COXUMMUI YPaHA U TOPHUSI B MAI'MATHYCCKOM IIPOLICCCC




yIbTPa0a3uThl 0,001 0,004 4,0
bazutsi 0,8 3,2 4,0
I'panoIOpUTHI 2,7 2)0) 3,7
CueHuThI 3,0 13,0 43
['paHuTHI 3.9 18,0 4.6
AP py3uenvie: 1,4 4.4 3.1
OCHOBHBIE BYJIKAHUTHI 0,86 2,7 3,1
Cpennue ByJKaHUTHI 1,1 4,1 3,7
Kucibie By 1KaHUTBI 4,5 13,0




YPpaHOBOM OTHOLLUEHNN UHTPY3UBHLIX U

9P PY3MBHbLIX pa3HOCTEUN MarMaTU4eCcKnx nopon
TpebyeT crneunanbHOro aHanusa. 9T pasnnyuns
BbIABUNUCb TOJIbKO B NocriegHee BPeEMS B
pe3ynbTaTte HOBbLIX OLEHOK CoAepXaHUN 3NIEMEHTOB
Ha OCHOBE COBPEMEHHbLIX aHaNMUTUYECKUX OaHHbIX.
B 6onee paHHUX cBOAKax Taknx pasnuyunm
YCTAHOBIEHO He BObINoO.



OMOTUTOBBIN TPAHUT 4,0 15,0 3,7
JIEHKOKPATOBBIN aJIsICKUTOBBI TPAHUT 7,0 40,0 5,6
MeabTedrur, MeiiMe4uT, HOJUT 2,6 9.8 3.8
Kumo6epaut (HeaaMa30HOCHBII) 2,6 8.8 34
KumoOepaut (aaMa30HOCHBIN) 3.2 16,3 5.1
1eJ04YHas
CueHur - - -
MuackuTOBbIi He(deTMHOBBIN CHEHUT 4,1 7,2 1,8
ArnauToBblii He()eJIMHOBBIN CHEHUT 10,3 28,3 2,8
¢ dy3uBHbIE OPOABI
H3BECTKOBO- bazaabT, 1uabda3 0,7 2.3 3.2
el AHI€3UT, aH/1e3UTOBBIH Noppuput 1,2 4,0 33
Jaunt, 1anuToBbIii NOPpGUPUT 2,5 10,0 4,0
Jlunmapur, KBapueBbIll noppup 4,7 19,0 4,0
eJI0YHAas Tpaxubazajabt 2.4 8.0 33
Tpaxuanae3ur 3.5 15,0 4,2
Tpaxut, TpaxuJaunapur 3-8 30-50 4-5




20 40 60 Th,107%%

Puc. 1. I'lapHeiimHe panvMOreOXHMHYECKHe THIBI TPAHMTOB.
I — HOopManbHOpaguoakTuBHbie rpanurtel, Th/U = 2,5—4,5; I —

NOBBIIEHHOPAIMOAKTUBHBIE rpaumuTsl, Th/U = 6—10; /7] — BbICO-
KOpaIMOAKTUBHEIE PEAKOMETaLIbHbIe rpanuTel, Th/U > 5—10; IV —

BBICOKOPAIMOAKTHBHBIE TOPHEHOCHBIE FPAHMTEI, Th/U> 10; V — cna-

fopamMoakTMBHBIE muiaruorpawuTel, Th/U < 2—5; VI —
BRICOKOPAJIMOAKTUBHBIE CYIIECTBEHHO YDAHOHOCHBIE TIPAHMTLI IBrEo-
cunkauHaneueix (?) 3ou, Th/U = 1—2.

M3MEHSETCS B IIUPOKKX mpeaenax. Hanbomnee
pacrpocTpaHeHbl JIGUKOKPATOBbIEC TPAHUTHI C
MOBBIIIIEHHBIM TOPUII-ypaHOBBIM OTHOIIEHHEM (5-10);

BBICOKOPAIMOAKTUBHBIC CYIIECTBEHHO TOPHUEHOCHBIE
amsickutoBble rpanutel (Th/U > 10);

cJ1ab0pa0aKTUBHbBIE TPAHUTHI (TPAHOJUOPUTHI,
[JIarMOTPAHUTHI), OOTaThie KaJIbIIUEM U HATPUEM U
6enubie ypanom u topueM (Th/U <2-3). B
HACTOSIIEE BpeMs Cpein c1abopaauoaKTUBHBIX
IUIATMOTPAHUTOB YCTaHOBJIEHBI PA3HOCTH C
MOBBIILIEHHBIM TOPUK-YPAHOBBIM OTHOLIEHUEM (>5)
— TPaHOUOPUTHI U TUIATHOTPAHUTHI,

BBICOKOPA/IMOAKTUBHBIC JICHKOKPATOBBIE TPAHUTHI
ABIreOCHHKIMHAIBHBIX (?) 30H ¢ MOHWKEHHBIM TOPUIA-
ypaHOBBIM OTHOIIeHHEM (1-2).



— 0).

e YCTaHOBJICHO, 4TO B Ipolecce AuddpepeHIuaniu
MarmMaTU4eCKMX 04aroB rpaHUTOMIHOTO COCTaBa
yPaH HAKAIJIMBACTCS B MO3IHUX AU depeHInaTax.
DTOT (paKT corjiacyercs ¢ 0OIe HallpaBJICHHOCTBIO
Ipoliecca HAKOIIJICHUS ypaHa v TOpHUs OT 0oJiee
OCHOBHBIX Pa3HOCTEM I'PaHUTOB K 00JI€€ KHUCIIbIM U
ICJTIOYHBIM.
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3aBUCHUMOCTD COJIEpKaHUs ypaHa U TOpUS B
HIEJIOYHBIX MOpOoAax OT Koddduimenta

arnautHocTH (1o A.A. CmbIcioBy, 1974).

[Toponsl: a — nokembpuiickue, 6 - paHepo3oicKme

yIBTPAOCHOBHBIX IIEJIOYHBIX
nopojax (MeHMMeunTax,
MEJIbTEUTUTaxX U JIp.), TaK U B
KHUCJIBIX (Tpaxurax,
Tpaxwinunapurax u jap.). B
IIEJIOYHBIX TTOPOJIaX HET IPSIMOU
KOPPEIAIMOHHON 3aBUCUMOCTH
MEXy COJIEpKaHUEM ypaHa U
TOpUS, C OJJTHOU CTOPOHBI, U KAJIU
— ¢ apyrou. M3 neTtporeHHbIx
KOMIIOHEHTOB Han0o0Jjiee OTYETINBO
IPOSIBIISICTCS CBSI3b
PaIMOAKTUBHOCTH C
KO3((OUIMEHTOM armauTHOCTH



JleTanbHBIN aHAIN3 PAIUOT€OXUMUYECKIUX OCOOCHHOCTEW MarMaTHYeCKuX MOPoI
MOKAa3aJl, 4YTO COJICP>KAHUE YPAHA U TOPHUS B PA3JIMYHBIX HHTPY3UBHBIX KOMIUIEKCAX U
BYJIKAHUYECKUX CEPUAX U3MEHSIETCS HE TOJIBKO B CBS3U C UBMEHEHHEM
KPEMHEKUCIOTHOCTH U MIEJIOYHOCTH, HO U OT OJJHOW TEKTOHUYECKON CTPYKTYPHI K
npyroil. Tak, cpeiHee cojiep)KaHKUE ypaHa B IOpojiax 0a3uTOBOIO psijia B Ipeaenax
Makapakckoro rpadeHa coctaniisieT 4,0 /T Ipu BEIUYUHE TOPHUU-YPAHOBOTO
otHomeHus 1,6, Kus-IIlanteipckom 2,5 u 1,8 coorBeTCTBEHHO, B Ta1aHOBCKOM — 3,4 1
2,1, B Tatimonckom — 1,3 u 3,5, Arynbckom nporude — 0,8-1,4 u 3,0-3,6, B JlepouHcko-
buprocunckou 30ue — 1,5 u 4,8, B KeMUyrckom ByJIKaHO-TEKTOHUYECKOU CTPYKTYPE —
4,3 u 1,0, B Coino-Epounckoit 2,8 u 1,7 u LlenrpanbHo-TyBUHCKOM BiaguHax — 2,9 u
2,4. Eme 6ojee KOHTPAaCTHO M3MEHEHHUS BUAHBI B IICI0YHO-CHATMYECKUX MOPoaax, B
KOTOPBIX coAepkaHue u3meHsercs ot 2,5r/T (Mutpononbckuit, 1981) no 22,5
(PuxBanos u np., 1987) u naxe no 39-981/t.



MOPOJIbI C CHHT€HETUYHBIMY KOHIICHTPAIUSIMU yYpaHa u Topusi. B
MOCJIEAHUE JECCATUIETUS OSBUIIOCH 3HAYUTEIBLHOE KOJMYECTBO
pabdoT, B KOTOPBIX JACHAKTCS MONBITKA O0OBSICHUTH
CYIIIECTBOBAHME OJIM3KHUX MO0 COCTAaBy MarMaTU4eCKUX MOPOJ,
OTJIMYAIOIIUXCS 110 MapaMeTpaM HAKOIUIEHUS YypaHa U TOPHSL.
[Ipu 3TOM BCe Hale oOpairaeTcsi BHUMaHUE HA HEOTHOPOHOCTh
coctaBa MaHTHH. OOOraleHHOCTh OTJEJIBHBIX YYaCTKOB MAHTHH
HECOBMECTHMBIMM (HEKOTE€PEHTHBIMH ) JIEMEHTAMM, B TOM YMCJIC
ypPaHOM M TOpHUEM, OOBSCHSIECTCS IIPOSIBICHUEM
METACOMAaTUYECKUX MPOIECCOB B MAHTHUH.



ICJIOYHOCTH;

3) NpUHAAIEKHOCTD K ONPEACITCHHOMY
ETPOXUMHUYECKOMY THUIY IIOPOJI B 3aBUCHMOCTH OT
conepxkanus S10,.

1. OpumHaKoBBIC IO COCTaBY MarMaTUYECKHUE MOPOIbI
(Hampumep, 0a3albThl) MOT'YT OOJIEE UEM Ha
HOPSIOK pa3znndaThes no coaepxannio U u Th B
3aBUCUMOCTH OT TOT'O, K KAKOMY PE€3€pBYyapy —
o0oralieHHOMY MM 00€JHEHHOMY —
IPUHAIICKUT UX UICTOYHUK MarMaTHu3ma.



00€THEHHBIE 0,01 0,02 2,0
oOoraIleHHbIe 0,18 0,53 3,1
Oxeannyeckne 0CTpoOBa
TOJIEUTHI 0,20 0,72 3,6
IIEJIOYHBIC 0,68 2,76 4.0
[IEJIOYHEBIE 1,1 3.4 3,1
OcTpoBHbBIE TyTH
TOJIEUTBI 0,1 0,25 2,5
N3BEeCTKOBO-1IETI0OYHBIE 0,36 1,1 3,2
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2. BHyTpH OJIHOM M TOH € MarMaTU4eCKOn (popMaliuv KOHIICHTPALMH PaIuOaKTUBHBIX
AJIEMEHTOB OyAyT ONPEACIATHCS BXOKICHUEM KOHKPETHOM MOPOBI B TY UIW UHYIO
CEPHIO MO MIETOYHOCTH, TOCIIEIOBATEIFHO BO3pACTas OT TOJIEUTOBOM Y€pe3 U3BECTKOBO-
HIEJTIOYHYIO K IIETOYHOW CEPUH. DTOT BBIBOJ OCHOBAH HA TOM, YTO YCTaHOBJIEHA
nosioxkutesbHas koppessiuus mexay U, Th u K Bo MHOTHX SHJOT€HHBIX Mpoleccax.
BozpacTtaHue 1e104HOCTH, BO3MOXKHO 00YCJIOBJICHHOE BIUSHUEM HIEIOUYHBIX (DIFOUIOB,
BEJET U K BO3PACTAHUIO KOHIICHTPAMM PAJUOAKTUBHBIX JJIEMEHTOB. [Ipn 3TOM CBSI3b
mexay Th u K 6oinee xxectkast, uem mexay U u K, mosTroMy Bo3pacTaHrne KOHIIEHTPALUMA
COIIPOBOXKAAETCS U Bo3pacTaHueM oTHomieHus Th/U.

3. BHyTpu Kaxaoi cepun mopo1 (TOJEUTOBOM, U3BECTKOBO-IIICIIOUYHOM, IIEJIOUHOM) B TIPOIIECCE
(ppaKkIMOHHON KpUCTAIIM3AMNA HAOIIOAAETCA 3aKOHOMEPHOE BO3PACTaHHUE COJIEPIKAHUI
U u Th nponopuuoHansHO yBenndeHuro cogepxkanus Si0,.



CoOoTHOIIECHUS MEXKIY OTACIbHBIMH (DOpMaMHU 3aBUCST OT COCTaBa MOPOJI U
YCJIOBUM UX KpUCTAIM3AMHU. B yJIbTPaOCHOBHBIX, OCHOBHBIX M CPEIHUX
OpOAax U3BECTKOBO-IIEIOYHOM U TOJIEUTOBOM cepuil mpeodIagaet
paccesiHHas opMa ypaHa U TOpHs.

B OCHOBHBIX M CPEIHUX MHTPY3UBHBIX MTOPOJIAX PAAUOAKTUBHBIE 3JIEMEHTHI
paccesiHbl B pelIeTKax Mopo1000pa3yromux MuHepaioB. [Ipu 6eicTpoM
OXJIAXKJICHUH pacIljiaBa B Mpoliecce 00pa3oBaHus BYJIKAHUYECKUX TTOPOT
ypaH ¥ TOPU, HaXOAUBIIHECS B OCTATOYHOM pacIljaBe,
COCPEI0TOYMBAIOTCA B CTEKJIE B JOopMe TBEPI0r0 pacTBopa. BkpamieHHUKH
coaepxkat B 100—1000 pa3 MeHbII€ ypaHa U TOPHS.



Dur. 8

@ur. 7. Mukpopaanorpadus KBapi-noJeBolInaToBOro yuacTka wauda rpanntonga. TemHoe — Tpek oT BELIENEHHA
PamHOAKTHEHMX 3AeMentos, X320

@ur. 8. 3epuo unpkona, X 320

a = mrkpodororpadms sepua. TMpoxogawmpil ceer; 6 — MEKpopagHorpadua Toro me sepra. TEMHOE — TPCKM OF BHAestHMl DPARMOBKTHBHOIO SJeMeHTa
®ur. 9. Muxpopaauorpadua axueccophoro sepua (orpammueno) rpanotopura, 320
®ur. 10. Mugpopagnorpadus ToueuHoro BHIEJEHHA PAAHOAKTHBHOrO MuHepana, X320



naBcaH. Hukonu x. yBein.60.

[Tepexpucrannuzanus ByJIKaHUYECKUX TTOPOJI B XOJI€ UX JaJbHEHUIIEH HCTOPUM MOXKET MPUBECTU K
repepacnpeiesICHUI0 paIMOAKTUBHBIX JIEMEHTOB. boJiblliasi 4acTh pacCesTHHOTO YpaHa U B MEHbIIIEH
CTEMEHU TOPUS MEPEXOUT MPU 3TOM B COPOLIMOHHBIE OPMBI Ha FPAHSAX MUHEPATbHBIX 3€PEH U B
MUKpPOTpEUIMHax. OTU POPMBI JIETKO U3BJICKAIOTCS KapOOHATHBIMHU PACTBOPAMH U MOJYUYHIIN HAa3BaHUE
MOJIBU>KHBIX

Pacnpenenenue ypana npu
MEPEKPUCTAIIN3AIAN CTEKIIOBATON OCHOBHOM
MacChbl MUKPO(]EIIb3UTOBOM CTPYKTYPHI C
o0pa3oBaHUEM IPaHOOIACTOBON CTPYKTYPHI.

a — nuud; 60 — neTeKkTop-1aBcal. Hukomm X,
yBea.60.




CepunuTU3MpOBAHHBIN MJIATHOKJIA3 10 1,08 0,5
ANbOMTH3MPOBAHHBIN IVIATHOKJIA3 22,0 0,22 0,2
ANBOMTU3UPOBAHHBIA MUKPOKJINH 24,0 0,18 0,2
KBapu 2,6 0,83 0,1

AKIIeCCOPHbIe MUHEPAJIbI 0,5 9,34 0,3

CyOMUKPOBKJIIOYEHHUS, MEK3E€PHOBbIE IIBBI 34 — 93

buoruroBbiu cueHut, boropoackuii maccus (ypana 11,6 r/t

Buotur ci1adoxy10puTH3NPOBAHHBII 3,0 6,56 1,7
AJILOUT-0JIMTOKJIA3 10 2.4 0,6
CepunuTU3MpPOBAHHBII ATbOUT-0JIMTOKIIA3 2,5 2,41 0,5
MUuKpOKJIMH aJIbOMTU3HUPOBAHHbBIN 65 1,56 8,7
KBapu 23,9 0,97 2,0
AKIleCCOpPHBbIE MUHEPAJIbI 0,6 17,8 0,9
CyOMHMKpPOBK/II0OYEHHS, MEK3EPHOBBIE IIBbI 5 — 85,6




coOCTBeHHbIE MUHEPabl. CI€0BATENBHO, B MPOIIECCE MArMATUYECKOM
KPUCTAJUIU3ALUU YPAH U TOPUU JOJKHBI BXOAUTH B TOW UM UHOU CTEIIEHU B
MUHEPAIBI IPYTUX XUMUYECKHUX JIEMEHTOB. B BOCCTAHOBUTENIBHBIX YCIOBUIX
MarMaTU4eCKNX KaMep YpaH HAXOJUTCS B CTETIEHU OKUCIICHUA 4+ U SBJISACTCA
XuMHUeckuM aHaioroMm Th**. Beicokuii 3apsn U+ u Th** u cpaBHHATEIBHO
OOJIBIIION MOHHBIN PaUyC HE COOTBETCTBYIOT HU OJJHOMY M3 METPOTE€HHBIX
3JIEMEHTOB U HE MO3BOJISAIOT UM U30MOP(PHO BXOAUTH B PEIIETKU
OPO000pa3yIOIIUX MUHEPATIOB. MeIeHHbIN MPOIECC KPUCTAILTA3ALUN
MPUBOAUT K JUCTWUISIIUM PAHHUX MUHEPAIbHBIX (a3 OT IPUMECEH U
OTTECHECHUIO ypaHa U TOPUS B OCTATOYHBINA pACILIAB.



PacnpepneneHune ypaHa B BbICOKOPaAAMOAKTUBHBLIX KUCIbIX BYNKaHUTaX Y UTUHCKOIO
xpebTa (BocTtouHbin CasiH), no gaHHbIM f-paguorpadum
a - wnud, 6 — getektop-nascaH. Motok HenTpoHoB 10'° n-cm?/c. YBen. 65. Hukonu /1.



yPaHOBOE OTHOIICHUE, XapaKTEPHOE ISl UHTPY3UBHBIX MTOPOJ] IO CPABHEHUIO C
BYJIKAHOT €HHBIMH

O ToM, 4TO Ha MTO3HEMArMaTUYECKOM CTAIMU CTAHOBJICHUS HHTPY3UH ypaH
pHUOOpPETAET CIIOCOOHOCTh MOKMHYTh MarMaTHYECKYyI0 KaMepy, CBUIETEIbCTBYIOT
MHOTHE JaHHbIE. B 3TOT meproj1 Bo3pacTaeT napiuaibHOE JABICHUE KUCIOPO/Ia,
4TO CIIOCOOCTBYET OKUCICHHIO YpaHa U YBEJIUUYEHUIO €T0 MOJBUKHOCTH.
Bcenencreue BeiHOCA ypaHa OyaeT Bo3pactath oTHomeHue Th/U. Ognako ecnu
JJ1s1 KOHKPETHOT'O pacIljlaBa XapaKTepHa MOBBIIICHHAS KOHIEHTPAIUs OJTU3KUX K
U (IV) no kxpUCTaTJIOXUMUYECKUM CBOMCTBAM 3JIEMEHTOB (laHTaHOubI, Y, Th,
Zr), noctaTo4Has Jjisi 00pa3oBaHusi UX COOCTBEHHBIX MUHEPAJIOB, TO YPaH MPOYHO
CBSI3BIBAETCS] B HUX B BUJI€ M30MOP(QHON TpuMecH. JIUIb B TOM ciiy4ae, Koraa
KOHIICHTpAIXs YKa3aHHBIX 3JIEMEHTOB HEBEJIMKA, OCHOBHAS YaCTh ypaHa OyeT
HaXOJUThCA B PACCESTHHOM COCTOSIHUM M CPABHUTEJIBHO JIETKO U3BJICKATHCS
BBIJICTISIIOIIIUMHUCS (PIIrongaMu



MHUHCPAIU3AITUCH. 11PCAITIOIAracTCsa, 4YTO PCAKOMCTAJIJIBHBIC

IPAHUTHI C APMCTPOHTUTOM M AJIBIUIATOM, OTIAUYAIOIIUECS
BBICOKMMH KOHIICHTPAIMSAMH ypaHa U TOPUS UMEIOT MIEPBUYHO
Marmaruueckyro npupoay (Kosanenko, 1985, 1995 u ap.).
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