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BBEJEHUE

BcaencTBre BHICOKOTO CpOACTBA HUKEJEHOC-
HBIX CyJAb(MUIAHBIX pacnjaBoOB K BHICOKOMAarHe-
3nanbHbIM MarmaM (Jluxaues, 2006; Hangperr,
2003), a Tak>Ke BhICOKOH MJIOTHOCTHU CYIbDUAHOMN
XKUIKOCTU, OoJiee yeM BIBOE€ IMpEBbIIIAIOIIEH
MJIOTHOCTbh CUJMKATHOW (ppakKLlUU Marmhbl, €€
BBIJICJIEHME B KaUueCTBE HECMECUMOM CyIb(hUaHONI
¢a3pl B ynbpTpaMauT-Ma(pUTOBBIX HUKEIEHOCHBIX
Marmax MHTPY3UBHBIX T€JI B 00JbIIMHCTBE C1y4yacB
NPOUCXOOMUT HA JOKaMEPHBIX U (MJIU) PaHHUX
BHYTPUKAMEPHBIX CTaAUSIX UX 3Bodonuu. Coort-
BETCTBEHHO, () OPMUPYIOILIMECT CHHTEHETUYECKUE
MeJIHO-HUKEJeBble pyAbl B UHTPY31MBax, oopas3o-
BAHHBIX OOHOW MOpLUEN MarMbl, MUHUMAJbHO
KOHTaMUHHUPOBAaHHONW U HanboJjee OJIM3KOMU K
MaHTUIHON BBIMJIaBKEe (TaKyl0 MarmMy Mbl Oyaem
Ha3bIBaTh UCXOJHON, UJIU «IOBEHUJIbHOW» IJISI
KOHKpPETHOM ucciaenyemMoit opmMalium), oKka-
3bIBAIOTCH B aCCOLIMAILIUSIX C TaKXe paHHUMU, B
LIMPOKOM CMBICJIE PYIOBMEIIAOIIUMU, CyIIe-
CTBEHHO OJINBUHOBBIMU YJIBTPAOCHOBHBIMU WU
6oraThiMM MarHe3naJibHbIM OJJMBUHOM OCHOB-
HBIMU KyMYJIATHBIMU TTIOPOAAMU MPUIOHHBIX 30H
pacclOeHHBIX MHTPY3MBOB. VI3 HUX cerperupo-
BaHHas cyJbduaHas XUAKOCTb MOTJa YaCTUYHO
neperekaTrb B TPEUWIMHBI U MMOAUHTPY3UBHBIE

MOJIOCTU-OTCJIOCHUS Cpeard BMEIIAIOUIX MOPOI,
(bopMUpPYS KU U 3a71€KU STTUTSHETUUECKUX PYIT
(Tomnesckuii, 1968; Hannpert, 2003).

B oTHOCHTENBHO 3aKpPBITHIX CUCTEMAaX IJ1yOUH-
HBIX, HOJIHO AU PEepEeHLIUPOBAHHBIX UHTPY3UBOB
HWCXOIHON MarMbl Mpolecc NepBUIHOr0 (OPMUPO-
BaHUS PYA, BKJIOYAKOLINNA TUKBALIMIO MATMBI, pa3-
pacTaHue pyIHBIX Kamedb B KOTEKTUKE C OJTMBUHOM,
MX KOAJIECLEHIIMIO 1 OCaxkIeHUE B 3aJIeXKM MAaCCHUB-
HBIX, OpeKYMEBUIHBIX, CETYATHIX (CUIEPOHUTOBBIX),
THE3I0BbIX U BKpaIICHHBIX pa3HOCTEM MPOUCXOIUT
CO CKOPOCTHIO, CYIIECTBEHHO MpeBBINIAOIIEH
CKOpOCTh guddepeHIMAalUU U OTBEpAEBaHUS
CHJIMKATHOM YacTU CUCTEMBI, U IIPUCYTCTBUE PYAbI
B ee 0oJjiee MPOABUHYTHIX MPOU3BOAHBIX OKa3bIBa-
€TCS MaJIOBEPOSITHBIM UJIU HEBO3MOXHBIM. B cuiy
BBICOKMX 3HAYE€HU U KO3(OUILIMEHTOB pa3ieeHUs
NI HUKEJIS Y MEIU X U3BJICUeHHE U3 CUIIMKATHOMN
B CYJIbUIHYIO a3y IMKBUPYIOLIEHA MarMbl MOXET
ObITh cTONb MoNHBIM (Hangpert, 2003; CMmur,
1968), uTO ee MpoABUHYTHIE Oe3pyaHbie Tudde-
peHIIMAThl CTAHOBSATCS MaJjio IPUTOMHBIMU U IJIS
TeOXMMUUYECKHUX OLIEHOK IMTOTEHIIMaJIbHOM PyIOHOC-
HOCTHU MHTPY3UBOB B 1ejoM (Kpusonyukas, 2014;
Hosakos, 2017), — coxpaHsis, TeM He MeHee, CBOE
3HAYEHME MTeTPOJIOTMYECKOT0 MOMCKOBOIO ITpU3HaKa
IJ1s1 OOHApY>KEeHU 1 BO3MOXKHBIX PAHHUX pyIOBMEIIa-
oux 1uddepeHIINaToOB Ha TJIyOuHe.
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KOHTAMUWHALINA MATMbI

BcnenctBue pasznuuuii GU3MKO-XUMUYECKUX
CBOICTB U paHHEr0, 60J1e€ U1 MEHEE ITOJTHOTO MpPO-
CTPAHCTBEHHOI'O pa300lleHUs B Mpeaeaax pyaHo-
MarMaTu4yeCcKUuX CUCTEM, CUJIMKATHAS U CyJIbPUIHAS
(bpakMu TMKBUPOBABIIEH MarMbl AaJjiee IBOJIIOLI Y-
OHUMPYIOT B CYIIECTBEHHOI Mepe He3aBucumo. Kak
U CUJMKATHBINM pactiaB, CyJbpUaHasg XUIKOCTb
noaBepraeTcs nuddepeHIualu — C BhIASJIeHUEM
TBEPIOro pacTBOpa MOHOCYIb(puaa (mss) xxejue3a u
HUKEJS U YBEJIWYEHUEM B OCTATOYHOM pacrjiaBe
conepxanust Menu (Hangperr, 2003).

Cy1IecTBYIOT, OMHAKO, 3HAYUTEIbHBIE OTKJIO-
HEHHUS OT OTMEUYEHHBIX BbILIE TUITOBBIX MapareHe-
31MCOB pyJla — MOpoJia, CBOMCTBEHHBIX HayaJlbHbIM
sTanam auddepeHIMalud Marmbl, OauKaiein
K MAHTUWHOM — CUTyallUM, KOrjJa CUJIMKATHBIC
MarmaTuyeckue Gpakiuy pya, TO €CTb COOCTBEHHO
PyAOBMeEIIAIOLIME TTOPOJBI, UMEIOT COCTaBbI, OTJIU-
Yaloluecs OoT YIOMSIHYTHIX YJIbTpamMadur-mMapu-
TOBBIX B LIMPOKUX Tpenenax. Takue OTKJIOHEHUS
BO3HUKAIOT ITPHY BOJIIOLIM Y UCXOAHOM (B OTOBOPEH-
HOM CMBICJI€) pyAOHOCHOI MarMbl KakK OTKpPBITOM
CUCTEMBI — C OJHOBPEMEHHOM €€ KOHTAaMUHaluel
Ha MYTSAX NOAbEMA CKBO3b pa3HbI€ TOJIIIU 3€MHOMN
KOpBI, a TaKXXe B pe3yJibTaTe BO3AECUCTBUS pa3HbIX
JVMHAMUYECKNX U MAaCCOOOMEHHBIX MPOILIECCOB
BHYTPU U OKOJIO KOHKPETHBIX UHTPY3UBOB. OHU
3aBUCSAT OT CEPUAJILHON MPUHAJIEXKHOCTU MarMbl,
oInpeaelsolleil o01IYyI0 HallpaBJAEHHOCTh e JUd-
depeHuManu, OoT €€ PU3NIECKUX CBOMUCTB, OT
r1yOMHBI pa3MelleH s €€ BHEAPEHU I, OT pa3MepoOB
WHTPY3UBHBIX KaMep U peKrMMa OHO- UJIM MHOTO-
MOPLIMOHHOTO WX 3aMIOJIHEH U SI CO CMEILLIEHUEM Marm
Pa3HBIX CTAAU A 9BOTIOLIUU, OT YACTOTHI ITHUX OO~
HEHUI U JOCTUTAeMOM B IPOMEXYTKAX MEXIAY HUMU
cTeneHu ppakIIMOHMPOBAHUS MarMbl U CETpeTaliuu
pyl, OT pa3jiu4Mil COCTAaBOB aCCUMMUJIUPYEMBIX
BMEILIAIOIIMX HOPO U MHTEHCUBHOCTU (PJIIOMTHOTO
NpPHYBHOCA UX KOMIIOHEHTOB, CIIOCOOHOTO BbI3bIBATh
MeTaMarMaTuyeckue npeodpa3oBaHUs IMOay3a-
TBEPAEBIINUX PYIHBIX KyMYyJaToB. B cpaBHUTENBHO
MaJIO CTENEeHU ATHU MPOLECCH BIUSIOT HA COCTaB
U CBOMCTBA PYJHOIO0 KOMIIOHEHTAa MarM, HO CaMbIM
CYIIECTBEHHBIM 00pa3oM — Ha UX CUJIMKATHYIO
dpaxuuio.

B nnTpy3uBax KamuaTckoii HUKEeJIeHOCHOM
npoBuHuuu (KHII, maneouneH-naMoLeHOBBII
OIYKYKCKUI KOMIIJIEKC), MPUYypoUeHHBIX K Cpe-
IMHHO-KaMyaTcKoMy MacCUBY MeTaMOP(MUTOB
(CKM), pyZoHOCHBIE MMOPOABI MIPUCYTCTBYIOT
B OCTaBe€ Pa3HbIX YACTHBIX CEPUN KYMYyJTaTHBIX
MPOU3BOAHBIX BOJHOW BBICOKOMArHe3najJbHOU U
OJIHOBPEMEHHO KPEMHE3EMUCTOU MarMbl OOIIIETO
MU3BECTKOBO-I1IEJIOYHOTO, MApUAHUT-OOHMHUTOBOTO
Tumna (KOpTJaHIAUT — MUPOKCEHUT — HOPUT-Tad-
OpoHopuTtoBas ¢opMmauus). Ilog Bo3neiicTBUEM
OTMEUEHHBIX Bhille (h)aKTOPOB Bapualliu TeHEeTU-
YECKUX U MapareHeTUYECKUX acCOLMalluid pyIbl

C BMELIAIOUIMMU MOPOAAMU 3[€Ch MPOSIBUIUCH C
OCOOEHHBIMU LU POTOM U pa3HOOOpa3UeM.

I'maBHOI mpUYMHON 3TOMY ObljJa BBICOKAS
ACCUMMUJISILIMOHHAS CIIOCOOHOCTbh PYIOHOCHOM
marmMbl KHII. OHa obGecneunBaniach He TOJIBKO
COOCTBEHHBIMU CBOMCTBAMM Marmbl (B 4acT-
HOCTH, U3-32 BBICOKOU BOAOHACHIIIIEHHOCTHU OHA
OblJ1a OTHOCUTEJIbHO HM3KOTEMIIEpaTypHOIl), HO
TaKXe Te0JJOTUYECKOW U TEPMOIUHAMUYECKOUN
00CTaHOBKOM €€ BHeApPEHU Ha MO3AHE-CUHME-
tamoppuueckom sTare 3Bonouun CKM, B ele
NporpeThie, CYIIECTBEHHO CUAJIMYECKUE TTOPOIHI,
B OTHOIIEHWUHU TJaBHBIX KOMIIOHEHTOB KOTOPBIX
MarMa OblJla HeJOCHIleHa. DTa CUTyallus CO3-
JaBaja BO3MOXHOCTb 0o0Jiee OBICTPOro M3MEHEe-
HUS cOCTaBa MarMmbl 3a CUET €€ KOHTaMUHAalluu
(«pa3baBeHMI») BELIECTBOM UWHTPYIAUPYEMBIX U
YaCTUYHO WJIU TOJHOCThIO YCBOSIEMBIX (ACCUMMU-
JIUPYEMBIX) €10 MOPOJ, TPU MEHBIIMX TEIJIOMNO-
TEPSIX U HEOOXONMMOM CTENEHU KPUCTAJIU3ALUU
(boyaH, 1931; DePaolo, 1981), yem B xone omHOI
Wb 1UudhepeHInalud «<4UCTOM TUHUW».

Hpyroit ¢pyHIaMeHTaJIbHON MpPEAIIOChIIKOMA
COCYIIIECTBOBAHUS PYAHOW U pa3HOOOpa3HBIX MO
COCTaBaM CUJIMKATHBIX MarmMatuyeckux ¢as onlao
CXOJICTBO MHTEPBAJIOB TEMIEPATYp KpUCTAIUZALUU
MarMbl ¥ pyJibl — CylLIECTBEHHO XUJKOE COCTOSTHUE
W MOABUKHOCTH IOCJIEAIHEN BO BCEM AMATA30HE
MarmMatuyeckux TeMIlepaTyp U COCTaBOB, BIJIOTH
JI0 3HAYEHU I HUXXE TEMITepaTyphl MPEeAeIbHO HU3-
KOIJIaBKOT'O BOJOHACHIIIIEHHOTO pacIrijiaBa ABYIO-
JIEBOLITTaTOBOTO TpaHuTa (~650°C).

B03MOXHOCTM BOBHUKHOBEHUSI HEOOBIUHBIX
napareHe3ucoB pyJa — mopojaa 6JjaronpusTCTBOBAJ
M3BECTKOBO-IIEJIOYHON CepUabHBI TUI BOIHOM
U BBICOKOMAarHe3uajabHOI (OOHMHUTOIOIOOHOIT)
PYIOHOCHOM Marmbl, «yCyTryOJIsIBIIUIICS» €€ KOH-
TaMUHallWMeld CUAJIUYECKUM BEIIECTBOM KOPBHI.
B oTsivuue oT 3BOJIIOLIMU paHO BBIAEJSIONINX I1J1a-
TMOKJIa3 MarM TOJIEMTOBOIO TUMA — C 00OTallleHUeM
JKeJIE30M, YBEJMUUBAIOIIMM PACTBOPUMOCTD CEPHI 1
CHMKAIOIIMM YCTOMYMBOCTh HECMECUMOM CYIb(PUI-
HOM XXMJIKOCTH B €€ iepuBaTax — JJUTEJIbHAs KpU-
CTaJIIn3alus B U3BECTKOBO-11Ie104HOM Marme KHTI
OMHUX UL peMuuecKux MuHepaaoB (CelsTHIUH,
2006, 2014a) mpenoTBpallaga HaKOIJIEHUE B HeEl
KeJie3a W He TIPeNnsTCTBOBaJia COXPAHEHUIO BbllE-
JIMBIIECS cylbPUAHON (pa3bl, pa3HBIMU MyTIMU
OKa3bIBaBIlIECS B €6 pa3HOOOPa3HbIX MO3THUX
KPUCTAJJIMYECKUX U XKUIKUX TPOU3BOIHBIX.

ITonuepkHeM, OAHAKO, YTO Pe€ajbHO BO3HUK-
HOBEHUE TAKMX HETUIIMYHBIX IApAr€HE3UCOB ObIIO
BO3MOXHBIM TOJIBKO C JieprBaTaMy Marmbl, KOH-
TAMWUHUPOBAHHOW KCEHOT€HHBIM BEILIECTBOM, UJIU
MpY CMELIEHU Y PYyTHOW MarMbl HOBbIX NOTIOJTHEHU I
UHTPY3UBOB C IN1y6oKo nuddepeHIIMpOBAHHONI
Marmou npeaiecTBYIOMINX NOpLUit (ABTOKOHTaMHU-
Hallsl), UJIU B pe3yJibTaTe METaMarMaTuyeckux npe-
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CEJIAHI'MH

00pa3oBaHU MOJTYOTBEPAEBIIMX KYMYJIATOB C IIPU-
BHOCOM BOIHO-I1IeJIOUHOTO (pirtonna. KOBeHUIbHOIM,
OnuXKalIen K UCXOMHOW M3BECTKOBO-IIETOYHOMU
marme KHII B monHoi1 Mepe Obliia CBOIICTBEHHA YII0-
MSTHYTas BBIIIIe 00111as1 3aKOHOMEPHOCTD ITPOCTPaH-
CTBEHHOM CBSI3M PYIHOTO CYyJIb(MUIHOIO pacrljiaBa c
WX pAHHUMU YJIBTPAOCHOBHBIMY TTPOU3BOIHBIMU.

CoBMellleHHe pyIHOTO BelllecTBa (IT0 CYIIECTBY,
yXe 3MUTeHeTu4YecKoe) ¢ mopogaMu Hauboee
3BOJIIOIIMOHMPOBAHHBIX COCTABOB — BIUJIOTH J0
TPaHUTOUIHBIX — 00ECIIeYMBAJIOCh KOMILJIEKCOM
BBIIIETIEPEYUCACHHBIX MAaTrMOJAMHAMUYECKUX
U PU3NKO-XUMUYECKUX (aKTOPOB, Ha pa3HBIX
aTamax BbI3BIBABIIMX JUOO OCaxXAeHHUE YaCTHU
PYIHOTO BelllecTBa U3 60Jiee MO3AHUX MOMOJIHEHU I
WHTPY3UBOB B OTBepiAEeBaBIlINE AEPUBATHI OoJiee
paHHUX, — B TOM YHCJIE MPU OJHOBPEMEHHOM
MeTaMarMaTU4eCKOM U3MEHEHU U MTOCIeAHUX, TN00
B pe3yJIbTaTe 3K30TUYECKUX MPOLecCoB (GIoTalluu
PYIHOTIO BellleCTBAa UJIM €r0 CMEIIEH M SI C TMOPUIHBIM
TPAaHUTHBIM PacIlJIaBOM MpPU aBTOOPEKYMPOBAHUU
KOHTAaMUHUPOBAHHBIX PyAHO-MarMaTu4eCKMX
CHCTEM.

OCHOBHBLIE IAHHDBIE
O TEKTOHMYECKOM ITOJIOXEHUNU,
BHYTPEHHEN CTPYKTYPE
N COCTABE IIOPOA MHTPY3MBOB
HUKEJIEHOCHOI'O KOMITJIIEKCA

Kamyarckasg HUKeJeHOCHAs MPOBUHIUSI
(IMonetaes, 1999; TpyxuH u ap., 2008) npuypodyeHa
K CpennHHo-KamuaTckoMy (KpUCTAIINYECKOMY)
MacCHBY Ha [OTe IMOJIyoCTpoBa. OTOT MAacCHUB
npoctupaercsd Ha 200 KM B MEpUAMOHAIBHOM
HamnpaBJIeHUHU, Npu mupuHe Boixoga 30—-40 km
(puc. 1) — B BUAE OOTHOIO U3 «BBHIPE3aHHBIX»
pasjioMaMu U MOAHSATHIX (parMEHTOB IpeBHEH
CKJIaAyaToil CTPYKTYpHl 0O0Ilero ceBepo-3amai-
Horo npoctupanus (Bmacos, 1964), monepeuHoro
cyOMepuaIMOHAJILHOMY HAIlpaBACHUIO TBUKEHUS
TuxookeaHCKO TJIMTHI 0 €ro PeOpUeHTALUU B
KOHIIE 201IeHa — B OJIMTOLIEHE Ha CeBepO-3amaTHoe
(ABpeiiko u ap., 2003). dapo maccuBa ciaaramT
JIOIO3IHEMEIOBBIE! TOMIIY MHTEHCUBHO CMSTHIX U
r1y00Ko MeTaMop(dr30BaHHBIX ITOPOJ IIpeodiiaga-
OIIIEeT0 CUaIn4ecKoro coctaBa. OHO IepeKphIBaeTCs
YyexJIOM MeHee MeTaMop(pHu30BaHHBIX, paHHe?-
MO3IHEMEJOBBIX OCATOUYHBIX U BYJIKAHOTEHHBIX

I HoBeiimne maTUpoBKU MeTaMOP(GUUECKUX U UH-
Tpy3uBHBIX KoMmIiekcoB CKM 1o nupkonam (CoJioBbeB
u np., 2004, 2015; Hourigan et al., 2004), «<ymecTUBIINE»
OOJBIIMHCTBO MPOILICAIINX B HEM I€0JIOTMYECKUX CO-
ObITHIT (TTOTrpyXeHUe ydJyacTKa 0CaJ0uYHOro MpoToJnTa
Ha 20-25 kM, MeTamMmopduU3M, UHTPYAUPOBAHUE €r0 pas3-
HBIMM MarMaMu U MOAHSITUE Ha MPEXHUI YPOBEHb) B
HETIpaBIOIOA00HO Y3KUil mHTepBand ~55-50.5 MJIH JeT,
MBI TI0JlaTaeM MOJBEPXKEHHBIMU BIUSIHUIO HA HUX T10-
CJIEZTHETO JIJIsl OPOJI MacCuBa 3Tara Metamopdusma.

MopoJ, — TOJIOro 3aJierarolliX B CBOAOBOU YyacTu
MaccuBa, 00JIEKaIOLIMX €r0 y CEBEPHOIO U I00KHOTO
(b1aHTOB, HO OOPHIBAIOLIMXCS pa3JIOMaMMU €TI0 3ama/i-
HOTO U BOCTOYHOI'O OTPAaHUYEHUA.
HukeneHocHasi NpOBUHILIMSA BKJIIOYAET JBE
pa3o0lleHHbIe PYAHbIE 30HBI, JIOKAJIM30BAHHBIE Y
ceBepHoro (IIlanyuckoe pymHOe MoJje) U I0XXHOIro
(AyKyKCKUM pyaHBIA y3el) (pJlaHTOB MacCUBa U
WMeEIolMe TPEUMYILIECTBEHHO CEBEPO-3aMaTHOE —
CyOLIMpPOTHOE MPOCTUPAaHUE, OJU3KOEe MPOCTUPa-
HUIO CKJIAAUaTON NaJeoCTPYKTYpPbl, — C KOPOTKUM
cyOMepuaAMOHAJIbHBIM OTBETBJIEHUEM Y IOKHOM
30HHBI (puc. 1). MarmMa HTPy3MBOB HUKEJIEHOCHOI
(opmanivu BHeApsach B MO3HENal€0LEHOBOE—
panHesoneHoBoe BpeMs (Konuukos u ap., 2006;
Cunopos, Crenanos, 2006) B KpaeBble 4acTH SAapa
U, TIaBHBIM 00pa3oM, B 00JieKalollue ero paHHe?-
MO3IHEMEJIOBBIE YTJIMCThIE METAOCAAOUYHBIE TOIIIU
yexJjia MacCuBa, — COOTBETCTCTBEHHO HUXHEM
KaM4aTCKOU 1 BepXHel XeMBAHCKOM CBUT, a TaAKXKe
B MPOPBbIBABIIME KaMUYaTCKYl0 CEpUI0 THelco-
TpaHUTHI Mo3aHeMeN0BoTo Bo3pacTa (CooBbeB
u ap., 2015). B ceBepHoii 3oHe KHII nuHTpy3uUBEI
MpPEeACTABJICHbI JUILb MaJbIMU TE€JaMU — A0 MeEp-
BbIX COT€H METPOB B MaKCUMaJbHOM HM3MEPEHUU.
B 10XHOI1 30HE BMeCTe C MOJOOHBIMU MaJibIMU
TeJJaMU IPUCYTCTBYIOT U CaMbl€ KPYITHbIE B TPOBUH-
MU UHTPY3uBbI KyBasopor (cpenHuli monepeyHruK
5.5 km), Aykyk (~ 4 kM), HemTukckuii (1o 3 Km).
IIpu no3nHeiiieM riapI00BOM MOAHSITUU SIApaA
CKM nepexpbiBaBIINE €0 META0CATOYHBIE TOJIIN
MOABEPIJIUCH AMCIOKALIMSAM Pa3HOro XapakTepa: ¢
pa3pbiBaMU 1O KPYMHOAMILJIUTYAHBIM pa3jioMaM-
B30pocaM y ero 3anagHoi U BOCTOYHOM I'paHU1l, HO
¢ (JieCypHbIMU, TU3BIOHKTHBHO-TIJIMKATUBHBIMU
ux gepopMallMsIMU Ha CEBEPHOM U I0XXHOM (p1aH-
rax, «0(bOpMUBIINMU» OOIIYIO CTPYKTYPY MaccuBa
KaK ropCcT-aHTUKJIUHAJIbHYIO. 31eCh TOJIIH €ro
yexJia MpeTepriesiv Onoja3aHue U CKJIaa4yaToCTh, a
coJepXKalirecs B HUX UHTPY3UBbl — MEPEMELIEH U
C OTPBIBOM OT CBOMX «KOPHEW», OIPOKUAbIBAaHUE 10
80-90° 1 Hepenko pparMeHTUpPOBAHUE Ha MaJIEKO
pazo6ueHHble 610ku (CenstHruH, 2009).
MHTpY3UBBI CJOXEHBI KYMYJaTHbBIMU MOPO-
JaMU ¢ OOIIell IceBao-, UM MaKpOpUTMUYECKOMR
pacca0eHHOCThIO, OoTpaxatouei ux popmMmupoBa-
HHUE B PEXMME MHOTOMNOPIIMOHHOTO MOMOJHEHU S
marmoit. OTaeNnbHbIe €€ MOPLUUU B PA3HOM CTEIIeHU
MoJBEPraJiucb KOHTAMUHALIMY PA3HBIMU IOPOIAMU
U 1uddepeHIPOBaIUCh PA3IMYHBIMU NYTIMU —
Ha 10- U BHYTPUKaMEpHOW cTaausx, popmMupys
CepuM KyMYJIaTOB, pa3HbIE MO COCTaBaM U MOJTHOTE
HabopoB o6pa3yeMbIx mmopoa. CooTBETCTBYIOUINE
HOPLMSIM MAaKPOPUTMBI («IIMKINYECKHUE CAUHUIIBI»)
MOIIIHOCTBIO OT JECSITKOB 10 COTEH METPOB Xapak-
TEPU3YIOTCSI HOPMAJIbHOM I'paBUTALIMOHHOM pacciio-
eHHOCThI0. CocTaB KyMYJIAaTHBIX ITOPOJ B HUX MOT
MEHSITBCS OT YJIBTPaba3uTOBBIX (KOPTIAHAUTHI) MU
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Puc. 1. T'eomornueckoe crpoenne CpenmaHo-Kamuarckoro maccuBa (locymapcTBeHHas ..., 2006), ¢ UBMEHEHUSIMH.
O030p MO3AHENIIUX JAHHBIX O BO3pacTe CTpaTUTpaduuecKux noapasnesieHHUN 1 TTOJ0XKeHe HUKEJIEHOCHBIX UH-
TPY3UBOB B CTpyKType MaccuBa 1o (CensHruH, 2009): 1 — peixible YeTBEPTUUHbBIC OTIOXKEHUSI; 2 — YeTBEPTUYHBIE
BYJKAHUTHI; 3 — MPEUMYIIECTBEHHO OCAOYHBIC OTJIOXEHU ST KaWHO3051; 4—5 — 901I€HOBbIE TOJIIIN: YeperaHOBCKa s
ByJIKaHoTeHHas (4) u 6apabckasi ByJKaHOTeHHO-0CaJd0YHast CBUTHI (5); 6 — KUpraHUKCKasi CBUTA BEPXHUM MeJl-
najieoreHoBasi ByJKaHOT€eHHO-KpeMHucTas; 7—10 — BepXHeMeJOBble CBUTHI: METaBYJKAHOTEHHAsl KBaXoHCKasl,
MeTaTeppUreHHble KYHYHCKasl M X03roHckas (7), upyHelcKasi CBUTa KPEMHUCTO-ByJIKaHOreHHas (&), ajqucTop-
cKasi U XMMKUWHCKasl CBUTHI MeTaByJIKaHOTeHHBbIe (9a), KomarMaTU4YHble UM CYOBYJIKaHUUYECKKUE UHTPY3UBHI (90),
XelBaHCKasl CBMTA BepxHemesaoBasi MeTateppureHHas (/0); 11 — annpuaHoBcKasi CBUTAa HUXHEMEJoOBast 0caaou-
HO-MeTaByJIKaHOTeHHasl; /2 — HukHemesoBas (?) kKaMyaTckas cepusi KpUCTaJIJIMYECKUX CIaHIIEeB; TOMEIOBOM
KOMILJIeKC: 13 — KOJMaKoBCKasi Cepusi — THEMChl M KPUCTAJJIMUECKUE CaHIbl; /4 — MeoBbIe BYJIKAHOTEHHBIE
1 OCalloYyHbIe TOJIIN CeBepHOro obpamMyieHus1 [[aHanbCcKOro MaccuBa (KUPTYPOTICKast U KUKEUYEHOKCKAasT CBUTHI);
15 — TaHanbCcKMit KpUCTATINIECKUI MaccuB; 16—2(0 — WHTPY3UBHBIE KOMIIJIEKCHI: 16 — JTaBKUHCKHWIT TpaHOIM-
OpPUTOBBIN MUOIIEHa, /7 — JIeBOAHAPUAHOBCKUI NYHUT-KJIMWHOMMPOKCEHUT-TAOOPOBBIN MMO3AHUI MeJT — Tajaeo-
TeHOBBIN, I8 — KOJbCKUT TPOHABEMUT — I'PAHOAMOPUTOBBIN MO3AHEMENIOBOM, 19 — MYKYKCKUI HUKEJIEHOCHBI I
KOPTJaHAUT- -OPTOMUPOKCEHUT-TaOOPOHOPUTOBBIN (¢ — Ha KapTe, 6 — KPYITHBIE Teja Ha pa3pe3ax, IMITPUXOBKa
oTpaxkaeT oblee MoJOXEeHUEe PacCIOeHHOCTH), 20 — KPYTOTOPOBCKUN THEHWCO-TPAHUTOBBIN; 2/ — Pa3IOMBI:
a — KpyTornajaatwliue, 6 — HaaBuru; 22 — Kanbaepa BynkaHa XaHrap; [ — [ u I1 — II — pa3pe3ssl 10xkHOTO 1 ceBep-
Horo ¢uanroB CpeanHHo-KamuaTckoro maccuBa. A — AHapuaHoBckuit moB, MI13 — Manko-Ilerponasios-
cKasi 30Ha rnonepeyHbix aucaokanuii, I — [lanyuckoe pynHoe nojyie (I — uHTpy3uB mectopoxaeHus Lllanyu),
I — Hykykckuit pyaHbiii y3en (2 — uHTpy3uB KyBasopor).
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(yamre) yaprpaMadruueckux (OPTOMUPOKCEHUTHI)
B 0a3ajibHBIX CJIOSIX Yyepe3 MeJaaHorabopouasl’ 10
JIeliKorab0pouI0B B Bepxax pa3pe30B.

B nmpakTuyecku mepBO3MaHHOM BUAE TakKue
CepUM KyMYJIAaTHBIX MOPOJ COXPAHUJINCH OT MO3/I-
HEWIIMX U3MEHEHU 1 B Han0o0Jiee KPyIIHOM, IETPO- U
nportotunuueckom 1t KHITunTpy3use KyBanopor
(puc. 1). K coxaneHu1o, B U3y4YeHHOI ceBepo-3arai-
HOM (HeKorjaa HUXKHel) YacTU UHTPY3UBa BCe OHU
0Ka3aJMCh HEIOJHBIMU BCJEACTBUE TOKAMEPHOU
IuddepeHIMalui MarMbl, M HE COAEPKaT ee CaMbIX
paHHUX, yIbTPabda3uTOBLIX (paKIIMOHATOB, HAM0O-
Jiee NePCHEKTUBHBIX HAa OpyleHeHre. Takue pyaHbIe
KyMYJIaThl MarMbl, II0 COCTaBY OJIMXKal1lIeil K UICXOM-
Hoil nyig KHII (KopTiaaHIUTHI), C HAUOOJbIIMMU
TMOJIHOTOM M COXPAHHOCTBIO MPOSIBJIEHBI B COCTaBE
MEPBOro MakKpopuTMa pacCIOEHHOCTU OIHOTO U3
MaJblX MHTPY3UBOB ceBepHOit 30HbI KHIT — Boc-
toyHo-T'eopusnueckoro (Censtarun, 2006) (puc. 1).
[Ba 3TUX UHTPY3UBA SABJISIOTCSA KJIIOYEBBIMU AJI5
WUCCJIENOBAaHUS METPO- U PYyNOT€HETUYECKHUX MTPO-
neccos B KHII.

I'aGOpouaHbIe YacTU KyMYJaTHBIX CepUi
WHTPY3UBOB 00€1X 30H 10 UX NTOJTHOTO OTBEP/EBA-
HU S TTOJABEPrajuch MNpeoopa3zoBaHUIO U3 UCXOJHO
NUPOKCEHOBHIX B OMOTUT-aM(UO0JIOBBIE TOPOIbI
MoJ BO3JEWCTBUEM MPUBHOCUBIIErOCsS BOJAHO-
1IeJ0YHOro (CyliecCTBEHHO KaJdueBOro) (pumou-
na, — HauboJjee MOJHOMY B MOJHOCTbIO NIPOHU-
11aeMbIX CJIOSX MaJIbIX TeJ. B KpymHOM MHTPY3UBE
KyBanopor nmono6Hble MeTaMarMaTH4eCKUE U3Me-
HEHUS B CJIOSIX aHAJIOTUYHBIX COCTABOB IMTPOHUKAJIU
Ha pacCTOSHU S, COpa3MEPHbIE MajJblM TejJaM, HO
B €ro MaccuBe 00pa3oBaJii JUIIb Y3KUE IHIO-
KOHTAaKTOBbIE 30HbI METaMarMaTuTOB, OOJblIEH
YacTbhIO COPBAaHHBIE U KaTaKJIa3MUPOBAHHBIE ITPU ETO
MO3AHEUIINX NVCTOKALIUSX.

Ilpy HaAM4YUKU B PyAHBIX TUPOKCEHUTOBBIX
— MeJaHoTrab0pouAHBIX KyMyJlaTax MajbiX Tel
PEIUKTOB KCEHOJUTOB KBAPLMTOB BOKPYT HUX B
HOBOOOpa3yeMbIX MeTaMarMaTuTax BO3HUKaAIU
y4yacTKUu OydepupyeMoro KBapueM ruOpuaHoro
pacnJjiaBa ¢ COCTaBOM JBYIIOJIEBOIINATOBOrO rpa-
Hurta. IIpupalieHue o0beMa TaK1UX CI0EB IO BO3-
JeiCTBUEM MPUBHOCA (DJIIOMIA 1 BBI3BIBABLIUXCS UM
peakuuii MpUBOAUIIO K UX aBTOOPEKUMPOBAHUIO, C
o0Opa3oBaHUEM MEXaHUYECKOU cMecH (IMYJIbCHUM)
PYAHOro U rMOpUIHOTO TPAHUTHOTO PACIJIAaBOB,
KpHUCTaIM30BaBIICics B CBOeOOpa3HbIiA pyaHO-
rpaHOGUPOBEINA LIEMEHT MarMaTUYeCcKUX OpeKuyuii
(Censaurun, 20146).

HapenkocTh 60mbl0e pa3HOoOOpa3ue codeTa-
HUI OTMEUEHHBIX (DaKTOPOB BIMSHUS HA T€HE3UC

2 [IpucraBKa «MeJIaHO-», OOBIYHO yIOTpebJisieMast
JUTSI OJTMBUHOBBIX TA0OPO, B IPUMEHEHU W K MarMaTuTam
KHIT ucnionb3yeTcst nasi uMeHOBaHUSI raOOpOUIOB C
JMIOKOTEKTUUYECKUM, UHTEPKYMYJYCHBIM TLJIarMOKJIa30M,
BBIXOIISIIIIUM Ha KOTEKTHUKY B JieliKorabopouax.

MOPOJ PAcCIOEHHBIX UHTPY3UBOB HUKEJIEHOCHOM
KOPTIAHAUT-NUPOKCEHUT—HOPUT-TabOpOHO-
pUTOBOIl hopMallM — OCOOEHHO B €€ MaJlblX
WHTPY3MBaX — BbI3BAJIO MOSIBJIEHNE I€HETUUECKUX
U MapareHeTUYECKUX acCOlMalUi CyabhUIHBIX
Py ¢ CUJIUKATHBIMUY IMOPOAAMU CaMOTO IIMPOKOTO
CIIEKTpPa COCTABOB M Pa3JMYHBIX T€HOTUIIOB. DTO
neynaeT MpakKTUYeCKU 3HAYMMOM B TTOMCKOBOM U
MPOTHO3HOM OTHOILIEHUU COPTUPOBKY, UJIU CBOETO
poa éHympupopmauuoHHyo Kaaccuuxauuro ee pyo
N0 AcCoyuUayuUaMmM c 6MeularouuMu nopooamu paznozo
cocmaea u npoucxoxcoenus.

Ha umMmeromiemMcsa maTepuane BHISIBIASETCS
HEeCpaBHEHHO MEHbIIas MOABEPXKEHHOCTb 00CY K-
JaoIIMMCSI U3BMEHEHUSIM MarMaTU4ecKoi cTaauu
(oTHOCHUTE/IbHASI MUHEPTHOCTD) OTACISIBILIECHACS CYlb-
(bmaHOM XMIKOCTY CPABHUTEIBHO C CONEPXKaBIIMMU
€e CMJIMKAaTHBIMU pacIiljlaBaMU U KyMyJdaTaMu.
DTo AenaeT pyay BakKHBIM He3aBUCUMBIM pEIIepoOM
MpY aHaJIU3e¢ MarMOAMHAMUYECKUX U COOCTBEHHO
MNETPOTEHETUYECKUX MPOLIECCOB B UHTPY3UBAX
PYAOHOCHOM (hopMalLUH.

bonee moapoOHBIe cBedeHUS O COCTaBe U
reHe3uce MopoJ U MUHEPAJIOB MPeacTaBUTEIbHBIX
11t KHIT MHTpY3MBOB HpUBEASHBI B IPEABbLAYIIIUX
nyboaunkanusax abropa (Censtarun, 2003, 2006, 2007,
2009, 2014a, 20140).

CTPYKTYPHO-BELLIECTBEHHBIE CBOMCTBA
IOBEHMJIbHbBIX
M KOHTAMUHUPOBAHHBIX MATMATHUTOB
HUKEJTEHOCHON ®OPMALIMU
N MPOLUECCHI UX POPMHWPOBAHUA

s 3agay HacToslueil paboThl aKkTyajJbHa
cucteMatu3alnus nmerTporpauueckux NaHHBIX,
noay4yeHHBIX o uHTpy3uBaM KHII. I'maBeHCcTBY-
Iollee 3HAUEHWE 1714 ETPO- U pyJAOreHe3a HuKeje-
HOCHOM (hopMallud UMEIU, KOHEYHO, U3MEHEHU S
COCTaBa Pa3HbIX IMOPLMIA UCXOIHON MarMal B IIPO-
leccax €e KOHTaMMHalUU U nuddepeHnaimu.
WUmMu onpenensdnuch paCTBOPUMOCTb PYAHOTO
KOMIIOHEHTa, OOLIUI XMMUYECKUI1 U MUHEPAJIOrO-
nerporpaduyeckruii xapakTep pyaoBMelIAOIINX
U 6e3pyAHBIX CUJIMKATHBIX KPUCTAJINYECKUX
nuddepeHunaToB. TeM He MeHee, OTAECJIbHOTO
BHMMaHUS 3aCyXMBaeT GOPMUPOBAHUE COOTBET-
CTBYIOILIMX UM MTEPBUYHBIX CTPYKTYP 3aMOJTHABLINX
WHTPY3MBbBI KyMYJIaTOB, OCHOBBI T€HETUYECKON
KjJaccuUuKanuy KOTOPBIX pa3pabaThiBalUCh
Vaitnxepom u bpayHowm (1970). ITonBepXeHHbIE
BO3JEUCTBUIO BHEIIHUX MO OTHOLIEHUIO K Marme
¢akTopoB (rpaBUTalLIMsl, IMHAMKWKA CTAHOBJICHUS
WHTPY3UBOB, UX pa3Mepbl U CKOPOCTb OCThIBAHU S,
(¢IoUIHBIM HPUBHOC BelleCTBa), CTPYKTYPHI CO
CBOEI CTOPOHBI OKa3blBajaMu CYIIECTBEHHOE BJIU-
SHWE Ha COCTaB KyMYJaTOB M UX MOCJEaYIOIue
W3MEHEHU S Ha MO3JIHEMarMaTu4eckoi CTaluu.
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CoueTaHueM 3TUX (HAKTOPOB OIPEACISIINCh CTa-
HOBJIEHWE KOHKPETHBIX MOPOA, OTJOXEHUE PYII,
BO3MOXHOCTHU BHYTPUMHTPY3UBHBIX, MEXXKPHUCTAJI-
JIMYECKHUX MePEMELLIEHU N CUTTMKATHOTO U PyTHOTO
pacnjiaBoB — € pa3HOM CTEMEeHbIO KOHILIEHTPAILIUX
TMOCJIETHETO B 3aJIEXXU UM 00pa30BaHUS MpPAKTU-
YeCKHU HECYIECTBEHHBIX, HO BaXKHBIX B IOMCKOBOM
OTHOIIIEHWU acCOllMallMil ¢ mopogaMu pa3HOO-
O6pa3HBIX cocTaBoB. ConpskeHHbIe U3MEHEHUSI
COCTaBa U CTPYKTYP B CEPUIX NMEPBUUYHBIX KyMY-
natoB uHTpy3uBoB KHII npenomnpenensiyn Takxe
u30upaTeJbHBIM XapakKTep UX NO3aHe-(MeTa-)
MarmMaTu4ecKMx npeodpa3oBaHUA.

B nnyToHMYecKUX yCIOBUSIX CUJIMKAaTHAs (ppak-
LM pyn (IepBUYHBIE pydOBMeEIIalolINe ITIOPOILI) U
Bce OoJiee MPOABUHYTHIE KpUCTaJLInUecKue aud-
¢depeHIMaThl OMHOM MOPLUUHN PYAOHOCHOI Marmhbl
(GopMupyOTCI KaK KyMYJSTHUBHAS COJIUIYCHas
CepUs pacCIOEHHBIX, TUCKPETHBIX M0 COCTaBaM
nopoj, cllaraeMblX, OlHaKoO, (ppakKilMoHATaMU
JIMKBUIYCHBIX MUHEPAJIOB HEMIPEPHIBHO 3BOJIO-
LIMOHMPOBABILErO pacmjaBa, — OT BO3MOXHBIX
OOMHOYHBIX (CBEPXKOTEKTUYECKMX) K OU-, TPU- U
MOJUMUHEPAJTbHBIM KOTEKTUUYECKUM ACCOLIUALIUSIM,
NocjJaeA0BaTEeJIbHO CMEHSIOIMMCS B CUCTEMaX
paccloeHHOCTH UHTPY3UBOB. B mpupone, ogHako,
OOBIYHO HECOBEPILICHCTBO (hpaKIIMOHUPOBAHUS,
00YCJIOBJICHHOE 00JIbIIIEl U1 MEHBIIIEH PHIXJIOCTHIO
YMNaKOBKHW OCaXXAE€HHBIX MUHEPAJOB MEPBUYHBIX
(IIpOTO-)KYyMYJIaTOB M 3aXOPOHEHMEM B HUX pa3HbIX
JIoJeil 0cTaTOYHOro (MHTEPKYMYJIYCHOIO) CHJIU-
KaTHOTO pacruiaBa. be3 yyacTus TOMOJHUTEIbHbIX
NpoOLEeCCOB PEKPUCTATIM3ALMU U YIIJOTHEHU S
ocagka (komnakuuu, 1mo (Meurer and Boudreau,
1998)) TeopeTuUecKu oxXuaaeMasi TUCKPETHOCTh
KyMYJaTHBIX MOPOI B 3HAUYUTEJbHOW Mepe pas-
MBIBA€TCS, 1 BMECTE C 00pa3yIOIIUMHUCS MOPOJAMU
MPOMEXYTOYHBIX COCTABOB (C MUHTEPKYMYJIYCHBIMU
MMHepaJlaMU) OHU 00pa3yIoT pSabl, COMpPSIraloly-
€csl B TIOUTH HenmpepbiBHbIe cepuu. [lo cyliecTny,
UX 00pa3zoBaHME COOTBETCTBYeT NP epeHInauu
Marmbl TIpU €€ KpUCTAJIM3alluM MO TUIMY, ITpOMe-
KYTOUHOMY MeX Ay ppaKIIMOHHOU U paBHOBECHOM.

B rnyOMHHBIX MTHTpY3UBax MeHee Ma(uUeCKUX,
GoJiee NIMHO3EMUCTBIX M «CYXHUX» TOJIEUTOBBIX MarM
MEPBUYHO PBIXJIbIE KYMYJAThl MOCJE OCaXXKAECHU S
B TOM WM MUHON Mepe YCIEBAIOT MPOUTHU 3TAIl
KOMMAKIMU — BIIJIOTh A0 MOJHOTO BHITECHEHUS
MHTEPKYMYJYCHOTO paciijiaBa U 00pa3oBaHUs aIKy-
myJjaToB. CoXxpaHeHUE PHIXJION YITaKOBKY KyMYJTyC-
HbIX MUHEPAJIOB 10 KOHIIA OTBEPAEBAHUS MOPOJ
0oJiee CBOIICTBEHHO MaJIOITyOMHHBIM UHTPY3UBaM
OTMEUEHHBIX MarM. B HUX OCTaTOUYHBIN pacrJias,
NpY BBIAEJIEHUM MUHEPAJOB KyMyJjlyca HachlllaB-
M CcA GIIOCYIOIIMMU JIETYYMMU KOMITOHEHTAMU, C
HayaJjioM ero aera3alyy (Ha MEHbIIIEeH UJIX OOJIbIIei
r1yOouHEe — NMPHOPLUUOHATBHO J0JI€ BbIAEIUBILIUXCS
¢a3) nmonBeprajicss o0beMHON KpUCTaIJIU3aLUU

(Censgurun, 1987) B cyllieCTBEHHO MJIarMOKJIa30BbII
JOJIEpUTOBBIN arperaT. Ero ObICTpoe «cXBaTbIBaHUE»
OCTaHABJIMBAJIO Cerperaluio KpucTauiioB (Iab-
Helilyo nuddepeHIMalliio MarMel), a 3aTeM U
BO3MOXKHOTO PYAHOTO pacIljlaBa, IpeKpaiias Takke
VIUIOTHEHHE yXe ocaXkIeHHOro Kymyiyca. Tak, 1o
BCell BUIMMOCTH, OTBEpAeBaIu rabopo-n0JepuTo-
BbI€ CHJUIBI CUOMPCKUX TPAIIIOB U MOAOOHBIX UM
WHTPY3UBOB, ¢ 0oJee MJIM MEHee MOIIHBIMU TIpHU-
JOHHBIMH CJIOSIMU YJIbTpaMaUueCcKuX KyMyJIaToB,
rabopo-moyiepuTaMu B CPEAHUX YACTSIX U HEPEIKO C
rpaHodupamu y kposiu (Iognesckuit, 1959). Dtot
MeXaHU3M QUKCcAUU KyMYJIYCHBIX MUHEpaJbHBIX
(a3 Teps11 cBOIO ACMCTBEHHOCTH Ha ITTyOMHAX HUXe
YPOBHSI BCKMIIAHUSI KOHEYHBIX KUCIBIX ITPOU3BO-
THBIX MarMbl, Tae ee nuddepeHInanus v yraoTHe -
HUE KyMYJIaTOB MOTIJIM OCYIIECTBSAThCA Haubojee
MOJTHO.

CranoBnenue nHTpy3usos KHII npoucxoguiao
B 9TOM, abuccaJbHON-Me30a0uccaJbHON 00JacTU
rayOouH, 3ampeneabHON I nera3aliuy MarMbl
mob6oii craguu auddepenuanuu. O6 3TOM cBUIE-
TeJbCTBYET IIIMPOKOE Pa3BUTHE BO BCEX €€ TTOpoaax
TUAPOKCUII-COAepXKAIIMX MUHEPAOB 0e3 CIeaoB
WX AeTUApaTalliy, U JaHHbIE MUHEPaJIOrn4ecKoi
6apomerpuu (CensguruH, 20146). B aToit obcra-
HOBKE, Ka3aJ10Ch Obl, €CTECTBEHHO OKMIaTh MaKCH-
MaJIbHOTO Pa3BUTH I KOMITAKIIUY 1 POPMUPOBAHU S
agkymynaatoB. OgHaKo B MoAaBJsIONIEN YaCTH
nopoa KHII nnoTHeias ynakoBKa KyMyJjaToB
M, COOTBETCTBEHHO, MaKCUMaJibHas1 3 HeKTUB-
HOCTh AuddepeHIMaU (HAMOOJbIIUI «BBIXOI»
€€ KOHEYHBIX KUCIBbIX AuddepeHInaToB-3BMar-
MaTUTOB) U PYAOOTIOXEeHHUS (0Opa3zoBaHUE Mpe-
WMYIIECTBEHHO MACCUBHBIX MJIM CHUIEPOHUTOBBIX
pyn) He nocTUraiauch. Haa cimossmMu pyn yKazaHHBIX
TUIIOB BCEraa OCTaBaJIMCh pa3yOoXKuMBamwIIuecs
KBEPXY BKpaIjeHHbIe pa3HOCTH PYIbl, OTCTaBaBIIEH
B OCaXJIEHUM U 3aDMKCUPOBAHHOM Cpeny BMeIlaio-
LM X TTOPOJ BO B3BEILICHHOM MOJIOXKEHUH.

PBIXJIOCTh yIIAKOBKY CUJIMKATHBIX MUHEPAJIOB
MMPOTOKYMYJIATOB (M 3HAYMTEJNbHOU JOJIU PYIHBIX
BKparieHuit) B uHTpy3uBax KHII Gosbliieit yacThio
coXpaHsJach 10 OKOHYAHM S KPUCTaATJIU3ALUUN
TOPON U SIBJISIETCS XapaKTePHBIM OOIIIM CBOMCTBOM
MarMaTUTOB HUKEJIEHOCHOI opManuu (puc. 2).
OHa npenorpeaensiach CoCTaBOM €€ BHICOKOMAarHe-
3UaJIbHOU U OHOBPEMEHHO BBICOKOBOIHOM MarMbl,
00YCJIOBUBIIUM PAaHHIO, BCJEI 32 OCAXKIEHUEM
KameJib pyabl U MepBbIX 0€3BONHBIX MUHEPAJIOB
KyMyJiyca, KPpUCTaJJIU3ALUI0 OMKOKPUCT LIEMEH-
THPOBABIIIETO UX MHTEPKYMYJIYCHOI'O KaJbLIEBOTO,
napracuT-raCTUHICUTOBOTO aMprboja, — 0ObIYHO
¢ HeOoIbIION mosei daoronura—o6uoTUTa. B II1Yy-
O6uHHBIX UHTPY3UusXx MarMbl KHII, yaep:xxuBaBiieit
JIeTy4He KOMIIOHEHTBI 10 KOHIIA CBOETO CTAaHOBJIE-
HUS, KpUcTaaau3auus aMmdpuoosia BLITOTHSIA TY Xe
POJIb OTPAHMYMTEN S KOMOAKIIMU, YTO U «CXBaThIBa-
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Puc. 2. OcHoBHBIe TUIIBI TTOpOJ HUKedeHocHOU popmaumu CKM. Uutpy3uB BocTtouHo-T'eodusnueckuii:
a — PYAHBII OTMBUHUT CUAEPOHUTOBOIM CTPYKTYPHI U3 MPUIOHHON 30HBI MHTPY3MBa, HUKOJU (HUK.) //; TMaMeTp
OoJsl 3peHu s 30eCh U Aajiee Ha MUKpodoTorpadusax 3.5 MM; 6 — BKpaIlIeHUs PyIdbl B KOPTIAHAUTE, YILJIOIIEHHbIE
cyOmapaJjeIbHO pacCIO€HHOCTY MHTPY3UBa, MONEPEUHUK KepHa 42 MM; 6 — KOpTJIaHIUT, HUK.X. MHTpy3uB Ky-
BaJIOpOT: ¢ — aM(dUOO0JIOBBIIT OPTOMMPOKCEHUT, HUK. //; 0 — aM(bUOOJOBbIN BEOCTEPUT, HUK. X; e — aMDUOO0IOBbBIi
MeJIaHO-TaOOPOHOPUT, HUK. //; Jc, 3 — MUKPO- U MaKPOCHUMKM aMbHOOJIOBBIX MEJTaHO-TaOOPOHOPUTOB «Kap-
KACHOW» CTPYKTYPbI; ¢4 — PbIXJIbII KAPKACHbINM KYMYJIYC OPTONUMPOKCEHA B MEJIAHOPUTE, HUK. X; K — ITPOLUEALLIUI
YAaCTUYHYI0 KOMMNAKIIUIO KyMYJ1yc BaM(UOO0I-M1aruokjaa30Boro OPTOMUPOKCEHUTA TUCTOBATOM TEKCTYPbl, HUK. X;
/1 — KBapl-OMOTUTOBBIN JIEMKOHOPUT-OPTOKYMYJIaT, HUK. X; M — ABYIIMPOKCEHOBBIN JIEIKO-TAOOPOHOPUT, HUK. X;
H — OPTONMPOKCEH-aM(pUOOJIOBHII JIEMKO-TaO0OpOHOPUT aAKYMYJIATHOI CTPYKTYPhI, HUK. X; 0 — TO Xe, C MUKPO-
paccjoeHreM Ha HOPUT Y TOPHOJIEHIUT; # — TO Xe, B IJIbIOOBOM pa3Bajie.
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HHUEe» B 10JepUTOOOpa3HbIe arperaThl Jera3upoBaB-
LIMX OCTATOYHBIX PACIlJIABOB MarM JIpyTUX TUIIOB
B Tejax CyOBYJKaHMYECKOTO U TUIlabuccaaibHOI0
YPOBHEM.

IIporecc KOMITaKIIMM CUJIUKATHOTO KyMyJlyca
ycIieBaJ B 3aMETHOH CTeNeHM Pa3BUTHLCI B MEI-
JIEHHee OCThIBaBIIMX KPYIMHbIX nHpy3uBax KHII
(Cengnrun, 2014a). B uenom, Kak HY ITapagoKCcaabHO
Ha IIepBbIi B3I/, B HaubOoIbllIei Mepe (BILJIOTh 10
00pa30oBaHUs aAKyMYJIaTOB) KOMITAKIIMSI OCYIECT-
BJISLJIACh HE B paHHUX (PYIOHOCHBIX WJIM O0€3pyIHBIX)
yABTpabda3uT-yJabTpaMa@UTOBLIX X MEJIaHOTA00pOo-
WIHBIX KyMyJlaTaX, a B CJI0SIX TTO3THUX O€3pyIHBIX
KOTEKTHUYECKUX JeliKorabopouaoB — 0COOEHHO
B OPTOIIMPOKCEH-aM(PHO0I0BEIX TaOOpOHOPUTAX.
B Hux racTUHICUTOBBHIM aM@PubOOJ BRIXOOAUJ Ha
KOTEeKTUKY U CaM CTAaHOBUJCS JUKBHUIAYCHOM
(xymynycHoii) dasoii. C yrpartoit amdubdoioMm poiu
LIeMEHTa MPOTOKYMYJIAaTOB YIUIOTHEHHUE CoIepKa-
LIUX ero JIeHKorabopoHOPUTOBBIX pa3HOCTEN TOCTH-
rajo MakCUMyMa, M IUJI HUX oObIYHA CTPYKTypa
aIKyMYyJIaTOB.

B uenom B untpy3uBax KHII npeobnagarot
M€30- U OPTOKYMYJIAThI, XOTS U3-32 HECOXPaHEHU S
30HAJBHOCTH (PeMUYECKUX MUHEPAJIOB pPAaHHUX
5TanoB AuddepeHINaA MU, a TaKXe peaKI Ui
HEKOTOPBIX M3 HUX C MHTEPKYMYJIYCHBIM pacrijia-
BOM OJIM3KO€ COOTBETCTBME KAHOHUYECKHUM TUIIaM
yKa3aHHBIX CTpYKTyp (Yaiimxep, bpayHn, 1980)
HaOJIIogaeTcsl TakXe JIUMIIb B MO3AHUX IBY- WU
OIHOITMPOKCEHOBBIX KOTEKTUYECKMX JIETKOrabopo-
HUaax, B KOTOPBIX COXPAHSIJIUCH YYaCTKH 30HAJIBHBIX
KaliM Ha 1Jiaruoksiasax (puc. 2m).

B caMBIX paHHUX, OJTMBUHOBBIX U OPTOIMHPOK-
CEHOBBIX KyMYyJlaTax 0oBeHUJIbHOI MarmMbl KHII
WHTEPKYMYJIyCHbIE aM(DUOOI U CIII0a BIALISIINCH
B Ka4eCTBE CAMOCTOSITEIbHBIX, 4 HE peaKIIMOHHBIX
¢a3. B KopTiaaHAUTaX OHU BHIIOJIH SN POJIb OMKO-
KPHUCTAJIJIOB IJIs pe30pOMPOBAHHOTO OJIMBUHA U
peaKkIMOHHOTO OpTOINMpoKceHa (puc. 26). B opto-
MAPOKCEHOBBIX KyMyJIaTax MOJ00HbIe O KOKPUCTHI
HeMeHTUpoBanu 6osaee menkue (0.5-1.0 mM) xana-
KPUCTAJUJIBI CAMOCTOSITEILHOTO (BBIAC/ISBIIETOCS B
cBoeM (pa30BoM 00bEME) OPTOIIMPOKCEHA (OPOH3UTA)
(puc. 2¢). Ilo o6beMHOI 10Je OMKOKPUCT B 3TUX
MOPOJaX MOXKHO CYIUTD O ObLIIOM COIEPKaH U CUITH-
KaTHOM MHTEPKYMYJIYCHOM XKMAKOCTH B IPOTOKYMY-
narax. B kopTinaHauTax rmocjie YacCTUYHOI0 3aMellie-
HUS OJIMBHMHA OPOH3UTOM AOJISI HHTEPKYMYJIYCHOTO
pacmiaBa coctabisiaa 20-30 06.%, B ciieqoBaBIINX
3a HUMU OPTONUPOKCEHUTAaX — mopsiaka 15-25 %.

IIpu nepexone K BeOCTepUTaM BhIICICHUIO
aM¢ubosa npealiecTBoBajia KpUCTalau3alus
KJIMHONUpoKceHa. AM¢puboa gocTurajl 3aech
cocTaBa raCTMHICUTA U BBIACJISIICS YK€ B KaueCTBe
3aMelllaBllieil KIMHOIMUPOKCEH peaKIIMOHHOI a3kl
(puc. 20). B 3aBUCUMOCTH OT KOJINUECTBA ITOrpedeH-
HOTO pacrijiaBa 3To 3aMelleHHe MOTJIO BApbUPOBATh

oT 5-10 mo 50-60%, npeBpallas UCXOOHBI BeO-
CTEPUT B OPTONMPOKCEHOBBII TOPHOJIEHIUT (a Ipu
JaJIbHEU M X, TOCTMAarMaTu4eCcKuX U3MEHEHMU X
— B 0eCIMUPOKCEHOBbIMA aM(PUOOJIUT U3 MarHe3u-
aJbHO-XeJIe3UCTOI pOroBoil 0OMaHKHU U TPEMOJIUT-
aKTUHOJIMTA). BecaencTBue cyOM30XMMUYECKOTO
XapakTepa peBpallleHU i 10 BaJIOBMY COCTaBY 3THUX
MHOPOJ JIETKO OMO3HAIOTCS UCXOAHbIE aM(pUOOJIOBEIS
BeOCTEPUTEHL.

ITo Mepe 3BoOIOLMMY MarMbl 10 00Opa3oBaHM S
clIenyIoIMX 3a BeOcTepuTaMu (a2 B KOHTAaMUHUPO-
BaHHOI Marme cpasy 3a OpTOIIMPOKCEHUTaMU) OoJiee
PBIXJIBIX HUPOKCEHOBBIX TPOTOKYMYJIATOB MEJIAHO-
rabopouAHBIX IIOPOJ — C HAKOILJIECHUEM B OCTAaTOY-
HOM pacrjiaBe INIMHO3eMa CBEPX €ro ColepXXaHU B
napracuT-raCTUHICUMTOBOM aM(pubdoie — B UHTEP-
KyMyJlyce€ BMECTE€ C HUM B BO3pacTaBIIEM KOJIU-
YyecTBE KPUCTAJIIM30BAJICS MIarnokias (puc. 2e).
(ITpu NOBBIIIEHHOU KaJIXEeBOCTU MarMbl A0JIsI aM(pu-
00J1a yBeJIMYMBajlach, a KOJMYECTBO U OCHOBHOCTh
MJjaruokJjiada CHUXaJuch, B 00JbIIEM KOJIMYECTBE
BBIIAESIUCH OUOTUT U MHTEPCTULIMATIbHBII KBap1l.
KpaiiHero BbIpaxeHusl 3Ta TEHAECHLMS NOCTUTaia
B OTAEJIbHBIX MAKPOPUTMAX CIIOASHBIX TOPHOJIEH-
JIUTOB).

OTMEeUEeHHBIN Mepexoa OT MUPOKCEHUTOBBIX
KyMyJIaTOB K 00Jie€ PBIXJJOMY NUPOKCEHOBOMY
OPOTOKYMYJyCcy OyAylIMX MeJlaHOrabopoumoB
B cepugax marmMatutoB KHII umen 3HaueHue
CBOET0 pOlla NeMmPOXUMUUECKO20 U NeMmPOCMPYK-
mypHoeo pybexca. C HeTO KyMyJlyC MUPOKCEHOB
M OCTAaTOYHBIN INIMHO3€MUCTHIMA (IIOTEHIMAIbHO
MJaruokJia3-coaepxallinii) pacnjaaB 0Ka3blBaJlUCh
PeaKIIMOHHOCITIOCOOHBIMY U, COOTBETCTBEHHO, ITPO-
HUIIAaeMbIMU IS TTIOCTYMABILIETO U3 BMEIIAIOIMX
nopoa MeTaMop(U3YIOLLIEro BOTHO-KaINeBOro hJIio-
naa. B ero peakiuusax c TMpoOKCEHAMU U TIMHO3EMOM
pacriaBa KpUcTaJJIM30BaJUCh CY1LIECTBEHHO MEHEE
KpeMHe3eMUCThIe (¢a3bl — OMOTUT U KaJablMEBHII
(mapracuMT-raCTUHICUTOBBII) aMbUO0T (EKYyM-
MUHTTOHUT), C COOTBETCTBYIOIIMM PACKUCIEHHUEM
OCTAaTOYHBIX OT peakuuil pacraaBoB (CeJsTHIUH,
2003, 2014a). JaapbHOCTb NIPOHUKHOBEHUS (paouaa
COCTaBJIsijia TIEPBbIE COTHU METPOB, UTO ObecIeuu-
BaJIO MOJTHOE MeTaMarMaTruyeckoe peodbpa3oBaHue
CJI0oeB TabOpPOUIHBIX YacTeil KyMYJIaTHBIX CepHUid
B MaJibIX UHTPY3MBaX, HO B KPYMHBIX TeJax TUMA
KyBanopora — Juillb UX Y3KUX TPUKOHTAKTOBBIX
30H, OOJIbIIIEN YacCThIO KaTaKJa3UuPOBAHHBIX U
COPBAHHBIX MPU UX MO3AHEUIIUX TUCTOKALUSX.
BHyTpu (B OCHOBHBIX 00beMaXx) TaKMX TeJl IIOTEH-
1IMaJIbHO BOCIIPMUMUYMBBIE K (QIIOUIY TPOTOKYMY-
JIaThl rab0OpPOM OB OBLIN YXKE HeIOCSIraeMbl IJIs1 €ro
11 EY3MOHHOr0 MIPOHUKHOBEHU S U OTBEPIECBAJIN B
HOpPMaJibHbI€ MMPOKCEHOBbIE MEJTAHO- U JIelKOrao-
OPOHOPUTHI U HOPUTHI.

TakuM ob6pa3oM, ecid paHHUE, TOJIOMEIaHO-
KpaToBble KyMyJaThl BO Bcex nHTpy3uBax KHII
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— 0Ee30THOCHUTEJbHO K UX pa3MepaM — ObLIU
OJMHAKOBO HEBOCIPUUMUYUBBIMU K TPUBHOCY
MeTaMopduaymwliliero ¢giaouga, To ¢ yKa3aHHOTO
pyOexa 3BOJIIOIIMU MarM M CTPYKTYpPbl KyMyJjyca
00J1ee TIMHO3EMUCThIE HEOTBEPAEBIINE KyMYJIaThbl
KPYIHBIX U MaJIbIX UHTPY3MBOB MO/ BO3IEMCTBUEM
(arorma 1 B COOTBETCTBUY C 1aJIbHOCTbIO €r0 Mpo-
HUKHOBEHUS pa3lesiIuCh — M0 XapakTepy Mo3.-
Hellleid 3BOIIOLMY, II0 XUMUYECKOMY U OCOOEHHO
Harjasg1HO 1TI0 MUHEPAJIbHOMY COCTAaBY.

OO0beM OBIJIIOTO OCTATOYHOTO pacmjaBa B
OPOTOKYMYyJaTaX MeJaHorabopouaoB, He I1OJI-
BEpPraBUIMXCS U3MEHEHUSM, MOXET OLIEHUBAThCS
MO0 CYMMapHOMY KOJIMYECTBY UHTEPKYMYIYCHBIX
amM¢uboJia 1 mIaruokaasa +(0MoTUT+KBapI) B UX
Pa3HOCTSIX M3 BHYTPEHHUX YACTEM KPYITHBIX UHTPY-
3UBOB. PHIXJIOCTh MMPOKCEHOBOTO MPOTOKYMYJyca
MEJIaHOTa0OPOU OB U J0JI51 COAEPXKABIIETOCs B HUX
pacruiaBa Bo3pacTajiu K BepXaM MX CJI0eB. 31eCh OH
oTaarajcs aubo B BHUIE arperara 0ecrnopsigiouHO
OpPMEHTHUPOBAaHHBIX KpucTaiioB ¢ 30—40 06.% pac-
niaBa (puc. 2u), 1160, 0OHAPYKUBasI CBOCOOPa3HYIO
CHOCOOHOCTb K CTPYKTYPHOW caMOOpraHu3aliuu,
¢opMupoBaj ANIMHHEBIE, O0Jiee MU MEHee TOJICThIE
LIEMOYKY KPUCTAJJIOB, CIJIETaBIIKMeECS B ellle boiee
PBIXJIbIE TIPOCTPAHCTBEHHBIE arperaThl-KapKachl €
50-60% pacniaba.

Ca-mM®puboI 1 B 3TUX PA3HOCTIAX KYMYJIaTOB
BBITIOJIHSJI POJIb MTPENOXPAHUTEINS UX KOMITAKIIUMU.
3amelas mouYTHU MOJHOCTBIO KJIMHO- M YaCTUYHO
OPTONMPOKCEH, OH HauMHaJ KPUCTAJIM30BATbCS
Ha «y3JlaxX» U «IIPYThsIX» 3TUX KapKacoB, CBS3bIBas
U YIIPOUHS$ISI X arperaroM CBOMX pa3pacTaBIIUXCS
OMKOKPUCT (pUC. 2xc). KpyITHBIe TUeKU TaKOTO
KOMIIO3UTHOTO KapKaca 3aIoJIHIJIU OUKOKPUCTHI
MnJlaruokKJiaza ¢ OTAEJbHBIMU XadaKpUcTaljlaMu
MUPOKCEHOB, MPHUIaBaBIIETO MOPOJE XapAKTEPHY IO
OSITHUCTYIO TEKCTYpPY (pUC. 23). B Me1aHOPUTOBBIX
KyMyJaTax Marm, Haubosiee KOHTAMUHUPOBAHHbIX
TJIMHO3EMUCTBIM BEILIECTBOM, 10151 UHTEPKYMYJTYC-
Horo Ca-am¢ub01a CHUXKANACh.

B Bepxax cioeB MOOOOHBIX KYMYJIaTOB
MelaHorabOopouI0B, y MX TpaHUI C KOHEUHBIMU
B KYMYJIaTHBIX Cepusx jJelikoradbOpougamu,
BCTpeYalOTCsd y4acTKU (MHTEpBajbl pa3pe30B)
MX pa3HOCTEH, yCIeBABUIUX IPOUTU HEMOJIHYIO
KOMITaKIIMI0 — C PAacCIOCHUEM Ha IBYUYJIEHHbBIE
PUTMBI AI€IUMETPOBONM MolHOCTU. HuxHue
WX CJIOU TPENCTABISIOT MOUKUJIUTOBBIE Mia-
TUOKJIa30Bble MTUPOKCEHUTHl — C «yKJAaJKOW»
MUPOKCEHOB B IMJOCKOCTIX PaCCIOCHUS MOPO/,
HO 0€3 JIMHEeMHOU OpUEeHTUPOBKMU KPUCTAJIIOB
(puc. 2k). I'MTMHO3eMUCTHII UHTEPKYMYIYCHBII
pacmjaB BBITECHSJICSA U3 HUX N0 OCTATOYHOTO
obobema 10-20%. BepxHue cIou pUTMOB CJIOKEHbI
KOTEKTMUYECKUMU JeiiKoHOpuTaMu. Kommakiuu
U PACCJOEHU IO MOABEPTaICd, OUEBUIHO, KyMYyJIyC
CaMbIX MO3IHUX OJs MEJIaHOradbOpoua0B KpHU-

CTaJlJIOB MM POKCEHOB, CBOOOJHO B3BELIEHHBIX B
TJIMHO3€MUCTOM pacijiaBe.

ITonoGHas MenkoMaciiTabHasl pacCJIOCHHOCTh
Ha IBYYJIECHHBIE PUTMbI BCTPEUAETCS KaK B BEpXax
OTIEJIbHBIX MAKPOPUTMOB KPYIHBIX UHTPY3UBOB
(KyBamopor), Tak U B MaJbIX TejJaX, B KOTOPbIX
paccjioeHue NUPOKCEHOBOTO KyMyJjyca Mpouc-
XOJIUJIO OMHOBPEMEHHO C €r0 MeTaMarMaTuyeCcKuM
npeobpa3oBaHueM B OMOTUT-aM(pUOOJIOBBIE pa3-
HOCTU. PacKuCASgBIIMICSA TIPU 3TUX U3MEHEHMU X
OCTaTOYHBIN pactjiaB MapuUeCKUX CJIOEB YACTUYHO
N00aBJISJICSA B JIEHKOKPATOBbIE CJIOU, U3MEHSS UX
COCTaB 10 OMOTUT-aM(pUOOJIOBEIX TAOOPOINOPUTOB
U TUOPUTOB, YACTO MJIATUOKJIa3-MOP(HUPOBUIHBIX U
C KpynHbIMU (10 15 MM) cpoCcTKaMM 3aMeCTHUBILIETO
WJIBMEHUT ceHa.

Cpenu MaJblX MHTPY3UBOB CEBEPHOI 30HBI
KHII nmogo6HbIe paccioeHHbBIe, MeTaMarMaTu-
YeCKU-U3MEHEHHBIE TTOPOJAbl BCTPEUalOTCd U B
«OTHIETJIEHHBIX» MaJIbIX TeJaX, COOPMUPOBAHHBIX
MarMoi, oTAesIBIIeCS (BCILJIbIBaBILEi) OT MacCU-
BOB €€ PaHHMX KYMYJIaTOB.

OTCcyTCcTBUE JTUHEMHON OPUEHTUPOBKU KPHU-
CTaJIJIOB B CJIOSIX MEPBUYHBIX MUPOKCEHOBBIX
KYMYJIaTOB OMMCAHHBIX ABYUYJIEHHBIX PUTMOB pac-
CJIOEHHOCTH, KaK M COXPAHHOCTb TOHKOM «a>KypHOIN»
CTPYKTYpPbl MUHEpPaAJbHBIX KapKacoB B UX pa3-
HOCTSIX, OTMEUYEHHBIX BbIlIE, CBUIETEIbCTBYIOT 00
UX (pOpMUPOBAHUU B CIIOKOMHON TEKTOHMYECKOU
00CTaHOBKE, BO BHEAPEHU X MarMbl MpeuMyliie-
CTBEHHO YIUIOLIEHHOH’ (CUIJI000pa3HOol) (DOPMBI.
BT0 crnocobcTBOBaIO ee nudGepeHIMaluu B YCIIO0-
BUSX (a30BOM, a HE TYEUCTON KOHBEKIIMU MarMhbl
— MYTEM «B3aMMOOOMEHA MECTOM» OCaKIaBIIUXCS
MUHEPAJIOB U BBITECHSBLIETOCS KBEPXY pacIlljaBa,
0€3 ero ropu30HTaIbHbBIX TPUJOHHBIX TEUEHU .

Cpenu KOHEUHBIX, JeiKOrabOpoOuIHBIX YJie-
HOB KYMYJAaTHBIX CEPUU MOJIOXKEHUE U POJb
Ca-am@pubonaa B KauecTBe LIEMEHTUPYIOIICH
WUHTEPKYMYJIYCHOU (ha3bl COXpPaHSAIUCh TOJBKO
B MPOMU3BOAHKIX UcxonHolit MmarMbel KHIT — B
KOTEKTUUYECKUX ABYNUPOKCEH-TIJTAarMOKIa30BbIX
(tunpMeHUT+amaTUT) JeKo-rabOpoHOpUTaAX
(puc. 24). [TaCTUHTCUT B HUX MOT BHIJCSITHCS B BUJIE
peaKkuX KpyImHbIX (10 10—12 MM), HO TOHKOCTEHHBIX
OMKOKPUCT, BKJIIOYAIOIIUX BCE MUHEPAJbl KOTEK-
TUKU. B TOMOOHBIX )K€ KOHEUHBIX KyMYyJlaTaX MarMbli,
YMEPEHHO KOHTAMUHUPOBAHHOMN TNIMHO3EMUCTHIM
BemecTBoM, Ca-aM@pub0JI BMECTO KJIMHOITMPOKCEHA
Y BMECTE C IJIarMoKJ1a30M BbIXOJIUJ HA KOTEKTUKY C
OPTONMPOKCEHOM (+UJIbMEHUT+AIlaTUT), CTAHOBSICh
¢azoit tukBuayca (puc. 2#). Bciaencrsue 6oiee
KPYMNHBIX, KaK MpPaBuja0, pa3MEPOB KPUCTAJIJIOB
aMdubo1a OTI0KEHUE COAEPXKABIIUX €T0 KYyMY-
JIATOB JIeAKOrabOpoOHOPUTOB COIIPOBOXKAAIOCH UX
cenapanuvei 1 MUKpOPUTMUYECKUM PacCIOCHUEM
— 110 0O6pa3oBaHUS MPOCIOEB MOHOMUHEPATbHbBIX
ropH6iaeHauTOB (puc. 20, 2n). Ilpu ele OonblIeM
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oboramieHu MarM TJIMHO3eMOM JIMKBUIYCHBIE
Ca-cogepxaluue (peMruueckrie pa3bl B UX KOHEUYHBIX
KyMyJiaTax Mcue3ajii COBEpIIEHHO, U 3TU KYMYJIaThl
MpeAcTaBIeHbl MJIbMEHUTOBBIMU JIEMKOHOPUTAMU
(puc. 2m). [TonpobHee poJib pa3HO CTEIIEHU KOHTA-
MUWHAIMU OTAEJbHBIX MOPLUI MarMbl INIMHO3EMOM
B 00pa30BaHUM Pa3JMYHBIX YACTHBIX CEpUil ee
KYMYJIaTHBIX TOPOJ paccMaTPUBAETCs B CJICAYIOIIEH
4acTU pabOTHL.

HMckiaouyeHne u3 o0CyxKaaeMbIX 3aKOHOMEp-
HocTelt kpuctannusauuu Ca-amdudosa mpeacTas-
JISIOT peaKre MaJIOMOIITHbIE CEPUU YTTOMUHABIIIMXCS
KYMYJQTHBIX TIOPOI OT OJTMBUHOBBIX OPTOIMPOK-
CEHUTOB 10 CIIOASHBIX ((PJIOTONMUT-OMOTUTOBBIX)
ropHOJIEeHOIUTOB B UHTpYy3uBe KyBajgopor — Ipo-
M3BOMHBIX OOraThIX KaJMeM MOPIUNA CMEIIaHHBIX
marm. B atux nmopomax amdubonbl (mapracurt
— Mg-Fe-poroBast ooMaHKa + MO3AHUI KYMMMHT -
TOHUT) U CJII0[a, TIOJTHOCTBIO 3aMelllaBIlue TTUPOK-
CEHBI Ha pAaHHUX CTaIMU X DBOJIOLIMY MarMBbl, Jajiee
COBMECTHO KPUCTAJJIM30BATUCh KaK KOTEKTUUECKHE
JIMKBUAYCHBbIE (KyMYJIyCHBIE) pa3bl, — HEPEIKO C
pacciioeHreM Ha TOPHOJIEHAUTHI U CIAIOOUTHI, U C
M3MEHEHVEeM COCTaBa paclliaBa 10 TJIarMoTpaHuUT-
Horo (CengnruH, 2007, 20146).

B nenom B cepusix MarmatutoB KHII peixiocTs
MEePBUYHON yMaKOBKU KyMyjyca oOHapyXXHBaeT
TeHACHIIUIO PUTMUYHBIX BapUallUii 10 UHTEpBaJIaM
pa3pe3oB, COOTBETCTBYIOIIMM KPUCTAJIN3ALUU
ONMHOYHBIX CUJIMKATHBIX MUHEPAJIOB U UX Pa3HbIX
KOTEKTHYECKMX accolmanuii. HamMeHsbIas B Hu3ax
TaKOTO MHTEpBaja, OHA B 1IEJIOM YBeJIMYMBaIach
JIO0 TPaHUIIbI CJAEAYIOIIEro, B OCHOBAHUU KOTOPOTO
oTiarajcs 0oJiee IJIOTHBIA KYMYJIyC Ciaeaylollei
KOTEeKTUYECKOM accollMallii MUHEpPaaoB, TOXe
MOCTEeNeHHO pa3phiXJgBIIniicsa KBepxy. C Hau-
OoJIbllel YeTKOCThIO 3Ta TEHASHIIMS MPOsIBJIEHA B
MeJIaHOTa0OpPOMIHBIX YacTSIX MaKpOPUTMOB pac-
CJIOGHHOCTU — B T'PAAUCHTHOM paclpeaeieHunun
MAPOKCEHOBOI0 KyMyJiyca B TJIMHO3EMHUCTOM pac-
MJaBe, TO eCTh Ha MHTepBajaxX COCYIIECTBOBAHUS
¢a3, HanboJiee KOHTPACTHBIX MO MJIOTHOCTHU. Phix-
JIOCTh YTITAaKOBKHU KyMYJyca IOCTEIeHHO Bo3pacTaja
oT 15-20 06.% mopoBoro nmpocTpaHcTBa (Imorpebae-
MOTO MHTEPKYMYJYCHOTO pacIijaBa) B OpTOIMPOK-
CEHUTOBBIX—BEOCTEPUTOBBIX KyMyJaTaXx B OCHO-
BaHUAX MHTEPBAJIOB X HaKoIuieHusa 10 50-60 %
B UX Bepxax, B Hauboisiee nuddepeHInpOBaHHBIX
Pa3HOCTSAX OAHO- MJIU IBYMHUPOKCEHOBBIX KYMY-
JIaTOB MeJIaHOrab0pou 0B (MCKJIIoYasl ONMKUCaHHEIe
MPUMEPHI X PACCIOCHUSI HA NBYYJICHHBIE PUTMBI).

PoixsiocTh KyMyilyca pe3ko yMeHbIagxach Npu
nepexojie OT MeJIaHOTabOpPOUIOB K MepeKphIBaI0-
MM UX KyMyJjaTaM JieiiKkorabopouaHbIX, O0ojee
MHOTOMMHEPAJbHBIX KOTEKTHUK: TIJaruokijasa c
IBYMS MUPOKCEHAMU, UJIU C OPTOIMUPOKCEHOM
U TaCTUHTCUTOBBIM aM(PUOOIOM, UJIU TOJBKO C
OPTOTNIMPOKCEHOM U C OOIIMMU IS BCEX 3TUX

accouuvaluii UIbMEHUTOM W anaTuToM. B Hu3ax
WHTEPBAJIOB UX BbIICJIECHUS N0 WHTEPKYMYJyC-
HOTo MaTepuaja CHUXeHa 10 MUHUMyMa — oT 1-2 1o
10-12 06.%. HauMeHblIMe 3HaYeHUSI CBOMCTBEHHBI
aM(GuO0JI0BEIM PAa3HOCTSIM JIEAIKOrabOpOHOPUTOB,
JUTSI KOTOPBIX, KAK OTMEYAJIOCh, OOBIUHBI CTPYKTYPbI
aIKyMyJiaToB (puc. 2#, 20).

JleiikorabOpouaHbIe KyMYyJaThl BBEpX IO pa3-
pe3aM TOXe MOKa3bIBalOT TEHIEHIIM IO TOCTENEHHOTO
pa3pbixyieHus (YObIBaHM ) UX MUHEPAJIOB, — MEHEe
YCTOWYMBYIO, B PEAKO HaOII0JaeMbIX Mepexonax K
OCTaTOYHBIM KUCJIBIM IIpou3BoaAHbIM MarMbl KHIT.
3mech, MO-BUAMMOMY, COXPAaHEHUE PHIXJIBIX pa3HO-
CTel KymyJjyca OblJIO CBSI3aHO C HapacTaHWEM BSI3-
KOCTHM OCTAaTOYHOTO pacrjaBa. DBOJIOLMS MarMbl
3aBepllajach €ro KpucTaain3auueid B KOHEUHBIN,
CHOBa 00Jiee IJIOTHBIM, HO YK€ He KYMYJISITUBHBINA,
a 3BMarMaTuMyecKui in-sit-HbBIM arperat IJlaruo-
rpaHuTAa.

B 3akiroueHue 3T0ii YaCcTU pabOTHI IIOJYEPKHEM
CBOMCTBA IMIPOKCUI-COAEPXKAIIUX (PEMUUECKUX
MHepaioB BIiopogax KHIT kak ocoObIX IETpOCTPYK-
TYPHBIX 3JIEMEHTOB, BJIMSBIINX Ha METPOTEHE3UC U
OTJIOXXEHUE PYJ B HUKEJIEHOCHOW (hopMaliuu.

B GonblIMHCTBE cepuurii KyMYJaTHBIX HOPO.I
KHII poiap MarmMaTu4ecKoro BEICOKOTJIMHO3EMMU-
ctoro Ca-ampubona (Xdaoronur-6MOTUT) Kak
OrpaHUYUTENSI KOMOAKIIUU KyMYJYCHBIX (ha3 —
MpakTUYECKU BO BCEX UX PA3HOCTAX, OoJiee Mesa-
HOKPAaTOBHIX, YeM JIeiiKorabopouanl (1 3a UCKJIIIO-
YyeHUEeM CAIOASHBIX aM(@UOOJIUTOB) — CBsI3aHa C
€ro KpucTajaausaluueil B HUX moAbKo 6 Kauecmee
UHMePKYMYAYCHOU ha3bi, C MCHBIIIUM U OOJIbIINM
BPEMEHHBIM «3230pOM» ITOCJIE OCAXKACHUS KyMyJIyca
pyaHoro pacruiaBa, Majoit 1oau Cr-1IIMUuHeIn U
0e3BOAHBIX CUJIMKATHBIX MUHEpaJaoB. AMpuooI,
TaK1UM 00pa3oM, He MOT IIPUHUMATh CKOJIb-HUOYIb
CYILIECTBEHHOTO y4yacTus B AuddepeHumrnanuu
MarMbl OCHOBHBIX 00b€MOB MHTPY3MBOB Ha pAHHUX
ee ctanugax. OueBMIHO, COAEPXKAHUS BOJBI, LLIEJTOUEH
1 OTHOIIEHME TJIMHO3eM/U3BECTh, HEOOXOAMMBbIE
11 BeLIeIeH g ambuooira (Cawtorn, O,Hara, 1976)
B KayecTBe JUKBUAYCHOU (KyMYJIyCHOI) da3bl, B
OCHOBHBIX 00b€MaX UHTPY3UBOB Ha yKa3aHHOM
3Tale UX BBOJIOLUU He JocTuraiuch. OmHako
5TU MapaMeTpbl 0Ka3blBaJIUCh JOCTUXUMBIMU B
pacriaBax, NOrpe0eHHbIX B OTHOCUTENBHO 3aM-
KHYTBIX UHTEPKYMYJIYCHBIX SUeiiKax, — TO €CTb
MpU BBICOKOM OTHOLIEHUU KPUCTAIIBI—-KHUAKOCTb
U, OYEBUHO, MOCJIE ONPENETICHHOIO 10paCTaHus B
HMX OCaxJIEeHHBIX 0€3BOIHEBIX (ha3s.

A pyrum xapakTepHbIM cBoiicTBoM Ca-amMbpu-
00J1a, IEMEHTUPOBABLIETO PYAHbIE BKpAIJICHUS U
MUWHEpaJIbl pAHHUX YIbTPada3uT-yabTpaMauTOBbIX
yacTell KyMyJaTHBIX Cepuil, IBJISIaCh €ro Coco0-
HOCTbD BBIACIATHCS B HUX B KQU€CTBE e0UHCMEEHHOU
WJIH Opeobiiagalolleid MHTEePKYMYJIYCHON ¢a3hl.
B am¢pubon (£carona) KpucTaaau3oBajcs MpakTu-
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CEJIFAHI'MH

YeCKM BeCh MHTEPKYMYJIYCHBIH pacrjiaB yJabTpama-
¢uToB, 00pa3ys MOMKUIUTOBYIO CTPYKTYpPY HOPO.
DTO cBOMCTBO aM(pUb0JIa CBI3aHO C €T0 BHICOKOI
U30MOP(HOI eMKOCTHIO, ITI03BOJISIIONIEH eMy MpaK-
TUYECKU TOJIHOCThIO 3aMEHSITh COO0Il yMEpEeHHO
DIMHO3eMUCTBIE (10 ~15% Al,O,) nonumuHepab-
Hble rab0bpouanbie accounauuu (Monep, Tuminu,
1965), kpucTanausymuuecs B HHTEPKyMYJIyce
paHHUX OPTOKYMYJIATOB 00JIee «CyXUX» U HE CTOJIb
Madpuueckux MarM. KpymHeie oMKOKpUCTHI aMpu-
00J1a CMBIKAJIMCh B CTUIOIITHYIO MATPUILY («OCHOBHYIO
Maccy») yabTpaMaduuecKux nopo.

OmHaKo U B CJIEIOBABIIMX 3a TMPOKCEHUTAMH,
Pa3pBIXJISBIIMXCS KBEPXY MUPOKCEHOBBIX MPOTO-
KyMyJjaTaxXx MeJaHOrabopouaoB, B MUHTEPCTULIMIX
KoTopblx Ca-amMpubdOI KpUCTATIU30BaAJICI YXKE
BMECTE C IIJIarnokja3oM t(0uoTuT+KBapil), OH U
MpU MaJIOM CBOEM KOJMUYECTBE BBHIMOJIHSI POJIb
CBA3YIOIIETO BJIEMEHTAa JaXe CaMbIX PBIXJBIX
arperaToB-«KapKacoB» MUPOKCEHOBOIO KyMyJyca,
MPEMSATCTBYS €ro KOMMaKIIMU. DTOMY CITOCOOCTBO-
BaJIM reTeporeHHas HyKJeallusi U pa3pacTaHUeE
OoKoKpucT aMm(pubojia Ha MUPOKCEeHaX, B pa3HOil
CTETICHU UM 3aMelllaeMBbIX.

Braromaps oTMe4eHHOMY CBSI3BIBAHU IO PHIXJIBIX
MMHEpaJbHbIX arperaToB am¢uooJIoM, B CpeaIHUX
4acTSIX MAKPOPUTMOB PACCIOEHHOCTU HHTPY3MBOB
KHII (Hapg nupokKceHUTaMu) B T€YEHUE OIpele-
JICHHOTO BpPEMEHU COXPAHSJIUCH CIOU OJHO- WJIU
IBYMMUPOKCEHOBOTO KyMyJjyca (ITOTEHIIMAJIbHBIX
MeJIaHOTabOpOUI0B) ¢ BO3pacTaHUEM KBEPXY PhIX-
JIOCTU UX YITAKOBKY Y KOJIMYECTBA OCTATOYHOIO [JIN-
HO3eMUCTOTO pacIliaBa. DTU CJIOU ObLIU Hauboiee
BOCIIPMMMYMBBIMU K TIPUBHOCY BOIHO-KaJIMEBOTO
¢monga, u B MacuTadbax 30H ero audgy3noHHoOI
MPOHUIIAEMOCTH B HUX IMOIBEPrajauch MOJHOMY
no3gHe-(MeTa)-MarMaTU4eCcKMy Ipeodpa3oBaHUIO
B O0MOTUT-aM(puUOOJIOBEIE TIOPOABI pPsAga MeIaguo-
puTOoB — radbopo.

3AKJIIOYEHUE

IIporiecchl OTIOXEHUS U TIEPEOTIOXKEHUS Py
Ha MaraTuuyeckoil ctraaguu B uHTpy3uBax KHII
OBLIM COMNpPSIXKEHBI C AMHAMUKON MX (popMupoBa-
HUS B CBOCOOPA3HBIX T€OJOINYECKUX YCIOBUSIX,
B 3HAUYUTEJbHON Mepe OINMpeaeIMBIINX XapaKTep
3BOJIIOLIMU PYIOHOCHON Marmbl, (pOpMUPOBaAHUSI
U Npeobpa3oBaHUUl pa3HOOOpPA3HBIX CepUil ee
KYMYJIaTHBIX TTIopon. Hapsiny ¢ meTpoXxuMuiecKMu
MpU3HaKaMU, IS paclio3HaBaHMsI cCepuit KymyJia-
TOB, 0COOCHHOCTEM MX TeHe3rca U 151 TEPBUYHOTO
MPOTHO3a BEPOSITHBIX TUIIOB UX PYIOBMEIIAIOIINX
pa3HOCTEN CYIIEeCTBEHHOE 3HAUCHUE MMEIOT UX
MUHEpaJbHBIN COCTaB U CTPYKTYPHO-TEKCTYPHBIE
cBoiicTBa. OnpenensIonyo pojib B CO3NaHUM pa3-
HOOOpa3us KyMyJIaTHbIX cepuii UHTpy3uBoB KHII
U UX PYyIOBMEIIAIONINX MOPO ChITPaIU MPOLECCHI

KOHTaMUHAILIMU, CMEIIIEHU ST MaTMbl U METaMarMaTHu-
YeKOoro npeodpa3oBaHus TaOOPOUIHBIX pa3HOCTEN
MOJIYOTBEPAEBIINX KYMYJIaTOB.
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MAGMA CONTAMINATION, PETROGENESIS FEATURES AND
DISTRIBUTION OF ORE ELEMENT IN THE ROCKS OF NICKELIFEROUS
FORMATION IN THE SREDINNY-KAMCHATKA MASSIF (Part 1)

0O.B. Selyangin'-?

!Institute of Volcanology and Seismology FEB RAS, Petropaviovsk-Kamchatsky, 683006
?Research Geotechnological Center, FEB RAS, Petropavlovsk-Kamchatsky, 683002

The paper describes the problem of investigation of unusual variety of parageneses ore/ore-bearing rock
in the intrusions of the Kamchatka nickeliferous formation. It is caused by the contamination of various
portions of magnesian ore-bearing magma with silica and high-alumina crustal element, mixture of magmas
(auto-contamination), as well as with metamagmatic transformation of unconsolidated accumulative rocks
induced by injected water-potassium fluid. The paper presents basic data on the geological position, structure

and petrography of intrusions.

Keywords: nickeliferous intrusions, contamination, differentiation, accumulative rocks, sulphide ores,

metamagmatism.
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