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[MPEJHUCJIOBHE

Bonpoc 06 HeTOYHHKAX PYAHOrO BELECTBA 3HAOTEHHBIX MECTOPOXKIEHHIH
OTHOCHTCS K YHCY yHAaMeHTalbhblX B 0614CTH TeOPHH PyL006GpPa30OBaHHA.

Ha Beecowanom coBeuianuy, NOCBAUIEHHOM HCTOUHUKAM PYLAHOTO BEUleCT-
Ba IH/I0TE€HHbIX MECTOPOMK AeHHH, KOTOpPOe Gbl10 nposedeHo B 1974 r. 8 r. Mock-
Be, MOJYEPKHBANOCDH, YTO MpobJjeMa HCTOUHHKOB pyal006pasyiollHX BELIECTB
ABJSIETCH OAHOH W3 I1aBHBIX B COBPEMEHHOH Teopuu pynoobpaiopanHsi. Hec-
CNEMAOBAHHA 110 3TOH npo6aeMe B 1eJOM H MO OTAEbHbIM €€ acnekram
Pa3BHBAKTCA B Pa3HbIX HAMpPAB/JEHHAX, NMPHUYEM B HACTOsLlee BpeMs Beeob-
L1€€ [PH3HAHHE NONYUYHJIH H/IEH 0 HECKOJIbKHX THNAX HJIH FPYIIAX HCTOYHHKOB
BelulecTBa pya, 06 3BOJMIOIUHH HX OTHOCHTE/bLHO POJIH B npoueccax pynooG-
pa30BaHHsA B XOJ€ re0JOrHYecKoi HCTOPHH 3eMHOM Kopbi. B 3THX Hcenenosa-
HHAX HAPALY C M3BECTHbIMH TPAJHUHOHHLIMH METOLAMH — F€O0JOTHYECKHMH,
MeTPOrpapHYEcKHMH, PaLHOICOXHMHUECKHMH — HCMOJb3YIOTCH HOBbIE, TAKHE,
KaK H30TOMHO-TeOXHMHYECKHEe, OCKOJIKOBOH pajHorpadHH, HiyueHHe rasoBo-
KHIKHX BKJIWOYeHHH H aAp. Doabwoe 3nauenHe npHo6peTalT pe3yiabTaThl
IKCHEPHMEHTANbHBIX HCCACNORANHKA.

Bwmecre ¢ TeM npUXoAHTCS NPH3HATD, UTO, HECMOTPSA HA 3HAUHTENbHBIR 11PO-
rpecc, 10CTHTHYThIA B paspatoTke npo6JieMbl, COBOKYMHOCTE HMEIOLIHXCS J1aH-
HbIX NO3BONSAET BbiABHIaTh d/IbTEPHATHBHBIC pellieHHsl. ITO CBA3AHO ¢ TEM, UTO
pe3y/bTaThl HCCJEJ0BAHHH HE AAI0T BO3MOXKHOCTH 0JIHO3HAUHO OXAPaKTEPH3O-
BATb BCE NOCJE10BATE/bHbLIE CTYNEHH FEOXHMHYECKOH HCTOPHH PYAHOro 3Jje-
meHTa. B nepsylo ouepeib 3TO KacaeTcs BLISICHEHHS POJIH MarMaTHYecKHX
H BHEMArMaTHYeCKHX HCTOYHHKOB PYJHOTO BellecTBA /IS IHAOrEHHBIX Me-
CTOPOMKIAEHHH pa3HbiX TeHETHUECKHX TPYNIl, POJH KOPOBBIX H NOLKOPOBbIX
npoueccos. Bee eue Hegoctatouso paspaGotaHbl KPHTEPHH H MeTOAbl (0CO-
GeHHO FeOXHMHUYECKHE, H3OTOINHbIE H p.) BLIABJCHHA H OLEHKH HCTOYHHKOR
PYAHOTO BELLECTBA.

Bcee cka3annoe B NOJIHOH Mepe OTHOCHTCSH K HLOT€HHBIM YPAHOBBIM MECTO-
POAKACHHAM, HIYUCHHE KOTOPHIX HAYANOCH 3HAUMTENDHO NO3IKE BCeX APYIHX
MECTOPOAKACHHH.

[TpoGaema HCTOUHHKOB PY/LHOTO BEILECTBA YPAHOBbLIX MECTOPOKACHHH pas-
JIHUHBIX FEHETHUYECKHX TPYIN OTHOCHTCA K YMCJY HAHGOMEe CIOKHBIX B ypa-
HOBOH reonoru. Pewenue 310f 1po6JemMbl HEPA3PbIBHO CBA3aHO C BLIAC-
HEHHEM He TOJIbKO YCA0BHH (POPMHPOBAHHA MPOMBILNEHHBIX KOHLEHTPaALLHH
YPAaHOBBIX PY/, HO H MHOIHX CJOMHBIX BOMPOCOB MX TEHE3HCA, B KOHEUHOM
cHeTe — rJdBHbIX NPHYHH HX BO3HHKHOBeHHsi. B To e Bpem# ona aBisercs
BECbMd BaXKHOA H HEOGXOLHMOH KaK /U/15i COBEPLIEHCTBOBAHHA 06l TEOPHH
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YPAHOBOTO pyA006pPa30BAHKA, TAK H ANR Pa3PaGOTKH WAM YTOUHEHHS KPHTE:
PUEB NPOTHO3HPOBAHHA YPAHOBOTO OPyAEHEHHS B H3IBECTHLIX PYAHbIX MPOBHH-
AKX M paHOHAX, a TakKe ANA OUEHKH MOTEHUHAAbHOH YPaHOHOCHOCTH
TEPPHTOPHH HOBBLIX PErHOHOB.

Hayuhbie neenenoBanus, nanpasienutie Ha peuieHHe KOHKPETHBX BOMPO-
COB Npo6.ieMbl HCTOUHHKOB PYAHOrO BellecTBa, B nepeyw odepeab ypaHa,
[PH YCIIEUIHOM pPA3BHUTHH OOLLETEOPETHUECKHX NOJIOXKEHHH, MO3BOJAIOT 3Ha-
HUHTENbHO PACHWIHPHTBL H YrayOHTb CYLIECTBYIOULHE 3HAHHA W [pecTaBieHHA
00 HCTOYHHKAX YpaHa H CONYTCTBYKUWHX PYIHLIX 3JleMEHTOB B pynoodpa-
3YIOLLHX pacTBopax, 06 HX NMYTAX, YCJOBHAX H crnoco6ax MHTpauUMH H T. M.
B cBAa3su ¢ 3THM aKTyaJbHOCTb HCC/EJOBAHHIA B 3TOM HanpasJeHHH BNOJ-
HE OYeBH/HA, H HX MOCTAHOBKA Bbi3BaHA HeOOXOLHMOCTBIO OJYYHTb HOBbIE
JLOMOJIHHTE/IBHBIE AaHHBIE A5 PA3BHTHA H yriy6G/eHHa CYecTBYIOULIHX npel-
cTaBJeHHH 00 HCTOUYHHKAX H OCOGEHHOCTAX MHTPALLMH PYAHOTO BELLECTBA MPH
HOPMHPOBAHHN OCHOBHBLIX TPYIIl W THNOB IHAOTEHHEIX YPAHOBBIX MECTOPOXK-
AeHHH.

Caenyer NOAYEPKHYThH, 4TO B HACTORLEEe BPEMS HET HELOCTATKA B IHIO-
Te3ax H TOYKAX 3PEHHH MO MOBOJAY HCTOYHHKA YPAHOHOCHBIX pyaoolpasy-
0MHX pacTBopos. OaHaKo cefuac BbI3bIBAIOT HHTEPEC HE CTONBKO CAMH npei-
CTABJEHHS, CKOJIbKO apryMeHThl, Ga3HPYIOLLHECH HA AHAJIH3E HIBECTHBIX H 0CO-
GeHHo HOBHIX hakTHueckux aanHblX, OcoGerno ocTpan HeoGX0AHMOCTL Ha3pe-
J1a B COMOCTABAEHHH HMEIOULEACH COBOKYMNHOCTH FE€OJOrHUeCKHX, NeTPOJIOrH-
UECKHX, FeOXHMHYECKHX H 3KCIePHMEHTANbHBIX 1aHHbIX, 06 LeKTHBHOR OlUEHKH
HX NpPe1CcTaBHTEIbHOCTH, NMPOBEIEHHH CIelHAJbHBIX HCC/Ae]0BAHHA, Hanpas-
JIEHHbLIX Ha COrJdcOBAHHe JAHHbIX, HAXOAAUIHXCH B POTHBOPEUHH.

HecomuenHo, uTO HaHBO/IbILHA 06beM JaHHbIX B 3TOM OTHOLIEHHH HaKon-
JIeH 110 Te0JIOIHH YPaHOBLIX MecTopoxieHHit. B nocnennee spemsa Gaaronaps
HIKPOKOMY WCROAL3OBAHKIO METOLA OCKOAKOBOH panworpaduu ynanocn ne-
TaNbHO OXAPAKTEPH30BATh NOBEEHHE YDaHa B PA3HOOOPA3HbIX F€OJOTHUECKHX
npoueccax, TAKHX, KaK TPaHHTH3AILHA, KPHCTANIH3ALHA MarMaTHYECKHX pac-
NJ1aBOB, METAMOP(H3M, BLIBETPHBAHHe H T. 1. B pesyabrare npu paspaborke
KOHKPeTHbIX MEXaHH3MOB (POPMHPOBAHHA PYAOHOCHBIX PACTBOPOB MMOABHIACH
BO3MOKHOCTb ONEPETbCA Ha peajsbHo HabJawlaeMble netajd pacnpeieneHHs
ypdHa, sBAALWHeCA cBoeofpa3HbiMH «hoTorpaduamMKus pasiHYHbIX 3TANOB
ero reoxHMH4Ieckoi uertopuu. Takoro poaa naHlbie B OTHOWEHHH BCEX APYTHX
PVIHbIX 3J€MEHTOB B HACTOfllee BpeMmsi OTCYTCTBYWT. Bce 310 cospaer npu
pa3paboTKe YKasaHHOH npo6/eMbl 3amMaHUHBLIE [E€PCNEKTHBBI HA [pHMepe
ypaHa BCeCTOPOHHE NPOaHAJH3HPOBAThL BONPOC 00 HCTOYHHKAX PYAHOTO Be-
IeCTBA THAPOTEPMAJIBHBIX MECTOPOK/IEHHH H B pesyjabTate co3natbh 0606-
LIEHHYK MOAEIb POPMHPOBAHHA YPAHOHOCHBIX PYA0006pa3yioULHX pacTBOPOB.
B 570# cBA3H 3HAUHTENBHOC BHHMAHHE aBTOPaMH YAENEHO NaHHBIM O MecTe
VPAHOBOr0 OPYAEHEHHS B I€OJOTHUECKON HCTOPHH PYNOHOCHBIX MNPOBHHUHHA,
€r0 COOTHOWIEHHIO C MarMaTH3MOM H JPYTHMH DYAHBIMH MECTOPOXAEHHAMH,
MOBEIEHHIO YPaHa Ha BCeX CTalHAX MAarmMaTHUYECKOro H 1oc1eMarMaTHueckoro
MPOIECCOB, PE3YALTATAM IKCAEPHMEHTAbHOIO H3YueHHs HpPaKkLLHOHHPOBAHHSA
ypdHa B cHCTeMe pacnias — TBeplas ¢asza — (PpAIOHIL, AaHHBIM N0 pacTBO-
PHMOCTH OKHCJIOB YpaHa B BOIHLIX pacTBopax 1pH Belcokux P—T napamer-
pax W T. 1.

OnHa W3 OCHOBHBIX 3al1du 3THX KOMIJEKCHBIX HCCJdeloBaHWi cocTosaa



B TOM, 4TO6bl Ha OCHOBE AETAJbLHOIO H BCECTOPOHHETO aHANH3A HAKOMAEHHOT 0
(PaKTHUECKOrO MaTepHana, COBPEMEHHBIX NPEACTaBJCHHH H Pe3yabTaTOB Npo-
BEJIEHHBIX IKCIIEPHMEHTANbHbLIX PAabOT yriyGHTL N0 BO3MOMKHOCTH COBpPEMeH-
HblE 3HAHHA N0 HCTOYHHKAM PYLHOTO BelllecTBa NPH QOPMHPOBAHHUH IVIABHbIX
CPYNN 3HA0TEHHBIX MECTOPOXJIEHHH YPAHA B IPOLECCE PAIBHTHSA 3¢MHOMN KOpbI.
BmecTe ¢ TeM ananus u cHCTEMATH3AIHA MMEIOUIHXCH MATepHANOB JLOJIKHBI
NoKasaTh ofuiee cocTosiHKe NPoGIEMbL, a B Pe3y/IbTATe KPHTHUECKOIO PaccMOoT-
PEHHSA ¢ YUETOM HOBBIX IAHHBIX CYLLECTBOBABIIHX NPEACTABIEHHH NPEIOXKHTD
BO3MOMHbIE BAPHAHTbHI HCTOUHHKOB PYHOIrO BELLECTBA (peaJbHble NPHPOIHbIE
FeOXHMHYECKHE MOJEJIH) H HAMETHTDL daJbHeHIIHE IYTH HCCIel0BAHHA B 3TOH
CHOKHOH npobaeme.

Peuennio Bcex ykasaHHblx 3a71a4 M MOCBALLEHA MPeANO/araeMas KHHra.

Caenyer 0oco60 NOAYEPKHYTb, YTO @aBTOPbl KHHTH paccmaTpHsaloT npob.e-
MY HCTOYHHKOB PYAHOrO B€LLeCTBA 3HAOrMEHHLIX YPAHOBLIX MECTOPOMKAEHHH
KaK COCTABHYIO yacTb Goaee obuleld npobieMbl BOIHHKHOBEHHA YPaHOBOpYL-
HbIX NPOBHHUHMA H pPaHOHOB, B KOTOPbIX Pa3BHTbl MECTOPOXKAEHHS MeTanana
PA3HbIX THINOB H FeHeTHYECKHX OCOGEHHOCTEeH.

Kak uasectHo, ypau, otHocsiuiiics K uncay HaHBosee MOABHKHbIX 31€MeH-
TOB, Y4aCTBYET BO MHOTHX Fe0JOrHYCCKHX NPOLeccax H MHIPHPYET B LIHPOKOM
JHAMa30He KaK 3HA0MeHHbIX, TAK H IK3OMeHHbLIX YCJOBHI HA pa3sHblX 3Tanax
Pa3BHTHA PYAHbIX MPOBHHUHMIA. [103TOMY B NpHPONE CYLWLECTBYIOT Pa3jHuHbIC
FEOXHMHYECKHE MEXaHH3Mbl (MOJIEJIH) €ro MHrpallHH, CBA3AHHLIC C TeM HJH
HHbIM reoJiorHyeckim sipneHHeM. OIHAKO NanNeKo He KaK/ibli W3 3THX Mexa-
HH3MOB MNPHBOJMT K CO3JaHHI0 PYAo0GpPa3yiollHX PacTBOPOB, CNOCOOHLIX
c(POPMHPOBATL YPAHOBLIE MECTOPOMKICHHHA, Ja)e NPH HATHYHH GJATONPHAT-
HbIX 06CTAHOBOK.

AHanu3 NpPoOCTPAHCTBEHHOTO PA3MEIUCHHS THAPOTEPMAJbHLIX YPAHOBBIX
MECTOPOM/EHHH B pPa3HblX TenJOTHYECKHX YCJOBHAX H CBA3W HX C NpofABJe-
HHEM Pa3JIHUHbBIX TEKTOHO-MATrMaTHYECKHX MPOLLECCOB B Mpe/ie/ax YpaHoBOpYIl-
HbIX MPOBHHILHH, B KOTOPbIX OHH CKOHILEHTPHPOBAHbI, MOKa3bIBAlOT, YTO HX
OJIOAEHHE B TEKTOHHUECKHX CTPYKTYPax 3eMHO#H KOPbl BNIOJHE 3aKOHOMEPHO,
a noasjeHHe B 06LEH HCTOPHH PA3BHTHS He CAYYaHHO H OOA34HO €LHHOH
LEMH B3AHMOCBA3AHHbIX 3HIOTEHHBIX (rJYGHHHBIX) IPOLECCOB.

[MpuHuHNHanbHON KoHLenKeH, HA OCHOBe KOTOPO# npo6/iemMa HCTOUHHKOB
PYAHOTO BellecTBA A0JKHA PellaThcd W KOTOpads MO)eT 06belHHHTh (06b-
SICHHTb HJIH COJM3HTbL) MHOTCHEe TOUKH 3PeHHs, SBAAIOTCA o6lLiHe HAH OJH3-
KHE MNpPeACTaBJeHHs ABTOPOB O IdBHbIX MPHUHHAX BO3ZHHKHOBEHHA YpaHO-
BOPYAHBIX npoBHHuK#A |32, 46, 87]. CornacHo  3THM nNpeacTaBJeHHAM
06pa3oBaHHe ypaHOBLIX NPOBHHUHA H MECTOPOXK IEHHH MPOHCXOIHAO B KPYTTHBIX
TEKTOHHYECKHX 06JIOKaX KOHTHHEHTAJbHOH 3€MHOM KOpPBl ¢ XOPOWIO PA3BHTHLIM
«FPAHHTO-METAMOP(HUYECKHM» CJI0EM, HCMBITABIIAM AJHTENbHOE clelHpHyec-
KOe HanpasjeHHoe paspuTHe. Takue GJOKH, OrpaHHUYCHHbLIE H PACCEUYCHHBIE
FIy6GHHHBIMH PAa3JlOMaMH, HAXOAHJIHCH MO/ MPOLOJAKHTE/LHBIM YHACAEL0BAH-
HbIM BO3JI€ACTBHEM MOAKOPOBLIX FA30BO-TENJOBLIX NMOTOKOB ((JIIOHIAOB), KO-
TOPLIE BLI3bLIBAJH HA PAHHHX CTAJMAX NPOABJIEHHE B CHAJHYECKOM cJoe
NPOLECCOB I'PAHHTH3ALHH, TPAHHTOHAHOIO MAarMaTHIMa, KPeMHHI-KanHeBoro
METACOMATO3a, OTJHYAKIIHXCA FEOXHMHUYECKOH YPAHOBOH clHelHaJH3aLHeH,
Bee ati npoueccsl, npeawecTroBasiuie pyioo6pasoBa U0, CONPOBONLAIHCH
MAHTEIbHBIM HAKOMJIEHHEeM B 3eMHOH KOpe pajHOAKTHBHBLIX 3JeMEHTOB, B TOM
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‘Meae ypawa. Takoii  ypawowocHmit cyGerpar (marmathdeckhe Trpatit
TOHIHBIE OYaru WAR TPAHHTH3HPOBAHHBIE MOPOJbI) MOr CJAYXKHTb OCHOBHbIM
HCTOUHHKOM ypawa. [lanbHediee pa3BHTHe MOCTrPaHHTH3ALHOHHBIX HAH
HOCTMarMaTHYe CKHX [poueccoB NPHBOAH/IO HA NOCAEAHHX cTaAHAX K opmH-
POBAHHIO YPAHOMOCHHX THAPOTEPMAJbHBIX pacTBOpoB. OnHako cnocolb #X
06Pa30BAHHA H MeXaHH3M H3BJEUYEHHS MeTaa MOrJH GhiTh HECKOJBKO Pds-
fibiMi, [losiBneHne TakWX pacTBOpoB ObLIO CBA3aHO JHGO C OTAENCHHEM
“OCTATOMHBIX» DIIOHAOB H3 3AKPHCTANIHIOBABLUIMXCHA MATMATHYECKHA 04AroB,
JHO60 ¢ BO3AeACTBHEM HA HHX HOBBIX MOPLHA N0KOPOBBIX (Mamnﬁnﬂx)
I430BO-TENJIOBBIX NOTOKOB.

Heo6x0auM0 0c060 NOLUEPKHYTh, 4TO NPOSBACHHE MHOTOCTAAWAHOW HA-
poTepManbHON AeATENLHOCTH B OPOTEHHbIN 3TAN PA3BHTHA PYAHBIX 1POBHHILHA
NPHBOAMIO K (POPMHPOBAHHIO YPAHOHOCHBIX PYyLOOOGPA3yIOILHX pacTBOPOB
TOJbKO B T4KHX YYACTKdX KOHTHHEHTAJLHOH 3€MHOH KOpbl, B KOTOpPBIX [10-
CTATOUHO M0JHO, JUIHTEILHO H YHACAeA0BAHHO NPOSABHINCH (CHOPMHPOBAINC)
NpeaecTBYOULHE PYAONOATOTOBHTELHBIE NIPOLECCHl, NPOTEKABLLIHE M0/l BO3-
NEHCTBHEM MAHTHAHLIX (DJIOHLONOTOKOB H IIPHBO/HBLUIHE Yepe3 YabTpamera-
MOpPGH3M (FPaHHTH3AUHIO) H NAJHHTeHHBIA MATMaTHAM K HAKONJIEHHIO PA1HO-
AKTHBHBIX 3JIEMEHTOB B MHrpalHOHHOCNOcoOHOR dopme. TTpoayKTHBHOCTD
IPOABACHHA pya000pa3yOULHX THAPOTEPMAJIbHBIX NPOUCCCOB H HX MOTEHLLH-
anbHas ypaHOHOCHOCTb ONpelensiioTesl HHTCHCHBHOCTBIO, MPOAOJAKHTE ] b-
HOCTBIO ITOABJEHHA H arpecCHBHOCTLIO (COCTABOM ) NOAKOPOBbIX (PJIIOHAONOTO-
KOB, NMPOHHKAWULHX 110 NPOHHUAEMbIM 30HAM TFIYOHHHbLIX Pa3joMOB HCpe3s
YUACTKH TPAHHTO-METAMOPGHHYECKOro CJ0s 3eMHOH Kopbl, 0GOorailleHHbie
«[MOABHKHOH» (Jlerko H3BJeKaeMoH) Gopmoil ypana (MarmMaTHYecKHe oMarH,
IFPAHHTH3UPOBAHHbBIE H FPAHHTOHAHLIE MMOPOJLI).

Orcioga BBITEKAET, MO MHEHHIO aBTOPOB, BAXKHbLIA BbIBOM, UTO TJABHLIMH
H BecbMa OJIH3KHMH 10 CMbICAY SABJSWIHCH BHYTPHKOPOBBIE MarmMarHYeckHe
H  (pUAbTPALHOHHBIC (FAYGHHHOR MOGHIK3ALHK)  WIH  KOMOHHHPOBAHHbIC
((PHABTPAILHOHHO-MATMATHUECKHE)  THIIBI HCTOUHHKOB PYMHOrO BelLecTBa,
Jlpyrue THIB HCTOUHHKOB (HALTPaLHOHHbIE GJHKHEH MOGHIH3ALMHH, MET4-
MOpGhOreHHbie, NOJKOPOBLIE, NOJMHIeHHbIC), OTPAKAOULHE COOTBETCTBYOLIHE
FeOXHMHUECKHE MOJETH, ABIAKTCA YACTHLIMH BAPHAHTAMH HJIH BTOPOCTEICH-
HBIMH H [03TOMY HE HMEIH CYLWECTBEHHOIO 3HAUEHHS B CO3LaHHH ypaHOHOC-
HbIX py1006pa3yoILIHX pacTBOPOB.

B ¢BA3H ¢ 3THM OTMEUEHHbIE ABA THIIA I1aBHbIX HCTOUHHKOB PaccMOTPCHbI
Haubosee nogpo6HO, pHYeM 0060CHOBAHHE MAIMATHUYECKHX HCTOYHHKOB pas-
paboTaHo BecbMa 1€TalbHO, HALTPALHOHHLIX HCTOUHHKOB A4/ bHed (TJyOHH-
HOH) MOOGH/AH3alHH — Bonee cxemartHuHo. OCTajbHbIE THIIbI HCTOUHHKOB Kak
4JIbTEPHATHBHBLIC PACCMOTPEHbl B OGILHX uepTax.

Hecomuenno, nactosinas pabora He moraa Obl 6biTh BHINOJHEHa §€3 Tec-
HOIO COTPYAHHYECTRBA €O MHOIHMH CHEUHAJMHCTAMH, pa3palaThiBalOUIHMH
PA3JIHYHLIC ACHCKTH Mpobhaembl, Ge3 3HAUMTCABLHOIO nporpecca B 00JaCTH
FeOJIOrHH H FeOXHMHH YPaHa, KOTOPbIH LOCTHIHYT OOUIHMH YCHJIHFAMHK HAYUHBIX
H TPOH3BOACTBEHHBIX €OJOTHUECKHX OPIaiiHAaIHi.

B ochoBy paGornl noaomenn MatepHajibl MHOCOJCTHHX HCCIeL0BAHHM
aBTOPOB M OGILHPHBIE JHTEPATYPHBIE AdHHLIC 110 MHOIHM BONPOCAM B 3TOH
obaacrtH FeOJIONHH . B TO K€ BpEMS CO3JldHHEe KHHIH 0OKa3aJ0Chb BO3IMOAKHBIM
ﬁ,'raro,qapsl MHOIOJICTHHM H Ilt‘.‘lL‘Hi‘ilIp.’jli.’l(‘llllth HCCAEe10BAHHAM 60abLWOro
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HAYUHOTO KOMIEKTHBA, KOTOPLIE POBOAKIUCE NO AaHHOR npoGaeme NOA PyKo-
BOACTBOM aBTOpoB. B paspaboTke pasHbix acnekToB 3TOH Npobiembl m1o10-
TBOPHO 3aHHMasuch: no nerponorkd — O. I1. Eauceesa, [1. C. Kosznosa,
J1. K. Cumonosa; no reonorun — B. U. Beauuruu, B. [1. Baacoe, A. E. Ton-
kyvos, b. M. Ceasuos, B. b. Mewepskosa, B. H. Jlesun u ap.; no paanoreo-
xumid — B. B. Bukropos, T. K. BukeHTbesa; 110 H30TOMHLIM HCCJIEA0BAHHAM
reoxpononorud — K. B. Hepusiwwes, B. . ConyGes 4 Ap.; no akcnepuMenTah-
HbIM HeeaegoBaniaM — A, @, Peabkun, C. B. Oanuues. B conepkanuH KHHTH
B COOTBETCTBYIOLIHX pa3jeax HalJH OTpaKeHHe MHOIHE Pe3ynbTaThl 3THX
HCCIeLOBANM.

Heo6xoaHMO 10AYEPKHYTL, UTO B KHHI'€ DPa3BUBAIOTCH [PEACTABJICHHA
4BTOPOB, KOTOpbie ocHoBaubl Ha Haeax [1. C. Kopxkuuckoro, A. I'. Berextuna,
C. C. Cmupuosra, ®. U. Boasdeona, H. 1. Jlagepora ¥ APyrux yuemix,
COACPKALLHECH BO MHOrHx onyOJHKOBaHHbiX paboTax.

K coxaneHHIo, MHOrHe BaxKHble BONPOCH HCTOUHHKOB PYAHOrO BELLECTBA
. YPAHOBBIX MECTOPOKACHHI HEKOTOPBIX THILOB HE MOAYYHAW AOJHKHOrO OCBEIiLe-
HHA, YTO OGBACHAETCH MpeXk1e BCEro HeJOCTATOUHOH HX apryMeHTauHed HiH
cnaboii H3YUeHHOCTBIO.

B npouecce MOArOTOBKH PYKONWCH K MEUATH ABTOPHI MOAYUKWAH UEHHbBIC
COBEThl H 3aMeUaHHA npH o6CyxaeHHH oTaedbHbix acnektoB ¢ @. H. Boabg-
covom, H. C. Monnukosbim, C. @. BHHOKYpOBBIM H IPYTHMH HCCJ1€/10BATEIAMH
reHe3Hca pY/AHbIX H YPAHOBbIX MECTOPOXK/EHHH.

ABTOpbI BIPAKaiOT HCKPEHHIOW 6/1arofapHoOCTb 338 OKA3aHHYI0 G0JbUIYIO
NOMOLLb BCEM OTMEYEHHLIM BblLE CMelHaJHCTaM.



laasa |

THNbl YPAHOBbBIX MECTOPO)XJ EHHHA
H BOSMO)XHBIE HCTOYHHKH PYIHOIro BELWWECTBA

lCenetHueckHe H GOPMAUHOHHBIE THAL
YPAHOBBIX MECTOPOXKJAEHHH

HakonsieHHblH K HAacTOAWEMY BPeMEHH FeoJlorHueckHH matepuan yGenu-
TeJbHO CBHAETENLCTBYET O 3HAYHTEJNbHOM PasHooGpasHH (OpMallHOHHLIX
THNOB YPAHOBBIX MECTOPOXKACHHH. OHH JIOKANH3YIOTCH B PA3JIHUHBIX T€OJIOTH-
YECKHX YCJNOBHAX, OTJHYAOTCA MO TEKTOHHUECKOW NO3HUHH H BO3pacTy,
CTPYKTYPHbIM OCOOEHHOCTAM H MHHEPAJbHOMY COCTaBY Py, CBA3fAM ¢ olpe-
[€eNeHHbIMH THIIAMH MECTOPOKIAEHHH APYrHX PYAHbIX 3aeMeHTOB. EnnuHcTBeH-
HbIM MPH3HAKOM, O6bEeIHHAIOLLHM MECTOPOXKICHHS YypaHa, ABISETCH HX CBA3L
C MpoueccamH, NPOTEKABIIKHMH B OPOreHHbIX YCJIOBHAX (DOPMHPOBAHHSA 3PeJoH
3E€MHON KOPbl KOHTHHEHTAJbHOTO THINA, HAH €€ pacnana. B o6aactsx ¢ Kopoi
OKEaHHYECKOro THMA MPOMBILIJIEHHBIX YPAaHOBLIX MECTOPOMIEHHH He ycra-
HoBieHo. OrmedeHo Takxe, 4TO HauGojee KPYNHLIE YPaHOBLIE MECTOPOMKLE-
HHAl OblJIH C()OPMHPOBAHLI B ONpeeJIeHHbIE MeTa/JJOreHHYeCKHe 3N0XH.

O6ulenpHHATOIN CHCTEMATHKH YPAHOBBIX MECTOPOM/IEHHH MoKa He paspa-
6orano. [lpeanaraembie kaacCHOHKAUMH OCHOBAHbl JHOO HA reHeTHUECKOH
(A. T. Berextun, ®. H. Boasdcon, H. I1. Jlasepos, f1. [1. l'otman, U. H. 3y6-
peB H ap.), au6o Ha dopmannonHod (A. B. Kawxpan, M. B. Wymuanu)
ocHose. B cucremarukax H. [1. Jlaseposa, A. b. Kaxnaana, M. H. 3y6pesa
M JIp. B KAUeCTBE BAXKHOrO KJAACCH(HKAUHOHHOIO NPH3HAaKa BHICTYNaeT noJo-
KEHHE MECTOPOXKIAEHHH B reOTEKTOHHYECKHX 3JeMeHTax 3eMHOH Kophl, cdop-
MHPOBAHHBLIX HA pa3nbix 3Tanax ee passutun. H. [1. Jlasepos {87}, passn-
pad Hien A. I'. BerexthHa, o6 belHHACT BCE MECTOPOMK/IEHHS YpaHa B Y€Thipe
OCHOBHblE CEpPHH: S3HIOTEHHYIO, 3K30reHHYI0, MeTaMophOreHHyw H MOJH-
reHHYyIo,

Mecropoxdenusn sndoeennoti cepun MOAPA3NENAIOTCH HM HA TPH TPYIIIbI N0
NPH3HAKY HX CBS3H C KOMILJIEKCAMH MarMaTHUYECKHX NMOPOJL, Pa3/HUYAI0ILIHXCA
M0 COCTABY H MPOHCXOXKIAEHHIO (CBA3AHHLIE CO LIEJOYHO-YJIbTPAOCHOBHBIMH,
LEJOYHBIMH H KHCJIBIMH — FPAHHTOMAHBIM MarmaTH3MoM). BHYTpH kaxnoi
rPYNnbl HaAMeydeTCcs HEeCKOJNbKO KJAaccoB (Mo3aiHemMarMaTHUECKHe, [erMaTh-
TOBbLIE€, MarmMaTOTE€HHbLIE THApPOTEepMaJjbHble H Jp.), pa3/iHuHs Mex1y KOTO-
pbIMH OMpefe/silOTCHA FeoNIOrHYECKHMH W (PH3HKO-XHMHUECKHMH YCJOBHAMH
pyaocoGpaszosanus. B knaccax BbAENRIOTCA OCHOBHBIE THTBI MECTOPOXKAE-
HHH, OTJHYAOULHeCs TrIaBHbiM 06pa3oM MHHEpaJbHbIM H BElLECTBEHHBIM
COCTABOM PY/, CTPYKTYPHO-MOP(ONOTHUECKHMH 0COGEHHOCTAMH PYIHbIX Ted,
YCAOBHAMH HX PasMellleHHs. YCA0BHA pa3Meltennsi H (GOPMHPOBAHHSA PasHO-
THITHBIX YPAHOBbIX MECTOPOXKAEHHH IH10T€HHOH CEPHH 1eTaNbHO Pa3paGoTaHbl
B paorax ®. WM. Boabdcona, H. T1. Jlasepona [27, 28, 32, 119] n apyrux
COBETCKHX M 3apy6exHbIX reosoros.
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Cpedu mecTopoxcdenull 3k302¢HHOU cepuu YCTAHOBJICHBI 1B FPYMNIbI: CEIH-
MEHTAUHOHHO-1HAreHeTHYEeCKHe (CHHI‘E‘HGTHH@CKHG] H HHCI)HJ'[praLlHUHHbIE
(BHHFEHETH‘IE‘CKHQ) . 06p330B8HHH€' NOBEPXHOCTHLBIMH H MOA3EMHbBIMH BOJdMH.
[To ycnoBuaM HOpMHPOBAHHS KAKAAA FPYNNa MECTOPOXKAEHHH nojpaziensner-
cfl HAa ABA-TPH KJacca, BHYTPH KOTOPHIX BhIAENSeTCH 10 AE€BATH OCHOBHBIX
THIMOB MECTOPOKIEHHH, OTJAMYAIOUIUXCA MHHEPANbHLIM H BELLeCTBEHHbLIM
COCTABOM pYA, YCJIOBHAMH KX 3a/jeraHus H MOp(pOJOrHeH pYIHBIX Ten.

Meramoppocennas cepus BKAOUAET JBe TPYNNbl MECTOPOKAEHHHA: MeTd-
Mop(H3oBaHHbIe H yabTpaMmeTamopduueckue. [1pn 3ToM B nocneauiow rpyn-
ny BXOAAT MHOTOO6pa3Hble MECTOPOXK/AEHHA B LILEJTOYHbLIX (KAJHEBbIX H HATPH-
EBHX) METAaCOMAaTHTaX, JOKA/JH30BAHHDBIX B 30HAX i'J‘jy()HHHblK Pa3aomMosB. Cor-
nacho §. H. Benesuesy u ap. [8, 9], opynexenne 3THX MecTOpPOXACHHH cop-
MHPOBANOCh B PE3yJbTaTe OCAKIAEHHA MeTalja H3 BOCXOASULHX YpPaHO-
HOCHBIX PACTBOPOB, IOAHHMABIIHXCH H3 30H yabTpameramopduima Ha Gosee
BLICOKHE YDPOBHH B 30HBI pyao06pa3oBaHHfA. ITH MECTOPOXKAEHHS ABASIOTCA
FHAPOTEPMA/IbHBIMH H BechbMa OJHIKH IHAOrMEHHBIM MarMaToreHHbIM MecTo-
POKAEHHAM.

floaucennasn cepust BKMoYaeT Kak cOGCTBEHHO YPAHOBBIE MECTOPOMKIEHHS,
TAK H MECTOPOMK/IeHHS KOMILIEKCHBIX YPAaHCOMEPKAUIHX PYL (C HHKeaewm,
KOBANbTOM, MbILLILAKOM, Me/lbl0, 30J10TOM, cepeGpoM, Banaauem H ap.). O6by-
HO OHH OTHOCATCH K 0COGOMY THNY CJOMHbBIX, MOJHI€HHBIX, MECTOPOMK IEHHH
B 30HAX HecornacHi., Bonpocul reHeanca Hx OCTalOTCH BO MHOTOM HEACHbIMH
H JIHCKYCCHOHHBIMH. O6pa3oBAHHE ITHX MECTOPOXKACHHH MHOTHE HCc/el0BaTe-
JIH CBA3BIBAIOT C HECKOJbKHMH MPOLECCAMH NOC/Ae10BaTebHOH KOHLEHTPA LLHH
ypaHa: CHHIeHETHUECKHM HAKOIMIEHHEM MeTaJ//la B YrJepPOAHCTbIX OTJOMXKEHH-
AX, HX MeTamophHiMOoM H nepepacnpenejedHem, bogee nos3nHeR ruapoTep-
MaJlbHOH [1eATe/bHOCTBIO, KAK CONPOBOMK/AABIICHCA MO31HHM TDAHHTOHILHBIM
MarMaTHiMoMm, Tak 4 6e3 Hero, H, HaKoHell, HaKon/JeHHem OOraThiXx KOHUEH-
TPALHKHA ypaHa H CONYTCTBYIOLLUX 3JIEMEHTOB B 30HaX BTOPHYHOTO o6oralleHns.
Ha 3THX MeCcTOpOXKAEHHAX NPOMbILIJIEHHbIE CKONJIEHHS YyPAHOBLIX pya o6pasy-
I0TCS 3@ CYET FHNEePreHHBIX NPOUECCOB, ONHAKO MEPBHYUHOE OPYAEHEHHE TaKxKe
AIBJAETCH IHAPOTEPMaibHbIM. Be3 HalHuHA NOC/IeIHEro 1aMe Ha KOHTPACTHO
YPAHOHOCHBIX MOPOAdX B 30HE IHIIEPreHe3a lPOMbILIJIEHHOE OpYIeHeHHe He
H3BECTHO.

H. I1. Jlapepos [61] cuuTaer, uTo MONOKEHHE MECTOPOMKIAEHHHA B 30HAX
PerHOHaNbHbIX NOBEPXHOCTER HECOTIACHA, XAPAKTEPHLIA TePPHTeHHbIH COCTAB
nepexkpbiBaloULHX N1aThOpMeHHbIX OTJNOKEHHH, OTYETIHBO BbIPAXKEHHbLIH KOH-
TPO/Ab Pa3pbiBaMU W KAPCTOreHHbIMH CTPYKTYPaMH, cnenHdHUecKHH cocTas
PYA H HAJTHUHE PA3HOBO3PACTHBIX FeHepalHi YPaHOBLIX MHHEPAIOB — BCE 3TO
YKA3blBACT HA HX MOJHTEHHOE NPOHCXOXKIeHHE.

B camocTtosiTenbiyio rpynny BblAeJASIOTCS MECTOPOXK/1eHHS, 06pa3oBaHHbie
[IPH MPOCTPAHCTBEHHOM COBMELLEHHH B Mpeienax OJHOA pPYAOJOKaIH3YIOlIeH
CTPYKTYPHl Pa3/HuHBIX NpPOLECCOB MHHepatooGpa3zosannsi. Beayuas ponb
3/1€Cb MPHHAMMEKHT THAPOTEPMAJbHLIM 00pPA30BAHHAM, HANOKEHHLIM HE
Gonee paHHHe CeJAHMEHTAUHOHHO-AHATeHEeTHYECKHE KOHUEHTPAUHH.

Hapsaiy ¢ 3THM cpein pasfiHuHLIX FHAPOTEPMaJibHblX YPAHOBBIX MECTOPO-
AIIEHHH 3HI0TeHHOA cepHH H GJH3KHX K HHM FHAPOTEpMaJbHbIX 06pa3oBaHHi
NOJHTEHHOH H MeTaMOPHOreHHOH CepHii MOKHO BBIIENHTL ABE GOAbLIHE MPYIl-
bl @) MECTOPOKAEHHA, CBA3AHHBIE C OPOFEHHBIM KHCABIM (TPAHNTONAHBIM),
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PUAE LIENOUHBIM MATMAaTHIMOM KaK MHTPY3HBHBIM, TaK M BYJKaHHUECKHM.
0) MecTopoaenns, e oGHapykHBaouHe Takoh cBA3H. K HHM OTHOCATCA
/GO CTaTHHOPMHLIE TeseTepMalibibie (aMarMaTHYecKHe) MeCTOPOMKAEHHT,
76O MECTOPOXKIeHHs BO BpeMeHH H MpocTpaHcTpe, GJH3IKHE K MPOSBJICHHAM
OCHOBHOTO MarmaTH3Mma.

[lo-BuAKMOMY, OHM MMEIOT pasHbie THIB WCTOMHHKOB ypaHa W JApYyrHX
CONYTCTBYIOULHX 3J1EMEHTOB.

15t 3HAOTEHHBIX YPAHOBLIX MECTOPOK/AEeHHH xapakTepHo 60Jbluoe pa3Ho-
o6pasue THIOB. BeiiepKaHHOCTb POPMAILHOHHBIX OCOGEHHOCTEH MECTOPOXKAe-
HHH He TONbKO B Npeienax OJHHX YPAHOBOPYIHBIX NPOBHHUMHA W paiOHOB,
HO H B npeaesax MeTaJJOreHH4YeCKHX MOsICOB, HeCMOTpPA Ha (OpMHpOBaHHE
HX B PAa3HbIX TE€OJOrHYECKHX YCJOBHAX, CBHAETE/bCTBYET O TOM, YTO OHH BPAL
JH MOrJH ObiTh CBSI3@HLI ¢ JIOKAJbHbIMH npHyHHamH. Ckopee Bcero, 3TH
OCOGEHHOCTH 06YCJI0BAEHb cnellHPHKOMA ryOHHHBIX (3HLOrEHHBIX) neTporexe-
THYECKHX, FEOXHMHYECKHX H PYAOTeHEePHPYIOUIHX MpoIeccos, oNnpeaensiouisx
B Le0M OOLLHE MeTaNJOreHHYeCKHe YepThl H YPaHOHOCHOCTb PYAHBIX 11PO-
BHHUHH (MX META/JIOPEHHYECKYIO CMCUHANH3ANHI0, (POPMALHOHHBIA THI Me-
ctopox/cHHi). Tem Oonee 118 YpaHOBOPYAHBIX NPOBHHILHH XapaKTepHa
OTYETJIHBASA IPOCTPAHCTBEHHAS IPHYPOUEHHOCT b K OfPeAeseHHbIM r1yGHHHbIM
CTPYKTYpPAM 3€MHOH KOpbl KOHTHHEHTA/IbHOTO THNA, B NpejleJax KOTOPLIX JUTH-
TEJbHO, HEOJIHOKPATHO H YHACJEL0BAHHO MPOABHAHCH PA3THUYHDLIC IHA0TeHHbIe
npottecchl. OTciona BO3HHKaeT HeOOX0AHMOCTb OOPATHTbLCS 3a OO LACHEHHEM
HCTOUHHKA PYLHOIO BELLECTBA MECTOPOMAEHHH K IIYOHHHBIM IPHUHHAM ((paK-
TOPAM) M HCTOPHH Pa3BHTHA 3THX YYacTKOB 3€MHOH KOpLI

Caepyer oco60 NOAYEPKHYThb, U4TO (OPMHPOBAHHE OPYIACHEHHA 3IHAO-
PeHHBIX YPAHOBLIX MECTOPOMKAEHHH M000ro THNA [NPOHCXOMAHIO  TOJNBKO
B OPOFeHHbI® ITanbl PA3BHTAA H TECHO CBA3dHO C [POSABJEHHEM TJAYOHHHbIX
TEKTOHO-MAIrMATHUECKHX MPOLECCOB, KOTOPLIE€ BbI3bIBAJH H3IMEHEHHE 3eMHON
KOpbl — ¢ O0LLeHl MOULHOCTH H BHYTPEHHEro CTPOeHHA.

Bo3uHKHOBEHHE pAHHHX SHIOTEHHBIX BLICOKOTEMNEPATYPHBLIX TOPHH-YPAHO-
BLIX MCCTOPOMKACHUA NpoBUHUAR peBHix (NOKeMOPHACKAX) MKWTOB W naat-
GopM H rHAPOTEPMANbHBLIX YPAHOBbIX MECTOPOKAEHHH NMPOBHHIHA (hanepo-
30HCKHX CKAaauaThiX ofuacTed coBNagaeT ¢ 3M0XaMH 3dBepUIEHHA npolec-
COB PAHHTH3ALHH, T. €. B 3IMOXH CO3AHHHA CHAJHUYECKOro («rpaHHTO-mMeTa-
MOPGHHUECKOTO» ) CIOR KOHTHHEHTANLHOW 2eMHuol kopu. O6pazopanne ypano-
BbIX MECTOPOKACHHIT IPOBHHILHH CPEAHRIIPOTEPO3OHCKOH H ME3030HCKO-KaiHO-
30ACKHX AKTHBH3HPOBAHHBLIX 061aCTeH NPHXOAMTCH HA 3MOXH HHTEHCHBHOR
TEKTOHO-MarMaTHUECKOH aKTHBH3A1IHH HAH pacnana KOHTHHEeHTAJbHOH 3eMHOH
KOpbl, T. €. ee «Oa3HBHKaAUHH».

Ormeueniible 3aKOHOMEPHOCTH (OCOGEHHOCTH) NPOBHHUHI CBHIETENLCTRY -
HOT O CBAA3H ¢ 3THMH NPOLECcCAMH PA3BHTHA KOPbI [TABHBIX THIIOB HCTOUHHKOB
MECTOPOAACHHIA 31110r€HHOTO YPAHOBOTO OPYILEHEHHN,
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0630p coBpeMeHHbIX NpPeACTaBAEHHH
0 reHe3Hce IHAOTEHHBIX MECTOPOKAEHWH ypaHa
H HX HCTOYHHKAX

[Tonckn H HayuenHe mecTOpPo}eHHHA ypaHna ObIH HAuaThl 3HAUHTENLHO
nosjiHee, 4em GOJbUIHHCTBA MECTOPOKIEHHH APYTrHX NOJE3HbIX HCKOMAaeMblX.
EcrecTBeHHO, 4TO BONPOCH reHE3HCa YPAHOBBIX MECTOPOKAEHHH H HX HCTOY-
HHKA paCcCMaTpPHBAIHCh B MEPBYIO Ouepeib C MO3ZHILKHHA yIKe CYLIeCTBYIOLULHX re-
HEeTHUECKHX KOoHueniHi. B 3HauuTenbHOR cTeneHn 3ToMy cnocobcTBOBANO TO,
4YTO, HECMOTPHA Ha pa3HooOpasHe reoJOrHYecKHX YCJAO0BHH (OPMHpPOBAHHA
YPAHOBBIX MECTOPOKICHHH HX pasMelLleHHs H COOTHOLUCHHA ¢ MArMaTH3MOM,
He OGbli0 OTMEUEHO KakHx-1HO0 (hakToB, KOTOpble YKasbiBajH Gbl HAa NMPHH-
ILHIHANbHOE OTJHUYHE HX OT MECTOPOMKACHHI APYrHX NOJE3HbIX HCKOMaeMbiX.
Hepenko oHl 06pa3yioT KOMIJICKCHLIE YPAHOBOPYLHBIE MPOBHHIIHK H PaHOHBL,
[Tokasatenem o6UIHOCTH yCIOBHH WaKOMJIEHHS ITHX 3JE€MEHTOB ABJSETCA ua-
CTO BCTPEYAIKILASICA TeCHAs accollHallua ypaHa c cyabduaamu moaubaeHa,
CBHHIA, UHHKA, MeJH, a Takxke ¢ (JI0OpHTOM H 3040TOM. MOXKHO no3Tomy
JAKJI0YATD, 4TO npobaema MCTOMHHKOB YpaHa ne oTaennMa o1 oGwel npob-
JeMbl HCTOYHHKOB PYAHBIX BELLECTB 3HAOMEHHBIX MECTOPOKAEHHH ADYTHX Me-
Tannos. Bmecte ¢ Tem ensa M MOMKHO Ha3BaTb KakoH-nu60 Apyroi se-
MEHT, KdK YpaH, 115 MeCTOPOXAeHHH KoToporo Obl1 Obl Xxapakreped CTOJ/b
UIHPOKHH IHANA30H FeoorHuecKHX ycJoBHi 06pa3oBaHHa, MHHEPAJOTHUECKHX
H reoXMMHuYeckux ocobennocteir. B psine ciyuaes ocoGeHHO TPYAHO 06OCHO-
BaTb CBA3b ¢ MArMaTH3MoMm. Bee 370 npHBeJIO K TOMY, YTO B HACTOSIILEE BPEMS
BBICKA3bIBAKOTCH pa3JiH4yHble, HEPEAKO B3aHMOHCKJIKYAIOLLHE npeactaBJeHHs
00 UCTOUHKKAX PYL00Gpa3yioULHX PACTBOPOR, MexaHHaMe WX GopmMupoBaHUS,
COOTHOIUEHHH W CBAI3H ¢ MarMaTH3MOM.

[lpennaras o630p coppeMeHHbIX MpeicTaBjeHHi 00 HCTOUHHKAX PYAHOrO
BElIECTBA JHIOTEHHBIX MECTOPOMKAEHHH ypdaHd, aBTOPbl MOMBITAJIHCH MO BO3-
MOKHOCTH MOJHEE OTPA3HThL COCTOSIHHE NPOGJeMbl, 1POAHANH3IHPOBATL F1aB-
HellllHe €e dcleKTbl, HAMeTHB BO3MOMKHbIE NYTH [aJbHeHIero pelleHHs.

B pyaubix nposunuusx Lledrpanbuoii u 3anannoi Esponbl yxe nasno
6bI/IH H3BECTHBI THAPOTEPMAJbHBIC YDAHOBLIE MECTOPOXKAEHHS K HIBHOTO THIA.
[MocrosiHHAs MPHYPOUEHHOCTb 3THX H JIPYTHX PYAHBIX MECTOPOAKIACHHH
K HHTPY3HBHLIM MacCHBAM MMO3HErepIUHHCKHX rPAHHTOHIOB H GaH3Koe Bpems
(N0 reoJIOrHYecKHM JaHHbiM) HX 06pa3OBaHHA MHOIHMH H3YUABIIHMH TaKHe
o6vekTsl Heeaenosateasmu (K. Kainem, @. Llymaxepom, I'. Hlneinepxénom,
B. X. Ommoncom, O. B. dabchepom, K. Ilutuem, A. Barunayspom u ap.)
OOLACHANHCh TEHETHYECKOH CBA3bIO, MPHYEM OOBIYHO CYHTANOCh, YTO 3TH
MECTOPOKIEHHS CBA3aHEL HENOCPEACTBEHHO ¢ HHTPY3HBaMH, KpHTHueckH pas-
Gupas nogoGhble opropokcatbHblie B3rasasl A. [. BerexTun euwe B KoHue
1940-x — navane 1950-x rogos 060cHOBaN NpeACTABJIEHHA O NapareHeTHyec-
CKOIi CBSI3H TPAHHTOH/IOB H FHAPOTEPMANbHOr0 yPAHOBOrO OPYACHEHHA MECTO-
pO)KIlEHHﬁ. T. €. 0O @JHHCTBe HX ﬂpOHCXO}K.Lll‘HI{Fl H3 NHINIOTETHUYECKOTO I'.ﬂyﬁHH-
HOro MarMaTH4YecKoro oyara.

Yike Ha nepsbix 3TAnax U3y4eHHs SHLAOMEHHBIX YPAHOBBIX MECTOPOXIACHHH
OblJIH YCTAHOB/AEHLl HX IPOCTPAHCTBEHHAA NPHYPOHEHHOCTD K 0B1ACTSM LIHPO-
KOro nposiBJCHHA IPAHHTOMLHOTO (PeiKo LLEJOYHOr0) MarmMaTHaMa, a TaKMme
YeTKHEe NMPH3HAKH, YKa3ulBaKUlIHe Ha (popmupoaauuc pya non BO3/IEHCTBHEM
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BOCXOAMULHX HAarpeTblx pactsopoB. bbiio ormeueno, uto QopmupoBanne
MECTOPOKAEHHI MPOHCXOAHAO NOCIe 3aBEPIEHHA MAarMaTH3Ma Ha nanGoaee
MO3lHKX CTAHSX NOCJEMarMaTHUecKoro npouecca, a CaMH MECTOPOKIEHHS
pacnosjaraioTcs B npeaenax, BOJH3H W HA 3HAUMTENLHOM YIAaJ€HHH OT Mar-
maTHueckux Tea. Bee 3To npuBeno K BbiBOAY 06 OTCYTCTBHH HENOCPEACT BEHHON
CBSI3H MECTOPOKACHHH C KOHKPETHBIMH MarMaTHYyecKHMH Tesamu. AHanorny-
Hble COOTHOLICHHS GBIIH yKe XOPOLIO H3BECTHH I MECTOPOXKICHHH IPYrHX
Nojie3HbIX HCKOMaeMbix.

Jlanubie no MpOCTPAHCTBEHHO-BPEMEHHBIM COOTHOIIEHHAM MarMaTHUYecKHX
NOpoj M YPAHOBBIX PY/i BMOJHE COTNACOBBIBANHCL € [MPEACTABIEHHAMH
C. C. CmupHoBa, BbicKaszanublMH eute B 1947 r. (110] o Tom, uto pa-
CTBOpbI, MOPOLHBIUHE MECTOPOXK/AEHHS, HENbISi CUHTATH HEMOCPEACTBEHHbIMH
IIPOAYKTAMH KOHKPETHbIXx marmaTHueckux teq. [lo ero wmuenuio, ¢popmupo-
BaHHE OCHOBHBIX MOPLUHHA pPacTBOPOB MPOHCXOAHNO B FIYGHHHBIX KOPHEBBIX
4aCTAX PYAOHOCHOTO MarMaTHYECKOTO KoMijekea. Mbic/ib 06 OTCYTCTBHH CBS-
3H FHAPOTEPMabHbIX PYAHLIX MECTOPOXKAEHHH ¢ KOHKPETHBIMH MarMATHYECKH-
MH TeJaMH HEOLHOKPAaTHO nojyepkuBanach takxe 0. A, Buanbuubim [14],
110 MHEHHIO KOTOPOTO, FHAPOTePMAaJibHble MECTOPOXKICHHA H H3BEPKEHHbBIE N0-
poAbl FABJAAIOTCA MPOAYKTAMH €AHHBIX Marmaruueckux ouaros. Tako# THn
CBA3H MArMaTHUYeCKHX MOPOJL H PYA NPHHSTO OTHOCHTHL K NapareHeTHYeCKoMy
(kocBeHHoMy HAH 6paTckomy). [laHHas TOYKa 3peHHsl B OTHOLIEHHH THAPO-
TEpPMaJbHbiX MECTOPOMKIEHHH, B TOM YHCJIE H YDAHOBbBIX, PA3BHBAACh MHOTHMH
oreuecTBennbiMH reosoramu — JI. M. lllep6Gakosbim, A. TI'. Berextuubim,
®. WU. Boabdeonom, B. M. CvupHOBBIM H 1P.

OTkpbiTHe B 006/1aCTAX PA3BUTHS KOHTHHEHTAJNbHOTO MaJjieoBYJKaHHW3Ma
MECTOPOXACHHH MONHOLeH-ypaHOBO#H (hopMallkH B elte GoablneH CTEeNeHH noj-
TBEPAHNO NPEACTABIEHHA O CBA3H OpYAeHeHHA ¢ marmaTtHamom. Buuto yera-
HOBJIEHO, YTO CAMBIE MO3JHHE BYJKAHO-HHTPY3HBHbIe 06Pa3’oBaHHA W THAPO-
TepMmaJibHble YPaHOBble PY/bl BECbMA TECHO MeX 1y coGOH CBA3aHbl HE TONbLKO
B NPOCTPAHCTBE, HO H CTPYKTYPHO, @ TAaKMkKe BO BPEMEHH, 4TO, M0-BHAHMOMY,
MOri0 GbiTh OGYCJIOBJEHO €HHCTBOM WCTOMHHKA MAarmMaTHYeCKHX pacijaBos
H PYLOHOCHBIX pacTBOPoB. OLHAKO HCTHHHBIE MPHUHHBI CBA3H ITHX MECTO-
POKAEHHH C BYJKAHHYECKHMH KOMIMJIEKCAMH [0 KOHUA He ObiJIH BhIACHEHbI
H M03TOMY OCTABAJHCb BO MHOIOM JAHCKYCCHOHHBIMH.

Hekotopsie uecaenosatenn (Korasip, 1965 r. u ap.) nultaiuch CBA3bIBATH
oGpa3oBatue Pas/IHUHOTO OPYIEHEHHS, B TOM YHCJe H YPAaHOBOro, Hemocpes-
CTBEHHO ¢ BYJKAHHUECKHMH npoueccamu. [1pH stom BhlLEAANHCH TAK HA3bl-
Baemble BYJKAHOr€HHbIE MECTOPOMKIAEHHA, K KOTOPbIM OTHOCH/HCb HE TOJbKO
SKCraJiIfillHOHHBIE, HO H MECTOPOK/eHHA, CHOPMHPOBAHHBIE H3 THAPOTEPMab-
HbIX PAacTBOPOB B YCJOBHSIX NOCTOAHHOIO HJIH MepHOAHYECKoro cooGuieHus
MarMaTHYeCKOro o4ara ¢ JHeBHOH NMOBEPXHOCTBIO.

B To e BpeMmsi HEMOCPENCTBEHHO H3YuaBlIHE 3TH MECTOPOMIEHHS HC-
aenosarean ®. U. Boabdceon, JI. K. Jlykuu, E. T1. Contowkuu, E. 1. Kap-
10Ba M JP. HA OCHOBAHHHK G0JLIIOrO (PAKTHUYECKOrO MaTepHa/ia NPHLLIH K Bbl-
BOJAM, Y4TO OHH GblIH CHOPMHPOBAHBI rOPa3/l0 MO3/AHEE — [10C/IE BHEAPEHHSA
€K, M3 NOCTMArMaTHYECKHX THIPOTEPMaJjbHbiX PACTBOPOB.

A. U. Cemenos ewe B 1959 r. otmeuan [107], 4To 0CHOBHbIE IPOMbILILIEH-
Hbie THMbl THAPOTEPMAJbHLIX YPAHOBBIX MECTOPOKAEHHH CBA3AHblI OGLIYHO
€ MarMarH4ecKHMH NOPOAAMH MO3HHX 3TANOB PAa3BUTHS NIOABHAHBIX MOACOB
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3eMHON Kopbl. OaHako opyaeHeHHe Bcerna siaserca 60aee MO3HHM H pac-
noJaraeTcs B 3oHax ApobierHs, epecekaonx 3T nopoasl. Caegoparenbto,
YPAHOBBIE MECTOPOMKIEHHS TJIaBHEHLIHX NPOMBILIJIEHHLIX THIOB CBS3aHbl ©
MarMaTHYeCKHMH NOPOlaMH JHLb naparedeTuyeckd. Mexons ux obuied nocne-
AOBATEJNBHOCTH MArMaTHYECKHX MPOLECCOB H COCTaBa NPOLYKTOB MarMaTH3ma,
aBTOp BbICKA3a/ MPeAnoNoKeHHe, YTO NOCTYNJIeHHE YPAHOHOCHBIX FHAPOTEp-
MaJbHbIX PAaCTBOPOB NMPOHCXOLHJIO B NEPHOL, KOrjia MarmMaTHYeCcKHH ouar Haxo-
IHAcA B 0061aCTH B3AHMONMEPeXola 0T «CHAJHYecKOH» K «6a3anbToBoil» 060-
JIOUKE 3€MHOH KOpbl.

B 1961 r., onHpasicb Ha HMEIOULYIOCH K TOMY BpeMeHH BECbMa 3HAUHTE b-
HYIO COBOKYNHOCTb AdHHbIX O NMPOCTPAHCTBEHHO-BPEMEHHBIX COOTHOWEHHAX
YpaHoBbIX MecTopoxaeHHd ¢ marmatuamom, ®. M. Boabdcon ¢ coapTopamu
[21] npeanpHHAAH NONBITKY 060CHOBATL BLIBOJA O TOM, HTO HCTOYHHKOM ypa-
HOHOCHBIX THAPOTEPMaJIbHBIX PACTBOPOB ABJIAJIHCH IJYOHHHBIE O4arw rpaHuT-
HOH Marmbl B HaubO/ee NO3JHHE CTA/lHH HX pa3BHTHA. Takum obGpasom, pou-
CTBO YPAHOBBIX MECTOPOKIEHHH C H3BEPHEHHBIMH MOPOLAMH NOAPA3yMeBa0
HaJH4YHe €JIHHOrO HCTOUHHKA HX o0pa3oBaHHs. JTa TOYKa 3PEHHA SBJSETCSH
HanboJiee 1WHPOKO PacnpoCTPaHEHHOH.

Buepsbie uaesn o nepeHoce ypaHa ropAdudMH BOJAHbIMH PACTBOPAMH B yc-
JIOBHAAX HH3KOTO MNaplHalbHOrO AaBJeHHsi KHciaopoiaa Oblla BblicKaszaHa
A. T. Berextunbim B 1959 r. PynoHocHbie pacTBOpHl, 10 €ro MHEHHIO,
MpeAcTaBasAlT cO60H MarMaToreHHble (JKHAL, OTAENSIOUIHCCA H3 OCThIBAKO-
LLEro MarMaTHYECKOro o4ara B KOHEYHble CTafHH KPHCTANIH3aLHH TPAHHTO-
Haworo pacnnasa. Onu oGorauledbl raJoOMAHBIMH H JIPYTHMH CO€JHHEHHAMH
PYAHbIX, B TOM YHCJe H pajHOAKTHBHbLIX, 31eMEeHTOB. ITOT GJIOHA, oxnaxia-
SiCb 110 Mepe NPOABHMKEHHS B BEPXHHE YACTH KOPbl, NEPEXOAHI B THAPOTEp-
MaJjbHbli pynoobpasytownit pacrsop. OCHOBHEIMH (DOPMaMH nepeHoca ypaHa
asasores UCl, w UF, [13]. TlpeactaBienne o CBSA3H ypaHa C rpaHuT-
HBIMH MarmMamH BIOJHE COrJacyercsl ¢ coobpaKeHHeM O TOM, 4TO YpaH Ha-
PALY C APYTHMH JHTOMHAbHBIMH 3J€MEHTAMH OTHOCHTCH B OCHOBHOM K «BHYT-
PHKOPOBbIM» XHMHUECKHM 3IJ1€MEHTaM.

B nanbHeliuem B xone o6CYMKAEHHA H JHCKYCCHH NO YKa3auHOH npoG-
JleMeé HAMETHJIAaCh TeHIeHUHA K CMAMYEHHIO OPTOAOKCANbLHOCTH H3J0KCHHOH
TOYKH 3peHHA. MHOrHe Hcclel0BaTeH, HE OTPHLLAA BAXKHOH POJM MarmMaT-
YECKHX MPOLECcCOB B (JOPMHPOBAHHH PYLOHOCHBIX PACTBOPOB, A0MYCKAKOT, 4TO
PylHOe BELLECTBO HACTHYHO MOCTYNAET BO (JIOHA H3 KPHCTANIH3YIOULIHXCH
MarMaTHUeCKHX pacijlaBoB, a HaCTHYHO MOGHJIH3YETCH HA NYTAX LUHPKYASLLHH
FHAPOTEPMANbHBIX PACTBOPOB H3 YK€ 3AKPHCTANNIH30BABIINXCH 04aroB H ray-
GHHHBIX MarMaTH4eCKHX H METAMOP(HUECKHX NMOPOL.

[naBHbIMH acnekTamu, B KOTOPbIX Pa3BHBAIOTCA H APryMEHTHPYIOTCA
npeAcTaB/JeHHA O MarMaTOreHHOM HCTOUHHKE PYLOHOCHLIX pPacTBOpOB, ABJA-
I0TCsA: 1) NpocTpaHCTBEHHO-BPEMEHHbBIE COOTHOLIEHHA MECTOPOMKIAECHHH ¢ mar-
MaTH3IMOM; 2) reoxHmHueckHe 0COGEHHOCTH pyi H Hanbonee GIHIKHX K HHM
N0 BO3pacTy MarMaruueckux oO6pasoBanHi; 3) cofepranHe PajHOAKTHBHBIX
3/IEMEHTOB B MOCJ€10BATE/bHbIX MarMaTHyecKHX o0pa3oBaHHsX COOTBET-
CTBYIOLIErO TEKTOHO-MarMaTHYECKOr0 LHKNA; 4) NOBeEHHe YPAaHA IPH CTAHOB-
JI€HHH MarmMaTHYecKHX KOMIJIeKcOB HauboJiee GIH3IKHX 110 BO3pACTy K Opyle-
HEeHHI0; §) cneundHUecKHe NeTPOXHMHUYECKHE H JAPYrHe OCOGEHHOCTH Mar-
MaTuima, CBOHCTBEHHbIE YPAHOHOCHBIM NPOBHHUHAM; 6) TepMobaporeoXHMH-
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yeckHe 0cOOEHHOCTH NMPOLECCOB YPaHOBOro pyLrooOpasopanusa; 7) MHHepaJb-
HbIfi COCTAB YpPAaHOBBIX pyl, CXOACTBO H pas/HUHA ¢ PYLaMH MECTOPOXKJe-
HHH ApPYrHX MeTaJ/li10B.

Onupasicb B OCHOBHOM Ha reo/iorH4eckHe AaHubie, yKasanHan KOHLenuHs
He Gbli1a, OlHAKO, APTYMEHTHPOBaHAa (PH3IHKO-XHMHYECKHMH 1aHEBIMH, I BasIACS
OCHOBOH cambix OOLLHX MOCTpOeHHH, reoorHieckie naHHble He MOTIH ofec-
NeynTh pa3paGoTKy MeXaHH3MOB (POPMHPOBAHHA H 3BOJIOLHH YPAHOHOCHBIX
pacteopos. OnHHM U3 y30BbIX BONPOCOB B 1aHHOH npobJeme apasieTcs oGoc-
HOBAHHE BO3MOMHOCTH II€DEHOCA YPaH4 MarMaToOreHHbIMH PacTBOPAMH.

[lanHble N0 XHMHH ypaHa CBHIETEALCTBOBAJH O MJOXOHK PacTBOPHMOCTH
ypaHa B BOCCTAHOBHTEJBHLIX YCJIOBHAX, KOTOPbIC €CTECTBEHHO NPELNoNaraTh
ANA rayOHHHBIX MAarMaTHUecKHX ouaros. He cay4aiiHo no3Tomy, 4to npejcras-
nenusi A. I'. Berextuna o nepenoce ypana B Buae UCly n UF, noaseprauncs
#ecTokoH KpHTHKe co ctoponbl B. JI. Bapcykosa n I'. b. Haymona [4] 1o noc-
JlejlHero BPEMeHH He MoJb30BaJdHCh nonynapuocteio. B 31oll padore nonuep-
KHBAJIOCh, YTO ueTbipeXBaJeHTHbIH YpPaH Yype3BblYaHHO JIETKO THAPOJH3YeTcH
H Bblnajaer B 0cafgok corjacHo ypasuenuio UT*440H™ =UO,+2H,0.
YKa3blBasock TAKMKe, 4TO [I€PEHOC ypaHa B UEThIPeXBAJEHTHOMH (Gopme eciu
H BO3MOMKEH, TO TOJNBKO B CHABHO KHCJBIX PacTBOpax, KOTOpble HEPeasibHBI,
HCXONA M3 HabJloNaeMbiX MPHPOLHBIX NapareHe3HCos.

B cBoem orBete Ha KpHTHKY A. ['. BetexTus He cMor onpoBepruyTh 10BOA0B
OMNIIOHEHTOB MO CYULECTBY, MOAYEPKHYB JHUIb, 4TO, HCXOAS H3 PeabHOro
reoJIOrHUeCKOro NOJOKEeHHA THAPOTePMaJbHBIX MECTOPOKAEHHH, MOXHO /10MY-
CTHTB JIHIUb YeThlpexBajenTHYo ¢opmy nepexoca [2]. XapakTepHo, 4To npH
06Cy:KAeHHH Npo6JeMbl BOMPOC O TOM, YTO PACTBOPHMOCTh COEJHHEHHH ue-
THIPEXBAJIEHTHOrO YPAHa NpH BHICOKUX TEMNEpPaTypax MOAET CYLIECTBEHHO OT-
JHYAThCA OT TAKOBOH MPH €€ HH3KHX 3HaueHHAX, BOOGLLE HE 3aTparHBaJcH.

Boablioe BanusinKe Ha pa3BHTHE reHETHYeCKHX KOHUEMUHMH okalzana Hjaes
0 MepeHoce ypaHa FHApOTepMalibHbiMH PACTBOPAMH B WECTHBAJEHTHOH Gopme
B BH/E YPAHU-KapOOHATHLIX KOMMJIEKCOB. JTa Hies BCeCTOPOHHE paspabarthl-
Banack I'. b. HaymoBbiM, noakpenasiace 3KCIHepHMEHTANbHBIMH H F€OXHMH-
YECKHMH JLAHHBIMH H B BHle (PH3HKO-XHMHYECKOH MO/le/iH Gblia H3/0KEeHa B OT-
nenbHoi KHure [73]. Ha ocHoBe W3yueHHsi ra3oBO-MKHAKHX BKJIOUCHHUE B MU-
HepaJiax YPaHOBbLIX MECTOPOKAEHHH GblJla MoKa3aHa BEICOKasA KapOOHATHOCTD,
HH3Kasl CEPHHCTOCTb M OJIM3HEHTPAJIbHbBIH XapakTep pynoo6pasyioulHx pacTso-
pos. [Tpeo6Gaanaiouiedi B TaKHX pacTBOPax, COrMacHO TEPMOXHMHUYECKHM pac-
yetam, Joa#Ha GbITh ypauui-kapbouatuas hopma. Bonpoc 06 nerounnke ypa-
Ha, no muenuio I'. b. Haymosa, Heotnequm ot Bonpoca 06 HCTOYHHKE YIJIeKHC-
naotbl. Touka 3pexusi o kapGoHATHOH (OpMe MepeHoca ypaHa peLIHTeNbHO
NPOTHBOPEUYHJIA NPEACTABJEHHSAM O MAarmMartoreHHol npupone pyrooGpasyio-
WHX pacTeopos. [Ipn rereTHUEcKHX NOCTPoOEHHAX Hen3GeKHO NMPHXOLHJIOCH
YUHTBIBATD, 4TO NepeHoc B Kap6oHatHol dopme peasieH JHUIb IPH TEMNEpPaTy-
pax Huxke 300° C, H TOJNIbKO B OKHCAHTENbHOM o6¢cTanoske, OTciona cienoBao,
YTO BHICOKOTEMNEPATYPHBIH (BJIIOH, OTACASINHACA H3 KPHCTANH3YIOWeHCR
Marmbl, He Mor GBITb ypaHOHOCHLIM. Oco6eHHO KaTeropHYHo B MOILEPKKY
TOUKH 3peHHsi 0 kap6oHaTHol (opme neperoca Bbickaszwipancs A. M. Tyra-
pHHOB. M3BepieHHbIe NOPOMIbI, 10 ero MHEHHIO, ABAATCA «MOTHJIOA» PYAHOTO
ypaHa H He cnocoGHbl FeHepHPOBATE PYAHYIO 3aJ€A b 32 CUET COACPAKAULErocs
B HeH metasna [110, 111]).
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Tlpuusitne KapbonaTHON (POPMBI NEPEHOCA KAK EAHHCTBEHHO BO3MOXKHON
NPHBOLHJIO K BLIBOLY O TOM, 4TO PYJ1006pa3ylolide pacTBopbl GOPMHPOBAIHCE
B YCJIOBHAX HH3KHX Temnepatyp (200 100° C), BolcOKHX 3HaueHHiH QyruTHB-
HOCTH KHCJOPOJa, B MPHCYTCTBHH NMOBBILIEHHBIX KOHILEHTPAUHH YIrJeKHCI0Th
H OTHOCHTEJBHO BHICOKHX 3HaueHud pH pacreopos, 6maronpHATCTBYIOLIHX
YCTOHYHBOCTH KapGoHAaT-HOHA. DTH NPe/ICTABJICHHSA B OCHOBHOM 6a3HPOBAJIHCh
Ha JIdHHbIX TEPMOGAPOreOXHMHYECKHX HCCJe/I0BAHHIA, TEDMOXHMHUECKHX pac-
YETOB, Pe3Y/bTATax HIYUeHHA MHHEPAJIOrHYeCKOro COCTaBa YPAaHOBBIX DYI.
EcTecTBeHHBIM CJIEACTBHEM Wied O KapHoHaTHOH (opme nepesoca sBHiCH
BbIBO/J, YTO HCTOUHHKOM YpaHa B pacTBOpax SIBJAIOTCH HE MarmaTHYeCKHe
pacniasbl, a BMeulaouue noposbl. Oco6eHHO HACTOAYHBO 3Ta TOUKA 3PEHHH
pPa3BHBAJACh B OTHOLIEHHH TEX MECTOPOKAEHHH, BOAH3N KOTOPHIX PA3BHTH
OPOBI C MOBLILEHHBIMH KOHUEHTPALHSAMH ypaHa.

Jlannble npeacTaBaeHus BCTpeualoT Ueablii pAL TpyaHocTeld. Bo-nepsbix,
BO3MOXHOCTb MEPeHOCca ypaHa MarMaTOreHHLIMH PACTBOPaMH YGEIAHTENbHO
[IOKA3bIBAETCH PE3Yy/IbTaTaMH H3YUEHHS ero NOBefeHHs B BbICOKOTEMIIEPATYp-
HbiX NOCTMArMaTHyeckHx npoieccax. OTCYTCTBYET 3aKOHOMEpPHAR CBA3b Opy-
JIEHEHHS © CONPAMKEHHLIMH OPe0JaMH BblllenauHBanns ypana. PynHble Tena,
KaK MPaBUIO0, OKpyKeHbl HIMEHEHHLIMH OKOJIOPYAHbIMH MOPOLAMH, KOTOPbLIE
CO/LCPIKAT MNOBbILIEHHbIE KOHILEHTPALHH YPaHa MO CPABHEHHIO ¢ BMEAI0ILHMHA
noposamu [84—86|. HM3pecTHbl ypaHoBble MecTOpPOKAeHHSA, GOPMHPYIOLLHE-
CA NPH OTHOCHTEJIBHO BbiCOKHX Temmepatypax (6Gosee 300° C).

Takum o6pa3om, GblAH IPHHATHI BECbMA CNOPHLIE LONYIIEHHS O TOM, 4TO
HCTOYHHKOM YpaHa Moryt ObiTh MOpOAbl € KJAAPKOBBIMH KOHIEHTPaLHAMH
H 30Hbl €r0 BbilleJdYHBAHHA MPOCTPAHCTBEHHO Pa306lleHbl ¢ OpYAEHEHHEM
H HeJOCTYNHbl M8 HAGII0IeHHS.

Hnee o kapGonaTHo# opMe nepeHoca B 3HAUHTENbHOH Mepe NpoTHBOpeyaT
MHOTOUHC/IEHHbBIE JaHHble 0 BOCXOLSLLIEM ABHKEHHH Py1oo6pasylouHx pacTeo-
poB. OHH CBHIETENLCTBYIOT O TOM, YTO HAa YPOBHAX 3apPOXACHHA PACTBOpLI
XapakTepu3osanuch fonee BLICOKHMH TeMOepaTypaMu, 4eM Ha YPOBHE pPyno-
o6pasosanua. Ecau yuectb, uro 604bluasi 4acTb YPAHOBHIX MHHEPasoB
oTJaranach npu temnepatype nopsaka 200°C [50], npHXOaHTCH AonycKaTh,
YTO €ro BbillleJlaUHBAHHE PACTBOPAMH H3 MOPOJA IMPOHCXOAHAO NpH Gonee
BLICOKHX TemnepaTypax. Tak Kak TemMnepaTtypa BOCXOASIHX PacTBOPOB HEH3-
Ge:KHO NOHHKARTCA, TO NO Mepe MoAbemMa pacTBOPOB /OJKHA BO3pacTaTh
TEHIEHUHA K BbIEJauyHBaHHIO ypaHa, a He K ero omiokenuw. Orciona
OYEBHHO, CKOJIb CEpbe3HbIe TPYAHOCTH BO3HHKAIOT MPH NOCTPOCHHH MOjeneH
Pyn006pa3oBaHHs HA OCHOBeE lIpeAcTapJeHHs 0 KapboHaTHOH opme nepeHoca.
3HauHTeIbHO JIerue CrpaBHThCs ¢ 3TOH 3ajauei, €CJIH [PeLnoiaraTh HHCXO/A-
uiee WAH XOTd Obl TOPH3OHTAJbHOE ABHKEHHE PacTBOPOB.

[TonbiTka ©6OCHOBATH TOPH3OHTAALHYK) HANPABIEHHOCTH B [BHMKEHHH
PYA006pa3yolHX pacTBOPOB HA OLHOM M3 A HJbHbBIX YPAHOBbIX MECTOPOK-
Aenuid, npeanpuustas . b. Haymoenim ¢ coaBtopamu [71], Berpernna pe-
WHTENbHYIO KPHTHKY CHELHAJHCTOB, AeTajbHO H3YUHMBILIHX 3aKOHOMEPHOCTH
pasmelleHHA THAPOTepMalbHOH MHHEPAJH3aLHH HA JaHHOM MECTOPOMIAEHHH
H B paiione [19]. Cnenyer, 01HaKO, NOAUEPKHYTh, UTO NPHIHAKH BOCXOASAILETO
IBHXEHHH PACTBOPOB npH (POPMHPOBAHHH GOJNBUIHHCTBA THAPOTEPMANbHbIX
MECTOpO)KﬂEHHﬁ CTOJIb MHOTOYHCJI€HHbBI H OJIHO3HAYHbI, 4TO C 3THM HeH36exHO
CJIe/lyeT CUMTATLCH NpH paspaboTKe reHeTHueckHx mojeded. Jla n cam dakr
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[epeHoca ypaHa pacTBopamu npu Temnepartype puie 300° C npu popmuposa-
HHH a/IbOHTHTOBBIX MECTOPO}KII.CHHI‘:I HJIH MECTOpO}KRE}IHﬁ. CBA3AHHbBIX C BbICO-
KOTEMNEePATYPHBIMH KaJHEeBbIMH MeTacOMaTHTAMW HEe BLI3LIBAET COMHEHHIl.

Bo MHorux cayuasix uaee o KapOoHaTHOH ¢opme MepeHoca NpoTHBO-
peuat HabJlolaemMbie B NPHPOLE NPH3HAKH 3BONOIKK pacTsopos. MasecTho,
uto B O61EM cayyae THAPOTEPMAJbHOE MHHEPan006pa3oBaHHe MPOHCXOAHT
Ha (DOHE NMOHHIKEHHA TEMMepaTypbl H NOBbILIEHHA wenounocty. Ecnn uame-
HEHHEe YKa3aHHBIX MapaMeTPOB MOHHIKACT PACTBOPHMOCTD TOTO HJIH HHOTO pyi-
HOTO 3/1€MeHTa, TO PYAOOTIOKEHHE MOKET SBHTLCH CIECTBHEM €CTeCTReHHOM
3BOJIIOLHH THAPOTEPMAJbLHOrO npouecca. [1aa GoNbUIMHCTBA PYAHBIX 3/1€MeH-
TOB HMEHHO NageHHe TEMNepPaTypbl H (HJIH) TIOHHKEHHE KHCAOTHOCTH PacTBoO-
pPOB paccMaTPHBAETCA B KAUYECTRE [JIABHEHALIHX (PaKTOPOB PYL00TJOKEHHA.
Eciin uexoauTh H3 KapGoHATHOH (OpMbI nepeHoca, TO CHHMXKEHHE Temnepa-
TYPbi H TOBbILIEHHE 1IEJOYHOCTH He MOTYT CAYAKHTbH (PAKTOPAMH PY00TIO-
JKEHHS, TaK KaK OHH MOBLIIAIT YCTOHYHBOCTb KAPOGOHATHLIX KOMIJEKCOR.
310 npoTuBopeyHe yaaercss OGOHTH JHIWB B TeX cJyyasix, KOraa pyuo-
BMELLAIOULHE NOPO/bl 06oralilelbl BoceTaHoBuTeniIMH. B GanbluuHeTBe coryuaes,
OAHAKO, BMEILAIILHE NOPOAbl AdaXKe HC OTJHYAITCH I'IOBblLLIeHHOﬁ BOCCTAHO-
BHTE/IbHOI eMKOCTbIo. HeTpylHo 3aMeTHTb, uTO npefcTasiaeHuie o Kap6oHaTHOMH
dopme, 1aBas BOIMOKHOCTL OO BLACHHTH NEPEHOC YPaHa HH3KOTEMNepaTypHbI-
MH THAPOTEPMaJbHLIMH PacTBOPAMH, MOPOLHIO UENbIH PAL TPYLHOCTEH MpH
HHTEPNPeTAlH® ¢ 3THX NOAWLKHA peanbio HabMO1aeMbIX Te0JOrHYeCKHX COO0T-
HOweHuA. Caeayer NoJA4epKHYTh, UTO IPHPOAAE CAMHX PYJOHOCHBIX PacTBOPOB
npH paspaboTke HAeH O KapboHAaTHOH (Gopme nepeHoca He paccMaTpHBAJIAC.

B oauoit u3 nocaeannx pador I'. B. Haymos ¢ coasropamu [74] passusaer
TOYKY 3peHHs Ha (OPMHPOBAHUE BONHOYTACKHCALIX (JAIOHAOB B pe3dy/brare
OTTOPKEHHA €ro [IPH HHTEHCHBHOM MeTaMmopdH3ame BMeulatownx nopoa. [pen-
nonaraetcs, 4to oKL, 06pa3oBaBWKACA npu TemnepaType nopsinka 500° C
H naBnedHu 2 K6ap, NPOOIIKHTEIbHOE BPEeM: HAXOMH/CA B NOpax H MHKpO-
TPEUIHHAX H MOT [10CTYMATh B 30Hbl PA3TPY3KH TONBKO B MOMEHT TPELLHHOOO-
pasoBanus. Ha paHHHX CTaaHAX NpoUecca, 10 MHEHHIO 3THX aBTOPOB, CO3/1aBa-
JHCb YCTIOBHA AJMA (POPMHPOBAHHA PEKOMETAJNbHLIX WU, HO3KE — NoJHMe-
TANJIHUYECKHX, H TOJIBKO NPH TeMnepatypax okoo 200° C, korna ypaH npuoGpe-
Tajl BbICOKYI0 MOABHKHOCTb, B KapGOHATHBLIX PACTBOPAX — HACTYPAHOBLIX.
Takum o6pazom, no cyulecTBy, npeanpHHHMAaeTca MOMbITKa 060CHOBATH
BHEMArMAaTHYECKHA HCTOUHHK BCEH 3IHAOreHHON MHHEpaNH3alUuu,

YacTHoe 3Ha4yeHHe HAEH O pYILOreHepHpYyWleH poaH KOHTAKTOBOro
METAMOP(H3IMA BHAHO H3 OTHOCHTENLHO PEAKHX CJAYYdeB NPHYPOUEHHOCTH
OpPYAEHEHHS K 30HE KOHTAKTOBOrO OPOrOBHKOBaHHA. M3BecTHo, yTo mMeTao-
reHH4ecKas CneuHanH3alHs PYJLOHOCHBIX MPOBHHUHH BO MHOrOM ONpeaens-
eTCS THIOM MarvaTHiMa, a HE cOCTAaBOM BMEILAUIHX HHTPY3HBbI MOPOL.
XOTA cOCTaB PYyLOBMELLAIOULHX [0POJ H OKa3biBasa 3aMETHOE BJHAHHE Ha
XAPAKTEP OKOAOPYAHOrO H3MEHEHHH H MHHepa/bHblH cOCTaB Py, OAHAKO THI
OPY/EHEHHs] OT 3TOr0 HHKAK HE 3aBHCHT. AHANH3HPYS 3aKOHOMEPHOCTH
NOMOKEHHR OPYAEHEHHA B YPAHOBOPY/HBIX MPOBMHIHAX, HETPYILHO YOEAHTbCH,
YTO OJHOTHIIHbIE PYAHbIE TeJa pacnonaralwTcs B npejenax, BOJH3H H Ha
JHAUHTENILHOM YAAJNCHWH OT MarmMaTHyeckHx Tes1. CBA3aTh HX ¢ KOHTAKTOBLIM
METaMOP(HH3IMOM HJIH [APYrHMH JIOKAJbHbIMH SIBJCHHAMH He [PeACcTaBAAeTCH
BO3MO A HBIM.
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To-suaumomy, B nanboablieil cTenend ¢ wiaeeit o kapboHaTHOH dopme
MepeHoca CorJacyioTes npeicTaBaeHHs 0 BHYTPHKOPOBOM BHEMATMAaTHUYECKOM
HCTOUHHKE THIPOTEPMANbHBIX PACTBOPOB, TaKHe NPeNCTaBACHHS B NOCAEAHNE
roabl akTHBHO nponarauaupyores E. B. TMawowesbim [82]. Coraacho ero
THNIOTE3E, KamAblH 060cobNeHHbIA THAPOTEPMAIbEBIR Nponece 06YyCIOBAH K-
60 BHEAPEHHEM IIJIYTOHOB B 0OBOAHEHHbIe NOPOLLI BEPXHHX CJ10EB JHTOCHEPHI,
NHO0 CTAHOBAECHKEM OCAAOUHO-BYAKAHWUECKHX AENpeccuil ¢ 3aXopoHeHuem g
HX HeApax pa3jJH4YHbIX BOJA H oborauleHHoro MarMaTHYeCKHMH 3MaHallHAMH
BYJKAHHUECKOTO MaTepHana, 60 TEKTOHHUECKHMH ABHKEHUAMK, BCKPLIBALO-
ULHMH HHXKHHEe TepManbHble ypOBHH noaszemuoit rugapochepn. CooTsercTsen-
HO BGLULEJAIOTCH (LIYTOHOMCHHBIC, BYJAKAHOTEHHDBE H TEKTOHOTEHHbIE THIPOTED-
MajbHble npouecchl. [lpeamosaraeTcs, YTO MeTals BbHILIETAYHBAETCH H3
0Ca/lOYHBIX H MArMaTHYECKHX MOPOJL, CellHaJH3HPOBAHHBIX HA TOT HAH HHOMH
PYAHBIH 3JIeMEHT, H OT/1araeTcA B 3O0HbIX MOBbIEHHOH nponHuaemoctTH. [lo
muennio E. B. IMmouesa, coo6uiectea nopoj, 3aTpoOHYTHIE PErHOHaNbHBIMH
MEeTAaCOMaTHYCCKHMH MPOLECCAMH, XaPaKTEPH3YIOT 110C/CLOBATENbHbIE CTYME-
HH JeATeJbHOCTH THApPOTEPMAJbHBIX pacTBopoB. K npoueccam, conpoBox-
JAKOUIHMCA BbILLEIAYHBAHHEM YPaHa, 3TOT aBTOP OTHOCHT MPONMHAHTH3AIHIO.
HecomHeHHO HOBHIM B pa3BHBaeMblX aBTOPOM MPEACTABIEHHSX SABAACTCH
NOonbITKa YBA3aThb BOI’IPOC 06 HCTOYHHKe MeTaJlaa ¢ peanbHO Hab01aeMbIM K
H NOAJAIUIHMHCA KapTHPOBAHHK) MeTACOMATHYECKH MnpeobpasoBaHHbIMH
NnoponaMH.

HauGonee cnabuiM 3B€HOM YKa3aHHOH KOHUENIHH aABasercs Ge3jnokasa-
TeJIbHOCTb Npe/noaaraemMbix aBTOPOM FHAPOAHHaMH4ecKkHX cxem. [To ero npen-
CTABJIEHHSIM, PACTBOPbI IBHAKYTCA OT NepH{EpPHH K LEHTPY H BBEPX, 0O6ECneyH-
Baf TakHM 06pa3om pynoo6pa3oBalHe METaNI0M, BBIHECEHHBIM C MEPHpEpPHH.
K COXKAJEHHIO, 10Ka3aTeJbCTB N0 3TOMY MOBOJAY HHKaKHX HE I'EpHBO,El_HTCH.

HEO6XOI}.HMO OTMETHTb TAaKXKe, 4YTO B HPHPOH.(‘ HMEeTCs1 3Ha4YHTeJbHOe
KO/IHYECTBO NPHMEPOB, KOrla pyAHble Tesa OKPYXKeHbl JIHIIb OTHOCHTeJbLHO
JIOKAJIbHBIMH ~ OPE0JaMH  OKOJIODYAHOTO  MeTacoMmaTo3a, HeNnocpeacTBEHHO
CMEHSIIOLLHMHCH HEH3MEHEHHbIMH nopoaami. Takum oGpasoM, OTCYTCTRYIOT
30HLI PETHOHAJILHO NPOFBACHHBIX METACOMATHYRCKHX HIMEHEHHH, W3 KOTOPBIX
MeTaJs1s1 MOT 6bl GbITh Bhitllenoded. OTMeyeHHas KOHLLeNIHA NPeAosaraeT CHH-
XPOHHOCTL (HOPMUPOBAKHMA 30H PErHOHANBHOTO MeTacoMatosza, cob6eTBeHHO
OKOJIOPY/IHbIX METACOMATHTOB H Py, 4TO YACTO He COracyeTcs ¢ NpHPOAHbIMH
HACAKOACHUAMY.

[Mpuxonurca KoHcrarHpoBath, uto pasBuBaemas E. B. Ilaowesbim
KOHUEMUMA MOKA He [oJydHsa CKOJNbLKO-HHGYAL LWHPOKOTO MPH3HAHHA.

Bce apyrde npeacrasieHHs 06 HCTOYHHKAX PYLOHOCHBIX PacTBOPOR
Pa3BHBAJHCL NPHMEHHTEJbHO K KAKOMY-NHO0 onpe/le]eHHOMY THIY YPAHOBBIX
MECTOPOKACHHH.

HauGonee wHpokHH Kpyr MeCTOpOXKAeHHH OXBaThlBAETCA THNOTE30M
MeTaMop(hOreHHOro HCTOYHHKA PYAOHOCHBIX PACTBOPOB. JTd rHioTesd, npej-
JoxeHHas 15 ypanoseix mectopoxaennii B, C. lomapessim, M. E. Becosoii,
P. B. Teueso# [22, 23], muoro aer paspaGatbisaercst 5. H. Benesuesbim,
B. B. Kopanem, H. H. I'peunwinukoseim, 6. M. Fopownnkossim, ®@. K. XKyko-
BoiM [8, 9, 25], a TakmKe APYrHMH HcCJenoBATeNAMH, H3YYaAIOUIHMH MECTO-
PO’KIEHHS, NOKANH3OBAHHBIC B METAMOP(HYECKHX TONILAX, IdBHLIM 06PasoM
B NPOBHHUMAX JIPEBHHX WHTOB H B MeHbLIEH CTENeHH — NajJe030fCKHX

17



ckaaauateix obaacrtei. OcHoBanHeM A 3TOH THIOTE3bl NOCAYKHJIH MPOCT-
PAHCTBEHHASN CBA3b YPAHOBLIX MECTOPOMAEHHH H LebIX paHOHOB C ONpeaeeH-
HbIMH KOMIIJIEKCAMH METAMOP(HUECKHX MOPOJL, 060ralleHHbIX YpaHOM, d TaKkKe
reoXHMHyeckas oGLLHOCTL PYA W BMeuaoiunx Tonw. Haunbonee scectopotte
NaHHasi ThoTe3a pa3pabaTbiBaaach N0 OTHOIIEHHIO K ypaH-aJb0HTHTOBBIM Me-
cTopoaeHHsam. [To MHEHHIO aBTOPOB FHNOTE3bl, LWHPOKOE pa3BUTHE anbOn-
THTOB Ha KPHCTAMJIHYECKHX LIHTAX, MPHYPOUEHHOCTh HX K MPOTSIKEHHBbIM
H CKJa[4yaTbiM CTPYKTYPdM, PA3BHTbIM CPE/H Pa3JIHYHbLIX M0 COCTABY H YC/AO-
BHAIM 00pa30BAHHA NOPOJ, A TAKKE He3aBHCHMOCTb YpaH-aabOHTOBBIX 3aJe-
el OT rpaHHTOB HHTPY3HBHBIX MACCHBOB HE MO3BOJIAIOT CBA3aTh HCTOUHHKH
PYAHLIX PaCTBOPOB C MarMaTOTeHHbIMH MPOLECCAMH.

[pepnonaraercs, 4TO 3TH MECTOPOAKACHHA CHOPMHPOBAJHCH B PE3yJib-
Tare PeruoHanbHore meramophuisma M yabTpameramopdHama (rpaHHTH3a-
LLHH) YPAHCOAEPKALLHX OCAa/l0YHO-BYJKAHOTEHHBIX TOJILL 38 CYET H3BJEUYEHHS,
nmepepacnpeje/ieHis H KOHUEHTPaUMW ypaHa W APYTHX PYNOreHHbIX 3JeMeH-
TOB TEPMa/JbHbIMH PACTBOPAMH.

S1. H. Benesues, B. b. Kosaab u apyrue [8, 25| npepnoaaraipor, 4o
MOGHJIH3AUHSl ypaHa H3 MOPOJA MPOHCXOAH/A B YCJOBHAX PErHoHajbHOrO
NHHAMOTEPMa/bHOro npeo6pasoBaiHA Ha MPOrpecCHBHOH CTalHH B pe3yJbTa-
Teé CEJeKTHBHOTO pPacTBOPEHHS M MepPeKpHCTANIH3AUHH YpPaHCOdepKallHX
H ypaHoBbix MHHepanos. [lo muenunio H. T1. Epmonaesa [83], npu mera-
MopdHaMe Ha 3TOH CTAAMH NPOHCXOLHIO «BCKPBITHE» [OPOJ B OTHOLIEHHH
psila paccefHHbIX B HHX MHKPO3JEMEHTOB, B TOM YHCJeE ypaHa, T. e. NepeBoi
HX B ¢opMy, cnocobHYIO K reoxHMHYeCKOH MHIpallHH NpH Gojee MO3AHHX
(B TOM uHcae THAPOTEPMAJbHbLIX) MPOLECCAX HA PerpeccHBHOR CTajHH,

FnaBHoll NpHYHHON YKA3aHHBIX FABNEHHH HBASIOTCH TENJOBHIE NOTOKH H3
NOAKOPOBLIX ryGHH. Kak caenyer W3 paboT yka3aHHbIX aBTOPOB, HCTOYHHKOM
BOJAHBIX (JIIOHA0B ABASAIOTCS: a) He CBA3aHHAA (KANHJJIAPHAR K THTPOCKO-
MHYecKan) H cBA3aHHAA (KOHCTHTYUHOHHAR H KPHCTaJJH3allHOHHAA BOAA,
HaxolsAlafgCca B OCALOYHBIX H BYJKAHHYECKHX MOpPOaxX, KOTOpas BblAeafeTrcs
NpH MeTamopdu3aMe nocaeiHHx; 6) pacTBopbl, BblleJAIOILHECA H3 KPHCTAJ-
JIH3YIOUIHXCS TPAHHTOHAHBIX pacnjiaBoB, 06pa30BaHHbIX B npouecce yabTpa-
metamMopdusMa; B) HHPHILTPALWOHHBIE HJH PeNHKTOBLIE BOJAbI MOA3EMHOMN
rujapocdepsl; r) HOTOKH IOBEHHIbHLIX PACTBOPOB, NMOAHHMAIOUIHECS H3 MAHTHH
B MOABHAKHBIE 30Hbl 3€MHOH KOpbl. YKa3anuble THNbL BOAHLIX (JIIOHL0B Xa-
PAKTEPH30BAJHCh Pa3JHUHOH MHHEpPaJH3auHeH, H HX CMelleHHe B 30Hax
LUHPKYASAUHH NPHBOAKHAO K (ODMHPOBAHHIO PACTBOPOB CIOKHOIO COCTABA.
Ha nyTax ABHMKeHHS pacTBOPOB MPOHCXOAHJI0 HX JONOJHHTeNbHOe oboratle-
HHE pa:umtmumu 3JIeMEeHTAaMH.

Cnenyer 3aMeTHTb, YTO PAacTBOPbl, BbIAENAIOULHECH H3 KPHCTAJJH3YI0-
LIHXCA FPAHHTOH/IHBIX PACIIABOB, €CTh HE YTO HHOE KaK PacTBOPbl Marmaro-
redHsie. ABTOpLI NPH3HAIOT H BbICOKHE HAuaJjbHbie TEMIEpPaTypbl pacTBOpPOB.
Beayulei, no ux MHenHio, siBasercA kapGowaTHasa (opma nepesoca. B ka-
yecTse (PH3HKO-XHMHUECKOH OCHOBLI FEHETHMECKHX TOCTPOEHHH aBTOPLI IPHBO-
QAAT [1AHHbIE 3KCIIEPHMEHTOB MO KOHLEHTPALUHH ypaHa B KapO6oHATHLIX pact-
Bopax. K comanenuio, B pa6oTe He yKasaubl kucnopopnsie Oydepsi, npu
KOTOpLIX MPOBOAWJHCH 3KcnepumenThl, Cylsi no nojyyeHHsM LLtHGpam pact-
popumoctH (2-107*9% npu 400° C), onbiThbl NpOBeJeHbl NPH BHICOKOM nap-
UHaAbHOM AaBieHHH Kucaopona. [Ipeacrapnsercs OueBHAHbIM, YTO NONBITKA
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MCMO/Ib30BATH HAEKD 0 KAPOOHATHON (hopMe nepeHoca B 06J1aCTH TEMNeparyp
300—500° C mano ybeanteasna. B stofi o6aactu TemnepaTtyp B BOCCTAHOBH-
TEJIbHBIX YCA0BHAX NpeobaanaioT ApyrHe (HOPMbL, B B COOTBETCTBYIOULMX pas-
Jle1aX KHHI'H 3TOT BbiBoJ GyaeT aprymeHtHposaH. Yto kacaercs oGuiel uaeu
© MeTaMop(OreHHOM reHeauce HeKOTOPbIX (MOCTUPAHHTH3AUHOHHLIX) YpPaHO-
HOCHBIX PYA006pA3YIOILIHX PACTBOPOB, TO B CBOEGH OCHOBE OHa sBJAAeTCA
MOAHQHKaUKeH MarmaroredHod KoduenunH. [eficTBHTEILHO, W Ta W JApyras
MPH3HAIOT PONb TPAHHTH3AUHH B (OPMHPOBAHHH TPAHHTOHAHLIX PacilJlaBos,
()OPMHPOBAHHE PYLOHOCHBIX PACTBOPOB HA PErPECCHBHON CTAJHM, T. €. mocJje
KPHCTA/JIH3AILHH MArMaTHUecKHX pAacniaBoB, YYacTHE MOCTMArMaTHYeCKHX
paCTBOPOB B pyﬂooﬁpasonanun. O,U.HHKO €CJAH MarMaTtoréHHaa KOHUEINuus
npeaycMaTpHBaeT GOpMHPOBAHHE PYLOHOCHBIX PACTBOPOB IMaBHbiM ofpazom
KaK pe3yJbT4T HX OTAEJEeHHH OT KPHCTANNH3YIOWHXCA MarM, TO AaKUeHT
B METaMOPHOTEHHONH KOHUENUHY AeNAeTCA Ha PACTBOPH, OTALAIOUIHECH IPH
MeTaMOpchsme, H Ha pyﬂ.HHﬁ KOMITOHEHT, H3BJICKAEMbIH 3THMH pBCTBOpHMH H3
BMEUWAKUWHX TOPOL.

C no3uuHi MeTaMop(OreHHOH KOHLENUHH TPYAHO, 10 HALIEMY MHEHHIO,
O0BACHHTL, MoYeMy MeTaMopdH3M H yabTpameTaMopdHiM He CONpoBOXKAA-
I0Tc 06pa30BAHHEM YPAHOCHBIX anbOHTOB nopcemecTHo. Becbma cloxHO
TaKKe OOBACHHTL C ITHX MO3HUHI H BPEMEHHOH paspbiB MeKI1y MeTamop-
(huamom H 06pazoBaHHeM MECTOPOXK/IeHHH. BO3HHKHYB npH metamopdHime
H yJIbTpaMeTamMop({HIMe, PACTBOPbI A0/ KHbI GbLIH HAXOJHTBCA B MHKPONOpAX
NOPO1 MHOTHE JeCATKH MHAJHOHOB JeT. [TonoKHTe1bHOH uepTol KoHUenHH
ABJNAETCHA TO, UTO OHA OOLACHAET OAHOTHITHOCTh MECTOPOXMACHHH, YaaJeHHbIX
APYT OT APYra Ha NecsiTKM ¥ COTHH KHJIOMeTpOB.

B. U. Cmupnos, B. M. Kasanckuit, H. T1. Jlasepos [44, 80], Bcaen 3a
fl. H. BenesueBbim u 1p. (8, 9|, cpeaH ypaHOBbLIX MECTOPOXKIEHHH Mera-
MOP(HUYECKOH CEPHH BBLIEJSIOT YPAHOHOCHbIE METaMOP(HOreHHble anbOGHTHTDI
(xene30-ypaHosble H cOGCTBEHHO YPaHOBble, HHOT1A PEKO3EMebHbIE H arla-
THTCOAEPHKALLHE ), TECHO CBA3AHHbIC C YIbTPAMETAMOPHHUECKHMH KOMILIEKCa-
MH H C§OpPMHpPOBaHHBbIE NOCTMETAMOP(HUECKHMH THAPOTEPMAJbHLIMH pa-
CTBOpPAaMH.

PaBHOBHﬂHOCTbIO rHnoTe3bl BHEMArMaTHYECKOro HCTOYHHKA PYILOHOCHBIX
pacTBOPOB ABJARAIOTCH NPEACTABAEHHA COBETCKHX rHaporeoaoros (A, M. Os-
unHHukoBa, A. M. lepmanosa u 1p.), a Takxe psga KanaJACKHX, QPpaHIly3CKHX
W ApYrux 3apyGemunix reonoros. [1o oTHOweHHIO K ypaHosoMy pyroo6paso-
BaHHIO, N10-CYILECTBY, BO3POK/1aeTCA AaTepasb-ceKpellHOHHas rinoresa. ypa-
HOHOCHLIE PACTBODBLI PACCMATPHBAIOTCH KaK THIPOTe0JIOTHUECKHEe [10TOKH,
MOJUHHSAIOUIHECH B CBOEM JIBHXXEHHH HAlOPHLIM TPajiHeHTaM [pPHIOBepX-
HOCTHBIX J€NPEeCCHOHHBIX CTPYKTYP H MPHOGPETAIOLIHX CBOACTBA TepMalbHbiX
pacTBOPOB 3d CHET TEMJOBOrO BO3AEHCTBHS MECTHbIX MeOTepMHYeCKHX aHo-
manui. McTOUHHKOM MeTand, 10 MHEHHIO YKa3aHHbIX HecseloBaTenei, MOrJH
ABJATLCA TAKXKE pas/HuHble YPaHOHOCHbIE NOPOAbl (rPaHHTBI, BYJKAHHTHI,
YepHble CcJaHLUbl, KOHrJOMepaThl H T. M.), Yepe3 KOTOpLE MpPOCayHBaNHCh
MHHEPAIH3OBAHNLIE NOA3EMHbLIE BOMAB.

Ykazanuas Touka 3penud Henodbsosana B. I, Kyuesoim (1972 r.) no orHo-
IWEeHWI0 K MECTOPOKIEHHAM albOHTHTOBOH dopmannu. [To ero MHeHHIO, o6pa-
30BAHHE YPAHOBLIX PY/A CBA3AHO C LHPKYNALKEH B 30HaX pa3fioMOB MeTeop-
HbIX BOJ, YaCTHYHO CMEWHBAIOUIHXCA ¢ HE3IHAYHTEJbHBIM KOJIHYECTBOM

19



I0BEHHIBHBIX PACTBOPOB H NPHOGPETABINKX FHAPOTEpMaJibibiii xapakTep. K co-
MANERNI0, CKOJAbKO-HHOYIb Cepbe3Hol nonbiTKH 060CHOBATL JAHHYIO TOUKY
IPEHHS ABTOPOM NPeLNpHHATO He 6blao. POpPMHPOBAHHE W3 METEOPHbLIX BOJL
PAaCTBOPOB, MPHBHOCAULHX OrPOMHBIE KOJIHUECTBA HATPHA, NNIHHO3EMa H 1LleJIH-
KOM MpeBpaulaoluiix Nopoibl MEPBHYHOrG FPAHHTHOIO COCTABa B ajlbOHTHT,
BPHAL W BOIMOMKHO.

KputHueckn paccmatpuBaa runoredy ¢HJAbTPALUHOHHBIX BHEMarMmaTHuyec-
KHX HCTOYHHKOB pPyAHOro BeutecTBa B uuctom BHie, B. M. Cmupros (1976 r.)
OTMEuaJ, 4yTo, XOTH KaKaf-TO 4acTh PYAHOrO BELLECTBA MOKET 3aHMCTBOBATb-
CHl H3 MOPOJL HA NYTAX ABHIKCHHA W NONBEMa PYA00OPA3YIONINX THAPOTEPMab-
HbIX PacTBOPOB, 3Ta THNOTE3a HE 1aeT OTBETd Ha LleJibii Pfjl reoJorHueckHx
BOIPOCOB.

[TonbiTKa HCMOABL30BATH YKA3AHHYIO THNOTE3Y Al HHTEPNPETALHH FeHe3H-
¢a KOHKpeTHOro mectopowaenus npepnpussata B, J1. Bapcykosrim ¢ coasTto-
pamu [112]. CornacHo npejacraB/icHHAM aBTOPOB, YPAHOHOCHBIE PACTBOPbI
(hopMHpoBaJHCh B pe3y/brarte NOCTYIJIEHHA HHPHIBTPAILHOHHBIX KHCIOPOL-
HBIX BOJ, BHILIEJAUHBAIOULHX YPaH Ha nyTAX CBOEro ABHxeHus. Takue Bojbl
MOCTYMaJH H3 KPaeBblX YACTEH [JeNpeccuil, NOrpymanuch Ha rayGuHy 4o 2 kM,
Harpesasuch A0 Temnepatypsl 200° C, cMeWHBAIHCH C IOBEHHIbHBIMH PacTBO-
pamH, HacbillaJHCh BYJIKAHHYECKHMH ra3amMH M pAa3rpyxajlHCh B 30HaX
KPYTONanaolUlHX pa3pbiBHbLIX HAPYLIEHHH, rie H OTJaraju cBOH MOJe3HblH
rpys. Ypau, no MHEHHK 4BTOPOB, MEPEHOCHJCH B OCHOBHOM B BHie ypa-
HHI-CYAb(ATHBIX KOMIIEKCOB. [TPHYUHHOR pYAOOTIOKEHHA SBAAIOCH NOBBILIIE-
HHE [I1eJIOYHOCTH pacTBOPOB W najneHHe temneparypbl. OTAHUHTENbHOR OcCO-
GEHHOCTbIO NAHHOH TOUKH 3peHHsl ABJSETCS TO, UTO YpaH Bbll€JauHBaeTcs
H3 MOPOJ KHCJOPOAHBIMH BOJAMH, KOTOPLIE, OKHC/IASA cyAb(dH/LbL, oborautaorcs
cy/bhar-HoHOM. Tako# MexaHH3M BhllleJaYHBAHHA ABJISETCH BIOJHE peajlb-
HbIM. JIOrHUHBIMH NPeCTABAAIOTCA TAKIKE NIPEANnoJaraeMble MPHUHHBI PYA0OT-
JIOXKEHHHA, CBA3dHHbIE C MOHHXKEHHEM KHCJOTHOCTH paCTBOpOB NpH HX B3aH-
MONEHCTBHH C MOPOJAMH H CHHIKEHHEM TEMIEPATYpPhl B CBA3H C H3MEHEHHEM
TEPMHUYECKOTO rpajHeHTa. SIBHBIM HELOCTATKOM KOHLENUHH SBAAETCA TO,
UTO OHa fpHemJema JHUb 1] MECTOPOMKAEHHH, re0JIOrHYecKoe CTPOeHHe
KOTOPbIX YKa3blBaeT Ha CYLLeCTBOBaHHE BO BpeMs MX 00pa30BaHHA Hanop-
HbIX THAPOJAHHAMHYecKHX cHcrteM. OfHAKO OJHOTHIHbIE MeCTOPOKAeHHS
H3BECTHbI B ME0JIOrHYECKHX 06CTAHOBKAX, Ile HANOPHbIE THAPOAHHAMHYECKHE
cHCTeMBl oTcyTeTBOBaMH. OUeBHAHO, UTO reHeTHUecKas MOJeNb L0NKHa ObiTh
[pHeMAeMa MJIA BCEX OJLHOTHIIHBIX MECTOPOMAEHHH, UEMY ONMHCAHHAS MOJEe/b
ABHO He ynosjaetsopsieT. Jlymaercs, 4To MonbliTKa pa3paGoOTKH r€HETHURCKHX
KOHLENUKHA Ha OCHOBE OJHOrO OTAEJbHO B3fITOrO MECTOPOXAEHHS MaJo-
nepcrneKkTHBHA.

BbiBon 0 3aHMCTBOBAHHH ypaHa H3 BMEILAIOLIHX MOPOL H €ro mnocne-
aywoulem nepeotioxenHn Gbii caenad M. C. MOIHHKOBBIM, ¢ COaBTOpamH
[75] 1o OTHOWEHHIO K YPAaHOBOMY MECTOPOKAEHHIO, 3aNEeraiollemMy B 30He
pas/joMa CcpelH rPaHHTOHA0B (yHNAMEHTa MNOL BYJKAHHUECKOH [Aenpeccued,
Wcxoansie pacTBopbl, N0 MHEHHIO aBTOpA, HMEJH 3HJONEHHYIO MNpHpomy.

B unenom, HecMOTpsi Ha OrpaHHYEHHOCTh KOHKPETHBIX JIAHHBIX, CBHAETE/ILCT-
BYIOULHX O HAJHYHH CONPFAKEHHLIX 30H BHILIENAYHBAHMA YpaHa W PYAHbIX
KOHUEHTpALHH, HET OCHOBAHHA OTPHUATb BO3MOMKHOCTH H3BJEUEHHS ypaHa
W APYrHX KOMIOHEHTOB M3 BMENIAOUIHX M nojcThaalowux nopon. Takoi
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MEXAHH3M OCOGEHHO BEPOATEH NPH HAJHUHH HA NYTAX ABHAKEHHS PAcTBOPOB
60JbIWHX 06LEMOB YpaHOHOCHBIX M0poa. OaHAKO NO OTHOWEHHIO K Gosbuieh
YACTH 3IHAOrEHHBIX YPAHOBLIX MECTOPOMKIEHHH HAeA 0 MOOGHAH3AUHH ypaua
M3 BMEIAIOUIHX MOPOA H MOCJAeNYIOlUEeM €ro NepeoT/JOXKeHHH B BHIe PYIHbIX
TeJl MPeiCTaBAAeTCs Mano y6eaHTeNbHOM,

B orHouieHHH MecTopoxenni aabOuTHTOBOH dopmaunu B. AL Kpyneu-
uukos [30], a tTakwe JI. §I. llImypaesa [109] npuuin K BbIBOLY, 4TO HX OCO-
GEHHOCTH HAHGOJIEe YILOBJIETBOPHTEIbHO MOrYT GbiTb OGbACHEHBI ¢ NMO3HUHH
MaHTHHHOrO NMPOHCXOX/ACHHA YPAHOHOCHBIX LIEJOUHbIX (JIIOHL0B, BO3HHKAB-
LIHX B CBA3A C NPOUECCAMH ALFa3aliMH B 1eTPOXUMHUUeCcKOl Iudideperumnaunt
rayGHHHBIX 060g0uek 3eman. B. A, KpyneHHHKOB yKa3biBaeT, 4TO MECTOPOX-
neHHs1 anbGHTHTOBOH hopmauni HMeloT Boadpact |,7—1.8 mapa Jet u obpa-
30BaHbl B 3M0XY MJIAHETAPHOH CPeLHENPOTEPO3OHCKOH TEKTOHO-MarMaTHyec-
KON aKTHBM3ALMH BCACL 33 CTAHOBACHHEM [ABYX MArMATHUECKHX KOMILIEKCOB
3TOH  3M0XH: raG6po-aHOPTO3IHT-PANaKHBH-TPAHHTHOTO M 1LLEJOYHOrO.
B kauectse OCHOBHBIX NMOCBIIOK /15 YKA3aHHOM KOHILENILHH aBTOP BbIABHIaeT
cnenywoune: |) orpomMHas npoTAKeHHOCTb OPEOJOB YPAHOHOCHBIX HATPHEBLIX
METACOMATHTOR, 2) HCKAUUTENBHO BbIACPKAHHbLIA, Kak GObl H3HAYaJdbLHO
3a/laHHbli  XapakTep reoXHMHUYECKOH crellHalH3alHH HaTpPHEBbIX MeTaco-
MATHTOB, HE3aBHCHMbIA oT ¢aunii MeramopdHiama, Bolpacta H cocCTasa
PA3IHUHBIX BMELLAIOILHX CTPYKTYPHO-(DOPMALLHOHHEIX KOMILIEKCOB J0KeMO-
PHHACKHX NOPO/, @ TdKKe THMa, CTPOCHHHA H MOLLHOCTH 3eMHOH Kopbl; 3) no-
CTOAHHASA TIPHYPOYCHHOCTb K 30HAM IJ1YGOKO MPOHHKAKLULKUX Pa3joOMOB M0/-
KOPOBOro 3a/0XKeHHA; 4) CyWeCcTBEHHO BOCCTAHOBJEHHBIH XapakTep aabOH-
TH3IHPYWOLLHX PacTBOPOB, COAEPKALLHX B 3aMETHbIX KOJHUECTBAX BOJA0OpPOA
H Yr1eBOA0POAL; 5) ryGHHHBIH HCTOMHHK YIJIEPO/la H Cephl, MOATBe K AeHHbIH
AaHHBIMH H30TOMHO-TEOXHMHUYECKHX HCC/1€10BaHHH anbOHTHTOB, 6) OTCyTCTBHE
Yy aJAbOHTH3HPYIOLWIHX ¢(aAOHI0B (H3HKO-XHMHYECKOH 3BOJIIOUHH  (KHCI0T-
HO-LeNOYHOH AHddepeHuHalii), CBORCTBEHHOH NOCTMArMaTHYeCKHM pa-
CcTBOpaM.

K coxanenuio, ToN1bko TpH NEPBbIX NYHKTA MOMKHO NPHHATH MOJHOCTHIO.
CyllecTBeHHO BOCCTAHOBJAEHHBLIH Xapaktep anbOGHTH3HPYIOULHX PacTBOPOB
BecbMa comHHTeseH. HosooGpazoBanHe H  yCTOHYHBOCTL B Tpouecce
anbOHTH3AlUHKH TeMaTHTa CBWETEJNbCTBYIOT © TOM, 4HTO (YTHTHBHOCTb
KHCJI0po/a B npolecce anbGHTH3AUHH GblNa He HHXKe YPOBHS, COOTBETCTBYKO-
Lero MarueTHT-rematitoBomy. [1y6inKyeMble B JiiTepaType JaHHbIE O cocTa-
BE ras’soBo-AKHAKHX BKJIIOYEHHH SIBHO HE COrJacoBaHbl TEPMOAHHAMHUYECKH H He
MOTYT ObITb HCNOJb30BAHbLI /IS CYKAEHHS 06 OKHCJAHTEJbHO-BOCCTAHOBH-
TEJNbHbIX YCJAOBHAX.

Yro kacaetcss H30TONHOro coctasa Jerkux saementos (S, C, O, H), 1o
B HacToALleE BPEMA BPSIL JIH Y CMEIHAJHCTOR €CTh COMHEHHE B TOM, UTO OH
ONpeeNAeTcsi He CTOJbKO BHAOM HCTOYHHKA 3JIEMEHTOB, CKOJIBKO OKHC/IH-
TEJbHO-BOCCTAHOBHTEIBHBIMH H KPHCTANNH3allHOMHLIMK 1IPOLECCAMH, npoTe-
KaBUIHMH B XO/le TPAHCIOPTHPOBKH BellecTBA H ero pylootaoxenns. Heacno
TaKXe, NOYeMY OTCYTCTBHE (PH3HKO-XHMHUECKON 3BOJIOUHH BbIABHIaeTca Kak
aprymMeHT B NOJb3y MaHTHHHOrO HcTouHHKa pactsopoB? HasectHo, uto
KHCJIOTHO-LILENOUHAR AN deperiinaiua pacTROPos NpoABiedd Upd 0pouec-
Cax KHCJIOTHOTO BbillleIaYHBaHHA (rpei3eHbl, BTOPHUHBIE KBAPLHTHI, GEpe3HThHI
H ap.).



Yrto Kacaetcs npoueccosB LLEJOYHOro MertacomMaToia, TO B 3TOM cJayvae
CTA/AHA TOBBINAWOUIEACA WeJoYHOCTH mnpoasieHa 6Goaee yruetenuo. [lpu
06pa3oBaHHH YpaH-aNbOHTOBbIX MECTOPOXKICHHH ANbOHTH3AILHA MO BPEMEHH
CMEHSIETCH  [POMKHIKOBO-METACOMATHUECKOH  KasblUHT-OHOTHT-reMaTHTOBOM
accouHauHeli, KOTopas XapakTepH3iyeT yc/JoBHA 6oJiee BbICOKOH OCHOBHOCTH
pacTBopoB. MOMKHO NOKasaTbh, 4TO PeakUHsi PaBHOOGHLEMHOrO 3aMmelleHHs
aJ1bOHTa KaJblIIHTOM [0JI3KHA CONPOBOKAATHCA NOAKHCIEHHEM pacTBOpoB. Ec-
JH e AHAJH3HPOBAThL HACK MAHTHHHOTO HCTOUHHKA pPyA006GpPa3yolLHX
PAaCcTBOPOB M0 CYULECTBY, TO OCHOBHAA TPYAHOCTH B €€ 06GOCHOBAHMH 3aKI0-
yaeTca B MaJOH BEPOSTHOCTH MPOHHKHOBEHHA (DJIOHIOB HENOCPeACTBEHHO
H3 MaHTHH B 3eMHYI KOpy. 3TOT BOAPOC HEONHOKPATHO paccMaTpHBAJCH
H. 1. Pa6uukosbim [100, 93] u ap. Ou noguepkuBa, 4To MaHTHHHBIE QJIIOHALI
HIPaJH BaMHYIO POJdb B NepepacipeneNeHid PYAHLIX KOMIIOHEHTOB B IOKO-
poBbix 30Hax. B TO ke BpeMs IPOHHKHOBEHHE 3THX PACTBOPOB B BEPXHHE
FOPKH3OHTHI 3eMHOH KOpPbl M HENOCPEACTBEHHOE yyacTHe HX B (hOpPMHDOBAHHH
FHAPOTEPMA/bHbIX MECTOPOXK/AEHHH BpPAL JH HMEET CYLIECTBEHHOE 3Ha-
YEHHE, TAK KAK CAMbIE BEPXHHE YACTH MaHTHH, ric ycToHYHB amgH6oda,
cayKart peKkTHBHON «I0BYWKOH» A8 BOAHOH ¢dasbl. B ycaosuax uHTeu-
CHBHOrO MOTOKA (PJIIOMAOB [IPH NapaMeTpax MaHTHH [A0JAKHO NPOHCXOAHTH
NJaBJEHHE MOPOJ, 8 MarMaTHUeCKHH pacn/ias, B CBOIO Ouepelb, ABAAETCHA
AKTHBHBIM PACTBOPHTEIEM BOAHOrO (JIOHA.

TonbkO Ha cTafHH PACKPHCTANIHIAUKHK PACTAAROB, AWG0O BHEAPHUBLIHXCSH
B 3eMHYI0 Kopy, JIH60 C(hOPMHPOBAHHLIX B BEPXHHX FOPH30HTAax MaHTHH,
CeaYeT 0K HAaTh (POPMHPOBAHHE HAPOTEPMANbHBIX PYLOHOCHBIX PACTBOPOB.

Bo mHorux ny6aHKauHAX, KacalOUHXCs YPAHOBBIX MECTOPOXKIEHHI,
HCCAENoBATENW NPUXOAAT K BLIBOAY O NOJHreHHOH NpHpOLE PYLHBIX KOH-
nentpauui. [To 3Tomy noBony HEOGXOAHMO 3aMETHTb, 4TO JAeTajbHble
HCCNEAOBAHKA TNPAKTHYECKH BCErla MO3BOJAIT 3a(HKCHPOBATH NPH3HAKH
yuacTHs B QOPMHPOBAHHH MECTOPOMNJIEHHA TEHETHUECKH PA3JIHUHBIX [pOLLec-
coB. K coxanenunio, cama no cebe (ukcauus 3THX #BIeHHH He pelaer
npo6aeMy HCTOYHHKA H reHesnca mectopomiaeHHi. Heusbemuo BozuHKaet
BONPOC 06 OTHOCHTENLHOH POJIH Pa3/IHUHBIX MPOLECCOB H BbIAEJEHHH CpeaH
HHX TJIaBHOTO, 06eCNeyHBaloNlero nepBHuHbe KouueHtpauwd. Harasanweim
[IPHMEPOM MOJIHPEHHOR MPHPOAL MOTYT CIYKHTL MEeCTOPOXKIEHHA <«THMA
HecorsacHsi». Bmecte ¢ TeM Bonpoc 0 TOM, KaKOH Ke npoiecc sABafercs
BEYIIHM B HX (JOPMHPOBAHHH, OCTAETCHA JAHCKYCCHOHHBIM.

ITpupeaenwiil Boiiie 0630p NauHblx O0 WCTOUHHKE THAPOTEPMAJbHBIX PY10-
06pasylollHX pacTBOPOB MOKAa3biBA€T, 4TO B LEJOM OHH COrJacylTcs ¢
COBPEMEHHbBIMU NPeACTaBIeHHAMHN 06 HCTOUHHKAX pyAHoro BeutecTsa. [lepsas
HX cHcremarHka Gbl1a npeanoxena B, M. CmupuosbiM B 1969 1., a noszauee
8 1975 r. HamMeuensl OCOGEHHOCTH 3BOJIOUHH HCTOYHHKOB B HCTOPHH PA3BHTHS
3eMJH.

BOﬂpDCbl HCTOYHHKOB PyﬂHOFO BelecTea paCCManHBaJ'IHCb TaKe
s pa6otax B. JI. Bapcykosa, §1. H. Benesuesa, ®. M. Boabgeoua, B. M. Kazau-
ckoro, B. WU. Kosanenko, H. I1. Jlageposa, JI. H. OBunnnukosa, B. H. Pe-
xapckoro, M. J1. Pa6unkosa, ®@. B. Uyxposa 1 np. B nacrosiuiee Bpems MOXHo
FOBOPHTEL O CJGAYIOUIHX TPYMNax H THNAX HCTOYHHKOB.

I. Kopoabie wnu sHyTpukopossie uctounuky. 1) Marmatuueckue, reseTn-
YECKH CBSI3AHHBIE ¢ PA3BHTHEM NEPBHUHBIX OYArOB PAHHTOMAHBIX MAarM HAam

22



BTOPHUHBIX O4YAroB IeJOYHBIX MarM; 2) metamopdorenHble, CBsi3aHnble
€ IKCTPATHPOBAHMEM PYLHOrO BELLECTBA H3 BMEIAIOIWKX WAK APYTHX NOPOL
rPaHHTO-METAMOP(HUECKOr0 cJI0A 3EMHOH KOpbl B NPOIECCE PAIBHTHA Me-
taMopguima; 3) BHemarmaTHueckHe — (HhHALTPAUHONHBIE, CBA3AHHBIE C MOOH-
JH3aUHeR PYLHOro BELLECTBA H3 NOPOA, KOTOpbE JHGO pacnojaraloTes Ha
rAyOHHE MO MeCTOPOKAEHHSMH (LaJbHAS MOOHJAH3AIHA) HIH H3 NOPOL,
HEMOCPEACTBEHHO BMELLAKLHX pPYAHbIe Teja (MecTHas HJaH GJIHKHAS MOOGH-
au3auus). B KauecTse arenToB BHILEJAUHBAHHA H nepeHoca Meradna
MOTJIH CJY#HTh PACTBOPbl IHAOTEHHOTO MPOHCXOK/ACHHA, MHHEPAIH30BAHHbIE
NJACTOBLIE H Bal03Hble BOALI; 4) MOJHIeHHbIE HCTOUHHKH,

II. Mauruinee wcrounuku. ManTHiHOe NpPOHCXOKAEHHE HMEIOT: TO-
JEHTOBbIE MArMbl, ¢ nHddepeniHalHel KOTOPbIX CBA3AHbI MEIHO-HHKEERbIE,
XPOMHUTOBLIE, THTAHO-MATHETHTOBLIE H HEKOTOPLIE MEAHOKOJIUeIaHHbIE MECTO-
POXKJIEHHS; 4JMA30HOCHBIE KHMOCPJHTHI; IlE€JNOYHbIE MarMbl, ¢ KOTOPbIMH
CBA3AHbI PEAKOMETANbHBIE KAPOOHATHTH W MecTopomaenust anatura. [loeT-
MArMaTHYECKHE PaCTBOPBI, CBA3AHHLIE ¢ KPHCTAJIH3AIUHER [IEJOYHBIX Marm,
OTBETCTBEHHLI 33 (JOPMHPOBAHHE TAHTaJl0-HHOOHEBOR, LLHPKOHWEBOH, PeLKO-
3€MeJbHOH, YPAaHO-TOPHEBOH MHHEpPAJH3ALHH.

Takum o6pasom, hopMHpOBAHHE PYAHBIX MECTOPOKIACHHMA, HENOCPEACTBEH-
HO CBA3AHHBIX C MAHTHRHbIM HCTOUHHKOM, 00YCJ0B/EHO MOCTYIJIEHHEM Mmar-
MATHUYECKHX PACNJNABOB H3 MaHTHH B 3emuylo kopy. Kak yme ormeuasnoch,
B NOCJE€HEE BpemMs BbICKA3aHa TOYKA 3PEHHA O MOJKOPOBOM HCTOYHHKE
ypana B 3HioredHoM pynooGpasoBanud [30, 109]. ITogoGubii MexanH3M
BO3MOJKEH JIHLIb NPH A0NYIEHHH, YTO PACTBOPhI OTAEJAIOTCA H3 MarmaTHuec-
KHX pacnaaBoB, 06pa3oBaHHbIX B BepXHEH YacTH MAHTHH, HA CTalHH HX
packpueranansanuu. Takde pacTropsl, ABAAACDH MAHTHUHBIMU, B TO e BpeMsl
NpeicTaBaAoT pacTBOPH locTMarmarhueckue. JIio6oi Apyroi MexaHHaM mo-
CTYNJEHWS PYADHOCHBIX MAHTHHHBIX DJIIOKA0B B 3EMHYIO KOPY (MWHYA CTALHIO
(GOPMHPOBAHHS MATMATHUECKHX PACMIABOB B MOJAKOPOBOH 30He) B CBETe
COBPEMEHHbIX JaHHbIX (DH3HKO-XHMHUYECKOH NMEeTPONOrHH NpPeACTaBIRETCA Ma-
NOBEPOATHLIM.

111. Cuewannsie koposo-mantuiinbe ucrowHusky. Hekotopbie Hecaeqosare-
JIH IPenoaaratoT BAHSAHHE N0/IKOPOBLIX POLECcCcOB Ha (DOPMHPOBAHHE BbICOKO-
TEeMNePAaTYPHbLIX XJOPHLHO-HATPHEBLIX PaccOJOB, COLEPIKALLHX NOBbILEHHbIE
KOHIEHTPAIHH KeJje3a, Mapraiua H JAPYrHX TAKeIbX MeTaslloB.

BamubiMH (hakTOpamH MOCTYNJEHHA B 3€MHYIO KOpY M Nepepacnpejee-
HHA B He#Hl MHOFHX 3JEMEHTOR ABASIOTCA FPAHHTHIHPYIOILHE (CKBO3bMarma-
THUECKHE, «TpPaHcMarmaTHuyeCKHe, HHTEpaTeJJypHueCKHe») pacTBOpPbl MaH-
THHHOTO npoucxoxaenus. ONHAKO AanHBIX O HENOCPeACTBEHHON CBA3M
MECTOPOKIAEHHH ¢ TAKHMH DACTBOPAMH NOKA HE H3IBECTHO.

3asepian  0630p nNpeacTaBACHHE 06 HCTOUHHKE THAPOTEPManbHBIX
pynooGpasyloluHx pacTBOpos, HEOGXOHMO OTMETHTh, UTO KAXKI0€ H3 HHX
HMEeT CBOH MpeHMyllecTBa H ya3BHMble mecta. HaubGoaee caabo paspabo-
TAHHBIMH OCTAIOTCH MeXaHH3Mbl (OPMHPOBAHHA YPAHOHOCHBIX pAcCTBOPOB.
[Ipn aprymeHTauuu pasjiHunblX FeHETHYECKHX MPeACTABJIEHHH, KK MPaBHIo,
HE YUHTBLIBAETCH psil BAKHbLIX 3BEHbEB M€OXHMHUECKOH HCTOPHH ypaHa,

[Tpejacrapaserca HeonpaBAaHHOIN KATErOPHUHOCTb, ¢ KOTOPOH OTAEJbHbIMH
HCCJIC/LOBATE/SIMH 0TOPACKIBAIOTCH TPa/AHILHOHHbIE FEHETHYECKHE Npe/icTaBie-
HHA O NapareHeTHYecKOH CBSI3H PHAPOTEPMANbHLIX MECTOPOMKACHHH ¢ Marma-
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TH3IMOM. HCCOMH(’HH() Kapilﬂﬂa-ﬂthIM ABJIHCTCH B()l\pOC O BOAMOKHOCTH ne-
peHoca ypaHa pacTBOPAMH MPH NOBbILIEHHLIX TEMNEPATYpax H HH3KOH (yru-
THBHOCTH Kucjopona, Bamubie cACACTBHS B OTHOWEHHH HCTOUHHKA PYao-
06pasylolLHX PACTBOPOB BLITEKAIOT W3 JAHHBIX H3YUEHHS] HCTOPHH PA3BHTHA
YPaHOBOPYAHBIX NPOBHHLHH, COOTHOWIEHHA YPaHOBOTO pynooGpa3zoBaHHs ¢
MArMaTHIMOM, FeOXHMHUECKOH HCTOPHH YpaHa B PAa3JHYHBIX [eONOTHUECKKX
npoleccax, MHHEPANOrHH H T€OXHMHH MECTOPOKIEHHH, IKCIEPHMEHTOB M0
HB)"-!EHHIO MmoBeaeHHn ypaua B CHCTEME KpHCTaJ’l."lHEy!OULHﬁCH paCﬂ.‘l'AB-MaFMa‘
ToreHueli ¢JoMa W T. 4. B nocaeaylouiMx pasjgenax KHHCH  aHAaJH3Y
YKa3aHHbIX BONPOCOB YAENEHO CAMO€ TPHCTANLHOE BHHMAHHE.

lFaasa I

FTEOXUMHWYECKASl HCTOPHS YPAHA
B MPOLLECCAX, MPOUCXOAALILUX
B JIUTOC®EPE

B reoxuMHuecKol WCTOPHH ypaHa B mpeaenax Jutocdepsl ria06a/ibHoe
3HaUE€HHE HMEIOT JIBa THNA NPOLECCOB, HMEWILHX PA3HYIO NPHPOLY H MPOXO-
JALIHX B PA3JHYHbIX FeOJOMHYECKHX YCIOBHAX.

[lepsblii npouecc — 3HA0TEHHBIH, SBJIAETCH ©CTECTBEHHBIM CJEJICTBHEM
HeofipatHMol aupdeperuHanuy BeulecTsa 3eMJH H CBSI3aH C ABJEHHAMH
rPAHHTH3ALHH, OTBETCTBEHHOH 32 HAKONJEHWEe OFPOMHBIX Macc ypaHa B rpa-
HHTHOM CJIO€ 3€MHOH KOpbl.

Bropo#t  mpoiecc — 3K30reHHbIH, BbipamaloOWHHCa B pa3pylleHHH
KPHCTAJJIHUECKHX TOPHBIX MOPOA ¢ 06pa30BAHHEM [OPOL OCAAOYHOIO UexJa
W KOp BHIBETPHBaHHS.

B KaM10M H3 YKa3aHHBIX MPOLECCOB HMEIOTCH CBOH BAPWAHTHLI YCJAOBHI
NPOABJIEHHS — OTBETBJEHHA, BELYLLHe K nepepacrnpe/lejeHHIo ypaHa, Hime-
HEHHIO (OPM €ro HaXOMICHHA, KOHUEHTPAUKH, PACCEAHHIO W IEKOHIEHTpa-
uUHH. XOTH 3HAOr€HHAH M 3K30reHHas BETBH [POLECCOB B PHAE cJaydaen
TECHO MepensieTedbl W  HX TPHXOAHTCA YYHTHIBATH MPH TeHETHUYECKHX
MOCTPOEHHAX, NPEACTABASAETCA BIOJHE NIPABOMEPHBIM PA3AEIATE IHAOTEHHYIO
H 3K30TEHHYKO COCTABARIILHE MEOXHMHUECKOH HCTOPHH 31eMeHTa. ABTopamu
NpeAnpHHATA NONbLITKA PACCMOTPETbH 3HAOMEHHYIO COCTARAAKULYI0 TEOXHMH-
YECKOH HCTOPHH YypaHa B cBeTe npo6Jembl HCTOUYHHKA Pynoo6pas’ylouiHx
pacTBOpPOB.

CpenH cyuecTByIOULHX NPHPOAHBIX FeOXHMHYECKHX Mojened HauGosee
netanbHo pazpaboTane NOBeAEHHE ypaHa B Npolleccax TPaHHTH3AUHH
H MarMaTHYeckoro rpaturoofipasosanus. boaee KpaTtko W CXeMaTHYHO TPH-
BEAeHBl HEKOTOpbIE jdHHbIE H MNPELCTABJCHHS O [0BEJEHHH YypaHa npH
3K30TE€HHBIX H METAMOP(HUECKHX NpOleccax, a TAKXKEe B Mpolueccax MaHTHH-
HOro meTporeHesuca.



Ypan B 3K30reHHbix npoueccax

Kak H3BecTHO, ypan — cpaBHHTEJILHO LWHPOKO PACNPOCTPAHEHHBIA B BEpX-
Hefl 4acTH JHTOCHEpH W BecbMa NOABHIKHBIN 3/1€MEHT nepeMeHHOH BajeHT-
HOCTH. [€OXMMHA 3TOro MeTajnJa B 3K30TEHHLIX YCJOBHAX onpejeJsercs
ero XHMHYeCKHMH CBOHCTBAMH H BHEIIHHMH 112paMeTPaMH  MWTpauuy
M KOHILEeHTpauHH. B ropubix noposax W pyaax, nouBax H BOJAAX BEpXHEd
4acTH 3eMHONR KOPbl YpaH HAXOANTCA B PA3NHUHBIX COCIHHEHHAX MPEHMYLLLeCT-
BEHHO B UETBLIPEX- WJH LIeCTHBAJEHTHOH dopmax. B 3K30reHHbIX yca0BHAX
yeThiPeXBAJEHTHLIH ypaH NpPHCYTCTBYET B TPYAHOPAcTBOPHMbIX MHHepaJax
(B TOoM unchne B pynax), o6paszopannnix AM60 NPH HEOCTATKE KHCA0pOad, THGO
npH HaJHYHH CHJbHbIX BOCCTAHOBHTEEH, Muorue COeJlHHeHHA YpaHa,
0COGEHHO LWeCTHBANEHTHOrO, 00/1a1a10T GONbIIOH PACTBOPHMOCTLIO, B CBA3M
C Y4€M OH JIETKO MHIPHPYET B BOJHOH Cpeae B MPHIIOBEPXHOCTHOR 06CTaHOBKE
H 06pa3yeT KOHIEHTPAUHH BIJIOTH A0 MPOMBILIJIEHHBIX MecTOpoxienHit. 1le-
CTHBAJEHTHLIA ypaH, obaaaalouHi cBoicTBaMu ¢1aboro OCHOBAHHA, B PH-
poaHoli ofctaHoBKe 00bIUHO GbICTPO THApOJH3yeTcs H ofpa3yer Becbma
MOABHAKNOE KOMIJIEKCHOE COeNWHenHe ARYXBAJlCHTHOrO KaTHOHA — YpaHHaa
(UO;) "%, urpatoiero ocobyio poJb B MHIPAUHH H KOHLEHTPAUMH 3TOrO
3JeMEHTa B 3K30reHHbix npoueccax. HauwGosee pacnpocTpavesubiMu
(opMaMH MHrPALHH ypAHA B 3THX YCJOBHAX ABJAIOTCS YpaHHI-Kap6oHaTHble,
ypauHa-rymathble, ypaHua-pocdarHble, B MeHblieil cTeNneHH — IHApPOK-
CHJI-YPaHHJIbHbIE H ypaHH.-cyabpaTHbie Komnaekesl [25].

OnHHM H3 BaxHEHUIHX QHIHKO-XHMHUYECKHX (PAKTOPOB MHTPALHH H OCaX-
JIEHHR YPAaHa B 3KIOTEHHLIX YCAOBHAX CJAYKHIH OKHCJHTEJbHO-BOCCTAHOBH-
TellbHble OCOGEHHOCTH OKpyaiouled cpeibl. TIpH 3TOM BbULeJAAIOTCS OKHC/IH-
TeNbHAA W BOCCTAHOBHTENbHASA rNeeBan (GECKHCIOPOAHAR) K CEPOBOLAOPOAHAR
(cepoBopopoano-cy b HaHas) o6cTaHoBKH, CMEHAS APYr APyra B npocTpau-
CTBe H BO BPEMEHH, OHH ABJAJHCH OﬂHDﬁ H3 TJIaBHBIX NPHYHH UGPZBOBBHHE
OKHCJ/IHTE/IbHO-BOCCTAHOBHTEIbHOH 30HAJbHOCTH B PHPOMHBIX YCJOBHAX.
Bece 310 OTUETAHBO BHAHO HA NpHMEpax MOBEIEHHA YpaHa B Pa3HbIX
00CTAHOBKAX MPH NPoLLCCAX CeAMMEHTOreHe3a (AHTOreHesa) H MocaenyoLUIHX
npeoGpa3oBaHHi pyaoBMeLlaolUx nopon [25].

Oco6eHHOCTH MHTpAllHH YPana B IKIOTEHHBIX YCHOBHAX NPHHUHIHANBHO
OTJHMYAIOTCS OT TAKOBbIX B 3HAOMEHHBIX YCAOBHAX He TOJBLKO 60Jee HH3IKHMH
TEMIIEPATYPaMH BOLHOM Cpelbl, HO IMaBHbIM 06Pa30M IHPOKHMH BapHaLHAMK
OKHC/IUTEJ/IbHO-BOCCTAHOBHTEbHOTO noTeHunana Eh, B Tom uucae ero seico-
KHMH 3HaueHHsAMH. TakHe OCOGEHHOCTH MHrPALHH MOryT ObiTh 06YyCJ0BJAEHD
UeJAbIM PALOM NPUUMH, TAKUX, KaK: a) BJAHAHHEM KHciopoaa atmocdeps,
MOCTYNAIOLULEr0 BMECTE ¢ MOA3EMHbIMH HHPHILTPALUHOHHLIMH HJH MOBEPXHO-
CTHbIMH BOJAMH; B) HaNHUHEM B OCAADUHBIX TIOPOAAX W BOLAX OPraHHUecKoro
BEILECTBA; B) NOCTYMJIEHHEM ¢ TYGHHBI MO 30HAM PA3JIOMOB 3ITHI€HETHUECKHX
razoofpasHplX BOCCTAHOBHTeNEH (Yr/aeBOLOPOAOB H Ap.), CBA3AHHbIX ¢ Hed-
TEra3oHOCHBIMH 3d/1eKaMH HJAH BOOOILLE JHOreHHOH NMPHPO/ALL, I') BJIHAHHEM
KJAHMATHUECKHX YCJOBHA W Ap. MMEHHO noO3TOMY B 3K30reHHBIX YCJOBHAX
CBOWCTBA JAHHOIO 3/I€MEHTA (IEDPEeMEHHOH BANEHTHOCTH [IPOABIAITCH B Hau-
Goabuiel crenend, B cBA3H ¢ TeM, 4TO pPacTBOPHMOCTb COEJHHEHHA ypaHa BO
MHOIOM 33BHCHT OT EN, B TAKHX YCAOBHAX BCOPAA Peaiblo MOTJIH COCYLLECTBO-
BATL BO3AMOKHOCTH, ¢ OHOH CTOPOHbBI, J1M15 BLIHOCA METaJI1a U3 MOPOL HIH Py,



H ¢ ApYroii — AJsi NepeHocd ero BOAHBbIMH PAaCTBOPAMH H [OCAEAYOWETD
OCaKAeHHs,

B 3k3orennblx ycaoBuax GAaronaps WHpPoKAM Bapuauuam Eh moraw
C031aBaThcA peasibible 06CTAHOBKH A H3BJACUEHHS YPAHA H3 BME(LAI0ULUX
NOPOA KUCAODPOACOAEPKAIIHMH BOAAMH, €ro MHIpallHH Ha 3HAUYHTEIbHble
PAcCTOAHHA H HAKOMJIEHHA HA BOCCTAHOBHTENbHLIX Gapbepax ¢ 0HpPasoBanHeM
PYAHBIX KOHUEHTPAUHH BIJIOTb A0 NPOMbIJIEHHBX MacwTtatos. Caegosa-
TeNbHO, HCTOUHWKOM YPaHa B BOAAX MOTVIH CAYMXKHTb BMELLAIOULHC HOPOLbE
H BKJIOYEHHbIE B HHX MHHEpaabl BEPXHHX CJOEB 3EMHOH KOphi, 4 TaKkXe,
YaCcTHYHO, TY6GOKO NOrpyKeHHbIe BOAOHOCHBIE FOPH3OHTBI OCAOUHLIX H TY(O-
reHHbix Togl. MCTOUHHKOM MeTania SKIOTeHHbIX MeCTOPOMIeHHH SIBASIIHCh
HEMOCPe/lCTBEHHO CaMH BOJLBL.

Herounukom meranna B pynoo6pasyiollHx pacTBopax, cpOpMHPOBABUIHX
3K30TEHHbIE YPAHOBbIE MECTOPOMAEHHS, MOTJH TAKKE CAYKHTb pPasiHyHble
ypaHoHOCHbIE 06pPa30BAHHS:

1) KpHCTanAWYeCKHE TOPHBIE NMOPOAbLI, H3 KOTOPbIX METa/J H3BJIeKa/cs
B npoLecce HX MEXAHHUYECKOro HJIH XHMHJYEecKOro paspyuwenus (obpazosanue
KOp BBIBETPHBAHHA, pocchinel, necuaHHKoB, (OPMHPOBAHHE OCANOYHOTO yex-
na);

2) noponbl OCAZOYHOTO YEXJa, OTAAIOIHE METAaJ B MPOLECcCce WX B3au-
MOJEHCTBHR € KHCJOPOLCOAEPMKAUHMH [1aCTOBLIMH HHGHABTPAIHOHHBIMH
BOJlaMH;

3) paHee chopMHPOBAHHBIE PYHBIE Tes1a H 30Hbl YPAHOBOH MHHEPAJH3A1LHH
PAa3JIHUHOrO reHe3Hca, B POLECCe HX THIEePreHHoro npeoGpasoBaHis H paspy-
IUEHHS 10 BO3J€HCTBHEM KHCJIOPOHBIX BOL;

4) caMH noJA3eMHbI€ HH(HAbTPALLHOHHbBIE BO/bI C 1OCTATOUHBIM COJEPXKaHH-
€M ypaHa, HCTOYHHK KOTOPOTO OCTACTCH HEACHbIM H HAXOMHTCH 3a lpejeJaMu
HaBNI0NeHHH.

Oca/ienne ypaHa W3 MHHEPAJH30BaHHBIX BOJ B 3K30T€HHBIX YCJIOBHAX
B 3aBHCHMOCTH OT pa3jM4HOH OOGCTAHOBKK MOTJIO MPHBOAHTb K CO3M1aHHIO
JBYX OCHOBHBIX FPYNN YPAHOHOCHBIX KOHILEHTPAIHA, HMEIOILHX HEPe1Ko 3Have-
HHE MpoMblwAeHHux MecTopoxkaenuit. Cpexn wux H. TI1. Jlapepop (1984,
1986 r.) Bhipessier:

1) ocagounble HJIH CHHrEeHETHYeCKHe (CeJHMEeHTalUHOHHO-AHareHeTHyecC-
KHe), 06pa30BaHHbIE (LOBEPXHOCTHLIMH (PEUHBIMH, O3€PHLIMH HJIH MOPCKHMH)
BOJAMH: a) pocchiNHble (ypaH- W TopHiiconepkauiue); 6) ocanouusie
(ozepno-GoONOTHHIE, peUHbIE H MOPCKHE) — YpaHOHOCHbIE TOP(HAHHKH H Byphbie
VIVIH, «yepHble» caanubl, docdopuTol, Braoyan GochaThbie pplOHbIE OCTATKH
H OpeKuHH B IHHaX H T. I.;

2) snuredeTHueckue (MHQUALTPALHOHHbIE), 00pa30BaHHbIE MOA3EMHBIMH
(rPYHTOBBIMH, MJ3CTOBBIMH H TPEILHHHBIMH) BOLAMH: &) TPYHTOBO-HH-
(PHALTPALLHOHHBIE B pYC/JaX BPEMEHHBIX MOTOKOB (YPAHOHOCHbIE KaJbKpeThbl
H CHICKpeTHl); 6) NaacToBO-UHUALTPAIHOHHbBIE B apTe3HAHCKHX Daccelnax
(ypaHoBble MECTOPOXK/IEHHA «POJLIOBOrO» THNA B MECYAHHKAX H YIJIEHOCHBIX
OTAOKEHUAX, B) TPEULHHHO-HH(HIBTPALLHOHHBIE B 30HAX Pa3/OMOB.

[To muenuto B. M. lanuesa u ap. [25], Hakonsienue ypana B ocajikax B
ofnpefeseHHbIX YCAOBHAX CTA/IHH JHTOreHe3a pyA0BMEULAIOLULHX MOPOL MPHBO-
AMA0 K 06paz0BaHKI0 BHICOKHX KOHUEHTPAUW#, BMIOTbH 0 MPOMbBILLIEHHBIX
MCCTOPOXKIEHHH,
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Ha craanu cenanmentorexesa npH TPAHCIOPTHPOBKE H OCAMACHHH 06J10-
MOYHOI'O MATE€pHANa BO3HHKaNH NPHOPEKHO-MOPCKHE H alNloBHajbHbIE, a
TAKKE INHBHAJIbHLIE H J1€/1I0BHAIBHO-NPOJIIOBHAJIbHBIE POCCHINIH YpaHCOLep-
KAlULHX MHHepaaos. Kpome TOro, B mpolecce MHrpaiHH ypaHa ¢ MOBEpX-
HOCTHLIMH H FPYHTOBLIMH BOAAMH CYIECTBEHHYIO POIdb UIPaid MHHEpaJbHkie
B3BECH, OPTAaHHUYECKHE H MHHepaJibHble KOMJMOHAbl, [IPH 3TOM 4dcTh MeTaana
cobHpanach H3 NPHPOAHBIX BOJL HA 06JIOMOUHbBIX HACTHILAX €LUE 10 HX OCAMIE-
uus. [Mpouece copbumK ypaHa yCHAHBAJICA MMPH B3aHMOLCHCTBHH KOJIJIOHHOH
YacTH Ocajlka ¢ HIOBLIMH BodaMH. B ocanke o6pa3oBLIBAJIHCh H YPAHOPraHH-
HEeCKHE KOMILIEKCh ¢ NpPOLAYKTAMH pas/ioKeHHsl OPraHH4yeckoro BellecTsa
(rYMHHOBBLIMH H ()Y/IbBOBbIMH KHc10TaMH). B pesynbrate neobMeHHbIX pedk-
UHH, MPOTEKABIIHX MEMY OCAJKAMH, HJOBBIMH H [MPHPOLHbIMH BOLAaMH
faccedinon W IPH HANMUKK BOCCTAHOBUTEIBHON OGCTAHOBKH B TONLLAX NOPOL,
MOTJIH BO3HHKATb COGCTBEHHO [HATEHEeTHYECKHEe KOHUEHTPALHH ypana, 3Hauu-
TeJbHO NPEBOCXOASALLIHE KJIaPKOBhe colepxaHua [25].

[lopasno Godblyio KOHTPACTHOCT, KAK CUHTAIOT 9TH ABTOPEIL, 1PHOGPETAIOT
3K30[HATCHETHYECKHE KOHILEHTPAILHH ypaHa, chOPMHPOBABLIHECH B KOHTHHEH-
TaJbHbIX OCA/IKaX pa3sjHuHbiX (alHit (dJN0BHAJBHO-CTAPHUHBIX, TONAHBLIX
6010T, OTCTOHHBIX 30H AEI0BHAJbHO-NPONIOBHAIbHBIX OTA0KEeHHH). B Takux
YCIOBHAX HJIOBBIE BO/bl MOIJIH B3aHMOAEHCTBOBATL HE TOJIBKO C [PHPOAHLI-
MH BOAaMH KOHTHHEHTaJNbHbIX BOAOEMOB (03ep, 60JA0T, peK), HO H C NOBEpPX-
HOCTHLIMH H I'DYHTOBBLIMH BOJAMH, IPEHHPOBABIIHMH OCAA0K H MPHHOCHBUIH-
MH HOBBIC [OPIHH YypaHa M JAPYrHX pYAHbIX 3JeMeHTOB. [lHareHeTHueckHm
npoueccaM NMpHHAMIEKaNa, N0 HX MHEHHIO, BEAyUldA poJb B 06pa30BaHHH
MHOTHX 3K30T€HHbIX (3K30[1HAreHeTHYECKHX) MECTOPOKeHHH ypaHa B mMopc-
KHX H 0COGEHHO B KOHTHHEHTA/bHBIX OTJOMKeHHAX. Ha panHHX cTaguax
KATareHe3a HAJIOXKEeHHble 3MHreHeTHYeCKHe Mpollecchl NPHBOAHIH K nepepac-
NPeleJIEHHI0 PYAHLIX 3JEMEHTOB (B TOM YHCJE ypaHa), HAc/aeldys [PpH 3TOM
TEOXHMHUYECKHE UePTH, 3a/0KeHHbIEe elle B aMareneTHyveckuit sran. Ha stu
ofpa3opaliible paHee AHAreHeTHYECKHE KOHUEHTpallHH YypaHa 3a cuet
nepepacnpene/ieHus HakJaaabBajuch 60/ee No3jHHe SMHreHeTHUeCKHe, B pe-
3YAbTATE 4ero BO3HWKAAW «NOJAHCTAAHHHLIe» (NOAHTEHHbIE) MeCcTopome-
HHs [25].

OnHako noayuexHble pe3yabTaThl I€TaAbHbIX KOMILIEKCHBIX HCCJIEL0BAHHI,
NPOBE/IEHHBIX MHOTHMH HCC/I€10BATEIIMH HA YPAHOBLIX MECTOPOMKIEHHAX
pa3HUHbIX THIIOB, 3aJ€ralpUHX B 0CA[J0MHOM Ye€xJe, M03BOJAAIT CAenaThb
BhIBOAb O TOM, 4TO NPOMBILL/EHHO® YPAHOBOE OPYACHEHHE MO UEAOMY PRAY
IIPH3HAKOB ABJAAETCH OTYETJIHBO HAJOKEHHLIM M0 OTHOLWEHHIO K JII0OLIM pyi0-
BMELILAIOULHM [0poaaM H Obl1o chopMHpOBaHO Gosee MO3AHHMH 3IHIEHETH-
UECKHMH NPOLECCAMH, KOTOPHIE CONPOBOMIAAMHCE [IPHBHOCOM H3BHE ypaua,
4 TAKKe MHOTHX CONYTCTBYIOILHX DYAHbLIX H JPYIHX 3JIeMEHTOB.

Kak nokasano B paGorax A. W. [lepeabmana, E. M. lllmapuoBuua,
E. A. Toaosuua, A. K. Jlucuuuua, C. . Baryauna, M. A. Kouaparbesoi,
I. B. Komaposoi u ap. |31, 36, 127], Murpauua ypana M cONyTCTBYIOLLHX
anementoB (V, Mo, Se, Re W ap.) B KHCAOPOAREIX TPYHTOBBIX, NOA3EMHBLIX
NJAcTOBBIX H TPELWHHHbIX BOAAX CPEAH MPOHHUJEMbIX NEPBOHAYANbLHO Ge3-
PYAHBIX OCAJ0YHbIX NOPOA (NecYaHHKOB, KApOOHATHBIX, YIJIEHOCHBIX H JPp.)
NPUBOAKAA K OCAKACHWIO WX HA PA3NHUHBIX TEOXHMHYECKUX Oapbepax H
(HOPMHPOBAHHIO OPYAEHEHHS 3IKIOTEHHLIX 3SMHIEHETHUECKHX (FHAPOreHHbIX)
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mecTopoxKaeHHi. OQHAKO BONpock ycJoBHH 06Pa30BaHHA, MPOHCXOMKIEHHS
H HCTOYHHKA PYIAHOroO BELLECTBA 3THX ME‘CT()PU)KD.E‘HHﬁ BbIXOJAT 34 PAaMKH
HacToAULel paBOThl H 3/leCh HE PAcCMaTPHBAKTCH.

Ha ofipazoBanye BBICOKHX KOHIEHTPALHH ypana B 3K3OreHHBIX YCJAOBHAX
ocofioe 3HayeHHEe OKa3biBaJlH npoueccol BOCCTAHOBJEHHA LICCTHBANEHTHOrO
MeTanja, KoTOpbiH, 06/1aaad BBICOKHMH MHIPAULHOHHBIMH 0COGEHHOCTSMH
B wHpokom uHTepsane pH, mor BectH ce6Ga H60 Kak aHHOH, NGO KAK Ka-
THOH. OrpoMHYI0 POJib B HAKOMNJEHHH YPaHa HIPAIH TAKKe COPOIHONHBIE T1PO-
ecchl Ha COOTBRTCTBYIOIMX reoxumuuecknx OGappepax. Ocawmiedne ypa-
Ha CBA3aHO C ero copGuHed pasHooGPasHbLIMH OPTaHHYECKHMH W MHHe-
pajJibHLIMH  KOJUIOHIHBIMH COEAHHEHHAMH, MPHUEM YCTAHOBJIEHO, 4TO [aH-
HbIi npolecc NPOTEKaJ B Pa3HOH reoXHMHUYECKOH 06CTaHOBKE — [aXKe MpH
HH3KHX COJEPKAHHAX YpaHa, Pa3s/IHUHON HACHIEHHOCTH BO/L COSIMH, PA3HbIX
OKHCJHTETbHO-BOCCTAHOBHTENbHBIX yeaoBHAX. KoHleHTpawka ypana B oca-
Kax B pe3yabTare cOpPOUHOHHBIX MPOUECCOB NPONBJISAETCH HAa paHHHX cTa-
JAHMAX JHarene3a, KOrjla MpH akTHBHOM B3aHMOJCHCTBHH 0Cajlka ¢ BOJLAMH
o6pa3yloTca MNEepBHYHbIE YPAHCOLEpKAILHE MHHEPaJabl — rAayKoHHT, (oc-
GOpHTHI, HAPOKCHIBI jKeae3a, aalioMuuus, THTana, Cpeau naubojee ak-
THBHBIX MPHPOIAHBIX COPOEHTOR ypaHa orMedailnTcst Topd U Yriau (JHPHHTHI).
Ypanun-kap6OHATHBIE KOMIIEKChl B YCAOBHAX KHCJIOH cpeibl ocankos, 060-
raieHHblX pasJHuYHbIMH OPraHHYeCKHMH BELLECTBAMH, Pa3pyllanTcs, MeTam
BCTYIAeT B PEaKlLHI0 ¢ TYMHHOBbIMH KHCJOTaMH H o6pa3yeT ypaHOpraHu-
ueckHe coennHenns. [loBbilieHHe KOHLEHTPAILHH YpaHa B Ocaikax W Nopoaax
ABAAETCA GJAronpHATHOR Npeanochiikod A8 JajbHedwero ypaHOBOro
MHHEPano06pa30BaHHA, KOTOPOE MPOTEKaN0 M0Jl BO3JEHCTBHEM OpraHHYecKo-
ro BellecTBa, NMPOAYKTOB €ro pasfioKeHHdA H MHHEPaNbHbLIX 06pa30BaHHH,
B COCTAB KOTOPbIX BXOJSIT 3JIEMEHTBl nepeMeHHol BasenTHocTH. [1pn 3tom
JIETKO MOABHXKHBIE (OPMBI LIECTHBANEHTHOTO YpaHa NepexoiHJH B MaJjo-
MOABHKHBIE CORIHHEHHSI HeTbIPEXBAJCHTHOrO 3neMeHTa [25].

MapecTHO, UTO B BONAX OKEAHOB W OTKPBLITHIX MOpe# cOAepKaHUA ypaHa
oueHb Maabl W coctasaalT 3-107°% r/a, wan 3-1077%, 1. e. B 06lem
Ha TPH IOPALKA HHIKE KJAApKa 3TOro saemexta B autoctepe (2,5-107'%).
370 CBHIETEJALCTBYET O TOM, YTO YPaH, NOCTYMABILHA B MOPCKHEe GacCeiiHbl B
OCHOBHOM B pe€3yJbTaTe paipylleHHA KpHCTaJUIH‘lECKHX nopozu KOHTHHEHTOB,
He HAKANUHBA/JCA B BOJAE, a MEPeXo/HJ B 0Canok. TakHe KOHUEHTpalHH
ypaHa B MOpPCKOH BOJC, HAXOJHBIIEroCs B BHIE YpaHHA-Kap6GoHATHOro
komnaekca [UO2(CO3) 3] ¥, BecbMa pajnekH OT HACHILLEHHS, N0ITOMY METAJI
HE MOr HemoCPeNCTBEHHO BhiMaaaTh B 0canoK. EQHHCTBEHHBIM npoueccom
OCaM/IEeHHSl YpaHa C pasJioKeHHeM 3TOro KOMIJeKca SBJAfJach cOp6uus
ero MHHEpa.ﬂbHUMH H OpPraHH4YeCKHMH KOJJIOHIAaMH, NPH 3TOM CTeneéHb Ha-
KOMJICHHA 3/1eMEHTd BO MHOTOM 3aBHce/na OT K/IHMATHYECKHX YCJIOBHH H Bpe-
MEHH. )

B. WM. [danues [25] ormeyan, yro B OOGCTAHOBKE APHAHOr0 KJAHMAaTa
B NPHOPEKHO-MOPCKHX 06JacTAX (B OCONOHAKIIHXCA 3aJHBaxX W JlaryHax
MOpPCKHX 6accefHOB) NpH OTCYTCTBHH OPraHHYeCKOro BellecTBa, T. €. MpH
BHICOKO# 1iesoutocTH Boa (pH=8—-9) u noaoxureabubix 3nauenusx Eh, ne
cozaasanoch GJAarONpHATHBIX O6GcTaHoBOK Aas cop6uun ypada. OnHako
B 061dacTAX ¢ CEMHAPH/IHBIM KJAHMATOM, T. €. B PErHOHAX C OTYETJIHBO Bhbi-
PaxeHHON KIHMaTHUECKOH 30HAbHOCTBIO NPHJeraouei cyum, B npH6pexHbe
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y4aCTKH MOPCKHX 6acceHOB PeYHLIMH H APYTHMH CTOUHbIMH BOLaMH BMecTe
¢ Pa3sHoo6pa3HbiM OGJOMOUYHBIM H KOJNJIOHAHLIM MATEPHAJOM MOCTYNANIH H
ocTaTKH 6YPHO pa3BHBAIOLLEHCHA HA KOHTHHEHTE pacTHTesbHOCTH. B Takux on-
peCcHeHHbIX 3aJMBax H Jarysax cosjpaBasuch Gojee GJaronpuaTHbIC ycao-
BHA A8 HAKOMJeHHA ypana. B ob6aacTax ¢ TyMHIHBIM KJIHMartoM, T. e.
OOHJIHEM OPraHHYecKOro BellecTBA MPH HHTEHCHBHOM PEYHOM CTOKe, B Ofl-
pecHsIIOIHX yuacTKax OaccednoB cHuxanuch 3nadennss pH soawl no 7 u
uuwxke, a Eh — snnots 1o orpuuarensubix. [lonoGuble ycnosus secbma Gaa-
FONPHATHB AAf CcOPGIMKH ypalia uacTHUAMW Ocaakos, 4To ofecneunsanc
ero Oca){leHHe, COMPOBOMKAABIUEECH pPa3pylUeHHEM yPaHHI-KapGOHATHBIX
KOMILIEKCOB M BOCCTAHOBJICHHEM ULIECTHBAJIEHTHOrO ypaHa /0 4eTbipexsa-
JIEHTHOTO.

HasectHo, uto B peuHoil BOAe cpeiaHue coLepxaHHA ypana 06bIUHO
coctasasior (3—4)-10"°r/n, a B ocagkax 3acTORHBIX PEUHLIX BOA (CTAPHLL H
3a60JOYeHHBIX TOHM) €ro KOHLeHTpalnn AocTHraloT yxe 3-107°%  npuuem
OCHOBHasl uacTbk metaina (1—2)-107%Y% — cocpenoToueHa B THHIOUIHX
OpPraHH4YeCcKHX OCTaTKax.

B uepHbix yraepoiconepxallux HIaX HEKOTOPHIX 3a/HBOB, HanpHMmep,
¢uopros Hopseruu, ypan nakanausaercs takxke 1o (5—6) - 10 *%. Herou-
HHKOM ero 3aech, no nanusim K. M. llltpyma cunralores pacnofomessbe 1o-
GAH30CTH HA CYlIe MacCcHBbl rpaHHTOHL0B. M3ayuenune 3akoHoMepHocTed pac-
Npeae]eHHsA ypana B 0Ca/kax BHYTPEHHHX H 1enb(OBbIX MOPEH, a TAKKe OKe-
anos noszpoauan A. B. Kouenosy, I'. H. Batypuny u ap. [6] BubfBHTbL 061yi0
TEHECHILHIO BO3PACTAHHA ©ro CPeIHHX COJAepMaHHH OT OKeaHHYeCKHX HJIOB
(1,6-107%9%) K unam sHyTpennux Gacceiinos (10 4,2—6,4-107'%). B T0 e
BpeMsl BO BHYTPHKOHTHHEHTaNbHbiX MopAx (Apasabckom, Kacnuiickom, Yep-
HOM) COIEpKaHHe YpaHa yBeJHUHBAETCH OT necyaHblx (GauHil HNOB K TJHHH-
CTHIM H OT NPHGPEXHLIX HACTeH K HX LEHTPaJbHbIM Gogee rayGOKOBOLHbBIM,
10 MOKeT 06 BLACHATLCH TEM, YTO XANHCTAaTHYECKHE 06,/1aCTH XaPaKTepPH3YIOT-
€A OTHOCHTENLHOW MANOW MOABHMKHOCTBLIO BOA B OOULHX KPYTOBOPOTAX Teue-
HHH H COOTBETCTBEHHO MEHbLIEH CKOPOCTBIO HAKOMJIEHHSI 0GJOMOUHBIX YACTHIL,
JAydlied COXpaHHOCTbIO B HHX OpPraHWueckoro peilecTBa. Tak, Mo AAHHLIM
I'. H. Barypuna [6], B xanuctaTHueckux 3oHax YepHoro Mops cojepxKatue
ypaHna B waax pocturaer 6-107 %% (na Geckap6onaTHoe BeLLECTBO ocajka),
MPH 3TOM NOACUHTAHO, UYTO €MKEroJHo 31ech ocaxaaercs Ao 60—80 T storo
anementa. ConepkaHue ypaHa H APYrHX 3AeMEHTOB B KapGOHATHLIX, canpo-
NeJeBbIX H HEKOTOPBIX TAHHHCTHIX Haax coctaBaserT |-107°%, B o6biuHbIX
FAHHHCTBIX Haax — 1-10 9.

C. I'. Hepyuen |82], paccmaTpHBas 3aKOHOMEPHOCTH HAKOMJIEHHSI H Pac-
npejle/IeHHs OPraHHYeCKOro BELLeCTBA H ypaHa B 0CalKax B 3aBHCHMOCTH OT HX
Pa3/HUHbLIX (ALLHANbHLIX YCJOBHA H H3IMEHEHHS HHTEHCHBHOCTH 3THX mpouec-
COB B re0JIOTHYECKOH HCTOPHH, TPHXOLHT K BLIBOAM, 4TO HAHGOJIee 3HAUHTE I b-
HBlE KOHUEHTPaIlHH MeTanna NajiaioT Ha ONpejie/ieHHbie NMePHOLbl PA3BHTHA
MJI2HEThl, YTO OCHOBHBIMH HCTOYHHKAMH MOCTYNJEHHA ypaHa B 6accefiHbl ce-
MEHTAUHMH SIBAAJIHCH PEUHbie H MOA3EMHbIE CTOKH KOHTHHEHTAJbLHOH CYILH.
Fopaano Menbliee 3HaUCHHE HMEIH ApyrHe (aTMocdepHbie), a TaKKe BYJKa-
HHYECKHE HCTOUHHKH,

H. M. CTpaxoBbiM H 1IpyrHMH HCCICA0OBATEAAMH 10KA3aHO HENOCPE/LCTBEH-
HOE BJHSIHHE MAHTHHHBIX MPOLECCOB, B TOM YHCJE FHAPOTEPMAlbHBIX H 3KCra-
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JAIHOHHBIX, HA PYJLOHOCHOE 0CAJKOHAKOM/IEeHHE B 30HAaX HEKOTOPLIX rJ106a/b-
HbiX Pa3JOMOB, OrpaHHYHBAKOUWHX pHCbTOBHe JNOJIHHbI OKedHOB, Kpacuoru MOp#s
it .. L_OBPEMEHHbIE OKEAHHYECKHE HJbl B0Jb TakHX 30H oborautenn Fe, Mn,
Cr, V, Pt, Co, Ni, Cu, Pb, Zn ¥ ApyrumMu Merasiamu.

[lo nanubim I'. H. BarypHHa, BO MHOTHX paHOHAaX MHPd YCTAHOBJIEHO NOCTY-
MJE€HHEe ypaHa B BOJbl OKeaHa H3 r/1yGHHHBIX HCTOYHHKOB C MPO/LYKTAMH BY/AKA-
HH3MA, FHAPOTEPMabHBIMH pacTBopamH H rasamu. Colepikanus ypaHa B rui-
poTepMax COBpeMEHHbIX BYJKAaHHYECKHX o6jacTed Ha cywe 06BIYHO BecbMa
HH3KH H BApbHpYIOT B npeaeaax (0,0004—0,81) -1077%. B To xe spems ycra-
HOBJIEHA BO3MOYKHOCTb NEpPeHoca ypaHa H TOPHSA B rasoBoH (ha3e sysikanHue-
ckux oipeaennit. Mo nannsim J1, J1. JleoHoBo# W Ap., B XJOPHAHBIX H CyabdaT-
HbIX BO3roHax KOHUeHTpauHs ypana cocrasasier (0,03—0,07)-107%Y%, so
¢ropuaunx Bozronax — 0,23-10 19,

[Tosblnennbie  KoHueHTpauud ypana (6—31)-107*% ycranosnens B
FHAPOTEPMAJbHBIX METANNOHOCHBIX 0calkax KpacHoro mops. Cyas 1o naoton-
HOMY COCTaBY, HCTOUHHKOM YPaHa 3/1ech ABJAANACH MOPCKAS BOAA MJIH IIPOAYK-
Thl NOJABOAHOA rHApoTEpManbHOil AeaTeabrocTH. [To nawusim I H. Batypuua,
JIOKaJIbHOe 06orallerHe ocaikos ypawom 10 11,7-107 19 nabaonaerca s psige
NIYHKTOB [POSIBJICHHA THAPOTEPMANbHON [eATEIbHOCTH B Ipeie/iax pHPTOBbIX
3o Tuxoro v Muauiickoro okeanoB. O riyGHHHOM HCTOUHHKE YPaHa, NOMHMO
NPHYPOYEHHOCTH K paHOHAaM THAPOTEPMAJIbHOH 1eATebHOCTH, CBHAETE/IbCTBY -
eT TAKMIKE er0 W30TONHbLIK cocTas.

B otnowennH copepxanuii ypana, moanbleHa, opraHHyeckoro yraepoaa,
KaphoHATOB H MHOTHX JPYTHX KOMIIOHEHTOB B COBPEMEHHbIX MOPCKHX Ocajikax
(necyaHHCTBIX, aJeBPOJHTOBLIX, TIHHHCTBIX H TJIHHHCTO-H3BECTKOBHCTBIX
H1aX) YCTAHABJIHBAETCA Ta XK€ 3aKOHOMEPHAA CBA3b C OPraHHUECKHM BELLECT-
BOM, NpHueM 060radlleHHe HIOB yPaHOM NIPOHCXOHT Ha CTa/lHH PaHHero aHare-
He3za. Bee 370 cBHaeTeNbCTBYET 0 TOM, UTO ypaH o0Hapy:KHBaeT HauGoJbLIee
cpoactBo ¢ opraHuuyeckum yraepogom. [lo T. H. Bartypuny, kosddHumenr
koppeasiunn U/C,, ans ocankos YepHoro mopsa cocrasisier Goaee 0,8.

HauGonee sipko Takne 3aKOHOMEDHOCTH TNpPOABJSIOTCH B YPaHOHOCHBIX
YrIepoACOAepHAUIHX  TOJLLAX HepHOCJaHUEBHX  (DOpMaLHH, KOTOphle
NpeacTaBaflT co6od AWTUGHUUUPOBAHHDIE W B PasHOH CTeNeHH MeTamop-
(hH30BAHHBIE MOPCKHE OTJIOXKEHHS THNA GHTYMHHO3HBIX TOHKOOTMYUYEHHBIX
TEPPHIEHHBIX H  XeMOreHHbIX (MPEeHMYIECTBEHHO KPEMHHCTHIX)  WAOB.
O6b14HO OHH XapaKTePHIYIOTCA NOBbIIEHHBIMH CHHI€HeTHUECKHMH KOHILEHTpa-
unsMu cochopa, ypana, paHanud, MoanbleHa, MeAH M JIPYrHX 3JeMeHTOB
122, 23, 29].

Hakonsienne ypaHOHOCHBIX OTJIOMEHHH 3TOr0 THNA OXBATHIBAET HHTEpBaJ
BPEMEHH 103IHHH NPOTEPO30H—Nane030H H MPOHCXOLHJIO B MEJIKOBOJHBIX
wesnb(OBLIX HacTAX MOpckHX Gacceinon. O6pasoBaHHe noA0GHBIX MOPOA,
no mueunio M. H. Annrrayaena, B. H Xononosa, A. Y. Tlepeabmana, cBA3aHo
C ONMpeNe/eHHLIMH 3M0XdMH Te0JOrH4ecKoro pa3BHTHA 3eMHOH Kopbl H 06y-
CAOBJAEHO 06 LLeH IBOJIOIHEH OPraHHUECKOTO MHPA, CBA3AHO TAKIKE C PA3HBIMK
3TANAMH PA3BHTHA reOXHMHYECKHX JaHALagTOB 3eMIH H HIMEHCHHH rHnep-
FeHHbIX YC/OBHI MHIPallHH 3JIeMEHTOB.

O6aacTh, GararonpHaTHble /A HAKOIIEHHS MOPCKHX YPaHOHOCHBIX ocajn-
KOB, pacnojarajuch Kak B npegenax ApesHHx naatdopm, Tak H (panepo-
30HCKHX HOCHHKJHHAJIbHO-CKJa/1uaThlX MOSACOB.

B paspese ocapounsix Toau uexna naatdopmennoro thna (Boctouno-
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Esponeiickan, Cepepo-AMepHKaHCKass H JApyrie niatgopmbl) TFOPH3OHTHI
YpaHCONEPAKAULHX «HEPHbIX» CIAHIEB — AHKTHOHEMOBbIE, «KBACILOBbLIE» YIJIH-
CTO-TANHKCTHIE CAaHIIE NAJC0305% — HMEIOT MOAUNHEHHOR 3HAUYEHHE, HX MOuL-
HOCTb KoJieGaeTcs B WMPOKHX npeaenax u gocruraer 10—12 m. Cpeauue co-
fepxaHus ypaHa B HHx BapbHpyloT or (5—6)-107% no (1—2)-10 *%.
CuHTaeTcs, 4TO TaKHe [IHPOKO PacnpocTpaHeHHbie YepPHOCaHIeBble MOPOo/kl
HMEIOT I1€PBHYHYI0 (CHHIeHeTHYeCKYH) YpPaHOHOCHOCTb H 06pa3yloT pBecbMma
KpYlNHble MecTopoxaeHHs y6orux ypaHosblx pya [29, 73]. Cpead HHx BeTpe-
43alOTCA MAJOMOILLHbIE NPOCJOH H JIHH3bL, Pe3KO 060rallleHHbIC YrJIepoLHCThLIM
BElLECTBOM (KOJbM) € BbICOKHMH KOHLUEHTPAUWAMH YypaHa, KOTOpbe cKopee
BCero 06f3aHbl MHICHETHUECKOMY POHCXOXKIEHHIO,

B hanepo3ofcKHX TEOCHHKAHHANBLHO-CKAAAMATHIX 06]1aCTAX, B ONpeNeneH-
HbIX CTPYKTYPHO-(POPMAUHOHHBIX 30HAX — NMPOrH6aX  (CHHKAHHOPHAX) —
YyPaHOHOCHAR uepuocnanilesas dopMmauud 3enedocnaduesoil dauud mera-
MOpP(H3IMA NpencTAB/IEHA YIICPOLHCTHIMH KPEMHHCTBIMH nopofamH ((raHu-
TAMH, JHIHTAMH), YIICPOAHCTO-(DHATHTOBLIMH FMIHHHCTBIMH CJIAHILAMH, yrie-
poaucro-ochaTHbiMH nopofgaMH. B 3oHax, nperepneBuiHx Gonee BbICOKYIO
cTeneHb MetamopHaMa, aHAJOrdMH 3THX MOPOJ SIBJAAIOTCA 4epHble rpadur-
COMAEPKAILHE KPHCTANIHYECKHE CJaHllbl, & B HEKOTOPbLIX 00JacTix — MeTa-
COMATHYECKHE YraepoJcolepKallie MHKPOKBApUHTE. OHH passnyatoTes no
JIHTOJIOTHYECKOMY H MHHEPAJIbHOMY COCTaBY, TEKCTYPHBIM H CTPYKTYPHbLIM 0CO-
GEHHOCTAM, COOTHOIICHHAM NMOPOL006pasyIOIHX MHHEPaaoB, Fre0XHMHUECKOH
CleLHAJH331HH, a TAKKE HEPEIKO H MPOHCXOMKIEHHEM KPEMHHCTBHIX MOPOJL.

YpaHoHOCHbIE «uepHbies cadHibl 3THX o6aacTeld, no gaunbim M. M. Anbi-
wesa [1968 .|, C. I'. Aukunosnua [1968 r.], B. B. llla6aauua, H. A. Cozuuo-
Ba H ap. [29], xapakTepHbl B OCHOBHOM /11 [1POrHGOB MHOr€OCHHKAHHAJBHOO
THna. Paspesbl naneo30fCKHX TOJLL CJOMKEHBl FIHHHCTHIMH H (HITHTOBBIMH
(XMIOPHT-CEPHILHTOBLIMH) CJAAHILAMH, @ TaKXe KapOOHATHLIMH, PEIKE BYJIKAHO-
réHHbIMH MOpOJaMH OCHOBHOTO cOCTdBa (HJH CHANAMH 1HAa6a30B), MecTamH
¢ MPOMIACTKAMH HJH KOHKPeUHAMH GocdOpPHTOB, Cyab(HL0B Keae3d, KOTopbie
06paayIOT MaykKH nepecyjaHBanus, MOULHOCTbBID OT AeCATKOB 10 I'ICpBle COTECH
meTpos. [1o natepann npn nepexone B npHGPEKHYIO 30HY OHH OOBIMHO CMEHHA-
IOTCSl aJIEBPOJIMTOBLIMH H NecHaHbIMH (halUHsAMH, a N0 Mepe ynaieHHs or Ge-
peroBo# NUHUKM — KapGOHATHLIME H GocHaTHLIMH OTIONKEHHAMH, d TaKKe
HHOr1a BYJKaHOTeHHbIMH nopoaaMu [29, 38]. OnHo#l U3 cneunpHueckHx oco-
6CHHOCTEH YpaHOCOAEPKALLHX <«4YEPHBIX» CJAdHUEB fABJSETCA MNOBLILIEHHOE
cozepanue (7% wn Gosee) B HHX CHIBHO NPeoGpPa3OBaHHOrO (KapBGOHH3HPO-
BAHHOr0) OPraHHYecKoro BEeILeCTBa THIa aHTPAKCOJHTA, HEPEIKO B accouHa-
uHH ¢ ocharamu.

Hakonneunue yriepolHcThlX H YriepoacOAepKalllHX TePPHreHHO-OpraHo-
FeHHbIX (FIHHHCTO-KPEMHHCTBIX H KapOoHATHBIX) 0CdaAKOB NOAOOHBIX TOJILLL,
cyas no nocaeaHuM aanubiM . Xeasema (1983 r.), NpoHCXOLHIO B APEBHHX
SNHKOHTHHEHTAJbHBIX MOPAX, BECHMA NPOTAKEHHBIX B AAACKO (Ha COTHH ¥ Thi-
CAYH KHIIOMETPOB) pacnpocTpaHAIOULHXCA BO BHYTPEHHHE YaCTH KOHTHHEHTOB.
Takue cueunduueckue, He HMEIOULHE MOJHLIX COBPEMEHHLIX aHaJ0roB, MOp-
cKHe GacceliHbl OXBATbIBaJAH OGUIHPHbIE MPOCTPAHCTBA HA TEPPHTOPHH pas-
HbIX TEKTOHHUECKHX CTPYKTYP KOHTHHEHTAJbHON 3€MHOH KOPbl H XapaKTepH30-
BAJHCH MEJKOBOAHbIMH YCNOBHAMH C O4YE€Hb cjaalbiM HAKJIOHOM B CTOpPOHY OKe-
ana. PazBuTble 31€Ch OTI0MEHHA ABAAIOTCA cyOnaaTopMeHHbIMH HAH CYGreo-
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CHHK/JHHAJbHBIMH  BbiIEDXKAHHLIMH 110 J1aTepaaH JHTOJOTO-(hallHaJlbHbIMH
ocobeHHocTAMH paspesa. OT/ie/ibHbIC MAJOMOLULHBIE TOPH3OHTHI WM NAYKH
noutH Ge3 (pauHaJbHbIX H3MEHEHHH MPOCAEHHBAIOTCA HA GOJIbIIHE PACCTORA-
HusA. Hanbonee xapakTepHbiM JIHTOJOTHYECKHM THIOM 3TMHKOHTHHEHTanbHBIX
MOpei AIBAAETCS MajOMOLLHAA TOJILA «4ePHbIX» CAAHUEB — TOHKOCJIOHCThIX
GHTYMHHO3HBIX NOPO/L C NOBbILEHHBIMH H BHICOKAMH (0T Heckonbkux % ao 10—
15%) conepxanHAMH OPraHHYyeCKOro BEULECTBA B OCHOBHOM THNa GeccTpyK-
TYPHOrO KeporeHa ¢ NPHMeCchbio HEGOMbIUIOr0 KOMMUECTRA OCTATKOB PA3/iHMHBIX
OpPraHH3IMOB.

B uenoM ApeBHHE 3MHKOHTHHEHTA/IbHLIE MOPH, DO MHEHHIO STOr0 aBTOpa,
OTJIHYAJIHCh BBLICOKOH GHOJIOrHYECKOH MPOLYKTHBHOCTBIO, MPHUEM BO3HHKIIHE
3fech cBOeOOpa3Hble CHAPONOrHUECKHE YCAOBWA CROCOGCTBOBANW ObICTPOMY
poCTy MIAHKTOHA H IPYTHX OPraHH3IMOB, HHOT1A HAKOMJIeHHIO Gonblunx o6be-
m0B KapGouatos. Cpeid pasBuThbiX 3eCh OCaAKOB GHOTeNHEEe ABHO Npeobaa-
AaJH, npHueM GHOMacca 06bIMHO COCTABIANA IIABHYIO YACTh TAKHX HJ0B, KOTO-
pbie GblH NpefcTaB/eHbl PALHONAPUAMKI, BOAOPOCHSMH, TPANTONHTAMH H Jp.,
a TaKxe BKJIOYaJH CylbH/bl Kenesd, Gpocdarhl NpH NOAUHHEHHOM 3HAYEHHH
XEMOTEHHBIX W Opra’orennblx kapbonatos. BuTymunosnpe ocaikn Hakan/u-
BAJIHCb HHXKE YPOBHA BO3ACHCTBHH BOJHONPHOOHHBIX W NPHAHBHBIX fABJE-
HHH, B MJOXO0 aspupyemoi (GecKHTAOPOAHOH HAH HEPeIKO CepOBOLOPOIHON)
obcranoske. [TocTynnenue TeppHrenHoro mMatepHana 6bl1o orpaHHueno. Bee
3TO CBHAeTeNbeTRYET 00 0OpPa3oBaHnK TAKWX NOPOAL B CNOKOHHOH TEKTOHHUE-
cKoii o6ctanoske. Hasivune He60abLIHX HEPOBHOCTER MOPCKOro ana (oTaesb-
HBIX QEeMpeccHil) C031aBaj0 MECTHYK OrpaHHY4eHHYIO LUHPKYJALHK NPHPO-
HBIX MOPCKHX BOA. 3aCTOMHLIC IBJCHHA BO3HHKAJH B Pe3yJbTaTe BLICOKOH Op-
raHHYeCKOH NPOAYKTHBHOCTH, POBHBIX YCTOHUMBBLIX KJIHMATHYECKHX YCJOBHI
H Kpa#He c1ab0ro HaKJOHA MOPCKOrO [AHA B CTOPOHY OKeaHa.

3aKOHOMEPHOCTH PacnpeleseHHs CHHICHeTHYHOTO ypaHa H cONyTCTBY-
IOUHX PYAHBIX 3JEMEHTOB B «4YE€PHLIX» cJaHUaX MOKa3nBalT, uTo Goabluas
YACTH MX HAXOAWTCH B PACCEAHHOM COCTOSIHHH B MHHEPAJOTHUECKH HEBbI-
paxeHHOH ¢(opmMe W cocpeloTO4eHd B OCHOBHOM B I110POA0OGpasylolleM
yraepoaucTom BeuecTse. HanHuue CHHreHeTHUHBIX YpaHOBBLIX MHHEpaJoB
B uepHbix caanuax He ycrawopaedo. [To muennio B. A. Baxpomeepa, 3to
NO3BOJIAET NpPeANoNarath, YT0 ypaH JHGO BXOLHT B OpPraHHYeCKHe COEJHHE-
HHS, A0 CBA3aH C OPraHHYeCKHM HJIH FJIHHHCTHIM MaTepHanom. McTounnkom
ypana B HHX, NO-BHAHMOMY, CJAYHHIA MOPCKAasl BOAA, COAEPKAHHE IEMEHTa
B Kotopo#i, no B. E. Makkeaseio u M. H. Heabcony, cocrasaser (0,15—
1,8)-10 =7 r/a. Tlo MHenHwo psina HceaeposaTesiell, HAKONJEHHe ypaHa B
GHTYMHHO3HBIX MOPOAdX MPOHCXOAWIO B (hOpME OPraHHYeCKHX COENHHEHHH.
WHoraa B nmopogax npHCyTCTBYET HE3HAUMTENbHOE KOJHYECTBO [HCMEPCHbIX
BbleJeHHI HACTYPaHa, CKOpee BCEro HMelOT SMHIeHETHYECKOoe MPOHCXOMKIEHHE,

OnHolt H3 reOXHMHUECKHX OCOGEHHOCTEH YePHOCAAHUEBbIX TOJLL, 0 MHe-
#Hwo B. b. Tony6esa [73], ABaserca onpejenesHoe ynopsioyeHHoe pacnpee-
JIeHHe CHHTeHeTHYHOro YypaHa W OpPraHHYecKHX OCcTaTKop B obuiem (pausalb-
HOM pALy ocajioutbix Topod. CpeiHHe colepaHHs ypaHa H yriaepoaa 3a-
KOHOMEPHO YBEJHUYHBAIOTCH OT NecYaHHKOB M aJeBPOJHTOB K IIHHHCTHIM
H (PHAJHTOBHAHDLIM «Y€PHbIM» CAdHUAM, NOCTHras HauOOJbLIHX 3HAYEHHH
B YIJIePOAHCTLIX 06pa30BaHHAX H 3aTEM PE3KO YMEHLIIAITCs B KPEMHHCThIX
nopoaax W elle KOHTPAacTHee B HIBCCTHHKAX,
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YeTanapaHBAETCA TAKMKe NPAMAf KOPPEJHILHOHHAA 3aBHCHMOCTL MEMK/Y
COJIEPIKAHHAMH ypaHa H opraiuueckoro seulecrsa. KoHuewtpauuu ypaua
B «YEPHBIX» CJ@HUAX PA3HLIX THNOB H PafOHOB BeCbMa pa3JiHYHBI H Bapb-
HPYIOT HEPeAKO B 3aBHCHMOCTH OT COAEPXaHHil opranHueckoro yraepoja
1o (1—2)-10 ~*%, wunorna 6oace, ocofeHHO B PazHOCTSX, 0BOTAILEHHBIX
¢ochpopom. B uepHocaanieBslX NOpoLax BICOKHE COLEPKAHHS YpaHa BeckMa
JIOKAJIBHBI H CKOpee Beero 0683aHbl lepepacnpelelleHHI0 HJIH NpHBHOCY
B CBSI3H C Pa3HbIMH SMHIEHETHUECKHMH MPOLLECCAMH.

Hapaay ¢ ypaHom uepHble caadubl 06bMHO  O6GOralleHsl MHOFHMH
PYAHBIMH H HEPYAHBIMH 3JI€MEHTAMH, CPeiAH KOTOpLIX B HEPBYID OuEpedb
ormeuvaioress V, Mo, Cu, Ni, Co, Ba, Sr, Pb, Zn, Se, TR u np.

[ToutH Bo BCEX PAIHOBHAHOCTAX UEPHHIX CAAHLES, OCOGEHHO B Yriepo-
AHCTO-(hocaTHLIX nopoaax, 06bIYHO CPABHHTENbHO HE3HAYHTE/IbHAH HaCTh
ypaHa (10—30%) u B Meubled CTENEHHW APYTHX PYAHBIX 3/1€MEHTOB HAXO-
JIHTCH B «NMOABHXKHOH» (Jerko uasjekaemoi) ¢opme. Honna «noasumuoro»
YpaHa 3aAMETHO BO3PACTACT B HAMEHEHHBIX NOpoAax.

YpaHOHOCHBIE «UePHBIE» CJIAHILB, B KOTOPBIX COCPEAOTOUEHBl 3HAYHTEIbHblE
3anackl ypaua, NpecTasisoT coGOW KPYNHbLIE MECTOPOMACHNA C BECHMA HH3-
KHMH HENpOMbILIJIEHHBIMH COAEPKAHHAMH PYAHOroO Beulectsa. B To e Bpems
reTeporetibie MO CTPOCHHIO, JAMTONOTHUECKOMY COCTaBY H (PHIHKO-MeXaHHue-
CKHM CBOHCTBAM YEpPHOCJHAHLEBLIC TOJLULH MPH COOTBETCTBYIONLIEH reOJI0ro0-
CTPYKTYpHOH OGCTAHOBKE SBASIOTCA BecbMa 6GAaronpHATHOR BMellalouiei
Cpeloi /15 NOKANH3aLLHH IPOMbILIICHHOIO OpY1eHeHHA YPAHOBBIX MECTOPOX-
AEHHH pAasHbLIX THIOB — cTPaTH(OPMHBIX, XHJabHBIX H ap. [lposeieHuble
JIeTAJ/IbHBIE TE0JIOrO-CTPYKTYPHbIe H JAPYrHe HCCJIeL0BAHHA HA MNOAOGHBIX
MECTOPOMACHHAX, @ TAKKE B PYAHBIX palioHax W MPOBHHILHAX MOKAa3aJH, uTO
BO BCEX CJY4dsiX OpyleHEeHHe NPOMBILIJIEHHBIX MECTOPOXKIEHHHA, 3aneraloinx
B NOAOGHBIX PYAOBMEILAIUIHX NOPOAAX, SBAAETCA IMHIEHETHUCCKHM (HaJlo-
JKEHHBIM) H NMPAKTHYECKH Beajle NMPosABIATCA NMPH3HAKH nNpHBHOCA 60JbLIEH
YacTH ypaHa PYJAOHOCHBIMH PAcTBOPAMH, He3dBHCHMO OT HX IPOHCXOKICHHA.

[TonyueHuble JanHbie 1O NOBEACHHIO YpaHA H MHOTHX CONYTCTBYIOLLHX
3MEMEHTOB B THNEPreHHbIX YCJAOBHAX, H B YACTHOCTH [0 MOABJEHHIO M0-
BBILIEHHbIX COACPMKAHHH 3TOrO MeTaN/1a B MOA3EMHbIX BOAAX, LHPKYJIHPYIOLLHX
B TOJIE CYab(HIOHOCHBIX YEPHbIX CJAHIEB, CBHIETEJALCTBYIOT O TOM, uTO
NPH HaJHYHH B HHX 0OCTATOUHO BbICOKOH AOJH «NOABHAKHOH» (hOPMbl KaKkasn-
TO JIEFKO pacTBOPMMAs Y4ACTb YpaHa BIOJHE MOIJa MHIPHPOBATh.

B 10 e BPEMA 3TH H pALHOrCOXHMHUECKHE JaHHBIC NO3BONAIOT CACAATH
BNOJIHE OJAHO3HAUYHBIE BLIBOAbI O TOM, YTO PA3BHTHE 3K30r€HHBLIX MPOIECCOB
(KOp BLIBETDHBAHHA, JIHHEHHBIX W IJACTOBBIX 30H OKHCJGHHA H T. 1.)
Ha TAKHX YPAHOHOCHBIX NOPOAAX (YePHBIX cJaHUaX, NecyaHHKax HAH TPaHH-
TOHAAX H BYJKAHHTAX H JIp.) BbI3bIBAJIO JHUIL YACTHYHOE JIOKAJIbHOE nepe-
pacnpejeseHHe Meranna B WX Npeaenax, Nepesof B «NOJABHXKHYIO» (opmy,
HO HE [MPHBOAHIO K CO3MaHHI0 MpPOMbILLIEHHBIX KoHuentpaumi. Oanaxo
B PYAHLIX paHOHAX NpH NPOABJIEHHH PA3JHUHBIX SMHIEHETHYECKHX (FHApO-
TEPMAaJIbHBIX H THIEPreHHbIX) Npoleccos, NpH 6J1aronpPHATHLIX CTPYKTYPHBIX
YCNOBHAX H B ONpPE/EJCHHBLIE 3Talbl PA3BHTHA TaKOH «MOGHJIH30BAHHBIH»
ypaH MOr y4acTBOBAThb NPH CO3MAHHH PYL006PA3YIOLLHX DACTBOPOB HJIH
B HEKOTOPOM TOBBIIIEHHH HX YPAHOHOCHOCTH.

[Hneprentbie npoiecchl, NPOABNCHHLIE HA peHee CHOPMHPOBAHHBIX ypa-
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HOBBIX MECTOPOMICHHSAX Pa3HbiX THNOB, B 3aBHCHMOCTH OT TeOJOrHYECKHX
H QHIHKO-XHMHYECKHX YCJOBHH NPHBOAMAH nHG0O K BbIHOCY ypaHa H pas-
PYUWIEHHIO pYIHbIX 3ajeed, JHOO K CO3/1aHHIO 30H BTOpHYHOrOo oforatuie-
HHSl DY HA Pas3/HUHLIX CTPYKTYPHBIX H F€OXMMHUECKHX Gapbepax.

[Togsoas MTOr PaccMOTPEHHIO HEKOTOPBIX BOMDOCOB MOBEAEHHS ypaHa
B 3K30reHHBIX MPOLeccax, MOXKHO CAENaTh CJAeLAYIIILHEe BbIBOIbI.

1. B 3K30reHHbIX YCJIOBHSIX MPOIECCh MHIPALHH ypaHa, TNPOHCXOLHB-
IHe B BOAHON Cpele NpH HU3KHX TeMnepatypax H IHPOKOM JHanasoHe
H3IMEHEHHS OKHC/IHTENbHO-BOCCTAHOBHTE/bHOIO MOTEHUHaNna [PHBOAHIAH K
OCAMAEHHIO €r0 HAa PasJHUHLIX reOXHMHYecKMX OGapbepax W 06pa30BAHHIO
COOTBETCTBYIOULHX CHHT@HETHUHBIX H 3NHIeHeTHUECKHX KoHueHTpalHit. OfHako
CTeleHb YPAHOHOCHOCTH 3THX 0OGpPa30BaHHH BecbMa pasJiHyHa.

2. B npouecce cepMmenTorenesa (M JHTOrenesa BooGlie) B MOPCKHX
H TMPEcHOBOAHLIX (O3€pHbLIX, peuHbiX, AeAbTOBbIX) GaccefiHax B Guaronpu-
ATHBIX YCJIOBHAX OC@M/IEHHA YPaHa NpPeHMYIIeCTBEHHO B pe3yjbtarte copl-
LHH HA OpPraHHYecKoM BellecTBe W 06pa3oBaHHM TPYIAHO pacTBOPHMBIX ¢oc-
daTHbIX H APYrHX COeJHHEeHHI (POPMHPOBAJHCL YPAHOHOCHBIE MOPOIL € TO-
BbILLIEHHBIMH H BBICOKHMH (POHOBLIMH KOHLEHTPAUHAMH (YrJepoJHCThIe CaaH-
unl, gocoputsl 1 1. n.). Cpean nono6ublx Nopoa ocoboe 3Ha4YeHHe HMET
YIJIEPOAHCTbIE KPEMHHCTO-TJIHHHCTBIE claHlbl, o6pa3oBaBiiHecs B cnelHdHye-
CKOH 06CTAaHOBKE BHYTPHKOHTHHEHTANbHbBIX (BHYTPHNAATHOPMEHHBIX) MOped.
OT/10KeHHA XapaKTePHIYIOTCH BbICOKHMH COJepPKAHHAMH OPraHHYecKoro Be-
uectea, gocdopa, cynbGHI0B Kejae3a, a TAKKE ypasa H MHOTHX COnyT-
CTBYKOLLHX 3JEMEHTOB.

3. YpaHoHnocHble yepHble cJaHUbBl NPH 10CTATOYHO BLICOKOH [0J1€ «NoA-
BHXKHOH» (opmbl ypana W GJAronpuHATHBLIX YCAOBHAX HX 3aJ€ranus, nNpH
MPOSIBJIEHHH 3MHIEHETHYECKHX (THAPOTEpPMalbHbIX H THIIEPreHHbIX) NpoleccoB
B OPOTeHHble 3Tanbl PA3BHTHA PAHOHOB MOIJIH CJYMHTb JOMOJHHTEbHBIM
HCTOYHHKOM METaJ/1a B CO3/]aHHH PYJOHOCHbIX PaCTBOPOB, c(hOPMHPOBABLIHX
MEeCTOPOXK/AEHHA Pa3/HUHbIX THIOB.

4. [TpombitieHHbIE 3K30reHHbIE MECTOPOXKAEHHS 30H TJIACTOBOrO OKHC-
JeHHA, 3ajeraiolllie B 0CaJoYHOM uexJe, of6pa3oBbiBanHch B OJIAronpuar-
HbIX CTPYKTYPHBIX M FeOXHMHUECKHX 0GCTAHOBKAX B pe3yabraTe MpossJe-
HHs GoJiee MO3JHHX 3MHreHeTHYECKHX MPOLecCOB OPOréHHbIX 3Tanos, co-
NPOBOMKIAEMbIX B OCHOBHOM MPHBHOCOM MeTaJjia H3BHE BOCXOAALLHMH pacT-
BOPAMH HJIH MOJA3€MHbIMH HH(HILTPALHOHHbIMH BOAAMH H 4acTHYHBIM ero
nepepacnpeneseHHeM.

¥pau B npoueccax meramopduama

Kak ormeuator H. JI. [To6peuos, B. B. Pesepnarro, B. C. CoGonen
[1980 r.] u ap., npoueccl meramopu3mMa, NPOHCXOAHBIIHE B 3€MHOH Kope
B pe3ay/brare H3MeHeHui GH3IHKO-XHMHUECKHX YCNO0BHH (B OCHOBHOM MO/ BJIHSA-
HHEM [OBbLILLEHHS TEMIEPATYPbl H 1dBJEHHs), NPHBOLHIH K npeoGpa3oBanHio
FOpHbIX Mopod 6Ge3 cyulecTBEHHOro HW3MEHeHHA HX XHMHUYECKOro cocrasa
H pacnaasiends. [Ipn 3TOM BO3pacTaHHe Temiepatypbl H AaBJeHHA Morjio
ObiTb OGYCJOBJCHO PA3JIHYUHBIMH [PHYHHAMH: JHOO NOrpy)KeHHeM mnopop
Ha 3HAYMTEJBLHYIO YOHHY H TEM CaMbiM MNOBLILEHHEM 3HAYEHHA FEOTepMHM-
UECKOr0o rpajHeHTa, NH60 BHeApPeHHeM OOoJbLIMX Macc MarMaTHYeCKHX pac-

34



111aBOB, JHG0 BOCXOAALULHMH TepMajibHbiMH (uloHAaMH (ra30BO-TENJOBbBIMH
notokamn). Tlpoueccu meramophuama NPOTEKANH NPH YHACTHH BOLHBIX HAN
ra3oBo-BOAHLIX PacTBOPOB, COAEPHKAIIHX B HHX PacTBOPEHHbe B Pa3aHYHOH
crenedd seryure komnouento (CO, S, SO, N, Cl, F u ap.). Takue pa-
CTBOPbl MOIJIH BblJEJASATLCS HEMNOCPeCTBEHHO H3 TOPHbIX MOpoa (0coGeHHO
0CafO4HBIX) NMPH HX 00e3BOHBAHHH H 1eKAapOOHATH3ALUMH MM NOCTYNATb
H3BHE, T. €. MOJAHHMATbCA H3 [IOAKOPOBbIX OGoJOYeK B [pouecce aerasa-
LHH MAHTHH. B nocnennem cayuyae, npH NOCTHXKEHHH ONPENENEHHBIX YCIOBHH,
npouecchl MeTaMopH3mMa HJAH yabTpaMeTamopdHaMa rnepepactajii HiH CMe-
HAJHCD IPOLECCAMH PACMiaB/IeHHs NOPOJ, T. €. TPAHHTOH/IHOrO MarMoo6paso-
BaHHA.

B cBfisH ¢ OTMeYeHHbIMH OCOGEHHOCTAMH MPOABAEHHA NPOLECCOB PErHo-
HalbHOro meramopMama Beiaensiercs ABa THNa: |) H3OXHMHUECKHH MeTa-
MOpP(hH3IM, NpoTeKaBLIKH 6e3 yuacTHsl «(PAHHTHIUPYIOLWHX> (DJIIOHILO0B, TOJNBLKO
NoA BO3AEHCTBHEM TenNa W NaBAeHWA, 2) ANJOXHMHUECKHA YAbLTPaMeTa-
MOP(H3M, MPOXOAHBUIHA 1101 BO3AEACTBHEM H MPH YYaCTHH «IPAHHTH3HPY-
IOLLHX» MOAKOPOBLIX PACTBOPOB,

Munepanbhbie H JIHCI0KAIHOHHbBIE NPEO6PAa30BAHHSA FOPHbLIX MOPO/ NepBOro
THMa ObliH CBA3aHbl MPEHMYLIECTBEHHO C TEMJOBbIMH MOTOKAMH H [1aBJe-
uuem (7. e. obycaosienn P — T napamerpamu), no3ToMy OHH [IPOHCXOAHJH
Ge3 CYLLeCTBEHHOrO H3MEHeHHsi XMMHWecKoro coctasa nopoa. [lpeanonara-
eTcsl, YTO B 3€MHYI0 KODY NPOHHKAJH CHH3Y, H3 MaHTHH, TOJbKO JIHIb
TeIJIOBblE MOTOKH, M0-BHIAHMOMY, COLEPKALLHE HEKOTOPOE KOJHUECTBO Je-
TY4YHX Ta30B (a30Ta, BO3MOXKHO YIJIEKHCJOTH H HekoTopeiX aApyrux). Bona
€C/IH H MPHCYTCTBOBaja B MaHTHAHbIX (alOMAaX, TO, OYEBHIHO, 3a1€PiKH-
BaJjacb B 30HE YCTOAYHBOCTH aM(pHOGOJ0B H B PACniIaBax MarMaTHUECKHX
ouyaros. [Ipoueccol metamopduima 3TOro THHA PA3BHBAJHMCH 30HAJBHO OT
filep HAH LEHTPOB (KynoabHui#t meTamopgusm) K nepudepun, 1. e. 0T am-
(HOOJIHTOBOH W TpaHy/JHTOBOH (pauHi 10 3eNeHOCHAHUEBOH W MpPEHHT-
MyMMENJIHTHTOBOR (haunii no Hapactannio P — T napameTpoB, no3ToMy TakHe
npeo6pa3oBaHHs OOLIYHO OTHOCAT K HaHbojee panuHel, NPOrpeccHBHON, CTa-
aun. O6uiee nonuxkenne P — T ycnosuit B caeayiowyio, 6ojiee N031HIOW,
CTa/HI0O NPHBOAHAO K 06PAa30BAHHI0 HANOKEHHbIX HH3KOTEMNEPATYPHbIX ac-
COLHAIHA (perpeccHBHas cTaaHsa, HaH AHadTOopes).

Bropo# THn meramopgH3ma B OTJIHYHE OT NEPBOro COMPOBOMAAJCA
MOCTYNJEHHEM B ONpELe/eHHbIC YYacTKH 3€MHOH KOpbl TpaHcmarmarHue-
CKHX «TPAHHTH3HPYIOUIHX» (JIIOHI0B, NPOTEKAN C NPHBHOCOM HWJH (H) BBIHO-
COM MHOTHX KOMIIOHEHTOB, T. €. CYULeCTBEHHbIM H3MEHEHHEM [€PBHYHOIO
He TOJIbKO MHHEpaJbHOrO, HO H XHMHYECKOro coCTaBa Mopod. JTH npouecch
Bbi3blBAJH FPAHHTH3AUHIO H MHIMaTH3aUHIO MOPOA, NPOABJEHHE KpeMHe-
11eJI0YHOT0, B TOM UYHCJ€ KajHeBOro mertacomartosza W 1. n. [lostomy npo-
LYKTaMH €ro nposiBJeHHsA ObliH rPaHHTO-rHeRCcoBble KyNoaa ¢ onpeaeseHHo
30HAJbHOCTBIO (OT Alpa K nepHgepHH H CHH3Y BBEPX): TPAHHTOH/IbI MArMaTH-
YEeCKHE—MHIMATHTbI—KBaPL-NOJAEBOLINATOBbIE  METACOMATHTbl—METAMOP-
(pHueckHe mopoabl (rHeichl U T. m.).

[Mox Bo3seficTBHeM BeicOKOTEMNepaTyphblx (JIOHAOB MeTamMopgHueckue
NOpOAB HAYHHAJIH NJABHTLCH, XOTH TEMINEpATYpa MarMaTHYecKoro samelie-
HHA, OTBEYAOLLAf, KaK [IPaBHAO, ycOBHAM aM(HOGONHTOBON (aunu, Gbiia
HH)KE TeMnepaTypsl rpaHyAHTOBONH daiku. [TockonbKy npouecchl yabTpamMera-
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MOp(iH3Ma (rpaHHTH3alHH) OOBLIYHO pPa3sPHBAJIHCHL [03KE NPOrpecCHBHOIO
meramopguama rpaHyaHToBod (auuu W npH Gosee uuzkux P—T napa-
METpax, TO HX TAKXKe HEeKOTOpble HCCAel0BaTeNH OTHOCAT K PErpeccHBHOH
CTanHH.

B reocHHKAHHAJbHBIX MOSiICAX H MX CPEAHHHBIX MacCHBAX pPerHOHalb-
HBI METAMOP(H3M JAHHOTO TEKTOHO-MarMaTHYeCKOTO LIHKJA pPa3BHTHA npo-
SIBASIICA NMPAKTHYECKH CHHXPOHHO €O CKAaiKoofpasoBaHueM, T. e. OQHO-
BpeMeHHO ¢ ()OPMHPOBAHHEM CKJIALMATHIX CTPYKTYP W OLIA cBA3AH € Tpo-
ueccaMi ropoofpa3oBaHus (HHBepCHOHWHAs, CKJajyaTas W paHHEOpOreHHas
cTaguH). MeramopdHaM OXBaThiBa/J 3HAYHTENLHLIE YYacTKH 3€MHOH Kophl,
B KOTOPbIX OH NPOTEKaJ CPaBHHTEJbHO PaBHOMEPHO, NPH OTHOCHTENbHOH
BbIIePKAHHOCTH TEPMOJAHHAMHYECKHX YCJIOBHA B OMNpejesCHHbIX HHTepBajax
(30nax). HanGoaee HHTEHCHBHO METAMOP(H3IM NPOAB/SAIICA TOJNbKO B TaKHX
yuactkax (6s10Kax) ckaanuaThix obaacred, KOTOpble OTJIHUATHCh 3HAYHTEILHO
fIOBBINEHHBIMH TENJIOBLIMH NOTOKAMH. MeraMopHueckHe peakilHu onpeje-
JIANIHCE TNaBHBIM 06pPa30M TEMJOBLIM PeKHMOM, MOCKOAbKY ITOBbILIEHHE TeMMe-
pPaTypbl BLI3BIBANO G0JIEe BHICOKYIO XMMHYECKYIO AKTHBHOCTL NOPOBLIX PACTBO-
poB. MeHbluee 3HaueHHe OKa3blBal0 H3IMEHeHHe JaBJeHHs, KOTOpoe 06yC/10B-
JIHBaN0 AedopMalHio NOPOL H CO3/1aBaj0 YCJAOBHA AAA duabTpaunu u aud-
¢Gy3un meramopgorennblx pactsopos [25, 87).

Jlis perHoHa/bHOro MmeramopgM3Ma NepBOro THIA XapakTepHbl cJaejy-
olHe HaHOo ee 06LLHe OCOBEHHOCTH €ro NpoAB/IeHHS:

paBHOMepHAaA B fpeaenax OfHOH (aliu NepekpHCTANTHIANHA NOPOJL;

NPEHMYLLECTBEHHO H30XHMHYECKHH THI npeoGpa3oBaHHi, T. €. NpakTH4e-
CKH 6e3 npHBHOCA M BbIHOCA BelLeCTBa, B pPe3ybTaTe 4Yero OTCYTCTBYIOT
WiKn ¢iabo pasBuThl MeTacoMaTH4yecKkne 0Opa30BanHA;

derHapatallis H NeCHAH(PHKALHA NOPO.d, T. €. YMEHbIICHHE coaepKaHHi
BO/bl H KPeMHEKHCJOTbl C MEPeXoAoM OT HU3KHX K Oonee BLICOKHM aunam
MeTaMopguama.

[Mpeanonaraetcs, uTO BbLICBOGOAHBIUHECH H3 MOPOJL NPH MeTaMopdua-
M€ BOLA W YIJIEKHCI0TA TNPHBOJMIAH K OGPAa30BAHHIO MeTaMopgOreHHbIX
pacTBOpOB, KOTOpbIE cOcO6CTBOBAJIH He TOJNBKO MEPEKPHCTANIHIALHH NI0POL,
HO H nepepacrpeic/eHHio MOABHAHLIX METPOTeHHbIX, HCKOTOPLIX PYAHBIX
H PaAHOAKTHBHBLIX 3JICMEHTOB. B nepuos nocieaunx craauii naacTHueCkux
nedopmannil, COBNafawUIHX BO BPEMEHH C PA3BHTHEM PErHOHANBHOrO MeTa-
MophH3Ma, B rOpHLIX MOPOAAX BOIHHKAAH 30HbI CKJIaA4aTO-pa3pbiBHLIX JHC-
JNOKAUMH, BAOAL KOTOPLIX NOA BO3NEHCTBHEM Tepenana NaBleHHH MOrJaH
JBHraThest metamopdorennsie pactsopsl [8, 9, 25].

OuHako caepyer MMeThb B BHAY, UTO OpU MeTaMOpdH3IMe rOpHLIX NOpos
MPOHCXOAKIA JHUL JOKAJbHAA AH(P(PY3Ha BeULecTBa H NPAKTHUECKH He Obl10
HHTEHCHBHBIX (HILTPALHOHHBIX npouecccos. Kpome Toro, pacTBopbl Haxo-
[AHJHCb B PABHOBECHH C BMEILAIOIHMH MOPOAAMH H OblIH paccpenoTO4eHbl
no Bceld ToJue.

B yuennu o meramopduueckux ¢aumnsix, Bbuienenubix snepsbie T1. Ie-
koaa (1920 r.) u BnocaenctBuu passusaembix H. A. Eanceessim, H. I Cy-
AosukosbiM, X. [, Bunkaepom, A, MHUSCHPO H MHOTHMH JIPYTHMH N€TpPOJIO-
rdMH, CYHTAETCs, 4TO MeTamopdHueckHe dalid — 310 coobulecTsa noposa,
c(hopMHPOBAHHBLIX B 06/]acTH ONpPelefeHHbtiX 3HAYEHWH NABACHHA MW TeM-
neparypbi.
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Takue o6.1acTH OrpaHH4eHbl HECKOJILKHMH, HaHGOJEe BamHbIMH peak-
LHAMH, KOTOpbLIe MNPOCACKHBAKTCH B HauboJjee pacnpoCTPAHEHHbLIX B NpPH-
pone coctaBax nopod. [lpu 3ToM daunHH npHMEpHO COOTBETCTBYHT FpaHH-
uam P—T ycaoBHil ofpa3oBaHusi ecTECTBEHHbIX accouHalnii meramopgu-
yeckux kommaekcos. H. JI. [lo6peuossim, B. B. Pesepaarro, B. C. Co-
GonesbiM (1970 r.) W ap. BbiLeNSIOTCA ueTbipe rpynnei ¢aunii meramop-
(pH3Ma rOpHLIX MOPOJ 38MHOH KOPbl H BEPXHEH MAHTHH, KOTOPLIE OTIHYAI0TCA
B OCHOBHOM MO [aBJECHHID, BO3PAcCTalOLIEMY OT HH3KHX AO BLICOKMX M
CBEPXBBICOKHX 3HAYCHHIL.

Kak u3BectHO, B MCTOPHM padsutuf 3emau meramopduaMm npoAsBaaAnCcs
MHOrOKpaTHO W BeCbMa HeoAHHakoBo. [Topoabl HHMXKHEro apxesa o6bLIYHO NO-
BeProyThl HEPABHOMEPHO BbICOKOTEMNEPATYPHbIM PErHOHA/LHBIM Npeobpaso-
BaHHAM (BIJIOTb 0 TpaHyJHTOBOH (aunn) Ge3 cJel0B 0Y€Hb BbBICOKHX
AaBJEHHH, NPEeBBIAWKHX NaBIeHHe JHTOCTaTHUYecKol narpysku. O6pasosa-
HHA BEPXHET0 apXesi-nporepo3os (bl METamMOP(H30BAHbl B YCJAOBHAX CBEpPX-
BLICOKHX [1dBJEHHH, HO BecbMa HEPABHOMEPHbIX H B Pa3/JHUHOH CTeleHH —
OT rpaHyJHTOBOH (alluy 1o nouTH He meTamop@H3sosanubix. [Topoasl Bepxuero
JokeMOpHs H 1aJ1€0308 PerHoHabHO METaMopP(H30BaHBl TOLKO B Npeaenax
OT/E/ibHbiX NOKICOB, CBA3AHKBIX CO CKAAAYATOCTLIO ¥ PAYOHHHLIMK PA3IOMAMH.
Cuunraercs, uto GaUHH yMEPEHHBIX AaBJEHHH, KOTOPLIM OTBEYaloT HaHGogee
pacnpocTpaHeHuble Ha UMTAX K APeBHHX naaTdopmMax perHoHajibio npeodpa-
30BaHHble MOPOAbl, HMEIOT HaHGOJbLICe 3HAYEHHE A MeTamopdoreHHoro
pysrooGpasoBanua [25].

Ha 3asepwaounx craauax (OpMHPOBAHHA CKJAAYaThiX 06JacTed H
pa3BHTHA PErHOHAJLHOTO METaMOp(H3IMa FOPHBIX MOPOA JaHHOrO TEKTOHO-
MarMaTHYeCKoro UHKNd B (YHILAMEHTE HEKOTOPLIX MeOCHHKIHHAJbHO-CKaan-
4aThlX MOSACOB 6OJIEE JOKANBHO NPOABHIKCEH [IPOLLECCHl YbTpaMeTaMopgHiMa.
O6biuHo OHH pa3BuBajuch B MeTaMOpPPHUECKHX NOpoaax am$puboIuTOBOM
HJIH Hayana rpaHyauToBofi (pauui, B yuacTKaxX BbICOKHX M€OTEPMHYECKHX AHO-
Majini, CBA3AHHBIX ¢ HOCTYNJICHUEM W3 NOAKOPOBBLIX 060A0UEK MOBLILIGHHOTO
KoJiHuecTsa Tena H Gaionaos. 3TH npouecchl B (QH3HKO-XHMHUECKOM OTHO-
LUIEHHH NMPOTEKAJIH B YCAOBHAX KAK «3aKPbITOH», TAK H «OTKPBITOH» CHCTEM H
CONPOBOKAAJHCh NPHBHOCOM HJIH BbIHOCOM MHOTPHX KoMmmoneHToB [25, 90].

Jas yabTpamMeTamMopgHYecKHX KOMIJIEKCOB XapaKTepHO TECHOE COYeTaHHe
MeTaMOp(HUECKHX Mopoa (rHeficoB, KPHCTANIHYECKHX CJaHUEB W Ap.) H rpa-
HHTOHIOB (MHIMAaTHTOB, TPAHHTO-THEHCOB, PA3JHUYHBIX IPAHHTOB, NErMaTH-
TOB) cpenH o6pasoBaHiit gokem6pHiickoro dyHaamenTa. IossaeHHe rpaHHTo-
HIOB H WHPOKOE Pa3BHTHE T'HEHCOBO-MHIMATHTOBLIX H IPAaHHTO-THEHCOBbIX
KOMMNAEKCOB B PE3Y/bTaTe NEPEKPHCTANIH3AUKH NEPBHYHOTO MaTepHana no-
po, NMposiBJAeHHE NOCAeNYI0Iero BhcokoTeMnepatypHoro meaounoro (K-Na)
MeTacoMaTo3a H o6pazoRanie KHCNOH MarMbl ABJIAKTCA ABHLIMH PH3IHAKAMH
yabTpameramopHueckux npeoGpazosanuil meramoppuueckux nopoi. B noc-
JeaHee BpPEeMs K yJbTpamMeTamMopdH3My OTHOCHT CJOOKHBIA MNpouecc nepe-
KPHCTANIH3A1LMH, MarMaTtHueckoro H MeTacoMaTHUYecKOro npeobpaszoBaHus
METAMOP(HUCCKHX (MNEPBHYHO-0CA/I04HO-BYJIKAHOIEHHBIX) MOPOL H YACTHUYHO-
ro ux nepensasienud. [Tpoueccsl yanrpameramopduama ¢ pasnoi HHTEHCHB-
HOCTbIO MPOABHAHCH B MNpelenax APeBHHX LIHTOB H (VHIAMEHTa MHOI'HX
CPe/IMHHLIX MACCHBOB CKIAAYATBIX H AKTHBH3HPOBAHHLIX 0DAACTER, NPH 3TOM
HanboJee LIHPUKO OHH NPOTEKaJsH B NOPONAAX apXesi H HHAKHErO NPOTEpo30s.
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[To muenHio HekoTOpbiXx Hcc/egoBaTeel, ¢ NPOUECCAMH VALTPAMEeTa-
MopthHama cBA3aHO pyaooGpa3osanne, B TOM yHcae ypanosoe, Tak, 5. H. be-
nesues (1972, 1980 rr.) NpeAnoAaraeT, 4TO «OCTATOYHbIE PACTBOPhI», B OCHO-
BE KOTOPBIX HAXOJMJHCH «MeTaMmopgHueckHe QUIIOHAbI», MpH GJaaronpHsT-
HbIX YCJIOBHAX MOIJIH oforaulaTbCs pyﬂ.Hb]MH KOMIMOHEHTaAMH H HpHUﬁpETaTb
3HAYeHHe PYIHBIX PACTBOPOB.

Kaxk ycranosneno muorumu ucenepopatenamu (Epmonaes, 1983 r., Kpwi-
aos, 1972 r., Benesuee, 1978 r., Kouxun, 1963 r., Kykos, Kykosa 1972 r.,
Anamc, 1958 r. 0 ap.), B npolecce perHoHaNbHOrO MeTaMopH3IMa 0CaL0uHO-
BYJKAHOrEHHBIX H OCA/10YHLIX (TePPHIeHHLIX) TOJILL BEPXHHX («0CAA0UHOr0» H
«IpaHHTO-MeTaMOP(HYECKOro») ¢Jl0eB 3eMHOH KODbl [IPOHCXOAMIC CyiilecT-
BeHHOe nepepacnpeneeHie paiHOaKkTHBHBIX 3/eMeHToB. B 3akoHomepHocTsix
HX pacnpejeeHHs cpeiyd MeTaMmophHYeCKHX KOMNJEKCOB B IIHPOKOM AHana-
30HE OT MNPEHHT-NYMMNENIHHTOBOH (IL€OJHTOBOH) HJH 3e/€HOCAaHIleBOH 10
FPanyJHTOBOH (auHi NpH H30XHMHYECKHX Npoleccax NporpeccHBHOR CTAAHH
perHoHaJbHOro MetTamopuiMa (7. e. «3aKpHITOH» cHCTEMe) OGHApPYIKUBACTCA
0611as TeHALHUHA YMEHbILEHHA HX COLepKaHHH Mo Mepe BO3paCTaHHA CTeNeHH
npeo6pa3oBaHHA FOPHLIX NOPOL.

IJKcnepuMeHTanbHbIMH HeceloBannsamu 1. H. beaesuesa ¢ cotpyanukamu
[25] ycraHoBaeH BBIHOC PYAHBIX H HEPYIHBIX 3JIEMEHTOB H3 3IMHr€HETHUECKH
PErHOHAALHO H3MEHEHHBIX [1eCYAHHKOB, 4JEBPOJHTOB H APrHINUTOR FIpH
BO3/IeMICTBHH HA HHX KHCJAbIX, HeHTpa/JbHBIX H ILEJOYHBIX PAacTBOPOB
(T=300°C, P=300 krc/cm’). B xucaoil cpene 0TMeuaeTcs BHIHOC MHOPHX
3JIEMEHTOB, B TOM uHcJae ypaHha (a0 50—75%).

H30xHMHUHOCTb MpOLECCOB perHoHalbHOro MeTamopuima nopoL Hapy-
WAaeTcsd ¢ pasBHTHEM yabTpameramopdusma. [IpH MHIMAaTH3aUHKH W rpaHu-
TH3auuu nopoa, no mHenuio K. X. Menepra, 1. C. KopxHHcKoro W ap.,
NPHPOAHAA CHCTEMA CTAHOBHTCH «OTKPHITOH» H B METAMOP(HUECKHE TOLLH
BMeCTe CO CKBO3bMarMaTHYeCKHMH paCTBOPBMH MOIJIH NOCTYNaTh JIErKHE H
JeTYUHe NeTPOreHHble KOMIOHEHTHI,

YuuteiBas GoJbulylo pacnpoOCTPAHEHHOCTb TMPAHHTH3IHPOBAHHBLIX W Mur-
MaTH3HPOBAHHbIX MOPOJ, COH3MEPHMYIO MO MaciTabaM ¢ Pa3BHTHEM HHTpY-
3HBHBIX MOPOJ, H MOBLIUIEHHYIO WX PAAMOAKTHBHOCTL (BABOE BHIWE, YeM Yy
KPHCTaJUIHUECKHX cllanues v naparueiicos), 1. M. oy (1968 r.), A. B. Po-
#oB M A. A. Murauncosa (1970 r.) naot npHGAHKEHHYIO OLEHKY NPHBHOCA ypa-
Ha M TOpHs B rpannTo-rueiicax u murmartutax. H. [1. Epmonaes (1966, 1971,
1983 r.) npeamoaaraer, 4tO He MEeHee MOJOBHHBI ypaHa BepxHHX 060-
JIOYEK KOHTHHEHTANLHOH 3€MHOW KOPEl B CBOEH TEOXHMHUECKOH HCTOPHH
NPOXOHIO Hepe3 TMPOLecchl PEerHOHANBHOTO MeTaMopdH3Ma M yJabTpame-
tamopthuama. 1o oBCTOATENLCTBO, MO €r0 MHEHHIO, 3acayxuBaer ocoboro
BHHMaHHA, NOCKOJbKY He MCHEe NOJIOBHHB HAaHOO0JIee 3HAUHTE/IbHBIX YPAHOBLIX
MECTOPOXKACHHA Pa3HblX THIIOB B PAa3JIHYHBLIX IPOBHHLLUAX MHPA TAK HJH HHAue
CBA33HO C METAMOP(HUECKHMH KOMIJIEKCAMH TIOPOA.

PaccmarpuBasi HEKOTOPHIE AcMeKThl FEOXHMHH PaJHOAKTHBHBIX 3JeMeH-
TOB NpH MeTamopdHUYECKHX Mpoueccax ropHbIX MOpPoj HAa OCHOBAHHH 0606-
ULeHHA COGPAHHOr0 (PAKTHYECKOro MaTepHasa, 3TOT HCC/el0BaTe b npHiien K
BbIBOJY, YTO HapacTaHHe CTENeHH PerHOHaJbHOro H JOKaJbHOrO MeTaMop-
(hH3Ma ropHBIX MOPO/L HA NPOrPECCHBHONW CTALHN CONPOBOXKAANOCH NOTEpei B
HHX paccesHHbiX ((hOHOBLIX) COAEPKAHHH ypaHa, a 3aTeM H TOpHA.
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Cyasi M0 MHOTrOUHCJEHHbIM JHTEPATYPHBIM AAHHBIM 10 pacnpeneneHHio
ITHX 3JIEMEHTOB B PA3HOBO3PACTHLIX MeTAMOPHU30BAHHLIX OCALOUHLIX W OCa-
JAOYHO-BYJIKAHOTEHHBIX TOJILAX Pa3JHUHBIX OJOKOB KOHTHHEHTA/bHOH 3eM-
HON KOPbl, NPOHCXONHT 0611€E CHHIKEHHE YPOBHA PalHOAKTHBHOCTH Mapanopos
¢ riayOGHHOR no Mepe ypeqH4eHHA cTeneHH WX npeo6pasopanus. Bo3pacranue
conepaHHi ypaHa B BePXHHX 4YacTHX 3€MHOH KOpPbI BIOJHE MOMKHO OOBAC-
HHTb HANPABJICHHOR MHTPAUMEH €ra U3 HHKHHX 060J0UEK B IPOLIECCe METAMOP-
(hH3Ma, T. €. M3 OGCTAHOBKH C BBLICOKHMH TepMoAHHAMHuecKHMH (P—T)
napaMeTpamMH B MeHee HanpsxeHHble ycaoHa |38, 94].

Ha ocnoBawuu uce/efoBaHHs pacnpeieseHHs KOHUEHTpAlWH ypaHa H
TOPHsl B MeTaMOpdHUeCKHX KOMMJeKcax TOPHBIX MOPOA OTAENbHbIX PAHOHOB
APEBHHX WHTOB H ckaanuateix obGnacredt H. T1. Epmonaesumim (1966, 1971,
1983 r.) Hame4yeHa IMMHPHYECKAs CBA3b MeK1Y HIMEHEHHEM PajlHOreOXHMH-
YecKHX ()OHOB H MHHEpa/IbHLIM COCTABOM MOPOJ, 06YCAO0BACHHBIM Pa3JIHUHOM
cTeneHblo HX PerdoxadbHbiX npeo6paszoBandi. [1pw 3TOM ycTaHoBJAEHO, uTO
HApacTaHHE NPOrpecCHBHOIO KaK perHoHaibHOro, Tak W 10KaJibHOrO AHCI0Ka-
LLHOHHOTO MeTaMOopdH3IMa CONPOBOKAANOCH MOTEPER FOPHBIMH NOPOLAMH pac-
CEFIHHOTO B HHX ypaHa, a B OnpeeseHHbIX YCJAOBHAX — H TOPHS.

Ananu3 OCHOBHBIX MHHEPAJIbHBIX aCCOUHALKWA H PacCMOTPeHHe NMPOTEeKAaB-
IIHX peakuHil NPH NporpecCHBHOM MeTaMop(H3IMe NMO3BOJIHIH 3TOMY aBTOpPY
NnoKa3aTtb, 4TO 0CBO6OX 130U HECs NMPpH TAKHX MNpeBpall€HHAX BOAE H Yr-
JIEKHCJI0TA co3/1aBanu GnaronpHATHYIO cpeny ans murpauuu ypana. [Tono6-
Hble peaKkuHH B [OPOAax COINPOBOMAANHCh NOTEpeH B HUX paNHOEKTHB-
Hbix snementoB. CpenHue cojepKaHus ypaHa B MeTaMOP(HUECKHX TOMILAX
cHHKaloTca Ha 26—30% no 409% oTHOoCHTEbHO HEMETaMOP(H3OBAHHBIX HJH
c1abo MeTamop(H3IOBAHHBIX, MPH 3TOM H3MEHeHHe CPeIHHX 3HAYeHHH naoT-
HOCTel MOPOAL B PeayibTate (peofpas3oBanuil 06bUHO He npesbiinaer 2—49).
Bee 3TO, I'lO~BH,£lHMOMy, CBH/IETEJIBCTBYET O BBIHOCE paJIHOAKTHBHBIX MHKPOIIPH-
meceit. O1HOBPEMEHHO NPOHCXOLHT Kak Obl BbIpaBHHBAHHE UACTHBLIX (pfAO-
BbiX) 3HA4EHHH KOHUEHTPAlHi OTHOCHTENbHO CPEHHX H YMeHblLICHHE HX JIHC-
nepcuH. [logoGubie meTamopgHuyeckHe npeoGpa3oBaHHA B YCJOBHAX amdH-
GONMHTOBOH H rPaHynUTOBOR aliil W TEHACHUNS NepepacnpeieNents pagno-
KTHBHbLIX 3JIEMEHTOR, Cyasi Mo peayabratam ueeaegosanui H. 1. Epmonaesa,
(1983 r.), 9. H. Beaesuesa (1979 r.), K. C. Xaitnepa u Ax. A. C. Anamca
(1965 r.), ormeuawTcss BO MHorux pakoHax Aanauckoro, Baartwiickoro,
YKpPaHHCKOrO H IPYruX ILHTOB.

B npouecce pa3gHTHA NPOTPECCHBHOTO PETHOHAADLHOTO
MeTaMOp@®H3IMa r13aBHbIE UEHTPLl €r0 NpPOfIBJEHHA B YCJIOBHAX aMH-
GoanToBOH W Havana TPaHyAHTOBOH (auHH HAXOQHAHCH B THeHCOBLIX Ky-
nonax, B Npeaesax KoTopbiXx HAGMI01aeTCH BbIHOC ypaHa Kak BBepx, TaK H K
nepudepuH B 30Hbl ¢ Goee HH3KUMH MapaMETpaMu TEeMNEpaTyphl W Aasle-
HHA. B peayabTare B KpaeBHIX 4ACTAX KPYMHLIX KYNOAOB WAM WX TPynfl,
KOTOpble HEPeJKO OrpaHH4YeHbl 30HAMH MexO0JOKOBLIX Pa3jJoMOB, COBNANAK-
ILHMH C PE3KHMH NepenaslaMi TEMIEPaTyphl H 1aBJAEHHS, N0-BHAHMOMY, J10JIK-
HO TPOHCXOHTL HAKOMJEHHE MeTanjia.

AHanoruyHas 3aKOHOMEPHOCTh CHHIKCHHA CPeIHHX KOHUEHTPAUHH ypaHa,
OTHACTH OPraHHuecKoTO BellecTBa — OUTYMOB, a NpH rAyGOKHX cTyneHsx
TAKKE H TOPHA, HE3aBHCHMO OT COCTABa OCAJOYHLIX (TCPPHIEHHLIX H
TEPPHTEHHO-KAPGOHATHBIX) OTJOKEHHH H YMCHBLLUICHHA AHCMEPCHH KOHUEH-
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TPALKA OTMEYACTCH NpPH PA3BMTHH JIOKAJbHOIMO JIHHAMO-TEPMAJIbHOTO MeTa-
MOPhH3IMA B YCAOBHAX OT 3ENEHOCAAHIEBOW [10 TPAHYJHTOBON (hauni.

Kak ycranosieno wcenenosapuamu H. T1. Epmonaesa, T. B. Haymosa,
H. I'. Cokosioo#t (1986 r.) W ap., B YCIOBUSAX [POrPECCHBHOTO KOHTAKTO-
BOro MeTamMop()M3Ma BOKPYT FPaHHTOHIOB IPOHCXOLHI BHIHOC YIJACKHCAOTHI,
BOJIbI, OPraHHYecKoro sellectsa W ypana. OJHAKO B HENOCPEACTBEHHOH OJK-
30CTH OT WHTPY3HBOB FPAHHTOHIOB B HX 3K30KOHTAKTE, OUEBHIHO, B PE3YJib-
Tare NPoABAeHHA Gojiee NMO3AHHX THAPOTEPMAJbHLIX NPOUECCOB HJIH IMaHa-
HHOHHOH AH(dEpeHUHAUMY NPH KPUCTANNHR3IAUHH TPAHHTOHIOB, YCTaHaBJIH-
BACTCH MECTHO® BO3PACTAHHE BEPXHErO YPOBHA KOHUSHTPAUHMH ypana, uTo
[POSIBJASIETCA B YBEJHUEHHH JHCTIEPCHH COJACPIKAHHA HIH B JIOKAJIbHOM TIOBbI-
weHHH GoHa mertanna.

Ha ocuosanuu uanoxennoro H. I1. Epmonaes [90] npuxonns K BelBOAY,
UTO NPOUECCH POrPecCHBHOTO METaMOP(HIMAa rOPHBIX MOPOJ, He3aBHCHMO OT
MacwTaboB HX NPOABJIEHHA, NPHUBOLKIN K NIEPEPACTIPENENEHHIO (PACCesHHIO)
ypaHa, a Ha rayGOKHX CTYNeHAX NpeofpazoBaWMB — TaKKe H K pPacCesHHIo
TopHs. OHOBPEMEHHO NMPOHCXOAHJ0 BhIDABHHBAHHE DPALOBLIX 3HAYEHHH KOH-
LeHTPALHi OTHOCHTE/ILHO cpeHuX BeauunH. [locienosaTenbnas cMeHa raas-
HOTO MEXaHH3Ma OCBOOOKIAECHHA PAAHOAKTHBHON IPHMECH B rOPHLIX NOPOAAX,
HAUMHAR OT NPOLECCOB NOBEPXHOCTHBIX (KaTarexesa, snHrexesa) 10 npouec-
COB NEPeKPHCTAMTHIAUHK W PACTBOPEHHA MHHEpaAJla-HOCHTEs, OTpaKaer 06-
CTAHOBKH MepepacnpefiefleHHs Ypaua i« TOPHA W3 YCAOBHH HanpameHHbIX
no P—T napamerpaMm B YC/AOBHA MeHee Hanpsamenusie. B pesyavrate B
3eMHOH KOpe BO3HHKaJa o6lLas pagHoreoxHMHYECKas 30HaJbHOCTb, Ha6J0-
daemas B pasHbix Macwrtabax (Gaokax, Kynosax u T. n.). B npouecce
MeTamMopduamMa, N0 MHEHHIO 3TOM0 ABTOPA, MHIPHPOBAJ0 OrPOMHOE KOJHYECTBO
pajfHoaKTHBHEIX 3jementos. Hanpumep, npu nepexone or ampu6oaHTOBOH K
rpaHyauToBOR aund M3 | km® cnanues W rueficoB OTTOPra/iock B CpelHeM
1200—1500 T ypana u go 20000 T Topus.

Onunako uMeolHecH B HAlEM pPacnopsKeHHH PALHOTEOXHMHYECKHE AanHble
N0 TEePPHreHHbIM MOpOaaM, MeTaMop(H30BaHHBIM B (halHAX PerHoHasbHOrO
mMeramopduama OT 3e/eHOC1aHUEBOH 10 aM(PHOOJTHTOBOH H Pa3BHTBLIX Ha Tep-
PHTOPHH DPYLHOH NPOBHHUMK NAACO30HCKON ckaaauatol obaacti Llenrpadns-
HoH Epponsl, NoKa3wblBaloT, uTo COAEPIKAHKA YPaHa H TOPHA KAK B CAAHLEBDIX,
TaK M THeACOBbIX TOJLWAX [PHMEPHO OJHHAKOBLE M  COCTaBJAIT
(2—4) -107*% ann nepporo metanna u (15—20) - 10~ *% aas sroporo. Ito
CBHETEALCTBYET O TOM, UTO 3aMETHOTO YMEHbILEHHS COLEePKAaHHHA, T. €. BhIHOCA
ypaHa M TOPHS H3 NOPOR N0 Mepe BO3IPACTaHHA CTelleHH MeTaMmopdH3Mma,
B OTMEUYEHHBIX MPE/Ie1aX He YCTaHaBaHBaeTcA. BO3MOKHO, TPOHCXOANNO JHLLbL
JIOKaJIbHOE ero fepepacnpejeneHie BHYTPH IL1ACTOB HJH FOPH30HTOB [OPOA.

CyuiectsenHoe ymenblueHne cogepxanns ypada 1o (0,5—1,5)-107% u
topuss — o (1—7) 107 'Y ormeuaercs JMIIb B NOpoAAX PaHyHTOBOI
thaunu meramopdusma. OnHAKO B 3THX CJAY4afAx HET MOJHOH YBEPEHHOCTH,
4TO CPABHHBAIOTCH OHH W TE JKe THIbl HCXOAHBIX H Npeo6pda3soBaHHbLIX MNO-
poll, 4 He pasHble JNHTOJOrHYECKHE KOMMJEKCHi, NOCKOAbKY NEPBHYHBIH HX
COCTAB H CHHFEHETHUHbLIC KOHUEHTPAUHH ypaHa B HHX OCTAlOTCA HEH3BECT-
HbiMH. He HCKIloueHo, 4To rpanyanTbl MOraH GbiThb PA3BHTH 10 OCHOBHbIM
BYJKAHHTaM.

Kpoume toro, no-suianmomy, yaanense Bodbl H YLIEKHCIO0Tl H3 MOPOL NPH
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meTaMopusme He 06A3aTeaALHO NPHBOAMIO K BbiHOCY ypana. HMwmeworca
pa3HOCTH MOPOJL, HAMPUMED, YPAHOHOCHBIE YIICPOLHCTHIE CAAHILEL ¢ HEKOTOPOH
gosiel COPOHPOBAHIONH BecbMa «NOABHKHOH» (HOPMbI MeTan1a, KOTOpHIA Mor
JErKOo YAanaThea game meramopdorennnMi pactsopami. ONHAKO 3TOro He
pabaonderca. B to xe Bpems, ec/H YpaH BXOAHJ B TPYAHOPacTBOPHMBIC
COBMHEHNA (YPAHCOALPIKALLHNE AKULCCOPHBIC ¥ yPAHOHTYMHLIE MUHCpannt),
TO BLIHOCA €10 NPAKTHUCCKH HE NPOHCXOAHN0. HeT TakKe noaHoi yeepeHHocTH
B TOM, 4TO HaOJl0aemMble B MHKPOCKOMICHHAX, TAK HA3HIBACMBIX «3Be3/ax»
KOHUEHTPAUHH ypana (na [-pannorpadusax) He siBASIOTCH HATOAKEHHBIMH, T, €.
SMHTEHETHYECKHMH dHOMAaJHFAMH.

Poab npoueccon yasTpameramopduima (Ha perpeccHs-
HOM CTAAMH) B OTHOMICHWH PANMOAKTHBHBIX 3aeMedToB pasandna. Coraacuo
apeacrasiennam [I. C. KopHHCKOro, B CTAAHIO UPOSBIEHHA yAbTpameTa-
MOp(H3MaE, KOr1a cHerema npeobpa3soBaHia 10PojL CTAHOBHTCH «OTKPBITOH»
B HEE HAUHHAIOT MOCTYNAaTh BOAHBbIC (JIOHILL, a TAKMKE ULeJOUH, KpemHe-
3eM H JIp., YMEHbIIEHHEe TeMmnepaTypbl MOMET [PeLONpeLe]nTh H3IMEHEHHE
KO3( M HILHENTA dKTHBHOCTH BEILLECTR H COOTBETCTBEHHO NMOBBICHTL AKTHBHOCTD
NETYHYHX W JIETKMX NeTporeHnmx komnonenwtos. [lpn yabrpameramopdpuame
OCHOBHbLIC TEHACHUMH [OBEACHHH PAAHOAKTHBHBIX FIEMEHTOB MEHAKTCH HA
MPOTHBOINONOKHBIE — BO3HHKAKT I'PAHHTH3HPOBAHHbLIC KOMIJICKCH W pac-
MJaBbl MOBLILCHHON pAAHOAKTHBHOCTH. [TpH 5TOM B MPOAYKTAX 3aKIIOUHTE -
HBIX CTajHH FPAHHTH3AUHH BAPHALMH KOHIEHTPALHH PAAHOAKTHBHBLIX 3]1¢-
MEHTOB JIOCTHTAI0T HAHWOOMbIIHX 3HAYEHHH [0 CPABHEHWIO ¢ MPOAYKTaMH
HauaabHbLIX CTAAHA ITOrO Npolecca.

H. [1. Epmonaer (1983 r.) gbuienser 1Ba TEPMOAHHAMUYECKUX VPOBHSA
NPOABJNEHHSA YAbTPAMETaMOP(HIME, OTBEUAKOULHX Pa3IHYHbIM (PHIHKO-XHMH-
YECKHM YCJOBHAM M IEOTCKTOHHUECKHM PEXHMAM PA3BHTHA 3eMHOH KOpbi:
1) ycnosua wHa rpaduine ampHOONHTOBOH H rpaHyJHTOBOH dauHu, 1. ¢
HHJKE Fe0TePMHYECKOro YPOBHA NJABJAEHHA TPAHHTOHI0B, Koraa npeobaaianu
NPOUECCH CENEKTHBHOTO HAH MONHOTO NAABAEHHA TOPHBIX NOPOA (MHIMaTH-
3d1HH, AHATEKCHCE, nanuureresa B GynaaMenTe UMTos); 2) yeaoBUHA INHA0T-
ampuOoNTOBON (haunK 0 HU3KOH cTyIend aMpHOoAHTOBOI dauuu, rie npeod-
Jajata MeTACOMATHYECKAs IPAHHTHIAUHA, 8 CENEKTHBHOE [IJIABJEHHE TPaHH-
TH3HPOBAHHBIX NOPOA NPOHCXOAKIO B 30HAX (Y4aCTKaX) CHHMKEHHS o6uLed
Harpy3KkH (BO BpeMs pocTad KyNoJbHbIX CTPYKTYP) B HHBEPCHOHHO-CKAa14aThii
3Tan Pa3BHTHA NOABHAKHbBIX NOACOB 3EMHON KOPbL. DTOT THN npouecca npeot-
pasosanus  («yabTpameramopduzm  BoaasManus», no B AL Pyauuky)
NPOABHACHA B npejenax MHOCHX CPEAHHHbBIX MACCHBOB CKAaayaTbix o0JacTei.

Ecan pannsaa (peruonadbuas) cranks yibrpaMmeraMmoppHaMa colpoBox-
Nanack nepepacipeieseHHemM palHOAKTHBHLIX JMEMEHTOB (HEKOTOPbLIM BO3-
pacTAHHEM HJIH YObIEAHHEM HX CPEJIHHX KOHIEHTPAlHil), TO B MNO3LHION0
(JIOKAABLHYIO) CTAAHI0 B NPOLECCE BLICOKOTEMEPATYPHOTO 11EN0UHOTD METACO-
MATO33 TPOMCXOAHA CYHIECTREHHBIA MPHBHOC PAAMOAKTUBHLIX 3JEMEHTOB.
[Tpu 3TOM Kak cpeanHe KOHUEHTPALUHH, TAK W HX JIHCHEDCHH BO3PACTANT HA
NOPHIOK H BbllLE.

B coorsercTBiM ¢ 37O ryasHoil TCHACHUHEA NMPOMCXOAHAA CMEHA MHHE-
pasoB — KOHUEHTpaTopos ypana. Ha panned cranun yasTpametamopdusma
ypaH KOHUEHTPHPOBAJCA B HOBOOOGPA3OBAHHBEIX HKILECCOPHBIX MHHEpaJsax,
4 TAKKe B ancopOHpoBANHOH GOPME 1A THAPOATIOMOCHIUKATAX, THAPOOKHC-
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JIdX JKeesa, THTana W maprauila, Ha opranHueckom peiectse. Ha zakaioun-
TeNbHOH CTajHH B Mpejefax TeKTOHHYEeCKH OCNal/eHHbIX 30H BO3HHKAJH
OKHCJIbl YpaHa, ypaHOTHTAHATh.

Conocrasienue pacnpenencins KOHUEHTPAUHI PALHOAKTHBHBIX 3/€MeH-
To8, nposenennoe H. T1. Epmonaessim (1966, 1971, 1983 rr.), 9. H. Be-
JesuesbiM (1979 r.), I B. AKykonsim u A, M. K ykosoi (1972 1.) B 10KeMOpHit-
CKHX yJAbTpaMeTaMophHueckHX KOMNJAEKCaX MHOTHX JPEBHHX WHTOB (Aaaan-
ckoro, baatuiickoro, YKpauHcKOro), nokasaso, 4T0O Ha PAHHHX CTAAMAX pa3-
BHTHS npoleccoB (06pa3oBanud N1arHOMHIMAaTHTOB, 1ATHOTPAHHTOB H T. 1)
06bIYHO BCE ellle MPO/J0/Kalach TEHIEHUHs CHHKEHHA (T. e. BblHOCA) ypaHa u
topua. OnHako B caeayioliHe Goiee NO3HHE CTAJAHH FPAHHTH3ALHH C LWHPO-
KHM MPOSIBJEHHEM KaJHeBbiX FPAHHTHBIX BbiNJABOK (MHKPOKJIHHOBLIX MHIMa-
THTOB W TPAHUTO-THEHCOB) 3Ta TEHAEHLHA CMEHAIACh HA POTHBOMNOJIOXKHYIO H
COMPOBOM/AaNach yBeJHYeHHeM HX panHoakTHHocTH. [1o mepe Bodpactauusi
npoueccos yabTpameramMopduaMa, BIJIOTH 10 peOMOppH3IMa TPaHHTO-rHelco-
BbIX KOMIJIEKCOB H ILIHPOKOro MajHHreHesa, MPOHCXOAHAA MOOH/H3aLHS
paccesiHHbIX ypaHa H TOpH W 06pa3oBaHHE PacIlaBOB NOBLILEHHOW panno-
akTHBHOCTH. [logo6HBIE 3AKOHOMEPHOCTH MNOBEACHHS YypaHa H TOPHA TNpH
yabTpaMeTamoptHiMe  «BO3JAbIMAHHA»  YCTAHAB/IHBAIOTCH, M0 1aHHBIM
H. 1. Epmonaesa, B. H. Beauukuna u ap. [39], B HEKOTOpPBIX reOaHTHKIH-
HaJ/bHbiX GJ0OKaX CcPeAHHHbIX MACCHBOB NaJe030fCKHX CKJIaa4yaThix obnacred,
Hanpumep, B Pynnmx ropax B kpaesoi yacth Yewckoro maccusa.

YabrpameramopHam NMPOSBHICA B KYMOJbHbIX CTPYKTYPax ¢yHiameHTa
MHOTHX IPYrHX CKAaa4athix objacteil, pOpMHPOBAHHE KOTOPBIX NPOHCXOLHIO
B HECKOJIbKO cTajHi. B pesyabrate 3TH coopy:KeHHs, Kak B pa3spese,
TAK H B [J1aHe HMEKT 30HAJNbHOE CTPOeHUe: HA riy0HHe B TPAaHHTO-THEACOBLIX
KynoJlax NposiBHAHCh Pa3HOBO3PACTHLIE npolecchl rpaHHTH3ALUHH B YCJIOBHSAX
ampuboanTopoit pauun. Han wumu 06pa3oBbiBaivch CKAALKH 06J€KAHUS,
BO3HHKaJa NOJI0ras CJAaHleBaTocTh pa3lap/iHBaHHA yie B 06CTaHOBKe 3eJe-
Hocianuesoil daunn. Ha pannux cTaiusx rpaHHTH3allHH cpeiH lleJoued
npeobsiasan HaTpuil M 006pa30BbIBANHCh NJIATHOTPAHHTBL ¢ HH3KHMH (Kaap-
KOBbIMH H HHXKE) colepxaHHsIMH ypaHa. B Gonee noszjnne craaumn Bospacra-
Aa NOABHKHOCTL Kajaua, no nepudepHH Kynojlos chOpMHPOBANHCh Ka-
JIHEBblE TPAHHTBI C TOBLILEHHBIMH KOHLUEHTPAUHAMH YPaHa, KOTOpble BO3-
HHK/JH B Pe3y/bTate ero NpPHBHOCA WK Nepepacnpeinenenns,

Hayyenne mnpoueccoB perpeccHBHOro meramopduaMa B YrJAEpPOLHCTbIX
caatuax, nposenenHoe H. [1. EpmonaesbiM, nokaszano, to BOAM3W 30H
[NPOAOABHBIX (CYOGCOrNacHbIX) TEKTOHHYECKHX HAPYLIEHHH MPOHCXOILHI0 mne-
pepacnpenesieHHe KPEMHHCTOTO H OPraHHYECKOro MarepHasa, ConpoBOMKiae-
Mo€e TakMe (ppakuHoHHpoBanueMm ypaHa. O6uiafn Hanpas/eHHOCTL nepepac-
npejneseHHsi OpraHHUeCcKOoro BELULECTBA 10 MEPE NIePeX0/la OT HEH3MEeHHBIX CJlaH-
1eB K 30HaM HapYLIEHHH NnoguepKHBaeTCs MOGHIH3ALHEH H KOHUEHTPalHeR B
OT/EJIbHBIX YYaCTKaX PYAHOH NpHMecH, B TOoM uHcae ypana [38, 90].

AHanoruuHas TeHACHIHA NOBEACHHA PALHOAKTHBHBIX 3JIEMEHTOB (Bo3pac-
TaHHe CPEIAHHX 3HAYEHHH W yBeJHueHHe JHCIePCHH KOHUEHTpauHi) oTMme-
yaeTca ITHM ABTOPOM /Il PErPECCHBHON CTAAWKH PErHOHANBHOTO W KOHTAK-
ToBoro Mmeramopgusma. Hauunan ¢ pawnero amagropesa u BIJIOTH J10
HauaJbHblX CTAAHH JIOKANbHOrO npeo6pa3zoBaHHA MOPOL, B TEKTOHHUECKUX
30HAX, NepepacnpesesieHHe ypaHa [pH 3THX (POLUEccax OTYETIHBO 3aBHCENO0
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OT HIMEHCHHA TEMIIEPATYPH!, A2BJCHUA W KOHIEHTPALLAW TEX WAH MHBIX KOM-
MOHEHTOB.

Taxkum o6pazom, npu GOPMHPOBAHHH FPAHHTO-THEHCOBLIX KOMIEKCOB
HA PA3HbIX CTALHNAX NPOHCXOAHIA CMEHA (PHIHKO-XHMHYECKHX YCJOBHA «3a-
KPBITOWH» CHCTEMbl HE «OTKPBITYIO» H CMEHA HATPHEBLIX (NJIdarHOrPAHHTHBIX)
HA KaJHEBble (MHKPOKJIHHOBBIE) 06pPA30BAHHSA, KOTOPble CONPOBOMKIAAIHCH
HAKONJEHHEM PA/IHOAKTHBHbLIX 3JEMEHTOB B pe3y/brate lepepacrpeienctus
HJAH NOCTYNICHHA YPaHa, TOPHA, KaiuA H3BHe. Bo Beex cayuasax oT HauasbHbix
cTaiHi ynabTpametramopdHimMa K MO3AHHM CTAJIHAM BO3PacTaeT HepaBHOMEp-
HOCTb KOHILEHTPAIIHH PaJlHOaKTHBHBIX npumeceil. TIpoayKTH no3aHero yabrpa-
mMeTamop(HiMa OO0HX TEPMOAHHAMHYECKHX YPOBHEH KOHTHHEHTAAbHOH 3eM-
HOA KOpBl OOPAZYIOT yuacTKH (GM0KK) TOPHBIX NOPoN, 060TalleHHbLX YPaKoM
H TopHem [90].

YuuTbiBag 1B OTMEUEHHbIe BbILE NPOTHBOMOIOKHBIC TeHICHILHH N0BC/1e-
HHA YpaHa Ha MporpeccHBHOH W perpeccHBHOW cTalHax meramopgHima,
MONYYEHHYIO B PalOHe PaAHOreOXHMHYECKYIO XApaKTepHC I iKY 10 MeTamopdin-
uyeckHM Kommaekcam, no muennio H. TI. Epmonaesa (1983 r.), moxuo
HCMONb30BATD IPH PACCMOTPEHHH KAK BONPOCA HCTOYHHKOB ypaHa, TdK H npor-
HO3HPOBAHHA OPYJEHEHHA MECTOPOKICHHH PA3NHYHBIX THNOB. AHANH3 BApHa-
LLHH KOHUEHTPAUHH ypana u meTamopduueckux Gauui no3Bonsier BbLIEIHTD
30Hbl HE TOABLKO TEPMOAMHAMHYECKHX TPALMEHTOB, HO W 30H AKTHBHOTD Nepe-
pacnpejeneHHs 3TOr0 pafHo3/J€MEHTa NpH MOCACAYIILEeM MeTacoMaTro3e H
FHAPOTEPMANbHONR AesaTenbHoCTH. B peayanrarte MIHTENLHOrO MposiBAeHHs
nosumMeraMopHiMa MporpeccHBHOR H PErpeccHBHON CTaAHH B KOHTHHEH-
TaJbHOH KOpe BO3HHKAJH Y4aCTKH, pe3ko AHG(epeHLHPOBAHHLIC N0 coqepka-
HHIO pajHOAKTHBHBIX 3JIEMCHTOB, T. €. 6J0KH, o6ejHelnHble H 060rauleHHble
YpaHOM, TODHEM, KaJiHem.

AHA/H3HPYA BOIMOMKHBIH MCXAHH3M MepepacnpeaeseHuss H MoGHIH3AUHH
paccesHHbIX B FOPHBIX MOPOAAX PAAHOAKTHBHBIX 3JEMEHTOB NPH MPOrpecCHB-
HOM MeTaMOp(pH3IMe H Nepexoaa ypaHa B reoximuueckyio murpauuio, H, 11, Ep-
MOJMdeB NOMbITANCA BbIICHHTb HEKOTOpPble 3dKOHOMEPHOCTH €ro MoBeleHHsH
NpH Takux npoueccax. Ha ocHoBanuy noayuenHbiX AaHBLiX PAABOTEOXUMH-
YEeCKHX H netporpadHuyeckHx HCC/JelOBAHHA OH NPHUIEN K BLIBOLY, UTO B pe-
3yJbTATE BO3PACTAHHA BHCLLHHX 1apaMeTpoB MeTaMopdH3Ma ropHbLIX NMOPoJL
(maBjaeHHsi H TEMNEPATYPBI) H H3IMCHEHHA HHTCHCHBHOCTH YIaJ€HHSA H3 HHX Je-
TYYHX KOMIOOHEHTOR (BOAB, YIVIEKHCAOTH H Ap.) NOCAEL0BATENBHO MEHSICH
FIaBHLIA MEXAHH3M OTTOPKEHHA W Nepepacnpeenelis MHKPOIPHMECH ypaHa
KaK H3 NOpoflbl B LEJOM, Tak H H3 OTAe/bHbIX MHHEpanoB: oT aecopOluuH
K CAMOOYHCTKE OT NPHMECH DAAHOAKTHBHLIX 3JEMEHTOB KPHCTAMIHYECKOrO
cy6eTpaTa 1pH MeTaMopHUecKON NIePeKpHCTANIIH3AUHH H, HAKOHELL, K PacTBO-
PEHHIO H 3aMELLCHWI0 MAHepanoB-nocHTenel. OCBOGOM AEHHE ypaHa H3 MH-
HEPaJIOB H NEPEXOI €ro B MHIPALlHOHHOCNOCOOHYIO (hOPMY CHAUAAd MPOHCXOMH-
AW (DU NOBEPXHOCTHLIX ABdenunax. Becobma sdidexTHBHLIM MeXaHW3IMOM OT-
AeNEeHHs PYIHOH NMPHMECH H3 0Ca/KOB ABJSIOTCA npoueccs AecopbUHH B OT-
pensoulyocs  (HAH (QHALTPYIOULYIOCS) NPH MeTaMOP(H3IME BOLHYK HIH
BOLHO-YIeKHC Y0 (asy. Kak H3BeCcTHO, KOAHYECTBO ancopOHpOBaHHOH 11pH-
MECH B OCA/JL0YHBLIX OTJOKEHHAX 3aBHCHT OT pasMepoB WX oOLLeH (BHelIHel H
BHYTpeHHei) nosepxHocTh. [lo nawuwim M. E. Crapuka u J1. b. Konanuua
(1957 r), ypan xopouo afcopGHPYeTcst He TONLKO Ha NOBEPXHOCTH IVIHHHCThIX
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YACTHIL, HO W HA NOBEPXHOCTH NPHPOAHBIX H HCKYCCTBEHHbIX CTEKOJ (B HHTEp-
gaje pH =5—8), ruapookucnoB MeTannoB (npH Ganee Hu3kHX 3nauenwsix pH).

B npouecce npeoGpazoBanus rAMHHCTBIX NOPOL B (QHAJHTH H CHIOLHCTbIE
caaHILBl (T. €. NpH Nepexoe KaoJHHHTA B FHAPOCIONb! H 3aTeM — B CEPHLAT—
MYCKOBHT) CKOHUEHTPHPOBAHHBLIA HA NOBEPXHOCTH TAWHUCTHIX HaCTHLL ypaH 4a-
CTHYUHO MepexoiH] B OKPYMKaloUlHH BHYTPHNOpoBLIH pactBop. Bospacranue
CTEMNEHH PEerHoHa/bHbIX MPeoGpa3oBaHuii OCAJKOB HAa NPOTPecCHBHON cTa-
JIHH — OT [HareHesa H KarareHesa HJOB 10 MeTamopgHimMa NOpoj rpady-
JHTOBOH (aluH — CONPOBOM/1AJ0Ch HHTEHCHBHLIM BLIJCNCHHEM W3 HHX
JIETYYHX KOMIIOHEHTOB, B NEpPBYIO ouepeldb BOIb KaK JKHAKOH MNJeHOUHOH,
TaK H XHMHUECKH cBfizaHHoH. KosuuecTBo agcopfupoBantof (rHrpockonuy-
HOH) BOAbl B rOPHLIX MOPOAaX, OCOOEHHO HEMETAMOP(H30BAHHBLIX OCALKOB,
3aMeTHO BO3pacTaeT N0 Mepe YBeJHUEHHA [10BEDPXHOCTH alcopGeHToR H
JIOCTHr a0 HanboNbUIHX 3HAYEHHH B JHTO(QHAbHbLIX KOAI0HAAX (CHAHKATHbIX
ocanKkax, OpraHHYecKHX COeJHHEHHAX, FHAPOOKHCAAX MeTan0B). XHMHUECKH
cBfi3aHHas Boaa ocBO0OXKAAaach MPH BCEX KAYECTBEHHBIX MNpPeBpalleHHsAx
MHHEPAJOB Ha pasHblX 3Tanax npeo6pasoBaHHs MOPOL BIJOTH 10 YJbTpa-
meramopduima. Hau6oabiium KOJTHUECTBOM BblAEIS€MOl FHIPOCKOMHYHOH BO-
[bl H3 MOPOL H COOTBETCTBEHHO HMIHPOKHM MpOABJAEHHEM 1ecOpOIHH MHKPO-
npuMecell XapaKTepH3YIOTC B OCHOBHOM H306apHUYECKHE NpOLecchl, Ha-
MPHMEpP, KOHTAKTOBLIA MeTaMop(Hu3M NporpeccHBHOM CTa/HH.

D hekTHBHOCTL lecopOLULHH CYLLECTBEHHO BO3PACTaNd N0 MEPE YBeJHUeHHA
KOHUEHTpalHH Gukap6onaToB (yriekHcaoTel) B pactsope. OcoGeHHO HHTEH-
CHBHOE BbII€JEHHE YIJEKHCAOTH MPOHCXOAHAO B YCJOBHAX KOHTaKTOBOTO
metramopgHama npu 06pa3oBaHHH CKAPHOHIOB M CKAapHOB 110 Kap6oHaTconep-
WaUKM IOPOAaM, @ TaKKe NPH pa3/oKeHHH OpraHH4eckoro BellecTBa
B YrJ1€poACOAepKalHX caaHuax. MHKpONpHMeCH pajHOaKTHBHBIX 3/1€MEHTOB,
XHMHYECKH CBA3AHHBIX ¢ BRUIECTBOM NEPEKPHCTANIHIYIOUIHXCH MHHEPAToB-
HOCHTeJei, 0cBOOOX 1a1HCh JHLb NPH PACTBOPEHHH (3aMelleHHH) noponoob-
pa3syiolUx MuHepanos. CaMOOYHCTKOR NepekpHCTAANH3YIONIHXCA BELULECTB OT
npHMecei, NMo-BHAHMOMY, O6BACHSIETCS 3aBHCHMOCTh PACTBOPHMOCTH HacTHL
OT HX pa3MepoB, a Tak:Ke H3GLITOYHOR 3HepruHeidt Ha rpauMue pasjena (as
(no THNy Mexauusma «nepekpucraannsauru OcTBanbias). ITHM npoueccam
(oco6eHHO € pOCTOM TEMNEPATYPhl) MOrJIH CrOCOGCTBOBATL (WAH NpensT-
CTBOBATb) BTOPOCTEfIEHHbIE MeXaHH3Mbl MepepacrnpefesedHHs MHKpONpHMe-
cei, A HMEeHHO MEePEKPHCTANIH3AIHA MHHEPANOB-HOCHTE/EH C BOBHUKHOBEHUEM
HOBBIX CTPYKTYPHBIX IPYNNHPOBOK, H3MeHeHHe KO3 HIHeHTa nepepacnpee-
JIEHHS! PaJMOAKTHBHOH MPHMECH B CHCTEME «KPHCTAJJIHYECKOE REULeCTRO
(nopoioo6pasylouLHii MHHEpPaa) —nJaeHouHbll pactsop» W ap. [90],

[To muenno H. I1. EpMmonaera, BO3MOMNEH TaKiKe NPHHIHIHAJLHO HHOW
MexaHH3M OCBOOOXKAEHHA NPHMECEH B npolecce NEPeKPHUCTaNTH3ALHH TOPOL,
npeanoxentniii H. A. PyaxeBniM H ApPYruMH HA npHMepe NpOLLECCOB cTape-
HHSI OCaKOB ¢ 06pa30BaHHEM HOBbIX CTPYKTYPHBIX CBA3ed. ITOT MeXaHH3M,
BHIHMO, MpPHroaeH aaA OObACHEHHS H3BJEYEHHA ypaHa NpH MeTamopdH3-
me (HochOpHTOB, YrJAepOJHCTOr0 OPraHHYecKoro BelLecTBa, THAPOOKHCJI0B
)esesa, THTaHa H ap.

Takum obpasom, B pe3yabTare nepepacnpeiejeHdsi PYIHOH NpHMecH
B Npollecce nporpeccHBHOro MetaMop(HaMa ropHbIX MOpos, NpH BO3PACTAHHH
TEMNePATYPbl H AABAEHHA HJIH OHOTO H3 3THX 11APaMeTpoB, B 6N1aronpHATHbIX
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VI MHIPALUHH YCAOBHSX 1IPOHCXOAHJI0 3aKOHOMEPHOE OTTOPKEHHe ypaua,
NPHBOIKBLIEE HE TOJNBKO K CHHKEHHIO CPEAHHX CONEPXKAHHH, HO H K yMEeHblue-
HHIO JIHCTIEPCHH ero KoHueHTpalui. OQHaKo riaBHbIH peaysibTaT NporpeccHs-
HOro MeTamMop@H3Ma 3aKJA04aeTCA He CTOJbKO B BBIHOCE ypaHa, CKOJIbKO B OC-
BOBOKICHHH PALHOAKTHBHON MHKPONPHMECH H3 00beMOB MHHEPAJIbHBIX 3€peH,
Nepexojl €e B HHTEPCTHLHH, B OPOBOE NPOCTPAHCTBO Nopoabl. Pernonanbhbie
MeTamop(Hueckne npoueccbl Ha 3ITOR CTaiWH cnocoGCTBOBANW NEPEBONLY
pacCesHHbIX PAJHOAKTHBHbLIX 3JEMEHTOB B (popMy, cnOcoGHYIO K AaibHeR e
murpaunn. B 37om 3akniouaercs, 10 MHEHHIO DTMEYEHHOID aBTOpa, Ba)knas
PYAONOArOTOBHTEBHAA POJb NPOrPECCHBHOrO MeTamopHiMa, B pesyibTare
NPORBACHHA MPOIECCOR KOTOPOTO NPOMCXOAWAO HE TOALKO «BCKPBITHE® HC-
XOMHOH TrOpPHOH MOPOALI B OTHOUIEHHH 3aKJIOYEHHOrO B HeH ypaHa, HO H
nepesan nocneiHera 8 gopmy, JAerko MofHAH3YeMyl0 B BOLHLIX, BOAHO-yrje-
KHCJIBIX WJIH OpPTaHHueckHX cucTemax. Ha ocHoBaHHM MposiBJeHHs npoieccos
JerHipaTtalil H JeKapGoHATHIAUHA 0POL PH MeTamMopdHuimMe, CO3/LaBLIHX
61aroNnpHATHYIO 1A TPAHCNOPTHPOBKH ypaHa cpeiy, MOAKHO OUEHHTb 3HAue-
HHE TOro HJIH HHOTO MEXAHH3MAa €ro nepepacrpeieieHnus.

[Mpu HapacTaHuH TemnepaTtyphl H AaBjeHHs B npouecce metamopdusma
u3 nopoxa, no pauusim A, A, CmeicioBa (1968, 1974 r.), murpuposad
He TOJILKO YpaH, HO H TOPHI, 3ana3biBaHHe OTAeJeHHA KOTOporo otobpaxa-
ercd B 3akoHomepHoMm cHuxeHun Th/U otwowenus o dauuu K QauuH.
YpaH, aKTHBHO yuyacTBYWILHH B npoueccax ajacopGuHH—aecopbuHH, HMen
NPEHMYLLLECTBEHHO LIECTHBANEHTHYIO (hopMy H OGbli [IPEACTABJEH COE/IHHEHHS-
MH YPaAHHI-HOHOB, KOTOPble KOHLEHTPHPOBAJHCbL B OCHOBHOM Ha [OBEPX-
HOCTH MHHEpaJIbHbIX 3epPeH, B €ro MeXaHH4ecKHX ne(eKTax, MHKPOTPEelULHHAX
# nopax. OTTOpAeHHe H MHIPalHs YeTHPeXBAJEHTHOrO ypaHa, 6/1H3KOro no
KPHCTAJIJIOXHMHYECKHM CBOHCTBAM 4eThIPeXBaJ/JeHTHOMY TOPHIO, BIOJHE BEPO-
AITHA B YCJOBHAX Gosiee BHICOKHX cTyneHell metamopguama. CaegoBaTesbHo,
HaMeyaeTcd 3BOJIOLHA NPOIecCOB NPOrpecCHBHOTO MeTamMopgH3ima, COnpoBoO-
HA4€MblX KAUeCTBEHHBIM H3MEHEHHEM BAJEHTHOINO COCTOAHHA OTTOPraemoro
ypaHa: OT [WEeCTHBANeHTHOr0 Ha HU3KHX CTYNEHSX [0 YeTblPeXBaJeHTHOro,
nepepacrnpenejeHHOro BMeCTe ¢ TOPHeM B YCJIOBHAX 0oJiee BLICOKHX TeM-
nepatyp H nasaenus [90].

Tlo pacuetam H. T1. Epmonaesa (1978, 1983 r.r.), npu KoHTakToBOM
MeTaMop(H3IME H3 MecyaHo-c/aHleBbiX TOJIL, HAXOAALLHXCH B 3K30KOHTaKTax
HHTPY3HBOB FPAHKTOMAOB, MOTIO OCBOOOMAATHES 2—3,5 ThHIC. T YPana U3 Kawx-
noro Kyﬁlv‘l'-IECKOI'D KHJOMETpa nopoa, npHyem KOJHYECTBO €ro 3aMeTHO BO3pa-
CTaeT npH npeobpazosanuu yriaepoacoiepxkauwux nopoia. Hayuenue ¢ no-
MOILBIO METO/8 OCKOJKOBOH pannorpadHH (OpM HAXO0MIEHHA ypaHa, nepe-
pacnpeienentoro Ha nPorpecccHBHOl CTaNHK KORTAKTOBOTO MeTaMopduama,
MO3BOJIH/JIO BbISIBHTH CYLUECTBEHHOE Pa3/IHYHe B XapakKTepe TAK Ha3biBA€MblIX
«OHOBbLIX» H «HALDOHOBLIX» (CCYCTKH, «3BE3/lbl», «E€XH» H T. M.) €ro
koHuentpauui. [To mMHeHHo aBTOpa, ypaH, BblHECEHHBIl paHee H3 BHYT-
peHHeH 3K30KOHTAaKTOBOH 30Hb, Obl1 MOGHJAH30BAH MW nepepacnpene-
JieH B BHJle Pa3jiHuHbIX MHKPONpPOXKHAKOB, cTsixenuid u T. n. Heenenosauna
AanbHedwed cynb6bl nepepacnpeneseHublx GOpPM H MacliTaboB YUacTHS ITHX
KOHUEHTPALHA NPH pa3BHTHH GOJiee MO3AHHX CTalHH perpeccHBHOro METaMop-
(H3MA HIIH FHADOTEPMANBHOrO METacoMaTo3d, a TAKKe IK30ICHHBIX npolec-
COB MMOKa3aJ/iH AKTHBHOE Yy4acTHe HMeHHO 3Tol ¢opMbl («HaadOHOBOrO») ypa-
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Ha BO Bcex nocrMmeraMmopdHueckHx npospaenusax. OQHOBpEMEHHO ¢ HEKOTO-
PbiM CHHXXEHHEM BaJIOBbIX CONEepKaHHH ypaHa B Mopojlax yMeHblLlaeTcHd B OC-
HOBHOM KOJIHYECTBO €ro noABHXHOH (opmbl («3Be3n»). B menee Hanpsien-
HbIX TEPMOAHHAMHUECKHX YCJIOBHAX (30HbI BHEUIHHX 3K30KOHTAKTOB 0 CpaB-
HEHHIO ¢ BHYTPEHHHMH) MPOHCXOAHI0 O6pa3oBAHHE «HAA(POHOBBIX» KOHILEH-
Tpauuii ypaHa, GHKCHpyeMbiX B (OpMe, KOTOpas MOr/aa JIETKO BOBJEKATbCH
B FEOXHMHYECKVIO MHIPAUHI0 B MOCAEAYIOUIHE TeDJOTHYRCKHE 3NOXH.

Hakonaeunne ypana u TOpHst B IPOAYKTAX 3aBepLUAIOUIHX CTAAHA YJbTpa-
meramopgHu3Ma (B NerMaTHTax, KaJHeBblX MHIMAaTHTax, BLICOKOTEMIICPATYp-
HbIX KaJHLINATOBbIX METACOMATHTAX W Ap.), MO-BHAHMOMY, CBHETe/bLCTBYET
06 3KCTparupyloulel poJid BLICOKOTEMNEPaTYPHbIX KPEMHEILLEAOUHBIX (11enoy-
HO-CH/IHKATOBbLIX) PAcTBOPOB HJIH Pacn/aBOB-BbiMJABOK B OTHOLIEHHH 3THX
paaHoaKTHBHLIX 3/eMeHTOB. [TosiB/eHHe aKkuUeccOpHOro ypaHHHHTa B HEKOTO-
PbIX KaJHeBblX FPAHHTO-THEHCAX H IerMaTHTAX, O4EeBH/IHO, CBA3AHO ¢ IIPHBHO-
COM ypaHa rpaHHTH3UpyLOLHMH Qaonaami. OnHAaKO AafeKo He Kaxaas
FPAHHTH3ALHA H KaJHIINATH3alHA CONpOBOXK/Aaaach MPUBHOCOM YpaHa, a H
MEXaHH3M H3B/EUCHWS W Nepepacnpelesedds ero BO MHOrOM eule ocTaercs
HE BbIAICHEHHbIM.

Hekotopbie acnexkTsl BO3MOKHOrO MexaHH3Ma nepepacrnpejleseHns ypaua
NpH NpolLeccax perpeccHBHoi ctaaui metamopduamna pacemorpenst H. 1. Ep-
monaesuiM (1983 r.), cornacHo npeacTaBIeHHAM KOTOPOro, N0 Mépe pa3BHTHA
TakHX mpeoGpa3oBAaHHH FOPHLIX NMOPOL MPOHCXOAHIA cMeHa (POpM (HKCAlHH
MeTaja B Pas3jHYHbIX MHHepaJjax-KoHueHwTpatopax. B nauane stoil craauu
ypaH KOHLEHTPHPOBAJICH MPEHMYILIECTBEHHO B HOBOOOPA30BAHHBLIX aKleccop-
HBIX ypaHcoaepKalllHX MHHepanax, a Tak:e B aacop6HpoBaHHOA popme —
B CJI0aX H THAPOCAIOLAX, B OpraHH4yeckoM GochaTHoM H yrjiepoiHCTOM
BelllecTBe, B CMAPOOKMCAAX ’Keae3a, THTaHa W ap. B koHue stol crammuu
metamopgH3ma, B npeaenax CTPYKTYPHO OclaGJeHHbIX TEKTOHHYECKHX 30H,
110 €ro MHEHHIO, YKe MOrJIH 06pa3oBbIBATLCA COGCTBEHHO YPaHOBbIE MHHEPaJbl
(YPaHO-THTAHHTBI, OKHC/IBI ypaHa — ypauduut, Hactypau # ap.). Caenyer
OTMETHTb, 4TO YKa3aHHbH aBTOpP paccMaTpHBAeT pEerpecCHBHYIO CTAjfHIO
HE TOJbKO PerHoHaJbHOro, HO H KOHTAKTOBOrO mMetamopgH3Ma Kak «OTKphI-
TYIO» CHCTEMY, KOTOPAfi OTJAHYAETCA NOCTYILIEHHEM LEN0ro pAia neTporeHHbx
H JeTyunx KomnoHeHToB. [To3tomy B acnekTe reoXHMHH pajHOAKTHBHbLIX 3Jje-
MEHTOB OHa NpeacTaBiseT co60H Kak OGbl MEPEeXoAHOe 3BEHO OT MpOLEeCcCOoB
MeTamop(H3Ma K rHApoTepMaibHO-MeTacoMaTHYecKHM npoueccam. [las nose-
JACHHA ypaHa na PerpeccHBHOH CTalHM MeTaMopdH3Ma ¢ yyacTHEM BOIHBIX
pacTBOpOB BecbMa XapaKTepHO BO3PAcCTaHHE [LOJNH €ro BbllleJayHBaeMoH
(hopMbl 110 Mepe yBeJHYeHHS BAJOBLIX COePIKaHHH 3TOTO 31eMEHTA B NOpPoaax,
4TO, MO-BHIHMOMY, CBHIETE/IbCTBYET O HAJWUYMK B HUX 3HAUNTENBHOR MacTH
ancop6upoBanHoro metajna. [1pH 3TOM ypaH MHrpHpoBan Ha 3TOH cTaaHu
B BOJHO-YIJIEKHC/IbIX HJIH BOJHO-OPraHHYecKHX pacTBoOpax.

Hamenenne GpHIHKO-XHMHYECKHX YCJIOBHH BbI3bIBAJNO0 ylaJIEHHE H3 PACTRO-
POB YIJEKHCIOThI, Mpolecchl aacop6liHH NPHBOAHAH K HaKOMJEHHIO nepe-
pacnpejesyeHHbiX KOHUEHTPAUHKH ypaHa B BHIE YPAHCOACPKAILHX H cOGCTBEH-
HO ypaHoBbIX MHHepajoB. B peayibrarte o6pa3oBbiBajHch THTaHaThl ypaHa
B YYacTKax PasOMEeHHA THTAHOBbLIX H THTaHcoAepKallWx noponoobpa3sy-
OULHX MHHepaJioB (GHoTHTa, am(pH6008), BHICOKOPALHOAKTHBHBIE aHTpaKco-
JHTHl B 30HAX TEKTOHHYECKHX AHCJIOKAUHH CPEelH YIJIepOAHCTO-KPEMHHCThHIX
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C/AHUEB 33 CYeT IKCTPATHPOBAHHOrO W3 HHX metanna. B srom, kak cuura-
er H. I1. Epmonaen [90], sakaouaeTca pyaonoiroTOBHTeNbHAR POJIb paHHel
CTaJHH pPErpeccHBHOr0 MeTaMop(H3iMa, nepepacTasliero, N0 e€ro MHEHHIo,
no3/lHee Ha NOCTMETaAMOP@HUECKOM 3Tane B JOKaJbHbIX yYyacTKax B THIpO-
TepMaJjibHblH Npolecc ypaHoBOro pynoobpa3oBaHus.

B oTHoweHHH npHBefeHHBIX OCHOBHLIX BbIBOJOB H Npe/iCTaBJeHHHA Heol-
XOIHMO OTMETHTb, 4TO AaJeKD HEe CO BCEMH H3 HHX MOMHO COTJACHTbCH.

an_LlJ‘IO}KEHHaH reoOXHMHUYeCcKas Moaedb MOGHIH3AIIHH H MHIpalUHH ypaHa
HA pa3HblX CTalHAX MeTamMop(H3aMa, OUYeBHIHO, HMEeT MecTO B [pHpoje
W BBIBO/LL O €70 PYLONOArOTOBHTENLHON POJIH BllOAHE cnpaseaauBul. OaHako
npejacTap/eHHe O nepepacTaHHH pPErpeccHBHOro metramopgHiMa B THIApPO-
TEPMaJbHOE YpaHOBoe pyA00Gpa3oOBaHHe BpPSA JH MOMKHO CYHTATb npa-
BHJIbHbIM.

AHanM3 3aKOHOMepHOCTEed pa3MelLeHHs! YPAHOBBIX MECTOPOXKICHHH pa3-
HbIX THIOB, JOKAJH30BaHHLIX B METaMOP(HYECKHX TO/NLLAX, 8 TAKXKE aHANH3
BO3PACTHBIX COOTHOLLIEHHH YPAHOBOrO OpPY/IEHEHHS H NPOAYKTOB MeTaMopH3-
Ma BO MHOIHX PYAHLIX MPOBHHIHAX H paHOHAX MOKa3bIBAET, UTO MERAY
NPOABJIEHHAMH 3THX MPOLECCOB YCTAHABJHBACTCH 3HAUYHTENbHLIH BPEMEHHOM
paspsbiB, a CBA3b ¢ METAMOP(HHYECKHMH KOMILIEKCAMH SIBJAACTCH TOJABKO NPOCT-
paucTeennol. Tem Gonee, uTo B npefenax Takux NPOBHHIHI HEPEKO PA3BHTHI
NOJHMETaMOpHUECKHe KOMIJIEKCH, ¢ OIHOR CTOPOHbI, MOJHXPOHHbBIE H MOJIH-
reHHble MeCTOpOXKAeHHs — ¢ Apyroi. Kpome Ttoro, mpH Takom noaxone
HEeOoOX0/IHMO YUHTLIBATh AKTOpP BPeMEHH (IPHHAANEKHOCTb K PA3HLIM TEKTO-
HHUYECKHM 3TanaM W pasHas NpoLOJMKHTEJbHOCTh MPOSABJAEHHA MPOLECCOB),
a TakXe Pa3HHIly B HHTEHCHBHOCTH, COCTaBE W KOHLEHTpalHH metamopdo-
F€HHBIX W FHAPOTepMaJbHbIX PACTBOPOB.

Takum o6pa3zoM, ¢ MO3HUHA BO3HHKHOBEHHSI TEOXHMHUYECKH MOOHABLHON
(dopmbl ypaHa, Mo MHEHHIO HEKOTOPBIX HCC/e0BAaTe 1eH, BHIAICHACTCA pyaonoa-
rOTOBHTE/JIbHAsl POJb MeTaMopdH3Ma H HaMmeyaeTCsi BepOATHbIA HCTOUHHK
PYAHOrO BeULECTBA AAS MECTOPOKAEHWH, 3aneraolliX B METaMopdHUECKHX
TOJLLAX.

Ha ocHOBaHHH BLILIEH3JIOKEHHOrO MOXHO CHe1aTh HEKOTOpble BBIBOJH.

I. [MposiBnenne npoueccoB perHoHaAbLHOTO MeTaMmoppH3IMa W MOJHMeTa-
MOp(H3Ma rOpHbLIX MOPOJ, CAaralolliX KaK ApeBHHH (YHAaMEHT, TAK H CKJaa-
4aToe OCHOBAHHE YPaHOBOPYAHBIX NMPOBHHUHA M paiioHoB, oTo6paxaer HanGo-
Jlee paHHHe 3Tanbl BO3/1ACTBHA NOLKOPOBLIX Ta30BO-TEMIOBLIX [OTOKOB
Ha JaHHble y4acTKH (6aoku) 3emHol Kophl. C 3THMH mpoueccamH cBA3aHbl
He TOJIbKO MHHEepaJsibHble npeo6pa3oBaHHs Pa3/IHYHbIX MOPOJ, HO H MHIPALHA
MHOTHX, B TOM YHCJe PajHOAKTHBHbLIX, 3J€MEHTOB,

2. Tlo mepe ypenuuyeHus crenedHd wmeramopduiMa HA [POrPECCHBHOW
CTa/lMH BO3PACTa/O yaajeHHe H3 MOPO.L JIETYYHX H MOABHKHBIX 3JEMEHTOB,
B Tom uHcae ypaua. [lpn meramopthuame HaubGosee HH3KOTEMNepaTypPHbIX
dauuii (3eneHocAaHUEBOR H HHXKE) B MOPOAAX B OCHOBHOM [POHCXOIHJO
nepepacnpejeseHie ypana ¢ HameHeHHeM )OPMbl er0 HAXOKIEHHS H YBEJIHYe-
HHEM OTHOCHTEJILHOM POJIH JI€TKO Bblllle/1auHBaeMoro («noJABHKHOrO») Merasn-
na. Meramopduam BeicokoTemnepaTypHbix (auuid (rpaHyJHTOBOH H Bbilue)
COMPOBOMKAANCS BHIHOCOM H3 M0pPOJl BO/AK, YIJIEKHCAOTHI, TaJ0HN0B H APYTHX
JIETYUHX H [OJABHXKHBIX KOMIOHEHTOB, B TOM YMCJ/€ ypada.

3. Meramopduam perpeccHBHOH CTaHH NMPOHCXOAHA HA doHEe BO3pACTa-
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HHSI pOJIH BOABI H APYrHX KOMIIOHEHTOB B COCTdBE q)JIIOH,[lHO-TEIlJI()Ble
noTokos. C HUM CBA3aHBI ABNCHHH KPEMHELLENOUHOTO METACOMAT03a H IPaHu-
TH3AUHH B YCA0BHAX aMPHOONHTOBOR dallHi, COMPOBOKIABUIHECH HAKONIe-
HHEM LLeJoueH, KpeMHHsA, MHOMHX PYAHbIX H PACCEAHHbLIX 3JIEMEHTOB, B TOM
uxcae ypana, topusa. [poueccn avadropesa, oCylULeCTBAABILHECH B YCAOBHAX
3eqeHocaanneBol (Galnd, cnoco6CTBOBANH NepepacnpelieeHHI0 H NepeBoLy
3HAYMTENbHOH 4ACTH ypaHa B GoJee «MoABHAKHYIO» Gopmy.

4. Meramop(H3M ropHbiX MOPOL HE NPHBOLHJ K (OPMHPOBAHHIO YpaHO-
HOCHBLIX pPYA006pa3yloLUIHX pacTBOPOB.

Ypan B MaHTHAHOM neTporexese

K Hacrosiuiemy BpemMeHH HakomieH OGLIMPHBIA MaTepHan o cocrase
H CTPOEHHH BepXHeH MaHTHH. OCHOBHBIM HCTOUYHHKOM WHGMOPMAalHH SIBJSA-
HOTCSH KCEHOJHTB [JYOHHHBIX MOPOL B KHMOCPAHTOBbIX H L1EA0O4HO-Ga3aib-
TOHAHBIX TPYGKAaX B3pbiBa, a TAKXKE MATMaTHYECKHE [POH3BOJAHLIC MaH-
THIRHLIX NOPOJ (TONEHTHL, AEPLOAHTH, rapuUbypruThl H ApyrHe YabTPaOCHOB-
Hbie H OCHOBHble Mopoabl). O1HaKo HMelllHeca (GakThbl He Jal0T 0JHO3HAY-
HOrO PeLIeHHA BONPOCA O PeajbHOM COOTHOLWEHHH Pa3JIH4YHbIX MOPO/L B BEpX-
Hel MAHTHH M 1ae O Cpe/lHeM COCTABe BEPXHEro C/os (OT NOBEPXHOCTH
Moxoposuynua 10 BonHosoia ['yrenbepra). Tem He menee pce HecaeloBatens
€JIHHOJYLIHb B TOM, YTO COCTAB BEPXHEH MAHTHH COOTBETCTBYET MOpOiam
MOBbILIEHHOH OCHOBHOCTH ¢ OY€Hb HH3KHM cojepxaHuem wenoueii: Na,O —
05%, KO —0,2% wu ypana — <<1 r/r [112]. Onnako B uenom 3toT
($aKT OTHIOAb HE CBHAETEIbCTBYET O HEBO3MOMKHOCTH MPHBHOCA ypaHa B 3eM-
HYIO KOpPY H3 MAHTHH HAa pa3jHuHbIX 3Tanax passutua 3emaun. [lo mepe
CTapenus 3eM/u COCTAB BEPXHETO CIOA MAHTHH NOCTENEHHO MEHAJICH B Pe3yJlb-
tate jgerasaiid. [IpH 3TOM M3 MAHTHH BbIHOCHJIOCh OFPOMHOE KOJHYECTBO
razos, uleqo4ed, KPeMHHsS, ypaHa H Apyrux 3snemextos. HanGonee snaun-
TeJbHbIM CJAEACTBHEM 3TOr0 npouecca ABHJI0CH q!OpMHPOBaHHQ «TPAHHTHOTO»
cn0s 3eMHOH Kopbl. CI0H MaHTHH, NpeTepneBLinil HeoGpaTHMYI0 AHDdepeHLH-
ALLHIO, IPHHATO HA3BIBATb «HCTOLLEHHOH» MaHTHeH. [1o Mepe nerasauuu rpanu-
1La CJIOA HCTOLLeHHOH MaHTHH onyckanach Bee HHxke. [las o6bACHEHHS OTHO-
CHTEJbHBIX COePAKAHHI B 38MHOH KOpe ypaHa, KaJHA, pyOHAHA H HEKOTOPLIX
APYrHX 3J€MEHTOB MNPHXOAHTCA MpPH3HATL, 4To He MeHee 30—50% MauTHu
N0JKHO ObiTh HeoGpaTuMmo adddepenunposano [20, 94]. Tlo pacueram
A.B. Ponosa u A. A. dpowmesckoro, a takxe 0. M. lllefinmana u I'. H. Ba-
xeHosoi [96, 125], ans toro urobbi oGecneunTb TO ColdepKaHHe Lieaouei
B KOpe, KOTOpoe HAXOAMTCA B Hell celiyac, HATPHI J0JKeH GbITb H3BJEYEH H3
cJ0si BepxHed MaHTHH okono 200 KM, a8 Kaau# — M3 CAOS MOUWHOCTBLIO
He mexee 700—900 km. Euwe Goabwyio rayOGHHY OXBaTbiBaeT TOT 00bem
BEelleCTBA 3€MJIH, H3 KOTOPOro MOMJIO BLIAEJAHTLCA HEOOX0/HMOE KONHUYEeCTBO
HCXOJHOro MatepHasna ansi o6pasoBanus ruapocgepb [126].

Cumnraercs, yto oaHolt M3 npuuHH auddepeHUHalLHH BELIECTBA BepXHel
MaHTHH GBIJIO €ro CeJIEKTHBHOE 1dBJEHHEe ¢ OT/le/leHHeM 6a3aabTOBOH Marmbl
H derazauuk MauTHH. Huxe Kakoro-to onpeieseHHoro A8 Kaxa0ro periona
YPOBHS BHOBb CJICAYET OKMAATH NOBBLIEHHA 3THX KoMnoHeHToB |64, 66].
ITOT BHIBOA NMOATBEPMAAETCH H HA OCHOBE H3YUeHHsl NOPOL MAHTHH ¢ pa3/inu-
HblX rayGuu. Tak, B WNHHENEBBIX MEPHAOTHTAX H OJMBHHHTAX ¢ rayGuu
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15—40 kv conepskanue B NOpojax HATpHA H Kaaus meree 0,29, a B anmas-
COEpKAULHX IKA0THTaX ¢ TAY6HH | 10— 130 KM cosepKanHe Kaaus 10CTHraer
0,449%, a watpun — 1,059% ([112]. K ckazauHoMy, 01HAKO, CJAELYET OTHOCHTD-
cAl JIHWb KAK K BecbMa BO3MOMKHOMY BapHaHTy. B jgeficTBHTebHOCTH Heche-
NOBaHHble B HacTosAllee BpeMsi 06pasilbl HE AT MOJHONO NPeNCcTABIEHHSA
0 COCTABE W CTPOCHMH BEpXHEH MAHTHH, H K pelleHHio 3Toi 3azaud nertpo-
JIOFHA TOJIBKO JIHUIbL npucrynaer. Ha ,’IHHHHE MOMEHT BbIBOIAblI HCCJI€10BA-
Teqel o 3TOMY Bonpocy Kpakine pastiopeuusst. J1. B. JIMuTpHes ¢ coasTopamu
(1972 r.) Ha ocHoBe conocTasaeHust Goaee 500 XHMHYECKHX COCTABOB MAHTHI-
HbIX OPOJL NOKA34aJH, 4TO CPE/IH HHX IPABOMEPHO BLIIEJATL 4 THNA — AYHHTHI,
rapulypruThl, rapubypruT-J1€pUONHTbL H AepLOAHTH. JLloMHHHpPYIOLLee 3Hadve-
HHE HA BEPXHHX YPOBHAX MAHTHH MNPHHALNEKHT rapubypratam H rapi-
GypruT-nepuonuram. Ponb AYHHTOB, JEPUOAHTOR W HEKOTOPBIX [APYIHX THIOB
Mopoa, HANPHMED 3KJOruTOB, 3HAYHTEJIbHO MEHbLUE.

[To Bonpocy o coctaBe HenH(depeHLHpoBaHHoro cyGcTpaTa BepxHei Mau-
THH CYLLECTBYIOT pasjuuHble MHends. Oaun Heeaeposatenn (Jlyru, 1975 r.)
paccMaTpHBAIOT BCe yKa3aHHbIe THIIB MOPOJL KAK OCTATOYHbBIE POLAYKTHI, H3 KO-
TOPLIX B TOH WJH HHOH cTeleHu BbinjasieHa Gazanbrosasi marma. [lpyrue
uceaenosatend (Puureyn, 1972 r.) B KauecTBe HCXOAHOrO cyGCTpaTa MaHTHH
MPHHHUMAIOT JEPUONHTHI (MHPOAKTLI), H3 KOTOPBIX OCJAE YACTHUHOrO MaasJe-
HHSl [PH PA3HbIX NaBJEHHAX MOryT ObITh MOJYYeHbl BCE THNbI 6a3a/bTOB.

o tex nop, noka peub HIET 0 COCTABE MAHTHHHBIX MOPOA B OTHOLIEHHH
riaasHeflInX Noporoo6bpasyoHX 3JeMeHTOB, HX pasHoobpaide noJydaer
JAOCTATOYHO yﬁE,LlHTEJIbHOE‘ 00bACHEHHE C ﬂUBHL[Idf:I CeJICEKTHBHOro nJjasJnae-
HHS HCXOJAHOTO MaHTHiiHOro cy6erpata. OLHAKO copepaanue paja sTopocre-
NEHHbIX 3/I€EMEHTOB B HEKOTOPbIX MAHTHHHBIX MOPOJax, TAKHX, Kak KaJjHi,
THTAH, PYOHIHH, Le3Hi, He MOoXKeT ObITh 0OBACHEHO HH YACTHUYHLIM [J1aBJle-
HHEM HcXoAHOro cyberpata, HH npoctoil GpakuHoHHol anddepenunaunei
HJIH KPHCTaMIH3aUHOHHON oTcaakod. Takde 3jiemMeHTbl MOJAYUYHH Ha3BaHHe
HekorepeHTHbIX. OCHOBHOH OCOGEHHOCTBIO HEKOr€PECHTHBIX 3JEMEHTOB SABJA-
€TCSl TO, YTO HX pacnpeseneHHe He KOPPeaHPYeTcs ¢ HIMEHEHHEM T/1aBHbIX
eTPOreHHbIX 3jemMenToB. B OTHe/bHbIX pA3HOBHAHOCTAX MAarMaTHYECKHX MNo-
poA, OCOGEHHO FeHEeTHYECKM CBA3AHHLIX ¢ GONAbUWIMMH TAYOGHHAMHU, TAKHX,
KaK LenoyHble GasanbThl H KHMOEPJHTHI, COJepiaHHe OTIC/AbHBIX HeKo-
FEPEHTHBIX 3JEMCHTOB MPEBbILAET B COTHH pa3 TaKOBOE B MNEPHAOTHTAX
(ta6a. 1). ¥Ypan OTHOCHTCH K YMCAY THIHUHBIX HEKOT@PEHTHBIX 3/1€MEHTOB.
A. Tl. AkumoB ¢ coasropami [2] yka3sbiBaloT, 4TO Kak Obl He H3MEHAJNACH
ryGHHA BbIIIABAEHHS MEePBHYHON MarmMel, He yaaeTcs npH J1060M THIE naas-
JIEHHA NOJNYUYHTb KOHU,EHTpaLlPIH ypaHa, a/IeKBATHbIE KOHUEHTPAIHAM, KOTOpbIE
XapakTepHbl A/ [OPOA LLIEJOYHO-Y/IbTPAOCHOBHOMH, 1Le104HO-6a3a1bTOHLHON
H 6a3aJbTOHAHOH KOHTHHEHTaJbHOH cepuit. CoaepKaHHs PajHOAKTHBHBIX
3JIEMEHTOB fa)ie A7 6a3aNbTOB OKeaHHYECKOro THMA HEe YKJaiblBaloTcs
B 2106y10 cxemy andpdepenunainnn. [IpUXoaKTes NO3ITOMY NPH3HATH, 4TO
CYLLECTBYIOT KAKHE-TO AONOJHHTE/IbHBIE [PHYHHBI, KPOME [IJ1aBJEHHA H KPH-
CTaJJH3alHH, KOTOpble BbI3bIBAIOT ABHOE YBEJHYCHHE €ro KOHUEHTPAlHH B
MarMaTHueckHx pacnjapax. /1ns ux o6bACHEHHSA HCCAE10BATENAM IPHXOAHTCA
06paulaThes K rHNOTETHYECKHM I0BEHHIbHLIM pacTBopam. O6pallas BHHMaHHe
Ha IIHPOKHE BApHAIHH B CONEPMAAHHH PALHOAKTHBHLIX 3JEMCHTOB H Kajaus
B MaHTHAHbIX nopoaax, A. [1. Akumos ¢ coasTopami [2] npHXOAAT K BLIBOLY
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Tabauya |

Cpennne conepxannn U, Th m K B marmaTHyeckHx nopoaax
MauTHAKOro npoucxoxaenun (no A. M. Akumos u ap., 1974)

Yucao u Th
Dopmauus, THI nopoant onpene- K. %
Aenuil n-107%

KeeHonunTtol yanTpabasuros u3 AHatpem

Winuuenessie aepuoanth 8 0,15 0,90 0,05
[THponoBbe NEPHIOTHTH 10 0,15 1,50 0,15
OmdaiHToBble 3KJA0THTH 4 0,08 0,70 0,10
[THpon-XpoMAHOINCHAOBbIE IKJOTHTLE 5 0.02 1,50 0,15

YabTpabasuTel HHTPY3HBHbBIE

[NepunotuTtol rapu6yprutToBoi hopmaimu 4 0,05 0,50 0,05
[TepHAOTHTH  AYHHT-NHPOKCEHHT-rab6poBoi 2 1,30 0,45 0,08
tpopmaluu

Lllenouno-yn1bTpaOCHOBHbBIE CEPHH

Meiimeuntnl 2 0,68 1,70 0,05

Knumbepantl 6a3anbToMaHbie W HX 3pyntus- 30 1,20 4,00 0,40

Hble Gperuun

Kum6epautsl cioosHbie H HX GPeKUHH 18 4,00 12,00 0,80

HHrHAHTDE 3 6,00 18,00 0,30

[THKpHTOBBIE NOPQHPHTLI 3 10,00 25,00 1,00
[lesouno-Ga3anbTORAHBIE CEPHH

OpynTHBHbIC GPeKuHH HATPHEBbIX LLEJAOUHBIX 5 12,00 7,20 0,05

H6asanbToB

Deprycur-nopHphl 3 45,00 72,00 1,00

Fa66ponanl HHTPY3IHBHLIE

['a66po-rapubyprutosoit dopmaunu 1 0,39 0,57 0,10

[a66po-1yHHT-NMHPOKCEHHT-TaGOPOBOH  hop 2 0,30 0,30 0,16

MalHH

BasanbToBble cepuu

Tonentu oKkeaHuueckHe 3 0,09 0,17 0,15
ToneuTul OCTPOBHOH AYTH 5 0,15 0,18 0,21
Boicokornunodemuetnie 6a3anbTel OCTPOBHORA 7 0,20 0,77 0,48
AyTH

[llenouHo-01MBHHOBbHE 6a3aJbTe OCTPOBHOM 5 0,50 3,90 0,90
NYTH

BasaawTel oporentol ofaactu 14 1,20 6,80 1,83
basanbtel apeBHero kpHcTasauueckoro mura 10 1,00 5,10 1,38
KOHTHHEHTANbHbBIE TOJIEHTHI 52 0,85 1,60 0,64

O TOM, YTO €CJIH B MAHTHH HMEKWTCH CKOIJIEHHSI PAlHAKTHBHLIX 3JIEMEHTOB,
MOCTYNaUHX €O CBepXriy6oKHX TOPH3OHTOB, TO OHH He 06pasylT cios
H AOJIKHBI GbITh CEKYLUIHMH, KOHUEHTPHPYIOLLHMHCA 10 Y3KHM KaHasam ocnatb-
JeHHbIX 30H.

A. B. ¥xanoB c coaBropaMH [12]1] nokasagu, 4TO BbICOKOE COJEpPMKaHHe
pPaaHOAKTHBHBIX 3JIEMEHTOB B KHMOEPJIHTAX He MOMKeT GbiTb LEJHKOM OTHECeHO
33 CYET HaJIOKEHHLIX MPOLecCOB, a CBA34HO B NEPBYW ouepenb ¢ ocoben-
HOCTAIMH CaMHX KumOepauTosblXx pacnnapos. Hen36exHo BO3HHKaeT Bonpoc:
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KaKHM JKe 06pa3oM cpesn ofeHEHHbIX PaLHOAKTHBHLIMH 3J1EMEHTAMH NOpoa
MaHTHH MOTJIH BO3HHKHYTh MArMaTHYeCKHE PaciJiaBbl C COJLEPIKAHHEM 3THX
snemenToB B 10—100 pa3 Buiure, ueM B MaHTHHHBIX MEPHAOTHTaX?

B cBsizn ¢ 3THM rpeactaBasieTcs 1eecoo6pa3HbiM paccMOTPETh BOMPOC
0 MAHTHHAHbLIX (JIIOHAAX W CBA3AHHOM ¢ HHMH macconepenoce. [leraszaumus
Hejp 3eM/H B OTPOMHOH CTelleHH onpejefser ee 3BOJIOLHIO. 3eMHan Kopa,
COBPEMEHHBIN OKeaH H ruapocdiepa B 1eJ10M ABJAKTCA MPOLYKTOM Jlera3aiu
3emau. C MauTHiHbIME HAOMAAMK CBA3LIBAKOTCA TAKWE raoGanbuble npouec-
cbl, Kak marmoo0pasoBaHWe M yJbTpameramopdH3iM, a B pfje cjyyaes
H pynoo6pasosanue. Maes o cyuecrsopanun rayGuuubix ¢awonios Gblia
puiBHHyTa ewe B 1910 r. T1. Tepmbe. C BOCXOAfILLHM ABHMKEHHEM TaKHX
(JIIOHLOB 3TOT aBTOP CBA3LIBAJ METaMOpH3M H rpaHHTH3aux0. B cospemen-
HOM BH[le HIIOTE3a O MAHTHHHLIX QJIOHAAX («TpaHCMArMaTHYECKHX PacTBo-
Bopax») Guina npeanoxena [1. C. Kopmunckum B 1952 r. v B HacTOR LLee BpeMA
pasnensierci GOMBIIHHCTBOM COBETCKHX NeTpojoroB. B nocnenuwee Bpems
HaKOMJeHbl KOHKPETHbIe 1aHHble, MOATBepKAa0lULIHe €e. YCTaHOBAeHb (JIoH -
Hble BKJIOYEeHHA B MHHepalax IUNHHeJNEBbIX JEpIOJHTOB, KapOOHATHTOB,
JlOKa3aHa YCTOHYMBOCTb B MaHTHHHBIX [OPOAaX MHHEDANOB, CONEPKAlLHX
oy (aoronut, ambubon), yraekucaory (kapbouatsl), docdop (anatur),
BHISIB/I€Hbl METACOMATHUECKHE FIBJEHHS, NPOHCXoafAllHe B MaHTHH [113, 34
# ap.]. Conepkanue JeTyyux KOMIIOHEHTOB B MAHTHH BECbMa HepaBHO-
MEepHOE, Ha UTO YKa3blBAeT NPHCYTCTBHE MPOXKHJIKOB BOLOCOJEPKAILHX MHHE-
pasoB. B creknax ToAeHTOBLIX 6a3anbTOB COLEpPAaHHE BOAB COCTABJASET
0,034Y%, uTo NpHMepHO XapaKTEpPH3YeT €€ KOHLUEHTPAIHIO B MaHTHHHbLIX
nopoaax [144, 98]. ConepaHHe yrieKHCJIOTHl OLEHHBAETCHA BEJHYHHOH
B jecATb pa3 Gonee Hu3koid. Cocras ra3oB BO BKJAOYEHHH B asiMase xa-
PaKTepH3YyeTCA CACAYIOUIHMH COOTHOLIEHHAMH KOMIOHeHTOB (B 06. %):
H; — 20,1; H,O — 423, CO; — 14,4, CO — 96; CH; — 5,0; N; — 6,7 [64].

MHorie 0cOGEHHOCTH cocTaBa JYGHHHBIX MOPOL MOTYT ObiThb MOHATHBI
JIMb NPH YCAOBHH AONYWEHHWA y4yacTus B UX (GOPMHPOBAHHH (IIOHI0B.
Tak, nyTem YacTHYHOrO NJABJEHHS NMPHMHTHBHBLIX MAHTHHHBIX JIEPLOJHTOB
HEBO3MOMKHO [OJYYHTb BBICOKOKAJHEBble MArMbl, PacnjaBbl ¢ MOBLILIEHHbIM
CO/IEPIKAHHEM THTAHA, BLICOKHE KOHUEHTPALHH MHOTHX HEKO[EPEHTHHIX 3Je-
MEeHTOB B KMMOEpJIHTAX, wWenounblx 6a3aabronaax, kapGonathrax u 1. A. He-
COMHEHHO, B LEJOM COJepaHHe JNeTYuyHX KOMIOHEHTOB B MaHTHH OTHOCH-
TeabHo HeBenuko. Kak cnpaseannBo nopuepkusaer M. J1. PaGuukos [98],
NOPO/Abl, B FEHE3HCE KOTOPHIX MMPOLECCH MAHTHHHONO METacoMaTto3a HrpaJH
BayKHYIO POJib, COCTABAAIOT HEGObLIYIO 10110 HA (POHE NPO/IYKTOB TOJNEHTOBbIX,
MpeACTaBiAeHHbIX MPAKTHUECKH CYXHMH pacniaasamd. OnHaKo 3TH nocieiHHe
(hopmHpoBasHCh H3 BelleCTBA MAHTHH, Yie HCTOLLEHHOrO B OTHOUIEHHH
NeTYYHX M HEKOTEPEeHTHHIX 3/eMeHTOB.

HecomueHHas cBA3b WeJ0YHbIX 6a3a1bTOHA0B, KHMGEPJIHTOB, KapGoHATH-
TOB C r/IyOHHHBIMH Pa3/lOMaMH YKa3blBaeT Ha TO, YTO HHTEHCHBHBIE [OTOKH
MaHTHHHBIX q)J'IIOHJIOB, OTBETCTBEHHbIX 34 OGPESOBHHHE COOTBETCTBYIOILLHX
Marm, NPosiBJANHCH B OTHOCHTEJbHO JIOKaJbHbIX yuacTkax. Ha ocHoBe ananusa
COBOKYMHOCTH @HHBLIX MO rJYGHHHLIM BKJIIOYEHHAM H3 LeJOUHbIX 6a3a/bTO-
HnoB W kumGepantos JI. B. Conosnesa ¢ coasropamu [l14] npHuiin x Bhi-
BOJlY, YTO B MAHTHH 10 GOPMHPOBAHHS PACINABHBEIX OUArOB OCYULECTBAIOTCH
MOLLHBIE Mpolecchl Metacomatoza. Ha reHepauHio uiesiodHo-6a3anbTOBbIX
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Marm 3a cyetT MeTACOMAaTHYEeCKH l]ep(’paﬁOTﬂHHbIK NEePHAOTHTOB YKAa3lbliBaJlH
M. Bect ¢ coapropamu [132]. O6pazoBande Marmbl CONPOBOMX/LAETCA HAKOM-
JNeHHeM B Hell JIeTYYHX H HEKOrepeHTHLIX 3/eMeHTOB. BaubiM J10Kasatenb-
cTBOM 060OTralleHHOCTH l'-‘]yf)()KHX 30H MAHTHH JlETyLIHMH JleMeHTaMH ABJAKTCAH
kap6onaTuTbl. C HHMH CBA3aHbLI OFPOMHbLIC 10 MacliTabaM npouecchl MeTaco-
MATHUYECKHX Npeobpa3oBaHHA KaK BHYTPH KapOOHATHTOBHIX KOMIIJIEKCOB, TaK
H B OCOGEHHOCTH BO BMELLAIOILHX HX NopoaaX. ITH MeTacoMaTHYecKHe
npoteccsl 0GblYHO HECOHIMEPHMBI O MaciiTabam ¢ MarMaTHuUecKHMH oGpaso-
BAHUAMM W, HECOMHEHHO, BHIXOAAT 3@ PAMKH 0OLIUHOIO KOHTAKTOBOIO BO3jeH-
CTBHS HHTPY3HBOB Ha BMewlatoniue nopoasl [62]. MUmeloTes u apyrue nokasa-
TebCcTBA yuacTHA (UIIOHI0B B MaHTHHHOM neTtporeHesuce. Ha 27-m reosors-
yeckom kourpecce A. llpefinep ¢ coasropamu [l41] nposemoncTpHpoBanu
tororpadui WIHPOB LINHHENEBbIX JEPUOJHTOB H rapiubypruTos MOA 3J€K-
TPOHHBIM MHKPOCKOIOM, Ha KOTOPBIX BH/HO, YTO B MHHEpaJax MaHTHHHBIX MO-
poA HMeeTcsl TOHUAHIIAS MUKDPOMAYTHHA KaHA/N0B, 110 KOTOPEIM HMEN0 MECTOo
npocaukBanue duwonnoe. B npenenax 3THx KaHanoB ofpasyeTcs CTeKJo,
cojllepxalllee BblAeNeHHe KJIHHOMHPOKCEeHA, OJHBHHA, WINMHHenH, (uoronura,
arnarTtHra, KHpﬁOHaTa. LLeJOYHOro noJesoro wnara H 4p. B cocrase crekaa
npucyrersyer (B %): SiO.> 60; Al,Oy — 10—20, (Ca+ Mg+ FeO)— 38,
Na,O — 5, K;O — 5. MHKPO30HIOBbBIH aHa/H3 110Ka3asl peskoe yBeJHUEHHE
pfla 3jemeHTOB BO/IH3H TaKHX KaHa/loB. B uacTHOCTH, comepmanHe HATPHS
Bo3pacTtaer B 15 pa3 Mo cpaBHEHHIO C MHHEPATOM-XO3AHHOM. ABTOPbI MPHILTH
K BHIBOAY, YTO MeTacoMmaToa M marmoolpa3oBaHie — Hepa3pbiBHLIA npouecc.
Takum oGpa3zom, Kak H NIPH rpaHHTH3aLHH, 06PA30BAHHIO PACNIABOB B MAHTHH
fpejlecTByeT MeTacoMaTHueckoe npeobpasoBanue nopoL. ABTopsl NPHBOASAT
J10Ka3aTeJNbeTBA TOrO, UTO OIMCAHHBIE ABJEHHS NPOHCXOLMJH /0 3axBarta
KCEHOJIHTOB.

Ewe B 1970 r. B. B. BeanHckuii BeICKa3biBa/Jl H/EW0 0 TOM, UTO Marma-
THYECKHE O4aru B KOPe W B MaHTHH 06pa3yioTcs 110/ BO31EHCTBHEM ra3oBhiX
MOTOKOB, BO3HHKAIOLLHX B Pe3y/bTaTe /lerasailii BeLlecTBa MAHTHH B Npoliec-
ce 3BosouHH 3emaH. MHTeHCHBHOCTb TAKHX TPOLECCOB pe3ko BO3pacTaer
B TEKTOHHYECKH a@KTHBHbBIX 30HAX. ﬂymaercsx, YTO € YUETOM y4yacTHsl CDJIIOHJI.OB
MOKET HAHTH YIOBJIETBOPHTEJIbHOE 06bACHEHHE H pasHooGpasHe MaHTHHHbIX
NOPOA, H WHPOKHE BapHallHH KOHLUEHTPAlHH KaJHfl, a Takxe psala IPYrux
Majibix 31eMenToB B Ha3anbTOBLIX MArMax, H JOKaJbHOCTL YUacTKOB MaHTHH,
060rauleHHblx paAHOAKTHBHBIMH 3JE€MEHTAMH, H MHOTHe [pyrHe SBJIEHHA.

Pesyabrarhl TEPMOAHHAMHYECKOrO aHalH3a NOKA3a/H, 4TO NapluHaibHOe
NlaBJIEHHEe KHCJIOPOAA B MAHTHHHOM (JIIOHIE COOTBETCTBYET KBapll-(hasiuT-
marnetutosomy 6ydepy [98]. CyMMmapHble paCTBOPHMOCTH CHAHKATHBIX KOM-
noHeHTOB BO (patonse nocturaioT 50 mac.%, npuueMm camble BbHICOKHE KOH-
UEHTPALHH BO (PJIIOHAAX, B3AUMOACHCTBYIONIHX ¢ MAHTHHHBIMU MHHEpanamu,
XapakTepHbl /15 KpeMHe3eMa, a TakKe [/ aJlOMOCHIHKATOB H CHJHKATOB
uenoyed. CBORCTBA H €OCTAB PACTBOPOB CHILHO 3aBHCAT OT IJYGHHHOCTH,
C ray6HHON WeN04HOCTL (UIIOHA0B L0JKHA BO3pACTaTh, @ 370 GYAeT NpHBO-
AHTb K noasHxHocTH Ti, Nb, Ta, Zr v npyrux KOMMNOHEHTOB, 06/1a1a10UIHX
amdorepHbIMH CBOHCTBAMH. PoOCT 111€10MHOCTH JLOJIKEH CONPOBOXKAATHCS
(aoronuTH3auued rpaHaTa, YTO MOMKET NPHBECTH K MOJHOMY HCYE3HOBEHHIO
310oro munepana [100]. $iBHO noBbilIeHHblE KOHUEHTPALHH PajHOAKTHBHBIX
3/IEMEHTOB B MaHTHHHBIX NOpoaax, MOABepriiHxcA (OronHTH3alHH, CBHIE-
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TEALCTBYIOT 06 WX NPHBHOCE MAHTHHHBIMH (aionaamu. OueHb BBICOKHE KOH-
LEeHTPAUKH ypaHa B ULeJOYHBIX 6Ga3aJbTOHAAX, KHMGEp/HTaX, B JIECATKH
H COTHH Pa3 NpeBbILIAKLIIKX TAKOBbIE B PHMHTHBHOH MAHTHH, NO3BOJSAIOT
Npeanoaararb, UTo NPHBHOC YpaHa OCYILLECTBJAAICH KAK Ha CTALHH, NpejiecT-
BOBaBLUEH M1aBJEHHIO, TAK H B Npoilecce NOCJALYIOUIEero pacTBOpeHns (ioH-
JIOB B MarMaTHueckom pacnaase. OcCHOBHOH cocTaBasoLULed MAHTHHHBIX (aio-
H/IOB HHXKE YPOBHA ycTOHUHBOCTH amdubonos siBasercsa Boaa. [a3wl, aa-
XBAd4YeHHbIE KPHCTAJIAMH aJMa30B, COAEPMKAT HAPALY € BOMOH 3aMeTHble
KOJHYECTBA 38KHCH M [BYOKHCH Yrjepoja, BOAOPOAa, METaHa W APyrux
YIJ1I€BOIOPOAOB H Aaxe GoJiee C/10KHbIe MOJIeKYJIbl THIA COHPTOB W T. 1. [135].

Hcnonbays nanuble no njas/jieHHio NepHAOTHTOB B NPHCYTCTBHH BOLHOIO
(hTIoHAa, a TAKKE Pe3ybTaThl H3YUeHHs PACTBOPHMOCTH MAHTHHHLIX MHHepa-
JoB B Boae npu aasaexuax 10—30 k6ap, M. [1. Padunkos [102] nokasan,
UTO BAOJb «KHMOEPJHTOBLIX» reorepmobap n0MKeH OblTh YCTOHUHB KOH-
UEHTPUPOBAHHLIH BOAHO-CHJIHKATHBIA JIOHA, NPOMEXKYTOYHLIH MO CBOHM
XapaKTePUCTHKAM MEMKIY CYLIECTBEHHO BOMHBIM H CHIHKATHBIM PacniaBoM.
KoukpeTHbit cocTaB MaHTHiAHBIX (hioHA0B BecbMa runoteTHyed. OCHOBLIBASCDH
Ha 3KkcrmepumenTasbHblXx Aanubix, W. [1. Paduukos w A. JI. Bertuep [103]
NoKa3a/H, 4To BoAHaA (a3sa, cocyulectsyouas npu 30 k6ap u 1100° C ¢ hnmu-
HBIM (DJIOTONHTCONEPKAILHM MAHTHHHLIM NapareHe3ncoM, CodepKHuT (B %):
510, — Gonee 25, K,O — 10, AlLO, — 1l. Bonneie ¢JaOHAB NpH MaH-
THHHLIX napamerpax o61analoT BhHCOKOH pacTBopsilolled cnoco6HOCTbIO He
TO/ILKO B OTHOLLEHHH METPOreHHbIX OKHC/O0B, HO H PAJa MaJblX, B TOM 4HcJe
PYAHBIX, 3/€MeHTOB, JTO o6ecrneunBaeT Hapsily ¢ NPoUHMH PaKTOpaMH HallH-
UHe B MAHTHHHBIX (JIIOHAAX OnNpejleseHHbIX KOJHUecTB (hTOPHAOB H XJIOPH/LOB,
06pa3yioLHX YCTOHYHBbBIE ACCOUHAUHN C PYAHbIMH MeTaanamu. PaloHHbIA
MacconepeHoc MOXKET HIPaTh CYLIECTBEHHYIO POJib B NIEPEpaClpeeeHHH PYL-
HHIX MeTa/lJlOB B npeenax BepxHeH MaHTHH W ObITh OnNpeaeasiolHM ¢ak-
TOPOM, KOHTPOJIHPYIOLIHM METAJJOreHHYEeCKHe XapaKTePHCTHKH MepBHUHbIX
marm [99].

Jlanubie 0 BO3MOXKHOH KOHLLEHTPAUWH YPaHa B TPAHCMArMaTHYeCKHX (Jiio-
Hlax OTCYTCTBYIOT. YYHTbIBAAl HAKONJEHHE ypaHa B NPOIECCe MaHTHHHOrO
METacoMaro3a H 0coGEHHO FPAaHHTH3ALHH, MOXHO MNpeanoaaratbh, 4To OHA
6bl1a HE CAHLIKOM BbICOKOH.

YuHTBIBAA 3KCNEPHMEHTAJbHBE NaHHble, NOJYYeHHBIE 110 PACTBOPHMOCTH
YypaHHHHTA B Marmatorensblx ¢uionaax npu temnepartypax 500—900° C,
a Takxe PTopodHILHBIE CBOHCTBA YeTHPEXBAJEHTHOrO ypaHa, ecTh OCHOBA-
HHE [OMYCKaTb CYUIECTBOBAHHE THAPOKCO- H OKCOra//IOHIHBIX KOMMJIEKCOB.
Ito Tem Gonee BEPOSITHO, 4TO € POCTOM TEMMEPATYPbl POAb THAPOKCOXJOPH-
HBIX, THAPOKCOMTOPHAHbIX H THIPOKCOKOMIJIEKCOB PYAHBIX META/1/10B MOBbILLIA-
erca [122].

3aBeplias aHAAH3 BONPOCA O NOBeieHHH YpaHa B MaHTHIHOM NeTporexese,
caeayeT NOAYEPKHYTh CAeayKolilee.

I. HecmoTpsi Ha oueHb HH3KOe cojepXKaHHe ypaHa B MaHTHAHOM cyGeTpate
B ueaom (n-107°—n-10"7%), B npHpone peanbHO OCYLLECTBARETCSH BLIHOC
3TOrO 3/EMEHTA H3 MAHTHH B 3€MHYI0 KOPY, a Takxke NepepacnpeiejeHue
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B CAMOH MAHTHH. YKa3jaHHble ABNEHHS SBAROTCH €CTECTBEHHBIM CJAEACTBHEM
npouecca HeoGpaTHmoil AHpdepeHuHalnE 3eMIH.

2. ¥YpaH OTHOCHTCH K YHCJY TAK Ha3biBaeMblX HEKOrepeHTHbiX (Heco-
BMBCTHMNX) 3JIEMEHTOB. COJJ.EP}KHHHQ TAKHX 3JIEMEHTOB B OTACJIbHbLIX THNAX
MAHTHAHBIX MOPOA (LesouHble 6a3a1bTOH/b, KHMOEPJIHTHI) B 1ECATKH H COTHH
pa3 npepblluaeT TAKOBOE B BCLIECTBE M3HTHH B HeJOM. OH() HEe MOXeT
GbiTh 0OBACHEHO HH YAaCTHYHbLIM IJ1aBaeHHeM Hexoanoro cyberpata, HH dpak-
HHOHHOR andiepenivaiuedt WM KpHCTANIN3AULHOHHOA oTcankoi. EqxHeTBeH-
HbIM MEeXaHH3MOM, KOTOpbiii MoXeT oGecneydTb HaGJiolaeMoe CONepHanue
HEKOTePEHTHbIX 3JeMEHTOB B OT/MbHbIX THNAX MAHTHHHBIX MOPO/L, ABAAETCH
HX NPHBHOC B YYACTKH MarmMoo0palopayus MauTuiHbiMK DAOHLaMH.

3. B ocHoBe MexanH3ma AH(depeHUHalHH BellecTBa MaHTHH (KpoMme ce-
JEKTHBHOTO MJABJAEHHA) JeKHT CIoCOBHOCTL MAHTHHHBLIX (JIIOHA0B PacTBO-
psATb B ce6e pa3JHuHbIe 3J1eMEHTh B IPONOPLUHAX, PE3KO OTIHUYAIOULHXCH OT KX
KONHUECTBEHHLIX COOTHOWEHHA B MaHTHHHOM cyGerpaTe. C 3THM cBA3aHO
3HAYHTEJIbHOE HCTOULEHHE MAHTHH B OTHOWEHWW Wleso4ed, MHOTHX PYIHbIX,
paccesiHHbIX,  TAKMKe PajHOAKTHBHbLIX IJEMEHTOB.

4, O6pazosaHue 06OT3ULCHHBIX YPAHOM MArMATHYECKHX PACHIABOB MPOHC-
XOAHT noj Bo3jeficTBHeM MaHTHitHBX daonaos. Hakonnenne ypana ocyutect-
BJASIETCH KaK B MPOLECCE METAacOMaTHYecKoro npeolGpasoBaHHs nopog cyb-
CTpaTa, TaK H B POLOJKEHHE BCEro MePHO/LA CYLWEeCTROBAHWA MATMAaTHUECKOTO
pacnJia.a.

5. lNMoctynnenue ypada H3 MaHTHH B 3CMHYIO KOpY OCYLLECTBJAETCH
KaKk B pe3yibTaTe BHEAPEHHA MarMaTHYeCKHX pacn/iaBoB, Tak H nyreM
ero NPHBHOCA IPAHHTHIHPYIOUIHMH TPAHCMarMaTHYeCKHMH (DUIIOHLAMH.

¥pan B npoueccax rpaHuTo0GpazoBaHun

I'panurusayus — 0cHOBHOU MEXAHU3IM OAUTEAbHO20 HAKOMNACHUA YPawa
8 3emHoll kope. MaccooGMeH MeXIy BelecTBOM MAHTHH H KOpPbl IPOHCXOLKI
KaK B pe3yabrate nocTyNJeHHs B 3eMHYIO KOPY MarmMaTHYeCKHWX PAcniaBos,
Tak H B pe3y/abTaTe BO3JACHCTBHA Ha MOPOAb KOPbI H NOACTH/IAIOLLHE ee BepX-
HHE TOPH3OHTHI MAHTHH BOCXOAAIKX TNYyGHHHBIX Quilonaos. O6a 3THX npoliecca
CONMPOBOKAANHCh HCTOLIEHHEM MAHTHH B OTHOWIEHHH PAJlHOAKTHBHbIX 3J1€MeH-
TOB W HX HAKONJIEHHEM B 3eMHO Kope. Ec/iH NPHMHTHBHAA MaHTHA JepLOJH-
TOBOTO COCTABa XapaKkTepuayercsl colepxandem ypawa oxono 0,02-109,
TO B €e JerkonjaBkoi 6a3anbroBoi coctasasioued ono Bodpacraer 10 0,5 %
X107%9%, a B TYronnaBKkoM OCTATKe JYHHTOBOrO COCTABA ONYCKaeTcs 10
0,003-107*%. YuurbiBasi orpomMHble ofGbeMbl 6a3afbTOHIOB, CJAEAYET MpH-
3HATb, YTO C YKa3aHHLIM NpPOIECCOM CBHA3aHA 3HAUYHTeJbHAs J0JA ypaHa,
cojepxaulerocs B 3eMHOH Kope. Bmecrte ¢ TeM kKoHueHTpauws ypana B
Da3aJbTOHLAX CAHIIKOM HH3KA, 4TO He M03BOJAET PacCMaTpPHBATB 3TH NOPOJbI
B KauyecTBe HCTOYHHKA PYOHBIX Kouuempauuﬁ.

3naunTeabHo 6ofiee 06oralleHbl ypaHOM TAKHE IK30THUECKHE [J1yOHHHbIE
MOPOALI, KAK WIeNouYHBEe 06a3anbTOHAbl, KHMOepaHTh, KapboHaTHThl. XoT#
B o6uem o6beMe 3eMHOH KOPbl OHH COCTAaBJAKT HHUTOXKHYIO LOMO # cob-
CTBEHHO BHOCAT BecbMa CKPOMHBIH BKJad B OGULYK Maccy paiHOaKTHB-
HBIX 3JIEMEHTOB B 3EMHOH KODE, WMEHHO C 3THMH IK3OTHUECKHMH MOpoja-
MH CBSI3aHbl MHOTOYHCJICHHBIE NPOSABJEHHS YPAHOBOH MHHEPAJIHIAIHH,
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BoajeHcTBHe BOCXOASILLKX TYGHHHBIX MOTOKOB HA MOPOMbl 3¢MHOH KOpbI
H BEPXHHE TOPH30HTHI MAHTHH Bhi3blBAET rPAHAHO3HbIe N0 MacliTabam siBJeHHSA
pe6asH¢HKalHi, MeTaMopdH3aMa B rpaHHTH3alMH. EC/IH yuecTs, YyTo ri1aBHbIM
KOHUEHTPATOPOM YpPaHa B 3eMHON KOpe ABASIOTCH KUCABIC MArMaTHueckHe no-
pOAbI, 8 TAKKE NPOAYKTE HX PA3PYLICHHA H MeTaMOPH3Ma, TO CAENYET NPH-
3HATh, YTO HMEHHO C NMPOLECCaMH rPAHHTH3AlHH CBA34HA T4 OCHOBHASN 4aCTh
ypaHa, KOTopas ¢ [OMOILBI0 TeX HJIH HHBIX MEXdaHH3MOB KOHUEHTPHPOBAHHSA
npenonpeneser BO3IMOMHOCTE (POPMHPOBAHHSA NPOMBILLJIECHHBIX PYI.

[Mon rpanutuzaumeit asropsl, scaen 3a [1. C. Kopxuuckum [50], nouuma-
0T npouecc 00pa30BaHHs rPaHHTHOrO pacnjiasa 3a cueT JOGbIX N0 COCTaBY
FOPHbIX MOPOI, HAXOAAUIHXCA B TBEPAOM COCTOAHHH. Ec/H HCXoaHble Nopoabl
no cBoeMy cocTaBy OGJIM3KH K rpaHdHTam, TO B pe3yibTarte MOBbILEHHA
TeMNepaTypbl H (HAH) YMEHbILEHHS LaBJCHHA MOXET MPOH3OATH KX aHATeKTH-
yeckoe nnapnaenue ¢ ofpazosaiHeM rpaHHTHOTO pacnnasa. Coaepxanue ypa-
Ha B aHATEKTHYECKHX rpaHHTax, o6pasyloiinxcs Ges y4acTHA TpaHcMar-
MaTHYeCKHX (JIOH0B, OTHOCHTE/IBHO HH3KOE H HE TNPeBLIIAeT TaKkoBOe
B HCXOAHBIX nopoaax [41, 9, 111].

3HaunTesbho Gojiee paclpocTpaHeHa B MPHPOJE TPAHHTH3IALMSA, MPOHC-
XOAAWAA 0 BO3AEHCTBHEM TPAHCMArMaTHYECKHX (JIIOHA0B, KOTOPbIE BHAYA-
Jie IPHBOAAT K KPEMHELLLeJOUHOMY METAaCOMATOo3Y, NPHBAHKAA HCXOHBIE TOPO-
Ikl K COCTaBY TPAHHTOB, a 3aTeM W HX naabaennio. Tlpoxoxnenne dmonnos
yepe3 MarMaTHUYECKHE TeJla BbI3bIBAeT He TOJMbKO METACOMAaTO3 BMELLAIOLLMX
NopoJ, HO H H3MEHEeHHE CcOCTaBa caMOi MarMbl (MeTamMarmarHueckyw ae6Gasu-
(HKALHIO) KaK B OTHOLIEHHH METPOreHHbIX, TaK H PACCeAHHBbIX H PYIdHbIX
snementoB. B pane ¢ynaamentansuuix uccaenosanuii J1. C. KopmHuckum
H APYTHMH COBETCKHMM NeTpoJoramMn Guo NOKA3aHo, 4TO #ABJAEHHA Mar-
MaTHYeCKOro 3aMelllenns, HabJiolaeMble B PAHHTO-THEACOBLIX KOMIJIEKcax,
He MOryT GuiTh OObAcHedbl 6Ge3 yuacTHd ray6HHHBIX (uionaor. Wmenno
MOJ. HX BO3/IEHCTBHEM OCYILECTBJAETCS pPerHoHaabHbii MeTamopdusm, Gaa-
cTes, (eabAlUNaTH3aUHA, MHTMATH3a1lHS H, HAKOHELl, MOJIHOe pacn/iaB/eHHe.
TpancmarmaTHyeckne (uionabl OTBETCTBEHHE! 33 NPHBHOC, BHIHOC W Nepepac-
npejejeHHe OFPpOMHOH Mmacchl 3J€MEHTOB, O6GecrneyHBad B KOHEUHOM cuyeTe
(hopMHpOBAHHE PAHHTHOrO CJOfA 3€MHOH KOpbI.

[Nosesenne ypaHa npH rpaHHTH3AlHH H3YUaJ10Ch MHOTHMH Heclel0BaTens-
mu. Hecmorps Ha Goabuioe paznooGpa3ue 06cTaHOBOK, BHIBOAB HCCJed0BaTe-
el okazanuch cxofnbimu. Conepxanue ypana B NPOAYKTAX TPAHUTHIAUHM
BO BCeX cJyyasX 0KasaJoch Bblllle, 4YeM B HCXOAHBIX nopopax [9, 41, 68,
74, 83, 111, 116]. Ba)Ho nogyepkHyTb, YTO HH B OLHOM H3 OIHCAHHBIX
B JHTEpPAType cjyyaes He OTMeyasoch 0G€AHEeHHA MPOAYKTOB rPaHHTH3AIHH
no cpaBHeHHi c cy6erparom. [losToMy npuBHOC ypaHa TpaHcMmarMmaTHue-
CKHMH PAIOHAAMH HPH FPAHKTH3AUUK MOXKHO CUMTATHL (PAKTOM BIOJIHE AOKA-
3aHHBIM.

TMoaxona K NpoAyKTaM rpaHHTH3aLHH AHQEepeHIlHPOBAHHO, CleAyeT NpH-
3HATb, YyTO B O0LLEM cJydyae TPAHHTH3ANHA OOLIYHO OCYLUECTBJAAETCA B 1Ba
stana. C nepBbLIM 3TAnoMm cBA3aHbi NJIATHOMHIMATHTEl (FPAHHTHI), CO BTOPLIM
MuKkpokaui-murMaturel {71]. [lopoGuan 3akoHomepuocth oTmeuena A. 1. Ho-
wKHHBIM M O. M. Typkunoit (1982, 1984 rr.) nas Emuncelickoro kpsxa,
WU. E. Kysueuosnim, C. E. Marpeesoit (1983 r.), a takxke B. H. Jlbposuim
w H. WU. Terposoii (1963 r.) anw Ypaaa, B. B. [lerposuim # B. A. Mak-



poirdioit (1975 r.) nas [latomckoro waropss W ap. He uckaoueno, 4to
BO3PACTAHHE OTHOCHTEJBHOH PONH KaauA (4 ¢ HUM W ypana), 1o CPaBHEHHIO
¢ HaTpHeM B TpaHCMarmMaTHYECKHX (DJIOH1EX OTpamaeT H3IMEeHeHHSA raYOHHbI
reHEePAIHH TPAHHTH3HPYIOLLKHX pacTrOpoB. JlanHoe npennosoxenue coraacy-
ercsi ¢ BuiponoM M. J1. Pafuuxkosa [100] o ToMm, uTO B MaHTHH [10JIKHbBI
CYUIECTBOBATL /IBE NPOCTPAHCTBEHHO-H30JHPOBAHHbIE 30HB — MeHee rayGun-
Has, orpeyatwoulas nasiaedHam 15—20 kbap, oboralllenHasi HaTpuem, H Goaee
rayGuunas, orgedawuias aapaennam 70—100 kbap, oborauiennas KajgHem.
[Mo naunbiM A. J1. Hoxkunna 1 C. C, Martseesoit (1975), meracomaTuueckas
rpaHuTH3alHA NepBOro 3Tana MpHBOAHT K MOBLIICHHIO KOHIEHTPallHH ypana
B 1,5—2 pa3a, a rpaHHTH3aUHa BTOPOro srana — B 3—6 pas. DT QaHube
CBH/IETEJIbCTBYIOT O TOM, YTO TPaHCMarmMaTHueckne (JIOHAb HEOAHOPOIHBI
H 3BOMIOLHOHHPYIOT Kak no cooTHowenuio K/Na, Tak v no cogepmanuo
PaaHOaKTHBHbIX 3JEMEHTOB.

Crieyet OTMETHTD, YTO HAEA 00 yUacTHH B rPAHHTOOGPA30BAHHH MAHTHII-
HbIX ()JIIOHA0B BCTPEYAET ONpEne/eHHble TPYAHOCTH B CBETE AAHHBIX (H3HKO-
XHMHUecKo#H netpoaordi. CornacHo 3THM JaHHbIM, BEPXHHE FOPH3OHTHI MaH-
THH, TOACTHAAIOUIHE KOHTHHEHTANbHYIO KOpY, XapAKTEPH3YIOTCA YCTORYHBO-
ctoio amdubona u daoronuta. [oatomy npn noctymienud daoHia B 3TH
rOPH30HTH! BOAHAR (Da3a J10KHA HHTEHCHBHO PACX0/10BATLCH HA ofpazoBanue
YKa3aHHbIX BOJOCOAEPHKALLHX MHHEPAJI0B, B CBA3H C 3THM BEPXHHE FOPH3OHTHI
MaHTHH AOJOKHB CAYAHHTb 3QGEKTHBHOH «/J0BYWKOH» A5 BOAHOH (a3l
[70, 5, 98].

B rtakom caydae Bbiue rpaHiubl Moxo A0MKHB MOIHHMAThCH JIHILbL
HaHbo/ee HHePTHLIE KOMNOHEeHThl — 6GJaropojHble rasbl, a30T, yrjeKHcao0Ta.
Coraacno pacueram WM. L. PaGuurosa [101], noarsepiKiaembiM naHHbIMH
110 H3YYEHHIO COCTABA MAHTHHHBIX (DJIIOH/IOB, 1OJAKHA HMETh MECTO CACAYIONLAA
HanpapJ/IEHHOCTh B H3MEHEHHH cocTaBa (h1I0H/Aa ¢ ryGHHON: CYLLeCTBEHHO Yr-
NEKUCALIH  BAIOHA 4 CHAHKATHBIE MHHEpAbl—YTICKHCABH (aoun + kap6o-
HaTCOAEPKALIHHA NEPUONHT—CYILECTBEHHO BOAKBIK (RIIOHM 4 NePUOSHT ¢ 3Je-
MEHTApPHbIM YriepoAoM (cHauana rpagur, 3ateMm anmas)—QGuiona ¢ npeobaa-
LaHHEM MeTaHd + aaMa3cofeprallui JepLoHT.

OueBHAHO, 4TO NPOCAYMBAHME BOAHLIX (UIIOHIAOB B 3eMHYI0 KOpy Ha
LIHPOKOM (hpPOHTE Kpaiine MasoBepOoATHO. Ma/io 060CHOBAHHLIM TAKKE HBJS-
eTCH MpEeICTaBjieHHe O CBA3H MOTOKOB MAHTHHHBIX (JIOHA0B C rAyGHHHLIMH
Pa3NOMaMK, XAPAKTEPH3YIOLLHMHCS 0COO0 BhICOKOH NpoHkiaemocTbio. Hanu-
YHe TaKOro NoToka J0/IHO Gbl10 Gbl BH3BATL pacniabsienne nopoi ¢ obpa-
30BaHHEM MarMaTHYeCcKHX pacn/aBos, 06Ja1alolKX cnoco0HOCTBIO K PACTRO-
PEHHIO BOAHLIX (JIIOHA0B.

Takum 06pazoM, NHOCTYRACHUIO BOAHBIX (JIIOHAOB H3 MAHTHH B 3EMHYIO
KOpY B YCJIOBHAX 3aMe/TeHHOH HAbTPAUHK [LOMKHE NPensiTCTBOBATL aMpH-
6OJIH3aIlHA MOPOJ, 4 B YCJIOBHAX HHTEHCHBHOH (HAbTpauMH — obpa3oBanue
MarMaTH4yecKoro pacniaea. BosHHKaeT ecTecTBeHHbIH Bonpoc 06 HCTOUHHKE
rPaHHTH3HPYIOULHX pacTBOPoB. Peulerue 37010 Bonpoca, 04EBHAHO, BO3MOXKHO
JHWb ¢ yueToM HaHGoJee OGIIHX 3aKOHOMEPHOCTeH DA3BHTHA MArMaruima.

YCTaHOBJEGHO, UTO MEPexoid K OpPOreHHONH CTaaHH Pa3BHTHA MOABHMKHbBIX
CKJ1a14aThiX NOACOR CONPAMKEH C NOBbILIEHHEM (JIOHAHOTO AaBJeHHA. ITO No-
BBILLICHHE POHCXOAHT Ha (oHe 06LLero najeHus temnepatypul. B peayantare
MHIMAaTH3alHA (FPAHHTH3ALAA) MOXKET HAKJAA/AbIBAThCS Ha NPOH3BOJHbIE rpa-
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HYJHTOBOH (pauun metamop(hH3Ma H [PEACTaBANTL ABJNEHHE PErPECCHBHOIO
xapaktepa [71). VimewHo ycHaeHHe poJaH Boabl Bo (uOHAaX SABJSiETCH
MPHUHHON yabTpameramopduima H rpaudTH3aulu. [IpeactaBiaseTes BO3IMOK-
HbIM TMpell0KHTD CJeYIOULYD CXeMmy, NO3BOJIAOULYIO YBA3ATb YKd3aHHble
(haKThl.

Wutencupioe pocxofsiiee ABHMEHHE MaHTHANBIX (JIIOHNOB BO3HHKaeT
BC/1€ACTBHE (GOPMHPOBAHHS TYOHHHBIX PA3JOMOB B PEAOPOreHHYIO CTa/HIO
pa3puThsA. [TocTynast B BbICOKHE FOPH3OHTHI MAHTHH, 3TH MOTOKH Bbi3blBalOT
€e YaCTHYHOE MJapjeHHe ¢ obpazoBanHeM 0a3a/bTOHAHBIX MATMATHUECKHX
QU4ros, aKTHBHO PACTBOPAIOULIHX BOAHBE drioud. B peayabrare B 3eMuyio
KOPY [MPOHHKAIOT JIHIL YIJEKHCJ0TA M HHEPTHBIE rasbl, JHILEHHLIE BOJLHOH
tda3bl. Takum o6pa3om, cO3LAIOTCH YCJAOBHA 1A H3O0XHMHYECKOro MeTa-
MOPHpH3IMA, KOTOPbIt HE OKa3biBAeT CYUECTBEHHOTO BJAHAHKA HA COCTAB
3emHoO# Kopbl. [Tpossaenne 6a3a1bTOHAHOIO MArMaTHIMA ABJIAETCA XapakTep-
HOH OCOGEHHOCTLIO paHHero sTana.

Oporennblit 3Tan XapakTepHayeTcs 3aTyxaHHeMm (UIOHIHO-TENJIOBbIX M0-
TOKOB B MauTuH. C 3TUM CBR3AHA KPUCTANAM3AUKA MArMaTHUCCKUX Ga3alib-
TOH/JHbIX O4aros, CO[‘]pOBO}KﬂHIO[]J.HHCﬂ OTAe/IeHHEM pAacTBOPEHHbLIX B HHX
BOIHBIX (P1toHA0B. Takum o6pa3som, 643anbTOHAHBIE MArMATHUECKHE 0YarH Ha
CTAAMH MX KPHCTALAN3AUHH MOKHO PACCMATPHBATL B KAUYECTBE HCTOYHHKOB
TpaHcMarMaTHYeckux (WIOHI0B, OTBETCTBEHHLIX 3a AeGazudukauuio nopon,
metaMopdH3M H rpanuTHaalKo. Kak cnpaseannso ykassisaior A. A. Mapa-
kyuwes 1 H. WM. Beamen [71], meTamMophH3m oporeHHOM cTaiHH, CONnpsiKeHHbli
C Pa3BHTHEM KOPOBOTO MarMaTH3mMa, ABJseTCs raBHbIM TPOLECCOM thopmHpo-
BAHHA 3eMHOH I'(Upbl KOHTHHEHTAJAbHOI0 THIIA.

BaxHo noauepkHyTh, 4To, XOTA rpaHHTH3HPYIOULHE PACTBOPHI noc*rynaior
M3 MAHTHH M B 3TOH CBA3W MOTYT GLITb HA3BaHB MAHTHHHBIMH, OHH B TO Xe
BpeMs SABJAITCA [0CTMArMaTHYECKHMH, TaK Kak HX OTAeJNeHHe CBH3AHO
C KPHCTAJIH3YIOIHMHCA MarMami ocHoBHOro coctasa. CoOTBETCTBEHHO €O-
CTdB H CBOHCTBA PacTBOPOB 3aMA0TCS B MEPBYIO OUEPE/ib YCJIOBHAMH HX PABHO-
BeCHUH C 6333ﬁbTOHJ1HbIMH pacnjiasaMyd ¥ NPOU3BOAHLIMH KPHCTAMNH3IAUNOH-
HOH AH(DepeHIHaltil NOCaeLHHX.

[naBHbiMH (pakTOpamH, ONpelensaOUIHMH BOMIOLUHIO CBOHCTB PacTBOPOB,
ABNAETCH NOHHMECHHE TEMNEPATYpPbl H JABNEHHA.

OAHHM H3 KapAHHAJbLHBIX BOMNPOCOB NETPOJOTHH ABIAETCH BblfiBieHHe
MPHUHH, OGYCJOBAHBAIOWHX CHOCOGHOCTL TPAHCMArMaTHYECKHX (UIIOHAOB
NPOH3BOAHTL Aebazudukaunio. [leidcTsHTeNbHO, Kak OGBACHHTL TO, HTO,
HAXOAACH B PABHOBECHM C NOPOAAMHM NOBLILEHHOH OCHOBHOCTH, Tpancmar-
MarH4ecKHe (BpJIoHAbl NPpHOGPETAT CNOCOGHOCTb NPOH3BOIHTL AebasHdHKa-
ILHI0O MEeHee OCHOBHBIX nopoa 3emHoil kopbi? Beaen za JI. C. Kopmkunckum
BOJBUIHHCTBO HecaenoBaTe el OOBACHIIOT 3TO ABJEHHE NOBbILIEHHEM KHCOT-
HOCTH pPACTBOPOB MO Mepe HX OXJAMICHHA, KOHACHCAUHH W YHAOTHeHUS.
Jror BuBO GazupyeTrcd Ha caeayowed GHIHKO-XHMHUeCKOH 3aKOHOMEPHOCTH.
Ecsin npH Harpesanin MHOrOKOMIOHEHTHOrO PacTBOPaA NMPOHCXOLHT €ro BCKH-
HAHKE, TO KOHUEHTPAIMA NCTYMHX KHCAOT B razoobpasnon pase OyneT Bulue,
yem B )KHI[KOﬁ, TOr[ld KaKk HX aKTWBHOCTH NPH PABHOBECHH MeEXLY ¢338MH
6yayT pasibl. CuieaoBaTebHO, KOI((OHIHEHT aKTHBHOCTH JIETYUYHX KHCJIOT
B KHAKOCTH OyayT Buiwe. T1py obpaTtHoM nepexoje JeTYuHX KHCJAOT H3 napa
B AKHIKOCTL HMX AKTHBHOCTH AOJUKHA Bo3pactath. IToT 3ddext posxend
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HMeTh MECTO HE TOJbKO MpH KOHAEHCALHH Napa, HO H MPH HAJAKPHTHUCCKOM
nepexoe H3 razoo6pasHoro cocTosHHUA B KHAKooGpasznoe. Takum obpasom,
NnpeaAnoJoXeHde O TOM, 4TO l'IpH‘IHHOl:I MOBbLILI€EHHA KHCJAOTHOCTH ¢JIK)HAOB
ABJASIETCA NAJEHHE HX TeMIepaTypbl, NPeACTaBASAETCA BINOJHE MPABOMEPHBIM.
Ouo noateepxaaerca peayabraramu pabors [Ix. ®pantua nP. [Monna [134],
NOKa3aBIIHX, 4TO ¢ NOHHMKEHHEM TeMnepaTtypbl MPOHCXOAHT POCT KOHCTAHTSI
aucconrauun HCl B 3akpuTHUeckHx pacTBopax.

JKCNepHMeHTA bHble HCCAEL0BAaHHA B 3TOM HANPABJEHHH, MPOBCIEHHbIE
npu T=750—900° C, P, = | k6ap B npHcyTcTBUH 31 pactsopa HCI, nokasza-
JIH, YTO COJIAHOKHCILIH (JIIOHA MPOH3BOAHT Ne6GasupHKaLMIO paciliaBa mpH
BCEX TEMIIEPATypax, OAHAKO HHTEHCHBHOCTb 1e6a3H(HKalHH CYLLECTBEHHO
BO3pacTaeTt NpH noHHxeHud temnepatypol [106]. Moka3aTeibHO, 4TO B OlbI-
tax npu 4 k6ap u 1100°C pacTBopHMOcTh ulenoueii npeo6ianaer Haj
PACTBOPHMOCTBIO 111€J10YHO3EMEbHBIX OKHCJIOB, Y4eM, BepofiTHO, H OOLACHA-
IOTCH AHOMAJIbHO BHICOKHE COlep K aHH A Lieioueit B rayOunubix gaouaax. C no-
HH)KEHHEM TeMmrepaTtypbl ToT xe (GJIOHA BhILLEJAUHBACT H3 pacniaBa demu-
YECKHE KOMTOHEHTHI H OTJlaraer KPeMHEeKHCJOoTy, T. e. npuoGperaer ciocob-
HOCTh K ne6a3H(pHKaLHH. .

Hauanbhble cTynend ne6asHdukalii BbIPakKaioTcs B CEPHH METacOMaTH-
YeCKHX peakuuit, npubauxkawiKx coctas nopoa K rpauuty. [lpw srom
npoucxoautT ofeiHeHHe (uIOHLa UleJO4aMH H KpeMHHeM H oborauleHqe
demuueckuMi KomnoHeHTamu. OLHAKO B OTHOLIEHHH JIETYYHX KOMIIOHEHTOB
cocTaB (QUIIOHIOB NPAKTHUECKH HE MEHNeTCs,

[MTosiBnenne MarMaTHYECKOro pacinaBa peako HIMEHHET XapakTep cHeTe-
mbl, [TpHHLHNHANBHOE 3HAYEHHE NIPH AHAJH3E 3TOH CHCTEMbl HMEET MeXaHH3M
nepemeLteHHs (GAIOHLOB Yepe3 MarMy H MaccoolMeH MeX /1y COCYLLECTBYIOLLH-
MH GuOHLAMH H MarMoi.

Teopernueckne pacuersl NOKasbIBAIOT, UTO [MPOHHKHOBEHHE (IIOHIOB
B MarMaTHYECKYI0 KaMmepy HeH36exHO Bhl3oBeT o6pa3oBanue B marme quona-
HOH ¢a3wl B BHae kaneab [129]. K. B. Bapuem [16] nokasan, uto npu
BsiskocTH marmbl 10° [1, pagnyce nysbipbka Boanoii dhassl 0,1 ¢M H NJIOTHOCTB
BoaHod ¢assl 0,5 r/cm’ cKOpocTb nepemeleHHsi Ty3bipbKa COCTABHT
125 em/roa. Mayuenune gusuueckux cBOHCTB pacnJaBoB ¢ MOMOILLBLIO pacyet-
HOTO annapata XHMHYeCKOH TEeXHOJNOrHH MOKAa3biBAET, YTO pa3Mepbl Kaneib
HE JIOJKHB npeBbinath 6 mm [129]. [NpuBenentbie coobpaxeHHa KacalTcs
€[IMHHYHBIX Karme/b, KOTOpble HE O0Ka3blBalT APYr Ha APYra 3aMeTHOro
BJHsiHHA. [IPH MeHbIIHX PACCTOSHHAX MEMY My3bipAMH BO36YXKAaeMble HMH
BOJIHBI FEPMOHHYECKH CKJIQAbIBAIOTCA, @ CAMH OHH COMHKAIOTCA APYT ¢ APYTroM.
B 3ToM cayuae BO3HHKAeT 0jlHA JJHHHAA FPABHTAUHOHHAR BOJHA, HeCyllas
«KJY60K» H3 MHOrHX Ny3bipeit. CKOpOCTb BCN/IBIBAHKA NPH 3TOM YBeJHUHBZET-
csi B Heckoabko pa3 [65]. Caeayer oaHAaKo yuecTb, YTO CYLLECTBOBaHHE
(GJIOHAHBIX MY3bIPHKOB BO3MOMKHO MPH YCJOBHH [OJHOIO HACHIUEHHS pac-
naasa uilOHAaMH.

PacTBopuMOCTb BOAW B MarMaTHYeCKHX paciiaBax B HacTosllee Bpems
BcecTOpPOHHE H3yueHa. s ray6un 10—20 KM B KHC/IBIX pacnjaBax OHa ofnpe-
aensierca sequdnHoir 6--99% [146]. Jlo MOMCHTa HACBILLEHHS BeChb (oM
BMECTe ¢ COAePKAULHMHCH B HEM JTeMeHTaMH GyleT pacTBOPATLCH B MArMaTH-
yeckom pacnaase. [IpH 3Tom pacnias MoxeT 060raulathCsl AaXe TeMmH
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KOMITOHEHTAMH, KOTOPBIE pacnpelegsiioTcs CYLIECTBEHHO B NOJb3Y (JIIOH-
na [129].

[Mocre nosBaeHHs Kaneab [AOJKEH HMEThb MECTD MaccOOBMEH Mexay
¢IoMAHON (a30f U MArMaTHUECKHM pacniaBoM. Boablioe BAHsiHHE Ha mac-
coo6meH GyleT OKas3blBAThL nepemellenHe kaneab [45]. Baaroaapsa nocrosnu-
HOMY OGHOBJIEHHIO TOBEPXHOCTH H KOHBEKLLHH BHYTPH Kanesb 06MeH KOMNOHeH-
TamMH Mexy (JIoHAHOH (a3ofi M pacnaaBoM Bozpactaer Ha 2—3 nopsjka
N0 CPaBHEHHIO ¢ OGMEHOM B ciyuae HENOABHMHOH KamjiH. MOKHO nosromy
yTBEPIKAaTh, 4HTO COCTAB KalJ/H HE MOMXEeT CYLIeCTBEHHO OTKJOHATHLCA OT pa-
pHOBecHsl ¢ pacnaasoM. M., B. 3neasbaym ¢ coasropamu [129] nokasaJu,
yTO ANA rpanuTHOro pacniasa npu 800°C w Py =1 kbGap paBHoBeche
B OTHOUICHHH LLEJOYEH YCTAHABIHBAETCH (IPH ITepeMellleHHH KalllH BCero Ha
50 cm. Pacuerbl 10Ka3biBAKOT, UTO H3-33 AKTHBHOrO PACTBOPEHHS NIPH ABHMKe-
HHH KalllH H KOHBEKTHBHLIX IIOTOKOB pacnap GLICTPO HACLILACTCS JeTYUHMH
KOMIIOHEHTAMH B COOTBETCTBHH ¢ HX mapilHafibubiMu aasiedusami. [Tonana-
HHe Xe (JIoHna B pacnjas, HAaCHIEHHbIH JeTYYUHMH KOMINOHEHTaMH, Boobile
HCKJI04aeT KakHe-1H00 Apyrue GOPMbl CYLIECTBOBAHHSA H NepeMelLleHHs pacT-
Bopa, Kpome kanesb. baarosnaps BocxoasiuleMy IBHIKEHHIO KAl H B3aHMO-
JeACTBHIO ee ¢ pacnjaBoM HeH30exHO 10JAKHbl BOZHHKHYTb [BE€ MPOTHBOINO-
JIOKHO HANpaBJCHHbIE TeHIEHLHH.

[Tonnenue TeMnepatypbl A0AKHO CNOCOGCTBOBATL HAPACTAHWIO KHCJOT-
HbIX CBOWCTB (DJIOM1A H COOTBETCTBEHHO MOBLILICHHIO €ro CnocOGHOCTH
K ne6azndukaunn. C Apyroil cTOpoHbI, MaccOoGMeH ¢ PACMJIABOM JI0JKEH
NOJABJSATH HAPACTAHHE KHCJOTHOCTH (aonaa. O4eBHAHO, 4TO 06pa30BaHHIO
PaBHOBECHOrO MarMarHUeckoro pacijaasa, OTBevaiollero JeHKorpawuram,
NOJMAHO cNOCOGCTBOBATL NOHHKEHHOE CONEPKaHHe (HEMHUECKHX KOMIIOHEHTOB
B TPAHHTH3HpYeMbIX nopofax H 60/bOA 06beM TPAHCMArMaTHYECKHX
(GAI0HA0B, MPOCOYHBIIMXCH YEPe3 MarMaTHUECKHH pacnnas.

Hapany ¢ oforawenuem ¢aonna GeMHUECKHMH KOMNOHEHTAMH H o6eHe-
HHEM 11eJ04aMH H KpeMHHeM GyaeT NPOHCXOAHTH MaccOOGMEH B OTHOUIEHHH
JIeTYuHX H pyLHbIX KoMIilonenToB. T ak, ppakuHonuposaune Gpropa 6yaer peako
CIABHHYTO B CTOPOHY pacnjapa, a XJop B OCHOBHOM COXPAHHTCA B cocTase
BOAHOH (ha3bl. YpaH Kak THIHUHO (QTOPOPHIbHBIH 3JEMEHT JOJIKEH HaKkarn-
JIHBATHCA B MAarMaTHYeCKOM pacnjaBe. JTO e OTHOCHTCH K OOJbLUHHCTBY
pyaHbix 31emedToB. [1pH 3TOM MeTansoreHHyeckas crnelHanH3alHa MarmarH-
YEeCKHX pacniaBoB JOJKHA B OCHOBHOM ONpeenaThcd CHelHan3alHei
TpaHcmarmaTHueckHX Gaonaos. [1o kpafined Mepe TpyaHO O6bACHHTD ¢ ApY-
THX MO3HLHHA OrPOMHBIE Pa3sMepbl METaJJNOreHHYeCKUX IIPOBHHUHH, CeuHan -
3HPOBAHHLIX HA OMPEENEHHBIC 31EMEHTHI.

YuuTbiBaA OrpoMHble pazMepbl MarMaTHYECKHX OYaroB H [JHTENbHOCTb
HX CYLIECTBOBAHHS, BEAYLIHM MeXaHH3MOM CJeayeT MPH3HATh MaccoobMeH,
NPOHCXOAALLHHA MEX /1y rOMOreHHbIM PACIJIABOM, Y Ke HaChilleHHbIM B OTHOLLe-
HHH daonaa, v GuoniHoi dasoi. B cBA3M ¢ Tem, uTo pasjenenne ypana
OCYLLECTBJAETCH B [0Jb3y pacnaasa, OH A0JKeH NepexodHTb H3 (UIIOHAHON
(a3l B pacnias, pacCeHBasCb B OFPOMHOM OObeMe MarMaTHYeCKOro ouara.

Meramaemarusm Kax sedyujuil (HaxkTop HAKONAEHUA YPAHA 6 MAMU-
Tuyeckux oyoeax. O6pazopaHHe MarMaTHYECKoro pacnjaba, Kak MpaBmHio,
He SIBJASIETCH KOHEYHOH CTYMeHbIO MpoUeccoB rpaHHTH3auHH. Muorue oco-



GEHHOCTH 3BOJIOIHH COCTABOB MarMaTHUYECKHX PacnjaBoB, HX (UIIOHAOHACHI-
WEHHOCTh, METa/1JIOT€HHYECKAS H TeOXHMHUEeCcKas CNellHaIH3alHa W T. 1.
BO MHOIO ONpelessiioTcs MPOLeccaMd HX B3aHMOJEHCTBHA € TpaHCMarMarH-
ueckumu aouaamu. STH Npolecch BOULIH B NETPOJOrHYeCKYIo JHTepaTypy
0 HA3BAHHEM METaMarMaTHYeCKHX. PasamMepbl H AIHTENbHOCTD CYLLECTROBA-
HHA MarMaTHYECKHX O4aroB, a C/AeAOBaTEIbHO, W MacTabm npossiends
FPAHHTOHAHOrO MarMaTH3Ma B TOH HJIH HHOH NPOBHHILHH B OCHORHOM OIpE-
AeNA0TC HHTEHCHBHOCTBIO H JUIHTEbHOCTBIO BIAHMOLEHCTBUS THAKCMAT-
MATHUECKHX PacTBOPOB.

Mpes o meramarmartHueckHxX silesdsix Owsa shickazada /L. C. Kop-
HKuHCKHM (1973, 1978 rr.). OCHOBHBLIM pe3yJbTaToM B3aHMOLEHCTBHSA TpaHc-
MarMaTHUeCcKHX (UIIOHI0B C pPacnjaBaMH SIBJAETCHA PACKHCACHHEM NOCJEoHHX
(mMeTamarmaTnueckas aebasHpHKauus). TTOHHKEHHE OCHOBHOCTH nopoa ot
GoJlee JPEBHHX K 0onee MOJObLIM OTPakKaeT HanpapJeHHOe HIMEHEeHHe co-
CTdBa PACNAABA B MarMaTHYeCKMX OYarax B CTOPOHY €ro pPacKHC/JCHHS.
O6ocnosbiBast meracomatiam, 1. C. Kopxkuuckuil noguepkusaer, uto eciH
6L B MPHpOLE HMeJ0 MeCcTo OO0bIMHOE AHATeKTHUECKOE TJaBjeHWe, TO Ha
nepBbiX CTaJHAX pacniapisiiuch Gbl HaHGONEE NETKONNABKHE KHCAbIe 0POJIbL.

CoOTBETCTBEHHO KOMArMaTHYECKHE CEPHH XapaKTepH30BAMHCh Hbl NOBbIINE-
HHEM OCHOBHOCTH MOpoA oT Goslee 1PeBHHX K GoJee MOJOABIM, a He Haobopor,
Kak 370 Habmwoaaercs B npipoje. Ocobenno ybeHTeLHO MeTaMarMaTHuecKas
neba3uHKaluHa NoKasblBaeTcsl B cjyyasx ee HezaBepuieHHocTH. [1pu 3TOM
B rpaHuTax HabJaoaaloTes NATHHCTHIE YYACTKH IPAHOIHOPHTOBOIO H IHOPHTO-
BOTO COCTABA C PAClJILIBYATHIMH KOHTYPAMH H [OCTENEHHBIMH MEPEeX0laMH.
Takoro poja #BJIEeHHA 4YeTKO MNposiBJeHbl B rpaHWTonaax bBanrtuickoro
muta. JI. C. KopKUHCKUH yKa3bIBART, YTO TPYAHO KaK-1H60 HHAaye 00bSCHHTD
MOLLHbIe Npouecchl 1e6a3H(PHKAUHH NPH rPAHHTH3AUHH, KOr/1a OCHOBHbBIE 110~
poAbl NEePBOHAYAJBHO 3aMELLAlTCA MArMOd rPaHMTOMAOR MOBLILEHHOW Oc-
HOBHOCTH (JIHODHTBI, FPAHOAHOPHTLI H MpOUYHE), a 3aTeM MPOHCXOMMT 3ame-
ILleHHe 3THX OCHOBHBIX pa3zHocTell oObYHLIMH rpanuTamu. HepasHomepuocts
TEKCTYP H COCTABA MEepexoiHbiX PA3HOCTEH XOpPOLIO COOTBETCTBYET MpPeACTaB-
JEHHI0 0 HEPABHOMEPHOH «IIPOMBIBKE» MarMbl MOTOKAMH (DJIIOH/0B.

[Tapannenbno ¢ NOHHMEHHEM OCHOBHOCTH MOPO/L B PALY KOMarMaTHYECKHX
cepHH ot Gosee ApeBHHX K 60Jee MONOABIM J0CTATOYHO YEeTKO 3a()HKCHPOBaHa
TEH[ICHUHA K HAKOMACHWIO MHOTMX 3nementoB. Hakonsenune B nepsyw oue-
peib MPOABJACTCA B OTHOWIEHHH TAK Ha3biBaeMblX (PTOPODHIBHBIX 3JEMEHTOB,
pacnpeje/neHHe KOTOPhX B CHCTEME pacuias—JouL CABHHYTO B NONL3Y
pacnjapa. YpaH sBASieTCS XapaKTepHBIM MpejicTaBHTeneM (GTopodHIbHEIX
3JMEMEHTOB. 34KOHOMEPHOE HAKOMJIeHHe ypaHa B PALY KOMAarMaTHUECKWX
cepHii oT GoJiee peBHHX K 60J1€€ MOJIOLBIM K HACTOSILLEMY BPEMEHH OTMEYEHO
MHOTHMH Heeaenosatensmu [27 w ap.]. Bmecte ¢ ypaHoMm B npouecce «npg-
MbIBKH» MarMaTH4eCKOTro O4ara TPAHCMarMaTHYeckuM QUIOHAOM B Marme
NPOHCXO/IHT HAKOMJEHHE [ieoYed, MHOTHX PelKHX, paccesHHbIX H JeTYuHx
snementos. JLo Tex nop, noka MarMaTH4ecKHH pacniaB HeJOCHILIEH B OTHO-
WEeHHH (UIOHAHOH (hasbl, TPAHCMArMAaTHYECKHH (JIIOHA BMECTe ¢ CcojlepiKa-
IUHMHCS B HeM KOMIOHEHTAMH AONIKEH LeJHKOM PACTBOPHTLCH B MarMark-
ueckom pacniaase. OnHaKo cOGCTBEHHO MeTamarMaTiyeckas aeGasudukaius,
NPHBOASILASA K OYHULEHHIO PACIIABA OT HYMKbIX KHC/IBIM MATMaM 3/IeMEHTOB,
BO3MOMKHA JIHIUbL MPH HAcHILEHHH PACN/JaBa B OTHOIWIEHHH JeTyunx. B otho-
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weHHH (TOPOGHAbHBIX 3JEMECHTOB, B TOM UHCIe ypaHa, MarMaTHueCKHii
pacnaas OyAeT BLICTYNATh B KauecTse «QHILTPA-HAKOMHUTESA». ITH 3JCMeH-
Tbl, PACCEHBANCH B OTPOMHBLIX o0heMax MarMaTHYeckoro ouard, B Goabiued
Mepe ONPEIeAIOT reoXHMHYeCKHe OCOBCHHOCTH TIDAHHTHOrO /10 3€MHOI
kopbl. KoOHUEHTpaUus ypaHd B KOHEYHOM MarmMaTHUECKOM pacnjaase Gyaer
3aBHCETH OT €r0 CojAepKRaHNA B Noposax cyberpara, KoJHIeCTBa, MPHBHECEH
HOrO Ha CTAAHH KPeMHEeILeJOYHOrO METACOMATO3a, KOHILEHTPAILHH €ro B TpaHc-
marmaTnueckom gaionae, obbema (GaOHAA, NPOCOMHBILETOCA UEPE3 Marmy,

H3yueHne KOHKpPeTHbBIX PYLOHOCHBIX IPOBHHIKI 103BOJSIET NPHHTH K BbIBO-
AY, UTO METANLOreHHYeCKAR CeltHaNH3AUUA MATMATHYECKHX OUAT0OB B OCHOR-
HOM 3ajaeTcs TpaHCMarmarHueckumu (awoniamd. [lpusnaBas pasiHuHyio
METANJIOreHHUECKYI0 CNEeLHaNH3allHI0 MarMaTHYeCKHX PacljaBoB, Mbl HEH3-
6eKHO JIOMKHB TPHAHABATL H PATHUHYIO MCTAMIOMEHHUYECKYIO CleltHan3a-
UK TpancMarmatuueckux hontos. Kak cnpaseninso ykaznsaer M. J1. Ps6-
yukoB [99], dwnonanbiii Macconepenoc B npejaendx BepxHeli MAHTHH MOXKET
6biTh  ONpeaeNsowMM  (GAKTOPOM, KOHTPOJHPYIOLULHM  MEeTaloreHHYecKHe
XAPAaKTePHCTHKH MepBHUHBIX MalM.

DopMHPOBAHHE MArMATHYECKHX OUATOB [1PCACTABIACTCS BECHMa CAOKHbIM,
JJAMTEALHBIM W, BOIMOXHO, NPEPLIBUCTHIM fpoueccom. B oaHux u Tex xe
TeKTOHHUYECCKHX HJIOKAX IPAHHTH3AIHA MOMXKCT BO3HHKATD HEOAHOKPATHO B CBSI-
3H C PA3JHUYHBIMH TEKTOHO-MarMaTHUECKHMH ILHKJAAMH, NPHYEM Kax/abli M3
NpeillecTBYIOUIHX LHKJI0B Kak Gbl MOAroTaB/AHBACT Bee Hojee ypaHOHOCHYIO
M JlerKonnaskyw cpeay s rocaenywowero. HanGodee Apko Bbipaenbl
3TH ABJCHHA B Npeje/iax I'PAHHTO-THEHCOBLIX KYNOJO0B, N0-CYULeCTBY fpei-
CTaBJAKUHX NPHKPOBJEHHBE YACTH TPAHHTOHJHBIX MArMaTHYeCKHX 04aros.
Slpkoe onucanne Takux Kynoaos Hmeetcn B paGotax O. M. Posena, B. K. Ce-
poix [88] u . A Jlernukona |[58].

3asepuias aHa K3 NOBEACHHA YpaHa MpH NPoIeccax rPAHHTO06PA30BAHHS,
CAELYeT NOAYEPKHY b Caeayiollee.

. OCHOBHbIM MEXAHHIMOM HAKOIJICHHA YPaHd B KOHTHHEHTANbHOH Kope
ABASICTCH TpAHMTH3AUMA. [paHHTH3HPYIOWHEe (IIOHAb OTBCTCTBEHHbBI 34
NPHBHOC, BBIHOC H ICPEPACIIPEIeNCHHE OTPOMHOA Macchl 31eMeHTOoB, obecne-
4YHBAA B KOHCYHOM cucTe (OPMHPOBAHHE «TPAHHTHOrO» CJ0A  3€MHON
Kopbl. Conep:aHHe ypaHa B MPOAVKTAX TPAHHTH3AIHH BCeraa Bbllie, YeM
B nopojax cyberpara. Mmenno ¢ npoleccaMi rpaHHTH3alUHH CBA3aHA Ta OC-
HOBHAn “acThb ypawa B 3eMHOW KOPE KOTOPas € NOMOULBIO TeX WKW WHbIX
MEXaHH3MOB KOHUEHTPHPOBAHHA (1PELONPeleaHeT BO3IMOKHOCTL (OPMUPOBa-
HUA OPOMBILLICHHBIX PYIL.

2. TlpenoporeHHulii 3Tan paiBHTHA CKJIaa4aThiXx obaacTed xapakTepHiy-
€TCH HHTEHCHBHBIM BOCXOISIIHM JIBHAKEHHCM MAaHTHHHBIX (DJIOHI0B, crnocof-
CTBYIOULHX 00OpA30BAHHIO 04aroB 6Ga3albTOHIHBIX PACHAABOB B BEPXHHX
FOPH3OHTAX MaHTHH. PuabTpailUa GAOHIOB Yepes 3TH pacniasbl NPHBOIHT
K PACTBOPEHHID B HHX BOJbI H APYTHX PTOPOPHIBHBLIX 3NEMEHTOR (B TOM YHC/C
Hypaua). B pesyabrare B 3¢MHYIO KOPY NOCTYNAIOT JHIIL HHEPTHLIE KOMITOHEH-
Thl (4307, yrAEKHCJ0Ta H Jp.), cnocoOCTBYIOILHE MPOTEKAHHI0 HI0XHMHHECKO-
ro MporpeccHBHOro Metamopduiva. Oporennsiit 371an pasBHTHA XapakTepH-
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3yeTcs NpeKpalleHHeM HIH CYLIeCTBEHHBIM NIOHKKEHHEM HHTEHCHBHOCTH NOTO-
Ka MaHTHHHBIX (DJTIOHA0B, 4HTO CNOCOGCTBYET paCKpHCTANIH3alHH 6a3a1bTOH-
HbIX O4aroB. 3TO BHI3LIBACT OTAENEHHE CYLLeCTBEHHO BOAHLIX (JIIOHIO0B,
KOTOpble, MOCTynas B 3€MHYK KOpY, CMOCOOCTBYIOT Pa3BHTHIO NPOWECCOB
KPeMHELLe/J04HOr0 MEeTACOMATO3d, FPAHHTH3AUHH H B KOHEYHOM CHETE IPHBO-
ST K (POPMHPOBAHHIO KOPOBbIX DYAr0B rPAHHTOXAKLIX pacnaasos. B naibhen-
lieM, B3aHMOJEHCTBYA C Pacn/aBoM, TPAHHTH3HPYIOULHE pacTBOPbl Bbi3bl-
BAIOT HX pAaCKHCAEHWe (MeTamarmaTHJYeckyl ae6asH(HKaUHI), KOTopoe
CONPOBOXKAdETCA HENPEPHIBHBIM HAKONJIEHHEM B MArMaTHUYECKHX ouarax pya-
HBIX M PacCCesHHbIX KOMIIOHEHTOB, B TOM YHCJ€ H ypaHa.

laasa 11

KPUTEPHH CBSA3H 3HAOFEHHbBIX YPAHOBbLIX
MECTOPO)XAEHHHA C BHYTPHKOPOBbIM MAITMATH3IMOM

TuapoTepMAaNbHbie MECTOPOX/IEHHA YPaHa,
HX MOJIOXKEHHE B TEKTOHHYECKHX CTPYKTypax
H CBA3b C MAarMaTHYECKUMH KOMNJAEKCAMH

KopoBbif Marmatuueckui WCTOURMK INpPEANnonaraeTcs MPaKTHYECKH AJA
BCEX 3HIOrEHHbIX YPAHOBBLIX MECTOPOMKIAEHHWH, PA3BHTbIX B Pa3HbIX THNax
PYAHLIX MNPOBHHLUHH H CBA3AHHLIX TaK HJH HHAuye C NPOABJEHHAMH KHCJAOrO
H cyBLIeI04HOr0 MarMaTH3Ma BHYTPHKOPOBOra NpoKcxoxaennn. Kaxk nasecr-
HO, BO MHOTHX YPaHOBOPY/AHBIX MPOBHHIHAX UHPOKO Pa3BHThl pa3HOBO3pacT-
Hbi€ HHTPY3HBLI FPAHHTOHAOE WK BYJKAHOTeHHble 0OPA30BAHHS — JHNAPHTHI
(pHOJHTBI), 06A3AHHBIE CBOHM MPOHCXOMAEHHEM MAJHHIeHHbIM BhIIABKAM
B HEAPAX FPAHNTO-METAMOPPHUECKOro €08 3€MHOH KOpbl.

H. TI. Jlagepos [87] B BulaeaseMOi HM 3HAOTEHHOW CEpPHH YPAHOBLIX
MeCTOpPOAeHHH pa3H4YaeT TPH rPYNMbl, K OAHOH (TPeTbeH) H3 KOTOPbLIX OTHe-
ceHbl MECTOPOMIEHHA, CBA3AHHBIE C TPAaHHTOHAHBIM MarMatuimom. K 3To#
rpymnne, COrJacHo yKa3aHHOMY aBTOpY, NPHHA/JIEXKAT YPAHOBbIE MECTOPOXK e-
HHSA NATH Pa3jHUHbIX TEHETHUECKHX KJacCoB, BKAKWYAKIULIHX B 00LICH CA0XK-
HOCTH |2 reoslorHyeckux (MHHEpaJbHbIX M CTPYKTYPHBIX) THROB. NO3/He-
MarMaTHyeckHe (ypaHOHOCHble METacOMaTHYeCKHe aJIACKHTOBbIE IPaHHThLI),
NerMaTHTOBblE (YPAHOHOCHbLIE PEAKO3EMENbHLE H PeJIKOMeTa/bHbie NMermMaTH-
Thl), MArMaToreHHble ajbOHTHTOBLIE (YPAHOHOCHLIE ANATHTOBLIE H PeLKo3e-
MeJIbHO-TOPHHA-ypaHOBLIEe B a1bOHTHTAX), MAarMaToreHHble CKapHoBbie (ypaHo-
HOCHbl€ OPTHTOBbIE H MArHETHTOBBIE CKAPHbBI) , MATMATOrE€HHbIe FTHAPOTEPMalib-
Hblé (THTaH-ypaHOBbI€, MATHMETA/IbHBIE, aNaTHT-ypaHoBbIe, MOJHOLEH- ypaHo-
Bbl¢ H COGCTBEHHO YDPaHOBblE KWibHbie W WTOKBepKosble). OpyneneHue
ITHX MECTOPOKAEHHH (OPMHPOBAIOCh B pAa3jHYHBIE METaJJIOreHHUeCKuHe
IM0XH, OT APOTEPO3OACKHX 10 KAHHO3OHCKHX, OJAHAKO CpelH HHMX npeobsa-
N30T (aHepO3OACKHE MECTOPOMKIEHHS.

Oco60 BbieNAETCSH TPYNNA NPOTEPOIOHCKHX MECTOPOKACHHH YPAHOHOCHBIX
aNbLOMTHTOB (AKeJse30-yPAHOBbLIX, THTAH-YPAHOBLX H COOCTBEHHO YPAHOBBIX),
NpOCTPAHCTBEHHO CBA3AHHbIX C y.flprilMeTaM()p¢lflli‘(‘KHMli KOMIJIEKCAMH H OT-
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HOCHMBIX MHOFHMH aBTOpamH K meramopdorennoi cepui. Kak yxe ormeua-
J10Ch, BOMPOCH! FEHE3HCa H HCTOUHHKA ypaHa 3THX MECTOPOK/CHHH ABJARIOTCA
AHCKYCCHOHHBIMH. Hapsly ¢ ApYrHMH, MO-BHIAHMOMY, HE HCKJIOUYEH BHYTPHKO-
poBblH  QHALTPALHOHHO-MATMATHYECKHE  WAH  «yAbTPamMETaMOPQHUECKHi»
(rpaHHTH3AUHOHHBIA) HCTOYHHK.

Pa3BuThle B pa3HblX pYAHbIX NPOBHHUHAX YPAHOBbIE MECTOPOKIEHHS OTMe-
YeHHBIX BbILIEC CEPHE, KJAACCOB H THINOB B Pas3jiHuHOH CTENEHH CBA3aHbl ¢ KHC-
JAbIM (FPAHHTOH/HBIM) MATMATH3IMOM, NPOABJEHHLIM KAk B HHTPY3HBHON, Tak
# B ByJKauuueckodt daunnx. [lostomy u nocToBeprocTh o6OCHOBaANHA Npen-
CTABJEHHHA 0 MarMaTHYeCKOM HCTOYHHMKE VISl Ka#K/10r0 FeHeTHYECKOro Kaacca
H THNA MECTOPOMXKIAEHHA [1aN€KO He OAHHAKOBA.

[ToanHemarmMaruueckHe, NErMATHTOBLIE H BbICOKOTEMIIEPATYPHbLIE MeTACO-
MaTHUECKHE MECTOPOMK/CHHS VPaHa [MEepBbIX YEThIPeX KJIACCOB IHAOMeHHOH
cepHu 00HApYKHUBAIOT BECHLMA TECHYIO, B PAAE CAYYAECB, BOIMOKHO, reHeTH-
YeCKyl0 CBA3b ¢ MArMaTHIMOM, /U1 HHX MarMaTHYeCKHH THN HCTOYHHKA He
BBbI3bIBAET OCOGBIX COMHEHHIT H BO3paKeHHH. ITH MeCTOPOK/IEHHS 110 CBOEMY
OTHOCHTE/ILHOMY BO3PAacTy H MPOHCXOKAEHHIO 3dHHMAIOT [POMEKYTOUHOE
MOJIOAKEHHE MEeXKILY MO3JHHMH NIPOLYKTAMH MarMaTH3Ma H MOCTMarMaTHUecKol
CHAPOTEPMANLHON [EATEJALHOCTH, YTO MMERT BeCchbMa BAMHOE TEHETHUECKOoe
3HAYEHHEe 5 NOHHMAHHA THNA HCTOUHHKA CAELYIOULEro MATOro KJjacca.
Opnako npoHcxoKaeHne H HCTOUHHK OPYACHEHHA YPAaHOBBIX MECTOPOMKACHHH
FHAPOTEPMATLHOIO KJadacca, HECMOTpSI Ha onpeieleHHYyi NpocTPaHCcTBeHHO-
BPEMEHHYIO CBA3b C MAarMaTH3IMOM, ABJSKOTCA 1aJ€K0 He CTOb OYEeBH/HBIMH
H BO MHOrOM OCTalOTCH HEeSCHBIMH.

MarmaTtorenHble MECTOPOXACHHS YpaHa PasHbIX eHeTHUECKHX KJdcCoB,
TPYNUN H THIIOB, Pa3BHTbIX B Pa3JIHYHBIX PYAHbIX M[POBHHUHAX MJaHeTh,
B LLEJIOM BLICTPAHBAIOTCA KakK Gbl B €HHbIH HenpepuiBHLIA DAL NpoABJIeHHH
YPAHOBOH MHHEpaaH3allHH OT MO3JAHEMarMaTHYeCKHX H [erMaTHTOBBIX 10
FHADOTEPMAJILHLIX HHAKOTEMICPATYPHBIX, XOTH OHH NPUHAANEKAT K Pa3HbiM
noxam. JTo NOKa3blBaeT, 4yTo B MPHPOAHBIX YCJIOBHAX CYLLECTBYET ypaHoBas
MHHEPANH3AUHA NMPAKTHYCCKH BCEX KJAcCOB H rpyni, HO macmralbbl opyie-
HeHHSl BapbHUPYIOT OT KPYNHBIX MPOMIIAEHHBIX 10 MEJIKHX MECTOPOMXAeHHUH
H pysonposisaeHHid. ONHAKO HA TEPPHTOPHH OLHOH YPaHOBOPYAHOH MPOBHHILKH
NPAKTHYECKH HHILE He HIBECTHLI MeCTOPOMICHUS CPasy BCeX KAaccon H TH-
nos. Kak npasuso, B npeneiax NpoBHHUKHA W PaiOHOB Pa3BHTbl 3HAOTCHHBIC
YPAHOBLIE MECTOPOMIAEHHH OLHOrO-ABYX KJA4CCOB, 1aKe€ HEeCKOJbKHX THIOB,
HO O6GBIYHO OHH OTHOCATCH K PA3HOBO3PACTHBIM METAJNNOME€HHUCCKHM 3110XaM,
T. e. GopMHpOBaJsHCL B pasJHuUHbIE TEKTOHO-MAarMaTHYyeckHe IHKJIB H
3Tallbl.

Bee ormeueHHoe CBHAETEALCTBYET He TOJNBKO O MPHCYTCTBHH YpaHa, HO
H O NPHHUHNHAAbBHOH BO3MOKHOCTH €r0 MHTPAILHH B JIOCTATOYHAIX KOJHYECT-
BAX HA BCEX CTALHAX PA3BHTHHA KAaK NO3JAHEMAarMaTHYeCKoH, TaKk H nocTMarma-
THUECKOH [esTeNbHOCTH. B TO e BPeMA H3 3TOT0 MOMHO 3AKIIOUHThL, YTO
KOHKPETHble MarMaTHYecKHe QUATW FeHePUPOBANH YPAHOHOCHBIE (HMIOHAL HE
Ha BCEM BPEMEHHOM HHTepBa/le HX 3BOMIOLHH, @ JHUbL HA OMpeaeJeHHbIX
3Tanax MM CTanHAX PA3IBHTHA.

Cpenu nocae0BaTesbHO CMEHSIOULHX JPYT APYTa BO BPEMEHH H 110 TEMNE-
patype o6paszoBaHust pyAHbIX acCOUHAUHA OOHAPYAKHBAKTCA MHOTHE Y€pPTh
CXOACTBA MexAy coboil M NocTenenHble Hepexoibl 10 MHHEPasOro-renxH-
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MHYECKHM 0COGeHHOCTAM, HaGOPy OCHOBHLIX PYAHbIX H HEPYAHBLIX MHHEpA/OR,
HX napareHesHcam.

1. B kJacce no3/lHeMarMaTHYeCKHX MECTOPOKICHHH H3BECTHbl YPAHOHOC-
Hble TerMaTonHbIe TPAHHTLl (AJACKHTBLI) H MHIMAaTHTBI, KOTOPLIE COMEpKar
ypaHuHuT, OGetradut (NHpoxJop), OPAaHHEPHT, a TakKe WHPKOH, anarur,
ceH, MONTHGAEHHT H APYrHe CYJIb(HIbl B aCCOLHAUHH C MHKDOKJIIHHOM H JIpy-
FHMH MHHEpaJjaMH.

2. B knacce nerMaTHTOBBIX MECTOPOMIAEHHH BbILEAAIOTCH YPAHOHOCHbLIE
MerMaTHTbl FPAHHTHOIO H 'PAHOCHEHHTOBOrO cocTaBa (CJAKASIHBbIE, TAHTaM0-
HHOGHEBBIE H THTAHO-TAHTAN0-HHOGHEBbIE, GEPH/IIHEBBIC, JIHTHEBBIE, KANbLHT-
(DJIIOOPHT-ANaTHTOBbIE C MATHETHTOM H reéMaTHTOM W apyrue). B HHX oTme-
4aeTcA YPaAHHHHT, TaHTa0-HHOOATH, MHPOXJOP, & TAKKe LUHPKOH, MaJlaKoH,
MOHAIHT, YPAHOTOPHT, anaTHT, OPTHT, MArHETHT, FEMaTHT, acCOUHHPYIOLLHe
C KaJHEeBbIM NOJIEBbIM LINATOM, 6epHANTOM, (PIIOOPHTOM, KAJIbUHTOM H APYTHMH.

YpaHoHOCHBIE NMerMaTHThl CHEHHTOBOrO H HedeIHH-CHEHHTOBOrO COCTaBa
(MHpOXJIOPOBLIE, WHPKOHHEBLIE H J1P.) COLEPKAT MHPOXJIOP, THTAHO-TAHTAN0-
HHOGATHI, LHPKOH, MAanaKkoH, WHPTOJMT, a Takxe anatut, ceH BMmecTe co
ILeJIOYHBIMH  NOMEBLIMH WINAaTaMH, HeDeaHHOM, LleNouHbIMH amdbubonamu
H NHPOKCEHOM, OHOTHTOM H APYTHMH.

3. B knacce cKapHOBLIX MECTOPOMKICHHH BbIENAIOTCH YPAHOHOCHLIE Tpa-
HATOBble CKAPHbI, B KOTOPLIX BMECTE ¢ aHAPAAHTOM-a/bMaHHHOM, AHOMNCHAOM
M IPYIHMH MHHEPA/laMK Pa3BHThl OPTHT, YPAHHHHT, a8 TAKKE aNaTHT, PeLKO-
3eMellbHble MHHEepabl, MOJAHOAEHHT W aApyrue cyabduabsl. HM3secTHbl Takke
ypaHoHOCHble aM(HOO-AHONCHAOBBIE CKAPHBl (aKTHHOJHT-TPEMOJHKT, AHOI-
cHa, GHOTHT W ApP.) € YPAaHHHHTOM, MarHetrHtom, cdenom. Kpome Toro,
TOPHA-YPAHOBAA MHHEPAJIH3ALHA BbIAIBJCHA B MArHeTHTOBbIX CKapHax.

4. B knacce rpeii3eHOBBIX 11POABJIEHHI H3BECTHbI YPAHOHOCHBIE rpef3eHbl
(coasHble, KBApL-TONA30Bbie FPEH3EHbI, KBAPL-BOJb(PAMHT-KACCHTEPHTO-
BblE JKHAB M [1P.), B KOTOPLIX OTMEUAalTCA YPAHHHHT (== HacTypau?),
a Takye MONHOILEHHT H APYTHe Ccyab@HIbl ¢ QJIOOPHTOM, KBAPLLEM H APYTHMH
MHHEpaaaMH.

OaHaKo HeT NoJIHOH YBEPEeHHOCTH, YTO B MECTOPOMKAEHHAX TIOC/AEHHX ABYX
KJ14CCOB ypaHoBas MHHepa/H3allud He ABJSAETCH HaJOMEeHHOH.

5. B knacce ruapoTepmajbHbiXx MECTOPOXICHHWH BblleasieTca psj ypa-
HOHOCHBIX pYAHbIX (opmauui, cpean HaunGojeee BbLICOKOTEMNEPaTYPHbIX
NnOCTMAarMaTHYeCKHX 06pa3oBaHHH — TOPHH-YPAHOBOH € pPEKHMH 3eMAAMH
(popMalKK B KaJHeBbIX MeTacOMaTHTax, Hapsly ¢ MHKPOKJIHHOM, GHOTHTOM,
KBAPLEM H JIPYTHMH OTMEYATCH YPAHHHHT (C TOPHEM), MOHALHT anaTHrT,
UHPKOH, 8 TAKMXEe KCEHOTHM, MOAHOGLEHHT H ApYyrHe cyibhuibl.

Turan-ypanosan (nasHaHTOBAA) pyAHas GOPMALLUA COLEPIKHT AABH/MT,
MATHETHT, FeMATHT, HJILMEHHT, PYTHJ, CYJb(HIbI, 8 TAKKE MHKDOKJHH, GHOTHT,
KBApL H Ap.

B ypaHonocHOH 30/10T0-MONHOA€HOBOH (DOPMAILHH OTMEUAIOTCH YPAHHUHHT,
OPTHT, MOHALLHT, MOJHOMLEHHT, 30/10TOCOJEPKALIHA aPCEHONHPHT H [ApYyrHe
CyAbGHIbl, a Takxe poroBas o6manka, GHOTHT, anaTHT, KBapi W Ap.

Cpenne- uu3koTemnepatypHble (NOCTrpaHHTH3AIHOHHBIE) o6pa3zoBanus
NpeiacTaB/ieHbl YPaHOBOH H Kese30-YPaHOBOH PyAHbIMH QOpPMalUHAMH B HaT-
pHeBbIX (KapOOHATHO-HATPHEBbIX) METACOMATHTaX, KOTOPble HApPsly ¢ aJjb-
OHTOM, uULeJouHbIMH ampuOonamMH, OHOTHTOM, XJAOPHTOM, KapboHaTaMH K
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KBApueM COAEPIKAT YPAHOBLIE THTAHATH (OGpanHHepPUT), HACTYPAH, YPAHUHKT,
AABUAUT, KOQGHHHT, UMPKOH (MAaNaKOH), aNaTHT, MATHETUT, FeMaTHT, Wib-
meHuT, cyabduasl. Cioga xe, 10-BHAHMOMY, C/I€YeT OTHOCHTHL ofpasoBadus
TOPHH-ypaHOBOH dopmainuy.

HuskoremnepaTypHele mocTMarmaTHuecKHe 0o6pa3oBaHHA, NPHHAIJEXKa-
LIHe K Me[HO-YPaHOBOH, 3010TO-yPaHOBOH, MOJHOAEH-YPAHOBOH, cOGCTBEHHO
YPaHoOBOH, nATH3JeMeHTHOH dopMauusM B Gepe3HTax H FHAPOCTIOAH3HTAX,
coaepXxKar HACTYpaH, KOQ(QHHHT, THTAHATHl ypaHa, cyJbdHAB (MOJHGIEHHT
H 1p.), apceHHibl KobGajbTa H HHKeNsl, TeMaTHT, KapOoHaThl, (JIOOpHT,
KBapil, 6apHT H Ap.

Cob6erBenHo ypaHoBasi popMauusi B anbGHTHTaX-3AcHTaX (anbbuT, aHnke-
PHT, XJIOPHT) BKJIOUdeT ypaHcoaepMaluHi anaTHT, UHPTOJHT, KOG(HHHT,
MOJHBIEHHT, HACTYPAH, OKHCJ/ILI THTAHA W ApPYrHe MHHEpaJbl. .

CBa3b cpeiHe-HH3KOTEMNEePATYPHbIX H HH3KOTEMNEpaTYypHLIX YpaHOBBIX
MECTOPOK/AEHHH ¢ MarMaTH3MOM YK€ BECbMa JHCKYCCHOHHA.

Hicxons H3 BCEro H3JI0KEeHHOTO BblLIe, MOKHO HAMETHTb TPH JHHHH CBA3H
YPAaHOBOTO OpPYJEHEHHA ¢ MarMaTH3MOM H COOTBETCTBEHHO TpH Tpynnbl
MECTOpPOMXAeHHHA: | — mMecToOpokAenns, TeHETHUECKH CBA3AHHLIE C MarMaTH3-
MOM; 2 — MECTOPOKAEHHH, NapareHTHHECKH CBA3AHHbIE C MATMATH3MOM,
H 3 — MECTOPOXAEHHS, CBH3AHHBIE € MATMATHIMOM TOJbLKO NPOCTPAHCTBEHHO.
MecTOPOKARHKS NePBOH rPyNNbl — NO3AHEMArMaTHUeCKHe, NerMaTuToBLie,
CKAPHOBHIE, IPefi3eHOBLIE, @ TAKXKe BHICOKOTEMNEpPAaTypHbie nocTMarmaruye-
CKHE PA3BHTHI CPABHUTENBHO JOKANBHO W BECbM3 TECHO CBHA3aHLL ¢ MarMarH-
deckumMu ofpazoBanuamd. MecropomaeHHs BTOpOH W TpPeTbeH rpynm — mnpe-
HMYILECTBEHHO THAPOTepMaJhHbIE HHIKOTEMMEPATYPHLIE, PACMpPOCTPaHEHbI
B NPOBHHUHAX GO/N€e WHPOKO H HHOraa OOHADYMKHMBAIOT MPOCTPAHCTBEHHO-
BPEMEHHYIO HJH CTPYKTYDPHYIO CBSI3b C KHCJBIM MarMatHaMoM HJH BoobuLe
He OGHApYKHBAIOT Takod cBaA3H. OLHAKO He HCK/IOYEHa BO3MOMXKHOCTb, YTO
pa3BHTHE NEPBOH JIHHHH CBA3H pyA0(QOPMHPYIOLLHX TPOLECCOB C MarMaTHye-
CKHMH O4araMH OTMeYeHHBIMH 06GpDa30BAHHSAMH, MO-BHIMMOMY, H 3aKaHYH-
BAeTCsl, MPAKTHYECKH HeNOCPeICTBEHHO He NepepacTas B HU3KOTEMMEPaTypHbIe
rHApOTEepMalbHbBe npouecckl BTOpoH JuHHH. [IposBnenue moaolHbIX GoJee
NO3/IHAX PYA006Pa3yIOLUHX MPOLECCOB MPOHCXOLHIO YIKE B HECKOJIbKO HHOH
TEKTOHHYECKOH 06CTaHOBKe, MPH APYrHX YCJAOBHAX (IIOHIHONO pexHMa H
HX HCTOUHHKA.

B cBSI3H ¢ 3THM, K&K CYHTAIOT HEKOTophie HeeaefoaTend (K. B. MenbHHKOB,
K. T'. Koposes ¥ Ap.), HaMeualoTcsl JABe OCHOBHbIE IPYMbl MArMAaTOr€HHBIX
YPaHOBBIX MECTOPOMAEHHH H COOTBETCTBEHHO /(B4 YPOBHS YCJOBHH nepeHoca
ypaHa NOCTMarMaTHYeCKHMH pacTBOpaMH — BbicOKOTeMneparypubii (400—
350°), conpoBokaaemblil 06pa30BaHHEM KaJHeBOro NOJAEBOTO WINaTa, ypahnu-
HHTa H AP., H HU3KOTeMNepaTyphbif (okoao 200°), npusoaupiiki k ofpa3osa-
HHIO CyibduAoB, KapOonaTon, HacTypana U Ap. C 3THMH BLIBOAAMHU cOraacy-
orea npeacrasaenus WM. B. Measuuxosa (1978, 1982 r.) 06 yMenbienus ot
paHHKX CTafMil K MO3LHUM AKTHBHOCTH WIH WHTEHCUBHOCTH BBIIENEHHS ra-
noupos (Cl, F) u Bo3pacraduy pond yrAEKHCHOTHl. YPaHOBOPYAHAA CTA/LHA
MO0 CPABHEHHIO C [APYTHMH XapaKTepPH3YerTcd HAHMEHbIUMMH COAEPKAHHSIMH
xJyiopa, gropa H Han60ablIeH Kap6oHATHOCTHIO. [IpH 9TOM MEHAJICS He TOALKO
COCTAaB YPAHOHOCHBIX PACTBOPOB OT FaJOHAHBIX 10 KapGOHATHBIX, HO H POHC-
XonHaa HHBepcHst ¢opm mepenoca ypana. PopMHpPOBAHHE PYIOHOCHBIX

3 3akas Ne 2123 65



pacTBOpoOB Ha4yaJoCch elle Ha MarMaTHuecko CTAAHH TIPH OTOEJNEHHH JeTy-
Y4HX KOMIIOHEHTOB H3 MarmMaTHUECKHX O4aroB H NPOAOJAKANOCh HA MOCTMAr-
MaTHuyeckHX ctaiaunx. [lepexon ot ranowaHoi Gpopmbl nepeHoca ypaHna B Kap-
GOHATHYIO OCYULleCTRASIACH B wWHTepsaie Temnepartyp or 400 xo 200°C.

B npo6Jieme MarmaTHYeCKOro HCTOYHHKA YPaHa rHAPOTEpPMalbHbIX MeCTo-
POXACHHH H ee OTAe/bHbIX ACMNEKTOB — IBOMOUKKH MArMaTHYECKHX O4Aros
H HX CNOCOGHOCTH reHePHPOBAThb YpaHOHOCHbe pynoobpa3syioiine (JaOHIb
(pacTBOpB) — CYULECTBYET Psi/i HESACHbIX H HepelleHHblX BOMPOCORB, CPeu
KOTOPbIX CJe1yeT OTMETHTh CJAeLYIOlLHe.

Yro npeactasasnau co6od BHYTPHKOPOBBLIE MArMATHYECKHE OYarH rpaHuT-
HOro cocraBa? Dbila /W elHHAsi KpynHas kamepa pacniapa, HachlUleHHOro
rasaMmu uaH Gbla pajL 6oJee MeJKHX KaMep B rPaHHTH3IHPOBAHHOM cybeTpate?
HefcHbl TAKKE NPHIMHB], MEXAHHIM H YCJOBHS OT/Ie/IEHHA MarMbl, MEXaHH3M
HHBEKUHH €€ B BEPXHHE CJOH KOpbI.

Yro npeacraBaniu cofoR «OCTATOUHbIe» PACNAaBL W (IOHIAB MarMaTH-
YEeCKHX O4aroB rPAaHHTHOrO coCTaBa Mocje [POABAEHHA HHTPY3HBHOH HJH
BYJKAHHYECKOH JledATelbHOCTH? JlOCTAaTOUHOE /I KOHYECTBO B MATMATHYECKHX
o4ardx pacTBOpPEHHBIX JIETYHHX KOMIOHEHTOB H KAKOro OHH COCTAaBa, ocobeHHO
10cJa€ NposiBJeHHsl MarMatHima, 4tobbl OGECleyHTb MOULHbIE BOCXOAAULHE
NOTOKH (JIIOHL0B (pacTBOPOB) OT caMbIX PaHHHX 10 HaunboJee NO3AHHX
CTa)IHFI pa3BHTHA 04yarop? B KaKOM COCTOAHHH OHH HaxOAHJHCb KO BpEeMEHH
NOCTMArMaTHYeCKOH  JeATeJNbHOCTH — HCCSKAM MK  3dKPHCTAJIH30Ba/IHCh
MOJIHOCTBIO HAH YacTHUHO?

AHasorHuHblie BONpochl OTHOCATCH H K OCOGEHHOCTAM PA3BHTHS MOAKOPO-
BblX MArMaTH4YeCKHX 0O4YaroB OCHOBHOroO cocrasa.

KakoBo MpoHCcXo/AeHHe NOCAETPAHUTHBIX W NOCAEBYNKANNYECKHX AailKo-
BbiX CEPHH PErHOHaJbHOro PACNPOCTPAHEHHA H KAKOBA HX CBfA3b C BHYTPH-
KOpPOBbLIMH HJIH [MOAKOPOBbBIMH O4YydraMHd paHHHX (ﬂDOpOFEHHHX) H NO3HKX
3TanoB pa3BHTHA?

KakoBo nNpoHCXOKIAEHHE OCHOBHBIX KOMIOHEHTOB (WIIOHAHBIX MOTOKOB
NPH NOCTMArMaTHYECKOH AeATEeNbHOCTH, 0COBEHHO HA MOCACAHHX CTANAHAX —
YTJI€KHCIOTh, BOJb, raJOH/I0B, Cepbl, KPEMHHA H LAPYrHX, HEACHO, BblaeJf-
NUCh /1K OHH M3 BHYTPHKOPOBBIX MAarMaTHYECKHX 04aros HJH ObilH CBA3AHbI
C NOCTYMJEHHAMH H3 04aroB NOAKOPOBLIX 060/0ueK?

Boo6ule npoGaema cBA3W THAPOTEPMANbLHOTO YpPaHOBOTO OpPYAEHEHHA
3H/IOM€HHLIX MECTOPOXKAEHHH ¢ MAarmMaTH3MOM fABJseTcs OAHOH H3 Haubosee
CNOMHBIX M JAHUCKYCCHOHHBIX npobiem ypauosoit reoaoruu. Heemorpa na
YCHJEHHOE H3YueHHe 3THX BOIPOCOB, BIJIOTh [0 HACTOALLErO BPEMEHH CO-
CYUIECTBYIOT a/bT€PHATHBHbLIE, HEPELKO B3aHMHO [POTHBOMNOIOMKHbBIE TOUYKH
3PEHHA O Pa3JHYHOM OTHOLIEHHH OpPYAEHEHHA ¢ MarmMaTHYeCKHMH o6paso-
BaHuWAMH. Hapsany ¢ npeactaBjeHHAMH O TECHOM TEHETHYECKOM WJH napa-
FEHETHUECKOM POJCTBE MEMAY 3IHAOTEHHBIM OpYAEHEHHeM ONpPeJeNeHHOro
THNA H HHTPY3HBHLIMH HJIH BYJKAHOT€HHBIMH KOMILJIEKCAMH [OPOJ BbICKA-
3bIBAIOTCA MHEHUA BooOULe 06 OTCYTCTBHH Kakoi-nH60 cBa3n. Kpatkuit 0630p
3THX NMpeAcTaBJeHHH NpHBeaeH B . 1.

YcTanoBjaeHo, 4TO MPOABJICHWUA MarMatu3ma B npeienax ypaHoBOpyi-
HbIX NPOBHHLUHH, «3a/0KEHHbIX» B Pa3Hble 3M0XH H HAXOAFALIMXCA B pas-
JIHUHBIX FEOTEKTOHHYECKHX YCJOBHAX, HECMOTPA HA ONpEieNeHHOoe CXOACTRO,
CYULECTBEHHO Pa3jnualoTcs Mexay coboil. PeayabTaThl MHOMHX HCC/e10Ba-

66



Teﬁeﬁ, FAHHMAKOUWHXCH BONPOCAMH TEKTOHHKH H MAarMaTHiMa, CBHACTE/ILCT-
BY'OT O TOM, HTO CYULECTBYCT BIOJHE 3aKOHOMEPHAas CBA3b MArMATHUYECKHX
npoueccou C TEKTOHHUYECKHMH 1BHXKEHHAMH (H (‘O()py;-KE‘HHHMH) 3CMHOH KOpbl
u 6osee rAyOGHHHBIX (nOAKOpoBbLIX) obosouek naanetbi. Hlostomy Bonpocs
¢BfAI3H YPAHOBOTO OPYIEHEHHA TECHO NEPCIVIETAIOTCH ¢ BOIPOCAMH [10J0KE-
HHA MECTOPOXACHHH B ONPEENEHHLIX TEKTOMHULCKHX CTPYKTYpax.

[To nosoay ¢opMm cBA3H HAPOTEPMAJIBHOIO YPAHOBOIO OpPYIAEHCHHS C
MArMaTH3IMOM TAKKE CYULECTBYIOT pa3JIHUHbIE NTPEACTABJACHHS. C_V.e'lﬂ 110 MHe:
HHIO CTOPOHHHKOB DA3HLIX TOYCK 3PEHHA, BJHAHHE [POLECCOB MarMartHima
W €ero [POAYKTOB Ha (OPMHPOBAHHE THAPOTEPMabHbiXx Pylo00pa3yloilnx
pacTBOPOB H CAMHX YPAHOBLIX MECTOPOMKICHHH MOKET BbIPAKATLCH NMO-pa3-
HOMY, H NO3TOMY QOpMbI CBA3H MOIYT ObITb BECbMA PA3HOOOPA3HLIMH.

Kak yxe ormeuanocw B ri. 1, 11, rmaBHoe 3HaueHHe npolleccoB marma-
TH3Ma BbLIPAMKAETCA B TreHepduHH MAarMaToreHHbIX (NOCTMArMaTHYECKHX)
FHAPOTEPMAJbHBIX PACTBOPOB H CO3/1aHHH (HAKONJIEHHH) MATMATHUECKOTO
MCTOYHHKE PYLHOro peulectsa (ypada). [Tpoleces marmaTHiMa MOrH Tak-
ME OKAlbiBATh BAHAKKE HA (POPMHPOBAKHE YPAHOBLIX MECTOPOAIACHHA NyTem
NPOABJAEHHS MOCTMArMATHUCCKOH THAPOTEPMA/ibHOH 1eATEeAbHOCTH, CONpo-
BOMAEMOH METACOMATO30M H MOOHJIH3AULHEH PYAHBLIX KOMMNOHEHTOB H3 BMe-
WAKUHX MOPOA, 4 TAKKE NyTeM CO30aHHA HEOOXOAMMbBIX GJaronpHATHBIX
yCJ]DBHIvI AnA HX nepeHoca. ﬂpo;mncmm MarMaTHimMa pa3Horo THA MOMJH
HrpaThb TENJAOBYIO (BHCth‘TH‘-It‘CK_\"lO} pPoJib H ABJAATLCH ;LBH)K}'I.IJ.E‘ﬁ CHJIOH
(B pe3y/ibTaTe KOHBEKIIHH) py1oo6pa3yioulix pACTBOPOB B BO3HHKILHX TH/PO-
TEPMAJbHBIX CHCTEMAX. Marmartuueckune oﬁpaaoaamm (HHTPY3HBLI TPAHH-
TOHAOB H rabOpOHLOB, BYJIKAHHUECKHE COOPYKEHHA, CYOBYIKAHHYCCKHE Teaa,
CHJJIbI, IAHKH H T. 1) MOT.IH #MEeTh CyTy00 CTPYKTYpHOR 3HAYCHAE, Co3dBaR
APEHa KHBIE CHCTEMbL IS LLHPKYIAILHH pYyL00OpasyiOlHX pacTeopos H G-
TONPUATHYIO CPEAY IIA PYLOOTIOAEHHA HA CTPYKTYPHBIX H T€OXHMHYECKHX
Gapbepax. HakoHeu, camMu MarmaTHUecKHe NOPOAbl (FPAHHTOHIbBL, KHCAblE
BYJKAHHTBI H Ap.), 0COGEHHO ¢ MOBLIUEHHLIMH KOHLUCHTPAUHAMH ypaHa M
MOABHAKHOA €ro opMbl, MOIVIH CAYAHTb HellOCPCACTBEHHBIM HCTOUHHKOM
MeTaja B p)’ﬂOOGpﬂJ:SyIOLU.HX pdcTBOpAX.

Tem He Mernee BbisiBJAeHHbIE SMITHPHYECKHE 3aKOHOMEPHOCTH pasMEeULeHHH
JHOTEHHLIX YPAHOBLIX MECTOPOKUEHHA H NPOCTPAHCTBEHHO-BPEMEHHBIE CO-
OTHOWCHHS OPYIEHEHHS ONpeleJeHHON MCTaNT0rEHHUECKON IN0OXH C HO3AHKM
MarMaTHiMOM [NA4HHOTO TEKTOHO-MAIrMaTHYECKOro UHKaa Mo3BOJAAIT cleaaTh
HEKOTOPbLIE BLIBOALI FeHeTHYLCKOro 2HayeHHust H HaAMETHTL waubonee [IpHEM -
JEeMbIH BAPHAHT B OTHOWEHHH (GOPMbBI HX CBS3H.

ﬂpeac-raaneuuﬁ 0 XdPaKTepe CBA3H YPAHOBOIO OPYJNEHCHHH TAKHX MECTO-
[JO)K_}].EHHI'-'! C MArMAaTH3MOM CKJa/IbiIBAKOTCH HA OCHOBAHHW OOIILMX 3dKOHO-
MEPHOCTEH HX DA3MEUlCHHs B TEKTOHHUYECKHX CTPYKTYPax KOHTHHEHTAJbL-
HOH 3CMHOH KOpPbl H 0COGEHHOCTHX MX PA3BHTHA, T. ¢, Hd OCHOBAHHH KOM-
niekca GakTopos (KpHTEPHEB) H IIPH3HAKOB, CPELAH KOTOPLIX HaHOOJee BAMK
HBIMH ABASIOTCA: [IPOCTPANCTBEHHAR MPHYPOHEHHOCTH, 0DUIHOCTL CTPYRTYP-
HOro KOHTPOJIA TEKTOHHYECKHMH COOPYKEeHHAMH, BpeMCcHHas OJH30CTL HX
oﬁpa;maamm. obulee reoXHMHYECKOE W paiHOTEOXHMHYECKOR POACTRBO, CBR3b
YPaHoBbIX GOPMALHii ¢ APYTHMH PYAHLIMH DOPMALLHSIMH, IVTH H HANPABJCHHA
ABHIKCHHA PYLOHOCHLIX pactTrOpos H AD.

[TpocTpancTBentas MPHYPOUEHHOCTD YPAHOBLIX MECTOPOAILCHHIE K mar-
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MaTHYECKHM 06pPa30BAHHAM IPAHHTOMAHOrO COCTABA (MHTPY3IHBHLIMH H BYJ-
KaHHUECKHMH), T. €. TEPPHTOPHANbHO® COBNAJEeHHEe HX pasMelleHHs [1po-
ABISIETCA B pa3HbiXx Maciitabax W ¢Gopmax, HAUMHAs OT MarMaTHYecKHX
(HUTPY3HBHBIX H BYJIKAHHUECKHX) 1OACOB H dPeajloB HX PA3BHTHHA H KOHUAH
KOHKDPETHbIMH HHTPY3HBHbIMH, CYOBYJKAHHYCCKHMH H AHKOBBIMH TelaMH,
BYJKAHHYECKHMH NOCTPOHKAMH OPOr€HHBLIX 3TAlOB Pa3BHTHS.

HecmoTpa va Bce MHOroobpaske MpOCTPAHCTBEHHBLIX COOTHOIIEHHH ypa-
HOBBIX MECTOPOXKIEHHH W noJeill H MacCHBOB H3BepKeHHH nopoa, o6paszo-
BAHHBIX Ha TMO31HeM (OporeHHom) 3tane (GOPMHPOBAHHA YPAHOBOPYIHbLIX
NPOBHHILHH, 3TH MECTOPOMK/ICHHA MOAKHO 00BbEIHHHTDL B TPH OCHOBHbIE IPYIIIbI,
KOTOpble XapaKTePH3YIOTCH CBOMMH  OCOGCHHOCTAMH  MPOCTPAHCTBEHHbIX
(M CTPYKTYPHBIX) CBA3€fl ¢ MarmMaTHY4eCKHMHM 00pasOBAHHAMH, T. €. OTJH-
4alTCSs 10 CTENEeHH 3TOR cBA3M [32].

K nepso#l rpynne oTHOCATCH YPAHOBbIE MECTOPOMKACHHS H PYIHbIE NOJSA,
pacnoJaraiollHecs B MPpeAeax NO3AHUX BYJTKAHHUECKHX annapaTos, KynoJaos,
NOKPOBOB HJIH GJH3KHX K HHM N0 BO3pPacTy cyOBYJNKAHHUECKHX HHTPY3HBOB
KHCIBIX nopod. MHTpy3uBbl fBAAOTCA OGJAH3NOBEPXHOCTHBIMH CYOBYJIKANH-
4eCKHMH 06pa3oBaHHsiMH H cOpPMHpOBanHch Ha rayGuuHax, OJHIKHX K
rny6HHaM (OPMHPOBAHHA PYIAHbIX Ted THAPOTEPMAJbHOTO YPAHOBOTO OpY-
nevenus. [1o reonorHyeckHM AdaHHBIM H Pe3yabTaTaMm OlpeileseHHst H30TOon-
noro sodpacta (K-Ar u U-Pb meropamn), onn HauGosee GJH3KH 10 Bpe-
MCHH (POPMHPOBAHHA K YPAHOBOMY OPYIAEHEHHIO.

Ko Bropoil rpynne npHHanieKxar MecTOPOXKIAEHHA, pacrnojaralplliecs B
runaHccalbHbiX HHTPY3HBHLIX MACCHBAX TIPAHHTOHO0B HJIM B 30HAX HX
9HM0- M IKIOKOHTAKTOB. [l0 CPABHEHHIO ¢ MarmMaTHUECKHMH MOPOJAMH H
MECTOPOXKIEHHAMH NepPBOH TPyninbl OHH (POPMHPOBANHCH HA GOMBIIHX T1Y6GH-
HAX M OPYLEHEHHEe OTOPBAHO MO BPeMeHH 00pa30oBaHHsl HECKOJAbKO OOJbLIHM
HHTEPBAJOM (NEPHOAOM).

Tpetbio rpynny cocTasisoT MECTOPOKACHHA H PYAHBIE NOJA, HA MAOLLALH
KOTOPbLIX Ha AHEBHOH MOBEPXHOCTH OTCYTCTBYIOT BLIXOAbl KPYMHBIX T N03/-
HHX HHTPY3WBOB H OJH3KHX K HHM 10 BO3PacTy BYJKAHHUYECKHX annaparos.
Onunako 3jech, Tak e Kak W B MEPBbIX [ABYX IPynnax, paiBHThi MOJOAbLIC
NaHKH pasjiHYHOro (KHCI0rO H OCHOBHOrO) cOCTaBa, B TOM 4Hcae auabaszos
H J1aMnpogHpoB.

Bmecre ¢ Tem BCTpeualTCA MECTOPOMK/IEHHSI H PYAHLIE 10Js, B npejleaax
KOTOpPbIX MPOCTPAHCTBEHHAA CBA3b YPAHOBOIO OPYAEHEHHS ¢ HHTPY3HBAMH
H BYJKAHHUYCCKHMH MOCTPOHKAMH [PAKTHUECKH OTCYTCTBYET HJH [posBJIeHd
BecbMa cnabo (TeseTepMalibHbie MECTOPOKICHHA).

Bpemenunas 61H30cTh 06pa30BaAHHA YPAHOBOIO OPYACHEHHA H IPOABACHHH
MarMaTH3Ma BbIPaXKaeTcl Takke B pasHblXx macmitabax, HAuHHas ¢ MpH-
HALNEHHOCTH MX K OOWIHM (EAHHBIM) TEKTOHO-MACMATHUECKHM LMKIaM M
METAJJIOTeHETHYECKHM 3M0XaM H OPOreHHbIM 3TanaM pa3BHTHA M KoHuan
6AH30CTLIO cTaAHH M (a3, ITH 0cOGEHHOCTH MOATBEPAKAANTCH HE TOJbBKO
PEOJIOTHYECKHMH, HO H PEOXPOHOJIOrHYECKHMH [aHHBIMH BO3PACTd MArMaTh-
HECKHX MMOPO/ H BO3pacTa pyA, 4 TAKKE CONPOBOXKAAIOUIHX HX METACOMATHTOB.

leoxumuueckoe BooGuLe H 0COGEHHO PAIHOTCOXHMHUECKOE POLCTBO 3aKJI0-
4yaeTcsl B MOBLILEHHbIX KOHIEHTPAUHAX B MarMaTHYeCKHX MOPOJAx pajHo-
AKTHBHBIX JIEMEHTOB, B TOM YHCJIE YpaHA, @ TAKKEe MHOMHX COMYTCTBYIOILHX

68



saementoB (Mo, F, TR u np.), copepxaiuxcs B pylax. ITH ocobeHHOCTH
XAPAKTEPH3IYIOT FEOXHMHYECKYIO CHELHAIH3ALMI0 MarMaTH3Ma.

BbisicHeHHE BO3PACTHLIX COOTHOLWEHHH YPAHOBOrO OPYJEHEHHA ¢ pyLaMH
H METACOMATHTAMH JPYTHX METAJJIOB H MECTOPOXK/AEHHA, PA3BHTLIMH B pyi-
HbIX PaflOHaX, MO3BOJAET ONPEACTHTL MOJOKEHHE YPAHOBOTO OpPYACHEHHS
B PYAHO-(DOPMAIHOHHBIX HAH PYIHO-METACOMATHUYECKHX PAILAX, H TCM CaMblM
HAMETHTb 1enoyky coObITHA W dopMmy cBsA3H ¢ Marmaruamom. Ha muorux
MECTOPOMACHHAX H B DPYAHbIX paHoHax ypaHoBO€ OpYJCHEHHE 3alHmaer
BIOJIHE OnpeneseHtioe (06blYHO OAHO H3 NOC/JELHHX) MecTo B 06l1eM MHOro-
CTAAHAHOM PALY MOCTMArMATHYECKHX MHHEpaabHbIX o6pa3zoBanuii. [Tpu stom
HEPELKO OOHApPYAKHBAET CXOACTBO HJH NOCTENEHHbIE Nepexo/ibl 10 MHHEpaJo-
rO-reOXUMHUECKHM aCCOLHAILHAM DY H OKOJOPY/AHBIM METACOMAaTHTaM, a TakK-
e 110 TeMnepatypHbiM HHTepBataM (GOPMHPOBAHHA, H3OTOMNHOMY COCTABY
HEKOTOPBIX MHHEPAJIOB H APYIHM MPH3HAKAM ¢ MHHEPaJIbHLIMH KOMIIEKCaMH
MpealecTBYIOUHX CTalHi.

Buisichense nytei UHPKYAALUNH Pyloo6pasylolUlHX pacTROPOB MO3BOJSET
BOCCTAHOBHTb XAPaKTep H HanpapjaeHHe ofulero HX BHKEHHS K MecTam
pasrpysKu.

Marmatorentbie ruApoTepMalbHble MECTOPOXKACHHS!, CPeH KOTOPbIX HaH-
GoJiee pacnpocTpaHeHHbIMH ABAAIOTCA COGCTBEHHO YPAHOBBIE, MOJHGLEH-Ypa-
HOBLIC H THTAH-YPAHOBBLIE, HMEIILHE BaKHOE [POMbIUIJICHHOE 3HAUYEHHE,
IWHPOKO Pa3BHThl B PYAHLIX NMPOBHHLHAX PA3HOro Bo3pacfa W ofHapyKHBa-
I0T pPa3s’HUYHbIH XapakTep CBA3H ¢ MO3JHHMH OPOT€HHLIMH MarMaTHUYECKHMH
obpaszoBanusamMi. HauBoaee uyacto ypanoBoe OpY/JLeHEHHe MECTOPOXIEHHH
CBA3@HO C YPAHOHOCHBIMH TPAHHTOMAAMH HJH HX BY/JKAHHYECKHMH aHasno-
raMM: ¢ TPAHOAHOPHT-TPAHHTHOH, TIPAHHT-NeHKOTPaHHTHON, cybLle10uHO#|
FPAHHTHOH HIIH IHNAPHTOBOHR (PHOJHTOBOH) HJIH TPAXHAHNAPHTOBOH, dH1E3HT-
JHNAPHTOBOH (OPMALHAMHA, a TAKKe KOHTpPAcTHOH GasanbT-JHNAPHTOBOW
accolHannei. Pyinble TPOBHHIIMK H PAaHOHbI, B KOTOPBIX 3TH MECTOPOK LEHHS
ABASIOTCH OAHHM H3 BEAYLLHX (r1aBHbIX) THIOB, H3BECTHbl MPAKTHUYECKH
BO Bcex 6oabHX (r1o6anbHbiX) FeOCHHKIHHANbHO-CKAA4aThiX Mosicax —
Cpeansemnomopekos, Ypano-Monroasbckom, Tuxookeanckom, Tacmanckowm,
a4 TAKMKE B HAJOMCHHbIX Hd HMX ODPOreHHbIX H AEHTEePOPOreHHbIX BYJKAHH-
YECKHX lloscax.

B coOTBETCTBHH ¢ PEOXHMHYECKOH crelHann3allieil 3THX [OACOB Mpo-
ABJCHLl OCHOBHbIE METAJJOICHHUYECKHe OCOOEHHOCTH PYIAHBIX NPOBHHUIHHA.
B CpeauzeMHOMOpPCKOM Nosice B YPaHOBOPY/AHBIX MPOBHHILHAX Pa3BHThI rJ1aB-
HbiM 06pa3om COOCTBEHHO YPAHOBbIE MECTOPOMKAEHHA (MajocyibHanbie ¢
KapOboHaTaMH) KHJILHOTO THNA, CBA3AHHbIE C HHTPY3HBAMH OpPOTeHHbLIX
rpaHuTOHA0B; B Ypano-Mouroibekom nosice npeo6aaaaiT MoaHGAEH-YpaHo-
Bble (¢ CyJab(HAaMH), NPHYPOUCHHBIE K COOPYKEHHAM KOHTHHEHTAJbLHOrO
najeosy/kaiuiama. 31ech Takme Berpeuailorcs GocdopHo-ypaHoBble H oG-
CTBCHHO YPAHOBLIE MECTOPOAICHHA MPOKHAKOBO-BKPAIICHHBIX DY, KOTOpbIE
He O6HAPYMKHBAOT OCOOEHHO TECHOH (BMAMMONH) CBS3H C MarmMaTH3MOM.
BuyTpH noABMMKHBIX NMOSCOB MECTOPOM/IEHHS PasBHTH JAH60 B npejenax
FPAHHTOMIHBIX apeanoB (NosicoB), JHGO HA MJOULAJAH KOHTHHEHTAJbHO-BY.J-
KAHHUECKHX [10ACOB OPOreHHOro THIId.

OnHaKo ypaHOHOCHOCTb 3THX 06JaCTel HHTEHCHBHOIO NPOSBJICHHA KHC-
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JOro MdrmaTtHima (apeanus. MOsICOB, MOJEH pHBBHTH'i{) N4aJIeKO He TMOBCe-
mectHa. MecTopoKiaeHHs CoCpenoToYeHbl TOAbKO B ONPeeJeHHbIX yyacTKax
KOHTHHEHTANbHOH 3€MHOMN KOpbl, B npejaeax KOTOpblX OHH HAKJAAbIBAKTCH
Ha BBICTYMbl APEBHEro PyHAaMEeHTa — CPeAHHHLIC MACCHBhLI H KPYIHbIE YCTOl-
UHBBIE F€0AHTHKJIHHAJbHBIE MOAHATHA (TEKTOHHUYeCKHe 6II0KH), coBNaaaouLHe
CO CJOXHbIMH TEKTOHHUECKHMH Y3J1aMH COYJIEHEHHA H MepeceyeHHs pasHo-
OPHEHTHPOBAHHBIX IMYGHHHBIX Pa3/oOMOB, CPelH KOTOpPbix 06A3aTeqbHO pa3-
BHThl CKBO3HbI€ pa3joMbl. ITH KpynHble GJOKH KOHTHHEHTAJbLHOH KOpbI
XAPAKTEPH3YIOTCH 3HAYHTEJAbHBIMH FeOXMMHYCCKHMH aHOMAJHAMH. B npejae-
Jax YPAHOBOPYAHbIX NPOBHHUHH H PAaHOHOB PA3MELLICHHE MECTOPOMKIACHHHA
OnpeienseTca MPHYPOUEHHOCTHIO K HHTPY3HBAM OPOreHHLIX TPAHHTOHLOB
HJH BYJKAHHYECKHMH COOPYAKEHHSIMH IHNAPHTOBOM (hopMalHi B 61aronpHaT-
HbIX TEKTOHHUYECKHX H CTPYKTYPHbIX YCJIOBHAX. DBoOJbIUIHHCTBO ypaHOBBIX
MEeCTOpPOMKAEHHH, MpHueM HaHGO0Jee 3HAYHTEeNbHBIX, PACNONATdeTCH B 30HAX
r/AyOHHHbLIX Pa3/10MOB — MeXO6J0KOBbIX H TPaHCOJ0KOBLIX (CKBO3HBIX), OCO-
GEHHO B JLOJITOMKHBYLLHX Y3J14X HX COUJEHEHHS.

Ha npumepax naubosee 1eTaJbHO H3Y4YeHHBIX YPAaHOBOPYAHbIX MPOBHH-
uui, HaxoasuiHecs B Cpeu3eMHOMOPCKOM H ¥Ypano-MOHIoIbCKOM MeoCHHK-
JHHANBHO-CKIAA4aThIX N05ICaX H «3aPOXK/AEHHBIX» («3aJ0KEHHBIX>» H chop-
MHDOB@HHBLIX) B pa3’Hble reoJOrHuyeckHe H MeTa/oreHH4YecKHe 3MoXH daue-
PO3OHCKHX LHKJIOB PA3BHTHA, YCTAHOBJIEHO, YTO OHH XaPAKTEPH3YIOTCH MHO-
THMH OGIIHMH YePTAMH COCTABA H CTPOCHHA KOHTHHEHTAJbHOH 3eMHOH KOphl
W ApeBHero pokemGpHiickoro (yHiamMeHTd, NPOABJEHHA 3IHAOMEHHBIX MPO-
LEeCCOB — NPEALeCTBYIOIErD NoJHMeTaMopduiMa H yJabTpameToMoppuima
(rpaHMTH3AalHK), Pa3HOBO3PACTHONO MArMaTH3Ma W TOCTMATMaTHUYECKOH
THAPOTEPMANBLHOH J€ATENBLHOCTH, BKAIOUAR OKOJOPYAHBIH MeTacomartos. [1po-
SIBJI€HHA MarMaTtH3ma, B 0COOEHHOCTH OPOr€HHOr0 TPaHHTOHJHOrO, Npea-
CTaBaAT coOOH COCTABHYIO yacTh B 06LleM psdy MOC/A€10BATEIbHO PA3BH-
BABIUKUXCH 3HAOrEHHbLLX MPOLECCOB €AHHOr0 TEKTOHO-MarMaTHYeCKOro UHK1a.

PyaHble NpoBHHUMH PasHBIX 310X «3aPOK/ACHHA» H PACMOJN0KEHHbIE B
npeaesax pasHYyHbIX FeOCHHKJIHHAIBHO-CKAAA4aTbiX 0ACOB XapaKTepPHIYIOT-
CH MHOTHMH OBLLIHMH 3aKOHOMEPHOCTAMH HalPABJECHHOrO Pa3BHTHA TEKTOHO-
MarMaTH4YeCKHX MpOIeCccoB, B TOM uHcjae Marmatiama. OnHako ypaHoBOpY-
Hble [IPOBHHLLHH PA3JIHYAKOTCS MeX/1y co60H He TOJNLKO 110 BO3PACTY, HO H I10
HHTEHCHBHOCTH NPOSIBJEHHA 3THX NPOILECCOB, CTENEHH YPAHOHOCHOCTH, pa3-
MEpPaM H THIIAM MECTOPOMKUEHHH, KOTOpble 06YC/a0BJAEHB MHOTHMH T€0JOMH-
YECKHMH ()akTOpaMH H B MEPBYK ouyepedb OCOGEHHOCTAMH H MacluTabamH
NPOSIBJAEHHS KOPOBOrO KHCJOrM0 MarmMatHima H ero o0lleH reoXHMHUEecKoH
H DajHOreOXHMHYECKOH cnelHanu3auHed. B 1o ke Bpemsi OHH 3aMeTHO
OTJHYAIOTCA MO0 3THM (akTOpaM OT HeyPaHOHOCHLIX PY/HbIX NPOBHHIHH
H paioHOB.

AHa/u3 NpOSBJICHHA MarMaTHUECKHX NIPOLLECCOB H 3aKOHOMEepHOCTeH pac-
lIpeleJIEHHs] HX PaJHOAKTHBHOCTH, [IPOBEACHHBIH B MpelejaX KOHKPETHbIX
NPOBHHILMA, NOKA3aJ, UTO OHH XaPAKTEPH3YIOTCS MHOTHMH OOLLHMH H BROJIHE
onpefeneHHbIMH 0COGEHHOCTAMH PAa3BHTHA, COCTABA H TFeOXHMHUYECKOH cne-
uHaansaudi. TakHe 0cOGEHHOCTH MATMATH3IMAa B COUETAHHH € JAPYTHMH
reoJOrH4ecKHMH (baxmpamn CJAYKAT OAHHM H3 OCHOBHbIX HHAHKATOPOB Npo-
ABJEHHS SHIOTEHHOrNO0 YPAHOBOrO OPYAEHEHWA, KPHTEPHEM YPAHOHOCHOCTH
IlpOBHHLlHﬁ B IeJJOM H HX OTAEJbHbBIX painl!OB.
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Kak yke oTMeuanoch, A48 ypaHOBOPYIHbIX MPOBHHLUHH, PACMON0OKEHHBIX
B MPeenax NOABHAHLIX CKAAAYATHIX H AeATEPOOPOTreHHbIX (BTOPHUYHO OpO-
reHHbIX) NOACOB, BECLMA XdPAKTEPHA [PHYPOYEHHOCTL K KPYIHBIM BbICTY-
fnaM ApeBHEro JOoKeMOPHACKOro (GyH1ameHTa — CPeAHHHLIM MACCHBAM HJH
re0aHTHKJAHHAIbHBIM TOAHATHAM. ITH ClEUUPHUCCKHE YUACTKH KOHTHHEH-
TaAbHOH 3eMHOM KOPBl HA MPOTAKEHHH MHOTHX (LHKJOB H MEPHOL0B pPa3Bi-
THS HCNBITBIBAAH JUTHTEbLHYIO H YCTOHYHBYIO TEHICHIHIO K BO3AbIMAHHIO 3a
CUET MPOHCXOAHBUIHX B «TPAHHTO-METAMOPHHUECKOM» CJI0C MPOLECCOB FPatH-
TH3AUHH H TPAHHTOOOPA3OBANHS MOML BO3AEHCTBHEM [10/IKOPOBLIX T[d30B0-
TENJIOBLIX IIOTOKOR, IIPHBOAHBIIHX K €0 pPa3pacTaHHio (YBEJHYEHHIO MOIL-
HOCTH) M pa3synjoTHeHHio. Pa3iHdano KOHCOJIHAHPOBAHHBIA H reTeporeHibii
(610KOBBIH) NO cOCTABY H CTPOEHHIO APEBHHI dyHLaMEHT CAOKEeH L0Kemb-
PHACKHMH (MPOTEPO3OHCKHMH) H HHKHENANCO30HCKHMH MCTaMOP(HUECKHMH
TOJILAMH, PA3HOTHMHLIMH H PAa3HOBO3PACTHLIMH FPAHHTOHIAMH, a4 MeCcTamH
NepeKpbiThl BYJKAHOTEHHLIMH H OCAJ0YHO-BYJKAHOT€HHBIMH OTJ0MEHHSAMH.
Ha 3THX TeppHTOPHAX WHPOKO H B GOJMbIIHX 06BLEMAX MPOABIEHB MHOTO-
YHCJCHHBIE HHTPY3HBHbIE MACCHBbI IPAHHTOH/0B, KHCJbIe HJIH KOHTpPacTHble
(KHCABe M OCHOBHbIE) N0 cocTaBy 3h(y3IuBbl KOHTHHEHTAJNbHLIX BYJIKaMH-
YECKHX TOACOB OPOreHHLIX (3MHre0CHHKAHHAIBHOTO HJH 3nHnAaThOopMeH-
HOrO) 9TalNoB PAa3BHTHA.

Muorne pyaHsie NpoBHHILKK O6GBLIYHO ABAAIOTCA TNOJTHILHKIHUHBIME 110
CBOEMY pa3BHTHIO. B HCTOpHH MX OpMHpPOBaNHA OT paHHEro NOKeMOPHS 10
KahHO308 BblaeasieTcs o7 2-—3 10 5 —7 KPYNHBIX TEKTOHO-MArMaTHUYECKHX
UHKA0B. B HanGonee panHHe UMK/bl, OXBATbIBAIOILHE 3HAYHTEALHbIE OTPE3KH
BpeMeHH, Obl1 chopmupoBan fopudeHcKHi HIH Lonaleo3oickuit ¢gynaament,
4 B OCTAJbHLIC UHK/bI (pAHHE- H CPELHE-N031HeNaNe030HCKHEe, Me3030HCKHE,
paHHe- W N031HEeKAaHHO30ACKHE) NPOHCXOAHIA YACTHUHAS H/H NOJHAA TEKTO-
HHUeCKasA, MeTaMopdHuecKas WiIH MarMaTHueckas nepepaGoTka ero. B kax-
AbIA HOBBIH LMK nepepafoTKe NO/ABEPraJHch y4acTKH GyHAaMeHTa, 4TO 1pH-
BOJHAO K Pe3ko HeolHOPOAHOMY 6J0KOBOMY CTPOEHHIO TepPHTOPHE npo-
BHHUHH [87].

Kpynubie TexkToHHuyeckue OGJ0KH KOHTHHEHTA/IbHOH 3eMHOH KOpbl — cpe-
JIHHHBIC MACCHBbI HJAH HX 4acTH (YaCTHbIE MAcCHBLI), K KOTOPbIM MPHYpO-
YeHBl YPAHOBOPYIHBIE NPOBHHILHK, OOBLIYHO MOAPA3AEASIOTCH HA CTPYKTYPHO-
thopmMalHOHHble 30Hb (06J1acTH), @ TaKMKe MEHee KPYMHLIE TeKTOHHYeCKHe
670KH (pyatble paHOHbB) — reoaHTHKAHHAJbHBIE MOJAHATHA H pa3/lensioiliHe
HX MPOrHGLL. 3TH ON0KH PA3THYAKTCA He TOJNbKO 110 FeoOrHYeCKOMY CTPORHHIO
H HCTOPHH PA3BHTHHA, HO H N0 rMYOGHHHOMY CTPOEHHIO KOpPbl, OCOGEHHOCTAM
NPOABJEHHA H reOXHMHUYECKOH CMelHalH3allHi MarmMaTHama, a TakKe npouec-
COB pyLo06ODPA30BAHHA, B TOM YHCJE ypaHOBOro.

Kak npasuio, pasBHThie HAa TEPPHTOPHH YPAHOBOPYIHLIX HPOBHHIUKI
OPOrCHHLIE TPAHHTOHALL H KHCJble BYJKAHHTBl OTJHYAWTCA MOBLILICHHbIMH
H BBLICOKHMH  COACPMAHHAMH YpaHa, TOPHA M KalHA, a TaKme MHOIHX
CONYTCTBYIOUIHX FIEMEHTOB.

[MpoBHHIMK 0OGBINKO XAPAKTEPHIYIOTCA MPOSBIAEHHEM OJLHOH OCHOBHOMN
METANNOreHHYeCKOH 31TOXH, CBA3AHHOH ¢ OMpeneeHHbM (MTaBHBIM) TeKTOHO-
MATMATHYCCKHM [IHKA0M. B TO Ae BpeMs 115t HEKOTOPLIX [IPOBHHUHHA ycTa-
HOBJIEHO Pa3BHTHE NOJHXPOHHOTO YPanoBOro opyacHenus. B ux npegenax
RBISBJSIIOTCAH [IBE WK TPH 3N0XH pYLo06pa30BaHHA, IPHUCM a0€KO HE KakK-
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/a8 H3 HHX cBA3aHa c nposisaeHdem marmatuama. HawbGonee THIHUHBIMH
MOMHUXPOHHBIMH [IPOBHHUHAMH SIBJASIOTCA yPaHOBble NPOBHHLUHH H paioHbi
ckaanuateix obaacrteit EBponsl.

Onnoii 3 nanGosiee BaXKHBLIX H CNEUHBHUECKHX 3AKOHOMEPHOCTER PYAHbIX
nposHHitiii CeBepHOro, repiMicKoro, cerMenTa ckaaauaroro nosca Esporbi
ABJISAETCH MOCTOAHHASR H [OBCEMECTHAA IIPHYPOUCHHOCTh YPAHOHOCHBIX paio-
HOB M MeCTOPOXKAEHHA K apeajaMm pasBHTHA OPOre€HHOTO TPAHHTOHIHOIO
marmatuama. B npepenax pyaHbix paHoOHOB Takasi CBA3bL € FepILHHCKHMH Tpa-
HHTOMJAMH YCTaHABJAHBAeTCA ANA GONbIIHHCTBA H HaHbo/iee 3HAUHTEbHbBIX
rHAPOTEPMAJbHbIX YPAHOBBIX MECTOPOAIEHHHA 0nHOH pyaHoH (dopMalky,
HO HWHOT@ pAasHYHOIO MHHEepaldbHOro coctasa. [aBHO OTJHUHTEJNbHOR
0COOBEHHOCTBIO TAKHX MECTOPOXK/ACHHH SBJAACTCH pPA3MEILCHHE HX Kak B
caMHX TpPaHHTOMAAX, MNPEHUMYLULECTBEHHO B HX 3HAOKOHTAKTOBOH 4vacTu,
TAK H B OCHOBHOM B 3K30KOHTAKTOBBIX 30HAX HHTPY3HBHbBIX MAacCHBOB,
KAK NPaBuaO, B [Ipefesax Opeo/OB KOHTAKTOBOro mMeramopdHima BMElLalo-
KX nopoa. B passHTHIX 34eCb KHC/BIX BYJKAHOreHHbIX 06pa3zoBaHHAX
BEPXHEr0 NaJeo3os H3BECTHB! JIHUIb HeHOJblUIHE MECTOPOKAECHHA H pPy/o-
NpOsABIEHHA.

B o6nacTtsax pa3sBHTHA KOHTHHEHTAABHOTO BYJKAHHIMA NOABHXKHBIX M0SICOR
A3uu camble NO34HHE BYJKAHO-HHTPY3HBHbIE 06PA30BAHHA W FHAPOTEPMAJb-
HOE YpPAHOBOE OPYLEHEHHE TeCHO CBA3AHbl Mexaly cob0H He ToabKO B 1po-
CTPAHCTBE, HO H BO BPEMEHH, YTO, 110 MHEHHIO MHOIMX M3YUaBLIHX HX HCCJe-
jpopatenei, o6ycaoBIEHO €AHHCTBOM TYGHHHOrO (BHYTPHKOPOBOIO) HCTOU-
HHK3 MarMaTHUYeCKHX pAacnJaBoB H MOCTMarMaTHYECKHX PYLOHOCHBIX pa-
CTBOPOB.

[To noBony MarmMaTHUeCKOro THIA HCTOUMHHKA PY/IHOTO BellECTBA H BO3-
MOMKHOIO MEXAHH3MA €ro H3BJEYEHHS H3 O4aroB /sl MarMaToreHHblX THAPO-
TEPMa/IbHbIX MECTOPOMKIACHHH YPAHA BbICKA3LIBAIOTCH PAa3JIHUHBIE [PeLNono-
HMEHHA, DTH BONpPOCH FABAAITCA HaHbo/ee CNOMHBIMH 1A H3YUEHWS H,
HECMOTPSI HA WX JUIMTEJILHYIO pa3palboTKy, €lle MOJHOCTHIO He paspelleHsl,
TEM He MeHee OHH TPebyioT 0co6oro paccMOTPeHHS.

O6ocHoBante NpeAcTaBIelHil O KOPOBOM MarMaTHUYECKOM HCTOUHHKE ypa-
Ha B py1006pasyoilHX pacTBopax, c(hOPMHPOBABIIHX MArMaTOreHHbIE FHAPO-
TEPMaJibHble MECTOPOKIEHHS, LleNecoobfpa3sHo paccMOTPeTh MO HEeCKONbKHM
thakTopam (KpHTEpHAM).

CpaBHHTENLHBIT aHANH3 NPOCTPAHCTBEHHBIX M BPEMEHHLIX COOTHOLIEHHH
YPaHOBOrO OpYJAEHEHHS HE TOJNILKO C MarMaTtH3iMoMm, OJH3KHM 10 BO3PacTy K
OPYJEHEHHIO H €ro TeOXHMHUECKOH CMeuHaqH3alHH, HO H aHaaui eced
MCTOPHH PA3BHTHSI ONMpPEAeNeHHbIX YUdCTKOB KOHTHHEHTANLHOH 3eMHOH KOpH,
opM CBS3H ¢ PErHOHAJBLHBIMH CTPYKTYPaMH, MeCTa YPaHoBOro opyleHeHHs
B 001eM pALY APYrHX pyAHbIX 06pasoBaHHi 1deT BO3IMOMKHOCTL Hanbogee
MOJHO H BCECTOPOHHE OXAPAKTEPH3OBATh PEAJbHOCTb CYLIECTBYIOUIHX Npej-
CTABJIEHHH 006 HCTOYHHKAX PYIHOro BellecTBd.

B To e BpeMsi paccMoTpeHHe B KOMILIEKCE 3THX Te0JOTHUECKHX, TeOXH-
MHUYECKHX, MHHEPAJOTHYeCKHX (MeTaJIOreHHYeCKHX ), H30TONMHO-reOXHMHYEC-
KHX, Fe0XPOHOJOTHYECKHX, NMeTPOJOTHYeCKHX (DAKTOPOB NO3BOJHT Gogee npa-
BHJILHO BLIGPATH NPHPOAHBLIA BAPHAHT HCTOYMHHKA ypaHa AJS ONpeaeseHHoro
THIEA MecTopoxIeHHH. Cpenn HHX HAHGO/IEe BAXKHBIMH ABJAAIOTCH HCTOPHKO-
FeOJIOTHUeCKHE JIaHHBIE H COOTHETCTBYIOULHE KPHTEPHH.
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[pocTpancTBEHHO-BPEMEHHbBIE COOTHOWIEHHA
rHAPOTEPMAJILHOr0 YPAHOBOTO OPYAEHEHHS
€ MarMatuimMom

Bo MHOrHX ypaHOBOPYAHbLIX NPOBHHUMAX H paHOHAX Pa3HBIX, HO NPEHUMY-
LECTBEHHO (PaHePOIOHCKHX UHKAOB (OPMHPOBAHHA H3BECTHBI PA3HOTHIIHLIC
rHAPOTEPMANbHBIC MECTOPOMIEHHA YypaHa, KOTOpble O6HapyKHBAalOT Mpo-
CTPAHCTBEHHO-BPEMEHHYIO CBA3b C KHCJbIM MarMaTHiIMOM MO3[HHX OpOreH-
HbIX 3TANOB PA3BHTHA, NPOABJEHHLIX B J00bIX (popmax.

HecmoTps Ha CyULECTBEHHbLIC PA3JHUHA B TEKTOHHUECKHX YCJIOBHAX op-
MHPOBAHHSA H IIPHHALIEKHOCTH K PA3HbIM META/VIONEHHUCCKHM 3110XaM, pas-
HHLLY B Xapakrepe NpoABJeHHA H 1eTPOXHMHUYCCKHX OCOOEHHOCTHAX Marma-
TH3MAa, YCTaHaBAMBAKTCA 0O0ULHE («CKBO3HbIe®») H BNONHE ONpele/eHHbie
3AKOHOMEPHOCTH Pa3BHTHA 3IHAOTEHHBLIX [POLECCOB, B TOM UYHCJE TPaHHTO-
o6pasoBanua. Bo MHOrHX NPOBHHIMAX YCTAHOBJAEHO, YTO MarMaTH3M TPaHH-
TOHAHOTO COCTaBa, MPOABJEHHbIA KaK B HHTPY3HBHOH, TAK H B BYJKAHH-
yeckoH ¢opMax, HMeeT, KaK NMpaBHI0, BHYTPHKOPOBOE [POHCXOMXKAEHHE.

Cpeau pasHOBO3PACTHBLIX H PA3HOTHNHBIX FPAHHTOHLOB BbIACJSIOTCH TpH
FEHETHUYCCKHE TPYIIbl, OTJHUAKULHECH HE TOJbKO N0 NETPOXHMHHYECKHM 0COo-
GEHHOCTAM, HO W 1O MPOHCXOAKNAEHHIO H ycioBuAM GopmupoBanusa: 1) ana-
TEKTHUCCKHE ABTOXTOHHBIE (METACOMaTHYecKHe); 2) HHTPY3HBHbBIC NPOLYKTHI
auddepeHHallHd MarMbl CpeaHero HiH ru6pHAHOro cocTasa, HHOT1a [10BbI-
LWIEHHOH LeNOYHOCTH; 3) NaJHHTEHHbIE aJJJOXTOHHBIC (HHTPY3HBHBIE).

ABTOXTOHKBLE ePARUTOUDBL AHATEKTUYECK020 npoucxoxdenus (no K.-X. Me-
HepTy), ofpa3oBaHHbe 3a CUET MAarMaTHYECKOTO 3aMelleHHsi (NepBHUHOro
pacnadpieHHsi) TEPPHreHHbIX TOJIL Ha MecTe M01 BJHAHHEM B OCHOBHOM
TOJbKO TENJAOBBIX [OTOKOB, 6€3 NPHBHOCA JIETYUHX KOMIIOHEHTOB, PYAHbIX H
PaAHOAKTHBHBIX 3JcMeHTOB. Kak npasu/o, OHH MpeACTaBJeHbl FPaHOLHOPH-
TAMH MJIH NJ1ArHOrPAHHTAMH, HIEHTHUHBIMH 10 XHMHYECKOMY COCTABY BMeE-
uawulum nopoaam. O6GbLIYHO rpaHUTONAbL He AHddepeHHpoBanbl no dazam
W cJaralT KpynHoie HauGosee panHue (pockaaauatbie) 6aTONHTH HIH GaTo-
JuTONOA06HbBIE MACCHBBL (PYHAAMEHTA, KOTOPble C(hOPMHPOBANHCh B abHccalib-
HbIX YCJOBHSIX H HMEIOT NOCTeNeHHble (MeTacoMaTHYeCKHe) KOHTAKThl C BMe-
wawoiHMu nopogamu. Cyas no HaGJ0LEHHAM B paHOHaX C pPa3HbiM, B TOM
YHCJIe 3HAYHTEJbHbIM, 3PO3HOHHLIM CPE30M, OHH HEpejKO MEPeXoadT ¢ TJay-
6HHOH B TPAHHTH3HPOBAHHLIE MMOPOALl H MHIMaTHThl, MErMaTHTHL H T. .
Takue rpaHHTOMIbl XaPAKTEPH3YIOTCSH OGBIYHO HH3KHMH, GJIH3IKHMH K Kaap-
KOBbIM KOHLUEHTPAUMAMH PAAHOAKTHBHBIX 3JEMEHTOB, COOTBETCTBYIOILHMH
TAKOBLIM B OKPYKaIOULHX NOpPOAX.

Hurpysusubie epanuroudst 8Topod epynnbt 06pa3yioT eHHbIE BAPHALLHOH-
HblE pAAbl OT rabbpo HAH JHOPHTOB (CHEHHTO-AHOPHTOB) 10 HOPMAaJbHbIX
FPAHHTOB H AJSICKHTOBBIX FPAHHTOB, BO3HHKWIHX B Pe3y,bTaTe KPHCTaJJH-
3aUHOHHOH AHDdEpPeHIHALHH H, BO3MOMHO, THOPHIH3MA aHIE3HTOBOH Marmbl
(MHOT/1a MOBBILIEHHOH IEJOMHOCTH) KOPOBOTO MpoucXxoxaeHus. OGbYHO OHH
CaraloT KpynHble COCK/JAAA4aTble HHTPY3HBHbIE MAacCHBH (NJAYTOHbI), AHG-
dbepeHunpoBadible no cocrasy W ¢azam. B HeKoTOpbiX pyaHbIX NPOBHH-
ILHAX PA3BHTHl BY/NKAHOreHHble 00pa3oBaHHUA CPEJHEr0— KHCJA0ro coCcTasa,
KOTOpble ABARAIOTCH NPOAYKTaAMH AH(GepeHIHalH aHaJOrHYHOH MarMbl.
[To paaHoreoxXHMHUYECKHM 0COBEHHOCTAM MarMaTHUYECKHE MOPOJLbL STOR rpynib
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XAPAKTEPHIYIOTCH ILHPOKHMH BAPHALLHAMM COLEPAKAHHA PALHOAKTHBHBIX 3Je-
MEHTOB OT GJIH3KHX K KJIAPKOBbIM A0 MOBbILIEHHbIX H BbICOKHX.

Han6osiee BaxHBIMH 1151 YPAHOBOrO OPYACHEHHS ABAAITCA NPOUIBOTHBLE
NAAUHCEHHOU 2PAHUTHON MAeMbl KOPOB0OZO NPOUCXONACHUA, KOTOpPAs BO3-
HHK/Ja B pe3yibTaTe aJJOXHMHUYECKOrO NMeperiaBjeHHs — najuHreinesa rpa-
HHTH3HPOBAHHOro cyGCTpaTa B HEAPAX «TPAHHTO-METAMOP(HYECKOro» caos
KOpbl MO BO3/EHCTBHEM MOAKOPOBBIX ra3oBO-TEIIOBbIX NOTOKOB ((UIOHA0B),
COMPOBOK/1dEeMbIX NIPHBHOCOM JIETYUHX, PEIKHX H PALHOAKTHBHbLIX 3JIEMEHTOB,
M 3areM BHeapsAJjach B Gojee BepXHHe CJOH 3emHOH Kopbl. MuTpy3uBHBIE
(a/1JTOXTOHHBIE) TPAHHTOM/LI H PA3JHYHbIE BYJKAHOTEHHBIE MOPOALI 06pa3yioT
HauGojee [03/IHHE BYJKAHO-HHTPY3HBHbIE KOMILIEKCH OPOre€HHOTo 3Tana
paszsuTia. OHH c1AraoT pa3iHYHbIe M0 MOP(HOJOrHH (CeKYLLHe NPHPa3IoMHble
H MexdopMaluHOHHbIE) 0ObIYHO MHOrO(a3Hble HHTPY3HBBI, CHOPMHPOBAHHDIE
B rUnabuccanbHbiXx H cyOBYJKaHHYeCKHX ycaoBHaX. Hepeako MHorwe H3 nux
ABAAOTCA KOMarMaTamMH BYJKAHOME€HHbIX TOJALL KHCJAOro H cy6LLe/OYHOro
cocraBa. [lo neTpoxHMHuecKHM O0COGEHHOCTAM TFPAHHTOHIbI H BYJKAHHTHI
BecbMa 6JH3KH Mexay cO60H H OTHOCATCH K FPaHOJHOPHT-TPAHHTHOH, HOp-
MaJbHOH (lleJ04H03eMeNbHOH) rPAHHTHONH H FPAHHUT-T€HKOTPAHHTHON, a Tak-
AKe JIHNapuToBofl (pHOJNHTOBON) GopMauuam. [paHHTONALL XapaKkTepHaylTes
nepechileHHOCTBI0 KPeMHe3eMa M riHHo3eMa (A4 MJIOMA3HTOBLIX pai-
HOCTe#), NOBBILLEHHBIMH cojep:KaHHAMH weaodued (K, Na) u peakux uteno-
ueit (Li, Rb, Cs), npuuem K > Na.

JleliKorpanuThl OTIHUAIOTCA OCOGEHHO MOBLILEHHBIMH CONEPIKAHHAMH Jie-
Tyunx komnoweutos (B, F, Cl, H,O, CO,). JI. K. Cumonoso# (1982, 1988 rr.)
BbUIENAOTCH TPAHHTOHAHLIE MarMbl — «cyxHe» (6eiBoaHbie) H (JIIOHIO-
HACBILULEHHbIE (BOAHbLIE), B KOTOPLIX NPHCYTCTBHE BOIB JocTHraer Gosee 59 .
B ra3oBo-KHAKHX BKAIOUEHHAX MOPOL00OPA3YIOLLHX MHHEPAIOB NAJHHI€HHbBIX
rPAHHTOB, N0 JIAHHBIM HEKOTOPbLIX ABTOPOB, OTMEYAETCH Hapsdy ¢ APYTHMH
HAJHUHE YTJIEKHCIOTH, UTO CBHIETENbCTBYET O NMPHCYTCTBHH €€ B MOLKOpO-
BbIX TPAaHCMarMaTHYeCKHX (JI0HAX, BbI3BABIIHX Marmoobpa3oBaHHe.

MarmarHueckue 06pa3oBaHHA KAK MHTPY3HBHBIX, TAK H BYJKAHHYECKHX
(hauHi NaJHHreHHOro IPOHCXOXKAEHHA, ocofeHHo Hanbojiee MO3NAHHX KOMI-
JekcoB H (a3, xapakrtepH3yloTcd OObIYHO PeAKOMETaNbHOR H YpaHOBOH
creuHanH3auted 1 ABASIOTCA NOTEHIHAIbHO PYAOHOCHbIMH. Bricokas panwo-
reOXHMHYECKAsl CrelHaNH3alnsl B OCHOBHOM OGYCJIOB/IEHA COCTABOM aKllec-
COPHbIX MHHEPAJIOB PA3HOTO NPOHCXOMKACHHS H HANOKEHHOH MHHEPATH3alLHEeH.

[To mHHEpanoro-reoXMMHYECKHM OCOGEHHOCTAM AaKIlecCOpHble MHHepasbl
rPaHHTOB, JHUNAPHTOB H NErMaTHTOB OGHAPYAHBAKT CXOACTBO, YTO oTo6pa-
JKaAeT Mo3jHeMarMaTHYeCcKHe H MOCTMArMaTHYecKHe [pouecchl HAaKOMIeHHS
MHOIHX, B TOM YHCJI€ PAIHOAKTHBHBIX 3J1€MeHTOB B «OCTATOUHBIX pacniaBax—
(ponpaxs.

B reoxumHueckH cnelHaniH3HPOBAHHLIX YPAHOHOCHLIX H PeJKOMETaNbHbIX
rpaHHTax pasHOBO3PAaCTHBIX, 0OCOGEHHO NO3/IHHX, KOMMJIEKCOB BECbMa Xapak-
TEPHO TMPHCYTCTBHE AaKLECCOPHbIX YPAHHHHTA, YPAaHOTOPHTA, LHPTOJIMTA,
(deprioconnTa, MOHALHTA, OPTHTA, KCEHOTHMA, a TaKkXe KoaymGOGHTa M Ap.
AKIlecCOpHbIe MHHEpaJbl — TOMa3, anaTHT, TYPMaaHH, (JIIOOPHT, KACCHTEPHT
H [APYTHE HMEIOT Kak MarmMaTHYeckoe, Tak H B OCHOBHOM Gosee no3nHee
NOCTMArMaTHYeckoe  (IHeBMATOJHTOBOR, TpeH3eHOBOE) MPOHCXOMKIAEHHE,
Hapany ¢ 3THM H3BeCTHbl pejKOMeTa/lbHble MHKPOKJIHH-aJbOHTOBLIE, JIH-
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tHeBble, GepHisinesbie, GocaTHbIe H TAHTANO-HHOOHEBLIC TPAHHTHBIE NerMa-
THTbl YHCTOH H THOPHAHOH NHHHK (BTOPO# H TpeTbed rpynnul A, E. ®epcemana),
B KOTOpHIX OTMEYawTCA TYpMaJHH, anaTHT, MOHALHT, I[HPKOH, TONa3s,
(JIIOOPHT, KaCCHTEPHT, BObHPAMHT, MOJIHOAEHHT, MHHEpaanl GepHaius,
JIATHS, YpaHa H TOPHHA, a TaKKe HHOrla TaHTano-HHOGAaThl, pelKo3eMmelb-
Hbie ocdatel v oap.

CosepxaHHsa ypaHa W ADPYrHX PaJHOAKTHBHBIX 3.€MEHTOB, MHOIHX pPYI-
HBIX M JIETY4HX KOMIOHEHTOB B KHCJIBIX MarMaTHUECKHX pacniaBax KOpOBOTO
NPOHCXOMAEHHA OGYCNOBIEHO He TOLKO YPaHOHOCHOCTbIO —cyGeTpara,
H3 KOTOpbIX OHH OGPBSOBaﬂHCb, HO H NPHBHOCOM HX C NOTOKAMH NOJKOPOBLIX
¢pmounos [18].

B CpennzeMHOMOPCKOM H Ypano-MOHIroNbCKOM MOJHUHKIHYHBIX Teo-
CHHKJHHANbHO-CKIA4ATbIX MOACAX YPAHOBBIE MECTOPOMKACHHA PYAHbIX
NPOBHHUHA W PailOHOB, «3aPOXACHHBIX» B [1aJ]€030€, pacrnpejejedbl BecbMa
HEpaBHOMEPHO W NPHYPOUEHbl B OCHOBHOM K TaKHM BbicTynam (6GJyokam)
JIPEBHETO KPHCTAJIHYECKOTO ()YHAAMEHTa B KPYNHBIX TEKTOHHUECKHX y3jaax,
B KOTOpPbIX HHTEHCHBHO [IPOSIBHJHCH TNPOLECCH MpejllecTBYoLled rpaHy-
TH3aUHKH M 6Gojee MO3AHEro NAJHHIEHHOrO TCPaHHTOHAHONO MarMaTHima
HJIH KHCJIOTMO BYJKaHH3IMa, CONPOBOMKAAEMOro HAKOIJIEHHEM PalHOAKTHBHbBIX
3J1€MeHTOB.

Ypanossie MecTOPONCOCHUA, CEAIAHKKLE €
2PAHUTOUOHBIM MAZMATUIMOM

B CpeanseMHOMOPCKOM Mosice B 3THX MPOBHHUHAX PA3BHThl [JIABHBIM
o6pa3oM COGCTBEHHO YPAHOBbIe MECTOPOMIEHHA JKHJIBLHOTO THMA, acco-
LLHHPYIOILHE € HHTPY3HBHLIM MarMaTH3IMOM,

B CeBepHOM repLHHCKOM cermeHTe nosica paiMellaioTca riaBHble YpaHo-
BOpylHbie nNpoBHHUHH — LlenTpaabno-EBponeidckan, npuypoueHHnas
K Yeuwickomy maccusy, n 3ananno-Esponefickas, cosnanawwas ¢ Lleurpans-
Ho-Ppanuysckum W ApmopHkanckum wmaccypamu (32, 87]. Ormeuenuble
maccusbl  06pasyior  kpynublii  Ppanko-YewckHd  cpeaHHHbIH  MaccHs,
ABNAUIHHCA parMeHToM ApesHeR nopudedckoi naatdopmbl, B pyHiamenTe
KOTOPO#H NPOABHIHCE PA3HOBO3PACTHBIE (B TOM YHCJIE TEPUHHCKHE) Apolecchl
rpaHnToo6pasopanus. boabwas vacTe MaccHBa, npejacrasietnas Moanany6-
ckoil u Cakco-TIOpHHICKOH 30HaMH, COOTBETCTBYET KPYITHOMY MOJHLHKIHU-
HOMY TIpPaHHTHOMY HWJH TPaHHTO-MeTamMopgHueckoMy nosicy (apeany)
Esponsl (pue. 1).

B ueHTpanbHOM — repuHHCKO-anblHACKOM cermenTe Cpean3eMHOMOpCKO-
ro nosica, B npeaenax M6epuiickoro, [NauHonckoro, Make10HCKOro H ApYrHx
MacCHBOB TAKMKE H3BECTHbl YPAHOBOPY/HLIE PaHOHBI C MECTOPOXJCHHAMH,
06pa30BaHHLIMH B OpPOTeHHble 3Talbl KaK repuUHHCKOro, Tak H alJbmHACKOro
TEKTOHO-MArMaTHYECKHX LHKJOB.

Cpe/td MarMaTtoreHHbIX rHAPOTEPMaJbHBIX MECTOPOXKAEHHH ypaHa oco6o
BBILCAAIOTCH COOCTBEHHO YDAHOBLIE, PEKE KOMILIEKCHblE MeCTOPOMKIAEeHHS
AMHILHOTO H IITOKBEPKOBOTO H HHOTMAA NPOMKHIKOBO-BKPAIICHHOIO (MeTaco-
MaTHYECKOro) THNOB, CHOPMHPOBAHHBIC B 3aBEPIIAIOILHE CTAJHH OPOTeHHOr0
3Tand repuUHHCKOro TeKTOHO-MArMaTHYecKoro LHKAd Pa3BHTHA 1ane30HCKHX
cKaauatbix objacteil. ITH MeCTOPOMICHHA UIHPOKO PA3BHTBI B PYAHBIX
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ppoBHHUAAX lenwvpanuuoit w 3anannod Esponbl B pasjHuHBIX 4acTHaX
@panko-Hewckoro cpeaniioro macchpsa (puc. 2). MHorHe ypanossie mecto-
POKAEHHS SBAAKITCH NOAHXPOHHBIMH, OLHAKO HaubOJee paHHee ypaHOBOC
opyAeHenHe HMECT nodanenancosofckuit Bospact [32, 35, 87, 120].

MeCcTOPOXKICHHA COCPEOTOHEHbl B Pakonax, COBHALAULHX ¢ KPYMHbIMH
TeKTOHHUCCKHMH  OJIOKAMH — YCTOHUHBBIMH  TEOAHTHKAHHAJbHBIMH 1101
HATHAMH, KOTOPHIE B NPELIECTRYIOUIHE 31I0XH HCNBITLIBAJH MHOTOKpaTHbIE
NPOUECChl  FPaHHTH3AUHH W PA3HOBO3PACTHOrO  I'PAHUTOOOPA3OBAHMHS,
MpHBOAALLHE K HAKOMIEHHID pPaJHOAKTHBHLIX 3JEMCHTOB. ITH  Y4YacTku
KOHTHHECHTAJIBHOH 3€MHOH KOpbLI 110 CPABHEHHIO ¢ OKPYKAIOWHMH GA0KaMH
XapaKTePH3YIOTCA YBEJAHYCHHON MOLULHOCTBIO «FPAaHHTO-METaMOP(PHUYECKOro»
caos (pHe. 3). 31€Ch ke WHPOKO DA3BHTHI NO3JLHHE OPOreHHble rPaHHThI,
Haubojee GAH3KHE MO BpemeHH o6pa3oBaHia K YpaHOBOMY opyiaeneunio [87].

B TO e BpeMa Takue YpPAHOHOCHBbIE [POBHHLUHH H PaHOHbl PHYPOUYCHBI
K KPYIIHLIM TCKTOHHUECKHM Y3J4M COUNEHCHHA MeAKOJOKOBBIX H CKBO3HBIX
(TpaHcGIOKOBbIX) TAYOHHHLIX PA3JOMOB, KOTOPbiE ABJARIOTCH COCTABHLIMH
YacTAMH r106adbHbIX MONepedlblX cyGMepHIHONANbHBIX H CeBEPO-3aNa/IHbX
MNOABHAHBIX MOACOB, B TOM 4HCJAC PHOTOrEHHOro THIA, NPOHHKAKOUIHX B
NOAKOPOBLIE 060J0UKH. B0k TAKHX NOACOB B PA3HLIX TEKTOHHUECKHX COOPY-
KEHHAX H CTPYKTYPHLIX 9Ta)aX PCnoaaraloTcs MHOTHE pa3sHOBO3pacTHbie
H PA3HOTHIIHBIE YPAHOBLIE MECTOPOKACHHA (PHC. 4), YCTAHABAHBAIOTCA pas-
JHUHBIC MPOSABJCHHA rAYyOHHHBIX [OJKOPOBLIX MPOLECCOB  IUEJOYHOTO H
ILeOYHO-OCHOBHOTO MarmMaTHiMa W T. 1.

B npepenax pyaubix NpOBHHLUME W PAaHOHOB YPAHOBBIE MECTOPOMKIEHHS
0GHAPYAHBAKOT BECbMA TECHYIK MPOCTPAHCTBEHHYIO H CTPYKTYPHYIO CBS3b,
BpeMEHHYIO OJH30CTh H TeOXHMHYECKOE POACTBO C MPOABICHHAMH MO3LHEro
OpPOreHHOr0 I'DAHMTOMAHOrO MarmatHama (abconoTnpiit Bozpact 340—320
H 310--285 man ser). Opyaenedne MecTOPO#IeHHH JIOKAJIH30BAHO B 30HAX
KOHTAKTOBOI0 MeTaMopdHiMa KPYNHbIX HHTPY3HBOB 3THX [PAHHTOHIOB,
B TOM uucie Hanbosee GJH3KHX K HUM N0 BpemeHH OGPA30BAHHA, HIH B HHX
camHx (puc. 5, 6).

[uaporepmanbibie pynoo6pasyioliie npoiecchl, 06YCHOBHBIIHE BO3HHK-
HOBCHHE MPOMbILUIEHHBIX CKONJICHHH YPaHOBbIX Py] B MPOBHHUHAX H pafoHax
Ppanko-Hewckoro cpeiMiBoro MaccHsa, NPOSBHAHCH MOCJAE 33BEPIICHHA
No3/1Henaje030ACKOro  (PaHHenepMCcKoro) MarmMaTH3Ma B OCHOBHOM B
MO3/IHErePUHHCKYIO, @ TaKKe NOBTOPHO B Gojiee NO3AHHE METANIOreHHUECKHE
3noxH. [lepsble n3ecTHble B HacTOsLIee BpeMs HaHGONee paHHHe SHOMeHHbIe

L=
Puc. . Tektonuveckas cxema repununa Cpeaneil Esponsl (Ha ocnose MexayHapoaHoii
TeKTOHHYeCKOH KapThl Enponnm 1964 r. ¢ po6asiednsami aBTopos})

I — npesusst  nopudeickas naatpopma; 2 — BHCTYNB PAHHEAOKeMOPHACKOro KpHCTad-
JHUCCKOTO YHAAMEHTA CPEHHNOr0 MAccHBa, § — BHCTYnW pH$peRcKo-Na1e030fcKOr0 cKIal-
YATOrO OCHOBAHHA B CPeHHNOM MAaccHme, 4 - KaaeqoHCKHE TeOCHHKAHHAAbLHO-CKAaduaThe
KOMIUIeKCH OOPaMARKUA: G — WA AHERHON NOBEPXHOCTH, 6 — norpeGennnle; 5 — repuHickKme
rCOCHHKAHHANBHO-CKNAANATLIE KOMIEKCH OOPAMJIEHHA: @ - Ha AHEBHON NoBepxnocTH, b — no
rpeGentbie; 6 — NO3AHENAAC030ACKHE TPAHKHTORAB, 7 — no3aHenaneosofckue spdysusn; §
HO3AHENANCOIOACKHE MOJACCH, 9 BEPXHENEePMCKO-Me3030ACKO-KaHHOIOACKHA naaThopmen-
bl uexon, 10 Txaﬁuuaoﬁcxuc OT/O0MEHHA lepeloBnXx NPorH6os H PHOTOBWX BHAINHH,
{1 — pasznomul ycTaHosAeHtble W NpeanonaraeMue, F2 — pPRrTOBLE CHCTEMM (rpabenn)
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Puc. 2. TexTonHueckan cxema 6J0KOBOIO CTPOEHHA ypaHOHOCHOrO Yeulckoro mMaccusa

I — meTamophHyecKHe KOMNIEKe 10KeMOPHACKOro GyHaaMeHTa, HHTEHCHBHO H MHOTOKPATHO

IPAHHTH3HPOBAHHOTO, B TOM YHC/AE B TEPUHHCKYIO 3M0XY: @ — BHICTYNH H3a MOBEPXHOCTH,

6 — norpebennpie noa Yexaom; 2 — cnabomeTaMmopPUIOBAHNLE FEOCHHKIHHANbHBIE KOMILIEKChI

pHden H cyOreoCHHKIHHANBHBE KOMINCKCH Naneo3on; J — KAHHO3ONCKHE OTNOXEHHA nepe-

A0BOrO Nporuba anbnHAckol ckaaauatol obnacti, 4 — nnarGopMeHHbe OTNOKEHHA BEpXHed

nepMH, Me30308 H Kafino30A, 5 — TEKTOHHYECKA# rpaHuua macchsa (a) W oraeabudx Bao-
KOoB (6); 6 — TpaHcGnoKoBHe pa3nomul (a) W rpabedn pudTOBHIX cHetem (6)

L

o

N

g2 [*i¥]s 4 voYls P [rer]7

Puc. 3. CxemaTnueckuil cefiCMOreosiorHyecknil pai3pes 3eMHOIR KOpbl YPaHOHOCHOTO

Yewckoro maccusa repunnnn Llentpanbhoit Erponn (no B. Bepanexy, A. Iyaeky,
X. Knote u ap.)

| — «ocafounbiity cnof; 2 — arpaHuTHBIA» 100, 3 — NO3AHHE repUHHCKHE rPanuTH; 4 — «6a-

3aNbTOBLIA» CNOWA; 5 — BEPXHAR MAHTHA, 6 — rpaHKubLl pai3gena b 3eMHoll xope: 7 — rpannua

pa3jiena 3€MHON KOPH H BepXHeA MAHTHH (noBepxHocTh MoxopoBHuKua); 8§ — kpyTonanawuiue
rayGHIENBIE pasnoMil

—_—

Puc. 4. Cxema pasMellleHHs ypaHOBbIX MECTOPOMIACHHA B NOABHMKHLIX TEKTOHHUECKHX

nosicax Esponsl u Adpukn (coctasiena b. J1. Pu6anosum no A. A. Bornawosy, 1964 r

E. E. Munanosckomy, 1976 r., B. E. Xauny, 1971, 1977 rr., T1. M. Tarapuuosy,
1970 r.  ap.)

I — TPAHCKOHTHHEHTaAbHBE 1AYGHHHBIC PA3AOMB, PA3LENR0ILHe MerabaoKH, yCTaHOBAEHHLE

W peqnosaraemele; 2 — PeruoNaNbHbIe FAYGHHHBIE PAaNOMBl, 3 — aBAAKOrEHOBHE H PHPTOBLIC

CHCTEMB, MECTOPOKACHHA: 4 — ypana W TOPHA-ypawa, § — 304074, 6 — 0s0Ba W BoJbPpama;

7 — CBHHUA, uHMHKa, cepelpa; 8§ — meaw, 9 — koBanwta, hukean, [0 — cypsMbl, pryTH;
11 — dawopura; [2 — unolua, TauTana (TOpHN)
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Puc. 5. Cxema pacnonomeHus Moned ypaHOHOCHBIX KW/ OTHOCHTENbHO MaccHBOB
11031HHX FepLHHCKHX rpannToB Pyausix rop (no XK. XKeddpya u XK. A. Capcua, 1958 r.)
| — perHoHanbHO MeTamop(HIOBaHHbIe MOPOAN NaN€0308 H noKemOpus; 2 — KOHTAKTOBO-
MeTaMOpHIOBAHKBE MOPOAB, §— NOPOAB OCHOBHOrO cOCTaBa; 4 — NOIJAHErepUHHCKHE Tpa-
HHTB, § — NOCTNANen30ACKHE OKPOBHBIE OTAOKEHHS, § — TPETHUHLE BYIKAHOTeHHHe (POpMa-
ItHH, 7 — MEeCTOpOMieHHA ©0j0Ba H BoNbdpama; & — M0AA pPa3zBUTHA YPAHOHOCHBIX KHA

MECTOPOKAEHHS ypaHa chOPMHPOBAJHCh Ha rpaHHlle paHHed W nosaued
mepMH.

B 3n0xH no31HeKHMMePHACKON H a1bIHECKOH aKTHBH3AUHH MO BO3ACHCT-
BHEM BO30OHOBHBILEHCH THIPOTEPMANbHON JEATENLHOCTH HA 3ITHX MECTO-
POKAEHHAX MPOHCXOAKIO B OCHOBHOM NEpeoTN0XeHHe paHee cHOPMHPOBAH-
HOTO OPYIEHEHHA H HEKOTOpbH npuBHOoc MeTanna. OLHOBPEMEHHO B IAPYIHX
reoJorHyecKHX yCJ0BHAX GOPMHPOBANHCH CTPATH(HOPMHUBIE YPAHOBLIE MECTO-
POKIEeHHA, KAK B CKIa/4aTOM OCHOBAHHH, TAK H B MOJIACCOBOM H naartgop-
MEHHOM 4exJdX, [0-BHAHMOMY, ¢ NMpHEHOCOM ypana. B peisyabTate B 3THX
NPOBHHUMAX NOJYUHIO IHPOKOE Pa3BHTHE MOTHXPOHHOE YPAHOBOE OpY/eHe-
nue [87].

OpHako riaBHoe NPOMBILLIJICHHOE 3HAYCHHE HMEIOT MATMATOr€HHLIE THAPO-
TepMasbHble COGCTBEHHO YPAHOBLIE H KOMMJIEKCHBIE XK HJIbHBIE H LITOKBEPKOBLIE
MECTOPOXKAEHHS, B MEHBLIICH CTENEHH — METAaCOMaTHYECKHE HIH NPOMKHIKOBO-
BKpan/enHble Pyabl, KoTopble chOPMHPOBANHCH B 3AKJIIOYHTEILHYI CTaAHIO
TePLUHHCKOA METaNIOreHHUeCKOR 3NOXH. ITH MECTOPOXKAECHHA TECHO, NO-BH/LH-
MOMY, NMapareHeTHYeCKH CBA3AHbI ¢ MO3JHEOPOreHHBIMH IPAHHTAMH H JOKa-
JIH3YIOTCH B WX 3K30- M SHAOKOHTAKTOBBIX 30HAaX, OGHAPYKHBAA C HHUMH
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Puc. 6. Cxema TEKTOHHUYECKOrO CTPOEHHSI M pa3MelleHHs YPaHOBLIX MECTOpPOMAeHui
Llenrpansno-Ppannysckoro maccusa (no M. Illesesya, . Papbe, P. Bpyccy #
W. Py6o)

] — appepuckuil (monnanybeknii) meTamoppuueckuit xomniexc panHero aoxkemOpus (rrefics,
rPAHYJHTH, CAIOASAHBIE CAAKUE, JENTHHHTH, AMPUGONHTE, AHATEKTHUECKHE FPAHATORAL H 1P.);
2 — pyTeHo-AHMy3eHCKHA meTamopdHyeckHil (0canouHO-BYAKAHOTEHHBI) KOMNJIEKC BEPXHEro
NPOTEPO30S —HHKHErO Naneoson; 3 — ceBeHCKHH MeTaMop(hH30BAHHBIA OCAN0YHO-BYNKAHOTEH-
HBEA KOMMuieke keMGpHs, OpAOBHKA, cuaypa (?); 4 — ciaGoMeTamMopPH3IOBAHHBIE OCA/T0YHBIE
OTNIOKEHHA [JeBOHA—HMUMHEro XapOona; 5 — yrieHocnas MoOJjacca BepXHero Kapbowa;
6 — KpacHOUBeTHAs MOJacca HHXHEH mnepMH; 7 — repuMHCKHE TpPaHWTH; & — TpeTHulble
6a3aabTOMAB; 9 — KPynHle pasnomsl, [0 — pudrorefnsie rpaGeHbl; MECTOPOXKIEHHS YpaHa:
11 — wunbusle; /2 — cTpatudpopMHBE B OCANOYHOM HexJe
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BeCcbMa TEeCHYIO MPOCTPAHCTBEHHYID H CTPYKTYPHYKO CBf3b, BpPEMEHHYIO
GJIH30CTL H TEOXHMHYECKOe POJCTBO.

Pasmenlenne HHTPY3HBOB FPAHHTOHAOB H NPHYPOUEHHbBIX K HHM YPAHOBbIX
MECTOPOXKAEHHH OBLIYHO KOHTPOJHpPYETCH OGLULIHMH TEKTOHHUECKHMH 3JIEMEH-
TAMH — KPYMHbLIMH TEOAHTHK/JIHHA/JbHBIMH TEKTOHHYECKHMH G6J0OKaMH H
€JIHHbIMH NOJABHAKHbLIMH 30HAMH [’JIyﬁHHHbIX pasnomMoB, KOTOphI€ HEOAHOKPATHO
NOAHOBJAJIHCL B TEYEHHE [JHTEJILHOrO BPeMeHH, B TOM HHCJe B MEpHO.
[POSIBJEHHA TPOLECCOB MarMaTH3Ma M pa3/HYHOTO NOCTMArMaTHYecKoro
pynroo6pa3oBanHs.

MecTOpOMXIAEHHA [NPeACTaB/leHbl cepHAMH  COMHMKEeHHbIX BeTBALLHXCA
YPAHOHOCHBIX PYAHBIX KHJ, KOTOpble C(HOPMHPOBAHBLI MYTEM 3alOJHEHHA
OTKPBITHIX MOJMOCTEeH TPELIHH, BO3HHKIIHX B OCHOBHOM B HaJAHHTDPY3HBHbIX
30HAaX (B KOHTAKTOBO-METAMOP(PH3OBAHHLIX Opeoax) B y3Jax COU/IEHEHHH
pPa3HOOPHEHTHPOBAHHBIX TNYyGHHHBIX pasjiomoB. Kak npasuio, Ha wmecro-
POXAEHHAX, JOKA/JH30BAHHLIX B 3K30KOHTAKTOBBIX 30HAX, PpPYNLOHOCHLIE
MHAbl He BLIXOAAT 3a MpejJiesibl OPEeoJOB KOHTAKTOBOrO MeTamopdHima,
MOLLLHOCTb KOTOpOro foctiraetr | km u Goaee [32, 120].

YpaHOBOpY/HbIE JKHJbl cJOKeHbl HactypaHom (abc. Bospact 280—
270 MaH JeT) H KOPHHHHTOM, aCCOUHHPYIOLLHMH IIPEHMYLILECTBEHHO C KaJjlb-
LHTOM, KBapueM, (JIIOOPHTOM, a TaKXe WHOrjla ¢ apceHWaamu kKobaabta M
HHKens, 6aputoM H Ap. Ha HeKoTOpbIX MeCTOpPOMAEHHAX nposasaeHbl Gosee
MNO3J1HHE, MO-BHAHMOMY, B OCHOBHOM TEPEOTJOKEHHbBIE ACCOILHALIHH HacTypaHa
BTOpOH reHepauun (a6c. Bodpact 150 u 120—100 man ner) ¢ Ca-Mg-Fe
kapbonatamu, (JIIOOPHTOM, KBAplLeM M IeMaTHTOM, a TaKMXe apCeHHIaMH
uan cenennaamu (popmaunn Mg-U u Bi-Co-Ni-Ag). Ha oraeabubix mecto-
POKACHHAX BCTPEUAIOTCA MOJO/bIE HACTYPAHOBLIE Pyibl TPeTheH reHepallHH
(Bozpact ~20 maH Jer) o6bYHO ¢ KBapuem, GJOOPHTOM, cY/bbHaaMH
[32, 35, 87]. .

Menee pacnpocTpaHeHbl ypaHOBble MECTOPOMKIEHHA C MPOKHIKOBO-
BKpanJeHHbIMH H MeTacOMaTHYeCKHMH HACTYpaH-KOPOHHHTOBBIMH PYIaMH,
HHOTd C THTAaHaTAMH ypaHa, anaTHTOM, KOTOpPble ACCOUHHPYIOT ¢ albGHTO-
BbIMH (KBADIL-XJOPHT-a/IbOHTOBLIMH) METACOMATHTAMH H HBJRAIOTCH, CKopee
Bcero, (QauHaibHOR paszHOBHAHOCTBIO nepsulx [120]. MecTopoxkaenus
006bIYHO JIOKAJH3YIOTCA CPe/lH MeTaMOp(HUECKHX NOpoA ApeBHero dyHaaMeHTa
H MPOPLIBAIOLIHX HX PaHHErepLHHCKHX FPAHHTOMLOB B 30HAaX MexG6JOKOBbIX
H TPaHCOJOKOBBIX TIYGHHHBIX Pa3jioMOB.

MaciwitabHocTh PyAHBIX NONEH H MECTOPOMIAEHHH ONpeaenseTcs UeabiM
PSZIOM TeoJOrHYeckHX (PakToOpOB, CpelH KOTOpbIX HauGonee Ba)KHbIMH H
raBHbIMH FABJAAKTCA TEKTOHHYECKA$i MO3HUHA B PYNLOHOCHBIX CTPYKTypax,
cnelH(HKa HX pasBHTHA H OCOGEHHOCTH NPOABJEHHA MarmMaTtHima (Bospacr,
06beM, reOXHMHUYECKas CleLtHanH3alHa, YCA0BHA BHeApeHHs ). KonuenTpauus
Méranja B pyaax oO6yc/aoBjeHa COCTaBOM H KOHUEHTpauHed (comepika-
HHAMH ypaHa) pyAHbIX pacTBOPOB, HX OOGLEMOM, NYTAMH M CKOPOCTbIO
JBHXKEHHS MOTOKOB MO PY/AONOABOASILIHM CTPYKTYPaM, @ TAKXKe YCJIOBHSAMH
OTJI0XEeHHA pyiHoro seulectsa. [lpocTpancTBenHoe pacnpefeneHHe opyne-
HEHHA B Npejesax MecTOPOXKAeHHH M PYAHBIX MHJ, pasMepsl H MOpdOJOrus
MOCJENHHX, CKOMJIEHHHA B PyldHble CTOJ0LI ONpenefioTcs BJHAHHEM CTPYKTYp-
HOFO HJH CTPYKTYPHO-JHTONIOMHYECKOTO KOHTpoas [32].

B 3aBHCHMOCTH OT reo/lOTHYECKHX YCJAOBHH JIOKaJH3alHH H rayGHHbI
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3aJ€raHiHfd  TrpaHHTOHAOB  MHJIbHbIE MECTOPOKAEHHHA pasJIH4awTCH no
cTpoeHHIo H MaciTabuoctH. Ho rnasioi H HauGosiee obuLed HX CTPYKTYpHO-
MOpdoa0rHUeCKOH OCOGEHHOCTLIO ABJAETCA PA3BHTHE CJAOKHOH BETBALLEHCH
TPEILHHHO-KHJLHOH CHCTEMBI, OPHEHTHPOBAHHOH B OCHOBHOM MNONEpex
NPOCTHPAHHA NMOBEPXHOCTH KOHTAKTOB HHTPY3HBOB 'PAHHTOHI0B H CKJ1A/144aTO-
PAa3pbiBHbIX COOPYMHEHHH.

B 3K30KOHTAKTOBLIX 30HAX HHTPY3HBOB YPAHOHOCHbIX FPAHHTOB LIHPOKO
pPasBHTBl pa3pbiBHble HApyweHHs (TPCWHHBL CKajlblBaHHA M OTPbIBA),
MHOTHE H3 KOTOPbIX 06LIYHO ONEpPsIoT 30HbI KpynHbiXx paznomos [32]. B snoxy
pPyL006PA30BAHHSA B COOTBETCTBHH C OGULHM CTPYKTYPHBIM NJAAHOM H B CBSA3H
¢ TEKTOHHYeCKOH O6CTAHOBKOH CHATHA HANpAMEHWH B OTAE]bHbIX MecTax
(T. €. 06CTAHOBKOH OTHOCHTE/NLHOrO HJIH JIOKAJbHOrO PacTAMeHHs) 3a cuet
CABHIOB MO KpPYMHbIM CEBEpPO-3dlaJHblM pasjioMaM B YCJIOBHHAX caaboro
cxaTHA BOAHM3H rPaHHTOHAOB BJOJb 3THX pPa3spbiBOB MPOHCXOAHIH MaJo-
aMnaHTyaHble cOpocoBble H cABHroBo-cOpocoBble nepemeutenus. [lostomy
OHH OblH HauGoJee NPHOTKPLITHIMM H NPOHHLAEMbIMH /5 YPAHOHOCHbIX
pYyAHBIX pacTBOpOB. B npenenax pyaoHOCHbIX XK/ YPAHOBOPYAHLIE CKOMIEHHS
B (opme JHH3, THe31 H T. n. 06pPa3yioT B COBOKYMHOCTH JIOKAJbHbIE PYyIdHble
«y3Jbl» H CTOAGLI, pa3MelUleHHe KOTOPbIX OfpeiesseTcs CTPYKTYPHbIMH
O0COGEHHOCTAMH CHCTEMbl pPYAOBMELLAIONIHX pa3peios. Bmecte ¢ Gonee
WHPOKO Pa3BHTOH KHJIbHOH  (HEpYNHOH) MHHepa/jH3auHed W  conpo-
BOXKAAWIUIHMH METACOMATHYECKHMH H3MEHEHHAIMH BMEUAKIIHX [MOpoa
OHH OTOOPAXKAIOT MYTH ABHXEHHS THAPOTEPMabHbiX PACTBOPOB NPEHMYLILECT-
BEHHO Bocxoasiulero xapaktepa |[19]. Bepruka/ibHbii pazmax opyleHeHHA
AOCTHIaeT 3HAYHTE/bHbIX Pa3MepoB.

Ypanosvie mecTopoxdenus, CBA3ARHbLE
C KOHTUHEHTAAbHbIM BYAKAHUIMOM

B npenenax nonHuMkJAH4HOrO Ypano-MOHrONbCKOr0 reOCHHK/JIHHAJbHO-
CKJA4aTOro Mosica pasBHTB  YPAHOBOPYAHbIE MNPOBHHILHH, 3aJI0XKEHHblE
(«3apokaeHHble» H cOPMHPOBAHHbBIE) B MAJ€030€, 8 B YUACTKaX HaJloXKeHHA
Gosee nNO3AHHX AEHTEPOOPOreHHBIX MOACOB — B Mo3jHeM me3soszoe [87].
B naneosofickHX nNpOBHHUMAX HauGoJee paHHee MPOMBILIJIEHHOE Opyae-
HeHHe Obl10 chopMHpoOBAHO JAHGO B KaNENOHCKYIO, JHO0 B TEPUHHCKYIO
metasnorednyeckie 3noxH. Ocobo BbIAEAAIOTCH MPOBHHIUHH, CHOPMHPOBAH-
Hble Ha KOHEYHBIX CTaJHAX MHTEHCHBHOH M03/1HEME3030/HCKOH TeKTOHO-
MarMaTHYeCcKOR aKTHBH3ALHH.

CpeaH OTMEUEHHBIX MPOBHHUHA BbUAEAAOTCH PY/AHbIE PAHOHBI, B KOTOPLIX
COCPEIOTOUEHbl MECTOPOMACHHST MOJHGLEH-YPAHOBOH pYAHOH (OpPMaLHH,
NPOCTPAHCTBEHHO H BO BPEMEHH CBA3AHHBLIE C KOHTHHEHTAJbHBIM OPOr€HHbIM
ByJKaHH3mom [28, 46, 48] Bonpocbl reosorku, ycaoBHA 06pa3oBanHa MeCTo-
poAAEHHH, MHHEPAJIOrHH Py H NETPpoOrpacHi METACOMATHTOB, CBA3H ¢ MarmMa-
TH3MOM €TadbHO H3YueHbl H MOJPOOHO PACCMOTPEHbl BO MHOTHX ONYGIHKOBAH-
Hbix pabotax ®. W. Bonbdceouna, E. Il. Conowkusa, A. b. Kaxnana,
H. I1. Jlageposa, JI. B. Xopowuaosa, B. JI. Pu6anosa, b. M. Ceabuosa,
b. 1. Banacosa, A. E. Toakynosa, Jl. 1. Huykosoit, I'. A. lllarkosa,
U. B. Meabuukosa, b. M. Omenbsnnenko, B. A. Tonosuna, B. A. Bapcykosa,
M. . dapu, U. C. Moanukosa H ap. [28, 32, 48, 87].
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MecTtopoxKnenus MOAHGACH-YPaAHOBOH (OPMALMH  LIHPOKO pA3BHTHL B
PYAHBIX [POBHHUHAX H PAROHAX, MPHYPOUEHHLIX K CPEAHHHBIM MAacCHBam
KAJCLOHCKHX M TePUHHCKHX CcKaanuateix obnacrted, a takke o6aacTed
ME3030HCKOH M KAHHO30HCKOH  TEeKTOHO-MarMaTHYeckKoH  aKTHBH3allHH,
Ha KOTOpbie HaJoelbl oporeinble ByJkanuyeckne nosca. Ha nx tepputopun
B OPOTEHHbIE 9TAlbl PA3BHTHS HIHPOKO H HHTEHCHBHO MPOABHIACH HHTPY3HBHAA
H BYJKaHHUECKan lesTeqlbHOCTb [87].

B o1HHX NPOBHHUHAX H PAHOHAX 3TH MECTOPOKICHHA FBASIOTCH IJ1aBHbIM
WJIH eIHHCTBeHHBIM [POMBILUIJIEHHBIM THNOM; B APYTHX — Hapsaly ¢ HHMH
pasBHTLl TaKxe coGCTBEHHO ypaHoBble, (GocdopHO-ypanoBble (anaTur-ypa-
HOBbIE) HEPEAKO ¢ MOJHOACHOM MeCcTOpOXAeHHA. B 3THX perHonax camwle
NO3/HHE BYJKAHO-HHTPY3HBHbIe 06pA30BAHHS W IHAPOTEPMallbHOE YpaHOBOE
OpY/IEHEHHE MECTOPOKAEHHH TEeCHO CBA3aHbl Mex1y coO0H He TOJbKO B
npocTpancTse, Ho H Bo BpemeHH. [To MHEHHIO MHOrHX H3Y4aBIIMX HX HC-
cjenoBarenell, 3Ta ocobeHHOCTb MoxeT ObiTb 00yca0BA€HA €IHHCTBOM
rAyGHHHOrO  (BHYTPHKOPOBOIO) HCTOUHHKA MArMATHYECKHX pAcnjidaBoB H
pyAoHOCHbIX pacTtBopos [27, 32].

PacemartpuBas 380JIOUKIO YPAHOBOIrO pyaoo0OpasoBanus B obulel reoo-
ruueckoit neropuu 3emau, H. [1. Jlapepos [46] nokasanuto moaubieH-
YPAHOBHIE MECTOPOK/AEHHA, CBA3AHHBIE C KOHTHHEHTAJbHLIM BYJKAHH3MOM,
(HhOPMHPOBAJIHCH TOJNLKO B TeUeHHE (PaHepOo30HCKHX MeTaNl0reHHIecKkHX 310X,
B npocTpancTBeHHOM pa3MelleHHH 3THX MECTOPOMAEHHH H PYIHBIX MOJeH
B npejenax pyJaHbiX NPOBHHIHA H PallOHOB KaJle/JlOHCKHX, repLUHHCKHX, KHM-
MEPHHCKHX H aJIbIHHCKHX CKJI8A4aTbhlX H aKTHBH3HpOBaHHbIX obaacref,
B KOTOPbIX HHTEHCHBHO [POHBJEH OpPOr€HHbIH KHCAbIH MarMaruim, ycra-
HABJAWBACTCH BMOJAHE OTUET/AHBAR 3aKOHOMEpPHOCTb. HX TekTOHHueckas
MO3HILHA H OCHOBHLIE YEPThI FEOJOrHYECKOro CTPOCHHS ONpee/IAIoTCA 30HaMH
KPYMHLIX PErHOHAJBHBIX PA3JIOMOB pPa3zjHuHLIX THIOB (0COGEHHO Yy3namH
HX COWJICHEHHS) W 0COGEHHOCTSMH NPOSIBICHHA MarMaTHIMa — BYJKAHH-
YECKOT0, BYJKAHO-NJAYTOHHYECKOr0 H HHTPY3HBHOIO.

YpaHoBble MECTOPOKAEHHA, CBA3AHHbIE C BYJKAHHUECKHMH H BYJIKAaHO-
HHTPY3HBHbIMH 00pa3OBAHHSIMH JIHIAPHTOBOH (JOPMALHH HJH KOHTPACTHOH
110 COCTABY JIHNAPHT-0a3a/1bTOBOH aCCOLHALHEN, BKAIOYAIOT: a) MECTOPOXK1e-
HHS MPOKHIKOBO-BKPAILIEHHBIX PYL, NPHYPOUEHHbIX K KOPHEBbIM 4acTAM
KHCABIX CYOBYJKAHHUYECKHX HHTPY3HBOB; 6) IUTOKBEPKOBLIC MECTOPOMKIEHHA
B CyOBYJKAHHUYECKHX HHTPY3HBAX KHCJ0ro M CyOILENOYHOTO CcOCTaBa;
B) TPEULHHHO-KHJ/IbHbIE MECTOPOKIEHHA, JOKa/NH30BaHHble B 3 (Yy3HBHO-
IHPOKJIACTHYECKHX TOJLLAX H HX JKepaoBbiXx (auHax (HeKkax, ToKax,
TPYGKaX M T. 1.) KHCJIOTO HIH KOHTPACTHOrO (KHCJIOrO—OCHOBHOTO) COCTaBa.
Boigensiercst ABa OCHOBHbIX THIIA MECTOPOMKAEHHI: 1) B CAOHCTBIX ToJax
BYJKAHHYECKHX H BYJKAHO-TEKTOHHUECKHX JenpeccHi (kajabiepax mnpoce-
JaHHA); 2) B MACCHBHBIX [OPOA3X BYJKAHHYECKHX HKEPJOBbIX (auui u
CYGBYJKAHHYECKHX HHTPY3HBOB BYJKaHO-KYIOJbHBIX CTPYKTYp [32].

YpaunoBoe opyjneHeHHe B MNpeaenax MeCTOPOMKIAEHHH JOKalHu3yercs B
pasJHYHbIX  THnax Hanbojee NPOHHILAEMBIX NOPOL  (TPEUIHHOBATHIX,
MOPHCTBIX), TATOTEA B OCHOBHOM K HX KonTaktam. [1pu 3tom cTpyKkTypHBIE
0COGEHHOCTH LITOKBEPKOBbIX pPYAHbIX Tes ofyc/aoBiaenbl Mopdoaorued H
YCJAOBHAMH 3aJleraHn PYLOBMEILAIOUIHX CYOBYJIKAHHUECKHX HHTPY3HBOB H
wepaosbix (auni. CyllecTByeT Takke rpynia MeCcTOpOMIACHHH, KOTOphie

84



pacnosaraiotcs B6JH3H BYJAKAHHUCCKHX CNPECCHIl HIH MO HHMH B IOPO1AX
CKJIA4ATOr0 OCHOBAHHS HJIH B IOOPOreHHbIX rpadiTontax. JIniub B oTaenbHbIX
cayvasx HabJIoNaeTcsl HenocpPelcTBEHHOE MPOCJCHKHBAHHE OpPYACHEHHA Ha
rayO6HHY H3 BYJKaHHYECKHX 06pa30BAHHH OPOreHHOTO CTPYKTYPHOro spyca
B (pyHaamenT.

XdpakTepHo, 4TO NPAKTHYECKH HA BCEX MECTOPOKIEHHAX YCTAHABJIH-
BAaeTCH [10-PA3HOMY [POSIBAEHHBIA, HO OOLIYHO OTUYETAHBLIH KOHTPOJbL ypa-
HOBOTO OPYIEHCHHS 30HAMH IYOGHHHLIX Pa3JOMOB H KOHTAKTOBLIMH 30HaMH
HHTPY3HBHLIX H AKepJoBbix 00pa3oBaHHH, YXOAAUHX Ha G0/blLYIO rAyGHHY.

Kak nokasano MHOrHMH HccaenoBaTeNsiMH B pasHbiX padoHax [28, 32,
58, 59|, TakHe rayGOKONPOHHKAIOLUIHE PA3/JOMbl H HX TEKTOHHUYECKas aKTHB-
HOCTb B OpPOreHHbi 3Tan pasBHTHA NPOBHHUHIA OOYCAOBHAH HHTEHCHBHOE
MpOosiBJCHHEe MarMaruiMa, OPMHPOBAHHE BYJ/IKAHO-TEKTOHHYECKHX JlelpeccHi
H BYJKAHO-KYIOJbHBIX COOPYACHHA. MHOrHe W3 3STHX Pa3JIOMOB CJYHHIH
MarMOBbIBOASILLLUMH KaHasamH. B To e BpemMsa OHH ABJAAJHCL PYAOKOHTPO-
JIHPYIOULHMH CTPYKTYPAaMH, NPELONpele]as pasMelleHHe YPaHOBbIX MecTo-
POAACHHH,

YcTaHoBaeHHan  TeCHas  NMPOCTPAHCTBEHHAA  CBSA3b  HHTPY3HBHbIX,
KCTPY3HBHbLIX H 1AHKOBBIX TEJ, METACOMAaTHYECKHX 06Pa30BaHnuil H YPAHOBOTO
OpyAeHEHHS, OJHHAKOBLIH CTPYKTYPHHIH KOHTpOAL H OGau3kasa raybHHa
(DOPMHPOBAHHA YKA3bIBAIOT HA OGLLHE NYTH NPOHHKHOBEHHS MArMaTHYECKHX
pacniaBoB H MOCTMArMaTHYeCKHX THApPOTepMalibHblx pacTtBopoB. Takue
COBNALCHHA ABAAIOTCA HE CIYUAHHBIMH H MOT'YT CBH/ETE/1bCTBOBATD O E/IHHCTRE
SHAOIEHHONO HMCTOYHHKA MarMatuama W pyloobpasyiouiux pacTBOpOB.

YpanoBopy/AHble NPOBHHUHH KaJELOHCKHX CK/AaauaTthix obiacTell pacio-
JIaraiTcA B CPEAHHHBIX MAacCHBaX, KOTOpble HMEIT O6J0KOBOE cTpoeHHe
H MO nepH(epHH NOABEPrIHChL HHTEHCHBHOH nepepalboTKe B OCHOBHOM B
paHHenaneo30HCKHH, a TakMKe, YACTHYHO — MO3HeNaJe030HCKHA TeKTOHO-
MarmaTHuyeckHil uHKAb [87]. B npesenax npoBHHUKA pasinyaloTes ypaHoBO-
PYAHbIE pAAOHBI C HHTEHCHBHLIM [1POABJIEHHEM JTIHGO HHTPY3HBHOTO FPAHHTOMIL-
HOrO MarmMatHima, JH60 HAs3eMHOro  KHCIOro —CpPeiHero BYJKAaHH3IMa.
[Tpombliusietiible YpaHOBbIC MECTOPOXKACHHA OTHOCHTCH K MHAPOTEPMAJbHbIM
MarmaTtoreHHblM, BpemMsi (QOPMHPOBAHHA KOTOPbIX OGJIH3KO KO BpeMeHH
BHEIPEHHA CAMBIX MMO3AHHX HHTPY3HBHLIX 06pa30oBaHHi (C nposiBAEHHeM ca-
MOro no3jaHero marmaTthama). [lpocTpaHcTBEHHO OHH COBNAAAlOT ¢ apeajamy
PA3BHTHA KPYMHbLIX PAa3HOBO3PACTHLIX MHOrO(a3HbIX HHTPY3HBOB FPAHHUTOM-
J0B, B TOM YHCJE CaMbiX MOJOAbIX MJKMA3HTOBBIX JIEHKOKPAaTOBLIX FPaHH-
TOB HJIH PeIKe — KHCJbIX ByNKanuToB. Hekorophie 3 pyaHblx paiioHOB TATOTE-
I0T K y4YacTKaM TMpPOAB/JIEHHA KOHTHHEHTA/bHOIO OPOreHHOro BYJKAHH3MA.

YpaHoHOCHLIE NaJeoByIKAHHYECKHE CTPYKTYPbl MPHYPOUEHb K OT/AeabHbIM
HHTEpBalaM (3BeHbSIM) MPOTHKEHHOr0 BHYTPHKOHTHHEHTAJbHOIO BYJKa-
HHYeCKoro nosica, cdopMupoBaHHoro B oporenublit stan  (S.—D;_.).
YpaHosopyihble paHOHbl H y3Jbl BHYTPH 3THX HHTEpBAJIOB 10sica pacno-
J1araloTcs B KPAEBBIX YAacTAX MNOAHATHH W BYJTKAHHYECKHX [eNpeccHit,
YPAHOBBIE MECTOPOMKAEHHA TATOTEOT K 30HAM MexOJOKOBLIX pPa3lOMOB,
0COOGEHHO K YYACTKAM COWICHEHHA HX ¢ TPaHcOJOKOBBLIMH (CKBO3HBLIMH)
pasnomamu. MecTopomaeHns ypaHna, a Takie MOJHGEHA, NONHMETANIOR
(Pb. Zn, Ag), ¢aooputa 1 1p. TArOTEIOT K apeajaM Pa3sBHTHS BYJKAHO-
MJAYTOHHYECKHX KOMILIEKCOB KHCABIX H cy6ulenounnix nopoa [87].



Cpen 3HAOTeHHBIX THAPOTEPMAbHBIX MECTOPOKACHHHA ypaHa, pasBHTbIX
B KaJelOHCKHX MPOBHHUMAX, Bblaeasiorcs Asa THna. MonnGiaen-ypaHoBbie
B GepesuTax M COGCTBEHHO YpPaHOBbIe WJAH (ochopHO-ypanosble (anartur-
HACTYPAHOBBIE), a TAKKE MNEePEXOAHLIE PA3HOBHIHOCTH (OCOpPHO-YPAHOBbIE
¢ ™MoauGAeHOM B adbOHTHTAX  (3HCHTAX —XJOPHT-aHKEPHT-aNbOHTOBLIX
meracomaruTax). Pyabl caoxeHbnl HactypaHom, Kod@HHHTOM, ypaHcoaep-
Kauum (GTOp-anaTHTOM, LHPTONHTOM, a Takxke moaubaenuTom. BospacThbie
COOTHOLIEHHA 3THX THIOB MECTOPOKACHHH OKOHUATe/NbHO HE BbIACHEHH,
NO-BHAHMOMY, OHH GJIH3KH 1Mo BpeMeHH o6pa3oBaHuA, T. . cHOPMHPOBANTHCE
B OJHH 3Tarn. Ha HEKOTOPbIX MECTOPOXKAECHHAX YCTAHOBJEHO, YTO HacTypaHo-
Bble HJH HACTYpaH-MOJHGAEHHTOBbLIE MMPOKHIKH, CONPOBOKIAdE€Mble CepHLH-
TH3allHeH (MJH THAPOCTIOAH3alHel) BMelawUIHX Nnopoj, ssasoTes 6ogee
MOJIOJbIMH H HaK/ajblBAIOTCA HA YPAHOHOCHbIE aJbOHTHTBL H HX pYAHbIE
accouuauuu [32].

B paccmaTtpHBaeMbiX ypPaHOBOPY/AHbLIX MPOBHHIHAX 3HL0I€HHLIC YpaHOBbLIE
MECTOPOJK/IEHHA OTMEYEHHbIX [BYX THNOB ()OPMHPOBAJIHCH B HECKOABKO pas-
JIHUHBIX Te0JIOTHYeCKHX 06CTAHOBKAX, HO NPH 06GIILEM TEKTOHHUECKOM perKHMe
e[1HHOro oporeHHoro stana. HauGonee 3HauHTeNbHble YPAHOBbIE MECTOPOK 1€~
HHA XapaKTepHbl /JIf TaKHX pPaHOHOB MPOBHHUHH, B KOTOPBIX MpOSIBJAEH
HHTPY3HBHbIH FPAHHTOHAHBIA MarMaTH3M, B TO BpPeM$l Kak B NajeoByj-
KaHHuecKHX 06JacTaAX npeobaalaloT CpeiHHe H MEeNKHEe MECTOPOMIEHHA.
Bo Bcex pafioHax 6oJbllasf 4acTb MECTOPOKIAEHHH TATOTEET K 30HAM A0JTO-
HKHBYULHX rYGHHHBIX Mex6J0KOoBLIX pasnomos [87].

DHOreHHble THAPOTEpPMaJbHble MOJHG/IEH-YPAHOBBIE MECTOPOXKIEHHA
NPOXKHIKOBO-BKPAMJIEHHBIX DY/, PAa3BHTHIX B NaJeOBYJKaHHUYECKHX of/1acTX,
NPOCTPAHCTBEHHO CBA3dHBl KaK C PAHHHMH, Tak M ¢ Haubosee NO3AHHMH
MarMaTH4Ye€CKHMH 05PH3OBHHHHMH. KOTOpbl€ HEpPEeAKO 6JH3KHM K HHM 10
BO3pAcTy. YpaHoBOe OpYyLeHeHHWe JOKaJH3yercd He Tojbko B 3ddysHBax,
HX KEPJOBbIX (aluHax W cyGBYJKAHHYECKHX 06pa3oBaHHAX, HO H B MOpoOAax
(¢ynnamenta [32].

Co6eTBeHHO ypaHoBbie, hochOPHO-YPaHOBEIE ¢ MOJHOIEHOM H (ocdopHo-
(anaTuT) ypaHoBbIE MECTOPOMK/AEHHA, PA3BHThIE B IPYrHX palonax, pacnogaa-
raioTcsi 0ObIMHO B KPaeBbIX 4YaCTAX MKECTKHX MNOJAHATHH MJAH B npegenax
BHYTPEHHHX MPOrHGOB, MPETEPNeBUIHX HHBEPCHIO. IDTH MECTOPOXKIEHHA He
OOHAPYXHBAIOT TAKOW TECHOH NPOCTPAHCTBEHHOH CBA3H C MarMaTHIMOM,
HX MOJOXKEeHHe, Mo pedyabTatam Heeaeposanuii JI. B, Xopowunosa, koutpo-
JIHPYETCA y3JaMH nepeceveHus rAyGHHHBIX Pa3ioOMOB, KOTOPHIE HEPEeNKo
onpejesiioT pa3MellleHHe MarmaTHueckdx nopoa (naek w T1. 1) [30].
B To xe Bpema HX pacnpocTpaHeHHe TEPPUTOPHAILHO COBNALALT ¢ apeaslaMH
PA3BHTHA PA3HOBO3PACTHLIX FPAHUTOH/LOB, @ MHOIHE PY/IHbIE MO NPOCTPaH-
CTBEHHO THATOTEIOT K HHTPY3HBAM [03[HEOPOreHHbIX JIEHKOKPATOBbLIX Ipa-
HHTOB.

YpaHoBopyHbe MPOBHHLHH NOrpeGeHHblX CPelHHHbIX MACCHBOB TepLHH-
CKHX cKJaayaTthix obsacted npeactaBafloT coboi Kpynuelil ¢gparmedT 10-
KeMOPHHCKOA niatdopMmbl, MEPeKpLiTOH OPOreHHBIMH OTJIOXEHHAMH BYJKAHO-
reHHo-ocafouHbiX opmalnil BepxHero najeoszos [87]. B pannem naneosoe
TEPPHTOPHH NPOBHHUHKHA NPEACTABAAIH COOOH reOaHTHKAHHAJILHBIE MTOLAHATHS,
KOTOpbie B OPOI‘EHHH}‘:I 3Tan KaneloHCKOro lIHKJa paiBHTHA B KOHLE cunypa =
Hayaje JaeBoHa OblilH NnepeKkpbiThl  KOHTHHEHTAJABHBIMH  H ﬂpHﬁp(‘H-(H()*
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Puc. 7. Cxema cTpOGHHA YPAHOHOCHOTO PYJHOTO paioHa B OPOTEHHOM BYJKaHHUECKOM
nosice TepUHHCKOA ckaanuaTod ob6aacti (no A, E. Tonkyuomy, 1986 r.)

| — rpaHMubl  OPOreHHOro CBOAA, CJAOMKEHHOrO MPEHMYUWEeCTBEHHO PAHHEOPOTEHHBIMH

BYJKAHOTeHHO-0CAI0MHBIMH OTJOXKEHHAMH H HHTPY3HBAMH FPAHHTOHL0B; 2 — AApO cBOAA — 10-

oporenHnie 06pa3’oBaHHA; J — rnaBHWe NPONOAbHBE H NONepeuHsle pasznoMu; 4 — noiaaxe-

OpOreHHble BYJKAHO-TEKTOHHYECKHE CTPYKTYPBI;, 9—7 — MECTOPOX/IEHHH: § — ypaHnosue;

6 — dawopuToBue (@) H nonumetasnnyeckue (6); 7 — 30n0Thie (@) H MEAHO-MOAKGAEHO-
Bbie (6)

MOPCKHMH OCaJ0YHO-BY/JKAHOTEHHBIMH OTJIOXEHHAMH, a 3aTeM MpOpBaHbl
Ka/leJlOHCKHMH THNAGHCCANbHBIMH TPAHHTOHLAMH H MOHILOHHTOHAMH.

B ino3aHem najeosoe, B OporeHHn# 3Tan repuxHckoro unkaa (C;—P)
NPOSBHJIHCE BECbMa HHTEHCHBHbIE TEKTOHO-MAarMaTHYecKHe MpPOLecCH,
XapaKTepH3OBaBIIHECS MHOTOKPATHbIM YepefloBAHHEM BYJKAHHYECKOH H
MHTpY3uBHO# aesiTenbHocTH. [To ganubim H. [1. Jlaseposa, A. E. TonkyHosa #
ap. |[87], Bhigensercs ABa KPYNHbIX BYJKAHO-MJAYTOHHYECKHX KOMILIEKCA.
Pannuii W3 HHX npeacTasieH MOLLHOH ToJlLed BY/JIKdHHTOB CPELHEro H
KHCJI0ro cocTaBa, KOTOpble NpopBaHbl rPaHHTOMAAMH (a6CONIOTHBIA BO3pacT
340—320 mau aet). [To3aHHH KOMNJEKC CAOXKEH BYJKaHOreHHbIMH o6paso-
BaHHAMH (abcoaoTHbidi BodpacT 300—270 maH JeT) npeHMyLLlecTBEHHO
KHCJ0T0, Cy6IIe/]04HOroO H CPeJIHero, B MeHblle# CTeneHH OCHOBHOTO COCTaBa,
d TakMe KPACHOLBETHbIMH OCANOYHLIMH OTJNOKeHHAMH. CpeiH HHX ILHPOKO
pacnpocTpaHeHnbl 3KCTPY3HBHble H CYGBYJKaHHUeCKHe HHTPY3HBHble Tena,
a Takxke AddkooOpasHble 3aJeXH KHCAbIX H Cy6lLesouHbIX NOP(HHPOBbLIX
Nopoi. ITOT MAarMaTHaM 3aBeplUH/ICA BHELPEHHEM CEePHH KHCABIX, cy6uienoy-
HbiX M OCHOBHbIX [A€K PEerHoHaJbHOro pacnpocTpaHeHHs, 00pa3ylouLHX
NPOTSKEHHblE NoAca K Goaee JokanbHble nydkd. PopMHpoBanHe 1aiHKoBO#
CEpHH MpejllecTBOBANO NpolleccaM YPaHOBOrO pynoo6pa3oBaHHA.

Has  ypaHOBOPYAHBIX paHOHOB TrepUHHCKHX CKJIanuaTelx obJacTe,
Ha KOTOpble HAKJAAbIBAIOTCH KOHTHHEHTA/bHble OpPOrcHHbIe  BYJKaHH-
ucCKHe nosica (puc. 7), BecbMa xapakTepHbl MOJHGAEH-ypaHOBBIC MecTo-
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Puc. 8. Tlonoxenne MOJIHOLEH-YPAHOBOIO MECTOPOXKIAEHHS B BYJAKaHHUeCKOH aenpec-
cud (mnaw W pazpea) (no H. T1. Jlaseposy, 1972 r.)

I — nafikn rpanuT-nopdupos, nHa6azos K AaMnpodHpos; 2 — CyGRYJIKAHHUCCKHE TEAA KHCABIX

nopoa; 3 — HruHMOPHTH, Ty JHNAPHTOB, ArJOMepaTl H TYdOoreduse NecUanuKW, 4 —

Kynoa ¢eab3nTos; 5 — MHpoKAAcTHYECKas Toauwa; 6 — Kynoa ksapueswx nopdupos; 7 —
HIHHMOPHTOBAA Todwa; 8 — aHAEe3WTH, NaUHTH H KX TYdb, TYQoreHHue NCCHaHHKH W anep-
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POXKIEHHST XKHIBHOIO HIH LITOKBepKOBOro THNa [27, 28, 119]. [1poxuakoso-
BKpaIJIeHHO OPYIeHEHHE NPeACTABJEHO HACTYpaH-CynbQHAHON accoLHal e,
Koropas o0bluHO JIOKa/H30BaHa B Oepe3uTax WJH ApPrHJJIH3AHTAX, HHOrAa
COMpOBOXKaeTcs AanbOHTH3alHed BMelAUHX MopoA. MecTopomaeHus .
pacno/ioNeHbl B KpdeBbiX YACTSAX CPCAHHHBIX MACCHBOB, HMEKUHX 3[€Ch
6/10KOBOE CTPOEHHe H MepeKpHITHIX B JeNpeccHAX MOLLHLIMH BYJKaHOTeH-
HBIMH TOJIILAMM OPOFEHHOrO CTPYKTYPHOro fipyca. PyaHmie moast 4 mecro-
POXKIEHHSI NPHYPOUEHBI K BYJKAHO-TEKTOHHUYECKHM [enpeccHaM (BnajHHam)
HepPeJKO KaJbJepPHOro THNA HWJIH K BYJKaHO-KYNOJbHbBIM COOPYXKEHHAM.
Bosblias yacTe OCHOBHBIX MECTOPOXKIEHHH JIOKAJNH3yeTcs B KPaeBbIX KOJb-
UeBLIX passioMax, 0o0pamJsiouHX 3TH [elnpeccHH, cpelH KHCJABIX H cy6-
LLeJIOUHBIX TOP(HHPOBLIX NOPOL CYOBYJKAHHYECKHX HHTPY3HBOB, HEKKOB H
JIPYTHX 3KCTPY3HBHBIX oOpazoBanuil. OGbIYHO OHH NMPHYPOYEHBI K y4acTKam
nepeceyeHnsl HX KPyTOMaAalolUMH JHHEeHHbBIMH paspbiBamu. B nokpoBHbIX
(auuax ByJKAHHTOB, C/araiouiux JelPeccHH, ypaHOBOe OpyIeHEeHHe MPHYpOo-
' yeHo K Haubosee nponuuaembuiM >GOy3uBHBIM noponam (Tydam, HrHHMGPH-
Tam, NOPHCTbHIM H TPEUIMHOBATHLIM JaBaM M T. 1.), 30HaM HebOABIIHX cOJaH-
JKEHHbIX paspbiBHLIX HAPYIIEHHH H TPELLHH, PA3BHBABIIMXCS BOJNH3H CKBO3HbBIX
pasoMOB HJH HaJ KPYNMHLIMH [EPEKPHITHIMH pasjoMaMH (yHAaAMeHTa
(puc. 8).

Marmaroressble rHAPOTEPMaJbHbIE MECTOPOXK/AEGHHS YpaHa HM3BECTHbI B
PYAHBIX RPOBHHUHAX MO3AHEME3030HCKOTO 3aJI0MEHHA, PaclOJOMEHHbIX B
Me3030HCKO-KailHO30HCKHX cKaanyathlx obaactsix CpenH3eMHOMOPCKOTO H
THX00KeaHCKOro re0CHHKJIHHAJbHO-CKJIAIUaThIX MOACOB, @ TAKXKe B HEKOTOPLIX
JIleTEPOOPOreHHbIX ByJKaHHueckHX mosicax [B7]. Mecropoxaenus cocpe-
AOTOYEHBbI B Y4yacTKax CpeAHHHBIX MAacCHBOB, KOTODHE IoABeprasucb TeK-
TOHO-MarMaTHYeCKOR AKTHBH3allHH, CONpPOBOXKAAEMOH 06pa30BaAHHEM CBO-
AOBO-TJILIGOBLIX CTPYKTYP H NMPOSIBJI€HHEM KOHTHHEHTAJhHOrO BYJKaHH3Ma.
Marmaruyeckas AeATe bHOCTh B HX NIPe/ieJ1ax nposiBHIACh BecbMa HHTEHCHBHO
M MHOTOKPATHO, HAUHHAS C PAHHETO JIOKeMOPHA H KOHYas NO3/IHHM Me3030eM.
[Tponeccsl rpaHHTH3alUHKH W rPaHHTOO0pPA30BAHHA NMPEHMYIECTBEHHO KaJjHe-
BOTO Psila NMPONOMIKAJHCh KAK B PaHHHE JOMe3030HCKHEe MepHOAbl, TAK H BO
BpeMsl aKTHBH3AllHH,

B pannne — nokemGpHiickue 3Tamnbl B Mnpejneaax NApeBHEro ¢(hyHiameHTa,
Haj KOTOPLIM BIOCJEACTBHH B TEKTOHHUECKHX y371aX (pOPMHPOBAJIUCh ypaHO-
HOCHBIE BY/JKaHO-TEKTOHHYECKHE CTPYKTYPhI, IIHPOKO NposiBHa0ch ofpasoBa-
HHE MNOJHIMKIHYHBIX TPAHHTO-THEHCOBBIX KYNoJOB (rpaHdTO-rHEACH, MHr-
MaTHThbl, TPAHHTHI). ;

B naneosoiickye TeKTOHO-MarMaTHUeCKHe LUMKIB 06pasoBatich HA NOAHSA-
THAX WHTPY3HBHLIE MACCHBLI KaNeAOHCKHX H TepIHHCKHX MHOrogasHbix rpa-
HUTOH10B, IH((PEepPeHIIHPOBAHHBIX OT TPAHOIHOPHTOB H MOHIOHHTOB A0 aJsic-
KHTOBBIX 'PAHHTOB H TPAHOCHEHHTOB, @ B NPOru6ax — BY/JKaHOre€HHbIE TOJILH
Cpe/lHero H KHCJOro cocTaBa.

B nosanem mesoszoe B nocTnaT@OPMEHHbLIH OPOreHHbIH 3Tall HHTEHCHBHO

POJHTHI; 9 — JNapoariomepaThl aHAE3HTO-AALHTOB H aHAe3HTO-6a3aibToB; /0 — rpaHHTOHIL

ocHoBanusa; [l — meramopduveckue chanlbl; [2 — jguHelHble CKBO3Hbe pasnoMmbl; /3 —

AyroBble pa3JoMul Kaablepsl 06pywenHs; [4 — ypanoRbie MecTopoaenun; /5 — pyausie Tena
(KHAbHBE CHCTEMBI, JHHEAHBIE WTOKBEPKH H NOJIOrHe NJAAcTOOOpa3Hble 3a/1€XKH)
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pa3zBHBAJMCh TEKTOHHUECKHE H MarMaTHYEeCKHe [pPOLecchl Kak B HHTPY3HB-
HOM, TAK W B BylIKaHHueckoll opmMax. Marmatuam xapakTepu3yercs KOHTpacT-
HbLIM OCHOBHbBIM H KHCJBIM COCTABOM C NOBbLILIEHHLIM COLEPAAHHEM lLeaoUed
(cy6uiesiounble aHAe3uTO-6a3a0bThl H TPAXHIHMAPHTHI) , IIPOHCXOAAEHHE KO-
TOPHLIX CBA33aHO C O4aramH, pacnoioMKeHHbIMH Ha pa3HbiX [IyOuHax.
B paunwio crannio (160— 150 man net naszan) marmaTHUeCKHe MPOLECCHl HA-
YyadHuch ¢ (OPMHPOBAHHA HHTPY3HBOB IPAHHTOMAOB (B WEHTPAJNbLHLIX 4ACTHX
CBOJAOBLIX MOAHATHI) H BYJKAHHTOB OCHOBHOTO H CpPeAHEro coctapa (no mx
nepudepun B prdrorenHbix BnaauHax). B cpeanwoo crannio (150 —140 mau
Jet) o6pa3zoBafHCh MOKPOBLI BYJKAHOI€HHBIX TONUL NPEHMYULECTBEHHO HI-
HUMOPHTOB CYOULENOUHOrO — KHCAOI0 COCTABA (TPAXHJIHIIAPHTOB) C MOAYH-
HEHHbIM 3HayeHHeM aH1e3HTo-6a3anbTOB W 6Ga3ajbTOB B BepXHed 4YdCTH.
B nosaniow craauio (125—110 Man aet) chopMHpoBaIHCh CHIIBL H TOKPOBbI
6a3a/bTOH/IOB B COCELHHX YIJIEHOCHBIX BnainHax [32, 87].

[naBHble ypaHOBble MECTOPOXKACHHSA, PA3BHTLIE B PYAHLIX paioHax npo-
BHHLLHH, OTHOCATCH K THApOTEpMalbHOMY MarmaTtorennomy tHny. Onu 6blan
c(hOPMHPOBaHLL B MO31HeM Me3030e (abcoaoTHbIA Bo3pacTt 140—135 mau ser)
B KOHLE BTOPOH CTa/JHH OpOreHe3a MocJje NPosBIeHHA MarMaTHUeCKHX Npo-
ueccoB. [lo MHHepanbHOMY cocTaBy Pyl CpeldH HHX BbllendAeTcA ABA THNA
MEeCTOPOKACHHIT: MOAHOACH-YPAHOBLIE H MbILUILAKOBO-YPAHOBLIC, CJAOMKEHHBIC
HACTYpaHOM, HHOrla THTaHaTaMW ypaHa B acCOUHALHH ¢ MOJAHOACHOM M
APYTHMH cyabuaaMH, ¢ Ga0opHTOM H Ap. MecTopoKaeHHs JOKaAH30BaHbl B
pa3Hoo6pa3HbiX BYJKAHO-TEKTOHHYECKHX CTPYKTYPax: 3PO3HOHHO-TEKTOHH-
YeCKHX BMaAHHAX, KaJblepax NpocelaHHs H BYJIKAHHUECKHX KYTIONIaX, a TaKKe
HHOIa B PAcIOJOKeHHbIX NOGAH30CTH YIVIEHOCHBIX BlaiHHax. YpaHoBoe
OPY/IeHEeHHe STHX MeCTOPOK/ACHHH, T0KATH30BAHHOE B Pa3JHYHBIX reoJorHyec-
KHX YCJAOBHAX, B 3aBHCHMOCTH OT BMEILAIOUHX N0POA, o6pa3yeT CAOKHbIC
IWITOKBEPKOBBIE HAH maacrtoobpasuble 3anexu. OOUIHM A48l HHX ABJAAETCH
MHOTOSIPYCHBI XapaKkTep pasMmelledds pyaHblX 3anexefi. Boabwoe snauenne
IIPH 3TOM OKa3blBa/JH OCOGCHHOCTH CTPOCHHA PYAOKOHTPOJHPYIOULHX KPYTO-
najaaioliHx pa3jioMOB, @ TaKxe MOJOKEHHe KPYMHLIX MoJorux (cybnocaoi-
HbIX) HapyweHuid. Ha HexoTOpbIX MECTOPOAIEHHAX OPYAEHCHHE CKOHUEH-
TPHPOBAHO B AHJbHbIX 30HAX, PA3BHTLIX B/OJbL KPYTOMALAOUIHX PA3JOMOB
tdhyunamenta |28, 87].

Kak BHAHO Ha npHMepax MHOIHX  Pa3HOBO3PACTHBIX  YPAaHOBO-
PYAHBIX IPOBHHLUHMH, TIHApOTEpMaJbHble YpPAaHOBble MeCcTOpOxIieHHs ofHa-
PYKHBAIOT TECHYIO MPOCTPAHCTBEHHYIO H CTPYKTYpPHYIO ¢BSi3b ¢ obpa3soBa-
HHSIMH KHCJOTO H Cy6LILENOYHOT0 MAarMaTHiMa OpOreHHOro 3Tana paiBHTHA,
POABJEHHOrO KaK B HHTPY3HBHOH, Tak U B By/lKaHH4deckol (opmax. KoHtpo-
JHPYIOTCA OAHHMH W TeMH Ke CTPYKTYpPaMH — rJAyOGHHHBIMH pa3jioMaMH.

Hapany ¢ stum B npejejax ypaHOBOPYIAHBIX NPOBHHUHIA, KAK [PaBHIo,
yCTaHaBAWBAETCA BO3pacTHas OJH30CTh [POABJIEHHHA [1POLECCOB YPAHOBOIO
pynroo6pa3oBaHHsa W No3/JHel MarMaTH4ecKoH (BYJKaHO-HHTPY3HBHOWH) aed-
TEJbHOCTH OPOreHHOro 3Tana pasBHTHA. [IpH 3TOM BO BCEX H3BECTHBIX
PYAHBIX [POBHHUMAX W pafioHax ypaHOBOE OpY/eHeHHe pA3BHTBIX 3/€Ch
MECTOPOKICHHIT OKa3biBAETCH MOJOMKE CaMblX MO31HHX BYJKAHHYECKHX,
CyOBYJIKAHHYECKHX W FHNAGHCCANbHBIX  HHTPY3HBHLIX  06pasoBaHuil  u
06bIUHO OTAEJEHO OT HHX 3TanoM BHEIAPEHHS CepHH aeK Pas’Horo cocTapa
peruoHanbHoro pacnpoctpanenns. Takoe Gosee MON010€ BO3PACTHOE NOJMOKE-
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HHE YPAHOBOTO OPYAEHEHHH 10 OTHOWEHHID K MArMaTHUECKHM KOMIUICKCAM
MOATBEPIKAAETCH TAKKE OTHET/IHBLIMH CEKYILLHMH B3aHMOOTHOILEHHAMH ¢ JIPY-
FHMH DYAHBIMH H AHJIbHBIMH 06pa3oBaHuaAMH 60/1€e PAHHHUX 3TAINOB H CTAAHH
MHHEpPAJH3alMH PYAHLIX Gopmaunit ¥ accounaunit. B to Ke Bpems ypa-
HOBOE OpVieHeHHe, CcHOPMHPOBAHHOE B CBOK CaMOCTOATENLHYIO CTalHio,
M0 TeoJOrHYecKoMY BO3PacTy H ILeJoMY PSAAY APYTHX NPH3HAKOB NpPHHAN-
JEKHT K TOMY 7K€ TEKTOHO-MarMaTHYecKoMy ILHKJAY, OPOTeHHOMN CTa/HH Pa3BH-
THA, METAJTOTEHHYECKOH 3110Xe H FHAPOTePMalbHOMY 3Tany nocTMarMaTtHyec-
KOW LeATCIbHOCTH.

Bauskoe spemsi 06pa3oBaHHA THAPOTEPMAJIBHOTO YPAHOBOIO OPYIEHEHHA H
Haubo/ee No3JHHX MarMaTHYECKHX NOPoL (BYJKAHHTOB, rPAHHTOHIOB, Nack
Auabazos) €IHHOr0 TEKTOHO-MATMATHYECKOTO ILHK1a OTHETIHRO /lI0KAa3biRAETCH
MHOFOYHCJAEHHBIMH Pe3Vy/IbTaTaMH Ie0XPOHONOTHYECKHX HCCIel0BaHlil B pas-
JHUHLIX PYAHBIX npoBHHUHAX W paitonax H. T1. Jlaseposa, ®. WM. Boabd-
cona, b. M. Cenbuosa, A. E. Toakynosa, b. I1. Baacosa, b. JI. PuGaaosa,
B. H. Beauukuna, H. b. HMeanosa, B. H. ['ony6esa, H. B. Yephniuwiosa,
H. C. Moannkosa u ap. [18, 28. 32, 82]. [lpn 31OM pa3uuua BO BpeMeHH
o6pa3oBaHis OPYICHEHHA H MarMaTHueckHx nopoi (no K-Ar u u3oxponHomy
U-Pb metonam), cyas N0 pe3yibTaTam 3THX aBTOPOB, OOLIYHO He MpeBblllaeT
pa3Mepos olHGOK OnpeseeHHi STHMH MeTolaMH H BapbHpyver ot 6—12 a0
25—30 mau aer [60].

B kanenoHckux ypanopopyaHulx npoBuHunsax, no sawasim M. B. Yep-
usiwoa, B. H. lony6esa u ap. [41, 87|, a6com0THbI BO3pacT NO3AHHX HHT-
PY3HBOB rpaHuTon0B cocTapaseT 420—405 mau aeT, a Bo3pact ypaHoBoOro
opyneHedus —415 man aeT. B repuHHCKHX yPAHOHOCHBIX paHOHAX BYJKAHH-
yeckHX obGnacteit Ypano-MoOHroa1bcKoro nosica H3OTONMHLIA BO3PacT CaMbIX
TO3AHHX KHCABIX 3D Y3HBOB H CyOBYIKAHHUECKHX HHTPY3HBOB H BO3PAcT ypa-
HOBOIO OpY/eHEHHA MOJHG1eH-VYpaHoBO# GOpMalLHH, KOTOPOE No reoJoruyec-
KHM JIaHHBIM, ABIAETCA ABHO G0ee MOJI0ALIM, H3IMEPAETCH OAHHMH H TEMH JKe
unppamu 280—270 (4 10) man aer [87].

B repuHckux ypaHoBopyiHbix nposuHuuax Esponnt Bospact (K-Ar)
no3anux rpauutos —310—285 (4= 10) MJaH JeT, BO3pacT paHHero ypaHoBoro
OPVIEHCHHA KHAbHBIX MecTOpomaeHHi —270 (4 10) mau aert.

B ypaHOBOPYAHWIX NPOBHHIHAX ME3030HCKHX JIeHTEPOOPreHHLIX Mosi-
COB, /1€ BYJKAHHYECKHH MarmMaTHiM H MoJHGAeH-ypaHOBOE Opy/eHeHHe
CBA3aHbl ¢ MpOUEeCccaMH  MocTnaaTHOPMEHHOH  TeKTOHO-MarMaTHUYecKol
aKTHBH3allMKH 3THX ofaacTedl, BO3pACTHbIE NapaMeTpbl MO3AHHX KHCAbIX
BYJKAHHTOB H YPAHOBOrO OPYIAEHEHHS J0BOJNLHO OJH3KH H COCTABJIAIOT
cooreTcTBeHHO |50— 140 man aet u 140— 135 mau net (10 maun aer) [87].

AHaJIOrHYHbIE TEOXPOHOMOTHYECKHe [Aalilble, YKasbiBalolUlHe Ha TecHYIo
BpeMeHHYI0 6JH30CTb NPOABICHHA KHCI0MO MarMaTtHimMa W ypaHOoBOrO Opyie-
HEHHs, HMEIOTCH 110 PYAHBIM palioHaM aKTHBH3HPOBaHHbIX o6.acTed anbmuii-
CKHX [OABHAHBIX nofcoB. Hanpumep, B ypaHOBOH NPOBHHLHK CpeiHHHOTO
maccuBa Konopano TuxookeaHckoro nosca B PYAHOM paidoHe CeKylLero
[Mophuposoro nosica Ha MOJAHGAEH-YPAHOBOM MeCTOpoKAeHHH Mepucsenn
ap., no aadubiM [l. @. Keppa, Ix. J1. Pacmuccena (1963 r.), Boapact
MO3/AHHX KBApIEeBbIX MOHILOHHTOB, PAHHTOB H BMELLAKILHX PHOAHTOB CO-
crasaser 23—19 Man s1eT, a Bo3pacT KW H YPAHOBOTO OPYICHEHHA, KOTOpPOE
HAKIa1blBACTCH HA CaMble NO3JHHE BYJIKAHOreHHbie 06pa30BaHHs H pacceKka-
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0LULHe HX Aaiku aamnpodupos, 19—I18 mau aeT. AHaI0rHUHBIE COOTHOIIEHHS
H AaHHblE Aa0COMIOTHOrO BO3PACTd OTMEHAKTCH MO MHOMMM VPAHOBODYAHDLIM
paitoHam CpejiH3eMHOMOPCKOTO 1oAca. 3/1ech BO3PACT MO3AHEr0 MaIMaTHIMa
H OPYACHCHHA COCTABAAET cooTBeTCTBeHHO 25—20 u 20—16 man aer [87].

CBa3b Ypanossix MecTopoxcoenul ¢ 0auKoBbIMI CePUAMU

Kak u3BecTHO, MHOTHE THAPOTEPMAJIbHLIE PVIHLIE NOAS H MCCTOPOAKILC-
HUA Pa3HLIX THIOB OOGHAPYAHBAIOT TECHYIO IPOCTPAHCTBEHHYIO H CTPVKTVD-
HYIO CBA3b C YYACTKAMH (apeana.\m. MOJAMH, NMOACAMH, Il}"{l\'a.\ﬂi) Pa3sBHTHA
AdeK pais/IHYyHOro, HepeiKo necrporo (OCHOBHOTO, CPELHEero, KHCA0ro W LLe-
JIOYHOT'0) COCTaBa, KOTOpbIe Oﬁbl‘iHO_()HﬂllbIBaIOT(‘ﬂ CAMBIMH  NO3JAHHMH H
Haubonee GAU3IKHMH 1O BpemeHH 00pa3soBaHHA K VPAHOBOMY OpPYIEHEHHIO.
BriAcHenue cocTaBa, OTHOCHTEILHOTO BO3pacT4, }'C.’IOBHﬁ cbopmnporsamm
A4HKOBBIX CepHil H B3dHMOOTHOILEHHIT ¢ PA3HOBO3PACTHBIMH THAPOTECPMAJb-
HBIMH MHiEpaabHbIMH 00pasoBanuaMu npuobperaer ocoboe 3HAUCHHE B 110-
HHMAdHHH HCTOPHH pd3BHTHA Hanboee MO3HCTO MarMaTH3Ma M pAa3aHUHOrO,
B TOM YHCJI€ YPAHOBOTO, p}’JUOGpa,’&OBHI-II[H\ XOTH 3TH BOMPOCLI HEe BCerja
HMEIT NMPAMOE OTHOIUCHHE K ﬂpOﬁ.’It‘ME HCTOYHHKOB PY/HOro BellecTBa 3HA0-
FeHHBIX MCCTOPOMKIEHHH ypaHa.

BecbMa BamHyl0 POJdb MajblX HHTPY3HI M ddek B OPOABJACHHH [1PO-
LeccoB 3H/AOreHHOTO p.\’ﬂUOGPHB()BHH}IH HEOAHOKPATHO 1OAYEPKHBAJH MHOIHE
uecaenosarenn. o wmuennio @, K. Wunyauna (1968 r.), aaiiku aamnpo-
(OUPOB W APYrHX NOPOA BLLIEJIAKTCH B CaMOCTOATEALHVIO dopmallio «ma-
JIBIX HHTPY3HI», KOTOPblE HAYHHAIOT HOBBIH 3TAN PA3BHTHA MATMATH3MA H OPY-
AeHEeHHS.

HasectHo, uTO CpeldH MHOTOYHCJEHHBLIX pPd3HOBO3PACTHbLIX H CJO0AKHbIX
N0 COCTABY NAAMKOBLIX KOMILIEKCOB, UIHPOKO PasBUTBLIX B Mpelenax pyaHbiX
panoHOB W oJieH, 00bIYHO HAMEYdeTCs HECKOJIbKO 3TAllOB WM CTalHH X
topmuposanusa. Cpean uux, no B. C. Konreny-J[BOpHHKOBY, BHILEARIOTCH
00pa3oBaHHA 1BYX Pa3/IHYHLIX 3TANOB, NPHYEM CBA3AHHBIE C KaXKAbiM HHTPY-
3HBHbIM KOMIJIEKCOM CEpPHH 1d€K NMepBOro W BTOPOTO 3ITANOB 3dBCPLUIAIOT €ro
npoasaeHde. lallkn nepsoro stana («HepaculeVIeHHble») — arinThl, nerma-
THTBI — OOBLIMHO TECHO MPOCTPAHCTBEHHO H BO BPEMEHH CBA3AHBI C MACCHBAMH
FPAHHTOHOB, HE BbLIXOAAT 3a HX [pelednl, 06pa3yKJT B3aHMOMNepexoldbl
Mekay cofoit u ¢ rpandtonaamu. [laHku BTOporo stana («pacuiennen-
HbIe») — JIHOPHTOBbIC NOPHHPHTLI, FPAHOAHOPHT-NOPHOHPLI, TPAHHT-NOPGH-
pbl, KBAplUeBsble nophupbl, @ TaKkme AamMnpo@upbl, CHEHUT-TOPHHPLE H Ap.) —
HMEIOT KaK JIOKaJbHOe (BHYTPH HJAH BOJIM3H HHTPY3HBOB IPAHMTOMIOB), TdK
H PErHoHaILHOE paclipocTpaHeHHe (TIpOTH)Kt‘HHbIE nofcd, viajdeHHbIC OT mMdc-
CHBOB).

nEpBble H3 HHX TE€CHO NpoOCTPAHCTBEHHO, BO BPEMEHH, NETPOXHMHYECKH
H, NO-BHIAUMOMY, TCHCTHYECKH CBA34HLI ¢ HHTPY3HBHBIMH MdacCCHBamu
FPAHHTOHAOB PA3HOBO3PACTHLIX KOMITVIEKCOB, ABJIAACH MPOH3BOAHLIMH €AHHbIX
BHYTPHKOPOBLIX MarMaTHYeCKHX O4YaroBs. K])OM(‘ TOTO, CpelH HHX CYHLeCTBY-
€T rpynna Jaaek, KOTOpbie ABJAIOTCH KOPHEBBIMH HAaCTAMH BYJKAHOTCHHbLIX
00pasoBannil H aHajoramiu (KoMarmaramu) BYJKAHHTOB.

Bropsie of6biuto npeactasastior cofoit Aaiikn perHonanbHOro pacinpoct-
PAHEHHA, TNMPOHCXOAKIICHHEe KOTOPbLIX, N0 MHCHHID MHOMHX HCCAe10BaTe el
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(Eppemosa, 1983 10w oap.), 00YCJAOBACHO ACATEALHOCTBLIO APYIHX Gosce
rAYOHHHBIX (MOAKOPOBLIX) MAIrMaTHUECKHX OUATOB.

Taxkue Aailkn OOLIYHO (UHPOKO PA3BHTHL B VPAHOBODY/AHBIX MPOBHHILHAX
pasHbIX 3MO0X  «3aJ10KEHHA» B PAZTHUHLIX FEOCHHKAHHAILHO-CKAAAaTbIX
nosicax. OHM XapakTepubl 1158 PVAHBIX PaHOHOB, B KOTOPBIX NPOSIBAEHD]
peAKOMETaJIbHBIE, 30/10ThIE H 30J10TO-cepedpANbIE, NOAHMeTaLIHYCCKHE, (hITI00-
PHTOBbLIC, YPAHOBBIC W ApPYrHe MecToposacHua. OporeHHbld 3Tanm, oTiHua-
WHACH  CHeHPHUECKHM  SHAOICHHBIM  PeAHMOM  PA3BHTHA, NPOABICHHEM
TEKTOHO-MArMaTHUeCKHX MPOLCCCOR H 3aKOHOMEPHBIMH GJOKOBLIMH ABHKEHH-
AMH N0 TAVOHHHLIM Pa3noMaM, OXBaTLIBACT OOLIYHO 3HAYHTCALHLIA HHTEPBAT
spemerin 0T 50 10 70 MAH €T H ABIASTCH MHOTOCTaAHiiHbIM. B nposisaennu
OPOreHHOTO MAarMaTHiMa Hab. 0 1aeTCsl 3aKOHOMEPHAs BOTIOUHA B €ro cocTd-
Be, yOHHE NPOHCXOAUIEHHHA MAIM, 1POCTPAHCTBEHHON NPOSBJICHHOCTH 1O
B6J0KAM H 30HAM, HIMEHCHHH HHTEHCHBHOCTH i OPM NPOABACHHS, (ulonL0HE-
ChIILEHHOCTH MAIMATHUECKHX PACIIIABOB.

C npoABieHHEeM TeKTOHO-MATMATHUECKHN TPOLECCOB HA PAHHHX CTALHAX
OpPOTEHHOrO 3Tana paiBHTHA OGbl10 CBA3aHO B OCHOBHOM ofpa3josaHue
B BEPXHEH YACTH 3eMHOH KOpbl OJH3H3OMETPHYHBIX COODYKEHHH — KVIO/b-
HbIX, JOKdJbHbIX CBOAOBBIX H KOJbIEBbIX CTPVKTYP H BJOKOB Pa3HLIX THIIOB
H MacwTaboB, COOTBETCTBYIOILUX (POPMHPOBAHHIO BHYTPHKOPOBLIX MdlI'MaTH-
ueckux ouaros. KopoBbIM MarMaTHIMOM KHCAOr0-cy6ULe0MHOIO CocTaBa
3apepuiaetcss 00pa3oBaHHe YPAH-TOPHEBBLIX H  YPAHOBBIX CHHICHETHUHBLX
FPAHHTHLIX NMErMaTHTOR (LWIJIHPOB W T. M.), B OTEJbLHBIX MPOBHHLUHAN (1POFAB-
JEHHe YPAHOHOCHBIX CKAPHOB, HHOI/1a B HEKOTOPLIX paionax — rpeizeHos,
HECVILHX YPAHOBYIO MHHEePaan3aluuio. TakHe YPAaHOBLIE KOHIIEHTPAILHH, CKopee
BCEI0, HMEIT MarMaruueckHid uerounuk. [locae npossienus stux craiuit
B PYIHBIX PAHOHAX, KdK 1PABHAO, HAOMOLACTCH IHAUNTCALHBIT nepepbis
B YPAHOHOCHOCTH NOCTMArMaTHUeCKol  THAPOTepMAanbHOl  1eATeNLHOCTH.
B pyaubix dopMaunsax 30J0THIN, MEIHO-MOJIHOIEHOBBIX, DELKOMETAIbHBIX,
NOJHMETANIHYCCKHX, (IIOOPHTOBLIX H APYVIHX 3dMETHLIC KOHUEHTPAlUHH vpa-
HA NPAKTHUECKH OTCYTCTBYIOT. YPAHOBOE OPYIEHEHHE NOSBAAETCH B OULYTHMBIX
Maciitabax, Hepeiko NPOMbIWJCHHBIX, JHIUb TOJNbKO Hd CaMblX HO31HHX
CTAMHAX, 10C]e BHCAPEHHA AdeK AaMnpodHpos u ap.

Jlaitki perHoHaIbHOrO PAacpoOCTPaHeHHA «eCTPoro» (OCHOBHOTO, Le-
JIOUHOT0, CPELHEro) cocTaBa OObIMHO WIHPOKO PA3BHTBI BO MHOTHX PYIHbLIX
paloHax, B KOTOPbIX COCPEI0TOYEHbl CPEIHE- H HHIKOTEMNEPATYPHbIE THAPO-
TEPMATbHbBIE MECTOPOAEHHA — HE TOJBKO 30J0TOPY/IHLIE, NOJHMETANIHYEC-
KHe, QuoopuToBble, HO H ypasosble. [Jaikn perdoHaIbHOro paciipoctpate-
HHA 00Pa3yIOT POTHAKCHHBIE (0T AECHTKOB 10 COTEH KHAOMETPOB) JHHElHbIE
NOscd, PACCEKAIONIHE, KAK H CKBO3HBIE PA3JI0MbBL, PA3THYHLIE TEKTOHHYECKHE
O6N0KH, BYJKAHO-TEKTOHHYECKHe H HHTPY3IHBHBIE coopyxenus. Mx muenpenne
OTOOpAAELT CYILECTBEHHOC HIMCHEHHE B 3HIA0ICHHOM PERHMC DAIBHTHA -
CYLLECTBEHHYIO NePeCTPOKY N0CIe CTAHOBICHHA AHIbHBIX OPOTeHIbIN Marva-
THUCCKHX  KOMILICKCOB  (MHTPV3HBHBIX W BYJKAHOTCHHLIX). 3ITO SABIACTCH
IPHIHAKOM TOr0, 4TO BHVTPHKOPOBLIC MadHICHHLIC MArMATHUCCKHE 0Uari
B OCHOBHOM YK€ HCCHKJIH # HAHa/AH BHOBb ACHCTBOBATH NOIKOPOBLIC Marva-
THUYCCKHE OYArH OCHOBHOTO W cybuleaoudoro coctasa. [Ipu ux BHeapenuu
MONHOBJAMIHCE H OKA3AIHCh NPHOTKPBITHMH CHCTEMBL PASPBIBILIN CTPYKTY],
HMEIOTLIY s th ¢ HOLKOPOBBIMI OO0 TOMKAMIL ITO BHIPDAIHAOCH HE TOBKO
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B HHBEKUHAX MArMaTHYECKHX PacnaaBoB OCHOBHOTO, OCHOBHOTO— LLETOUHOI0
i 1ENOYHOr0, HHOTA KHCJAOTO COCTaBa, HO M B HHTEHCHBHOM TMPOSIBJAEHHH
KapBoHaTHOH, KBaplieBoH, GIIOPHTHOR H APYTOH CONPOBOKAAIDILER KHIABHOM
MHHEpaJiH3alky. Takue naiiku 1aMnpodHpos (KePCaHTHTOB, CHECCAPTHTOB,
MHHETTEe, KY3eJTHTOB H Ap.) WHPOKO PA3BHThl HA YPAHOBbIX MECTOPOKAEHHAX
FePUHHCKHX 1POBHHUKI Cpen3eMHOMOPCKOro Mnosca, KaJeloHCKHX W rep-
ILHHCKH X TTPOBHHILHI Y pano-MoHroabekoro nosica. 31ech Hepeiko OHH ABJARIOT-
CH BaXKHBIM PYLOKOHTPOJHPYIOLULHM CTPYKTYPHBIM (hdKTOPOM, K HX KOHTAKTAM
HJTH YHACTKAM 1lepecedyennst PYLOHOCHBIMH 30HaMH 00ObIYHO IPHYPOUEHO YPAHO-
BOE OpYLeHEHHE.

B npenenax ypaHoBOPYAHBIX MPOBHHUHHA PA3HbIX TEKTOHHYECKONH MOIHILHK
H BO3pacTa HaMmeuaeTcs BMOJHE OnpejeneHHas 3aKOHOMEPHOCTb B IBOJIOUHH
MarMaTHYeCKHX MPoLeccoB, HX rIyGHHHOCTH H npoucxoxienns. Bo MHorux
CPeAHHHbIX MACCHBAX, HMEIOLLHX MO3dHYHO-OJI0KOBO® HIIH 30HAbHO-0.10K0BOE
CTPOEHHE KOPbl H MPeAcTaBAfoWNX cob0H OGIHIH3OMETPHUHbIE fAApa HJH
tparMenTsl  (KpynHble OJOKH) paHHed KOHCOJHAUHH, YCTaHaBJMBAETCH
30HaNbHO-KONBLLEBOE H JHHEHHOE Pa3BHUTHE MarMaTH3Ma Pa3lHOro COCTaBa.
[TpH 3TOM MOXKHO COOTBETCTBEHHO HAMETHTL JIBE JIHHHH WJIH HanpasJjeHHs
Pa3BHTHA MArMaTH3Ma KOPOBOro (KHCJAOrO—CPeAHero) H MN0AKOPOBOTo
(0CHOBHOrO—cCpe/Hero—ule104Horo), 4to orolpazaer uepeloBaHHe (LHK-
JHUHOCTL) BO BPEMEHH H 34KOHOMEPHYIO MHTDALHKD MarMaTHUYeCKHX O4aros
B NPOCTPAHCTBE (KaK B MJaHe JaTepaJbHOM, Tak H N0 BEPTHKAJH, B paipe3e).
B cBoemM p43BHTHH NOAKOPOBblE MAarMaTH4YeCKHe OYdarH OCHOBHOrNO COCTaBa
NpeAWecTByOT (HO B APYrHx OJ0Kax) BO3HHKHOBEHHIO KOPOBBIX OYaros
KHcaoro cocTasa. [lepsble umewoT Gosee UIHPOKOE pACIpOCTPAaHEHHE N0 JaTe-
paji H 34XBaTbIBAIOT BEPXHIOD HACTb MAHTHH MOL Pa3/HYHBIMH OJOKaMH,
BTOpPBIe — Bosee JJOKaAbHbIC, PA3BHBANHCH B 3eMHOI KOPe N0 re0aHTHKIHHAb-
HbiM OJ0Kam H HHOraa 006pa3oBbiBaaH cBoeobpasHble anoHibl B COCeAHHE
nporuful. B psige pyAHbIX NPOBHHUMA M PafOHOB PA3BHTHE OPOreHHOTO
MarMaTHiMa 3asepliaerTcs (HAW HapyllaeTcs) BHeAPeHHeM PAaCNiaBOB [10i-
KopoBblx ouaros (naek, sp¢ysusos). Orciona caeayer, uTo nocjaenHHe
NeHCTBOBANKH Gosee NPOLOJNKHTENLHO, CO31aBast Ha ONPEAENCHHbIX 3Tanax
MarMaTHYeckHe HCTOUHHKH (DJIOHI0B ONHOBpeMeHHO ABYX ovaros. B nox-
KOPOBbIX Ouarax KOHUEHTPHpOBaJcsi HaGop JETYYHX W MNOABHAKHBIX KOM-
novedtros — B nepeyio odepear CO., CO, CHy, Na wan K, a takwke F
H Ap.; B KopoBhix ouarax — H,O, ranouabl, kanui v ap.

[TpuBenennble reojoruyeckHe H reoXpOHONOTHUECKHE 1aHHbIE 110 YpaHo-
BOPYAHBIM MPOBHHUMAM Pa3HbIX THNOB, HE3dBHCHMO OT HX TEKTOHHUECKOH
MO3HIHH H BPEMEHH 34JI0/KEHHA, CBHAETENLCTBYIOT 0 GJH3KOM BO3pacTe npo-
ABJIEHHS MO3[HEH MarMaTHYeCKOH NeATeNbHOCTH H NPOLECCOB THAPOTEPMAalib-
HOTO YpaHOBOro pynoo06pa3oBaHHf, O NPHHAATEKHOCTH TeX H APYrHxX K 3a-
BEPIIAIOUINM CTALHAM OLHHX W TeX Ke OPOreHHbIX 3Tanos.

B To ke Bpems BO MHOrMX DYIAHBIX NPOBHHIHAX H PaiOHAX pa3HbiX
MOJABHKHBIX [10COB YCTAHOB/IEHO, YTO MOC/e 3aBepLICHHA MO3/Hero KHCJI0ro
MarMaTHiMa, MpPOAB/ICHHOTO KAk B HHTPY3HBHOH, TaK H BYJKAHHUECKOMH
dopme, HO 10 06pPA30BAHHS YPAHOBOFO OPYIAEHEHHS MECTOPOKIEHHIH pa3Hbix
THIOB, MPOHCXOAHAA CYULECTBEHHAA CTPYKTYpHaa nepectpoika, cONpoBOK-
ldaeMast Hepeako BO30GHOBJIEHHEM MATMATHUYECKOH J1eATeNbHOCTH APYroro,
6onee rayOUHHOTO (npesxie BCero MnojikKepoBoro), nponcxomienus. B sror
ay



3Tall Pa3BUTHSA BHEAPHIACH LEeNas cepHs JACK «IeCTporo» cocrapa (JaM-
npo()HPOB, CHEHWTOR, 1HAGAIOBLIX HIH THOPHTORBIX MOPHHUPHTOB, a TakKe
rpaHodupoB, denab3uToB, cdepoanT-nophHpoB KW T. 1) PErHOHAIBLHOTO
pacnpoctpavenusi [27, 28, 32]. B oraensHblx paionax nocse o6pazosanus
OPY/LEHEHHA B COCEAHHX [LeUPECCHAX POH3OWIIO HIBEPKEHHE OCHOBHbIX
BY/IKaHHTOB. B HEKOTOPLIX pafionax repuUHHCKHX MPOBHHILHIA MPUMEPHO B 3TH
e HHTepBasbl BpeMenH, no gaHubiM A. E. ToakyHOBa H 01HOro W3 aBToOpOB
[87], mesuy NpOABACHHAMH MATMATH3IMA (KOHTHHEHTAIBLHOTO BYJKAHHIMA
HJIH TPAHHTOHAHOH HMHTPY3HBHON [eATEJbHOCTH) H HPOLECCOB YPAHOBOTO
py006pa30BaHHA [IPOHCXOAHAH 3HAYMTENAbHLIE FOPHIOHTANbHBIE (lepeMeLlle-
HHAL [0 KPYMHBIM TPaHCONOKOBBIM (CKBO3HBLIM) rYGHHHLIM Pa3/ioMaM peruo-
Ha/NLHOrO 3HauyeHHs. Bce 3TO cBHIETENLCTBYET O TOM, 4TO BHYTPHKOPOBbLIC
MarMaTHUYeCKHe O4ard 3aBepllH/IH CBOE Pa3BHTHe.

Takum o06pazoMm, paccMOTpeHHe BOMPOCOB BO3PACTHOrO COOTHOLICHHA
YPAHOBOrO OPYIAEHCHHA W HauboJjee NO3LAHHX MArMATHUCCKHX KOMILIEKCOB
KHCJI0MO COCTABA NOKa3LIBAET, UTO FHAPOTEPMAbHOE ypaHoBoe pynoobpaso-
BaHHe MPOHCXOAKA0 BecbMa OGJHIKO, HO JaleK0 He OLHOBPEMEHHO ¢ Mpofs-
JIeHHEM MAarmMaTHUeCKHX MPOILeccoB NOCTreOCHHKIHHAABHOIO MM NM0CTIaaT-
(OPMEHHOr0 OPOreHHbIX 3TANOB PA3BHTHA. YPAHOHOCHARA IHAPOTEPMA./IbLHERA
JeSiTeNbHOCTD HMeNd MeCTO NHOCHE 3aBePILeHHs BYJIKAHHYCCKHX W HHTPY3HB-
HbIX MPOIECCOB 1aHHOIO TEKTOHO-MArMATHYECKOrD UHKAA H 3tana W OGblia
OTOpPBAHA BO BPEMCHH DPA3JNHUHBLIMH [EONOTHYECKHMH COOLITHAMH, 4TO He
MO3BOJAET CBA3LIBATL YPaHORBOE PY1006Pa30BaHHe HEMOCPEICTBCHHO ¢ Pa3BH-
THEM BHYTPHKOPOBLIX MarMaTHuYeckHX ouaros (28], a npeanonaraTtbh JHUIL
napareHeTHYECKYH CBA3D.

PajanoreoxumMHueckas CrneuHaH3alus
MArMaTHYeCKHX nopoa

pESy.?IbTETbI MHOTOJETHHX JeTalbHbIX HCCAEL0BAHHI pPalHOdKTHBHOCTH
ropieix nopop, nposeietusie A. A Cubicaosbiv, B. K. Turossim, H. T1. Ep-
MOJde€BbIM H ApP., NOKA3dJH, YTO 0COOEHHOCTH pacnpenencHus paiHoOakTHB-
HbIX 3JIEMEHTOB MOTYT CJYKHTbH HHIHKATOPaAMH pPA3dHYHBIX TCOJOMHYECKHX
apienuii. [IpencTaBuTeNbHbe 1aHHble N0 FTeoXUMHUecKoMy GOHY ypaHa H To-
pHSt Bcex pa3HOBHAHOCTEH MNOPOJA, Pa3BHTEIX B Npeledax YPaHOBOPYIHbIX
MPOBHHIMK W paioHoB, no muenuio B. B. Bukroposa (1976, 1978 r.), moryt
HCINOJAb30BATLCA HE TOMBKO A METa/JOTeHHYECKOro aHafH3a TeppHTOpHil
H3YHAeMbIX PETHOHOB H NPOrHO3HOH HX OUEHKH, HO H L5 BLIACHEHHS HCTOPHH
NOBEJICHHA 3THX 3JIEMEHTOB B PA3HBIX TEOJOTHHECKHX npoueccax H BO3MOKHO-
FO HCTOYHHKA PYILHOTO BellECTBA YPAHOBBIX MECTOPOAKIeHHH. Ocobo BaxKHoe
3HAYEHHE  NPHOGPETAINT  JeTa/lbible HCCJACN0BAHHS 110 PACTPECJeHHIO
PAAHOAKTHBHBIX 3IEMEHTOB B MarMaTHUYCCKHX [0POIaX Pa3JHUHOIO COCTABA,
BO3pacTta H “[IPUHCXO)KH.EHHH. ﬂ.aHHblt’. noJjiyyernHble B pe3ynbTate 3THX
HCClIeNOBAHHH, NaiwT HOMOJITHHTCbHY O :m(pop\{aulno. I'I(JMOI'EIK)IU._VK) PCLWHTHL
MHOTrHe ]]pOﬁ.’[t‘MHHt‘ BONMpOCHI )’DHHOB()ﬁ FEOJIOTHH — B METaJJIOTEHHUYCCKOM
HAlPAB/ICHHH, BO3PACTHOH KOpPPeasiuun  pasobuleHHBIX B NPOCTpaHCTRe
MarMaTH4ecKmnx oﬁparmaalmii. HCTOYHHKOB PYIHOIO BEUICCTBA MArmMaTore-
HBEIX YPAaHOBbIX MECT(][J()H{JLEHHI‘:[. BOIMOKHOCTH MOOHMHIAILHH ypaHa U3 Marma-
THUECKHX Nopoa W T. 1.



Kak HaBecTHO, B polecce paizBHTHH PasHoro 110 BO3PACTY H COCTABY
MarMaTHiMa H (GOpPMHPOBAHHA COOTBETCTBYIOULHX MAIMATHUECKHX KOMILIEK-
COB  HaOMIOLaeTCH  3aKOHOMEPHOE yBeaHueHHe (OHOBLIX KOHUEHTpalHH
Pa/lHOAKTHBHbLIX 3JIEMEHTOB OT JpeBHHX o6pasoBaHuil K Gojee MONOAbIM, OT
OCHOBHBIX K KHCJbIM PA3HOCTAM.

OCHOBHbIMH TIPHYHHAMH, OOYCIOBHBIIHMH Takoe pacrnpelejeHHe CHH-
reHeTHYHLIX (NepBHUYHO-KOHCTHTYLLHOHAIbHBIX) KOHUEHTPALHIA YPaHa H TOPHA,
ABJAJIHCH B NEPBYIO ouepe/ib npouecchl AH(depeHiHauny H KPHCTaLIH3alHN
MATMATHUECKHX PACNAABOB B XO04e pa3BuTHA marmaruima. Kpowme Ttoro,
CJIe[lYET YUHTBIBATh, YTO FEOXHMHUECKAA YPaHOBASA ClIELHANH3ALHA MarMaTH-
HECKHX KOMILICKCOB, PA3BHTLIX B MPOBHHILHAX, OTOOpaKaeT ypaHOHOCHOCTh
MarMaTHYeCKHX 04dros APeBHHX MeTaMOP(HUIECKHX TOMUL TeX YPOBHEH riy6GHH
KOHTHHEHTAAbHON 3eMHOH KOpbl, H3 KOTOPBIX MOA BO3AEHCTBHEM ra3oBo-Tel-
JIOBBIX MOTOKOB TMPOHCXOLHJIO BLIIABJIEHHE MATMbl OMPEIEIEHHOTO COCTABA.
FeoxHMHUECKasl CMEelHaNH3allHA 3THX MarMaTHYeCKHX KOMILIEKCOB Hapsiiy
¢ ApYrumu GaKTOpaAMH H NPH3HAKAMH XAPAKTEPH3YeT YPAHOHOCHOCTD PYAHBIX
NPOBHHLKA B ILEJIOM HJH €€ OTAe/bHbIX yacTefl H 1aeT BO3MOKHOCTb OTAHYATD
YpaHOPyIHbLIe IPOBHHLUHH OT HEYPAHOHOCHBIX PYAHBIX MPOBHHILHA H PETHOHOB,
a B HX npejlejlax — BbIAEJNATb YPAHOPYAHble pPaHOHBl — TEKTOHHHECKHe
OJIOKH, enpeccHd H T. M.

[Ipu HccnenoBaHHsiX, HANMPABJAEHHLIX HA BLIACHEHHE HCTOMHHKA PYAHOrO
BELLECTBA THAPOTEPMAJbHBIX YPAHOBLIX MECTOPOMK/AeHHH, B YACTHOCTH ycTa-
HOBJIEHHE YUYACTKOB (30H) € NPU3HAKAMH MHTPALHH, nepepacrpeeserns
ypaHa B MarmaTHYeCKHX MOpOJax, B MEPBYK ouepelb MOXKHO CYAHTb [0
OTKJNOHEHHIO  BCJAHUHHBI  TOPHI-YPAHOBOTrO  OTHOILEHH OT  HOPMAaJbHbIX
3HaveHni, kotopule 06bLIMHO MOryT Kosefathea ot 2—2.5 no 4,5—5,0. Hame-
HCHHE BEJIHUHHbLI TOPHH-YPAHOBOrO OTHOLIEHHS! B HHTEPBAJIaX 3THX 3HAUEHHI
MoxeT ObiTh 06YCJ0OBAEHO pasHOd YpaHOBOH M TOPHEBOH chnelHaaH3alHel
MAarMaTHYeCKHX 04aros, OT/eJbHbIX TEKTOHHUECKHX GJOKOB H BYJKAHO-TEeK-
TOHHYECKHX JelpeccHi.

Ilaa marmatHyecknx o6pa3oBaHHil (MHTPY3HBHBIX H BYJKAHWYECKHX),
¢ KOTOPLIMH B MPOCTPAHCTBE H BO BPCMEHH CBA3aHO YPAHOBOC OPYLCHEHHE,
0GBIYHO YCTAHABJIHBAETCH BIOJHE ONPENENEHHOE TEOXHMHYECKOE POICTBO.
MHTPY3HBBI NO3HHX TPAHHTOKAOB H KHCJblE BYJKAHHTHL B YPAHOBOPYAHbIX
NPOBHHUKAX M paioHaX, Kak [PaBHI0, XapPaKTEPH3YIOTCH MOBbILLIEHHON
PAAHOAKTHBHOCTBIO M OTUETJIHBO BbIPdKEHHOH YPAHOBOH crelHanusaimei.
OHH OTJHYAIOTCH TaKMe [OBLILCHHBIMH KOHILEHTPALHAMH TOPHS, KAaJHs
H LEeNOro pAaa CONyTCTBYIOLULHX 3J€MEHTOB, TakHx, Kak Sn, W, Mo, Be, Li,
Rb, Cs, F, B u ap. DTH reoxumHueckHe OCOGEHHOCTH MarmMaTHUYECKHX
MOPO/L OPOreHHOTO 3Tallad PA3BHTHS OTMEUAIOTCA IS PErHOHOB YPAaHOBOPYI-
HBIX NPOBHHLHA HE3ABHCHMO OT BO3pacTa HX «3apoxicHus» (dopmuposa-
HHA) — KaJelOHCKHX, TePUHHCKHX, Me3030HCKHX, KaHHO30MCKHX, a Takxe
TEKTOHHUECKOTO MOJOKEHHS H TeOJOrHYeCKOro CTPOCHHS.

B uenom ypaHopyiHble [POBHHUHH OTJHYAIOTCA OT HEYPAHOHOCHBIX
PYAHBIX MPOBHHIIHH W PETHOHOB HE TOJIBKO MOBLILICHHBIMH KOHLLEHTPALLHAMY,
HO W HepaBHOMEDHbIM (AH((DEpPEeHILHPOBAHHLIM) pacnpeleeHHeM palHoak-
THBHBIX 9JIEMCHTOB, H IIPeJe BCEro ypaHa, B KHC/IbIX MarMmaTHUeckHX
(ocobeHHo Byakanorennnix) noposax [87, 111]. B npeaenax Takux npoBHHLHI
BLULEASIOTCS OTACJLHBIC YPAHOBOPY/HbIE pPaHOHbl (TEKTOHHUYECKHe GJIOKH,
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Puc 1. CiiexTpbl MOTMOLICHHA HCKYCCTBCHHLIX CTEKOJ LLEJOUHO-TPAHHTHOTO (@ —d) -
[PaHHTHOrO (€) COCTABOB
Kuenoponblit 6yep H cogepkanHe ypana B CTEKJE:
a—Ni—NiO, Cu=0,01%;. 6 — Co—Co0, Cu=0,35%: 8 —Ni—NiO, Cu=0.7%: ¢ —
Mn—Mn;0,, Ci=035%: @ — Cu,0—-Cu0, Cu=0,35%: e — Ni—Ni0O, Cuy=0,03%

C

NOMELWATH B MAATHHOBLIE amnyJ/ibl. OnuTbl IPOBOAHAH HA THAPOTCPMAIbHOH
ycTaHoBKe Bbicokoro nasnewus npw I'=750" C, Py =2 kb6ap. Jletyyectnb
KHCJI0PO/a B ONBITAx PEryJHpoBand no ABYXaMmiyJlbHOH METOHKEe ¢ HCNO/b-
sopannem Gydepos Co—CoO, Ni- NiO, MnO-— Mn;0,, Fe;O,— Fe,0y,
Cu0—CuQ. lauTesbHOCT ONBITOB cocTaBasaa 6 cyT. IToro Bpemen,
COMMACHO JIAHHLIM KHHETHUECKHX OMBITOB, LOCTATOUHO JUIS TOCTHKEHH A paBHo-
BECHSl MEMJ/Y pas/MUYHbIMH BaJeHTHbBIMH COCTORHHMAMH YpaHa B pacniane.

OnbiTsl 110Ka3aJH, UTO AJA HALEKHOIO ONPELeJCHHA BCEX BAJCHTHBIX
topm ypana TpeOGyeTcsi L0CTATOUHO BLICOKOE €ro COAep)KaHHe B CTeKNaX.
[TosToMy OCHOBHAS! HacTb YKCNEPHMEHTOB 1IPOBEICHA C ILEJO0MHO-TPAHHTHLIM
pacniaBoM, KOTOPbIH XapakTepHiyeTcs 6Gonee BLICOKOH PACTBOPHMOCTBIO
B OTHOWEHHH ypana. Hexkortopble H3 noJyueHHbIX CHCKTPOB NPHBELEHbl HA
puc. 11, TTpuHusnuaneHoe KX OTJHUHE OT CMEKTPOB NOTA0UIEHHA GE3BOIHBIX
YpaHCOAepKaULHX CTEKO 3aK1I0UaeTCA B HAJTHYHH HHTEHCHBHbBIX MOJ10C 1101710+
weHHa ¢ makeumymami npu 1420, 1920 1 2240 BM, 4TO CBA3AHO € HAJIHUHEM
Boabl B crekaax. CojeprkaHne BOIbl B HAIKX CTEKJIAX ONPEICJACHO Ha
rasoBoM aHajusartope W coctaBaser 55% aas rpanutHoro W 8.5Y% aaA
LLEeJOUHO-IPAHHTHONO COCTABA.

Kpome Toro, HMelOTest MHKH, OTBeualllHe BAJeHTHLIM (opMaM ypaua.
Hx BblcOTA 34BHCHT OT cOJEpMKaliisl ypana B CTEKAC, a TAKIKE OT OKHCIH-
TEJNBHO-BOCCTAHOBHTEALHBIX YCJI0BHIT noayuenns crekon. B paGorax Ix. Ka-
naca, a takxke I Wpedbepa w Jlx. banaua [133, 142] 6uno nokasawo,
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YTO COCTAB CTeKAa cabo BJAHHET HA MOJOMKEHHe MAKCHMYMOB NOTTOULCHHS
CBA3AHHBIX C PA3HOBAJICHTHBIM YPAHOM. DTO A€T HAM OCHOBAHHE [NA HCTIOJb-
30BaHHS JHTEPATYPHLIX AAaHHBIX NPH HHTEPNPETAILHH NOJYYEHHBIX CNeKTpos
Ha HHX ueThipexBafieHTHOMY ypaHy OTBeuYaeT PHL IHKOB, CAMbIH HHTEHCHE-
HbIl H3 KOTOphIX pacnojoxen npu 1780 um. lasg wecTHBANEHTHOro ypdua
Haubonee xapakrepen nHK 415 HmM. Haauuue OTUeTAHBO BLIPAKEHHOTO NEPETH-
6a Wi He6Goabloro nuka (cm. puc. 11) npu 1360 um noapoader npeanojarats
NPUCYTCTBHE B CTEKJax MATHBAJEHTHOro ypaHna. Ha ocHoBaHWH JaHHbix
[. Wpeiicepa u [1. Banaua [142] Gbina caenaHa nonbiTKa OUEHHTb COOT-
HOIIEHHEe MY Pa3TH4YHBIMH BaJeHTHbIMH hopmamu. Okazanock, 4To B BOC-
CTAHOBHTEAbHBIX yeaoBHAX (Gydepsl Co—CoO, Ni—NiO) npeobaanaet uethi-
pexBagenTHolfl ypau. [lpH yBeJHUEHHH JleTyuyecTH KHCJIOpPOAa BoO3pacTaer
A0 WWeCTHBAJNEHTHOro ypaua H, HAYHHAA C BEJHYHHbI fO; 6JH3KOH K 6}
depy FeyO4—Fe 04, ono cranoBuTcsi OcHOBHBIM. KOJIHUECTBO NMATHBAJEHT-
HOrO ypaHa HeBeJHKO.

CnexkTpbl NOT/IOUIEHHA CTEKOJ FPAHHTHOrO COCTABA MOXOXH HA TaKOBbIe
AN UIeJOYHO-TPAHHTHLIX cTeékon. Bmecre ¢ Tem WM MpHCYLH HeKOTOpble
OTJIHYUHTE/bHble OcOGeHHOCTH. B 3ToM cayuae MakcHMyMbl MOTJIOILEHHS He-
CKOJIbKO CMelleHbl B CTOPOHY GOJbIIHX AAHH BoAH. CaMH M0a0Ck NOMIOUIEHHS
HMEKT cJ1a6yl0 HHTEHCHBHOCTb, 4TO OGbBACHAETCH HH3KOH KOHUEHTpalHei
HACBHILLeHHA TrpaHUTHOrO pacinaasa ypadoMm. CHekTp cTekaa TpaHMTHOro
cocTaBa, NpHroToBJAEHHOro B yeaosuax 6ygepa [Fe;0,—Fe,0,, umeer caabblii
nuKk npH 420 HM, 4TO CBHAETEJNLCTBYET O MPHCYTCTBHH B 06pasue WiecTHBA-
JNEeHTHOTrO ypaHa. MHTEHCHBHOCTL 3TOrO MHKA CYULECTBEHHO HHIKE, YEM HHTEH-
CHBHOCTb MOrJIOUEHHA ¢ MakcHMymom npH 1800 HM, xapakTepHaylouero ye-
THIPEXBAJEHTHBIA YPaH, 4TO OTJHYAET ero OT CMNeKTPa LIeJOYHO-IPAHHTHOIO
CTEKJd, NOJYUEHHOTO I1PH TOM JKe 3HAYEHHH o, ITO MO3BOJAET YTBEPKIAATD,
YTO [LaXKe MPH JICTYYeCTH KHCJI0POAa, OTBEYAllleH MArHeTHT-TeMaTHTOBOMY
Gydepy, B rpaHMTHOM pacnjase yeTbipexBajJeHTHbIA ypaH npeobiaajaer Han
LECTHBAJEHTHLIM. YUHTBIBAA, UTO ANA NOAABAAIOLEH YACTH pacniaBoB rpa-
HHTHOTO COCTaBa JEeTYYecTb KHCJIOPOLA XapaKTePH3YeTCA 3HAYCHHAMH, GJH3-
KHMH K TakoBomy aas 6ydepa Ni—NiO [104], MOXKHO yTBEpXKIaThb, 4TO ypaH
B TPAHHTHBIX MarMax HaXo[HTCS TMPEeHMYLIECTBEHHO B YeTHIPeXBaJeHTHOH
opme.

¥YpaH B KPHCTAJANHM3YIOLLHXCA MArMaTH4eCKHX pacnaasax

Msyuetne nophHpoBbIXx MOPOL  PA3JHYHOrO COCTABA [0KA3aJ0, uTO
COIEPKAHHE YPaHA BO BKPAIJCHHHKAX B JICCATKH Pa3 HHXKeE, 4eM B OCHOBHOH
macce (puc. 12) [11, 55, 83 u ap.|. [1px npounX paBHBIX YCJAOBHAX, YEM Bbllle
OTHOCHTEJIbHOE CcOAepKaHHe NopQHPOBLIX BblAedeHHH, Tem Gosee Bwico-
KHMH KOHUEHTPALUMAMH MeTajna XapakTepH3yeTcd OCHOBHas macca. Pac-
npefejeHHe ypaHa B OCHOBHOH Macce nopHpOBLIX MOPOL 3aBHCHT OT cTe-
NeHH ee packpHcTanausauumu. B creknoBaToH OCHOBHOH Macce OHO pas-
HomepHoe. B Gosiee pacKpHCTANIM30BAHHbBIX YUaCTKaX ypaH KOHUEHTpHpyeTes
B MEX3CPHOBOM npocTpaHcTBe. 31ech Hapsily € pPAacCesiHHbIM YPaHOM
B 3HAUHTEJNbHOM KOJHYECTBE IPHCYTCTBYKOT MeJbYaHliHe BbICOKOKOHUEHTPH-
pPOBAHHBIE CTYCTKH, KOTOPbIE [IPHHATO HA3blBATb TOMEUHBIMH HCTOUHHKAMM,
[Mpeanonaraercs, uTo TOYEUHBIE HCTOUHHKH CBSI3aHbl C YALTPAMHKPUCKO-
MTHYECKHMH BBILCJICHHAMH COOGCTBEHHO YPAaHOBLIX MHHepanos (puc. 13).
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Puc. 12. Pacnpenenenune ypata B 1auutosom nopdupe (no OmenssiHenko w ap., 1983 r.)
a — wang npu .M HHKONe, 6 — naBcau; yeen. 35

Bionb nopgHpoBLIX BKPAMJIeHHHKOB HEPEJKO OTMEYaloTcsl KaiMbl MOBbI-
WEHHbIX 110 CPABHEHHIO ¢ (OHOM KOHUEHTPALUKHH ypaHa, NOAYepPKHBAKILHE
OTTeCHeHHE ypaHa K nepudepHd nopdHpOBLIX BbleJeHHHA B npoiecce HX
pocta.

Taknum o6pasom, yme Ha OCHOBE [AaHHBLIX OCKOJIKOBOH paaHorpadmh
MOMHO YBEPEHHO 3aKJIOUHTh, YTO KPHCTAJJIH3ALHA PHBOAHT K 060ralileHHIo
ypaHoMm ocTtatouHoro pacnjaapa. Hu3kas KoHueHTpauMsa ypaHa B MOpOJO-
06pasyollMXx MHHEpasax OTHIOAb HE CBHETEJbCTBYET O HH3IKOH €ro KOH-
LeHTpauHH B pacniase. B 3ToM OTHOWEHHH 6ObIIOH HHTEpec NpeicTas-
JAKT 3KcnepHMentadbuble panuble A, H. Komaposa, (1968 r.). Hm 6bia
NOJYYEH CHHTETHYECKHH GHOTHT, KPHCTAJJNH30BABIIHACA M3 pacnjasa ¢ co-
JlepAKaHHeM ypaHa B HECKOJIbKO nmpoueHToB. [IpH 310M paBHOMEpHO paccesi-
HBIH ypan Bo (TOp-GHOTHTE cocTaBua Beero 4-107°%, uau npumepHo 0aHY
NeCATHMHJJTHOHHYIO 10110 061ero ero KosHuecTa. [lpakTHueckH Bech ypa
BbIJEJH/ICA B KPHCTaAlax cOGCTBEHHO YPAHOBbIX MHHEPAJIOB.

3apepieHHbli UHKA (PaKIHOHHPOBAHHA YpaHa B CHCTEME pacnjab—
TBepaas daza-—@aoHL OTPaKAeTCA B COLEPKAHHH H pACNpEele/eHHH ypaHa
B NOJHOKPHCTAJIIHYECKHX Nopoaax, (OPMHPYIOLLHXCA B YCJI0BHAX, Hauboaee
OJH3IKHX K (PHIHKO-XHMHUYECKOMY PaBHOBECHIO.

OcoBeHHOCTH pacipeeseHHst ypaHa B NOJHOKPHCTAJNJIHYECKHX NMOPOjax
K HAacTOSLLEMY BPEMEHH H3Y4YeHbl [0CTATOMHO AETalbHO.

B HeH3MEHeHHbIX Mopoaoo6pasyOUIHX MHHEPAlaX YPaH HAXOAMTCH B BHJC
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Puc. 13. Toueunible HCTOUHHKH YPaHa B MopGHPOBHAHOM JEHKOKPATOBOM rpanuTe
a — waud npu l-m Hukoae, 6 — papcau; ysen. 50

PABHOMEPHOTO (ATOMHOIO HJH MOJEKYJSIPHOTO) paccesHHsi, MPHUCM ero
KoHlleHTpauns ua |,5—2 nopsaka uuxe, yem B nopoie B uenom. OcHoBHas
poasi ypana (e menee 50%) B NMOJHOKPHCTANIHUECKHX [OPOLAX CBA3AHA
¢ aKlleccopHbiMH MuHepaaamu |3, 67, 27]. I'nasHednmMH KOHUeHTpaTOpamu
ypaHa ABASIOTCA WHPKOH, alaTHT, MOHAIHT, CYEH, THTAHOMArHETHT, H 1p.
BosuHKaeT ecTecTBEHHBIH BOMNPOC: HE BLI3LIBACT JH MAaccoOBOE BbileNEHHE
AKIECCOPHBIX MHHEPAJIOB YMEHBIIEHHA KOHIEHTPALHH ypaHa B OCTATOYHOH
marme?

Xapaktep pacnpejefendsi ypaHa B LUHPKOHAX ONpOBEpraet 3710 MOJ0-
MeHHe. YCTAHOBJIEHO, UTO LUHPKOHbLI MO3JHHX FeHepalHidl XapakTepH3yloTed
3HAUHTENbHO GoJiee BBICOKHMH KOHLUEHTPAaUHAMH YpaHa [0 CPABHEHHIO ¢
Gosice pannumu [83]. B camux uMpkonax ypan pacnpejejeH BecbMa Hepas-
HOMCPHO, npHueM HauGonee O6bLIUHLIM ABAAETCH 00OrallleHHe YpaHoM MepH-
(hepHUeCKHX 30H KPHCTAANO0B. AHAJOTHUHOE IIHDKOHAM pacnpeje/eHHe Xa-
PAKTEPHO H AN JIPYTHX dKllecCopHblXx MHHepanoB. JlaHHoe siBJeHHE JNOTHY-
HO CBHA3bLIBATDL C IIOCTENEHHBIM HAKOMJIEHHEM YpaHa B OCTATOUHOM paciljiase.

[Mosenenue 10GOrO 3J1EMEHTa B KPHCTAJIH3YIOUIEMCA paclJaBe MOKer
ObITL OMHCAHO C NOMOLLLI0 KOMOGHHHPOBAHHOTO KO3(pHIHEeHTA pacnpeie-
JeHH MeK1y o6pa3yloulMMHCH MHHepanamu W pacnaasom. [las onpene-
neHHst Kious HEOOXOAHMO 3HATH HHAHBHAYaJabHbie KO3((HIHEHTH pacnpese-
JEHHSI MEXKJY KaM/bIM MHHEpAJOM H PAciIanoM, a TAKKe MPOHOPLHH,
B KOTOPbIX MHHEpa/bl KPHCTAMIH3YIOTCH M3 pacniaasa.

B orHowennn ypana takofi pacuer 6bia BbinoaHed E. XpucTHancenom
¢ coapropaMi (1983 r.) A5 KHCJAOrO COCTABA, MTPH KPHCTANIHIALHH KOTOPOro
ofipasytotcs (B %): caunaun — 46, naarnoknaz — 20, keapu — 30, 6Ho-
THT — 3, OKHCJAIbE Keqe3a v TuTana — |, a u3 aneccopues: optut — 0.5 u ump-
kKo — 0,04. 3HaueHns HHAHBHAYAJIbHBIX KOSMGHILHEHTOB GBUTH 10JYUYCHBL TTIPH
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M3YUCHHH DAacnpejlesiennsl ypaHa Mem1y BKPaNJeHHHKAMH MHHEpPaJoB
cTEKNaMH OCHOBHOI Maccel. Boiuucnennoe 3nadenue Kiouq COCTABHAO OT
0,06 o 0,16.

[Mosiyuennble 3HAYCHHWA MOTYT OTJHYATBCA OT TAKOBBIX ANA NPHPOLHbIX
paciJaBOB B CBA3H € PASJHYHCM MOLCALHOIO H PEANbHOrO COCTABOB IPAHK-
TOHAOB, OCOOEHHO B OTHOLWIEHHH YPAHCOLEPHKALULHX AKILECCOPHLIX MHHEPAJIOR.

C. B. Oauuuessim w b. M. OmenbaneHko Obl HCHOAB3OBAH APYroii
cnocob onpeneaenua Koy, BHH CyMMHPOBAHBI THTEPATYPHLIE 1aHHBIC, OTPa-
JKAWILHE HAKOMJCHHE YpaHa B OCHOBHOH macce NOpGHPOBBIX MOPOL rpa-
HHTHOTO COCTABA B 3dBHCHMOCTH OT KOJHYECTBa MHIEPaJoB-BKPANIeHHHKOB
(puc. 14). JIHHHH COOTBETCTBYIOT TEOPETHUECKOMY HAKOIIEHHIO VpaHa TpH
(hpaKkUHOHHOH KpHCTANTH3AlHH pacnjaBa AaA Pa3HblX 3HAYEHHH KOMOWHM-
poBaHHOro Ko3(hHILHeHTa pacnpeleneHusn. Kak BHAHO H3 pHe. 14, namenenne
COLEPAKAHHA YpaHa B OCHOBHOH Macce N01aBJafIolled YaCcTH H3YHYEHHBIX M0poa
ONHUCHIBAETCA 3HAUCHHAMH Kyowe, JeKaliumu 8 uurepsane 0,1 —0,5. Onpene-
Jenubie Takum o6paizom BeaHuHHbl K,.s BapbHpyiOT B GOJCE (LIHPOKHX
npejenax no cpaBHeHHIO ¢ IPHBEAEHHBLIMH BblILIE JaHHBIMH. DTO, N0-BHIHMOMY,
CBA3AaHO € TEM, YTO MHHEPANbHBIH COCTAB TPAHHTOHIOB He MOCTOSAHEH W
MOXKET OTJIHYATbCA OT MO/EJBHOTO cOCTaBa, AJs KOTOPOro MpoBejeH pacuer.
OcHOBHAfA 4acTb YpaHa rPaHMTOH/OB IIPHXOAHTCSH HA AKILECCOPHbIE MHHEPaJbl.
[To3TOMY MOXKHO NPEANONOKHTE, UTO Pa3bpoc 3HaueHHH Kyowe OOBsCHACTCA
Pa3HUHLIM KOJIHYECTBOM YPAHCOLEPKALULHX AKILECCOpPHEB. ITO 1PeANooHkKe-
HHE MOATBEPK/AETCS CPABHHTENLHLIM AHANH30M HAKOILIEHHA ypaHa B OCHORB-
HOH Macce NMOpPQHPOBLIX NOPOJ KHCA0TO (pHe. |4) M cpellHero- OCHOBHOTO
(pHc. 15) cocrasa. B nocaennux akueccopHble MHHEPAbl ¢ BICOKHM COJIepHKa-
HHEM ypaHa OTCYTCTBYIOT W 3HaueHHs K,y AMS 3ITHX MOPOJL He [peBbl-
waer 0,1.

Codepanue ypaHa B KPHCTAMIH3YIOUWEMCH PaCnjaBe 3aBHCHT Kak oT
BEMTHUHHB Kyows, TAK H OT HauaJLHOH KOHIEHTPAUWH ypaHwa B pacnjase 10
KPHCTAMIH3ALHH.

OueBHaHO, UTO COACPMKAHHE ypaHa B OCTATOYHOM pacijaBe B fpollecce
KPHCTA/IH3AUHH J0JK 10 BO3PACTATDL, IPHYEM B KOHEYHOM CHeTe OHO MOKeT
JNOCTHPHYTh  KOHUEHTPAUHH  Hacbiulendsn. Jlanbnefdmian KpHCTaNIH3ALHA
JOJ1HHA TPHBECTH K OTJOMKEHHIO CaMOCTOATEJbHOH YypanoBoil dasbl —
YPAHHHHTA. AKUECCOPHLIH YPaHHHHT BCTPEUAETCHA B HEKOTOPBIX IPAHHTOMLAX,
npHuem npeanojaraercd, 4yto ero (GOpPMHPOBAHHE MOIJO MPOHCXOAHTL Ha
mMarmaTH4ecKo# ctaauu o6pasosanus nopoi [143]. [pu uayuennn pacnpocr-
PAHEHHOCTH AKLEeCCOPHLIX MHHEPAOB B TPAHHTOHLAX IJIHXOBbBIM METOOM
6blJ10 YCTAHOBJIEHO, YTO HACTOTA BCTPEYAEMOCTH YPAHHHHTA B GHOTHTOBBIX H
JEeAKOKPaTOBBIX IpaHuTax M aasickurax cocrasaser 10--30% [69, 72].
OfpasoBaHde aKILECCOPHOTO YPAHHHHTA B IPAHHTAX CBHAETEJALCTBYET O TOM,
YTO KPHCTANIH3YIOUIHECH TIPHPOAHBIE PACIAABE CHIOCOGHB 1OCTHFATh HACI-
IWEHHA B OTHOLIEHWH YPaHA. YKA3ZAHHBIC 3HAYEHHA OTHOCATCA K IPaHHTaM,
COJIEP/KALLHM OTHOCHTCJIbHO KPYNHbe 3¢pHa ypanHuuTa. Bmecte ¢ Tem aas
IPAHHTOB BECbMA XaPaKTePHbl HEJIHATHOCTHPYEMbIE YAbTPAMHKPOCKOMHYECKHE
BKJIIOUEHHS! ¢ DYEHb BBICOKOH paavoakTupHocTelo [83, 10]. Ecau no kpaiuei
MEpe HCKOTOPBIC H3 3THX BKIIOYCHHH SABJAIOTCA 3apO/bllLaMH ypAHHHHTA,
TO peajbHas PacnpoCTPAHCHHOCTL 3TONO MHHEpAa B TPAHHTAX MOMKET
OKa3zaThed eue 6ojaee BhICOKOH.
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Puc. 14. OrHouleHHe KOHUEHTPAILHH YpaHa B OCHOBHOH macce 1ophHpoBbIX nopoa
KHCAOro coctasa K obuemy ero cogepxanuio B nopose (lOawnues, OmenbsiHeHKO,
1986 1)

I — annapute no I'. A lavkosy 0 ap.; 2 — uruumbGpursl no J. Dostal w ap.; 3 — rpaunt-nop-
¢upel (no B. H. Omeabsnenko u ap.); 4 — awnapute, naunte (no JI. JI. JleoHoso#d u
H M. ¥Yaarsuesoir); 5§ — aunapurel, aauntel (no . A llatkosy u JI. H. lllatkoBoii); 6 — nauu-
o (no J. Dostal w ap.); 7 — aunapura (no M. M. Posunosy u J1. H. Konecunkosy): 8 —
TeopeTHueckHe HakonaeHHa npu Uua=0,1; 9 — 70 ke npH Ky oue=0,5
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Puc. 15. OrtHouleHHE KOHUEHTPAUHMH YypaHa B OCHOBHOH Macce NOp@HPOBLIX MOPOL

CPeAHEr0—OCHOBHOTO cocTaBa K obulemy ero cogepkanuio B nopoae (lHOauuues,
Omenbanenko, 1986 r.)

1 — 6aszaawvtw (no J. Dostal u ap.); 2 — 6asanete (no J1. J1. Jleonosoi w H. K. ¥Yaaasuosoi);
d — anpeantnl, 6asaabti (no 1. Dostal w ap.); 4 — anieanrnt, 6azanvra (no M. T, Bepaunoi
H ap.); 5 — Teopetnyeckoe wakonaenne npu U, .o=0. 6 — 1o Ke npu K,oue=0,1
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M3 H3/I0KEHHOT0 BH/AHO, 4TO NPOUECC KPHCTAMIH3AUMKM paciaaBoB 5B-
AAeTCA,  [O-CYLLECTBY, TMPOLECCOM  KOHUEHTPHPOBAHHA  (TOpOdHIbHbLIX
9JIEMEHTOB, B TOM YHCJI¢ H ypdHud, B OCTATOYHOM pacniape. Kak W3BecTHO,
B OCTATOUMHOM PAacnjapBe TakKe [MPOHCXOLHT OTHOCHTEJBHOE HAKOMJICHHE
JeTYUHX KOMIOHeHTOR. J[Ina npoGaemMbl HCTOUHMKA YPAHOHOCHBIX PYA00Gpa3y-
JOLLHX PACTBOPOB KAPAHHAJIbHOE 3HAYCHHE HMEIOT [lAHHBIE OTHOCHTEILHO
CHCTEMbI: HACHILUEHHbI B OTHOWEHHH YPAHHHWTA paciyaB — YPaHHHHT —
GIoHL. ITA CHCTEMA, MO-CYILECTBY, XAPAKTEPU3YET KOHEYHbIC CTALMH KDH-
CTANH3AIHH YPAHOHOCHBIX MATMATHUCCKHX PACIIaBOB, € KOTOPbLIMH 00 bIUHO
cBsi3blBaeTCA OTAE/NeHHe pyloHoCcHbIX hauios. Meenenosauue 31oil cHeTembl
B HHTEPECYHILLEM HAC aCleKTe CBOMHTCA K H3YUEHHI0 pPacTBOPHMOCTH
YpaHHHHTA B MarMaTH4yeckom (DJIIOH}IL‘ B NPHCYTCTBHH AJIOMOCHJIHKATHOrIO
6ydepa, NpeicTaBIeHHOTO IPAHHTHEIM PACIIABOM.

Mosenenne ypana npu GOPMHPOBAHHK
CHHIFEHETHYHBIX NMErMaTHTOB

Jlasi peleHHs BONpoca O [PHHIKIHANBHOH BO3MOMKHOCTH OTAENCHHS
YPAHOHOCHBIX PACTBOPOB M3 KPHCTAJIJH3YIOUIETOCH TPAHHTHOrO paciiana
GOMBLUIOH MHTEpeC MpecTaBAseT MOBELeHHe ypaHa NpH o6pa30BaHHH CHH-
reHeTHUHbIX MerMaTHTOB — NPOIAYKTOB KPHCTAJIH3AUHH oCTATOYHbBIX, Nepe-
HACBHIILLEHHBIX JETYYHMH TpPaHUTHBIX pacnaasos. OHH NaT MHGOPMALHIO O
(pAKUHOHHPOBAHHH ypaHa B CHCTeMe Teepaas (hasa—ocTaTounblifi pac-
naap—rasoo6pastas ¢asa, YTO ABJNETCH K/NIOUEBbIM 3BeHOM 1POGJeMbl
pyAOreHepHpyloiled cnocoGHOCTH MPAHHTHLIX PacniaBoOB Ha ypaH.

CuHreHeTHuHble  (HenepeMelleHHbie, BHYTPHIPAHHTHbIE, UIJHPOBLIE)
nermMaTHTel (opMmaunn manbix rayéus, no A. M. IuuaGypry w ap. [33],
BO3HHKAIOT HA 3aBEpPILIAOLIHX CTalHAX KPHCTAJNNH3ALHH pacnnapoB. Oun
NpHYpoueHbl K aNHKaJbHbIM YdCTAM MO3QHE-NOCTOPOTeHHLIX HHTPY3HBOB
NelKorpannToB, GOpMHPYIOWHKXCA B runabuccanbHbix  ycaoBuax. Takue
MerMaTHThl HMEIOT H30METPHUHYIO, THH3OBHAHYIO Kanjaesuadyio, rpH6oobpas-
nylo hopmy, 06anaI0T 06bIYHO ACHMMETPHUHO-30HANBHBIM CTPOCHHEM.

MexaHuiM (GOPMHPOBAHHA CHHTEHETHUHBLIX MErMATHTOB CBOAHTCH K cJje-
AYIOLLEMY.

[. B «ycanoutbie» paKoOBHHBI, OPMHDYIOULHECA BCJCLCTBHE TEPMHYECKOTO
cokpallleHust 06beMa 3aKpHCTAJIH30BABINErOCH TPAHHTA, MOCTYNAKT OCTa-
TOYHBIH pacnaas W (aloHL — BO3HHKAIOT NErMaTHToO6pasyiolllHe KaMmepsl.

2. PackpHcTanIM3alHa NErmMaTHTOBOrO pacniaBa HauMHAETCH MO Mepe
CHHIKEHHS TEMIIEPATYPhl H TPOXOAHT N0 HANPABAEHHIO OT nepHpEPHH K LEHTpPY
KaMepsl ¢ [IOCTENeHHbIM YKPYIMHEHHEM 3epHHcTocTH. B Marmathueckyo cra-
AHIO PACKPHCTAJIHIOBLIBAIOTCA B OCHOBHOM BHEIIHHE Me/IKO3EPHHCTHIE 30HbI
MerMaTHToB. B (EHTPaJbHBIX XE YACTAX Kamepbl MEKIy KApKacoM TBeproH
(hasbl K KOHILY MarMaTHYeCKOH CTaLHH COXPAHAIOTCH NOJOCTH, 3aM0JHEHHbIe
BLICOKOKOHLLEHTPHPOBAHHLIM [A30B0O-COJIEBLIM PacTBOPOM ((IIOHLAOM).

3. B cofcTBEHHO MErMaTHTOBYIO CTaaHI0 Ha (oHe obuiero NOHHKEeHUH
TCMIEPATYPbLI H AABJACHHA 101 BO3AEHCTBHEM (JIIOHAA BO BHYTPEHHHX HACTAX
kamepbl GOPMHpPYIOTCS KPYNHOGIOKOBLE 30Hb. O6pasopaHHe HX 1POXOAHT
¢ y4acTHEM CerperaliHoHHON NEePeKPHCTANIHIAUNH BellecTBa.

4. JlanbHe#dwiee NOHHMKEHHE TEMNEPATYPLL NPHBOAHT K HAPYLIEHHIO
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paBHOBecHs TBepnas (asza—— (UIIOHI, B CBA3H C 4eM PA3BHBAIOTCS [IPOLECCH
apToMeTacomato3a (aabOHTH3ALHA, MYCKOBHTH3AUMA H T. .).

[paHHTBl HaL NErMaTHTAMH YACTO NOABEPAKEeHb GHOTHTH3ALHH, KoTopas
MOJKeT paccMaTpHBATLCA KAK OHA M3 (OPM NPOABJIEHHS PAHHErO Kejeio-
MAarHHeBOro MeracomMarosa — 06a3sH(pHKALHH [0POJ KPOBAH [ErMaTHTOB.
JI. K. Camonosoit, b. M. Omenbsinenko u ap. [108] 6Gblin Haydenbl cHHrene-
THUHbIE KBAPL-NOJEBOUINATORbIE NerMaTHThl B 15 nuTpy3nsax Kasaxcrana
Cpenueit Azun. [loneBble raMMa-cneKTpoOMeTPHUECKHE H3MEPEHHS 10 CeTKe
pPaszJHUHOH NJOTHOCTH B 3aBHCHMOCTH OT Pa3MEpOB TEJl COUCTAJNCH C pajHo-
METPHUCCKHM ONpPoGOBAHHEM TMETMATHTOB H OKPYMKAKILUKHX TPAHHTOB Ha
uurepBase, B 10 pas v Gojee NPeBbILAONIEM PA3MEPbl CAMHX NErMaTHTOB.

HMayuenHble apTopaMu  CHHreHeTHuHble nermaTHThl  Kasaxcrana w
CpenHedt A3nu npHypoueHbl K HHTPY3HBAM JIEHKOKPATOBbIX FPAHHTOB H
XdapaKTCPHIYIOTCH OTCYTCTBHEM CKOJBLKO-HHOY/ILb 3aMeTHOTO MPOSABJACHHA MH-
HEpaJoB FHAPOTePMAaabHOH cTanuH. [lo cpaBHeHHIO ¢ MATCPHHCKHMH TpaHH-
TamMH OHH ofeiHenbl ypanoM. Tak, u3 42 KBapu-noJeBOWNAaTOBLIX Nerma-
THTOB B 38 cojepanue ypaHa oka3zanoch B 1,0—2,5 pasa HHxe, uem B
rpaHHTax.

YCTaHOBNEHO 30Ha/bHOE pacnpejejeHde ypaHa B BepTHKaJbHOM pai-
pe3e CHHreHeTHYHOro MerMaTHTa H B PAaHHTax Haj nermatHtamu (puc. 16),
BblpaKdlolleecs B CJACAYIOUIEM: d) BO BHEUIHHX MEJKO3€PHHCTHIX 30HAX
erMaTHTOB COAEpMKAHHC ypaHa, Kak npasuio, B 1,5-—2.5 pasa sblwe, uem B
MaTepHHCKMX rpaHuTax. [IpH 3TOM €O CTOPOHbI BHMCAYEro KOHTAKTa ner-
MATHTOBBLIX TeJl KOJHYECTBO ypaHa MOABEPKEHO OO/bIIHM KoAeGaHHAM H
HEPEJKO OKa3blBAETCH MEHbLLIE, YEM CO CTOPOHbI GOKOBOTO H HHIKHEro KOH-
TAkToB; 6) BHYTPeHHHe KPYNHOOJOKOBBIE 30HBLI MOAABAAIEH YaCTH nerma-
THTOBbIX T€J HMEIOT [OHHKEHHblE KOHUEeHTPAUHH YypaHa MO CPABHEHHIO C
BHEUIHHMH 30HAMH H MATEPHHCKHMH rpanuTaMH. [1ockoabKy OCHOBHYIO HacTb
ofbeMa NErMATHTOB COCTABJASAIOT BHYTPEHHHe 30HBI, o0llee COlepkaHue
YPaHa B CHHIEHETHUHBIX MErMATHTAX B 1LEJOM TAKKE OKasblBAETCH HHKe,
YEM B MATEPHHCKHX FpaHHTax; B) B rpaHHTax Haj nerMaTHTamH oTmedaeTrcs
yBeJHUEHHEe codeprKanns ypaHa. Tak, B GHOTHTH3HPOBAHHBIX IPAHHTAX Hajl
nerMaTHtamu oHo B 1,5—4 pasa Bbille, 4eM B HEH3IMEHEHHbIX PA3HOCTHX.
OGoraulesHocTs ypanom B 22,5 pasa naGaiojgaertcs Takme B ¢1a00 H3Me-
HEeHHbIX FPAHHTAX HA/] NErMaTHTAMM.

OGelHeHHOCTL CHHIEHeTHYHBIX NCTMATHTOB YPAHOM MOMKHO HHTEPIPETH-
pOBATb KaK pe3yabTaT yAaJeHHH €ro Hi [erMaTHTOBOW Kamepbl B cocTaBse
razoBofi ¢asbl. [paunThl Hal nermaTHTaMH udacto oGorallleHbl HOBOOGpa-
30BAHHBIMH dKILECCOPHBIMH MHHEPAJaMH, OTJHYAIOULHMHCH OGBIYHO MaJibiMH
pasmMepamu, 4acTo KCEHOMOP(HOCTBIO H HPHYPOUEHHOCTBIO K MHKPOTPELLHH-
Kam W cThikam 3epeH. [TonyueHHble L1aHHbIE NO3BOJSIOT OTMETHTD CJEAYI0ILHE
3aKOHOMEDHOCTH [OBEJCHHA YpaHa npH (OPMHPOBAHHH CHHTCHETHUHBLIX
NErMaTuTOB YOPMAaLHH MalbiX rnyOGHH.

I. Mcxoaublit nermatuToBbiit pacnjaas 6bl o6Gorailed ypaHom, H6o BO
BHELLIHHX MEJKO3EPHHCTBIX 30HAX, 06pPa3OBaHHAX MarMaTHUYeCKOH CTajHH,
COACpAKAHHE ypaHa Bbllle, YeM B TPAHHTAX.

2. Packpucranausauua BeulecTsa B nermatutoobpasywuleil  Kamepe
CONPOBOMKAaNachk OTAEJNEHHEM JeTyuci (asbl ¢ COOTBETCTBYIOULHMH KOMIIO-
HEHTAMH, B TOM UHCJIE YpaHOM.
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Banobee
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Puc. 16. Tlopeaenne ypana B paspese CHHMEHETHUECKOrO ErMartHTa W B FPAHHTAX
noa mermatHTaMmi (no Cumonosoit, Omenvsinenko w ap., 1984 r.)

I — rpaHuTul pHe BAWAHKA nermaTtHTa, 2, 3 — rpaHHTH HAANErMATHTOBOH 30HH caalouame-
Henubie (2), GHOTHTH3IRpOBAHHLIC (3); 4 — KpPYynHOGJOKOBHWE MErMaTHTH BHYTPEHHEH 30Hb,

5 — MEJIKO3CPHHCTHIC NerMaTHTL BHEWHER 30HK

3. YaaneHHbill M3 KaMep ypaH YacTHUHO PMKCHPOBAJCH B GHOTHTH3HPO-
BAHHBIX FPAHUTAX HENOCPEACTBCHHO HAa/L NMErMatHTOM, YaCcTHYHO B caabous-
MEHEHHBIX TPAHHTAX, HAXOAAUIMXCSH BhIlE 30Hb GHOTHTH3ALHH.

4. O6GenHeHHOCTb  M3YUYCHHBIX  CHHIE@HETHYHBIX MErMaTHTOB  YpPaHOoM,
cJ1el0BaTe/IbHO, MOMXKHO paccMATpPHBAaTh KaK Ppe3yJabTaT YAaJleHHA €ro H3
CHCTeMbl BMECTE C (leIOHJlUM. .

COOTBCTCTBEHHO MNPpHBEJECHHLIE AdHHbIE NOATBEPKAAOT BOIMOKHOCTb Bbl-
HOCA YpaHa H3 KPHCTAMIH3YIOULEHCS rPaHHTHOR MarMbl B coctase (haOHAHONA
(has3bl M CBHAETEJLCTBYIOT B MOJAb3Y PYNOTEHEPHPYWLULEH CNOCOGHOCTH rpa-
HHTHBIX pacniaBoB.

PHIHKO-XHMHUECKHE JaHHbie 0 (PAKLHOHHPOBAHHH ypaHa
B CHCTeMe (JIIOH]—MarMaTHYECKHH PacnJaB—ypPaHHHHT

Breibop ycaoBHIT NpoOBeACHHA ONBITOB OCHOBLIBACTCA HA COBPEMEHHBIX
AAHHBIX O NapaMerpax rpaHHTOHAHONO MarMaTHIMa: Temneparypa GoJblUIHH-
CTBA IPAHHTOHAHBIX pacnnaros coctasaser 700--900° C, nasnende daionaa
| —5 kGap, JleTyyecTb KHCI0PO/Ld, COOTBETCTBYIOLLAR KBAPL-(DAAIHT-MArHETH-

ToBoMy Gydepy, ot [o,=—16, npu 750° C o0 6ojee BbICOKMX 3HAUEHHH
[40, 77, 104] . CootHowenun X ¢, (MoabHan poas yraekueaors) = 0,07 4 0,03;
Xnact +xkc1=0,02£001; Xy,s=001=40,005 Xyr=10"'+10"" onpese-

JSIOT CPE/IHHil COCTAR MarmaToreHHoro ¢uionaa rpanutonnos [5]. B wunorpamme
Takoro JloHa cojepKuTea (B Moasix): 2—5 yraeknceaotsl; 0,8+ 1,5 xaops-
nos wenoueit; 0,2—0,7 ceposogopona; 0,005—0,05 ¢ropa. Yraekucaora
naxoautces B Buae CO,, cepa 8 Bige Hu,S, xnop npeumyiiectseHHo cBA3au
¢ utesodami. Moabubie otvouenyss HCI/NaCl 4+ KCl=0,03=0,07. Tnas-

HOH opmoit Haxoxaenus (ropa so duaouae ssasercs HE [49, 16].
C yueroMm CKa3aHHOrO BbllE JUIS ONBLITOB [0 PACHPEJIEJIEHHIO ypaHa
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ObiH BuGpanbl caeaytoune pactopbl: 1 moas/kr HyCoOy (npu ero pasnioxe-
HHH ob6pasyetcs 2 moan CO,); 0,1 moas HCI409 moab (NaysKos)Cl wa
I «r pacrsopa; 0,1 moan/kr HF, a takke nuctuanuposannaa poaa.

[ToaroToBKY ONLITOB OCYLLECTBHIM caedylouum obpazom. K nopowky
CTEKJId FPAHHTHOIO COCTAaBa [100ABHAH CHHTETHYECKYIO [ABYOKHCb YpaHa B
Koanuectee 19, 3aTemM 3Ty CMech TULATEJNBHO MNepeMelWatd B AUIMOBOH
crynke, 70—100 Mr noayyeHHOH WHXTHI B BHAE [10POIIKA WIH CTOAGHKE
CTEKNA, NpeABAPHTENbHO HanaasaenHoro npu T'=750° C, P=2 k6ap, nome-
CTHJIH B OTKPBHITYIO NJAATHHOBYID aMmilyay aHameTpom 3—4 MMm. 3Ty amnyay
MOABECHJH BHYTPH APYro# njiaTHHOBOH amnyJbl AHameTpom 5 -7 MM, Ha
AHe KoTopo# Haxoaunoch 200—500 mr uexoanoro pacteopa. [lepen sanaikoi
60MbIWIOA aMnyab] ee B TedeHHe MATH MHHYT NPOAYBAIH aproHOM s
ylaneHus Kdcjaopona Bozayxa. [LAHTENbHOCTB KClepHMeHToB — 5—6 cyT.
CornacHo pe3yabraTam KHHETHUCCKHX OMBITOB, 3TOr0 BPEMEHH J0CTaTOMHO
I8 OCTHAKEHHSA MOCTOAHHOH KOHUEHTpaluuH ypaHa B pacteopax. [locne
OKOHYAHHSA OMbITA AMIYJbl BCKPBUIH H. PACTBOP OTAGAHJH OT 3aKaJeHHOro
pacniaBsa (cTekaa). B pacTBopax nocje onwTOB npHCYTCTBYeT HeGosblioe
KONHYECTBO 3aKanouHol amopdroi Si0:(Si0; : H,0=2:1). las pasnoxe-
HHsl 3TOH (a3bl, cnocoGHol cOpGHPOBATL ypaH, K pacTBopaM nocje OMnbiToB
106aBASAIH HECKOJbKO Kale/lb KOHUEHTPHPOBAHHOH MA4BHKOBOH KHCJOTHI.
B nanvueiimiem ¢rop, Mematouni onpeieJeHHio ypaHa, OTTOHAIH TPexXKpar-
HbIM BbIMAPHBAHHEM C KOHIEHTPHPOBAaHHOH coasiHoi kucaoTod. [loene storo
cyxo# ocratok pactsopuan B 6 moasix HCl aas nocaenyioulero anannsa ua
LLLeJIOUH, aJIOMHHHA W ypaH.

[IpH M3yuyeHHH CTEKOJ HA MHKpOaHaausaTope OblIO BBEIABJAEHO OTJAHUHE
COCTABHbLIX KPaeBblX, rPAHHYALLHX C PACTBOPOM YUACTKOB OT LEHTPalbHbIX
yacteil. Meusiercs cojlepxanne Takux Komnonentos, kak SiO, u AlOj,
pa3HHlLa B COJAEPKAHHAX /A LUEHTPAJbHBIX H KPAaeBbIX 4acTel N0CTHTaer
2--3%. 310 CBA3dHO ¢ WHKOHIPYIHTHLIM XapaKkTepOM pACTBOPEHHs pac-
nJasa [IpH ero B3aHMogeficTBHH ¢ duiionaom. Peaynbrathl onpeienexui
NO3BOJIAIOT 3aK/JIOUHTh, YTO B paBHOBECHE ¢ (JIIOHAOM B 3KCMEPHMEHTaX
NPHXOIHT TOJbKO TOHKAsl KpaeBad 30Ha pacniapa.

JleTanbHoe H3yUEHHE CTEKOJ M0KA3a/10, 4TO BO BCEM HX 06heMe coXpaHseT-
csl TBepAas (aza — YPAHHHHT. ITC BIOJIHE ECTECTBEHHO, IIOCKOJIBKY KOJHUE-
CTBO BBOJMMOrO B HCXOJHYIO IWHUXTY YPAHHHHTA 3HAUWTENbHO TpeBbillaeT
KOHLEHTPALHIO HAChILLEeHHA pacnaasa ypaHoM. [To3Tomy MOKHO yTBepKAAT,
UTO COAEPHKAHHE YPaHA B PACTBOPAX 1OCAE ONBITOB XaPAKTEPH3YET PACTBOPH-
MOCTb B HHX ypaHuHHTa (tabn. 3). Kak BHAHO H3 NpHBEIEHHLIX AHHBIX,
KOHIIEHTPAIlHA ypaHa BO (JIOHAE 3aBHCHT OT €ro HCXOAHOrO COCTaBa H
NapiHanbHOro AaB/JeHHA KHCJI0pOaa.

OrHolleHHEe KOHUEHTPAUHH YpaHa B pacTBOpe K TAKOBOH B pacnaase
XapakTepHayeT 3HaueHHe Ko3(QHUHEHTA pa3e/eHHss B YCJIOBHAX Hachl-
IeHHA pacniaBa W (GJIOHLa B OTHOIWIEHHH ypaHna. Takue YCNOBHA MOryT
BO3HHKATh Ha HauGoJee MO3AHHX CTAJHAX KPHCTANIH3ALUHH FPAHHTHBIX pac-
MJ1ABOB, CYULECTBEHHO 06OTallleHHbIX YPaHOM.

AHaJHM3HPYA Pe3y/abTaThl IKCMEPHMEHTOB, MOMKHO 3aKJIIOUYHTL, YTO Mar-
MaTOreHHble (GIOHIb!, OTE/AIOILIHECS HA KOHEUHBIX CTALHAX KPHCTAMIH3ALHH
VPAHOHOCHBIX TPAHHTOMAHLIX PACIJABOB, KOrAa JOCTHIAeTCH HAChIleHHe
PacriaBoB YPaHHHHTOM, MOTYT COAEPKATb YPAH B KOHIEHTPAIHAX 10 ThICHY-
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TaGauya 3

Copepxanne ypana B pacrBopax ONbITOB N0 B3AHMOAEHCTBHIO dawHaa
¢ ypaunconepxaulum pacnaasom [ —750° C, P=2 kbap

Coep-101, mac.%
. HYucao Cy
Hexoanwit pactsop onron Gea pasno- | ¢ pasaome- PP
KEHHR 3a- HHeM 3aKa- C“p.,,
KaJaouHof NOYHOR
[EETY] aspl
Bydep Ni—NiO
H.0 | He o6u. 1,510~ 0,005
0,1 moas HF/kr H,O | 31071 12-10°1 0,04
0,3 moab HF /kr H,O | He o6u. 12.10* 0,04
0,5 moas HF /kr H,O 3 15- 101 35-10* 0,12
1 mosab (NagsKos)Cl/kr H,O 2 51071 10-101 0,03
0,9 monb (NagsKos)Cl40,1 moaw
HCl/kr H,0O ' 4 He o6, 15-101* 0,05
Bygep Fi05 —Fe,04
I moab H,C,0,/kr H,O | 1-10°* 3:10—* 0,008
I moab (NaysKos)Cl/kr HO 3 40. 101 50101 0.13

Hbix poaei npouenra. [lo ouwenke [. B. Haymosa [80], koHueHTtpauus
ypaHa B pyAo06pa3yoliix THIPOTEPMANLHBIX pacTBOpax coctasaser [0 —
10759%. ITH uMbpbl aaxe HHXKE TeX, KOTOPbIE MOAYuyeHbl B 3KCIEPHMEHTE.

3HAUHTEIbHOE KOJHMYECTBO OMNbITOB MPOAENdHO B 3IKCIIEPHMEHTE MO H3y-
YEHHIO BE\&HMOKEE’!CTBHH cbmow,ua C YPAHCOACPKAULHM paCVIaBOM LLEJOYHOrO
rpaduta. B onbitax Hcnoab3oBajsoch crekao, cogepxawee 0,35% ypana.
I7a BEJHUHHA HHMKC KOHILEHTPALLHH HACBILULEHHA Pacnapa COOTBETCTBYIOLLENO
COCTaBa, B CBA3H ¢ 4eM TBepj/lasd (pa3a B 3aKaJIeHHbIX CTEKJIAX OTCYTCTBORANA.
B pesaynbrate KOHIEHTpAlHs ypaHna B 3aKAJCHHLIX PAcTBOPAX ONpeaeasnach
HE pPAaCTBOPHMOCTLIO B HHX YPAHHHHTA, KaK 3TO HMeJ0 MeCTO B OnbiTdx
C WHXTOH rpaHHTHOro coctasa, a BeNHYHHOH Ko3ddHuHeHTa pa3encHHs
B CHCTeMe pacniaB—pJaon,

COIIEP)K.’-]}IHB YpaHa B COOTBETCTBYIOIULHX ¢na3ax H onpelejieHHble Ha HX
OCHOBE  KO3(D(HIHEHTHl pasjelleHHsi 3aBHCAT OT COCTABA  HMCXOAHOrO
pactBopa H (hyrHTHBHOCTH KHeaopond. [losblinende (YrHTHBHOCTH KHMC-
NOpPO/d MPHBOAHT K H3MEHEHHIO PacipejeieHHsl ypaHa B NoJb3y pacnijasa.
Jlas xnopuanblx pactsopos K, Godbuie, uem A48 BOAbl H YIJEKHCAOrO
pacrtsopa. OnbiTbl N0Kasaju, 4To BO BCEX CAY4YaAX KOHIEHTPAIHA ypaHa
B Weao4HO-rpadHTHoM pacnaage B 70—300 pa3 Buinie, yeM B paBHOBECHOM C
HHM MarmaroreHHoM uonae. B nocaennem KOHUEHTPAILHA YPaHA COCTABAAET
NepPBble ThHICAYHDLIE [0JH NPOLEHTA.

Takum 06[)330&!, €CJIH NpH KPHCTAJNJH3AllHH UIEJOYHO-TPAHHTHBIX pac-
[I/14BOB IOCTHIaeTCA HACBILEHHE OCTATOYHLIX MOPIHHA B OTHOLICHHH YPAHHHH-
Td, BOAMOKHOCTh 06PA30BaAHHA YPAHOHOCHLIX PYL00OPA3YIOLLHX PACTBOPOB,
CYAS MO 3KCNEPHMEHTANbHBIM JIAHHBLIM, MPEACTABIAETCH BHOJHE peajbHOMH.

CheayeT 0AHAKO MOAYEPKHYTh, YTO MPHPO/HBIC CHCTEMbI 3HAUHTEbHO
CJIOAKHEE IKCNePHMEHTAaNbHbIX. B cliyyae OOHNBHOIO BblACJCHHA MHHEpPAJOB,
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XAPAKTEPHIYIOULNXCA BHICOKOA H30MOPGHHOH €MKOCTbIO B OTHOIICHHH Ypana
(UHPTOAHT, anaTtHT, cdeH, MOHALHT, TAHTANOHHOOGATB W Jp.), HACHIULEHHE
pacn/aBOB B OTHOIIEHHH YPAHHHHTA MOKET HE LOCTHraThed. B Takux cayuasnx
06pa3oBaHHe YPAHOHOCHBLIX (IJIIOH/L0B HA CTALHH KPHCTAJNH3AIHH Pacniason
MPeACTABAACTCH 3HAYHTENBHO MEHEee BeposiTHbIM. HecomHenHo anauntenbio
CJOAHEE TaKKe COCTAB PEANbHLIX MArMaTOreHHbIX (LITIOHIOB.

B cBsA3H ¢ 3THM 1le1eco06pa3Ho PACCMOTPETh HMEIOLLHECs AalHbIe, TAK HiH
HHAYE CBHICTEJbCTBYIOUIHE O PeaJbHOCTH CYLLECTBOBAHHS YPAHOHOCHBIX
MarMaToreHHbix GJoHA0B.

(O BO3MOMHOH KOHUEHTPAUMH ypaHa
B MAarmMaTtoreHHnlx (Jwouaax

Panee na ocnoe 06061leHHA AaHHbIX 248 aHANH30B KHCJBIX BYJKAHHUE-
CKHX CTeKOJ ObLIO NMOKA3aHO, YTO KOHLEHTPALMS B HHX ypaHa BapbHpyeT
B npeneaax ot 4-107'% no 4-1077%, B cpeanem cocraass 11,8-10719.

3ech caeayeT NOAMEPKHYTb, 4TO OWHGKA B ONPEACsIEHHH CPeaHero
COLepPKAHWA ypaHa B BYJKAHHUECKHX CTEK/JIAX BO3IMOKHO JIHIbL B CTOPOHY
JAHHIKEHHS, TAK KAK He HCKJIOUeHO, YTO HEKOTOPas 4acTh aHaJH30B OTHO-
CHTCH K CTeKJaMm, NpeTepreBuiHM 4acTHYHYI0 AeBHTpHpHKauHio. [Tocaeannsa,
KdK 3TO OJHO3HAUHO YCTAHOBJIEHO, CONPOBOXKAAETCA BbIHOCOM ypaHa [123,
147, 83]. OaHako ec/iH NPHBEAEHHYIO BbilLe BeJHYHHY NPHHATH B KauecTse
CPEAHErO COACPHKAHHA YPAHA JIVIA KHCIBIX BYJKAHHUECKHX CTEKOM, NPHXOLHTCH
MPH3HATH, YTO OHA 3HAYHTE/ILHO BbillIe KAapKa ypaHa 41a rpauuTo. Cornacko
A. T1. Buvorpanosy [20] cpennee cofepaHHe ypaHa B rPaHHTAX COCTaBJSIET
(8 %) 3,5-10*, A A. Cwmbicaosy [lIl] —4,1-10"°% JI. B. Komaesy
(1974 r.) —5,4-10 *. MoKHO 03TOMY NOJHOCTbIO coraacuTbest ¢ JIk. Anam-
coM [l] B TOM, UTO KOHUEHTPALHA YypaHa B IPaHHTE MO KpaHHe#d mepe
B/ABOE HHIKE, UeM B BYJKAHHUECKOM CTEKJe.

Hekoropuie wHccaepoBatend MpHXOAAT K BbIBOAY 06 06OrauleHHOCTH
ypanom Becex 3((Y3HBHBIX MOPOJA MO cpaBHeHHIO ¢ rpaHutamu [48], xors
TAKOH BBIBOJL HE SIBJISETCH OJLHO3HAUHLIM.

[To nauubim Ix. Powoabra ¢ coasropamu [139, 140], Toabko B Bya-
KAHHUYECKHX CTEKJAaX OTMEYaeTCA pPafsHOAKTHBHOE PABHOBECHE MEHKAY H30TO-
namu U w P*U, a wzorons *Th w *'Pa naxogstcs B paBHOBECHH
C COOTBETCTBYIOIUHMH H30TONamH ypana. B rpawutax npeguunr U
uacto coctasaser okono 30%, a pouepuwe npoayktsl *Th u **'Pa peaxko
HAXOASTCH B PABHOBECHH C POACTBEHHBIMH H3oTonamu. Bce 3To jaer ocHo-
BAHHE MPENNnoJaraTh, YTO COJEPIKAHHE ypaHa B HEPACKPHCTANJIH30BAHHBIX
KHCJBIX CTEKNaX Haubojiee GJAH3KO K TAKOBOMY B MAarMaTHUECKOM paciiase.

CkasaHnHoe BHILIE MO3BOJACT CAENATh BbIBOA, YTO FPAHHTOHHBIE Marmbl
TEPAIOT 3HAYHTENbHYIO YacTbh ypaha B Mpollecce CBOEGH KPHCTAIH3AUHH.
Ecau npHHATh, 4TO cofep:KaHHe ypaHa B KHCJIOM MarMaTHYeCcKOM pacniase
coctasasier 12-107'%, a B rpanntax — 6-107"'%, conepxanne BoabI
B pacnnaBax Ha rayOGuHe nopsiaka 15 km — 10%, HeTpyaiHO nokasarh,
uTO A5 oGecreueHHsi COOTBETCTBYIOULErO BBIHOCA YpPaHd ero KOHLEHTPAllHs
BO (PJIOHJE N0JKHA cOCTaBRAATh nopsaaka 6-1072Y% . Kak Buaum, ykazanuas
BEJHUHHA [a)e MPeBblllaeT MpelesbHYK KOHUEHTPAIUHIO YpaHa B Marmaro-
FeHHOM (JIIOHE, MOJTYYEHHYIO IKCIEPHMEHTANbHO.
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PeasibHOCTb BbIHOCA YPaHA H3 KPHCTALIH3YIOLLETOCS PACHAaBa NOATBEPHK -
JLAETCA JIAHHBIMH H3YUEHHA CHHIEHCTHUHBIX BHYTPHIPAHHTHLIX MErMaTHTOB,
NpeiCcTaBAAIOWHX  cOB0H  NPOAYKTB  KPHCTAAJMH3aUHH  NepechillleHHbIX
¢aoH10mM HanGonee ferkonjaskux pacnaasos [108]. Hayuenne neckonbkux
NECATKOB MerMaTHTOBBIX Tesa H3 15 rpavHTHBIX HHTpy3HBOB KasaxcraHa
u CpejnHedt A3HM NOKasano, 4TO OCHOBHOH HX 06LEM COCTABAAIOT KPYMHO-
6JIOKOBbIE MErMaTHTLl, MEHbIEe 3HAYEHHE HMEIOT MEJKO3ePHHCTLIE Pa3Ho-
BHAHOCTH BHELIHEH 30HbIL.

Coznepxanue ypaHa B KpynHOGJOKOBLIX [erMaTHTax, Kak [paBHio,
B 1,50—3 pasa HHxe, yeM B MaTEPHHCKHX IPAaHHTAX, a4 B MEJIKO3EPHHCTBIX
pasnoctax — B 1,5—2.5 pasa suie. Boapactaer conepaanne ypana v gropa
B HAaANerMaTHTOBOM NPOCTPAHCTBE, 3/€Chb JKe OTMevaercsi GHOTHTH3alHfA
nopoid. OTMeueHHble COOTHONIEHHS HEBOIMOMKHO OGBACHHTL KAKHM-THOO
HHBIM 1yTeM, KpOMe KaK BbIHOCOM YypdHa H3 MerMaTHTOBOTO pacniaBa
BMECTE € JETYYHMH. YIaNeHHI0 ypaHa H3 KPHCTAJLIH3YIOULerocs pacriasa
6M1aronpHATCTBYIOT €ro HACLIUEHHOCTh JETYYHMH H CHOKOHHBIE YCJIOBHS
KPHCTaJJIH3aLHH,

Yacrasa o60ranieHHOCTb YPAHOM AMHKANbHBIX YACTEH HHTPY3HBHLIX TeJ,
a Takke 30H OHOTHTH3AUHH MarMaTHYeCKOH CTaAHH B 3K30KOHTAKTaX
HHTPY3HBOB H I€rMaTHTOB TaKKe CBHIAETENLCTBYET O BO3MOMKHOCTH €ro
nepeMelleHHst BMecTe ¢ dJI0H10M.

Mayuenne BO3roHOB, ¢BA3aHHLIX ¢ 6a3aJbTOMAHLIMH  MAarMamH,
npoeeaennoe JI. JI. Jleonoso#t v H. WM. Ynaabuoso#t [63] nokaszano, uto
conepxanne ypaxwa Bo ¢ropuaax gocturaer 0,25-107'%, B cyasdarax
H XNOPHAAX — B HECKOJBKO pa3 HHXKe.

C. M. Ha6oko [76] B 3KcraisiiHoHHOH MeldHOH pyae, oToGpaHHOM
Ha BTopoMm KoHyce bBoabiworo tpeuinnioro TonbauHHCKOrD H3BepKeHHS
Ha KamuaTke, oTMeueHbl KOHUEHTpalHH ypaua, AocTHrawouike 15-10 *9.
ITH BO3rOHbl TAKXE CBA3aHbl ¢ rasamH H3 TosenToBOro Gasanbra. K coma-
JIEHHIO, KOHLEHTPALKA YPaHa B CAMHX ras3ax He onpeaeaanacb. Ecau yyecrs,
4TO OT/IEJEHHe ra3oB MPOHCXOAHAO B MarMaTHYECKYKO CTAAHI H CBA3EHO
C OCHOBHBIMH MAarMamH, OXHAATh BLICOKHX KOHLEHTPAIHH ypaHa B TakHX
razax, KOHeUHO, He MPHXOAHTCA.

B oOTHOWEHHH YPAHOHOCHOCTH MArMaToreHHbIX (UIOHL0B, CBA3AHHbIX
C KHCJIBIMH MarMamH, K HacTOSIEMY BPeMEHH HMEIOTCH JHIb eJHHHUYHbEe
naxHble. Bblia, B 4aCTHOCTH, YCTAHOB/IEHA NOBLIIEHHAA KOHUEHTPALHA ypaHa
B ra3oBO-KHAKHX BKJWYEHHAX B anatute W3 OHOTHTOBLIX MOHILOHHTOB
[37]. OrcyrerBHe KakWx-AHG0 MOCTMArMaTHYECKHX H3MEHEHHH no3Boaser
CUHTaTh anaTtut marmathueckum. Ha npuseaentofi wamoctpauun (puc. 17)
BHIHO, YTO MJOTHOCTbH TPEKOB MOJHOCTHIO KOPPEJHPYETCH € KOJHYECTBOM
ra3oBO-)KHJKHX BKJIWOYeHHH B anatute. OueBHIHO, 4TO CryLIEHHE TPEKOR
CBA33HO HE € CAMHMH BKJIOYEHHAMH, a C COJAMH, HAXOAHBIIHMHCS BO
BraoueHunax. [MocneaHne 6blIH BCKPLITHI NPH HGOBKE, BOAHAA W rasopas
(¢aza yneryuunachb, H Ha MeCTe BCKPLITOTO NY3blpbKa COXPAHHJCA HaJeT
cojiefl ¢ BBICOKOH KoHLeHTpauueH ypaHa. XOTs HeT BO3MOMXKHOCTH TOYHO
OLEHHTb KOHLUEHTPAIHIO YpaHd BO BKJIOYEHHAX, MOXKHO YBEDEHHO YTBep-
JKAaTb, YTO OHA 3aBE/IOMO Bbillle TAKOBONH B aKUECCOPHBLIX aNaTHTaX, COCTaB-
asowed npumepro [1-=-4]-10 9.

[ToBblleHHe KOHIEHTPAIIHA YPAHA B FA30BO-KHIKHX BKAOUCHHSX B KBAPLC
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Puc. 17. ToBbluleHHble KOHUEHTpAllHH ypaHa B y4acTKax anaTHTa, HACHILLEHHbIX
ra30BO-KHAKHMH BKJAIOUEHHSAMH

o — wand Npu 1-m uukonae, 6 — nancau; ysea. 50

u3 rpauut-noppupos ormeuennt H. C. Kpasuewko u B. H. Bypas [54].
ABTOpbl OUEHHIH ee BeauuHHol (5-=6)-1077%.

[TpH H3yueHHH METOAOM OCKOJIKOBOH paaHorpa@HH nopghHPOBHAHLIX
rpaiHTos maccupa Boabuioit Koittac (Cesepunii Kazaxcran) JI. H. Cumo-
HOBO# [83] OBIO YCTAHOBACHO CYLWECTBEHHOE YBEJHYEHHe KOHUEHTPaIHH
ypaHa B nepHGepHYecKHX 4YacTHX MOp(GHPOBBIX BKPaANJEHHHKOB OPTOK/1a3a
(puc. 18). JleTanbHoe HX H3YUEHHE NMOKA3AN0, YTO NEpHPEPHYECKHE YUACTKH
BKPAILIEHHHKOB OPTOK/JAa3a HAcChILLeHbl GOJIbIIHM KOJHUYECTBOM MeJibyaiillinxX
sraoueHuit. [1pu 1600-KpaTHOM yBeIHYEHHH B HAKGOACE KPYTIHBIX BRAOUEHHAX
YAdeTcA YCTAHOBHTb HAPAJY ¢ XHAKOH (a3ol HalHuMe TakKxe Meabyaiuiero
razoBoro iy3bipbka. OTCYTCTBHE BKJIOYEHHH B LLEHTPAJILHOH 4ACTH BKpAIIEeH-
HHKOB H HX pe3Koe YBEJHUYEHHE MO HANPABJIEHHIO K NEpPH(pEPHYECKOH no3-
BOJANOT  NPeAnoaaraTh, HTO PACKPHCTAJIH3AUHA  NOPOJL  NPHBOAHAA
K Mepechiliennid 0CTATOYHOrO pdcnJasa (pﬂlﬂHﬂ.OM, KDT()pr':l B BH/le
MY3blPbKOB  3aXBaTbiBaJjicA OGbICTPOPACTYUIHMH KPHCTANJIAMH  OPTOK/434a.
Hayuenne nopos MetoaoMm OCKOAKOBOW paanorpadHi nokasano, uto pacipe-
JeneHHe ypaHa B pa3jHUHLIX Y4acTKAX KPHCTAJLIOB OPTOKJA3d MOJHOCTHIO
COrJIACYeTCA ¢ HX HACBILEHHOCTBLIO a30BO-HUAKUMH BRJOUeHHAMH. MokKHO
YBEPEHHO 3aKJIOYHTh, YTO HMEHHO BKJAKUYEHHS OTBETCTBEHHBI 34 NOBbILIEHHYIO
KOHIEeHTpalHio ypaHa. K coxaleHHio, KOJHYeCTBEHHAA OUEHKA KOHUCHTPALLKY
YpaHa BO BKJKUYEHHAX He [pPeaAcTaBJAeTCs BO3MOMKHOH.

A. Paukuubim ¢ coaBropamu [138] npHBeleHbl 1aHHbIC 10 KOHUEHTPALLHAM
pRdia 3N€MEHTOB, B TOM YHCJI¢ H YpaHa, B radoBO-MHAKHX BKJKHYEHHAX H3
FPAHHTOB. Onpene.rrelme npoBOJHJIOCH METOLOM 3IMHCCHOHHOH CNEKTPOCKOINMHH
UpH NoMowK wuaykunonto# nnasmel. O6u1as KoHUeHTpauuAa cojed Golaa
ouernena B 10%. Coaepxanve ypaHa BO BKJAIOYEHHAX B KBapue H3 FPAHHTOB
cocTanuiao no 28 ofpaszuam 3,5- 10779,

142



OpTOK/J43a, CBA3AHHLIE C ra30oBO-HHAKHMH BKIIOYEHHAMH
a— wang npu 1-m HAxkone, 6 — nancau, ysen. 145

[IpuBeseHHble Bbile MaTePHaJbl CBHAETENLCTBYIOT O KpafiHeH orpaHHyeH-
HOCTH [lAHHBIX B OTHOLLIEHHH KOHILEHTPALHH YypaHa B MarMaTOreHHbIX
tdaongax. Tem He MeHee Ha OCHOBAHHH 3KCIEPHMEHTAJbHLIX JaHHBIX,
COMOCTABIEHHS KOHUEHTPAUHA ypaHa B rPaHHTax H KHCJAbIX BYJKaHHUYECKHX
CTEeKJdX, /[aHHbIX OCKOJKOBOH paanorpapuu ¥ NPAMbIX  OnpeaeseHuit
KOHIEHTPAUHH ypaHa B MarMaTOreHHbIX (JIOH1aX, CBA3AHHBIX C KHCJBIMH
MarmMamu, AOCTATOUHO YBEPEHHO MOMHO OUEHHUThL AHAMA30HOM KOHLEHTPAUHH
OT [ECATHUYHBIX 10 COTHIX [0J€H NPOLEHTE.

Boupoc 06 H3meHeHHH cOAepAaHHH ypaHa B NOC/Je10BaTe/IbHbIX MOPLUHAX
MarMaToreHHbX (JIIOHL0B MOKeT GbiTh peweH JHIIbL B camoM ofuleM BHIE.
H3pecTho, 4TO ypaH OTHOCHTCH K rpynne (TopodH/IbHbIX snemenToB. Koad-
thHuHeHT pasnenendsi ¢Topa, TAK e Kak H ypaHa, B CHCTEME pacmas—
(/10K YeTKO CABHHYT B cTOpoHY pacniasa [16]. CaenoBaresbHo, oTaeeHHe
(ropa M YpaHa [OJKHO NPEHMYLLECTBEHHO INPOXOJHTb Ha 3aBeplialouiMx
CTaAHAX pacKkpHcTaaiH3auHH pacnaaea. [lostomy Kaxiaas nocsaenyiouiasn
nopuds Gmouna B ofwem caydae A04KHA XapakTepuaoBatbes  Gonee
BLICOKOH KOHLEHTpallHeH ypaHa, ueMm nocjeaywllas. ITHM, MO-BHAHMOMY,
OO LACHALTCH TO, UTO B PALY IHAOTEHHBIX MECTOPOAK/LIEHHH, CBA3AHHbIX ¢ onpe-
[eNEHHbIM  TEKTOHO-MATMATHYECKHM IIHKJIOM, YPAaHOBbie MECTOPOKIEHHS
ABAAITCA HaHGosee MO3AHHMH.
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Ypan B nocTMarMaTHYECKHX pacTBopax

[Mpu nosnoi packpHCTaNIH3AUHH MATMATHYCCKHX PACNAaBOB OCTaKTey
ABE (ha3bl — KPHCTANIHYECKAS TOpHAS NOPOAda H MArMaToreHHbld ¢uiiowy
JanbHeian reoOXHMHUeCKad HCTOPHA ypaHa NpoTekaeT Ha JOHE B3AHMO/Ief-
CTBHH PacTBOPOB ¢ MHHEPAJaAMH MOPOJL, NOHHKEHHS TeMIIepaTypbl, MHIPallky
pacTBopoB B 06/1aCTh MOHHKEHHbBIX nasiaennit. O60CHOBAHHE BO3MOMXHOCTH
nepeHoca ypaHa TAKHMH PACTBOPAMH SIBJAETCS OJHHM H3 Y3J0BbIX BONPoOCcon
paccmaTpHBaeMoil npobaembl. AHalM3 3TOro Bonpoca ueaecooGpa3Ho HauaTy
C pAacCMOTPEHHH HMEKLIHXCH 3KCHEPHMEHTAJNbHbBIX JdHHbIX.

Pacrsopumocts oKUCA08 ypana 8 800 U 2AA0UOHOM PacTsope
npu 8oicokux 3nawenuax P—T napamerpos

HMayuenue pacTBOPMMOCTH ABYOKHCH ypaha B Boge npu  500° C
u 1 kGap Gbio uayueno A. @. Penbkunbim ¢ coasropamu [91]. B onuitax
¢ (YrHTHBHOCTBIO KHcaopona, 3anasaemoi Gypepamu Ni—NiO u Fe, 0,
Fe;04, ona coctasuaa 10~ %% mons/kr H,O. PeaynbTathl sKcnepHMeHTon
xopowo cornacywores ¢ jganusiMi M. M. Bawowknna u 10. T1. Jukosa [7],
COrJIACHO KOTOPbIM HCTHHHAS DPAacTBOPHMOCTL JBYOKHCH YpaHa B BOASIHOM
nape npu Tex e ycaosusix cocrasaser 10 "% monn/kr H,0.

CyllecTBEHHO HHble pe3yJabTaTbl MO PacTBOPHMOCTH JBYOKHCH YpaHa
noayuenn T. Hryenom u B, [Motu [137]. I1pH tex e Temneparype i naBaeHun
B yeaoBuax Gydepa Ni—NiO KOHUEHTPAIHA HACHLIULCHHA pacTBOpa ypaHoM,
Mo WX aauHbiM, coctaBaser 10 *7"=%" yonw/kr H,0, a aaa Fe,0,—
Fe;04 6ygepa 10 2% yons/kr H,0.

BoJiee npHcTa/bHOTO BHHMAHHA 3aCJYKHBAIOT 3KCICPHMEHTbl MO pacT-
BOPHMOCTH YpPaHHHHTA B ra/UJIOMIHOM pPacTBOpPe B HHTEpBaje TeMneparyp
400—600° C u 1 k6ap, onucanuble B paGore A. ®. Peaskuua, M. T1. Usanora
u b. U. Omenbanenko [92].

OnbiTel MPOBOJAHIH B MIATHHOBBIX aMmmylax B AaKTOKJ1aBax, 06beMOM
75 cM®, nomentaembix B 6e3rpaaHEHTHYIO 301y aBTOKAaBHOH neun. Temnepa-
TYPY B pPeXHME OnbiTa PeryJHpoBaJH C TOYHOCTBIO = 0% 3JEKTPOHHBIM
peryasitopom temnepatyp, TtHn 01-T4 (npoussoactso I'/IP), a nasnenune
B aBTUKJaBe CO3/1aBafH MyTeMm 3anoJHEeHH HX BOLOA B COOTBETCTBHH
¢ P—V—T nanubimi. Heo6x0aHMYI0 GYrHTHBHOCTL KHCOpOLA B ABTOKJaBe
H B MPOHHIIAEMbIX L5 BO/IOPOJA MJAaTHHOBLIX aMIlyaax co3nasanu GydepHoi
CMECbIO, [OMEIleHHOH Ha [HO aBTOkJAaBa. MartepuanamMu aas ONbITOB
CAYMHIH KPHCTAMIbl JBYOKHCH YpaHa, cHHTesHpoBanuele npu 500° C,
| kGap, 6ydepe Ni—NiO 3a 20 cyT B COJNSHOKHC/ABIX PACTBOPAx (myc =
=0,1—1 moab/kr HyO), xa0pHCTBIA Kasinii, cONAHAA KHCJIOTA, aProH MapKH
OC4, GuaucTHAHpOBaHHAA BoAa. B HECKONBKHX OMBITAX HCIIOJb30BAJHCD
aJIOMOCHJIHKaTHBIE GydepHble acCONHALHH: MHKPOKJIHH -+ KBapL -+ MYCKOBHT
H aHAAJNY3HT + KBApPIL 4 MYCKOBHT, KOTOPbIE B | 1 | NOLACPIKHBANH OTpele-
JeHHylo Konuentpauuio HCL

[IpHHUHNHANBHAR CcXeMa [PHIOTOBJEHHbIX [JIA ONLITOB [JIATHHOBBIX
amnys nokasada Ha puc. 19. [1poGoorGopHHKamH cayxuan 4—=8 noayor-
KPBITHIX (OTBEpPCTHE AMAMETPOM 2 MM) MJIATHHOBBIX aMMYJ AHAMETPOM 5 MM
TONMMHON cTeHoK 0,2 mm H aaHuoi 50 mm (50,2 50), 3an0iHeHHBIX
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Puc. 19. Cxema cHapsKeHH aMinyJ AJH 3KCNepH- 15 um
MeHTa

H3Ha4aJAbHO HCCeAYEMBIM PacTBOPOM H MOMe-
leHHbIX B G0/bLIYIO TMJAATHHOBYK NPOGHPKY
14%0,3 X 150 mm o6bemom 20 cm®. JIByokuch
ypaHa B KonudecTBe 5—7 KpHCTA10B, 06LLHM
BecoM 6—7 Mr, @ TAKXKE paccyMTaHHOE KoJnye-
ctBo {5—7 M) pacTBopa XJOpHIA KaJHA
B COMAHOH KHeaoTe  (Mmcy=mMyc + My =
=1 moab/kr Hz0) nomewann B mMiaTHHO-
ByI0 npoGupky. Bo BpeMs onbiTa M npu npo-
BeJEHHH BCEX [PYrHx onepaunid npo6GHpka 150
HAXOAHNAach B BEPTHKAJILHOM MNOJOMKEHHH.
ABTOK/IaBb mOCJE ONLITOB OXJa)IaJH Ha
BO3ayxe B Teuenue 2—3 u go 100—200° C,
a sateM B xoJofaHo# Boge. M3 asroknasos

W3BJEKANH [IATHHOBYIO MPOGHPKY, BCKPBI- /’:Eﬁ:ffp
BAaJM ee B BepXHeil YacTH N0 MECTy CBapKH,

M W3 Hee W3BJEKaNH npoGOOTGOPHHKH, — U0,
KOTOpHIe B3BEUIHBAJHM, H N0 PA3HOCTH C Be-

COM NJIATHHOBOH AaMMyAbl ONpefeffaH Bec

comepxuMoro. BHyTpenHee = coaepKUMOe jk A-Si dypep

KaxJoro npoTtooTOOpHHKA, BKIOYAS M

0Caj0K, BbleJUBLIHACA B Npolecce 3akafku,

MepeBOfMJIH B pacTBOP H 3aTeM MOJBEPraiH XUMHYecKoMy aHanuay. [la-
pPaNJeqbHO ¢ 3THM BBIIOJHZJIH aHANU3 «3AKAJEHHOro» PAcTBOpa, HAaXOf-
uteroca B npofupke. Ypaw B pacTBope ONpefeisiH CHEKTPodPOTOMETPH-
ueckn Ha PIK-60 B kioBere nnuHoli 50 MM, B BHIE 3eJ€HOr0 KOMILIEKCA
(IV) ¢ apcenaso-11I B 4,6 moab HCI.

PasGpoc 3naueHHil KoJMuecTBa ypaHa npH onpenedeHud | mxr B 25 ma
aHaJM3upyemMoro pactsopa He npesbian -+0,1 Mkr.

Pe3synbrathl KHHETHUECKHX MCCAeAOBaHuli NOKa3aiH, 4HTO 3HA4YEHHA
(YruTHBHOCTH KHCJIOPO/A, COOTBETCTBYIOUIME KHCiopoaHoMy Gydepy, A0CTH-
ralpTcs B OMBITax depes 2 CyT, a HachllleHHe 8 MJ pacTBOpa JBYOKHCHIO
ypaHa o6ileii MOBEPXHOCTbIO 7 MM’ NpPOHCXOAMT uepe3 5 cyT. DKcnepuMeH-
Tajibble JaHHble MPHBeleHbl B TaGa. 4. [losyuexHble JaHWbBE YKa3biBaOT
Ha TO, YTO A (JIOHJIOB PaHHeH NOCTMATMATHYECKOH CTaJHH KOHUEHTPaUHA
ypata B npenenax 107*=10"" mac.9% npencrasisieTcs BNONHE peasbHOM.

Iosederue yparna 6 PanHHUX NOCTMAZMATUYEEKUX
npoyeccax

Bollue 6bl10 NMOKAa3aHO, YTO TMPH PACKPHCTANIH3AUKHH MarMaTHYECKHX
pacniaBoB 3HA4YMTEJbHaf J0JA ypaHa BbLIHOCHTCH H3 pacniaBa BMecTe
¢ (uoHZoM. DTOT BHIHOC MOMET OCYIIECTBJASNTHCH HA PA3JIHYHBIX CTAIHAX,
KaK B Tnpouecce KPHCTa/MH3aUHH, TAK H MOCE MOJHOMG ee 3dBepLieHHSI.
Ipeacrasnenne 0 TEOXHMHUECKOH HCTODHH YPaHA MOMHO GblIO Obl NONYYHTE
Ha OCHOBE M3y4eHHR MOC/JeN0BATe/bHBIX MHHEPAJbHbIX acCcollHalluil, CBA3aH-
HBIX C TIOCTMArMaTHYECKOH MeATeNbHOCTBIO MarMaTHueckux oyaros. K coxa-
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Ta6auya 4

PeayibTaThi H3y4eHHsl PACTBOPHMOCTH NBYOKHCH ypaHa
npu Py o=1 xbap

Cocrap HCXOAHOI0 PACTBOPA
rast o Bpewms, u (woab/kr H.O) Cpy- 107 mac.%
MmECl MH|
Bydep Ni—NiO
400 576 1.0 0,010 0.15
400 600 1,0 0,10 48
400 600 0.0 1,0 47,9
500* 480 1.0 0,02 0,15
500%* 336 1.0 0,083 0.76
500 120 0.70 0,30 15,1
600 336 1.0 0,010 0,38
600 312 1.0 0,10 1.9
600 240 0.70 0,30 4,7
Bydep Fe, 0, —FeyOy
500 360 1.0 0,10 76-107"°

* Onwt nposeien ¢ aNOMoCHIMKaTHLM Bydepom Knw + Kae+ Mc.
** To e, ¢ 6ydepom And+ Ks + Mc

Mpumevanue 3nayeuus Cp; 8 npoGooTlopHrKe ABIAKTCA cpenHdvMn u3 4—8 ana-
JHAHPYEMBN [1PO6.

JEHHIO, 3HAYHTENbHAA Y1aJeHHOCTL TAKHX acCOUHAalUMHA OT MarMaTHYeCcKHX
04aroB BbI3LIBAET CePbe3Hble TPYAHOCTH B BbIJEJEHHH TAKOro psla acco-
uHalMi u, riiapHoe, B 0G0CHOBAHHH HX CBA3H C MAarmMaTH3MOM, Topamo
NPOULE 3TH BOMPOCHI PeLIaloTcsi B OTHOWEHHH 0CTMarMaTH4eckux o6paso-
BaHWHA, CBA3AHHBIX € KOHKPeTHbIMM MarMaTHueckimu Tetamd. Ocobbiii
UHTEPeC B 3TOM OTHOWIEHWH TNPEACTABARAIT [POAYKTH HaHOoOMee paHHHX
MOCTMATMATHUECKHX MPOLECCOB, CBA3b KOTOPbIX ¢ KOHKPETHbIMH HHTDY3HB-
HBIMH MaccHBaMH siBasieTcs wauGonee odemupnxoli. K wum  oTHOcsTeRn
(popMaALLHK H3BECTKOBbLIX CKAPHOB, d/1bOHTH3HPOBAHHbIX FPAHHTOB, rPEH3eHOB.
IlanHble HayueHHs NOBeAeHHA ypaHa NPH HX 06Pa30BAHHH MOCYT CJIYMHTL
HHAHKATOPAMH TEOXHMHUECKOH MCTOPHH 3ITOTO 3/1E€MEHTa Ha NOCTMArMaTH-
YECKOM 3Tane cTAHOBJEHHS IPAHHTOMAHBIX MarmaTHHecKuX odaros. [rasHoi
UeNbI0 TAKOro H3yueHHs SBJIAETCA NOJyyeHHe OTBETa Ha BOIPOC O pealb-
HOCTH MepeHoca ypaHa MOCTMArMaTHUECKHMH PacTBOpaMH.

¥pan 8 uassectkosvx ckaprax. W3pectkosbie ckaphbl QopMHpyOTCH
Ha paHHel cTaauH  nocjemarmaTtHueckoro npouecca. HakonneuHbie
K HACTOAULEMY BPEMEHW [AanHbie CBMASTENLCTBYIOT O Pe3KOH HEONHOPOLHOCTH
CKapHOB N0 coAepxahHio ypada. B 6onbliMHCTBE cayuyaeB OTMeHalOTCH
HHIKHE KOHILEHTPALMH YpaHa B ckapuax, nopaaka (1—3)-107'9%. Tak, no
Aanubiv E. B. [lnwowesa ¢ coasropamu (1978 r.), KoHueHTpauus ypaHa
B 3MHIOT-NHPOKCEHOBbLIX, [MHPOKCEH-TPAHATOBBIX H dMQHO0/I-TPAHATOBLIX
cKapHax Bapbupyer B npeaeaax ot 0,5-10*% no 4,3-107*%, cocrasins
B cpeaneM okosio 1,5-10° "%, 3naunTenbHo GoJee BLICOKHE KOHUEHTpAllHH
OTMEMATCA B CKapHax, o00OrallleHHbiX MHHEPaJaMH-KOHUEHTPATOPdMH.
K TAKHM MHHEpAJdaM OTHOCHTCH, B HACTHOCTH, BE3YBHaH H, ocobeHHo, OpPTHT.
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Mo agauubim A @ Homkuna ¢ coaropamu (1975 r.), conepxaiie ypana
B HCXO/HBIX H3BECTKOBHCTHIX nopoaax coctasaser 1,4-107'%, B nupokcen-
[PAHATOBBIX, MHPOKCCHOBLIX H  aM(HOOJOBBIX CKAPHAX COOTBETCTBEHHO
09-10 *%;: 1.1-107% 14.107%%, a 8 optuTOoHOCHBIX — 10- 1074,
T.-M. Kai#ikosa (1973 r.) sbiaeasier GopMALHIO CKAPHOBLIX MECTOPOKALHHIL,
rJ1aBHbIM YPAHOBBIM MHHEPAJOM KOTOPLIX ABAAETCH VPaHHHHUT. K HUM OTHece-
Hbl MecTopoxienns Mepu-Kertaun (Asctpanna), Ackepayua (Ulsenns),
Aseryp (Mapokko), psia mectoposieHdit o-sa Manarackap ¥ ap. Xots
CKapHOBAaf NPHPO/LA MECTOPOMKIEHHI B OTLE/bHBIX CAYYaaX ABAALTCH IHCKYC-
cHonnof, caeayer npuanate, uwto T. M. KaiikoBoil npuseaens oanoznaunbe
(akTel 06pa3oBaHHA ypaHHHWTA Ha 3asepulaloulell CTaAHH CKAPHOBOrO
npouecca. THnoMopdHbIM IPUIHAKOM ITHX MeCTOPOKACHUH HBJAACTCH Napa-
reHeIuC ypaHHHHTAa ¢ OGBIKHOBEHHOH POroBoH OOGMaHKOH M cy/bdHIaMH.

B 1ipupose BCTPevalOTCA YPAaHOHOCHbIE CKAPHBI, KOTOPBIC BbIACAATCA
B CAMOCTOATENLHVIO (OPMALHI0 CKAPHOBBIX MECTOPOMKAEHHH ¢ VYpaH-TOPHT-
peaKo3eMeNbHOH MHHepaiu3alued [(24). [1aBHBIMH MHHEPANaMH — KOHIEH-
TPATOPAMH ypaHa B HHX ABIAIOTCSH OPTHT, TOPHT, TOPHAHHT, LEPHT, KapOoHaThl
PEAKHX 3eMelb M IP.

OBWHpPHBIE MATEPHAAB N0 PaLHOXHMHYECKHM OCOOEHHOCTAM CKapHOB
npusenens J1. 1. PuxsanoBbim ¢ coaptopamu (1985 r.). [lokasawo, uto npo-
1HeCce CKApPHUPOBAHHA W3IBECTHAKOB COMPOBOKAAETCH HAKOMICHHEM ypaHa.
Cpeanee cofepxaHHe ypaHa B cKapHax no 13 H3ydyeHHbIM MpoOAB/IEHHAM
coctapasier 7.2.107'% ¢ wwupokumn Bapuaumsimu ot 1.6-10°'% 1o
13,7-10'%. YcTaHoBJEHO, 4TO KOHUEHTPAUMH ypaHa B MHHepadax paHHei
(coGeTBEHHO CKAPHOBOM) CTa/MH OTHOCHTEILHO HesblcokH. B Boanactonnte
B cpeanem 2,6.107'%, B nupokcene — (0,1—2,7)-10~'%,, 8 rpanate —
(0,9—8,4) - 10 *%. CyllecTBeHHOE HAKOMACHHE ypaHa aBTOPbl CBA3LIBAIOT
¢ BOJIHOCHIHKATHOH cTalHel, Korla 06pa3yloTea TaKHe MHHEPAJIbl- KOHLEeHTPa-
TOPBI, KaK 3MHI0T, OPTHT, Be3yBHaH. B opTHTe coneprkanne ypaHa cocTaBaser
B cpeatem 200.107'% B otaeabnmx caydanx aocturas 1700. 10719, B snu-
nore — (0,7—50) - 107", B Besysuane — (30—120)-10~'%. B vkasauubix
MHHEpAaX YPaH KOHUEHTPHPYeTCR B BUIe W3OMOPQHON NpuMecH.

B paGore B. M. Omenbsinenko ¢ coaBropamu [83] onucano pacnpesue-
JIeHHe YpaHa B H3BECTKOBBIX CKAPHAX B KOHTAKTE CO ILEJNOYHBIMH CHEHHTAMH
(8 %): kap6oHaTHas nopoaa — 5-10~", TpemoauToBmii ckapd — 5-107",
Be3yBHAH-TPAHAT-AHONCHAOBLIA ckapn — 36.10 ' MH3epuT-3rHpHH-canuTO-
Boiii  ckapu — 143-107"  OO6biuble CKapHbl HOPMAJbHOR  1LLEJ0UHOCTH
BE3VBHAH-TPAHAT-AHONCHI0BOIO COCTABA XapaKTePH3YIOTCH GoJlee HH3KHMH
KOHUEHTPALHAMH YPaHd, BXOASILEro B BUAE H30OMOP(PHONH NPHMECH B BE3YBHAN
H B He3HauHTeJbHbIX KoauuecTBax B awoncua (9.4-107'%) wu rpaunar
(0,2-107'%). B BesyBrane BLIABIEHO 30HAJIbHOE pacipeie’enye ypawa,
npuueM Hanboapinne ero Konuentpaunn (3010 '%) ormeuaoTcs B nepudge-
pHUeCKHX yuacTKax KpHctaaios (puc. 20). Camble HU3IKHE KOHLUEHTpalHK
ypaHa OTMeYeHbl B BOMJIACTOHHTOBBLIX CKApHaX, B KOTOPbIX OTCYTCTBYIOT
MHHEpaJbl-KOHLEHTPATOPbLI M YPAH MPAKTHUECKH 1IIe/IHKOM COCPEL0TOUEH B Tpe-
ILHHKAX H MEX3ePHOBOM MpoOCTpaNcTae.

B pacnopsiaeHHH aBTOPOB, TAK e KAK H B JHTEPATYpe, HMEITCH JpyrHe
IPHMEPBI, KOTOpble B COBOKYITHOCTH € H3JOMCHHBLIMH BbILIE J1AHHLIMH
NO3BOJARIOT CAENATh CACAYIOUIHE BIOJHE ONpeleeHHble BbIBObL.
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Puc. 20. 3oHanbHoe pacnpejefedde B KPHCTallax BesyBHaHa
a — WwaHdw npH 1-Mm HHKone, 6 — nascan; ysea. 20

1. CkapuupoBaHHe KapGoHATHBIX MOPOJ, KAK [IPABH.10, CONPOBOMKAAETCS
HAKOIJIEHHEM YDaHa.

2. CKapHbl CyLLeCTBEHHO BaPbHPYIOTCA 10 COJepKaHHIO ypaHa OT 1ecs-
THTBICSIYHBIX 10 AeCATbIX [LOJeH MpolleHTa.

3. o conepxaHuio ypaHa B CKapHax BbUIENSIOTCH MHHEPaJdbl ¢ HH3KOH
(BOJLIACTOHHT, MHPOKCEHBI, rpaHat, aMmGuOOa, KaTbILHT) H BbICOKOH (OPTHT,
BE3YBHAH, MPaHAaT, MH3EPHT, 3BAHA/HT, HHOTAE 3MHAOT H THTAHCOLEPKALULHH
rpaHart) #H30MOp(HOH €eMKOCTbIO B OTHOLIEHHH ypaHa. B pyloHocHbix
CKapHax MOTLYT [PHCYTCTBOBATb YPaHHHHUT, MHPOXJOP, MOHAUHT, OPTHT,
KapOoHaTbl PEAKHX 3eMeJb H 1p.

4. B naubGoaee paHHIOW (COOCTBEHHO CKAPHOBYIO) CTaaHio Mnpouecca
ypaHcoaepalllie MHHepaJbl, Kak 1pasuio, He obpasyiortcs. OCHOBHas HX
4acTb CBSI3AHA C NOCTEPHOPHOH (BONOCHAHKATHOH) cTAlHeH, XapaKTepH3ylo-
el nouH:KeHHe TemmepaTypsl MHHepanoobpa3oBaHus.

5. MoHO yTBepAlaTh, UTO CKApPHHPYWOULHE pacTBOPLl, N0 Kpaideh
MEPE B HEKOTOPbIX CJy4yasaX, XapaKTepH30BAJHChb JOCTATOYHO BbICOKHMH
KOHUueHTpauHsaMH ypada. Ha pannelt craamu npouecca npesajgHpoBaJy
YCJOBHS nepeHoca, uTo He GaarolpHATCTBOBAJIO OTJOAKEHHIO ypaHa. Kpome
TOro, MUHepaoo6Gpa30BaHHe paHHEeH CTaJHH He COMNpOBOX1alock 06pas3o-
BAHHEM MHHepaJoB-KoHUeHTpaToB. [losToMy HH3KOe colepxaHHe ypaHa
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B CKapPHaXx He ABJACTCH NMOKajartelem HH3KOH €ero KOHUEHTPAUHH B CKAPHH-
PYIOULHX pacTBopax.

6. [lokazatenem OTHOCHTENLHON YPAHOHOCHOCTH PACTBOPOB MOMKET CJy-
AHTL  COJCPHAHHC ypc'.lHH B OAHOTHIIHBIX MHHEpaJaXx-KOHIIeHTpaToOpax.
Ha OCHOBE CONOCTABJEHHA HMEUHXCH OdaHHBIX MOMKHO VTBEpPKAaTh, HTO
CONepAaHHe YypaHa B CKAPHHPYIOULHX PAacTBOPaxX BapbHPOBAEJO B LIHPOKHX
npenesax, Q0CTHrasa B paae caydacs KOIHlG‘HTpH[lHﬂ, JOCTAaTOUHBLIX A1
OTNIOKEHHST COBCTBEHHO YPAHOBLIX MHHEPAJOB.

7. Takum 06pazom, NPHBEACHHLIE 1aHHBIE CBHACTENLCTBYIOT O BO3MOKHO-
CTH 1EPEHOCA YPana BLICOKOTEMNEPATYPHBIMH PAcTBOpaMH paHHed nocTmar-
MATHYCCKOH CTALHH.

¥pan 8 arbOuruzuposarnolx eparuTax. ANbOHTH3AUHS OTHOCHTCA K OHOMN
H3 Hanbojee PAHHBIX CTalWil nocTMmarmaruueckoro npouecca. Oua nposis-
AAETCA B CBAIN C NMO3THHMH Ha3avMi FPAHMTORLHBIX MATMATHYECKH X KOMIJIEK-
coB. C opmaunei aabGHTHINPOBAHHLIN TPAHHTOB UACTO CBA3AHDBL 1POMBbILI-
JeHHbIe KOHUEHTPAUMH OepHiaiusl, TaHTana, HHOGHA, UHPKOHHA, PEAKHX
3eMeJb, KOTOpPbIE [NOBCEMECTHO CONPOBOAAIOTCH MMOBLIIIEHHLIMH COAEpKa-
HuAMK ypada. OCHoBHAR 0% VpPada OOLIMHO NPHYPOUEHA K TAHTANO-
nuobatam u uuproantam. JlanHoe 0GCTOATENLCTBO MO3BOAAET BO MHOTHX
CAYHAAX HCNOJL3I0OBATL palHOMeTpHUYECKHEe HPHGO[}N H FaMma-Kaporax a/s
NOHCKOB TaHTano-uuobHenoro opyaencuusi. B cpennem cofepatne ypana
B anbOMTH3HPOBAHHLIX TpaHuTax B 520 pa3 Beillie, 4eM B HEH3MEHEHHbIX
pasHoctax. Takum 06pasom, BO3MOKHOCTb NEpeHoca YpaHa aabOHTHIH-
PYIOUIHMH pACTBOPAMH H Oﬁt)rallleHHU(’Tb HX YPAHOM e/1Bd JIH MOI'YT BbI3BATb
comHenne. BmecTe ¢ TeM cie/lyeT MOAYEPKHYTh, YTO yKa3aHHbli QakT He mor
6bl ObLITHL OJLHO3HAUHO 3aUKCHPOBaH, eciH 6bl HE NPOHCXOAHA0 OTJIOKEHHE
MHHEPA/IOB C BLICOKOH H30MOP(HOH eMKOCTbIO B OTHOWeEHHH ypana. OtcyT-
CTBHe COGCTBEHHO YPAaHOBBIX MHHEpAJOB CBHAETENTbCTBYET O TOM, 4TO
B npouecce aqbOHTH3ALHKKH ypaH HAXOAM/ICA B PACTBOPAX B J€rKO PACTBOPH-
Mot dopme. MubiMM CAOBAMH, YCI0BHA NEPEHOCA HBHO [NpPeBalHpPOBAJIH
Hal YCJAOBHAMH OTJ0KeHHA. [IpH JeTasbHOM H3VUEHHH pacnpelefeHus
ypaHa BLIABJAIOTCA MPH3HAKH BO3PAaCcTaHHA HHTEHCHBHOCTH €ro HaKOMJIeHH:
Ha Hauwbonee NO3NHHX CTaAMAX mpouecca. B wupkowax w uumptoautax
OTMeYadeTcs CyulecTBeHHas 060TalleHHOCTh nepHdepHyeckHx dYacteil no
CPABHCHHIO C BHYTPeHHHMH. YpaH Tak:Ke (QHKCHPYETCH B MHKPOTPELIHHKAX,
BBINMOJIHCHHBIX €MATHTOM H XJOPHTOM, KOTOpble MOZKHO paccMaTpHBaTb
KaK pe3yabTaT JeATeIbHCTH «OCTaTOUHbIX® («3alleMJeHHbIX») PacTBOPOB,
COXPAHHBUIMXCA B MHKPOTPEILHHKAX M MOpax nocfe 3apeplieHHs ajbOu-
TH3aluun [83]. 3ITto ABARETCA CBHAETENLCTBOM BLICOKOH YPaHOHOCHOCTH
«0TpaboTanHblx» pacTBopos. ConocTas/sas NoBeleHHe Vpana NpH npoleccax
CKAPHHPOBAaHHA H aJbOHTH3ALHH, MOMKHO 33KJIOYHTb, YTO CKapHHpPORaHHe
OCYULECTBJAAETCA 1101 BO3ACHCTBHEM DACTBOPOB ¢ Pe3Ko PasjiMHUHOA ypaHo-
HocHOCTLIO. Popmauns e anNbOHTHIHPOBAHHLIX TPAHHUTOB, HECOMHEHHO,
obpasyercd Mol BO3JAeHCTBHEM PACTBOPOB, CMEIHAJHIHPOBAHHBLIX HA PeLKHE
H pajHOaKTHBHbIE 3neMeHTbl. [IpHuHHA 3TOro KpoeTca B CYILECTBEHHOM
OTJIHYHH JAHdNa3oHa NOeTPOJIOrHYeCKHX };’C.’]OBH}"l ()f)pa'j()EHI{HH VYKa3aHHbLIX
thopmauni. Ecan obGpa3soBaHHe H3BECTKOBLIX CKAPHOB HE 3dBHCHT OT NETpo-
XHMHYECKOro cocrtana rpaHHTOMILOB, TO OﬁpHSOBHHHL‘ PeAKOMETAJIbHbIX dJlb-
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OMTHTOBBLIX [OPOJL OTMedaeTcsl JHIWbL B CBA3K ¢ HauGoaee MNO3IAHHMH
(ha3aMu MarMaTHYecKHX KOMMJIeKcoB. Kak Obl10 MOKa3aHO BbILLE, HMEHHO
TadKHe (asbl XapaKTepPH3YIOT MArMaTHUeCcKHe PACaaBbl, NMPoUICLIIHe HAH60-
Jee MOJHYK MeTaMarMaTHuekyl 1e6a3HHKALHI0 H KPHCTaNNM3AUHOHHYIO
AnepeHHaliio 1 B MaKCHMaJbHOH CTeNcHH oboraueHdnie  (propo-
huabHbiMi siemedtamu. Jloaa TAKHX HHTPY3HBOB COCTABASET, MO JaHHLIM
b. B. Kosans, e Gosee 19% no oTHowenHio K ob6uleil njaolllanin, 3a-
HATOH rPaHHTOHAAMH COOTBETCTBYIOUIEro KoMillekca. Caenosateibuo, cy-
LUEeCTBEHHO® HAKOMJIeHHe HATPHS B MarMaToreHHbiX ¢JoH1ax caeiyer
paccMaTpHBATh KaK 0COGEHHOCTh MOCTMArMaTHUECKHX MpOoIleccoB, 00yCa0B-
JEHHYI0 CreUH(HYECKHM COCTABOM KPHCTAJIH3YIONIEeHCH MarMbl.

Ypan 6 epetszenax. Bo spemeny aib0HTH3AIHA TOCTENECHHO H TPAKTHUECKH
HENpepsiBHO CMEHAETCA rpefisenusauued. bBoablmucTBO HecaenoBaTenei
(Anenbunn w ap., 1975; Bepauna, lonomaunosa, 1967; Jimutpues, Jleonona,
1962; Kpoinos, 1959; Muponos u ap. 1979; Owmenvsinenko u ap., 1973,
1978; IMawuwes, 1975; CuipomaTuukos 1 ap., 1976) ormeuaioT nossilieHioe
cojepmanne ypana B 2—>5 u GoJiee pa3 0 CPaBHEHHIO ¢ BMELLAIOULHMH
MOPOAAMH, MPHYEM YPaH HAKAMIAHBACTCH B HEKOTOPLIX PYAHLIX MHHEpadax
(MonnGaennT, BOAbOPaMHT, TIOGHEPHT, KACCHTEPHT, BHCMYTHH MW 1p.).
Xapakrepno, 4To B OOJbIWHHCTBE CJAVUaeB YBeJHYeHHe HHTEHCHBHOCTH
rpefi3eHn3alHi CONPOBOKAAETCA H POCTOM COMepKaHHA ypaua. Tak, B canabo
rpeH3eHH3IHPOBAHHBIX TPAHHTAX MO CPABHEHHIO C HCH3MEHEHHBIMH OTMEYEHO
MOBbLILEHHE COAEPKAHHA ypaHd B 5 pa3, a B HHTEHCHBHO TPed3eHH3HPOBAaH-
HolX — B 10 pa3. B cnabo rpedsedHn3sHpoBaHHbIX CAdHILAX KOHUEHTpALHA
ypaHa yBenHuHBaeTcs B B, 4 B HHTEHCHBHO TPEH3CHH3IHPOBAHHLIX — B 4
pasa [83]. las HenameHeHHBIX, c1abo M CHABHO TPEH3CHHIHPOBAHHLIX rpa-
Hutos M. I'. ChIpOMATHHKOB AR OJIHOTO MAaccHBAa JaeT colep:Kanue (B %):
3310 % 4.4.107% 47.10*, aaa apyroro — 3.5-107% 8,7.10 % 15.107*,
OcHoBHas 107 YpaHa oOTJdrajach Ha NO3AHHX CTAAHAX [PEH3EHOBOrO
npouecca. Ha 370 yKa3wiBaoT: BHICOKOPAJAHOAKTHBHBIE LHPKOHbI H ANATHTHI,
NPHYPOUCHHBIE K TpellHHam B ToNa3e; sIBHO MOBbILIEHHbIE MO0 CPABHEHHIO
C HeH3MeHeHHbIMH MOPOAaMH KOHLUEHTPALHH YpPaHa B MeMK3epPHOBbIX LIBax
H MHKpOTpellHHax: o6pa3oBaHHe B M0OCTrpeli3eHOBYIO CTA/lHI0 KacCHTepHTa
H XJOPHTa ¢ MNOBBLIIEHHbLIM colepxaHuem ypaua. [lpu stom B Kpaeswix
4acTaAX 3epeH KaccHTepuTa ono B 4 —20) pa3 pullue, 4eM B LeHTpadbibiX [83].

O6pautaor Ha cebs BHMMAHHE JleTalH pacnpeiefeHdst ypaHa B BOMbL-
dpamurax (puc. 21). OHH NOKA3BIBAIOT HAJHYHE MHOFOUHCAEHHBIX 30H
pocTa, XapakTepH3YIOULHXCs PE3KHMH BapHalMAMH B KOHUEHTPALHH ypaHa.
Boamoxno, 30HanbHOoe pacnpeieliedde OTPaxaeT BapHallMh  YCJIO0BHE
KPHCTAAIH3alHH, Ha/lHYHe MepexonoB OT HHOMHILTPAUHOHHOTO 10 Auddy-
3uoHHOro maccoodmena. O6pauiaer na ceGa BHHMaHHe peskoe oforalieHde
YPaHOM MHKPOTPEILHH B BOJAb(PAMHTE, CBHIETENLCTBYIOIEE O HAPACTAHHH
AKTHBHOCTH ypPaHa K KOHILy rpeH3eHOoBOro rnpouecca.

E. B. Iluowes (1975 r.) oTMeTw/, uTo OCHOBHAsi 0.8 ypaHa B rpei-
3€HAX 3aKJIUeHa B ypauuHuTe, GpaHuepute, TopuTe, mouauute. Hauw
OMBIT H3YYCHHA TPEA3CHOB MOIBONACT 3AKMIOUHTL, YTO YpPaHHHWT, Opan-
HEPHT, TOPHT B rpefiseHax BCTPeUANTCH [L0BOALHO peako. Creunanshoe
H3YUEHHe NPeACTABHTENbHLIX [Peil3eHOBLIX  MECTOPOMKIECHHH  [10KA3a0,
UTO TNABHLIMH KOHUEHTPATOPAMM ypaHa B rpeH3eHax sBAAIOTCH 11CeB10-
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Puc. 21. PacnpejesedHe ypasa B KpH-
cTaax BoJbpPamMnTa

Jlascan: ysea. 20

MOP(O3bl  THTAHHCTBIX  MHHEPA.I0B
(pyTHJ, aHaTal, JeHKOKceH), obpa-
3YIOULHXCA 10 OHOTHTY, UWHPKOH, dana-
THT, MHPHT, KACCHTEPHT, BOILPPAMHT,
MEKIEPHOBBIE LWIBLI H MHKPOTPELLHH-
KH. OTMeueHbl MOBLILEHHbIE KOHILeH-
TPallhH ypaHa B Ta30BO-KHIKHX
BKJIOUEHHAX B KBaplle u Tonase. [Tpu-
OAMKEHHAR OURHKA KOHUEHTPAUuH
ypaHa BO BKJIWOYCHHAX, HCXOAA M3
MJIOTHOCTH TPEKOB, NOKA3bIBAeT, UTO
CONEPAKAHHE B HUX YPaHa B npenenax
ThICAYHBIX 10J€H NPOLEHTd Npe/CcTas-
Jgsietest Hanbonee BEPOATHBIM.

[lpsamble onpeaeneHns  KoHLUeH-
TPallHH  ypaHa B Ta30BO-AKHIKHX
BKJIOUEHHSIX B KBaplle OJI0BO-BONb(PAMOBLIX HKHJ, BblllofiHeHHble A. Panky-
HeIM ¢ coasTopamu [138|, naau koHuenTtpauuo 2,23.10 "%, a B KBapue
YPaHOHOCHBIX mHa — 3,9-10 “%.

OrMeueHHOe BILIE NO3BOJSIET 3AKIIOUHTE, UTO NEPEHOC ypaHa TPEeH3eHH-
HPYIOULHMH PACTBOPAMH BPS/L JIH MOMKET Bbi3BaTh comienHne. Penkoe obpaso-
BanHe COOCTBEHHBIX MMHEPANOR ypaHa B CBA3H ¢ MPeH3eHOBBIM MPOLECCOM,
O4YeBHIHO, 06YCI0BIEHO BLICOKOH PACTBOPHMOCTbIO 3TOT0 3/1€MeHTa B IpeHie-
HH3HPYIOLLHX pacTBoOpax.

[TpoBesettoe paccMOTpeHne IOBEACHHA YpaHa 1PH THAPOTEPMa/lbHO-MeTa-
COMATHYECKHX NPOIleCcCax PaHHHX MOCTMAarMaTHYeCKHX CTalHiH CBHAETENbCTBY -
eT 0 PeabHOCTH MePEeHOCd 3TOr0 INEMEHTA NOCTMArMATHUECKHMH (UIIOHIAMH.
Hab6.onaemoe Bo MHOTHX CAYyUasix HAKOIJIEHHE 3TOTO 3/IeMEHTa B MeTaCOMaTH-
Tax B 0OJbLUIHHCTBE CJAy4YdeB CBA3AHO ¢ OOA30BAHHEM MHHEDAEO0B-KOHLEHT-
paTopoB, XapakTepH3YIOULHXCcH GOJbIIOH H30MOPGHOH €MKOCTbIO B OTHOLIE-
HHH ypana. O6Gpa3oBanHe YPaHUHUTA OTMEUACTCA KPaiHe peiko, uyTo CBHIE-
TENLCTBYET O HEJOCHILLEHHOCTH PacTBOPOB B OTHOLWIEHHH 3TOTO0 MHHEpa/a.

OueBHIHO 103TOMY, YTO Heb3fA OJHO3HAYHO OTBETHTbL Ha BOIPOC, BbilLLeaa-
YHBAKT JIH 10CTMATMATHYECKHE PACTBOPBI YPaH H3 BMEILLAKLLHKX NOPOJL HIH 0T-
aarart ero. O6eanedye pacTBOPOB YPAHOM LOJKHO NMPOHCXOLHTL B Ciydae,
€C/IH IIPH MeTacoMaTHYeCKoM (1peoGpa3oBaHiHd 10poj 00pa3ylTes MHHepd-
JIbI-KOHUEHTPATOPbl H €CJIH CAMH BMEILAIOLLHE Nopojibl 060ralels MHHepana-
MH, CNOCOOHLIMH AKTHBHO COpOHpOBATb ypaH (MHHEpa/bl THTaHa, OKHC/bI
Kedgesd, yrauctoe sellectso). O6oralleHie pacTBOPOB YPAHOM MOXKET NPOHC-
XO/IMTb, €C/JH HCXO/HbIC MOPOAbl COLEPKAT JerkosulllenaunsaeMbii («H30bl-
TOUHBbI») ypaH, 4 MHHEPaJbl-KOHUEHTPATOPbl OTCYTCTBYIOT. KoHuenTpauns
ypaHa B nocTMarMaTHUeCKHX pacTBOpax, onpeieneMas ThICAUHbIMH L0JAMNA
NPOLEHTd, NPeAcTaBafeTcs HauGoJee BepPOATHON.




Modeab 83aUMOCBA3U NETPOLCHETUHECKUX NPOYELCOs,
OTBETCTBEHHLIX 30 (POPMUPOBAKUE YPAHOHOCHELY
pydoabpasyouwux pacTeopos

ﬂpenﬂaraemaﬂ MOAEAL OTPAKEET HPetTABICHHE aBTOPOB 00 HCTOYHHKE
M MexaHuiame (OpPMHPOBAHHA YPAHOHOCHBIX THAPOTEPMAJLHBIX PACTBOPOR,
B34HMOCBH3H NPOLECCOB PYA0reHePHPOBAHHA C Pa3HOOOPA3HBIMH T€QJIOrHYeC-
KHMH Asdeddamu. Ouna ONUPaALTCH HA COBOKYINHOCTb COBPEMEHHBLIX AdHHBLIX
0 [MPOCTPAHCTBEHHO-BPEMEHHBIX COOTHOLIGHHAX YDaHOBBIX MECTOPOWILCHUH
¢ MArMATHYECKHMH MOPOAAMH  H MECTOPOKIACHHAMH JIPYTHX METaJJoB,
[LdHHbIE @HSHKD-XHMHHECHDQ NeTPOJNOTHH H IFeOXHMHH O COCTABC H CTPOEHHH
Bt‘pXHEﬁ MAHTHH, [1poleCcax rPAHHTHIAIUHH H Mal‘MOt)ﬁpaaOBaHHﬂ‘ 3aKOHOMED-
HOCTSIX IBOMIOUHH MAarMatuiMa BO BpPeMeHH, (DJIOHIHOM pPexHMe TPAHHTO00-
paszoBanka ¥ T, A,

[1pn pazpaBoTke MOAEAH ABTODBI HCIO/ALIOBANK JHiL Te THIIOTETHYECKNE
NOJOKeHHS, KOTOpPLIe Ha 1aHHOM 3Tane Haubosee 060CHOBAHLI M Pa3feqsior-
1 GONILIIHHCTBOM METPOJIOroB. 3HAYHTEABHARA POJbL B ADFYMEHTAILHH Pa3BHBa-
€MbIX ABTOPAMH [EHETHUYCCKUX NPeACTARNeHUE MPHHAANEAKHT HIYUEHHIO TOp-
HbIX MOPOL H MHHEPasoB METOLOM OCKOAKOBOH paanorpadul, 1no3sodsio-
N1IUM NPOC/IeAHTEL NMOBEAEHHE YpdHa MpH pACKPHCTANIH3allHHA MArMaTHYEeCKH X
pacnaBpoB, 10KA34Th PEANLHOCTE BLICOKHX KOHUEHTPAILMA YpaHa B Marmaro-
redHbix urionnax. ABTOpamMu NpealpHHATA 10NbITKA KCIEPHMEHTaNbHO 060
cHOBaTL Haubo/Ice BAXKHBLIE M0JOKEHHA PA3BHBACMOl KOHUENIHK. ITH 1N0J0-
MEHHS KACAITCA BO3MOMHOCTH MepeHoca ypaHa TPaHCMArMaTHUECKHMH
(pJIOHIAMH, HAKOTJIEHHS €r0 B MarMaTHYeCKOM paciiidBe, BbIHOCA YpaHa Mar-
MaTHuecKUMH (IIOHAaMH Ha HanBoaee NOIAHHX CTANHAX PACKPHCTANIH3ELHH
paciJaaBon.

[Mpeanaraemasi Mogenb OMHCHIBAET COBOKYIHOCTH UPOUECCOR, KOTOPHE
CBOACTBEHHBI OlPe/ieIeHHOMY BPEMEHHOMY HHTEPBaly B PA3IBHTHH CKIall-
uyatex obaacTeifl. DTOT HHTEPBAJ OXBATHIBAET OPOTEHHYIO CTAJHIO PA3BHTHA
cKJaa4aTbix obaacTeli HJIH NepHOL HX aKTHBH3AIHH, IR KOTOPHIX XaPaKTEPHO
YCHJIEHHE POJIH KHCJAOTO (MK Lleno4uHo-6a3anbTOHIHOI0) MarMaTi3Md H CBH-
JAHHBIX € HHM 110CTMArMaTHYECKHX ABJAEHHI.

BaxHoii npeAnochlIKOH PA3BHTUA PYAOTEHEPUPYIOILHA TPOLECCOB ABIAET-
csl HamHuHe rayOHHHBIX pastomoB. B HX npeaesax BelllecTBO MaHTHH pasyr-
JOTHAETCH, 4TO obecneyHBaeT OTl1eNeHHe H HHTEHCHBHYIO LIHPKYJIAILHIO TPaHC-
Marmartuieckux duiounos. O6pazosanye o4aros H6a3aJbTORIHLIX MarM B Noj-
KOPOBLIX TOPH30HTAX M OYAroB KHCJBIX Marm B 3EMHOM KOpe ABAAeTCH clejl-
CTBHEM IIPOIOJIAKHTENLHOMO H HHTEHCHBHOrO BO3AEHCTBHA TakuX (HJIOHL0B.

Hakouel,, BamubiM yCa0BHeM PYAOTCHEPHPYIOLLIEH CIIOCOBHOCTH MarmaTH-
YECKHX paciJiaBoB sIBAACTCH CICULHANH3AUHA TPAHCMATMATHYECKHX ChﬂlOHI_LOB
Ha ypaH.

Tonbko ¢ yuetom 31010 hakTopa MOTYT BbITh 0OBLACHEHB H METANIOTEHH-
yeckas CrellHaaH3alHa MarMaTHYECKHX PACIIABOB, H 3HAUUTCLHBE Pa3Mepyl
YPAHOHOCHBIX MPOBHHIHH, H YAHBHTENbLHAS OLHOTHITHOCTh MECTOPOAKIAEHHHA
B Ipefefax Taknx NPOBHHILHA.

”le{HHbl, onpeaejfalouldie MeTalJoOreHHYeCcKylo cnelinajiHialuuid Tpanc-
MATMATHYECKHX d)_TIIOHI].(JB. OTHOCATCH K BOMpOCaM THIIOTETHYECKOro [JaaHd.
BoamoxHo, ond OTPAKAIOT YPOBEHb NPOHHKHOBEHHS DPA3JIOMOB B MAHTHIO,
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rayGHHY DIIOHA0OTIAECACHHA HIH, HAKOHELL, FeOXHMHUECKYIO HeOAHOPOAHOCTL
caMOR MAHTHA B PA3JTHUHBIX YacTax 3eMmau.

@opMHPOBAHHIO DYAOHOCHBIX PAcTBOPOB MPCAIICCTBYET i NOCAel0BE-
TeIbHbIX METPOrCHETHYECKHX ABACHHI, MPOTEKABUINX MHOIHE MHJ/LIHOHBI JIET:
BOSHHKHOBENHE TAYOHHHBIX PasJoOMOB, 3aJ0KeHHe H ladbHellnee pa3sBuTHe
30H TEKTOHO-MATrMaTHYECKOH AKTHBHOCTH, MArMaTH3M H MeTaMopgH3M npeso-
pOreHHOH CTaaun.

OcHoBHaA TPYAHOCTL B AHAJH3€ 3THX ABJEHHH 3aKNIOYACTCH B renoTeTHu-
HOCTH (IpelcTaBAeHuil o rayGuue, YCAOBHAX H MeXauuime hOopMHPOBAHUA
MarMaTHY€CKHX PaciniaBoB B MAHTHH.

[peacrasiagercs Heaecoobpa3HbiM HECKOILKO YIIPOCTHTE 3a1a4y, orpatu-
YHBIIMCH PACCMOTPEHUEM JHilib TEX NETPOreHeTHULCKHX ABJACHKHA, KOTOpLIe
HeNocpeACTReHHO NPeLIecTBYIOT H TECHO CBA3aHbl ¢ 3Tanom pyaoobpasona-
nusi. [losTomMy COBOKYIMHOCTb pPACCMOTPEHHLIX MeTPOreHeTHUECKHX sBJAeHHH
NENHKOM OTHOCHTCR K OPOTEHHOMY 3Tany (CTaiHn) Pa3BATHA TEOCHHKINHAIL-
HO-CKIAA44ThIX H BHET€OCHHKJIHHALHBIX NOABHAKHEIX noscos. Hanosmuum,
4TO MEPexo/ K OPOreHHIeckoi cTalini Pa3BHTHS CONPOBOMAAETCH OHHKEHH-
€M HHTEHCHBHOCTH TEILIOBOTO MOTOKA, HAMEHEHHEM QUIIOHAHOIO PEKHMA B CTO-
POHY YCHAEHHR BO dhIoHIax poau BoAbl. PerpeccuBHbIi xapakrep npoleccos
OPOreHHOH CTAJHH JOKA3LIBACTCH HAJNOKCHHEM MeTaMopduima aMpuboanTo-
BOH (PALLHM HA NPOLYKTHl L0OOPOreHNOro rpaHyaHToOBoOro Metamopgusma |71
HecmoTpa Ha noHHKEHHE TeMIepaTypbl, MeTaMopdHIM B YCAOBHAX NOBLILEH-
HOro (DJTIOHJIHOTO AdBJAEHHA 110 MacwTabaM H HHTEHCHBHOCTH 10CTHIAeT B 0pO-
FeHHUeCKYI0 CTa/lHI0 MaKCHMA/bHOrO PA3BHTHHA, COOTBETCTBYS 10 CBOHM 0CO-
GeHHOCTHM OHATHIO «yabTpameTamopduamy». lanteil TepMud notpasymena-
eT HHTeHCHBHOE MPOABMEHHE [POICCCOB KPEeMHRILEI0YHOr0 MeTacoMaTosa,
MHIMATH3dlLHH H MarMaTHYECKOro 3aMellenns (rpanutusaunn). Ipanntnsa-
IHA ABAACTCA CAEACTBHEM NOBLILIeHHA BO GIOHAAX NAPINHANLHLIX RaBaeHHH
BO/LI, (hTOpa, GOpPa H JAPYTHX KOMNOHEHTOB, CTAOHJH3HPYIOILHX KHC/IbIE pac-
naasbl. [ToITOMY nepexon K OpOreHHYECKHM CTALHAM 3BOJIOUHH 0ABHAKHBIX
CKAAAUATHIX 301 CONPOBOKAARTCA YCHACHNEM PONN TPAHNTONAHOTO MAl MATH3-
Ma. OCHOBHBIM MEXAHH3IMOM (QOPMHPOBAHHA TPAHHTOHAHLIX MATM ABJISETCH
MarvaTHYeCcKoe 3aMEeLLCHHe NTPH NOCPEACTBE TPAHCMATMATHUECKHX (PIIOHI0B
NOAKOPOBOTO NpOHCXOXAenus. [lpeanonaraercs, uto M3MeHeHHe (UIIOHAHOTO
peKHMa B OPOrCHHUECKYIO CTalHIO SBIAETCA CAEACTBHEM OTAeJEHHA JeTVUHX
KOMIOHEHTOB B Mpollecce KPHCTaNTH3YIOUIHXCA NOAKOPOBbIX 0a38/bTOH/HBIX
Marm, NpoHcxoasaulero Ha hoHe NOHHKECHHA HHTCHCHBHOCTH TEIJIOBOTO HOTOKA.
Ecan noakopossle 6a340bTOMAHLIE MATMbl UHTCHCHBHO MOCJIOULAIM BOLHYIO
hasy B NpeaOpPOreHHYIO CTAAHIO, NPONYCKAR B 3EMHYIO KOPY JTHIIL KOMINOHCH-
Thl, XapakTepH3YioUIHeca ¢1a00f pacTBOPHMOCTBIO B MATMATHUECKHX pacr-
nasax (Hanpumep, COq), TO B npouecce CROCH PACKPHCTAMIHAAUNY OHU HAUK-
HAIOT dKTHBHO OTAENATH BoAHYIO dady. C 3THX HO3HUHA HAXOAHT 0OBsICHEHHE
H3MEHEHHE (PUIOHAHOrO pPeAHMa, MOUIHOE Pa3sBHTHE ABJCHHH IPAHHTH3ALHH
W CBAAHHOE ¢ HEH FPANIMOIHOE HEePePACTIPEIeNeHHe BEILECTBA MOAKLY Man-
THEl H KOpoH,

MeTacoMaTH3M M TPAHHTH3AUNA  OPOr€HHONR  CTa/lHH, conpsKentble
B CKABAMATLIX 0ONACTAX C PAIBHTHEM KOPOBOTO MArMaTHIMa, ABINIOTCA TAB-
HBIM 11pOLLecCOM (POPMHPOBAHHS 3EMHON KOPBI KOHTHHEHTa1bHOrO THia. Pac-
CMOTPHM  COBOKYIHOCThL  (OCACOBATENLHBIX  NETPOICHCTHUCCKHX  ARICHHE,
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OTBETCTBEHHbIX 33 (QOPMHPOBAHHE YDPAHOHOCHBLIX Pyno00pa3yloUlHX pacTBo-
pos.

I. [Mepexoi K OPOreHHUECKOH CTa/HH Pa3BHTHA, COMPOBOKLAKILHACH
Bo3pacTanneM BO (uoHIax PoaH (TOPOPHILHBIX KOMIOHEHTOB, OCOGEHHO
BOALI.

2. GopmMupoBaHHe PErHOHAJLHBIX FAYOGHHHBIX PA3IOMOB, TPOHHKAIOUIHX
B BEPXHIOI0 MaHTWIO,

3. TeHepallusi BOCXOASIULErO MOTOKa FAYGHHHBIX (JIOHA0B, KOTOpbIE 110
Mepe CHH KEHHS TEMIEPATY b BO Bee 6okl cTenenit tprolpe raior Clocod-
HOCTb K 1eBa3sH(HKAUHH NOPOLL.

4. KpemHelleq0uHOH MeTacoMaTto3, CONMPOBOAKAGIONIHACH BLIHOCOM M3
MOPOL OCHOBAHHH H MPHBHOCOM KPEMHHMA H LUEN0Hed.

5. MarMatuyeckoe 3aMellleHde 10poa (MHrMaTH3alKs) B 30Hax Haubonee
HHTEHCHBHOTO NOCTYIAEHUA TAYOHHHBIX (hAI0WN0B ¢ 06pasoBaHHEM FPAHHTOH]L-
HbIX MarMaTHUECKHX 04dros.

6. MeramarmaTHueckas ae6azndHKalHA, CONMPOBOKAAOUIAACH PACKHLe-
HHEM pacriaBoB H HAKOIMJIEHHEM PYAHbIX H PaCCesHHBIX 3JEMEHTOB.

7. 3aTyxanue MHTEHCHBHOCTH [10TOKd (AIOHL0B, CTAOHIM3aLHA 00bema
MarMaTHYeCKHX 04aroB, [afbHefilliee packHCJeHHe MarMaTHUYeCKHX pac-
n1aBoOB.

8. Kpueranausaunonnas Luddepenudaiis, CoOnpoBOKAAIOULANCA HAKON-
JIeHHEM B OCTATOUYHBIX pacnaBax BOAbl, ()TOpPa, ypaHa H APYrux GgropodH.ib-
HbIX 3J1EMEHTOB.

9. PaspuTHe TH/IPOTEPMAJILHO-METACOMATHYECKHX [POLUECCOB  paHHHX
H cpenﬂux c*rannﬁ, CBA3AHHbIX C-MarMaTHYeCKHMH odaramMm.

10. 3asepuienre KPHCTANIN3AUNN OCTATOUHBIX MATMATHYECKHX PACNIABOB
B OYdrax, OTjleJeHHe YPAHOHOCHLIX PyLo06pasyloliix pacTBOPOB.

CileyeT NOAYEPKHYTh, YTO B [IPHBELEHHBLIX BbILLE YHKTAX HAMW HE YKa3bi-
Hbl MHOTHE NEeTPOreHeTHYeCKHe MPOLEeCcchl, KOTOPbIE, XOTA H CONPOBOKILAOT
CTAHOBJIEHHE H paf!BHTHe FPaAHHTOHIHbBIX MArMaTHYeCcKHX o4aros, B TO Ke Bpe-
M#l HEe OTHOCATCH K HHCJY YC/IOBHH, He0OXOAHMbIX A FeHepalHH YPaHOHOC-
HbIX pynoofpasylolunx pacTBopos. K TakHM npoueccaMm OTHOCATCH, B YACTHO-
CTH, HHTPY3IUBHLIA MArMATHAM H BYJIKAHKIM, PA3BUTHE KOHTIKTOBO-PEAKILHOH-
HBIX H IOCTMArMaTHYeCKHX IBACHHIH B CBA3H C KOHKPETHBIMH MarMaTHYeCKHMH
TeJNaMH, TEKTOHHYCCKHE NBUKEHHA H T. 1. BmecTe ¢ Tem Hljy‘{EHHE‘ YKa3aHHbIX
ABJCHHI N03BONAET MOJNYUHTL ONpe/leJIeHHYI0 HHPOPMalLHo 00 3BOJIOLHH Mar-
MaTHYECKMX OYaroB, NYTAX MHIPAlUHH PYLOHOCHBIX PACTBOPOB H 3aKOHOMEp-
HOCTAX PA3MEILEeHHS! OPYIeHEHHS.

B 3akaioueHHe KpaTKO CYMMHPYEM OCHOBHbIE Pe3yJbTaThbl, BbITEKAOlIHE
M3 MEeTPOJSOrHUECKHX, TEOXHMHUECKHX H IKCICPUMEHTANLHLIX Hecaenopanui
10 paccmaTpHBaeMoi npobieme, KOTOpbie HAPALY C FEOXHMHYECKHMH AdaHHbIMH
ABIAIOTCA (YHAAMEHTOM pA3BHBAEMOH dABTOPAMH [EHETHUECKOH MOIeJH
HCTOYHHKA YPAHOHOCHBIX py1006pa3sylouiHx pacTBOPOB.

. KonueHTpallua ypaHa B KHC/JIbIX BYJKAHHUECKHX CTeKAaX 0OBeKTHBHO
XapaKTePU3YeT TAKOBYIO B FPAHMTOHAHBIX pacniaBax H BapbHpyeT B npeje-
aAax (B %) or4-10~* 1040.10 ', B cpeanem cocrasnas |1,8-10~* Hannune
CTEKOJ ¢ PE3KO NOBBILIEHHBIMH KOHILEHTPALHAMH YPaHa YKa3blBaeT Ha TO, UTo
B NpHpoae peanbHO CYULeCTBYIOT YPAHOHOCHLIE MarMaTH4eCKHe pacnjidBhbl.

2. KOHUEHTPALHA HACLIILEHHA FPAHHTHOrO pPaciiaBa ypanom, No 3sKcie-

154



PHMEHTAJILHBIM JaHHBLIM, COCTABAACT COTHIE A0OJH MPOUCHTA, YTO 3HAYHTEIbHO
HHIKE eTO KOHIeHTPAallHH B NPHPO/HLIX pacniaaBax. CaeloBaTenbHO, NPHPOIL-
Hble pacniasel B 00WEM cayuae Hepocwiulenbl ypadom. [lo stofi npuuue
MArMaTHYeCKOE 3aMECUIeHHEe NOPOL LOAHO CONPOBOKAATLCAH PACCEAHHEM Ypa-
Ha BO BceM 00BLEME MArMaTHUECKOTO pachiaBd.

3. KomGuuupoBaHHblii Ko3(h(QHUHEHT pacnpelesieHHs ypaHa Mexly pac-
NAaBOM H 06pa3ylOULUMUCH MHHepadamu onpeaeasetca nuarepsanom 0,1—0.5
B MOJIb3y pacnJjasa. B 370i cBAaM KPHCTAJJIH3dILLHA MATM SABJIACTCH TPOLLECCOM
KOHLEHTPHPOBAHHA ypala B OCTATOUHOM pacinaBe. B ycaoBHiX ATHTEALHON
KPHCTAdMH3allHH 6oraTbix YpaHOM Marm Co31aloTca npeanoChlIKH /1A HACh!-
LLEHHA OCTATOYHOrO PACNIABA YpaHOM W 06PA30BAHHA MarMaTHUeckoro ypa-
HHHHTA.

4. Ha KoHeuHblX CTYNEHS X PACKPHCTANIH3AIUHH PACIIIABOB KOHLLEHTPALLHA
ypaHa B MarMaTtoreHHom Gaiomie onpeneseTca pacTBOPHMOCTBIO B HEM ypa-
HHHHTA B IIPHCYTCTBHH aJlOMOCHAHKATHOrO Oydepa (HachULeHHbIH B OTHO-
WEHKH YPAHMHUTA PACAIABOR NAIOC TPAHHT). JKCHEPHMEHTAILHOE W3yHeHKe
N0106HOI CHCTeMBI MO3BONAET OLEHHTH KOHLEHTPALHIO YpaHa B MarMartorcH-
HOM (‘DJHOH,EI.E‘ FHAYEHHAMH, JOCTHralwUIHMH ThICAYHLIX _Il()J[E‘f{ MdacCCcoBOTo
npoueHTa.

5. Ha ocHose conoctapaeHHs cONepKaHHA YPaHa B KHC/bIX CTEKIAX H rpa-
HHTaX, 1aHHBIX OCKOJKOBON pajnorpaduH, yKa3blBalOULHX HA HaJHUHe B Mar-
MATHUYCCKHX MHHEpAJax ra3oBo-#HAKHX BK/JOYEHHH, 060ralleHHLIX ypaHow,
H PE3yJbTATOB NPAMBLIX OIIpe/eJeHHil, NPHBeLeHHbIX B JHTepaType, 060CHOBbI-
BaeTcsl peasbHOCTh CYULECTBOBAHHA B MNPHPOAE MarMaToreHHbIX (QJHA0B
C KOHUEHTPALUHAME YPaHd B ThICAUYHLIE W JdK€ COTHIE JOJH MacCoBOro Ipo-
HeHTa.

6. loka3aH nepeHoc ypaHa pacTBOPaMH paHHel MocTMarMaTHueckol cra-
Ann (nermatuToofpa3oBanne, CKAPHHPOBaHHe, aibOMTH3IANMA, TpeHleHnsa-
uua) . [Mokazano, 4TO ypaH B 3THX pacTBOpax HAXOJH/CH B JIETKOPACTROPHMOI
dopme u ukcHpoBadics B TBeP0# dase TONLKO NPH HATHYHH MHHEDPANOB-KOH-
UEHTPATOPOB ¢ BBICOKOH H30MOPRHON eMKOCTLIO. JKCnepHMeHTa bHbiMi paGo-
TAMH MOATBEP;K/ICHA BO3MOKHOCTL NepeHoca ypaHa XJOPHAHLIMH PacTBOpaMu
B BOCCTaHOBHTENLHBIX YCI0BHAX npH Temnepatypax 400—600° C B KoHueHT-
paunsx 10 *-10 % mac.%.



[aasa V

OCHOBbI NPEJACTABJIEHHH O BHYTPHKOPOBbIX
rNYbHUHHbBIX ®HJIBTPALLHOHHbIX HCTOYHHKAX YPAHA

O6wmne npeacrasaeHus

Bo MHOrHX YPaHOBOPYAHLIX SIPOBHHUHAX, KPOME PacCMOTPCHILIY BhIIIC,
CYULECTBYET GOABLIIAA FPYINE YPAHOBLIX MECTOPOAKACHHNE PastLIX THNOB, le)-
BHUHBIC PY/Ibl KOTOPBIX GBLIH CHOPMHPOBAHBL H3 IHAPOTEPMAABILIY PACTBUPOR,
H N0 NPOHCXOAACHHIO OHH MOTYT ObITh OTHCCEHBI K 9HL0MEHHBIM, HO 3TH MECTO-
pomienis Aub0 BoobuLe He 0OHAPYKHBAKDT BHAHMOH CBA3H C KHCJALIM MarMi-
THIMOM, AHGO 3TA CBA3L ABASETCs HoJee CAoKHON (onocperosannoii). Takue
MECTOPOMK ICHUA TOKANRKAYIOTCA B PA3AHUNON reosorHyeckol o6cTaHoBKe I OT-
HOCSITCH K Pa3HbIM reHeTHueckuM cepuam. Cyas no uenomy paay HpH3HAKOB,
51 X (QOPMHPOBAHHS NPEANONaraercs He MarMatTHueckuit, a rayGunnui
(PHABTPALHOHHBIA HCTOUHHK ypaHa.

IMon «puALTPAIHOHHBIMY HCTOUHHKOM PYAHOMO BEULECTBA 3HAOTCHHBIX
YPAHOBHIX MECTOPOKIACHHH aBTOPAMH MOHHMAIOTCS Takne PA3HOTHIHbIE 00pa-
30BAHHA VPAHOHOCHOTO cyGeTpaTa KONTHHCHTAALHOH 3eMHOH KOpbl, HaX01-
Eerocs B TBCPLOH, AH/IKO-TBEPLOH WK HMUAKOW Haszax, n3 KOTOPLIX ypaH Mor
GbITh MOGHIH3OBAH JIOOLIMH BOCXOAALLHMH MHHEDENHIOBAHHLIMY BOANBIMH,
ra3oBo-BOAHBIMH HJIH T'd30BbIMH PACTBOPAMH.

CorJacHo npeactapiedusm 0 (HABTPALHOHHOM THIIE HCTOUHHKA PYIAHOTO
BEILLCCTBA YPAHOBBIX MECTOPOMACHHI, FE€HEIHC PACTBOPOB H NPOHCXOKILCHHE
MCTOMHMKA YPpaHa La/eko He BCerla CoBNalali Mexay cofoil H nostomy obbliu-
HO OblTH Pa306ULeHbl B NPOCTPAHCTBE WK BO BPemMeHn. YpaH MOr H3BJeKaThb-
C§l ArpecCHBHBIMH MHHEPAJH30BAHHBIMH (KHCAOTHBIMI WAW LUEAOUHBIMH ) Tep-
Ma/bHBIMH PACTBOPAMH PA3JIHUHOTO NPOUCXOMKACHHA JHOO H3 FOPHLIX OO,
HENOCPEACTBEHHO BMEULAOUIHX MECTOPOMKICHHA, JHOO BOCXOASIULHMH 10TO-
KaMH 3HA0TEHHBIX (WIIOHI0B H3 NOACTHAAKULIHX WK r1y00KO 3a0eraioilix no/
MECTOPOAULEHHAMH YPEHOHOCHKX KPHCTAMIHUYECKHX MOPOL (B TOM quc/e 34-
KPHCTAMIHIOBABILUHXCH MArMATHIECKHX o4aroB). COOTBETCTBEHHO CPCIAH pas3-
HOBHAHOCTCH (DHABTPAILHOHHOIO THNIA HCTOUHHKOB PYAHOrO BelectTnRa obuu-
HO PasyiHUAOTCs HCTOUHHKH BJaHAKHEN HIH MECTHOH MOOHIHIAIHH W [laibHe#
HAH CAYBHHHON MOGHAH3aLHH. PHALTPYIOILHECHA Yepes ypaHOHOCHble 06pas0-
BAHWA PACTROPB MOTJIH BBITh KaK KOPOBOIO, TaK H IOJAKOPOBOIO MPOHCXOAKILE-
HUS, T. €. CHAPOTEPMAIbHEIC MATMATOICHHBIC H BHCMATrMaTHUECKHE MaHTHIHbIE
(UIHOHIAB, d TAKAKE, BO3MOMKHO, HHOTLA NOAOFPETHLIC HUMHALTPAILHOHILIE H IKC-
(uabTpalHonHble BoLbl. Onnako scerda GOpMHPOBAHUE PACTBOPOB NPOMC-
XOAHA0 FOPa3lo No3Ke W HX PYAOHOCHOCTL 00ycJoBJaeHa NPOHHKHOBEHKEM
CKBO3L panee o0pa3oBaHHbIil ypaHoHOCHLIH cybeTpar.

[TpaBuabnoe NOUHMAHHE BONPOCOB HCTOUHHKOB PYAHOTO BELLECTBA BO MHO-
FOM 3dBHCHT OT AOCTOBCPHO YCTAHOBIACHHON HCTOPHH PA3BHTHA PYANBLIX paio-
HOB W [POLECCOB VPAHOBOCG PYROOOPA3OBANNS  (11DCACAOBATENBHOCTH HX
IPOSIBJAEHHS ), 3TANOB H VCI0BHI HakolJeHHs ypana B 31om cyberparte,
(hOpMBI HAXOMACHHS €10, BPEMEHH H NPHPOLL NPOHCXOKIACHHA PACTBOPOR
((hrwonaos).

Hakonaenne vpana B ropHbiX mopoiax, BMeNLaOUHY HAH NOACTHAGIOIIX



MECTOPOMACHUA (T. e. B PyHaaMenTe), HPOHCRDANND B cliennPuieckinx yoio-
BHAX B 0ojee paHHHE NOPYIAHLIE HJAH PVAOHOATOTOBUTEILHBIE 310XH AWGo
B MPOLECCe J00POreHHOr0 CeIHMEHTOTeHe3a W AHarenesd (yPaHOHOCHbIe YiJle-
POHCTHIE CAAHILB, TECHAHHKH, KOHTIOMEPaTh ), MO0 B IpoLecce T00pPOreHHO-
ro yJAbTpametTaMmophHiMa (NpoayKThl rPaHHTHIAUHH, MHIMATH3AIHH, KaJH-
WNATHIANHK), JHOO B NPOLECCe OPOreHHOTO TPAHHTOMLHOIO MarMatHiMa
(rpanuThl, NErMATHTE!, JHIAPHTHL, 34CTHIBILHE €OCTATOUHBIE» MATMATHUYECKHE
ouard u 1p.).

PopMHPOBAHKHE IHAOTEHHOIO YPAHOBOI0 OpDYAEHEHHS CBA3AHO C [0sBJe-
HHEM B ONPEIEJICHHbIC NEPHO/Abl PA3BHTHA MPOBHHUKHH OrPOMHBIX 0OBEMOB
MOTOKOB PA3JHYHBLIX TEPMAJBHLIX PACTBOPOB (ra3oBbiX, ra30B0-BOAHBIX HJH
BOAHBIX), HX MHHEpAIH3AIHEl, HHTEHCHBHOCThIO H HAlpPAaBIEHHEM JABHAKCHHA
(nunamukoit). Tlposipaenne ruapotepManbiol AEATENbHOCTH B TAKHE 3M10XH
pyLooGpa3oBaHua, B CBOW ouepeit, 00yC/AOBACHO PARAWUHLIMHE BHYTPHKO-
POBbIMH H MOAKOPOBBIMH [IPOLECCAMH  TCKTOHHUECKOH W MarMaTH4YecKo#
AKTHBHOCTH OPOTEHHLIX 3ITANOB PA3BHTHA.

[waporepmanbhble ypaHoBble MECTOPOKICHHSA, 1A KOTOPbIX BTOPLI MPel-
nonaraiT rayOHHHBIH (3HA0reHHbl) QHALTPALHOHHBIA HCTOUHHK AaabHell Mo-
OHANIALAN, NPHHALNEHKAT NTPEHMYILECTBERHO K NOAHTEHHOI, d TAKKe YacTHY-
HO K 3H0reHHol 1 Metamopdorennoil cepusim. B 0CHORHOM TaKHe HCTOUHHKH
XApaKTepHbl LIS THAPOTEPMAIBHBIX HEMATrMaTOMEHHBIX (TeleTepMadbHblx)
MECTOPOMKAEHHH Pa3iHuHbLIX THITOB, HE3aBHCHMO OT HX BO3pacta, AJdd MecTo-
POAIEHHI HEACHOrO HJAH CJAOKHOIO reHesdca W paia APYrux.

Cpean HUX B NEPBYIO ouepeib cledyeT OTMeTHTL MeCTOPOMILEHHs: a) He
OOHAPY A HBAOILIHE BHANMON CBA3H C MATMATHIMOM (CTPaTH(QOPMHbIE MECTO-
POAK/IEHHA B HEPHBIX CAAHILAX, METACOMATHUECKHE, IITOKBEPKOBLIC H HHIbHbIE
MECTOPOAIEHHS B MeTAMOD(HUECKHX TOAULAX W FPAHHTOHLAX, B 30HAX
CKBO3HBIX rJ1yOHHHBLIX Pa3/jl0MOB CPeIH Pa3aHYHBIX TOPOL H Ap.): 6) npocTpaH-
CTBEHHO W BO BPEMEHH CBH34HHLIE ¢ OCHOBHLIM HJM LLEJOYHO-OCHOBHBIM
MarMaTtHaMoM, B TOM YMCJe CI0KHBIM 110 COCTABY JaHKOBBIM KOMILIEKCOM
PETHOHAJILHOIO PACTIPOCTPAHENHA, NPOABAEHHA KOTOPLIX HENOCPELCTBEHHO
MpeiliecTRORAMN YPAHOBOMY OPYACHEHHIO W BLI2LIBANM AKTHBHIALMIO THAPO-
TepMaTbHOR IeATEIbHOCTH Kak B 30HaX Pa3noMoB GyHLaMenTa, Tak H B CTPVK-
Typax uYexaad: B) MPOCTPAHCTBEHHO CBA3AHHBIC ¢ 00pa30BAHHAMH KHCA0MO
(rPAHHUTOHAHOIO HJH JIHIIAPHTOBOIO) MArMATH3IMA, HO M0 BPEMEHH 3HAUHTE b-
HO OTOPBAHHbLIE OT €ro NPOABJIEHHS.

Kpome Toro, rayOounubiit puaLTpaitHOHHBIE MEXaun3M MODHJIH3ALHH Me-
TAN1d M3 YPAUOHOCHOrO Cy6CTPATA «TPAHNUTO- METAMOPHHYECKOr0o» €105 3eM-
HOH KOpbl, BepHee KOMOHHHPOBAHHBIH HIH MePexoAHblil QHABTPALHOHHO-MAT-
MAaTHYECKHH HCTOUHHK PYLHOIO BEILECTBA, BIOJIHE MOAKHO Npelnoaarath 1/
FHAPOTEPMAJIbHBIX YPAHOBLIX MECTOPOKAEHHH, NPOCTPAHCTBCHHO H CTPYKTYP-
HO CBF3aHHBLIX H BO BPEMEHH OTHOCHTEALHO GJIH3KHX ¢ KHCJABIM OpOreHHbIM
MarmMaTH3IMOM, HO Pa3BHTHIX B PaHOHAX (NPOBHHUMSX), B KOTOPbIX M€KLY
MePHOAOM KPHCTANIHIAUMH BHYTPHKOPOBLIX MAFMATHYECKHX DUATOR H 3TANDM
MPOSABACHHS VPAHOHOCHOH FHAPOTEPMAILIONH [eATeABHOCTH UPOUIOWAR CY-
ULeCTBEHHbIE TEKTOHHUYECKHE NCPECTPOIiKH H JIpVIHe BaiKHbIE Te0JOTHYCKHE
COOLITHA.

OcHoBanneM 418 NPeJACTARICHHT 0LHOIO HI ABTOPOB O BHYTPHKOPOBOM
(HALTPAIHOHHOM HCTOMHHKE PyAHOrO BellecTBa (rAyOHHHOH MOOHIH3E-
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IWHH) A5 IHAOTeHHLIX THAPOTEPMA/bHBIX YPAHOBLIX MECTOPOMKIAEHHIT nocay-
AWM cienylouHe obiiHe cooGpaKeHHs H JaHHble M0 3dKOHOMEPHOCTAM HX
pazMellleHis, 0COOEHHOCTAM PA3BHTHR PYAHBIX NPOBHHIKHA H PafioHOB, B KO-
TOPBIX OHH TPOABJEHbL, YCJIOBHAM (POPMHPOBAHHA OPYIEHCHHA:

MECTOPOMAECHHA, A8 KOTOPHIX Npeanoaaraetcss (GHAbTPallHOHHbIA HCTOY-
HHK 3TOro THNa, NPOABJIEHBl B TEX Ke MPOBHHUMAX — B COCEAHHX HIN HHOTAA
JAaxe B Te€X je padoHax, B KOTOPhIX Pa3BHThl MAIMATOTEHHBIE THAPOTEPMAJb-
HbIE MECTOPOAMACHHSA, HO CQOPMHPOBANHCH B JAPYTHX FEOTOrHYECKHX YCJIOBHAX
H MOJAYHHAKOTCA HECKOJIBbKO HHBIM 3aKOHOMEDHOCTAM PAa3IMCILeHNd,

MECTOPOIKAEHHS ITOrO THIA MPHYPOHEHb! K KPYDHBIM TeKTOHHYECKHM 6.10-
Kam 3eMHOW KOpbl, CNOMKEHHbIM PA3HOTHMHbIMH YPAHOHOCHBIMH MOPOAAMH,
KoTopble GbliH 06pa30BaHtbl B PE3YJbTaTe NPOABJACHHA PAIAUUHBIX SHAOTEHNbBIX
H IK30reHHBLIX MPOIECcCcOoB, NMPHBEALINX K MOCTeNeHHOMY HaKOMJIeHHIO YpaHa
B Pa3dbiX TeoJOrHYecKHX (HOPMAUHAX H CO3JLAHHIO KPYMHBIX ME€0XHMHYECKHX
AHOMAJHH HA PAa3HBIX YPOBHAX;

(OpPMHUPOBAHHE TAKHX MECTOPOskAEHHIl CBA3AHO C 3aBepluaiolled cTaanen
NPOSBACHUA NOCAELOBATEALHO CMEHABLLHX APYT APYra 3HAOIEHHBIX [POLECCOB
(MeTamopdHiMa, MarmMaTH3IMa, METACOMATH3Ma ), NPOHCXOIHBIIKX Ha ofuiem
(hoHe ANHTeNBHOrO YHACAeJ0BAHHOTO HEellPEPbIBHO-1IPEPLIBHCTOrO BO3 A€ HCTBHA
Ha 3TH YYACTKH 2eMHOI KOPbl TAYOWHHBLIX (N0AKOPOBBLIX) Ta30BO-TEN/I0BbIX
MOTOKOB;

MHOMHE MECTOPOAKIEHHA NPOCTPAHCTBEHHO COBNAAAIOT H N0 BpeMeHH o6pa-
30BaHHA OGNHM3KW K TIPOABACHHAM OCHOBHOTO HJH LIEJOYHOrO MarmMaTH3Ma
MOAKOPOBOrO MPOHCXOKIAEHHA (AaiKam, BYJKaHHTAM, HHTPY3HBAM);

MECTOPOKIEHHS PA3HbIX THIOB, HE HMEIOULIHE BHAHMOH CBA3H C KHCJbLIM
MArMaTH3IMOM C MPeAnoNaraeMuiM PHABTPALMONHLIM HCTOUHHKOM, OPMHPO~—
BaJIMCh B TeYeHHe €NHHOH 3N0XH pyaoolpa3oBaHHs € MarMaTtoreHHblMH
MECTOPOKICHHAMH H 0OHapy#KHBAOT ¢ HHMH CXOACTBO (CBA3b, B3aHMHbIe
Nepexobl)

MECTOPOIK/IeHHS, 06pA30BaHHbIE B PA3HbIX YCJAOBHAX H OOLI'MHO HMelouLHe
pazHylo TEKTOHHYECKYIO MO3HUHIO, HEPeKO NPHHALIexKaT K OAHOH H TOH Ke
PYAHOH DOPMALHH, KOHTPONUPYIOTCA eAWHLIMH CKBO3HBIMA TYVOHHHBIMH pa3-
JIOMAMH;

AJA PYAHLIX NPOBHHIKI B LETOM HJIH HX OTAEJbHBIX MECTOPOMKACHHH He-
PEAKO XapaKTepHO MOAHXPOHHOE YpaHoBoe opyaenetine, (JOPMHPOBAHHE KOTO-
poro o6YCIA0BAEHO NPOABJICHHEM HOBOH THAPOTEPMA/bHOH AeATENbHOCTH,
CBA3AHHOH 1o BPEMEHH C AKTHBHM3AUHEH TEKTOHO-MATMATHYECKHX HJIH TEKTO-
HHYECKHX MPOIECCOB OPOreHHbLIX 3TAN0B,;

HAaKOHEll, CYILEeCTBYIOT KOHBEPreHTHble MeCTOPOKIAeHHS, AJf KOTOPbIX M0
COBOKYTNHOCTH JI@HHBIX MOMHO Tpeinonarath KakK MarmMaTHYeckuil, Tak
H (PHABTPALHOHHBIE THI HCTOYHHKA [lalbHedl MOGHAW3ALMH.

Cpenn HeoOXOAHMbBIX yc10BHH, OGecneyHBatolLHX GOPMHPOBAHHE YpaHO-
HOCHBIX THAPOTEPMAJBHBIX PACTBOPOB 3d CYET H3BJEUYEHHA MeTanna H3
PA3NHUHBIX ypaHCcoaepKalulnx of6pa3oBaHuil 0 NOATBEPIKAAOUIMX NpaBoMep-
HOCTb 3TOH KOHUEMNUHH, cJelyeT OTMETHTb CJle/lylollHe:

HanuiMe Ha TAYOHHE TOpPHLIX MOpPOA (FPaHHTOHIOB, TPAaHHTO-THEACOB,
MHTMaTHTOB, NErMaTHTOB, YIVIEPOAHCTHIX CJAAHUER, ECUAHKKOB, KOHFAOMEpa-
TOB, METACOMATHTOB H T. M.}, XdpPAKTEPH3YIOILLHXCH HE TOJIBKO obLLefi reoXHmH-



YeCKOH YPaHOBOH CeUHANH3allHeH, HO H 60MbUIOH A0ACH JerKo MOOHIH3VEMOR
(«noaBHAHON») opMBl ypaHa:

HHTEHCHBHOE W LIMPOKOE NPOABIEHHE KAK NPeApPYAHBIX, TAK H Pya0conpo-
BOMK/AIOIIHX METACOMATHUYECKHX 11POLECCOB (KHCJAOTHBIX H LLEJOuHbIX ), obec-
neYHBABILHX CHAYAJ1a NEPEBOJL YPaHa B «NOJABHKHYIO» OPMY, a 3aTeM — HaM-
Gosee HOAHOR €ro IKCTPATHPOBAHHE W3 NMOPOI:

6odbluHe 06beMbl YPAHOHOCHBIX MOPOA H OaaronpHsaTHbie 445 Mobuan3a-
LLHH YCAOBHA HX 3aJeraHns, a TdKKe COOTBEeTCTBYIOULHEe NYTH (NpOoHHILaeMble
30HbLl TEKTOHMUCCKHX AMCAOKAUMI) ¥ AHHAMHKA (HanpaBIeHHe H CKOPOCTh
JIBHAKEHHS) pacTBOPOB;

NPHYPOHEHHOCTL K 30HaM rAyOHHHBIX (NOAKOPOBLIX) PaisoMOB, N0 KOTO-
PLIM YCTAHABAMBAIOTCA NPUIHAKK NPOABALHHS BHEMATMaTHYECKONH THApOTEp-
MaJbHOH AeSATeNLHOCTH.

Otclona caedyer, 4TO OLHHM M3 [JIABHLIX PHIHAKOB MOOH/IH3ALLHH MeTall-
Ja U3 YPAHOHOCHBIX NOPOL MOTYT CAYKUTL C/ACAB PA3BHTHA 3THX NPOUECCOB
H HaJH4yHe LHPOKO NPOSABJCHHLIX B TOPHBIX MOPOAEX, OCOGEHHO HENoCpei-
CTBEHHO NOJ MECTOPOMKAEHHAMH, MOULHLIX H PacnpocTpaHAUIHXCA Ha G0b-
Wyl rayGHHy 30H «BLIHOCA» 3TOTO JIEMEHTA B KOAWYECTBAX, ADCTATOMHbLIX
Aast o6pasoBanusa pyaHbix Ten. J1aa nanbosee y6eaHTeAbLHOIO 10KA3aTeNbLITBA
TAKOr0 THNA HCTOYHHKA, €CTECTBEHHO, HEOOXOAHMbI BECKHC J10Ka3aTe/lbCTBa
AOCTOBEPHOCTH CYILLECTBOBAHKA TAKHX 30H.

O6uiuno B KauecTBe (GHILTPALHOHHOIO HCTOUYHMKA PYLHOrO BElLeCTBA
GaHKHEH MOOHAH3ALLHH [IIA YPAHOBBIX MECTOPOKACHHI PA3HBIX THIIOB, PAa3BH-
THIX BO MHOTHX PYAHBIX NPOBHHIIHAX, HEKOTOPLIMH @aBTOPAMH MPeANonaraiTcs
HeNnocpeACcTBEHHO BMELLAloUHe HJAH pPacrnofokeHHble NoGAH30CTH, 4 Takke
MOACTHAAIOLULHE FOPHBIE TOPO/Abl, XaPAKTEPH3YIOLHECA NOBLIWEHHBIMH colep-
MAHHAMH ypaHa (T.e. ypaHOBOH reoxuMHUecKoil cneunanusauueit). Takumu
NOPOLaMH MOTJH CAYXKHTh, N0 HX MHEHHIO, NH6O YrIepoaHCThHIe cadHlbl (14
CTPAaTHQOPMHBIX, HEKOTOPbIX JKHJbHLIX H JIPYTHX MECTOPOKICHHH), JH60
PPaHHThl (415 KHJILHBIX H APYFHX MECTOPOReHUHA) , 160 Kucawe 3dpdysuan
(A1A WTOKBEPKOBBLIX H HHABHLIX MECTOPOKAEHHA).

OAHOIl U3 raBHBLIX IPEANOCHINOK PHIBTPALHOHHOTO HCTOMHHKA OJNHAKHEH
MOGHIH3AUHH CUMTAETCH HaJHUHe FeOXHMHYECKH CREeUHaHIHPOBAHHULLX Ypa-
HOHOCHBLIX TMOPOJ, a TAKKEe XapakTep KOHUEHTPAlHH ypaHa H (opMbl €ro Ha-
xoxKaeHnA. K comanenuio, THIbL B HEKOTOPBIX CAYYaaX NPHBOAATCH AHHAMHKA,
COCTaB, XdPAKTeP H MPOHCXOMKAHHE PACTBOPOB, HAMPHMED, — apTe3HAHCKHE
GaccefiHbl, HANMOpPHble MNOA3EMHLIE BOAbl HJH CMELIAHHBLIE pacTBOpbLl H T. 1.
[Ipu 3Tom nanexo ne BCEraa YUHTHIBAIOTCA OO BEMbl H YCA0BHS 3ajeraHns ypa-
HOHOCHBIX MOPOLL, B 11eJIOM BOCXOASILLHA XaPaKTep ABHKEHHS PAcTBOPOB, HX Ny-
TH JABHIKEHHA, a TaKiKe JeTalbHble JaHHbIE M0 PaJlHOTeOXHMHH BMELLAKULIHX
NMOpoa, macinTabul 308 Butoca. Kak npasuio, NpHBOAATCH AaHHBIE O COJEPKa-
Hui ypana 8 | kv® 1 o6liMe 3anackl, NpH 3TOM, N0-BHAHMOMY, 1101pa3yMeBaeT-
Cfl MOYTH MOJHOe H3BJeYeHHe MeTalaa. B To e Bpema pe3yabTaThl HEKOTOPbIX
weenenosatenei (Buuoxkypos n ap., 1980 r.) na pasiHuHbIX yPaHOBLIX MeCTO-
POXKAEHHAX MO NMPHPOAHOMY 11pe0OPA30BAHHIO FOPHBIX MOPOA (YIA€POLHCTHIX
cAaHleB, TPAHHTOHI0B) IHAPOTEPMAJIbHBIMH HJIH FHIEPrEHHBIMH POLLECCa MH
CBHJIETEJIBLCTBYIOT O TOM, YTO H3 BMELLAIOILHX HAH NOACTHAAIOULHX TOPO, Aa e
MPH BECbMA CYULECTBCHHOM HX H3IMEHEHHH, MPOHCXOAHT JHIUbL YACTHUHBIA (He
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Bosee 25—30Y%,, peako 10 40% ) H 10BOIBHO JOKaIbHbIH (B ONpPELENCHHBIX 30-
Hd X, yﬂacn{ax] BbBIHOC YypaHd. Hauboaee wuteHcHBHan MHIpallHa MeTanda
YCTAHABIUBAETCS B TPOLECCe [IPORBIACHHA KAK AOPYAHOH, TaK H NOCTPYAHOH
FHAPOTEPMAJIbHON AEATENTbHOCTH THIIA KHCJIOTHOrO BhIULEJAYHBAHHA (aPrua-
JH3AUNHH, OKBAPUEBAHHS H T. 1.}, @ TakKe B NpoLecce rHNePreHHoro npeobpa-
30BaHHA NOPOJ (30Hbl OKHCJIEHHA, KOpbl BoiseTpusanda). [1pu 3T0M JanbHei-
wasn cyabOd 3KCTPATHPOBAHHOTO YpaHa — YCJIOBHSA, BpEMsl H HANIPABJIEHHE €70
MHTPalUNKH OCTAIOTCH, KaK NPaBHIO, HEBbIACHEHHBIMH. Cyaa no He3HauHTe b
HOH [10/1e H3BJEUYEHHS! MeTaJl1a H3 MOopPod H HH3KHM KOHUEHTPaUHAM B noio6-
HBIX PACTBOPAX, C VYETOM BPEMEHH €r0 MUIPalMK (B ZOPYAHLIE H NOCTPYAHbIE
3TaMNbl) CKOpee BCEro B OCHOBHOM OH PACCEHBAJCH, CMeLLIHBAACh C N0L3eMHLIMH
BOLAaMH M He CO3/1@Bas pPYIOHOCHBIX PacTBOPOB.

Kak yxe OTMEdaaoch, pe3yabTaThl KOMILIEKCHBIX Te0J0T0-CTPYKTYPHBIX,
nﬂporpaqmqecmx, MHHCPAJJOrHYECKHX H paAHOT€OXHMHHYECKHX HCCAe10BaHHH
Ha MHOTHX YPAHOBBIX MECTOPOMAEHHAX IMTABHbIX THITOB H Ha TeppHToplmx pa3-
JHUHBIX YPaHOBOPYHbIX MPOBHHUKI (aHepO3OHCKHX CcKIaauaTblx obaacTed
Ad4KT OCHOBaHHe CcAe1aTh BAKHbBIH BLIBOL O TOM, UTO (t)H.J‘le{]aLLHOHHE)Iﬁ HCTOY-
HHK MeCTHO# WK GaHAHER MOGHINH3alMK, 00YCTOBNEHHBIH BhILLEaUHBAHHEM
ypaHa H3 Nopoj, HeMocpeacTBeHHO BMEULAKWIHX PYIHbIE Tedd MeCTOpPOKIe-
HHIT, ¢ NOCAGAYIOUIHM €ro NepeoToKeHHeM B PYJIOKOHUEHTPHPYIOUIHX 30HaX
HE HrpaJ CYILeCTBEHHOH POJIH B CO31aHHH VPAHOHOCHLIX PYAHBIX PaCTBOPOB.
[To3ToMy B GOPMUPOBAHUK HPOMBILLIEHHBIX KOHILEHTPALLUH YDAHOBLIX PYL 3TOT
THII HCTOMHHKA, MO-BHAMMOMY, HMeJ B LeJOM Pe3Ko NOAYHHEHHOe HIH laKe
HHUTOMHOE 3HaYeHHe.

OTueTIHBO, AJMHTEILHO H YCTOHYHBO [POSIBJACHHBIH 3HAOTEHHLIA PexHM
Pa3BHTHS H OCOGEHHOCTH HANpaBJeHHOro PA3BHTHA TEKTOHO-MArMaTHUYECKHX
W PYAHO-METACOMATHUYECKHX MNpOLECCOB B lpeaedx KPYINHbIX PYLOHOCHbIX
CTPYKTYP YPAHOBOPYIHbLIX NPOBHHUHII HECOMHEHHO CBHACTE/ILCTBYIOT O TOM,
UTO KaK 10PVAHbIE — MArMaTHUECKHE H METACOMATHUECKHE, TaK W NIoCTMarMa-
THYECKHE THAPOTepMaabHble 06pa3loBaHusA, B TOM YHC/IE YPAHOBbLIE MECTOPOX -
JEeHHA PA3HBIX THNOB, BO3HHK/IAH B pe3y/bTaTle €1HHBIX [POLECCOB — BO3/eH-
CTBHA Ha BepXHHe 00ONOUKH 3eMHOH KOPbl MOLLHBIX MOJKOPOBbIX Fa30BO-TeN-
A0BbIX (duonanbix) noTokoB. OLHAKO, CBA3aHbI OHH C PA3HLIMH ITANAMH
W CTAARAMHM 3TOFO Pa3BUTHA. K COMaNeHno, NajeKko He Beeraa yaaeTcs npo-
CJIeHTh BCIO N0C/E/10BaTeIbHOCTL NPOABIEHHA KaKI0ro H3 3THX NPOLECCOoB.
Hepenko oTcyTCTBYIOT YeTKHe H NpPAMbIE NPH3HAKH NPOABICHHA OLHOTO WAW
HECKOJIBKHX H3 HHX, YTO He M0O3BOJISeT PABHO3HAYHO YCTAHOBHTEL BCE 3TAlbI HC-
TOPHH PA3BHTHA, JOCTOBEPHO BLIACHHTb MPOHCXOMKICHHE PYLOHOCHOCTH (PIIIOH-
A0B, MPHPOLY HCTOYHHKAE YpaHa H MEXdHH3M €ro H3BJEUEHHA H3 HKHIAKOIO HJH
TBEPA0ro cy6eTpata. MOKHO JHIIBL ONpPELeNeHHO YTBePKAATb, UTO HCTOUHHK
ypaHa -— HAOTEHHLIH BHYTpUKoposuid. HMerounnk pacipopos Mor OuTL pas-
HbIM — JIHGO KOPOBBIM, JHOO NMOAKOPOBBLIM.

B npesenax noaHXpoHHBIX YPAHOBOPYAHBIX NPOBHHUHA HAH CYNEPNPOBHH-
UK cpelH ypaHoBBIX MECTOPOXACHHI ONHOM HJIH pa3HbIX (AByX-Tpex) MeTan-
JOrEeHHYECKHX 310X 06bIYHO MPOAB/IEHbBl PA3HYHbIE THNbI, PA3BHTLIE B TEKTO-
HUUECKHX ©10Kax W HMEWLWHe pa3/HuHbie COOTHOWEHHS ¢ MarMaTH3MOM,
HANPHMED, AHbHLIE H METACOMATHUECKHE B HEpPe3HTax —THAPOCTIOIH3NTAX,
METACOMATHYECKHE B aabOHTax, CTpaTH(thle[bl(" B THAPOCTIONMINTAX —apPTna-
JH3HTAX Cpejld YepHBIX CJAaHIes W oap. 3TH MeCTOPOKIACHHA, HECMOTPA Ha
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Puc Il. Cnektpbl NOrJOILEHAS HCKYCCTBEHHBIX CTEKOJ LLEJTOYHO-TPAHHTHOrO (a—d) u -~
rpaHHTHOro (€) cocTaBoB
Kucnoponusiit 6ygep u conepkanue ypana B cTekje:
a—Ni—Ni0, Cuy=0,01%; 6 — Co—Co0, Cu=035%; & —Ni—NiO, Cu=0,7%: ¢ —
Mn—Mn;0,, Cu=0,35%; d — Cu,0—Cu0, Cuy=0,35%; e — Ni—NiO, Cy=0,03%

NOMellaaHn B NJaTHHOBbIe amny.bl. ONbiTbl NPOBOAHIAH HE THAPOTEPMaabHON
yeTanoBKe Bblcokoro aasneuus npu [ =750° C, Py =2 «6ap. Jletyuectb
KHCJIOpOa B ONbITAX PEryJHpPOBaJH [0 ABYXAMMY/JbHOH METOJHKE ¢ HCMO/b-
sopannem 6ydepos Co—Co0, Ni—NiO, MnO—Mn;0,, Fe;0,—Fe 0y,
CuO—CuO. JlanTenbHOCTh ONBITOB cocTaBassa 6 cyT. ITOro BpeMeHH,
COTJIACHO 1aHHBIM KHHETHUECKHX ONBITOB, 1OCTATOYHO VA OCTHAKEHHA paBHO-
BECHSI ME/1Y pasjHUHLIMH BaJIEHTHBIMH COCTOSIHHAMH ypaHa B pacnJase.

OnbiThl 110KA38JH, 4TO AN HALCXKHOTO ONPCAEJTEHHH BCEX BAJNECHTHBIX
dopm ypaua TpeGyeTcs LOCTATOUHO BLICOKOE ero COMepKaHHe B CTeKIax.
[Tostomy ocHOBHASE yaCTb IKCNCPUMEHTOB MPOBEAEHA C ULEJOYHO-TPAHHTHBIM
pacniaBom, KOTOpHIH xapakrepuiyercs 60gee BhICOKOH pacTBOPHMOCTHIO
B OTHOWEHHH ypaHa. HekoTopnle M3 NONYYeHHBIX CHEKTPOB TPHBEIEHBI Ha
puc. I1. [pHHUHIHAABHOE HX OTJIHYHE OT CHEKTPOB MOTJIOUEHHS Ge3BOIHbIX
YPaHCOLEP K AILHX CTEKO 3aKNI0UAETCA B HAJHYHH HHTEHCHBHBIX TIOJ0C NOFI0-
IWeHHA ¢ makcumymamu npH 1420, 1920 u 2240 #M, 4TO CBA3AHO C HAJHYHEM
Boabl B creknax. Cogepmande BOAbl B HALIHX CTeKJax OMNpee]eHo Ha
ra3oBOM aHaJjusaTtope H cocrasiasetr 55% nana rpawutHoro W 8,5% aas
LLeJOYHO-FPAHHTHOIO COCTaBa.

Kpome toro, umeiorcss nHKH, oTBevalollHe BaseHTHhIM (GopmaM ypaHa.
Mx BblcoTa 3aBHCHT OT CONEPIKAHHA YpaHd B CTEKJIE, a TAKKE OT OKHCJH-
TEALHO-BOCCTAHOBHTEABHBIX YCAOBUEA Noayuenus crexon. B paborax Jlw. Ka-
naca, a trakxe . llpei6epa n [Ix. Banaua [133, 142] 6bio nokasawo,
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4YTO cocTap crTekja caabo BAHACT HA NOJOMKEeHHe M@KCHMYMOB NMOrJOLLEeHHSA,
CBR3aHHbIX C PA3HOBAJEHTHLIM YPAHOM. JTO 1a€T HAM OCHOBAHHE /LA HCIOJb-
30BAHHA JHTEPATYPHBIX JAHHBIX PH HHTEPNPETAlUHH NOJIYYEHHBIX CMEKTPOB.
Ha uux yeThipexBajieHTHOMY ypaHy OTBeuyaeT psj MHKOB, CAMbIH HHTEHCHB-
HbIH M3 KOTOpHIX pacnojoxedn npu 1780 um. [laa wecTHBaseHTHOro ypaua
Haubogee xapakreper (HK 415 um. Hanuuue 0T4eT1MBO BLIPa)EHHOrO Nnepert-
6a uaH HeboJbioro nuKa (cm. puc. 11) npu 1360 im nossosser npeanoaararthb
[PUCYTCTBHE B CTEKJAX NATHBAaNEHTHOro ypaua. Ha ocuoBanuu [anpbix
I'. Ipe#i6epa u 1. Banaua [142] Gwina cuenaHa MonbiTKa OLEHHTh COOT-
HOLIEHHE MEXY Pa3/HUHbIMH BANeHTHBIMH (opmami. Okasanoch, 4yTo B BOC-
CTaHOBHTEbHBIX YedopHax (Oygepsl Co—CoO, Ni—NiO) npeobnagaer yeThi-
pexsasenTHbiii ypan. [lpH yBeqHUeHHH JeTyuyecTH KHCJIOpOda Bo3pacraer
AOAA WECTHBAJNEHTHOrO ypaHa M, HauHHAs C BeJHUHHB [, GJH3KOH K Gy-
depy Fe;05—Fe 05, ono cravosuTess ocHosHbiM, KoskuecTso naTHBaseHT-
HOTO YPaHa HeBEANKO.

CnekTpbl NOrJ0LLEHHA CTEKOJ TPAHHTHOrO COCTABA MOXOMXH HAa TaKoBble
ANA ILENOYHO-TPAHHTHBIX cTeKoa. BwmecTe ¢ Tem WM NPHCYIIH HEKOTOpbE
OT/IHUHTE bHBblE 0COGeHHOCTH. B 3TOM ciyvae MakCHMyMbl MOMVIOULEHHSA He-
CKOJIBKO CMELLeHbl B CTOPOHY GOabILHX JUIHH BOMH. CaMH NOM0Ck! TOTAOUIEHHS
HMeloT csabylo HHTeHCHBHOCTh, 4TO OGBACHAETCS HH3KOH KOHLEeHTpaliHei
HachblllleHHs TpaHHTHOro pacnjasa ypaHom. CHeKTp CTeKJa TPAaHHTHOTO
coCTaBa, NPHroTOBJEHHOro B yeaoBuax Oydepa Fe O,—Fe 04, umeer caadbii
nHK npH 420 HM, YTO CBHAETENLCTBYET O NPHUCYTCTBHH B 06pasue (UeCTHBA-
JIeHTHOrO ypaHa. MHTeHCHBHOCTD 3TOTO MHKa CYLIECTBEHHO HH)KE, YeM HHTEeH-
CHBHOCTb MOTJI0ILEHHsE ¢ MakcHMyMom npH 1800 uMm, XapakTepH3yloulero ye-
THIPEXBANEHTHBIA YPaH, YUTO OTJMYAET ero OT CNEeKTPa ULeJOYHO-TPAHHTHOrO
CTEKJ1d, NOJYYEHHOrO NPH TOM JKe 3HAYeHHH fqo,. ITO NO3BOJIAET YTBEPHKIATh,
4TO J1a)Ke MPH JeTY4ecTH KHCA0pPOo/a, oTBevalouefl MarHeTUT-reMaTHTOBROMY
6ydepy, B rpaHUTHOM pacnJjase yeTbipexBajseHTHHLIH ypan npeobaagaer Haji
LECTHBAJIEHTHBIM. YUHTHIBAs, UTO JUIA MOAABAAIOILEH YaCTH PACNNABOB rpa-
HHTHOTO COCTdBa JeTy4yeCcTh KHCJI0POAa XapaKTepH3YyeTCd 3HAYeHHAMH, 6J1H3-
KHMH K TakoBomy aasa Gydepa Ni—NiO [104], MoxKHO yTBEpXKAaTh, 4TO ypaH
B TP3HHTHBIX MArMax HaxoAHTCHA MPEeHMYUECTBEHHO B YeTbIPeXBaJeHTHOH
popwme.

YpaH B KPHCTANJH3YIOLLHXCA MArMaTHYECKHX pacnaasax

HM3yyenre nopdpupoBLIX NOpoJ pasqHYHOrO C€OCTaBa M0Kasalo, uTo
CO/IepPXKAaHHE YpaHa BO BKpaIJeHHHKAX B LeCATKH pa3 HHKE, 4eM B OCHOBHOH
macce (puc. 12) {11, 55, 83 u ap.]. [1pu npounx paBHLIX YCJIOBHAX, YEM Bblille
OTHOCHTENIBHOE COACPKAHHE TNOPQHPOBBLIX BblAeCHHI, Tem Gojee BbICO-
KHMH KOHUEHTPaUHSAMH MeTalJa XapakKTepu3yercsl OcHoBHas wmacca. Pac-
npejesienue ypaHa B OCHOBHOH Macce MopHPOBLIX NMOPOL 3aBHCHT OT cTe-
MeHH ee packpucTannuiauud. B cTekn0BaTOH OCHOBHOH Macce OHO pas-
HomepHoe. B Gosee pacKpHCTaNIM30BaHHBIX YHACTKAX YPAH KOHLEHTPHpYyeTCs
B MEX3€pHOBOM NpoCTpaHcTBe. 3/ech HAPALY € pACCEeAHHBIM YPaHOM
B 3HAYHTEJIBHOM KOJIHYECTBE NPHCYTCTBYIOT MEbUailliHe BHICOKOKOHLEHTPH-
POBAHHbLIE CTYCTKH, KOTOPbIE MPHHATO HA3BIBATb TOUYEYHBIMH HCTOUHHKAMM.
[lpeanonaraercs, 4TO TOUEUNHIE HCTOUHHKH CBSI3dHB € YJAbTPAMHKDPOCKO-
MHYECKHMH BbIAENEHHAMH COGCTBEHHO YPaHOBBIX MHHepaaoB (puc. 13).
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Puc. 12. Pacnpenenenne ypana s aaunrosom noppupe (no Omenvsinenko # ap., 1983 r.)
a — wand npu 1-m nukoae, 6 — nascau; ysea. 35

Baonb nophUpoBbIX BKPANJICHHUKOBR HEPEAKO OTMEUAKOTCH KafiMbl NOBHI-
WIEHHBIX MO CPaBHEHHIO C (DOHOM KOHUEHTpalUHH ypaHa, NoAuYepKHBAIOIIHE
OTTeCHEHHe YpaHa K nepHdepHH nopdHPOBLIX BbAEJEHHH B Npolecce HX
pocTa.

Takum o06Gpasom, yxe Ha OCHOBe NaHHBIX OCKOJIKOBOH panHorpaduH
MOHO YBE€DEHHO 3aKJI04YHTb, UTO KPHCTAJIH3ALHA MPHBOAHT K 060ralleHHIo
YpaHom OCTaToyHOro pacnjasa. HH3kas KOHUEHTpAUWs ypaHa B [10pOAO-
006pasylouiHX MHHEPANaX OTHIOAbL HE CBHAETEJNLCTBYET O HH3KOH €ro KOH-
UeHTpauuu B pacniase. B 3Tom OTHOWEHWH GOJIbLION HHTEpEC npeicTas-
AAOT KcnepHMmenTanbhbie nannbie A, H. Komaposa, (1968 r.). Mm Gwia
NOJYYeH CHHTeTHYeCKHH GHOTHT, KPHCTANIH30BaBIWHACA H3 pacijasa ¢ co-
NepKAHHEM YpaHa B HECKObKO npouentos. [IpH 3170M paBHOMEPHO paccesi-
HBIH ypaH BO ¢rop-GHoTHTe coctaBa Beero 4-107°Y wau npumepHo onny
AECATHMHJIJIHOHHY IO 104110 o6liero ero Koaxuectsa. [IpakTHueckH Bech ypan
BBIIEJIH/ICA B KPHCTANAaX COOGCTBEHHO YPAHOBBIX MHHEPAJIOB.

3aBepuieHHblil UK (PAKIHOHHDOBAHHA YpaHa B CHCTEME pacnias—
TBepaasn aza—QJonL OTpaxK4aeTCsl B CONEPKAHHH H pacnpeneieHHH ypaHa
B MOJHOKPHCTANIHYECKHX nopoaax, GopMHPYIOLLHXCS B YCI0BHAX, HauGojee
GIH3KHX K (PHIHKO-XHMHUECKOMY PAaBHOBECHIO.

OcofeHHOCTH pacrpeejeHHs YpaHa B [OJHOKPHCTAJNHYECKHX [OPOaax
K HACTORUEMY BPEMEHM M3YUeHLI JOCTATOUHO AETANLHO.

B HensmeHeHHbIX N0poa006paiyolIHX MHHEPAIAX YpaH HAXOMHTCH B BHIE
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Puc. 13. Toueunsle UCTOUHMKK Ypana B NOPPHPOBHAHOM NEHKOKPATOBOM [PaHHTE
a — wand npu 1-m nukoae, 6 — nascan: ysea. 50

PABHOMEPHOTO  (ATOMHOrO WJIH MOJCKYJSIPHOTO) paccesiiisi, MpHYEM €ro
KoulleHTpauus Ha | 65—2 nopsinka wuxke, uem B nopojge B uesom. OcHoBHas
noas ypawa (e menee 50Y%) B NMOJHOKPHCTANIHUYECKHX MOPOLAX CBA3aHA
¢ akueccopHbiMH Muuepanamu (3. 67, 27]. naBHeH MK KOHILEHTpATOpAMH
ypaHd SIBASAIOTCH LUHPKOH, anaTtHT, MOHAUHT, CEH, THTAHOMATHETHT, H Jp.
Bo3HHKART €CTECTBEHHbIH BONPOC: HE BLI3LIBAET JH MaccOBOE BblleneHHe
AKUECCOPHBIX MHHEPAJOB YMEHBIIEHHA KOHILEHTDALHH Ypana B OCTATOYHOH
marme?

Xapakrep pacnpefejenus ypawa B UMPKOHax ONPOBepraer 3To nogao-
KeHHe. YCTAHOBJACHO, YTO IHPKOHBI MO3AHHX IeHEepauHil xapakTepHsylTed
3HAMHTENLHO 6GoJiee BLICOKHMH KOHUEHTPAUHSAMH ypaHa M0 CpPaBHEHHIO ¢
Gonee paunumu [83]. B camux uMpKOHAx ypaH pacnpeie/eH sechbMma Hepas-
HOMEPHO, HipHyeM HauGosee o6bIYHBIM ABAAETCH 00OrallleHHe yPaHOM MepH-
(epHueCKHX 30H KpHCTannoB. AHanordunoe IMPKOHAM pacnpeienedHe xa-
PAKTEPHO H AJSI APYTHX @KIlecCOpHbIX MHHepanon. [laHHoe SIBJEHHE JIOrHY-
HO CBA3LIBATDL C NOCTENEHHbIM HAKOMJCHHEM ypaHa B OCTATOYHOM paclijase.

[Tosenenne n1060ro s1emMeHTa B KPHCTAIH3YIOUIEMCA DACIIABE MOMKET
ObITh OMHCAHO ¢ MOMOULLIO KOMOHHHpOBAHHOTO KO3pdHuHenTa pacnpene-
JeHHs Mexay o0pa3yioulHMHCH MuHepanamu w pacnaasom. Jlas onpene-
NeHHH Kious HEOOXOIHMO 3HATH HHHBHYaJbHble KO3(@HIMEHTH pacnpeae-
JNEHWA MEMY KamAblM MHHEpPajJoM H pacnjdaBoM, d TaKiKe [PONOpPLHH,
B KOTOPbBIX MHHepPa/bl KPHCTAMAIH3YIOTCH H3 pacniaBa.

B orHowennn ypana takoit pacuer Gbin BbinodHeH E. XpHcTHaHcenom
c coapropami (1983 r.) (R KHCAOTO COCTABA, TPH KPRCTANIH3AIIHH KOTOPOT0
obpasylores (B %): cannaui — 46, naarvoknas — 20, ksapil — 30, 6Ho-
THT — 3, OKMCIH Kesle3a H THTana — |, a U3 aueccopHen: opTut — 0.5 1 UHp-
Kon — 0,04, 3naueHus HHAHBHAYAIbHBIX KOO HHUHEHTOB GbIJIH NOAYUEHBL PK

132



H3YHYEHHH pacnpeicJeHHH ypasa MeXJYy BKpanJeHHHKaMH MHHepaaoB H
CTEeKJIAaMH OCHOBHOH Macchl. Boiudenenuoe anadende Kyouws COCTABHJIO OT
0,06 10 0,16.

nOJ])‘qEHIIbI{:‘ JHAYEHHsT MOTYT OTJHYATBCHA OT TAKOBBIX IS MPHPOJIHBIX
pacrmaﬁoa B CBA3W C PasiHyHem MOACHLHOTO H peanbHOro COCTaBOB FpaHK-
TOMAOB, OCOGCHHO B OTHOWEHHH VPAHCONCPKAILHX AKLUECCOPHBIX MHHEPAJIOB.

C. B. 1Oauuuessiv 0 b, H. Owmeabsinenko 6bia HCHOAB30BAH APYrof
cnocol onpenenenns Kooys. BblIH CYMMHPOBaHBI NHTEPATYPHbBIC 1AHHLIE, OTPd-
HKAWILHE HAKONJIEHHE ypaHa B OCHOBHOH macce NopHpOBLIX MOPOJL rpa-
HUTHOTO COCTABA B 3ABUCHMOCTH OT KOJAMYECTBA MUHEPANOB-BKPANACHHUKOR
(puc. 14). JIHHHH COOTBETCTBYIOT TEOPETHUECKOMY HAKOMICHHIO YpaHa [pH
(QPAKUHOHHOH KpPHCTANIU3AIHH pacniaBa AJfA PasHblX 3HAYEHHH KOMOHHH-
poBauHoro KoshduuHenra pacnpenenerns. Kak Biano u3 puc. 14, uameuenne
COMEPAAHUA YPaHa B OCHOBHOH MACCE NOAABJAAIOUCH HACTH H3YUEHHBIX 1OPOJL
ONUCHIBAGTCH 3HAUCHUAMMH K ous, JEK AWMU B uaTEpBaAne 0,1—0.5. Onpene-
JeHHble TakHM 006pa3om BeJHuHHbl Ky,us BApPbHPYIOT B 60jee [LHPOKHX
Npeienax no cpaBHEHHIO C IPHBEACHHBIMH BhILLIE JaHHBIMH. ITO, NO-BHAHMOMY,
CBA3dHO ¢ TeM, 4TO MHHE‘pau‘TbHHF{ COCTAB IPAHHTOH/JOB He NOCTOAHEH H
MOXET OTJIH4ATLCH OT MOAEJIBHOrO coctasa, Aas KOTOpOro nposejaeH pacuer.
OcHOBHAA yacTb YPaHa rPaHUTOMAOB NPUXOAHTCH HA AKLECCOPHBIE MHHEpPabl.
[To3ToMy MOKHO NPELNoNOAHTb, HTO Pa3bpoc 3HAUCHHH Kyoug OGBACHACTCA
Pa3JHUHBIM KOJHUECTBOM YPAHCOMEPKAUIHX AKIECCOPHER. ITO NPEANOJONKe-
HHE NOATBEPAKNAAETCA CPABHHTEABHBIM aHAJAH30M HAKOMAEHHA YpaHa B OCHOB-
HOH Macce nop@HPOBLIX MOPOA KHeaoro (pue. 14) H CpelHero—oOCHOBHOTO
(puc. 15) cocTasa. B nocneanny akilecCOpHbIC MUHEPANL! ¢ BHICOKHM CoepXKa-
HHEM YpaH4 OTCYTCTBYIOT W 3HAUCHHA Kous AAA 3THX MOPOL HE [IPEBbI-
waet 0,1.

Coaep:;kaHHe ypaHna B KPHCTANTH3YIOULEMCS PACNJdBe 3aBHCHT Kak oOT
BeNHUHHB K,us, TAK H OT Haya/lbHOH KOHIEHTpAlLlHH ypaHa B pacijase 10
KPHCTANAHIAUUN.

O‘JL“BHJUI(). YTO COAepPKAHHE YpaHd B OCTATOYHOM pdcilydaBe B npolecce
KPHCTAJJIH3AUHH N0JKNO BO3pacTaTh, NPpHYEM B KOHCHHOM CYETE OHO MOXKeT
NOCTHIHYTh  KOHUEHTpalWH nackimenns. JlanpHefmwan KpHCTaMIH3aLKS
NOJIAKHA NPHBECTH K OTJOMKEHHIO CaMOCTOATELHON ypaHoBo#H (dasbl —
YPaHHHUTA. AKUECCOPHLIH YPAHUHHT BCTPLUALTCH B HEKOTOPLIX FpaunTOMnax,
NpHYeM npeanoaaraercd, 4to ero (GoOpMHpPOBAHHE MO0 MPOHCXOAHTH Ha
MarMaTtHyeckol ctaiuu ofpasosaunst nopos |143). I1pH u3yyedun pacnpoct-
pPaHEHHOCTH dKUECCOPHBIX MHHEPAJIOB B rpaHHTOHAAX WJIHXOBbIM METOL0M
GbIIO YCTAHOBJIEHO, YTO H4ACTOTA BCTPCUACMOCTH YPAHHHHTA B GHOTHTOBBIX H
NeHKOKPAaTOBLIX TpPAHWTAX W anwckuTax coctasaser 10—309% [69, 72].
OGpasoranue akueccopHoro ypaHHHHTa B TPAHHTAX CBHAETEJNbCTBYET O TOM,
YTO KPHCTAMIH3YIOILHECA NPHPOAHBIE PACMAABbl CMOCOOHBI L1OCTHIaTh Hachl-
WEHHA B OTHOLWEHHH ypaHa. YKa3aHHble 3HAYEHHA OTHOCATCA K rpaHHTam,
COAEPIKAIMM OTHOCHTEJNLHO KpPYIHbIe 3epHa ypaHHHHTA. Bmecte ¢ tem pan
CPAHHTOR BECHLMA XAPAKTEPHLl HOAMATHOCTUPYCMBIC YALTPAMHKPOCKONKUECKHE
BKJIIOUCHHS ¢ OYEHb BLICOKOH pajHoaKTHBHOCTRIO [83, 10]. Ecan no kpaiinei
Mepe HEKOTOpDLIE H3 3ITHX BKJKUYEHHH ABIAIOTCH 3apo/iblllaMH YPaHHHHTA,
TO pedjabHasi pacnpocTpaHeHHOCTb 3ITOMO MHHEPAJdd B TPAHHTAX MOKET
OKa3aTthes eue bogee BLICOKOH.
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Puc. 14. OtHOweHHe KOHUEHTPAIUHH YpaHa B OCHOBHOH Macce nopdiupoBBIX NOPOL
KHCAOFO €OCTABA K O6LIEMY ero coaepxkauuio B nopoae (lOaunues, OMenbsiHeHKo,

1986 r.)

I — aunaputul no I A, Warkosy » ap.; 2 — urunmGpure no J. Dostal w ap.; 3 — rpaHuT-nop-
¢pupnt (no b. H. Omenpsivenko w ap.); 4 — aunapurtsl, pauute (no JI. JI. Jleowosod w

H. U. ¥naabuosoii); §
T (no J. Dostal w ap.); 7

reopetuyeckne Hakomaenna npH Uyue=0,1; 9 — 10 xe npH Keows=0,5
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Puc. 15. OTHOWENHE KOHUEHTPAUHH YpaHa B OCHOBHOH Macce nopgHPOBBIX NOpPon

CPE€HEro- —OCHOBHOIO cOCTasa kK Oﬁll.lt'My €ro CoAepraHH B nopoae (|O.«1HHL1€B.

Omenbanenko, 1986 r.)

I — Gazaabtw (no J. Dostal w ap.); 2 — 6azaasti (no J1. J1. Jleonosoi n H. M. ¥Yaaasuoson) ;
3§ — aunesnTh, 6asanaetw (no J. Dostal w ap.); 4 — avaesntw, 6asaabte (no H. I'. BepauHoi

Woap.), s
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M3 uanomenHoro BHHO, 4TO Mpouecc KpHCTaJJIH3auHH paclJjaBoB #AB-
JASIETCA,  MO-CYULECTBY, [NPOLECCOM  KOHUCHTPHPOBAHHA  QTOPOGHILHLIX
3JEMEHTOB, B TOM YHCJE H ypaHa, B OCTaToOuHOM pacnaape. Kak H3BecTHO,
B OCTATOYHOM pacnjiaBe TakKxKe MPOHCXOAHT OTHOCHTEJbHOE HaKOMJAeHHe
AETYUHX KOMIIOHEHTOB. ﬂﬂﬂ I\pOG.I'!EMbl HCTOUHHKA YPAHOHOCHBIX pynooﬁpaxy-
IOUIHX PacTBOPOB KAPAHHANLHOE 3HAYUECHHE HMEIOT [aHHBIE OTHOCHTE/bHO
CHCTEMbl: HACBHIULEHHBIH B OTHOLWEHHH YPAHHHHTA paclaB — YPAHHHHT —
(oM. 3Ta CHCTEMA, NMO-CYILECTBY, XapaKTepPH3YeT KOHEYHbIe CTaJlHH KPH-
CTANIH3AUHH YPAHOHOCHBIX MArMaTHYECKHX PAcnJaBoB, ¢ KOTOPbIMH 0GBIYHO
CBA3LIBAETCH OTAENeHUe pyjaoHocHbix paonnos. Mceeaeponanie 310l chetemm
B HHTEpeCYIOLIEM HAc dcnekTe CBONHTCA K H3YYEHHIO pacTBOPHMOCTH
YpaHHHHTa B MarMaTHUYECKOM (p."ll'UHllt‘ B MPHCYTCTBHH dAJIKOMOCHJHKATHOIO
Gydepa, npeicTapJIeHHOrO rpaHHTHLIM PACIIdBOM.

NMosepenne ypana npu QopMHPOBAHHH
CHHreHeTHYHBIX NerMaTHTOB

[as pelueHds BOMpoca © NPHHIMIHAILHOH BO3MOMKHOCTH OT/LEJCHHS
YPAHOHOCHBLIX DPACTBOPOB M3 KPHCTAJJH3YIOLLEroCs IPaHHTHOrO pacnJjasa
Gonbulo# WHTEpeC NPeacTasifeT NOBeAeHHe ypaHa npH o0palOBAHWK CHEH-
FEHETHUHBIX NMErMaTHTOB -— MPOJAYKTOB KPHCTANIH3AUHH OCTATOMHBIX, nepe-
HAChIULEHHBIX JICTYUHMH TpaHHTHbIX pacnaaoB. OHH 130T HHopMaLHIO O
(hpakUHOHHPOBAHHH YpaHa B cHcTeMe TBepaasi ¢pa3za—oOCTaTOuHbIR pac-
niap—ra3oobpasnan ¢asa, 4To FBJAETCA KJKYEBLIM 3BEHOM npob/eMbl
pyforeHepupyoiel CnocoGHOCTH FPaHUTHEIX PACNAABOB HA ypan.

CHHTeHeTHUHble  (HEMEepeMEelLeHHbIe, BHYTPHTPAHHTHbIE, LWJHPOBbLIE)
nermaTHThl (opmauHi manblx ray6us, no A. H. Tuusbypry w ap. [33],
BO3HHKAIOT Ha 3aBeplIAIIHX CTAJAHAX KpPHCTallH3alHH pacnaasoB. Ouu
NPHYPOUEHB K anHKajJbHbIM YACTAM TNO31HE-MOCTOPOreHHbIX HHTPY3HBOB
NEHKOrPaHUTOR, GOPMUPYIOLWMXCH B runabuccaibupix  yeaoBusx. Taxue
nerMaTHTbl HMEKOT H3OMETPHUYHYIO, JIHH30BHAHYIO KalJICBHAHYIO, rpuﬁooépaa-
HYIO (opmy, 06a1a1al0T O6GLIMHO ACHMMETPHUHO-30HAJIbHBIM CTPOCHHEM.

Mexanuim (OPMHPOBAHWA CHHICHETHYHBIX METMAaTHTOB CBOAHTCH K cie-
AYIEmy.

L. B «ycanounsie» pakosuisl, GOpMUPYIOLIIKECH BCACACTBHE TEPMHUECKOTO
COKpaLLJ.EHHﬂ o6bema 3aKpPHCTAJNJIM30BABIUEroCss rpaHdTa, noctynakwT OcTa-
TOYHBIH pacnaaB M JAOHL — BO3HHKAKT NermMaTHToo6pasylolllHe KaMmephl.

2. PackpHCTanAH3anHA NerMaTHTOBOrO pacnjaBa HayHHAETCs Mo Mepe
CHHIKEHHA TEMIEPATYPbI H TPOXOHT N0 HATIPABJIEHHIO OT NEPHGEPHH K LLEHTPY
Kamepbl ¢ NOCTENEeHHbIM yKpynuenuem 3epructocTd. B marmaruueckywo cra-
JHIO pACKPHCTANH30BLIBAIOTCA B OCHOBHOM BHEIIHHE MEJKO3ePHHCThIE 30HbI
nerMatvHToB. B UEHTpPaNbHLIX e 4dcTAX KaMepbl MexIy KapkacoM TBeprok
(asnl K KoHIY MarMaTHYeCcKOH CTaLHH COXPAHAIOTCH MOJOCTH, 3aN0JHEHHbIE
BHICOKOKOHIEHTPHPOBAHHBLIM Fa30B0-COJEBbIM PacTBOPOM ((JIOHLOM).

3. B cofCcTBeHHO NerMaTHToBYI0 CTaAHI0 Ha houe Oo6Iero NOHWKEeHUs
TEMNepaTypbl W AaBJAEHHA 1101 BO3[eACTBHEM (WIIOHIA BO BHYTPEHHHX 4ACTAX
KaMmepbl (OPMHPYIOTCH KpynHOOJI0KOBbe 30Hbl. OOGpasoBatne WX 1IPOXOAUT
c yuyacTHem CGFPEFHIII{OHHDﬁ NEPCKPHCTANIH3AIHH BELLECTBA.

4. JlanbHejiwee NOHHMKEHHE TeMIIEpPaTypbl [NPHBOAHT K HAPYUICHHIO
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pasHOBecHs TBepaas Gpasa—@AOHIL, B CBA3H C YeM Pa3BHBAIOTCA NPoecey
apToMeracomaro3a (asbOHTH3AIHS, MYCKOBHTHIAUKHA H T. 1.}.

rpaam‘u HaJl nerMaTHTaMH 4acTo NOJABEpAKEHDI GHOTHTH.THL[HH, K()T()pa“
MOXET PaccMaTPHBATLCA KAK 0AHA H3 (GOPM NPOABAECHHA PAHHETO MHKesesp.
MAarHHeBOro MetacoMartosa — OazudHUKauMH BOPOA KPOBJAH NETMaTHTOR
JI. K. Cumonoso#, B. H. Omenbsanenko w ap. [108] GbIIH H3YYeHBl CHHree-
THUHBIE KBAPL-M0/EBOIWNATOBLIE NerMaTHThl B 15 HHTpy3nBax Kaszaxcrana y
Cpenteii Azun. loneBble ramMma-cneKTpPOMETPHYSCKHE H3MEPEHHH N0 ceTke
pasJHYHONH NJNOTHOCTH B 3aBHCHMOCTH OT PA3MEPOB T/ COYETANHCh C Pauo-
METPHUYECKHM ONpODOBAHHEM IE€IMATHTOB H OKPYMAKLWHX TPAHHTOB Hi
uurepsane, 8 [0 pas u Gonee NpesbIIAOIEM pasMepbl CaMHX NMErMaTHTOs,

Hayuennble aBTOpamu cHHreHeTHunble mnermaTHTel  Kaszaxcraua u
Cpenneit Aaun npaypouedbl K HHTPY3HBam JeHKOKPATOBLIX TPAHHTOB ¢
XapPaKTePHIYIOTCH OTCYTCTBHEM CKONBLKO-HHOY/Ib 3aMETHOTO MPOSABJICHHS M-
HEPAJIOB THAPOTEPMANBLHOH cTaanH. [10 cpaBHEHHIO ¢ MATEPUHCKHMH Fpan-
TdMH OHH ofenHeHbl ypaHoM. Tak, W3 42 KBapuU-NMoJEBOLINATOBBLIX MNerMa-
THTOoR B 38 copepxanue ypana okasanoch B 1,5—2.5 pa3za HHXKe, uem g
rpaHHTax.

YCTaHOBJEHO 30Ha/JbHOE pacnpejeieHHe ypaHa B BEPTHKaJbHOM pai-
pe3e CHHIeHETHYHOTO NErMAaTHTA H B IPAHHTAX Hal NerMaTHTamH (pHc. 16),
Bbipajkaioluleecss B CJAGAYIOIEM: d4) BO BHEWHWX MEAKOIEPHHCTBIX 30Hax
NerMaTHTOB COMEPXKAHHE ypaHa, Kak npasuio, B 1,5—2.5 pasa Beiwie, uem g
MATEPHHCKHX l'p&HHTaX. inI 3TOM CO CTOpPOHbI BHCAYEro KOHTAKTA ner-
MATHTOBLIX TEJ KOJHYECTBO ypaHa MOABCPIKEHO OOJNBLIHM KojeGaHusiM o
HepeAKO OKAa3blBAeTCH MEeHbllue, YeM CO CTOPOHLI GOKOBOrO W HHAKHEr0 KOH-
TAKTOB; 0) BHYTPEHHHE KPYNHOG/JOKOBblE 30Hbl NOAABASAIOUIEH YACTH nerma-
THTOBbIX TeJ HMEKT NOHWKEHHBIE KOHUEHTpPAllHH YpaHa Mo CPaBHEHHIO ¢
BHEUIHHMH 30HAMH ¥ MaTepHHCKHMH rpanuTamH. [ToCKOMBKY OCHOBHYI 4acTh
o0beMa NerMaTtHTOB COCTABJSAIOT BHYTPEHHHE 30HbI, 06LLee CONeprKAHHE
yYpaHa B CHHCCHETHYHDLIX NEIrMATHTAX B UEJOM TAKMKE OKa3biBACTCH HHIKC,
YeM B MATePHHCKHX TPAHHTAX; B) B rPaHHTAX HAL MErMATHTAMMH OTMEUAETCH
yBeJHUYeHHe cojepxanua ypaHa. Tak, B GHOTHTH3HDOBAHHBIX FPAHHTAX Haj
nermarutamu ouo B 1,5—4 pasa Bbille, yeM B HEH3MEHEHHbIX Pa3HOCTHX.
O6GorauleHHocTh ypaHoM B 2—2.5 pa3a HablloadaeTcs Takke B ciabo Hime-
HEHHBIX ITPAaHHTAX HAal MerMaTHTaMH.

OGeAHeHNOCTh CHHIEHETHUHBIX IErMATHTOB YPAHOM MOXKHO HHTEPIpPeTH-
poBaTh Kak pe3yJbTaTr YAaJeHHS ero Hi (ermMaTuToBOW Kamepbl B COCTaBe
razopoi (aszbl. ['paHuTbl Hajg nermMaTHTamu vacTo o6orauleHsl HoBooGpa-
30BAHHBIMH AKIECCOPHLIMH MHHEpAJaMH, OTIHYAIOUIHMHCH OO0BIYHO MaJbiMH
pasmMepamu, 4acTo KCeHOMOPGHOCTLIO W NPHYPOUESHHOCTBIO K MHKPOTPEILLHH-
Kam W cTbikam zepen. [loayuennbie JdanHble NO3BOJSIOT OTMETHTD CJleLYIOLLLHE
3AKOHOMEPHOCTH MMOBEAEHHA YpaHa MpH (QOPMHPOBAHHH CHHI€HETHUHBIX
NermMaTHTOB QOpMALHK ManbiX FAyOUH.

. Mcxonubéi nermathToBbIA pacnias Obll oboralleH ypawom, HGO BO
BHEIIHHX MEJIKO3EDHHCTBIX 30HAX, OGPHSOBEEHHHX MATrMATHUYECKOH CTAallHH,
colepAKaHue ypaHa Bbillle, 4€M B IPAHHUTaXx.

2. PackpHcraanusauus BeulecTBa B NermMaTutoo0pasyioweil  kamepe
CONPOBOXAANACh OTAeJEHHEM JeTyuei (asbl ¢ COOTBETCTBYIOLLUMH KOMIIO-
HEHTAMH, B TOM YHCJAE ypanom.,

136



Banobsie
codepacanus
nezramuma < 4,1

1 1 | | 1
2 6 10 mn18 2z
U, 7-107%% (189 onpedenenui)

Puc. 16. TloBenenHe ypaHa B pa3pese CHHTEHETHUECKOrO MErMaTHTa M B TPaHHTAx
noj nermaTtutamH (no CHmoHoBo#, OmesnbsHeHko W ap., 1984 r.)
! — rpanuuTHl BHe BJNHAHHA nermMatHra; 2, § — rpaHHTH HaANEermMaTHTOBOH 30HH ciaabouame-
HeHHble (2), GHOTHTH3HpoBaHHble (J); 4 — KPynHOGJOKOBHE MErMaTHTHl BHYTPeHHeHd 30HH,
§ — MeNKO3epHHCTbIE MerMaTHThl BHeWHeH 30HB

3. Yaanenubiii 3 Kamep ypaH 4acTHUHO (PHKCHPOBAJCA B GHOTHTH3HPO-
BAHHBIX TPAHWTAX HENOCPEACTBEHHO HaJ TErMaTHTOM, YACTHYHO B chabous-
MEHEHHBIX TPAaHHTAX, HAXOAALIHXCH BbilUe 30Hbl GHOTHTH3AIHH.

4. O6eaHEHHOCTb H3yUYeHHbIX CHHIEHETHUHbIX T[EerMaTHTOB YpaHOM,
CJIeI0BATE/bHO, MOMKHO paccMaTpHBATb KaK pe3yJbTaT YNaJeHHsi ero H3
CHCTEMbI BMECTE ¢ ()JIIOHIOM. .

CoOTBeTCTBEHHO MpHBEJEHHbIE NaHHbIE NOATBEPKAaI0T BO3MOMXKHOCTh BHI-
HOCA ypaHa H3 KPHCTAJNAHM3YIOILeHCs rPaHHTHOH MarMbl B cocTaBe (UIIOHAHOR
(hasbl M CBHAETEJbCTBYIOT B [0Jb3y pyAOreHepHpyoued cnocoOHOCTH rpa-
HHTHBIX pacniaBoB.

PUIHKO-XHMHYECKHE JAaHHbIE 0 qlpaxuuonnponauuu Ypauna
B cHcTeme (aHa—MarMaTHYecKHil pacnjap—YypPaHHHHT

BeiGop ycnoBHii mpoBejeHHsl ONbITOB OCHOBBIBAETCS HAa COBPEMEHHBIX
[aHHbIX O ApaMeTpax rPaHHTOMAHOTO MATMATH3Ma: TEMIEpPATypa GOJbIIHH-
CTBA FPaHHTOMAHBIX paciiaBoB cocrasasier 700—900° C, napjende puonaa
1—5 k6ap, seryuecTb KHCJIOPOAA, COOTBETCTBYIOLLAS KBAPIL-QasAIHT-MarHeTH-
ToBomy 6ydepy, ot fo,=—16, npu 750° C no Gojee BBICOKHX 3HaueHHH
[40, 77, 104] . CooTHowenust X co, (MOIbHAS o5 yraekueaoTsl) = 0,07 4-0,03;
Xnact+xci=0,0240,01; Xy,5=0,0140,005: Xyr=10"*=10"" onpene-
JSIOT CPEHHIA COCTAB MArMATOrEHHOro ¢wnonaa rpaxutouos [5]. B kuorpamme
Takoro aioKna conepxurcs (B moaax): 2—5 yraekncnors;, 0,8+ 1.5 xnopu-
nos meaoued; 0,2—0,7 ceposomopoxa; 0,006—0,05 ¢ropa. Yraekucaora
Haxoantcs B Buge CO,, cepa B Bige H,S, xnop mpeumyllecTBeHHO cBfi3aH
¢ wenouamu. Moabneie orHowenys HCl/NaCl+4 KCl=0,03+0,07. I'aas-
HOH ¢opmoii HaxomueHHs ¢rTopa Bo ¢uionne asaserca HF [49, 16].

C yueToM cKa3aHHOro BbIIE A OMBITOB MO pacnpeieJeHHio ypaHa
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OblIH BLIGpaHbl caenyouiie pactsopsl: | monb/kr H,CoO4 (1pu ero pasnomxe-
HuH o6pasyerca 2 moas COy); 0,1 moab HCI+0,9 moab (NagsKos)Cl na
| kr pactBopa; 0,1 moab/kr HF, a takxe aucTHaaHpoBaHHAA BOAA.

[ToAroToBKY ONBLITOB OCYLLECTBHAH cJheayollum obGpasom. K nopourky
CTEK/d IPAHHTHOrO cocTasa N06aBHJAH CHHTETHUECKYIO NBYOKHChb ypaHa B
KoJHuecTBe 19}, 3aTemM 3Ty cCMechb TINATENbHO MeEpeMelanH B SIIMOBOH
crynke, 70—100 Mr nony4yeHHOH WIHXThl B BHAE MOPOLIKA HJH CTONOHKA
cTeKJa, npejBapHTesbHO HanaasiedHoro npu 7'=750° C, P=2 kbap, nome-
CTHJM B OTKPBITYIO IJATHHOBYIO aMmny/y AHamerpom 3—4 mm. ITy amnyay
MO/BECH]H BHYTPH [APYroH nJAaTHHOBOH aMnynbl AHaMeTpom 5H—7 MM, Ha
AHe KOTOpo# Haxoaunock 200—500 Mr uexoaHoro pactopa. [lepen 3anaiikoh
6OoNbWOA aMmMnynabl €e B TeyeHHe NATH MHHYT NPOAYBalH aproHoM st
yaaqeHHst KHcaopoaa Bo3ayxa. [[JHTeNbHOCTb 3KCMepHMeHToB — 5—6 cyT.
CornacHo pe3ynbTaTaM KHHETHYECKHX OIbITOB, 3TOMO0 BPEMEHH AOCTATOYHO
MU IOCTHKEHHsI [OCTOSIHHON KOHUEHTpauuH ypana B pactsopax. [locae
OKOHYAHHS ONbITA AMIIYJibl BCKPBLIH H PacTBOP OTACJH/H OT 3aKa/JeHHOro
pacnaasa (crekna). B pactBopax nocse onbiToB npHcyTcTBYyeT HeGOJblIoe
KOJMUEeCTBO 3aKanounoil amopdroi SiOx(Si0, : H0=2:1). las pasnoxe-
HHs 3TOH (ha3bl, cnocobHOi copbHpOBaTh ypaH, K pacTBOpaM MOCJe ONbITOB
JL06ABJISI/IH HECKOJIBKO Kanedb KOHUEHTPHPOBAHHOH MJABHKOBOH KHCJOTbI
B nanbuefiwiem ¢prTop, MelamUKid onpeleqeHHI0 YPaHa, OTFOHAJAH TPexKpar-
HbIM BbITAPHBAHHEM ¢ KOHUEHTPHPOBAHHOM conAHoi kKueaotoil. [Tocae storo
cyxoil ocratok pactBopuin B 6 moasx HCl ans nocaenyiouero aHanusa Ha
ILEJIOYH, AJIIOMHHHH H ypaH.

[TpH H3y4yeHHH CTeKOJ Ha MHKpOaHalH3aTope GbL10 BLIABIEHO OT/IHYHE
COCT@BHBbIX KPaeBblX, 'PAHHYALLHX C PACTBOPOM YHYACTKOB OT LEHTPA/bHbIX
uactedl. MensieTcs cogepxkanHe Takux KomnoHentos, kak SiO; u AlLO,,
pa3HHLA B COAEPXKAHHAX AJA LEHTPaJbHbIX H KpaeBblX uacTell AocTHraer
2—39%. IT0 cBA3aHO ¢ HWHKOHIPY3HTHBIM XapaKTepoM pacTBOpPEHHs pac-
njaBa npH ero B3auMmoueHcTBHH ¢ aonaom. PedyawsraThl onpenesnedui
MO3BOJAKT 3aKNIOYHTh, YTO B PaBHOBECHE C (JIOMIOM B 3KCIEPHMEHTax
MPHXOAHT TOJILKO TOHKAfl Kpaesas 30HA pacmiaBa.

JleTanbHoe H3YYeHHE CTEKOJ OKA34aJ10, 4TO BO BCeM HX 00beMe CoxpaHder-
cA TBepaas asza — ypaHHHHT. DTO BIOJHE eCTECTBEHHO, IOCKONbKY KOJHUe-
CTBO BBOJAHMOIO B HCXOLHYIO [IHXTY YPAHHHHTA 3HAUHTENbHO MpeBbilIaeT
KOHIIEHTPALIHIO HACKIILEHHS pacniaBa ypaHoM. [103TOMY MOXHO yTBEpPKAaTh,
YTO COMEPKAHHEe ypaHa B PACTBOPAX MOC]E ONbITOB XapaKTePH3YeT pacTBOPH-
MOCTb B HHX ypaHHHHuTa (Tabs. 3). Kak BHAHO H3 NpHBENEHHLIX JAHHBIX,
KOHUEHTPAUHA ypaHa BO (DJIIOHIE 3aBHCHT OT €ro HMCXOLHOrO COCTaBa H
napuHaJbHOro JaBJeHHA KHCJA0PO/a.

OtnoulenHe KOHUEHTPAllWH ypaHa B pacTBOpe K TAaKOBOH B pacnsiase
XapakTepH3yeT 3HauyeHHe KoID(HLUHEHTA pasjieleHHss B YCJIOBHSX Hachbl-
LEHHA pacnaasa H (UIOMAA B OTHOLIeHWH ypaHa. TakHe YyCJIOBHS MoOryr
BO3HHKATb HA HAHOO/Iee MO3[HHX CTAJHAX KPHCTANIH3AUHH MPAHHTHBIX pac-
71aBOB, CYUIECTBEHHO OCOTalLCHHbIX YPAHOM.

AHaNH3HPYSl Pe3yabTAThl IKCICPHMEHTOB, MOMKHO 3aK/KOUHTh, UTO Mar-
MaTorenHble (GJIOHAbl, OTALNAAIOULHECH HA KOHEYHbIX CTaHAX KPHCTANIH3alUHH
YPAHOHOCHBIX TPAHHTOHAHLIX PACNJaBOB, KOr[a /OCTHraeTcs HachlllleHHe
pacnaasoB YPAHHHHTOM, MOTYT COLEPKATb YPAH B KOHUECHTPAIHAX 10 ThiCHY-
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Tabauya 3

ConepxaHWe ypawa B pacTBopax OnNuTOB N0 B3aWmoaeicTeHiO (aonaa
c ypauncoaepxauum pacnaasom [ =750 C, P=2 kbap

1 - 0,
Cop- 1074, mac.% B
. Yucao u
Hcxonusit pactaop onron Ge3 pasno- | ¢ pasnome- C_i’_P_
JKEHHA 3a- HHCM 3aKa- Up.n
KaJA04yHOH JNIOYHOM
daan [WERTE

Bydep Ni—NiO

H,O 1 He o6H. 151" 0,005
0,1 moas HF/kr H,O | 3.-10~* 12-10~* 0,04
0,3 moab HF /kr H,0 1 He o6n. 12.10™* 0,04
0,5 moae HF /kr H,0O 3 15-10* 35-10 0,12
1 moab (Na,sKos)Cl/xkr H;0 2 5-101 10- 10~ 0,03
0,9 moab (NaysK,5)Cl40,1 moab

HCl/kr H,0 ' 4 He o6H. 15101 0,05

, Bygep F,0,—Fe 04

1 moab H,C,04/kr H,0O ] 1-10—* 3-10—* 0,008
1 moab (NagsKos) Cl/kr HO 3 40-10—1 50-10~1 0,13

HbIX goneil npouenta. lo ouenke . B. Haymosa [80], koHueHTpauus
ypana B pyaooGpasyouiHx THAPOTEpMAaibHBIX pacTBopax coctasaser 10 %
10 99%. DT uMppBl AaKe HHKE TeX, KOTOPbIE MOJSY4EHbl B IKCIEPHMEHTE.

3HAUHTEIBHOC KOJMYECTBO ONLITOR MPOAEJIAHO B 3KCIEPHMEHTe MO H3y-
YEHHIO B3aHMOACHCTBHA CIJ.']IOHJI& C YPAaHCOAEPKAUIUM DACMJIdBOM LWEAOYHOTO
rpaiuTa. B onwitax Hcnonbzopajoch crekao, copepxauee 0,35% ypaua.
J71a BEJIHUHHA HHAKE KOHILEHTPALHH HACBIULEHHA paciljlaBa COOTBETCTBYIOLIEro
cocTaBa, B CBA3H ¢ uem TBepaas (asa B 3aKaJeHHbIX CTEKNAX OTCYTCTBOBaA.
B pesynbrate KOHUEHTPALUHS ypaHa B 3aKaleHHbIX pacTBOpax omnpejefsiach
He pPACTBOPHMOCTBIO B HHX YPAHHHHTA, KAK 3TO HMEJO MeCTO B ONbITax
¢ WHXTOH FPAHHTHOrO cocTasa, a BeNHYHHOH KoshdHUHEHTA pa3feNeHHA
B CHcTeMe pacnjas—QJIioHI,

CojepskaHHe ypaHa B COOTBeTCTBYIOLLHX (a3ax W onpeiefeHHbie HA HX
OCHOBe KOQd)CbHLlHEHTH pasjaeneHHsda  3aBHCAT OT COCTABa HCXOAHOro
pactBopa H YrHTHBHOCTH KHcaopoaa. [losbluenHe (YrHTHBHOCTH KHC-
JIOPO/la MPHBOLKT K H3MEHEHHIO pAClpejeNeHHs ypaHa B NOJb3y pacnjasa.
Jlns xjaopuanblx pactBopoB K, Gogblue, uyem Aast BOJAbl H YIJIEKHCJIOrO
pacteopa. OnbiTbl nokasaJH, YTO BO BCeX CJy4yasx KOHUEHTPAllHA ypaHa
B LWEJOYHO-TpaHHTHOM pacnaase B 70—300 pa3 Bbiwe, YeM B PABHOBECHOM C
HMM MarmatoreHHom Quiione. B nocnenHem KOHILEHTPALLHA ypaHa cocTapaser
nepsbie ThHICAYHbLIE JOJH NMPOLEHTA.

Takum of6pasoM, ec/H MPH KPHCTA/UIH3ALUHH 11eJOYHO-TPAHHTHBIX pac-
NaaBoB JOCTHraeTCsd HACbILILEHHE OCTATOUYHBIX I[OpLLHI':[ B OTHOUICHHH YPAHHHH-
T4, BO3MOXKHOCTL 06pPa30BaHHA YPAHOHOCHBIX PyA00Opa3yiolULHX PacTBOPOB,
CYAS MO 3KCNEPHMEHTANbLHBIM JAaHHBIM, [PEACTABJAETCH BIOJHE peasbHOH.

CJ!E_D,YET OAHAKO MNOAYEPKHYTb, 4HTO MNPHPOJHLIE CHCTEMbl 3HAUYHTEJbLHO
CJIOAKHEE IKCNEPHMEHTAJbHBIX. B cjiyyae O0OHJBHOTO Bbl/I@JIEHHA MHHEPAJIOB,
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XAPAKTEPH3YIOLLHXCH BBICOKOH H3OMOP(HOH eMKOCTLI0O B OTHONIEHHH ypaHa
(HpTOAKT, anaTHT, c(eH, MOHALHT, TAHTAJNOHHOOATH H Ap.), HACHIUICHHE
pACNAABOB B OTHOLICHHH YPAHHHHTA MOKCT He JlocTHrathes. B Taknx cayuasx
00pa3oBaHHe YPAHOHOCHBIX (QJIIOHL0B HA CTAAHH KPHCTANIH3AUHH PACNNABOB
MPEACTABAACTCH 3HAYHTELHO MEHee BepPOATHbIM. HecomMuenHo 3qaunTenho
CJO0KHEe TAKKE COCTAB PeajbHbiX MAarMaTOreHHbIX (JIOH0B.

B cBsi3H ¢ 3THM ue1ec006pa3sHo paccMOTPETh HMEIOLIHECH 1dHHbIe, TAK HIH
MHAUE CBHETEJBCTBYIOLLHE O PeajbHOCTH CYULECTBOBAHHA YPAHOHOCHbBIX
MArMaTorenHnix Haionaos.

O BO3MOXHOH KOHUEHTPALMH ypaHa
B MarMaTtoreHHnX gJouaax

Panee na ocHone 0600l1eHHA NaHHbIX 248 aHaJH30B KHCJBIX BYJKAHHUE-
CKHX CTeKoJ Obl10 MOKA3aHO, UTO KOHUEHTPAUHA B HHX YpaHa BapbHpyeT
B npeaenax ot 4-107*% no 4-10 "%, B cpenuem cocrapans 11,8- 10719

3aech caeayer [MOAYEPKHYTb, uYTO OWHGKA B ONpeLeNeHHH CPeLHero
COMCPMAHHA yDaHA B BYJKAHHUECKHX CTEK/JaxX BO3MOKHO JHIIbL B CTOPOHY
3aHHIKEHHA, TAK KaK He HCKJIYEHO, 4TO HEKOTOPas 4acTh aHAaNH30B OTHO-
CUTCH K CTEKJAAM, TIPeTepHesiiM YacTHUHYI0 AeBHTPHpHKAUHIO. Tlocaeauss,
K4K 9TO OJHO3HAYHO YCTAHOBJEHO, CONPOBOXKIAeTCH BbIHOCOM ypaHa [123,
147, 83]. OaHako ec/H NPHBEEHHYIO Bbllle BeJHUHHY NMPHHATH B KauecTse
CPELHEro COePKAHHA YPAHA AJIA KHC/IbIX BYJKAHHUECKHX CTEKOJ, NPHXOLAHTCH
NPH3HATH, YTO OHA 3HAYHTE/ILHO BbIILIE KJapKa ypaHa A/ rpaHHToB. Cornacko
A.TI. BunorpanoBy [20] cpensee coseprkanHe ypaka B rpaHHTax cOCTaBJseT
(B %) 35-107% A. A Cwmwcaosy [111]—4,1-10=* JI. B. Kowmaeny
(1974 r.) —5,4- 10 *. M0OKHO MO3ITOMY MOJHOCTLIO corfacuTbes © JIk. Anam-
coMm [l] B TOM, 4TO KOHUEeHTpALHA ypaHa B TpaHHTe No KpaHued mepe
BABOE HHIKE, UEM B BYJIKAHHYECKOM CTeKJe.

Hekotopbie HccnenoBaread NPHXOAAT K BLIBOAY 00 060rail€HHOCTH
ypauom BeeX 3POHy3MBHBIX TOPOA TO CPaBHEHHIO C rpaHuTaMH [48], xors
TakoH BbIBOJ He ABAAETCS OJHO3ZHAUHBIM.

[Mo paunbim k. Powoasra ¢ coasropamu [139, 140], Toabko B ByA-
KAHHYECKHX CTEeK/]1aX OTMeYyaeTcsl pajHOAKTHBHOE PABHOBECHE MEXKJy H30TO-
nami U w P¥U, a waotonst P'Th w *'Pa usaxoasatcs B paBHOBECHH
¢ COOTBETCTBYKOLUHMH H30TONamM ypaua. B rpauwrax aeduunr U
yacTo cocraraser okoao 30%, a nouephne nponykthl 2 Th u *!'Pa penko
HaxXolfATCA B PABHOBECHH C POJACTBEHHLIMH H3oTonamu. Bee 370 pnaer ocwo-
BaHHe MpejlonaraTb, YTO CONEPMKAHHE YpaHa B HEPACKPHCTAMIH3OBAHHBIX
KHCJBIX CTeK/Jax Haufosee GJH3KO K TAKOBOMY B MArMaTHYecKoM paciJiase.

CkazauHoe Bbllue MO3BOJISIET C/AENdTh BbIBOA, YTO FPAHHTOHAHBIE Marmbl
TePAIOT 3HAUMTEJbHYIO “acTb Ypana B MNpouecce CBOed KPHCTaNJH3alHH.
Ecau npuuaTh, 4To coleprkaHde ypaHa B KHCJIOM MarmMaTHYeCKOM pachnjase
cocrasaser 12-107*%, a B rpanutax — 6-10*%, conep:anue BoIbl
B pacnaaBax Ha rayOune nopsinka 15 km — 10%, HeTpyaHo nokasats,
uTO AAS oGecneyeHHsl COOTBETCTBYIOLLErO BBIHOCA YPAHA €ro KOHUEHTPalHs
BO (JIOHAe OKHA cocTapasaTh nopaaka 6-10*% . Kak suiumM, ykazanuas
BEJHUHHA [dXKe TpeBbllaeT npeleNbHY KOHUEHTPALHIO ypaHa B MarMmaro-
reHHOM (hJIIOHIE, MOJYUYEHHYIO SKCIEePUMEHTANLHO.
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PeaabHocTth BbIHOCA ypaHa H3 KPHCTAIH3YIOULerocs pacnaasa MmoaTBepXK-
JlaeTcd NaHHbIMH H3YYCHHHA CHHIMCHETHYHbIX BHYTPHTPAHHTHBIX NETMATUTOB,
NPeCTABISIONIHX  COO0H  MPOAYKTH  KPHCTAMIH3AUHH  [1€PechillleHHbIX
dbaongoM HanGodee Jerkonaaskux pacnaasos [108]. Mayuenne Hecko/bkHX
AECATKOB MEerMaTHTOBBIX Teal W3 |5 rpauuTHbix WHTpy3HBos Kasaxcrana
u Cpenueit A3uH 10Kasajo, uyTo OCHOBHOH HX 0GBEM COCTABJSIOT KPYIHO-
6J10KOBLIE NerMaTHTbl, MEHbILIEE 3HAUCHHE HMEKT MEJIKO3CPHHCTBIC pa3HO-
BH/IHOCTH BHEIIHEH 30HbI.

Cojepxanue ypaHa B KpynHoGIOKOBBIX [OErmMaTHTax, Kak MpasHJo,
B 1,563 paza HHXe, yeM B MaTePHHCKHX IPaHHTax, @& B MEJKO3EPHHCThLIX
pasnoctax — B 1,5—25 pasa suime. Bo3pacrtaer cogep:anue ypana u propa
B HaANerMaTMTOBOM TMpOCTpPAHCTBE, 3[ech e oTMmeuaercd OGHOTHTH3AUHS
nopoa. OrmeueHHble COOTHOLIEHHS HEBO3IMOXKHO OGBACHUTL KAKMUM-IKHGO
HHBIM nyTeéM, KpOme KaK BbIHOCOM YpaHa H3 [MNerMaruTtoBoro pacnnaaa
BMECTE C JICTYUHMH. YJIaJ€HHIO ypaHa H3 KPHCTANIH3YIOIULerocs paciiasa
61aronpHATCTBYIOT €ro HACBIWEHHOCTb JIETYUHMH H CMOKOAHBIC YCJIOBHS
KPHCTA/NTH3a1LHH.

Yacras o60rameHHoCcTh YpaHOM amHKaJbHbIX 4yacTel HHTPY3HBHBIX TeJ,
a Takxke 30H OMOTHTH34UHM MAarMaTHYeCKOH CTAAHH B 3K30KOHTAKTAX
HHTPY3HBOB M TETMaTWTOB TaKKe CBHETENBCTBYET O BO3MOKHOCTH €ro
nepemelleHHs BMecTe ¢ GJIIOHIOM.

HSY'-IEHHE BO3TrOHOB, CBA3A4HHBIX Lt 06a3aJbTOHAHBIMH MarMaMH,
nposegentoe JI. JI. Jleonosoi u H. M. Yaansbuosoit [63] nokasamo, uto
cojepxaHde ypaHa Bo (ropupax pocruraer 0,25-107'%, B cyabdarax
H XJIOpHIAX — B HECKOJbKO pa3 HHXKe.

C. H. Ha6oko [76] B 3KcransinHoHHOH MedHOH pyae, oTOGpAaHHOM
Ha BTOpoM KoHyce DBoJsbinoro TtpeurHHnoro ToJa6auyHHCKOrO H3BEpKEeHHS
Ha KamuaTke, OTmeuenbl KOHUEHTPAlLMH ypaHa, aocTHrawouiHe 15-107*9.
ITH BO3rOHbl TAKxe CBA3aHbI C ra3aMH H3 TOJEHTOBOro 6a3ajbTa. K COXa-
JIEHH10, KOHLEHTPALHA YPAHa B cAMHX rasax He onpenefinachk. Ecau yuecrs,
UTO OTARNCHHWE FA30B fIPOHCXOAWAO B MATMATHUECKYIO CTajfHI0 H CBA3AHO
C OCHOBHBIMH MarmamH, OKHAaTh BbICOKHX KOHLEHTPALHH ypaHa B TakHX
raszax, KOHeYHO, He MPHXOLHTCH.

B oOTHOWIEHHH YpPaHOHOCHOCTH MarMaToreHHblX (JIOHLOB, CBH3aHHbIX
C KHCJIBIMH MarmamH, K HacTOSIEMY BDPEMEHH HMEITCH JHlb eiHHHYHbIe
JaHHble. Bbl.ﬂa, B YaCTHOCTH, YCTAHOBJ/IEHA NOBbILIEHHAA KOHUCHTPALUHA ypaHa
B a30BO-KHAKHX BKJIOYEHHHAX B anatHre H3 OHOTHTOBBIX MOHLOHHTOB
[37]. OrcyrcrBHe KakHX-1HO0 NOCTMArMaTHUeCKHX H3MEeHEHHH no3poaser
CUHTATb anaTHT marmathHueckuM. Ha npuBeseHHOH MamocTpauHu (puc. 17)
BHJIHO, 4TO MJIOTHOCTb TPEKOB [MOJHOCTbIO KOPPEJHPYETCH C KOJHYECTBOM
ra3oBO-KHAKHX BKJAOueHHH B anatute., OueBHAHO, YTO CrylleHHe TPEKOB
CBA3AHO HE C CAMHMH BKJAIOUCHWUSIMH, @ ¢ COJNAMH, HAXOAHBIIMMHCHA BO
BKaouenunx. [locneqnne GbLIH BCKPLITHI MPH WJAH(OBKe, BOAHAN H ra3oBas
¢asa ynaeTyyH/ach, H Ha MeCTE BCKPBITOrO My3blpbKa COXPAHHJCH Haner
cosell ¢ BBICOKOH KOHUEHTpauHeHd ypana. XOTA HET BO3MOKHOCTH TOYHO
OLLEHHTb KOHIEHTPALHIO YypaHa BO BKJIOUCHHAX, MOXKHO YBEPEHHO YTBep-
MJ1aTh, UTO OHA 33aBEJOMO BbILIE TAKOBOH B aKIECCOPHBIX alaTHTax, coCTaB-
asiouted npumepro [1 4] -10779%.

[losblenue KOHIIEHTPAILHH YPAdHA B ra3oBO-KHJ/IKHX BKJIIOYEHHAX B KBAplle
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Puc. [7. VloBbimenHble KOHUEHTPAUHH yPaHd B y4acTKAX anaTHTa, HACHIIeHHBIX
ra3oBo-#HIAKHMH BKJIIOUEHHAMH

a — waud npH l-m HHKoAe, 6 — napcan; ysea. 50

u3 rpanuT-nopbupoe ormedensl H. C. Kpasuewko w b. H. Bypas [54].
ABTOpBl OUEHHAR ee BeauunHoR (5-6)-10 9.

[Tpy H3yyeHHH MeTOLOM OCKOJKOBOH pajHorpaui nopdHpOBHAHbBIX
rpanuToB MaccHBa Boawwoit Kofitac (Cepepuwit Kasaxcran) JI. K. Cumo-
HOBOH [83] ObLIO YCTAHOBJECHO CYlLLeCTBEHHOE YBelHYeHHE KOHUEHTPALKH
ypana B nepudepudHeckHx 4acTix nop@HpOBLIX BKPaIJIEHHHKOB OPTOKJIa3a
(puc. 18). [letanbHoe HX H3YYEHHE [10KA3aJ/0, 4TO epHdEepUUeCKHe YuaCTKH
BKPANJEHHHKOB OPTOK/1a3a HACHILULEHB BOJIbIIHM KOJHUECTROM MeJbuaiiinx
prIoueHHi. [TpH 1600-KpaTHOM yBeaHUEHHH B HAUGO0/ee KPYNHBIX BK/IIOUEHHSX
yAaeTcs YCTAHOBHTH HApANY ¢ KHAKOH (a3oi HATHYHE TaKxKe MeJbuyaHilero
ra3oBoro nyanipbka. OTCcyTCTBHE BKAIOUCHUNA B 1IEHTPAJbHON YacTH BKpanJeH-
HHKOB H HX pe3Koe yBe/HUYeHHe [10 HAMNPAaBJEHHIO K NepHpepHyecKoHd nos-
BOJSAIOT  MPeANoNarats, 4T0 PACKPHCTANIH3AUHA NOPOA  NPHBOAHJA
K MepecbllleHHio O0CTaTOYHOro pacniasa ¢JIOHI0OM, KOTOphii B BHIe
My3bIPbKOB 3aXBATHiBAACHA OBICTPOPACTYLIHMH KPHCTaalaMH OpTOKJa3a.
H3yyenne mopoj MeTolIOM OCKOJKOBOH paauorpadHH nokasano, uTo pacnpe-
JlefleHde ypana B pA3JHUYHBIX YYacTKAX KDHCTAJNIOB OPTOK/Ia3a MOJHOCTbIO
COracyeTcsi ¢ HX HACBILEHHOCTbIO Ia30BO-KHAKHMH BKAOUeHUAMH. MOXKHO
YBEPEHHO 3aKIIOYHTb, YTO HMEHHO BKJUYCHHA OTBETCTBEHHbI 33 NMOBLILLIEHHYIO
KOHUeHTpalHio ypana. K coxkasleHHi0, KOJHYEeCTBeHHASR OLeHKA KOHLEeHTPAllHH
ypaHa BO BKJIOYEHHAX HE MpPeACTaB]fAeTCHs BO3MOMHOM.

A. PaHkuHbIM ¢ coapTopaMH [138] npHBeieHbl AaHNbe N0 KOHILEHTPaLHAM
pfila 37eMeHTOB, B TOM YHCJE H YpPaHa, B ra3oBO-KHIKHX BKJIOUEHHSIX H3
rpaunToB. OnpefeseHHe NPOBOLHAOCH METOAOM 3MHCCHOHHOH CIIEKTPOCKOIIHH
NPH [OMOILH HHAYKUHOHHONR nJasmbl. OGiias KoHueHTpauus cosefl 6blia
oueHera B 10%. Copepanue ypana BO BKIIOUEHHAX B KBApPUE H3 FPAHHTOB
cocrasuiao no 28 o6paszuam 3,5-107°%.
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c. 18. [ToBblieHHbIe KOHUEHTPALHH YPaHa B KPaeBbiX 4acTAX NOPGHPOBLIX BbleaeHH
OpTOK/1a3a, CBA3aHHbIE C ra30BO-KHIAKHMH BKJIIOUEHHAMH

a — wand npk |-m HHKoNe, 6 — nascad, ysea. 14,5

[1puBenednbie Bhlllie MaTEepHaJ/bl CBHAETETLCTBYIOT O KpaiiHel orpanuuen-
XTH [l@HHBIX B OTHOLICHHH KOHUEHTPAallHH ypaHa B MarmMaTOreHHHX
woH1ax. Tem He MeHee Ha OCHOBAHHH 3IKCNEPHMEHTAJbHBIX JaHHBIX,
10CTABJACHHHA KOHHEHTPB[LHF{ ypaHa B TPaHHTAX H KHCJIbIX BYJKAHHYECKHX
KJIaX, [dHHbIX OCKOJKOBOH pajiHorpadHH M [pAMbIX OnpeneseHHH
AUEHTPAUMA YpaHa B MarMaToOreHHbiX (JOHLAX, CBA3AHHBIX C KHCJbIMH
IMaMH, 10CTATOYHO YBEPEHHO MOKHO OUEHHThb JHANa30HOM KOHUEHTpalHi
JAECATHUHBIX [0 COTHIX A0 NpoleHTa.

Bonpoc 06 uamenennn conepxanuii ypana B noc/e10BaTe bHbIX NOPLUHSAX
rMaToreHHbix (JIIOHA0B MOKeT ObiTh peuied Juillb B camoM obuieM BHIE.
BECTHO, UTO YpaH OTHOCHTCS K rpymne GropoduibHbiX snemenToB. Kosd-
IIHEHT pasjejieHHs (Topa, TAK e Kak M ypaHa, B CHcTeme pacnjiaB—
IOH] YeTKO CABHHYT B cTOpoHY pacnaasa [16]. CaenosaresibHo, oTaeneHHe
opa H ypaHa AOJKHO TNMPEeHMYLUIECTBEHHO NPOXOJHTL Ha 3aBepHiAniHX
IIMAX pacKpMcTanaH3auuH pacnaasa. [losToMmy Kampasi nocJeaymoulas
puMs ¢Quonna B obueMm caydae J0JXKHA XapakTepH3oBaTbesl Gosee
COKOM KOHUEeHTpauHeH ypaua, uem MOCIeAylolads. ITHM, NO-BHAHMOMY,
bAACHAETCA TO, YTO B PALY 3HAOM€HHbIX MECTOPO}KII.EHHI;&, CBfI3aHHbIX € Onpe-
TEHHBIM  TCKTOHO-MArMATHUECKHM [LHKJOM, YPAHOBBIE MECTOPOMIEHHHA
NA0TCA HaHboNee MO3HHMH.
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Ypan B nOCTMarMaTHYeCKHX pacTBOpax

[TpH nmonHOH pacKpHCTANIH3ALUHH MArMaTHYeCKHX PACIIABOB OCTANTCH
ABE (A3bl — KPHCTAMIHUYECKAH TOPHAA 110pOjJa H MarMaToreHHblH (JIOHIL.
JlanbHeillas reoXHMHUYECKasi HCTOPHS YPaHa NpoTeKaeT Ha (oHe B3aHMOLeH-
CTBUS PACTBOPOB ¢ MUHEPANaMH NOPOJ, MOHHKEHHS TEMIEPATYPbl, MHIPAILHH
pacTBopoB B 06JaCTh MOHHMEHHbIX AaBieHHi. OBocHOBaHHE BO3ZMOMHOCTH
epeHoca ypaHa TAKHMH PacTBOPaMH SB/AETCH OJHWM W3 Y3AOBbIX BONPOCOB
paccmaTpHBaeMoi npobaembl. AHaau3 3TOro Bonpoca uesecoofpasHo HayaTh
¢ paccMOTPeHHS HMEIOULHXCH 3KCIEPHMEHTAJbHBIX JaHHbIX.

Pacreopumocts 0KUCA08 Ypana 8 sode u eAAOUOHOM pacTaope
npu swicokux zHawenusx P—T napamerpos

H3ayuenne pacTBOpHMOCTH [BYOKHCH ypana 8 Boge npu 500° C
H | k6ap Goio usyueno A. ®. PeabkuHbim ¢ coaBtopamu [91]. B onbitax
¢ (YrHTHBHOCTBIO KHcaopona, sajgasaemoit Gydepamu Ni—NiO n Fe,Os-
Fe;0,, oua coctapuaa 107"+ moas/kr H20O. PeayabTaThl 3KCnepHMEHTOB
xopouwo cornacylorces ¢ nauneimd M. M. Baowmkuna w 0. T1. [dukosa [7],
COTJIACHO KOTOPBIM HCTHHHAA PAcTBOPUMOCTL ABYOKHCH ypaHa B BOISHOM
nape npH Tex e ycaosuax coctasasetr 107"% moab/kr HyO.

CyuiecTBeHHO HHble pe3yjbTaThl MO pACTBOPHMOCTH [BYOKHCH YpaHa
noayuenbt T. Hryesom u B. [Motu [137]. I1pu Tex xe temneparype H 1aBJeHHH
B ycaosHsx 6ydepa Ni—NiO KoHUueHTpalHsl HacbIULEHHA PacTBOpa ypaHoM,
no HX aaHHbiM, coctapasier 107007 wonn/kr H,0, a aas Fe,0;—
Fe;04 6ydepa 10 *93+00% yoap/kr HoO.

Bonee npucTanbHOrOo BHHMAHHA 33C/YKHBAKT 3IKCNCPHMEHTH MO pacT-
BOPHMOCTH YpaHHHHTA B TaJUIOHJHOM pAacTBOpe B HHTEpBaJe TeMmneparyp
400—600° C u | k6ap, onucanuble B pabore A. @. Peabkuna, HU. 1. UBanosa
u B. K. Omennanenko [92].

OnbIThl MPOBOAHJIH B NJAATHHOBBIX aMiylax B aKkToOKnaBax, 0b6bemMom
75 em?, nomeutaembix B Ge3rpafMeHTHyio 30HY aBTOKJaBHOH neud. Temnepa-
TYPY B PeXHMe OIbiTa peryJHpOBajH € TOUHOCTbIO -+ 10° 3/71€KTPOHHBIM
peryastopom temnepatyp, tdn 01-T4 (npoussoacrso TAP), a nasaenwe
B ABTOKJIaBe CO3/1aBajH MYTeM 3amOJHEHHHA HX BOLOH B COOTBETCTBHH
¢ P—V—T nanubimu. HeoGxoauMyio ¢GyrHTHBHOCTbH KHCJIOPOAA B aBTOKJase
H B [POHULLAEMBIX JiI% BONOPO/A NJIATHHOBLIX aMNyJax co3jaBajd GydepHod
CMechlo, MOMelleHHOH Ha J[HO asTokJlapa. MaTepwajnamMH AJS ONBITOB
CAYMHIH KDPHCTAAJbl JIBYOKHCH YpaHa, cuutesmposannnle npu 500° C,
| k6ap, 6ydepe Ni—NiO 3a 20 cyr B CONSHOKHC/IBIX pacTBopax (myc=
=0,1—1 mouab/kr HyO), xJopHCTHIf KAJKHA, CONAHAA KHCJIOTA, APrOH MAPKH
OC4, GuavcTHAHpoBaHHAA BOAA. B HECKONBKHX ONMBITAX HCMONb30BAIHCh
aJlOMOCHIHKATHbIe GydepHble acColHallHH: MHKPOKJHH 4 KBAPIL+ MYCKOBHT
H AHAJIY3HT 4+ KBAPIL - MYCKOBUT, KOTOPBIE B | m - NopLepKHBAJH ONpeje-
JeHHYI0 KoHleHTpauxio HCL

[IpuHUKMNHaNbHAR cXeMa [MPHIOTOBJEHHLIX [AAf ONLTOB TJAAaTHHOBHIX
amnya nokazada Ha puc. 19. IlpoGoorGopunkamu cayuian 4—8 noayor-
KPbITHIX (OTBEPCTHE AHAMETPOM 2 MM) MJATHHOBBIX AMMYJ JHAMETPOM 5 MM
ToauMHok crenok 0,2 Mm H aauboi 50 mm (53X 0,2X50), 3anoaHeHHbIX
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Puc. 19. Cxema CHapsiKeHHA aMmily/l LAs SKCHepH- 15 mm
MeHTa

]

H3HA4YaJbHO HCC-’Ie,ﬂ}’(‘MblM pacTBOpOM H nome-
UleHHbIX B GOJbLIVI0O MJAaTHHOBYIO MPOGHPKY
14 0,3 150 MM obwemom 20 cm®. Jlsyokucs
ypdHa B KonnuecTBe 5— 7 KpHCTALIOB, 06LIAM
BecoM 67 Mr, & TaKiKe pacCuUHTAHHOe KOJHue-
cTBO (5—7 MJ) pacTBOpa XJ0OpHAa Ka/HA
B CONAHOH KHCIOTE (Mo =mge + Myo =
=1 moab/kr H:0) nomewany B niatHuo-
Byio npobupky. Bo Bpemsi onbita M npu npo-
BEACHHM BCEX APYTHX onepaukit npobupka 10
HAXOAHNACh B BEPTHKAJLHOM MOJNOKEHHH.
ABTOKJABbI [OCJIE ONLITOB OXJdX/14aJH Ha
Bo3ayxe B TederHe 2—3 4 o 100—200° C,
a 3aTtem B Xx0JoAHOH Boae. M3 aBTokaaBoB

D
I

?[(zlgl’INd}I(?I

H3BJEKaJH [JaTHHOBYKO [POOHPKY, BCKpHI- /igfﬁffp
Ba/JH ee B BePXHEH YaCTH 0 MECTy CBapkH,

K M3 Hee W3BJAEKAAW npOOOOTOOPHHKH, g,
KOTOpbI€ B3BELUHBA/AH, H N0 PA3HOCTH C Be-

COM TJIaTHHOBOH aMIly/bl OMpEeeNsiii  Bec

cosepxuMoro. BHyTpeHnHee comepmuMoe 3 Al-Si dypep

KdaXK10ro mnpoTooTOOPHHKA, BKJAKYAaA H

0Ca/0K, BbIETHBUIHACA B Npouecce 3aKaJkH,

NepeBOAHIH B PAacTBOP H 3aTeM NOABEpPrajH XHMHUYecKoMy aHaausy. [la-
pasielbHO ¢ ITHM BBIIOJAHANH AHANH3 «33KAJCeHHOrQ» PACcTBOpa, HAXOMs-
werocsd B npoOupke. Ypan B pacTBOpe ONpPeNeNsiH CHeKTpohoTOMeTpH-
yecku Ha PIK-60 B koBere AanHoi 50 MM, B BHAE 3€J€HOTO KOMI/eKca
(IV) ¢ apcenaso-1ll B 4.6 moan HCI.

Paiabpoc 3HaueHHit KoJHuecTBa ypaHa npH onpeieneHuu | Mr B 25 ma
aHaJM3MPYeMOTD pacTBopa He npesbiwan +0.1 myr.

Pe3dyibTaThl KHHETHYECKHX HCCJEJOBaHHH MNOKa3adH, UYTO 3HAYeHHA
(YTHTHBHOCTH KHCJOPO/La, COOTBETCTBYIOLIHE KHeaopoaHomy Gydepy, A0CTH-
rajotcsd B onmbiTax 4epes 2 cyT, a HacblluleHHe 8 MJ pacTBopa ABYOKHCHIO
ypaHa o6lileil MOBEPXHOCTbIO 7 MM® [IPOMCXOAHT ueped 5 cyT. DKCHEpHMeH-
TaabHble fAaHHble npuBeneHbl B Taba. 4. [Moayuennnie AaHHbie YKa3biBaoT
Ha TO, YTO A/ (JIOHA0B PaHHeH MOCTMAarMaTHUECKOH CTaJWH KOHLEeHTpaLHs
ypana 8 npeaenax 1072 107" mac.% npexctasasieTca BNOAHE PeaibHOl.

[logedenue ypana 8 paxHRUx NOCTMALMATUHCEKUX
npoyeccax

Boillle 6bl10 N0KAa3aHO, 4TO MPH PacKPHCTANIH33UHH MarMaTHYeCKHX
pacnaaBoB 3HAYHTENbLHAst [10JF YpaHa BbIHOCHTCHA M3 pacljaBa BMecTe
¢ GMOHAOM. ITOT BHIHOC MOMKET OCYUECTBARTLCH HA PABNMUHBIX CTAAMAX,
Kak B Ipolecce KPHCTAJH3allHH, Tak H MNocje MOJHOro ee 3aBepllieHHs.
[TpexcraB/ieHHe 0 reoOXHMHUYECKOH HCTOPHH YpaHa MOXKHO Gbli0 Gbl MOJAYYHTE
HA OCHOBE M3YUCHHS [MOCACL0BATENbHLIX MUHEPAJILHBIX ACCOUAAlHA, CBA3AH-
HbIX ¢ MOCTMATMATHYECKOH AeATENbHOCTLIO MarMaTHyecknx ouaros. K coxa-
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Ta6auya 4

Pe3yabTaThl M3YYeHHS PACTBOPHMOCTH JIBYOKHCH ypaHa
npu Py o=1 kbap

CoCTar HCXOAHONO pacTBopa
e Bpewms, u (moab/kr H,0) Cl:' 10—, Mac‘%

mgcl Myl

Bydep Ni—NiO

400 576 1,0 0,010 0,15
400 600 1,0 0,10 4.8
400 600 0,0 1,0 479
500% 480 1,0 0,02 0,15
S500** 336 1.0 0,063 0,76
500 120 0,70 0,30 15,1
600 336 1,0 0,010 0,38
600 312 1.0 0,10 1.9
600 240 0,70 0,30 4.7
By(bt‘p FE“JO:\ === Fe.—;O.
500 360 1,0 0,10 76-10°

* Onuit nposeisen ¢ aNlOMOCHAHKaTHoIM Gydepom Knwe+ Ke 4 Mc.
** To xe, ¢ 6ydepom And+ Ke+ Mc.

[lpumevanue 3nauenns C\; B n1po6o0TGOPHHKE ABNAKTCA CPEAHUMH M3 4 8 ana-
JAHIHPYEMBIX P0G,

JeHHIO, 3HAaUHTeNbHas YAaJeHHOCTb TAKHX daccoUMAaUM# OT MarMaTHYECKHX
0YaroB BbI3bIBA€T Cepbe3Hble TPYIHOCTH B BbULEJEHWH TaKOro psAaa acco-
UHaUni H, raasHoe, B OOOCHOBAHHH HMX CBA3H ¢ MarmaTH3mom. [opasno
NpouLe 3TH BOMPOCHl PellalTcs B OTHOLWEHHH NMocTMarmatHyeckux obpaso-
BAHWH, CBA3aHHBIX € KOHKPETHHIMH MarMaTH4eckumH Tenamd. Ocobulii
MHTEpPEC B 3TOM OTHOLUEHHH MPeACTaBJIfAIOT IPOLYKTE HanboJiee paHHHX
MOCTMArMaTHYECKHX 11POLLECCOB, CBA3b KOTOPBIX ¢ KOHKPETHBIMH HHTPY3HB-
HbIMH MAacCHBAaMH siBJsieTcsi HadOogee odesuaHol. K HHUM oTHOcHATCSH
(opmalHK H3BECTKOBLIX CKAPHOB, a/lbGHTH3HPOBAHHBIX TPAHHTOB, IPeH3EHOB.
[aHHble H3yueHWs NOBEJEHHA ypaHa MPH HX 06PAa30BaHHH MOCYT CJYMHTH
MHAHKATOpPAMH Te0XHMHUECKOH MCTOPHH 3TOTO 3JIeMEHTa Ha TNocTMarmMaTH-
UEeCKOM 3Tarne CTAHOBJIEHHS TPAHHTOHHLIX MAarMaTHYecKHX odaroB. [nasHo#
LeNbI0 TAKOr0 H3y4eHMs SBJAAETCH MoJydeHHe OTBeTa Ha BONPOC O pealb-
HOCTH NepeHoca ypaHa NnocTMarMaTHYecKHMH pacTBOPAMH.

Ypan 8 wuzsectkoseix ckapuax. HasecTkosble ckapHbl dopmupyoTca
Ha paHHell CcTajHK  rocaeMarMatHuyeckoro npouecca. Hakonnennoe
K HACTOAIIEMY BPEMEHH JaHHble CBHACTENLCTBYIOT O PE3KOH HeOAHOPOLHOCTH
CKapHOB MO Ccojep:KaHHiO ypaHa. B GoablUMHCTBE cJaydaeB oTMedaloTcd
HH3KHe KOHLUEHTpPALMH ypaHa B ckapHax, nopsiaka (1—3)-107%9%. Tak, no
Aanubiv E. B. Ilnowesa ¢ coasropamu (1978 r.), KoHueHTpauus ypaHa
B 3MHJOT-MHPOKCEHOBLIX, MUPOKCEH-TPAHATOBLIX H amM(pH60I-rpaHaTOBbLIX
ckapuax Bapbupyer 8 npegeaax ot 0,5-107*% no 4,3-107'%, cocrasass
B cpeiaHeM okoso 1,510 %% . 3uauntensno 6osee BHICOKHE KOHUEHTpailHi
OTMEYAKTC B CKapHax, o0orauleHHblX MHHEpaJaMH-KOHILEHTPaTOpaMH.
K TakuMm MHHepasiaM OTHOCSTCH, B HACTHOCTH, BE3YBHAH H, 0COGEHHO, OPTHT.
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[To nauneim A. ®. Homxuna ¢ coastopamu (1975 1), corepxanue ypana
B HCXOJHBIX H3BECTKOBHCTHLIX noposax coctapaser | 4-107'%, B nupokcen-
rPAHATOBLIX, TNHPOKCEHOBLIX M aM(pHOOMOBHIX CKapHaXx COOTBETCTBCHHO
0,9-107*9%: 11-10 % 1410 '%, a B optutonocuux — 1010 *%.
T. M. Ka#ikopa (1973 r.) BolaensieT hOPMALHIO CKAPHOBRIX MECTOPOKILHHH,
TJIaBHBIM YPAHOBBIM MHHEPAJIOM KOTOPbIX SIBJAETCA ypaHUHHT. K HUM oTHece-
Hbl MmectopoxaeHnss Mepu-Ketaun (Asctpaans), Ackepsyua (lsenns),
Aseryp (Mapokko), pal Mectoposiednit o-sa Manarackap w ap. Xors
CKaPHOBAS MPHPOLA MECTOPOXKIEHHH B OT/IEJNbHLIX CIYHAAX ABAAETCH AHCKYC-
CHOHHOH, cjenyeT npuanath, 4yto T. M. KalkoBoi#l npusenens oano3HauHble
tdakTel 06pA30BAHHA YPAHHHHTA Ha 3aBeplidiollell CTalHH CKAPHOBOIO
npouecca. THNOMOP(HLIM NPH3HAKOM 3THX MECTOPOXKACHHIH ABAACTCA napa-
FeHC3HC YPAHMHHTA ¢ OObIKHOBCHHOH pOrosoi o6MaHKOH M cydbduilaMH.

B npupoae seTpedaldTeAs YPAHOHOCHBIC CKApPHBL, KOTOpPble BbLIEAAITCA
B CAMOCTOATENLHYIO (POPMAlLHI0 CKAPHOBBIX MECTOPOMIEHHI © YpPaH-TOPUT-
penkoseMenbHON MHHepaau3auneid [24]. TnaBHLIMH MHHepanaMH — KOHILEH-
TPaTOpPaMH ypaHa B HHX AIBJASAKTCS OPTHT, TOPHT, TOPHAHHT, ILEPHT, KAPOHOHATHI
PelKHX 3eMenb H Ap.

O6wupHble MaTepHadbl N0 PaaHOXHMHUECKHM OCOOEHHOCTAM CKAPHOB
npusegenst JI. [1. Puxsanossim ¢ coasropamu (1985 r.). [lokasano, uro npo-
LecC CKapHHPOBAHHA HM3BECTHAKOB COINPOBOMKIACTCH HAKOIIEHHEM ypaHa.
CpeaHee colepaHue ypana B ckapHax no |3 H3yueHHBIM MPOABACHHAM
coctagasier 7.2-10°'% ¢ wupokumu sapuauuamu ot 1,6-10 ‘% 10
13,7-107'%. YcranoBneHo, 4TO KOHUEHTPALLMH YPAHA B MHHEPANaxX DaHHed
(co6cTBEHHO CKapHOBOH) CTaaHH OTHOCHTENLHO HeBbicOKH. B BoanacTonute
B cpeanem 2.6-107'%, B mupokcene — (0,1—2,7)-10 *%, B rpanate —
(0,9—8.4)-10 '%. CywecTBeHHO® HAKOMN/JICHHE VPAHA aBTOPBl CBA3LIBAKT
€ BOJHOCH/IMKATHO#H cTaanell, Korjla o6pasyloTes TakHe MHHepabl- KOHLeHTpa-
TOPbI, KaK 3MHA0T, OPTHT, Be3yBHaH. B opTHTe cozepkanue ypaHa cocTas/ser
B cpeadem 200-107'% B oraensiinix cayuanx gocturas 1700-107 19, s snn-
pote — (0,7—50)-10 *, B mesysnane — (30—120)-10 *%. B ykazanubix
MHHEepaiax ypaH KOHUEeHTPHPYeTCsi B BHIEe H3OMOP(HON NpHMeCH.

B pa6ore B. U. Omeanbsinenko ¢ coasropamu [83] onwcano pacnpeie-
JIEHHe ypaHa B H3BECTKOBBIX CKADHAX B KOHTAKTE CO ILEJOUHBIMH CHCHHTAMH
(B %): kapGonatHas uopopa — 5.-10 ' tpemoantosbiii ckaps — 5-107°,
Be3yBHAH-rpaHaT-AHONCHIOBHIH cKapH — 36- 107 % MH3epHT-3THpHH-CAIUTO-
Bbifi  ckapn — 143-10 % O6biunbie  cKaphbl  HOPMANBHON  LEJ0YHOCTH
BE3yBHaH-rPaHaT-AHONCHI0BOrO COCTaBa XapaKTepH3ylTcs OoJee HH3KHMH
KOHUEHTPALLHAMH YpaHad, BXOASLLEro B BHIe H30MOPQHOI IIpHMECH B Be3yBHAaH
H B He3HAUMTEbHBIX KoJAWdectsax B auoncua (9.4-10'%) u rpawar
(0,2-10%9%). B BesysHaHe BLIABICHO 30HAJNLHOE pachpeleeHHe ypaHa,
NpHueM HauGoabluHe ero Kouuentpaunn (30-107*%) ormevaotes 8 nepude-
PHUeckuX vuacTKax kpuctaanos (puc. 20). Camble HM3KHC KOHUEHTpalHH
YPaHa oTMeueHbl B BOJIACTOHHTOBBIX CKapHAX, B KOTOPBIX OTCYTCTBYIOT
MHHEpa/bl-KOHUEHTPATOPLl H YPaH IPAKTHUECKH LEJHKOM COCPeLOTOUCH B Tpe-
WHHKaX M MEeK3CPHOBOM NPOCTPAHCTBRE.

B pacnopsxenun aBTopoB, TaK e KaK W B JIHTEPATYPE, HMEIOTCH Apyrue
MDHMepLI, KOTOphle B COBOKYIMHOCTH €  HW3JOMCHHLIMH  BbIIE JLAHHLIMH
MO3BOIAIOT caeaTh CACAYIOULHE BIOJHE ONPEACICHHBLIC BHIBOILL
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Puc. 20. 3onanuuoe pacnpeiesenne B KpHCTal1axX BesyBHaHa
a— waHdse npu 1-m HHKONe, 6 — aascaH; ysea. 20

|. CkapuupoBaHHe KapGOHATHBIX MOPO/, KaK IPABU.I0, CONPOBOKAAETCH
HaKonJeHueMm ypaHa.

2. CkapHbl CylUleCTBEHHO BAPbHPYIOTCS MO COAEPXKAHHIO ypaHa OT [ecs-
THTBICHYHbLIX 10 NCeCATHLIX ﬂOﬂEﬁ fnpouexTa.

3. Ilo codepkaHHio ypaHa B CKapHax BblAEJAIOTCH MHUHEpaJbl ¢ HH3KOH
(BOJIIACTOHHUT, NUPOKceHbl, rpaHaT, ampubo, KaabllHT) H BHICOKOH (OpTHT,
Be3yBHAH, IPAHAT, MH3EPHT, 3BAHAJIHT, HHOrAA 3NHAOT H THTAHCOAEPKaLIHA
rpasar) H30MOP(MHOH €eMKOCTbID B OTHOUIEHHH YypaHa. B pynoHOCHBIX
CKapHax MOTYT TMPHCYTCTBOBATb YPAHHHWT, MHPOXJOP, MOHALHT, OpPTHT,
Kap6oHATBl PelKHX 3eMefb H Jp.

4. B unaubosnee paHHO (COOCTBEHHO CKapHOBYI) CTajHid npouecca
ypaHcoaep:KalllHe MHHepaJbl, KaK npasujo, He obpasytorces. OcHoBHad HX
4acTh CBA3AHA C NOCTEPHOPHOH (BOJOCHJIHKATHOH) CTallHell, XapakTepH3yio-
LIEH NOHHMEHHE TeMnepaTypsl MHHepanoobpa3oBaHus.

5. MoXHO YTBEPKAaThb, 4YTO CKAPHHUPYIOLLHE PacTBOPbLl, M0 KpaHHei
Me€pe B HEKOTOpbIX CJayyasx, XapakTepH3oBaJIACh [A0OCTATOYHO BbICOKHMH
KOHUeHTpauuaMH ypana. Ha panHed cTaaMu npouecca npepajHpoBaJH
YCJ0OBHSA nepeHocd, YTO He 6.‘13FOHPHHTCTEOBB.‘TO OT/IOKEHHIO ypaHa. KPOM(‘
TOro, MHHepanoobpazoBaHve paHHeH CTalMH He CONpPOBOXKAasock o6pas’o-
BAHHEM MHHEPAJOB-KOHUEHTPAaTOB. ['loamM_v HH3KO€ cojaepxaHHe YypaHa
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B CKAPHAX HE HABJAACTCH NOKalaTeaeM HH3KOH €ro KOHUEHTpPAlULHH B CKAPHH-
PYIOLLHX pPACTBOpAX.

6. llokazarenem OTHOCHTEAbHOH YPAHOHOCHOCTH PACTBOPOB MOKET CJay-
KHTB  COACPKAHHE ypaHa B OLHOTHIHLIX  MHHEPalaXx-KOHUEHTpaToOpax.
Ha ocHose conoctapieHuss UMCIOUIMXCA AaHHBIX MOMHO YTBEPHI4ATh, 4TO
conepiKaHue ypaHa B CKapHHPVIOILHX pacTBOpax BAPbHPOBAJIO B UIMPOKHX
npejgenadax, AOCTHrda B paAnle ciayvydes KOHLI.L’HTP-’:!LLHI:L JOCTATOYHBIX s
OT/10KeHHA COOCTBEHHO YPAaHOBLIX MHHEpasoB.

7. Takum o6pa3om, NpHBEIEHHbIE JdaHHbIE CBHACTENLCTBYIOT O BO3ZMOAKHO-
CTH NnepeHoca ypaHa BbICOKOTEMNEPATYPHbIMH pacTBOPAMH paHH(—.‘I‘:I [NocT™Mar-
MATHUECKOH CTaHH.

¥parn 8 arvburusuposarnslx epanurax. AnbOUTH3AUNA OTHOCHTCS K OIHOM
H3 HauboJee paHHBIX CTaJMi nocTMarmatHdeckoro npouecca. Ona npose-
JACTCH B CBA3H C MMO3THAMH anBEtMH FPAHHTOHIAHBIX MATMATHYCCKHX KOMILICK-
cos. C dopmauneil a/bOHTHIHPOBAHHLIX IPAHHTOB YACTO ¢BA3AHLI NPOMBILI-
JIeHHble KOHIeHTpauuu Oepuaiiusi, Tautana, HHOOHA, LHPKOHHA, PeILKHX
3€Medb, KOTOPbLIC MOBCEMECTHO CONPOBOKAAKTCH MOBLILLIEHHBIMH COLepKa-
uusimi ypana. OcuosHasi 1048 ypaHa 06LIMHO NpHYpoueHa K TaHTado-
Hiobaram u udpronutam. JlanHoe 06CTOATENLCTBO MO3BOJACT BO MHOTHX
cAy4asx HCNONb30BaTh pajHOMETPHYECKHE MPHOOPLL H ramMMa-KapoTax 1as
NMOHCKOB TaHTaa0-HHOGHeBOTO opyiaenenusi. B cpeanem conep:kande ypana
B aJbOHTH3HPOBAHHLIX rpaHHTax B 5—20 pas Bbllle, YeM B HEH3MEHEHHbLIX
pasHocTAX. Takum o6Gpa3oM, BO3IMOKHOCTb MEPeHOCA ypaHa adbOHTH3H-
PYWOIULHMH PACTBOPAMH M OOOTallEHHOCTL HX YPaHOM €1Ba JIH MOTYT Bbi3BaTh
comHeHHe. BMecTe ¢ TeM cieayeTt NOAUepPKHYTh, YTO YKa3aHHLIH GakT He Mor
66l ObITb OAHO3HAYHO 3a(HKCHPOBAH, ecH Obl HE [POHCXO/HI0 OTJOKEHHE
MHHEPANOB ¢ BbICOKOH H30MOPgHOH eMKOCTbIO B OTHOWeHHH ypana. Oteyt-
cTBHe COOCTBEHHO YPAHOBBbIX MHHEpPAJOB CBHAETEILCTBYET O TOM, 4TO
B npouecce albOHTH3AUUH YPaH HAXOAHJICH B PacTBOPax B JIErKO PacTBOPH-
moit opme. HMHbIMH cloBaMH, YCIOBHS TlepeHoca SIBHO [1PeBaJHpOBaJH
HAl YCJOBHAMH oTaoKeHHA. [IpH getanbHOM H3ydeHHH pacnpeneeHus
ypaHa BbIABJIAIOTCA NPH3HAKH BO3PACTAHHA HHTEHCHBHOCTH €r0 HaKOMJIEHHA
Ha HauboJee MO3JAHHX CTaJHAX npolecca. B uMpKOHax M UHPTOJHTaX
OTMeudeTcsl CyllecTBeHHan o00orallleHHoCTb nepH(epuueckux vacted no
CPABHEHHIO ¢ BHYTPEHHHMH. YpaH Takke (PHKCHPYETCA B MHKPOTPELLHHKAX,
BLIOJIHEHHBIX TEMaTHTOM H XJOPHTOM, KOTOPBIE MOMKHO PaccMaTpHBaTh
KdaK pe3ynbTaT JeHTebHCTH «0CTaTOUHLIX» («3dlUEeMJIEHHbIX») pacTBOPOB,
COXPAHHBUIHXCA B MHKPOTPEULHHKAX W MOpax nocje 3aBeplieHHA aanbu-
tusannu  [83]. 3Ito ABAKETCA CBHIETENBCTBOM BbICOKOH YPaHOHOCHOCTH
«oTpaGoTalHbix» pacTBopoB. ConocTaBins MOBEAEHHE YpaHa NpH npoueccax
CKAPHHPOBAHHA H albOHTH3AUHH, MOMKHO 3aK/IIOUYHTb, YTO CKApPHHpOBAHHe
OCYLLECTBAACTCA MO BO3ACHCTBHEM pPACTBOPOB C PE3KO pa3/IMUHOR ypaHo-
HocHOCTbIO. DopMmauns xe albOHTH3UPOBAHHLIX TPAHWTOB, HECOMHEHHO,
o6Gpasyerca Moa BO3AeHCTBHEM PACTBOPOB, CMEIHAIHIHPOBAHHBIX Ha DEAKHE
H pajHOaKTHBHble sjeMeHTbl. [IpHuMHA 3TOro Kpoercs B CYUIECTBEHHOM
OTJHYHH [HANA30Ha TMETPOJOrHYECKHX YCJIOBHH 0O6Pa30BaHHA YKa3aHHBIX
thopmaunid. Ecan o6pa3oBanie H3BECTKOBBIX CKAPHOB He 3aBHCHT OT NETPO-
XHMHUYECKOro coCctaBa rpaHHToOH10B, TO 06p£l3()BHHH(’ peiKOMeTA/IbHbIX aJlb-
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OHTHTOBLIX [MOPOL OTMedaeTcss JHUIbL B CBA3H ¢ Haubojee TNO3AHUMH
(ha3aMH MarMaTHYeCKHX KOMILIeKcoB. Kak Obl0 NOKa3aHo BbilIe, HMEHHO
Takue (pa3bl XapaKTepPH3YIOT MarMaTHUeCKHe paciaapbl, Npoueine Haubo-
Jee TOJHYI MeTaMarMaTH4YeKylo Aefa3HpHKallHio H KPHCTAMLTH3AlUHOHHYIO
nHddepeHIHANHI0O H B MakcuMaabHoH  crenenn  oGorauleduble  $Topo-
(HABHEIMH 3aeMeHTaMH. Jloast TAKHX HHTPY3HBOB COCTABAACT, N0 JAdHHBIM
b. B. Kosans, ue Goaee 1% mno orHowenuio K obuledl naowaiam, 3a-
HATOH TPAHHTOHAAMH COOTBETCTBYWOUlero Komiwiekca. CaenoBatenbHo, cy-
ULECTBEHHOE HAKOT/ICHHe HaTPHA B MarMatoredHblx (JioHaax caeiyer
paccMmarpHBaTh KakK 0COGEHHOCTHL MOCTMArMaTHUECKHX MpolleccoB, o6yc/oB-
JEeHHYI0 cnellHhHYeCKHM COCTABOM KPHCTAJLIH3YIOULEHCH Marmbl.

¥pau 8 epetizenax. Bo BpeMenn anbOHTH3AUHA 1OCTENEHHO H NPAKTHYECKH
HelpepeiBHO CcMeHsieTcH rpeiidenusauned. bBoabuimHeTBO Hecnenosarenei
(Anenbuud u ap., 1975; Bepauna, donomaunosa, 1967; Imutpues, Jleonosa,
1962; Kpblios, 1959; Muporos u ap. 1979, Omeavsnesko w ap., 1973,
1978; MMawowes, 1975; ColpoMaTHHKoR W ap., 1976) oTMeualoT noseillenHoe
colepxaHHe ypaHa B 2—5 W OoJjee pa3 Mo CPABHEHHIO ¢ BMELLAKUIHMH
NopoaaMH, NPHUYEM YpaH HAKanJIWBaeTCs B HEKOTOPbIX PYAHbIX MHHepaJiax
(MonnGaeHHT, BOAbGPAMHT, TIOOHEPHT, KACCHTEPHT, BHCMYTHH M 1p.).
XapakrtepHo, 4TO B GOJLIIMHCTBE CJYUaeB YBEJHYEHHE HHTEHCHBHOCTH
rpef3eHH3allHi COMPOBOK/AAETCH H POCTOM Ccolep:KaHus ypana. Tak, B c1abo
rpeH3eHH3HPOBAHHLIX IPAHHTAX MO CPABHEHHIO ¢ HEH3MEHEHHBIMH OTMeueHo
NOBbILLIEHHE COAEPKAHHA ypaHa B D pa3, a B HHTEHCHBHO IPeH3eHH3HPOBAH-
Holx — B 10 pa3. B cna6o rpei3eHH3HPOBAHHBIX CAaHUAX KOHUEHTPALHS
ypaHa yBeJlMuHBaeTcd B 8, a B HHTCHCHBHO TIPeH3eHH3HPOBAHHBIX — B 4
paza [83]. Ilas HeusMeHeHHbIX, c1a60 H CHABLHO Tpefi3eHH3UPOBAHHLIX rpa-
uutoB M. . ChIpOMATHHKOB AJ51 O/LHOTO MACcCHBA JaeT coaepmanne (B %):
3,3-107%44-107"%47-10 ", pnsa apyroro — 3,5-10 % 8710 * 15-10 "
OcHoBHasi [04H ypaHa oT/arajacb Ha [MO03AHHX CTaiMaX rpef3eHoBoro
npouecca. Ha 370 yka3biBaloT: BbICOKOPaAHOAKTHBHbIE LWHPKOHBI H anaTHTHI,
MPHYpPOUEHHbIe K TpPelLlHHaM B Tofa3se;, ABHO [OBLILIEHHLIC 110 CPABHCHHIO
C HeH3MeHEeHHbIMH NOPOLAMH KOHLUEHTPALMH ypaHa B MEXK3EPHOBBIX LIBAX
H MHKpOTpellHHaX, obfpa3oBaHHe B MOCTrPeii3eHOBYIO CTa/HI0 KACCHTEPHTa
H XJOPHTA C TOBLILEHHBIM cofep:KaHuem ypana. [IpH 3TOM B KpaeBbix
4acTsaX 3epeH KaccHTepHuTa ono B 4 —20 pas Bblle, 4emM B LeHTpaabHbX [83].

O6pawaioT Ha ceff BHHMAHHE [eTalu pacipeileieHust ypaHa B BOJlb-
dpamurax  (puc. 21). Onu 1N0Ka3LIBAIOT HAJAHUHE MHOMOYUCJIEHHBIX 30H
pocTa, XapaKTepU3YIOULHXCS Pe3KHMH BapHALHAMH B KOHLEHTPALHH ypaHa.
BoamoxHo, 30HanbHOE pacupene/icHHe OTpaaeT BapHalHH  yCJIOBHH
KPHCTAJJIH3AUHH, HAJHUYHE MNEPEX0J0B 0T HHPHILTPAUHOHHOrO 10 AHDDY-
3HOHHOrO MaccooGmena. O6pauiaet Ha cebs BHHMaHHe pe3koe oGoraileHHe
YPAHOM MHKPOTPELLHH B BOJb(PAMHTE, CBHAETENbCTBYIONIEE O HAPACTAHHH
AKTHBHOCTH ypaHa K KOHLY rpeid3eHOBOro npotecca.

E. B. [laowes (1975 r.) orMeTH., 4TO OCHOBHAA [10JA ypaHa B rpei-
3eHax 3akgioueHa B ypaHHHHTe, OpaHHepuTe, TopHTe, MoHauuTe. Haw
OMBbIT H3Y4YEHHS TPEH3eHOB MO3BOJNAET 3aKMOMHTL, YTO YPaHHHHT, OpaH-
HEPHT, TOPHT B rpefiseHax BeTpedaloTess 10BoAbHO peako. CreunanbHoe
H3y4YeHHe T[peJCTaBHTEe/IbHBIX TIPeH3eHOBBIX MECTOPOMKIEHHH [MOKa3alo,
UTO TJABHLIMH KOHILCHTPATOPAMH YypaHa B rped3eHax SABIAHIOTCA TCeBlo-
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Puc. 21. Pacnpenenenne ypaHa B KpH-
CTanIax BOAL(PPAMHTY

Jlapcan, yeen, 20

MOpdO3bl  THTAHHCTBLIX  MHHEpaJloB
(pyTna, aunatas, Jeikokcen), ofpa-
3YIOULHXCs 10 GHOTHTY, WHPKOH, atla-
THT, IIHPHT, KACCHTEPHT, BOILDPAMHT,
MeK3ePHOBbIE WBbl H MHKPOTPELLHH-
KH. OTMEUEHbl HOBbLIILEHHbLIE KOHLEH-
TpPallHh ypaHa B ra30BO-KHIKHX
BKJIOUEHHAX B KBaplle ¥ Tonase. [1pu-
GJHMKEeHHas OlleHKa KOHIEHTpalliH
ypaHa BO BKJAKYEHHAX, HCXOAS H3
MJIOTHOCTH TPEKOB, MMOKA3blBAeT, 4To
co/lepAKaHHe B HHX YpaHa B lpejenax
ThICAUHBIX 10/1e# NPOLLEHTA NPeLACTaB-
Asercs HauGosee BEPOATHLIM.

[MpaMble onpeaeseHHA KOHLEH-
TpPallHH ypaHa B Ta30BO-KHIKHX
BK/JIIOYEHHAX B KBaplle 0J0BO-BOJNb(PAMOBBLIX KHJ, BblloJHeHHble A, Panku-
HbIM ¢ coaBTopamu [138), nanm konuentpaumwo 2,23-10 %, a B KBapue
YPaHOHOCHBX Kua — 3,9-107°%.

OTMeueHHoe BbIILE MO3BOJSET 3aKIIOUHTh, UTO MEPEHOC YpaHa IPeH3CHH-
IHPYIOULHMH PACTBOPAMH BPA/L JIH MOXKET BLI3BATh cOMHeHHe. Peakoe o6pa3o-
BaHHe COOCTBEHHBIX MHHEPAJOB ypaHa B CBfI3H C TPei3eHOBHIM MPOLECCOM,
OUYEBH/HO, 06YCJ0BAEHO BbICOKOH PacTBOPHMOCTLIO 3TOTO 3/7eMeHTa B rpeiize-
HH3HPYIOULHX pacTBOpax.

[TpoBenenHoe paccMOTpPeHHE MOBEEHHSA ypaHa NPH FTHAPOTEPMalbHO-MeTa-
COMATHYECKHX Npolleccax paHHHX MOCTMAarMaTHYECKHX CTaHH CBHACTE/NbCTBY -
€T O PeasbHOCTH NMepeHoca 3TOro 3J1eMeHTa MOCTMarMaTHYeCKHMH (IIOHLaMH.
HabawoaaemMoe BO MHOTHX C/ydasix HAKOIIEHHE 3TOT0 3J1eMeHTa B MeTacOMaTH-
Tax B OOJbIIMHCTBE CJyddeB CBA3EHO ¢ OOPRA30BAHHEM MHHEPAJIOB-KOHLEHT-
paTtopos, XapakTepHaylouluxca 6o/bllofl H30MOPGhHOA €MKOCTbIO B OTHOLUE-
HHH ypana. OGpa3oBanHe ypaHHHHTA OTMeUaeTCA KpalHe PeiKo, uTo cBHie-
TeNbLCTBYET O HEOCHIUIEHHOCTH PACTBOPOB B OTHOLIEHHH 3TOr0 MHHepaJa.

OueBH/IHO MOITOMY, YTO HeJb3s OIHO3HAYHO OTBETHTDL Ha BOMPOC, BhIlllesa-
UHBAKOT JIH IOCTMArMaTHYECKHE PACTBOPBl YPAH H3 BMELLLAKOLULHX NOPOJL HIH OT-
Jarawt ero. OGeaHeHHe pacTBOPOB YPAHOM [OJIXKHO IIPOHCXOLHTb B Ciydae,
€C/IH [PH METACOMATHUECKOM NpeoGpa3oBaHHKU 1opoa o6pa3yloTcs MHHepa-
JIbl-KOHILEHTPATOPLI H €CJIH CaMH BMelllalollie nopoibl o6oralleHbl MHHepaJa-
MH, CIMOCOOGHLIMH AKTHBHO COpPOHpPOBAThL ypaH (MHHEpaibl THTAHAa, OKHC/bI
XKeqeaa, yrancTtoe seutectso). O6oratiende pacTBOPOB YPAHOM MOMKET MPOHC-
XO/IHTh, €CJH HCXO/HblE NOPObl COAEPKAT JerkoBbllle 1auHBaeMbli («H30bI-
TOUHBIH») ypaH, & MHHEpaJbl-KOHUEHTPAaTOPhl oTcyTeTByoT. KoHuentpauus
ypaHa B NOCTMarMaTHYeCKHX pacTBOpax, onpejeisieMas ThICAUHBIMH LOJASMH
npoleHTa, npeicrapagerca HaubGo.ee BePOATHOMN.
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Modeas 83auMOCBA3U NETPOLEHETUHLCKUX NPOYECCOB,
OTBETCTBEHHBIY 3a (POPMUPOBAHUE YPAHOHOCHBLX
pydoobpasyrwuiux pacTaopos

[Mpennaraemas Mojeslb OTpaKaeT NPELCTABICHHE aBTOPOB 06 HCTOUHHKE
H MexaHu3Mme (OPMHPOBAHHA YPAHOHOCHLIX THAPOTEPMAJbHBLIX PACTBOPOB,
B3AHMOCBA3H 11POILECCOB PYIOreHEPHPOBAHHA C Pa3HOOGPA3HBIMH FeoNorHyec-
KHMH SIBJICHHAMH. Omna OMHpaeTCcd Ha COBOKYNMHOCTb COBpeMEeHHbIX JaHHbIX
0 MPOCTPAHCTBEHHO-BPEMEHHBIX CODTHOLIEHHAX YPAHOBLIX MeCTOPOK/ICHHA
¢ MarMaTHYeCKHMH MNopoddaMH H MECTOPOKACHHAMH JIpDYr#X MeTaJgJnoB,
AAHHble (PH3HKO-XHMHYECKOH NMeTPONOrHH H FeOXHMHH O COCTABE H CTPOEHHH
BEPXHEH MAHTHH, Npolleccax rpaHHTH3alHH H MarMooOpa30BaHus, 3aKOHOMEP-
HOCTSIX 3BOJIIOLUHH MAarMaTH3Ma BO BpeMeHH, (hIIOHIHOM PexHMe rpaHHTO00-
pﬂ3OBaHHﬂ H “T..JL.

[Mpu pazpa6oTke MOLENH aBTOPHI HCIOJNL3OBANH JIHLIbL TE THIOTETHYECKHE
NOJIOKEHHS, KOTOPble Ha JAaHHOM 3Tane HaubGoaee 0GOCHOBAHDI H pa3ie/ifioT-
csl GOAbUIHHCTBOM NeTPoJA0ros. 3HauHTeIbHAA POJb B apryMEHTallHH pa3BHBA-
€MbIX dBTOPAMH EHeTHYECKHX NPeJACTABACHHA ITPHHALNEKHT H3YUEHHIO TOpP-
HBIX MOPOL H MHHEPaJOB METOAOM OCKONKOBOH paaHorpaguH, no3Bolsiio-
LWKM NPOC/IEAHTE NOBEIeHHE YpaHa NPH PACKPHCTANIHIAUHH MATMATHUECKHX
pacniaBoB, 10Ka3aTb peabHOCTb BBICOKHX KOHUEHTpauHil ypana B MarMaro-
reHHbIX aoHAax. ABTOPAMH NPeANPHHATA OMBITKA IKCIEPUMEHTa bHO 060-
CHOBaTh HAHOGO/Ee BAMKHBIE MOJOMEHHA PA3BHBAEMONH KOHUENUHH. DTH NOJO-
AKEHHA KacdwTcd BO3MOKHOCTH nepeHoca ypaHa TpancMarMaTH4eCKHMH
(GIoH1aMH, HAKONJIEHHA €ro B MArMaTHYECKOM paci/iase, BLIHOCA YpaHa Mar-
maTHueckHMH duioniamu Ha Hanbonee NO3AHHX CTAANAX PACKPHCTANIH3ALUHH
paCllJ]aBOB.

[Ipennaraemasn Moaenb ONHCbIBA€T COBOKYMHOCTbL IPOLECCOB, KOTOpbie
CBOHCTBEHHbLI OMpejle/leHHOMY BPEMEHHOMY HHTEpBaJly B PA3BHTHH cKaal-
yaTtblX 00JdcTed. ITOT HHTEPBA/ OXBATHLIBAET OPOTEHHYIO CTAlHIO Pa3BHTHA
CKJaauaThix 06,1aCTeH HIH NePHOL HX aKTHBH3ALLHH, 1S KOTOPBLIX XdpaKkTeEPHO
YCHJIEHHE POJIH KHCJOro (MM L1eNovHo-0a3a1bTOHIHOr0) MarMaTH3Ma H CBs-
3aHHBIX C HHM MOCTMAarMaTHYeCKHX SIBJEHHH.

BaxHoit npeaAnochlIKOR Pa3BHTHA PYAOreHEPHPYIOLIHX IIPOILECCOB SABJAAET-
cfl HalHuHe TIyOGHHHBIX pa3znomoB. B ux npenenax BeuwlecTBo MaHTHH pasyn-
JIOTHAETCH, 4YTO ofecneunBaer OTAeJNeHHEe H HHTEHCHBHYIO U.HDK_VJ]HL{HIO TpaHc-
marmatHueckux gaonios. O6paszoBanie ouaros 6a3a/bTOHAHBIX MarM B M0OJ1-
KOPOBBIX TOPH30HTAX H OUarosB KHCJbIX Marm B 3eMHOH Kope daBJdAeTcHa caen-
CTBHEM TMPOJOAKHTENLHOIO H HHTEHCHBHOrO BO31€HCTBHA TaKHX q).!'[I()H,:IOB.

Hakonell, BaKHbIM yCcJOBHEM pyloreHepHpyIolled ¢niocobHOCTH MarMaTH-
YEeCKHX PACIIaBOB SABJASETCH CMElHalH3aUHA TPaHCMAarMaTHYeCKHX (haioHL0B
Ha ypaH.

Tonbko ¢ yuetom 3toro gakropa MoryT GbiTh OOBLACHEHE H METAJTOTEHH-
yeckas crielHaJH3alia MarMaTHYeCKHX PACTI/IaBOB, H 3HAYHTEbHbIE pa3Mephl
YPaHOHOCHBIX MPOBHHUMA, H YIHBHTENbHAS OJHOTHITHOCTb MECTOPOXKIAECHHI
B npejenax TakHX NPOBHHLUHHA.

[Tpuunubl, onpeaesisioliie MeTaNN0reHHUECKYIO CHEeLHANH3alUNI0 TPaHc-
MdrMaTHYeCKHX (bJ'IIOHﬂOB, OTHOCHATCA K BOMpPOCAM THNOTETHUCCKOTO rnJjaHa.
Bo3M0OKHO, OHH OTPaKaIOT YPOBEHL NMPOHHKHOBEHWUS PA3JOMOB B MAHTHIO,
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rayouny GaHI00TACAEHHS HAH, HAKOHEI, TeOXHMHUCCKYIO HEeOLHOPOIHOCTh
CAMOM MAHTUH B PA3AMUHBIX YacTAX 3eMmau.

DopmHpOBAHKIO PYJLOHOCHBIX PACTBOPOB MPEIIECTRYET PAL NOC/Ie10BE-
TeNbHBIX NETPOICHETHYECKHX SIBJIEHHH, NPOTEKABLIHX MHOMHE MHJIJTHOHbI JeT:
BO3HUKHOBCHWE TAYOHHHBIX PAIMOMOB, 3a/lOKeHUe W Aanbueiluiee pa3suTHe
30H TEKTOHO-MArMaTHYeCKOH aKTHBHOCTH, MArMaTH3M H MeTaMop(PH3M npelo-
POreHHOH CTaLHH.

OcHoBHAS TPYAHOCTL B aHANW3E STUX SIBACHUN 3aKA104ALTCH B TEHOTETHY-
HOCTH mnpeicTaBieHHi o rJay6HHe, YCNOBHAX H MexaHH3Me (DOPMHPOBaHHA
MAarMaTHYeCKHX pacijlaBoB B MaHTHH.

[Mpencrarasietcst 1enecO0OPAIHBIM HECKOILKO YIPOCTHTL 3a0a4y, Orpaui-
YHBIIHCE PACCMOTPEHHEM JHIIL TEX NeTPOreHeTHYECKHX FBJAEHHH, KOTOpbie
HeNocpescTBEHHO 11PE1IIeCTBYIOT H TECHO CBA3dHbI C 3TANOM pynoobpasopa-
Hust. [lo3TOMY COBOKYMHOCTH PAacCMOTPEHHBIX [ETPOreHeTHHECKHX ABAeHH
LUeJAHKOM OTHOCHTCA K OPOTCHHOMY 3Tally (CTAAHH) PA3BHTHA F€OCHHKIHHAb-
HO-CKAAuaTLIX H BHErEOCHHKIMHAMbHLIX MOABHAKHLIX noscos. Hanomuum,
4TO NEPeX0A K OPOreHHUecKo cTaiul Pa3BUTHA CONPOBOAIACTCH TIOHKIKEHU-
€M HHTeHCHBHOCTH TEJI0BOr0 MOTOKA, H3MeHeHneM (II0HIHOTO PeKHMA B CTO-
POHY ycHaeHHs Bo (IOHAaX POaH BOAbL. PerpeccHBHbIi XapakTep npoueccos
OPOTeHHOH CTANWMK OKA3LIBACTCH HAaJloKenueM MeTamopduama ambpubonnto-
BOI (haltiK Ha NMPOAYKTEl A0OPOreHHOro rpaHyanToBoTo MeTamMopduama [71].
Hecmorps Ha nonumenue Temiepatypbl, MeTaMOpPH3M B YCAOBHAX MOBLILICH-
HOro GIOHAHOrO 1aB1eHnst No MaclliTabaM H HHTEHCHBHOCTH J1OCTHr@eT B 0po-
FEHHYECKYIO CTa/HI0 MaKCHMAJIbHOTO Pa3BHTHA, COOTBETCTBYSA 110 CBOHM OCO-
GEHHOCTAM MOHATHIO «yabTpaMeTamMopduam». JlanHblii TepMHH n0oapasymeBa-
€T HHTEHCHBHOE [IPOARJEHHE [POULCCOR KPEMHEULENOUHOT0 MeTAcoMaTo3d,
MHIMATH3allHH W MarMaTHYeCcKoro 3amelleHHs (TpannTH3auun). [pannTusa-
UHA siB/ASETCA cle/JCTBHeM NOBLILIEHHA BO (UIOMAaX NapUHAIbHBIX 1aBACHHI
BO/Lbl, (hTOP4, GOpPA H APYIHX KOMUOHEHTOB, CTAOH/IHIUPYIOULMX KHCble pac-
naaspl. [To3Tomy nepexon K OporeHHUYCCKAM CTaAHAM 3BOMIOLHH TOABHAKHBIX
CKJIaa4aTbiX 30H CONPOBOXKAA€TCA YCHIEHHEM POJTH TPaHHTOH/IHOIMO MarMaTH3-
Ma. OCHOBHBIM MeXaHH3MOM GOPMHPOBAHUA TPAHHUTOHIHBLIX MarM ABARETCH
MArMaTHUECKOe 3aMELLEHHEe [IPH MOCPeICcTBE TPAHCMATMaTHUECKHX (.1I0H10B
NOAKOPOBOro nporcexoxaenus. [Tpeanonaraeres, 4To uamMeHeHue (IIOHAHOTO
peKUMa B OPOTEHHUECKYI) CTALHIO ABJRETCH CeACTBHEM OTAENeHUR JeTYUHX
KOMIIOHEHTOB B I1pOUeCcce KPHCTAATHIVIOINIHXCA T101KOPOBLIX 6Aa34/1bTOH/HbIX
Marm, NPoHCXOAALULEr0 Ha (POHE NOHHAKCHHT HHTCHCHBHOCTH TENJI0BOTO NOTOKA.
Ecan nogkopoebie 6a3aibTOH/AHBIE Marvbl HHTEHCHBHO MOCOULAAH BOLHYIO
(asy B NpeLopPOrcHHYIO CTALHIO, MPONYCKAA B 3eMHYK KOPY JHIIbL KOMIOHCH-
Thl, XdapakTepusyiollHecs cJ1ab0fi pACTBOPHMOCTbIO B MarMaTHYECKHX pach-
nasax (Hanpumep, CO;), TO B npollecce cBORH PACKPHCTANIHIAUHK OHU HAUHU-
HAKT dKTHBHO OTLEAATb BOAHYIO da3y. C 3THX N03HUHA HAXOAHT OObACHEHHE
H3MCHCeHHE (PUIOHAHOTO PeKHMa, MOLIHOE PA3BUTHE ABJAEHHH IPAHHTH3ALHH
H CBA3AHHOE ¢ Hell TPaHIHO3HOe MepPepacnpefe eHHe BCUICCTBA MeXLY Mal-
THEH H KOPOH.

MeTacoMaTHIM W TPAHHTH3AUHMHA OPOreHHOH CTalHH, CONpsiKeHHble
B CKAAA4aThlX 06.14CTAX ¢ PA3BHTHEM KOPOBOI'O MAIMATH3IMA, ABAAKTCH [JdB-
HbIM [1POLECCOM (POPMHPOBAHNST 3EMHON KOPbI KOHTHHEHTAALHOro THita. Pac-
CMOTPHM  COBOKVITHOCTb MOCAe0BaTebHLIX MeTPOreHeTHUECKHX  ABJICHHI,
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OTBETCTBEHHBIX 33 (POPMHPOBAHHE YPAHOHOCHBIX PYA006GPA3YIOIIHX PACTBO-
poB.

I. Ilepexod K OpOreHH4YeckoM cTajHH Pa3BHTHA, CONPOBOKIAIONIHICH
BO3pacTaHHeM BO (OHAaX POaH (TOPOPHALHLIX KOMMOHEHTOB, Oco6eHHo
BO/LbI.

2. dopMHpOBaHHE PETHOHAbHBIX [MYOHHHBIX PA3JOMOB, NMPOHHKAKLIHX
B BEPXHIO MaHTHIO.

3. lenepauns BOCXOASILLErO MOTOKa rAYGHHHBIX (JIOHA0B, KOTOPLIC M0
MEpE CHHIKEHHS TeMnepaTypbl BO Bee 6oabluel cTeneHt npuo6peT4ioT cnocod-
HOCTb K JeBa3sH(PHKaUHH NOopoiL.

4. KpemHeuleno4HOH METACOMATO3, COMNPOBOKAAKMHACA BbIHOCOM H3
NOPOL OCHOBAHHH H INPHBHOCOM KPEMHHA H LLEJ0YEH.

5. MarmaTuyeckoe 3aMellleHHe Nopoad (MHIMaTH3auus) B 30Hax Haubonee
HHTEHCHBHOTO NOCTYM/ICHHSA ryOHHHBIX (AIOH/10B ¢ 06pa30BaHHeM FPAHHTOM -
HBIX MarMaTHUeCKHX 04aros.

6. MertamarmaTHueckas fe6a3uHKalHs, CONPOBOKAAOIIAACH PACKHCIe-
HHEM PacCniaBoB H HAKOMJEHHEM PYIAHbIX H PACCEAHHBIX 3JIEMEHTOB.

7. 3aTyxaHue WHTEHCHBHOCTH NOTOKa (JIOMA0B, cTabHaH3alua obbeMa
MarMaTHYeCKHX O04arom, AajbHeliliiee pacKHCIEHHe MarMaTHYecKHX pac-
M1aBoB.

8. Kpuerannusaunonnasn anddepeHualns, conpoBoKAalolasca Hakon-
JEHHEM B OCTATOYHBIX paciuiaBax Bojbl, PTOpd, ypaHd H Apyrux ¢ropoduis-
HbIX 3JIeMeHTOB.

9. PazpuTHe rHApOTEPMANBHO-METACOMATHYECKHX TMPOIECCOR  PaHHHUX
H CPeLHHMX CTaiui, CBA3AHHLIX C MArMaTHYEeCKMMH OuaramH.

10. 3aBepuienHe KPHCTAIH3ALUHH OCTATOUHLIX MATMATHYECKHX PACTIABOR
B Ouarax, OT/e/eHHe YPAHOHOCHLIX PyA00Gpa3ylolLHX PACTBOPOB.

Cuietyet nofi4epKHyTh, UTO B IPHBELEHHBIX BbilUe IYHKTAX HAMH He yKa3bl-
Hbl MHOTHE METPOreHeTHYECKHe TNPOoIlecChl, KOTOPbIE, XOTA H CONPOBOXKAAIT
CTAHOBJEHHE H PA3BHTHE FPAHHTOHIHBIX MarMaTHYeCKHX OYaroB, B TO ke Bpe-
M5l HEe OTHOCSITCA K YHCJY YCJIOBHH, HEOGXONHMBIX IS TeHepaUHH ypaHOHOC-
HblX py1006pa3syiollHx pacTsopos. K TakHM npoueccaMm OTHOCATCSH, B HACTHO-
CTH, HHTPY3HBHbIA MArMaTH3M H BYJIKAHH3M, PA3BHTHE KOHTAKTOBO-PeaKlHOH-
HbIX H MOCTMArMaTHYECKHX ABJEHHH B CBA3H C KOHKPETHBIMH MarMaTHYECKHMH
TeNaMH, TeKTOHHUECKHE IBHKEHHA W T. 1. BMecre ¢ TeM H3yueHHe yKa3aHHbIX
ABJACHHH MO3BOJAET NONYHUHTE ONPeLeTeHHY 0 HHOOPMAaILHIO 06 SBOJIIOLHH MAT-
MaTHUYECKHX O4aros, MyTAX MHIPallHH PYAOHOCHLIX PACTBOPOB H 3aKOHOMep-
HOCTAX pa3MelLeHHHA OpYIeHeHHS.

B 3akaouenne KpaTko cCyMMHMpyeM OCHOBHblE Pe3y/ibTaThl, BhITEKalollHe
H3 MEeTPOJOTHYECKHX, FEOXHMHUYECKHX H IKCNEepHMEeHTalbHbIX HCCAe10BaHHH
Mo paccMaTpHBaeMoil npobaeme, KOTOpbIe HAPALY C FEOXHMHUECKHMH 1daHHbIMH
ABAAIOTCA (YHAaMEHTOM pa3BHBAeMOH aBTOPaMH TeHETHUYECKOH Moenu
HCTOUHHKA YPAaHOHOCHBIX PYA006pa3yloliHX pacTBOPOB.

|. KoHueHnTpauus ypaHa B KHC/BIX BYJKAHHUECKHX CTEKIaX OGBEKTHBHO
X4PAKTePH3YeT TAKOBYIO B FPaHHTOH/IHBIX PacniaBax M BapbHpyeT B npene-
aax (8 %) or4-10 % 1040-10~* B cpennem coctasassa 11,8-107*. Hanuuue
CTEKOJI C PE3KO NOBbILLEHHbIMH KOHILEHTPAIHAMH ypaHa yKa3blBaeT Ha TO, UTo
B MPHPOJE peasibHO CYULeCTBYIOT YPAHOHOCHble MarMaTHUeCKHe pacrnJiaBbl.

2. KOHUeHTpaUHsi HACBILLEHHSI TPAHHTHOTO PACNIaBa ypaHoM, Mo 3Kchne-



PHMEHTAIbHBIM LAHHLIM, COCTAB/SAET COTHIE 10H NPOLEHTA, YTO 3HAYHTEIBHO
HHKE ero KOHUEHTPalLHH B MPHPOAHLIX pacnaasax. CleaoBaTeqbHO, NPHPOL-
Hble pacniaasbl B ofllem ciaydae Hejpocbitlenbl ypawom. [To stol npuunne
MarMaTHYecKoe 3aMeLleHHe TOPo/L 01 KHO CONPOBOKAATHCH pacceAHHeM ypa-
Ha BO BCeM OfibeMe MarMaTHUeCKOro pacn.aasa.

3. KomGuuipoBaHHbIi KO3 (MHUHEHT pacnpeieieHusi ypaHa Mexay pac-
N14BOM H 06pa3yloLHMHCH MHHEpaJaMi onpejensietcs HHTepsadom 0,1—0,5
B 1MOJIb3Y pacnaana. B 3710f ¢BA3KM KPHCTAMIH3ALHUA MATM SIBASIETCH [1POLLECCOM
KOHUEHTPHPOBAHHA YpaHa B ocTaToyHoM pacniase. B ycenosuax aanrensHoit
KpHCTaNNH3aUnH OOraThiX YPaHOM Marm co3/1aloTes NpeaAnochlIKH A8 Hachl-
LEeHHA OCTATOUYHOrO pacniaBa ypaHOM H 06pa3oBaHHA MarmMaTHUecKoro ypa-
HHHHTA.

4. Ha KoHeUHBIX CTYIEHAX PACKPHCTANIH3AIUHH PACIIABOB KOHUEHTPaLHs
ypaHa B MarMaToreHHoM (hJoHIe onpefensieTcs pacTBOPHMOCTBIO B HEM ypa-
HHHHTa B MPHCYTCTBHH aJlOMOCHAHKaTHOro Oydepa (HacbllleHHBIH B OTHO-
WEHHH YPAHHHHTA PACIVIABOB IUOC TPAHHT). DKCIEPHMEHTANBHOE H3YUeHHe
NoA06HOH CHCTEMBL 11O3BOJIAIET OLEHHTh KOHUEHTPALHKIO YPAHd B MArMaTOreH-
HOM JIIOHAE 3HAYEHHWAMH, [NOCTHrAKULHMH THICAYHBIX J0JEH MaccoBoro
npoieHTa.

5. Ha ocHose conocTtaBieHHsA codepKaHHs ypaHa B KHCJbIX CTEKAaX W rpa-
HHTaX, 1aHHLIX OCKOJKOBOH pannorpadHi, YKasslBaloUWHX Ha HaJHYHe B Mar-
MATHUECKHX MHHEpAJlaX ra30BO-KHAKHX BKJIWOYCHHA, 0B0rallleHHblX ypaHoM,
H Pe3YyJbTATOB NPSAMbIX ONpeje/eHHnil, NPHBEAeHHbIX B IHTEpaType, 060CHOBbI-
BAeTCH PeasybHOCTh CYULECTBOBAHHA B [PHPOAE MarMaTtoreHHslX (JIOHL0B
C KOHUEHTPAUHAMH YpaH4 B THICAUYHbIE H Jlae COTHIe J0JH MaccoBOro npo-
LLeHTA.

6. Jlokazau nepeHoc ypana pacTBOPaMH paHHell NMocTMarMaTHYeckoli cTa-
AHH (mermMatHTooOpa30BaHHe, CKAPHHPOBAHHE, ANbOMTH3ALUMA, rpeH3eHH3a-
uus). Tlokaszano, 4To ypaH B 3THX pacTBOpax HaXOAHACH B JErKOPACTBOPHMOi
opme H pHKCcHpoBaJCA B TBepLOH (pa3e TOJNLKO NPH HAJHUHH MHHEPAIOB-KOH-
ILEHTPATOPOB ¢ BBICOKOH H30MOP(HON eMKOCThIO. JKCTIePUMEHTAMbHBIMH pabo-
T@MH MOATBEPIK/AeHA BO3ZMOMKHOCTb NepeHoca ypaHa XJOPHIHLIMH pacTBOpaMH
B BOCCTaHOBHMTE/bLHBIX yCa0BHAX npu TeMmnepatypax 400—600° C B KOHLeHT-
paunsx 10~ *—10"" mac.%.



laasa V

OCHOBbI NPEACTABJIEHHH O BHYTPHUKOPOBbIX
rNMIYBUHHBIX ®HJIbTPAUHOHHBIX HCTOYHHKAX YPAHA

O6mue npeacrasieHus

Bo MHOTWX YpaHOBOPYAHLIX NMPOBHHUHAX, KPOME PACCMOTPCHHLIY BLILLE,
cylecTByeT G0JblIARA FPYNIA YPAHOBBIX MECTOPOAIACHHA PAIHLIN [HIIOB, 11¢p-
BHUHbBIE PY/lbl KOTOPBIX OblaH CHOPMHPOBAHB H3 THAPOTEPMA/IbLHEIX DACTBOPOB,
H 10 IPOHCXOKACHHIO OHH MOTYT GbITh OTHECEHbl K 3HI0MeHHBLIM, HO 3TH MEeCTO-
pomaeHHsi An60 BooGLle He 0OHAPYKHBAKT BHIHMOH CBA3H € KUCJALIM Marma-
THIMOM, JHOO 3Ta CBA3b ARAAETCA Goaee cjaomuoll (onocpenosannoit). Takue
MECTOPOK A HHA JOKANH3YIOTCS B PA3JTHUHON reoJoTHYecKOH 06CTaHOBKE H OT-
HOCHATCA K paiHblM reHeTnyeckum cepusiM. Cyias no uenomy psiay HPHIHAKOB,
415 MX QOPMUPOBAHUA [PEANOAATALTCH HE MArMaTHUECKHA, 4 IJyDHHHBIR
PHABTPAILHOHHBIH HCTOYHHK YpaHa.

[Ton «pHABTPALLHOHHBIM» HCTOYMHHKOM PYAHOTO BEULECCTBA IHLOIE€HHBIX
YPAHOBbLIX MECTOPOKAEHHA aBTOPaMH IIOHHMAIOTCH TaKHe Pa3HOTHNHbBIe 00pa-
30BaHHA YPAHOHOCHOro cy6CTPaTa KOHTHHEHTAJbHOH 3eMHOI KOPbl, HaXo1s-
LLEroca B TBEPAOH, XKHAKO-TBEPAOH HAH KHAKOH (pa3ax, H3 KOTOPbIX ypaH Mor
ObITh MOOHIH3OBAH JMIOOLIMH BOCXOASIUIHMH MHHEPANH30BANHLIMH BOJLHBIMH,
rd30B0-BOJAHBIMH WK d30BbIMH PacTBOPaMH.

CornacHo npeactasieHuam o (PHAbTPAIHOHHOM THITE HCTOYHHKA PYLHOTO
BellecTBa YPAHOBLIX MECTOPOMAEHHH, reHe3ne pacTBOPOB H IPOHCXOMICHHE
HCTOUHHKA ypaHa 1a/1eKo He BCerjla CoOBNa/lan MeKIAY co00# 1 1103TOMY 06bIY-
HO ObITH Pa3o0LULeHbl B IPOCTPAHCTBE WM BO BPeMeHK. Ypan MO H3BAEKaTb-
CHl drpecCHBHBLIMH MHHEDPAJH30BAHHBIMH (KHCAOTHBIMH HJIH LLEJOUHBIMH) Tep-
MaJIbHBIMH PACTBOPAMH Pa3JHUYHOrO IIPOHCXOKAECHHS JHG0 H3 FOPHBIX (10POL,
HeNOCPEACTBEHHO BMEILAIOWNX MeCTOPOKAEHHSA, JHO0 BOCXOAALIHMH NOTO-
KaMH 3HA0TeHHBIX (DIOHA0B H3 MOACTHIAKWHX HAK [YB0KO 3aieraiouHx noi
MECTOPOK/AEHHAMH YPAHOHOCHBIX KPHCTAMJHUECKHX NOPOL (B TOM uHeae 3a-
KPHCTa/NIH30BABIIMXCA MarMaTHueckux ouaros). CooTBETCTBEHHO CPeid pas-
HOBHAHOCTCH (PHABLTPAILHOHHOIO THIA HCTOYHHKOB DYIHOTO BellecTra 00biu-
HO Pa3JHUAIOTCH HCTOUHHKH OJHMKHEH MW MECTHOH MOOHIH3AIHHK W jallbhelt
HAH AYOHHHOA MOGHAH3AIHH. PHABTPYIOLLHECA Yepe3 ypaHoHoCHble oBpaso-
BAHHA PACTBOPHI MOMJIH BbITH KAK KOPOBOTO, TAK H MNOAKOPOBOrO MPOHCXOALE-
HHS, T. €. THAPOTEPMa/ibHble MArMaTOreHHLIC W BHEMATMATHUCCKHE MAHTHANbIC
BJHIOHABL, @ TAKKE, BO3MOMKHO, HHOLA 10107 PeTbie HHPUIbTPALHOHHBIE H 3KC-
duabTpalHoHHble Boabl. OaHako Bcerlda (DOPMHPOBaHHE PacTBOPOB MPOHC-
XOMHAO TOPA3A0 NO3MKE W WX PYAOHOCHOCTh 0GYCAOBAEHd NMPOHHKHOBEHHEM
CKBO3L panee o0pa3oBaHHBLI ypaHOHOCHLIA cyOcTpar.

[MpaBHabHOE NOHHMAHHE BONPOCOB HCTOUHHKOB PYLHOIO BEULECTBA BO MHO-
FOM 3aBHCHT OT LOCTOBEPHO VCTAHOBJICHHOH HCTOPHH PA3BHTHA PYAHLIX paiio-
HOB W TMPOILECCOB yPaHOBOro pyaoo0pa3oBaHus  (MOCJACLOBATENLHOCTH HX
MPOABJEHHS ), ITANOB H YCJAOBMH HAKONJEHHA ypaka B 3ToM cyberpare,
GOpPMBL HAXOALEHHSA €0, BPEMEHH H TNPHPO/Ibl NPOHCXOAKLEHHH PACTBOPOB
(thmonnos).

Hakonaenue ypana B ropHblx noposax, BMEILARUKX WK TOACTHAAIONIKY
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MECTOPOKIAEHHS (T. €. B QyH/aMeHTe), IPOHCXOANI0 B ClIeUH(PHUECKHX yEC10-
BHSX B Oojiee paHHHe JOPYAHBIE WIH PYIONOATOTOBHTENbHBIE 3110XH JHGO
B NpolLecce J00POreHHOr0 CeIHMEHTOTeHe3a W IHareHesa (ypaHoHOCHbIe yIJe-
POLHCTBIE CAAHILBI, NecHaHHKH, KOHIoMepaTnl ), THG0 B Tpollecce 100poreHHo-
ro yabrpametamoppHsma (NpOAYKTbl FPAHHTH3ALHH, MHIMATH3AlKH, KalH-
WnaTH3aunK), AH60 B NMpoLEcce OPOreHHOro TPaHHTOMAHOIO MarmaTHiMma
(CpauuThl, DerMATHTLl, AMOAPHTHL, 33CTHIBIUKE «OCTATOUHBIEY MarMaThuecKue
ouardH M Ap.).

QopmHpoBaHHe SHAOMEHHOI0 YPaHOBOIO OPYIEHEHHSI CBA3@HO € MOsiBJe-
HHEM B Onpeje/eHHble NepHodbl PA3BHTHS NPOBHHUKHA OUPOMHBIX 0ObBEMOB
MOTOKOB PA3JHUHBIX TEPMaJbHbIX pPacTBOPOB (rasoBblX, ra30BO-BOLHBIX HJIH
BOAHbBIX), HX MHHEpaaH3aUHeHd, HHTEHCHBHOCTBIO H HANPABJICHHEM ABHKEHHA
(nmHamukoit). Iposisienne rHapoTepMaibHOR LeATENLHOCTH B TAKHE 3MOXH
pyaoo6Gpa3oBaHHsa, B CBOIO oYepelb, 0OYC/I0BAEHO Pa3JHYHbIMH BHYTPHKO-
POBBIMH H MOAKOPOBBIMH [POLECCAMH TEKTOHHYECKOH H  MarMaTHYeCKO#
AKTHBHOCTH OPOI@HHBLIX 3TANOB PA3BHTHH.

[uapotepMagbHble YPAHOBLIC MECTOPOKICHHS, ANA KOTOPLIX aBTOPbI MPed-
nonaraT tAyGUHHLIA (IHA0reHHbIH) GUabTPaLHOHHLIR HCTOURUK LaabHell Mo-
OHAU3aUHH, TPHHALIRKAT NPEHMYLLECTBEHHO K MOJHTeHHON, @ TaKkKe 4acTHy-
HO K 3H/I0TeHHOH H MeTaMop(OreHHoH cepuaM. B 0CHOBHOM Takue HCTOYHHKH
XapaKkTepHbl AR THAPOTEDMANbHBLIX HEMArmMaTOreHHBIX (TeneTepManbHblX)
MECTOPOAAEHHA Pa3JHUHBIX THIIOB, HE3ABHCHMO OT HX Bo3pacTa, LIS MECTO-
POAKACHHH HEACHOTO WM CJA0KHOTO FeHe3Hca W psalda Apyrux.

Cpean HHX B NEPBYIO Ouepelb cJelyeT OTMeTHTh MECTODOMKAEHHA: a) He
00OHapyKHBALULHE BHAHMOA CBA3KH ¢ MarmMaTHaMoM (CcTpaTH(HOPMHbBIE MECTO-
pPOMIEHHS B YePHBIX C/AdHLAX, METaCOMaTHYECKHe, LITOKBEPKOBLIE H A HIbHbIE
MECTOPOKACHHA B MeTaMOpP(HUeCKHX ToJllaXx M TPaHHTOHZaX, B 30HAX
CKBO3HBIX IyGHHHbLIX PA3/J0MOB CPeH Pa3/aHuHbIX 0POL W Ap.): 6) npocTpaH-
CTBEHHO H BO BPeMeHH CBH3dHHbIE C OCHOBHBIM HJH 1LEJOYHO-OCHOBHBIM
MAarMaTH3MOM, B TOM YHC/IE CJAOMAHBIM N0 COCTABY AAHKOBBIM KOMILIEKCOM
PErHOHAJILHOrO PacnpoCTPAHEHHR, TNPOABIECHHA KOTOPbIX HeNocpeacTBeHHO
NPealiecTBOBAAH YPAHOBOMY OPYACHEHHIO W BbI3biBa/lH AKTHBH3ALMIO THAPO-
TEPMAJbHON AeATENBHOCTH KaK B 30HdX Pa3ioMoB (PYHAAMEHTA, TAK H B CTPYK-
Typax uexaa; B) NPOCTPAHCTBEHHO CBA3aHHble ¢ 00pa30BAHHAMH KHCJIOMO
(rpaHHTOMAHOIO HJH JIHNAPHTOBOrO) MArMaTH3Mad, HO 0 BPEMEHH 3HAUHTE I b-
HO OTOPBAHHbLIE OT €ro NPoABJIEHHS.

Kpome Toro, rayGHHHBL (PHALTPAUHOHHBIH MeXaHH3M MOGHIH3AUHH Me-
Ta/lla U3 YPaHOHOCHOTO cy6eTpaTa «rpaHHTo-MeTaMophHYECKOr0» C/105 3eM-
HOIl KOpbl, BepHee KOMOHHHPOBAHHbBIA HAH 1€peXo/iHbiil GHABTPALHOHHO-Mar-
MAaTHYECKHH HCTOUHHK PYAHOIO BEULCCTBA, BIOJIHE MOMHO Npeinoiararh A4
FHAPOTEPMAJBLHLIX YPAHOBLIX MECTOPOALEHHH, MPOCTPAHCTBEHHO H CTPYKTYp-
HO CBA3AHHBLIX H BO BPEMEHH OTHOCHTEILHO GJH3IKHX C KHCJBIM OpPOreHHbIM
MArMaTHIMOM, HO Pa3BUTHIX B PafioHAX (NPOBUHUMAX), B KOTOPLIX MEKiy
1EPHOAOM KPHCTANIMIAUHH BHYTPHKOPOBBIX MarMaTHYECKHX 04aroB H 3TanoM
POABJICHHA YPAHOHOCHOH THAPOTEPMAbHON A€ATCAbHOCTH MPOH3O0LWIH CV-
LLeCTBEHHbIE TEKTOHHUECKHE MepPecTPOHKH H ADYIHEe BayKHbie re0JOrHYCKHe
COOBITHA.

OcHoBaHHeM A8 NPeACTABJIEHHH OLHOTO H3 ABTOPOB O BHYTPHKOPOBOM
(HALTPAILHOHHOM HCTOYHHKE DPYAHOro Beuiectsa (rayOHHHOH MoOOGH/IH3a-
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UHH) AJ8 IHAOTEHHbIX FHApOTEPMAJIbBHBIX YPAHOBBIX ME.’CTOpO)K,l{'HHf:{ nocay-
HKHJAH ClenyollHe obrltHe COOGPH)KEHHH H [dHHble MO 3dKOHOMEPHOCTAM HX
pasMelienns, ocoGeHHOCTAM Pa3BUTHA PYAHBLIX NPOBHHIMA H PaHOHOB, B KO-
TOPBIX OHH MPOSIBJIEHBLI, YCJAOBHAM (OPMHPOBAHHSA OPYAEHCHHA:

MECTOPOKAEHHS, /1 KOTOPBIX MpeAnoaardeTcs (PHAbTPAILHOHHBIA HCTOY-
HHK 3TOTO THTIA, NPORBJIEHDl B TEX JKe MNPOBHHUHAX — B COCEJHHX HJIH HHOT1d
na)Ke B TeX e paHoHaX, B KOTOPbIX PA3BHThI MarMaToreHHble FHAPOTepMalb-
Hble MECTOPOKIEHHA, HO CPOPMHPOBAJIHCE B APYTHX FEOJOrHUYECKHX YCI0BHAX
¥ (OAYHHADTCA HECKOAbKO MHLIM 33KOHOMEPHOCTAM Pa3MelleHHA;

MeCTOPOKAEHHA 3TOTO THNA NPHYPOUYEHbLI K KPYIHBIM TEKTOHHYECKHM 6.10-
KaM 3eMHOH KOpbl, CJOKEHHbIM Pa3HOTHIHbLIMH YDPAHOHOCHBIMH MOPOAAMH,
KoTopobie Ouifitt O0pa3oBanbl B pe3yAbTaTe NPOABACHHA PA3JHYHBIX IHLOTEHHbIX
H 3K30TM€HHbIX IPOLECcCOB, NPHBEIIHX K MOCTENEHHOMY HAKOIIeHHIO ypaHa
B PA3HBIX reoJOrH4ecKHX (POpMaLHAX H CO3AHHIO KPYNMHLIX FEOXHMHYECKHX
aHOMAMH Ha PA3HLIX YPOBHAX,

hOpMHPOBAHHE TAKHX MECTOPOKACHHH CBA3AHO ¢ 3aBepuialoulei craanei
POABJEHHS M0C1€10BATENLHO CMEHABLIKWX APYT APYra 3HA0TeHHbIX MPOLECCOB
(MeTaMopdHama, MarmaTHaMa, METACOMATH3IMA ), NPOHCXOAHBIIHX HA obuleM
(hoHe A1HTENBHOI0 YHACAE0OBAHHOTO HeNPepbIBHO-NPePLIBHCTOIO BO3/1eHCTBHS
Ha 3TH YYacTKH 3eMHOH KOpbl TJYOHHHBLIX (MOAKOPOBLIX) ra3oBO-TEMJOBbIX
NOTOKOB,

MHOTHE MeCTOPOMKIEHHS MPOCTPAHCTBEHHO COBMNALAIOT H N0 BpeMeHH obpa-
30BaHHS OJH3KH K MPOABACHHSIM OCHOBHOIO WJH LIEJOYHOTO MarMaTH3Ma
NOLKOPOBOro MPOHCXOKACHHS (1aHKaM, ByJKAHHTAM, HHTPY3HBaM),

MECTOPOKIACHHA PA3HBLIX THIOB, HE HUMEHOILHE BHAHMOH CBSI3H C KHCJIBIM
MarMaTH3MOM C TIpeAnojaraemMblM (pHAbTPAILHOHHLIM HCTOUHHKOM, (hOPMHpO—
BAMKCL B TeUeHWe eAWHON 3NOXH pyaooGpasoBaHHA € MATMATOTEHHbIMH
MECTOPOAAEHHAMH W OOHapyKHBAIOT C HHMH CXOACTBO (CBA3b, B3aHMHbIE
nepexolbl); ‘

MECTOPOKACHUR, 06PA30BAHNBIE B PA3HbIX YCAOBUAX H OOBIMHO HMEIOILHE
Pa3HYI TEKTOHHYECKYIO NMO3HUHIO, HEPEAKO NPHHALNEKAT K OAHOH H TOH Ke
PyAHOH OpPMalHH, KOHTPOJNHPYIOTCH €AHHbIMH CKBO3HBIMH rJYGHHHBIMH pas-
JoMaMHu;

A PYAHBIX MPOBHHUHA B ILEOM HAH HX OTAEJbHBIX MECTOPOKAEHHH He-
PeAKO XapaKTepHO MOJHXPOHHOE ypaHOBOe opyaeHeHHe, GOPMHPOBAHHE KOTO-
poro ofycnoBAeHO MPOABAEHWEM HOBOH THAPOTEPMAIbHON JeATEeNbHOCTH,
CBA3AHHOH MO BPeMEeHH C aKTHBH3AUHEH TeKTOHO-MarMaTHYeCKHX HJH TeKTO-
HHYECKHX MPOLECCOB OPOTeHHBIX 3TAnoOB;

HAKOHEL, CYULECTBYIOT KOHBEPreHTHLIE MECTOPOMACHHRA, ANA KOTOPLIX 110
COBOKYNHOCTH [AaHHBIX MOXHO MpeanojaraTh Kak MarmMaTHUYeCKH#, Ttak
H (bHABTPALHOHHBIA THN HCTOYHHKA NajbHeH MOOGHIH3ALHH.

Cpenn Heo6XOLHMBIX YC/OBHH, 06eCneunBaioniny GoOpMHPOBAHHE YPAHO-
HOCHBIX T[HAPOTEPMAJBHBIX pacTBOPOB 3a CYET HM3BJEYEHHA MeTalla H3
PAa3HUHBIX ypaHCOAepKalHX 06pa3oBaHHit U NMOATBEPKAAIOUIHX NMpaBoMep-
HOCTb 3TOH KOHUEMUHH, CAEYET OTMETHTL CleAyioliine:

Ha/HyHe Ha rAyO6HHE TOPHBLIX NOPOA (rPaHHTOMAOB, TPAHHTO-rHEHCOB,
MHTMATHTOB, NETMATHTOB, YIJIEPOAHCTHIX CJAHLLEB, NECUAHHKOB, KOHTJIOMepa-
TOB, METACOMATHTOB U T. l'l.} , XaPAKTEPUIYIOIUXCA HE TOABKO obuiei reoxumMu-
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YeCKOH ypaHOBOI clelHaaH3auned, Ho 1 60blI0M 10el 1erko MOGHIH3YeMOit
(«noaBHKHOK») (HOpMbI ypaHa,

HHTEHCHBHOE W 1IIHPOKOE NPOABJEHHE KAK NPEAPYAHbIX, TaK H PyA0CONpo-
BOKIAIOUIMX METACOMATHUECKHX N1POLLECCOB (KHCIOTHBIX M LILeJ0YHBIX), 0bec-
MeYHBABUIMX CHA4A/1a 1ePEeBO/L YPAHA B «MOJABHXKHYIO» GOPMY, a 3aTeM — HaM-
fonee NOJAHOE ©r0 IKCTPATHPOBAHWE W3 TIOPOL;

60abiIHe 06HEMbl YPAHOHOCHBIX NOPOA H 61aronpHATHLIC 418 MOGHIH3a-
LUHH YyCJAOBHS HX 3aJ€raHHf, a TAKKe COOTBETCTBYIOLULHe MYTH (NPOHHILACMble
30HBI TEKTOHWYECKMX AMCJADKaUM#H) M AnHaMHKa (Ranpasnenne u cKOpocThb
JBHKE€HHHA) pacTBOPOB;

MPHYPOUYEHHOCTh K 30HaM riyOHHHBIX (MOAKOPOBBIX) Pa3/JlOMOB, M0 KOTO-
PbiM YCTaHABAHBAKOTCA NIPA3HAKH NPOABACHUA BHEMArMaTHUeCKOH THApOTEp-
MaJbHOH ACATEILHOCTH.

Orclona caeyet, uTO OJHHM H3 TJIABHBIX NPH3HAKOB MOGHIN3ALHH MeTa-
Ja W3 YPAHOHOCHBIX NOPOL MOTYT CAYAHTb CJeAbl Pa3sBHTHA ITHX NPOLECCOB
H Ha/lHYHe UIHPOKO MPOMBJEHHbIX B FOPHBIX NOpoaax, 0cobGeHHO Henocpei-
CTBEHHO 110J MECTOPOKAEHHAMH, MOLLHBIX H PACNPOCTpaHAOUIHXCA Ha 60b-
Y10 TAyOHHY 30H «BbiHOC@» 3ITOTO NEMCHTA B KOJMMECTBAX, LOCTATOMHBLIX
ans obpasosanus pyaueix e, Jlna naubonee yGeanTeNbHOIO 10KA3aTeILCTBA
TAKOrO THMA HCTOYHHKAE, CTeCTBEHHO, HEOOXO/AHMbLI BECKHC [10Ka3aTelbCTBa
AOCTOBEPHOCTH CYUIECTBOBaHHA TAKMX 30H.

OG6biuno B KauecTBe (HABTPAUHOHHOIO HCTOYHHKA PYIHOTO BELLECTBa
O/H A Hell MOGHIH3AHH 118 YPAHOBBIX MECTOPOKIAEHHH PA3HBIX THIIOB, PA3BH-
ThIX BO MHOTHX PY/AHbIX NPOBHHIHAX, HEKOTOPLIMH dBTOPAMH NPEANONATaloTCH
HENOCPeLCTBEHHO BMELLAKLULIHE HJIH pACTONOAKEHHble MOGJH3OCTH, a Takxe
MOACTHIAIOLIHE FOPHBIE MOPOALI, XaPAKTEPH3YIOUIHECHA NOBLILICHHBIMH CcO/l€ep-
KanWAMHK ypaHa (T.e. ypanoBo# reoxumuuecko# cnennannsaunnei). Taknmn
MOPOAAMH MOTJH CAYHKHTb, M0 HX MHEHHK), JHGO YrIepoaHCTbIe CaaHlbl (aad
CTPATH(HOPMHBIX, HEKOTOPBIX KHJABHBIX H APYIHX: MeCTOpoAeHHit), aubo
FPAHKTLL (445 KUJIbHLIX M APYTHX MecTOpPOMAeHHA), AnG0 Kueabie 3h(pysusn
(A7 LUTOKBEPKOBBIX H XKHJbHBIX MECTOPOMKICHHH).

OnHo# H3 rAaBHBIX NPEANOCHIIOK (QHILTPAILHOHHOTO HCTOYHHKA BJHXKHEH
MOGHIM3AIHUA CUUTACTCA HAMHUME FEOXHMHURCKH CHEHHANHINPOBaHHLIX ypa-
HOHOCHBLIX MOPOJ, 4 TAKMKE XapaKTep KOHUEHTPAUHH ypaHa v (pOpMbl €ro Ha-
XOKAeHHA. K coKanenuio, ML B HEKOTOPbIX C/1YYasAX IPHBOAATCA IHHAMHKA,
COCTAB, XAPAKTEP W NPOUCXOKACHHE PACTBOPOS, HANPHMEpP, — apTe3nancKue
GaccefiHbl, HANOPHbIC MOA3€MHBIE BOABLI HJAH CMEIIaHHBLIE PAacCTBOPHI M T. 1.
[lpu 3ToM naseko He Beeraa yuuThIBAIOTCS O6BEMBI H YCJIOBHS 3a/leraHus ypa-
HOHOCHBIX TOPOL, B IIEJ0OM BOCXOAALLKE XaPaKTeP ABHKEHUA PACTBOPOB, X i1y-
TH JIBHKEHHA, 8 TaKkKe [eTaJbHble JaHHble M0 PALHOTEOXHMHH BMEULAIOILIHX
nopoun, macwtabbl 304 BblHOoca. Kak npaBi.10, NPHBOASTCA AdaHHbIE O coaepKa-
HUK ypana s | kM’ 4 o6LLMe 3a1aCH, (IPK 3TOM, NIC-BUAXMOMY, 1101Pa3y MEBAET-
Csl MOYTH MOJIHOE H3BJAedeHHe MeTanna. B To e BpeMsa pe3yabTaThl HEKOTOPbIX
ueeneposareneit (Buuokypos u ap., 1980 r.) Ha pasiHuHbBIX yPAHOBBIX MECTO-
POKACHUAX 1O NPUPOAHOMY NPEOOPA3OBAHUIO IOPHBIX NOPOA (YTAEPUAHCTHIX
c/aHleB, FPaHUTOHA0B) THAPOTEPMAJbHBIMH HJIH THIEPTEHHBIMH [1POILECCaMH
CBHETEJNbCTBYIOT O TOM, YTO H3 BMELLAIOULHX H/H TTOACTHIAI0IIHX NOPOJL, 1aKe
fIPH BECHbMA CYILECTBEHHOM MX MIMEHEHHH, NPOMCXOAHT JHIL YacTHunbii {(He
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oonee 25—30%, penko 10 40%)) 1 10BOJILHO JOKANBHBLIA (B ONpeieeHHbIX 30-
Hax, yliacwaxl BLIHOC YypaHa. Hanbonee nwHTeHCHBHAS MHIpauds mMetdannia
yCTAHABAHBAETCA B MpOIecce NMPOSABICHAA KAK LOPYAHOW, TAK ¥ NOCTPYAHON
FPIIJ.p()T(‘pMc':IJleOI‘;I AeATeNBHOCTH THIIA KHCJOTHOrO BbiUleTd4YHBAHHH (EIPI'HJ'J-
JIN3AlNK, OKBAPIEBAHHS H T. [1.), 4 TAKIKE B [IPoLlecce rHnepresHoro npeobpa-
30BaHHA MOPOM (I0HBI OKHCACTHKS, KOPbI BLIBETPRBAHKA). TIpy 5TOM AasbHel-
wan cyanba 3KcTparnpoBaHHOrO ypaHa — yCNOBHA, BDEMSL W HANpaBAeHHE eT0
MHIpalMH OCTAIOTCA, KaK NMPaBHa0, HeBbIICHEHHLIMH. Cy/Isl N0 HE3HAUMTEIb-
HOW NOJNe H3BJICUEHHST MEeTaJllJla H3 Nopoj H HH3KHM KOHUEHTpalHusiMm B HO,ELOG-
HBIX PACTBOPAX, C YUETOM BPEMEHH €r0 MHTPalHK (B AOPY/LHbIE H MOCTPYIHbIE
3TAllbl) CKOpee BCEro B OCHOBHOM OH PACCEHBAJCH, CMELIHBARCH C MOAEMHbLIMHU
BOJlaAMH W HE CO03/1aBdsl PYJAOHOCHbLIX paCTBOPOB.

Kax yxe orMeyanoch, pesyabTaThl KOMIIEKCHBIX reosoro- CTPYKTYPHBIX,
ﬂeTpO[‘paCbHLICLKKK, MHHEPAJAOTHUCCTKHAX H painoreOXHMHYECKHX HCLﬂCﬂOBdHHH
Ha MHOTHX YPAHOBbIX MECTOPOKICHHAX TJIABHLIX THINOB H HA TEPPUTOPHAX pa3-
JIMUHBIX YPAHOBOPYAHBIX TIPOBHHILMHA (haHepo3oickux CkaaadaTolx obaacTted
NAI0T OCHOBAHHE CAENATL BAXKHbLIH BLIBOL O TOM, 4TO (PHJILTPALLHOHHBIR HCTOY -
HHK MECTHOH HJH OUIOKHEH MOGHAK3aLKH, 00YCAOBNEHHbIH BbILLETauHBA HHEM
ypdHua H3 NoPoi, HEeMoCPeACTBEHHO BMEULAIOUIHX PY/IHBIE Tedd MeCcTOpomie-
HHH, ¢ NOCJEAVIOULHM ero NepeoToKeHHeM B PYJLOKOHUEHTPHPYIOUIHX 30HaX
He MIrpaJj CyUlecTBeHHOH pOJIH B CO3/1aHHH YPAHOHOCHBIX PY/AHBIX PACTBOPOB.
[ToaroMy B HOPMHPOBAHUK HPOMBILIACHHBIX KOHIEHTPalHR YDAHOBBIX PY 3TOT
THIT HCTOMHHKA, MO-BHAHMOMY, HME/ B LIEJ0M PE3KO I0LYHHEHHOE WA Narke
HHUTOKHOE 3HavYeHHe.

OTueTaHBO, JJIHTENBHO W YCTORUHBO MPOABAEHHBIH HAOPEHHBI peRHM
PA3BHTHA M OCOOEHHOCTH HAMPABJACHHOrO PA3IBHTHA TEKTOHO-MarMaTHUECKHX
H PYAHO-MCTACOMATHYECKHX MNpolecCoB B Npelendx KPYIHbIX PYLOHOCHBIX
CTPYKTYP YPAHOBOPYIHBIX NMPOBHHUHA HECOMHEHHO CBHAETEJIbCTBYIOT O TOM,
YTO Kak AOpYAHbIE — MdIrMATHYECKHE H MeTacoMaTHUYeCKHe, TAdK U noctMarmd-
THYECKHE MHPOTEPMAJIbHBE 00PA30BAHKUA, B TOM UHCAE YPAHOBbIE MECTOPOK-
JleHHs] PA3HBIX THIIOB, BO3HHK/IH B Pe3yJbTaTe eIHHBIX MPOIeccoB — BO3ACH-
CTBHH Ha BEPXHHE 060JOYKH 3EMHOH KOpbl MOIILHBIX MOAKOPOBBIX rda30BO-TEl-
A0BBIX  (pAonanbx) notokos. QUHAKO, CBA3AHB OHM € PA3HBIMH 3TalldMH
H CTAHAMH STOIO PA3BHTHH. K COXANIEHHIO, AANIeKD HEe BCCTAa yaaeTcsd npo-
CJAEHTh BCIO 1TOCJeJ0BATE/IbHOCTL MPOABACHHS KaKA0ro H3 ITHX II]JOLLQC.COB.
HEPEIIKO OTCYTCTBYIOT HETKHE H NpAMbIE NMPH3IHAKH IIPOHBJTEHHH OJTHOTrO HJIH
HECKOABLKHX 13 HWX, UTD HC NO3BOJIAET PABHO3HAYHO YCTAHOBHTD BCE 2Tallbl HC-
TOPHH PA3BHTHSA, 1OCTOBEPHO BLIACHUTL NPOUCXOXKALHHE PYJLOHOCHOCTH (p.IHOH-
JOB, IPHPOJY HCTOYHHKE YPpdHd H MEXdHH3M €70 H3BJIEHEHHHA H3 HMHAKOrO HIAW
TBepaoro cyGerpata. MOKHO JHUIL ONpeleNeHHO YTBEPAKILATh, UTO HCTOUHHK
ypaua -— 3uaoreHnbiil BAYTpHKopoBblil. Metounuk pactsopos mor ObiTh pas-
HBIM — JIHGO KOPOBBLIM, JIHGO [OAKOPOBBIM.

B npenesiax nojHXpoHHBIX YPAHOBOPYIHBIX IPOBHHUHH HIH CYMEPIPOBUH-
WHH CcpeH ypaHOBBIX MECTOPOAKICHHI OIHON HIH PA3HbIX (ABYX-Tpex) MeraJ-
NOTEHUUECKKHX 310X 0OBIYNO NPOABAEHBl PA3JIHUHBIC THIIbL, PAa3BHTbIE B TEKTO-
HHUYECKHX OJ0KdAX H HMellLHe pasz/ituibie COOTHOMWEHUA C MArMAaTH3IMOM,
Hanpumep, »KHJAbHbIE H METACOMATHYCCKHE B ﬁep(‘HHTHX-—I"H,ILPOCJ[IO.EI.HRHTH.K,
METACOMATHUCCKHE B aILOHTAaX, CTPATHQOPMHLIE B THPOCTIOAHIHTAX — dPTHJI-
JAHAHTAX Cpeau YepHbIX chanllen v ap. DTH MECTOPOMJIEHHA, HECMOTPS Ha
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CyU-lE‘CTBt’HHbIE pa3JHYHA B re0JJOrHYECKH X YCJIOBHAX JJOKAJ/H3AllHH H B COCTaBe
PYAHLIX accOLHalKit, HX BOIPACTE H T. 1., ODHAPY A HBAIKOT MHOTHE YEePThl CXOIL-
CTBA MM [aKe e[HHCTBO B NPOHCXOMIEHUN, NOAUUHALTCR o6uleld MeTanio-
reHHYecKoH 30HaJbHOCTH.

[Tosromy Bonpochl 06 HCTOUHHKaX ypaHa MeCTOPOKAEHHH Kax/I10ro THINA
Heb3R pewaTb H30NUPOBAHHO APYr OT APYra, TOJbKO Ha mpHMepax MecTo-
poxaeHuit oaHoro THua. [Las HX MOHUMAHHA HeoGxoauM Gosee WHPOKHI Me-
TANJOreHHYeCKHH aHANH3, DPerHoHajbHble CONOCTABJIEHHSI W CpaBHeHHHd
C MECTOPOMKICHHAMH [APYTHX THIOB.

SHNOTEHHBIE YPAHOBHIE MECTOPOAIEHHSA PA3HBIX THIIOB H BO3PACTa, PA3BH-
Thl€ B MpeeJax ONHOH PYAHON NPOBHHLHKH, MOTYT HMeTh Kak 06uinil (eanHbli)
HJIH CXOJHBIH (GJAH3KHA) THIT HCTOUYHHKA PYAHOrO BELLECTBA, TAK H COBEPLIEHHO
pasHblil. [ToKaszaTh BO3MOAKHOCTD €r0 CyULeCTBOBAHHA B IPHPOAHOH 06CTaHOB-
KE MOKHO JHLIb Ha OCHOBaWWHM KOMIJIEKCHOTO H PErHOHalbHOTO aHajH3a.
Jlae mpu 1eTaqbHOM KOMIJIEKCHOM H3YHEHHH OHOH [PYIIL MECTOPQM IeHHH
Heo6X0oaHMbl 06lILHEe perHoHajbHble conocTapaenns. CylLecTBYIOT MeCTOPOK-
JeHHS, NMPOCTPAHCTBEHHO CBSA3aHHble ¢ TPAHHTOMAAMH, KdK TeOXHMHYECKH
CNEUHaIN3HPOBAHHBIMH, TAK H HE OCIHH]’)}’)KHBHK)[LI.HMH TAKOH CllellHaH3alHH.
B 10 ke Bpems no/06Hble MECTOPOKAEHHA, PACIONOKEHHLIE B IKIOKOHTAKTAX
rPAHHTOHMIOB, 3a/€rafT Kak B YPAaHOHOCHBIX YepHbIX cJaHllax, Tak H cpein
OPYTHX TOPOA W Be3lde OHH NpHHALJCKAT K eAHHOH pyanod dopmaitmu,
oOpa3oBaBlieicd B TEYEHHWE OAHOH MeTansoreHHyecko snoxu. Bcee 3To
3acTaBjsieT HcKaTh apyroe, fogee VHHBepcanbHoe 06bACHEeHHE.

Kak ye HeOo/lHOKPaTHO OTMEY4saoCh, NPH pellieHHH NpobiaemMbl HCTOUHH-
KOB py/HOro BellecTBa AJNA THAPOTEPMaJbHbIX YPAHOBBIX MECTOPOKIAEHHH
pasnbix THIOB (cepuil) Ha COBPEMEHHOM YPOBHE 3HAHHH, Ha OCHOBAHHH
KOMMJIeKCca NPeHMylLeC TBEHHO re0NOTHHECKHX 1aHHbIX MOKHO HAMETHTD JHIb
Haubosee seposATHble BapHaHThl. HeXoas U3 H3a0KeHHbIX Bbllle cooBpaxeHHi
O HANpABJEHHOCTH PA3BHTHA TYGHHHLIX NPOLECCOB B PYIHbIX NPOBHHLUHSAX,
CPEAH FHAOTEHHLIX KOPOBBIX THTIOB HCTOUHHKOB HAHBOJIEE BEPOATHBIMH MOTYT
ObITh HAPSIAY € MArMaTHYECKHM QHABTPALHOHHBLIH LaNbHER MOOUIMIALHH HIH
KOMGHHHPOBAHHbIH.

[lpex e Bcero HEOGXOAMMO OTMETHTL, HTO AdXKe S YPaHOBbIX MECTOPOXK-
Aenui, KoTopoie 0OHAPYAKHBAIOT NPOCTPAHCTBEHHO-BPEMEHAYIO (napareHeTH-
HeCKYI0) CBSI3b C OPOTE€HHbIM MarMaTH3IMOM H L5 KOTOPbIX 0GbIYHO IpeLnoaa-
raetcs MarMaTHYeCKHH HCTOYHHK, HMeloTes (haKThbl, KOTOPbLIE HE YKJad1biBAKOT-
Cfl B npeKHHe MpeAcTaBJIeHHA O MarMaTHYeCKOM HCTOUHHKE B KAACCHYECKOM
NOHWMANKH, YTO BCe YPAHOHOCHDIE THAPOTEPMa/ibHble PaCTBOPLI ABAAOTCA
HenocpeacTBeHHBIMH MPH3IBOAHBIMH «OCTATOYHLIX PACIIABOB» HIH QJAOHLOB,
COXPaHHBLIMXCA HA MECTE ONMYCTOUIEHHbIX («OTPabOTAHHbIX®) MArMaTHYeCKHX
oyaros. B cBA3M ¢ 3THM BO3HHKAeT Uebllt PAL HEACHBLIX BONPOCOB, KOTOpPbIE
TPeGyIoT HOBOFO NOAXOMAA B MX HHTEPNPETALHH, HJIN KX MOKHO TPaKTUBAaTb
No-HHOMY.

AHanu3 HanGosee CyllecTBEHHbIX (PaKTOB BO MHOTHX YPAHOBOPYAHbLIX NPO-
BHHILHAX, KOTOPbI@ NPH F€HeTHUECKHX NOCTPOEHHAX HEJb3fA HE YYHTLIBATD, NO-
3BOSIACT CAeNaTh CAEAYIOUIHE BaMHBIE BbIBOADBL:

KO BpeMeHH NPOSIBJIEHHA MNO3AHHX CTaﬂ.Hﬁ MHOTO3TanHoH N0CTMAarMaTHue-
CKOH rHpOTepMa/bHON AeATeIbHOCTH BHYTPHKOPOBLIE YDAHOHOCHbIE MarMaTH-
HYECKHe O4dr" rpaHHTOHAHOr0 CoCTaBd MNMOJHOCTBKY HJAH NOYTH MNOJTHOCTLIO
MCCAKAK 1 ObliiY 3aKPUCTANAKIOBANDL,
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Go/blIAA HACTh JeTYMHX KOMIOHEHTOB (B OCHOBHOM TaNOMADB W Ap.) uy
3THX ouaroB Oblia vianeHd B PaHHHEe CTalHH HX 3BOJIOLHH (merMaTHTLI, (‘Kap‘
Hbl, rpefizeHbl H AP.);

conepKaHHa H 06beMbl HCKOTOPbIX JIETYUHX KOMIIOHEHTOB (0COGEHHO yre.
KHCJIOTBl H [1p.) B KOPOBBIX MarMaTHYeCKHX ouarax, BHAHMO, He Bcerna Gy
JIOCTATOUYHBIMH TIO KOJNHYECTRY H COOTBETCTBYIOLLHMH M0 COCTaBY WIS Torg,
yToGbl CO31aBaTh MOULHblE MOTOKH YPAHOHOCHBIX DPY/HBIX PACTBOPOR, Tey
Hosee uTo MoA0GHbIe (AIOHAL NMPOABAAIHCHL BECbMa [HTENbHO HE TOMLKg
B PAHHHE (JOYPAHOBbLIE), HO W B MO3/IHHE YiKe YPaHOBOPYAHblE H NOCACYPaKs-
Bbl€ CTa/HH;

MHOrMHe MPH3HAKH CBHAETENbCTBYIOT O B0O300HOBJICHHH AeATeNIbHOCTY
NOAKOPOBBIX 0UAaroB OCHOBHOMO coCTaBa (BHelpeHHe 1HA6Ga3oB M aamnpodu-
poB, noctymiaeHHe 60JbUIHX 0OBEMOB YIVIEKHCAOTB, MTPH HATHUHH YTI€BOA0DO-
0B, TajONA0B, Cepbl).

Orciona caeayeT BaAKHbIH BHIBOL O TOM, 4TO GOPMHPOBAHHE YPAHOHOCHbIX
THAPOTEPMAAbHbBIX PacTBOPOB NM03AHEro (nocienalKkoBoro) 3Tana pa3BHTHs
6e3 NOCTYIIeHHs B €3aCThIBIUIME» TPAHHTOHIHbIE MArMaTHURCKHE O4ATH HOBLIX
NOPUKA TIOAKOPOBBIX TA30BO-TEN0BLIX MOTOKOB BPAL JIH GblJI0 BO3MOAKHbLIM.

Ha ocHoBaHHH H310KEHHOTO BHIHO, UTO BO3HHKAET HEOBXOJAHMOCTE CYlle-
CTBEHHOW KOPPEKTHPOBKY NPeAHETD «KJIACCHUECKOro» MPeacTaBleHHs o Mar-
MATHUECKOM THIE HCTOYHHKA, B MEPBYIO o4epelb O NMPOHCXOKACHHH JNeTydHx
KOMIMOHEHTOR (VIJEKHCAOTH, FaJoWAoR, cepnl) BO (OHAaX — pacTBOpax,
a TakKe O MexXaHH3Me H3B/JEYEHHS YpaHa H3 «OCTAaTOYHOrO pacijabd —
pacTBOpd».

[Tostomy ¢ yueTom o6iiMX L0BOLOB H Ha OCHOBAHHH TAHHBIX O BPEMEHH
H YCJI0BHAX 06Pa30BaHHA YPAHOBLIX MECTOPOKACHWH, @ TAKKe NaHHBIX O CO-
CTaBe [JIABHLIX MHHEPAJbLHBLIX accOUHaUMH HX pyld, Hapsay ¢ MarmartHue-
CKHM BMOJIHE MOXKHO NMPEANOJAAraTh IHAOTEHHbIA (rAyOuunbiit) PuabTpaunon-
Hbill THN HeTouHHKA. [TpeacTasienua o PUABTPALHOHHOM HCTOMHHKE NajibHell
MOOHAH3AUHH HJIH KOMOHHHPOBAHHOM  ((DHALTPAULHOHHO-MATMATHYRCKOM)
HCTOYHHKE, HA Hall B3rJIAJ, NPHTOAHbI AJAS MHOTHX THMNOB MECTOPOXKIAEHHI,
B TOM YHCJe 415 MCCTOPO}K!]CHH!?I, CBA3AHHbBIX C KHC/bIM MarmMatuamom. B ue-
JIOM 3TOT BApHAHT, 110-BHAHMOMY, HMeeT Gosee obuiee H LWHPOKOE, T. €. YHH-
BEpCaNbLHOE, 3HAUEHHE, MOCKOJIbKY OH OOBACHACT MHOIME OTMEYCHHBLIC Bbille
(haKThl HJIH CHHMAeT MPOTHBOPEYHS.

OGocHoBaHHe MYGHHHOTO (BHYTPHKOPOBOTO) (HALTPALHOHHOTO HCTOU-
HHKa PYAHOro BEeUlecTBa (AaabHed MOGHIH3AUHH) HAH €r0 BAPHAHTA — KOM-
GHUHHPOBAHHOrO (DH/ILTPAILHOHHO-MArMaTHUECKOrO HCTOYHHKA HauboJce Lle-
necoofpasHo  paccMOTpeTb Ha npuMepax ocobeHHocTed (GOPMHPOBAHHS
B OPOreHHble 3Talbl YPAHOBOPYAHBIX NPOBHHIUHA H OTAe/bHbIX PAHOHOB, B KO-
TOPbIX PA3BHTLL YPAHOBLIE MECTOPOAKIEHHS PA3HBIX THIOB — KAK CBA3dHHbIE
¢ KHCJIbIM MArMaTH3MOM, TdK H He 0OHAPYKHBAKOLLHE TAKOH CBA3K, HO Xapak-
TEPHIYIOUHECH MHOTHMH Y€PTAMH CXOACTBA HJIH €AHHCTBA B [IPOHCXOK/ICHHH.
3nech naxe Ha MECTOPOMKIEHHAX, NMPOCTPAHCTBEHHO CBA3AHHBIX C KHCJBIM
MarMaTHiMOM, OTMEYAIOTCH NPHIHAKH (PHALTPALHOHHOIO HCTOYHHKA.

[Mostomy ans HauGosee yGeLHTENLHOTO 10KA3aTe1bCTBA O6ULIHX MPeacTaB-
JEeHHHA 00 ITOM THIE HCTOUHUKA, Ba Hawl B3TARL, HeODXOAHM AeTaNbHbIA H Bee-
CTOPOHHHI AHAJNH3 HCTOPHH PA3BHTHA H NOC/AELOBATENLHOCTH MPOABJIEHHA
pa3/JHYHbIX MarMaTHYECKHX H [LOCTMATMATHYECKHX NIPOIECCOB HMEHHO Ha 3THX
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MECTOPOXKACHHAX W PYAHBIX paHoHAX, B KOTOPHIX OHH paciApocTpaHeH.,
a TAaK)Ke CONOCTABJEHHE HX ¢ APYTHMH MecTopoxaeHusiMH. Ha ocHoBanuu no-
AYYEHHBIX MONOKUTENBHBIX Pe3yALTATOR 3TOT THII HCTOUHUKA BAQJIHE MOMKHO
NMpeAnoiaratbe H AJAA APYTHX THAPOTEPMAaJbHLIX MECTOpOXKAeHHil, He obHapy-
WMHUBAWOILKMX NapareHeTHYeCKOH CBA3H Booblle (HANpHMeEp, MECcTOpOMKAeHHH
B «YEPHBIX» CNAHNAX) WIH A MECTOpPOKAEHHH, TATOTEIOWMX K paioHam
(yamam) pa3sutHsi GJH3KO OLHOBO3PACTHOrO MarMaTtH3iMa OCHOBHOTO H lle-
JIOHHO-OCHOBHOTO COCTaBa MOAKOPOBOTO NPOHCXOMAEHHA,

Kak ye 0TME4aJI0Ch, 1151 YPAHOBOPYAHBIX IPOBHHUMI H PAHOHOB Pa3HbIX
THIOB H BO3pacTa XapaKTepHsl caeyloiiHe o6He 0cOGEHHOCTH HX M0JI0MXKEeHHHA
B IJyGHHHBIX CTPYKTYPax 3eMHOH KOpbl H SHIOM€HHOrO pa3BHTHA:

. Creunduueckas TEKTOHMYECKaS NO3KUIUA B y3AaX COUEHEHUS MOABH K-
HbIX 1MOSICOB (rAyGHHHBIX Pa3JOMOB), OT/HYAKIIHXCS MOBLILIEHHOH IPOHH-
UAeMOCThLIO U IPOHHKHOBEHKEM B r1y60KHEe NOAKOPOBRLe 000A0YKH, N0 KOTOPEIM
MOIJIH MOCTYNaTh OCHOBHBIE MarMbl H NMOAKOpPOBHIE (DJIOHAILL.

B 10 xe BpemMf OHH MPUYPOUEHBI K KECTKHM, PAHEE KOHCOJTHAHPOBAHHBIM
yyacTkam (6aoKaM) KOHTHHEHTaJbHOH 3eMHOW KOPbl, HCTILITABIIHM MHOTO-
KpaTHbIE MPOLEeCcChl MPaHHUTH3aLUHH H TPaHHTO0OpPA30BaHHS.

2. HanpasjieHHOCTb CHEHH(HYECKOTD IHAOTEHHOTO PA3BHTHS TEKTOHHuE-
CKHX, MarMaTHYeCKHX H MeTACOMATHYECKHX NPOLECCOB, NPHBOAHBLIHX K Ha-
KOMJICHHIO ¥ NepepacnpeiesieHnio pPajHOaAKTHBHLIX 3JEMEHTOB, B TOM uHCae
ypaHa M flepeBojia €ro B «IOABHXHYIO» opMmy.

Bce npuponuble 3HA0TEHHBE SBNCHUA, NTPOKCXOAHBILKE B Npenenax onpe-
JeJIeHHBIX CTPYKTYP KPYMHbIX YPAHOHOCHLIX 6J10KOB KOHTHHEHTAJbHOH 3eMHOMH
KOpb! (peruoHanbHbld MeTamopduaMm, yakrpamMeraMopdHaM, rPaHHTOHIHBLE
MarMaTH3M, KpeMHHil-KaJHEeBbLIH METacoMaTo3 H MOCTMAarMaTH4ecKas THIpO-
TepMajbHafA, B TOM YHC/IE YpaHOHOCHAf, AATE/NbHOCThL), OPEACTaBJASIOT CO-
Go# pasnble, HO B3aHNMOCBA3aHHLIE K TNOCJAELOBaTeNbLHO pa3BHBAIOLIHECH
3BeHbsl (3TalNbl, CTAAHH) €IHHOr0 YHAC/EL0BAHHO NPOABJIEHHOrO ryGHHHOTO
npotecca. 3TOT NPoOLECe NPOTEKaJ AJATEAbHOE BPEMS MO BO3AeACTBHEM H NIpH
YY4aCTHH HHTEHCHBHbLIX MOAKOPOBLIX (MaHTHHHbLIX) ras’oBO-TEMJIOBLIX MMOTOKOB
{parouaos), COACPKAIIKX B CBOEM COCTABE B PA3HBIX COOTHOUICHHSX Npexac
BCEr0 MHOrHE JIETYYHe H MOJBHXKHble KOMIOHeHTHl (YIVIEKHCAOTY, FalloH/bl,
WeNoUH, KPeMHHA W Ap.), a TakKe HEKOTOpbie APYrHe 3aeMeHThl.

Apeanbl pa3sBUTHA KHMCJOr0 MarMarH3Ma, NPOSIBJIEHHOTO B OPOTEHHbIE
3TANbl PA3BUTHSA, KAK B HHTPY3HBHOM, TAK H BYJKaHU4eCKOH opMax, cBA3aHH
C NaJUHTeHe30M B NpeiefiaX rPAaHHTO-MeTaMOP(HIECKOTO CJI0s FeOaHTHKI/IN-
HabHbLIX GJIOKOB, B KOTOPBIX BO3HHKAJH BHYTPHKOPOBbIE MarMaTHYeCKHe oda-
TH, JaBiiue 3Tn ofpasoBanus. B psane ciayuaes OT HMX N0 30HAM CeKYUiMX
rAyGHHHBIX (CKBO3HBIX) PA3JloOMOB OTXOLMJIH CBoeoOpAa3Hble «anopu3bl» rpa-
HUTHON Marmet B cocefHue OJoKH, rie oy O0eCreUHBA/H JIOKANBHOR NPOSiB-
JIEHHE TIOCTMarMaTHYeCKOH AesATeIbHOCTH.

Pa3puTre MAHTHHRHOTO MarmaTuaMa (1uafaszos-6a3ansros, JaMnpodupos,
CHEHHTOB, (POHOIHTOB, KHMOEDPJIHTOB, KApGOHATHTOB H Ap.) B HHTPY3HBHOH,
BY/IKAHHUECKOH MMM NaHKOBOH opMaX H HPH3HAKH TPOAB/IEHHS BOCXOAAULMX
MOAKOPOBbIX (MaHTHHHBIX) (QJIOHL0B — Pa3HOBO3PACTHBIX MHHEPANbHBIX
accouxaluii KapOoOHATOB, 4 TAaKkKe HATPHS, KPeMHHS H Ap. — ObL10 ropasno
IWHpe B NPOCTPAHCTBE K 110 NPOAOJKHTENLHOCTH BO BPEMEHH, YEM MPOSBIAEHHSA
BHYTPHKOPOBOrO rPAHHTOHIHOrQ MarmatHama ¢ ero MHHepanusauueii. Ilpo-
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fIBJeHHe MaHTHHHBIX (JIIOHA0B € Pa3HOH HHTEHCHBHOCTBIO H NMPH Pa3HoM
TEMMepATYPHOM pexHMe [pPellecTBoBano pyloo6pa3oBaHHIio, a Takke
IIpOHCXOﬂ.H.ﬂO ()Il!IOBpEMEHI{O € 3THMH ﬂpOLlOCCﬂMPI H TMOCJIe HHX. C HHMH
BOJIHE MOrJ0 ObiTh CBAI3aHO 06pa3oBaHHe TH/APOTEPMAalibHbIX pPacTBOPOB.

B npouecce AAHTENBHOH 3BOTIOUHH MarMaTH3Ma Pa3HOro COCTaBa H MPoMC-
XOXKAeHHA, HO €JIHHOIO TeKTOHO-MAarMaTHUYeCcKoro UHkKJaa pESBHTHH B npenenax
YPaHOBOPY/HbLIX MPOBHHUHHA YCTAHABJHBAETCH BIOJHE ONpeeNeHHas 3aKOHO-
MEpPHOCTb B €r0 NPOSIBJEHHH KaK B MPOCTPAHCTBE (B TEKTOHHYECKHX CTPYKTY-
pax), Tak H Bo BpeMeHH (ro 3tanam). B cooTBeTCTBHH ¢ 3THM 0GHApYKHBAIOT-
CH paS.HH‘-IHbIe COOTHOLUEHHA H paaHb{e (pOprI CBH3H MarMaTtuiMda H ypﬂHOBOFO
OpYAeHEHHH.

B uesioM B nposB/ieHHH OCHOBHOTO (MOAKOPOBOr0) H KHCJOT0O (BHYTPHKOPO-
BOr0) MarmMaTH3Ma HameuaeTcsl o6llad TeH/JEHHA HepepoBaHHA MO 3ITanam
Pa3BHTHS H MPHYPOUYEHHOCTL K OTNIPe/IeNeHHBIM ITYOHHHBIM CTPYKTYpaM 3eMHO#H
KOPbI (TEKTOHHYECKHM BJIOKAM, 30HaM H Ap.). Pa3BHTHE OCHOBHOIO MarMaTH3-
Ma ropas/lo LHpe, NPOLO/KHTE/NbHEee H CBA3aHo ¢ OoJiee rnyOHHHBIMH (noj-
KOpPOBBIMH) oyaramu. Pa3BuTHe KHCJIOrO MarMaTH3Ma — OTHOCHTe bHO 6oJee
JIOKAJIbHO H MeHee MPOLOJAKHTENbHO H CBA3AHO C BYTPHKOPOBBLIMH OYaraMH
H CTPYKTYpaMH.

[TocaeoBaTenbHoe yepeloBaHHe H NMEpeKpbiTHE BO BPEMEHH W TPOCTpaH-
CTBE MPOSABAEHHH OCHOBHOMO MAarMaTH3Ma MO CPABHEHHIO ¢ KHCJBIM CBHIE-
TeJbCTBYET O TOM, YTO MOAKOPOBbIE MarMaTHYECKHE OuYarH eule MpoaoJzKast
CBOE pa3BHTHE, KOI'la KOPOBbIe Y)Ke MPeKpaTHIH, T. €. 3aKPHCTA/IH30BAJHCh
HAH HCCAKAH., POPMHPOBAHHE HEKOTOPBIX MECTOPOMKIAEHHH B NpPOCTPAHCTBE
H BO BPEMEHH COBMajfaer WM GJH3KO C MPOABJAEHHEM TMO3LHEr0 OCHOBHOTO
MarMaTH3Ma, ¢ KOTOPBIM, OJHAKO, OHH He OOGHapy*HBAIOT NapareHeTHYecKoil
cBA3H. B To xe Bpems cpean GoAbIIOTO H cA0XHOrO GOPMAUHOHHOIO psiaa
MOCTMAarMaTHYECKHX MeCTOPOMKLeHHH, 06pa3oBaHHbIX B pa3Hble CTaIHH pas-
BHTHH H HDOCTpaHCTBEHHO H BO BpeMEHH CBA3dHHBIX C KHCJbIM MAarMaTH3IMOM,
CYULEeCTBYIOT Pa3HOBO3PACTHLIE H PA3HOTHIHbLIE rpynnbl. Bee 310 cBuaeTe/b-
CTBYET O TOM, YTO MOIKOPOBbIE MATMATHYECKHE H METACOMAaTHYECKHe N1poLecchl
H BhLI3BABLIHE HX ra30BO-TEJIOBLIE MOTOKH NMPOMOJKAJHCH FOpa3fo A0Jblue
BHYTPHKOPOBOTO MarmMaTH3Ma KHCJOMO COCTaBa.

Kak BhiTekaer W3 anaqu3a marepuanos, GOpPMbl CBA3H YypPAHOBOrO Opy-
[AeHeHHA C MArMaTHIMOM Aaxe A OGJM3KHX MPOCTPAHCTBEHHO-BPEMEHHBIX
accouHalli MoryT ObITh padHble, 1aJeKo He BCEeraa FeHeTHYeCKHe HJH Napa-
redeTHyeckue, [lposiBrenns KopoBoro marmaTHIMa M OCTMArMaTHYECKHX
NPOILECCOB HAXOAATCH B 3ABUCHMOCTH OT PA3BHTHA I1I0LKOPOBOrO0 MarMaTH3iMa,
OTCIO/la MPOHCXOHT HX Yepe/l0BAHHE, OJHOBPEMEHHOE HJIH Moc/eayiollee pas-
suTHe. [locTMarmaThueckas ruaporepmalnbHas AeSTENbHOCTL (1l0cae Nposis-
JIeHHUs KHCJOTO MarMaTH3Ma) HaXOAHTCHA 110/ BJAHAHHEM BO31eHCTBHA MOJ-
KOPOBbIX MarMaTHYeCKHX 04d4roB H HX BblAeJIABIUHXCSH CIJJ'HOHIIOB.

Bueapenne naek «nopduputos» (auab6azos, 1aMnpodUpoB W Ap.) peruo-
HAJIbHOTO PACNpPOCTPAHEHHA HJH HHOr/1a H3JMAHHA Ga3ajJbTOMI0OB Xapakrte-
pH3ylT COO0H HOBBLIH M BecbMd Ba)KHbIH 3Tall PA3BHTHA MarMaTH4YecKHX
NPOLECCOB B KPYNHBIX TAYOWHHBIX CTPYKTYpax 3eMHOH KOpbl M BepxHeil
ManutuH. C 01HOH cTOpOHBI, OHW OTOGpa’)KAlOT 3aBeplieHHe (3acTHiBAHHE,
KpHCTaJlJ'IH?laU.PHO) BHyTpHKOPOBHX FpaHHTOHﬂl{bIX MArMdTHYeCKHX 04aros,
a ¢ Apyrod — B0306GHOBAEHHE WM MPOLOJIKEHHE AKTHBH3AUHH NOAKOPOBbIX
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o4aroB OCHOBHOrO COCTaBd, COMNpPOBOXKAaBWeEeCsd HHTCHCHBHLIM BblACJEHHEM
MAHTHHHBIX (pronnos. Kak npasu/io, 60/bIIMHCTBO MArMATHUECKHX KOMIIEK-
COB Pa3HbIX THMOB OCHOBHOIO COCTABd COMNPOBOMKA4eTCH PA3/IHYHBIMH Kap-
GoHnaTHbIMH accouwnannsmd. Kax nokasaam uccieposanus B. B. Haymosa
u B. K. Kosaneuxko (1985 r.), MarmMbi OCHOBHOTO H KHCAOTO COCTABA Cy-
IECTBEHHO Pa3aHudloTea Mexay cofofl N0 COCTABY [VIABHBbIX JETYUHX KOM-
MoHeHTOB. [l1A OCHOBHBIX MarMaTHYeCKHX pacllaBOB BecbMa XapaKkTepHo
HaJH4yHe O0JBITHX KOJHYEeCTR YIJIEKHCAOTHL H TIOUTH MOJHOE OTCYTCTBHE BO/bI,
B ra3oBOM COCTaBe KHC/AbIX MarM, Haofopot, npeofiajaer BOAd H OUY€Hb
Majo YrJIeKHCJ0ThI. ' '

Kak u3BecTHO, B ypaHOBOpPYAHOM THAPOTEPMAJbLHOM Mpollecce Hapsay
C APYrHMH KOMIIOHEHTAMH [10ABJSETCA OFPOMHOE KOJHYECTBO Kapﬁoua'roa.
hawopuTta (T. €. YrACKMCAOTH, Tajonaos W Ap.), NOCTYNABUWKAX NO TPOHH-
IlAeMbIM 30HaM [JYOHHHLIX PasloMOB CKOpPEe BCEro W3 NOAKOPOBLIX 000-
Jno4ek — aHG0 B pe3y/bTate BO30OOHOB/EHHHA HJIH AKTHBH3aUHH [era3aunu
MaHTHH (6osee NOKaJbHO Ha 3aTyxaloulem ociabaeHnom (oHE jerasaiu),
AH60 B pe3y/ibTaTe OTAEIEHHS H3 OCTbIBAIOLIHX KPHCTAMIH3VIOILHXCA MarMa-
THYECKHX O4daroB OCHOBHOIO cocTana, oboraleHHbIX yI‘J]EKHCIIOTOﬁ H [TOPOAHB-
UIHX Ha MOCJEAHHX CTAAHAX HX 3BOMOUHH 3D (DY3HBL HIH AdiKH (6a3aabThi-
nuabasbl, namMnpodupsl).

JLns peanusauuu HCTOUHHKA MeTaNa AaibHed MOOHIH3alHH H3 3aCThiB-
WIHX YPAHOHOCHBIX MarMaTHYecKHX o4aroB ¢ 60JbLWIOH 107efl «N01BHMKHOH»
ero Gopmbl 006513aTeIbHO HEOGXOHMO JIONONHHTENbHOE MOCTYIIEHHE TaKHX
BOCXOAALLHX NOAKOPOBBIX (UIIOHA0B H3BHE (CHH3Y) — B pesyJ/bTaTe Jerasa-
IIHH M3HTHH HJIH OTAEJIEHHA JeTYYHX KOMIOHEHTOB H3 MOAKOPOBBLIX MarMaTH-
YeCKHX 04aros.

Pasmelenne ruapotepManbHblX ypaHOBBIX MECTOPOXKICHHE B npenenax
TAKHX MPOBHHUHHA B Pa3HbIX TEKTOHHUYECKHX 6JOKaX H B TO K€ BpeMsi coxpa-
HEHHE OCHOBHbIX MHHEDAJbHLIX ACCOUMAUWHH, NpUHAAAeKAUIMX K TeMm me
PYAHbIM q)OpMZILlHHM, HE3aBHCHMO OT JJOKAJIH3dIUHH B PA3/JHUYHBIX BMELLAIOLILIHX
nopoaax M CTPYKTYpPax, CBHAeTeabCTBYIOT 00 OAHOTHIHOM HJIH OGJH3KOM,
rAy6GHHHOM (3HJOFeHHOM), HCTOYHMKe MeTaana. Bo Besikom cayuae, ans
HHX MOMKHO npeanonarath o6u(HA (GpUALTPALHOHHBIH MEXaHW3M H3BJEUEHHS
ypaHa, HO, BO3MOKHO, H3 pasauuHoro cyberpara.

Ha TeppHTOpHH pyaHBIX NPOBHHIHHA NPOCTPAHCTBEHHOE pa3MeLleHHe pyi-
HBIX CKONJEHHH W MeTacoMaTHuecKHX 00pa30BAHHH, OCOGEHHOCTH Da3BUTHA
KOMIJIEKCOB MarMaTHYeCKHX OO B npeaenax paziuudblx paiouos (TekTo-
HHYECKHX OJIOKOB), 30H M Y3J10B, B KOTOPBIX MAJIHTENLHO W YHAac/e10BaHHO
NPOSIBHIHCH [1yOHHHBIE TEKTOHO-MarMaTHYeCKHe H MeTacoMaruyeckue Mnpo-
lecchbl, CBH/ETEJABCTBYIOT O TOM, YTO BCe Mpe/IIeCTBYIOLLee NOCTMArMaTHYe-
ckoe opyaenenne W, Sn, Mo, Au, Pb-Zn-Ag, Sb, F u apyrux mMectopoxiexni
06pa30Banoch H3 OLAHHMABIIHXCH CHU3Y MOTOKOB (QJII0OHL0B. Y paHOBbLIE MECTO-
poxKaeHHs, 00pa3oBaHHble, KaK [PABHJ0, MOCAE 3THX PYIAHbIX hopMaLHi,
He COCTaB/AIOT HCKIIOUEHHUS, Be3/Ie YCTAHABIWBAETCS, YTO B UX (POPMHPOBAHHH
npeo6aanain BOCXOAALLHE MOTOKH.

JlBHKeHHEe PYNOHOCHBIX PACTBOPOB B Pa3jHUHBIE 3Tansl GOPMHPOBaHHA
ypaHOBle M(‘CTOpOH(}].EHHﬁ, 34J€rdalolHX B 3K30KOHTAKTaX HHTPY3HBOB H Ha-
Xoasimuecs B KPYIMHBIX TEKTOHHUYECKHX Y3JdX B LEJOM, 6110 OPHEHTHPOBAaHO
CHH]_\" BBEPX B BEPTHKAJbHOM HJIH OJH3IKOM K HEeMY HanpaBJ€HHH H TMPOHC-
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XOJAHJ0 NPeHMYLLeCTBEHHO MO CHCTEME naubonee NMPHOTKPBIThIX I]UI!Q[)E"-IHIJIX
(IIO OTHOWEHHI0 K OCHOBHBLIM CKJAAAYATO-PA3PLIBHLIM JHCJAOKAILHAM H HHTPY-
3HBAM rpaﬂumnﬂoa) pa3pbliBOB. ﬂH[LIb B MPHMOBEPXHOCTHBIX YACTHAX MECTO-
p(_))KI_[E‘HHﬁ, B 3@aBHCHMOCTH OT YC.HOBHI':[ 3aJerdHHA BMELLAILIHX Mopojd H HX
o611ell CTPYKTYPbI, MOTOKH HMEJH BO3MOKHOCTh JIOKAJIBHO pacTekartbed B cyl-
FOPpH30HTAABHOM HANpdBJECHHH. B cBf3n ¢ Takum HalpasjaeHHEM [ABHKEHHHA
PACTBOPOB OHH MOT/IH 33aHMCTBOBATb YpaH TOALKO MO XOAYy WHPKYJIAILHH
H3 MOACTHAAIOIIMX Ha ray6ruHe nopold. [1pH TakHX rMAPOAHHAMHYECKHX YCJa0-
BHAX B3aHMOJEHCTBHE PACTBOPOB C BMEILAOUIHMH MOPOLAMH (HanpuMmep,
YIJA€POLHCTHIMH CJIaHIAMH ), HMEIOLLNMH XOTS H BLICOKHE COMEpKaHHA ypaHa,
HO CpaBHHTEJ’leO HEGOJ]IJ[JJ)'IO MOULHOCTb H U[‘paHH‘IEHHyIO pacnp()CTpaHeH—
HOCTb Ha rJyGHHY, NPOCTPAHCTBEHHO ObLIO KpaiiHe orpanudedo. K tomy Ke
PE3KO reTeporeHHoe CTPOeHHe TAKHX TOAUL H (aunaibHasd H3MEHUHBOCTb HX
JIUTOJIOTHYECKOT0 COCTaBd, a4 TAKAKe HHTEHCHBHAA H CA0KHAA HX JIHCJOUHPO-
BAHHOCTbL Be€CbMa 3aTPYAHHAKOT NOJYYEHHE NPEACTABHTE/bHbIX JaHHBIX ¢)OH()-
BLIX COLEPXKaHHi ypaHa aas nopon no paiony. [TosTomy nocToBepHO CyauTh
O HAJIHYHH 30H «BbIHOCA» ypaua B 3THX [IO[)O..’IE]X He ﬂpeﬂ.CTﬂB.ﬂﬂeTCﬂ BO3-
MOMHBIM.

Bocxoasiutne ruaporepmanbHbie pacTBOPLl HMEIH ropasno 604bIYI0 BO3-
MOXKHOCTb (I'IO CpaBHEHHIO ¢ BMELLAWUIHMH VIJIePOAHCTLIMH C.HaHllaMH)
B3aHMO/EHCTBOBATD C 3a/1€eralolllHMHK 110/l BCEMH MECTOPOMKIEHHSAMH TPaHHTA -
MH, KOTOPbI€ HMEIOT OTPOMHbIe 00 BEMbl, XaPAKTePH3YIOTCS NIOBbILUEHHBIMH KOH-
LeHTPALHAMH ypaHa H BbICOKOH poJied ero «noasHxHof» dopmbl. [Tostomy
3Ha4YeHHe TpaHHTOHﬂ.OB. KaK HauboJiee Bepomuoro HCTOYHHKA YpdHa Ha r.ay-
6uHe, BO MHOrO pas Gosbile (10 CPABHEHHKO C APYIHMH MOPOLAMH.

AHanH3 reojoro-CTPYKTYPHBIX VCJAOBHH (DOPMHPOBAHHA H JOKaJH3allHH
YPaHOBOrO OPY/AEHEHHs Ha MECTOPOXKACHHAX B MpeAeaX PYJIHbIX NPOBHHILKHE
JlaeT OCHOBAHHE CYHTAThb, YTO JHHAMHKA VPA@HOHOCHbBIX THAPOTEPMAJbHBIX pd-
CTBOPOB B HX MIpe/le/laX HMeNa B LLeJOM BOCXOASLULHA XapaKkTep. ITO NOKA3AHO,
Hanpumep, AR KHIbHBIX Mectopoxaenuit b. [1. Baacosbim v apyrumu [19].
[Tpeobuanaoninit BOCXOAAILHA BEKTOP ABHXEHHA B IEJOM MOATBEPIKILACTCH
pesyabTaTamu TepmobapoMmerTpuueckux uccnenoBawui . B, Haymosa n
B. B. Haymosa [77, 80]. IToToKH ruapotepMaJjibHbiX PACTBOPOB, [10-BHAHMO-
My, MOJAHHMAJHCh CHH3Y Bﬂepx 1o 30HaMm TpEIllHHOBaTOCTH nopoua B npeﬂe:la,\‘
KPYMHBIX TEKTOHHUECKHX Y3J0B, 06pa30BaHHLIX NepeceueHnem 30H NPOLoTL-
HBIX MeXKO/JOKOBLIX H TONEPEeYHbLIX TPAHCOMOKOBLIX TVIYOHHHBIX pa3/ioMoB.
Takue yqacTKH COBNMANAIOT ¢ 30HAMH Pa3yMIOTHEHHS MOPOA, YCTAHOBJIEHHbIX
no I‘eOCI)H:SH‘-[E‘CKP{M AdHHbIM. HaumeHblied MJIOTHOCTBIO H CPABHHTEJIBHO
HanboJbIIeR NPOHHLAEMOCTBIO 34ech 06Jadald HHTPY3UBBI TPAHHTOHLOB,
pacnpocTpaHsAlilHecH Ha 6oabiuyo ray6uny. Oco0eHHO NpOHHLAeMBIMH 115
pacTBOPOB OBIAH HX 3HIO- H IKIOKOHTAKTOBBIE 30HBI, B Mpelenax KOTOPhIX
pe3Ko Bo3pacTaga TPellHHOBATOCTD.

YpaHoHOCHBIE TPAaHHTOMAbLL, 3alleraloulye Ha rAyOHHE 101 YPaHOBLIMH
MECTOPOKACHHAMH PYAHbIX T€OAHTHK/JIHHAAbHLIX OJIOKOB, CAArdlT KpYMNHbLIC
NJYTOHBl H 06/1a1a10T OTHOCHTEIbHO GoJ1ee BbICOKOH, YeM BMELLAUIHe MeTd-
MOp(HUECKHE TOALLH, NPOHHILaeMOoCTh0. OHH BMOJIHE MOIIH CJAYKHTBL 10007
HHTEJbHBIM HCTOUHHKOM YPaHa MPH MPOHHKHOBEHHH CKBO3b HHX BOCXOMISAILHX
NOTOKOB q"ﬂlOHIlOB. Oﬂ.HHKO Ha/H4He TAKHX TPaHHTOHA0B, BHIAHMO, 6bLTO
ele Helo0CTATOUHBIM 4.4 Oﬁpil'i()HHl[HH VPAHOHOCHBIX pacTBOPOB H COOTBCT
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CTBEHHO MECTOPOMKACHHH. | paHUTBLl pacnpocTpadeHbl Ha rayouHe Ooabliich
YacTH OJOKOB, B IIPEACAAX KOTOPLIX WHPOKO MPOABHIHCH Pa3idubbie, B TOM
YHCAE PAHHHE (OypaHOBLIe), nocTMarMaTHueckHe npolleccsl. OaHaKo ypaHo-
BbiC MCCTOPOMXIeHHs, chopMupoBatitble B G0Jee MO3AHHE CTALHH, PACHpo-
CTPaHEHbl BECbMA JOKAJbHO TOBKO B OMNPELCJCHHBIX TCKTOHHUYECKHX y3aax.
Cule10BATeNBHO, HCTOUHHKOM ypaHa MOIIH ObiTh HE TOJNBKO HHTPY3HBbI FPaHH-
TOH/I0B, PA3BUTLIC Ha TYGHHE 1101 MECTOPOKACHHAMHK, K TOMY Ke OTUeTAHBbLIX
CJIE/LOB «BLIHOCA» YPAHA H3 FPAHUTOB B MOULHLIX 30HAX (T. €. IHHPOKHX H YXO-
ASLULHX HA TAYGHHY 30H CO CHHKEHHBIMH HAH KOHTPACTHO AHGOePeHUHPOBaN-
HbIMH (JOHOBBLIMH KOHILEHTPAILHAMH YPaHa [IPH CPABHHTEJIBHO MOCTOSIHHBIX CO-
AePKAHHAX TOPHA) MO MECTOPOAKACHHAMH HJIH BOKPYT HHX [14/1€KO HE BCer/1a
yaaetTcs ycTanoBuTb. MMEIOTCH (MWL OTACALHBIC VYACTKH Mepepacnpeie-
JIEHHS YpaHa, a TAKKe HamedaeTcs o6ULan TeHICHILHA CHHACHHSA COepKaHui
ero B sHaokoHTakrax. K coxmanenuio, paainoreoxHMH4eCcKan XapakTepHCeTHKE
rAyGOKHX 4acTell HHTPY3IHROB FPAHHTOB OOLIYHO BEChbMd OIPAHHYEHA H HME-
IOIIHECH JlaHHble 1aJeK0 He BCerjla MpeicTaBHTe ThbHbL.

3HauyHTe bHblE O MaclITa6aM 30HbI IEPePACPe1e]eHHA H YACTHUHOTO Bbl -
HOoca «(OHOBOTO» YPAHA H3 PAHHTOHILOB, VILTPAMETAMOPPHUECKHX H MeTd-
coMaTHueckHXx o0paszosanuil Gpyriamenta yeranosaens M. C. Monnukosbim
M oap. [75] B peayabrare ACTaabHLIX FEOJOTHHECKHX, NeTporpaduueckHx
H PalHOTCOXHMHYECKHX HCCIEN0BAHHI HA ONHOM H3 MECTOPOKACHHH MOIHO-
JeH-YPaHOBOH (hOPMALIHH, JIOKAJH30BAHHOM CPEAH BYJIKAHOT€HHbIX TOJLL
PYIHOH NPOBHHUHK NO31HEME3030ACKOI0 3aJ0KeHHSA.

[To aaHHbIM 3TOro aBTopa, B Hauboaee paHHHe L0OPOTeHHbIe 3Tarnbl pas-
BHTHA (B KOHILC NO3HEro NpoTepo3nd, B PaHHEM H MO3IHEM [14/]1€030e) —
34070 /10 NPOABJICHHA NO3THEMEI03I0HCKOTO BYJIKAHH3IMA, B IPeetaX 3TOro
6J0Ka KOHTHHEHTAAbLHOH 3€MHOH KOPbl MHTEHCHBHO NPOABHJIHCL Pa3JHuHbIEe
PYAONOATOTOBHTEAbHBIE Mpoueccbl. Cpean HHX — PAHHAR TPAHHTH3AIHA,
CBSI3aHHAs C KYNOJBHBIM VJBTPAMETAMOP(PHIMOM, HHTPYIHBHLIA FPAHHTOHIL-
HblH MAarMaTtHiM M MOULHBIA KPeMHHIA-KAJHeBbIi MeTacoMaTo3, KaKAblH H3
KOTOPbIX CONPOBOKAANCH MPHBHOCOM H HAKONAEHHEM DaJHOaKTHBHbIX 3/1€MeH-
TOoB. HekoTopble H3 NPOAYKTOB 3THX MPOLECCOB XAPAKTEPHIYIOTCH BbICOKHMH
(10 20—35-10 '%) cosepmanusimu ypana u Goaswei poaeit (10 50—609%)
«NOABHKHOH» dopmbl ero. [IpH 3TOM YPAHOHOCHbBIE aKILECCOPHBIE MHHEpabl,
NpeacTaB/AeHHbIC TOHKOH BKPAIJICHHOCTLIO YPAHHHHTA W JIP., COCPENOTOHEHbI
TNPEHMYILECTBEHHO B OHOTHTC.

HenocpeactBeHHo B AOPYAHBIH M PYAHBIH (OpPOre€HHBIA) 3Tall WHPOKO
H HHTEHCHBHO MPOABHJIACH MHOTOCTAHHHAS NOCTMArMATHUYECKAH THIApOTEp-
MaJjibHas 1esTeJbHOCTb, [IPHYEM BOCXOISILHE MOTOKH (DJIIOHI0B KaK KHCAOT-
HbIX, TAK M LIEJOUHBIX CBOHCTB OTJHUAJHCH BEChbMa arpeccHBHbLIM Xapakre-
PoM, GbliH criocoOHBbl BLIILEAAUHBATL METalJ H3 MOPOL H NEPEHOCHThL €ero
Ha 3HAUHTELHLIC PACCTOAHUA BBEPX No BoccTanuio. B noponax dynaamenta
31ech YCTAHOBAEHB MHOTHE TIPH3HAKH MPOSABIEHHR 3THX npoueccos. Ha ray6u-
HE N0 MeCTOPOKIeHHEM B TPAHHTOH1AX BhISIBJICHD! WHPOKHE H IIPOTHKEHHbIE
30HbLI, pacnpocTpaHAWLLHecs Ha GOAbIIYIO IIYOHHY, KOTOPLIE XapaKkTepH3yIoT-
CA KOHTpAacTHO AHGHEPEHUHPOBAHHBLIM COACPKAHHEM MCTaANa, a Y4aCTKaMH
(06Liyno BoponkooGpainoil hopMbl) yeTaHOBAEH 3HAUHTENbHBI (10 15—
20%) BuiHOC €rO H3 3THX NOPOA. B HEKOTOPBIX MeCTaX Coldepmanust ypaHa
Nagawor no 1-10 Y% u game no n-10 Y%,
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B 30Hax BblHOCA CPelH TPAHHTOHIOB HaOJI01AeTCH BbILLENaYHBAHHE jiy
OGHOTHTA He TOJILKO YPAaHHHHTA H APYTHX aKILeCCOPHbIX MHHEPA0B, HO H OTU4-
CTH Nopooo6pa3yioUIHX KBApla H allOMOCHJIHKATOB, NpHUYEM 3TOT Mpolece
CONPOBOXK1a€TCs 06pa30BaAHHEM KABEPHO3HOCTH, 3aN0JHEHHEM MEJKHX MYCTOT
HJH 3aMellleHHeM MHHepasoB FHAPOCIIOA0H, d TAKKe KaJbLUHTOM, KBapliem,
dmooputom H aAp. O6GLIMHO TakHMe yyacTKH oGpam/eHbl LWHPOKHMH 30HAaMy
¢ pe3ko AHM(epeHIHPOBAHHBIMH COAEPKAHHAMH YpaHa.

Borarble pyabl N0A0GHBIX MECTOPOAKAEHHH CONEPKAT HEPELKO NpPHBHEC e -
Hblit pannorenublii csuHell. [To nawueim O. B. Auapeesoit u B. A. Touo-
BHHa (1968 r.), pyaHble Tena, Kak NpaBHJIO, CONPOBOKAAIOTCA Opeonamu
THAPOCIOAH3AILHH H HEPEJIKO OKOJIONPOKHIKOBOH anbOutH3aumeii. Ha rayon-
He, MOJ MECTOPOKIEHHEM TakKKe OTMevaeTcs aibOMTH3AUHA NMOPOL, KOTOpas
1aJleKo He BCerja HeceT ypaHOBOE OpyIeHeHHe.

KoHeuHo, TONbKO 3THMH JaHHLIMH Helb3f OOGBACHHTL MPOHCXOMKICHHe
BBICOKOH YPaHOHOCHOCTH THAPOTEpPMaJ/bHBIX pPacTBOPOB, ChHOPMHPOBaBIIHX
KOHTPaCTHble pyIHble Teqaa MpOMbILJIEHHBIX YPAaHOBEIX MecTopomaeHuid. Ou-
HAKO JOMO/JHHTE/NbHbIM H HEPelKO ]ajKe BeCbMa 3HAYWTEJbHbIM HCTOUHHKOM
ypaHa dHALTPALHOHHOrO (ray6HHHOrO) THIld NMOL00HbIe MOPOAbl yHAAMEH-
Ta BMOJHE MOIJIH CJAYKHTb.

B To ke BpeMsi XOpOlI0O H3BECTHO, UTO COMEpKaHHe YpaHa B HHTPY3HBHLIX
MaccHBaX FPAHHTOHIOB MPAKTHUECKH BCEr1a Bhillle, YeM BO BMEULAIOLLIHX 0Cd-
JLOYHBIX H METAMOP(PHUECKHX NOpoaax. YuuTbiBasa HX Oo/bluoit o6beM (MHO-
rue KyGHUeCcKHe KHJIOMeTpbl), HEKOTOpbIE HCCJeL0BATENH 1eaaloT BLIBOL, UTO
B TAKHX TPAHUTAX CONAEPKHTCA CTOJNBKO «KJdPKOBOro» ypaHa, 4To ero XBa-
THAO Obl A5 CO31aHHA JIOOOTO MECTOPOKICHHS Jae NpH Manoi a0Je Hi-
Baeuennst. OnHaKo cieayeT HMeTb B BHAY, YTO B OOBIKHOBEHHBIX TpaHHTAX
HaxoiHTcs BecbMa Mano (10—20%) «noaBukHoi GopmMbl» ypaHa, MOCKOIbLKY
COCPelOTOUeH OH B OCHOBHOM B TPYLHODPACTBOPHMbLIX AKLECCOPHBIX MHHEpa-
Jlax — UHPKOHEe, anaTHTe H Jp. JHUIb HHUTOKHAS YacTh €ro HaXOLHTCH B HH-
repcTHuMAX. Jlaxe npu BLIBETPHBAaHWH, Korda H3 0ObIKHOBEHHBIX [PaHH-
TOHA0B 06pasyeTcs ApecBa HWJAH TJMHHCTAs KOpa BbIBETPHBAHHSA, MO JlaH-
HoiM B. B. Bukroposa (1980 r.), He nHabawoaaercs BbliHOca ypaHa. JIHuWwb
B Y44CTKAX [POABJEHHS HAJOKEHHbIX MOCTMArMATHUECKHX NPOLECCOB (B Kd-
TaK/J1a3HPOBAHHbLIX, TPELIHHOBATLIX IPAHHTAX) 3HAYHTE/NbHAA YaCTb MeTaJla
NePeXOANT B «NOABHKHYIO (OPMY» H OH MOXKET MHIPHPOBATD.

B 3aBHCHMOCTH OT NETPONOrHYECKHX OCOBEHHOCTEH IPAHHTOH 0B, THNA K-
LLeCCOPHbIX MHHEPAJOB H XapaKTepa Hal0XKeHHLIX MOcTMarMaTHYeCKHX Mpo-
ueccos JI. M. Cumonosa (1988 r.) BbiuiensieT TpH rpynnsl.

[lepsas rpynna BKAWUAET MHTPY3HBHLIE MACCHBBI [PAHOAHOPHT-TPAHHT-
HOH (opMallMH, B KOTOPbIX BeAYUIHMH KOHLEHTPATOpPaMH YypaHa SABJSAKTCH
cheH H OPTHT, HEYCTOHUHBLIC MPH MPOABJEHHH UIHPOKO PA3BHTHIX MoOCTMAar-
MaTHUeCKHX fpoleccoB. B | kM® BLICOKOPaAHOAKTHBHBIX FPAHHTOB COMEPAKHT-
ca no 1,5—2 1 u Gonee ypaua. [loa BoaneficTBHeM BbICOKOTEMMEpaTyp-
HbIX [OCTMarMaTHYeCKHX IPOLECCOB, XapaKTepPH30BaBIIHXCA MOBLILLEHHOH
aKTHBHOCTBIO (pTOpPA, c(heH OGBIYHO 3aMelLaeT sl arperatoM HAbMEHHTA H (ilto-
OpHT4, a 3aTemM MNPH [PONHIHTHIAUHKH M OGepe3uTH3alHH — JeHKOKCeHOM,
HepeLKo YPaHOHOCHBIM. B 30He KaTaK/1a3a rpaHHTOB NMPOHCXOAHT HHTEHCHBHDIH
BBIHOC ypaHa.

Ko Bropoit rpynne othocsTes ¢n1abo 9pOAHPOBAHHBIE HHTPVIHBIHbIE MaC-
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CHBbl  BBICOKOYPAHOHOCHOH JIEHKOTPAHHTHOH  (DOPMALHH,  NOLBEPrHyTHIE
yaCTHUHOH NMOCTMArMaTHyeckod GHOTHTH3AIHH, HHTEHCHBHOH TpeH3eHH3alluu
¥ Gepe3UTH3IALHH. DHOTHTH3ALHA 3THX CNEUHAJH3HDOBAHHBIX FPAHHTOB CO-
NPOBOKIANACH AONOJIHHTEBHBIM [IDHBHOCOM YpDaHa W KOHLeHTpauWeR ero
B BHIE MCAbUaHUIMX BKIDUEHHH LLHPTONHTA, ypaHHHuKHTA, (hocdaToB peiKkose-
MCAbHBIX 3JemMeHToB W Ap. [loa Bo3eiicTBHEM NOCAEAVIOWHX NPOLECCOB KHC-
JIOTHOTO BbIlILE1aYHBAHHA IPOHCXONAH/I YACTHYHbIH BBIHOC ypaHa H3 STHX MHK-
poBKJalouenni. M3 | kM” BHELIHEH 30HBl TAKHX METACOMATHTOB N0 BHOTHIHPO-
BAHHBLIM TPAHHTAM B MHAPOTEPMAALHBIA PACTBOP MOIJIO 1EPEXOAHTL 10 6 ThiC. T.
ypaHa.

HaxkoHell, TpeToes, HauGoAbLIAR, TPYNNA BKAOUAET MACCHBbBI APYIHX THIOB
rPaHHTOMIOB, B KOTOPBIX OCHOBHAS 4acTb YPaHa HAXOMHTCH B TPYLHO-
PACTBOPHMbIX dKILECCOPHBIX MHHEPaAaX MArMaTHYECKOro MPOHCXOKIEHHA —
B LMPKOHE, anaTHTe, MOHauuTe H ap. Takue rpannTbl, 0COGEHHO NMpPH OTCYT-
CTBHH METAaCOMATHYECKHX H3MEHEeHHH, BPAL JIH MOMIH CAYKHTh HCTOYHHKOM
ypaHa B THAPOTEPMAJbBHBIX PACTBOpAX.

M3 H3/10KEHHOTO BHIAHO, YTO FPAHUTOH/LBI MOTYT CTYKHTb HCTOUHHKOM ypa-
Ha B 3dBHCHMOCTH OT QOpPMbI ero Haxoxnewus B nopoie. Ecau B rpanurax
MPHCYTCTBYIOT YPaHCOAepKallHe aKUeCCOPHbIE MHHEPAJbl (LHPKOH, alaTuT
M Ap.), TO MPH HAMOKEHHbIX MOUECCAX, KK MPABHJIO0, HC MPOHCXOHT BLIHOCA
ypaHa. Ecan B nopoae npucyTCTBYET YPAHHHHT WJH APYTHE JerKO pacTBoO-
pHMble HOPMBI MEPEOTNOKEHHOrO YpaHa, COCPelOTOYEHHOTO OObIYHO B HHTED-
CTHUHSIX NMOPO0/1006PA3YIOUIHX MHHEPANOB, TO NPH HANOMKEHHBIX Mpolleccax
MPOHCXOLHT €ro BLIHOC WJIW HOBOE fepepacnpeneienue. Boicokoe conepxa-
HHE «IIOJBHKHOH (hopMBI» MeTansa B rpaHuTax (10 50% u Goaee), kotopas
O6bIYHO (HKCHPYETCA HH3KHM TOPHH-YPAHOBLIM OTHOLUEHHEM, Kak MpaBH-
710, 06YCNOBJEHO «HAN0KEHHBIM» YPAHOM (3a CHET NIPHBHOCA HJIH Nepepachpe-
nenenusi). Takue nopodbl, 06LIYHO H3MEHEHHbIE, OUEBHIHO, MOTJIH ObITb (hHIb-
TPALLHOHHBLIM HCTOUHHKOM YypaHa B THAPOTEPMa/bHLIX PACTBOPAX.

3aKOHOMEPHOCTH MPOCTPAHCTBCHHOTO PA3MELICHHSA YPAHOBOrO OpY A€ HEHHS
B npejenax pyaHbIX NPOBHHUHHA, MPHYPOUEHHOCTb M@BHBIX THAPOTEPMAbHbIX
YPAHOBLIX MECTOPOKAEHHH Pa3HbiX THIOB K ONPELEJCHHBIM PYA0OHOCHBIM
CTPYKTYpaM (TeKTOHHYeCKHM OJ0KdMm pasublX maciitabos W 3tanos ¢op-
MHPOBAHHA — FCOdHTHKJIHHAIbHBIM H HHBEPCHOHHLIM MOJHATHAM, OPOreHHbIM
CBOJOBLIM COOPYKEHHAM M T. M.), NPOCTPAHCTBEHHAS CBA3b MHOTHX H3 HHX
€ MarMaTH3MOM (rpaHHTOH/HBIM, BYJKAHHYECKHM) H JIOKaAJIM3alUHA B 30HAX
AOJTOMHBYILHX PA3/10MOB, d TakKe BpeMs (OPMHPOBAHHA (NPHHALIEKHOCTD
K onpefeqeHHbIM MeTAIJ0reHHYECKHM 3M10XaM) O/1HO3HAYHO CBH/IETENbCTBYIOT
006 3HIOMEHHOM KOPOBOM HCTOUHMKE ypaHa M [JYOHHHOM [POHCXOMKIEHHH
YPaHOHOCHBLIX PacTBOPOB.

MpU3HAKK BO3PACTHOrO OTPHIBA THAPOTEPMAJIBHOIOQ
YPaHOBOro OpyJeHeHHsi OT MarmaTtHama

YpaHoBble MECTOPOMKIECHHA KHIBHOIO H LITOKBEPKOBOrO THMOB, WHPOKO
PasBuTbie B peie/iax Cpe/HHHbIX MACCHBOB MaJe030HCKHX FeOCHHKIHHAbHbIX
cHeTem Cpein3eMHOMOPCKOro cKaanuaTtoro noaca EBponbl, TecHo accounupy-
0T ¢ MHTPY3UBAMH OPOTEHHbLIX TPAHHTOHIOB TFEPUHHCKOr0 TEKTOHOMATMATH-
ueckoro uukna (cMm. puc. 1, 4, 5). Haubosee BeposiTHbIM 118 HHX CUHTAeTCH
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MarMaTHuecKHil HCTOUHHK M NPOHCXOKACHHE PYLOHOCHBIX PACTBOPOB Npejpg.
J1araeTcsd H3 «0CTATOYHbIX» paCﬂJlaBOB 3aCTBIBIIHX FPAHHTOHAHBIX M'dI‘MaTH_
UECKWX OUAroB, OGOTAIMECHHBIX MHOTMMH, B TOM YHC/AE YPAHOHOCHBIMK, k.
[1eCCOPHbIMH MHHEpAJAMH H JeTYYHMH KOMIIOHEHTAMH. KaK yKe UTM(:“{H.’lf)Ch‘
3TH MECTOPOXK/eHHsI OGHAPYKHBAIOT OTHETIHBYIO POCTPAHCTBEHHYIO H CTpyk.
TYPHYIO CBSI3b H TFeOXHMHUECKO€ DPOJACTBO € MNOAOGHLIMH TFPAHHTOMawmy.
Oanako paspbiB B BO3PACTHBIX COOTHOLIEHHAX NMO3LHHX NPOABIEHHI Kiciorg
MarmaTHiMa H YPaHOBOro OPYAEHEHHs, CYAS MO reoNIOrHUeCKHM JAaHHBIM | of-
peneseHHAiM aGCoIOTHOTO BO3PAcTa, BAPbHPYET B PA3HbIX PYIHLIX NPOBHH-
UHAX H pafioHax B WHPOKKX npeienax ot 0—10 man aet 10 50--70 man qer,

B nposuuuHsix @patko-YHeuickoro cpeiHHHOrO MaccHBa HapPsLY € BpeMen-
HOH GJAM30CTBIO MEXKIAY MPOABJEHHAMH MO3JAHHX [POLECCOB TPAHHTOHAHOTO
MarmaTHamMa W YypanoBoro pyaoo0pas’oBanusi B OAHWX PYAHBIX paitonax
(recaHTHK/IKWHAALHBIX GJ10KAaX) YCTAHABJMBAETCA HEe3HAUMTeNbHLIH pasphip
BO BPEMEHH, B APYIHX — 3TOT pa3pbis cyllecTBeHHo ypeanuuBaetcs. Ocobenio
3HAYMTENbHBIA Pa3pbiB HAG/1I0AA@TCH NMPH HAaJHUHH HA HEKOTOPBLIX MECTOPOK-
JAEHHAX MOJHXPOHHOIO YPA4HOBOTO OPYAEHEHHSI DpAa3HbIX MeTaJloreHne-
CKHX 3M0X.

[epuUHHCKHH TPAHHTOHAHBLIA HHTPY3HBHBIH H KHCJAbIH 3(y3HBHBLIE mar-
MaTH3M, npeiactasiennbliii B npenenax ®panko-YHeuickoro cpeanntoro mac-
CHBaA TPeMA Pa3HOBO3PACTHBLIMH HHTPY3HBHBLIMH H BYJKAHO-NJYTOHHUECKHMH
KOMIJIEKCAMH, Pa3BHBAJCH 01 BO3/€HCTBHEM HHTEHCHBHBIX TYOHHHbIX ra-
30BO-TEMJNOBLIX MOTOKOB AauTenbHo (60—80 man neT) W obHapyxuBasn
30HAJbHYIO JATepaslbHYI0 MHIPALHIO BO BPEMEHH H NpPOCTPAHCTBE OT sep
MaccHBa 1o 6J0KaM K ero nepudepud. 3aBepiiancs MarMaTHiM B pasHbix
PYAHBIX palOHaXx faneko He oaHoBpemeduo. [IpH 3TOM CleayeT YYHTHIBATE,
YTO MArMaTHYECKHH oYar He 6biJl elHHbIM, d rjaBHble — HauboJee KpyrnHbie
M3 HHX — ObLJIH COCPEOTOYEHbl B «IPAHHTO-METAMOP(HHUECKOM» CJI0€ NpeH-
MYLLECTBEHHO B Mpeae/ax re0aHTHKAWHANBLHBIX MOAHATHH (6J10KOB) M pas-
BHBAJHCh TaKXe He OJJHOBPeMEeHHO. B LleHTpanbHbIX silepHbIX 610KaX Cpeint-
HOMO MacCHBA TPaHHTOHIHBLIA MarMaTH3M 3aBeplUH/CA B Mo3jHeM KapGowe
(340—320 maH aet), B npomekyTounbix 6aokax (340—280 mau net), B kpae-
BbiX 6J0KAaX KOHTHHEHTAIbHbIA HA3eMHBIA BYJKaHH3M NPOOJMKACH 10 KOHIL
paunei nepmu (270—260 man ser). Haubosee oTueT/HBO 30HAJbHOE pPa3-
BHTHE OPOreHHOro MarMaTHama ycTaHasaHBaetca B Yewckom maccuse. Takas
e 30HaNbHOCTh Hamewaercs B LlewTpanbio-@Ppanuy3ckom W APYTHX mac-
CHBAXx.

JIAsi MHOTHX pyAHbIX NPOBHHUMH XapakTepHO MOJHXPOHHOE YpaHoBOe
OpyaeHeHHe, OJHAKO [JaBHBIM fBJSETCHA [(103/1Henaneo3ofickoe (repuut-
ckoe) [87].

Kak ye oTMeuanocb, repUHHCKHe (r/1aBHble) THAPOTEPMAalbHbIC MeCTO-
POKAEHHS ypaHa, Pa3BHThIE B PAa3HbLIX PYAHBIX MTOBHHUKAX H paitonax Ppanko-
Yewekoro cpelHHHOrO MAaccHBA H APYIrHX MaccHBOB NaJjle030HCKHX CKaaava-
Toix 06aacteil EBponbl, J0KanH3yIOTCS Kak B 9KIOKOHTAKTOBLIX 30HAX runa-
6GHCccaNbHbiX HHTPY3HBOB PA3HOBO3PACTHLIX FePUHHCKHX FPAHHTOB, TAK H Cpe-
[IH CAMHX CPaHHUTOUOB B UX 3HA0KOHTAKTAX. [IpH 3TOM YacTh MeCTOPOK ACHKA
3ajeraet B HauGosee NO3JAHMX, a HeKoTopule B Gojee paHHHX TPAHHTAX,
MOABEPTrHYTHIX 3PO3HH €Ule 10 NPOABJACHHSA YPAHOBOPYAHLIX MPOUECCOR ([‘H.’Ib-
Kd 3THX FPAHUTOB H HX KOHTAKTOBBLIX POFOBHKOB COIEPAHTCA B KOHIJIOMEpaTax
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HKHeH nmepmu). CyuiecTBYIOT TaK»Ke THAPOTepMalbHBIE YPaHOBLIE MECTO-
pOXKIeHHsl, He o6HapyKHBAIOIIHe BHAMMOH CBsi3H ¢ rpaHuTouaamu. Cyas no
apea/jaM Pa3sBHTHA rPAHHTOB H KHCbIX 3 (y3uBOB, Marmoo6pa3oBaHHe B Mpe-
Jle1ax «TPAHHTO-MeTaMop(dHUECKOro» cjios 3eMHOH KOpbl 6bIJIO He CIIOLIHbIM,
T. €. He B e/[HHOM MarMaTHYeCKOM oyare noj Bced pyaHOH NpoBHHIIHEH, @ Npo-
HCXOAHJO B OT[EJbHBIX oyarax (TeKTOHHYecKHX G6sokax). OpHako Bce 3TH
MECTOPOXKAEHHS, HeCMOTPA Ha Pa3jIHYHBIEe YCJIOBHA 3a/leraHHs, OTHOCATCH
K eIHHOH ypaHOBOpYAHOH (POpMalHH H Be3[ie HMEIT OJHH H TOT e PaH-
nenepmckuil (P?), Ho moctrpanuTHBEIE M NMOCTAAKOBLIA reo/orHyeckuil Bos-
pact ¥ Gju3kHi H3oTonHblH (280—260 MJH JNieT) Bo3pacT YpaHOBOro opyle-
HEHHS.

B cBA3W ¢ 3THM BpeMeHHOH pa3pblB Mexay NpOsiBJeHHeM MarmaTH3ama
M YpPaHOBOro pynoo6pa3oBaHHA B pPasHbiX palioHax BecbMa pasJHYHbLIH,
B oauux 6nokax sta ypaHoBopyaHas (opmauus HanGojee GiH3Ka MO BO3-
pacty K caMbBiM MO31HHM TepPIHHCKHM rpanutam. Pa3peiB Bo BpemeHH HX
06pa3oBaHusA 3lech HE MPEBbIIaeT METOJHYECKOH OMHOKH OonpeieseHHa BO3-
pacta (t.e. 10—25 mau ner). B apyrux 610Kax, rae MoJaoAble rpaHHTbl He Mpo-
siBJIeHBl, YPaHOBOE OpYy/eHeHHe TOH ke (GOpMallHi H TOro e Bo3pacra oTop-
BAHO OT BPEMEHH CTaHOBJEHHS TDaHHTOMAOB yxe Ha 70—50 man Jer.
BpemeHHOH paspbiB MexAy MPOSBIEHHEM [POLECCOB KHCIOrQ MarMaTH3ma
M pyaoo6pasoBaHHA MOATBEPIKAAETCA TaKKe LedblM PALOM TeoJOrHYecKHx
COOLITHH.

B nosaneoporenubiit 3tan (P)), yxe nocse sapepiieHHsi rpaHHTOHAHOrO
MarMaTH3Ma, MecTaMH jJaxe I0cJe Pa3MblBa aMHKAJIbHBIX YacTelH KPYIHBIX HH-
TPY3HBOB, HO 10 06pa30BaHHA MePLUHHCKOrO YpaHOBOro OpYAEHeHHs POH30I-
JIM 3HAYHTEJbHbIe C6POCOBbLIE H C/IBHTOBBIE MEpPEMELLeHHS MO OTAeJbHbIM Hau-
GoJiee KPYMHBIM TEKTOHHYECKHM 30HaM [JYGHHHBIX Pa3/OMOB MOMNEPEYHOro
HanpasJeHHs. B 3ToT ke 3Tan B pa3HbX paiioHax NPOH3OULIO BHeApeHHe
MHOrOUHC/JEHHEIX [aeK MO3AHMX Aua6a3oB H namnpodHPOB PErHoHAJILHOrO
pacnpocTpaHeHHsi, KOTOpble CKOpee Bcero WMean Gosee riayGHHHOe (MOAKO-
poBoe) mpoHcxoxaeHHe. Bce 3TO MOXKeT CBHAETE/NLCTBOBATL O TOM, Y4TO GOJIb-
I1as 4acTh KAC/ABIX (KOPOBBIX) MarMaTHYeCKHX 04aroB K 3TOMY BpeMeHH Oblia
OIyCTOLIEHA H YK€ ycleda B 3HAUHTeJNbHOH CTEMEeHH 3aKPHCTAJJH30BaTbCs.

O6Gpauiaer Ha ce6s BHHMaHHe, YTO B MOBEJEHHH PAJHOAKTHBHBIX 3J1€MEH-
TOB, 0COOEHHO ypaHa W TOpHA, B MpOLECCe 3BOJIOLHH T'PAHHTOHIHOrNO Mar-
MAaTH3Ma YCTAHABJMBAETCA OTKJIOHEHHe Or ofulefi 3aKOHOMEPHOCTH HX
HAKOMJIeHHsl B MpoAyKTax Haubosee mo3aHHx (a3. B HekoTopbix ypaHoBo-
PYAHBIX pafOHax, NMPHYPOUYEHHBIX K KPYMHHIM TreOaHTHK/JIHHAJbHBIM GJOKaM,
cpeiHd YpaHOHOCHBIX TPAHHTOHOB PA3HOBO3PACTHBIX FePIHHCKHX KOMILJIEKCOB
HaMeualTcs JIBe B3aHMHO MPOTHBOMOJI0XHbIE TEHAECHILHH pacnpe/ieseHns 3THX
3MeMeHTOB no ¢aszam — nmpsAmas (no Bocxojsulefi NHHHH) W ob6parHas (no
Hucxoasauled JunuK). B rpanurax 6osee panuero komniaekca (340—320 mau
aer) uabmojpaercs o6blYHOE YBEJHUYEHHE KOHLEHTPALHH ypaHa H TOPHA OT
paHHHX a3 K nosgHuM. B To Bpems Kak B rpaHHTax MO3[HEro KOMIJIeKca
(300—285 man jaer), HauGosee GJAM3KOro Mo BO3pPacTy K ypaHOBOMY Opyie-
HEHHIO, HaMeuaercs YMeHbIeHHe COlepKaHHi ypaHa | TOPHS OT paHHHX (a3
K MO3LHHM.

[To-BHOHMOMY, 0Ge 3TH TEHIEHUHH B pacnpele/eHHH palHOAKTHBHBIX
3/IEMEHTOB B FPAHHTOMAAX PA3HBIX KOMIUIEKCOB H (a3 0To6paaiorT MX no-
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BeJeHHE B NPOLECCe KPHCTAMIH3AIUHH He TONbKO B HHTPY3HBaX, HO # B ca-
MHX MarmMaTHYECKHX 04arax Ha pasHblX 3Tanax H CTAJHAX HX 3BOJIOUHY.
O6partnas rengeHuHs Moxer GbiTh CBA3aHA ¢ IMaHalHOHHON AHpdeperiHa-
IHe#dl H BLIHOCOM VDPdHA HA PAHHUX CTAAKAX CTAHOBJIEHHA.

Bce 3TH naHHble NMOKa3bIBAOT, YTO YPAHOBLIE MECTOPOMIEHHS, ACCOLH-
MPYIOiiHe ¢ YPaHOROCHLIMH FPAHHTAMH, HE BCEr1a HMEIOT NPHAMYIo napareHe-
THYECKYIO CBfI3b C KHC/ABIM MarMaTtH3MOM, d CBf3b € €r0 HHTPY3HBaMu
06blYHO GoJlee cJIOKHAsA — B OCHOBHOM MPOCTPAHCTBEHHAA H CTPYKTYPHAA.

PasHoBospacThbie pyaHsbie dopMaliun 06HLEAUHAIOTCA B TPH TPYNnbl, Ko-
Topble c)OPMHPOBAJIHCHL B TeUEHHE NO3AHETrePIHHCKOH, NO3AHeKHMMEPHIICKOH
W albNMHACKOH METaNNOTEHHUECKHX 3M0X.

Pynanbie (opManHH repudHCKOH 3M0XH 06pas3yioT ABa Pa3HOBO3PACTHBHIX
thopMallHOHHBIX pAad, HanboJ/ee PAHHHH H3 KOTOPLIX CBA3aH ¢ No3/Hekapbo-
HOBBIM, a (oJjlee MO3AHUH C NEPMO-KapOOHOBLIM WJAH PAaHHENEPMCKHM KOM-
njaekcamu rpanutonsios [87]. [lepBbifi M3 HHX BK/IIOUAeT: a) MArHe3HasbHbIE
M W3BECTKOBBIE CKAaPHbl C MarHeTHTOM, LEeNHTOM H cyabduaamu; 6) Jo-
KaJbHO pa3BHTble TpeH3eHbl (KBapl-MYCKOBHTOBBE W TYPMa/lHHOBbIE)
€ KBapuU-BoJb(PAMHTOBLIMH KHIAMH; B) KBapll-KoJ4e/laHHbie (MECTAMH C 30-
JOTOM) MLl YDaHOBOH MHHepanu3auun se obxapymeno. ABCOMOTHBIA
Boapact 340—320 mau Jser.

Bropoii paa ofbenanuner (OT paHHHX K MO3/IHHM): 4) H3BECTKOBBLIC CKAPHBI
C LIEeJHTOM, KACCHTEPHTOM H CyJ/ib(HAamH; 6) rpeid3eHbl ¢ KACCHTEPHTOM, TO-
nasoM, QJIOOPHTOM, JHTHEBLIMH CJI0AAMH H JP., KBapIl-KACCHTEPHTOBBIE XKH-
JBl; B) KBapu (CHAepHT, NOJOMHT)-cyaspuansie (Pb, Zn, Ag, Sb, As, Bi)
H KHJbl ¢ 6epe3uTamMH; ) KBapuU-KajHuwnaTt-(QJoOpHTOBLIE XKHJbl ¢ Gepesu-
TaM#;, A) KajAbUMT (KBapl, XJOPHT)-HAaCTypaHoBble H KBapll ((aopHT-
6aput)-kodpHHHTOBLIE KHJIbI ¢ GepeanTamu. Cioaa No-BUAHMOMY, OTHOCATCA
NPOXKHIKOBO-BKpal/IeHHbie pYAbl, THTaHATHL YypaHa, KOPGHHHHT ¢ KBapl-
XJIOPHT-a/1bOHTOBBIMH MeTacoMaTHTaMu. OAHAKO He WCKAIOUEHD, YTO nocael-
HAs accouHauna sasasietca Goaee monoiod. A6conoTHelii Bodpact 310—
270 man serv.

Pynubie dopMaiuii no3HeKHMMEPHICKOR 3M0XH CBA3AHbl ¢ NpeLNo3iHe-
Me/0BOH TEKTOHMYECKOH aKTHBH3aUHel W, NPeiNoNOMHTENbHO, ¢ TNposiBie-
-HHEM UIEJOYHOTO H OCHOBHOIO MATMaTH3Ma: a) KBapi-aHKepUT-CYAb(HAHAA
M KBapll-A0/JOMHT-HACTYPAHOBAs C CeJNEHHAAMH WIH APCeHHIAMH B THADO-
caausnTax; 6) Keapu-pawopuT-6apHToBas ¢ cyab(HAaMH B aprHAJH3HTAX;
B) «MATHMeTa/bHaf», HIH apCeHHIlHas, HHOILd ¢ HACTYpaHOM. AGCOIOTHLIA
Bozpact 150 u 120—100 man ner.

Pynuble opmani anbnHicKOH 3M0XKH CBA3AHbI ¢ MUOLEH-THOILEHOBO
TEKTOHO-MarMaTHYeCKOH aKTHBH3dlMeH W MPOCTPAHCTBEHHO H BO BpeMeHH
¢ NPOSBJeHAEM OCHOBHOTO H UEJOYHO-OCHOBHOTO MarmatiHima (aGCoa0THbIA
Bozpact 30—20 MaH JseT).

B anurensroM (50—60 MaH neT) nNposiBAEHHH MHOrO3TaNHOH W MHOTOCTA-
AHHHOH MOCTMArMaTHYECKOH MHeBMATONUTOBOW W FHAPOTEPMasibHON NesiTeb-
HOCTH FepUHHCKOH 3M0XH TaK»Xe yCTaHaB/IHBAIOTCHA 3HAYHTE/bHbIE MepepbiBbl
BO BPEMEHH, CYUIECTBEHHbIE H3IMEHEHHA B COCTaBE PACTBOPOB H CTPYKTYPHOH
o6¢cTanoBKe. Cil0MHble H pasiHYHble M0 COCTABY, OTHOCHTENBHOMY BO3-
pacTy H yc/J0BHAM 06pa30BAHHA MHOTOYHCJEHHBIE PY/HbIE (OPMAUHH rep-
ILHHCKOH MeTaNI0reHHUeCKOH 3M0XH, CO3AAI0ILKE B NPeAesiaX PYAHBX NPOBHH-



UHA Mo KpakHeld Mepe ABa pPyAHO-GOPMALUHOHHBIX PSild, pas’je/eHbl MemKIy
cobo# ITanaMu BHeIPEHHA rPAHHTOHIOB H NaeK. ¥ paHOBOE OPY/IEHEeHHE 11POsiB-
JIEHO TOJIBKO B HaHbo/1e€ N031HEM PYIAHO-(POPMAllHOHHOM DAY, B KOTOPOM
OHO 3aHHMaeT BIOJIHE onpedeaeHHOe 0CaeHee MeCTO H KOTOPbIH Takxe HMeeT
HenpepblBHO-pepuIBHCTHIL xapaxkTep. [Ipy 3TOM B OQHUX pafioHax 3TOT pad
MOYTH HENpepbiBHLIA, B APYrHx 6/0KaX OH OTYETJIHBO TMPePbIBHCTHIM.

Haunbosiee tecHo B 3TOM psily HH3KOTEMIEpaTypHOE YPAaHOBOE OpyleHe-
HHE CBA3aHO JIHLb ¢ GJIH3KHMH K HeMY 110 BpeMeHH 06pa30BaHHs H HEKOTODLIM
MHHEPAJOTHYECKHM OCOGEHHOCTAM CpeHe-HH3KOTeMNEePaTYPHbIMH CYyPbMHA-
HbIMH, CBHHUOBO-UHHKOBBIMY K (IICOPHTOBLIMH MECTOPOMACHHAMH, KOTOPLIE
LIHPOKO NPOSABJIEHLI B Pa3HbIX Ne0aHTHKAMHANbHBIX 6/10Kax CPeJHHHOIO MaCCH-
Ba H HEPEAKO MO CEeKYLIHM (CKBO3HbIM) TEKTOHHUECKHM 30HaM pacnpocTpa-
HAIOTCA B COCENHHE NpHJeraioliHe nporutbl.

B To Ke Bpems paHHHe cKapHOBble W rpeH3seHOBble (BoJb(hpaMoBO-
PYLHbIE W ONOBOPYAHLIE) hopMaliuy, Haubonee TeCHO (FeHeTHYECKH) CBA3AN-
Hbl€ ¢ PA3HOBO3PACTHLIMH KOMIMJIEKCAMH IPAHHTOMAHONO MarMaTH3Mma, B He-
KOTOPLIX DYAHbIX paioHax (6aokax) nposisaeHsl Jaub6o HenosHo H caabo,
nu6o BooGLLE He nposBaeHbl. [lo3TOMY 31€ch ypaHOBOE OpyAeHEHHe OTOPBAHO
B NPOCTPAHCTBE H BO BPeMeHH OT PaHHHX CTALHH W 3TANOB MHHEpa/aH3alluH,
a Take OT MarmMatHama. Becbma XapakTepHO OTCYTCTBHE YPAaHOBOH MuHepa-
JIU3ALUHH (KpOMe He3HauHTebHbIX KOJHYECTB aKIECCOPHOrO yPAHHHHUTA B He-
KOTOPbIX rped3eHax) BO BCEX J0YPAaHOBBLIX, KaK BbICOKOTEMNepPaTyPHbIX, Tak
H CpeiHeTeMIepaTypHEIX 06pa3oBaHHsXx. Bee 370 CBHAETENLCTBYET O TOM, UTO
B PAHHHX MMOPUHSX OCTMArMaTHYeCKHX QJIIOHI0B YpaH BPAL JH NepeHOCHACH
B OWLYTHUMBIX KOJHUECTBAX. -

3IT0 TaK¥e noaTBepHAAeTCst OOLIHMH 3aKOHOMEPHOCTSIMH pacnpe/ieneHus
PA3HOBO3PACTHBLIX PYLHBIX (POPMalHi repUHHCKOH MeTal/loreHHYEeCKOH 3MOXH,
NPOCTPAHCTBEHHON Pa3001EeHHOCTHI) MHOTHX H3 HAX H 30HAJBHOCTBIO B pasme-
UIEHHH MeCTOpPOMKAEeHHH. AHa/H3 NOCAeNOBATENLHOrO PA3BHTHS Pa3HOBO3-
pacTHblX PYAHLIX GOpPMalKil BO BpeMeHH W B NPOCTPAHCTBE, H3MEHEHHA WX
COCTaBa (MHHEpaJbHbLIX accoUuMauHil) NOKa3bBAKOT, YTO AAJEKO He BCe H3
HHX 0OHAPYKHBAIOT TECHYI CBA3b C MArMaTH3MOM, €IHHCTBO IPOHCXOKIAEHHA
pacTBOpoB ((PJIIOH/I0B) H HCTOYHHKA MeTaJJ0B.

BuicokotemnepatypHoe peakomeraasHoe (W, Mo, Sn, Be, Li u 1p.) opy-
AeHeHHe PAHHWX ITANOB W CTAAMH NPOABACHHS NOCTMATMATHYECKOH NeATeb-
HOCTH MPHYPOUEHO K re0aHTHKAHHAIBHLIM 6/10KaM H 0COGEHHO K HX OPOTEHHBIM
CBOLOBbIM MOJHATHAM, B Npeje/ax KOTOPbIX COCPeloTOUeHbI 103IHHE FPaHH-
TOHAbI H KOTOpble XapaKTepPH3YIOTCSH OTHOCHTEILHO MOBLIIIEHHOH MOLIHOCTBIO
«TpaHHTO-MeTamMop(HyecKoro» cjofl 3eMHOH Kopbl. CKOMJIEHHS MecTOpOX-
NEHUH, PYRONPOSBACHHHA W TOUEK MHHMDAAU3AUUY Haubosiee PAHHNUX PYAHbLIX
dopmaunit (W, Sn) obpasyior 61H3H30METPHYHbIE OBaJjbHble apeasbl LeHT-
paibHOrO THNA BOKPYr IPAHHTOB COOTBETCTBYIOULUX KOMIJIEKCOB, C KOTO-
PbIMH OHH TECHO CBA3aHbl FEHETHUECKH HJH NapareHeTHueckH. Popmupopa-
HHE 3THX PeKOMEeTaJbHbiX MECTOPOXK/AEHHH MPOHCXOAHI0 HENocpeacTBEHHO
BCJIEN 34 BHenpenHeM GOTATHIX JeTyUMMH KOMAOHEHTAMH rPaHUTOB WX NO3JN-
HHX (a3 H naek | w 1l stanos Ha obwewm d¢oue nposBaeHnss HanGosee
HHTeHCHBHBIX rasonansix (B, F, Cl) notokos, cosepxaunx takxe K, Siun ap.
B pe3ayabTate M3 KpHCTan/H3YIOULHXCA MArMaTHYECKHX O4AroOB y»Ke Ha 3TOMH
cTaauH bHblia yiaJeHa 3HaYHuTeJbHad 4acTb JeTYUHX KOMIMOHEHTOBR.



o mepe pasputusi ocaenyOUIHX Py100GPA3YIOUMX IPOLECCOB, MPOAB-
JeHHBIX YKE B CPE/IHE- H HH3KOTEMIEPaTYPHLIX YCJAOBKHAX, IPH APYTOM CTPYK-
TYPHOM NJlaHe, focjae BHeAPeHHA Naek AHa0a30B H NaMNpPoQHPOB, H3MEHHCH
He TOJLKO COCTAB PYAHBbIX KOMTOHEHTOB, HO H AHHOHHBLIA COCTAB PYLOHOC-
HBIX pacTBopoB. B HHX Hapsady ¢ QJIOOPHTOM H KBaplem NOABAAKTCA Kap-
Gonatel, 6apHT U Ap. TIPOAYKTHE 3THX NPOLECCOB YXKe He O6HAPYKHBAKT TaKO
TeCHOH CBA3H ¢ HHTPY3HBAMH CPAHUTOWIOR, He MOAYHHSIOTCH OTMEYEHHOM
Bbillle 3AKOHOMEPHOCTH, 8 HMEIT HHoe (HHefHOoe HAH NTHHeHHO-Y3J1080e) npo-
CTpaHcTBeHHOe pacnpenesenne. Cronnenns Bogee no3aHKUX pyaHbIX Gopmauni
(Pb—Zn—Ag, Sbh, F) 06pasytor npotsiKeHHble JIHHeHHbIE DYHbIE 30Hbl, KOTO-
pblé OTUETIHBO KOHTPOJHPYIOTCSH MPOLOJAbHBIMH MEKOJTOKOBBIMH H MONEpey-
HbIMH TPaHCONOKOBLIMH rVIYOHHHBIMH DA3JIOMAMMK, OTPAHKUKMBAIOUIHMH W pac-
CeKalolMMH pasHbie TeKTOHHYECKHe GJOKH (B TOM YHC/E PYAOHOCHbIE reoaH-
THKJHHAAbHBIe) . B eiie Goabuwiedl cTeneHn 3To OTHOCHTCS K HanboJee no3aHei
ypaHoBopyaHoi opmaunn. OAHaKo NpH HaJ0xKeHHH Ha Gonee pannue dopma-
UHH B HEKOTOPBIX Y4aCTKAaxX (KPYMHBIX 0JATOMHBYLLHX TEKTOHHUECKHX y3/ax
COYJEHeHHA PA3/0MOB) MPOHCXOAHT HX NPOCTPAHCTBEHHOR COBNaneHue ¢ 06-
pa3oBaHHeM KOMIJIEKCHbIX PY/HbIX M0JI€H, CO31aI0lIHX BNeYaTeHHe HX TeCHOH
reHeTHueckod ceazu. Mectopomaenus 3THX Gpopmalnii 06pa3oBainCh H3 py-
AOHOCHBIX PACTBOPOB C yyacTHem COelHHeHHil He ToJabko ranounos (F, Cl),
HO W BOJbLION0 KOJHYECTBA YIVIEKHCIOThl, KOTOPAn BPSIL JIH MOMNIA COAEPKATh-
€l B TAKHX 0OBEeMax B IPAHHTHBIX MATMAaTHYECKMX Ouarax.

3TH 0COOEHHOCTH H3IMEHEHHS] COCTABA MHHEPAJbHLIX 2CCOLHALHN PYaHBIX
thopmaunii, reosoryueckux H GHIHKO-XHMHUECKHX YCJI0BHHA HX 00pa3oBaHus,
a TAKXKe 3aKOHOMEDPHOCTH HX MPOCTPAHCTBEHHOTO pacnpele/leHHs CBHLeTe b
CTBYIOT O TOM, 4YTO BCe HaHGoJee MO3AHHE PYAHbIE (DOPMALIHH, B TOM 4HCJE
H ypaHoBopyjHble, chOpMHPOBAJIHCE B APYTOH (N0 CPABHEHWIO C PAHHHMH)
TEKTOHHYEeCKOH 00CTaHOBKE, yiKe MpH TBepa0(ha30BOM COCTOSHHH H HHOM ra-
30BOM COCTABe «OCTATOUYHMLIX» MarMaTH4YecKHX ouaros. Eciu nekoropwie H3
ITHX pyAHbIX (opMaluit H 0OHAPYKHBAIOT CBA3b C KHCJIBIM MAarMaTH3IMOM,
TO (POPMbI HX CBA3H, IPOHCXOXKAEHHE GOJIbLIEH YACTH PYLOHOCHbBIX (DJIOHIOB
H MEXaHH3M H3BJICUEHHS PY/JHOIO BEULECTRBA YiKe He Ouiiu npexnumu. K Tomy
e, 10-BHAHMOMY, 60/bIIAA YACTb PACTBOPEHHBIX B MArMaTHYECKHX o4arax ra-
30BbIX JIETYUHX KOMOOHEHTOB (F1aBHbLIM 00pa3oM rajJoHI0B H BOIbI) J0JKHA
6blna ynaauThes B Mpolecce NO3AHEMATMaTHUECKOH H paHHEeH MocTMarMaTH-
YecKo# aedTe/bHOCTH. T1poHcXoXkaeHHe pacTBOPOB Takoro coctana, BoraThix
CO;3, B Gosee Mo3AHHE CTALMH, MO-BHAHMOMY, CBA3AHO HE CTOJALKO C OTAe-
JIEHHEM YyKe 3aKPHCTaN/IMH30BABIUHXCH «OCTAaTOYHLIX» FPAHHTOMJHbIX Mar-
MATHYECKHX 0YaroB, CKOJAbKD B OCHOBHOM C MOCTYILJIEHHEM HOBbLIX [NOPUHH
IOTOKOB H3 OoJs1ee rayGoKHX MOAKOPOBbIX 000404eK (Jera3allus MauHTHH WAK
MarmMaTHYeCKHX 04aroB OCHOBHOro cocraBa). Be3 nocryniexus HOBBIX M
B GoJIblIHX 00beMax MOPUHH HEKOTEPEHTHLIX TeTY4HX KOMMOHEHTOB yKe HHOTO
(NpeHMylLeCTBEHHO YIJIEKHCJI0T0 HIH TaJOHIHO-YIVIEKHCIOr0) cOCTaBa BPSL
JIH MOTJIH BO3HWKATL MOULHBIE NOTOKH PacTBOPOB, MOPOAHBLIHE COBEpIIEHHO
HOBbIE (MO COCTABY, TEMNEpPAType H T. 1.) MecTopoxKiaeHHA. TakHe pactsopsl,
OYEBHARO, HE ObLITH PABHOBECHLIMH ¢ 060rallleHHbIMH YPAHOM «OCTATOYHBIMH»
pacnaaBaMu 3aCThIBIUHX HJIH HCTOULCHHBIX MATMATHUCCKHX OMaTOB.

B cBA3u ¢ 3THM HauGosee BepOATHON MpeacTaBAseTcss rAyGHHHAS Mo-
OHNH3aUMA ypaua, T. €. 3aUMCTOBAHHE DYAHOTO BELIECTBA MOTOKAMH MOI-
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KOPOBbIX (hJIIOM0B M3 YpPaHOHOCHOrO Cy6CTpaTa, 3ajeraipuiero Ha rayGHhe
£FPAHKTO-METAMOPPHUUECKOTO» €108 Kopbl. ITOT ciof B PyaHBIX paioHax
(TeKTOHHYECKHX GJIOKAX) NPOBHHUMH HMeeT 06blYHO GOJbLIVIO MOLLHOCTh
H MPEHMYLIECTBEHHO CHAJMUYECKHH (rPaHHTOMIHBLIA) COCTAB C OTHOCHTEJbHO
NOBBLILIEHHBIMH,  HO  AH(Q(GEpeHUHPOBAHHBIMH  KOHILEHTPALHAMH  ypaHa.
OcHOBHbIM HCTOYHHKOM YypaHa 3jecb (T. e. Ha ray6uuax 5-—15 Km), no-
BUAMMOMY, MOTAH CAYXKHTL Gonbiiine 1o o6beMy NOAHOCTHIO WKW HACTHMHO
3aKpPHCTAJJAH30BaBIIHEeCHA MAarMaTHYECKHe OYarHd, HX «0CTaTo4yHbie pacnjaBbl».
B ux mpenenax Tak HasblBaemble «yUIeMJEHHBIE» HJIH «OCTATOUHBIE» PACTBO-
pbl (?) ObIIH COCpelOTOYEHbl B HHTEPCTHIHAX KPHCTAMJI0B 10POL006pa3yI0-
LIHX M dKUECcCOpHbIX MHHepaJoB. Takne pacTBopsl 6bliu 06oralleHbl ypaHom
M Y4ACTHUYHO HEKOTOPLIMH JETYUMMH KOMNOHEHTAMM (raiouiamu, BOLOH).
Hcrounnkom meransna, kpome Toro, Moriu ObiThb 3ajeraioiiHe Ha rayGHHe
yAbTpaMeTaMophHyeckHe (rpPaHHTH3IHPOBAHHbIE) MOPOAL — pPeOMOp(pHYECKHE
TPAHHTOHAbI, MHIMATHTBl, NEFMATHTbI, a TAKXKe HEKOTOpLIe MeTaMopdHyecKHe
Nopoibl (YPaHOHOCHbIE KOHIVIOMEpAaThl, MeCYdHHKH, YrJepPOAHCTbIe CAdHILbl)
C BHICOKMMH KOHUEHTPAUUAMHK YPaHa, KOTOPsIfl HAXOAKACH B JIerKo MoBuanay-
eMoil («noaBHKHOM») dopme. [LonoAHHTENbHBIM HCTOUHHKOM YpaHa MOrJIH
CJYKHTb TAKKE PACNOJIOKEHHLIE HA NYTAX ABHMKEHHA PacCTBOPOB KpPYIHblE
HHTPY3HBBI YPAHOHOCHBLIX IPaHHTOHILOB.

Takue BbIBOAL 06 OLHOTHIHOM 3HAOrEHHOM (KOPOBOM) (BHABTPALHOHHOM
HCTOUHKKE NPABOMEPHLL, NO-BHAMMOMY, AR BCEX THAPOTEPMAJbHBIX YPAHOBBIX
MECTOPOMKAEHHH XKHALHOTO H METAaCOMATHYECKOTO THIOB, KAK NPOCTPaHCTBEH-
HO CBAI3AaHHBIX, TAK H He CBA3AHHLIX C OPOreHHbLIMH MNO31HEerepUHHCKHMH
FPAHHTOHOAAMH H PAa3BHTbIX B npeaejax pasHblX r€eOaHTHK/IHHA/IbHbIX 6J10K0B
®panko-Yeuwckoro cpeAHHHOro MaccHBa EBPONeACKHX pyLHBIX NPOBHHLHA.

Hpusuaxn NposiBIeHHA 3JHIOTEHHBIX
¢I‘|J’IbTPaI.|HOHHHX npoueccoB HA MeCTOPOXKAEHHAX,
CBA3AHHLIX C TPAHWTOMAAMH

TipenctaBnenus o ray6HHHOM (HALTPAUHOHHOM HCTOUHHKE YpaHa B FHPO-
TepMaJsbHBIX DYIHBIX pacTBopaX, c()OPMHPOBABIIHX B Npenenax NPOBHHILHI
repuHHCKHE H Gonee MOJO/Ible MeCTOPOKIEHHS Pa3HbIX THIOB, GasupyioTcs
Ha CJELYIOIHX OCHOBHBIX IaHHbIX.

[Tpex e Bcero o6pauiaer xa ce6a BHHMAaHHe, UTO BCE THAPOTEPMAJbHBIE
MECTOPOMAEHHA (KaK JKHAbHble, TaK H METacOMaTHYeCKHe) NpHYpOUeHbl
K €1MHbIM KDYNHBIM TEKTOHHUYECKHM G6J0KaM, KOTOpble ANHTeNbHOE BpeMs
(B mpenpy/Hble, pyAHble H NMOCTPYAHblE 3Tanbl) GblAH MOABEPIKEHbl BO3AEH-
CTBHIO HHTEHCHBHBIX [JYGHHHBIX (MOLKOPOBLIX) ra3oBO-TEMJIOBLIX NOTOKOB.
B pesysbTaTe ol cl0KeHb OrPOMHBIMH 0GbeMaMH METaMOPQPHYECKHX H Mar-
MaTHYECKHX NOPOA KHCJIOTO COCTaBa, HepelKo oOOrallleHHLIX YpaHoM, B TOM
YHC/Ie €ro «NoABHAKHOM» hopmoit. [laa Gosee NO3AHHX BOCXOAAULHX (IIOHAOB
ONpee/IEHHOr0 COCTAaBa, KOTOPbie Ha MPOTAXEeHHH MHOTHX KHJIOMETpOB Mo
BOCCTAHHIO UHPKYIHPOBA/H B MOLLHBIX POHHILAEMBIX 30HAX PA3NOMOB, HMe-
Jack peajibHas BO3MOMKHOCTE JKCTPArHpOBAaHHsI ypaHa H3 TAKHX MOPOI Ha
rayGHHe NOA MeCTOPOKAEHHAMH.

B leuraasno-EBponeiickoit u apyrux nposuHiuax EBponsi (cM. puc. 1)
BCE MECTOPOX/eHHA ypaHa, fIPOCTPAHCTBEHHO CRBA3aHHLIE C TEPUHHCKHMH
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OpOreHHLIMH FPAHHTOH/1AMH, PACNOJATAIOTCH TOJNBLKO B 11peeax KPYnHbIX reo-
AHTHKJAHHAAbHBIX 6JOKOB (CM. pHC. 2), KOTOpbie HMEIOT crelHdHUecKoe cTpoe-
HHe (CM. puc. 3) M cocTaB BepxHeld 4acTH 3eMHOl Kopbl [87]. Ouu xapak-
TEPH30BAJIHCH MJIHTENbHBIM BO3IbIMAHHEM M HATPAB/ICHHBIM K KOHCOJNHLALHH
TEKTOHO-MarMaTHYeCKHM Pa3BHTHEM, IPOHCXOIHBLIHM Ha QoHe H B pe3yibTaTe
BO3/1eHCTBHA MOULHBIX MYGHHHBIX (MOAKOPOBBIX) Fa30BO-TENJIOBbLIX MOTOKOB.

DyHIAMEHT TAKHX Te0aHTHKAHHAbHbLIX G/IOKOB, B KOTOPBIX COCPEL0TO4EHbI
FHRPOTEpMaﬂbHHE AKHJIbHBIE H METACOMaTHYECKHE MEeCTODOXK/AEHHH Ypaua,
CJ10KeH B OCHOBHOM MOULHBIMH JOTePUHHCKHMH NIOJHMEeTaMOP(HUECKHMH KOM-
MJeKcaMH, a TakKe Pa3HOBO3PACTHLIMHM, I/IaBHBIM 006Pa30M TepLUHHCKHMH,
oporeHHbIMH rpadHTonaaMu. Cyas 1o reoH3HIeCKHM LaHHbIM, OJIOKH Xapak-
TePH3YIOTCH MOBbILIEHHOH MOWHOCTbIO (18-—25 KM) «rpaHuTo-Metamopgu-
YeCKOro» CJIof.

Cpenn metamop(HUecKHX ToJlL A0KeGPHHCKOro (yHAaMeHTa B 3ITHUX
6s10KaX IWHPOKO Pa3BHThl KpYNHble PaHHTO-THeHCOBBIE KyrnoJaa, B KOTOPbIX
nopoabl GblJIH MOABEPrHYTH YAbTpaMeTaMopdU3My H IPaHHTH3ALHH B YCJI0-
BHAX, 00bIYHO (B BepXHeH 4acTH) He npesbiwarwnx ampubonutosoi gauuu.
Hekotopble M3 HHUX OTJIHUYAIOTCA [MOBbIEHHBIMH KOHUEHTPALHAMH PaiHO-
KaTHBHBIX 3/€MEHTOB, B TOM uYHcae ypana (5—I10 mo 15-107%%) [39].

B npenesax takux 6J0OKOB COCPeAOTOYEHBl KPYNHbIE rHNAGHCCANBHBIE HH-
TPY3HBbl 00JI€e NO3AHHX Ka/JHeBbIX GHOTHTOBLIX H ABYCJIOJAHBIX NeHKOKpa-
TOBbIX 'PAHHTOB Pa3HOBO3PACTHBIX H MHOMO(A3HBIX TEPUHHCKHX KOMILIEKCOB,
XdpaKTepH3YIOWHXCH KOHTPACTHOH ypaHoBol creunannsauned. Oun otnnua-
IOTCS BLICOKHMH cOfepKanuaMu ypana (10 10—15-107*%), Topus (10 30—
45-107'9%), a Take MHOTHX PYyAHBIX H PeAKHX 3JIEMEHTOB H JETYUHX KOM-
noHeHTOB. B ypaHoBOpyaAHBIX pailoHax rpaHHTBl XapaKTepH3YIOTcHd, Kpome
Toro, 6oabwol aonei (1o 30—50%) «noasukHOH» HOpMbI ypaHa, a Takxke
BeCbMa HH3KHMH 3HaueHHAMH (<C2,5) TopHi-ypaHOBOro OTHOLUEHHS 3a cyeT
HH3KOTO COlepKaHHeA B HHX TOPHSA. TakHe HHTPY3HBLI YPAHOHOCHBIX MPaHHTOH-
[OB PA3BHTbl [IPAKTHYECKH NOL BCEMH YPAHOBbIMH MECTOPOMIAEHHSMH H pac-
NPOCTPAHAIOTCA, CyAA MO reoPH3HYECKHM AaHHBIM, Ha ray6uny 5—I10 km,
a B KODHEBbIX YaCTAX HHTPY3HBOB U ropa3sno 6onee. OLHAKO MECTOPOK IeHHA
NPHYpPOUEHBl TOJLKO K ONpeje/JeHHbIM POHHILAeMbIM TYOHHHLIM pasJioMaM,
0co6eHHO y3/1aM HX COUJIEHEHHS.

MHTpy3HBBl repUHHCKHX YPAHOHOCHLIX FPAHHTOHAOB MaJHHIEeHHOTO KOopo-
BOTO [POHCXOMACHHA ABAAIOTCA HHAMKATOPAMH MOBBILIEHHOH YPaHOHOCHOCTH
MarMaTHYeCKHX 04aroB, H B TO Ke BPeMs OHH 0TOGPa’kaloT yPaHOHOCHOCTb
ray6oKHX yacTed 6J0KOB, T. e. cy6eTpaTta «rpaHHTO-MeTaMOP(PHYECKOro» CloA
Kopbl (0Cal04HO-MeTAMOP(HYECKHX, KHCJBIX MarMaTHUeCKHX H TPAHHTH3H-
POBaHHbIX NMOPOA), H3 KOTOPOrO BbINAABJIAJIHCH TPAHHTOH/IHbIE Marmbl.

Bce 3TH mMarmatHueckHe H MeTaMOp(HUECKHE NOPOAbl, 3ajeratollie Ha
ray6uHe, BMOJIHE MOT/IH CJYMKHTb JONOJHHTENbHBIM HCTOUHHUKOM ypaHa NpH
(HALTPALHHK CKBO3b HHX Pya006pa3ylouiux (JoH0B.

Jlpyrumu 10BoAaMH, BO3MOXKHO [JIaBHLIMH, CBHAETEJNLCTBYIOLIAMH B M0Jb-
3y (HMALTPALHOHHOrO THMA HCTOUHHKA, ABAAIOTCH MPH3HAKH MPOSABJEHHS
BOCXOASILLHX [OTOKOB, KOTOpbIE 1a/eKO He BCeria CBA3aHsl (BO BpPeMeHH,
[POCTPAHCTBE H MO COCTABY) C KHCJALIM MArMaTH3MOM H NOPOAMBIUHMH €ero
MarmMaTHYeCKHMH Quaramu.

Bce umeroninecs faHHble NOKa3biBAIOT, YTO FOPHLIE MOPOAbI PYAOHOCHBIX
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Ire0aHTHKJIHHAAbHbLIX 6/IOKOB B LIEJIOM H HX OT/e/bHble CTPYKTYPbI AJHTE/JIbHOE
BPEMA M B Pa3/qMUHBLIC 3TANLl Pa3BUTHR, OCOOEHHO B HOCTMArMaTH4eckue
ITam.bl, 6blTH MOABEPTHYTHI BOB)IGFICTBHIO NOAKOPOBLIX ra30BO-TEIJIOBbIX MOTO-
KOB Pa3HOTO COCTABA H HHTEHCHBHOCTH.

YcToiuMBOR YHACNEAOBAHHOE BO3ALIMAHUE YPAHOHOCHLIX [ROAHTHKAM-
HaJlbHbIX OJIOKOB CONpPOBOX/1a/10Ch HHTEHCHBHBIM MPOABAEHHEM DPa3/HUHBIX
ryGHHHBIX npoueccoB — MeTaMopduaMa H yjabTpamMeTaMop(hHiMa, rpaHHTH-
38K ¥ TPAHKTOO6pPa30BaHUR, 0COOEHHO TePUUHCKOTO MPAHKTHOTO MarMaTHa-
Md B KPYMHbIX CBOAOBBIX CTPYKTYpax OPOreHHOro 3Tald pa3BHTHA, d TAKIKe
Gosee MM031HEr0 repUHHCKOro H MOCTIePLUHHCKONO MEeTacoMaTto3a H PyLaood-
pa30BaHHH, B TOM UHcne Yypadosoro. Bee 3ti Pa3HoBO3PACTHLIC H PAIHOTHIIHDIE
npoueccsl MPOHCXOAHIH NOJ BO3AeACTBHEM OTPOMHBLIX 00LEMOB ra3oBO-Tell-
JIOBBIX TOTOKOB € yyacTHeM JeTyYHX H NOABHXKHBIX KommouentoB (B, F, Cl,
COq, S, K, Na, Si u ap.). Ha sto ykasblBaer CocpeloTOUEHHOCTL B PY.A-
HbIX GJOKax Gop- H (hropcojepKalIHX PA3HOBO3PACTHAX H PA3HOTHMHBIX 06-
pasoBaHHH (MOpoax H MHHePaJOB — IPAHHTH3HPOBAHHbLIX THelcoB, pa3s-
JIMUHBIX CPAHUTOR, NErMATUTOB C TYPMA/AHHOM, QUOOPHTOM, TONA3OM, KOpHe-
pPYmHHOM M ap.). 3aech HabswlaeTcss KOHTpAacTHasi PTOpoBas (coleprKaHus
¢ropa aocturator 0,1 —0,2% u Gonee), 66poBas W Apyras CnelHaH3alLUsA
TePUMHCKHX FPAHUTOBR W NErMaTHTOB, WHPOKOE pa3lpuTHe Munepanos ¢ropa
H Hopa (tonasa, (aOOpPHTA, TYPMa/lHHA, AKCHHHTA, JKIABHIHTA H T. 1)
CpelH PaHHUX (JOypaHOBBIX), @ (IOOPHTA HAPALY ¢ KapOoHATAMH KBapuem
H APYrHMH MHHepanaMH H cpean 6GoJsiee NO3AHHX (KaK TEepUHHCKHX, Tax
H MOCTrePUHHCKHX) MeTacoMaTHYECKHX H PyAHbIX opmaunii. Bee 3710 Takxe
CBHIETENbLCTBYRT O TOM, YTO rNYyGHHHLIE ra30BO-TENJ0BbIe NOTOKH NPO10IKA-
JUCH BECHMA AAMTENLHO U WHPOKO NOC/e 3aBeplleHust TPAHUTORIAHOrO Mar-
MaTH3Ma H HMeJH Pa3/IHYHLIHA, CHaYala NPeMMyULeCTBEHHO raJloHAHblH (6op-
(hropoBblil HAH GTOPOBLIH), 3aTeM raJOHAHO-YIVIEKHC/IbIH, YIJIEKHCAbIA, cep-
HUCTBId cocTtaB. Takue GOHABL HOCHIW BECbMa AarpeccuBHBIf xapaxrep
H MOIJIH BbilLeIauHBATb «MOABHKHBIH» ypaH H3 J1I0GbIX ypaHoHOCHLIX o6pa-
30BaHHit (nopon).

XapaxkTepHoit 0COGEHHOCTHIO MOCTMATMATHUECKOH PHAPOTEPMANbHOR fes-
TeNIbHOCTH FABJAETCHA MOABAEHHE HA NO3AHHX (CPEAHE-HH3KOTEMIIEPATYPHbIX)
CTaJHSX H BecbMa [IHPOKOE PA3BHTHE B OrpOMHbIX o0bemax Hapsaly ¢ ra-
JIOHAMH PA3HYHBIX MUHEPAbHBIX KOMIIeKCoB, ocoberHo Mg-kap6oHaTos,
a Takie CyJb(HIO0B, MPH MOJYHHEHHOM 3HAYEHWH APCEHHOB, CEJEHHI0B
U apyrux kommouentoB (Co, Ni v ap.), He CBOHCTBeHHBIX FPAHHTHOH Marme.
[TpumeuaTenbio, UTO MOABJIEHHE WIH PE3KOE BO3PACTAHUE NOTOKOB C 3THMH
KomnoHentamu (CQOsq, S) NpoH301II0 N0C/e BHeAPeHHA 1aeK NOAKOPOBOH Mar-
Mbl (namnpodupos, aHaba3oB), KOrla rPaHHTOH/HbIE O4arH Ha raylHHe py-
JIOHOCHBIX TE0aHTHKAKHANLHLIX G/0KOB B QCHOBHOM WCCAKIH WK 3aKpucTalt-
Jau30BaHch. Cpeln YPaHOHOCHBIX KapGOHATHBIX KHJ HEKOTOPHIX MECTOPOXK-
MAEHHI NPOBHHLIHK MPHCYTCTBYIOT YI€BOAOPOAL (AHTPAKCOMHT H J1p.), KOTO-
phle TAKKE MOCJAH HMETh rayGHHHOE NPOHCXOKIEHHE.

Apeansl passutusa (aoopuTa U KapOOHATOB (T. €. riaBHbIX KOMIIOHEH-
TOB, COMEPKALULMX TOP H YIJIEKHCJIOTY) B XKHJIAX J0YPAHOBBIX H yPaHOBOH
dopMalMK pa3BUTLL B8 PA3HbIX 6/0KaX, HO B OCHOBHOM B G/0KaX YCTOHUUBBIX
re0aHTHKJAHHAAbHBIX NMOAHATHHA. 31ech WX CKOMJIEHHA TMPHYPOUYEHLl K MPOHH-
ILAEMBIM 30HAM HEKOTOPBIX (TPaHCcOIOKOBBIX H MeKOJIOKOBBIX) TrIyGHHHBIX
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pa3ioMoOB, YXOASAUIHX B MOAKOPOBbIC ca0d MauTHH. [To HanbBosee 3HAUHTEb-
HbIM TPancGAOKOBHIM pas3ioMam 3TH KoMmnaekcel muHepaaos (F, CO») pac-
NPOCTPAHAIOTCA B COCelHHe nporuObl H jajee, T. €. JAJEKo 3a Mpeaedsl
r/1aBHBIX KOPOBbLIX MdIrMaTHYECKHX o4yaros.

KosinuecTBo Kap6GOHATOB H COOTBETCTBEHHO MOTOKOB PEHMYIILECTBEHHO YT~
JIeKHCJIOTO COCTABA PE3KO BO3PACTAeT B 30HaX MexOJOKOBBIX H HEKOTOPLIX
TpaHcBI0KOBLIX PA3JOMOB, T. €. FMIaBHBIM 06pa3oM B KpaeBblx yacTax 6/10KOB
H, NMO-BHAHMOMY, HX MAarMaTHHYeCKHX 04Ydros. COOTBETCTBEHHO B 3THX 30HaX
pe3Ko yBesHuMBaeTcs MacluTaGHOCTh ypaHoBoro opyneHenns. [logasasioulee
6O/IBLWHHCTBO YPAHOBLIX MECTOPOKIAEHHH, NpHUeM BceX HaHOOMee 3HAUHTENb-
HbIX, COCPE0TOYEHO B KpaeBbiX 4acTAX GJOKOB H, C/el10BaTelbHO, KPaeBbiX
yacTAX HX MAarMaTHYeCKHX ouaros. BHyTpu 6/10KOB, T. €. HENIOCPEACTBEHHO Hal
MarMaTHYECKHMH O4araMH, pasBHTH JHIIbL MeJKHE MECTOPOKIeHHSI H Py.lo-
NPOABJEHHA ypaHa.

[As pyAHBIX NPOBHHUWH B Ueq0M, B TOM uMc/e A1 HauOo/ee 3HaYH-
TeJIbHBIX IH0TE€HHBIX MECTOPOXAEHHH Pa3HbLIX THMOB, PA3BHTLIX B HX Npele-
Nax, XapakTepHa MOJHXPOHHOCTh MPOSBJIEHHS THAPOTEPMAJIbHOH JeATeNb-
HOCTH H YPAHOBOTO OpYJleHEeHHs, KoTOpoe (GOPMHPOBANOCH HE TOJLKO B r1aB-
HYI0 — [03/1HErepUMHCKYIO, HO TAKXKe B NO31AHEKHMMEePHHCKYIO H anblHACKYIO
MeraajoreHHueckne 3no0XH. Ha HeKOTOPBIX YPaHOBLIX MECTOPOKACHHAX KPOMeE
repUHHCKAX (275 MJIH J1eT) yCTaHOBJEHBI O3IHEKHMMEPHHCKHE YPaHoBbie py-
abl (150 MaH s1eT), copMHpOBaHHbBIE B 310XY NO3HEME3030HCKOH NocTnaaT-
(hopMEHHOH TEKTOHHUYECKOH aKTHBH3aUHK npHMepHo yepe3 150—130 maH net
fnocjie NPOSABJEHHA CaMmoro Mo3/JHero TepPUHHCKOro MarmMatHama. IJTH pylbl
TAKHE acCOUHHPYIOT ¢ KapGoHaTtaMu (101OMHTOM, napaHkepHToMm), (GaI0ODH-
pom, BapuTom, KBapliem, a Takxe myHepanamu Bi, Co, Ni, Ag, As, Se. Tlpo-
CTPAHCTBEHHO H CTPYKTYPHO OHH OGBIYHO HACJ/Ie/lyl0T paHHHEe YPaHOBOpPY/HbIE
wuaol. Ha HEKOTOpPbIX METACOMATHYECKHX MECTOPOKIAEHHAX [MPOKHIKOBO-
BKpalJeHHOe yPAaHOBOPY/AHOE OpyleHeHHe COMpPOBOKAACTCHA OKOJOPYAHBIMH
opeonaMu ajbOUTHTOB. [1POMCXOKIEHH® YPAHOHOCHOCTH TAKHX JKHJ H MeTa-
COMATHUYECKHX 06pa30BaHHH OKOHYATENBHO HE BbIACHEHO, N0-BHAHMOMY, 4aCThb
YPaHOBOTO OpyJeHeHHS SBJIAETCA MePeoTJOMEeHHOH, HO He HCKJAKUYeHO, YTo
Kakaa-To 4acTb ypaHa Gblia npusHeceHa. OnHaKo NOsIBJEHHE MOJIOAbIX ypa-
HOBOPYIHbIX 4CCOUMALHH HECOMHEHHO CBHIETEJbCTBYET O BO30GHOBASHWU
IHAPOTEPMA/IbHBIX MPOLECCOB B TeX K€ CTPYKTypax [0/ BJAHAHHEM HOBBIX
MOULHBIX T[JIYGHHHBIX TOTOKOB (JIIOHLOB TOro e HWIH CXOAHOr0 cOCTaBsa
(7. e. conepxawnx COq, F, S, Si, Mg, Co, Ni u apyrue komnosentsr). [Topo6-
Hble IOTOKH CKOpee BCero HMeJH 0IKOPOBOE MPOHCX0KLEHHE, MOCKOJbKY B 3Ty
3MOXY BHYTPHKOPOBbIE MarMaTHYECKHE OYATH YIKe MOJHOCTBIO 3aKPHCTANNH30-
BAJIHCb H OHHM BIOJIHE MOIJIH BhllleNAaYHBATb MeTa M W3 YPaHOHOCHbIX ofpa-
30BAHKH,

PeayibTaThl H30TOMHO-TEOXHMHUYECKHX H F€OXPOHOJOMHYECKHX HCC/1e10Ba-
nuit A. M. Tyrapunosa u ap. (1976 r.) no pyaam ypaHOBbIX H HeypaHOBbIX
(MoJIMMeTaIIHUECKHX) MECTOPOXK/AeHHH TaKKe CBHAETENbLCTBYIOT O BO3MOMK-
HOM 3aHMCTBOBAHHH CBHHIA, ypaHa H COMYTCTBYIOLLIHX 3]EMEHTOB M3 NMOPOL
(hyH1aMeHTa, NOACTHIAIOILHX MeCTOPOXKAEHHs Ha rayGHHe.

Takum o6pasom, npHBeNeHHble BbIlIE [10BOAL H [aHHLIE [03BOAKIOT
BLICKA3aTh [1PeANoNOKEeHHe, YTO KaK MarMaTHYecKHe, Tak H MOCTMarMaTHye-
CKHE OSPEJUBaHHH, B TOM YHCJae PA3HOBO3pAaCTHOE YPAHOBOE OpyJAeHEHHE
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MECTOPOKACHHH, HMENH OGULYIO MPHUHHY MPOHCXOKAEHHS H BOIHHKAJIH B pe-
3ybTaTe BO3JCHCTBHA Ha BepXHHe OOGOJOYKH 3E€MHOH Kopbl MNOAKOPOBBIX
rasoBo-TEIMJIOBLIX MOTOKOB., OHH TaKKe 1aK0T OCHOBAHHE CUHTATL, YTO HAPSLY
C MAarMaTHYeCKHM HCTOYHHKOM BIOJIHE MOI HMEThb MEeCTO SHAOMeHHbIA (Ko-
POBbIH) (DHABTPAILHOHHBIA HCTOYHHK PYIHOTO BelllecTBa (1ajbHeld MoGHIH3a-
HH). B To e BpeMs 3TH NaHHble CBHIETEALCTBYIOT O TOM, UTO lpejacTase-
HHfl O MArMaTHYECKOM HCTOUHHKE B NpPeXHEM [OHMMaHHH TpebGyloT cylle-
CTBEHHOTO YTOUHEHUR WK MOMNOJHEHUS.

OnycToweHHble A MOYTH 3aKPHCTAIIH30BABLIHECH MAarMaTHYeCKHe oua-
FH HA MO3JHWUX CTAJHAX PA3BHTHA (T. €. TaK Ha3blBaeMble «0CTATOUYHbIE» HJIH
«aoHaHble» pacniasbl) Ge3 NMOCTYIICHHA HOBbIX MOPUHiA (IIOHAONOTOKOB,
10-BHIHMOMY, YK€ HE MOTJIH CaAMOCTOATEIbHO H B JOCTATOUHLIX o0beMax re-
HEePHPOBATL PYAOHOCHBIE TM/POTEPMAalbHbIE PACTBOPLI.

Bo3smoxHbii MexaHH3M W (opmbl nepeHoca ypaHa

Hcexons n3 TekToHnueckol NO3HUHKH H UCTOPHH PA3BHTHA YPAHOBOPYHBIX
[POBHHLHI, BMOJHE MOMKHO TPeAnoiarath, 4To GOPMHPOBAHHE MECTOPOK/le-
HHH, CBA3AHHBLIX C MO3/ITHHMH FPAHHTOHIaMH, MPOHCXO/HJI0 MO BJAHAHHEM €/1H-
HbIX, HO TPaHCHOPMHPYIOUIHXCA TIYOHHHBIX BbICOKOTEMNEpaTYPHbIX ra3oBo-
TENJOBbIX NOTOKOB. BHauane, Ha paHHHX 3Tanax, 3TH (QUIIOHAbL, COLEpIKallHe
HapsAly ¢ ApPYrHMH KOMIOHEHTAMH MPEHMYLUECTBEHHO e 104, KPeMHHH, ra-
Jouasl (B ocHoBHOM F-B), BHI3bIBa/H pacniaB/ieHHe (NajdHrene3) ypaHoHo-
CHBIX MeTaMOpP(HUECKHX W YJAbTpaMeTaMopHUECKHX NMOPOJL «TPAHHTO-MeTa-
MOP(HUECKOro» a0 KOpbl H CONPOBOK/1a/HCL 06pa30BaHHeM peliKOMeTallb-
HbIX TPAHHTOHJHBIX MarmMaTHUeCcKHX ouarosB. B aasnbHeduieM, Ha NO3AHHX
3Tanax, nocae CHHKeHHs TeMIepaTypbl, 4aCTHUHON WK NOJHON KPHCTaMIH3a-
LLHH 04aroB, NPOLOJKABIIHECH, HO NOCTENEHHO H NY/1bCALHOHHO 3aTyXaKlLHe
(IOHIONOTOKH NPHMEPHO TOr0 e cocTapa ¢ npeobaalaHuem rajouios
H YIJIeKHCJIOTB 1IPOHHKAJIH HA CBOEM MYTH NO rJyGHHHBLIM pasjomMaMm uepes
YPAHOHOCHbIE «OCTATOYHBIE® PACUlaBbl, a TaKKe uYepe3 KPHCTaIHYecKHe
MAarMaTHYeCKHe HJIH YJbTpaMeTaMopdHyecKHe Nopoabl, 3KCTPATHPOBAJIH HaH-
Gosee NOIABHKHYI0O 4YacTb ypaHa W [peBpalUlaJHCh MPH CBOEM IBHKEHHH
BbilIE B YpPAHOHOCHLIE THApOTEpMaibibie pactsopul (puc, 22).

OnHako KOHKPETHBI MEXaHH3M npouecca MOOGMJH3AUHH (nepexon me-
Ta//a B PACTBOPEHHOE COCTOSIHHE), COCTAB NMEePBOHAYANbHBIX BbICOKOTEMNepa-
TYPHBIX ra3oBbix duonA0B, GOPMBL [IEPEHOCA H BO3MOMHbIE CONEPKAHHA €ro
NPH 3THX YCJAOBHAX, @ TAK®KE cocTofHHe cyGeTpata (Trepaas dasa, pacnaap
HJIH HX CMEC}:), H3 KOTOpOl"O MPOHCXOAHJIO 3KCTPArHpOBaHHE €ro NOTOKaMH
TpaHCMarMaTHYeCKHX PacTBOPOB, OCTAKTCA BO MHOTOM HESACHBIMH H THIOTE-
THUHBIMH. B HacToslillee BpeMS B 3TOM OTHOLIEHHH MOMKHO BbICKA3dTb JHIb
HeKoTophle 06liHe coobpakeHHd, HAMETHTL CaMylo 06LLYI0 CXeMYy Pa3BHTHA
OTMEYeHHbIX npoueccos.

Kak yue ormeuanocs, MaHTHiiHbe BBICOKOTEMTEpATYpHble (JIOHIL B lle-
JIOM OTJIHYAJHCh BOCCTAHOBHTE/bHBIM XAPAKTEPOM H HMe/H CJA0KHbIH B oc-
HOBHOM BOJOPOAHO-YIJI€BOAOPOAHO-YIJIEKHCAbIH COCTAB, MECTAMH € BICOKHMH
conepmannamu rasouaocs (F, B, Cly, uwenouedt (K, Na), a depenxo takwe
d30Ta, Cepbl H NTPHMECLIO JIPYIHX ra3oBs. B oTHOLIEHHH HANHUHA H COB.E[))KHHHH
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Puc. 22, Cxema pasBHTHA YDPAHOHOCHBLIX TEKTOHHUECKHX OJIOKOB KOMTHHEHTAJLHOH
IeMuO% KOpbl noa BO3AeHCTBHEM NOJKOPOBLIX ra30BO-TENJOBbLIX MOTOKOB (B pa3pese)
A — recaRTHRANHANBHBIE NOAHATHA; b -— npHaeraioiiue cyO6reoCHHKNHHANbHBE TPOrHbn, B —
OpOTeHHBle BNaAHHb: I — nnathopmennnie AenpeccHd. ITanbl PasBHTHA 3HNOTeHHBIX MPO-
ueccor: |/ — Q00OPOreHHOH MHOrOaKTHOA rpaHHTH3auMu, ([ — o6pajloBanHA BHYTPHKOPOBBIX
YPanOHOCHLIX MarMaTHYecKHx odaros; [// — no3aHMX CcTajHA NOCTMArMaTHYECKOW rWApOTEp-
MajdbHOH Aeatensuocty; /V — 5Tanbl rHAPOTEPMAALHOR AEATEAbHOCTH NOCAEAYWOUIHX (MoCT-
nAaTGOPMEHNBIX)  3MOX  TEKTOHHYECKOH W TeKTOMO-MarMaTHYeckol akTupH3aunw; [ —
BEPXHSA MaHTHA, 2—6 — 3eMHAA Kopa: 2 — «IPaHyIUTO-6a3HTOBLA» Cllofl, 3 — «rpannTo-Me-
ramopbuueckniis» Ccaol; 4 — TPAHHTHIHPOBAHHBIE NOPOAB TPAHHTO-THEACOBBLIX KYMONOA:
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KAJHEBLIC TPAUKT (@), NerMaToHIHLIE rPadHThl (6), KAJTHEBLIC MHIMATHTH (8), MarHOr PAHH
To-THelc (), rHefcw (d); 5 — BHYTPHKOPOBHKIH FPAHHTOMAHBLIA MarMaTHUECKHH o4ar c fo-
BLULIEHHBIMH COEpAKAHHAMH YpaHa (a) W JeTyuuX KOMIOHEHTOB (6); 6 — 3aKpHCTAAH3O-
BAHHbLIE MarMaThHUeCKne odarn ¢ )'piiﬂl)HOCHiiMH OCTATOMHBIMHE pacnnauauu. 7 — CRJAdAMaTge
OCHOBAHHE «0CAOMHOro» 051, § — MOJACCOBBIE OTADMKEHHA;, § — NAATHOPMEHHBIE OTIOKEHHS,
10 — rayGHHHBIE (NOAKOPOBbLIE) paidfombl MexOaoKoable (@), TpaHc6AOKOBHEe-CKBO3HBE (),
BHYTPHKOpOBLe (8): [/ — BEKTOPBl HANpPaBACHHA H HHTEHCHBHOCTH [IBHKEHMA BOCXOARLIAX
MANTHAHBIX AKACE (a), GAOKI0B M3 «0CTATOYHNY MArMaTHUYeCKHX pacniaBoB» (6), cMe-
WAHHLX YPAHOHOCHBIX THAPOTEPMAILHLIX PACTBOPOB (6); /2 — y4acTKH ypaHnoBoro pyioolpa-
I0BAHHA (MECTOPOMKICHHSA)
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BOAbl B MAHTHIHBIX MarMaTHYECKHX pacniaBax H (JIOHAax He CYLecTByer
CAMHOTO MHEHHA.

Cornacho pesyibratam uccaenoannii M. A. Tletepcuabe, J1. B. Aradgo-
noso#i, . A. Annpeesoii, ®. A. Jletnwukosa, b. O. Wkanapua, B. T'. Jlytua,
A. A. Mapakywesa, JI. JI. Tlepuyka u ap., ra30Bblii cOCTaB BEPXHEH MaHTHy
MPEHMYLLECTBEHHO BOJOPOAHLIA HJIH MeTaHOBO-BOLOPOAHBIH, «FPAHYIHTO-
6a3HTOBOTO» CJ10S 38MHOH KOpbl — METAHOBO-YIJIEKHC/bIH W «TPAHHTO-THEHRCO-
BOro» cjosi — BoAaubl. B paGorax M. A Tletepcuase (1960, 1983 rr )
OTMeudeTcsd, UTO ra3oBas (a3a MHOTHX MarMaTHYECKHX MOPOJ NOAKOPOBOIO
POHCX0KAEHHA, 0COGEHHO arllanTOBLIX LIEJOYHbIX [TOPOJ, XapaKTepH3yercs
O4eHb BBICOKOH JIeTYuecTbio MeTaHa, BOAOPO/a, CePOBOAOPOLA, MPHUEM [lap-
Hble KOMIMOHEHTbl ra3oB (MeTaH, BOAOPO/, THMKeble YrJIeBOAOPOAbl, OKHCL
vIyiepojaa) HMEIOT B HHX I0BeHHJbHYKO NPHPOLY.

[To nauupim M. J1. Pa6uukosa u ap. (1982—1985 rr.), B MaHTHiHBIX
MarMaTHYeCKHX 06pa3oBaHUAX MPHCYTCTBYET BOAA B KOJNHUECTBAX, 10CTATOU-
HBIX JUIS CO3AaHHS THAPOTEPMAJbHBIX (IOHI0B.

Kak noka3aHo wuccnenoBanusimu @. A, Jletwukoea, M. K. Kapnosa,
A. W. Kucenesa, b. O. Wkauapusi u ap. [64, 66], B HCTOpPHUH pa3BHTH:
BePXHEH MaHTHH H 3eMHOM Kopbl (JIOHAHBIH PeXHUM TNpeTeprneBas CyllecTBeH-
HYIO 9BOJIIOILMIO FHIOTEHHBIX CHCTEM N0 COCTABY, HHTEHCHBHOCTH, TEMMEPATYpC
H J1aBJEHHI0 KdK B MPOCTPaHCTBe (MO BepTHKAMH), TaKk H BO BPEMEHH.
M3 BepxHeit MaHTHM B 3eMHYI0 KOpY, B MpPOLECCe MOILHBIX TEKTOHHUECKHX
ABHKeHHH Hanbosee UHTEHCHBHO MHTPHPOBAJIH (JIOHABI CYUIECTBEHHO BOC-
CTAHOBHTE/JBLHOTO Xapakrepa, T. €. YIJeBOL0OPO/HAaA BeTBb PA3BHTHA MOCT-
Marmatudeckux cucreM. CUMTACTCA, UTO NIPH BBICOKHX TeMnepaTypax H jasJe-
HHH TaKoH (JIoHI caoxHoro coctaBa (¢ npeoGaananuem CHy, Ho, COu o)
MOT pacTBOPATb H MEPEHOCHTb Ha GOJbUIHE PACCTOAHHS BCIO CHEPHPYEMYIO
3Aech (XOTa B HeGOMBUWHX KoJHYeCTBax) Boldy. B To e Bpema BBICOKas ak-
THBHOCTb MeTaHa B BEpPXHel MAHTHH H HHAKHHX C/IOAX 38MHOMH KOPBI B 061aCTsIX
AKTHBH3alUHH (HO HA CTAAHAX OTHOCHTE/IbHOTO 3aTYXAHHA TEKTOHHYECKHX J1BH-
KeHHIT) H ocoOCHHO B 30HaX Pa3J/IOMOB, APEHHPYIOLIHX BEPXHIO MaHTHIO,
B YCIOBHAX 3HAUHTENLHONH KOHUEHTPAUHH TOpa H XJ10pa H HH3KOH aKTHBHOCTH
BOAB M KHCJIOPOAA, MO MHEHHKD 3THX aBTOPOB, MO3BOJAET NpPEA0AaTaTh Ha-
JHYHE ILHPOKOro CMNEeKTpPa TajJOHI03aMeUleHHbIX COefnnennit meTana (Tuna
CH3F, CHyF,, CHF3, CFs u 1. n.). Takde coeiHHeHHsl, B KOTOPLIX HMEOTCH
rJiaBHble KOMINOHEHTH A1t hOpMHPOBAHHA OYAyULHX THAPOTEpPM, B GoJiee Bepx-
HHX CJIOSIX MPH NOBbILIEHHH aKTHBHOCTH KHCJIOPOJLA, T. €. HA YPOBHE OKHCJEeH-
HbIX BOCCTAHOBHTE/bHbIX (JIOHIOB, A0JMHbLI pasjaratbcsi ¢ 00pa3oBaHUeM
($TOpPHCTOrO BOLOPOAA H YIJIEKHCIOTHI

B cBA3K ¢ 3THM, OYEBHIHO, B 30HAX MHOIHX MVIYGHHHbLIX Pa3J0MOB H OCO-
GCHHO B KPYNHBIX TEKTOHHYECKHX y3aax (paloHax) pa3HOBO3pacTHLIE rop-
Hble I0POJibl, METACOMATHYECKHE, KHJbHbe H py/lHble 06pa3oBanns oboratie-
Hbl dTopoM, GOpoM (nposiBAeHHs GJWWOpPHTa, TOMasa, TyYpMaaHHa H Jp.).
B atux ke yuacTkax (30Hax, y3/1ax) WHPOKO pa3BHTHI Pa3/iHuHbIe, B TOM YHCIE
HKHJbHBIE H METACOMATHYECKHE, MaTHE3HabHble KAPGOHATHI ([LOJOMHT, IapaH-
KePHT H Ap.), MPOABIeHAa HHTEHCHBHAS KapGoHaTH3AlKHsA 10POJ, 4 HHOI1d OT-
mMeuatTes KapboHaTHThl. B cocTase rasoBo-KUAKHX BRAKOUSHHH CleunpHYe-
CKHX MHHEpaabHbIX (Brop-KapGoHaTHBIX (da0opHT-KapboHaTHBIX) Naparee-
3HCOR OOBIYHO XAPAKTEPHBI BBICOKHE COACPKAHHS BOCCTAHOBHTELHBIX (WIHOMIO0B.
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Boabiuas 4acTh YIVIEKHCJIOTH CKOPEE BCErO HMEd (I0JIKOPOBOE NPOHCXOK-
geHne # 006blMHO Obl1a CBA3AHA C NMPOABJACHHIMH MArMATH3MA OCHOBHOIO
H LLENOYHOTO COCTABA PA3HOBO3PACTHBIX, B TOM YHC/Ie HAWG0/1ee 1TO3JIHHX KOM-
MAEKCOB (BY/KAHOr€HHbIX, HHTPY3HBHBIX, 1aHKOBbIX). 00 3TOM Ke CBHAETe/1b-
CTBYIOT H30TONHBLIE NaHHBlE yriepoia. He Hekmwoueno, uTo Kakada-To 4acThb
YrJAEKHCAOThE NO-BHIAKMOMY, MOTJIA BLIIETHTHCH H3 NMOACTHAAUINX KapOoHaT-
HbIX H KapOOHATCOAEPKAIHX TNOPOL OCAAOUHBIX TOAUL NPH  DHILTPALHH
CKBO3b HHMX TA30BO-TENAOBHIX MOTOKOB.

Cepa cybdHAHAR, CYLH 11O PE3VILTATAM H3OTONHLIX HCCJARNOBAHHA, B OC-
HOBHOM TaK:K€ HMeJa WBeHHIBHOE nMponcxoxienne. OAHAKO HAPALY € 3THM
HE3HAUHTEIbHAA 4acTb «00JIerYCHHO» cepbl, 0COOEHHO HA MECTOPOAACHHHAX,
pacnpocTpaHeHHBIX B Nporubax, BnajiuHax H JenpeccHAX, M0-BHAHMOMY,
Morna ObiTb 3@8HMCTBOBAHA H3 OCALOYHBIX KapGOHATHLIX, & TakKxKe coJje-
THICOHOCHBIX BMEILAIOMIKX HIH MOACTHAAIOWIHX TOJIIL.

B coctase noikoposbix (UIOHI0B, KPOME TOTO, NPHCYTCTBOBANN MIEA0HMH
(HaTpHH, KaNHi), COeHHEeHHS KPEMHHA H APYTHE KOMIOHEHTHI.

[TpoaBHKeHHE BOCXOAALLIHX NOTOKOB ra30BbiX (DIOHL0B Ha GONBLILOM 11YTH
M3 BepXHEH MaHTHH M3 OJAKOPOBBIX MarMaTHUECKHX OU4lOB K MecTam pa3-
FPY3KH B BEDXHHX HACTAX KOHTHHEHTANLHOH 36 MHOH KOPBI COMPOBOAK1A/10Ch HE
TOJABLKO CHHKEHHEM TEMMEPaTYPhl, HO W ECTECTBEHHOH IBOJIOUHEH B cocTaBe.
B uyacTnocTi, npeoGpazoBanne Gaon /108 H NOABISIBIIHXCS B HUX XJOP- H (hTOP-
3aMelteHHoro metana (CHaF) u apvrux 110106HEIX cOeNHHEHHA NPOHCXOAHI0
B npeaesnax BepxHe#d YACTH 3eMHOH KOpb — Hd rayGHHAX npuMepHo ot 15—
20 KM 10 5—7 KM, T. €. Ha YPOBHE 3dCTLIBIIHX FPAHHTOMILHBIX MarMaTHUECKHX
ouaros. [loBbillenHe pexHMa M aKTHBHOCTH KMCJA0poLa, OCOGEHHO B 30HAX
rAyGHHHBIX PA3J0MOB, MPHBOAHAO K HX OKHCICHHIO M 06PA30BAHHIO HE TONLKO
YIIEKHCI0Thl H YTOPHCTOr0 BOAOPO/1a, HO H, NO-BHIAKMOMY, KAKOH-TO 4aCTH BO-
Abl. 371€Cb, OYEBHIHO, GOPMHPOBAJIHCL OCHOBHBIE KOMMOHEHTBl KOMIJIEKCHbIX
KapOOHATO-TaJOHIHBIX (¢ KpeMHHEM, LLEJOUdMH) ra30BO-BOAHbIX PACTBOPOR
arpeccHBHBIX CBOHCTB. BblllenaunBan ypaH U Apyrye sneMeHTb i CMelHBAAChH
B BEPXHHX 4aCTHAX B [IPOHHKAKOULHMH CHOA 1TOA0TPETLIMH HHOHILTPAILHOHHBL-
MH BOJAMH, OHH CO3/IaBAJH PY/IOHOCHLIE THAPOTEPMA/bHbIE PACTBOPLI.

Takne pacTBOpbl MOIJIH 3aHMCTBOBATb ypaH H3 M060ro ypaHoHOCHOTO
CcyGeTPaTA NPH HAJKHYKHK B IOCTATOUHBLIX KOJTHYECTBAX €ro NOABHKHBIX GOpPM.
B nepedoce ypaHa (JOMAaMH H pacTBOPAMH, BHAHMO, [POHCXOAHJA Ofpe-
Je.eHHaA TPaHCOPMALLHA, T. €. HMea MeCTO Kak Obl «3cTadeTHOCTh» dhopM
nepexoca pyaHoro seulectsa. OfHoil H3 BO3MOXHBIX (GOPM TnepeHoca ypaHa
Ha paHHHX cTaaMsax (Ha rJyOHHe), T. €. B YCJOBHAX BLICOKHX TeMmmnepaTyp,
B CBHA3H C BLICOKHMH COAEPKAHHAMH rajloua0B BO (JIOHIAX BNOJIHE MOMKHO
NPeAno/IdraTh JeTyuHe KOMMJIEKCHbLIC COENHHCHHSA XJIOPHAOB HAH (TOPHIOB.
Ha no3aHux craauax (B NpHNOBEPXHOCTHBIX HU3KOTEMIEPATYPHbBIX VCIOBHAX)
y#e npeobnanana kapGonaTHan dopma nepexoca ypaHa.

YUHTHIBAA TECHYK [POCTPAHCTBEHHYIO CBA3b FePUHHCKHX FHAPOTEpMAJhb-
HBIX YPAHOBBIX MECTOPOAKAEHHH C KHCJbIM MaJHHTEHHbIM MarMaTHiMoM (KpH-
CTANTHIYIOULHMHCA HJIH VKe 3aCTIBLIMMH OUaraMHi), a TaKKe ¢ TIYOHHHBIMH
(MOAKOPOBLIMH) pa3jioMaMu H [POSIBJAEHHAMH COOTBETCTBYIOUIHX (JIOHLOB,
TAKOR THN HCTOUMHHKE MOMHO CUMTATb KAK MIVOHHHBIM (BHYTPHKOPOBbIM)
(PHABTPAIIHOHHBIM B LWUHPOKOM CMbIC]e, TdK H KOMOHHHPOBAHHLIM (BHAbLTPA-
ILHOHHO-MAarMaTHYECKHM.
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¢unupauuouuue HCTOYHHKH ypaHa
Ha CT]JaTl‘ICIJOpMHHX MECTOPOMACHHAX

DuIbTPauHOHHBIH HCTOUHHK PYAHOIO BellecTBa JajibHed MOOHIH3ALHH
MOXKHO Mpeanofarate AAA CTPATHHOPMHBIX MECTOPOMKICHHH, 3ajeraloliux
Kak B 6J1aronpHATHLIX MOPOJax CKAAAuyaToro OCHOBAHHH, TAK H B KPACHO-
ILBETHBIX H CEPOLBETHLIX YIJI@HOCHBIX MOJACCaX OPOreHHOro fipyca HJAH B oca-
JAOUHBIX OTNOMKEHHAX M1aTGopMeHHOro uexaa, MHOrHe H3 3THX MeCcTopolKie-
HHI, KK 1PABHJIO, He 06HaPyKHBAIOT BHAKMOI cBA3H ¢ marmMaTH3mMoM. O6bIuHO
MX OTHOCAT NHOO K TejseTepMaJbHBIM, JHO0 K CI0KHBIM 3H0T€HHO-3K30IeH-
HbIM, T. €. «IOJHTeHHbIM>.

Ocoboe 3HaueHHe cpeiH HHX UMEIOT PY/Hble 3a/1eKH cTPaTHHOPMHbBIX ypa-
HOBLIX MECTOPOMAEHHI, JOKANUIOBAHHBLIX B YEPHBIX (VTAEPOAHCTBIX HAH yr-
JIEPOACOAEPKAULHX) CJAAHUAX CKIAAYATOr0 OCHOBaHus. Bornpocel rewesuca
H HCTOYHHKA ypaHa nof0GHbIX MECTOPOKIACHHH ABAAOTCA Hanbojee CloxK-
HbIMH H BO MHOTOM HEpELICHHLIMH (AMCKYCCHOHHBIMH), OHH HEQAHOKPAaTHO
pas3bupannch B meuatu [22, 23, 56, 97]. BoablwiukcTBO MccaedoBaTene
CUHTAIOT HX «MOJHT€HHBLIMH», B 00PA30BAHHH KOTOPBIX MPHHHMAaJH ydacTHe
ocajouHble, MeTaMOpP(HHUYECKHe, MHAPOTEePMAaJbHLIe H IHIIEPreHHble NPOLecchl.
Onnako, 1o-HalleMy MHEHHIO, COBPEMEHHBIH 00JHK MecTOpPOMAeHHH 3TOro
THNA 06YCJI0BEH IJ1aBHBIM 06pa30M NposAB/ACHHeM PYA1006pa3yloLLHX Npolec-
COB /JIByX THNOB: 3H/OreHHbIX (FHAPOTEPMAJbHBIX) C KOTOPLIMH CBA3aHO NOsAB-
JACeHHE MePBHYHOH YPaHOBOH PYNOHOCHOCTH, H MOBTOPHBIX THAPOTEPMANBLHBIX
HJIH 3K30TeHHbIX (THNepPreHHblX), KOTOPble PHBOAKIH K €ro nepepacrnpemene-
HHIO, @ B psijle caydaeB — K oboraulennto. [l1a 3THX MecTOpOKAeHHH Xapak-
TEPHO MOJHXPOHHOE OpyleHeHHe, BO3HHKUICE B DE3VALTATe MHOTOKPATHOrO
NPOABACHHA PyA006Pa3yIOULHX N1POILECCOB PA3HbIX METaNI0MeHHYeCKHX 310X,
[Tpu 3TOM Ha npOTHAMNKEHHH AJHTENBbHOH HCTOPHH TEOJOrHYECKOIO Pa3BHTHSA
PYAHBIX PaHOHOB (y3/10B) HEO/IHOKPATHO H Ha MPOTAKEHHH JIHTEIbHOrO
BpPEMEHH BO3HHKAJH YCJOBHS I8 MOGHIH3AUHH W MHIpalHH ypaHa (ceau-
MEHTOreHes, AHarexes, meTamopu3iM MOPOA, rHnepreHes), Ho 6JArONPHAT-
Hble O6CTAHOBKH UIA 1POMbILLJIEHHOrO FHAPOTEPMAbHOIO pyloofpa3oBaHus
CO3laB3NTUChL /AWWiL B ONPELE/]eHHbE HHTEPBa/bl BPEMEHH — B OPOreHHbIE
3Tanbl H 3M0XH AKTHBH3ALHH,

[Mpeanonaraemoe HauGosee paHHee OpyaeHEHHE ITHX MECTOPOKIEHHH, KAk
1IPABHJI0, MPAKTHYECKH HHIle HE COXPAHHIOCH AN NPUCYTCTBYET JKilib B BHIE
TPYAHO AHATHOCTHPYEMbIX PesiHKTOB. Cyas 10 OBLUIHM reoJorHYECKHM JdHHbIM,
OHO MOIVIO ChOPMHPOBATLCA B KOHILE OPOT€HHOro 3Tald, nocae [posBJIeHHs
TEKTOHO-MarMaTHYeCKHX MpPOLecCOB NaJeo30fAcKoro cyGreoCHHKIHHAILHOIO
LHKAA.

B Gonee noaanue 3noxu noctnaathopMeHHON TEKTOHHYECKOH (mo3jiHe-
KHMMepPHHCKOM) H TEKTOHO-MarMaTH4YeCKOH (aNbMHACKOM) aKTHBH3ALHH chop-
MHPOBaAACh OCHOBHAA MACCd NPOMbILIICHHbIX Py, NPeAcTaBjaeHHas 10JOMHT
(napankepuT)-KOPHHUHHT-HACTYPAHOBBIM H CYJAb(HIAHO (aPCEHHIHO)-HACTY-
pPAHOBbLIM NapareHe3ucaMmH, conpopoxjaaemble, no AawHeiM B A. [onoBuHa
(1976 r.), C. ®. Bunokyposa (1976 r.}) 4 ap., KapGoOHATHO-THAPOCIIOLH-
cThiMH MeTacomaTHTamu. MHoraa nposisaena camasi MooLas IHPHT-MAPKA3HT
(reMaTHT)-HacTypaHoBas AdccoUMAUMSl B IUHPOKHX 30HAX dPTHAJH3AUHH.

Kak B TeyenHe oporeHHOro stand, Tak v B YCI0BHAX mocTiatdopMertait
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AKTHBH3AUHH OT/leJbHbIE PYJOHOCHbIE 6JI0KH HCTIBITBIBAJIH BO31biIMaHHE, KOTO-
poe CONPOBOMKAANOCH CHIBHOH 3pO3HeR (BNJIOTb 10 06pa30BAHHA NEHeN/eHa )
H PA3BHTHEM 3K30reHHbIX NPOLeccoB, GOPMHPOBAHHEM NAONLAAHBIX W JHHEH-
HBIX KOp BbiBeTpuBauus, [Ipu 37O0M B oporedHbii nepHo npeobaanan #ap-
KHH apHAHbIH KauMaT, 06yCca0BHBILWA PA3BHTHE KPACHOLBETOB, B 3MOXH NOCT-
AnaTQOPMEHHON aKTHBH3AUMH JauaadTHEE YCA0BHA KAPKOr0 BJdKHOTO
(TPOMHUECKOT0) KJAHMATA NPUBOAHIAH K 06pa30BaHHK KAOJIHHOBOH KOpPbl Bbl-
BeTPHBaHHA. DTH CHMepreHHble npeobpa3oBaHHf 110POL H Pya CONPOBOMKIA-
JIMCb HE TONLKO WX pa3pylleHHeM, HO H 3HAUHTE/ILHOH MUrpauHed ypana.
KoanuectBo W cyabba MHIpHpOBaBLIErO MPH 3TOM MeTa/lla ocTaercs
He BbIACHEHHOH. OJ.LHBKD HHI A€ 3TH Npoleccbl He MPHBOOHJAH K CO3[1dHHIO
HOBOTO NPOMBILJIEHHOrO CKOIMJIEHHS] OPYIEHEHHs! TOJbKO 3a cueT (hOHOBLIX
KOHUEHTPAUHA ypaHa B mopoiaax.

O6une pernoHaibHble 3aKOHOMEPHOCTH pa3MeLLeHHs CTPATHHOPMHBIX Me-
CTOPOMKACHHH B pa3HbIX TEKTOHHUECKHX COOPYHMEHHSIX YEPHOCJAAHIEBbIX TOMIL,
OCOGEHHOCTH PA3BUTHA (3TANHOCTL) PYAHLIX PAHOHOB, YCIOBHA JOKANKIAUKK
H (POPMHPOBAHHSA OPYAEHEHHS, HEKOTOPbIE YePThl CXOACTBA ¢ MECTOPO K AEHHA-
MH APYTHX THIOB OLHO3HAYHO CBH/IETENLCTBYIOT O eIHHOM JH/J0reHHOM [1POHC-
XOMJIEHHH OCHOBHBIX PYA00GPA3YIOILIHX MPOIECCOB, MPHBEALIHX K BO3HHKHOBE-
HHIO 3THX CKOIIeHHH ypanoBoro opyfeneHdd. OTyeT/IHBAS NPHYPOYEHHOCTL
MECTOPOXKIEHHH K 30HaM [0JTOXHBYLULHX riyOHHHBIX pa3/loMOB, a Hadbonee
3HAYHTEILHBIX H3 HHX (PYAHBIX MM01EH) —K CAOKHbIM TEKTOHHUCCKHM y3Jam
COUJIEHEHHST CBHAETEJBCTBYIOT O TOM, YTO OHH C(HOPMHPOBANHCL MpeHMYyLie-
CTBEHHO H3 BOCXOAALLHX PYJOHOCHBIX TMpOTepManbHblx pacTBopoB. Ciox-
Hafl THAPOAHHAMHKA 3THX MHHepa/0o00pa3yiolHX pacTBopoB Oblia 06ycJ0B-
JeHa 3aKPLiThIMH CHCTEMAMH Pa3inyHbIX, 0CO0EHHO CeKYLINX Pa3puiBHblX Ha-
PYWeHHH K CKAaLuyaThlX CTPYKTYP NPOHHUAEMbIX [OPO, MEePEeKPLITHIX Mafo-
MOLUHBbIM Y€XJIOM OCaJ0YHBIX MOJIACCOBbIX H M1aT(HOPMEHHBIX OTJOKEHHH.

[To naHHBIM MHOTHX HCclleloBaTe e, PYAO- H CONPOBOXKAALUIEe MHHEpPa-
N006pazoBaHKe NPOHCXOAKA0 NpH Temnepartypax 100—200° u 10cTaTOYHO Bbl-
COKOM JlaBJIEHHH PacTBOPOB, KOTOPOE ClnocoOCTBOBAI0 HX MPOABHKEHHIO
Mo KpyTonajamoul¥M TeKTOHHYECKHM 30HaM CHH3y BBEpX, a B MPHNOBepX-
HOCTHBIX YCJOBHAX OHH PacTeKaaHCb BJOJbL NMOJOTFHX HAJBHIOB, MOKPOBHbIX
CTPYKTYP H 30H MeXK(OPMAUHOHHBIX HAPYIUIECHHH.

Cyﬂﬂ 10 PA3BHUTHIO Ha MECTOPOKAEHHAX [MPOKHJIKOBbBIX H METACOMATH-
yecknx kapbonator (Fe, Ca, Mg), cyavdaton (Ca, Sr, Ba), npoKuaKoso-
BKpanieHHbIX ckonaeuui cyabduaos (Fe, Cu, As, Ni), B cocTase ruaporep-
MaJibHbIX PacTBOPOB npeobaanalin YrJAeKHCI0Ta H CEPHHCThiE COeNHHEHHS.

[Tponsuxkenne pacTBOPOB CHH3Y BBEPX YiKE B MPHIOBEPXHOCTHBIX YC/0-
BHAX 10 Mepe NPOHHKHOBEHHS! B TEKTOHHUECKH HapylleHHble (TPeLLHHOBATbIe,
GpeKYHPOBAHHBIE) YYACTKH NOPOJA, KOHTPACTHBbIX N0 (PH3IHKO-MEXAHHUECKHM
H XHMHYCCKHM CBOHCTBAM, Pe3KO CHHIKANMCh MX TeMmlepaTtypa H laBjeHHe,
MEHSAIJICA COCTAB, COMNPOBOMIAEMbIH HHBEPCHEH LLEJOUHOCTH-KHCJIOTHOCTH,
4TO MPHBOAHJO K BbINAJEHHIO H3 PACTBOPOB HE TOJLKO Kap60HATOB H CYJb(H-
JLOB, HO H OKHCJIOB YPaHA B BH/E TOHKOBKpATIEHHOrO (AMCNEPCHOro) M npo-
)KHJIKDB()-BK[.)HIIJ]EHHUFU HACTypaHa.

B 3aBHCHMOCTH OT TEKTOHHUECKOIO pexkHMa (B yCJOBHAX OTKPBITHIX Tpe-
LHLHHHBIX CHCTEM, 110 Mepe HX BCK]lbITHﬂ) I!pOHCXOﬂHJ’IO CTATHBAHHE pynooﬁa-
IYIOWHX PACTBOPOR K APRHUPYIOUWHUM TEKTOHHHYECKHM 30HAM (30HaM noBbILIEH-
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HOH TPelLHHOBATOCTH). 31€ech, Ha ray6HHe B NMepBble COTHH MeTpoB B GJaaro-
NPHATHOR CTPYKTYpHOH oBGCTaHOBKE H mpH TemnepatypaX o 150—200°
PyA0OTAOKeHHEe BO MHOTOM 34BHCEN0 OT JHTOJIOrHYE€CKOro CoCtTaBd BMelLato-
ILHX MOPOJ, FeTEPOreHHbIX MO XHMHUYECKOMY COCTaBY H (DHIUKO-MEXAHUUECKH M
cBOHCTBaM (uepeloBaHHe YrJAEPOAHCTHIX KPEMHHCTO-FJHHHCTBIX  CAAHIeR,
H3BECTHSAIKOB H 1HabasoB).

ArpeccHBHble CBOHCTBA KHCJOTHLIX PAacTBOPOB H BOCXOAAULMH HX Xapak
Tep CO3NaBajH BO3MOMKHOCTb NepeHoca (MpHBHoca) Goapliieil vacTh ypaii
¢ ray6GHHBI H3 YPAHOHOCHBIX Nopoa (cyGeTpata) rpaHuTo-MeTamophuyeckoro
c/105 Kopbl. B 1aHHOM cAyuae 115 3THX MeCTOPOKACHHH BIOJHE MOMAHO Npel-
noaarath GUALTPALHOHHBI HCTOYHHK ypaHa AajbHed (rayOHHHOH) MOGH/IH-
3auuu. [Ipu 3TOM He HCKJIIOHEHO TaKKe 3aHMCTBOBAHHE HEKOTOPOro Ko/li-
4YecTBa METANJa H3 BMELLAWUIHX YPAHOHOCHBIX MOPOA TO MYTH JABHKEHH:
pacrsopos. OAHAKO KOS YWACTHA €ro B CO34aHHH HX YPAHOHOCHOCTH
OCTA4eTCA HEH3BECTHOH, HO Cyass MO MHOTHM reoJOrH4eCKHM H paaHoreo-
XHMHYECKHM TMPH3HAKAM Obla, NM0-BHAHMOMY, BeCbMa HHYTOMKHOM.

Hexotopbie H3 cTPaTHHOPMHLIX MECTOPOMKACHHH, J0KaAH30BaHHbLIE B TED-
PHTEHHBIX OTJ0KEHHAX NJAaTHOPMEHHOro YexJa, NPOCTPAHCTBEHHO H 110 BPE-
MeHH 06pa3oBaHHs BecbMa OJH3KH K NPOABAEHHIO a/bMHICKOro 6a3anbToH -
HOFO WK 1eN0YHO-0a3aNbTOHLHOIO BYJKAHH3MA, ¢ KOTOPbIM CBA34HO BO3006-
HOBJIEHHE THAPOTEpMalbHOil AesiTesbHOCTH. MecToposieHns pacnonaraioTcs
B lpejenax WHPOKHX H NPOTAKEHHBIX TEKTOHHUECKHX 30H rIyGHHHBIX pas-
JIOMOB, KOTOPbI€ B JIPYTHX 6JOKAX KOHTPOJHPYIOT THIHYHOE THAPOTEPMAJbHOE
opyaeHnenne. [lnacrtoo6pasyble pyaHble 3a/1€KH JOKAIH30BAHbl CPEAH MPOHH-
LLaeMblX MeCcYaHO-aJeBPOJHTOBBIX OTJOMKEHHH, 060ralleHHbIX OPTraHHYECKHM
BEUIECTBOM ¥ Cyabduaamu. JAncnepcHbie H NpoKHIKOBO-BKPaIieHHble pyibl
npeAcTasieHbl IM1aBHbIM 06Pa30M OKHCAAMH YPaHa, aCCOUHHPYIOLLHMH C Cy/lb-
hHAaMH M peXe ¢ OKHCJAaMH Keje3a, HHOTLA JIOKaJbHO OTMeuvaeTcs ypaH-
uupronuesoe opyaenenne [120]. Boapacr (U-Pb) opyrenenus 20—16 man
net. HauGonee GoraThie JKe/JBAKOBbIE HJIH MECTAMH CEKYLIHE CKOMJEeHHS
NPOKHAKOBBIX DYl MPHYPOUEHBI K 10J10CAM TPELIHHOBATOCTH, PA3BHBAIOLLHMCS
Haa 30HaMH KPYTHbIX norpeﬁeuuux pPasnoMoB, KpYTOnaaawllHXx KOHTAKTOB
pasHOBO3PACTHBIX IPAHHTOHIOB M AdeK W T. 1. B npenenax mectopoxaeHui
BO BMELLAKILHX OPYJE€HEHHE NOPOAAX YCTAHOBACHB METACOMATHUECKHE H3Me-
HEeHUA THNA APFUAAK3AIINN, @ TAKKe NPOABIEHHE IPOKHIKOB DapHTa, Cy/bpH-
[0B, HHOTAA (JIIOOPHTA H Ap.

[1o rexesncy 3TH MeCTOPOMIEHHA OTHOCHT 260 K IK30TEHHBbIM 3IMHreHe-
THUECKUM («THAPOTeHHbiM»), AHO0 K CMEelIaHHBIM 3HAOTEHHO-3K30TeHHbIM,
JHGO0 K HH3KOTEMIIEpATYPHBIM TejeTepmaibibiM. MecTopox 1eHns oObluHo pac-
nosaralTca B 30HaX MYOHHHBIX Pa3/JOMOB, B KPYIHbIX TEKTOHHYECKHX y3/aax
HX COUNICHEHHS, W B TO K€ BPEMA NPOCTPAHCTBEHHO TATOTEIOT K PYLOHOCMbBIM
reoaHTHKIHHAAbHbIM 6a0KkaM. [lo BpemedH 06pa3oBaHH OHH CHHXPOHHBI
H/JH BecbMa GJIM3KH K dHAJOTHYHBIM 110 COCTABY MHHEpPalbHbIM acCOUHALHAM
(hopMauuam) COOTBETCTBYIOUIMX METANNOTCHHYECKHR 3NOX THAPOTEPMAIbHbIX
MECTOPOKAECHHH, PA3BHTLIX B COCEAHHX pYyAHbIX OGaokax. Boapact opyne-
HEHHS] ITHX MECTOPOXK/ICHHH GJIH30K BPEeMEHH NPOSABIEHHA MarMaTHima oc-
HOBHOTO-EJOYHOrO COCTaga, ¢ KOTOPbiM cBAl3aNa THAPOTEPMANLHAA AeATe/b-
HOCTb.

Bl)I'IpOC 006 HCTOYHHKe YpaHa 3THX MECTUDOH{,’.&EHHﬁ B HacCTOsillee Bpems
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BPSIL JIH MOMeT ObiTh peiieH oaHo3Ha4Ho. [lo komnaekcy reooriueckmx,
MHHEPASOrRYECKUX K APYIHX AanHbiX MOMKHO MHUbL HAMETUTL BEPOATHLIE Ba-
pHaHThl ero pewenns. Hanbosee npHemaeMbiM BAPHAHTOM MO COBOKYMHOCTH
BCEX JIAHHBIX, [0 HALlEMY MHEHHIO, CeayeT CUHTATb NPHBHOC GoJbllel 4acTH
META/1A BOCXOARKWMH NOTOKAMH PACTBOPOR CHU3Y, U3 nopod dyuaame-
ta. das 3THX MeCTOPOXKAEHHIH BNOMHE MOMKHO NPEANoNaraTb KOpoBbliH (HIb-
TPALHOHHLI HCTOYHHK YPaHa B Pe3yJbTaTe ero 3KCTparHpoBaHHA (lajbHAA
MOOHAHIAUMA) M3 PA3AUUHBIY YPAHOHOCHBIX 06pPaz0BAHHE (rPAHHTOHIOB,
MEeTaMOP(HYECKMX H yabTpaMeTaMopdHYecKHX MOPOJL H Ap.), 3ajeralmouinx
B (hyHaameHnTe HA rAyOGHHE MOA MECTOPOAKIAEHHAMH.

Takum ofpazoM, Ha npumepax 0CoGEHHOCTEH TEKTOHO-MATMATHUECKOTO
Pa3s’BHTHA M METAJIOreHHH MOJHXPOHHBIX YPAHOBOPYIHBIX MPOBHHUHA, B Npe-
Jles1dx KOTOPHIX MPOfABJIeHbl THAPOTEPMAJbHbIE MECTOPOKIAEHHA YPaHa pasHbIX
THIOB M BO3PACTd, UMEIOULHX HEOAHHAKOBOE OTHOUEHWE K Marmatdimy, oT-
YETJHBO HameyaloTesi 2-—3 raaBHbIX THNA HCTOYHHKA DPY/AHOrO BellecTBa —
MarMaTHYeCKHH H ryGHHHbIH QHABTPALLHOHHBIH, @ TAKKE 1ePEXOAHBIH — KOM-
GUHUPOBAHHBLN.

Hapsiny ¢ 3HAOreHHBIMH MOCTMATMATHYECKHMH MeCTODPOKIEHHAMH, KO-
TOpbl€ TECHO NPOCTPAHCTBEHHO, BO BPEMCHH M PAAHOreOXMMHYECKH CBA3AHbI
C KHC/IBIM KOPOBLIM MArMATHIMOM OPOreHHOrO HIAH aKTHBH3AUMOHHOIO 3TAN0B
Pa3BHTHS, HA HX TEPPHTOPHH PACIPOCTPAHEHBI MECTOPOKAEHHA, KOTOPBIE JHOO
BooGLLe He 06HAPYKHBAIOT BUIAHMOH CBA3H C MAarMaTHaMoM, JHO0 npocTpaH-
CTBEHHO H 110 BO3pacTy OJH3KH C MPOABJAEHHAMH [10AKOPOBOrO OCHOBHOTO
H LLEJOYHO-OCHOBHOIO MarMaTtHima nocTnaatgopMeHHbIX OPOreHHbIX (dKTH-
BH3AIIHOHHLIX) 39TANOB PA3BHTHA.

Ha 3tom ocHoBaHHK BHUIEAAOTCA TPH TPYONLL MECTOPOXKAEHHIA: 1) napa-
FeHCTHYECKH CBA3AHHBIE C KHC/bIM OPOTEHHbIM MarMaTH3MOM (aCCOLHHPYIO-
ILLHE ¢ TPAHHTOHLAMH HJIH BYJIKAHHTaMH); 2) BHe BHAHMOMH CBS3H C MarMaTtH3-
MOM (B YepHOCJAHUEBBIX TONULAX CKIA[J4ATOrO OCHOBAHHA, B aJbOHTHTAX
(?) u ap.): 3) NpOCTPaHCTBEHHO W BO BPEMEHH CBA3aHHble C NPOsIBJEHHEM
OCHOBHOTO H 11LeJIONHO-OCHOBHOINO MarMaTH3Ma (B (hyHlamMeHTe B 30HAX riy-
GUHHBLIX PA3NOMOB, B M1aTHOPMEHHOM HJIH MOJACCOBOM 4eXJax).

[To koMnaekey reoJOrHueckHx H HEKOTOPHIX MHHEPAJIOTHYECKHX AaHHBIX
AAsi nepBoH  TPynnbl  MeCTOPOXKAeHHH mNpeanosaraeTcds  MarMaTHYecKHH
HIH QUALTPALHOHHO-M3TMATHYECKHI HCTOUHHK PYLHOTO BelllecTBa; s Gonee
MO3AHHX PYAHbIX (POpMallHii MOJIOAbIX 3MN0X pyLooGpasoBaHua — riyOHHHbIH
GHALTPALLHOHHBI HCTOYHHK YpaHa (aajdbHeldl MOGHAM3AILHH).

Pynorewepupywouum cy6ecTpaToM, KOTOPBIH 661 c(hOPMHPOBAH B pya0N0IL-
FTOTOBHTEJNbHBIH 3Tan M H3 KOTOPOro H3BJIEKaJCs ypaH B py/Hble 3Tanbl,
CAYKHJIH 3aKPHCTA/IH30BABIUIHECA («HCCAKIUHE») OCTATOYHLIE MarMaTHuyec-
KHE O4ard, rpaHUTH3HPOBAHHBIE MOPO/bl, FPAHHTOH/LbLI H APYTHE reOXHMHUYECKH
CreuHaNH3npoBaHHble YPAHOHOCHBIE 06PAa30BaHNA, paclooKeHHble Ha Iy Ou-
He B «FPaHHTO-MeTaMopdHUECKOM» C.loe KOHTHHEHTalbHON 3eMHOH Kopbl. Py -
HOE BellecTBa MOLOGHOTO MOTEHUHaJbHOrO HCTOYHHKA ypaHa MO0 GbiTh
MOGHJIH30BaHO H NE€PEXOJHTb B PACTBOP TOJBKO NMPH NOCTYMNJIEHHH HOBBIX NOP-
LHH MOAKOPOBHIX Ia30BO-TEMNOBbLIX NOTOKOB (()JIIOHA0B), COAEPIKALLHX B CBO-
€M COCTaBe YIVICKHCAOTY, FafoH/Ibl, LWEeJ0UH H APYrHe JIeTYUHe H MOABHKHbIe
KomnoueHtsl. [lposisnenuss noaoGublX (UIOHAOB NPOHCXOAHIO 10 30HAM
FAYGHHHBIX Pa3OMOB B Pe3yabTarte JOKaJbHOH [1era3allHd MaHTHH HIH
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OTAEJIeHHA JIeTYUHX BO3TOHOB OT MAHTHHHLIX MarMaTHYeCKHX OUATOB. an
MoOuaM3auMn MeTanna ckopee Bcero npeobianad (PHJAbTPALHOHHBIE MeXxa-
HH3M ero u3BJjedeHusi. B nmepedoce ypaHa, no-BHAHMOMY, BHauaJje npeo6.a-
nanu GopmMbl KOMMJAEKCHBIX rajJOHAHbIX ((PTOPHAHBIX) coeduHeHHH, a Ha
MOCAEAHHX CTAAHAX — KapOOHATHBIX KOMIJIEKCOB,

Ha o6uiem poHe LHKAHYHOTO pa3BHTHA PA3HOBO3PACTHOTO H PA3HOTHITHOTO
MarmaTtHiMa, CBA3daHHOI0 € NOAKOPOBbBIMH H BHYTDHKOPOBbLIMH MarMaTHUYeCKH -
MH O4aramH, a TAKKe MPOABJEHHA MMOJHXPOHHOH HAPOTEPMAIbHON AeATE k-
HOCTH W pyAooGpa3oBaHHsi pa3HblX MeTAVIOTeHHYECKHX 310X Hameuaercs
3BOJIIOUHA B NPOHCXOK/IE€HHH HCTOYHHKOB pYAHOro BeuleCTBd H PYAOHOCHbIX
pacTBopoB, CcGhOPMHPOBABIUIHX T[HAPOTEPMA/bHble MECTOPOMIACHHA YypaHa
pasHbIX THNOB.

l. B nocTreocHHKAHHANBHBIA OpPOreHHBLIH 3Tan:

Ha PAHHHX CTANHAX MOCTMArMATHUYECKOH FHAPOTEPMA/IbHOH NeATeNbHOCTH
OCHOBHYIO POJb HTPAIOT MArMaTHYECKHE HCTOYHHKH, HA MO3AHHX CTAAHAX HJIH
3Tanax (OpPMHPOBAHHA HEKOTOPbIX MECTOPOMXIeHHH — (PHABTPALHOHHO-
MArMaTHYeCKHe HCTOYHHKH.

2. B noctnnatdopMetHbie OporeHHble (aKTHBH3AUHOHHBIE) Talbl [aBHOE
H YHHBepCaJibHOe 3Ha4YeHHe npHobpeTaeT rayOHHHbIH QHIbTPalMOHHBIH HCTOU-
HHUK (danbHei MOOHJIH3AELHH).

raasa VI

AHAJIH3 AJIBTEPHATHBHbIX MEXAHH3MOB
®OPMHPOBAHUA PYNOHOCHBIX PACTBOPOB

Cpeau Apyrux npeicTaBieHHi O MPOHCXOK/AEHHH PACTBOPOB H O BO3MOMXK-
HbIX THNAX HCTOYHHKOB ypaHa cledyeT paccMOTpPeTb a/bTepHATHBHbIE Mexa-
HU3Mbl GOPMHPOBAHHA YPAHOHOCHBIX PYAHLIX PACTBOPOB — MPEACTABICHHA O
metamopgoreHHoM, PHABTPALHOHHOM (BJHKHER MOGHAH3AILHHK), NOJHTEHHbIX
H MONKOPOBbIX HCTOYHHKAX.

Meramopdorenubie HCTOUHHKH
Obuwue npedcragaenus

Paccmarpupasi nposisjieHde MPOLECCOB pPerHOHaJbHOr0 MeTamopduima
H npoueccoB 06pa30BaAHHA YPAHOBBIX MECTOPOMK/IEHHH, JOKANH30BAHHBIX B Me-
TaMOphHUYECKHX H yAbTpaMeTaMOPHHUYECKHX KOMIJIEKCax, HeKoTopble Hecae-
nosatean (B. C. domapes, P. B. Teuesa, §1. H. Beaesues, B. A. Bypsk,
B. B. Kosanb, H. I1. Tpeunwuukos, P. J1. Mopton, . T1. Ceccano u ap.)
MPHXONAT K BBLIBOAY O TOM, YTO B TPHPOLE BO3IMOXKHO MeTamopdorenHoe
BooGule (H B TOM YHCJe YpPaHOBOE) pyaooGpasoBaHHe.

HMcTounnkom pyaHoro BellectBa npu MeTamopdOreHHOM ypaHoBOM pyio-
06pa3oBaAHMK, T. €. MeTaMOPhOTEHHBIM WCTOUHWKOM YypaHa, CuHTalTCH
BMELLAIolHe 0CaJOYHble, BYJKAHOTEHHblE W MeTaMop(HuecKkHe MOpoabl ¢
MOBLILIEHHLIMH K/NAPKOBbIMH ((DOHOBBIMH) COLepKAHHAMH MeTalna, KoTopble
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6bi1H MOGHAH30BaHbl B npoiecce metamopduima. OcHoBaHHeM AR 3TOH TH-
NOTE3bl MOCHYIKUAK: TIPOCTPAMCTBECHHAR CBA3L YPAHOBLIX MECTOPOMACHUN
H leJblX PaflOHOB C ONpee/eHHbIMH KOMILIEKCAMH MeTaMopHUYECKHX M0pos,
06bluHO 060ralleHHbX ypaHoM, npeo6aananne cyGcoraacHblx 3agexei H reo-
XHMHYecKasi OGLHOCTb Pyl H BMELLAWUIHX TOJLL.

[pexae Becero HEOGXOAHMO OTMETHTb, YTO MHOI'HE ACMEKThl TOUKH 3peHus
06 mMeTaMoOp(OreHHOM ypaHOBOM pyA006pa30BaHHH OKOHYATEbHO elle He
oTpafoTaHbl, aBTOpbl H Haubojee akTHBHble cTOpoHHHKH ee (P. B. leuesa,
$I. H. Benesues u 1p.) nocteneHHo W3MeHAAH (TpaHcGOpMHPOBANH) CBOH
npeacTaBaeHHst 06 YCJIOBHSIX JIOKANH3AUHHA H COCTaBe OpYJeHeHHS MeTaMop-
(OreHHbIX MeCTOpOXKAeHHWH ypaHa, XapakTepe MpOSABJEHHS [POIECCOB
H BbI3BaBIIKX HX PACTBOPOB, BCE BpeMsi PACIIHPAA H CMelllas MHOTHe W3
CBOMX MO3HUHHA B CTOPOHY MOCTMArMaTHYecKOH THApPOTepPMaJbHOH rHMNOTe3bl.
IT0O OTHOCHTCH K TAKHM BOIPOCAM, KaK THNbl MECTOPOKIEHHH, y1aJeHHOCTh
HCTOMHMKA M PACCTOAHMA MHUTPAIUKW ypaHa, YPAHOHOCHOCTL MeTamopduaye-
MbIX MOpOJ, HX TAYOHHA H YCIOBHA 3aJleraHusi, pasBUTHE OKOJOPYIHBIX
METacoMaTHTOB, MHHEpPAaJOro-reOXHMHYeCKHe 0COOEHHOCTH PYA, XapakTep H
OTHOCHTE/IbHBLIH BO3pacT pPYAOKOHTPONHPYIOWHX CTPYKTYp, a Takxe [po-
HCXOXKAEHHE H cOoCTaB pyaoobpasylollHx pacTBOPOB.

B pesyabtaTe B HacTosillee BpeMs HMH BHLACAAIOTCS MeTaMOpdoreHHo-ru-
poTepMaJibHble H MOCTIPAHHTH3AWHOHHbIE MECTOPOK/AEHHS H PACTBOPHI, KOTO-
pble, MO CylLecTBy, BO MHOTOM CMbIKAlOTCH C MOCTMArMaTHUECKHMH MecTo-
POXKAEHHAMH.

Hau6oaee o6cToATEILHO NPECTABICHHE O MeTAMOPHOreHHbIX HCTOUHHKAX
paspabaTbiBaeTcs 115 MeCTOPOXK/AeHHH, 3a/€ralolHX B MeTaMOp(hHYeCKHX
MopoAax APeBHHX LLHTOB.

5. H. Benesues u ero corpyauuku [8, 9, 25| cuutalor, yTo npoBeseHHoe
HMH TEOJOTHURCKOR H3yUeHHe MEeCTOPOMALHHH MW AOAYYeHHBI® Pe3yibTaTtsl
IKCMEPHMEHTAJIbHBIX ~ HCC/IENOBAHHH  1al0T  OCHOBAaHHe  paccMaTPHBAThb
perdoHabHbli MeTaMOpMH3M KakK J0CTAaTOYHO MOULHbIA (hakTop pyaoobpa-
3oBanus. [Ipu 61aronpuATHLIX YCJIOBHAX OH MOMeT NPHBECTH K CO31aHHIO
MPOMBILUJIEHHBIX CKOMJEHHH ypaHa nyTeM MOOH/AH3alHH PYAHOro BellecTBa
TepMaJbHbIMH MeTaMOp(hOreHHbIMH PACTBOPAMH H3 MOPOJ, MOABEPriIHXCs
MeTaMop(HUeCKOMY H3MEHCHHIO. YpaH, pacCefHHbil B nepBHYHBIX M0poLaX,
MoGH/IEH B npoueccax sceX (pauHi perHoHasbHOro MetamopdHama M yJbT-
pametramopdHama (rpaHuTH3aukK). Kak AHTOQHALHBIA 3JeMEHT, OH BecbMa
NOABHKEH, HA4YHHAs ¢ caMbiX HM3KHX (npH Temnepatypax 100—300° C)
3MHreHeTHYeCKHX obpa3oBanHd nopoi. HanGonee GaaronpHATHble YCA0BHA
A5 HOPMHPOBAHHA PYAHBIX KOHUEHTpauWH ypaHa co31alTci NpH MeTa-
MoppHame Gojee BblCOKHX (alui (npeuMyllecTBEHHO aMPHOONHTOBOH).

[lpeanonaraercs, 4To B Pe3ynbTaTe MPOABICHUA NPOLECCOB PABNUUHBIX
THIOB METaMOp(H3Ma NOPO/l H3 HHX B NEPBYIO OYepPeib NPOHCXOLHIIO YaJeHHe
BObi, YIJIEKHCAOTbl H APYFHX MNOABHAHBIX KOMIIOHEHTOB, KOTOpble 06pas3o-
BbiBa/H MeTaMop(oreHHble MHHEPAJH30BAHHbIC PACTBOPLI, BecbMa OJH3KHe
MO COCTABY H (DPH3HKO-XHMHYECKHM YCJOBMAM K IHAPOTEpMAJbHbIM pPacTBO-
pam (?). 9. H. Benesues (1975, 1980 r.r.), A. M. Tyrapunos (1963 r.) u ap.,
KPHTHKYSl OCHOBbI KJ4aCCHYECKOH MarMaToreHHod runorteibl o6pasoBaHus
MOCTMArMaTHYECKHX THAPOTEPMANEBHLIX PACTBOPOB, MOAYEPKHBAIH, UTO MNep-
BHUHble CONEPKAHHA BOJAbl M YIVIEKHCJAOTb B MarMax HHUYTOXKHBL H UTO
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r/aBHble HCTOYHHKH PYyL006pasylOHX TopaunX BOAHBIX H rda3oBO-BOJ-
HblX HJH THApPOTEPMAJbHBLIX pﬂCTBUpOB HeoTheMJeMO CBsizaHbl ¢ Oogee
THPOKHMH HpOLEECC&MH NporpeCCHBHOIO perHoHaJbHOrO JAHHAMOTEpPMAJl-
HOrO H KOHTA4KTOBOTO MeTaMmop(pH3Ma, a TaKkxe TAyOHHHOro yJabTpamera-
MOpdH3IMa.

[Mponeccsl perHoHanbHOrO IHHAMOTEPMAILHOrO MeTaMopgHimMa H YJbTpa-
meTaMop¢H3iMa, N0 HX MHEHHIO, BbI3bIBAJH TAKKE LWIHPOKYID MHIPALHIO MNo-
poao- H pyaoo6GpasylolKX 31EeMEHTOB, KOTOpPbIe BO MHOI'HX Cayd4afaX [pPHBO-
LMK K 06pazoBAHUIO PYAHBIX CKOMACHMH, AocCTHrawuinx no wmacwrtabam
[POMBILLIJIEHHBIE MECTOPOM/eHHs MeTamMophoreHHoro KJjacca. Boioenas wme-
tamopdoretHble MECTOPOK/IEHHA YpaHa, yKasaHHble aBTOPbl BbICKA3bIBAOT
coobpaKeHHs 0 BO3MOKHOM MeTAMOP(HOreHHOM HCTOYHHKE PY/HbIX BELLECTB
H B MEpPBYK oYepelb YpaHa, 3dHMMCTBOBAHHOM B pe3yanTate MOOHJH3a-
LLHH B [polecce MeTaMmopgHiMa Ha [NPOrpeccHBHOR CTAAMH H3 YPAHOHOCHLIX
BMELLAKUIHX (OKPYKAWLULIHX) NOPOL B pe3y/bTaTe CEJEKTHBHOIO paCcTBOPEHHSA
H MepeKpHCTalIH3allHH ypaHCOAepKallnX H ypaHOBHIX MuHepasos. [Ipex-
nojaaraercs, 4to MeraMmopdHueckHe NMOpPO/bl (pacTBOPHI) H3 06/1aCTH YAbT-
pameramopgusma (Ha rayOGHHe) BbIHOCHJAW M HA BEPXHHX TOPH30HTaX 30H
rayGHHHBIX Pa3/OMOB OTJarajii pyiHble KOMIOHEHTbI, H3BJAEYEHHbIE H3 Me-
TamophHayemblx nopod. Takue npeAcTaBIeHHsl OTMEUEHHBIX BhIlLE HCCE10BA-
TeJIEFi. OCHOBaHHble BHAuaje Ha Hauboaee HMH H3YYeHHBIX YPAdHOBbIX
MECTOPOKAEHHAX, 3AMErawlux B LpeBHHX (LoKkeMOpuiickux) rayGoko-me-
TaMOpPPHU30BAHHLIX KOMMJeKcax MOPoi, 3arem OblIH pacrnpocTpaHeHbl H Ha
JAPYTHE THIlbl MECTOPOMKACHHA B MPOBHHUMAX (AaHEPO3OHCKHX CKIAAUaThiX
obnacTei.

B obulem npouecce metamoppusma 1. H. Benesues [25] Bbuaeasier Tpu
BO3MOMHBIX 3Talld pyaoo6pasoBaHus. [lepsulit 3Tan CoOTBETCTBYET Havallb-
HOMY [03e/eHOC/TaHIeBOMY MeTaMopu3My, WIH 3MHredesy. B pesyabrarte
MHTPallHH MOJIeKYAIPHO paccesiHHOTO ypaHa (HemHHepaJ/bHbix dopm) obpa-
30BBIBAJHCH [peHMyllecTsBeHHo OeaHble naactosbie pyaHble Teaa. Bropoit
3Tan OTBe4YaeT CPeAHHM H BLICOKHM daunam meramopdHima. B murpaumio
BOBJIEKAJHCh MHHEpaJblble (OpMbl ypaHa, B pe3y/bTaTe yero o6pasoBbIBA-
JIHCb CTPATHGOPMHbIE H CA0XKHOH MOPhOJOTHH PyLHblE Tela co CPeaHHMH
H BBICOKHMH KOHUEHTpaUHAMH MeTaJia. T]]ETHﬁ 3Tan NposABAAJCA IPH 34-
BEPLICHUW pouecca yabTpaMeTamophuama BeAeACTBAE MOOKIN3AILMA ¥ Nepe-
HOca ypaHa BceX (DOPM OCTATOUHBIMH PAacTBOPAMH TIO MPOHHLLAEMbIM 30HAM.
B 3710T 3Tan o6pa3oBbiBaNHCEL KPYIHbIE METaCOMaTHYECKHE 3a/le/KH, a TaKkKe
Teld AHAbHBIX H [POKHIKQBO-BKPAILIEHHBIX YPaHOBBIX Pyl

K meramopdorenubim mecropoxaennnm 1. H. Benesues (1968, 1980 rr.)
OTHOCHT TdKMe CKOIUIEHHS MeTaJJloB (B TOM 4HMC/Ie ypaHa) B OCALOUHBIX
H BYJKaHOTeHHbIX MOPOlaX, KOTOPbIe HHTEHCHBHO NEPeKPHCTA/IH30BaHB! NPO-
ueccaMH MeTamMOpH3IMa HJH BO3HHKAJH B YC/JOBHAX AHHAMOTEPMAJbHOIO
npeobpasoBauus H yabTpameramopduama, [lepemeiieHne U KoHUEHTpalHA
PYLOreHHbIX 3/1eMEHTOB BMeILAoILHX NOPOJ MPOHCXOAHIH B Npollecce HX pac-
TBOPEHHA, NEPeKPHCTA/LIH3AUMH HIH Nepennas/ienusi. BaxueduMu oTaHuH-
TE/IBHBIMH [IPH3HAKAMH METAMOP(OTEHHbIX MECTOPOMKACHHH, 10 MHEHHIO 3TOTO
HeeaeaoBaTeIs, ABISIOTCA CAelyIolLHe.

L. Pynubie 3351 METAMOP{PHIOBARNBIX H ABTOXTOHHO-METaMOPHHUECKHX
MECTOPOMKACHHH PA3MEILAIOTCH CPEIH MeTaMopgHUECKHX M0POA OAHHAKOBbIX
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HAH OAH3KHX dalkii, pasBHTbIX HA OOAbIIHX MPOCTPAHCTBAX JIPEBHHX [LHTOB
u dyHramenta apesHux naatdopwm.

2. MuHepadbHbIH cocTaB PYAHLIX 3ajexed 3THX MeCTOPOKIACHHH aHano-
FHYEH COCTaBY BMEILAUIHX M[OPOA, OTJHYAACL TOJAbKO npeobiaananuem
PYAHBIX MHHepanoB H Gojee BbICOKHMH COMEPMAHHAMH YPaHa, a OKOJIO-
PYAHblE H3IMEHEHHA OTCYTCTBYIOT. [J1aBHble MHHEpAJIbHbIE ACCOUHALHH B NOPO-
AdaxX H pyaax OAHOBO3pacTHbl H NPHHALJeKAT K OAHHM H TEM XKe (pa[l"ﬁM.

3. Pyabl 3THX MecTOpoxIeHHi colepKaT TOT ke HaGop XHMHUECKHX 3Je-
MEHTOB, 4TO H NOPO/bI, NOCKOIBKY NMPH MeTaAMOPHHIME NPOHCXOAHIO TOJNBKO
HX nepepacnpeneneHue.

4. Pynuble 3aeKH He BBIXOAAT 3a Mpejleibl FOPH30HTOB BMEULAIOULHX M0-
PO, H HAa MECTOpPOXAEHHAX npeobnanaioT pylHble Tend naactoBod mMopdo-
JIOMHH.

5. Paameutenne pyanbix 3anexeil 4 MecTOPoKAeHHH 06ycnoBaeHo cy6eo-
rAacHbiMM  ([1acTo06pa3ubiMi) M MPOLOABHBIMH CKNAAYATO-TPELLKHHBIMY
CTPYKTYpamH. KpynHble paspbiBHble HapylweHus o0blYHO ABAAIOTCH NOCTPYA-
HBIMH H CeKyT pylHble Tena. Habnwonaercs ctporoe couetaHue pynoobpa-
3YIOULHX NMPOLECCOB B MPOCTPAHCTBE H BO BPEMEHH CO CKAaAKO00pa3oBaAHHEM.

Cpean OTIHUHTENbHBIX 0COGEHHOCTEH Y/IbTPAMETaMOP(PHUECKHX H all10X-
TOHHO-MeTaMopduuecknx mectopoxiaennit 1. H. Besesues npusoant cneny-
ouLHe.

. Pasmellenune pyloHOCHBIX METACOMATHUECKHX 3a/1exeill OObIUHO KOHTPO-
JHPYETCA BECbMa [IPOTHMKEHHBIMH CKAa14aTO-TPEILHHHBIMH CTPYKTYPaMH,
KOTOpbIE HEPEAKO PA3BHBAKTCH 110 OTHOCHTEJNBLHO Y3IKHM 30HaM CMATHHA, 1pe-
CTABJEHHBIM MHJIOHHTAMH, GJACTOMHIOHHTAMH HJIH KATak/J1a3MTaMH, HaJo-
HMEeHHbIMH Ha MeTaMOquH‘-IECKH@ H yanpameTaMOpq)mecme nopoabl.

2. ®pPoHT METACOMATHTOB JIOCTATOYHO ILHPOK H [IPUBOLHT K KOPEHHOMY
H3MEHEHHIO BMEllaluldX NOPOA, B TO BPeMd KaK pyaHbie o06pazoBaHus
3aHHMAIOT B HEM OTHOCHTE/bHO He(GO/blIoe MECTO.

3. MecTopoiK/IeHHs 3TOrO THIIA PAa3MelldloTCa MPeHMYULECTBEHHO Cpeau
MeTamoptHueckHX nopoa BOAH3M nodel (Kynojos) rpauutu3aiuu. [Tpu stom
pasBuTble B padoHe HHTPY3HH 0oOblYHO HMelOT GoJlee 11031HHH BO3pacT, uem
mMetamopdu3M H pyrooGpa3oBanue.

Kak ormeuaer cam aBTOp, NpHBELEeHHbIE KPHTEPHH OT/IHYHSA MeTaMop-
(HUYECKHX MEeCTOPOMK/IeHHH OT MOCTMarMaTHUECKHX HELO0CTATOYHO olpeje-
JIEHHBI.

MecTopokieHHs, 3aieralollHe cpejid MeTaMopdHueckHx nopoia u obpa-
30BAHHbIE H3 FOPAYMX TFHAPOTEPMa/bHLIX PACTBOPOB, ABAAIOTCHA KOHBEPreHT-
HbIMH, MMOCKOJIbKY MOryT 6bITb CBH3aHBl KaK C y.'lb‘rpame'ramop(puuecmmm
TAK H C NOCTMArMAaTHYECKHMH MpOIleCCaMH. Oﬂ.HaKO OHH p€'3K0 OT/IHHAKTCA
10 HEKOTOPHIM OOULMM 3aKOHOMEPHOCTAM PA3MEULeHUS.

f1. H. Benesuesbim cosmectio ¢ B. B. Kosaaem, H. T. I'peuniinukosbim
H JIPYTHMH €ro cOTpYAHHKaMH paspafoTaHa reHeTHYecKas KJ1acCH(pHKauua
MeTaMophOreHHbIX MECTOPOXKAEHHI YpaHa, B KOTOPOH BbleNeHO TPH NOAKAAC-
ca — MeTaMOpP(H30BAHHLIX, METAMOP(HUECKHX H YJAbTpaMeTaMOP(HUECKHX
MQCTO;)O)K,ELEHP{I:L noapasie/ieHHbIX, B CBOKO O4E€pEedb, MO Te[)MG;’IHHaMH'—IECKHM
VCI0BHAM 00pa3oBaHusi Ha THNB W dopmalkn (8, 25].

llodkaace meramopdusosarnslx mectopordenul 06beIHHACT TAKHe Me-
CTOPOMICHHS, B KOTOPBIX HAKOILIEHHE MeTdN10B (ypana, BaHaHs, 30J0Ta
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H Ip.) B nopojax (yraepoiHCTbiX ClaHUEX, KOHTJIOMEPATaX H T. [1.) MPOH30LLI0
40 perHoHajbHoro MetaMmopduima, a B NOCAEAYIOLLEM OHH IIpeTepresy
CyllecTBeHHble Tpeobpa3oBdHUA B YCAOBHAX Pa3JHUYHbIX Gdallii 1peHmyLLe-
CTBEHHO HH3KHX Temnepatyp — 100-—450° C, 1. e. perHoHanbHOTO 3MUreHe3a
H 3ejeHocaadueBol dauun. K 9TOMy noaksaccy OTHOCATCHA ypaHOBBIE
MECTOPOKAEHHA KapBGOHATHO-YPaHOBOH H 30/10TO-ypaHoBoH dopmauni. [lep-
Bas, 3aJeraiollan Cpean yraepoiHcTO-KPeMHHCThIX cJlaHleB H OHTYMHHO3HbIX
necyaHukos, o6pa3oBajack B HadallbHble H HHU3KHe (auud MeTamopduima
(perdoHa/ibHOro siHreHesa H 3enenocanuesoil dbaunu). Bropaa dopmauns,
NpeacTaB/JeHHAA LPeBHUMH YPAHOHOCHBLIMH KOHT/IOMEPATAMU W TDaBeuTaMH
(c 6paHHEepPHTOBON H ypaHHHHUT-HACTypaHOBOH noiadopmauHaMH), obpa3osa-
JlaCh B pedyabTaTe Npeo0pa3oBaHWs MOPOL B yCAOBHAX CPEAHHX H HHIKHX
dauuit meramopuima.

fTodkaacc meramopgpuieckux MecTopoxcOexHuil BKJAOYAET MeCTOPOX/e-
HHA, chopMHPOBaHHbIE B MPOLECcce PErHOHaNbHOTO MeTaMopgH3Ma Nopol, a B
yuactkax nepemewedns HoO, CO; — nopono- u pyaoo6pasywomux (U u ap.)
KOMITIOHEHTOB H3 30H CXATHA B 30HbI pacTAKECHHSA. Cpenu MeTHMOp¢ii‘lECKHX
MECTOPOKACHHH ypaHa BbIACJSIOTCH TPH pylHble GoOpMalLUMH: XKeae3oypaHo-
Bas, KapboHaT-ypaHHHHTOBAA, MeHO-ypaHoBasa (Cy/Nb(OHIHO-YPAHHHHTOBAA H
XJOPHT-HACTYPAHORAA) ¥ PEAKOILMENbHO-YPAHOBAA (OPTHT-YPaHHHWTOBARA),
KoTOpble 06pa30BaHCh B YCJIOBHAX cpeanux Temnepatyp (450—650° C) —
3NHA0T-aMPHOONHTOBOH H BBICOKHX Temnepartyp (650—1000° C) — amdu-
GOMHTOBON M rpanyuTOBOR (auuii.

K nodkaaccy yavrpameramoppudeckux uau NOCTZPARUTUIAUOHHBLY
OTHeCeHbl TaKHe MEeCTOPOXKIEeHHS ypaHa, KoTopble 06pa3oBajlHCh H3 PacTBO-
poB, chOpMHPOBABILHXCA MPH TPAaHHTH3alMH pa3Hoo6pasHblX MeTaMopdH-
YeCKHX [OPO] M MPeBpalleHHA HX B MHIMATHTBL H FPAHHTbl. ITH MecTo-
POMK/IEHHA BO3HHKaJH Ha 3aBepUIaOlIHX CTAAHAX YyJabTpametramopdHima
MPH NOCTYNJICHHH N0 NPOHHILAEMbIM 30HAM I'HIIPOTEpMaJIthIX NOCTrpAHHTH3H-
PYWOUWKX PACTBOPOB M3 30H yabTpameramopbhuima B APYTHE YYaCTKH —
MeTaMop(@HuecKHe MOpPoabl H TPAHHTOHILI.

Cpenn ypaHOBBIX MECTOPOMKIEHHH yJAbTpaMmeTamoppHUecKoro mnojkaacca
BLIAEJSIOTCS  11€rMATHTOBAA  (THTAH-TANTAa/]-HAHOOGHH-YDAHHHHTORAA), HAT-
pHA-ypaHoBas (anbOHT-yPAHHHHT-YPAHO-THTAHOBAA), KaNHH-YPAHOBaA (MHK-
POKJIMH-YPAHHHHTOBAS) M  KPEMHHCTO-ypaHoBasi (KBapl-apceHHL-ypaHH-
HHT-HACTYPaHOBAaA) YPAHOBOPYIHbIE (GopMallHH.

XapaktepHoi 0COGEHHOCTbID HATPHH-YPaHOBOH (HOPMaLHH, 06belHHA-
wed Goablylo rpynny MECTOPOXKAEHHH ypaHa, sABAAeTCH TecHasi CBHA3b
YPaHOBOH MHHepaJH3allHH C HaTpHeBbIMH MeTacomaTHTamH. K Haubosee
pacipocTpaHennoi anbGHT-yPaHHHUT-YPaHO-THTAHOBOH Pa3HOBHAHOCTH dop-
MAallMH OTHOCHTCH FPYyNna MecTOPOAAeHHH, KOTOpble pa3MellalTcs B MeTa-
COMAaTHYECKH HM3MEHeHHbIX (a/AbOHTHTAX H aJbOHTH3HPOBAHHBLIX) FpAHHTAX,
MHTMAaTHTax M rHeficax. Pyadble Tena MeCTOpoMASHWE npenrcrapiens
B OCHOBHOM JIHH30- H CT0J16G006pa3HbIMH 34/1€KAMH, KOTOPbIE PACNONaraioTes
B a/bGHTHTAX B yYaCTKax COYJEHEHH T/aBHLIX BeTBEH KPYMHBIX Pa3/oMoB
¢ ONEpPsIOULMMH  HAPYLIEHHAMH, A TakXe Ha KPbUIbAX CHHKAHHAJILHBIX
CKJIAJI0K, OCJNOMHEHHbIX H3rH6aMH H pa3pbiBHBIMH HapylueHHsMu. Temnepa-
Typa o6pa3oBaHHA YPAHOBBIX MHHEDPAJIOB, 110 AdHHbIM TOMOT€HH3dllHH Md30B0-
KHAKHX BKIOYennH, 300—200° C.
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Kak BHAHO, B 3Ty KJaccH(pHKAIHIO METaMOP(OreHHbix MECTOPOKICHHI
BOIJIH MECTOPOKAEHHS COBEPUIEHHO PA3HbIX THINOB, BO3pACTa H FeéHeTHUECKHX
ocobeHHOCTEH.

Bonee mnpocras cHcTeMaTHKA ypaHOBBIX MECTOPOXAEHHH [IPeaOKeHa
H. Il. Jlaseposbim [87], koTopblii, yunThiBasi npencrasiends 1. H. benes-
uesa (1968, 1980 rr.), B. WM. Kasanckoro (1978 r.). A. W. Tyrapunosa
(1963 r.) u apyrux, Takxe BbIAEJAACT CEPHIO METAMOP(OreHHBIX MECTOpPOXK-
NeHH# peBHero (LokeMGpHiicKoro) Bo3pacra, BKAIOUAIOILYIO JBE TPYNIbi
A — meramopduzosanHblx H B — yabTpameramopgHueckHx B 30Hax ray-
OuHKBIX Pa3aoMoB (yHAAMEHTA,

Cpenn meTamopdH30BaHHBIX MeCTOPOMKAeHHH (rpynna A) no reHeTHue-
CKHM OCOGEHHOCTSIM [pen6pa3oBaHHblX MOPOA BblejfeTcs ABd Kjaaccd:
1 — apeshue npHEpe KHO-MOPCKHE POCCHINH (30J10TO-YPaHOBbIE H TOpHHAcOLED-
HKallHe penKo3emMe/bHO-YPaHOBbIE KOHIJIOMepaThl) H 2 — ApeBHHE YPAHOHOC-
HbIE [IECYAHHKH H C1dHLbl (COGCTBEHHO YPAHOBbIC NECYAHHKH H TOPHIA-ypaHo-
Bble KBapuuthl). K yibrpameramopguueckum (rpynna B) ornecenbl mecro-
POXKIEHHSA OJHONO r€eHETHYECKOr0 KJlacca — ypaHOHOCHblEe MeTaMOpQOreHHbIe
aNbOHTHTBI (Ke/1e30-ypaHosbie H COOCTBEHHO YpPaHOBbIE, HHOrA pEJpKO3e-
Me/bHble H aMaTHTCOLepKallHe).

Kak yxe oTMeuanoch panee, MECTOPO/KACHHS YPAHOHOCHHIX adnOGUTHTOB,
NPOCTPAHCTBEHHO CBA3AHHBIX M CPABHHTENbHO OJNH3KHX NO BPeMEHH (OPMH-
POBAHHA C YJbTpaMeTaMOpP(HUECKHMH KOMILIEKCAMH NOPOA, HABJASIIOTCH
THITHYHbLIMH ['HﬂpOTEpMaﬂbHHMH MECTOPD}KJIEHHRMH, BOI'IPOCb{ HCTOYHHKOB
PYAHOTO BelLECTBA KOTOPBIX OCTAKTCH HEACHBIMH H JAHCKYCCHOHHBIMH.

OnHako npoueccsl yabTpaMeraMmophHUeckoro rpaHuToo6pasoBatns u 6o-
Jee MO31HAS HHTPY3HBHAA NEATENBbHOCTh B 3MOXY TEKTOHO-MarmMaTHuYecKo#H
AKTHBH3AllHH 110 MHOTHM NapaMeTpaM BeChMa HANOMMHAIOT [POLECChl rpaHH-
TOHAHOrO MarmathiMa. [lostomy mekoTopble uccaegosatenu (B. A. Jlyuuu-
ku#, 10. M. Tlonosunkuua, I'. K. Kansies, A. H. Komapos, 10. A. Mewepckuit
H ﬂ.p) BbICKA3bIBAJH cooﬁpamenuﬁ O NOCTMArmMaTHUECKOM TH_IL])OTBpMEJ]bHOM
FeHEe3HCe ITHX MECTOPOXK/EeHHH M CBA3BLIBAM HX C YJbTPAMETArCHHbIM rpa-
HHTOHAHbLIM MarmaTtH3IMOM.

Boamoxcrocrs mobuaruszayuu ypana
U3 BMEULAIOWUX YPAROHOCHOIX NOPOQD
8 npoyecce meramopuzma

B kauectse 060CHOBAHHH CBOHX NPEACTABJEHHH 0 BO3MOMKHOCTH MOGH-
JIH3ALUHH ypaHa H APYTHX PYJAHbIX 3J€MEHTOB H3 BMellalUHX YPAHOHOCHBIX
Nopoa B npouecce meramop@HuimMa asTopbl MeTamMopgOreHHoro pyroobpaso-
BaHHS OOGBLIYHO MPHBOAAT CJEAYIOULHE A0BOIABI, HEKOTOpPblE TreOXHMHUYECKHe
H neTporpadHuecKkHe LaHHble, a8 TAKKE PE3YJbTaThl IKCNEPHMEHTANbHBIX HC-
CJIE/I0BAHHI.

I. ¥Ypau sinsieTcs Jerko NMOABHMHBIM 3J€MEHTOM, CMOCOGHBIM MHIPHPO-
B4Tb B 6/1arONpHATHLIX YCJAOBHAX NPH JI0ObIX TEOJOTHUECKHX MPONeccax
B TOM YMCAE [PH PerdoHanbHOM MeTamopduame.

2. MunepanbHblit cocTan, (POHOBbIE COLEpPKAHHA YPAHA H HOPMBI €r0 Ha-
XOXAEHHA KaK B NepBHUHLIX (A0 MeTamopdhH3Ma), TaK H MeTaMOPHHUCCKHX
nopojaax, npH 3Tom 0coboe 3HAYEHHE HMEEeT CTeMneHb NOJABHXKHOCTH ypaHa.
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3. B HCTOPHH pa3BHTHA JI060H PYAHOH NPOBHHIHH YCTAHABJHBAKTCA
STanbi [IPOSB/JACHAS MHTEHCHBHONO PErHOHAJBHOTO MeTaMOP(hH3IMA TOPHbLIX
1OPOA.

4. B npouecce meramopgHuimMa 1POHCXOJHI0 HE TOJNLKO npeobpa3oBaHue
MHHEPAJIBHOrO COCTaBa MOPOL, HO W HX JerHApaTalHA H Jera3auus, T. ¢.
VaJieHHe BOAbl H YIJIEKHCJOTb, KOTOPbBIE MHIPHPOBAH H3 06JACTH BBICOKHX
3HAUEHHI TeMMmepaTypbl H JaBjeHHs B obaacTH Golee HH3KHX NapameTpos.

5. [peactaBienus o Tom, uTo 3a cuet 3THx KomnonentoB (H,O u COy)
BO3HHKAJA BO3MOMKHOCTb CO31daHHA MeTaMOp(OreHHbXx pPacTBOPOB, BMOJHE
COMOCTABHMbIX C THAPOTEPMaJbHBIMH H CMOCOGHBIX HE TOJIbKO BbIILE/IAYHBATD
H NEpPeHOCHTb yPaH, HO H COCPeJOTOYeHHO CTACMBATHLCS B ONPeJAC/CHHbIE
30HBI, H OTK/AAAbIBATb CBOH Ipy3 B GJArONPHATHLIX eOJOTHYECKHX H TeOXHMH-
YECKHX YCJIOBHAX.

6. Huskne ¢oHOBbE colepaHHa ypaHa B riy60oKo MeTaMop(hH30BAHHBIX
KOMIJIeKcax Mopoj, 0cOGEHHO TPaHyJHTOBONH (alldH, KOTOPble CBHA3bIBAIOT-
csl ¢ moTepel ypaHa NpH Mpoleccax perHoHanbHOro MeTaMopgHiMa B CBSI3H
¢ JerHaparainHed u jaerasatHedl Nnopoa H BbIHOCOM €ro MeTaMop(OreHHbIMH
pacTBOpaMH B CTOPOHY 0oJjiee HH3KHX CTYNeHeH meTamopHaMma.

7. HepaBHOMepHOCTb B (DOHOBBIX COJIEPAKAHHAX YpaHd B NOPOAAX H HANHUHE
HH3KO(OHOBLIX PA3HOBHAHOCTEH MOPOJ paccMaTPHBAOTCA KaK 30HLI BbIHOCA
meraJja.

8. YpaHoBble MECTOPOKIEHHS paccMaTpPHBAEMOTo Kiaacca oGHapyXHBaIOT
MPOCTPAHCTBEHHYIO CBSi3b C METAMOP(HHUYECKHMH KOMIJIeKCaMH MNOpOx H
HEPe/KO XapaKTepH3yloTcesl cy6CorJacHbM 3ajeraHieM CpeflH HHX.

9. HexkoTopble pe3yibTaThl H30TOMHO-FEOXHMHYECKHX HCCJIeLOBAHHH CBH-
JeTEbCTBYIOT O CXO/HOM H30TOMHOM COCTaBe METaMOP(HUECKHX MOPOL H PYA.

YpaHonocHocTh MeTamopdHuecKHX H yabTpameramopduueckux obpaso-
BAHHH B OCHOBHOM 3aBHCHT OT JIHTOJOTHUECKOro COCTABA H FEOXHMHYECKHX
0cOGEHHOCTEH HCXO[HbIX MOPOJ, a TAKxe OT CTeMeHH HX MeTaMopdHuecKHx
H MeTacoMaTH4eckHX npeobpa3zoBaHHi. Haubonee HH3KHMH COLEPHKAHHAMH
ypaHa XapaKTepH3YylTcs MeTaMOpP(H30BaHHble BYJKAHOreHHble MOpoabl Oc-
HOBHOTO COCTdBa, a TAKMe XeMOreHHble (Mele3HCTO-KpeMHHCTble H Kap6o-
HATHbIE) OTJOMKEHHS HE3aBHCMMO OT WX Bospacra (0,5—1,0-10719%). He-
CKOJIBKO GOJIbLIHE 3HAUCHHS cofepaHuil ypana (2,0—2,4-107*%) umeior no-
PO/l HCXOAHOIO HJAKCTO-TJHHHCTOrO COCTaBa, MPeACTaBJICHHbIE Pa3JHUHBIMH
KPHCTANIHUECKHMH Cl1aHIlaMH W napardeidcamu. [ToBblineHHbIMH U AHDdeper-
LULHPOBAHHBLIMH  3HAYEHHAMH YPAHOHOCHOCTH XapaKTepH3YITCS  MOPOJbl
TEPPHUreHHbiX (POPMALHH HHKHETO NPOTEPO30H (METANeJHTh, aJIOMOCHIHKAT-
HblE H KBapl-nojesownatossie nopoas) no 4,0-4,5-107*9% . Hauboaee
BLICOKHE cofeprxauus ypawa (a0 6,7-107%%) ormeuaiorcs B yabTpamera-
MOp(QHYECKHX 00pa3oBaHHAX (PEOMOPHHYECKHX TpPaHMTax) H ILLCJIOUHBIX
MeTd4coMarHTax panHero nporteposos. Habaionaerca poct KoHLeHTpalHil ypa-
HAa B rPaHHTOHAAX OT Gojiee JPeBHHX K GoJee MOJOALIM, OT MJ1arHorpaHHToB
K MHKDOK/JHHOBbIM TFPAHHTAM, MPHYEM B MOCJENHHX COJEpKaHHe MeTanana
Bo3pacraer B 2—3 pasa u Goaee. OQHAKO cambie BBICOKHE COJEPKAHHS
ypaua (20 10-10°'%) ycradosjaeHbl B nopoaax yriaepoiHcTbix (opMaluil
H KOHTJOMEpaTax.

Kak u3BecTHO, MOMHMO CpPeHHX 3HauyeHWiH HOHOBBIX COMEpPKAHHH ypaHa
B MeTamopdHUYeCKHX MOPOLaX IMOKA3aTeeM CTENeHlH pacCesHHusl JeMeHTa
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B HUX siBAsteTcA KO3(hDHILHEHT BapHaUHHK (adcnepcHH). MetamopdH3oBaHHbIe
0Ca/04YHO-BY/JIKAHOr€HHbIE MOPO/ibl XaPaKTePH3YIOTCA OTHOCHTEJIBHOH OIHO-
POAHOCTBIO pacnpejesenns ypana (OTHOCHTENbHO CMOKOHHOH BAPHAILHOHHOH
KpHBO# ). ¥YabTpameramopdrueckie o6pazoBaHus (MHIMATHTBL, ABTOXTOHHbIE
dHATEKTHYECKHE TPAHHTOMIBL) KAaK ¢ HH3KHMH COJEep/KaHHAMH ypaHa
(M1arHorpaHMTbl), Tak H € BbICOKHMH KOHUCHTPAUHAMH (MHKPOKJIHHOBLIC
H LLeJOYHbIe TPAHHTOH/LBl) OTJIHYAIOTCA PE3KO BHIPAKEHHOH HEOLHOPOAHOCTbIO
ero pacrnpeieseHisi ¢ BbICOKHMH 3HAYeHHAMH Ko3ddHuHeHTa BapHauku (10
709% H Bblwe). :

[To naunnim A, M. XKykoso#i (1974 r.), KO. B. I'epacumosa (1978 r.)
H [p., CpelH N0KeMOPHHCKHX MeTaMOp(HYEeCKHX KOMIMJIEKCOB (yH1aMeHTa
JPEBHHX IIHTOB, XaPAKTEPH3YIOUIHXCH B [IEJ0M HH3KHMH, HO auddepennupo-
BAHHBIMH COLEPXKAHHAMH ypaHa B MOpPoAadx (B 3aBHCHMOCTH OT HX cocTaBa
H CTEMNeHH MeTamophHima), BbILENAKTCA PA3HOBHAHOCTH C [OBbILIEHHbIMH
KOHLLeHTpalUHAMH, Tak, cpelld NauK{ KOHIJIOMEePATOB, KBAPLEBLIX H APKO30BbIX
NecYaHHKoB, QHANHTOB (MeTaMOpP(H3OBAHHBIX OT 3€/I€HOCJAHLEeBOH 10 aM-
¢ubonuToBoi dauni) B HEKOTOPHIX paWoHax cpeaHee COAeplKaHHWe ypaHa
cocrasasier 7-107'% (na done 1,56—3.10 '%), a B oTnenbHbix yuacTkax
B JI0JOMHTAX H KBapUHTaX, BO3MOXHO 38 CHET HaJOMKEeHHbIX NPOLECCOB,
pocruraer (9—10-107%). B nopopax yraepojHcTO-TeppHreHHol Qopma-
UHH (rpadMT-CJAIOAHCTHIX CJdHLAX) COAePKAHHA ypaHa OObIYHO HE NpeBbl-
waoT 3—4-107%%, a B OTACAbHBIX PA3HOBHAHOCTAX AocTHraloT 9,7-10719.
Kosdduumnent sapuauun o6biuno cocrasager 30—50%, B oTaenbHbix cay-
yaax — 70%. B rpanuToMpax cogep)KaHHs ypaHa BapbHPYIOT B Npeienax
(2,56—4,5)- 107 %, topus — (15—40) -107*%, Th/U=5—17. B HekoTopbix
PA3HOBHIHOCTSIX Cpe/HHe Cojep:aHus ypana cocrtasaswr (2,0—6,5) -
-107%%, wunoraa jgocturalor  9,2-107%%, Topuan — (30—70)-107%%,
Th/U=9—15 [4]1].

AHanH3 pajsHOreOXHMHUECKHX [AHHBIX 110 MeTaMOp(HUeCKHM TOJILaM
NOKeMOpHSA MMOKa3blBaeT, YTO MOPOAbl FPAHY/JIMTOBOH (pauun metamopduima
B ILeJJIOM 3HauuTeNbHO Oe/lHee ypaHoM (Mo cpaBHEHHIO ¢ mopoaamH amdubo-
JHTOBOH H 0coGeHHO 3e/eHocnanieBoi ¢auuii). 310 MokeT GbiTh 06yca0B-
JeHo Kak 6oJiee HH3KOH KOHILEHTpAlHeH meTanja B HCXOAHBIX MOPO/AAX, Tak
H €ro CyilecTBEHHbIM BbiHOCOM NpH MmeTamopgHime. Hekotopoe obennenne
NOpOL YPAHOM OTMEUaeTcs W [PH mepexoie OT 3ejeHocaanueBo# 10 ampu-
G6oauToBOH thauvit meramopguima. YasrpameramopdHuecKHe TPAHHTOHIbL,
npeoGpas’oBaHHbie B YC/JA0BHAX aM(pHOOJHTOBOH (auud, obbiuto Gosee ypa-
HOHOCHBl 110 CPaBHEHHI0 C HCXOAHBIMH THelicamu. 3ameTHoe oforanieHnuie
YPaHOM TAKHX rPaHHTOB Hab/I01a€TCH, KOrd rPaHHTH3alHH B 3THX YCJOBHSAX,
COMpPOBOAaeMOH KaJTHEBBIM METACOMATO30M, MOBEPTANHCH MHEHCHI ¢ K1aPKOo-
BbIMH cofep:KaHusiMH ypana [9, 90].

OTHOCHTENBHO MOBbLILIEHHbIC KOHUEHTPALHH YpaHa B 10POAAX 3EJEHO-
c/aHueBol U am(puO0ANTOBOH (hauHi (N0 CPABHEHHIO ¢ NOPOAAMH PAHYJH-
TOBOH (auHH) No3BOJACT MHOTHM HCCJACLOBATENAM CUHTATh HX HaHbosee
BEPOSATHBIM HCTOUHWKOM ypaHa. [lpn 3TOM npeanonaraetcs, 4TO HIBJIEYEHHE
ypaHa H3 110pPOA B 1OCTATOYHLIX KOJHYECTBAX BO3IMOMKHO HE€ TOJBKO MpH
OTHOCHTEJILHO TMOBbILIEHHOH O6LEH KOHIEeHTPAUHH, HO H OCOGEHHO NpH 10-
CTATOUYHO BBICOKOM 10J1€ €r0 «10ABHKHOM» opmbl. TTo gaunbim A. M. K ykoso#
[41] w ap., HAa A0M0O «NOABHIKHOrO» ypaHa B MeTamopdHueckHx Ttoauiax

7% 195



npHXoauTcs He Ooaee 25% ot ero obuilero copep:xauusa. [1pH ypBeaHueHuu
cTeneHH MetamopdHueckHx npeobpas’soBaHHil NOPOL OT 3e]eHOC]aHLEeBOH /10
rpaHyJaHTOBOH auHii 0QHOBPEMEHHO €O CHHKeHHeM o6luedl YpaHOHOCHOCTH
MPOHCXOAHT YyMEHbUICHHE abCcoNIOTHOr0O H  OTHOCHTEJNbHOrO KOJHYecTBa
«[OABHKHOH» (opMbl. BoJblias uacTh ypaHa CONEPKHUTCA B [HPOKceHe,
ampuboaax, GHOTHTE H AKUECCOPHBIX (LLHPKOH, anaTHT, cdeH, rpaHart 1 ap.)
MHHepajsax W caabo BbillleJ]aYHBAETCH HJH COBCEM He BbILEJauyHBAETCH H3
nopoa. B kBapie, noJieBbiX wnatax OH, NO-BHIHMOMY, HAXOIHTCA B LIECTH-
BAJIEHTHOM COCTOAHHHM ¥ MOXET BLILIEJAUHBATLCSA H3 HHX B TOpaso Hoabuiem
KoaHyecTBe. KOHUEHTpAUHA JerkOpacTBOPHMOro YpaHa B 3THX MHHepasiax
IIPH OTHOCHTEJIbHO MOBbIIIEHHOM CONEP}KAHHH NOCJAEAHHX B C1aHlax, rHedcax
H IpaHuTOHAAax 3eJeHocaaHueBol H amMpHO0AMTOBOH dauuii Meramopdus-
Ma M03BOJIACT NPEANOAAraTh, 4TO 3TH IIOPOALI MOTJIH CJYKHTbL Haubojee Be-
POATHBIM HCTOYHHKOM YypaHa NpH IMPOXOXK/JAEHHH CKBO3b HHX pacTBOPOB
H B 6JAroNpHATHLIX YCAOBHAX 06pa30BbIBATH MecTOpoxaeHHs [41].

INposiBnenue npoueccoB MmeraMopdhHama He Bbille aMmpHOOTHTOBOH DalHK,
H  nocaefylouHii  yabTpamMetramMopH3MOM, a TaKkKe KaJHIUNAaTH3alHA
TEPPHIeHHbIX H KHC/bIX BYJIKAHOTeHHbIX MOPOJ CONPOBOMXAAMHCh 06PA30BaAHH-
€M GHOTHTOBbLIX FHEHCOB H MHKPOKJHHOBLIX FPAHHTOB C MOBBIIEHHBIM COAEp-
KaHuem obulero ypana v posefl «noABHxHOA» ero (opmbl

Pewenne npo6GiemMbl HCTOYHMKA pYAHOro BELECTBA AJsl  YPAHOBbIX
MECTOPOK/AEHHH, BOZHHKIIHX npH MeTamopduame, no muexuio 5. H. beses-
uesa (1980 r.), cBA3aHO B NepByl0 04epe/lb ¢ H3yyeHHeM (DOPM HaXOKAeHHS
ypaHa B CynepKpycTa/lbHbIX MeTaMOP(hHYECKHX TOJLLAX, OCKOAbKY OT 3TOr0
BO MHOTOM 3aBHCHT CTeNeHb MOABHXHOCTH ypaHa.

Kak u3BecTHo, ypaH B nopoaax MOMKeT HAXOLHTbCA B pasjiMunbiX dop-
MaxX — MOABHKHOH (B COCTaBe ayTHTEHHBIX, B TOM YHCJe CaMOCTOATETbHBIX
JerKOpacTBOPHMBIX MHHEDAJIOB), MAJOMNOABHXKHOH (B MHKDOBKIIOYEHHSX H
COCTABe TEMHOLBETHbIX MHHEPAJOB) W HEMOABHMXKHOH (B ypaHCOAEPMKAlIHX
AKUECCOPHbIX MHHepasax). BoisicHenne Bonpoca 0 pasadunblx dopmax
HAXO0K/ACHHA ypaHa B NNopoaax BO3MOHO TOJNIbKO B P€3YJbTaTe KOMIMJACKCHbIX
HCCJICIOBAHHIA ¢ MPHMEHEHHeM cJeNyOUIHX METOAOB: d) YCTaHOBJEHHe co-
JNepKAHHA YypaHa B pa3jIHUHBIX MHHEpaJax (nOMHHEpadbHblii OGanaHc);
6) onpenejenne cTENEHH BhLILLENAUHBAHHA ypaHa W3 NOPOA (KOJHUECTBO Jer-
KO- H TPYIHOBBLIL{EAUMBAEMOr0O METANNA) H B) W3YYEHHE MPOCTPAHCTBEHHOTO
pacnpejeneHHs ypaHa B MOpOJe € MOMOLLbI0 MHKPOPAaAHOTpaHH H OCKOJ-
KoBOH panuorpaduu (f-paguorpaduu) [25]. Dopmbl HaxoxaeHHA ypaHa
B H3BepXKeHHbix Nopoaax gertasbHo H3ayuensl [1. HeiiepGyprom (1956 r.).
MertamopgHueckse NOPOIbl JPEBHHX LLHTOB B 3TOM OTHOLIEHHH H3YueHbl
noka secbma cia6o. Hekoropble aauubie mosyuenbl A. C. MHTPOMOALCKHM
(1972, 1975 rr.), H. T1. Epmonaessim (1971, 1983 rr.) U Ap. N0 reOCHHKJH-
Ha/JbHbIM OTJIOKEHHAM H MeTaMOpP(HHUYECKHM KOMILIeKcaM Mase030HCKHX
cKaaAu4aThix 06acTeH.

Hayuenne copepkauuil ypana B MHHEpanax Mopoj X€MOTeHHOH H TeppH-
reHHOH opmalHil BbICOKHX (allui MeTaMopgH3Ma NoKasaJjo, 4To B IJaBHbIX
nopoaoo6pasylouiux MHHepanax cocpepotouedo a0 60% wmeranna u 40%
NPHXOAHTCA HA AKUECCOPHbIE MHHEPAJbl-KOHUEHTPATOPbl (anaTHT, OPTHT,
ched, uMpKoH, cyibbuasl, rpaduT B AP.), KOTOpHE COCTABAAIT oKoAo 1%,

HCCJ‘IQIIOHHHHHMH MHOIrHX aBTOPOB YCTAHOBJIEHO, YTO HE TOJbLKO obuee
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coaepxKaHue ypaHa B nopoiax H uoponooﬁpasynomux MHHEpaJaax, HO H ero
«NOABHAKHON> (AETKOKH3IBACKAeMOH) HOpMbLL YMEHBLIWACTCH O MEpe Bo3pacTa-
HHA CTEMeHH MeTamopdHima, NpH 3TOM HAHOOJBLIEE 3HAYEHHE OHH HMEIOT
B MOPO/Iax 3€JCHOC/AdHUeBOH (DallMH H HAWMEHblEe — B MOPOMLAX TPAHYJIH-
TOBOH (hallHH.

Eue Gosiee BLICOKHMH 3HAYeHHSAMH 3THX NapaMeTPOB XdPAKTEPH3YIOTCH
NPOAYKTHl yAbTpameramopdima, B TOM 4YHC/€ rpanuTodan. boabwas nons
«[OIABHMKHOTO» YpaHa H OTHOCHTEJNbHO BbicOKOe (10 25%) 3HaueHHe OTHO-
IWEHHA €ro K OOLEeMY KOJHYECTBY 3TOro 3J€MEHTa B TAKHX TPAHHTOHAaX
CBH/IETE/NLCTBYET O TOM, YTO B HHX rpeo0najaer ILeCTHBANEHTHBIH ypaH,
KOTOpPbIH MOXET ObITb JIErKO H3BJAEYEH W3 NOpPOoA. B CBA3H ¢ 3THM yabTpamera-
MOp(HYECKHE FPAHHTOHBI MOTYT PACCMATPHBATBLCA B KAYecTBE MOTEHILHANb-
HOT0 HCTOYHHKA MHIPaLHOHHOCNOCOOHOro MeTaJada.

[TosblnIeHHbBIE KOHUEHTPALUHH <«NOABHKHOMO» (JErKOBBIILEIAUHBAEMOTO)
ypana B METaMOPHHULCKUX 1IIOPOAAX ILALHOCAAHLEBOR dauud (110 CPABHCHUIO
¢ noposamH 6oJee BBICOKHX (GauHi) H rpaHHTOMAAX, MO-BHAHMOMY, CBA3AHbI
C MPHCYTCTBHEM 3TOr0 3/J€MEHTa B OCHOBHOM B pACCeAsHHOM COCTOSAHHH.

Kak cuntaer 1. H. benesuer (1980 r.), ypaH, OTHOCHTEJNBHO JIErKOBbI-
IeJaYHBAEMbIH H3 10POA0C0GPA3YIOIIHX MHHEpaNoB Ge3 paspylleHHH HX
KPHCTANHYECKOH PELIeTKH, MOMEeT HaxoAHTbcs JHOO B BH/IE TOHYaHleH
TPYAHOJAHATHOCTHPYEMOH BKPAMNJEHHOCTH ([MIMEHTAllHH) pacTBOPHMbIX ypa-
HOBbBIX MHHEPAJOB, aubo B MHKPOCKOIMHYECKOM pacCCesiHHOM COCTOAIHHH B MO-
polax H MHHEpaJax, 4yTo obyc/as/iHBAeT BbICOKYK cTeneHb AHcnepcHu. Cuu-
Taercs, yro npeobaanawuei GopMoH HaxoXKAEHHA ypaua B nopoaoobpasyio-
WHX MHHepaaax (Jerkoi ¢pakilhi) meramopdHuecKkux MOpojs ABASETCH
MOJeKyIsipHOe paccesinHe. B TeMHolBeTHBIX N0p0oa006Gpa3yIOUIHX MHHEpAJaX
ypaH, no-BHAHMOMY, HAXOJIHTCA B OCHOBHOM B H30MOP(HOH MPHMECH, HO He
HCKNHOUEHA TAKKE BO3MOMKHOCTL NPHCYTCTBHHA €r0o B pacceannod dopme.

[lo mepe ycHaeHus crenenu MeramopdHsMa nopoi, NpH nepexone ot
3€/CHOCA3HIEBOH dauuH K amMpHOOJIHTOBOH KOHUEHTpPALHS YpaHa BO BCex
MHHepaJax (KpOMe akuUeccopHbiXx) 3aMeTHO ymenbliaercsi. B MHHepanax
Nnopoj, MeTaAMOP(H3OBAHHBIX B YCJIOBMAX 3€J€HOCHaHUeBOH (aluH, 3HauM-
TelbHas 4acTb YypaHa HaxoauTcs B (QopMe MOJEKY/AAPHOro paccesiHus
H MO3TOMY B [POLECCE PErHOHaNbHBIX npeobpa3oBaHHii MOr/a H3BAEKAThCA
MeTaMop(OreHHbIMH pacTBopaMi. B nopoaax rpanynuToBod daunu metamop-
thH3Ma ypaH KOHUCHTPHPYETCSl MPEUMYLLECTBEHHO B @KIIECCOPHbIX MHHepasax
(uHpKoOH, anatut, ced W Ap.). HekoTopas yacTb Jerkoussiekaemoro ypasa,
0CBOGOKAEHHOTO NPH METAMOP(H3IME H HAXOAALLErOCA B MOJEKY/AAPHONA dop-
M€, 3aM0JIHAET e(EeKThl KPHCTANIHYECKHX CTPYKTYP BO BHOBL 06Gpa30BaHHbIX
MHHEpAJbHBIX 8CCOUHAUMAX I1YOOKO MeTaMOp(PH3OBAHHBIX MOPOLL.

Ha ocnoBanun reonorwueckux n ananutTuuecknx axnpix 9. H. Benes-
e [25] caenan BbIBOABI O MOABHXKHOCTH ypaHa MpH Mpoieccax nporpeccus-
Horo meramopgHiama, yabtpametramopduaMa u aHadropesa.

IlokemOpHiicKHE MEPBHYHLIE OCALOYHbIE H BYJKAHOrEHHbIE MOPOJLI, H3
KOTOPbIX 06pa30BaHCh METAMOP(HUECKHE KOMMIEKCHl (DYHAAMEHTA JPEBHHX
LLHTOB, BECbMa AHGGEPeHUHPOBAHbLI MO COAEPXKAHHIO paJHOAKTHBHBIX 3Je-
MEHTOB, B TOM uHcae ypada. Cpean craGomeTamopgH30BaHHBIX NOPOL
H3HAYAIBHO HAHOOJI€e YPAHOHOCHBIMH GbiJIH TEPPHIEHHBIE NOPOAbl HHAKHEro
NpoTeEpPO30H, NPOMEKYTOUHOE 3HAYCHHE HMEKOT NIHHHCTbLIE OCA/IKH H HauboJsee
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HH3KHM ¢'OHOM COAEpHKAHHA ypaHa OTJIHYAKTCH ap.\'(‘ﬁcmfe BYJIKAHOTEHHEBIE
110POABI OCHOBHOrO H YJLTPAOCHOBHOIO COCTABA.

Ypan B nopofax HaxoJHMTCA B NOABHKHOH, MANOINOABHKHOR H HEIIOABHX-
#oH dopmax. [lpoueccs AHHAMOTEPMANLHOTO METAMOPGDH3IMA BbI3LIBAIH UIH-
pokoe nepememeuue ypaHa, KOTOpO€ YCHJHBANOCL 110 Mepe BO3pacCTaHHs
cTeneHH MertamopdHama, NPH 3ITOM BLIHOC YpaHa MPH BLICOKHX dainax
meramopHaMa mMoxer gocTHrath 50— 75% oT ofuiero nepronavaiLKoro ¢o-
nepaunus. [losromy naGnonaerca obejHeHHe ypaHoM NMOPOA FPany/HTOBOMH
(aLHH H 3aKOHOMEPHOE HAKOMIEHHE €ro (BMJIOTh 10 MHKPOPYMIibiX 06pa3oBa-
HHi) B noponax amdubosHToBol (aunu. [lpouecen ynbrpameramopdHima
BbI3bIBAJIH BE€CbMa& aKTHBHOC, HO pA3JHYHOE 1% paA3HbIX }'CJIUBHIT! nepeme-
mende. B n3odauHaabHbIX rpaHHTOMAAX, 00pa30BABUIMXCH 110 PA3JIHUHBLIM
rHeficam, He HaGuOLaeTCs 3HAUHTEbHBIX HAMCHEHHH COAEPMKAHHH ypaHa no
CPABHEHWIO € NOPOAAMM, 33 CYET KOTOPhIX OHH pasBWBajHCch. B To Ke Bpems
peomopdHYeCKHe TPAHHTHI, OCOBEHHO HX IIEJOYHbIE PA3HOCTH, XapaKTepH3y-
J0TCS HakonneHweMm ypaua [25].

HauGosbliHe KOHUEHTPALHH ypaHd OTMEHAKNTCHA B METACOMATHYECKHX
nopoaax (MHKPOKJAHHHTAX, albOHTHTAX, 3rHPHHMTAX M Jp.), KOTOpBIE pac-
CMAaTPHBAKOTCA YKA3AHHbIM ABTOPOM Kak NPOAYKTb AHAa(TOpe3d, BO3HHKLIHE
MOA BJHSIHHEM pacTBOPOB MOCTrPAHHTH3IALHOHHOW nesteabHocTH. OLKaKO
3TO MO CYUIECTBY YK€ THNHYHO FHAPOTEpMAJbHbe 06pa30BaHHA.

[MTo muennto $1. H. Beneruera, B. . Kosans [8] u ap., norepa ypaua
MPH NpolLeccax pertoHaNbHOro MeTaMop(pHaMa nopoj CRA3aHa C WX Jerujapa-
TallHeH, SKCTParHpOBaHHEM H BBIHOCOM ero MeTaMOP(HUECKHMH pPacTBOpPaMH
B CTOpPOHY O6osee HH3KMX cTyneHed. B HaumeHee meTamMOp(H30BAHHLIX
PA3HOCTHAX [eTEPOTEHHBbIX 0CAN0YHO-BYJKAHOTEHHBIX TOJLL PYLOreHHbIC 3je-
MEHTbl HAaXOLATCA B cOocTaRe OGMOMKOB AKIECCOPHBLIX, PYAHHIX H HEPYLHbIX
MHHEpa.108, 06pa3yloT caMOCTOATE/IbHLIC ayTHreHHble MHHepaJbl, copbHpo-
BAHbI HEDY/IHbIMH MHHEpaJaMH, a Tak)Ke pPACTBOPEHbl B MOJEKYAsipHO-TJe-
HOUHBIX PACTBOPaX B MOpax, MHKPOTPELLHHAX H MEX3€PHOBbIX POCTPAHCTBAX.
[Mpu nosblllenun cTenedd meTamoppHima ocBoGOMKAAOUIHECH PYAOreHHbIE
3JIEMEHTHI (B TOM 4HCJIe ypaH) YACTHYHO 3aXBaTbiBA/JIHCh KPHCTANIHYECKHMH
pellieTKaMH HOBOOOGPA30BAHHBIX NOPOACOGPA3YIOULHX MHHepaaoB (GHOTHTA,
xJOopuTa, ampuboaa, NHPOKCEHa H Jp.) WIH 06pa30BLIBAJIH CAMOCTOATENbHbIE
MHHEpaJIbl — OKHC/bI, CHJIHKATbl, THTAHATbl, KOTOpble OGBIYHO CO3/1aBaJIH
JIEHKH HJIH 3anoJHAJH Mex3€DHOBblE NPOCTPAHCTBA B NOPOL00GPA3YIOLIHX
MmutHepanax. Buijenenue w3 NOpojA TMAPOKCHABHON BOAbI MPH BLICOKHX TeM-
nepatypax H JaBJE€HHH BbI3blBAJO PA3PYIIEHHE KPHCTA/LJIHYECKHX pELIeTOK
HOBOOOGPA30BAHHbLIX  MHHEPAJIOB — THAPATOB, KOTOpPble COIPOBOMAANHCH
pacTBOpeHHEM H BHIHOCOM 4aCTH ypaHa. Jlpyras uactb ypada souja B cOCTan
8HOBbL 06Pa30BaHHbBIX aKUECCOPHLIX MHHepaJioB (cdeH, rpaHaT, LWHPKOH, ana-
THT), COOTBETCTBYKOUIHX HOBOH haunn MmeTaMopdHamMa, H ocTalachk B nOpPOaax
Ha MecTe. YPaH MOr HHTEHCHBHO MePEHOCHTHLCA B BH/Le KOMIJIEKCHBIX YPaHHJIO-
BBIX COeAMHEHHH npu Temnepatrypax Boime 450° C M naBJeHHSX, NPEBbI-
waownx 500 krjem®. B npouecce pazsuTHs meTamopduima, 0coBeHHO
yJAbTpameramophuama B yc10BHAX aM(PpHOONHTOBOH (allHK H B OCAEAYIOLIHE
craauu auadropesa, BHACNANNCH «NOCTIPAHHTH3ALHOHHBIE» PACTBOPBI, KO-
TOPbi€ BbI3bIBAJIH METACOMATHYECKHE HIMEHCHHS BMEILAIOUIHX MOPOL H PYI0-
o6pa3oBanne B 30Hax pazloMoB rayGokoro zanoxenus., Cynsi no skcne-
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PHMEHTAIbHBIM AHHLIM, METacOMaTHTH 06pa3oBbiBaJHCL B HHTEpBAJC
remnepatyp H520—250° C, a pyaHble ypaHosble MHHepaahl — npH 250
140° C [25]. OaHaKo 3TH panible W NPeiCTaBAeHHH COBEPUICHHO HE 06bsIC-
HAKT HCTOUHHK OFPOMHOTO KojaudecTBa uieqoued (Na.O) B pyroHochbix
pacteopax.

5. H. Benesues, ®. K. JKykos u ap. (1978, 1980 r. r.) Ha ocuosa-
HHH  MOJYYEHHBIX  DPE3YNbTaTOB  KOMMJEKCA  H30TONHO-TeOXHMHUECKHX
HCCNIE/IOBAHHH TNPHXOAAT K BbIBO/LY, YTO C YBeJHYEHHEM CTEleHH MeTamop-
(H3Ma HIMEHAETCA MO CTaAMAM XapakTep pyAooGpasyioliHx pacTsepon,
chopMuposasllinx metamopdorenible mectopoxienns. Ha meramop@uieckns
KeNe30-yPAHOBbIX MECTOPOMKICHHAX, 3aJeraloulix B NOpoaax oOT 3ede-
HOCMAHUEBOH 10 aMHOoNHTOBOH (GauMH, CYAf 110 3HAYHTENbHBIM BapHa-
uusim 8 C u 8% S, cocras pacTBOpOB, 10-BHIHMOMY, 6Bl CMEIIAHHbIH, T. €.
MeTaMophOreHHbIH H rJyOHHHBIH.

B npenenax wmeramop¢H30BaHHBIX  MeCTOPOMIeHHH  pynoofpazyio
uiHe pacTBopbl (GOPMHPOBANKCHL 33 CUET MOPOBBIX BOL MCTAMOPGHIYeMbIx
TOJIL, d YPAaH H3BJEKaJACs H3 BMEILAoNHX MOpPoA. ITO NOATBEpAK/1aeTCH
BHICOKHMH CpPeAHHMH 3nayenusamu 2'°Ph B ocagouHo-MeTaMOpdHUecKux
nopojax 0BpPAMJIEHHA PYAOHOCHBIX GJOKOB, )

Ha yaibTpameramophuueckux HATPHUA-YPAHOBBIX  MECTOPOKACHUAX
METaCOMaTHYECKHe npeobpa3oBaHii BMEULAOLIHX N10po]] 0643dHbl B OCHOBHOM
rAYGHHHBIM TEPMaAbHBIM (DIOHLAM, COAEpXKALLHM YraekHcaoTy H cepy. [daa
aNbLOHTHTOB 9ITHX MECTOPOMKACHHIL xapakTepuo npHcyTersue H3oronos *C
u *S, uTo CBHIETEALCTRYET, M0 MHEHHIO ABTOPOB, O MOCTYIMJEHHH FJayGHH-
HbIX YIJIEKHC/0-HATPHEBbIX (JI0H0B, O60ralleHHbIX «THMXKEJIbIM» YrIepoaoM
(yraexknenotod) H B TO e BpeMms «obJeryeHHol» cepoH, a Takme oGUIHA
ITOBbILUIEHHBIH KHCJOPOAHBIH MOTeHIHA.

[MpeacrasieHuss 0 MOGHIH3AUHH H NMEPEOTIOKEHHH PACCeAHHOTO ypaHa
meTaMmopduuecknx Toau noanepxkuparot B. M. Kasauckuit, H. I1. Jlasepos
# A, W Tyrapunos [46], xoTopbie cBA3LIBalOT 06pa3OBAHME ITHX MECTOPONK-
NEeHHH ¢ NpolUeccaMHi NPOTOAKTHBH3ALHH, HMEBLIMMH MECTO B KOHLE pPaHHEero
nporepo3os (2,0—1,8 Mapa J1eT) ¥ xapakrepH30BAaBLWHMHCA HHTEHCHBHbBIM
nposiBJIeHHeM HATPHEBOIO0 METd4coMaTo3a BHe BHMMOH CBA3H C PAHHTOM]-
HbiM MarmatHamom. [Ipeanonoxenune o 3aMMcTBOBaHHU ypaHa npH o6pasona-
HHH HAaTPHEBbIX METACOMATHTOB H3 BMeILAOLIHX Nopoa, no MuenHio A. M. Ty-
rapHHOBa, MOATBEPKAACTCA JAHHLIMH H30TOMHLIX HCC@LOBAHHH, NOKA3aBLIH-
MH CPaBHHTENbHO BBUACPMKAHHBIH AHOMAJbHBIH COCTAB CBHHIA YPAaHOBbIX
pya [32].

B nocnenuee spemst H. 1. JlaBepos [87], Bblaensis MECTOPOXKIAEHHS META-
MOpP(OTreHHOH CEPHH, OTHOCHT K Tpynie yJbTpameTamopdHueckux MHOroob-
pasnble MeCTOPOMIEHHSI B ILEJOYHBIX METACOMaTHTax, B OCHOBHOM B alb-
GHTHTAX, KOTOPbIE JIOKANH3YIOTCA B 30HAX NMPOTHAKCHHBIX TYyGHHHLIX pasJo-
mog. OcxosbiBafAcs Ha panubix 1. H. Benesuesa (1986, 1980 rr.), B. M. Ka-
3anckoro (1978 r.) H Apyrux O NPOHCXOKACHHH MECTOPOMACHHH, ITOT aBTOp
MHIWET, YTO OHH OblLTH cHOPMHPOBAHLI B pe3y/bTaTe MOAbeMa YPaHOHOCHBIX
pacTBOPOB H3 30HBI yAbTpaMeTaMopH3Ma (rpaHHTH3AIHH) Ha GOJee BhICOKHE
YPOBHH, Te NPOHCXOAHI0 ocaxlenie ypana. B 3Tom oTHOWIEHHH OHKH BecbMa
6M3KH OOpA30BAHHIO MATMATOrCHHLIX MECTOPOXKACHHH ypaHa.

B cBoe BpeMs B pPYAHBIX [IPOBHHIHAX MNaje030HCKHX (repuUHHCKHX)
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cknaauathix obaactedt P. B, Teuesa, A. A. Jdepsirun [23] w ap. Bbigenstin
0cagouHO-MeTaMop(oreHHble MECTOPOMAECHHA, K KOTOPbIM OHH OTHOCHJIH
CTpaTHdOpPMHBbIE YPAHOBbIE MECTOPOMK/ICHHS, 3AErAKILKE B YPAHOHOCHbLIX
YEPHOCJAHUEBbIX TOJLIAX HHXKHErO nafjeosos, NpeTepneBuIHX perHoHaabHbIi
MeTaMOp(hH3M B YCJNOBHSIX HH3KHX cTyneHeil 3eneHocianuesoit (auund. Ha
OCHOBAHHH PE3YALTATOB MHHEPAJIOro-NeTporpapHUecKHX H TeOXHMHUYECKHX HC-
cael0BaHHI BMELAIOULHX MOPO/L H DY/l 3THX MECTOPOIKAEHHH, HCCIeI0BATENH
NPHULIH K BbIBOAAM, 4YTO OHH OblAH c(HOpPMHpPOBAHLI B pe3yiabTate nepe-
pacnpeneneHHsi NOBLILIEHHBIX (OHOBbIX KOHUeHTpauwd ypana (9—10)-
10~*% BMELLAIOUIHX YrJIepOAHCTBIX KPEeMHHCTO-IJIHHHCTBIX C/AHILEB MeTa-
MOpGhOreHuBIMK BOAHBIMK pacTopamn. MIcTOUHHKOM pyaoHOCHBIX pacTBOpPOB,
B KOTOPbIX MHIPHPOBAn YpaH H APYrHe CONYTCTBYIOULHE SEMEHTHI, M0 MX
MHEHHIO, SBJSAJHCb OrpOMHbe Macchl KOHCTHTYIHOHA/JbHOH, [IJIEHOUHOH
H KanuJaJsapHOH (NOpoBO#H) BO/AbI, OTAENARIIEHCH NPH PErHOHAJbHOM MeTd-
MOp(H3Me BeCbMa HH3KOTEMIIePAaTyPHbIX HAYAJbHBIX CTYMEHeH 3eJeHoc]aH-
1eBoi (alHd HI 0CAJOYHLIX NOPOA TAaBHBIM 00pPA30M NOA BO3AEHCTBHEM
OIHOCTOPOHHEro QdBJEHHA (cTpecca) NpH cKI1aakoo0pasoBaHHM H paccia-
UeBaHHH MHHHCTO-ANeBPOJNHTOBLIX TouL. [Ipeanonaraercd, 4tTo 3TH pACTBO-
pbl, IHPKYJIHPOBABIIHE MPOLOJKHTENbHOE BPEMSA 10 PA3JHUHBLIM TPELLHHAM,
nopaM H MeX3epHOBOMY MPOCTPAHCTBY, HACBIULANHCH LLeJOUAMH H JeTYYHMH
KOMIIOHEHTAMH MOPOM, a MPH NOBLIWEHWH (?) TeMNepaTypbl H NaBJEHHS
nprHoGperand cnoco6HOCTb PacTBOPATbH H MEPEHOCHTb BELLeCTBA, BCTYNATh
B METACOMaTHYECKHE peakllHH, NPHOGPeTalH APYrHe 0COGEHHOCTH THNHYHBIX
MOCTMArMaTHUYECKHX THAPOTEPMAJbbIX PACTBOPOB. 3a cdeT MOGHIH3OBAH-
AbIX B TOAULE 1OPOJ PacTBOPOB B HHX 00pa3oBa/jHCb «CBOH COGCTBEHHBIE
CHAPOTEPMBI»,  «MOGHJIH3ATbl», <«pereHepUpoOBAHHLIE THAPOTEPMAbHbIE
pacTBOPbI», «NCEBAOTHAPOTEPMbI», «CyOrHAPOTEPMbI» H T. ., KOTOpbIEe B TOH
HJIH HHOH CTEeNeHH L0JKHBI GblIH 060rallaThesl ONpeleJeHHBIMH KOMITeKCaMH
BHILILe/IOYEHHBIX H3 NOPOA PYAHBIX 3JeMEHTOB, B TOM uHcae ypaHa [22, 23].
I'. b. HaymoBbiM ¢ coaBTopamu (1985 r.) Ha OCHOBAHHH KOJHYECTBEHHbIX
NETPOXHMHYECKHX, PAJHOTEOXHMHYECKHX H TEPMOGAPHUECKHX  RaHHbIX,
[OJYYEHHBIX TIPH H3YUEHHH KHIbHbIX YPAaHOBbIX MECTOPOMIEHHH B 30HAX
KOHT4KTOBOro  MeramopdHima, npeinpHHATa  [OMBITKA  PACCMOTPETH
MEXAHH3M MHTPAlLLHH BRLLeCTBA, B TOM YHC/Ie YpPaHa, B NOAOOHBIX YCJIOBHSX.
B pesynbrare npeanoxeHa reoxHMHueckas MOJe/b NPOABJIEHHA NPOIECCOB
KOHTaKTOBOIO MeTaMOp(H3IMa, NPH KOTOPOM HA NPOrPecCHBHOH CTALHH BO3HU-
Kal Opeos BBICOKOMIOTHBIX BOJHO-YIIEKHCABIX (DAOHI0B (KOMIpPECcHA) H
3dTeM €ro pasrpy3ka B JOKa/JbHbIX Y4YacTKax TPeUHHOOOpa3OBAHHA Ha
PerpecCHBHOH CTAfWK (aekomnpeccusi). ABTOPbl CUHTAIOT, YTO MHrpalHs
ypana ocylectsiaaaach 6aronapa o6pa3soBaHHIo €ro NOABHKHbIX (OPM MPH
pPaHHHX PYLONOArOTOBHTENbHLIX Npoleccax, MOOHANH3AULHH OTMEUEHHBIMH Bhl-
we (pJIOHJaMH H KOHUEHTPALHH Ha reOXHMHUYECKHX Gapbepax.
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Kputuueckui anaasus npedcerasienull
0 METAMOPGOCEHHOM UCTOYHUKE PYOHO2O Beu{ecTsa

AHasM3 3aKoHOMepPHOCTEH pasMellleHHs YPaHOBLIX MECTOPOXK/AEHHH pas-
JHUHBIX THMNOB B NPOBHHUHAX, 3a/0KeHHbIX H CHOPMHDPOBAHHBIX B pasuble
3TdNbl PA3BHTHA 3€MHOH KOpbl, & TaKKe aHaju3 YCJOBHH JIOKAJH3aLHH
YPAHOBLIX PYI B [1pejenax MeCTOPOMKAeHHH H JaHHbIX 110 HX BO3pacTy MoKa-
34/14, 4YTO CTOPOHHHKH THNOTE3bl METAMOPGHOreHHOro py1006pasoBanHs, K Co-
HANEHHIO, HE YUYHTLIBAIOT MHOTHX TIEOJOFHYeCKHX JAaHHBIX MO0 YCJIOBHAM
(hOPMHPOBAHHA MECTOPOJK/AEHHH (HCTODPHIO PA3BHTHA, BPEMS H YCJIOBHA Pya0-
06pa3oBaHuA, NYTH IBHXKEHHS PYIHbLIX PACTBOPOB, BO3MOMKHOCTH MOOGHAU3A-
LUHH PYAHOrO BElIeCTBA H3 MOPOA H T. [.), HE MPHAAIOT 3HAYEHHS GOJIbLIOMY
BPEMEHHOMY pa3phIBY (B JECATKH H [lake COTHH MHJIJIHOHOB JeT) MexK.1y
NEPHOJOM MPOABJEHHA [POLECCOB MeTaMop(H3Ma H co3aaHHA meTamopdo-
reéHHbIX PACTBOPOB, ¢ OJHONH CTOPOHbI, H TANOM FHAPOTEPMAJBLHOrO pyn006-
pa30BaHHA, ¢ ApPYro#.

[Tostomy mpeactaBaedns o MeTaMop(OreHHoOM ypaHoBoMm pyjlooGpasoBa-
HHH He MOryT GBITh MPHHATBL B TakoM BHae. [eosorHyeckHMH HccaegoBa-
HHAMH Ha MECTOPOXKIEHHSX YCTAHOBJIEHO, YTO YPAHOBOE OpY/AeHeHHEe H CONpo-
BOK/AWOIIHE €ro MeTacoMaTHThl HAKAa/blBAIOTCH HA Bce MeTamopdHueckHe
W yibTpameramMophuyeckue KOMILICKCH NOPOA W OTOPBAaHbL OT HepHoaa
HX 06pa3’oBaHHsl 3HAUYHTENbHbIM HHTEPBAJOM BPEMEHH, CBHICTE/LCTBYIOULIHM
O CYULeCTBEHHOH CTPYKTYPHOH nepecTpodKe M H3IMEHEHHH reOJIOrHUECKHX H
(PHIHKO-XHMHUECKHX YCAOBHH (OPMHPOBAHHA.

Ilsi npOTEPO30HCKHX YPAHOBBIX MECTOPOKIEHHH, 3a1eralolIHX B IPeBHHX
JOKEMOPHACKUX MeTaMOpdHUYeCKHX KOMIIEKCAX, 3TH BONPOCHL OCBEULeHb
B paGorax B. A. Kpyneuuuxosa [30; 32], koTopbiii moKasad, 4To ypaHOHOCHbIE
HATPHEBBIC METACOMATHThI COPMHPOBAHLI H3 THJPOTEPMaJbHBIX PACTBOPOB
H HaJOXeHbl Ha BCe METAMOPGHYECKHE H YJIbTPAMeTaMOP(HUYECKHE 1TOPO/bI
apXes-—HHKHEro nporepo3of. YpaHOHOCHbIe albOHUTHTLI, CBA3AHHBIE C MNpo-
UeCCaMH CPELHENPOTEPO30HCKOH TEKTOHO-MarMaTHYeCKOH aKTHBH3allHH, pe3-
KO OTOpBAHBI OT YJbTpaMeTaMOp(hHYECKHX KOMIIIEKCOB 10 BPEMEHH H YCJIOBH-
fiM 06pasoBaHHA. YJabTpaMeTaMOpHUYECKHe TPAHHTOM/bI, JPEBHHE CTPYK-
TYPHblE 3JEMEHTHl PA3JOMOB H CBA3AHHbIE ¢ HHMH KalHeBble METACOMATHThI
HMEIOT BO3PacT 0K/ 2 MJIpA JieT H 06pa3oBaHbl B MJYOHHHBIX aGHCCAIbHBIX
H BBLICOKOTEMIIEPATYPHBIX YCJIOBHAX.

YpanonocHbie aibGHTHTH, 110 aHHLIM 3TOrO agtopa [32], HMeloT Bo3pacT
okosmo 1,7 mapi Jer, o6pa3oBajiHch B 30Hax IJyGHHHBIX Pa3jJOMOB CpPeH
YAbTpaMeTaMop(pHUeCKHX NOpojA NOCJe AJTHTENbHOH 3PO3WH yxe B runabuc-
CA/bHbIX — NPHNOBEPXHOCTHLIX YCAOBHAX. Paspbip BO BpeMeHH 06pa30BaHHsA
Y/IbTpaMeTaMop(OHYECKHX KOMIJIEKCOB H HATpPHEBBLIX MeTacOMaTHTOB COCTAB-
asger 300—200 mMau Jet. DTH MeTACOMATHTBI BMECTe ¢ NpelllecTBOBABIIHMH
HM MHJOHHTAMH H KAaTak/la3HTaMH 3ejeHocJaHLUeBoH (auuH HaNOXKeHB Ha
GJM3KHE K HHM 1O BO3pacTy runabuccalibHbie WK NPUIIOBCPXHOCTHLIC cpef-
HEMPOTEPO3OHCKHE IPAHHTBI PanakHBH, AHOPTO3HTHL H A3aHKH NMHKDHTOB H,
B CBOI0 O4epellb, nepeceueHb jaikamu ra66po-1uaba3os, aHOPTO-CHEHHTOB
H 1Ha0a30BbIX NMOPHHPHTOB. YpaHOoHOCHbIE anbOHTHTB 06PA30BANHCH OAHO-
BPEMEHHO ¢ (OPMHPOBAHHEM B CPeIHEM NPOTEPO30e KATAKJIA3HTOB H MHJIO-
HHTOB (B 30HaX rAyOHHULIX PA3NOMOB), TEKTOHHHECKMX BOAIHH, BBINOJ-
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HEHHBIX BYJKAHOr€HHO-OCAJOYHbBIMH OTJOMKEHHAMH, a TaKkKe BHEAPEeHHCM
HHTPY3HBOB H [d€K MOpPOJ KHCJOro, LeJNOYHOro H OCHOBHOTO COCTABa 110]-
KOPOBOTO npoHcxomaenus [32].

Bece 310 cBHMAETEALCTBYET O TOM, 4TO ypaHoBoe pynoobGpasoBaHHe e
CBfI3AaHO C npoueccaMH metTamopduima H yiabrpameramopddama, a chopmu-
poOBaHO ropa3jo Mo3jHee. B 1o ke BpeMA BEepPOATHOCTh MOOHAH3ALIHH
ypaHa H3 TMOpOJd MeTaMOp(HYECKHX KOMIJIEKCOB OCOGEHHO TpaHyJHTOBOH
(hauHH B CBA3H C HH3KHMH COACPKAHHUSIMH, [0-BHAHMOMY, BecbMa Mana,

Kak yke oTmeuaqoch BbIlI€, Pe3yJabTaThl H3O0TOMHO-F€OXHMHUCCKHX
HCCIeOBAHHHA AKHAbHBIX H PYAHBIX MHHEPAJIOB MECTOPOXKACHHH YPAHOHOCHBIX
aJIb,OMTHTOB AAI0T OCHOBAHHE CYHTATh, UTO B COCTABE PAcTBOPOB, CHOPMHpO-
BABLUKX MX, MDHCYTCTBOBAJIH YIJIEKHCIOTA, cepa H APYTHE KOMIIOHEHTBI, KOTO-
pbl€ HMEJH bonee I‘J'[YGHHHOE, CKOopee BCEero mnoiKopoBO€ MNPOHCXOMXIEHHE.

Bonpocbl renesnca v Bo3pacTta cTPaTHOOPMHBIX YPAHOBBIX MECTOpOXK/je-
HHHA, 3a/eralliiX B yP4HOHOCHOH YEPHOCJAHUEBOH TOJIILE HHIKHErO [aJjeo-
3051, BOMPOCH HCTOYHHKOB PYJHOTO BELIECTBA SBJAITCH OY€Hb CJOMHbBIMH
/U1 OJHO3HAYHOTr 0 PpeeHUss H MOTOMY Be€CbMd AHCKYCCHOHHBI. (0] NMPpOHCXOMKae-
HHH OPYAEHEHHA MECTOPOK/LEHHH 3TOTO THIIA B Pa3HOE BPeMA BbICKA3bIBAJHCD
pa3jHUHbIE TOYKH 3pEHHA. BbIABHraNIHCE Ocal0uHO-MeTamopdOreHHas, ruipo-
TepMasbHas H HHPHAbTPaLLHOHHAS rHIoTe3bl. KpHTHUeckHit pasfop ocanouHo-
MeTaMop(OreHHOH rHnoTe3bl 3THX MECTOPOXK/1eHHH HEOLHOKPATHO NPHBOAHICA
B JHTepatype [27, 32, 56, 97].

[eonoro-cTpyKTYpHbIMH, MHHEPAJOTHYECKHMH M NeTporpadHuecKkumMH
HCCJAEA0BAHHAMH YCTAHOBJIEHO, YTO YpaHOBO€ OpYIACHCHHE 3THX MECTO-
poxneHHi chOpMHPOBAJIOCH NOCTE CKIAAKO0OPa30BAHHA H NPOSBIEHHS MPO-
ILECCOB PErHOHAJIBHOTO MeTaMop(H3Ma CJaHIEBBIX TOJUL, NOCJE BHEApEeHH:
naek Jamrnpo@HpoB u 1Ha6a30BbIX NOPGHPHTOB PErHOHANLHOrO pacnpocTpa-
HEHHA, KOHTPOJIHPYETCA KPYNHbIMH JOJNTOXHBYLLIHMH Pa3loMamMH, MOCTCKAA-
YATbIMH Pa3pbIBHBIMH HADYIIEHHAMH H HEPEAKO COINpPOBOMKAAETCH HH3KO-
TCMIIEpaTypHbIMH METACOMATHYECKHMH H3MEHEHHAMH BMELLdwIIHX [10pOId.

Cpead c/aHUeBBIX TOJUL, B KOTOPbIX JOKaJH30BaHbl MECTOPOXKIACHHA,
pasBHTHl Pa3HOBO3PACTHLIE HOBOOGPA30BAHHLIE MHHEPA/IbHLIE ACCOLHAIHH,
0TO6paXaIolIHe MHOTO3TANHBIH H MHOTOCTAHHHBIHA MPOIECC MHHEPANO- H PY-
noo6pazoBanusa. Cpeld HHX BBIIENSIIOTCA KOMIJIEKCH MHHEPaJbHbIX aCCOIH-
auMi MeTaMopOrEHHOrO NPOHCXOXK/AEHHS, TECHO CBSI3AHHBIE CO CJOHCTOCTHIO
H CJAHLEBATOCTbIO BMELLAIOILHX [TOPO/L H HX JIHTOJOTHYECKHM COCTABOM, A HJ1bl
H [POKHJIKH 6osee MoOJa0ABIX MHHEpAaJbHbIX accouuauﬂﬁ, BeCbMd CXOAHbIX C
rHApPOTEPMAJbHBIMH O6Pa30BAHHAMH, a TAKAE MHHEPAJbHbIE KOMILIEKCHl ABHO
FHNEPreHHOro MNpoHCXOxAeHHA. PanHHe meTamopdorennbie o6pa3oBaHus
KBAapla, HEKOTOPbIX KapOOHATOB, CJI0/l, YACTH MOHOCYIb(QHIOB XKeJe3a, rpa-
(h¥Ta, aHTPAKCOJHTA H JPYrHe COBEpIIEHHO He COJEep:KaT mapareHHol ¢ HHMH
YpaHOBOH MHHepasu3auuH. Bosee nosaHHH KOMMIEKC MHHEPAJbHBIX aCCO-
I(HAIHH, B TOM YHCJ/Ie YDAHOBOE OpPYIeHEHHe (HAacTypaH, KODDHHHT H 1p. Hec-
KOJIBKHX TeHEepauHi) OTYeTIMBO HakJIajbIBAETCH HA BCe 3TH 0OPA3OBAHMA,
paccekas HJIH MeTacoMaTHYeCKH 3amellasd ux. BOausu pyanbix teq, cyas no
/LAHHBIM MHOTHX HCCJEAO0BATEe/eH, BMeNlaioliHe nopoibl 06bIYHO MOABEPrHYThL
Pd3/HYHBIM METacOMaTHYECKHM H3MEHEHHSIM, C Pa3BHTHEM HOBOOGPA30BAH-
11010 CEPHLIHTA, XJIOPHTA, KAPDGOHATOB H APYrHX, a TaKKe IMTHHHCTLIX MHHepa-
J10B, CONPOBOXK/AAEeMbIX HEPEJKO OKHCJAMH H MMAPOOKHCAAMH Keneza. M3 u3-
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JOMEHHOrO C/edyeT, YTO YPaHOBOE PYL006pasoBaHHE MPOHCXOAHAO HOCae
MPOSIBJEHHA NPOIECCOB PETHOHANLHOrO MeTamopdHuama.

Feonoruueckue HaOMIOAEHHS Hal NMPOCTPAHCTBEHHO-BO3PACTHBIMH COOT-
HOILIEHHAMH YPAHOBOTO OPYACHEHHSA ¢ MOPOJAMH PA3HbLIX CTPYKTYPHbIX 3TamKed
H SIPYCOB H IAHHbIE TEOXPOHONOIHYECKHX HCC/EI0BAHHH, @ TAKKe pe3ynbTa-
Thl AHAJM33 HMCTOPHH TeoJOrHYecKoro pazBHTHA paioHa H ero Merajo-
reHHH, COMOCTABJEHHA OPYACHEHHA C MECTOPOMKACHHAMH [APYTHX THIOB
MOKa3blBalOT, 4YTO 3jeCb pPAa3BHTO MOJHXPOHHOE YpPaHOBOE OpYIeHeHHe.
HauGonee panHee opy/leHeHHe STHX MECTOPOMKACHHH, CYAA M0 BCEM [aHHbIM,
Mo-BHAHMOMY, c(hOPMHPOBAJIOCH B KOHIl€ OPOr€HHOrO 3Tana najJeo3oicKoro
TEKTOHO-MarMaTHUECKOTO [HKJ@ H COXPAHHJOCH TOJLKO MECTaMH H B BHIE
PENHKTOB.

B 6onee nosauxe 3n0xH noctnaaropMeHHoOR aKTHBH3aUMH chOPMHPO-
Ba/achb OCHOBHAA Macca [IPOMbILJIEHHbIX PYA, HPEACTABAEHHAH JOJOMHT-
napaHkepHT-KOPHHHHT-HACTYPAHOBBIM H CYJbGHIAHO- (apCeHHAHO) -HacTypa-
HOBBIM [apareHe3ncaMmy cpeid KapOGoHAT-THAPOCIOAHCTBIX METACOMATHTOB,
a TaKkse HHorja HauboJjee MO3[HEH [HPHT-(reMaTHT)-HacTypaHoBOH ac-
COLHAIMEH B apruifH3HTax. ITO NOATBEPMKIAETCH JaHHBIMH abCOMOTHOrO
Bozpacta |27, 87]. Kak BHAHO, ypaHOBOE OpyleHEeHHe MECTOpPOXK/AeHHH, 3a-
JIETA0UIHX B YEPHOCAAHIEeBOH TOJIE CKAAA4YaTOro OCHOBAHHA, HHUKAK He
MOrJ10 6bITh CBA3AHO € MPOLECCAMH PErHOHAJbHOrO MeTaMopdHiMa.

Kpome toro, obpauwawor Ha ce6d BHHMaHHe MHOTHe ApYrue ¢axrtbl He-
COOTBETCTBHA [pELCTaB/JCHHH O BpeMeHH H YCJOBHAX [POSIBJCHHS MeTa-
MOP(HUECKHX NPOLECCOB H HCTOPHH FE0JIOrHYECKOro Pa3BHTHA PYLOHOCHBIX
CTPYKTYP, @ TaKMkKe KOHKPeTHOH reoJoruuyeckod o6CTaAHOBKH (GOPMHPOBAHHSA
MECTOPOKAEHHH. ABTOpPBLI THMOTE3bl MeTaMop¢OreHHoro pyaoobpazoBaHHs
He OOBACHAIOT MEXAHH3MA H3BJEeYEHHS ypaHa H3 BMelLalolUIHX MOPoj, He NpH-
JLAK0T 3HAYEHHS OTCYTCTBHIO PA3JIHUHI MO YCJIOBHAM MOGHIH3AIHH MeTalld
M ero OT/I0MKEeHHA NPAKTHUECKH 3/1eCb JKe, HO B pyaHblX 3oHax. [1pH metamop-
¢H3Me, 0cOGEHHO HH3KMX CTYneHed, 3TH npolecchl, COrJacHo paccMaTpHBae-
MbIM NpeLCTaBAEHHAM, [IPOHCXOAH/IH MOYTH OLHOBPEMEHHO, IPHMEPHO B OJLHHX
H TEX e WM BecbMa GJH3KHX Teo/OTHYECKHX H (DH3HKO-XHMHUECKHX o6cTa-
HOBKax, MO-CYILECTBY NOJ BO3MeHCTBHEM OJIHHX H TeX ke pacTBopos. JIBH-
KeHHe MeTaMophOreHHbIX pacTBOPOB, OYEBHIHO, B [E10M HMENO KaK BOCXO-
NALLHI TAK H J1aTepasbHbli (cy6ropu3oHTanbHbii) xapakrtep. Pacteopsbl 6biin
paccpeioToueHbl N0 BCeH TOJILE MOPOA H PACTEKANHCH MO CJAOHCTOCTH, CJlaH-
LE€BATOCTH, BLOJb MOCJAOHHBIX H COCKJajdaTbix Hapyuwexuii. B to me Bpe-
Mfl HAa YPAHOBBIX MECTOPOMAEHHSAX HaO0/i0JaeTcA JO0KaJlbHOe pa3BHTHe
METACOMATHTOB M OpYJEHEeHHH, CBHIETe/bCTBYlOlLee 0 GoJee COCpeloTO4eH-
HOM JIBHKEHHH pPYAOHOCHBIX pACTBOPOB MOA GOJbIIHM JaBJIeHHEM BIOJb
30H KpyTOMajaloulHX pasioMoB, YXOAAUIMX Ha Goabwyw raybuny. [lpo-
MbILIJIEHHBIE PYAHbBIC 3a/€XKH MECTOPOXKAECHHH, KaKk M CaMH MecTopoxie-
HHA W pyJdHble MOJA, PACMOJaraloTcs TOJAbKO B Npeenax OlpeleeHHbIX
JOJTOKHBYULHX CTPYKTYPHbIX Y3JIOB, OKOHUYaTeJlbHO C(HOPMHPOBAHHBIX K
KOHILY OPOr€HHOrO 3Tana PasBHTHA, a TaK)Ke MOJHOBJIEHHBIX B 3MOXH MOCT-
n1aTGOpMeHHON AKTHBH3AILHH.

Kpowme Toro, cyas no naunsim P. B. Tenesoit u A. A. [lepsiruna (22, 23],
TdKHe pYAHbIE 3JeMEHThl, KaK YpaH, MOJHG/IeH, Melb, CBHHEL, HHKEIb H
JIPYTHE, 10 CTeNeHH NOABHAKHOCTH SBJAAIOTCA Haubonee MoGuabhbiMH. OHako,
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KaK yie OTME4anoch, B PaHHHX NPOAYKTax MeTamoppHima (MeTakpHeTalay,
NMPOXKHAKAX, CTAMEHHAX, }KCJIBEIKHX} HMH HE YCTaHOBJIEHO KaKHX-J1HOO0 3amer-
HBIX CJEL0B MHIPAalLlHH MajbiX 3JeMEHTOB, TO €CThb CHHT@HEeTHUHBIH ypau g
OCHOBHOM HAXOJAWJICA B HHEPTHOM COCTOSIHHH Ha BCEeX HAMOOJIee HHTEHCHBHLIX
CTaaHAX HH3KOTEMIEepaTypHOro perHoHasbHoro meramoppuama. He yeranon-
JIEHO TaK:Ke CYLLeCTBEHHBbIX 30H BHIHOCA ypaHa H3 BMELLAIOULHX TOPOJ [pH
meTamopdHime.

Bce ckazanHoe He OTPHILAET BO3MOKHOCTH MWrpailiun W nepepacnpeje-
JIEHHSI MHOTHX MeTPOreHHbIX 31€MEHTOB [IPH MPOABJCHHH PA3JHUHBIX MeTaMop-
thrueckux npoueccoB, OnHako pasHOo6pasHble METAMOPDOreHHBIE HKHIKH H
MPOXKHJKH, CTHXEeHHS, eJBaKH KBapila, Kap6OHATOB, CJIOM, METAKPHCTANLIOR
THPHTA K APYrHe He o6pa3yloT KPYNHLIX CKOMJIEHHH B CTPYKTYPHBIX y3jax.
Onu nu6o pazGpocaHbl Mo BCeH TOJLIE CAHIEB, NPHYPAYHBARACH K CJAOHCTO-
CTH HJH CTAHUEBATOCTH, JMGO TATOTEIOT K 30HAM HAABHIOB, NOCJHOHHbIX
H ApYrux cockmaanyarthix Hapywenui. Ho Besje MHHepasblble o6pa3zoBanus
JHLIeHbl NOBbILIEHHBIX KOHIEHTPAUKH napareHHoro ypasa. Bugaumo, merta-
MOpP(OreHHble BOJAHBIE pacTBOPbl ObIH BechMa €1af0 MHHEpaJH30BAHH,
HAXOAWJHCh B PABHOBECHH C BMEUIAWUIMMH TNOPONAMH, HX UHPKYASLUHA,
MOCKOJIbKY OHH MPHCYTCTBOBA/NH B BHJE MJEHOK W Kanenb, Gwaa kpaiite
3aMejJleHHa M paccpejoToueHa mo Bced Toaule nopoa. B ceszu ¢ Tem, uto
pacTBOpbl He HMeJIH arpeccHBHOrO XapakTepa, BPsl JH OHH MOTJIH 3KCTparH-
poBaTb H3 NOpoA YpaH, NPHCYTCTBYIOULHH B pAaccesiHHOH H B OCHOBHOM
B TPYAHOpacTBOpUMO# (opme. Bee 310 He HekJOuaeT, uTo Kakaf-ToO HezHa-
YHTEJbHAfA YacTb «MOJBHKHOrO» ypaHa MOrja JOKajJbHO Nepepachnpeie/siTh-
CAl BHYTPH nopoa BMmeulamowHx Toaul. OQHAKO B NaHHBIX YCJAOBHAX, €c/H
[la)Ke H MPOHCXOJHJA YAaCTHYHAA MHIPAlLHA PACTBOPHMbIX COEJHHEHHH 3TOrO
3]IEMEHTE, TO CKOPEE BCEro OHa NMPHBOJHIA K PACCEHBAHHIO HX B OTPOMHBIX
o6beMax MeTaMopOreHHblX H HH(HJIbTPAUHOHHLIX BOI.

Takum o6pazoM, paccMOTpeHHe I[IpeAcTaBleHHH o MeTaMmopdoreHHom
YPAHOBOM pYN006pPa30BAHHH H COOTBETCTBEHHO MeTaMOP(OTEHHOM HCTOM-
HHKE PYIHOro BellecTBa (ypaHa), 4 Takke aHaJH3 J[aHHbIX, HA OCHOBA-
HHH KOTOPbIX apryMeHTHPOBAHbI 3TH IPEACTAB/AEHHS, MO3BOJHJIH CAe1aThb
BbIBOJ O TOM, 4TO MPOSIBJEHHS [POILECCOB PErHOHANBLHOrO npeobpasoBa-
HUA FOPHBIX NOpPoA ¥ (OPMHPOBAHHA YPAHOBBIX MECTOPOKIEHHH He COBMa-
Nal0T MeX1y co60H Mo BO3PAcTy H OTHOCHTCA K pa3HbIM 3TamaMm pasBu-
THA DYAHBIX NMPOBHHUHHA. Ha OCHOBaHHH NOJy4YEeHHLIX PE3y/abLTATOB A€Tajb-
HBIX TEeOJOHYECKHX HCCAEeAOBAHWI Ha BCeX H3YYEHHBIX DA3HOBO3IPACTHBIX
H_PAa3HOTHMHBIX YPAHOBBLIX MECTOPOMKIACHHSX, 3ajeramuiHx B MeTtamopduye-
CKHX TMOpOAdX, a TakKKe perHoHajbHbiX paboT B PYAHbIX [POBHHLHAX
YyCTaHABNHBAETCH 3HAUHTENbHbIA BPeMEHHOHW PAa3pbiB NPOSBJAEHHA ITHX Npo-
ueccos. Ilpu 3ToM moKazaHo, uto 06Gpa3zoBaHHe YPAHOBOrO OPYAEHEHHS
MPOHCXOAHIO B COBEPILUEHHO [APYTrHX TEKTOHHYECKHX YCIOBHSIX M HHOH
(PH3HKO-XHMHYecKoH 06cTaHoBKe, B cBA3H ¢ 5THM He MOKeT ObIThb NO/UIEPKaHA
TOYKA 3PEHHA O MEeTaMOpP(pHYECKOM HCTOYHHKE ypaHa, T. €. MOOHIH3ALHH
€r0 H3 YpPaHOHOCHBLIX BMEULAIKHX NOPOL METAMOPGOreHHbIMH pPACTBOPAMH
B MPOLECCe HX PErHOHANLHOTO NMPeo6pa3oBaHHA.

YpanoBoe oOpyAeHEHHe [MPOMBIUIEHHBLIX YPAHOBBIX MECTOPOMKACHHI,
JIOKA/H30BAHHBIX B MeTaMOp(pHUYeCKHX TOJILAX, OTYETJHBO KOHTOJAHpYyeT-
€S MOCTMETAMOP(HUECKHMH CTPYKTYpamH H (OPMHPOBAIOCH B OpPOTEHHBIC

201



jTanbl pPasBHTHA JIAHHOrNO Y4yacTKda 3eMHOMH I(Opbl B COBEPUIEHHO HHOM
CTPYKTYpHO#H obctanoke. Cyasi M0 yC/OBHAM NPOABJEHHA H OTHOCHTEb-
HOMY BO3pacTy MpoileccOB PerHOHaJbHOro MeTamMop(H3ma, OXBAaTbIBAKLLHX
na OOnblUloM HHTepBa/je BpEeMeHH BECbMA LIHPOKHE MpOCTpAHCTBAa npeod-
pasyeMbiX TOJLL, MeTamMop(oreHHble BOLHbIE H BOAHO-YIJIEKHCJIBIE PACTBOPHI
6bIIH  pPaccpefoTo4YeHbl 110 BCEMY HX 06bEMY H MO CBOEMY COCTaBy Ha-
XO[MJIHCh B PABHOBECHH C BMEILAIOUIHMH NOpPOfamMH. ITH PacTBOPbI He GblIH
JIOCTATOYHO MHHEPAJH30BAHHbLIMH, NO3TOMY He WMEIH arpecCcHBHOro Xxapak-
Tepa H He MOIJIH HMeTb CYUIeCTBeHHbIX KOHUeHTpallHi ypaHa.

B npouecce nposisieHHsi pPerHOHaJbHOrO MeTaMOp(hH3Ma MPOHCXOLHIIO
JIHIIb MECTHOE nepepacnpeenedde Hanbosee «noABHAKHOH» (HOPMbI ypaHa.
He HckaloueHa yacTHUYHAR MHIpalLHA ero B PacTBOPHMbBIX COEAMHEHWSIX,
KOTOPBIE CKOpee BCero pacceHBAJHCb B MeTaMOpGOreHHbXx pacTtBopax H He
NPHBOIHIH K (OpMHPOBaHHIO pyN00Gpa3yloUIHX pacTBOPOB.

B T0o ke Bpems pasgHTHE MpPOLECCOB BHYTPHKOPOBOTO allIOXHMHUe-
CKOro yabTpameramopdHima (rpaHHTH3allHH), NPOHCXOAHBILUKHX Ha rayGHHe
Noj BJAHAHHEM MaHTHHHBIX (QUIOHAOB, M0 CYUIeCTBY BecbMa NPHOIHMEN0Ch
HJH nepepacTano B [poLecchl MepensaBjieHHss nopoa H o6pa3oBaHHs
rpaHHTOHAHBIX MarMaTHYeckKnx ouaroB. OHM TakkKe CONpOBOMKAANHCH HA-
KOMNJIEHHEM PAalHOaKTHBHBIX 3JIEMEHTOB H JIETYYHX KOMIIOHEHTOB, YTO BHOJIHE
MOIJI0 NPHBOJAHTH K MPOSABJEHHIO NOCTIPAHHTH3AUHOHHOH THAPOTEPMAaJbHOH
NeATE/IBHOCTH, B TOM uHc/e K 06pa3oBaHHI0 YPAHOHOCHBIX PacTBOpoB, cop-
MHPOBABIUHX YPAHOBHIE MECTOPOXKIEHHA CHELH(HYECKHX THNOB B KajHiuna-
TOBbIX H, BO3MOXHO, aJbOHTOBbIX METacOMaTHTaXx.

PHALTPALNOHHBIE WCTOUHKKY GauxKHed MOOHAM3ALMH
Obujue npedcragaenus

Kak yxe ormeuanoch, B COBpeMeHHOH Hayke 06 ypaHOBOM pYL00G-
pa3’OBaHHH, HAPALY ¢ APYTHMH H3BECTHbBIMH THMOTE€3aMH AOBOJIbHO ILIHPOKO
pacnpocTpaHeHo npelCTaBJeHHE O TaK HasblBAeMbIX «(HJIbTPaLHOHHBLIX»
THMNAX HCTOYHHKOB, CPEIH KOTOPBIX CJedYyeT pa3jiHuaTh HCTOYHHKH GJHMKHeH
M AanbHel (rayOHHHON) MOOGHNHIALWK.

CornacHo nepBoA M3 HHX, OJHHM M3 TJIABHBIX HCTOUHHKOB PYAHOTO
BELLECTBA YPAHOBLIX MECTOPOMIEHHH HBJAAIOTCHA pasjHyHble ypaHOHOCHbIE
ropHble MOpPOAbl, C KOTOPbIMH YPAHOBOE OpYAEHEHHE He3dBHCHMO OT €ero
reHe3Hca TecHO MpOCTPAHCTBEHHO AacCOUHMHPYeT, BIJIOTb 10 HenoCpencT-
BEHHOI0 3aJjieraHHsi, H OOHapyKHBaeT NPH 3TOM BMNOJHE ONpeleeHHoe
reoXumMHyeckoe poactBo. CTOPOHHHKH TakOH KOHUEMUHH MECTHOTO HJIH
«2BTOXTOHHOrO» HMCTOYHHKA YpaHa YBEPEHHO CYHTAKOT, 4TO MeETania BO
BMEILAIOUIHX YPAHOHOCHBIX NOPOAAX BIOJHE AOCTATOYHO AJA CO3[aHHA pyil-
HBIX 3ajlexed B peay/abrare €ro MOOGH/IH3aUHH JIOGBIMH TeoJOrHYecKHMH
npoueccamMi (rHnepreHHbIMH, METaMOP(OTeHHbIMH, THAPOTEPMATbLHBLIMH) , MPH
3TOM He Tpebyercsi HHKAaKOro npusHoca snementa uasue. Kak sunuo, sto
NpeAcTaBJeHHe NOAKYaeT CBOEH NPOCTOTOH W Ka) yliedCsl OYeBHAHOCTLIO.
C no3uuui nogoGHOM KOHUENMUHH ee aBTOpbl NpeanaralT o6bACHeHHe
MHOTHX BaHblX K3K PErHOHaJIbHblX, TAK H JIOKAJbHbIX 3aKOHOM€'pHOCTEI:I
pa3MEILEeHHA PYAHbIX nosied H ME‘CT()])(‘))KJIE‘HHI‘:I, NbITAKTCH PEUIHTL BONPOCH
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06pa30BaHHs YPAHOBOro OpPYAEHEHHS, 3a1€Tal0ILEro B Pa3HblX reoJOrHIeCcK iy
YCNOBUAX.

OaHako faneko He Kakaas ypaHOHOCHAas [OpOja, BMellaoilas ypano-
BOE OpYIEHEHHE, MOrNla CAYKUTH WCTOMHMKOM pyaHoro seutectsa. Heoo.
XOAMMO YUYHTBIBATb MHOTHEe Teo/OrHYecKHe, TeoXHMHYECKHe, (H3IHKO-
XMMHYECKHE H THADOAHHAMHHECKHE OCOGEHHOCTH — YCJIOBHA 3aneramus
nopoj, HX o06'beM, HaJHuHe MOABHxKHOH (QOpMBI MEeTAanMa, NYTH H HaNpas-
JIeHHA [BHMKEHHS PACTBOPOB, HX arpeccHBHOCTb (COCTAB M KOHUEHTPALW:),
Bpems (3Tanbl) GOPMHUPOBAHHS H NPOLOIKHTENBHOCTL (JWIHTENBHOCTD) MPOIECCOs

Kak H3BecTHO, MpeicTdBIEHHS O TOM, HTO HCTOYHHKOM pYAHOrO Be-
IECTBA MECTOPOK/CHHI FABJSIOTCA HEMOCPEACTBEHHO CAMH BMELLAIOUIHEe HX
ropHbIe MOPO/ibl, BBICKA3bIBAIH €11e MHOTHE aBTOPbl H CTOPOHHHKH JlaTepaJb-
CEKPELHOHHOH [UNOTe3h. .

B nocneaHee BpemMA  KOHUEMUHMA MECTHOMO HCTOMHHKA pPYAHOTO Be-
IECTBA HE TOMbKO 3K3OTEHHLIX, HO W MeTamMOP(OreHHbIX H IHILOreHHbIX
MECTOPOMAEHHH ypaHa pa3BHBAETCA B TPYAax MHOPHX COBETCKHX H 3ay-
Gexubix reonoroB (B. C. Jlomapepa, P. B. leuesoiéd, 9. H. Denesuesa,
A. Y. Tyrapunosa, I'. B. Haymosa, H. Il. Epmonaesa, Bb. B. lony6era,
E. 1. Kapnoso# u ap.). OAHHM H3 apryMeHTOB B MOJb3Y TAKHX NPEACTABJAE-
HHIl O MECTHOM HCTOYHHKE SIBJSIOTCH KOJHYECTBEHHBIE pacyeThl 110 onpeic-
JEHHIO peanoaaraeMbix o61U1HX 3anacos (hOHOBLIX coaepKaHHH ypana B | K~
FOPHLIX (OPOJ, BIOJHE COMOCTABHMbBIX C 3anacaMH KPYHHbIX H Cpei-
HHX [POMBILLIEHHBIX MECTOPOMK/AEHHH, & TaKMKe Pa3jHUHbIC TeoJOrHUECKHe
H reOXHMHYECKHe MPH3IHAKH MHrpallHd ypaHa, B YacTHOCTH J0J10 «MOABHX-
HOH» (hOPMbl METa//la, HAJHYHE YUaCTKOB (30H) MnepepacrnpejesieHtsi, Bbl-
HOCA H MPHBHOCA.

ABTOpbl paccmMaTpHBaEeMOH KOHIENUHH OOBACHAIOT 3MIHPHYECKHe 34-
KOHOMEPHOCTH pa3MelleHHH He TOJNbKO YPAHOBLIX MEeCTOPOMKAeHHH, HO H
MHOPHX YPaHOBOPYIAHBIX MPOBHHIIHA H PAHOHOB TECHOH NPOCTPAHCTBEHHOMH
CBA3bI0 HX (IPHYPOUEHHOCTBIO) ¢ 06JacTAMH, PaHOHAMH H yyacTKamu
(CTPYKTYpamH) paclpocTpaHeHHs pa3JHUHBIX Te0JIOrHYecKHX (0CalouHbIX,
METAMOP(HUECKHX, MarmaTHueckKHx) Qopmauni, oborauleHHbIX YPAHOM H
APYFHMH PYAHLIMYM KOMTMOHEHTAMH. YpAaHOHOCHBIE MOPOAbI, PAa3BHTHIC Ha
3THX TEpPPHTOPHAX, XAPAKTePH3YIOTCH BLICOKOH aHcnepcHed HX copepa-
HHIT H GOJbLIOH L0/el ero «NOABRHKHOK» (NerkoMobHan3yemoi) ¢opmbl. Tak,
nanpumep, E. JI. Kapnosa v ap., npeanonaraor, uto B | km* nepBuuHO ypao-
HOCHBbIX YIJIEPOAHCTLIX [OPOJ COAEpAHTCH He menee 40—50 Thic. T ypaua,
IpHYeM 3HAYWTENbHAS 4acTh B JIETKOH3BieKaemoH ¢opme, KOTOpas BHOJHE
MOrJa CJAYKHTb HCTOYHHKOM MpH 00pa3zoBaHHH CcTPaTHHOPMHBIX YPAHOBbIX
MECTOPO K IEHHIT.

Tak, A. A. Cmbicaios, B. K. Tutos, A. M. Tyrapuuos, T. B. BunuGuua,
B. M. Tepentves, H. Tl. Epmonaes u Ap. Ha OCHOBAHHH PerHOHANBHOrO dHa-
JM33a pa3MelleHHsl YPAHOBbIX MECTOPOXK/AEHHH pa3HblX THNOB B BeCbMa He-
OJIHOPOJHOM PAAHOTEOXWMHUCCKOM TOJ€ MPHLUNIH K BBIBOLY, 4TO BCE YPAHO-
HOCHbIE PY/HbIe IPOBHHIHH H HaHbOJee Baj)KHbe PYAHBIE PaHOHBI [1POCTPaH-
CTBEHHO NPHYPOYEHBI K «BbICOKOAH(DEPLeHIMPOBAHHBIM PaHOrCOXHMHUYECKHM
NPOBHHUHSAM>, ONHOH H3 [/NdBHbIX OCOGEHHOCTEH KOTOPBIX FABAAETCA 00%-
34Te/IbHOE H IIHPOKOE PA3BHTHE CHEellHAJH3UPOBAHHLIX YPAHOHOCHBIX Teodlo-
ruveckux hopmauui. Ha ocHOBAHHH BBISIBIEHHBIX NOZOOGHBIX PErHOHANLHbLIX
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3aKOHOMEDHOCTeH 3TH MCCJAEN0BATENH CYHTAIOT, 4YTO HCTOUHHKOM YypaHa
B PYAdX MECTOPOXKAEHHH SIBJAAIOTCA 060raluleHHble HM FOPHbIe MOPO/bl, € KO-
TOPBIMH OHH [IPOCTPAHCTBEHHO ACCOUHHPYIOT.

CoraacHo npeacrasieHdsiM CTOPOHHUKOB 3To# xonuenuuu (T. B. Buaubu-
ua, E. B. [lnowes, B. E. Kyapsisues u Ap.) poJib pasiHyHbIX reoforHueckHx
NpPoOLECCOB B POPMUPOBAHUM YPAHOBBIX MECTOPOMKACHHI PA3HBIX THIIOB H KJac-
COB 3aKJlouajsach cHavajla B 06pa3oBaHHH yPaHOHOCHBIX TOPHBIX NOPOJ (oca-
LOUHbIX, MeTamMopduueCKHX, MarMaTtHYyeckHx), 3aTeM B BO3HHKHOBEHHH Ha
onpe/leJeHHbIX 3Tanax reoJOrHYeckoro PasBHTHA PerHoHOB (PYAHbLIX NPOBHH-
IHH) 61aroNnpHATHbLIX YCJOBHH B PE3YJbTATe YACTHYHOTO HJH NOJHOTO 3MHIe-
HETHYECKOr0 npeofipaszoBaHHs (MeTaMOpP(HYECKOro, rHAPOTEPMaabHO-METa-
COMATHYECKOIro HJH [‘Pll'lepl"E‘HH()I‘O) FOpHbLIX NMOpoA AJsA nepespona mertasia B
NOABHKHYIO POpMY, ero nepepacrpeaeseHus H MOOHIH3a1LHH H, HAKOHEL, B CO-
3/1aHHH B ONpeLeeHHOH reo/0rHueckoi 06CTAHOBKE PYIHbIX CKOMJIEHHH — KOH-
ueHTpauHi (mectopoxaennit). T1pn 3TOM B NPUPOAHBIX YCIOBHAX BO3IMOMCHbI
BeCbMd Pa3/IHUHbIC BAPHAHTH COUETAHHUA YPIHOHOCHBIX MOPHLIX MOPOA KaK Mmo-
TEHIHANBHOTO HCTOUHKWKA MeTanna, GlaronpHATHBIX re0JOrHIecKHX YCJIORHH
(npoleccoB) A5 €ro MHIPALLHH H YCJOBHH JIOKAJH3aIlHH YPAHOBOTO OpYAeHe-
uud. [lo MHeHHIO 3THX HceaenoBaTesel, CYLUIECTBYIOT CPABHHTENbHO YCTOHUYH-
Bble dCCOLHALHH HEKOTOPBIX THIIOB PYIHbIX MECTOPOXKAEHHH C ONpeeeHHbIMH
KOMIIJIEKCAMH TOPHBIX MOPOJ, YTO MOKET OblTb CBA3AHO CO CHEUH(DHUYECKHMH
reo/IOrHYECKHMH npoleccamMi, O6YCAOBHBIUIHMH YHACAEL0BAHHYIO H mnocje-
JOBATENBHYIO KOHUEHTpALHIo ypaHa B npejenax JOKaJbHbIX YUacTKOB 3€M-
HOH KOpBL.

HesicubIMH 1 noToMy HaHGo/€€ 1HCKYCCHOHHBIMH B PACCMATPHBAEMOH KOH-
HeNUHH FIBAAIOTCA BONPOCH MeXanu3Ma mMOGHIN3ANMHU PYAHBIX 3JEMEHTOB,
B TOM YHCJIE YPaHa, pACCEesTHHBIX B FTOPHBIX NOPOaX, 4 3aTeM HX KOHUEHTPALLHH.
B xauecTse BO3MOKHBIX IPOLECCOB, KOTOPHIE NPHBOAH/IH K H3BJIEUEHHIO YpaHa
H3 BMEl1dl0UIHX MOPO, CTOPOHHHKAMH 3TOH KOHLENLHKH npeanoaarawoTces pe-
THOHAJ bHbLH MeTaMop(bHSM, nocrMarMaTHyeckas rympOTepmaanaR aedaTenb-
HOCTb W runeprexes. CoOTBETCTBEHHO TAKOE 3dHMCTBOBAHHE PYAHOrO BELLE-
CTBA H3 NOPOJ, paccMaTpuBaeTcd B MeTaMOp(hOreHHOH, MarMaToreHHoHi H 3MH-
reHeTHYECKOH 3K30M€HHOH runoTesax.

CpaBHHTeNIbHO 1IPOLLE ITOT BONPOC pemiaeTca A MEecTOPOXAEHHH IK30-
TeHHOH CEPHH, /1A KOTOpPLIX B KAYECTBE I1aBHLIX HCTOMHHMKOB PYAHOTO Beule-
cTBa npeanoaaraiwTcs JH60 pyaoBMellaloULHe TOpHbIe Nopoibl, THO0 MOPCKHe
BOAbl, JHHO KHCAOPOAHBIE NOA3EMHbIE BOAL METEOPHOTO NPOHCXOMJIEHHS.
Becbma caoxuol npeactasasercs npobsaemMa MOOHAH3ALHM PYIHOro Bele-
CTBA W3 BMEWAIUWIHX NOPOL /IS 3HAOFEHHbIX THAPOTEPMAJbHbIX MECTOPOK-
JleHHH, H 0COBEeHHO HEACHBIM OCTaeTcs 3TOT BONPOC A OGLWHPHOH rpynnbl
CTPATHHOPMHBIX MECTOPOKACHHH MOJHTEHHOH CePHH CO CMOPHLIM H CAOXKHbLIM
(9H10reHHO-3K30r€HHbIM) T€He3HCOM.

HekoTophie cTOPOHHHKH BapHAHTOB MarMaTOTeHHOH IHAOTe3bl, CBA3bIRASA
qmpmnpoaauue onpeaeseHHbIX THIIOB PYAHbIX MECTDPO)K,D,CHHI‘:] C nocTMmarma-
THYECKOH JeATeJbHOCTbIO, [1PeloJaraloT, 4To FHApOTepMalibHble pacTBOpbI
MOTJIH 060rallaThca PYAHBIMH INEMENTAMH, B TOM YKCJE YPAHOM, THGO B pe-
:liyJTbTaTe ACCHMHAALHH HIH KOHTAMHHAUHH NOpoA MBFMOJ‘:[, JHbo B pesyabTa-
T€ MOOMIH3ALUNK HX M3 BMEULAIOWLKHX [LOpOA pacTBOPaAMH, BO3HHKIIHMH B npo-
Iecce OCThiIBAHHA H KPHCTAJIJIH3A1LHH MArMaTHYeCcKHX oyaros.
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[TpeacraBuTenn MeTaMophOreHHOH rHNOTe3bl PY1006pa30BaHHA, KAK YKL
OTMEUanoCh, NONATAOT, YTO NPH MeTaMOpH3Me BMELLAIOILHX TOPHLIX NOPO/L
MPOBHHIHHA PeBHHX IIHTOB H APYTHX THNOB OTAEAAIOULAACH BOAA H YIJIEKHC-
JIOTa BOBJIEKAJIH B MHTPALLHIO paccesiHHble B HUX YPaH H pyrHe pyaHble W ner-
pOreHHble 3JeMeHThl, B pe3yJbTaTe Yero MOIJH BO3HHKATb DYIOHOCHLIE
pacTBopbl, cnocofHble GOPMHPOBATH YpaHOBbie MecTopoxAeHHs [25]. OnHum
H3 BAPHAHTOB 3TOM FHNOTE3bl MOMKHO cuuTath npeactasaenus H. [1. Epmonae-
Ba [90] u ap., pa3BHBaeMble HMH Ha NMPHMEpPAX KHJIbHbIX H APYrHX YPaHOBbIX
MECTOPOMKACHHH, B PA3JHUHBIX PYAHbIX MPOBHHILHAX FePUHHCKHX CKJIa14aThix
oGaacTei, COrIACHO KOTOPBIM YPAHOHOCHBIE BMELLAloUIHe MOPobl cHavyala B
npoiecce MeTaMopH3mMa NPOILJIH COOTBETCTBYIOLLHE PYAONOArOTOBHTE/IbHbIE
npeoGpa3oBaHus, a 3aTem B GoJiee MO3/1HHE Tamnbl ypaH HENOCPe/ACTBEHHO 3a-
HMCTBOBAJICA H3 3THX MOPOJ MPOXOAALLHMH MHAPOTEPMAaNLHLIMH PACTBOPAMH.
3TOT aBTOp CYHTACT, YTO NMPH PErHOHAJLHOM H KOHTAKTOBOM MeTaMmopdHime
HA NPOrpecCHBHON CTALHH NPOHCXOLHIO «BCKPLITHE» FOPHBIX MOPO/ B OTHOLIE-
HHH pPAila paccesHHbIX B HHX MHKPO3JIEMEHTOB, B TOM YHCJE ypaHa, T. e. nepe-
BOJL WX B (OpMY, cNOCOBHYIO K T€OXHMHUYECKOH MHIpaiHu npu 6osee no3aHHX
rHAPOTEPMaNbHLIX MPOLECcCcax Ha PerpeccHBHOH CTALHH.

Ha ocHOBaHHH aHanH3a pa3/HUYHbLIX PaJHOreOXHMHYECKHX J1aHHbIX MHOTHe
HCCJ/Ie/l0BATe/IH MPHXOAAT K BbIBOJAM, YTO LIHPOKOE pa3BHTHE B PYAHbLIX MPO-
BHHILMAX NMPeApyAHbIX H GoJee 1031HHX HaJ0KEeHHbIX MPOLECccOB Bbi3bBAJIO
B FOpHbIX MOPOAAaX BTOPHYHOE Nepepacnpele/eHHe HiH NepeBo/l B JIErKO H3BJe-
Kaemble («noABHAHbIE») (GOPMbI, 8 TAKKE BLIHOC HJH MPHBHOC MHOTHX PY/HBIX
3JIEMEHTOB, B TOM YHCJe ypaHa.

Kak yxe ynomHHanoch, nposiBJeHHA BHICOKOTEMIIEPATYPHOrO PerHoHallb-
HOrO H KOHTAKTOBOTO MeTaMop(hH3Ma pa3HOBO3PACTHLIX OCANOMHbIX H BYJKa-
HOTEHHBIX TOJILL NPHBOAHJIO B 1LEJOM K yAaJeHHIO YpaHa H3 NOPOJ H, COOTBeT-
CTBEHHO, K CHH)eHHIO ero (OHOBbIX KOHUeHTpauud. [Ipn 3tom BTOpHuUHOE
yMeHblIeHHe CONep:KaHHA ypaHa B 0Ca/lO4HO-BYJKAHOTEHHbIX H MeTaMOopdH-
YECKHX TOJLAX (T. €. BBIHOC 3TOrO 3/1eMEeHTa) NPOHCXOAHIO HE TONBKO NMPH Bbl-
COKOH CTENeHH PerHOHaJbHOTO H KOHTAKTOBOrO MeTamopdHsMma (rpaHyJjnro-
BOH H aM(pHOONHTOBOH QALHAX), HO H ITPH HHTEHCHBHbLIX HAJIOKEHHBIX FHAPO-
TepMallbHbIX Npoleccax, 0co6eHHO THIA KHCNOTHOTO BbILLENAYHBAHKA (FHIPO-
CJIOH3ALHH, aprH/IH3aLHH, OKBAPLUEBAHHA H T.I.) HAH MPH THNEPreHHbIX
npoueccax (B Kope BbIBETPHBaHHA H T.1M.).

Bonpockl HCTOYHHKOB ypaHa TNpH MarMaTOr€HHOM, MEeTaMop(OreHHoM
H KOMGHHHPOBAHHOM PYy1006pa30BaHHH 1eTanbHO pPa3GHpPAIOTCH B CAMOCTOS-
TeJbHblX pa3jenax, 3/eCh Mbl OCTAHOBHMCS HA BHEMArMaTHYECKOM, COOCTBEH-
HO (UIBTPAUHOHHOM (6aMMHEeH Mabuau3auuu) THne ucrounkhka (CmHpHOB,
1976).

Touka 3peHusi 0 BHeMarmaTHueckoM GHJIbTPALLHOHHOM HCTOUHHKE PYLHOro
BELLeCTBA M NPOHCXOKACHHH THAPOTEPMaJbHLIX YPAHOBLIX MECTOPOMKIEHHH,
BbiaBHHyTas A. M. TyrapuHosbiM [117] u passuBaemas B. JI. BapcykoBbim,
. B» HaymoBbiM W ap., BoOGlE OTPHLAET AKTHBHYIO PYLOTEHEPHPYIOILYIO
pO/Jib IPAHHTOHIHONO H KHCJOTO BYJKAHHYECKOTO MarMaTHaMa B THApOTep-
MaJbHOM YPaHOBOM Pya006pa3oBaHHH. ITH aBTOPbl CHYHTAIOT, YTO MarMaTHue-
CKHe MpOoLecchl HIPa/lH JHUIb NACCHBHYIO SHEPreTHYECKYIO POJb TeMJIOHOCHTE-
AA («HarpepaTensi»), AKTHBH3HPYIOLLEro THAPOTEPMANbHYIO /[AeSiTENbHOCTb
H PErHOHAABHLIH MeTacoMarod sMellalouux nopoa. [pu stom BaxHoe 3Haue-
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HHE aBTOPbl OTBOAAT PYAOBMELLAIOUIHM KOMILIEKCaM Mopoj, o6orauleHHbIX
YPaHOM H JIPYTHMH PYHBIMH 5]€MEHTaMH (YPAHOHOCHbLIE YIJICPOAHCThIE ClaH-
LB, KOHTJIOMEPATHI, FPAHHTbI H 11P.), KOTOPBIC MOIJIH CJYKHTh MMaBHLIM HCTOY-
HHKOM MeTaJjlsla B FHAPOTepMaJibHblX pacTBopax. Takue BhIBOAb Ga3zupyloTcs
Npexie BCero Ha AaHHbIX FeOXHMHUYECKHX, H30TOMHbIX H IKCHEePHMEHTabHBIX
HCC/1el0BAHHHA BelecTBa Py H BMelLalolHX NOPO4 MECTOPOKAEHHH, KOTOpPbie
CBH/ETEAbCTBYIOT O BO3MOMKHOCTH NPOABJEHHA B NPHPOIE NPOLECCOB IKCTPaK-
LIHH YPaHa W3 MOPOJ HarpeTbiMH MHHEPAJH30BaHHBIMH pacTBopaMu. Kpome To-
ro, OHH OCHOBBLIBAIOTCS Ha NpeacTaB/JeHHH 00 HCKAIOUHTENLHOR POIH VI/IeKHC-
JIOThI B TPAHCNOPTHPOBKe ypaHa B 6HKapGOHATHLIX KOMIJIeKcax B HH3KOTeMITe-
paTypHbIX FHAPOTEPMaJbHbIX PAcTBOPAaX H H3BJAEYEHHH €ro M3 [0poil.

OT4acTH 3TO He [POTHBOPEYHT HEKOTOPLIM MHHEPaJorH4eckHM H obllere-
0JIOTHYECKHM HabJ/II01eHHAM, CBHIETEbCTBYIOUIHM 00 OTCYTCTBHH OTHET/IHBLIX
BHAHMbIX CBfi3ell YPaHOBOrO Opy/JeHeHHS OlpeleeHHOro THNA MecTOpOXKe-
HHHA € MarmartH3mom.

Pa3HoBHAHOCTLIO rHNOTE3bl BHEMATMATHYECKOr0O pyloo6pa3oBatus, npei-
yeMatpuBaioleidl GUALTPAHOHHBIH THIT HCTOUHHKA (BGAHKHEH MOGHAH3ALHH),
ABJIACTCH NOJNOKEHHe O MPOHCXOKACHHH PYLOHOCHBLIX PacTBODOB, pa3BHBae-
Moe B paGorax coBeTckux ruaporeosoros (A. M. Osuunnukona, A. M. epma-
HOBA H Ap.), a TaKXKe psjla KaHaJICKHX, PPaHIY3CKHX H APYTHX 3apylbeKHblX
reoioros. JTH HCc/1e10BaTe/lH, MOJHOCTBIO OTPHILAS MarMaToreHHOe NpOHC-
X0 eHHe py1006pa3yolHX THAPOTePMabHBIX PaCTBOPOB, 110 CYLULECTBY BO3-
poMAalOT NaTepasib-CeKPeLHOHHYIO FHNOTe3y, paccMaTpPHBAIOT TAKHe pPacTBoO-
pbl KaK THAPOreoJorHyeckHe NoTOKH, NOAYHHAIOLLHECS B CBOEM /BHKEHHH Ha-
MOPHBIM TPaJHEHTaM MPHMNOBEPXHOCTHLIX ACNPECCHOHHBIX CTPYKTYP H MPHO6-
peTaiolliHe Hepe1Ko CBOHCTBA TEPMaJsbHLIX PACTBOPOB 3a CHET TEII0BOro BO3-
NeHCTBHA MECTHBIX reoTepMHYecKHX avomaJganil. McTounukom mertanasna npw
3TOM MOIJIH SIBASITBCS TAKMKE Pa3/HuHbe YPAHOHOCHBIE MOPOAbl (FPAHHTHI,
BYJIKAHHUTbI, YepHble CAAHIbl H T .J.), Yepe3 KOTopble NPocadHBaIHCh MHHEpa-
JIH30BAHHbBIE 11013eMHbIe BOMLbI.

BuemarmaTuueckne HHOHALTPAUHOHHBIE PACTBOPLI, M0 MHeHHIO A. M. Os-
yuHHHKoBa (1960 r.), A. U. lepmanosa (1957 r.) u ap., npeacTaBasior co6oil
MO/J3eMHbIC BO/bI METEOPHOro (Ba/l03HOr0) MPOHCXOXKICHHA TYOOKOH UHPKY-
aaund. Cuutaercs, 4TO HHOHABTPALHOHHBIE BOJLI MOTYT ONMYCKAThCS Ha Tay-
6uny 10 5—7 KM 1 naxe Gosee, co3laBas B paioHax ¢ BhICOKHM reoTepmuyec-
KHM rpaZHeHTOM MOJ0rpeTble reaTepMasbHble MHHEPaIH30BaHHble PACTBOPHI,
BECBMA CXO/HbIE C THAPOTEpPMaIbHBIMH. B TaKHX yCIOBHAX BNONHE BO3MOKHO
CMELUIEHHe HX C FHAOTEHHBIMH (JIIOHIAMH.

[To nauubiM muorKx Byakanosoros (. Yaiir, I'. Baro, X. Kpeur, 1957 r.,
C. M. Ha6oko, 1963 r., E. K. Mapxuuun, 1958, 1964rr., v ap.), B rhaporepMalib-
HBIX CHCTEMAX COBPEMEHHbIX BYJKaHHYECKHX 061acTel yUacTRYIOT CMELIaHHbIe
B pPa3’sHOH NPONOPUHH PacTBOPbI KAK HAOTeHHbIe (MarMaToreHHble HJH l0Be-
HHJIbHbIE 10KOPOBbIE ), COEPKallHe MHOTHE ra3bl H APYrHe JeTyyHe coeHHe-
HHSA, TAK M 3K30reHHble (MmeTeophbie) Boabl. 1. Yait, C. Mauyo, 1. C. Kop-
MHHCKHA H MHOTHE JIpYTHE OTMeYaloT, UTO BOAb H COOCTBEHHO APYTHe JeTyuHe
KOMMOHEHTBl MarMaTOTeHHOro HJ/H CKBO3bMAarMaTHYECKOro MPOHCXOXK/EHHH,
CMElIHBAIOILHECA ¢ METEOPHBIMH BOJAMH, COCTABAAIOT 06bIYHO He Gojee 5—
10%. MNpeanonaraercs, 4ToO HMEHHO OHH MOTJIH 06YCNABJHBATL arpecCHBHbIE
CBOHCTBA W PYLOHOCHOCTh 06PA3YIOUIHXCSH THAPOTEPMAJIbHBIX PACTBOPOB.
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B. J1. Bapcykos, H. I1. Jlasepos 1 ap. [119] npuwan k BeiBofam, 4TO FHIL-
porepmaJ/ibHble pacTBOpLl, CHPOPMHPOBABLIHE MECTOPOXKAEHHS YpaHa W COMyT-
CTBYWILHX 37emeHToB (Mo, Pb W ap.) B palioHax naneoBy/KaHH3Ma, HMEH
B OCHOBHOM METEOPHOE® MPOHCXOMKAeHHEe (T.e. H3 apTe3HaHcKHX OaccefHOB)
¢ HeBosbLIOH MNPUMECHIO 3HLOTEHHbIX FA30BbIX H MHIAKHX «TepMaJibHbIX» q)J“O-
H0B.

Kputnuecku paccmarpupasi runotesy (GpUIbTPalHOHHLIX BHEMarmarHye-
CKHX HCTOUYHHKOB PYAHOTrO BelllecTBa B unctoM Buie, B. M. Cmupuon (1974,
1976 r.) oT™eyaJ, 470 OHa He LaeT oupeaeseHHOro OTBETA Ha Ueabli psjl reo-
JIOrHYecKHX Bompocos. Bmecte ¢ TeM OH cnpaBelJHBO MOQYEPKHBAJ, 4TO Ka-
Kaf-To 4acTb PYAHOTO BeUleCTBd HEKOTOPBLIX NOCTMAIrMATHUYECKHX PYAHBIX, 0CO-
GeHHO Keae30pPyAHbIX, YPAHOBbIX U APYTHX MECTOPOMKIACHHH 3aHMCTBYeTCA H3
MOpoL Ha NYTHAX ABHKEHUH M NoLbeMa pynooOpasyioUHX THAPOTepMalibHbIX
pactBopoB. HanpuMmep, Kak ye oTMe4anoch, Ha GCHOBAHHH [IeTabHbIX KOMI-
JIEKCHBIX HCCIeA0BAHHH HA OIHOM M3 YPAHOBBIX MECTOPOMKAEHHH B najeo3oi-
ckod BysnkaHHueckodt oGnactu B. JI. Bapcykos, H. I1. Jlagepos # ap. {119]
c/ef1aad BbIBOI O YACTHYHOM 3AHMCTBOBAHHH MHOTHX 3/1EMEHTOB, B TOM UHC/e
ypaHa, 3 BMeLlanuinx nopol. ONHAKO OCHOBHAf 4acTb MeTajna Gblia NpH-
BHECEHA THAPOTEepPMaJbHbIMH pacTBOpaMH. K aHal0rHuHOMY BbIBOAY MpHLIEN
H. C. MoiHHKOB, H3Y4aBLUHI YPAHOBOE MECTOPOXKAEHHE, 3alieraioliiee B 30He
pasjoma cpeid rpaHHTOMNOB YHIAMEHTA MO BYJAKAHHYECKOH NenpeccHed.

Bce 310 nokasbiBaer, uTo, No-BHAHMOMY, HMEETCA OCHOBaHHe npeanona-
raTh, 4To NpH GOPMHPOBAHHH OPYAEHEHHS PAla YPAaHOBbIX MECTOPOIKIeHH
OblJIH BO3MOMKHOCTH MOGHIH3ALUNWH ypaHa H IPYTHX KOMMNOHEHTOB H3 BMellalo-
KX B 0COGEHHO NOACTHNAIOUIHX NOPOL B MpOLEcce FHAPOTEPMAbHONR ef-
TenbHocTH. OILHAKO, HE OTPHLLAA BAXKHOW POJIH DHABTPALHOHHLIX HCTOYHHKOB
JlasibHet MOOH/IH3aLLHH, B IEPBYIO OUepelb 1pH 06pa30BaHHU CTPATHHOPMHBIX
MECTOPOMKIAEHHH ypaHa, He OOHapPYKHBAKULHX BHAMMON CBSI3H C MarMaTH3-
MOM, cJeyeT OTMETHTb, YTO B Mpolleccax MacllTaGHOTO-THAPOTEPMANbHOTO
YPaHoBOrO py1006pa3oBaHHs MPOMbILLIJIEHHOTO 3HAUEHHA HCTOUHHKH BJ1HKHEH
MOGH/IH3ALIMH, N0-BHIHMOMY, HMeJH BecbMa OrpaHHYeHHOE 3HaYeHHe JIHUIb
MPH HaJHYHH 61arONPUATHLIX YCI0BHI 3a/erania 60ablWHX 06beMOB YpaHa-
HOCHbBIX [TOPOA, PACONOKEHHbIX Ha IYTAX ABHKEHHA pacTBopos. B peayasra-
T€ BO3JCHCTBHA Ha YPAHOHOCHBIE MOPO/bLl ArPECCHBHBIX, HO Ge3pPYAHbIX PACTBO-
pOB (rHAPOTEpMAJbHBIX HJH THMEPTeHHbIX) CPeLH HHX MOIJHM BO3HHKATh
JIMLIbL HE3HAUYHTeJIbHbIE 110 MacluTabaM KOHUeHTPaLHH (aHOMAaJHH, NposiBJe-
HHA MHHepaaH3alHy U T. n.). [TosTomy B LenoM npu ypanosom pynoobpaso-
BaHHH BPSA/L JIH MOXKHO npHlaBaTh Bceolulee, YHHBEPCAIbHOE 3HAUYEHHE MeXa-
HH3My 3KCTPAKIHH YpaHa H3 BMelLaolHX Nopol.

JTpusnaku mobuarusayuu ypana npu gopmuposanuu
pydoobpasyrouyux pacTeopos

CorsacHo KOHUEMNILHH MEeCTHOro («aBTOXTOHHOrO») HCTOYHHKA pyaHoro
BellecTsa, MPeanojaraertcsa, YTo dCcCOLHalHH 3JIEMEHTOB B YPAHOBbIX pydax
HAC/IeYIOT FreoXHMHUeckHe ocoGeHHOCTH BMewawiix nopoa. Otcioaa caeny-
€T, YTO COCTdB 3/JIEMEHTOB — CMYTHHKOB YPaHa B PYJOHOCHLIX 30HAX MECTO-
POKAEHHH BO MHOrOM OGYCNOBIEH 3THMH nopoiamu. OLHAKO BONpoc siBasierT-
Cfl BECbMA [HCKYCCHOHHBIM. Ha OCHOBAHHM aHaMH3a reOXHMHUCCKHX accollia-
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LLH# pya MECTOPOHULEHH!‘:L 3ajierdioulux B Pa3HblX TeOJOrHYECKHX YCJIOBHAX
B psije paHOHOB, CTOPOHHHKH 3TOH TOUKH 3DEHHS HAMEYAIOT OlPELe/ICHHYIO 3a-
BHCHMOCTb FeOXHMHYECKOI0 CIIeKTpa Py OT cocTaBa BMellatowux nopol. Tak,
B KayecTse MPHMEPOB 0OLIMHO MPHBOAATCA H3BECTHBIE ACCOUHALIHY YpaHa ¢ MO-
nu61eHOM, BaHA/HEM, THTAHOM, LHPKOHHEM, CeJeHOM, MblUIbAKOM, 30J10TOM,
tdocopoM H APYTHMH 3JeMEHTAMH, KOTOPblE HEPeIKO COAepkKaTcH B MOBbI-
LIeHHbIX KOHUEHTPAIHAX B NOpOAaX HEKOTOPbIX 0CAL04YHBIX (OCOﬁEHHO yriepo-
aucToix) hopmauuit. OgHAKO MHOIHE H3 ITHX 3JIEMEHTOB BIIOJHE MOI'YT HMeTb
H pyroe — SHAOTEHHOE — NpPOHCXOM IeHHeE.

BbiBoabl 06 HCTOUHHKAX ypaHa B PY/IOHOCHBIX 30HAX YPaHOBLIX MECTOPOXK-
[eHHH, 3aJeraiolllix B N1OKeMOPHHCKHX MeTaMOp(HUECKUX MOPOgaxX APEBHHX
wutos, caenannl 5. H. Beaesuessim, A. I1. Hukonbekum, A. H. Tyrapuuosnim,
T. B. Buau6uuoii, B. E. Kyapsasuesbim, B. M. Tepentressim, B. K. Tutoesim
H [Ip., KOTOpPble CYHTAIOT, YTO ypdH, CKOHUEHTPHPOBAHHLIH B pyaax, Obll 3aHM-
CTBOBaH M3 BMeLLAILKX N0po. CBOH NpeAcTaBJieHH A 0 «N0POAHOM» HCTOUHH-
Ke ypaHa B pylax oHH 0ObIYHO MOATBEPHIAIT Pa3yibTaTaMu cnelHalbHblX
reOXHMHUYECKHX METO/L0B CPABHHTELHOIO H3YYeHHSA YPAHOBbLIX PY/ H BMElLdI0-
wux nopol. K coxaneudio, 3TH HCclenoBaTeNd He pa3GHpalOT MexaHMima
MOOHJ/IH3AlHK MeTaa.

Ha ocHOBaHHH H3y4YeHHST H3OTONHOIO COCTABA CBHHLA H IEOXHMHUYECCKHX
ocobeHHOCTeH PYA H PYAOBMELLAIOLLHX [10POL AHJIbHBIX MECTOPOXKAEHHH cpe-
JAMHHBIX MACCHBOB Ma/e030HCKHX CKIaL4aThlX 00/1aCTell, METACOMATHICCKHX
MECTOPOKACHHH NPEeBHHX H AKTHBH3HPOBAHHBIX UIHTOR H APYTHX [IDOBHHUHH
A. WU. Tyrapuuos, I'. E. Opasinew, 1. H. benesues, W Ap., npuiliak K BHBOLY,
4YTO HCTOYHHKOM YpaHa B PYIOHOCHBIX 30HAX ObIIH BMeUlallllie HX FOpHblE
Nopoabl.

A. V. Tyrapunos (1963) BbickasniBaj co0GpdKeHHA O TOM, YTO B PYAHbIX
TlpOBHHlLHﬂX ﬂ.OKBMﬁprf‘lCKHX KPHCTAJANHYECKHX LLKTOB H CPEAHHHBIX MaCCHBOB
Maje030HCKHX CKJAaa4aThlX 06/1acTed HCTOYHHKOM PYLHOTO BellecTsa ypaHo-
BhIX MECTOPOMACHHH CAYMHAM MO0 ApeBHHE KOHIIOMepaThi (B epBOM cay-
yae), AHO0 YrJIepoaHCTHIE CAaHIbl HHKHETO Najeo3os (BO BTOPOM cayyae),
XapaKTepH3YIOUIHEecs MOBbILIEHHbIMK COAEDAKAHHAMH 3TOr0 Me€Tanna. B non-
TBEPKACHHE 3THX npeﬂcmﬁﬂeunﬁ ODBIYHO NPpHBOAHJANCE TAHHBIE MO H30TOMHO-
My cocTaBy cBHHLUA. OfHaKo B npejenax 3THX NPOBHHUHH H3BECTHbI MHOrHE
YpaHOBblE MECTOPOK/IEHHA H lle]ble YPAHOBOPYAHbe PaHOHbI, KOTODBIC 3aJe-
raioT B Apyroi o6CTaHOBKE W C 3THMM NOpoLaMu He 00HAPYKHBAKOT HHKAKOH
NPOCTPAHCTBEHHOH CBA3H.

Kak yxe ormeuanoch, benesues 5. H., Kykos ®@. M. 1 ap. B noarsepxae-
HHE CBOHX MpeacTaBIeHHH 00 HCTOUHHKE PYLOreHHbIX BelleCTB AJA METAMOP-
(OreHHbIX HKeTe30-YPAHOBBIX H HATPHI-YPAHOBHIX MECTODONAEHHH, 3a/eraio-
lHX B 30HAaX Pa3BHTHA ULEJOUHOrO MET4COMAaTO3d CPEAM Pa3JHUHBIX LOKEeM-
GpHilcKHX MeTAMOP(HUYECKHX TOJLL JAPEBHHX LIHTOB, IPHBOAAT AaHHble MO
pe3y/bTaTaM H30TOMHO-TEOXHMHUECKHX HCC/el0BaAHHH BMELLAIOLIHX [OPOA
H MHHEpaJoB pYI.

Ha ocHOBaHHH NOJYYEHHBIX HMH J1aHHBIX O XapakTepe H3MEHEeHHA H30TOMN-
HOrO COCTABA CBHHILA, YII€POLa, CEPhl, KHCI0POAA B METaMOP(MHUYGCKHX H THIL-
poTtepmMalibHbIX MHHepaJaax, a TaKXKe pe3yJibTdTOB 3KCMePHUMEHTATbHbIX HCCJTE-
JlOBAHHI 3TH aBTODPbL! PHXO/AAT K BbIBOAY O €IHHCTBE HCTOUYHHKA ypaHa pylo-
HOCHbBIX DPacTBOPOB, cdlopmupoaaaumx YpaHOBble MCCTOPOKACHHA PA3HBIX
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THIOB, KOTOPbIE NPOCTPAHCTBEHHO PA306ILEHb] H 3a/1€Ta0T B PA3JHUHOIN Te0/10-
ruyeckoit o6eraHoBke. BMecTe ¢ TeM OHH CUMTAIOT, 4TO, CYAA no HanGosee Bbl-
COKHM CpelHUM 3HaueHusiM “"Ph B HEKOTOPBIX OCAL04HO-MeTaMOP(HUECKHX
nopoaax o6pamaeHHs PYJLOHOCHBIX TEKTOHHUeCKHX GJIOKOB, naparopoibl 10-
KeMOpHSl OTJHYAJHCH [ePBUHUHO-TIOBBIIICHHBIMH cOfepXanuamu ypana. Ha
3TOM OCHOBAHHH OHH [IPHXOMAT K BLIBOY, YTO YpaH Obll MOGH/IH30BaH H3 BMe-
[LAKUHX TOPOL Pa3HOro cocTaBa W HEOLHMHAKOBOH cTeneHH metamopdHama.
OnHAKO 3TH MECTOPOMKAEHHS OTJHUYAKOTCA [0 MPOHCXOXKIEHHIO PYIHBIX
pacTBOpPOB.

HMcxoasi H3 KOHUENUHH 3aHMCTBOBAHHA PYAHOro BellecTsa W3 TOPHLIX
Mopoj, C/lelyeT 0OMHAaTh BOKPYT MECTOPOKIEHHH HIH MO HHMH HAJHUYHA 30H
«BBIHOCA» ypaHa, T. €. YUaCTKOB MOPOJL CO CHHIKEHHbIMH HJH KpalHe HepaBHO-
MepHBIMH (DOHOBLIMH €ro cofep:KaHuaMH. 115 060CHOBAHHA TAKHX BbIBOLOB
HeoOX0IHMO AeTalbHOe KOMINJIEeKCHOe H3YUeHHe BCeX Pa3sHOBHIHOCTEH rOPHBIX
nopoa, pasBHTHIX Kak B paljoHe, TAK H HA PYAHOM M0Je H MeCTOPOMIAEHHH.

OnHaKo MHOTHE aBTOPbI 1e/1a10T BbIBOAbI 0 MOGHIH3AUHH YPaHa H3 FOPHbIX
nopoa JHWb Hd OCHOBAHHH 00LLHX, HEPEAKO HeNnpeaACTaBHTEe/bHbIX HJIH reoJo-
FHYECKH HENPHBA3AHHLIX PALHOXHMHYECKHX JIaHHBIX, HE COMOCTABJAN HX C pe-
3y/bTaTaMH jeTajbHblX HecuepoBannit. Hepeako uenonb3yercs GakTHYecKuit
MaTepHaJ, NoJyUeHHBIH NPH PaJHOTEOXHMHUECKOM KapTHPOBAHHH TEPPHTOPHH
YPaHOBOPYIHBIX NPOBHHIHN ¢ NOMONLLIO M01€BOH TaMMa-CreKTPOMEeTPHH. Y-
TAHOBJIEHHbIE TIPH 3TOM MOJIA HEOIHOPOAHOrO pacrpelegeHus paalHoaKTHBHbIX
3/1eMEHTOB B Mpejlenax H3BeCTHbIX 31€Cb YPAHOBOPYIHbIX paHoOHOB 06bIYHO
00BACHAIOT Kak cBOeOOPA3HYIO 3MHIEHETHUYECKYIO 30HaJbHOCTh.

Hanpuwmep, cuurtaercs, uto BbiiBJIeHHBlE B npelesiaX PyAHbIX MPOBHHLHNA
cKJlaayaThix ofnacTefl ypaHOBble MECTOPOANLEHHS HE3aBHCHMO OT HX leHeTH-
yecKHX OCOOEHHOCTEH H re0JOMHYeCKHX YC/I0BHH JOKANH3dUHH OPYIACHeHHS
(B rpanuTax, KHCAbIX 3pdy3uBax, ocalOYHBIX NOPOAAX) PacnonaraloTcs B 30-
HaxX «MPHBHOCA» ypaHa (T. €. OTHOCHTE/bHO MOBLILIEHHOTO €ro CONePHaHHe),
KOTOPbIE HEMOCPeACTBEHHO NPHMBIKAKOT K 30HaM «BblHOCA» 3TOr0 MeTaJna (oT-
HOCHTE/IbHO MOHHKEHHOT0 HiaH AnddepeHilupoBaHHOro ero coaep:xanua). Mo
Mepe YyIaJeHHsl, OHH CMEHHIOTCA 30HAMH C HeHapyLIEHHLIMH MepBHYHO-KOH-
CTHTYUHOHANBHBIMH COAEP KaHHAMH 3/1eMeHTOB. Cy/s 110 1aHHbIM CO/LeprKaHHHA
ypaHa B aHAJOTHYHBIX MOPOAAX PA3IHUHBIX PaHOTEOXHMHYECKHX 30H, 1eJai0T
BLIBOJ O TOM, UTO B PY/AHBIX Tejax, 3a]erajliix B 30HAX «IPHBHOCA», CKOH-
LLeHTPHPOBAHA JHIL OTHOCHTENLHO HefGoJblllasi 4acTb ypaHa, BLIHECEHHOIrO
AKOObl H3 30H «BbIHOCAY.

B pyaHbIX paoHax APeBHHX LLHTOB, HA TEPPHTOPHH PYNOHOCHBIX GJIOKOB,
CJAOKEHHBIX yabTpameramopduueckuMd rpauutamd, B. H. O6pusanos
(1974 r.) 1 Ap. BBIACAAIOT NOJAOKHTENbHBIC H OTPHLLATE/NbHLIE AaHOMAJHH, KOTO-
pbie 06paMASIOT PyNOHOCHBIC 30HbI YPAHOBLIX MECTOPOXIEHHH B BH/e Henpa-
BHJIbHBIX YU4CTKOB HJIH NPHMBIKAIOT K HAM. 3TH AaHHble 06BIYHO HCNIOJB3YIOT-
Csl B KAYeCTBE 0/IHOTO H3 I1dBHbIX aPrYMEHTOB /151 NOATBEP K IAEHHA NPeaCTaB-
JNIEHHH 0 3aMMETBOBAHHMH YpaHa M [PYrHX MHKPO3J1€MEHTOB H3 BMellaloluX
MOpoA B Mpoliecce ypaHOBOro py1oo6pa3oBaHHA.

K coxanenuio, Bce 3TH paGoThl He COMPOBOMKAANHCH CMEUHANbHBIMH Je-
Ta/IbHbIMH T€0JJOTHUECKHMH, NeTPporpaHUecKHMH, MHHEPAJIOrHYECKHMH H reo-
XPOHOJIOTHYECKHMH HCC@0BAHHAMH, MOITOMY HX Pe3yJbTAThl He ABJARIOTCH
MPEACTABHTEALHBIMH H TPeGVIOT 1eTa/lbHOH MPOBEPKH.
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[Tpu paccMOTpPeHHH BONPOCOB BO3MOKHOIO 3aHMCTBOBAHHSA YPaHA PacTBO-
paMH H3 FOPHLIX NOPOJL HEOGXOAUMO Pa3/HUaTh IBa BO3MOXKHLIX BApHAHTA yC-
JOBHH HX 3a/M€ranns: a) BMEULalolLHe MOpPo/bl, B KOTOPLIX HENOCPeACTBEHHO
pPa3MellaloTesl MECTOPOKIEHHS (T. €. TPOCTPAHCTBEHHO ACCOUHHPYIOT)HO)
MOACTHIAIOULHE NOPO/bl, 3aneraiolilne Ha rayGHHE MOJ MeCTOPOXKIACHHAMH.
BeposiTHOCTL H3BJEUYEHHA PYAHOTO BEILECTBA H3 TeX HJH HHLIX YPAHOHOCHBIX
OPOJ 3aBHCHT, B NEPBYIO OUYEpPe/lb, OT BOIMOMKHOCTH H YCJIOBHH MPOXOKAEHHS
yepes HHX 3THX pactBopos. [lostomy ana Gosee yBepeHHOro BLICKA3bIBAHHSA
c006paXKeHHH 0 TOPHBIX NOPOLax KAK O BO3MOMKHOM HCTOUHHKE ypaHa, Heo6Xo-
AHMO 3HATh THAPOAHHAMHKY THAPOTEPMalbHLIX PacTBOpos, T.e. obulee Ha-
TIPaBJEHHE H NYTH HX ABHKEHHA N0 NPOHHILAEMBIM CTPYKTYpaM, YCJIOBHSA 3aJle-
raHHsl ypaHOHOCHBIX 1OPON H HOPMbl HAXOMKIEHHA ypaHa.

Kak nokasa/u aetajbHble reooro-CTpyKTYpHbIE H MUHEPaJOTHUECKHE HC-
C/1€10BAHHA, HA GOJILUIHHCTRE THAPOTEPMAJIbHLIX YPAHOBBIX MECTOPOXKAEHHH
B HHAMHKEe PYIOHOCHBIX pacTBOPOB npeobialand BOCXOASILHE COCTARJANI-
ILHE HX JIBHIKEHHS, T. €. B Lle/IOM OHH IBHIa/IHCh CHH3Y BBEPX BAOJIb 30H KPYTO-
nafaonx pasaomos. [Ipn Takol UHPKYAALMK PacTBOPOB HENOCPELCTBEHHO
BMeEIILAI0LLHEe OpPYAeHeHHe MOPO/Ibl MPAKTHUECKH BhiNalann u3 cepbl X BJHS-
HHSl WJH He ycnesaju npopearupoBaTh. B To Ke Bpems B3aumolaeHcTsHe
pacTBOPOB ¢ MOACTHJAAKUIMMH NMOPOAAMH Ha TrIyGOKHX YPOBHAX /lalleko He
BCerja rnojjaercs KOHKpPeTHOMY H3ydueHHo. OLHAKO H N0 pasy APYTHX NPH3HA-
KOB (M3y4yeHHe reOXHMHYECKHX OPEOJIOB H 30H THAPOTEPMAalbHO H3MEHEeHHbIX
MOPO/L) TaKKe MOXKHO CIA€1aTb BbIBOA O TOM, YTO YpaH NMPHBHOCHJCH CHH3Y.

Kucasie maecmaruseckue nopodst KaK 00uH U3 BepOSATHbLX UCTOHHUKOS ypa-
wa. Kak yxe oTmedanoch, BO MHOTHX (DaHepo30HCKHX PYAHBIX MPOBHHUHAX
HaGao1aeTCA NPOCTPAHCTBEHHAN acCOLHAILHS YPaHOBBIX MECTOPOK/AEHHH, Ha-
XOAAILHXCA B Pas/HYHON reofornyecKoil o6CcTAHOBKE, ¢ KHCABIMH MarMaTHye-
CKHMH NMopoaaMH (HHTPY3HBHBIMH HJAH 3(@Y3HBHBIMH), KOTOpble XdpaKTepH-
3YIOTCs MOBbILIEHHBIMH COlepKaHHAMH ypana. Ha Tepputopuu 3THX nposuH-
UHH nofasasitoliee GONbILHHCTBO YPAHOBLIX MECTOPOMKAEHHH TAK HJAH HHaue
NPOCTPAHCTBEHHO TATOTEET K YPAHOHOCHLIM TpaHHTam — AuO0 OHH pacnofa-
rarTcA B MX 3HA0- H 3K30KOHTaAKTaXx, JH60 3aneratoT cpeid 6osee No3qHHX
BY.IKAHOTEHHBIX WJIH 0CANoYHbIX (DOPMAlMH HAL rPAHMTHBIM (yHLAMEHTOM.

Fpaunutonabl. Popmbl HAXOKACHHS yPaHa B TPAHHTAX, KAK H3BECTHO,
pa3JH4Hbl, HO YeTbIPEeXBaJeHTHbIH MeTa/n ABAACTCA NEPBHYHBIM, d LIeC |-
JIEHTHBI — BTOPHYHbIM.

HauGosiee oTUETIHBAR NPOCTPAHCTBEHHAR CBA3b MECTOPOKAEHHA C Ipatin-
TAMH YCTAHABJIHBAETCA B YPAHOBOPYAHbIX MPOBHHUHAX 11a/1€030HCKHX CKal-
yatbix obnacteit Llentpansnoit n 3anaanoit Eaponst (Hewcknit, Llentpanbho-
dpaniysckui, Apmopukanckuit, MGepuiickuit maccusbl, Kopuyana u ap.), rae
nofasasioilee 6ONBILHHCTBO H3BECTHLIX 3/1€Ch JKH/IbHBIX MECTOPOAAEHHI ypa-
Ha JIOKAJH3YeTCH B 30HAX IK30KOHTAKTOB repUHHCKHX rHnabuccaibHbIX BbICO-
KOpPaJAHOAKTHBHBIX IPAHHTOB, HHOra KBAapLEBLIX CHEHHTOB, NHOO B caMHX
HHTPY3HBAX IPAHHTOHMIOB.

YpanoBbie MeCTOPOXACHHA PYAHBIX paioHos Heulckoro maccHBa pacnoJa-
ralTcA B MpeleNaxX reOaHTHKIHHAABHBIX GIOKOB C YBEJHYEHHOH MOLLHOCTBIO
«PAHHTO-METAaMOP(HYECKOr0» CJI0A KOPhl H B HX Npe/enax TAroTelT K 3K30-
KOHTAKTaM H PeKe IFHIOKOHTAKTAM HHTPY3HBOB MO31HHX TFEepUHHCKHX KOMI-
nekcos, umelnx abeontotunit (K-Ar v Rb-Sr) sospact 340—320 mMan net
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1 310—280 man net. MaoTonusifi (UU-Pb) Bo3pacT nepBHYHOIrO ypaHoBOTO Opy-
AeHeHHa — 270—240 man et (®. Jledtsaiin, 1957 r.; HU. Bepuapa, H. Jle-
ruepekHid, 1967 r. u ap.). ['paHuTel XapakTepH3yloTca NOBLILIEHHBIMH COLEP-
KauuamH ypana — o 9—15.10'9%, Buicokoii noneit (10 50% u Goaee)
«TOJBHKHOM» ero dopmbl H HHakum Th/U orHowenunem (<< 1—3). [nasnoii
OTJHUHTENLHON 0COGEHHOCTBIO ITHX YPAHOBLIX MECTOPOMACHHI SIBAACTCH HX
TecHasi MPOCTPAaHCTBEHHAs H CTPYKTYpPHas CBA3b, reOXHMHUECKOe POJCTBO
H BO3pacTHasi 6MM30CTb ¢ YKA3aHHbIMH rpaHuToHaamMu. CXoldHble reosoruye-
CKHe YCJIOBHS W BO3PACTHBIE B3AHMOOTHOLLEHHA HHTPY3UBHLIX OPOL H YpaHo-
BOTO OpPYAEHEHHA XapaKTepHbl Take H 4Af PYAHHX pafionoB LlentpanbHo-
®paunuysckoro 1 Apmopukanckoro maccusos (M. A. Capeus, M. Pyé6o,
B. KU. Cmupuos, A. M. Tyrapusos, 1969 r. u ap.).

[uapoTepManbHblé XHUAbHLIC ypaHOBble MECTOPOXKACHHSA, 10 LaHHbIM 3THX
4BTOPOB, CKOHILEHTPHPOBAHLI B Pa3/HUHLIX 4aCTAX OTMEYCHHBIX MaCCHBOB, Xa-
PaKTePH3YIOILMXCA HHTEHCHBHBIM Pa3BHTHEM O3/HErepPLUHHCKOro TPaHHTOM -
HOTO MarmaTHama. 3[ech BbileJsieTcsl [ABa KOMIJeKca TPaHHTOB: paHHHe —
6uoTutoBble (340—336 MaH JeT) M NO3JHHE — ABYCJAKOASHBIE, OGBIUHO
aJbOMTH3IHPOBAHHbBIE HIH Kajuwnatu3uposanubie (300—280 mau aet). U Te
W Lpyrde rpaHuTh 061308107 OBLIULIEHHMIMH COAEDIKAHHAMH ypaHa: B OHOTH-
TOBBIX OHO cocTaBasier 9-107'%, B AByCcAOAAHBIX rPaHHTax — AOCTHraer
20-10°'% (3a cyeT pa3BHTHH B HHX AKLECCOPHOrQ YPAHWHHTA). YPaHOBLIC
MECTOPOKACHHA ITHX PAHOHOB TECHO CBS3aHbl C ABYCAIOASAHBIMM FPAHHTAMH
H «CHEHHTAMHY», B Tpelendx KOTOPbIX OHH MIaBHBIM 00pA30M H 3djeralort.
Bospact sactypanoBoro opynenennst, nojayuenund Y. Koctoapsiun (1973 r.)
M3 pa3HblX MeCTOPOKIEeHHH 3TOH MPOBHHIKMH, cocTaBser 280—265 mau aet.
C yuetom ouwnB0oK H3MepeHHit (425 MAH JeT) 3TH UHPLI 10CTATOUHO GIH3KH
JIAHHLIM 110 BPEMEHH BHEJPEHHS MO3JHHX I'PAHHTOB.

Obcyxdan npobaemy o6pa30oBaHHA Tak Ha3blBAEMbIX «HHTParpaHHTHBIX»
AHUJIbHBIX MECTOPOXKAEHHH ypaHa B pas/iHuHbIX NMPOBHHIMAX EBponsl, MHOrHE
ueeaepoBatenn (M. Kpaye, 0. M. dbimkos, M. Moppoy, Lx. Martoc [Inac,
A.H. Boaornukos, I'. XeppmanH, [LIk. bap6be), 3aHumalolIHecs H3yueHHeM HX
reo/IorHH H MUHEPaJJOorHH, BONPOCAaMH PAAHOrCOXHMHH W NETPOrpadHi ropHbix
NOpoA PYAHbIX PAHOHOB, MPHULIH K BbIBOAY O TOM, YTO HCTOYHMKOM ypaHa
LAS1 ITHX MCCTOPOKIEHHH CJAYKHJIH HENOCPEICTBEHHO CaMH TPaHUTHI nocje
34CTHIBAHMA MarMbl H HEKOTOPOro HX Npeo6Gpas’oBaHHs.

O/1HH HCeeL0BATRIH CUHTAIOT HX THAPOTEPMA/LHBIMH, APYTHE — 3K30T€H-
HLIMH HHOHIBTPAULHOHHBIMH, JLefcTBATENBHO, IPOMBILLJICHHBIE PYibl pacTond-
ralTes B 30He OKMCJIeHHs UK LleMenTaluy, OUHaKo IpeACTaBHTENH HHpHIL-
TPAUMOHHOR THNOTE3bl OGBIYHO He YUHTHIBAKT BCEro CEOJOTMYECKOro ¢ak-
THYeCKOro MaTepxana. Hanpumep, He npHHAMAlOTCA BO BHUMAaHHE HCTOPHH
Pa3sBHTHH PAHOHOB H 3aKOHOMEPHOCTH Pa3sMelleHHsT MECTOPOXKIEHHH, QaKkThl
AOKAMH3AUKH YPAHOHOCHBIX MHA B IJHAOKOHTAKTAX HHTPY3HBOB I'DaHMTOB,
H OHH HE BCTPeYalTCs B HX 3poanpoBanubix uactax. [lpeapyausie meraco-
MaTHYECKHE MIMEHEHHs BMEULAI0ULHX NMOPOoL W TepMoOApOMETPHS PYL CBH-
AETENLCTBYIOT CKOPEE BCEro O TOM, YTO OHH ObliH cPOPMHPOBAHBI THIpO-
TepMaJibHbLIMH PacTBOPAMH.

I0. M. Iemkos [35] Ha ocHOBaHMH OGULMX FEONOTHYECKHX 3aKOHOMEPHO-
CTel pa3MeILeHHs THAPOTePMAJbHBIX KHILHBIX MeCTOpoXeHui Pyausix rop,
BBICOKOH PalHOZKTHBHOCTH PA3BHTBIX 34ECh MO3AHEBAPHCUHACKHY IPAIHTOR



M [eTajbHblX MHHEPAJOrHYECKHX HCC/Je10BaHUNH BbicKasan coobpaxeHne
O TOM, YTO BEPOATHLIM HCTOUHHKOM YpPaHa JUTA HHX MOTJW CJYXKHTL 3ajera-
OLLHe Mo MECTOPOKICHHAMH rPAHHTBI B YHAdCTKax HX HHTCHCHBHBIX npeoﬁpaA
30BaHi#. [1o ero npeacTaBIeHUAM, HACTYPAHOBbIC PYiIbl ITHX MECTOPOAKACHHH
cOPMHPOBAIHCh W3 BOCXOAALUIHX THAPOTEPMaJ/bHbIX PACTBOPOB, 3aHMCTBYH
MeTaJsl/l M3 KHCAbIX rpanuTodaoB. Hekotopeie ueenenosatenn (A. H. Boaotuu-
KOB W Ap., 1972 r.) Ha OCHOBaHHH H3YUCHHH MATMATHYECKHX MOPOA KpaeBoW
yacTH Yeuwckoro MaccHBa ¢ MoMOULbIO raMMa-CreKTPOMETPHUYECKHX MeTO/108
MPUXOAAT K BbIBOLY, 4TO 6JHM3KHE NO PalHOAKTHBHOCTH MO31HEKapGOHOBbIE
M paHHeNepMCKHE TPaHHTbl, K HHTPY3WBHBIM MaccHBaM KOTOpPbLIX MpOCTpaH-
CTBEHHO THATOTEIT YPAaHOBLIE MECTOPOALEHHH, H KOTOPbIE B PYLHbIX paHoHaX
XdpPAaKTEPHU3YIOTCA He TOJbKO O6GUIHM TOBLILIEHHBIM CONep:KaHHeM ypaHa
M CPABHHTE/JbHO BBICOKHM TPOIEHTOM ero «MOABHKHOH» (OPMbI, HO H HH3-
KHM TOPHH-YPAHOBbIM OTHOLIEHHEM, MOIJH CTYXKHTb HENOCPeACTBeHHBIM
HCTOYHHKOM YpdHa B YK€ 3aKPHCTANJNH30BAHHOM COCTOAHHH. ﬂpennonara-
eTCH, YTO MOGH/IM3a1IHA YPAHa H3 1OCTVITHOH («I10ABHXKHONA>) HOPMBL B rpaHH-
Tax OCYLWECTBAAIACh BOCXOAALLIMMH MOCTMArMaTHUYeCKHMH THAPOTePMAaJbHbI-
MH DACTBOPEMH. 3TH HCCJ/@LOBATE]H CUHTAIOT, u4TO ANA 06pa3oBaHus ypa-
HOBBIX MECTOPOKAEeHHH HeOOXOIMMBI caelylOllHe YCAOBHS: d) HakonjaeHue
B Npollecce MarMaTH3Ma 3HAuMTeNbHBIX KOJHUECTB ypaHa B rPaHHTHLIX Mac-
cuBax 60abluHx 06bemoB; 6) npeaBapHTeNbHAR NMOArOTOBKA FPaHHTOB H nepe-
BOJL COOTBETCTBYIOIULETO KOJHUYECTBA YpaHa B «IOABHIKHYIO» (hopMy: B) onpe-
fgenedHas o6cTaHOBKA, 00ecnednBaloiilas BO3IMOMKHOCTL ero NepeMelleHHs;
r) 6JaronpuATHbE YCI0BHA /1A KOHUEHTPHPOBAHHOTO oOcaX/IeHHs ypaHa
H3 pacTBOPOB.

Muoruve dpaHily3ckHe, HCNAHCKHe, NMOPTYrajbCKHe, @ TakkKe KaHalcKue
reosord (E. CMHT # [p.) BBICKa3biBalOT COOGpaKEHHS O TOM, UTO HH3KO-
TemnepaTypHble XKHJIbHLIE MecTopoxidenns 3ananxoit EBponwl, 3anerawoune
B CMELHaJH3HPOBAHHBIX YPAHOHOCHBIX TPAHHTAX MJIH BOKPYT HHX, 06pa3oBa-
JHCh BOIH3H 3PO3HOHHON (PaHHENEePMCKO#) NMOBEPXHOCTH BHIPABHHBAHHSA NMOJ
BO3/eHCTBHEM T'HIEPreHHbIX NPOLeccoB KOpbl BhiBeTpHBaHusi. B pesynbrate
nepeBoia ypaHa B IOABHAKHOe COCTOIHHE H €0 MHIPAlHM B MOBEPXHOCTHbIX
BOlAX B YCJOBHAX aPHAHOTO KAHMaTa H GblH CHOPMHUPOBAHBI HE TOMLKO CJI0-
KOBble H UepHHEeBble, HO H HacTypaHoBbie pyasl. O1HAKO TakHe mpeacTasJe-
HHH HE COracyioTes ¢ O6ILHMH 33KOHOMEPHOCTSIMH pPa3MellleHHs MecTopoxKae-
HHH B perHoHe, a Tak:Ke C pe3y/bTdaTaMH [eTaJbHbIX TeoJoro-CTPyKTYypHbIX
MHHEPAJIOr0-reOXHMHUECKHX, TepMoOapoMeTpHUeCKHX H JIPYrHX HCcse0Ba-
Hui. Kak H3BeCcTHo, cpelH NepBHUHBIX Py 31€Chb HMEKTCH KBapuU-(J00pHT-
HACTYPAHOBLIE H APYrHe accouHalHu, Temnepatypa o6pa3oBaHHA KOTOPbIX
goctrana 100—200°.

CyHTaeTcs, YTO OCHOBHBIM HCTOUMHMKOM YpaHa AJst PYA MeCTOPOKAEHHH;
saqeraioiix B rpannuTonaax maccisop ®panuny (Uentpansnom, Baunnen),
CAYAHIH, CAMH BMeLlLAlOULHe FPaHHTOHAB H YPaHOBOE OpY/eHEeHHe CBA3AHO
¢ MHrpaudeii ypana B Oojee nosaHue 3tansl. HauGosee 614rofnpHATHLIMH
51 06pa30BaHHA YPAHOBBLIX MECTOPOKAEHHH CUHTAKOTCA YyPAHOHOCHBIE AH(-
epeHUHPOBAHHBIE MPAHHTH C MPOABACHHEM DA3JTHYHOTO, OCOGEHHO DaHHEID
KPeMHHI-KaJHeBOro H HaTPHEBOrO MeTacoMaTo3a («3TMHCHeHUTbI»). [panuTbl
OTJHYAKTCH MOBBIIEHHBIMH W BbICOKHMH (OHOBBIMH COepKaHHAMH ypaHa
(8—25-107*%) wu Topust (20—70-10"%%), 06yCNOBNEHHBIMH HAAHUHEM
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4KUECCOPHBIX MHHEPAJOB — YpPAaHHTA, YPAHOTOPHTA, d TaKKe TOPHTA, MO-
Hatura W Ap. ONHAKO KORWEHTPalUMH ypaHa M TOPHS [aJeKO He BCeria
Koppeaupylotces mexiy coboil. B To e Bpems 3gech HEpeLKO ycTaHaB/HBA-
€TCH NPOCTPAHCTBEHHAS H CTPYKTYPHAA CBfA3b YPAHOBOIr0O OPY/IEHEHHS ¢ 11po-
SIBJEHHAMH OCHOBHOrO (MafiKosoro) marmatusma. [lpeanonaraercs takike,
UTO Aad nepeHoca ypaHda H OﬁpaBOBaHHH €ro MHHepaJoB 3HAYHTEAbHAA POJIb
npHHaanexana yraekucaore. [Tonoxenne MeCTOpOKAEHHI B ONpeseeHHbIX
Y4aCTKaX FPaHHTHBIX HHTPY3HBOB KOHTPOMHPYETCs 30HAMH [O3/HE- H MOCTOPO-
reHHOH TPEULHHOBATOCTH, BAOJb KOTOPBLIX MPOH30MJI0 BHEAPEHHE MHOTOYMC-
JNEeHHBIX AaeK J1aMnpoHpoB H POACTBEHHBIX HM MOPO/L.

AHanorvunble Kaauesble, HaTpPHEBLIE H KaJqMH-HATPHEBble MeTacoMaTH-
Tbl MO [PAHATAM [OBLILIEHHOA MOPHCTOCTH («3MHCHEHHTBI»), Pa3BHTHIE MO
CCKYULHM Te/aM alJHTOB, YCTAHOBMEeHbl B KPKOHOWCKOM HHTPY3HBHOM Mac-
cuBe B 3anannbix Cyaerax, riie TakxKe W3BECTHbl YPAHOBblE MECTOPOKAEHHS
H PYLONPOSIBAEHUS.

YpanoBaa MuHepalH3alUHA MecTOpox/AeHHA BeadkoGpHTaHuu (padou
KopHyoina u ap.), NPHYPOYEHHBIX K KaJEeJOHCKHM H FepIHHCKHM rpaHHTaM,
no mueuuio reosoros (I1. Cumncon, Ix. Bpayn, H. Tlaeunr, JI. Octa),
00yCI0BAEHA COAEPXMAHHEM H pacrnpele/leHHeM B HHX VpaHd, HX BO3PACTOM
H CTPYKTYPHbIM moJoxeHHeM. OpyleHeHHe accouHHpyeT ¢ HHTPY3HBAMM
FPaHHTOHIOB, ANA KOTOPHIX XapaKTepHbl HE TOJbKO BBICOKHE CPEIHHE COAep-
AAHHA yPaHA, HO H MOBbILIEHHBIE KOHLUEHTPAIlHH GTOPA H TAKHX «HEKOTepPeHT-
HbiX» 3/1€MEHTOB, KaK JHUTHH, py6uaud, GepHaiui, 6op, a TakkKe HH3Koe OG-
llee cofepiKaHHe CTPOHLMS H HH3KHe oTHowenus °Sr/*Sr. K/Rb. B sTHx
padoHax 0OLIYHO OTMe4aeTCd BbICOKHH reorepmuueckui rpaauent. Tlosromy
4aBTOpLI MPEAnoNaraiT, YTO pa3BUTHE ypaHOBOH MHHEPAJM3alUHH 31eCh 06-
YC/IOBJNEHO He NPHBHOCOM ypaHa M3BHe, a nepepacrnpeie/ieHHeM ero B CaMHx
rpaudTonaax. [loBbllieHHble conepAKaHHA YPaHa B rpaHUTax CBA3aHbl B OCHOB-
HOM ¢ YCTOHYHBBIMH MEPBHYHBIMH aKIECCOPHBIMH MHHEpPAJIaMH — LIHPKOHOM H
ap. Cuuraercs, 4To Npu GoJee No3AHUX Mpoueccax rpeH3eHH3alHt U TYPMAaJii-
HH3allHK NMPOHCXO/KJIO H3BJCUEHHE ero PacTBOPAMH M MepeoTokenne B Gaa-
ronpuATHOH o6GcTaHOBKeE.

Hceeaeposaunsa temnosbix norokoB B aayrone Kownyzit B Kopanabepax
(wrat Hewo-Temnmup, CIIA), npoeaeHHble aMepHKAHCKHMH reo/ioramH,
110Ka3aJH, YTO He HCKJII0UeHa BO3MOXKHOCTb POPMHPOBAHUS YPAHOBLIX MECTO-
pOMIEHHH B rpaHHTax ¢ aHOMAJlbHO BLICOKHMH CONEPKAHHAMH YpaHa H 4ToO
OHA MOKeT ObiTb OOYC/NOBJIEHA NPOSABJIEHHEM B WX NpefenaX KOHBEKTHBHBIX
(MOHAHBIX MOTOKOB, BO3HHKABUIMX 33 CYeT BHYTPEHHETD TemJa B NOPHCTHIX
rpanutax. ABTOpbHl CYHTAIOT, YTO MPH NPOHHLAEMOCTH TDAHHTOB NPUMEPHO
0,5 MHAAHAAPCH HHTEHCHBHOCTb TaKOH KOHBEKIIHH BIOJHE A0CTATOYHA, YTOOb
FHAPOTEPMAJbHbIE PACTBOPLI B TeueHHe 2 MJIH J1eT B 6J1aronpHATHON 06CTaHOB-
K€ CMOTJIH C(hOPMHPOBATL MECTOPOK/AEHHA ¢ 3anacamd npumepHo B 10 Thic. T.
Boapacrt opyneHeHHsl TakuX MECTOPOKIEHHH MOATBEPKAAeT NPeACTABIEHHE O
TOM, YTO OHH 06PA30BAJIUCh B PE3Y/ILTATE [JEATENLHOCTH KOHBEKIIHOHHbBIX 0TO-
KOB pDaj/IHOAKTHBHOrO Tenja, BeleNseMoro caMim HHTpy3usom. [lpeanosara-
€TCH, 4TO [PH OXJ1aAKeHHH PacTBOPOB BOJH3H IHEBHONH MOBEPXHOCTH B yHacCT-
KaX € HMHTEHCHBHOH UHPKYJAUHEH KAk BOCXOMSAILHX, TakK H HHCXOASALULHX
MOTOKOB H B pe3y/bTaTe BOCCTAHOBJCHHA LIECTHBAJNEHTHOrO ypaHa A0 YeThl-
PEXBAJEHTHOrO M3 KdKI10ro | kr pdacTBopa MOrJ0 OTJOXHTLCA I r YpaHa.

210



Atanus ocobeHnocTel pa3mellleusi ypaHoBOro OPYAeHEHAs Ha TePPUTOPHH
Me3030HCKHX PYAHBIX NpoBHHUMA, nposeaenunit 1. A. Crpowoit (1977,
1981 r.), nokasan, uto nojgasasiollee 6oablWHHCTBO (6oaee 90%, ) H3BECTHBIX
3/lech MECTOPOAKIEHHH H PYIONPOABIEHHH ypaHa pacnonaraeTca 1160 B 30HaX
OpeK4YHpOBaHHbLIX TPAHHTOB, NHOO B MOPONAX «3MHTPAHHTHBLIX» [EOJOrHUE-
CKHX (BYJIKAHOIEHHBIX H OCAL0UHbIX) dopMauHil, 3a7eralollHX Ha rPaHHTHOM
dynnamente. Te ke cambie reosiornyeckie (hopmallii, 3ajleraloiie Ha HHOM
(He rpanuTHOM) yHLAMEHTE, NPAKTHUECKH HE COMEpKAT YPAHOBBIX MECTO-
pOKIAEHHH.

AnanornuHbie 3aKOHOMEPHOCTH pa3MelleHHsl YPaHOBLIX MeCTOPOMIeHHH,
MPOCTPAHCTBEHHO TATOTEIOIMX K 6.10KaM Pa3BHTHS TPAHHTO-THEHCOBLIX KYIl0-
JIOB H HHTPY3HBOB IPAaHATOHA0B, OTMEUAIOTCA MHOTHMH HCC/el0BaTefAMH ypa-
HOBBIX NPOBHHUHHA CPeIHHHBIX MACCHBOB KaJleJlOHHI H repuHHHI.

[Tpusnaku nepepacnpenencuus au6o NPHBHOCA H BBIHOCA YpaAHA H3 FPaHH-
TOB, BMELLAIOUIHX MECTOPOK/ACHHA WK 3aJeraloiinx B pyH1aMenTe BYJIKaHH-
YeCKHX AeNnpeccHit N0l MECTOPOKACHUAMH, YCTAHABIHBAIOTCA PANLOM HCCIR0-
paTenell B pa3ubix pyanblx nposuuuuax. Tak, M. C. Monuukos [75] ormeuaer,
uTO (DOHOBbIE COLEPIKAHHA YPAHA B TPAHHTOHIaX QYHIaMeHTd BY/KAHHYECKHX
JlenpeccHi BecbMa AH(MQEpPEHUHPOBAHBl B IIHPOKHX H NPOTHKEHHLIX 30HAX
H B LLEJOM HHXKEe, YeM B aHaJOrHUHbIX MOPO/AaX, BLIXOAALULMX Ha JHEeBHYIO
OBEPXHOCTb N0 HX obpamaernio. OnHAKO ITHX LaHHLIX, BHIAHMO, €llle Helo-
CTATOUHO /15 OJIHO3HAYHLIX BbIBOLOB, TeMm (ojiee, YTO B PY/JHBIX paioHax
pa3BHTBl Pa3HOBO3PACTHBIE FPAHHTHLI, 3HAYHTEILHO PA3IHYaI0LIHeCs N0 colep-
MAHHIO PAIHOAKTHBHBIX 3JeMeHTOB. B To e Bpems Gosee 1eTabHOE H3YUeHHe
3TOTO BOMpOCA, NMPOBEJEHHOE TeM jKe aBTOPOM Hd MeCTOPOKIEHHH, 3aJe-
raouleM B rpaHiTax dyHaaMeHTa, TakKe rokasajo, 4TO BOKPYr MJaBHOH
PYLOHOCHOH 30HLI CYLLECTBYIOT YUACTKH, XapaKTepH3yeMble OTHOCHTEJLHO M0~
HHIKCHHBIMH KOHLEHTPAUHAMH ypaHa, KOTOpbie, O4YEBHAHO, 06YCI0BIEHB! €r0
BLIHOCOM. JlOKa/bHBIA BBIHOC 3TOTO 37@MEeHTa H3 FPaHHTOHIOB B NpoLlecce HX
FHAPOTEPMA/IbHOH THAPOCTIOAH3AUKN H aPTHANTHIAUHH HA aHAJOTMYHBIX Me-
CTOPOMAEHHAX YCTAHOBJEH METaJbHbIMH NETporpadHYecKHMH HCC/Ie10BAHH-
simu O. B. Aunpeesoit u B. A. Tonosuna (1986 r.) u ap.

AHanua pacnpene/ieHHst paAHOAKTHBHBIX 3/€MCHTOB 110 Pe3yibTaTam noje-
BbIX FaMMa-CNEeKTPOMETPHYECKHX M PeHTTEHOCHEKTPa/bHbIX MEeTON0B CPe/H
rpaHHTOB B palioHe MeCTOPOXKIEHHH HEACHOTO (THAPOTEPMAbHOTO HJH THNEep-
reHHOro?) reHesuca no3Bosua HekoTopbim astopam (E. K. Meabnukos,
1978 r. W Ap.) BBUIEJHTL psAld NOCAEAOBATENbHO CMEHAIOWIHX ApYr Apyra
(cBEpXy BHH3) 30H, pa3JiHualoLLHXCA MeXK/y cob0il N0 KOHUEHTpalHAM ypaHa
MPH CPABHUTENbLHO OAHHAKOBbLIX, ONH3KHX K KNAaPKOBLIM CONEPKAHHAM B KaKkK-
40it H3 HHX TOPHS W Kalus: a) BepXHAHA 30HA JHMOHMTH3IHPOBAHHBLIX rpa-
uutoB 3.6.107'9% U: 6) cpeaHss 30Ha, NpeiCTaBIEHHAN METACOMATH-
UeCKH H3MEHeHHBLIMH MOPOJaMH H BKIKYAWMILAN MecTaMH pylHble Tena —
a0 12-107'% U; B) wHHKHAA 30HA c1a60 H3IMEHEHHbIX [PAHHTOB —
8- 107*%U.

Ha ocHoBaHHM 3THX AaHHbIX, ABTOPOM MNpeinoJaraetcs BLIHOC ypaHa H3
rPAHHTOB GOraTHIMH KHCIOPOJLOM METEOPHbIMH (HHCXOISILLHMH) HJIH CMeLlaH-
HBIMH TepMaabHbiMH (BOCXOISIUIMMH) BONAMH M3 NPHINOBEPXHOCTHLIX 30H
¢ nocaenyiollell MurpalHen, nepeoToKeHHeM H HakonaeHHem ypaHa B GJa-
FOMPUATHBIX YCA0BHAX cpeaHed 30Hbl. OAHAKO 3TH BbIBO/bl COBEPUIEHHO HE

OLHO3HAYHBI, TPEOYIOT BOJlee ACTANbHBIX HCC/IEA0BAHHA. e
21



HM3ayueHue paavoreoxuMuueckux 0coGeHHOCTeH TI'PaHHTOHAOB METONaMH
OCKOJIKOBOH pajHorpaduu B ypaHOBOPYLHLIX NPOBHHIHAX KaTCLOHCKAX # rep-
UMHCKHX ckaapuaTeix obaacteir O. Il Ennceesoir w M. M. Boaosukosoil
(1979 r.) u Aap. noxkasano, 4To B 3ITHX NOPOJAaX MOMHMC aAKICCCOPHBIX
MHHepanor 10 50—60% ypana HaXOAMTCH B MHKPOTPEIIMHAX, MEEICPHOBLIX
liBax, a4 TakXe CBA3aHO CO BTOPUYHBIMH MHHEpaJaMH (XﬂOp}‘.T‘.}?‘.T OKHCJAAMH
H THAPOOKHCJIAMH THTAHa, JKeae3a H ap.}. ITH BBIACACHIA HMIII
IMUreHeTHUECKHH XapaKkrep H 0TOOPAKaT «IOABHAKHYIO® $op 1,
Onu ofycnosiennl nepepacnpenc/ientem NepBHUHOKOHCTHTYIIHO Ha, 110
H& HJAH NPHBROCOM €ro B pe3yjbTatTe MNpOABJCHHA HAJJOACIIIED [ FHAPOT
MaJibHblX HJIH FHHQD[‘EHHHX) npoueccos. ABTOM&THCOM&TH‘KC?.T—IE, focTMar-
MaTHUECKHE W THMEPreHHble (POUecChl 34eCh NMPHBOAAT K Mepepacnpeiesnic:
HHIO ypaia W afcopOLHH €ro OKHCIaMH H THAPOOKHCNAMH THTaHAa W jxeqesd.
Ha6atonaercs oborauieHye ypaHoM JeHKOKCEHH3HPOBAHHBLX yuacTKOB cdend,
KaeMOK BOKDYT 3epeH THTAHO-MATHETHTA, MATHETHTA H HJAbMEHHTA, CKOMIe
HHA ypaHa 1o KpadAM 3epeH u No CNaiHOCTH M3MeHeHHoro 6UHOoTHTa, porosoil
o6MaHKH W THPOKCEHA. YpaH KOHUEHTPHPYETCA TAKXKE B MPOKHIAKAX U HELPa-
BH/IbHBIX MATHAX OKWCJOB H THAPOOKHCAOB XKeneda. Haunbonee wutencusHoe
BTOPHYHOE H3MEHEHHE H OTHEeTJIMBO BhipajKeHHOe lepepacrpeieneHHe ypaHa
Ha6J10naeTCA B 30HAX PA3IOMOB, KOTOPbIE ABAAJHCE 61arONPHATHLIMH MYTAMH
/ISl UHPKYJSILLHH PacTBOPOB.

Kucasie s ¢y3snsp. Ha ocHOBaHUH IMIHPHUECKHX 3aKOHOMEDHOCTEH
pasMellleHHsl YPAHOBBIX MECTOPOXKAEHHH, IPOCTPAHCTBEHHO CBA3AHHBIX C NPO-
fAIBJIEHHEM KOHTHHEHTAJIbHOIO KHCJO0ro BYJAKAHH3Mda, B DPa3HblX DYIAHBIX NpO-
BHHIHSIX YCTAHOBJEHO, UTO B Npejie]lax BYJKaHHYeCKHX H BYJIKAHO-TeKTOHHYe-
CKHX [1elIPeCCHOHHBIX CTPYKTYP OpYLeHCHHE OTYETJMBO KOHUEHTPHPYeTCH
B 30HaX NOBLILIEHHOH NPOHHUACMOCTH (OpPeKUHPOBAHHS, TPELULHHOBATOCTH,
MOPHCTOCTH MOPOJL) OCAJL0YHO-BYJKAHOMEHHbIX TOJLL, KOTOpPble OTJAHYaloTCH
BLICOKOH PapHOreoXumMHYecKoi Angdepenunallneil 1 HaaHyueMm Nopoa ¢ 1o-
BBIIIEHHBIM COACPKAHHEM ypaHa. MHOrHe HcealeloBaTeNH 0NYyCKaloT, 4TO pH
(hOPMHPOBAHHH YPAHOBOTO OPYAECHEHHS B [10/L0GHOH reoJorHuecKonr 06CTaHoB-
K€ ypaH B 3HAYHUTEbHOH CTENEeHH 3aMMCTBOBAJICH W3 BMeLlaUIKWX BYJKaHO-
FeHHBIX MOPOLL.

B. JI. Bapcykor, H. Il. Jlasepos u ap. [119], u3yuas reosoruveckue
ycaoBHa (QOPMHPOBAHHS W MHHEpaA/IhHLIH COCTAB OPYACHCHMA Ha YPAHOBOM
MECTOPOMKAEHHH, ABAAOLULIEMCA THIHYHBIM NpeAcTaBHTE/CM (MOIIGJ]’HO} MeCcTo-
POKACHHI MOJAHGAEH-YPaHOBOH (OPMALIHK H 3aMeralolleM B 1aBax H NHPOKa-
CTaX BYJKAHHUECKOH JCNPecCHH replUHHCKOR NPOBHHLUHH, NPHLLIH K BHIBOMY,
4TO {IpH 0Gpa3’0BaHMH YPAaHOBbLIX Py HAPSAY ¢ BOCXOASILHMH IHAOTEHHBIMH
THAPOTEPMAJIbHLIMH PACTBOPAMH YyUYACTBOBAJIM Ba03HLIC MJ1aCTOBLlE MHHe-
PAJH30BaHHBIE BOJLI apTe3HaHCcKoro (HanopHoro) tHna. TakHe CMeUIaHHBIE
PACTBOPbI UMPKYAMPOBAJIH N0 MEXKMIACTOBLIM 30HAM W MPOHHLACMbIM nopo-
nam, o6oralleHHbIM YPAHOM, BhiLLeIaYHBAS H3 HHX 3HAYHTE/BHYIO 4acTh 3TOTO
H APYTHX 2JIEMEHTOB.

[lo nanubiM 3THX aBTopos, YauleoGpaiHas CTPYKTYpa JAenpeccHn obecre-
YHBaJa BO3IMOXKHOCTL BO3HHKHOBEHHH H AJHTEABHOTO CYWeCTBOBAHHA B ee
BYJKAHOIM€HHbLIX TOJLLAX HANMOPHEIX THAPOAHHaMHYECKHX CHCTeM, B y4acTKax
Pa3rpy3kH Kotopbix ¥ chopMupoBanuch ypaHonule MecTopoxaenus. B crpoe-
HHH AENPECCHH NPHHUMAIOT VHACTHE BYJKAHOTeHHbIC H TEPPHTEHHBIE OTJIOMKEHHA
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BCPXHErO Na/1e0308. MHOrHe W3 3THX NOPoL Mo PH3HKO-MEXdHHYECKHM CBO-
CTBAM NPeACTABAAIT COO0H KOMNIEKTOPLL GOTLILOH H Cpe/lHeill eMKOCTH, a Tak-
Ae BBICOKOH W cpesiHefl fpoHHuaemMocTH. B CBA3H ¢ TAaKHMH YCJIOBHSAMH
3ANCTAHMS BYIRAHOI€HHO-OCAA0YHBIX TONLL 3TOH NlenpeccHH B TOpPH3OHTaX
MpoHHLLaeMblxk lopon (Tydos, Ty(PonecyaHHKOB, NECUAHHKOB H [IP.) H B NOCH0#H-
HbIX 30Hax ApoGaeHus 06pasoBanHCch NoA3eMHbe GaCcCefiHbl HANOPHLIX PACT-
BOPOB, THIPABJHYECKH CBA3AHHBIX C TOBEPXHOCTHHIMH BOAAMH KpaeBbiX
yacTed AenpeccHH. 31ecb, MNO-BHAMMOMY, CyLIecTBOBajla MNPHHUHNHAILHO
Ta KE CXeMa {lepeMelleHHS pPacTBOPOB, KoTopas HabnonaeTca B paHoHax
COBPEMEHHOH BYJKAHHYECKOH H TMApPOTEpPMAJbHON AEATENbHOCTH, a TakxKe
B CNPECCHAX, BLITIONHEHHbBIX IPOAYKTAMH HEOTeH-YeTBEPTHYHOTO BYJKaHU3Ma.
[Tostomy MoOKHO npeanosaraTh, 4TO B NajeorHipoTepmanbHblX cHCTEMAax
APEBHHX BY/JIKAHHYECKHX AENPECCHH BEPOATHOCTh YHACTHH HHOHILTPALHOH-
HbIX BOJ B I'MAPOTEPMANbHOM Tpoliecce Gbl1a ropasjio Bbllle, Yem B APYTHX
renJOTHUECKHX YCAOBHAX. JTH CHCTEMbl, MO-BHAHMOMY, NOAydand GoJblIVIO
YacTb PACTBOPOB HE U3 NTYOHHHBIX HCTOUHHKOB, 4 M3 II0BEPXHOCTHLIX 061acTel
KpaeBhlX JOH.

B TakHux genpeccuaAx BYJKaHHYECKOTO NPOHCXOMK/IEHHS CO3TABATHCH YCNO0-
BHA A15 HPKYASILHH PACTBOPOB [0 NOCJOAHBIM NTPOHHULACMbIM 30HAM (KOJIIEK-
TOpaMm), 4To cnocoGCTBOBANO MHIPAllHH PACTBOPEHIIBIX B HHX KOMIOHEHTOB,
[Tpeanosaraercst, 470 ocobenHO BAaronpHATHBIE YCNOBHS B HHX HMEJIHCh
[ HHTEHCHBHONH MOOHJIM3AUUH W nepeMewlenus ypaua [119].

Bo-nepsuixX, ruaporepmabHas cHcTema rHApasaHyeckh Oblra CBs3aHa ¢
HHOHALTPAUHOHHBIMH BOLAMH, H HENPEPBLIBHO MHTABLIAACA HMH B KPaeBbIX
YyacTAX JAelpPeccHH, OTJHYA ach BHICOKHM OKHCJIHTE1bHO-BOCCTAHOBHTEIbHBIM
noTeHunanoM. B cuay pactBopsioiliell cnocoGHOCTH OHM MOTJIH OKHCJIAThL
H BLILLEJAUYHBATb yPaH NPAKTHYECKH U3 JI0OBIX NPHPOAHLIX CPell, ¢ KOTOPLIMH
pacTBOpPbLl B3dMMONEHCTBOBAIH HA CBOEM NYTH.

Bo-propsix, 6iarofapsa oco6EHHOCTAM LHPKYJAAILHH PACTBOPOB B 1peaenax
AenpeccHi no NoBepxXHOCTH HANNAaCTOBAHHSA MOPOA ITH PACTBOPHE Ha 3HAUH-
TeAbHLIX HHTEPBAJaxX CBOErO MYTH H IHTE]bHOE BPEMS HMEJH BO3MOMKHOCThL
pearnposath ¢ 3(QysuBaMu, oGoraweHHbiMu ypanom 1o (9—10) .10 %%,
monufigeHom — (1—8) - 107 *% n apyrumu s:1eMeHTaMH, @ HepeLKO H ¢ 0Ca1ou-
HbIMH [OPOAAMH, Cpelld KOTOPbIX BCTPEHAKITCH PA3HOCTH, OTJHYAKULHeCs
BHICOKUMH COep:KaHHAMH ypaHa, Kpome ToTo, B KpaessiX #acTax nenpeccHii
B UMPKYIALUKIO PACTBOPOB BOBNEKANHCH MOAIEMHBIC BO/LI, KOHTAKTHPOBARIIHE
¢ pas3pyllaBIIMMHCH MOPOAAMH KalbePHEIX IKCTPY3H#H WK TPpaHuTOB dyHia-
MEHTA, MOYTH BCeraa OTAHYABLIMMHCHA OTHOCHTEbHO NOBbILICHHBIMH KOHLEHT-
pauusmMu ypana — 6,2.107'%, moaubnena. Baarogaps stomy B ruapotep-
Ma/bHBIX CHCTEMAX BYJKAHHUGCKHX J€MPeccHi NPaKTHYECKH HEeDrpaHHYEHHbIe
M0 3anacaMm pacTBOPBl € BLICOKHM OKHCIHTENBLHLIM NOTEHUHANOM MOTIH
JMHTEeIbHOE BPEeMS BbILEJAUHBATL YpaH U3 GOJbIIHX Mace NOPOM, MePBHYHO
06Oramenubix 3THM MeTa/JI0M, KOTOPLLT HENPEPLIBHO HAKATIIHBAJICH B PACTRO-
pax, MOBHILAR HX KOHUEHTPAlHIO.

Bo MHOTHX Jenpecedsix, HMEWWHX CXOAHOe CTPOPHKE, BIOJHE peanbHa
NPHHUHNHAABHAR CXeMa [0CAe]0BATe/bHOCTH B3aUMOAEHCTBUA PACTBOPOB
¢ pas’HblMH THNAMH nopod. [Tpocaunpasich MO NPOHHLAEMBIM 30HAM MOCAOH-
HbIX Pa3PLIBHLIX HapylleHHil B TeueHHe NIHTE]bHOrO BPEMEHH, Ha Hanbomee
NIHHHOM OTPEIKE CBOET0o NIVTH PACTBOPLL B OCHOBAHUK [IEIIPECCHH BIAHMO-
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AeficTBOBAAH € [IOPOAAMH OCHOBHOIO H CPEIHEro cOCTaBd, HachIILAMHChH
K4/IbLLHEM, MarHHeM, MeJe30M, a B BEepPXHed uacTH paspesa JENPeccHH —
paccessHHLIMH KOMMOHEHTaMH, CBOHCTBEHHBIMH KHCILIM 3¢ Y3HBHBIM H OCa-
JIOYHLIM OTJIOXKEHHAM BYJKaHHYECKHX [elnpeccHil — ypaHom, moiauGieHom,
CBHHIOM, MBIIUBAKOM, Meablo, docdopom u ap. [19].

[lpusHakaMu B3aUMOLEHCTBHA PAacTBOPOB C MOPOAAMH fABJAACTCA HATHUHE
NOCJOHHBIX 30H OCBETJeHHS (C pa3BHTHEM CepHUHTa, KBaplia, aanbura,
[JIHHMCTBIX MHHEpPaJoB, OKHCJEHHOrO MHPHTa H T. 1.) W NOKpacHeuns (re-
MaTHTH3alHsA) NOPHCTHIX 3((Y3HBOB, IIHPOKIACTOB, NECHAHHKOB H IAPYIHX
MpoHHIaeMbiXx 1opod. K comxaneHHIo, aBTOpbl He NPHBOAAT KaKHX-THOO JaH-
HbIX, CBHETE/NbCTBYIOWHX O MPH3HAKAX BblLLeNayHBAHHA H3 11OPOL PYILHbLIX
KOMIIOHEHTOB, T. €. 00 yMeHbLIeHHH COACPKaHHH ypaHa H IPYTHX CONYTCTBYIO-
LIHX 3/JIeMEHTOB B TaKHX 30HaX.

KocBeHHBIMH TPH3HAKAMH Nepepacnpeaenelns GoHOBLIX CoJlepKaHnil ypa-
Ha BO BMELLAILULIHX BYJKAHOTEHHBIX MOPOAAX BOKPYT HEKOTOPBIX MECTOPOALE-
HHH H HX PYJOHOCHBIX 30H, ABJAIOTCH TaK HasbiBaemble «CyOQOHOBLIE» OPeolibl,
BbileasieMble B UX npenenax A. B. Kanuenem u ap. (1984 r.).

B pesyabrate M3ydeHHs CTATHCTHYCCKOR CTPYKTYPbl NOJEH KOHICHTpa-
LMK ypaHa B 30HAX MEPBHUHbLIX OPEOJIOB YPAHOBBIX MECTOPOMAEHHH C 1MO-
MOIILbIO MaTeMaTHYECKHX METOM0B aHajH3a o6UHPHOro GakTHYeCKoro mare-
pHana 1o raMma-kapoTaxy MOHCKOBbIX H pPa3BelOYHbIX CKBAAHH, ITHMH
aBTOpaMH OblIO YCTAHOBJEHO, 4TO!

Nnoas NepBHYHOR HEOLAHOPOAHOCTH pacnpeieedus GOHOBLIX KOHIEHTpa-
UH#A ypaHa B TOPHBIX MOPOAAX BOKPYT MECTOPOAKACHHA NpeTepneBalnT CyllecT-
BeHHble H3MEHEeHHS,

ITH H3MEHEeHHS (PHKCHPYIOTCA yyKe Ha 3HAYHTEJbHOM YIaJeHHH OT PYAHbIX
3aneKell H pacnpocTpPAHAIOTCA B BH/E LUHPOKHX 30H NPH Nepexoie ot 1o-
Jefl GoHOBBIX KOHUEHTPaUHi ypaHa (B HEH3MEHEHHbIX [10POLaX) K MEPBHUHBIM
(aHOMaJIbHBIM) OpeoJaM pPYAHbIX MEeCTOPOKIACHHH,

B pejenax TakHX 30H «CyO()OHOBBIX» OPEOJIOB COLEPAKAHHSA YpaHa B NOpo-
AaX COOTBETCTBYIOT B 1eJ1OM (DOHOBOMY YPOBHIO, a HEOAHOPOAHOCTbL pac-
npejeieHHs 9THX COAepP:KAHHI (AHCHEePCHA) SABJSETCH aHOMAJbHOH.

[TpeanonoxHTeNIbHO 3TH 30HBl PACCMATPHBAIOTCH ABTOPAMH KAaK BHEL-
HHEe 30Hbl MEepPBHYHOro (aHOMAa/bHOrO) Opeo/a paccesHHs, B KOTOPLIX Npo-
ueccbl nepepacnpejenedus ypaHa npeo6Jafana Hal MPoUECCaMH €ro Ha-
konseHua. OaHako npuapoia «cy6(hOHOBBIX OPEOJOB» OKA TOYHO HE YCTAHOB-
JleHa, He BbISICHEHb! MPHYHHLI HX 06PAa30BAHHA H CBA3b LAHHbBIX OPEOJIOB C ypa-
HOBOPY/IHBIM [IPOLECCOM, a TakKe ¢ MOBedeHHeM JPYrHX padHOdKTHBHBIX
H pyAHbix 3gemedToB. Mcexoas w3 storo, «cyGdoHOBbIE Opeo/bl» Heb3f
CUHTATh TEMH YYaCTKaMH, [/l NPOHCXOAHIa MOOHIH3aLLHSA ypaHa, B TO e Bpe-
MSl YUHTbIBAsl YCJOBHA (DOPMHPOBAHHA 3THX OpPEOJOB B pe3y/bTare LHPKY-
JALUHH THAPOTEPMANbHBLIX, BEpPHEE CMEllaHHBIX PacTBOPOB, MOMHO CleaaTb
BbIBO/bl, 4TO H3 BMELLAIOILHX MOPOA ypaH He BbIHOCHJICH, d TOJbKO Mnepe-
pacnpenensacs Ha mecte. Ha nonoGhoe nepepacnpejesieHHe NpH B3aHMo-
AeHCTBHH THAPOTEPMalbHbIX PAcTBOPOB ¢ MNOPOAAMH YKa3blBAlOT Takke
A. C. Murponoasckuid u ap. (1972, 1985 rr.).

Ananu3 paamellleHHs, CTPOCHHA W YCNOBHH 3ajeraHus 3oH «cyOGhOHOBLIX
OpeoJIoB» B pa3pese BYJKaHHYECKHX JleNPeccHi NMoKa3biBaeT, 4TO OHH Xapak-
TCPH3VIOTCA CACAVIONLHMH YePTAMU: @) IIUPOKHM PacrnpocTPpaHCHHEM Ha 110-
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1aniu paﬁoua, NpocaeHBasaACh B IlJldHe HEINPEPbIBHO Hd HECKOJbKO KM;|
6) B OCHOBHOM CYGropH3OHTA/JbHOH OPHUEHTHPOBKOH 3aJleraHusi, COrJacHoM
¢ HAMNACTOBAHHEM I1OPOJ H PA3BHTHEM [PEHMYILECTBEHHO CPeaH KHCJbIX
3G y3UBHBIX TOJIIL; B) B 1EJ0OM MHOTOAPYCHOM CTpPOEHHeM, 06YyCa0BJAEHHOM
FOpH3OHTaMH pPai3jaHuHO NPOHHIAeMBbIX NOPOA H NOACTHAQOWHX HX BOAOYNO-
poOB; r) MOJAYHHEHHBIM H JIOKAJIbHBIM PAa3BHTHEM KPYTONAlalOUIHX 30H «cy0-
$oHOBBIX OpeonoB» BOIH3H PA3JOMOB, IKCTPY3HBHBIX T€/l H KYIOJOB JHIapH-
TOB, KepJaoBblX 006pa3zoBaHuii, AaWKOBBLIX NOACOB, OCOOCHHO Y4acTKOB HX
coujieHeHHs. TakHe opeoiibl YCTaHOBAEHbL B pafioHe (WIIOOPHTOBBIX MECTOPOXK -
JIeHHH, KOTOpbIE ONpeLealoTca YCAOBHAMH 3a/1€raHus Pa3pbiBHLIX HAPYILLEHHH
H KOHTAKTOB pa3JHUHbIX MArMATHYECKHX MOPO; /1) HajJHUHeM YdacTKOB
nepexoia H pacnpocTpaHeHHs 30H «CyO(OHOBLIX» OPEOJOB H3 BYJKAHOIeHHbIX
NOpoA AenpeccHid B PAHHTOHAB PyHIAMEHTA.

Bee 3TH naHHblie O 1POCTPAHCTBEHHOM Pa3MEILEHHH M MONOKEHHH Ha-
JIOKEHHbIX (BTOPHYHbLIX) PAlHOrEOXHMHUECCKHX NOJIeH ypaHa Nno3poasior cjie-
JlaThb BLIBOA O TOM, UTO B Mpejefax BYJKAHOTeHHLIX TOMIL JEeNpeccHid,
rae GOPMHPOBANHCH PYAbl MOMKG/IEH-YPAHOBBIX MECTOPOMKIEHHH, Ha BecbMa
3HAYMTEJLHON NJIOLLAIH NPOHCXO/HJHN Npolecch nepepacnpenenedus Gono-
BbIX KOHIEHTpallMii ypaHa B nopoaax.

[Monyyennsle pe3yibTathl 06 YCJOBHAX 3djeraHus 30H cy6oHoBBIX ope-
0JI0B NOATBepxkAaloT npexcrasiexuss B. JI. Bapeykosa, H. I1. Jlaseposa
uoap. [119] He TONBKO O rHAPOAHHAMHUYCCKOM peXHME PacTBOPOB, LHPKY-
JHPOBABUIHX B BYNKAHOTEHHBIX TOJILAX, O HANPABIEHHH H MYTAX HX [ABHKEHHH,
HO TAKIKE H O TOM, 4TO B FHAPOTEPMATBLHOM YPAHOBOM Py1006pa3soBaHiu B npe-
Jlefax enpeccHd 3HAYHTENbHYIO POJb HIPAJH MAACTOBBIE HHPHIALTPAILHOHHbIE
BoAbl. B KauecTBe ryaBHBIX PACTBOPONPOBOAALLUX CHCTEM 3/1€Ch CJYKHIH
npoHHULaeMble Ty(oreHHble Mopobl H HecyaHHKH. Bonpoc o noctynaenun B sty
CHCTEMY IOBEHH/IbHBIX PACTBOPOB H MMOTOKOB TeM/Ja OKOHYATeNLHO He Obll pe-
LeH U NoToMy ABAsANCA cnopHbiM. [lanubie, nonyuenusie A. B. Kanuenem u ap.,
1103BOJIHAH HAMETHTb BO3MOMKHBIE TMYTH NOCTYIJIEHHS PACTBOPOB 10 pasjioMam
H3 (yHIaMeHTa B BYJKaHOTeHHble MOpoAbl penpeccuit. B 31oM oTHoueHHH
Mo NpsAMbIM H KOCBEHHbIM NMPH3HAKAM (BblepAKaHHbIE H MOLILHbIE 30HBI «Cy6-
(hOHOBBIX» OpPEOJIOB B IPAHMTOHAAX (DYHAAMEHTa H YYaCTKH MaKCHMalbHOH
MOLLLHOCTH MX B [10JIOFOM 3ajeralHH Hapsay ¢ KPyTonaialouluMH 30HAMH
B BYJKaHOT@HHBIX TOJILAX JENPEcCHH) OTYETJHBO BbUIESIOTCA pasBUTbie B
paiioHe (IDOPHTOBBIE MECTOPONJLEHHA B 30HAX KPYIIHBIX PA3JIOMOB.

B To ke Bpems, kak oTMedanoch Bolle, «cy0(OHOBBIE» OPEOJILI [IpeICTaB-
A10T co60# 30HbI epepacnpeieeHns ypaHa, CpelHHe COLepPKalua KOTOPOro
OCTAIOTCH PAKTHYECKH HA TOM e ypoBHe. B HHX He TOJIbKO He yeTaHaBAMBA-
eTcsl OULYTHMBIX [PH3HAKOB BLIHOCA MeTaja, HO jJa)e Hepenko Habuawona-
IOTCA HEKOTOPOC YBEJNHYCHHE PAlHOAKTHBHOCTH. PacueThl MnoKasaJH, 4To
cpejlHee 3HauyeHWe PaJHOaKTHBHOCTH [M0OpoA B npejnenax «cy6goHOBLIX
OpeosioB» HECKOJNbKO Bblllle, 4YeM CpejlHee 3HaueHHe HaTypajdbHoro ¢oHa
pasHOaKTHBHOCTH B 3G (Y3HBHLIX NOPOAAX 3a MpeefaMH MeCTOPOXK/ICHHH.
Orciona caegyer BaxHbIH BbLIBOA: ec/H «CyGhOHOBbIE Opeo/bl» OTPaKaloT
MYTH WHPKYJAALHH PYJLOHOCHLIX PACTBOPOB, TO MOKHO YBEPEHHO YTBEPKIATb,
YTO HAa H3YUEHHBLIX HHTEPBAAAaX BO BMELLAIOULIHX MOPOAAaX HE YCTAHABIMBACTCH
NPU3HAKOB BLIHOCA ypaHa.

JI. H. Watkosa u I'. A. WaTtkos (1973 r.), NpOBOMAHBIIKE PAHOTEOXHMHYC-



CKHE HCCJIeOBAHMA B MpejlenaX HEKOTOPbIX YPAaHOBOPYAHLIX MNPOBHHILHH
BbICKA3d/lH MHEHHE O TOM, YTO HCTOUHHKOM PYAHOTO BellecTBa IS YPAaHOBLIX
MECTOPOXKAEHHH, 3a/eralolulnX B BYJKAHOTeHHBIX TOMULAX NenpeccHH, Mor/u
CAYHKHTE CaMH KHCAble 3y3HBBl elle B Npolecce HX PACKPHCTANIH3ALHKH.
[To naHHbiM 3THX ABTOPOB, lpouece AeBHTPHPHKAUHH («heb3HTHIALHHS )
KHC/IBIX MarMaTHYeCKHX PaclaBoB B NOBEPXHOCTHBIX YC/JIOBHAX COMPOBOK-
nancsi BBIHOCOM ypana, moanGaeHa, GTopa, xnopa, 6epuanus, uepus. [To ux
noacyeTaM, u3 | KM’ CTEKI0BATHIX HTHHMODHTOB C MOBbILLIEHHBIMH ME€PBHYHBIMH
KOHIECHTPalHAMH ypaHa — 10 (18—24).107'% no mepe npespaulenus ux
B (enb3nThl, coaepxkawux ypana yme (10—13)-107%9%, sbiHOCHIOCH
10 20—25 Thic. T MeTaaaa. ABTOpbl NPeLNoaaraloT, UTo nepeornarascs B 6Ja-
FONPHATHLIX FEOJOTHUECKHX YCJOBHSX, YPaH BNOJHe MOT C(hopMHPOBATH PYI-
Hble 3a/1€XKH B NpejesiaX 3THX Ke BYJKaHOreHHbIx Tomul [123].

Ywmenbiienne (Ha 35—70%) conep:xanus ypana, TOPHA H APYTHX 3/eMeH-
TOB B Npoliecce PacKpHCTAMIH3AUNWY CTEKAOBATHIX pa3HoBHaHocTed 3hdysn-
BOB MOATBepx)aeHo Hccaegosanuamu b, M. Ceasuosa, I1. C. Kosaosos
u ap. [90] B npenenax ananoruuuslx aenpeccuit. Kpome Toro, iMH yctadosne-
HO, YTO B MpouUecce MOCACAYIOULeH NOCTMArMaTHUYeCKOR TrHAPOTEpPManbHOH
LEATENLHOCTH B Pe3yJbTaTe KHCJAOTHOrO BHILETAUHBAHHA W 3aMelleHHS
BYJKAHHYECKHX CTEKOJ (NMepJuTOB), MOHTMOPHIIOHHTOM TaK:Ke [TPOHCXOLHAO0
H3BJEYEeHHe M3 NMOPoJ ypaHa HH3KOTeMNepaTyPHbIMH PACTBOPAMH.

OnHdko, N0 MHEHHIO ITHX AaBTOPOB, ofpasoBaHHe NPOMBILIIEHHLIX THAPO-
TepMaJ/bHbIX YPAHOBBIX MECTOPOMKACHHN noaoOHLIM cnocobom, npeacTasls-
eTCs  MaJoBEPOATHLIM, [OCKOJALKY HA MEeCTOPOMK/ICHHAX, JOKAaJIH30BAHHLIX
B BYJKAHOTrEHHBIX [AENPECCHAX, CKOMJIEHHS THIHUHLIX 3HAOTeHHBIX ypaH-(aio-
OPHTOBBLIX PY/l 3aJ1eraloT HepeiKo He TOALKO B BYJIKAHHTAX, HO H B FPAHHTOH1aX
W ApYrux nopojax gyuaamenta. K Tomy ke OHH cpOpMHPOBAJHCL ropasio
Mo3/Hee NpoueccoB AeBHTPH(pHKALHH 3 PYy3HBOB H M3 BOCXOAALLHX THAPO-
TepMajbHbIX PacTBOPOB.

B 1O xe Bpemsi, 1o MHEHWIO 3THX aBTOPOB, ypaH, 0cBoGOMKAaBIIHHCA
NPH NeBHTPH(IMKALHK KHCABIX 3(hY3HBOB, a TAKKe BO BPeMs MOCTBYJKaHH-
uecko# yMapoibHO-colbaTapHO# ACATENLHOCTH H [TOCTYNABLIHA B MOBEpX-
HOCTHbIE BO/Jbl, MOT CO3/1aBdTb B COCEJHHX YIJEHOCHBIX BllagHHAX HA BOCCTA-
HOBHTEJIbHBIX Gapbepax 3MHTeHeTHYECKHe MeCTOPOKIeHHS.

Cnenyer oTMETHTbL, UTO YNOMSHYTHIe Bblle aBTOPH, 6a3upysich ha npen-
CTaBJEHHSIX O [OJHIeHHOM MPOHCXOXKIeHHH DYAHOTO BellecTBa B THApoTep-
MaJbHBIX PACTBOpAaX, PacCMATPHBAKT B CBOMX paboTax BMelLawllHe Mopo/ibl
KdK OIHH M3 BO3MOMKHBIX JOMOJHHTE/IbHBIX HCTOYHHKOB ypaHa. BmecTte ¢ Tem
OHH [10J1araf0T, YTO OCHOBHAA Macca ypaHa B PacTBOpax HMmejaa 3HAOTEHHOE
NPOHCXOK IEHHE.

Takum 06pa3oM, KHC/ble H3BEP:KEHHble MOPOAbI (yXe rocae Kpuertan-
JIH3ALUHH MarMmbl) MOTJIH CJYKHTb JOMNOJHHTEbHLIM HCTOYHHKOM ypaHa aas
MHHEDA/H30BAHHbIX pacTBOpPOB. [IpHpPOAHbIE FeOXHMHYECKHe MOdedH MOOH-
JIH3aUUHH W MHTpAalHH 3TOr0 3JeMCHTa MOrJH c03/14BaThCcA B pE3yﬂhT8Te
nepekpHeTanan3auny 3G y3HBOB KK BO3/1eHCTBHS nocaeayouux dymaposb-
HO-cONbGATAPHBIX, FHAPOTEPMAbLHBIX H THIEPTeHHbIX NPOUECCOB HAa ByJKa-
HHTbI HJIH TPAHHTHI. OIIHF!KO BO3MOKHOCTH Q)OPMHPOBaHHﬂ NPOMbBILLIJIEHHBIX
KOHUIEHTPAUHHA ypana B 3THX padoHax o06yc/JOBJeHbl MHOTHMH JDYTHMH
H01eC BAKHLIMH TEONOrHUeCKHMH thKTODﬂMH,



ﬁqu‘?ﬂﬂbteli geaepoduc.‘rme cAarybt KaxK odun w3 BCPOATREIY UCTOYHUKOS
ypawa. B HEKOTOPbIX YPAHOBOPYAHLIX [MPOBHHIMAX Najle030HCKHX CKal-
4aThiX o6nacTed pasBuThl cpoeobpaisnbie cTpaTHdopmuble, cOGCTBEHHO ypa-
HOBBIE HJIH BaHaAHH-YPAHOBbIE MECTOPOMKACHHSA AHCNEPCHBIX META0CMaTHYeC:
KHX H IPOKHJIKOBOBKPAIJIEHHbIX PY/, NPOMbIL/IEHHbIE KOHIEHTPALUKH KOTOPBIX
MPOCTPAHCTBEHHO CBA3dHbl C TCOXHMHYECKH CHEelHaJH3HPOBAHHbIMH [OPO-
laMH  yriepoancToil (GopmaurH HHxkHero najeosod. B cocennux paiionax
TAKHX TPOBHHILMH paclpoCTPaHEHbl TAKXKe THIHUHBIE THAPOTEPMAaabHbLIE
MECTOPOXK/AEHHSl ypaHa W JPYTHX MeTanloB, KOTOpPble HepeaKo 3aneraioT
CpellH Tex e JHTOJOro-CTpaTHrpapuueckHX KOMILIEKCOB MOPOA, HO Npo-
CTPAHCTBEHHO CBA3aHbl C NO3/AHENaNe030HCKHMH rpandToniamu. He toabko
HCTOYHHK PYAHOTO BellecTBa, HO H MPOHCXOAKAEHHE MHOTHX MECTODOKICHHI,
OCTAlOTCA HE BBISICHEHHbIMH, MO3TOMY SIBJAIOTCA MPEAMETOM LIHTEJALHOH H
OCTPOH AHCKYycCHH cpedH reonoros. Oco60 CNOXKHOH H CNOPHOH npeacTas-
asetcs npobjaemMa HCTOYHHKA ypaHa M reHe3dWca CTPaTHHOPMHBIX ypaHOBbIX
MEeCTOPOKAEeHHH, JTOKANH30BAHHLIX B YEPHOCAAHIEBbIX TOMNIAX. ITH JAHCKYC-
CHOHHbIE BONPOCH! CAOKHONH npobjeMbl ypaHOBOro pyloo6Gpa3oBaHus B TAKHX
BMELLAIOUIHX MOPOLaX HEOLHOKPAaTHO oGCylaiuch B newatw (22, 23, 27,
56, 97].

Muorie mccaeposateny, uayuasiime nojaobubie cTPaTHHOPMHLIC MECTO-
POMIAEHHA B PA3HLIX NPOBMHUHMAX, NPHULIH K BLIBOLY, 4TO HCTOYHHKOM
OPYAEHEHHST CJAYKHAH MAJOMOLLHbIE (LECATKH METPOB) FOPH3OHTHI yriepo-
JIHCTbIX CJaHUEeB, XapaKTepH3yl0UJ.HXCﬂ NOBbIWIEHHbIM TFEOXHMHUYECKHM ¢)0'
HoM ypana — ot (10—15) no (20—30)-107'% — u praa conyTcTBYIOUIHX
sjemeHToB. B KauecTse 10Ka3aTeNbCTB NPeaCTABAEHHA O JIOKAJILHOM HCTOY-
HHKE yPaHa HMH NPUBOAHJIHCH (PaKThl TECHOH MPOCTPAHCTBEHHON CBA3H MECTO-
POKAEHHIH H FEOXHMHUECKOe POACTBO PYAHLIX 06pPa30BaHHi C OTJIOKEHHAMH
3TOoH QOpMALHK, OTUETJIHBAS YPAHOBAA CMELHANH3AUHA BMEllaloKX Mopol,
a Takme cTpaTHhopMHbI (nanactoobpasublii) xapakTep pydHbIX 3ajexed,
MHHEPAJIOro-re0OXH MHUeCKHe HX 0COBEHHOCTH M NPH3HAKH 4ACTHYHOIO BbIHOCA
ypaHa B yCNOBHAX KHCJIOTHOTO BbillenadkBanus. B pasHoe BpeMs BbIABHraJ-
Cfl Pa3JHUHBIA MeXaHH3M MOOGHJIH3AUHH ypaHa M3 BMEULAIOUIHX NOpo: JH6o
meTamMopgoreHHblit, AH60 rHnepreHHbid, U600 NOJHreHHbIH.

Bb. B. l'oay6es (1980 r.) u ApyrHe Mcc/ea0BATE/H, H3yuyaBlIHe BaHa/H#-
YpaHOBblE MECTOPOKACHHA, BTOPHYHbIE CJIONKOBLIE PYyAbl KOTOpLIX 3ane-
raioT B YrA€pOAHCTO-CJAHUEBONH ToJlle H HAXOAATCSH B 30HC ME3030HCKOM
KOPbI BLIBETPHBAHHKA, NPHLIH K BLIBOLY, 4TO HCTOYHHKOM PYHBIX KOMIOHEH-
TOB CAYKHAH CaMH YIJIEPOJAHCTBIC TOPOALI H NPOAYKTH HX XHMHUECKO#H
AE3HHTErpauunu.

Kak yxe oTmeuasoch, HekoTopwie ucecaeposatead (A. W. Tyrapunos,
[ B. Haymos, H. [1. Epmonacs u ap.) cuMTalOT, 4TO HCTOUHHKOM OpYaeHe-
HHSI HE TOJBKO CTPAaTHPOPMHBLIX, HO M [HAPOTEPMAJbHBIX KHIBHLIX MECTO-
POMKACHHI ypaHA TakmKe MOTIH CAYAHTH MAJTOMOULHbIE TOPH3OHTHI yIIepo-
JIMCTBIX C/IaHLEB HHAKHETO Naleo308 HIH BEPXHEro NpoTepo3os, OTAHYaoLHX-
CS1 MIOBbILIEHHbIM TEOXHMHYECKHM (POHOM ypaHa v CONYTCTBYIOULHX 3J16MEHTOB,
Ha ocHoBaHuH PanHOreOXHMHUYCCKHX, MHHEPANOro-reOXHMHUYECKHX H TepMO-
GapOMETPHYECKHX, a TAKMKe IKCMePHMEHTAIBLHLIN AdHHLIX OHH NPHXOAAT K
BLIBOJY, UTO 3HAYMTEJNbLHASsi 4acTb YpaHa, COolepraulerocss B YriepoaHCThiX
CAAHIAX MOTJa HIRAEKaTbes KapOOHATHBIMU (COLOBRIMH) PAacTROpPaMH.



[MpusHakn MoGHANZAUHH YpaHa H CONYTCTBYIOUIMX KOMIOHEHTOB H3 YIJe-
POMAMCTBLIX CJAAHIEB, d TAKKE CJ€/bl BO3MOKHOH MHIpalKM 3THX 3JeMEHTOB
B PA3HYHON NPUPOIHOH 06CTAHOBKE OTMEYAIOTCA MHOTHMH aBTopamu. HauGo-
Jee OTHETJIHBO 3TH TIPH3HAKH YCTAHABIHBAIOTCHA B PHIIOBEPXHOCTHLIX THIEP-
reHHbIX YCJOBHAX, Ile MH(HUABTPALHOHHBIE BOAbI B PE3yjbTaTe OKHCIEHHA
MHPHTOHOCHKIX YIJIEPOAHCTHIX NOPO/L HMEJIH CEPHOKHCABIH cocTap ¢ HH3kuM pH
H BBICOKHM OKHCJIUTE/IbHO-BOCCTAHOBHTE/BHLIM MOTEHIHAIOM, H MT03TOMY OblLIH
CMoCoGHBl BBILLEIAUHBATL H3 MOPOL MHOTHE PYAHbIE EMEHTH, B TOM YHCje
ypaH. B npeo6pa3oBaHHbIX Pa3HBIMH 3MHTEHETHUECKHMH NIPOLLECCAMH NOPOaaX
[MOBLILIAETCA J0JISE «NOJBHMKHOH» (POPMbI ypaHa.

B peayabrate uayueHnus pacnpeneeHus KOHLEHTPAIMi PYAHLIX 31eMeHTOB
Mo paspe3y BMELLAUIHX 0PO/L MPOLYKTHBHOH NauKK YEPHOCAAHUEBOH TOMIILH
HHMKHErO Majseo3od B npejlenax ypaHoBbiXx MectopoxaeHuit P. B, leueo# u
A.A. [leparudbiv [23] ycTaHoBaeHo, 4To BOJIU3HW HHKHel cTpaTHrpadiueckoi
rpaHulbl  (HO OOBIYHO TEKTOHHUECKH HAPYUIEHHOH) [FOPH3OHTA YIIHCTBIX
KPEMHHCTO-TIHHHCTHIX CJaHles HabI01daeTesl HeKOTOPOE NOKalbHoe o6elHe-
HHE [IOPOJl YPAHOM, & Takxe Me/bio, HHKeJeM, CBHHIOM, MOJHGAeHOM, BaHa-
JHeM M PYrHMH 3JeMeHTaMH MPH OJHOBPEMEHHOM He3HauHTeabHOM obora-
ULEHHH MMM NOJCTHAAIUHX FIHHHCTO-CAKAKCTBIX cnaHueB. Ha 3tom ocHo-
BAaHHHW HMH Obl]1 CleJlaH BLIBOL O TOM, H4TO OTMEUEHHbIC pPYIAHbIE 3IJIEMEHTHI
MHTPHPOBAJIH H3 €UEPHBIX» CAHUEB C BLICOKHM FeOXHMHUECKHUM GOHOM ypana
H CONYTCTBYIOUHX 3JIEMEHTOB B MOACTHAAIONUIHE YINEPOACOAEPKALLHE VK-
HHCTO-CJIOAHCTHIE CJaHUbl ¢ GIH3KHMH K KNapKoBhiM cojepxannamu. Ilo nx
MHEHHI0, TaKaa o6llasi HANPABAEHHOCTH MHTDALHK H NEPEOTNOKEHHs YPaHa
B 1e0M OOBLACHAET 3aKOHOMEPHYIO MPHYPOYEHHOCTH YPAHOBOTO OPYIEHEHHS
MECTOPOXAEHHH K NOPOAAM NPHKOHTAKTOBOH HaCTH KPOBJH NOACTHJAIONLEH
TOJILH H OTCYTCTBHE OPY/EHEHH HA ITHX YYaCTKax B Bblllesexallnx yrie-
POAHCTBIX CcjaaHuax. AHaJIOI‘HLlHaFI MHIpAUHA TeX XKe CaMblX PYIAHbIX B..HQMEH-
TOB, @ TaKKe OPraHHYeCcKOro BELLeCTBA M3 «UYepPHLIX» ClaHUeB YCTaHaBJIH-
BAETCA B 3a/1eralollHX CPejild HHX CHINax AHaba3oB. ABTOpBI CBA3BLIBANH ITY
MHTPAUHI0 ¢ TNPOABJEHHAMH MPOLUECCOB PErHOHANLHONO MeTaMmopgu3Ma B
3MOXY repuHHckoil ckaaavatoctH. ONHAKO ClAELYET 3dMETHTh, YTO onpobo-
BaHHe [0POL (POBOAHJIOCH HA CpaBHHTeabHO Heboapuwnx (120—180 m) or
JIHEBHOH NOBEPXHOCTH riyGHHAX, T. €. B 30HEe BJMAHHA THIEPreHHbIX Npo-
1eccos.

P. B. I'euesa u A. A. Jlepsirun (1963 r.) oTMeuasiu, uTo OTHOCHTEAbHAA
cTenedb MOGHAH3ALHH H KOHUEHTPAILHH pacCesiHHbIX B YepHOCJaHIeBOH
TOJILLE 3/IeMEHTOB HE 3aBHCAT OT MX couepxkanus B nopopax. [lTo crenenn
MOOHJILHOCTH B npolecce MHrpauuHd H CcnocoOHOCTH K KOHUEHTPAaUHH HMH
BbleJeHbl TPH psafa (rpynnsl): | — Becoma mobHabHbIE — ypaH, Moanbied,
Me/lb, CBHHEll, HHKEJb, BO3MOMXHO MbIIbLAK H CypbMma; 2 — MOOGH/IbHbIE —
Gepuaaunit, kobaast, cepebpo, UHHK, BaHaANH, IHPKOHHHA, 3 — OTHOCHTEJNBHO
HHEPTHbIE — GAapHH, THTAH, CTPOHIHH, XpoMm,

Oﬂ.HaKO CJel0B MHTpPauHH OTMEUYEHHbIX MaJiblX 3JIEMEHTOB B PAHHHX
NPOAYKTAX METAMOP(hH3IMa (KBAPL-C/MIOAHCTBIX H CYAb(HUAHBIX CTAMEHHSX,
CBHAAX H T. M.), KAK Y€ OTME4asoCh, ITHMH HCCJAEL0BATENAMH HHUILE He
YCTAHOBJIEHO, 4 B MOHOMHHepPa/bHbIX pPAHHHX H JAOPYIAHBLIX H[]BOOG[)H.’}OBH'
HHAX (M(‘THKPHL‘THJIJ!EIX [THpUTA, NMPOXKHIKAX KBapla4a, KHPGUHHTOB, CTHKE-
HHAX MAPKH3HTA, MEIbHHKOBHTA H le.] FNEMEHTHI-UPUMECH NPAKTHYECCKH
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otcyTeTBYIOT. Tem He Menee HalHuMe B Pyax MeCTOPOMX/IeHHH CyabdHioB H
APCEHHIOB Xene3a, Me/lH, HHKeiA H KobanbTa, a TakxKe NpomH/IKoB GapuTa
H p. OHH OOBACHAKT MHrpauHed pyaHbIX 3/1€MeHTOB W3 nHaba3zos.

Kak 6bli0 NOKa3aHo AeTajbHbIMH TE0JOr0-CTPYKTYPHBIMH H MHHEpa/Io-
rHuYecKUMH HeesenoBauusimu |27, 56, 97| ypanoBoe opyaeHeHHe cTpaTHHOPM-
HbIX MECTOPOMEHHH 3TOrO THNA SBJAAETCS NOJMXPOHHLIM, (DOPMHPOBAIOCH
HEOAHOKPATHO H TOPA3]0 MO3/HEE NPOABJIEHHA MNPOIECCOB PErHOHANLHOrO
HH3KOTEMNEepaTypHOro mMeTamopdHamMa BMellalollHX MOPoJL B OpOreHHble
3Tanbl W 3MOXH akTHBH3auHH. [109TOMY ypaHoHOCHBIE PACTBOPLI, M3 KOTO-
pbix 06pa3oBajiHChL NPOMbILJIEHHBle Pydbl, He Moriu Obite MeTamopdored-
HBIMH, KaK yme FoBOPHJIOCH, CKOPee BCero MEepBHYHBIE PYAbl WMENH THLPO-
TepMa/ibHbIH reHe3uc, a 3aTem NpeTeplesnd THIepreHHbie npeoGpa3oBaHus.
Bonpoc HCTOYHHKA MeTamia ABAsETCA ropa3fo 6Gojee CAOKHbLIM H OKOH-
yaTebHO He BhificHeHHbIM. OQHAKO perHoHaNbHBIA MeTasloreHHYeCKHi ana-
JIM3 H 33KOHOMEDHOCTH DPA3MELIeHHs] 3THX MeCTOPOXKeHHH CBHAETENbCTRYIOT
O TOM, UTO JIOKAJbHBIM HCTOYHHKOM HX TPOHCXOMK/IEHHA OOBACHUTH HeNb3f.

B nocaennee Bpems HEKOTOpble HCCJeNOBaTe/]H BbICKa3blBalT coobpa-
MEHHA O THNEPreHHOM [MPOHCXOMIEHHH OPY/ICHEHHA 3a c4eT BMellaloULHX
nopoi. Pesyabrarel uccnenosanuit (M. T1. Ceprees w ap., 1986 r.), Bbi-
MOJHEHHBIX HAa MECTOPOK/AEHHAX H B palioHe, MOKa3alH, UTO B [PHIOBEpPX-
HOCTHBIX yc10BHAX (10 rny6unbl 20—30 M) no/ Bo3neACTBHEM Pa3HOBO3pacT-
Hb(X CHMEPreHHbIX TPOLLECCOB (B TOM YHCAE KOPbl BbIBETPHBAHHRA) H3 YIJIHCTHIX
C/1aHILeB TIPOHCXOJNT YacTHYHbIA — 10 25—509% — BbIHOC ypaHa M MHOTHX
conyrerBylounx saementos (Cu, Zn, Co, Ni, Mo, As, Ag, Ba u ap.).

C ray6unoit uepea moutnylo (100—180 M) nepexoaHyo 30HY ¢ KOHTPACTHO
auddepeHlHPOBAHHBIMH COAEPKAHUAMH (NOBBLILICHHONR AMCNEepPcHeR) 3THX
3/€MeHTOB YIJIEPOLHCThIE CJaHIlbl CMEHAKTCA NPAKTHUECKH (KPOMe OT/eb-
HblX MPHPAa3JOMHBIX 30}]) HeHU3MEHHbIMH THNOepreHesomM mnopojlamMd, B KO-
TOpbLIX COJAEPIKAHHA ypaHa COOTBETCTBYeT HanGonee BuicOKoMy — (25—30) -
-107*% — B pailone reoxumuHueckomy Qomuy.

[MpuBenennsle gaHHble ABJAAIOTCS BECLMA HETOMHBLIMH H OPHEHTHPOBOY-
HBLIMH H MOTYT 3aBUCETb OT MHOTHX NPHYHH, 4 (DOHOBble COLEPKAHHA B PaHoHe
sipHo 3aBbiiedbl. [To nanusim C. @. Buuokyposa (1980 r.), oHH coctas-
asor 15—20-10749%. 370 CBHAETENBCTBYET O TOM, YTO YpaH W HeKOTOpble
COI[yTCTByIOllJ.He 3J1eMEeHThl B 06CTAHOBKE KHCJOTHOrO BbILLEJIAYHBAHHA, B TOM
YHCJIe H THIEPreHHbIX YCAOBHAX, HACTHYHO W JIOKATbHO NePeXoiH/IH B NONBH K-
HY10 JOPMY H MOIJIH BLIHOCHTBCH M3 «uepHBIX» caanues. Janbhefas cyanba
HX H YCJOBHSA MHI"an.HH B MOA3eMHBIX BOLAX HJIH ﬂ.pyrﬁx pachopax coBep-
IEHHO He BLIAACHEHbl M HE WCK/IIOYEHA BO3MOMHOCThL MOJHOr0 pacceHBaHus,
0 ueM CBHAETEJNLCTBYIOT NOBHIIEHHBIE CONePXKAaHWA ypaHa B KpacHOUBeTax.
Onu MOMIH CJAYMHTL JOMOTHHTENbHBIM, HO HHKAK HE TJIaBHBIM HCTOUHHKOM
ypaHa B pactBopax, chOpMHPOBABIUHX PY/AHbBIE 2YJeKH ITHX MECTOPOXKACHHH.

Kak y#e oTMeuanoch, cyas N0 MHOTOYHCJAEHHBIM eOJIOTHYeCKHM H MHHe-
paJorHYeckHM JaHHbIM, 3TH MECTOPOMICHHA OGBIMHO OTHOCHAT K «IIOJIHreH-
HbIM», IEPBHUYHbIE (HACTYpaHoBble, KOPHHHHTOBLIE H JIP.) PYAbl KOTOPLIX OblJH
o6pa3oBaHbl B pe3yabTare MPOABICHHS THAPOTEPMATbHOA NeATeNLHOCTH H
jdaremM B MPHITOBEPXHOCTHLIX yc.ﬂmmﬂx f'i'ep(‘OTJIOH(C'Hbl rHiepreéHHbIMH Npo-
neccamu. Ilpw 3Tom ocHoBHAsi QoAsi ypaHa O6blla NPHBHECEHA BOCXO/LS-
NIWMH THIPOTEPMATbHBIMH DYAHBIMH PACTBOPAMH CHH3Y H JHIIb HHUTOXKHAH
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4acTb, B 3aBHCHMOCTH OT NyTeH HX LMPKYJAUHH, NO-BHAKMOMY, Morjaa GuiTh
3AHMCTBOBAHA H3 BMEULAIUIHX NOPOA.

Taxkum o6pa3om, paccMOTpeHHe BONPOCOB, CBA3AHHbIX € BO3MOKHOK Moba-
JH3alHel ypaHa H3 pasiHUHbIX YPAHOHOCHbIX FOPHBLIX NOPOA 1OA BO3AEHCT-
BHEM THAPOTEPMAJIbLHbIX HJH THNEPreHHbIX MNpoLleccoB, a TaKXKE€ aHaau3
reoJIOrHYeCKHX MAaTepHasoB [0 3aKOHOMEPHOCTAM pa3MelleHHs ypaHOoBbIX
MECTOPOKAEHHH PA3HBIX THIOB, NPOCTPAHCTBEHHO ACCOLLHHPYIOULHX C TAKHMH
MOpOLAMH, AHAJH3 PaJHOrCOXHMHUYECKHX JIaHHBIX M FHAPOLHHAMHKH PYJO-
o6pa3yollHX PacTBOPOB (O3BONALT CAENATh CAEAYIOUIHE BHIBOIbI:

. l'eoxumuueckana Mofe/]b MOGHIH3ALMHM ypaHA M3 Pa3JIHUHLIX ypaHo-
HOCHBbIX MOPOA, HENOCPEACTBEHHO BMELLAIOUHX MeCTOPONKACHHA, OYeBHIHO,
CYULeCTBYET B l]pHpOﬂ.E. OIIHHKO. dHA/H3 KOHKPETHbIX TreOIOrH4YeCKHX YCJ10-
BHIl M BpemeHH (OPMHPOBAHHA OpYILEeHEeHWS YPAHOBbIX MECTOPOMIAeHHH mo-
Kd3blBAET, 4TO 3Ta MOAEAb AAJEKO He BCErjla HMena npsamMoe OTHOLIeHHe K
npoueccam pynoo6pa3osania. Bo3aMOKHOCTH M [0S yuyacTHA 3KCTparupo-
BAHHOIO YpaHa B CO3JlaHHH PYIOHOCHBLIX PACTBOPOB OblIH HacTo BecbMa
OrpaHHyeHbl, a BPEMA HX MPaBJeHHH He COBMajaaso.

2. Ponb H 3HavyeHHe (HIBTPALLHOHHOIO HCTOUHHKA PYLHOTO BellecTBd
OAHKHER MOOHAH3AUHH, T. € 3aMMCTBOBAHHE YPaHA M3 PasJHUHbIX ypaHo-
HOCHBIX MOPO/l, HENOCPEACTBEHHO BMELLAlOULHX MEeCTOPOKIEeHHH, 3aBHCeNH
OT MHOTMX MPHYHH H KOHKPETHbIX [eOJOrH4ecKHX YcjaoBMi — 006beMoB H
YCJOBHH 3ajieraHusi 3THX [OPOA, KOJNHUYEcTBa (conepxaHHus) W (opmbl Ha-
XOX/IEHHA B HHX MeTanna, nyred HanpapBieHHA H CKOPOCTH [ABHKCHHA
pacTBOpOB, HX COCTaBa (arpecCHBHOCTH).

3. B ypaHoHOCHBIX pY/LOBMEILLAWLIHX MOPOAAX (MeTaMOP(HYECKHX H
YJAbTPaMeTaMOP(HYECKHX TOMLAX, FPAHHTOHAAX, BYJKAHHTAX, YIJIePONLHCTDIX
CJAaHLAx H Ap.), XapaKTepPH3YIOULHXCA MOBbIILEHHbIMH KOHILEHTPALHAMH YpaHa
H 6ONbLIOA N0J1eH ero «NOABHAKHOH QOpPMbI» NPH MPOABJIEHHH MHAPOTEPMAIb-
HbIX MJH THNEPreHHBIX npoueccoB (B GJaronpHATHbIX CTPYKTYPHBLIX YCJ0-
BHAX, B COOTBETCTBYIOILEH (HIHKO-XHMHUECKOH OOCTAHOBKE W MPH BbICOKOH
pacTBOPAILEH CMOCOGHOCTH PAacTBOPOB) NPOHCXOAWNA YACTHUHAR, HHOrLA
3HAauHTe/NbHasi, HO JIOKAJbHasi MHIPalHa MeTaajla ¢ o6pa3’OBaHHEM LIHPO-
KHX H NPOTAKEHHbIX 30H nepepacnpeﬂe.neﬂﬂﬂ HJIH BblHOCa €ro. OHHEKO no
YCJAOBHAM 3aJleraHus (PasMellenun) TaKHX MOPOL HA NYTH JBHKEHHA pacTBo-
poB H cBOeMy oOGbeMY, d TAKKE [0 BPEMEHH YDAHOBOro pyAooGpa3soBaHHs
OHH [1aJIeKO HE BCEr4a MOrJiH 0BYCAOBHTL HIH IPHHHUMATDL YUacTHE B CO3/LAHHH
YPAHOHOCHOCTH PYIHBIX PacTBOPOB.

4. Bmewlaoulie nopoabl, Nae BbiCOKOYPaHOHOCHLIE (FPAHHTH3IUPOBAH-
Hble MOPOAbl, PPAHUTBI, YTrJIEpOAHCTble CAdHUbl H Jp.), CpeiH KOTOpbIX He-
NOCPENCTBEHHO JIOKAJIH3YIOTCH YPAHOBLIE MECTOPOMKICHHA PA3HbIX THIOB B
WENOM KaK 1paBHIo, He MMENH CYUWECTBEHHOro 3HauyeHusi B o6pa3oBaHuu
PYZLOHOCHBIX PAcTBOPOB, C(POPMHPOBABLIKX NPOMBILIJIEHHBIE YPAHOBOE OpyIle-
HEHHE, T. €, pONb QHUABTPAUHOHHOrO HCTOYHHKA PYAHOro BelllecTBa G/HmHel
MOOH/IH3aUKH Oblla BECbMa OrpaHHYeHa.

B 1o e Bpems, B 3aBUCHMOCTH OT 00beMa M GJArofpHATHBIX YCJAOBHH
3anerania noJoOHLIX YPAaHOHOCHBIX NOpoA (Gonbuine ofbeMbl PaCHoNOKeH-
HLIX Ha TAyOHHE MOL MeCTOPOKICHHAMH IPAHHTOHAOB WJH APYTHX MOPOL H
MPH HANHYHH CYWECTBEHHON JAONH «NOABHXHOH» (POpmbl ypaua), nyred H
HANpPaBIeHHA [IBHKEHHH (NPEHMYLLECTBEHHO BOCXOAALLEro HAH KOMOGHHHPO-
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BaHHOTO BeKTOPA ABHAKEHUSA) PACTBOPOB H COOTBETCTBYIOLLEr0 X COCTAaBA, OHN
BMOJHE MOMIH CAYKHTH JLONOAHHTENbHBIM HCTOUHHKOM MeTania B pyno-
o6pasyliux pacteopax. OLHAKO 1048 y4acTHA 3TOr0 HCTOYHHKA ypaHa
0CTAeTCsl He BbiICHeHHOH, cKopee Bcero oHa 6blNa He3HAYHTEbHO.

MoakopoBbie HCTOMHHKH
Ofuwue npedcrasreniuss 0 ManTUdROLE RPOUECCax

Kak yxe oTmeyanoch, B xoje o0ued HCTOPHH reoOrHYeckoro pasBHTHsA
autochephl 3emMaH BechMa JUTHTeJIbHbIH Hpollece CO31aHHA KOHTHHEHT AlbHON
3eMHOH KOpbl MPOHCXOAHJA B pesyibTaTe AH(p@epeHUHALHH ee BeulecTsa H
L‘OHPDBO}K.IIBJ!CH OTYETJHBbLIM HAKONJICHHEM B BEPDXHEM CHA/JHUECKOM CJ10O€ He
TOJBKO METPOreHHLIX 3JIEMEHTOB (KpPeMHHSA, aAJIOMHHHA, LleJoded W ap.),
HO H palHOAKTHBHLIX 3JEMEHTOB, B TOM wHcie ypana. Kak ceftuac gokasaHo
peayabTaTaMH MHOIHX HCC/el0BaHMN, 3Ta obulas 3aKOHOMEPHOCThL CBA3aHa
C MPOABJEHHEM PA3IHYHBIX 3HAOTeHHbIX IPOLECCOR, MTPOHCXOAHBIINX B Hepax
MaHTHH H, BO3MOXHO, B Gonee rayb6okux ofonoukax 3emau. [1pexe scero
B Xoie HenpepblBHOH AuddepeHuHalHH BeulecTBA MAHTHH, NMPHBOLMBLIAS
K ee HeOAHOPOLHOCTH, no Muenhwo A. Il. Bunorpapopa, B. B. Beaoycosa u
Ap., MPOHCXOAMJIA HENpeKpaulalonlascsd, HO ¢ Pa3HOH HHTEHCHBHOCTHIO ee
flerasallisi, KOTopasi COMPOBOX1Anachb CHCTEMATHYECKHM BbIHOCOM MHOIMX
3]1eMeHTOB.

B ocoGennoctsx nopefeHuss (MHrpauHH) pPaJAHOAKTHBHBIX H MHOTHX CO-
AYTCTBYIOUIHX JHTOMHIBHBIX 1EMEHTOB, KOHUEHTPALHK MX B «TPAHHTO-
meramopdHueckom» cjoe Kopbl, ¢ yuetom aanubix A. A. CwmbicaioBa W ap.,
MOXXHO HAMETHTb, 10 KpaHHel Mepe, /Be TEHAEHUHH, KOTOpble 00Yyc/oBIeHbl
O6LULMM HANpaBJeHHeM pAasBHTHA H XapakTepoM MPOSABJIEHHH 3HLOTEHHBIX
NpoueccoB B MYGHHHBIX CTPYKTYPaX 3e€MHOH KOpbl: a) JJMTeNbHOE, YHacJe-
JOBAHHOE H NOCTENeHHOe, HO HEPABHOMEPHOE, HAKOMJeHWe ypaHa, TOPHA H
KajHa HAa UWHPOKOH MJ0ULAJAM KPYNHBIX G6JIOKOB KOHTHHEHTAJBHOH KOpbI
(pyAHBIX NPOBHHUMH), NMPHBOAHMBIHHE K BO3PACTAHHIO KOHUEHTpAWHH 3THX
3JeMEeHTOB B NMOpoAax pa3sHOBO3PACTHbLIX yﬂpraMETHMOPCt)HHECKHX H KHCJIbIX
(rpaHHTOMIHBIX) MarMaTHYecKHX QopmMauHi OT PaHHHUX KOMMVIEKCOB H a3
K Hanbosaee no3nHUM, 6) cpaBHHTENLHO JNOKaAbHEIH, GoJee GbICTPbIH W HHO-
pPOLHBIA (CKBO3HOH HWIH «CKBO3bCTPYKTYPHBIH») XapakTep NposABJEHH: ypaHo-
HOCHBIX [LETOYHBIX, UWIEJOUHO-YALTPROCHOBHBIX H UIEJOYHO-OCHOBHBIX Mar-
MaTHUECKHX MPOLEeccoB (MOpoj), a Takxe MeTacoMaTHYeCcKHX o6pa3zoBaHHH,
CBAI3aHHBLIX JHGO C NOAKOPOBLIM MArMaTHamoM, JHOO ¢ METacoMaTo3om B
30HaX APEBHUX TJYGHHHBIX Pa3ioMoB, 0co6eHHO PUDTOreHHOro THNA.

Cpean NpoOSBACHHH 3THX ABYX TPYNM rAYGHHHBIX [POLECCOB, MPOLECCh
yAbTpaMeraMopdguiMa RN FPAHHTH3AILHH KAJIHeBOH JHHUH SBISIOTCH OCHOB-
HbIM MEXaHH3MOM HAKOIJIeHHA YPaHa B CHaJH4YeCKOH 060/104Ke KOHTHHEeHTa/lb-
HOH 3eMHOH KOpbl, 0OYCJIOBHBIIHM AHOMaNbHYIO PaAHOTEeOXHMHYECKYIO cre-
IHaNH3alLHIo (YHAAMEHTa KPYIHBIX YPAHOHOCHBIX GNOKOB YPaHOBOPY/HbIX
npouHuHil. OHAKO pacnpeje/eHHe PALHOAKTHBHLIX 3J€MEHTOB B HX npeje-
Jlax H no reojorsueckHm HopMauHsM BecbMa HepasHoMepHoe, a (OpMb
HAXOMX/EHHA BECbMAa PA3JHUHbLI.

BO3HHKHOBEHHE NMOAKOPOBLIX rd30B80-TEMAOBLIX HJAH (DAIOHAHBIX NOTOKOB
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muorne ueeaenosarenu (E. B. Apriowikos, B. B Beaoycos, I1. H. KponotkuH,
0. I'. Copoxtun, B. B. Beaunckuit, A. A, Mapakywes u ap.) o6bAcHAIOT
npoueccamMu JAerazallMd MaHTHH, KOTOpble, B CBOK O4YEpENb (HCXO,’J.Q H3
XOHAPHTOBOH Mojaend ofpasoBauus naanetsl A. [1. Bunorpanosa), moryt
ObITh CEA3aHB C HEOJHOPOAHON AKKpeLHeH H NPOHCXOJAMBLIHMH B €€ Heapax
pa3iHUHBIMH (FPaBHTALHOHHBIMH, XHMHYECKHMH, TeMIEePaTypHbIMH) npoilec-
caMi NuddepeHuHalHH BellecTsa.

Kak yxe ormeuasnoch, npeactasientne 1. C. KopxKuucKoro o cyuecrso-
BAHHH B MAHTHH NMOTOKOB «TPaHCMarMaTHYecKHX» GUIIOHI0B, KOTOPbIE Bbi3bli-
BAaJIH B 3eMHOH Kope MeTamop(HueckHe W MerTacomaTHYeckwe npeobpaso-
BaHHA NOPOJ, @ 3aTeM — MarMoo6pasoBaHie H MOCTMarMaTHYECKYHO JesiTelb-
HOCTb, B [MOCJIeJlHEe BpPemMs HAllJI0 CBOE nanbueﬁmee UWIHPOKOE pa3BHTHE.
OﬂHaKO, BOMPOCHI HCTOYHHKOB H COCTaBa 3THX d)a'lK)I'UI.OB OCTAaTCA BO MHOIOM
HeACHBIMH H LHCKYcCHOHHEIMH, Cyas no BecbMa BblCOKOMY (B AecATKH KGap)
BCECTOPOHHEMY JIaBJICHHIO, CYLLECTBYIOLLEMY B NOPOLAX MAHTHH, HAXOKICHHE
3THX 3JIeMEHTOB 06YCJIOBNEHO HX PACTBOPHMOCTBIO B TBepAOH dase. 3To noa-
TBepKAaAeTcs peayabraramu necaepopanni J1. B, Bepwosa w ap. (1970 r.),
YCTAHOBHBIIHX MPHCYTCTBHE BOAOPOAA, a30Ta W JPYrHX rasoB B CHJIHKaTax
MarMaTHUeCKHX MOpoJ MOAKOPOBOro npoucxoxaenns. [loasrenue Gpaionano
tasbl B noOpodax MAHTHH H A€rasaudd nochejHeil moxKer ObiThb CBA3aHa
JAHG0 ¢ nepBHUHON HEOIHOPOLHOCTBLIO 3TOH MOAKOPOBOH 0GOJIOUKH,— JAHGO
¢ XHMHYECKHMH PeaklUnsaiMu 0 1 depeHiHalHeil BeILecTBa Mol BO31eACTBHEM
pasorpeBa Ha PaHHHX H APYTHX CTAAHAX Pa3BHTHA (B npouecce aKKpelLHH,
pajiHOAKTHBHOTO pacnaja  T. [1.), @ TaKxe CHATHA AaBJeHHS B PazioMax.

Cya no pe3ynbTaTaM HCCJENOBAHHI ra30BO-KHAKHX BKIIOUEHHI B MHHe-
pa.nax H ra3oBbIX BbITAXKEK H3 MarMaTHYeCKHX 06paaoaam—|ﬁ MOAKOpOBOro
NPOHCXOKIEHHA, a TaKKe HAa OCHOBAHMH H3YUCHHA COMEPIKALLHXCA B HHX
KCEHOMUTOB TJIYGHHHLIX MOPOA, COCTaB MaHTHiHBIX (o108 GBI BecbMa
CAOKHLIA H pa3Hoo6Gpasubiii. Kak yxe oTmMeuanoch, No JaHHbIM MHOrMX HC-
caenoaresnedl |62, 66, 70, 98, 105], B HHX NpHCYTCTBYET YIJIEKHCA0TA, OKHCD
yriiepona, BOLOPO/, MeTaH, CepPOBOLOPOA, a TaKxe BoAd, 430T, cepa, Qrop,
xJjop ¥ apyrue. ITo muenuio B. I'. Jlyrua (1975 r.) cpeau Hux npeobianaior
BOJOPO, YIVIEKHCAOTA, yraeBoaopod W Apyrve rasel. Cocras ¢ulonaos B
OoCHOBHOM 3aBHCHT oT raybunnoctu. A. A. Mapakyuwes, J1. JI. [lepuyk [70]
H JIP. CYUMTAIOT, YTO COOTHOLIEHHE BOCCTAHOBJEHHBIX H OKHCJAEHHBIX (opm
®JIIOMI0B HAXOAHTCS B 3aBHCHMOCTH OT NaplHaibHOro AabjeHHs (dhyruTHs-
HOCTH) KHC/J0POAA H TEMNepaTypHLIX YCJOBHH, T. €. MeHAeTcsl N0 BEpPTH-
KajJH B 32aBHCHMOCTH OT TrayOGHHbI HX HaxoxKaeHHsi. CpeldH HHX BO MHOTHX
3oHax riyGHHHBIX pa3jomoB npeoGiaagana yriaekucaora [99—103, 114].
Mo nauubim M. A, Tlerepcuave, B. K. Kapxasuua, B. I'. Jlyrua (1978 r.)
H /Ip., ra3oBbil COCTaB BepXHEH MaHTHH MEHAJICS 10 BEPTHKANH OT rpenmy-
I1eCTBEHHO BOAOPOIHOTO BHH3Y 10 BOJOPOAHO-METAHOBOTO B CaMOH BepxHe#
ee yacTH. [Mo-BHAMMOMY, OH HCMBITHIBAN TAKKE 3HAYHTE]bHBIE H3MEHEHHS
H B N1aHe. MHOrHMH HCCJIelOBATe/ISIMH OTMEYAJ10Ch, YTO COCTAB MOAKOPOBBLIX
GawoHaoB MEHAETCH B 3aBHCHMOCTH OT coctaBa M rayOHHb 06pa3oBaHHA
mMarmarHueckux pacniapos (nopon). Tak, B HedeIHHOBBIX CHEHHTAX ra3oBble
BKAOUeHHs, no gauubiM JI. H. Korapko (1978, 1983 rr.), H. A. [lerep-
cuabe (1947, 1964 rr.) u ap. npeacrTaBaenb NPeHMYUECTBEHHO METAHOM H ADY-
FHMH YTJ1eBOAOPO/JAaMH, a TAKKe BOJOPO/10OM, CepoBOAOPOAOM, y[‘.}'lt‘KHC.’IOTOIT{ H
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OKHCBIO Yriepoad; B kap6oHaTHTax npeuoﬁﬂa,qaer YI/IEKHCIO0TA, NPHCYTCTBYET
TaKKe BOLOPOA M METaH, B MeHblleH CTCUCHH — reamdl, yraeBorOpoaHble
COEAHHEHHS! H OKHCb yraepoaa. Bo MHOrHX pyaneix npoBunumax nposBAenHs
6a3a/bTORAHOTO H 11e04HO-6a3a/bTOHAHOIO MarMaTH3IMa CONPOBOXAAETCS
3HAYHTEJbHbIM TIPHBHOCOM YIJIEKHCIOTHl H HATpPHA.

B coctase rasosbix H pacniaBHbIX BKAKYEHHI B MHHEPAAaX yALTPAOCHOB-
HBIX HOAY/IeH H3 LLETOYHBIX 63341bTOB H KHMGECPJHTOB MMIdBHBIM KOMNOHEHTOM,
no aauHbiM uceieqesanuii B. b, Haymosa n B. WM. Kosanenko (1985 Y
SIBJSETCA YIJIEKHCI0TA, HHOrLA NPHCYTCTBYET OKHMCb YIiIepOAa M CepHHCTHIN
ras. Bona, kak npasujio, orcyTcTBYeT. BO3MOKHOCTB CyllecTBOBaHHA ry-
OHHHBIX (JIIOMAOB H PpacnjaBoB, 110 MHEHHMIO 3THX AaBTOPOB, HAXOAHTCH
B UIHDOKHX TEepPMOJMHAMMUYECKHX TMpelenax — ¢ BbICOKOH TeMnepartypoi
(no 1500° C) wu nasnennem (no 12—I13 k6ap). B repmonunamuueckux
HHTEpBAJIax, COOTBETCTBYIOLLMX rAyGuHam Gosee 20 km (¢ Temnepatypod
500—1100° C u nasaennem 6—12 k6Gap) J0OHAB NPeaCTaBIeHbl B OCHOB-
HOM YIJEKHCJIOTOH, METaHOM H a30TOM, MpPHYeM BOAA B HHX, NO-BHAHMOMY,
npakTHueckn orcyrcTByer. B 1O ke Bpemsi MMeEIOTCA gaHHble HEKOTOPBIX
HccaeoBaTeNedl O coJAepKaHHH BOAbl B CTEKJ1aX TOJEHTOBbIX 6a3aibToB.

Kak 6n10 nokasaHo paHee, HajuuyHe liejodeld BO (PKHAAX, BbI3bIBAB-
WX MPOLEcCh MPAHHTH3ALUKK H rPaHUTOO0pPA30BaHHA B 3eMHOR Kope B NpH-
CYTCTBHH BO/lbl, 06A3aHO MAHTHHHOMY 1pOHCXOKAeHHI0. Pasbupas nopelexue
u poab kanus JI. C. Kopxunckuit obpauan oco6oe BHHMaHHe HA BO3HHK-
HOBEHHE LLLeJIOUHbIX FPAHHTOHLOB (CHEHHTOB) W APYrHX OPOA, a TaKKe le-
JIOHHBIX MEMaCOMATHTOB cpefH HHX. Pa3BuTie 3THX [IpOLECCOB OH CBSI3bl-
BaJ HE CTONbKO € IBOJNIOLHEH MArMAaTHYECKHX O4aroB H NOCTMATMAaTHYECKHX
ABJAEHHH, CKONIbKO € MOCTYIJIEHHEM HOBBIX [OPUHH «TpaHCMAarMaTHYECKHX»
menouHbix (GJIOHAOB B pedyabTaTe yray6JeHHs pa3joMOB B MOAKOPOBbIE
06os10ukH. [IpH 3TOM MOAUEPKHBANOChH, UTO COCTAB MArMaTHYECKHX paciJaBoB
34BHCEJ B OCHOBHOM OT UIEJOYHOCTH KBCHHAbHLIX (IOHAOB, MOCTYNJEHHE
KOTOPbIX OOYC/JOBJIHBANO BbiACPKAHHOCTh ILENOYHOrO COCTaBa mMarMaTHiama
0 MPOCTHPAHHIO r106dIbHBIX TEKTOHHYECKHX MOSACOB.

[Mpeanosaraercs, 4To 061aCTH 3apoKAeHUA (JIIOHLOB, MO-BHAHMOMY, pac-
NONATANHCh HHKE CJ10S «HCTOULeHHOR» MAHTHH, T. €. Ha ray6uHax 120— 180 km
u Gosee. [lpAMbIMH NPH3HAKAMH [MPOABJIEHHS MAHTHHHBIX MAarmMaTHYECKHX
H METAacoOMAaTHUYeCKHX npoleccoB B G0KaX KOHTHHEHTaNbHOH 3eMHOH Kopbl
HA TEPPHTOPHH HEKOTOPbIX YPAHOBOPYIHLIX MPOBHHUHI M paliOHOB AABAsETCS
pa3BUTHE KOMIIEKCOB LIEJOYHBIX YALTPAOCHOBHBIX H OCHOBHBIX MOPOA, CO-
npoBoXkKaaeMblx 00buHO weaounbiMi (K 0 Na) u kapGoHaTHbIMH MeTdcoMma-
tutami. [lo uenouHOCTH HCCMEeA0BATENH PA3NHYAOT MarMaTH3M KajaHeBoi
H HATPHEBOMN JIMHHH.

Hlesounpie yabTpabasnthl, 6azansTonabl H 4p., no Muerio O. A. BopoGbe-
soi, B. A. Kononoso#t, P. M. flwunoii, E. JI. Aunpeesoit, JI. H. Korapko,
JI. C. bopoKHa H MHOTHX APYrHX H3YYaBUIHX HX HCCJeLOBaTeNeH, ABNAOTCA
[IPOM3BO/IHBIMH MOAKOPOBBIX MarMaTHYECKHX 04aros.

Cpenn HHX BblaensieTcd TPH OCHOBHbBIX (OpMallHH, ¢ KOTOPbIMH CBA3a-
Hbl Pa3/iH4Hbie THIbl MOCTMArMAaTHYECKHX PEAKOMETabHO-TOPHI-YPaHOBbIX
MeCTOPOXIeHHH: |) KapOOHATHTOHOCHBIX Y/IbTPAOCHOBHBIX-ULEAOYHBIX MOPO,
2) wWenouHbIX HedeNHHOBLIX CHEHHTDB, CONPOBOMAAEMbBIX DPEIKO3EeMeNbHO-
TOPHEBLIM OpY/IEHEHHEM C YPAHOM H HHOOHEM; 3) LLeN0UHBIX H CYGILe0uHbIX
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TPAHHTOM/IOB, C KOTOPbLIMH CBA3aHA PEAKO3E€MeJbHO-TOPHeBAs MHHEpANu3a-
uua ¢ GepUIIHEM, OTOBOM, MOAHGAEHOM, Boabhpamom [24]. Kak uaBectHo,
CAMOCTOSITEJbHLIX 1IIEJOUHBIX MarM HWTAe He yCTaHoBJeHo, HXx obpa3opanue
CBA3AHO C npoueccamH AHQOepeHIHaAlHH K BHYTPHMAarMaTHYeCKoro MeTa-
COMAaT03a YAbTPAOCHOBHDIX, OCHOBHBIX H KHCJbIX MArM Pas/H4HOro NpOHC-
XOXKAEeHHA,

O61elt 3aKOHOMEPHOCTLIO JIPOCTPAHCTBEHHOIO PA3MEULEHHS 3THX KOMII-
Jekcos nopoa, no muenuio 0. M. Uleiimana, ®. P. Anensuuna, E. B. Ceew-
HUKOBOH M Jp., AB/AETCA OTUET/HBAA MPHYPOYEHHOCTL HX K IIPOTHMEHHBIM
30HaM TrAyGHHHBIX PA3JIOMOB Pa3HLIX THIOB — K KDPaeBIM LIBAM JPEBHHX
IUHTOB W n1aTOPM, a TAKKe CPENHHHBIX MACCHBOB, OTAGNRIOLLHM KX OT
FeOCHHKIMHANLHO-CKAAAuaThiX 06J1acTel, K TAK Ha3blBAEMbIM «CKBO3bCTPYK-
TYPHBIM» WJIH «CKBO3HBIM» Pa3/ioMaM, KOTOpble pacceKkalT KpyMHble KOHCO-
JAHAHPOBAHHbBIE GMOKH KOHTHHEHTAAbHON 3eMHOI KOPB! U IIPOHHKAIOT HA 60ib-
Wyl ray6udy B MaHTHiO. [lofiBleHHe 3THX KOMIJIEKCOB MOPOJL CBA3AHO ¢
HHTEHCHBHBIMH IIPOLECCAMH F106abHBIX 310X TEKTOHO-MarMaTHYeCKOH aKTH-
BH3ALHH.

Mo nauubim B. A. Kononoso# (1966 r.), E. M. nuwiteiina u ap. (1962 r.),
dopManHs yJabTPAOCHOBHBIX-UIEJOYHBIX NOPoA ¢ KapOoHaTHTamH ofpa3syer
BeCbMa JIMTENbHO pa3BHBAIOULHECH MHOrO3TanHble H MHOrodasHble runaduc-
ca/lbHble H CYOBYJKAHHUECKHE HHTPY3HBbI H BY.JKAHO-MIYTOHHYECKHE COOPY-
MEHHS LLEHTPAJIbHOTO THIA C 30HA/bHO-KOHLUEHTPHUCCKHM CTPOEHHEM, HepedKo
COMPOBOXKAAEMbIe KaJblepamMH NPOCelaHns, OObIYHO OHH LLENOUKAMH BHITH-
FHBAIOTCA BAOAL 30H FAYBHHHLIX Pa3NoOMOR HJIW pacnosaraiTcs B yanax
ux cousieHeHHss. Jlns 3THX KOMIJIEKCOB ycTaHOBJIeHAa BIOJHE onpejefeHHas
noc/e10BaTebHOCTh POPMHPOBAHHA OT YALTPAOCHOBHBIX K ILILEJOYHBIM MOPO-
nam, mpH4yeM noc/ielHHe 00bIUHO HMEKT He3HAUYMTeNibHOe pa3BHTH€E. YTO CBA-
3ano, no muenuo O. A. Bopo6besoit (1963 r.), ¢ mManbiMi colepaHHUAMH
meoyell B NepPBHYHLIX YAbTPAOCHOBHLIX pacijaBax H OrpaHHYEHHbIMH 00be-
MaMH LeJOUHBIX Marm B npouecce ux jHdpdepedunauun. lNpu dopmuposa-
HHUH UEJOUHBIX MOPOL CYULECTBEHHYIO POJb HrPajH METACOMATHYECKHE Mpo-
uecchl He(elHHH3aUHMKH M o0pa3oBaHHA KapOOHATHTOB, a BO BMELLaIOlIHX
Nopoiax — MNOsIBJEHHe HATPHEBLIX (HEHHTOB.

ITo muenunio O. A. BopoGbesoit (1963 r.), b. M. Wefinmana (1960 r.),
B. C. CoGonesa (1960 r.), A. A. Kyxapenko, M. H. Opsosoii (1964 r.) u
Ap., H3BEPIKEHHbIC MOPOAbl 3TOH KapBOHATHTOHOCHOH (QOpPMAaUHH ABAAITCH
MpoAyKTaMH AH(pdepeHlHallHH eHHOH POAOHAYATbHOH LLEJOUHO-YIBTPaoc-
HOBHOH Marmbi, BO3HHKIIEH B pe3yabTaTe MJas/feHdHsi MAHTHIHOTO cybeTpaTa
IEPHIOTHT-3KJI0rHTOBOrO cocTana [24]. O6oralenne uieaouamu NpoHCXoAHI0
Ha MO3HHX CTAaAHAX 3TOH nH(depeHuHanHu.

Coraacno npegcrasaenusy 0. M. lleiumana (1960 r.), B. B. Beso-
ycoa (1962 r.) u ap., LLeNOYHO-YALTPAOCHOBHBIE H 6a3a/lbTOHIHbIE MarMbl
3apoXAanHCch B BepXHeH MaWTHH Ha raybfuHax nopaaka 150—I100 xkm.
B. B. Benoycos cuuraer, uto auddeperunanns nogobHbIX MarM MPOHCXOAHNA
He B MEePBHYHBIX OYarax, T. €. B 30HE WX 3apOXKIEHHA B BepPXHeHd MAHTHH,
d ye BO BTODHYHBIX (NepH(epHYecKHX) oyarax B HHXKHEH 4acTH 3eMHOH
KOpbl, T/Ie B HHX TaKKe MOr nonalaTh FPaHHTOHAHBIA MaTepual.

Mo nauusim I1. C. Koznosoit [24], 218 nopoa 11eJ04H0-Y1bTPaOCHOBHOM
(hopMallMH XapaKTEPHO NPHCYTCTBHE YIVIEKHCAOTH, dochopa, BOAL H APYTHX
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KOMMOHEHTOB, COAEPKAHHA KOTOpbI Y

nozauum. B 9T0Mﬂ>ﬁpe Hanpammn(:ﬁn :apynﬂjf;”c":f)im;:: S

KPEMHEKHCIOTHOCTH NOPOJ, 3aKOHOMEPHO yBGJIHlI;-lEHIOTi};lHEM et
2 CONepKaHHA HHO-

GHSl, UHPKOHHSA, TODHS, YPaHa, PEIKHX 3eMelb iepHeBofl TPYMiLl W ap.

CpeaH paccMaTpHBAEMbIX MArMaTHYECKHX KOMIUIEKCOB no HACBIIEHHOCTH
#x aetyuumu komnonentamn JI. H. Korapko (1982 r.) suiaenser asa ocnos-
HBIX THMA: a) OTHOCHTENbHO «CYXHe» Marmbl, o6pasyiouiue HenHDhepenn-
pOBaHHbIE CEPHH, B KOTOPbIX BCE PEIKHE H DRAHOAKTHBHBIC 3ACMEHTR, B T, .
NOBBILICHHBIE COACPKAHUA TOPHS, yPAHa H AP. OCTAIOTCH B noponax. Ouu caa-
raloT pyAOHOCHBIE e OYHbIe HHTPY3HBHBIE MACCHBLI; 6) (GIOHIOHACKILLEHHbIe
Marmbl, CO3JIaI0NIHe PAa3HOBO3PACTHbIE AH(HEPEHUHPOBAHHBIE CEPHH TOpoL,
C KOTOPbIMH CBSI3aHbl MOCTMarMaTHuyeckHe o6pa3oBaHus.

O6Gpa3oBaHHe WEJOYHBX METACOMATHTOB PAa3JHYHBIX THIOB ((peHuThbl
u ap.) B. A. Kononosa (1971, 1976 rr.), JI1. H. Korapko (1977, 1982 r.) u np.
TAK)KE CBA3LIBAIT C MOAKOPOBBIMH (J/IOHAAMH. ITH aBTOpBl CUMTAIOT, UYTO
IIENOYHBIE MarMaTHuYeCKHe pacniabbl (HedeqHHOBbIE CHEHHTb HOHOMHTHI
W ap.) popmupoBanuch B HauGosee TNYOGHHHLIX 4aCTAX MAHTHH 1104 BO3-
aedcTBHeM UeouHbIX (HaTpHesniX) ¢umonace. TlpencraBiesns o nepenoce
HATPHUA MAHTHHHBIMH (QJIOHLAMH MOATBEPKAAOTCA MPHCYTCTBHEM 3ITOrO
3/eMeHTa B MOPOJAaX MAHTHH Ha YPOBHAX ofpa3oBanusa Kumbepantos (160—
180 km 1 Gonee).

B OTHOLIEHHH MHrpalHH KajJWA B MAHTHHHBIX YCJOBHSIX, CBHIETE/NLCT-
BYIOT MHOTHE [JaHHbI€ © [PHBHOCE 3TOr0 3JeMeHTa rJAYOHHHBIMH L1enoy-
HbIMH (pJlIOMAAMH TIpH Npolleccax TPAHHTH3AlKH, 0OHPA30BAHHH HEKOTOpLIX
OCHOBHBIX NOCTMAarMaTHUECKHX NOPOA K GoJee 103JHKX KAMHIINATOBLIX MeTa-
cOMaTHTOB. B MOAKOPOBEIX YCNOBHAX (Cpeld rpaHaTOBLIX H LUTHHENEBLIX Jep-
LONKMTOB) KalWi M HaTpWil, no npeactasiedusim A. A. Mapakyuiena w
JI. J1. [epuyka [70], CKOHUEHTPHPOBAHL B OCHOBHOM B MOHOKJIHHHOM ITPHPOK-
CEHe H PA3HOBHIHOCTH OTpOKJa3a. B npelenax sepxHed MaHTHH, CYIAA 110 LaH-
HbiM HeeaenoBauuid A. 3. Puursyaa, M. . Pa6Gunkosa v Ap., 3TH WenouHble
3JeMeHThl OObIYHO NPOCTPAHCTBEHHO pasobuledbl, 06pa3yioT o6oralleHHbie
KasHeM HJH HATPHEM YYacTKH M 30Hb. ITO 0TOOpa)KaeT pasfelibHY0 HX
MHMIpALHUI0 B MAHTHHHBIX (IIOMAAX, ydacTHe B pasHblx $aszax v npoueccax.

HMmelounecs B HacTosillee BpeMs JdHHbIE O COMAEPXKAHHH M Xapakrepe
pacnpefeNeHHsi PALHOAKTUBHBIX H APYTHX JHTODHALHBIX IEMEHTOB B Marma-
THUECKHX, MeTaMOpP(HUECKHX H METacoMaTH4YeCKHX MOpOAax H MHHepajax
MOLKOPOBOrO MPOHCXOXKIEHHA, 4 TaKkKe B KUMOEpAHTAXx M KapOOHATHTAX,
C YYeTOM HEeKOTOPhIX 3IKCNEPHMEHTAJbHbIX IaHHBIX MOKa3blBalOT, 4TO AJH
MaHTHiHBIX 00pa30BaHHi B LEJIOM XapakTepeH BeCbMa HH3KHH ypOBeHb
KOHUEHTPAUHHA ypaHa NPH KOHTPACTHO HEPABHOMEDHOM €ro pacrnpeneieHHH.
Ha ¢one ouenb HU3KHX conepxaHuil ypaua, no nanusim B. I'. JTyrna (19756 7r.),
C. M. Kpapuenko (1983 r.), A. 1. Akumosa (1974 r.) 4 ap., BaApbHPYIOULRX OT
0,004—0,02-107*% no 0,1 —08:107*% B nepuaOTHTaX, 3KIOTHTAX, JEpPLO-
JIMTAx H [APYTrHX MOA0o6HbIX rHnep6a3uTax. ITH KOHUEHTPALHH NOBBILAKTCA
10 1,6—3,0-107*% B HedeannntTax ¥ KUMOEPAHTAX H pe3Ko BO3pacTalnT B
HEKOTOPbIX LLEJOYHEIX Mopoax (HedeNHHOBLIX CHEHHTAX H APYTHX) 10 16—
1810 *%. KOHTPAcTHO BBICOKHE COIEPIKAHHA YpaHa H TOPHR, a TaKke
PENKHX JHTOPHIbHBIX 3NEMEHTOB OTMEUAITCA B OTAe/]bHBIX MAHTHHHBIX LLE-
JOYHBIX H OCOOEHHO B arnanToBLIX MOpoaax, Kotopsie, no muenno JI. H. Ko-
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rapko u ap. (1982 r.), MOryt @BJAATLCS OCTATOYHBIMH AHddepeHumnaTamu
LEN0UHO-YIBTPAOCHOBHBIX H ULENOYHO-023aAbTORAHBIX Mal'M.

Komiieke Hee/iHHOBBIX CHEHHTOB (arnauTHbiX HedeJHHOBBIX CHEHHTOB,
HedeHHOBbIX, NCEBAONERILMTOBBIX H LLEJOUHbIX CHEHHTOB, He(eNHH-MHACKH-
TOBLIX H LLEJOYHLIX CHEHHTOB, LLEJOYHbIX TPAHOCHEHHTOB H LLeNOYHbIX Hede-
JIHHOBBIX CHEHHTOB, HHOrA KapOOHATHTOB, a TAKKE LEJOUHbIX rab6GpoHL0B)
Be3jle XapakTepH3yeTcA ypaHOBOH W TOPHEBON reoXMMHUECKOH creldanusa-
uHei. ITH Mopoabl KPOME TOTO OTJAHYAIOTCH BECbMa BbICOKHMH COLEPHKAHHAMH
dhocdopa, cTpOHILHA, Bapusi, GepUAIHA, MOTHGACHA, 0M0BdA, PTOpa, HHPKOHHA,
TaHTana, HHOOHSA, radHHA, Pe/IKHX Le/0ueH, pellkHX 3eMelb H Jp.

Mo mueunwo B. T'. Jlyrua (1974, 1975 rr.), C. M. Kpasuenko (1983 r.),
H. JI. Pabuukosa (1982, 1985 rr.), A. A. Mapakywesa (1978, 1983 rr.) u ap.,
ypaH, TOPHH H CONYTCTBYIOULHE 3JleMeHTH (LHPKOHHHA, TaHTan, HHoOHi, py6H-
JHA, Le3ud, cKaHAHH, radHui, peLKHe 3eMIH H 4D.) B YCAOBHAX MAHTHH MpH
BECbMA BLICOKHX AABJEHHAX CKOHUEHTPHPOBAHLI rNaBHbIM 06pa3oM B MHHe-
pasax-KoHIEHTPATOpax — rpaHare, B MEeHbLIEH CTeNeHH — B KJIHHOIHPO-
xceHe (B OCHOBHOM BHAe H3omopgHo# npumecH). He uckmoyena anech Takxke
MHrpauuoHHocnocobuas Gopma B MeXK3€PHOBbIX NPOCTpPAHCTBAX WM B pa3-
JHUHBIX AedekTax MHHepaaos. Beayulum mexanHiMoM H3BJEYEHMs ypaHa M
JAPYTHX JHTO(QH/bHBIX 3JEMEHTOB H3 MAHTHAHbLIX NOPOL H MHHEPAJIOB, 10 MHEe-
uvio b. I'. Jlyrua (1974, 1975 rr.), BepoATHO, MO0 GbiTh BbilleJauHBaHHe
ero dawounamMi (QUABTPALHOHHBIA HCTOUHHK) .

Knapk ypasa B 1el04HBIX MAaArMaTHYeCKHX TOpoAax, N0 [aHHbIM
A. A. Cwmbicaoa (1974 r.), B. M. Tepenrsera (1980 r.) u ap., cocraBaser
B cpeatiem okoo 7- 10 %%, B cnennanusuposannblx pasnoctax —8,5. 10719,
cpeiHHe coiepkanna Haubosee ypaHoHOCHHX nopon foctHraot 10-10749.
B To e Bpemsi HMEKTCA OT/Ae/bHbIC MACCHBbLI ULEJIOYHBIX KOMIUJIEKCOB,
B lfpejenax KOTOPbIX PEAKO3eMeIbHO-TOPHH-YPaHOBLIE MHHepalbHbie acco-
uHaunh o6pasyloT npombiuliennbe Konuentpaunu (0,01—0,03%), Ho oHM
ABJAAIOTCA HU3KOCOPTHBIMH PYyJlaMH.

Co CNOKHBIMH YJbTPAOCHOBHLIMH- [ILEJOYHBIMH H OCHOBHBIMH- 104 HBIMH
KOMIJIEKCAMH MAaHTHAHOrO MPOHCXOM/EHHS, Cpeild KOTophix npeoGianarwot
HedeaHHOBbIe MHPOKCEHHTHI, leaoyHble H cybulesounble rab6ponbl, pexe —
JAYHHTH, B HEKOTOPHIX TNPOBHHUHAX TeHeTHYeCKH CBA3aHbl KapOOHATHTHL
Jloasi nocieaHHx B 3THX CJOMHBIX 3HAOTEHHBIX KOMMJEKcax BecbMa pas-
JMUHA W BapbHpyer BMAOTh o 509.

Kak u3BecTHO, KapboHATHTH NpecTaBAAOT COGOH reTeporeHHbe TOJIH-
(opMalHOHHbIe H MOJHreHHble MHOrocTajiHHHble 06pa3’sOBaHHA pa3H4YHOH
MOpP(}OJIOrHH, CcpeiH KOTOpbIX Hapsily € H3BECTKOBO-MarHe3HalbHO-XKele-
3UCTBIMH KapOoHATHBIMH MOposaMH BerTpeuatores wenouro- (K, Na)-kapbo-
HarHble «iasbl». OHH OTJHYAIOTCA 110 YCJAOBHSIM (hOPMHPOBAHHS, FeOXHMH-
YECKOH M MeTa/lJIOTeHHUYECKOH CreuHanu3aunu (peikomeranbible, gocdato-
HOCHBI®, YPaHOHOCHBIe KapO6oHaTuThi). CpeaH HHX OTMEUAITCHA MAarHeTHr,
anatut, Gpaoronut, GAIOOPUT, a TaKKe aKleccopHble MHHEpa/ibl — MHPOXJ0p,
raT4eTTOJHT, AH3aHAJHT, MOHALHT, KapOoHaThl H ¢octhaThl peaKHX 3eMelib.
B 3HAOKOHTaKTOBbLIX 30HaX KapOGOHATHTOBBLIX TeJ PA3BHBAETCH MHPOKCEH
(anoncua), doperepur, GAOronHT, noAeBol WNAT W APYrHe MHHepadbl;
B S3K30KOHTAKTOBbLIX — HepejKO oTMevacercs Ep(.’HHT’HSalLHﬂ BMELAKULHX
nopon [24].
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B HactTosulee BpeMs MPAKTHYECKH BCE HCCACOBATCAH MPHACPHKHBAWOTCH
NPeACTaBIAeHHH 06 SHLOreHHOM [MPOHCXOKACHHH KapGOHATHTOB, NPH TOM
Cp?,’lH HHX BBLIEJHIOTCA MarmMaTHueckKue nopoabl, NpeacTaBJaeHHbIe HHTPY3HR-
HOil, cyOBYIKAHHUECKON H BYJKAHHYECKOH (allHAMH, a TakiKe MeTacoMmaTH-
ueckde noctMarmaruueckne obpasosanua. [Ipeanonaraercs, uto oun obpa-
3oBaJMCh NpPH Temnepatypax A0 800—900° C #3 HacbIULEHHBIX YIIEKHCIbIX
pacniasoB WM pacTBOpoB. Bo BKIIOYEHHAX MHOrO yr/ieKHCAOTH, BOLOPOLA
H COBepLIEHHO HeT BOAbI.

Jlas nopoa KapGOHATHTOB XapakTepeH NOBbILIEeHHLIH FeoXHMHYeCKHH (OH
THTAaHa, Xpoma, MeJlH, NJaTHHbI, 30J0TAa, HH()ﬁHﬂ, TaHTana, UHHKA, ILTHPKOHHUA,
Gapus, CTPOHILKA, a Takxke radnuna, uepin, ¢propa, xaopa, u ap. Cojpepxanns
ypaHa B KapOOHATHTAX KOJeOMOTCH B WHPOKHX mpesesax ot 5—10-1071%
no 10-10729% wu Gonee, npuyem OObBIYHO YCTAHABAHBAGTCH KOPPEASUHOHHASN
CBA3b €r0 C TOPHEM, TAHTA/JOM, HHOOHEM, UWHPKOHWeM. YpaH CKOHIUECHTPH-
poBan B OCHOBHOM B nHpoxjaope (ocobeHHo rartdyerronure), Oapaenenrte,
rafinanute, docdarax, kapbonarax peiKkHX 3eMeNb H JPYIrUX PeiKkuX MHHE-
panax. HauGonwne cpeanne copepxanns ypaua (12-107°9%) npucyuin
pyaHoil Kaabuutosoil ¢auun kapGonatutos. B yeranosaennom A. A. dpo-
nosbiM (1965 1.) cpean kapGoOHATHTOR PALY MHHEPANOrO-TEOXHMHUECKOR
30HAJBHOCTH YPaH, TOPHH H APYrHe SJeMeHTbl 3aHHMAIOT OAHO H3 [OCeHHX
MecCT. Muorue xapﬁouarmoaue nopoabl HEpenKO ABAAIOTCH KOMIVIEKCHbIMH
HHOOHEBBIMH, TAaHTaJOBLIMH, (HOCHOPHLIMH (ANATHTOBBIMM), MEAHBLIMH, Ke-
JIe3HBIMH M pelKOo3eMeNbHbIMH pyaamH. B orgensHsx maccHBax Kapbonat-
TOB, MPHYPOUEHHBIX K CJAOKHBIM KOMMJEKCaM UIeN0o4HBIX MOpPOoj, YpaHo-
HOCHOCTb JOCTHTaeT NMPOMBIIJIEHHBIX MaclTaGoB.

[TpHuYHHBI BO3HHKHOBEHHS TAKHX BbICOKHX KOHIEHTPALHH PajHOAKTHBHBIX
W MHOTHX DPeLKOMETANbHBbIX M PeAKO3eMEJbHLIX CONYTCTBYIOUIHX 3/1€MEeHTOB
B LWEJOYHLIX MarMaTHYecKHX NOPOAax H KapGoHaTurax He sBoisichens. OnHu
uccaenosarenu (Korapko u ap., 1982 r.) npeanosaraior, 4To HakKoMJIeHHE
MHOTHX 3JIeMEHTOB (TaHTaja, HHOGHA, LUHPKOHHA, ypaHa, TOPHSH, PeAKHX
3emMeJb H Ap.) MPOH30WN0 B peayibrare (pakuuonHoi auddepeHunannu
BhICOKOULeNouHbIX Marm, apyrie (Coaosbesa w ap., 1984 r.) cuuraor,
4TO (10A0GHBIE KOHUEHTPAUHH PAaJHOAKTHBHLIX M JHTO(PHILHBIX 31EMEHTOB
MOryT GbiTh CBA3AHbl C MAHTHAHBIM 1EJOUHLIM METACOMAaTO30M.

Pa3BuTHe B [pejlenax HEKOTOPbIX PYAHbIX [POBHHIHA MHOrogasubix
MAaCCHBOB LLEJNOUHBLIX MOPOA ¢ KOHTPACTHOH reoXUMHUeCKOH ypaHoBOH cre-
ILHATH3allHed, HaHUHE PEIKOMETa/lbHO-PeKO3eMe/bHbIX C TOPHEM H YPaHOM
KapOOHATHTOBLIX MECTOPOXKICHHH, CBA38HHbBIX ¢ MACCHBAMH LLEJIOUHBIX KOMII-
JIEKCOB H COMPOBOXKAAMILHX HX LLENOYHBLIX H Kap6oHATHbIX METacOMAaTHTOB,
CBH/ETEJNBCTBYIOT O BO3ZMOMHOCTH HAKOMICHHA BeCcbMa BbICOKHX KOHUEHT-
pauHil peAKo3eMeNbHbIX H PAAHOAKTHBHBLIX 3IEMEHTOB, B TOM 4MCJ€ ypaHa,
B MaHTHﬁHhIX MarMaTHYeCKHX H MEeTacoOMAaTHYEeCKHX 06pa:aoaaunﬂx.

Bce 3T0 noKa3biBaeT, UTO B BEepXHEH MaHTHH CYLLECTBOBala BO3MOK-
HOCTb KOHLEHTPAllMH ypaHa H JAPYrHX JHTO(QHABHBIX 3/1eMEHTOB B MPO-
uecce PA3BUTHA [(EJOYHBIX MArMaTHUECKHX O4aroB M NOCTMATMAaTHYeCKOH
NeATeNbHOCTH, (JIOHAHbIE NOTOKH KOTOPLIX ChOpPMHpoBANH KapOOHATHTLL W
BLI3BAJIH METACOMATO3 BMELLAIOUIHX MOPOIL.
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Tunet ypanosvix mectopomdenutl u npedcragienus
00 UX UCTOYHUKAX

B0O3MOMKHBI MOAKOPOBLIH HCTOUHHK PYAHOrO BELIECTBA HEKOTOPbIMH HC-
caenopatensmu (24, 31, 32, 44] npeanosnaraercfl /s SHIOTEHHBIX KOMII-
JNICKCHBIX TOPHH-YpaHOBBIX, pPEAKO3eMebHO-TOPHH-YPAHOBBIX M yPaHOBBIX
MECTOPOXKIEHHH, TECHO CBA3AHHBIX ¢ MPOAB/JCHHEM MAHTHHHOrO MarmMaTuiMa.
K TakdM MeCTOpPOXKIEHHSIM C BO3MOMKHBIMH [MOJKOPOBBIMH HCTOUHHKAMH
PYAHOrO BEULECTBA MpPEXAE BCEro CJAEAyeT OTHECTH 3HAOTEeHHble MEeCTOPORK-
JIeHHS, KOTOPBIE O6HAPY K HBAIOT TECHYIO NPOCTPAHCTBEHHO-BPEMEHHYIO (napa-
FeHETHYECKYI0 H TeHeTHUYeCKyld) CBA3b C MarMaTHUeCKHMH KOMILJIeKCAaMH
MO/KOPOBOro (MaHTHHHOrNO) NPOHCXOMKACHHA — LLENOYHbIMH, YJAbTPAOCHOB-
HBIMH-1ILEN0YHBIMH OPOLAMH.

Kak yxe oTMeuanoch, cpe/ih 3H1oreHHblx MecTopox ienuit ypana H. I1. Jla-
pepoB (1984, 1986 r.) nepeble e rpynibl H3 Tpex OTHOCHT HMEHHO K
TAKUM MECTOPOXKIeHHAM, OOHAPYKHBAIOULIHM CBA3b C PA3HLIMH THIAMH MaH-
THiiHOrO Mmarmatuama. [lepsas rpynna MecTOPOXKIAEHHH, CBA3AHHBIX €O
LLEJNOYHO-YIBTPAOCHOBHBIM MarMaTH3MOM, BKJIIOYAET 1BA FeHETHUECKHX KJac-
ca: |) Kap6OHATHTOBLIE (MEIHO-ypaHOBLIE ANATHTCOAEpXKAlLlHe pelKoMe-
TaJbHble); 2) MarmatoreHHble IHApoTepMaJibhble (peaKo3eme/bHO-HHOGHH-
YypaHOBbIE LITOKBEPKH H xuabl). Bo BTOpoil rpynne mectropomieHHil, css-
3aHHBIX CO LLEJOYHBIM MarMaTH3IMOM Bbljle/IeHbl TPH KJacca MeCcTOPOMAeHHH:
1) no3nHemarmarvuyeckHe (ypaHcojepxaulHe pelKO3eMelbHO-TOpHeBble
JYSIBPHTHL W aHa/bUHM-aNaTHTOBble TeJa — 3a0exXH); 2) nerMaTHTOBble
(YpaHOHOCHBIE De/lKo3eMe/bHO-ULHPKOHHEBbIE H  PEeKO3eMeNbHO-TOPHeBbie
NHPOXJOPOBbIE); 3) MarMaTOreHHble THApOTepManibHble (UHPKOHHA-ypaHo-
Bbie, MOJHOEH-ypaHoBble ¢ QJI0OPHTOM H 30JI0TOM, pPeKO3eMe/bHble TOPHH-
YpaHOBbIE) LITOKBEPKH H MKH/bl B MAacCHBAX LLEJOYHBIX MOPOL.

B oOTHOLIEHHH MarmMaTHYeCKHX, Mo3JHeMarMaTHYeCKHX H MErMaTHTOBbIX
MECTOPOKAEHHH B 111JOYHO-YIbTPAOCHOBHbIX H LLENOUHbBIX KOMIIEKCAX TIOpo.L,
MpeacTaBJCHHBIX YPAHOHOCHLIMH KapOGOHATHTAMH, YPaHOHOCHLIMH Hedesu-
HOBLIMH CHEHHTAMH — JIYABPHTAMH, YPAHOHOCHBIMH peJlKOMeTalbHbIMH ner-
MATHTAMH H AP., MOAKOPOBbIH MAarMaTHYeCKHIH HCTOUHHK PYAHOrO BelllecTBa
(ypaHa H CONYTCTBYIOULHX PEAKHX H PEIKO3EMe/bHbiX 3JeMEHTOB) He Bbi3bl-
BaeT 0cobblX COMHEHHH.

B 10 e BpemMsa H3yuyeHHe MHOIHMH HCCJIE0BATeNAMH PA3HOBO3PACTHLIX
KOMIIJIEKCOB LI1eJIOYHO-Y/1bTPAOCHOBHBIX MOPOJ € CBA3AHHLIX C HHMH Kap6o-
HATHTOB B Pa3HbiX paHoOHaX MHPA MOKa3a/o, 4To HX (GOPMHPOBAHHE MPOHCXO-
W0 B HECKOJIbKO 3TanoB H CTalHH, NPHYEM J[l1alleKo He BCe OHH ObliH
PYLOHOCHBIMH.

[To nauubim A. A, Kyxapeuko, M. 1. Opaoso#t, 3. A. Boraacaposa u ap.,
peaKkHe S/1eMEeHThl HAKaNJHBAJHChL B pe3y/bTaTe BhICBOGOMAEHHA HX M3
aKUeCCOPHBIX H Mopoa006pa3ylollHX MHHEPAJOB Y/bTPAOCHOBHbIX-L1eJ0UHbIX
NopojL B Mpollecce WX MeracomMaTuueckoro npeobpasosaHuf. Pewaiouryio
poiib B (OPMHPOBAHHH PEIKOMETANLHOI0 OPY/1eHeHHA B KapOOHATHTaX HrpaJa
MOOHJIH3ALHS PEAKHX 3JIEMEHTOB H3 yJbTPAOCHOBHBIX-111eJIOUHBIX NOpoJ, 6Gosee
NO3AHHMH [IPOLLECCAMH.

Kak ormeuaor A. M. Tuns6ypr u E. M. Dnwreitn (1972 r.), ananus nau-
HBIX O PAcTpeleieHHH ILMPKOHHA, HHOOHA, TauTana, TOpUA M ypaHa B Kap-
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HOHATHTAX H BMEILAWIHX HX nopoaax yJabTpaOCHOBHbIX-ILEJOUYHbBIX KOMM-
JIEKCOB [MOK434aJ pa3jHYHOE TeOXHMH4YeCcKoe MOBeJeHHE 3THX 3IJeMeHTOB B
1ocae10BaTeNbHO GOPMHPYIOILHXCA KapOOHATHTOBLIX 06Pa30BAHHAX Pa3HbIX
crajanit. B kapGowaturax nepBoi ctagud (KaJbllMTOBOH) CYLLECTBEHHOrO
NpHBHOCA TanTajda W HHOOHA He ycrtaHoBaeHo. PopmupoBanne KapOHOHATH-
TOB BTOPOH CTa/HH CONPOBOMKAAJNOCH 3HAUHTENbHLIM [PHBHOCOM HHOOHS,
TaHnTana, TOpHs W ypana. B Teuenne obpasoBanus KapOGOHATHTOR nocie-
AYIOUHX TPETbel H YeTBEPTOH CTanHA (10J1OMHTOBOH H AHKEPHTOBOH) npowuc-
XOAHJIH NEPEOT0XKeHHe H YaCTHUHBIN BRIHOC HHOOWA, TaHTana, ypaHa, TopHsa
H, BO3MOKHO, PEIKO3€Me/bHbIX 3/1eMEHTOB.

B 1esloM Takxke 60.J1ee HIH MeHee SICHO, XOTA H HECKOJILKO CJoKHee 06CTo-
HT €10 ¢ BONPOCOM WCTOYHHKA PYAHbIX BelUlecTB A/ GOJbUIHHCTBA MOCT-
MarMaTHUCCKHX pe/lKOMeTalNbHo-peakosemenbho-Topuesbix (Ta, Nb, Zr, Be,
P, TR. Th), Hepeako ¢ ypaHOM MeCTOPOXK/AEHHI Pa3zHbiX THIOB, CBA3AHHBIX
CO LLEJOYHO-YJABTPAOCHOBHBIM M ILLEJA0YHO-OCHOBHLIM MarmMaTH3aMoM. K HHM
OTHOCATCA [HEBMATOJNHTOBbIE, BLICOKO-, CPEAHE- W HH3KOTEMNEepaTypHbie
FHAPOTEPMA/IbHbIE MECTOPOKICHHSA, c(HOPMHPOBAHHLIE B Pa3Hble 3MOXH B paa-
JIHUHBIX FEOJIOTHUECKHUX YCJOBHAX MHOTHX PaHOHOB PYHbLIX MPOBHHUHA ApeB-
HUX M AKTHBHIMPOBAHHBIX ILHTOB W CKI4Q4aThiX ofJacTeil.

B. A. Hesckuit, [1. C. Koznosa v ap. [24] cpean HHUX BbUIEAHIOT TPH
FPYIbl MECTOPOKIAEHHH: MHEBMAaTO-THAPOTEPMalibHble (B anbGHTHTAX, KOH-
TAKTOBbIX POrOBHKAX H cxapﬁax), BHCOKOTEMIIEPETYPHN(‘ raaporepmaJjibHble
H CpelHe-, HH3KoTeMepaTypHble. KOHTAaKTOBbIe POFOBHKH M CKAPHbI, a TaKkkKe
o6pa3oBaHHble B (osee NO3JHHE CTAAHH METACOMATHUYECKHE aJbOHTHTDI
pPa3BHBAKOTCH B CBA3H C NPOABJICHHEM MArMaTH3Ma Kak ULeJT04YHOTO (CHCHHTOB,
HEe(MEIHHOBLIX CHEHHTOB), TaK H FPAHHUTOHAHOTO (MeHKOKPATOBbIX, Cy6LLenou-
HBIX W LLEJOYHBIX FPAHHTOB H Ap.). [na 6oablIMHCTBA H3 HHX XapakTepHa
NPOCTPAHCTBEHHO-BPeMEHHAS CBA3b CO LLIEJOYHbIMH 11OPOJAMH, KOTOpas pac-
CMaTPHBAETCA KaK FeHeTHYeCKdd WJM napareHeTHYecKas.

Komrieke nopos ¢opMmaillHH 11e0YHBIX H HeeNHHOBBIX CHEHHTOB, MO
nanubim I1. C. Kosnoso#i [24], pacnpocTpaHeH B PYAHbLIX NPOBHHLHAX, B KOTO-
PhiX Pa3BHThHI MOCTMArMaTHYECKHE MECTOPOIKACHHA C TOPHI-pelKOMeTabHbIM
W TOpHH-ypaHoBbiM opyaenendem. PaccmaTpuBaembiii reTeporeHHbll Komii-
JIEKC C/I0KEH H3BEPKEHHBIMH NOPO/IAMH, KOTOPLIE ABJAIOTCH NPOH3BOAHBIMH
YJbTPAOCHOBHBIX, 6A3a1bTOHAHBIX W TPAHHTOHAHBIX Marm. CpeiH NpoAyKToB
ULeN04HO-6a3a1bTOHAHLIX PACIIIABOB PA3JIHUAIOTCS LleJ0UHble MOPONLl HaT-
PHEBOTO H KajlHeBOro pH/LOB.

Co WeNOUYHBIMH NOPOAAMH HAaTPHEBOrO PAAa (U1EJTOUHBIMH H HedeaHHo-
BLIMH CHEHHTAMH) [POCTPAHCTBEHHO H TeHETHUYECKM CBA3aHa rpynna nHes-
MaTO-THAPOTEPMAbHBIX (aAbOHTUTOBBIX) H BLICOKOTEMMNEPATYPHbIX THAPO-
TEPMAJbHBIX PeAKO3eMeJbHO-TOPHEeBbIX MECTOPOK/IAEHHH ¢ ypaHOM, HHOGHeM,
UHPKOHOM H Ap. [TpoMbllIJEHHLIX YPAHOBBIX MECTOPOKAEHHH HEH3IBECTHO.
O6pa3oBaHHs 3TOr0 KOMIUIEKCA, MPHYPOUYEHHbIE K 30HAM JIOJTOXKHBYULHX
ryGHHHBIX Pa3/JOMOB, C1aralT Kak CPaBHHTENbHO NMPOCThie H OAHOPOJHbIE
(opaHodas3nbie), Tak M CAOKHble (MHOrogasHble) HHTPY3HBHbIE MACCHBHIL.

I1. C. KoanoBa ormeuaer, 4To NOPOAbLI XaPakTePH3YIOTCH HE TOJBKO
BLICOKHMH cofep:KaHHaMH lleaovei (npuuem Na> K), Ho takxke docdopa,
cepbl, xJopa, Topa, YIMEeKHCJAOTbl, BOAbI H APYTHX JETYUHX KOMIOHEHTOB.
B uwenouHsix u H(‘(IJ(‘JIHH()BLIK CHEHHTAaX OTMEYAalTCH MNOBLIHICHHBIC coaep-
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KAHHUSA UMPKOHWHA, TaHTala, HHOOWS, TOPHA, ypaHa, JAHTHHA, OEPUJIHA, TH-
TaHa, CTPOHILMA, Mapratild, rajua, HTTPHS, PeLKHX 3eMelib LLePHEeBOH rpynnbl
M oapyrux. B noctMarMartHUecKHX MeTacoMaTHTaXx (MHKPOKIHHOBBIX, afb-
GUTOBbLIX, OHOTHT-KAPGOHATHLIX H [p.) KOHUEHTPALHA 3THX JMEMEHTOB Cy-
IleCTBEHHO BO3pactaeT. B 3K30KOHTAKTOBLIX 30HAX HHTPY3HBOB LLEJOYHBIX
W He(eJHHOBBIX CHEHHTOB BMeLlalollHe MOPOAbl NPEBPALLEHb B [IMPOKCEH-
[OJEBOLINATOBLIE POrOBHKH, @ CAMH LIEJOUHBIE MAarMaTHTbl MOABEPrHYTHI
ABTOMETACOMATHUYECKHM H3MEHEHHAM ¢ 06pa30BaHHEM MHKDOKIHHA, KAHKPH-
HHTa, ulenouHoro amdubona, aabbura, kapbonara, duooputa v ap. B pane
cayuaes BOJH3H HHTPY3HBOB OTMEYaeTCs NMPOABICHHE MHOTOCTaAHHHOH nocT-
MarMaTHuecKol TIHAPOTepMaJbHOH [eATeNbHOCTH C TOPHI-peLKO3eMenbHOoil
MHHEpanu3alHeil ¢ npuMecelo ypaua [24].

llenounble Nopoasl KaJaHeBOro psina obpasyloT BYJAKAHO-IJYTOHHUECKHH
KOMIMJIEKC, KOTOPBIH €/1araloT cJ0KHble MHOrodasHble COOPYKEHHS [IeHT-
panbHOro THna, GopMUHPOBAHHE KOTOPLIX 3aBePLIACTCH BHEAPEHHEM 1aHKOBOM
CepHH, HepeaKko Tpy6OK B3PLIBA H MPOSAIBJEHHEM MOCTMAarMaTHYeCKOH FHapo-
TepMaJbHON MHHepaau3aluHH. ByakaHo-HHTPY3HBHBIR KoMmmaeKkc MOpoA uwie-
JOUYHO3EMEeBHOTO W LIEeJOYHOro (KaJHeBOro) COCTaBa BKJAIOYAET LLeJTOUYHblE
H He)eJHHOBLIE CHEHHTbI, LOHKHHHTBL, CHEHHT-TIOPDHPLI H 11LeJOYHBIe NerMa-
THTHI, @ Takke McejloJefiunToBble nopoasl. [lpeanoanaraercs, uro ofpaso-
BaHHsA ABASIOTCA N03AHUMH AHbdepenunaTamu 6asansrosoil Marmbl. C 3THM
KOMILIEKCOM CBA3dHbI TOPHHA-YPaHOBble H COOGCTBEHHO YpPAHOBBIE MECTOPOK-
nevust [24].

[To nanuwim T. B. BuauGuuoit (1963 r.), S. 1. Tormana (1979 r.),
[1. C. Koznoso#t (1972 r.) ¥ Ap., KOMMJIEKC KalHEBHIX LULEJOYHBIX NOPO
OT/IHYAETCS TOBBILIEHHBIMH COLEPKaHHAMH OapHs, CTPOHLHA, THTAHa, Ba-
Haaus, Mapraiua, docdopa B nermatutax, HHo6HA. B 1o ke BpemMs OHH HMelOT
OTHOCHTE/IbHO HH3KHe COLACPIKAHHA pPaLHOaKTHBHBIX 3aemedToB. ColepkaHus
Topus — (6—10) . 107*%, ypana — (3—4)-10"'% bo Bcex pasznocTax He-
CKOJIbKO YBEJHYHBAIOTCA B MO3]HHX LIEJOYHBIX 'PAHHTAX, 8 B TPOPYAHTAX
pocturawot 8-10 %, Topuil-ypanopoe otHowenue —1 53,0,

Muorocrannitnas nocrMarMaTHueckas MHHepadu3allid, B TOM uHcae
TOPHH-YpaHOBAA, CBA3aHHAA CO ILEJOYHBIMH [OPOJaMH KajlHeBOro psaia,
0GHApY/KHBAET FeOXHMHUYECKOE DOJACTBO € HHMH, KOTOpOe MPOABJIACTCH B
OBLILIEHHBIX COJCPKAHUAX TOPHA, Gapus, CTPOHIMA, dropa, THTaHAa, BaHa-
AM#, Maprauua, Mmoau6iena u Apyrux saementon. B paunioio crannio o6pa-
30BbIBaNach TOPHeBAasi MHHepaJH3alus, B MO3JHIOK — cOBCTBEHHO YpaHO-
past [24].

[ToakopoBblil MarMaTHueckHi HCTOUHHK PYAHOTO BellleCcTBA MOMKHO Mpefl-
nosarath, CyAsl 110 JaHHbIM HEKOTOPBIX HccJejoBarTened, Aaf TOPHH-ypa-
HOBbIX H YPAHOBBIX MECTOPOKIEHHH, CBA3AHHBIX CO LIEJOUYHBIM H [IEJOUHO-
JCMEJILHBIM MarMaTHIMOM, KOTOPhIi MPOABH/CA B npeieax YpaHOBOPYIl-
HbIX IIPOBHHILHIA M103HEME3030HCKOT0 3a/10KEHHS B 3M0XY TEKTOHO-MarMaTH-
yeckoit aktHBHzauun [32, 44, 46]. Pa3sveulenne cyGByIKAHHYECKHX M rHna-
GHccaNbHbIX HHTPY3HBOB M [aeK IUEeJOUHO3eMENbHO-LLeJOUHOrO KOMIIeKea
mesoszofckoro Boszpacta (160—110 maH neT) KOHTPOJHpYeTCH KPYIHbIMH,
ANUTENbHO Pa3BUBABLUIMMHCA Pa3jiOMaMH, 3aJ0KEHHbIMH €lle B PaHHeM
nporepoioe. MarmaTHueckie nopoasl 3TOro KoMmiekca cGopMHpOBATHCEH B
[Ba 3Tana, MpHUeM B NEepPBbLIH 3Tan 06pa3oBaIuch HenouHble o HedeanHosLe
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CHEHHTB!, CHEHUT -NOP(OHUPBL, WOHKHHHTDL, [LEJOYHBIE 1erMaTHTBL, BO BTOPOH
ILLeJIOYHBIC TPAXHTHI, GOHOAUTLL, HX TY(b # TYHOOPCKUHH, a TAKKE ITHPHIIO-
BbIE TPAHHTHI, KBaplleBble CHEHHTHI, rpopyanTsl [87].

B onuux ypanosopyaHbiX palonax, no aandeim T. B. BuauwGuuolt u ap.
(1963 r.), Topuii-ypanosbie MECTOPOKAEHHA MPHYPOUEHb K runalHccanbHoOMy
JaKKOJAHTOOGPa3HOMY MHOropasHoMy HWHTPY3HBY (BYJKAHO-HHTPY3HBHOMY
COOPYKECHHIO) , CJIOKEHHOMY NOPOLAMH ME3030HCKOTO LIEJOYHOTO KOMILIeKed
H KOHTPOJIUPYEMOro y3/0M nepeceuerus MexKO6/0KOBBIX H CEKYILHX Pa3loMaB.
Boigeaserca ARa 3rana MuHepanooGpasosanua. B nepswit stan ofpaso-
Ba/lHChL KaJHeBble H HaTPHEBLIE METACOMATHTBI M TOPHEHOCHLIE 3THPHH-
4HOPTOKJ1a3-KBApIEBbie MHJbl, KOTOPhIe HAKIa1biBAIOTCH HAa HHTPY3HBH Ile-
JOYHBIX MOPOA TMEpBOro 3Tana W caMH PacceKkalTcs AafiKaMH THHTYaHTOB.
Bropoil, Gojee mo3AHKi, 3TaN COOTBETCTBYET NOCTMArMATHUECKOH MHOroCTd-
AHHHOH FHAPOTEPMAJIbHON NEATENLHOCTH, KOTOpAsd NMpHBea K OKBAPUEBAHHIO
H apruain3aluy LeaousblX Nopoa MaccHBOB H 06pa30oBaHHIO KBapll-6apHT-
GJOOPHTOBBIX KU/ € CYIbDHAAMHE H YPAHHHHTOM, PYJOHOCHBIX OpeKuHii ¢ ypa-
HHHHTOM, HACTYPAHOM, a TaK/KE MOCTPYAHLIMH KBADLUEBLIMH HKHJIAMH,

B npyrux ypauoBopyaHbelx paiionax, no aanusim $1. JI. Tormana (1972,
1979 rr.), npoABjaeHbl AB€ HJIH TPH PA3HOBO3PACTHHIE MeTaNJOTCHHYECKHE
3IMOXH: paHHeL0KeMOpHICKan U Me3030fcKas. B paHHenpoTepo3ofcKyio 3noxy
06pasoBaUCh Marde3Ha/ibHble CKapHbl ¢ (I0TOMHTOM H MATHETHTOM, KOTOpbIE
CBA3aHBl C TPOLECCAMH TPARHUTH3ALLMK N0POL ApeBHero GpyHiamentd. B nosa-
HEME3030HCKYIO 3M0XY C(HOPMHPOBANHCH B ONYLIEHHLIX 6J10KaX 30J10TOpY/HBIE
MECTOPOXK/AEHHH, a Ha TMOAHATHAX — THTAH-ypaHoBble (O6paHHEpPHTOBLIE),
co6CTBEHHO YPaHOBLIE, MOTHOAEHOBBIE H (TIOOPHTOBEIE MecTOpoxAeHHA. B oa-
HUX GJI0OKAX PA3JOMbl KOHTPOJHPYIOT Pa3MELLeHHE He TOJbKO runabuccalb-
HBIX LWITOKOB H Jd€K Me3030HCKHX LLeNOUYHbIX [0POI, HO H IIPOCTPAHCTBEHHO
C HHMH CBA3@HHLIX 30H 30JI0TOHOCHBLIX KBapil-kapGoHaT-alylspoBbIX MeTa-
COMATHTOB C MUPHTOM, XaJbKOMMPHTOM, a TakxkKe 30/0TOHOCHBIX KBapll-
remMaTHTOBBIX H KBapI-CYAbGHAHLIX KU, B Apyrux 6a0Kax THIA OpPOreHHbIX
CROMIOBHIX NoAHATHHA, no aaunsiM B. M. Kasauckoro w B. A. Kpyneunukosa
[32, 46], ypaHOBble H THTAH-YPAHOBBIE MECTOPOKIEHHSA TPHYPOUCHBI K 30HAM
OMOJIOAKEHHBIX B Me3030€ DPAHHeNpoTePO3OHCKHX pasjioMOB H TATOTET K
MO3/HEME3030HCKHM HHTPY3HBAM 11leJ104HO3€MeIbHO-LLeTOUHBIX [0pPOL Ka-
auesoro paja. OQHako ypaHOBOE opyleHeHHe 3/ech He 0OHaPYKHBAET CTONb
TECHOH NpocTpaHcTBeHHOH cBsA3n ¢ marmatuamom. Coraacuo $. J1. Tormany
(1972, 1979 r.), M. ®. Crpeaxkuny (1967 r.) u ap., npoueccbl rHapoTep-
MaJbHOro MHHEepaaooGpa3’0BaHHsl Ha MECTOPOAKLEHHAX MNpPOTEKAJH B ABa
3Tana ¥ HecKoabko cTaini. CHavana chOpMHPOBATHCH 30JI0TOHOCHbBIE HH3KO-
TemmepaTypHble THPHT-KapOoHAT-KaAHUINATOBLIC METACOMATHTH (FyMOGEHThI) .
3artem o6pa3oBauch OGapHT-KBapieBble MKHJAB H Cyab(HIHLIE TPOKHIKH,
a TaKKe yPaHOHOCHbLIE GpEeKYHH (Ksapu-l-:api’)onar. CEePHILHT, KaJHeBblii noge-
Boi wnat, 6GpaHHepHT, HACTYpaH, cyabHabl) H KBapu-kapHonaT-(hI0opHTOo-
Bule KHJbl. MIHTEpecHoO OTMETHTh, HTO BCE 3TH MHHEPaJbHbe ACCOUHALHH
paccekaloTcd NafiKaMH LIeN0YHbIX MMOPOL.

Bonpochl resesuca M HCTOUHMKOB PY/HOrO BellecTBa JPEBHHX pPelKo-
3eMeJbHO-TOPHI-YPAHOBLIX MECTOPOKIACHHH, ACCOUHHPYIOUIHX C NPOLYKTaMH
IPOTEPO3OHCKHI INOX yaALTpaMeTaMop(H3Ma H TPAHHTH3AINH (AJACKHTOBbIE
FPAHHTLI, MHIMATHTLL, 1ECMATHTLI M T. 1L}, ABJASIOTCH JAHCKYCCHOHHBIMH.
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O6GblYHO HX OTHOCAT K KJAAacCy MerMaTHTOBLIX MeCTOPOAJIEHHH, KoTopbie
CBfI3aHbl € TPAHMTOHIHBIM MArMaTH3MOM W HMEIT JMG0 MArMaTHUYCCKOe,
aubo metacomaTHueckoe npoucxoxaeHne. Ilo reonornueckomy u abeomor
Homy Boszpacty (2,0 v 1,0 mapa snet) opyaeHeHHe W CONYTCTBYIOULHC MHHE-
panbl BecbMa GJIH3KH KO BPEMEHH CTAHOBJEHHA YJAbTpaMeTaMop(hHUCCKHX
rpaHuToB, chopMHpoBaHubiXx B abuccadibHbix yeaosuax. B. A, Kpynennukos
[32] Ha oCHOBAHMH reOJOrHYECKHX H FEOXPOHONOTHUYECKHX LAHHBIN 11PHXOLH]
K BbIBOY, YTO Pe/lKO3eMe/IbHO-TOPHHA-YPAHOBOE OPYACHEHHE 3THX MCCTOPOK-
AEHHI ABASETCH IHAPOTEPMabHbIM, TeHETHHECKH CBA3AHHEIM ¢ IPOABICHHEM
B 30HaX FIYDHHHBIX PA3JIOMOB BLICOKOTEMIEPATYPHBEIX Ka/JHEBLIX MCTaCOMa-
THTOB, KOTOPbl€ Ha/l0XKeHbl Ha Pa3HOTHIHLIE PA3HOBO3PACTHbIC 0DPA30OBaAHHS
H BO3HHKJIH MOJ BO3JeHACTBHEM MOLKOPOBLIX MPOLECCOB.

Kpome Toro, kak yxe oTmeuasiock, H0OAKOPOBBI (MAHTHHHbIA) MCTOYHHK
ypaha M MHOTHX CONYTCTBYILUIMX PEAKHX H PeAKO3eMEJbHBIX 3JeMEeHTOB,
a4 TAK:Ke PYLOHOCHBIX (QUIOHLI0B MPeanojardeTcs HeKOTOPBIMH HCCJ/IeL0-
BATENAMH /Il MECTOPOKAEHHH YPAHOHOCHLIX AJbOWTHTOB H APYTHX 1LCA0Y-
HbIX METaCOMaTHTOB, PA3BHTHIX B PYAHbIX NPOBHHUHAX Kak JPEBHHX ILHTOB,
TaK W (aHEepO30HCKHX CKJIaa4aThlX H aKTHBH3MPOBAaHHBLIX oBaacTel.

[Iporepozoiickue mecropomiaenus aiabOutuTos, no gavdbiM B. M. Kazau-
ckoro, B. A. Kpynendnkosa [32], J0KaJH30BaHB B CJAOKHO MOCTPOCHHBLIX
30HaX [OJTOKHBYIWHX TIyGHHHLIX DPa3jOMOB, CPeAH MEeTaMOPHHUECKHX H
yaAbTpamMeTaMophHueCcKHX KOMNJAEKCOB NMOPOA APeBHUX LIHTOB. Kak npasuio
OHH He OGHAPYIKHBAIOT BHAHMOH CBA3H ¢ TPAHHTOMAHBIM HAH LLEJOYHBIM
MArMaTHIMOM, OJTH3KHM 10 BPCMEHH MPOSBACHHA K YPaHOBOMY OpPYACHECHHIO.
OnHaKo o6GBIYHO OHH NPHYPOYEHbl K 30HAM [JyOHHHBIX PA3JIOMOB, KOHTpPO-
JHPYIOULHX TIONOKEHHE HHTPY3HBOB M 1a€K MarvaTHUeCKHX Nopoja OCHOBHOIO,
KOHTPACTHOTO OCHOBHOFO—KHC/I0MO H JIPYroro cocraBa MaHTHAHOIrO 1pouc-
XOKAEHHA. YpaHoBoe OpyICHCHHe MecTopoKieHHH chopmupoBasocy |,8—
1,7 mapa net Hazaja B 3MOXY NAaHeTAPHOH TEKTOHO-MArMaTHUeCKOH aKTHBH-
3allHH.

Kak yxe ormedasioc, B OTHOLWEHHH ypaHa M PYLOHOCHBIX PAaCTBOPOB
CYULECTBYIOT Pa3/iMUHLIE MpPeACTaBJeHHA: MeTaMopdoreHHoe, MeTeOpHO-
IOBEHHJILHO®, THAPOTEPMabHOe.

Mo nanueim B. A, Kpynennukosa [30], anbGUTHT-ypaHoBbie MECTOPOIK1e-
HHSL ¢DOPMHPOBANIHCh BCJE/L 3a CTaHOBJeHHeM GJM3KHX 110 BO3pacTy Marma-
THUECKHX KOMIUIEKCOB MNOAKOPOBOro [MPOHCXOXKAeHHA (rabOpo-aHOPTO3HT-
panakHBH-rPaHHTHOrO H lWenodHoro coctasa). [eHeauc mecTopomaeHui,
0 MHEHHIO 3ITOro aBTOpd, Haubojee YIOBJICTBOPHTEJNLHO 0ODBACHACTCS C
NO3HUHH AYGHHHOrO NPOHCXOMKICHHA YPAHOHOCHBIX LICAOYHBIX (DIIOHL0B,
BO3HHKUIMX B CBA3H C NpoUeccaMu [erasallid H TeTPOXHMHUYECKOH M-
tepenunannn mautni. Flpn 3T0M npeacTapieHHs o MaHTHHHOM NPOHCXOMK-
J€HHH YPAHOBLIX MECTOPOXKAEHHA OH NMBITALTCS 1IOATBEPAHTb COBOKYIHOCTBIO
CACAYIOUHX HaHboJee CYLLeCTBEHHbIX ocoBeHHOCTeH:

IOCTOSAHHOA NPHYPOUYEHHOCTBLIO HX K 30HAM TNYyOMHHBIX Pa3joOMOB NOA-
KOPOBOIO 3aJIOKCHHA H OIPOMHOH MPOTAKEHHOCTLIO OPEOJOB YPAHOHOCHbIX
HATPHERKLIX METACOMATHTOB;

BbIICPKAHHBIM XaPAKTCPOM TEOXHMHUECKOH CHeUHANH3AUHH HATPHEBLIX
meracomatutos (U, Th, TR, Zr, P, V, Ti, Be) He3asHCHMO oT BMElatnx



MOpoA M CTeneHn ux mMetamopduima, a Takme rayGHHIOIO CTPOCHHS 3eMHON
KO})H;

CO/lePKAHHAMH B 3aMETHBIX KOJHYeCTBAaX BOAOPOAA H YIVIEBOLOPOIOB
B ﬂ.r[bGHTHIi»prK)ll.llix pacTBopax, 4To CBHAETEJIbCTBYCT O CYUICCTBEHHO BOC-
CTaHOBJEHHOM MX Xapakrepe;

M3OTOMHBIM COCTABOM Yriepola M cepbl B MHHEpanax YPaHOHOCHBIX
aJbOHTHTOB, YKA3bIBAIOUWIWM HA HX TAYOHHHBIH HCTOUYHHK,

OTCYTCTBHEM Y aNbOHTHIHPYIOUIHX (DAIOHAOB NPH3HAKOB (PHIHKO-XHMH-
YECKOH 3BOJIIOUHH.

JI. {1, Ulmypaesa [109] na oCHOBaHMH FeOJOIO-CTPYKTYPHLIX, NETPOSIO-
THYECKHX M  MHHEPAJOro-reoXHMHYECKHX JaHHbIX, 00pa30BaHHE TAKMX
MECTOPOMKAEHHH, JOKAIHIOBAHHBIX B PA3JHYHON reoNornueckoi o6eTaHoBKe
apesrero ¢yuiamenta Bocrouno-Esponeiickoii naatdopmbl W CBA3AHHBLIX
¢ KapOOHATHO-MENOUHBIM (HATPHEBLIM) METACOMATO30M, a TAKKe MCTOYHHK
ypaHa nuiraerci 00bACHHTL Pa3BHTHeM TAYOHHHBIX MOJKOPOBbLIX MPOLECCOB.
[IposBaenne ux 06yCAOBACHO HHTPATENIYPHUECKHMMH TENA0OMACCONOTOKaMH,
BO3HHKUIMMH B MAHTHH H 3€MHOH KOpe MO BAMAHHEM MOLLHOW paHHenporte-
PO30#CKOH TEKTOHHYECKOH AKTHBH3ALHH.

B kauecTBe [10Ka3aTeJbCTB MNOLKOPOBOTO MCTOYHHKA PYAHOr0 BeLLECTBa
paccMaTpHBAEMbIX MECTOPOKIACHHI MPHBOAHTCA IeJbli pAl 0cobeHHoCTeH,
MO3BOJAIOLIHX CYHTATH HX B reHOTHUECKOM IL1aHe Kak e1HHOE IleJoe:

NposiB/ieHHe YAbTPaGa3HTOB, B TOM YHC/E ILENOYHLIX NOPOL HATPHEBOIO
pAna B npepeiax pyAOHOCHBIX Pa3pbiBHBIX CTPYKTYD;

NPHYPOHEHHOCTb K 30HAM FYOHHHBIX PA3/IOMOB [0OJIKOPOBOTO 3aJ0KeHH;

O/IMHAKOBLIH MHHEpAJbHBIA COCTAaB M MOHOMETaJbHOCTH OpYAEHEHHS,
0cobasi reoXMMHUCCKAR €ro creldaid3aluds 3JeMeHTOB-CIYTHHKOB MadH-
yeckoro npogman (Fe, Ti, V, TR urtpuesost rpynnui, Zr, Th, vnoraa Cr, Cu,
Zn, Mo, Li, Be n 1p.), a Takke Hajsduue JeTyunux komnoHentos (CO. S, B,
P.0s, F);

MAHTHHHbIC COOTHOLUEHHA cTaOUIbHBIX  M30TONOB paaa FNEMEHTOB
(C, Sr u ap.);

HATpHEBble H KapOOHATHO-HATPHEBLIC METACOMATHTLI, HE CBA3AHHbIC C
MpenecTBYOWEH PerHoHalbHOl KOPOBOH IPAHHTH3AILMEH,

OTCYTCTBHC B Npejenax PYAHBIX MoJeH H MECTOPOMKACHHH Fe0JOTHUeCKHX
dbopmallHil ¢ reOXHMHUYECKOH ypaHoBOH crellHanu3alHen.

Bee H3N0KeHHOe Bbllle MoKa3blBaeT, uTo cpelx CpeaHe- H HH3KOTEMIe-
paTypHbIX THAPOTEPMAadbHbIX TOPHA-ypaHOBLIX H COOGCTBCHHO YPAHOBLIX
MECTOPOMAECHHH, KOTOpHIE JIOKZJH30BAHL B 1IEJOYHBLIX (HATPHEBBIX H
KaJlMeBblX) METAaCOMATHTAX H [AJA KOTOPbIX [peanojaraercs II()JIKOPOBb[ﬁ
HCTOYHHK (WIOMIAOB M PYAHOIO BELLeCTBA, MOMKHO BLILEHTL M0 Kpadue
Mepe ZBe pas3fMuHble FPYNnbl: 1) MECTOPOMKACHHS, CBA3IAHHLIE C NOAKOPOBbIM
(L1e0YHbIM, ULEJOYHO-YABTPAOCHOBHBIM) MarMaTHIMOM, H 2) MeCTopoxK/ie-
HHs, He OOHAapYMHUBAIOULHE BHAHMOM CBH3H C NIPOABJCHHEM TAKOro Marma-
TH3Ma. MecTopox/lenus 00€HX Tpyln XapaKTepH3YIOTes MHOMMMH OOLLHMH
FEOXMMHYECKHMH OCOOCHHOCTAMH: He TOJbKO BLICOKHMH cojgepanugmu
wegoueid (Na uau K), Ho H HabopOM pelKHX, PeAKO3EMEe/IbHbIX, PAJHOAKTHE-
HBIX H APYTHX 3jeMeHToB. OLHAKO OHM CYNIECTBEHHO OTAHYAIOTCH 110 YPaHO-
HOCHOCTH, T. €. N0 3HAYCHHIO [MaCIUTHﬁHUCTH H h’ﬂl[f.’CTB)’) YpaHOBOTrO
OpYAeHEHHS.
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B OTHOIEHHH MeCcTOpOAKIAeHHI [MepBoH rPynfbl  cJAelyeT [IPH3HATD,
YTO HE BLI3LIBAET COMHEHHH MNOAKOPOBOE [POHCXOKIACHHE YPaHOHOCHBIX
MATMATHYECKHX O4aroB H, KaK ¢JeCTBHE, I10/IKOPOBbIX HCTOUYHHKOB Ypauo-
HOCHBIX MarM, NOCTMArMaTHHECKHX (UIIOHI0B H PYLHOrO BELIECTBA, B TOM
uMCJe TOpPHSl, ypaHa M p., HX MHOTOCTAaAHHHOCTL. ITH MECTOPOMKIECHHA
NPHYpOUEHbl K 30HaM rAyGHHHBIX (MOIKOPOBbIX) Pa3noOMOB, HO PA3BUTHI
JIOBOJIBHO JIOK@J/bHO, TOJNBKO BOJIM3H LIEJNOYHLIX HHTPY3HBOB LEHTPAJALHOIO
THMA, YPAHOBOE OpYIEHEHHE B HHX HE HMEET MepBOCTEeNeHHOTro 3HAYEHHS.
Onnako (akThl HaAHUHA ITHX MECTOPOKIEHHH CBHAETENLCTBYIOT O NPHHILH-
NHaJbHOH BO3MOMKHOCTH CYULECTBOBAHHA B NPHPOJE NOJAKOPOBLIX (marma-
THUECKHX) HCTOUHHKOB.

Bonpockl MpoHCXOMACHHST MECTOPOKACHHH BTOPOH IPYNNbl H HCTOUHHKOB
ypaHa B pPYAOHOCHBIX pa3joMax, BAOJb KOTOPbIX He YyCTaHABJIHBaeTcA
NPOABJCHHA  YPAHOHOCHOTO  MOAKOPOBOro  (LULEJOYHOr0)  MarmMaTHima,
0CTAKTCS BO MHOTOM HESICHBIMH H JIMCKYCCHOHHBIMH. Onpejenennnie 4yepThl
CXO/CTBa, B [EPBY0 O4Yepeab N0 FeOXHMHYECKHM 0COBEeHHOCTSIM Pa3BHTHIX
3/1€Ch METACOMATHTOB H Py € dHAJOTHUHBIMH 06Pa30BAHHAMH MECTOPOK/e-
HHil nMepBOH rpynmsl, MO3BOJAAKT COMACHTBCH C MPEACTABJIEHHEM O TOM,
4TO cHOPMHPOBABLIHE HX PACTBOPBI ((PJIOH L) HMENH B OCHOBHOM 110/IKOPOBOE
MPOHCXOMHACHHE H COACPKAIN YraeKHCa0TY, (prop, wenoun (Na, K), a Takxke
3HAYHTENbHble KoJHuecTBa dochopa, UHPKOHHA, BAHAWA, DEAKHX 3eMellb
u ap. He HckIOYeHa Takke BOIMOMHOCTb MPHCYTCTBMH B HHX BechMa
HHUTOMHOH YACTH pajlHOaKTHBHBIX 3saementos (Th, U). OaHako Heab3d
COTJIACHTLCST ¢ MHEHHEM, 4TO 3TH (haiOHabl GbliH YpaHOHOCHBIMH (pylooGpa-
3VIOUIMMH) ¢ CaMoro Hadaja MX 3apOKICHHA, ClNOCOOHBIMH CO31aBaTh
NPOMBILINEHHLIE KOHLUEHTPALHH PYA, H YTO OCHOBHBIM HCTOYHHKOM YypaHa
CAYKHIH MAHTHHHBIC MOPOLI.

TaxkHM npeacTaBJIEHHAM TNPOTHBOPEHAT [peje BCero 3aKOHOMEPHOCTH
pasMelleHHst YPAHOBOPYAHLIX NPOBHHLUHA H MECTOPOXKAEHHH — NpHypoYeH-
HOCTb HX K ornpepeneHHbiM, [AJHTEAbHO (GOPMHPYIOUIHMCA CTPYKTYPAM KOH-
THHEHTA/IbHOH 3€MHOH KOpbl, C XOpPOWO pa3BHUTbIM «IPAHHTHBIM» CJ0EM,
MPOTHBOPEYAT BCA AAMTEILHAS HaNpaBAeHHOCTh NpealllecTBOBABIIEH HCTOPHH
CretHpHIECKOro reoJIOrHHeCcKOro pa3BHTHA KOPbl H NPOfBJAEHHE Pa3JjHYHBIX
INAOTEHHBIX [IPOLECCOB, NPHBOAHBIIHX K CO3JaHHI MHOTOKHIOMETPOBOH
cHaauyeckoi 000/10YKH H ee MeOXMMHYECKOH crneudatuiallii, HaKolJIeHHIO
B Hell PaliHOAKTHBHBIX 3JIEMEHTOB, B TOM 4HCJ€ ypaHa.

B noarsepKiAcHHe TOUKM 3PeHHs O MAHTHAHOM MCTOUHHKE ypaHa ee
ABTOPHI, KPOME OTMEUEHHBIX Bblillle 0COGEHHOCTEN, NPUBOLAAT U TAKHEe N0BOJbL:
OTCYTCTBHE ClEUHATH3HPOBAHHLIX reoJoTHUecKHX (opmannil — Huskue do-
HOBble COJEpKaHHA ypaHa B MOPojJax MeTaMOP(HYECKHX H YJbTpameTamop-
(puyeckHx kowmmekcosB (ocobenHo o6Gpa3oBaHHi rpaHyaHToOBOH auuu),
OTCYTCTBHEe O6JH3KHX M0 BO3PACTy CHNEUHAIH3IHPOBAHHbIX (YPaHOHOCHDIX)
TPanuTOB, ciiabasn HachlLEHHOCTD JICTYUYMMH KOMITOHEHTAMH H3BECTHBIX MerMa-
THTOB H TPaHUTOB.

Onxako, Kak 610 NOKa3aHO paHee, KOHIEHTPAUHH ypaHa B MaHTHHHbIX
NOpoAaX, HECMOTPA HA HX Pe3Kyl JAH((epeHHPOBaHHOCThL 110 PAJIHOAKTHB-
HOCTH H BEChbMA JIOKAJbHOE Pa3BHTHE OT1e/bHbIX YPaHOHOCHLIX 06pa3oBaHHuii,
HLeJTOUHBIX W JIPYTHX MATMATHUECKHX H METACOMATHUCCKHX MOPOA, B LEJ0M
TOPA310 HHKe, HeMm B nopojlax 3eMuoi kopbl. Mexoas #3 o6unx ocobennocteii
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Pa3sBHUTHA 3HAOMEHHBIX MPOUECCOB, 3/1€Chb AN (POPMHPOBAHHA DPYILOHOCHBIX
pPacTBOPOB MOXKHO [PEINonaratb (HAbTPAIHOHHLIA MeXaHH3M H3BJEUeHHS
yYpaHa BOCXOAAULUMH (JIIOHIAMH U3 CNEUUANUIHPOBAHHBIX NOPOA.

Kak yxe oTmeuanock, ans MeTamopgHUeCKHX TOJLL H YJAbTpameramop-
(PHUECKHX I'DAHHTOHJIOB, CJAATAIOUIHX KPHCTANIHUECKHH (DYHLIaMEHT APEeBHHX
ULHTOB, XapaKTepHbl 10BOLHO AH(deperuupoBanibie HOHOBLIE CONEPKAHNA
ypana H Topua. Cpesin HUX pa3BHTHI NOPOAB KAK ¢ HH3KHMH CONEPIKAHHAMH,
TaK H ¢ HOPMaJIbHBIMH H TIOBBIILIEHHBIMH KOHIEHTPAUHAMH MeTaJ/ljla i PasHoi
aonei ero «noABHKHOH» dopmbl. [lo3ToMy Ha MHOTOKMAOMETPOBOM NYTH
MPOIBHKEHHS BOCXOAALLHX AKTHBHbBIX (DJIIOHI0B BJ0JbL MOULHBIX NPOHHLAEMBIX
30H NOJAKOPOBBIX PA3JOMOB BMOJHE MOTJA CYLULECTBOBATH BO3MOMHOCTb 3Ha-
YHTEJIbHO NOBbICHTH HX ypauouocuoe‘rb B p€3YHbTaTE T.ﬂyﬁHH‘HDﬁ MOOHIH-
341HH PYAHOrO BELLeCTBA M3 PAa3JHUHbLIX, B TOM UYHCJe TPAHHTOMIHLIX,
Mopoj 3eMHOM KOpbl (rayGHHHBIA (QHABTPALHOHHBI HCTOUHHK).

Bce 370 cBHeTENLCTBYET 0 TOM, UTO MPOUCXON ALHHE SHAOTEHHBIX YPaHo-
BbIX MECTO]JO}K,D.E‘HHF{ JlTaHHOro THNa He HMeeT Ha COBPEMEHHOM 3Tane H3YyueH-
HOCTH OJHO3HAYHOro 06bAcHeHHs. OHH BnoJHEe MOrJIH CHOPMHPOBATLCH B
peayJbTarte MPOABJEHHA [OCTMACMATH4eCKOH (NOCTrPAaHMTH3IAUNOHHON)
FHPOTEPMAJILHOR JeATeNbHOCTH Ha oflieM (oHe MOCTYMJIeHHA 10 30HaMm
ryyGHHHBIX pa3fJiomoB manTHiHbiX (uouwaos. [lostomy npH o6pazoBaHuu
PYLAOHOCHBIX PACTBOPOB COBEPIICHHO HE UCKAKYEHA BO3MOMHOCTL CyllecT-
BOBaHHA TYGHHHOrO (PHALTPALLHOHHOIO HJAH (PHALTPAIlHOHHO-MArMaTHUecKo-
rO HCTOYHHKA.

PaccmoTrpenue npencTtasieHHd 0 MNOAKOPOBBIX HCTOUHHKAaX pPYIHOro
BEILeCTBA H HMEIOLWHXCA JaHHbIX 10 HEKOTOPbIM FPYNNaM 3HIAOTeHHBIX ypa-
HOBBIX MECTOPOXACHHH MO3BOJIAET C/eNaTh celylollHe BblBO/bL:

) noakKopoBble MATMATHUECKHE HCTOUHMKH PYAHOrO BEILeCTBA MOXKHO
npeanosaraTb A KOMIIEKCHBIX TOPHH-ypaHOBBIX, PELKO3EMEIbHO-TOPHH-
YPAHOBBIX H HEKOTOPBIX APYTHX YPAHOBBIX MECTOPOXAEHHA 1poTepo3oicKoro,
1aJe030HCKOr0 H ME3030ACKOr0 BO3PACTA, TECHO (1apareHeTHUECKH CBR3aH-
HbIX C MPOABJEHHEM MAHTHHHOrO YIbLTPAOCHOBHOTO-ULEJTOUHOIO, OCHOBHOTO-
lI1eJIOYHOTO H [LEJOYHOTO MarMatHiMma;

2) aasa rpynibl COGCTBEHHO YPAHOBBIX MECTOPOKACHKUA, NOKAANIOBAHHDIX
B LLLEJOYHBIX METACOMATHTaX (a/JbOHTHTAX) H He O6HAPYKHBAKWILHX BHAHMON
CBA3H € NPOABJEHHAMH BHYTPHKOPOBOrO [IPAHHTOHIHOrO MAarmaTHiMma,
HO NPOCTPAHCTBEHHO H MO BPeMEHH 06pPa30BAHHA TATOTEIOUIUX K KOMNJEKCaMm
YAbTPAOCHOBHBLIX, OCHOBHBIX H OCHOBHBIX-KHC/BIX IOPO/, BONPOC HCTOYHHKOB
PYHOro BellecTBd OCTAETCA BO MHOIOM HESICHBIM H JIHCKYCCHOHHBIM, TIOITOMY
CYLLECTBYIOT a/JbTePHATHBHbIE [PEICTABICHHSL.

Bce MecTOpOMIeHHS IBAAIOTCH SHAOTEHHBIMH THapoTepmanbHbiMu. [Tpouc-
XOX/AeHHe (JIIOHL0B, CONepKalllHX B CBOEM COCTdBe YIVIEKHCJOTY, LIEJOYH,
raaouabl, docop H ApPYrHe JeTyude H MOABHAHLIC KOMOOHEHTH, a Takxe
pelKHe H peaKo3eMme/lbHble 3JEMEHTH, CKOpEe BCero cJjeiyeT CBA3bIBaTh
C Pa3BHTHEM NOAKOPOBBIX MPOILECCOB — JEra3allHell MAHTHH HAH MOKOPOBbIX
mMarmatHueckux ouyaroB. McTouHHKOM ypaHa, M0 LaHHBIM OJHWX MCCliefoBa-
TeneH, CAYKHIH FPAHHTHIHPOBAHHBIE H NHA(PTOPH3IHPOBAHHLIE MeTaMOp(H-
YeckHe M0pO/bl «rPAHHTO-METAMOPGHYECKOro» C€/J10f KOPbl (BHYTPHKODOBbIE
ray6HHHble QHIbTPALHOHHBIC HCTOYHHKH), M0 MHEHHIO APYTrUX, — MauThinoe
BELLECTBO (NOLKOPOBble HCTOUHHKH) .

'/:43akas 21923 9241



Kak 6bln10 noka3ano B NPeAbIAYILHX TNaBax, ypaH BMeCTe ¢ HEKOTOPbIMH
APYIHMH 3J1EMEHTaMH JJIHTEJIbHOE BPEMHA H B HeGOoMbIIHX KOJHYeCTBaX nepe-
HOCHJICA B MAHTHHHBIX TPAHHTH3HPYIOLULHX (JIIOHAAX, BHI3LIBABIUHX HA PAHHHX
3Tanax pa3BUTHA PYAHbIX NMPOBHHILHA CPAHHTH3AUMIO NOPOJL 3IEMHOH KOPbL
OaHako BpAL JIH YPAHOHOCHOCTL MOAKOPOBbIX (DIIOHAOB, NPOABHBLIHXCA B
pY/Hble OpOreHHble 3Tanbl, MOrJa AOCTHraTh TAaKHX 3HAuyeHHH, uTobbl He-
NOCPe/ICTBEHHO  CO3/1aBaThb  [EepPBHUYHLIE  MAaHTHiHble pPylo06pasyolLIHe
pacTBOPHI.

MoaureHHble HCTOYHHKH

Cpejli ypaHOBBIX MECTOPOMK/IEHHH ¢ BO3MOMKHBLIMH I[OJHIeHHBIMH HCTOY-
HHKaMH, B TIEPBYID Ouepejb CJelyeT OTMETHTb MECTOPOXK/EeHHS BblejsieMoH
H. I1. Jlaseposmm (1984, 1986 rr.) noaurennoft cepuu. K HuUM npHuHan-
JIeKAT Npexae BCero KpyMHble MECTOPOXKAEHHA COGCTBEHHO YPaHOBBIX H
KOMJIEKCHBIX ypaHcolepallHXx pya (¢ HuKeJaeM, Ko6aJbTOM, MbILIbAKOM,
Me/Lbio, 30J0TOM, cepeGpoM) B [POTepo30HCKHX NpoBHHUHAX Artabacka
(Kanana), CesepHoit H HOxHoH ABCTpasiHH, KOTOpPbie OTHOCATCH K ocoBomy
THIY NOJWTEHHBIX MECTOPOX/EeHHH B 30Hax «HecoraacHi». PopmupoBanHe
3THX MEeCTOPOMJIeHHH MHOIHe HCC/el0BaTe/lH CBA3LIBAIOT ¢ NPOABJIEHHAMH
1LeJIOTO Psila NPOLECCOB MOCJe]0BaTeNbHOH KOHUEHTPALHH H nepepacrpene-
JIEHHA ypaHa: CHHIreHeTHYHbIM HA4KONJeHHeM B canpornejieBblX Haax,
HX Meramop¢uamoM, Gonee No3gHeH THAPOTEPMaJbHON JIeATeNbHOCTbIO,
CBA3AHHOH € MOCTCKJAaayaThiM rPAHHTOMAHBIM MAarMaTH3MOM H KOHUEHTpa-
1HeH 6oraTbiX ypaHOBBIX pPY/J H [PYTHX CONYTCTBYIOULHX METaJl/J0B B 30Hax
BTOPHUYHOrO 00GOralleHHs.

Ha noaureHHoe mnpoHCXOXKAEHHE 3THX MECTOPOXKAEHHH YKa3blBaloT
NPHYPOUYEHHOCTb HMX K 30HaM perdoHalbHbIX [MOBEPXHOCTEH HecorJacHs,
0c00blli cOCTAB MePeKpLIBAUIHX NJaT(OPMEHHBIX OTIOKEHHHA, OTYeTNHBbIH
KOHTPO/Ib OpYLEHeHHsl paspbiBaMH H KAapCTOreHHbIMH CTPYKTYPamH, CIeLH-
(pHUECKHEe CcOCTaBbl Py H MOCJEL0BATENbHOCTh MHHEPAJ006pa30oBaHHA, Ha-
JIHYHE Pa3HOBO3PACTHBIX reHepalnii ypaHosblx MHHepados [87]. Cpenn HHX
H. I1. Jlapepor BblaenasierT JBe reHeTHUECKHe TPYNIbI.

[Tepeas rpynna BKAOYALT MECTOPOMASHHA ABYX Kaaccos, obpa3oBannbie
B MpOLECCe OKHCJIEHHA [MEePBHUHBIX YPAHOBBIX KOHUEHTPAUHH pasHoro
l'lpOHCXO}-K,IlEHHH.

l. TpeuwlHHHO-HHOHJIBTPALLHOHHBI® 30HbI BTOPHUYHOTO 0GOralLeHus THAPO-
TepMalbHbIX MECTOPOXK/AEHHH B 30HAX «HecOornacHs» (COGCTBEHHO ypaHOBHIE,
MHOT/la C 30JI0TOM, MOJIHMETallbHbie YPAHOBLIE C HHKeJ1eM, K0OaIbTOM, MEbio,
cepebpom, cOOGCTBEHHO ypaHOBble H BaHaJHH-ypaHOBble ¢ MOJHG/1EHOM H Ap.
B YEPHbIX CJaHIAX).

2. [lnactoBo-HH(pHABTpALLHOHHBIE  30HbL  BTOpPHYHOro oboralleHus
Ce/IHMEHTAULHOHHO-AHAareHeTHYeCKHX H 3MNHIeHeTHYEeCKHX MECTOPO)K,D.CHHI:I
{ceseH-ypaHoBbie # BAaHAAHW-YPAHOBLIE B NMECYAHHKAX).

Ko sTOpoii rpynme oOTHOCATCS MeCTOPOMKIEHHS, 0Gpa3OBaHHBIE TMpPH
NPOCTPAHCTBEHHOM COBMELLEHHH pa3JIHUHbLIX H PasHOBO3pAacTHBIX pynoobpa-
3YIOLWHX NPOILECCOB.

3. COBMELL[EHHHHQ FHﬂpOTﬁ.’pMaJinblE H 3K30reHHbIC (CE.‘,IJ.HMEHTH[I,HOHHO‘
HHHFBHGTHNGCKH@) — MNOJHMETAaJbHblE YPAHOBbIE ¢ ME/blO, 30/IOTOM H Ce-

242



peGpoM; MOJHMETaNbHbIC TOPHH-YPAHOBBLIE C HHKeJeM, KoGaabTOM, MEIblO,
30/10TOM H NJATHHOH.

Kak BHAHO, B UPEICTARNCHHAX O reHeIHCE NOJMTeHHbIX MECTOPOXKACHUN
YpaHa npeaycmaTrpHBaeTcs y4yadCcTHe HECKOJbKHX MNpoueccoB, a B BOHPOCHX
00 HCTOYHHKAX PYAHOrO BEUIECTBA — KAK CHHTEHeTHUHbIH ypaH BMelldioninX
IIOPOJ, MepepacnpeieaeHHblii 3THMH [1POLEeCcCaMH, TaK H 3MHreHeTHYEeCKHHA
ypaH, [pHBHECEHHBI  pacTBOpaMH  rHAPOTEPMAasbHOH  [IEATEJbHOCTH.
OnHAKO NPOHCXO0MKIAEHHE MOCAEHero OCTAeTcs BO MHOTOM HEfACHbLIM.

AHANH3HPYA BO3MOMHOCTH CYULECTBOBAHHS HECKOJbKHX HCTOYHHKOB
PYLHOTrO BelLlecTBA /151 YPAHOBLIX MECTOPOMKACHHH CJIOXKHOTO NPOHCXOK/LCHHA,
Heo6XxoAHMO OOpPATHTL BHHMAHHE HA TEeHNEHUHO3HBIH M0AXOL HEKOTOPbIX
Hcc/eloBare/ed NpH pelleHHH TPYAHBIX TeHEeTHUeCKHX BOIPOCOB Ha 3THX
o6bextax. Kak npaBuio, TakHe MECTOPONKACHHA ABAAIOTCA CTPATH(HOPMHEIMK
HJIH XapakTepH3yloTcst GoJee CJO0MKHOH (KOMOGHHHPOBAHHOH) Mopgoaoriei
PYAHBIX 3aneel, KOTopbie JOKaJlH3YIOTCH CPEIH reoOXHMHUECKH CIellHalH-
3HPOBAHHBLIX YPAHOHOCHBIX OCAJOYHBIX [OPOA, B TOM YHCJAE YIIEPOAHCTHIX
yepHbix caanues. [Tpu stom aake B ciayuyadx NpOABJEHHA NMPH3IHAKOB ABHO
HAJOXKEHHBIX THAPOTEpPMaJbHBIX MPOIECCOB (MeTacOMATHTOB, PYILHOH H
FKHIbHOH MHHEPANH3alHH H T. 1.) 0ObIYHO MPHHATO CYHTATh, UTO CHHIEHe-
THYHbIH (DOHOBbIA ypaH BMELLAlOIKHX nopod Obll nepepacripeinened [pH
perHoHabHOM METaMopdH3IMe H B npolecce rHAPOTepMabHOA AEATENbHOCTH.
Hepenko takie BbiBOAbI Aenaiotcd 6e3 ocofblX 10K33aTe/bCTB, B OCHOBHOM
YMO3PHTEIbHO, Ha OCHOBAHHH MPOCTPAHCTBEHHOH NPHYPOUCHHOCTH K 3THM
YPAHOHOCHBIM TOpoAaM.

Kpome toro, cieayer 3amMeTHTb, 4TO TaKoe KOMIPOMHCCHOE OObsicHEHHE
(opMHpPOBaHHA YPAHOBBLIX MECTOPOMKIEHHH C MNPHBJEYEHHEM MHOTHX reue-
THYECKHX MPOLECCOB (CHHreHesa, perHoHajJbHOro MeTamopgHima, rHiapo-
TepMa/bHOH [1eTebHOCTH, THMEpreHesa), 4a TakKe MpeanojoxenHe o6
YYACTHH CHHIEHETHUECKHX H SMHTeHeTHUECKHX KOHUEHTpaluuid ypaHa 3aTy-
IeBbIBAIOT BONPOC 06 OCHOBHbIX NPHYHHAX BO3HHKHOBEHHA MEPBHYHOTO
YpaHOBOrO OPYIEHEHHsi H ero BTOPHUHbLIX MPOMbILLIJIEHHBIX KOHLEHTpallH.
[To cyuiecTBy 3TOT TEPMHH HE NOJHOCTbIO OGBACHAET reHe3HC MECTOPOXKAEHHH
u 1em Gosee MPOHCXOMKAEHHE HCTOYUHHKA ypaHa B X pyaax. Ilo3tomy np-
MeHeHHe MOHSTHA «MOJHIreHHbIe» MECTOPOKACHHA 63 OroBOPOK H OO bACHEHHS
POJIH Ka)K10ro npouecca M ocobeHHO 6e3 BbIAEAEHHH TJaBHOTO Mpouecca
YpaHoBoro pyaoo6paszoBaHua He 0TOGPAMaeT HX NMPOHCXOKAEHHA.

B TepMHHbI H IpeCTaBAEHHA «MOJHIEHHbIE» H «TOJHXPOMHBIE» MECTOPOK-
NeHHA (HaH opyleHeHHe) HeOOXOAHMMO BHOCHTb pas3bACHEHHe: KOrja MnpoHc-
XOIH10 pyn006pa3oBaHHe H C KAKHMH [1pOLecCaMH OHO CBA3aHO, KaKHe THIIhI
HCTOYHHKOB ypaHa uMeJH MecTo. B NpoTHBHOM Ciyuae BO3HHKAET Heolpe-
[e/IEHHOCTb H HEACHOCTh MOHATHA, 3a KOTOPbIMH CKPbIBAWOTCS a100ble
reHeTHUeCKHE TNPe/ICTaBJeHHA.

OueHnBas posib «MONHreHHbIX» HCTOUHHKOB PYIHOIO BEleCTBA B LEJOM,
Takxe HeoOXoaHMO obpaTHTb ocofoe BHHMaHHE Ha 010 y4aCTHA Kam1oro
H BbLLEJIHTb CPelH HHX OCHOBHOM THN HCTOYHHKA, T. e. 00YCJOBHBILIHA (OpMH-
poBanHe Go/billedl YACTH NCPBHYHOTO YPAHOBOFO OPYACHEHHA ¥ NPHBOAKBILHHA
K CO3JaHHI0 NMPOMbILLIEHHBIX, B TOM YHCJae GOraTbix pyil.

Kak 6bl10 nmokasaHo B NpeabiAYULHX laBax M pasfenax, Mpouecch
celHMeTOoreHe3a M perHoHalbHOro MeTamopdHimMa I[OPOA HE TPHBOIHIH
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HEMOCPeACTBEHHO K YPaHOBOMY PyA006pa30BaHHi0, d MPH BbICOKHX CTYMEHAX
Hx npeo6pasoBanus cnoco6CcTBOBAJNH  BbIHOCY M PACCEMBAHHIO ypaua.
Kpome T0ro Gbl10 TaKKe NOKa3aHo, YTO BMELLAIDIIHE MECTOPOK TeHHA NOPOLbI
KaK HCTOYHHMK PYLHOTO BEULeCTBA MPH NpOABJeHHH JI0ObIX IMHreHeTHYRCKHX
JIPOLECCOB, B TOM YHCJE FHAPOTEPMAJNbHBIX, HMENH BeCbMa HHUTOMXHOE 3Ha-
yenHe. B To Ke BpeMs Ha MHOrOYHCJIEHHBIX IIPUMEPAX H3YUEHHBIX CTpa-
THPOPMHBIX MECTOPOXKIEHHH TAKOrO THMA, 3a/eralolluX KakK B CKJIaa4aTom
OCHOBAHHMH, TAK H B MOJACCOBOM H NNaT(OpPMEHHOM 4exJyiax, yCTaHOBJEHO,
YTO TJABHOH MPHUHHOW NOABJEHHA MEPBHUHOrO OpyaeHeHHs (Hepeako yGo-
roro) fIBASIOTCA THAPOTEPMa/bHbe TPOLECChl, COMPOBOK 1a€Mble NIPHBHOCOM
ypaua BOCXOASILIHMH PAacTBOPAMH H3 YpaHCOAepMXalllHX nopoi ¢yHiameHTa,

Kak yxe oTMeuanoch, Takoe NPOHCXOXKIEHHE MOTYT HMEeTb «MOJIHreHHble»
MECTOPOK/IeHHA, JIOKAJH30BAHHbIE B YepHbIX CJaHLAX HHKHEro Mnaneo3os.
OnHako npomblulieHHble, ocoGeHHo GoraTble, pyibl B 30HAX BTOPHYHOTO
oGoratieHusi 06si3aHbl CBOMM [IPOHCXOX/IEHHEM PasjiHuHbiM Go/ee NO3NAHHM,
B TOM YHCJe THAPOTEPMa/bHLIM H FHMEpreHHbIM, Npoleccam, KOTopbie NpHBO-
[LHJIH K Tlepepacrpe/iesieHnio NePBHUHOro OPYACHEHHS H, BO3MOXHO, COMPO-
BOM/1AJHCh YAaCTHYHbIM 34HMCTBOBAHHEM MeTa/J/a H3 BMEULAIOUHX yrJe-
POAHCTBIX MOPOA. 3HA4eHHe TAKOro SKCTPArHpOBAHHOrO Ypana, cyasl no
reoJIOrH4¢CKHM H reOXHMHYEeCKHM [1dHHBIM, 6bis10 A4J1EKO He IJ1aBHbIM.

Takum o06pazoM, oOleHKa pa3sHbLIX TeHeTHYEeCKHX THIOB HCTOYHHKOB
PYAHOro BellecTBa H J0JH yYacTHA Ka)AOT0 M3 HHX JOJKHA NPOBOAHTLCH
A7 COOTRETCTBYIOULHX CJOMKHBIX, OCOGEHHO MOJHIeHHbIX YPAHOBBIX MecTo-
poxknenuit, B nepmylo ouepeib HeoGXOAHMO YMHThIBATh peaJsibHble BO3MOXK-
HOCTH Y4acTHSl MePBHYHO CHHreHeTHUeCKWX KOHLUEHTpallHii ypaHa BO
BMELLAKIHX NOPOAAX, HAJHUHE «NOABHKHOH» (QOpMbI, YCJIOBHA 3ajeravus
3THX [10POJ, CTeleHb nepepacnpeseseHis HX B Pe3y/bTaTe PerdHoHajbHOro
MeTaMopgu3ImMa H NPH3HAKH 3AHMCTBOBAHHUSA KAKOH-TO YACTH NPH NPOABJEHHH
FHAPOTEPMANLHOHA NEATENbHOCTH H FHMepreHHblX npoueccax (HALTPALHOH-
HbIA HCTOYHHK O/iKHeld MoGHAH3alHK). BaxkHo yeTaHOBHTb 0110 NPHBHOCA
ypana BOCXOAAULHMH pacTBOpamMH (rAyOHHHbIA (HABLTPALHOHHLIA HJH
pHAbTPALHOHHO-MarMaTHYeckui  HcTounuk). [lpu  3tom  obs3atenbHo
JONKEeH BBIIEJIATLCH OCHOBHOH HCTOYHHK, KOTOPbIH OOYCJOBHJ MOABJIEHHE
MEPBHYHOTO (BO3MOXHO H y60Ororo) ypaHoBoro opyiaeHenusi. Bmewatoutue
[OPOJbI B Ka4yecTBE HCTOYHHKA pPYAHOro BeulecTsa, Kak Obiio nokasavo
paHee, HMeJlH CKOpEE BCero NoJAYHHEHHOe 3HaueHHe.

Faybunnbie ¢GuALTPaLHOHHBIE MCTOYHHKH JafbHed MOOHIH3AUMH  HJIH
KOMOHHHPOBAHHbE  (HJALTPAIHOHHO-MArMaTHIECKHE HCTOYHHKH  PYIHOTO
BelleCTBA B ONpeNeNeHHOH CTeneHH TakKe MOMKHO paccMaTpHBaTbh Kak
MOJHreHHblie MCTOYHHKH, [MOCKOJIbKY YpaH B pacTBOpPax MOr MOABJATHCA
H3 Pa3JIHYHBIX YPAHOHOCHBIX O0pa30BaHHH, 3eMHOH KOPbl (KAaK 3aCThIBLUIHX
MarMaTHY4eCKHX OUaroBs, TaK M yabTpameTaMop@HUecKHX MOpPoL H Ap.) MpH
Y4acTHH MNOAKOPOBBIX (JIIOHIOB, HECYILHX HEKOTOpOEe KOJHYECTBO PYAHBIX,
PEAKHX H peLKO3eMe/bHbIX JMeMEHTOB.

[ToanrenHbie (KOMOGHHHPOBAHHbIE) HCTOUHHKH MOMHO Mpeinonaratsb As
YPAHOBBHIX MECTOPOKIeHHH MeTaMmop(oreHHoH H MarMaToreHHod cepHid B
anbOHTHTAX, B 06PA30BaHHH KOTOPLIX H3 THAPOTEPMa/bHBIX PACTBOPOB MPH-
HHMAaJ/IM Y4acTHe PYAHOE BEULeCTBO 3eMHOH KOPhH H MHOIHE KOMIOHEHTbI
MOAKOPOBOro NMpPOHCXOKAEHHSA, B TOM 4YHCJE CleK)H,{LbI' dreHThl mepeHoca.
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Faasa VI

KPHTEPHH NMPOTHO3A 3HAOFEHHDbIX
YPAHOBbBIX MECTOPO)XAEHUHW B CBETE NPOBJIEMbI
UCTOYHHUKOB PYNOOBPA3YIOUIUX PACTBOPOB

Pa3pa6orka kKpuTepHeB 11pOrH03a SHAOT@HHLIX YPAHOBBIX MECTOPOXK/ACHHH
HA OCHOBAHWHH IMMHUPHUECKHX 34KOHOMEpHOcTeH HX pasMmellefits H CJo-
HMHUBLIHXCA NPeACTaBJIeHHH 06 WX NPOHCXOMXK/IEHHH TECHO CBA3aHA C BbisiCHe-
HHEM YCJA0BHA (HOPMHPOBAHHSA M NPHUYHH BO3HHKHOBEHHS HE TONBKO CaMHX
MECTOPOK/IEHHH, HO H YPAHOBOPYAHBIX NPOBHHUHH H PaifoOHOB, B KOTOPKIX
oHu pa3BHuThl. [lpu 5TOM KapauHaNbHbIM ABASETCH BONPOC 06 HCTOUHHKAX
PYAHOrO BeulecTsa B pyaooGpas’yiollHX pacTBopax.

MHOrMMH HCCel0BATENAMH OTMEUYAeTCA OTUET/IHBAA CBA3b YPAHOHOCHLIX
PYZHBIX TPOBHHILKA PA3JHUHBIX THIOB C ONpEJeNeHHbIMH re0TeKTOHHYECKHMHU
3/1eMEHTAMH 3E€MHOH KOpbl, a MECTOPOKAEHHH — ¢ OTAe]bHLIMH YacTAMH
3THX CTPYKTYP.

AHaNH3 TreoJOrHYeCKHX W METaJ/JOreHHYeCcKHX MaTepHaloB Mo 3ako-
HOMEPHOCTSIM PA3MEIIEHHS SHIOMEHHbIX YPAHOBBIX MECTOPOXK/AEHHH B pasJinu-
HbIX YUaCTKax 3eMHOH KOpPbl 110 HCTOPHH TEKTOHHYECKOrO PA3BHTHA YPAHOBO-
PYLHBIX TIDOBHHIHH H paHOHOB B pa3Hble reoJOrMuecKue 3MOXH [oKasad,
4TO MEMAY TpOoleccaMH CO3aHHSA CHaJHYecKOH O06O0NOYKH KOpW W ee
YPAaHOHOCHOCTBIO  CYULIECTBYeT BMOJHE ONpefefeHHas CBA3b, KoTOpas
o6ycaoBneHa OGILHOCTBIO HX npoxcxoxktennst [87]. Bmecre ¢ Tem, H3 Takoro
aHanu3a BbiTeKaeT Ba)KHblH BbIBOJ 0 TOM, YTO rJIaBHble NPHUHHBI BOZHHKHOBE-
HHSL NOBLIIIEHHOH YPAHOHOCHOCTH 3THX YYACTKOB CBA3AHbL C MPOUCXOLHBLIMMH
B pejiesax MoAKOPOBBIX 0060M04eK rAyOHHHBIMH NpOLeccaMu, KOTOphie
OTPA3HJHCh HE TONbKO Ha 0COGEHHOCTAX cOCTaBa, (H3HUECKOro COCTOAHHS
¥ CTPOEHHH BepXHel MaHTHH, HO W 3eMHOW Kopbl. B mepsyio ouepenb Takue
Npoilecchl, MPOHCXOAHBUIHE MOJA BO3/EHCTBHEM ra3oBO-TEMJOBHIX TOTOKOB,
06YCJIOBHJIH PA3BHTHE NOJKOPOBOI'O H BHYTPHKOPOBOTO MarMaTHama, 11ocTmar-
MATHUECKOH HAPOTEPMAbHOH AeATENbHOCTH, 0coOble (HIHKO-XHMHUECKHE
HX YCJOBHS, @ TAKKE HHTCHCHBHOCTb H [IPOAQNKHTENBHOCTD, YHAC/Ie10BaH-
HOCTb H MHOTOKPATHOCTb HX TPOSBJEHHA B ONMpeeNeHHbIX yuacTKax Jiu-
tocepsl. OcobennocTH ray6uHHbIX NPOUECCOB B BEPXHHX o6onouKax 3emJu
B CBOI OuYEpeb ONPEAE]HIH CHeUH(pPHKY TEKTOHHYECKOTO H MarMaTHYecKoro
Pa3BHTHA H, B KOHEYHOM cueTe 00YCN0BHIH YPAHOHOCHOCTb PYAHBIX MPOBHHLHHA
H padoHOB, JIOKAJbHOE MPOSBJCHHe MECTOPOKACHHH.

Kak H3BecTHO, MpoMblilJIeHHble IJHAOTeHHbIE YPAHOBbIE MECTOPOK/AEHHSA
pasHblX THNOB (JOPMHPOBAJIKCH TOJbKO HA KOPE KOHTHHEHTAIbHOrO THIla.
B o6uledt HCTOPHH pa3BUTHA 3€MJIH YCTaHOBJEHO, 4yTO 06pa3oBaHHe NepBHY-
HOr0 CHaJHYECKOro C0f KOpbl H NOABJAEHHe HaHboJee PAHHUX yPAHOHOCHKIX
Ka/JHeBblX TPAHHTOB, a 3aTeM (OpPMHPOBAHHE TMEpPBbIX CKOMJEHHH TOpHii-
YpaHoBOH M YPAHOBOH MHHEpPaJH3dlUMH B BepxHeH 4acTH JHTochepsl
MPOH3OLIJIK B 3MOXH panHero pokemGpua. B npouecce aauTebHOR 3BOJIOLKHH
3eMHO#  Kopbl Haubosee paHHHE YPAHOBLIE MECTOPOMKIEHWS Da3iHUHOrO
reHe3nca Havaji NOABJATLCA JHIWb NOCAe TOro, Kak 6bl1 chOpMHpOBaH
JIOCTATOYHO MOLLHbIA «rpaHUTO-rHeHCOBLIA» caoi. B Gonee noinHue 3noxu
MpoTepo3os U PaHepo3ns 3HLOrEHHOE ypaHOBOE apyaeHerne GOopMHPOBAIOCH
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HEOAHOKPATHO B ONpele]eHHble OpOTreHHble 3Tallbl TPOSBJECHHA MOULHbIX
TEKTOHO-MArMaTHYECKHX H TEKTOHHUYECKHX T[POLEeCcCOB, COMNPOBOXK/AdEMbIX
ruaporepmansioil  AesTenbHocTbio. Hekortopoie, HanGojee 3HauHTeNbHble,
YPAHOBOPYAHbIE MPOBHHUHH XAPAKTEPHIYIOTCA MOJHXPOHHBIM H MOJHTE€HHBIM
YPAHOBLIM OpYyACHEHHEM, OAHAKO TepPBble NPOMbIIIEHHBIE KOHUEHTPALHH
ero pe3jge ABJATCH 3HAOT€HHbIMH H CBA3aHbl C 3MOXaMH «3aJIOKCHHA»
WIH «3apoxkienusa» npoBHHuni [87]. Cpenn 3HAOreHHBIX YPAHOBLIX MECTO-
POAKICHHH BBIAEJNACTCSH [ABE IPYNIbl: 1) MecTOpOXK/AEHHA, CBA3AHHbIE C TTO3/1He-
OpPOreHHbIM KHCJBIM MarMaTHiMoM (MocTMarMaTHueckHe rHApOoTepMadnbHble),
2) MecTOpOKICHHA, He OGHAPYKHBAIOILHE BHAHMOH CBA3H C TAKHM Marma-
TH3MOM (TeJeTepMalibHbie).

Kak y»e oTMeuasnoch, ypaHOHOCHOCTb OT/I€JIbHbBIX YUACTKOB 3€MHOH KOpHI
(T. e. pyAHBIX NPOBHHUHA H PaHOHOB), HA TEPPHTOPHH KOTOPbIX BO3HHKJH
3H/lOTeHHble YPAHOBblE MECTOPOMK/JAEHHH pPAa3HbLIX THMOB, ofycaoB/ieHa ciie-
uHdHYecKONH HAMPAaBJEHHOCTbIO TIYGHHHOrO Pa3BHTHA 3THX TEPPHTOPHH W
onpejeiserca IedbiM pAAOM 100aJbHbIX Te0JOrHYeCKHX Mpeanochiox,
pPErHoHaJbHBIX H JOKaJbHBIX reojordueckux cakrtopos [87]. Cpenn Hux
HaHGoJ/1ee BaXKHBIMH ABJIAIOTCA TEKTOHHYECKHE, T€0J10r0-HCTOPHUYECKHE, TePMO-
GapHuecKHe, FTeOXHMHUYECKHe, MeTAJIOreHHUeCKHe H IPYTHe rpynnbl GaKkToOpOoB.
Bece onn npsMbIM HIH KOCBEHHbIM 00pazoM npefonpeie]HIH NPOHCXOKAECHHe
PYyA006pPA3YIOLIHX PACTBOPOB, C(POPMHPOBABILHX YPAHOBRIE MECTOPOMKACHHS,
06ycNOBHJIH HCTOUHHKH pPY/AHOro Beulectsa (ypaua).

Texkronuueckue (GakTopbl BKJIIOYAIOT MOJ0MEHHe (MO3HLHI0) YPaHOBbIX
MECTOPOKACHHH H PYAHBIX NOJMEH B PA3HUHBIX TEKTOHHUCCKHX CTPYKTypax
KOHTHHEHTANbHOH 3eMHOH KOpBI, B KOTOpPbIX Pa3BHBANHCh rJy6HHHBIE npolec-
Cbl pa3HbiX 3Tanos. ['eonoro-ucTopHueckne akTopbl NoApa3zyMeBaloT obLWH#
TEKTOHHYECKHH DeXHM pPa3BHTHH, [POSIBJEHHOCTb TEKTOHO-MAarMaTHYECKHX
H TEKTOHHYECKHX NMPOLECCOB AAHHOIO UHKJA, ocoGeHHO B OPOI‘EHHHE 3Tanhbi,
Korja 0o6pa3oBalHCh ypaHoBble MecTopoxaeHus. TepmoGapuueckne GakTopsl
00belHHAIOT MeTaMoppHueckHe (yabTpaMeTaMopHUECKHe), MarMaTHUeCKHe,
HEKOTOpbIe paHHHe MeTacoMaTHueckWe 06pa3oBaHHA, KOTOPHE MOLJH
MOCAYKHTh HCTOYHHKAMH pynoobpasyiouiHx pacTBopoB. [eoXxHMHYecKHe
hakTopsel oTo6paxalT o6UIYI0 FeOXHMHYECKYIO H YPAHOBYIO CHelHaJTH3alUHIo
FTOPHBIX MOPOL OCAMOYHBIX, METAMOP(HUECKHX H MarMaTHyeckux dopmalluii,
CJAralolHX TEPPHTOPHH YPAHOBOPYIHbIX PAaHOHOB H BO3HHUKIIHX B Pe3y/b-
TaTe o6pa3oBaHHs HX B NpeApyaHble 3tanbl. MerannoredHueckie (GakTopbl
BK/I0UAIOT pasJjiHuHble PYIHO-MeTacoMartHueckHe o6pa3oBaHHA Kak MNO3jHe-
MarmatHueckHe, TaK W OCOGEHHO MOCTMArMaTHYeCKHe, H3 KOTOPBIX JIHLIb
4acTb ABJHETCHA YPAHOHOCHOM.

MHorue oTrMeueHHble GAKTOpbl ABJSIOTCA OGILLIHMH 0151 MECTOPOMKACHHH
o6enx Trpynm, OAHAKO OTHOWIEHHE K MarMaTHYeCKHM [poueccaMm y HHX
HECKONbKO pasnuddoe. [lo3TOMY MCTOUHHKH ypaHa H [POHCXOMIEHHE
pacTBOpPOB TaKMe pasjnHyalTcd — HO60 marmaTHueckHe, nHO0 ¢HAbTpa-
LLHOHHblE.

Cpens reoorH4ecKHX NpeanochlOK TeKTOHHUECKAA MO3HIHA YPAHOBOPYIL-
HblX NPOBHHUHHA, PAHOHOB H CKOHUEHTPHPOBAHHBIX B HX Mpelenax ypaHOBHIX
MECTOPOMAEHHH fIBAAETCA HAaHOOJEe BaXKHOH M ONpeleNsieTcsi M0J0XKEeHHeM
HX, C OIHOH CTOPOHBI, B MOABHKHbBIX MOACAX (reOCHHKAHHA/JBHO-CKAAA4aThX,
AEHTePOOPOreHHbIX, PHPTOreHHbIX, BYJKAHHYECKHX H Ap.), @ ¢ Apyroi,—
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B CTAaGHABHBIX (MKECTKHX, KOHCOJHIHPOBAHHLIX] y4acTkax (MaccHsax)
KOHTHHEHTAJIbHOH 3eMHOH KOPbl, HMelolllel onpe/leieHHoe CTPOeHHE, COCTAB H
otobpaxatouiee cneuHdHUECKOE HX PA3BHTHE.

[lnA TakHX MacCHBOB XapaKTepHO:

HHTEHCHBHOE NpOsBJEHHE B MpPeApyAHble 3MOXH PA3JHUHBIX IHAOTEHHBIX
NpoleccoB, rJaBHbIM 006pa3oM  aJJIOXHMHYECKOro yiabTpameramopgHima
(rpaHMUTH3dUMH) W NAJHHTEHHOrO rpaHHTOMAHOIO MarmarHaMa, Cconpo-
BOXAABLUIHXCA [AJHTETbHbBIM H [MOCTEIeHHBIM HAKOMJIeHHeM pPaiHOAKTHBHBIX
M APYTHX DYAHBIX 3/IEMEHTOB B BEPXHEH 4acTH 3eMHOH KOpbl, KaK B lIeJoM,
Tak H 0COGEHHO B OT/EJbHBIX €e ydacTKax,

B LEJOM KECTKHH, HO HEPaBHOMEPHO KOHCOJIHAHPOBAHHBIH H HHTEHCHBHO
rPAHHTH3HPOBAHHBIA, Her/yOOKO 3ajeralowui ApPeBHHHA (LoKeMOPHHACKHI)
bynaamenT (MouwHocTbio 10 10—20 KM) rpaHHTOHAHOro cocTasa, KOTOpBIN
HMeeT KOHTPacTHO-GJIOKOBOE CTPOEHHE,;

Takoe CTpoeHHe PyHAaMeHTa B Ipeaeax yPaHOHOCHBIX yHaCTKOB 3eMHOil
KOphl onpeje/fieTcs CeTblo MIYOHHHBLIX Pa3JOMOB pa3HbIX KaTeropwi
(Mexk6J0KOBBIX H TPAHCOJOKOBBIX HJIH CKBO3HbIX), PA3/IHUHOH OPHEHTHPOBKH,
BXOASLIMX B COCTAB COOTBETCTBYIOULHX TNMOABHMHBIX MOACOB, H 00YCN0BAEHO
JUIMTEbHBIM  (POPMHPOBAHHEM N0J  BO3[CHCTBHEM MOAKOPOBLIX Tra30BoO-
TENJIOBBbIX MOTOKOB CJIOKHOrO pesibea KPOBJH H MOAOLIBhI «TPaHHTO-MeTa-
MOpP(HUECKOro» CJ0s;

TPOABJAEHHE HHTEHCHBHMX MOCTMETaMOPHYECKHX H IOCTMAarMaTHYeCKHX
IH/IOTEHHbIX PY/LHO-METACOMATHYECKHX MPOLECCOB, NPHBEALIHX K CO3JaHHIO
JIOKaJIbHbIX [MOBBLILIEHHbIX KOHUEHTPAUHH (aHOMAJHH HJH MECTOPOXIEHHH)
ypaHa;

IUHPOKOE pa3BHTHE B ONpe[eJeHHbIX Y4acTKaXx pa3HOBO3pacTHOH Gop-
H (Topcoaep:allei, a Takxe Kap6oHaTHOH H APYrofi MHHEpaaH3allHH,
COBMeIlIEHHbIE aPeasbl KOTOPbIX CBHAETeNbCTBYIOT 00 YHAC/IE10BAHHOM NPOSAB-
JIEHHH [OTOKOB TMPEHMYULECTBEHHO TaJOHIAHBIX, YIJNeKHCABIX W IAPYrux
pacTBOpOB;

MOJIHXPOHHOCTb YPAHOBOTO PY/1006pa30BaHHs.

KpoMe ToOro, Ha MHOrHX YPaHOHOCHBIX TEPPHTOPHAX YCTAHABJHBAKTCH
MPH3HAKH  HEMNOCPeACTBEHHOTO  MPOSIBJACHHA  Pa3JIHYHBIX  NOAKOPOBLIX
NpOLLEeCCOB:

pa3HOBO3PACTHOrO H Pa3HOTHNHOrO 6a3a/dbTOHAHONO H LEJ0YHOro
MarMaTHiMa B paiHble 3Tallbl PA3BHTHA,

HaJlH4YHe MOLLHLIX 30H JOJTOXKHBYILHX, r1yG0KO NPOHHKAKLIHX B MAHTHIO
pa3ioMOB, XdPAKTepH30BABUIHXCHA MOBLILEHHOH MOABHXHOCTBIO H [MPOHH-
11aEMOCTBIO;

IWHPOKOE PAa3BHTHE METAcOMATHTOB (HIEJ0YHBLIX, KapOOHATHbLIX, MarHe-
3HaNbHBIX H JP.), BO3HHMKIIHX B pe3y/JbTaTe HHTEHCHBHOrO MPOABJEHHA
rAyOHHHBIX (MAHTHHHBIX) ¢UIIOHL0B KaJHEBOro, HATPHEBOro, YIVIEKHCI0ro
H APYroro cocrasa ¢ xapakrepubim nabopom saementos (Ta, Nb, Zr, P, V,
TR, Th, Cr u ap.).

CreuH(HUECKHe TEKTOHHYECKHE COOPYMHEHHA H MarMaTHUYecKHe apealbl,
B npejenax KOTOPbIX COCPEelOTOYCHbl YPAHOBBIE MECTOPOMACHHA PAa3HbIX
THIIOB, PE3KO OTJHYAKTCH OT OKPYMKAWULHX TePPHTOPHH, uTO 00YyCJ0BIEHO
OJIHOBPEMEHHOH TNPHHALNEKHOCTHIO UX K PA3HbIM CTPYKTYPHBIM 3J€MEHTaM,
MHOTHMH OCOOEHHOCTAMH HX PA3BHTHA H [TPOABJICHHA 3H10M€HHBIX NIPOLECCOB:
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CcTaGHIbHBIM GJIOKaM paHHEeH KOHCOJHIALLHH, TO1BEPrUIKHMCH BO3ALHCTBHIO
HHTEHCHBHBIX T1yGHHHBIX MPOLECCOB H NOTOMY XapaKTepH3YIOLIHMCS MOLLHbIM
«FPAHUTO-METAaMOP(PHUECKHM>» CJ0eM KOpbl;

30HaM I[VIYGHHHLIX PAa3JOMOB, BXOAAWHM B COCTAB TNOABHKHBIX MOACOR
H notomy HauGojiee NMpPOHHILAEMbIM AJIA Fa30BO-TEMJOBBIX MOTOKOB,

LIHPOKHM pa3BUTHEM PA3HOBO3PACTHLIX MarMaTHYECKHX 06pasoBaHHil
pPas3JMYHOr0 COCTARA W TWUNA, CPeAM KOTOPBIX OTUETAHBO npeobnanaiT
YPAHOHOCHBIE KHCJble H CYOULEeNOUHbIe HHTPY3HBBI H BYJKAHWTEL OPOTeHHBIX
3TAMNoB.

Haubosnee OGaaronpusTHble YCJAOBHA A48 BO3HHKHOBEHHS YpPaHOBBIX
MECTOpPOXKAEHHH HA CPABHHTENbHO OCPAHHUEHHOR MAOIALH CO3AAI0TCA TONBKO
IIPH TECHOM COYETAHHH OTMEYEHHbIX PA3HOPOAHbBIX ME€OTEKTOHHYECKHX J1eMeH-
TOB H TEOJIOrHYeCKHX MPeAnochiJIoK.

[ToaBHKHOCTb H NPOHKHILAEMOCTb TAYOHHHBIX PA3J1OMOB PA3HBIX KATETOpHI
H OPHEHTHPOBKH A/ BOCXO/SILULHX MOJAKOPOBBIX (NIOHIOB pPe3ko Bo3pacTana
B CJOXHBIX y34aX HX coujeHenud. OrpomMHoe 3HaueHHe [JIsi MOBbILIEHHS
MPOHKILAEMOCTH TAKHX YYUACTKOB 3€MHOH KOpPbl HMEJIH He TOJbKO NpOL0JbHble
(MeXKOJIOKOBLIE), HO H MOMNepeuHble CKBO3HLIC AOATOMHBYULHE Pa3JIOMbI.

Kpynubie 6J0KH (KpaToHbl, Cpe/lHHHBIE, KpaeBble H [PYrHe MAacCHBBL,
re0aHTHKIHHAJIbHBIE TOAHATHS), B MNpelenax KoTOpblX (OPMHPOBAIHChH
YpPAHOBBIE MECTOPOMKACHHA, (IPEACTaBAAIT coBoH  BhICTYnbl  JApeBHero
FPAHHTOHAHOTO (PYHAAMEHTA, B PA3JHUHOH CTENeHH MOABEPTHYTOro AMHAMO-
TepMajbHbBIM H NETPOXHMHUECKHM ripeobpasopaHuaM. KecTKo KOHCONHAHPO-
BaHHAA W HWHTEHCHBHO FPAHHTH3HPOBAHHARA KOPA B TakHX ydacTkax Obina
copMHpOBaHaA 3al0aro 10 Hayaja TeX TEeKTOHO-MAarMaTHYeCKHX LUHMKJIOB,
C 3aBeplIEHHEM KOTOpbIX CB#3aHO 00pa3oBaHHE 3HAOMEHHOrO YPAHOBOrO
OpYAEHEHHS.

YcTaHoB/IeHHAR B8O MHOFPWX PYAHBIX TIPOBHHIUHAX 3aBHCHMOCTh MEXAY
CTpPOEHHEeM, COCTABOM H MOLLHOCTbIO 3eMHOH KOPhl H €e ClloeB, € OJHOH
CTOPOHBI, H PYIOHOCHOCTbIO (B TOM 4YHCJe YPAHOHOCHOCTbIO) TAKHX GJOKOB,
¢ APYro#, CBHAETENbCTBYET 06 HMX CBA3H M OGLLHOCTH B NPOHCXOMIEHHH.
XapakTepHo# 0COGEHHOCTBLIO CTPOEHHA W COCTARa KOHTHHEHTANbHOH KOpbI
B paccMaTpHBaeMblX Y4acTKax SABJIAETCH pAa3BHTHE MOIIHOrO OTYETJHBO
BLIPAXKEHHOT0 «FPAHHTHOTO» /105, KOTOPbIH OTO6Gpa)KaeT [JIHTENbHOCTD,
YHACIEL0BAHHOCTL, MHOTOKPATHOCTL H  HHTEHCHBHOCTh  [POAIBJEHHBIX
[POIECCOB TPAHHTHAAUHH H CPAHHTOOGPA30BAHHA, HX OETPOXHMHuUECKHI
coctaB. MOIILHOCTH 3TOTO CJOA HCNBITBHIBAIOT CYLLECTBEHHbE KoJeGaHus,
O6LIYHO OHW TIPUMEPHO PABHbI HIH NPEBLILIAIOT MOMIHOCTH NMOACTHAAIONULErO
(«6a3a/1bTOBOrO» ) H 3HAYHTE/LHO GONBILE EPEKPBIBAIOIETO («€0CALOUHOTO» )
CJI0€B.

MakcumasibHble MOLUIHOCTH «FPAHHTHOTO» CJOA COBNAAAOT C AAPAMH
paHHeH KOHCOJHAAUHH YPAHOHOCHBIX OJOKOB H JAPYTHX TEeKTOHHUECKHX
coopy:eHHH. Pa3sayBbl 3TOro ciosi NPHXOAATCH Ha KpPYyNHbie PYADHOCHBIE
re0AHTHKJIHHAJbHble OJI0OKH H 30Hbl HX COUJIEHEHHSA C COCE€HHMH l'IPOI"HﬁaMH
HIW TAYOHHHBIMH Pa3’OMaMH.

HauG6onee pylOHOCHBIMH, B TOM 4HCJ€ YPAHOHOCHBIMH, ABJAAIOTCH CTa6HIb-
HbIE JKECTKHE re0AHTHKAHHANbHBIE TOAHATHA (O6J0KH) paHHeH KOHCONHLAUKY,
KOTOpbI€ XapaKTePH30BAJIHCh [NOCTOSHHOH TeHAEHUMEH K BO3ABIMAHHIO H
Hanboaee AJTHTEIbHbIMH " HHTEHCHBHbLIMH MPOABJEHHAMH npoueccos

248



yabTpametaMmopdHima  (TpaHHTH3AlKH), NAJHHITEHHOIO  HHTPY3HBHOIO
rpaHHTOOOpPA30BaHHs, @ 3aTeM — MeTacoMarosa H pyloobpasosBanus. B ceasu
¢ 9THM Takue OJIOKH HMEWT yBenauueduyio (a0 15—25 kM) mounocTb
CPABHHTEJILHO OJHOPOJHOrO «IPAHATO-METaMOP(HUCCKOro» CAO0s,

B ajpax 37THX 6/10KOB Pa3BHThl rPAHHTO-THEHCOBLIE KynoJa, CJAOMKeHHbIe
30HaNbHO NOCTPOEHHBIMH APEBHHMH TIONHMETAMOP(HYECKHMH H yJbTpamera-
MOP(HYECKHMH KOMIMJEKCAMH N0pod, CHOPMHPOBAHHBIMH B OCHOBHOM B
ampubonuToBOH auun, a Takxe Gojee NO3AHHMH (OpPOreHHbIMH) KPYIIHBIMH
rHnabHccanbHLIMH H cYOBY/IKAHHYCCKHMH HHTPY3HBAMH KAJHEBbIX IPAHHTOB,
JIUNAPUTOR, OOBLIMHO XapPaKTEPHIYIOWKXCH YpPanOBOH, peAKOMEeTasnbHOW »
¢rop-6opoBoi cneunanusauded. B oporenHbie (npeApyAHbIH H pYAHBIH)
3Talbl 3TH GJIOKH HIH HX OT/le/IbHble Y4CTH NPEBPATHIHCD B KPYIIHbIE CBOOBbIE
NOAHATHA, B LUEHTPAJbHBIX HACTAX KOTOPHX OOBIYHO NPOABJAEHB MO03JHHE
KHCJBE H CYOULET0UHBIe HHTPY3HBHBIC H BYJKAHO-HHTPY3HBHbIE KOMILIEKCH,
4 B KPdeBblX YACTAX 3aTeM CHOPMHPOBANHCL IHIOTEHHLIE MECTOPOXK/IEHHS
ypaHa.

leoanrTukauHaabHBle GAOKK B uenoM, W ocobenno chopMupoBanume B
HX npejesax no3lHHe CBOAbl, OGbIYHO XAPAKTEPH3IYIOTCA HHTEHCHBHbIM pas-
BHTHEM Pa3HOBO3pacTHOH 6op- H (hTopcofepallel H APYrod MHHEpaSH3 allHH,
naubonbite#t obuiell, a B OTAENLHBIX yuacTKax H ypaHOBOH PYLOHOCHOCTBIO.
3emHas Kopa B NIpeesax ypaHOBOPYIAHbBIX MPOBHHIHIA NpeTepnena ANUTebHoe
H CJI0XKHOE MOJHIHKIAHYHOE DA3BHTHE, MPHYEM 3110XH €€ CO3[13HHS H KOHCOJH-
IAlUHH CMEHSAJHCh 3M0XaMH PaspylleHHd.

Bo3HHKHOBEHHE PAHHHX SHAOMEHHBIX BHICOKOTEMIEpATYpPHbIX TOPHH-ypa-
HOBBIX MECTOPOXKAeHHH APEeBHHX (40KeMOpPHHCKHX) naarTgopm H rHapotep-
MaJbHblX YPAHOBBIX MECTOPOXKAEHHH (haHepO3OACKHX CKaaadartbix obaacTed
CBA3aNHO0 C 3aBEPILAIDIIHMH (OPOTEHHBIMH) 3TAl@MH TEKTOHO-MAarMaTHYeCKHX
ILHKJIOB Pa3BHTHSA 3THX Y4aCTKOB KOHTHHEHTAJIbHOH 3eMHOH KOPbl H CO3AaHUA
ee «TPAHHTHOrO» CJIOA, T. €. MPOHUCXOJAHIO B KOHUE AJHTEJbHOH 310XH ee
rPaHHTH3aUHH (KOHCTPYKILHH).

O6pazosanue Gonee NMO3HKX THAPOTEPMAbHEIX YPAHOBLIX MECTOPOALE-
HHH B Mpelesax MOJHXPOHHBIX NPOBHHUHH H o0JacTed TeKTOHO-MarMmaTH-
YyecKOH aAKTHBH3auWH  (3nunnatoOpMeHHOro oporesesa)  ckJjajguarblx
ofsiacTedl, APEBHHX NNAaT(OPM H LIHTOB TNPHXOLHTCA HA 3aBeplialouiHe
3Tafbl, XapakTepH30BaBlIHECH HAYAJ0M pacnaga (JecTpYKUHeH) cO3NaHHOH
paHee KOHTHHEHTANbHOH KOpbl, T. €. HauaBlledcs ee «Ga3sHPHKAUHCH».

Ormeuennbie o6llHe 3aKOHOMEPHOCTH pAa3MElLleHHS THAPOTepMaJsbHbIX
YPaHOBbLIX MECTOPOMX/ICHUN Pa3Hbix THNOB B Npejeiax NOABMMHBIX TOACOB
H PYAHbIX TMPOBHHUHA, 0COGEHHOCTH HX Pa3BHTHA, a TaKKe [POCTPAHCTBEH-
HO-BDEMEHHbIE COOTHOLUEHHSI YPAHOBOr0 OpyJeHeHHsl C OlpeneieHHbIMH
CTPYKTYPaMH M MarmMaTusmoM, Bpemsi ero o6pasoBaHHs OJHO3HAYHO CBHJE-
TEJbCTBYIOT O CBS3H pPylo06pa3soBaHHA C UPOUECCAMH, [POHCXOAHBUIHMH
B rPaHHTH3HPOBAHHBIX 6JIOKAX KOHTHHEHTAJbHOH 3€MHOH KOpbl, T. e. 06 3HM0-
reHHOM MPOHCXO0XAEeHHH pyl006pa3ylolHX PACTBOPOB H O BHYTPHKOPOBOM
MCTOUHHKE PYAHOTO Beuilectea (ypaHa).

B 1O K€ BpeMs 0COGEHHOCTH TEKTOHO-MarMaTHYyecKoro pasBHTHS ypaHo-
HOCHBIX CTPYKTYD DYAHBIX NPOBHHLHH 0Ka3biBaOT, 4TO KAK KHCJble MarMa-
THYECKHE  {FPAHMTOMARBIE), TaK W NOCTMArMatHyeckue 00pasoBaHus,
B TOM YHCJ€ YpaHoBoOe OPYAEHEeHHEe, BO3HHKA/IH B peijyiurarte BO3/1e{CTBHUSA
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Ha BepXHHe 000I0YKH 3eMHOI KOpbl eHHBIX IOJAKOPOBBHIX (B1IoHA0B. B oTHO-
IUEHHH [PHPOAbLl MCTOUHHKA YpaHa BO3MOMHbI TPH OJIM3KHX BapuaHTa:
HapsJly € MArmMaTHUeCKHM THIIOM HCTOYHHKA PYIHOro BEUlecTBa BIOJHE
MOP  HMeTb MecTO (QHILTPALHOHHBIH HMCTOYHHK JajJbHeH MOOWIH3ALHH
(3aMMCTBOBAHHE ypaHa M3 yPAHOHOCHLIX TPAHHTOWAOB HJIH TPAHHTH3HPOBAH-
HbIX MOPOJ) WK CKopee BCero KOMOGWHHPOBAHHBIH (DHABTPALHOHHO-MArMa-
THUECKHH MCTOYHHK (SKCTparWpoBaHHe ypaHa M3 3aKPHCTAJIH30BABLIHXCA
YPAHOHOCHBIX ~ MarMaTHYeCKHX  O4YdaroB  BOCXOAAUIHMH  NOJAKOPOBLIMH
pacTBOpamH).

Takue npeacTabjeHHss O NPOHCXOXKICHHH FHAPOTEPMAJIBHBIX MECTOPOK-
JI€HHH ypaHa W ero HCTOYHHUKE MO3BOJSIOT BO MHOrOM I10-HOBOMY OOBACHHTH
pOJib H 3HAUCHHE TIABHBIX reoNorHvyeckHx (GakTtopoB ypaHooro pyaooGpa-
30BaHHA. -

[lposissieHHocTs B npefesax INPOBHHUHA, paHOHOB, MeCTOPOKIEHHH
pPa3dHOBO2PACTHBIX H PA3HOTHIIHBIX 3HIOTEHHbLIX H HEKOTOPbIX 3IK3OTE€HHbIX
MPOLECCOB, HMX YPAHOHOCHOCTH MOMHO CHCTEMAaTH3HPOBATHL 10 3Tanam
PA3BUTHA, Xapakrepy (THIY) ra30BO-TENVIOBBIX PEXHMOB H HHTEHCHBHOCTH,
OTOOPAKAWULAX WX LHUKJIHUHOCTH M 30HANbHOCTb B pa3dpese W miaade.

1. Pydonodeorosuteabusie 3Tansl, B Te4yeHHe KOTOPLIX [POABHAHMCH
npollecchl yabTpameramopguiMa (rpaHuTH3auMM) H MarMmartHima, cnocob-
CTBOBABLIHE HAKONJIEHHIO PALLHOAKTHBHBIX 31€MEHTOB B BEPXHEH 4aCTH 3eMHOH
KOpbl: 1) panHue, JoOporeHubie, OGBIYHO TpPHHALIEKABIIHE JIPYTOMY
TEKTOHO-MarMaTHueckomy uHxay. [TposiBieHHe aNJoXHMHUYECKOrO YabTpame-
tamopuamMa (MHOTZa MNOJHUHKIKYHOrO) B [PaHHTO-THEHCOBBIX Kynoaax
hyHIAMEeHTa WJIH TeO0aHTHKJAHHAJbHBIX MOJHATHAX, AHATEKTHYECKHX rpa-
HHTOH/JAOR H [PAHHTH3AUHA MOPOL KaJHEBOrO paALd, COMNPOBOXKIaABIIAACHA
MPUBHOCOM PAaLHOAKTHBHBIX 3JE€MECHTOB; 2) cpe/lHe, HHBEPCHOHHBIE NaHHOrO
TEKTOHO-MarMaTHueckoro uukala. Hakonjenne B cneuH(HYECKHX YCIOBHAX
BHYTPHKOHTHHEHTABLHLIX MOPEH YPAHOHOCHBIX YIIEPOAHCTBIX («uepHbix»)
CJAHIEB, 3alerapiiux B cyOreocHukiauHaibblx nporubax. [lpossaenue
OCHOBHOTO MarmaTH3ima B nporufax H no 30HaM pasnoMOB, CONMPOBOKAAEMOrO
[IPHBHOCOM VIVIEKHCJIOTBI, HATPHA M JAPYrHX 3jaemeHToB. [panuTH3anus
(Ha rayGude} # guadropes (B BepXHeil 4aCTH 3eMHOH KOpPbi), BHEApEHHE
6aTONHTONOAOGHBIX TPAHHTOHLOB HA MOAHATHAX. BHeapeHHe MOHULOHHTOHLO0B
(cHenHuTO-1HOPUTOB, rabOpO-CHEHHTOB) C MOBLILIEHHbIMH COAEPKAHHAMH
PAAHOAKTHBHbIX 3JEMEHTOB B MNOABHMKHbIX 30HAX MEXKOJOKOBBIX Pa3joMOB.
[lposiBienHe YpaHOHOCHOTO KPEMHHH-KANHEBOro MeTacoMarosa; 3) no3jHue,
OpPOreHHbI¢ HHTEHCHBHOTO MpPOSABJEHHS B KOHCOJHAHDOBAHHBIX GAOKAX H
OPOreHHLIX CBOJAOBBIX MNOJHATHAX TEKTOHO-MArMATHUECKHX H TeKTOHHUECKHX
IPOLLECCOB 110 30HAM TJYOHHHBIX pasjoMoB. BuedpexHe oporernblX runabuc-
CaNbHBLIX YPAHOHOCHBIX JIeHKOKPATOBBIX (NJIOMA3HTOBLIX, GHOTHTOBBLIX ©
ABYCMIOAAKBIX ) IPAHUTOB Kanuesoro psaa. PopmMHpOBAHHE KOHTHHEHT A bHbIX
BYJKAHHUECKHX, CYOBYJNKAHHUECKHX H BYJKAHO-NJYTOHHUECKHX KOMIIEKCOB
KHCJIOro, cyBluLleloYHoro M KOHTPACTHOTO KHCJIOTO— OCHOBHOTO COCTaBd.
BHeapenne nafikoBoi cepHH PEFHOHANBHOIO PacnpocTpaHeHHs.

Hakonuenne ypaHOHOCHBIX KOHTHHEHTAJIbHBIX CEPOIBETHBIX H YIJICHOCHBIX
MOJIacCoBbIX q:opmauuﬁ B OPOTr€HHBLIX MEMKIOpHBLIX BhnajlHHax.

II. Pydoobpasyroujue uau pydodopmupytousue aTanst, B TE4EHHE KOTOPbLIX
NpoABHIACh NO3JHEMATrMATHYCCKAA, oCTMarMarHieckas MJax NoCTrpaHuTH-
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3aUHOHHAA rHiporepmaJibHasd NAeATEJLHOCTL, B TOM YHC/I€ YypaHOHOCHASN:
) nosaHemarMaTH4eckas W paHHAA (BLICOKOTEMIepaTypHas) noctmarma-
THHECKAs CTalHH — YPAHOHOCHbIE MErMaTOH/IHbIE TPAHWTHI M TErMaTHTLI,
KPEMHHH-KAJHEBbIE METACOMATHTBI H ANOrPAHHTHBIE aJbOHTHTbI, HHOIIA CKap-
Hbl, rpefiaedsl (Mo, W, Sn, Ta, Nb, Be, Li, ¢duoopur 1 ap.).; 2) noctmarma-
THUECKAA CPEIHe-HH3KOTEMICPATYPHBIE CTaaHH KHCJIOTHOIO BbILLEJAYHBA-
HHAl — BTOPHYHLIE KBAPILHTHI, GEPE3HThI, JHCTBEHUTHI OOLIMHO HEYPAHOHOCHBIE
{Au =4 Sb, As, Cu, Cu-Mo, Pb, Zn, Ag + Au, Sb, pooput 1 ap.); 3) noctmar-
MaTHuecKasl HM3KOTeMnepaTypHas YpaHOBOpyAHasi CTajHfA — GepesuTH,
FHAPOCJIOAH3HTEI, aJbOHTHTEL, TYMOEHThI, 8 TaKKe XJOPHTAJNHTh, HHOrAa ap-
reaansntel 0 Ap. (U, Mo-U, P-U4Zr, Ti, Mo, Bi- Co- Ni- Ag-U+ As, Se,
Cyahgpuabl); 4) nocTMarMaTHYeckas HH3KoTemnepaTypHas MOCTPYAHas
CTaJHs HeypaHOHOCHAA (KapOoHaThi, 6apHT, QUIIOOPHT, XaqlegoH, KaolHHHT,
LLEOJTHTBI = CYAb(HAbI ) .

LI, Franet nocrpyoneix npeobpasosanuil, cBA3aHHbIX ¢ 3110XdMH paspy-
ILIEHHSI MECTOPOXACHHH ¢ HOBBIMH METa/JIOTEHHUYECKHMH 3M0XaMH.

[Tocne nepHoaa OTHOCHTEBHO CMOKOHHOH 06CTaHOBKH B NaaTHOPMEHHbIX
YCJOBHAX, OTBETCTBEHHBIX 33 COXPAHHOCTb norpefeHHoro («caenoro») opyne-
HEHHA MJH €ro THIEPreHHOro OKHCJEHHA M MepeoT/]OKeHHsl, BO MHOIHX
PYAHBIX paHOHAX MPOABJEHB 3Tanbl HOBOH TEKTOHHYECKOH aKTHBH3AUHH
H THAPOTEPMAJbHOH 1eATELHOCTH, B TOM YHC/le YPAHOBOT0 pyAcO6Pa3oBaHHA.

B pesynbrate Ha TakHX y4dacTKax OTMEYAeTCH Pa3BHTHE MOJHXPOHHOrO
M MOJHIEeHHOrO YPaHOBOTO OpYyAEHEHHs, KoTopoe (opmHpoBajock JH6O ¢
NPHBHOCOM YPaHa W CONYTCTBYIOLIHX 3J1€MEHTOB, JHG0 3a CYeT ero JIoKalb-
HOTO NMEepeoT/OAKEeHHA B MPele/aX MecTOPOXKAeHHH H ero oTAe/bHbIX PYAHbIX
TedN.

[Toctpyanbie runeprennsie npeobpa3oBaHHA paHee c(HOPMHUPOBAHHOrO
OpY/IEHEHHSI NPHBOJMIH K €ro nepepacnpeneneHuio JNH60 K obpasoBaHHIo
30H OKHCJIEHHSl H BTOPHYHOro OBOrauleHHs, AH60 K paspylieHHio.

[TposiBJieHHE nepeuUCcIeHHbIX 3TANOB GOPMHPOBAHHA H NMOJHOTA HX PA3BH-
THHA MOryT ObiTb HCMOIb3OBAHbl B KauecTBe KPUTEPHEB YPAHOHOCHOCTH
IPOrHO3HPYEMbIX TEPPHTOPHH W HX OTJe/bHbIX YUACTKOB.

PasputHe B 3eMHOA Kope pa3iHUHBIX 3IHJOTEHHLIX TPOILECCOB — pe-
rHOHAJBHOIO MeTaMop(H3Ma H MarMaTHamMa (py/LONOArOTOBHTEbHbIE 3TANbI)
MOCTMArMATHYECKOH THAPOTEPMANbHON JLeATeIbHOCTH (pyLohopMHpYOLLHE
3Tanbl) — SIBJAAETCH MPOABJACHMEM PA3HbIX 3TANOB  €AHHBIX TJYGHHHBIX
npoieccos, 06YCNOBNEHHbBIX BO3EHCTBHEM Ha BepXxHHe 060s0ukH auTochepbl
MOILHbIX [10JKOPOBLIX ra3oBO-TEOBLIX [TOTOKOB PasfiH4HOH HRTEHCHBHOCTH,
TeMnepaTypsl, AaBJ€HHA H COCTaBa.

[las 620KeB (KPATOHOB, CPEAHHHBLIX M KpaeBbiX MACCHBOB), B Npejesax
KOTOPbIX (POPMHPOBAJIHCH YPAHOBLIE MECTOPOXK/AEHHS ¢ SHAOTEHHbLIM OpY/eHe-
HHEM, XdPaKTEPHO MOJHIHK/IHYHOE MPOsiBJeHHe PErHOHa/bHLIX MeTamopdu-
yeckux npeobpasoBaHuit ropubix nopoa. Ilpu 3ToM B ypaHOHOCHBIX GJIOKax,
KaK NpaBuJIo, npeobaanajii MeTaMop(HaM H yabTpameTaMopdHiM «Bo31biMa-
HHSI», POTEKABLIHE B BEPXHEH 4acTH B YCJOBHAX, OObIUHO HE MPeBbllaiouiHX
am(puOONNTOBOH, pee — Hauasa rpaHyJHTOBOH (QauuH.

BocxoaauiHe n0aKopoBbie TEIOBBIE H Ta30B0-TEIJ0OBbIE I0TOKH, HHTEHCHB-
HO H LHPOKO NMpOsiBJIeHHbIE B pPaHHEM J_lOKE‘MﬁpHH H Bhi3BaBllIHE I‘J‘IYGOI\'H&.‘
Npeobpa3zOBAHHA KOMILIEKCOB TOPHBIX NOPOA (hYHALAMEHTA JIPeBHHX KPaTOHOB,
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BO30O6HOBH/JIHCH H YHACJEN0BAHHO MPOLOAKAJIHCH B MPOTEPO30e, HHOTAA na-
Jleo3oe B Mpejenax sjiep paHHed KOHCOJNHAAILHM HEKOTOPHIX obJjacrtei
INPOTOAKTHBH3dllHH HJAH CPEeAHHHbIX MAaCCHBOB anHEDOSOI:ICKHX CKJaauaTbix
H aKTHBHIHPOBaHHbIX obJacTeil.

[TposiBnende npoieccoB mMeTamopdHiMa W yabTpameramopgHamMa nopoj
cnoco6CcTBOBAJO NepepacnpeieeHHio B HHX YpaHd W APYruX pagHOaKTHBHBIX
3JIeMEHTOB, MPHBOAMIO K 06PA30BAHHI0 CTPYKTYPHBIX 3Tamel H 6J0KOB,
0GeHeHHNX HJH oborauleHHblX 3THM MeTajjoM. [lpu annoxumuueckom
YAbTpaMeTamop(PHiMe «BO3AbIMAHHA» M0/ BO3AEHCTBHEM MOILHBIX (QIIOHLOB
Ha CPaBHHTENBLHO HeOONBIIOA raybHHe H B YCJOBHAX 3NHL0T-aM(pHOOTHTOBON
H aMpHOONHTOBOH haLlHH NPOKCXOAHI MPHBHOC LILEJOYEH, KPEMHHS, TAJ0HI0B,
TOpHA, HHOrla YPaHa H [APYrHX 3JeMeHTOB.

3oHaNbHOE CTPOEHHE NONH(ALHAIbHBIX METAMOPDHYECKHX H yJabTpaMeTa-
MOp(HUECKHUX KOMINJIEKCOB B Npejesiax KPYMHhiX re0aHTHKJIHHANbHbIX G/1I0KOB,
OTAENbHbIX FHEHCOBBIX KYNOJNOB HJIH MX NOACOB, a Takke Habmonaemasn
HEPEeLKO NPOCTPAHCTBEHHAS CBA3b C HHMH PA3HOBO3PACTHBIX MHOTO(A3HBIX
IPAHHTOHOB CBHAETENbCTBYET O TOM, 4TO HX OPMHPOBAHHE ObIIO AJIHTE/b-
HbIM H MOJHUHKJIHYHBIM H HHOTr 14 BHBEpLLlaJ'IOCb KHCJIbIM HHTPY3HBHbLIM Marma-
TH3MOM.

[lposBiesne 3THX NPOLECCOB, CBA3AHHBIX C JLOKEeMOPHACKHMH HJIH
Naneo3oNCKHMH  TEKTOHO-MArMaTHUECKHMH  3M0XaMH, COMPOBOXKAdN0Ch
MPHBHOCOM H mepepacnpejeNedHemM MHOrHX 3JeMeHToB. MHTeHCHBHOCTL H
ﬂpOIlUJIN\’HTEJIbHOCTb BO3AEHCTBHA FﬂyﬁHHHHX rasoBo-TenJoBblX NOTOKOB
06YCJAOBH/IH PA3JHYHYIO CTENeHb H MOJHOTY npeo6pasoBaHHH FOPHBIX MOPOA,
B pa3HOH Mepe nepepacnpejpe/ieHHe H HAKONJCHHE B HHX DPaJHOAKTHBHbLIX
3JIEMEHTOB,

Komiekebl  ynbTpameramMopdHyeckMx  (rPaHHTH3HPOBAHHBIX)  NOPOL
¢ ypaHOBOH, TOPHEBOH W APYroll cneuHanusanued, 3ajeraliux Ha raybuue,
MOIJIH CAYMHTb JHG0 HeNoCpeaCTBEHHLIM HCTOUHHKOM ypaHa B BOCXOASILLHX
uabTpyowuxca daouaax (GUIbTPalHOHKHBIA HCTOYHHK AaibHeil MOGHIH-
3alkK), NH60 FABAATHCH YPAHOHOCHBIM CcYGCTpPAaTOM NpH NajHHreHese H
06pa30BaHHH BTOPHUYHBIX MAarMaTHYECKHX OYAroB BHYTPH «FPAHHTHOrO» CJ0A
KOpbl {MarMaTHYeCKHH HCTOYHHK).

Ocob6eHHOCTH pa3BHTHA MarmMaTH3Ma, ero NeTPOXHMHYECKHH COCTaB H
reoXHMHUECKAs Cheinanusauun, Maciitabbl, HHTEHCHBHOCTL, YCJOBHA H
(hopMbl NPOABJEHHA SIBAAIOTCA ONHOH M3 IJaBHLIX NPHYHH BO3HHKHOBEHHS
MHOI'HX 9H/IOTEHHBIX YPAHOBHIX MECTOPOXKIEHHH B Opelesax pPYyaHbIX
NPOBHHILHHA.

[Tposiesienne MarMaTHamMa CAyXHT NPAMbIM HHAHKATOPOM MHOFHX T1yGHH-
HBIX IIPOLEeCcCOB, KOTOPbie 06YCJOBHIH HE TOJNbKO OCHOBHblE YEPThl TEKTOHH-
YeCKOT0 peXHMa B CTPYKTYpax 3€MHOH KOpPbl H XapakTep TEeKTOHHYECKHX
JIBHKEHHH, HO H TIYGHHHOCTL MarMoo6pa3oBaHHs, BbI3BAHHOTO 3HLOM€HHbIMH
(MAHTHHHBIMH) Ta30BO-TEMJIOBbLIMH NOTOKAMH.

OcoGeHHOCTH Pa3BHTHA MarMaTHiMa B npejenax pasHOBO3PACTHRIX H
PA3HOTHIIHBIX YPAHOBOPYIHLIX MPOBHHIHA, HECMOTPSl HA CYLIECTBEHHbIE
Pa3JIMUHA, XAPAKTEPH3YIOTCA MHOTHMH OOULHMH 4epTamMu. ITH yPaHOHOCHbIE
YHACTKH KOHTHHEHTAJNbLHOH 3eMHOH KOpbl OTJHYAIOTCA BECbMa LIHPOKHM,
HHTEHCHBHBIM W JUIHTEJbHBIM  [POABJIEHHEM MAarMaTHYECKHX [POIeCCOB
pasnH4yHoOro cocrasa. CPE’JLH Pa3sHOBO3PACTHBLIX H PAa3HOTHIIHLIX MArmMaTH-
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uyeckHx o0pa3oBaHuil NpeobAaLal0T KHCIBE H CYOULEJOUHBIC (TPAHHTOHIHbBIE )
nopoabl  KaJHeBOro pana KOpPOBOTO TPOHCXOMK/IEHHA, NpelcTaBJeHHbie
HHTPY3HBHBIMH W ByJKaHHuecKHMH (auusmu, [lanunrennble marmaruueckue
ouard (GOpPMHpOBAJNHCH B Mpejejax «IpaHHTO-MeTaMophHUECcKOro» cJaos,
B OJIOKAX MOBLILIEHHOH MOIIHOCTH, BO3HHKIIEH B pe3yinTare NPOABJEHHA
[IPEAECTBOBABIINX HPOIECCOB ybTPaMeTaMoOp(HIMa U FPAHHTHIAIHH.

YeranoBaeHHble BO MHOTHX YPAHOBOPYAHbIX pAHOHAX MPOBHHLHEA PA3HBLIX
THMNOB TECHAA MPOCTPAHCTBCHHAN MPHYPOUEHHOCTL H OTUET]HBAf BpemeHHanA
BJH30CTE THAPOTEPMANBHOIO YPAHOBOTO OPYACHCHHA C [O3/IHHM KHCJbIM
MM CyOLLENIOUHBIM MArMaTH3MOM OPOT@HHLIX 3TanoB PA3BHTHA CRHJETEb-
CTBYIOT O HX MapareHeTHUECKOH CBA3H.

O6HHMH NeTPOTOrHYECKHMH NMPH3HAKAMH NMO3AHHX NOTEHIHAJIbHO YPAHO-
HOCHBIX TPAHHTOHA0B H KHCJIbIX BYJKAHHTOB ABAAKTCH: BbICOKHE H NMOBbIICH-
Hble KOHLEHTPALMH YPaHa, BLICOKAA BOLOHACHILLEHHOCTE (H, COOTBETCTBEHHO,
OTHOCHTEJIbHO [OHHKEHHbIC TEMMEepPaTypbl HX KDPHCTAl/H3allMH NopALKa
850—600° C}, a Takxke BLICOKHMe COLepPIKaHMs Llenoyell (kanua) v dropa.
BecbMa XxapaKTepHO Pa3BHTHe Hapsily ¢ HOPMaJbHBIMH L1EJ0YHO-H3BECTKO-
BbIMH TDAHHTAMH TaKXKe pEﬂ.KOMETaJIthIX MNJIKOMA3HTOBBIX u'lel'"lKOI‘paHHTOB‘
KOTOpbIE OTHOCATCA K CQMEI’[CTB}’ KHCJIBIX [MJYTOHHYECKHX I'l()pOJl HOPpMAJbHOTO
kaawesoro psma  (Si0,>73%, Na,O+K,O=>7%, npu ycroiiuusom
KyO= Na;0, ¢ koapduunestom arnauthoctd 0,8). [lauTenbtoe u yHachae-
J10BaHHOE POABJEHHE B OMpele/eHHbIX TeKTOHHYECKHX Y3/ax MarMaTHuecKoi
JIeSITEIbHOCTH MPHBOAK/IO K 06D d30BAHHIO CTOMKHO MOCTPOEHHBIX MHOTOQa3HbIX
HHTPY3HBHBIX M BYJKAHO-HHTPY3HBHBIX KOMILIEKCOB H COOPYIKEHHH.

YpaHnorasn reoxHMHueckas CrEILHANK3AUKUA  MATMATHYECKHX  MOPOL
OTpaaeT YPaHOHOCHOCTb ONpefe/eHHblX pYyAHbIX PaHOHOB W YyKasblBaer
Ha TapareHeTHYecKyl0 CBfA3b C HHMH MecTopowaeHud. [lopoauswiue Hx
MarMaTH4YecKHe O4yard MOryT paccMaTpHBaTbCA B KadecTBe OJHOTO H3
nanbosee BEPOATHBIX MCTOYHHKOB pYAHOro BellectBa B chOpMHpPOBaBUIMX
HX THAPOTEPMafbHbIX pacTBOpaXx.

Hapsany ¢ KHCABIM MarMard3MoOM MpPAaKTHYECKH BCE YDAHOBOpPYIHbIE
[IPOBHHLUHMH XdPAKTEPHIYIOTCS JOCTATOYHO LIHPOKHM PAa3BHTHEM OCHOBHOTO,
HHOrAd OCHOBHOrO-11€N0OYHOrO MarMaTH3Ma HJAH KOHTPACTHOrO NG COCTaBY
(OCHOBHOrO H KHCJIOrO) MarmMaTHama, KOTOpblii HMeeT 00bIYHO HHOH BO3pacT,
POABJEH HEPENKO B APyrux 6J0kax M chazan ¢ Gosee riYOMHHBIMH (MOAKO-
POBLIMH) Marmatuyeckumu ouaramu. OLHAKO 110 HHTEHCHBHOCTH H YCJOBHAM
MPOABJCHHA 3TOT MarMarHiM CYULeCTBEHHO OTJIHMAeTCs OT TAaKOoBOrO B
HeyPAHOHOCHBIX 3BreOCHHKMHHANbHBIX 06/acTaAX.

[1nf HEKOTOPBIX YPAHOBOPYAHBIX [IPOBHHIHEA pa3HblX THIOB ¢ HauboJee
3HAYHTEJbHBIMH  MECTODOMACHHSIMH XapakTepHo GJH3K0 OJHOBpeMeHHOe
NPOSIBJICHHE KaK KHCJIO0ro, Tak W OCHOBHOrO marmarusma B 3G y3HBHOMR,
HHTPY3HBHOH H 0COGEHHO AafKOBOH (halusx. ITO CBA3IAHO C CYLULECTBOBAHHEM
ABYX MapajiielbHO Pa3BHBABLUKMXCS MarMaTHYeCKHX O4aroB Ha pasHbix
ryOHHHBIX YPOBHAX (KOPOBOM H NOAKOPOBOM) MpH npeoGiajaoliem pyuo-
reHepHpYIOUleM 3HauYeHHH MEPBOro W BLICTYNawllem B PojH BO3GyaAHTeNs
ra30BO-TEMNJIOBBIX MOTOKOB — BTOPOro.

CpeaH pasnH4HbIX 110 TPOHCXOMJAEHHIO H BO3PACTY TEONOrHYECKHX (hop-
MallHid  (0CAJ04HBIX, MeTamMOp(hHUECKHX, MATMATHUECKHX), pPAa3BHTHIX Ha
TCPPHTOPHAX OTACNBHBIX YPAHOROPYIHBIX PAHOHOB HJH NIIPORHHILHA B 1LeJ0M,
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BBILENAIOTCA  0COOBIE  NOPO/bl, KOTOPble XapaKTePH3YIOTCH  OTUETJAHBON
reOXMHMHYECKOH YDPaHOBOH M APYro# (conyTeTBYWOULEH) creunanniainei.
B cy6reocHHKAHHANBHBIX NPOrHGaxX pasBHTHl HAKONHBIIHECA B Clelu-
(pHYECKHX YCJOBHAX YpPAHOHOCHLIE YIJ€pOAHCThIE («YEpHble») CJdHlbl ¢
BHICOKHMH  (10—20-107*9%) CHHreHeTHUHbIMH KOHUEHTPAUWSIMH YpaHa
MHOTHX COMYTCTBYIOUIHX 3J]eMeHTOB. B KpyliHbIX TeKTOHHUECKHX y3.Jax NpH
3HAYHTEJIbHbBIX 00beMax H Gnaronpnmuux YCAOBHAX 3ajeraHus Ha NyTHx
IBHMKEHHsl PACTBOPOB nNoAOGHBIE YDPAHOHOCHBIE CJIAHIbLI MOIJH CAYKHTb
JONOJAHHTENbHBIM HCTOUHHKOM PYAHOTO BelllecTBa ((PHABTPALLHOHHOIO THNA).
B sapax panHed KOHCOJHAAILHH HEKOTOPHIX YPAHOHOCHBIX 6J0KOB cpenu
TPAHHTO-THEHCOBBIX KYMOJOB NPOABAEHBL CJA0XHO [OCTPOEHHbIE KOMIVIEK-
chl yJabTpameTaMopHUecKHX NopoA (MHIMATH3HPOBAHHLIE M TPAHHTH3HPO-
BdHHbIE I‘HEF!CH. KaJHWnatosble METACOMAaTHTbI H T. I]-). Hepeako ¢ MOBbIIIEH-
HbIMH M BBICOKHMH COJepMaHHAMH Kajqus, TOpHA, HHOraa ypaHwa (5—15.
-107* 9% ). Takne ypaHOHOCHLIE NOPOABI, 3ajeras Ha r1yOHHe N1 MECTOPOXK-
JeHHAMH, TAKXKe MOIMJIH ABJNATbLCH (t)HthTpaLLHOHHblM HCTOYHHKOM YpaHa Aasa
BOCXOASILLMX PACTBOPOB BO BPEMA IHAPOTEPMAJbHOH LE€ATeNbHOCTH.

B ypaHOBOpYAHBIX MPOBHHUHMAX PA3HBIX THIIOB, I1aBHbIM 00pa3oM B npee-

JlaX X PYAOHOCHBIX TEOAHTHKJAHHANBHBIX GJIOKOB, NIHPOKO Pa3BHTHI PA3HOBO3-
pacTHble FeOXHMHUYECKH CelHaNH3HPOBAHHbLIE YPAHOHOCHbIE MarMaTHYeCKHe
06pa30BaHHA KHCJAOrO H CyGLIeNOYHOrD COCTaBa — HHTPY3HBHBlE NOPO/LI,
a HaJOKEeHHbIX JeNpeccHsiXx — ByJKaHoreuHble. KOHUEHTpauUHH pajiHOAKTHB-
HbiX 3/JI€MEHTOB XapaKTEePH3YKTCH HEPABHOMEPHbLIM pacnpejgeseHHemM H BO3-
pacTaloT OT paHHHX K MO3/lHHM KOMM/Iekcam W (azam MHorogaszHoro marma-
TH3Ma €HHOr0 LHKJA, JOCTHraa MAKCHMaJbHbIX 3HAYEHHH B MOJOABIX Mar-
MaTHyecKHX 06pa3oBaHMsAX, Haubosee GJH3KHX 1O BO3pacTy K ypPaHOBOMY
OPYLEeHeHHIO.

KoHeunble NpOAYKTH MAarMaTH3Ma OTJIHUAIOTCA NOBLILIEHHBIMH W HEPEAKO
KOHTPACTHO BBICOKHMH NMEPBHUHO-KOHCTHTYILHOHAAbHBIMH COLEPXKaHHAMH ypa-
Ha (10—25)-10'%, Ttopusa (30—70)-10"'%, kaauna go 5—6%. Kpome
TOro, OHH OObLIYHO 06OralieHbl MHOIHMH DYAHBIMH H PeIKHMH 3JeMEHTaMH
(W, Sn, Mo, Be), a Takxe peakumu menouamu (Li, Rb, Cs), ¢ropom, 6opom
uap. CopepaHua ypaHa B HEKOTOPBIX KHC/IbIX BYJIKAHHYECKHX CTEK/IaxX Bbllue,
4em B TPAHHTOHAX H APYrHX PACKPHCTAJN/JIH30BAHHBIX MOPOAAX AHAJOIHUHOTO
COCTaBa, YTO MOMXHO OODBSICHHTb BO3MOMHbLIM BbIIEJIEHHEM 3HAYHTEJbHOH

< '1OJH MeTaJlJla BMECTe ¢ JIETYYHMH KOMMOHEHTAMH H3 MarMaTHYeCcKHX pac-
N1aBoB B Mpouecce Hx packpucTaunuzauud. OG6LeH 3aKOHOMEPHOCTLIO
ABJ/ISICTCA KOHLEHTPHPOBAHHE YpaHa B «OCTATOUHOM pacniase» H, N0-BHAHMO-
My, BO ¢aionne. B To ke Bpema peakHe KoseGaHHA COePKaHHil ypaHa B KHC-
JibiX BYJKAHHUECKHX CTeK/1axX, fIBAAIOUIHXCA NPOAYKTAMH 3aCThiBAHHA (3aKaJ-
KH) MarmaTHuecKHx pacnaasos, ot 5-107%% po 25-107*9% wu Bbuwe Moryr
CBHIETE/NLCTBOBATE O peajbHOH BO3MOXKHOCTH CYLLECTOBABAHHA FeOXHMHYECKH
CllellHAIH3HPOBAHHBIX YPAHOHOCHbLIX MarmMaTHYeCKHX paclJ/jaBoB H 04Yaros.

Pa3noBo3pacTHble TreoXHMHYECKH CMelHaJH3HPOBAHHbIE TPAHHTOHAB H
JIHMAPHTHI, cjaraloulHe rdnabuccalbible H CyOBYJIKAHHUYECKHE HHTPY3HBbI

H BYJKAHOTeHHbIE COOPYKeHHs, ABJIAKOTCA HHAHKATOPAMH MOBbILIEHHOH ypa-
HOHOCHOCTH BTOPHYHbLIX MarMaTHYe€CKHX 04aroB H, BO3MOMKHO, CyﬁCTpaTa
«PAHHTO-METAMOP(HUECKOro» €105l KOHTHHEHTAJAbHOH KOpbl, H3 KOTOPOro
BBIMTABJAANHCD MAJIHHICHHLIE KHCJ/IBIE MATMBbI. O,ELHHKO GOJILIIASA YACTD PYAHBIX,
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[PCAKHX H PAJHOAKTHBHLIX 3JE€MECHTOB, M0-BHAHMOMY, Gbljla NPHBHECEHA HJIH
uvpepacnpeﬂeneﬂa B pe3yabTate BO31CHCTBHA BOCXOJAALULHX [MOJAKOPOBBIX
I0TOKOB.

Takum o6pa3om, npHcyTeTBylOUke B obulem pa3spese 6J0KOB, B KOTOPOM
MPUYPOUEHbl YPAHOBOPYAHbIE [IPOBHHIIHH, PAa3HOBO3PACTHBIE MarmaTHue-
CKHe, yJIprElMETHMOpQ)H'-{ECKHC H OoCanoyHble [bOpMal[HH ¢ MNOBbILIEHHbBIMH H
BBHICOKHMH COEPAKAHHSIMH YPaHa H CONYTCTBYIOLLHX 3JeMeHTOB oTobpaxalor,
C OHOH CTOPOHbl (BO BPEMEHH ), FTEOXHMHUYECKYIO CNELHATH3AILHIO ONPe/le/eH-
HbIX TEKTOHO-MAIrMaTHUYECKHX ILMKJIOB M 3TaNoB Pa3BHTH#A, a ¢ APYroi (B npo-
CTPAHCTBE) ,— CMEUHANH3AIHI0 OTACJIbHLIX TEKTOHHUECKHX COOPYKEHHH W
BCeH TePPHTOPHH PYIHOH NPOBHHUHH. B 1le10M OHH SIBASIOTCA NMOKA3aTeNsMH
YPAHOHOCHOCTH Olpeje/eHHblX YYAaCTKOB KOHTHHEHTANLHOH 3eMHOH Kopbl,
B Tpejenax KOTOPbIX BMOCJAEACTBHH YHAC/eLOBAHHO NPOSABHJIHCL YPAHOBO-
pYAHbIE MpoLecchl, npuBefiiHe K 06pa30BaHHIO MPOMLILIJIEHHbIX MECTOPOK-
JleHH#H ypaHa pa3HblX THIMOB.

Pe3koe pa3/iHuHe B Pa3BHTHH, CTPORHHH H PYJLOHOCHOCTH, B TOM YHCJ€ ypa-
HOHOCHOCTH, 6JIOKOB, HaJMH4YHe B npegenax cTaOUAbHbIX Fe0aHTHKJAHHAIbLHBIX
6JI0KOB IPAHHUTO-THEHCOBBIX KYNOJOB ¢ yJabTpaMeTaMop(GuYecKHMH IPaHHTH-
3UPOBAHHBIMH NMOPOAAMH, KPYMHLIX AIHTEeNLHO GOPMHPOBABLIKXCA PA3HOBO3-
PACTHBIX HHTPY3HBHbBIX H BYJKAHO-HHTPY3HBHbBIX Y3J0B (COOPYKEHHI), B KOTO-
PbiX CKOHLULEHTPHPOBAHLI PA3HOBO3PACTHHIE KHCJ/bIE H Ccy6illenodHbie of6pasoBa-
HHS, OTUETJHBO CllellHAJTH3HPOBaHHble Ha (Top, 60p, LIeNOUH, Pe/lKHe LLENoUH,
KpeMHHH, pydHbIE H PAJHOAKTHBHbIE 3JIeMEHTbl, H KOTOPbIM COOTBETCTBYeT
yBeJHYE€HHe MOULHOCTH (FpaHHTO-METaMOP(I)H‘-IeCKOFO» CJ1051 KOPbl, CBHIAETENb-
CTBYIOT 06 HHTEHCHBHOM MPOSIBJEHHH B Mpejenax 3THX GJOKOB JJHTENbHO H
YHAC/€/1.0BAHHO A€ACTBOBABIIHX MYGHHHBIX ra30BO-TEMNOBBIX NOTOKOB ((io-
unos). Takue noroku aetyuux (F, B, Cl, H,O) komnoHenToB nposiBasiuch
KaK B PAHHHE — PYAONOArOTOBHTEJ/IbHbIE, TAK M HEMOCPEACTBEHHO B pynooﬁ-
pazytouine 3tranbl pa3sutHa. OHH, OUEBHIHO, Bbi3biBaNH HA TYGHHe 6J0KOB,
B [pelesax «TPAHHTO-MeTaMOP(HUYECKOro» €105 KOPbl, NaJHHIEHE3 H CeJlek-
THEHYIO BbIMJIABKY pe/IkOMeTAJbHOH KHCJIOH Marmbl, cojepauled rajouisl H
JLPYIHE 3JIeMEHThI, NOTOKH CONPOBOMK1AJH NPOLECChl HHTPY3HBHOH NeATEIbHO-
cti. MX noctynienue npononKanoce Takxke B NOCTMarMaTHYeCKHi 3Tam, Bbl-
3biBasl MO3/HHE METACOMAaTHUYECKHe W pya006pa3yiolilHe MpoLecchl.

YpaHoBopy/Hble NPOBHHIHH PA3HbIX THINOB H 310X 3aJ0XEHHs, Ha Tep-
pliTGpHH KOTOPbIX PA3BHTBL 3HAOreHHble MECTOPOXKAECHHA ypaHa, XdpdKTepH-
3YKOTCA BMOJHE ONpeiesJeHHbIM CHalHYeCKHM HJAH CHAJIHYeCKO-(eMHUECKHM
MeTalioreHH4eckKum npodunem. [uiporepmanbHOe ypaHOBOe OpyleHeHHe
3THX MECTOPOXKIEHHH 0ObIYHO OGHAPYKHBAET TECHDIE TPOCTPAHCTBEHHbBI® H/IH
BpeMeHHbIE aCCOUHAUHK ¢ PYAAMH IHAOMeHHbIX MECTOPOMK/EHHH APYTHX Me-
TANI0B H 00pPA3YeT ¢ HHMH €NHHbIe HelpepbiBHO-NPEepbiBHCTHE (HOPMAIHOH-
Hbie PAAbl PA3JTHYHBIX KaTeropHi.

B o6uwux (OpMaLHOHHBIX PAAAX NAHHOA PYIAHON NPOBHHUHH H AdHHO
METANIOreHHYeCKOH 3MOXH ypaHOBOpydHble (POPMALMH 3AHUMAIOT BIOJHE
onpejenentoe (0GHYHO OLHO W3 NOCTEIHHX) MECTO, 3aBepluas CBOHM BOIHHK-
HOBEHHEM EIHHbIH NOCTMarMaTHUYecKH#, HO MHOTOCTAJHHHBIA 3HIOrEHHbIH
[lpOlLECC. 4TO Oﬁ'bﬂ(.‘HﬂeTCH HX OﬁU_LHOCTbIO H €HHCTBOM MNPOHCXOKIEHHS.

[To MHHEPANOro-reoXHMHUECKHM accOUMALHAM BLIAEJAETCH ABE TPYNMbl
ypaHOBOPYAHLIX GOPMaLKil, CONPOBOKNAEMBIX PAIBHTHEM KaJHEBBIX (npe-
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HMYLLLECTBEHHO KHCJOTHOTO BbILLEJIAYHBAHHA) HAH HATPHEBBIX (LLIEJOUYHBLIX)
MeTacOMaTHTOB, JHG0 HX KOMOHHALIHEH H PA3/IHYAKLLHXCH HE TONBLKO N0 Npo-
MCXOMXIEHHIO, HO H Mo CBsi3n ¢ Marmatuamom [18]. Mertannorennueckui
crnekTp (Habop) B OCHOBHOM OOYCJOBJIEH COCTABOM IPOABJIEHHOIO B MPOBHH-
LHAX MarMaTHima. B oauux ¢opMauHoHubiX pagax (raasibim o6pasom B npo-
BHHILMAX APEBHHX H aKTHBH3HPOBAHHBIX NAaT(OpPM) HapsLy ¢ YPAHOBLIM 11po-
fiBJIEHO OPY/EHEHHE 30JI0Ta, KeJle3a, THTaHa, BaHalHA, Me/lH, HHKeqs, KoGalb-
Ta, TOPHA, UHPKOHHA, ¢ocdopa, TaHTana, HHOGHA, pelKHX 3eMelb H Jp.
B apyrux ¢opMaiHOHHbIX PALAX (IPEHMYILLECTBEHHO MPOBHHLUHHA CKIAA4aAThIX
H AKTHBH3HPOBAHHLIX 06aacTel), KpOME yPaHOBbIX MECTOPOKIAEHHH, PA3BHTHI
MECTOPOXKAEHHA 0/10Ba, BoAb(pama, monubaeHa, cBHHUA, LHHKA, cepebpa,
cypbMbl, BHCMYTa, GTOpa, a TakKe 30J0Ta, Kejae3a H Ap. ITH rpynnsl dop-
MAallHOHHBIX PAJIOB, OYEBHAHO, 0TOOPAXKAIOT 1BA TdBHLIX THNA HCTOYHHKOB
pPacTBOPOB M PYAHOr0 BellecTBa (IPEHMYIIECTBEHHO COMPOBOMAAKILHX 37e-
MeHTOB): (demHyeckoro npouas — Haubonee rayOGHHHBIA, BO3MOKHO, NOAL-
KOPOBBIH H CHa/JIH4eCKOro npouas — meHee TJYOHHHBIA, BHYTPHKOPOBBIH
(MarmatHueckuit H (HABTPaUHOHNBIA) . CYULECTBYET TaKKe NMPOMEXYTOUHbI i
HJIH CMEIaHHbI THN HCTOUHHKA.

Hcexoan M3 Takux npeactas/ieHHil 0 reosiorideckHx (pakropax 3HA0TeHHON
YPAHOHOCHOCTH TEPPHTOPHH, O THIE HCTOYHHKA PYAHOrO BELLECTBA H [IPOMC-
XOMIEHHH PacTBOPOB, cieayer paspabarbiBaTh MeoJOrHYECKHE [PEANOChIIKH
BO3HHKHOBEHHA IHAPOTEPMAJIbHBIX YPAHOBBIX MECTOPOMK/AEHHH, HX TTPOrHO3Hble
H TIOHCKOBble KPHTEPHH H MPH3HAKH KaK PErHOHANbHOrO, TAdK H JOKaJbHOro
3Hauenus. M3 H310XeHHOro, cielyer, uTo CpPelH HHX TaBHBIMH SIBIAIOTCS
TEKTOHHUYECKHE, MarMaTHYECKHE, FEOXHMHYECKHE H MeTaJlJIOreHHUeCKHe KpHTe-
PHH, @ TaKkKe CTPYKTYpHbIe H MHHEpPaJoro-reOXHMHUeCKHe (pylHO-Meracoma-
THYECKHE) MPH3HAKH MPOSIBJIEHHS YPAHOBOrO OpYILeHEHHS.



3AKJIOYEHHE

[TpoBenenHblil aHaAH3 HMEIOIIHXCA B PACMOPSKEHHH ABTOPOB MAaTepHAJIOB
1aJ] BO3MOXHOCTb BCECTOPOHHE pacCMOTPeTb BecbMa CJAOKHYW mpoblemy
HCTOYHHKOB pPYJAHOro BEULECTBA 3HAOTEHHbIX YPaHOBbIX MECTO[)O;-KB.EHH[:[ Ha
COBPEMEHHOM YPOBHE 3HAHHH H HAMETHTb BO3MOMKHbIE BAPHAHTH ee pPelieHHs,
COBOK}H‘IHOCTB reoJIOrTHYeCKHX, reOXHMHYECKHX, MNeTPOJOTrHYECKHX H 3KCIEepH-
ME@HTAa/bHbIX JaHHBIX B OTHOLWIEHHH PyL0oGpa3syoUulHX pacTBOpoB, CHOPMHPO-
BABUIHX 3TH MECTOPOXKAEHHA, MO3IBOJAET B KauecTse HaHboOJee BEPOATHBIX
TPHHAThL CAGIYIOIUIHE IBA MEXaHH3Ma (MOAeaH) WX BO3HMKHOBeHuna: 1) ypa-
HOHOCHble pacTBOPbl 06Pa30BbIBANHCL HA MO3AHHX CTALHAX KPHCTANIH3ALHH
IPAHHTOHHBIX MArMATHYECKHX O4aros, OTAC/SACH HENOCPEACTBEHHO OT OCTa-
TOUHBIX JIEAKOrPAHHTHBIX PACM/aBOB, HAChillleHHbLIX B OTHOIIEHHH YpaHa H Je-
TYUHX KOMTMOHEHTOB; 2) YPaHOHOCHBIMH PACTBOPbLI CTAHOBHJ/IHCh MO MYTH MHT-
pallHH 3a CYeT BbllLeJaYHBAaHHA ypaHa H3 ypaucoaepxautero cyberparta
(3aKpHCTANIH30BABLIKUXCA MArMaTHYeCKHX O4aroB H APYIHX TPaHHTOHAHBIX
[10POJ1) BOCXOAALIHMH MOTOKAMH TPAHCMArMaTHYECKHX MOJKOPOBbIX (JIOHI0B
B 3aKJIOYHTEJbHbIE CTAJHH HX BO3J1€HCTBHA.

B Hacrosiulee Bpems Goaee OGOCHOBE}HHL\IM, 0c0OeHHO B OTHOLIEHHH Teo-
XHMHUECKHX H 3KCMEPHMEHTAa/bHbIX AdHHbIX, [IPEACTABJIAETCA NepBbii Mexa-
nu3M. BTopoit Mexanuam, XoTs H BBIMJISAHT THIOTETHUHBIM, HO B TO e Bpems
sip/iAercs 6osiee BCeoOGbeMIIOUIHM H yHHBepcaibHbiM, O6a BapHanTa He NPOTH-
BOMOCTABJAOTCA, @ JONONHAIT APYr Apyra H ABJSAIOTCH CJAEJCTBHEM €JMHBIX
rayGHHHBIX MPOLECCOB.

Cpeau pesy/bTaTOB reoJOTHYECKHX HCC/eL0BAHUA, HA KOTOPbIX OCHOBAaHbI
pa3BHBAeMble aBTODAMH NPEACTABJICHHA, CACAYET MOAYEPKHYTh CJEAYIOIILHE,

|. 3aKOHOMEPHOCTH pa3MelleHHsi H (HOPMHDPOBAHHUSA 3HAOTEHHBIX YPaHO-
BLIX MECTOPOXKIEHHH PABNHYHBIX THNOB, COCPEAOTOUEHHBIX B PYLHBIX NPOBHH-
ILIHAX H paﬁoaax pasHbIX 310X 3apOXKAeHHs, CBHACTENbCTBYIOT O TOM, YTO HX
BO3HHKHOBEHHE FBJIAETCHA Pe3y/ibTaTOM PA3BHTHH MHOIMX B3aHMOCBA3AHHbIX
ryOHHHBLX MPOIECCOB (MeTamopduama W yabTpaMeramopduaMa, NajlHHIeH-
HOrO rPAHHTOHAHOTO MarMaTHIMa, NOCTMarMaTHYeCKOro MeTACOMaTo3a H py-
noo6pa3oBaHHA, B TOM YHCJE YPAaHOBOro), KOTOPbE MPOHCXOAHJH TIOL BO3-
ﬂt"l:[(.“l"BP]eM H TIPH YYacCTHH MNOAKOPOBbIX CKBO3bMAarMaTHYECKHX qJJ'lK)PIIlOB.

2. YpaHOBOPY/AHbIE MPOBHHUHH C FHAPOTEPMAJbHLIMH MECTOPOMXACHHAMH
paSJ‘IHlleIX THNOB l'pOpMHpOBEIJ‘IHCb TOJbKO HA 3eMHOH KOpe KOHTHHEHTAJIbHOrO
THMA.

3. OcHOBHOH OCOGEHHOCTBIO CTPOEHHS KOHTHHEHTAJbHONH KOPbl YPaHOBO-
pyAHBIX NPOBHHUHA ABJISAETCA HANHUHE 10CTATOYHO MOLLHOMO H XOpOouUIo pas-
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BHTOINO «PAHHTO-METaMOpPHUECKOrO» CA0f, B OTACNALHBIX BJ0KaXx KOTOPOro
JVTHTENbHO ¥ MHOTOKPATHO NMPOABHJIHCH NPOLECCHl MArMaTHUeCKOro 3amellle-
HHA (FPAHHTH3AIHH) H KPEMHHH-KAJIHEBOr0 METACOMaTo3a, CONPOBOAK/1aeMbie
HAKOIJIEHHEM Da/IHOAKTHBHLIX 3JEMEHTOB, B TOM 4HCJ/e ypaHa.

Hau6onee PYAOHOCHbIMH, B TOM YHCJI€ YPAHOHOCHBIMH, ABJAKTCA TEKTO-
HHUeCKHe OJIOKH re0aHTHK/JAHHAJbHBIX H CBOJOBBIX OpOreHHbIX NOAHATHH,
BY/JKaHHYECKHX NenpecCHA H KYNOJOB € JOCTAaTOUHO MOLLHBIM «TPAHHTO-Me-
TaMoOp(HUYECKHM» CJ0eM, B KOTOPOM NPOSAABHJIHCD HE TOJbKO PalHHe NPoLecch
rpaHuToo0pa30BaHHUsA, HO H NO3AHHE, HaubOoJee OJIH3KHE K YDAHOBOMY Opyie-
HEHHIO npouecchl HHTPY3HBHOTO HJH BYJIKAHHYECKOr0 MarMaTH3Ma KHeJa0ro |
cyOlLe/O4HOro CcOCTaBa MaJHHTeHHOr0 BHYTPHKOPOBOrO MPOHCXOMKAEHHS.

4. ®opMHpPOBaHHE IHAOTEHHBIX YPAHOBbIX MECTOPOKIAEHHH, KAK H MHOTHX
APYTUX PYAHBIX MECTOPOMKAEHHH, NPOHCXOAHI0 B OPOreHHbIE 3Talnbl PA3BHTHA
CKJAaa4aThliX H AKTHBH3HPOBAHHDbIX OGJIGCTEFL B TEYEHHE KOTOPbIX HHTEHCHBHO
NPOABHJAHCH TNOCTEMNEHHO 3aTyxalollHe TEeKTOHO-MarMaTHUeCKHEe Mpolecchl.

5. ¥YpaHOoBOpyAHble MPOBHHILHK H PAHOHBI, pacnoNoKeHHble B r106anbHbIX
MOABH)XHBIX NOSICAX PA3HbIX THNOB, TATOTEIOT K KPYNHBIM TEKTOHHUECKHM Yi-
JlaM COYJeHeHHs Pa3HOOPHEHTHPOBAHHBIX nosicoB. HanbGonee sHauuTenbHble
yPaHOBbIE MECTOPOKIEHHS TPHYPOUCHBI K Y3J/1aM NepeceyeHHs MexO6a0KoBbIX
rnyGHHHBIX Pa3/lOMOB CKBO3HBIMH (TpPaHCOJOKOBLIMH) pasfioMaMmH, KOTOpbie
ABJASIOTCA COCTABHBIMH YACTAMHM NMONEPeYHBIX rJ106albHbIX MOACOB, 1POHHKAIO-
KX B MOAKOPOBbie 060N0YKH MAaHTHH. Bo/Ib 30H TaKHX Pa3/ioMOB B pa3HbiX
TEKTOHHYECKHX COOPYKEHHAX H CTPYKTYPHBIX 3TaXax npoaABieHbl pasjHuHbe
H PA3HOBO3PACTHLIE HHTPY3HBEL, BYJIKAHHTbI, 4 TAKKE 1aHKH OCHOBHOI'D coCTa-
Bd, CBH/ETE/NbCTBYIOULHE O MPOABIEHHH IN1YOHHHbBIX POLECCOB U3 IIOLKOPOBbIX
MarmaTHYecKHx ouaros. PasmelleHHe pasHOTHIIHBIX MarMaTHUeCKHX 06paso-
BAHHH — HHTPY3HBOB rPAHHTOH/0B, BYJIKAHHYECKHX COOPYKEHHH H NaHKOBbLX
CepHi, ¢ OAHOH CTOPOHbI, H THAPOTEPMaJbHbIX YPAHOBbIX H [APYrHX Me-
CTOPOMAEHHA, ¢ APYroi, KOHTPOIHPYeTCs OOLHMH TEKTOHHUECKHMH 3J1eMeH-
TAMH — KPYNHBIMH Fe0aHTHK/JIHHAIbHbIMH TEKTOHHUECKHMH 6GJ0KaMH, CBOLO-
BbIMH MOJHATHAMH, BYJIKAHO-TEKTOHHYECKHMH [J€NPECCHAMH H BYJKAHHUECKH-
MH KYTOJAMH, eJHHbIMH MOABHKHbIMH H NPOHHILAEMbIMH 30HAMH TJIYGHHHBIX
pasiomoB. ’

6. YpaHoBopy/Hble [POBHHUHH H pailOHbl, KAK NPABHJIO, XapaKTepH3YIOT-
CAl BecbMa LIMPOKHM pa3BHTHEM MarmatHueckux o06pa3oBaHHil pas3iHUHOrO
coctasa, THNa W Bospacta. [Ipu 3ToM caMbiMH GJH3KHMH 110 BpeMeHH 00-
pa3oBaHHA K YPAaHOBOMY OpY/eHeHHID SiBJSITCH HanGoJee No3HHe OpOreH-
Hble KOMMJIEKChl, CPelH KOTOPHIX OTYeTJHBO npeof/iafaloT IpaHHTOMIbI, KH-
CJIble BYJIKAHWTBI HJIH pexe HHTPY3HBH cybulenoyroro coctasa. OcoGoe 3Ha-
YeHHEe HMEIOT JaHKOBble CEPHH OCHOBHOIO, KHCJOr0 H 1UeJOUHOro cocTasa pe-
rHOHANbHOrO pacnpocTpanenus. Bmecte ¢ TeM HMeIOTCH rHapOTepMalibHbie
ypaHoBble MECTOPOMKIEHHA HEKOTOPbIX (JOPMallHOHHBIX THNOB (CTpaTHHOpPM-
Hble B 4YepPHBbIX cAaHlax, ajJbOHTHTOBbIE B 30HAX PA3JOMOB CpelH TPAHHTO-
FHEHCOBBIX H CJ1AHILEBbIX KOMIUIEKCOB W Ap.), He OGHAPYKHBAIOULHE BHIAHMOHN
CBSI3H C YPAHOHOCHBIMH MarMaTHUECKHMH MOPOLAMH MPAHHTOHIHOrO COCTABA.

Ilannoe 06CTOATELCTBO NOCAYKHI0 OCHOBAHHEM /IS BHICKA3bIBAHUA allb-
TEPHATHBHBIX FeHETHYECKHX KOHLENLUKWA O NPOHCXOAAEHHH ITHX MECTOpoX/e-
HHH H OTPHUAHHA HEKOTOPbIMH HCCIEAOBATENAMH PYLOTeHEPHPYIOULEd c11ocob-
HOCTH KHCJbIX MarMaTHueckKhx pacnaaBos. Paspa6otk# aBTopoB OTHOCATCA
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npexie BCero K ypaHOBLIM MECTOPOXKIEHHAM, OOGHAPYKHBAIOULHM TaKylo
CBAi3b C MAarMaTHYecKHMH 06pa3zosanuamy. ONHAKO HEKOTOpbIE acnekThl 3THX
pa3paboToKk MOryT GbiTb HCIOJbL30BaHbl H A THAPOTEPMAJbHBIX MECTOPOHK-
JeHHH, He OOHAPYKHBAIOULHX BHIHMOH CBA3H C MAarMaTH3IMOM.

7. @OpMHPOBAHHE HAOFEHHBIX YPAHOBBIX MECTOPOMIAEHHH MPOHCXOAHIIO
Ha nanGosiee NO3AHHX CTAJAHSAX OPOreHHOID 3Tana 1aHHOTrO TEKTOHO-MarMaTH-
YECKOTO IIHKJA Pa3BHTHS DPYLHOH MPOBHHLHH I10CJE 3aBEpILEHHs MarMaTH-
yeckoh AeATEJbHOCTH. OT CTAHOBJIEHHA MO31HHX MArMaTtHYeCKHX KOIJEeKCOB
IPAHHTOHAHOrO COCTABA YPAHOBOE OPYAEHEHHE OGbIUHO OTAeNeHO BPeMEHHBIM
HHTEPBAJOM BHCAPEHHA 1aWKOBOH CEDHH OCHOBHOIO H NamnpopupoBoro co-
CcTapa, HMEBILHX Gosiee TAyOHHHOE NPOHCXOK/AEHHE.

Cpenu IpYrHX 3HAOreHHbIX MeCcTOPOAAEHHH ONpeieeHHOro nocTMarma-
THYECKOrO 3Tanad rHApPOTepPMaJibHblC YPAHOBLIC MECTOPOK/EHHA TaKkKe ABJA-
loTcs Hanbosee No3AHKUMH. B npegenax ypaHoBOPYAHbIX MPOBHHILHK H PaHOHOB
YPAHOBOMY OpYJeHeHHIO o6bluHO npealiecTByeT peakomeraabhoe (W, Mo,
Sn), vHOraa 30J10TOE, MEJHOe HJIH MEeIHO-MOJHOAEHOBOE, CYPBMAHOE H MOCTO-
anHo nosumerananuueckoe (Pb-Zn-Ag) u duwoputoBoe ruaporepmansioe
opynenenne. OTMeueHHble THMbl PYAHBIX MECTOPOXKIACHHH 0GpasyioT eaHHble
pyAHO-HOPMALLHOHHBIE PALBI, KOTOpPbie OTOOPaXarT 3aKOHOMEPHYID 3BOJIO-
LHIO MAarMaTHYECKOro PyA006PAa30BaHHA U MOPOMUBLIHX €ro PaCTBOPOB €JHHO-
ro MocTMarMaTHYeCcKoro ruApoTepMatbiore stana. Takum o6pa3soM, 3HI0reH-
HOe ypaHoBoe pynoo06pasoBaHHe 3aHHMaeT BHOJHE oOlpeneleHHoe, 06LIUHO
nocjeiHee MecTto B O0weM psjiy MOCTMArMaTHYeCKOH TFHAPOTepMasibHOH
NeATeJIbHOCTH, CBAI3AHHOH C OpOreHHbIM 3Tanom COOTBETCTBYIOULEro TEKTOHO-
MarMaTHYeCKOro LHKIA.

M3 nerposoro-re0XHMHYECKHX [1aHHBIX, Ha KOTOpPbIX 6a3zHpyeTcs pasBH-
BaemMasl aBTOPAMH KOHUeNUHsd, clelyeT MOoA4epPKHYTh caelyioLlke.

1. B uenom, HecMOTps Ha OYeHb HHU3KOE COAEpIKAHHe ypaHa B BeLLECTBE
mantin (n-107°—n-10779%), B OT/EAbHBIX YHACTKAX MAHTHH MOTJH OPMH-
pOBATHCA PACINaBbl H 30HBI METACOMATO3bl C KOHUCHTPALHAMH ypaHa, B Je-
CATKH H COTHH paa NMpEeBbLIILAKILIHMH CbOHOBbIE. EJ_I,HHCTBCHHbIM MeéXdHH3IMOM,
KOTOPBIA MOT OGECMeYHTb BBLICOKOE CcolepiKaHHe ypaHa (H APYrHx Hekore-
pPEHTHBIX 3JEMEHTOB) B OTAE/NbHBIX THMAX MAHTHHHBIX MOPOL (KHMGEPJAHTHI,
lesouHble 6a3anbTOHAL, KaPOOHATHTHI), AABAAETCH HX IPHBHOC B YYACTKH
MarMoo0pasoBaHHA MaHTHHHLIMH (uiounamu. Hakonnewwe ckopee scero
OCYLIECTBIAJIOCH KaK B MpOIECce METAcOMAaTHYecKoro npeo6pasoBaHHs Mo-
poi cyGCTpaTa MaHTHH, TAK H B TeYeHHe BCEro NMepHoaa CYLecTBOBAHHA
MarMaTHYeCKHX pacn/iaBos.

2, B ocHOBe MexaHH3Ma AHGbQepeHIlHALHH BellecTBa MAHTHH (KpOme ce-
JIeKTHBHOTO [JIABJEHHSA) JIEKHT cnocohHOCTh MAHTHHHbIX (WIIOHAOB PacTBO-
pATh B ce6e Pa3NHYHbIE 3IeMEHTH B MPONOPLHAX, PE3IKO OTJIHYAIONLHXCA OT HX-
KOJIHYECTBEHHbIX COOTHOLIEHHH B MAHTHHHOM cyGeTpate. C 3THM, BHAHMO, CBS-
3aHO 3HAYHTEJbHOE MCTOLLEHHE NOPOJA MAHTHH B OTHOUIEHHH LLEAOUEH MHO-
rHX PYAHBIX, PACCeAHHBIX, 4 TaKXKe PaqHOAKTHBHbIX 3JeMEHTOB.

3. HenocpeacTBeHHOR NPOHHKHOBEHHE BOAHBIX (JIIOHIOB H3 MAHTHH B 3eM-
HYIO KOPY GbLIO, MO-BHAHMOMY, MAJOBEPOATHBIM, ITO CBA3AHO ¢ TeM 06CTO-
ATEABCTBOM, HTO B CJY4ae NMPOSABJEHHSA MOLLHbIX NOTOKOB MAHTHHHBIX ()J1IOH-
JLOB L0/1IKHO GbiIO NPOHCXOAHTEL 06pa3oBanHe 6a3a/ibTOHIHBIX PACIABOB, AK-
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THBHO NOrAolLa0UKX Body. [Tpu 3TOM B 3eMHYI0 KOPY MPOHHKAJH JIHIIb yTrJe-
KHCJ10Ta H HHEepPTHLIE rasbl. B cjiydae xe rnotokos HH3KOH aKTHBHOCTH BOJa
pacxoaoBajachk Ha peakuHH aMUOOIH3ALUHH B BEPXHEM TOPH3OHTE MAHTHH.
B CRA3K C 3THM MOXKHO npeanosaratb, 4to 3a rpaumuaauulo H [pHBHOC B
3eMHYIO0 KOPY MHOTHX PYIHBIX 3JI€MEHTOB, B TOM YHC/e€ ypaHa, OTBETCTBEHHbI
pacTBOpLl, OTAENRIOUIHECS] H3 IOJKOPOBLIX MarMaTHYECKHX OYaroB, KOTOpLe
OblH PacnojioXKeHbl B BEPXHHX TOPH3OHTAX MAHTHH.

4. MaccoofMeH MeK/y BellleCTBOM MaHTHH H 3€MHOH KOpbl MPOHCXOAHI
KaK B pe3yJibTaTe NOCTYNJEHHH B 3EMHYK KOPY MarMaTHUeCKHX DacijaBos,
TdK M B peay/ibTaTe BO3JeHCTBHA HA MOPO/Ibl KOPH H MOJICTHIAIOILHE ee Bepx-
HHE FOPH3OHTH MaHTHH BOCXOASILHX IyGHHHBIX (aonnor, O6a 3THX npolec-
€a COnpoBOKAANUCH HCTOLLEHHEM MAHTHH B OTHOLWIEHHWH PAIHOAKTHBHBIX 3J1e-
MEHTOB H HX HaKollleHuem B 3emuoit Kope. [lpn 31oM rpanuTH3auns nopon
AIBJIAJIACH TJABHBIM TPOILECCOM [UIHTeNbHOrO HAKONJIEHHA ypaHa B 3€MHON
Kope.

5. ConepxaHnne pajHOAKTHRHBIX 3J€MEHTOB B MOCJAEJ0BATENbHLIX Marma-
THUECKHX 06pa3OBaHHHX €IHHOrO TeKTOHO-MAarMaTHUYeCKOro I[HKJa B OﬁllleM
cllyuae BO3pacTaeT OT PAHHHX KOMIIEKCOB K MO31HHM, YTO CBHAETENBCTBYET
0 HAKOMJIEHHH ypaHa B [poLecce 3BOJMIOLHH BHYTPHKOPOBLIX MarMaTHUeCcKHX
ouaroB. OCHOBHBIM MEXAHH3MOM HAKOIVIEHHS ypaHa B MarMaTHYeCKHX oda-
rax fBAANACh Marmathdeckan jeGasHdukalHf, 06yCa0BJIEHHAR TMPOXOK-
JleHHeM uyepe3 pacijaBbl TpaHCMarMaTHYecKHX (JIOHLOB, KOTOpble obeciie-
UHBAJH PACKHC/EHHe PAcNaBoB H HAKOMJIEHHEe B HUX JIETYUHX, PYAHBIX H pac-
CEeSIHHBIX 3JIEMEHTOB.

6. Conep:kaHHe ypaHa B KHC/IbIX BYJKAHHYECKHX CTEK/aX B CpejlHeM
B2 pa3a Bbillle, 4eM B rpaHHTAX H APYTHX YACTHYHO WJIH MOJHOCTbIO pPackKkpH-
CTANH30BAHHBIX MOPOAAX AHAJOTHUHOrO COCTaBa. IJTO CBHIETE/NbCTBYET
06 ynaJeHHH 3HAYHTE/bHOH NOJIH ypaHa W3 pacniaBoB BmecTe ¢ (Jionsamu
B [Ipollecce HX PacKpHCTaJIH3alHH.

KonuenTpauss ypana B KHCJIbIX CTeKAaX BAPbHPYET B npenenax or 4-10'%
10 40-107*%, B cpennem cocrasass 11,8-107'%. Hanuuue crekon ¢ pesko
NOBbILIEHHBIMH KOHLEHTPALHAMH YPaHa CBHAETEIbCTBYET O peajlbHoM cylie-
CTBOBAHHH B MPHPOJE YPAHOHOCHBIX MarMaTHYeCKHX paclijaBoB.

7. TlpH3HaBas cyllecTBOBAHWE B TIPHPOJE KHCIBIX PACN/aBoB, Pe3ko pas-
JIHUAIOLLIHXCA 10 KOHILEHTPALLMH YPaHa, MOXKHO PacnpocTpaHsiTh 3TOT Ke Bbi-
BOM Ha TpaHcmarmartHueckue (uionanl. Orciona ejeiyer, 4To YPaHOHOCHOCTD
MarMaTHYeCKHX O4aros, a CJae10BaTeNbHO, H HX NOTEHUHANbHAS PYLOreHepH-
pylouias cnoco6HOCTh ONpele/fAiHCh He CTOAbKO KOHLEHTpalHeHd ypaHa B
rpaHUTH3HPOBAHHOM CyGCTpaTe, CKOJMBKO YPAHOHOCHOCTBIO TPAHCMarMaTHue-
CKHX (moHn0B. BbilepxaHHocTh (GOPMAUHOHHBIX [IPH3HAKOB YPaHOBBIX
MECTOPOXKAEHHH B Mpenenax ypaHOBOPYAHbIX MPOBHHLUHHA B KOHEUHOM CueTe,
no-BHAMMOMY, 3ajaBajach criellHpHKOH TpaHCMarMaTHUeCKUX PacTBOpPOB, ON-
pelensiolinX, B CBOIO o4epeb, FeOXHMHYECKYIO CIeLHATH3AIHI0 MarMaTHe-
CKHX 0O4aros.

8. Pesyabrarbl reoXpOHOJOMHYECKHX HCCENOBAHHE  CBW/ETENbCTBYIOT
0 BO3pAacTHOH GJM3OCTH MO3/HECH MArMaTHUecKOH 1esATeJbHOCTH H NPOILECcCos
FHAPOTEPMAILHOTO YPAaHOBOrO py1006pa3oBaHus.

9. IIns rpaHHTOHIOB H BYJKAHWTOB, GJIH3KHX 10 BOIPACTY K YPaHOBOMY
OPY/EHEHHIO XapakKTePHbl KOHTPACTHO BBLICOKHE KOHUEHTPALMHH ypaHa, HH3-
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KHE 3HAUeHHs TOPHIA-YPAHOBLIX OTHOLIEHHH, BBICOKHH NPOILEHT JerKoBbllLena-
UHBAEMOMH «IOABHKHOH» opmbl mMeTanna. OTMeUEHO TEOXHMHUECKoe poi-
CTBO YKa3aHHbIX MArMaTHYeCKHX MOPOM H YPAHOBBIX pYJ, BHpamalolieecs
i OOLLHOCTH Haﬁopa MHOIHX PYAHbIX H PACCEAHHDBIX 3JIEMEHTOB. OGoratulenHbie
ypaHoM marmaTHUeCKHe MOpOAbl OnpeieisioT BO3PACTAHHE €ro KOHIleHTpa-
UMM B NIpee]ax ypaHOHOCHBIX TEKTOHHUYECKHX OJIOKOB H BY/JIKaHO-TEKTOHHYeE-
CKHX coopyskenuil. Takum o6pa3oM, COBOKYIHOCTb OXapaKTePH3OBAHHBIX 0CO-
6GeHHoCcTell MoBeleHHA ypaHa B MarmMaTHYeCKHX pacnjaBax (ovyarax) ykaibl-
BAET HA NPHHIHNHANLHYIO BO3MOMKHOCTb CYLLECTBOBAHHS MarMaTHUECKOro
HCTOYHHKA, T. €. CBHAETENbLCTBYET O MapareHeTHYeCKOH CBA3H 3IHAOFeHHbIX
YPaHOBBIX MECTOPOMAEHHH C MAarMaTH3MOM, B OCHOBE KOTOPOH JIEKHMT Ha-
NMpaBJaeHHOCTb €ro ¢tp3KLlHOHHpOBaHHFI.

M3 3KcnepHMEHTANTbHBIX H F€OXHMHYECKHX JIAHHBIX, HMEIOLUIHX OTHOLICHHE
K BOMpoCcy MexahuimMa (QOPMHPOBAHHA PYA0OOPaA3yIOULHX PAacTBOPOB, Heol-
XO/IHMO OTMETHTb CJelYIOLLIHE:

1. KonuenTpauusi HachlllleHHsl ypaHa B rpaHHTHBIX pacnjapax no sxkcne-
PUMEHTA/NbHBIM J@HHBIM COCT@BJISCT COThle JIOIH MPOUEHTE, H4TO 3Ha4H-
TeJbHO MpeBblllldeT peajbHYI0 KOHUEHTPALLHIO 3TOr0 3JeMeHTa B NMPHPOAHBIX
pacniaBax. CienoBaTesbHO, BCe NPHPOLHbBIC Pacn/iaBbl CYULECTBEHHO HeJO-
CbitileHbl B OTHOWeHHH ypaHa. I10 3Tol npHuyHHe MarMaTHYecKoe 3aMellleHHe
[I0OPOA /IOJKHO COMPOBOXKAATHCH J0CTATOYHO PABHOMEPHBIM paccesHHeM
ypaHa BO BceM o6beMe MarMaTHYeCKoro pacrJiapa.

2. KombunupoBaHHbIH K03 dHIULHEHT pacnpelesedHs ypana Mexly pac-
n1aBoM H 0o06pa3yiOlLIHMHCA MHHEpaJaMH onpejensercss HWHtepBanom 01—
0,5 B nonb3y pacnaapa. COOTBETCTBEHHO, KPHCTANTH3AUMA Marm sBjsercs
[IPOILeCCOM KOHUEHTPHPOBAHHS YpaHa B OCTATOYHOM pacniase. JTo noa-
BOJISIET pacCMaTpHBaTbh JJIHTEJbHO ﬂpUTEKHIOUJ.HI‘:i npouecc KpuctaJH3auHH
rPaHHTOHAHBIX MarMaTHYECKHX OYAroB B KAuecTBE NIaBHOrO MexaHuima gop-
MHPOBAHHA OCTATOYHBIX PACM/IaBOB, HACBIULEHHbIX B OTHOIIEHHH YPAHHHHTA.

3. KoHUeHTpauHs ypaHa B MarMaToreHHom ¢uioHae, PABHOBECHOM ¢ rpa-
HHTHBIM PACTIABOM, HACHILLEHHBIM B OTHOILIEHHH YPAHHHHTA, 3KCIIEPHMEHTA/b-
HO OLEHHBAETCH THICAUHBIMH JOJSIMH MacCoBOro MPOLEHTA.

4. Ha ocHOBe cOMOCTaB/eHHA KOHUEHTPALHI ypaHa B KHCIBIX CTEKJAaX H
rpaHuTax, AAHHLIX OCKONIKOBOH panHorpainH, yKasblBalOUIHX Ha Hajydne
B MarMaTHYecKHX MHHepajax 6OoraThlX YPaHOM ra3oBO-KHIAKHX BKJIIOUEHHH,
i pe3yabTaTax NpsIMBIX ONpefeseHHH, NPHBEJEHHbIX B JIHTEpaType, AenaeTcq
BLIBOJL O PeIbHOCTH CYULECTBOBAHHA B NPHPOLE MarMatoreHusnx GJIOHL0B ¢
KOHLEHTPALHAMH ypaHa B THICAYHbIE W COThbie [0JH MAacCOBOro NPOLLEHTa.

5. C noMOULbI0 METOJI0B OCKOJIKOBOH paaHorpaduu o6ocHOBAHA pealib-
HOCTB [EPeHOCa ypaHa pacTBOpPaMH paHHeH MOCTMAarMaTHYecKoH cTaauH
(nerMaTHTOOGPa30BaHHe, CKapDHHPOBAHHE, aNbOHTH3AUHA, TPEH3eHHIalHs).
DKCMepHMEHTA/IbHO MOATBEPKAEHA BOSMOKHOCTb NIEPEHOCA YPaHa XJIOPH/HbI-
MH pacTBOPAMH B BOCCTAHOBHTE/bLHbIX YycnoBMAX NpH Temneparypax 400—
600° C B kouuentpaumsax 10~*—10-* mac %.

[Tpepnaraemasi aBTopamu Mojenb npeaycMmarpupaer CAedyIOULYlO 1enb
B3IAHMOCBA3AHHEIX H B3auMOOOYC/OB/JCHHBIX SBJEHHH, OTBETCTBEHHBIX 3a
(hopMHPOBAHHE YPAHOHOCHBIX PY/1006pa3ylollHX PacTBOPOB.

1. ®OpMHPOBAHHE B BepXHEH yacTH MaHTHH B NPelOPOreHHbil (HHBEp-
CHOHHBIA) 3TaN PA3BUTHA CKAanuaThiX 0bJaacTel NOJAKOPOBbLIX 6a3a1bTOHHBIX
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ouaroB, MeTamopdHaM NPOrpeccHBHOR CTAJHH TOPHBLIX MOPOJL KOPbI, IPOHC-
XOAMBUIHH 1o Bo3jgedcTBHeM Ge3BOJHbBIX Ta30BO-TEMJNOBbIX MNOTOKOB.

2. [lepexon K OpOreHHOMY 3Tany pasBHTHA, CONPOBOMKAABLIKACH KPHCTAN-
J]HEHU.HCﬁ 6a3aJbTOHAHBIX O4AroB, OTAEJNEHHEeM pacraopeﬂﬂux B HHX cCyle-
CTBEHHO BOAHBIX ()IXOMLOB, ¢ LIHPOKHM MNPOABJIEHHEM MPOLECCOB I'PAHHTH-
3alHH H 06pa30BaHHEM TPAHHTOHMJHbIX MarMaTHUECKHX Ouaros.

3. MeramarmaTtHueckas ne6asHHKaLMA MarMaTHYECKHX PpacniaBoB B
oyarax noan BOSJIEI"'ICTBHEM TpAHCMATMATHYECKHX (I)JIIOHJ.],OB, CONpoOBOKAAB-
UIAACA PACKHCJICHHEM pPAaClaBoB H HAKOIJIEHHEM pPYIAHbIX H paccesHHblX
3JIEMEHTOB.

4. 3aryxaHHe HHTEHCHBHOCTH MOTOKa TpaHCMarMaTHYecKHX (rpaHHTH3H-
pywouHx) GAOHA0B, cTabuau3alua o6beMa MarMaTHYecKHX O4Yaros, Aalb-
Hefllllee pacKHC/IEHHE MarMaTHYeCKHX pacn/asos.

5. KpHeraan3auus mMarMatHYecKHX ouyaros, COMpOBOXKIaBlUAACA fABJe-
HHAMH KPHCTAJJIH3ALHOHHOH AH((epeHIHallHH, HAKON/ICHHeM B OCTaTOUYHbIX
pacniasax Bojawl, ¢Topa, ypana H APYrHX (TOPOPHIBHBIX 3JEMEHTOB.

6. PaspuTHe rHapoTEpPMAaNbHO-METACOMATHYECKHX IMPOLECCOB PAaHHHX H
CPeAHHX CTajHH, CBA3AHHLIX C IBONIOLHEH MAarMaTHUECKHX 04aros;

7. 3aBeplueHHe KPHCTAWIH3AUHH OCTATOUYHBIX JICHKOPAHHTHBIX pacnaa-
BOB B OYarax, OT/AeJieHHe YPaHOHOCHBIX pyaoo06pa3ylollHX pacTBOPOB.

B OTMEeUYeHHbLIX BbIlII¢ CTalHAX 3BOJIOUHH MarMaTH4YeCKHX o04YaroB He
yKa3aHbl MHOTHe MeTPOreHeTHYeCKHe MPOoLecchl, KOTOpbie, XOTA H CONPOBOM-
Jlajli CTAHOBJIEHHE W PA3BHTHE IPDAHHTOHIHbLIX OYAroB, B TO JKe BPEMH He
OTHOCHJIMCL K YHMCJY YCJOBMH, ONpesefsiouluX TreHepaluio YPaHOHOCHBIX
pyaooGpa3syioliux pacrsopos. K TakMM npoiueccam OTHOCATCA, B YACTHOCTH,
HHprSHBHbI[‘:I MArMaTH3M H BYJKAHH3M, PAa3BHTHE KOHTAKTOBO-PE€aKIHOHHbIX
M OCTMArMATHYECKHX ABJEHHH B CBSA3H C KOHKPETHLIMH MArMaTHYECKHMH Te-
JlaMH, TEKTOHHYECKHE ABHXKEeHHH M T. 4. M3ayueHHe 3TuX SIBJIEHHH siBAsieTCH
BMECTe C TeM OCHOBOH npeicTtasJieHHs 00 3BOJIOIHH MarMaTHYeCKHX 04aros,
NyTAX MHIpPallMH PYIOHOCHLIX PacTBOPOB H 3aKOHOMEPHOCTHAX pa3MellleHHs
OPYAE€HEHHH. anBBII.EHHaH Bbllll€ MOAeJlb KOpOBOro MarMmaTH4eCcKoro HCTOYHH-
Ka pyLoo06pa3yiloluldX pacTBOPOB IpelycMaTPHBAET HX OTAe/eHHe B npollecce
3aKJYHTEJbHOR CTalHH KpPlCTaJ]JIH38LLHH MarMaTHYeCKHX pacniaBos. ABTOpb[
JLOMYCKAT TaKke BO3MOKHOCTh KPHCTAJJIH3ALKWH ouaros Ha (QoHe 3aTyxao-
Llero MOTOKa TpaHCMarMaTHYeckHX rayOGHHHBIX (uaionnos. BaaumoneficteHe
TAKHX CI)JIIOHI],OB C TPAHHTOHIAMH H OCTATOYHbBIMH pacnaaBaMH MOrJO NMPHBO-
AHTb K HX 000ralleHHi0 ypaHoMm H GOPMHPOBAHHIO IMAPOTEPMadbHbIX PyJ0-
06pa3youix pacTBopos ((pHAbTPALHOHHBIA HCTOUHHK) . He neknoueno Taxkxe
CMelleHHe YKaszaHHbIX QUIHL0B ¢ NOCTMArMaTHYeCKHMH pacTBoOpaMH ¢ COOT-
BETCTBYIOULHM yuacTHeM (HJILTPALMOHHOTO M MarMaTHUYecKoro HCTOu-
HHKOB.

Caepyer 1044€pKHYTh, Y4TO HAHGOIEE THIOTETHYUHBIM 3IEMEHTOM H3JI0XKEH-
HOH KOHLeMILHY SABJAAKTCSH [PHUHHB METAJOTeHHYeCKOR CheuHaNH3alnu
MarMaTHYeCKHX OYaroB, KOTOPbIe B KOHEYHOM cueTe 3alaBajH H MeTajJjore-
HHYECKYIO ClNelHaNH3alHI0 PYLOHOCHBIX MPOBHHUHA. AHANH3 HAKOMJEHHbIX
JAdHHbIX He [103BOJseT O0ObACHHTbL 3TO ABJEHHE 3a CYeT COJAepXKaHHf COOT-
BETCTBYIOULHX DPYIHBIX 3JIEMEHTOB TOJBKO B IPaHHTH3HpyeMOM cybcerpare.
[TosToMy NMPUXOAHTCH AONYCKATb, YTO OTBETCTBEHHLIMH 338 METaNJOreHHue-
CKYIO CNEeLHANH3AIHIO 04aroB ABIAJHCH TPAaHCMarMaTHueckne Gatonns. [Tpu-
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YHHAMH HEOJHHAKOBOH METa/NJOHOCHOCTH TpaHcMarMaTHuYeckux GJoH10B
MOIJIH GbITb pa3JiHUHbIe YPOBHH HX TeHepailiH (a CAe/loBATENLHO, H Cnocob-
HOCTb K BbILLEJIAYHBAHHIO H MEPEHOCY Pa3JIHUHbIX 3JIEMEHTOB), HEOAHOPOA-
HOCTH COCTABA MAHTHH H MHOTHe ADYrHe NpPHYHHBL. YPOBEHb COBPEMEHHbIX
3HAHHH HE MO3BOJAET HAESATHCA HA CKONBKO-HHOYAL yOeaHTeNbHOe pellieHHe
3T0il 3a1aun B o6o3puMoM Oyayuiem. HTo Kacaercs ocTanbHbIX MONOKEHHH H3-
/IO EHHOH KOHLeNIHH, TO eCTh BCE OCHOBAHHA PACCUHTBLIBATL HA 3HAUHTEJb-
HblH TIporpecc B OTHOLIEHHH JajbHellliero BCECTOPOHHEro 06OCHOBAHMS.

[Mpencrapnenuss 0 BTOPOM THME MeXaHH3Ma (DOPMHPOBAHHS ypaHOHOC-
HBIX Pyn006pa3yiollHX PacTBOPOB OCHOBLIBAKOTCHA HA CJeNyOLLHX Hauboaee
BAMHbIX NAHHBIX:

pa3BHTHE B Mpelesax HeKOTOPLIX YPAHOBOPYAHBIX MPOBHHILHA MOJHXPOH-
HOro ypaHoBOro opyaeHeHHs, cQOPMHPOBAHHOTO B PA3HbIE 3MOXH H 3Tanbl
H XapaKTepH3yollerocsi MPHBHOCOM YpaHA BOCXOASAULHMH DACTBOPAMH,

CYULeCTBOBAHHE HAPALY C MArMaTOTE€HHbIMH YPAHOBLIMH MECTOPOM/IEHH-
SIMH THPOTEPM aJIbHBIX MECTOPOXK/AEHHH, KOTOpble He 00HAP YA HBAKT BHAHMON
CBfI3H CO CMNelHAJH3HPOBAHHLIMH KOMILIEKCAMH MarMaTHYeCKHX -JI0poa
KHCJI0ro cocTaBsa,

Ha HEKOTOPbIX CJOMXHBIX MO CTPOEHHIO YDAHOBbIX MECTOPOXAEHHSX,
MPOCTPAHCTBEHHO CBA3aHHBIX C MarMaTH3IMOM, JHOO HaMeyaeTcd BPEMEHHOH
pa3pheip B NMPOSIBJEHHAX 3THX NMpoueccos, JUO0 pa3BHTHe B HX npejenaax Ino-
JIHXPOHHOTO OpYAeHeHHH, MO3JHHEe ACCOUHAIIHH KOTOPOro XapakTepH3ywTcs
[IPHBHOCOM MeTaJ/a;

HalH4YHe YPaHOBBIX MECTOPOXKAEHHH, KoTopble 06HApPYXKHBAIOT NPOCTpaH-
CTBEHHO-BPEMEHHYIO CBfI3b C MAarMaTH3MOM OCHOBHOTO COCTdBa B HHTPY3HB-
HOH, BYJKaHHYeCKOH H JaiikoBoH dauunu,

HaJHyHe cpelH mopoa (gyHaameHTa GoJjiee paHHHX YpaHOHOCHBIX o6pa3so-
BaHHH (yJAbTpameTamMop(HYECKHX, MarmMaTHYeCKHX, MeTacoMaTHYeCKHX),

YCTAHOBJIEHHE B FPAHHTOHAAX H APYTHX MOPOAAX, PA3BHThIX Ha raybHHe
Noj HEKOTOPbIMH MECTOPOXK/IeHHAMH MacluTaGHblX 30H BblHOCA M nepepac-
NpeJle/IeHHA ypaHa, B OCHOBHOM 3a CYeT ero MoABHXKHOH GopMbl.

YpaHoBble MECTOPOXKAEHHS NMPHYPOUEHB K yuacTKam 3eMHOH KOpbl, KOTO-
pble CJIOXKEeHbl Pa3JHUHBIMH YPAHOHOCHBIMH MOPOJAMH, a B 30HAX IMYOHHHBIX
pasJioMOB HHTEHCHBHO MPOSiIBHIACH THAPOTEpPMalbHasn [esATelbHOCTb Pa3HbixX
3Tanos.

[lpeauwecTsyloulHe Npolecchl APOrpPecCHBHOTO PETrHOHANBLHOTO MeTaMOp-
(huamMa He MPHBOAMIM K CO3LAHHIO YPAHOHOCHBIX PYL006pasywUIHX pacTBo-
poB. MeTaMop(H3M B perHoHanbHOM H JIOKAJbHOM MPOSIBJEHHH KaK Nporpec-
CHBHOH, TAK M PErpecCHBHOH CTaAHi HMEJ JIHUIb «PYAONOArOTOBHTENLHOES
3HadeHHe, o6yc/aBiMBas nepepacilpeiefieide ypaHa B TFOPHBIX MOPOAAX H
nepexoi ero B Jerko Mo6Guausyembie ¢opmbl. [lpu yabtpameramopdusme
H rPaHHTH3alHH, BBI3BAHHBIX BO31€HCTBHEM TPAHCMATrMATHYECKHX IJ1YGHHHbBIX
(hJI1OH/10B, MPOHCXOAHIO AVIHTEIbHOE H MeLJeHHOC HAKOI/IeHHEe YpaHa B rpaHH-
TH3HpYEMBbIX MOPOAAX 3a CUET ero NPHBHOCA HJH NepepacrnpeeneHHs.

IleTa/ibHble reo/IOrHYecKHe HCC/Ee10BAHHA HA YPAHOBKIX MECTOPOMKAEHHAX
pa3HbIX THMOB MOKa3aJiH, YTO BHEMarMaTHyeckHe GHAbLTPALLHOHHbIE HCTOYHH-
KH, 0OYC/IOB/IeHHbIE BbllleNa4YHBAHHEM ypaHa M3 MOPOL, B KOTOPLIX Hemno-
CPeACTBEHHO JIOKAJH3YIOTCA MECTOPOXK/IEeHHA (MecTHan WAH OJHKHAA MOOH-
JIH3aLLHsE), HE HTPAJIH CYLIECTBEHHONR POJH B CO3AAHHH TMPOMBIIIIEHHBIX KOH-
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LeHTpalHi ypaHoBbiX pyA. M3ydeHHe NOBeLEHUA ypana B npouneccax npeapy-
HOro METAcOMAaTHUeCKOro H3MeHEeHHs BMEeLLAIUHX NOPOo4 0KA3a/0, YTo Ha
AOCTYNHBIX ANA Haﬁ.ﬂK}ﬂ(‘HHﬂ rﬂy(mnax YpaH B 3@aBHCHMOCTH OT THNA MeTaco-
mMaTo3a JHGO BhlllleflauHBaJjcs, THO0 HANPOTHB, HAKANHBAJCH B H3MEHEHHbIX
nopojax. JTO JaeT OCHOBaHHE aBTOpPaM MoJaraTh, YTO pPacTBOpPbl CTaHO-
BHJIHCh YPAHOHOCHBIMH HE HA NYTAX HX [HHPKYJAAIWH B (OPOAAX, Henocpen-
CTBEHHO OKPY:KalOUWIHX MECTOPOXKIeHHs, a B 6oJee OTAaJeHHbIX NMyGHHAX,
B TOM 4YHCJI€ B MeCcTax WX 3APOMALHHHA.

Orciofa cielyeT, YTO KOHUENUHs MecTHOH MOOHIM3AllMH ypaHa H3 BMe-
11AIO1HX NOPOL C MOCJAEYIOULHM €ro lepeoToKeHHeM He MoxeT OblTb NpH-
HATA B KauyecTse o6llero MexaHudma (JOpMHPOBAHHA PYLOHOCHBLIX PACTBOPOB.
Bmecrte ¢ TeM 3TO HE HCKJKYAET BO3MOMKHOCTH MOCTYMJIEHHS OrpaHHUYeHHbIX
KOJHYeCTB ypaHa B KaueCTtse AONOJHHTENBLHOTO HCTOYHHKA B PYAOHOCHLIE
pacTBOPbl HA NYTAX ANHTEJbLHOH LHPKY/AALHH H NPOJABHXKEHHA K MecTaM pas-
FPY3KH.

DuALTPALHOHHBIE HCTOYHHKH, CBAA3AHHBIE C H3BJIEUEHHEM ypaua U3 ray6o-
Ko3aJeralouux 06oralleHHbIX UM NOpPoA (LaJbHAA WAH raYOHHHAA MOOHJIH-
3alus), HrpaloT, HaoGopoT, ropasno Goiee IHAUNTENbHYIO poab. OnHako Mexa-
HH3M 3TOr0 NPOLecca H NPHPOJa FHAPOTePMaJbHbLIX PaCTBOPOB OCTAIOTCA MO-
Ka BO MHOTOM HesicHbIMH. Hanbosee BepoATHOH MpeacTaBaAseTcs BO3MOXKHOCTD
33HMCTBOBaHHS DPYAHOr0 BELIeCTBA TPAHCMAIMATHUECKHMM [OAKOPOBBIMH
(JIIOHAAMH HJH CMellaHHbIMM PAacTBOPAMH H3 ypaHOHocHoro cyberpara ray-
GHHHbIX YdcTeH «CPAHUTO-METAMOP(HHUYLCKOTOY CNOA, B TOM UYHCJE, IKCTPari-
pOBaHHE «NOABHKHOrO» ypaHa H3 3aKPHCTAMJIH30BABIUHXCH MArMaTHUECKHX
0YaroB rpaHHTOHAHOroO coctaBa. [lociennnit BapuanT, no cyutecTsy, npubiu-
KAaeTcHd K NpeACcTaBJ€HHAM O MArMaTHY€CKOM THIE HCTOYHHKOB, KOraa MOoG#H-
JIH3ALHS PYAHOTO BELLeCTBA H3 KPHCTAIH3YIOULHXCS MATM IPOHCXOAHIA NPH
Y4aCTHH CKBO3bMArMATHUECKHX PACTBOPOS.

Jl15i 3HAOreHHbIX THAPOTEPM Al bHbIX MECTOPOKACHHA YpaHA PA3HbIX THIIOB
KaK CBf3aHHbIX TIPOCTPAHCTBEHHO C MarMaTH3MOM, TakK H He OGHApyKHBa-
IOLLHX TAKOH CBA3H, HAMEYalOTCH CAE/YIOIIHE BAPHAHTLI MArMATHUECKHX W TAY-
OMHHBIX (PHABTPALHOHHBIX HCTOYHHKOB PYAHOrO BelecTBa.

YpaHosble MecTOPOMIAEHURA HaHePO3OACKHX YPAHOBOPYIHBIX NMPOBHHUHH,
pacnosoAKeHHblX B 06/1aCTAX KOHTHHEHTAJBHOrO naJjeoBy/JKaHH3Ma, o6Hapy-
MHUBAKOT TECHYIO TIPOCTPAHCTBEHHYIO, BPEMEHHYIO H, N0-BHAHMOMY, rlapareHe-
THYECKYIO CBSI3b C KHCJLIM MarMaTH3MOM — rHiaGHCCalbHbIMU TpavdTonaa-
MH, KOHTHHEHTAJIbHEIMH BYJIKAHHYECKHMH H BYJKAHO-HHTPY3HBHBIMH KOMILIEK-
caMH mnopojd, chOPMHPOBABIWIMMUCA B MNaje030e Ha OPOreHHbIX 3Tanax
Pa3BHTHA CKNaA4aThIX 06J1aCTel WK B NEPHOALl HX ME3030HCKO-KaHHO30HCKO#H
TEKTOHO-MAarMaTHYeCKOH AKTHBH3AILHH.

HcTouHHKOM pyaHOro BeleCcTBA 3THX MECTOPOMKAEHHWIl, BEPOATHO, siBAs-
JIHCb OUATH KHCJBIX [TAJHHTeHHBIX MArM, 3aKaH4YHBaBLIHX CBOE PA3BHTHE K MO-
MEHTY pYa1006pa3soBaHUsl H NOPOKAARIIKX TAYOHHHBIE IMAHAILHH, C KOTOPbIMH
B BEPXHHE [PHIIOBEPXHOCTHBIE YACTH 3€MHOH KOpbl NPHBHOCHJHCH YpaH H psijl
ApYrux KomnionenTos. CyllecTBeHHas POJib B MOGHAH3ALHH PYAHOIO BEULECTRA
HX MarMaTHYeCKHX O4aroB NPHHALNeIKANa CKBO3bMArMaTHUECKHM TYCHHNbIM
pactBopam, NpocayHBaloUIHMCA Yepe3 KPHCTAMIH3YIOlUHeCst Ha T1yOHHe Mar-
Mbl H 34XBAaThlIBAKIIHM HAXOAAUIHECH B HHX «OCTATOYHbLIE», oﬁoramemmc
ypaHoMm (JIOHABL.
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,U.Jlﬁ YPAHOBbBIX M@CTOPO)KJIEHHI:L TECHO MPOCTPAHCTBEHHO CBA3AHHbIX
¢ 6AH3KHMH N0 BO3PAcTy MO3AHHMH OPOreHHLIMH TPAHHTORLAMM, (IpeAnonara-
eTcsi KOPOBBIH THN HCTOUHHKA pyaHoro BeulecTsa. MPopmHpOBaHHe 3THX Me-
CTOpD}K,ﬂBHHﬁ npOHCXOJlH.ﬂD, TO-BHAHMOMY, NIPH YYACTHH NOJAKOPOBBIX BLICOKO-
TemiepaTypHbix (GJIOHA0B, KOTOPble BHAYa/le BbI3bIBAIH PaclljdB/ieHHe MeTa-
MopHueckux nmopoa H o6pazoBaHHe OYArOB NaJHHIeHHbIX PENKOMEeTalbHbiX
rPpaHHTHBIX Marm. B ganbHedliesm, NPOHHKAA yepes KPHCTAMIMIYIOUHECH HIH
V)K€ 3aKPHCTAJJH30BABLIHeCH MarMaTHUeCKHe oyard, Takue (JIoHA0N0TOKH
Ha CBOEM NYTH IKCTPATHPOBAJIH YPAH M3 MaTMBbl €«OCTATOYHOrO» PACN/IaBa HIH
H3 KPHCTAAJHYECKHX MAarMaTHYeCKHX H B MeHblUIeH cTeneHH metaMmopdHue-
CKHX [10PO/L, 4 BHILLE [IEPEXOHIH B YPAHOHOCHBIE THAPOTEPMa/bHbIe PACTBOPDI.
OcTaercs 10 KOHLA HESICHBIM KOHKDETHbIH MeXaHu3M MOOWIH3altuy pyaHoro
BellecTBa H cocTofHHe cy6eTparta (pacnaas, TBEpAAs (a3a HIH HX CMEChb), H3
KOTOPOTO NPOMCKOAKAD KCTparuposandne meranna. [ipuHuman Bo BHHMaHHe
TECHYI0 CBSi3b HCTOYHHKA YpaHa C oyaraMH KHCJAbIX MarMm (KpHCTaanH3Ylo-
ULHMHCH HJH yXKe 3aCThIBLUHMH), MOMKHO TAKOH THI HCTOUHHKA CUHTATL Kak
MarMaTHYeCKHM, TaK H QHIBTPALHOHHBIM HMJIH KOMOHHHPOBAHHBLIM (HIb-
TPAllHOHHO-MAarMaTHYeCKHM.

[las mMecTopoXKaenu# ypanoBOPyAHOR anbOMTHTOBOH (GOpMaLHH TaKxe
MOXHO Npeanosaratb (HJILTPALHOHHO-MArMATHUECKHH HCTOUHMK ypaHa B
«rpaHHTO-MeTaMopdHUeCKOM» CJ10e 3eMHOH Kopbl. B pesynbTate Bo3aelicTBHs
ra3oBO-TeNJOBbIX MOAKOPOBBIX MOTOKOB, MPOHHKABILKHX [0 30HaM TAYGHHHBIX
PasioMOB, BO3HHKANH MarMaTHYECKHe ouard. YpaH MOGHIH30BaJICA, MO-BH/LH-
MOMY, H3 3aKPHCTaJJIH30BaBIIHXCA MAarMaTHYECKHX O4aroB BbiCOKOTEMMEpa-
TYPHBIMH AKTHBHbBIMH (JIIOMLAMH H MEPEHOCH/ICA B BEPXHHE YacTH 3eMHOIl
KOpbl, rae W oraarancs B OJarOnpHATHLIX TEONOrHUeCKHX ycaosHax. He
HCKJIIOYEHO TAKXKe, YTO KAKafa-TO YaCTb COMYTCTBYIOLHX KOMIOHEHTOB IPHUBHO-
CHJ1ACh BMECTe ¢ MOTOKaMH (JIIOHI0B H3 NOAKOPOBbIX 000/104eK.

Ha ocHoBaHUM reosoriyeckux, MEHEPaNoTo-TEOXHMHUCCKHX H TEOXPOHONO0-
THYECKHX HCC/IelOBAHHH YCTAHOBJ/IEHO, UTO cTPaTHPOPMHbBIe YyPaHOBbIE MECTO-
POKIEHHA, 3aferaiollHe B «UePHbIX» CJdHUax H He 06Hapy)KHBaillHe BH-
JAMMOH CBSI3H € MarMaTH3MOM HAPHALY C CYLIECTBEHHbIMH Da3jHYMAMH, Xa-
PaKTepH3YIOTCA HEKOTOPHIMH YePTaMH CXOACTBA PYA000pPa3yIolHX NPOLEeCccoB
¢ YyPaHOBBIMH MECTOPOXKACHUAMH, KOTOPLIE NPOCTPAHCTBEHHO H BO BPEMEHH
ACCOUHHPYIOT ¢ OpOTeHHbIMH rpaHuTouiamH. [losuxponnoe ypanosoe opy-
JICHCHHE 3THX MECTOPOX/IeHHH c(hOPMHPOBAJIOCE B OJIHH H TE e 3Tanbl pas-
BHTHS (DaHEPO3OHCKHX MPOBHHLHHA, B TEYEHHE EAHHBIX METaJOreHHUeCKHX
snox. Bce uspecTHble cTpaTHOpMHbIE MeCTOPOKAEHHS PACNOAAralTCs
B KPYMHBIX IOJITOKHBYILHX TEKTOHUYECKHX Y3AaX COMICHENHA PA3HOOPHEHTH-
poBaHHBIX 30H PYAOKOHTPOJHPYIOUIHX PYGHHHBIX Pa3/ioMOB, B KOTOPbIX HH-
TCHCHBHO NPOABHARCH PA3HOBO3PACTHLIE PY/ALOMOATOTOBHTEALHBIE H THIPOTEp-
Ma/bHbIE MPOLECCH, B TOM YHCJE H ypaHOBOPYAHBIE,

[eonoruyeckie OCOOEHHOCTH CTPOEHHS, 3aKOHOMEPHOCTH pasMelleHHs
W (OPMHPOBAHHA ITHX YPAHOBHIX MECTOPOMKAEHHI HE 130T OCHOBAHMK pac-
cMAaTPHBATb B KAYECTBE IN1IABHOrO HCTOYHHKA PYAHOI0 BELLeCTBA BMELLAIOLUIHe
YrAEpPOAKCTLIE CAAHUBL, TaKKe XapaKTepPH3YWILLHECs MOBbILEHHbLIMH CcOLep-
KAHHAMH ypaHa. CKopee BCEro 3TH MeCTOPOXKAEHHS HMEJH OLHOTHIHbIH
WA GNH3KHH K APYTHM THADOTEPMANbHBIM MECTOPOMK/ICHHAM CONpelesib-
HbX PYAHBIX DAHOHOB, T. €. FNYGUHHBIA — KOPOBHIH HUABTPALHONHBIA HCTOU-
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HHK ypaHa. JIHIIb He3HauHTeNbHAA 4acTb ypaHa, No-BHAHMOMY, MOT/a 3a-
HMCTBOBATLCA PYJOHOCHBIMH PACTBOPAMH H3 «UEPHBIX» CJAAHLEB MO MYTHM HX
JIBHAKCHHA,

ChenanHbie BbIBOABI O BEPOSATHLIX THIIAX HCTOYHHKOB PYIHOrO BellECTBa
B OXAPAKTEPH30BAHHBIX IJ1aBHBIX rpynnax (gopmauHax) ypaHOBbLIX THApOTEp-
Ma/bHbIX MECTOPOMKIAEHHH HMET HE TONbKO HayyHOe, HO H ompejeseHHoe
NPaKTHYECKOe 3HaueHHe. DTH BLIBO/bI HAPSLY C IPYTHMH MPeANnoChlIKaMH MO-
IyT GBITb HCMONB30BAHB MPH METAJLIOTeHHUECKHX NOCTPOCHHAX, MOCKOJIbKY OHH
no3poJsiorT GoJee eaeHanpaBleHHo NOAX0AHTL K 000CHOBAHHIO KPHTEpHER
OLEHKH NePCIEeKTHB PYAOHOCHbLIX TEPPHTOPHH, BLIGOPY pallHOHAJIbHBIX HAMPaB-
JIEHHH NOHCKOBO-pa3BelouHbiX pabor. B ocHoBe cBOeH OHH MOATBEPK/1AIOT Ha-
MPaBAEHHOCTh CMeLH(HUECKOTO PA3BHTHA YPaHOBOPYAHbIX MPOBHHILHHA H paio-
HOB, CBfI3b 3HIOTEHHOr0 YPaHOBOro pynoob6pa3oBaHHA € ONpele/leHHbIMH
rAyGHHHBIMH CTPYKTYPAMH KOHTHHEHTAJbHOH 3€MHOH KOpPbl, NMPOABJEHHAMH
MMOAKOPOBLIX TPAHCMArMaTHUECKHX (DJIIOHILOB, NPOLecCaMH OPOreHHOro Marma-
TH3Ma KHCJ0ro, KHCJ0r0-0CHOBHOro H cy6ieaoddoro THnos. Hanbonee pax-
HBIMH OCOGEHHOCTAMH TaKHX YPAHOHOCHBIX YHaCTKOB 3€MHOH KOPbl fIBJSIIOTCH
IIHPOKOE W HHTEHCHBHOE MpOABJIEHHe DPYIOMNOArOTOBHTEJbHLIX [POLECCOB,
reoXHMHUecKas ypaHOBas creinHanuiauusi, 6JH30HOBPEMEHHOE pa3BHTHe
MarMaTHYeCKHX 04aroB Ha Pa3HbiX YPOBHSIX (BHYTPHKOPOBOM H NMOAKOPOBOM),
NPH3HAKH YCTORYHBOrO H JVIMTEJbHOTO NPOABJIEHHA MOLLHBIX ra30BO-TeIIOBbIX
[IOTOKOB B [0MarMaTHYeCcKHe, MarMaTHUECKHe H NOCTMarMaTHYeCKHe 3Tafnbl,
BLICOKAA (JOHIOHACBILIEHHOCTh KHCJIBIX MarmMaTHYeCKHX pacrnjaBoB, MOJH-
XPOHHOCTB TIPOIECCOB YpaHOBOro pynoo6pa3oBaHHA C NMPHBHOCOM ypaHa Ha
Ka/l0M H3 YPaHOBOPYIHbIX 3TaNoB.
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HITATEJABCTBO «HAYKA»

lorosarca Kk newaru Kuueu:

Kanuk A A, Jlykanwuu O. A Jlanuuw MU B.
DUIHKO-XHMHYECKHE YCI0BHA IBOJIOLUKWH 6A3aNbTOBBIX MArM B npuno-

BEPXHOCTHBIX Ooyarax
(o3 p. 40 k.

H3n0KeHbl 3KCNEPHMEHTAbHbIE H TCOPETHYECKHE OCHOBbI YC/IOBHH
obpa3oBaHda 0a3aJbTOBLIX MarM H HX 3BOJIOUHH NPH MOAbeMe K
1M0BePXHOCTH 3eMaH. PaccMoTpeHsl r1aBHble 11poteccsl, onpeieasiolune
auddeperHunaunio Ga3aabToB B BYJIKAHHUECKHX oudarax, OKHCIH-
Te/]bHO-BOCCTAHOBHTEJAbHLIA W (UIIOHAHBIH peXHMbI, OTIejeHHe Je-
TY4HX KOMIIOHEHTOB OT pacnjdaBa, 3aBHCHMOCTb BJHAHHA JaB Ha
MOBEPXHOCTb IJIAHEThI OT JHHAMHKH [IPOLECCOB B BYJKAHHYECKOM
ouare.

st neTponoros, reoXWMHKOB, Te0J0roB H reoH3HKOB,

Marmaruam 3eman u Jlyupti: (OnbiT cpaBHUTEILHOTO ananu3a).
20 n. 4p.

B c6opuuke coOGpanbl MaTepHabl 10 MHHEPAJOTHYECKOMY H [ETPO-
XHMHYECKOMY H3y4YeHHIo JyHHbIX nopod. Mcenenosanbt nopodbl we-
KOTOPbIX HMMNAKTHBIX 3eMHBIX CTPYKTYP M [ApeBHeHilHe 3eMHble Mar-
MaTHuyeckue audpdepenunatel. [IpuBeseHo fpaBHeHHe 3EMHBIX H JYHHBIX
o6pa3oBaHuil. BuifiBneHa akTHBHAA POIb KOMMNOHEHTOB B JIYHHOM Mar-
MAaTH3Me, NON0GHE JYHHBIX [0POA 3€MHbIM, TeTepPOreHHOCTb JYHHbLIX
MATEPHKOB H MOpeill W MHOrosTanHocTe HX GopMHpoBaHHA.

ﬂﬂﬂ reoJioros, neTpoJoroB, reOXHMHKoOB.

3otos H. A
Tpancmarmatuyeckue QoM B Marmatuime
H pynrooGpa3oBaHHH
16 a. 3 p. 20 k.

B mounorpaduu packpbiThi BOIPOCK 33pOKAeHHS DJIOHIONOTOKOB
Np¥ HHHIHAJBHOM MAHTHHHOM MarmMooOpa3oBaHMH H HX ydyacTHs B
(HOpMHPOBAHHH H 3IBOJIOLUMH MarMaTHYecKHX ouaros. Ha KowkperHom
reoJOrHYECKOM MaTepHale paccMaTpHBAIOTCS TIPOLecch MeTamarma-
TH3Ma, T. €. (WVIIOH10-MArMATHUECKOTO B3AUWMOAEHCTBHS  MarMarti-
YeCKOr0o 3aMellleHHsl GOKOBLIX MOPOL, NPHBOLMTCHA HX KAACCHOHKALLHA.
O6cykaaeress BO3IMOMKHOCTL  HCMOJNB30BAHMA  [HIOTE3bl  TPAHCMAT-

b
~J
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MATHUCCKHX (WIIOHIOB 118 NOHAMAHHA TFEHE3HCa H Pa3paboTKH NpH3-
HAKOB KPYMHBIX PVAHBLIX V3J0B H 3HIOTEHHbIX MECTOPOMXKIeHHH.
Jlaa reosoroB, MHHEPAJOros, NETPOJOIOB.

Japandnckual. IL
30HaabHOCTL H YC10BHSI 0Opa3osanus
MeTaCOMATHYECKHX MOPOA.

20 1. 4 p. 50 k.

B kuure npeiacraBien OPHrHHAALHLI ONBIT CHCTEMATHYECKOTD Pas3-
6opa ycJ10BHH (OPMHPOBAHHSA M TNMPHHUHMHAJbHLIX 0COGEHHOCTEH
CTPOCHHA MeTacoOMaTHYCCKHX Topoa ¢ NO3HUHH NpAMOro 3KCTepH-
MEHTAJbHOrO MO/LEJHPOBAHHA METACOMATHYECKHX NPOILECCOB, DKCIEPH-
MEHTa/1bHO BOCNIPOU3BEeHbl H H3YUeHbl BCE I1aBHLIC THTLI OKOJOPYAHBIX
METACOMATHTOB, MOCTPOEHbl  KOJHUECTBEHHbIe  (DH3HKO-XHMHUECKHe
JHArpaMMbl, XdpaKTepH3yloLLHe yeaosus HX 06pasoBadus. [Toayuen-
HBIE PE3YJAbTATH HCNOABL3OBAHLL /I HHTEPHpeTaluH YCI0BHH Mme-
TACOMATH3Ma Ha PYAHbIX MECTOPOKIEHHRAX.

Jlasi reonoros, MHHEpaJoros, neTporpadosn, reoXHMHKOB.

NoGposoabckana M. T.
CBHHI0BO-IIHHKOBOE OpPYIHEHHE
15 1. 3 p.

Ha npumepe coBeTckux H 3apybBesKHbIX CBHHUOBO-UHHKOBbIX MECTO-
POKAEHHH paccMaTPHBAIOTCH MHHEpa/bHble ACCOUHAUHH W YCI0BHA
HX 00pA30BAHHSA B HHTPY3HBHBIX, 3 (Y3HBHBIX, KAPOOHATHLIX OPOLAX
M CKapHax. THNH3aUuHs MeCTOPOKIEHHH NpoBeaeHa Ha pyaHo-dopma-
LUHOHHOH OCHOBE, YTO MO3BOJH/IO BbIABHTb CXOACTBO H DPA3NHUHSA MH-
HepPaNbHOrO COCTaBa, TEKCTYP H CTPYKTYP pyd, CHOPMHPOBAHHBIX B
pa3HbIX TeOJOTHUECKHX yCa0BHAX. MUHepaJoro-reoXuMH4Yeckne ocoben-
HOCTH PV HCNOJB3YIOTCS [/ POTHO3a H OLEHKH CKPbITOro Opy/leHe-
HHSI B MECTOPOJK/IEHHH CBHHLA ¥ UKHKA PA3JHUYHBIX PYAHBIX opMallHi.

Ilna reonoros, MHHepaJoOTOB, METPOJIOrOB.

Hob6pxkuneukasn J. @.
JdedopMauus MarMaTHYecKHX TOPHBIX MOPOL
B YCAOBHAX rAYOHHHOrO TeKTOreHesa.

20 a. 3 p.

Mounorpadus nocesiuteda ocoGeHHOCTHM  1eOPMALHH MarMaTh-
YECKHX FOPHBLIX NOPOA—TPAHUTOHAOB, 6a3HTOB H yabTpabasuToB, KOTO-
phie siBAsiioTCA Haubojsee pacnpocTpaHeHHbIMH 00pA30BAHUSMH, Cila-
raloutimu  autocepy. PacemoTpedst Bonpoch  crieudpuUKH TBEpLO-
MMaCcTHYECKOrD TeUYEHHs Ha pasHblX rAyGHHHBIX YPOBHAX — B BepxHeidi
MaHTHH W Kope. B KauecTBe persoHafbHbiX MPUMEPOB NPHBOASTCH
MaTepHadnl 1o gedopmaldam G6asuT-yabTpaGazHTOBBIX dccollHallHi
ogranToBbx 300 (hanepozon Cesepo-Boctoka CCCP, senenokaMeHHbiX
nosicop gokem6pusa Boctounolt Culupr W TOHAAHT-TPOHLLEMHTOBBIX,
rPAHHTOMIHLIX NMopol aokemOpus Bantuiickoro mura.

Jast reonoros, TEKTOHHCTOB, MHHEPAJTOFOB H TCOXMMHKOB.

278



foanoBukows A A.
O cBs3W CBOWHCTB 3/IEMEHTOB CO CTPYKTYPO#
H CBOHCTBAMH MHHEDAIOB.
8 .1 p. 60 k.

B MoHorpauu paccMaTpHBaOTCA 3HBHCHMOCTh CBOHCTB 3/ MCHTOB

OT MX 3JEKTPOHHOTO CTPOCHHS, CXOACTBO H pasjiHuHe MeX1Y HHMH.
OcoGoe BHHMaHWe Y/IeJeHO aHA/IH3Y KPHCTAJNO0XHMHYECKOH pOJaH OT-
JeNbHbIX 3JeMEHTOB, (PU3HKO-XHMHUECKHX MapameTpoB cHetembl. Pas-
pafoTana neTajbHAA XHMHMKO-CTPYKTYPHas CHCTEMa MHHepPaJoB, [laHbl
onpe/eseHHs OTAeNbHbIX ee TakcoHoB. [lpuseneHbl kaaccuduka-
HOHHble TabaHubl, oxBaThiBaloulHe Godee 500 MHHEpaJbHBIX BHIOB.
Jlns MHHEpaToroB, KPHCTANTOXHMHKOB.

Fop6aues H. C.
D0OHAHO-MATMATHYECKOE B3AHMOAEHCTBHE
B CYAb(IHIHO-CHIHKATHBX CHCTEMAX.

10 0. 2 p.

MoHorpadus CoaepXHT GOJbIIOH IKCMCPHMEHTANLHLI MaTepHan
aBTOpA [0 PACTBOPUMOCTH Cepbl, Xjaopa, Gochopa B Marmax, BAHAHHIO
JETYUHX Ha COCTAB MEPBHYHBIX KHAKOCTEH [PH YACTHYHOM NJABJCHHH
NMepHAOTHTOB MaHTHH, AH(QepeHUHallHH pacniaBoB NpH pacTBOpe-
HUU JIETYYHX, paclpefeleHio KOMIOHEHTOB Mex1y MHHepaJamu,
CHJHKATHBIMH H COJIEBbIMH pacriaBamMu ¥ (uonaom. C nozuuuit Teopuu
(UOH/IHO-MAarMAaTHYECKOrO  B3aHMOLEHCTBHA  PACCMOTPEHbl  I€HeTH-
yeckHe MoaeaH (GOPMHPOBAHUA PYLOHOCHBIX AHQDEpPeHLHPOBAHHBIX
6a3HTOBLIX CEPHH.

Ilnsi reonoros, netporpaos, reoXHMHKOB.

3akaznl [MPOCKM HalpasaiaTh N0 OAHOMY H3 MEPEUYHCIIEHHBIX alpecon
marazuHoB «KHura—noutoli» «AKazeMKHHTa»:

Marasuup «Kunra—noutoits:
252030 Kues, ya. MMuporosa, 4 . ’
197345 Jlenuurpay, lletposasuickas, 7

117192 Mocksa, MuuypHHCcKHi np-1, 12
Maraaunbl «AKageMKHUTa» C yKasaHuem oTaenos <Kuura—noutoit»:
480091 Aama-Ata, va. @ypmanosa, 91/97 («Kuura—uodrois)

370005 baky, yi. KommyHuctuyeckad, 51 («Knura—iouTois)
232600 Buasiioc, ya. Yuueepeutero, 4
690088 Baaaueoctok, Okeanckuit np-i, 140 («Kuura — no4tor»)

320093 duenponerposck, np-T Farapuna. 24 («Kuura —noutoii»)

734001 dywanbe, np-t Jlednna, 95 («Kunra—nodton»)

375002 Epesan, ya. Tymauana, 31

664033 HMpkytek, ya. Jlepmontosa, 289 (»Kuura —noutobi»)

420043 Ka3satb, ya. [doctoesckoro, 53 («Kuura —noutoii»)

252030 Kues, ya. Jlenuna, 42

252142 Kues, np-t Bepuanckoro, 79

252030 Kues, ya. [luporosa, 2

277012 Kuwuuer, np-v Jlenuna, 148 («Kuura —nouroits)

343900 Kpamatopek, [loveukoit o6a., ya Mapara, 1 («Kuura—nouroii»)
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660049 Kpacnospek, np-t Mupa, 84 .

443002 Kyii6oiwes, np-t Jenuna, 2 («Kuura—nouToii»)
191104 Jlewnnrpan, Jluteitusid np-1, 57

199164 Jlenunrpan, TamoxeuHstii nep., 2

196034 Jlenuurpan, B/O, 9-a nuuna, 16 .

220012 Muuck, Jlenuuckuid np-1, 72 («Kuura—noutoii»)
103009 Mocksa, ya. Topskoro, 19-a

117312 Mocksa, yn. Basuaosa, 55/7

630076 HosocuGupek, Kpacuwlit np-t, 51

630090 HopocuGupek, Mopckoii np-t, 22 («Knura—mnoutoii»)
142284 [Tporeuno, Mockosckoii o6a., ya. [ToGeas, 8

142292 [Tymnno, Mockosckolt 06.1., MP, «B», |
. 620161 Cpepanosck, ya. Mamuna-CuGnpska, 137 («Kuura—nouroiis)
700000 Tawkent, ya. 1O, dyunka, |

700029 Tauwkenr, ya. JlenunHa, 73

700070 Tawxent, ya. U1 Pycrasean, 43

700185 Fawkent, ya. [pyx6bl Haponos, 6 («Kuura—noutoiis)
634050 Témck, nab. pekH Yiakiku, 18

(34050 Tomck, Akagemuueckuit np-1, 5

150059 Yepa, ya. P. 3opre, 10 («Kuura—nouroiis)

450025 Ya, yn. Kommynucruueckasn, 49

720000 Dpyuse, 6yasbsap [laepkunckoro, 42 («Kuura—noutoiis)
310078 Xapukos, yi. Yepubiwesckoro, 87 («Kuura—noutoiis)
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