHHBIM

BBICOKOSHTA/IBITUAHBIM ®/TIOHUI0M
H IMMOC/IEAYVIOUIEIO EE OX/TIAXKAEHHUA

Ha Bpeske — dotorpaduisi BHICOKOMPOHULIaeMoro obpastia rpy-
603epHHCTOro TMecuaHrKa, OTOOPaHHOTO U3 6a3asibHbIX OT/I0Ke-
i (FOK o) TanmHckom nriomany

nbix komnoHextoB (HCI, HF, SO,, 1 gp.), a Takyke BbICOKOM
noABM>KHOCTM npoToHa (H'), nepsbie nopuuu oTaensio-
LUMXCA OT MarmMaTMyeckoro ouara (/iloMLOB UMEIOT SPKO
BblpaXKeHHble KWUC/IOTHble CBOWMCTBA, BC/EACTBME UYEro Ha-
6n0gaeTca  KUCIOTHOe  BblllenaynBaHue nopop  [2-6,
10-15]. 3atem B pe3ysnbTaTe peakuru C OKPY>KaloLWUMK Mno-
POLAaMH UX KUC/IOTHOCTb YMEHbLUAETCH U OHW CTaHOBSATCA
NPaKTUYECKWU HeUTpasbHbIMKU WAK Aake cnaboLuesouHbIMM
[10-15].

To e camoe KacaeTcsi u 6onee NOABHUKHOIO BOAOPO-
[, KOTOpbI1, onepexxas KUCI0pos, NoAHUMAsCh B COCTaBe
BbICOKO3HTA/IbMUUHBIX WKW TMAPOTEPMasibHbIX (DJIOUMAOB,
akTMBHO pearvpyet ¢ OB (keporeHom), BXoAsLWMM B CO-
CTaB IOPCKMUX OCafKOB, Bbi3blBasi MX TMAPUPOBAHWE U fe-
nas OB 6onee BOCCTaHOB/EHHbIM, TakWM 0OpasoM cro-
cobcTBys npoueccam HedptereHepauuu. [encTBuTesibHO,
BbICOKOE [aB/iIEHWE U TemrnepaTtypa, CyLecTBytoLLMe B Bbl-
COKO3HTasIbMUMHbIX U rTMapPOTEPMabHbIX doitonaax, bnaro-
NPUSATCTBYIOT npoueccam rugpuposaHus OB, Tak Kak aHep-
rMs aKTMBaLMK 3TOW peakuuu [OCTAaTOYHO Benuka. Mccne-
nosatusas B.U.Monuanosa (1981) noarteepykpatot peasib-
HOCTb MPOTEKAHWsI pPeakuul rMAPUPOBaHWUS B OCALO4HOM
To/Le, Tak Kak, cornacHo ero gaHHbiM, OB BoBce He po-
HOp, @, HanNpOTHB, aKLenTop BOAOPOAA.

Mpouecc oKUCNEeHHUs, KaK U oLlenadnBaHusi, HEMHOTO
3ana3gplBaeT No BPEMEHU, NO3ITOMY KUCIOPOZ, PacTBOPEH-
HbIM B BbICOKO3HTA/IbMUMHBIX W/WUIKU TUAPOTEPMAIbHBIX
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cdongax, rnaBHbIM 0OPa3OM OKWUCNSET OCTaBLUMECA Ha
MecTe yrnieduuUpoBaHHble OCTaTKW (pacTUTenbHbIM OeT-
puT) M cnabo B3aMMOAeNCTBYeT ¢ 0Opa30BaBLUMMUCS pa-
Hee HadTHAaMK MO ABYM npuuMHam. Bo-nepsbix, notomy
UTO HapTUAbI YCNENU YUTH «Brepen» W HaxoOsaTCA Ha He-
KOTOPOM YyJa/eHWU OT MPULLEALLIEro UM Ha CMeHy dilonaa,
cofeprKallero B CBOEM COCTaBe KWUC/IOpPOJ, BO-BTOPbIX,
u3-3a Gosbllel YCTOMUMBOCTH HaTUOB, NO CPABHEHHMIO C
KEPOreHoM, K MpoLeccam OKWUC/IeHHS.

MN3-3a HU3KOM MUHepasu3aLuu, BbICOKOW Temnepary-
pbl U OYEHb KUCJIbIX CBOWCTB MEPBbIE MOPLIMKU BbICOKOIHTA-
JIbNWAHBIX WU /WKW TUAPOTEPMAJIbHBIX (PIOULOB UHTEHCHUB-
HO PacTBOPSAIOT OKpy)Kalolle (BMeLlalolie) Ux nopombl,
BC/IEAICTBHE YEro B HUX (Hanpumep, B necyaHnkax) popmu-
pyeTcs LonosnHuTeNbHas eMmkocTb (cM. puc. 1, 2). 3pecb
HeobxoanuMo obpaTuTb BHUMAaHWE Ha TO, UTO BCE MOPOAO-
obpasylolue MUHepasbl, KPOMe KBaplLia, XapaKTepuaytoT-
CSl UHKOHIPY3HTHOM PaCcTBOPUMOCTbLIO B BbICOKOIHTAJIbMNUM-
HbIX U /WNK TMApPOTEPMasIbHBIX hatonaax. To ecTb anemMeH-
Tbl, C/lararloliue ToT UK UHOW MUHepan, NepexoasT B pac-
TBOP C HapylleHueM ux cTexmomeTpuu. Kucabie cnabomu-
Hepanu3oBaHHble BbICOKO3HTA/IbNWMHbIE U THAPOTEPMasb-
Hble (P/tOUAbI UHTEHCUBHO BbILLEAYMBAIOT U3 MCXOLHbIX
MuHepanbHbix obnomkoe K, Na, Ca, Mg, Fe, Al [3-6,
10-15]. PactBopumocTb Si B HUX, HANPOTHUB, OYEHb HU3KaS,
NO3TOMY OHW BbICTPO MM HaCbILLAIOTCA U OH KPUCTaNn3y-
eTcs 34ecb e B BUAe KBapua (cm. puc. 1, 3, A, b, 10, B).
MponcxoauT okpeMHeHHWe UCXOAHOM NMOPOoAbl — HOPMHUPY-
IOTCS NPaKTUYECKU MOHOMHHepasibHble KBapLEeBble NOpo-
Ilbl, HANOMMHaloLLMe COBOM Mo CoCTaBy U MexaHW3My obpa-
30BaHWsA BTOpUUHble KBapuuTbl [4, 5]. UMeHHO Takue nopo-
[lbl BCTPeuYeHbl B COcTaBe Oa3asibHbIX OT/IOXEHUH KOTyX-
TmHCcKoW ceuTbl CeBepo-BapberaHckoro, LwwepkasMHCKOM
cBuTbl (nnactbl KOKo.11) KpacHoneHuHckoro, BacioraHckow
ceutbl (nnact K049 Axtamapckoro u [pubHOro MecTopox-
nenun (cm. puc. 1, 3, A, B, 10, b).

Mo Mepe oxnaxkpeHusi rMAPOTEPMasbHbIX (O/IIOULOB K
pocta ero pH pactsopumoctb Al B HeM yMeHbLUaeTCs, No3-
TOMY OH HauMHaeT pearMpoBaTb C MPUCYTCTBYIOLUM B CO-
CTaBe pacTBopa KpPeMHe3eMOM W oTnaratbCsi B MOPOBOM
NPOCTPAHCTBE IPaHyNSPHbIX KOJIJIEKTOPOB BC/ieh 3a KBap-
ueMm (4acTo Ha ero NOBEPXHOCTH) B BUAE KAOJIMHWUTA U /UK
OWKkuTa (cm. puc. 3, A, bB).

B aTo¥ cBA3M npencTaBasieT HTEPeC 3HaYeHUe Nopo-
BOrO [aBJIEHWsl, KOTOPOE MOF/I0 BO3HUKHYTb B pe3y/ibTare
nporpesa BHeAPSBLIMMUCS BbICOKO3HTANbMUMHBIMU U /UMK
rMapoTepMasbHbIMU (PIOMAAMU B BOLOHACHILEHHbIE MO-
poabl. [N OLUEHKW 3HaYeHUs 3TOrO LaB/ieHUs BOCNOJIb3Y-
eMcsl laHHbIMM, npuBefeHHbiMK B [16]. [lns makcuMmanbHo-
ro ynpoLLeHHsi pacyeToB, OMYCTUM, UTO paccMaTp1Baemas
cucTemMa rugpoTepMalbHblM haona — nopopa ABASETCS
M30XOPHUUYECKOM, T.€. YCIIOBHO NPHUMEM, 4To obbeM 3TOM CH-
cTeMbl nocTtosiHeH. Bbyaem cuutath, uTO NepeoHayanbHast
nnactoBas Temnepatypa (7,,) B HUXXHEIOPCKUX MecyaHu-
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Kax, Hanpumep TanuHckow nnowanu, coctasnsna 80 °C, a
ruapoctatMueckoe pasnenue (P,,,) — okono 25 Mlla
(puc. 13, Touka A). B pesynbrate BHefpeHUs B HUX TMAPO-
TepMasibHbIX (PIlOMJOB TeMmnepatypa MOPOBbIX BOA BO3-
pocna po 220 °C, a nopoeoe pgaenexHve — go 250 MMMa (cm.
puc. 13, Touka B). U3secTHo, uTO ropHblie nopoapl obnana-
toT 6OJIbLLION NPOYHOCTBIO Ha CXKaThe, Ho cnabol — Ha pas-
pbie. MoatoMy Takoe M3bbITOUHOE NOPOBOE AaBieHWe Haf
nutoctatuueckum (P,,,) Bonee uem poctatouHo, uTobbl
NPOU30LLEN TMAPOPA3PbIB HUIKHEIOPCKUX necuyaHukos. MNo-
HSITHO, UTO Ha CaMOM Jefie, TemMneparypa NopoBoro gitou-
[a B pe3y/sibTate NPOHWKHOBEHWUS B MECHaHWKW BbICOKOIH-
TaNIbMUAHBIX U /UNW TMAPOTEPMAJIbHBIX (PIIOUAOB MOXKET
ObiTb ropasfo Bbille TeMnepaTtypbl, NPUHATONW B HaLIMX
pacuyeTax, NO3TOMY COOTBETCTBEHHO W MOPOBOE WJIW MNJjac-
ToBOE paBneHue (P,,) TakKe MOXeT JocTuratb ropasmo
GonbluMx 3HaueHui. B pesynbrarte rugpopaspbiBa necua-
HAKW U [aXKe [JIMHACTble (PIOMA0YNOPbI, OKpY’Katoline
MeCcYaHWKM, CTaHOBSTCS Ha HEKOTOPOE BPEMS MPOHULAEMbI-
MW M3-3a 0OPa3syloUXCA B HUX MHOTOUMCIEHHbIX TPELLMH
rugpopaspbiBa. M3bbiTouHoe AaBneHue BMeCTe C 4acCTbio
neperpeTbix NOPOBbIX OMA0B cOpacbiBaeTcst B HnuxKan-
LLKe NPOHULLAEeMble FOPU3OHTbI, a TaKXKEe NepeMeLLaeTcs no
nartepasiv B coceaHue («xonogHbie») yyactku. B pesynbra-
Te 3TOro M3BbITOUHOE NOPOBOE AaB/eHHUE NajaeT, No Kpaw-
HeW Mepe, po P,,. (cM. puc. 13, Touka C). Bcnepcteue no-
CNneaytoLEero oxaaXxaeHus nopoBoro oruaa NPOUCXoauT
ObicTpoe ymeHbluenue P,.. Tak, npu TemnepaType OKO/O
200 °C A,, npubnusutcs k P, (cm. puc. 13, Touka D), a
y>xe npu 180 °C P, ynageT npumepHo go 5 Mla v npowu-
30MHEeT «BCKMMaHWe» MopoBoro dyilouaa C AajibHeUW UM
ObICTPbIM yMeHbluenueM T, 1 P, (cMm. puc. 13, Touka E).

Takum obpazom, oxnaxaeHue NopoBoro loMaa Bbl-
3blBaeT popMHUpPOBaHHE 30HbI aHOMAJIbHO HWU3KMWX MaacTo-
BbIX JAB/IEHUMN, B KOTOPbIX 3HAYEHHUS ITUX OaBE€HUN MOTYT
ObiTb B pa3bl MeHbllEe YPOBHS MMAPOCTATUUECKOro [aBie-
HUA (Pr,4p). B pesynbrate atoro cdhopmupyetca penpeccu-
OHHas 30Ha, B KOTOPYIO HauWHalOT 3acacbiBaTbCs dhtoUAabI
U3 OKPY>KaloLLMX ee Nopof Kak B natepasibHOM, Tak U Bep-
TUKasbHOM HanpasneHusax [1, 3].

Mpumepom, foKasblBaloLWUM BO3MOXKHOCTb rMapopas-
pblBa HUXXHEIOPCKUX OT/IOXKEHWH, MOABEPrLUMXCS BO3AEM-
CTBMIO BbICOKO3HTa/IbMUMHBIX W/WUAKW TUAPOTEPMAsIbHbIX
hNOU0B, MOTYT C/IY>KUTb OYEHDb PbIXJIble, YACTO C MHOXe-
CTBOM CYOropU30OHTasIbHbIX TPELLMH rpybo3epHUCTble nec-
uaHuku nnactoB OKyq 41 TanuHckon nnowanu, umeiowme
npoHuuaemoctb okono (1-2)-10-3 Mmkm2 u paxke 6onee (cm.
puc. 13).

BHegpstowmecs u/unu BHeAPSBLIMECH B HUXKHElOP-
CKWE OTJIOXKEHUS ITOM NJIoLLaAH TMApPOTepMasibHble thtou-
[bl BbI3bIBaNM (M, BEPOSTHO, NPOAO/IKAIOT BbI3bIBATb) POP-
MUPOBaAHWE MMAPOAUHAMHUYECKHX U TMAPOXUMHUYECKHX aHO-
MaJIMi, NIOKaNbHbIX 30H MOBbILEHHbIX U MOHWXKEHHbIX T, U
LpYrux ocobeHHOCTel paccMaTpuBaeMblx oT/ioxeHuH [3, 4].

AHanu3 3HaueHWM HauasbHbiX P,, B NPOAYKTUBHbIX
nnactax HOK;oq; (TanuHckoe MecTopoXkzaeHue) nokasas,
uTO B CyOLIMPOTHOM HaNpaBJeHUH OTMEYaeTCa rMAPOaUHA-
MMUYECKas aHOMaJIus, BbIPAXKaKOLLLAsACA B HAJIMUUK NTbE3OMMU-
HUMyMa B (hOpMe NPOTAXKEHHON BOPOHKH W NPUYPOUYEHHO-
ro K OCEBOM 4aCTH LUepKasMHCKOro ropusoHTa [3].

CHw>KeHWe HauanbHbIX P,, B 3a/eralowux Bbille naac-
Tax lOK,_q Hanbonee KOHTPACTHO NPOSABAAETCS Haj 30HaMM
pacnpoCcTpaHeHusl LePKaJMHCKOro ropu3oHTa. loatomy
MOYXHO NMPEANOJIOXKUTb, UTo B npeaenax KpacHoneHuHcKoro
CBOAa BbICOKOMPOHHUaeMble Kosnektopbl naactos tOK ;o 14,
U3-3a CHOPMHPOBABLLENCS B HWUX LENPECCUOHHOW 30HbI
(scnepcteue oxnakaeHWs MepBOHaYas/ibHO MeperpeTbixX
MPOHWKLLUMMHK B HUX TMAPOTEPMASIbHBIX (PIIOUOB NOPOBbIX
Bog (Ha puc. 13, D-E), npeHupytoT BClO To/LWLY TIOMEHCKOM
CBUTbl. MOXXHO [OMYCTUTb, UTO BEPOATHOCTb BEPTUKAIbHOM
MUrpauuu IloULoB B 3TUX YCI0BUAX Bonee BbicOKas, UeM
natepasibHas, TaK Kak nepenagpl faB/jieHWH No paspesy Ha
1-2 MIlla npeBsbiwatoT Takosble no natepanu [3].

KpoMme ycTaHOBNEHHbIX Mbe30MUHUMYMOB, MPUYPO-
UEHHDbIX K MOTPY>KEeHHbIM ydacTKam TIOMEHCKOW CBWTbI, B
CBOJAOBbIX YaCTAX JIOKaNbHbIX nogHATMM (EM-Eroeckoe, MNa-
NbAHOBCKOE M Ap.) HabnoJalTCs XOPOLIO BblpaykeHHbIe
Nbe30MaKCMMyMbl HHBepcHoHHoro Tvna [3]. Hanbonee se-
POSATHBIM OObBACHEHWEM (DOPMUPOBAHUS 3TUX aHOMasUK
MOYHO CYMTaTb MPOHWKHOBEHWE CHWU3Y rMAPOTEPMasIbHbIX
/IIOMA0B, CO34alOWMX CBEPXTMAPOCTAaTUYECKOE AAB/IEHHE
B KOJI/IEKTOpax TIOMEHCKOMW CBMTbI.

Taknm obpasom, B npeaenax KpacHoneHuHckoro ceo-
fa, CYyAs no Haiuuyuio Nbe3OMUHUMYMOB M NMbe30MaKCUMY-
MOB, C/leAyeT OXXWAaTb NPOSIB/EHWUS ABYX NPOTUBOMNOIONXK-
HO Hanpas/ieHHbIX NOTOKOB MOPOBbIX ditonaoB. Ecau ato
TaK, TO BepTHUKa/ibHOe MnepemelleHue pIIOUL0B LOBKHO
COMPOBOXOATbCA KOHBEKTHUBHbIM TEMN/10MacconepeHocom,
3¢pPeKTUBHOCTb KOTOPOro ByfieT 3HAUMTE/IbHO NPEBOCXO-
[IMTb KOHOYKTUBHbIM. Bcneacteue 3Toro 30HbI pas3BuTUS
BOCXOASALLMX MOTOKOB, MAe B IOPCKUE OT/IOXKEHWUS MOCTyna-
0T rNybuHHble ruapoTepMasibHble h/IloMbl, OO/KHbI Xa-
PaKTEPHU30BATLCS MOJIOXKUTE/IbHBIMU TEPMOAHOMa/IUAMK, a
30HbI HUCXOASALMUX NMOTOKOB UM 30HbI «BCACbIBaHWSAY, rae
NPOHWKHOBEHHWE MMIAPOTEPMasIbHbIX (H/IIOUIOB NPOUCXOH-
10 JOCTATOYHO JABHO M 3TW YYaCTKMW YCMENU oCTbiTb — OT-
pyLaTeNbHbIMU TepMOaHoMausaMu, Bnarogaps yemy, cob-
CTBEHHO rOBOpPS, W BO3HWKNA AENPECCUOHHAs 30Ha, B KO-
Topyto ycTpeMunucb 6onee xonofaHble NiacTosble qtou-
Ibl U3 BEPXHUX U «BOKOBbBIX» MPOHULLAEMbIX FOPU3OHTOB.

CxeMa M3MEHEHWsl COBPEMEHHbIX MIacToBbIX Temne-
paTyp no MofoLIBE TIOMEHCKOW CBWTbl MOATBEP)KAAET 3TO
NPeanosio’KeHHe: MPakTUYECKU BCE Mbe30MHWHUMYMbl COB-
nagaloT C 30HaMUW OTpHLATE/IbHbIX TEPMOaHOMasIMH, a Mbe-
30MaKCMMyMbl — C YYyaCTKaMW MOBbILEHHbIX MACTOBbIX
Temnepatyp. Habnopaembie B npenenax KpacHoneHuHcko-
ro cBOJla BapvalLMu TemnepaTtypHbix rpagueHTos (ot 3,2 no
5,0 °C/100 M) HEBO3MOXHO OBBACHWUTb UCXOAS TOJIbKO M3
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Tennom3nMHecKux CBOMCTB OCafO4YHbIX NMOpPoA, He Jomnyc-
Kas BEPTUKa/IbHbIX NepemMeLleHni ItongoB BBepX (ropsi-
YMx) U BHU3 (xonogHbix) [3].

Cnepyetr OTMETUTb, UTO KOHTPACTHOCTb OTpULATESIb-
HbIX TEPMOAHOMAa/IMI MOXET ObiTb yCHUIEHA AONONHUTEb-
HbIM CHWXKeHWeM Temnepatypbl Ha 3-5 °C B 30Hax Nbe3omMu-
HUMyMa 3a CYeT pasra3vpoBaHWs HEPTHU MPHU CHUXKEHWU B
HUX P,, HWXe AaB/ieHus HacbliweHus. B peaynbrate atoro
hopmMupyloTcs HeboMbllMe ra3oBble LUANKW, BO3HUKHOBE-
HHE KOTOPbIX 4O CUX MOP He UMeeT OAHO3HAYHOro obbsc-
HeHus (NpUpOoLHOe WM TexHoreHHoe?).

AHanua coctaBa rybUHHbIX DIIOMLOB, MONYUYEHHbIX
U3 ckBaxkuH LLlanmckoro HedpterazoHocHoro pawoHa (Tpe-
X03epHOE MECTOPOXKAEHHWE), NoKasan, 4To OHW COCTOST
rnasHbiM 06pa3oM M3 NapoB BOAbI U YIAEKUCAOTbI, MPUUEM
B 3TUX MOA3EMHbIX BOJaX B PaCTBOPEHHOM COCTOSIHWW
ectpeueH CO,, conepykaHue kotoporo coctasnseT 62-96 %
[1, 3]. Ecnu rnybuHHble dntonapl, NogHUMAIOLLMECS B npe-
fgenax cocegHero c¢ Laumckum, KpacHoneHuHckoro cso-
na, umetoT BIM3KUN CocTas, TO CleayeT OXuaTb 3aKOHO-
MEpPHOro YBEJIMYEHWUS COAEPXKAaHUS YI/IEKMCNOTbl OT 30H
«BCacblBaHWA» K yyacTkam HarHetaHus. [Mockonbky CO,
Nlydlle pacTBOpPSETCH B HEPTH, YEM B BOAE, M HE pearvpyer
C HeM, To A8 OLEHKMU XapaKTepa pacrnpeneneHust yrieKkuc-
notbl B npepenax KpacHoneHuHckoro ceoga 6biav npoaHa-
NU3UPOBaHbl FyOUHHbIE NPOObl NNacToBOM HedTH, Mosy-
yeHHble M3 TioMeHcKoM cBuTbl. OKasanocb, UTO U3MeHeHHe
no niowaau ceofa cogepxxanuss CO, B HedpTH NoaTBEPXK-
[aeT cleflaHHOe NPeAnoJIoXKEeHHE: ero KOHLEHTpaLus yee-
nuumBaeTcs ¢ 3anapga Ha soctok oT 0,2-0,3 % wna Tanuu-
ckoi no 1,2 % Ha Emberosckoit u panee o 2,0 % Ha MNa-
NbSHOBCKOW M/IOWAAAX B HanpasBieHWu obLiero ysenuye-
Hus P, v T, [3].

Takum 06pa3oM, B 30HaX MOOXKUTENIbHbIX TEPMO- M
bapoaHoManuii NPOUCXOAMT NPOHUKHOBEHWE FMAPOTEP-
MasibHbIX (D/IIOMAOB, UMEIOLLMX MOBbILEHHbIE AABJEHUS W
Temnepatypy. 9T caonabl npeactasieHbl cnabomMuHepa-
/IM30BaHHbIMK, BEPOSATHO, CPeAHEeTEMNepaTypHbIMU rTMAPO-
TepMaMM, HacbILWEeHHbIMK yriekucnoTon. BHeapeHue Takux
nonaos Bnedver 3a cobol U3MeHEeHHe XMMMUYECKOro Co-
CTaBa BOJ lOPCKOrO KOMIMJIEKCa, BblpakaloLleecs B WX
OMNPECHEHUH W HaCbILLEHUW PACTBOPEHHOW YrIEKUCIOTON C
nocseayloWwmuMU rMaPOSIM30M U AUccoluaumen. IToT npo-
uecc BeseT K obpasosaHuio claboMUHepanU3oBaHHbIX
ruapokapboHaTHo-HaTpHeBbIXx BoA. Bombl Takoro twna ¢
UHBEpCHENW MHHepasM3aLuu HeO4HOKPATHO OMMUCbIBASIMCh
paHee, npuyeM He Tosibko Ans 3anagHo-CUOBUPCKOro, HO M
apyrux 6accemros [10-12].

LehcTBuUTeNIbHO, aHaNU3 rMAPOXMMHUYECKOro COCTaBa
MAacToBbiX BOA IOPCKUX oTnoxeHWH KpacHosneHuHckoro
CBOJAA NoKasaJ, uTo BOAbl 3TUX OT/IOXKEHUH NpPeACTaB/eHbI
[ByMst OCHOBHbIMU Tunamu (no B.A.Cynuny): xnop-kanbume-
BbIM U rugpokapboHaTHo-HaTpueBbIM. B ux pacnpoctpane-
HWW MO NJoWanu ceoaa obHapy>KMBaeTcs onpepeneHHas
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rMAPOXUMHUYECKas 3aKoHomepHocTb. Bopgpl rupgpokapbo-
HaTHO-HaTPUEBOrO TUMa BCTPeUeHbl B BOCTOYHOM YacTH 3a-
JIEXXU U TArOTEIOT K LeHTpasibHbIM U Haubosiee NpUNoaHs-
TbIM ydacTKaM CBOJA, XapaKTEPU3YIOWMUMCS MOJIOXKHUTEb-
HbIMK TepMo- U BapoaHoMmanuamu. Boabl xnop-Kanbumeso-
ro TMna, HaobopOT, NOKaNU30BaHbI B 3aNafHON YacTH CBO-
[a 1 TAroTeloT K OTpULaTeibHbIM TEPMO- U HapoaHoMasiu-
aMm. Bopabl oboux TUNOB XapaKTepU3yloTCs CPaBHUTENIbHO
HW3KOM MUHepanu3auuen (B cpegHem 6-14 r/n) [3].

BrosiHe BEPOSATHO, UTO OTMEYaloOLWEECs CHUXEeHWe
ypOBHSi BofoHedTsAHOro KoHTakta B niactax HOKiq ¢y no
Hanpae/ieHWIO C BOCToKa Ha 3anag Ha 20-30 m, T.e. no Ha-
NPaB/eHUIO K Mbe3OMUHUMYMY, OOBACHAETCA «3acacbiBa-
HMEM» B 3TOM Hamnpae/ieHWH NNACTOBbIX (DIOUAOB B fe-
NnpeccuoHHylo BOpOHKY. He uckloyeHo, uTO Kakas-To
uacTb YB Morsia nonactb v B KPOBJIO LOIOPCKOro KOMMJeK-
ca, eCnM AenpeccuoHHasl 3oHa npogosKaeTcs Braybb no-
poa dyHaameHTa. MMeHHO Takas cuTyauus Habntogaercs B
cocepHeM LllanmckoM HedpTera3oHOCHOM pavoHe B npefe-
nax Cesepo-[laHnnoeckoro MmectopoxaeHus B cke. 10151,
roe 3Hadenue P, ymeHbluaetcs ¢ rnybuHON B MaccuBe
KUCNbIX adpdpy3uBoB (go 7 MlMa Huxke rugpocTaTMueckoro).

OnucbiBaeMble NepBUYHbIE  BbICOKOTEMMNEPATypHble
cnaboMuHepanM3oBaHHble KUC/Ible BbICOKO3HTa/IbMUNHbIE
ptOMAbI UMEIOT XTOP-HATPHUEBbINM COCTaB M HU3KOEe Copep-
>kaHue yrnekucnotbl [10, 11, 14]. MNoatomy, B3aumMogencT-
BYSl C PE/IMKTOBbIMW NMOPOBbIMU BOAAMM, HACBILLABLUMMU 0
3TOro NECYaHWKKU, OHWU CHUXKAIOT UX MUHEpPa/IM3aLMIo, a No-
sBneHue B Ux coctaee Ca, BbIlLE/IOYEHHOIO U3 PACTBOPEH-
HbIX MMM MIarMoK/Ia3oB, MPUBOAUT K (DOPMUPOBAHHIO B
3TUX ydyacTKax cnabomMuHepasM30BaHHbIX MIACTOBbIX BOJ
Xnop-Kanbuuesoro Tvna [3].

HuskomMuHepanM3oBaHHble rMapoTepMasibHble (JOU-
Lbl C BbICOKMM cofepykaHueMm B ux coctase CO, cuutatotcs
CaMbIMM MO34HUMH, CPABHUTENIbHO HU3KOTEMMEPATYPHbIMH
NOCTBY/IKAHUYECKUMU (DIIOUAAMH, XOTS TaKKe Kak U Hat-
pHEBO-X/IOPUIHbIE UMEIOT rybuHHOE npoucxoxkaenue [ 10,
11]. OHM nosBNSIOTCS Ha 3aK/IOUYUTEIbHOM 3Tane By/IKaHU-
UECKOW [eATeNbHOCTH, YacTo B NepuUdepUyecKUX 4acTsix
ocTbiBaloLMx Marmatuueckux ten [10-12]. BeposTtHo, ¢ ae-
ATENIbHOCTbIO 3TUX TMAPOTEPMAJsIbHBIX (PIIOUAOB MOXKHO
cea3blBaTb 0OpasoBaHWe BTOPOro TUNa BOA, NPUCYTCTBYIO-
LLMX B paccMaTpuMBaeMOM pPEerroHe, OTHOCMMOIO K FMApo-
kapboHaTHo-HaTpuesoMy Tuny. Cyas no HaaMuMio B yyact-
Kax WX PasBUTUS MOJIOXKUTE/IbHBIX TepMobapoaHoMasiui,
MO>HO NPeAnosIoXK1Tb, UTO OHW, B OT/IMUKe OT Bonee paH-
HWX, YK€ OCTbIBLUMX HATPOBO-XJIOPHUAHBIX TMAPOTEPMasb-
HbIX (h/IIOUAOB, U B HACTOSALLEE BPEMS MPOJOJIKAOT NOCTY-
natb B IOPCKUE OT/IOXKEHHUS, NOALEPIKUBAS CYLLECTBOBaHWE
3TUX aHoMmanui [3, 4]. MoXXHO TakKe NpegnosioXKuTb, UTO
3TOT TWN NAACTOBbIX Bog 0Opasyercs BCieAcTBUe pacnaga
nepBoHayasbHO FOMOreHHOro rMapoTepMasbHOro daouaa
Ha YXMAOKYIO W ra3o- uau napoobpasHyto casbl BCeACTBUE
CHWXKEHUS [aB/IeHUs U TeMNepaTypbl UCXOAHOTO rMAPOTEP-
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MasnbHoro dntonaa. MMeHHo 3Ta HU3KOMUHepaM3oBaHHas
napoobpasHas ¢asa, oborateHHas CO,, npu cMeLleHUH ¢
NOPOBbIMW BOJAMU TIOMEHCKMX NeCYaHWKOB NPUBOAWT K
(hpOPMHPOBaHHUIO B HUX MMAPOKapOOHATHO-HATPOBOrO TUMa
nnacTtoBbiX BOA.

3AKAIOYEHHE

MNopHuMatowmecs M3 acteHocdepbl MarmMatuyeckue
Tena POPMHUPYIOT 30HbI HANPSXKEHWUN B (PyHAAMEHTE, KOTO-
pble NepenarTcs B 0OCaA0UYHbIM YEXOJI, B KOTOPOM, B CBOIO
oyepeqp, BCAEACTBUE UX Noabema, obpasyloTcs aHTHUKIU-
Ha/ibHble NOAHATUS. JTU MPOLECChbl COMPOBOXAAOTCS
npobneHWeM Nopos Kak AOoPCKOro KOMMIeKca, Tak U Me-
3030MCKHUX OCafKOB, MPOUCXOAMUT «Pa3repMeTU3aLms» CUC-
TEMbI, U3-3a Yero JaBjieHWe B MarMaTMyecKoMm ovare naga-
€T, U3 HEro BbIAENSAOTCA BbICOKO3IHTA/IbMUMHbIE (DNtOUAbI,
KOTOpble Mo 30HaM ApoO/eHUs YCTPEMASIOTCA B OCafou-
HbIM yexon. Bbrnaropaps BbicokoM TemnepaType, AAB/IEHHIO,
HU3KOW MUHepasM3aurMu U KMCIOMY COCTaBy 3TUX hiiou-
OB OHW aKTUBHO B3aWMOAEWCTBYIOT C BMELLAOWUMH KX
nopofamu, BbillenauyuBas M pPacTBOPSiSs HeyCTOMUYMBblE B
3TUX YCNOBUAX MWHepasbl U 06OMKH nopod, hopMupys
BTOPUYHYIO E€MKOCTb TEKTOHOrMIPOTEPMAIbHOrO MPOMUC-
XoxKpeHus. B pesynbtate B3aMMOAENCTBUS C NOPOBbIMU BO-
LaMu oHM 0BpasyloT ruapoTepMasbHbie aouapl, KOTo-
pble CnocobCTBYIOT NPOAO/IKAEHHUIO PACTBOPEHUS HEYCTOM-
UMBbIX MUHepasibHbIX a3 U 0Opa3oBaHUs BTOPUUHOM MO-
puctocTh. M3-3a ouyeHb KWUCNOro cocTaBa BbICOKO3HTasb-
NMUUHBIX U TMAPOTEPMAJIbHBIX (PJIIOUAOB r/1aBHbIE NOPOAO-
obpasylolue 3N1eMeHTbl, 33 UCKIIOUEHUEM KPEMHUS, H36H-
paTtesibHO (MHKOHIPY3HTHO) pPacTBOPSAIOTCA, B pe3y/bTarte
Yero NPOUCXOJUT METACOMATUYECKOE OKPEMHEHUE UCXOLHbIX
OCafIKoB BM/I0Tb 10 0Opa3oBaHUs NPaKTUYECKU MOHOMUHE-
panbHbIX KBapLEBbIX NECYAHWKOB U «NCEBAOKBAPLUTOBY.

Bcnencteve B3aMMoAeNCTBUS 3TUX KWUC/bIX pIlOMAOB
C BMelalouwmMu UX nopogamMum nponucxoguT Ux ollenavymea-
HUWe, yBesnyeHue pH, nocreneHHoe yMeHbLUEHWE TeMnepa-
Typbl M AaBneHus. Hactynueliee nepecoilieHre obpasosas-
LLUMXCSA pPacTBOPOB PacTBOPEHHbIMWU B HWUX KOMMOHEHTaMu
BbI3blBAET BblAe/IeHHE 3MNUreHeTUYecKux (ruppotepmasb-
HbIX) MWHepasioB, NPeACTaB/IeHHbIX CHauyana KBapLueM, no-
POBbIMU OUKKHUTOM U KAOJIUHUTOM, 3aTeM LWEe/IOYHbIMU NO-
NeBbIMM LUNaTaMu (MPeUMyLLLECTBEHHO aibBUTOM) U rMapPO-
cnogoi. Mpu gocrtatoyHo BbICOKOM aKTUBHOCTH Cy/bdua-
MOHa BO3MOXHO 0OpasoBaHWe KPUCTaNMUecKoro nMpuTa,
UMEIOLLEro NPEUMYLLECTBEHHO OKTa3LpHUUYECKUi rabutyc.

Mo Mepe JanbHENWEro OXNaXXAEeHUs ruapoTepmalib-
HbIX (O/IIOUAOB U3 HUX BbIAENSAIOTCA KapOoHaTHblE MUHepa-
Nbl, cynbdatbl, dpocartbl M, HaKoHel, Haubonee HU3KO-
TeMmnepaTypHble Cy/bdubl, UMeloLLME pasHoobpasHbIi 3ne-
MEHTHbIM COCTaB.

lMpoHuKalolwme B IOPCKME OCaAKK BbICOKOIHTAJIbNWUM-
Hble U ruapoTepMasibHble htonabl aKTUBHO BO3LEHCTBYIOT

Ha npucyTcTBytollee B Mx coctase OB, Bbi3biBas yckopeH-
HYIO reHepauuio HadpTUAOB BCeACTBUE NPUPOLHOIO NUPO-
JIM3a KeporeHa, a TakXKe peakLWi ruaporeHnsaLnm 3a cuet
BXOZLSALLEro B COCTaB 3TUX (h/IOUAO0B BOAOPOAA.

M3-3a BbICOKMX TemnepaTtyp BbICOKO3HTa/IbMUMHbIX
U/WNn rMapoTepMasibHbIX OJIOUA0B, HApsAAY C TEKTOHWYe-
CKWUM ApobrieHneM 0CafKoB, MPOUCXOAUT UX dhlonaopas-
pbIB reHepupyeMbIMU HadbTUAaMKU U BCNELCTBUE TEMNIOBOrO
pacLiMpeHUs MOPOBOM BOAbI, MO3TOMY Ha HEKOTOPOE Bpe-
MSi BCE MOPOAbl, BKIOYAS TPaLULHMOHHbIE chatongoynopsl
(rnMHMCTbIE OTNOXKEHMS), cTaHOBATCS NpoHULaeMbiMu. O6-
pasytolmecs HapTULOBOAHbIE (PIOULbI HAXOLATCS B Hal-
KPUTHUECKOM COCTOSIHUM U NpefCTaBnsioT coboi oaHy ro-
MOTEeHHY0 (paldy, Mo3TOMYy TUN CMayuMBaeMOCTH MOPOJ He
nMeeT 3Ha4YeHUAa onAa ux Murpauluu. Kpome TOro, CHUMaeT-
csa npobnema ha3oBoW NPOHULEAEMOCTU NPH PUbTPALIMK
3TOro OAHOPOAHOrO h/toUa Yepes 0CafoUHble MOPOLbl.

BcnepcteBue oxnaxkneHusi onucbiBaemoro dpsiovaa,
BO-NEpPBbIX, OH pacnafaeTtcs Ha ABe ha3dbl — HAPTULHYIO U
BOJIHYIO, BO3MOXHO, npoxoas ca3dy obpa3oBaHUs 3My/ib-
CHM, a BO-BTOPbIX — B NepBoHadyanbHO Haubonee nporpe-
TbIX yyacTKax, M3-3a MX NOCMEeAyIoWero oxaaxaeH s, 06-
pasyloTcs Haubonee BblpasKeHHbIE AENPECCUOHHbIE 30Hbl,
B KOTOpble HauyMHaeT 3acacbiBaTbCs HAPTUAOBOAHBIM h/itO-
WA UK YXKe pa3fpenvelumecs Ha ase dasbl — HeddTb M Noja-
cTunawowas ee soga. B pesynbtate dpopmupyercs YB-3a-
nexxb. MNpu aTom, ecnu onucbiBaeMble NMPOLECCHI NPOWUCXO-
AUNN CPaBHUTENIbHO HeOaBHO, TO AEeNpPeCCUOHHbIe 30Hbl B
6onbLUEN UK MeHbLLEN CTENeHU COXPaHAIOTCS U A0 HACTOS-
LLLero BPEMEHH.

Ha cMeHy nepBUUYHbIM BbICOKOTEMMEPATYPHbIM BbICO-
KO3HTa/IbMUWHBIM halonaaM, UMEILWUM HU3KYID MUHepa-
JIM3aUMIO, BbICOKYIO KMCNOTHOCTb U XJIOPULHO-HATPUEBBIM
cocTtas, NpUxoaaT Bonee No3agHWe cpepHeTeMnepaTypHble
ruapoTepMasibHbie OItOUabl, KOTOPbIE, BEPOSTHO, BbIAENS-
OTCS Ha 3aKJIIOYMTENIbHOM 3Tane MarMaTMyecKon akTUBHOC-
TU BHEAPHUBLUMXCS Marmatuyeckux Ten. OHW xapakTepu3aytoT-
CSl BbICOKOW KOHLEHTpaLuen B HUX YINIEKUCSIOTbI U, BMOJIHE
BEPOSTHO, MPOJOJ/IKAIOT MOCTYNaTb B IOPCKUE OCalKU U B
HacTosilee Bpems. Ecnn BbicokoTemMnepaTtypHble BbICOKO-
3HTa/IbMUKHbIE POWAbI NPHU CMELLIEHWU C MOPOBLIMU BOJa-
MW 0BpasyloT XJIOPWUAHO-HATPUEBbIM TUM MAACTOBbIX BOA,
TO Bonee HU3KOTEMMepaTypHble rTMAPOTEPMaIbHbIE (hIOHU-
Ibl MPU CMELLIEHWU C NOPOBbIMK BOJaMH JaloT Hauyalo rua-
pokapboHaTHO-HaTPHUEBbIM MAAcToBbIM Bogam. B 3oHe
cMelwleHusa O6OMX THUNOB BOJ BMNOJIHE BEPOATHO BblaesieHHUe
3MUreHeTHYeCKOro NOPOBOro KasbLUTa U Kak pesynbrar —
opMHUpPOBaHHE XJIOP-MarHUEBOIO THMNa BOJ 3a CYET OTHO-
CUTENIbHOIo poCTa KOHUEHTpaunun B HUX UOHa MarHusa.

LBu>keHne HahTUOOB M NOACTUNIAIOWMUX UX MNACTOBbIX
BOA B AENPECCUOHHYIO 30HY COMPOBOXAAETCS HAK/JIOHOM
BOAOHEMTAHOrO KOHTaKTa B 3TOM HarnpaB/IeHUHU, KOTOpOe
MO>ET COCTaB/iATb HECKOJ/IbKO flecsiTkoB MeTpoB. Ecnu ge-
NPeCcCUOHHasl 30Ha pacnpoCTpaHseTcs U B Nopoabl Loop-
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TPYAHOU3BAEKAEMBIE 3ATIACbI H HETPAAULIMOHHBIE HCTOYHHKH YB

CKOTO KOMIMIEKCA, TO U B HUX BO3MOXHO (hOPMHUPOBaHHE
YB-3anexeH, noaTomy B npegenax Takux yuacTKoB creny-
eT NpoBOAMTb onpoboBaHWe NOPOJ KPOB/W [OKPCKOro
komnnekca [1, 2].

MOWUCKM BTOPHUHbIX KOJIIEKTOPOB TEKTOHOrMApPOTEp-
MaNibHOrO MPOUCXONXKAEHWUS CnefyeT NPOBOAMUTb, WCMOJb-
3yl OpPUrMHaNbHbIM METOf KOMMIEKCUPOBAHWS [OaHHbIX
CelcMopa3BefKUM W pe3y/bTaTOB BbIMOJIHEHHONO Ha WX
OCHOBe TEKTOHO(U3HUUECKOoro Moaenposaxus [6, 9].
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TECTONIC-HYDROTHERMAL PROCESSES IN THE WEST SI-
BERIAN JURASSIC DEPOSITS

Zubkov M.d. (OO0 “West-Siberian Geological Centre”)

Examples of epigenetic mineral associations of hydrothermal
origin found in Jurassic deposits of the West Siberian oil-gas
basin are shown. The mechanism of secondary porosity deve-
lopment and formation of reservoir rocks in the Jurassic sedi-
ments is reconstructed, as well as the succession of hydrother-
mal formation of minerals, generation of naftides and formati-
on of HC-accumulations. A new method is proposed for detec-
ting secondary reservoir rocks of tectonic-hydrothermal origin
based on a combined use of seismic data analysis and tectonic
physical modeling.

Key words: hydrothermal fluids; epigenetic minerals; secondary po-
rosity; depression zones; temperatureanomaly; pressureanomaly; se-
ismic; tectonic-physics; prediction of hydrocarbon accumulations.




