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Pe3ynabTaThl AeTaTbHBIX pa3BeTOYHBIX PAOOT M KPYTJIOTONMYHBIX HAOTIOASHUH 32 TMIPOTre0JIOTMYECKUM pe-
KUMOM Ha KPYITHBIX MECTOPOXICHMSIX, a TAKXKE CHELMATbHBIX TMUIPOXUMUYECKNX UCCIEI0BAHUI pa3iny-
HBIX TUIIOB BOJ M U3MEHEHMIi ra30BOT0 COCTaBa MOA3eMHOI aTMochephl B JJaTEPUTHOM KOpe BHIBETPUBA-
HUS KpynHeiiiieil 60KcuToHOCHOI nmpoBuHiLyu MM, Giarogapst HaaexKHOI (akTUIECKO 6a3e, M03BO-
JIVJIM BIIEPBBIE CAEJIATh PSII BAXKHBIX BBIBOIOB 00 YCIIOBUSIX 1 OCOOEHHOCTSIX (hOpMUPOBAHUS 30HATTLHOCTH
B JIaTEpUTHOM Tipoduie BbiBeTpuBaHUs. [Ipoduab BBIBETpUBAHUSI COCTOUT U3 JABYX MPOCTPAHCTBEHHO
COBMEIIIEHHBIX B IUIaHE, HO pa3AeSIbHBIX M0 BEPTUKAIN METaCOMaTHYECKHX KOJIOHOK: BepXHeil, COOCTBEH-
HO JIaATEPUTHOTO MTOKPOBA, CJIOXXEHHOTO B OCHOBHOM IPOIYKTaMU KOHEYHOTO TMIPOJIM3a JJATEPUTHOTO BbI-
BETPUBaHUS, T.€. THAPOKCUIAMU M OKCHUIAMM Kejle3a U alIOMUHUS; HYDKHEN, CJI0XKEHHOM TJTMHUCTBIM
3JIIOBUEM, TIPOAYKTAMU TUAPATUPOBAHUS U PA3JIOXKEHUST aTIOMOCUIMKATOB — MOJTUMUHEPATLHBIMU TN -
HaMU U KaOJMHUTOM. B 06erx KOJIOHKaX MpoliecChl U3BMEHEHWSI HAYMHAIOTCS C BO3AEHCTBUS OTHUX U T€X
Ke JTOXXIEBBIX BOMI, HO OTJIMYAIOTCS TUIPOIMHAMUYECKUMU ITapaMeTpaMu B KaXII0i 13 KoJloHOK. M3MeHe-
HUS B Mpoduiie BHIBETPUBAHUS ITPOUCXOISAT B COOTBETCTBUM C IJITaBHBIMU 3aKOHOMEPHOCTSIMU HU3KOTEM-
rnepaTypHoro MHGWIBTPAIlMOHHOTO MeTacomaro3a. COBpeMeHHbBIH TMIPOTeoJIOTUYEeCKUl U Ta30BbIi pe-
KUM B OOKCHUTOHOCHBIX JIATEPUTHBIX MOKPOBaX KOHTPOJIMPYET MMHEPATIOrO-T€OXMMUUYECKYIO 30HAb-
HOCTb. OCOOEHHOCTH OUOJIOTO-TIOYBEHHBIX MPOIECCOB, TMAPOIMHAMUKUA U TUAPOXUMHUU B TMPOGUIIe
BBIBETPUBAHMS IPUBOJSAT K IOPOTOBOMY XapaKTepy CMEHbI (DM3UKO-XUMUUYECKUX U OMOXMMUYECKHX YCII0-
BUIi, oOecrnieunBas I1efiCTBUE TeOXMMUYECKUX (OKUCIUTEIbHBIX, BOCCTAHOBUTEbHBIX, TJIEEBBIX, aJ1CcOPO-
IIMOHHBIX) 6aphepOB — ITTABHOTO MEXaHM3Ma 30HAJILHOTO pacipeiesieH sl BElleCTBa B JIATEPUTHBIX KOpax
BBIBETPUBAHUSI.

Karoueswie crosa: ®yra JIxamnoH-MaHIMHIO, KOPbI BEIBETPUBAHUS, JJATEPUTHI, METACOMATO3, OOKCUTHI,
FeOXMMMYECKasi 30HAJIbHOCTh, TUAPOTC€OJIOTUYECKUI U Ta30BbIi PEeKUM
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IIpeobpazoBaHne TOPHBIX TTOPOI 1 MUHEPATIOB —
IIMPOKO PpacIpOCTpAaHEHHOE B TIPUPOJE SIBJICHUE.
lTunepreHHbIe poOlIeCChl NPUBOAST K 00pa30BaHUIO
KPYITHBIX CKOIUIEHMI MOJIe3HBIX MCKOoITaeMbix. Cpe-
IVl 3TUX SIBJIEHUII 0Opa3oBaHNWE POCCHIMHBIX MECTO-
POXIEHUI, HUKEJIEHOCHBIX KOP BBIBETPUBAHUS, 30H
OKMCJIEHUS CYJIb(MUIHBIX MECTOPOXKISHUI 1, KOHEY-
HO, OOKCUTOB, U3 KOTOPBHIX MPOU3BOAUTCS AJTIOMU-
HUIA — BaXHEHWIIMUU METaJI COBPEMEHHOMN IIpoO-
MbIIIEHHOCTHU. [Ipu 3TOM cleayeT OoTMEeTUTh, UTO
MOJIE3HbIE UCKOMAaeMble, CBSI3aHHbBIE C KOPAMU BbI-
BEeTpUBaHMsI, 3aHUMAIOT CTPOIO OIIpeIeIECHHOE Me-
cto B nipoduiie BeiBeTpuBaHusd. [loatoMmy m3ydeHue

30HAJILHOCTHU KOP BBIBETPUBAHUS, TIPUYMH U MeXa-
HU3MOB (POPMUPOBAHUS MUHEPAJIOrO-reOXuMude-
CKMX 30H W MX IIPOCTPAHCTBEHHBLIC U BpeMEHHBIS
B3aIMOOTHOIIICHUSI, KaK IOKAa3bIBAIOT TMOCJIETHUE
HUCCIeA0BaHUS, UMCIOT BaXKHOE 3HaUYeHUE HEe TOJIBKO
B TCOPETUUECKOM, HO U B IPUKJIATHOM OTHOIIICHUM.

Kopn! BoiBeTpuBaHus B mpoBuHLMK PyTa JIxai-
noH-Manaunro (PJIM) comepxkaT KpyITHeIIme Me-
CTOpOXOeHUS 00KCUTOB. Bce OOKCUTOHOCHEBIE J1aTe-
PUTHBIE MOKPOBHI pPervoHa, c(opMUpOBaHHBIE Ha
pPa3HBIX IO CTPYKTYpPE, COCTABY M TLUIAHY 3aJleTaHUs
KOPEHHBIX TIOpOJaX, OTHOCSTCS IO XapaKTepy 30-
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HaJIbHOCTH K “cybmatepmtHOMYy” mo I.M. bymmH-
ckomy (1975) unu “nonHomy” mo A.Il. HukutuHoi
(1971) Tuny, HazBaHHOMY b.M. MuxaitioBeM (1969)
0 Ipeobiiamaionieil IpuypoOYeHHOCTH B peabede pe-
TMOHA K KOpaM BbIBETPUBAHUS “BBICOKUX TTeHETLIe-
HOB”. OHU comepKaT HaruboJiee MOJHBINA HAabop JIn-
TOJIOTUYECKUX Y MUHEPAJIOrO-reOXMMUIECKUX 30H-
TOPU3OHTOB (CHU3Y BBEPX) B COOTBETCTBUU C re0JIO-
TO-TIPOMBILIJIEHHONM HOMEHKJIATYpPO, BbIAEIASIEMBIX
Ha MECTOPOXACHUSIX MPU MOUCKOBO-OLIECHOUYHBIX U
pa3BeIOYHBIX paboTax: carpoJuT (B OCHOBHOM IIO-
JIMMUHEpAaJIbHbIE TIWHBI), JTUTOMApX (KAOJTUHUTO-
BBI€ IJIMHBI C IPUMECHIO T€TUTA U TUIPOCIIION), KeJle-
3UCTBIE JJATEPUTHI, WX NiepexoaHasi 30Ha (TéTUT, re-
MaTUT, TMOOCUT), OOKCHUTHI (TMOOCUT C OEMUTOM,
reMaTuT), XXeJIe3UCTO-INIMHO3EMUCThIE JIATEPUTHI,
WJIM KaMeHHUCTasi BCKphbila (T€TUT, rTudOCUT), TToU-
BEHHO-PACTUTEIbHBIN TTOKPOB, WIN PhIXJasi BCKPbI-
ma. B otmmaue ot opyrux nccnegonareneii (Bardossy,
Aleva, 1990; Boulange, 19894; Braun et al., 2012; Ed-
mond et al., 1995; Eggleton et al., 2008; Fritz, 1988;
Giorgis et al., 2019; Gu et al., 2013; Hickman et al.,
1992; Peixoto, Horbe, 2008; Schumann, 1993; Sidibe,
Yalcin, 2019; Tardy, 1993), MbI BbiedsieM B Ka4eCTBE
CaMOCTOSITeJIbHOTO XKeJIE3UCThI TOPU30HT, KOTOPbIit
MMeeT BaXKHOE TeHETUUECKOE 3HAUEeHHE.

BepTtukanbHasi 30HAIbLHOCTH CIIYKUT CBUACTEIb-
CTBOM M3MEHEHUS (U3NKO-XUMHUYCCKUX YCIOBUIA B
npodusie JaTepuTHBIX OOKCUTOHOCHBIX KOpP BBIBET-
puBanus (JIBKB). IIpocaunBaroniasicss BHI3 Boaa (B
cilydyae KOp BbIBETPUBAHUS — 3TO TEILTbIE TOXIEBHIC
BOJIBI), Onarogapss OOMEHHBIM peaklisIM C TOPHOM
MOPOA0ii, OpraHNUYEeCKUM BEIIeCTBOM U MTPOAYyKTaMU
ero TpaHchopMaIy B 30HE TUTIEpreHe3a, MEHSIET CBOI
cocras (I'eomormueckas aBosonyd ..., 2007; IlIBapies,
2013). B cOOTBETCTBUU C 3TUM MPeoOpa3yloTcss MUHE-
PaJIbHbIN Y XMUMUYECKHWI COCTaBbI TOPHBIX TTopo. B a-
TEPUTHBIX OOKCUTOHOCHBIX TTOKPOBAX — 3TO MPOLIECCHI
BbIHOCA—IIPMBHOCA W TIepepacnpeneiicHUsT XUMUJe-
CKHUX 3JIEMEHTOB C 00pa30BaHUEM ONpeneeHHON 30-
HAJIbBHOCTH.

TepmuH “MeTacomMaTo3” BBeleH B cepennHe XIX
Beka Kapiom HaymanHoMm misg o003HAYeHUS IICEB-
JToMOp(MHOro 3aMeIleHUsT OOHUX MUHEPAJIOB APYyTH-
Mu. MeTtacoMaTo3 — TIpolecC B3aUMOACHCTBUS TOP-
HBIX IOPOI 1 (PIIOUI0B, IPUBOASIINHN K NU3MEHEHUIO
XMMHMYECKOIO M MUHEPaJIbHOIO COCTaBa IIpU CoXpa-
HEHUU TBEPIOTO COCTOSTHUSI TOPHBIX ITOPOJ, T.€. C CO-
XpaHeHueM o0ObeMa (3akoH Banbrepa JIuHarpeHa)
(Lindgren, 1912). 1.C. KopxuHckuii (1955) yctaHo-
BWJI, YTO B3aUMOJIEHICTBUE (DIIOMIOB C TOPHBIMU MO~
ponamMu xapaktepusyeTcsl AuddepeHInanbHONH Mo-
JIBMXKHOCTBIO KOMITOHEHTOB, a HPOIYKThl B3aMMO-
IEeACTBUSI — METAacOMaTUTBhl  XapaKTepPU3YIOTCS
JIOKaJIbHBIM XUMHWYE€CKMM paBHOBecreM. Benencreue
3TOTO TeJla METAaCOMATUTOB YacTO MMEIOT MpaBUJIb-
HYIO 30HAJIbHOCTh, C YepeIOBaHMEM 30H Pa3InIHOIO
MUHEPAJILHOIO COCTaBa. BhIAEISIIOT mBa KpaliHUX
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cliydasi MeTacomMaro3a — TudQy3noHHBIN 1 UHGUIb-
TpaioHHbIi (Kopxxunckuii, 1955).

lTunepreHHbIil METACOMATO3 UMEET CBOU OTJINYM-
TeJibHbIe Tpu3Haku. CyTh ero 3akiatodaercs B “pabdo-
Te€ TPaHUYHOI (ha3bl, B KOTOPOil HabIogaeTcs Ipe-
o0Opa3oBaHe CBOOOIHOI MOBEPXHOCTHOI YHEPTUN B
CBSI3aHHYIO Yepe3 KOHJIEHCAIMI0 HOBOTO BEleCTBa,
U CBSI3aHHOII — B CBOOOIHYIO ITyTeM JIMKBUOALIUU
CTapbIX MeK(a3HBIX TTOBEPXHOCTEH M 00pa3oBaHUS
HOBBIX”. TWIEpPreHHbI MeTacoMaTo3 IIPOXOIUT C
coxpaHeHreM oObeMa IIpU 3aMEIICHUN U C METaco-
Mmatndyeckoili KoHtpakuuein (Cuporun, 2000). Ilo-
CKOJIBKY peakIiu 3aMElICHUSI COXPaHSIOT 00beM
TBEPIOTO BEIIECTBa, OHU IOJIKHBI ObITh COAJTAHCUPO-
BaHBI MO O00BEMY. DTO IIPOMCXOIMUT 3a CUYET MOHOB
METaJJIOB, TPUCYTCTBYIOIIMX B Boae (Merino and
Dewers, 1998).

JIBKB paccmaTpuBaloTcs Kak IIPOAYKT TMIIePreH-
HOTo MHGWIBTPALIMOHHOTO MeTacoMaTo3a. Briepsbie
MEeTacOMaTUYECKYIO CYLIHOCTb JIATEPUTHBIX OOKCH-
TOHOCHBIX KOpP BbIBETpUBaHUs 3arnamaHoit Adpuku
orMetmst b.M. Muxaiinos (1976). On yka3an Ha OOK-
CUThI, 0Opa3oBaBIIMECS IO KOPEHHOI moponae 0e3
MPOMEXYTOUHBbIX TJIMHUCTBIX HOBOOOpPA30BaHMIA,
Kak Ha pe3yJbTaT aJloMO-KeJIe3UCTOrO TUIMepreHHO-
ro Mertacomaro3a. K tTakomy BbIBOIY OH NpuIles, B
TOM 4ucje, 6aarogapss NpUMEHEHUIO Ha M30BOJIIO-
METpHUUEeCKOll OCHOBE aHaiu3a OajiaHca BelllecTBa B
npodusie BbIBETPUBAHUS, YTO MO3BOJMIO YCTAHO-
BUTb, HApsILy C BBIHOCOM IIEJOYHBIX, IIEJIOYHO3Ee-
MEJIbHBIX 3JIEMEHTOB W KPEMHUSI, aOCOTIOTHOE Ha-
KOTLJICHUE aJTIOMUHUS 1 KeJie3a. [IpoBoas conocras-
nenue JIBKB Pecnyonuku IBuness (3amamHas
Adpuka) c TaKOBBIMH, HO ITOTpeOESHHBIMU MO, OCal-
kamu B Poccuu, oH ompenenvn onuH U3 Hauboliee
Pa3BUTBIX TTPOLIECCOB Pa3y0OKMBaHUS — pecuindu-
Kaluio 00KCUTOB (HOBOOOpa3oBaHUE KAOJUHUTA 110
ruo0CcUTy) Kak KpeMHUEBBI MeTacomartos (Lajoinie,
Bonifas, 1961).

B npenyaraemoii ctatbe M3NararoTCsl pe3yabTaThl
HCCIIeNOBaHUS ITPOGUIsl JIATEPUTHOM KOPbI BHIBET-
puBaHus npoBuHuUuM Dyra JIxamioH-MaHIMHIO
(®OIM), B KOTOpOIT HAXOASATCS YHUKAJIbHbIE MECTO-
poxneHusi 60okcuroB. OOIIMe CBeoeHUsS 00 BTOi
MPOBUHIIMU, €€ U3YYEHHOCTHU 1 OLIEHKE PEeCypCcoB, a
TaK>Ke BJIIUSTHUE JIMTOJIOTUY MaTEPUHCKOTO cybcTpa-
Ta ObUIM paccMoOTpeHbI paHee (Mamenos u ap., 2020,
2021). Baugane reomopdonaornyeckoro ¢gakropa u
BO3pacTa peibeda Ha pacTipee/ieHrue, MacIlITaObl 1
Ka4ecTBO 3aJieXXeil O0OKCUTOB OoNucaHo MaMenoBbIM
n 1ap. (2022). B aToit ctathbe 000CHOBAHO BIUSTHMIE
TUJIPOTE€0JIOTUYECKOTO 1 Ta30BOTO PEKMMOB Ha (hop-
MHUPOBaHWE 30HAJBHOCTU B JIaTePUTHOM IIpoduie
BBIBETPUBAHMsI, OOYCIOBJIIEHHON IIpolieccaMu, CBSI-
3aHHBIMU C TUIEPreHHBIM HU3KOTEeMIIepaTypHbIM
MHQPWIBTPpALOHHBIM METACOMATO30M.

B mpenenax mposuHuum ®OJIM MaTepuHCKUIA
cyOCcTpar TpencTaBlieH MPEeUMYIIECTBEHHO Cylle-
Ne 3
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KPYITHENIIASI B MUPE BOKCUTOHOCHAS TTPOBUHILIMA

CTBEHHO INIMHUCTBIMU OCaJIOYHBIMU ITOPOAAMU TUTIA
aJIEeBpO-aprJUIMTOB, MHTPYIMPOBAHHbBIX CUJUIAaMU
nosiepuToB. ITopoakl 3aj1erarmoT B LIeJIOM CyOTOpU30H-
TalbHO. HO B CBSI3M ¢ TEKTOHMYECKUM KOPOOJIeHUEM
naaTOpMEeHHOTO YexJia IMOBCEMECTHO oOpa3oBa-
JIMCh TUIIMYHBIE MYJIbI00Opa3HbIe CUHKIIMHAJIN pa3-
MEPOM OT COTEH METPOB IO MEPBHLIX KUJIOMETPOB U
BaJI0OOpa3HbIe aHTUKIIMHAIN.

B ycnoBmsgx OmaronmpusTHOTO KjMMaTra M marTe-
PUHCKOTO cyOcTpaTa B KaueCcTBe 3HAaUMMOTO (hakTopa
paccMaTpuBaeTcs Mopdoiiorus penbeda U CTeleHb
ero pacwieHeHHOCTH. [Ipo1ieccrl reomopdomornye-
CKOUW MHBEPCUM, IPU KOTOPOM 3a4aCTyIO IPOCTPaH-
CTBa BOAOPA3/IEJIOB WM OTIE/IbHEIC BO3BBIIIIEHHOCTHU
00pa3yroTcs M0 CUHKJIMHAIBHEIM CTPYKTYypaM, a J0-
JIMHBI — IO aHTUKJIWHAJISIM, OO0yCJIaBIMBalOT OoJiee
CJIOXHYIO TMIPOTeOJIOTUYECKYIO CUTyallMio Ha OOK-
CUTOBBIX MecTopoxneHusx. Ha yyacTkax Mymba000-
Pa3HBIX CUHKJIWHAJIEH, KOTOPbIE Yallle BCTPEYaroTCs
Ha BEpXHUX IUIOLIAAKax OoBajieil, MPOUCXOOUT 3a-
CTOIi TPYHTOBEIX BoA. JloxXmeBbie BOMIBI IJIOXO cOpa-
CBIBAIOTCSI, 1 3epKaJio TpyHTOBHIX BoA (3I'B) B ce3on
JIOXKIeH HaXOAUTCSI O4YeHb OJIM3KO K JHEBHOM IO-
BEPXHOCTHU WJIM JTaXKe BBIXOIUT HA IIOBEPXHOCThH, 00-
pasysi BpeMEHHBIE MEJIKNE 03EpKM. 30HA adpanuu B
TaKMX YCJIOBUSIX MTOUTU HE IpOosiBlieHa. BOKCUTOBBIM
TOPU3OHT B TaKUX CJIyYasX MpakKTUYECKH He oOpasy-
ercst. HokHmMil XKene3ucThlii TOPU30HT CIUBAETCS C
BEepXHUM (KMpacoii), M BMeCTe OHHU 00pas3yloT
CIUIOIIHOM BBICOKOXKEE3UCThI JIAaTePUTHBIN T10-
KpoB. B HEM, KOHEYHO, IIPUCYTCTBYET 3HAYUTEIILHOE
KonuecTBO rHo3eMa (o1 20—25 mo 38—39%), Ho B
OCHOBHOM MeEHbIIIee, YeM IMPUHSITOe GOPTOBOE CO-
JepxaHue 3Toro KommoHeHrta (40%) mig moacuera
PECYpPCOB 1 3aIlacoB OOKCHUTOB B JaHHOII HMPOBHUH-
1105078

Hapsiny ¢ rugporeojiorn4eckoil 30HaJIbHOCTHIO
CYILIECTBEHHYIO POJIb UTPAET Ta30BBIi PEXUM B MO/~
3eMHOI atMocdepe TTpodniisg BeIBeTpuBaHus. [1pu
paBHBIX KJIMMATUYECKHX YCIIOBUSIX, POJIb TeOMOPGhO-
JIOTUYECKOro (hakTopa Jisi BRIPOBHEHHBIX MOBEPX-
HOCTEIl BBICTYIAeT KaK KOCBEHHBINA (pakTop, KOTO-
PBIi BIUSIET Ha TIPOLECCHI JIATSPUTHOTO BhIBETPUBA-
HUSI OMOCPEIOBAHHO — 4Yepe3 TMAPOTe0I0rMYeCKIA
A TUIPOAMHAMMYECKUI PEXUMBI B KOHKPETHBIX
ycaoBusix (Anderson, 2007; Brantley, 2009).

3AKOHOMEPHOCTU UISMEHEHUA
IT'MAPOT'EOJIOTMYECKOI'O 11 TASOBOTI'O
PEXNMOB B [TPO®UIIE JIGKB

IIpoBemeHHBIE HA PSIIE MECTOPOKICHIIA TPOBUH-
MUY JeTaTbHbIE pa3BedOUYHBIC PAGOTHI C PEXKUMHBIMH
TUAPOTEOIOTMIECKUMU KPYTJIOTONUYHBIMU HaOJIIO-
JEHUSIMU TIO3BOJIMJIM YCTAaHOBUTh 3aKOHOMEPHOCTHU
W3MEHEHUS TUIPOTeOJIOTTIECKOM 0OCTAaHOBKHU B Te-
YeHHe TOIO0BOTO ITMKIIA.
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Ha 06a3ze mecaTkoB THICSIY MHTEPBAIBHBIX IIPOO
ObLIU TIOJYyYEeHBI JaHHBIE 00 yCpeaAHEHHOI MOIIIHO-
CTH Y XUMMYECKOM COCTaBE IIPOAYKTOB JIATEPUTHOTO
BeIBeTpuBaHusl. CoxpaHeHHEe TEKCTYPHBIX W CTPYK-
TYPHBIX OCOO€HHOCTE! MCXOMHBIX KOPEHHBIX ITOPOJ
IO3BOJIMJIO IIPOBECTU M3yYeHUE U3MEHEHMS OajlaHCca
BEIIECTBAa Ha M30BOJIOMETPUIECKOI OCHOBE M pac-
CUUTaATh KO3(PGULIMEHTHI KOHIIeHTpauuu (R,) mopo-
J1000pa3yIolIX KOMIIOHEHTOB IJISI KaXKIOro Topu-
30HTa — 30HbI JIBKB 110 OTHOIIIEHUIO K COIep>KaHU -
SIM B HIDKeJIeXXalIux ropu3oHTax (taodi. 1).

Ha ¢ur. 1 06001eHb JaHHBIE O TUIIOBOII 30-
HameHOCTH JIBKB 1 mpocTtpaHcTBeHHOMY B3anMMO-
pacriojIOXKEHUI0 TOPU30HTOB-30H BEPTUKATBHOU
TUIPOIre0JIOTNYECKOl 30HAIBHOCTA M 30H 3ara3o-
BaHHOCTU. B mpaBoit yacTm 3TOi cXxeMBI MOKa3aHO
W3MEHEeHHe OajlaHca BellecTBa B KoadduiimeHTax
KOHIICHTpAllUX II0POA000OPa3yIOIINX XUMHNYECCKUX
KOMITOHEHTOB OT 30HBI K 30HE CHU3Y BBEPX I10 BEPTHU-
KaJIbHOMY pa3pe3sy. JlaHHast cxema sIBJIsSIeTCST HarIsi-
HOM WUTIOCTpaleil B3aMOIEICTBYSI JIUTOCGEPEL C
ruapocdepoii, atmocdepoii 1 brnocdepoii B 30HE TH-
rnepreHesa.

B camoii kpynHOif B MUpe OOKCUTOHOCHOM ITPO-
BUHLIUM DOJIM GOKCUTOHOCHBIE MOKPOBBLI IIPUYPO-
YeHHBI IJITaBHEIM 00pa3oM K II0JIOTOMY pejibedy Bep-
IIIMH 1 BEPXHUX CKJIOHOB MECTHBIX JIATEPUTHBIX BO3-
BBILIIEHHOCTEl M pacuyJIeHEHHBIX BOJOpa3AeIbHBIX
MacCHBOB — OoBaJieii. IX ripeBhIlIeHIe Hal HYDKHAM
MIbeIEeCTAILHBIM YPOBHEM peibeda COCTaBIsIET OT
JIECSITKOB JI0 COTEH METPOB, YTO OOECIIeYMBaET T'U/I-
paBIMYECKM TPagIUEeHT IJIsl aKTUBHOTO IIPOMBIBHOTO
pexXmMma.

B renepanuzoBanHoMm Buae JIBKB MoxHO pa3ne-
JIUTH Ha JIBa CYIIECTBEHHO Pa3INJaronInXxcs 0ObeIi-
HEHHBIX TOPU30HTA (CBEPXY BHU3):

— COOCTBEHHO JIaTepPUTHBIIA TOPU30HT, BKIIIOYAIO-
IIMK  OpPOAYKTHI MHTEHCUBHOM JlaTepUTU3ALMMU,
MNpeacTaBJICHHbIE B OCHOBHOM CYIIECTBEHHO KeJie-
3UCTBIMH WJIX TTTMHO3EMUCTBIMU, WJIN aJTFIOMO-3KeJIe-
3UCTBIMU MTOPOIAMU KAMEHUCTOTIO CJIOXKEHUSI, U3 KO-
TOPBIX MHOJABMIKHBIE KOMIIOHEHTHI IIEJIOYHbIE, IIe-
JIOYHO3EMEJIbHBIE 3JIEMEHTbBI UM KPEMHHI MOYTU
MMOJTHOCTBIO BBIHECEHHI;

— TOPU3OHT BJIIOBUAJIBHBIX INIMH, OT MOJUMUHE-
PAIbHBIX BHU3Y 10 MPEUMYILIECTBEHHO KAOJIUHUTO-
BBIX BBEpPXY, IJIsI KOTOPBIX XapaKTepeH HapacTalo-
LI CHU3Y BBEPX BBIHOC ITOABUKHBIX KOMIIOHEHTOB.

OT™u ABe 4YacTu NpoduMiIsl BLIBETpUBAHMS, Kak
BUIHO Ha (ur. 1, B CE30H IOXKIEH, KOrIa MPOUCXOIUT
AaKTUBHOE JIATEPUTHOE BBLIBETPUBAHUE, CYIIECTBEHHO
OTJINYAIOTCS MO TUAPOTreOJOTMYECKOil OOCTaHOBKE.
HirxHsis gacTh poduiist — reHepaln30BaHHBIA TOpY-
30HT IICEBIOMOPMHBIX ITIMH, TTPOCTPAHCTBEHHO COBITA-
JIaeT C TUAPOreoJIOTMYECKO 30HOK MOCTOSSHHOTO 00-
BOOHEHUSI. BepxHsiT — COOGCTBEHHO JIaTepUTHAS
yactb JIBKB — coBmagaer ¢ rmgponmHaMUYeCKUMH

Ne 3 2023
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30HbL-FODU3OHTEL Imnporeonornyeckas VISMEHEHUS | fiyyanvmka mpuBHoca (Re > 1) 1 BbIHOCA
- TaB
aTe pMTH%ﬁ KODBI SOHAJILHOCTh ngz?;e;ﬂiﬁ (Rc < 1) n1aBHBIX TOPOIOOOPA3YIOIINX
BBIBETPHBAHIST Cyxoit Ce30H armocceppr | KOMIIOHEHTOB B npoduIie JaTepuUTHOM
CEe30H noxaen B CE30H IOKIEH KOPbI BbIBETPpUBaHU S
[TouBEeHHO-pACTUTEbHBII el o, lco
TOPU30HT E g
< ALO; LOI TiO, Fe,0; SiO, RO+ R,0
. Kenesucras knupaca a = 0, 0.94 T03°T09 150 “252°7 297
o =t s e Sl el — -
a, KpacHble CTpyKTypHBIC S S B J RO+ R,0_TiO, ALO; LOL_ _Si0, _Fex0;
é OOKCUTBI g [ g‘ ) 0.82  "0.84 ~ 0.88 ~0.92 1.69 158
= ——%——————S‘-E——— ———————
’§ KpemoBbie cTpyKTypHBIE « g Co, 510, Fe03 RO + R0 Ti0, LOI ALO;
S GOKCHTH = 8 0.40 - 0.48 0.67 116 120132
= -l o | A ] -y - — = —
= . o
a. | Jlateputsl BepxHeit yactu o H Si0, RO+ R0 | Fe,05 TiO; LOI _ ALOs
o [ePEXOIHOM 30HbI oldG 0.15 0.28 1.02 ~1.07 ~125° 129
8 +— ) @ m———-
= Jlatreputbl HUXKHE YacTu 3 ehHOMIEEROGIRO + R:0_SiO, | ALO; Ti0; LOI _Fes0;
i OBBIX| BO 0.21 0.49 130 " 1.43 " 173 213
TNEepexXoaHOU 30HbI Goranieane O,
KaoanHUTOBBIC IJIMHBI | RO+ R:O_SiO, ALOs | TiO LOI_Fe,Os
- KeIIe3UCTRIC ~ 085 088 " 091 115 125" 324
= T ..-____Q_o-__
= KaonuHuTOBBIE TITUHBI 3oHa 5 RO+ RO _Si0, Fex03 | TiO, LOI _ ALO;
> CBETIIBIC 0GBOIHEHMSI = 048 0.64 - 0.64 1.09 S T.08 120
T - - e R B
= HomumunepanbHbie = RO +R,0 SiO, Fe,0;  TiO, ALO LOI
O 2 S1U2 €203 10, 203
& KaomHIT- = 028 <061 <082 <086 <094 <! <Tor
° MOHTMOPHWUJIJIOHUTOBBIE P
TJIMHBI (CaTIPOJIUT)
. RO + R,0_ SiO, . Fe,05, TiO, . ALO;  LOI
MarepUHCKUE TOPOIbI OTHOCUTEJILHBII BOAOYIIOP e S e

@ur. 1. JIuTonornyeckasi 30HATHOCTb U €€ COMOCTaBICHHE C TMIPOTeOJIOTMYECKMMY 30HAMU M CMEHOI Ta30BOT0 pexkruMa B
npodwte JIBKB (R, paccunTaH 1Mo OTHOIIEHUIO K KOPEHHBIM ITOPOJAM).

3oHaMu Konebanus 3I'B (BHU3Y) u aspauuu U MH-
bumpTpanM B cepenrHe U BBEPXY 3TOTO TOPM30HTA.

I'uoponmHaMmyeckast 06CTaHOBKA M TUAPOXIMMU--
YeCcKMe OCOOECHHOCTHM BOH, HAXOIIIINXCS BHYTPH
JIBKB, Takke BecbMa CYILIECTBEHHO OTIMYAIOTCS B
ATUX ABYX T€HEPAIM30BAHHBIX YaCTSIX PO BbI-
BETpUBAHMS.

JoxneBble BOABI, BhITamalolie Ha ITOBEPXHOCTh
OoBajieii, oOpa3yloT TpU TUIAPOIMHAMHUYECKHA pa3-
JIMYHBIX TIoTOoKa. OaHa, 3HaYMTebHAsl YacTh, cOpa-
CBIBAETCSI IT0 MOBEPXHOCTH, HAMIPSIMYIO MTUTAsI MECT-
HBIe pyYbM M peKHU. Bropas yacTh mOXAEBOI BOOBI,
TakXXe BeCbMa 3HauYuTebHasdA, 10 35%, B nanmmadr-
HO-KJIMMATUYECKOM 30HE BIIAXKHBIX CAaBaHH, 10 MHO-
TOYMCIIEHHBIM TPEIIMHAM, KaHaJlaM OTMepIleil Kop-
HEBOII CUCTEMBI U XOIaM 3eMJIEPOEB OTHOCUTEIBbHO
opIcTpo npoBaimBaetcsa BHKU3 K 3I'B (CenmuBepcToB,
1983).

3ajeraple HUXe MNceBAOMOpPMHbIE TIMHBI, U
ele HUXe — KOPEHHBIE TTOPOABI, N3-32 OTHOCUTEIb-
HO HU3KOTO Ko3adhduimeHTa GuibTpaliuu He MOTYT
00ecIeYuTh BEpTUKAIbHBINM COPOC TAKOTO OOJIBIIIOTO
KoJinuecTBa 10X AeBbIX Boa. [loaToMy BCTynaer B cu-

TEOJIOTUSA PYOHBIX MECTOPOXKIEHUM  ToMm 65

JIy aKTUBHBIN JIaTepalbHBIl cOPOC BIOJIb T'PAaHUIIBLI
KeJIe3UCTHIX ITIUH K KpasiM 0oBaJieii. B ce30H noxxaei
MOXHO Ha0II01aTh, KaK M3-I101 KAMEHHUCTOTO TOpH-
30HTa KOPHBI BHIBETPUBAHMS BBITEKAIOT MHOTOYMC-
JICHHBIC pydbM, MHOIrHa GoHTaHUpylomue. Ha myTsax
STUX MOA3EMHBIX IOTOKOB IIIMPOKO Pa3BUTHI cyPdo-
3MOHHO-KapCTOBHBIE SIBJICHUSI C 00pa3oBaHUEM 00JIO-
MOYHEIX JIATEPUTHBIX OPEeKUYMEBUIHBIX ITOPOH. DTOT
JIaTepaabHbIil COPOC IIPUBOIUT K OITyCKAHUIO YPOBHSI
TPYHTOBBIX BOJI, obOecrieunBasi (GPyHKIIMOHMPOBAHIE
TUAPOTreoJIOTUYeCcKOii 30HbBI KojiebaHust 3I'B.

YacTb 1oXaeBbIX BOA HACKIIIAET ITIOPHI MOACTWIA-
IOLLMX JIJATEPUTHBIX TOPOA U UX MUKPOTPEIINHEBI, 00-
pasys TuApaBINdYeCKUii (DpOHT, KOTOPHI ITOM TaBJIe-
HMEM KaXIOW HOBOW IMOpPUMMU [IOXIS MEIJIEHHO
dusTpyeTcs BHU3 K 31'B.

I[MHBI KOPHI BEIBETPUBAHUSI HAXOOSITCSI B COCTO-
SIHUY IIOCTOSTHHOTO 00BoAHeHMsI. Ho 3T0 06BOnHEHME
nporoyHoe. Boma magaeT cBepXy BHU3 B COOTBETCTBUM
C YMEHBIIIEHEM TTOPUCTOCTU U YBEINUEHUEM UX 00b-
€MHOIl MacChl CO CKOPOCTBIO, ITPOIOPLMOHAIBHOM
¢GunbTPYyIONIE CIIOCOOHOCTHU 3TUX IJIUH (Tada. 1).
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C HayaJIoM CyXOro ce30Ha YpPOBEHb T'DYHTOBBIX
BOJI OTHOCUTEJIbHO MEIJIEHHO OITyCKAaeTCsI BHM3 K KO-
pPEHHBLIM TToponaMm. M3inoxkeHHbIe JaHHBIE O TUOPO-
re0JI0TMYECKOM 30HAJTBHOCTU B COTTIOCTABJICHUU C Te-
HepaJm3oBaHHOI 30HanbHOCTHIO JIBKB mo3Boistior
caeJIaTh BBIBOJ, O TOM, UTO B IIpodujie BHIBETPUBAHUS
Mo, ACMCTBUEM OIHUX U TeX XKe MOXIEBBLIX BOI Ma-
pajIeJIbHO Pa3BUBAIOTCS IBE KOJOHKU: BEPXHSS —
COOCTBEHHO JIaTepUTHAsI, U HYDKHSISI — TJIMHUCTAs.

MHorosieTHUE TeTaJbHbIE pa3BE€aAOYHbIC 1 KapTHU-
POBOYHLIC pa6OTbI IMMO3BOJIMJIN ITOJIYYUTHb YHUKAJIb-
HYIO I/IH(l)OpMaLII/IIO O B3aMMOCBA3M N B3aMMOBJIUSA-
HHUHM TUAPOTICOJOTNYECCKOro M ra3oBoro pekmmMoB B
BCpTMKaﬂbHOﬁ 30HAJIBHOCTU B JJAaTEPUTHOM OoKcu-
TOHOCHOM ITIOKPOBE.

Jlag m3ydeHWs cocTaBa BOI W pacTBOPOB OBLIO
MPOBENCHO CHelMaibHOEe ONPOOOBaHNE U TUAPOXU-
Muueckue ucciegoBanus (Makaposa u ap., 2019).
Kpowme Toro, Ha MeCTOPOKIEHUSIX OBLIN ITPOBEACHBI
crnelyvalbHble HAOMIOASHUS 32 U3BMEHEHUSIMU Ta30-
BOro pexuma — nmoazemHoi atmochepsl JIBKB (Ma-
MmenoB, Bopoores, 2011) ¢ meprnogmueckum oodpas3o-
BaHMEM 30H 3ara30BaHHOCTU — HAKOIUICHUS yTJie-
KUCJIOTO U, YaCTUYHO, YTapHOTO Ta30B.

Bce atu cciienoBaHUS B COYETAHUH C JeTAIbHBIM
MUHEPAIOTro-IIeTPOrpapuIecKuM U XUMUUECKUM
U3ydeHUEM IIPOAYKTOB BBIBETPUBAHUS TTO3BOJIUIN
BIICpBbIE HAIEKHO YCTAHOBUTH ITPOCTPAHCTBEHHOE
COOTBETCTBUE U T'€HETUYECKYIO CBSI3b 30HAJIBHOCTHU
JIATEPUTHOTO OOKCUTOHOCHOTO MOKPOBA C U3MEHE-
HUEM TUIPOTeJIOTUYECKOTO M Ta30BOTO PEXUMOB, a
TakKXXe METaCOMATUYECKYIO CYIIHOCTh IIPOLIECCOB
BbIBETPUBAHUSI.

YCJIOBHA BBIBETPUBAHUA U COCTAB
[MorPOJ B JATEPUTHOM
BOKCUTOHOCHOM ITOKPOBE

Ha ¢wur. 1 mokazaHbl auTosorudeckass 30HaIb-
HOCTb U KOJIMUYECTBEHHAs OlIeHKa IIPUBHOCA—BBIHO-
ca BelllecTBa B COOCTBEHHO JIAaTEPUTHOM ITOKPOBE, a
Tak>Xe HaJu4uMe 3ara30BaHHOCTU BHYTPU pa3pe3a Ko-
pBI BEIBETpUBaHMsI. AHAIN3 TIepepacIipeaeicHIs Be-
mecTBa (IJIaBHBIX ITOPOIO00pPa3yIOIINX KOMITOHEH-
TOB) MPOBOJMJICS Ha N30BOJIIOMETPUUECKOIT OCHOBE
(B Kr/M3) B aGCOTIOTHBIX KOJIMYECTBAX. DTO JAJI0 BO3-
MOXHOCTb BBIPa3UTh IIPUBHOC Y BBIHOC BEIIECTBA B
koadduimeHTax KoHueHTpauu (R,) B KaXIOM ro-
PU30HTE KOPbI BEIBETPUBAHMS I10 OTHOIIIEHUIO K HU-
xenexameMy. Ilpu abcoiaoTHOM oOoralieHuu —
MPUBHOCE TOTO UJIM MHOTO KOMMOHeHTa R, >1, a ipu
BbIHOCE R, <I.

2Kenesucrole JaTepuTbl — HUXKHUI TOPU3OHT JIaTe-
PUTHBIX OOKCUTOHOCHBIX MOKPOBOB MPENCTABJIEH XKe-
JIE3UCTBIMU JIaTepUTAMU, KOTOpHIE OO0pas3yloTcs B
ruaporeojorndyeckoit 3oHe kojiebanust 3I'B. Inmas-
HBIMU Pe3yJIbTaTaMHU IIPOIIECCOB BEIBETPUBAHUS SIB-
JISTIOTCSl aKTUBHOE THAPOJUTHUIECKOE Pa3JIOKEeHUE

TEOJIOTUSA PYOHBIX MECTOPOXIEHU

MAKAPOBA u np.

KaOJIMHUTA ¢ HOBOOOpa3oBaHEM THOOCHTA C OTHOM
CTOPOHHBI:

AlL(OH),Si,05 + 5H,0 = 2AI(OH); + 2H,Si0, ),

KAOJIMHUT ruoeocur

a ¢ Apyroit — BecbMa 3HAYUTENbHBIN TPUBHOC XeJie3a
(742 — 198 = 544 xr/M>) U B MeHbILIEl CTENEHN ATIO-
muHus (644 — 396 = 248 kr/m?) (tabn. 1). Kenesu-
CThI€ JIaTePUTHl JAHHOTO OPM30HTA, B OTIMYHUE OT
IJIMH, CTAHOBATCS KAMEHUCTBIMU, JTUTAGDUIIHPYIOTCS
3a CYET XKeJIE3UCTOIO LIEMEHTa, COOTBETCTBEHHO yBe-
JMuYMBaeTcs B cpeaHeM 10 1900 kr/m? o6beMHas mac-
ca 3THX MTOPOII.

B 3TOM ropuszoHTe XKene3uCThIX JaTePUTOB IIpaK-
TUYECKU MOBCEMECTHO B IpoBuHuMU PJIM HabI10-
JTAaIOTCSI BBICOKOXKEJIE3UCThIE IUIOTHBIE M KpEIIKUe
TJINTO- M TUH3000pa3HbBIe Tejla MOIIHOCTHIO OT 0.2
10 50 cM. OHU B COOTBETCTBUU CO CBOUM MPEUMYIIIEC-
CTBEHHO T€TUTOBBIM WMJIA T€eMaTUTOBBIM COCTABOM U
Mopdoorueit Ha3BaHbl peppuruianTuTamu (Inmm-
JoBa u ap., 2022). Ux obbeMHass Macca JOCTUTAeT
2650 kr/M3, mopucTocTh yMeHbLIaeTcs 10 8%. Yanie
BCETO OHU Pa3BUTHI B CPEOHEM YaCTH 30HBI KOJieOa-
HUSI YPOBHSI TPYHTOBBIX BOI, IN€ CTaTUCTUICCKU
HauOosbIee Bpemst Haxoautcs 31'B.

B 3one konebanusa 3I'B BcTpevaioTcs Tpu THHa
nonzeMHbIx Bon JIBKB. DTo rpyHTOBBIE BOIBI, K KO-
TOPBIM Uepe3 BhIIIEIeXKAIYI0 THAPOTre0I0rNIYeCKYI0
30HY a’pallMd U WHOUIbBTpALlMU B CE30H HOXIeit
YCTPEMIISIIOTCS] TPELIMHHBIE BOJBI U MOPOBBIE pac-
TBODBHI.

Tpewjunnbte 600bi OBICTPO MpoBauBaioTcsa K 3I'B.
BauzocTh 1Mo TMAPOXUMUY K OOXKIEBBIM BOIaM CBU-
JIeTeJIbCTBYET O TOM, UYTO TPEIIMHHbBIE BOJBI HE YCIIe-
BaIOT ITOTEPSITh KUCIIOPOI, IIPOPEAarupoBaTh C BHIIIETIE-
KalllMMU TIOPOJIAMU KOPBI BBIBETPUBAHUSI U CYIIe-
CTBEHHO U3MEHUTH CBOI1 cocTaB (Tabut. 2). Comep:kaHue
KeJie3a M aIOMUHUS B TPELIMHHBIX BOJAX B CPEIHEM
coctapisieT 35 u 0.023 Mmr/m cooTBeTCTBEHHO. B HUX
TaKKe OTMEYaeTcsi HU3KOE CoIAepKaHUe KpeMHe3eMa,
KOTOpPOE HEPABHOBECHO KAOJMHUTY HIKEJIEKAILIETO
TOPM30HTA KOPbI BHIBETPUBAHUSI, TI0 KOTOpOMY (Pop-
MUPYETCS HIDKHUIA XKeJe3UCThIi ropu3oHT (ILIBapies,
2013; Helgeson et al., 1968). [TosToMy CHM3Yy BBEpX KO-
JINYECTBO KAOJIMHUTA B HUXKHMX 3KEJIe3UCTHIX JIaTepH-
Tax aKTUBHO YMEHBIIIAETCS. YMEHBIIIAETCS TaKXKe KO-
JIMYECTBO KpeMHe3eMa (Tadi. 1, ¢wur. 1).

MoiiHoe abCoIOTHOE HAKOIUICHUE OKCUIHBIX U
TUOPOKCUIHBIX (OpPM 3Kejle3a CBUIOETEILCTBYET O
TOM, 4YTO B 30He KosieOoaHus 3I'B nmeiicTByeT MHTEH-
CUBHBI OKWCIUTENIbHBI TEOXUMHUYECKUN Oapbep.
BcTpeuya TpelMHHBIX BOM, C TPYHTOBBIMY MOMIOIHSIET
X BEPXHIOIO YaCTh KMCIOPOIOM U IPUBOAUT K MOAB-
emy 3I'B.

Iloposbie pacmeopsl HACHINAIOT MMOPHI U MUKPO-
TPEUIMHBI BEpXHEN YyacTu Mpoduiisi BEIBETPUBAHUS,
BKJIIOYasi ITOYBY, U MEIJICHHO OITyCKalOTCsSI BHU3 K
3I'B. HecmoTpst Ha TO, YTO M3 KAMEHUCTHLIX MOPOL,
Ne 3
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Ta6mmma 2. XvMUYEeCKU COCTAaB Pa3IMYHBIX TUTIOB Boa npoBuHIIMu ®JIM
Jloxnon 1 rpynna T 2erpzﬁﬁi1e isnggz 3ona TosepxrocTibie
e Py pettt P kosne6anus 3T'B BOJBI
BOJIbI pPacTBOPBI
2.4-6 9-68 1065 8173 2.5-13 2-1
S, mr/n - i - - - - o - it
4.2 34 69 7.1 6.4
pH 5.8-6.3 4.5-7 4.2-7 4-6.5 5.57.3 5.9-6.7
6 5.9 5.2 4.7 6. 6.5
Eh 267-330 107324 238-353 158-249 230275 185327
293 250 297 204 256 247
. H.0-0.2 0.53.4 1.45-2.14 0.1-2.57 0.7-3.4 2.13-2.6
SiO,, Mr/n el = - = o
0.08 1.95 1.84 1.56 2.5 2.41
H.0—0.005 3.3-108 12-109 37955 0.9-19.2 H.0—0.17
Fe, mxr/n _ i el
0.002 35 234 8 0.032
H.0-0.012 H.0-0.18 0.33-0.48 1.1-2.3 1.9-57 0.002-0.13
Al, MKT/1 A — - bttt iih i hthtindihtiehe
0.005 0.023 0.41 1.78 20.3 0.098
Coprs MT/T 0.64.0 3.4-133 2743 9.4-12 2.4-11.5 9.2-12.5
2.9 51 11 4.7 10.73

30HBI a3palluy U THPUIBTpALIU — OOKCUTOB U JIaTe-
PUTOB — TPYOHO OBUIO IIOJYYUTh Hepa30aBICHHBIE
TPELIMHHBIMHA BOIAMU ITIOPOBBIE PACTBOPHI, BCE-TaKU
yaajJoch 0TOOpaTh YeThipe NpoOkl. MIX cocTaB mpUH-
LIATTUAJIBHO OTJIMYAETCSl OT BCEX APYTUX TUIIOB IO -
3emHBIX Bon JIBKB (ta6i. 2). ComepxaHue xkejie3a 1
AJIIOMUHUS, a TakKKe OOJIBIION TPYIIIbI MUKPO3JIe-
MEHTOB B HMX Ha MOPSIAOK BhIIIIE, YEM B IPYTUX BUIaX
noazeMHbIx Bon (MakapoBa u 1p., 2019). 910 o6bsc-
HSIETCSI TeM, YTO JJINTEIbHBIA KOHTAKT IIOPOBHIX pac-
TBOPOB CO BMEILAIOLIEH Cpenoit, C OTMEPILIEN pacTU-
TEJbHOCTBIO Y KOPHEBOM CUCTEMOI MNPU BBICOKOM
temreparype (24—28°C) u npy aKTUBHOM Yy4acCTHU
OMOTHI, IPUBOAUT K OOpPa3OBAHUIO OPTaHMYECKUX
KMCJIOT, a TIpU MOJHON TpaHchOopMallid opTaHuYe-
CKOTO BellleCTBa — K O00pa30BaHMIO YIJIEKUCJIOTO U
yrapHoro ra3oB. B pe3yiabraTe 00pa3yioTcs opraHo-
MUHEpaIbHBIE KOMIUIEKCHI, IIPEXIe BCET0 COeaHE-
HUs ¢ xene3oM U amomuHueM (Hao et al., 2010).
C ¢bpoHTOM npocaunBaHus (PUILTPALIMMN) ITU dJIe-
MEHTBHI ITIepEeMEIIAI0TCS 10 ITPOMIIIIO BEIBETPHUBAHUSI.

Hakomienue CO u CO,, 0cOOEHHO aKTHMBHOE B
JTHEBHOE BpeMs MOCJIe OKOHYAHUS JOXIA U IIpOoTrpeBa
BO3ayXa M IMOBEPXHOCTHU, INMPUBOIUT K ITOABJICHUIO
Han 3I'B 30HBI 3arazoBanHocTH. Pacxon kucinopona
Ha OKMCJIEHUE OPTAHUKU IIPUBOIUT K CHIKEHUIO €T0
conepxaHnust 1o 4—5%, Torna kak comepxanue CO,
yBenmuuBaeTcs 10 12—14%. Brlllle K MOBEPXHOCTU
MHTEHCUBHOCTh 3ara30BaHHOCTU YMEHBIIIAETC, a Y
MOBEPXHOCTU COCTaB aTMOC(HEPBI CTAHOBUTCS OJIN3-
KHUM K HOpMaJibHOMY aTMocdepHoMy. [TopoBrie pac-
TBOPHI TIOCJIE TIPOXOXKICHUST Yepe3 30HY 3ara3oBaH-
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HOCTH, B KOTOPOIl Giaromapst Ae(ULATY KHUCI0pOoIa
JIOJIKHA CO3IaBaThLCs IIeeBasi FeOXMMUYECKast 00cTa-
HOBKA, JOITOJTHUTEIHLHO MOOMITA3YIOT KEJE30.

I1pu BcTpeue mieeBbix pacTtBopoB ¢ 3I'B, obora-
IIEHHBIMU KUCJIOPOJOM TPEIIMHHBIX BOMI, 0Opa3yeT-
Cs1 OKMCJIUTEIIbHBIN TeoxnuMmruecKuii 6apbep. 2Kemeso
ocaxaaeTcs B BUAE remarura u rétuta. KoandectBo
MPUBHECEHHOTO Kejie3a MpU CpelaHeil MOIIHOCTHU
HIDKHETO JKeJIe3MCTOro TOPU30HTa B 3.6 M, COCTaBIISI-
et 2099 kr (581 xr/m® X 3.6 M?). Takoe KOIMYIECTBO
JKeJie3a HE MOTJIO HAaKOTIUThCS TOJIBbKO 3a CUeT KaIlui-
JIIDHOTO TIOAHSITUS B CyXOMl CE30H K3 TOpPU30HTA
IJIMH, BKJIIOYasl BEPXHUE XKEJIe3UCThbIe KpaCHbIe Kao-
muHuToBkle MHEBI (McFarlane, 1976). [1pu s3ToMm cy-
IIIECTBEHHOTO BBIHOCA XKeJjie3a He (UuKcupyercs
(tabu. 1). daxke eciau Ob1 ObLIIO BBIHECEHO ITpaKTU4e-
CKM BC€ XKeJIe30 13 CBETJIbIX KAOJWHOBBIX 1 MTOJIUMU-
HepaJIbHBIX IJIUH, TO U B 3TOM CJIy4yae ero KoJM4yecTBa
(175 xr/m? x 10.3 m*> = 1802 Kr) He XBaTUJIO ObI IS
¢dbopMUpOBaHUS HUXKHETO KEJEe3UCTOr0 TOPU30HTA
JIBKB. CraemoBatenbHO, MOXHO YTBepKIaTh, YTO
2KeJIe30 U YacTb CBOOOJHOTO IJIMHO3€Ma ITPUBHECEHO
CBEpXy MOPOBBIMU pacTBopaMu. [pyrast ero yactb
oOpasyeTcs 3a cUeT TMAPOJIUTUYECKOTO Pa3I0KEHUS
kaonuHura (Tardy, Nahon, 1985).

Takum o6pa3zoM, B IIpodujie BEHIBETPUBAHMS B 30-
He kojyebanust 3I'B B kene3ncToM TOPHM3OHTE, OT
HUXXHEH €ro 4acTh K BEpXHEU, IMPOUCXOIUT IMOYTHU
MOJHBIMA BBIHOC IMOABMXXHBIX 3JIEMEHTOB M OTHOCHU-
TEIbHO aOCOJIOTHOE HAKOIUICHME Xejle3a B TpexBa-
JICHTHOM (pOpMe M B MEHBIICH CTENEHN AJIIOMUHMS.
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IMponcxoant opMupoBaHMe HIKHEH JacTh COO-
CTBEHHO JIATEPUTHOTO OOKCUTOHOCHOTO MOKPOBA.

Bokcutbl. Hag HUCKHMM KeJIe3UCTBIM TOPU30H-
TOM 3ajieraeT ropu3oHT 60KcUTOB (dur. 1), mpuypo-
YEHHBII K TUAPOreOJI0rnIeCcKoil 30He aspalui U MH-
dunsTpanuu npoduiisi BEIBETpUBaHUS. B HMKHen
YacTH pa3pe3a NOpOIbl UMEIOT 00Jiee BEICOKOTIIMHO-

MAKAPOBA u np.

36eMHUCTBIA W MAaJIOXKENEe3UCThIii cocTaB. Brlme 1o
pa3pe3y, HauuHas ¢ 3—3.5 M OT JHEeBHOI1 TTOBEPXHO-
CTH, OOKCHUTHI CTAHOBSITCSI KPAaCHOLIBETHBIMHU, OoJice
KeJIe3CTRIMU M, HadnHag ¢ 2—1.5 M, mepexonsT B
BBICOKOXKEJIE3UCThIE JIATEPUTHI — KUpacy.

Bbokcuthel 00pa3yioTcst myTeM 3aMellleHUsT MOJIM-
MUHEpaJbHBIX IJIMH THOOCUTOM:

2KALSi;0,)(OH), + 2H{,,, + 8H,0 = 2AI(OH),+ 4H,Si0, ) + 2K{,)

MYCKOBUT

ruoocur

Al(OH),Si,05 +5H,0 = 2AI(OH); + 2H,SiO0, ),

KaoJIUHUT

B ToMm citydae, Korga B NIMHAX COXPAHSIIOTCS pe-
JIMKTBI MATEPUHCKUX MTOPO, T10 HUM Cpa3y pa3BuBa-
ercda Tub6ceut. IIpuMepoM MOXET CIIyXKUTh peaKLvs
3aMeIIeHUs aHOpTUTA TMOOcuTOM. Tak Kak o0OBbeM
TBEPIOTO BElIeCTBa IPU 3aMeEleHUN COXpaHSIEeTCs,

ruoocur

TO peakIus JOJKHA OBITh cOajtaHCHMpOBaHa IT0 00be-
My, IJIe TPU MOJIEKYJIbl TMOOCUTA paBHbI OMHOI aHOP-
tuTa. 11 3TOM peakKuum Takke Heo0XoauMo Ipurda-
BUTH OMH MOH JIIOMUHUS, IIPUCYTCTBYIOIIETO B BO-
ne (Merino and Dewers, 1998):

CaALSi,O4+ A’ + 5H,0 = 3A1(OH), + Ca’ + 2Si0,,q+ H'.

AHOPTUT

J1as cOOCTBEHHO JIAaTEPUTHOTO TTOKPOBA CJIEAYET
MMOMYEPKHYTh BAXXHYIO 3aKOHOMEPHOCTh: YeM 0O0JIb-
IlIe MOIIHOCTh TMIPOre0JIOTUUECKOI 30HbI a3paiuu
1 MTHOUWIBTpAILIAN, TEM OOJIbIIIE MOIITHOCTH OOKCUTO-
BOT'O TOPU3OHTA.

Hampumep, Ha xpeOre 3arota Ha loro-saraie
I'BuHen Kopa BEIBETpUBAHMSI pa3BUTa 110 CyOBEpPTHU-
KaJIbHO 3aJIETAIOIINM PaCcCIaHIIOBAHHBIM (DUJIIUTAM.
ITo npocnoro GuIINTOB, 3ajieraroiieMy MexXIy XeJjle-
3UCTBIMM KBapLIMTaM1, 00pa30BaJICsI TOPU3OHT OOK-
CUTOB MoImHOCThIO 20 M, 4TO B cpeaHeM B 3 pasa
OoJibllle, YeM MOIIHOCTb OOKCHUTOB B JaT€PUTHOM
OOKCHTOHOCHOM MOKPOBE Ha IIaT(POPMEHHOM YeXJIe
B npenenax npoBuHiuu PJIM. Takoe yBeimyeHue
MOIITHOCTH OOKCUTOB OOBSICHSICTCSI TEM, UTO ITPH BBI-
COKOII BOJONPOHUIIAEMOCTUA 1 pacCIaHIIOBAHHOCTU
IIOPOI BCEe TUAPOTCOJIOTNYEeCKIEe 30HbI UMEIOT Ooiee
BBICOKME MOIITHOCTH. B TO Xe Bpems, 3a CUET yBeIr-
YeHUsI MOIIIHOCTU 30HBI Koiebanmnsa 3I'B, HrokHMIA
KEJIe3UCThII TOPU30HT BBIPaXKeH MEHEe KOHTPACTHO.
KonnyecTBO NMpUBHECEHHOTO CBEpXy Xeje3a pac-
npenesieTcss B 30He KonebaHus 3I'B, MOIIHOCTBIO
15—-25 m.

Eite GoJiee HAISIIHO BIMSIHME 3aJIETAHUS MaTe-
PUHCKMX MOPOJ Ha MOIIHOCTHY 30H IIPOSIBJIEHO, Ha-
npuMep, Ha MecTopoxaeHun Ilaunatmamu B Bo-
crouHbIX ['atax Muguun. 3aneranue nepeMsThIX Ma-
TEPUHCKUX IOPOA — KOHIAJIUTOB M3MEHSETCS OT
CcyOBepTUKaJIBbHOIO A0 cilaboHakiaoHeHHoro. Coor-
BETCTBEHHO, MOIITHOCTh OOKCUTOB MEHSETCSI B OT-
JIeJIbHBIX IIEpeCeYEeHUIX B IMMPOKUX IIpeaesax oT 6—8
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ruoocur

1o 40 meTpoB m 6osee. 3oHa Konebanus 3I'B Takke
pacTsHyTa B KpyTo3aJleralolluX Iopoaax Ha MepBbie
JIECSITKN METPOB, Y HYDKHUM XeJIe3UCThIA TOPU30HT
BBIpaKeH MeHee YETKO. 3aTO BEPXHUU KEeIE3UCTHIN
TOPU30OHT — KHpaca 4pe3BbIlYaiiHO BbIIEPKaH U CO-
CTaBJISIET B CPEIHEM 3 M.

I[ToMrMoO TIpWBeneHHBIX MPUMEPOB, B IPUPOIE
CYIIIECTBYET MHOXECTBO IPOMEXYTOUHBIX BapHWaH-
TOB, KOTOpbIE OTPAXAIOTCSI B OCOOEHHOCTSIX CTPOE-
HUS M COCTaBa MPOIYKTOB JIATEPUTHOTO BBIBETPHBA-
HUS.

HM3MeHeHnsT MUHEPATLHOTO M XUMHYECKOTO CO-
cTaBa TOPOJ TaKXKe MPOUCXOASAT B 3aBUCUMOCTHU OT
W3MEHEHUS Ta30Boro pexkuma. [pu dopmupoBaHum
HIDKHETO TOPU3OHTA CBETJIBIX BBHICOKOTIIMHO3EMMU-
CTBIX OOKCHUTOB 32 CUET KeJIE3UCThIX JJATePUTOB MPO-
WCXOMWUT 3HAYMUTEJIbHOE HAKOIUICHUE ATIOMUHUS W
CTOJIb K€ 3HAYUTEIbHBIM BHIHOC Xeje3a (Tada. 1).
CopepkaHue YIJIEKKUCIOro ra3a B 3TO 30He MaKCU-
MaJibHOe. BeImie, mpu hopMUpoBaHUH KPAaCHBIX O0K-
CUTOB HaYMHAaETCS OOpaTHBIN MpoliecC. YMEHBIIIAeT-
Csl KOJIMYECTBO AJIIOMUHUS U YBEJIUYMBACTCSl KOJIMYe-
CTBO 3XeJie3a, MOCTHTasi MaKCMMyMa B CaMOM BEpXY —
KHpace, B YCIOBUIX Ta30BOrO peXknma, OJIM3KOTO K
atMoc¢hepHOMY, TO €CTh IIPU BHICOKOM COAECPXKaHUU
KHACJIOPOJA.

Kupaca. O moOumn3anuu U nepepacnpeneicHun
AJIIOMUHUS, OCOOEHHO TaM, Te UAEST 3aMEIIeHIE JKe-
JIEBUCTBIX OOKCUTOB XXEJIE3UCThIMU JIaTepUTAMHU B
Kupace, CBUIETEIbCTBYIOT IIETKU KPUCTAJUIMIECKO-
ro rub0cuTa B HEKOTOPBIX KaBepHax (¢ur. 2a, 0).
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®@ur. 2. Kpucrayuinuecknii HOBOOGpa3oBaHHBIM rMOOCUT-3 Ha CTEeHKaxX KaBEepH B Kupace (a) ¥ uyepeoBaHue FeTUTOBbIX, TH0G6-
CUTOBBIXbIX U TUAPOTreMaTUTOBBIX IPOCIOEB, UHKPYCTUPOBAHHBIX TAOJUTYATHIMU KpUCTAJIJIaMU THOOCcUTA B Kupace (0). Gib —

ru66cut, Hgem — rugporemarur, Het — rétur.

Beliie Kupachl 3ajieraeT COBpeMeHHBIM OYBEHHO-
pacTUTeIbHbIA ropu3oHT. [1py HanpaBIeHHOCTU IBU-
KEHUsA ITOPOBBLIX PacCTBOPOB CBEPXY BHH3 TOJIBKO
moyBa c OOJIOMKaMM U IJIBIOAMM pa3pylIalonIuXcs
JIATEPUTHBIX KAMECHUCTBIX MOPOI SIBISICTCS MECTOM
MOOMIIM3ALIU U Kejle3a, U aTIOMUHUSI, KOTOPLIE TTe-
pepacrpenensioTcs mo paspesy. O ToM, 4YTO B MOUBE
UAYT TIPOLECCHl IePUOAUYECKOTO PACTBOPEHUS U
ocaXIeHUs Xelie3a, CBUIETEIbCTBYeT 0Opa3oBaHUe
TaK Ha3bIBa€MbIX TOYBEHHBIX IIM30JUTOB. BTO
OKpyT1Jbie o6pa3oBaHust oT 0.5 1o 2—2.5 cM B 1uamer-
pe. KommoMopdHoOe CKPBITOKPUCTALINISCKOE BEIle-
CTBO IPEUMYILIECTBEHHO I€TUTOBOIO U aJIOMOTETH-
TOBOTO COCTaBa 00pa3yeT TOHKME KOHLICHTPUYECKIUE
MUKPO30HbI BOKPYT 00JIOMKOB JIATEPUTOB.

MEXAHW3M ®OPMUPOBAHNWA
3O0HAJIbBHOCTH JJATEPUTHOTI'O
BOKCHUTOHOCHOTO ITOKPOBA

Jass coOCTBEHHO JIATEPUTHOIO0 OOKCUTOHOCHOTO
MOKPOBa XapaKTepPHO 30HAJILHOE CTPOCHUE, KOTOPOE
00OyCJIOBJIEHO M3MEHEHHEM (PU3UKO-XUMUYIECKUX
ycioBuii B Ipoduiie BEIBETpUBaHMsI, G1arogapsi Ko-
TOPBIM U3MEHSIETCSI COCTaB IIOPOBBIX PACTBOPOB, YTO
NPpUBOIUT K (OPMUPOBAHUIO JIMOO CYIIECTBEHHO
KeJIe3UCTRIX JIaTEPUTOB, INOO O0oKcuTOB. M3 m3mo-
>KEHHOTO BbIllIe MaTepurasa MOXHO ClieJlaTh BBIBOI O
TOM, UTO 00pa3oBaHNEe OOKCUTOB IIPOUCXOIUT O1aro-
Japsl TIpoleccaM IPOCTPAaHCTBEHHOIO pasleeHUs
AIIOMUHUS 1 XeJie3a. DTO MPOUCXOIUT TOJIbKO B TU/ -
pOTeO0JI0TMYECKOI 30He aspallu U MHOWILTpALIIN,
B CPEIHEN M HUXHEN YacTsaxX KOTOPOM Tra3oBbIl pe-
KM CO3JaeT IJIEEBYIO TEOXMMMNYECKYI0O OOCTaHOBKY.
Hauunasi ¢ HIKHMX JaTepUTOB 30HBI KOJICOAHMS
3I'B 1 BBepx OO0 KHMpACHl BKIIIOYUTEIBHO CHCTEMa
MPOIYKTOB BHIBETPUBAHUS C TOYKH 3PECHUS XUMUYIE-
CKOTO COCTaBa MOXET paccMaTpUBaThCsI KaK OMHap-
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Hasl ¢ IByMsI TJIJaBHBIMU MOPOA000OPA3yIOLINMU BJIe-
MEHTAMMU: 3KeJIe30M U aTIOMUHUEM.

Hns manHoit BepxHeii kojoHku JIBKB (dur. 1)
IJIaBHBIM PEareHTOM 1 TPaHCTIOPTOM IIPUBHOCA—BBI-
HOca W Tiepepaclipelne/ieHus] BeIlecTBa SIBIISTIOTCS
MMEHHO TOPOBbIE PacTBOPHl. MaTepUHCKUM CyO-
CTPATOM CJIeAYyeT CUMTATh HIDKeJIeXKallue KaoaTuH-
TOBBIE TJIMHBI, 2 HE KOPEHHBIE TTOPOIBI, T.K. TIOPOBHIE
pacTBOPHI MOCJIE BCTPEYU U B3aUMOJICHUCTBUS C TPYH-
TOBBIMU BOIAMHU TIOJTHOCTBIO TIPe0OPA3yIOTCS M TIe-
pecTaloT CyIIeCTBOBATH B pa3pe3e KakK CaMOCTOSTENb-
HbI TUN. M3-3a cBOEro He3HaAYMTEIHLHOTO OObema
OHM IIPaKTUIECKN He OKA3bIBAIOT BIMSTHUS HA COCTaB
T'PYHTOBBIX BOI, KOTOPbIE HAITOJTHSIOTCSI B OCHOBHOM
TPEIIMHHBIMUA BOJAMM, SIBJISIIOIIUMUCS aHaJIOTOM
TIOXIIEBBIX BOI.

HixHMIT TOPU3OHT SKeJIE3UCTHIX JaTEPUTOB KakK
pa3 obpasyercs MyTeM I'UAPOJIUTUIECKOTO pa3Ioxe-
HUSI KaOJJMHUTA U BKIIIOYEHUI KBaplia, COXpaHsIo-
IIIeTOCST 3a9acCTyI0 B KPYITHBIX BBIIEJICHUSIX BMECTE C
OCTaTKaMy TUAPOCIION, 1 00pa3oBaHUEM OKCHUIIOB U
TUAPOKCHUIOB XeJie3a U altoMuHus (pur. 3a).

3aMelreHrne OMHUX MUHEPAJIOB APYTUMHM ITPOUC-
XOIWT C COXpaHEHMEM TEKCTYPHBIX, a WHOTIa W
CTPYKTYPHBIX IPpU3HAKOB (ur. 30).

OTIII/I‘{I/ITeHbeIM IIPU3HAKOM ME€TacoMaTo3a fB-
JIIeTCSI TEHACHLIVS K YMEHBIIEHUIO KOJIMYECTBA MU-
HEpaJIoB, YTO U MPOUCXOIUT K BEPXHE YaCTH HIK-
HETO KeJIE3UCTOro TOPU30HTA, TAe MOpOoa00Opas3yo-
LMY MUHEpPaJaMU CTAHOBITCS MUHEPAJTbI KeJie3a U
rnHo3eMa. [lo m3MeHeHMsIM OajtaHca BeIllecTBa 3Ty
YacThb JaTePUTHOTO GOKCUTOHOCHOTO TTOKPOBA MOXKHO
CUUTATh 30HOM ATIOMO-3KEJIE3UCTOT0 METacoMaro3a,
MPOUCXOISIIETO B OKMCIUTEIIBHO 0OCTAaHOBKE.

Buriiire o pa3pesy 3a cyeT CylLeCTBEHHOTO BHIHO-
ca Xelie3da M CTOJb K€ CYIIECTBEHHOIO IMPUBHOCA
AJIIOMUHUS C 3aMellieHUeM MUHEpPaJIoB XeJjie3a rndo-
CUTOM, OOpa3ylOTCd CBETJIble BBLICOKOIIIMHO3EMM-
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®@ur. 3. Cnenbl 0OUTOBOM TEKCTYPhI B HYDKHEM TOPU3OHTE XKeJIe3UCThIX JJaTePUTOB, TeueHUe (DeppUalioMOoresIsi U repeMelm -
BaHUE MaTepuaja, o0pa3oBaHue TMOOCUTA Ha MeCcTe KBapIleBOTo 3epHa (a), ohuToBast CTPYKTypa, KAOJIMHUT pa3BUBAETCS T10
JieiictaM 1armokiiaza. Ha Bpeske yelnyiiku coxpaHuBlierocs: KaoanHura (6). Gib — ru66cut, Kaol — kaonuuut, Hem — re-

martut, Het — rétur.

CThIe OOKCUTBI. DTy 30HY CJeIyeT CYMTATh 30HOM
aJTIOMUHUEBOrO MeTacoMaTo3a, MPOMCXONSIIEro B
IJIeeBOil 0OCTAHOBKE C ydyacTHEeM ITOPOBBIX PacTBO-
POB MPEUMYILIECTBEHHO aTIOMUHUEBOIO COCTaBA.

bnvxe K AHEBHOI TTOBEPXHOCTH, 32 CUET CHUXKE-
HUSI MHTEHCUBHOCTH 3ara30BaHHOCTHU, 0OCTaHOBKA B
npoduie MEHSIETCS C IIEeBOI Ha OKUCIUTEIbHYIO C
aKTUBHBIM BIIUSTHUEM OPTraHUYECKUX KUCJIOT, KOTO-
pble pacTBOPSIIOT MUHEpasbl INIMHO3eMa, Ha MecCTe
KOTOPbIX OCaXKAAaK0TCA OKCHUAbI 1 TUAPOKCHUIDBI 2KEJIC-
3a. OTOT MPOLIECC JOCTUTAET CBOET0 MaKCMMyMa 'y ca-
MOI MOBEPXHOCTU, U 30HY KMPAChl MOXHO CUMUTATh
30HOM XEeJIe3UCTOr0 METACOMAaTO3a.

Mogens WHGUIBTPALIMOHHOTO MeTacoMaTo3a
ONMpaeTcs Ha MPUHIMIIBL JIOKAJIBHOTO PaBHOBECUSI
(KopxuHckuii, 1955). OgHako, OCOOEHHO cpeau
HU3KOTEMIIEpaTypHbIX METAaCOMAaTUTOB, BCJIEICTBUE
HEepPaBHOMEPHOM IMPOHUIIAEMOCTH WJIM MaJIbIX CKO-
pocTeii peakm, Cpear HUX COXPAHSIIOTCS PEJIMKTO-
Bble MUHEpaJIbl IpeAbIAylIuX 30H. B 1areputHOM
OOKCHUTOHOCHOM IIOKPOBE O3TO SBJIICHHE pPa3BUTO
MpaKTUYECKU MMOBCeMeCTHO. KaoJIMHUT coxpaHsIeTCst
JI0 BepXHeil rpaHULIbl 30HbI aTIOMO-3KEJI€31UCTOIO Me-
TacoMaTo3a, TETUT C TEMAaTUTOM — B 30HE aJIIOMUHUE-
BOro MeTacomMaTo3a, B 00KcuTax, TMOOCUT — B KHpace.

HaubGonee yoeqguTeabHBI IpUMEP — 3TO COXpa-
HeHue Tea PeppUILUIaHTUTOB, O0JIagaloNInX Haubo-
Jiee BBICOKOM INTIOTHOCTBIO M HM3KOM BOOOIIPOHMIIA-
€MOCTbIO, B 30HE aJlIOMUHUEBOTO MeTacoMaTo3a.
Cam daxT coxpaHeHUs Tea QeppUTUIAHTUTOB BIUIOTH
JI0 KHUpachl CBHUAECTEIBCTBYET O IIPOMOJLKAIOLIEMCS
Pa3BUTHUM JIATEPUTHOTO OOKCUTOHOCHOTO IMOKPOBa 1
O TOM, YTO KOIJIa-TO CETOMHSIIIHSS Krupaca HaXOoou-
JIach BHU3Y pa3pe3a B TMIPOJIOTUYECKOM 30HE KOJIe-
6anus 31'B, B To BpeMsl Kak BEpXHUE YaCTU NPODUIIs
JI0 HACTOSIIIETO BPEMEHM HE COXPaHWJIMCh, TaK KakK
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OBUTM cpe3aHbl IpoIeccaMy XMMHUYECKOTO U (pu3n-
YeCKOTO BEIBETPUBAHMUSI.

ITouBeHHBIt TOPUZOHT C KEJIE3UCTHIMU TTU30JIM -
TaMH U XKeJNe3UCThIMM KOPKaMM Ha IJIbI0aX 1 00JI0M-
Kax CBUIETEIILCTBYET O TOM, YTO B CaMOM BepxHeit
YyacTyu TUIIEPTreHHON WHQUIBTPAIIMOHHON METaco-
MaTHUYEeCKOM KOJIOHKM HanMMeHee MOOMIBHBIM 3JIe-
MEHTOM SIBJISIETCS XKeJIe30.

B naubosee 61aronpusITHOM IJIsT OOKCHUTOOOpa-
3oBaHus paitoHe Koron-Tomune ®JIM ObUIN 1TOJTY-
YyeHHI caenyloiire gaHHbie. KoadduimeHT KOHLIeH-
Tpauuu (R, Fe,O; cocTraBus 1O OTHOIIEHUIO K
yCpeIHEeHHOMY MaTEepUHCKOMY CyOCTpaTy OKoJo 4,
torna kKak R, Al,O; TOJIbKO OKOJIO ABYX. DTO 3HAYUT,
YTO Ha IIOBEPXHOCTM AaBTOHOMHOIO JaHmImadTa
BJIAXHBIX CABAaHH COXPAHWJIOCH TOJBKO 2 nonu Al,O;,
MOOMIM30BAHHOTO M3 PeaTbHO IIepepadOTaHHBIX TH-
NepreHHBIMM IIpolieccaMu 4 mojieli MaTEepHMHCKUX
nopox. CrnenoBateibHO, opsiaka 50% u3 Bcero uc-
XOIHOTO IJIMHO3eMa BHIHECEHO 3a IIPEAeIbl JaTePUT -
HOro MOKpOBa, TOTAa KaK KeJle30 OCTaloCh ITOYTU
MOJIHOCThIO. M3 3TOTO MOXHO crenaTh BhIBOIBI. Bo-
TIIepBBIX, B TIOYBEHHOM Topm3oHTe pa3pe3oB JIBKB
YHUYTOXKEHIUE IIOKPOBa MPOMCXOOUT HE TOILKO (PU31-
YeCKMMH, HO U XMMMYECKMMU TIpolieccamu. Bo-BTo-
PBIX, IJIs JTJaHAIA(MTOB BIAXXHBIX CAaBaHH IPEUMYIIIe-
CTBEHHBIM 2JIEMEHTOM SIBJIIETCA MMeHHO Fe’t.

B HuxHE yacTu COOCTBEHHO JaTE€PUTHOTO MO-
KPOBa MPOUCXOOUT €T0 HapallluBAHWE BHU3 34 CUET, B
JaHHOM cJly4yae, TNpeoOpa3oBaHUsl KAOJIMHUTOBBIX
IIVH Ha (poHe TeHAEHLIMU OITyCKaHUSI YPOBHS IPYH-
TOBBIX BOJl U BOBJICUEHUS IJIMH B 30HY KoJeOaHUs
3I'B. KoHKpeTHO 3TO BeIpaxkaeTcsl B oOpa3oBaHUM HA
TPAHUIIE JJATEPUTOB U TIINH KPACHBIX KAOJTUHUTOBBIX
DJIVH 32 CYET HA4YaBIIEHCS MPOMUTKU UX TUAPOKCHU-
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IaMU U B MEHBIIIEH CTENEHU OKCUIAMU IIPUBHCCCH-
HOTO CroJa 2KeJie3a.

JBa TIPOTUBOIIONOXHBIX TIpoliecca — Aerpagaui
BBEpXY 1 CO3MIAHNST BHU3Y — TUAJICKTUIECKI 00eCTIeun-
BalOT JUIMTEJIBHOE COXPAHEHNE HA JHEBHOM ITOBEPXHO-
CTH 3TOTO TPEIIMHOBATOIO, OTHOCUTEIHLHO HEOOIBIION
MOIIIHOCTU, HEe OYE€Hb CTOMKOTO K IpolieccaM puznde-
CKOTO M XUMHUYECKOIO Pa3pylleHUSI T'€0JI0rMYECKOro
Tesa — GOKCUTOHOCHOTO JIaTEpUTHOTO ITOKPOBA.
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YCJIOBUA BBIBETPUBAHUA 1 COCTAB
IHorPOJ B INTMHUCTOM TOPU3OHTE
[MPO®UJIA BBIBETPMBAHUA

Camast HIDKHSISI 9acThb TOPM30HTA IIMH CJIOXEHA
MPOIYKTaM1 HAYaJIbHOTO pa3JIoXKeHUSI U TUIpaTUPOBa-
HUS B BUIEC HOBOOOPA30BAHHBIX MOJMMUHEPATHLHBIX
IJIMH C BKITIOUEHUSIMU OCTaTKOB CTa00M3MEHEHHBIX Ma-
TepuHCKUX nopox (¢ur. 3). KaoaIuHUT U MyCKOBUT pas-
BUBAIOTCS IO OPTOKJIA3y, TI0 MyCKOBUTY — KaOJHUT:

2KAISi;O4 + 2H,, + 9H,0 = Al,(OH),Si,05 + 4H,Si0, ) + 2K o),

OPTOKJIa3

KaoJIMHUT

3KAISi;04 + 2H},, + 12H,0 = KALSi;0,,(OH), + 6H,Si0, ) + 2K,

OpTOKJIa3

MYCKOBHUT

2KAL;Si;0,,(OH), + 2H,,, + 3H,0 = Al,(OH),Si,05 + 2K,

MYCKOBUT

Banmanc BelllecTBa IOKa3bIBaeT MPEUMYIIECTBEH-
HBII BBIHOC I1IEJI0YHO3eMeJIbHBIX 3JIEMEHTOB U KpEeM-
HUS, a TaKXKe aOCOMIOTHOE yBEeJIMYEHUE KOJIMYECTBA
KpUCTaJIN3allMOHHOM Boak! (ur. 1, Tadm. 1).

DMOBUANbHBIE TIIMHBI COXPAHSTIOT TEKCTYPHBIE U
B MEHBbIIICH CTENEHU CTPYKTYPHBIE TIPU3HAKNA MaTe-
pUHCKUX Topon. Hapsmy ¢ M3MeHeHUSIMU XUMMYe-
CKOTO ¥ MWHEPAJIBLHOTO COCTaBa TJIMH ITPOMCXOIUT
CyIIECTBEHHOE M3MEHEeHUe UX (PU3MKO-MexaHuve-
CKMX CBOMCTB. [1opombl CTAaHOBSITCSI PHIXJIBIE, JIETKO
HUCTUpAIOTCS MayibliaMUu. Takke CHU3Y BBEPX YMEHb-
niaeTcs 0obeMHast Macca nmopog, — ot 1.8 r/cm? monu-
MUHEPAIBHBIX, 10 1.45 r/cM? — CBETIIBIX KAOIMHUTO-
BBIX JIMH. 3a CYET BHIHOCA 3HAYMTETHLHOMN YacTH Be-
1IIeCTBa MTPOUCXOIUT YBEJIMUYEHUE MTOPUCTOCTH.

ImuHucTas yacThb pa3pesa MPOCTPAHCTBEHHO COB-
MagaeT ¢ TUAPOTreO0JIOTUYECKOM 30HOM OOBOTHEHUS B
ce30H poxaeit. Ho ckopocTh GmiabTpaiiim B COOTBET-
CTBUHU C U3MCHSIONIEICS ITOPUCTOCTHIO B KAOJIMHO-
BBIX DJIMHAX BEPXHEN U B WJUIUT-TUAPOCITIOAVCTHIX
[JIMHAX 10 aJIeBpO-apTUJLINTaM, U MOHTMOPUJLIOHU -
TOBBIX 10 AOJEPUTAM HIMKHEI 4aCT TOPU30HTA Me-
HsieTcss. COOTBETCTBEHHO, MEHSIETCS I CKOPOCTh 00-
HOBJICHUSI BOII, 2 32 CUET 3TOTO U COCTaB BO/I.

B Tabnuie 2 mpuBeneHbl JTaHHBIE 110 TUAPOXUMUN
pasnuuHbix Bod B JIBKB, Bkitouast moxneBrie. Tpe-
IIMHHBIE BOIBI, KOTOPHIC IOIIOJIHSIOT 1 OOHOBIISIIOT
BEPXHIOIO YaCTh TPYHTOBBIX BOJ, II0 CBOEMY COCTaBY
OYEeHb OJTM3KU TOXIeBbIM BogaM. COOTBETCTBEHHO, B
CcBoOeii BepxHell yacTu, B 30He Konebanus 3I'B, rpyH-
TOBBIE€ BOJIbI HEPABHOBECHBIE IO COIEPKAHUIO B HUX
KpeMHUSI M KaoJuHuTa. KaoJMHUTOBBIE TJIMHBI UC-
MBITBIBAIOT TUAPOJIUTUIECKOE Pa3JIOXKEHHE C 00pa30-
BaHMeM rmoocurta. Hmske, BHYTpM KaOJIMHUTOBBIX,
KaOJMHUT-TUAPOCTIONUCTHIX WIN KAOJIUHUT-MOHT-
MOPWJUIOHUTOBBIX IJIMH COACPKAHUS KPEMHUS B BO-
Jie yBeINYMBAIOTCS 10 5.5 Mr/71 (Tabi. 2). OtH comep-
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KaOJIMHUT

JKaHWSI pPaBHOBECHBI OTHOCUTEJIBHO KaOJIWHUTA
(bpoHneBoii u ap., 1975; Kamuk, 1981; Kykos, bora-
teipeB, 2012; IlIBapues 2013; Tardy, Nahon, 1985),
HO TUAPOCIIONBI I MOHTMOPUJUIOHUT ITPOIOJLKAIOT
paznaratbcsi BHM3 1o nmpoduio. K moBepxHOCTH He-
W3MEHEHHBIX MATEPUHCKUX TIOPOI TTOPOBBEIC BOIBI
TTOIXOISIT, TIO-BUIMMOMY, C eIIle OOJTbITeit KOHIIEHTpa-
Meil KpeMHUSI, IIeJIOYHBIX U IIEJTOYHO3EMETbHBIX
3JIEMEHTOB, HO HEPaBHOBECHBIX C aJTIOMOCHINKAMU
MaTeprHCKOTO cyocTpata. HaunHaeTcst mx pasioske-
HME, BBIHOC TTOABIDKHBIX 3JIEMEHTOB C 00pa30oBaHUEM
TUAPATUPOBAHHBIX (G OPM — CMEIITaHHOCTOMHBIX T~
HUCTBIX MUHEPAJIOB. [1py 3TOM comepskaHUs aTIOMU-
HUSI U XKeJie3a UBMEHSIIOTCSI B O4eHb He3HAYUTEJIbHBIX
a0COMIOTHBIX KondecTBax (Tabdu. 1).

HM3MeHeHne XUMUYECKOTO 1 MUHEPAJIOTO-TIeTPO-
rpacMyeCcKoro cocTaBa MpoayKTOB BEIBETPUBAHMUS OT
MaTEepUHCKOTO cyOCcTpaTa BBEPX IT0 IIPOMILTIO 10 Cy-
IIECTBEHHO KAOJIMHUTOBBIX IIIMH TaKXXe MOXKET pac-
CMaTpUBaTbCsl KaK MeTacoMaTUYeCKUM TIpoliecc.
[NpeoGramarommM SIBJIIETCSI BBIHOC TTOIBYIXKHBIX 3JIe-
MEHTOB, WHTEHCUBHOCTH KOTOPOTO YBEIWUMBACTCS
CHU3Y BBEPX IMPOIOPLUMOHAIBHO TUAPOAUHAMUYE-
CKOMY (DaKTOpY — YBEIWYCHUIO CKOPOCTH OOHOBIIE-
HUs TTOPOBBIX BOA. B 3aBMCHMOCTM OT pa3jIMIHOMN
CKOPOCTHU QUJIBTpALIMU PACTBOPOB U3MEHSIETCSI KOH-
IIEHTpaIsI KOMIIOHEHTOB B pacTBope. MI3MeHeHUS B
IJIMHAX KOPBI BEIBETPUBAHUS ITPOUCXOISIT B COOTBET-
CTBUM C KJIACCUYECKUMMMU 3aKOHOMEPHOCTSIMU (op-
MUPOBaHUST WHQUIBTPAIIMOHHON MeTacoMaThde-
CKOM 30HaJIbHOCTU (MeTacoMaTtusm ..., 1998).

HaubGonee xapakTepHOl 4epToii MeTacoMaTUye-
CKUX IPOILIECCOB SIB/ISIETCS. YMEHBIIICHE MIHEPAIOB
B METacOMaTHYECKMX 30HaX MO MEpEe YBEIWYCHUS
WHTEHCUBHOCTHU TIpoliecca. DTO Xe HaOIIoIaeTcs B
pa3pe3e JIBKB oT KkopeHHBIX mOpond K MOJIUMHHE-
pPaJIbHBIM IJIMHAM.
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®ur. 4. PeTMKTHI MATEPUHCKUX ITOPO/I B TOJIMMUHEPAIBHBIX IMHAX: TUIACTUHOYKY KaOJMHUTA, PA3BUBAIOIIIMECS IO TTOJIEBBIM
mmaram (a), ypaJiuT ¥ TUIPOCITIoNa, pa3BUTHIC IO KIIMHOMMMPOKCceHY (6). Mont — MmoHTMopwmionut, Kaol — kaonuaut, Cpx —

KianHonupokceH, Uralit — ypanut, Hdmicas — ruapociiona.

B muHMCTOM TOPpU3OHTE JIATEPUTHOTO BHIBETPU-
BaHUSI, TaK K€, KaK B HU3KOTEMITepPaTypPHBIX METACO-
MaTHUTaX, BCJCICTBHE HEpaBHOMEPHOI MHpOHUIlAe-
MOCTHU U MaJIbIX CKOPOCTeil peaKiuii cpeau BhIlIese-
KallUMX 30H-TOPU3OHTOB COXPAHSIIOTCSI PEJTUKThI
npeawsinyyx 30H. Hanmpumep, ¢pparMeHThI BEIBETpE-
JIBIX MAaTePUHCKMX TTOPOJ B 30HE TTOJMMHUHEPAJIBHBIX
mvH (¢ur. 4a, 0), UM YaCTUIHOE COXpaHEHUE THUJI-
pOCIION B 30HE KAOJIMHUTOBBIX INIMH ((UT. 5) 1 T.II.

T'opu3oHT IceBIOMOP(MHEBIX TJIMH 30HBI ITIOCTOSTH-
HOTO OOBOIHEHMUSI SIBJISIETCS] KIIACCMYECKUM OCTaTOY -
HBIM IIPOAYKTOM BBEIBETPUBAHUSI — 3IIOBUAIILHOM
KOPOIi BEIBETPUBAHMS C COXpaHEHUEM TeKCTYPHBIX U
YaCTUYHO CTPYKTYPHBIX MPU3HAKOB MATEPUHCKOIO
cyocTpara.

CrenyeT Nomu4epKHYTh, YTO TTIMHKUCTAS YaCTh KOP
BBIBETPUBAHUSI B PETUOHE SIBJISICTCSI OTPOMHBIM pe-
3epByapoM COXpaHEHUs JOXAEBBIX BOJI Ha CyXOii ce-
30H B roloBOM LIvKJIe. M3-3a HU3KOM (UIBTpALIMOH-
HOM CITOCOOHOCTH MCeBIOMOP(MHBIX INTUH TOXICBHIC
BOJIBI KOPBI BEIBETPUBAHUS MIPOIOJIKAIOT IIMTATh I10-

@ur. 5. 3ameleHre KaoJIMHHUTOM TOJWMUHEPATbHOMN
DIMHBL. Montmor — MOHTMOPWIIOHUT, Kaol — KaoJIWHUT.

TEOJIOTUSA PYOHBIX MECTOPOXIEHU

BEPXHOCTHBIM CTOK C CYIIIEeCTBEHHO YMEHbIIAIOIINM-
csl 1e0EeTOM ITOUTH OO CJIEIYIOIIeTro Ce30Ha JOKICHt.
IMostomy mmato ®JIM Ha3BIBAIOT BOIOHAIIOPHOM
OalrHeit aToi yactu 3anagHoil AQpUKU, U3-TI0] KO-
TOPOit HAUMHAIOTCS UCTOKU KPYITHEHIIINX PEK PETho-
Ha: Hurepa, Cenerana, lamouu, ®@aneme, TomuHe-
Koo6yn, KoHkype 1 MHOTUX JpYyTHUX.

Ecam GBI He OBLITO 3TUX XPaHWJIUIIL JOKIEBBIX BOJI
B KOpE BBIBETPUBAHMUSI, TO 32 4—6 MeCSILIEB CYXOTo ce-
30Ha BCSl PacTUTEJbHOCTb, CKOpee Bcero, oObuia Obl
YHUYTOXEHA, 1 JIJAHIIIAMTH ObLIN OBl ITyCTHIHHEIE U
MOJTyITYCTBIHHBIE.

IMPUMEHEHUWE TEOP1U 30HAJIbBHOCTHU K
PELIEHHIO BOITPOCOB ®OPMHWPOBAHUA
BOKCHUTOBDBIX 3AJTEXEN N
BOKCHUTOHOCHOCTHU TEPPUTOPUHN

Teopust 1 3aKOHOMEPHOCTH (DOPMUPOBAHUS 30-
HaJILHOCTHU MMeEET BaXKHOE 3HAaUYCHME B BOIIPOCE IIPO-
rHo3uMpoBaHUsi 6okcutoHocHOocTU. B JIBKB momi-
HOCTh IOTEHIIUAJIbHO OOKCUTOHOCHOI 4YacTH JiaTe-
PUTHOTO  IIOKPOBa  CTPOr0  KOHTPOJIUPYETCS
DIyOMHOI 3ajileraHusl YPOBHSI TPYHTOBBIX BOHA. DTO
MOATBEPKIAETCS Ha IPUMEPE CPaBHUTEIBHO KPYII-
HBIX MecTopoxneHuii. Ha mecropoxxnmenuun ebene
npocjexXeHa CBSI3b MeXAY HAJIMYMEM U MOILIHOCTBIO
OOKCHUTOPYIHBIX TEJI 1 IJTyOMHOI 3a71eTaHusI OT THEB-
HOIT TOBEPXHOCTH 3epKajia IPyHTOBBIX Bo (¢ur. 6).
XapaKTepHO, UTO Ha yJyacTKax, Iie ypOBEHb I'PYHTO-
BBIX BOJI OJIM3KO (2—4 M) HNOAXOOWUT K THEBHOM I10-
BEPXHOCTU WX BBIXOAUT Ha Hee, C 00pa3oBaHUEM 3a-
0OJIOUEHHBIX TOIIKUX MECT, B JJaTEPUTHOM ITOKPOBE
OTCYTCTBYIOT OOKcuTOpymHbIe Tejla. KapTupoBaHue
TTO3BOJIMJIO BEISIBUTH HamboJiee OOIIMPHEBIN Oe3pyi-
HBIM y4acTOK B paiioHe 3amaaHoOil BepIIMHBI O0BaIN
Hebele ¢ mMoJIoroit MylIba000pa3HOM CKIIAIKOM, KO-
Topasi OOyCJOBMWJIA BBICOKOE ITOJIOXKEHHE YPOBHS
TPpYHTOBEIX BoAd. HampoTuB, B siipe aH TUKJIMHAJIbHBIX
CKJIaJIOK BBICOKOTO ITOpsiAKa U B TEKTOHMYECKU Ha-
PYILIEHHBIX 30HaX, IJI€ YPOBEHb I'PYHTOBBIX BOJ pac-
Ne 3
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@ur. 6. KapThl TyOMH MOJIOXKEHUS YPOBHS TPYHTOBBIX BOJI B CE30H JTOXK/IEH (a) 1 MOIITHOCTY OOKCUTOB (0) Ha MECTOPOXICHUHN

Jleberne.

moJiaraeTcsl MyO0OKO, MOIITHOCTh OOKCHUTOB 3aMETHO
MOBHIIIIAETCS.

BBISIBJICHHBIN TUIPOTE€OJOTMYECKU  KOHTPOJIb
HaJIMYKMS M MOILIHOCTU OOKCHUTODPYIHBIX 3aliexkeil B
JIATEPUTHBIX TIOKPOBaX OOBSICHSIET U OTCYTCTBHE
MMPOMBIIIIJIEHHBIX OOKCUTOB Ha OOIIMPHBIX IPO-
CTpaHCTBax 0oJjiee HU3KMX UM MEHee pacuIeHEHHBIX
nosepxHocrei. Hanpumep, wia 11 u 111 reomopdo-
JIOTMYECKMX YPOBHEM B paifoHe MecTopoxaeHUst bos
(I'BuHes-Buccay) ypoBeHb TPYHTOBBIX BOI 3ajIeracT
OJIM3KO K THEBHOM IIOBEPXHOCTH.

Taxkum 0Opa3oM, Ha pa3HBIX ITO BO3PACTy — SOLIEHO-
BbIii Ha MecTopoxaeHuu npopuHuny ®IAM Jlebene u
TUIMOLIEH-HYDKHEYETBEPTUYHBIN Ha bos — reoMopdo-
JIOTUYECKMX YPOBHSIX peJibeda 61m3Kast TUIPOreoI0T -
yecKasl cuUTyalusi oOyCJIaBIMBAET CXOOHBIM XUMUYE-
CKHUIi1 cOCTaB MPOAYKTOB BHIBETPUBAHUSI, HO IPUYUHBI,
OIpeIeINBIINE BEICOKOE MOJIOXKEHNE YPOBHS TPYHTO-
BBIX BOII, pa3nuaHbl (MamenoB u ap., 2020). Ha Jle-
Oejie — 2TO JIOKAJbHBIA CTPYKTYPHBI KOHTPOJIb —
CUHKJIMHAJIbHAsI CKJagka, a Ha bo» mpeumyiie-
CTBEHHO TeOMOP(hOJIOTUYECKUIT — CTEIIEHb pacujie-
HEHHOCTU pejibeda, T.e. OTHOIIEHUE TepuMeTpa K
momaa 0OBajiv, M CBSI3b C IIPUTOKOM BOJIBI C CO-
NpsiKeHHBIX 00J1ee BEICOKMX YPOBHE penbeda (Ma-

TEOJIOTUSA PYOHBIX MECTOPOXKIEHUM  ToMm 65

MenoB u ap., 2022). Yem ObIcTpee OCYLIECTBIISIETCS
cOpocC BOABI MO BOAOYIIOPHOMY IJIMHUCTOMY TOPHU-
30HTY, TeM HIXe OyIdeT HaXOAUThCS CTAaTUYECKUIA
YPOBEHb TPYHTOBBIX BOJ, a TAKXKE OyIyT CO3AaBaThCS
OoJiee OJAroNpUSTHBIC YCIIOBUS IJII 0O0pa30BaHUSI
OoJyiee MOIIHBIX U Oo0Jiee KaueCTBEHHBIX OOKCHUTOB.
Hanpumep, Ha Mmectopoxnenun H’Jlanrapa cyiie-
CTBEHHO XeJIe3UCThle OOKCUTHI U JIATEPUTHI OOHAPY-
KEHBI B BUJE IISTEH B MYJIbIOOOPA3HbIX CUHKJIMHA-
51X, rae 3I'B mpakTuyecku BIXOIUT Ha TIOBEPXHOCTh

(dwur. 7).

CrenoBaTesibHO, MO MOJOXEHUIO 3epKajia IPyH-
TOBBIX BOI 1 TIO COCTaBY ITOPOJI JIATEPUTHOTO TTOKPO-
Ba MOXXHO KOCBEHHO CYIMTh O XapaKTepe TINKATUB-
HBIX CTPYKTYp 1 UX pa3Mepax.

Jlutosornyeckass 1 MUHEpPaI0ro-reoxuMudecKas
30HAJIBHOCTD SIBJIIeTCS Hanbosiee HAaAeXKHBIM JOKa-
3aTeJIbCTBOM JIATEPUTHOI MPOpabOTaHHOCTH OO0JIO-
MOYHEIX oOpa3oBaHuii. [IpyMeHeHNEe 3TOro Kpure-
pUsI TI03BOJIMJIO 00OCHOBATh OCAA0YHO-JIaTEPUTHOE
MPOUCXOXKIECHNE GOKCUTOB MECTOPOXICHUIA TPYITIIBI
Meenru-®occeka, bamaHnyry u ap., KOToOphle 3aj1e-
raloT Ha KBaplLEBbIX IECYUaHNKAX OPIOBUKCKOTO BO3-
pacra.

Ne 3 2023



250

13°52.5' W

13°51.0
Il

MAKAPOBA u 1p.

13°49.5'

11°4.5'

N7Dangara;

| |
_=— - e @

=\

11°5.0

225

200

175

150

C3
225

IOB
- 225

200 A

- 175

- 150

M
oldow Warndl s -
e

- 200 1

1> [ e EEES
¢ [on]7 EEs 29 [0

®@ur. 7. [eonornueckas KapTa ¢ U30JIMHUSIMU MTOJIOXKEHUSI 3epKaJla TPYHTOBBIX BOJ B CE30H NOX/€i (a), MPOAOIbHBIN (0) U Mo~
nepeyuHslil (B) pa3zpessl MectopoxkaeHust H’lanrapa. 1—2 ocanouyHo-j1aTepUuTHbIE GOKCUTHI IO OTJIOXKEeHUsIM cepumn CaHrape-
nu: 1 — KOHDIOMepaT-00KCUTBI; 2 — MeCYaHUKOBUIIHbIE U IPABEJIUT-00KCUTBI; 3 — GOKCUTHI IO KOPEHHBIM MTOPOAAM JIATEPUT-
HbIE in situ ¥ reneduIEpOBaHHbIE; 4 — XeIe3UCTble OOKCUTHI HEKOHAMIIMOHHBIE U XKeJIe3UCThIE JIATEPUTBI; 5 — OOKCUTHI XKe-
JIe3UCThIe OOJIOMOYHBIE (IO MOJIONBIM JETIOBUATBHBIM U NIETIOBUAIBHO-TIPOTIOBUATBHBIM 00pa30BaHUsAM); 6 — TJIMHBI
JIaTepUTHBIE NICEBLOMOPGHbIE KAOJTMHUTOBBIE U [IOJIMMUHEPaIbHbIE 10 KOPEHHBIM MOpoJaM; 7 — aJleBpO-aprUJUIMTHI 1€BOHA,
cuta Papo; § — KoHra-nMada3bl ME30301CKOI TpanmnoBoil popManny; 9 — U30JIMHUM MTOJOXKEHMS 3epKajla TPYHTOBBIX BOI B
CE30H JOXei: a — U30JIMHUY [TTyOMHBI 3aJIeTaHUsI OT THEBHOM MOBEPXHOCTU (Ha KapTe), b — nmosioxeHue Ha paspesax; 10 —

JIMHUY TeOJIOTUYECKUX MPOdIIIeii.

OnpeneneHue reHe3uca OOKCUTOBBIX 3ajiexkeld,
CJIOKEHHBIX OOJIOMOYHBIMU MMOPOAAMU, OOBIYHO SIB-
JISIeTCsl HEMPOCTOM 3amayeii, yacTo cam (hakT HaJIu-
4usi 00JJOMOYHBIX CTPYKTYp CO cledaMu IepeoTIo-
KeHus 1 quddepeHnanu 06JJ0MOYHOTO MaTepra-
JlJa TOPUBOAUT K OTHECEHUIO TaKMX CTPYKTYp K
ocamouHoMy tuny (Muxaitnos, 1969; CenuBepcTos,
1983 u ap.). OnHako cMeHa KayecTBa OOKCUTOB B

T'EOJIOTUSA PYIHBIX MECTOPOXIEHU I

paspe3ax MecropoxaeHuit Meenru, @occeka, ba-
nanayry FOxHnas, JIe6ene BoctouHas u Ap. He HallLa
OTpaxkeHUsl B JaHHOU Teopun. OHU UMEIOT MPUHIIU-
MUAAITBHO OIHOTUITHOE CTPOECHUE, aHAJIOTMYHOE KO-
paM BbIBETpUBaHUS, C(hOPMUPOBAHHBIM MO KOPEH-
HBIM MOPOJaM — IJIMHUCTBIM CJIaHIIaM WJIU JOJIEpU-
TaM, HO C MOBBILIEHHBIM COJEPKaHUEM KpEMHe3eMa
B BUe KBaplia U 00JJOMOYHBIMU CTPYKTypaMu OOK-
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CUTOB. DTO XOPOIIIO BUIHO U3 COITOCTABIIEHUS pa3pe-
30B C IIPUBJICYCHHUEM AJAHHbLIX O T'MIAPOrcoJOormnyc-
CKOIf 30HaJIbHOCTU ¥ CMEHE COCTaBa IMOA3EMHOI aT-
Mocdepbl. BOKCUTOHOCHBIIT TaTEPUTHBII ITOKPOB
MoOr c(OpMHPOBATLCS TOJBKO OJlarogapsi HaJIUYUIO
PBIXJIOTO TIEPEOTIOKEHHOro cybcTrpara, Ipopado-
TaHHOTO JIATEPUTHBIM BLIBETPUBAHUEM COBMECTHO C
MOACTUJIAIOIINMU KBapleBbIMU MECYaHUKAMU. DTO
CBHUCTEIILCTBYET OO0 OCAIOYHO-JIAaTEPUTHOM, a HeE
0CaIOYHOM, T€HE3UCEe ITUX MECTOP OKACHUIA.

3AKJIIOYEHHME

IMonyyeHHBIE B pe3ysibTaTe ASTaTbHBIX pa3BemIoy-
HBIX padOT U KPYIJIOTOAWYHBIX HAOTIOASHUIA 3a THUI-
pOTEOJIOTUUECKUM PEXKUMOM HA KPYIMHBIX MECTO-
POXIEHUSIX, a TaKXKe CIeIMAIbHBIX THAPOXUMUYEC-
CKUX HCCICIOBAaHWII pa3IMYHBIX TUIIOB BOA U
M3MEHEHU Ta30BOTO COCTaBa MOA3EMHOM aTMOC(he-
po! B JIBKB kpynHeiinieit 600KCUTOHOCHOM IMTPOBUH-
muy ®JIM, To3BOIMIN BIICPBEIC HA HAIEXKHOI (haK-
TUYECKOM 0ase claenaTh PsII BaXKHBIX BBIBOJOB 00
YCIIOBUSIX 1 OCOOEHHOCTSIX (OPMUPOBAHUS 30HATb-
HOCTH B CTPOCHUHU IIPOG WIS BHIBETPUBAHUS.

1. Ha moBepXHOCTH MOJIOKUTEIBHBIX (PopM pe-
Jbeda mo aJroMOCUJIMKAaTHOMY cyOcTpary JuTocde-
PBI B pe3ybTaTe BO3AEHACTBUSI areHTOB TUAPOChEPHI,
atMocdepsl 1 6rnocdepbl GOPMUPYETCS OTHOTUITHAS
BepTUKaJIbHAS TUIIepTeHHAasi MeTacoMaTu4decKasi 30-
HaJbHOCTh, BKJIIOUAlONIasl Tejla OOKCUTOB. DTU MO-
ponbl, oOpa3oBaBIIMECS B OMNpeleeHHON BepTU-
KaJILHOM ITOCJIENOBATEIbHOCTHU, OTHOCSITCS K ITOJTHO-
MY WU CcyOJIaTEPUTHOMY TUITY OOKCUTOHOCHBIX KOP
BBIBETPUBAHUS, CTPOTO O0YCIIOBICHHOI BEpTUKAb-
HOIi TUIPOTEOJIOTUUYECKON 30HAJBbHOCTBIO B CE30H
JOXIEeN, IepuoaUIeCKUM IPOAYyLIUPOBAHUEM aK-
TUBHBIX PEAreHTOB OPraHWYEeCKUX KMCJIOT, a TaKXKe
YTJIEKUCJIOTO Y yTapHOTO T'a30B 3a CUET Pa3IoXEeHUs 1
OKWCJICHUSI PACTUTENILHBIX OCTATKOB B OMOJIOrMYe-
CKM aKTUBHOI1 cpene. OnpeaeeHa B3auMOCBsI3b 30-
HaJIbHOCTHU ITPOAYKTOB BHIBETPUBAHUS C U3MEHEHUSI-
MU THUIPOreOJIOTUYECKOTO U Ta30BOr0 PEXUMOB B
npouiie BEIBETPUBAHUSI.

2. U3MeHeHus B poduiie BBIBETPUBAHUS IIPOKC-
XOOSAT B COOTBETCTBUM C TJIaBHBIMU 3aKOHOMEPHO-
CTSIMU HU3KOTEeMIepaTypHOro MHPUIBTPALIMOHHOTO
MeTacoMaro3a, 4Tto mno3BoJjisieT otHectu JIBKB k
MPOAYKTaM MHPMIBTPALIMOHHOIO TUTIEPTeHHOTO Me-
Tacomaro3a.

3. Ilpodnnp BBEIBETpUBAHUS B CHJIIY OCOOEHHO-
CTeil TUAPOJMHAMUYECKMX TTOTOKOB JOXIEBBIX BOI,
npoxongimux yepe3d JIBKB, cocrout m3 aByx mpo-
CTPAHCTBEHHO COBMEIIIEHHBIX B IJIaHE, HO pa3ieiib-
HBIX IO BEPTUKAIN METACOMAaTUYECKUX KOJTOHOK:

— BepxHei, COOCTBEHHO JIATEPUTHOIO ITOKPOBA,
CJIOXXEHHOTO B OCHOBHOM IIPOLYKTAMU THAPOJIU3A
KOHEYHOTO JIATEPUTHOIO BBIBETPUBAHUSA, T. €. THII-
POKCHIAMU M OKCHUIAMMU XKeJle3a U aTlOMUHUS
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— HWXHEU, CIIOXEHHOW IIMHUCTBIM BIIIOBUEM,
MPOAYKTaMU TUAPATUPOBAHUS U PA3IOXKEHUS alto-
MOCUJINKATOB — MOJUMUWHEPATbHBIMU TIIMHAMU U
KAOJTMHUTOM.

B 00eunx KoJiIoHKax MpoliecChl U3BMEHEHUSI Hauu-
HAIOTCSI C BO3IEHCTBUSI OMHUX U TEX K€ JOXIEBBIX
BOJII, HO OTJIWYAIOTCS TUAPOAUHAMUYECKUMMU I1apa-
MeTpaMU B KaXKIIOi 13 KOJIOHOK. Boga-peareHT, rpo-
XOIIIAsl Yepe3 BEPXHIOIO KOJIOHKY (ITOpOBBIE pac-
TBOPHI), AKTUBHO pearupyloiias ¢ OpraHuKoi u 61o-
TOI1, IpUBOASILASI K MOLIIHOMY IlepepaciipeieeHUI0
BEIlleCTBA, IIOCJIE BCTPEUM C 3€pPKaIOM TPYHTOBBIX
BOJI B CUJTy CBOETO MajIor0 KOJIMUYeCTBa, pa30aBiseT-
Cs HACTOJIbKO, YTO HE€ OKa3bIBaeT NPaKTUYECKOIO
BJIMSIHUSI HA COCTaB IPYHTOBBIX BOJI, KOTOPbIE (hUJIb-
TPYIOTCS Yepe3 HIDKHIOK KOJIOHKY.

4. B BepxHeii U B HUDKHEI TUIIepreHHbIX MHMWIIb-
TPALIMOHHbBIX KOJIOHKaX IMPOLeCChl B3aUMOIeiCTBUS
pacTBOPOB U MOPOA B LIEJIOM COOTBETCTBYIOT IJIaB-
HBbIM 3aKOHOMEPHOCTSIM HU3KOTEMIIEPATypPHOTO MH-
GWIBTpallMOHHOTO METacoMaTo3a:

— IIPOUCXOAUT PACTBOPEHUE OMHUX MUHEPAJIOB, U
Ha UX MeCTe 00pa3yroTcsl HOBble MUHEPAJILI IIPU CO-
XpaHEHUU TBEPIOTO COCTOSTHUSI ITOPOL;

— 13-3a HU3KOI CKOPOCTHU peaKLUii U pa3IudyHOMN
MPOHULIAEMOCTU Cpedbl HE BBIIEPKMUBACTCS JIOKAJIb-
HO€ paBHOBECHE, U B KaXIOI 30HE COXPAHSIIOTCS pe-
JIMKTHI TIPENbIAYIINX 30H;

— I1IO MEPE I/IHTCHCI/I(l)I/IKaL[I/II/I IIpoLecca mMponcxo-
JIUT YMCHBIICHNEC KOJINYECTBA MUHEPAJIOB,

— B BEpXHEi KOJIOHKE B TOYBEHHOM TOPU3OHTE B
TBUTOBOM 30HE OOJILIIMHCTBO KOMIIOHEHTOB CTaHO-
BSITCSI IOIBUXKHBIMU — IIPOUCXOAUT XUMUYECKAsT 1e-
rpagalus Ipoduis BEIBETPUBAHUSI.

IIpu 3TOM yC0OBUS, MEXaHU3MbI U INIABHBIE MIPO-
LIECChI, KOTOPhIE MMPOUCXOASAT B BEPXHEM M HIDKHEH
KOJIOHKAX, CYIIIECTBEHHO pa3InyaroTcsl.

B HmKHell KoJOHKe IIaBHBIMU IIpoOlieccaMU SIB-
JIIIOTCS  BBIHOC IIEJIOYHBIX, IIEJIOYHO3EMEIBHBIX
QJIEMCHTOB U KPEMHMUsA, MHTCHCHUBHOCTb KOTOPBIX
YBEJIMYMBAETCSI CHM3Y BBEpX II0 Mepe HapacTaHUs
CKOPOCTHU MPOTOKA M CMEHBI BOI M PAaCTBOPUMOCTU
IMOABM>KHBIX 9JIEMEHTOB. Poab OPraHM4Y€CKOTIO BE€ILIC-
CTBa U IIPOAYKTOB €T0 TpaHC(hOpMAalIMK IIPU 3TOM He
SBIISIETCS oIpenensionieit. MMeHHO TWIMHUCTEIN ro-
PU3OHT MOXHO pacCcMaTpuBaTb KakK OCTaTOYHBIN
SIIIOBUAJIBHBINA IIPOAYKT BHIBETPUBAHUSI, HE YUYUTHI-
Basi a0COII0THOE HAKOIUIEHNUE KPUCTALIN3allMOHHOM
BOJbI.

B BepxHeil KOJIOHKE TTPOLIeCChl BEIHOCA—ITPUBHO-
ca M mepepacrnpeneseHusT BelecTBa MPOUCXOIAT Ha
(oHe M3MEHEHHST TEOXUMMIECKOM OOCTAaHOBKHU TIPU
OMpeAesionieid poau OpPraHUKU M IIPOOYKTOB ee
TpaHCOpMaLIMM — OPTAHUYECKUX KUCIOT, YTApHOTO
U yriekucioro raza. Cpega MeHsIETCSI OT OKHC/IM-
TEJIbHOM — 30HBI AIIOMO-XEJIE3MCTOr0 METACOMATO-
3a BHM3Y K IVIE€BOI — 30HbI AIIOMUHKUEBOTO METACO-
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MaTo3a B Cpez[Heﬁ YacTU Y CHOBA K OKMCJIUTEIbHOMN —
30HBI 3KEJIC3UCTOr0 MeTacoMaTo3a OJIMKe K THEBHOM
IIOBE€PXHOCTMU.

TakuMm 00pa3oM, COBpPEMEHHBIN THUIPOreOJOTH-
YEeCKMII 1 ra30Bblil peXXUM B OOKCHUTOHOCHBIX JIaTe-
PUTHBIX MOKPOBaxX KOHTPOJIMPYIOT MUHEPAIOIO-Te€0-
XUMHUYECKYIO 30HATbHOCTh. OCOOEHHOCTH OMOJIOTO-
IMOYBEHHBIX IIPOLIECCOB, TUAPOANHAMUKNA W THUIPO-
XVMHU B IIpOhHIe BEIBETPUBAHMS IPUBOIST K IIOPO-
TOBOMY XapakTepy CMeHbl (bU3MKO-XMMUYECKUX U
OMOXMMUYECKUX YCJIOBUII, obecrieumBasi IeiicTBUE
TCOXMMHNYECKIUX (OKMCIUTEIbHBIX, BOCCTAHOBUTEIb-
HBIX, IJIEEBbIX, aCOPOLIMOHHBIX) OapbePOB — IJIABHOTO
MeXaHM3Ma 30HAJIBHOTO pacIipelie/iCHUs BEIleCTBa B
JIaTepUTHBIX KOPaX BhIBETpUBaHUS. JInTomornyeckast u
MUHEPAJIOro-reoXuMmuyeckasi 30HAIbHOCTh SIBJISTFOTCSI
HauOoJjlee HaAeXKHBIM J10Ka3aTeJIbCTBOM JIATEPUTHOM
IpopabOTAaHHOCTH OOJIOMOYHBIX OOpa3zoBaHmit. [1pu-
MEHEHUE 9TOro KpUTEepHs MO3BOJIsIET 000CHOBATh OCa-
JIOYHO-JIaTEPUTHBIIA TeHE3MC MHOIMX MECTOPOXKICHMIA.
IIpuMmeHeHne Teopur 1 3aKOHOMEPHOCTE (hOpMUPO-
BaHUsI 30HAJIbHOCTU UMEET BaXKHOE 3HAYCHUE ITPU ITPO-
THO3UpPOBaHUU OOKcuTOHOCHOCTM — B JIBKB Mmor-
HOCTb ITOTEHIINAILHO OOKCUTOHOCHOI YaCTH JIATEPUT -
HOIO IIOKpOBa CTPOro KOHTPOJMPYETCS ITyOMHOM
3aJIeraHusl ypOBHSI TPYHTOBBIX BO/I.

Hanwuwne B mpoduie BEIBETpUBaHUS THAPOTEOI0-
TMYEeCKOi 30HBI MH(MWIBTPpALUM U a3pallii MOIITHO-
CThIO He MeHee 4—6, a Jrydiie 8—12 M Ha 3ajeralnux
CyOrOopHM30HTaJIbHO MAaTEPUHCKUX aTIOMOCHIMKAT-
HBIX MIOpOJIaX, B 0JaronpusTHBIX TeoMOpdOIoTuYe-
CKHUX YCJIOBHSIX, BMECTE€ C 30HAJIBbHOCTBIO Ta30BOTO
pexuma B Ipoduse, B yCIOBUSIX MEPEMEHHO-BIaX-
HOro KJMMaTta, Oe3yCJIOBHO SIBJISIIOTCS IJIaBHBIMU
dakTopamu ¢popmupoBaHus 3oHaIbHOCTU B JIBKB.
Bce ocTanbHbIe (haKTOPBI ASHCTBYIOT OITOCPEIOBaH-
HO, yepe3 co3gaHue 0JIaronpUsITHBIX THAPOre0OT -
YeCKMX 1 Ta30BbIX YCIIOBUIA.
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