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RARE ELEMENTS AND GOLD IN DEPOSITS NORTH-KAZAKHSTAN URANIUM
PROVINCE

A.A. Potzeluev, L.P. Rikhvanov, S.L. Nikolaev

The information on levels of accumulation of rare elements and gold in uranium deposits of
a province for the first time presented. The reasons of formation of high concentrations of ele-
ments on a number of objects are uncovered. The abnormal contents of rare earths, mainly if mild
lanthanoids, are characteristics for ores of deposits localized in leucogranites and epileucite of
intrusive complexes of Devonian age. The greatest contents of mean and heavy lantha-noids are
marked in ores of those deposits, where there is an obvious connection with intrusive complexes.
The high contents of gold (0,n ppm) are detected in ores 7 deposits and sites, that is conditioned
by two controlling factors: by overlapping verious formation and polychronic golden and uranic
mineralization within the limits of one ore-control of structures and high gold content (O,n — n,0
ppm) dolomite-carbon shales sharicskoy of suite. Is drawn a conclusion about high outlooks of
detection in province of deposits rich complex gold-uranium-rare metals with nouble metals of
ores.

VK 553.3/.4 : 550.84.

IIOKA3ATEJHW HEQOJHOPOIHOCTU '’EOXUMHYECKOIO CIIEKTPA KAK KPUTEPHH
PYJTOHOCHOCTH (HA NIPUMEPE ITIOJIEY PEIKOMETAJIBHBIX MECTOPOKIEHHHN)

Houneayes A.A., Faspunos P.IO.

B npouecce puphepeHInAIBHOTO IIePeMeIeHI S BeIeCTBa UPOUCXOHUT UBMeHeH e o61IIero xapaKkTepa
reOXHMMHYECKOr0 CHEKTPA reosiornyecKux obpasoBauuii. SToT 1porece oTpaskaeTcs Ha yBeIUYSeHUHU ITI0Ka3aTe-
et gucnepenu (JII'C) n sapuanuu (BI'C) reoxuMuyeckoro cnexrpa, KOTOpble PACCUATHIBAIOTCH TIO HOPMHKPO-
BAHHOMY COLEDIKAHHMIO BCEX IIPOAHANUBUPOBAHELIX bieMenToB. VX cTarucTHyecKas YCTONIHBOCTE ONIpeiensd-
eTCs KOJIMUeCTBOM IPOAHANH3HPOBAHHBIX XHMUYEeCKHX anemenToB. O6nacTs Bos3eiicTBua oxasarenes JI'C u
BI'C, nonyuenspx no BHIGOPOYHEIM KRHHBIM, COOTBETCTBYET PAsMepy IecJOTHYecKOoro npoCTpPaHCTRBa, OXBA-
eHHOTO BEIGOPOUHBIM onpofosanuem. O6nacTs Bo3selicTBNs IOKasaTenel, ONeHEHHEIX 110 efUHENYHOH npobe,
ompenensercsa ee reoMerpuel, Ha npumMepe pefKOMETAIbHBIX MECTODOXKACHUH IOKa38HO 3HAUUTEIbHOE YBE-
aavenune [I'C u BI'C 8 HanpaBieHry OT NOPOX K Meracomararam u pynam. Msyuenwe JITC u BI'C mossonser
OCYILIeCTBIATE FEOMETPHUECKOE MOJEIHUPOBAHNE UX [IPOCTPAHCTBEHHON H3MEHUHBOCTH, NONYHUaTh KauecTBeH-
HO HOBYIO HH(MOPMALHI0 0 XapaKTepe | CTPYRTYDe reoXuMuYeckoro nois. Iloxasarenn HeoZHOPOAHOCTH I'e0-
XEMHYECKOTO CIIEKTPA IeCNOrduecKuX 00pazoBagmil MoryT OBITh HONYYeHbl H HCHOJb30BAHLI B KAUECTBE KPU-
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TepHeB PYJOHOCHOCTH Ipu 06paboTke reoxuMuuecKoll mHQOpDMAIIK HA BCEX CTALUSAX IeOJOTOPA3BENOTHBIX
pabor.

BBEIXIEHUE

B reoxmMuy MHOTEMHU HCCIeIOBATEISMH MCIOIb3YeTCA IOHATHE «IeOXUMUUECKOTO CIIeKT-
pa». YacTo MOXKHO BCTPETHUTE BHIPDAKEHWS BUJA «I€OXHMMHUYECKUH CHEKTD PEeAK03eMeIbHBIX dJe-
MEHTOB» HUJIH «TeOXUMHUYECKHH CIIeKTD peJKUX U 0JIaropofHLIX MeTajioB». BMecre ¢ TeMm, obie-
IIPHHESITOTO ONIPEeAeNieHUs IOHATHS «TeOXUMWYECKHUH CIIeKTD» HeT.

JlaTuHCKOe spectrum nepeBogUTCA Kak BUAeHMe, o0pas. Hanpumep, B QusuKe 110 CIEKTPOM
IOHUMAETCS COBOKYIIHOCThL BCeX 3HAUEHWH KakoH-i1ubo GhusnuecKod BeAMIMHE!, XaDaKTepH3VIO-
meil cucremMy may nponecc. 'eoxumusa usyuaer npupogEbie 00BEKTH, YPOBHHE HAKOILIEHHSI H Xa-
paxTep paciipellelleHus B HUX XUMHYECKNX 3JI€MeHTOB, B COOTBeTCTBHH C 3THUM IOX TeOXHMHYec-
K¥M CIIEKTPOM B IIeJI0M CJIedyeT IOHNMATDH COBOKYIHOCTD PACIPEIeAeHUA XUMAYECKHX 2eMeHTOB
B n3yuaemsix o0berrax. IlonHbIl reoxuMuuecKu# ClIeK TP HOJKEH BKIIOYATE BCE 3JIEMEHTEI OT BO-
aopoga (Nt 1) no ypana (MNe 92). O6passo sra maOpManus OpeAcTaBAgeTCA B BUge rpaduKOB pac-
penesieHHs XUMUUYECKHX 9JeMeHTOB, YIODANOUYSHHBIX 110 TOPUB0HTANLHONR OCH B COOTBETCTBUH C
aTOMHBIM HOMEDPOM, a II0 BEPTHKAJbHOH OCH IOKAa3bIBAETCH UX COACPIKAHNE.

VisBecTHO, YTO PACIPOCTPAHEHHOCTh XHUMHYECKHX 2JIEMEHTOB BeChbMAa PA3INYHA M CUIABHO 38~
BHCHT OT MHOTHX (PAKTOPOB. B mepByio ouyepelsr 0OHA 3aBYHCHT OT BeJHUYMHEI ATOMHOM Macchl 1 yer-
HOCTH aTOMHOTO HoMepa aJeMeHTOB. CyuiecTBYIOT TAKIKe PESKHe OTJIHYNA B PACIPOCTPANSHHEOCTH
XHMHAYECKHX 3JI€eMEeHTOB B 3aBHCHMOCTH OT APYTHX (HaKTopOoB (THI reocepsl, XapaKTep N3yIaeMbIX
00’beKTOB U T.1.). B CBABH ¢ 3THUM, IS CONOCTABUTENLHOIO AHAIN3A PASANYHBLIX XUMHUYECKHUX DJe-
MEHTOB B le0XHMUH HIEPOKO IPHMeHSAeTCA [IPOIefypa HODMEPOBAHAA (HeJIeHUs) CONePIKANNT XU~
MUYEeCKUX 3JI€MEeHTOB B HCCIeIyeMbIX 00pasoBaHUAX 110 UX COAEPIKAHKIO B IPOTOILIAHETHOM Bele-
cTBe (B XOHApHUTAX), 1160 10 KIapKaM {cpefHee colepKanne B 3eMHON Kope).

B pesynbTaTre 3T0T0 re0XuMUMECKHH CIEKTP, 0TOOPAKEHHBIN B BU/E BECOBLIX IPOIEHTOB CO-
JepKaHUA XHMHYeCKHX 3JIeMEeHTOB, IIpeobpasyeTcs B IeOXHMHUUECKHU CIeKTP HOPMUPOBAHHOTO
psja, KOTOPBIN XapaKkTepusyeT OTIMYHA H3YJaeMbIX 00pasoBaHuil OT TOM cyGCTAHIMY, 110 KOTOPOA
IpoBejeHO HOpMEpoBanue. lIponenypa HOPMUPOBAHNS CO3XAET MINPOKNE NPEATIOCHLIKY NI IPH-
MeHeHHd PasJIMIHBIX MEeTOJO0B aHAIN3A U CPABHEHNA TeOXNMHUYCCKHX CIIEKTPOB,

ITpu 06paboTke reoxuMHuUecKor HEGOPMAIMHE IIMPOKO HCIOJIbIYIOTCS METOLLI MaTeMaTHde-
cxol cratuernku [1,2,3,4]. IIpu arom, Goaplioe 3HaYeHUe NMPUAAETCA CTATHCTHYECKHM IIapaMer-
paM, KOTOpbIe XapaKTepHU3yioT HeOZHOPOAHOCTE PacipeeeENd H3yYaeMON BeJIUUUHB. JT0 B riep-
BYIO OUepeib TaKue [apaMeTpPhl Kak AWCIepcus U IPOU3BOAHOE OT Hee K03 PUIIMEHT BAPHALNH.
Haxonen 6oraThiil HOJI0XHUTEIbHEBIN ONIBIT HCIOIL30BAHUS OTHX XaPAKTEPUCTHK IS Te0JOTopas-
BeJOYHBIX KIACCHDUKALKII MeCTOPOMK/ISHMH MOJIe3HIX NCKOIAeMbIX, B METAIIOTeHHUeCKOM aHa-
Jause, Ipu 06paboTre IPOTHOSHO-IIOMCKOBON Ire0XuMUYECKOR HHPOPMAIHH,

MuorouncieRHEIME HCCAeTOBAHHAMY OKA3aHO, YTO B PYAOHOCHBIX MeoJOTHYeCKUX 00paso-
BaHMAX PA3HBIX MACIITAOHBIX ypOBHEH BO3pacTaeT HEOJHODPOZHOCTE PACIIPEIeIEHNS MeHHBIX KOM-
MIOHEHTOR W IMONYTHLIX XUMHIYECKUX DJIEeMEHTOB. 3T0 KOJHYECTBEHHO BHIPAKAeTCs B YBEIHYeHNH
uX pucniepceun u KosdpunuenrTa sapuanuu. Hanbosee rny6oxo sty mccref0BaHUs NPOBeNeHEl B
CBsBH € IPOIHOBUPOBAHKEM U TIOMCKAMHY MECTODOXACHNH PEIKHUX, PAXNOAK THBHLIX 1 (1aT0POIHEIX
meranios [5,6,7,8,9].

SIprenue yReNWUEHNA HEONHODOJHOCTH DAacCHpeleleHnd XHMHYECKUX DIeMEHTOB B CBISH C
(hopMupoBaHHEM DYAHBIX MECTODOKICHUN SBJISETCH YaCTHLIM clydaeM obiero saxona guddeper-
UMAaNbHOIO MepeMelleHna Bemecrsa 3emian, chopmynuposarnoro JI.H, OBURHHUKOBRIM: Meman-
AbL U3HAUANbRO Haxo0amcea 8 CONHEeLHOI cucmeme 8 PAcCeAnHOM cocmoanuu. O0pasosanie 8CaAKo-
20 pyoro20 MecmoporcOenus — nepexod MemarLos Om paccesnUs i KOHUEHMPAYUL, OCYULeCmELie-
Mol 8 npoyecce JuppepenyLanbHOz0 NepeMeleHs 6eUECNEa CO CMPEMICHUCM 8 De3ylbmame
MHO2OCIMYneHyamoll OugdepeHyLALUL K CeNeKMUBHOMY OMIONCHILIO METALILO06, HAKOACHUID UX
6 pyOrbrx meaax [10].

PE3YJIBTATHI HCCAENOBAHNIMN 1 X OBCYKIAEHUE

Muoronersne uceReJ0BAHIA IeOIOTHUECKUX 06PA30BAHUI PeKOMETANBHBIX PYAHEIX o6l
Anrae-CasHekol ckianuaroil o6nacru u Cepeproro Kasaxcrana I10Kas3sIBAIOT [6,11,12], uro B upo-
Hecce GOPMUPOBAHUS I'UIPOTEPMAIBLHEIX DYAOHOCHBIX 06pasopanuil (MeTacOMAaTHThI, KAABI) IIPO-
UCXONUT M3MEHeHVe KOHUCHTPAUNK GOJbIIOro KOJTHYECTBA KAK INeTPOTeHHBIX, TAK U MHUKDPO3Je-
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MeHTOB. HeH3MEHHBIMH OCTAIOTCS KOHIICHTPAUNY 3HAYHTENLHO MEHBLIOIEro YUCaa 3JAeMeHTOB

(raba.1).
Tabmuua 1.
XapaKTepHcha I'COXHMHUYECKOTO CICKTPpa METaCOMATUTOR
IO OTHOIIEHHUIO K COCTABY NEPBUYIHBIX TIOPO,
Tun [Merporennsle aneMeHTH MuKpodsieMeHTbI
METACOMATHTOB IlpusHoc Hueprhst Beinoc TIpuBHoc ViHeptabl | Brinoc
Ksapu-ruapo- | Si, Fe*, Mn, Mn, P, Th Fe™",Na, CO,, | Ba, V, Pb, As, | Sr, Zr, Nb, | Co, Ni
cmomucreie | HyO, O, Ca, K, Al Be, Mo, Ag, U | Cu,Zn, Th
Ksapu-ansut- |Fe™, H,0, Si, U Th Fe™, Ca, Ti, P, | V, Co, Nb, Cu, |Be, Ni, Zr, Th|  Sr
reMaTi CO,, 0, Mg, K, | Pb, Zn, As, Be,
TOBBIE Mn, +Al, K, Na| Ag, Mo, Hg, U
(aiicuTst)

Ksapu-cepuumt-| Si, Ti, Fe™, P, - Al Fe™, Mn, |Ba, Co, Pb, Zn, | Sr, V, Ni, Zr,] Nb
muputosie  |CO,, H,0, K, O, Na, Ca As, Be, Ag, Mo, Cu, Th
(OepesuTsi) S Hg, U

Aprwu- S, H,0,U Mn, Mg, Fe, Cd,| V, As, Ag, Mo, | Ba, Sr, Ni, | Zn, Th
3UTHI P, Al Na, K, Si,| Hg, U,Pb,Cu | Co,Zr, Nb
Ti, O, Th

Ipumeuanne: V3MeHeHHe KOHLEHTPAlWK DIEMEHTOB OLEHHBAIOCH C MOMOUIBI) KPUTEpPHs
Crrronenta (yposens 3HauumocTu 0,05).

ITpum aTOoM, Kax IPABHIO, PE3KO YBEINUMBAETCA HEOAHODOIHOCTS DACHPEIETeHIA HONLITHH-
CTBA 3JIEMEHTOB U B IIEPBYIO 0YepeLhb PEIKNX U DACCEAHHBIX, YTO BLIPAYKACTCA B 3HAUHTEIbHOM YBe-
JHYeHNH MOKa3aTels NUCIEPCUN K BAPHAUNHA UX COXep:KaHHA. B cBsA3HM ¢ TeM, UTO cofepirazue
OOJBLINMHCTBA 9EMEHTOE CYIIECTBEHHO MEHAETCH KAK B CTOPOHY YBEIWYeHHS, TAK W B CTOPOHY
YMEHBIIEHHH, IIPOUCXOJUT SHAUHTEIbHOE H3MEHeRE e H 00I[ero XapaKrepa HOPMUPOBAHHLIX KPH-
BeIX. OHM cranoBaATCA GoJee «3MIr3arcoGPASHBIMM», TAK KAK YBeIWUYEHHEe KOHIEHTPALUU OTHOTO
(MY TPYIIHbL) XMMEIECKOT0 3TeMeHTa CMeHAETCA yMeHbIIeHHeM KOHIeHTPAINH IPYToro (WIn Apy-
rux) saeMerTOB. TakuM 06pascM, TeoXMMHUYECKHH CHEKTD CTAHOBUTCS Gosee AndbepeHINPOBAH-
HBIM, HIu 6oxee HeoguOpOoAHBIM (Purc.1). :

Iis otleEKH cTenmeHy AudhepeHIMPOBAHHOCTH FéOXAMIIECKOT0 CIIEKTPA Me0IOTHIeCKIX 06-
PasOBaHKH HAMH ¢ KoJuteramu [13] Obln nperoseH OPATHHANLEBIH TOKX0 B DACIETE IOKasaTeel
aucnepcnu (II'C) u sapuanuu (BI'C) reoxuMuyeckoro crexTpa Ipu 06paboTKe reoXnMUYecKol nH-
dopmannu. CymecTBo noaxozaa saxrogaerca B ToM, 4yto JJI'C u BI'C paccunThIBaIOTCS 1O pesyIbTa-
TaM OUpeAeseHUs COLEPIKAHNA BCeX IIPOAHANASHPOBAHHLIX XUMUYECKHX 3JIeMeHTOR B JAHHEIX I'e-
OJOTHYECKHX 00PasoBaHMAX 110 GOPMYIaM:

| 2 (kk, = kk)®
Arc,, :T’

JITC,,
BI'C,,, = —~—-1-{~.£-—(-1—’—-100%,

rae kk; — KosdhdunuenT (K1apK) KOHUEHTPAIHY i-3IeMeHTa B Fe0JIOTHYecKHX 06pasoBaHMAK;

kk - cpepaAa BermynHa KOo3hDHINEATOB (KIaDKOB) KOHIEHTPAIK DIeMEeHTOB B JAHHBIX 00-
pPa3OBaHUAX;

N ~ KOJIHYEeCTBO IIPOAHATUEUPOBAHHBIX 3JIeMEHTOB.

B nponecce ncereposasuii GbLI cIeTaH BBIBOA, UTO B DARE CIYUAEE CPELHIOI BEINUHHY BJe-
MEHTOB B Ipofe MOXKHO IPUHATE IIPK BHIUHCACHMAX 3a 1. DTHM caMBIM YCHINBAETCSH CHIHAN OTKJIO-
HeHus OT (OHa, KOTODPBIH B 00BIUHOM cuTyauuu (IpH CyGKIADKOBBIX KOHIEHTDAINAX) HOIKEH
6p1Th 61m30K K 1. Caemosarensno, Gopmys (1 u 2) npeobpasyioTcs:

(1)

(2)
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(kk, —1)°
e, - 248 ®

Jarc
BIC, = ——13—:-‘23--100%,
kk

@~ “4)

Crarumeruieckas yeroduneoers [JI'C n BI'C onpenensercsa KOIHIECTBOM IPOAHAJIH3HPOBAH-
HBIX XMMHUYECKUX 5JeMeHTOB. B IPOBOLAMMEIX HAMHY FeOXUMAYECKUX HCCIeJOBAHNAX IINPOKO IPH-
MEHAIOTCH: SMHCCHOHHBIH CIeKTpaIbHbli ananus Ha 52 ajleMeHTa, HHCTPYMEHTAJIbHEBIN HEeHTPOH-
HO-aKTHBAIINOHHBIN aganus Ha 27 21eMeHTOB, DeHTTeHOCIeKTPAIbHEI ananns Ha 3 — 7 31eMeHToB
u gpyrue. Taxum o6pasoM, KOIXUECTBO IPOAHATNSHPOBAHHEIX B OZHOH Ipo6e 2IeMeHTOB COCTaBJIA-
et no 50 u Goxee. DTOro KOIMUECTBA BIIOJIHE JOCTATOYHO [JId MOTYIEHNS CTATUCTHICCKHN yCTOMIH-
BeIx ouenox [AI'C u BI'C.

Pacuer [IT'C u BI'C moxxer BHIIOMHATHCHA KaK II0 OCPETHEHHBIM XapPAKTEDHCTHKAM MeOX MMM~
YEeCKOro CHeKTPA M3ydaeMbIX o0pasoBaHmMii, NOIYIeHHBIM IO BEIOOPKAM COOTBETCTBYIONMIETO 06be-
Ma, Ta¥ ¥ IO PesyabTaTaM aHadu3a COAePMKAHNS XMMHUYECKHUX DIeMEeHTOB B OTAeNbHO B3ATOH PO~
6e. CTaTHCTHUECKas YCTOHMYMBOCTE HONYyUaeMbIX HapaMeTpoB B oboux ciaydasx Oyzer onpenensTh-
¢ KOJIMYECTBOM IPOAHAIMSHPOBAHHBIX aneMenToB. Yem Goiblne 3IeMeHTOB, TeM BBIIIE YCTOHUM-
BocTh. Ho oBnacTs BosgelicrBus 6yIeT cyleCTBeHHO OTIMYaThes. B nepsoM cay4dae ona Oyner 3asu-
ceThb 0T pasMepa re0JOTHIEeCKOTO0 IIPOCTPAHCTBA, KOTOPOe OXBaueHO BHIGOPOUHBIM opobopanueM. A
BO BTOPOM clIyuae o0JacTs BO3aeicTBrs OyAeT onpeleNaTsca reoMmerpuell efuauuHOM npobsr [14].

Ananus II'C u BI'C reosormuyeckux o0pasoBaEMY IT0JeH TMAPOTEPMANBHBIX PENKOMETANb"
HEIX MeCTOPOMKAeHHUN IIOKASLIBAeT, YTO OHM CYIIECTBEHHO OTJHYAIOTCH II0 STHM IIOKa3aTessiM
(Puc.1). B 1abxa. 2 npusenena ofobmenuas xapaktepucruka JII'C 1 BI'C, noryuennas 1o ocpensHeH-
HbIM XapaKTepHCTHKAM.

Tabanna 2

flokazarenu JUCTIEPCHM ¥ BapHALMH HOPMUPOBAHHBIX MFEOXHUMHHUECKHX CIIEKTPOB MCXOIHBIX
[HOPOA ¥ pasBHUTHIX IO HHM MCTACOMATHTAX

VicxonHble Tokazareny MeracomaTuTsi ITokazaTenu
nopoabl HFC(I) EFCQ) BTC(!) BFC(Q) HFC(I) HFC(Q) BFC(]) BFCQ)
JinopuThl 0,7 0,8 60 66 {TTponunuTsl 7.0 7,8 120 140
["panuTsi 0,5 0,6 55 60  |KBapu-rugpocion. 2,4 2,7 160 180
BaszanbTo- 0,6-0,8 10,7-0,9 | 46-60 | 50-65 |KBapu-rHapocmion. 1,1-4,0 { 1,5-4,4 | 68-120 | 78-130
BbIC bepe3uTsl 50 59 180 200
TTOpGUPHTLI OHcutsl 200-410{230-450{210-270{230-290
ApPruuIMsHTh 120 180 140 170
Tpaxuproantos 0.4 0,49 52 56 [KamummaTHrs! 1,0 1.4 63 74
bie TophupsI Kpapu-rupociizos. 8 9 140 150
DHCHTH 130 160 180 210
KapboHaTHble 0,3-0,410,3-0,5} 44-61 | 49-65 |KBapu-ruzpociion. 1,7-120{2,5-180|120-240{140-280
nopobt bepesnrs 70 75 280 300
DHCHTHI 32 36 190 200

Tpumetanne: HOPMUPOBAHHE MPOBEAEHO IO CPETHEMY CONEPXKAHHIO dlieMeHTOB B 3eMHoit Kope [15].

B xagecTse XapaKTEPUCTHKY MCXOJHEIX TOPOJ, BMEIAIOIIUX METaCOMAaTHTEI K PYbI, IPUBE-
ners: noxasatenn JI1I'C m BI'C pasamuymsIx mo cocTaBy u reHesucy nopox. 3uadvenus ux [II'C u BI'C
ABIAIOTCH MEHMMAIbBHLIMHA X H3MEHAIOTCA B BaBHCHUMOCTH OT COCTaBA ¥, 0YEeBHIHO, HEOAHOPOLHOC"
1 mopoxn: AT'Cy,y ot 0,3 no 1,5; [ITC,, or 0,3 no 2,2; BI'C(yy ot 44 no 78; BI'C(y) o1 49 o 100. Ilpun
aTOM BHHO, UTO BTOpadA rpynna nokasareneit (II'Cy) u BI'Cy)) nmeer BONBINYIO BeIUIUHY, HEKelU
nepsas rpynna (IT'C(;, u BI'C(y)). 310 siBnserca nokasaTenem BBICOKOH IrecXUMHUIecKoH nupdepen-
THAIHH I0POJ PYAHOTO ITOJIA IO OTHOINEHHIO K CPeIHEMY COCTaBy 3€MHOM KODEI.

PaspuTeie B OpefiesiaX PYAHBIX TIoell THADOTEePMAbHO U3MeHeHHbIe TIOPOALl XapaKTepusy-
0TCS 3HAUNTENALHO GONBIINMY BeIHYNHAMY [I0OKa3aTes el HeOXHOPOAHOCTH IeOXUMHUIEeCKOTO CIIeK-
Tpa, 94TO OTpaskaeT yseanuenne quddepeHnuaniy XMMIYecKUX aeMenToB. B merom, MeracomaTH-
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Puc. 2. Cxemol ypanoHOCHOCTU U pA3SUMUL ZUIPOMEPHARLHO UIMEHEHHBLY NOPod Ha yuacmie (2.1),
AUMOZEOXUMULECKUX OPEOLOS PACCEAHUS JNEMEHMOB-CRYMHUK08 opydenenua (2.2), usmenenus noxkasame-
aei IC.;, (2.3)uBIC;y, (24) zeoxumunecrozo cnexmpa. Memacomamumor: 1- Keapy-zudpocnioducmute,

2- 22upUH-AHOPMOKIA3-2eMAMUMOBbLE, 3 — KEAPY-ANb0UM-2eMAMUMOsbie; 4 — MeKMOHUYECKLE CMPYKMYDbL
(a- docmosepruie, 6- npednonozaembvie ); pedKoMemanLHAs MUHEPAIUIAYUA: 5 — pydonpossLeHA, 6 — nposs.Le-
HUsL, 7 — AUMO2E0XUMULECKUE OPEONbL PACCEAHUA INEMEHINOE,; 8 ~ MOUCUHbLE 2e0XUMULECKUE THOMALUL.
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THL IPHHUKIHAIBHO TATCA HA {BE TPYIILL: PErMOHANbHEbIE (JOPYAHEIE) K JOKAIbLHBIE (OKOIOPYA-
uete) [11]. K pernonaabHRIM MeTaCOMATHTAM OTHOCATCH NMPOIHJINTEI, KATHIIIATOBbIE (xagurona-
THTEHI) X KBAPL-THAPOCIIOAKCTEIE METACOMATHTHI. JIOKAIBHBIME M HO CYIIECTBY PYLOHOCHBIMY SB-
JIAIOTCH 6ePe3HUTHI, 9HCHUTHL ¥ aPTAAIA3HTEL,

3uavenus [II'C u BI'C 1opyZHEIX METACOMATHTOB CYIIeCTBEHHO BHIIIE, YeM MCXOTHBIX HOPOJ
M COCTaBJISIOT: III‘C(I) ot 1,0 no 120; ,I{FC(Z) or 1,4 no 180; BI'C(I) or 63 o 240; BPC(Q) or 74 no
280. Besrnunna [II'C u BI'C 3aBUCHT OT THIIA METACOMATHTOR 1 COCTABA HCXOLHBIX TIOPOJX, IO KOTO-
PBIM OHM PasBUTHI. MUHIMATPHBIME SHAYSHUAMH HOKasaTeNell XapaKTepHsyIOTCH KATAIIIATATHI,
a MaKCAMATbHBIMU — KBaPI-THADOCTIOAUCTEIE METACOMATHTEI. B KBaPI-THAPOCTIONUCTHIX 06paso-
BaHHUAX MaKCHMAaJIbHbIE 3HAYEHHA [I0OKa3aTe/ el HeOMHOPOLHOCTH OTMEUAIOTCA IPY UX PASBUTUH IO
kapbormaTanM nopojaMm. KapGoHaTHLIe IIOPOABI XapaKTepU3VIOTCH BHICOKONH BOCCTSHOBUTEILHOMN
@MKOCTBIO U ABJIAIOTCA KOHTDACTHBIM T€OXHMUYIECKUM 6apbepoM HA IYTH ABWIKEHNR THADOTEPM,
9TO CYHIeCTBEHHO BJAHAET HA FeOXUMHUYECKHH CIeKTp MeTacoMaTHTOB | pyxn [6,11].

JloxkanbHbIe (OKOTIOPYAHbIE) METACOMATHTHI XapaKTePH3YIOTCA eIlle GONbITAMH 3HAYCHUIMY
JI'C u BI'C. Mx Benmuuuna cocraBiasger: ,ZII‘C(U ot 2,0 no 410; ,I[PC(Z) or 2,3 1o 450; BI’C(D ot 140 no
270; BI'C(y or 170 no 290. CobecTBeHHO pyAHBIe Tela WIH DYROHOCHBIE 30HEL XapaKkTepuayroTcs
amsKEME 1IN xamxe Gonsmumu sHavernasmu JI'C u BIC.

BrisinnenHble 3aKOHOMEDHOCTH B MBMEHEHHH TIOKasaTesell HeOLHOPOLHOCTH re0XIMHIYeCKO-
IO CIeKTPa reoJorudecKux 06pasoBaHuil MOTHOCTBIO COXPAHAIOTCS, & B PA/le CIYIaeB I YCHINBAIOT-
CA IPX HX pacyeTe He I10 OCPEJHEHHBIM XapaKTePUCTHKAM H3YUeHHBIX IeOJOTHIECKHX TeJI, & IpH
OLeHKEe HeOZHOPOAHOCTH I'eOXHMIYECKOTO CIIeKTDa OTJeIbHO B3ATON 11pobrl. B 3ToM ciryuae oxazsi-
BaeTCA BOSMOMKHBIM H3Y4aTh HEOZHOPOJHOCTh TeOXMMHUECKOr0 CIIeKTPA 3JeMeHTAPHO MAIbIX 005~
eMOB I'e0JIOTHIeCKOT0 IIPOCTPAHCTEA, Pa3dMeP KOTOPBIX COOTBETCTBYET OGJIACTH BO3/eHCTBIA IIPOBHI.
Taxum o6pasom, cymecTryiomas npodrema [11,14,16,17] MUERMAaTLHOTO pasMepa CTATHCTHIUEC
Koro okHa (20-25 1po6) B reoMeTPHIECKOM MOJEIMPOBAHIE IPOCTPAHCTREHHBIX TIEPEMEHEbBIX IIPH-
merurexsro ¥ JI'C u BI'C cBoguTes o omgmoil npobs.

Hponenypa OLleHKE CTENEHN HEOLZHOPOXHOCTH CIEKTPOB FeOXMMHYECKHX TIPo6, ¢ IIOCTPOSHMU-
€M COOTBETCTBYIOIINX CXeM JOCTaTOYHO MPOCTO peanusyerca B cpene Wintel (Puc.2). Hanusiii me-
TOJ, IPUMEHHM 1pU 06paboTKe reOXUMHYeCKod HHGOPMALMY Ha BCeX CTANUSX Te0J0ropasBesod-
HBIX pabor. B saucumMocT: OT cTaauu pabor ¥ XapaKTepa PeIiaeMEIX 3824 MOTYT GbITh IOJIYUYeHb
nvHelBbIe, INOIAKHbIe ¥ O0beMHEbIe CXeMbl 1 AHuarpamMmsl uamenerns [II'C u BI'C.

ABanns IaRHEIX IO H3MEHEHNIO HeONHOPOAHOCTH FeOXUMIYECKOTO CIIeKTPA TOBBOISET Oy~
YHUTE KaUeCTBEHHO HOBYIO HHQOPMANUIO 0 XapaKTepe reOXMMHUUIECKOr0 OIS, UCIONbL30BATE HH(OD-
MaLMIo [0 BeeM 6e3 UCKIIIoUeHN A TPOaHATN3HPOBAHHEIM XMMIUECKHM diaeMeHTaM. Clefyer Takske
uMeThb B BHAY T0, 4To nokasarenu II'C u BI'C re gy6aupyior, a gomonusior Apyr apyra (Puc.2).

Heobxoaumo ¥MeTs B BHAY, YTO KaK 9T0 HOKA3AHO B MEOTOYHC/ISHHbIX HCCIENOBAHMAX B CBA-
3 C IIporeccaMu pyxoo6pazoBaHusd, NepepacupeseIe NIo HOABEPraloTCa B IePBYIO OUepeib HU3KO-
KJIAPKOBBbIE —~ PefKUe U paccesHHble saemMeHTH [5,6,8,9]. IlosroMy, Ana naydueHns n3MeHEHHs He-
O/{HOPOAHOCTH IeOXMMHYSCKOr0 CIeKTPA BAKHBIM ABJISETCH IPUMEHeHHe COBPEMEHHBIX BBICOKO-
YYBCTBUTEJBHBIX AHANMTUYECKUX METOJIOB, ITO3BOJAIONINX KOJNYECTBEHHO ONEHHBATH COAEpIKa-
HUS B IEPBYIO OYeDelb 3TUX 3JeMeHTOR. IIpu cpaBEUTEIBHOM aHANMSE, 4 TAKIKE B CIydae, KAPTH-
POBAHMS HPOCTPAHCTEEHHON M3MeHYHBOCTH IIOKA3ATeNeH HEOLHOPOLHOCTH FeOXTMIYECKOT0 CIIeK-
TPa XKeJaTeNbHO IPUMeHeHNEe OMNHAKOBEIX METONOB aHAIN3a XUMUIECKOr0O COCTABA TIPOD.

Brigenenne anomanuit reoxuMmuueckoro nous mo noxasarensm IT'C u BI'C u unTepnperanus
TONYYeHHON HH(POPMALMY IPOUBBOUTCSA C MCIIONb30BAHNEM PABHEIX 10AX040B. C 0aHOHN CTOPOHBI,
uzyuawpres xapaxrepuctury JI'C u BI'C B pasiuumsix reosornyecknx oBpasoBaHEAX (B TOM yucie
¥ DYNOHOCHBIX) HCCHAEAYeMBIX IIONIAfel ¥ 9TO #BAHETCH OCHOBAHWEM [/IA MHTEPIPETAIHHN ILIO-
maxHoH reoxumudeckoi naopmanuu. Tak, 3a 0CHOBY MOTyT 6BITE B3ATHL faHHbIe Tabu. 2, aHanus
KOTOPBIX ITOKA3bIBAET, YTO MAKCHMAbHbIE BeIHINHEL (DOHOBLIX XAPAKTEePHCTHK 3aBHCAT OT COCTa-
Ba 1opoz u, B obuiem, cocrasusaior I'Cy, — 0,8; AT'C(5) — 0,9; BICy, — 61; BI'Cy) — 65. Orux 3HAUE-
HHA MOTYT OBITh IPHUHATHI B KAUECTBE PAHUYHEIX IJIsS PasfeeHus GOHOBLIX 1 aHOMATLHELIX HoJel.

Hapsaay c stuM BaxxkrOi XapakTepHCTHKON ABNAETCA H3MEHUNBOCTD IIOKAZATEI S - PPAIVIeHT-
HocTb noa1d. Ilo aToMy npusHaKy menecoo6pasHO BHIAENATE YUACTKHY 3HAUMMOTO (B COOTBETCTBHHE C
8aaHEOH BepOATHOCTRIO) uamernenns [II'C, manpumep, ¢ momonisio kpurepus Oumepa. Sru yuacr-
KH B I1€JOM COOTBETCTBYIOT KOHTAKTOBBIM 30HAM, HMEIOIIUM BaKHOe IOHCKOBOe 3HAUSHHE,
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OCHOBHBIE BBIBO/IbI

1. HeogHOpOAHOCTh TEOXUMHYECKOTO CIEKTPA Fe0JIOrHYecKnX o6pasoBaHuil ABAsSETCA OTPa-
sKeHMeN cTelleHd AuddepeHnEan Uy BeHIeCTBa ¥ OLeHNBAeTCH ¢ IIOMOINbBIO ToKasarenell fucnepcun
¥ BapHalluu.

2. loxasaTenn ANCHIEPCHH ¥ BAPHAIIMH MOTYT OBITE PACCYMTAHB! KAK 10 OCPeTHEHHEBIM BHIGO-
POUYHBLIM XapPAaKTEePHCTUKAM I'e0JOTHYecKHX obpasoBaHmii, TaKk W IO pesyjbTaTaM aHAJAM3a OJHOH
npo6ei. [Ipy 3TOM CcymiecTBeHHO OTINUAIOTCH 001aCTH BO3NeHCTBHA IIONYIeHHBIX XapaKTePUCTHK .

3. VeroliumBocTs HoKazaTe/iell B COOTBETCTBHUY ¢ 3aK0HAMY MATeMATHYECKOHN CTATHCTHKY Ol
perenseTca KOIMUECTBOM IPOAHAIN3HPOBAHHBIX XHMIYECKHX DJIEMEHTOB.

4. TIpu reoMeTpUuYeCKOM MOAEIHPOBAENY IPOCTPAHCTBEHHBIX IIEPEMEHHEIX 110 HOKAa3aTeIAM
HEOAHOPOAHOCTH TeOXMMIYeCKOTO CIIEKTPa OT/IeIHHO B3SATHIX Hpob OKashlBaeTCA BO3SMOXKHBIM MY~
YaTh HEOXHOPOJHOCTS II0 DJIEMEHTAPHO MAJLIM 06beMaM re0JIOrHYeCcKore IPOCTPAHCTBA,

5. TToxasaresy HEOAHOPOZHOCTH MeOXMMITUECKOI0 CIIEKTPa reoIOTHYeCKHX 06pasoBanuii Mo-
IyT OBITH ITOYUEHBI U UCIOAL30BAHBI B KaUeCTBe KDUTEPHUEB PYLOHOCHOCTH npu obpafoTke reoxu-
MuYecKoil HHQOPMAIIHH HA BCeX CTAAUAX Te0JI0ropasBeJOUHBIX paboT.

6. Onmenxa noxasaTeneil HEOJHOPOJHOCTH IreOXMMHYECKUX CIIEKTPOB ¥ XapaKTepa HX U3MeHe-
HUS ¢ IOCTPOCHYEM JTUHEHHbIX, TVIOUIALHLIX H 00beMHBIX CXeM K guarpamMm 3QGeKTHBHO Pealnsy-
ercsi B cpefte Wintel.

7. Tlpumenenue moKazaTesell HEOAHODOJHOCTH I'eOXMMIYECKOr0 CIEKTPA IIO3BOJSET IIOJY-
YHUTh KAYECTBEHHO HOBYIO WHGOPMAIIHIO O XapaKTepe ¥ CTPYKTYDPE TeOXHUMHUECKOro oA IPH pe-
IHeHUHT PABINYHBIX 3a4a9.
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INDEXS OF HETEROGENEITY OF A GEOCHEMICAL SPECTRUM AS CRITERION ORE
CONENT (ON AN EXAMPLE OF FIELDS OF THE RARE ~ METALS DEPOSITS)

A.A. Potzeluev, R. U. Gavrilov

During differential movement of matter there is a variation of communal nature of a geo-
chemical spectrum of geologic formations. This process is mirrored in magnification of indexs of
a dispersion (DGS) and variation (BGS) of a geochemical spectrum, which one are counted on nor-
malized contents of all parsed elements. The statistical stability DGS and BGS is instituted by an
amount of the parsed chemical elements. The field of affecting DGS and BGS, obtained on the elec-
tive data, corresponds to a size of geologic room enveloped by elective sampling. The field of
affecting of indexs estimated on single sample, is instituted by its geometry. On an example of
rare — metals deposits the considerable magnification DGS and BGS in a direction from rocks to
metasomatites and ores is rotined. The analysis DGS and BGS allows to realize geometrical simu-
lation of their dimensional variability, to gain qualitatively new information on nature and struc-
ture of a geochemical field. The indexs of heterogeneity of a geochemical spectrum of geologic for-
mations can be obtained and utilised as criterion of ore content at treating the geochemical infor-
mation at all stages of explorations.

VK 553.98 (550.4)
BOP B HE®TETA30HOCHBIX OTJIOKEHUAX 3ATIATHON CHBUPH
Crontosa H.P.

PesynbraThl H3yueHNs reOXUMHAYECKUX 0coberHOCTeH noBefenns 60pa B HePTETa30HOCHLIX OTIOMeHH-
AX psla NPOAYKTUBHBIX OOBEKTOB [TOKA3aIA COOTBETCTBHUE PAHEe UBBECTHLIM 3AKOHOMEDHOCTAM HMX IIPOABIIe-
HUS B COOTECTCTRYIOLIMX [HOPOZAX B APYIHX PErHMOHAX CTPAHEI ¥ MHEpa. DTO 0BCTOATENLCTBO IO3BOJIIO HC-
TIOJIB30BATE HOAYUYEHHBIE DE3YAbTATH A PEKOHCTPYKIIMY NAJNeONaHAIIadTHRIX, CeAUMeHTaIlAOHHEIX, JUare-
HETHYECKUX W DIHIEHETHUECKHX YCIO0BUH QopMHPOBaHUs HedTErasoOHOCHBIX, B TOM YHCHe HedTeMaTepHH-
CKUX, OTNOMEHNH [OMaHHKOBOT'O THIIA, B IOPCKOE ¥ ITaIe030MCKOe BpeMa Ha TeppuTopun 3anajgrHoi Cubupu.

OcoBeHHOCTH TEOXUMHYECKOT0 II0Bele N fopa B mpomecce GOPMUPOBAHKA U npeobpaszosa-
HUS OCAJOYHLIX IIOPOL YKABLIBAIOT HA BOSMOMKHOCTE WX HCHOJL3OBAHUS B JIUTOTEHETUUECKUX pe-
KOHCTPYKIINAX.

Taxkas BOSMOKHOCTE HEOXHOKPATHO PAHEe HCIIOIb30BANaCh MCCHeOBATENAMY IIPY U3YUCHUN
ocanounsix Gaccetinos Seesa-Bypennckoit punaguusi [1, 2, 3], 'nccapekoro xpebra [4, 5, 6], 3anan-
Ho#t Cubupu [7], [laii-Xoa [8] xp. Ipw aroM paccMaTprUBaiuch U YCIIEITHO DEIIAINCEH BOIIPDOCH! KaK
najiieoreorpadMUecKux, TaK ¥ QUSUKO-XUMHUYECKHX PEKOHCTDYKIWA: OamusocTi GeperoBoi TUHNHT
[7], rny6unsr u ckopoeru cepumentanuu [4, 9,10,11], maneoxsmmara [4], ero apuausanuu [10,11],
CBSI3Y C COJIEHOCTHIO BOJ[, C HAKOILJIEHNEeM OpraHndecKoro semecrsa {2,3,10] u nop.

Ha 6a3ze mmeromerocs onbiTa HaMy ObLIa NPEANPHHATA IOULITKA TeOJIOTHYECKUX PEKOHCT-
DPYKIHH ¢ IpHBJIeUYEHNEM IreOX UMUK 00pa B Me3030HCKOM U IaIec30HCKOM paspesax HedTerazoHoc:
HBIX OTJoskeHu# Hiopoabeko#l crpykrypao-haumansuoi sous (HCP3) Sanazuoit Cubupu. Ilpu
9TOM BHHMaHHe GbII0 IMPHBIEUCHO K TaK0H 0CO0HHOCTH TeOXUMHEN 60pa, KaK TeCHAsd CBA3bH C Aua-
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