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PaccmoTpensr Mopdosorusi, H30TONMHBIA U XUMHUYECKUH COCTaB HOBOOOPA30BAaHHBIX
KapOOHATOB B pa3pe3e KapOoHaTHO-cylb(aTHOro MaccuBa JlensHast ropa u pa3nIuyHbIX
MUKPOKJIMMAaTHYECKUX 30HaX KyHrypckoul JensHOW Iemepsl. Y CTaHOBJIEHO, YTO CO-
CTaB HOBOOOpa30BaHHBIX KapOOHATOB OMPEENIAETCS UX MOJOKEHUEM B pa3pese: B Kope
BBIBETPUBAHUS OHU XapAKTEPU3YIOTCS OTCYTCTBUEM IIPUMECEH, a HUXKE 110 pa3pesy I10-
Ka3bIBAIOT 3HAYUTEJIBHBIE BapHallMy COCTABA, YTO JA€T OCHOBAHUE COIOCTABIIATH UX C
KapOoHaTaMH 30HBI BTOPHYHOTO 00OTaIIeHHs, pealin3yeMoil Ha KapOOHAaTHOM Oapbepe.
CymiectBeHHOE MpeobiaaHie B BEPXHEM YacTH KOpPbI BBIBETPUBAHUS KaJblUTa, a HE
MEHEee PacTBOPHUMOTO JOJOMHTA IMO3BOJISIET MpENAroyiaraTb, YTO HOBOOOPAa30BaHHBIE
MUHEPAJIbl ABJIAIOTCS HE MPOJYKTOM TpaHCPOpMAIMU MCXOAHOI0 Marepuaia kapOo-
HATHBIX IaUY€K HPEHCKOM CBUTHI, a 00pa3yloTcs MpPHU B3aUMOJEHCTBHU CYIb(aTHO-
KaJIbIIUEBBIX BOJ C aTMOC(HEPHBIM WM OMOTEHHBIM YIJIEKHCIBIM ra3zoM. M3ydenune BTO-
PUUHBIX KapOOHATOB M3 Pa3HbIX MHUKPOKJIMMaTHUecKuX 30H KyHrypckoil neasHoil ne-
Hiephl MMOKa3ajo, YTO TeMIepaTypa He BIMSET Ha COCTaB HOBOOOpa3oBaHHBIX (a3, a
ofpesieNseT TOIbKO X MOP(OJIOTHIO U BapHUaIlMM U30TOMTHOTO COCTaBa yriaepoa.
KiroueBsle cnoBa: [lepmckul kpatl, 26anopumol, 2unepeenes, Kpuo2eHes, U30monus.
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BBenenne raloTCs CBOM OCOOEGHHOCTH CTPYKTYPHO-
BelecTBeHHOro u3MmeHeHus [8]. lnst Heko-
B kapcToBhIX MaccHBax KpoOMe MpoIec- TOpBIX memiep Ypana ObiIo mokaszaHo [4, 6,
COB pacTBOpPEHHS M BbIHOCA MaTepuaia ume- 11], 4To yCIOBUSI MPOMCXOMASIIETO B HACTO-
€T MECTO €ro ocax/IeHue U HakorjieHue. Bo-  siiee Bpems MUHEpaaoo0pa30BaHUs Ompese-
NPOCHl TUTIEPTeHHOW TpaHCPOpPMAIMU Kap- JISIOTCS MHUKPOKIMMATHYECKOH 30HAIBHO-
OOHATHBIX MAacCHBOB pPacCMOTPEHbI B 0OJb-  CTBIO.
moM psae pador [14, 15, 17]. Tlporueccs, MonenbHbIM OOBEKTOM IS HCCIEeI0Ba-
OpOUCXOJAIINe B KapOOHAaTHO-Cynb(aTHBIX HUA sSBWIACh JleasHas ropa U pacroOkKeH-
MacCHBax, UMEIOT 0oJiee CIIOKHBIA XapakTep Hasg B ee Heapax KyHrypckas jiensHas memie-
U Ha CErOJHANIHMHN JIeHb M3y4YEHbl HEeJ0CTa- pa, MPOTAHYBIIASCA OT OopTa JOJUHBI .
touno [2, 3, 10]. [Insa nmocnenuux mpeamnona- CeuiBa BriayOb MaccuBa Ha 700 M, 4TO mMo3-
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BOJIUJIO TOJYYUTh MaTepuan Kak U3 BEpTH-
KaJbHOTO pa3pes3a, TaKk M IO JaTepaju Kap-
cTyromierocss MaccuBa. [lns u3yueHus pac-
npeeNicHHsT MUHEpAJIOB 10 pas3pe3y ObuIH
0TOOpaHbl MPOObI U3 KOPHI BHIBETPUBAHUS U
KOPEHHBIX IOPOJ, BCKPBITBIX CKBAKMHOU Ne
4443 [5]. Jns BBISBIECHUS CBA3M BTOPUYHOMN
MHUHEpaJIM3alui C TEeMIEepPaTypHbIMU YCIIO-
BUSIMH OBUTH OTOOpaHbl MPOOBI M3 pa3Iny-
HBIX MUKPOKJIMMATH4YECKUX 30H KyHrypckou
JIESHOU MENIEpPhI.

Munepanoro-nerporpadguueckoe u3yde-
HUE POO MPOBOAUIIOCH C MIOMOIIBIO ONITHYE-
CKOro cTepeomuKkpockona Leica MZI16 wu
CKaHUPYIOILIEro 3JEKTPOHHOTO MHUKPOCKOTMA
VEGA 3 TESCAN c cucremoil peHTTeHOB-
CKOTO SHEProJUCIePCUOHHOTO MUKPOAHAIH-
3a INCA Energy 350/X-max 20 (onepaTopsl
E.Il. YupkoBa u O.B. KopoTtuenkosa). Ana-
3 cTabmbHBIX m30TonoB C u O mpoBoaui-
csa B Uncturyre reonorun KHI[ YpO PAH
(r. CbIKTBIBKap) Ha Macc-CIEKTPOMETpax
MU-1309 (anamutuk M.A. KynunoBa) u
DELTA V Advantage (anamutuxk U.B. Cmo-
JeBa), a Takke [ eolornuyeckoM HHCTUTYTE
AH CrnoBakuu Ha Macc-ciektpomeTpe MAT-
253 ¢ mpubopoM 11 aBTOMATHYECKOW TOJ-
roroBku kapOonaroB Gasbench III (pyk. P.
MUnoBCKHiA).

XapakTepucTHKa KapOOHATHOT0 MAaTepH-
ajia U3 pa3pe3a CKBaKHUHbI

Pa3pes no ckBaxxune Ne 4443 ¢ nomnoxe-
HUEM HCCIIEeI0OBaHHbIX MpO0 KapOOHATHOTO
Mmarepuaia nokasaH Ha puc. 1. Yerbipe u3
HUX OTOOpaHbl U3 KOPbI BHIBETPUBAHUS U JIBE
— U3 KOPEHHOT'O MacCHBa.

BepxHsAs 4yacTe paspe3a mpencTaBlICHA
HEOI€H-UYETBEPTUYHON KOPOH BBIBETPUBAHHUS
MOIIHOCTRIO 110 35-38 M, CIIOKEHHOH W3-
BECTKOBUCTOM  TJIMHOM  C  JPECBSHO-
nieOHeBbIM MarepuaiioM. B BepxHeil wactu
(mo rayOunsl 14,5 M) 00IOMKH TIpeacTaBIIe-
Hbl TOHKOCJIOMCTBIM aJIeBPOJIUTOM U apruj-
autoMm, a B HwkHel (17,4-33,0 M) — nmenuto-
MOP(MHBIM  JIOJIOMUTOM  C  SIYEUCTO-
KaBEpHO3HBIM CTpoeHHeM. B uHTepBaie
14,5-17,4 m BCKpBIBaeTCS NETUTOMOPQHBII
TOHKOCJIOMCTBII M3BECTKOBHUCTBIM JOJIOMHUT,

3ateraromuid o yriom 25-30°, sBISrOIIHii-
Csl, BEPOSITHO, KCCHOJIUTOM €JIIKMHCKOW IMayKu
MPEHCKO# cBUTHI. Ha KOHTaKTe KOPHI BHIBET-
pUBaHUS U TOACTHIAIONINX CYJIb(ATOB IIa-
JAITHUHCKOW  Ma4YKh  UPEHCKOW  CBHUTHI
BCKPBITa KapCTOBasI MOJIOCTh (MHTEPBAJI TIIY-
oun 33,0-38,3 M) ¢ IIMHUCTO-IPECBSIHBIMU
OTJIOKEHUSIMHU, B COCTaBE KOTOPBIX MPUCYT-
CTBYIOT KapOOHATHBIC OOJIOMKH.

Ilpoba 1 otobpana W3 BepXHEW dYacTu
paspesa (0,3-14,5 m). 31ech HOBOOOpa3oBaH-
HBIM KaJbIIUT OTMEUYEH B TIIMHUCTON Macce |
Ha CTCHKAaX TPEIIUH, T OH IPEJICTaBIICH
OJIMHOYHBIMHM KPHUCTAJUIAMH, CPOCTKAMHU U
CIIOKHBIMHU arperatramu, KOTopble oOpa3oBa-
Hbl TPaHSAMH OCTPOTO, MPOMEKYTOYHOTO M
Tynoro pom0o031pa. 31ech Takke 3adukcH-
poBaHbl poMOO3ApHI (B KOMOMHAIIMK C TTHHA-
KOHUJIOM) 10j70MuTa. [l0BEpXHOCTh KpHCTa-
JOB KapOOHATOB pa3Has: OTMEUYEHBI Kak
TJIQJIKOTpaHHbIE MHIUBHUJIBI, TAK U C KOPPO-
3HOHHO-PETCHEPAIIMOHHON  ITOBEPXHOCTHIO.
Ha noBepxHoCcTH KapOOHATOB HAaOIFOIAIOTCS
MUKPOBBIJICIICHAST TTUPUTA, OapHTa, MOYKU H
TUICHKH THIPOKCHUJIOB JKeJie3a U MapraHIa.

Ilpoba 2. AyTUT€HHBIM KalbLUUT U3 KCe-
HOJIUTA CIIKMHCKOW TayKh OTMEUEH B BHIIE
OJIMHOYHBIX WHIUBHIIOB POMOO03IPHUYECKOTO
rabuTyca U UX arperaroB B OCHOBHO# Macce,
a TaKkXke Jpy3 W IETOK Ha IMOBEPXHOCTH
MUKpOTpermuH. MHAUBHUIBI XapaKTepu3yroT-
cs1 0JI0YHOM TTOBEPXHOCTHIO, BEPIITMHBI HEKO-
TOPBIX PACIIEIUICHBI.

IIpo6a 3. HoBoOOpa3oBaHHBIN KaIBIUT B
HIOKHEH dYacTu paspe3a (MHTepBald TIIyOWH
17,4-33,0 M) aHamoTW4YeH KaJbLUTYy U3 BEpX-
HEH — 3/IeCh TaKk)Ke OTMEYCHBI OJMHOYHBIC
WHIUBUABl poMOOdApUYecKoro raburyca u
X arperaThl. Hepenko KanbIUT, WHOTAA B
accolManuu ¢ MUHAKOWIaMu U poMOo3apa-
MU JIOJIOMHUTA, (POPMHUPYET APY3bI U IIETKH
Ha CTEHKax TPEIIUH U MOBEPXHOCTU OOJIOM-
KOB TEJIUTOMOP(MHOTO M3BECTKOBHUCTOTO JIO-
JIOMHUTA U U3BECTKOBHUCTOW TIHHBI. J[0IOMHUT
Takke OTMEYEeH B BHje HeOosmpmux (1o 50-
70 MxM) chepyn 65109HOTO cTpoeHus. ['panu
KPUCTAJJIOB KapOOHATOB OCJIOXHEHBI POCTO-
BBIMH (OJIOYHOCTH, pacHIeIieHue) U Koppo-
3HMOHHBIMH 3JIEMEHTaMH. AKIECCOPHBIC MHU-
HepaJbl MPEACTaBICHBl MUKPOBBIICICHUSIMH
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nuputa U OapuTa, aXYypHBIMU IUIEHKaMU
TUIPOKCUIOB Xkele3a. Ha moBepxHOCTH Kap-
OOHAaTOB OTMEYEHbl MHOTOYHMCIIEHHBIE MHK-
POBBIAENIEHUST U KpHUCTaulbl Oaputa (C mpu-
Mechio cTpoHuus a0 21,95 ar.%), pexe
IUICHKH W TIOYKOBHUJIHBIC 00pa3oBaHUS THU]I-
POKCHJIOB KeJie3a U MapraHiia.

Ilpoba 4. AyTUreHHBIH KalbLUUT U3 TJIU-
HUCTO-APECBAHBIX OTJIO)KEHUH KapCTOBOM
nosioctu (nHTEepBat ryoun 33,0-38,3 m) oT-
MEUYEH B BUJIE JIPY3 U LUIETOK HA MOBEPXHOCTHU
00JIOMKOB ¥ 00JUTOB nosiomuTa. [locnennuii
HEPEIKO MEePEeKPUCTAIIIM30BAaH M IpEACTaB-
JICH MEJKO3EPHHUCTHIM arperaroM KpHcTal-
J0B poMbo3apuueckoro raduryca. Cpeau
AKIIECCOPHBIX MHHEPAJIOB ATOW 30HBI OTME-
YeH JUIIb 0apuT, B COCTaBe KOTOPOro oOHa-
pyxeHa npumech crpoHIus (10 3,08 at. %).

Ilpo6wet 5 u 6 oTOOpaHBl U3 KOPESHHOTO
MacCHBa: BEPXHETO0 W HWIKHETO JOJOMHUTO-
BBIX MTPOCJIOEB HEBOJIMHCKON MAUKH.

BepxHuii 10JIOMUTOBBIN POCIION CIOKEH
TOHKOCIIONCTOM 10 MACCHUBHOM MEIHUTO-
MOp¢HON MOPOIOH, AE3HHTETPUPOBAHHOM 110
JPECBSIHO-IIEOHUCTO-TICIUTOBOTO ~ MaTepua-
na. B mpegenax ciost OTMEUEHBI YYaCcTKH, TIC
JOJIOMHUT TIPEJCTAaBJIIEH MAaCCHUBHON MEJKO-
3epHHUCTON mopojaoH (mpoba 5), xapakTepu-
3YIOIIEHCS] MPUCYTCTBUEM IOJIOCTEH, CTEHKU
KOTOPBIX HHKPYCTHPOBAHBI POMOO3IpaMu
(mo 1 mMm) kampiuTa, pexe gomomurta. Oc-
HOBHasl Macca IMOpo/Ibl CI0KEeHa poMOodapa-
Mu jponomuTta (o 10 MKM) ¢ HEOOIBITUMU
PETUKTOBBIMU yYACTKaMU HCXOJHOTO TICIH-
TOMOP(GHOTO  H3BECTKOBHCTOTO  JIOJIOMHUTA
[8]. Cpenu kapOoOHATOB OTMEUYEHBI KaK TJIajl-
KOTPaHHBIC WHJIUBHJIBI, TaK ¥ OCIOKHEHHBIC
pocToBbIMH  (0J10YHOCTB,  (QYTISPOBHIHASL
CTPYKTYypa), pereHepallMOHHBIMA U KOPPO3H-
OHHBIMU 3JIeMeHTaMH. Ha moBepXHOCTH [0-
JIOMHTa BCTPEUCHBI PO3ETKOBUIHBIC arpera-
Thl THICA, QXKYpPHbIE KOPOYKU (IIOOPUTA,
IOOYIM THIPOKCHJIOB JKeje3a W MPUMa3KH
TUAPOKCUIOB MapraHila, COCTaB KOTOPBIX
oTBevaeT opmyie acOonana:
(Nio-0,05C00,58-0,64)MnN1,34-1,42(0,0H)4-nH20.
Cpenu akIecCOpHBIX MHUHEPATOB OTMEUCHBI
KpymHble (10 0,5 MM) UHIUBUIBI [IETIECTHHA
MPU3MATHYECKOTO TadUTyca U IJIaCTHHYATHIC
KPHUCTAILJIBI THIICA.

Hwxnuii npocnoil B BepxHEW dYacTu
MPEJCTABICH TOHKOCIOUCTHIM MEIUTOMOP(h-
HBIM M3BECTKOBUCTHIM JIOJIOMHTOM, B IIO-
JIOIIBE KOTOPOTO 3a(pUKCUPOBAHBI CTPOMATO-
TUTONON00HBIE TOCTpoiiku (m0 40-45 cm).
Hwke mo paspe3y AonoMuT mnpuodperaet
MAaCCHUBHYIO TEKCTYpPy U OOJIMTOBYIO CTpPYK-
Typy. Oomutel umeror pasmep 1-1,2 MM u
XapaKTEPU3YIOTCA KOHLIEHTPUUYECKUM CTpOe-
Huem (ot 5 10 12 cnoeB). B kauecTBe iemeH-
Ta Ha OTAEJIbHBIX YYACTKAX BBICTYIMAET MEJIH-
TOMOP(HBIN TOJIOMUT, a HA APYTUX — HOUKHU-
nuToBbIN Turnc. MHoraa 3neck pukcupyroTcs
YYaCTKH, TJ€ I0JOMHUT XapaKTEPU3YETCs BbI-
COKOM MOPUCTOCTHIO U KPYCTU(DUKAIIMOHHBIM
KaJIBIIUTOBBIM IIeMEeHTOM (mpoba 6). Oonu-
Thl, IPAKTUYECKU BO BCEX CIIy4asiX MOPUCTHIE
3a CYeT BBILIEIAYUBAHUS HM3BECTKOBOI CO-
cTaBiisitoled [8], CJIOKEeHbl TMHUHAKOWAJb-
HBIMU WHJWBHJIaMU, UHOT/AA QYTISIPOBUIHO-
ro CTpoeHusa. BHyTpu M Ha MOBEPXHOCTU
OOJIUTOB HEPEAKO NPUCYTCTBYIOT Ooiee
KpyIHbl€ NUHAKOWJAJIbHbIE HHAMBUABI J10-
JIOMHUTa, POMOO3JIPHl KalbIUTa, AUMUPAMU-
JabHBbIE KPUCTAJUIBI KBapla, MOUKUIOKPH-
CTaJUIbl LleJleCTUHA U runca. B cocrtase mo-
cieqHero 3aUKCUpPOBaHbl PETUKTHI aHTH-
pUTa U MHKPOBBIICTCHUS (DIIOOPUTA H TIeIIe-
CTUMHA. 3aKaHYMBACTCS HIKHHUM JOJOMUTO-
BB IIPOCIION TOHKO-, CPEJHECIOUCTOM Iie-
TUTOMOP(HON TOPOJOH, OTAENbHBIE MPO-
CJIOM KOTOPOW HachklleHbl oonuTami (110 0,2-
0,5 MM) KOHIIEHTPUYECKOTO CTPOCHHUS: TIEITH-
ToMop(HOE A1po (MHOTAA C BKIIOYEHUSIMHU
TUIca) U TOHKas o0ojouka. B HikHel yactu
CIIOS OTMEYAIOTCSl HEOOINbIINE JTUH3bI, PexKe
THEe3/la M OTAeNbHBIC kenBaku (o 1,5 cm)
MEJIKO3EpHHUCTOro rurnca [5].

XapakrepucTuka KapOOHATHOI0O MAaTepH-
ajna u3 KyHrypckoi jieisiHoil nemepbl

Jlisa uccnenoBaHusT MUHEpaaooOpazoBa-
HUS B meniepe ObUTH 0TOOpaHbl 6 mpood (puc.
2). Tpu U3 HUX B3AThl U3 TJIMHUCTBIX OTJIO-
KEHHI T0J] OpraHHbEIMHU TpyOamu (TIpoOsI 7-
9) B pa3snUYHBIX KJIMMATHYECKUX 30HAX, IPY-
rue — ¢ IoBepXHOocTH Hanenu (mpoba 10), u3
MEPUONYECKH 3aTAITUBAEMBIX TJTMHUCTHIX
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Puc. 1. Mopgonoeus nosoobpaszosannvix kapbonamos 6 paspese «Jleosnas copa» (no cxe. No 4443)

otnoxkeHuit (mpoba 11) m ¢ moBepxHOCTH IIpobwr 7-9. Matepuan oTOupaics B mpo-
MOA3€MHOTO 03epa (mpoda 12). xone [lonmspusiii-/lante (xomomHas 30HA), B
npoxone KpecroBwiii-Pyunsl (mepexoHas
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30HA), B rpote DdupHbIi (Teras 30Ha) [4].
OTIOXKEHHSI OCBITICH MO/ YCThSIMH OPTaHHBIX
TpyO MpencTaBlieHbl TJIMHUCTBIM MaTepHa-
JIOM ¢ 00JIOMKaMH Cyib(paTHBIX U KapOoHAaT-
HBIX TOPOJ W3 JICISHOIEIIEPCKOH U HEBO-
JMHCKON mauek. M3yueHne HOBOOOpa3oBaH-
HBIX (Da3 mokaszasio, 4TO OHU TPEACTABICHBI
KaJBIIUTOM U OYEHb PENIKO TOJOMUTOM. st
KaJbIIUTA XapaKTepPeH OJIM3KHiA HAOboOp Mop-
(OJOTHUECKUX TUIIOB KPHCTAIIOB. DTO POM-
O0o3puvecKkue (HOpPMaJIbHBIC) KPHUCTAJLIBI,
OTHOCHUTEJIBHO  HENpO3pavyHble KPEMOBBIE,
Oosee OCTpble OECIBETHO-XKEITOBATHIC U

ocTpble OecrBeTHbIE. B XomomHON 30HE KO-
JMYECTBO HOBOOOpA30BaHHBIX KapOOHATOB
MHUHHMAJIBHO: B OCHOBHOM TPHUCYTCTBYIOT
CANHNYHBIC WHAWUBUIBI C pacmenﬂeHHoﬁ I10-
BEPXHOCTHIO. B OCBHITIM TETUION 30HBI KpOME
OTOCIIBHBIX KpI/ICTaJUIOB 158 CpOCTKOB OTME-
YaloTCA TaKXke 0oJiee CI0KHBbIE KOHKpEIHe-
BUIHBIC arperaTLI 158 KOpO‘-IKI/I, a B H€p€XOI[-
HOW — OpEKYMEBUIHBIC arperatbl ¢ HOBOOO-
paSOBaHHBIM KaJIbIOUTOBBIM IIEMCHTOM. B
OCBITIH MTEPEXO0THOM 30HBI 3a)UKCUPOBAHBI

CUIC, AHTUPUT

] — |

y—— / - 1
[ [ JTOJTOMUT ‘ T ]
reue pa V

e -

BOOOHOCHDII < u/w/,r)um

30Ha OTPULIATENILHOM
TeMIepaTypHOit aHOMaIUH

MHKPOKJIHUMATH-
YyeCKast 30Ha

|
1
: NepeXOo/IHast 30Hg
|

Puc. 2. Mopgonozus Hosoobpasosannsvix KapooOHamos u3 ibod, HPOBAILHO-0CLINHLIX KOHYCO8 U 03€ep 8
PA3IUYHBIX MUKPOKAUMamuyeckux 3o0nax Kyneypcxou Jleoanoti newepbvi

OTJIE/IbHBIE MHAMBH/BI KaJIBLIUTA C pPEreHe-
PUPOBAHHOIN MOBEPXHOCTHIO U (YTISAPOBUI-
HBIM JOJOMHUT, 4YTO MOXET TOBOPHUTH O
HauOoOJbIIe AaKTUBHOCTH MPOSBUBIIUXCS
3/1eCh MUHEPAT000Pa3yIOIINX POLIECCOB.
Ilpoba 10. Cnenududeckum o06pa3oBa-
HUEM XOJIOAHON 30HBI KyHIypckoil sensHon
NeIlIepsl SABIseTCs TaK Ha3blBaeMasi KpUOT€H-
Hasi MyKa, CJI0)KEHHAas MHUKpPOKpHUCTAJIIaMH
(20-60 mxMm), KoTOpBIE (OPMHUPYIOTCS TIPU
BBIMOP@)XKMBAHUM TOCTYNAIOIIMX B MEIIEPY

cynb(atHo-KanbieBbix Box [1]. Kpucran-
TU3aIHsT KPUOTEHHBIX MHHEPAIOB MPOHCXO-
JUT B 30HE OTPULIATENLHON TeMIepaTypHOI
aHOMAJIMU B TOHKOW TUICHKE BOJABI B TEILIOE
BpeMs T0/a, a HaKOIUICHHE «MYKH» — TIpHU
BBICBOOOXK/ICHHH W3 JIbJa TIPU €r0 HCIape-
HUM B 3UMHHIA niepuoj. «MyKa» B OCHOBHOM
npeacTaBiIeHa Kpucrawiamu rurca (95-97
00.%), Ha KaJubLUT, AOJOMHUT M IEJISCTHH
npuxogurcs He Oosee 3-5 00.%. Kanbuut
NPEJCTaBIeH B OCHOBHOM pacLICI/IEHHBIMHU



Hzomonusa u mopghonozus

11

H06‘005pa306'aHHblx

KapooHamos

poMOo3IpamMu U c(hepoTuTaMH, a TOJTOMHUT —
KpUCTAJIJIaMH, 00pa30BaHHBIMH T'PaHSIMU TY-
noro poM003/1pa ¥ MUHAKOHIA.

Ilpoba 11 otobpaHa B MPOXOAEC MEXKIY
rporamu Llentpaneubiii u Konuzeit (temas
30HA) U3 MELIEPHOTO CYXOro IpyHTa CyIlle-
CTBEHHO TJIMHHUCTOrO cocTaBa (IECOK — 5
00.%, npecBa — 5 00.%), KOTOpHI B mepuo-
JIbl MAaKCHMAJIbHBIX ITaBOJKOB 3aTallJIBacT-
cs. Kpome 0010MKOB THIica, 10J10MHUTa U ap-
THJUTMTA 3/1€Ch 3a(UKCHPOBAHBI CTSKEHUS
TUAPOKCUIOB MapraHija U KpUCTAJJIbl Kajlb-
muta. llocnegnue MMeErOT OGOYOHKOBUAHYIO
dopMy u 00pazoBaHbl TpaHSIMH OCTPOTO
pomOo3sipa u muHaKownaa. Kampmur Takxke
OTMEYEH B BUJE KOPOYEK (TOJOBKU KpHUCTa-
JIOB OpPUEHTUPOBaHbl BHYTPh) Ha OOJIOMKax
TUIICa ¥ OTAEIbHBIX KPUCTAIJIOB U UX CPOCT-
KOB Ha KOPPOJAWPOBAHHOHN MOBEPXHOCTH pe-
JMKTOBOTO THUIICA.

Ilpob6a 12. Kanpuut 0bUT 3ahUKCHpPOBaH
U Ha TIOBEPXHOCTH 03epa B rpoTe biu3Hels
(Ternas 30Ha), IIe OH CjaraeT IUIaBaloOIINE
wienkn (raft — mo [16]). On mpencrasiex
JPY30BHIHBIM arperaToM OCTPBIX POMOO3I-
PUYECKHX KPUCTAIJIOB KaJbIUTA, OPUEHTH-
POBaHHBIX BepIIMHAMU BHU3. OTMEYEHO, YTO
Oosee KpyImHbIE U3 HUX MPUYPOUCHBI K Kpae-
BBIM YacTsIM MUHEpAIbHBIX KOpOK. M3penka
Ha HapyXXHOH CTOpOHE MHUHEpAIbHBIX ILIE-
HOK B THE3/[aX MEX]y KPHCTAIIAMH KaJIbIIH-
Ta OTMEYAIOTCS LENECTHH, TOJIOMUT, TUIIC U

ramut [4, 12]. ®opmupoBaHue arperatoB Ha
HOBEPXHOCTU 03€p CBUJCTEIBCTBYET O TOM,
YTO NEpECHIIIeHHe U MHHEPaIoo0pa3oBaHKe
HPOUCXOIUT TOJILKO B MOBEPXHOCTHOM CIIOE€
BOJIBbI TIPU UCIIAPCHUM.

XuUMHYECKUIl U U30TONHBIA COCTaB HOBO-
00pa30BaHHBIX KAPOOHATOB

XUMUYeCKUI aHaIn3 HOBOOOPa30BaHHBIX
KapOOHATOB (M KaJbLUTA, U JI0JIOMUTA) KOPbI
BbIBeTpUBaHUs (pUC. 3, ) TMOKa3al, 4TO UX
COCTaB OTBEYAET TeopeThyeckor (opmyie.
Hesnauntenbnas npumech mMaraus (mo 2,01
at. %) u xene3a (mo 1,72 ar. %) ormeueHa
JUIIb BO BTOPUYHOM KaJlbIUTE W3 TEPBOIl
npoObl. B oTimune ot HUX HOBOOOpa3oBaH-
Hble KapOOHAThl M3 TJIMHUCTO-IPECBSIHBIX
OTJIOXKECHUH KapcToBOW mosioctu (mpoba 4)
MOKa3bIBAIOT BapualMio coctaBa (puc. 3, 0).
Tax conepkaHue MarHusi U jkeue3a B Kajb-
nute pocturaer 11,68 u 1,02 ar. % cooTBert-
CTBEHHO, a KaJIbLIUsl U jKeJie3a B JOJOMUTE —
43,15-63,12 u 1,05 ar. %. Bropuunsie xap-
OOHATHl HEBOJMHCKOW Tadku (mpoOsl 5 u 6)
[0 COCTaBy MOTYT OBITh pa3lelieHbl Ha TPH
rpynmsl (puc. 3, 2): CyIMECTBEHHO IOJIOMHU-
TOBBIE, KaJbIUTOBBIC (B TOM YHCJE BBICOKO-
MarHe3uaybHble) U CUAECPUTOBBIE (CUAEPUT-
JIOJIOMUTOBBIE U CUICPUT-aHKEPUTOBBIE).

<
MglOO 90 100 90 100 90 100 90 80 70 60 50 40 30 20 10

Puc. 3. Coomnowenue Mg-Ca-Fe 6 kapOonamax u3 akkyMyJsiyUOHHbIX KOHYCO8, KPUOLEHHOU MYKU U
KAIbYUMOBbIX 03€PHbIX NIEHOK (), Kapcmosol NOJOCMU 8 WALAUHUHCKOU nauke (), Kopbl 8bleempu-
6aHUA (8) U NPOCIOEE OOIUMOB020 OOLOMUMA HEBOIUHCKOU nauku (2) (am. %): 1 — cywecmeenno
Kanibyumossvle, 2 — 0oromumossie;, 3 — cuoepumosole



12

O.U. Kaoebckasa, T.A. Kanununa, .U, anixosckuu

JlokanpHBIN XUMHYECKUN aHaIU3 KapOo-
HAaTOB W3 PA3JIMYHBIX KIMMATHYECKUX 30H
KyHrypckoii nemepsl mokasaia He3HAUUTENb-
HOE KOJIMYECTBO Ipumecei (puc. 3, a).

AHanu3 HE3aTPOHYTHIX MpoLeccaMu THU-
MepreHe3a  M3BECTKOBUCTBIX  JTOJIOMUTOB
UPEHCKOW U (UIIMMIOBCKOW CBUT MOKa3al,
YTO M30TOIHBINA COCTaB MX KUCIOPOJa OTJIH-
yaeTcs OT COBPEMEHHBIX U OoJyiee JApPEeBHUX
HBAIIOPUTOB U HAXOJUTCS B COOTBETCTBHUH C
r100aNbHOM TEHACHITUEH YTSHKEICHHS OT J10-
KeMOpusi 70 uyeTBepTUYHOro nepuoxpa. Mc-
CJIeIOBaHHbIE JOJOMUTHI TIO H30TOIMHOMY

380 (%UQVPDB)

COCTaBy OTBEUYAIOT COCTaBy KapOOHAaTOB
MEPMCKOT0 IexXIuTeifHoBoro OacceliHa 3a-
naaHout EBpomnsi [7].

BTopuuHbIii KaJIBLIUT U3 KOPBI BBIBETPH-
BAHMS OTJIMYAETCS OT NEPBUYHO-OCATOUYHBIX
KapOoHaToB (puc. 4) 6oJiee JETKUM COCTaBOM
yraepoaa (ot -3,0 1o -6,9%o) u kucnopoaa

(-10,5+-11,4%o). s HOBOOOpPa30BAHHBIX
KapOOHATOB M3 aKKyMYJSIIMOHHBIX KOHYCOB
MOJT YCThsIMH OpraHHbIX TpyO B KyHrypckoit
JIEJITHOM Teliepe MpOoCIeKUBACTCA Ta KeE 3a-

330 (%, ,VPDB)

15 2
A b
10 0
- Ny -
g
o =2 B 12
- - ¢
2, =
£ IN g
= b 0o = -4
o i o
% 74
A -5 : -6
* *
-10 -8
Ml E2 N3 M4 %X506A7
-1 -10
-25 -20 -15 -10 -5 0 . -12 -11  -10 -9 -8

Puc. 4. Hzomonnwiti cocmas nepeuuHo-0cacounbix u mopuunvlx kapoonamos Jleoanou copui: 1 —
NePeUYHO-0CAOO0YHbIE UIBECHKOBUCTbIE OOJIOMUMbL KYH2YPCKO20 Apyca Hudcheu nepmu [7]; 2-4 —
H08000pa3osanHblll Kaabyum u3 ocvinell Kyneypckoii nedsnotl newjepol (30ubi: 2 — X0N00HAs, 3 — ne-
pexoouas; 4 — mennas); 5 — kanbyum u3 Kopul evisempusanus [7]; 6 — karbyumosasn nienxka c no-
eepxnocmu o3epa;, 7 — Kapbonam u3 Kpuocennou myku epoma lloaapuvi. Cmpenrouxamu noka3anul
sapuayuy U30MONHO20 COCMABA KAPOOHAMOS, CEA3AHHbIE C MUKPOKIUMAMUYECKOU 30HANbHOCTHBIO

newepst (1) u nonoscenuem 6 paspese (1)

KOHOMepHOCTh: 8°C m3MeHsercs ot -0,5 10 -
7,7%o, a 880 — -8,7+ -10,4%o. BoisBieHHbIC
NPU3HAKK TIO3BOJIAIOT IPEAINOaraTh, YTO
KPHUCTAJUTH3AIMs BTOPUYHOTO KajblIUTa B
nemepe U KOpe BBIBETPUBAHUS IPOUCXOIHUT
OJIMHAKOBO. [TMTAIOIINM paCTBOPOM SIBJISFOT-
cs  WH(QUIBTPALMOHHBEIE H30TOIHO-JIETKHE
(aTMOTEHHBIE) BOJBI, TMPOXOASIIME Yepe3
HIOYBEI, COJEPKAIINE OPraHUYECKOe Belle-
cTBO M obGorameHHble >C 110 CpaBHEHHIO C
MEPBUYHO-0CATIOYHON TMOpPOAOH. YTsKele-
HHE M30TOIHOTO COCTaBa KUCIOpojaa Kapbo-

HATOB W3 IMEMIEPHBIX OTJIOKCHUU IO CpaBHE-
HUI0O ¢ KapOoHaTaMH KOpBI BBIBETPHBAHUS
MOJKET CBHJICTEILCTBOBATE O MPOUCXOIATIICM
npu  UHOUIBTpAMM  aTMOC(HEpHBIX  BOJ
(bpakIMOHUPOBAHUM.

AHanu3 U30TOIMHOTO COCTaBa KapOOHATOB
W3 OCBIEH pa3MYHbIX MHUKPOKIHMMATHYe-
ckux 30H KyHTypckoil nensHoOl memeps
MO3BOJIJT YCTAHOBHUTH, YTO B TEIUIOH 30HE
8'3C m3mensiercs ot -0,5 10 -3,0%o, a B XO-
JogHOu — ot 3,3 10 -5,1%0. M30TONHEINA cO-
CTaB KaJIbIIUTa B MEPEXOAHON 30HE OJIM30K K
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KapOOHAaTaM Kak TEIUIOM, Tak MU XOJOIHOH
30H.

KanpuuroBble IUIGHKM C TIOBEPXHOCTH
03€ep B TEIJIOH 30HE COMOCTABUMBI
(613C=-2,8%0, 6'0=-10,8%0) ¢ OOBIYHBIMH
HaTeYHBIMH oOOpa3zoBaHusMu memiep [18],
CBSI3aHHBIX C PA3JIOKEHHEM THIpOKapOOHaTa
u ucnapenueM COx.

CocTaB KpHOreHHOro kKampuura (8BC=-
5,5%o, 8'80=-23,7) u3 xonoaHo# 30HEI KyH-
TYPCKOM JIEASHOM MEIIEPbl PE3KO OTIIMYAETCS
OT COCTaBa KaJIbIIUTA M3 OCHINCH U KOPBI BbI-
BeTpuBaHus. VccienoBanue mpoueccoB Kap-
OOHATHOTO MHUHEPAIOOOpPa3OBaHU B YCIO-
BUSIX KPHOTEHE3a MO3BOJMIIO BBISIBUTH JBA
Tpenaa ¢pakuuonupoBanus [18]. Ilepssrit
XapaKTepu3yeTcsi POCTOM cojepxkaHus —C
IIPH TOYTH TOCTOSHHOM 3HA4eHHH 650 u
peanusyercss npu ObICTpol (IIIOKOBOM) KpHU-
CTaJUIM3allMd W (PPaKIMOHUPOBAHHU  TIO-
nBwkHOrO 2C B yrmekucnmelii ras. 3mech
[JIaBHBIM  (DAKTOpPOM  SIBJISICTCS KHHETHYE-
CKHH, CBSI3aHHBIM C OBICTPBIM YyJAJIEHHUEM
CO2 ¥ HEpaBHOBECHBIM HCIIAPCHUEM BOJIBI.
3aMOpaXMBaHUE TPOUCXOAUT  HACTOIBKO
OBICTPO, YTO (PAKIIMOHUPOBAHUE H30TOIOB
KHCJIOPO/Ia MEXIY BOJOW W JIJOM HE Ipo-
UCXOJIUT.

Bropoil Tpena omnpenensercss HeBO3MOK-
HocThlo aerazanmu COz, ecny Ha MOBEPXHO-
CTH BOZOEMa CYIIECTBYET JIeJsHasi Kopka. B
KPUCTAJUTUIECKON CTPYKTYpE JIbJia TIPOUCXO-
JTUT (PUKCAITUS TSHKEIIOTO W30TOMA KUCIOopoaa
80, a B 0CcTaTOYHEIX pacTBOpaXx, U3 KOTOPHIX
NPOUCXOIUT KPUCTAIUTH3AINS KapOOHATOB,
0CTaeTCsl M30TOMHO-JEerKuil kuciopoa [18].
OO0orameHHOCTh KapOOHATHOW MYKHU JIETKUM
M30TOIOM MOXET OBITh CBS3aHA C MEJJICH-
HBIM 3aMep3aHUEeM PAacTBOPOB BHYTPH JIbJA.
OnHako cxoxee M30TOIMHOE JAMCIIPOIOPIHO-
HUPOBAHHE MOXXET OBITh TaK)KE PE3yTbTATOM
MacCOBOM KpHCTAJUIM3AIlMM W3 PacTBOPOB
THIICA, CBA3BIBAIOMIETO TsHKENbIH m30Tom 20,

3akiaouenue

W3ydyeHne  CTPYKTYpPHO-BEUIECTBEHHOIO
CTpoeHHUsi KapOOHATOB B pa3zpe3e KapOOHaT-
HO-cynb(aTtHOro Maccusa Jlensnas ropa no-
Ka3aJlo, 4TO B IIPOLIECCE TUIIEPIE€HE3a OHHU

UCTBITBIBAIOT ~ CTPYKTYpPHO-BEIIECTBEHHBIE
u3MeHeHusa. B pesynbrare B3auMOAEHCTBUS
IIEPBUYHO-0CAJ0YHBIX H3BECTKOBUCTBIX J10-
JIOMUTOB HEBOJIMHCKOM MauyKH C HAaCHIIIEH-
HBIMU CYNb(aT-MOHOM HHQPHIBTPAUOHHBI-
MU BOJIaMU TPOUCXOMST BbIIIETAYMBAHHE
WU3BECTKOBOW COCTABJIAIONIEH, NEPEKpHUCTAI-
JIu3alus J0JOMUTa U MEPEOTIOKEHHUE dJe-
MEHTOB, HAXOJMBIIUXCS paHEE B BUIE H30-
Mop(HON mpumMecH U COOCTBEHHBIX MUHE-
panpHBIX (a3 (cumepuT, LENeCTHH, Oapur,
THIPOKCH/IBI JKele3a W Maprama u ap.) [8].
[IpucyrcTBUE MUHEPAJIOB Kejle3a U MapraH-
1[a C Pa3IMYHOM CTENEeHbIO OKHCIeHUs (Kap-
OOHAThl U THJIPOKCHJIbI) CBUIETEILCTBYET O
HEPaBHOBECHOCTH YCJIOBUIA, B KOTOPBIX MPO-
HCXOJWIO U3MEHEHUE UCXOIHBIX IOPOI.

XUMUYECKUI aHallu3 HOBOOOpPa30BaHHBIX
KapOOHATOB MO3BOJIMJI TOKa3aTh, YTO MX CO-
CTaB OMpeJesieTcs MOJIOKEHUEM B paspese.
Tak, BTOpruHBIe KapOOHATHI U3 KOPHI BHIBET-
pUBaHUS, XapaKTEPHU3YIOUIEHCS aKTUBHBIM
MIPOSIBJIEGHUEM TIPOLIECCOB BbIIIEIAYMBAHUS,
He coaepxar mpumeceid. KapOoHarsl U3 HuU-
JKEJeKalled KapCTOBOM IIOJIOCTH B KpPOBIIE
IIATAITHUHCKOM MaYKU U I0JIOMUTOBBIX TIPO-
CJIOEB HEBOJIMHCKOM MAuyKH OTJIMYAOTCS 3Ha-
YUTENBHBIMHM BapHuaiusMu coctaBa (Ca, Mg,
Fe), uTo gaeT ocHOBaHME COMOCTABISATH UX C
30HOH BTOPHUYHOIO OOOTralleHus, peaausye-
MOH Ha kapOoHaTHOM Oapbepe. CyllecTBeH-
Hoe mpeolyajjaHue B BEpPXHEH YacTH KOpPbI
BBIBETpUBaHUs 0oJjiee JIErKopacTBOPUMOTO
KaJbIIMTA, a HE JI0JIOMHUTA, KaK B KOpaxX BbI-
BerpuBaHus KaszakoBckoit roper [13] u ILy-
OuHckoro MecropoxzaeHus [9], mosBomsiet
npernosaraTb, 4YT0 HOBOOOpPA30BaHHbIE MU-
HepaJibl SBISAIOTCS HE MPOJIYKTOM TpaHchop-
MalMu MCXOJHOTO MaTepuaya KapOOHATHBIX
Ma4yeK MPEHCKOM CBUTHI, a 00pa3yrloTcs MpU
B3aUMOJICHCTBUM  CYJb(aTHO-KaIbIIMEBBIX
BOJI ¢ aTMOC(epHBIM MM OMOTEHHBIM YTJie-
KHCIBIM ra3oM. O peallbHOCTH TaKoro Mexa-
HU3Ma MOXXET CBHJIETEIHCTBOBATH OOJIETYEH-
HBIW COCTaB YIJepo/a.

He3naunTenbHOE KOMMUYECTBO IPUMECEH B
KapOOHaTax U3 pPa3HbIX MUKpPOKIMMaTHye-
ckux 30H KyHrypckoil nensHoll mnerepsl
MO>KET TOBOPUTH O HECYIIECTBEHHOM BIIMS-
HUU TEMIIEpaTypsl Ha COCTaB HOBOOOpa3o0-
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BaHHBIX (a3. MUKpOKIMMAT ONpeaeseT
TOJIbKO aKTHBHOCTH IPOIICCCOB MHHEPAJIO-
o0pa3oBaHusl, MPOSBICHHBIX B MOpP(OIOTH-
YEeCKOM pa3zHo00pa3uu 00pa3yroIuXcs Kpu-
CTaJUIOB M arperatoB, a TaKKe BapUaIlH
M30TOMHOTO cocTapa 6-°C (B TEmIoi 30He — -
0,5+-3,0%o, a B xonmogHo# — 3,3+-5,1%o).

Paboma evinoanena 6 pamxax npozcpammol
YpO PAH Ne 15-18-5-16 «Dxcmpemanvhuvie (2a-
JIOCEHHblE U KpuOZeHHble) npoyeccosl 6 ceonocuve-
cKou ucmopuu YPaJl[l.' MUHepAajlbHbvle U ceOXUMU-
yeckKue quuKamopbl».
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Isotopy and Morphology of the Newly Formed Car-
bonates of the Ledynaya Gora Carbonate-sulfate

Massif

0.

|. Kadebskaya, T.A. Kalinina, I.1. Chaykovskiy

Mining Institute of Ural Branch of the Russian Academy of Science. 78A
Sibirskaya Str., Perm 614007, Russia. E-mail: icecave@bk.ru

The morphology, isotope, and chemical composition of newly formed carbonates of
the Ledynaya Gora carbonate-sulfate massif in various microclimatic zones of the
Kungur Ice Cave are considered. It was found that composition of newly formed car-
bonates is influenced by their location in the geological section. In weathering crust
they are characterized by lack of impurities, but, below, they demonstrate the varia-
tion in composition. It allows associating them with the secondary enrichment zone
related to a carbonate barrier. Calcite prevalence at the top of weathering crust allows
assuming that newly formed minerals are not a transformation product of basic mate-
rial of the carbonate member of the Irensky Suite and formed due to interaction of
sulfate-calcium waters with atmospheric or biogenic carbon dioxide. Studying of
newly formed carbonates from different microclimatic zones of the Kungur Ice cave
showed that temperature does not affect the composition of newly formed minerals,

and influences only their morphology and variations of carbon isotope composition.
Key words: Perm Region; evaporates; hyper genesis; cryogenesis; isotopy.
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